
V O L U M E  3 5  N O V E M B E R  1 9 7 0  N U M B E R  11  J O C E A h

„ „ O r g a n ic
Chemistry

P U B L I S H E D  M O N T H L Y  B Y  T H E  A M E R I C A N  C H E M I C A L  S O C I E T Y



EU-RESOLVE
In 1969, Hinckley (Ref. 1) 

reported that the pyr dine complex of 
the dip valoylmethane che ate of 
europium caused unusual shifts of 
proton n.m.r. absorption frequencies 
in compounds containing oxygen or 
nitrogen. Pursuing this observation 
further, Sanders and Williams (Ref. 2) 
discovered that the pyridine-free 
chelate is even more ootent, and can

U  JU la. w e  a l s o  be used to reduce many second order
■  .  spectra to first order even at 60 or 100

SlOCK 16011111031 M H Z . The usefulness of this reagent
I r n n i l l - h n i l f  becomes rapidly more apparent as
n i l U n  IIU V W b other groups report further applica-

Ask us for any of over 2500 tions (eg. Ref. 3).
inorganic and organometallic research Pra-Resolve®, the praseody-
chemicals, ultrapure chemicals, and mium analog, is reported to give shifts 
pure metals, and you’ ll getoff-the- in the o p p o s ite  d ire c tio n  (Ref. 4).
shelf, immediate delivery. Used in combination, these two new

Ask us for technical assist- reagents should prove to be powerful 
ance, and you’ ll get that too. That’s tools for interpretation of n.m.r.
what distinguishes Alfa from the order spectra for structure elucidation, 
takers. Eu-Resolve® lg .  40.00

5 g. 35 .00 /g . 
Pra-Resolve® 1 g. 25.00

5 g. 22.50/g .
Also available from stock for 

investigation: the Ho, Er and Th 
analogs.

Ref. 1: Hinckley, JA C S , 9 1  5760 
y1969)

Ref. 2: Sanders & Williams, C h e m .
C o m m . 422 (1970)

Ref. 3: Demarco, eta l., JA C S  9 2  5734, 
5737 (1970)

Ref. 4: Briggs, et a l., C h e m . C o m m .
749 (1970)

A lfa  Inorganics, Inc.,
80 Congress Street, Beverly,
Mass. 01915. T e l: (617) 922-0768.
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V I N Y L  A N D  D I E N E  M O N O M E R S
. . .  Parts 2 & 3

Edited by EDWARD C. LEONARD, K r a f t c o  C o r p o r a t io n
r y  i  T  m *  1  ' Volum e 24 of H ig h  P o ly m e r s ,  ed ited  by H. M ark, C. S. M arvel,

S e le c te d  W itl& M  l l l l s  H- w-Melville and p- - Flory
.  ^  y  * ; n Part Two

■  /  /  V O / l P i I f *  # £  V >. CONTENTS: Styrene and Related M onom ers— K e n n e t h  E.
L / r  ^ 1 4 ' f  l l * ✓  |fg§?; r - C o u lt e r , H o w a r d  K e h d e ,  and B r u c e  F . H i s c o c k .  E thylene,

„ ,  # „  Peopylene, and 1-Butene —  Roy E. H a n e y . Isobutylene —
f  ' j / t / l i / i / t  1  Ti J o s e p h  P. K e n n e d y  and I s id o r  K ir s h e n b a u m .  B utad iene —
V _ / / I l l u  I t  Y  /  *  1 / 1 / 1  W illiam  J .  B a i le y .  Isop-ene —  W illiam  J .  B a i le y .  C h loroprene

:f - — P. S. B a u c h w itz ,  J .  B . F in la y , and C. A. S te w a r t ,  J r .  A u tho r

W i l e y - I n t e r s c m c e  1570 ,37'50
CONTENTS: V inyl and V inylidene C h lo ride— L. G . S h e l t o n ,
0 . E . H a m ilto n , and R . H. F i s a c k e r ly .  F luorovinyl M onom ers 
—  L. E. W o lin sk i. M iscellaneous Vinyl M onom ers —  J .  P. 

S S I P I B s i l i K S i f •• S c h r o e d e r  and D o r o th y  C. S c h r o e d e r .  A u th o r Index for
Part 3.
S ub ject Index fo r Parts 1, 2, and 3.

1970 432 pages $24.95
S U R V E Y  O F  O R G A N I C  S Y N T H E S E S

By CALVIN A. BUEHLER, U n iv ers ity  o f  T e n n e s s e e  
and DONALD E. PEARSON, V a n d e r b i l t  U n iv er s ity

In tw enty chapters, the p rinc ip le  m ethods of synthesiz ing  T H F  O R ^ A M I O  O H F I U I I R T R V  O F  T I M
organ ic  com pounds are d iscussed in term s of lim ita tions o f I r l C  V J r lV a M N I l#  V s r lC I V I I o  I H I  U r  I I I H
reactions, p re ferred reagents, newer solvents, and experi- By W ILHELM  P. NEUMANN, U n iv er s ity  o f  D o r tm u n d
mental cond itions. Em phasis is p laced on the functiona l T ranslated by W OLF MOSER. U n iv ers ity  o f  A b e r d e e n
group and how it is created from  other functiona l groups. a  volum e in T h e  C h e m is t r y  o f  O r g a n o m e t a l l i c  C o m p o u n d s ,

CONTENTS: Alkanes, Cycloalkanes, and Arenes. A lkenes ed ited  by D. Seyferth
and Dienes. A lkynes. A lcohols. Phenols. Ethers. Halides. This book gives a sum m ary and c r itica l review  o f the
Am ines. Aceta ls and Ketals. A ldehydes. Ketones. Quinones. o rgan ic  chem istry  of tin. It is a revised ed ition  of the Germ an
C arboxylic  Acids. C arboxylic  Esters. Acyl Halides. Car- book w hich was pub lished in 1967. There are extensive
boxy lic  Anhydrides. Ketenes and Ketene Dimers. Am ides a ltera tions and several chapters have been com ple te ly  re-
and Im ides. N itriles (Cyanides). N itro  Com pounds. A u tho r w ritten ; about 160 new references have been inc luded.
Index. S ub ject Index. 1970 1,104 pages $27.50 1970 300 pages $15.00

D E T E R M I N A T I O N  O F  T H E  C H E M I S T R Y  O F  T H E

O R G A N I C  C O M P O U N D S  N I T R O  A N D  N I T R O S O  G R O U P S
M ethods and Procedures Parts 1 & 2
By FREDERICK T. WEISS, S h e l l  D e v e l o p m e n t  C o m p a n y  Edited by HENRY FEUER, P u r d u e  U n iv er s ity
Volum e 32 of C h e m ic a l  A n a ly s is :  A S e r i e s  o f  M o n o g r a p h s  Voliume 6 o f The C hem istry of Functional G roups, edited
o n  A n a ly t ic a l  C h e m is t r y  a n d  Its  A p p l ic a t io n s ,  e d i t e d  b y  °y,)i-auu -ai , . . .. . , .
P. J. Elving and I M K o ltho ff There is no doubt tha t such a volum e covering  the

' ■ r L  , , . . chem istry  o f the n itro  and n itroso groups in depth has been
^  ^ ^ ' o n a l  analysis of o rgan ic  |ong awaited and the authors are to  be com m ended on th e ir

c be^1|cal, spectroscop ic, and chrom ato- high standard  of p re s e n ta tio n ...th is  book is essentia l to  all
g raph ic  techniques. Laboratory data fo r  pure o rgan ic  com - chem istry  lib ra r ie s ... - C h e m is t r y  in  B r ita in
pounds as w ell as fo r com m ercia l m ateria ls such as organ ic
solvents, surface-active  agents, and Industria l chem ica ls  As in the o ther volum es in th is series, the su b je c t m atter
are discussed. S ince many o f the m ethods recom m ended has been considered from  the v iew po in t o f the fun c tio n a l
fo r the determ ination  o f functiona l groups can be app lied  group. Emphasis has been p laced on basic p rinc ip les , m ech-
to m acrom olecu les coverage includes the analysis of resins anisms, and recent advances in both theory  and practice , 
and polym ers. 1970 480 pages $17.50 The a rtic les cover the form ation  of functiona l groups and

specia l to p ics  such as photochem istry , rad ia tion  chem istry, 
and b iochem ica l fo rm ations.

P a r t i :  1969 771 pages $29.95 
P art 2 :1 9 7 0  384 pages $17.95

N U C L E O S I D E  A N T I B I O T I C S

By ROBERT J. SUHADOLNIK,
A lb e r t  E in s te in  M e d ic a l  C e n t e r  t l i e  « u e i

For each o f the 35 nucleosides reviewed, the au thor T H E  C H E M I S T R Y  O F  T H E  
provides iso la tion  procedures, physica l and chem ica l p rop - C A R B O N Y L  G R O U P  
erties, s truc tu ra l e luc idations, chem ica l syntheses, com po- , ,  , 
s ition  of m edia, data on inh ib ition  of grow th, b iosynthesis, Volum e 2
and b iochem ica l properties. Edited by JACOB ZABICKY, In s t itu te  f o r  F i b e r s  a n d  F o r e s t
on»iTC LiTo n  • P r o d u c t  R e s e a r c h  a n d  T h e  W e iz m a n n  In s t itu te  o f  S c i e n c e ,
CONTENTS: 3 -D eoxypurine N ucleosides. Ketohexose Nu- R e h o v o t h ,  I s r a e l  1970 444 pages $21.00
cleosides. Spongosihe and A rab inosyl N ucleosides. 4-
Am inohexose Pyrim id ine N ucleosides. Pep tidy l-P yrim id ine  THE CHEMISTRY OF THE AM IDES
N ucleosides. Adenine and Purine N ucleosides. A zapyrim i- Edited by JACO B ZABIC KY 1970 920 pages $36.00
dine N ucleosides. P yrro lopyrim id ine  N ucleosides. Pyrazolo-
pyrim id ine. N ucleosides and C oform ycin. Pyrazole N ucleo- THE CHEMISTRY OF THE ALKENES 
sides. M aleim ide N ucleosides. A u th o r Index. S ub ject Index. Volum e 2

1970 480 pages $22.50 Edited by JACO B ZABIC KY 1970 688 pages $31.00
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P H Y S I C A L  M E T H O D S  O F  C H E M I S T R Y  M A T H E M A T I C S  F O R  C H E M I S T S

Part 1 A: C o m p o n e n t s  o f  S c i e n t i f i c  In s t r u m e n ts  and Part 1B: By CHARLES L. PERRIN, U n iv ers ity  o f  C a l i fo r n ia , S a n  D ie g o
A u to m a tic  R e c o r d in g  a n d  C o n tro l , C o m p u t e r s  in  C h e m ic a l  M a t h e m a t ic s  t o r  C h e m is t s  has been w ritten  to  m eet the
Research need fo r a basic tex t in m athem atical m ethods fo r chemists.
Edited by ARNOLD WEISSBERGER, C o n s u lta n t  f o r  t h e  The approach d iffe rs  from  tha t of o ther texts in applied
E a s tm a n  K o d a k  C o m p a n y  and BRYANT W. ROSSITER, m athem atics in tha t the presenta tion  is oriented exclusive ly
E a s tm a n  K o d a k  C o m p a n y  R e s e a r c h  L a b o r a t o r i e s  tow ard chemists, rather than tow ard physic is ts  o r engineers.
Volume 1 of T e c h n i q u e s  o f  C h e m is t r y :  series ed itor: A rno ld  The book includes a com prehensive review of elem entary
W elssberger ca lculus, fo llow ed by a d iscussion of various top ics  In

P h y s ic a l  M e t h o d s  o f  C h e m is t r y  succeeds, and incorpo- app lied  m athem atics: d iffe ren tia l equations, p robab ility  and
rates the m ateria l o f three ed itions of P h y s ic a l  M e t h o d s  o f  statistics, vectcrs, m atrices, and group theory.
O rgan'C  C h e m is t r y  (1945, 1949, and 1959). It has been 1970 432 pages $11.95
broadened in scope to  include physical m ethods im portant 
in the study of a ll varie ties of chem ica l com pounds. Ac-
cord ing ly, it is pub lished as Volum e 1 o f the new Techniques V A L E N C E  T H E O R Y  
of Chem istry series. Second Edition

CONTENTS OF PART 1A: In tro d u c tio n -L e o n  F. P h il l ip s .  By J. N. MURRELL, U n iv ers ity  o f  S u s s e x .  E n g la n d ;  S. F. A.
M echanical C om ponents— L e r o y  L. B la c k m e r .  Basic Elec- KETTLE, U n iv ers ity  o f  S h e f f i e ld ,  E n g la n d ;  and J. M. TED-
trica l P rinc ip les— L e o n  F. P h il l ip s . E lectron ic  C om ponents—  DER, U n iv ers ity  o f  S t. A n d r e w s , S c o t l a n d
L e o n  F . P h il l ip s . Sources and M odulation of E lectrom ag- "A  rich, rew arding book w hich can be recom m ended to
netic and Sonic Energy— L e r o y  L. B la c k m e r .  A uthor Index. every chem ist anc chem ical in s titu tio n .”
Suoject Index. 1970 576 pages $19.95 —from a review of the first edition in C h o ic e

CONTENTS OF PART 1B: D etection (T ra nsd u ce rs )-L e o n  Revised and up-dated, the second ed ition  of V a le n c e
F. P h il l ip s . A utom atic  R ecord ing— D a v id  R. S im o n s e n .  A u to - T h e o r y  includes new m ateria l on non-em pirica l SCFMO
m atic C ontro l— D o n a ld  E . S m ith , C u rtis  E . B o r c h e r s ,  and ca lcu la t ons and a treatm ent o f a-e lectrons by the extended
R o b e r t  J .  L lo y d . C om puters in Chem ical Research— M u rray  Huchel m ethods and by the app lica tion  of sym m etry rules.
C. G o d d a r d  and J o h n  F ig u e r a s .  A u thor Index. C um ulative 1970 426 pages $9.75
Subject Index, Parts 1A and 1B.

1970 368 pages $17.00 L A S E R  R A M A N  S P E C T R O S C O P Y

By T. R. GILSON and P. J. HENDRA, b o t h  a t  t h e  U n iv ers ity  
o f  S o u th a m p to n

The authors provide a qua lita tive  descrip tion  of Raman 
sca tte ring  and a com prehensive treatm ent of experim ents 
on crystals. Also d iscussed are the vib ra tiona l properties 
of single crystals and the uses of in frared spectroscopy. 

A N A L Y T I C A L  C H E M I S T R Y  O F  1970 304 pages $15.00

N I T R O G E N  A N D  I T S  C O M P O U N D S

Parts 1 & 2 U L T R A M I C R O  E L E M E N T A L  A N A L Y S I S
Edited by CARL A. STREULI, L e d e r l e  L a b o r a t o r i e s  and By GUNTHER TOLG, M ax  P la n c k  In s t itu te  f o r  M e ta l  R e -
PHILIP R. AVERELL s e a r c h ,  S tu ttg a rt , G e r m a n y  and U n iv ers ity  o f  S tu ttg a rt
Volum e 28 of C h e m ic a l  A n a ly s is :  A S e r i e s  o f  M o n o g r a p h s  Translated by Conrad E. Thalm ayer
o n  A n a ly t ic a l  C h e m is t r y  a n d  Its  A p p l ic a t io n s ,  ed ited by P. J. Volum e 30 in C h e m ic a l  A n a ly s is :  A S e r i e s  o f  M o n o g r a p h s
Elving and I. M. K o ltho ff o n  A n a ly t ic a l  C h e m is t r y  a n d  Its A p p l ic a t io n s ,  ed ited  by P. J.

This two part volum e is a com prehensive and system atic Elving and I. M. Ko lthoff
study of the ana lytica l chem istry of inorganic, organ ic, and “ The technique o f m aking quantita tive  ultim ate analyses
polym eric n itrogen com pounds exclusive o f a lka lo ids. It w ith  sm a|| sam ples was developed en tire ly  w ith in  th is cen-
provides both in form ation  and detailed  m ethods fo r the tury. It began w ith  the w ork of Pregl and was continued and
iden tifica tion , separation  and determ ination of a varie ty of developed especia lly  by Belcher. The present volum e deals
nitrogen com pounds. S pecific  m ethods fo r determ ination  w ith  j de present-day state of th is art and the au thor stresses
are given in many instances together w ith  tables of physical, ¡ts usefulness no: only to the chem ist but also to the b io lo-
chem cal, po la rograph ic, spectra l and chrom atograph ic  gist, b iochem ist, m edical investigator, and those in terested
data- 1=1970 440 pages $35.00 in the com pos tion of natural p ro d u c ts__

Part 2 :1 97 0  352 pages “ The elem ents tha t can be determ ined by the procedures
(Sold  as a set on ly) described here are: C, H, N, O, S, F, Cl, Br, I, P, As, e ither

alone or In a com bination  v/ith other elements.
"The  m aterial is organized in e xce llen t fashion and so 

the steps in each p rocedure  can be fo llow ed w ith o u t d iff i
cu lty. Special care has been taken to provide references 
to  the lite ra ture , and th is feature  alone makes the book a 
fine add ition  to  any ana lytica l lib ra ry .. .”

P H O T O M E T R I C  O R G A N I C  A N A L Y S I S  - Journ^ 7 °0 f  “ S m

Basic P rinc ip les w ith  A pp lica tions

Part1 M I C R O W A V E  M O L E C U L A R  S P E C T R A
By EUGENE SAW ICKI, C h ie f  o f  t h e  A ir b o r n e  P a r t i c u la t e s  ^ ,, , n ,

.. ,. By WALTER GORDY and ROBERT L. COOK, b o t h  o f  D u k e
S e c t io n ,  N a t io n a l  A ir P o llu t io n  C o n tr o l  A d m in is t r a t io n  U n iv ers itv
Volume 31 in C h e m i c a l  A n a ly s is :  A S e r i e s  o f  M o n o g r a p h s  „  .■ . _ _ .
o n  A n a ly t ic a l  C h e m is t r y  a n d  Its A p p l ic a t io n s ,  ed ited by P. J. Part H °1 C h e m ic a l  A p p l ic a t io n s  o f  S p e c t r o s c o p y ,  Second 
Elving and I. M. K o ltho ff Edition, edited by W. W est

A b ioanalytica l chem ist d iscusses the e ffects of s truc tu ra l Volum e 9 in T e c h n iq u e  o f  O r g a n ic  C h e m is t r y ,  ed ited by 
and environm ental changes on the wavelength positions A rno ld  W e iss te rg e r
and in tensities of com pounds con ta in ing  neutral, an ion ic  This volum e serves the dual purpose of provid ing  a
o r ca tion ic  resonance s tructures. The data is d iscussed in convenient source fo r much of the valuable in form ation
the sim plest o f term s w ith  little  m athem atica l or theore tica l gained about m olecules through m icrowave spectroscopy
treatm ent. The absorption  spectra l e ffects have been organ- and a basic textbook exp la in ing  essentia l theory fo r in terpre-
ized under various laws and the d iffe ren t types of o rgan ic  ta tion  of the spectra. An appendix conta ins a lis ting  of the
structures have been classified  into groups w ith  a com m on m olecu lar s tructures derived up to  1969.
spectra l behavior. 1970 688 pages $32.50 1970 752 pages $32.00
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S E L E C T I V E  O R G A N I C  T H E  C H E M I S T R Y  O F  C Y C L I C

T R A N S F O R M A T I O N S  E N A M I N O N I T R I L E S  A N D

Volum e One o - A M I N O N I T R I L E S  i
Edited by B. S. THYAGARAJAN, U n iv ers ity  o f  I d a h o  By EDWARD C. TAYLOR, P r in c e t o n  U n iv er s ity  and ALEX-

“ As in every o ther area of o rgan ic  chem istry, m echanistic  ANDER M cKILLOP, U n iv ers ity  o f  E a s t  A n g lia  
studies in the fie ld  of se lective o rgan ic  transform ations have This is a thorough, up-to-date, and critica l review of the
pro life ra ted  to such proportions that specia lized surveys are T horpe-Z iegler reaction leading to  cyc lic  enam inon itriles  
required to assist the active investigator, the more advanced and th e ir usage in the synthesis of cyc lic  ketones. The
student, and the teacher. _ book presents the firs t com prehensive account of a ll known

“ The present series is there fore  an a ttem pt to  o ffe r m ethods fo r the synthesis of o-am inonitriles and d iscusses
period ic  c ritica l evaluations of se lected organ ic  transfo rm s- the ir uses as in term ediates in the preparation  of a w ide
tions, largely from  the m echanistic  po in t of view. The o rig - range of he terocyc lic  com pounds.
inal investigations surveyed in these volum es may w ell seed An im portant feature is the libera l use o f tables, in w hich
the growth of o thers that w ill challenge, sustain, o r enlarge all known exam ples of cyc lic  enam inonitriles and o-am inon-
some of these postulates. It is hoped fu ture  volumes w ill tr iles  are listed, both by ring system and m olecu la r form ula,
bear ample testim ony to th is p o s s ib ility ...”  _ There is a com plete account of the preparation  and p roper-

— S. S. T h y a g a r a ja n  ties 0f o-am inonitriles, w hich can be advantageously ap-
1970 400 pages $19.95 p lied to stud ies in many fie lds of h e te rocyc lic  chem istry.

1970 415 pages $29.95

F R O M  O R G A N I C  C H E M I S T R Y

T O  M A C R O M O L E C U L E S  O R G A N O M E T A L L I C  C O M P O U N D S  O F
A S c ien tific  A u tob iography Based on My O rig inal Papers A R S E N I C ,  A N T I M O N Y ,  A N D  B I S M U T H  
By the late HERMANN STAUDINGER „  , ,
c c  u , , ! ,  By GEORGE O. DOAK and LEON D. FREEDMAN, b o t h  a t
Foreword by Herman F. M ark ^  C a r o l in a  s t a t e  U n iv ers ity

,No,b?J priZS Winn®r’, th is wo: k A volum e in T h e  C h e m is t r y  o f  O r g a n o m e t a l l i c  C o m p o u n d s ,
provides a firs t-hand  account of the experim enta l concepts A s  , f  M o n o g r a p h s  eydited by D ietm ar Seyferth
orig ina l con flic ting  opin ions, and the fina l acceptance of . ... , . . .  . . .  , y ,
the a u tho r’s new ideas and methods. Three m ajor sections A  c ritica l evaluation, th is volum e focuses on m ethods
include research on low m olecu la r com pounds and pu b lics - nave been used fo r the preparation  of o rgan ic  com -
tions on general sub jects; research on m acrom olecu lar com - pounds of arsenic, antim ony, and bism uth. The s tructu re ,
pounds; and Hermann S taud inger’s Nobel lecture. spectra, and o ther physical properties of these com pounds

1970 320 Daaes $14 95 are reviewed in considerab le  detail, and in many cases new
F a  ' in te rp re ta tions are suggested. 1970 512 pages $25.00

A  H A N D B O O K  OF A L K A L O I D S  A N D

A L K A L O I D - C O N T A I N I N G  P L A N T S  T H E  P Y R I M I D I N E S

By ROBERT F. RAFFAUF, N o r th e a s t e r n  U n iv ers ity  SUPPLEMENT I „

This new volum e provides a single source of reference % £ .  Jw ifh °  chkpte® by R f "  E ^ T h e T n T v ^ o f
to the b io log ica l orig in , chem ical and physical properties Q u e e n s la n d  B r i s b a n e -  ancl 'an essay b v T  J B a tie rh a ir f
and structures of the known a lkaloids. The data is presented T h ^ A u s lr a l i a n N a t fo n a l  U n i v e m i f v C a n b e r r a  ’
In a set o f in te rna lly  cross-re ferenced tables prepared by /,  A u str a lia n  N a t io n a l  U n iv ers ity  C a n b e r r a
com puter p rln t-ou t In tabu la r form . The tables provide botan- Volum e 16 in T h e  C h e m is t r y  o, H e t e r o c y c l i c  C o m p o u n d s ,
ical source (fam ily, genus), names and synonym ns, mole- edited by A rno ld  W e issbe 'ger and Edward C. T aylo r
cu la r form ulas, m olecu lar weights, structures, and other This new supplem ent is to be used in con junction  w ith
physical data. 1970 1,275 pages $50.00 the ea rlie r volume, T h e  P y r im id in e s .

" T h e  P y r im id in e s  com ple te ly covered the lite ra tu re  only 
until the end of 1957. The phenom enal advances in pyrim i-

T H E  H E T E R O C Y C L I C  D E R I V A T I V E S  dine chem istry since that year have necessitated the present i
n r  D U A C D U A D I  i c  A D C C M i r '  ‘Supplem ent I’ , w h ich  com pletes the review ing process until

r n u s r n u r i U o ,  A n o C I M I U ,  the end o f 1967 and covers some im portant aspects o f the
A N T I M O N Y ,  A N D  B I S M U T H  1968 lite ra tu re .” — fr o m  t h e  P r e f a c e  " j

Second Edition ’  1970 912 pageS $45’° °
By FREDERICK MANN, C a m b r id g e  U n iv ers ity , E n g la n d  
Volum e 1 in T h e  C h e m is t r y  o f  H e t e r o c y c l i c  C o m p o u n d s ,  
edited by Arno ld  W eissberger and Edward C. Taylor 

The second ed ition  of a book o rig in a lly  pub lished in 1950, 
th is volum e reflects the great progress made in the area 
of the he terocyc lic  derivatives of phosphorus, arsenic, an ti
mony, and bism uth. 1970 740 pages In Press

»ley
W I L E Y - I N T E R S C I E N C E

a d iv is ion of JOHN W ILEY & SONS, Inc.
605 Th ird  Avenue, New York, N.Y. 10016 

In Canada:
22 W orcester Road, Rexdale, O ntario
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ACS Committee on Professional Training J B f & j u B g S S B B

Covers the universities and colleges in the United j r ^ y f t M L lg'iiSl
States and Canada known to offer an organized cur- 
riculum leading to the doctoral degree in chemistry,
biochemistry, chemical engineering, and pharma- kT ? j  m  If f -
ceutical or medicinal chemistry. f   ̂ S&,"
The guide to graduate schools, research, and per- 

106 Departments of Chemical Engineering
29 Departments of Pharmaceutical or Medicinal Are you engaged jn Research on

Chemistry FLUORINE contain ing compounds?

Lists 2807 full- and part-time staff members, each D o S IL IC O N  o rg a n ic s  h o ld  y o u r
with outline of career, teaching and research spe- attention? Catalog G6 contains one
cialties, and list of publications for the past two or o f the most com plete listings o f these
five years. compounds to  be found anywhere.
04 . , . . . , . , , W e're not lim ited  to  these fie lds o f
Statistica! data on departments include number of chemistry, many o ther compounds
Ph.D. degrees conferred during the previous two will' be found  in th is 'ca ta log  C6 is
years, number of staff members, and number of post- more than just a price |ist/ M olecular
doctoral appointments. W eights and Physical Properties are

Other listings include interdisciplinary programs and listed fo r your convenience,
doctoral theses accepted during previous two years.
1213 pp. with index of names paper bound (1970)
$10.00 postpaid in U.S., plus 50 cents Canada and n S H H B
Pan America, plus 75 cents foreign.

O rder from : Specia l Issue Sales
Am erican C hem ical Socie ty 
1155 S ixteenth St., N.W.
W ashington, D. C. 20036

Foryourcopycall904376-7522orwrlte

PCR, IN C O R P O R A T E D
P.O. Box 1466-Gainesville, Florida 32601 

-ormerly Peninsular ChemResearch Inc. ^
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t  M I N I N E R T  V A L V E S  R E A C T I  - V IA L S

FOR SCREW CAP VIALS (A)

vawawo  ̂  ̂ j  ̂ | ^

" " l
c l o s e d

L A B O R A T O R Y  B E N E F I T S

F R O M  P I E R C E  R A C K A O I N O

H I  F I

^  ^  < C ^ / ^ Lam‘inMeRUbber Vlton

| Butyl Rubber Silicone

¡ I  I'« J  I

; -----J  |^ [? ' ,V ,, "77T'~' Neoprene i ^ ^ ^ ^ H y c a r

Screw Cap Septum Vials Hypo-Vials Snap Cap Vials Septa & Teflon Faced Discs

F irs t, w e w ish  to  re p o r t a re a lly  im p o r ta n t  break- S how n  above are th e  new  3 and 5 m l sizes o f  o u r

th ro u g h  in c losures fo r  la b o ra to ry  v ia ls  and b o ttle s . N o w  u n iq u e  and use fu l R E A C T I-V IA L S .*  L ik e  th e  sm a lle r 
we can p ro v id e  a t r u ly  in e rt c losure  th a t is c o n v e n ie n t and R e a c ti-V ia ls  (0 .3  and 1.0 m l) th e  new  sizes are m ade o f

p ra c tica l. T he  u n iq u e  new  M IN IN E R T *  valve p ro v id e s  a b o ro s ilic a te  glass, the  in te rn a l cone s tru c tu re  is s im ila r  and

positive seat, Teflon construction, instant access to  con- th e y  are sup p lie d  w ith  p e rfo ra te d  screw  caps and T e flo n -

te n ts  and com plete p ro tec tio n  against a ir and  m oisture  ru b b e r d iscs as closures. O th e r e la s tom e r septa are avail-

during use! a b le t ancj we are p a rt ic u la r ly  glad to  be able to  f i t  th e m

The c u ta w a y  v iew s above show  th e  s im p le  o p e ra tin g  w 't 1̂ M in in e r t  valves; th e re b y  v ia l c o n te n ts  m ay be c o n fin e d

p rin c ip le s : a push o f  th e  f in g e r opens th e  needle channe l, t0  a T e flon -g lass  e n v iro n m e n t b u t w ith  in s ta n t, p ro te c te d

a llo w in g  access to  c o n te n ts  w ith  a h y p o d e rm ic  needle access via  h y p o  syringe.

th ro u g h  a s ilico ne  ru b b e r se p tum . A f te r  needle is w ith -  O u r o th e r p ro d u c ts  in th e  lo w e r illu s tra t io n s  are p ro b -
d ra w n , close valve; th e n  n o t even the septum  com es in con- a b ly  fa m ilia r  to  y o u . These p ra c tic a l v ia ls, w ith  an assort-

ta c t w ith  the  c o n te n ts . O n ly  Teflon and glass can touch the  m e n t o f  septa to  su it n u m e ro u s  needs, are serving a m u lt i-

m aterial. T he  M in in e r t  is use fu l fo r  liq u id s , gases o r so lids tu d e  o f  la b o ra to rie s  d a ily . Perhaps y o u 'd  lik e  to  lo o k  over 
to  be tre a te d  w ith  e ith e r. o u r  o ffe r in g  t

No tools are required for installation. The Hypo-Vial .
r ln cn ro c  m oro k , m x - M ininert is a trademark of Precision Sampling Corp.
closures merely push in and the screw caps, of course, sim- Teflon is a trademark of E. I. duPont deNemours, Inc.
p ly  screw  on. T he  valves are d u ra b le  and reasonable in Reacti-Vial is a trademark of Pierce Chemical Company,

p rice . M in in e r t  valves are ava ilab le  fo r  a n u m b e r o f  o u r  t For descriptive literature just wrlte us fo r - Vials and closures .. We
v ia ls 1, in c lu d in g  th e  new  3 and 5 m l R eacti-V ials, show n W|H prom ptly send our vial and closure list and latest newsletter,
above.

C hem ists, b io lo g is ts , phys ic is ts , c lin ic ia n s  and o th e r 
sc ie n tis ts  w il l  im m e d ia te ly  recogn ize  s ig n ific a n t a p p lic a tio n s

for this new closure. Obviously there are hundred of prac- d ..- 1  H b R C t  U H L M l C A L  C O M P A N Y ^
tical u ses-th is  is a product that has been needed for a long I P.O. Box 117 Rockford, Illinois 61105 U.S.A .
time. 815/ 968-0747 TWX 910-631-3419
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THE C H E M IS TR Y  OF IN D O LE S  IS O N IT R ILE  C H E M ISTR Y
A Volume in ORGANIC CHEMISTRY A Volume In ORGANIC CHEMISTRY
Series Editor: A. T. BLOMQUIST Series Editor: ALFRED T. BLOMQUIST

° f  Chemistry’ edited by IVAR UGI, Department of Chemistry, University of
University of Virginia, Charlottesville, Virginia Southern California, University Park, Los Angeles, Californiavif̂ s^srisssjr^asrissa a s
types characteristic of the Indole ring are organized on a !u a L°n f>- f
mechanistic basis, and aspects of the metabolism, bio- f in t Sra lh î,nb e T°Æ ^Hivaio^tP^a^hnnCa?-!-nMnnt f
synthesis, and biological activity of indole derivatives are dis- f J lL n f Î f 0? i-Tinn=d n a r t i^ i ia f i Î th o ^ u t i^ n m ^ ^ n ln ?  6
CUSSed. Topics covered include: electrophilic Substitution Y1®r'®ty ? f 4 fn refAinnc tn* anH all
reactions of the ring, general reactions of the functional ,nJ t ï îa n iL ? m a î on ! + an=it L c  t h f  i ^ n l n a_ z: +u_. ¡ j i  ; ■ i i -  „ j  r_.x_ l _ subsequent tra ri storm ati on s are transitions of the son tr  e

R î h a s » « a i S R a j ^ j f l L 5 S ! E  “ - s " i î i t r î K s ï r Æ i i t s s ' s
i n « " « • ’ i - m  Cn^ÆsS'««SrSn°SoÏÏi3“ “̂ “ .SÎlVoïk

will prove extremely useful for anyone requiring an introduc- 
A f lM T Y  F IIN T T IO N C  tion to— as well as comprehensive coverage of— isonitrile chem-
A U U I I  I  r l l  L I I U !  '• istry, from  its beginnings up to 1970. This coverage includes
A Volume in ORGANIC CHEMISTRY all major aspects of isonitrile chemistry, reviews of isonitrile
Co-:*». a t  m  m u n in c T  syntheses, major reactions, and a compilation of the recent
Series Editor A T BLOMQUIST advances in the fie ld. November 1970, 280 pp., $14.50.
by C. H. ROCHESTER, Department of Chemistry, University 
of Nottingham, England

Acid ity Functions deals with the thermodynamic and kinetic C O N F O R M A T IO N A L  A N A L Y S IS :
behavior of organic solutes in concentrated solutions of .  . „  . . . . . .
acids and bases. It critically examines the present status ¿COp6 O lid  rr6 S 6 l1 T  LHTHTQTIOHS
and lim itations of the activity function concept firs t proposed i/ „i,,m .  irl nan Ah-' ruFiumTnv
by Hammett and Deyrup in 1932. The author stresses the Volume in ORGANIC CHEMISTRY
relationship between the pH scale for dilute aqueous solu- Series Editor: ALFRED T. BLOMQUIST
tions and other acidity function scales for concentrated solu- edited by G. CHIURDOGLU, Société Chimique de Belgique 
tions. Tabulations of acidity functions are given, and their „  , „  .. , , . . . ..
theoretical implications and dependence on Solution compo- Conformational Analysis is of central importance to  the con-
sition and structure are discussed in detail. 1970 , 310 pp., duct ° f  " ! uch. c °n temporary research in organic and bio-513 qq . ee . organic chemistry. The recent Nobel awards in the fie ld
*  ' ' signify this, and investigations in the area continue to pro

liferate. The present volume contains results from major

THE C H E M IS T R Y  O F O R G A N O T IN  C O M P O U N D S
by R. C. POLLER, Department of Chemistry, Queen Elizabeth applications in the aliphatic and, especially, the cyclic series.
College, University of London, London, England This book reviews the whole subject of conform ational analy-
_ . . . . .  , . , . , sis, points to the areas where further research is needed,
The firs t three chapters of this book discuss general points and detects difficulties which are unsolved. December 1970,
such as nomenclature, reactivity, and analysis, and various about 270 pp $15 00
methods of form ing tin-carbon bonds. Chapters 4-10 are FK' ’
developed to a systematic account of the preparation and
properties of organotin compounds which are classified DADCD r U D f tM A T f tP D A D U V  A M I)
according to the elements bonded to tin . There is also a r A r E K  I n K v f Y t A I U u t t A r jI I  A N D
comprehensive account of infrared-, nuclear magnetic reso- E l E fT P I tP l in D F C K
nance-, Mossbauer and ultraviolet- spectroscopy in an ex- E L E \ . IR U r i lU R E J lJ
tended chapter on physical methods which contain a con- by GUNTER ZWEIG, Director, Life Sciences Division, Syracuse
siderable amount of tabulated inform ation. The biological University Research Corp., University Heights, Syracuse, New
and chemical applications of organotin compounds are de- York, and' JOHN R. WHITAKER, Department of Food Science
scribed in some detail in the last two chapters. 1970, 315 pp., and Technology, University of California, Davis, California
$16.50.

Volume 2: PAPER CHROMATOGRAPHY

C H E M IC A L  C O N T R O L L IN G  INSECT B E H A V IO R  University Research Corp., and JOSEPH SHERMA,’ Lafayette
edited by MORTIN BEROZA, Entomology Research Division, College, Easton, Pa.
Agricultural Research Service, U. S. Department of Agricul- This volume is an up-to-date treatise devoted to the tech- 
ture, Beltsville, Maryland niques of paper chromatography. It  deals briefly with the
Recent controversy over the use of pesticides has focused history and theory of paper chromatography and covers in
attention on means of controlling injurious insects more se- detail selected techniques and quantitative methods. The
lectively, efficiently, safely, and with less insecticide. The pres- remainder of the book describes the separation by paper
ent book, consisting of papers presented at a Symposium of chromatography of a v/ide variety of classes of organic and
the American Chemical Society, presents im portant newworks Inorganic compounds including amino acids, fa tty  and or-
on a variety of insect pheromones and other chemicals tha t ganic acids, purines and pyrimidines, sugars, pesticides,
control insect behavior. These chemical messengers influ- vitamins, antibiotics, pigments, and many miscellaneous
ence vital insect processes by functioning as sex attractants, compounds. December 1970, about 525 pp., $27.50.
aggregants, repellents, defense secretions and alarm com
pounds, and are used to  control, eradicate, or prevent the _ _
spread of insects with a m inim um  of insecticide. 1970, 170 THE C H E M IC A L  T E C H N O L O G Y  OF W O O D
pp., $10.00. by HERMANN F j  WENZLj Technical and Scientific Con

sultant, Lucerne, Switzerland

THE C H E M IS TR Y  OF S Y N TH E TIC  DYES Translated from  German to  English by FRIEDRICH E.
VOLUME 3 BRAUNS and DOROTHY A.BRAUNS

edited by K. VENKATARAMAN, National Chemical Labora- This comprehensive survey of the methods of chemical tech- 
tory, Poona, India nology of wood is especially timely because it discusses some
-ru- . .. , , . ecological problems generated by these methods. Begin-
This is the firs t of four volumes tha t will offer a review of ning with a discussion of the anatomy and physical properties
progress since 1950 in the chemistry of synthetic dyes. (Pro- of wood, the book goes on to deal with the chemistry of wood

UP/ Hntil 's covered 'n. volumes 1 and 2 published in and its main elements: cellulose, hemicellulose, and lignin.
1952). Volume 3 contains an introduction and chapters on It details all of the current techniques, the various chemical
raw materials, intermediates, color and electronic states of reactions and interactions, and the ecological significance of
organic molecules, diazotization and coupling, azo dyes, these methods providing alternative solutions to some of the
iü f^ J 'comP'ex dyestuffs, and disperse dyes. 1970, 485 pp.t problems arising from the various methods. November
$27-50- 1970, 716 pp., $35.00.

A C *  A  T Y T T M T P  P P  T 7 « C C !  NEW YORK and LONDON
J — JL i n  fifth  av en u e , new  york , n. y  10003V____________ _____________ J
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¥ / A m m = Y m K

announces
a new way to link your NMR spectrometer 

^  to exœptional data ^

acquisition and analysis^^V 
f r j r  of spectral data using either Fourier

or CW NMR techniques '̂»asüJ
A major design innovation in the 1080 p e  1080 System has all the required hardware and

. System*istitS use of a single main frame software to:
to perform both stored program and ■  acquire data through analog-to-digital conversion;

' wired program computations. Wired pro- ■  improve signal-to-noise ratio by on-line signal 
gramming and conventional instrument (ensemble) averaging;
controls regulate many data acquisition: •  provide off-line baseline correction and/or ex-

"" da'faWdtfre--where high speed, on-Jine ponential filtering;
■ processing is required. Stored program "  trans4iorm free induction decay data to frequency

operations are used where complex *Lpec. ra.usmg as ourier a gorithm,

prr r̂ • requirt, " w<*. .*■ V°u re so melmed, the 1080 is complete- yield phase- and amplitude-corrected absorption
; * * ly programmable (like any GP compute/) spectra; ¿.

’ ; with a powerful repertoire of instructions ■  integrate or perform background subtraction on
f-' S and its own program assembly language, the absorption speGtra;

, j “ i- ■ ' ? Additional features include 20-bit ■  provide oscilloscope display of input data or pro-
word length; input signal filtering; field- cessed memory contents;

K  expandable memoiy capacities from 8,192 ■ ?  *?a» °îiÎJlatf  l° 30 X'J  plotter> ASR-33 Teletype,
* to 45,056 words (even larger in the future); * * ? *  ™ 9" f C T o o " *  ,i  - .■ ¿-J*  ; ¿, if Complete 1080 Systems capable of an 8,192-word

■ K ft and versatility through the use of plu^-m Fourier transform start at just over $30,000. For full 
{ : s digitizers and sweep modulée to .meet = ; details write or call collect to discuss your specific

. future measurement requirements, ft NMR data problems.’

= , . t I  ■ ■ - ;  ?  ‘ ;  M B B U ^ T E K  INSTRUMENTS, INC.
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9 .  , •  I I I  /  R A D I A T I O N  C H E M I S T R Y
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o f t  S u l f t u r  L h e m i ^ t r u

. .  .. Seventy-seven papers and 34 abstracts from the International
Including: Conference on Radiation Chemistry at Argonne National Lab-

Part A Oriainal Articles fFxnerimental oratories, chaired by Edwin J. Hart. Includes review and re- 
ra r i  H. menTa search papers from 12 countries besides U.S., Canada, and
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Part C. M echa^sm s^R eactions  of Sul- ¿ £ ¡5
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Mllbeano!medf i i  deta™^^^ CUITent SubscHbers No‘ 81 Radiation Chemistry-1 616 pages with index

International Journal of Sulfur Chemistry- N°‘ 82 Radiati°" Chemistry- "  558 pages with index
Part A— Volume 1— will be published in the latter Each $16.00
half of 1971. This part of the Journal will contain Ordered together $30.00
original articles on all aspects of sulfur chemistry, Postpaid in U.S. and Canada; plus 30 cents each Foreign and 
including theoretical and experimental studies. PUAS
Articles on selenium chemistry will also be ac
cepted. Professor Norman Kharasch will continue Set of LC' cards free wi,h library orders, 
as editor, with an International Advisory Board.

For complete information for Authors and Sub- Order from 
scribers, please write to:

SPECIAL ISSUES SALES
INTRA-SCIENCE RESEARCH FOUNDATION AMERICAN CHEMICAL SOCIETY
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' « U i l v  SANTA MONICA, CALIFORNIA • 90406 WASHINGTON, D.C. 2 0 0 3 6,Q\i*
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core” section, P a r t  A, which consists of a concise account core of the work in a  form th a t can be readily assimilated,
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P a rt  B  which contains supporting data, experimental full PaPer- This division of papers into two p arts would
details, and, in some instances, supplem entary discussion also lend itself to Publication of the journal in two editions
and interpretation. These “ tw o-part”  papers have been lf econormcs or reader demand so indicate W e welcome

, , ., , r 7, T7.J-J.__  „ ___* com m ents on these tw o-part papers both  from the view-
prepare y au ors a e mvi a ion o e 1 0  a  P point of readers and authors. Authors interested in prepar-
of a  program by the ACS Publication Office to explore im- fng 0 paper in thig form are coldially invited to co n tact D r.
proved communication of research findings. Jam es A. M oore, D epartm ent of Chem istry, U niversity of

T he purpose of the core section is to convey the essen- Delaware, Newark, Del. 19711, for further information, 
tials of a paper in concise form, perm itting a journal reader
to use his tim e optimally. A complete account of a  major F r e d e r i c k  D. G r e e n e , E d i t o r
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Methods for synthesizing the unique blue C-nitroso chromophore attached to secondary aliphatic carbon 
atoms have been improved and the optical properties of this group in important steric environments (steroids 
and terpenoids) have been measured. The isolation of the pure blue monomers can be achieved in a few cases 
only, but measurement of circular dichroism spectra of the total reaction mixture gives absorption bands with 
value in diagnosing the orientation of the chromophore, since none of the other components absorbs in the visible 
region.

Part A sequence ketone-»- oxime-*• amine -»-nitroso. Follow
er r  i n  ■ . j  • ing standard methods, the oxime reductions were car-Monomenc aliphatic C-mtroso compounds are vir- • , , ■ . , , , , . , ,  , . ,. ,, • ■ • , . , , *  e . , ried out using sodium in alcohol to yield equatorial

tually unique m organic chemistry because of their deep • , ,  , , • ,,, , . , , amines and by hydrogenation to yield axial amines.10-12color which results from absorption at 660-700  mu.4 AT., , , , , . , ,e  r ,, . . , , ,. JNitroso monomers can be generated by oxidation ofBecause of their ease of detection, nitroso derivatives • 7 , , , , , • ,• , , , j- , • , 1f.0A , , • ■ ,, a primary amine,7 but great care must be exercised,were widely studied prior to 1920& but principally as • ,, r , ., , , • , ' . 1 , ,  . since, as summarized in the following scheme, over-tertiary C-mtroso compounds, which are incapable of . ,  ,. ,. . ,. . r, , * . ,. „  . , , ' oxidation yields mtro derivatives, dimerization is facile,tautomenzation. rn m a ry  and secondary representa- , , , • ,. . , ,, , , J  . , -rn and tautomenzation to oximes also can occur when thetives have received only scant study because of dim- , . . .  ,. ..  . , J  J  , ,, , carbon carries a hvdrogen atom 13 and the presence ofcufties in handling these very reactive (normally only
transient) species. ^  [0] ^  [o] \

The nitroso chromophore can be derived from ali- ^CH NH2 ►  /C H  NO *- ^CH N02 
phatic and alicyclic oximes,4“ 6 amines,4,7 and olefins4,8 /
(by reaction with NOC1). Since none of these groups ^,C=NOH /
is readily amenable to optical investigations, whereas R t m ,/  \
the long wavelength absorption of the nitroso function /  \ j+
is readily distinguishable and may be measured in the /  ^  || Cu > || ')Cu2+
presence of any other organic chromophore, we decided )̂CH— N=N— R ^CH— NO \  /
to examine the feasibility of employing C-nitroso com- ^
pounds as “ chromophoric derivatives.” 9

Nonhalogenated C-Nitroso D erivatives.— Those C- inorganic ions such as C u2+ appears to lead to colored
nitroso derivatives attached to a carbon atom carrying chelated forms of the nitroso dimer,
no further heteroatoms were synthesized by the

Results
*  T o  w h o m  correspondence sh o u ld  be addressed.
(1 ) F o r  p a r t  C X V I I ,  see G . B a r th ,  W . V o e lte r, H .  S. M o sh e r, E . B u n n e n - Even with the improved methods of Synthesis, it

b" t  a .  P»ved difficult in practice to get spectra with reproduc-
s t itu te s  o f H e a lth  is  g ra te fu l ly  a ckn o w le d g e d . l b l c  illtGnsitlGS bGCB-USG of thG rG&Ctivity of tllG XlltTOSO

(3) N a tio n a l In s t i tu te s  o f H e a lth  P o s td o c to ra l F e llo w , S ta n fo rd  U n i-  monomers, but qualitatively reproduction of the Cotton
Ve(4 )t B .1 G 8 G o w e n io ck  a n d  w. L u t tk e ,  Quart. Rev. (London), 12 , 321 effects created no difficulties. Despite the manipula-
(1958).

(5) F o r  a re v ie w , see “ R o d d ’s C h e m is try  o f C a rb o n  C o m p o u n d s ,”  2 n d  (10) C . W . Shoppee, R .  J . W . C re m ly n , D .  E . E va n s , a n d  G . H .  R .
ed, V o l.  IB ,  E lse v ie r, A m s te rd a m , 1965, p 107. Sum m ers, J. Chem. Soc., 4364 (1957).

(6) D .  C . I f f la n d  a n d  G . X .  C rin e r, J. Amer. Chem. Soc., 75, 4047 (1953). (11) C . W . Shoppee, D .  E . E va n s, H . C . R ic h a rd s , and  G . H . R .  Sum m ers,
(7) (a) W . D .  E m m o n s , ibid., 79, 6522 (1957); (b ) J. E . B a ld w in , A . K .  ibid., 1649 (1956).

Q uerish i, a n d  B . S k la rz , J. Chem. Soc. C, 1073 (1969). W e  th a n k  (12) E .  B , H e rsh b e rg , E . P . O liv e to , a n d  R . R a ilse r, Chem. Ind. (London),
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T a ble  I
C ircular D ichroism op 

Optically Active C-N itroso Compounds

Position,
Compd Sign

/--------  l*~  3a-Nitrosocholestane“ (1) — 685
/ / J  7 \  __ l___  30-Nitrosocholestane (2 ) +  700

\  -I-------- r  -  675
\ 4a-Nitrosocholestane“ (3) — 700

nitrosoneomenthane \ | 7a-Nitrosocholestane“,!’ (4) +  690

M  A  \  | / '  +  6 4 0 '
/ --------+ / - ----- / \ \ 70-Nitrosocholestane0'6 (5) +  695

0 u ¿s 7  /  j  \ \/1 Inflection 650
^  i \ / y ’ . 170-Nitroso-5a-androstane (6 ) — 700

nitrosomenthane 1 | _  650
---------K . - ' J /  j +  620

---------_ /  / 1 + i __ ■v'TKk-'i I Nitrosomenthane (7) +  690
U— 1 I 1 1 -  660

/ C .  V  ' ^ . K |  +  6®
I j \  >  k  -  600ClX \ >\ ' ± %

NO \ I \ \ Nitrosoneomenthane (8 ) +  700
H \ J /  i  +  680

7^-nitrosochole8tane /  ' ' +  625
. l\ Nitrosocarvodiene' (9 )  — 700

|\ -  630
l  X J  I _ a-Pinene nitrosochloride (10) +  695

7 h  I + 6 2 0
+ ° The amines used to synthesize these derivatives were kindly

4  A-nitrosocholestane y ' \  ' supplied by Professor C. W. Shoppee, University of Sydney.
------> N O /  + b ya.  and 7+nitrosocholestanes can be readily distinguished by

I J —-- v their shorter wavelength CD absorptions; 70 shows minimum
at 322 and maximum at 280 m(i, whereas 7 a  shows maximum at 

j j *■ 330 and minimum at 294 mji. c Synthesized from carvone via
carvylamine.

17/S -nitrosoandrostane shape. Based on these findings, the C-nitroso chromo-
phore holds definite promise for the conversion of

r—--------- TIT---------- - tt---------T^T r i  amines to a readily observable, optically active group
... with a CD spectrum characteristic of the amine’s

environment. No amplitude information is deter- 
Figure 1.—Circular dichroism of nitroso derivatives in dichloro- mmable for the circular dichroism absorptions in Table

methane solution (amplitude differences between curves do not T „ , ,  _______ • „ „ „  > ___ . ____
reflect molecular ellipticity differences). 1 “  th e  m o n o m eric  com p ou n ds a re  to o  u n sta b le  fo r

isolation . E s tim a te s  of co n ce n tra tio n  from  u ltra v io le t

tive complications, spectra of a representative group of absorption studies were foiled by the inability to mea- 
optically active nitroso derivatives were obtained. The s’f e the absorption due to the weakness of the chromo-
results are shown in Table I and a selection of spectra in Phore and our mablllty to concentrate the highly reae-
Fi e 1 tive monomers.

a-Halogeno-C'-nitroso Compounds.'—The production
r—~ ------ s '  8 17 I of blue products (formulated as 11) from oximes by the

addition of bromine or chlorine has been known since 
f  j [ J the last century.4 The bulkiness of the halogen atom

j ^ represses dimerization and isomerization to oximes is
H ON H inhibited in these compounds by the lack of a tautom -

1,3a 3 4, 7a
’ ’ R  R  NO

2,30 5,70 \  x . \  /
ma C =N O H  — ^  C

------ ^-NO n o  /  /  \
j  j NO » R ' R ' X

" V }  . X  =  Br, Cl, N 0 2

H S—' 'u  T u+u erizable hydrogen atom. Since such cc-halonitroso
6 7, aNO 9 10 derivatives promised to overcome many of the diffi-

8,0NO  culties associated with their unsubstituted counter
parts covered in the previous section, a series of them  

The spectra demonstrate that the nitroso chromo- was subjected to CD analysis, 
phore is influenced by an optically active environment The steroidal nitrosobromides were synthesized from 
and can show sign inversions and differences in peak the corresponding oxime by careful treatm ent of a cold

3592 J .  O rg. C h em ., V ol. 3 5 , N o . 1 1 , 1 9 7 0  Vietmeyer and Djerassi



Br /
NO ON- s T ^ i /

/ i *CXJ r J

, X S ? {  c » i
.. = v  7 . " ^  x - /  0N> ^ ’ ' •

X X X  \  \ \ i '  Br *  [2  B r 14

'  \  f  500 550 600 6&0 7&0
20 T  . A  \  (- mr

s '  \ \ ll
x. NO ' \ // Figure 3.— Circular dichroism of geminal nitrosobromide deriv-

[ --------v \ /< atives in ethanol solution (amplitude differences between curves
__ I  1  J  ^ 'B r  \ ' ^ l  " do not reflect molecular ellipticity differences).Cu \ /

18 ' /  .
— \ '

\ /
\ , T able II
\ /
\ J  C ircular D ichroism of
x. y  pcm-NiTRoso Halogen Compounds

500 550 600 650 700 _ J  Sign of CD Position
C o m p d  a b s o rp tio n  myx

"7 3a-Bromo-3/3-nitroso-So:- + 694
cfo.oiGst̂ ino |   045

Figure 2.— Circular dichroism of geminal nitrosobromide Inflection 615
derivatives in ethanol solution (amplitude differences between T _ . ,
curves do not reflect molecular ellipticity differences). . n ec !on

3|8-Bromo-3a-mtroso-5/3- Inflection 690

pyridine-ethanol solution with a cold suspension of N -  cholestar.e (13) Inflection 620

bromosuccinimide in ethanol. Spectra were run within Inflection 570
10 min of the addition and the solutions were filtered l7/3-Hydoxy-3a-bromo-3/3- +  680
and maintained at 0° before measurement. nitroso-A4-androstene (14) — 635

Bromination of oximes at the 7, 11, 12, 17, and 20 +  610
positions gave blue nitroso compounds, whose absorp- -  590
tion band was readily discernible in the CD spectrom- 7«-Bromo-7/3-nitroso-5a-
eter. Normal work-up procedures, however, yielded eholestane (15) +  660
colorless (and, in the case of C-20, rearranged) products. Inflection 625

Cholestan-3-one ketoxime however yielded stable Inflection 570
crystalline monomeric material on work-up. This lijS-Brom o-lla-nitroso-Sa- +  700»
material was isolated as deep blue crystals, unique for androstane (16) Inflection 660
a steroid. Because of facile decomposition, however, +  640
even this compound could not be obtained in analytical Inflection 610
purity. 12<*-Bromc-12/3-nitrosotigogenin — 700“

The stereochemistry of these compounds is un- acetate (17) Inflection 690
doubtedly that in which the halogen atom occupies an _ +  610
axial position as the synthesis requires that the halogen 17a-Bromo-170-nitroso-oa- -
approach the double bond of the oxime, and it is well rostan® f  „„ , fi8!-6
known14 that such approach is from the axial side m  nitroso-A6-pregnene ( 1 9 )
similar functional groups such as ketones. 2-Bromo-2-nitrosocarvo-6,8- -  678

CD Results.'—Table II  and Figures 2 and 3 show diene (2o) +  632
typical CD measurements for the products. The — 604

(14) T. F. Gallagher and T. H. Kritchevsky, J. Amer. Chem. Soc., 72, ° Maximum absorption beyond the limits of our instrument.
882 11950). 6 Spectrum showed no fine structure.
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nitroso absorption  shows shape and sign individ uality  with this reagent, particularly in alcohol solution. Water and 
ch aracteristic  of th e  position of th e  chrom ophore on th e  the liberated acetic acid could be removed using solid anhydrous

steroid  nucleus, and th e  production of nitroso absorp- The f0u0Wjng example is typical of these experiments. To a 
tio n  prom ises to  be  useful in th e  exam ination  of th e  50-ml erlenmeyer flask was added 1 g (13.7 mmol) of tert-butyl-
asym m etric environm ent around a ketone group. Such  amine and 20 ml of n-propyl alcohol. The solution was stirred
analyses including synthesis and m easurem ent can be vigorously and chilled to -1 0 °  in an ice-methanol bath. To

• , , • i l i  , i this cold solution was added 3.6 ml (28 mmol) of a similarly
carried  ou t m  less th an  1 hr. chilled solution of 40% peracetic acid and 5 ml of n-propyl

A s w ith  th e  n itroso d erivatives obtained  by oxidation alcohol. The reaction mixture turned deep blue and the color
of am ines, no sta te m e n t can  be m ade ab ou t th e  in ten si- remained during several days of standing at room temperature,
ties  of th e  C D  absorptions for th e  various com pounds, Oxidation of Cyclohexylamine.—The oxidation of cyclohexyl-
as in  m ost cases th e  m onom eric m ateria ls are too tra n si- “ time was carried out in the manner of the above sequence.
: „ . , .. . M1 r i i  ,• , v Colors were found for all of the solvents used for the oxidation
to ry  for iso lation . T h is  w ill p robably  continu e to  be of ter£-butylamine. In addition acetonitrile, ether, ethyl acetate,
th e  m a jo r draw back to  th is  m ethod of in vestig atin g  feri-butyl alcohol, and a mixed solvent with pyridine, the peracid,
asym m etry . and methylene chloride could all be used as for the reaction

solvent. The reaction was best carried out at between —10 and 
/ \  N - Mn  OH and color was retained longest in n-propyl alcohol or aceto-

| j f p nitrile. Oxidant could be added in solution or neat without
.  i  1 J significant difference in the depth of color produced.

B w l  I o f, | Preparation of Oximes.—All oximes were prepared by refluxing
' '—^  (15 min) the corresponding ketone with 1.5 equiv of hydroxyl-

Br amine hydrochloride in an alcohol solution containing about 1%
“  pyridine. Steroidal oximes were concentrated to dryness and

12 5a H 3aBr 3/3NO 14 recrystallized. The solutions of oximes of lower molecular weight
’ were concentrated, diluted with chloroform, washed with water

13,50H, 30Br, 3otNO an(j saturated sodium chloride solution, dried (M gS04), and
Br evaporated.

^ C8Hn O N -V ^ \ ____  Reduction of Oximes with Sodium in Alcohol.—A standard
I I I procedure following Haworth16 was used in all cases. The oxime

/ \  /  n / n /  / n V \ /  in refluxing ra-propyl alcohol was treated during 2 hr with a large
I L*NO I J excess (up to tenfold) of sodium spheres.16 The cooled reaction

mixture was then diluted with ether or chloroform, washed 
H H thoroughly with water, and, in the case of steroidal materials,

jg jg evaporated, and recrystallized. Nonsteroidal amines were
extracted from the organic layer using 10% hydrochloric acid 

0  solution and after washing with ether the acidic solution was
NO''-____ 1 I jvjq treated with concentrated ammonia solution until basic and

B r ' - f  j n '  / \  /  extracted with ether. The ether solution was dried (M gS04) and
I I ''B r  evaporated to yield the free amine. Amine hydrochlorides were

JL I____ I '  prepared by precipitation from an ether solution of the amine
i J  using dry hydrogen chloride gas.

1 1 J 3a-Amino-5a-cholestane and 3/3-amino-5a:-cholestane were syn-
AcO H thesized according to the literature directions.10,11

17 jg l7/3-Amino-5o!-androstane.—Dihydrotestosterone was reduced
to 5a-androstan-17/3-ol by the method of Nagata and Itazaki.17 

V^NO Oxidation of this product by the method of Jones18 yielded andro-
_ stan-17-one, the oxime of which was reduced by sodium in alcohol

f J r B r -^ N O  to i7 (3-amiro_5Q!_an(j rostane.19
/ S / n / n /  | |  Neomenthylamine20 was synthesized by treating menthyl
i j li > 1 .  tosylate with lithium azide21 by the method of Smith22 and re-

ducing the azide produced with lithium aluminum hydride.
Menthylamine (3-amino-p-menthane)20 and carvylamine (3- 

20 amino-p-mentha-1,8-diene)23 were synthesized by the reduction
of menthane and carvone oximes with sodium in alcohol.

P a rt B  a-Pinene nitrosocholoride24 was synthesized from a-pinene
[aD + 39.6° (neat)] by treatment with nitrosyl chloride.8,24 

E xp erim ental Sectio n  Bromination of Oximes for CD Measurement.—The following
. . example is typical. To a 50-ml erlenmeyer flask was added 100

Spectroscopic Co. spectropolarimeter (Durrum- mg of carvone oxime (0.6 mmol), 150 ¡i\. of pyridine (1.86 mmol),
JASCO Model ORD-UV-5j was used for the CD measurements, and 20 ml of ethanol. The solution was chilled to 0° and 220
which were measured by Mrs. Ruth R . Records. mg (1 .2 3  mmol) of N-bromosuccinimide added. The deep green

Oxidation of ¿ert-Butylamine. When using 96% m-chloro- solution was kept in an ice bath until ready for measurement (less
benzoic acid16 as an oxidant for ¿erf-butylamine, satisfactory than 1 hr). The S0luti0n was filtered through a small pad of
blue coior was obtained using the following solvents: CHC13, cotton using a pipet immediately prior to adding to the spectrom-
CH2CI2, CC14, dioxane, tetrahydrofuran, pyridine, dimethyl- e(-er cejj
formamide, acetone, 2,2-dimethoxypropane, nitromethane, 1- 
propanol, 2-propanol, 1-butanol. All of these solvents, however, -----------------
gave cloudy precipitates of m-chlorobenzoic acid which made the (16) D. P. Dodgson and R. D. H a w o rth , J. Chem. Sac.. 67 (1952).
solutions unsatisfactory for direct spectral measurement. Al- ( 1 7) w. N a g a ta  a n d  H. I ta z a k i,  Chem. ind. (London), 1194 (1964).
though solutions of nitroso compounds such as this fcrt-butyl (18) A. B o w ers, T. G . H a lsa ll, E. R. H. Jones, a n d  A. J. L e m in , J. Chem.
example can be filtered without loss of color, the same is not Soc., 2555 (1953).
t r u e  f o r  c o m p o u n d s  s u c h  a s  n i t r o s o c y c lo h e x a n e  i n  w h ic h  t h e  (19) €> W . Shoppee a n d  J. G. P . S ly , ibid., 345, (1959).
n i t r o s o  f u n c t i o n  is  a t ta c h e d  t o  a  s e c o n d a r y  c a r b o n .  (2° )  R e ad  and  R - A . S to re y , ibid., 2761 (1930),

The use of 40% peracetic acid as oxidant yielded more satis- i2R R- Hulsgen and I- Ugi, Chem. Ber., 90, 2914 (1957).
factory product solutions as no precipitate was formed and strong (22>„ H- E' f  and A' G" d°n’ J1f  j  v , , i , i • 4. 4. J  u  6  31, 684 (19 6 6 ); (b ) A .  K .  Bose, S. H a rr is o n , and  L .  F a rb e r, ibid., 28, 1223colors were formed when ¿er£-butylamme was treated as above (1963)
-------------------------- (23) A .  M a ilh e , Bull. Soc. Chim. Ft., 33, 83 (1923).

(15) P i lo t  C h e m ica l C o m p a n y , L o n d o n  R o a d , W a re , H e rts ., E n g la n d . (24) E . V . L y n n , J. Amer. Chem. Soc., 41, 361 (1919).
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Brcmination of 5a-Cholestanone Oxime.—A sample of oho- 8 i
lestanone oxime (1 g, 2.58 mmol) was synthesized in 1:1 ethanol-
hexane solution containing a small amount of water by the addi- ' y '  0  q
tion of hydroxylamine hydrochloride, 180 mg (2.58 mmol), and 6- I ) t I  f \
1.095 /»I (7.74 mmol) of pyridine. The two-phase system was N — N Y )  /  \
treated with 920 mg (5.06 mmol) of solid iV-bromosuccinimide / \
and stirred 15 min. The reaction product was diluted with 4 I 1 / \
pentane and the upper layer separated and concentrated on a \
steam bath. During the concentration acetone was added; j \
cooling of the product solution in a refrigerator gave blue crys- 2 j \
talline needles of 3a-bromo-3/3-nitroso-5a-cholestane (12), mp / \
135-138° (three recrystallizations from methanol): nmr (5 ppm i I \
from TM S) 0.64 (methyl), 0.82 (methyl), 0.87 (methyl), 0.91 °  0 -------^ ------------------------- ¡—j------------------- >■
(methyl). Further purification of this product by preparative i  \
thin layer chromatography failed to yield an analytical sample 10
because of its facile decomposition. 2 - \  / K

Results and Discussion \ /  / \
4- \  /  /  \ *

Nonhalogenated Nitroso Compounds.'—In our initial \ /  \ 5
experiments, we employed 96%  m-chloroperbenzoic A  \ <!■
acid at —10° in methylene chloride solution, with solid 6' /  \ /  \
calcium carbonate in order to neutralize the m-chloro- /  \ /  \ '4
benzoic acid formed in the reaction. This standard71" 8- /  \
reagent mixture ŵ as drastically changed during the j  \  -z
course of our work because of the necessity of recording ______ / _____________ ___________\
the spectra and circular dichroism of the nitroso l0  ̂ ¿50 300 350
compounds directly on the crude reaction solution.
The chlorobenzoic acids both have low solubility in 
methylene ehlonde below 0” and cause fogging of the F '«”  
solution m the spectrometer. This could be overcome, 
however, by using peracetic acid as oxidant or by chang
ing the solvent to an alcohol. Contrary to literature .
suggestions4’28 that the tautomerism from nitroso to Geminal Nitroso-Halogen Compounds.- Measure- 
oxime is facilitated by polar solvents, it was found on ment of the gemmal nitroso-halogen chromophores was
test samples of nitrosocyclohexane that this chromo- rePorte(i by Mitchell in 194026 with the curve of a
phore could be prepared and maintained at -  30° (ice- menthol ester which showed very similar characteristics
methanol bath) in chlorocarbon solvents, alcohols, those reported here. . . .
ethers, benzene, pvridine, and dimethylformamide for found that the synthesis of such derivatives can
30 min without fading be conducted conveniently with iv-bromosuccmimide,

During attem pts at measuring the CD absorption of M-chlorosuccinimide, AT-bromoacetamide, as well as
the reaction solution containing nitrosomenthane at fuming nitric acid and dimtrogen tetroxide (both of
low temperature it was noticed th at the brass cell im- which give a-nitronitroso compounds). The reaction
parted a deep blue color to the solution. This color failed to yield visible blue color with iodine, A-iodosuc-
could also be produced by the addition of cupric sulfate cinimide, and cyanogen bromide. Isolation of the oxime
to the reaction mixture. The cause of the color (soluble 18 generally not necessary as the conversion of ketone to
in water and organic solvents) is possibly a chelate of oxime can be carried out in virtually quantitative fash-
the nitroso dimer. This product was stable (detection lon. Syntheses of nitroso derivatives from acetone
by color only) during 1 year in a refrigerator. This oxime (as a test material) could be earned out m a co
blue solution showed a broad diffuse CD absorption hols, pyridine, ethers and chlorocarbon solvents and
in the visible region and a sharp band at 370 m/i- The were best carried out below 0 .
nitroso grouping has the ability to rotate freely and will Cyclohexenone, carvone benzophenone salicylalde- 
do so in these saturated compounds, but the occurrence hyde, mtrosacamphor (21) piopionaldehyde, an pen- 
of the chelating phenomenon made low temperature 
analysis for rotation of the nitroso products impossible.

The configuration of the nitroso group is probably 
that of the parent amine, as the nitro groups produced .
by overoxidation in the same synthesis as used here / O y . /  *
have been shown to retain configurational identity.13 ^"^N O H

Strong bands occur at 300 m î in the spectra of the 
reaction mixtures, but at this time it is not known if A
these are due to tt- tt*  absorption in the monomer or in 
the dimer which is undoubtedly present also. The CD
spectrum o: the dimer from nitrosomenthane is shown tane-2,4-dione gave no blue coloration when they were
in Figure 4 for reference purposes to illustrate the spec- reacted under the conditions used for the cyclohexan-
tral characteristics of the pure dimer. ones. However, a t temperatures below 0° carvone

(25) N .  V . S id g w ic k , “ T h e  O rg a n ic  C h e m is try  o f N itro g e n ,”  C la re n d o n
Press, O x fo rd , 3 rd  ed, 1966, p  339. (26) S. M itc h e ll  a n d  G . K .  S im pson , J. Chem. Soc., 784 (1940).
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gave color distinguishable in the CD spectrometer, but Registry N o.— 1, 25630-12-0; 2, 25630-11-9; 3,
warming to room temperature yielded only a yellow 25558-52-5; 4 ,25 6 3 0 -1 3 -1 ; 5 ,25558-53 -6 ; 6 ,2 5 5 5 4 -4 0 -  
solution with no detectable CD absorption. On re- ' 9 ;  7, 25554-41-0; 8, 25554-42-1; 9, 25554-43-2; 10, 
ducing the temperature of a solution containing 12 to 25554-44-3; 12, 1912-59-0; 13, 25554-46-5; 14, 25554- 
— 187°, the spectrum amplitude increased but no posi- 47-6 ; 15 ,25554-48-7 ; 16 ,25554-49-8 ; 1 7 ,25554-50 -1 ; 
tion changes were noticed. 18, 25554-51-2; 19, 25554-52-3; 20, 25554-53-4.

A zacoum arins1

R obert B ruce M offett

Research Laboratories, The Upjohn Company, Kalam azoo, M ichigan 49001 
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Eighteen azacoumarins were prepared by condensation of appropriate esters, acids, or anhydrides with o- 
hydroxypyridine aldehydes or ketones. This constitutes examples of all four possible types (I, II, III , and IV) 
of azacoumarins with N replacing CH of the benzene ring. Two 8-azaflavones and a number of intermediates 
and by-products are also reported.

P art A Of the requisite pyridinol aldehydes or ketones only
,, . . , . , „ TT . , - , pyridoxal was available. 3-H ydroxy-2- (and -4-) pyr-
Coumanns m which a CH group is replaced by a idinecarboxaldehydes were prepared by the method of

nitrogen can be called azacoumarins. In a broad tt : ± A at i id j  « ± i / i  A 0 a  A:&11 . ~rT , • o o xiem ert and M arten7 and d-acetyl-4-hydroxy-2.o-di-
scnse his could mclude the 2H -l,4^enzoxazin-2-oneS9 methylpyridine wag made as described by'Z iegler,
and 2if-l,3-benzoxazm-2-ones. However, this pa- Herbst; a n d K aPpe.6 3-A cetyl-2-h yd roxy-6-(and -4,6-
per comprises only those azacoumarins in which the ,• ,, . -J. , j  ,' ‘ » ,, . • /t tt ttt cli-) methvlpyndmes were prepared from the correspond-
mtrogen replaces a CH of the benzene ring (I II, III , . 3. nitriles b treatm ent with methyllithium in yields
and IV). The literature contains only two references , , a . . . .  , ,' J  ot 4 7 -61% , respectively. Since this work was done

X X the 4,6-dimethyl compound (20) has been reported by
Bonsall and Hill9 who prepared it by condensation of

L  L 1  1  acetylacetone with aeetoacetamide.
I R R In general the Knoevenagel reaction (Scheme I) was

R' R'
I II S c h e m e  I

b)X bC is- kX
R' R'

jjj jy used with the pyridol aldehydes employing an aryl-
acetic ester and piperidine. Scheme I was not applica- 

to 2//-pyranopyridin-2-ories,4’5 both of which are of ble with the pyridol ketones and so the Perkin reaction  
the [2,3-5] type, I. One of these6 gives no informa- (Scheme II) was used, 
tion on the synthesis. Robinson and W a tt4 report the
synthesis of 7-hydroxy-5-m ethyl-2fi-pyrano [2,3-5]- S c h e m e  II
pyridin-2-one (I, R  and R ' =  H ; X  =  7-OH, 5-CH 3) x  x
by the Pechmann synthesis from 2,6-dihydroxy-4-
methylpyridine6 and malic acid. This procedure was (TnuT rch2coqh> R n)T
confirmed by our synthesis of the corresponding des- Ac2o,Et3N
methyl analog 7. However, in general, the Pechmann |
synthesis does not seem to work on monohydroxypyr- R/
idines, doubtless because of the protonation of the
pyridine ring by the strong acid used. The K ostanecki- In the one case where a direct comparison was made, 
Robinson modification of the Perkin reaction or the 3-phenyl-2H-pyrano [3,2-5 ]pyridin-2-one (17), about
Knoevenagel reaction were found to be more generally the same yield was obtained by both methods. Table
applicable methods and examples of all four types of I  lists the azacoumarins prepared and their melting
these azacoumarins were prepared. Types II, III , and points.
IV appear to constitute new classes of compounds. An attem pt was made to prepare the 4-hydroxy-8-

... „ . .. 2 _  „ _ , „ . , .  , , azacoumarin 22 by condensation of the acetylpyridol
(1) P re se n te d  m  p a r t  a t  th e  G re a t Lake s R e g io n a l M e e tin g  o f th e  A m e ric a n  „  T I

C h e m ic a l S o c ie ty , F a rg o , n . d., June  18- 19 , 1970. 20 with diethyl carbonate in the presence of N aH .10
(2) R . B . M o ffe t t ,  J. Med. Chem., 9, 475 (1966).
(3) R . L .  M c K e e , Chem. Heterocycl. Compounds, 17, 351 (1962). (7 ) D .  H e in e r t  a nd  A . E . M a r te ll,  J. Amer. Chem. Soc., 81, 3933 (1959).
(4) R .  R o b in s o n  a n d  J . S. W a t t,  J. Chem. Soc., 1536 (1934). (8) E . Z ieg le r, I .  H e rb s t, a nd  T h .  K a p p e , Monatsh. Chem., 100, 132
(5) K .  v .  A u w e rs , J. Pralct. Chem., 150, 166 (1938). (1969).
(6) M a n y  2 - a n d  4 -h y d ro x y p y r id in e s  a re  k n o w n  to  e x is t in  th e  p y r id o n e  (9) C . B o n s a ll and  J . H i l l ,  J. Chem. Soc. C, 1836 (1967).

fo rm . H o w e v e r, in  th is  a r t ic le  th e  p y r id o l n o m e n c la tu re  w i l l  be used since (10) M e th o d  described fo r  4 -h y d ro x y c o u m a r in :  B r it is h  P a te n t  705,316
i t  is  th e  h y d ro x y  fo rm  th a t  reacts in  o u r  syntheses. (1954).
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T able I

R'
P o s itio n  M e th o d  Y ie ld ,6

N o . o f a z a N  X  R  R '  o f  p re p n “  %  M p ,  ° C '

1 8  7-CH3 p-BrC6H 4 CH3 B 65 226 .5 -2 2 8
2 8 7-CH3 to-CH3OC6H4 CH3 B 56 1 5 8 .5 -1 5 9 .5
3 8 5,7-Di-CH3 C6H 5 CH3 B  49 163-164 .5
4 8 5,7-Di-CH3 p-FC6H 4 CH3 B 35 194 .5-196
5 8 5,7-Di-CH3 3,4,5-(CH 30 ) 3C6H2 CH3 B 38 2 2 5 .5 -2 2 7 .5
6 8 5,7-Di-CHs 3-Pyridyl CH3 B  17 180-180 .5
7 8 7-OH H H C 8  293-297 dec
8 7 H j>-CH3OC6H4 H B  83 2 1 7 .5 -2 1 9 .5
9 7 H 2-Pyridyl H A 49 150-152

10 7 5-CH2OH, 8-CH 3 4-Pyridyl H A 44 188-197
11 7 5-CH2OH, 8-CH 3 p -N 02C6H4 H A 26 233 .5 -2 3 5
12 6 5,7-Di-CH3 C6H5 CH3 B  36 166-168
13 6 5,7-Di-CH3 to-CH 3C6H4 CH3 B 24 125-126
14 6 5,7-Di-CH3 p-ClC6H4 CH3 B  49 2 0 6 .5 -2 0 8
15 5 H H H D d 26 1 0 7 .5 -1 0 8 .5
16 5 H COOH H . . . »  68 192-193 dec
17 5 H C6H 5 H A and B  12 156-157.5
18 5 H 4-Pyridyl H A 79 252-254
19 5 H p -N 02C«H4 H A 86 2 4 3 .5 -2 4 4 .5

« A =  Knoevenagel reaction (Scheme I) ; B =  Kostanecki-Robinson modification of the Perkin reaction (Scheme II ); C =  Pech- 
mann synthesis;4 D =  Perkin reaction. 6 The yield is based on the pyridol aldehyde or ketone and is reported for material melting 
not less than 2° below the highest melting point obtained. e Elemental analyses and ir and uv spectra were obtained on all azacoumarins 
and nmr on selected examples. All were in accord with the proposed structures. Data are given in the Experimental Section for an 
example of each type of azacoumarin (compd no. 1, 10, 12, and 15). d Obtained both by the Perkin reaction (A^O +  KOAc) and 
along with 16 by heating (3-hydroxy-2-pyridyl)methylenemalonic acid, which was prepared from 3-hydroxypicolinaldehyde and malonic 
acid. * Prepared by heating (3-hydroxy-2-pyridyl)methylenemalonic acid with polyphosphoric acid.

HjC. However, the ring did not close, probably owing to the
| jj NaH ,  pyridone structure6 of the intermediate, and only the

_qjI co(OEt)2 d-keto ester 21 was isolated. The same acetylpyridol
|| 20 was utilized in the preparation of two azaflavones

3 O (25a and 25b).
20  Since completion of this work, the preparation of

H3c  n ^ /O H  compounds 24a and 25a by slightly different methods
p T  Y  j  have been reported by Bonsall and Hill.9 Our melting
^  *0__qjj C00C2H5 points agree with theirs. All the compounds reported

^  || ¿H herein have been widely screened for biological activity
3 O 22 but only minimal activity was found.

21
H ,a n ..OH

Ai-coci ̂  Part B
pyridine

T || 1 * 3 Experimental Section11
C 11? , ,

u  3-Acetyl-2-hydroxy-4,6-dimethylpyridine9 (20).— Methyllithium
20a, Ar =  C6H5 was prepared from 21.0 g (3.0 g-atoms) of Li and 142.5 g (1.5 mol)

b Ar =  3,4A(CH30 ) 3C6H2 of M eBr in 900 ml of E t20 .  To this was added with vigorous
q stirring under N2 a suspension of 74.0 g (0.5 mol) of 3-cyano-2-
|| hydroxy-4,6-dimethylpyridine in 900 ml of T H F. Most of the

H C N q_q___H3CL n  OH ether was distilled through a fractionating column (to bp 60°)
3 K0H J  'll and then the solution was stirred under reflux for 2.5 hr. After

L J l  *" I*. cooling, the mixture was poured into ice water, acidified with
^ " • 'X C H s  |  ̂ CCH2C Ar HC1, and allowed to stand at room temperature for 1 hr. The

i,rr || CH3 Jl Jl solution was neutralized to pH 7-8  with NaOH and continuously
U 3 O O U extracted with E t20  for 40 hr. Evaporation of the extract gave

22^ 24a and 24b 76.4 g of orange colored solid. Recrystallization from 1.5 1. of

1 i3C \  N 0 Ar -------------------
H ,S 0 4 Y  T  | f

24a a n d  24b -------------> ■  (11) M e lt in g  p o in ts  were ta k e n  in  c a p il la ry  tu b e s  w i th  a p a r t ia l  im m e rs io n
A c O H  [  th e rm o m e te r. C a lib ra tio n  o f th e  a p p a ra tu s  a g a in s t s ta n d a rd  com poun ds

L - j  Jl show ed no  need fo r  c o rre c tio n . N m r  s p e c tra  w ere  d e te rm in e d  w i th  a V a ria n
3 A -6 0  sp e c tro m e te r, i r  sp e c tra  w ere  on N u jo l  m u lls , a n d  u v  s p e c tra  w e re  in

25a and 25b E tO H .
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EtO H  yielded 50.0 g (61% ) of yellow solid, mp 215-216°. An was distilled from a bath at 200° during 2 hr. The crude gummy
additional 5 g, mp 209-210°, was obtained from the filtrate. A product was boiled with 400 ml of EtO H, filtered, and evaporated
sample recrystallized from benzene gave mp 216-218°. to dryness. The resulting gum was sublimed at 0.01 mm from

Anal. Calcd for CsH nN 0 2: C, 65.54; H, 6 .71; N, 8 .48; a bath up to 250°. After removing a little white solid the product
O, 19.37. Found: C, 65.57; H, 6 .31; N, 8 .73; O, 19.32. sublimed as a partly crystalline solid. This was recrystallized

3-Acetyl-2-hydroxy-6-methylpyridine.— By a similar procedure from 2-propanol yielding 4.55 g (17% ) of yellow solid, mp 170-
this was prepared from 47 g (6.7 g-atoms) of Li, 320 g (3.36 mol) 180°. A sample recrystallized from EtOH gave mp 180-180.5°
of M eBr, 2.1 1. of E t20 ,  150 g (1.12 mol) of 3-cyano-2-hydroxy-6- after sintering at 173.5-175°.
methylpyridine, and 3.4 1. of T H F. The product was recrystal- Anal. Calcd for Ci6H14N20 2: C, 72.16; H, 5 .30; N, 10.52.
lized twice from EtOH (with Darco G-60 treatment) yielding 78.3 Found: C, 72.09; H, 5.36; N, 10.79.
g (47% ) of light yellow crystals, mp 202-207°. A sample re- 3-(p-Methoxyphenyl)-2F-pyrano[2,3-c]pyridin-2-one (8).— By
crystallized for analysis had mp 208 .5-209 .5°. a similar procedure this was prepared from 1.23 g (0.01 mol) of

Anal. Calcd for CsH aN 0 2: C, 63.56; H, 6 .00 ; N , 9 .27. 3-hydroxyisonicotinaldehyde,7 3.32 g (0.02 mol) of p-met.hoxy-
Found: C, 63.71; H, 6 .09; N, 8 .98. phenylacetic acid, 10 ml of Ac20 ,  and 1.4 ml (0.01 mol) of E t3N .

3-(p-Bromophenyl)-4,7-dimethyl-2ff-pyrano[2,3-6] pyridin-2- The solution was heated under reflux for 5 hr. The crude product
one (1) (Example of Method B ).— A solution of 7.5 g (0.05 mol) boiled with EtO H, cooled, collected, and dried giving 2.1 g
of 3-acetyl-2-hydroxy-6-methylpyridine, 15 g (0.07 mol) of p- (83% ) of tan crystals, mp 217.5-219°. Recrystallization from
bromphenylacetic acid, and 7 ml (0.05 mol) of EtjN  in 31.5 ml 25 ml of ethylene glycol monomethyl ether gave 2. 0 g of light
(0.35 mol) of Ac20  was stirred under N2 under reflux for 6 hr. tan crystals, mp 217.5-219.5°.
After cooling the crystal containing mixture was poured into water Anal. Calcd for CisIinNCL: C, 71.14; H, 4 .38 ; N, 5 .53.
and adjusted to pH 8 with NH4OH. The solid was collected, Found: C, 71.29; H, 4 .34; N, 5.42.
washed with water, and boiled with EtO H . After cooling the 4,5,7-Trimethyl-3-phenyl-2U-pyrano[3,2-c]pyridin-2-one (12).
solid was collected and dried giving 11.77 g of light brown crys- — By a similar procedure this was prepared from 5.0 g (0.03 mol)
tals. Reerystallization from 100 ml of ethylene glycol mono- of 3-acetyl-4-hydroxy-2,6-dimethylpyridine,8 8.15 g (0.06 mol) of
methyl ether (filtered hot) yielded 10.6 g (64.6% ) of tan crystals, phenylacetic acid, 17 ml (0.16 mol) of Ac20 ,  and 5 ml (0.36
mp 226 .5 -228°. Principal spectral bands: uv 222, 236, 274, mol) of E t3N. The solution was stirred under reflux for 8 hr.
and 317 m/i; ir C = C H  at 3075, O = 0 /C = N  at 1710, C = C  at The crude product was crystallized from 2-propanol and re-
1616, 1597, 1588, 1553, and 1487, C— H /C — O at 1145 and 1075, crystallized from EtOH (with Darco G-60 treatment) yielding
arom at 817 cm “1; nmr (in CDC13) two Me singlets (integrating 2.9 g (36.4% ) of nearly white crystals, mp 166-168°. Principal
3 each) at S 2.33 and 2.67, and aromatic multiplets (integrating 6 ) spectral bands: uv 206, 234, and 302 m/*; ir C = 0  at 1720,
between 5 7 and 8 . C = tC / C = N at 1595, 1540, and 1495, C—O, C—N at 1180, 1090,

Anal. Calcd for Ci6H 12B rN 0 2: C, 58.20; H , 3 .66; B r, 24.20; and 985, arom at 735 and 710 cm“1; nmr (in CDCb) three Me
N, 4 .24 . Found: C, 58.26; LI, 3.65; B r, 24.11; N, 4 .21 . singlets (integrating 3 each) 5 2.40, 2.57, and 2.90, 8-H singlet

3-(ro-Methoxyphenyl)-4,7-dimethyl-2fi-pyrano[2,3-&]pyridin-2- (integrating 1) at 5 6.99, and aromatic multiplet (integrating 
one (2).— By a similar procedure this was prepared from 7.5 g 5) centered at S 7.4.
(0.05 mol) of 3-acetyl-2-hydroxy-6-methvlpyridine, 16.6 g (0.1 Anal. Calcd for CnH15N 0 2: C, 76.96; H, 5 .70; N, 5.28.
mol) of m-methoxyphenyiacetic acid, 31.5 ml (0.35 mol) of Found: C, 76.69; H, 5 .69; N, 5.35.
Ac20 ,  and 7 ml (0.05 mol) of E t3N. The crude solid was re- 4,5,7-Trimethyl-3-(m-tolyl)-2fi-pyrano[3,2-c]pyridm-2-one
crystallized from 150 ml of EtO H  (with Darco G-60 treatment) (13).— By a similar procedure this was prepared from 8.0 g
yielding 7.75 g (55.5% ) of light tan solid, mp 158-160°. A sample (0.048 mol) of 3-acetyl-4-hydroxy-2,6-dimethylpyridine,8 14.5 g
recrystallized again from EtOLI had mp 158 .5-159.5°. (0.96 mol) of TO-tolylacetic acid, 27 ml (0.256 mol) of Ac20 ,  and

Anal. Calcd for C17H 15N 0 3: C, 72.58; H, 5 .38; N, 4 .98. 8 ml (0.058 mol) of E t3N. The solution was stirred under N 2
Found: C, 72.53; H , 5.42; N , 4 .98. under reflux for 8 hr. The crude product was crystallized from

4,5,7-Trimethyl-3-phenyl-2fi-pyrano[2,3-6]pyridm-2-one (3).—  2-propanol and recrystallized from MeOH (with Darco G-60
By a similar procedure this was prepared from 8.3 g (0.05 mol) of treatment) yielding 3.2 g (23.8% ) of nearly white crystals, mp
3-acetyl-2-hydroxy-4,6-dimethylpyridine, 13.6 g (0.1 mol) of 125-126° (with sintering at 121-122°).
phenylacetic acid, 28.2 ml (0.3 mol) of Ae20 ,  and 14 ml (0.1 Anal. Calcd for CigH17N 0 2: C, 77.39; H, 6 .14; N, 5.02.
m o l)o fE t3N. The mixture was stirred under reflux for 22 hr and Found: C, 77.63; H, 6 .43; N, 5.27.
then the solvent was distilled, under N2, from a bath at 190° 3-(p-Chlorophenyl)-4,5,7-trimethyl-2.ff-pyrano[3,2-c]pyridin-2-
during 2 hr. The crude solid was sublimed at 0.01 mm from a one (14).— By a similar procedure this was prepared from 7.5 g
bath at 190° giving 6.9 g of light tan solid. This was recrystal- (0.045 mol) of 3-acetyl-4 -hydroxy-2 ,6-dimethylpyridine,8 15.3 g
lized from 120 ml of EtOH yielding 6.53 g (49% ) of white crys- (0.09 mol) of p-chlorophenylacetic acid, 25 ml (0.24 mol) of
tals, mp 163-164.5°. Ac20 ,  and 7.5 ml (0.054 mol) of E t3N. The solution was heated

Anal. Calcd for CnH I5N 0 2: C, 76.96; H , 5 .70; N, 5 .28. under reflux, under N2, for 8 hr. The crude product was boiled
Found: C, 76.76; H, 5 .53; N, 5.30. with 150 ml of 2-propanol and cooled, and the solid was collected

3-(p-Fluorophenyl)-4,5,7-trimethyl-2if-pyrano[2,3-6]pyridm-2- giving 6.6  g (49% ) of light brown solid, mp 202-206°. Recrys-
one (4).— By a similar procedure this was prepared from 5.54 g tallization from EtOH (with Darco G-60 treatment) yielded
(0.033 mol) of 3-acetyl-2-hydroxy-4,6-dimethylpyridine, 18.8 ml 4.65 g of nearly white crystals, mp 206.5-208°.
(0.2 mol) of Ac20 ,  and 4.7 ml (0.33 mol) of E t3N. The mixture Anal. Calcd for CI7H 14C1N02: C, 68.12; H ,4 .7 1 ; Cl, 11.83;
was heated under reflux, under N2, for 10 hr. The crude product N , 4.67. Found: C, 68.02; H, 4 .80 ; Cl, 11.87; N , 4.76. 
was recrystallized from EtOH (with Darco G-60 treatment) 3-Phenyl-2i7-pyrano[3,2-b]pyridin-2-one (17) (Method B ).—
yielding 3.28 g (35% ) of light tan crystals, mp 194.5-196°. By a similar procedure this was prepared from 1.23 g (0.01 mol)

Anal. Calcd for Cj7H j4F N 0 2: C, 72.07; H, 4 .98 ; F , 6 .71 ; of 3-hydroxypic.olinaldehyde,7 2.72 g (0.02 mol) of phenylacetic
N, 4.94. Found: C, 71.93; H, 4 .59 ; F , 6 .68 ; N , 4 .85. acid, 10 ml of Ac20 ,  and 1.4 ml (0.01 mol) of E t3N. The product

3-(3,4,5-Trimethoxyphenyl)-4,5,7-trimethyl-2if-pyrano[2,3-f)]- was extracted with E t 20  from the weakly basified aq mixture, 
pyridin-2-one (5).— By a similar procedure this was prepared containing much tar, washed (H20  and satd NaCl), and dried
from 16.6 g (0.1 mol) of 3-acetyl-2-hydroxy-4,6-dimethylpyridine, (Na2S 0 4). After removal of the ether the gummy product was
27.2 g (0.12 mol) of 3,4,5-trimethoxyphenylacetic acid, 56.4 ml sublimed at 0.015 mm from a bath up to 194° and then crystal-
(0.6 mol) of Ac20 ,  and 28 ml (0.2 mol) of E t3N. After heating lized from 2-propanol yielding 0.26 g (12% ) of pink crystals, mp
under reflux for 19 hr the solvent was distilled from a bath at 152 .5-154.5°. The infrared spectrum was identical with that
175° during 2 hr. The crude product was recrystallized twice of material prepared by method A (below),
from EtOH yielding 13.35 g (38% ) of tan crystals, mp 225 .5 - 3-Phenyl-2ii-pyrano [3,2-6] pyridin-2-one (17) (Method A).— A 
227.5°. solution of 1.23 g (0.01 mol) of 3-hydroxypicolinaldehyde,7 1.65

Anal. Calcd for C2oH21N05 : C, 67.59; H, 5 .96; N, 3.94. g (0.011 mol) of methyl phenylacetate, and 1 ml of piperidine in
Found: C, 67.62; H, 6 .33; N, 4 .10. 25 ml of abs EtOH was heated under reflux for 4 hr. After

4,5,7-Trimethyl-3-(3-pyridyl)-2ff-pyrano[2,3-6]pyridm-2-one filtration and evaporation, the dark tar was sublimed at 0.01
(6 ).— By a similar procedure this was prepared from 16.6 g (0.1 mm from a bath up to 193°. The sublimate was recrystallized
mol) of 3-acetyl-2-hydroxy-4,6-dimethylpyridine, 14.6 g (0.12 from 2-propanol (with Darco G-60 treatment) yielding 0.27 g
mol) of 3-pyridylacetic acid, 56.4 ml (0.6 mol) of Ac20 ,  and 28 ml (12% ) of white crystals, mp 156-157°. A sample for analysis
(0.2 mol) of E t3N. After heating under reflux for 24 hr the solvent was recrystallized again from 2-propanol, mp 156-157.5°.
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Anal. Calcd for C14H9NO2: C, 75.32; H, 4 .06 ; N, 6 .28. This same azaeoumarin was obtained by twice subliming a 
Found: C, 75.09; H, 4 .02 ; N, 6 .24. sample of [(3-hydroxy-2-pyridyl)methylene] malonic acid (below)

3-(p-Nitrophenyl)-2if-pyrano[3,2-5]pyridin-2-one (19).— A at 0.01 mm frcm a bath up to 200°. I t  was recrystallized from
solution of 1.23 g (0.01 mol) of 3-hydroxypicolinaldehyde,7 2.3 E tO H , mp 107 .5-108 .5°.
g (0.011 mol) of ethyl p-nitrophenylacetate, and 1 ml of piperidine [(3-Hydroxy-2-pyridyl)methylene]malonic Acid.— A solution
in 25 ml of abs EtO H  was heated under reflux for 0.5 hr. After of 1.23 g (0.01 mol) of 3-hydroxypicolinaldehyde7 and 1.56 g
cooling the resulting crystalline solid was collected, washed (0.015 mol) of malonic acid in 25 ml of abs EtOH  was heated
(EtO H ), and dried giving 2.3 g (8 6 % ) of light tan crystals, mp under reflux with stirring for 2 hr. Solid separated during the
243-244°. Recrystallization from ethylene glycol monomethyl first 5 min. After cooling, the solid was collected and dried
ether gave 2.15 g of fluffy cream colored needles, mp 243 .5 - giving 0.94 g (54 .4% ) of yellow-tan crystals, mp 174.5-175.5°
244.5 ° . dec. A sample for analysis was dissolved in DM SO at room temp,

Anal. Calcd for C i4H8N20 4 : C, 62.69; H, 3 .00; N, 10.43. filtered, and diluted with methanol giving yellow-tan solid melt- 
Found: C, 62.33; H, 2 .99 ; N, 10.52. ing with decomposition between 163° and 179.5° depending on

3-(4-Pyridyl)-2H-pyrano[3,2-6]pyridm-2-one (18).— A solution rade heating,
of 12.3 g (0.1 mol) of 3-hydroxypicolinaldehyde,7 15.1 g (0.1 mol) Anal. Calcd for C9H7NOs: C , 51.68; H, 3 .37; N, 6.70.
of methyl 4-pyridylacetate, and 5.8 ml of piperidine in 125 ml of Found: C, 51.50; H, 3 .38; N, 6.64.
abs EtO H  was heated under reflux for 1 hr. After cooling the . 2-Oxo-2ff-pyrano[3,2-6]pyridine-3-carboxylic Acid (16). A 
resulting crystalline solid was collected, washed (EtO H ), and mixture of 5.1 g (0.03 mol) of [(3-hydroxy-2-pyridyl)methyl)-
dried, giving 17.7 g (7 9 % ) of light brown solid, mp 245-252°. methylene]malonic acid and 2 0  g of polyphosphoric acid was
This was recrystallized from 140 ml of D M F yielding 16.6 g of heated with stirring in a bath at 125-130° for 20 min. After 
brown crystals, mp 249-253°. A sample for analysis was cooling the mixture was well mixed with 100  ml of H 20  and the
sublimed at 0.05 mm from a bath up to 187° and recrystallized resulting solid was collected, washed (H20 ) ,  and dried yielding
from D M F giving white needles, mp 252-254°. ^.77 § (6 8 % ) ° f  white solid, mp 192-193° dec.

Anal. Calcd for C13H8N20 2: C, 69.64; H, 3 .59; N, 12.50. Anal Calcd for C9H 6N 0 4: C 56A 5; I I ,  2 .64 ; N , 7.33;
Found’ C 69 87* H 3 57* N 12 36 equiv wt, 191.1. Found: C , o6.42; H, 2 .68 ; N, 7.32. equiv

3-(2-Pyridvl)-2#-pyrano[2,3-e]pyridin-2-one (9).— A solution  ̂ ™ 00 *
i i oo (c\ c\i n  r o i! a ■ ’ 4- 1  j  7 i aa  7-Hydroxy-2i7-pyrano[2J3-b pyndm-2-one (7).— To 23.6 gof 1.23 g (0.01 mol) of 3-hydroxyisomcotmaldehyde,7 1.66 g /n i« i\ e o a a -i- u a ^  -a 4- i,A A11 r 4i, i o . j i  ; , j a o  i f -  (0.16 mol) of 2 ,6-dihydroxypyndine hydrochloride was cautiously(0.011 mol) of methyl 2-pyridylacetate, and 0.3 ml of piperidine , ,  , ™ f j  xt i 4- * u a. i c , ti.A tt i , i  i AT ■, a  r added 70 ml of coned H2SO4. After the evolution of HOI hadm 2o ml or abs EtOH was heated, under N2, under reflux for , or> /A . ,  j j j  j  ,, ,0 1 . , j- i j  • x x 1 . , r ceased 22 g (0.164 mol) of malic acid was added and the solution2 hr. th e mixture was dissolved in more EtO H , treated with , , j  . , AT , , ,, c ~ 1-n an  4 u ci4 a a 1 1 . 11. , . , , n(w4 £ was heated with stirring under JN2 on a steam bath tor 5.75 hr.Darco 0 -6 0  at bp, filtered, and cooled, yielding 1.1 g (49% ) of r  , , , . , OAA 1 c • ,• i , 1  After cooling 3he solution was poured into 300 ml 01 ice water

pm crys a s ,  mp o . „  M and allowed to stand at 0 -5 ° for 3 days. The resulting crystallineAnal.. Cdcd for CisHsNaCh. C, 69.64, H, 3 .59, N, 12.50. was conect ecj ; washed (ice water), and dried giving 6.1 g
hound. O, 69.36, H, 3 .26 , IN, 12.39. 0f j jg ^  brown solid. This was sublimed at 0.01 mm from a bath

_5: (Hydroxymethyl)-8-methyl-3-(4-pyridyl)-2H-pyrano[2,3-c]- up to 262° giving 4 g of solid, mp 280-290° dec. This was re-
pyridin-2-one (10). A solution of 20.36 g (0.1 mol) of pyridoxal crystallized from 70%  aq EtOH  and then from ethylene glycol
hydrochloride, 15.1 g (0.1 mol) of methyl 4-pyridylacetate, and monomethjd ether (with Darco G-60 treatm ent) yielding 2 g
15.8 ml of piperidine, in 120 ml of abs EtOH  was heated under (7 .7% ) of nearly white solid, mp 293-297° dec.
reflux for 2 nr. After filtration the solution was evaporated AnaL Caic(j  for C8H 5N 0 3: C, 58.90; H, 3 .09; N, 8.59. 
in vacuo and the residue was shaken with water giving 13.5 g of Found: C 58.69- I I  3.01 • N 8.51.
pink solid, mp 187-192°. This was recrystallized from 160 ml Ethyl /3-(2 -Hvdroxy-4 ,6-’dimethyl-3-pyridine)-/3-oxopropionate
of EtO H  yielding 11.9 g (44 .5% ) of pink crystals, mp 188-197°. (21).— To a warm mixture of 2 .4  g (0.1 mol) of NaH (4.5 g of
A sample dissolved in hot water and separated (still at bp) as 5 4 %  SUSpension in mineral oil), 11.8 g (0.1 mol) of diethyl car-
flufiy needles, mp 192-197°. The infrared spectra indicated bonate, and 60 ml of toluene was slowly added with stirring 8.3 g
dimorphic forms. Principal spectral bands: uv 240, 295, and (0 .0 5  mol) of 3-acetyl-2-hydroxy-4,6-dimethylpyridine. Solvent
346 m^; ir OH at 3180, C = C H  at 3070, C = 0  at 1728, C = C /  was slowly distilled through a short column to bp 109°. After
C = N  at 1628, 1542, and 1600, C—N / C -0  at 1230, 1144, 1079, cooling, water was added. The aqueous layer was washed with
and 102 c m -1; nmr (in deuterated D M SO ) M e singlet at 2.57, ether and acidified (pH 6 ) with AcOH. The resulting solid was
CH 2 doublet centered at 4 .82, OH broad triplet centered at 5.65, collected, washed 0 1 ,0 ) ,  and dried giving 4.83 g of tan crystals,
and vinyl and aromatic multiplets between S 7 and 9. mp 1*27-129°. This was recrystallized from 40 ml of abs EtOH

Anal. Calcd for CiiHuNiOj: C, 67.15; H , 4 .51; N, 10.44; (with Darco G-60 treatm ent) yielding 4.05 g (34% ) of light yellow
0 ,  17.89. Found: C, 66.91; H, 4 .63 ; N, 10.23; 0 ,  17.82. crystals, mp 132-133°. Ir , uv, and nmr spectra confirm the

5-(Hydroxymethyl)-8-methyl-3-(p-nitrophenyl)-2iI-pyrano- proposed structure.
[2,3-c]pyridin-2-one (11).— A solution of 10.4 g (0.05 mol) of Anal. Calcd for Ci2H15N 0 4: C, 60.75; H, 6 .37 ; N, 5.90.
pyridoxal hydrochloride, 11.5 g (0.055 mol) of ethyl p-nitro- Found: C, 60.67; I I ,  6 .35 ; N, 5.91.
phenylacetate, and 9.9 ml (0.1 mol) of piperidine in 30 ml of 3-Acetyl-4,6-dimethyl-2-pyridyl 3 ,4 ,5-Trimethoxybenzoate
abs EtO H  was heated under reflux for 2 hr. The dark solution (23b).— To a suspension of 82.5 g (0.5 mol) of 3-acetyl-2-hy-
was cooled and poured into water. The resulting orange-brown droxy-4,6-dimethylpyridine in 500 ml of dry pyridine was
solid was dissolved in 100-ml of ethylene glycol monomethyl slowly added during 25 min 138 g (0.6 mol) of 3,4-trimethoxy- 
ether, treated with Darco G-60, filtered, diluted with 150 ml of benzoyl chloride. After heating on a steam bath for 15 min and
ethanol, and cooled, yielding 4.1 g (26% ) of cream colored fluffy standing overnight the mixture was poured into ice water and
needles, mp 233 .5-235°. extracted with ether. The ether solution was washed (cold dil

Anal. Calcd for CiSH 12N20 6: C, 61.53; H, 3.87; N, 8.97. NaOH and H 20 )  and dried (Na2S 0 4), evaporated, and crystal-
Found: C, 61.22; H , 3 .75; N, 8 .82. lized from 2-propanol giving 102.7 g (6 8 % ) of solid, mp S2-91°.

2//-Pyrano[3,2-!)]pyridin-2-one (15).— A mixture of 1.23 g This was recrys":allized from 2-propanol yielding 8 6  g (48% ) of
(0.01 mol) of 3-hydroxypicolinaldehyde,7 1 g (0.01 mol) of yellow crystals, mp 85-88°. A sample recrystallized again from
KC’Ac, and 4 ml (0.04 mol) of Ac20  was heated under reflux for 2-propanol (with Darco G-60 treatm ent) had mp 87-90°.
2 hr. The dark mixture was distilled in vacuo in a short path Anal. Calcd for C i9H2iN 0 6: C, 63.50; H, 5 .89; N, 3.90.
apparatus. The distillate in EtOH  was mixed with 2 g of Found: C , 63.37; H, 5 .95; N, 4.16.
NaHCOs and evaporated to dryness. The residue w-as sublimed l-(2-Hydroxy-4,6-dimethyl-3-pyridyl)-3-(3,4,5-trimethoxy-
at 0.02 mm from a bath up to 150°. The sublimate was re- phenyl)propane-l,3-dione (24b).— To a solution of 21.7 g
crystallized from EtO H  yielding 0.39 g (26% ) of white crystalline (0.06 mol) of the above ester (23b) in 150 ml of pyridine was
solid, mp 107 .5-108.5°. Principal spectral bands: uv 230, 251, slowly added with stirring 9 g of powdered 85%  KOH . The
257, 261, 308, 314, 328, and 335 mp; ir C = C II  at 3070, C = 0  mixture, containing gummy solid was placed on a mechanical
at 1765 and 1725, C = C / C = N  at 1655, 1610, 1583, and 1558, shaker and shaken overnight. M ost of the pyridine was distilled,
C—N./C—O a t 1207, 1165, 1084, and arom at 792; nmr (in CDCls) under reduced pressure, and the residue was mixed with ice
showed only vinyl and aromatic multiplets between 5 6.5 and 8.7. water and adjusted to pH 6.5 with AcOH. The resulting fluffy

Anal. Calcd for C8H 5N 0 2: C, 65.30; H , 3.42; N, 9 .52. yellow solid was collected, washed (H20 ) ,  and dried giving 12.9 g
Found: C, 65.19; H, 3 .36; N, 9 .79. solid, mp 181-183°. This was recrystallized from a mixture of
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700 ml of ethanol and 300 ml of methanol yielding 12.2 g (61% ) A nal. Calcd for CuH^NOj: C, 71.36; H, 5 .61; N, 5 .20 .
of yellow crystals, mp 183.5-185°. Found: C, 71.38; H, 5 .82; N, 5.40.

A nal. Calcd for Ci(,TT21NOr>: C, 63.50; H, 5 .89; N , 3.90. 5,7-Dimethyl-2-phenyl-4if-pyrano[2,3-b]pyridin-4-one9 (25a).
Found: C, 63.32; H, 5 .75; N, 3 .92 . — This was prepared by a process similar to that used for 25b

2-(3,4,5-Trimethoxyphenyl-5)7-dimethyl-4f7-pyrano[2,3-b]- above. A yield of 72.5%  of yellow-tan crystals after recrystal- 
pyridin-4-one (25b).— To a suspension of 7 g (0.0195 mol) of the lization from EtO H, mp 182.5-184.5° (Bonsall and Hill9 report
above dione (24b) in 105 ml of AcOH was added with stirring 2.6 mp 182-184°).
ml of coned H2S 0 4. After heating on a steam bath for 45 min the A nal. Calcd for Ci6H i3N 0 2: C, 76.48; H, 5 .21 ; N , 5 .58 .
solution was cooled, poured into ice water, and neutralized with Found: C, 76.57; H, 5.29; N, 5.88.
NaOH. The resulting solid was collected, washed (H20 ) ,  and 
dried giving 6.73 g (100% ) of solid, mp 203-206°. Recrystal-

“ I , ™  benZ6ne yieWed 4'49 "  °f Hght yell°W Registry N o . - l ,  25957-01-1; 2, 25957-02-2; 3, 
A n al. Calcd for C19H 19N 0 6: C, 66.85; H, 5 .61 ; N , 4 .10 . 25957-03-3; 4 , 25957-04-4; 5 , 25957-05-5; 6 , 25957-

Found: C, 66.47; H , 5 .69; N, 3.98 . 06-6 ; 7 ,25957-07 -7 ; 8 ,25 9 5 7 -0 8 -8 ; 9 ,2 5 9 5 7 -0 9 -9 ; 10,
l-(2-Hydroxy-4,6-dimethyl-3-pyridyl)-3-phenylpropane-l,3- 25957-10-2; 11, 25957-11-3; 12, 25957-12-4; 13,

dione9 (24a).—This was prepared by a process similar to that 9 r Qr 7  iq  c . i a o r q w  ia  a .  i r  oq n -y  i r  7 . 
used for 24b above. The intermediate 3-acetyl-4,6-dimethyl-2- i p  o \ '
pyridylbenzoate was distilled, bp 150° (0.05 mm), but was not 25957-16-8; 17, 25957-17-9; 18, 25957-18-0; 19,
highly pure. The dione 24a was obtained in a 62%  yield (mp 25957-19-1; 20, 25957-20-4; 21, 25957-21-5; 23b,
199-210°) from 3-acetyl-2-hydroxy-4,6-dimethylpyridine on 25957-22-6; 24a, 25957-24-8; 24b, 25957-25-9; 25b,
neutralization of the basic solution After recrystallization of 25957-26-0; 3-acetyl-2-hydroxy-6-m ethylpyridine,
8.84 g from ethylene glycol monomethyl ether and then from a oo ^ r/o i i r, • i i\ n  i v  ,
large volume of methanol 4.6  g of fluffy needles was recovered, 25957-23-7, [ (3-hydroxy-2-pyndyl) methylene Jmalomc
mp 220-227° (Bonsall and Hill9 report mp 220-226°). acid, 2595f-27-l.

Dianions Derived from Glutarimide, 3,5-Morpholinedione, and
3,5-Thiomorpholinedione as Useful New Synthetic Intermediates1
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Glutarimide, 3,5-morpholinedione, and 3,5-thiomorpholinedione were converted to their respective dianions 
by means of slightly more than 2 mol equiv of sodium amide in liquid ammonia. Reactions of the dianions 
derived from glutarimide and 3,5-morpholinedione with alkyl halides and carbonyl compounds afforded a -  
substituted derivatives of the parent heterocycles. The dianion of 3,5-thiomorpholinedione gave a similar 
monosubstituted derivative on treatment with methyl benzoate but underwent a dieondensation reaction with 
benzophenone and polyalkylation with n-butyl bromide. Satisfactory monoalkylation at the a  carbon of 3,5- 
thiomorpholinedione was accomplished when lithium amide was used to generate the dianion. Synthetically 
useful yields were obtained in a majority of the reactions of these new dianions.

P a rt  A of alkali amide in liquid ammonia, can serve as con-
r , , • , . , r . , , .. r , venient intermediates for the synthesis of a number ofGonventional methods for introduction of sub- , ... , , , . ,. , /  , . , e ,,  .

, , , ,, , ,, , «-substituted derivatives of la -c  by virtue of theirstituents at one or both of the a  carbons of glutarimide ■ -n ,. .,, , , . ...
( la ) , 3,5-morpholinedione (lb ), and 3,5-thiomorpholine- reS10SPeclfic reactlons Wlth electrophilic reagents.
dione (lc ) involve cvclization of appropriately sub- „ r  "
stituted glutaric, diglycolic, and thiodiglycolic acid f  'I — -----1—► J 2M+
derivatives, respectively.3 Such procedures require O ^ N ^ O  I,qu,d NHj O ^ N ^ O
the preparation of a number of intermediates, with I ~ J
each member of a series requiring the synthesis of a H
separate acyclic precursor. ^  = “^H2- 2a, X = -CH2-

In  the present study we have found that dianion 2 a -  c>’ x  = -S - c ’ X = -S-
c ,4 prepared from la -c  by means of 2 .3 -2 .4  mol equiv

R esults with the Glutarimide Dianion (2 a ) .—
* T o  w h o m  correspondence sh o u ld  be addressed. Alkylations of dianion 2a (M =  Na) with a S e r ie s  of
(1) (a ) S u p p o rte d  b y  th e  P u b lic  H e a lth  S ervice , R esearch G ra n t  N o . G M  n r i m n r v  h n l i d p s  r i r o r l u c e r l  m o u R l l b t f t i t u t p r l  o - l n f n r i

14340 fro m  th e  N a tio n a l I n s t i tu te  o f G e nera l M e d ic a l Sciences, (b ) F o r  a P r i m a r y  D a llC le S  p r o d u c e d  ^ m O n lS U D S t l t U t e d  g l U t a r i -

p r e lim in a ry  a cco u n t o f a p o r to n  o f th is  w o rk , see J . F . W o lfe  a n d  T .  G . mideS of type 3 (Table I). Structural assignments for
R o gers , Chem. Commun., 1 0 4 0  (1967). these compounds were based on nmr spectra (see

(2 ) A b s tra c te d  f ro m  th e  P h .D .  T h e s is  o f T .  G . R .,  V irg in ia  P o ly te c h n ic  
I n s t i t u t e ,  A u g  1968.

(3) F o r  exam ples o f such a s y n th e t ic  p ro ce d u re  as a p p lie d  to  g lu ta r im id e  2 a ( M  = N a )
d e r iv a t iv e s , see (a) T .  K a m e ta n i,  W . T a u b , a n d  D .  G in s b u rg , Bull. Chem. 2.NH4C1 J I
Soc. Jap., 31, 357 (1958). (b ) T .  Y .  Y u  a nd  M .  Y .  H u a n g , Hua Hsueh 4 Oî N ^ O
Hsueh Pao, 25, 146 (19 5 9 ); Chem. Abstr., 54, 4 5 6 4 i (1960). (c) F o r  exam ples I
o f th e  syn th e s is  o f s u b s t itu te d  3 ,5 -m o rp h o lin e d io n e s , see F . A . B a ro n  a n d  t|t
C . A .  V a n d e rw e rf, J. Med. Chem., 10, 276 (1967). (d ) See G . S. S k in n e r and
R . M .  M a c N a ir ,  J. Org. Chem., 25, 1164 (1960), and  references c ite d  th e re in  3
fo r  exam ples o f  th e  syn th e s is  o f s u b s t itu te d  3 ,5 -th io m o rp h o lin e d io n e s .

( ! 9 « ) SrndCR RF . cTrowmA^^j.^Lm4: 1 7 , g^Tfor whafappl« Experimental Section), and acid-catalyzed hydrolysis to 
to  be  th e  o n ly  p re v io u s  re p o rts  o f d ia n io n s  d e riv e d  f ro m  c y c lic  im id e s . the appropriate 2-alkylglutaric acids in 8 0 -9 0 %  yield.
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Tabm 1 with p-toluenesulfonic acid in refluxing benzene to
Alkylations of Dianion 2a yield unsaturated derivative 9 and 10, the former of

(M = N a) to Form 2-Alkylglutarimides (3 ) ' which was hydrolyzed to give 2-(diphenylmethylene)-
A ik v i  h a lid e  r  (no .) M p , ° c  Y i % '  S l u t a r i c  acid. Dianion 2a reacted similarly with

C2H5Br Ethyl (3a) 101-102-» 66 amsaldehyde to give m low yields the diastereomeric
n -C JD B r «-Butyl (3b) 97-98 ' 77 alcohols 12a and 12b, each of which was dehydrated to
«-CsHnBr n-Octyl (3c) 104-105° 59 form 13.
C6H5CH2C1 Benzyl (3d) 142-144-« 80 Treatment of dianion 2a (M = Na) with the ap-
P-C1C6H4CH2C1 p-Chlorobenzyl (3e) 15 8 -1 5 9 .5d 56 propriate aromatic esters produced 2-aroylglutarimides
p-CH 3OC6H4CH2C1 p-Methoxybenzyl (3f) 152-153* 83 14a-c, which were subsequently hydrolyzed to form
L-CicHiCHiCl 1-Naphthylmethyl (3g) 184—185d 65 4-aroylbutyric acids ISa-c.

CH2= C H C H 2Br Allyl (3h) 107-108° 78
ClCH2COONa Carboxymethyl (3i) 194-196* 23 ^ -^ ^ C O A r   ̂ jd

“ Recrystallized from heptane-acetone. 6 L it.3b mp 103-104°. j  T  ---------*  ArC0CH2CH2CH2C02H
' Recrystallized from heptane. d Recrystailized from 95%  _c° 2
ethanol. • L it.3b mp 143-144.5°. s Satisfactory analytical I
values (± 0 .3 % ) were reported for all new compounds: Ed. H a Z P n u r u " 3c, Ar — p-L’6.ri4Ul

14a, Ar = C6H5
In  an attempt to apply the present approach to the b, Ar = p-C6H,OCH3

synthesis of 2,4-dialkylglutarimides, benzyl deriva- c’ Ar = P‘c6H4C1

tive 3d was treated with 2.4 mol equiv of sodium Results with the 3,5-Morpholinedione Dianion (2b).
amide in liquid ammonia followed by benzyl chloride to —Reactions of dianion 2b (M = Na) with a representa-
give dibenzyl derivatives 4 (37% ) and 5 (10% ). The tive series of electrophiles paralleled those of dianion 2a
structure of 4 was confirmed by its hydrolysis to give (Table IV ). Thus, treatment of 2b with benzyl
 ̂ . high melting diastereomer of 2,4-dibenzylglutaric bromide, p-chlorobenzyl chloride, and n-butyl bromide
acld' produced C-alkyl derivatives 16a-c. Dianion 2b also

C6H5CH2 CH C Hr CH C H- underwent condensation with benzophenone to afford
| |  2 6 ’ 2 * ° carbinol 16d and aroylation with methyl benzoate to

0 A nA 0  give /3-keto imide 16e.

H H r ° y R

4 5 O ^ n ^ O

Next, reactions of dianion 2a (M = Na) with several
types of carbonyl compounds were investigated (Table _
I II ) . This intermediate underwent addition with b R = p-CH2CeH«Cl
benzophenone (71% ), fluorenone (55% ), and cyclo- c, R = n-C4H9
hexanone (8 % ) 7 to produce tertiary alcohols 6 , 7, and 9 H
8, respectively. Carbinols 6  and 7 were dehydrated d, R = -C(C6H5)2

6» R = COCeHs 
OH
i / Ri Results with the 3,5-Thiomorpholinedione Dianion

(2c) .1—In contrast to the clean alkylations of dianions 2a 
1^ 1 2 and 2b, addition of n-butyl bromide to dianion 2c (M =

0  y  O Na) afforded an oily mixture consisting of monobutyl
j!j derivative 17, both diastereomers of 2,6-dibutyl deriva-

6 Ri = R = c  H tive 18, and 2,2,6-tributyl derivative 19 in a relative
ratio of 7 : 6 : 1 , 8 as determined by vapor phase chro- 

7 ,RiandR2 = matography (vpc). Formation of 18 and 19 was sub-
8 R4 and R = -(CH2)r,- sequently minimized by slow addition of 2c (M = Li)

12a, R, =  H; R2 = p-C6H„OCH3; mp 114-115° „ „  „ „  c u  n u  0
12b, R, = H; R2 =  p-CeROCHi; mp 154-155.5° GH9v ^ .S ^ ^ C 4H9 V, H S U4H9

O ^ N ^ O  O ^ N - ^ O  O ^ N ' ^ o '

( A A )  Kl H H H
jlj 17 18 19

9, R, = R2 = C6H5 to excess n-butyl bromide in liquid ammonia. This
_/CeH 4 procedure afforded predominately monobutyl deriva-

, 1 an 2 _ n̂ c6H4 tive 17, which was isolated in 42%  yield by direct
13, R, = H; R2 = p-C6H4OCH3 crystallization of the crude product mixture.

---------------  Dianion 2c (M =  Na) underwent a twofold reaction
(5) T h e  sharp  m e lt in g  p o in t  o f th is  co m p o u n d  was in d ic a t iv e  o f a s ing le  benzophenone to form dialcohol 20 j  none of the

a(6) L 0 E b erso n, Acta chem. Scand., 1 2 , 3 1 4  ( 1 9 5 8 ) . expected monoadduct was isolated. Interestingly, the
(7) T h e  lo w  y ie ld  o b ta in e d  in  th is  re a c tio n  was p re s u m a b ly  d ue  to  ap 

p re c ia b le  io n iz a tio n  o f an  a -h y d ro g e n  o f th e  k e to n e  b y  d ia n io n  2a ; see (8) T h e  v a lu e  assigned to  d ib u ty l  d e r iv a t iv e  18 represents  th e  to ta l  con-
R . J . L ig h t  a n d  C . R . H auser, J. Org. Chem,., 26, 1716 (1961). c e n tra tio n  o f b o th  d iaste reom ers.

Glutarimide and 3,5-Morpholinedione D ianions J .  Org. Chem., V ol. 35, N o . 11, 1970 3601



yield  of 2 0  w as critica lly  d ep en d en t on  re a c tio n  tim e . 0.033 mol of the appropriate halide as a solution in 20-30  ml of
F o r  exam p le , a  4 5 %  yield  of 2 0  w as ob tain ed  w h en  th e  anhydrous ether. The reaction mixture was stirred for 1 hr,

. ■ . v j  ci. o r i then neutralized with excess solid ammonium chloride. There a c tio n  w as n eu tra lized  a fte r  3 - 5  m m , w h ereas n eu - ,• •, • , . , ,  , , .. . . i , ’ . . liquid ammonia was evaporated (steam bath) as an equal volume
tra liz a tio n  a fte r  10  m m  lead  to  n early  q u a n tita tiv e  0f ether was added. To the resulting ethereal suspension was 
re c o v e ry  of benzoph en on e. added a mixture of 75-100 ml of 6 N  HC1 and 250 g of crushed ice,

F in a lly , re a c tio n  of d ianion  2c  (M  =  N a ) w ith  m e th y l and the resulting two-phase system was allowed to stir until the
b e n z o a te  afforded  m onoben zoyl d e riv a tiv e  2 1 , u n co n - *ce badl melted' In reactions where the product separated be-

. , tween the aqueous and ethereal layers, it was collected by filtra-
ta m in a te d  b y  h igh er b en zo y latio n  p ro d u cts . tion and recrystallized from the appropriate solvent (Table I ) .

OH OH The remain*nS ethereal layer was separated and the aqueous
| | layer extracted with ether. The combined ethereal fractions were

(C6H5)2C% S /C (C 6H5)2 S COC H dried and concentrated; residues were recrystallized to afford
j - ’ '"'p V  ' Y '  6 5 additional product. In reactions where no solid appeared, the

1 layers were separated and the aqueous layer was extracted with
0  Ijl 0  0  ether. The ethereal extracts were dried and concentrated to give

1 ! the appropriate alkyl derivative, which was then recrystallized.
H  H  I n  t h e  r e a c t io n  o f  2 a  w i t h  s o d iu m  c h lo r o a c e ta t e ,  t h e  a l k y l a t i n g

20 21 a g e n t  w a s  a d d e d  a s  a  f i n e l y  d i v id e d  s o l id  a n d  t h e  r e a c t io n  w a s

allowed to proceed for 3 hr. A reaction time of 3 hr was also 
required for optimum yields of octyl derivative 3c. Highest 

Part B yields of ethyl derivative 3a were obtained by continuously ex-
. . tracting the aqueous layer with ether for 6 hr.

Experimental Section Yields and analytical data for alkylation products 3a -i are
Formation and Deuteration of the Glutarimide Dianion ( 2 a ) . -  Pf eseT d m _T a b le  I. T h e  i r  s p e c t r a  o f  th e s e  d e r i v a t i v e s  w e r e

T o  0 .0 7 4  m o l10 o f  s o d iu m  a m id e , “  p r e p a r e d  f r o m  0 .0 7 4  g - a t o m  c h a r a < fe n z e d  b y  NH a d s o r p t io n  a t  3 3 5 0 - 3 4 0 0  a n d  C = 0  a b s o r p -

o f  s o d iu m  m e ta l  i n  4 0 0  m l  o f  c o m m e r c ia l  a n h y d r o u s  l i q u i d  a m -  ^  £  1 7 0 9  C m  ‘ ^  o f  th e + n m r f  f ° C “  +N

m o n ia ,  c o n t a in e d  i n  a  5 0 0 - m l ,  t h r e e - n e c k e d  f la s k  e q u ip p e d  w i t h  a t  9 ' 3 6 - .1 1 ' 5 6  P P “ ‘ T h e  s p e +c t r a  o f  3 d ~ g  h a d  a d s o rp ta ™  f o r , ^ e
a n  a i r - c o o le d  c o n d e n s e r  a n d  a  m e c h a n ic a l  s t i r r e r ,  w a s  a d d e d  a P P ™ P .n a te  n u m b e r - o f  a r o m a t ic i  p r o t o n s ,  w i t h  th o s e  o  3d a n d  3 e

3.39 g (0.03 mol) of finely powdered glutarimide ( la ) .»  After appeaMng f  ‘ j 5J H) and 7 -62 <4 H >;. e ° f 3
30 min, the resulting thick white suspension was assumed to “  a atI f 0 (4 **)• and thoste ° f 3g as a %ultlPlet at 8.20
contain 0.03 mol of dianion 2a (M =  N a). pp™ j !  ^ P r o t o n s  of 3h appeared as multiplets

Similarly, addition of 0.03 mol of la to a stirred suspension of at d'82 (.2 f nd at 6 '°  PPm / l  H )- The comp ex splitting
0.07 mol of potassium amide« produced a thick white suspension Pa«erns in the 1-3 ppm region of the spectra of alkyl derivatives
of 2a (M =  K ) 3 a -c  ana carboxymethyl derivative 3i made it difficult to de-

A s u s p e n s io n  o f  0 .0 3  m o l  o f  2a (M =  N a )  w a s  p r e p a r e d  as If“  w i t h  c e r t a i n t y  w h ic h  o f  t h e  s ig n a ls  w e r e  d u e  t o  t h e

d e s c r ib e d  a b o v e ,  a n d  t h e  a m m o n ia  w a s  t h a n  e v a p o r a te d  o n  a  b y d ™ g e a s  o f  t h e  g lu t a r im id e  r in g ,  a n d  w h ic h  w e r e  a t t r i b u t a b l e

s t e a m  b a t h  a s  a n  e q u a l  v o lu m e  o f  a n h y d r o u s  e t h e r  w a s  a d d e d .  ° t , 6 S|1- 6 0  (a „ L r o  o n .E ' ,  , .  . „  ,

To the resulting ethereal suspension was added 10 ml of 10 N  *  °  « f  “ f f  d‘™  j  u I  N,a) ^  6 ’° 4 g
deuterioacetic acid in deuterium oxide.» The acidified mixture (°-043 of /J-phenylethyl chloride afforded a clear oil with an
was allowed to stir for 1 hr. The precipitate which formed was >r spectrum very similar to that of styrene. Treatment of this oil
separated by filtration and washed with dry ether. The original Wlth a br“  ln caT un tetra°W o"de until a color
ethereal solution and washing were combined, dried, and con- pers, f ed- aff° rded 1-17 K oi a^-dibromoethylbenzene as white
centrated. The resulting solid was dried under vacuum and then needks froni 95%  ethanol, mp _/2 .^ 74 (ht. 74 74.0  ).
sublimed twice to afford 1.87 g of deuterated la , mp 154-156°. ^ t t®?lp*®d a ^ J 011 of dianion 2a (M -  N a) (0.03 mol) with 
The nmr spectrum (CDCb) of this material had multiplets at 3 6 7 g (0.033 mo ) of benzhydryl chloride produced 3 88 g (71% )
2.68 and 2.10 ppm for the C-2 and C-3 protons, respectively. ° f. tetraphenylethylene, mp 222-224° (lit.“  mp 222-224°). A
The ratio of the intergrated intensities of these multiplets was mixture melting point withtan authentic sample was not depressed.
1 .6 7 :1, indicating incorporation of 0.66 of a deuterium atom at m n  °u  J  (° « 3 T ?  ^  1S° pr° Pyl bromlde
C-2 of imide la . The spectrum of the deuterated material was (° £ 35 f  ol> aE described above afforded only recovered la 
devoid of NH absorption. -Dipotassio derivative 2a (M =  K ) (0.03 mol) was treated with

Alkylations of Dianion 2a.— To a stirred suspension of 0.03 mol benzyl ?hI°ride as described above to afford 4.0 g (65% ) of benzyl 
of dianion 2a (M =  N a) in 400 ml of liquid ammonia was added erivative , mp 142-144 •
------------------- In one experiment imide la (0.03 mol) was treated with 0.072

(9) M e lt in g  p o in ts  were ta k e n  on a T h o m a s -H o o v e r  c a p il la ry  m e lt in g  mol of fresh_y prepared lithium amide18 in 400 ml of liquid am-
p o m t  a p p a ra tu s  a n d  are u n c o rre c te d . In fra re d  spectra  were reco rd e d  on a monia for 1 hr to form nresumably dilithio salt 2a (M =  Li).
B e c k m a n  I r - 5 A  in fra re d  sp e c tro p h o to m e r; p o ta s s iu m  b ro m id e  p e lle ts  w e re  Subsequent addition of benzyl chloride (0.03 mol) was accom-
foSr1iauM, ’ Nmr‘JnDef  samd es be‘ '™;“ 8odi™  chloride ptates were used panied by the bright purple color associated with Stilbene
for liquids. Nmr spectra were obtained on a Vanan Associates A-60 spec- is Tkn m „ i • ,, ,
t ro m e te r .  C h e m ica l s h ifts , re la t iv e  to  in te rn a l te tra m e th y ls ila n e , are  m ea- -  T b f ^ t ' ° “ 7 aS P f ® f  S e d ^ h e / ® U a l m a l ln e r
su re d  to  th e  ce n te r o f a s in g le t o r m u lt ip le t .  M ass spectra  w ere  o b ta in e d  on a attor~ ^.9 8 0-5% ) °* 3d and 1.04 g (35% ) of stilbene, mp
P e rk in -E lm e r  H ita c h i R M U  s p e c tro m e te r a t  50 e V . V a p o r phase c h ro m a to g - 121 123 , mmp (with an authentic sample)*® 122 123 . 
ra p h y  (v p c ) m easurem ents w ere  c a rrie d  o u t on  a V a ria n -A e ro g ra p h  90P Hydrolysis of Alkylation Products 3a-e and 3g.— A 0 .9 -2 .7 -g
c h ro m a to g ra p h  us in g  a 5 f t  X  0 .25  in .  sta in less s tee l c o lu m n  p a cke d  w i th  sample of the appropriate alkylation product was refluxed for 24
2 0 %  S E -3 0  on 6 0 -8 0  A / W  D M S C  C h ro m o s o rb  W  a t  2 0 0 -2 5 0 ° w i th  h e liu m  hr with 100 ml of 6 JV HC1. The reaction mixture was cooled and
as th e  c a rr ie r  gas. P ro d u c t ra tio s  were d e te rm in e d  b y  m e a su rin g  pea k areas the 2-alkylgIutaric acids were isolated either by filtration or

s i : ' : : t  z r tion i the T eous af solutiot uith eKther- Several ?fS. M e n o n  a n d  M is s  Q. H . T a n , u s in g  an  F  &  M  M o d e l 185 C , H ,  a n d  N  16 J° W - m e l t m g  a c id s  w e re  s lo w  t o  c r y s t a l l i z e ,  b u t ,  o n c e  c r y s t a l -

a n a ly z e r. U n less o th e rw ise  specified, a l l  chem ica ls  w ere  c o m m e rc ia l reagen t im e ’ t h e i r  m e l t m S P o in ts  W e re  i n  e x c e l le n t  a g r e e m e n t  w i t h  r e 
g ra d e  a n d  were used w ith o u t  fu r th e r  p u r if ic a tio n .  A n h y d ro u s  so d iu m  s u lfa te  p o r t e d  v a lu e s .  T h e  r e s u l t s  o f  th e s e  h y d r o ly s is  r e a c t io n s  a re
was e m p lo y e d  as a d ry in g  a g e n t. p r e s e n te d  i n  T a b le  II.

(10) T h is  m o la r  ra t io  o f a m id e  to  s ta r t in g  im id e  la  c o n s is te n tly  gave re -  _______________
p ro d u c ib le  y ie ld s , whereas e x a c t ly  2 m o l e q u iv  o f base led to  e r ra tic  re su lts

*n  *^s t®*lces ' (15) T h e s p e c tra o f  3 a -c  a n d  3 h  were m easured u s in g  C D C ls  as th e  s o lv e n t
R ’ HaUSer’ F ' W * S w a m e r- a n d  J - T * A d am s, Org. React., 8 , 122 T h e  sp e c tra  o f 3 d - g  a n d  3 i were d e te rm in e d  u s in g  D M S O -d o  as th e  s o lv e n t.  

_  • T t» t  f l® )  I*  H e ilb ro n , E d .,  “ D ic t io n a ry  o f O rg a n ic  C o m p o u n d s ,”  V o l.  3 ,
(12) O . P a n s, L .  B e rlm g u e t, and  R . G a u d ry , Org. Syn., 37, 47 (1957). O x fo rd  U n iv e rs ity  Press, N e w  Y o rk ,  N .  Y . ,  1938, p  644.
(13) C . R .  H auser, a n d  T .  M .  H a rr is , J. Amer. Chem. Soc„ 80, 6360 (17) L .  J. D u rh a m  a n d  H .  S. M o s h e r . ’ / .  Amer. Chem. Soc., 84, 2811

(1958). (1962).

(14) T h is  reagen t was p re p a re d  b y  d ilu t in g  12.81 g o f ace tic  a n h y d rid e  (18) W . R .  D u n n a v a n t  a n d  C . R . H a user, / .  Org. Chem., 25, 503 ( I9 6 0 ),
t o  25 m l w i th  d e u te r iu m  oxide  (9 9 .9 %  is o tro p ic  p u r it y )  a n d  a llo w in g  th e  (19) C . R . H auser, W . R . B rasen , P . S. Ske ll, S. W . K a n to r ,  a n d  A . E .
re s u lt in g  s o lu tio n  to  s t i r  fo r  15 h r .  B ro a d h a g , / .  Amer. Chem. Soc.. 78, 1653 (1956).
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T a b l e  II characteristics of the products derived from these reactions were
H y d r o l y s is  o f  2 -A l k y l g l u t a r im id e s  to  consistent with their assigned structures. Thus, 6 , 7 , and 8 had

F o rm  2 -A l k y l g l u t a r ic  A c id s  principal ir bands at 3250-3500 (NH and OH) and 1680-1700
m n  r r n p n n  n rr m  m  cm (C = 0 )' The nmr spectrum of 6 had peaks (DMSO-d6) at
(HU2C 0H R C H 2CH2C 0 2H) s n .20 (s, 1, NH ), 7.94 (m, 10, aromatic), 5.80 (s, 1, OH),22

2-AlkY1- 4 .30 (t, 1 , ring methine), 2.66 (m, 2 , -C H 2C = 0 ) ,  and 1.80 ppm
g lu ta r -  , A c id  - (m, 2 , -C H 2- ) .  The spectrum of 7 had peaks (DMSO-d6) at
lmlde R Yield' % Mp' °c  Lit- mp> °c  S 11.42 (s, 1, NH ), 7.94 (m, 8 , aromatic), 6.50 (s, 1, OH), 3.72
3a C2H5 84 59-61 58-60° (m, 1, ring methine), 2.34 (m, 2 , -C H 2C = 0 ) ,  and 1.38 ppm
3b n-C4H 9 88 40-42  40“ (m, 2 , -C H 2- ) .  The spectrum of 8 had peaks (DMSO-d6) at 5
3c n-CsHn 73 50-52 5 0 .5b 10.04 (s, 1, N H ), 4.64 (s, 1, OH), 2.64 (m, 3, overlapping ring
3d C6H 5CH2 82 76-78 77-78“ methine and -C H 2C = 0 ) ,  2.10 (m, 2 , CH. ), and 1.60 ppm
3e p-ClC6H4CH2 93 141-142' . . A  (broad s, 10, cyclohexyl).
3g 1-C ,oH7CH2 91 145-147 144-146“ Condensation of Dianion 2a with A nisaldehyde.-To 0.05mnol

of diamon 2a (M =  Na) m 400 ml of liquid ammonia was added 
“ M. F . Ansell and D. H. Hey, J .  Chem. Soc , 1683 (1950). 9.53  g (0.07 mol) of anisaldehyde in 30 ml of dry ether. After

L. Dubravkova, I. Jezo, P. Sefcovic, and Z. Voticky, Chem. 10 min the reaction mixture was neutralized inversely and proc-
Zvesti, 9, 541 (1955); Chem. Abstr., 50, 16764ft (1956). c Re- essed as described for the condensation with ketones. The
crystallized from benzene-heptane. d A nal. Calcd for Ci2H i3- ethereal layer afforded a semicrystalline residue which was
CINOi: C, 56.15; H, 5.10. Found: 56.37; H, 5.27. washed with petroleum ether (bp 40 -6 0 °) and recrystallized from

heptane-acetone to give 1.36 g (11% ) of high-melting diastereo- 
Benzylation of 3d to Form Dibenzyl Derivatives 4 and 5 .—• mer 12b: ir 3200-3450 (NH and OH) and 1680 cm -1 ( C = 0 ;

To a stirred suspension of 0.048 mol of sodium amide in 400 ml of nmr (DMSO-ds) 5 11.20 (s, 1, N H ), 7.50 (q, 4, aromatic), 5.70
liquid ammonia was added 4.06 g (0.02 mol) of 2-benzylglutari- (s, 2, OH and side-chain CH ), 3 .90 (s, 3, OCH3), 2.64 (m, 3,
mide (3d). After 1 hr, 2.53 g (0.02 mol) of benzyl chloride in -C H 2C = 0  and ring methine), and 1.76 ppm (m, 2, -C H 2- ) .
30 ml of anhydrous ether was added and the reaction mixture The mother liquor remaining from the recrystallization of
was allowed to stir for 1 hr before being processed as described 12b was concentrated to dryness and the residue was reerystal-
for the alkylations of dianion 2a. The ethereal extracts were lized from benzene to give 0.97 g (8 % ) of low-melting dias-
concentrated to give a solid residue, which was recrystallized from tereomer 12a: ir 3200-3500 (NH and OH) and 1700 cm -1
95%  ethanol to produce 2.14 g (37% ) of 2 ,4-dibenzylglutarimide ( C = 0 ) ;  nmr (DMSO-d6) S 10.94 (s, 1, NH), 7.32 (q, 4, aro-
(4): mp 138 .5-140°; ir 3400 (NH) and 1700 cm “1 ( C = 0 ) ;  matic), 5.60 (d, 1, OH), 5.36 (t, 1, side-chain CH), 3.90 (s, 3,
nmr (CDC13) S 9.56 (s, 1, N H ), 7.58 (m, 10 aromatic), 3.30 OCH3), 2.96 (m, 1 ring methine), 2.48 (m, 2, -C H 2C = 0 ) ,  and
(m, 6 , overlapping ring methine and CH2Ph), and 1.71 ppm 1.56 ppm (m, 2, -C f l2- ) .
(t, 2, -C H 2- ) ;  mass spectrum, molecular ion peak at m /e  293 Dehydration of Carbonyl Addition Products 6 , 7, 12a, and 12b.
with abundant fragment peaks at m /e  174, 131, and 91. — A 0.75-g sample of 6 was refluxed for 20 hr with 0.1 g of p-

A nal. Calcd for Ci9Hi9N 0 2: C, 77.79; H, 6 .53; N, 4 .77. toluenesulfonic acid in 25 ml of benzene. The reaction mixture
Found: C, 77.86; H, 6 .39 ; N, 4 .76. was cooled to afford a white solid, which was recrystallized from

The mother liquor from the above recrystallization was con- 95%  ethanol to give 0.59 g (85% ) of 2-diphenylmethylene-
centrated to afford a second crop of impure solid, which was re- glutarimide (9): mp 197-198°; ir 3400 (N H ), 1650, 1700, and
crystallized from heptane-chloroform to afford 0.56 g (10% ) of 1710 cm -1 ( C = 0 ) ;  nmr (DMSO-d6) 5 11.02 (s, 1 , NH ), 7.54
2,2-dibenzylglutarimide (5): mp 140-141 .5°; ir 3400 (NH) and (m, 10, aromatic), and 2.67 ppm (m, 4, -C H 2C = 0  and -C H 2- ) .
1700 cm “1 ( C = 0 ) ;  nmr (CDCla) 5 9.04 (s, 1, N H ), 7 .60 (s, 10, A nal. Calcd for C18H15N 0 2: C, 77.96; H, 5 .45 ; N, 5.05.
aromatic), 3.19 (ABq, 4, CH2Ph), 2.54 (m, 2, -C II2C = 0 ) ,  and Found: C, 78.06; H, 5 .34; N, 5.03.
1.90 ppm (m, 2, -C H 2- ) ;  mass spectrum, molecular ion peak at Similarly, a 1.06-g sample of 7  afforded 0.58 g (58% ) of 2-
m /e  293 with abundant fragment peaks at m /e  202 and 91. fluorenylideneglutarimide (10) as yellow plates from 95%  ethanol:

A nal. Calcd for CI9H 19N 0 2: C, 77.79; H , 6 .53; N, 4.77. mp 201-202°; ir 3450 (N H ), 1650 and 1700 cm " 1 ( C = 0 ) ;  nmr
Found: C, 77.51; H, 6 .47; N, 4 .60. (DMSO-d6) 5 11.96 (s, 1, NH ), 8.20 (m, 8 , aromatic), 3.64 (t,

A 2.27-g sample of 4 was refluxed for 36 hr with 150 ml of 6 IV 2, -C H 2C = 0 ) ,  and 2.86 ppm (t, 2, -C H 2- ) .
HC1. The precipitate which formed on cooling was recrystallized A nal. Calcd for CigH13N 0 2: C, 78.55; H, 4 .73 ; N , 5.09.
from 80%  aqueous acetic acid to give 0.66 g of recovered 4 and Found: C, 78.42; H, 4 .99; N, 5.01.
three crops, totaling 1.40 g, of impure diacid, which was dis- Dehydration of 250 mg of 12a with a few crystals of p-toluene-
solved in chloroform and then extracted into aqueous N aH C 03. sulfonic acid in 10 ml of refluxing benzene afforded 180 mg (78% ) 
The NaHCOa solution was acidified with coned HC1 to pre- of 2-(p-methoxybenzylidene)glutarimide (13), as ^colorless
cipitate 1.02 g (42% ) of the pure, high-melting diastereomer of needles irom 95%  ethanol: mp 171-172.5°; ir 3450 (NH),
2,4-dibenzylglutaric acid, mp 150-151.5° (lit.6 mp 149-151°). 1600 and 1670 cm -1 ( C = 0 ) ;  nmr (DMSO-d6) 5 11.40 (s, 1,
The ir spectrum of this acid was identical with that of an authentic N H), 8.18 (s, 1, vinyl), 7.72 (q, 4, aromatic), 4.04 (s, 3, OCH3),
sample prepared by the method of Eberson;6 a mixture melting 3.10 (m, 2, -C H 2C = 0 ) ,  and 2.74 ppm (m, 2, -C H 2- ) .
point determination showed no depression. A nal. Calcd for Ci3Hi3N 0 8: C, 67.55; H, 5 .63; N, 6.06.

Condensation of Dianion 2a with Ketones.— To a stirred Found: 67.80; H, 5 .80; N, 6.04. 
suspension of 0.03 mol of dianion 2a (M =  N a) in 400 ml of Similar treatment of a 1-g sample of 12b produced 0.66 g
liquid ammonia was added 0.033-0.042 mol of the respective (71% ) of 13, which had identical physical and spectral properties
ketone in 30 ml of dry ether. After an appropriate time20 the with those of a sample of 13 obtained by dehydration of 12a.
reaction mixture was neutralized by rapidly pouring it into a Hydrolysis of Unsaturated Derivative 9. A 1.0-g sample of
solution of excess ammonium chloride in 100 ml of liquid am- unsaturated imide 9 was refluxed with 50 ml of a 1 :1  v /v  solution
monia (inverse neutralization) .21 The ammonia was removed on of 50%  H2S 0 4-glacial acetic acid for 24 hr. The reaction mixture
the steam bath and replaced by 300-400 ml of ether. The re- was cooled and extracted with ether. The ethereal extracts were
suiting ethereal suspension was treated with 50 ml cf 6 N  HCI and dried and concentrated. Residual acetic acid was removed by
200 g of crushed ice. In the reactions with benzophenone and vacuum distillation on a steam bath. The resulting red oil was
fluorenone, most of the product separated between the layers and triturated with a mixture of ether-petroleum ether (bp 40-60 )
was collected by filtration. The ethereal layers were also dried until crystallization occurred. The solid residue was then re-
and concentrated to afford additional material. In the condensa- crystallized from benzene-petroleum ether (bp 40-60 ) to give
tion with cyclohexanone the product was isolated entirely from 0.32 g (33% ) of 2-diphenylmethyleneglutarie acid (10): mp
the etheral layer. Yields and analytical data for products ob- 177-178°; ir 3100-3450 (COOH) and I60O cm 1 ( C = 0 ) ;  nmr
tained in these reactions are given in Table II I . The spectral (DMSO-cf6) S 12.84 (s, 2, COOH), 7.40 (m, 10, aromatic), and
____________  2.52 ppm (broad s, 4, -C H 2CH2- ) .

(20) R e a c tio n  perio d s  o f 10 m in , 0.5 h r, a n d  1 h r  were e m p lo ye d  w ith  each --------------------------
ke to n e . B e st y ie ld s  were o b ta in e d  w ith  benzophenone, fluo renone , a nd  c yc lo 
hexanone a fte r  0.5 h r, 1 h r, a n d  10 m in , re s p e c tiv e ly . (22) S ignals a ris in g  fro m  O H  p ro to n s  were assigned b y  a d d in g  several

(21) T h is  in ve rse  n e u tra liz a t io n  p ro ce d u re  was e m p lo ye d  to  m in im iz e  d ro p s  of d e u te r iu m  ox id e  to  th e  n m r sam ple  a n d  th e n  rescann in g  th e  spec-

possib le re ve rs io n  o f th e  c a rb o n y l a d d it io n ;  see re f 31. t ru m .
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T a b l e  I I I

R eactions op D ianion 2a (M =  N a) with Cap.bonyl Compounds1'
Y ie ld ,

C a rb o n y l co m p o u n d  P ro d u c t  M p ,  ° C  %

Benzophenone 2-(a-Hydroxy-a,a-diphenylmethyl)- 184-187“ 71
glutarimide (6 )

Fluorenone 2-(9-Hydroxy-9-flourenyl)- 210-211 dec“ 55
glutarimide (7)

Cyclohexanone 2-(l-Hydroxycyclohexyl) lSS- ^ 6 8
glutarimide (8 )

Anisaldehyde 2-(a-Hydroxy-p-methoxybenzyl)- 114-115 8
glutarimide (12a)

Anisaldehyde 2-(«-Hydroxy-p-methoxybenzyI)- 154-155 .5  11
glutarimide (12b)

Methyl benzoate 2-Benzoylglutarimide (14a) 1 2 0 .5 -1 2 1 .5 “ 72“
Methyl anisate 2-Anisoylglutarimide (14b) 1 69 .5 -170 .5° 76'
Methyl p-chlorobenzoate 2-(p-Chlorobenzoyl)glutarimide (14c) 177-178° 67'

“ Recrystallized from 95%  ethanol. 6 Purified by sublimation at 130-150° (0.5-1.0 mm). '  Yield based on ester. d Satisfactory 
analytical data (± 0 .3 %  in C, H, N ) were submitted for all compounds: Ed.

A n al. Calcd for C18H 160 4: C, 72.96; H, 5.44. Found: C , (s, 1, COOH), 8.18 (m, 5, aromatic), 5.46 (t, 1, PhCOCHCN), 
73.18; H , 5.27. and 2.40 ppm (m, 4, -C H 2-C H 2- ) .

Reaction of Dianion 2a with Aromatic Esters.— To a stirred A nal. Calcd for Ci2H nN 0 3: C, 66.35; H, 4 .10; N, 6.45. 
suspension of 0.06 mol of dianion 2a (M =  N a) in 400 ml of Found: C, 66.07; H, 5.12; N, 6.40.
liquid ammonia was added 0.03 mol of the appropriate ester in A 1 .0-g sample of 16 was heated with 5 ml of coned H2S 0 4 on a
20-30  ml of dry ether. The reaction mixture was stirred for steam bath for 30 min. The resulting purple solution was poured
4 -5  hr and then processed as in the alkylations of dianion 2a. cautiously onto crushed ice to precipitate 30 mg (4% ) of 2-
Yields and analytical data for the products from these reactions benzoylglutarimide (14a), mp 119-121°. A mixture melting
are given in Table III . The ir spectra of 14a-c had NH absorp- point with a sample of 14a prepared from dianion 2a was not
tion at 3450 and broad carbonyl absorption at 1610-1725 cm -1 . depressed.
The nmr spectrum of 14a had peaks (DMSO-dW at S 11.46 (s, 1, Formation of the 3,5-Morpholinedione Dianion (2b).— To 0.07
N H ), 8.20 (m, 5, aromatic), 5.14 (t, 1, ring methine), 2.64 mol of sodium amide in 400 ml of liquid ammonia was added 3.45
(broad s, -CI-I2C = 0 ) ,  and 2.32 ppm (m, 2, -C H 2- ) .  The g (0.03 mol) of finely powdered 3,5-morphoIinedione.27 The
spectrum of 14b had peaks (DMSO-d6) at 5 11.38 (s, 1 , N H ), resulting grey-green solution of dianion 2b (M = N a) was al-
7.84 (q, 4 , aromatic), 5.04 (t, 1, ring methine), 4 .0  (s, 3, OCH3), lowed to stir for 30 min before being employed in the reactions
2.58 (broad s, -C H 2C = 0 ) ,  and 2.30 ppm (m, 2 , -C H 2- ) .  The described below.
spectrum of 14c had peaks (DMSO-ds) at 5 11.40 (s, 1, N II), Alkylations of Dianion 2b.— To 0.03 mol of dianion 2b (M =
8.18 (q, 4, aromatic), 5.12 (t, 1, ring methine), 2.60 (broad s, 2, N a), prepared as described above, was added 0.033 mol of the
-C H 2C = 0 ) ,  and 2.30 ppm (m, 2, -C H 2- ) .  appropriate halide in 30 ml of dry ether. The reaction was

Hydrolysis of 2-Aroylglutarimides 14a-c.— A 1.0-g sample of allowed to proceed for 1 hr and was then processed as in the alkyla-
14a was refluxed for 24 hr with 25 ml of 6 N  HC1. The resulting tions of dianion 2a. Additional details are given in Table IV .
solid was dissolved in ether, the ethereal layer was extracted Addition of benzyl bromide to 2b produced none of the purple
with aqueous N aH C 03, and the basic extracts were acidified with color characteristic of stilbene formation. Vpc analysis of crude
coned HC1 to afford 0.84 g (87% ) of 4-benzoylbutyric acid (15a), butyl derivative 16c showed < 10%  of polyalkylation products,
mp 128-130°. A mixture melting point determination with an The ir spectra of 16a-c had principal bands at 3400 (NH) and
authentic sample of this acid obtained from Aldrich Chemical Co. 1700 cm -1 ( C = 0 ) .  The nmr spectrum of 16a had peaks (DMSO-
was undepressed; the ir spectra were identical. Similar hydroly- d6) at S 11.82 (s, 1, NH ), 7.52 (s, 5, aromatic), 4.66 (q, 1, ring
sis of 14b (0.5 g) gave 0.41 g (87% ) of 4-anisoylbutyric acid, methine), 4.44  (s, 2 , -O CH 2C = 0 ) ,  and 3.20 ppm (m, 2, PhCH2).
15b, mp 139.5-141° (lit.23 138-140°). Hydrolysis of 14c (0.51 g) The spectrum of 16b had peaks (DMSO-d6) at 5 12.01 (s, 1, NH ),
produced 0.46 g (99% ) of 4-(p-chlorobenzoyl)butyric acid (15c), 7.68 (s, 4, aromatic), 4.78 (q, 1, ring methine), 4.56 (s, 2, -O CH 2-
mp 125-126° (lit.24 mp 123-125°). C = 0 ) ,  and 3.30 ppm (m, 2 , PhCH2). The spectrum of 16c had

Independent Synthesis of 2-Benzoylglutarimide (14a).— To a peaks (C13CCN) at S 10.20 (s, 1, N H ), 4.49 (ABq, 2, -O C H 2-
suspension of 20 g of a 60%  mineral oil dispersion of sodium C = 0 ) ,  4.21 (t, 1, ring methine), and 1.51 ppm (m, 9, n-C4H9).
hydride25 in 350 ml of 1,2-dimethoxyethane26 (D M E) contained Condensation of Dianion 2b with Benzophenone.— To 0.03 mol
in a 1-1. three-necked flask equipped with a condenser, mechanical of dianion 2b (M =  Na) in 400 ml of liquid ammonia was added
stirrer, and pressure-equilizing addition funnel was added a 6 .20 g (0.034 mol) of benzophenone in 20 ml of dry ether over a
solution of 11.3 g (0.10 mol) of 4-cyanobutyric acid12 and 13.6 g period of 5 min. The reaction mixture was allowed to stir for
(0.10 mol) of methyl benzoate in 75 ml of D M E. The reactions 10 min, neutralized inversely, and then processed in the usual
mixture was refluxed under nitrogen for 70 hr. The D M E was manner. The ir spectrum of 16d had bands at 3450 (NH and
removed under vacuum to leave a pasty residue to which was OH) and 1690 cm -1 ( C = 0 ) .  The nmr spectrum had peaks
added 150 ml of ether. The ethereal suspension was cooled in (DMSO-d6) at 5 11.98 (s, 1 , NH ), 7.76 (m, 10 , aromatic), 6.42
an ice bath and the excess sodium hydride was destroyed by (s, 1 , OH), 5.72 (s, 1, -0 C H C = 0 ) ,  and 4.58 ppm (AB q, 2 ,
cautious addition of 250 ml of cold water. The ethereal layer OCH2C = 0 ) .
was separated and discarded. The aqueous layer was poured into Reaction of Dianion 2b with Methyl Benzoate.—To 0.06 mol
a mixture of 100 ml of coned HC1 and 600 g of crushed ice. of dianion 2b (M =  Na) in 400 ml of liquid ammonia was added
The acidic solution was extracted with three 100-ml portions of 4.08 g (0.03 mol) of methyl benzoate in 20 ml of anhydrous
ether. The extracts were dried and concentrated to give a red ether. The resulting olive-green suspension was stirred for 3 hr,
oil, which solidified after 2 days. The resulting crude solid was neutralized directly with excess solid ammonium chloride, and
recrystallized from benzene to yield 12.2 g (56% ) of 4-benzoyl- worked up as in the aroylations of dianion 2a. The ir spectrum
4-cyanobutyric acid (27): mp 9 8 -9 9 .5 ° ; ir 3400 (COOH), 0f 16e had peaks at 3450 (NH), 1640 and 1700 cm “1 ( C = 0 ) .
2500 (CN ), and 1680 cm -1 ( C = 0 ) ;  nmr (DMSO-d6) S 12.60 The nmr spectrum had peaks (DMSO-d6) at S 12.56 (s, 1 , NH ),

8.24 (m, 5, aromatic), 6.38 (s, 1, - 0 C H C = 0 ) ,  and 4.82 ppm
(23) M. G . Pratt, J. O. Hoppe, and S. Archer, J. Org. Chem., 13, 576 (ABq 2 —OCH2C__O)

(24) D r .  E rn s t  B e rlin e r, B r y n  M a w r  C ollege, pe rso n a l c o m m u n ic a tio n ,
1967. (27) T h is  co m p o u n d , m p  14 3 -1 4 5 °, was p repared  b y  th e  m e th o d  o f W .

(25) O b ta in e d  fro m  M e ta l H y d rid e s  In c . ,  B e v e rly , M ass. H e in tz , Justus Liebigs Ann. Chem., 128, 134 (1863): n m r (D M S O -d 6 ) 5
(26) T h e  D M E  was d is t i l le d  f ro m  s o d iu m  r ib b o n  im m e d ia te ly  b e fo re  use. 11.60 (s, 1, N H )  a n d  4.37 p p m  (s. 4, - C H 2O C H 2- ) .
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Benzylation of lb by Means of Sodium Hydride.— A mixture 
<n to <n w Tt< of 11.51 g (0.1 mol) of lb, 0.13 mol of methyl benzoate, and 20

*  to us *  ^  g °f sodium hydride dispersion in 450 ml of D M E was refluxed
'A' ' ~ under nitrogen for 115 hr. The D M E was removed under vacuum

and 150 ml of ether was added to the resulting red paste. To
k) the ethereal suspension was cautiously added 150 ml of glacial
Is c§ oo 12 h  acetic acid. The acidified mixture was filtered and the filtrate
| S io' »o -ei was dried and concentrated. The residue was washed with suffi

cient petroleum ether (bp 3 0-60°) to remove the mineral oil. 
The remaining yellow semisolid was dissolved in ether and the 

oo co t-  o  oo ethereal solution was washed with aqueous N aH C 03, dried, and
o  h  n  io co concentrated tc afford, after initial recrystallization from benzene

°  S  ig Jg §  and then from 95%  ethanol, 4 .47 g (34% ) of 16e. The ir spec
trum of this material was identical with that of a sample of 16e 
prepared from dianion 2b; a mixture melting point showed no 
depression.

Formation of the 3,5-Thiomorpholinedione Dianion (2c).— To 
oo oo 22 S  co 0.048 mol of sodium amide in 400 ml of liquid ammonia was added

^ co io oo -ji co 2.62 g (0.02 mol) of finely powdered 3,5-thiomorpholinedione
( lc ) .28 After 30 min, the resulting dark green solution was 
presumed to contain 0.02 mol of dianion 2c (M =  N a).

*  o  w m a. Similarly, addition of 0.02 mol of lc to 0.048 mol of lithium
z  ■*! 2  ® amide in 400 ml of liquid ammonia afforded, after 30 min, a
§  ■§ io -ct green solution of dilithio derivative 2c (M =  Li).

Alkylations of Dianion 2c. A. Benzyl chloride.— To 0.03 mol 
2  ^  °f dianion 2c (M =  N a), prepared as described above, was added
^ c o 2 2 2 2 S c ^ W 4.60 g (0.036 mol) of benzyl chloride in 30 ml of dry ether. No
z o  «j co oo o' O stilbene forma'ion was evident. The reaction mixture was
o co io io co co stirred for 1 hr and worked up as described for the alkylations of
«  dianion 2a. The resulting oil was shown by vpc to contain un-

0  g reacted halide, starting imide lc , and at least three other com
es Cn ponents, which were assumed to be mono- and polyalkylation
§ -e , products.
® O  ̂ £? B . n-Butyl Bromide.— Addition of an ethereal solution of 0.02
g -g 0 § q O( 5  2  mol of this halide to 0.02 mol of dianion 2c (M =  N a) in 400 ml
^ S % ^  !Z % £  of liquid ammonia gave, after a reaction period of 1 hr, 2.38 g of

a  ^ a  w k  m b  °  red oil, which failed to crystallize. Vpc analysis revealed the
1 O  O O O O presence of (in order of elution) 2-n-butyl-3,5-thiomorpholine-

^  *4 dione (17), the two diasteromers of 2,6-di-n-butyl-3,5-thio-
a <  O morpholinedione (18), and 2,2,6-tri-n-butyl-3,5-thiomorpholine-
0 * ^ 5  u ■» dione (19) in a relative ratio of 7 :6 ;  1. A sample of monobutyl

3  6? ® S c o  . derivative 17, collected from the chromatograph column at
X. 3  200°, had mp 61-6 2 .5 ° ; ir 3450 (NIT) and 1700 cm “1 ( C = 0 ) ;
^  $ nmr (CDC13) 5 9.20 (s, 1, NH ), 3.76 (sharp s superimposed on

& S> & o broad m, 3 , -S C H 2C = 0  and ring methine), and 1.64 ppm (m, 9,
0  « ® ^  co' w-C4H„).

g  ° S  22 3  2  22 1 A n al. Calcd for C8H 13N 0 2S: C, 51.31; H, 7 .00 ; N, 7.48;
j j  2  <n Jj o  o  lo S, 17.12. Found: C, 51.19; H, 6 .97 ; N, 7 .48; S, 17.03.
o) 05 50 2  ”  ■§ A sample of tributyl derivative 19 collected at 200° for spectral
| ¡5 analysis, had nmr peaks (CDC13) at 5 8.48 (s, 1, N H ), 3.90 (m,
z “ 1, ring methine), and 1.50 ppm (m, 27, ra-C«H9); mass spectrum,

q  ^  i "o A  a  molecular ion peak at m /e  299 with abundant fragment peaks at
h o  a 2  2  § m /e  243 and 242. The two diastereomers of dibutyl derivative
0 18 were separated and collected from the chromatography
z § ’a  §  i  •'*' §  5  column at 175°. The more volatile diastereomer had nmr peaks
2 | o  g (CDCls) at S 9.14 (s, 1, N H), 3.76 (m, 2, -C H S C H -), and 1.64
5 g ?  J  |  ^ .S  2  ppm (m. 18» K-C4H9); mass spectrum, molecular ion peak at
sa ^ »  w- -3 ft g o -q m/e 243 with abundant fragment peaks at m /e  187 and 55. The

® A  'f t '?  .2 ft 8 less volatile diastereomer had nmr peaks (CDC13) at 5 9.00  (s, 1 ,
g g">> o « 1  O ig N H ), 4.00 (m, 2, -C H S C H -), and 1.82 (m, 18, n -C JL ); mass
^ E §  J  sg ^  1® spectrum, molecular ion peak at m /e  243 with abundant fragment

o o  o -5 00 o peaks at m /e  187 and 55.
" ' ¿ ■ o  o i  pj A solution of 0.02 mol of 2c (M =  Li) in 300 ml of liquid am-
J  5 ^  £ §  o monia was prepared in a 500-ml three-necked flask, equipped

§ ¿ ,.8  W  ̂ 10 §  with a mechanical stirrer, air-cooled condenser, and an outlet
o tube at the bottom, which was connected via a ball and socket

di cs (id cs ^  stopcock adapter to the center neck of a second 500-ml three-
-g necked flask. The lower flask, which was equipped with an air-

^ v cooled condenser and magnetic stirrer, was charged with 0.06
§ 73 gj mol of ra-butyl bromide in 100 ml of liquid ammonia. The con-
a o g tents of the upper flask were added to the solution of halide in
1 •§ 0  d £ the lower flask over a period of 1 hr. The resulting mixture was

^  2̂ o  ^  stirred for an additional 30 min, neutralized with excess solid
§ |  c  g o  I  n ammonium chloride, and processed in the usual fashion to give
■2 2 J§ ^  § 2 =3 3.07 g of a yellow oil. Analysis of the oil by vpc revealed the
“ 'S .’ft —1 to presence of 17, 18, and 19 in a ratio of 10 0 :2 0 :1 . Dissolution of
o >»^ o ?  >>
® g a g 2  S ------------------

33 D | , D 3  3  (28) This compound, mp 129-131°, was prepared according to the method
o f C .  B a rke n b u s  and  P . S. L a n d is , J. Amer. Chem. Soc., 70, 684 (1948): 
n m r  (acetone-de) £ 3 .96  p p m  (s, -C th S C H ? - ) .

Glutarimide and 3,5-Morpholinedione D ianions J .  Org. C h em ., V ol. 3 5 , N o . 1 1 , 1 9 7 0  3605



3606 ./. Org. Chem., Vol. 35, No. 11, 1970 W olfe and R ogers

the oil in heptane, followed by cooling and seeding with a sample T h e  te n d e n cy  for d ianion  2c (M  =  N a ) to  yie ld  a p -  
of 17 collected by vpc, produced 1.55 g (42% ) of monobutyl p re ciable am o u n ts  of p oly alk y la tio n  p ro d u cts  is u n -

Condensation of Dianion 2c with Benzophenone . - T o  a d°ubtedly caused by rapid proton-m etal exchange
stirred solution of 0.02 mol of dianion 2c (M =  N a) in 400 ml of between this intermediate and alkylated monoanion 22
liquid ammonia was added 4.0 g (0.022 mol) of benzophenone in to produce dianion 23, which then undergoes further
30 ml of anhydrous ether. The resulting navy-blue solution was alkylation. When the more covalent dilithio deriva-
stirred for 4 -5  min then poured rapidly into a solution of excess
ammonium chloride in 100 ml of liquid ammonia. The ammonia « C H q C H
was replaced by ether and the ethereal suspension was treated 4 9 2c 4 9
with enough cold dilute HC1 to acidify the mixture. The result- \ I ” j [
ing thick organic precipitate was collected by suction filtration O’^T'T^'^O
and recrystallized from heptane-acetone to give 1.74 g (45%
based on dianion 2c) of 2 ,6-bis(a-hydroxy-o:,a:-diphenylmethyl)- 22 23
3,5-thiomorpholinedione (20 ): mp 150-151°; ir 3400 (NH and
OH) and 16S0 cm “1 ( C = 0 ) ;  nmr (DMSO-d6) S 11.24 (s, 1, fiv e  of 2c  is em n loved  th e  e x ch an g e  re a c tio n  is in h ib itedN H ), 7.68 (m, 20, phenyl), and 6.0 ppm (broad s, 4 , OH and , 01 z c  ls em p loyed , th e  e x ch an g e  re a c tio n  is in h ib ited
-C H S C H -). and monoalkylation predominates. In addition, m-

A nal. Calcd for C30H25NO4S: C ,7 2 .7 1 ; H, 5.08; N, 2 .83; verse mixing of the reactants serves to suppress the
S, 6.47. Found: C, 72.60; H, 4 .82; N, 2 .73 ; S, 6.o4. formation of alkylated dianion 23 b v keeping the con-

In another experiment the reaction mixture was neutralized c e n tra tio n  0f original dianion 2c low throughout the 
inversely after 10 mm to afford a quantitative recovery of benzo- .
phenone, which was isolated as its 2,4-dinitrophenylhydrazone, reaction.
mp 239°. ” Form ation of dialcohol 20 in the reaction of 2c (M  =

Reaction of Dianion 2c with Methyl Benzoate— To a solution Na) with benzophenone evidently involves a similar
of 0.02 mol of dianion 2c (M = N a), prepared as described above, proton-m etal exchange in which the initially formed
was added 1.36 g (0.01 mol) of methyl benzoate m 30 ml of dry • , ,, ,
ether. The reaction mixture was allowed to stir for 4 hr and was intermediate 24 loses a methylene proton to dianion 2C
then processed in the usual manner to give a crude yellow solid, to  form trianion 25. Reaction of 25 with a  second
which was recrystallized from benzeno to furnish 1.51 g (45%  molecule of benzophenone then produces trianion 26,
based on ester) of 2-benzoyl-3,5-thiomorpholinedione (21 ) as which affords dicondensation product 2 0  on neutraliza-
yellow platelets: mp 134-136°; ir 3450 (N II), 1625 and 1680 
cm -1 ( C = 0 ) .  The nmr spectrum of 21 was obtained in two
solvents of different polarity. In DMSO-d6, peaks were observed Scheme I
at S 12.50 (s, 1, N H ), 8.50 (m, 5, aromatic), 6.42 (s, 1, ring q -
methine), and 3.84 ppm (ABq, 2 , -SC H 2C = 0 ) .  In CDC13 peaks | V
were observed at 5 15.70 [s, -S C = C (O H )P h ], 9.26 (s, 1, N II), _ r / p u  1 c  p/p u  \
8.06 (m, 5, aromatic), 5.44 (s, ring methine), and 3.62 ppm s '  6 a 2 2c - s '  ' 6 542
(ABq, 2, -S C H 2C = 0 ) .  I I — '- \ I

Benzoylation of lc by Means of Sodium Hydride.— A mixture C r^ 'N ’̂ u )
of 2.62 g (0.02 mol) of lc , 2.73 g (0.02 mol) of methyl benzoate,
and 8.0 g of sodium hydride dispersion in 350 ml of D M E was 24 (C Hs).CO 25
refluxed under nitrogen for 22 hr. The reaction was processed 6 y y '
as in the sodium hydride benzoylation of lb to produce 3.81 g _  _/
(81% ) of 21: mp 127-129°, and 134-136° after two recrystal- 0  0
lizations from benzene. The infrared spectrum of this material I j
was identical with that of a sample prepared by benzoylation of (C6H5)2C \ ^ -S ^ ^ C (C 6Hs)2
dianion 2c. j j

„  . O ^ N ^ O
Discussion

26Certain additional comments concerning the chem
istry of dianions 2a-c  are now presented in this section.

As mentioned above, alkylations of dianion 2a (M =  tion (Scheme I). The fact that the yield of 20 de-
Na) with the primary^ halides listed in Table I proceeded creased dramatically, while the recovery of benzo-
smoothly. However, attem pted alkylations with 0- Phenone increased, when neutralization was delayed,
phenylethvl chloride and benzhydryl chloride afforded implies that this reaction represents an example of
styrene and tetraphenylethylene, respectively. Ap- kmetlc vs. thermodynamic control in which the kinet-
parently dianion 2a served as a base rather than a icall.V favored intermediate 26 is eventually converted
nucleophile in these two instances to effect elimination to the thermodynamically more stable monanion of lc
in the case of the former halide and dimerization of the and the sodium amide adduct of benzophenone.31
latter.29 Competitive elimination may also have been During the course of the present work, several alterna- 
responsible for the failure of dianion 2a to undergo tive methods for the preparation of «-benzoyl deriva-
satisfactory alkylation with isopropyl bromide. When tives 14a> 16e’ and 21 were investigated. Thus, 14a
dianion 2a (M  =  K ) was prepared by means of potas- was synthesized through cyano keto acid 27 as shown
sium amide and alkylated with benzyl chloride, the in Scheme II, but the overall yield was quite low. Di
yield (65% ) of benzyl derivative 3d was comparable to rect introduction of a benzoyl group at the a  position
th at (80% ) obtained with sodium amide. In a similar of lb and lc  was accomplished satisfactorily on trear,-
experiment employing lithium amide, 3d was obtained ment of these compounds with methyl benzoate and
in only 15%  yield and stilbene (35% ) was isolated, excess sodium hydride in refluxing 1,2-dimethoxyethane
indicating that the twofold ionization of la  to form 2a (D M E ). However, sodium hydride was not suitable
( ■ ^ ^  k i )  W a s  i n c o m p l e t e .  (30) See R . L .  G a y  a n d  C. R . H auser, J. Amer. Chem. Soc., 89, 1647

(1967), a n d  references c ite d  th e re in .
(29) R . B . M e y e r  a n d  C . R . H a user, J. Org. Chem., 25, 158 (1960), have  (31) F o r  a d iscussion  o f k in e t ic  vs. th e rm o d y n a m ic  c o n tro l in  th e  a d d it io n

obse rved s im ila r  e lim in a t io n  a nd  d im e r iz a t io n  re a c tio n s  on  tre a tm e n t  o f o f benzophenone to  1 ,3 -d ia lk a li sa lts  o f p h e n y la c e ta m id e  in  l iq u id  a m m o n ia , 
a ce ty la ce to n e  d ia n io n  w ith  these ha lides. see E .  M .  K a is e r  a n d  C . R . H auser, J. Org. Chem., 31, 3317 (1966).



Scheme II still be perferred over more circuitous procedures be-
C6H5CO 2CH 3 cause of its greater convenience and the ease with which

NCCH2CH2CH2CO2H NaH > the water soluble heterocyclic precursors to dianions
mso, 2a-c can be separated from the desired products.

NCCHCH2CH2CO2H -------->- 14a F F
| coned
C = 0 Registry No.—3b, 19450-21-6; 3c, 24866-78-2; 3e,
I 24866-79-3; 3f, 24866-80-6; 3g, 24866-81-7; 3h, 24866-
6 5 27  82-8; 3i, 24866-83-9; 4 ,24866-84-0; 5 ,24866-85-1; 6,

19450-22-7; 7, 24929-21-3; 8, 24866-87-3; 9, 24866- 
for alkylations and carbonyl addition condensations 88-4; 10, 24866-89-5; 12, 24866-90-8; 13, 24866-91-9;
involving la -c , presumably because dianion formation 14a, 24866-92-0; 14b, 19450-23-8; 14c, 24866-94-2;
was incomplete with this reagent.32 16a, 24866-95-3; 16b, 24866-96-4; 16c,. 24866-97-5;

The present dianion route to a-substituted deriva- R>d, 24866-98-6; 16e, 24866-99-7; 17, 24867-00-3; 18,
tives of la -c  permits the synthesis of a variety of such 24929-22-4; 20, 24867-01-4; 21, 24867-02-5; 27, 24867-
compounds in a single operation under mild conditions. 03-6; 2-(p-chlcrobenzyl)glutaric acid, 24867-04-7. 
Condensation at the carbanion site of dianions 2a-c
followed by hydrolysis of the imide function also offers Acknowledgment.-—We are pleased to acknowledge
a facile two-step method for the preparation of certain the National Science Foundation for providing funds to
acyclic compounds, e.g., the synthesis of 2-alkylglutaric aid in the purchase of the Perkin-Elmer Hitachi
and 4-aroylbutyric acids via dianion 2a. Even in re- RM U -6E mass spectrometer used in this research. We
actions where yields were low the dianion method may also wish to thank Dr. John G. Dillard for obtaining the

. „ „ „  „ , mass spectral data and Dr. Harold M. Bell for helpful
(32) See J. F. Wolfe, G . B . Trimitsis, and C . R . Hauser, Can. J. Chem., . . . ,  . ,

4 3 , 2561 (1968). discussions concerning this work.
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Oxygenation of iV-benzoyl-4/3,./V-dimethyl-l-adamantanamme (3) with Sporotrichum sulfurescens (ATCC 
7159) gave iV-benzoyl-4/3,./V-dimethyl-l-adamantanamine-4,7-diol (5) and (lS)-iV-benzoyl-4/3,A-dimethyl-l- 
adamantanamine-4,6o!-diol (6 ). Oxygenation of the epimeric substrate, iV-benzoyl-4a,iV-dimethyl-l-adamantan- 
amine (4 ), gave (lli!)-A-benzoyl-6a,A-dimethyl-l-adamantanamme-4a:-ol (11). Diol 6 readily formed a cyclic 
sulfite ester (7 ), proving the 1,3 diaxial relationship of the two hydroxyl groups and also establishing the relative 
configuration of the methyl substituent in all compounds. Nmr established that diol 6 was substituted at the
4,6 positions. Optical activity was demonstrated by circular dichroism (CD) spectra of ketones 8 and 12, 
derived from 6 and 11, respectively. The absolute configuration of the optically active molecules was assigned 
on the basis of the CD curve of (U?)-fV-benzoyl-A-methyl-6-methylene-l-adamantanamine-4-one (9), derived 
from 8 . The two series of products were correlated by reduction of 9 to a mixture of 12 and its epimer, 10.
Ketone 12, which contains an axial 3-methyl cyclohexanone system, demonstrates a weak “anti-octant” effect for 
this system in its CD spectrum.

Part A salt. We have recently found that optically active
products may be obtained from the microbiological 

Optically active adamantanones have been prepared oxygenation of either achiral molecules6 or racemic mix-
in order to test the effects of certain substituents on the tureg of chiral moiecules7 by the mold Sporotrichum
octant rule.3 Other optically active adamantanes suifurescens (ATCC 7159). We have also found that
have been prepared4 in order to assess the effect of dis- the game microorganism gives good yields of hydroxyl-
tance upon the optical rotatory power of various func- ated products when JV-acyl-l-adamantanamines are
tional groups in chiral molecules.6 In  every case, reso- uged ag substrates.8 The possibility of preparing an
lution was achieved by the classical method of frac- optically active adamantane by a microbial reaction
tional crystallization of the appropriate carboxylic acid therefore was 0f interest, since this would provide an

* To whom correspondence should be addressed. alternate route to such molecules and would also further
(1) Stereochemistry of Microbiological Hydroxylation. Part V. test the ability of the microbial reagent to achieve
(2) (a) w. s. Briggs, m . Suchy.and cjD je ra ss i Tetrahedron Lett 1097 stereoselective reactions. The hydroxylation of the

(1968); (b ) G . Snatzke and G. Eckhardt, Chem. Ber., 101, 2010 (1968),
(c) G. Snatzke and G . Eckhardt, Tetrahedron, 24, 4543 (1968). , _ _. ^ . t n

(3) W. Moffitt, R. B. Woodward, A. Moscowitz, W. Klyne, and C . (6) G . S. Fonken, M. E. Herr, H. C . Murray, and L. M. Remeke, J. Org.
Djerassi, J. Amer. Chem. Soc., 83, 4013 (1961). Chem., 33, 3182 (1968). . _ Q .

(4) (a) H. Hamil and M . A. M cKervey, Chem. Commun., 864 (1969); (7) R . A. Johnson, H. C. Murray, L. M. Remeke, and G. S. Fonken,
(b ) J. Applequist, P. Rivers, and D. E. Applequist, J. Amer. Chem. Soc., ibid., 34, 2279 (1969), and references cited therein. n  a
91 5705 (1969). (8) M - E - Herr> R - A - Johnson> H * C - Murray, L. M . Remeke, and G. 8.

(5) R. C . Fort, Jr., and P. von R . Schleyer, Chem. Rev., 64, 277 (1964). Fonken, ibid., 33, 3201 (1968).
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S cheme I

k  f h  r f i
_  J  (CsH5)3P(CH,)Br ^  /  V  I +M -  p = q  p ^ l h ,  ¿ $ 4 *

0 ch2 a  ¿H3

1 2 3,40% 4,26%

( /  S.sulfurescens S.sulfurescens

h  • h  t h
P 4 c „ ,

0 \  / O  ¿H  OH ¿H  ¿H  CH3

|  6, 22% 5,18.5% 11

0  Cr03

7  CROa CH3COCHs

/  CH3COCH3 (90%)
(60%)

[f] rf, „ fK A
H ch3

8  9 10‘  .12d
“ R  =  -N (C H 3)COC6H 5 in all compounds. b Reference 8 . c Not isolated. d 58%  from 9.

epimeric iV-benzoyl-4,iV-dimethyl-l-adamantanamines T able I
(3 and 4) by S . s u l fu r e s c e n s  and further chemical modi- C ircular D ichroism D ata for Adamantanes»
fications of the products are outlined in Scheme I. j cd maxima (m„) and molecular

The stereoselective nature of the hydroxylations of 3 Compd eiiipticity ([«], deg cm2 decimoi-')
and 4 was demonstrated by the circular dichroism (CD) 8 307.5 (1540), 298 (2300), 290
curves of ketones 8-10, 12,9 all of which demonstrated (2200)
significant carbonyl n t *  Cotton effects (see Table 9 314 (6570)> 303 (9290), 295
I). The absolute configuration of this series of com- . .  ^  ,
pounds has been assigned on the basis of the C D  curve rom ' ( 1 220?10 ’ 3°3 _310)’ 294
of ketomethylene 9, which shows a positive n -  tt* 12 (from 4) 314 ( _ J 0)> 303 (_ 310) 294
Cotton effect. Ih e  rotational characteristics of 8,7-  (—230)
unsaturated ketones, such as 9, are critically dependent 10 and 1 2" (mixture) 310 (420), 300 (600), 292 (570)
upon the relative disposition of double bond and 2(e)-methyladamantan-4-onec 310 (1750), 300 (2570), 292.5
carbonyl group.10 However, for suitable orientations, (2310)
the double bond perturber alone determines the sign of 2(a)-methyladamantan-4-one<! 313 (-230), 303 (-310), 294 
the carbonyl n -►  ?r* Cotton effect and absolute con- (-230), 284i (-110)
figurations can be assigned on the basis of the octant “ Ali CD spectra were obtained on a Cary 60-CD spectro- 
rule.10 An excellent model for the present determina- polarimeter in dioxane using l- or 5-cm pathlength cells and a
linn i« nbnlool r ™ I nna  • i , concentration of about 0.5 mg/ml. 6 A mixture, estimated from
tion IS choleSt-5-en-3-One, which IS known to give an the nmr spectrum to be approximately 2:3 in 10 and 12. . Ref-

19) We are indebted to Professor W. Klyne. Westfield College, for bring- eren ce  2c. T h e  s o lv e n t is d ioxan e. * R efe re n ce  13 . T h e  s o lv e n t
ing to our attention the possibility that ketonic derivatives, such as 8,  ̂ ulOXanG.
would be more likely to have measurable optical rotation in their C D  spectra
than would compounds 6 or 11. C D  spectra of the latter, necessarily carried __ *  ^  , , . . - . i n
out on dilute solutions due to the strong absorbance of the benzamide chromo- ^  v>O ttOIl CUrVG CODSlStCntr W ith . t l lG  O C t& n t r il lG
phore, demonstrated no measurable optical activity. Other optically and which has the Same disposition of ketone and
active adamantanes have also shown extremely low optical rotation.4

(10) A. Moscowitz, K . Mislow, M . A. W. Glass, and C. Djerassi, J. Amer. (11) R. Grinter, S. F. Mason, and G. W. Vane, Trans. Faraday Soc., 60,
Chem. Soc., 84, 1945 (1962). 285 (1964).
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methylene as does 9. Both cholest-5-en-3-one and 9 as the carbonyl group. W e here describe in greater 
give positive n ir* Cotton effects with almost identi- detail the structural and stereochemical relationships
cal fine structure and molar ellipticity maxima, of the products and their modifications; the optical
=  + 9 7 5 0  for the former and [0]3O3m* =  + 9 3 0 0  for 9. properties of these having been summarized in P art A. 

This establishes the absolute configuration of 9 as (172)- The two substrate molecules, 3 and 4, were obtained 
A -benzoyl-A -m ethyl-6-m ethylene-l-adam antanam in- from the reduction of the olefin 2, which was formed in
4-one and of the other optically active adamantanes as excellent yield from ketone 1,8 Chromatographic
shown in Scheme I. The close agreement of the Cotton analyses of the reduction mixture indicated roughly
effect magnitudes of 9 and cholest-5-en-3-one and the equivalent amounts of the two 4-methyl derivatives;
sharp melting points observed suggest that the optical however separation of the two was extremely difficult
purity of the compounds in the present study is very and resulted in the lower and unequal yields shown in
high. Scheme I.

The stereochemical correlations outlined in Scheme I Oxygenation of 3 with S . s u lfu r e s c e n s  gave two diols, 
also enabled us to consider the question of the existence 5 and 6, as products. One of these (5) failed to undergo
of an “anti-octant” effect for an axial 3-methyl group chromic acid oxidation15 and therefore must have two
of cyclohexanone. This question was raised by the tertiary hydroxyl groups. One hydroxyl group must
results of Pao and Santry in their development of a be at C -4 (nmr shows a singlet for the C -4 methyl
self-consistent field molecular orbital (SC F MO) ap- group) and the other is tentatively assigned to the C-7
proach to the calculation of optical rotatory strengths, bridgehead position. The second diol (6) contained
and their signs, for methyl cyclohexanones.12 Their one secondary hydroxyl group, which could be oxidized
results were generally consistent with those expressed to a ketone (8) by chromic acid. A singlet for the
by the octant rule3 except for their prediction that the methyl signal in the nmr spectrum of 6 placed the ter-
sign of rotation for an axial 3 substituent on the cyclo- tiary hydroxyl group at the C -4 position. The two
hexanone ring should be opposite and approximately hydroxyl groups in 6 were shown to have a 1,3-diaxial
equal in magnitude to that predicted by the octant relationship by the formation of the cyclic sulfite ester
rule.12 7 from 6. Only at positions C-2 ar C-6 can hydroxyl

Ketones 8 and 10 show positive Cotton effects (Table groups be placed so that they would be in a 1,3-diaxial
I), consistent with the octant rule. However, ketone relationship with a C-4 alcohol. The nmr spectrum
12 shows a weak, negative Cotton effect, consistent in (100 Me) of 7 in deuteriobenzene showed a triplet (5
sign but having an intensity of about one-tenth that 3.92 J  ~  4 Hz) for the secondary carbinol proton,
predicted by the SC F MO theory or of that observed which collapsed to a doublet (5 3.95) upon irradiation of
for the equatorial 3-methyl derivative, (172)-2-methyl- the C-5 proton. Only a C-6 carbinol proton has two
adamantan-4-one.20 Subsequent to the completion of adjacent protons capable of producing the observed
this work, the preparation and CD spectra of both triplet splitting. The possibility that the cyclic sulfite
enantiomers of 2-methyladamantan-4-one having the ester was formed from a 2,4-diol is thereby eliminated,
methyl substituent in the axial configuration were re- Also, as a consequence of these observations, the stereo-
ported.13 Our results are in excellent agreement with chemistry of the methyl group in 6 can be assigned a cis
those reported (see Table I) and confirm the abnormal configuration with respect to the A-methylbenzamido
contribution of an axial 3-methyl group to the CD  group. The stereochemistry of the methyl group in all
spectrum of cyclohexanones. I t  therefore appears molecules which have been chemically related to 6 is
that, except for magnitude, the “anti-octant” effect therefore also established.
shown by the various axial 3 perturbers, which have The nmr spectrum of cyclic sulfite ester 7 is deserving 
been examined to the present,14 is a consequence of the of further comment. The signal for the C-5 proton at
position rather than of the nature of the perturber. 5 3.39 at first appears extremely far downfield until

the structure of the product is examined in detail. Two 
Part B conformations, 7a and 7b, are possible for the sulfite

Interest in the stereochemistry of microbiological O O
hydroxylation has led us to prepare as substrates the | [j
epimeric A-benzoyl-4,A-dimethyl-l-adamantanamines, H3C ^  H3C ^
3 and 4. Both are achiral compounds, but substitution V T  1  i  f |
at any position other than C -4 or C-7 is sufficient to in-
troduce chirality into either molecule. This fact, | /  | \ (
combined with our previous experience with the hy- CH3 __ H CH3 __ H
droxylation of A-acyl-l-adam antanam ines by S . su l-
fu r e s c e n s ,8 held promise for the use of 3 and 4 as oxy- H T i l
genation substrates. If optically active products could ^ O—l— ^ (A O i
be obtained in this manner, they would be of potential q /  + )
value for the study of substituent effects on the optical #
rotation of inherently symmetric chromophores, such 0

7a 7b
(12) Y .  H .  P a o  a nd  D .  P . S a n try ,  J. Amer. Chem. Soc., 88, 4157 (1966).

(13) G. S n atzke , B . E h r ig ,  a nd  H .  K le in ,  Tetrahedron, 26, 5601 (1969). ester portion of the molecule; however examination of
(14) S n a tzke  a nd  E c k h a rd t  have  p re v io u s ly  p re p a re d  4 -c h lo ro -, 4 -b ro m o -, ,  , „  r iK  „ d l l

4 -io d o -, 4 -az ido -, a n d  4 -c a rb o x y a d a m a n ta n -2 -o n e s  in  w h ic h  th e  4 s u b s t itu e n t  m o l e c u l a r  m o d e l s  S u g g e s t s  t h a t  C O m O F  a t  O

is in  an a x ia l 3 p o s it io n  w ith  respect to  th e  cyc lo h e xa n o n e  r in g .2b T h e y  fo u n d
th a t  these g ro u p s  a lso have  signs o f ro ta t io n  o p p o s ite  to  those  expe cted  fro m  (15) K .  B o w d e n , I .  M .  H e ilb ro n , E . R .  H .  Jones, a n d  B . C . L .  W eedon,
th e  o c ta n t ru le .20 «J- Chem. Soc., 39 (1946).
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h igh ly  u n fav o rab le  from  con sid eration  of s te ric  in te r-  JV-Benzoyl-4/3,A1-and-4a,A 7-dimethyl-l-adamantanamine (3, 4, 
a c tio n s. C o n fo rm a tio n  7 a  is m u ch  m o re  fa v o ra b le  Respectively). A mixture of 25.0 g of 2 , 250 ml of methanol,

, . ,  , ,  and  1 .0  g of p la tin u m  oxide c a ta lv s t  p rep ared  u n d er n itro g e n  w as
and in this conformation it can be seen that considerable sh ak en  w ith  h yd rogen  (54.5 p sig ) 4  i  h r . T h e c a ta ly s t  w as

deshielding of th e  C -5  p ro to n  will o ccu r due to  th e  removed by filtration through Celite and the filtrate was con-
p ro x im ity  of e ith e r th e  o xy g en  or th e  e le c tro n  p air centrated to dryness under reduced pressure. The solid residue
(p re su m a b ly  th e  la t te r )  on  th e  sulfur a to m . was separated into its two component isomers by three chro-

O x y g e n a tio n  of su b stra te  4  g a v e  a  m o n o h y d ro x y la te d  “ ^ g ra p h s  over a silica gel column 100 g of silica gel per gram
i ■ - i i  ■ i j.- r 1 , of substrate. Ih e  solvent system for elution was 10% ethyl

p ro d u ct (1 1 )  in low yield . O x id atio n  of 11 W ith ch ro - acetate in Skellysolve B hydrocarbons and the cuts were 100 ml 
m ic acid  g a v e  k eton e  12, show ing th a t  th e  h y d ro x y l each. After each chromatograph, the residues were examined by
grou p  of 11 w as seco n d ary . T h e  p ositio n  of th e  h y - silica gel tic; the residues containing the individual isomers were
d ro x y l grou p  w as d eterm in ed  in  th e  follow ing w ay . Pooled “ d those containing mixtures were rechromatographed.
t-. , , ,. j., . i i i o i_ , , , fiecrystallization of the less polar isomer from bkellysolve B
D e h y d ra tio n  of k e to  alcoh ol 8  b y  t re a tm e n t  w ith  th io n y l gave 10 30 g of produot 3: mp 69_71o. ir (Nujol) 16^0> 1380,
chlorid e follow ed b y  m eth an olic  p o tassiu m  h yd roxid e  1068 , 1062,1023, 803, 732, 706 cm“1; nmr (CDCh) s 2.82 (s, 3,
p ro v id ed  th e  k eto m eth y len e  com p ou n d  9. R e d u ctio n  NCH3), 1.10 (d, 3, /  =  6 Hz, CHCHS). 
of th e  m e th y le n e  grou p  g a v e  a  m ix tu re  of tw o  m e th y l A nal. Calcd^for Ci9H2SNO: C, 80.52; H, 8 .89 ; N, 4.94. 
k e to n e s  from  w h ich  one could  be iso la te d  in  p u re  form . FoJi"d ’ C ’ 80 '))0’ ,H> 8 -94, N > 4 -94;
rp,, . , . , i t i • 1 he more polar isomer was recrystallized from bkeliysolve B
T h is  k eton e  w as id en tica l to  k eton e  12, estab lish in g  to ĝ ve 7 19 g 0f product 4 : mp 9 4-97°; ir (Nujol) 1620, 1378,
th a t  th e  h y d ro x y l grou p  of 11 w as a t  th e  C -6  p ositio n . 1078,1060, 1023, 803, 730, 706 cm “1; nmr (CDCb) s 2.83 (s, 3,
A d d itio n ally , th e  id e n tity  of th e  tw o k eto n es estab lish es NCH3), 1.07 (d, 3, J  =  6 Hz, CHCHS).
th e  re la tiv e  con figu ration s of th e  m e th y l grou p s in  th e  A nal. Calcd for Ci9H2SNO: C, 80.52; H, 8 .89; N, 4 .94.

re d u ctio n  p ro d u cts  o b tain ed  from  9. T h e  con figu ra- Biotransformation P ro ce ss .-T h e  culture used in these ex-
tio n  of th e  h y d ro x y l grou p  in  11 is p resu m ed  to  be tra n s  periments was Sporotrichum sulfurescens v. Beyma (ATCC 7159).
w ith  re sp e ct to  th e  b enzam ido grou p , since h y d ro x y la - The process has been described previously,17 with the exception
tio n  to  g ive su ch  an  orien ta tio n  of fu n ctio n a l grou ps that we have now added a dispersing agent Ultrawet DS-30
h as b een  found to  o ccu r a lm o st exclu sively  in  a  n u m b er (2.5 m l/h) to the fermentations.

of a licy clic  b enzam ides.  ̂ In  fa c t , w h ereas h y d ro x y la - The general procedure was to extract the fermentation beers with
tio n  a t  th e  m e th y l s u b stitu te d  C -4  ca rb o n  is th e  one methylene chloride and evaporate to dryness to give a crude
fe a tu re  com m on  to  b o th  p ro d u cts  o b ta in ed  from  3 , extract residue, which was processed for pure products as de-
o x y g e n a tio n  a t  C -4  in 4  is a p p a re n tly  blocked b y  th e  scribed in the experiments below.
tra n s  m e th v l grou p  a t  th is  p osition . ' Bioconversicn ° faf  »enzoyM^A-dimethyl- 1-adamantanamine

rp. i • i ^ 1 . (3) to A-Benzoyl-4/3,Af~diinethyl-l-adamantanamine-4,7-diol (5)
l n e  ch e m ica l co n version  of k e to n e  8  in to  k e to n e  12 and (i$)-A T-BenzoyM^,A7-dimethyl-l-adamantanamine-4 ,6a-diol 

w as also n e ce ssa ry  in  o rd er to  allow  a ssig n m en t of ab so- (6).'—The extract residue from a 2.0 g fermentation of 3 was
lu te  con figu ration s to  all of th e  o p tica lly  a c tiv e  co m - chromatographed over 200 g of Florisil, eluting with 41. of solvent
p ou nd s ob tain ed . I t  w as n o t c le a r w h a t effect th e  ®keUysolve B containing increasing proportions of acetone from 
„ / -it, , ,  n , , , , , . 0 to 50% , and collecting fractions of 60 ml each. The residues
a x ia l (w ith  re s p e c t to  th e  cyclo h exan o n e  rin g) h y d ro x y l were examined by tic and fractions 36-42 (0.73 g) were combined
grou p  m ig h t h a v e  oil th e  sign of ro ta tio n  in  th e  C D  (pool A) and fractions 45-50 (0.63 g) were combined (pool B ).
cu rv e  of 8  n o r w as i t  c e rta in  th a t  h y d ro x y la tio il of th e  Pool A was recrystallized from methylene chloride-ether to 
tw o s u b stra te s  w ould n ecessarily  g ive p ro d u cts  of th e  Slve 9 -4 9 .s  °f 6: mP 175-178°; ir (Nujol) 3300 (OH), 1610

sam e e n a n tio m eric  series. H o w ev er, n e g a tiv e  C o tto n  r r c H jM ^ S ^ s  T c o h c h T  4 '° 6 ^  ^  CH 0H :i’ 2 '83 ^  3 ’
effects for sam p les of 12 o b tain ed  from  b o th  series of ¿no?’. Calcd for C19H!6N 0 3: C, 72.35; H, 7 .99; N, 4.44.
com p ou n d s d e m o n stra te d  th a t  th e  sam e e n a n tio m eric  Found: C, 71.93; H, 7.96; N, 4.27.
fo rm  w as being d e a lt w ith  th ro u g h o u t. Pool B was recrystallized from methanol-benzene to give 0.41

g of 5: mp 221-223°; ir (Nujol) 3400 (OH), 1650 cm -1 (amide); 
nmr (DM F-d,) S 2.88 (s, 3, NCH3), 1.40 (s, 3, COHCH3). 

E x p e rim e n ta l S e ctio n  A nal. Calcd for Ci9H2SN 0 3: C, 72.35; H, 7 .99; N, 4.44.
Found: C, 71.95; H, 7 .90; N , 4.65.

A'-Benzoyl-A7-methyl-4-methylene-1-adamantanamine (2).— A Bioconversion of A'-Benzoyl-4a,A7-dimethyl-l-adamantanamine
solution of 100 ml of 1.6 M  w-butyllithium in hexane was added (4) to (17f)-A-Benzoyl-6a,A'r-dimethyl-l-adamantanamin-4a-ol
with stirring under a nitrogen atmosphere, to a mixture of 57.3 g (11).— The extract residue from a2.0-g  conversion was subj ected
(0.16 mol) of methyl triphenylphosphonium bromide in 500 ml to gradient chromatography over 150 g of Florisil eluting in
of.benzene. While continuing to stir under nitrogen and main- fractions of 85 ml each with 4 1. of solvent Skellysolve B plus
taining the temperature at 50°, a solution of 45.4 g of A-benzoyl- increasing proportions of acetone from 0 to 25% . Examinations

j™ 6th y k )'adarnantanamme-4-one8 in 150 ml of benzene was of the fraction residues by tic resulted in the pooling of fractions
added during 30 min. The mixture was heated at 60-70° for 2 31-34; this residue (120 mg) was recrystallized from methylene
hr, allowed to stand at room temperature overnight, and stirred chloride-ether; yield of 4 was 70 mg: mp 181-182°; ir (Nujol)
with 300 ml of water for 2 hr, and the layers were separated. The 3500 (OH), 1600 cm“1 (amide); nmr (CDCb) 5 2.83 (s, 3, N CH 3),
organic layer was concentrated under reduced pressure to 200 1.02 (d, 3, J  = 6 Hz, CHCH3).
ml and filtered. The filtrate was chromatographed over a 1200-g A nal. Calcd for C,9H ,SN 0 2: C, 76.22; H, 8 .42; N, 4.68. 
silica gel column which has been prepared with cyclohexane- Found: C, 76.33; H, 8.21; N, 4.71.
ethyl acetate (1 .1 ) . The column was eluted in 600-ml fractions (1/t)-A7-Benzoyl-6a,A7-dimethyl-l-adamantanamine-4-one (12).
with the same solvent mixture. The residues from fractions 2 -5  — (1 Al-A -Benzoyl-fiajA^-diinethyl-l-adamautanamin-da-oi (11)
were recrystallized from methylene chloride-hexane to give 40 (13 mg) in acetone was oxidized by the Jones method and the
® °  Product, mp 94-96 ; ir (Nujol) 1630, 1380, 1285, 1070, product was recrystallized from dioxane-water to give 12: mp
900 804, 728, 704 cm >; nmr (CDC13) 5 4.56 (s, 2, C = H 2), 2.79 136-137°; ir (Nujol) 1740 ( C = 0 ) ,  1625 c m -1 (amide).
(s 3, N-OHs) A naL  Calcd for C19H23N 0 2: C, 76.73; H, 7 .80. Found: C,

A nal. Calcd for CiSH23NO: C, 81.10; H, 8 .24; N, 4.98 . 76.47; H, 7.98.
Found: C, 81.01; H, 8 .31; N , 4 .88. (liSj-A-Benzoyl^/S.A^-dimethyl-l-adamantanamineA.ba-diol
____________  Cyclic Sulfite (7).—A mixture of 100 mg of 6 and 1.0 ml of thionyl

(16) R . A . Johnson, M .  E . H e rr .  H .  C . M u rra y ,  a n d  G . S. F o n k e n , J. Org. (17) R . A . Johnson, M .  E . H e rr ,  H .  C . M u r ra y ,  a nd  G . S. F o n k e n , ibid.,
Chem., 33, 3217 (1968); ibid., 38, 622 (1970). 33, 3187 (1968).
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chloride was allowed to stand for 20 min and the excess reagent heated at reflux for 3 hr. Dilution with water and concentrating
was removed under reduced pressure. The residue was chro- gave a crude solid product which was recrystallized from acetone-
matographed over 20 g of Florisil, gradient elution with Skelly- water: yield of 9, 0.26 g; mp 162-163°; ir (Nujol) 1730 ( C = 0 ) ,
solve B-acetone, to give 80 mg of product 7. Recrystallization 1625 cm “1 (amide); nmr (CDCh) d 4.75 (m, 2, C = C H 2), 2.84
from ether-Skellysolve B gave the analytical sample: mp 152- (s, 3, NCH3).
1t. . 0 ,, , , . o 07 /+ 1 T B n  CH A nal. Calcd for Ci9H 2iN 02: C, 77.26; H, 7 .17; N, 4.74.154°; nmr (benzene-*) 5 3.87 (t, 1, J  =  6 Hz, CH >CHOS), Found; c> 76-7g, H> 7 62 . N> 4 .7g.

, , 9 , , n  x , «7 0 lu r w i  i n  fa (1R  )-JV-Benzoyl-6a , A-dimethyl- 1 -adamantanamine-4-one (12)
3.38 (m, 1, 0 = S < 0 C  >CH CH 2), 1.87 (s, 3, NCH3), 1.13 (s, and the 6/3_Methyl Isomer (10) ._ A  mixture of 155 mg of 9, 25
3, OCCH3) (see Discussion for spectrum at 100 M e). ml of methanol, and 40 mg of 10% palladium on carbon was

A nal. Calcd for Ci9H23N 0 4S: C, 63.13; H, 6 .41; S, 8.87. shaken with hydrogen (35 psig) for 110 min. The catalyst was
Found: C, 63.28; H, 6 .41 ; S, 8.89. removed by filtration and the residue from the filtrate was ex-

(IÄ)iV-Benzoyl-iV,4/3-dimethyl-l-adamantanamm-4-ol-6-one amined by nmr. The spectrum indicated a mixture of two parts
(8 ).— Compound 6 (140 mg) in acetone was oxidized by the Jones of 10 to three parts of 12. We were unable to separate the two
method and the crude was recrystallized from aqueous acetone isomers by chromatography, but pure 12 (90 mg) was obtained
to give 8 : mp 179-182°; ir (Nujol) 3500 (OH), 1725 ( C = 0 ) ,  by direct crystallization from methanol-water: mp 138-139°;
1620 cm“1 (amide); nmr (CDC13) 5 2.84 (s, 3, NCH3), 1.55 (s, 3, ir (Nujol) identical with 12 prepared by oxidation as described
COHCH3). above and the mixture melting point was not depressed; nmr

A nal. Calcd for C19H 23N 0 3: C, 72.81; H, 7.40. Found: C, (CDC13) S 2.85 (s, 3, NCH3), 0.97 (d, 3, J  =  7 Hz, CHCH3).
72.88; H, 7.40. The filtrate residue from 12 was rich in 10 and melted at 83-112°,

(lÄ)-iV-Benzoyl-iV-methyl-6-methylene-l-adamantanamin-4- but we were unable to obtain this compound pure, 
one (9).— Compound 8 (0.900 g) and 10.0 ml of thionyl chloride 
was warmed on a steam bath for 5 min and the excess reagent was
removed under reduced pressure. The residue was triturated Registry No.— 2, 25934-87-6; 3, 25934-88-7; 4,
with water to give 0.72 g of solid The nmr spectrum of this 25934-89-8; 5 25934-70-1; 6 ,2 5 9 3 4 -9 1 -2 ; 7 ,2 5 9 3 4 -  
material indicated a mixture of about % metnylene-O-o and /-»o q . q okoqi oq a • a o^qq/1 O/i k . 11 o^gQ/4 ok a -
about V, chloro compound; so it was taken up in 12 ml of methanol 9 2 ' 3  > . 8 > 205 9 3 4 ~9 3 "4  ’ 9 ’ 2 o 9 3 4 -9 4 ' 5  - 11 > 25934-95-6 ,
and 5.0  ml of 10%  aqueous potassium hydroxide solution and 12, 25934-96-7

Reactive Interm ediates in the Anodic Oxidation of 
Cycloalkanecarboxylic Acids12

J a m es  G . T rayn h a m , *  E r n e s t  E . G r e e n , and R ich a rd  L . F r y e
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Anodic oxidations of a series of «-deuteriocycloalkanecarboxylic acids (I-n-d) in aqueous solution and at carbon 
anodes produce mixtures containing bicycloalkanes, cycloalkene, cycloalkanol, cycloalkyl cycloalkanecarboxylate, 
and bicycloalkyl. The extents of internal hydrogen rearrangement accompanying the formation of alkene and 
alcohol products have been measured by nmr techniques. The alcohols are formed from intermediates that have 
undergone more hydrogen shifts than are the alkenes, with the maximum difference being found for the cyclo
octane derivatives. Thermal decompositions of ieri-butyl cyclooctaneperoxycarboxylate (II and II-d) and of 
dicyclooctylmercury in aqueous solvents produced, presumably from cyclooctyl radical intermediates, cyclo
octane, cyclooctene, and cyclooctanol. The a-D peroxy ester (Il-d) gave cyclooctene without detectable rear
rangement of the deuterium label. The interpretation of these data has focused on the nature of the interme
diates from which most products are formed in the electrolyses. We conclude that alcohol formation is not a de
pendable indication of a cationic process in aqueous solution, but still cationic rather than radical pathways ac
count for most (if not all) of the cycloalkene, cycloalkanol, and bicycloalkane products obtained from these anodic 
oxidations.

P art A ca tio n ic  ra th e r  th a n  ra d ica l in te rm e d ia te s .4 A lth o u g h
th ese  re a c tio n s  a p p e a r q u ite  u np rom isin g fo r  g en eral 

T h e  K o lb e  electro ly sis  of sa lts  of ca rb o x y lic  acid s sy n th e tic  ap p lication s, th e y  do a p p e a r to  be re a so n a b ly
has been  know n for o v e r 1 0 0  y e a rs , an d  th e  p ro cess  co n v en ien t sou rces of h igh  en erg y , p ro b ab ly  p oorly
h as been  usefully em p loy ed  for th e  sy n th esis  of ra d ica l so lv ated ; c a tio n ic  in te rm e d ia te s  of th e o re tic a l in te re s t,
coupling p ro d u cts . 3 R en ew ed  in te re s t m  th ese  e le ctro l- W e  h a y e  in v e stig a te d  th e  an o dic o x id a tio n  of a  series
yses h as been  sp u rred  re ce n tly , h ow ever, b y  ob ser
v a tio n s  of p ro d u cts  p resu m ed  to  be form ed  fro m  (4 ) (a) e . J . C o re y , N .  L .  B a u ld , R .  T .  L a L o n d e , J. C a sanova , J r . ,  and

E . T .  K a ise r, J. Amer. Chem. Soc., 82, 2645 (19 6 0 ); (b ) W . J . K o e h l, J r . ,  

*  T o  w h o m  correspondence sh o u ld  be addressed. ibid., 86, 4686 (1964); (c) L .  R a n d  a n d  A .  F . M o h ä r ,  J. Org. Chem 30, 3885
(1) (a) B a sed in  p a r t  u p o n  th e  P h .D .  D is s e rta t io n  o f E . E . G reen, L o u i-  (1 9 6 5 ); (d ) P . H .  R e ichenba cher, M .  Y .  C . L iu ,  a n d  P . S. S ke ll, J. Amt?r.

eiana S ta te  U n iv e rs ity ,  M a y  1969; (b ) p re sen ted  in  p a r t  a t  S o u th w e s t R e - Chem. Soc., 90, 1816 (1 9 6 8 ); (e) F . S. S k e ll a nd  P . H .  R e ich e n b a ch e r, * t  ■»
g io n a l M e e tin g s  o f th e  A m e ric a n  C h e m ica l S o c ie ty , L i t t le  R o c k , A rka n sa s , 90, 2309 (19 6 8 ); ( f)  P . H .  R e ich e n b a ch e r, M .  D .  M o rn s ,  a n d  P . S. S ke ll,
D e c 1967, A b s tra c ts , N o . 171, a n d  A u s tin ,  Texas, D e c 1968, A b s tra c ts , N o . ibid., 90, 3432 (1968); (g) P , S. S ke ll a n d  P . H .  R e i c h e n b a c h e r 90 
175 3436 (19 6 8 ); (h ) J . T .  K e a tin g  a n d  P . S. S ke ll, ibxd., 91, 695 (1 9 6 9 ); ( i )

(2) G ra te fu l a ckn o w le d g m e n t is  m ade to  th e  N a tio n a l Science F o u n d a tio n  L .  E b erso n , ibid., 91, 2402 (19 6 9 ); ( j)  J . T .  K e a tin g  a nd  P , S. Ske ll, J. Org.
(G ra n t G P-8228) fo r  p a r t ia l  f in a n c ia l s u p p o rt  o f th is  research, and  to  th e  D r .  Chem., 34, 1479 (19 6 9 ); (k ) W . B . S m ith  and  Y .  H .  Y u h , Tetrahedron, ,
C h arles E . C oates M e m o ria l F u n d  o f th e  LSXJ F o u n d a tio n  d o n a te d  b y  G eorge 1163 (1968); (1) N .  L .  W e in b e rg  a n d  H .  R , W e in b e rg , Chem. Rev., ,
H .  C oates fo r  fin a n c ia l a id  to w a rd  th e  p re p a ra t io n  o f th e  P h .D .  D is s e rta - (19 6 8 ); (m ) G . A th e r to n , M ,  F le isch m a n n , a n d  F . G o o d rid g e  T m n s . F o ra 
t io n  of E . E . G . daV Soc-< 6 3 ’ 1468 <h) A , A . H u m ffra y  a n d  L .  F . G . W illia m B , Chem.

(3) F o r  rev iew s, see (a) B . C . L .  W eedo n  in  “ A d vances  in  O rg a n ic  C h e m - Commun., 616 (1965); (o) L .  E b erso n, Ada Chem. Scand., IT ,  1196, 2004
is t r y , ”  V o l.  I ,  R . A . R a p h a e l, E . C . T a y lo r ,  a nd  H .  W y n b e rg , E d ., In te r -  (1963); (p ) N .  A . B o n n e r a n d  R . D .  M a n g o , J. Org. J®®4 ’
science, N e w  Y o rk ,  N .  Y . ,  1960, p p  1 -3 4 ; (b) G . W . Th iessen, Rec. Chem. (q ) J. G . T ra y n h a m  a n d  J. S. D e h n , J. Amer. Chem. Soc., 89, 2139 (1 9 b 7 ),
Progr. 21, 243 (1960); (c) A . K .  V i jh  a nd  B . E . C o n w a y , Chem. Rev., 67, (r)  K ,  Sasaki, K .  U n e ya m a , a nd  S. N a g a u ra , Eledrochim. Ada, 11, 891

623 (1967). (1966).
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of a -d e u te rio cy clo a lk a n e ca rb o x y lic  acid s6 (I-n -d ) (a t  T a b l e  II
ca rb o n  an od es) to  a sce rta in  th e  e x te n t  of in tra m o le cu la r  E x t e n t s  o f  D e u t e r i u m  R e a r r a n g e m e n t  i n

h y d ro g en  re a rra n g e m e n ts6 occu rrin g  in  th e  h igh -en ergy  E l e c t r o l y s i s  P r o d u c t s

in term e d ia te s . W e  h a v e  also  in v e stig a te d , fo r co m - ------------------% rearrangement----------------- .
p arison , tw o  n o n e le ctro ly tic  ra d ical re a ctio n s  (th e rm o ly - Ring SIze C yc io a ike n e  C y c io a ik a n o i

ses of iert-b u ty l cy c lo o c ta n e p e ro x y ca rb o x y la te , I I ,  6 0 0 “
a n d  of d icy clo o c ty lm e rcu ry ) in  aq ueous solu tion s, 5 40

v 16 25
----- ' x  /H (D )  X — X  /H (D ) 10 0

(CH,),,., X  (CH,), CC a Hydrolysis of the ester product gave unrearranged cyclo-
X .  X  X » O H  X C03-C(CH3)3 hexanol.

1-n (I-n-d) H(II-d)
T a b l e  III

since information on product formation from alkyl T h e r m a l  D e c o m p o s it io n s  o f  II i n  A q u e o u s  S o l v e n t s

radical intermediates in aqueous solutions, apart C o n d it io n s

fro m  p olym erizatio n , is m e a g e r.7 A lth o u g h  b icy clo - Temp, °C 105 80 80
a lk an es (fo rm ed  b y  th e  an od ic oxid ation  b u t n o t b y  Concn of solute (M ) 0 .0 6  0 .5  2 .5
th e  n o n e le ctro ly tic  p rocesses) a p p e a r to  b e fo rm ed  Atmosphere Nz Air Air
fro m  cy clo a lk y l c a tio n s 45 b u t n o t fro m  cy clo a lk y l moW" U H" 8 5 AS 6 0 .4 0  6 0 .4 0
ra d ic a ls  u n d er th e  re a c tio n  con d itio n s, b o th  an od ic  /0, .
o x id a tio n  an d  n o n ele ctro ly tic  ra d ica l re a c tio n s  of „  ,

, , j  • . . . .  , Cyclooctane 0 .4  0 .5  1
cy c lo o c ta n e  d e riv a tiv e s  m  aq ueous solu tion s p rod u ce Cyclooctene 1 1 1
cy clo o cte n e  an d  cy clo o cta n o l. N on eth eless, h y d ro g en  ¿ert-Butyl cyclooctyl 2 4 5
re a rra n g e m e n ts  (rev ealed  b y  d eu teriu m -lab el s cra m - ether'
bling) in  th e  an od ic o xid atio n  p ro d u cts  m ak e  i t  u n - Cyclooctanone 0 .1  0 .5  3 .0
lik ely  t h a t  cycioaik en e an d  cy cio aik an o i a re  fo rm ed  to  Cyclooctanol 0 .2  1 .9  3 .5
sign ifican t e x te n ts  from  ra d ica l in te rm e d ia te s  d uring a Mole ratios within one reaction mixture, relative to cyclo- 
electro ly sis . octene = 1 .  A secondary deuterium isotope effect was not de-

T h e  p ro d u ct d istrib u tio n  d a ta  for th e  e le ctro ly se s  tected in comparisons between labeled and unlabeled peroxy ester 

a re  su m m arised  in  T a b le  I .  A n aly sis  o í d eu teriu m  ^ * ^ ^ 5
the decompositions. Control experiments with cyclooctene and 

T a b l e  I cyclooctanol under conditions similar to the thermal decomposi-
R e l a t i v e  P r o d u c t  P r o p o r t io n s  f r o m  A q u e o u s  tions produced no hydration or dehydration, respectively, tert-

E l e c t r o l y s e s  o f  « - D e u t e r i o c y c l o a l k a n e c a r b o x y l i c  Butyl alcohol heated m  water and under pressure did yield 2 -
. . s methylpropene.

A c id s  ( C y c l o a l k a n o l  = 1 )

C y -  E s te r6
A c id  G e“  c lo - +  b i-  I  A B L E  I V

r in g  co lu m n , B ic y c lo -  C y c lo -  C y c lo -  a l-  cy c lo - T h e r m a l  D E C O M P O S IT IO N S  OF D IC Y C L O O C T Y L M E R C U R Y  IN
size te m p , ° C  a lka n e  a lka n e  a lken e  k a n o l a lk y l A Q U E O U S  S O L V E N T “ ’6

6 A, 86 0 .0  0 .0 5  0 .5  1 ~ 1  . .
IS, > 1 U U  P ro d u c t N 2 A ir

8 A, 120 0 .5 C Trace 2 .0  1 ~ 1  Cyclooctane 0 .5  0 .3
9 C, 100 0 .2  Trace 2 . 0 ¿ 1 ~ 1  Cyclooctene 1 .0  1 .0

®  0 .1  0 5 .O'1 1 Cyclooctanol 0 .6  0 .6
a Gc specifications; see ref 12. 6 Cycloalkyl cycloalkanecar- Cyclooctanone 0 .4  0 5

boxylate. 5 Bicyclo[3 .3 .0 ]-and-[5.1.0]octanes. <« cis +  trans. « Water:ferf-butyl alcohol, 85 :15  mol % ; 80°. 6 Mole ratios
of products, relative to cyclooctene =  1.

c o n te n t of s ta rtin g  acid s an d  c o n te n t an d  re a rra n g e 
m e n t in alkene an d  alcoh ol p ro d u cts  w ere acco m p lish ed  O f special in te re st is th e  larg e  p rop ortion  of o x y g e n a te d
b y  n m r sp ectro sco p y . T h e se  re a rra n g e m e n t d a ta  a re  p ro d u cts  form ed  in  th e se  re a ctio n s. P a r tic u la r  c a re
su m m arized  in  T a b le  I I .   ̂  ̂ w as ta k e n  to  exclu d e o xy gen  from  som e of th e se

T h e rm o ly ses  of com p ou n ds con tain in g  th e  cy c lo o c ty l th e rm o ly s e s ,10 an d  i t  seem s im p ro b ab le  t h a t  en ou gh
rin g sy s te m  w ere ca rrie d  o u t to  o b ta in  co m p a ra b le  o xy gen  w as p re se n t to  a cco u n t for th e  yield s of c y c lo -
ra d ica l p ro d u ct d istrib u tio n  an d  re a rra n g e m e n t d a ta . o c ta n o l an d  c y c lo o c ta n o n e .11 E v e n  th o u g h  i t  is
T h e rm a l d eco m p ositio n  of I I -d 8 in  aq ueous solu tion
yield ed  cy clo o c te n e  w ith  no re a rra n g e m e n t of th e  P h o to ly s is  and  p y ro ly s is  o f d ic y c lo o c ty lm e rc u ry  in  p e n ta n e  s o lv e n t

d eu teriu m  label d e te cta b le  b y  n m r an alysis. T h e  9^ 70920m s ) ^ ' '' A‘ C°Fe ^  J ' Englehart’ J * Amer* c/ie7n* jSw"
p ro d u ct d istrib u tion  d a ta  fo r th e rm a l d eco m p ositio n  (10) (a) R e a c tio n s  o f o rg a n o m e rc u ry  co m p o u n d s w i th  oxyge n  a re  re - 

of th e  u n lab eled  p e ro x y  e s te r  an d  d icy clo o c ty lm e rcu ry 9 Viewed b y  T . G . B r i lk in a  a n d  V . A . S h ushunov, “ R e a c tio n s  o f O rg a n o m e ta l-
i n  a n n o n n a  A ™  • r p „ u i __ T T T  J  t u  lie  C o m p o u n d s w ith  O xygen  a n d  P e rox id es ,”  A . G . D a v ie s , E d .,  C h e m ic a l
m  aq ueous solu tion  a re  show n in  T a b le s  I I I  an d  IV . R u b b e r P u b lis h in g  C o ., C le ve la n d , O h io , 1989, p p  5 8 - 6 3 . (b ) Because of

th e  d e co m p o s itio n  o f s o lv e n t w a te r  d u r in g  th e  e lec tro lyses , th e  ano d e  was 
S  T?ee re f  f ° r  a re p o r t  on  un la b e Ie d  acids, I -n. p ro b a b ly  a c o n t in u in g  source o f oxyge n  in  those  re a c tio n s . W e, nonethe less,
(6) F o r  re v ie w s  see (a) V . P re lo g  a n d  J . G . T ra y n h a m , in  “ M o le c u la r  R e - to o k  care  to  exc lude oxyge n  fro m  th e  th e rm o lyse s  in  o rd e r to  o b ta in  in fo rm a -

a rra n g e m e n ts ,“  P . de M a y o , E d .,  V o l.  1, W ile y - In te rs c ie n c e , N e w  Y o rk ,  t io n  a b o u t th e  b e h a v io r  o f a lk y l ra d ica ls  in  aqueous system s.
N .  Y . ,  1963, C h a p te r  9 , (b ) A . C . Cope, M . M . M a r t in ,  a n d  M .  A . M c K e rv e y ,  (11) O x id a tio n s  o f cy c lo o c ta n o l o r £er£-butyl c y c lo o c ty l e th e r to  c y c lo -
Quart.Reo. {London), 20, 119 (1966). oc tanone  b y  ra d ic a l re a c tio n s  are  exam ples o f re a c tio n s  w h ic h  a re  w e ll d o cu -

V  V w  f ° r  e xa m p le ’ W ’ A - P ry 0 r ’ “ Free R a d ic a ls >”  M c G ra w -H il l ,  N e w  m e n te d : (a) re f 7, p  12; (b ) E . S ta u d e  a n d  F . P a ta t,  in  “ T h e  C h e m is try  o f
°J ’ . . th e  E th e r  L in k a g e ,”  S. P a ta i,  E d .,  W ile y - In te rs c ie n c e , L o n d o n , 1967, p  74;
(8) T h e rm a l d e co m p o s itio n  o f £er£-butyl a lka n e p e ro x y c a rb o x y la te s  leads (c) G . A . R a su n a je w , in  “ V is ta s  in  F ree  R a d ic a l C h e m is try ,”  W . A . W a te rs ,

to  £er£-butoxy an d  a lk y l ra d ica ls : re f 7, p  105. E d .,  P e rga m on Press, N e w  Y o rk ,  N . Y . ,  1959, p p  225 f f .
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difficult to rationalize an apparent reaction between finger condenser immersed in an acetone-solid carbon dioxide
cyclooctyl radical and w ater to give cyclooctanol with kath ( — 78°), and finally through a preweighed U tube filled
previously summarized data on the behavior of radical W1Ahf h ! i l i ! r f ef  Ascante.
F ,  , .  , ., , , ,  , , ,  „ „ After the electrolysis had continued for 9 hr, dilute hydrochloric
interm ediates, it  does seem  th a t  th e  form ation  of aci(i was very  quickly added to the basic reaction mixture (to
alcohol product is n o t a  sure in d ica to r of a  ca tion ic  displace dissolved carbon dioxide), and the system was resealed
in term ed iate  in  th e  anodic oxidation of carb oxy lic  to force gasesto flow on through the system of traps. After 
acid s.4a,b In  th e  case of m edium  ring system s, b i- bubbling had ceased and the mixture had been purged for a

i ’i , , , , , ,  , , , , few minutes by the nitrogen stream, the U tube was weighed to
cycloalkane products appear to  be th e  m ore dependable determine the amount of carbon dioxide evolved. Based on the 
ind icator of ca tion ic  in term ed iates. number of coulombs passed through the respective electrolysis

solutions, the following yields of carbon dioxide were obtained: 
p a r t  B  from 1-6, 25% ; 1-8, 20% ; 1-10, 200% .14

The acidic reaction mixture was made basic with 1 M  sodium 
Experim ental Section hydroxide solution and removed to a separatory funnel. The

reaction vessel was washed with distilled water and ethyl ether 
The compounds used in all syntheses were reagent grade com- (100 ml of each), and these washings were also added to the sep-

mercial chemicals or materials on hand from previous work in aratory funnel. The basic aqueous layer was removed and set
these laboratories4t> and, unless indicated otherwise, required no aside for recovery of unreacted acid. The ether layer was ex-
further purification. The infrared (ir) spectra were obtained tracted twice with 50-ml portions of distilled water, and these
with a Perkin-Elmer Infracord Model 137 spectrometer and with washings plus the first aqueous basic layer were mixed, acidified
thin films on sodium chloride plates. The nuclear magnetic with dilute hydrochloric acid, and extracted with ether. This
resonance (nmr) spectra were obtained with a Yarian Associates second ether solution was dried over Drierite and concentrated
Model A-60A nmr spectrometer, usually with chloroform-d solu- under reduced pressure to give the following yields of recovered
tions ccntaining tetramethylsilane (TM S) as internal reference a-deuteriocycloalkanecarboxylic acids: I-6-d, 37% ; I-8-d,
(negative chemical shift indicates downfield). Mass spectra 36% ; I-9-d, 24% ; and I-10-rf, 86% .
(ms) were obtained from a Varian Associates M -66 mass spec- The first ether layer containing the neutral products of the
trometer by Cheryl White, and element microanalyses were electrolysis was dried and concentrated by rotary evaporation,
performed by R . Seab, both members of the technical staff of The residual liquid was analyzed by gas chromatographic (gc)
these laboratories. Several different instruments were used for and distillation techniques. Cycloalkane, cycloalkenes, bi
gas chromatographic (gc) analyses.12 cycloalkanes, and cycloalkanol15 were determined in the total

Deuterium Labeling of Cycloalkanecarboxylic Acids.13— A mixture by gc; the amounts of the less volatile cycloalkyl cyclo
mixture of cycloalkanecarboxylic acid, sulfuric acid-d2, and alkanoate and bicycloalkyl were estimated by distillation of the
water-d2 (1 :2 :1  mol ratio) was stirred at 90-100° for 5 -7  days reaction mixture. These individual products were identified
in a sealed vessel. The dark reaction mixture was extracted by comparisons of their ir, nmr, and gc data with those of au-
with pentane, and the pentane solution was washed with 1 M  thentic samples. The product distribution data are summarized
sodium hydroxide solution. The deuterated carboxylic acid in Table I.
was obtained by acidifying the basic wash with dilute hydro- Samples of cycloalkene and cycloalkanol, obtained by dis-
chloric acid, extracting into pentane, and removing the solvent filiation of the reaction mixture, were examined by nmr tech-
at reduced pressure. The extent of deuterium incorporation was niques. The extents of hydride shifts accompanying formation
always less than that calculated for complete equilibration and of these products were established by comparing the relative
was determined by nmr and ms techniques. The acids prepared, intensity of the H C = C  or HCOH absorptions with those of the
mole fraction of a-deuterium incorporated by one exchange, and rest of the alkene or alcohol molecule, respectively.16 These
yield were I-6-d, 0.20, 90% ; I-8-d, 0.60, 91% ; 1-9-d, 0.78, data are summarized in Table II.
85% ; I-10-d, 0.90, 60% . Electrolysis of Cyclooctanecarboxylic Acid in Binary Solvent.—

Electrolyses4« of a-Deuteriocycloalkanecarboxylic Acids. Cyclooctanecarboxylic acid (6.2 g, 0.04 mol), sodium hydroxide
General.'—A Kontes, K -25005,125-m l Universal Electrode Vessel (1.3 g, 0.035 mol), and 28 g of mixed solvent (60 mol %  water,
was fitted with the appropriate graphite ( + )  and copper ( —) 40 mol %  ieri-butyl alcohol) were mixed in the electrolysis cell
electrodes, nitrogen inlet and exit, and magnetic stirring bar. previously described. The electrolysis was run at about 0.06
The graphite anode had a surface area of about 3 cm2, smaller A (total current) and 80 V. The current density at the anode,
than the copper cathode. 0.02 A /cm 2, was lower than in the previously described electroly-

For each electrolysis, the current was initially adjusted to give ses because of greater resistance of the cell when the binary
an anode current density of about 0.05 A /cm 2 of exposed surface. solvent was employed. The electrolysis was run as described.
This current was supplied either with a bank of lead-acid storage After 17 hr, about 30%  (0.50 g, 0.011 mol) of the theoretical
batteries (22 V) through a variable resistor, or with a direct amount of carbon dioxide, based on coulombs passed through the 
current power supply that allowed variation of the voltage ap- solution, had been collected.
plied across the electrolysis cell. Normally the current through The usual work-up of the reaction was carried out except that
the cell varied during the course of the electrolysis as the resis- more water washings were employed to remove the ieri-butyl
tance of the solution changed and substrate was consumed. The alcohol. The neutral portion was analyzed by gc (D ,12 180°)
electrolysis was always initiated with slightly acidic solution. and found to contain cyclooctene, ieri-butyl cyclooctyl ether,
As the reaction proceeded, the solution became more basic (some- cyclooctanone, and cyclooctanol in relative amounts 0 .2 5 :7 :
times reaching a pH of 9 ). Product distributions did not vary 0 .1 5 :1 , respectively.
significantly with differences in the duration of the electrolysis, ieri-Butyl Cyclooctaneperoxycarboxylate (II).— The peroxy
(always greater than 20 V across the cell), or concentration of ester was prepared by the reaction of acyl chloride with sodium
substrate. -------------------

To help remove evolved carbon dioxide and volatile hydro- Several otfaer apparently difficult eleotrolyses in these la b o ra to rie s

carbons, nitrogen was introduced in a gently bubbling stream. have produced u n e xp e c te d ly  h ig h  y ie ld s  o f C 0 2, p ro b a b ly  fro m  o x id a tio n  of
After leaving the apparatus, the gas flowed through a drying th e  g ra p h ite  anode b y  oxyge n  fo rm e d  f ro m  th e  e le c tro lys is  o f s o lv e n t w a te r,

tube (calcium chloride or Drierite), then through & small cold (15) (a) xn a c o n tro l e x p e rim e n t s im u la t in g  e le c tro lys is  c o n d itio n s , a
-------------------------- m ix tu re  o f cyc lo o c ta n e c a rb o x y lic  a c id  (0.01 m o l) a n d  cyc lo o c te n e  (0.001

(12) A , M ic ro  T e k  M o d e l G C  1600 in s tru m e n t,  fla m e  io n iz a tio n  d e te c to r  m o l) in  7 g o f m ixe d  s o lv e n t (60 m o l %  w a te r, 40 m o l %  (e r f -b u ty l a lco h o l)
( F ID ) ,  V s in .  X  18 f t  c o lu m n , 10%  t r ic re s y l p h o sp h a te  on  6 0 -8 0  mesh C h ro -  d id  n o t  genera te  a n y  c y c lo o c ta n o l, even a f te r  b e in g  re flu xe d  fo r  3 days,
m osorb P . B , A e ro g ra p h  A u to p re p  M o d e l A -7 0 0  in s tru m e n t,  >/» in .  X  12 f t  (b ) A lth o u g h  a c tu a l y ie ld s  were se ldom  d e te rm in e d , th e  c o m b in e d  a m o u n t
co lu m n , 17%  e th y le n e  g ly c o l a d ip a te  on  8 0 -1 0 0  mesh C h ro m o p o rt  X X .  o f p ro d u c t was a lw a y s  s u b s ta n t ia l a n d  ro u g h ly  e q u iv a le n t to  th e  a m o u n t
C , B a rb e r-C o lm a n  ID S  M o d e l 20 in s tru m e n t,  F I D ,  1 0 0 -ft c a p il la ry  c o lu m n , o f c a rb o x y lic  a c id  consum ed in  th e  e le c tro lys is .
G E -9 6  s ilicon e . D ,  B e c k m a n  C C -5  in s tru m e n t,  F I D ,  »/« in .  X  10 f t  c o l-  (16) I n  a c o n tro l e x p e rim e n t s im u la t in g  e le c tro lys is  c o n d itio n s , a m ix tu re
u m n , 10%  C a rb o w a x  2 0 M  on  6 0 -8 0  m esh C h ro m o so rb  P . E ,  H e w le t t -  o f c yc lo h e xa n e ca rb o xy lic  a c id  (0.02 m o l), D jO  (5 m l, 0 .25  m o l) , a n d  a few
P a cka rd  700 in s tru m e n t,  F I D ,  « /» in .  X  9 .5  f t  c o lu m n , 10%  C a rb o w a x  2 0 M  drops o f 3 0 %  so d iu m  d e u te rio x id e  ( in  D jO )  s o lu t io n  was he a te d  a t  50 fo r
on 8 0 -100  mesh C h ro m o so rb  P . 14 h r . T h e  n m r  sp e c tru m  o f th e  recovered  a c id  gave no  ev ide nce fo r  a-

(13) A . M u r ra y ,  I I I ,  a n d  D .  L .  W illia m s , "O rg a n ic  Syntheses w i th  Is o - h yd ro g e n  exchange. I t  is, th e re fo re , im p ro b a b le  th a t  a n y  loss o f o la b e l
to p e s ,”  P a r t  I I ,  In te rsc ie n ce , N e w  Y o rk ,  N .  Y „  1958, p  1311. b y  exchange in  th e  a c id  (o r a n io n ) o ccu rre d  d u r in g  e le c tro lys is .
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¿ert-butyl peroxide.17 Cyclooctaneearboxylic acid,4« both with use of air instead of nitrogen, gave a product mixture almost
and without a-D label, was converted to acyl chloride18 [bp 9 9 - identical with that above (see Table IV ). In some other experi-
100° (8 mm)] by refluxing with thionyl chloride. The nmr ments for which a nitrogen atmosphere was used, the propor-
spectrum of the unlabeled acyl chloride included absorptions tions of oxygenated products were even higher (e .g ., cyclooc-
centered at —2.95 ppm (a-H ) and at —1.9 ppm (0-H ), but in the tene: cyclooctanol, 1 :3  and 1 :1 2 ).
spectrum of the labeled chloride the absorption at —2.95 ppm
was nearly absent and the one at —1.9 ppm was appreciably D icm ccin n
sharper. The unlabeled peroxy ester (II) was obtained in 57%
yield by removal of ethyl ether solvent on a rotary evaporator A n o d ic o x id a tio n  0 f th e  c y c lo a lk a n e ca rb o x y lic  ac id s  
and was not distilled: lr (film) 5.63 (ester C = 0 ) ,  7.25, 8 .4 , and . , . , , , ' , ,
9.3 nmr (CDC13) - 2.4  (m, 1 , CHCOa), - 1 .7 5  (m, 4 , CH2- Slves m o re  h y d ro ca rb o n  th a n  o x y g e n a te d  p ro d u cts ,  
CCOsR), - 1 . 4  (m, 10, CH2CH2CH2), and - 1 . 2  ppm (s, 9, an d , like solvolysis re a ctio n s  w h ich  h a v e  been  s tu d ie d ,6
CH3). A nal. Calcd for Ci3H 240 3: C, 68.3; H, 10.6. Found: p ro d u ct fo rm a tio n  from  th e  m ed iu m -rin g  sy ste m s, b u t
C, 67 .8 ; H, 10.6. . . n o t th e  cy clo h exan e  sv stem , is a cco m p a n ie d  b y  in te rn a l
f r o m ^ r  I m o g e n  re a rra n g e m e n ts . T h e  m ed iu m -rin g  aleoh ols
- 2.4  ppm and a sharper one at - 1.75 ppm than did the un- a re  fo rm ed  w ith  m o re  ex te n siv e  in tra m o le cu la r  re 
labeled ester. a rra n g e m e n t of d eu teriu m  th a n  a re  th e  alk en es (T a b le s

Thermal Decomposition of II.— A solution (0.056 M  in solute) I  an d  I I ) .  T h e se  re la tiv e  re a rra n g e m e n t d a ta  a re

? ’ ^ 2 «nm0l), £  4\ m\ ° f miXod soi vfenV n °  T v! s im ilar to  th o se  o b tain ed  in  th e  d e a m in a tio n  of 14C -tert-butyl alcohol, 60 mol % water) was refluxed for 8 hr without . , , . , . , , . ,
protection from the air. The mixture then gave a negative lab eled  cy clo n o n y l- a n d  cy clo d e cy la m m e s. T h e  d eu -  
potassium iodide test for peroxides.19 The reaction mixture te riu m  lab el in  cy clo o cte n e  ob tain ed  from  ra d ic a l
was diluted with pentane (50 ml) and washed with dilute sodium d eco m p ositio n  of I l -d  w as n o t re a rra n g e d . T h is
hydroxide solution. The organic layer was washed with five re su lt a lm o st c e rta in ly  en su res th a t  (re a rra n g e d )
50-ml portions of water to remove feri-butyl alcohol, the remain- ,, , , r ,, , , , .
ing organic solution was dried over Drierite, and the solvent was alk ene P ro d u f  from  th e  electro ly sis  re a c tio n  w a s  n o t
removed to yield about 1 g of neutral products. The sodium formed, d ire c tly  from  a  ra d ica l p recu rso r,
hydroxide wash solution was acidified, extracted with pentane, T h e se  d a ta  su p p o rt th e  su g gestion  th a t  th e  alcoh ol
and concentrated to yield 1.7 g (0.Oil mol, 50% ) of 1-8. Analy- a n d  alk ene e le ctro ly sis  p ro d u cts  a re  fo rm ed  fro m

» f '>nic in ta m e d ia te s .  T h e re  is p ro b a b ly  a  con u u or, 
and cyclooctanol20 present in the relative amounts 0 .5 : 1 : 2 : 0 .5 : in te rm e d ia te  w h ich  re a c ts , b y  p a th w a y s  h a v in g  d ifferen t
1.9, respectively. en erg y  req u irem en ts, to  give alk ene, a lcoh ol, re a r -

Other decompositions of this peroxy ester at different pres- ran ged  in te rm e d ia te , an d , to  a  su b sta n tia lly  lesser
sures, under different atmospheres, or for different lengths of deg ree, b icy clo alk an e. T h e  fa c t  th a t  a lcoh ol is
reaction time produced no significant variations in product dis- .  ,
tribution. Decompositions at higher and lower concentration fo rm ed  w lth  m o re  e x te n siv e  re a rra n g e m e n t th a n  is  th e
of substrate (see Table II I)  did suggest an influence on the prod- alk ene in d ica te s  th a t  th e  en ergies of th e  tra n s itio n
net distributions. s ta te s  fo r re a c tio n  of th e  cy c lo a lk y l c a tio n  fall in  th e

A solution (about 0.03 M  in solute) of Il-d (14.4 g, 0.063 mol) o rd e r : alk en e fo rm a tio n  <  alcoh ol fo rm a tio n  <  re 
in 200 g of solvent (85 mol % water, 15 mol %  ferf-butyl alcohol) nrr a n w m m t  nf nation  
was heated in a Parr medium-pressure autoclave under nitrogen ® . '
at 118° for 18 hr. The same products as above were obtained in A lte rn a tiv e ly , of cou rse , th e  p ossib ility  of different 
only slightly different ratios. Nmr analysis of the cyclooctene in term e d ia te s , possib ly  different ch a rg e  ty p e s , leading
isolated from the decompositions of labeled peroxy ester gave no to  d ifferent p ro d u cts  m u st be con sid ered . R e a c tio n s
indication of rearrangement of the deuterium atom label. p resu m ab ly  in volvin g c y c lo o c ty l ra d ica ls  in  aq ueous

Decomposition of Dicyclooctylmercury.— For 3 hr, nitrogen 1 , . . , , ' , . ,
was bubbled through 21 g of refluxing solvent (85 mol %  water, solu tion  yield ed  cy clo o c ta n e , cy clo o cte n e , a n d  u n -
15 mol % tert-butyl alcohol) to remove dissolved oxygen. The e x p e cte d ly  su b sta n tia l am o u n ts  of o x y g e n a te d  p ro d u cts
solvent was allowed to cool slightly. The flask was covered with (b u t no b icy clo o c ta n e ). S in ce d a ta  from  I l - d  re v e a l
aluminum foil, and, while the flask was being flushed with nitro- n o re a rra n g e m e n t in  th e  cy clo o cte n e  p ro d u ct, a n d
gen, freshly prepared dicyclooctylmercury9 (1.0 g, 2 .4  mmol) , , , , , , • , . , ,
was added. While a nitrogen atmosphere in the flask was being e le c tro ly tic  cy clo o cta n o l is m ore  e x te n siv e ly  re a rra n g e d
maintained, the mixture was stirred and heated at 80° (reflux) for th a n  e le c tro ly tic  cy clo o cte n e , b o th  e le c tro ly tic  p ro d u cts
40 hr. Extraction of the mixture with pentane, washing the m u st com e from  (n o n rad ical) in te rm e d ia te s  ca p a b le  of
pentane extract with water 4 times, drying over Drierite, and in te rn a l h y d ro g en  re a rra n g e m e n ts .

r r Va!8l SPt ef n by r° tary eVaP° rKation °-2 ? .° f prod:  S om e p ro d u ct fo rm a tio n  d ire c tly  from  c y c lo a lk y lucts. (borne metallic mercury was observed m the reaction vessel , .  , ^  J  .
after 40 hr.) The products were analyzed by ir, nmr, and gc ra d ica ls  m u st a cco m p a n y  th e  ca tio n ic  p ro cesses  d urin g
(E ,12 60 and 150°) methods. Cyclooctane, cyclooctene, cyclo- an o d ic  o xid ation s, h ow ever. R a d ica l  m e ch an ism s fo r
octanone, and cyclooctanol were detected in the relative amounts th e  fo rm a tio n  of cy c lo o c ta n e  an d  b icy clo a lk y l a re  q u ite
tect0ed :1 '0 :0 ‘4 :0 '6 ’ respectively- No bicycloalkanes were de- reason ab le . D isp ro p o rtio n a tio n  of cv c lo a lk y l ra d ica ls ,

6 Another experiment, duplicating that above except for the 0 r  ° th e r  hy d ro gen a b stra c tio n  re a c tio n s, w ill le a d  to
_______________  c y c l o o c t a n e  ( a  t r a c e  p r o d u c t ) ,  a n d  d i m e r i z a t i o n  o f  t h e

im p  ii .  , T „  „ , „ ,.  , radicals will produce bicvcloalkyl. Still, the amount
(17) P . D . B a r t le t t ,  R .  E . P in eock , J. H .  R o ls to n , W . G . Seh inde l, a n d  -  , r  - . "  . % , ’  . , ,

l . a . s in g e r, j .  Amer. chem. Soc., 87, 2 5 9 0  (1965). W e m o d if ie d  th e  p u b -  . 01  cy c lo o c ta n e  p rod u ced  d u rin g e le ctro ly sis  is to o  sm all
lish e d  p ro ce d u re  b y  us ing  e th y l e th e r ra th e r  th a n  te tra h y d ro fu ra n  as so l- for d isp ro p o rtio n atio n  alon e to  be resp on sib le  fo r th e

V T l 8 )  Use o f cyc lo o c ta n e c a rb o n y l c h lo r id e  as an  in te rm e d ia te  has been d i f f e r e n C e  i n  e x te n ts  of a p p a re n t re a rra n g e m e n t in  th e
re p o rte d  p re v io u s ly :  A . C . Cope, M . B u rg , a n d  S. W . F e n to n , ibid., 74, 173 CyClOOCteiie an d  C yclooctanol p ro d u cts , an d  m O S t  of
(1^ ? m ’ A - ° -H e U w ig a n d  u .  S ch u b e rt, z. chem., 4 , 2 2 7  (1964). t h e  c y c l o o c t e n e  m u s t  c o m e  f r o m  c a t i o n i c  i n t e r m e d i a t e s .

(19) A . I .  Voge l, A  T e x tb o o k  o f P ra c t ic a l O rg a n ic  C h e m is tr y ,"  L o n g - T i i  , 1  ,
m ans, G reen a n d  C o ., L o n d o n , 1 9 4 8 , p  1 6 1 . l n  s u m m a r y ,  w e  c o n c l u d e  t h a t  c y c l o a l k y l  r a d i c a l

(20) I n  a c o n tro l e x p e rim e n t s im u la t in g  p e ro x y  ester d e c o m p o s itio n  con- a n d  C a t i o n i c  p r o c e s s e s  i n  a q U e O U S  S o l u t i o n  C a n  p r o d u c e  
d it io n s , a m ix tu re  o f c y c lo o c ta n o l (4 g, 0.031 m o l) , c ru d e  I I  (1 g, 0.045 m o l),
a n d  100 g o f so lv e n t (85 m o l %  w a te r, 15 m o l %  ie r f-b u ty l a lco h o l) was

he a te d  fo r  2 days a t  125° (50 ps ig ) in  a P a a r m e d iu m -p re ssu re  a p p a ra tu s . (21) See re f 6a. T h e  e x te n ts  o f “ C re a rra n g e m e n t in  a lke n e  a n d  a lco h o l
A n a ly s is  (n m r a n d  gc) o f th e  re a c tio n  m ix tu re  p ro v id e d  no evidence fo r  th e  p ro d u c ts  fro m  so lvo lys is  o f c y c lo n o n y l to lu e n e s u lfo n a te  were e sse n tia lly
d e h y d ra tio n  o f cy c lo o c ta n o l to  cyc looc tene . equ a l.
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q uite  sim ilar p ro d u ct m ix tu re s . A n o d ic o xid ation  of a rra n g e m e n ts  an d  co m p e titiv e  p ro d u ct fo rm atio n  
carb oxylic  acid s a t  a  ca rb o n  an od e p ro d u ces  p ro d u cts  sim ilar to  th o se  from  am in e d eam in atio n s, 
from  b o th  ra d ica l an d  ca tio n ic  in te rm e d ia te s , b u t th e
cationic pathway is the major one. W ith cycloalkyl Registry N o —II , 25023-19-2: cyclooctanecarboxylic
systems, the cations undergo internal hydrogen re- acid, 4103-15-5; dicyclooctylmercury, 21406-57-5.

Heterocyclic Studies. 33.
5-M ethyl-6-phenyl-l,2-diazabicyclo[3.2.0]-2,6-heptadien-4-one. Thermolysis to

4-M ethyl-5-phenylpyridazine1

E ugene J .  V ölker, M elvin  G. P l e iss , and J ames A. M oore*

Department o f  Chemistry, University o f  Delaware, Newark, Delaware 19711 

Received Ju n e  J,, 1970

The preparation and properties of the title dienone 2 are described. The dienone is quite stable to hydrolysis; 
addition occurs with borohydride and methyllithium to give dienols. Thermolysis of 2 at 475° gives 4-methyl-5- 
phenylpyridazine; a mechanism involving a diazatropone intermediate is discussed. The thermal stability of 2 
and the related diazabicyclo[3.2.0]-6-heptenone I and diazabicyclo[3.2.0]heptanone 19, prepared by hydrogena
tion of I (R =  Ac), are compared. The dimer of 2-methyl-3-phenylcyclopentadienone is described.

Part A —40°, reduction with borohydride gave a small amount
As previously reported/ the 1,2-diazabicyclo[3.2.0]- ° J  3 a* d\aS the m aj°5 Product the secondary alcohol 

heptacienone 2 is obtained as a by-product in the whlf  Was further reduced to 3 at higher
photochemical preparation of la  and can be prepared empe^ ure, suggesting that 3 may arise rom 2 by 
by the base-catalyzed elimination of toluenesulfinic Methyllithium at - 7 0 °  also added
acid from lb . In  this paper are described the details of Se| f f e,ly to the carbonyl group to give 4b. The 
,,, ,■ , ,, , • - ,. - . enao-hydroxyl conhguration in 4a,b is assumed on thethe preparation and the chemical properties of 2 . , • i  ,, , , ■, , . \m ,’ . • , , r  ̂ basis of exo attack ot hydride; this has been establishedlh is  strained polyfunctional dienone appeared at the • ,
outset to offer possibilities for reactions of several types. m , th? rf du? lon °  , la  to f a c t io n s  with acetic
Compounds containing the transoid cyclic unit anhydride, Grignard reagents a phosphorus yhde, or
- N = C - C = 0  are not well known, and the few examples organollt'hlum compounds at higher temperature gave

u. r u u -u l • , , • , mixtures ol starting material and several productsthat have been described are quite prone to solvolysis3 , . , , , , - n  r ,,
or dimerization,4 particularly in the absence of a "  .^ r e  not resolved From this survey of the
substituent on the central carbon atom. The mono- reactl,Vlty ° f 3  t\e only dearly defined pathway ob-
„  • , . 1 0  , • , ■ ,, , served is nucleophilic addition at the G-4 carbonylmeric structure of 2 , which is consistent with the solu- , K , , T m ^  ., -r , , i , ,, j  a j  group; the azetme and -N = G -C = 0  systems arebnity and volatility of the compound, was confirmed • ■ , . , , , J
1 , 1  , , ■ , . . , , , surprisingly resistant to soivoiytic attack,by the mass spectrum, which contained no peaks above
m /e  200 (P + 2). CH3 H CH3 R

Ph. I Phv I

f  f  pS  f  ?  n \ ' 0 H m \ ohn \ o \ Lv
— N\  A  — N\  y  h

3 4a,R = H
la,R=H 2 b,R = CH3

b, R p-CH,C3H,S02 One of the main points of interest in the chemistry

Contrary to expectation, 2 proved to be relatively °!. 2 +waS the possibility of thermal conversion to a 
inert; the dienone was recovered largely unchanged diazatropone by ring opening analogous to the isomer-

e. a  • , 1C , • ,?  ,. ,. ization of bicyclo 3.2.0 -2,6-heptadienone to tropone.6after refluxing for 16 hr with methanolic sodium “ . , , , . \•, ... ,i i ■ . i I ,  . ,  The dienone 2 decomposed sfowly in refluxing toluenemethcxide or with methanolic hydrochloric acid. , . . , , ■ ■ ,, ,rr, , , c „ ... ,. , , , •, , to give a mixture containing apparently polymericTreatment of 2 with sodium borohydride at room . . TT ,. „ . , , ... , ' “
temnerature leads to the saturated alcohol 3  3 At material. Heating 2 in higher boiling solvents or mICIIlUcIdtUIc IcdiUö l/U lilt) ödillllttlcU cHUtlllUl J . i l l  1 1  i Ti* , • , i 1 -i 'isealed ampoules, or sublimation through a glass coil 

* To ivhom correspondence should be addressed. at temperatures up to 320 similarly caused incomplete
(l) Supported by Grant No. gp-9322 from the National Science Founda- conversion to material showing broad featureless nmr

tl0(2) M. G. Pleiss and J. A. Moore, J. Amer. Chem. Soc., 90, !369 (1908). absorption. However, mixtures from pyrolysis at
(3) 3-Oxo-2-phenylindolenine, R. J. Richman and A. Hassner, J. Org. hlgllGr tGITipGrRturG sllOWGCi GVid.GIlC6 of tWO products,

Chem., 33, 2548 (1968); i-aikyi-i,2-diazepin-i-one, j . a. Moore and w. j . anc[ these were isolated from a preparative scale
Theuer, ibid., 30, 1887 (1965); imidazolinedione, E. Goldstein and D. Ben- i , • r ~ • j
Ishai, Tetrahedron Lett., 2631 (1969). pyrolysis in which a benzene solution of 2 was vaporized

(4) E. D. Hannah, W. C. Peaston, and G. R. Proctor, J. Chem. Soc. C, into R h-Glix-pRCkcd. COllHM! llGätGd. to 475°. AftGI
1280 (1968), and earlier papers.

(5) J.-L. Derocque, W. J. Theuer, and J. A. Moore, J. Org. Chem., 33, (6) P. R. Story and S. R. Fahrenholtz, J. Amer. Chem. Soc., 87, 1623
4381 (1968). (1965).



removal of hydrocarbons derived from the solvent, obtain the benzodiazatropone 9 11 or a monocyclic 
a crystalline solid A was isolated in 3%  yield and, as azatropone12 were unsuccessful.
the main product, 4-methyl-5-phenylpyridazine (7) was Rees and Yelland recently observed the formation of 
obtained in 30%  yield. These two products accounted tetraphenylpyridazine (60% ) and tetraphenylcyclo-
for all of the clearly resolved peaks in the nmr spectrum pentadienone ( 1 % ) in the oxidation of 1 -am inotetra-
of the total reaction mixture. The structure of the phenyl-2-pyridinone at room temperature, and consider
minor product A, C24H 20O2, is not known (see P art B ) . it likely that these products arise by thermal elimination

In an attem pt to effect valence isomerization at a of CO and N2, in respectively concerted and non-
lower temperature, the dienone 2  was refluxed with concerted processes, from the 2,3-diazatropone 1 2 . 13

excess silver tetrafluoroborate in dioxane and with The nature and relative amounts of products suggest a
methanolic cuprous chloride. These transition metal similarity in mechanism between this reaction and the
salts have been found to catalyze the thermal ring thermolysis of 2 . If these reactions proceed via
opening of fused cyclobutene systems when a concerted diazatropones, it seems quite remote, from the for-
disrotatory process is sterically inaccessible.7 No mation of 13 a t 25°, that a diazatropone could be
significant reaction was observed with 2  under these isolated from any reaction requiring elevated temper-
conditions, however. atures.

Although no intermediates or other direct evidence 
are available, we presume th at the pyridazine 7 is
formed by ring opening of 2  a t 350-400° (discussed in 1 1

P a rt B ) followed by valence isomerization of the
diazatropone 5 and extrusion of CO. These steps have || I — *■ | |
been observed with carbocyclic compounds. Bicyclo- P h '^ 'N '^ O  P h ^ ^ N -^ O
[3.2.0]-2,6-heptadien-4-one rearranges quantitatively | ^ |
to tropone at 3 0 0 ° ,6 and the conversion of tropones to NH2 N;
benzenes, presumably via bicyclo[4.1.0] intermediates, 10 11
occurs at 6 0 0 -7 0 0 ° .8 The possibility that 2  undergoes ph *  Ph
thermal rearrangement directly to 6  is not excluded. I 1

Phy V Ph P h ^ A n > h

1 "A/"0
-  u  12 -  x *

2 J  p h A ^ O o

<Jh 3 ch3

P h ^ A  P h ^ X ~ °

i P i  Minor Pyrolysis Product (A).— The characterization
N 1 of this compound was limited by the small quantity

7 L 6  J  available. Analysis and nmr data indicated a composi
tion C24H 20O2, corresponding to loss of both nitrogen 

Part B atoms from 2 and dimerization. The spectra of A [ir

The Stability of A zatropon es.-If the diazatropone 5 f . 7I’ O  
is the precursor of 7, it must be considerably less stable T 1 f t  , ,  if „ 0  Z)
than carbocyclic tropones. This inference is consistent ,  ~  ' ’ \ z’ . ’ ’ b" .  7  , ŝ> 7  , ,
with the hmited data that have been reported on aza- or (m ’ 5) wf e Part similar to ,those expected for
diazatropones comparable to 5, containing only sp2 a methylphenylcyclopentadienone dimer These Inn-
nitrogen atoms. The dibenzo[c,/]-l,2-diazepinone 8  [ted data, and the possible parallel with the dienone 14

isolated from the presumed diazatropone 1 2 , 13 prompted 
O 1-  -1 comparison with an authentic sample of the dimer of

—v fi 2-methyl-3-phenylcyclopentadienone, which would arise
f O T  \ = o  by extrusion of N2 from the diazatropone 5.

_ /  2-Methyl-3-phenylcyclopentenone14 (15) was bro-
'N=N _ \  _ minated wuth N B S ; the nmr data establish the 4-bromo

8 9 structure 16. Treatm ent of 16 with boiling triethyl-
amine gave the dimer 17. The spectral data, in- 

has been characterized , 9 but a compound to which a eluding all of the coupling constants, can be compared
dibenzo[6 ,d]azepinone structure was assigned has with those reported recently for several cyclopentadi-
recently been found to be a dimer, 4’ 10 and attem pts to

(11) J. A . B a r lt ro p ,  C . G . R ic h a rd , D .  M .  R u sse ll, a n d  G . R y b a c k , J.
(7) W . M e rk  and  R . P e t t i t ,  J. Amer. Chem. Soc., 89, 4788 (1967). Chem. Soc., 1132 (1959).
(8) T .  M iy a s h i,  M .  N i t ta ,  a n d  T . M u k a i,  Tetrahedron Lett., 3433 (19 6 7 ); (12) N .  A . E va n s , R . B . Johns, a n d  K .  R . M a rk h a m , Aust. J. Chem., 20,

T .  M u k a i,  T .  N a ka za w a , a n d  K .  O ka ya m a , ibid., 1695 (1968). 7 1 3  (1967).

(9) R . B . John s a n d  K .  R . M a rk h a m , J. Chem. Soc., 3712 (1962). (13) C . W . Rees a n d  M . Y e lla n d , Chem. Commun., 377 (1969).
(10) R . G. C o oke a n d  I .  M .  R u sse ll, Tetrahedron Lett., 4587 (1968). (14) H .  O. H ouse a n d  R . L .  W asson, J. Org. Chem., 22, 1157 (1957).
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enone dimers, 16 and uniquely define the endo-3,10-dione To extend this series, the diazabicycloheptanones 19 
structure 17. and 2 0  were prepared by hydrogenation of 1, R  =  Ac,

The synthetic dimer 17 was distinctly different from with a palladium catalyst. Approximately equal
the thermolysis product A. Although the ir stretching amounts of the stereoisomeric ketones, 19 and 2 0 ,
frequencies and the nmr proton groupings are very were obtained and were readily separated by crystal-
similar for the two substances, the single low field lization. Configurational assignments were based on
signal and the rather simple proton couplings in the the large upfield nmr shift of the C H 3 in 19 due to the
nmr spectrum of A rule out a homodimer of any of the eclipsing 5-e.rc-phenyl group. 6 Hydrogenation of the
six isomeric methylphenylcyclopentadienones. The unstable ketones 1 , R  =  H and C H 3, led to air-sensi-
unlikely possibility that compound A arose from a tive mixtures which could not be separated,
subsequent thermal rearrangement of 17 was ruled out
by pyrolysis of 17 at 350°. The product was not Ph CHl 0  p h ^  CHs 0  H* 3 o
fully characterized, but the ir suggested decarbonyl- \ ------------ /  / i -------------f  ------------- f
ation, as expected ; 16 compound A was not detected. —

CH3 CH3 | ] 2 n Ac
I Ac Ac 20

ph^ A y A )  NBS» 1, R = Ac 19

'■jjr Br— j— r—H s3Q2 The stabilities of the unsaturated ketone 1 (R  =  Ac),
jj pj ’ dienone 2, and the saturated ketone 19 were compared

j545(ra) a t 80° in chloroform solution. Isomerization of 1
l6  (R  =  Ac) to the diazepinone 2 2  (R  =  Ac) was 30%

/ complete after 48 hr and over 90%  after 310 hr. The
3 /  diazadienone 2  decomposed, probably by polymer-

q *  ization, to the extent of 4 0 -5 0 %  in 300 hr; 19 was
jj i,57 (S) unchanged.

7 4 5 or73 CH H 2.7 9 (d - ^ s )  I t  has been suggested16 that the facile isomerization
6 " V j ,  ¡ > < / H 4.oo(m) 6 of the enones 1  to 2 2  may occur by orbital symmetry

603 H-— =o allowed conrotatory thermal ring opening, permitted
(dAl>s) H \ 5 J  by inversion of the bridgehead nitrogen atom. We

H’7 326 /  \ in- have viewed the lability of 1  (R  =  H or Me) as a
(overlapping c 6H5 CH3 i8i (d — *■ s) consequence of interaction of the unshared electron
ddkA-d) 7,3 or pair at N-2 with the carbonyl group in a dipolar

H'8 7.45 (s) transition state (2 1 ) . 6 The rates of isomerization are
17  dependent on solvent and on the electron-releasing

J 2i6 =6.3 Hz, J 6,7 = 4.5Hz, J 7>8 = 3.9Hz, J 4Ch3, 6= 1.6Hz ability of the R  group; the rate of isomerization of 1,
ir: C-3, vco  1680 cm-1, C-10, ¡/co 1770  cm“1 R  =  Ac, is many times slower than that of 1, R  =  CH.3.

Furthermore, debridging does not occur with the 
FA = Spin decoupling by irradiation of H-6 corresponding alcohols. In this mechanism, the A6

double bond is required for dissipation of charge as the 
The spectrum of A would be best accommodated by product develops, 
structure 18, but the structure cannot be specified
from the evidence available, nor can it be stated i 1

whether this product arises from the diazatropone 7 or pu 3 q  %r-----— —
by some other decomposition process of the dienone 2 . jj [ ||___

O L n V  ^  •*

KX ! R c H. 1 /  21 R

CH3 /  CH3

R jT ^ C t P r ,  ph x J ^ O  ^  P h ^ X / O “

18, R, R' =CH3 and C6H6 ^  \  + )
'N-isr N=N

The Mechanism of Ring Opening of Dienone 2  and | |
Related Diazabicyclo [3.2.0 Jheptanones.— The results of R 2 2  R
the thermolysis of 2  indicate a significant activation
barrier for ring opening of this [3.2.0] system, and invite ^he thermal isomerization of eucarvone (2 3 )17 
comparison of the thermal stability of 2  with that of an(j  the dienone 256 have been carried out at 320 and
some related compounds. Of particular interest are the 3 0 0 °, respectively; these qualitative data suggest no
diazabicyclo [3.2.0Jheptenones 1 , R  =  H, or C H 3, which major effect in the activation barrier for ring opening
rapidly isomerize to the diazepinones 22 at room 0f these ketones due to the second double bond in 25.
tem perature .6

(16) R . B . W o o d w a rd  a n d  R . H o ffm a n n , “ T h e  C o n s e rv a tio n  o f O rb ita l

(15) E . W . G a rb isch , J r . ,  a n d  R . F . Sprecher, J. Amer. Chem. Soc., 91, S y m m e try ,”  V e rla g  C hem ie, W e in h e im /B e rg s tr . ,  G e rm a n y , 1970, p 51.
6785 (1969). (17) G . B u c h i a n d  E . M .  Burgess, J. Amer. Chem. Soc., 82, 4333 (1960).
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K in e tic  m e a su rem en ts  of th e  iso m erizatio n  of 2 7  an d  The experiment described was the best run. In other runs,
2 9  h a v e  show n t h a t  th e  second  double bond low ers th e  longer reaction times (up to 48 hr) were required for complete

a c tiv a tio n  en ergy  fo r th e  d is ro ta to ry  rin g  opening b y  6  P“ h S £  T i o Z l S f S S
k cai, th e  difference being a ttr ib u te d  to  allylic s ta b i- would probably be suitable.
liza tio n  of a  d irad ical in te rm e d ia te . 18 R in g  opening of The semicarbazone of 2 was prepared with semicarbazide
b icy clo [?l.2 .0 ]alkenes su ch  as 2 7  h as m o re  re ce n tly  acetate in the usual way: yellow crystals from methanol; mp 
been su g gested  to  o ccu r b y  in itia l co n ce rte d  c o n ro ta to ry  222- 225 ^ec -

, , r  o , /  j  , , .  , , . ,  A n al. Calcd for Ci3H 13NsO: C, 61.28; H, 5 .18; N, 27.15.
e le c tro c y c h c  re a c tio n  follow ed b y  l ,o -h y d n d e  sh if t . 19 Found: C 61.06- H 5 .1 3 - N 27 44

. Reduction of 2 with Sodium Borohydride. A. Room tem -
n  JL n perature.— Solutions of 100 mg (0.5 mmol) of 2 in 4 ml of ethanol

-------------- and 35 mg of NaBH< in 0.6 ml of 2 :1  E tO H -H 20  were mixed
| | — *■ / \ and allowed to stand at 25°. After 8 hr, excess hydride was

\\ /  decomposed with HC1 and the mixture was neutralized with
/ \  7 \  bicarbonate. The white solid was then collected, giving 74 mg
23 2 4  (72% ) of the carbinol 3, mp 208-210° dec; ir matched with

sample prepared by reduction of 1 (R = H ).6 
_ B. At —40°.— A solution of 500 mg of dienone 2 in 40 ml of

methanol was cooled to - 4 0 °  and a solution of 97 mg of NaBH 4 
— ► /  \ in methanol was added, with stirring, during 30 min. After

/ /  stirring at - 4 0 - 5 0 °  for 30 min, acetic acid was added and the
2g 26 solution was warmed to room temperature and concentrated.

W ater and CH2C12 were added and an insoluble solid was re
moved; this was 34 mg (7% ) of the saturated alcohol 3. The

O  organic phase was washed, dried, and evaporated. Dilution of
the oil with pentane gave 164 mg (32% ) of 4a, mp 161-163°. 
Recrystallization from methylene chloride gave white crystals: 

27 9a mp 163-164°; v™’ 3300 c m '1; 50DCla1.76 (s, 3), 2.42 (broad, 1),
"  4.72 (broad, 1), 7.09 (s, 1), 7.29 (m, 1), 7.35 ppm (s, 5).

O A nal. Calcd for C12H12N20 :  C, 71.98; H, 6 .04; N, 13.99. 
Found: C, 71.65; H, 6.28; N, 13.82.

4-e:co-5-Dimethyl-6-phenyl-l ,2-diazabicyclo [3.2 .0 ] -2 ,6 -hepta- 
dien-4-ol (4b).— To a solution of 600 mg of 2 in 30 ml of 

29 30 ether at —80° was added 3.4 mmol of methyllithium in ether.
After stirring for 7 hr at —80°, the solution was warmed and 

In  c o n tra s t  to  th e  rin g opening of th e se  ca rb o c v c lic -  treated with aqueous ammonium chloride. After washing and
[3 .2 .0 ]h ep ten es an d  h ep tad ien es, th e  A2 double bond drying, the organic layer was evaporated to give 400 mg (62% )

in  2 h as a nrofound stahilizino- effect in th e  1 9  Hi ° f oolorless crystals of 4b, mp 153-155°. This material was1 n as a  p roto u n d  Stabilizing effect in  th e  1 ,2 -d l- recrystallized from methylene chloride-ether: mp 154-155°;
azah ep ten on e series, in d icatin g  an en tire ly  d ifferent aCDC1, 1.52 (s, 3 ), 1.66 (s, 3 ), 7.01 (s, 1 ), 7.14 (s, 1 ), 7.34  ppm (s,
m ech an ism  for th e  th erm o ly sis  of 1 an d  2 . N e ith e r 5).
n itro g e n  in version  n or p a rtic ip a tio n  of N -2  is a v ailab le  A nal. Calcd for C,3HuN20 :  C, 72.87; H, 6 .59; N, 13.08. 
in  th e  d iazadien on e 2 ;  rin g opening to  5 m u st o ccu r b y  Fo~“ d: C, 7 2 ./o ; H, 6 .66 ; N, 12.96.
. s  , , /  Thermolysis of Dienone 2.— The apparatus consisted of a
a  p a th w a y  w ith  an  a c tiv a tio n  en erg y  co m p a ra b le  to  helix-packed l x  15 cm Pyrex tube with a heating coil and outer 
th a t  Oi th e  dienone 2 5 . jacket filled with sand. The tube was heated to 450-475° (ther-

mometer in sand). A solution of 3 g of the dienone in 3 1. of 
Pvn orim on tol benzene was dropped into the heated tube during a period of
■E-xpenmemai s e c tio n  about 20 hr; the effluent was condensed in ice. After filtration

5-Methyl-6-phenyl-2-p-toluenesulfonyl-1,2-diazabicyclo [3 .2 .01- to remove particles of dark solid, the solution was evaporated
6-hepten-4-one (lb ).— A solution of 0.50 g of dihydrodiazepinone aad th® res|dual dark oil> in benzene-ether solution was poured 
22 in 250 ml of MeOH was irradiated in sunlight5 for 30 min and ™ gh a. sh° r* column of 16 S of slllclc acld-
evaporated in  vacuo to a homogeneous (tic) pale yellow oil. ,  .% fractions from this chromatogram, containing 1.7
Treatment of this oil with 4.5  ml of pyridine and 520 mg of v- g, °* material, were chromatographed on a column of 120 g of 
toluenesulfonyl chloride for 2 hr followed by addition of water alumina. Evaporation of the initial hexane eluate gave 0.9 g
and the usual isolation gave 707 mg (80% ) of lb in two crops. 0t blPhenyl, mp 65 , and 0.3 g of yellow oil. _ This oil was chro-
Reerystallization from methanol gave white needles: mp 151- matographed again on 22 g of silicic acid to give 160 mg of crys-
152° dec; X“.'JH 224 mM (e 21,000), 266 (19,000); „KBr 1750 1340 talS’ m?  . 89 > corresponding to 3%  of compound “A ” . Re-
and 1165 (S 02); «CDCla 1.12 (s, 3), 2.45 (s, 3), 4ffl0 (d /  = ’ 4 H z ’ crystallization from methylene chloride-pentane gave crystals
2), 6.72 (s, 1), 7 .2 -8 .Oppm (m, 9). ’ ’ ’ with mp 88-95°; from ether-pentane, the mp was 127-130°; for

A nal. Calcd for C19H18N2OsS: C, 64.40; H, 5.12; N, 7 .91. spectral properties, see discussion.
Found: C, 64.25; H, 5 .05 ; N, 7 .69. A nal. Calcd for C24H20O2: C, 84.68; H, 5.92. Found:

5-Methyl-6-phenyl-l .2-diazabicyclo[3.2 .0 ]-2 ,6-heptadien-4 -one C, 84.57; 11,6.69.
(2 ).— To a suspension of 2.13 g (0.04 mol) of sodium methoxide , resldue from the later fractions from the first silicic acid 
in 150 ml of toluene (Na dried) was added a solution of 2.05 g of column, 1.7 g, was rechromatographed in benzene solution on
lb (0.0055 mol) in 100 ml of toluene. The mixture was stirred 36 g of slllcic acid‘ The main. fractions were evaporated to give
for 24 hr under nitrogen at 25° and water was added. The tolu- mg (33% ) of colorless solid, mp 81-84°. Recrystallization
ene layer was washed, dried, and evaporated to a yellow oil ether~pentane followed by sublimation, gave colorless
Crystallization from hexane gave pale yellow prisms of 2 : 0.99 g crystals of 4-methyl-5-phenylpyridazme: mp 8 1-82°; 5CDC1,2.36
(85% ); mp 70°; x“ e°H 265 mM U 17,000), 342 (370); >/KBr 1730 7 f 5-7-55 (m, 5), 9.00 (s, 1), 9.07 ppm (s, 1) (the two low
cm “1; 5CDCIa 1.73 (s, 3), 7.20 (s, 1), 7.37 (s, 5), 7.83 ppm (s 1)- held singlets were somewhat broadened, TF1/2 =  2H z). 
mass spectrum (70 eV) m /e  (rel intensity) 198 (57) 170 191 *143 A nal. Calcd for CnHioN2: C, 77,62; H, 5.92; N, 16.46.
(10), 129(4), 116 (19), 115(32), 102(100). ’ ’ Found: C, 77.35; H, 6.02; N, 16.45.

A nal. Calcd for C12H10N2O: C, 72.71; H, 5.09; N, 14.13. . T ne P irate  was^crystallized from alcohol, mp 136-137°. The
Found: C, 72.86; H, 5.02; N, 13.82. ’ ’ lr spectrum was identical with that of a previously prepared
------------------- ’ ’ sample.20

(18) M .  R . W il lc o t t  a n d  E .  G oe rla n d , Tetrahedron Lett., 6341 (1966). _______________
(19) J . J . B lo o m fie ld , J . S. M c C o n a g h y , J r . ,  a n d  A . G . H a rtm a n n , ibid.,

3723 (1969). (2 0 ) B ly  ̂ Z o ]-̂  &nd  ̂ A  Moor(Si j  0 r ff  Chem., 29, 2128 (1964).

3618 J .  Org. C h em ., V ol. 3 5 , N o . 1 1 , 1 9 7 0  Volker, Pleiss, and M oore



4-Bromo-2-methyI-3-phenyl-2-cyclopentenone (16).—A solu- at 105° (1 mm) gave colorless crystals of 2-acetyl-5-methyl-6- 
tion of 100 mg of 2-methyl-3-phenyl-2-cyclopentenone in 3 ml of ezo-phenyl-l,2-diazabicyclo[3.2.0]heptanone (19): mp 114-115°; 
carbon tetrachloride was treated with 103 mg of V-bromosuc- »KBr 1750, 1670 cm-1; SCCDla 0.89 (s, 3), 2.30 (s, 3), 3 .5 -4 .7  (m, 5), 
cinimide. After 1 hr refluxing, a rapid reaction was observed; 7.42 ppm (s, 5).
the succinimide which separated was collected and the filtrate A nal. Calcd for CuH i6N2Os: C, 68.83; H, 6 .60 ; N , 11.47.
was evaporated to an oil which crystallized to give 140 mg (96% ) Found: 0 ,6 8 .9 7 ; H, 6 .56; N, 11.52.
of off-white solid, mp 6 8-75°. Recrystallization from ether- The mother liquor from 19 was concentrated, and 290 mg of
pentane and sublimation gave 16 as white crystals: mp 8 9-91°; crystals, mp 94-96°, was obtained after standing at 0 ° . Re-
phBr 1705 cm “1; 8CCU 1.88 (d, 3, J  =  1.5 Hz), 3.01 (m, 2 ), 5.45 crystallization of this material and final sublimation gave 2-acetyl
(m, 1), 7.45 ppm (s, 5 ). 5-methyl-6-en<fo-phenyl-l,2-diazabicyclo[3.2.0]-4-heptanone (20)

A nal. Calcd for Ci2H nBrO: C, 57.61; H , 4 .27. Found: as white crystals: mp 94^96°; jABr 1760 cm “1; 5CDCl3 1.47 (s>
0 ,5 7 .3 9 ;  H, 4 .41. 3), 2.21 (s, 3), 3 .6 -4 .6 (9 lines, combination of C-3 CH2, H -6

2-Methyl-3-phenylcyclopentadienone Dimer (17).— A solution and C-7 CH2), 6 .9 -7 .4  ppm (m, 5). 
of 46 mg of bromo ketone 16 in 2  ml of triethylamine was refluxed A nal. Calcd for ChH i61S[20 2: C, 68.83; H, 6 .60; N, 11.47.
for 1 hr. The mixture was diluted with benzene and 32 mg of Found: C, 69.08; H, 6 .78; N, 11.37.
triethyiammonium bromide was collected by filtration. Re- Thermal Behavior of 1 (R =  Ac), 2, and 19.— Solutions of 15
moval of solvent gave a colorless oil which crystallized from ether- mg of the three ketones in 0.3 ml of CDCh were sealed under
pentane to give 12 mg (38% ) of colorless crystals, mp 161-163°. nitrogen in nmr tubes and then heated in an 80° bath and spectra
Recrystallization from methylene chloride-ether gave the dimer were recorded at intervals. 1 (R  =  A c): After 48 hr, conversion
17, mp 163-164°; for spectral data, see structure. to the diazepinone 22 (R =  Ac), was 30%  complete; after 90 hr,

A nal. Calcd for C24H20O2: C, 84.68; H, 5.92. Found: conversion was about 50% ; aRer 310 hr the spectrum was essen-
C, 84.86; H, 5.90. tially that of 22 (R  =  Ac) with about 5%  of 2 (R  =  Ac) and

Hydrogenation of 2-Acetyl-5-methyl-6-phenyl-l ,2-diazabicyclo- negligible impurity peaks. 2 : After 260 hr, the only sharp peaks
[3.2.0]-6-hepten-4-one.—A solution of 900 mg of ketone 1 (R in the spectrum were those of unchanged 2; very broad signals
=  Ac) in 90 ml of ethyl acetate and 90 mg of 10%  Pd-C  catalyst comprising about half of the total integral were present at 5
was shaken with hydrogen at atmospheric pressure until the 1.8 -2 .2  and 7 .2 -7 .6 . 19: The spectrum was unchanged after
uptake of 1 mol of H 2 (1 hr). After filtering off the catalyst, the 270 hr at 80°.
solution was evaporated to a colorless oil. The nmr spectrum of 
this oil showed that the starting ketone was absent; the C-5
methyl peaks of the two isomeric dihydro ketones were of essen- R e g is try  N o .— lb , 2 6 4 3 9 -9 1 -8 ; 2 , 2 1 0 3 9 -4 9 -6  • 2 s e m i-  
tially equal size The oil was seeded with a crystal of product c a rb e z 0 ne, 2 6 4 3 9 -9 3 -0 ; 3 , 1 7 8 3 1 -3 4 -4 ; 4 a ,  2 6 4 3 9 -9 5 -2 ;
from a previous hydrogenation (the initial crystallization required , oraqq or o . v OR/i on nv A . 1 a ora qo oc k . in
several weeks). A first crop of 380 mg, mp 103-105°, was col- 4b , 2b 4 o 9 -9 b -d , 7 , 2 6 4 3 9 -9 7 -4 , 10, 2 b 4 3 9 -y 8 -5 , 17,
lected. Recrystallization twice from ether and then sublimation 2 6 4 3 9 -9 9 -6 ; 1 9 ,2 6 4 4 0 -0 0 - 6  ; 2 0 ,2 6 4 4 0 - 0 1 - 7 .

Models for the Stepwise Solvolysis of U nsaturated Ditosylates
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The solvolytic behavior of cfs-4,5-cyclohexanediol ditosylate (I) has been studied as a model for the stepwise 
ionization of unsaturated ditosylates. Double ionization to form a bishomocyclobutenium ion is stereoelectron- 
ically prohibited in I. For comparison, the solvolyses of trans-4,5-cyelohexanediol ditosylate (II), cis- 1,2-cyclo- 
hexanediol ditosylate (III), irans-l,2-cyclohexanediol ditosylate (IV), 4-cyclohexenyl tosylate (V), and cyclohexyl 
tosylate (VI) have also been studied. The rates of all the compounds are compared at 160°. Activation param
eters and product analyses are reported. I t  is found that the double bond in I or II conveys no significant ac
celeration relative to III or IV, and that the unsaturated cfs-ditosylate I reacts even more slowly than the trans- 
ditosylate II. These results are taken to be characteristic of the stepwise mechanism. Properties required of a 
mechanism involving double ionization to a dication are discussed.

P art A novel intermediate so formed would be termed a
T . „ _ . , , , . , , bishomocyclobutenium ion and would receive its
In  this senes of papers,2 it has been our object to stabilization by possession of a planar bishomocvclic

examine systems that could give rise to a doubly structure with 4n +  2 electrons (n  =  0). W e have
charged species as a transient intermediate under iougly studied a system 2 that is stereochemically
normal solvolytic conditions. The two positive charges ideal for formation of a bisbomo dication, but the
are to be produced by solvolysis of adjacent tosylate kjnetic data CQuld not differentiate between the doubie
g r o u p s ,  a n d  t h e  r e q u i s i t e  s t a b i l i z a t i o n  i s  t o  b e  p r o v i d e  i o n i z a t i o n  m e c h a n i s m  o f  e q  1 a n d  p a t h w a y s  e x e m p l i f i e d  
b y  a n  a p p o s i t e l y  p o s i t i o n e d  d o u b l e  b o n d  ( e q  1) .  t h e

^ x ^ O T s  /" -A  H0Ac, 0 1

II - ’'  L2:]  W  V _ y " O T s
'v .y ^ O T s  V— J

------------------- AcO—  — OTs AcO—  +
(1) (a) Alfred P. Sloan Foundation Fellow, 1968-1970. This work was ___  *• ___  w

supported by the National Science Foundation, Grant GP-9257, and by J  %__,
the Petroleum Research Fund, administered by the American Chemical '
Society, Grant 2970-A4.5. To whom correspondence should be addressed. . . . . .  . , ,
(b) National Science Foundation Trainee, 1968-1969; N D E A  Fellow, 1969- b y  e q  2 , in  w hich  io n ization  IS S te p W lS e  an d  a n  aCetOXy
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hexenediol ditosylate (I), in which participation of the Part B
double bond in a double ionization is conformationally „ . . .
disfavored. Examination of the solvolytic properties Solvolysis of a n t i-7-norbornenyl tosylate (V II) occurs
of I  and the related compounds II-V I should therefore ^OTs ^.OTs

f Y 0Ts r Y 0Ts r r 0Ts
^ " O T s  L̂ O T s ^ ^ O T s VII VIII

I II III about eleven powers of ten more rapidly than that
0Tg of the corresponding saturated tosylate (V III) .3

/ \ / O T s  This acceleration has been attributed to transition
OTs I J I I  state stabilization leading to the bishomocyclopro-

^  s ^ ^ V I penium ion intermediate IX . Isoelectronic to I X

produce data characteristic of the stepwise pathway 
(eq 2). This information will serve to clarify the
mechanistic analysis of those systems that do offer a IX x
stereoelectronically favorable relationship for pro
duction of a bishomo dication. is the bishomocyciobutenium dication X , which could

The solvolyses of compounds I -V I  were carried out be formed by solvolysis of the ditosylate X I .  A
in acetic acid containing an equivalent amount of recent study, however, showed that X I  acetolyzes
potassium acetate. Kinetic studies were performed .
for at least three temperatures in order to obtain 0 ts
activation parameters. The rates adjusted to 160° for s
all compounds are given in Table I. Products were ^  \X -O T s

XI XII

 ̂ only 500 times more rapidly than the saturated analog
X I I .  The k in etic  an d  p ro d u ct an aly sis  cou ld  n o t  

S o l v o l y t i c  R a t e s  f o r  C y c l o h e x y l  T o s y l a t e s  (160») d ifferen tia te  b etw een  a  co n ce rte d  or n e a rly  co n ce rte d

C°mpd Rate’ seo ‘ x 10E pathway proceeding to the dication X  and a stepwise
jj. in pathway (eq 3), which contains only monocationic
TTT . ‘ intermediates such as X I I I  and X IV .i n  4 . 156
IV 6 .0 7 6 N K
V 9420“ J ^ ^ - O T s  AcO\ J ^ ^ 0 T s

v i  119005 —
a Calculated from the Arrhenius plot. 6 Measured at 160°. v

Xlll

isolated after acetolysis at 170° for 24 hr (100° for V I) (3)
and identified by their spectrometric and chromato- ^ 1 7 7 7 ? */+
graphic properties. XIV

f  SatU+w di HIi  ’lnSaiUrf ted In the most favorable situation for formation of a(I) m -ditosylates shows that the double bond slows KiqUnmn mVaO™ , ,
the reaction by a factor of l / I I I  =  0  94 The de- ^shorno dication, the two tosylate groups must be cis

* £ fr to each other and anti to the double bond. The
celeiation for the mono tosylates is similar (VYVT =  maioonic v t  „ ro_ v ii • i . ,
0 .79). Introduction of the second tosylate group in a m
cis position slows the reaction with respect to that of J ^  t l  rigidly maintains these require-
the monotosylate by a factor of V /I  =  2400 for the T  vti ^  ^  PreSfent ™  haVe ™ ned the

the trans compound in both the unsaturated U /H  =  f o m h d *  The blS^ °mocVclobut“  dlcatl^  are not
0.39) and the saturated (I I I /IV  =  0.68) series. These ? L  ? ' r 1 confoprnation probably resembles struc-
rate comparisons show that (1) the double bond pro- 6CaUSe the d° uble b° nd 18 positloned for
duces a small inductive retardation of the rate, so there H
is little anchimeric assistance; (2) the second tosylate
group produces the expected large decelerative effect; 0Ts
(3) a cis relationship between the two leaving groups \ .
does not convey a rate acceleration. I t  would have ' \ = = s /J
been expected of a dication mechanism that the double \ / H
bond produce a rate enhancement, the cis relationship \
a rate enhancement, and the second tosylate group only OTs
a small rate retardation. The observed results are la
considered to define the behavior of the stepwise (
mechanism W in s te in , M .  S h a ta v a k y , C . N o rto n ,  a n d  R . B . W o o d w a rd , J.

Amer. Chem. Soc., 77, 4183 (1955).
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a ssistan ce  w ith  th e  leav in g  of n o m o re  th a n  one to s y la te  T a b l e  III
grou p, th e  re a c tio n  m u st p ro ceed  b y  th e  stepw ise A c t i v a t i o n  P a r a m e t e r s  f o r  A c e t o l y s is

p a th w a y . T h e  co n fo rm a tio n  o b tain ed  b y re v e rsa l a«?*
of th e  cy cloh exen e rin g is th e  m irro r im ag e of l a ,  an d  ^  (250)’
id e n tica l con sid eration s ap p ly . C o m p ou n d  I differs ComPd kcaf/moi iog a kcai/m̂ i t i  as*, eu 
from  X I  on ly  in  th e  ab sen ce  of th e  m e th a n o  b rid ge. I 2 9 .7  1 0 .6  29 l 32 7 - 1 2  2
S ince in d u ctiv e  effects should  b e a lm o st th e  sam e in  th e  II 2 8 .5  1 0 .4  2 8 .0  3 1 .8  - 1 3 . 0
tw o  sy ste m s, com p ou n d  I c a n  se rv e  as  a  m od el fo r th e  III 3 1 .8  1 1 .7  3 1 .2  3 3 .3  - 7 .1
stepw ise m e ch a n ism  in  an aly zin g  th e  b e h a v io r of X I .  IV 3 1 .6  1 1 .7  3 1 .0  3 3 .1  - 6 .9
T h e  p re se n t stu d ies  w ere  th e re fo re  in itia te d  to  c h a r -  v  2 7 .6  12 .9  2 7 .0  2 7 .5  - 1 . 4
acte riz e  th e  p ro p e rtie s  of th e  step w ise m ech an ism . VI 27  •5 12 •9 28 ■ 9 2 7 .3  —1 .4

For a complete investigation of the cyclohexyl
system, the cis-unsaturated ditosylate should be The ratio of the solvolysis rate for an unsaturated
compared to the cis-saturated ditosylate (III) , the tosylate to that for the corresponding saturated
trans-unsaturated ditosylate (II), and the unsaturated tosylate gives some indication of the anchimeric 
monotosylate (V) in order to define  ̂the effect of the assistance provided by the double bond. A double
double bond, of the cis stereochemistry, and of the bond that is two carbon atoms removed from the re
second tosylate group in I. To complete the series, the action site inductively reduces the rate by a factor of
trans-saturated ditosylate (IV) and the saturated 5  or 10.4 The extent of ir participation, which is
monotosylate (VI) have also been included. Previous superimposed upon this inductive retardation, depends
studies have been reported on the acetolysis and on the geometry of the system, with large accelerations
hydrolysis of V 4 and on the acetolysis of the brosylates observed in favorable cases such as VII. There is
corresponding to III  and IV .S In order to ensure little evidence for double bond participation in the
common conditions, we have examined the solvolytic present cases, presumably because the double bond is
properties of the entire series I—VI. A study of poorly oriented with respect to the leaving group,
analogous cyclooctyl brosylates has been reported by The unsaturated/saturated ratios are 0.94 for I /I I ,
Closson, et a U  0 .79 for V /V I, and 1.65 for I I /IV . In the stepwise

mechanism for I or II, the inductive retardation and 
Results and Discussion the participative acceleration must approximately

The acetolyses of compounds I -V I  were carried out f nCel Ather' T ^  d ™ tio n , mechanism would
at three temperatures. The kinetics are given in have exhibited a considerable anchimeric acceleration
Table II  and the activation parameters in Table III . yT ,e ou e 014 •

introduction of a second tosylate group should be
T a b l e  II appreciably rate retarding, since any electron-deficient

_ " intermediate will be destabilized by the electron-
K a t e  C o n s t a n t s  f o r  A c e t o l y s is  • , ,  , • , ,withdrawing group. Thus the monotosylate/ditosylate

Compd Temp, °c ratios are 2 9 0 0 for V I /I I I , 2 0 0 0 fo rV I/IV , 940 for V /II ,
OTs 169.7  8 .2 9  and 2400 for V /I . These ratios would become much

j  f j  174.8  12.1  smaller in a dication mechanism.
180 .8  1 8 .9  F or a double ionization to occur, the leaving groups

0Ts 154 2 6 03 must be cis to each other and equivalently oriented
n  160 .0  10 0 with respect to the double bond. In  the trans form a

^ ^ ots 165 .4  14 .2  stepwise mechanism is therefore obligatory. If in the
0Ts 154 2 2 g2 cis isomer the double ionization is to occur more rapidly

III f y  160 0 4 15 than the stepwise mechanism, it must convey a rate
^ -'> nots 169.6 10 5 enhancement. Operationally, the presence of the

0Ts 154 2  3  4  double ionization therefore requires that the cis isomer
IV f y  ifin n r 0 7  react more rapidly than the trans isomer. The cis /

k'"'\)Ts J ggJ  9 15 trans ratios are 0.39 for I / I I  and 0.68 for I I I /IV .
77 3 4 75 The cis isomers thus do not display a rate acceleration.

v  / V ®  QQ 2 19  7  Of the cases examined in the present study, none were
1 0 0  2  5 4  1 expected to show double ionization; so these low cis/

qi 2  2g 9  trans ratios are in accord -with a stepwise mechanism in
VI r r 0Ts 96^2 46 A all cases.

1 0 0 .2  7 2 .4  Since little or no anchimeric acceleration is observed
in I, II , and V, a participative k A component of the rate  

R ates measured or calculated for a common tern- is ProbablV. sma1}’ though not negligible. Limiting
perature (160°) are listed in Table I. Product studies carb“ lum lon beb™  W '.w ith  neither solvent nor
are described in the Experim ental Section. neighboring-group participation is unlikely m  these

simple secondary systems.7 I  he relative contributions
(4) M . H a n a c k  a n d  K. K e b e rle , Ber., 96, 2937 (19 6 3 ); M .  H a n a c k  a n d  of the k A (double bond participation) and k s (solvent

h .-j . Schne ider, Angew. chem.,int. Ed. Engl.. 6 ,6 7 4  (1967). displacement) mechanisms cannot be assessed. The
(5) S. W m s te in , E .  G ru n w a ld , a n d  L .  L . In g ra h a m , J. Amer. Chem. Soc.,

70, 821 (1948).
(6) W . D .  C losson, J . L .  Je rn o w , and  D .  G ra y , Tetrahedron Lett., 1141 (7) J . L . F ry ,  C . J . L a n c e lo t, L .  K .  M .  L a m , J. M .  H a rr is ,  R . C . B in g h a m ,

(1970). W e  are  e n d eb te d  to  P ro fessor C losson fo r  in fo rm in g  us o f h is  re - D .  J . R a b e r, R . E . H a ll,  a nd  P . v o n  R . S ch leyer, J. Amer. Chem. Soc., 92,
s u its  p r io r  to  th e ir  p u b lic a tio n . 2538 (1970).
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fcA co m p o n en t of th e  ra te  fo r th e  u n sa tu ra te d  co m - product studies, about 2 g of a tosylate was treated with 10 ml of
pounds would derive from a process such as that in ace^c a c id l  ^ nin and (this sohf ont d ieted  with

. . i „ i  t- , acetic acid to 100 ml. This solution was heated in a sealed tube
eq 2, or m particular for I , eq 4. The frequent occur- a(, ^ qo ^ qq° for CyCiohexyl tosylate) for 24 hr. The tube was

opened and the contents diluted with about 5 vol of H 20 .  This
a OTs mixture was extracted five times with ether. The extracts were

— -—*■ F  1 — »• I T — >- shaken with saturated NaHCCh solution and dried over M gS04-

Q'Pg \ /* '^ Q rp g l̂ x^ *^ O T s  N a2COj. After the ether was removed, the products were sep-
j arated by preparative gas chromatography. Diacetates were

isolated from a l/2 in. X  10 ft silicone column and monoacetates 
/ \ ^ O A c  + / \ ^ O A c  from a 3/s in- X  12 ft Carbowax column. Various acetates

|i+ T  — *■ | T C— CH) — *■ (| ] (4) were prepared for comparative purposes by treatment of the cor-
responding alcohol with acetic anhydride. 

c m-Cyclohexene-4,5-diol was prepared in four steps from-cyclo-
hexadiene by the method of Ali and Owen.9 The product was 

rence of ircms-diacetate products may be suggestive of recrystallized from hexane (mp 79 .5 -80 .5°) and converted to the
acetoxonium ion intermediates in the final stages of the ditosylate (I, mp 90-91°). A nal. Calcd for C2oH220 6S2: C,
reaction.8 For the k s component, the first stage of the 56.84; H, 5.26; O, 22.72; S, 15.18. Found: C, 56.83; H,
stenw ise m ech an ism  would be modified so th a t  th e  5 -3 3 ' The major component (> 70% ) of the solvolysis was trans-step w ise m ech an ism  w ould De m odlh ed  SO th a t  th e  4,5_Cyclohexenediol diacetate. The nmr and ir spectra were
a c e to x y  to s y la te  is  p rod u ced  d ire c tly  from  th e  d i- identical with those of an authentic sample.
tosylate (eq 5). irans-Cyclohexene-4,5-diol was prepared in two steps from

cyclohexadiene by the method of Ali and Owen.9 The material
a OTs / \ , O T s  was recrystallized from heptane and converted to the ditosylate

H0Ac> f T  (II, mp 80-81°). A nal. Calcd for C20H22O6S2: C, 56.84;

0Tg k"'-/ T)Ac H ’ 5,26; ° ’ 22,72; S’ 15-18 ’ Found; c > 57.25; H, 5 .25.
Over 80%  of the acetolysis product was irans-4,5-cyclohexene- 

O OAc diol acetate. There were no other major components.
a ' x X  „ „  HOAc m-Cyclohexane-1,2-diol was prepared by treatment of cyclo-

|l JL (5) hexene with K M n 04. The product was recrystallized twice
0  ^ ^ / ^ 'O A c from toluene (mp 99-100°) and converted to the ditosylate (III,

mp 128-129°). A nal. Calcd for C20H24O6S2: C, 56.57; H, 
5.71; O, 22.61; S, 15.11. Found: C, 56.18; H, 5 .65. The 

Experimental Section major components (~ 5 0 % ) of the acetolysis products were
cis- and trans-1,2-cyclohexane diacetates.

Nmr spectra were taken on Varian Model A-60 and T-60 inms-Cyclohexane-l,2-diol was obtained from Aldrich Chem-
spectrometers; infrared spectra were recorded on Beckman IR-5 ical Co. The ditosylate IV was recrystallized from ethanol (mp
and IR -10 spectrophotometers. Gas chromatographic analyses 110- 112°). A n al. Calcd for C20H24O6S2: C, 56.57; II, 5 .71;
were performed on F  & M Model 700 and Varian Model 1520B O, 22.61; S, 15.11. Found: C, 55.93; H, 5 .51. The major
chromatographs. Elementary analyses were provided by acetolysis product (~ 5 0 % ) was the trans diacetate. Other prod-
Micro-Tech Laboratories, Skokie, 111. ucts included unsaturated monoacetates.

Tosylates were prepared by the usual treatment of alcohols Cyclohexene-4-ol was prepared by the dehydration of cyclo-
with recrystallized p-toluenesulfonyl chloride in dry pyridine at hexane-1,4-diol (Aldrich Chemical Co.) with sulfuric acid or
0 °. Purification was effected by crystallization from ethanol or alumina. The product was purified by fractional distillation,
methanol. Rates were measured in dry acetic acid containing with the desired material boiling at 160-163°. Product studies
an equivalent of potassium acetate. Aliquots were titrated with from the solvolysis of the tosylate have been discussed elsewhere. 4
standardized perchloric acid in acetic acid with crystal violet Cyclohexanol was purchased from Aldrich Chemical Co.
indicator. Temperatures were read from a Beckman ther- The only major ester product from the solvolysis of the tosylate
mometer calibrated against an Anschutz thermometer. The was cyclohexyl acetate,
temperature was constant within 0.1 degree for any run. For

Registry No.— I, 26431-17-4; II, 26419-16-9; III , 
5433-22-7; IV, 5433-21-6; V, 26431-20-9; VI, 953-91-

(8) S. W in s te in , C . H a nson , a nd  E . G ru n w a ld , Amer. Chem. Soc., 3.
70 , 812 (19 4 8 ); S. W in s te in , E . G ru n w a ld , R . E . B u ck le s , a n d  C. H anson,

ibid.. 70, 816 (1948). (9 ) M . E . A l i  a n d  L . N .  O wen, J. Chem. Soc., 1066 (1958).
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Stable Free Radicals. VIII. 1 

New Im ino, Amidino, and Carbamoyl Nitroxides

E dw in  F. U llm an ,* L udwig  Ca ll , 2 and Jeanne H. Osiecki

Contribution No. SO from Synvar Research Institute, Palo Alto, California 94301,

Received Ju ly  13, 1970

A new group of cyclic nitroxides 2, 9, and 10 are described. Many of these radicals are highly stable and 
undergo reactions at sites of high spin density without decomposition. Hyperfine splittings of the two ring nitro
gens are changed in opposite directions by changes in the substituent. Hammett ap and crp+ correlations are 
obtained. The new radicals are basic and the conjugate acids undergo proton exchange that is rapid on the esr 
time scale except in very acidic solutions. In bromo and iodo substituted derivatives, infrequently observed 
coupling to halogen was resolved.

Part A tification of the hydroxyurea 4 [rKBr 1700 cm - 1

Recently there has been described a new class of ( C = 0 ) 1  WaS confirmed by an independent synthesis 
stable chemically versatile free radicals, the n itronyl O H
nitroxides 1. 1>8 In  this paper we describe the prepara- II I
tion, chemistry, and spectral properties of related highly —  ^  —  ̂ N \ = 0

stable imino, amidino, and carbamoyl nitroxides. A l- — - n '  ------m ' * — -.N'
though the esr spectra of some related linear radicals I | |
have been reported, the compounds were unstable and O- 6 " OH
could not be chemically characterized. 4,6 2, R = H 6 4

Heating n itronyl nitroxides 1 w ith  triphenylphos- \  T H
phine in benzene or treatment w ith  nitrous acid affords \  | H f

4,4,5,5-tetramethylimidazoline-l-oxyls;2 in high yields. , \  _-N, ^  _ 3 /
Most of these compounds are stable, low-melting orange j j  )  *"  ^  ^  n N— 0  (
solids which, in  several cases, R =  Celts, CH 3, and CH- /  1 '̂  \ | \
(CH3)2, have been reconverted to the starting n itronyl /  _ 0 ”  *
nitroxides w ith  m-chloroperbenzoic acid. The com- V H H
pounds are weak bases by virtue of the imino nitrogen | | N I 1 Y

0 - - h  w  U - U -
-----N+ -----\  0- OH O

— n /  — - m i  s  5
I I

q. through reduction of the zwitterion 6 3b w ith  triphenyl-
j 2 phosphine in  methanol. The radical product 5 showed

esr coupling similar to the other imino nitroxides 2

, (Table I). Despite the absence of coupling w ith  the
and may be reversibly protonated w ithout decomposi
tion or disproportionation; pRY (2 , R =  C6H 6) =  1.9

I q  ̂ -I ABLE X

The unsubstituted derivative 2, R =  H, undergoes Hyperfine Splitting (Gauss) op I mino and
1 4. ■ 1 , - it  • n 1 i t t  nni AMIDINO NITROXIDES IN BENZENEdeuterium exchange at 0 2 w ith in 6  hr at pH 7. The com p i

absence of a dramatic rate increase up to pH 13 suggests „ T, , “ N (' i

a nonbase-catalyzed  exchange process possibly m volv- 2 R  = N(CH3)2 10 44 3 12
ing the radical zwitterion intermediate 3. Similar non- 2 ' R = NH2 10  40 3 38
radical intermediates have recently been implicated in 5 ’ 1 0 .2 5  3.25
exchange reactions of other heterocycles.6 Formation 2, R  = OCHs 9.55 3 .2 0

of 3 may also account for the spontaneous decomposi- 2 , R = C(CH3)3 9.48 3.94
tion of 2, R =  H, which occurs when the pure solid is 2 , R. = CH3 9.25 3.9 1.95 (CH3)
permitted to stand for 24 hr at room temperature. 2 , R = CH2CH(CH3)2 9.24 4.00 1.50 (CH2)
Twc products were obtained, both in  70% yield. Iden- 2 , R = CH(CH3)2 9.25 4 .0 0  1.25 (CH)

2, R  = C6H5 9.10 4.37
*  To whom correspondence should be addressed. 2, R =  H 8.80 4.40 1.5 (H)
(1) Paper V II: P. W. Kopf, R . Kreilick, D. G. B . Boocoek, and E. 2 , R  =  I  8  9 0 °  4  18° 3  9  ( I ) &

F . Ullman, J .  Amer. Chem. Soc., 92, 4531 (1970). o r> o orv a o r  i n /t» \a ’ -o , , . , „  1T nan m-TA 2, R = Br 8.80 4.25 1.9 (Br)(2) Synvar Postdoctoral Fellow, 1969—1970. 7 v '
(3) (a) J .  H. Osiecki and E . F . Ullman, ibid., 90, 1078 (1968); (b) D . G. 2, R =  COOCH3 8.50 4.33

B. Boocock and E . F . Ullman, ibid., 90, 6873 (1968); (c) D. G. B . Boocock, 2, R =  CN 8.00 4.63
R . Darcy and E F. Ullman, ibid., 90, 5945 (1968); (d) E. F. ullman and « Determined from a seven-line pattern in. toluene at -7 0 ° .

(4) H. G. Aurich, Ber., io i, 1761,1770 (1968). Separation of the two lines due to iodine at 77° m benzene (see
(5) (a) A. L. Buchachenko, “Stable Radicals,” Consultants Bureau, te x t) .

New York, N. Y ., 1965, p 123; (b) ibid., p 128; (c) V. S. Griffiths and G. R .

Pa.r* f ! S o c - f '  t(196.9)- _ _ „  nonradical ring nitrogens, attachment of the nonradical(6) R . A. Cofburn, J .  M . Landesberg, D. S. Kemp, and R. A. Olofson, . . a  . 7
Tetrahedron, 26, 685 (1970). rm g m  5 through a n itrogen ato m  is supported b y  th e
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T a b l e  I I

E f f e c t  o f  p H  o n  H y p e r f i n e  S p l i t t i n g  (G a u s s ) o f  I m in o ,
A m id in o , a n d  C a r b a m o y l  N i t r o x i d e s  in  W a t e r

Compd pH <JN(l) o»(l) HN(exo) OH(l) nX(exo)
2 , R  = NHCH(CH3)2“ 9 11.45 3.06 < 0 .5

b 12.97' 1 .75d < 0 .5
2 , R  = N(CH3)2 9 11.03 3.12 < 0 .5

2 8 .9  1.7 1 .3 '. ' 2 .0 '. ' 1.7 (CH3) '. '
2, R  = NH2 9 11.00 3.31 < 0 .5

2 8 .7  2 .0  < 0 .5  3 .8 ' 1 .0 (H ) '
b 12.55' 2 . l d < 0 .5

2 , R  = C6H5 7 .6  9 .90 4.35
- 0 . 8  6.60 4 .60 4.6

9 7 10.4 1.60 1 .90 '
13 12.08 2.64

° Spectrum in acid complex and uninterpreted. b Dimethyl sulfoxide-potassium ieri-butoxide. r Based on solvent shifts of neutral 
compound a solvent correction of 0.45 G must be added to obtain coupling in water. d Coupling of neutral compound nearly solvent 
invariant. '  Determined from spectrum of 2 , R  = 15N(CH3)2. '  Determined from spectra taken in D»0.

appearance of an olefinic proton in the nmr spectrum of spectrum of 2, R  =  Br, is fully resolved in most solvents 
its hydrogenation (Pd-C ) product 7. at room temperature except in water and dimethyl sul-

Treatm ent of 2, R  =  H, with sodium methoxide in foxide where only two of the four bromine lines (I =
methanol in the presence of air gave 2, R  =  OCH3, in 3 /2 )  are observed. The spectrum of 2, R  =  I, is highly
26%  yield. This radical formed in higher yield (62% ) sensitive to solvent and temperature. Only two of the
from methoxide treatm ent of 2, R  =  Br. Similarly, six lines expected due to iodine coupling (I =  5 /2 )  are
aqueous potassium hydroxide converted 2, R  =  Br, to observed even under the best conditions for spectral res-
the radical anion 8 which on neutralization afforded the olution (Table I). The ability to resolve halogen hy-
unisolated carbamoyl nitroxide 9 (pK a ~  11.0). The perfine interactions in these and other halo radicals may
identity of 9 was established by hydrogenation to give 4 be related to d orbital bonding which may reduce the
from which it could be regenerated with sodium perio- electric field gradients at the halogen nuclei,
date. Hyperfine coupling of the ring nitrogens in 2 ana 10

H H correlate with the electronic properties of the 2 substit-
| | uents. Coupling with the nitroxide nitrogen decreases

_____________________________________-N. with substituent electron-withdrawing capacity (crD)
7— 0 <—- y = 0  _ ^>=0 ■+ .

~N -N ]"N due to coulombic destabilization of the N -0  resonance
I I I form. On the other hand, electron-donating capacity
' /  ‘ of the substituents decreases coupling to the imino nitro-

b 3 4 gen through reduction of the C = N  bond order. The
approximate fraction of nitrogen spin density located on 

Stable amidino nitroxides 10 were prepared by reflux- N 3 [v is., aN(3) /(a N(d +  «n(3)) ] correlates best with crp+. 
ing 2, R  =  Br, with aqueous amines followed by lead The esr spectra of the amidino nitroxides 5 and 10 are 
dioxide reoxidation of the partially reduced products. unusual in that only two nitrogens show coupling. The
Nitrous acid reduction of amino nitronyl nitroxides 1, dependence of N3 coupling on C = N  bond order and the
R  =  N R iR 2,7 also gave the amidino nitroxides 10. absence of coupling with substituents on the exocyclic
These orange radicals are moderately strong bases (10, nitrogen suggest that coupling occurs only with the ring
Ri =  R 2 =  H, p K .d 6 .4 ; 10, Ri =  R 2 =  CH 3, pK & 6.8) nitrogens. Surprisingly, even when there is multiple
which reversibly form stable yellow radical cations 11. bond character toward both N3 and the exo nitrogen as 
I t  is also possible to form blue radical anions 12 from 10, in the ions 11, R x =  R 2 =  H, and 12, R , =  H and CH -
Ri =  H, by treatm ent with potassium tert-butoxide in (CH 3)2, there is coupling to only two nitrogens. Al-
dimethyl sulfoxide. though coupling to all nitrogens occurs in the cations 11,

H Ri =  R 2 =  CH 3 and Ri =  H, R 2 =  C H (C H 3)2 (Table
| II) at least in the former, coupling is weaker to the exo

----- 'N\ _ -  __► — --N — nitrogen than to N3. The reason for weak exo nitrogen
— _N/ N R2 — / NRjR, ^  __ / NR.R coupling in 11 and 12 is uncertain. Possibly angular

| | | distortions at C2 and N 3 imposed by the five-membered
O- O- O- ring have a strong influence on the distribution of spin

12  10 11 density although transannular spin transmission
through space or through cr bonds cannot be ruled out.

The esr spectra of the new radicals (Tables I and II) 
display several interesting characteristics. Rarely ob- P art ®
served coupling with heavy halogen atoms is present in Preparation and Chemical Properties. — (Members of 
the spectra of 2, R  =  B r and I. Prior reports of bro- the new class of imino nitroxides 2 were first observed 
mine and iodine coupling are confined to some <r-imi-
noxyl radicals8 and the w radical 1, R  =  B r .3b The R (8> F°xanRd ^  3?' £  che%  Soe'-46%7 K. U. U. Norman and B . C. Gilbert, J .  Phys. Chern., 71, 14 (1967); (c)

B . C. Gilbert and R . O. C. Norman, J .  Chem. Soc., B , 981 (1967); (d) ibid., 
(7) Unpublished observations of L. Call. 123 (1968).
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as by-products during the synthesis of nitronyl 0  0
nitroxides3 1 from lead dioxide or sodium periodate || [|
oxidation of JV,A,’,-dihydroxyimidazolidines 13. These 0  OCR' OCR' 0~
compounds are the first examples of stable imino ni- __i ^  \ \ \  __i ^
troxide radicals. Chemical evidence for their struc- ^ ^  „ —""  ^ R '  V__,R + "  \ __R
tures is provided by ready interconversions with the -n  "N+ 'N+

OH O- 0- 0 “ 0

U nhoh  L iL h  1 14  15 16

___ + RCHO —■> _  X  I
''"NHOH ["N R Q_ \

OH JT+_________________________________ ^N.
13 S— R + S — li *•— ) - R  + R'COCT

o nC n " nv
L  1 II I II

_ - N +  — -N, 0  0 - 0
Z- R  +  ) — R  16 2

~~ '-n —p-isr
^ I yellow, highly polar intermediate was observed. Since

0  this intermediate underwent reaction with ethers and
alcohols to give 1, R  =  C 6H 6, it was very probably the 

corresponding nitronyl nitroxides 1 which occur under a cation 16, R  =  C6H 6.3a The latter compound is a very
variety of conditions. Thus, in addition to the above strong oxidizing agent and even reacts slowly with water
described deoxygenation of 1 with triphenylphosphine to give back the nitronyl nitroxide 1, R  =  C^Hs. The
or nitrous acid, the imino nitroxides 2 are also formed formation of the imino nitroxide 2, R  =  CeH5, in greater 
from 1 with active acid derivatives such as acid chlorides than 33%  yield may be due to slow reduction of 16,
or anhydrides or sulfonylisocyanates, with lead dioxide H =  ChlR, by solvent impurity or by the as yet unde-
and acetic acid in dimethylformamide, and occasionally fined product derived from the sulfonyl isocyanate rea- 
simply by heating. The absence of rearrangement gent.
during these reactions is confirmed by reoxidation of the The imino nitroxides 2 have equal or greater thermal 
imino nitroxides 2 to nitronyl nitroxides 1 with ra-chlo- stability than the nitronyl nitroxides 1, and many of 
roperbenzoic acid or with hydrogen peroxide and a cata- them survive heating above 100° in neutral or alkaline 
lytic amount of phosphotungstic acid. solutions without appreciable decomposition. Like the

Except for the use of triphenylphosphine, none of the nitronyl nitroxides 1, imino nitroxides 2 earn be quanti- 
above conditions had been predicted to lead to the for- tatively reduced by catalytic hydrogenation with the
mation of imino nitroxides, and only limited evidence is uptake of one atom equivalent of hydrogen. The re-
available concerning the course of the reactions. Al- suiting reduced modifications can in principle exist in
though the formation of imino nitroxides during oxida- two tautomeric forms. The phenyl derivative 17, R  =
tion of the imidazolidines 13 obviously requires a dehy- CeHs, has been studied in this regard. I t  appears to
dration step, the mechanistic details are uncertain. On exist principally in the amidino oxide form 17b, R  =
the other hand, partial evidence for the active species CeHs, since in dilute solutions its ultraviolet absorption 
in the deoxygenation of nitronyl nitroxides 1 with is nearly identical with that of the reduced nitronyl ni- 
nitrous acid is available from the observation that nitric troxide 18, R  =  C6H 6.  ̂However, as its solutions do not
oxide alone effects this reaction. obey Beer s Law, the distinction between the two forms

H OH
•0 0N0 | |
I , I __L n. _ Un —U h

------Nv no - ^ N\ ----- %  ~  % -R  5 =* > - R  )>— R
/ — R —  >— R —  /  R + NO, ------%  ----- <  N+

I l_ I OH 0 -  0 -
° '  0  ° '  17a 17b 18
1 2

in concentrated solution may be obscured by intermo- 
The ability of active acid derivatives to deoxygenate lecular hydrogen bonding. The reduced imino nitrox-
nitronyl nitroxides 1 is consistent with the weak basic ides 17 are less readily reoxidized than their nitronyl
properties of these compounds.3a Thus an acyl deriva- nitroxide counterparts 183a as demonstrated by their
tive 14 may initially be formed which could then accept relative stability in air and the inability of 17b, R  =
an electron from unreacted 1 with formation of the CeH5, to reduce the phenyl nitronyl nitroxide 1, R  =
known cation 16.3a Heterolytic cleavage of the acyl C6H5.
product 15 followed by a second electron transfer could E sr  S p ectra .—The imino nitroxides 2 and 10 display 
account for the imino nitroxide product. coupling to both nitrogens. These couplings give rise

Partial evidence in support of the latter mechanism to nine major lines which frequently overlap to give a
was obtained from room temperature reaction of 1, seven-line pattern (Figures 1 -3 ) . Coupling with the
R  =  C6H 5, with p-toluenesulfonyl isocyanate in meth- grewi-methyl hydrogens is weak ( ~ 0 .2  G) and usually
ylene chloride to give a 48%  conversion to 2, R  =  CeHs. unresolved. Alkyl substituents at the 2 position dis-
When this reaction was stopped prior to completion a play a-hydrogen coupling which decreases in the order
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>— ULL■ Figure 2.—Esr spectra of imino nitroxide 2 , R  = C6H5, in (a)
Figure 1 .—Esr spectra of (a) carbamoyl nitroxide 9 in water; ^  buffer, (^) 1-  ̂buffer, (c) 6  N  HC1.

(b) 9 in 0.1 N  NaOH; (c) imino nitroxide 2 , R  = H in benzene;
(d) 2 , R  = NH2 in  pH 9 buffer; (e) 2, R  = NH2 in pH 2 buffer; T a b l e  I I I
( f ) 2, R  = NH2 in pD  2 buffered D20 . E f f e c t  o f  S olv en ts on N itr o g en  H y p e r f in e

C o uplin g  (G a u s s ) in  2 , R  = C(CH3)3

methyl >  methylene >  methine (Table I) due un- Solvent et* on(1) aN(3)
doubtedly to increased steric hinderance to overlap of Water6 63.1 10.20 4.23
the C -H  bonds with the C2 r  orbital. Formamide 56.6 9 .84 4.12

Previously reported spectra of linear imino nitrox- Ethanol6 51.9 9.47 4.08
ides4 also display coupling with both nitrogens. In Acetonitrile 46.3 9.70 3.93
these less stable derivatives, the nitrogen coupling con- Methylene chloride 41.1 9.65 3.98
stants are strongly affected by steric factors which in- ' r, ' '
terfere with coplanarity of the system. Previously re- Benzene 3 4  5 9 48 3 94
ported linear amidino5a and carbamoyl6“ nitroxides dis- Carbon tetrachloride 32^5 9^32 3 190
play coupling with only one nitrogen presumably for n-Hexane 30.9 9 .30 3.87
similar reasons. In the present cyclic compounds, co- “ Solvent polarity parameter: see C. Reichardt, Angew. Chem., 
planarity is assured and the effects of substituents and Int. Ed. Engl., 4, 29 (1965). 6 Protonic solvents may have un
solvents can be attributed primarily to their electronic representative coupling due to hydrogen bonding to Ns which
properties. Examination of these effects reveals that shifts free spin density away from Ni.
2 and 10, like simple nitroxides,9 show an increase in the
nitroxide nitrogen coupling constants aN(l) with in- polarity produces a similar effect on cínw due to partial
creasing solvent polarity (Table III). This is consis- resonance delocalization of the increased Ni spin den-

H—  sity (c/. Tables I -III). The effect of introduction of
tent with the expected increase in stabilization of N -0  electron-donating substituents at the 2 position also is
resonance contributors in more polar media. With the to increase cinu), but now there is a decrease in N3
exception of the amino derivatives 10, increased solvent coupling (Table I).

(9) A. R . Forrester, J .  M. Hay, and R . H. Thomson, “Organic Chemistry Interpretation o f  these results is simplified b y  8 8 -
of Stable Free Radicals,” Academic Press, New York, N. Y ., 1968, p 198. SUming that the Spin density in  2 ÍS distributed Only On
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10.4 - .  ' ~  ' ' ~  _

- i |  1 W- :
I 8 0 - Nr
I i -0.8 -0.4 0 0.4

°P

i_ 10..B._, Figure 4.—Effect of substituents on hyperfine coupling of N i
in the imino nitroxides 2. <rp values taken from H. C. Brown 
and Y. Okamoto, J .  Amer. Chem. Soc., 80, 4979 (1958).

\ rt by eq 2. Since Qn(i) is 10-20 times12 greater than
1 I j Qon, and pn(1) is expected to be greater than pN(3),

I coupling to Nj should be approximately proportional to
1 1 1  its spin density pn(D- The observed correlation of
\ 1 «N(i) with o-p values of the 2 substituents (Figure 4) is
\ I consistent with this relationship and suggests that spin
1 J  1 density at Ni is controlled by substituent inductive
1 I i effects.13

1 1 /  \ Distribution of spin density to N3 might, on the other
 ̂ A / 1 / hand, be expected to depend primarily on the C = N

A  bond order. This should be reduced by resonance in-
\ / 1 teractions with the 2 substituents. The effect is exem-
\ J  \ B plified by the substituent effects given in Table I, the

j 1 1 l~ ~ " reduction in the aN(3) coupling of 10 on either protona-
\ 1 tion or deprotcnation, and the increase in aN(3) of the
j 1 carbamoyl nitroxide 9 upon deprotonation (Table II).
1 1 The small cin(3) solvent dependence of the amino deriv-
1 1 atives 10 (cf. Tables I and II) also fits this picture.

1 V * " Higher N3 spin density in more polar solvents would be
u expected by partial distribution of the increased Ni

I spin. This is offset by transmission of a smaller frac
tion of the spin to N3 because the same solvents increase 
resonance delocalization of the amino group and reduce 
i A the C = N  bond order.

1 11 The spin density pN(3) is expected to be approxi-
1 mately proportional to oN(3) (eq 3 ).11'12 Since spin

11 \ \ 0 n<3) — Q n(3)Pn(3) (3)

•------I ^  On(1) =  Q n(1)Pn<1) (4 )

\ A distribution to N3 will be reduced by the donation of
1 1  y 1 electrons into 7he C = N  bond, we might expect a corre-
1 y lation of aN(3) with <rp+. Although a N(3) does indeed
1 1 correlate better with pp+ than with other Hammett pa-
\| y rameters, the correlation is only fair (correlation coeffi-

i----- LU—x cient 0.847). It is found that the ratio aN(3)/[aN(i)
1 +  <zn(3)] correlates significantly better (Figure 5).
" The result is rationalized by use of eq 4 where the small

Figure 3.—Esr spectra of imino nitroxide 2 , R  = I  in toluene N term s in (eq 2) have been neglected. I f  we assume
at ( a ) —70°; (b) 18°; (c) 77°. th a t  Q n(i ) == Q n(3), then  flN(3)/[fflN(i) +  «N(3)] b e 

com es a m easure of th e  spin d istribution  betw een Ni
O, Nj, and N3. Based on the simplified Karplus-
ta in l i  r  + at * • (10) E . W. Stone and A. H. Maki, J .  Chem. Phys., 39, 1635 (1963).Fraenkel expression (eq l ) ,10-11 coupling to Nx is given (u) P. H Rieger and G K Fraenkel_ i m  ̂39i 609 (1963).

_  rjN v a n  \ (12) (a) A. Carrington and J .  dos Santos-Veiga, Mol. Phys., 6, 21 (1962);
On V nPn -h ^Wx<«p«(i> (1 )  (b) P. B . Ayscougfc and F. P. Sargent, J .  Chem. Soc. B, 907, (1966).

(13) For a discussion of correlations of nitrogen coupling constants with 
&N(i) =  Q n(i> Pn(i> 4 " Q on (1  — PN(i) — Pn(3>) ( 2 )  Hammett parameters, see E . G. Janzen, Accounts Chem. Res., 279 (1969).
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Figure 5.—Effect of substituents on the hyperfine coupling ph

ratio aN(3)/[aN(i) +  on<3)] in the imino nitroxides 2 . <rp+ values TT TT
taken from H. C. Brown and Y. Okamoto, J .  Amer. Chem. Soc., Flgurfl 6 .--E ffect of pH on hyperfine coupling of 2 , R  = C6H5: 
80, 4979 (1958). on<i), °Pen °irclesi asm i closed circles.

nitroxide nitrogen coupling.17 The observed gradual 
and N3 and should be sensitive to the C = N  bond changes in nitrogen coupling without the appearance of 
order.14 _ two spectroscopically identifiable species require that

Halogen Coupling.' The esr coupling to halogen in the protonated and unprotonated radicals are in rapid
the imino nitroxides 2, R =  Br and I, will be described equilibrium. Spectroscopic averaging is expected when
in detail elsewhere.16 Failure to observe halogen 1/ T »  y/2 rSv where r is the mean lifetime of the two
hyperfine coupling in most bromo and iodo radicals species and 5u is the line separation in hertz.18 Since
arises from the large halogen nuclear quadrupole aN(1) undergoes an overall change of 3.9 G on protona-
moments. Fluctuations in the electric field gradients tion, both protonation and deprotonation can be esti-
at the halogen nuclei due to molecular tumbling gen- mated to pr0Ceed with first-order rate constants of
erally produce nuclear spin relaxation rates that are » 5  x  1(y sec-i. The base causing deprotonation is
greater than the hyperfine splitting, and spectral aver- not imino nitroxide since spectral averaging occurs even
aging of the nuclear spin states occurs. Structural at  very low concentrations (10~6 M).  Hydroxide ion
features that reduce electric field gradients at the halo- also cannot act as the base as its low concentrations also
gen nuclei should favor the observation of halogen cou- cannot account for the fast exchange rates. Aecord-
pling. In the present examples the nuclear field gradi- ingly, the acid counterion or water probably acts as the
ents caused by the asymmetric halogen a bonds are pos- base
sibly partially offset by back bonding of the symmetri- The absence of proton coupling in protonated 2 , 
cal halogen d orbitals with the w system or bonding R = c 6H5, at pH >  1 is also consistent with a rapid ex-
through space with the nitroxide oxygen. A similar ex- change process. However, the appearance of proton
planation could account for the halogen coupling in the coupling a,t pH <  0 requires a mechanism which per-
iminoxyl radicals.8 _ mits acid inhibition of the proton exchange despite high

pH Dependence.' The imino nitroxides 2 are weak counterion and water concentrations. Similar inhibi-
bases which can be protonated without loss of free- Ron 0f proton exchange in very acidic solutions of am-
radical character. The esr spectrum of 2, R  =  Ct,H5, monia and amines has previously been observed.19 
was studied as a function of pH. Resolved spectra The behavior has been attributed to a reduction in the
show ing coupling to both nitrogens but not to the equilibrium concentration of hydrogen bonded free base
added proton were obtained above pH 1.0. At lower which is the species postulated to undergo exchange. A
pH line broadening was observed and in 6 A  hydro- similar explanation where acid lowers the concentration
chloric acid coupling to the added proton became 0f thg hydrogen bonded species 20 may account for the
resolved (Figure 2). The coupling constants aN(i) and present observation. This mechanism is supported by
a N(3) changed gradually with pH giving typical titra- the simiiar magnitudes of k n ' for the amines19 and that
tion plots from which was obtained the p K & 1.9 ±  0.1.
On lowering the pH the Ni coupling decreased and the
N3 coupling increased (Figure 6 ). |~ I H2°

The change in on with pH suggests that protonation __Hy , n k , _I R
occurs on the imino nitrogen. The inductive effect _  ) —C6H5 ^ ) —C6H5 -<==* _  — c6H3
should reduce coupling to N i and increased N 3 coupling H+ P ?  "N
should occur by additional resonance delocalization of ^
spin to N 3. By contrast, protonation of simple nitrox- 20

ides occurs on oxygen and is known to produce increased

(17) B . M. Hoffman and T . B . Eames, ibid., 91, 2169 (1969).
(14) This assumption is consistent with estimates of Qn of 23-28 G for (18) J .  A. Pople, W. G. Schneider, and H. J .  Bernstein, “ High Resolution

imino nitrogens16 and 23-36 G for nitroxide nitrogens.5b'12 Nuclear Magnetic Resonance,” McGraw-Hill, New York, N. Y ., 1959, p
(15) J .  R . Bolton in “Radical Ions,” E. T . Kaiser and L. Kevan, Ed., 223.

Interscience, New York, N. Y ., 1968. (19) M. T . Emerson, E . Grunwald, M. L. Kaplan, and R. A. Kromhout,
(16) E . F . Ullman and L. Call, J .  Amer. Chem. Soc., in press. J ,  Amer. Chem. Soc., 82, 6307 (1960).
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T able IV
P hysical Properties op Imino Nitroxides 2

Substituent Mp, °C“ v (cm" ') 1 W *. mM (t)e (1. mol** cm“')
NHCHiCHs) ^ 6 46-48 (CHC18) 1641, 1367 (EtOH) 232 (6080), 464 (1230)
N(CH3)2li'e / (CHCls) 1610, 1370 (EtOH) 246 (3700), 465 (510)
NHA* 141-144 (KBr) 1685, 1367 (EtOH) 238 (4080), 440 (1100)
OCH*«.« 58-59 (CHCls) 1630, 1370 (C,HU) 243 (6500), 372 (1 2 2 0 )
CH(CH3)2 / (CHCls) 1590, 1370
CH2CH(CH3y  / (CCh) 1588, 1365
C tC H s ^  44-46 (CCh) 1576, 1365 (C6H12) 263 (7850), 371 (660),

530 (26)
C6H6“ ‘ 27-28 (CHC13) 1600, .1370 (C6H14) 230 (16,200), 273

(3500), 304 (4300), 442 
(440), 502 (190)

Hd 53-54
95-97 (CHCls) 1500, 1368 (C.H«) 267 (3800), 399 (345),

522 (19)
Br*-* 54 (KBr) 1520, 1370 (C6H,2) 274 (6150), 387 (550),

521 (23)
CN« 110-113 (CHCls) 1545, 1370, (C6H12)S 300, 346, 436, 496

2245 (C =N )
-N^n '
- W -  70-71 (CHCls) 1600, 1370

“ Sublimation accompanies melting in most compounds. 6 Peaks for C = N  and N -0  stretching, respectively, are given. c Shoulders 
and vibrational structure not recorded. d Satisfactory elemental analysis for C, H, and N (>0.3%  error). e Empirical formula con
firmed by mass spectroscopy. 1 Oil, freezes below room temperature. 0 Accurate extinction coefficients not obtained due to slow in
tensity changes on dilution. Association product probably diamagnetic since the esr spectra were not distorted.

estimated for 20 (5 X  109 sec-1) by determining the pH Experimental Section
( —0.7) that produces line coalescence. _ ,m . , * ,, j. ,, . ,. . , Representative procedures are given below for the preparation

The base strengths of the amidino nitroxides 10 were of imino nitroxides, 2 . The triphenylphosphine and nitrous acid
determined from optical spectroscopy (see Part A). At reductions of nitronyl nitroxides 1 have general applicability, and
pH’s where these compounds were only partially pro- the physical properties of the imino nitroxide products of these
tonated, averaging of the nitrogen coupling in the esr reactions are given in Table IV. Catalytic hydrogenation of the
„.„o . j  a j- i i- i  imino nitroxides to their reduced modifications 17 and reoxidationwas again observed At lower pH s coupling to the with lead dioxide or godium p8riodate also have generaI utility. 
added proton was also resolved. Analysis of the spec- The esr spectra were recorded using a Varían E3 spectrometer 
tra of acidic solutions of 10, Ri =  R2 =  H and Ri = R2- which operates at 9.5 G Hz. Several imino nitroxide spectra
= CH3, was achieved by use of deuterium oxide sol- were distorted with abnormally intense outermost lines. The
vent, and in the latter case by the incorporation of 16N behavior was dependent on concentration temperature, and sol-

, ,, 0 ... /rr\ 1 tt\ tj. i vent and could be avoided by sum cient dilution. Association of
at the Z position (Table I I ) .   ̂ It has not been possible these radicals in solution was also detected by deviations from
to interpret the spectra of acidic solutions of 10, Ri =  Beer’s Law at high concentrations.
CH(CH3)2, R2 =  H. 2-Phenyl-4,4,5,5-tetramethylimidazoline 3-Oxide (17b, R =

Optical and” Mass Spectra.—The infrared spectra of C H E ).-T o  a solution of 1.0 g of 2-phenyl-4,4 5 5-tetramethyl-
o „ „ j  m  j '  i j i , • .. i , imidazoline-1-oxyl 3-oxide3a (1, R  = C6H5) m 100 ml of absolute
? “ d, o to  dlSP ,ng C,hf raCte? StlC. abs°rptlon at ethanol was ad(¿ d 7 J . ml ¿  concentrated HC1 over 15 min at
lobo 1378 cm attributable to the nitroxyl stretch- room temperature. The solution was warmed on a steam bath
ing frequency.20 The C = N  stretching peaks appear until it became colorless (~ l hr). I t  was evaporated in  v acu o ;
at 1576-1600 cm — 1 in the alkyl and phenyl derivatives the residue was taken up in methanol and neutralized with sodium
but move higher with the amino and methoxy substit- carbonate. Evaporation of the solvent and extraction of the

, , , J  residue with chloroform yielded 0.43 g (46%) of the product:
uents and lower with electron-withdrawing substit- mp 189-190° dec; nmr (D M 30) r 2.26 (5  Ar H, m), 5.97 (NH,
uents. The ultraviolet and visible spectra of these s), and 8.85 (4  CH3, s); 238 mM (« ^15,000) and 325
compounds are quite variable. The strongest absorp- (~5000) (concentration dependent).
tion maximum is generally found in the range 230-300 A n a l .  Caled for C13H18N20 :  C, 71.51; H, 8.31; N, 12.83. 
m/i with a second weaker maximum in the 370-470 m/i Found: C, 71.37; H, 8.2o; N, t2.70.

range. Resolution of additional maxima seems to de- A. _ 2-Phenyl-4,4,5,5-tetramethylimidazoline 3-oxide (17b, R =
pend strongly on substitution, and many of the spectra C6H6), 0.200 g, in 100 ml of benzene was treated with 4 g of lead
display long wavelength tails extending to near 600 mju. dioxide with vigorous stirring at room temperature for 35 min.
The halo, ¡(erf-butyl, and phenyl derivatives give well After filtration, the solution was evaporated w  v acu o  and the
resnlvpfi snpctrn with Inna- wnvplpmrth m axim a at 5 0 0 - orange-brown oil chromatographed on silica gel with benzene,resolved sp ectra  w ith  long w avelength m axim a a t ouu The or e band wag conecte(i ) and evaporation of the solvent
530 mp  (e ~ 2 0 )  and longer wavelength shoulders which yielded the pure crystanine product (75%).
may be due to  n,7r* tran sitio n s (see Table IV ) . B .—2 -Phenyl-4 ,4 ,5 ,5 -tetramethylimidazoline-l-oxyl 3-oxide

Mass spectral fragmentation patterns of 2 and 10 dis- (l, R = CeH5), 47 mg, was dissolved in 5 ml of dry dimethyl-
play molecular ion peaks plus characteristic major frag- formamide, and 0.25 g of sodium nitrite and 3 drops of concen-

ments at m/ e  114 and 84 These may be accounted for ffito rig iill blue^oIoIXngld^o om'nge
by loss of RClN followed by loss of JNO. brown. After cooling, the solution was diluted with 35 ml of

benzene and stirred with 2 g of lead dioxide, for 5 min at room 
(20) A. K. Hoffman and A. T. Henderson, J .  Amer. Chem. Sov., 83,4671 temperature in order to reoxidize the partially reduced product.

(1961), report the N -0 frequency at 1345 cm-1 for di-íerí-butyl nitroxide. After filtration and concentration in  v acu o , the residue was
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chromatogaphed on silica gel with 1 : 1  benzene-ether to yield Alternatively, a solution of the anion 8 was brought to pH 7
40 mg (91%) of the radical. with HC1 and extracted with ethyl acetate. This solution of

This product could be reconverted to the starting nitronyl radical 9 was dried over M gS04 and hydrogenated at atmospheric 
nitroxide 1 , R  = C6H5, by stirring in a methylene chloride solu- pressure over palladium on charcoal to give the hydroxyurea 
tion containing m-chloroperbenzoic acid for a few minutes at product.
room temperature. Alternatively the imino nitroxide 2 , R  =  C.—4,4,5,5-Tetramethylimidazolidin-2-one 1,3-dioxide (6 )3»
C6H5, was stirred for 3 days in 3% hydrogen peroxide containing (86 mg) was dissolved in 5 ml of methanol and 131 mg of triphenyl- 
a catalytic amount of phosphotungstic acid (5% of the weight of phosphine was added at 0°. The orange color of 6  faded very
2 , R  = CsH5). However, the conversion is slow and incomplete rapidly. The unreacted triphenylphosphine was removed by
under the latter conditions. filtration and the solution concentrated in vacuo. The residue

C.—To a solution of 1 1 2  mg of 2-phenyl-4,4,5,5-tetramethyl- was purified by preparative tic on silica gel with ether to give 25
imidazolidine-l-oxyl 3-oxide (1 , R  = C6H5) in 10 ml of dry meth- mg (32%) of l-hydroxy-4,4,5,5-tetramethylimidazolidin-2-one
ylene chloride was added 95 mg of p-toluenesulfonyl isocyanate. (4).
The reaction mixture was stirred for 16 hr under nitrogen at room 2-(4,4,5,5-Tetramethylirriidazolidine-l-yl)-4,4,5,5-tetramethyl-
temperature. The brown residue obtained by evaporation of the imidazolidine-l-oxyl (5 ).—A sample of 0.35 g of 4 ,4 ,5 ,5 -tetra-
solvent in vacuo was chromatographed on silica gel with ether. methylimidazoline-l-oxyl (2 , R = H) which was allowed to stand
The imino nitroxide 2 , R  = CrJT, was obtained in 48% yield overnight at room temperature was extracted with ether. The
(50 mg).  ̂ residue was nearly pure l-hydroxy-4,4,5,5-tetramethylimidazo-

Interruption of the reaction before completion and thin layer lidine-2-one. The extracts were concentrated in vacuo and puri-
chromatography of the reaction solution on silica gel gave a fied by chromatography on silica gel with ether. The solid orange
yellow spot which did not migrate with methylene chloride, product was obtained in 70% yield (0.152 g) by evaporation of
acetonitrile, or hydrocarbon solvents. However, it became blue the solvent and recrystallization from chloroform,
with alcohols and ethers. This blue product was indistinguish- Anal. Calcd for CMH2SN40 :  C, 63.36; H, 9.50; N, 21.11; 
able from the starting nitronyl nitroxide 1, R  = C6I I5. mol wt, 265. Found: C, 62.85; H, 9.52; N, 20.65; m /e  265

2-iert-Butyl-4,4,5,5-tetramethyl-2-imidazolme-l-oxyl [2 , R = (M)+, 266 (M +  1 )+.
C(CH3)3] .—2,3-(Bishydroxylamino)-2,3-dimethylbutane (1.48 g) Reduction of 30 mg of this compound in 5  ml of ethyl acetate 
and 2 .2 0  ml of pivalaldehyde in 10  ml of methanol were allowed with hydrogen and palladium on charcoal yielded a white dia-
to stand at room temperature for 1 day. Evaporation of the magnetic solid 7 . The nmr spectrum (CCh) showed signals at
mixture in vacuo yielded a partly crystalline residue which was r 8.9, 8.84, and 8.62 (8 CH3) which obscured a one-proton signal
suspended in 500 ml of water containing 2.0 g of NaHCOa. A (NOH) that disappeared on addition of D20 .  An additional
solution of 3.20 g of NalCh in 50 ml of water was added to this singlet at r 2.38 (N =C H ) was unaffected by D20 .  On stirring
solution with cooling in an ice bath. After the addition was a benzene solution of this product (7 )  with lead dioxide for a few
complete, the mixture was stirred for 30 min in the dark at room minutes at room temperature, the radical 5 was regenerated,
temperature and then extracted with four 10 0 -ml portions of 4,4,5,5-Tetramethylimidazolidin-2-one-l-oxyl (9 ).—Several
methylene chloride. The combined organic phases were dried milligrams of l-hydroxy-4,4,5,5-tetramethylimidazolidinone (4 )
over Na2S 0 4 and evaporated and the crystalline residue chro- dissolved in methylene chloride were shaken with aqueous sodium
matographed on silica with ether. In addition to the isolation periodate solution. The yellow organic layer, after drying over
of 1.0 g of 2-iert-butyl-4,4,5,5-tetramethyl-2-imidazoline-l-oxyl M gS04 displayed a strong characteristic esr spectrum of the radical
3-oxide [1, R  = C(CH3)3] , there was obtained 400 mg (19%) of a unu) 10.15 G, astn  1.60, oh 1.65. (For coupling in water, see
brown-red oil. Sublimation in vacuo at 30° gave 370 mg of 2 , Table II .)  In alkaline solutions the proton coupling disappeared
R  = C(CH3)3. (Figure la  and lb).

4 ,4 ,5 ,5-Tetramethylimidazoline- 1-oxyl (2, R = H). A. To Alternatively, solutions of 9 could be prepared by stirring
a benzene solution (125 ml) of 1.57 g of 4,4,5,5-tetramethyl- solutions of 4 with lead dioxide or by heating 2-bromo-4,4,5,5-
imidazoline-l-oxyl 3-oxide (2 , R  = H) was added 3gof triphenyl- tetramthylimidazolidine-l-oxyl (2 , R  = Br) in base, as described
phosphine. The reaction mixture was boiled for 15 min by which above, followed by neutralization with acetic or hydrochloric
time the deep purple color was replaced by orange. The solvent acid. The radical decomposed on attempted isolation,
was removed in vacuo and the residue chromatographed over 2-Methoxy-4,4,5,5-tetramethylimidazoline-l-oxyl (2, R =
silica gel, first by elution with CH2C12 and then with ether. The OCH3). A.—To 0.11 g of 2-bromo-4,4,5,5-tetramethylimidazo- 
solvent was removed in vacuo from the pure orange product, line-l-oxyl (2, R  = Br) dissolved in 8 ml of methanol was added
0.67o g (48%) which could be stored in ether solution at Dry 0.10 g of sodium methoxide. After 1 hr the solvent was removed
Ice temperature. The product was completely decomposed upon m vacuo and the residue was chromatographed on silica gel with 
standing overnight at room temperature. ether to yield 0.052 g (62%) of the crystalline product. The

B.— io  1 ml of a benzene solution containing several milligrams sample was purified by recrystallization from ether-chloroform,
of 4,4 a,5-tetramethylimidazolidine-l-oxyl 3-oxide (1, R  = H) B .—A methanol solution containing 0.16 g of sodium methoxide
was added two drops of pyridine and one drop of methanesul- and 0.30 g of 4,4 ,5 ,5-tetramethylimidazolidine-l-oxyl (2 , R  = H)
fonyl chloride. This mixture was maintained at 70° for 5 min was boiled for 40 min. The solution was then neutralized with
and t en allowed to stand for 1 hr at room temperature. The 1 A' HC1 and evaporated to dryness in vacuo. Chromatograohy
resulting solution was washed several times with water. The on silica gel with ether-chloroform gave 93 mg (26% ) of ‘the
above product was separated by tic. nearly pure radical.

1 -Hydroxy-4,4,5,5-tetramethylimidazolidin-2-one (4). A.— 2-Bromo-4,4,5,5-tetramethylimidazoline-l-oxyl (2 , R  = B r).21—
A sample of 0.3o g of 4,4 5,5-tetramethyhimdazoline-l-oxyl (2 , 2-Bromo-4,4,5,5-tetramethvlimidazoline-l-oxyl 3-oxide ( 1 , R =
R  = H) which was allowed to stand overnight at room tempera- B r)3» (5 g) was dissolved in 200 ml of dimethylformamide and
ture was extracted with ether to leave a white ether-insoluble stirred at room temperature with 20  g of solid sodium nitrite,
crystalline compound. Recrystalhzat.on from methanol-ether The color almost immediately turned from purple to orange
?700 1C Pn ^  nm  mS : mv/rln^23» wlthout addition of acid. The solid sodium nitrite was filtered
8 98 u r n  I ?  SW  i f  ’ t  V  u ( n  n  T, 8f l ? nT?  off and 500  “ 1 °f benzene was added to the filtrate. After stirring

n  exchanged with D20 , s), 1 .47 (1  H for 4 min with 50 g of lead dioxide, the solution was filtered and
pWin!r r r  w at n  n  -O i A n  o no concentrated in vacuo. The orange solution was diluted with

mnl Wt 1°58 d F o n S Hl4r 2° ^ r i ? ’ h  t ’ s ? ’ ^ 2 ’ 17'71/ 70 0  ml of water and extracted with benzene. Removal of the
r i - V 58'  F  d' 53'01, H’ 8 ’81; H’ 17-o0; m! e benzene in vacuo and chromatography of the residue on silica 

7, ' , '■ , . „ gel with ether gave 3.73 g (30%) of the nroduot
B - A  solution of 4,4,5,5-tetramethylimidazolidin-2-one-l- 2-Amino-4,4,5,5-tetramethylimidazoline-l oxyl (2 R  = NH2). 

oxyl anion 8 ) was prepared by heating 55 mg of 2-bromo-4,4,5,5- -2-Bromo-4,4,5,5-tetramethylimidazolme-l-oxyl (2 R  =  Br)
tetramethyhmidazolidme-l-oxyl (2 , R  = Br) m 10 ml of 2 A (1 0  s) was heated at reflnv in inn ™i t 7  • , jttatj 7 no fnr on u l j  -j  /1A x was neatea at reflux m 10 0  ml of ammonium hydroxide
¡OOeO n r f V  20 in.n Potassium borohydr.de (10  mg) was while bubbling ammonia gas into the solution. The solution was
added and the solution stirred for 3 mm at room temperature. heated for 5 hr. cooled, partiallv concentrated in vacuo and then
rhe reaction mixture was then neutralized with 2 A  HC1 and stirred for 15 min with 2 0  g of lead dioxide After fixation
taken to dryness vn vacuo. Continuous extraction of the residue ___________  h oxiue. Alter nitration
with ethyl acetate and evaporation of the extracts yielded 25 mg f2i) We thank m  r> r  n u w  ,, . . . .of th e  p ro d u ct & ' j  we tnank Dr. n . G. B . Boocock for the preparation of this com-
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?

through Celite and extraction of the solution with five 50-ml oxide was stirred under a hydrogen atmosphere at room tempera-
portions of methylene chloride, the combined organic phase was ture until the sclution became colorless. I t  was then filtered
dried and evaporated in vacuo. _The semicrystalline residue re- through Celite and evaporated in vacuo. The slightly yellow
crystallized from hexane to give 500 mg (70%) of the nearly pure residue was re crystallized from methanol-acetone to give 20 mg
product. of the product, mp 141-144°. The compound reoxidized slowly

lhis compound displayed the following absorption maxima: to the starting radical on standing in air. A satisfactory analysis
Ah.o (pH 8 ) 232 m/z (e 4200), 451 (1050); Xh2o (pH 1) 233 m/z was not obtained.
(e 3920), 383 (1070); Xdmso (KO-ieri-bu) 668  m/z (e 590). 2-Dimethylammo-l-hydroxy-4,4,5,5-tetramethylimidazoline

2 ' ? T ^ V ! amin0"4’4 ’5’5' tetramethylimidaZ0line' 1' 0Xyl l2’ R  [17> R = N(CHs)2].—2-Dimethylamino-4,4,5,5-tetramethyl-
= N(CH3)2] .—2-Bromo-4,4,5,5-tetramethyhmidazoline-l-oxyl imidazoline-l-oxyl [2 , R  = N(CH3)2] (50 mg) in 50 ml of methanol
i was Seated under gentle reflux with 20 ml containing 5 mg of platinum oxide was stirred under a hydrogen

of 40 /o aqueous dimethylamine. After 90 min the solution was atmosphere at room temperature until the solution became color-
almost colorless. Most of the excess amine was removed by less. The solution was then rapidly filtered through Celite and
evaporation in vacuo and the residual solution was reoxidized by evaporated in vacuo. The residue was recrystallized from acetone
stirring for 15 min with 10 g of P b 02. After filtration through to give 15 mg of product (sublimes without melting above 190°).
Celite and extraction with three 50-ml portions of CH2CI2, the The compound displayed characteristic infrared absorption at
combmed extracts were dried over Na2S 0 4 and evaporated to vkbv 3100 (OH) and 1605 cm~l (C = N ).
leave 230 mg of the brown liquid radical. An analytical sample Anal. Calcd for C9H19N30 :  C, 58.34; H, 10.34; N, 22.68. 
was obtained by molecular distillation at 0.05 mm. Found: C, 58.33; H, 10.27; N, 2 2 .4 7 .

This compound displayed absorption maxima at: Xh2o (pH 8 ) 2-Cyano-4,4,5,5-tetramethyl-2-imidazoline-l-oxyl (2 , R  = CN). 
246 rc.fi (e 4200), 475 (600); Xh2o (pH 1 ) 244 m/z (e 3800), 427 —A finely ground mixture of 300 mg of sodium cyanide and 300
6 ^®)' mg of 2-bromo-4,4,5,5-tetramethylimidazoline-l-oxyl 3-oxidesb
_  2-Isopropylammo-4,4,5,5-tetramethylimidazoline- 1-oxyl [2 , R  was heated in 3 ml of dry dimethylformamide at 70° for 15 min.
— NHCH(CH3)2] .—-2-Bromo-4,4,5,5-tetramethylimidazoline-l- The solution was then diluted with ether, filtered, and evaporated
oxyl (2 , R  = Br) (250 mg) dissolved in 25 ml of isopropylamine in vacuo. The residue was nurified by preparative tic (silica
and 25 ml of water were heated under gentle reflux (55-60°) for gel-ether) to give 66  mg (31%) of the radical.
4 hr. The almost colorless solution showed only a very weak esr 
signal. After cooling to room temperature the solution was con-
centrated in vacuo and then stirred for a few minutes with 1 0  g of Registry No.' 2 (R  =  NHo), 26682-07-5; 2 [JR = 
Pb0 2. The solution was filtered through Celite and the filtrate N (C H 3)2], 26682-08-6; 2 [R  =  N H C H (C H 3) 2], 26682-
extracted with five 50-ml portions of CH2C12. The combined 09-7; 2 (R  =  O C H 3), 26682-10-0; 2 [R  =  C (C H 3) 3],
organic phases were dried and evaporated in vacuo to leave a 26682-11-1; 2 (R  =  C H 3), 26682-12-2- 2 fR  =
brown oil. Chromatography of this residue on silica gel with „ „  p r i/ p A  \ ■> 1Q J  m  _  V<tjy/Att \ i
ether yielded 100 mg (44%) of the pure radical. 0 1 1 2 ^ ^ ( 0 x13) 3], ¿O uo^-io-o, 2 [xv 0 x1 (0 x13) 21?

-This compound displayed absorption maxima at: Xh.o (pH 26682 -14 -4 ; 2 (R  =  CeH5), 26731 -6 4 -6 ; 2 (R  =  H ),
8 ) 233 m/z (e 5250), 268 (sh) (2 2 0 0 ), 480 (1 0 2 0 ); Xh2o (pH 1 ) 26682 -1 5 -5 ; 2 (R  =  I ) ,  2 6 6 8 2 -1 6 -6 ; 2 (R  =  B r ) ,

(sh) (1970)’ 4 0 1  (127° ); Xdms° (K 0 '  26682 -17 -7 ; 2  (R  =  C O O C H 3), 26682 -18 -8 ; 2  (R  =
^2-Amino-l-hydrozy-4,4,S,S-tetranie,hyUmidazoIme (.7 . R -  *■ » » » * » * >  5 - 5 .

NH2).—2-Amino-4,4,5,5-tetramethylimidazoline-l-oxyl (2 , R  26682-22-4, 17 (R  — N H 2) , 26682-23-5) 17 [R  —
= NH2) (70 mg) in 50 ml of methanol containing 5 mg of platinum N (C H 3)2], 26682-24-6; 17b (R  =  CeHs), 18390-03-0.
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Benzonitrile and o?-(triphenylphosphoranylidene)toluene react to give the stable iminophosphorane a- [ (tri- 
phenylphosphoranylidene)amino]stilbene (3) which was also prepared by reaction of cis- or frzms-a-azidostilbene 
with triphenylphosphine. A wide variety of resonance-stabilized phosphoranes and iminophosphoranes, while 
not reacting with unactivated nitriles, undergo the analogous reaction with cyanogen and trifluoroacetonitrile.
The resulting iminophosphoranes (e.g., 4 and 20) are air stable and quite resistant to hydrolysis. Two isomers 
are formed in a number of cases. The reaction of nitriles with phosphoranes is believed to proceed by a mecha
nism analogous to that of the reaction of phosphoranes with activated acetylenes.

Part A mediates. We have isolated and characterized the
r™ i i -t i z z- i i t i i  intermediate in one such case and extended the scope toih e  nucleophilic character oi phosphorus ylides has • , , ,• u , z.u-r j i a h i - j

, , , , , • r z , • i r  include reactions between resonance-stabilized“ '0 ylideslong been recognized and reactions oi this class of com- , , , -a
, • , , , , , ... . and the activated nitriles, cyanogen and trmuoroace-

pounds w ith  a wide variety of electrophilic reagents tonitrile
have been reported.1 Among these, however, reactions /rr •' , , , , r J  , ,, ,... i ■ , , ’ „  a - (lriphemdphosphoranylidene)toluene and benzo-
w ith  nitriles have received less attention. McRwen .. ., , , , , • A  ■ u. . ., , , , . , , , ... , n itrile  reacted slowly m refluxing ether-benzene to give
and coworkers2 found that nonresonance-stabilized . . , ,  , • ■ , ,  T, ■ , , - c  , r7 •. . .  h ,. . ,. , , a 1:1 adduct m 68% yiefd. I t  was identihed as a -  (tn -
yhdes“ '0 react w ith  ahphatic and aromatic nitriles to , , , , , s ■ 3 , • ,- , ,, . ,  phenylphosphoranylidene)aminojstilbene (3) by mde-
give ketones after hydrolysis of the unidentified inter- , . t  . ■ , , , , • ,e j  j  pendent syntnesis from triphenylphosphine and either

(1) (a) A. Maercker, Org. React., 14, 270 (1965); (b) A. W. Johnson, CIS- O r (faWS-a-azidostilbene. On hydrolysis, 3 gave de-
“Ylid Chemistry,” Academic Press New York, N Y „ 1966; (c) H. J .  o x y b e n Z o in  a n d  t r i p h e n y lp h o s p h i n e  O x id e  US r e p o r t e d
Bestmann, Angew. Chem., 77, 850 (1965), and preceding reviews.  ̂ r  c  ,

(2) (a) r . g . Bamhardt, Jr ., and w. e . McEwen, j . Amer. chem . Soc., previously.2 Attempts to add nitriles to resonance-sta-
89, 7009 (1967); (b) A Bladd-Font W. E . McEwen, and C. A VanderWerf, b i l iz e d  y l id e s ,  i . 6 . ,  t h o s e  C a m d n g  e l e c t r o n - w i t h d r a w i n g
ibid., 82 , 2646 (1960); (c) A. Blad($-Font, Ph.D . Thesis, University of , \
Kansas, 1960. groups on the ylide carbon, were unsuccessful. How-
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ever, the much more strongly electrophilic nitriles, cy- sible isomers of the iminophosphorane adducts are illus- 
anogen and trifluoroacetonitrile, reacted readily under trated for the case cf compound 19. Existence of four
m ild conditions w ith  a large number of such ylides to isomers presupposes restricted rotation around the
give iminophosphoranes analogous to 3 in  high yields, as

Ph3fPh3P=CHPh + PhCN —  Ph3P— CHPh — *  Ph3P =N  N

~N=C— Ph F,C NPh F3C Ph
19a 19b

Ph3P— CHPh Ph3P =N — C=CHPh ph,p
I I —  I II

N=CPh Ph Ph3P =N  7Ph N /Ph
2 3 /= N

—N, h i0 |h+ FsC  ™
t  19c 19d

^ 3\ _ II N -C ^ bond, since 4a-4b and 4c-4d are pairs of rotamers.
CHPh + Ph:jP Ph3PO + PhCCH2Ph Restricted rotation around the Ca-C 0 bond has been ob- 

Ph (+NH4 ) served in the case of alkoxycarbonylmethylenetri-
exemplified by the reaction of (triphenylphosphoran- Phey lphosphoranes- w ith rotation barriers as high as 18
ylidene)acetonitrile with cyanogen Hydrolysis of 4 kcal/T L Substituents on C7 capable of delocahzmg

a negative charge (e g. ,  the cyano group in 4) should m-
Ph3P=CHCN +  NC— CN — >- Ph3P=N— C=CHCN crease the double bond character of the N -C s bond and

( consequently increase the barrier of rotation around
. that bond. The data available do not allow a choice of

4, wo isomers which of these isomers are present in the products 4-20.
The isomer ratios seemed to be dependent on minor

4 ______ > phjPO +  q=CHCN (both isomers) changes in reaction conditions since the values listed in
H!°  /  the Table were not always exactly reproducible. In

NC most cases the isomer predominating in the crude sam-
. , , . . . . . .  . . . pie was also the major component of the purified mate-gave a mixture of ammomaieomtnie and ammofumaro- • , ___ > ,•. . ,, . , . . , , , rial, although there were some exceptions. Thus, crys-

mtrde the enammes m this case being resistant to fur- tallization of the crude isomer mixtPre 7 from hot ethyl
ther hydrolysis. Iminophosphoranes, including phos- acetate duced the minor isomer exclusivel simt
phazmes also reacted readily with cyanogen and tn- lar] the adduct 10 consisted mainl of the le£ stable
fluoroacetomtrile to give compounds such as 20.3 The • „  • , ,. , ,, , ,. , , .°  isomer, smce heating of the crude reaction product m
Ph3P=N— N=CPh2 +  CFsCN__>- isopropyl alcohol gave a product in which the isomer

Ph3p= N— c = N — N=CPh rat^° was reversed (both in  the crystals and in the
I mother liquor); this ratio remained unchanged on fur-

ther crystallization. Isomerization on crystallization
20 was observed in other but not all cases. Thus, the

reactions are summarized in Table I. No pure prod- maj°" “ d min° r f ’“f 8 in a? ^ ct *  cof d b eal™ost
ucts could be isolated from the reactions of cyanogen or f pa b/  crystallization from hot iso-

a  „  , , , ■ propyl alcohol or acetonitrile. Since conditions fortriiluoroacetonitnle with the more strongly basic non- ■ ■ ,■ , , . , ,  , ;, j  t j  i • . isomerization were determined for only three sets ofresonance stabilized ylides, polymerization of the m- • „ /-  ■ , ~ ", , ,
triles probably occurring to the exclusion of formation 1S"  (S m addltT  °  7 and 10>’ a « dement as to 
of simple adducts. Attempts to add these nitriles to Whl°h 18omf ?  are Jhe. thermodynamically more stable
selected nitrogen, arsenic, and sulfur* ylides also were T  +be made “  moSt +caSf ; ,  Tbe is1° “ er ratl°
unsuccessful in the formation of 5 from methyl (triphenylphosphor-

Two isomers were formed in most but not all cases ^ d e n e )a c e ta te  and cyanogen was solvent depen
d ab le  I). These can differ in the arrangement of the dent’ the eqmhbnum mixture (ca. 80.20) was formed
substituents on the phosphorus-nitrogen or carbon- m ay tonitrde’ toluene> and acetone whereas a mixture
carbon double bonds as exemplified for 4 ; the four pos- contammg the two isomers in equal amounts was ob-

y  p tamed m methylene chloride. A rationalization of this

^ 3n> The reaction of activated nitriles with PhsP^N H  to give iminophos-
p, p _ -M  t j  J  phoranes, P h sP = N -C (R )= N H , has recently been reported: A. S. Shte-
r n 3r  \ 5 7 /  N  H panek, E. N. Tkachenko, and A. V. Kirsanov, Zh. Obshch. K him ., 39, 1475

/  \  / ===\  (1969). Although these products are probably formed by simple addition
NC CN NC CN of the phosphineimine across the nitrile triple bond as suggested by these

a authors, the possibility that a four-membered ring intermediate analogous
4 b  to 2 is involved cannot be ruled out completely,

pv p  The reaction of trichlorcacetonitrile with carboethoxymethylene—
3|i dimethylsulfurane has been reported to give a complex mixture of products,

■ni x} XT pvr Jt _  neither of which was an iminosulfurane analagous to 3: G. B . Payne, J .  Ora.
F h 3F = l N x y V l N  N  CN Chem., 33, 3517 (1968).

/  \ u  / ==\  ^  ^ or a summary see “Organophosphorus Chemistry," S.
^  NC  ̂ H Trippett, Ed., Vol. 1, The Chemical Society, London, 1970, pp 288-289.

An A* H - L Zelinger, J .  P. Snyder, and H. J .  Bestmann, Tetrahedron Lett., 2199
4d (1969).
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T a b l e  1»

R'CN +  Ph3P = Y R 2R 3 — =► Ph3P = N —C = Y R 2R 3

I
R 1

Isomer
ratio

Yield, (crude
No. Y  R 1 R 2 R s Conditions6 %  Mp, °CC product) SHd,e JPHC,/

4 C CN CN H 25 (16) 87" 228-230 72:28 5.2, 5 .3  6 .1 , 0.6
5 C CN COOMe H 25 (16) 90" 173-174 77:23 4.5, 4 .5  0 .5 , 5 .0
6  C CN COPh H 25 (16) 77" 198-200 . .  3 .6  <1
7 C CN COOMe Me 25 (16) 1 0 0 * 178-179* 76:24 7 .9 , 7.8» 1 .9 , 0.7»
8 C CN -COOCH2CH2CH2-  80 (0.5) 100* 218-200 ?
9 C CN 9-fluorenylidene 106 (1) 63" 272-273 ?

10 C CF3 CN H 25 (16) 84" 162-166' 80:20 6.1, 5 .2  <1, <1
11 C CF3 COOMe H 25 (90) 94" 114-115 . .  .* 4 .5  < 1

12 C CF3 COPh H 70 (1 ) 81» 163-165 ...* ' 3 .6  <1
13 C CF3 COOMe Me 25 (18) 100* 88-90” 71:29 6 .7 , 6 .3"
14 C CFS -COOCH2CH2CH2-  80 (0.5) 97* 165-169 93:7
15 C CF3 9-fluorenylidene 82 (6 8 ) 98* 253-254 ?
16 N CN Ph 25 (1) 82" 197-198 .. .*>
17 N CN tert-Bu 25 (16) 90* 150-151 50:50 8 .5 , 8 .9"
18 N CN N =C Ph 2 25 (70) 60" 219-221 ?
19 N CF3 Ph 40 (3) 81* 122-124 80:20
20  N CF3 N =C Ph 2 90 (6 ) 47" 223-224” 82:18

“ Satisfactory analytical data (± 0 .3 %  for C, H, N) were reported for all compounds in the table; analyses for P were reported for 
4, 5, 1 1 , and 17. Ed. 6 Solvent CH3CN in all cases except for 9, which was run in CH2C12; numbers are temperature and time (hr) 
in that order; see Experimental Section (Part B ) for typical procedures. c Melting point of analytical sample of isomer mixture unless 
indicated otherwise. d Chemical shift of vinyl proton (R 3) in r units, measured in CDC13 solution with TM S as externally substituted 
standard. "Parameters for the major isomer are listed first. ? Coupling constant between phosphorus and the vinylic proton (R3) 
from the splitting of the proton nmr spectra. " Yield of crystallized product. * Yield of crude product. * Only one isomer formed. 
1 Parameters for the methyl group (R 2). * Melting point of pure minor isomer which is obtained on crystallization of the crude product 
mixture. 1 Melting point of a mixture containing 78% of the previously minor isomer and 22% of the major isomer obtained on crys
tallization from isopropyl alcohol. ” Melting point of the pure major isomer. n Parameters for the COOMe group (R 2). » Only
one phosphorus resonance at —19.7 ppm from H3P 0 4 was observed. " Parameters for the ieri-butyl groups (R2).

solvent effect requires knowledge of the as yet unknown tions of trialkyl- and triarvlphosphoranes with aromatic
stereochemistry of the isomers. However, the fact that and aliphatic nitriles studied by McEwen and co-
of the four solvents tried only methylene chloride pro- workers.2 It appears that resonance-stabilized ylides
duced a different isomer mixture indicates that the abil- do not react with unactivated nitriles, since (triphenyl-
ity of the latter to form strong hydrogen bonds may be phosphoranylidene) acetonitrile was recovered un-
of importance. changed after heating in neat acetonitrile, benzonitrile,

The mechanism of the addition of nitriles to ylides and phthalonitrile to 200° for 8 hr. Addition of lithium
probably involves initial formation of an adduct such iodide2“ failed to promote the reaction. Similarly, N -
as 1 followed by ring closure to the dihydrophosphazete (triphenylphosphoranylidene) aniline and acetonitrile
2; the final product (3) then results by opening of the did not react at 150° during 3 days. Cyanogen and
four-membered ring. Such a mechanism has been pro- perfluoroalkylnitriles will probably form adducts of type
posed for the addition of activated acetylenes to 4-20 with most resonance-stabilized phosphoranes pro-
ylides,6-8 in which products exactly analogous to the vided that the nucleophilic character of the latter is not
nitrile adducts are formed. The formation of isomers too drastically diminished by the presence of two elec-
was also noted in these reactions.6 tron-withdrawing substituents on the ylide carbon.

The phosphoranes 4 to 2 0  are stable to air and quite Thus, methyl (triphenylphosphoranylidene)cyanoace-
resistant to hydrolysis. Their diminished nucleophilic tate gave no adduct with cyanogen at 120°; 2V-(tri-
character is demonstrated by their reluctance to react phenylphosphoranylidene)benzamide also failed to re-
with alkylating and acylating agents and to undergo act under these conditions. In the following combina-
further reaction with activated nitriles or a normal tions, reaction did occur but pure products could not be
Wittig reaction with aldehydes or ketones. isolated: (triphenylphosphoranylidene)methane with

cyanogen or trifluoroacetonitrile; «-(triphenylphosphor- 
Part B anylidene)toluene, (triphenylphosphoranylidene)cyclo-

„ , __ pentadiene, pyridinium benzoylmethylide, and (me-
Scope of the Reaction of Nitriles with Y h d es.-T h e thoxycarbonylmethylene)triphenylarsenic with cyano-

results presented above make it likely that mnnophos- gen; and methyl (triphenylphosphoranylidene)acetate
phoranes corresponding to 3 are formed m all the reac- with trichloroacetonitrile. Methyl (triphenylphos

phoranylidene) acetate catalyzed the trimerization9 of 
malonomtrile. Methyl cyanoformate underwent a 

1263 <1964). normal Wittig reaction with (triphenylphosphoranyh-
(8) J .  B . Hendrickson, R . Rees, and J .  F . Templeton, J .  Amer. Chem.

Soc., 86, 107 (1964); J .  B . Hendrickson, C. Hall, R . Rees, and J .  F . Temple- (9) Various structures have been assigned to the trimer of malononitrile;
ton, J .  Org. Chem., 30, 3312 (1965). c/. J .  D. At-kinson and M . C. Johnson, J .  Chem. Soc. C, 2181 (1969).
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dene)acetonitrile; a small amount of the acylation prod- resonances occur at —13.7 and —15.1 ppm, (from 85%  
uct 21 was also isolated. H3PO4). Interestingly, the magnitude of the P -H

, -p, p pur'w  ^ coupling constants is reversed in the case of the isomers
NCCOOMe +  Pb.P-CHCN ^  ^  5> whereas both isomers 0f i0 have J HP <  1 Hz. The

/  /  phosphorus resonances in 10 are found at —13.4 (major
Ph3PO +  NCCH=C +  Ph3P=C isomer) and —8.5 ppm; the 19F  nmr spectrum shows

N' cn  ^COOMe P_F  coupling of 5 Hz in the major and of 1 Hz in the
21 minor isomer, but little or no H -F  coupling. On the

, _ , . . ,  . , , . . other hand, the fluorines in both isomers of 13 are
Structures. - 0 n ly one isomer of 3 was isolated from coupled t0 the methyl protons (3 and 2 Hz, respec-

the addition of benzomtnle to «-(tnphenylphosphor- tivd } but little to phosphorus; the methyl protons
anylidene)toluene as well as from the reaction of either of the major isomer of 13 howevei. are led to phoS-
c i s -  or ¿rans-a-azidostilbene w ith  tnphenylphosphine. horug (g Hz) tMs parameter could not be determined 
This probably indicates that the barrier for intercom ^  the minor isomer of 13. The hosphorus resonances
version between the four possible isomers of 3 is lower ^  the two isomers of the iminophosphorane adduct 1 9

than m the case of the phosphoranes 4-20. Phos- QCCur at _  1 5  and _  1 Q  7  that of the single isomer
phorane 3 exists in  two crystal forms having slightly of l f i  ftt _ 1 9  7  The somewhat conflicting nm r
different infrared spectra m the solid but identical in- data geem tQ indicate that different combinations of the
frared and nmr spectra m solution, lh e  previous , , __ , , _____ A A  „ j  i n .x, , , 1 l  , .  , ,  . , j, four possible types 0 1 isomers ( e . a . , 4a-4d and 19a-19d)
workers suggested structure 22 for the intermediate of occur in  the adducts 4_20
the reaction between benzomtnle and «-(tnphenylphos- Reactions.-The  iminophosphoranes 4-20 are quite
phoranylidene)toluene, although the correct structure resigtant tQ h drol gig ag evidenced by the fact that 5
3 was also mentioned20 as a possibility. T , , , ■ • ,, n ,v J  was recovered unchanged on heating in  methanol to

Ph 150°, on refluxing in 20%  aqueous acetonitrile, and on
j  ^ Ph3P=C/ /  stirring with potassium carbonate or potassium hy-

\  droxide in methanol at room temperature. Some
FPh hydrolysis to triphenylphosphine oxide and methyl
NH 3-amino-3-cyanoacrylate (23) occurred on heating 5 to

22 H2N
Although only one or two isomers were formed in most Ph3PO + %=CHCOOMe

reactions of activated nitriles with phosphoranes, there NC
were indications in two cases for the presence of three hcooĥ ,- ^
isomeric species in the products: the nmr spectra of Ph3P = N __C=CHCOOMe
the crude adduct of trifluoroacetonitrile to N-  |
(triphenylphosphoranylidene)-ieri-butylamine showed CN h,so,^ -
three trifluoromethyl groups and three ferf-butyl groups. 5 Ph3P=N — C=CHCOOMe
Similarly, three carbomethoxy peaks were observed in CONH
the nmr spectrum of the crude adduct of cyanogen 24 2
to methyl (triphenylphosphoranylidene)phenylacetate.
No attempts were made to isolate these isomers. The 160° in 80%  aqueous methanol for 6 hr, but hydrolysis
isomers listed in Table I  could in some cases be sepa- to 23 was much more readily and conveniently carried
rated by chromatography on Florisil ( e . g . ,  10); others out with 90% formic acid at room temperature. Only 
either isomerized ( e . g . ,  5) or hydrolyzed ( e . g . ,  7) under a single isomer of 23 was obtained whereas both amino-
these conditions. The only case where the position of maleonitrile and aminofumaronitrile were obtained
the equilibrium was determined is that of S. Slow room from 4 under similar conditions. Quenching a solution
temperature crystallization from ethyl acetate of the of 5 in concentrated sulfuric acid with base resulted
1:1 mixture of isomers obtained on carrying out the re- mainly in conversion of the cvano to an amide group to
action in methylene chloride (see above) gave crystals give 24. Bromination of 5 followed by treatment with
containing a 77:23 mixture of the major and minor iso- base gave a single isomer of 25. Unchanged 5 was re-
mers of 1. The mother liquor contained these isomers
in the ratio of 25:75, but on chromatography on Florisil 5 Brl, ph3p—N=C—CHBrCOOMe ~HBj
the 77:23 equilibrium mixture was again obtained. A j
pure sample of the major isomer was accidentally ob- FN Br~
tained when the isomer mixture was treated with acetyl Br
chloride and triethylamine in an abortive attempt at PhP=N_0 = 0 ^
acetylation. Crystallization from hot acetonitrile 1 \
again resulted in formation of the 77:23 equilibrium I COOMe
mixture.

The two isomers of 4, each containing about 10% of
the other, were obtained by fractional crystallization. covered after heating with neat methyl iodide to 70°;
Their ultraviolet spectra are very similar but they differ reaction did occur at 100° but no pure products could be
in their infrared and proton and phosphorus nmr spec- isolated. Adduct 5 did not react with acetyl chloride
tra. Thus, the long-range coupling between the vinylic and base at room temperature, or with cyanogen chlo-
proton (R 3) and phosphorus is 0.5 Hz in the major, and ride at 70°, nor could it be hydrogenated with a palla-
5.0 Hz in the minor isomer (Table I ) ; the phosphorus dium catalyst at room temperature. Pyrolysis of 5 at
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275° gave a com plex m ixture of products. N o reaction  phenylphosphoranylidene)acetate and 80 ml of acetonitrile,
occurred betw een 5 and acetone a t 120° or betw een 5 Cyanogen (6.0 g) was distilled in at liquid nitrogen temperature.

„ i ____ __  c . , , The tube was sealed under vacuum and placed in a Dry Ice-ace-
and a large excess of cyanogen a t room  tem perature. tone bath which was allowed to come t0  rPoom temperati;re slowly

overnight. The tube was cooled to —10° and opened. The 
E xp erim en ta l S e ctio n  precipitate was collected by filtration, washed with acetonitrile,

and dried to give 22.81 g (90% yield) of methyl 3-[(triphenyl- 
Reaction of (Triphenylphosphoranylidene(acetonitrile with phosphoranylidene)amino]-3-cyanoacrylate (5, two isomers, the

Cyanogen.—Cyanogen (7.38 g) was transferred at liquid nitrogen ratio of the two isomers was 77:23 as determined by nmr spec-
temperature to a Carius tube containing 20.27 g of (triphenyl- troscopy). An analytical sample, prepared by recrystallization
phosphoranylidene)acetonitrile10 and 70 ml of acetonitrile. The from acetonitrile, had mp 173-174°. The nmr spectrum showed
tube was sealed under vacuum and the contents were allowed to the ratio of the two isomers to be unchanged: uv max (MeCN)
come to room temperature with magnetic stirring. On reaching 322 him (e 18,700) 375 (6500), 268 (6000), and 225 (sh) (23,300);
room temperature, the phosphorane dissolved and a new pre- ir max (KBr) COOMe at 1710 cm“1, CN very weak; nmr
cipitate formed. I t  was collected after standing at room tern- (CDC13) major iscmer [r 1.9-2.7 (m, 15), 4.5 (d, J  = 0.5 Hz, 1),
perature overnight, washed with acetonitrile, and dried to give and 6.3 (s, 3)], minor isomer [1.9-2.6 (m, 15), 4.5 (d, J  = 5 Hz,
17.33 g of a product (A) containing 82% of the major isomer and 1 ), and 6.2 (s, 3)].
18% of the minor isomer of l-[(triphenylphosphora-nylidene)- Hydrolysis of Methyl 3-[(Triphenylphosphoranylidene)amino]- 
amino]-l,2-dicyanoethylene (4) as indicated by nmr spectroscopy. 3-cyanoacrylate (5) with Formic Acid.—A solution of 5.19 g of
The mother liquors, on concentration to dryness ¿ave 3.46 g of methyl 3-[(triphenylphosphoranylidene)amino]-3-cyanoacrylate
a solid (B) containing 77% of the minor and 23% of the major in 33 ml of 90% formic acid was allowed to stand at room tem-
isomer, combined yield 20.77 g (87%). Two crystallizations of perature for 50 min. Removal of the solvent at room tempera-
A from acetonitrile gave a sample of the major isomer, still ture under high vacuum left a semisolid which on addition of
containing 10% of the minor isomer: mp 228-230°; JH nmr acetonitrile deposited 0.39 g of methyl 3-amino-3-cyanoacrylate
(CDC13) r 1 .9-2 .8 (m, 15, Ph) and 5.2 (d, J  — 6.0 Hz, 1, CH); (23). Concentration of the mother liquor and addition of
31P nmr (CH2CI2, shift from internally substituted 85% H3PO4) methylene chloride gave another 0.32 g of the product, combined
— 13.7 ppm; uv max (MeCN) 314 m/u (e 18,300), 275 (8300), yield 0.71 g (42%). Crystallization from ethyl acetate gave an
268 (7500), and 225 (sh, 23,100); ir max (KBr) 2205, 1545 analytical sample: mp 163-164°; uv max (MeCN) 289 m/x (e
cm“ 1 (vs), among others. 13,400);14 ir max (KBr) 3400, 3320, 2240, 1670, 1625, and 1575

One crystallization of B  from acetonitrile gave a sample com- cm“ 1 among others; nmr (CD3CN) r 3.0-4.5 (broad, s, 2), 5.0
posed of 82% of the minor and 18% of the major isomer of 4: (s, 1), and 6.5 (s, 3).
mp 162-466° (a small amount remained solid to 210°); 'H nmr Anal. Calcd for C6H6N20 2: C, 47.62; H, 4.80; N, 22.21. 
(CDC13) 7- 2.0-2.7 (m, 15, Ph) and 5.3 (d, J  = 0.6 Hz, 1, CH); Found: C, 47.61; H, 4.77; N, 22.57.
31P nmr (CH2CI2, shift from internally substituted 85% H3P 0 4) Hydrolysis of Methyl 3 -[(Triphenylphosphoranylidene)amino]-
— 15.1 ppm; uv max (MeCN) 314 m^ (e 18,100), 275 (8000), 3-cyanoacrylate (5) with Sulfuric Acid.—To a solution of 2.07 g
268 (7300), and 225 (sh, 24,600); ir max (KBr) 2200, 1550 of methyl 3-[(triphenylphosphoranylidene)amino]-3-cyanoacry-
(vs), 930 cm“ 1 (s), among others; the band at 930 cm“ 1 is absent late in 10 ml of methylene chloride was added, at room tempera-
in the spectrum of the major isomer. ture, 2 ml of concentrated sulfuric acid. The mixture became

Anal. Calcd for C22Hi6N3P: C, 74.78; H, 4.57; N, 11.89. warm and two layers formed; the lower sulfuric acid layer was
Found: C, 74.42; H, 4.22; N, 12.09. yellow. The mixture was stirred at room temperature for 5 min

Hydrolysis of l-[(Triphenylphosphoranylidene)amino]-l,2 -di- and poured into a cold solution of 5.3 g of sodium hydroxide and
cyanoethylene (4).'—A mixture of 2.00 g of l-[(triphenylphos- 25 ml of water. Methylene chloride was added, the layers were
phoranylidene)amino]-l,2-dicyanoethylene (product A, above) separated, and the aqueous layer was extracted twice with
and 10 ml of 90% formic acid was stirred at room temperature methylene chloride. The extracts were washed with concentrated
for 1 hr. The solvent was removed under vacuum and the residue sodium chloride solution and dried. Removal of the solvent gave
was sublimed at 90° bath temperature (0.1 p) to give 0.19 g 2.06 g of a yellow glass. Addition of 5 ml of methanol and
(39%) of a mixture of aminomaleonitrile and aminofumaronitrile filtration gave 1.43 g (6 6 %) of methyl 3-[(triphenylphosphor-
in the ratio of 55:45 as judged by the nmr spectrum (in CD3CN): anylidene)amino]-3-carbamoylacrylate (24), mp 163-164°. An
broad band at t  4.5 (2 H) and singlets at 5.2 and 5.5 (1 H) in the analytical sample, prepared by crystallization from isopropyl
ratio of 45:55. The infrared spectrum was identical with that of alcohol, had mp 164-165°: uv max (MeCN) 313 m  ̂ (« 11,200),
a mixture of aminomaleonitrile and aminofumaronitrile (see 274 (6200), 267 (74,000), 225 (sh, 25,200); ir (KBr) 3450, 3400,
below). 3270, 1660, 1625, 1580, 1560, and 1540 cm“1, among others;

Aminomaleonitrile from Ammonia and Dicyanoacetylene.— nmr (CDC13) r 1.9-2.7 (m, 17), 4.0 (s, 1), and 6.2 (s, 3).
To a mixture of 1.36 g of anhydrous ammonia and 150 ml of Anal. Calcd for C23H2iN2 0 3P: C, 68.30; H, 5.24; N, 6.93. 
ethyl ether was added, a t —80° over 30 min, a solution of 5.35 g Found: C, 68.31; H, 5.28; N, 7.08.
of dicyanoacetylene11 in 100 ml of ether. The mixture was Bromination of Methyl 3 - [(Triphenylphosphoranylidene(ami-
allowed to come to room temperature slowly. Removal of the no]-3-cyanoacrylate (5).—Bromine (1.16 g) was added with
solvent from the filtered solution gave 6.08 g of a tan solid. Sub- cooling to a solution of 2.66 g of methyl 3-[(triphenylphosphor-
limation of 5.51 g of this material at 80° (0.1 mm) overnight anylidene)amino]-3-cyanoacrylate in 30 ml of methylene chloride,
gave 5.20 g of colorless crysals. Crystallization from 10 ml of The mixture was stirred at room temperature for 5 min. Tri
isopropyl alcohol gave 3.86 g of aminomaleonitrile: mp 135-136° ethylamine (3 ml) was added, and stirring was continued for
(lit . 12 mp 131°); nmr (CD3CN) t 4.4 (broad, 2 ) and 5.5 (s, 1 ). another 10  min. Water was added, the layers were separated,
The stereochemical assignment is based on the chemical shift of and the aqueous layer was extracted once with methylene
the vinylic proton, which in aminomaleonitrile might be expected chloride. The combined extracts were washed with concentrated
to occur at higher field, and on the fact that amines add to sodium chloride solution and dried. Removal of the solvent gave
activated acetylenes predominantly in a cis fashion.13 Concen- a tan solid which was washed several times with water and dried,
tration of the mother liquors and crystallization of the residue Crystallization from isopropyl alcohol gave methyl 3- [(triphenyl-
from dichloroethane gave 0.67 g of tan crystals, mp 121-124°, phosphoranylidene)amino]-2-bromo-3-cyanoacrylate (25), mp
the nmr spectrum of which showed it to be a mixture of 75% 158-159°, as pale yellow crystals: uv Amax (MeCN) 334 mM (<=
aminomaleonitrile and 25% aminofumaronitrile (singlets at t  5.5 21,300), 275 (5500), 268 (5500), 262 (sh, 4700), 225 (sh, 25,200);
and 5.2 in a ratio of 3 :1 ). Since the latter was absent in the nmr ir (KBr) 2220, 1700, 1625 cm“1, among others; nmr r 1 .8-2.6
spectrum of the crude reaction product, the isomerization must (m, 15) and 6.1 (s, 3).
have occurred during the crystallization. Anal. Calcd for CisHisBrNiChP: C, 59.37; H, 3.90; N,

Reaction of Methyl (Triphenylphosphoranylidene(acetate with 6.02. Found: C ,59.53; H, 4.14; N, 6.11.
Cyanogen.—In a Carius tube was placed 22.02 g of methyl (tri- Reaction of Methyl 2 -(Triphenylphosphoranylidene)propionate
-----------------  with Trifluoroacetonitrile.—To a Carius tube containing 10.54 g

(10) G. P. Schiemenz and H. Engelhard, Chem. Ber., 94, 578 (1961).
(11) E . Ciganek and C. G. Krespan, J .  Org. Chem., 33, 541 (1968).
(12) C. Moureu and J .  C. Bongrand, Ann. Chim. (Paris), 14, 5 (1920); (14) M. Atkinson and A. H. Horsington, /. Chem. Soc. C, 2186 (1969),

no stereochemical assignments were made. report uv max (EtOH) 305 m/t (e 11,640) for ethyl 3-amino-3-cyano-2-
(13) For a review, see E . Winterfeld, Angew. Chem., 79, 389 (1967). methylacrylate.
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of methyl 2-(triphenylphosphoranylidene)propionate15 and 40 ml [(triphenylphosphoranylidene)amino]stilbene (3). Crystalliza-
of acetonitrile was transferred 9.70 g of trifluoroacetonitrile. tion from ethyl acetate gave a mixture of pale yellow cubes
The tube was sealed under vacuum at liquid nitrogen tempera- (crystal form A) and yellow needles (B), which was separated
ture and allowed to come to room temperature with internal mechanically. The melting points and mixture melting point
agitation (magnetic stirrer). After stirring at room temperature of A and B were identical (156-157°). The infrared spectrum
overnight, the tube was cooled in liquid nitrogen, opened, and (in Nujol) of A was identical with that of the authentic sample
rinsed out with methylene chloride. Removal of the solvent gave prepared by reaction of a-azidostilbene with triphenylphosphine
13.95 g of the crude mixture of isomeric products. To a solution (see below). The spectrum of crystal form B (in Nujol) is quite
of 6.18 g of this mixture in 50 ml of methanol was added water to similar to that of A, the main differences being as follows: A
the cloud point, followed by sufficient methanol to produce a has a doublet at 1240 cm-1, B only a singlet; bands at 1160 and
homogeneous solution. Crystals deposited on standing for 3 hr. 1100 cm-1, and the region of 690-770 cm- 1  show differences in the
They were collected by filtration, washed with aqueous alcohol, relative intensities; A has a band at 800 cm-1, not present in B ;
and dried, giving 2.87 g of a single isomer of methyl 3-[(triphenyl- B has a band at 820 cm-1, not present in A. In solution, A and
phosphoranylidene)amino]-2-methyl-4,4,4-trifluorocrotonate(13), B  have identical ir, uv, and nmr spectra (in tetrahydrofuran, 
mp 86-89°. An analytical sample, prepared by crystallization cyclohexane, and deuteriochloroform, respectively). The uv
from hexane, had mp 88-90°: uv max (MeCN) 295 m,u (sh, spectra of A and B in the solid phase both show maxima at 322
e 6500), 273 (7800), 266 (8100), and 225 (sh, 23,000); ir max m/j. The two crystal forms could be interconverted by dissolu-
(KBr) 1690 and 1560 cm-1, among others; °H nmr (CDCh) r  tion in hot acetonitrile and seeding with a crystal of pure A or B .
2 .0 -2 .8 (m, 15, Ph), 6 .8  (s, 3, COOMe), and 8.1 [doublet (J  =  Reaction of a-Azido-irans-stilbene with Triphenylphosphine.—
5 Hz), of quartets ( J  = 3 Hz), 3, Me]; 19F  nmr (CDC13, shift To a solution of 8.91 g of a-azido-iraiis-stilbeneIS in 50 ml of
from external Freon® 11) +62.2  ppm (q, / = 3 Hz, CFS). ether was added 11.75 g of triphenylphosphine. Nitrogen evolu-
The minor isomer had the following nmr data as deduced from tion began after a while, the mixture started to reflux, and a
the spectra of the crude mixture: 7H nmr (CDCI3) r 2 .0 -2 .8 (m, precipitate formed. After heating under reflux for 1 hr, the sol-
15, Ph), 6.4 (s, 3, COOMe), and 8.1 (m, 3, Me); I9F  nmr (CDC13, vents were removed. There was no evidence for the presence of
shift from external Freon® 1 1 ) + 63 .4  ppm (q, / = 2  Hz, CF3). crystal form B (see above) in the infrared spectrum of the crude

Reaction of (Triphenylphosphoranylidene)aniline with Cyano- product. Crystallization from 5C ml of ethyl acetate gave 11.09
gen.—To a Carius tube containing 1 1 . 1 2  g of (triphenylphos- g (61% yield) of a-[(triphenylphosphoranylidene)amino]stilbene
phoranylidene)aniline19 and 50 ml of acetonitrile was transferred, (3, crystal form A) as yellow crystals, mp 156-156.5°. An
at liquid nitrogen temperature, 4.36 g of cyanogen and the tube analytical sample, obtained by crystallization from ethyl acetate,
was sealed under vacuum. The mixture became homogeneous had mp 157-157.5°: uv max (cyclohexane) 317 mu (e 18,500),
shortly after reaching room temperature whereupon internal 275 (sh, 11,500), and 267 (sh, 10,500); ir (KBr) 1595, 1565 and
stirring was discontinued. Crystals started to form soon. After 1390 cm-1, among others; 7H nmr (CDCI3) t 1 .8-3.4 (m, 25,
standing at room temperature for 1 hr, the tube was cooled in phenyl) and 4.3 (d, 1, J  = 4 Hz, + H ); 31P nmr (CDC13) +  0.3
ice and opened, and the crystals were collected, washed with cold ppm (from 85% H 3P O 4).
acetonitrile, and dried to give 11.02 g (82%) of lV-(triphenyl- Anal. Calcd for C32H23NP: C, 84.37; H, 5.76; N, 3.08; 
phosphoranylidene)-A'-phenylcyanoformamidine (16), mp 197- p, 6.81. Found: C, 84.03; H, 5.71; N, 3.05; P, 7.10.
198, unchanged on further recrystallization: uv max (MeCN) The same product was obtained from the reaction of triphenyl-
310 m/i (e 7000), 273 (sh, 11,400), 267 (11,900), and 225 (sh, phosphine with a-azido-as-stilbene18; again, there was no
31,800); ir max (KBr) 2210 (w) and 1575 cm- 1  (vs), among evidence for the presence of crystal form B in the infrared spec-
others. trum of the crude product.

Reaction of Benzophenone Triphenylphosphazine with Tri- Reaction of (Triphenylphosphoranylidene)acetonitrile with
fluoroacetonitrile.—A sealed Carius tube, containing 6.0 g of Methyl Cyanoformate.—A mixture of 1.78 g of (triphenylphos-
benzophenone triphenylphosphazine, 17 6.0 g of trifluoroaceto- phoranylidene)acetonitrile, 2.84 g of methyl cyanoformate, and
nitrile, and 15 ml of acetonitrile was heated, with internal stirring, 3 ml 0f acetonitrile was heated under reflux for 10 min. Removal
to 90° for 6 hr. I t  was cooled to liquid nitrogen temperature, 0f the solvent and short-path distillation of the residue at 120°
opened, and rinsed out with methylene chloride. Removal of the bath temperature (0.5 mm) gave 470 mg (90% yield) of a color-
solvent gave 7.43 g of a tan semisolid. The 19F nmr spectrum less liquid which according to its infrared and nmr spectra and
showed a doublet ( J  = 7.5 Hz) at +69.0  ppm (from Freon® 11) its gas chromatogram was a 1:1 mixture of methoxymaleonitrile
and a broadened singlet at +70.0  ppm in the ratio of 82:18. and methoxyfumaronitrile.19 The residue was crystallized from
Crystallization from ethyl acetate gave 3.36 g (47% yield) of the 4  ml 0f ethyl acetate to give 0.99 g of triphenylphosphine oxide,
major isomer of iV-(triphenylphosphoranylidene)trifluoroacet- identified by its infrared spectrum. The mother liquors were
amide diphenylmethylenehvdrazone (20), mp 220-224°. An concentrated to dryness and the residue was chromatographed
analytical sample (1,2-dichloroethane) had mp 223-224°: uv over Florisil. Elution with a mixture of methylene chloride and
max (MeCN) 331 mp (e 12,300) and 225 (sh, 35,000); ir max tetrahydrofuran (98:2) gave 77 mg (4% yield) of methyl (tri-
(K Br) 1575 cm” 1 (vs), among others; 19F nmr (CDC13, shift phenylphosphoranylidene)cyanoacetate, identified by comparison 
from external Freon® 11) +69.0  ppm (d, J  =  7.5 Hz, CF3). of its infrared spectrum with that of an authentic sample. 20

Reaction of «-(Triphenylphosphqranylidene (toluene with Ben-
zonitrile.—To a slurry of 23.17 g (49 mmol) of benzyltriphenyl- Registry No.— 3, 26740-23-8; 4, 26740-24-9, 26740- 
phosphonium iodide in 25 ml of anhydrous benzene was added, 25-0; 5 26740-26-1, 26740-27-2; 6, 26740-28-3; 7, 
under nitrogen, 28 ml of a 2.3 M solution of methyllithium (65 9 0 7 4 0 2 0 7  967461 21 a- « 9 6 7 4 ( 1  2 9  Q- n 9 6 7 4 ( 1  2 2  o ’
mmol) in ether. The clear red solution was heated to reflux; 2b(4U oU (, 2o(4U o l o , 0 , 26740-32  y, 9, 26740  oo-O,
a precipitate formed before the boiling point was reached. Benzo- 10,26740-34-1,26740-35-2; 11,26740-29-4; 12,26740- 
nitrile (21.7 g) was added, and the mixture was stirred under 36-3; 13, 26740-37-4, 26740-38-5; 14, 26740-39-6,
reflux for 44 hr. The mixture was cooled and filtered. Removal 26740-40-9" 15 26740-41-0" 16 96740-42-1" 17 26740-
f d S o n ^ T ^ J S d S  5SlVg o3f9't°hif p?odaucbtr,Seating 43-2, 26740-44-3; 18, 2674045-4 ;19 , 26740-46-5,26740-
the mixture under reflux for a short time, and cooling gave 1.95 g 47-6; 20, 26740-48-7, 26740-49-8; 23, 26740-50-1; 24,
(68% yield) of pale yellow crystals, which according to their 26740-51-2; 25, 26740-52-3.
infrared spectrum were a mixture of the two crystal forms of a-
---------------------- (18) F . W. Fowler, A. Hassner, and L. A. Levy, J .  Amer. Chem. Soc., 89,

(15) H. O. House and G. H. Easmusson, J .  Org. Chem., 26, 4278 (1961). 2077 (1967).
(16) H. Zimmer and G. Singh, ibid., 28, 483 (1963). (19) E . Winterfeld, W. Krolin, and H. Preuss, Chem. Ber., 99, 2572 (1966).
(17) H. Staudinger and J .  Meyer, Helv. Chim. Acta, 2 , 619 (1919). (20) L. Horner and H. Oediger, ibid., 91, 437 (1958).
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Trichloromethylation of 2-X-l,3,5-trimethylbenzenes by CCI4-AICI3, followed by methanolysis, affords sub
stituted methyl benzoates in >90% yields. When X = H, no alkyl rearrangement occurred, methyl 2,4,6-tri- 
methylbenzoate being the sole product. But when X = F, Cl, or Br, there was formed in addition to methyl
3-X-2,4,6-trimethylbenzoate a minor product, methyl 4-X-2,3,5-trimethylbenzoate. Electrophilic attack by 
CCI3+ para to the halogen, followed by a Wagner-Meerwein 1,2-methyl migration, accounts for the rearrangement 
products. Their amount increases (Br, 7%; Cl, 12%; F, 30%) as the ability of the halogen to stabilize an ad
jacent positive charge in the intermediate benzenonium ion increases.. The trichloromethylation reaction is a 
good, nonreversible model for study of Jacobsen-type rearrangements.

Part A Chart I
., ., , .... , ,, T i , A. Protonation of the Sulfonic Acid9Despite its venerability3 the Jacobsen rearrangement

is still poorly understood by modem mechanistic stan- S03H S03H S03H S03H
dards.4 The reaction is typified by the isomerization of s i .  ~H/  ^ 1 /  (~Me. H+- 1
durene (1) or isodurene (2) to prehnitene (3) in the ]  T  |+ jSfj 2X ]j + ¡1 jj 1
presence of concentrated sulfuric acid. The products A V n
are usually vicinally substituted; the hydrocarbons are ' h

! i B. Sulfonation at a Substituted Position41"

X “ 1 V  X f « - ? » " - 1 ) ? "

2 3 ' h '
recovered from the actual products, which are sulfonic c  Protonation of the Hydrocarbon44'10
acids, by steam distillation. Methyl, ethyl, and meth
ylene groups migrate, but secondary and tertiary a lkyl :Me- ~H+
groups (i.e, isopropyl and ieri-butyl) are eliminated. " 2X
Halcgens (except F 4a) may also migrate.4,6 Dispropor- |
tionation of halogens4’6 and alkyl groups4’6’7 also occurs;
with methyl groups, this reaction may proceed via D. Radical-Cation Intermediate11
diarylmethane intermediates.8

Though numerous mechanisms for the Jacobsen . 3
rearrangement have been suggested, 4b~d none is firmly _.SOjH +h+. A A A A
established. Those most frequently proposed are sum- II 1, ' T
marized in Chart I ,9-11 using the conversion of 1 -*-3 as --  ̂ -■ ^
an example. _ _ S03H f

Of these, A and/or Bare the most likely.12 C requires j
that the desulfonation of prehnitenesulfonic acid be slow v \  sq3h .+h+
relative to the isomeric sulfonic acids; S36 labeling exper-
iments11 show this not to be the case. D rests mainly on T  ' '
the detection of S 0 2 and oxidation products (from

_  , , u , , ,  ^  , -SOsH ->  S 02 +  ‘OH?), and of esr signals due to*  To whom correspondence should be addressed. 6 1 J \ ,
(I) We express appreciation to the National Science Foundation for hydro C£trb Oil C8/tlOIl r&dlCRlS. J.1I6 meCilRIllSm Dy

financial support of this research. which the latter are presumed to isomerize is obscure,
S  and the experimental observations have not been dem-
(4) For reviews, see (a) l . i. Smith, Org. React., 1, 370 (1942); (b) m. onstrated to be associated with the mam reaction path.

J .  S. Dewar in “Molecular Rearrangements,” Part I, P. deMayo, Ed., Inter- Some Very basic mechanistic information is often
science, New York, N. Y ., 1963, pp 299-306; (c) H. J .  Shine, “Aromatic i t * c A F r o n u p n t K r  i t
Rearrangements,” Elsevier Publishing Co., Amsterdam, 1967, pp 23-32, lacking, even for mechanism^ A  a d Q Y
48-55; (d) h. Suzuki, Buii. Chem. Soc. Ja p .,  36,1642 (1963). is not  even clear which group is migrating. For exam-

(5) L. I. Smith and c .  l . Moyle, j . Amer. Chem. Soc., 58, i (1936). , jn the isomerization of 4  -►  5 ,  it has been asserted40
(6) J .  Herzig, Monatsh. Chem., 2, 192 (1881); for recent examples, see w )

R . Goto and H. Suzuki, N ippon Kagaku Zasshi, 84, 167 (1963); H. Suzuki
and PL. Goto, ibid., 84, 284 (1963); H. Suzuki, K . Maruyama, and R . Goto, || j| |
Bull. Chem. Soc. J a p .,  38, 1590 (1965). JL

(7) O. Jacobsen, Chem. Ber., 20, 896 (1887); L. I . Smith and A. R . j j
Lux, J .  Amer. Chem. Soc., 51,2994 (1929). I 1 I

(8) H. Suzuki and Y . Tamura, Chem. Commun., 244 (1969); H. Suzuki, 5
Y. Tamura, and A. Sera, Bull. Chem. Soc. Ja p .,  42, 851 (1969); H. Suzuki,
««.,42,2618 (1969), + W  the ethyl group migrates in preference to methyl,

(9) E . N. Marvell and B. M. Graybill, J . Ore- Chem., 30,4014 (1965). . . ■* b f  , ™ nr, t a l l v  13
GO m . Kilpatrick and m . M e y e r , Phys. chem ., 65, 1312  (1961). but this has not been established experimentally.
(II) F. Bohimann and J. Riemann, C h e m .  B e r . ,  97, 1915 (1964). , son /, RQ91 ■ T, T(12) An alternative to A, sulfonation of the sulfonic acid, cannot be ruled (13) A. Tohl and D. von Karchowski, Chem. Ber  «  1530 (1892), . .
J Smith and M. A. Kiess, J .  Amer. Chem. Soc., 61, 989 (1939);
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The major stumbling blocks to mechanistic studies on C h a r t  I I
the Jacobsen reaction as usually considered are (a) the x  X X
well-known reversibility of sulfonations, (b) the pres- j  ! |
ence of two electrophiles, H +  and a sulfonating species i. cci,-aici3 'Ss| f 5V ^  + Y y
(S03, SO3H + etc.), w ith  the resulting uncertainty about | J  2. ch3oh / 1 J
which is required at what stage of the mechanism, and | | C02CH3 [
(c) oxidation, which may lead to S02, tars, and a less 8  C02CH3

than clean reaction. 9
To avoid these difficulties, we have begun a system- X  ✓----------------%, product---------------- ^

atic study of aromatic trichloromethylation14 which also H 100 0

gives Jacobsen-like rearrangements. 15 For example, p ® 3

durene (1) or isodurene (2) gives mainly trichloro- Cl 88 12

methylprehnitene (6). The reaction has the advantage Br 93 7
that a new carbon-carbon bond is formed with the ° These yields are normalized from 90 to 100%. Some dis

proportionation (10%) to methyl 2,4,6-trimethylbenzoate and 
methyl pentamethylbenzoate occurred. The third isomerization 

1 00[ product, 2%, was methyl 2,3,5,6-~etramethylbenzoate. No dis-
CC1( 3 proportionation or other isomerization products were observed in

1 or 3 Alcl ” I I I  any of the other cases.

6 methyl groups in the ortho and para positions. Proton
loss leads, after methanolysis, to 8. Intermediate C is

electrophile (CC13+), a process likely to be less revers
ible than sulfonation. The initial product ArCCls
reacts with the Lewis acid, used in excess, to form X . x CCi3 X
ArCCl2+, thus being effectively removed from further \/
reaction.14’16 Work-up by methanolysis gives esters |+ T _  |i i| jj |L J^ 00]„
readily separated and analyzed by vpc and spectro- ^ V  \ H /\
scopic methods. ' CCl3 ccl3 > '

In this paper we describe the trichloromethylation of A B C D
7 (X  =  H, CH3, F , Cl, and B r); the substituents, partic
ularly the halogens, serve as a label to determine the , , , .r  j  1 .1 ,, , , , . , ,... r , , J ... ,, , , . ,  . . .  ,, . , also stabilized by three methyls and may be importantposition 01 electrophilic attack and identify the migrat- , v  • ,, , , , , /  „ .  . , : ,,f j  a when X  is methyl, but not when X  is halogen, since the
mg group. halogen-bearing ring carbon should be electron deficient

_  _ .  . and a poor site for electrophilic attack.17 Intermediate
R esults and Discussion D is excluded when X  =  halogen or H, since no prod-

Each compound 7 was added, in CC14 solution, to a ucts expected from this intermediate were observed,
twofold excess of AlCfi slurried in CC14, at 40°. After When X  =  halogen, the minor products (9) are derived
2 hr the trichloromethyl compounds were isolated and from intermediate B, by 1,2-methyl migration, proton
methanolyzed, and the resulting methyl esters were l°ss> and methanolysis. The percentage of 9 decreases
separated (vpc), analyzed, and identified by comparison as the ability of the halogen to stabilize an adjacent
with authentic samples. Isolated yields of esters were carboniumion decreases, being greatest as expected18’19
9 0 %  or greater; no tars or undesirable side products when X  =  F. Competitive rate experiments show
were produced. that 7 -F  reacts at approximately the same rate (kTei —

The structures and percentages of products are sum- 1 0  ±  0.1) as 7-C H 3, whereas the rate falls off for 7-C1
marized in Chart II. (0.36 ±  0.05) and 7-B r (0.21 ±  0.03).

The product from mesitylene (7-H ) was pure methyl W e conclude that the Jacobsen-like rearrangement in
2,4,6-trimethylbenzoate, but the halomesitylenes and these trichloromethylations occurs by attack of the
isodurene gave, in addition to the expected product 8, a electrophilic CC13+ on an already substituted aromatic
Jacobsen-like rearrangement product 9. The structure ring position, followed by 1,2-methyl migration and
of 9 was proved conclusively by independent synthesis proton loss (perhaps most analogous to mechanism B in
when X  = CH3 and F  (for the latter, see Part B), but is the introduction),
assumed by analogy for X  = Cl and Br.

The reaction is assumed to involve an electrophilic _
substitution by CC13+, or its equivalent, say arL ^

5+ S tructures of the M ajor P rod ucts (8 ) .— Compounds
CC13- • - Cl - • • AlCfi 8-H  and 8-C H 3 were identified by comparison (ir, nmr,

rp,! j. , . , - i - x - i i  • .  . a and retention time) with authentic samples synthesizedI he preferred intermediate m all cases is structure A,
in which the positive charge is stabilized by three

(17) One cannot, from the present work, exclude the possibility that 8 
/i\T-r-r-r . arises in part from C followed by two migrations of X , though, in the second
(14) H. Hart and R . W. Fish, ./. Amer. Chem. Soc., 82, 6419 (1960); H step, X  (halogen) would have to migrate exclusively in preference to CHa.

Hart and R . W.Fish, ibxd., 83, 4460 (1961); H. Hart, J .  A. Hartlage, R. W. This seems unlikely, and no product with X  ortho to the carbomethoxy group
Fish, and R. R. Rafos, J .  Org. Chem., 31, 2244 (1966). was observed.

(15) Suzuki44 has generalized the term Jacobsen rearrangement be- (18) J .  Hir.e, “Physical Organic Chemistry,” McGraw-Hill, New York,
yond the usual sulfonations, to include a variety of anomalous electrophilic N. Y ., 1962, p 168.
substitutions which involve inter-and/or intramolecular group migrations. (19) G. A. Olah and T. E . Kiovsky, J .  Amer. Chem Soc 89 5692 (1967)-

(16) H. Volz and M. J . Volz de Lecca, Tetrahedron Lett., 3413 (1965). G. A. Olah and T . E . Kiovsky, ibid ., 90, 2583 (1968).
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by literature procedures.20'21 Compounds 8-F, 8-C1, thetic 9-F and that obtained from the trichloromethyl-
and 8-Br, previously unknown, were synthesized by the ation-methanolysis of 7-F were identical in all respects,
sequence in Scheme I. The ir and nmr spectra were Because of *he length of this synthesis, it was not

repeated for X  =  Cl or B r; the structures of the minor 
S c h e m e  I products from 7-C1 and 7-Br are assumed to be analo-

X gous to that from 7-F.
T i. Br2, chci3 Further Discussion.'—As stated in Part A, trichloro-

' sy !V ^  2-Mg,THF > 8.p and 8^j methylasion (in contrast to sulfonation) is probably
4 Chn irreversible. The reactions are heterogeneous. Nor-

I ’ mally a dilute CCI4 solution of the aromatic compound is
X = F, Cl added to a stirred suspension of a twofold excess of

CQ AlCla in CC14.- The mixture almost immediately devel-
1 2 ops a red-orange color, which changes to deep purple as

1. Br2HOAc  ̂ the reaction proceeds. The color resides in a lower,
I J  2. ch2n2 8"Br semisolid phase (often spread on the vessel walls by the

jP stirrer). The upper, CC14 layer remains almost color
less. All of the reaction product appears to be com-

, , . . .  . plexed with the A1C13 in the colored layer, because
unexceptional and identical with those of the major J B te hydrolysis of fae colorless layer affords no
tricmoromethylation-methanolysis products. , . , ,  ,, , ,. , , , , rp, tJ ~ . f  , tnchloromethvlation product whatever, therefore, itStructures of the Minor Products (9).'—Compound ,, , ~ _ , ■ A , ,« rytt £ ,, . , ,  ,, , ,. V - , F appears that as soon as ArCCl3 is produced, it reacts9-CH3 irom the trichloromethyiation of isodurene was -f, ,, . , . j, „  * + .m , .. ,  • , /• \ , /  ,, , _ „ , _ with the excess AICI3 present to form ArCCi2+ AICJ4 •
identical (ir, nmr) with authentic21 methyl 2 3,4,5- Hydrolysis of the bwer layer gives mainly ArCCl3; in
tetramethylbenzoate. Compound 9-F, previously un- ^  ; hloride competes effectively with water, and 
known, was synthesized irom 2-mtro-l,3-dimethyl- r * nrv tt - e A
benzene, according to Scheme II. Bromination gave ¿ vidence for interaction between CC14 and A1C1, has

been presented by Willard,23 who found rapid Cl36 
S c h e m e  II exchange between liquid CC14 and solid A1C13, even at

^ ° 2  NH2 — 21 ° . Since no exchange occurred between the vapors
i Br2 1.hono, h+ (140°, 9 hr), an A1C13 surface is essential. The authors

I J  2.H2-Ni> ([ T  "Thbf * favor an exchange mechanism in which an induced
* dipolar CCff molecule is adsorbed on the A1C13 lattice at

,0 a charge site. This adsorption may furnish an incipient
L Mg THf source of CC13 + needed for the trichloromethylations.

F 2. coi F
i 3. soci. |

4.CH.OH  ̂ l.LiAiH,, Et2o  ̂ Experimental Section24

3,LiAlH„THF Starting Materials.—Fluoromesitylene was prepared from
.. 22 the amine via the diazonium tetrafluoborate:26 nmr r 3.47

1 ' (d, 2, J hf = 6.8 Hz, arom}, 7.86 (br m, 9, CHj’s). Chloro*
mesitylene was prepared by chlorination of mesitylene:25a 

F  F nmr r 3.41 (s, 2, arom), 7.81 (s, 6, o-CH3’s), 7.92 (s, 3 H, p-CH3).
i l.Br.CHCl 1 Bromomesitylene was prepared by brominating mesitylene:26

2. Mg, thf nmr t 3.25 (s, 2, arom), 7.72 (s, 6, o-CH3’s), 7.91 (s, 3, p-CH3).
|l 3 co, *" U J. General Trichloromethyiation Procedure.—A solution of the
^  4. CH2N2 ^ aromatic compound in carbon tetrachloride was added dropwise

13 1» to a stirred slurry of aluminum chloride (anhydrous, twice the
LO2CH3 molar amount of aromatic compound) in carbon tetrachloride,
9-F at 40.0 ±  0.1°. After addition, the mixture was stirred for 2

hr and then hydrolyzed by pouring it into ice water. The
4-bromo-2-nitro-1,3-dimethylbenzene; the position of OTf anlc layer was dried (MgSO,) and concentrated to half its 
j.i u • i i  4--L , 4- u i  a volume, methanol was added, and the mixture was renuxed
the bromine was clearly ortho, para to the methyls, and overnight. Evap0ration of the solvent left a residue of sub-
meta to the nitro, as shown by the AB aromatic proton stituted methyl benzoate(s) which was analyzed directly by vpc
pattern (doublets at r  2.21 and 2.79, J  =  6 Hz). This (usually 5 ft x  0.25 in. 20% SF-96 on Chromosorb W, He carrier
pattern was also evident in the amine 10. The nmr gas, 40 psi, 175°). Products -were also isolated by vacuum
spectrum of the bromination product of 13 showed that "re steted TnR inhey  device
the bromine had entered the ring para to the fluorine, from those give:i in the generii procedure, 
because the remaining aromatic proton appeared as a __________
doublet at T 3.00, J HP = 7.8 Hz (characteristic of meta, R_ oe Spectroscopy in Organic ChemWry," 2nd ed, Pergamon Press, 
not para J h f) . 22 Similarly, the aromatic proton m 9-F Oxford, 1969,P 349.
appeared as a doublet at T 2.60, J h f =  8.1 Hz. Syn- (23) C. H. Wallace and J. E  Willard, J .  Amer. Chem. S o c .  72, 5275

(1950); M. Blau and J. E. Willard, ibid., 73, 442 (1951).
(20) M. L. Bender and R. S. Dewey, J .  Amer. Chem. Soc., 78, 317 (1956). (24) All melting points are uncorrected. Analyses were performed by
(21) The tetramethylbenzoic acids were prepared by procedures analogous Spang Microanalytical Laboratory, Ann Arbor, Mich. Infrared spectra

to that given for mesitoic acid in ‘ 'Organic Syntheses," Coll. Vol. Ill, Wiley, were calibrated against polystyrene and nmr spectra against tetramethyl-
New York, N. Y., 1955, p 533; the acids were converted to methyl esters silane as an internal reference.
with diazomethane or by methanolysis of the acid chlorides. Melting points (25) (a) E. T. McBee and R. E. Leech, In d . Eng. Chem., 39, 393 (1947),
agreed with those in the literature: see L. I. Smith and J. J. Rosenbaum, (b) G.Balzand G. Schiemann, Chem. Bev., 60, 1186 (1927).
J .  Amer. Chem. Soc., 73, 3843 (1951). (26) L. 1. Smith, “Organic Syntheses,” Coll. Vol. II, Wiley, New York,

(22) L. M. Jackman and S. Sternhell, “Applications of Nuclear Magnetic N. Y., 1943, p 95.
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Trichloromethylation of Mesitylene (7-H) and Subsequent was refluxed for 1 hr. Work-up gave 18.4 g (0.101 mol, 85% )
Methanolysis.—Mesitylene (4.76 g, 0.039 mol) in 200 ml of of methyl 3-fluoro-2,4-dimethylbenzoate: bp 53-54° (0.15
CCh, aluminum chloride (10.58 g, 0.079 mol) in 200 ml of CC14, Torr); ir 1718 cm-1; nmr t  2.21 (d, 1 , J  = 7.8 Hz, arom 6 -H),
500 ml of ice water, 150 ml of methanol. A single vpc peak 2.82 (t, 1, J hh and J hf = 7.8 Hz, arom 5-H), 6.06 (s, 3, OCH3),
(150°, ret. time 5.3 min) was observed. Distillation gave 6.31 7.46 (d, 3, J hf = 2.7 Hz, methyl at C-2 ), 7.70 (d, 3, J hf =
g (90%) of methyl 2,4,6-trimethylbenzoate, bp 72-73° (0.15 2.3 Hz, methyl at C-4).
Torr), identical in ir, nmr, and retention time with an authentic Anal. Calcd for CioHnFOj: C, 65.91; H, 6.10. Found: 
sample. 20 C ,65.80; H, 6.13.

Trichloromethylation of Isodurene (7-CH3), and Subsequent 3-Fluoro-l,2,4-trimethvlbenzene (13).—A solution of 12
Methanolysis.—Isodurene (6.7 g, 0.05 mol) in 100 ml of CCh, (14 g, 0.077 mol) in 50 ml of anhydrous ether was added drop- 
aluminum chloride (13.3 g, 0.1 mol) in 100 ml of CC14, 100 ml wise to a slurry of LiAlH4 (5.85 g, 0.154 mol) in 300 ml of ether,
of methanol. The crude product (9.10 g, 95%) gave vpc peaks after which the mixture was refluxed (1 hr). Customary work-
assigned as follows (ret. time in min, % ): methyl 2,4,6-tri- up gave a liquid residue which solidified on standing. Distillation
methylbenzoate (5.3, 3-5), methyl 2,3,4,6- and 2,3,5,6-tetra- gave 9.45 g (0.063 mol, 80%) of 3-fiuoro-2,4-dimethylbenzyl
methylbenzoates (10.3, 6 6  and 2%, respectively, as determined alcohol, bp 74-75° (0.3 Torr). Recrystallization from petroleum
by nmr), methyl 2,3,4,5-tetramethylbenzoate (13.9, 22), and ether yielded platelets: mp 37-38°; ir 3320 (br) cm-1; nmr
methyl pentamethylbenzoate (16.0, 5-7). All products were r 3.00, 3.05 (s, 2, arom), 5.55 (s, 2, CH3), 5.82 (s, 1, OH),
identified by comparison of ir, nmr, and retention times with 7.75 (d, 3, J hf = 2.1 Hz, arom CH3), 7.88 (d, 3, J hf = 2.2 Hz,
those of authentic samples. arom CH3) .

Trichloromethylation of Fluoromesitylene (7-F), and Subse- Anal. Calcd for C9HuFO: C, 70.10; H, 7.20. Found:
quent Methanolysis.—Fluoromesitylene (1.38 g, 0.01 mol) in C, 70.16; II , 7.11.
75 ml of CCh, aluminum chloride (2 .6 8  g, 0 .0 2  mol) in 75 ml of The alcohol (9.3 g 0.062 mol) was treated cautiously with 25
CCh, 100  ml of ice water, 100  ml of methanol. The vpc peaks ml of thionyl chloride. When the spontaneous reaction sub
l e t .  time in min, % ) were assigned as follows: methyl 3- sided, the mixture was refluxed (1 hr). Work-up gave 8.1 g
fluoro-2,4,6-trimethylbenzoate (7.8, 70) and methyl 4-fluoro- (0.047 mol, 76%) of 3-fluoro-2,4-dimethylbenzyl chloride:
2,3,5-trimethylbenzoate (9.3, 30). The compounds were identi- bp 49-50° (0.35 Torr); an r r 2.90, 2.94 (s, 2, arom), 5.43 (s, 2,
cal (ir, nmr, retention time) with authentic samples prepared as CH2), 7.71 (t, from overlapping doublets, 6, J hf = 2.4 H z ,
described below. arom CH3’s).

Methyl 3-Fluoro-2,4,6-trimethylbenzoate (8-F).—A solution Anal. Calcd for CsHi»ClF: Cl, 20.53. Found: Cl, 20.38.
of 2-bromo-4-fluoro-l,3,5-trimethylbenzene21 (3.0 g, 0.014 mol) A solution of the benzyl chloride (8.0 g, 0.046 mol) in 25 ml
in 25 ml of dry tetrahydrofuran was added to a stirred suspension of dry THF was added dropwise to a stirred suspension of
of magnesium (0.34 g, 0.014 g-atom) in 10 ml of TH F. The LiAlH4 (0.95 g, 0.025 mol) in 25 ml of TH F. Addition was
mixture was refluxed (1  hr); CO2 was passed in until the mixture followed by 1 hr reflux. Work-up gave 5.79 g (0.042 mol, 91%)
became white. The mixture was acidified (6  N  HC1), extracted of 3-fluoro-l,2,4-trimethylbenzene: bp 54-55° (15 Torr);
with ether, dried (MgSCh), and evaporated. The residue of n25D 1.4858; nmr r  3.03 (d, 1, J hf = 6  Hz, arom 5-H), 3.08
3-fluoro-2,4,6-trimethylbenzoic acid was recrystallized from (s, 1, arom 6 -H), 8.65-8.90 (m, 9, arom CHj’sj.
aqueous acetone to yield 0.51 g (20%), mp 140.5-141.0°. Anal. Calcd for CgHnF: C, 78.21; II , 8.04. Found:

Anal. Calcd for C10H11FO2: C, 65.95; II, 6.04; neut equiv, C, 78.24; l i ,  K. 15.
182. Found: C, 65.94; H, 6.13; neut equiv, 180.7. Methyl 4-Fluoro-2,3,5-trimethylbenzoate (9-F).—To a soiu-

The acid was converted, via diazomethane, to methyl 3- tion of 13 (5.0 g, 0.037 mol) in 50 ml of chloroform was added
fluoro-2,4,6-trimethylbenzoate which was purified by vpc: dropwise with stirring a solution of bromine (5.9 g, 0.037 mol)
mp 12.0-12.5°; ir 1724 cm-1; nmr r  3.27 (d, 1 , J hf = 7.1 Hz, in 50 ml of chloroform. After 3 hr at room temperature, excess
arom), 6.19 (s, 3, OCH3), 7.82-7.87 (m, 9, CH3’s). bromine was removed with 10% sodium bisulfite. The clear

Anal. Calcd for C11H13FO2: C, 67.32; H, 6.69. Found: mixture was washed (H20 ), dried (MgSCh), and distilled to yield
C, 67.25; H ,6.72. 6.83 g (0.030 mol, 81%) of 6-bromo-3-fluoro-l,2,4-trimethyl-

4-Bromo-2-fluoro-l,3-dimethylbenzene (11).—A solution of benzene: bp 95-96° (10 Torr); n26D 1.5365; nmr r 3.00 (d, 1,
3-bromo-2,6-dimethylaniline28 (33.2 g, 0.166 mol) in 200 ml of J hf = 7.8 Hz, arom), 7.79 (s, 3, arom CH3), 7.89 (br s, 6 ,
water containing 25 ml of 18 M  sulfuric acid was cooled to 3° aromCH3’s).
and solid sodium nitrite was added until an excess was indicated Anal. Calcd for CsHioBrF: C, 49.78; H, 4.65. Found:
(starch-iodide). The solution was filtered, 55 g of 47% fluoro- C, 49.88; H, 4.66.
boric acid was added, and the white precipitate was collected, A solution of the bromofluoride (3.0 g, 0.014 mol) in 10 ml of
washed successively (100 ml) with water, ethanol, and ether, dry TH F was added to a suspension of magnesium (0.34 g, 0.014
and dried in a vacuum desiccator over P :0 5 for 5 hr. The dry g-atom) in 25 ml of THF. After 1 hr reflux, the mixture was
powder was gently heated in a large flask fitted with an efficient poured over crushed Dry Ice. Customary work-up gave crude
condenser. The solid decomposed smoothly, to leave a liquid 4-fluoro-2,3,5-trimethylbenzoic acid (1.29 g, 50%) which, after
which was dissolved in ether, washed (20% NaOH, water), and two sublimations (0.1 Torr, 100°), was pure, mp 167-168°;
dried (MgSCh). Evaporation of the ether and distillation of the ir 3300-2400 cm- 1  (br).
residue gave 25.8 g (0.127 mol, 77%) of 4-bromo-2-fluoro-l,3- Anal. Calcd for CmHuFOs: C, 65.91; II, 6 .1 0 ; neut equiv,
dimethylbenzene: bp 38-39° (0.8 Torr); nmr r 2.6-3.3 (m 182. Found: C, 65.93; H, 6.08; neut equiv, 182.5. 
with peaks at 2.68, 2.91, 3.01, 3.16, and 3.29, 2, arom), 7.74 An ether solution of the acid (0.5 g, 0.003 mol) was treated
(d, 3, J hf = 2.6 Hz), 7.92 (d, 3, J hf — 2.3 Hz). with diazomethane. The ester was purified by vpc (5  ft X

Anal. Calcd for C8H8BrF: C, 47.31; H, 3.98. Found: 0.25 in. 20% SE-30, 180°) to give methyl 4-fluoro-2,3,5-tri-
C, 47.41; H, 4.09. methylbenzoate (8-F): mp 19.0-19.5°; ir 1725 cm "1; nmr

Methyl 3-Fluoro-2,4-dimethylbenzoate (12).—A solution of r 2.60 (d, 1, J hf = 8.1 Hz), 6.25 (s, 3, OCH3), 7.62 (s, 3, C-2
11 (37.6 g, 0.185 mol) in 50 ml of anhydrous tetrahydrofuran methyl), 7.80-7.92 (m with 3 peaks due to IIF  coupling, 6 ,
was added dropwise to a stirred slurry of magnesium (4.5 g, C-3 and C-5 methyls).
0.185 g-atom) in 50 ml of THF. When the Grignard reagent Anal. Calcd for CnH13F 0 2: C, 67.32; H, 6.69. Found:
was completely formed, the solution was poured over excess C, 67.26; H, 6.65.
crushed £>ry Ice. Work-up gave 29.0 g (0.172 mol, 93%) of Trichloromethylation of Chloromesitylene (7-C1) and Subse-
crude 3-fluoro-2,4-dmiethylbenzoic acid. Two recrystallizations quent Methanolysis.-Chloromesitvlene (15.5 g, 0.10 mol) in 
from aquemis acetone gave needles, mp 140.5-141.0°. !00 ml of CCh, aluminum chloride (26.6 g, 0 .2  mol) in 100

AnaL  Calcd for C9H9F 0 2: C, 64.27; H, 5.4»; neut equiv, ml of CCh, 500 ml of ice water. The crude trichloromethyl
16Th F ° T r a n  C’ n4i f o ; Hn5'27; n®ut I 6®-6 - . product weighed 25.7 g (0.094 mol, 94%). After methanolysis

The acid (20 g 0 HQ mol) was refluxed for 1 hr with thionyl (10 0  ml 0f methanol) the product was analyzed by vpc using a
chtonde (30 g, 0.252 mol) excess thionyl chloride was removed 2 0% Carbowax 20 M on Chromosorb W column, 175°. The
by distillation, methanol (100  ml) was added, and the mixture vpc peaks (ret. time in miSj. % ) were assigned as follows: methyl

(27) G. Grassini, G. Illuminati, and G. Marino, Gazz. Chim. Ital., 86, 1138 3-chloro-2,4,6-tl'imethylbenzoate (54.6, 8 8 ) and methyl 4-
(1956). chloro-2,3,6-trimethylbenzcate (71.4, 1 2 ). The former was

(28) K . Auwera, and T . Markovits, Chem. Ber., 41, 2332 (1908); E. id e n tic a l (ir, nm r, re ten tio n  tim e) w ith  an  a u th e n tic  sa m p le
Noelting, A. Braun, and G. Thesmar, ibid., 34, 2261 (1901). p rep ared  as described  b e lo w .
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Methyl 3-Chloro-2,4,6-trimethylbenzoate (8-C1).—To a solu- time 6.4 min, 8 % ), two products were obtained, methyl 3-
tion of chloromesitylene (31.0 g, 0.20 mol) in 100 ml of chloro- bromo-2,4,6-trimethylbenzoate (24.8 min, 93%) and 4-bromo-
form was added, at room temperature, a solution of bromine 2,3,5-trimethylbenzoate (27.8 min, 7% ). The former was
(35 g, 0.22 mol) in 50 ml of chloroform, in an apparatus equipped identical (ir, nmr, retention time) with an authentic sample pre-
with an HBr trap. After being stirred for 3.5 hr, the mixture pared as described below.
was washed (NaHSOs, H20 )  and dried (M gS04). Distillation Methyl 3-Brcmo-2,4,6-trimethylbenzoate (8-Br).—An ether 
afforded 33.1 g (0.14 mol, 71%) of 2-bromo-4-chloro-l,3,5- solution of 3-bromo-2,4,6-trimethylbenzoic acid29 was treated
trimethylbenzene, bp 128-129° (10.5 Torr). The distillate with diazomethane. The usual work-up afforded a 96% yield
solidified and, after recrystallization from pentane, yielded of methyl 3-bromo-2,4,6-trimethylbenzoate: mp (30-60° petro-
crystals: mp 57.5-58°; nmr r  3.13 (s, 1, arom), 7.50, 7.72, leum ether) 42 .5^ 3°; ir 1713 cm-1; nmr t 3.21 (s, 1, arom),
7.86 (s, 3 each, arom CH3’s). 6.22 (s, 3, OCH3), 7.70 (br s, 6 , arom CH3’s), 7.86 (s, 3, arom

Anal. Calcd for C9Hi0BrCl: C, 45.89; H, 4.29. Found; CH3).
C, 46.38; H ,4.51. Anal. Calcd for CnHiaBrCh: C, 51.36; H, 5.06. Found:

A solution of the bromochloride (30 g, 0.129 mol) in 150 ml C, 51.49; H ,5.21. 
of dry ether was added dropwise to a suspension of magnesium Relative.Trichloromethylation Rates.—A suspension of alumi-
(3.15 g, 0.129 g-atom) in 150 ml of ether. Reaction was initiated num chloride (2.68 g, 0.020 mol) in 75 ml of carbon tetrachloride
with ethylmagnesium iodide. After Grignard formation was was allowed to thermally equilibrate at 40.0 ±  0.1°. A mixture
complete, the mixture was poured over crushed Dry Ice. The of 0.005 mol each of isodurene and 1 mol of the halomesitylenes in
usual work-up afforded, after two recrystallizations from aqueous 75 ml of carbon tetrachloride was similarly brought to tempera-
acetone, 16.8 g (0.085 mol, 6 6 % ) of 3-chloro-2,4 ,6 -trimethyl- ture; the solutions were quickly mixed, stirred for 5 min, and
benzoic acid, mp 145-146° (lit. 29 value 143.5-144.0°). quenched by adding 100 ml of ice water. Solvent was evaporated

The acid (5 g, 0.025 mol) in ether was treated with diazo- from the organic layer and the residue was refluxed (2 hr) with
methane. Work-up gave 5.15 g (0.024 mol, 96%) of crude 100 ml of aqueous acetone (1:1). The mixture was made
methyl 3-chloro-2,4,6-trimethylbenzoate (8-C1). Two recrystal- strongly alkaline, and unreacted aromatics were extracted with
lizations from petroleum ether (30-60°) gave pure ester: mp ether and analyzed by vpc.
34-34.5°; ir 1725 cm-1; nmr r 3.19 (s, 1, arom), 6.20 (s, 3,
OCH3) ,7 .7 3 (b r s ,6 , aromCH3’s ) ,7.83 (s ,3 , aromCH3). Registry N o.— 8-Br, 26584-20-3; 8-C1, 26584-21-4;

Anal. Calcd for C„H„C102: C, 62.12; H, 6.17. Found: 8-F, 26584-22-5; 8-F (acid), 26584-23-6; 9-F, 26584-
C ,62.10; H ,6.11. 24-7; 9-F (acid), 26584-25-8; 11, 26584-26-9; 12,

Tnchloromethyktion of Bromomesitylene (7-Br) and Subse- 26584_27_0 12 (acid), 26583-81-3; 13, 26630-72-8; 3-
quent Methanolysis.—Bromomesitylene (2.01 g, 0.010 mol) in . v "  . . ’ ’ on . „ „
50 ml of CCh, aluminum chloride (2.70 g, 0.020 mol) in 50 ml fluoro-2,4-dimethylbenzy alcohol, ^6583-82-4, 3-nuoro-
of CCU, 500 ml of ice water, 100 ml of methanol, 20% SE-30 2,4-dimethylbenzyl chloride, 26583-83-5; 6-bromo-3-
column. In addition to some recovered starting material (ret. fluoro-l,2,4-trimethylbenzene, 26583-84-6; 2-bromo-4-

(29) F . M. Beringerand S. Sands, J .  Amer. Chem. Soc., 76, 3319 (1953). chloTO-1,3,5-trimethylbenzeiie, 26583-85-7.

Reduction with M etal-Am m onia Combinations. III . 1 Synthesis 
of 13- and y-Alkyl LhiomercapIans from 1,3-Dithiolanes and 1,3-Dithianes

Barry C. Newman and E rnest L. E l ie l*

Department of Chemistry, University of Notre Dame, Notre Dame, Indiana 49556 

Received August 14, 1970

Eleven 1,3-dithiolanes and four 1,3-dithianes have been reduced with calcium in liquid ammonia to give /3- and
7 -alkylthiomercaptans, RS(CH2)„SH (n = 2 or 3), respectively, in high yields.

Part A work there was only one report2 of such a selective re-
. duction (of 2,2-dimethyl-4-hydroxymethyl-l,3-dithio-

Recently, the calcium-ammonia reduction of 1,3-oxa- iane) j whereas there were several known instances where
thiolanes and 1,3-oxathianes has been reported1 as a reduction led to complete desulfurization3 or to more
fairly general preparative method for 0- and 7 -alkoxy compiicated nroducts. 4 While this work was in prog-
mercaptans, respectively. I t  is evident that selective resg 6 0wen and COworkers6 published additional exam-
cleavage of the C-S bond of 1,3-dithiolanes and 1,3- p]es invoiv ing selective cleavage of 2,2-dimethyl-l,3-
dithianes (Scheme I)  would provide a convenient route dithiolanes (Scheme I, R =  R ' =  CH 3) whereas total

cleavage (Scheme I I )  occurred w ith  2 -methyl- and 2- 
SchemeI  phenyl-1 ,3 -dithiolanes (R =  R ' =  H  or R = C6H 5;

R S R  R '  =  H ).
\  /  \  c a  \  As the data in  Table I  show, reduction according to

C (CH2)n — >- CHS(CH2)„SH
, ,  (2) L. W. C. Miles and L. N. Owen, J .  Chem. Soc., 2938 (1950).
11 B ■" (3) (a) L. A. Stocken, ibid., 592 (1947); (b) R . E. Ireland, T . I. Wrigley,

n  =  2  or 3 and W. G. Young, J .  Amer. Chem. Soc., 80, 4604 (1958); (c) N. S. Crossley
and H. B . Henbest, J .  Chem. Soc., 4413 (1960); (d) R. D. Stolow and M. M.

„ „  , , „ Bonaventura, Tetrahedron Lett., 95 (1964). These reports refer either to
to /3-alkylthioethyl and y-alkylthiopropyl mercaptans. benzylic (a) or a.lylic (b) thioacetals or -ketals or involve reduction with
A  priori, i t  was not evident whether cleavage of only one lithium in ethyiamine <c, d).
nf t b e  fnnr P - S  b n n r ls  in t h e  s t a r t in a -  materials s h o w n  in (4) 9- F- s°Per' w- E- Ruling, J. E. Cochran, and A. Pohland, J .  Amer.o t  t h e  l o u r  G  b  b o n d s  m  t h e  s t a r t i n g  m a t e r i a l s  s n o w n  m  So<! 76_ 4109 {1954). A Sch6nbergl e , Petersen, and h . Kaitschmitt,
Scheme I  could be achieved and at the inception or this Ber., 66B, 233 (1933) ;  the latter report involves sodium in ether.

(5) Preliminary report: E . L. Eliel, T. W. Doyle, R . A. Daignault, and 
*  To whom correspondence should be addressed. B . C. Newman, J .  Amer. Chem. ¿>oc., 88, 1828 (1966).
(1) Paper I I  [E. L. Eliel and T . W. Doyle, J .  Org. Chem., 35, 2716 (1970)] (6) E . D. Brown, S. M. Iqbal, and L. N. Owen, J .  Chem. Soc. C, 415

contains an extensive survey of the background literature. (1966).
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T a b l e  I

R eduction  o f  1 ,3-D ith io la n es  and 1 ,3-D ith ia n e s  w ith  C alcium  in Ammonia

Starting material, ethylene Product, R in ---------------- Yield, %b-------- — --------,
Method® dithioacetal or dithioketal of RSCH 2CH2SH Anal Isold

B Formaldehyde Methyl .. .«  85
A Acetaldehyde Ethyl1* 93, 90 81
A Propionaldehyde n-Propyl 99, 100 91
A Isobutyraldehyde Isobutyl 95, 96 85
A 3-Pentanone 3-Pentyl 97, 98 90
A Pinacolone 3,3-Dimethyl-2-butyl 98, 99 97
A n-Heptaldehyde n-Heptyl 90 (93),

51 (94)' 82
A Cyclohexanone Cyclohexyl 92, 93 85
B  Phenylacetaldehyde 2-Phenylethyl , ..» 94

B Phenylacetone l-Phenyl-2-propyl . . .»  91
A Hydrocinnamaldehyde 3-Phenyl-l-propyl 98, 99 94
A Formaldehyde H 90 60
A Phenylacetaldehyde H 9 7  7 1

and ethylbenzene 7 1

A Phenylacetone H 92 76
and n-propylbenzene 79

A Phenylpentadeuterio- H , . . c /
propanone and l-phenyl-1,1,3,3,3-

pentadeuteriopropane 65
B Benzaldehyde H , . 1 6

and toluene 18

Trimethylene dithioacetal
or dithioketal of R in RSCH 2CH2CH2SH Anal Isold

B Formaldehyde Methyl . .  .c 86

A Isobutyraldehyde Isobutyl 95, 98 85
A Cyclohexanone Cyclohexyl 90, 93 84
A Formaldehyde H 9 7 , 98 90
A «-Hydroxypropionaldehyde CH3CHOHCH2-  . . .<= 83

Method A, normal addition of an ethereal solution of the 1,3-dithiolane or 1,3-dithiane to an excess of calcium in ammonia. Method 
B, inverse addition of a limited amount of calcium to an ethereal solution of the 1,3-dithiolane or 1,3-dithiane in ammonia. b First 
column gives analytical yield determined by iodine titration. Second column gives yield of compound isolated. '  No attempt made 
to analyze compound. d Contaminated with a small amount of an unidentified compound, apparently a mercaptan, not 1 ,2-ethane- 
dithiol, from thin layer chromatography. c The mercaptan is very susceptible to disulfide formation; figures in parentheses refer to the 
% yields obtained after reduction of disulfide with zinc amalgam (see Experimental Section). / No attempt made to isolate compound.

S c h e m e  II  S c h e m e  I II

R. R R R
\  Ca \  \ _  \

CHSCH2CH2SH — ► CH2 +  HSCH2CH2SH CSCH2CH2S -  +  n h 3 c h s c h 2c h 2s -  +  n h 2-
/  /  /  /

R' R' R '  R '

Scheme I was achieved in the present investigation in ing the dianion shown in Scheme III. The carbanion
almost all cases in nearly quantitative analytical yield; moiety is stabilized by the adjacent sulfur atom (d-or-
the yields of isolated products ranged from 69 to 97%. bital resonance) which may account for its reluctance to
In only four cases was overreduction (Scheme II) ob- undergo further reduction as well as for the much higher
served, and in three of these (R = R ' =  H and R = yields generally achieved in the reduction of dithio-
C6H5CH2; R ' =  H or CH3) it could be effectively pre- acetals or -ketals to alkylthiomercaptans compared to
vented by limiting the amount of calcium to the theoret- the yields of alkoxy mercaptans previously obtained1
ical 2 equiv per mole of thioacetal or thioketal and add- from monothioacetals and -ketals.6 Only when the car
ing the metal rapidly. Apparently the second reduc- banion formed in the second stage of cleavage (Scheme
tion stage (Scheme II) is sufficiently slower than the first IV) is particularly stable, e.g., when it is a methyl or
(Scheme I) in these instances to enable one to achieve
high selectivity. Only in the case of benzaldehyde S c h e m e  IV
ethylene dithioketal (R = CelR; R ' =  H) were we un-
able to prevent reduction to toluene, ethanedithiol, and \  R v
other products, presumably because the second stage of CHSCH2CH2S~ +  2e~ — >  CH~ +  ~SCH2CH2S~
reduction is considerably faster than the first in this in- Tl /  _ /
stance. R

In  accordance w ith  the previously postulated1 '7 mech- u  1 • R , ...................
anism, we assume that reduction of dithioacetals or ,Cnfy ani?.^ ,or w.hen 14 1S m(fuctively stabilized by an
-ketals proceeds via a two-stage electron transfer involv- electron-withdrawmg group {e.g., R  =  C6H6CH2), will

overreduction occur readily.
(7) See also r . Gerdn and e . a. c. Luoken, j. chem. Sec.. 2857, 544 The present procedure provides a convenient route to

(1963); 3916 (1964). /3- and 7 -alkylthiomercaptans; its versatility is en-
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hanced by the availability of a wide variety of function- propane-1,3-dithiol, respectively, and ethylbenzene, n-
ally 2-substituted 1,3-dithianes by the elegant procedure propylbenzene, and toluene (methane, presumably 
of Ccrey and Seebach.8 Thus (last entry in Table I), the formed from the formyl derivatives, was not isolated), 
reduction of 2-(l-hydroxyethyl)-l,3-dithiane, synthe- In the case of the formaldehyde, phenylacetaldehyde,
sized from 1,3-dithiane and acetaldehyde,8 produced 1- and phenylacetone derivatives, it was established that
(3-mercaptopropylthio)-2-propanol (Scheme V) in 83%  hydrocarbon formation did, in fact, occur in two sequen- 
yield. tial steps (Scheme I followed by Scheme II), for not

S c h e m e  V only cou^  the desired single cleavage (Scheme I) be
achieved by limiting the amount of calcium to 2 equiv

/ ~ S \  i- BuLi ) / ^ S \_p u n ir p t r  Ca per mole of starting thioacetal or-ketal, but in addition,
V s '  2 CH3CH0 v _s'  3 nh3 the initial products, CH3SCH2CH2SH and C6H5CH2-

CH2SCH2CH2SH, were further reduced to HSCH2CH2- 
CH3CHOHCH2SCH2CH2CH2SH SH and (in the second case) C6H8CH2CH3 by treatment

with 3 equiv of calcium in ammonia. Only in the case 
The reduction of 2-isopropyl-1,3-dithiolane is de- of the benzaldehyde derivative 2-phenyl-1,3-dithiolane

scribed as typical of those in which an excess of calcium did we fail to arrest the reduction at the intermediate
is employed. Additional experimental techniques, ta- stage, the only products isolated being toluene and
bles of starting materials and products, syntheses of au- ethane-1,2-dithiol in low yield (other, unidentified and
then tic samples, and a more detailed discussion of the more complex products are also formed). The last re
reaction mechanism are found in Part B. suit confirms previous reports in the literature;2'3“ it is

Reduction of 2-Isopropyl-l,3-dithiolane.—To 300 ml well known that benzyl sulfides, the expected initial
of liquid ammonia1 in a 500-ml three-necked flask products according to Scheme I, are readily cleaved by
equipped with an addition funnel, mechanical stirrer, metal-ammonia combinations, the benzyl group often
and venting tube was added 2.7 g (0.067 g-atom) of cal- serving as a protective group in such instances,
cium turnings. When the metal had dissolved (5 Overreduction of the formaldehyde and benzaldehyde 
min), a solution of 4.70 g (0.034 mol) of 2-isopropyl-l,3- derivatives is readily explained in terms of the high sta-
dithiolane in 50 ml of anhydrous ether was added over a bility of the methyl and benzyl carbanions formed in the
period of 5-10 min. After an additional 10 min, the second stage of cleavage (Scheme IV). That similar
excess calcium (blue solution) was destroyed by addi- stabilization accounts for the overreduction of the
tion of solid ammonium chloride. The ammonia was phenylacetaldehyde and phenylacetone derivatives
allowed to evaporate in the hood and the residual slurry (Schemes I, II, IV; R  = C6H5CH2; R ' =  H or CH3) was
treated with 100 ml of 1 A  hydrochloric acid. The not immediately obvious, since only an inductive elec-
layers were separated and the aqueous layer three times t ron withdrawal by the benzyl group can be invoked as
extracted with 50-ml portions of ether. The combined stabilizing the corresponding carbanions (Scheme IV).
ether solution was dried over M gS04 and concentrated Alternative pathways in these cases were considered
to give 4.57 g of an oil, a small aliquot of which was ti- (Scheme VI). One of these (i) involves formation of a
trated with iodine for mercaptan content;9 the remain
der of the oil was distilled, bp 92° (15 mm), yield 4.04 g S c h e m e  VI
(85%). The infrared and nmr spectra were compatible nh.-
with the assigned structure, (CH3)2CHCH2SCH2- l1) Cf»HCH2C 11 It'SCH2CH2S _ NH>
CH2SH. C6H5C-HCHR'SCH 2CH2S -  — >-

Ca
P a rt B  -SCH 2CH2S -  +  C6HoC H =C H R ' — >j-aii -u NHj

The starting 1,3-dithiolanes and 1,3-dithianes for this C6H5CH2CH2R ' +  SCH2CH2S
investigation were generally formed from the appropri- (ii) Reduction occurring via Scheme IV with 
ate aldehydes or ketones and ethane-1,2-dithiol or pro- stabilization of the homobenzylic carbanion as a phenamon
pane-1,3-dithiol in the presence of an acid catalyst.10 ,— \ CH2
Properties and yields of starting materials are indicated \
in Table II. The yields in the reductions (Table I), c
usually determined by iodimetry9 in duplicate reactions, R' = h  or CH
generally exceeded 90%  although in one run, involving
n-heptyl mercaptan as the product, disulfide formation . -r> r  • .i j ,u j- h i  „ benzyhc carbanion followed by an RicB elimination tolowered the yield to 51% ; the disulfide was readily re- . -f . , , ,. r , , , . , ., , , * , T , , i ™ give the ethanedithiolate dianion and a styrene which isconverted to mercaptan by treatment with zinc amalgam f  , . ,, , , , ,, ,, ,. ‘ known to be further reduced to an aikylbenzene by
in -R *e p r®?ence 0  a c l.’ owever. metal-ammonia . 11 The other hypothesis (ii) provides

Reduction of the dithiolanes derived from formalde- . ,, . , ,.J 7 , a , t i t  „, . , 1 ^ , 1 1 1  . , . for stabilization of the intermediate of ¡scheme IV as ahyde, phenylacetaldehyde, phenylacetone, and benzai- .
dehvde and of the dithiane derived from formaldehyde p +• Q
with excess ca cium m ammonia led to double cleavage ^  ethylene dithioketal of ^phenyl-2-pro-
(Scheme II), the products being ethane-1,2-dithiol or C6H6CD2COCD3. Reduction of

(8) E. J .  Corey and D. Seebach, Angew. Chem.. Ini. Ed. Engl., 4, 1075, thioketal OrOCeeded Without 10SS of deuterium (aS eS-
“ d E' COrey' ° "  tabhshed by nmr spectroscopy) to givepentadeuterated

O) d. p. Hamish and d. s. Tarbeii, Anai. chem., 2i, 968 (1949). C6H5CD2CH2CD3. It is clear that pathway i, Scheme
(10) R . H. Jones, O. E . Lukes, and J .  I .  Bashour, U. S. Patent 2,690,988

(1954); Chem. Abstr., 49, 9868d (1955). (11) C. B . Wooster and J .  F. Ryan, J. Amer, Chem. Soc., 56, 1133 (1934).
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T a b l e  I I

S t a r t i n g  M a t e r i a l s  ( 1 ,3 - D i t h io l a n e s  a n d  1 ,3 - D i t h i a n e s )

Ethylene dithioacetal or Yield, Bp, ”C -------------% ®rbon------------- - hydroge“ 7 "
dithioketal* of % (mm) nmD Calcd Found Calcd Found

Formaldehyde“ 94 77 (23) 1.5988
Acetaldehyde11 81 75 (23) 1.5637 39.96 39.64 6.70 6 .
Propionaldehyde' 83 87 (21) 1.5496
Isobutyraldehyde 84 84 (9) 1.5382 48.60 49.00 8.16 8.16
3-Pentanone 85 53 (0.7) 1.5331 51.80 51.84 8.69 8 .6 6

Pinacolone 84 54.49 54.71 9.15 9.11
n-Heptaldehyde6 84 100.5-101

(1 .1 ) 1.5189 56.78 56.88 9.53 9.66
Cyclohexanone' 94 86.5 (1.2) 1.5664
Benzaldehyde‘ 4 95 109.5 (0.7) 1.6368 59.29 58.81 5.53 5.53
Phenylacetaldehyde11 92 122 (0.7) 1.6159 61.17 61.45 6.16 6.38
Phenylaeetone 91 108 (0.7) 1.6010 62.81 62.67 6.71 6.65
1-Phenylpentadeuterio-

propanone 94 104 (0.3) 1.6001
Hydro cinnamaldehyde 85 130 (0.5) 1.5994 62.81 62.80 6.71 6.71
Trimethylene dithioacetal 

or dithioketal”1 of

Formaldehyde9 93 . . .  *
Isobutyraldehyde* 82 69.5 (1.2) 1.5435
Cyclohexanone' 98 90 (0.3)*

« D. T. Gibson, J .  Chem. Soc., 12 (1930), reports bp 61° (11 mm), ?i I5d 1.5975. b Reported in ref 10 without physical constants.
'  S. Oae, W. Tagaki, and A. Ohno, Tetrahedron, 20,427 (1964), report bp 6 8 ° (10 mm). d Solid, mp 61-62°. • E. E. B,eid and A. Jelinek,
J .  Org. Chem., 15, 448 (1950), report bp 107° (5 mm), ra25d 1.5650. > Reported by B. E. Leggetter and R. K. Brown, Can. J .  Cheml,
41, 2671 (1963), without physical constants. » J. R. Meadow and E. E. Reid, J .  Amer. Chem. Soc., 56, 2177 (1934), report mp 53.3°. 
h Solid, mp 52.5-53°. *' S. Oae, W. Tagaki, and A. Ohno (footnote c) report bp 134° (35 mm), f H. Hauptmann and M. M. Campos,
J .  Amer. Chem. Soc., 72, 1405 (1950), report bp 148-148.5° (17 mm), mp 40.5-41.5°. * Solid, mp 39-40°. 1 Respective registry
numbers follow: 4829-04-3, 5616-51-3, 6008-80-6, 26733-24-4, 26733-25-5, 26785-73-9, 6008-84-0, 177-16-2, 5616-55-7, 26785-74-0,
20137-72-8, 26733-30-2,14505-46-5. m Respective registry numbers follow: 505-23-7, 6007-25-6, 180-96-1.

VI, would have led to C6H5CHDCH2CD3 (via C6H6C D =  hexylthioethanethiol in only 34% yield, contaminated
CHCD3). Pathway ii should presumably have given with a considerable amount of oligomeric material. An
rise to isopropylbenzene as well as n-propylbenzene in authentic sample of CH3CHOHCH2SCH2CH2CH2SH
the reduction of the undeuterated analog l-phenyl-2- (c/. Scheme V) was prepared in 36% yield from 1,3-pro-
propanone by protonation at the CH2 group of the cyclic panedithiol and propylene oxide in the presence of so-,
intermediate. Pathway ii was disproved still more con- dium hydroxide.16 
vincingly by reduction of ethyl 2-phenylethyl-l-d sul
fide, C2H5SCHDCH2C6H1S, with calcium in ammonia ifrnprim pntal c prtirm
which gave l-phenylethane-2-d, C6H5CH2CH2D, in 71% P
yield, the position of the deuterium being exclusively in Melting points, determined on a Kofler block, and boiling
the 2  position as shown by nmr spectroscopy. Reduc- P0“ ts S f  ~ ref ed-. Mrared spectra were^remr,M on a

F i i t _ ,1  • it  n u  n u n -  i Perkm-Elmer Infracord instrument. Nuclear magnetic resonance
tion thus proceeded by the anion. 06M5GM20JdL) and Spectra were recorded with a Varian Associates Model V-4311
not by the corresponding phenanion (Scheme VI, ii, HR-60 spectrometer at 60 MHz by Mr. D. Schifferl. Carbon
R =  D) which should have produced nearly equal tetrachloride was used as solvent, with tetramethylsilane as an
amounts of CeIRCfRCIRD and CcH6CHDCH3. internal standard. Elemental analyses were performed by

The method here described p rovito  .  much more
convenient route to /3 and y-alkylthiomercaptans than and HS-dithiane were prepared by the method of Corey and
known procedures: the slow addition of hydrogen Sul- Seebach.8 Dimethoxymethane or acetaldehyde was allowed to
fide to vinyl sulfides under pressure,12 the conversion of react with the appropriate dimercaptan with boron trifluoride
(9- or 7 -hydroxy sulfides13 '«a to  chlorides and thence to «therate as catalyst. The remaining 1 3-dithiolanes and 1,3-

, , , , , - T put , .i n  ,• dithianes were prepared by tne method of Jones, ei at., employ-
mercaptans by treatment with NaSH,14 or the reaction ing the appropriate dimercaptan, aldehyde, or ketone, except for
of mercapt-ans with thiiranes.16 The last method was phenylacetaldehyde, where the dimethyl acetal was used, and p-
used here to obtain a comparison sample of 2-cyclo- toluenesulfonic acid as catalyst. The yields and physical proper

ties of starting materials are listed in Table II . Known starting
(12) M. F . Shostakovsky, E . N. Prilezhaeva, and N. I. Uvarova, B u ll• materials agreed in their physical properties with samples pre-

Acad. S d . USSR, Div. Chem. Sci., 447 (1954). viously prepared and described in the literature.
(13) E. L. Eliel, L. A. Pilato, and v. G. Badding, J .  Amer. Chem. Soc., Reductions.—The reduction of 2-isopropyl-l,3-dithiolane has

84, 2377 (1962). been described above as typical of reductions employing method
(14) (a) S. E . Livingstone, J .  Chem. Soc., 437 (1956). NaSH is erroneously A (see Table I ) ,  where mercaptan is the sole product, the reduction

called “sodium ethyl sulphide in this paper, (b) R . C. G. Moggridge, Gf 2-benzyl-l,3-dithiolane is described as typical of reductions
rfeid., n ° 5  (1946), L. J .  Goldsworthy, G. F . Hardmg, w. L. Norris, S. G. P. employing method A (see Table I), where hydrocarbon is also

p s i W. Reppeand A. Freytag, German Patent 696,774 (1940); Chem. isolated, and the reduction of 2-benzyl-2-methyl-l ,3-dithiolane
Abstr., 35, 5909 (1941); E. M. Meade and F . N. Woodward, J .  Chem. Soc., with a limited amount of calcium is described as typical of reduc-
1894 (1948); C. C. J .  Culvenor, W. Davies, and N. S. Heath, ibid., 282 tions employing .method B (see Table I). Yields of reduction
(1949); E . p. Adams, F . P. Doyle, D. L. Hatt, D. o . Holland, W. H. Hunter, products are listed in Table I  and their properties in Table I I I .
K. R . L. Mansford, J .  H. C. Nayler, and A. Queen, ibid., 2649 (1960); W. Known reduction products agreed in their physical properties
Reppe and coworkers, Justus Liebigs Ann. Chem., 601, 127 (1956); H. R . with samples previously prepared and described in the literature.
Snyder, J .  M. Stewart, and J .  B . Ziegler, J .  Amer. Chem. Soc., 69, 2675 ---------------------
(1947). (16) Cf. R . D. Schuetz, ibid., 73, 1881 (1951).
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T a b l e  I I I
R e d u c t io n  P r o d u c t s  (/3- and  t -A l k y l t h io m e r c a p t a n s )

R  in RSCH sGHjSH “* Bp, °C (mm) „»n

Methyl“ 69.5 (26) 1,5409
Ethyl6 92.5-93 (41) 1.5264
m-PropyP 95 (24) 1.5175
isotratyi 92 (15) 1.5084 47.95 48.29 9 39 9 38
3-Penty1 57 (0.4) 1.5087 51.16 51.04 ' 9  81 9 93
3,3-Dimethyl-2-butyl 68  (0.9) 1.5059 53.87 53 64 10  17 10  06
n-Heptyl 95 (0.7) 1.5001 56.19 56.17 10 48 10 68

Cyclohexyl 85 (0.6) 1.5420 54.49 54.72 9  15 8 99
2- Phenylethyl 114.5 (0.5) 1.5847 60.55 60.82 7  1 1  7 23
TPhenyl-2-propyl 117 (0.7) 1.5735 62.21 62.39 7 . 5 9  7 81
3- Phenyl-l-propyl 130.5 (0.4) 1.5747 62.21 62.15 7 . 5 9  7.70
R  in RSCHiCHsCHaSH"

Methy1 79 (18) 1.5278 39.30 39.60 8  25 8 36
Ifobutyl 73 (1.5) 1.5028 51.16 51.07 9 81 9 87
Cycohexyl 100.5 (0.7) 1.5347 56.78 56.97 9 .5 3  9 .5 5

l  E;  ^ o Mea?® Tn^ ' , N- W° odward- J - Chem. Soc., 1894 (1948), report bp 82° (40 mm). 6 Reference 12 reports bp 60° (9  mm),
” D„ i ;5 ,27,3' ° L ' J : Goldsworthy, G. F. Harding, W. L. Norris, S. G. P. Plant, and B. Selton, J .  Chem. Soc., 2177 (1948), report bp 
75-77 ( 1 1  mm). Respective registry numbers follow: 22322-43-6,26750-44-4,26733-37-9, 10160-80-2,26718-03-6,26718-04-7 
26718-05-8, 10160-81-3, 26785-75-1, 26718-07-0, 26718-08-1. * Respective registry numbers follows: 26718-09-2, 26718-10-5, 26718-
11-6.

Reduction of 2-Benzyl-l,3-dithiolane with Calcium in Am- (16%) of 1,3-ethanedithiol, bp 59.5-60.5° (34 mm), whose in- 
moma. Method A.—By the procedure described in Part A frared spectrum was identical with that of an authentic sample,
above, 6.09 g (0.031 mol) of 2-benzyl-l,3-dithiolane in 50 ml of The remaining material (2.65 g) distilled with much difficulty
ether was treated with 4.5 g (0.11 g-atom) of calcium in 300 ml and some decomposition at 100-200° (0.5 mm) and yielded 0.33 g
of liquid ammonia; then ammonium chloride was added to of sulfur and 1 .7 5  g of an unidentified semisolid material which
destroy excess calcium. _ After the ammonia had evaporated, the was not extractable into aqueous potassium hydroxide, 
resulting slurry was acidified with 150 ml of 2 A  hydrochloric Deuteration of Phenylacetone.—Phenylacetone (25 g) was 
acid. The layers were separated; the aqueous layer was extracted treated with 10 g of anhydrous potassium carbonate in 100 g of
three times with 50-ml portions of ether. The combined ether deuterium oxide at reflux for 24 hr.18 After cooling, the reaction
solutions were extracted four times with 40-ml portions of 2 A  mixture was extracted with three 50-ml portions of ether, pre
potassium hydroxide. The ether solution was dried over anhy- viously saturated with deuterium oxide. The combined ether
drous magnesium sulfate and concentrated to give a clear color- solutions were dried over anhydrous magnesium sulfate and con-
less o J. Distillation afforded 2.34 g (71%) of ethylbenzene, bp centrated to give 24.6 g of a clear yellow oil. Distillation afforded
134.5-135° (755 mm), having an infrared spectrum identical phenylpentadeuteriopropanone: bp 100° (15 mm); yield 21.8 g
with that of an authentic sample. The combined basic extracts (84% ); nmr spectrum multiplet 109.5-121.5 Hz (0.24 H) (3 H
were acidified with 90 ml of 5 N  hydrochloric acid and extracted in undeuterated compound, hence 92% D at C-3), multiplet
three times with 50-ml portions of ether. The combined ether 206.5-213.5 Hz (0.20 H) (2 H in undeuterated compound, hence
solutions were dried over anhydrous magnesium sulfate and 90% D at C -l), multiplet 418-441 Hz (5  H).
partially concentrated to give 4.03 g of a clear yellow oil. A Reduction of Ethylene Dithioketal of l-Phenyl-2-propanone- 
sma.ll aliquot of this oil was removed and titrated for mercaptan l,l,3 ,3 ,3-d 6. A.—To a solution of 5.51 g (0.04 mol) of phenyl-
content with iodine;9 the yield of mercaptan was 97%. The pentadeuterioprcpanone and 4.15 g (0.044 mol) of 1,2-ethanedi-
remainder was distilled to give 2.06 g (71%) of 1,2-ethanedithiol, thiol in 80 ml of benzene was added ca. 50 mg of p-taluenesulfonic
bp 42.5 (15 mm), having an infrared spectrum identical with acid and the mixture refluxed for 2 hr, water being removed
that cf an authentic sample.  ̂ azeotropically by means of a Dean and Stark trap .10 The re-

Method B. To 300 ml of liquid ammonia contained in the action mixture was cooled and poured into a solution of sodium
apparatus described above was added 6.31 g (0.030 mol) of 2- carbonate in deuterium oxide. The basic solution was extracted
benzyl-2-methyl-l,3-dithiolane in 50 ml of anhydrous ether. three times with 50-ml portions of ether. The combined extracts
Then. 1.31 g (0.033 g-atom)17 of calcium turnings was added as were dried over anhydrous magnesium sulfate, concentrated, and
quickly as possible (ca. 2 min). The ammonia was allowed to distilled to give the ethylene dithioketal of phenylpentadeuterio-
evapcrate and the residual slurry was treated with 100 ml of 1 A propanone, bp 104° (3 mm), yield 8.0 g (94%). The infrared
hydrcchloric acid. The layers were separated and the acidic spectrum, was compatible with the assigned structure. Nmrspec-
aqueous layer extracted three times with 50-ml portions of ether. trum: broad singlet 92.5 Hz (0.62 II) (3 H in undeuterated
The combined extracts were dried over anhydrous magnesium species, hence 79% D at C-3), multiplet 167-203.5 Hz (4.64 H;
sulfate and concentrated to give a clear yellow oil. Distillation 0.64 H attributed to C, position) (6  H in undeuterated species,
afforded 5.79 g (91%) of 2-(l-phenyl-2-propylthio)ethanethiol, hence 6 8 % D at C -l), multiplet 420-444.5 Hz (5 H).
bp 117° (0.7 mm). The infrared and nmr spectra were compatible B .—The ethylene dithioketal of phenylpentadeuteriopropanone
with the assigned structure. was reduced and the reaction mixture worked up according to

Reduction of 2-Phenyl-l,3-dithiolane (Method B).—Thereduc- the procedure for 2-methyl-2-benzyl-l,3-dithiolane (method A),
tion of 5.47 g (0.03 mol) of 2-phenyl-l,3-dithiolane was effected Distillation of the neutral fraction afforded 1 -phenylpropane-
as described in the previous experiment. The solution turned l,l,3 ,3 ,3-d 6: bp 55.5° (20 mm); nmr spectrum multiplet at 38.5-
black, the color changing to brown during the evaporation of the 63 Hz (0.63 H) (3 H in undeuterated species, hence 79% D at
ammonia. The product was separated into neutral and acidic C-3), broad singlet at 90.5 Hz (2  H), multiplet at 137-160.5
fractions as indicated under method A above. The neutral frac- Hz (0.59 H) (2 H in undeuterated species, hence 70% D at C -l),
tion weighed 2.26 g and yielded ca. 0.5 g (18%) of toluene, bp singlet at 424.5 Hz (5 H).
110° (750 mm) upon distillation; its infrared spectrum was Reduction of 2-(2-Phenylthio)ethanethiol and 2-Methylthio- 
identical with that of an authentic sample. The acidic material ethanethiol.—The conditions of method A were used, starting
was a red oil weighing 3.85 g. Distillation afforded ca. 0.45 g with 5.95 g (0.030 mol) of C6H6CH2SCH2CH2SH and employing

an excess of calcium (ca. 1.97 g, 0.049 g-atom). The work-up 
(17) To determine the optimum amount of calcium to be used, 5 23 g wag ag ;n  m eth od  B  (p a rtitio n  between ether and aqueous KOH). 

(O.OoC1 mol) of 2-cyclonexyl-l,3-dithiolane was similarly treated, adding 
small portions of calcium, slowly, till a permanent blue color resulted. This .
required 1.31 g of calcium, thus a 10% excess of Ca seems desirable. (18) A. C. Cope and D. M . Gale, J .  Amer. Chem. Soc., 85, 3747 (1963).



The neutral fraction, upon distillation, afforded 2.08 g (65%) of tions of ether. The combined extracts were washed once with 50 
ethylbenzene, bp 134-135° (745 mm), whose infrared spectrum ml of 2 IV potassium hydroxide and dried over anhydrous mag-
was identical with that of an authentic sample. The acidic nesium sulfate, and the solvents evaporated to give 9.11 g of a
fraction, 4.11 g of a yellow oil, was shown by iodine titration9 to clear yellow oil. Treatment with hexane afforded 8.15 g of a
contain 93% of mercaptan calculated as 1,2-ethanedithiol. hexane-insoluble fraction and 0.6 g of a hexane-soluble fraction.
Distillation gave 2.45 g (8 6 % ) of ethanedithiol, bp 59° (33 mm), From the latter was isolated ca. 0.4 g (6 % ) of unreacted 1,3-
identified by infrared spectrum. dithiane. Distillation of the hexane-insoluble fraction gave an

Similar reduction of 2.74 g (0.025 mol) of CH3SCH2CH2SH additional 0 .2  g (3% ) of 1,3-dithiane and 6.39 g (65% ) of crude
with 1.61 g of calcium yielded 94% of mercaptan, 9 isolated in 79% 2-(l-hydroxyethyl)-l,3-dithiane, bp 90-98° (0.4 mm). The
yield [1.98 g, bp 59.5-60° (34 mm)] identified as 1,2-ethanedithiol product was redistilled to afford 4.8 g of the pure material:
by infrared spectrum. bp 93° (0.55 mm); nwo  1.5759; nmr spectrum 79.5 Hz (d, J  = 6

2-Phenylethyl-l-d p-Toluenesulfonate.—2-Phenylethanol-l-d Hz, 3 H), 99.5-145 Hz (multiplet, 2 H), 145-183.5 Hz (multiplet,
was prepared by LAD reduction of the aldehyde19 in 95% yield: 4 H), 186 Hz (s, 1 H), 220.5-252.5 Hz, (multiplet, 2 H).
bp 67° (0.6 mm); n20D 1.5317 [lit.19 bp 55-57° (0.7 mm), nwd Anal. Calcd for C6H12OS2: C, 43.86; H, 7.37. Found: C,
1.5315)]; nmr spectrum doublet at 160 Hz ( J  = 7 Hz, 2 H), 43.82; H, 7.51.
triplet at 214.5 Hz (/ = 7 Hz, 1 H), singlet at 224.5 Hz (1  H), l-(3-Mercaptopropylthio)-2-propanol. 1.—Using method A,
singlet at 425.5 Hz (5 H). The p-toluenesulfonate was prepared 2.40 g (0.015 mol) of 2-(l-hydroxyethyl)-l,3-dithiane was re
in the usual manner19-21 from 10 g of p-toluenesulfonyl chloride duced with 0.8 g (0.02 g-atom) of calcium in 150 ml of ammonia
dissolved in 15 ml of pyridine added to 5.45 g of the alcohol in to give 2.69 g of crude l-(3-mercaptopropylthio)-2-propanol;
10 ml of pyridine at —10°. The mixture was left at 0° for 3 hr yield by iodine titration, 9 91%. Distillation afforded 2.00 g
before work-up and yielded 10.94 g (89%) of the p-toluenesulfo- (83%) of pure product: bp 99.50 (0.6 mm); ri^o 1.5318; nmr
nate: mp 38-40° (lit.19 38-40°); nmr spectrum 138.5 Hz (s, 3 spectrum 72.5 Hz (d, / = 6 Hz, 3 H), 78.5 Hz (t, J  =  7.5 Hz,
H), 169 Hz (d, J  = 7 Hz, 2 H), 244.5 Hz (t, / = 7 Hz, 1 H), 1 H), 94.5-126 Hz (multiplet, 2 H), 140.5-173 Hz (multiplet,
multiplet at 406.5-469 Hz (9 H). 6  H), 204 Hz (s, 1 H), 228 Hz (sextet, L = 6  Hz, 1 H).

Ethyl 2-Phenyl-l-monodeuterioethyl Sulfide.—A solution of 2.—To 21.7 g (0.2 mol) of 1,3-propanedithiol was added 1.0 g
10.0 g (0.036 mol) or 2-phenyl-l-monodeuterioethyl tosylate in of 30% sodium hydride in mineral oil, under nitrogen, with
20 ml of ether was treated with 45 ml of 6  IV sodium hydroxide stirring, at 25°. The mixture was cooled to 0° and 17 ml (0.24
and 8.5 g (0.14 mol) of ethyl mercaptan at 25°, with constant mol) of propylene oxide added over 1 hr.13 Stirring was con-
stirring under nitrogen for 70 hr. 22 A further quantity of 7 g tinued for an additional hr at 0°, and then the reaction mixture
(0.11 mol) of ethyl mercaptan was then added and the reaction acidified with 3%  hydrochloric acid. The product was extracted 
continued for an additional 50 hr. After the addition of 20 ml of with two 50-ml portions of ether and the combined ether extracts
water, the product was extracted with three 50-ml portions of were washed with three 20-ml portions of water and then dried
ether. The combined ether extracts were dried over anhydrous over anhydrous magnesium sulfate. The ether was removed and
magnesium sulfate and concentrated. By treatment with distillation gave 5.87 g (22%) of unreacted 1,3-propanedithiol,
hexane, the crude product was divided into a hexane-soluble and bp 77-78° (23 mm), and 14.1 g of a second fraction, bp 115-128°
a hexane-insoluble fraction. From the latter, by purification on (0.8 mm). Some higher boiling material (6 .5 4  g) remained. A
neutral alumina, was obtained 4.37 g (44%) of unreacted tosylate. solution of the second fraction in 100 ml of ether was extracted
Distillation of the hexane-soluble extract afforded 2.51 g (42%) with three 50-ml portions of 5 A’ potassium hydroxide solution,
of the sulfide: bp 80° (0.8 mm); n20D 1.5411 [lit.23 for the un- The combined extracts were acidified with 200* ml of 5 N  hydro-
deuterated species, bp 92—94° (3 mm); ?i 20d 1.5420]; nmr spec- chloric acid and extracted with three 100-ml portions of ether,
trum 72 Hz (t, J  = 7.5 Hz, 3 H), 146.5 Hz (q, J  =  3.5 Hz, 2 H), After drying over anhydrous magnesium sulfate, concentration
155-178 Hz (multiplet, 3 H), 427 Hz (s, 5 H). yielded 12.1 g (36%) of crude l-(3-mercaptopropylthio)-2-

Reduction of Ethyl 2 -Phenyl- 1-deuterioethyl Sulfide with propanol. Distillation afforded 11.5 g (34%) of the pure product,
Calcium in Ammonia. Using method A, 1.67 g (0.01 mol) of bp 99° (0.5 mm), ra20d 1.5321, having infrared and nmr spectra
C6H5CH2CHDSC2H5 was reduced with 0.5 g (0.013 g-atom) of identical with those for the product obtained above,
calcium in 100 ml of ammonia to give 0.76 g (71%) of 1-phenyl- Anal. Calcd for C6H12OS2: C, 43.33; H, 8.48. Found: C, 
ethane-2-d: bp 44° (27 mm); n20D 1.4948; nmr spectrum 70 Hz 43.11; H, 8.56.
(triplet of triplets, J ,  =  7.5 Hz, / 2 = 2 Hz, 2 H), 152.5 Hz (t, 2-(Cyclohexylthio)ethanethiol.—-To a solution of 9.9 g (0.085
J  ~  E 5 Hz, 2 H), 425.5 Hz (s, 5 H). mol) of cyclohexyl mercaptan in alcoholic sodium ethoxide (1.6 g

Reduction of 2-Heptyl-l,3-dithiolane with Calcium in Am- of sodium and 75 ml of ethanol) at 0° was added, dropwise, 3.3 g
monia. Using method A, 2.87 g (0.015 mol) of 2-hexyl-l,3- (0.055 mol) of ethylene sulfide at —10°. The reaction mixture
dithiolane was reduced with 3.0 g (0.075 g-atom) of calcium in was allowed to warm to 25° over a period of 40 min, 250 ml of
300 ml of ammonia to give 2.84 g of semisolid crude material. 5% acetic acid then added, and the product extracted with
A small aliquot (ca. 0.1 g) was removed and titrated for mer- three 50-mi portions of anhydrous ether. After drying over
captan content with iodine.9 The yield of mercaptan was 51%. anhydrous magnesium sulfate, concentration left 1 2 .9  g of an
A similar aliquot was then removed and dissolved in 20 ml of oil. Distillation afforded 4.48 g (46%) of crude 2-(cyclohexyl-
absolute ethanol with 0.5 ml of 10 N  hydrochloric acid and treated thio)ethanethiol, bp 71-78° (0.08 mm). Redistffiation gave 3 .3
with 2 g of zinc amalgam. The decanted solution was again g (34%) of purer material, bp 84-85° (0.5 mm), nwd 1.5419,
titrated for mercaptan content with iodine, 9 the yield of mercap- whose infrared spectrum was identical with that of the product
ta?  ?,°^r j mg ®V°;. ...........  prepared from the calcium-ammonia reduction of 2 -cyclohexyl-

2-(l-Hydroxyethyl)-1,3-dithiane.8—To a solution of 7.25 g 1,3-dithiolane.
(0.060 mol) of 1,3-dithiane in 200 ml of tetrahydrofuran at —30°,
stirred under nitrogen, was added 48 ml (0.061 mol) of a 1.27 M .
solution of n-butyllithium in hexane, at the rate of 2  ml/min. A R eg istry  N o.— 2 -P h e n y le th y l-l-d  p -toluenesu lfonate,
clear yellow solution was obtained. After stirring for 1.5 hr at 2 6 7 18 -12 -7 ; e th y l 2-p h en yl-l-m o n od eu terioeth y l sul-
-3 0 °  the solution was allowed to warm to - 5 ° ,  3.3 g (0.075 fide, 2 6 7 8 5 -7 6 -2 ; l-p h en yleth an e-2-d , 1861-04-7 - 2 - ( l -
mol) of acetaldehyde was added, and the mixture was stirred for LvrlrnYvptbvU 1 9 ditbionp I 4 0 t 7 / S 7 . i  io  ’ .
14 hr at 0°, under nitrogen. I t  was then poured into 750 ml of hy d ro x y eth y l)-l,3 -d lth tan e , 14947 -48 -7 ; l-(3 -m erca p to -
water, acidified to pH .5-6, and extracted with five 150-ml por- propylth lo)-2-propanol, 2 6 7 1 8 -1 5 -0 ; 2 -(cy clo h ex y lth io )-

„ T J eth an eth io l, 10160-81-3 .(19) E. L. Eliel and T. J. Prosser, J .  Amer. Chem. Soc., 78, 4045 (1956)*
(20) D. Klamann, Monatsh. Chem., 84, 54 (1953).

F' "  and K' *• DeBruin' *  —  —  A cknow ledgm ent.— T h is  work was supported by
(22) F . Drahowzal and D. Klamann, Monatsh. Chem., 82, 594 (1951). G ra n t A F -A F O S R -7 7 2  from  th e  A ir F o rce  Office of
(23) W. E. Bacon and W. M. LeSuer, J . Amer. Chem. Soc., 76, 670 (1954). Scien tific  R esearch .
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2,5-Dimercaptoterephthalie acid was prepared by four routes to permit assessment of their relative merits for 
a bifunctional system and to permit confirmation of structures of useful intermediates through interconnections 
of the routes (Scheme I). The routes were: (I) conversion of the phenol to the 0,0-bisthiocarbamate, re
arrangement of this to the <S,S-bisthiocarbamate, then saponification; (II) cleavage of 2,5-bisbenzyl thioether 
moieties of the terephthalate diester, then saponification; (III) reaction of potassium hydrosulfide with 2,5- 
dibromoterephthalic acid; and (IV), route II but with the acid instead of the ester. 2-Mercaptoterephthalic 
acid was prepared by similar routes for the same reasons. Both the mono- and dimercapto acids reacted with 
aminoalkyl thiolsulfonates to give unsymmetrical aminoalkyl disulfides (Scheme II). Several products of 
Schemes I and I I  are of interest for further chemical studies and, particularly, for biological evaluation as anti- 
radiation drugs, against histoplasmosis, or against schistosomiasis.

Mercaptoterephthalic acids were desired for two rea- considerable interest ;4b 12 should afford further entries 
sons: '1) o-(2-Aminoethyldithio)benzoic acid (1) and into such systems.

+ Scheme I shows approaches to the synthesis of 2,5-
o-H2N(CH2)2SSC6H4C0 2H C1H3N(CH2)2S02S(CH2)2NH3C1 dimercaptoterephthalic acid (12) and 2-mercaptoter-

1 2a ephthalic acid (15) by four routes, I-IV . Interconnec
ts n-CIoH21NH2(CH2)2S0 2S(CH2)2NH2-n-C1(R 21d  tions between routes I-IV , made primarily to buttress

2b the structure of intermediates, also provide conversions
useful for connecting the routes during other work with 

related compounds have shown activity as antiradia- mercaptoarenecarboxylic acids. The four routes are:
tion drugs.2a_0 Bis and 4-carboxy analogs of 1 were (J) conversion of phenols to thiophenols via thiocarba-
needed for assessing the effects that structural changes mates; (II) cleavage of benzyl (alkoxycarbonyl)aryl
of these kinds would have on antiradiation activity and sulfides; (III) reaction of potassium hydrosulfide with
toxicity. Furthermore, arenethiols and aryl disulfides bromoterephthalic acids; and (IV) cleavage of benzyl
seem promising classes for testing against H istoplasma carboxyaryl sulfides.
capsulaium,2i the causative organism of histoplasmosis, 2,5-Dibromoterephthalic acid (3) was the starting 
and possibly against schistosomiasis.2e Since 1 was material for all routes. For preparation of 3, oxidation
prepared by thioalkylating o-mercaptobenzoic acid failed of 2,5-dibromo-p-xylene with nitric acid6 and
with the thiolsulfonate 2a,2a the use of 2a and 2b with with potassium dichromate in sulfuric acid6 or acetic
2,5-dimereaptoterephthalic acid and 2-mercaptoter- acid. Oxidation of p-xylene with bromine7 or of 2,5-
ephthalic acid (12 and 15, respectively, of Scheme I) dibromo-p-xylene with permanganate gave 3, but in
seemed likely to give bis and 4-carboxy analogs of 1 low yield. Sodium dichromate,8 however, oxidized 2,5-
(23-25 of Scheme II). (2) The 1,4-benzenedithiol dibromo-p-xylene to acid 3 in yields of 57-64% .
system has quite interesting chemical possibilities. Route I.—Route I was the best of the four for the 
Oxidation of 2,5-dimercaptoterephthalic acid or its preparation of dithiol 12. After the salt of acid 3 (from
ester (12 and 19 of Scheme I) might give thioquinones, 3 in ethanolie sodium ethoxide, 97%) had been heated
tetrathia[2.2jparacyclophanes, or polymers; Parekh with sodium acetate and copper powder, acidification
and Guha oxidized 1,4-benzenedithiol to a solid they gave 2 .5-dihydroxyterephthalic acid (4, 97% yield),9
thought might be tetrathia[2.2]paracyclophane, but which was converted to the diester 5 (57% yield);10
the insolubility of their product also suggests it may substitution of the commercially available 2,5-dichloro-
have been polymeric.3 Furthermore, reaction of 1,4- terephthalic acid led only to diethyl 2,5-dichloroter-
diethoxybenzene with sulfur monochloride gave a ephthaiate.
large-ring crystalline polysulfide,4 which has attracted A modification of the elegant conversion of Newman

and Karnes of phenols to thiophenols11 next was used.
Ti » < « f  0 / » * ^ ^

(197C). (b) This investigation was supported by the U. S. Army Medical 6 in 8S /q yield., 6 hRQ. IT DRHClS CilRrRCtOTlStlC IOr
Research and Development Command, Department of the Army, under C (= S )N  ailC C (= S ) and tWO nmr singlets for NMe2
Research Contracts No. DA-49-193-MD-2030 and DADA17-69-C-9128. (c) 0  Q rpi «An w on fm rY m n f r»f A +0 K i«
Abstracted from the Ph.D . Dissertation of P. R . E. (Vanderbilt University, (* 3.43, 3.48). The rearrangement (rf 6 tO the VVblS-
M ay 1970), which may be consulted for further details, (d) Reported in thiocarb&m&te 13 Went Smoothly D-t 230 J higher
part at the Southeastern Regional Meeting of the American Chemical temperatures led to Unnecessary decomposition. The
Society, Atlanta, Ga., Nov 1967.

(2) (a) R . R . Crenshaw and L. Field, J .  Org. Chem., 30, 175 (1965).
(b) L. Field and P. M. Giles, Jr .,  J .  Med. Chem., 13, 317 (1970); the “proto” (5) Cf. A. Eckert and F. Seidel, J .  Prakt. Chem., 102, 338 (1921).
nomenclature used for 1 and analogs in this earlier paper was less well (6) Cf. R . Fittig, W. Ahrens, and L. Mattheides, Justus Liebigs Ann.
adapted to the present paper, (c) L. Field and H. K . Kim, ibid., 9, 397 Chem., 147, 15 (1868).
(I960), (d) I. McVeigh, Z. Evans, L. Field, and W. Hanley, Mycopathol. (7) J .  E . M cIntyre and D. A. S. Ravens, J .  Chem. Soc., 4082 (1961).
Mycol. Appl., 37, 349 (1969). (e) We are indebted to Dr. E . A. Steck of the (8) L. Friedman, D. L. Fishel, and H. Shechter, J .  Org. Chem., 30, 1453
Walter Reed Army Institute of Research for this suggestion. (1965).

(3) V. C. Parekh and P. C. Guha, J .  In dian  Chem. Soc., 11, 95 (1934). (9) A. Marzin, J . Prakt. Chem., 138, 103 (1933).
(4) (a) Z. S. Ariyan and R . L. Martin, Chem. Commun., 847 (1969). (10) K . Brunner, Justus Liebigs Ann. Chem., 351, 313 (1907).

(b) Cf. Chem. Eng. News, 47 (No. 48), 40 (Nov 17, 1969). (11) M. S. Newman and H. A. Karnes, J .  Org. Chem., 31, 3980 (1966).
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S c h e m e  I

co2h  co2h  co2r  co2r

route I, NaOEt,̂  R°H’H+> ClC(S)N(Me)2)

co2h  co2h  co2r  co2r

3, X =  Y =  Br 4 ,X  =  Y = OH 5 ,X  = Y = OH;R = Et 6 , X = Y = OC(S)N(Me)2; R = Et
7 ,X  =  Br;Y  = H 8 ,X  = OH;Y = H 9 ,X  =  OH;Y = H;R =  Me 10 , X = OC(S)N(Me)2; Y = H; R =  Me

\ route \  ,
\ IV \  route /
\ /\ (PhCH-S/, Cu \  /

\ \KSH, Cu jO

n \ \  /a
roh, h+ co2h  co2h  co2r

YV x "  v V x ^  r Y 11
c o 2H co2h  co2r

11, X = Y = SCH2Ph 12, X = Y = SH 13, X =  Y = SC(0)N(Me)2; R = Et
14, X = SCH2Ph; Y = H 15,X = SH;Y = H 16, X = SC(0)N(Me)2; Y = H; R = Me

\ W  K0H \ ClC(C)N(Me)2
ROH,H+\ C  \

co2r  \ \  co2r

f Y X PfaCH2SNa r Y ' X AlBr3
or(PhCH2S)2,Cu orNa-NH3*

co2r  co2r  co2r
17, X = Y = Br; R = Et 18, X = Y = SCH2Ph; R =  Et 19, X =  Y = SH; R = Et
2 0 , X = Br; Y = H; R =  Me 21, X =  SCH2Ph; Y -  H; R = Me 2 2 , X = SH; Y =  H; R = Me

S,S-bisthiocarbamate 13 had an ir band typical of an ever, led to a peak at S 4.8 for HOD and a 2 :1  ratio for 
amide and only an nmr singlet for NMe2 (S 3.1, two the integrals at S 4.8 and 8.2 which supported the dithiol
nmr peaks for the JV-methyl groups of O-aryl com- structure for 12. The mass spectrum of 12 showed the
pounds, but only one for those of <S-aryl compounds, molecular ion at m/e 230, with peaks and metastables 
were observed previously).11 (*) consistent with the events formulated in eq 1; o-

The last step in route I was saponification of 13 to the
dithiol 12. Newman and Karnes effected saponifica- m/e 230 (M+) ___~Ha° > m/e 2i2 ~H2°  j
tion of (S-aryl thiocarbamates in hot aqueous methanol . (m/e 195.4*) (m/e 177.5*)
under nitrogen, but, when 13 was similarly heated for 9
hr (when iodine uptake became constant), the product m/e 194--------------- >■ m/e 1C6 ____~C°  ? m/ e 13s (i)
appeared to be oxidized 12, iodine titration indicating {m/e 142-1*) iu.7*)
that only one thiol group of 12 had survived. Even- mercaptobenzoic acid shows similar behavior.12 Con-
tua ly, we learned that b atin g of the S,S-bisthiocarba- sistent with the strong yellow color of 12 (and of about 
mate 13 with potassium hydroxide (in slight excess of a third of the other compounds in Schemes I and II) is a
six molar proportions at 120-130 for 20 mm would iow order of abs0rption of 12 at 435-470 nm (12 also
give the dithiol 12 in 100% yield. This rather critical had Xma% at 276 and 375 nm).
time of heating was determined by titrating aliquots Toward the preparation of the monomercapto acid 15
with acid until a plot of acid consumption reached a by route I; sodium 2-bromoterephthalate gave 2-hy-
m m ™  after 20 mm the acid increased, suggesting dr0xyterephthalic acid (8, 99% ), which was converted

tVT i t Z Z  J place. to the ester 9 (77% yield; the dimethyl ester was used
Hon Thp l T  p t S COnfir“ e?  % } 0dm e tltra'  because it was known).13 A/N-Dimethylthiocarbamoyl

um I  T v  T H  u  chl0ride converted 9  t 0  the monothiocarbamate 1 0 .
nf n 1 T  ? { ^ 3ecaf  ‘3 Alth0USh 10 did not precipitate as had the bisthiocarba-
s iD v ie w /s ? } 1? , 1 h fB m the ^  sho^ ed *  mate 6 , addition of water gave a 92-97% yield, but thesmgiet (5 8.2) for the ring protons, w ith  the acid and ’
thiol protons either obscured in the base line or buried (12) s'"0' La'"'esson’ J- 0- Madsen, g. Schroii, j . h. Bowie, and d. h.
beneath the solvent peaks; exchange with D20 , how- (i3) r . Wegscheider and k . Bittner, M o m M . c h em ., 21 , ess (1900).
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Scheme I I  the more promising second approach, the stability of
C02H C02H sodium phenylmethanethiolate in  D M A  was tested.
I x  x  A t 100°, the solution soon darkened and, after 7 hr,

i f C '  2a or 2b + basê \ ' C '  failed to decolorize iodine. Hence the ester 17 and the
thiolate were heated only at 75° (24 h r ) ; the yield of 

Y 1 Y I 18 was 50%. Substitution of the commercially avail-
able 2,5-dichloroterephthalic acid (same molar propor- 

12 , X = Y = SH 23, X = Y = SS(CH2)2NH2 tions) for 3 in route I I  led to 18 in  overall yields nearly
15, X = SH;Y = H 24, X = SS(CH2)2NH2; Y = H as good as those from 3.

25, X = Y = SS(CH2)2NH-n-C10H21 Removal of the benzyl groups of 18 was accomplished
in two ways. Use of sodium in liquid ammonia17 gave 

\ . 19, which decolorized iodine and had appropriate ir and
base HC1 nmr spectra, but no way could be found to purify it.

\ .  Hence cleavage w ith  aluminum bromide in dry toluene
was used.18 Ultimately, 18 was cleaved thus to the

C02Et \  C02H dith io l 19 in  76% yield; substitution of chlorobenzene19
| x  I x  for toluene resulted in a yield of 60%. In early work,

f j  the *r sPectruni of crude 19 showed the presence of both
1 carboxyl and benzyl groups, suggesting partial hydroly-

Y j Y J sis of the ester and incomplete cleavage of the sulfide.
CO,Et C02H Purification o: the aluminum bromide20 failed to pre-

oc Y _ v _  cn /c*™  , 07 Y V cc/ptj \ yu  pi-  vent the hydrolysis (but even so is desirable because it
26, X -  Y _  bC(b)N(Me)2 2 7 , X -  Y -  bb(CH2)2NH3U leads tQ purer thiol)> but predistillation of the toluene

28, X = SS(CH2),NH3C1 ; Y = H from phosphorus pentoxide did so.
29. x  = y = SS(CH2),NH,-n-C H. CF The structure of the dimercapto diester 19 was con-

cic(S)N(Me), ’ " ' firmed by ir absorption for SH, by iodine titration, and
Et0H, H+ by the mass spectrum. The mass spectrum is consis

tent w ith  the events of eq 2, which resemble those of
CO.Et CO,Et -E tO H  -E tO H
I ’ I ‘ m/e 286 (M+)------- ------>m/ e  240-------------- >
1 „X A  ^X (m /e  201.4*) (m /e  156.8»)

r Y  2a * i Y  (19)i .  J  -°° - coYX  Y T m/e 194-------------- m/e 166----------------->- m/e 138 (2)
| | (m /e  142.1*) (m/e 114.7*)
C02Et C02Et

+ _ eq 1 for the diacid 12; similar behavior has been re-
19, X = Y=SH 30, X = Y = SS(CH2)2NH3C1 ported for methyl o-mercaptobenzoate.12 For further

substantiation, route II was connected with route I by 
carbamoyl chloride then had to be removed by recrys- converting the dimercapto diester 19 of route II to the 
tallization. The ir spectrum of 10 indicated C (= S )N  ,S,<S-bisthiocarbamate 13 (69%).
and C (= S ), and the nmr spectrum again showed two The final step in route II was saponification of 19 to 
singlets (5 3.42, 3.47). Rearrangement of 10 to 16 was the diacid 12 (quantitative yield); when saponification
accomplished as with 6. Conversion of 16 to the acid was incomplete, purification was very difficult. The
15 was not tested because 16 was not obtained com- overall yield of 12 from 3 by the four steps of route II
pletely pure and because by this time route II to 15 was was about 32% ; although there is also a somewhat
considered better than route I ; the successful conver- better yield, route I (overall yield from 3 about 36%)
sion of 13 to 12 suggests that conversion of 16 to 15 was recommended above, despite its six steps, mainly
should present no difficulties. because all steps are easily done and the overall process

Route I I . — In route II to the dithiol 12 and thiol 15 seems easier, 
bromine atoms were replaced with benzyl thioether Route II seems that of choice for preparation of the 
moieties, and the benzyl groups then were removed. monomercaptoacid 15 because it is shorter than route I
Preparation of the benzyl sulfides 18 and 21 by the and involves products usually easier to purify (overall
usual use of cuprous phenylmethanethiolate with the yield from 7, 18%). For the preparation of 15 by
bromo esters 17 and 20 was precluded because, unlike route II, dimethyl 2-bromoterephthalate (20)13 was con-
other cuprous thiolates, cuprous phenylmethanethiolate verted to the sulfide 21 with sodium phenylmethane-
decomposes into benzyl sulfide and stilbene before re- thiolate. Cleavage of 21 with aluminum bromide al-
acting with an aryl halide.14 We therefore turned to ways gave both the diester 22 and acid, despite distilla-
two procedures of Campbell.15’16 The first involves tion of the toluene from phosphorus pentoxide and other
direct action of a disulfide on an aryl halide in the pres- precautions to exclude moisture and irrespective of the
ence of copper15 and the second heating of an alkali- amount of aluminum bromide or of whether it was puri-
metal thiolate with the halide.16 When the dibromo fied;20 probably the unhindered 4-carboxylate moiety of
diester 17 was heated with benzyl disulfide and copper, 21 is more susceptible to attack by aluminum bromide
yields of the bisbenzyl sulfide 18 were 29-33%  and, on
a larger scale, even dropped to 5 % .  As a prelude to <17> A- Ferretti, Org Syn  42 54 (1962).

& 1 (18) A. E . Lanzilotti, J .  B . Ziegler, and A. C. Shabica, J .  Amer. Chem.
(14) R . Adams and A. Ferretti, J .  Amer. Chem. Soc., 81, 4927 (1959). Soc., 76, 3666 (1954).
(15) J .  R . Cambell, J .  Org. Chem., 27, 2207 (1962). (19) D. S. Tarbell and D. P. Plarnish, ibid ., 74, 1862 (1952).
(16) J .  R . Campbell, ibid., 29, 1830 (1964). (20) C. F . H. Tipper and D. A. Walker, J .  Chem. Soc., 1352 (1959).
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than the more hindered carboxylate moieties of 18. 14 was readily soluble, but the product was difficult to
Saponification of the mixture of monomercapto ester purify. Aluminum bromide in toluene was equally 
and acid gave the thiol 15 (55% from 21). unpromising, perhaps because of sparing solubility;

Route III.—Route III to the dimercapto acid 12 in- again, intractable mixtures of 14 and 15 resulted. No
volved the single reaction of eight molar proportions of pure dithiol 12 or monothiol 15 could be isolated by
potassium hydrosulfide with the dibromo acid 3 in the route IV.
presence of copper. I t  was based on an early patent for Reactions of Thiols (Scheme II). —Uses made of the 
synthesis of o-mercaptobenzoic acid.21 We had avoided thiols are summarized in Scheme II. Of the bisdisul-
use of this deceptively simple route until information fides prepared, the most important to us was 2,5-bis(2-
about 12 was available to permit its separation and aminoethyldithio)terephthalie acid (23), the bis analog
identification. A principal complication which was fore- of 1.
seen was that equilibria of thiol moieties with potassium Although route III (via the hydrosulfide) gave im- 
hydrosulfide would lead to metal thiolates of 12, which pure 12, there seemed a possibility that this 12 could be
could react with the aryl bromide to form bisaryl sul- converted to 23, which might be purified, so that route
fides, oligomers, and polymers. In route III, the III would afford a two-step synthesis of 23. Reaction
dibromo acid 3 gave a product which showed no Beil- of this impure 12 in 4 equiv of aqueous alkali with thio-
stein test and had an ir spectrum identical with that of sulfonate 2a did indeed give bisdisulfide 23 (33% ); use
12 from route I. Tic showed a series of spots, however, of 12 with 4 equiv of alkali will be referred to as route V.
although the dominant one did have the Ri value of 12. This 23 dissolved in acid and base, failed to decolorize
Iodine titration showed only 67% of the thiol content iodine, and gave a negative nitroprusside test; later, it
expected for 12. Ethanol roughly separated fractions proved to be identical with 23 obtained by other routes,
with iodine titers ranging from 60-90%  of expectation Use of route III thus can give a two-step synthesis of 23
for 12. One fraction gave an elemental analysis con- from 3. This 23 may be sufficiently pure for some pur-
sistent with 12, had an iodine titer of 90%, and was con- poses, but since it contained a persistent impurity
firmed as 12 by converting it to ester 19 (identical with which precluded a satisfactory elemental analysis the
19 from route II). Route III thus does afford a one- two-step advantage may be dubious,
step synthesis for dithiol 12 but, since it gives a grossly Because of the low yield, conditions were tried such 
impure product, the longer routes are preferred. as those which were successful for 1,2a but with D M F for

Route III was even less promising for the monothiol ethanol (in which 12 is sparingly soluble) and DAB CO
15 than for the dithiol 12. Conditions identical with for neutralization; such use of 12 in DM F with 4 mol of
those used in the bis series (for 12 from 3) converted the DABCO will be referred to as route VI. To test route
monobromo acid 7 to a product which showed only 55% VI, o-mercaptobenzoic acid and the thiolsulfonate 2a
of the thiol content expected for 15 (iodine titration). were stirred for 4 hr in D M F-H 20 ;  neutralization of
Tic showed two spots, even after recrystallizations, sug- the homogeneous mixture with DABCO gave 1 in 60%
gesting the impracticability of purification. yield. With pure dithiol 12 from route I, route VI

Route IV.' In a procedure based on one of Camp- gave the bisdisulfide 23 (85%), which could be purified
bell,16 3 gave two products, 11 and 14. We at first nicely through its hydrochloride.
thought it surprising that reduction to 14 occurred, We felt that with this purer dithiol 12 from route I, 
when we had not observed reduction of the dibromo the conditions of route V might produce further im- 
diester 17; however, o-bromobenzoic acid is reduced by provement; the yield of 23 became quantitative when
copper to benzoic acid although its ester is un- route V was used, but the gain in yield was offset since
affected,223’23 in suitable instances the aryl halides analytically pure 23 again could not be obtained,
themselves may act as hydrogen donors.22b’23 Route VI, with purification via the hydrochloride, thus

The dibenzyl sulfide (11) was separated from the seems to be the best choice, 
monobenzyl one (14) by the sparing solubility of its The product from the reaction of dithiol 12 with 
salt in 10% KOH (the dipotassium salt of 11 will dis- thiolsulfonate 2a can hardly be other than bisdisulfide
solve, however, in very dilute base); The structure of 23. It dissolves in both dilute acid and base (but not
11 was confirmed by converting it to 18 (47% ). At- in water), and formol titration gave a neutralization
tempts using aluminum bromide to cleave both benzyl equivalent of 211 (calcd, 190). Furthermore (Scheme
groups from 11 to give 12 invariably led to mixtures II), a dihydrochloride precipitated (93% ) during the
containing nondebenzylated products, perhaps because reaction of 12 with 2a identical with 27 prepared from
the reaction mixture was heterogeneous; in route II 23 (mentioned below). The ir spectrum of 23 met ex-
(homogeneous reaction mixture), the ester 18 was pectation (and resembled that of 1). Neither 23 nor
cleaved smoothly to 19. The mixture could not be its salts were sufficiently soluble in D20  for nmr an-
purified, but mass spectrometry showed that acid 12 alysis. Efforts to obtain a mass spectrum of 23 or 27
and acid 11 with one benzyl group remaining were resulted in thermal decomposition.

. . .  ‘ . i  j , 1 . i x xt synthesis of the 4-carboxy analog (24) of
Attempts also were made to debenzylate the mono- rfismlfirlo i « now , .

sulfide 14 to 15 with sodium in liquid ammonia.- The & T  P/ ° i  ™ J Carb° Y4 Tuum. xne group was not neutralized by an amine moiety. The
reaction of monothiol 15 with thiolsulfonate 2a, essen-

(21) L . Cassella and Co.. Ltd., German Patent 189,200 (1906); Chem ^  ^  “  2 4 %  y i e l d ' ^  “  i m "
Abstr., 2,607 (1908). provement (route VII, mimmum DM F), the yield was
Bs<2„2) n(â ' f Y u Y n 'V o  °hT  !"V I!70 (1929)- (b) R- G' R' increased to 67%. Compound 24 had ir absorptionBacon and H. A. O. Hill, Quart. Rev. {London), 19, 110 (1965). , , ,  6  .  . . , *

(23) We are indebted to Professor Joseph F. Bunnett of the University Consistent W ith  b o t h  Carboxyl and Carboxylate funC-
of California, Santa Cruz, for bringing the work of ref 22 to our attention. tionS.
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Also prepared from dithiol 12 was an analog of 23 the procedures cited in respective yields of 59% and 71%;
with n-decyl groups on the nitrogen atoms (25) ; 25 was 2,5-dihydroxyterephthalic acid (4, 97% ) , 9 diethyl 2,5-dihydroxy-
desired for testin g  fo r th e  sam e reason as an earlier w terephthalate (5, 57% ) , 10 diethyl 2,5-dibromoterephthalate (17,aesirea  to r testin g  to r th e  sam e reason as an earlier n  83% ),28 benzyl disulfide (method I of ref 29), dimethyl 2-hy-
decyl analog of 1. a The chief synthetic problem was droxyterephthalate (9, 77%),13 and dimethyl 2-bromoterephtha-
th a t th e  requ isite  th io lsu lfonate  (2b) is v irtu a lly  in - late (20, 94% ) 13 were prepared by the procedures cited; properties
soluble in water and DMF. It was circumvented, in a agreed well with those reported. Sodium phenylmethanethiolate
modification of route VI, by dissolving 2b in ethanol- frf i Tly by adding %tolf  a T ^ u  propT,, , , , • ! tion of NaOEt (from Na m absolute EtOH protected by a soda
methylene chloride (6 6 %  yield). _ lime trap) and removing excess EtOH (a wash of EGO then re-

The hydrochlorides 27, 28, and 29 were obtained moved any disulfide formed), and KSH was prepared by saturat-
from the presumed zwitterionic structures 23, 24, and ing an aqueous solution of KOH with H2S, removing H20 ,  and
25, respectively, by treating aqueous slurries with hy- washing with EtOH and then E t20 .  The AlBr3 was purified
i__ i i - i /n i _  TT\ t\m j  -j »̂hr as described,20 was broken, up and stored over P2O5, and was
drochlonc acid (bcheme II). Dlhydrochlonde 27 was weighed in a nitrogen-filled glove bag. Toluene used in cleavages
more soluble than its parent (23) and was purified by with AlBr3 was a technical grade dried by distillation from P2O5.
dissolution in methanol, filtration, and precipitation The following were used as purchased: JV’.A'-dimethylformamide
with ether. Hydrochloride 28 could be purified by re- (DM F), iV,./V-dimethylacetamide (DMA), diethylene glycol
crystallization from ethanol. When 29 was heated in (Chromatoquahty), Cu powder (150 mesh), iV.iV-dimethyl-

ethanofi however, 25 soon precipitated, and attempted octane (DABCO), and 2-bromo-p-xylene. Thiolsulfonate 2 a
dissolution in ethanol even without heating Still re- was prepared as before, 30 and thiolsulfonate 2b was kindly pro-
sulted in 25 ; 29 could not be purified as such. vided by Dr. E . A. Steck of the Walter Reed Army Institute of

The ester 30 of the key carboxy bisdisulfide 23, of Research.
• , , r • - . i x i  . ,. 2,5-Dibromoterephthahc Acid (3).—In a procedure based on
interest for comparison biologically with the ester of one of Friedman; Fishel, and Shechter,3 2 ,5 -dibromo-p-xylene
l ,2a was also sought because its  sy n th esis from  b o th  23 (1 7 . 1 6  g, 65 mmol), sodium dichromate dihydrate (46.50 g,
and 19 would fu rth er confirm  th e  stru ctu re  of 23. 156 mmol), and H20  (186 ml) were sealed in a Magne-Drive
Acid 27 gave e ster 30. In  th e  independent synthesis, autoclave and were heated at 250° for 5 hr. The mixture was
19 was treated with thiolsulfonate 2a. For its isolation, and tbe,ch™  °*ide 7 as washed ™th ,H£  utnA A e. 1 filtrate was colorless. The filtrates were combined, treated with
30 was converted to the free base, which was extracted decolorizing carbon, filtered, and acidified with 6 N  HC1 to
w ith  chloroform  and then  quick ly  reex tracted  in to  precipitate colorless 3, yield 11.96 g (57%), mp 315-318° (lit.31

acid, because such bases usually  are quite  su b je c t mp ^ 320°); material of this quality was used. Recrystallization
to  d isproportionation to  th e  two sym m etrical disulfides. froTm glacial HOAc gave 7.69 g (37% overall), mp 317-318 .

. , Larger scale oreparations were carried out by E . 1. DuRont
Compound 30 was identical in ir and tic behavior (one de Nemours and Co. through the kindness of Dr. R . G. Downing.
spot) with 30 obtained from 27 . Optimum conditions seemed to be with 0.9 mol of dichromate and

Since the dihydrochloride 27 had precipitated directly 0.3 mol of dibromoxylene in 560 g of H20  at a temperature of 
in the reaction of 12 with 2a, the possibility was tested 230° for 10  hr (59-64% conversion of the 2,5-dibromo-p-xylene).
that 30 also might precipitate directly in the reaction of At 280° for t htrjdegradation occurred; our conditions reportedly

, , 1 1 . , ■ t  . - gave somewhat lower yields and less pure product.
19 with 2a and thus provide a simpler preparation; 30 Two other methods gave 3 only in very low yield. The re
did indeed so precipitate, but only in 26% yield. action of Br2, water, and p-xylene (sealed tube, 180°, 2 hr)7

Since a number of dithiocarbamates are active as gave 3 in 1 2 % yield, mp 317-318°, and oxidation of 2 ,5-dibromo-
antiradiation drugs,24 the bisdithiocarbamate 26 also p-xylene with KMnO< using the Morton high-speed stirring

was of interest. As Scheme II shows, dithiol 19 gave 2-Hydroxyterephthalic Acid (8 ).—In method based on that 
26 (41% yield). for 4 ,9 disodium 2-bromoterephthalate (13.01 g, 45 mmol,

Evaluations are in progress at the Walter Reed Army prepared by neutralizing the acid 7 and removing water com-
Institute of Research, Washington, D. C., for anti- pletely), sodium acetate (8 .1 2  g 99 mmol) and Cu powder

i • .• , ,. •, r oh7 , v t ^  (0.0572 g, 0.9 mg-atom) were placed m H 20  (206 ml) with a little
radiation drug activity (thus far, 27 has shown LD ,0 >  ; henolphSthaiein solution. The mixture then was heated at
4o0 mg/kg and inactivity at 75-1d0 mg/kg; cf. ref 2b reflux for _ 10 hr. I t  slowly became acidic, and 5% aqueous
for procedures) and also for inhibition of schistoso- KOH was occasionally added dropwise to maintain ca. pH 8 .
miasis. Tests for inhibition of Histoplasma capsulatum  During the last hour of reflux, the solution remained basic.
in  Vitro are being performed by Dr. Ilda McVeigh of The alkaline solution then was filteredl and1 was acidified with

the Department of General Biology, Vanderbilt Urn- yield of 8_ 8 13 g (99%)) mp 32o-322° dec (lit.33 mp >330°).
versitv;2d thus far, 12 and 19 have proved inactive. ‘ 1 ^ .0 ,0 -2 ,5 -Bis(ethoxycarbonyl)phenylene Bis(Ar,A’-dimethyl-

thiocarbamate) (6 ) and 1-0-2,5-Bis(methoxycarbonyl)phenyl N 
N-Dimethylthiocarbamate (10).—Diethyl 2,5-dihydroxytereph 

E xp erim en tal S e c tio n 26 thalate (5, 0.51 g, 2 mmol), DABCO (1.35 g, 12 mmol), and N,N-
dimethylthiocarbamoyl chloride (1.48 g, 12 mmol) were stirred 

Starting M aterials—2,5-Dibromo-p-xylene26 and 2-bromo- jn DM F ,.3 {or 30  min_ -vyhite solid which precipitated was 
terephthalic acid (7) 27 were purchased and also were prepared by washed with E 20  to remove DMF and amounted to 0.755 g 
-----------------  (8 8 % ) of 6 , mp 206-209°. Recrystallization from absolute

(24) L. Field and J .  D. Buckman, J. Org. Chem.. 33, 3865 (1968). EtOH gave colorless 6 with a constant mp of 210-211°: ir
(25) Melting points are corrected. Elemental analyses were by Galbraith 

Microanalyticai Laboratories, Knoxville, Tenn. Ir  spectra were obtained
using a Beckman Model IR -10 with K B r pellets; bands reported were of (27) S-H. Yen, Chlorine Alkali News, 11, 44 (1953); Chem. A b str 49,
at least medium intensity unless w (weak) is indicated. Nmr spectra were 7523 (1955).
obtained using a Yarian Model A-60 spectrometer (TM S). Mass spectra (28) A. S. Wheeler and E . W. Constable, J . Amer. Chem. Soc., 45, 1999
were kindly determined by C. T . W etter at 70 eV using the direct inlet (1923).
system on an LK B Model 9000 instrument, which was obtained through (29) D. T . McAllan, T . V. Cullum, R . A. Dean, and F. A. F i er, i t . ,
NSF Science Development Program Grant GU-2057. Moist extracts were 73, 3627 (1951).
dried using anhydrous MgSO«, and solvents then were evaporated under (30) L. Field; T . C. Owen, R . R . Crenshaw, and A. W. Bryan, t t ., ,
reduced pressure with a rotary evaporator. T ic was done on polyamide 4414 (1961).
(Brinkman MN-Polygram 66 10 12) using AcOH or on silica gel (Eastman (31) A. Claus and C. Wimmel, Ber., 13, 902 (1880).
Chromagram 6060) with benzene, CILCb, 95%  EtOH, or 95%  EtO H - (32) A. A. Morton, B . Darling, and J . Davidson, Ini. Eng. Chem., Anal.
H2O-NH4OH (2 5 :3 :4 ), with location of spots by a uv lamp or by I ,  vapor. Ed., 14, 734 (1942).

(25) P. Ruggli and F. Brandt, Hele. Chim. Acta, 27, 274 (1944). (33) H. Fischli, Ber., 12, 615 (1879).
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(KBr) 1720, 1545 [C(S)N] , 34 35 1385, 1255, 1180 [-C (S ) - ] , 34 and carbamate 13 (Route I).—A 1.74 N  solution (23.4 ml) of KOH
870 (w) cm-1; nmr (DCC13) 5 1.33 (t, 6 ), 3.43 (s, 6 ), 3.48 (s, 6 ), in diethylene glycol was heated to 120-130°; 2.50 g (5.8 mmol)
4.3 (q, 4), and 7.78 (s, 2). of 13 was added in one portion. The solution was heated under

Anal. Calcd for Ci8H24N20 6S2: C, 50.45; H, 5.65; N, 6.54; N2 at 120-130° for 20 min; solid appeared. The solution was
S, 14.96. Found: C, 50.35; H, 5.68; N, 6.64; S, 14.93. cooled and diluted with H20  (234 ml), thus dissolving the solid.

When DABCO was added to a solution of 2,5-dihydroxy- The solution was acidified with 10% HC1 until precipitation of
terephthalic acid (4) in DM F, a solid precipitated (probably the yellow solid was complete, yield of 12 1.35 g (100%), mp >350°.
salt of 4). Addition of A^W-dimethylthiocarbamoyl chloride to Titration with I 2 showed 90% of expectation for 2 SH groups;
this mixture, followed by heating at 70° for 5 hr, failed to give the ir spectrum showed this 12 to be of good quality and, owing
the acid of 6 . to large losses on recrystallization, it was used as such for sub-

Much the same procedure used for 6 converted the mono- sequent reactions. Two recrystallizations from glacial HOAc
hydroxy diester 9 to its thiocarbamate 10: dimethyl 2-hydroxy- gave 0.146 g of deep vellow 12  (11%): mp >350°; ir (KBr)
terephthalate (9, 2.48 g, 1 2  mmol), DABCO (4.04 g, 36 mmol), 3300-2500, 1680, 1480, 1410, 1300, 1250, 1090, 900, and 785
and iV,iV-dimethylthiocarbamoyl chloride (4.44 g, 36 mmol) were cm-1; nmr as described in the discussion; mass spectrum m /e
stirred in DM F (18 ml) at ~ 25° for 5 hr. The homogeneous (rel intensity) 230 (32), 212 (45), 194 (100), 166 (25), 138 (15),
mixture then was poured into H20  (72 ml) to precipitate yellow and 69 (22); uv max (95% C2E 5OH) 276 11m (e 11,110), 375
1 0 , yield 3.30 g (94%), mp 80-105°. Two recrystallizations (2722), and 435M70 (560-110, hence a yellow color) ; 37 tic in
from MeOH gave colorless 1 0 : yield 2.03 g (58%); constant HOAc on polyamide gave only one spot, Rt 0.39.
mp 113-114°; ir (KBr) 1720, 1540 [C(S)N] , 34 1400, 1280, Anal. Calcd for C8H60 4S2: C, 41.73; H, 2.63; S, 27.85.
1240 [-C (S ) - ] , 84 1 1 1 0  , 890 (w), and 820 (w) cm "1; nmr (DCC1,) Found: C, 41.86; H, 2.77; S, 27.47.
S 3.42 (s, 3), 3.47 (s, 3), 3.85 (s, 3), 3.93 (s, 3), 7.78 (m, 1), and B. Dimercapto Acid 12 from Diester 19 (Route II).—Much
8.0 (m, 2). as in A, 19 (1.43 g, 5 mmol) was placed in 17.82 ml of a 1.40 N

Anal. Calcd for C13H15NO5S: C, 52.52; H, 5.09; N, 4.71; solution of KOH in diechylene glycol at 120-130°. The solution
S, 10.78. Found: C, 52.92; H, 5.29; N, 4.80; S, 10.66. was heated under N2 (20 min) and then was diluted with H20

l,4-iS,jS-2,5-Bis(ethoxycarbonyl)phenylene BisC/VW-dimethyl- (85 ml). Acidification with 10% HC1 to pH 1 precipitated 12
thiocarbamate) (13) and l-/S-2,5-Bis(methoxycarbonyl)phenyl of good quality (ir), yield 1.24 g (108%), mp >350°. Two re-
M,iV-Dimethylthiocarbamate (16).36 A. S,S-Bisthiocarbamate crystallizations from glacial HOAc gave 0.129 g (11%) of deep
(13) from 0,0-Bisthiocarbamate 6 (Route I).—Compound 6 yellow 12, mp >350°; the ir spectrum and tie in HOAc on poly-
(9.25 g, 22 mmol) was heated neat at 230° for 30 min (Wood’s amide were identical with those o: 12 from A.
metal). Cooling gave 9.00 g (97%) of 13, mp 107-140°. One Anal. Calcd for C8H60 4S2: C, 41.73; H, 2.63; S, 27.85.
recrystallization from absolute EtOH gave 7.07 g (76%), mp Found: C, 41.97; H, 2.75; S, 27.87.
135-145°, and further recrystallization gave white 13 with a In two previous attempts to prepare diacid 12 from diester 19
constant mp of 143-146° (on a large scale, 6 and 13 were less impurity observed was believed (tic) to be the monoester, 
soluble in EtOH and were recrystallized from benzene): ir C. Dimercapto Acid 12 from Dibromo Acid 3 (Route III) .—
(KBr) 1710, 1660 [-SC (0)N R2] , 36 1360, 1330, 1270 (w), 1220, In a procedure based on one for o-mercaptobenzoic acid, 21 
1130, 1095, 895 (w), and 860 (w) cm-1; nmr (DCCI3) 5 1.35 (t, KSH (42.52 g, 589 mmol), Cu powder (0.609 g, 9.58 mg-atoms),
6 ), 3.08 (s, 12), 4.33 (q, 4), and 8.10 (s, 2). and 3 (23.84 g, 73.6 mmol) were placed in diethylene glycol (136

Anal. Calcd for Ci8H24N206S2: C, 50.45; H, 5.65; N, 6.54; ml); N2 was bubbled through the mixture for 30 min to purge air. 
S, 14.96. Found: C, 50.44; H, 5.74; N, 6.57; S, 14.80. The stream of N2 then was stopped, and the mixture was heated

When the O,0-bisthiocarbamate (6 ) was heated at 280° for at 175° for 3 hr. I t  then was cooled. Water (1360 ml) was added,
30 min, the melt darkened; tar resulted. At 230° decomposition and the solution was treated with decolorizing carbon and filtered,
seemed slight. The filtrate, acidified to pH 1 , gave a yellow compound 1 2 ,

B . The <S,S-Bisthiocarbamate 13 from the Dimercapto Di- 19.09 g (113%), mp >350°. The Beilstein test (hot copper wire)
ester 19.—DABCO (0.335 g, 3 mmol) and 19 (0.143 g, 0.5 was negative (strongly positive for 3). Extraction of the crude
mmol) were dissolved in DM F (8 ml). A red solution and a 12  with 95% EtOH in a Soxhlet extractor gave seven fractions,
precipitate quickly resulted. N W-Dimethylcarbamyl chloride Fraction 7, recrystallized twice from glacial HOAc, gave a deep
('~0.5 ml) was added rapidly with stirring. The solution became yellow compound 1 2 , mp >350°, identical in its ir spectrum and
colorless, and white solid precipitated. Stirring was continued tic behavior with 12 from A, iodine titer 90% of expectation
for 1 hr, and the solid then was collected by filtration. This solid, for 1 2 .
soluble in water, evidently was DABCO HC1. Addition of H20  Anal. Calcd for C8H60 4S2: C, 41.73; H, 2.63; S, 27.85.
(30 ml) to the filtrate and cooling gave 13 as white solid, yield Found: C, 42.10; H, 2.45; S, 27.80.
0.147 g (69%), mp 130—137°. One recrystallization from abso- This procedure is not the best for the dimercapto acid 12 
lute EtOH gave 0.106 g (50%) of 13, mp 142-146°, identical in because the 12 is impure; the seven fractions varied in iodine
its ir spectrum with the 13 from A. titer from 60-90% . Attempts to separate pure 12 using benzyl-

C. The S-Monothiocarbamate 16 from the O-Monothio- isothiuronium chloride or DABCO failed.
carbamate 10 (Route I). In a procedure much like that of A, D. Monomercapto Acid 15 from Monomercapto Ester 22
10 (1.45 g, 4.9 mmol) was heated neat at 230° for 0.5 hr. An (Route II).—In a procedure much like that in B , 22 (7.64 g,
011 resulted (even after 5 days), but it solidified when rubbed 33.8 mmol, somewhat crude as reported later for 2 2 ) was placed
under hexane, yield of 16 0.70 g (48%), mp 65-68°. This 16 in 80 ml of a 1.40 N  solution of KOH in diethylene glycol at
was recrystallized from benzene, then twice from MeOH-H20 ,  120-130°. The solution was heated as before, H20  (400 ml) was
to give colorless 16 having a constant mp 67-68°. Analysis added, and the solution was acidified with 10% HC1 to pH 1 to
indicated the presence still of a persistent impurity (Calcd for precipitate 15 as cream-colored solid: yield 3.85 g (57%);

N, 4.71; S, 10.78. Found: mp >320°. This 15 by ir was of good purity and because of large
C, 53.34; H, 5.05; N ,4 .78; S, 11.63), so identification was made losses on recrystallization was used for subsequent reactions;

spectra: ir (KBr) 1730, 1665 [-SC (0)N R2] , 36 1440, 1370, 0.734 g was recrystallized twice from glacial HOAc to give 0.188 g
^ n ’tA260^ 1!.00’ 1060’ 8 70  a n d 8 2 0  (w) cm_1; nmr (D C C I3) (26% yield) of a pale yellow compound 15: mp >320°; tic
5 3.05 (s 6 ), 3.88 (s, 3), 3.92 (s, 3), and 8.08 (m, 3); mass spec- on silica gel in 95% E t0H -H 20-N H 40H  (25 :3 :4 ) gave one spot,
trum m/e (rei intensity) 297 (31), 266 (18), 225 (13), 210 (8 ), R, 0.27; ir (KBr) 3200-2300, 1675, 1480, 1410, 1260, 890, 775,

3163 4̂ '1’ 135 108 107 72 and 745 c m ~1; mass spectrum m / e  (rel intensity) 198 (20), 180
(100), 63 (12), and 42 (11). (100), 152 (8 ), 135 (36), 69 (8 ), and 45 (7).

Lower temperatures than 230° resulted in incomplete re- Anal. Calcd for C8H60 4S: C. 48.48; H, 3.05; S 16.18.
arrangement and higher ones in unnecessary decomposition. Found: C, 48.59; H, 3.12; S, 16.30.
u?fi5;Dlf erJCa,P,t° terf phi aliC Acid (l2) 311(1 2-MercaPtotere- Diethyl 2,5-Bis(benzylthio)terephthalate (18) and Dimethyl 

phthalic Acid (15). A. Dimercapto Acid 12 from the S,S-Bisthio- 2-(Benzylthio)terephthalate (21). A. The Bissulfide 18 from
(34) L. J . Bellamy, •■The Infra-red Spectra of Complex Molecules ” the Dibromo Ester 17 (Route II).—A mixture of sodium phenyl-

Wiley, New York, N. Y., 1958, p 350. ’ methanethiolate (6.43 g, 44 mmol, and 17 (8.36 g, 22 mmol) in
(35) These procedures were based on the method of Newman and Karnes.11 DMA (83 ml) was heated at 7 5 °  for 2 4  hr. DMA was removed
(36) N. B . Colthup, L. H. Daly, and S. E . Wiberley, “Introduction to

i o l ? redosnd Raman Spectr0sc°py’” Academic Press, New York, N. Y „ (37) C. R . Noller, "Chemistry of Organic Compounds,” W. B . Saunders,
19b4, p 255. Philadelphia, Pa., 1965, p 737.
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by vacuum distillation until a thick slurry remained. Benzene identical with those (ir, K Br) of the 19 formed with AlBr3-
(100 ml) and H20  (100 ml) were added, and the H20  layer was addition of D20  caused a nmr peak at 8 5.07 to disappear; 19
extracted repeatedly with benzene until an extract was colorless. decolorized I2.
The benzene extracts were combined, dried, and concentrated B. The Dimercapto Diester 19 from the Diacid 1 2 .—Con- 
to give 18, yield 10.35 g (100%), mp 75-101°. Compound 18, centrated H2S 0 4 (0.4 ml) and 12  (0.23 g, 1 mmol, from route III)
recrystalhzed from absolute EtOH, gave 5.17 g (50%), mp 137- were heated under reflux in absolute EtOH (8 ml) for 4 hr.

reoljstallization gave yellow 18 with constant The solution was cooled, neutralized with KOEt solution, and
mp J  lr 171_°> 1460’ 1370> 1300> 122U 1075' 885 K 2S 0 4 was separated by filtration. Evaporation of the filtrate
R W  and 69° cm >; nmr (DCC13) 5 1.35 (t, 6 ), 4.13 gave 0.220 g (77%) of yellow 19, mp 62-120°. One reerystalliza-
(s, 4), 4.35 (q, 4), 7.32 (m, 10), and 7.87 (s, 2); mass spectrum tion from absolute EtOH gave 0.100 g (35%), mp 133-135° (ir
m/e (rel intenstiy) 468 (8 ), 467 (26), 92 (11), 91 (100), and 65 spectrum identical with that of 19 obtained under A).

, „  , , , „  TT „ „ C. Monomercapto Diester 22  from Monobenzyl Sulfide 21
And.. Calcd for C26H2604S2; C, 66.92; 11 ,5 .62; S, 13.74. (Route II).—In essentially the procedure of A, 2 1  (0.95 g, 3 mmol) 

66.93; H, 5.73; fe, 13.58. was heated in dry toluene containing AlBr3 (1.76 g, 6 .6  mmol) at
The ester was used instead of the sodium salt of acid 3 because 60° for 3 hr, the mixture was cooled, and H20  (3 ml) was added

the SAit led to a solid that gave a positive Beilstein test and a (30 min) followed by 4.5 ml more of H20  in one portion. The
negative sulfur test (sodium fusion) indicating little reaction. mixture was stirred for 20 min, E t20  was added to dissolve solid,
Reaction under the conditions of A of the known diethyl 2,5- and the solution was extracted as before with 5%  aqueous KOH.
dichloroterephthalate gave 18 in 29-46%  yield, mp 137-140°, The basic extract was treated with decolorizing carbon and
identical with that from 17 (ir).  ̂ _ filtered, and the filtrate was acidified with 10% HC1 to pH 1 to

B. The Diester 18 from the Bis(benzylthio) Acid 11.—A mix- precipitate white 2 2 , yield 0.655 g (97%), mp 202-212°. The
fcure of concentrated H2S 0 4 (1 ml) and crude 11 (41.0 mg, 0.1 ir spectrum of this 22  indicated presence of carboxyl groups;
mmol) in absolute EtOH (20 ml) was heated at reflux for 12 hr. since recrystallization from MeOH failed to give pure 2 2 , the
The solution was neutralized with a KOEt solution to pH 7, and mixture therefore was saponified directly to acid 15.
the EtOH was evaporated. The residue was extracted with 2,5-Bis(benzylthio)terephthalic Acid (1 1 ) and 2-(Benzylthio)- 
E t20 , and the solution was washed with H20 .  The E t20  solution terephthalic Acid (14) (Route IV).—Acid 3 (25.92 g, 80 mmol), 
was dried and evaporated to give 18 as yellow solid, 2 2 .0  mg benzyl disulfide (19.71 g, 80 mmol), and Cu powder (10.17 g,
(47%). One recrystallization from absolute EtOH gave 8.0 mg 160 mg-atoms) in DMA (480 ml) were heated to 70-75°. Solid
(17% overall) of 18, mp 133.5-135°, identical in ir spectrum with appeared and the solution became green. The solution was
the 18 from 17 and sodium phenylmethanethiolate. heated at 70-75° with vigorous stirring for 2 hr and then at

C. The Monosulfide 2 1  from the Monobromo Ester 20  reflux (~ 165°) for 10 hr. DMA was removed by vacuum distil-
(Route II). Much as in A, the bromo ester 20 (3.55 g, 13 mmol) lation until a thick slurry remained. The slurry was made basic
and sodium phenylmethanethiolate (1.90 g, 13 mmol) in DMA with 10% aqueous NaOH. Solid was removed by filtration, and
(48 ml) were heated at 75° for 24 hr. DMA was removed, the filtrate was acidified with 10% HC1 to pH 1; 35.58 g of a
benzene and H20  were added, and benzene extracts then were yellow mixture of 1 1  and 14 precipitated.
combined, dried, and evaporated to give 1.40 g of 2 1  (34%). This yellow solid was stirred with 10% aqueous KOH to leave
Two recrystallizations from MeOH gave 0.415 g of colorless 21 undissolved 6.11 g of sparinglv soluble potassium 2,5-bis(benzyl-
(10% from 2 0 ): constant mp 94-96°; ir (KBr) 1710, 1435, 1250, thio)terepththalate. This white salt of 1 1  was collected by filtra-
1060, 850 (w), 810 (w), 740, 710, and 690 cm nmr (DCCh) tion and dried. When it then was stirred with 10% HC1, yellow
5 3.93 (s, 6 ), 4.22 (s, 2), 7.5-7.2 (m, 5), 7.84 (m, 1), 7.95 (m, solid precipitated: yield of 11 4.03 g (12%); mp 309-316° dec;
1), and 8.1 (m, 1 ); mass spectrum m/e (rel intensity) 316 (18), ir (KBr) 1690, 1250, 1230, 715, and 690 cm "1; tic in IIOAc on
285 (G), 284 (11), 225 (16), 92 (8 ), 91 (100), and 65 (9); tic in polyamide showed 3 spots, and no purification was attempted,
benzene on silica gel gave a single spot, -ffit 0.26. The structure of 1 1  was confirmed by preparing the bisbenzylthio

Anal. Calcd for CitHi604S: C, 64.54; H, 5.10; S, 10.13. ester 18 (vide supra).
Found: C, 64.64; H, 5.19; S, 9.97. The basic solution (in which the potassium salt of 1 1  had been

Diethyl 2,5-Dimercaptoterephthalate (19) and Dimethyl 2- sparingly soluble) was acidified to precipitate a second solid.
Mercaptoterephthalate (2 2 ). A. The Dimercapto Diester 19 from This solid, collected by filtration and dried, gave 8.55 g (37%)
the Bisbenzyl Sulfide 18 (Route II).—A solution of AlBr3 (0.59 of yellow 14, mp ~246° dec (sublimation). The 14 was re-,
g, 2.2 mmol) in dry toluene (10 ml) was placed in a 25-ml three- crystallized from ferf-BuOIT-H20  to a constant ir spectrum:
necked flask equipped with a drying tube (CaCl2). Addition of (KBr) 1690, 1480, 1410, 1290, 1250, 780, 745, 710, and 690 cm“1.
18 (0.467 g, 1 mmol) immediately led to a red precipitate. The Anal. Calcd for CJ6Hi20 4S: 0 ,  62.49; H, 4.19; S, 1 1 .1 2 . 
mixture was heated at 60° for 6 hr with stirring. Water (1  ml) Found: C, 62.23; H, 4.08; S, 11.14.
then was added to the cooled mixture during 30 min with stirring. 2,5-Bis(2-aminoethyldithio)terephthalic Acid (23) and 2-(2 -
Then more ICO (1.5 ml) was added at one time, and the mixture Aminoethyldithio)terephthalic Acid (24). A. Bisdisulfide 23
was stirred for 20 min. The mixture was extracted with 5% from the Dimercapto Acid 12 (Route VI).—A solution of 12 from
aquecus KOH, and the basic solution was filtered into concen- route I (0.921 g, 4 mmol) in DM F (38 ml) was added with stirring
trated HC1, yield of 19 which precipitated 0.217 g (76%), mp to a solution of thiolsulfonate 2 a (2.06 g, 8 mmol) in 5.03 ml of
133-135°. Recrystallization from absolute EtOH gave yellow HjO-DM F (7:1). Yellow solid began to precipitate after 5 min.
19 having a constant mp 131-133°: ir (KBr) 2500, 1710, 1460, The mixture was stirred for 5.5 hr and then was neutralized at 0°
1360, 1290, 1235, 1130, 1080, 1010, 890 (w), 860 (w), and 770 with a cold solution of DABCO (1.79 g, 16 mmol) in H20  (6.3
cm % nmr [D3CC(0)CD3] S 1.40 (t, 6 ), 4.40 (q, 4), 5.03 (s, 2), ml). The yellow solid immediately became white. Filtration
and 8.06 (s, 2); mass spectrum m/e (rel intensity) 286 (33), separated 1.29 g (85%) of 23, mp 243-245° dec. Purification
240 (33), 194 (100), 166 (15), 138 (11), 95 (2 2 ), and 69 (19); was effected by dissolution in 0.258 N  HC1, filtration, and neu-
titration with I2, 99% for 2 SH moieties; uv max (95% CsHsOH) tralization with 0.250 N  NaOH to pH 7. Three repetitions gave
276 (t 12,110), 303 (1556), 378 (3110), and 435-450 am (220-110, white 23 having a constant mp 251.5-252.5° dec: ir (KBr) 3400,
hence a yellow color) . 37 3100-2500, 1630, 1560, 1445, 1370, and 810 cm“1; too sparingly

Anal. Calcd for C42Hi40 4S2: C, 50.33; H, 4.93; S, 22.39. soluble for an nmr spectrum.
Found: C, 50.17; II, 4.84; S, 22.50. Anal. Calcd for Ci2Hi6N20 4S4: C, 37.88; H, 4.24; N, 7.36;

The toluene in the above reaction must be dry; otherwise S, 33.70; neut equiv, 190. Found: C, 37.64; H, 4.32; N,
hydrolysis of the ester groups leads to a mixture (containing 7.17; S, 33.55; neut equiv (formol), 211 .38
acids and S-benzyl compounds) that is almost impossible to Use of the tetrasodium salt of 12 was less satisfactory (route
separate. V). Thus, when 12  (fromroute I , 0.921 g, 4 mmol) was dissolved

Bisbenzyl sulfide 18 (1.00 g, 2.14 mmol) also was cleaved with in a solution of NaOH (0.64 g, 16 mmol) in H20  (1.28 ml) and
Na using liquid NH3 (250 ml), which gave a heterogeneous mix- added to a solution of thiolsulfonate 2a (2.06 g, 8 mmol) in H20
ture. Sodium (0.9 g, 39 mg-atoms) was added until the solution (5 ml), white solid precipitated. Filtration separated 1.57 g
became blue and the blue color persisted for 30 min; NH4C1 (103%) of 23, mp 241-243° dec, which, twice purified by dis-
(0.79 g, 15 mmol), then was added. After evaporation of the NH3, -----------------
addition of 1T20 , and acidification to pH 1, solid precipitated, (3g) In  the formol titration (of. ref 2a), a 37% formaldehyde solution was
extraction into E t20  and evaporation gave 0 .5 2 7  g (8 6 % )  of 19 neutralized (phenolphthalein end point) and added to an aqueous slurry of 
as yellow semisolid; the ir (neat) and nmr spectra were essentially 23. This mixture then was neutralized (phenolphthalein end point).
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solution in HC1, filtration, and neutralization as before, gave (doublet), 1360, 815, 795, and 725 (br, w) cm-1. The 25 was
white 23 with a constant mp of 250-251° dec. The ir spectrum too sparingly soluble for nmr or neutral equivalent (formal)
was identical with that of the 23 from route VI, but a satisfactory studies.
analysis could not be obtained (Found: C, 36.29; H, 4.42). Anal. Calcd for C32H56N204S4: C, 58.14; H, 8.54; N, 4.24. 
When an nmr spectrum of this 23 was attempted in D 2O-H2SO4, Found: C, 58.44; H, 8.97; N, 4.25.
yellow solid appeared immediately; the ir spectrum suggested Diethyl 2 ,5 -Bis(2-aminoethyldithio)terephthalate Dihydro-
the solid was a salt of 23 with II2SO< since there was a strong chloride (30). A. Ester 30 from Bisdisulfide 27.—Hydrochloride 
broad band at 1075 cm- 1  (23-HC1 also was too sparingly soluble 27 (0.628 g, 1.4 mmol) and p-toluenesulfonic acid-H20  (12.43 g, 
to give an nmr spectrum: vide infra). 65 mmol) were heated in absolute EtOH (314 ml) at reflux for

Variations of route V were less promising. Use of crude 1 2 , 14 hr. The EtOH was evaporated to a volume of ~ 25  ml, and
prepared by the one-step reaction of KSH with acid 3 (route I II) , H20  (25 ml) was added. The solution was made basic (pH 9)
with thiolsulfonate 2a gave the desired 23 but in yields of 25- with 5%  aqueous KOH and extracted with CHCI3. The CHCI3 
33 % . extracts were combined and rapidly extracted with 0.0966 N  HC1.

B . The Monodisulfide 24 from the Monomercapto Acid 15 The acid extracts were combined, evaporated to dryness, and the
(Route VII).'—A solution of 15 (0.198 g, 1 mmol) in 95% EtOH residue was rubbed with acetone to give 0.648 g (8 8 % ) of 30-H2O,
(3.68 ml), with barely enough DMF to effect solution at boiling, mp 235-240° dec. This procedure was repeated to give white
was added to a solution of thiolsulfonate 2a (0.257 g, 1 mmol) 30-H2O, yield 0.212 g (29%), mp 268-270° dec. Two recrystal-
in 0.63 ml of H20 -95%  EtOH (7:1). The mixture was stirred lizations from absolute EtOH gave white 3 0 H 2O: yield 0.064 g
for 4 hr and cooled at 5°, and a cooled solution of DABCO (9% ) with a constant mp 267-268°; ir (KBr) 3200-2500, 1710,
(0.224 g, 2 mmol) in H20  (0.8 ml) was added. In -~20 min a 1450, 1290, 1230, and 1070 cm“1. A satisfactory analysis could
white precipitate began to appear. The mixture was stirred for 1 not be obtained, evidently because of a persistent impurity
hr and then cooled overnight. The solid was collected and washed associated with disproportionation, complicated by uncertain
with EtOH and E t20 ,  yield of a white compound 24 0.183 g solvation (Found: C, 38.52; H, 4.88; S, 22.50), but 30 was
(67% ), mp 265-267° dec. Two recrystallizations from H20  gave identical with that from B (vide infra) in its ir spectrum and in
0.0424 g (16%) of a white compound 24 with a constant mp 263- its tic behavior (identical single spots when both samples and a
264° dec: ir (KBr) 1690, 1620, 1510, 1410, 1370, 1240, 1130, mixture were done concurrently).
1030, 940, 875, 780, and 760 cm-1. In other efforts to convert 27 zo 30, 27 (5.9 mmol) was heated

Anal. Calcd for CioHnN 0 4S2: C, 43.95; H, 4.04; N, 5.13; under reflux with P C I5 (17.6 mmol) in AcCl (64 ml) for 24 hr,
S, 23.47; neut equiv, 137. Found: C, 44.13; H, 4.16; N, but cooling and filtration gave only 27 (91% recovery, ir spectrum
4.99; S, 23.10; neut equiv (formol), 130.38 identical with that of pure 27). When 27 (0.800 g, 1.8 mmol) was

The use of DMF-HsO, essentially route VI, gave disulfide heated in 1200 ml of boiling absolute EtOH with vigorous stirring
24 in 24% yield, ir similar but not identical with that of 24 from for 6  hr, removal of excess 27 showed that 0.500 g (1.1 mmol) of
route V II; loss through excessive solubility of 24 apparently 27 had dissolved; the solution was refluxed while HC1 was
occurred, and the ir suggested less satisfactory 24. bubbled in during 24 hr (tic then showed that ester 30 might be

2.5- Bis(2-aminoethyldithio)terephthalic Acid Dihydrochloride present), the EtOH was evaporated, and residual solid was dis-
(27) and 2- (2-Aminoethyldithio)terephthalic Acid Hydrochloride solved in water, basified, and extracted with CHC13; the CHC13
(28) .—Concentrated HC1 (0.5 ml) was added to a suspension of solution was extracted with 0.0966 V  HC1, and the acid extract
23 (0.250 g, 0.66 mmol) in H20  (3 ml) to give a yellow solid, was evaporated to give 0.0288 g (5%) of 30-II2O, mp 248-252°
yield 0.218 g (73%), mp 283-286°. This, after two recrystal- dec. Recrystallization from absolute EtOH gave 0.010 g (2%)
lizations from MeOH by addition of E t20 ,  gave the yellow com- of 3 0 H 2O, mp 265-268°, which was identical (ir) with 30 pre
pound 27: yield 0.091 g (30%), having a constant mp 280-281° pared using p-toluenesulfonic acid.
dec; ir (KBr) 3200-2500, 1690, 1460, 1410, 1310, 1250, 1080, B . The Ester 30 from Dithiol 19.—A solution of 19 (0.2214 g, 
890, and 790 cm-1; 27 was too sparingly soluble for a nmr spec- 0.77 mmol) in 5.6 ml of 0.270 N  NaOH was added dropwise
trum in D20 .  during 30 min to a stirred solution of 2 a (0.792 g, 3.08 mmol)

A nal. Calcd for Ci2Hi8C12N20 4S4: C, 31.78; H, 4.00; Cl, in H20  (10 ml). The solution was cooled overnight at 5°, and
15.64; N, 6.18; S, 28.29. Found: C, 32.02; H, 4.17; Cl, 5%  aqueous KOH then was added to pH 11. The alkaline solu-
15.43; N, 6.01; S, 28.01. tion was extracted twice with CHCI3, and the CHC13 extract

In the preparation of bisdisulfide 23 by route VI, the yellow was acidified by shaking with 10% HC1 to pH 1. Evaporation
solid which precipitated before the neutralization with DABCO of the aqueous layer to dryness gave 0.157 g (39%) of 30-H2O,
proved to be the dihydrochloride 27 (mp 278-281°, 93% yield); mp 263-265° dec. Recrystallization from absolute EtOH gave 
the ir spectra of the two samples of 27 were identical. 0.0834 g (20%) of the white compound 30-H2O: mp 267-268°

Disulfide 24 (0.300 g, 1 . 1  mmol) was placed in H20  (5 ml) and dec; tic (silica gel, 95% EtOH) showed only one spot (Ri 0.12);
and concentrated HC1 (1 ml) w'as added. Part of the hydro- ir (KBr) 3200-2500, 1710, 1450, 1290, 1230, and 1070 cm-1;
chloride dissolved, so the solution was evaporated to leave 0.294 too sparingly soluble for a nmr spectrum,
g (8 6 % ) of 28, mp >320°. Two recrystallizations from absolute A n d. Calcd for C16H2fCl2N20 4S4-H20 :  C, 36.43; H, 5.35; 
EtOH gave 0.0697 g (20%) of white 28, mp >320°: ir (KBr) S, 24.31; H20 ,  3.41. Found: C, 36.26; H, 5.41; H20 , 1.72.39 
3200-2500, 1675, 1470, 1400, 1250, 920, 880, 780, and 740 l,4-iS,S-2,5-Bis(ethoxycarbonyl)phenylene Bis(jV,iV-dimethyl-
cm_1. dithiocarbamate) (26).—V.V-Dimethylthiocarbamoyl chloride

Anal. Calcd for CioHi2C1N04S2: C, 38.77; H, 3.90; N, (23.73 g, 192 mmol), DABCO (21.54 g, 192 mmol), and 19 (9.26
4.52; S, 20.70. Found: C, 39.14; H, 3.98; N, 4.82; S, 21.20. g ,  32 mmol) were stirred in DM F (144 ml) at ~ 25° for 2 hr.

2.5- Bis(2-n-decylaminoethyldithio)terephthalic Acid (25).—A Solid which precipitated was collected, washed with H20 ,  and
solution of dithiol 12 (0.461 g, 2 mmol) in DM F (3.76 ml) was dried, yield of 26 4.17 g (28%), mp 197-202°. Addition of H20
added to one of thiolsulfonate 2b (.2.15 g, 4 mmol) in 80 ml of 1 : 1  to the filtrate precipitated more 26 (12.53 g, 84% ). The solids
CH2Cl2-EtO H  (this solution of 2b was prepared at the boiling were combined and recrystallized from CHaNCh-EtOH to give
point and then cooled to ~ 2 5 °). The mixture was stirred for 4 6.19 g (41%) of 26 as fine yellow needles, mp 197-202°. Three
hr, during which it remained homogeneous, after which DABCO recrystallizations from benzene and one from benzene-EtOH
(0.897 g, 8 mmol) in DM F (7 ml) was added (essentially route gave white 26 with a constant mp 215-217°; ir (KBr) 1725, 1640,
VI). A copious amount of white solid precipitated immediately 1500, 1370, 1240, 1130, 1070, 970, and 850 cm“1; nmr (DCCh)
and did not increase significantly upon storage at 0 ° overnight. & 1 .3 7  (t, 6 ), 3 .5 5  (s, 1 2 ), 4.32 (q, 4 ), and 8.17 (s, 2 ).
The solid, washed with EtOH and E t20 , amounted to 0.87 g 
(6 6 % ) of 25, mp 202-205° dec. The 25 was purified by stirring 
0.205 g with 14 ml of 0.0966 N  aqueous HC1 for 20 min. The 
solid, then presumably largely 25-HC1, was virtually insoluble
in H20  and was extracted, by shaking, into a solution of DMF— (39) The 3 0 ■ HsO was dried for 6 hr afc 100° (0.5 mm) before submission
CH2Cl2-EtOH (1 :1 :1 ). This solution then was neutralized with for analysis (presumably with partial loss of H20 ) , after which the analyses
one Of DABCO (0.067 g, 0.6 mmol) in absolute EtOH (7 ml) to reported for H20  was based on further drying for 24 hr at 100° (0.5 mm);
pH 7 to give 25, 0.139 g (6 8 % recovery), mp 211-213° dec. the analysis after the latter dryin* was «satisfacto ry  for anhydrous 30,

~ j  n aai- f i o m  ,» probably because of decomposition during the vigorous drying [Calcd forRepetition of the procedure gave 0 .0 9 5  g (4 6 %  recovery of a (anhydrous) c .H .C b N ^ S . :  C. 37.7 1 ; H, 5.14 ; S, 25.17 . Found; C,
white powdery compound 25: mp 2 1 2 -2 1 4  dec; ir (KBr) 36.43; H, 5.09]. I t  seems clear that 30 is a hydrate, but whether or not it
similar to 23 but simpler, 3 4 0 0  (w), 2 9 2 0 , 2 8 5 0 , 1 6 1 0 , 1 5 6 0 , 1450  is a monohydrate is unclear.
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Anal. Calcd for C18H24N20 4S4: C, 46.93; H, 5.25; N, 6.08; 25906-68-7; 15, 25906-69-8; 16, 25906-70-1' 18,
S, 27.84. Found: C, 47.23; H, 5.40; N, 6.15; S, 27.79 . 25906-71-2; 19, 25906-72-3; 21, 25906-73-4; 22,

25906-74-5; 23, 25906-75-6; 24, 25906-76-7; 25,
Registry No. —6, 25906-63-2; 10, 25906-64-3; 11, 25906-77-8; 26, 25902-98-1; 27, 25902-99-2; 28,

25906-65-4; 12, 25906-66-5; 13, 25906-67-6; 14, 25957-59-9; 30,25903-00-8.

The Stereochem istry of Oxidation a t Sulfur.
Oxidation of 2-M ethylthiolane1,2

J uan J . R igau,Sa Conley C. B acon,3b and Carl R. J ohnson*
Department o f Chemistry, Wayne State University, Detroit, Michigan 4 8 2 0 2  

Received March 14 , 1 9 7 0

Pure samples of the diastereomeric 2-methylthiolane 1-oxides were isolated and characterized by chromato
graphic retention time and nmr spectroscopy. The cis isomer exhibits the shorter retention times on chroma
tography. The methyl resonance of the trans isomer shows the greater benzene-induced shift. The stereo
chemistry of oxidation of 2-methylthiolane by a variety of reagents is recorded.

Oxidation of sulfides is likely to remain the foremost T a b l e  I
method for the preparation of sulfoxides. The avail- S o lv en t  E f f e c t s  in  t h e  N m r S p ec tr a

ability of stereochemical data on this transformation is o f  2 -M eth y lt h io la n e  and D e r iv a t iv e s “
useful from both mechanistic and synthetic standpoints. Concn, j  (s ’ -
In earlier papers we have examined the details of the Compd mmoi/mi Solvent «cm (Hz) «c„h6)
conversion of 4-substituted thianes4 and 2-thiabicyclo- l (sulfide) 1.70 CC14 1.27 7.0 +0.11
[2.2.1]heptanes to the diastereomeric S-oxides. We . . . .  . S '?™  . V ?  I ’S , A
now record a related study on the oxidation of 2-methyl- r r ]  '
thiolane (2-methyltetrahydrothiophene) (1). CDCh 1 40 6 5 + 0  22

r t , C6H6 1.18 6.2
f E 3 Jph r “ 3 f  3 3 (trans sulfoxide) 1.70 DMSO-J6 +13 7.3 +0.39

r V  [0] K /  P c '  +  P V  CCl4 1 19 7 0 + ° ' 45
A  — *■ / A :  +  / + / / \  CDCh 1 .2 3  7 .1  + 0.49

7— ^  0  0  C6H6 0.74 7.2
1 2, cis 3, trans 4

; . .  „  „ . ^  4 (sulfone) CC14 1.27 7.0 + 0 .23
Assignment of Configuration.—Pure samples of the C(.H6 x 04 7 0

isomeric sulfoxides 2 and 3 were obtained by careful “ The spectra were run at ambient temperature using TMS as 
elution chromatography on acid-washed alumina begin- standard, 
ning, most conveniently, with mixtures in which one iso
mer was significantly more abundant. The structural Fhe g= o  bond approximates that of the carbon-carbon
assignments were based on three main lines of evidence: triple bond. This assumption is probably a valid one,
chromatographic retention times, nmr studies, and oxi- but ĥg utility is limited by the less well understood
dation studies. The sulfoxides are highly hygroscopic screening by the free electron pair. The most effective
liquids. . . .  . . . data is provided by the benzene-induced shifts.6’7

The isomer which exhibited the higher retention time Ledaal8 has recently proposed that benzene-polar solute
on both column and vapor phase chromatography was collision complexes are best represented by a model with
assigned the trans structure 3. Experience in our the p0sitive end of the dipole of the polar functional
laboratories and others has shown that in the absence of group located along the sixfold axis of the benzene
complicating effects the isomer with the more sterically molecule. In the case of the sulfoxides in question, the
accessible sulfoxide oxygen has the higher retention deshielding of the methyl by the aromatic solvent should
time. Perhaps the most rigorous proof of structure be more dramatic in the trans sulfoxide than in the cis
comes from nmr studies summarized in Table I. (Figure 1). The interested reader is referred to an

It is obvious from an inspection of the data of Table I excellent group of recent articles dealing with penicillin 
that arguments based on the magnitude of chemical sulfoxides.9 The stereochemical assignment made here
shifts would be ineffective for structural assignments. ig entireiy in iine with arguments presented in detail in
It  has been assumed for some time that the anistropy of these papers concerning the steroechemistry of penicillin

* Author to whom correspondence should be addressed. SlllfoxideS.
(1) Part XXII in the series Chemistry of Sulfoxides and Related Com- In fra re d  an alysis  of th e  2 -m e th y lth io la n e  1-OXideS

P°(2)dWe gratefully acknowledge support by the National Science Founda- show ed V ery m in or differences ou tside th e  Sulfoxide 
tion (Grant No. GP 8648).

(3) (a) Fellow of the Economic Development Administration, Common- (6) W. Amann and G. Kresge, T etrahedron  L ett., 4909 (1968).
wealth of Puerto Rico; (b) National Science Foundation Undergraduate (7) E. J. Strom, B. S. Snowden, Jr., and P. A. Toldan, C hem . C om m un.,
Research Participant. 50 (1969); M. Nishio, ib id ., 51 (1969).

(4) C. R. Johnson and D. McCants, Jr., J .  A m er. Chem . Soc., 87, 1109 (8) T. Ledaal, Tetrahedron L ett., 1683 (1968).
(1965). (9) R. D. G. Copper, P. V. DeMarco, J. C. Cheng, and N. D. Jones,

(5) C. R. Johnson, H. Diefenbach, J. E. Keiser, and J. C. Sharp, T etra- J .  A m er. C hem . S oc., 91, 1408 (1969); R. D. G. Cooper, P. V. DeMarco,
hedron, 25, 5649 (1969). and D. D. Spry, ib id ., 91, 1528 (1969).
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T a b l e  II promoted hydrolysis of these salts occurred with
E q u ilibr a t io n  o f  2 -M et h y lt h io la n e  1-Ox id e s “ complete inversion of configuration at the sulfonium

SuIfoxides sulfoxides sulfur.12 Hydrolysis of 5 led to pure 3 and hydrolysis
before reaction, after reaction, of 6 p 111*6 2 .

eis:trans Reaction conditions cis: trans

19:81 HCl-dioxane, 20 min, 25° 76:24 V^OOH t  3
64:36 HCl-dioxane, 2-3 min, 25° 78:22 I \ 3 I
62:38 Sulfuric acid-water, 2 min, 25° 79:21 / /  •• Bp -  / /  \
75:25 N20 4, 30 min, 0° 62:38 4 0CH3

“ All reactions gave trace amounts of unidentified products. ’̂ Cls ,tians

T a b l e  II I
Ox id a tio n  o f  2 -M eth y lth io la n e

2-Methylthiolane 4-i-Butylthiane
1-oxldes, 1-oxides,1b

Reagent Conditions, °C eis:trans cis:trans
Dinitrogen tetroxide 0 62:38 81:19
Sodium metaperiodate H2O, 0 43:57 75:25
Hydrogen peroxide CH3COCH3, 0 56:44 37:63°
m-Chloroperbenzoic acid CH2Q 2, 0 54:46 36:64
m-Chloroperbenzoic acid H20-dioxane 30:70*

pH 12, 0
Chromic acid CiHsN, 0-25“ 16:84 27:73
Iodosobenzene CeHe, 68 58:38d 46:54“
Iodobenzene dichloride C5H5N, H2O, 0 26:74* . .  J
Ozone CH2CI2, - 7 8  22:70“ 10:90*
Ozone CH2CI2, 25 23:77
ferf-Butyl hypochlorite (CHshCHON, - 7 8  65:35 100:0*'
Isopropyl hypochlorite CH2CI2, —78 6:94

“ Reaction run at 25°. * Traces of sulfone. c Run at 0° for 1 hr, then 1 hr at 25°. d Sulfone, 4%. ‘ Run at 80°. f Oxidation of
4-p-chlorophenylthiane at room temperature afforded 10% cis:90% trans sulfoxides; at —40°, 5% cis:95% trans (ref 17). “ Sulfone, 
8%. * Run at —40°. 1 Run in ethanol at —78°.

region. N o unambiguous w ay of correlating solvent Chloride ion is known to equilibrate alkoxysulfonium  
effects on sulfoxide band shapes and positions w ith sa lts .13 W hen a  sample of the pure tran s salt 6  was
geom etry appeared possible. Infrared  d ata  in several exposed to hydrogen chloride, equilibration w as corn-
solvents are reported in the experim ental section. T he plete in less than  1 min. T h e equilibrium com posi-
m ass sp ectra of the diastereom eric sulfoxides did n ot tion was 7 0 %  cis and 3 0 %  tran s based on integration  of
reveal significant differences. the nm r resonances of the m ethoxy groups. N ote

Equilibration of Sulfoxides.-— T he stereom utation of from  T ab le I I  th a t this value is very  close to  th a t
sulfoxides can be achieved by num erous m eth od s.10 observed for the hydrogen chloride catalyzed  equilibra-
The equilibration m ethods used and results obtained in tio n 14 of the free sulfoxides.
the present system  are given in Table I I . O xidation Studies.— Table I I I  shows the percentages

T he result th a t cis oxides are m ore stable th an  the of cis and tran s sulfoxides produced under a v arie ty  of 
tran s is n ot out of line with our earlier observation th a t oxidation conditions; previous results obtained for
cis axial oxides are m ore stable th an  equatorial in the 4-terf-butylthiane are included for com parison.4 D ue
4-su b stitu ted  thianes.4 In  the la tte r case we suggested care w as exercised to  p revent or minimize oxidation to  
th a t a ttra c tiv e  interaction  between the oxygen and the the sulfone sta te . In  general, less stereoselectivity of
ring accounts for this result. R ecen t theoretical oxidation was found in the case of 2-m ethylthiolane
studies su bstantiate this suggestion.11 Along these than in the 4-su b stitu ted  thianes. This is som ew hat 
sam e lines it is interesting to note the sim ilarities in non- surprising in view of the close proxim ity  of the m ethyl 
bonded distances labeled in Figure 1. substituent on the thiolane to the sulfur reaction  site.

__ In  an earlier paper4 the stereochem ical results of
\ oxidations of cyclic sulfides were considered to  be the

/  _ g /  outcom e of therm odynam ic control, steric approach
r*\ao S control, or product developm ent control. Since the

j'j t 2̂ > q H2C-<—2.9-npo present results are n ot significantly out of line w ith
earlier discussions, additional com m en tary  on the  
relationship of stereochem istry and m echanism  is n ot in

Figure 1. Comparison of nonbonded distances (A) in cyclic order at this time.
sulfoxides. Distances estimated from Drieding models. In  connection with these oxidation studies, it was

, ,  . ,  , ,, , , noted th a t in com petitive reactions the cis sulfoxide 2
T h e  sulfoxides were ch aracterized  additionally by the wag oxidized to the sulfone b m. chior0perbenzoic acid

p reparation  of crystalline salts by O -alkylation with som ew hat faster than  the trans suifoxide 3 . I t  seems 
tnm ethyloxonium  fluoroborate. As anticipated, base- logical th a t the electron pair tran s to th e  m ethyl group

(10) For a review, see K. Mislow, R ec. C kem . P rogr., 28, 217 (1967). (12) C. R. Johnson and D. McCants, Jr., ib id ., 87, 5404 (1965).
(11) N. L. Allinger, J. A. Hirsch, M. A. Miller, and I. J. Tyminski, (13) C. R. Johnson and J. J. Rigau, ib id ., 91, 5398 (1969).

J .  A m er. C hem . S oc., 91, 337 (1969). (14) J. Jacobus and K. Mislow, ib id ., 89, 5228 (1967).
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would be more accessible to electrophilic attack by the B - Iodobenzene Dichloride.17—A solution of iodobenzene di- 
Deracid chloride (1 mmol) in anhydrous pyridine (3 ml) was added

dropwise during 5 min to a stirred solution of the sulfide (1 mmol) 
Experim ental Section in 3 ml of pyridine-water (20:80) and cooled in an ice bath.

After 30 min at 0° the mixture was allowed to warm to 25°. 
Melting points are uncorrected. Infrared spectra were The mixture was diluted with water prior to extraction,

measured on a Perkin-Elmer Model 621 spectrometer. Nuclear C. ferZ-Butyl Hypochlorite.—To 1 mmol of the 1-methylthio-
magneiic resonance spectra were obtained on a Varian A-60A lane in 10 ml of isopropyl alcohol at —78° was added 1 mmol of
spectrometer. Microanalyses were performed by Midwest ZerZ-butyl hypochlorite. After 30 min at that temperature 100
Microlab, Inc., Indianapolis, Ind. ml of 0.1 N  aqueous sodium hydroxide was added and the mix-

2-Methylthiolane was prepared in 60% yield by reaction of 1,4- ture was shaken vigorously prior to extraction, 
dibromopentane with sodium sulfide nonahydrate in aqueous D. Isopropyl Hypochlorite.—A methylene chloride solution
ethanol, bp 132° (lit.16 132°). of isopropyl hypochlorite (1 equiv) was cooled to —78° and

General Methods of Oxidation.—The procedures employed for rapidly added to 1 equiv of the sulfide dissolved in methylene
the oxidations summarized in Table I I I  are generally those chloride and cooled to —78°. The reaction was worked up as
previously reported for the oxidation of tbianes.4 Exceptions are described above for Zerf-butyl hypochlorite,
noted below. In this work, where necessary, the sulfoxides were Analysis of Mixtures.—Percentage composition of mixtures
extracted from aqueous solutions with chloroform. The aqueous were ascertained by planimetric integration of curves obtained
phase was then saturated with sodium chloride and the chloro- from an F  & M Model 720 chromatograph employing an 8 ft X
form extraction repeated. The ratio of sulfoxide extracted by '/, in. 20% Carbowax 20M on Chromosorb W column at 170°,
this procedure was identical with that present in water as shown a flow rate near 60 ml/min; retention times were 17 min for 2 and
by extracting known mixtures from water. 21 min for 3.

A. m-Chloroperbenzoic Acid (pH 12).16—The peracid (0.85 Separation of cis- and irans-l-Methylthiolane 1-Oxide.—Mix-
mmol) was added to 21 ml of a potassium chloride-sodium hy- tures of sulfoxides wrere chromatographed on a 14 in. X 3/s in.
droxide buffer solution (pH 12) in water-dioxane (60:40). column of Fisher Scientific Co. alumina acid, activity I, employing
This solution was added over a 5-min period to 1 mmol of the ether, methylene chloride, and methanol as eluents. The frac-
sulfide in 10 ml water-dioxane cooled in an ice bath. The mix- tions were monitored by vapor phase chromatography,
ture was stirred at ice-bath temperature for 5 hr prior to work-up.
-----------------  R egistry N o.— 1, 1795-09-1 ; 2 , 25859 -44 -3 ; 3 ,

(15) E. W. Whitehead, R. A. Dean, and F. A. Fidler, J .  A m er. Chem . 25859-45-4 ' 4 , 1003-46-9
S oc., 73, 3632 (1951). ’ !

(16) For other examples of oxidations by peracids at high pH, see R. (17) G. Barbieri M. Cinquini, S. Colonna, and F. Montanari, J .  Chem.
Curci, A. Giovini, and G. Modina, Tetrahedron, i ,  1227 (1966). S oc. C, 659 (1968).

3-Substituted Thietanes. Synthesis and Oxidation to Sulfoxides1,2
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A method is reported which appears to be general for the synthesis of 3-aryl and 3-alkylthietanes from the 
readily available aryl methyl and alkyl methyl ketones. The cycloaddition product of sulfene and the ap
propriate enamine is reduced to the desired 3-aryl- or 3-alkylthietane in three steps. Thietanes deuterated in 
the a  position could be prepared by exchange under mild conditions at the sulfone stage. The oxidation of
3-alkylthietanes to the isomeric sulfoxides was examined with a variety of oxidants; the thietane system appears 
to be less sensitive to the nature of the oxidant than the previously examined thiane system. Isomeric cis and 
trans sulfoxides could be separated by chromatography on silica gel; the cis isomer was eluted prior to trans in 
each of six 3-substituted thietane systems examined.

W ith  the increasing sophistication of the organic trigonal sulfur . 6’ 7 I t  was our interest in the la tte r  of
chem istry of sulfur has com e the postulation of te tra -  these which established our need for a 3-substituted
covalent sulfur reaction  interm ediates of trigonal bi- th ietane system  the isom eric sulfoxides of which could
pyram id geom etry . 4 F o r  interm ediates of such geom - be identified stereochem ically.
e try  the ligands about sulfur m ust subtend an angle of T o  simplify a study of the conform ational preference  
either 90 or 120 degrees; thus the thietane ring system , of sulfinyl oxygen it was necessary to  “ anchor” the
in which the C -S-C  angle is close to  9 0 ° , becom es an conform ation of the thietane ring. T h e puckering of
im portant model. Substituted thietane 1-oxides are thietane rings is well docum ented . 8 B y  analogy to
also pertinent models for studying the intram olecular exam ples in cyclobutane chem istry, it is reasonable to
neighboring group effect of sulfinyl oxygen , 5 and for hypothesize th a t a thietane molecule with a relatively
studying the com petitive stereochem ical requirem ents bulky substituent a t the 3 position would exist pre-
of sulfinyl oxygen and the nonbonded electron pair on dom inantly in a puckered conform ation w ith the bulky

substituent equatorial . 9 Thus, if the substituent a t  C 3 

' f * 10 'vvh° v T T n<iencei ouldbead,dr0e8*?d' , , T1 , exerts a  decided equatorial preference, a  substituent(1) (a) Part XXIII in the series Chemistry of Sulfoxides and Related ^
Compounds.

(2) We gratefully acknowledge support by the National Science Founda- (6) C. R. Johnson and D. McCants, Jr., J .  A m er. Chem . S oc ., 87, 1109
tion (Grant No. GP-8648). (1965).

(3) National Aeronautics and Space Administration Trainee, 1966-1969. (7) (a) C. R. Johnson and W. O. Siegl, ib id ., 91, 2796 (1969); (b) T etra-
(4) (a) S. Oae, M. Yokoyama, M. Kise, and N. Furukawa, T etrahedron  hedron L ett., 1879 (1969).

Lett., 4131 (1968); (b) B. M. Trost, W. L. Schinski, and I. B. Mantz, (8) (a) B. Z. Zrbuzov, O. N. Nuretdinova, and A. N. Vereshchagin,
J .  A m er. Chem . S oc ., 91, 4320 (1969); (c) R. Tang and K. Mislow, ib id ., D oJd. A kad . N a u k S S S R , 172, 591 (1967); (b) W. D. Keller, T. R. Lusebrink,
91, 5644 (1969); (d) C. R. Johnson and J. J. Rigau, ib id ., 5398 (1969); and C. H. Sederholm, J .  Chem . P h y s ., 44, 782 (1966); (c) S. Allenmark,
(e) C. R. Johnson and D. McCants, Jr., ib id ., 87, 5404 (1965). A rk . K em i, 26, 73 (1966); (d) D. O. Harris, H. W. Harrington, A. C. Luntz,

(5) (a) S. M. Kotin, Ph.D. Dissertation, University of Pennsylvania, and W. D. Gwinn, J .  Chem . P h y s ., 44, 3467 (1966).
1962; (b) J. J. Ubel, Ph.D. Dissertation, University of Illinois, 1964. (9) J. Lillien and R. A. Doughty, J .  A m er. Chem . S oc ., 89, 155 (1967).
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introduced at sulfur (e.g., oxygen) is required to be Scheme I
either axial (trans isomer) or equatorial (cis somer) in a r
conformational fixed system. The p-chlorophenyl N 'h Ch3sq2ci {  ''i ha r ''° 's|
group was chosen because its dipole would allow assign-  ̂ _J
ment of cis and trans stereochemistry to the isomeric | I i 0
sulfoxides 2a and 3a from dipole moment determina- R-^M r-H I
tions.6 The feri-butyl substituent was also desired for R CHz S° 2 L S(A _
its ability to anchor a ring conformation and for its lack 5 .
of a significant dipole contribution which might in- v
fluence geometry and chemistry. Rv___ r r

h U  -  U o ,  -  Oso,

from acetophenone). The nmr spectrum of 5c con- 
1 2 (cis) tained a four proton singlet for the ring methylene

H 9 H 0  hydrogens of which there are clearly two nonequivalent
g | pairs. Even in benzene, which often accentuates the

^ 0  nonequivalence of protons, the thietane ring hydrogens
appear as a singlet. The sulfone 5c was reduced with 

3 (trans) 4  lithium aluminum hydride to 3-morpholino-3-phenyl-
thietane (7) in which the thietane ring hydrogens ap-

a, R = p-ClC6H4 d, R = Cl pear as the expected AB quartet.
b, R = f - C 4H9 e, R =  OCOCH3

c,  R = C 6H5 f, R = C H 3

Only one synthesis of a 3-arylthietane (unsubstituted Q/  N̂_ Z ]  0  N
at C2 and C4) appears in the literature, the preparation \__/ I II ^ S 02 I, g0__CH
of 3-hydroxy-3-phenylthietane by the treatment of 3- l^ y i ^CHa
thietanone with phenylmagnesium bromide.10 Syn-
theses11 of 3-alkylthietanes h ave been lim ited to  the 7 8 9

m ethyl and ethyl cases. T he cycloaddition of enamines „ . . .  , . ,
w ith sulfene (C H 2= S 0 2) provides a convenient en try  to  T b e 8c c °Yld be COnVerted to  3-phenylthiete
substituted  thietane 1,1-dioxide system s but the sul- M -d ioxid e (6c) m  alm ost q u an titative yield by oxidar
foxides can  only be obtained by reduction of the sulfone tlon w lth hy d r°Sen peroxide in acetic a cid -a ce tic  an
te  the sulfide stage and selective back oxidation to  the b ydnde and subsequent pyrolysis of the am ine oxide,
sulfoxide. C onceptually, the cycloaddition of sulfine °^ednlc double bond of 6 c w as considerably less
(C H 2= S O )  to  an enamine would elim inate these last reactive than  reported for the ^ s u b s titu te d  thiete 1,1-
tw o steps, but to  date  no one has successfully carried dioxide. Although 6 c would add bromine and
out this reactio n .12-13 undergo the expected hydrolysis in aqueous base,1&-17

W e report here an application of the enam ine-sulfene âded to  add secondary amines. T he hydrolysis of 
cycloaddition for the synthesis of 3-substituted  thi- 6c to  benzoic acid and dim ethyl sulfone probably occurs
etanes (Schem e I ) . T he m ethod appears general for via the d' keto sulfone 8 whlch «  subsequently cleaved
3-aryl- and certain  3-alkylthietanes. Stereochem istry by hydroxide. If the am m o sulfone 5c is subjected to
was assigned to  2a  and 3a from  the dipole m om ents sim llar conditions, the enamine 9 is obtained. W hen  
and to  other 3-substituted  thietane 1-oxides from  spec- the t a c t i o n  is acidified before extraction , 8 is isolated, 
tra l d a ta  as reported in our prelim inary com m unica- ^ h e  conversi° n ° f  be to  3-phenylthietane 1,1-dioxide  
tions.7 Continuing our interest in the stereochem ical (4 c ) could be accom plished by treatm en t w ith sodium
course of the oxidation of sulfides to  sulfoxides, d ata  are borohydnde in isopropyl alcohol a t 60 (6 5 %  yield) or
presented for the oxidation of 3-ferf-butylthietane and m  dim ethylform am ide a t 6 0 -7 0 °  (3 7 %  yield). C atar
3-m ethylthietane to  their sulfoxides. b ^ c  hydrogenation of the olefimc double bond of 6 c

Synthesis.-— Schem e I was first a ttem p ted  on the w ith palladium on carbon or platinum  oxide proceeded  
enamine of morpholine and acetophenone,14 to yield the 0ldy *n very ôw y ield-
crystalline 1:1 cycloaddition product (5c) (46% yield The sulfone 4c was reduced to the volatile sulfide lc

with lithium aluminum hydride. Attempts to reduce
(10) A. Luettringhaus, S. Kabuss, H. Prinzbach, and F. Langenbucher, 6C directly to 3-phenylthietane (lc) with lithium alumi-
(11) The synthesis of thietanes has been reviewed: M. Sanger, Chem . nUm h yd rid e W ere U nsuccessful, yield in g Only w h a t WHS

R ev., 6 6 , 341 (1966); y . Etienne, R. Souias, and H. Lumbroso in “Hetero- believed to be 2-phenylpropanethiol from the spectral
cyclic Compounds with Three- and Four-Membered Rings,” Part Two, data
A. Weissberger, Ed., Interscience, New York, N. Y., 1964, Chapter 5; a  1 T ■ r
L. L. Muller and J. Hamer, “1,2-Cycloaddition Reactions,” Interscience, S ch em e I  Was rep e a te d  W ith th e  en am in e fro m  HlOr-
New York, n . y ., 1967. pholine and p-chloroacetophenone as the starting ma-
wCA2)shenna hT h T ty'i f ’ (1,963)j  terial; experimental conditions were kept the same.W. A. Sheppard and J .  Diekmann, tbtd., 8 6 ,  1891 (1964); A. M. Hamid and - -
s. Trippett, j . c h e m . S oc. c ,  1612 (1968). 1 he yield of 3-p-chiorophenyl-3-morphoimothietane 1,1-

(13) A sulfine has recently been trapped in a 1,4 cycloaddition reaction:
B. Zwanenburg, L. Thijs, and J. Strating, T etrahedron  L ett., 4461 (1969). (15) D. C. Dittmer and M. E. Christy, ib id ., 84, 399 (1962).

(14) G. Stork, A. Brizzolara, H. Landesman, J. Szmuszkovicz, and R. (16) C. R. Johnson and G. A. Dutra, unpublished results.
Terrell, J .  A m er. Chem . S oc., 85, 207 (1963). (17) J. N. Wells and F. S. Abbott, J .  M ed . C hem ., 9, 489 (1966).



dioxide (5a), from  the cycloaddition of sulfene and the m ined by vapor phase chrom atography, the isomers
morpholine enam ine of p-chloroacetophenone, w as eluting in the sam e order as from  silica gel. F o r  the
higher (52 vs. 3 7 % ) w hen benzene replaced ether as the sulfoxides of la , lc, Id , and le  pu rity  w as determ ined
solvent. T h e conversion of 5a to  3-p-chlorophenyl- from  the nm r signals of the a-m eth ylen e hydrogens.715
thiete 1,1-dioxide (6a) was alm ost q u an titative. T h e D ipole m om ent values of 3 .22  ±  0 .0 9  and 2 .8 0  ±  
double bond of 6a resem bled th a t of 6c in its  lack of re- 0 .0 3  D obtained for the sulfoxides of la  in th eir order of
activ ity  and it w as necessary to  em ploy the reaction  elution from silica gel were in fair agreem ent w ith values
conditions m entioned above to  effect the desired reduc- of 2 .9 9  and 2 .47  calculated  from  models of a puckered
tion. B ase hydrolysis of 6a produced p-chlorobenzoic (3 7 °)  thietane 1-oxide, for 2a and 3a.7a F rom  such  
acid and dim ethyl sulfone. models it  is apparent th a t the /3-ring hydrogen has a cis-

W ith  some slight m odification Schem e I  w as diaxial relationship to  the S = 0  bond in the tran s iso-
employed for the synthesis of 3-ieri-butylthietane ( lb ) .  m er and thus should appear a t  significantly lower field
B ecau se of the sterically hindered carbonyl function of in th e  nm r spectrum  th an  the /3 hydrogen in the cis
pinacolone, its dim ethylam ine enamine w as prepared sulfoxide.21 E xperim entally , the /3 hydrogen signal for
by the procedure of W hite and W ein g arten .18 T h e th e  isom er eluted first, assigned stru ctu re  2a, appears at
sulfene-enam ine adduct, 3-dim ethylam ino-3- ferf-butyl- higher field th an  its cou n terp art in th e  isom er of longer
thietane 1,1-dioxide,19 w as prepared and converted to  retention tim e. Assignm ents for th e  sulfoxides of sys-
3-ferf-buty]thiete 1,1-dioxide (6b) by experim ental terns lb - f  were m ade on this basis.715 F o r  the sulfoxides
procedures analogous to  those described above. T h e assigned cis stereochem istry (2a -f) on th e  basis of the
olefinic double bond of 6b w as m ore reactive th an  th a t  ¡3 hydrogen chem ical shift, each  has an a-m ethylene pro
of 6a or 6c; it  underw ent ca ta ly tic  hydrogenation and ton  signal which is considerably broader than  the signal
reacted  w ith  sodium borohydride in 2-propanol a t  2 5 °  for the tran s isom er.22 T hese assignm ents are sup-
to  yield 3- tort-butylthietane 1,1-dioxide (4b). T h e p orted  b y  the recent configuration assignm ent m ade to
sulfone 4b was reduced to  the volatile 3-ferf-butylthi- 3d from  a dipole m om ent stu d y .8a
etane ( lb )  w ith lithium  alum inum  hydride. T h e property  of chrom atographic retention  tim es

W hen attem pting to  extend the stereochem ical as- h ave been em ployed for the assignm ent of configuration
signm ents from  2a and 3a to  the sulfoxides of lb  and lc  to  cyclic sulfoxides.6’23-26 E lu tion  ra tes from  silica
it  becam e necessary to  prepare the a-te trad eu terated  gel in p articu lar have been employed, but to  our knowl-
sulfoxides in order th a t the chem ical shift values of the edge the order or elution from  silica gel for isom eric
/3-ring hydrogens be m ore accu rately  assigned. T his sulfoxides usually agrees w ith  the order of elution from
w as accom plished by treatin g  th e  sulfones 4a and 4b v p c columns. I t  is certainly notew orthy th a t for the  
w ith sodium deuterioxide in deuterium  oxide-dioxane six 3-substituted  thietane 1-oxide system s exam ined the  
a t 5 0 c . C om plete exchange of the sulfone a-m ethylene cis isom er was in each  case eluted prior to  the trans.
hydrogens could be effected under these conditions, T h e cyclic sulfoxides 11,6 1 2,26 1 3 ,24 1 4 ,23a and 1523b are
whereas the corresponding sulfoxides were inert. T h e  reported in the literature to  have shorter retention
deuterated  sulfones were converted to  the a -te tra -  tim es than  their diastereom ers. R eten tion  tim es were
deuterated sulfides w ith lithium  alum inum  hydride and also em ployed to  distinguish 16 and 17 from  their iso-
were subsequently oxidized to  the tetrad eu terated  sul- m ers; although n ot sta ted  explicitly by the au th o rs,2315’25
foxides. it  is assumed th a t the isom ers shown here were eluted

Sulfoxides. Separation and Assignment of Con- first. T h e apparent stereochem ical feature which
figuration.— T o  draw  conclusions about th e  n atu re of
cis and trans sulfoxides resulting from the oxidation qjj3 O
(see below) of 3-su b stitu ted  thietanes it  w as first __f  N. J  ^  <
necessary to  separate the sulfoxide isomers, to  ascertain  I S  /
their isom er p u rity , and to  assign stereochem istry. I— /II
Although B ack er and Keuning in 1933 rep orted 20 the II O jj
first separation of tw o isom ers of a thietane 1-oxide 0  O
(isomerism due to configuration at sulfur), by fractional 11 12 13 14
crystallization  of diastereom eric platinum  com plexes of
the optical isom ers of 10, no other reports were pub- ? i
lished in the years betw een th eir work and the s ta rt of ^
our studies.

«-OC8- 0 J I
10 16 17 15

P rep arative  colum n chrom atography over silica gel (21) A. B. Foster: T. D. Inch, M. H. Qadir, and J. M. Webber, Chem .
offered an effective m ethod for separating the cis and Comm™., 1086 (i963), and previous papers.

. 1 _ \  P (22) The significance of these nmr spectra will be discussed in more
trans isomers with little noticeable isomerization. Iso- detail in a subsequent paper.
m er purity for the sulfoxides of lb  and I f  w as d eter- (23) (a) P. B. Sollman, R. Nagarajan, and R. M. Dodson, Chem. Commun.,

552 (1967); (b) R. Nagarajan, B. H. Chollar, and R. M. Dodson, ib id ., 550
(18) W. A. White and H. Weingarten, J .  Org. C hem ., 32, 213 (1967). (1967).
(19) The thietane ring hydrogens of this material (as with 5a and 5c) (24) C. R. Johnson, H. Diefenbach, J. E. Keiser, and J. C. Sharp, T etra-

appears as a singlet in the nmr spectrum. Thus offsetting proximity effects hedron, 25, 5649 (1969).
of the proton cis to the a-nitrogen atom and of the proton cis to the phenyl (25) F. A. L. Anet, L, M. Sweeting, T. A. Whitney, and D. J. Cram,
group of 7 are not a satisfacoty explanation. T etrahedron  L ett., 2617 (1968).

(20) H. Backer and K. Keuning, R eel. Trav. C him . P a y s-B as , 53, 808 (26) J. J. Rigau, C. C. Bacon, and C. R. Johnson, J .  Org. C hem ., 35, 3655
(1934). (1970).
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T able I
Oxidation of 3-Methylthietane and 3-ieri-BuTYLTHiETANE

3-Methylthietane 3-feri-Butylthietane
Reagent Conditions solvent (°C) 1-oxides, cis/trans 1-oxides, cis/trans

Dinitrogen tetroxide (0) 75/25 82/18
Sodium metaperiodate H20-M eOH (0) 59/41 51/49
¿eri-Butyl hypochlorite MeOH (0) 55/45 59/41
Chromic acid C5H5N (25) 54/46 70/30
Hydrogen peroxide (30%) HOAc (0) 46/54 43/57
Hydrogen peroxide (30%) CH3COCH3 (0) 46/54 43/57
?ra-Chloroperbenzoic acid CH2C12 (0) 45/55 45/55
Ozone CH2C12 (25) 41/59
iV-Chlorotriazole MeOH ( — 78) 33/67
Nitric acid Ac20  (0) Sulfone Sulfone

these isom ers hold in com m on is a m ore sterically  columns. The mass spectral data was obtained on either an
hindered sulfinyl oxygen. T h a t is. the negative end of Atlas CH4 or an AEI MS9 mass spectrometer.
th e ir  S - 0  dinole is less accessible for association w ith a-Morpholinostyrene. A solution of 60 g (0.5 mol) of aceto- 

L U x ™  les® accessible  lo r  association  w ith  phenone, 65 g (0 . 7 5  mol) of redistilled morpholine, 4 5  mg of p-
th e  absorbant. th u s  the axial oxygen of tran s 3-sub- toluenesulfonie acid, and 150 ml of benzene was refluxed over a
stitu ted  thietane 1-oxides m ust be m ore accessible for water separator until no further separation of water was ob-
in teraction  w ith  th e  absorbant th an  the equatorial served (10-14 days). After concentration of the solution to a
oxygen of the cis isomer. T his is apparently a result of yel!ow oil7P.c ,anra}ysi1s indicated a mixture ( ~ ‘/3) of acetophenone
4.u u in a  x r j-i, i j • I , and a material of higher retention time. Reduced pressure distil-
the bulk effect of the substituent. lation of the oil afforded 16.0 g of pure enamine, bp 85“ (0.08

Although the 1 2 0 0 -1 0 0 0  cm  1 region of the infrared mm) [lit.21« bp 86-89° (0 . 1  mm)], ir (film) strong absorption at
sp ectra  of the cis and tran s 3-su b stitu ted  thietane 1- 1540 and 1590 cm-1.
oxides differ significantly in each case, the differences do 3-Phenyl-3-morpholinothietane 1 , 1 -Dioxide (5c).—This re-
not appear to  follow a simple p attern  which m ight be aCtl?n WaS run undf  nltroSen uslnS either the pure enamine or a 

r i r ,  . .  , . . & crude enamme-aeetophenone mixture. Morpholmostyrene (0.5
useful in determ ining stereochem istry. mol), 51.0 g (0 . 5  mol) of triethylamine, and 2 0 0  ml of solvent

Stereochem istry  of O xidation.— Our study of the (ether or benzene) were cooled to 0 ° in a 1 -1 . three-necked
stereochem ical course of oxidation to  sulfoxides was flask. Methanesulfonyl chloride (57.2 g, 0.5 mol) was added
lim ited to the oxidations of the lb  and If system s for dr°Pwise with stirring over a 45-min period. The ice bath was 
.„ l - V, „ f j  , i j u j i  removed and the stirring was continued for 12 hr at room tem-
whmh the c is /tra n s  ratios of products could be deter- perature. The ye]Iow sfurry was mtered and the residue washed .
mined rapidly and q u an titatively  by v p c analysis. Our with solvent. The residue was swirled with 400 ml of water (to
results for a v arie ty  of oxidants are presented in T ab le I . remove triethylamine hydrochloride), filtered, and recrystallized 

T he oxidation with dinitrogen tetroxide, known to  from ethanol to yield white crystals: mp 193.5-194°; ir (CHC13)
occur via therm odynam ic product con trol,6 gave a Y ^ a^ a I f 2?  ĈDCl3') 8 2-25 <-m’ 4 )’ 3,7°i i- , i ■ • „ „ , . , . (m, 4), 4.45 (s, 4), and 7.27 (m).
predom inance of the cis isom er from  3-m ethylthietane. AnaL Calcd for C^HnOjNS: C, 58.40; H, 6.41. Found: C, 
T his supports our earlier report th a t sulfinyl oxygen in 58.33; H, 6 .5 7 .
a 3-substituted  thietane 1-oxide has an equatorial The combined filtrate and organic washes from above were 
preference.7a A ttem p ts to  equilibrate a m ixture of 2f concentrated in vacuo) 50 ml of ethanol was added and on cooling 
and 3 .  with hydrogen chloride led to  decom position. £ ?

U xiaations with peroxy reagents usually involve plates: mp 91-93.5° (lit.2Ib mp 90-91°); ir (CHCfi) 960, 1075,
steric approach control,6 yielding the isom er in which 1 1 1 0 , 1158, and 1345 cm -’; nmr (CDCb) s 2.78 (s, 3 ), 3.17
oxygen is bonded to  the least hindered side of the sulfur. (m> 4 )> and 3 -90 (m> 4 )-
The less stable isom er predom inates in the oxidation of yield Sc fron\the reaction with pure enamine in benzene

iu  OŶ j  -j£ „  - ir , mi t was 74% an(i from crude enamine m benzene or ether it was 33 or
both lb  and I f  with peroxy reagents. Thus, approach  46% , respectively.
to the sulfur atom  of a puckered 3-alkylthietane m ust When pure enamine was employed in this reaction a-methyl- 
be less hindered from the side tran s to  the substituent sulfonylacetophenone was obtained in low yield as a by-product,
a t C 3. If the degree of ring puckering changes little crystallizing from solution after the cycloaddition product,
„poo oxidation, the axial oxygen of th e  tranx isom er " £ „ 7
would be least hindered fo r association  w ith  a chro- 1675, 1324, 1277, 1151, and 1122 cm“1; nmr (CDCfi) 5 3.12 (s,
m atography absorban t, in  agreem ent w ith  th e  g reater 3), 4.61 (s, 2), and 7.5-8.1 (m, 5).
re ten tion  tim e observed fo r th e  tran s isom er. 3-Phenylthiete 1,1-Dioxide (6 c).—To a solution of 0.02 mol of

In  general, th e  3 -a lk y lth ie tan e  system s appear to  be 5c '?  10t ml of glacial acetic acid and 1 0  ml of acetic anhydride at
less sen sitiv e  to  th e  natu re  of th e  oxid an t th an  th e  4- £  ' S S . i L '
aiK yitn iane system . mixture was stirred over night at room temperature and then

cooled again to ice bath temperature and neutralized with a 
_  . t o - concentrated solution of sodium hydroxide. Pyrolysis of the
E xperim ental Section amine oxide was effected by heating the reaction mixture in iacuo

Melting points were determined with a Thomas-Hoover capil- ° n & rotary evaPorator at ~ 65° f or 2hr °r until dry The residue 
lary melting point apparatus and are uncorrected. The micro- I  f f  with 60 ml of water filtered and re
analyses were performed by Midwest Microlabs Inc., Indianapo- ystallized from ethanol to yield white crystals, mp 145 147 ;
lis, Ind. The ir spectra were recorded on Perkin-Elmer infrared -----------------
spectrophotometers, Models 137B and 621. The nmr spectra
were taken on a Varian A-60A spectrometer. Vapor phase K’ and *7 Bn“  Chemv  9 2 6phmrrififnfrrQnhv / , ^  c j  i r  , (1962), (b) A. G. Kostsova, E. I. Kozachenko, O. M. Osina, V. P. Voloknova,
vf ° at°g aphy (vpc) was performed on an F  and M Model and L. D. Maslova, Zh, 0rg. Khim.. l, 7 2 8  (1 9 6 5 ).
D/5U (thermal conductivity) chromatograph with 0.25 in. (28) H. D. Becker and G. A. Russell, J .  Org. C hem ., 28, 1897 (1963).

3660 J .  O rg. C h em ., V ol. 3 5 , N o . 1 1 , 1 9 7 0  S iegl and J ohnson



yields 90-97.5% ; ir (CHC1.) 1125, 1310, 1563 (w), 1600 cm -'; A nal. Calcd for C9H7C102S: C, 50.36; H, 3.29. Found- C
nmr (CDClj) 8 4.47 (s, 2 ), 7.00 (s, 1 ), 7.45 (s, 5). 50.52; H, 3.46.

Anal. Caled for CnHgChS: C, 59.98; H, 4.47. Found: C, 3-p-Chlorophenylthietane 1,1-Dioxide (4a). Procedure A.— 
60.18; H, 4.66. A solution of 5.0 g (23.2 mmol) of unsaturated sulfone 6a and

3-Phenylthietane 1,1-Dioxide (4c). Procedure A.—A solution 5.0 g (132 mmol) of sodium borohydride in 25 ml of dimethyl-
of 3.0 g (17.3 mmol) of 6c and 0.70 g (~ 35  mmol) of sodium formamide was heated with stirring at 60-65° for 3 to 4 hr. The
borohydride in 1 0  ml of dimethylformamide was heated with solvent was removed under reduced pressure with gentle heating,
stirring for 1 hr at 60-70°. Stirring was continued at room To the residue was added 15 ml of water and the mixture was
temperature for an additional 8  hr. The solution was cooled in quickly acidified (dilute sulfuric acid) and filtered. The white
an ice bath and acidified with 1 N  sulfuric acid. A white pre- residue was washed with water and recrystallized from methanol
cipitate was collected and recrystallized from methanol to yield to yield 2.27 g (45%) of white plates: mp 116.5-118°; ir (CH-
1 . 1 2  g (37%) of white crystals: mp 101-102°; ir (CHC13) 1130, Cl») 1015, 1095, 1135, 1320, 1395, and 1490 cm-1.
1324, and 1600 cm-1; nmr (CDCI3) 8 3.93—4.75 (m, 5), and 7.38 Anal. Calcd for C9H9C102S: C, 49.89; H, 4.19. Found: C,
(s, 5). 49.72; H, 4.33.

Anal. Calcd for C9H10O2S: C, 59.32; H, 5.53. Found: C, Procedure B .—The reduction of 6a to 4a could also be effected 
59.39; H, 5.74. ’ with sodium borohydride in isopropyl alcohol as described above

Procedure B .—To 1.2 g (an excess) of sodium borohydride in for synthesis of 4ci the yield of 4a was 65% by this method.
50 ml of isopropyl alcohol at 60° was added 1.0 g of sulfone 6c in 3-p-Chlorophenylthietane (la ).—The saturated sulfone (4a) 
small amounts over a 2-hr period. Stirring was continued at 60° was re(*uce(} W1̂ h lithium aluminum hydride in ether by a pro- 
for 4 days; an additional 100 mg of sodium borohydride was cedure anal°g°us to that employed in the synthesis of lc . After
added the first day and again after the second. The reaction chromatography of the crude product over silica gel (eluting with
mixture was cooled, made slighlty acidic by dropwise addition of benzene) a yie*d (33%) of colorless oil was obtained which ex-
dilute sulfuric acid, and evaporated in vacuo to dryness. The hlblted only one peak on vpc analysis; ir (CHC13) 1009, 1090,
residue was extracted with hot ethyl acetate. The extract was and 1 4 8 9  ^  m TT , t, ,
concentrated in  vacuo to an oil which was placed on a short kq tt (fn *°r C, 58.53; H, 4.91. Found: C,
column of silica gel. Elution with ethyl acetate yielded 0.65 g 5 8  t ^ ,
(65%) of pure 4c CIS" anc* ^ns-3-p-Chlorophenyltmetane 1-Oxides (2a and

3-Phenylthietane ( l c ) . - T o  400 mg (~ 10  mmol) of lithium 3&)r J °  680 mg (3.64 mmol) of sulfide la  in 40 ml of reagent
aluminum hydride in 30 ml of anhydrous ether at ice bath tern- metbyl® e chk” d" at °  was added. dropwise with stirring 700
perature was added dropwise with stirring a solution of 600 mg mg ( ~ 3  ' 6  “ “ ol) ?f ̂ ^ o p e jb e n z o ic  acid in 2 0  ml of methylene
(3.42 mmol) of 4 c in 100 ml of ether. After stirring for 1 hr at S“ 01* 6* f  * 5  stl™ ng at ° . f°r 1 2  hr the reaction mixture was• , .t j ~ j * ir . i .. filtered and the residue washed with methylene chloride. Theice bath temperature, saturated sodium sulfate solution was v i , , j  j. % , , ,XT, „ , j  filtrate was washed with saturated sodium hydrogen carbonateadded dropwise until the reaction mixture turned white. The j  • a a • a /tut oa \ a  . , .„ I««««™« j  j  ,, • a r j  ,, solution, dried, dried (Mgb04), and concentrated m vacuo to anether layer was decanted and the residue was washed with methy- ? ! lr , - m, • , , ,  ,i _ ai *a~ to»« _j __ • i j  • j  /Tx/r on x oil which crystallized on standing. Ihe mixture could be re-lene chloride. 1 he combined organic layers were dried (MgS04) i , , S  , r i .• ,~»a a • „ 4 • u oon £ solved by chromatography over silica gel [eluting with hexane,and concentrated m  vacuo to yield 389 mg of colorless oil. Chro- i -j  j  \ • , 1 , & *___r  ̂ -I- i -4U .r i , ,  •, , , methylene chloride, and a 1:1 (v/v) mixture of methylene chlo-matography over silica gel with methylene chloride as eluent -a a u-\ * i rp, 1f G,a^a°a i KA__/oi cn \ t i i  -i i r j  j  n ride and chloroiorm . The cis sulfoxide was eluted first as whiteyielded 150 mg (31%) of a colorless oil which produced only one . i on on co ,1 . ,__ • lf u a \ l crystals, mp 89-89.5 , the trans isomer as white crystals, mppeak on vpc analysis; ir no sulfone bands; nmr (CDC14  5 8 /_8 8 .go. ^  ip ra differ significantl in th/  1250’_950
3.15-3.75 (m, 4), 4.3-4.9 (m, 1), and 7.3 (s, 5 cm-i  region. Stereochemical assignments were based on dipole

The mercuric chloride adduct was a white solid, mp 147-149 . moments and were substantiated by the nmr spectra.
Anal. Calcd for C9Hi0ClaHgS: C, 25.63; H, 2.39. Found: Anal. Calcd for C9H9C10S (a mixture of the two isomers):

C, 25.53; H, 2.42. _ _ C, 53.86; H, 4.52. Found: C, 53.91; H, 4.64.
cis- and frans-3-Phenylthietane 1-Oxides (2c and 3c).—To 330 Dipole Moments of cis- and Zrons-3-p-Chlorophenylthietane 1- 

mg of crude sulfide lc in 12 ml of reagent acetone at ice bath Oxide (2a and 3a).—The dipole moments were measured with
temperature added 160 mg (1.4 mmol) of 30% hydrogen peroxide. a Dipolemeter DM01 manufactured by Wissensehaftlich-
The solution was stirred at room temperature for 1 1  hr. The Technische Werkstatlen using the measurement of the dielectric
reaction mixture was concentrated in vacuo to a yellow oil. constant by the Heterodyne Beat Method according to the
Chromatography of the oil over silica gel (elution by hexane, procedure of Allinger and Allinger. 29 The dipole moments were
methylene chloride, and 1:1 (v/v) methylene chloride and chloro- measured in benzene solution at 25 ±  0.01°. The dipole moment 
form) yielded 106 mg of the cis sulfoxide (2c) as white crystals, data for 3a are a  = 11.4557, 0 = 0.8331, ei = 2.27485, P 2 =
mp 91-91.5°, and 150 mg of the trans sulfoxide (3c) asacolorless 211.35, <h = 0.873011, B d =  50.81, giving a dipole moment of
oil. The cis isomer was eluted prior to the trans. The ir spectra 2.80 ±  0.03 D; for 2a the data are a  = 15.2567, 0 = 0.9656,
of the two isomers differed in the 1250-950 cm - 1  region. From ei = 2.27430, P 2 =  263.20, di = 0.872929, Rd = 50.81, giving a
the nmr spectra stereochemical assignments could be made and dipole moment of 3.22 ±  0.09 D.
the isomer purity could be determined.7b 3-«ert-Butyl-3-dimethylaminothietane 1,1-Dioxide.—This re-

Anal. Calcd for C9H!0OS (cis isomer, 2c): C, 65.02; H, 6.06. action was run in benzene using crude 2-dimethylamino-3,3- 
Found: C, 64.78; H, 6.09. dimethylbutene18 and employing the procedure described earlier

A mercuric chloride adduct (3:2) of the trans sulfoxide (3c) for the synthesis of 5c. The reaction mixture was filtered and the 
was prepared, white solid, mp 119-120°. residue washed with benzene. The combined filtrate and washes

Anal. Calcd for Ci8H2oCl6Hg3 0 2S2: C, 18.85; H, 1.76. were concentrated in vacuo to a brown oil. The oil was dissolved
Found: C, 19.23; H, 1.90. in 10% hydrochloric acid and the insolubles were discarded.

3-Morpholino-3-p-chlorophenylthietane 1,1-Dioxide (5a).— Neutralization of the acid solution precipitated the crude product.
Crude p-chloro-a-morpholinostyrene was treated with triethyl- After several recrystallizations from hexane a 31% yield of white
amine and methanesulfonyl chloride under conditions identical needles, mp 104-104.5°, was obtained: ir (CHC13) 1135 and
with those described for the preparation of 5c. Higher yields 1300 cm - 1  (SOs); nmr (CDC13) S 1.05 (s, 9), 2.60 (s, 6 ), and 4.10
were obtained (52% based on starting ketone) when benzene (s, 4).
(vs. ether) was employed as the solvent. Recrystallization of Anal. Calcd for CgHigNChS: C, 52.59; H, 9.34. Found:
the crude product from ethanol yielded white crystals: mp 193- C, 52.61; H, 6.31.
194°; ir (CHC13) 1120, 1325, 1600 cm-1; nmr (CDCla) S 2.27 3-tert-Butylthiete 1,1-Dioxide (6 b).—The oxidation and amine 
(m, 4), 3.70 (m, 4), 4.41 (s, 4), and 7.27 (q, 4). oxide pyrolysis were carried out as described in the preparation

Anal. Calcd for Ci3Hi6C1N03S: C, 51.74; H, 5.34. Found: of 6 c. Recrystallization of the crude product from hexane gave
C, 51.59; H, 5.63. an 80% yield cf white crystals: mp 65-65.5°; ir (CHC13) 1150,

3-p-Chlorophenylthiete 1,1-Dioxide (6 a).—The oxidation and 1305, (S02), 1590 cm - 1  (C = C ); nmr (CC1<) S 1.20 (s, 9), 4.25
amine oxide pyrolysis were conducted as described for the (s, 2), and 6.25 (s, 1).
preparation of 3-phenylthiete 1,1-dioxide. The crude product Anal. Calcd for C7H12O2S: C, 52.46; H, 7.56. Found: C,
was recrystallized from ethanol to yield white needles: mp 244.5- 52.40; H, 7.39.
246°; yields were 90% or better; ir (CHC13) 1095, 1130, 1310, -----------------
and 1600 cm-1. (29) N. L. Allinger and J. Allinger, J .  Org. Chem ., 24, 1613 (1959).
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3 -ferZ-Butylthietane 1,1-Dioxide (4b).—To a solution of 8.0 g bath temperature overnight and then filtered. The filtrate was
(0.05 mol) of 3-iert-butylthiete 1,1-dioxide in 70 ml of absolute extracted with chloroform and methylene chloride and the com
ethanol was added 500 mg of 5%  palladium on carbon. The bined extracts were dried (Na2S 0 4) and concentrated in  vacuo
mixture was placed on a Parr hydrogenation apparatus with to 1.85 g of light yellow oil. Elution chromatography over silica
hydrogen pressure of 40 psi for 2.5 days. The hydrogenation gel with 1:1 (v/v) chloroform-methylene chloride followed by
mixture was then filtered and concentrated in vacuo to a yellow pure chloroform separated the two sulfoxides. The cis isomer
oil. Vpc analysis showed only one component, which had a was eluted prior to the trans. The ir spectra differed in the 1250-
retention time shorter than that of starting material. Recrystal- 950 cm-1 region but isomer purity was best determined from the
lization from hexane gave 7.1 g (88%) of hydroscopic yellow- nmr spectra.7b Stereochemistry was assigned from the nmr
white crystals: mp 37-39°; ir (CC14) 1140, 1320 cm-1 (S02); spectra also.,b The cis isomer 2e was a colorless oil: mass
nmr (CC14) 8 0.95 (s, 9), 2.50 (m, 1), and 3.92 (d, 4). spectrum (70 eV) m /e  (relative intensities for m /e  above 40) 43

Anal. Calcd for C,H140 2S: C, 51.81; H, 8.71. Found: C, (54 ) 46 (13), 57 (25), 60 (13), 63 (32), 88 (100), 106 (12), 147 
51.74; H, 8.73. (0.9), and 148 (0.5). The calculated mol wt is 148. The trans

3-ferf-Butylthietane (lb ).—To 1.85 g (47 mmol) of lithium isomer (3e) was recrystallized from ether to yield white crystals,
aluminum hydride in 70 ml of anhydrous ether at ice bath tern- mp 50-52.5°.
perature was added dropwise with stirring a solution of 1.85 g Anal. Calcd for CsHgCbS: C, 40.53; H, 5.44. Found: C,
(11.4 mmol) of sulfone (4b) in 100 ml of ether. Stirring was 40.61; H, 5.45.
continued at ice bath temperature for 1 hr. An additional 100 3-Acetoxythietane 1,1-Dioxide (4e).—Treatment of the sulfide
ml of ether was added and the normal work-up procedure with le  with excess 30% hydrogen peroxide in acetone yielded ihe
saturated sodium sulfate solution was followed to yield 1.26 g of corresponding sulfone, a white crystalline solid, mp 117-117.5°.
colorless oil. Chromatography over silica gel (eluting with Anal. Calcd for CsHsOiS: C, 36.58; H, 4.91. Found: C,
hexane) yielded 842 mg (56%) of a colorless volatile oil for which 36.49; H, 4.80.
vpc analysis showed only one peak. The infrared spectrum was 3-Methylthietane (If).—This volatile sulfide was prepared from
void of sulfone absorption bands: nmr (CC14) 8 0.87 (s, 9), and 2-methyl-3-chloropropene according to the method of Bordwell
3.03 (m, 5). and Hewett.32

The mercuric chloride adduct was obtained as a white solid, cis- and trans-3-Methylthietane 1-Oxide (2f and 3f).—These
mp 177.5-178.5°. sulfoxides were recently reported by Tang and Mislow.40 Our

Anal. Calcd for C7H»Cl2HgS: C, 20.93; H, 3.51. Found: samples were likewise prepared by the oxidation of 3-methyl-
C, 21.08; H, 3.57. thietane and subsequent chromatography of the sulfoxide mixture

cis- and irans-3-<cri-Butylthietane 1-Oxides (2b and 3b).—To over silica gel. The cis isomer was eluted prior to the trans;
775 mg (3.7 mmol) of sodium metaperiodate in 8 ml of water at the stereochemical assignments have been reported.40 Cis/trans
ice bath temperature was added 470 mg (3.7 mmol) of crude ratios could be determined by vpc on a 17 ft X 0.25 in. column
sulfide in 6 ml of methanol. The mixture was stirred at ice bath of 7.5% Yersamid on Diaport S at 126° with a helium flow of 1.5
temperature for 12 hr. The reaction mixture was filtered and the ml/sec.
filtrate extracted with chloroform. The dried (Na2S 0 4) extract 3-Methylthietane 1,1-Dioxide (4f).—Oxidation of If with an

. was concentrated in vacuo to a yellow oil. Vpc analysis indicated excess of hydrogen peroxide yielded the corresponding sulfone 
approximately equivalent amounts of the two sulfoxides and a 4f, a colorless oil: ir (film) 2950, 1395, 1310, 1220, 1195 (sh),
small amount of sulfone. The sulfoxide mixture could be resolved and 1160 cm-1; nmr (CDC13) 5 1.35 (d, 3), 2.65 (m, 1), 3.95
by elution chromatography over silica gel, eluting first with (m, 4).
methylene chloride followed by 1 :1 (v/v) methylene chloride and Anal. Calcd for C4H80 2S: C, 39.98; H, 6.71. Found: C, 
chloroform. The cis sulfoxide was eluted first (both sulfoxides 39.79; H, 6.83.
are oils). Stereochemical assignments were based on the nmr 3-Morpholino-3-phenylthietane (7).—To 7.00 g (26.2 mmol) of 
spectra.,b The isomer purity was determined by vpc analysis on sulfone 5c and 3.8 g (100 mmol) of lithium alumuminum hydride 
a 5-ftFFA P (on Chromosorb W) column at 145°. The ir spectra was added dropwise 200 ml of anhydrous ether, keeping the
of the two sulfoxides differed in the region of 1200-1000 cm-1. reaaction flask in an ice bath. Stirring was continued at 0° for
Oxidation of the sulfoxides yielded the sulfone 4b. Mass spectra 10 hr after which time the excess lithium aluminum hydride was 
for 2b (70 eV): m /e  (relative intensities for m /e  above 40) 41 decomposed by dropwise addition of ethanol. The reaction
(62), 43 (10), 55 (34), 57 (100), 69 (27), 83 (11), 97 (11), and mixture was made slightly acidic with 20% hydrochloric acid
146 (30); for 3b, 41 (65), 43 (15), 55 (34), 57 (100), 69 (26), 83 and the ether layer was decanted. The aqueous residue was
(12), 97 (10, and 146 (25). The calculated molecular weight is extracted with ether and the combined ether extracts were dried
146. (M gS04) and concentrated in vacuo to 4.4 g of an oil which crys-

3-Chlorothietane (Id).—This oil was prepared from 3-thieta- tallized in ethanol-hexane. Recrystallization from ethanol
nol30 according to the procedure of Kotin.5“ A yield of 33% was yielded 2.35 g (38%) of white crystals: mp 104-105°; ir (CHC13)
obtained. no sulfone bands; nmr (CDCh) 8 2.25 (m, 4), 3.3-3.8 (m, 8),

cis- and irans-3-Chlorothietane 1-Oxides (2d and 3d).—To 1.09 7.35 (s, 5).
g (10 mmol) of sulfide Id in 29 ml of methylene chloride stirring Anal. Calcd for C13H,7NOS: C, 66.35; H, 7.28; N, 5.95. 
at ice bath temperature was added 2.0 g (10 mmol) of m-chloro- Found: C, 66.22; H, 7.29; N, 5.79.
perbenzoic acid in 35 ml of methylene chloride. After stirring Base Hydrolysis of 5c.—A mixture of amino sulfone 5c (0.5
for 8 hr at ice bath temperature the mixture was filtered. The g), sodium hydroxide (3.0 g), water (30 ml), and methanol (30
filtrate was diluted with chloroform and washed with saturated ml) was heated on a steam bath for 2 hr and the methanol was
sodium hydrogen carbonate solution. The dried (Na2S 04) allowed to evaporate. On cooling 0.25 g of unreacted starting
filtrate was concentrated in vacuo to 1.07 g of yellow oil. The material was collected by filtration. The aqueous filtrate was
two sulfoxides could be separated by chromatography over silica extracted with methylene chloride and the dried (M gS04) extract
gel (eluting with 1:2 chloroform and methylene chloride). The was concentrated in vacuo to 0.15 g of white solid. Recrystalliza-
cis isomer was eluted first, white crystals with mp 92-94° (lit>  tion from ether-petroleum ether vielded 0.06 g of white crystals
mp 91-93°). The trans isomer, white crystals, had mp 74-76° identified as the enamine 9: ir (CHC13) 1552, 1320, 1145, and 
(lit. mp 70-72 °6a or 74-75°8a). A stereochemical assignment is 1118 cm '1; nmr (CDC13) 8 3.0 (s, 3), 3.0-3.15 (m, 4), 3.6-3.8
reported in the literature80 and is substantiated by the nmr (m, 4), 5.45 (s, 1), and 7.5 (m, 5). A second crop of crystals,
spectra.7b 0.02 g, was identified as dimethyl sulfone, a mixture melting

3-Acetoxythietane (le). The procedure of Adams, et a l.,31 point showed no depression, 
was employed to convert 3-thietanol to the acetate le : nmr If the aqueous filtrate above was acidified before extraction
(CC14) 8 1.97 (s, 3), 3.33 (m, 4), and 5.53 (m, 1). with methylene chloride, the ft keto sulfone 8, identified earlier,

cis- and ¿rrms-3-Acetoxythietane 1-Oxide (2e and 3e). To 2.43 was isolated; a mixture melting point showed no depression, 
g (11.4 mmol) of sodium metaperiodate in 30 ml of water at ice Base Hydrolysis of 3-Phenylthiete 1,1-Dioxide (6c).—A mix-
bath temperature was added with stirring 1.50 g (11.4 mmol) of ture of sulfone 6c (0.5 g), sodium hydroxide (3.0 g), water (30
sulfide le  in 3 ml of methanol. The mixture was stirred at ice ml), and methanol (30 ml) was heated on the steam bath for 2
-----------------  hr. After cooling and acidification with dilute sulfuric acid a

(30) D. c. Dittmerand M. E. Christy, J .  Org. C hem ., 26, 1324 (1 9 6 1 ). white solid precipitated. The white solid, 0.18 g, was collected
(31) E. P. Adams, K. N. Ayad, E. P. Doyle, D. O. Holland, W. H. -------------------

Hunter, J. H. C. Nyler, and A. Queen, J . Chem . S oc ., 2665 (I960). (32) F. G. Bordwell and W. A. Hewett, J .  Org. C hem ., 27, 292 (1962).
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by filtration, dried, and compared with an authentic sample of spectrum the signal for the a-methylene protons had disappeared
benzoic acid. The ir spectra were superimposable and a mixture and the multiplet for the methine proton collapsed to a broad
melting point showed no depression. The aqueous layer was singlet.
extracted with methylene chloride and the dried extract was con- The a-tetradeuterated thietane derivatives were reacted under 
centrated in vacuo to ~ 0 .3  g of white solid. After recrystalliza- the same conditions as their hydrogen analogs,
tion this solid was identified as dimethyl sulfone by ir and a Oxidation of Thietanes.—The general methods of oxidation
mixture melting point. Under the conditions described above employed for the oxidation study were reported earlier.6 The
3-p-chlorophenylthiete 1,1-dioxide was converted to p-chloro- use of IV-chlorotriazole as an oxidant for sulfides has been re-
benzoic acid and dimethyl sulfone. ported in a more recent communication from this laboratory.33

Reduction of 3-Phenylthiete 1,1-Dioxide (6c) with Lithium Special care was observed to avoid over oxidation to sulfone, less
Aluminum Hydride.—A solution of lithium aluminum hydride than 1 equiv of oxidant per mole of sulfide was employed. The
(1.0 g ) in 50 ml of freshly distilled TH F was refluxed for 30 min. ratios given in Table I were obtained from planimetric integration
To this was added dropwise with stirring 1.0 g of sulfone (6c) in of the vpc graphs.
50 ml of TH F; addition time was 45 min. Stirring was continued
at room temperature for 1 2  hr after which the excess hydride Registry No.__la  25903-01-9' lb 25903-02-0'
was decomposed with a 20% ammonium chloride solution. The • 3 , ,  - j  , \ r n'„ . . ’
organic layer was filtered and the residue was washed with ether. mercuric chloride adduct of lb, 25903-03-1; mercuric
The dried (MgSO,) organic solution was concentrated in vacuo chloride adduct of lc, 25957-63-5; If, 22438-40-0; 2a,
to a foul smelling oil which was analyzed as predominantly a 25902-65-2; 2b, 25902-66-3; 2c, 25902-67-4; 3a,
single component on vpc. This major component, a colorless 25902-68-5; 3b, 25902-69-6; mercuric chloride adduct
oil, was collected from vpc and tentatively identified as 2-phenyl- of 3c 25902-70-9; 3 e, 25902-71-0; 4 a, 25903-04-2; 4 b,
propanethiol: ir (film) 3000-2850, 1600, 1490, 1440, 1365 (w), o r , ’ n -  „ ’ „ ’ ’ n9 , ’
1060 (w), 1010 (w), 905 (w), 755, and 690 cm -1; nmr (CCh) S 25903-05-3, 4c, 25636-64-0, 4e, 25903-14-4; 4f,
1.0 (t, 1), 1.35 (d, 3), 2 .5-2 .9(m , 3), and 7.17 (s, 5). On shaking 25903-07-5; 5a, 25903-08-6; 5c, 25957-61-3; 6 a,
the nmr sample with D20  the triplet at 5 1.0 disappeared and the 25903-15-5; 6 b, 25903-16-6; 6 c, 25903-17-7; 7, 25903- 
multiplet at s 2.5-2.9 became less complex. 18-8; 3-fer£-butyl-3-dimethylaminothietane 1 ,1 -dioxide,

H-D Exchange of a-Methylene Protons of Thietane 1,1-Di- o ca  A  IV) A
oxide.—Sodium (60 mg, 2.5 mg-atoms) was added to 2.60 g (130 OHO/-D2-4.
mmol) of deuterium oxide; to that solution was added 2.75 mmol
of sulfone 4a or 4b in 6 ml of dioxane. The mixture was heated Acknowledgment.— Wo gratefully acknowledge the
with stirring at 40-50° for 24 hr; stirring was continued at very able technical assistance of Mr. A. Geertsema with
room temperature for an additional 24 hr. Concentrated hydro- th e  synthesis 0f 3-ierf-butylthietane and of Mr. H .
chloric acid (2.o ml) was added with stirring. The reaction mix- T . ,• , , c 0 ,
ture was evaporated in vacuo to dryness and the residue was L ev m  th e  O ra tio n  study of 3-methy thietane.
extracted with ethyl acetate. The extract was concentrated and We are also grateful to Mr. J .  Sprague for the dipole
the residue was recrystallized from methanol to yield 88% of the moment determinations,
a-tetradeuterated sulfone. The melting point and ir spectrum
remained very similar to that of Starting material. In the nmr (33) W. D. Kingsbury and C. R. Johnson, Chem . C om m un., 365 (1969).
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The Stevens rearrangements of YYA-trimethylneopentylammonium iodide (1) have been investigated using 
a series of base-solvent systems. In all cases 3,3,A,A-tetramethyl-l-butylamine (4) is the major rearrangement 
product, with A-ethyl-A-methylneopentylamine (5) and 3,3,A,A-tetramethyl-2-butylamine (6) being formed 
in low yields. In addition, A^A-dimethylneopentylamine (7) from a displacement reaction becomes the major 
product in more acidic solvents. Thermal decomposition (294°) leads to 7 and methyl iodide. An ion-pair 
rearrangement pathway is proposed consistent with the minor side products, Af,lV-dimethylbenzylamine (10), 
from phenyllithium, A,A^dimethyl-l-pentylamine (11) from n-butyllithium, and neopentane (9).

Although the Stevens rearrangement2 of quaternary (CH3)3CCH2N(CH3)3 1- baa> 
ammonium salts has been the subject of many studies !
since its discovery in 1932,3 very little work has been (CH3)3CCH2CH2N(CH3)2

reported using simple alkylammonium systems. 4 As a (CH3)3CCH2N(CH3)2 4
continuation of our interest in this area, we have studied | — >- +
the Stevens rearrangements of iV^A-trimethylneo- ~CH2 (CH3)3CCH2NCH3

pentylammonium iodide (1 ) with a series of base-solvent 2  I
systems. The quaternary ammonium salt 1 has the + 5CH2CH3

characteristic of being the potential precursor for three - + ,
different Stevens rearrangement products, 4, 5, and 6 , (CH3)3CCH ( 3)3 >■  ( »)>  ̂ 3 2

through ylides of similar carbanion stability ,6 2 and 3, CH3
6

* To whom correspondence should be addressed.
(1) The authors thank the National Science Foundation and the donors , •____ . __• «A« „ ;™ A n f o  T-r, frvllnwino- w p

of the Petroleum Research Fund for partial support of this work. b u t differing s te n c  req u irem en ts  In  th e  follow ing w e
(2) t . s. Stevens, e . m . Creighton, a . b . Gordon, and m . MacNieoi, report the results of this study and their relevance to tne

j .  Chem . S oc., 3193 (1928). „  mechanism of the Stevens rearrangement.
(3) For leading references, see S. H. Pine, Org. R eact., 18, 403 (1970).
(4) (a) H. Daniel and J. Paetsch, Chem.. B er ., 101, 1445 (1968); (b)

W. K. Musker, J .  Org. C hem ., 32, 3189 (1967); (c) G. Wittig and D. Krauss, (5) D. J. Cram in “Fundamentals of Carbanion Chemistry, Academic
Ju stu s  L iebig s  A nn. C hem ., 679, 34 (1964). Press, New York, N. Y., 1965, p 21.
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Results The detection of only minor amounts of 6 in some of
A^N,A-trimethylneopentylammonium iodide (1) was Ji16 re^ ang®Ê ent system is not surprising since forma-

allowed to react with a series of base-solvent systems j 101,°  ̂ yhde 3 is expected to be sterically quite hin-
under dry nitrogen. Products were separated into der®d- In fact, 6 is observed only with the base-solvent
basic and nonbasic fractions for analysis by gas chroma- systems generally found to be particularly reactive,
tography. The basic products were positively identi- I  his is exemplified by the formation of 6 on the addition
fied by separation through preparative gas chromatog- °*, tetramethylethylenediamine (TMEDA) to an
raphy and comparison of the nmr and ir spectra of the «-butylhthium-hexane run. TMEDA is known to
recovered samples with the spectra of independently depolymerize the reagent and markedly increase its
synthesized materials. The average results of many ac^ it y .  . , ,  ___
runs are compiled in Table I I be re*aflveiy greater yield of 7 m hexamethylphos-

phoramide (HMPA), presumably from a methyl dis- 
Table placement, reflects an expected enhancement of nucleo-

able philic reactivity of the base in this polar aprotic solvent.
A. Ar, rTSTEVENsREAHRANGBMENTS01’ t This is further indicated by the comparison of the
N,N,N-TB— EoPENmMMONmM Iodide phenyllithium and n-butyllithium results where n-butyl

Base-solvent "T 5̂° produCgS’ % ^  is the better nucleophile. Although 1 is thermally
n-C4HgLi-hexane“ 86 5.1 o6 9 3 stable under our reaction conditions, it does decompose
n-C4H9Li-hexane, TMEDA0 81 2.1 1.3 16 at its melting point (294°) to give 7 and methyl iodide.
n-C4HsLi-HMPA° 73 1.2 0.4 25 In the more acidic solvents, dimethyl sulfoxide, am-
CeHsLi-HMPA“ 77 2.5 1.2 19 monia, and terf-butyl alcohol, formation of the requisite
CeEfiLi-CiAHshO, C6H6 97 1.0 0 1.7 ylides (2 or 3) is not favored and displacement to give 7
m-C4HgLi-DMSO" 0 0.7 0 99 becomes the major pathway. terf-Butyl methyl ether

d d from such a disPlacement was detected when potassium
KOC(CH3)3-(CH3)3COH e ¿erf-butoxide was the base.

„ T ™ , dissociation-recombiimtion mechanisms are 
yield provided only qualitative data, 4:7 ~ 1:5. «Only basic currently being considered for the Stevens rearrange- 
product observed. ment. The ion-pair pathway (a) initially proposed by

Stevens8 and reintroduced by Je n n y ,9 and the radical- 
All three potential rearrangem ent products are found, pa*r Patbway (b) suggested by Schollkopf.10 

w ith 3 ,3 ,A ',lV -tetram ethyl-l-butylam ine (4) predom i- | |
n an t in all cases. In  less basic system s the rearrange- —N+=C
m ents are notably  inhibited and the nonrearranged I
te rtia ry  amine, A^iV-dimethylneopentylamine (7), pre- R _

(CH3)3CCH2N(CH3)2 \
7 I -  | |

—N+—C— ■ —N—C—R
dom inates. A dditional basic m aterials, A^iV-dimethyl- R  ̂ ^
benzylam ine (10) and N ,N -d im ethyl-l-p en tylam ine \  b /
(11), are also observed when the base used is phenyl- , ^  '
lithium or n-butyllithium, respectively. c _ n_ c -

Discussion R ' R '

The observation that 4 is the major rearrangement - We believe that the ion-pair mechanism is most con- 
product suggests that the relief of internal nonbonded ®&tent with our results. Neopentane (9) has been
interactions is significant in directing the reaction path- found as a nonbasic product from the rearrangement as
way. In a related study only the product analogous exPected from collapse of the carbanion portion of the
to 4 was obtained from N,.A,.A-trimethyl-2,2,2-tri- lon-pair 8 with solvent. In addition, the amines 10 and
phenylethylammonium iodide. In this case the authors -11’ Presumed to arise by reaction of the methylene
suggested that a combination, of steric and electronic ™ monium cation portion of 8 with the base, were also
factors may be involved.6 /(It is interesting to note detected. Although these products were found in low 
however, that the reductive cleavage of 1 with sodium- + +
ammonia results principally in methyl cleavage, a result (CH3)3CCH2N(CH3)2 >■ (CH3)3CCH2~ CH2=N(CH3)2 — > 4
which does not appear tr6 involve significant steric accel- ~CH2 8
eration.6) Consistent with this is the formation of only 2
small amounts of 5 which also originates from the vlide , /  . / \
2, but provides little relief of strain. We would not S° /  C6HiTjV  \n-C.H,Li
expect electronic factors to be important in directing (CH3)4C C6H5CH2N(CH3)2 ra-CsHnNCCHsh
th e  rearrangem ent of ylide 2  in this case, although such 9 10 ' n
control would probably favor methyl over neopentyl ---------------
m ig ra tio n . (7) C. G. Screttas and J. F. Eastham, ib id ., 87, 3276 (1965).

... ........... (g) (a) T. S. Stevens, J .  Chem . S oc., 2107 (1930); (b) T. Thomson and
T? c *rmmnotni t j _ ~ S. Stevens, ib id ,, 55 (1932).

(1964). n’ r’ an ■ °BeTa- J - A m er- Chem. S oc., 86,854 (9) E. F. Jenny and J. Druey, Angew. C hem ., In t . E d . E n g l., 1, 155 (1962).
(10) U. Schollkopf and U. Ludwig, Chem . B er . 101, 2224 (1968).
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yield, their relevance to  the m ajor reaction  p athw ay 3,3,Ar,A?-Tetramethyl-l-butylamine (4).—To a 100-ml flask 
seems reasonable. T h e Stevens rearrangem ent is equipped with a Dry Ice condenser, stirrer, and dropping funnel,
known « 0  be highly s t e r e o a p e c ,^  and in tram o lecu lar«  V S
and probably  occurs w ithin a tig h t solvent cage. I t  is 0f tetrahydrofuran. The solution was cooled to 0 °, and then
not surprising, therefore, th a t only a sm all degree of a solution of 13.0 g (0.29 mol) of dimethylamine in 25 ml of
escape from  the cage is observed. tetrahydrofuran was added dropwise. After stirring an addi-

T he dim er 1 2  expected  from  a radical-pair inter- rtional 2 0  I T ’ t j,h e  solid^ as recovered by filtration and washed
further with solvent. The total solvent was removed under 

("CH 1 CCH OH CYPH 1 reduced pressure and the resulting liquid distilled to give 8 . 6  g
3 3  1 2  2 3 3 (71%) of V,V-dimethyl-ieri-butylacetamide: bp 94^97° (23 mm).

To a flask equipped with a stirrer, reflux condenser, and drop- 
, , , , , , , ping funnel was added 25 ml of anhydrous ether and 2.1 g (0.054

m ediate1** w as shown not to  be present by gas chrom a- mol) of lithium aiuminum hydride (aU under nitrogen). N,N-
tographic analysis. A n a ttem p t to  observe chem ically Dimethyl-teri-butylacetamide (8 . 6  g, 0.06 mol) in 1 0  ml of
induced dynam ic polarization (C ID N P ) evidence for a anhydrous ether was added dropwise at a rate to maintain gentle
radical p ath w ay13 w as unsuccessful. This m ay, how- reflux- After refluxing an additional 1 hr, the mixture was
ever be due to  exnerim ental difficulties in this svstem  cooled and hydrolyzed wlth 2-1 1111 of water> 2 -1 ml of 15%7 ® , exPerlmey ai a im cu m e s m  tills system . sodium hydroxide, and 6.2 ml of water, added in that order. 17

A lthough th e  recen t ob servation s of CIDNP during The solids were removed by filtration and washed further with
product form ation in some Stevens rearrangem ents sug- ether. The total ether phase was dried over anhydrous magne-
gest the involvem ent of a radical p a ir ,13 the application sium sulfate and distilled to give 4.5 g (58%) of 4: bp 128-
of this d ata  to  a m echanistic sequence is not clear since ’ ? ? “) (c Cl4̂ d-^  is’ 9 ’ icy ^ C ] ,  1.12-1.57 (m, 2, CH2),
substituent effect studies m ay be consistent w ith an 260-261° dec.
ionic m echanism .8b A com petition betw een the ionic Anal. Calcd for C8H20NC1: C, 57.99; H, 12.17; N, 8.45 .
(a) and radical (b) pathw ays which would result in sig- Found: C, 57.43; H, 11.93; N, 8.24.
nificant contributions from  both  seems therm odynam - A-Ethyl-A-methylneopentylamine (5).-A-Methylpivalamide 

n i i  -n - ii i x1 2l . was prepared as above from 70.0 g (0.58 mol) of pivalyl chloride18
ically unreasonable. Possibly both  pathw ays are in- and ^ efhylamine to give> after 4 rystallizationfrom petroleum
volved m a sequential rath er th an  com petitive p ath - ether (bp 30-60°)-tetrahydrofuran, 53.9 g (81%) of a white 
w ays. W e are cu rrently  involved in studies in an solid: nmr (CC14) s 1.17 [s, 9, (CH3)3C], 2.73 (d, 3, NCH3,
attem p t to  determ ine the im portance of these two po- J  =  5 Hz), 7.27 (s, 1, NH).
tential pathw ays to th e  base-prom oted rearrangem ents
01 q u atern ary  am m onium  salts. 1 4 4  hr> work-up and distillation gave 2.41 g (5 7 % ) of iV-methyl-

neopentylamine: bp 88-90°; nmr (CCh) 5 0.60 (s, 1 , NH), 
^  0  .. 0.89 [s, 9, (CH*)*C], 2.27 (s, 2 , CH2), 2.40 (s, 3, NCH3).
E xp erim en ta l b ectio n  To 2.4 g (0.024 mol) of A-methylneopentylamine in 25 ml of

Nmr spectra were obtained using a Varian A-60 spectrometer. anhydrous acetone was added 1.9 ml (0.024 mol) of ethyl iodide.
• F v f in _ , 1 j c i i  * • f  1 rpiv/ra After stirring for 72 hr, the volume was reduced to 5 mi, andChemical shuts are reported as downneld from internal 1Mb. ,, or 1 a j -i A , , . 1 j j  j  i •M u. ■ . , 1 • tt , 1 then 25 ml of dilute sodium hydroxide was added and the mix-Meltmg points were taken using a Hoover apparatus and are , J r™ , _  „ A ■ A± * a n  n , 1  • i 1 1 • i ture extracted with pentane. The pentane was dried overnot corrected. Gas chromatographic analyses were obtained , , u A tv n i t • 11 1 n ioncrr\-ru p Tv,r Tv/r j  i -7AA • . t  ^ i anhydrous magnesium sulfate. Distillation yielded 1.1 g (37%)on an F & M Model 700 or 720 instrument using a Carbowax , 4  ,, , , r 6  ,, , , , ■ . u« i-m hq®. „ ® \OAlv/r • ™ u mo 1 t> 1 of M-ethyl-A-methylneopentylamme: bp 110-118° nmr (OCl4)20M or in some cases a Ghromosorb 103 column. Peak areas _ A 0 . r J /r)XT Pm A no % o n x i n x i t v o nc /„ i • t-\• • 1 1 i 1 , • i 0 u.o4 [s, y, (DJ7I3)3wj, u.yo (t, o, Avxi2̂ -ti3, j  — t nz;, ¿.uo ts,were measured using a Disc integrator and predetermined 0 VATT \ 0 0 , , v> xrr*xi \ o 00 o m  ptj r b rrn\.,• r . r 1 i 1 , TD Z, JNCJtiH, z .z 4  (s , o , IN U xij), Z . 6 0  (q , Z, UXI2O1I3, J  =  ( x iz ; ,

co rre ctio n  fa c to r s  fo r  ea ch  re a rra n g e m e n t p ro d u ct. R e a rra n g e - , ,  . .r y  0A1 n no
ment products were identified by separation using gas chromatog- t Cal d̂ f Nj ; c  39.86; H, 8.18; N, 5.16.
raphy and comparison of retention times and spectral data with n  .An, tto o o  m  m o• a a 4-1 4.1, ■ a Found: C, 40.04; H ,8 .28; N, 5.13.
mdependen ly synthesized^materials. 3 ,3 ,)V,iV-Tetrainethyl-2 -butylamine (6).-3,3-Dimethyl-2-

n-Butylhthmm was obtained from Foote Mineral Co. as a ^  redf8 in l7%  yield: bp 102-103°; nmr
solution m hexane. Phenyllithium was obtained from Alia n 0 0  r t. /An \ m A nz Q n r j  T A rr,\ i oqn i . i n  i . i ,r i14 (CC14) 5 0.82 [s, 9, (CH3)3C], 0.95 (d, 3, GH3, J  =  b Hz), 1.28Chemical Co. as a solution m benzene-ether or was prepared14 ; 9  -Cxr \ 9  cp / 1 pA r — fiTT 'i
as needed. Potassium £er£-butoxide was obtained from MSA ( ^  J ’ r qo\a^ . j  , Treatment of the primary amme with formic acid-iormal-
Corp. Sodium amide was prepared as needed.« Solvents were d 16 50% yield of 6 : bp 120-126°; nmr (CC14) 8

a/ « I  t  1  • t h m  m  Th 0.87 (d, 3, CHS, / = 7 Hz), 0.87 [s, 9, (CH3)3C], 2.17 (q, 1,
A,.V,A-Tnmethylneopentylammonium Iodide 1 ) — The reac- CH }  1  7' Hz) ’2 _20 [ 6> N (CH3)2] ; methiodide mp 241-242°.

tion of neopentylamme with formic acid-formaldehyde« over- ^  Calcd ^  c  H OT: c  39.86; H, 8.18; N, 5.16.
mght gave a 46%.yieldl of A>p“ ^neO Pentylamme « :  Found; c _ 4014; H>8.22. N>4,82„
o ofiCr9°«  T w  Pw! 4 5 P a°t tv 9 ’ x-P? 3 S°  ’ 2 ’ ’ Neopentane (9) was obtained commercially from Cal Biochem.
2 28 [s, 6 , CH3)2N1. AW-Dimethylneopentylamme (7) was J -Dimethylbenzylamine (10) was obtained commercially 
also prepared from pivalyl chloride and dimethylamine6 in 52% from Eastman
yl<l d „ „ „„„ ,. - , . . , ,  , f , , JV,lV-Dimethyl-l-pentylamine (11) was prepared from 1-

To 3.0 g (0 026 mol) of tertiary amine m 15 ml of anhydrous ylamine uL g  formic acid-formaldehyde« in 56% yield:
acetone was added 8 ml of methyl iodide. After stirring for 24 £ 1{ 8_124o. nmr (CCl4) a 0.8-1.1 (m, 3, CH,), 1.2-1 .6 [m, 6 ,
hr, the solid was recovered by filtration and recrystallized from g  ¿.18 [s, 6 , N(CH3)2] , 2.1-2.3 (m, 2, NCH2). 
absolute ethanol to give 6 7  g of as white crys als: mp 293- 2 ,2 ,5 ,5 -TetramethylheXane (1 2 ) .-A  mixture of 2 g (0.013
o9Jn deC9’ tp DC 3 S 1-28 S’ 9’ ĈH3')3C' ’ 3,58  ̂ ’ 9’ (CH3hNi mo]) 0f neopentyl bromide and 0.09 g (0.013 g-atom) of lithium 
3.70is, 2,OH2N). metal in 15 ml of anhydrous ether was refluxed for 4 hr,

Anal. Calcd for C8H2oNI. C, 37.37, H, 7.84, N, 5.45. and then stirred for an additi0nal 16 hr. Addition of water
Found: C, 37.41; H,8.16; N, 5.27. followed by separation of the organic phase, drying (MgS04),

(11) B. J. Millard and T. S. Stevens, J .  C hem . S oc ., 3397 (1963). and distillation gave the crude product, bp 95-105° . Prepara-
(12) R. A. Johnstone and T. S. Stevens, ib id ., 4487 (1955). tive gas chromatography was used to separate starting material
(13) (a) u. Schollkopf, u. Ludwig, G. Ostermann, and M. Patsch, from the major product 12: nmr (CHC13) S 0.84 [s, 18, (CH3)3C j,

Tetrahedron L ett., 3415 (1969); (b) A. R. Lepley, C hem . C om m un., 1460 1.12 (s, 4, CH2).
(1969) .  *

(14) A. I. Vogel, "Textbook of Practical Organic Chemistry,” Longmans,
Green and Co., London, 1957, p 931. (17) B. M. Micovic and M. L. J. Mihailovic, / .  Org. C hem ., 18, 1190 (1953).

(15) Reference 14, p 197. (18) H. C. Brown, J .  A m er. C hem . S oc ., 60, 1325 (1938).
(16) S. H. Pine, J .  C hem . E d u c ., 45 , 118 (1968). (19) M. L. Moore, Org. R eact., 5, 321 (1949).

jV.iV,Ar-TRIMETHYLNEOPENTYLAMMONIUM IODIDE ./. O rg. C h em ., V ol. 3 5 , N o . 1 1 , 1 9 7 0  3665



Typical Rearrangement.—To a constricted tube with a small In one run as above, 0.2 ml of TMEDA was added and the
magnetic stirrer was added 0.26 g (0.001 mol) of 1 followed reaction time reduced to 1 hr. Controls were also run on solvent
by 5 ml of dry hexane and 1.3 ml of 1.6 N  (0.002 mol) n- plus salt 1 or solvent plus base and analyzed as above,
butyllithium-hexane. The tube was purged with nitrogen, t, . , „  , „„ , . , „ . TT„ ,
sealed and placed in a bath at 75 ±  2 ° with stirring for 48 hr. Registry No. 1, _6154-20-1, 4, 15673-04-8, 4 HC1, 
Water (3 ml) was added to the reaction mixture, and the organic 26153-93-5; 5, 26153-85-5; 5 M el, 26153-94-6; 6,
layer was separated and extracted with 3 IV HC1. The remain- 4474-61-7; 6 Mel, 26153-95-7; 7, 10076-31-0; 11,
ing nonbasic phase was retained for further analysis. The acid 26153-88-8; 12, 1071-81-4; A^A-dimethyl-terf-butyl-
extracts were made basic with 50% sodium hydroxide and the ___, ■ , oei tro nr> o xr ,i i , ,
basic products extracted with pentane. Careful distillation to O2®1̂ 0' 2; tf-methylneopentylamme,
concentrate the product resulted in 0 .1- 0.2 ml of a products- 26153-91-3; o,o,N >A'-tetramethyl-2-butylamine, 3850-
pentane solution which was analyzed by gas chromatography. 30-4.

o-Quinone M ethides. II. Trapping with Production of Chrom ans

D onald A. B olon

General Electric Research and Development Center, Schenectady, New York 12301 
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The first paper1 demonstrated that phenoxy radicals are a precursor to the formation of the trimer 2. They 
must pass through an o-quinone methide which could not be observed. This work demonstrates that the o- 
quinone methide can be trapped by reactive dienophiles and nucleophilic agents. A convenient synthesis of a 
variety of chromans results from this reaction. Only one isomer is obtained which suggests the similarity to usual 
diene reactions.

The first paper in this series1 showed that the oxida- trapped. Hultzsch2 heated saligenin in the presence of
tion of 2,6-dimethylphenols (1) with metal oxides or styrene to form the chroman 8. Other reactions of
basic potassium ferricyanide gave as a product a trimer.
The trimer was shown to have the rather complex struc- ^\/C H 20H ch2 a ^ ' ' y ' ° \ ^ c6h5

Y Y . 0H CH Y Y Y
|H ? Y Y  V C 6H5

CHiY j CHj _  CHY y CH> ^  ch!> < S  I
CHi'y Y ' CH3 this type have been reported3'4 but all involve the 

R R application of heat to convert the phenol precursor to
5 3 T the o-quinone methide.

I °^/ 4 Near the end of this work, an o-quinone methide
oh 0R„ o oh which is stabilized by trifluoromethyl groups was re-

CH,yJ^Y 'CÊ  r"_oh CHs" Y v * CH2 ch’Y v CHi ported by Sheppard.6 This was prepared by pyrolysis 
T |  -|E °H T T  + k s j  sulhte ester 9. The quinone methide 10 was not

I isolable but reacted with styrene to give the chroman
R R R 11.
7 /  5 1

R'-CH— CM, s '  | 0

S  CH, .X  CF

X J  R° T i CFj CF3
R C H ,Y Y r 9 10 ||

6 2

ture 2. An examination of the structure suggests that T Y 6 is f'nY er. method of trapping quinone 
it results from a diene-dienophile addition of three o- methides.  ̂This involves the addition of nucleophiles
quinone methides 5. However, spectroscopic evi- Y  system- Fdar and Winstein6 have
dence demonstrated that both the phenoxy radical 3 studied this addition to p-quinone methides, but they 
and its dimeric o-quinol ether dimer 4 were present hadn0 examPles °f an o-quinone methide. Very little
and were part of the sequence of reactions that resulted T °rk haS,- b?en done. where °-quinone methides have
in the formation of the trimer. Direct evidence of the 131 s° lutlon'
existence of the o-quinone methide was lacking It , X  thls background of previous work, it was 
was felt that it should be possible to demonstrate the declded to concentrate on the generation of the sus-
existence of an o-quinone methide by intercepting it (2) k . Hultzsch, c h e m .  B e r . ,  74, 898 (1941), j . P r a h t .  c h e m . ,  ias 27s 
with a dienophile more reactive than itself. (mi).

There have been a few examples of the presence of an f l  t  w ^ T '" 8’ h t * Z - i ? ' J4’29*7.dt52)’
o-qumone methide being demonstrated by its being a 964).

(5) W. A. Sheppard, J .  O r g .  C h e m , . ,  33 , 3297 (1968).
(1) D, A. Bolon, J .  O r g .  C h e m . ,  35, 715 (1970). (6) L. J .  Filar and S. Winstein, T e t r a h e d r o n  L e t t . ,  25, 9 (1960).
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pected o-quinone m ethide in solution in the presence of This is dem onstrated also in the case where 4-m e- 
various trapping agents. thoxy-2,6-diraethylphenol was oxidized in ethyl vinyl

o-Quinone M ethides. T he bulk of the work in this ether. T he chief product in this reaction  is the trim er
paper was done w ith the readily available 4rferf-butyl- 2 (R  =  C H 30 ) .
2 .6 - dimethylphenol ( 1 ,R  =  ¿erf-butyl). O ther phenols A nother class of dienophile th a t w as tried was the
such as 4-m ethoxy-2,6-dim ethylphenol and 4-phenyl- styrenes. B o th  styrene and «-m eth ylstyren e were
2 .6 - dim ethylphenol were used on occasion to convince successful in trapping the o-quinone m ethide and gave
us th a t the reaction was general but the bulk of the chrom ans like 13 and 14. T h ese reagents were not so
work was done on 1 (R  =  ¿erf-butyl). successful as the vinyl ethers and consequently the

The first step in the metal oxide oxidation of the chromans had to be distilled from the trimer as well as
phenol 1 is the removal of the phenolic hydrogen to some thermally polymerized styrene. The yields were
yield a phenoxy radical 3. These radicals dimerize to low.
yield an o-quinol ether 4, which exists in equilibrium A  third  set of dienophiles were used and these were 
with the rad ical.1 This system  disproportionates to  the dienes. One of the bonds in a conjugated diene
yield an  o-quinone m ethide 5 and the phenol 1. In  an acts as a dienophile and trap s the o-quinone m ethide
inert solvent the fate  of the o-quinone m ethide is nor- giving a vinylchrom an like 15. T he presence of the  
mally trim erization to  2. vinyl group was dem onstrated by ir and nm r spectral

I t  was believed th a t  5 should h ave an appreciable d ata  and by ca ta ly tic  reduction of the vinyl group in 
lifetime. Previously attem p ts had been m ade to  ob- 15.
serve the group by spectroscopic m eans but its lifetim e In  the case of an unsym m etrical diene like isoprene, 
was too short for the m ethods used. tw o chrom ans are form ed. B o th  result from  an addi-

T he oxidation of 1 in the presence of a v arie ty  of tion  to the two different bonds of the isoprene rath er
elec'ron-rich  dienophiles w as then carried out. In  th an  from  a difference in orientation of one of the ole-
Table I are shown the chrom ans obtained by this finic bonds. T h e isom er which results from  the more

stable interm ediate 16 is favored over the one th a t  
T a b l e  I yields 17 by a 2 :1  ratio.

C h r o m a n s  f r o m  4-terf-BuTYL-2,6-XYLENOL ' In  Table n  are listed some of the dienophiles th a t
CH,

, . J ^ o - ^ 00*  Table 11
t y vmy et er ► DIENOPHILES THAT YIELD CHROMANS UPON

12 R e a c t i o n  w i t h  o-Q u in o n e  M e t h i d e s

Amount, Chroman,
X o v w  Di3Dophile ml %

- f II 1 None . . .  . . . «
ayr™e A / - —'  Isoprene 5 306

13 2,3-Dimethylbutadiene 5 24
^  Butadiene 5 10'3 p r r
1  ̂ 0 i 3 Cyclohexadiene-1,3 5 8

„-Methyl styrene —  J M f  J 0*  Ethyl vinyl ether 5 100
Isobutyl vinyl ether 5 65'

14 »-Methylstyrene 5 13
CH, CH CH Diethyl ketene acetal 5 20'

1 n-Propyl methylacrylate 5 6'
2,3-Dimethyl butadiene —► II I ĈH2 Isoprene 1 12

]5 Isoprene 5 30
Isoprene 10 85

i 1'3 CH, a The blank run showed 10% recovery of phenol indicating the
— c h = C H 2 silver oxide is only 90% effective or that some of the silver

oxide is oxidizing something other than the phenol. 6 20% of 
16 10, 10% of 11. ' These materials were trapped off the vpc and

Isoprene _CH CH identified by mass spectrometry.

f l f ' V V ,  successfully trap  the o-quinone m ethide. T hese were
run in a standard  fashion where equim olar am ounts of 

17 4-ferf-butylxylenol and silver oxide were reacted  in
benzene. T h e dienophile w as added in the am ount 

m ethod. This confirmed our belief th a t  o-quinone indicated and the products then  analyzed by gas chro- 
m ethides were present. T h e reaction  w ith ethyl vinyl m atography. T h e per cent com position given under
ether w as run using the ether as a solvent and in a 1 :1  the chrom an then is a  m easure of the trapping efh-
mol ratio  w ith the phenol and using benzene as a sol- ciency of the dienophile. I t  is evident th a t the m ost
vent. In  both cases the chief product w as the chrom an effective are the dienes. T h e three isoprene samples
12. This reaction is a  com petition as the yield of the show the large effect th a t  the con cen tration  of the  
chrom an is substantially  lower where a 1 :1  ratio  of trapping agent has upon the ra te  of trapping. T his is a
inert solvent to  dienophile is used th an  when the di- m easure of the com petition of the o-quinone m ethide
enophile is used as the solvent. W hen the yield of the w ith  itself.
chrom an is reduced by diluting the dienophile, the Some of these chrom ans were n ot p reparatively  made 
other product th a t is obtained is the trim er correspond- but were collected from the vpc and identified by ir and  
in g to 2 .  by m ass spectra.
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T h ere also were some olefins th a t would not com pete A ny dienophile th a t has some stabilizing effect on the
for the o-quinone m ethide. Som e of these are 3,3-d i- developing benzylic carbonium  ion should preferentially
m ethylbutene-1, isoquinoline, cyclooctadiene-1,3, vinyl- add in a single orientation. In  addition, oth er agents
benzoate, norbornene, acrylonitrile, A'-vinylpyrrolidone, should add to  this developing charge sep arated  species,
and 1-pyrrolidinocyclohexene. Isolated double bonds o-Quinone M ethides and N ucleophiles.— Several 
and those substituted  w ith deactivatin g  groups are not nucleophiles were also found to be capable of intercepting
reactive  enough to  interfere w ith the trim erization. the o-quinone m ethide. W hen 4-feri-butyl-2,6-xylenol
C yclooctadiene is puzzling because it should be active is oxidized in th e  presence of acetic acid, the chief
enough and it m ay even be expected to  react in view of product formed is the 2 -(a -acetoxy m eth yl)-6 -m eth y l-4 -
th e  success of cyclohexadiene. I t  is possible th a t the teri-butylphenol 23. This m aterial could n ot be iso
flexibility of the eight-m em ber ring offers some sort of lated directly because upon heating it split out acetic
steric hindrance. acid and regenerated the o-quinone m ethide which

Several other phenols were used in place of the 4- trim erized. 
terf-butyl-2,6-xylenol in a sim ilar reaction. W hen T h e phenol 23 w as isolated by converting it to  the  
ethyl vinyl ether was used as a solvent both 4-m eth - trim ethylsilyl ether by use of b is(trim eth ylsily l)acet- 
oxy-2,6-dim ethylphenol and 2-m ethyl-4,6-di-ierf-butyl- am ide.7 T his ether could be distilled and th e  free 
phenol yielded the corresponding chrom ans 18 and 19. phenol then reisolated by hydrolysis of the trim eth yl

silyl ether. 
ch3

c o iC r 0" 5 ¿ C T 1   .....^
J£  J9

23
Several reactions were perform ed on the chrom an 12.

T h e acetal linkage w as thought to  be susceptible to  A nother nucleophile th a t  would trap  the o-quinone 
hydrolysis. H ow ever, prolonged refluxing in acidified m ethide was m ethanol. If the oxidation of 4-teri-butyl- 
aqueous ethanol resulted in recovery of the chrom an. 2,6-xylenol is run in m ethanol w ith an excess of the  
W hen the solvent w as switched to  m ethanol, the re- phenol over the oxidizing agent, the p rim ary product 
covered m aterial w as the chrom an 20  dem onstrating formed is 4-terf-butyl-2-m ethoxym ethyl-6-m ethylphe- 
the stability  of the chrom an ring even after an acid- n ol24 . 
catalyzed cleavage. W hen the sam e reaction  was
carried out in the presence of an aldehyde trap  such as *jH
2,4-dinitrophenylhydrazine (D N P ), the /3-phenol pro- Ag2o CH3\ ^ ik ^ C H 20 CH3
pionaldehyde derivative 21 was obtained dem onstrating -  *R = '"BUTYL* ch3oh * L  J j
the ring opening equilibrium.

9H3 24

I  ̂ II J  T he m ethoxy group is not deactivatin g  enough and if
a higher o xid an t: phenol ratio  than  1 is used the p rim ary  

12 — product 24 is itself oxidized and adds another m olecule
~~ CH3 of m ethanol. This has been shown in the work of Or-

^ 5 ^  lando8 where the second m ethoxy a ttach es to  the sam e
f  |T m ethyl as the first m ethoxy. T he phenol w ith two

■ W ^ AvCU2CH2CH = dnp m ethoxy groups w as not isolated but w as identified by
m ass spectrum . Because of this spectrum  of possible 

£ ! products, this p articu lar reaction  is not a good p rep ara-

"The trapping reaction is obviously a cycloaddition of ^ T ^ ira p p in g  reactions demonstrate that an o- 
a diene (the o-quinone methide) to a dienophile. These quinone methide is present in the oxidation of 4-tert-
expenments do not distinguish between a two-step or a butyl-2,6-xylenol and that it is susceptible to trapping,
concerted process. The very specific orientation as A variety of 2-methyl substituted phenols yield the o- 
obtained here suggests some sort of prior complexation quinone methide with the onl J[so being that there
ot the reactants allowing polar effects to direct the u , , . . .  ... T .All f xu J ; \  , be no a hydrogen on the 4 position. In addition, aaddition. All of the products can be accounted for by , , *4 -r  , ■ ,,, i • j  . . /y variety of dienes and nucleophilic reagents can mter-
Ide nnd t i eP " " " l  ™  t0.th+e «-quinone ^ h -  t the 0.quin0ne methide on its way to self-trimeriza-
!de and then using this to predict the orientation. w  Thig offerg a new route to ayvariety of substi.

CH tu ted  chrom ans. T he specific orientation  observed in
i 3 8“ these reactions is expected of diene reactions and offers

little  suggestion as to  w hether the reaction  is concerted
x k A c H 2s+ or two step.

(7) J. F. Klebe, H. Finkbeiner, and D. M. White, J .  A m er. Chem . S oo .,
22 88, 3390 (1966}.

(8) C. M. Orlando, J .  Org. C hem ., in press.
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E xperim ental Section § -è
f t   ̂ £51 1

4-ferf-Butyl-2,6-Xylenol.—This material was prepared by -3 5  o i o l S  2  3  c! o  w 2
alkylation of 2 ,6-dimethylphenol with isobutylene. S ^

Measurement of the Efficiency of Quinone Methide Trapping.
■—A standard solution was prepared in benzene containing 1 mol ^ rH -g“
of 4-ferf-butyl-2,6-xylenol and 0.1 mol of m-terphenyl as an ^ oo o o o ^ t *  o o c o ì d ^- o
internal standard per 25 ml of solution. In individual runs, the g *  os co d o  o  o  co o  ^
appropriate trapping dienophile was mixed with 25 ml of the £  - 1 .a
standard solution and oxidized with 0.232 g (1 mol) of silver 'o 0
oxide.

After 1 hr, a sample of the solution was silylated with bis(tri- 0 ^ ^ ® N °  g  «
methylsilyl )acetamide7 and analyzed on a vpc using a 2-ft 5- oo oo oo So So S  K ® .
silicon rubber column with a 60 ml/min flow of helium and 100-  g. a
300° at 10°/min programming. The various peaks were in- -d ®
tegrated and compared with the standard. Duplicate runs i^ o o  o ^ r o o  th cx o  ° ‘is
agreed with each other ± 5 % . | g  g  £  S  S  n ®' § ,1

In those cases where the prepared chroman was not one of the "
materials in Table III, the material was collected from the vpc ® £
and identified by ir, nmr, and mass spectrometry. The results
of this experiment are given in Table II. 3  V  x  ^ ^ g -0

2-Ethoxy-6-£erf-butyl-8-methylchroman 12 .—This is a general -3 02 00 00 S  c n r o o o o  g,-«
reaction for the preparation of chromans. It is written for the °  fe *
specific preparation of 12 , but can be used for all of the chromans
listed in Table I I I .  ^  r, „  r, -u "

In a magnetically stirred, water-cooled flask were placed 4- ° t d  io in m m r o o o o - g .
fer£-butyl-2,6-dimethylphenol (8.9 g, 0.05 mol), ethyl vinyl ether o o c o o o  co oo i> ^
(10 ml), and silver oxide (15 g, 0.06 mol). The mixture was §*'£,
stirred until the dark color of the silver oxide turned to the light
grey of reduced silver in about 0.5 hr. O O O Ó O O Ó O < ì5<n

The slurry was filtered and the filtrate distilled. After a (5 ^.5
forerun of ethyl vinyl ether, the chroman 12 was obtained as a 2 g a s  s 5 s 3 ® -g
pale yellow oil, bp 103-110° (0.65 mm), 9.9 g (80% yield). °  O O O O Q O O g  j
Redistillation gave pure chroman [bp 106-107° (0.6 mm.)]. _ +=

Anal. Calcd for C16H24O2: C, 77.4; H, 9.7; mol wt, 248. z - ~ -  ^  £ ”§ b$;
Found: C, 77.2; H, 9.8; mol wt, 241. 3  _  ^  ^  ^  | l os d o  o  0 0  .p ^

2 ,8-Dimethyl-2-isopropyl-6-iert-butylchroman.—Absolute etha- § § S  ^  ' '  p  «
noi (100 ml), 2,8-dimethyl-2-isopropenyl-6-ieri-butylchroman 15 w q  ¡T 2  d ^ o  2 2  ' d ^ J a S
(1.92 g, 0.0074 mol) and platinum oxide (0.1 g) were shaken in w h J  w 'T ^  7* T
a hydrogenation apparatus. Hydrogen uptake was very rapid w o  2  2 2 7 h 2 2  2 " ® ^ ^
until 1 equiv was absorbed. The reaction was stopped and the ® o .S § *
solvent evaporated after filtration of the catalyst. The oil that E-t S -3 § O
was left was distilled and virtually all of the material distilled at « ?  o  o  c* <o i t  s  ii  o  o 3 I
113° (0.4 mm): ir (CC14) C =C at 1646 cm" 1 is not present. 00 - 1 c’ ® 50 - 1 00 £ ¿ X

Anal. Calcd for Ci8H280 : C, 83.1; H, 10.8; mol wt, 260. « js q
Found: C, 82.9; H, 10.8; mol wt, 265. ^  »5 £  O

Exchange of the Ethoxy Group on 2-Ethoxy-8-methyl-6-ferf- "g -a
butylchroman (12). Acetal Exchange.—2-Ethoxy-8-methyl-6- | g  ~
ierf-butylchroman (0.5 g, 12) was heated to reflux in methanol -3 ® o> - ® ® ® ® ® ;o Ja •
(20 ml) containing a trace of HC1. After 20 hr the solvent was 00 § § W o o o o § ° g 6^
removed and the residual oil examined by nmr which showed the Z i ? O Z  ¡z; ¡z; Z Z . S
absenc of the ethyl and the presence of a methoxy at 3.37 ppm o 11
(TMS). The oil was distilled, bp ^145° (11 mm), M20d 1.5156 § P3 g
giving a pure sample of 2-methoxy-8-methyl-6-ier£-butylchroman d  w <m 0
(20). 1 ^  ^

Anal. Calcd for CI5H220 2: C, 76.9; H, 9.4; mol wt, 234. §■ '£ h ® £  g § ‘-3 2 ° I H
Found: C, 77.3; H, 9.9; mol wt, 234. J ~ J  g 1  g, g  | g

Hydrolysis of 2-Ethoxy-8-methyl-6-ierf-butylchroman (12).— Q ^  “ cò g o 5  ® 5  ® §*, q
Several attempts were made to hydrolyze the ethoxychroman ® c o s c i  m m W H  m -cj
with ethanol-water mixtures but only starting material was re- -g -g o
covered. The chroman (2.83 g, 0.012 mol) was dissolved in 95% ^ S® ^ -
ethanol (200 ml) containing 2,4-dinitrophenylhydrazine (0.198 g, g 8- 8- 8. 3- “• “■ ¿ 'few
0.01 mol) and concentrated sulfuric acid (0.1 ml). The solu- £ : i '■ i : ■ • ■ O p 
tion was refluxed 3 hr and then water was added to the cloud •“ 2
point, and the reaction cooled. A red oil was obtained which ^  G ^ a L
upon fruther crystallization from ethanol-water yielded yellow , , X c ó i  j i e  a 0?
crystals (0.8 g, 20% mp 154-156°) of 21. -g 3  = £  5 § § g-'B 15 S J. | ^ |  ^ -2

Anal. Calcd for C20H24N4O6: C, 60.0; H, 6.0; N, 14.0; 5 |  g ? S I  x  g y a t  W
mol wt, 400. Found: C, 60.0; H, 6.1; N, 14.1; mol wt, 398. g -è gd:

2-Methyl-4-ieri-butyl-6-acetoxymethyl Phenyl Trimethylsilyl c- b J  -S 2 1 X
Ether.—To a solution of 4-ieri-butyl-2,6-xylenol (17.8 g, 0.1 a
mol) in glacial acetic acid (150 ml) powdered potassium per- S g ’i  a ’S . l ' K . l  e g  S ' è . l X o ^  o|> f?
manganate (6.4 g, 0.2 equiv) was added slowly and with stirring. o -g  i  O o y f l  s i  S ’?  s q
After 2 hr, the permanganate color was gone and the pale yellow H ® (t »  et ® oo a  °  h  ® co ^  H H _fe> ■ X
solution was poured into water. The organic layer was extracted CQ .S
with ether and the extracts were washed with bicarbonate solu-
tion and dried (MgS04). The ether was distilled and the residue é N ^ ^ ^ ^ 0  oo a  |
titrated with bis(trimethylsilyl)acetamide7 (22 g, 0.11 mol) to ¡? H H ^ ^ ^ ^ e £> S
convert the phenol to the trimethylsilyl ether. .§ 'p,
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The material was distilled and after a forerun of silylating by- butyl) and tars. The trimer was identified by comparison with
products the trimethylsilyl ether was obtained [113-114° (0.9 authentic1 in Rt values and in ir spectrum.
mm), 12.9 g, 42%). Redistillation gave the pure ether, bp n  •  ̂ at n m n n  o r c  i-> oroo n  oc o % a
140° (3.5 mm). R egistry N o.— 12, 25966 -85 -2 ; 1 3 ,2 5 9 6 6 -8 6 -3 ;  14,

Anal. Calcd for C„H280 3Si: C, 71.2; H, 8.5; mol wt, 236 . 2 5 9 6 6 -87 -4 ; 15, 25966 -88 -5 ; 16, 2 5 9 6 6 -89 -6 ; 17,
Found: C, 71.0; H, 8.7; mol wt, 243 . 2 5 9 6 6 -90 -9 ; 18, 25966 -91 -0 ; 19, 2596 6 -9 2 -1 ; 20 ,

Pyrolysis of 2-Acetoxymethyl-4-ieri-butyl-6-methylphenol. A 25966 -93 -2 ; 21, 25966 -94 -3 ; 2,8-dim ethyl-2-isopropyl- 
small sample (100 mg) of the title compound was heated at 150° 6-ferf-butylchrom an, 2 5 9 6 6 -9 5 -4 ; 2-m ethyl-4-tert-butyl-
for 18 hr under nitrogen. The deep yellow residue was examined J  ,, , , , .  ̂ r>m rn
by thin layer chromatography (silica gel-benzene-hexane) and 6-acetoxym ethylphenyl trim ethylsilyl ether, 25957- 
was found to consist of recovered phenol, the trimer 2 (R = tert- 28-2.

Selective Solvation of Hydrophobic Ions in Structured Solvents. 
Azo-Hydrazone Tautom erism  of Azo Dyes in Aqueous Organic Solvents

R . L. R e e v e s * and R . S. K a is e r  

Research Laboratories, Eastman Kodak Company, Rochester, New York 14650 

Received May 20, 1970

The azo-hydrazone tautomerism of a series of 4 '-substituted 2- and 4-arylazo-l-naphtholsulfonates was studied 
spectrophotometrically in a wide range of protic and aprotic polar solvents with dielectric constants varying 
from 24.3 (ethanol) to 182.4 (HCONHCH3). The effect of solvents on the position of the equilibrium between 
the tautomers does not correlate with bulk solvent properties but depends upon the solvent structure and the 
microscopic environment of the dye in the solvent matrix. For solvent-sensitive dyes, the hydrazone form is 
predominant in those neat solvents capable of forming a three dimensional structure, whereas the azo form is 
favored by neat solvents that form a two dimensional structure or are unstructured. In binary mixtures of 
water with methanol, ethanol, and ieri-butyl alcohol, the shift from hydrazone to azo is most pronounced in the 
predominantly aqueous compositions, ieri-butyl alcohol having the greatest effect. At alcohol levels associated 
with reduction of solvent structure, the shift is gradual and nearly independent of the nature of the alcohol.
Pronounced shifts from hydrazone to azo also occur in aqueous compositions of DMF- and DMSO-water mix
tures. The results are interpreted in terms of selective solvation of the hydrophobic dyes by the organic co
solvent within the water structure. The tautomerism becomes progressively less exothermic as organic solvent 
is added to the aqueous binaries.

A number of spectroscopic methods have established (37.5), dimethyl sulfoxide (D M SO , 46.4), propylene car- 
th a t 4-phenylazo-l-naphthols can exist in solution as bonate (65.1), water (78.5), formamide ( 1 0 9 .5 ), and N -  
hydroxy azo or as quinone hydrazone tautom ers . 1-8 methylformamide (182.4).
T he hydrazone is favored by polar solvents2»'6'8 and by Structure 2 dyes (X  =  H, OCH 3, Cl, S 0 3_ , and C F 3) 
electron-withdrawing substituents in the phenyl give more stable hydrazones than the isomeric struc- 

\ ring .2a,5,9 system atic studies of the tautom erism  ture 1 dyes. W hereas the equilibrium concentrations
have been made in structured solvents or in solvents of of all the 1 dyes except le  can shift with changes in sol-
high dielectric constants, and no quantitative data are vent or solvent composition, the 2 dyes exist predomi-
available on the effects of solvent dielectric constant or nantly as the hydrazones in all solvents studied. The 
of specific solvation on the tautom eric equilibrium. W e order of stability  of the hydrazones of the 1 dyes in a
have studied the tautom erism  of several water-soluble given solvent is le  >  lb  ~  lc  >  la  >  Id. T h e hydra-
dyes in a number of neat solvents and in binary aqueous zone of le  was the predominant tautom er in all our sol-
organic solvent m ixtures and find th at the equilibrium vents and solvent mixtures, whereas the azo form of Id
is sensitive to specific solvation and to the hydrogen was preponderant in all solvents. W e estim ate th a t
bonded structure of the solvent. aqueous solutions of la  contain equal amounts of both

tautom ers at 25°, with a shift to the azo form in all 
R esu lts other solvents. D yes lb  and l c  exist as greater than

T he neat solvents studied and their dielectric con- 95%  hydr“ ° n * “  ^ ate+r f  25° and as pure azo tauto-
stants a t 25° are ethanol (24.3), m ethanol (32.6), “ f 5 m ethanol< ^rf-butyl alcohol, and the aprotic di-
A ,X-dim ethylform am ide (D M F , 36.7), acetonitrile P°-Tuif °  J ™  Sf- f ,, , . , . ,ih e  estimation of the predominant tautomer m the

* To whom correspondence should be addressed. neat solvents was qualitative and was based on the rela-
n (y "Az° and DiaZ° Chemistry’” Interscience' New York. tive preponderance of the two absorption bands. T h e

(2) '(a) a’. Burawoy and i. Markowitsch, Ju stu s  L ieb ig s  A nn . c h e m ., 503, p red o m in an ce  of one ta u to m e r w a s  so g re a t  in  a  g iv en
180 (1932); (b) A. Burawoy, A. G. Salem, and A. R. Thompson, J .  Chem . Solvent w ith lb  and lC th a t a qualitative approach Was

S0(3’) 4j79B.Muner, l . Biangey, and h . e . Fierz-David, mis. CMm. A cta. 35, su® cie n tfor evaluatingsolvent properties and for sepa-
2579  (1952). rating solvent types. T he only neat solvents m  which

(4) V. Bekarek, K. Rothschein, P. Vetesnik, and M. Vecera, Tetrahedron  th e  h y d razo n es of lb  an d  lC W ere p re d o m in a n t W ere

A1 y .T rrie, p. Hampson, s. w. Longworth, and a. Mathias, water and formamide. These dyes were present alm ost
c h e m . S oc. b , 1308 (1968). exclusively as the azo tautom ers in all the other neat

I f  if* s- Mo!?an’ ibid- 2151 (1961). solvents, including A-methylformamide.
(,) H. Rau, B er . B unsenges. P hys. Chem ., 72 , 637 (1968). rrii • , ,. . . . .
(8) R. Kuhn and F. Bar, Ju stu s  L ieb ig s  A nn. C hem ., 516,1 4 3  (1935). . a liere is no correlation of the position ot the equilib-
(9) H. Shingu, S ci. P a p . In st. P h y s. Chem . R es. {T okyo), 35, 78 (1938). tiu m  w ith  th e  d ie lectric  COllStant of th e  neat Solvent,
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N = N_ ^ ^ _ x  N - N H - ^ C ^ - X  s _ /  \

azo hydrazone / x-—s. g \

, Y „  „  „  OH o x—v. /  /  \  \

b. X =  S03Na;M = Na -£ .4 -  A ^ - s A  /  \  \
c, X = C F 5;M - K  «  / /  \\  I  \  \
d X = OCH3;M = K  N J  \ <  / /  / - — 0 \  / /  ___ 3  \ \
e, X = N02; M = K N = N - < J O X 0 'H / / /  \ \

------------- 4 i 0----------
2 X( nm)

OH Figure 1.—Spectra of lb in ethanol-water at 25°. Curve num-
bers (1-5) correspond to x% = 0, 0.088, 0.175, 0.320, and 0.734 to
1.00, respectively.

f  f7~ -\  selves around the dye for minimum energy of the
( C J )  S03Na system .

Figure 1 shows the spectral changes accompanying
the shift in the tautomeric equilibrium of lb in water-

. . .  , ,  r r  ¡¡r/,, i m -xi , ,  t  + u , x ethanol mixtures. Similar changes occur with lb andwith the Kosower Z value,10 or with the fact that a , .
. . .  ,. ,. rp, , • x . r 1 c m  aqueous binaries w ith D M SO , D M 1 , m ethanol,

solvent is protic or aprotic. i  he m ost im p ortan t ta c - n  A  x i i i_ i r m . f x . x i  A .  -x- rxu, Y i xi. j  j  i • j  f x x • f and (erf-butyl alcohol. T he fa c t th a t  the position ol theto r  seems to  be the degree and kind of stru ctu rin g  of .... . J , , .,., , , , xi. x c
,, , x j x l  • • equilibrium can be shifted betw een the extrem e lorm sthe solvent and the m anner in w hich this structuring in- 7 , ,  , , , ,, , , , , ,  r , , ■ „
XJ xi. 1 x- C xi. J  rm x of lb  and l c  m ade these dyes m ost valuable for studyingnuences the solvation ol the dye. 1 he unique property  ,

j, , , j, • i • xi . t x  i x f  i the effect of solvent on the tautom erism .
of w ater and form am ide is the capability  of these sol- „  , x- j x  ■ a ■ ■ *

, , r xi i- ■ , , j  v. j  j  T au tom er ratios were determ ined m  m ixtu res of w ater
vents to  form  three dim ensional hydrogen-bonded . . .  , , , , i , , i x, , xu i m n , '. ,  . . .  r c  . . .  r x f *, w ith (erf-butyl alcohol, ethanol, m ethanol, D M A,
regions11-16 w ith lifetim es in the- case of w ater of the n i T xi t m ,

J x m  ,, m, • Txxi x x D M SO , and A -m ethylform am ide, and m  form am ide-order of 10-11 se c .13a T h ere is little  agreem ent a t  pres- , ,  . , ■ , A , ,•
, , , x • xi. I  x j  X -m ethylform am ide m ixtures. 1  he ratios were calcu-

ent on how regular or extensive the stru ctu red  regions . , , ■ , , j
, . . . .  6  . x, x • xl r  -x t. x la te d  using eq 1 w h ere th e  6 s a re  a b so rp tiv itie s  a n a  th e

a re , b u t i t  is  agreed  th a t  in  th e  lim it e a ch  oxy g en  a to m  & H
can be nearly tetrahedrally bonded to four nearest ^ [hydrazone] cm -  «a , , .
neighbor hydrogens. On the other hand, X-ray studies K t = [azo] eH -  eM
indicate that the liquid alcohols associate to give linear,
two dimensional polymeric structure.16,17 W-Methyl- subscripts refer to pure azo, pure hydrazone, and mix-
formamide is also believed to exist as linear polymers in tures of the two. We used the wavelength where the
the liquid state.18 Thus, protic solvents with two di- hydrazone absorbs (480-500 nm), because the absorp-
mensional structure have the same effect on the equilib- tivity in this region was less subject to small medium
rium as aprotic solvents. The stabilization of a given effects than was the absorptivity of the azo band. The
tautomer must be associated with the energetics of value of was determined from absorption curves such
forming cavities in the various solvent structures and as curve 5 in Figure 1, after the curve ceased to change
with the way in which the solvent molecules order them- with further addition of the organic component.

The absorptivity of the hydrazone bands of lb and
(10) e . m. Kosower, j . Amer. chem. Soc., so, 3253 (195S). lc  in water increased on lowering the temperature from
(1 1) (a) m. s. Jhon, j . Grosh, t . Ree, and h. Eyring, j . Chem. Phys., 3 5  t j q̂o curves were replotted on a frequency

44, 1465 (1966); (b) M. S. Jhon, E. R. VanArtsdalen, J. Grosh, and H. 1 xi. 1 xl. f ™
Eyring, ibid., 47, 2231 (1967); (c) m. c. Hobbs, m. s. Jhon, and h. Eyring, scale and folded through the wavelength of maximum
Proc. Nat. Acad. sd . u. s„  5 6 , 31 (1966). absorption to give an isolated symmetric band for each

Sg ^ DwBearnvant R'?w °v erw' Che”l- Ph«s--1’ f 5 ^ 933)- temperature. The integrated areas increased 8 and(13) (a) H. S. Frank and W. Y. Wen, Discuss. Faraday Soc., 24, 133  ̂ , oc Airv° A
(1957); (b) h. s. Frank and a. s. Quist, j . Chem. Phys., 34,604 (1961). 4%, respectively, tor lb and lc between d o  ana iu ana

(14) G. Nemethy and H. A. Scheraga, ibid., 36, 3382,3401 (1962). then became independent of temperature. We took this
S  h i “ (1968)- to mean that the azo form makes negligible contribution 
(i7) (a) w. h. zachariasen, j . c h e m . P h y s ., 3, 158 (1935). (b) g . g . to the observed curve at temperatures below If) , so

Harvey, aid., 6, in  (1938); 7, 878 (1939). that cr could be evaluated. The values are 3.32 X 104
(i95i).G R' Lead6r and J' F' G°rm,ey’ ° hem' S°C" 73’ 5731 and 3.18 X  104 for lb and lc, respectively.
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Figure 3.—Semilog plots of K i  for dye lb vs. solvent dielectric 
constant at 25° in □, iert-BuOH; O, EtOH; A, MeOH.

assuming the inductive polar effect of the sulfo group

S did not effect eH- N either extrem e form  could be ob
tained in the form am ide-iV-rnethylform am ide m ixtures. 
W e had to  assum e th a t «h was the sam e as th e  value in 
w ater a t  10°, and th a t  eA w as the sam e as th e  value  
m easured in D M F .

Figure 2 shows plots of K T on a semilog scale vs. sol
v en t com position for tw o concentrations of l a - c  in 
aqueous terf-butyl alcohol, ethanol, and m ethanol, 
where the organic com ponent is regarded as th e  solute. 
T h e plots show th a t  the greatest shift in the tau tom eric  
equilibrium occurs in the predom inantly aqueous com 
positions. T h e two linear segm ents of the plots were 
extended to  the points of intersection to  obtain  the  
solvent com position corresponding to  the break points,

o.i o.2 o.3 o.4 o,5 o.6 T h e break points occur a t x2 =  0 .0 6 -0 .0 7 ,0 .1 4 -0 .1 6 ,  and
x2 0 .2 4 -0 .2 7  in aqueous ¿erf-butyl alcohol, ethanol, and

tj. o o - i  , x * t.t „ , , , methanol, respectively, and are independent of dyeFigure 2.—Semilog plots of K ?  at 25° vs. mol fraction of alcohol. , , 7, , ,, . .. .
open data points, [dye] = 2.5 x  10~5 M ; closed points, [dye] = structure or the position of the equilibrium at the
2.5 X 10-« M ; m, tert-BuOH; •, EtOH; a , MeOH; A, dye lc ; break. T he plots show that, on the w ater side of the
B, dye la ; C, dye lb. breaks, the shift in K T depends on the nature of the

added alcohol, but is nearly independent of the alcohol 
W e assum ed th a t eA and eH were con stan t in all the on the alcohol side of the breaks. P lo ts (not shown) of

aqueous organic binaries. D ye 3 exists as the h ydra- log K T vs. volum e fraction of alcohol gave three separate
zone in all w ater-alcohol m ixtures. T h e values of eH curves falling in the sam e order as those in Figu re 2, al-
for this dye deviated from  the m ean by less th an  1 .5 %  though the separation is reduced and the breaks are  less
over the whole range of eth an ol-w ater com positions. sharp. T his shows th a t the three alcohols are specif.c
D ye Id  exists as pure azo in eth an o l-w ater a t  ethanol in their effects on K T, over and above the differences in
levels above 0 .2 5  mol fraction. T h e range of absorp- m olecular volume.
tiv ity  values a t  the hydrazone w avelength w as only Figu re 3 shows a plot of log K T for dye lb  vs. solvent 
tw ice the experim ental error in reading absorbances be- dielectric con stan t a t  25 °  for the aqueous alcohols. T h e
tw een mol fractions 0 .25  and 0 .50 . A bsorptivities plots n ot only show the lack of correlation of log K ?  w ith
m ay  n ot be as co n stan t in aqueous D M F  and D M SO . dielectric con stan t, but also th a t each  alcohol is ra th er
In  these solvent m ixtures, there were sm all changes in specific in its effect.
band shapes and positions, so th a t the isosbestic points Figu re 4 shows plots of K T vs. for aqueous D M SO , 
were m ore diffuse th an  w ith the w ater-alcoh ol m ixtures. D M F , and IV-methylformamide and for N -m eth ylfor-
T h e values of eA for a given dye were the sam e in D M F , m am ide in form am ide. N -M ethylform am ide is con-
D M SO , and ethanol. sidered the solute in form am ide. T h e binary m ixtu re

B ecau se the value of eH for la  w as experim entally of am ides w as chosen to  see w hether the addition of one
inaccessible, we used th e  m easured value for lb , amide having two dimensional solvent stru ctu re  to  an
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T a b l e  I

E f f e c t  o f  T e m p e r a t u r e  o n  K t  V a l u e s  o f  D y e  lb
-A S0 (25°),

/------------------------------- At---------------------------- —• — A H°, cal
Solvent X2 15° 25° 35° kcal/mol deg“1 mol“1

EtOH-H20 0 15.2 6.90 14 40
0.05 11.0 4.90 2.25 13.7 43.0
0.10 3.59 1.68 1.01 11.0 35.9
0.15 0.838 0.642 0.519 4.1 14.4
0.20 0.413 0.392 0.340 1.8 8.0
0.40 0.127 0.128 0.123 0 4.0

iert-BuOH-H20  0.02 5.22 4.59 2.72 5.8 16.4
0.04 1.83 1.48 1.16 3.9 12.4
0.06 0.712 0.518 0.474 3.5 13.1
0.10 0.300 0.294 0.276 0.8 5.0
0.18 0.192 0.169 0.170 0 3.4
0.30 0.087 0.092 0.082 0 4.7

DMF-H2O 0.05 2.40 1.68 1.32 5.2 16.4
0.10 0.800 0.654 0.5_30 3.5 12.4
0-20 0.193 0.172 0.148 2.2 10.7

amide possessing three dim ensional stru ctu re  would r--------1--------1— ~~i-------- 1--------- r-------- i--------
have the sam e effect on K T as the addition of alcohols |0 k
to  w ater. F igure 4 shows th a t it does not. T h e effect ° \\
of adding D M F  and D M SO  to  aqueous solutions of lb  is \ \
sim ilar in m agnitude to  the effect of added alcohols in y, \
the predom inantly aqueous m ixtures. D M F  has nearly \  N ,
the sam e effect as feri-butyl alcohol, and D M SO  is
sim ilar in effect to  ethanol. T h e m ain difference be- 10 ~
tween the aqueous solutions of the protic and ap rotic \  \
cosolvents is the presence or absence of a break in the \  \
log K t - x 2 plots. \  \

T au tom er ratios of lb  were m easured a t  15, 25 , and \  \
35° in various m ixtu res of w ater w ith  ethanol, terf-butyl 0 , _ \
alcohol, and D M F . Table I gives the values of K T and , , , , , ,
the derived standard  enthalpies and entropies for the 1 2 3 4 5 6
conversion of the azo tau to m er to the hydrazone. T h e *2
enthalpies were calculated using the V an’t Hoff equa- Figure 4.—Semilog plot of A t for dye lb at 25° vs. mol fraction
tion. Com positions of the w ater-alcoh ol m ixtures were of added solvent. A, DMF in H20; o, DMSO in H20; □,
chosen to  give points on either side of the break points A-methylformamide in H20; Y, N-methylformamide in form-
in the log K t - x2 profiles. T h e conversion from  azo to  amide,
hydrazone is exotherm ic in each  case on the w ater side
of the break point, but A H 0 becom es less negative as the phobic regions of the dye in m icroscopic concentrations
alcohol con ten t increases. On th e alcohol side of the th a t are higher th an  the con cen tration  in the bulk sol-
break point, changing tem p eratu re did not a lter K T by vent. In  our interpretation, th e  nonpolar m oieties of
m easurable am ounts, i.e., A H 0 ~  0. I t  is significant the organic cosolvent are oriented tow ard  the hydro-
th a t addition of increm ents of D M F  to  w ater also causes phobic portion of the dye, giving a diffuse interface be-
the conversion to  hydrazone to  becom e progressively tween dye and bulk solvent w ith  a polarity  th a t  is con-
less exotherm ic. Thus, in all respects there appear to  siderably lower th an  th a t of the bulk solvent,
be no basic differences between D M F  and the alcohols In  w ater, the sulfo group is strongly hyd rated  through  
in the effect on K T excep t for the shape of the log hydrogen bonds, giving rise to  “ positive” h yd ration .19 
K t -X2 profiles. B y  analogy w ith the effect of adding sm all am ounts of

other hydrophobic solutes to  w a te r,20 it  is expected  
D iscussion th a t the hydrophobic m oiety of the dye would enhance

T he significant findings of this work are (1) the the hydrogen bonded stru ctu re  of the w ater in its vicin-
m ost profound shifts in the tautom eric equilibrium occur tty  relative to  th a t w hich exists in bulk w ater. T his
in the predom inantly aqueous com positions and are out stru ctu re  form ation, which has been designated as
of proportion to  changes in the bulk solvent p roperties; “ negative hydration, 19 is a  high energy condition th a t
(2) the shift is not caused by preferential hydrogen Paytly offset by the positive hydration  of the ionic 
bonding solvation by organic cosolvent to  one of the solubilizing group. I t  has been estim ated  th a t the net
tautom eric pairs, since sim ilar effects are caused by solvation of the naphthalenesulfonate ion is negative m
protic and aprotic solvents; (3) there is a high correla- w a te r.19 Since the hydrophobic volum e of our dyes is
tion between changes in the three dimensional stru ctu re  even greater, the energy of the system s m ust be quite 
of the solvents and the position of the equilibrium. W e high so th a t the balance betw een positive and negative
believe th a t the results can be interpreted  in term s of hydration  is barely sufficient to  m aintain  the dye m
selective solvation of the dyes by the organic cosolvents, (19) H Uedaira and H Uedaira, Zh. Fiz. Khim.t 1612 (1968).
whereby the solute accum ulates around the hydro- (20) D.N.Glew, H.D.Mak, and N. S. Rath, Chem. Commun., 2 6 4  (1968)
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m olecular dispersion. This is reflected in the strong w ater environm ent w ith the nonpolar environm ent of
tendency of the dyes to  associate into aggregates and to  the organic cosolvent apparently destroys this stabili-
be salted out of aqueous electrolyte solutions . 21  B y  our zation, even when the bulk solvent is still largely aque-
model, the energy a t the m icroscopic d ye-w ater interface ous. T he fact th a t dye 4  also shows th e  sam e tau to -
is decreased by replacem ent of w ater molecules by mole- m eric shift in alcohol-w ater m ixtures rules out an in-
cules of organic cosolvents so th a t there is excess con- tram olecular hydrogen bond betw een the -O H  and
cen tration  of organic molecules in the interface. O ur -S O 3 -  groups as an im p ortan t stabilizing factor,
results show th a t th e  hydrazone form  is stabilized by the T h e fact th a t K t is sensitive to  the solvation changes 
negative solvation ch aracteristic of the hydrogen implies th a t the relative acidities of the protons on the
bonded three dimensional solvent stru ctu res, and th e  OH oxygen and on the N H  nitrogen are also sensitive
azo form  by the condition where the ad jacen t environ- to  the sam e changes. T h e tautom erization  can  be
m ent consists of nonpolar alkyl groups. w ritten  in term s of the tw o dissociations to  a com m on

T h e com positions of the w ater-alcoh ol m ixtu res a t  anion (eq 2 and 3 ). T he effect of adding alcohols, 
which the breaks in the log K ^ - x 2 plots occur correspond
to  the com positions where the three dim ensional stru c- OH 9
tu re  of the solvent is believed to  change . 1 6 ' 2 2 ' 23 T h ese K
com positions are a t  about 5, 15, and 30 mol %  for tert- f  j f  T  < ‘AH.t H+ +  f  JT T  (2)
b u tyl alcohol, ethanol, and m ethanol, respectively.
T hus, the m ost d ram atic shifts in the tautom eric equi- N =N A r N=NAr
librium occur in the predom inantly aqueous com posi- *
tions where the alcohol is thought to  prom ote hydrogen I
bonded solvent stru ctu re. This is consistent w ith the 0  O
view th a t  selective solvation by the organic solute re- J l  gQ -  II gQ -
suits because of the existence of three dim ensional r ^ N l T " "  »  H+ +  r T i  3 o )
stru ctu re  around the dye. In  these com positions, the
OH  group of the alcohol m ay be incorporated  into the I  [|
w ater stru ctu re, w ith th e  alkyl group oriented into th e  N NHAr N NAr
dye-solvent interface. On the alcohol side of the breaks,
the typ ical w ater stru ctu re  is destroyed. In  this region K x = [HA]/[AH] = K AH /  K nk
the solvation shell is apparently not altered greatly  w ith
increasing alcohol concentration , perhaps because it is D M F , or D M SO  to  w ater is to  decrease K ah relative to
already near satu ration  w ith respect to  alcohol. K ha and to  m ake the N H  proton relatively  m ore

T h e sim ilarities in the log K t  (AF ),  AH, and AS acidic, 
changes in the aqueous aprotic solvents and th e  aqueous T h e type of specific solvation we h ave discussed here
alcohols suggest th a t sim ilar solute-solvent interactions seems general for other types of ionic dyes th a t are
are occurring w ith changes in solvent com position in all soluble in w ater and aqueous m ixtures of organic sol-
cases. A rn ett and M cK elvey  have shown th a t  the vents. W e have found pronounced spectral and kinetic
p artial m olar h eat of solution of sodium tetrap h en yl- effects from  such solvation. I t  is probable th a t  the
boron shows an endotherm ic m axim um  in w ater-D M S O  phenomenon is general for any large organic ion w here
m ixtu res a t  15 mol %  D M SO  which is sim ilar to  the m ost of the volum e of the ion is hydrophobic,
m axim a found in w ater-ferf-butyl alcohol and in w a te r-
ethanol . 23  T h eir finding th a t aqueous D M SO  and E xperim ental Section
aqueous ethanol solutions show sim ilar interactions
with a large solute are in agreem ent w ith our results. Dyes. The dyes were prepared in the usual way and were
W e believe th a t our results show th a t ap rotic solvents ^crystallized as the sodium salts from water or ethanol-water.

^ 1 1  Dyes 2b-c were samples used m an earlier study.24 iunal punh-
accu m ulate around th e  hydrophobic m oiety  of th e  dye cation of all the dyes except lb and 2b was accomplished by
in the sam e w ay as the alcohols. T h e absence of chromatography on Sephadex G-25,25 followed by recrystalliza-
breaks in the log K ^ -X t  plots m ay indicate th a t the tion as the potassium salts. Dye lb was chromatographed on
aprotic solvents do not cause abrupt changes in the polyamide using DM F as eluent. The dihydrate of lb, and

r. monohydrates of the other dyes were obtained after drying at
solvent Structure. 1 2 0 ° under water-pump vacuum. Elemental analyses and

T he ch aotic sta te  of our understanding of the stru c- spectral data are given in Table II. 
ture of w ater around hydrophobic solutes precludes any Solvents.—Commercially available “absolute” ethanol showed
description of the hydration  shell of our dyes. T he de- no absorption between 240 and 300 nm and was found free of
crease in entropy accom panying the conversion of the imP"ritif  ** ^  fTbls ts,olvent “ d ®astma£  G™dei J i , t i f  , • . , , methanol were used without further purification, Kastman
azo tau tom er to  the hydrazone m  w ater is consistent Grade ¿erf-butyl alcohol was fractionated through a Vigreux
w ith an increased solvent orientation around the h ydra- column and the first and last thirds were discarded. Two sepa-
zone. Therm odynam ics, however, give no clues as to  rate runs contained 0.29 and 0.31% water by Karl Fischer
w hy a stru ctu red  w ater environm ent should stabilize analysis. Correction for the water content was made in pre-

one tautom er. I t  is possible th a t the n atu re of the and*DM F (Eastman Grade) were dis-
dye w ater interface perm its specific hydrogen bonding tilled under vacuum at low temperature and the center third was
of a w ater molecule to  a heteroatom  in the dye in a w ay retained. The solvents were stored over Linde 4A molecular
th a t stabilizes the hydrazone. R eplacem ent of the sieves. Eastman Grade formamide was fractionated twice under

vacuum through a Vigreux column and a variable take-off still
(21) R. L. Reeves and R. S. Kaiser, J .  P h y s . C hem ., 73, 2279 (1969).
(22) F. Franks, in "Physico-chemical Processes in Mixed Aqueous (24) R. L. Reeves, «7. A m er. Chem . S oc., 88, 2240 (1966).

Solvents,” F. Franks, Ed., American Elsevier, New York, N. Y., 1967, p 50. (25) R. L. Reeves, R. S. Kaiser, and K. T. Finley, J .  Chrom atogr., 47,
(23) E. M. Arnett, ref 22, p 105. 217 (1970).
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T able II
Analytical and Spectral Data for Dyes 

'--------------Calcd, %— ---------- ,------------------------Found, %-------------- ,
D5’e C H N C H N Solvent Xma* (nm) 10-< e (Af-i em'i)“
la  5 0 .0  3 .4  7 .3  5 0 .4  3 .4  7 .4  H20  492 1 .74

EtOH 390 1 .67
lb 4 0 .8  2 .6  6 .0  4 1 .0  2 .6  6 .1  H20  485 2 .9 6

EtOH 400 1.85
lc 45 .1  2 .7  6 .2  4 5 .0  2 .6  6 .1  HaO 479 3 .0 6

EtOH 406 1 .78
Id 5 1 .3  3 .8  7 .0  6 3 .9  6 .9  H20  4 5 8 , 4 0 0  1 . 2 2 , 1 . 1 5

72% EtOH 400 1 .86
le 4 4 .8  2 .8  9 . 8  b 3 .0  9 .7  HaO 493 3 .0 7

80% EtOH 493 2 .7 7
2a 5 2 .2  3 .7  7 .6  5 2 .4  3 .3  7 .4  H20  494 2 .1 0

EtOH 489 1 .62
3 4 8 .8  3 .3  11 .4  4 9 .0  3 .5  11 .0  H20  455 4 .25

EtOH 453 4 .30
“ 25°. b Replicate analyses from three microanalytical laboratories on the same sample gave divergent values for %  C.

head. A sizable forerun and residue were discarded each time. Spectral Measurements.'—Absorption curves were obtained on
The final distillate was crystallized twice from the melt. All a Beckman DK-2A recording spectrophotometer at dye concen-
liquid freezing below 2.5° was discarded. The final product froze trations of 2.5 X 10~6 M  and 2.5 X lO“* M . For the higher
sharply at 2.5° (lit. 2.45-2.51°).26 Samples of formamide that concentrations, individual weighed samples were dissolved
were not purified rigorously showed variable results and indicated directly into the solvent and the solutions measured in 1-cm cells,
the presence of basic impurities capable of ionizing the OH groups The lower concentrations were obtained by adding aliquots of a
of some dyes. stock solution in water to an alcohol-water mixture of known

To 3 kg of DMSO (Matheson Coleman and Bell) was added composition and density and then correcting for the added water.
500 ml of benzene which had been dried over 4A molecular The more dilute solutions were measured in 10-cm cells. The
sieves. The benzene was distilled from the mixture at atmo- solutions were thermostated at the desired temperature in a
spheric pressure, and the residue was distilled under reduced constant temperature bath. A thermostated cell holder was
pressure. A center cut [bp 58° (5 mm)] amounting to half the used with the 1-cm cells, and all the temperature variations were
total volume was distilled directly into a receiver containing 4A made on the more concentrated dye solutions so that the desired
molecular sieves. temperature could be maintained in the solution while the

Eastman Grade acetonitrile containing less than 0.01% water absorption curve was recorded. The thermostated cell block
was stored over 4A molecular sieves and was used without further could not be used with the 10-cm cells. We made all measure-
purification. Eastman Practical Grade propylene carbonate ments in the very dilute solutions by equilibrating the solutions
was fractionated twice under reduced pressure. Foreruns and at 25° and working rapidly after transferring them to the cells,
residues were discarded.

The binary mixtures of solvents were prepared by mixing R egistry  N o .— la  azo, 2 6 1 5 6 -9 1 -2 ; l a  hydrazone, 
weighed amounts of the two soivents. The volume fractions 2 6 1 5 6 -9 2 -3 ; lb  azo, 2 6 1 5 6 -9 3 -4 ; lb  hydrazone, 26156-  
ot the alcohols m the mixtures with water at 25 were calculated n , e n o ir n r\r n , i i .
from the partial molal volumes. We used the density data of aZ° ’ ^ 6156-95-6 , l c  hydrazone, 26156 -96 -7 ;
Chapas for methanol-water mixtures,27 data from the Interna- 1“ azoi 2615 6 -9 7 -8 ; Id hydrazone, 2 6 1 5 6 -9 8 -9 ; le  azo,
tional Critical Tables for ethanol-water,28 and the data of 26 1 5 6 -9 9 -0 ; le  hydrazone, 2 6 1 5 7 -0 0 -6 ; 2a azo, 669-05-
Nakanishi, K ato, and Maruyamafor ¿erf-butyl alcohol-water.29 6 ; 2a hydrazone, 2 6 1 5 7 -0 2 -8 ; 3 azo, 26 1 5 7 -0 3 -9 ; 3

(26) G. R, Leader, J .  A m er. Chem . Soc., 73, 856 (1951). hydrazone, 26157-04-0.
(27) G. Chapas, ibid., 74, 6275 (1952).
(28) ‘'International Critical Tables,” Vol. Ill, McGraw-Hill, New York, Acknowledgment.'—We are indebted to M r. John R .

N'(29) k 2 Nakltthi, N. Kato, and m . Maruyama, / .  P h y s. C hem ., 7i, A b b o tt  of th e  K o d a k  Research Laboratories for purify- 
814 (1967). ing some of the solvents.
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Photolysis and Pyrolysis of the Episulfoxide of Dibenzoylstilbene1-3

D onald C. D it t m e r ,*  G eo r g e  E . K uh lm a n n , and G eo r g e  C . L e v y

Department of Chemistry, Syracuse University, Syracuse, New York 13210 

Received March 16, 1970

Photolysis or pyrolysis of the episulfoxide of dibenzoylstilbene (2,3-dibenzoyl-2,3-diphenylthiirane 1-oxide) 
yields monothiobenzil and benzil. Triplet sensitizers have no effect on the products of photolysis except as 
internal filters. A mechanism which involves ring expansion of the sulfoxide is suggested for the formation of the 
products.

O xidation of the yellow episulfide of dibenzoylstil- active sulfoxides,11 and the photodesulfurization of a 
bene (believed to  be the cis isom er) by hydrogen per- thiaphenalene sulfoxide.12
oxide in acetic acid yields two episulfoxides.4 O xida- Solutions of the episulfoxides13 were irrad iated  in 
tion of a cis isom er would yield two meso episulfoxides, benzene a t 6 -1 1 °  with a w ater-cooled, internal m ercu ry
a tran s and a pair of enantiom orphs. T h e low m elting arc lamp (w avelength a t  m axim um  output w as 366  nm )
episulfoxide (m p 1 6 5 -1 6 7 ° )  shows in the m ass spectrum  through filters of quartz, V ycor, or P yrex . T h e prod-
m uch m ore intense fragm ents formed by loss of S 0 2 and u cts were monothiobenzil and benzil, obtained in com -
CeHoCCh th an  the high m elting isom er (m p 1 8 4 -1 8 6 ° ) . parable am ounts.
T h is indicates th a t in the low melting isom er the sul
foxide oxygen m ay be cis to the tw o benzoyl groups, 9
there being m ore opportunity for the loss of an oxygen g
from  a benzoyl group to  the sulfoxide group or vice /  \
versa in this configuration. T he relative integrated  in- GHiCO(C6H5)'i-— + C 6H5)COC6H5

tensity  of the carbonyl absorption to  the phenyl ab- S O  0  0
sorption in the infrared is less for the low m elting isom er. j jj jj |
T his favors a cis configuration for the low m elting C.3H50— CC6H., +  CtH5C—C6H:,
isom er in accord  w ith the effect of nearby polar sub
stitu en ts on the stretching frequency of carbonyl A lthough there are carbonyl groups in the episul- 
groups.5 T he episulfoxides form unstable com plexes foxides no carbonyl n —*■ tt* absorption band is dis-
w ith  anhydrous co b a lt(II)  bromide and nitrate . T h e  cernable in the ultraviolet spectrum . T he tail of the
brom ide form s a com plex w ith 4 mol of episulfoxide and w — ir* absorption obscures the n — tt* band in rn -d i-
the n itra te  w ith 2. T he com plexes appear to  be too benzoylstilbenc,14 and the n tt* absorption in the  
unstable for use in characterization . episulfoxides likewise m ay be obscured.

O xidation of an episulfide to  an episulfoxide in an T he photochem ical decom position of the episulfoxide 
acidic medium  is rare and until 1965 only a p aten t m ixture m ay proceed through either a singlet or trip let
claim ed such a synthesis.6 Several exam ples of the state . T riplet sensitizers or quenchers had no effect on
oxidation of episulfides to  episulfoxides h ave been re- the photolysis except th a t occasionally a decrease in the
ported since, but these episulfoxides are unstable in yield of products was observed, caused by internal
acid .7 This paper reports on the photolysis and pyrol- filtering of light by the added compound. T h e results
ysis of the episulfoxide of dibenzoylstilbene. Some of are given in T ab le I. R elatively  sm all am ounts of
the results of photolysis experim ents were reported in anthracene noticeably decrease the yield of m ono
prelim inary form .8 thiobenzil. A nthracene, which absorbs strongly

Photolysis.-— Previous investigations of the photo- around 366  nm, m ay be acting as an internal filter, 
chem istry  of sulfoxides have been limited to the photo- An excited  triplet sta te  probably is not involved in 
sensitized oxidation of sulfoxides to  sulfones,9 the photo- the rearrangem ent unless the rearrangem ent through
chem ical rearrangem ent of 2,2-dim ethylthiachrom ane this s ta te  occurs faster than  its quenching. T he
1-oxide,10 the photochem ical racem ization of optically g reater than  norm al yield of benzil obtained when

piperylene was present in the reaction  m ixture m ay be
* To whom correspondence should be addressed. ,1 ■ i -t i  v
(1) This work was aided by National Science Foundation Grant GP-5513 CaUSed bL  rem °Val of the m onothiobenzil by a diene

for which we are grateful. addition or by a photochem ical 2 +  2 ad d ition .15 R e-
(2) Reported in part at the 155th National Meeting of the American

Chemical Society, San Francisco, Calif., April 1968, Abstracts of Papers, (11) G. S. Hammond, H. Gotthardt, L. M. Coyne, M. Axelrod, D. R.
P-19. Rayner, and K. Mislow, ib id ., 87, 4959 (1965); K. Mislow, M. Axelrod, D. R.

(3) For complete details, see G. E. Kuhlmann, Ph.D. Thesis, Syracuse Rayner, H. Gotthardt, L. M. Coyne, and G. S. Hammond, ib id ., 4958
University, 1968. (1965); R. S. Cooke and G. S. Hammond, ib id ., 90, 2958 (1968); R. A.

(4) D. C. Dittmer and G. C. Levy, J .  Org. Chem ., 30, 636 (1965). Archer and P. V. DeMarco, ib id ., 91, 1530 (1969).
(5) R. N. Jones, D. A. Ramsay, F. Herling, and K. Dobriner, J .  A m er. (12) A. G. Schultz, C. D. De3oer, and R. H. Schlessinger, ib id ., 90, 5314

C hem . S oc ., 74, 2828 (1952). (1968).
(6) S. B. Soloway, U. S. Patent 2,694,073; Chem . A bstr., 49, 3465 (1955). (13) Mixtures of the two isomeric sulfoxides were used since the results

However, a rearrangement to a four-membered thietane sulfoxide may have are the same with either isomer alone (Pyrex filter). The proportion of
occurred: F. K. Lautenschlaeger, J . Org. C hem ., 34, 3998 (1969). The each isomer in the mixtures was not determined for all experiments. In
structure proof for the compound claimed in the patent was not given. several experiments wdth approximately equimolar amounts of the two

(.7) G. E. Hartzell and J. N. Paige, J .  A m er. C hem . S oc., 88, 2616 (1966); isomers the results were the same within experimental error as the results
K. Kondo, A. Negishi, and M. Fukuyama, Tetrahedron  L ett., 2461 (1969); from the mixtures used in the runs in Table I.
K. Kondo, A. Negishi, and G. Tsuchihashi, ib id ., 3173 (1969); G. E. Manser, (14) H. E. Zimmerman, H. G. Dürr, R. S. Givens, and R. G. Lewis,
A. D. Mesure, and J. G. Tillet, ib id ., 3153 (1968). J. A m er. Chem . S oc., 89, 1863 (1967).

(.8) D. C. Dittmer, G. C. Levy, and G. E. Kuhlmann, J .  A m er. Chem . (15) Both types of addition are known: A. Schönberg and B. König,
S oc ., 89, 2793 (1967). Chem . B er ., 101, 725 (1968); X. Yamada, M. Yoshioka, and N. Sugiyama,

(9) G. O. Schenck and H. Krauch, Chem . B er ., 96, 517 (1963). J .  Org. C hem ., 33, 1240 (1968); Y. Omote, M. Yoshioka, K. Yamada, and
(.10) R. A. Archer and B. S. Kitchell, J .  A m er. Chem . S oc ., 88, 3462 (1966). N. Sugiyama, ib id ., 32, 3676 (1967).
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T able I  in term ed iate  m ay be involved. T h e  products m ay
E ffect of Sensitizers and Quenchers on the P hotolysis arise b y  w ay of a  1 ,2 -o xath ie tan e  (cy clic  su lfenate  or
of the M ixture of E pisulfoxides of D ibenzoylstilbene m onoth iaperoxid e), 18 w hich w as suggested previously

(Pyrex  F ilter)“ • to  accou n t for th e  products from  p h otolysis.8 T h e
Ft,6 Episui- oxath ietan e  m ay decom pose analogously to  1,2-di-

added, 1 0 2 moi moi-> io‘ mol Product Moi oxetanes (oxaoxetanes, cyclic  four-m em bered  per-
8.30 Monothiobenzil 6 2 .8“ o x id es),19 S tra in  in  th e  three-m em bered  ring will
5 .65 Monothiobenzil 69 .3d dispose i t  to  opening, b u t th e  e lectrop hilic benzoyl and
3.27 Monothiobenzil 7 4 .7d phenyl groups m ay requ ire th e  opening to  occur in  such
5.60 Monothiobenzil 54.3 a w ay th a t  som e residual bonding ( i .e ., e lectro n  d ensity)

Acetophenone, 1.02 74 6.88 Monothiobenzil 51.8 rem ains a t  th e  site  of bond breaking. T h is  require-
Benzophenone, 13.8 69 11.6 Monothiobenzil 49 .2 ' m en t can  lead to  th e  form ation  of th e  four-m em bered
Biphenyl, 0.507 65 5.40 Monothiobenzil 54 .8  ring w hich is less strained  th an  its  precursor.
Phenanthrene, 0.142 62 7.57 Monothiobenzil 54 .4  T h e  role of th e  carbonyl groups in  th e  episulfoxides
Naphthalene, 10.5 61 10.4 Benzil 42 .4  • . , q , , , • q . . .  ,. . ,

, ,  . . .  , .. „ in  possible photochem ical sen sitization  is  unclear.
Piperylene, 100/ 55-60 9.57 Benzil 64 T h e y  certa in ly  p lay  no unique photochem ical role be-
Biacetyl, 96.8° 55 8.35 Monothiobenzil 34.2 cause th e  therm al decom position leads to  th e  sam e prod-
Anthracene, 0.0102 42 7.94 Monothiobenzil 51.8 ucts. N o d ram atic  e ffect is observed for re lativ ely
Anthracene, 0.0484 42 5.71 Monothiobenzil 43.0 large am ounts of added acetophenone or benzophenone
Anthracene, 0.100 42 6 .00 Monothiobenzil 33.3 b u t th ese  extern al sensitizers m ay be of g reatly  de-

“ Solvent benzene, 500 ml; irradiation time 60 min unless creased  efficiency re lativ e  to  th e  in tern a l benzoyl 
otherwise noted; temperature between 6.3 and 10.7°. 6N. J .  groups.
Turro, “Molecular Photochemistry,” W. A. Benjamin, New York,
N. Y ., 1965, p 132. 'Y ield  of deep blue monothiobenzil deter- O
mined spectrophotometrically. d Irradiation time, 90 min. i
* By difference from the amount of starting material recovered. 3
/ In 400 ml of benzene. » In 350 ml of benzene. /  \  , ,

c0h5co(C6h5)z— \ c6h5)coc6h5 : or ea-
m oving th e  m onothiobenzil rem oves an in tern a l O
quencher w hich  retard s th e  re a c tio n .16 \

W hen re la tiv ely  large am ounts of b ia ce ty l or naph- / \ j
thalene are added, efficient sensitization or quenching C6H6CO(C6H5) -̂---J(C6H5)COC6H5

of singlet s ta te s  is n ot apparent. T h e  som ew hat low er g___
yields th a t  are observed  m ay  be caused b y  in tern a l V
filtering or by incom plete quenching of excited  singlets. , K  I , r  u  q m r r.

P yrolysis.— P yrolysis of a  m ixture of th e  two isom eric 6 5 6 5 / \ 6 5 6 5
episulfoxides in  a vacu um  a t  2 0 0 -2 1 0 °  for 90 m in gives / -so  \
a green su blim ate and a brow n residue. T h e  sublim ate __ \
consists of benzil (5 1 % ) and m onothiobenzil (1 1 % ), and c,s’ 6 5 ( C(C6H5) OC6H5 \
the residue contains cfs-dibenzoylstilbene (3 % ), a  tra ce  \
of irans-d ibenzoylstilbene, and three  o ther unknow n SO \ 9  9
com pounds detected  b y  th in  layer chrom atography. c  H H +  C H-C— CC H-
T h e  yield of m onothiobenzil represents a lower lim it
because th e  com pound is susceptible to  conversion to  Su lfen ates are probable in term ed iates in  th e  pyro- 
benzil e ith er b y  hyd rolysis or oxidation. ly tic  decom position of dibenzyl sulfoxide or benzyl

m eth y l sulfoxide.20 T h e  reverse reaction , th e  rear- 
9  rangem ent of su lfenates to  sulfoxides, is know n.21
S A bsorp tion  of lig h t by  th e  m ixtu re  of episulfoxides

A probably is followed quickly by decay of the initially
(C6H5)COC6H5 2'j" 210 >■ formed electronically excited state to a vibrationally ex-

g 0  q0  cited ground state from which rearrangement occurs.
|| || I || C6H5CO COC6H5 This excitecj ground state also may be attained by

C6H5CCC6H5 + CgH5CCC6H5 + 9=^ heating the episulfoxides. The recent discovery of the
H5c6 C6H5 transfer of energy from a 1,2-dioxetane to organic mole-

r_, . , . .  lr • 1 r  , 1 (18) Expansions of cyclic sulfones to cyclic Bulfinates (sultines) are known:
T h is  pyrolysis of an  episulfoxide differs from  th a t  in - D c . Dittmer, R . s. Henion, and N. Takashina, J .  Org. C hem .. 34, 1310

vestig ated  by  H artze ll and P aige who observed th e  loss (1969), and references cited therein; J. F. King, K. Piers, D. J. H. Smith,
of sulfur m onoxide w ith  th e  fo rm ation  of 8 9 %  cm-2 - c ',% M°Intosh' ! nd P' d,eMayo' “ epm̂ 0;““ f .  9 96M,;mford j. . j  „ (19) For recent examples, see K. R. Kopecky and C. Mumford, Can . J .
butene and 1 1 %  ¿ranS-2-butene w hen th e  epiSUlIOXlde OI c h e m ., 47, 709 (1969); C. S. Foote and J. Lin, T etrahedron  L ett., 3267 (1968);
CJS-2-buteiie w as pyrolyzed a t  1 5 0 ° .17 j- E- Huber, a n . ,  3271 (1968); H. H. Wasserman, K. Stiller, and M. B.

._ . . , ,  ,, , • » , ,  • if Floyd, ib id ., 3277 (1968). A 1,2-oxathiolane intermediate is alleged to
D iscu ssion .— B ecau se th e  pyrolysis of th e  episulfox- d J mpose ¡ ;  a somewhat similar manner: Q. E . Thompson, j . o r g . ch em .,

ide of dibenzoylstilbene yields essentially  th e  sam e prod- 30 , 2 7 0 3  (1965).
u c ts  as th e  p h o to ch em ical d ecom position , a  com m on  (20) E. Fromm and 0  Achert, Ber 36 534 (1903); W. Carruthers, I.

r  ir D Entwistle, R. A. W. Johnstone, andB. J. Millard, Chem . In d .  {L on don ),
(16) For examples of self-quenching of photochemical reactions by prod- 342 (1966). 

ucts, see H. D. Becker, J .  Org. C hem ., 32, 2124 (1967); F. D. Lewis and (21) D. R. Rayner, E. G. Miller, P. Bickart, A. J. Gordon, and K. Mislow,
W. H. Saunders, Jr., J .  A m er., Chem . S oc., 90, 3828 (1968) J .  A m er. Chem. S ac., 88, 3138 (1966); E. G. Miller, D. R. Rayner, and K.

(17) G. E. Hartzell and J. N. Paige, J .  Org. C hem ., 32, 459 (1967). Mislow, ib id ., 3139 (1966).
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cules (e.g., trans-stilbene)22 suggests th a t the presence of T a b l e  II
the postulated 1 ,2-oxathietane interm ediate m ight be Y i e l d s  o f  B e n z i l  O b t a i n e d  b y  P h o t o l y s is  o f  M i x t u r e s  o f  

revealed by observation of an energy tran sfer from  ex- E p i s u l f o x i d e s  o f  D i b e n z o y l s t i l b e n e

cited molecules produced from  the interm ediate. Episui-
Time. f oxides. /-------------- Benzil-------------- *

Filter min 104 mol, 104 Mol Mol, %
Experim ental Section Quartz 30 12.9 3.78 30.0°

Melting points were obtained on a Fisher-Johns melting point 15.2  6.51 42.8“
apparatus (corrected). Microanalyses were performed at Gal- 90 11.1 9 .18  82 .56
braith Laboratories, Knoxville, Tenn., or at the Scandinavian 105 8.39 7.16 85.4“
Microanalytical Laboratory, Herlev, Denmark. All Chemicals Vycor 40 11.7 4.72 4 0 .2s
were either “Chromatoquality” or reagent grade. 90 1 1 . 1  8 .78  70 .0“

Infrared spectra were taken on either a Perkin-Elmer Model Pyrex 60 5 .60 2 .94 52.5“
137 infrared spectrophotometer or on a Perkin-Elmer Model 521 gg jg  g g gg gg 71,
grating spectrophotometer. The infrared absorptions are re- in n  ̂ ga
ported as weak (0 - 2 0 % , w), medium (20-80%, m), and strong ' ' mzor
(80-100%, s). Ultraviolet spectra were obtained on a Perkin- “ Determined spectrophotometrically at 2t>8 nm, e (95%
Elmer Model 202 ultraviolet spectrophotometer. The absorp- C 2H 5O H )  2.15 X 104. b Determined by weight, 
tions are reported in nm and the intensity (e) of the absorptions
in 1./mol cm. Proton nuclear magnetic resonance (nmr) spectra TO/e (rel intensity) 388 [0.049, C6H6CO(C6H5)C =C (C 6H6)-
were obtained on a Varian Model A-60 nuclear magnetic res- COCeHs], 372 (0.016, tetraphenylfuran), 284 (0.019), 283
onance spectrometer. The nmr absorptions are reported as (0.052), 226 (6.31, CePLCSCOCelb), 210 (2.52, CeHsCOCO-
cycles per second (Hz) and tetramethylsilane was used as an C6H5), 178 (0.040, C6HsC=CC6H5), 165 (1.13), 152 (0.75), 123
internal standard. Molecular weight determinations were done (1.53), 1 2 2  (5.74), 1 2 1  (7.48, CeHsCCL), 106 (11.4), 105 (100,
by vapor pressure osmometry in an appropriate solvent or by C6H5CO). The mass spectrum of the low melting isomer also
mass spectrometry. Mass spectra were obtained on a Perkin- showed no parent ion and fragments at m /e  388 (1.56), 372 (1.32),
Elmer Hitachi Model R.MU-6 E single focusing spectrometer. 284 (4.09), 283 (1.51), 226 (5.88), 210 (2.78), 179 (2.94), 178
Thin layer chromatography (tic) was performed according to (3.32), 176 (2.30), 165 (3.12), 152 (2.74), 123 (2.33), 122 (12.4),
standard methods with apparatus from Brinkman Instruments, 1 2 1  (27.4), 106 (8.46), 105 (100).
Inc., Westbury, N. Y ., and either Merck silica gel GF254or HF254. Complexes of the episulfoxides with anhydrous cobalt(II) 
Visualization was effected by the use of ultraviolet light and the bromide and cobalt(II) nitrate were obtained by treatment of
compounds were identified as dark spots over the silica gel. the episulfoxide with the cobalt salt in dry dichloromethane.

Dibenzoylstilbene Episulfoxides.—A solution of the yellow Analyses were not satisfactory but they indicated that cobalt-
episulfide4 (13.8 g, 0.0326 mol) in 250 ml of ethyl ether was (II) bromide complexes with four molecules of episulfoxide and
treated with 10.5 ml of peracetic acid (40% in acetic acid, FMC that cobalt(II) nitrate complexes with two. In the complex
Corp.) to yield a mixture of episulfoxides (11.8 g, 0.0272 mol, with cobalt nitrate, the absorption in the infrared caused by
8 6 % ). The episulfoxide isomers (mp 165-167°, 184-186°) the nitrate groups are at 1490 and 1275 cm“1, being shifted from
may be precipitated fractionally from ethyl acetate. The yield 1380 and 1350 cm-1, the absorptions in cobalt(II) nitrate itself,
of each isomer is about 10% for each recrystallization; the major and indicating that the nitrate ions are acting as ligands. The
portion of product remains in solution as a mixture. The two episulfoxide band was at 945 cm- 1  as compared with 1055 cm - 1

isomers have a mixture melting point of about 145°, and a mix- in the uncomplexed ligand. Because of the instability of these
ture apparently was obtained in an earlier investigation. 4 complexes to light and to moist air and because of their extreme

The infrared spectrum of the lower melting episulfoxide isomer insolubility, they were not investigated further.
(KBr disk) exhibits bands at 3050 (w), 1680 (s), 1615 (m), 1595 Pyrolysis of the Isomeric Episulfoxides of Dibenzoylstilbene.— 
(m), 1570 (m), 1485 (m), 1440 (s), 1315 (m), 1300 (m), 1260 Pyrolysis of the mixed episulfoxides (0.643 g, 0.00147 mol) at 
(s), 1210 (s), 1175 (m), 1150 (w), 1110 (m), 1100 (m), 1055 (s), 200-210° for 1.5 hr under vacuum (<1 mm) gave a green sub-
1040 (m), 1020 (m), 1000 (m), 970 (w), 945 (w), 935 (w), 875 limate and a brown residue. The entire apparatus was wrapped
(w), 850 (m), 815 (w), 780 (m), 770 (s), 755 (s), 735 (s), and 690 in aluminum foil to keep out light. After the reaction mixture
cm “ 1 (s). The infrared spectrum of the higher melting epi- was cool, dry nitrogen w-as admitted and 15 ml of toluene was
sulfoxide isomer (KBr disk) exhibits bands at 3050 (w), 1680 used to dissolve the green sublimate.
(s), 1615 (m), 1595 (m), 1570 (m), 1485 (m), 1440 (s), 1315 (m), The solution was chromatographed on silicic acid under ni-
1300 (m), 1240 (s), 1205 (s), 1175 (m), 1160 (w), 1100 (m), 1055 trogen with chloroform to give monothiobenzil8,23 (0.000161 mol,
(s), 1045 (s), 1020 (m), 1000 (s), 995 (m), 955 (m), 930 (m), 920 11% calculated from the visible spectrum) and 0.156 g (0.000744
(m), 900 (m), 835 (w), 795 (w), 775 (m), 765 (s), 750 (s), 740 mol, 51%) of benzil, mp 92-93°, mmp 92-94°. The visible and
(s), and 685 cm “ 1 (s). ultraviolet spectrum of monothiobenzil in chloroform was iden-

The proton nmr spectrum (60 MHz in CDC13) of each isomer tical with that of the monothiobenzil produced in the photolysis
was determined. The lower melting episulfoxide had two com- 0f the episulfoxides.
plex multiplets centered at 475 and 445 Hz relative to tetra- The addition of 10 ml of toluene to the brown residue afforded
methylsilane. The higher field multiplet had one strong peak a yellow solution and efs-dibenzoylstilbene, mp 209-211° (0.0184
at 438 Hz. The higher melting episulfoxide had two complex g> 0.0000473 mol, 3% ). An infrared spectrum of the m-di-
multiplets centered at 473 and 440 Hz. The higher field mul- benzoylstilbene was the same as that of an authentic sample. 24

tiplet had three strong peaks at 447, 439, and 430 Hz. Analysis by tic showed the yellow solution contained benzil, a
Beer’s Law is obeyed by the ultraviolet maxima of each epi- trace of fnms-dibenzoylstilbene, cfs-dibenzoylstilbene, and at

sulfoxide. least three other compounds.
10,e 10, e Photolysis of Dibenzoylstilbene Episulfoxide.—An internal

W s , l./rnol xmax, l./mol mercury arc lamp (Hanovia Type L, 450 W ) which emits light
isomer mp, °c Solvent nm cm nm cm with a maximum at 366 nm was used in a water-cooled quartz

165-167 Acetonitrile 225 2 .3 0  256 2 .0 5  immersion well. The benzene solvent (Baker and Adamson)
95% ethanol 225 2 .4 0  256 2 .2 0  was dned with sodium ribbon and distilled^ The sdicic acid
t .  ̂ _  (Baker and Adamson) used for chromatography was dried over-

184-186 Acetonitrile 233 2 .7 0  255“ 2 .3 0  night at 115°. All solvents and flasks used with monothiobenzil
95% ethanol 233 2 .7 5  260“ 2 .0 0  were flushed with Linde high purity dry nitrogen and the flasks

“ Shoulder. were wrapped in aluminum foil to keep out light.
. . .  The benzene solutions of mixtures of the two episulfoxides were

The mass spectrum of the high melting isomer of the episulf- photolyzed at 6-11°. The deep blue-green solutions obtained
oxide of dibenzoylstilbene showed no parent ion and ions at after irradiation were chromatographed on silicic acid as de-

(22) E. H. White, J. Wiecko, and D. F. Roswell, J .  A m er. C hem . S o c ., -------------------
91, 5194 (1969); E. H. White, J. Wieeko, and C. C. Wei, ib id ., 92, 2167 (23) D. C. Dittmer and G. E. Kuhlmann, J .  Org. C hem ., in press.
(1970). (24) N. M. Bikales and E. I. Becker, ib id ., 21, 1405 (1956).
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scribed in the section on the pyrolysis. The chromatography The benzil yield was determined either by weight or by ultra
column was wrapped in aluminum foil to keep out light. violet spectroscopy. Data on yields are given in Table I and

The course of the reaction usually was followed by the produc- Table II and results with various quenchers and sensitizers are
tion cf benzil, and the concentration of monothiobenzil can be summarized in Table I.
determined spectrophotometrically. Benzil was recovered by
the flash evaporation of the chloroform at room temperature R egistry  No.-—2,3-Dibenzoyl-2,3-diphenylthiirane 1- 
followed by extraction with hot 95% ethanol and filtration. oxide, 988-04-5.

Photolysis of Bis[p-(l,l,3,3-tetram ethylbutyl)phenyl] Terephthalate

G. R . L a p p in * and J .  S. Zan n ucci

Research Laboratories, Tennessee Eastman Company, Division o f Eastman Kodak Company, Kingsport, Tennessee S7662

Received April SO, 1970

The photolysis of bis[p-(l,l,3,3-tetramethylbutyl)phenyl] terephthalate in various solvents resulted in two 
consecutive photo-Fries rearrangements, whose quantum efficiencies were much lower than for simple aryl 
esters. Changes in solvent polarity and moderate changes in viscosity had little effect on 'the photolysis, but the 
efficiency in a rigid matrix was lowered considerably. In aqueous dioxane, the chief reaction was a photohy
drolysis to give p-( 1,1,3,3-tetramethylbutyl)phenol and terephthalic acid.

The photolysis of aryl esters has recently been re- R esu lts and D iscussion
viewed.1 The course of the reaction is well estab
lished, but whether the photo-Fries rearrangement in- Photolysis of 1 in anhydrous solvents gave four prod- 
volves a separated free-radical interm ediate2 or a 1,3- nets which could be separated by glc. 2, 3, 4, and 5. 
sigmatropic sh ift3 is not known. T h e quantum effi- OH
ciency for ketone form ation,3-4 0 k, is usually 0 .15-0 .20 , l__

0  COO—f y - R  o = C —/ ~ \

1 I  w  i w  ?H
o c - R  OH o OH > s  R I

6  -  ¿ r " ~ R + 6 +  5£s, i V
Y  y  y  product* c o o  \ _ _ /  R C 00Y = /  R I

X X X  1 2 3

and the quantum efficiency, 0 P, for phenol production, ?**
is about 0 .05 -0 .15  in nonviscous, inert solvents.3 T he J —^
effect of solvents on this photolysis is poorly under- C= 9 \__/ OH
stood. An increase in solvent polarity was reported to Xn ' f J—
be without effect on either <f>k or cf>p in the photolysis of f  jj r  R 0 = C — f  \
p-tolyl acetate3 but was reported to increase both <f>k and __ I I. '= |
4>p in the photolysis of 3,5-di-fe?*f-butylphenyl benzoate.6 __^ /  \  R
Increased solvent viscosity reduced <f>p.3 In  fluid sol- \ /
vents the yield of ketone is only 10 -5 0 % , and much of I T
the ester is converted to unknown products; however, COOH
photolysis of aryl benzoates in a polymeric m atrix has 4 5
been reported to proceed without side reactions.6-7 CH3 CH,
M any aryl esters of arom atic monocarboxylic acids I I  ,
have been studied; however, the photo-Fries rearrange- =CH:J 9 — CH2 9
ment of nonpolymeric esters of arom atic dicarboxylic CH, CH3
acids has not been reported. Photolysis of polymeric
esters such as poly(isopropylidenedi-p-phenylene iso- E ach  of these was also isolated and characterized by
phthalate) resulted in the formation of 2-hydroxy- other means. In  the presence of water, terephthalic
benzophenone moieties in the polymer.6 acid was also a m ajor product. T able I  gives the prod-

W e report here the results of the photolysis of a non- uct distribution, as determined by glc, for photolysis
polymeric diester, bis [p -( l,1,3,3-tetram ethylbutyl)- of 1 in various solvents.
phenyl] terephthalate (1), in a number of fluid solvents Approximate quantum efficiencies for some of the 
and in a rigid, polymeric m atrix. reactions are given in T able I I .  These values were

determined by using polychrom atic light; loss of 1 was
* To whom correspondence should be addressed tr\n-/ i -o jTxi  ̂ ' d i n  • <
(1) D. Beiius and p. Hrdioyii. chem. Rev., 67, 599 (1967). 10%  or less- Because of the complexity of the mixture,
(2) h . Kobsa, j . Org. chem., 27,2293 (1962). the values are not corrected for absorption of light by
(3) M. R. Sandner, E. Hedaya, and D. J. Trecker, J. Amer. Chem. Soc., th.6 products 4

(4) D. Bellus, P. Hrdlovic, and P. Sl&ma, Collect. Czech. Chem. Commun., F or further information Oil the effect of Solvent
33, 2646 (1968). polarity and viscosity, photolyses were carried out in

m ?'R'M innegan/anp 7° '  K”ute0,n’ Tetrahedron Rett., (\%m. mixtures of dioxane and acetonitrile. The results are(6) b. B. Maerov, J. Polym. Set., 3, 487 (1965). .
(7) G. M. Coppinger and E. R. Bell, J. Phys. Chem., 70, 3479 (1966). shown in T able I I I .
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ABSORBANCE Aryl terephthalates can undergo two consecutive
1.0 r- photo-Fries rearrangements. Because there appears

to be no appreciable substituent effect in the photo- 
0 8 _  / A ' Fries rearrangement, the first reaction (1 2) should

/ I  \  \r \  , \ \ oh

0 6 /  A \ \  coo—^  ^ —R o = c - ^ X

\  }  \ \\ r A l  At 1  h,

° - 4  ■ v  \  \  a  y  -  y  r

\  \  ' " " v  T f - \  T / - \
0 2 -  X .  \ /  1  \  COO—f  V -R  COO—f  V -R

\ V _  V 0  "  1 2
0 L _ J __________ l ^ 1  I_________i  OH

2500 3000 3500 4000 i—*
WAVELENGTH, A 0 = 0 \ _ )

Figure 1.—Absorption spectra in methylene chloride of 1 r ' X|| R
(0.07 g/1.), 2 (0.10 g/1.), and 4 (0.07 g/1.). Cell length, 0.25 cm. ^ 1 1  R

o X A
Table I j— '

Distribution op Products from Photolysis op 1 OH
in Various Solvents 3

Time, -̂--------- Compd, 10 ~B mol-------- *—,
Solvent hr i° 2 3 4 5  proceed as efficiently as the rearrangement of an aryl

Benzene 4 6.7 2.6 2.6 0.4 0.2 benzoate. However, 2 has a possible means of self-
12 b 4 9 3 3  2 3 HI stabilization by energy transfer between the two chro-

c 73 b ^  * '9 mophores. If excitation energy were transferred from
: 12 b 1 7  4'g 0 4  the ester moiety to the 2-hydroxybenzophenone moiety,

7 5  b b ' 8 ’ 2 g 5  Q 4 2  should be resistant to further photochemistry.8

Dioxane-water,d 4 7.3 3.9 4.7 1.3 b
50:1 OH

12 0.1 1.0 23.6 3.6 0.5 } ~ \
75 6 b 23.8 3.8 0.9 0 = C —f  J  0= C —/

Dioxane-l-octanol, 12 1.0 3.1 15.2 3.7 b I '= \ fu, I '= \

i ; i  r i  r  r i ^  ^ 4Polystyrene11 48 6.6 2.6 b 1.0 b
Benzene' 20 8.0 j n—» r—,
“Initial charge of 1 was 19.4 X 10-5 mol. 6Not detected COO— \ —R *COO— i  \ —R

by glc. ' Contained 50-75 ppm of water. d Terephthalic acid \=/ \=/
found in significant quantity. • Irradiation in Rayonet reactor. internal

transfer
Table II

Approximate Quantum Efficiencies por Photolysis of 1 0,, OH
-------- Quantum efficiency"-------- , * f )

Solvent <f>2 <t> 3 <fn HO C = ^  y  0=C  ^ y
Benzene 0.02 0.004 0.01 JL ' \ _̂_ JL '  \
Dioxane 0.02 0.010 b f  ¡1 R * f '  fl R
Dioxane-water, 0.01 0.034 6

50:1 i I“ 02 is for appearance of 2 ; 0 3 is for appearance of 3; 0 4 is for COO < ) R COO ( > R
2 —► 3 in the absence of 1. b Not determined. \==/ \=/

When 2 was irradiated at 360 nm (Rayonet reactor, 
Table III 360-nm lamps), where only the 2-hydroxybenzophe-

Products prom Photolysis“ op 1 in none carbonyl absorbs, as seen in Figure 1, it was recov-
Dioxane-Acetonitrile Solution ered unchanged; hence, only light absorbed by the ester

Aceto- group leads to rearrangement. The absorption of
nitrile, viscosity, —-----------Compd, io-s mol--------------- , polychromatic ultra violet light by 2 will be divided be-
voi % cP (30 ) i 2 3 4 5 tween the two chromophores and, in the absence of

1 * 087 2-̂  3 9 7 ® 3 3 0 9 efficient energy transfer from the ester carbonyl to the
5 2 8 5 0 8 2 3 5 1 0  ketone carbonyl, the quantum efficiency for rearrange-

2 2 4 7 8 0 3 5 l i ment of 2 would be somewhat lower than that for 1.
20 0.793 2.2 4.7 9.5 3.3 1.2 (8) N. J. Turro, “Molecular Photochemistry,” W. A. Benjamin, New
“ Time was 9.4 hr. b Initial charge of 1 was 22 X 10~5 mol. York, N. Y., 1967, p 150.
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However, if energy is efficiently transferred in this di- duced in aqueous dioxane, but none was formed in anhy-
rection, the quantum  efficiency for rearrangem ent of 2 drous solvents. No hydrolysis occurred when solutions
would be greatly  decreased. T he observed value is of 1 and its various photoproducts in aqueous dioxane
about half th a t for the rearrangem ent of 1 and supports were kept in the dark for several days. T hese results
the hypothesis th a t energy transfer from  the ester car- show th a t some photoexcited species is involved in the
bonyl to the ketone carbonyl is n ot an efficient process. hydrolysis but direct reaction  of an excited  sta te  of 1

B o th  <f>2 and 0 3 are about an order of m agnitude lower w ith w ater does n ot occur. T h e first excited  singlet of
than <pk and 4>p for aryl benzoates. W e believe th a t the a phenol is a  relatively strong a c id ;10 hence, we believe
inefficiency of the photoreactions of 1 results from  the the hydrolysis is catalyzed by the excited  singlet of 3.
extended conjugation of the terep hth alate system , T h e effect of w ater is so pronounced th a t we believe the
which m ay offer facile routes for internal conversion.9 increased yield of 3 in “ d ry ” dioxane (5 0 -7 5  ppm w ater)

In  accord  w ith the findings of Sandner, H edaya, and is due to hydrolysis rath er th an  to  an y effect of dioxane.
T reck er,3 solvent polarity  was w ithout effect on either Photolysis of 1 in d io xan e-l-o ctan o l solution also gave a
the photo-Fries reactions of 1 or its cleavage to  the considerably greater yield of 3 th an  expected. A  sim-
phenol. Photolysis in d ioxane-acetonitrile m ixtures of ilar result, a ttrib u ted  to a photochem ical solvolysis, was
varying polarity  gave identical product ratios. Solvent observed3 when p-tolyl a ce ta te  w as photolyzed in eth-
viscosity, over a m oderate range in fluid solvents, was anol. A catalyzed solvolysis, sim ilar to  the hydrolysis
also w ithout effect on the photolysis of 1. H ow ever, in reported here, m ight also be involved when esters are
a rigid medium, polystyrene, the production of the photolyzed in alcohol solutions. F u rth er work is under
phenol 3 was com pletely suppressed, as would be ex- w ay to  elucidate the m echanism  of the apparent photo-
pected in a highly viscous m edium .3 U nexpectedly, chem ical hydrolysis and solvolysis of 1.
the ra te  of the p h oto-Fries rearrangem ent was reduced
twofold in this rigid m atrix . E arlie r w orkers3 reported „  . , 0
th a t 4>k for the photolysis of p-tolyl ace ta te  was the Experim ental Section
sam e in C arbow ax 600 p o ly(ethylen e glycol) as in  Preparation of Bis[p-.(l,l,3 ,3-tetramethylbutyl)phenyl] Tereph-
ethanol, which differ in viscosity  by a facto r of 100 thalate (1).—To a cooled solution of 20.6 g (0.1 mol) of p-
T he bulky alkyl groups in 1 m ay hinder the m obility melal„ ■ i r , . . . , .. J  m 250 ml of ethanol was added slowly 10.2 g (0.05 mol) of tereph-
required foi realran gem en t m  a rigid medium. thaloyl chloride dissolved in 150 ml of ether. The mixture

In  anhydrous solutions, the conversion of 1 to  the was then chilled and filtered. The product was dissolved in iso-
isolated products w as low; less than  half of the p-alkyl- octane, and the solution was filtered. The filtrate was cooled
phenyl content was accounted for. T he nature of the at f ’ and the PreciPitate was collected by filtration. The

u r  . .1  product was then dried to obtain 25 g (95%) of white crystals,
m ajor product of the photolysis of 1, and of m ost other m p  1 7 4 - 1 7 5 ^ u- (KBr) 1742 cm - 1  (C = 0 ) .
aryl esters reported, rem ains unknown. The d ata  in Anal. Caicd for C36H460 4: C, 79.68; H, 8 .5 4 : O, 11.80. 
Table I show th a t the production of 3 continues a t  a  Found: C, 79.56; H ,8.54; 0 ,1 1 .90 .
significant rate  after its isolable precursors, 1 and 2, General Irradiation Procedure.—Solutions of 1 (1.0 wt %) in
have nearly disappeared; hence, the unknown product the a?P™priate solvent, contained in Vycor glass test tubes

^ were irradiated in a merry-go-round apparatus with a 550-W
m ust le ta m  the estei gioup. Hanovia medium-pressure arc light. Aliquots, 0.1 ml, were

The photolysis of 1 in polystyrene gave the sam e low removed from time to time and treated with 0 . 9  ml of Tri-Sil
conversion to the 2-hydroxybenzophenones as was ob- trimethylchlorosilane. The mixture was allowed to stand 5 min,
tained in fluid solvents. T h e m ajor product of this ?nd then 4 0  m1 of the resultins  solution was injected onto a V*

reaction w as an insoluble, fibrous, apparently polym eric, programmed from 85 to 340“ at a rate of 1 0 °/min and held at
yellow substance. lh lS  finding is in co n trast to pre- the upper limit until the last fraction was eluted. Actinometry
VIOUS rep orts6,7 th a t no side reactions accom panied the for the photolysis was done with the uranyl oxalate actinometer
the p h oto-Fries rearrangem ent in a polym eric m atrix . solution of Masson, Boekelheide, and Noyes. 11

In  these earlier investigations, the hydroxybenzophe- . J he efficie1n^ for1 the photolysis of 2  was similarly
t , . . , ,  i, . i J  , . determined by using a 1 .0 % solution of 2  m dioxane.

none product was determ ined by ultraviolet absorption Attempted Photolysis of 2 with 3600-A Light.—A 1.0% solution
analysis. Because an ultraviolet-absorbing m ajor prod- of 2  in dioxane was irradiated for 24 hr with a 3660-A lamp (1 . 3 5

u ct of unknown stru ctu re  w as formed, ultraviolet anal- X lO^einstein/mm). Only 2 was detected by glc.
ysis is unreliable in this application. Isolation of 2,2'-(p-Phenylenedicarbonyl)bis[p-(l,l,3,3-tetra-

T he m ost d ram atic and unexpected solvent effect was methylbutyl)phenol] (4) and p-(l,l,3,3-Tetramethylbutyl)phenol 
n .  f  i • i • T i i io , i i i (3).—A solution of 2.0 g of 1 in InO ml of anhydrous dioxane was
th a t  of w ater in dioxane. I t  was rep orted 3 th a t ben- . ' ,  , . , 6 _  . . .  oro_ ° . .

i v  , irra d ia te d  lo r  144 h r w ith  a 2 .o -W  2 5 3 7 -A  im m ersio n  lam p ,
zene and aqueous dioxane solutions gave the sam e re- The solution was evaporated to  a  p a s te . The resid u e w as ta k e n
suits in the photolysis of p -tolyl aceta te . H ow ever 1 up in a small amount of acetone and cooled in dry ice. The
showed a large increase in <j>3 for aqueous dioxane as com - yellow precipitate was collected and recrystallized twice from
pared to benzene. Furth erm ore, after 12 hr of irradia- acetone-water to give a yellow crystalline product, mp 143-145°,
tion, more than  6 0%  of the p -(l ,I ,3 ,3 -te tra m e th y l-  ^  % IT OTp (C==° ): nmr (CDCl3) smglet
butyl)phenyl con ten t was recovered as p -( l ,  1 ,3 ,3 -te tra - AwaZ.PPCaled for C36H460 4: C, 79.68; II, 8.54: O, 11.80. 
m ethvlbutyl)phenol (3). Significantly, only 4 .7  X  1 0 -5 Found: C, 7E.00; H, 8.55; 0 , 12.45.
mol of 3 w as form ed in the first 4  hr of irradiation but The acetone filtrate from the above precipitation was evap- 
about four tim es this am ount, 18.9 X  lO“ 5 mol, was orated to a paste and sublimed at atmospheric pressure Two

i , ■ ,, , „ , . - i .. r recrystalhzations of the sublimate from isooctane produced a
produced m  the next 8  hr, even though the precursors of white crystalline material, mP 7 3 - 7 5 °, identified as 3 by mixture
3 were decreasing via  the ph oto-Fries rearrangem ent. __________
A considerable am ount of terephthalic acid was also pro-

(10) G. Jackson and G. Porter, P roc . R oy . S oc ., S er. A, 260, 13 (1961).
(11) C. R. Masson, V. Boekelheide, and W. A. Noyes, Jr., in “Technique

(9) e found that bis(2,4,6-trimethylphenyl) terephthalate, which can- of Organic Chemistry,” 2nd ed, Vol. II, A. Weissberger, Ed., Interscience,
not undergo a photo-Fries rearrangement, is very resistant to photolysis. New York, N. Y , 1956, pp 294-298.
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melting point and comparison of its ir spectrum with that of an in several Pyrex glass tubes with a 550-W Hanovia mercury arc.
authentic sample. The solutions were combined and evaporated to dryness or. a

Isolation of p-( 1,1,3,3-Tetramethylbutyl)phenyl p-[2-Hydroxy- steam bath. The residue was extracted with warm sodium bi-
5-(l,l,3,3-tetramethylbutyl)benzoyl]benzoate (2).—A solution carbonate solution. The sodium bicarbonate solution was
of 2.0 g of 1 in 150 ml of anhydrous dioxane was placed in a acidified with 6 N  hydrochloric acid and filtered. The precipitate
Pyrex glass test tube and irradiated with a 550-W Hanovia was washed with water and ether. The precipitate had a melt-
mercury arc for 37 hr. The yellow solution was evaporated to ing point greater than 300° and its ir spectrum was identical
a paste, and the residue was taken up in acetone. The insoluble with that of a known sample of terephthalic acid, 
material, 1.0 g, was filtered out and the filtrate was concentrated, Photolysis of 1 in Polystyrene.—A hot solution of 4.0 g of
cooled in dry ice, and filtered. Five recrystallizations of the polystyrene and 0.08 g of 1 in 100 ml of methylene chloride was 
yellow precipitate from acetone-water produced a material, mp poured into a petri dish and allowed to stand until a hard film was
156-157°, identified as 2: ir (KBr) 1631 (C = 0 ) , 1743 cm-1 obtained. The dish was then left overnight on a hot plate set
(C = 0 ) ; nmr (CDC13) singlet at 11.7ppm (1 H, OH). at 50°. Half oof the resulting film was irradiated in a Rayonet

Anal. Calcd for CacH^O  ̂ C, 79.68; H, 8.54; O, 11.80. reactor (3100-A lamps) for 48 hr. Samples (approximately 0.50
Found: C, 79.68; H, 8.54; O, 11.48. g) of the above films were dissolved in 50 ml of methylene chlo-

Isolation of p-[2-Hydroxy-5-( 1,1,3,3-tetramethylbutyl)benz- ride containing 4.0 ml of a 0.30% solution of o-hydroxybenzo-
oyljbenzoic Acid (5).—A solution of 12.0 g of 1 in 600 ml of phenone (glc internal standard). The resulting solutions were
dioxane (0.5% water) was irradiated for 26 hr with a 2.5-W cooled, diluted with 200 ml of acetone, filtered, and evaporated
2537-A immersion lamp. The yellow solution was evaporated to dryness in a rotary evaporator. The residue was taken up in 
to a paste and the residue was taken up in ether. The ether 2 ml of dioxane. A 0.2-ml portion of this solution was treated
solution was filtered and then shaken with a 10% sodium hy- with 1.0 ml of Tri-Sil and chromatographed as previously de-
droxide solution. The yellow precipitate formed was dissolved scribed. As a control, a solution of 1 in benzene at the same
in warm water, and the resulting solution was acidified with concentration was photolyzed under the same conditions,
hydrochloric acid. The precipitate was collected and sublimed
at 0.5 mm pressure and 206° bath temperature. The initial R egistry N o .— 1, 3637 -39 -6 ; 2 ,2 6 1 5 7 -6 5 -3 ; 4 ,2 6 1 5 7 -  
fraction was discarded and the yellow, crystalline material, mp 6 6 -4 ' 5 ,2 6 1 5 7 -6 7 -5 .
196-197°, was identified as 5: ir (KBr) 1628 (C = 0 ) , 1692 cm-1
(C = 0 ) ; nmr singlet at 11.8 ppm (2 H, OH and C 02H). A cknow ledgm ent.— The authors gratefully acknowl-

Fffuncf: ^  ° ’ 17’89* * ■ »  ^ f  o i V v o i ^ v  D avid W hitten , of the
Isolation of Terephthalic Acid.—A solution of 1.0 g of 1 in Um versity ox JNorth  Carolina, with, whom m any fruitful

100 ml of 10:1 dioxane-water solution was irradiated for 48 hr discussions of this work were held.

Photolysis of 2,2,5,5-Tetram ethyldihydro-3-furanone12

G raham  H a g en s , J ohn P . W asacz , M a d e l e in e  J o u l l ie , and P e t e r  Y a t e s *

Departments of Chemistry o f the University o f Pennsylvania, Philadelphia, Pennsylvania 19104, 
and the University o f Toronto, Toronto 5, Ontario, Canada

Received May 4, 1970

The photolysis of 2,2,5,5-tetramethyldihydro-3-furanone in methanol gives methyl 3-isopropoxy-3-methyl- 
butanoate, methyl 3-methyl-2-butenoate, isopropyl 3-methyl-2-butenoate, methyl 3-methyl-3-butenoate, and 
isopropyl alcohol. These products are all considered to arise via the ketene formed by Norrish type I cleavage 
of the dihydrofuranone followed by intramolecular hydrogen abstraction. Corroborarion for this view is pro
vided by the observation that photolysis of 2,2,5,5-tetramethyldihydro-3-furanone%-d2 in methanol gives 
methyl 3-(isopropoxy-f-d)-3-methylbutanoate-^-d and methyl 3-methyl-2-butenoate-^-d.

A lthough the photolysis of cyclic ketones has been reactions observed in the case of cyclobutanones,4 and
studied extensively, the only previous investigation of were interpreted as involving initial N orrish typ e I
the photolysis of an oxacycloalkanone appears to  be cleavage of the oxetanone.
th a t of H am m ond and cow orkers,3 who found th a t W e report now a study of the photolysis of the related
2,2 ,4 ,4-tetram eth yl-3-oxetan on e (1) undergoes both 2,2,5,5-tetram ethyldihydro-3-furanone (2) in m ethanol,
decarbonylation and cleavage to  a ketene and ketone This investigation was undertaken (1) to  extend our
(eq 1). These reactions are closely analogous to  knowledge of the photochem istry of oxacycloalkanones,

and (2) as part of the search for new cases of the photo- 
0 h3C CH chemical conversion of cyclic ketones to cyclic acetals.2
II —► 3 + CO With respect to the latter quest, it was considered that

H c /V CH R>C \  / CH3 the absence of hydrogen atoms at the ring atoms bearing
3 X  3 —  0 a d  relationship to the carbonyl group might inhibit

R>C \  /  CH3 —„ (ch3)2C = C = 0 + CH CqqH alkenal formation5 and that the circumstance that the
j 3 ring is five membered might inhibit ketene formation.6

___________  I t  was hoped th a t if these two pathw ays were thus m ade
* Author to whom correspondence should be addressed. more difficult, an oxacarbene2 might be formed, leading
(1) Taken from dissertations presented by J. P. Wasacz and G. R. to  the form ation of a Cyclic acetal. In  the event, how-

Hagens in partial fulfillment of the requirements of the Ph.D. degree at w  i
the University of Pennsylvania, 1969, and the University of Toronto, 1970, e v e r> ^hlS goal Was not ach ieved , 
respectively.

(2) Part of this work was discussed at the Second IUPAC Symposium on (4) N. J. Turro and R. M. Southam, Tetrahedron L ett., 545 (1967); D. R.
Photochemistry, Enschede, Holland, 1967; P. Yates, P u re A p p l. C hem ., 16, Morton, E. Lee-Ruff, R. M. Southam. and N. J. Turro, J .  A m er. Chem .
93 d 968)- S oc., 92, 4349 (1970).

(3) P. J. Wagner, C. A. Stout, S. Searles, Jr., and G. S. Hammond, J .  (5) R. Srinivasan, ib id . , 81, 1546 (1959).
A m er. Chem . S oc., 88, 1242 (1966). (6) G. Quinkert, P u re  A p p l. Chem . 9, 607 (1964).
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Irradiation of dilute m ethanolic solutions of 2 in a ether oxygen atom  on the ketene function in 8 (eq 3). 
P yrex  vessel with a m edium -pressure m ercury arc lam p Such a route can  also account for the form ation of 5 as
gave m ethyl 3-isopropoxy-3-m ethylbutanoate (3), the m ajor volatile product from  2 in pentane,
m ethyl 3-m ethyl-2-butenoate (4 ), and isopropyl
3-m ethyl-2-butenoate (5 ) .7 V apor phase chrom atog- H

o  s r  -
. f  „  _ ,— co,ch3 ___m  r,H H3C o

> H 3 r  Ô CHa I

h3c 0  ch3 H3°  0  x ch3 h 3c x ch3 / \
2 3 4 Hsc CHa

,CH3 8 n  0

l T COfiH' 'C H  r CO,CH, -------/  l

5 • V V
I 5

raphy (vpc) indicated th a t the relative yields of these 3
products were ca. 9 :2 3 :1 ;  the form ation of isopropyl The form ation of the fty -u n satu rated  ester 6 can be 
alcohol was also detected  by vpc. W hen the photolysis interpreted as involving the photoisom erization of the
of 2 was carried out in the presence of sodium carbonate, corresponding a,/i-unsaturated  ester 4 . Such isomeri-
the product m ixture was greatly  enriched in 3. Photol- zation has been reported previously by Jorgenson and
ysis of 2 in m ethanol containing a sm all am ount of Gundel,8 and its occurrence in the present case was
sulfuric acid gave 4 alm ost entirely. Photolysis of 2 in confirmed by irradiation of 4. The fact th a t form ation
pentane gave 5 as the only significant volatile product. 0f 6  from  2 was observed only when the ultraviolet
W hen the irrradiation of 2 in m ethanol was carried out radiation was not filtered by a P y rex  vessel is in accord
by immersion of the lam p in the solution, the form ation with expectation  in th a t direct excitation  of the a,/3-un-
of 5 was not observed, but a new product, m ethyl satu rated  ester 3 would require radiation of shorter
3-m e*hyl-3-butenoate (6), was detected. w avelength th an  th a t tran sm itted  by P yrex .

These observations can be interpreted in term s of the The postulated intram olecular transfer of a hydrogen  
interm ediacy of the ketene 8, form ed via N orrish type I atom  from  C -4  to C -2  in 7 in the form ation of the inter
cleavage of the m ore highly substituted6 carb on -carb on  m ediate ketene 8 (eq 2) has been confirmed by deuter-
bond ad jacen t to the carbonyl group of 2 to  give 7 (eq ium labeling a t C -4. Irradiation  of 9 gave l i  and 12,
2 ). R eaction  of this ketene with m ethanol in the the products anticipated from the ketene 10 (eq 4).
norm al fashion accounts for the form ation of 3.

» 1 /  V ^ °
P  h .c n / \ W H 3 h3c T  ^ ch3 cHj0H'

HsC> 0 < Ciil H3G' O ^ C H , H3cr 0 CH3
H3C/ X 0/ X CH3 9 10

2 H

V c ^ °  „ N - O W  dv _ C 0 ,ch .
w x r W o 1- CH0H h,c . r  ^ ch, X . „ . , c c D +  J  <«

„ M h .  —  H , C > V  " C H ,  <2) H -=  0

7 8 „  1 .2

. ,. .  . . 7 r . , Thus, all the photoproducts obtained from  2 are m ost
The form ation of increased am ounts of 4 when the babl derived from  the ketene 8 form ed by intra .

reaction is carried out in the presence of acid and of ^ olecular hydrogen abstraction  in the N orrish type I 
increased am ounts of 3 when the reaction  is carried out d  e d uct 7 . no products derived via alternative  
in the presence of base indicates th a t 4 arises a t least in h d abstraction  processes in 7, e.g., 13, or via 
m ajcr p art, by acid-catalyzed elim ination of isopropyl carbo bond form ation in 7, e.g., 14, could be
alcohol from  3. T h a t such a reaction  can occur in the d etected . The failure to form  the un satu rated  aldehyde
dark was established by boiling a solution of 3 in
m ethanol containing sulfuric acid for a brief period and OCH3
dem onstrating the form ation of 4 and isopropyl alcohol. P

The form ation of 5 from  2 in m ethanolic solution h [ ?
m ight result from  alcoholysis of 4  by the isopropyl 2 H3C—
alcohol elim inated in the form ation of the latter. H3C CH3 H3C CH3
However, this is unlikely to  be a significant pathw ay in 13 14

dilute m ethanolic solution I ts  form ation is best surprising, since its form ation requires an un
interpreted as involving intram olecular a ttack  of the fayorable J ydrogen abstraction  from  a m ethyl group in

(7) See Experimental Section for identification of products. (8) M. J. Jorgenson and L. Gundel, Tetrahedron  L ett., 4991 (1968).
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7. The exclusive form ation of 8 is notew orthy, how- 2.38 (s, 2 H, -CH 2CO-), 3.58 (s, 3 H, OCH3), and 3.77 [septet,
ever, since it has previously been found th a t the hydro- -7 = 6 Hz, l  H, (CH3)2CH -[; m/e. 159 (M — CH3), 1 1 5  [CH3-

gen abstraction  process leading to ketene form ation is OOCCH2C(CH3)2], 101 [(CH3).CHOC(CH8)2], 85 (CH3CO-
unfavorable in the case of the Norrish type I cleavage k  (CH.OOCCH,), and 43 (CH.CHCH,).
products formed from  five-m em bered cyclic ketones.* Cal'ad for C,H „0,; c  'H . Follnd. c
The failure of oxacarbene form ation to  com pete w ith 62.37; H, 10.09.
ketene form ation in this case reveals the v ery  unfavor- Methyl 3-methyl-2-butenoate (4) gave the following: v 1725 
able nature of this reaction  relative to  ketene form ation (conjugated ester C = 0 )  and 1660 c m '1 (C = C ); s 1.86 (d,
and places severe stru ctu ral restrictions on those cyclic if t7 1:fn w ’r  r -7, i ' 5 ? ! ’, , , , , , , , 3 H, cis-CH3C =C C O -), 3.60 (s, 3 H, OCH3), and 5.70 septet,
ketones th a t  m ay be expected  to  undergo th is reaction . j  = lA  Hz> x H, (CH3)2C=C H C O -]; m/ e 114 (M), 83 [(CH3)2-

C=CH CO ], and 55 [(CH3)2C = C H ].
Experim ental Section Anal. Calcd for C6Hi0O2: C, 63.14; H, 8.83. Found; C,

63.27; H, 8.63.
The ultraviolet light source was a 450-W Hanovia Type L The infrared and nmr spectra and the vpc retention time of 

medium pressure mercury arc lamp; irradiation of solutions was the photolysis product were identical with those of an authentic
carried out in Pyrex tubes placed close to the light source, unless sample of 4, prepared by esterification of 3-methyl-2-butenoic
otherwise specified. Infrared and nmr spectra were recorded acid with diazomethane.
in carbon tetrachloride solution. Analysis by vpc was carried Isopropyl 3-methyl-2-butenoate (5) gave the following: r 1712
out on a 10 ft X 0.25 in. column of 10% SE-30 on 80-100 Chromo- (conjugated ester C = 0 )  and 1664 cm-1 (C = C ); 8 1.20 (d
sorb W at 150°, unless otherwise specified. Preparative vpc was J  = 6 Hz. 6 H, (CH3)2CH -[, 1.86 (d, J  = 1.3 Hz, 3 II  trans-
carried out on a 20 ft X 0.25 in. column of 10% silicone rubber CH3C =C C O -), 2.16 (d, J  = 1.3 Hz, 3 H, m -CH 3C =C C O -)
on 45-60 Chromosorb W at 100-110° (injection port, 180°) with 5 . 0 2  [septet, / = 6 Hz, 1 H, (CH3)2CHO-[, and 5.67 [m 1 H
a helium flow rate of 120 ml/min; retention times are reported (CH3)2C = C H -[. The infrared and nmr spectra and the vpc
relative to air, coinjected as reference. _ retention time of the photolysis product were identical with those

Photolysis of 2,2,5,5-Tetramethyldihydro-3-furanone (2). 0f an authentic sample of 5, prepared by esterification of 3-
80 utl0,n °f 2,2,5,5-tetramethyldihydro-3-furanone (2)9 methyl-2-butenoic acid with isopropyl alcohol in the presence of

(2.00 g) m methanol (100 ml) was irradiated for 5 days. Analysis concentrated sulfuric acid.
by vpc showed that all the starting material had been consumed Methyl 3-methyl-3-buienoate (6) gave the following- v 3078
and that methyl 3-isopropoxy-3-methylbutanoate (3), methyl (C =C H 2), 1746 (ester C = 0 ) , and 1649 cm“1 (C = C )- 8 1 80
3-methyl-2-butenoate (4), and isopropyl 3-methyl-2-butenoate (s, 3 H, CH3C = C ), 2.95 (s, 2 H, CH2C = C ), 3.63 (s, 3 H, OCH3),
(5) were formed in the ratio ca. 9 :2 3 :1 ; vpc analysis at 30° arKj  4 . 3 2  (Sj 2  H, C =C H 2)!°
showed that isopropyl alcohol was also formed. Isopropyl’ a~lcohol gave the following: 8 1.13 [d, J  =  6 Hz 6

B .—To a solution of 2 (2.00 g) in methanol (50 ml) was added H, (CH3)2CH-[ and 3.92 [septet, J  =  6 Hz, 1 H, (CH3)2C H -0-[,
sodium carbonate (0.10 g). The mixture was irradiated for 75 corresponding to signals in the spectrum of an authentic sample,
hr, after which time vpc analysis revealed that 55% of 2 re- Acid-Catalyzed Conversion of 3 to 4 .—A solution of 3 in 
mained and that compounds 3 and 5 were formed in the ratio methanol was treated with a drop of concentrated sulfuric acid, 

T3 comP°und 4 was detected. Half of the methanol was and the solution was boiled under reflux for 10 min. Analysis
\V ,ed unde,r reduced pressure, and the residual solution was by vpc showed that 3 was partially converted to 4; vpc analysis .

added to a solution of Girard s-T reagent (1.00 g) in 10% acetic at 30° showed that isopropyl alcohol was also formed. Both
acid ethanol (10 ml). The resulting solution was boiled for 30 products were identified by comparison of their retention times
mm, alter which time vpc analysis showed the complete removal with those of authentic, samples.
° i 2 - T,ater T™8 added’ and the mixture was extracted with Photoisomerization of 4 to 6 .—A solution of 4 in methanol was
ether. The ethereal solution was dried and stripped of solvent irradiated in a quartz tube for 12 hr. Analysis by vpc (10%

,  Uoo Pressure, and the residual oil was molecularly fluorosilicone on 60-80 Chromosorb W, 8 ft X 0.25 in. 125°)
Kti ed at 80-90 (15 mm) to give 3. showed that no 4 remained and the 6, as identified by its retention

1 uC'_ ‘Tf° a solui 10"  ° f 2 /i2'00 g).“  methanol (50 ml) was added time, had been formed. Coinjection of this photolysis mixture
1 drop of concentrated sulfuric acid The solution was irradiated with that from the photolysis of 2 in methanol confirmed that 6
or o hr, after which time vpc analysis revealed that 50% of 2 Was present in both mixtures.

remained and that 4 represented 83% of the volatile photo- 2,2,5,5-Tetramethyldihydro-3-furanone%-rf2 (9 ) .-A  mixture
products. A sample of the solution stored m the dark for several 0f 2,5-dimethyl-2,5-dihvdroxyhex-3-yne (3.75 g, 0.026 mol) 
days showed no change m composition, as determined by vpc. mercuric sulfate (0.75 g, 0.0025 mol), and deuterium oxide (15
After partial removal of methanol from the photolysis mixture, ml) was stirred magnetically for 15 min and then distilled. The
asTn m o ld  b*  trea ment with Girard s-T reagent distillate, which separated into two layers, was saturated with
Z  died at fiO «n^Vl J  ew er‘SOlUa a WaS moIeCularly potassium carbonate and the upper, organic layer was removed
d1 sti' led at 60-80 15 mm to g,ve 4 and dried with magnesum sulfate. This layer was distilled, and
fnr i V  1 m P,en4 ne (5 ,m ) Was lrradlated the fraction boiling at 150.5-152° was collected to give 2,2,5,5-
tor 3 days after which time the solution was brown m color and tetramethyldihydro-3-furanone-^2 (9) (3.5 g, 92% ): r 1757
a gum had formed on the walls of the tube. Analysis by vpc cm-i (ester C = 0 ) ; 8 1.20 [s, 6 II, 2-C(CII3)2] and 1.33 [s, 6 H,
revealed that no 2 remained and that the major volatile product 5 -C(CH3)2] 11
was compound 5; other products with longer retention times AnaL  ¿ alcd for C6H12D20 2: C, 66.63; H and D, 11.18. 
were present in small amount. The photolysis solution was Found- C 66 24- H and D 1126
stripped of solvent under reduced pressure, and the residual oil Photolysis of 2,’2,S,5-Tetramethyidihydro-3-furanone-/-d2 (9). 
was moJecukriy distilled at 80-90 (15 mm) to give 5 (0.98 g, _ A solution of 2,2,5,5-tetramethyldihydro-3-furanone%-d2 (0.52

FC_ 1 a srdnGnr, nf i  M K o ,  n u n  i, • ,, , ,onn in g’ 0-0036 mol) in methanol (8.0 ml) was irradiated for 12 hr in
• r  ( gl 'I '1 9  m0i} 113 methano1 (30° mi) a quartz tube. The methanol was removed from the reaction

Afterclislmaiiin 7 ^ T m l f r P l“  f ” ^  12 ^  mixtllre ^  di^iUation, and the residue was subjected to prepara-
fhe foJowit^1 1  I 1"’ t T  ’ Preparatlve VPC gave five vpc to give 11 and 12 with retention times of 971 and 278tne ioliowing components of the photolysis mixture (retention sec respectively
(43 s e c i  Set }’ A °fnPR̂  ^ 31 ^ nalysis by VPC (10% « ‘orosilicone on 6(H80 Chromosorb W,
id e n  ificition of ^ o d ilts  f tm  (pn6 f , C),-andf V  6t 7 8 f t  X °-25 in ” 125°) showed the presence in the original photoly-Identmcation of Products from Photolysis of 2. Methyl 3- sis mixture of 33°7 of l l  and w°y  nf i?

isopropoxy-3-methylbutanoate (3) gave the following: „ 1738 % °f 1 a" d 54 /o ° f 12’
(ester C = 0 ) , 1379 (w), and 1364 (m) cm“1 [(CH3)2C[; 8 1.07 -----------------
[d, J  = 6 Hz, 6 H, (CH3)2CH -[, 1.25 [s, 6 H, (CH3)2C <[,
____________  (10) This nmr spectrum was recorded on a solution in a microtube and

. fine splittings could not be observed.
i9)TTHrTRlCher ’ A n n ' ^ h im -' t12J 3> 317 (1048); F. Leonard, A. Wajngurt, (11) The assignment of the methyl proton signals are derived from those

and H. Horn, J .  Org. C hem ., 21, 1400 1.1966). for 2: P. M. Bnrke, Ph.D. Thesis, University of Toronto, 1966.
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Identification of Products from Photolysis of 9, Methyl 3- R egistry N o.— 2, 5455-94-7 ; 3, 25859-48-7 ; 4,
methyl-3-(isopropoxy-I-d)butanoate-2-d ( 1 1 ) gave the following: 0 9 a eo re. c 9 e o ‘“, 0  e 1 9 . e. 9 eoeq - 9  o . o 9 ",8 eq so a .
V 1733 cm -' (ester C = 0 ) ;  S 1.07 [m, 6  H, (CH.J.CD-], 1.25 k i T o c o t n  e h ,  ™~52' d ’ 9 ’ 2o8o9-53“4 >
[s, 6  H, (CH3)2C < ], 2.39 (m, 1 H, -C H D -), and 3.61 (s, 3 H, U > 25907-97-5 ; 12, 25859-50-1.
OCH3)

Anal. Calcd for C9H16D 20 3: C, 61.33; H and D, 1 1 .4 4 . Acknowledgm ents.— W e thank the N ational R e-
Found: C, 61.54; H and D, 1 1 .3 4 . search Council of C anada for support of p art of this re-

Methyl 3-methyl-2-butenoate-2-d ( 1 2 ) gave the following: v search and for the award of a Fellowship (to  G . H .).
1718 (conjugated ester C = 0 )  and 1643 cm "' (C = C ); s 1 . 8 8  One of us (J . P . W .) gratefuhy acknowledges financial

and 3  62 (sT T h  OCH3) ’ ’ S’ ’ CiS~ 3 ’ aid from  th e N ational Aeronautics and Space Adminis-
Anal. Calcd’ for C6H9D20 2: C. 62.53; H and D, 9.70. tration  (1965-1968) and from  the N ational Science 

Found: C, 62.32; H and D, 10.08. Foundation (196 8 -1 9 6 9 ).

Benzene Ring Substituted Indeno[l,2-c]pyrazol-4(l//)-ones
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The condensation of 4-substituted 2-acetyl-l,3-indandiones (la-d) with hydrazine yielded the corresponding 
indandione a-hydrazones (2a-c), indeno[l,2-c]pyrazol-4(lff)-ones (3 and 6) or indeno[l,2-c]pyrazol-4(17/)-one 
hydrazones (7a-c), depending upon the nature of the substituents and the reaction conditions. Evidence is 
presented that the product of the reaction of 2-acetyl-4-nitro-l,3-indandione (la) with hydrazine is 3-methyl-8- 
nitroindeno[l,2-c]pyrazol-4(lif)-one (6), whereas the product from 2-acetyl-4-amino-l,3-indandione (lb) and 
hydrazine is 5-amino-3-methylindeno[l,2-c]pyrazol-4(lff )-one (3) and that the ring closure of the a-hydrazones 
of 4-amino- and 4-acetamido-2-acetyl-l,3-indandione (2 a and 2b) yields 5-amino- and 5-acetamino-3-methyl- 
indeno[l,2-c]pyrazol-4(lfi)-one (3 and 4). 2-Acetyl-5-nitro-l,3-indandione ( 1 2 ) was treated with hydrazine 
to give 3-methyl-6- (or 7-) nitroindeno[l,2-c]pyrazol-4(lif)-one hydrazone (13).

A number of in d en o [l,2-cjp yrazol-4(17/)-on es w ith 7b and 7c. All attem p ts to  form  the hydrazone of 5- 
substituents in the pyrazole ring has been reported in am in o-3-m eth ylin d en o[l,2 -c]p yrazol-4(lR )-on efrom  lb 
several papers from  this lab o rato ry .1'2 T he interesting failed.
physiological properties of these compounds prom pted T he hydrazono group in the indandione hydrazones 
us to investigate the syntheses and ch aracteristics of 2a-c is on the side chain carbonyl, as dem onstrated by a 
benzene ring substituted 3-m eth ylin d en o[l,2-c]p yra- positive Tollens te s t4 and by the form ation of a red so- 
zol-4 ( l / / ) - o n e s 3 ,4, 6, 7, and 13, Schem e I). lution w ith aqueous sodium hydroxide.4

T he preparation of 4- and 5-substituted  2 -a ce ty l-l ,3 -  In  the condensation of com pounds 1 w ith hydrazine 
indandiones (la-d and 12) necessary for this investiga- to  form  3, 6, and 7 and in the cyclization of compounds
tion was described in a previous p ap er.3 T h e conden- 2 to  form 3 and 4, only one of the two possible isomers,
sation of 4-am ino- and 4 -acetam id o -2-acety l-l,3 -in - the 5- or 8-substituted  3-m ethylin d en o[l,2-c]p yrazol-4-
dandione (lb and lc) w ith 1 or 2 mol of hydrazine in re- ( l / /) -o n e , w as formed. T h eoretical considerations
fluxing ethanol for 0 .5 -1  hr yielded the a-hydrazones of would lead one to  predict th a t these reactions would
the corresponding 2-acetylindandiones (2a and 2b). give the 8-substituted  rath er th an  the 5-substituted
W hen these hydrazones were refluxed in ethanol (in the isomer, when R  is an electron-w ithdraw ing group and
case of 2a cata ly tic  am ounts of hydrochloric acid were the 5 rath er th an  the 8 isomer, when R  is an electron-
necessary) cyclization to  the corresponding indeno- donating group.
[ 1,2 -c ]pvrazol-4(1 / / ) -ones 3 and 4 occurred. W hereas Evidence for the stru ctu re of the nitro derivative 7a 
when 2a and 2b were refluxed in acetic anhydride the a- was obtained by treatin g  it with hydrazine and palladium
acetylhydrazone of 4-acetam id o-2-acety l-l,3-in d an d i- on charcoal to form  the am ino-1,4-dihydro-3-m ethyl-
one (5) w as formed. indeno [l,2-c]p yrazole (8 ). T h e melting point and in-

T h e condensation of 4-am in o-2-acetyl-l,3-in d an d ion e  
(lb) with hydrazine a t  1 8 0 -2 0 0 °  under the conditions of
the W olff-K ishner reaction  gave directly  5-am ino-3- ^
m eth y lin d en o[l,2 -c]p yrazo l-4 (li/)-on e  (3), w hereas ^
4-n itro-2-acetyl-l,3-in d an d ion e (la) yielded directly  a | |j j ||
8-n itro -3 -m eth y lin d en o[l,2 -c]p y razo l-4 (lR )-o n e  (6) by 
reacting with 1 mol of hydrazine in refluxing ethanol
for 48  hr. W hen an excess of hydrazine w as used, the 8
nitroindandione la gave the indenopyrazolone h y 
drazone 7a. U nder these last conditions 4-acetam id o- , , c _ , n ^
and 4-h y d roxy-2-acety  1-1,3-indandm ne ( l c  and Id) also (jfPan a jth en tlc  le of 5-am in o-l,4-d ihyd ro-
gave the corresponding indenopyrazolone hydrazones 3_m ethylindeno[1)2. c]pyraZole (10, see below) and

* Author to whom correspondence should be addressed. therefore the 8-nitro  stru ctu re  w as assigned to  com™*
(1) R. A. Braun and W. A. Mosher, J .  A m er. Chem . S oc ., 80, 4919 (1958).
(2) R. A. Braun and W. A. Mosher, J .  Org. C hem ., 24, 648 (1959).
(3) W. A. Mosher and W. E. Meier, ib id ., in press. (4) R. A. Braun and W. A. Mosher, J . A m er. Chem . S oc., 80, 2749 (1958).
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S c h e m e  I S c h e m e  II

^  N-NHCOCH3 , i ° C H 3

W - C- CH- 2-  - *  n ^  C r f j L c „
CH3COHN O 2 b — > 4J C 3

H 5  CH3COHN 0

c d x  ~
T  I  v Et0H
R 0  \  ^  0  N— NH2 S c h e m e  III

3, r  = n h 2 1 1 1  f  PH

4 ’ r = n h c o c h 3  Y i  c y > - co ch 3 ^  y y - coch3

R 2 a,R  =  NH2 H’N 0  CH Ĉ0HN 0

/ b, R = NHCOCH3 lb 1c

c, R =  OH l,N2H,,EtOH

2, HC1, EtOH

--Y n f |0CHi

la. R -  NO, 'V 3 , R = 5 -NH2 h  n  0  CHjCOHN 0
b,R = NH2 \  6 ,R  =  8-N02

c,R=NHCOCH3 \  3 9
d, R = OH Tf * Clemmensen

_____ reduction
i T  11 CII
^  ^  H C 0 C H 3

N— NH2 _ Ji _  n
_ „ Ac2o , --------S ’*"N
/a, R = 8-N02 [ | I II ---- _  [ 1  I ||
b, R = 5 -NHCOCH3 -------L CH3 L A J -------L Cff3

c, R = 5-or8-OH i f
H,N CHjCOHN

H 1 0  11
^  JO 0

r v Y  11 rx  x j — j l Ch
0:;N V - V /  c  CH3 3 (N — H stretching frequencies 3330  cm -1  for l c  and

^ N nh2 3335 c m " 1 for 9), w hereas com pound 11 exhibits an ab-
13, R = 6 - or 7-N02 sorption frequency corresponding to  a free N— H

12 stretching (3435  c m " 1). T hese results dem onstrate
th a t the acetam ido group in com pound 9 m ust be in 

pound 7a. These results also support the stru ctu re  as- position 5 and therefore support the stru ctu res,
signed to compound 6. O rientation of the acetam ido 5-am ino- and 5 -acetam id o -3-m eth yl[l,2 -c]p y razol-4-
group in 7b was established by treatin g  7b w ith h y- ( lii)-o n e , assigned to  compounds 3 and 4, respectively,
drazine and potassium  hydroxide under the conditions This stru ctu re proof of 3 is obviously also a proof for the
of the W olff-K ishner reaction. The product obtained stru ctu re 10 assigned to  the am ino-1,4-dihydro-3-
was identical w ith an authentic sam ple of 5-am ino-3- m ethylindeno[l,2-c]pyrazole.
m eth ylin d en o[l,2-c]p yrazol-4(177)-one (3, see below ). T he condensation of 2-acetyl-5-n itro -l,3-in d an d ion e

Proof th a t the 5-substituted  isom er was formed in the (12) with hydrazine in ethanol yielded directly  the hy-
cyclization of compounds 2a and 2b was obtained by drazone of 3-m ethyl-6- (or 7-) n itro in d en o[l,2 -c]p yra-
determ ining the positions of the amino and acetam ido z o l-4 (lif)-o n e  (13). A ttem pts to  determ ine the posi-
groups in compounds 3 and 4 respectively. F irs t it tion  of the nitro group were unsuccessful,
w as established th a t cyclization of 2a and 2b to  form  3 T h e infrared spectra of the benzene ring substituted  
and 4, followed by acetylation  (Schem e II), gave the 3 -m eth y lin d en o [l,2 -c ]p y razo l-4 (177)-o n es show a
sam e indenopyrazolone 9, thus dem onstrating th a t the broad band a t  about 3200  cm -1  (N — H  stretching of the
amino group in 3 is in the sam e position as the a ce t- pyrazole), a band a t  1720 c m " 1 (ketone carbonyl) when
amido group in 4. T hen compounds lc , 9, and 11 were the benzene ring is substituted w ith  a nitro group, and a
prepared as shown in Schem e I I I  and their infrared band a t 1690 c m " 1 (ketone carbonyl) when the benzene
sp ectra  com pared. These sp ectra  show th a t the hy- ring is substituted  w ith  an amino or acetam ido group,
drogen atom s of the acetam ido groups of lc  and 9 ex- T h e band a t 3200  c m " 1 disappears upon acety lation  of
hibit sim ilar intram olecular hydrogen-oxygen bonding the pyrazole ring.
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Experimental Section5 an open flask 2.0 g (0.01 mol) of amine lb3 and 2.0 g (0.04 mol)
of 100% hydrazine hydrate were added to 30 ml of diethylene 

2-Acetyl-4-ammo-l,3-indandione a-Hydrazone (2a).— Into a glycol; the solution was heated to 150° over a 1-hr period. Then
flask equipped with a mechanical stirrer and condenser were 1 g of pulverized potassium hydroxide was added and the tern-
placed 50 ml of anhydrous ethanol and 0.7 g (0.02 mol) of 95%  perature quickly raised to 180°, held there for 1 hr and then
hydrazine. The mixture was heated to reflux and 2.03 g (0.01 raised to 200° for 15 min. To the reaction mixture 200 ml of
mol) of 2-acetyl-4-amino-l,3-indandione3 was added. The water was added at room temperature and a small amount of a
amine dissolved rapidly to give a red solution. After 7 min a brown resinous substance filtered off and discarded. The filtrate
yellow precipitate was formed. The mixture was refluxed for 1 was extracted with seven 100-ml portions of ether. The combined
hr, then was cooled and the precipitate was collected by filtration, extracts were washed with 50 ml of water and dried over M gS04.
washed with ethanol and dried to give 1.5 g (69% ) of 2a as small Removal of the solvent left 1.1 g of yellow solid, which chro-
yellow needles, mp 220- 222° (dimethylformamide-water). matographed on an alumina-packed column with tetralyydrofuran

A n al. Calcd for C11H 11N3O2: C, 60.82; H, 5.12; N, 19.35. as the eluent gave 1.0 g (51% ) of 3 as crystals of bright yellow
Found: C, 61.05; H, 5 .46; N, 20.09. fluorescence, mp 280-283°.

Prolonged refluxing and/or a large excess of anhydrous hy- A n al. Calcd for C11H9N3O: C, 66.33; H, 4 .52 ; N, 21.10.
drazine led to the same product. Found: C, 66.24; H, 4 .85; N, 20.81.

4-Acetamido-2-acetyl-l,3-indandione a-Hydrazone (2b).—  B. From Hydrazone 2a.—A suspension of compound 2a (5 g,
Hydrazine hydrate 100% (1.2 g, 0.025 mol) was added to a 0.025 mol) in anhydrous ethanol (300 ml) was heated to reflux
stirred, refluxing solution of 4-acetamido-2-acetyl-l,3-indandione3 and a few drops of concentrated hydrochloric acid were added.
(5 g, 0.02 mol) in ethanol (300 ml). The yellow solution turned Within 2 min a clear solution was obtained. Refluxing was
red and shortly thereafter a mass of bright yellow needles sepa- continued for an additional hour, and then the solvent was
rated. One 0.5 hr after the addition of the hydrazine, the mix- evaporated in  vacuo leaving 5 g of crude orange material. Sub-
ture was cooled and the precipitate was collected by filtration, limation at 200° (1 mm) gave 4.2 g (85% ) of 3 as pale yellow
washed with ethanol, and dried to yield 4.5 g (79% ) of 2b, mp crystals, mp 280-283°, identical (melting point and ir) with 3
264-265.5 (dimethylformamide-water). When the melting point obtained by procedure A.
is taken slowly, the product melts above 300°, probably because S-Acetamido-3-methylindeno[l,2-c]pyrazol-4(117)-one (4).— A
it cyclizes to the corresponding indenopyrazolone. mixture of 2b (4.5 g, 0.017 mol) and 200 ml of anhydrous etha-

A n al. Calcd for C13H13N3O3: C, 60.23; II, 5 .02; N, 16.22. nol was refluxed with stirring for 48 hr during which time most
Found: C, 59.85; H, 5.19; N, 16.15. of the solid gradually dissolved. The reaction mixture was

2- Acetyl-4-hydroxy-l,3-indandione a-Hydrazone (2c).— Hy- filtered while hot to remove 1.0 g of insoluble nonfluorescent
drazine hydrate 85%  (1 ml, 0.022 mol) was added to a solution material. Concentration of the filtrate gave 2.5 g (60% ) of 4 as
of 2-acetyl-4-hydroxy-l,3-indandibne3 (1.2 g, 0.006 mol) in pale yellow crystals of yellow fluorescence, which upon sublima-
ethanol (50 ml). After 5 min the precipitate was collected by tion at 200° (1 mm) and recrystallization from ethanol melted
filtration and washed with ethanol to give 0.7 g (55% ) of 2c as above 300°.
yellow needles, mp 260-262° dec (dimethvlformamide-water). A n al. Calcd for C13H11N3O2: C, 64.73; II, 4 .56; N, 17.42.

A n al. Calcd for C„H 10N2O3: C, 60.55; H, 4.59; N, 12.84. Found: C, 64.78; H, 4 .64; N, 17.39.
Found: C, 60.76; H, 4 .67; N, 13.09. Compound 4 when refluxed in a small portion of ethanol con-

The hydrazone 2c was also obtained when a solution of 4- taining a few drops of concentrated hydrochloric acid gave the 
acetoxy-2-acetyl-l,3-indandione3 (0.1 g) in anhydrous ethanol amine 3 in quantitative yield.
(10 ml) was refluxed for 10 min with 95 +  % hydrazine (2 drops). 5-Acetamido-l-acetyl-3-methylindeno[l,2-c]pyrazol-4(lH)-one

4-Acetamido-2-acetyl-l,3 -mdandione a-(Acetylhydrazone) (5). (9). A. From the Aminoindenopyrazolone 3 .—To 1.0 g (0.0041
A.—A small amount of 2a was dissolved in acetic anhydride and mol) of 3 in a test tube was added 2 ml (0.01 mol) of acetic
the solution refluxed for several minutes whereupon a heavy anhydride. The mixture was heated slowly until the solid went
precipitate of thin white needles formed. The precipitate was into solution and then was refluxed for 5 min, and upon cooling 
collected by filtration, washed with ether, and dried to give 5, as to room temperature 1.0 g (77% ) of bright yellow needles of
creamy white needles, mp 263.5-264.5° (ethanol), in almost diacetylated product was obtained, which upon sublimation at
quantitative yield. 170° (1 mm) and recrystallization from acetic anhydride gave 9

A n a l. Calcd for C15H 15N3O4: C, 59.80; H, 4.98; N, 13.95. as yellow needles of bright yellow fluorescence and mp 206-208 .
Found: C, 59.79; II, 5.04; N, 13.92. A n a l. Calcd for CuTRsNaOsj C, 63.60; H, 4 .59; N, 14.84.

B .— The previous reaction was repeated using the acetamido 2b Found: C, 63.55; H, 4.70; N, 14.66.
in place of the amino compound 2a. The product was identical B. From the Acetamidoindenopyrazolone 4.— A mixture of
with -hat obtained (part A above) by acetylation of 2a, as shown 1.0 g of 4 and 2 ml of acetic anhydride was refluxed for several
by comparison of the infrared spectra and by mixture melting minutes then cooled to room temperature. The precipitate was
point determinations. collected by filtration, washed, and purified to give yellow needles.

3- M eth y l 8-nitroindeno[l,2-c]pyrazol-4(l.ff)-one (6 ).— To a  A m ix tu re  m eltin g  p o in t w ith  a  sam p le o f 9 prepared  b y  a ce ty la -
suspension , „ ’e ty l-4 -n itro -l,3 - in d a n d io n e 3 (5 g , 0 .0 2  m o l) in  tio n  o f 3 (p a rt A a b o v e ) show ed no dep ression .
250 ml of ethanol was added 10 g (0.02 mol) of a hydrazine solu- 3 -Methyl-8-nitroindeno[l,2-c]pyrazol-4 (lif)-one Hydrazone
tion, prepared by dissolving 13 g of 85%  hydrazine hydrate in (7a).— A mixture of 2-acetyl-4-nit.ro-1,3-indandione3 (3.0 g,
87 g of ethanol. After stirring under reflux for 48 lm ' - reaction 0.013 mol) and 95%  hydrazine (2.5 g, 0.078 mol) in absolute
mixture was filtered hot to remove 2 g of susp , . . : ” ish- ethanol (200 ml) was stirred and refluxed for 48 hr. Complete
yellow solid and the filtrate was refrigerated for 18 hr to yield 2.2  solution was never attained, but the color of the solid material
g (50% ) of golden yellow crystals. Sublimation at 220° (1.5 in the flask changed from yellow to orange. The hot reaction
•mm), followed by recrystallization from ethanol gave 6 as light mixture was filtered to give 2.6 g (82.5% ) of 7a as orange crystals,
yellow crystals of orange fluorescence, mp 251.5-252°. slightly soluble in most solvents. Soxhlet extraction with toluene

A n al. Calcd for CnH7N30 3: C, 57.64; 1 1 ,3 .0 6 ; N, 18.34. o r  x y le n e  fo r  24 hr gave orange-yellow needles mp 270-273 .
Found: C, 57.97; II, 3.07; N, 18.27. A n a l. Calcd for CnH9N60 2: C, 54.32; H, 3.70; N, -8 .8 1 .

5-Amino-3-methylindeno[ 1,2-c]pyrazol-4( l if  )-one (3). A. Found: C, 54.03; H, 3.91; N, 29.45.
From indandione lb (Wolff-Kishner Reduction Conditions).— In To a refluxing mixture of hydrazone 7a (0.5 g), dioxane (1U
____________  ml), and acetone (5 ml) were added 2 drops of concentrated hy-

. T , • , drochloric acid and the refluxing continued for 0.5 hr. The solid
(5) Melting points were determined with a‘ ^  was collected by filtration and crystallized from xylene to give a

apparatus and are uncorrected. The melting points of the hydrazones were J. o q «;+rninilonnf1 9-H nvra zol-4-
taken by preheating the apparatus to a few degrees below the melting point quantitative Weld of 3-m ethyl-8-nltr0.ndeno[l! ClpyrazO, 4 
of the samples. Then the samples were placed on the hot stage and the (lH)-one 021« With acetone as pale yellow, nonttuorescent
temperature was raised rapidly to the melting point. Infrared spectra were needles, mp 297-299° . _ .
taken on a Perkin-Elmer Infracord spectrophotometer Model 137 using A n a l. Calcd for CHH13N5O2: C, 59.36, H, 4 .59, N, —4.7 .
sodium chloride plates. Found: C, 59.48; H, 5 .00; N, 24.57.

Samples used in H-bonding studies were dissolved in chloroform and the Hydrazone 7a and 2-nonanone, when refluxed as described
infrared spectra were taken on a Perkin-Elmer spectrophotometer Model abo „ave 3-meth\d-8-nitroindeno[l,2-clpyrazol-4(lif )-one
421. Elemental analyses were performed by Dr. A. Bernhardt Microanaly- 2-nonanone as yellow- nonfluorescent crystals, mp
tisch Laboratorium in Max Planck Institut far Kohlenforsehung, Malhem Mine ¿ rumanone as yellow, nommo e y
(Ruhr), West Germany. 133- 134 (ethanol).
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A n al. Calcd for C20H25N5O2: C, 65.39; H, 6.81. Found: The combined decanted solutions were cooled and 1.2 g of color-
C, 64.83; H , 6 .87. less needles was collected by filtration. These crystals were

5-A ceta m id o -3 -m eth y lin d e n o [l,2 -C jp y ra z o l-4 (l/ 7 )-o n e  Hydra- dissolved in 100 ml of water, and the solution was made basic
zo n e (7b).—-A mixture of 4-acetamido-2-acetyl-l,3-indandione3 with 1 N  NaOH and extracted with five 100-ml portions of ether.
(5 g, 0.020 mol), anhyrous ethanol (400 ml), and 9 5 + %  hydra- The combined ether extracts were dried over KOH pellets, fil-
zine (6 ml, 0.19 mol) was stirred and refluxed for 48 hr. An tered, and treated with excess dry hydrogen chloride. The
orange solution was rapidly formed, and then a yellow solid precipitate was removed by filtration and dissolved in a small
precipitated which gradually redissolved. The reaction mixture amount of water and the solution treated with enough 1 N  KOH
was filtered hot to remove a small amount of grayish powder. to precipitate the free amine. Filtration and washing of the
The filtrate was cooled in a refrigerator for 12 hr and the pre- precipitated amine with a small portion of cold water gave 0.52
cipitate was collected by filtration, washed with water, and dried g (56% ) of 10, as colorless needles, mp 224-226° (water),
to give 4.5 g (88% ) of 7b as pale yellow needles, mp 264.5-265° A n al. Calcd for CuHuNs: C, 71.35; H, 5 .95 ; N, 22.70.
(ethanol). Found: C, 71.40; H, 5.92; N, 22.65.

A nal. Calcd for C 1 3H1 3N5 O: C, 61.18; H, 5.10. Found: C, 5-Acetamido-l-acetyl-l,4-dihydro-3-methylindeno[l,2-c]pyra-
61.21; H , 5.14. zole (11).—Amine 10 (0.2 g) was added to acetic anhydride (1

Hydrazone 7b, when treated with hydrazine and potassium ml) and the mixture heated to reflux for several minutes. The pre
hydroxide following the procedure described for compound 3 cipitate formed upon cooling was collected by filtration, washed
from lb, gave 5-amino-3-methylindeno[l,2-c]pyrazol-4(lH)-one, with ether, and dried to give a quantitative yield of 11 . Sub
identical with an authentic sample prepared as described above. limation at 220° (1 mm), followed by crystallization from acetic

5- (or 8- ) Hydroxy-3-methylindeno[l,2-c]pyrazol-4(lH)-oneHy- anhydride, gave 11 as needles of mp 260-262°. 
drazone (7c).— By the method used for the preparation of 7b, a A n al. Calcd for CuHieNjOj: C, 66.91; H, 5.58. Found: C, 
mixture of 2-acetyl-4-hydroxy-l,3-indandione3 (3.0 g, 0.015 mol) 66.82; H, 5.69.
in anhydrous ethanol (400 ml) was reacted with 9 5 + %  hydrazine 8-Amino-l,4-dihydro-3-methylindeno[l,2-c]pyrazole (8 ).— A
(4 ml, 0.12 mol). A 15% yield (0.5 g) of 7c was obtained as pale solution of 10 ml of 95 +  %  hydrazine in 50 ml of ethanol was
yellow crystals, mp 298-300° (ethanol) with darkening and added dropwise over a 2.5-hr period to a stirred and refluxing
sublimation. mixture of 7a (2.6  g, 1.1 mol) and 10% Pd-C  (0.7 g) in ethanol

Hydrazone 7c, when refluxed in acetone for 5-10 min, gave 5- (200 ml). The mixture was refluxed for additional 72 hr and
(or 8-) hydroxy-3-methylindeno[l,2-c]pyrazol-4(lH)-or.e azine then was filtered still hot, and the filtrate evaporated to dryness
with acetone as pale yellow needles, mp 299-300°. to give 1.2 g (60% ) of crude 8 . Recrystallization from ethanol-

A n al. Calcd for C«H hN«0 :  C, 66.14; H, 5.51; N, 22.05. water (Darco) gave 8 as pale yellow needles, mp 205 .5-208°.
Found: C, 66.30; H, 5.57; N, 21.96. The mixture melting point of this compound and the amine 10

3-Methyl-6- (or -7-) nitroindeno[l,2-c]pyrazol-4(lH)-one Hy- (mp 224-226°) showed a significant depression (mmp 171-182°)
drazone (13).— To a stirred and refluxing mixture of 2-acetyl-5- and the ir spectra showed differences in the “fingerprint”
nitro-l,3-indandione3 (1.0 g, 0.004 mol) and absolute ethanol region.
(100 ml), 95 +  %  hydrazine (1.0 ml, 0.03 mol) was added. The A n al. Calcd for CiiHnN3: 0 ,7 1 .3 5 ;  H, 5 .95; N, 22.70.
indandione dissolved rapidly to give an orange-red solution from Found: C, 71.35; H, 6.21; N, 22.92. 
which a precipitate of yellow crystals began to form after ap
proximately 2 hr. An additional 0.5 ml of 95%  hydrazine was R egistry  N o .— 2a, 25906-41-6; 2b, 25906-42-7; 2c, 
added and refluxing was continued for 22 hr. The precipitate 25906-43-8; 3, 25906-44-9; 4, 25906-45-0; 5, 25957-

by “ tratio11?’ waf f i  with ethanol, and dried to give 52_2 . 6 25906-46-1 ; 7a, 25906-47-2 ; 7b, 25906-48-3 ; 
0.84 g (89% ) of 13 as yellow platelets, decomposing at about 300° ’ ’ _ , Q , . ’ 9 WJ . R 7 . ,
(dimethylformamide-water). 7 c > 25898-66-2, 8, 25906-49-4; 9, 25906-50-7; 10,

A nal. Calcd for CuH9N50 2: N, 28.81. Found: N, 28.74. 25906-51-8; 11 ,25906-52-9 ; 13 ,25898-67-3 ; 3-methyl-
5-Amino-1,4-dihydro-3-methylindeno[ 1,2-c]pyrazole (10).— A 8-nitroindeno [l,2-c]pyrazol-4(l//)-oiie azine with ace-

mixture of 10 g of zinc amalgam (prepared from mossy zinc tone, 25906-53-0; 3-methyl-8-nitroindeno[l,2-c]pyra- 
mercuric chloride, and concentrated hydrochloric acid6), 7.5 ml , A nrAAP rA r
of water, 17.5 ml of concentrated hydrochloric acid, and 1 g Z o l-4 -(li? )-o n e  azine With n on anone, ^5906-54-1, 5-
(0.005 mol) of 3 was heated on a steam bath for 10 hr. The or 8-hydroxy-3-m ethylindeno[l,2-c]pyrazol-4-(lif)-one
colorless solution still hot was then decanted from any un- azine with acetone, 25898-68-4.
changed zinc amalgam. The residue in the flask was extracted
by boiling with 10 ml of water and the clear solution decanted. A cknow ledgm ent.— W e gratefully acknowledge the

(6) R . Adams, "Organic Reactions,” Vol. 1, Wiley, New York, N. Y „  Valuable assistance of D r. M ario F . Sartori in C O nneC - 
1942, p 163. tion w ith this research.
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The configuration of 1,3-dioximinoaeetone prepared by the nitrosation of acetone dicarboxylic acid has been 
determined by spectral and acidity studies to be syn-syn. 1-Oximinoacetone prepared by the nitrosation of 
acetone has been determined to be anti.

1,3-Dioximinoacetone (1,3-diisonitrosoacetone, mes- form; the spectrum of DIA-d2 was also studied. The
oxaldehyde dioxime, DIA) was first described by Pech- differences of these two spectra are at 7.0 p , between 9
mann and W ehsarg1 in 1886 and studied more recently and 11 p , and 13 and 15.25 p  with the most striking
by Geissman, Schlatter, and W ebb.2 Because of the differences being in the 9-11 region. The position of
important use of this substance as a colorimetric re- the broad band due to hydrogen-bonded hydroxyl is
agent,3 we have undertaken to determine the geometry close to the 3250 c m '1 reported by Palm and Werbin5
of this compound and, because of its relationship to the for a  oximes but the C = N  stretching band appears some
above compound, we have also studied 1-oximinoace- 50 cm -1  to lower frequencies than reported by these
tone. authors for a  oximes and some 40 cm -1 reported for /3 ox-

Three forms of D IA are possible— syn-syn, syn-anti, imes. This latter effect is probably due to conjugation 
and anti-anti—-and all possibilities may be present de- between the C = N  linkages and the carbonyl group, 
pending upon energy and spatial relationships. It is This would also explain the low frequency of the C = 0
known from nmr studies that the C -H  resonance fre- stretching mode although intramolecular hydrogen
quencies differ for syn and anti forms of propional- bonding would also produce a shift to lower frequencies,
doxime with the syn form having the lower field signal.4 The spectral data are consistent with either syn-syn
Thin layer chromatography studies indicate that D IA or anti-anti. Dilution infrared studies should permit a
prepared according to the method of Geissman2 is over decision, but, as mentioned, solubility problems make
95%  one isomer; indication of trace amount of two other this type of study impracticable with DIA.
substances are present and these might be other isomers Since intramolecular hydrogen bonding in mono- 
but they do not give the characteristic color reactions of anions markedly alters the K ,  to K 2 ratio for dibasic
D IA .3 The same spectral characteristics are shown by acids6 (e .g ., maleic acid vs. fumaric acid), the ionization
a number of different preparations, fractions, crude constants for DIA were determined by titration with 0.1
products, as well as the “heat and ultraviolet light stable N  sodium hydroxide in carbon dioxide free water. The
isomer” of Pechmann.1 The nmr spectrum for DIA in neutralization equivalent determined to be 58.13
20%  solution in dimethyl sulfoxide gives only two sig- against 58.04 for theory indicates that the keto oxime
nals, equal area peaks: a sharp singlet at 8.13 ppm as- did not hydrolyze appreciably during the 2 hr required
signed to the aldehydic proton and a broad singlet at for the determination. A titration curve showed no
11.8-12.8 ppm assigned to the hydroxyl proton. The sharp breaks indicating that the two pA a values lie close
simple spectra with only one type of carbon-bound pro- together: p K ,  was found to be 7.58 and pK 2, 8.85.
ton serves to exclude the possibility of the syn-anti The ratio between the two ionization constants (K\ =
isomer but does not permit a decision between the other 18.2K f )  is very close to that reported for fumaric acid6
two isomers although the anti-anti might be favored be- (K i  =  22K f )  and considerably different from that for
cause of the possibility of very strong hydrogen bonding, maleic6 acid (Ki =  49140R 2) indicating that the nega-
and the broad band for the oxygen-bound proton would tive charge on the monoanion exerts very little effect in
tend to support this. The nmr spectrum of the mono- reducing ionization of the second proton. This would
anion of DIA in D 20  gives a sharp singlet for C -H  reso- favor the syn-syn structure.
nance at 7.92 which would support rapid exchange in a To obtain definite spectral confirmation, model corn- 
charged anti-anti form but the same spectrum would be pounds were studied so that appropriate assignments 
expected from the syn-syn if exchange with solvent might be made. The syn-syn isomer of DIA should, in
water were rapid enough which is entirely possible dilute solution, show only intermolecular hydrogen

The ultraviolet spectrum of recrystallized DIA in car- bonding while the anti-anti form should show only in-
bon dioxide-water shows only one broad peak centered tramolecular hydrogen bonding. 1-Oximinoacetone
at 250 my, e 19,200; the dianion (pH 11.10, NaOH) can exist in syn and anti forms with the anti, in high di
shows a peak at 217 m p , t 5500, and a more intense lution, expected to show only intramolecular hydrogen
broad peak at 322 mp , e 32,200. The infrared spec- bonding. However, to make meaningful assignments
trum was studied in potassium bromide disk because of in this compound it was also necessary to study the spec-
the insolubility of D IA in carbon tetrachloride or chloro- trum of ethyl oximinoacetoacetate; regardless of iso

mer, this compound involves the possibility of intra-
* Tc ■whom correspondence should be addressed. molecular bonding between the hydroxyl hydrogen and
(1) h. Pechmann and k . Wehsarg, B e r . ,  19, 2465 (1886). oarbonvl oxva:en. Both of these compounds have
(2) T. A. Geissman, M. J. Schlatter, and I. D. Webb, J. Org. Chem., 11, . , , . . 1 i • ± + + ~

736 (1946). sufficient solubilities m chlorinated solvents to make
(3) S. Sass, W. D. Ludemann, B. Witten, V. Fischer, A. J . Sisti, and J. I. d ilu tio n  S tu d ies C onvenient.

Miller, Anal. Chem., 29, 1346 (1957). B. J. Jandorf, J. Amer. Chem. Soc., 78,
3686 (1956).

(4) W. D. Phillips, Ann. N. Y. Acad. Set., 70, 817 (1958). See J. A. (5) A. Palm and H. Werbin, Can. J. Chem., 31, 1004 (1953).
Pople, W. G. Schenider, and H. J. Berstein, “High Resolution Nuclear (6) P. Sykes, “A Guidebook to Mechanism in Organic Chemistry,
Magnetic Resonance,” McGraw-Hill, New York, N. Y., 1959, p 374. Wiley, New York, N. Y., 1961, p 47.
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At relative high concentrations of ethyl oximino- aldehydic protons in oximinoacetone and DIA is 36 cps.4
acetoacetate in carbon tetrachloride, two OH absorp- The similarity of these shifts indicate that DIA must
tion peaks are observed: 3380 cm-1 (broad) and 3560 have a configuration opposite to anri'-l-oximinoacetone.
cm-1 (sharp). On dilution, the intensity of the 3380 The nmr spectra for the syn-oximinoacetophenone
band decreased and could be made to disappear while shows a chemical shift for the aldehydic proton of 8.13
the 3560 band changed only slightly on dilution. In ppm8 which is identical with that in DIA. The syn-syn
carbon tetrachloride solution, 1-oximinoacetone showed structure of DIA would appear to be certain,
the same characteristics: a concentration dependent
band at 3380 cm-1 and a concentration independent Experimental Section
band at 3560 cm-1. The 1-oximinoacetone, prepared
by the nitrosation of acetone by butyl nitrite, is the Preparations of Materials. 1,3-Dioximinoacetone (DIA) was 
anti isomer prepared according to the process of Geissman, et a l . ,2 in about

. ' .  . . .  , , . . ; . 60%  yield. The acetonedicarboxylic acid used was prepared
A comparison of the 1600-1800 cm“1 region of the accord¡ng to Adams, Chiles, and Rassweiler.9 The crude DJA

spectra of anri'-l-oximinoacetone and ethyl oximino- was recrystallized from water at 60°, with considerable loss, dried
acetoacetate, Table I , indicates that the best configura- in  vacuo over phosphoric anhydride, and stored under refriger-
tion for the latter involves hvdrogen bonding between ation in brown bottles. Ir is  quite stable under these conditions,
th e  O H  and th e  acet vl carhonvl eroim  T h is cnnfis-nra- Melting point is a poor criterion of purity; recrystallized material

. " y  ® ? '  ® showing only one spot on tic silica gel G, unactivated, developed
tion had been assigned by Jovitschltsch to this com- with chloroform-methanol (80 :20) does not give a sharp phase
pound prepared by a different procedure in 1898. transition but changes from transparent birefringent flakes at

125-140 into an opaque white solid which decomposes with 
darkening and gas evolution at 206-212°. The so-called “ heat 

T able I and ultraviolet stable isomer” 1 shows the same changes except
that the original material is not birefringent.

Comparison of I r S pectra 1600-1800 cm-1 A nal. Caled for C3H4N2O3: C, 31.10; H, 4 .30 ; N, 24.10.
R egion Acetonitrile S olution 0 ,4 1 .3 0 . Found: C, 31.21; H, 3.43; N , 23.98; O, 41.21.

D IA -l,3-d2 was prepared by the Geissman method2 using 85%  
anii-l- Ethyl D20  ag goivent in the nitrosation; recrystallization was from

Oximino- oximino- Water
Functional group acetone acetoacetate DIA . „  „  tmit a  /-i „ o n  tt j t a  r .cA nal. Caled for C3H2D2N2O3: C, 30.51; H and D , 5.12; 

C = 0  ester 1730 0 ,4 0 .6 3 .
C = 0 nonbonded keto 1700 1700 1695 A nal. Caled for 83%  DIA-d2-1 7 %  DIA: C, 30.58; H,
C = 0  bonded keto 1675, strong 1675, strong 1650, very weak 4.84; O, 40.77. Found: C, 30.85; H, 3 .56; O, 40.68.
C N 1620, weak 1619, weak 1620, very strong Deuterium content was determined by nmr analysis comparing

a Concentration dependent. the integrated area under the C -H  peak at 7.42 ppm with the
OH peak at 11.14 ppm using acetone-d6 as solvent. The ratio 
was 8 5 :7  indicating 91.7% . This is probably slightly high due

a n ff-1-Oximinoacetone showed equal intensities at to adveiUitious water. The C -H  peak of the DIA-d2, at 7.42 
i -n n  i i r -? -  , j. ,i c , , . , . , while m DIA it is at 8.13, is very small indicating high deuterium1/00 and 16/o cm“1 for the free and bonded carbonyl incorporation.
groups. A weak band in DIA at 1650 cm 1 might be 1-Oximinoacetone was prepared by the butyl nitrite nitrosation 
assigned to an intramolecularly bonded carbonyl but of acetone by the method of Slater.10 Ethyl oximinoacetoacetate
the intensity of this band is much less than for the was prepared by the method of Adkins and Reeves.11
bonded carbonyl of anri'-l-oximinoacetone. In addi- Nmr Studies.—All nmr spectra were recorded on a Varían 
tion, the C = N  band in DIA is much more intense than A“ tes A;60A spectrometer, generally in dimethyl sulfoxide,

the 1650 band while the opposite is true for the oximino- Infrared and ultraviolet studies.-T h e s e  were carried out on a
acetone. 1 his would argue against assigning a bonded Perkin-Elmer Model 221 and Model 202.
carbonyl in DIA and would support the syn—syn con- Ionization Constants.12— Recrystallized DIA was dissolved in 
formation. CCh-free water and titrated with 0.1 N  sodium hydroxide with a

Additional support for the syn-syn structure is ob- Leeds and Northrup pH meter to follow changes. Some 60
tained from further nmr studies. anri-l-Oximinoace- Polnts were recorded between pH 4.1 and 11.63 There were no
, - i .i , . , sharp breaks, lh e  p K & values were calculated in such a way
one m  deuteriochloroforin shows three bands, three as to minimize interference from the additional ionization mode,

protons at 2.45 (methyl group), one proton at 7.50 =  [H+] [H P -]/[H 2P] {where [H+] =  hydrogen ion concen-
(aldehydic), and one proton at 9.70 ppm (hydroxyl). tration (mol/1.), [H P- ] =  concentration of DIA monoanion
The aldehydic proton in DIA appears at 8.13 ppm, a (mol/1.) and [H2P] =  concentration of undissociated DIA

„„ ■ tat* (mol/l.)| which gave K , =  2.61 X 10 8 for the first ionizationm u cn  tow er position , o m ce  th e  oxim ino sro n o s  in  13X A. i n 7- « ¡.p tt mi j  • • * i . j <•, ■ . 1 n , ,  . . & y  , , and p/ i =  7.58 Hz. The second ionization was calculated from
are not conjugated, the downfield position of the aide- the relationship K A =  X w/ X h, where X w =  1.0 X  10 - 14 and X H
hydic proton would not be expected to arise solely from =  hydrolysis constant for DIA. To calculate X H, it was neces-
the influence of an additional oximino group on each sary  t0  determine the equivalence point by a plot of pH (ml vs.
aldehydic proton. The additional deshielding observed ^  Concentration of appropriate species at the pH defined by
fnr flin tata i x* x n  • equivalence point were then calculated and substituted into
for the aldehydic protons of DIA relative to the oxi- K b  = [OH-] [H P -] /(P 2- )  to give KH = 7.00 x  1 0 - ,  from
mmoacetone must arise from the deshielding influence which K k , which equals K.¿ =  1.43 x  10“9, and pA:2 =  8.85.
of the oxygen atoms of the two oximino groups in DIA.
Since the configuration of the oximinoacetone is known
to be anti, the oximino groups in DIA must be syn. (8) N. S. Bacca, D. P. Hollis, L. F. Johnson, and E. A. Pier, “NMR Spec-
The difference in the chemical shifts of the aldehydic tra° at*lof•” Vari“  Rodales, ?aio Aito,caUf.,i963 psoi.
protons of syn and anti propionaldoxime has been shown Coil. Voi. i, wiiey, 1941, p 10.
to be 42 cps while the difference in chemical shifts of the (10) w-K- Slater>J -Chem-Soc- 587 (1920).

(11) H. Adkins and E. W. Reeves, J .  A m e r . C h e m . S o c . ,  60, 1327 (1938).
(12) G. H. Brown and E. M. Sallee, “Quantitative Chemistry,” Prentice-

(7) M. Jovitschitsch, Ber., 28, 2683 (1898). Hall, Englewood Cliffs, N. J., 1963, p 168-181.
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( — )-a-Hydroxy-a-trifluoromethylphenylacetic acid (13) has been prepared by asymmetric synthesis involving 
the reaction of phenylmagnesium bromide with ( — )-menthyl trifluoropyruvate [10, C F3COCOO-( — )-menthyl];
22%  asymmetric induction was observed. Application of Prelog’s generalization to this system is unambiguous 
and leads to the assignment of the S  configuration to this product and to the corresponding methyl ether 1 and 
methyl ether-methyl ester 14, in accord with previous work. ( — )-Menthyl glyoxylate [HCOCOO-( — )-menthyl] 
gave 19% asymmetric synthesis of the (S)-mandelic ester; this indicates that the nature of the achiral group 
(CF3 vs. H) has only a minor effect upon the extent of asymmetric induction in this system.

a-Methoxy-a-trifluoromethylphenylacetic acid (1, alcohol moiety of a chiral benzoylformate ester are as 
MTPA)3 is a valuable reagent for the determination of represented in 4, R- {—)-atrolactic acid (5) will be pro- 
enantiomeric purity of alcohols and amines. Circum
stantial evidence for the S configuration for ( — )-MTPA 9
has been obtained by correlation of the nmr chemical c q rl x MeM t
shift of ( —)-methyl a-methoxy-a-trifluoromethyl- "v(k 2 ho h+>
phenylacetate in a chiral solvent with that of (R )-(—)~ ^ V s  2 ’
methyl mandelate.4 More recently an extensive study Rm
of the circular dichroism of a series of «-substituted 4
phenylacetic acids5 has convincingly supported this H<2 HO RL
assignment. We had hoped to establish the absolute X  //° + C
configuration of MTPA by the conversion of O-methyl- Ph^ x c —OH /  \
atrolactic acid (2) of known configuration into the 5 rm rs
methyl ether of methylphenyltrifluoromethylcarbinol
(3) by treatment with sulfur tetrafluoride. This in- duced in excess upon treatment with methylmagnesium
termediate, 3, should be readily accessible from MTPA iodide. This empirical correlation has been exceedingly
1. This approach is similar to that which we have reliable for predicting the configuration of secondary

carbinols; less use has been made of this generalization 
COOH CH3 CH3 for the determination of configuration of «-hydroxy

MeO*-C—CF3 —  M e O -X c F , X  M eO -XcO O H  acids, even though the correlation here should be on 
| I | even firmer ground. For example, the ( — )-menthyl

Ph Ph Ph group in the keto ester 6 is responsible for the different
l 3 2 rates 0f attack of the reagent on one v s . the other dia-

stereotopic faces of the prochiral keto group to give 7 in 
used to establish the configuration of phenyltrifiuoro- excess. If R  is varied while the chiral “inducing” 
methylcarbinol and methyltrifluoromethylcarbinol.6 
However repeated attempts to achieve the conversion \
of 2 to 3 have failed to produce a detectable amount of |
the trifluoromethyl product 3; therefore this direct l.R'Mgx
approach has been reluctantly abandoned in favor of R 9 i_ 2,h2o(h+)>
the following alternative. 0 ^

According to the Prelog generalization,7 when the 6
small, medium, and large groups (Rs, R m> R l) in the HO

\  /  0
* To whom correspondence should be addressed. 1 )-menthol
(1) We acknowledge with gratitude support of these studies through NSF R C— OH 8

Grant 9432. 7
(2) On leave from the Institute of Chemical Technology, Prague, Czecho-

slovakia- (-)-m enthyl group is retained, stereoisomers of cor-
a 9i J J- A- Dale' D- L' Dul1’ and H' S- M°sher' J ' Chem" 34' 2543 responding configuration should predominate regard-

(4) W. H. Pirkle and S. D. Beare, Tetrahedron Lett., 2579 (1968). Jggg 0f nature of the achiral R  group. In SUch
(5) G. Barth, W. Voelter, H. S. Mosher, E. Bunnenberg, and C. Djerassi, comparable reactions the asymmetric reaction _ is

J ' ( t n .  M.'peters, d. m. Feigi, and h. s. Mosher, j . Org. Chem., as, 4245 brought about by the same chiral moiety while R, which
(1968). is achiral, is separated by at least three atoms from the

(7) V. Prelog, Helv. Chim. Acta, 36, 308 (1953); Bull. Sac. Chim. Fr., 987 cM ra l cen te rg _ T h g pr0Ximity of R  to the
(1956). °
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emerging chiral a-hydroxy center may have an effect COO-menthyl COOH
upon the ex ten t  of asymmetric synthesis but it certainly HO—C-«CF3 h O»-C-«CF3
should not alter the s en se  of asymmetric synthesis. ! I
The same should apply to variations in the R ' group of ^
the reagent. A survey of the available literature con- S - ( - )  S - ( + ) (CHC13)
firms that this is so as far as it has been studied.7'8 For S -(—) (H20)
instance, when ( —)-menthyl benzoylformate (6, R  =  COOMe COOH
Ph) is treated with methylmagnesium iodide, ( R ) - (  — )~ I
atrolactic acid (7, R  =  Ph ; R ' =  C H 3) is formed815 in M eO -C -O F3 M e O -C -C i,
25%  excess over the racemate [25%  e e (enantiomeric P h  P h
excess)]; when (-)-m e n th y l pyruvate (6, R  =  CH 3) is 14 l
treated with phenylmagnesium iodide, (<S)-(+)-atro- S - ( - )  <S-(—)
lactic acid (7, R  =  C H 3; R ' =  Ph) is formed88 as pre- likewise have the S  configuration. This acid [13, ( + )
dieted (18%  e e). Thus by studying the asymmetric in chloroform, ( —) in water] was conveniently purified
reaction of ( —)-menthyl trifluoropyruvate (6, R  =  by conversion to the methyl ether-m ethyl ester (14)
C F 3) with phenylmagnesium bromide (R ' =  Ph), addi- and preparatively gas chromatographed. The rotation
tional evidence concerning the configuration of M TPA  0f the methyl a-methoxy-a-trifluoromethylphenylace-
(1) can be obtained. This approach is singularly free tate was H 24d - 2 1 .3 °  (c 4.74, acetone) which corre-
of complications from the standpoint of stereochemical sponds to 22%  excess of the S - ( - )  enantiomer. It
interpretation. bas been shown5'11 that ( — )-14  gives ( — ) - l ,  thereby

Trifluoropyruvyl fluoride and its dimer have been establishing the S  configuration for ( - ) -M T P A  as pre-
described recently.9,10 ( — )-M enthyl trifluoropyruvate viously assigned.4,5 I t  is of interest that this per cent
(10) was prepared from the dimer of trifluoropyruvyl asymmetric synthesis is rather close to the 25%  found8*5
fluoride [9, 4-oxo-2,5-di(trifluoromethyl)-5-fluoro-2- for ( — )-menthyl pyruvate in the comparable asym-
fluorocarbonyl-l,3-dioxolane]. The dioxolane 9 de- metric synthesis.
composes to trifluoropyruvic acid in the presence of To obtain further evidence concerning the assump- 
base.9 The dimer was treated directly with ( —)-men- tion that the nature of the R  group in 6 does not change
thol in the presence of sodium fluoride and a mixture of the stereochemical course of the reaction, we have
the desired (-)-m e n th y l trifluoropyruvate 10 and the studied (-)-m e n th y l glyoxylate (6, R  =  H ). T reat-
menthyl ester, of the dimer (11) was obtained. These ment of this with phenylmagnesium bromide gave ( — )-
were separable by gas chromatography. Treatm ent of menthyl mandelate which was proven to have the S

configuration by reduction to the known ( $ ) - ( + ) -  
F . phenylethylene glycol (19%  e e). This not only sub-

_______ stantiates the predicted stereochemical course of the
1 3 reaction but also the prediction that reasonable changes

o i v in the R  group should have minor influence upon only
Fic / t he ex ten t  of asymmetric synthesis.

\
9 Experimental Section

F
0  0  ^  ( — )-M enthyl Trifluoropyruvate ( 1 0 ).— ( — )-M enthol (15 g, 96
¡1 ¡| j C R  mm ol) was dissolved in glym e (1 ,2 -dim ethoxyethane, 1 0 0  m l,

CF3— C— C — 0  — m enthyl and O O distilled from  lith ium  alum inum  hydride) and sodium fluoride
J0  ’ S i  (30 g, 1.25 mol) was added. 4-O xo-2,5-di(trifluorom ethyl)-5-

F3C C fluoro-2-fluorocarbonyl-l,3-dioxolane9,10 (9, 18 g, 6.25 mm ol,
\  crude, bp 57-70 °) was slow ly added to the well-stirred suspen-

U— m en thyl sion. A fter the exotherm ic reaction subsided, the m ixture w as
stirred overnight. Sodium  fluoride was rem oved b y  filtration; 
the solvent was evaporated a t reduced pressure and the resulting 

( —  ) -menthyl pyruvate (10) with phenylmagnesium oil distilled to  g ive  23 g  of product, bp 85-87° ( i  mm ) P rep ara- 
l _ay ( \ ™ i h  i . -n , , tive  gas chrom atography (silicone gum  rubber SE-60 colum n,
bromide gave ( )-menthyl a-tnfluoromethyl-a-hy- 0.25 in. X  20 ft ,  175 °, helium  flow rate  150 m l/m in) show ed the 
clroxyphenylacetate (7, R  =  C F 3; R ' =  Ph). Based presence in approxim ately equal am ounts of tw o substances,
on the Prelog generalization, this must have the S  con- retention tim es of 24 and 30 min, respectively. T h e  first fraction
figuration at the position a  to the carboxyl group as was m enthy l trifluoropyruvate: bp 63-65° (0.7 m m ); [ a ] 24D 

shown in 12. The acid .3 , formed on hydrolysis, must
showed on ly signals for the m enthyl group.

(8) (a) V. Prelog, M. Wilhelm, and D. B. Bright, Hdv, Chim. Acta, 37, A n aL  C alcd  for C i3H 190 3F 3: C , 55.70; H , 6.83; F , 20.33. 
221 (1954). (b) V. Prelog and H. L. Meier, ibid., 36, 320 (1953). (e) R. H. Found: C , 55.51, 55.61; H , 6.89, 6.85; F , 19.64.
Cornforth, J. W. Cornforth, and V. Prelog, Justus Liebigs Ann. Chem., 634, T h e second fraction  was m enthyl 4 -0 X0 -2 ,5 -di(triflu0 1 ’0 m ethyl)-
197 (1960). (d) R. J. d . Evans and S. R. Landor, Proc. Chem. Soc., 182 5-fluoro-l,3-dioxolane-5-carboxylate (11): bp 65-68° (0.5 m m );

J 8  m n X 7 OD7 Gc' Quesne1, and Y - Runav»‘ , c - *• A™d- Sci., ser. [a ]24d - 4 5 .0 °  (c 10.8, C H 3O H ); ir spectrum  (film) 2960, 1860,
0 9 6 1 1  T A B  M Si  l '  5 ai,shl and E - E - Turner' J - Chem■ Soc" 168 1 77° . !460, 1285, 1225, 1170, 1110 , 1070, and 1025 cm “ 1. T h e

Y. Yu;a,(l  ̂ “ , ^ 1 ^ ( 1 9 6 ^  c w  6^3656 a L t  "̂7 a11 fr  diffenng
(i) S. Mitsui and A. Kanai, Nippon Kagaku Zasshi, 87, 179 (1966)- Chem configuration at carbon atoms 2 and 5 of the dioxolane ring,
Abstr., 66, 17006 (1966). ’ ’ were present in approximately equal amounts.

(9 ) S. Selman, U. S. Patent 3,321,517 (1967). A n al. C alcd  for CieH^OsFy: C , 45.29; H , 4 .5 1; F , 31.34.
(10) We are most grateful to Dr. Roy Plunkett and Dr. Harold L. Jackson Found: C, 45.44; H , 4 .50; F , 31.06.

of the Du Pont Company for a sample of the dimer of trifluoropyruvyl -------------------
fluoride used in the present study. (11) D. L. Dull and H. S. Mosher, J. Amer. Chem. Soc., 89, 4230 (1967).
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( — )-M enthyl trifluoropyruvate form s a hydrate when exposed 3 H , reduced to a singlet, 1 H  b y  washing w ith  D 20 ), and the
to air: mp 12 9 -13 5 .5 °; ir spectrum  (CH C13 solution) 3450, , characteristic m enthyl group signals. T h e  2,4-dinitrophenyl-
2960, 1725, 1450, 1250, 1185, 1140, 1105, 940, and 900 cm - 1 ; hydrazone, mp 14 5-14 6 °, [a]24D - 1 0 5 °  (c 2 .77, C H C ls), was
M 24n — 116.0 ° (c 2.3, C H C 13). T h e optical rotation in absolute prepared in the usual w ay.
methanol changes from  [a] 24d — 97° (c 6.07, C H 3O H ) im m ediately A n al. C aleb for C i8H 24N 40 6: C , 55.09; H , 6 .17 ; N , 14.25. 
after solution to an equilibrium  valu e of [a]24D — 6 7 .1°  (c 6.07, Found: C , 55.33; H , 6.14; N , 14.05.
C H 3OH ) after 3 hr. Reaction of ( — )-Menthyl Glyoxylate with Methylmagnesium

A n al. C alcd for C i3Hi<)03F 3 -H 20 : C , 52.34; H , 7 .10 ; F , Iodide.— A n  ethereal solution of the G rignard reagent from  3.5 g
1 9 .11 . Found: C , 53.24; H , 6.95; F , 18.70. of m ethyl iodide was added to an ether solution of 4.25 g of

(S)-( — )-Methyl a-Methoxy-a-trifluoromethylphenylacetate ( -)- m e n th y l g lyoxylate  a t 0°. T h e reaction was refluxed for 10
(14).— T o  the cooled ethereal solution of the G rignard reagent hr and hydrolyzed w ith  a saturated am m onium  chloride solution,
from  brom obenzene (2.2 g, 14 mmol in ether) and sublimed mag- T h e washed (H 20 , N a H C C 3, H 20 ) and dried (N a 2S 0 4) ether
nesium (0.5 g, 20 mmol) was added a solution of ( — )-m enthyl extracts were evaporated; the residue was distilled to give 3.1 g
trifluoropyruvate (3 g, 10 .7 mm ol) in anhydrous ether. A fter of m enthyl lactate, bp 80-85° ( 1  m m ). T h e per cent asym m etric
the reaction m ixture was refluxed for 30 min, it  was decomposed synthesis was determ ined as follows b y  conversion to 1,1-d i-
w ith dilute sulfuric acid and extracted w ith ether. T h e combined phenylpropane-l,2-diol (whose absolute configuration and
ethereal extracts were successively washed w ith  w ater, sodium enantiom eric p u rity  are know n14). A n  ether solution of the total
bicarbonate solution, and w ater. T h e ether was evaporated to m enthyl lactate  from  the above experim ent was added to an
give a slightly  yellow  oil w hich was saponified w ith  50%  aqueous ethereal phenyl G rignard solution made from  13 g  of phenyl
ethanolic sodium hydroxide b y  refluxing for 3 hr. T h e ethanol brom ide and 3.4 g of sublim ed magnesium . T h e reaction mixture
was rem oved b y  vacuum  evaporation and the residue taken up in was refluxed for 1 2  hr and hydrolyzed w ith  cold saturated am-
water and the solution extracted several times w ith  ether to monium chloride solution. T h e washed (H 20 )  and dried (N a2-
remove m enthol. T h e w ater layer was acidified and extracted S 0 4) ether layer was evapcrated and the residue was steam
w ith ether to give 1.35 g (57 %  yield) of a-trifluorom ethyl-a- distilled to rem ove m enthol and biphenyl. T he nonvolatile oil
hydroxyphenylacetic acid (13) as a slightly brown solid which was was taken into ether solution which was dried (N a 2S 0 4) and
m ethylated w ithout purification b y  dissolving in glym e (20 m l), evaporated to give an oil, 1.25 g, 4 1 % , which was purified by
adding a suspension of sodium  hydride (0.3 g, 12.5 mmol) in silica gel column chrom atography using benzene solvent; 1.08 g 
glym e and treatin g w ith  dim ethyl sulfate (1.8 g, 14.3 mmol) a t of pure diol, mp 88-92°, [a]24D — 24.3° (c 3.54, benzene), which
room tem perature for 4 hr. U nreacted dim ethyl sulfate and corresponds to 16 %  of the rotation of the pure isomer [lit . 14 mp
sodium hydride were decomposed in the cold w ith 10 m l of 92-93°, [^ [“ d  + 14 9 .8 °  (c 2.43, benzene)], was obtained. The
ammonium hydroxide; the m ixture was acidified w ith  cold, spectra were as follows: ir (benzene) 3570 (s), 2980, 2930 (w),
dilute sulfuric acid followed b y  extraction w ith  ether. Evapora- 1490, 1450 (s), 1100, 890, and 690 cm -1 ; nmr (60 M H z, acetone- 
tion of the ethereal solution after washing w ith sodium bicar- d6) S 7 .8-70 (arom atic protons, 10 H ), 4.85 (q, 1 H , J  =  6  H z),
bonate and drying (N a 2S 0 4) gave an oil which yielded upon 1.03 (d, 3 H , J  =  6  H z), 4.5 (s, 1 H ), and 3 .0 -3 .8  (broad, 2 H ).
distillation 0.9 g  (62%  yield) of ( — )-m ethyl a-m ethoxy-a- These last tw o signals disappeared upon D 20  exchange, 
trifluorom ethylphenylaeetate (14), bp 72-75° (0.5 m m ). T races T h e asym m etric synthesis was first carried out as above bu t
of im purities were rem oved b y  preparative gas chrom atography w ith  hydrolysis of the G rignard reactions using dilute sulfuric
(silicone QF1 column, 0.25 in. X  20 ft, 200°) to give purified 14, acid, instead of saturated ammonium chloride solution, to give a
[a]24D — 21.8° (c 6.48, acetone), which corresponds to 2 2 .7%  4 5 %  overall yield of l,l-d ip h en ylp rop an e-l,2 -d io l, mp 86-90°,
excess of the (iS)-( — ) enantiom er. T h e nmr and ir spectra were [a]24D — 19.3° (c 2.02, benzene), corresponding to 13 %  asym-
identical w ith those from  an authentic sam ple . 3 ,11 m etric synthesis.

This experim ent was repeated under the same conditions to Reaction of Phenylmagnesium Bromide with ( — )-Menthyl
give m ethyl ci-m ethoxy-a-trifluorom ethylphenylacetate, [or]24d Glyoxylate.— T h e ethereal phenyl G rignard solution prepared
— 21.3° (c 4.74, acetone), corresponding to 22 .2%  enantiom eric from  5.3 g of brom obenzene w as added to a cold, ether solution
excess, in an overall 3’ ield of 70 % . containing 6  g of ( — )-m enthyl g lyo xylate . A fter refluxing

( — )-Menthyl Glyoxylate.— A  solution of 1 equiv of ( — )- overnight, the reaction m ixture was hydrolyzed w ith saturated
menthol in chloroform was slow ly added to a chloroform solution ammonium chloride solution and the w ater layer extracted w ith
of oxalyl chloride. T h e m ixture was heated a t 60° for 3 hr, the ether. T h e combined ether extracts were washed (H 20 ), dried
solvent evaporated under vacuum , and the residue distilled to (N a 2S 0 4), and evaporated to give a residue of m enthyl m andelate,
give m enthyl oxalyl chloride, bp 80° (0.3 m m ), 80%  yield [lit . 12 8.3 g. One-half of this residue w as reduced w ith  lithium  alu-
bp 123-125° (8-9 m m )]. m inum  hydride, 0.7 g, in ether. T h e reaction m ixture was de-

( — )-M enthyl oxalyl chloride (30 g) in 150 ml of benzene under composed w ith  w ater and 1 5 %  sodium hydroxide. T h e precipi-
nitrogen was refluxed while 1 0 %  excess of tri-n -batyltin  hydride tated  hydroxides were rem oved b y  filtration, and the residue,
[39 g, bp 85-95° (1 m m ), prepared 13 b y  reduction of tri-K-butyltin  after evaporating w ith  ether was purified b y  silica gel column
chloride w ith lithium  alum inum  hydride] dissolved in 50 ml of chrom atography. M enthol was rem oved b y  chloroform elution
benzene was slow ly added. A fter 2 hr a t reflux, the solvent and the phenylethvlene glycol w ith  m ethanol elution to give 0.6 g,
was rem oved under reduced pressure and the residue distilled. 3 5 %  yield, which was further purified b y  sublim ation: mp 58-
The first fraction, ( — )-m enthyl g lyo xylate , 14.9 g (58 % ), bp 62°; [or]24D + 1 2 .4 °  (c 9.07, C H C 13). This corresponds to 19 .4 %
102-103° (1.5  m m ), [<*]24d - 6 5 .0 °  (c 9.02, C H 3O H ), showed asym m etric synthesis based on the reported value8“ ' 16 for (S)-
onlv trace im purities b y  glc [bis-(2 -ethylhexyl)tetrachloro- ( +  )-phenylethy_ene glycol of [a] 23d  + 6 3 .8 °  (c 9 .5 , C H C 13), mp
phthalate column, 0.25 in. X  10 ft ,  135 °]. T h e second fraction, 66-67°. T h e racem ic diol h is  a m elting point of 6 9-70 °.16 I t
1 0 . 5  g, bp 10 3 -115 ° ( 1  mm), was m ostly  ( -  )-m enthyl g lyo xylate  has been reported 17 th at the m axim um  rotation of phenylethylene
bu t was contam inated w ith  tri-ra-butyltin chloride. T h e  addition glycol should be 30%  higher than this; how ever, we have con-
of 2 ml of w ater to this fraction  caused the form ation of a  w hite firm ed B akshi and T urn er’s valu e b y  means of nmr studies of the
solid which was recrystallized from  petroleum  ether (bp 60-68°) M T P A  derivative . 18

to give 6.9 g  (24 % ) of ( -  )-m enthyl g lyo xyla te  hyd rate, mp 79 - T h e second half of the reaction product from  phenylm ag-
80°, [a]22d — 84.9° (c 3 .4 4 , C H C b )- nesium brom ide and ( — )-m enthyl g lyo xylate  w as treated w ith

A n al. C alcd  for C 12H 2„6 3 -H 20 : C , 62.58; H , 9.63. Found: excess phenylm agnesium  brom ide. H ow ever the triphenyl-
C , 62.85; H , 9 .6 6 . ethane-1 ,2-diol obtained (2.7 g, m p 15 0 -15 5 °, [<*]22d — 5.2° (c

T h e third fraction, bp 115 -12 0 ° (1 m m ), was prim arily tri-n- 2.68, acetone), corresponded to 2 .4 %  enantiom eric p u rity  based 
bu tyltin  chloride. on the rotation of [«]d + 2 18 .9 °  (c 2, acetone ) . 19 I t  was con-

( -  )-M enthyl g lyo xyla te  gave the follow ing: ir spectrum  (film) eluded th at extensive racem ization of this glycol had occurred. 
2950, 2920, 2860, 1800 (w ), 1750, 1720 (s), 1450, 1290, 1220, and DL-Methylphenyltrifluoromethylcarbinyl Methyl Ether (3).—
975 cm -1 ; nmr spectrum  (neat, 60 M H z) S 9.35 (s, 1 H ), 4.8 ------------------
(sextet, 1 H ), 0 .7-2 .3  (broad, m en th yl group). T h e  nmr spec-
trum  of the hydrate (CD Cla) showed 6  5.27 (s, 1 H ), 4.6 (broad, ^  » • e L  S« ., 168 (1961).
------------------- (16) J. D. D’lanni and H. Adkins, J. Amer. Chem. Soc., 61, 1675 (1939).

(12) G. von Frank and W. Caro, Ber., 63, 1534 (1930). (17) G. Berson and M. Greenbaum, ibid., 81, 6456 (1959).
(13) H. G. Kuivila and O. T. Beumel, J . Amer. Chem. Soc., 83, 1296 (18) J. Dale, Ph.D. Thesis, Stanford University, 1970.

(1961)< (19) R. Roger and W. B. McKay, J. Chem. Soc., 2229 (1931).
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DL-Methylphenyltrifluoromethylcarbinol®'21 (5.7 g), bp 95-100° cooled to —60°. Sulfur tetrafluoride (25 g) was condensed in the
(20 mm), prepared in 89%  yield by the action of phenylmagne- autoclave followed by hydrogen fluoride (29 g) and the mixture
sium bromide on methyl trifluoromethyl ketone and in 90%  yield was shaken at 20-25° for 24 hr. The reaction mixture was
by the action of methylmagnesium iodide on phenyl trifluoro- processed as indicated previously.23 No starting material was
methyl ketone) was treated in ether solution (30 ml) with sodium recovered but no methylphenyltrifluoromethylcarbinyl methyl
hydride (4.0 g, 50%  mineral oil dispersion) followed by refluxing ether could be detected by tic. Essentially the same procedure
(1 hr) with dimethyl sulfate (4 g) to give the methyl ether 3 (6.1 was conducted at 50° for 22 hr and at 90° for 3 days. In these
g). This product showed no unreacted carbinol by vpc analysis runs a spot was observed on tic with the same Rs value as the
(IJCON LB 1715, 5 ft X  0.25 in., 150°, helium flow rate 30 desired ether, but preparative silica gel chromatography failed
ml/min, retention time 4 min): nmr (CDC13) S 1.78 (q, 3 H, to isolate any of the desired ether. Further experiments in which
J  =  0.8 Hz, long range C F3 coupling), 3.22 (s, 3 H ), 7.2 ppm SF4 was added to the acid sample 2 in water to generate the H F
(broad, 5 H, aromatic). in  situ were likewise unsuccessful, leading in some cases to block

A nal. Calcd for CioHnF 30 :  C, 58.81; H, 5.43. Found: C, residues and in others to mixtures like the above which contained 
58.98; H, 5.51. no starting acid but in which the ether could not be detected.

This material was used as a calibration standard for vpc and
thin layer chromatography (tic) studies in connection with the o oeqi r an, a .  a m  — oaqik «1 7 -
following sulfur tetrafluoride reactions. R e g istry  n o .— 3 , ZOblD-OU-O, 0  ( I t  -  t i ) ,  ZObiO-DW ,

Reactions of Sulfur Tetrafluoride with dL-O-Methylatrolactic 6  2,4-D N P, 26315-62-8 ; 10, 26315-63-9,' 11, 26315-
Acid 2 .— A stainless steel hydrogenation-type autoclave, 150-ml 64-0; 14,26164-19-2.
capacity, was charged with O-methylatrolaetic acid22 (2.0  g) and

(20) G. V. Kazennikova, T. V. Talalaeva, A. V. Zimin, A. P. Simonov, (22) D. J. Cram and K. R. Kopecky, J. Amer. Chem. Soc., 81, 2748
and K. A. Kocheskov, Izv. Akad. Nauk SSSR, Otd. Khim. Nauk, 1066 (1961); (1959).
Chem. Abstr., 55, 271546 (1961). (23) H. M. Peters, D. M. Feigl, and H. S. Mosher, J. Org. Chem., 33,

(21) D. L. Dull, Ph.D. Thesis, Stanford University, 1967, p 110. 4245 (1968).

The Peroxide-Initiated Decarbonylation of 9-Carbazolylacetaldehyde.
A Possible Free-Radical Displacem entla
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The peroxide initiated decarbonylation of 9-carbazolylacetaldehyde was studied in o-dichlorobenzene at 140 
and 170° in an effort to observe a free radical N — C migration. No migration was detected. A reaction did 
occur, however, with the formation of 9-methylcarbazole, l,2-dicarbazol-9-ylethene, and dicarbazol-9-ylmethane.
Evidence is presented to support the structures of these compounds and the mechanism of their formation.

As part of a study on free-radical migration reac- 9-phenylphenanthrene. 6 Similar rearrangement in 1
tions, 2,3 we were prompted to investigate the peroxide- would reduce ring strain with the simultaneous forma-
initiated decarbonylation of 9-carbazolylacetaldehyde tion of the strongly stabilized free radical of the type 
(1 ). I t  was hoped that the stabilizing forces in this R— CH 2— N— Ar.
molecule would contribute to the first example of a The desired rearrangement would be expected to  
nitrogen to carbon free-radical migration . 4 occur irreversibly6 and most probably lead to the for-

This system was chosen because of its similarity to mation of the stable aromatic compound, phenanthri-
9-phenyl-9-fluorenylacetaldehyde (2 ) which on decar- dine, in a manner similar to the reaction of 2 . Radical
bonylation was found to give a smooth conversion to stabilization and relief of ring strain, which are not nec

essary for carbon-to-carbon migration , 7 could provide 
the necessary driving force for nitrogen-to-carbon homo- 

j f ~ \  O lytic phenyl migration.
\  /  || The aldehyde, 1 , was synthesized by an alkaline
w " \ j 3 H 2— C— H permanganate oxidation of 9-allylcarbazole8 to yield

9  l-carb azol-9-y l-2 ,3-d ih y d roxy p rop an e. This glycol
r,kr,,r J, .j L J----0 J was further oxidized with periodic acid to yield I the

structure of which was verified by infrared, nmr and 
elemental analyses.

/  I \ The di-i-butyl peroxide (D T B P) initiated decarbonyl-
I S j ation was carried out both in the presence of oxygen and
\ ~ /  in deoxygenated systems. The results appear in Table

I. When the decarbonylation was carried out in the 
presence of excess oxygen under the various conditions

Island,(? 9 6 t St . r I t r N a U o I t i o l t o IyLN S : Zk, l i e  I t  d eSC rib ed  “  1 ^  ^  2 > ^  3 ) ’ ^  ^  P r ° dUCt
Hoeshst Fellow, 1967-1968.

(2) For a review, see C. Walling, “Molecular Rearrangements,” Vol. I, (5) B. M. Vittimberga, ibid., 2383 (1965)
t  f  w ’ wd wI HeiSf ^ Ce'af eW 7°rkAN- 1963' P 409 *■ («) W. Rickatson and T. S. Stevens, /. Chem. Sac., 3960 (1963).

T W «  v  , / s Pr)/- °T  ° T" 3°’ 1256 (1965): (b) (7) (a) W- H- Urry and N- Nicholaides, I .  Amer. Chem. Soc.. 74, 5163
Wib t  Kntve and TU f ' K oT oZ ' ,  (1965): (c) J ' 9952). <b> F ' H- Seubold, 2532 (1953); (c) L. H. Slaugh, ibid..Wilt, U. Koluve, and J. F. Kraemer, ibid., 91, 2624 (1969). 81 2262 (1959)
Binkley ÎtrahedronLett has recently been descnbed by R - (8) This compound was prepared using a modification of the proceduremnniey, etrahedron Lett., 1893 (1969). 0f B . Levy, Monateh. Chem., 33, 182 (1912).
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T able I pling product, l,2-dicarbazole-9-ylethane (7) was syn-
D ecabbonylation of C arbazolylacetaldehyde thesized by a carbazole anion displacement on the di-

Concn» % % % cb—ch=  tosylate of e*hylene glycol. Surprisingly, this com-
Run M % c ° b Cb—c h 3c CbjCH/ CH-cb' pound was found to be very stable at temperatures up to
ld,< Neat 3o 1 2  •8 170° even in the presence of oxygen and was recovered

s q q' 4  unchanged when added to decarbonylation reactions of
4  1  g8  g 6  4 3  ' 1. I t  could, however, be dehydrogenated at 170°, in
5 3 60* 9 ' 3 4 ' 7 th e  p resence of b o th  o xy gen  an d  large am o u n ts  of
g g 5g g 5 7 2 D T B P , to  th e  olefin 4  an d  am orp h ou s m ate ria l. T h e
7  g; 40 7 .2  3 .7  con version  of 7 to  4 m o st likely occu rs  b y  w a y  of th e
8» 6  50 3 0 .6  0.4» h yd rop eroxid e w hich  th e n  re a c ts  acco rd in g  to  eq 8  in

“ The solvent used was o-dichlorobenzene. Unless otherwise th e  schem e be.OW.
noted the reaction temperature was 140° using two 20 mol % The following mechanism is proposed to explain the
portions of D TBP added 2 hr apart. b Carbon monoxide was observations, 
based on the theoretical amount of gas that would be produced
in a complete reaction and was detected by vpc; however, the O
per cent of gas evolved is uncorrected for other possible volatile U dtbp.a
products making these values approximations. “ Based on the ^H   c o  > Cb CH2- (1)
total amount of recovered solids. d D TBP (90 mol % ) was
employed at 170°. e Oxygen was present in the reaction system. O
f  Solution saturated with oxygen. » Thiophenol (35 mol % ) II
was present. n D TBP (one 40 mol % portion) was used. »N ot Cb CH2- +  Cb CH2 CH >
degassed, but in a closed system with very limited oxygen. ¡1
>' Recovered 0.500 g of the disulfide. Cb— CH2— Cb +  . CH2— C— H (2)

that could be isolated from the reaction mixture was
l,2-cicarbazol-9-ylethene (4). The structure of 4 was CbCH2- +  CbCH2CH — > polymer (3)

Cg c h = C H  Cb 0 1)— CH2 ■ T  D— H — >- Cb C H 3 -f- D- (4)
4  DH

Cb— CH2- +  0 2 — >  CbCH2— O— O • — >  CbCH2OOH (5)
assigned on the basis of its elemental, infrared, and mass + 0 .
spectrographic analysis and by its synthesis from 1,2- Cb— CH2OOH — >  CbCH— O—O—H (6 )
dicarbazol-9-ylethane {v id e in fr a ) .  00H

The yields of 4 were low and varied. In the case ebem I
where none of this olefin was formed, the products were CbCH—O—O H ------- >  CbCH2— CHCb (7)
the same as those formed in deoxygenated systems qOH 0 -
{v id e  in fr a )  The presence of oxygen in sufficient T T dh
amounts appeared necessary for the formation of this Cb—CH2—CH—Cb >  CbCH2—CH—Cb >  ^
product. This was evident from the fact that only |
those reactions in which a large amount of oxygen was CbCH2—CHCb (8)
present in the system (runs 1, 2, and 3) gave 4. Pre- OH
sumably, when oxygen was present in limited quantities I - h2o
it could be flushed from the reaction mixture by the CbCH2—CH—Cb > 4  >
volatile products formed in the reaction. _ When oxygen is present in the reaction of 1 it acts to

When the solutions were deoxygenated prior to re- prevent the formation of 5 and 6  and reaction 5 becomes
action, two different products were isolated along with the major path for the production of monomeric prod-
polymeric material and unreacted aldehyde. The ucts. The 9 -carbazolylmethyl radical is trapped by
compounds were identified as 9-methylcarbazole (5) oxygen and consequently is prevented from undergoing
and the novel dicarbazol-9-ylmethane (6 ), the structure reactions 2, 3, and 4, thereby allowing the formation of
of which was assigned on the basis of its elemental, ir, 4  Although it is probable that dicai'bazolylethane 7
nmr and mass spectrographic analyses [rn /e  (rel in- once formed would be converted to the olefin, the ab-
tenshy) 346 (16, M +), 180 (100)]. Further support sence of this compound among the products of any of
for structure 6  was obtained by treating this compound these reactions, particularly those carried out in the
with 47%  hydriodie acid which produced carbazole in absence of oxygen, makes it highly doubtful that cou-
83%  yield. The decarbonylation data indicate that pling is a reaction of any importance in this system,
the 9-carbazolylmethyl radical is rather stable and does Moreover, a t temperatures above 100° it would be ex-
not propagate the reaction. pected that formation and decomposition of hydroper-

Contrary to results found in other systems { i .e . ,  the oxides would become increasingly competitive especially
neophyl radical9), dilution did not change the nature of at the higher temperatures. 10 Besides the normal per-
the products formed. This indicates that if any re- oxide induced reactions, oxidation of the starting ma-
arrangement were possible, it would occur at a much terial, intermediates, and products can occur thereby
slower rate than the other processes which consume the reducing the amount of monomeric material obtained,
radical, such as coupling, hydrogen abstraction, etc. j n deoxygenated solutions the carbazolylmethyl

A t first it was felt that dicarbazolylethene 4 was radical is sufficiently reactive to undergo reactions 2-4 .
formed by coupling of the unrearranged radical fol- Although this radical is present in large concentrations
lowed by oxidation. To test this hypothesis the cou-

(10) E. S. Gould, “Mechanism and Structure in Organic Chemistry,” 
(9) 3. Win at. pin and F. H. Seubold, J. Amer. Chem. S o c . ,  69, 2916 (1947). Holt, Rinehart and Winston, New York, N. Y., 1959, p 710.
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in these solutions, it does not undergo coupling to any Further effortg are bei made to obtain information 
observable extent with thiyl, -butoxy, or methyl radi- wMch mi ht allow ter insight into the mechanism of

■cals (the latter produced by the decomposition of the ^  and other related reactions.
f-butoxy radicals), l o r  the most part it undergoes
nonchain reactions with the starting aldehyde, 1, such Experimental Section
as attack on the carbonyl group or aromatic substitu- AH melting points are corrected and were determined on a 
tion on the very active carbazole nucleus.11 These Thomas-Hoover melting point apparatus. The nuclear mag-
reactions are the most likely source of the polymeric netlG resonance (nmr) spectra were recorded on a Varian A-60

, ,, ■ , j, ,i 4.- spectrometer at 60 MHz using tetramethylsilane as an internal
material which makes up the remainder of the reaction s£andard. Infrared gpeotra were determined in potassium bro-
products. _ _ mide on either a Beckman IR -8  or a Perkin-Elmer Model 521

The 9-carbazolylmethyl radicals which are not con- spectrophotometer. All the ultraviolet spectra were measured
sumed by polymer formation react by two possible on a Cary Model 15 spectrophotometer in absolute ethanol.

routes to form discrete products. They can either ^ l m t  t o T S T "  performed by Mlcr°-Analysls’ Inc-  
abstract hydrogen to form 9-methylcarbazole (reaction Preparation of 9 -Allylcarbazole.— The potassium salt of carba-
4) or undergo a reaction with 1 that appears to be a Zole, prepared from the fusion at 260° of 100 g (0.582 mol) of 
free radical displacement (reaction 2 ). Acetaldehyde carbazole and 34.0 g (0.606 mol) of potassium hydroxide, was
radicals which would also form through this mechanism mixed with 50.0 ml (70.0 g, 0.538 mol) of allyl bromide, 80 ml of

, , , , , , , j  . . .  j  d ry  benzene, and 0.2 g of potassium iodide m a 500 ml erlenmeyer
would be expected to undergo decomposition under the flaygk ^  a condenSer capped with a drying tube. After
conditions of the reaction.12 30 min of very moderate reaction, the flask was placed in an ice

In order to test the possibility that dicarbazolyl- bath and 5 ml of dry D M F was added to produce a highly exo-
methane might arise from the coupling of 9-carbozo]yl thermic reaction. When the reaction had subsided, a further
and 9-methylcarbazolyl radicals, the decarbonylation P°rt.ion °f+,15 ml (21'° gt ° '16? “ ol) of allyl br01“ de J as added;’ . . . J .. the ice bath was removed, and the reaction was stirred overnight
Was carried out m the presence of thiophenol as a radl- using a magnetic stirrer. The resulting slurry was filtered, the
cal trap. No detectable carbazole, which is stable inorganic salts washed with acetone and the filtrate evaporated,
under the conditions used, was formed in the reaction The product (red crystals) was recryst.allized from denatured
thus precluding this coupling mechanism as a possibil- ethanol (89.7 g, 0.434 mol, 74 .5% ): mp 55-56 (lit.8 mp 56 );

p s F ir3060,2990,2945, 1625,1420,997, and 933 cm"1; nmr (CDC13)
ltyl, T . , , . , , S 7.9-6.8 (m, 8), 5.73 (m, 1, -CH=), 4.90 (m, 2, CH2= ) , and

ihe polymeric material which was obtained was not 4 go (m, 2, CH2).
examined extensively since it could not be purified by l-Carbazol-9-yl-2,3-dihydroxypropane.— A solution of 100 g
chromatography, sublimation, or recrystallization. In- (0.483 mol) of 9-allylcarbazole, 2.0 g (0.356 mol) of potassium
frared and nm r“analysis of this material show it to be an hydroxide, and 700 ml of aortone was cooled, with stirring, to

, , *—'10°. A solution of 80 g (0.595 mol) of potassium permanganate
amorphous, polymeric substance very Similar to that dissolved in 61%  aqueous acetone was then added with vigorous
obtained by the acid catalyzed condensation of l . 13 stirring over a period of 1.5 hr at such a rate that the solution

I t  is very doubtful that any rearrangement occurred, temperature remained constant. The mixture produced was
since phenanthridine was found to be stable to the re- Stirred with 3 g of activated charccal for 6 hr and the manganese

action conditions. The results obtained with the ad- S „ "d i S i A S
dltion of a hydrogen donor show the 9-carbazolylmethyl was purified by recrystallization, first from 50%  aqueous metha-
radical to be the major radical produced by the decar- nol and then from denatured ethanol, to yield the desired product
bony la tion which has its origin in 1. The failure of this (76.7 g, 0.318 mol, 65 .8% ); mp 134.5-136°; ir 3240 (O -H ),

radical to undergo rearrangement could be due, in part, l0,310’,aildi u 0 ? 7 '5Aw o ? n atl0ni
to a stabilizing influence of the nitrogen atom as well as g g0 qh2_o h )
the possible delocalization over the tt system of car- 'Anal.’ Calcd for Ci5H 15N 0 2 (241.3): C, 74.67; H, 6 .27; N, 
bazole. Its poor hydrogen abstracting ability and 5.81. Found: C, 74.72; H, 6.34; N, 5.90.
simple HMO calculations carried out on this system 9 -Carbazolylacetaldehyde (1). To a solution of 20.0 g (0.083 
suppo,« such possibilities... The large bond order
associated with the 9,10 bond would further increase water. This produced a gold colored solution which immediately
the activation energy to prevent the rearrangement. gave a white precipitate. After 1.5 hr, 600 ml of water was added

and the precipitate was collected on a filter, washed well with
(11) W. A. Waters and J. E. White, J. Chem. Soc. c, 740 (1968). water, and dried over anhydrous calcium chloride. Crystalliza-
(12) The two most likely products to be formed from reactions of the tion of this product from carbon tetrachloride gave the pure

acetaldehyde radical, • CH2C(=0)H, are ketene and acetaldehyde. Under the aldehyde (16.2 g, 0.078 mol, 93-5*%) • n̂P 140.5—141.5 j ir 2850
conditions of the reaction the latter would undergo decarbonylation to yield (aldehyde C—H ), and 1730 cm ”1 ( C = 0 ) ;  nmr (CDCI3) 8 9.63
carbon monoxide and methyl radical. R. K. Brinton and D. H. Volmen (t, 1, / =  4.0 Hz), 7 .5  (m, 8), 4.76 (d, 2, J  =  4.0 Hz).
[/ Chem. Phys., 20, 1053 (1952)] found that in the gas phase DTBP ’A nal. Calcd for’C iJIu N O  (209.25): C, 80.36; H, 5 .30; N,
did, in fact, cause this decarbonylation at temperatures of 124 to 156°. g Found' C 80 46 ' H 5 23 ' N 6 66 
For another example of a free-radical displacement, see H. M. Frey and R. * n , j .  ’ t, * ill a ! c 1 ’ ioc: ioao
Walsh, Chem. Commun., 159 (1969). The 2,4-dmitrophenylhydrazone of 1 melted 125-126

(13) M. L. Herz and B. M. Vittimberga, Abstracts, First Northeast Materials and Equipment Usee in the Free-Radical Decar-
Regional Meeting of the American Chemical Society, Boston, Mass., Oct bonylations.— Matheson, Coleman, and Bell 1,2-dichlorobenzene
1969, No, 226. The ir spectrum of the product obtained from the acid- was purified by shaking successively with (1) Small portions of
catalyzed condensation of l  had bands at 3410, 2990, 2940,1750, 1205,1120 , concentrated sulfuric acid until the acid layer remained colorless,
720, and 745 cm-1. The intractable material from the decarbonylation re- -------------------
action showed similar absorption except for the fact that its bands were New York, N. Y., 1961, p 123. These values are shown below in the usual
broadened and differed in intensity at 1740 (C =0) and 3410 cm“* (OH). manner.
The nmr (acetone-de) spectrum showed typical, intense but undefined car-
bazole resonance (S 8.3-6.8) and broad unresolved peaks of varying (between 106>c |o.494 1.01 los
samples) intensities between 5 5.9 and 1.1. / /

(14) For a discussion of the possible stabilizing effect of nitrogen, see R. 069i/^^\ 393 \
S. Davidson and P. F. Lambeth, Chem. Commun1265 (1967). Bond ( )—**1.02068A 5.600/0.434 /\ /orders and free-valence indices were determined for this system on an IBM \—~/ * V—<
360 Model 50 computer using a coulomb integral of 1.5 and a resonance ' t \
integral of 1.0: see A. Streitwieser, Jr., “Molecular Orbital Theory,” Wiley, 104

♦
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(2) water, (3) 10%  aqueous sodium carbonate until carbon di- bottomed flask, A solution of 16.0 g (0.097 mol) of carbazole,
oxide evolution ceased, (4) water, and then dried over calcium 20 g (0.60 mol) of sodium hydroxide, 13 ml of water, and 150 ml
chloride and distilled (bp 178.5-179.0°). The di-f-butyl peroxide of acetone was added to the flask and the mixture stirred for 30
(D T B P i was distilled under vacuum [bp 55-56° (120 mm)]. min. The solution was then heated at reflux on a steam bath for
Matheson, Coleman, and Bell benzenethiol [bp 53-54° (10 mm)] 6 hr. The resulting solution was evaporated to one-half volume 
was used without further purification. and poured with stirring into 350 ml of water to produce a brown

The vpc analysis of the gases produced by the decarbonylation precipitate which was isolated on a filter and washed with water
was carried out using a Perkin-Elmer Model 154 vapor fractom- to give a pasty mass. After drying in a vacuum desiccator over
eter equipped with a 20 X  0.25 in. column containing molecular calcium chloride the crude product was extracted with hot ligroin
sieve 5A. The analysis was carried out at room temperature with (bp 6 0 -90°). The residue was recrystallized from benzene to
a helium carrier gas flow rate of 3 cc/min in order to confirm the give the desired product, 7 (2.1 g, 5.85 mmol, 7 .2 % ): mp 304-
evolution of carbon monoxide as a reaction product. 305°; ir 3050, 2950, and 2890 cm “1 (C -H ).

Thermal Stability of 1.— The 9-carbazolylacetaldehyde (0.50 Anal. Calcd for C26H20N2 (360.5): C, 86.63; H, 5.59; N, 
g, 0.24 mmol) and 2.5 ml of o-dichlorobenzene were placed in a 7.77. Found: C , 86.72; H, 5 .57; N, 7.65.
18 X  150 mm test tube. After the tube was flushed with nitrogen Stability of l,2-D icarbazol-9-ylethane. A. At 140°.— In  a 25 
gas, which was bubbled through the solvent for 30 min, it was ml flask equipped with a condenser 0.50 g (1.39 mmol) of 7 was
sealed with a rubber stopper, equipped with a rubber policemen dissolved in 5 ml of o-dichlorobenzene at 140°. To this solution
which had been slit to act as a gas bleed, and then heated at 140° was added 0.26 ml (0.206 g, 1.41 mmol) of D T B P  and the re-
for 8 hr. At, the end of this time the light tan solution was action vessel was shaken for 4 hr while open to the atmosphere,
cooled yielding crystals of 1 with a brownish tin t (mp 138-140°). The contents of the flask, allowed to cool, formed a crystalline

Therm al Stability of 1 in the Presen ce of Thiophenol.— The mass (0.424 g), which was found to be starting material by ir and
thermal stability experiment described above was repeated using melting point, and tars which were not examined extensively.
0.50 g (0.24 mmol) of aldehyde, 0.25 ml (0.209 g, 0.244 mmol) of Infrared spectra showed that no conversion to dicarbazolylethene
thiophenol and 2.5 ml of o-dichlorobenzene. A temperature of (4) had been effected.
140-145° was used for a period of 7 hr. The solvent was removed Similarly, 0.20 g (0.555 mmol) of 7 was heated at 140 with 2 ml 
on a rotary evaporator (90°) and the crystalline residue was of o-dichlorobenzene and 0.050 ml (0.054 g, 0.488 mmol, 88 mol
recrystallized from carbon tetrachloride. The recovered material % ) of thiophenol for 5 hr. All the starting material in this case
melted at 141-142° (0.46 g, 92% ) and had an infrared spectrum was recovered unchanged.
which was superimposable on that of the starting aldehyde. B . At 170°.— In a 18 X  150 mm test tube 200 mg of 7 was

Carbazole Stability under the Reaction Conditions.— Carbazole heated at 170° for 17 hr while oxygen was bubbled through the
0.50 (2.00 mmol), was placed in a 50 ml three-necked flask solution. Upon cooling 0.194 g of the starting material (identi-
equipped with a gas inlet tube, condenser, and serum cap. To fled by mp and infrared spectrum) was recovered unchanged,
this was added 5 ml of o-dichlorobenzene and the temperature In  a 10 ml pear-shaped flask equipped with a gas-inlet tube and
raised to 144-145°. Nitrogen was bubbled into the mixture as a condenser, 0.200 g of 7 in 1 ml of o-dichlorobenzene was flushed
the temperature was raised and throughout the entire reaction for 1 hr with nitrogen at 170° (bath temperature). Then
period. After 1 hr at this temperature 0.175 g (0.22 ml, 1.20 over a period of 2 hr 0.0804 ml (0.666 g, 4.56 mmol, 800 mol % )
mmol, 40 mol % ) of D T B P  was injected through the serum cap of D T B P  was added. Heating was continued with nitrogen
causing the solution to darken slightly. Heating was continued flushing for 15 hr after which, upon cooling, 0.184 g of slightly
for 4 hr at this temperature. Then on cooling, a crystalline mass impure starting material was recovered (mp 289-293°). The
formed, wt 0.66 g. The solid was recrystallized from ethanol filtrate contained <~60 mg of a red amorphous material which
giving white crystalline plates melting at 243.5-244.5°. This contained no olefin (4) as determined by ir spectral analysis, but
was shown to be carbazole by infrared spectroscopy and mixture some small amount of carbazole substituted material that could
melting point determination, wt 0.47 g (95% ). not be isolated in amounts large enough to identify.

Phenanthridine Stability under the Reaction Conditions.— The Using similar apparatus 0.200 g of, 7, 1.22 ml (1.23 g, 1.12
experiment described above for carbazole was repeated with mmol) of thiophenol, and 1 ml of o-dichlorobenzene was heated
phenanthridine. The quantities used were 0.50 g (2.79 mmol) of at 167° (bath temperature) for 16 hr with an oxygen flow. The
phenanthridine, 0.162 g (0.204 ml, 1.11 mmol) of D T B P  and 5 ml solution was then poured into 10 ml of 95%  ethanol to precipitate
of o-dichlorobenzene. At the end of the 4 hr reaction time the unchange 7, 0.180 g (mp 301-303°; ir identical with that of an
solvent was removed under vacuum giving 0.58 g of white solid authentic sample). Further manipulation resulted in the isola- 
as a residue. Recrystallization from ethanol gave 0.46 g (92% ) tion of 0.430 g of phenyl disulfide [mp 59-60 (lit.17 61°) which did
of white crystals which melted at 106-107° and which had an not depress the melting point of an authentic sample upon
infrared spectrum identical with that of a known sample of admixture and which had an ir spectrum identical with that of a
phenanthridine. Mixture melting point determination with the standard spectrum (vide ante)].
starting material showed no depression. A mixture of 1.00 g (2.78 mmol) of l,2-diearbazol-9-ylethane,

Preparation of 9-M ethylcarbazole.— Carbazole (15 g, 0.090 2.0 ml (1.59 g, 10.9 mmol) of D T B P , and 4 ml of o-dichloro-
mol), methyl sulfate (15.0 ml, 20.0 g, 0.159 mol) and 75 ml of benzene was heated in an 18 X  150 mm test tube open to the
acetone were stirred with a magnetic stirrer for 10 min. To this atmosphere at 165-170° (bath temperature) for eight hr. At 
rapidly stirred mixture was added 15.0 g (0.376 mol) of sodium the end of this time a second 2 ml portion of D T B P  was added
hydroxide in 10 ml of water. After 15 min the carbazole had gone and the heating continued for a total of 20 hr to produce a
into solution with the formation of precipitate of sodium sulfate. deeply colored solution from which crystals (0.220 g) were
The mixture was then poured into 600 ml of water containing 25 separated. The remainder of the material was separated on 50
ml of concentrated ammonium hydroxide to precipitate the g of Woelm neutral alumina (activity grade I )  in an 18 X  300
desired product. The reaction gave an almost quantitative yield mm column. The elution of this material with hexane, hexane-
of 9-methylcarbazole which was recrystallized from 95%  ethanol: benzene (3 :1 ), and hexane-benzene (2 :1 ) produced a clear oil
mp 86-89° (lit.16 8 8°); ir 3045, 2920, 1462, and 1350 cm-1; (0.068 g) which appeared by ir and nmr spectroscopy to be
nmr (CDC13) $ 8 .2 -2 .0  (m, 8, aromatic), 3.66 (s, 3). predominantly aliphatic material and was evidently produced by

Preparation of the Ditosylate of Ethylene Glycol.— To a cooled the peroxide decomposition.18 Further elution with hexane-
solution of 10.0 g (9 ml, 0.161 mol) of ethylene glycol and 150 ml benzene (1 :1 ) , hexane-benzene (1 :2 ) , and benzene gave 0.063 g
of pyridine in a 250 ml erylenmeyer flask was added 120 g (0.630 of crystalline material. Finally, elution with polar solvents
mol) of tosyl chloride with vigorous stirring. After a solution produced amorphous materials which contained small amounts
had formed the flask was left in the refrigerator for 8 hr. The of carbazole (~ 0 .0 5 0  g estimated by ir spectra). The crystalline
crystalline mass which formed was poured into 600 ml of cold material was composed of a mixture of the l,2-dicarbazol-9-
water and the mixture stirred for 15 min. The product was ylethene and lesser amounts of starting material. Comparison
separated by filtration and dried in a vacuum desiccator (57.0 g, -------------------
0.154 mol, 96% ), mp 117—119° (lit 16 126—127°) (17) I. M. Heilbrcn, “Dictionary of Organic Compounds,’’ Vol. 1, Oxford

' Preparation of 1,2-Dicarbazol-9-ylethane.— The ditosylate of Press- New Y f k' N- Y y 1f 4 ' p 653-ii 1 i i /on r\ /-» aoi i\ i j ■ cnn l (18) Ttie ir spectrum shows weak absorption at 3045, 750, and 720 cm“1ethylene glycol (30.0 g, 0.081 mol) was placed m a 500 ml round- characteristic of the carbazole ring system. The nmr spectrum had ex.
tremely weak bands at about 8 7.5 with broad complex bands at 8 4.0-0.8.

(15) T. S. Stevens and S. H. Tucker, J. Chem. Soc., 123, 2140 (1923). On this basis it was assumed that this fraction is principally aliphatic in
(16) W. F. Edgell and L. Parta, J. Amer. Chem. Soc., 77, 4899 (1955). nature and was probably derived from reactions of the initiator.
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of the ir spectrum of the mixture with the spectra of prepared evaporation at 90° before chromatography. The various re
mixtures of the authentic materials provides an estimated 70% , action conditions and results are listed in Table I.
l,2-dicarbazol-9-ylethene (vide in fra ). Careful recrystallizations D. With Mercaptan Using 40 mol %  Peroxide at 140° (Run
of the material from benzene gave 0.135 g: mp 333-336°; ir 8 ).— To a deoxygenated solution of 5.0 g (2.39 X  10- 2 mol)of 1,
spectrum and mixture melting point determination further con- 0.845 ml (0.911 g, 34.6 mcl % ) of thiophenol, and 4.0 ml of
firmed the identity of the compound. Thus the dehydrogenation o-dichlorobenzene (6 M )—in a flask connected to a shaker appara-
produced 0.202 g (0.566 mmol, 20 .4% ) of 4 and large quantities tus and an inverted gas buret, and maintained at 140 ±  1°—
of intractable decomposition product leaving 0.086 g (9% ) of was injected 1.76 ml (1.40 g, 40 mol % ) of D T B P over a period
recoverable starting material. of 4 hr. The solvent was removed by flash evaporation at 90°

Decarbonylation of 9-Carbazolylacetaldehyde. A. In the and replaced with carbon tetrachloride (~ 2 5  ml). From the
Presence of Oxygen with 90 mol % of Peroxide at 170° (Table solution crystallized 0.537 g of 1 (mp 140-142°) which was iso-
1, Run 1).— In a 50 ml flask maintained at 170 ±  5° and equipped lated on a filter. The remaining material which was dissolved in
with an addition funnel and a condenser, followed by an inverted a minimum amount of carbon tetrachloride was separated as
graduated cylinder to collect gases, was placed 7.0 g (0.033 usual by column chromatography on silicic acid to yield, in order
mol) of 1. D T B P (4.40 g, 0.030 mol, 90 mol % ) was then of elution from the column, phenyl disulfide,19 5, a mixture of 5,
added over a period of 3.5 hr and the mixture was heated for 6, and earbazole,20 and mixtures of colored glasses,
another 15.5 hr during which time ~ 2 6 0  ml (35%  of the theo- The product yields are given in Table I (run 8).
retical amount) of gases was evolved. The solution which The 9-methylcarbazole was identified by comparison of ir and
resulted was placed in acetone to separate a refractory crystalline nmr spectra and mp (87-89°) with those of an authentic sample
material and a soluble amorphous material. The crystalline {vide ante). In addition its structure was confirmed by its mass
material upon recrystallization from benzene gave 0.71 g (2.03 spectrum (70 eV) m /e  (rel intensity) 181 (57, M +), 166 (100,
mmol, 12% ) of l,2-dicarbazol-9-ylethene (4): mp 340-342° M+ -  CH3), 165 (43), 152 (13, M+ -  :N -C H 3), 140 (10), 139
dec; ir 3080, 3045, 930, 915, and 890 cm -1; mass spectrum (70 (34).
eV at 240°) m /e  (rel intensity) 359 (37), 358 (100, M +), 192 (16), The structure of 6 was based upon the following data: mp 
191 (18), 190 (6 ), 180 (10), 179 (26), 178 (16), 176 (10, M 2+), 307° dec; ir 3045, 2960, 2920 (C -H ), and 1060 cm “1; nmr
167 (7), 166 (6 ), 165 (9), 152 (5), 140 (5). (CDC13)21 S 8 .2 -7 .1  (m, g) and6.7 (s, 1); mass spectrum (70 eV)

A n al. Calcd for C26H 18N2 (385.4): C, 87.12; H, 5 .06; N, m /e  (rel intensity) 347 (4.2), 346 (16, M+), 181 (22), 180 (100),
7 .82. Found: C, 86.93; H, 4 .67 ; N, 7 .88; mol wt (by mass 167 (14), 152 (14), 140 (10).
spectroscopy), 358. A nal. Calcd for C25HigN2 (346.4): C, 86.88; H, 5 .24 ; N .8 .0 9 .

The remainder of the material could be separated into two Found: C, 86.45; H, 5.51; N, 8 .26; mol wt (by mass spectros-
portions both with a reddish brown color; one was an ether copy), 346.
soluble glass and the other an ether insoluble amorphous solid. E . In the Presence of l,2-Dicarbazol-9-ylethane Using 40
These materials had identical spectra, which were very similar mol % Peroxide at 140°.— In a 30 X  150 mm test tube were 
to that of other amorphous solids obtained in the condensations placed 0.625 g (2.99 mmol) of 9-carbazolylacetaldehyde, 0.625 g
and other decarbonylation experiments {vide in fra)  and which (1.74 mmol) of l,2-dicarbazol-9-ylethane, and 6 ml of o-dichloro-
proved to be intractable.13 benzene and the mixture heated to 140° in an oil bath. The

B. In the Presence of Oxygen with 60 mol % Peroxide at 140° solution which formed was degassed by bubbling in nitrogen gas
(Run 2).— In a flask maintained at 140 ± 1 °  connected to a for 15 min after which the tube was connected to a gas measuring
shaker apparatus and open to the atmosphere was placed 5.0 g system and the entire system flushed with nitrogen for an addi-
(2.39 mmol) of 1 and 5.0 ml of o-dichlorobenzene forming a light tional 15 min. Then 0.146 g (0.184 ml, 0.0012 mol, 40 mol %
yellow solution. To this, 2.10 g (1.43 mmol, 60 mol % ), of relative to aldehyde) of D TBP was injected and the gas evolution
D TBP was added in three portions over a period of 6.5 hr. The was measured for a period of 4 hr. When the red reaction mixture
oil with a reddish-brown color produced by the reacton was dis- was cooled, crystals formed which were separated by filtration 
solved in a minimum of carbon tetrachloride and this concen- and recrystallized from benzene (0.263 g, mp 300-302°). This
trated solution placed on a 22 X  350 mm column of 60 g of material was shown to be dicarbazolylethane by infrared and
Mallinckrodt silicic acid (100 mesh). Elution with hexane gave mixture melting point determination. The combined filtrates 
only o-dichlorobenzene (~ 4 .5  ml) and with hexane-benzene were then subjected to chromatographic separation on silicic
(1 :1 ) gave 0.10 g of a crystalline material which was identified acid. The total amount of solid isolated from the reaction was
by ir spectrum and mp as 4. Further elution with this solvent 1.195 g composed of 74.3 mg (6 .7% ) of 9-methylcarbazole, 13.4 mg
mixture followed by hexane-benzene (1 :3 )  gave a red tar, from (1.1% ) of l,2-dicarbazol-9-ylethene, 552.2 mg (46.3% ) of 1,2-
which starting material could be separated by crystallization from diearbazol-9-ylathane, 33.0 mg (2.8% ) of aldehyde (1), and 521.6
carbon tetrachloride, and an amorphous solid. Further elution mg (43.6% ) of amorphous solid. Identifications were made by
with ether and acetone gave a second band of the amorphous melting point and infrared spectroscopy. Approximately 90%
solid. Finally, methanol was used to strip the column of any of the added dicarbazolylethane was recovered in this reaction,
remaining organic matter. I t  was estimated from the char- Degradative Reactions of 6. A. Oxidation.— Using the
acteristic carbonyl absorption (1730 cm -1) that ~ 1 .6  g of the method of Rieveschl and R ay,22 1.0 g (3.2 mmol) of dicarbazol-
aldehyde (32% ) was still present in a mixture with the amorphous 9-ylmethane was dissolved in 25 ml of glacial acetic acid
solids. These solids (~ 3 .1  g) gave infrared spectra like that and treated with 5.0 g (17 mmol) of sodium dichromate and
obtained for the amorphous materials in the preceding experi- 2.15 ml (2.37 g, 22.7 mmol) of acetic anhydride to give 0.1 g
ment- of earbazole (mp 242-247° and ir spectrum identical with that of

C. In Deoxygenated Solutions with 40 mol %  Peroxide at an authentic sample) and water soluble oils which were not
140° (Runs 4 -7 ).— In a flask maintained at 140 ±  1° connected examined.
to a shaker apparatus and to an inverted gas buret was placed B . Reduction with Hydriodic Acid.—A mixture of 0.174 g
2.50 g (0.012 mol) of 1 and 2.0 ml of o-dichlorobenzene (6 M ). (0.502 mmol) of 6 and 5.0 ml (2.85 g, 18.4 mmol) of 47%  hydri-
To the solution which formed after 5 min, 0.584 g (0.0048 mol, odic acid in an 18 X  150 mm test tube was frozen at liquid
40 mol % ) of D TBP was added over a period of 4 hr. The re
action solution was allowed to cool and was then chromato-
grammed on a 22 X  350 mm column of Mallinckrodt silicic acid (19) The phenyl disulfide recovered {rom the oolumn {0.230 g) was 
(100 mesh). Elution with solvent mixtures of increasing polarity crystalled once from 95% ethanol: mp 59-60“ (lit.» 60-61°); ir 3090,
yielded 1, 5, 6, and earbazole mixed with colored amorphous 1590, 1480,1440,740, and 690 cm-i; nmr (CDCli) s 7.6-7.0 (m).
material. (20) The infrared spectrum of the material separated from 6 by extraction

Since 6 is insoluble in ether and acetone, it could be separated with ether indicates a very small band which could be attributed to the N—H 
easily by washing with ether or ether-acetone mixtures in which stretching of earbazole. An estimate of the maximum quantity of earbazole
5 or earbazole are soluble. The identification of these components present using the low intensity peak at 3420 cm-1 gives a value of 10 mg.
of the reaction mixture was made by comparison of their melting If this ¡>and 'vere carbazole' this amount is certainly much too small to lead 

-.1 , 1  r . v , • 7 to the large amount of dicarbazoI-9-ylmethane obtained by this reactionpoints and ir spectra with those of authentic samples. ... , , ,  , .-r. . 1 j • « i r  , . . . without hydrogen donor present.
Decarbonylations were carried out employing this procedure (21) This 3mr spectrum was measured on a Varian HA-100 spectrometer

for product separation of 1 M (run 4) and 3 M (run 5) concentra- using tetramehylsilane as an internal standard.
tions of aldehyde. With these low concentrations of 1 it was (22) G. Rieveschl, Jr., and F. E. Ray, “Organic Syntheses,” Coll. Vol.
necessary to remove most of the o-dichlorobenzene by flash III, Wiley, New York, n . y ., 1955, p 420.
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nitrogen temperature and the tube sealed. After heating the 63-0; 7, 25557-82-8; l-carbazol-9-yl-2,3-dihydroxypro-
tube at 150° for 58 hr the contents were poured into water and p an e 25557-79-3
the brown precipitate that was produced was isolated by filtration 1 ’
and dried. Recrystallization from 95%  ethanol gave carbazole Acknowledgment.—The authors gratefully acknowl-
(0.140 g 0.837 mmol, 83% ) which was identified by its melting ed th e  American Hoechst Corporation for supporting 
point and infrared characteristics. . ?  , . . .  , . , f

this research. We are also indebted to Mr. Donald L.
Registry N o .— 1, 25557-77-1; 2,4-dinitrophenyl- Travis of Varian Associates for the HA-100 nmr

hydrazone of 1, 25557-78-2; 4 , 25557-80-6; 6 , 6510- spectra.

The Hydrolysis of Bis(4-Nitrophenyl) Carbonate and the  
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The rates of hydrolysis of o-(4-nitrophenylene) carbonate have been measured in H20  at 30°. The values of 
hbsd for spontaneous hydrolysis are independent of pH from pH 1 to pH 7. In this pH region a water-catalyzed 
reaction is occurring with a D20  solvent isotope effect (kmo/ k D2o) of 2.35. As acid concentration is increased 
from 1.0 M  to 5.29 M, the rate of hydrolysis decreases. This behavior is similar to that observed previously 
for bis(4-nitrophenyl) carbonate. Hydrolysis is catalyzed by a series of general base catalysts. A linear plot of 
log k b vs. the pKa of the catalyzing base is obtained with a slope of 0.30. The point for imidazole fits well on 
this line with catalysts of much lower basicity including H20 .  The value of famH!°/TimD!0 is 3.49, indicating 
proton transfer in the transition state. In contrast, nucleophilic catalysis takes place in the imidazole-catalyzed 
hydrolysis of bis(4-nitrophenyl) carbonate. Formation and decomposition of an intermediate could be observed 
in that reaction. Reasons for the mechanism change with the cyclic ester are discussed.

The imidazole-catalyzed hydrolysis of esters having a utilized for the preparation of bis(4-nitrophenjd) carbonate.5
lenvino- o-rnnn of low  b p rie itv  such as 71-ritro n h e n v l The Pale Yellow «Totals melted at 99-100°. A nal. Calcd forleavin g group oi low b a sicity , such  as p  m tro p n en y i Ci 46 42; H, 1.67; N, 7.72. Found: C, 46.47;
a c e ta te , h as been  show n to  ta k e  p lace  w ith  nucleophilic N , 7.67. The infrared spectrum was consistent with
attack by imidazole at the carbonyl of the ester.1'2 I t  structure I. There was no absorption band present due to
was thought that it would be of considerable interest to phenolic OH. Complete hydrolysis in HC1 or in buffered solu-
determine the effect on rate and mechanism of constrain- tl0ns. §aye 1 of 4-mtrocatechol per equiv of ester, as de-

ing an ester with a good leaving group in a cyclic cis was prepared by add-
configuration since constraint of this type could take jng ¿ropwise 5.0 g (0.025 mol) of p-nitrophenyl chloroformate 
place in an enzymatic reaction, and indeed has been in dry benzene to 3.4 g (0.05 mol) of imidazole in refluxing dry
suggested for a-chymotrypsin.3 As part of a general benzene. The mixture was stirred for 2 hr, cooled, and filtered,

investigation of steric effects on the mechanisms of
hydrolysis of esters and amides, both enzymatic and i 28-129°. A nal. Calcd for C10H7N3Ot: C, 51.51; H, 3.03;
nonenzymatic,4 we have therefore studied the hydroly- N, 18.02. Found: C, 51.62; H, 3.01; N, 17.94.
sis of the cyclic ester o-(4-nitrophenylene) carbonate (I) p-Nitrophenyl chloroformate was obtained from K and K  
and, for comparison purposes, the analogous noncyclic Laboratories. Acetonitrile was Eastman Kodak Spectrograde 
, . / .  . ,  , 1 n  u , / tt\ mu u A U rJc  „ {  and was further purified by distillation from P20 5 and K 2COs.
bis(4-mtrophenyl) carbonate (II). The hydrolysis of Deuterium oxide (99 .8 % ) was obtained from Bio-Rad Lab-

„ oratories. Hydrochloric acid was Baker Reagent grade.
0,N O if The concentration of HC1 solutions was determined by titration

\ r= = n  n N— /  \ __O__C__O__ (• \ __NO, of standard base. Imidazole was obtained from Eastman Kodak
/  - \  / /  \  / /  1 and was recrystallized from benzene. All other chemicals were

0  reagent grade.
I II Kinetic Measurements.— The rates of hydrolysis of o-(4-

nitrophenylene) carbonate at 30° in H20  were followed by 
bis(4-nitrophenyl) carbonate in various acid solutions measuring the appearance of 4-nitrocatechol at 335 m/i or the
where the reaction involves water catalysis has been monoanion at 410 mn with a Gilford 2000 recording spectro-
studied,5 but kinetic studies of carbonate ester hydroly- photometer. The hydrolysis of^ ls(4-“ tr°P^^ ^30

. , . . , , followed by measunng the appearance ot p-mtrophenoi at c«u
sis in buffer solutions have not been previously reported. or p_rutr0phenoxide ion at 400 mM. The spectrum of the

solution upon completion of the reaction was identical with that 
Experimental Section of p-nitrophenol or 4-nitrocatechol in the appropriate buffer

"  solution.
Materials.— o-(4-Nitrophenylene) carbonate was prepared from _ In spectrophotometric determinations the ester was dissolved

4^nitrocatechol and phosgene by the same procedure previously in acetonitrile and 50 /d of this solution w-as added with a
------------------ - Hamilton, syringe to 3 ml of solution in the cuvette with stirring.

* Author to whom correspondence should be addressed. The reactions were followed to completion, and infinity points
(l) M. L. Bender and B. W. Turnquest, J. Amer. Chem. Soc., 79, 1652, were stable. Constant temperature (± 0 .1 ° )  was maintained

1656 (1957). by circulating water from a Precision Scientific Lo-Temptrol 154
cii t r  Bruice an . . e _m± t ’ j '.  ’ . circulating water bath around the cell compartment. The(3) T. C. Bruice, J. Polym. Sci., 49, 101 (1961). & .. , . wi+b
(4) For previous papers, see (a) T. H. Fife, J. Amer. Chem. Soc., 87, 4597 temperature inside the cell compartment was determined with

(1965); (b) J. A. Fee and T. H. Fife, J. Org. Chem., 31, 2343 (1966); (c) a probe supplied with the Gilford instrument. Pseudo-hrst-
J. A. Fee and T. H. Fife, J. Phys. Chem., 70, 3268 (1966); (d) T. H. Fife ____________
and J. B. Milstien, Biochemistry, 6, 2901 (1967); (e) J. B. Milstien and CIQfiQl
T. H. Fife, J. Amer. Chem. Soc., 90, 2164 (1968). #  T. H. Fife and D. M. McMahon, M., 91, 7481 (1969).
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ord er r a te  co n sta n ts  (fcobsd) w ere ca lcu la ted  w ith  an  O liv e tt i -  T able I
U nderw ood P ro g ram m a 101 program m ed to  ca lcu la te  a  le a s t R a t e  C o n s t a n t s  ( k ohai, M i n “ 1) f o r  H y d r o l y s is  a t  3 0 °  o f  
sq u ares ev a lu atio n  of th e  slope and in te rce p t of a  p lo t of In  n -N it r o c h e n y l  C h l o r o f o r m a t e
i (O D _  — O D 0)/ (O D „  — O D t)l vs. t im e . C o rre la tio n  coeffi- ' , ‘ ’
L> “  f  , , iV - ( 4 -N lT R O P H E N O X Y C A R B O N Y L ) lM I D A Z O L E ,  A N D
c ie n ts  w ere in v a ria b ly  in  th e  ran g e 0 .9 9 9 0  to  0 .9 9 9 9 . A  tw ofold  T _
v a r ia tio n  in  su b s tra te  co n cen tra tio n  prod uced no chan ge in  th e  THE I n t e r m e d ia t e  P r o d u c e d  in  t h e

observed  ra te  c o n s ta n ts . I m id a z o l e - C a t a l y z e d  H y d r o l y s is  o f

T h e  m o st p ro b ab le  re a ctio n  schem e in  ac id ic  so lu tion  is  th a t  B i s (4 -N it r o p h e n y l ) C a r b o n a t e

illu stra te d  in  eq  1 fo r h yd ro lysis of b is(4 -n itro p h e n y l) ca rb o n a te . JV-(4-Nitro-
F o rm a tio n  o f th e  m o n o ester, th e  step  governed b y  h ,  m u st b e  p-Nitro- phenoxy-

phenyl carbonyl)-
O chloroformate imidazole Intermediate

/ = \  II / = \  ___  kt 5 .2 9  M  H C1 0 .4 3 8
° - N~ ~ \  /  /  N 0 - +  H2°  ' *  3 . 5 3  M  H C1 1 .1 6 5

2 . 0 3  Iff  H C1 2 .7 5
___ 9  1 .3 6  Hi H C1 3 .3 1

0 ,N — l  Y - O - C — OH +  H O — \  \ — NO, (1) O . l J J f H C l  6 .1 7
‘ A / /  0 .0 0 1  M  H C1 6 .2 2  2 .6 4

0  0 .0 0 1  M  Im id a z o le“ 0 .0 2 9 2
/ = > , || k / = \  0 .0 0 2  M. Im id a z o le “ 0 .0 4 1 5

OjN — 4  — O — C OH *■ 0 ,N  y ~ O H  +  1 0 ,  0 .0 0 4  M  Im id a z o le “ 0 .0 5 5  0 .0 5 4
0 .0 0 6  M  Im id a z o le “ 0 .0 6  0 .0 5 8 9

r a te  d eterm in in g  fo r sp on tan eou s h y d ro ly sis , consid ering th e  0 .0 1  M  Im id a z o le“ 0 .1 4 7  0 .1 4 9  0 .1 5 1
re a c t io n  to  b e  irrev ersib le , s in ce ex cellen t first-o rd er k in e tics  w ere 0 . 0 2  M  Im id a z o le “ 0 .3 7 8  0 .3 6 2  0 .3 9 2
a lw ay s observed  and an  in it ia l rap id  release of p -n itrop h en ol w as 0 . 0 4  M  Im id a z o le “ 1 .1 8  1 .0 9  1 .0 8
n o t d e te c te d .5 C o m p lete  h yd ro lysis of I I  in v a ria b ly  g av e 2  0  0 6 4  M  Im id azo le«  2  30  2 .2 6  2 . 3 5
eq u iv  of p -n itro p h en o l p er eq u iv  o f d iester Id e n tic a l r a te  0 . 0 8  M  Im id a z o le“ 3 .3 2  3 .3 5  3 .5 6
co n sta n ts  w ere o b ta in ed  m  th e  presen ce or ab sen ce  of 10 4 M  . . ,
p -n itro p h e n o l. G ood first-ord er k in e tics  w ould n o t b e  observed  “ T o ta l  im id azole co n cen tra tio n  a t  pH  7 .1 7 , m — 0 .5  M  w ith
if d ecom p osition  of m on oester w as r a te  d eterm in in g  unless th e  h .u l.  
f irs t step  in  th e  sequ en ce w as exceed in gly  rap id . In  th a t  case ,
h ow ev er, th ere  w ould b e  a  b u rs t of 1 eq u iv  o f p -n itro p h en o l w h ich  T a b l e  I I

w as n o t o bserv ed . . .  . R a t e  C o n s t a n t s  f o r  C a t a l y s is  o f  t h e
F u rth e r  ev id en ce for k , being r a te  d eterm in in g  is provided b y  TT „  , .  ,  „  _no

, j  , ■ r H y d r o l y s is  o f  B i s ,4 -n it r o p h e n y l ) C a r b o n a t e  a t  o0  ,th e  v e ry  rap id  sp on tan eou s h yd rolysis of p -n itro p h en y l ch loro- ' '
fo rm a te  (see R e s u lts ) . I n  th a t re a ctio n  m o n o (4 -n itro p h en y l) ^ =  WITH
ca rb o n a te  can  re a so n a b ly  b e  assum ed to  b e  form ed  as an  in te r - '• mol-1
m ed ia te . T h e  ch lo rofo rm ate  h yd rolyzes to  p -n itro p h en o l a t  a  Cata.yst pAa, 50° Solvent mm 1
m u ch  fa s te r  ra te  th a n  observed  fo r e ith er I  o r I I  a t  a ll acid  con- H 20  — 1 .7 4  H 20  0 . 0 0 3 0 5 “
c e n tra t io n s . H 2P 0 4_  2 . 1 0  H 20  0 .1 6 3 6

T h e  e x ce llen t first-o rd er k in e tic s  an d  s ta b le  in fin ity  p o in ts H C O O ~  3 . 6 0  H 20  0 .1 8 2
observed  in  th e  h yd ro lysis of o -(4 -n itro p h en y len e) ca rb o n a te  H C O O -  4  0 4  D 20  0  112
in d ica te  t h a t  rin g opening is v e ry  p ro b a b ly  r a te  d e term in in g . q j j  C O O -  4 6 0  H » 0  0  30 4
A m on oester in term e d ia te  w ou ld , o f course, h av e  an  ap p reciab le  p 3. . .  ' .
e x tin c tio n  coeffic ien t a t  th e  w av elen g th s em p loyed , b u t as w ith  ’ 2
I I , a  rap id  re a ctio n  follow ed b y  a  slow er ch an ge in ab so rb an ce  w as H P 0 42 6 . 7 0  H 20  1 1 . 34 c
n o t observ ed . A  fa s t in it ia l re lease of p ro d u ct follow ed b y  a  Im id a z o le  7 . 1 0 <i H 20  1 4 5 0 '
slow er re a c t io n  w as n o t observed  in  a n y  case in  acid  or buffer Im id a z o le  7 . 5 4 d D 20  1 5 0 0 '
so lu tion s, ex cep t fo r I I  in  im id azole bu ffers. sym -C ollid in e 7 .1 0  H 20  0 .7 8 3

T h e  p H  m easu rem en ts w ere m ad e w ith  a  R a d io m e te r  M o d el « fc„/55.5. b D ete rm in ed  in  H 3P 0 4- H 2P 0 4- buffers. '  C o rrected
22  pH  m e te r . T o  d eterm in e p D , th e  g lass e lectrod e co rrectio n  fo r  c a ta ly sis  b y  H sPC h- . * M easu red  a t  3 0 ° . '  R a te  co n sta n t
eq u atio n  o f F ife  and B ru ice  w as em p loyed .6 for in te rm e d ia te  fo rm a tio n  a t  3 0 ° .

Results
buffer catalysis is reduced in D 20 ,  (/cHco o - 0 A hcoo- ! °  

In  Table I rate  constants are given for hydrolysis of =  i ,6 3 ) . The intercept in Figure 1 is also considerably
p-nitrophenyl chloroform ate in various acidic solutions less jn d „o  than  in H 20  (fc0H20A o D2°  =  2 .6 5 ). I t  was
a t 30 . These rate  constants are m uch greater than  previously shown5 th a t spontaneous hydrolysis is a  p H -
observed for either I  or I I  a t the sam e acid concentra- independent reaction with k ^ o /k ^ o  =  2 .88  for hydroly-
tions. The hydrolysis of p-nitrophenyl chloroform ate sis in Q.l M  HC1 and 0.1 M  DC1. In  a plot of log fcB vs.
was too fast to m easure a t 30 in 0 .125  M  form ate or p ^ a 0f catalyzing base, differing types of bases
aceta te  buffers. The rate  constants for hydrolysis of no  ̂ wej] on a singie straight line,
p-nitrophenyl chloroform ate in imidazole buffers are Im idazole is undoubtedly acting as a nucleophile in 
m uch sm aller than  for spontaneous hydrolysis. A n the hydrolysis of bis(4-nitrophenyl) carbonate since an
intei m ediate is therefore being formed which hydrolyzes interm ediate can be detected in the reaction . A t 50°
relatively slowly. _ there is a very  rapid initial release of p-nitrophenoxide

The hydrolysis of bis(4-nitrophenyl) carbonate is jon although the exten t of this reaction  could n ot be
subject to m arked buffer catalysis. In Table I I  the determ ined q u an titatively  because of the subsequent
second-order rate  constants a t 50 and ^ =  0 .5  are hydrolysis of the interm ediate. H ow ever, by working
presented. In  Figure 1 is shown a plot of k ohsd vs. to tal iower tem perature and low to ta l imidazole co n cen tra- 
form ate buffer concentration a t constant pH and ionic tion (0 .0 01 M -0 .0 1  M ),  the initial b u rst of p -n itro-
strength. The slope increases as the pH  is increased. phenoxide ion can be m easured. A t 3 0 ° , p H  7 .1 7  and
Thus, form ate ion is the active species. F o rm ate  6 .74> and a substra te  concentration of 2 X  1 0 -5 M ,

(6) t . h . Fife and t . c  Bruiee, j . Phys. chem., 65, 1 0 7 9  (1 9 6 1 ). approxim ately 1 equiv of p-nitrophenoxide per equiv of
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Figure 1.—Plot of &0bsd for hydrolysis of bis(4-nitrophenyl) jyj
carbonate at 50° and m =  0.5 vs. total formate concentration 8
(HCOO- +  HCOOH)-inHiO©andDjO«. 0 T11 , , ,, . , /T , , , , . , ,, . .Figure 2.—Plot of (k0bSd — fco)/ImB for hydrolysis of the inter

mediate formed in the hydrolysis of bis(4-nitrophenyl) carbonate 
substrate was rapidly released. This reaction was then at 30° vs. ImB, the concentration of imidazole in the free base
followed by a m uch slower release of p-nitrophenoxide form at pH 7.17o and pH 6.74©.
ion. The observed rate  constants for both steps were
pseudo-first-order. Thus, the reaction  scheme being identical with those for hydrolysis of the interm ediate  
followed is th a t of eq 2. Identical first-order rate  from  I I  and p-nitrophenyl chloroform ate.

The values of fcobsd for hydrolysis of o-(4-nitrophenyl- 
0  ene) carbonate a t 30° and a t various HC1 concentrations

0 ,n h Q ^ o 4 - O ^ Q - N 0 2 +  N ^ N H  —  are presented in Table I I I .  Also given in Table I I I  are

q T able III
|| / = \  _ /==\ R ate Constants foe Hydrolysis of

N/^ ^ N—C—0 — ^ —N02 +  0 —^  ^ — NO, (2) o-(4-N itrophenylene) Carbonate in

'===̂  Various Aqueous Solutions at 30°
HI fcobsd x  10*

/=\ HCl, M pH nrin->
I I I  — ► - 0 —(  ) — N O , +  N ^ ^ N H  +  C O ,  5 . 2 9  5 . 2 4

'— ' 3 . 5 3  n - 6 9

constants were obtained in the presence of 1 .04 X  10 -4  2,03 39 48
M  p-nitrophenol showing th a t there is little reversibility j 44 28
under the conditions of the experim ents. P lo ts of 0 1 0  g6 .0
fcobsd for form ation of the interm ediate I I I  vs. imidazole 010it 63.22
concentration a t two pH  values in H 20  and one pD  0 . 1 0 '’ (I)20 )  28.1
value in D 20  were linear. The ratio  /cimH2°/^im Dl°  is 0.01 66.31
0 .97 . 0 .01“ 60 -69

P lots of fccbsd for hydrolysis of the interm ediate vs. 0.001 3.02 70.9
imidazole concentration a t 2 pH  values show a definite 0.001» 3.02 66.20
upward curvature. A  plot of (fcobsd — fc0) / I m B vs. Im B 58 5«*
in Figure 2 is linear following eq 3, where Im B is the 5 ’g4/ 66 S4

fcobsd = fco +  Plm(IniB) +  fc"lm(ImB)2 (3) 6.74» 7 7 .0d
6.74'* 75. V

concentration of imidazole in the free base form . An 7 17„ 93.0«*
intercept is observed. Thus, hydrolysis of the in ter- 7.64» 135.0**
m ediate acyl imidazole displays both  a first-order and a « M = o.5 with KC1. b DC1 in D20 . » Formate buffer, m =  0.5 
second-order dependence on imidazole concentration. witg g c i .  d Rate constants were obtained by extrapolation to
The value of k \ m is 12 1. m ol-1  m in-1 , and k " xm has the zero buffer concentration. e Acetate buffer, m = °-£ Wlth u p 
value 16101.» m ol-2  m in -1 . I t  will be noted in Table I  { Pyridine buffer, M = 0.5 with KC1. » Imidazole buffer, m -  •
th a t the ra te  constants in imidazole buffers for hydroly- Wlth KCL * phosPhate buffer- "  =  ° '5 Wlth KCL
sis of the interm ediate from  I I  and for p-nitrophenyl , . „
chloroform ate are nearly identical, as would be expected values of k ohsd for spontaneous hydrolysis a t various p n
if the same interm ediate is being form ed in the two values. W hen buffer solutions (ji -  0 .5 ) were em -
reactions. This was supported by synthesis of I I I  and ployed these rate  constants were obtained by extrap ola-
the study of its hydrolysis in imidazole buffers. As tion to  zero buffer concentration. The ra te  constants
seen in Table I, the ra te  constants obtained are nearly decrease significantly as H C l concentration is increased
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Figure 3 — Plot of /fcobsd for hydrolysis of o-(4-nitrophenylene) Figure 4 .— P lot of leg kB for catalysis of the hydrolysis of
carbonate at 30° vs. total imidazole concentration (Im  +  Im H +) o-(4-nitrophenylene) carbonate by various bases at 30° vs. the 
in H 2O G or D2O ©. p ifn of the catalyzing base.

from 1.0 M  to 5.29 M . When ionic molarity was held T able IV
constant at 4.80 M  with'LiCl however, the decrease in Second-Order Rate Constants for General

fcobsd was smaller as HC1 concentration was increased, B ase Catalyzed Hydrolysis of o-(4-N itrophenylene)
fcobsd being 0.101 min-1 at 1.08 M  HC1 and 0.066 min-1 C arbonate at 30°, m = 0.5 with KC1
at 3.82 M  HC1. A t pH values from 1-7 spontaneous *b, i. moi-1
hydrolysis is independent of pH. Hydroxide ion catalyst Px a mm“‘
catalysis occurs at pH values greater than 7. Increas- H2°  _ - 1 . 7 4  0 .0 1 2 “

ing the ionic strength with KC1 has a small rate retard- n r i r V o n -  o ™ n
ing effect on the spontaneous reaction. For example, h c o o -  3 an n 7 3 «
fcobsd is 0.663 min-1 in 0.01 M  HC1 and 0.607 min-1 in C H .C O O - 4 62 1 48
0.01 M  HC1 with 0.5 M  KC1 added. Addition of 0.5 M  Pyridine 5 .3 4  2 55
N aC104 produced only a slightly larger effect, fcobsd H P O ,2 -  6 .7 4  5 .0 2 c
being 0.523 min-1 . The pH-independent reaction is Imidazole (pH 6 .74) 9 .5 5
much slower in D20  than H 20 ,  the ratio k m o /h r u o  being Imidazole (pH 7.17 1 0 .9 2
2.35 for hydrolysis in 0.1 M  HC1 and 0.1 M  DCl in D20 .  Imidazole (pH  7 .64) 9 .7 3

A pronounced buffer catalysis is observed in the Imidazole (average .1 7 .1 0  1 0 .0 6
hydrolysis of o-(4-nitrophenylene) carbonate. In Imidazole (1)20 ) 7 .5 4  2 .8 8
Figure 3 a plot is shown of fcobsd vs. total imidazole sym-Collidme 7 .o 0  8 .0 4
concentration at 3 pH values in H20  and 1 pD value in “ W55.5. b Determined in H3P04-H2P04 buffers. c Cor- 
-px /-n mi i t  1 .1  i • rected for catalysis by H2PO4 .D 2U. lh e  plots are linear, and the slope increases as
pH increases showing the base form of imidazole to be
catalytically active. There is a large D20  solvent increasing acid concentration with these compounds are
isotope effect for both the imidazole-catalyzed reaction similar to those observed in reactions where acid has no
and the spontaneous reaction. The ratio fcimH!°/fcimD2°  further catalytic effect because protonation of the
is 3.49. The second-order rate constants for general base substrate is complete.40’8 10 This behavior occurs
catalysis are given in Table IV. A plot of log fcB vs. pK & when water is involved in the critical transition state,
of the acid of the catalyzing base is shown in Figure 4. observed rate decreases ifl those cases^ have been
The plot is linear with all bases, including water, fitting explained by the decrease in water activity as acid
well on a line with a slope of 0.30 (r =  0.989). Statisti- concentration is increased,11 or by a change in rate-
cal corrections had essentially no effect on the slope. determining step.10 Fedor and Bruice12 have ob-
W ith statistical corrections7 the slope was 0.32 and the served a similar dependence on acidity of the rate
correlation coefficient was 0.983. constants for spontaneous hydrolysis of ethyl trifluoro-

thiolacetate. A plot of log fcobsd for o-(4-nitrophenyl- 
Discussion ene) carbonate vs. the logarithms of the activity of water

in the acid solutions had distinct curvature, but when 
The lack of acid catalysis in the hydrolysis of o-(4- ionic molarity and the activity of H 20  was maintained

nitrophenylene) carbonate is similar to what was constant with LiCl the decrease in fcobsd with increasing
observed previously for bis(4-nitrophenyl) carbonate acidity was relatively small. This was also observed in
and esters of dichloracetic acid5 and can be explained in the case of p-nitrophenyl dichloroacetate.5
the same manner. Strong electron withdrawal from The pH-independent hydrolysis of both bis(4-nitro- 
the carbonyl group will greatly reduce the equilibrium phenyl) carbonate6 and o-(4-nitrophenylene) carbonate 
concentration of protonated ester so that acid catalysis
cannot compete with the rapid pH-independent reac- <8> J. t . Edward and s. c. r . Meaeock, j . chem. soc., 2000,2009 (1957); 

tion. Thus, kinetically significant protonation is not J' (A9; ./. a™ , a * . ,  «4. 232
taking place. Ihe large rate decreases produced by (io) e , h . cordes and w. p. jencks, ibid., 84, 832 (m 2).

(11) J. F. Bunnett, ibid., 88, 4950, 4968, 4973 (1961).
(7) R. P. Bell and P. G. Evans, Proc. Roy. Soc., Ser. A., 291, 297 (1966). (12) L. R. Fedor and T. C. Bruice, ibid., 87, 4138 (1965).
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undoubtedly involves a water-catalyzed reaction. 0

Proton transfer is taking place in the transition state as ^C= 0

in IV or a kinetic equivalent as indicated by the much \
slower reactions in D20  than in H 20 .

° 2N^ ^ . O v H \

A “ 0 * N ^ N H

X
H h with all points, including those for H20  and imidazole,

\ s+ fitting well on a line with a slope of 0.30. I t  will be
A  noted that now imidazole and HPO 42 have approxi-

H H mately the same rate constant, as might be expected for
T * j  , , , , , , , . . ,  . . „  catalysts with nearly the same p K & in a general base
Imidazole-catalyzed hydrolysis of bis(4-mtr0 phenyl) catalyzed reaction .- The kinetically equivalent

carbonate proceeds with imidazole functioning as a general-acid, specific-base catalysis can also be con-
nucleophile. Detection of an intermediate in the reac- sidered as a possibility.
tion shows this conclusively. Accordingly, the second- An alternative possibility is the mechanism shown in 
order rate constant for intermediate formation is ap- eq 4. Such a reaction, although involving nucleophilic 
proximately the same m D 20  as in H20  (fcImH2°/fcImD!°  =  & y
0.97). Nucleophilic catalysis does not lead to a D20  o,N 0

solvent isotope effect appreciably greater than unity , 13 I __0  + -
whereas general base catalysis of ester hydrolysis by A A ' 7  V= /
imidazole, involving proton transfer in the transition
state, generally gives rise to a D20  solvent isotope effect 11

of 2-3 . C—N ^ N
The second-order rate constant for imidazole catalysis T  jT

of the hydrolysis of II  (intermediate formation) is much ^ ^ 0 “
greater than might be expected on the basis of its pK a in 0

comparison with the other bases studied. As seen in || ...
Table II, the rate constant for imidazole catalysis at 30° C NK N k _
is 128 times as large as that for HPO 42- at 50°, even f  II \ "
though these bases have closely similar p K a values, in 9  H
accord with the fact that imidazole is participating as a A h
nucleophile in this reaction. W ater is very likely QN 0 -
acting as a general base since k S lo/femp =  2.88.5 I t  is 2 + N *^N H  + CO
probable that the formate ion catalysis is also, to a large A A qh \__ /  2
extent, general base catalysis in view of the low pK & of
formate in comparison to the leaving group, and the D20  attack by imidazole; would stiI1 give rise to a large
soivent isotope effect significantly greater than unity solvent isotope effect since proton transfer takes place
(1.63) Acetate ion catalyzed hydrolysis of p-mtro- in the rate-determining step. In ester hydrolysis
phenyl acetate has been found previously to be largely reactions general base catalysis by a neighboring
general base.14 A line with a slope of 0.3 can be drawn henoxy anion has been suggested for hydrolysis 
through the points for water, formate, and acetate m a of p. nitrophenyl 5 -nitrosalicylate . 17 However, the
piot of log fcB 1». p K „  but with the exception of sy m -  mechanigm o: eq 4 is very unlikely for imidazole- 
collidine, there is marked positive deviation of the catalyzed hydrolysis of the cvclic carbonate since
points for the other bases A change m mechanism to imidazole Ues on the same line in the plot of log k B vs.
nucleophilic as the pA a of the catalyst base becomes R& with all of the other catalysts, including H 20 ,  
comparable to that for the leaving group (7.1) should chl0roacetate, and formate which certainly are not
result in a positive deviation from the Br0nsted plot. acting solely as nucle0philes in view of their low pK &.
I t  has previously been observed that, in nucleophile- The int for imidazole should deviate from the plot if
catalyzed hydrolysis of p-mtrophenyl acetate, bases of a different mechanism was occurring. The point for
different type he on different lines in a Br0nsted plot, “  S2/m. Collidine (2,4,6-trimethylpyridine) also fits well on
whereas, in the general base catalyzed hydrolysis of the same line with imidazole and the other bases,
ethyl dichloroacetate,16 bases of divergent type fit a sym. Collidine cannot effectively participate as a nucleo-
single plot (fi 9 .47). phile because of the methyl groups at the 2 and 6 posi-

In the case of the cyclic carbonate ester o-(4-m tro- tiong of the pyridine ring whicb sterically inhibit nucleo-
phenylene) carbonate, the evidence strongly indicates phi]ic attack by nitrogen at carbon.18 In general base
that a mechanism change has taken place, with lmida- catalyzed reactions the effects of the 2,6-methyl group
zole catalysis most likely proceeding by a general base substitution are small compared with those in nucleo-
mechamsm. Thus, the ratio is 3.49. A phiiic reactions.19 Thus, all of the compounds in the
linear plot of log k B vs. pK & is now obtained (Figure 4) serieg; including imidazoie) are most likely catalyzing

(13) m . l . Bender, e . j. Pollock, and m . c. Neveu, j . Amer. chem. Soc., ring opening by a general base mechanism.
84, 595 (1962).

(14) A. R. Butler and V. Gold, J. Chem. Soc., 1334 (1962). (17) M. L. Bender, F. J. Kezdy, and B. Zerner, ibid., SB, 3017 (1963).
(15) T. C. Bruiee and R. Lapinski, J. Amer. Chem. Soc., 80, 2265 (1958). (18) J. G. Pritchard and F. A. Long, ibid., 79, 2365 (1957).
(16) W. P. Jencks and J. Carriuolo, ibid., 83, 1743 (1961). (19) F. Covitz and F. H. Westheimer, ibid., 85, 1773 (1963).
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There would appear to  be no reason why imidazole a t  30° for the cyclic ester as th a t for the noncyclic ester
could n ot a ttack  the cyclic ester as a nucleophile. T he a t  5 0 ° . Thus, the cyclic compound, while m ore reactive
reason for a general base or kinetic equivalent m echa- in the w ater-catalyzed reaction is m uch less susceptible
nism m ust then be th a t the reaction cannot readily go to  imidazole catalysis, in accord with the fa c t th a t a
forw ard to products when imidazole a ttack s as a norm ally less favorable mechanism  is involved, 
nucleophile. This could be due to a rapid reclosure of F iv e- and six-m em bered ring lactones having a cis 
the ring as in eq 5 to regenerate starting m aterial. configuration are hydrolyzed with hydroxide ion
0  N catalysis m uch more rapidly than are lactones having a

2 tran s configuration or noncyclic esters .21-22 Facile
/ ' C = 0  +  imidazole catalysis was observed in the hydrolysis of

the cis lactones, y-butyrolactone and 5-valerolactone,23 
0  but imidazole catalysis of the hydrolysis of aliphatic

N^ \ NH __„ n N n - f i - N ^ N  esters w ithout acyl group activation  can be detected as
\__ /  2 Y Y  f  N__ /  occurring a t  only an extrem ely slow ra te .24 Thus, the

/  reactive cis configuration is enhancing imidazole ca ta ly 
sis of lactone hydrolysis. In  the case of carbonate ester  

T he m echanism  m ight therefore change to the norm ally hydrolysis, however, as indicated in the present study,
less favorable general base pathw ay since the reaction  when reversibility of ring opening is likely on steric
would then go directly to  products. This argum ent grounds imidazole catalysis will be less effective for
assum es th a t there is no great energy barrier for ring esters in the cis configuration than for analogous noncy-
form ation. Reversibility was not detected in the d ie  esters.

imidazole reaction with II  a t low concentrations of R egistry N o .- I ,  25859-54-5; II, 5070-13-3; III ,  
p-mtrophenol, but m an intramolecular reaction the 25859-56-7; p. nitrophenyl chloroformate, 7693-46-1. 
effective concentration of the attacking group is greatly
increased.20 Acknow ledgm ent.— This work was supported by T he

The second-order rate  constant for a tta ck  of im ida- N ational Institutes of H ealth R esearch G ran t G M - 
zole on bis(4-nitrophenyl) carbonate a t 30° is 144 tim es 14357.
as large as /cIm for the cyclic carbonate a t 3 0 ° , w hereas „ „  . , „  „ , , , .
tul6 T&t(5 constant for water catalysis 1S 4  times as large (22) T. C. Bruice and S. Benkovic, “Bioorganie Mechanisms/’ Vol. 1 ,

W. A. Benjamin, New York, N. Y., 1966, p 22.
(20) W. P. Jencks, “Catalysis in Chemistry and Enzymology,” McGraw- (23) T. C. Bruice and J. J. Bruno, J. Amer. Chem. Soc., 83, 3493 (1961).

Hill, New York, N. Y., 1969, p 10-13. (24) J. F. Kirsch and W. P. Jencks, ibid., 86, 833, 837 (1964).
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Certain S hydroxyamides having 7  hydrogen undergo three types of acid-catalyzed reactions; these involve 
cyclodeamination, linear dehydration, and cyclodehydration to form a 5 lactone, an olefin-amide, and a 5 lactam, 
respectively. The predominant course of reaction is dependent on the acidic medium, the temperature, and 
the structure of the hydroxyamide. The olefin-amide is evidently an intermediate in the conversion of certain 
hydroxyamides into lactams, but not in that of certain others. Mechanisms are suggested and the usefulness of 
the methods in synthesis are indicated.

R ecen tly ,2 5-hydroxyam ides such as la  were shown to  dilithiation of the appropriate N -substituted o-tolu-
undergo cyclodehydration with cold concentrated  sul- am ide with n-butyllithium  followed by condensation of
furic acid to  furnish a useful m ethod of synthesis of the resulting dilithioamide with benzophenone.8
corresponding 5 lactam s, which are substituted 3,4-d i- In  the present investigation, a study was m ade of the  
hydroisocarbostyrils. Thus, la  afforded lactam  2 a. reactions and mechanisms of hydroxyam ides such as
The hydroxyam ides la  and lb  are readily prepared by la  with various acidic reagents. This study pro

mised to  be of interest because of the possibility of 
O effecting two new types of acid-catalyzed reactions and

a CONHR _R determ™ nS the mechanisms of all three types of
[ T  I reactions. B o th  new types of reaction were realized.

CH2— C— OH % / \ ^ ( C6H5)2 Thus, hydroxyam ides la  and lb  underwent linear
I dehydration and cyclodeam ination w ith appropriate
6 512 acidic reagents to  give olefin-am ides 3a and 3b and

*?’ S = 2a, R=CH:, lactone 4, respectively. Also, olefin-am ide 3a under-
b, iv —  Gens

(1) (a) Supported by the National Science Foundation, (b) Deceased.
J 2> C- L- Mao’ L T- Barnish- and C. R. Hauser, J. Heterocyd. Chem.. S, (3) R. L. Vaulx, W. H. Puterbaugb, and C. R. Hauser, J. Org. Chem., 29,S3 (1969). 3514 (1904)
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T a b l e  I
Acid-C atalyzed  R ea ctio n s o f  5-Hyd ro x y a m id es  la and lb or  Ol e f in - A m id es  3a and 3b

Hydroxyamide
Expt or Acid Reaction Reaction Yield,
no. olefin-amide reagent temp, °C time, hr Product %

1 la HO Ac 20-30  240 Lactone 4 a
2 la HOAc Reflux 4-12  Lactone 4 80-88
3 la HCl-HOAc6 20-30  4 Olefin 3a 89
4 la H 0A c-H 2S 0 4' 20-30  4 Olefin 3a 63
5 la H 0A c-H 2S 0 4c 20-30  1344 3a +  2a l o d
6 la  H 0A c-H 2S 0 4‘ Reflux 0 .4  Lactam  2a 85
7 la BTD A e 20-30  4 Olefin 3a 41

Lactam  2a 16
8 la BTDA* Reflux 1 Lactam 2a 62
9 la H2S 0 4 0 2 Lactam 2a 54/

10 la H2S 0 4 20-30  2 Lactam 2a 58
11 3a HCl-HOAc6 Reflux Q.5 Lactam 2a 78
12 3a H 0 Ac-H 2S 0 4c 20-30  168 Lactam 2a g
13 3a H 0 Ac-H 2S 0 4' Reflux 0 .5  Lactam 2a 96
14 3a H2S 0 4 0 2 Lactam  2a 75
15 lb HOAc Reflux 12 Lactone 4 91
16 lb HCl-HOAc6 20-30  4 Olefin 3b 88
17 lb HOAc-ILSO r 20-30  4 Olefin 3b 73

“ Lactone 4 was obtained mixed with much recovered la ; the ratio was 15:85 (by nmr). 6 Acetic acid saturated with hydrogen 
chloride gas. e Acetic acid containing a few drops of concentrated sulfuric acid. d Ratio of 3a to 2a was 41 to 59 (by nmr). e Boron 
trifluoride-diaeetic acid complex. /  Reference 2. 0 Lactam was obtained mixed with recovered olefin 3a; the ratio of 2a :3a  was
57 :43  (by nmr).

went acid-catalyzed cyclization to afford 5 lactam 2a. S ch em e I
The results are summarized in Table I.

Table I  shows that hydroxyamide la  afforded 
exclusively lactone 4 with acetic acid (expt 1 and 2) , but + — NHCH3
produced the olefin-amide 3 a and/or lactam  2 a with la J R  | | cyclization̂  4

^ c h 2c- oh  - rnh’
0  'I

^ / C0NHR

% ^ C H = C ( C 6H5)-2 ^ —J ( C6Hd)2 further protonation

3a, R =  CH3 4 ,, (_H*0)
b,R =  C6H5

the stronger acids, hydrogen chloride gas or a little .C— NHCH3 .
if - . , . • i / N • n +-"1 tf cyclization

suit uric acid  in a c e tic  acid  (e x p t 4 - 6 ) ,  boron trifiu o rid e - 3a < =fc I || ---------— ► 2a
diacetic acid complex (BTD A) (expt 7 and 8), and _H+ k'S5ŝ XvCH2C+ -H
concentrated sulfuric acid (expt 9 and 10). The I
effective acid with the hydrogen chloride or sulfuric (C6H5)2
acid in acetic acid would presumably be CH3COOH2+, 6
and that in BT D A  might be CH 3COO B F 3H+,
H +_B F 30 C 0 C H 3, or B F 3. Consequently, olefin-am- panied by elimination of methylamine.8 T hat the 
ide 3a must be an intermediate in the conversion of present cycle deamination is not merely a thermal
hydroxyamide la  into lactam  2 a by CH3COOH2+ and reaction as observed previously at 180-190°3 was
B T D A ; the formation of olefin-amide 3a is evidently indicated by almost quantitative recovery of hydroxy-
kinetically controlled, and that of lactam  2 a thermo- amide la  after refluxing it in n-amyl alcohol, which
dynamically controlled. Although olefin-amide 3a was boils 20° higher than acetic acid.
not isolated in the reaction with sulfuric acid, it was The mechanisms of the linear dehydration and the 
shown to be converted into lactam 2 a by this acid cyclodehydrarion of hydroxyamide la  presumably 
(expt 14); therefore 3a may also be an intermediate when involve protonation of the hydroxyl oxygen to form
this acid is employed. Insofar as studied, the results carbonium ion 6 which may be a common intermediate
obtained with hydroxyamide lb  are similar to those in the formations of olefin-amide 3a and lactam  2a.
with la  (see expt 15-17, Table I). Thus, carbonium ion 6  may lose a linear proton to

On the basis of these results, the mechanisms repre- produce 3a or undergo cyclization accompanied by loss
sented in Scheme I  are suggested. The mechanism of of the proton on nitrogen to give 2a (see Scheme I).
cyclodeamination to form lactone 4 presumably in- That at least some of lactam  2a arises through ole n 
volved protonation of the oxygen at the amide group to amide 3a was supported by loss of some deuterium on 
form cation 5 ,4 which undergoes cyclization accom- acid-catalyzed cyclodehydration of deuteriohydroxy-

amide 9. For example, deuteriohydroxyamide 9,
(4) Although protonation at either the amide nitrogen or oxygen should _

catalyze lactone formation, only the latter protonation is shown in Scheme I; (5) See C. L. Mao, I. T. Barnish, and C. R. Hauser, . e t e r o c y c  . e m . ,

see A. R. Katritzky, and R. A. Y. Jones, Chem. Ind., (London), 722 (1961). 6, 475 (1969).
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prepared from 7 through 8, underwent eyclodehydra- Scheme III
tion with a little sulfuric acid in acetic acid (HO Ac- .  CONHCH3 .  CONHCH
H 2SO4) to form lactam 10, containing less deuterium \ \ \  -  2"-c ‘H*Li, \ \ j f '
(Scheme II). Lactam  10 was shown to retain all of its tS / J^cH 2C6HrJ 1 0,0

Scheme II 15 a  0 D/molecule)

r r C0NHCH3 1- 2n-C4H9Li ^ C0NHCH3 1-

k A CH k A CHD A 0
7 8 (1.0 D/molecule) ^ .C O N H C H ,  ^ 2n^ H|Li ^ / C O N H C H 3

1. k A c  c_ 0H 2. «WWX. k k ^ C D 2C6H5
(A/8ns/2DU « tt /  \

V ^ H 5 \ I 16 (1.72 D/molecule)

f Y N - C H .  hoac- h^ q, 17 (0.98 D/molecule)
I ^ A s J f C e H s h  "* reflux k ^ - ^ CH_ c _ 0H  |H.SO„ 0°

D H I I .  Q
10 (0.40 D/Wlecule) D II

9 (0.75 D/molecule) __ CH3

k A j ( C e H 5)2
deuterium under such conditions. Similar results / \
were obtained from deuteriohydroxyamide 9 containing Cells D
1.0 D/molecule and concentrated sulfuric acid (see 18 (0.98 D/molecule)
Experimental Section).

Similarly, 5-hydroxyamide 11, which has recently carbonium ion 20 to deuteriolactam 18 and olefin- 
been shown to undergo cyclodehydration with cold amide 13. 
sulfuric acid to form lactam  12,2 underwent linear
dehydration with a little sulfuric acid in acetic acid 9  9
(HOAC-H2SO4) and cyclodeamination with acetic acid C_NHCH3 C__NHCH3
to give olefin-amide 13 and lactone 14, respectively. I i f  \  I i f
However, in contrast to olefin-amide 3a, olefin-amide ___ C Q )II __C(C-H )2
13 failed to undergo cyclization with either H O A c- /  \  | 2 /  \  652
H 2SO4 or concentrated sulfuric acid. Also, hydroxy- CeH5 D (C6H5)2 C6H5 D
amide 11 afforded only olefin-amide 13, not lactam 12, 19 20

with refluxing H 0 A c-H 2S 0 4, which readily produced Incidentally, carbinol 21, which is related to hv- 
the lactam  from hydroxyamide la  (see Table I). droxyamide 1 1 , but has no amide group, has been

q reported to undergo acid-catalyzed linear dehydration
^ ^ X O N H C H j Ji by a concerted mechanism to form olefin 22.7

k A p u  „  C  X  I “ " 3 (CeH6)2C H -C (C 6H5): (C6H5)2C = C (C sH5)2
/  | 0H  7 ^ t ;6h5)2 ¿ n

CeH5 (C6H5)2 C6Hs 21 22
11 12

O Discussion

a CONHCH3 The present realization of three different types of
[ I I  acid-catalyzed reactions of a single compound, a 5-hy-
^ / |/ X (CGH5)2 droxyamide, seems rather remarkable. Although two

C/H5 CgHs of the three courses of reaction, those involving linear
13  !4  dehydration and cyclodehydration, are both initiated

by protonation of the hydroxyl oxygen leading to  
Interestingly, in contrast to deuteriohydroxyamide 9, formation of a common carbonium ion, 6  and 2 0 , the

deuteriohydroxyamide 17 underwent cyclodehydration subsequent courses of the two reactions are different,
with cold concentrated sulfuric acid to form deuterio- Moreover, the linear loss of a proton from carbonium
lactam  18 without loss of deuterium. This result and i°n ® (s reversible (see Scheme I) whereas that from
the preparation of deuteriohydroxyamide 17 through carbonium ion 2 0  is apparently not.
deuteriohydroxyamides 15 and 16 are shown in Scheme The predominant course of reaction observed with a
III . The reaction of deuteriohydroxyamide 17 with hydroxyamide is dependent on the acidic reagent and
HOAC-H2SO4 was not studied since only the olefin- temperature employed (see Table I). Although the
amide would have resulted (see above). structure of the hydroxyamide also may be important

Two explanations for this result seem possible. One (compare la  and lb  with 1 1 ), the present results
would involve the concerted mechanism represented in indicate that, at least for hydroxyamides la  and lb  and
19,6 and the other the irreversible conversions of 11, the acetic acid method is more convenient than the

earlier thermal procedure for cyclodeamination, and
(6) This mechanism was suggested recently in a preliminary report, see 

C. L. Mao, F. E. Henoch, and C. It. Hauser, Chem. Commun., 1595 (1968). (7) A. Gandini and P. H. Plesch, J. Chem. Soc., 6019 (1965).

3706 J .  Org. Chem., Vol. 35, No. 11, 1970 Mao and Hauser



that the HOAC-H2SO4 reagent is preferable to the Similarly, treatment of la with H2S0 4 at 0 ° gave lactam 2a in 
previous concentrated sulfuric acid method for cyclo- 52% yield-
dehydration (see Table I). Also, the H0Ac-H2S 0 4 or 01.efinn: Amide ,3a *  Fw™ 2a„  A'
H L l HOAc reagent is the reagent of choice for linear was refluxed for l hr to give 0.39 g (78% ) of lactam 4a, mp 196-
dehydration. Besides these synthetic methods, those 198° (CH3CN ).
involved in preparations of the deuterio derivatives In another experiment, the reaction mixture was refluxed for 
should be useful. 3° min to g*ve a mixture of lactam 2a and the starting olefin-

amide 3a (detected by ir).
B . With HOAc-HjSOf.— A 0.3-g sample of olefin-amide 3a 

E x p e rim e n ta l S e ctio n 8 ln H 0A c-H 2S 0 4 was refluxed for 30 min. There was
y isolated 0.29 g (96% ) of lactam 2a, mp 196-198°.

The results of acid-catalyzed reactions of 6-hydroxyamides la  C. With Concentrated Sulfuric Acid (H2S 0 4).— A 0.2-g
and lb3 or olefin-amides 3a and 3b are summarized in Table I. sample of 3a was slowly dissolved in 10 ml of H2S 0 4 at 0 ° for 2 hr.
In each case, the reaction mixture was poured into ice-water and After recrystallization from CH3CN, there was obtained 0.15 g
the crude product was removed by filtration and recrystallized (75% ) of lactam 2a, mmp 196-198°.
from an appropriate solvent. The experimental details are A similar result was obtained when olefin-amide 3a was
described below. treated with H2S 0 4 at room temperature.

Cyclodeamination of 5-Hydroxyamides la and lb.— Solutions Preparation of Deuterio Derivatives of 5-Hydroxyamides la .—
of 0 .5 -1 .0-g samples of la in 10 ml of acetic acid (HOAc) were To 0.02 mo1 of dilithioamide, prepared from 0.02 mol of N-
refluxed for 4 and 12 hr to give lactone 4 , mp and mmp 145-146° methyl-o-toluamide and 0.04 mol of n-butyllithium in T H F-
(EtO H -H 20 )  (lit.3 mp 144-144.5°), in yields of 80 and 88 % , hexane2 at 0°, was added 3 ml of deuterium oxide. After 20 min
respectively. of stirring, 100 ml of cold water was added. The layers were

To show that this was not a thermal cyclodeamination,3 a separated and the crude product was recrystallized from hexane-
1.0-g sample of hydroxy amide la  was refluxed in n-amyl alcohol benzene to give deuterio compound 8 in 75%  yield; the compound
for 12 hr. There was recovered 0.95 g (95% ) of the original contained 1 .0 D/molecule by nmr.
hydroxyamide la . To 0.005 mol of deuterioamide 8 in 20 ml of T H F at 0 ° , was

Similarly, treatment of lb (1.0 g) in 15 ml of HOAc gave 0.7 g added 0.011 mol of n-butyllithium in hexane and the mixture
(91% ) of lactone 4, mmp 144-146°. was treated, after 30 min, with 0.005 mol of benzophenone in

Linear Dehydration of 5-Hydroxyamides la and lb. A.—  10 ml of T H F. The reaction mixture was worked up to give
With Hydrogen Chloride in Acetic Acid (HCl-HOAc).— A 0.5-g deuteriocarbinolamide 9 in 60%  yield, containing 0.75 D /
sample of la  in 20 ml of HOAc saturated with dry HC1 gas was molecule.
stirred at room temperature for 4 hr. The yellow solution was In another experiment, deuterioamide 9, containing 1.0 D /
worked up to give, after one recrystallization from CH3CN, 0.42 molecule was obtained by repeated deuteration of amide 7
g (89% ) of olefin-amide 3a: mp 202-204°; ir 3300 (NH) and followed by condensation with benzophenone.
1640 cm " 1 ( C = 0 ) ;  nmr (CDC13) 5 2.85 (s, 3, CH3N ) and 7.25 Cyclization of 9 to Form 10 . A. With H 0A c-H 2S 0 4.— A 
(m, 15, ArH ). 1.0-g sample of 9 was dissolved in 20 ml of H 0A c-H 2S 0 4 and

A n a l. Calcd for C ,2HlsNO: C, 84.31; H, 6 .11; N, 4 .47. the mixture refluxed for 20 min. The orange solution was
Found: C, 84.29; H, 6 .05; N, 4.54. worked up to afford 0.56 g (60% ) of lactam 10, containing 0.4

Likewise, treatment of a 1 .0-g sample of lb with HCl-HOAc D/molecule. 
at room temperature afforded 0.84 g (88% ) of olefin-amide 3b, With H2S 0 4.— The treatment of 0.5 g of amide 9 (1.0
mp 151-153°, ir 3310 (NH) and 1635 c n r 1 ( C = 0 ) .  D/molecule) with 10 ml of H2S 0 4 acid at 0° for 2 hr and at 20-30°

A n al. Calcd for C27H2iNO: C, 86.37; H, 5 .64; N, 3 .73 . for 0.5 hr afforded of lactam 10, (0 .3 -0 .4  g), which contained 0.77
Found: C, 86.17; H, 5.90; N, 3.79. D/molecule and 0.50 D/molecule.

B. With Acetic Acid Containing Sulfuric Acid (HOAc- Linear Dehydration of 5-Hydroxyamide 11.— A 0.4-g sample
H2S 0 4).— A 1.0-g sample of la or lb in 20 ml of acetic acid con- °f amide 11 was stirred with 20 ml of H 0A c-H 2S 0 4 at room tem-
taining a few drops of concentrated sulfuric acid (H 0A c-H 2S 0 4) perature for 5 hr. The yellow mixture was worked up giving 0.3
was stirred at room tempersture for 4 hr. The yellow solution g of crude product, mp 270-274°. After one recrystallization
was worked up as usual to afford 0.6 g (63% ) of olefin-amide 3a, from CH3C N -D M F, there was obtained 0.21 g (55% ) of pure
mp 201-203°, cr 0.7 g (73% ) of olefin-amide 3b, mp 151-153°, olefin-amide 13: mp 274-275°; ir 3320 (NH) and 1630 cm “1
respectively. ( C = 0 ) .

C. With Boron Trifluoride-Diacetic Acid Complex (BTDA). A n a l. Calcd for C28H23NO: C, 86.34; H, 5 .96 ; N , 3.60.
— A 2 .0-g sample of la was treated with 20 ml of BTDA Found: C, 86.25; H, 6 .03; N, 3.53.
at room temperature for 4 hr. The amber-colored solu- I d another experiment, a 0.5-g sample of amide 11 in 20 ml
tion was poured into ice water and the aqueous mixture was of H 0A c-H 2S 0 4 was refluxed for 4 hr. The reaction mixture was
neutralized with solid N aH C 03. The crude product was removed worked up to give 0.4 g (83% ) of olefin-amide 13, mmp 273-275 .
by filtration to give 1.5 g of yellowish solid, mp 160-180°. No lactam 12 was isolated.
Trituration of the crude product with 20 ml of hot CH3CN left Attempted Cyclization of Olefin-Amide 13 to Form Lactam 12 .
0.8 g (41% ) of insoluble olefin-amide 3a, mp 202-204°. The A. With H 0A c-H 2S 0 4. A 0 .5-g sample of olefin-amide 13 was
hot CH3CN solution was cooled in an ice bath to give 0.31 g refluxed with 20 ml of H 0A c-H 2S 0 4 for 4 hr. The resulting
(16% ) of lactam 2a, mp and mmp 196-198° (lit.2 mp 196-198°). yellow solution was worked up to afford 0.45 g (90% ) of the

Cyciodehydration of 5-Hydroxyamide la . A. With HOAc- starting clefin-amide 13, mmp 274-275 . None of the lactam
H 2SO„.— A 1.0-g sample of la  in 20 ml of H 0A c-H 2S 0 4 was 12 was detected (by nmr).
refluxed for 25 min. The crude product was recrystallized from B . With H2S 0 4. A 0.5-g sample of olefin-amide 13 was
CH3CN to give 0.81 g (85% ) of lactam 2a. " slowly dissolved in 10 ml of H2S 0 4 at 0 during 1 hr. The yellow

B. With BTDA.— A 2.0-g sample of la  in 20 ml of BTDA was solution was poured onto ice water and the clear aqueous solution
heated at reflux for 1 hr to give 1.2 g (62% ) of lactam 2a, mp was carefully neutralized with solid NaHCCb. The aqueous solu-
196-198° tion was then extracted with ether. Evaporation of the ethereal

C. With Concentrated Sulfuric Acid (H2S 0 4).— A 1.0-g extract gave no residue. Neither the lactam 12 nor the starting
sample of la was slowly dissolved in 10 ml of H2S 0 4 at room olefin-amide 13 was isolated. Apparently, water soluble material
temperature. After 2 hr the orange-red solution was worked was formed. . . .  __ , .
up to give 0 .52 g (85% ) of lactam 2a, mp and mmp 196-198°. Preparation of Deuterio Derivatives - T o  CL02 mol of the
_____ ______  dilithio derivative of 5-hydroxyamide 11 in TH F-hexane was

(8) Melting points were taken on Thomas-Hoover capillary melting point added 3 ml of deuterium oxide. After 20 min of stirring, 100 ml
apparatus and are uncorrected. Ir  spectra were determined on a Perkin- of water was added to it. The layers were separated and the
Elmer Infracord Model 137 or 237 in K B r disks. Nmr spectra were obtained crude product was recrystallized from aqueous ethanol to give
with a Varian Associates A-60 spectrometer using tetramethylsilane as deuterio compound 15 in 80%  yield. The nmr determination
internal standard. Analyses were preformed by M-H-W Laboratories, showed that this CCmpound Contained 1.0 D/moleCule.
Garden City, Mich. n-Butylhthmm was obtained from Foote Mineral Com- a a a i i c j  4. • 1 c rxA+Y>

„  A ’ „  , , /mTT T7\ t li fr«m lithium A 0 .01-mol portion of deuterioamide 15 was again treated withpany, Exton Pa. Tetrahydrofuran (THF) was freshly distilled trom litnium v . . „
aluminum hydride with n-butyllithium and followed by deuterium oxide to give
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deuterioamide 16 in 75%  yield. The nmr spectrum of this com- Cyclodeamination of 7 -Hydroxyamide 1 1 — As in the case of
pound was shown to consist of 1.72 D/molecule. cyclodeamination of la , a 1.0-g sample of 11 was refluxed with 50

To 0.005 mol of deuterioamide 16 in 20 ml of T H F at 0° was ml of acetic acid overnight (c a . 12 hr). The product was worked
added 0.011 mol of n-butyllithium in hexane and the mixture up and recrystallized from aqueous D M F to give 0.62 g (65% )
was treated, after 30 min, with 0.005 mol of benzophenone in 0f 3 >3 j4-triphenyl-3,4-dihydroisocoumarin (14), mp 265-267°,
10 ml of T H F. The reaction mixture was worked up to give ;r jy20 cm -1 ( C = 0 ) .
deuteriocarbinolamide 17 in 60%  yield. This amide was shown ¿naZ. Calcd for C21H2:l0 2: C, 86.14; H, 5 .35 . Found: C,
to contain 0.98 D/molecule. gg gg. j j  5 ^7

Cyclization of 17 to Form 18.— A sample of deuteriocarbinol- ’ ’
amide 17 (1.0 g) was dissolved in 5 g of H2S 0 4 at 0 ° for 20 min.
The reaction mixture was poured onto ice and the solution was
made basic with NaOH. The crude product was collected and Registry No.— la, 2594-59-4; lb, 21868-83-7; 2a, 
recrystallized from CHSCN to give 0.56 g (58% ) of 18 mp 190- 90141-85-9 ; 3a, 24097-53-8; 3b, 24097-54-9; 13,
192°, containing 0.98 D/molecule (by nmr). A similar result 0 4 f . Q 7  - -  n . .  .  o r n c r  56-1
was obtained after repeating the experiment. 2 4 0 9 7 -0 0 -0 ; 14, 24U9/-DO 1.

Pyrolysis of Alkenylidenecyclopropane and 
Biscyclopropylidene System s1“1

D . R . P a u l s o n , 115 J .  K .  C r a n d a l l , 10 a n d  C . A . B u n n e l l !c1 

Contribution No. 1856 from  the Department o f  Chemistry, In d ian a  University, Bloomington, Ind iana 4-7401

Received M arch 27, 1970

Pyrolysis of l-(2-methylpropenylidene)-2,2,3,3-tetramethylcyclopropane (3) gives, in good yield, l,2-(bis- 
isopropylidene)-3,3-dimethylcyclopropane (4). The synthesis of 1,1,2 ,2,5 ,5-hexamethylbiscyclopropylidene (15) 
was accomplished by the reaction of 3 with excess methylene iodide/zinc-copper couple. Pyrolysis of 15 at 
400° in a flow pyrolysis system produces l-isopropylidene-2 ,2,4 ,4-tetramethylspiropentane (20 ) while at higher 
temperatures 15 leads to 2,4,5-trimethyd-3-isopropylidenehexa-l,4-diene (21) as well as 0- and p-xylene. Pyrolysis 
of l-methylene-2-isopropylidene-3,3,4,4-tetramethylcyclobutane (29) at 460° leads cleanly to triene 21. At 
620° 4 gives enyne 13 as well as p-xylene and toluene. The mechanistic details of these transformations are 
discussed in terms of diradical intermediates.

The thermal rearrangement of methylenecyclopro- results suggests that a similar rearrangement may
panes has been known for a number of years. One of obtain in more complicated methylenecyclopropyl sys-
the first examples was the thermolysis of Feist’s ester terns. This report concerns itself with alkenylidene-
which has been studied by Ettlinger.2 A number of cyclopropane and biscyclopropylidene thermal chem-
examples have since been reported which indicate that istry.
the rearrangement proceeds v ia  a trimethylenemethane A simple entry into the alkenylidenenecyclopropane
diradical.3 This is illustrated below for a simple case. system can be effected through reaction of allenic“ or
Gajewski4 has recently looked at optically active m ethy- propargylic6 halides with tod-butoxide in the presence
lenecyclopropanes and concluded that, in substituted of olefins. Synthesis of 3 was achieved in good yield by

reaction of l-brom o-3-m ethylbuta-l,2-diene with tetra- 
\ —/  „ = < /] methylethylene. Pyrolysis of 3, carried out in a flow
. /  ^  system at 360° (0.1 mm), results in an almost quantita-

methylenecyclopropanes, the intermediate is not the tive conversion to dimethylenecyclopropane 4. A 
planar delocalized diradical 1 but rather an orthogonal , ,
diradical represented as 2. Consideration of these ------ /  ___

i  1C- 1 Y  ^  similar and more instructive conversion was effected by
A A V 'O  A  A \ thermolysis of alkenylidenecyclopropane 5. Three iso-
u  ^  meric hydrocarbons, 6 ,7,  and 8 were produced. T h era-

A C -'= *< o  tio these products varies with tem perature; the 6 ; 7 :8
0  ratio is 1 0 : 2 : 3  at 360° and 2 : 3 : 6  at 410°. Further-

1 2 more, pyrolysis of either 6 or 7 at 380° yields a mixture
of the three isomeric compounds. On the other hand,

(1) (a) Supported by a research grant from the National Science Founda- „ • rp„nvprpr| psspntiu llv  unrhnm rpr! a t  t hi s  tp m np ratlirp
«on. (b) Public Health Service Predoctorai Fellow, 196&-1968. (c) °  . re c o v e re a  e sse n ria u y  u n c n a n g e a  a t  tm s  te m p e ra ru re .
Author to whom correspondence should be addressed. Alfred P. Sloan R a is in g  th e  te m p e ra tu re  to  4 6 0 ° ,  h o w ev er, CaUSeS p a r-
Research Fellow, 1968-1970. (d) Indiana University Foundation and t ia l t ra n s fo rm a tio n  of 8  to  6  a ild  7 . T h e  S tru c tu ra l
National Science Foundation Undergraduate Research Participant, 1968- . , « - i t  t
1969> assignments oi 6, 7. and 8 have been discussed pre-

(2) M. G. Ettlinger, J. Amer. Chem. Soc., 74, 5805 (1952). v iously.^
(3) J. P. Chesick, ibid ., 85, 2720 (1963); E. F. Ullman, ibid ., 81, 5386

(1959); 82, 505 (1960); E. F. Ullman and W. J. Fanshawe, ibid., 83, 2379 (5) S. R. Landor, A. N. Patel, P. F. Whiter, and P. M. Greaves, J. Chem.
(1961); T. C. Shields, B. A. Shoulders, J. F. Krause, D. L. Osborn, and Soc. C, 1223 (1966); S. R. Landor and P. F. Whiter, J. Chem. Soc., 5625
P. D. Gardner, ibid., 87, 3026 (1965); H. M. Frey, Trans. Faraday Soc., 57, (1965).
951 (1961). (6) H. D. Hartzler, J. Amer. Chem. Soc., 83, 4990 (1961).

(4) J. J. Gajewski, J. Amer. Chem. Soc., 90, 7178 (1968). (7) J . K. Crandall and D. R. Paulson, ib id ., 88, 4302 (1966).
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The mechanistic details of these thermal intercom 13 shows a terminal double bond (6.08 and 11.1 ^),
versions are very likely analogous to methylenecyclo- while the ultraviolet spectrum is characteristic of a
propanes themselves. A similar set of orthogonal di- nonconjugated acetylene.9 This transformation is
radicals4 can be invoked to describe this reaction. visualized in Scheme II . The formation of enyne 13
These intermediates differ from the parent system in
that one of the peripheral carbon atoms is sp hy- Scheme I I
bridized.3 Scheme I depicts a rational scheme in terms

Scheme I  3 ”  /  ^  '  4

_ J ______ /  1 '

U b  -  -  i r <

f

i , . appears to require tunneling through a small equilibrium
q !  q /  concentration of 3 to diradical 14. A 1,6 hydrogen

X V  X f  transfer mechanism then leads directly to 13.10
Q  .  QVA O O ''A  A second type of methylenecyclopropane, in which

-  '  v  ^  \y  \ [/ O the double Ijond is exocyclic to two cyclopropyl rings
r\  A  *T \  A  (f-e., a biscyclopropylidene) can be envisioned to

Mr U  (J  undergo a simple methylenecyclopropane rearrange-
0 ^ 0  ment to produce a methylenespiropentane. This type

H of rearrangement has been realized in the case of 15.
H 12 A surprisingly simple and convenient synthesis of 15

was effected by treatm ent of alkenylidenecyclopropane 
| | | 3 with a large excess of the Simmons-Smith reagent.11

This reaction produced predominantly biscyclopro- 
V  V  . H pylidene 15 in good yield. Under different experi-

X  mental conditions it was possible to isolate the other
| |  I I monoadduct 16 and the diadduct 17. An alternate

theS6 intermediates. A L .  t f  „ r t ^ n a i  tri- ' A b  ^
methylenemethane intermediates are possible. How- 17 Jg
ever, 10, 11, and 12 are the only ones which do not con
tain an unfavorable localized vinyl radical. If the rate synthesis was realized using the diethyl zinc-methylene 
constants for formation of products from 10, 11, and 12 iodide12 modification of the Simmons-Smith to give 15
are assumed to be nearly identical, then the kinetic exclusively in 40%  yield. Biscyclopropylidene 15 dis-
preference for formation of 6 can be explained by a p]ays spectral data consistent with the assigned struc-
destabilizing half-filled ^-orbital-m ethyl interaction.4 ture and simiiar to model compounds 18 and 19.13
This interaction would result in 10 being more stable Predominate formation of 15 over 16 can be predicted
than 11 cr  12 and as a result the favored intermediate on the basis of both steric and electronic factors.14
from 5. At higher temperatures interconversion among Pyrolysis of 15 in a flow system at 400° (0.1 mm) 
the biradical intermediates and the dimethylenecyclo- proceeds smoothly to give starting material (4% ),
propanes becomes more facile and the product distribu- methylenespiropentane 20 (87% ), and its structural
tion approaches the thermodynamic equilibrium value. isomer 16 (9%).  The ir spectrum of 20 shows a weak
Each of the products can in theory be reconverted to methylenecyclopropane band15 at 5.55 n and its nmr
the biradical intermediates by the reversal of its forma- displays a twc-proton AB quartet16 centered at r  9.38
tive process and thus be repartitioned among the (Av =  10.3 Hz, J  =  4 .0 Hz),  four methyls on saturated
original three products. Compounds 6 and 7 undergo carbon and two olefinic methyls. An independent
this redistribution easily but more drastic conditions
are required for 8. This is easily explained since 8 with o) a. i . Scott, "interpretation of the ultraviolet Spectra of Natural 
a single stabilizing methyl on the saturated center re- Pr" ' ” Perf mo“ Press N York N. Y„ 1964 pp mhw.

® ® . . „ , . , , . (10) Although not usually a favored process, a similar l,o hydrogen
q u ires  a  g r e a te r  a c t iv a t io n  e n e rg y  lo r  bond  h o m o iy sis  shift has apparently been detected: R. F. Bleiholder. Diss. Abstr. B, 27,
th a n  e ith e r  6  o r 7 w h ich  g iv e  t e r t ia r y  ra d ica ls  a t  th is  ioso (1966).

• , . (11) H. E. Simmons and R. D. Smith, J. Amer. Chem. Soc., 81, 4256
S lg h t . < r- u  <1959>-Pyrolysis of dimethylenecyclopropane 4 (or its pre- ( ,2) J. Furulsowa, N. Kawabata, and J. Nishimura, Tetrahedron Lett.,
cursor 3) at 520° gives a mixture of 4 (39% ) and enyne 3353 (1966); Tetrahedron, 24, 53 (1968).mi , , r 1 i 1 j  12 i i (13) B. du Laurens. A. Bezaguet, G. Davidovics, M. Bertrand, and J.
13 (43% ). The structure of 13 was clearly defined by Chouteau, Bull. c u m . Soc. rv., 799 (1967).
its SpeCtrOSCOpic properties! the infrared spectrum of (14) J. K. Crandall, D. R. Paulson, and C. A. Bunnell, Tetrahedron Lett.,

5063 (1968).
(8) This argument makes the reasonable assumption that the destablizing (15) W. Rahman and H. G. Kuivilla, J. Org. Chem., 31, 722 (1966).

interaction cf a methyl group and a p orbital would be greater for a half- (16) J. R. Dyer, “Applications of Absorption Spectroscopy of Organic
filled p orbital than for a p orbital involved in double bond formation. Compounds,” Prentice-Hall, Englewood Cliffs, N. J., 1965, p 102.
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synthesis of 20 was realized by treatm ent of dimethy- oxychloride-pyridine produced a mixture of 29 (52% )
lenecyclopropane 4 with Simmons-Smith reagent.11 and 32 (43% ). A convenient isolation of 29 from this

Thermolysis of methylenespiropentane 20 under the mixture was effected by pyrolysis of the reaction prod-
above conditions did not result in reversal to 15, but at uct a t 360° which gives 52%  21, 2%  32, and 46%  un
higher temperature (510°) this material was connected changed 29. This procedure proved convenient since a
to a mixture of 37%  20, 31%  triene 21, and quite un- mixture of triene 21 and diene 29 can easily be sepa-
expectedly p-xylene (13% ) and o-xylene (5% ). Even rated by preparative glpc while the same is not true of
more surprising was the extent of xylene formation at the original mixture. The pyrolytic conversion of 32 to
higher temperatures; for instance, a t 610° the p -  and 21 is readily interpreted as a simple cyclobutene to
o-xylene were isolated in 50 and 33% , respectively. butadiene thermal isomerization. Kiefer and Tanna19
Pyrolysis of isomer 16 gave similar results. A t 520° have recently studied several very similar pyrolytic
triene 21 and p-xylene were obtained in the ratio of 7 :1  conversions.
while at 610° a mixture of triene 21, p-xylene, and o- Pyrolysis of diene 29 at 460° afforded 72%  triene 21, 
xylene were formed in the ratio of 1 : 2 1 : 14 .  4 %  starting material, and a number of minor products.

The structure of triene 21 was readily verified by its This experiment clearly demonstrates why diene 29 is
straightforward synthesis as shown in Scheme III . absent from the thermolysis products of 15, 16, or 20,

since this material would not have accumulated in the  
Scheme III 460° pyrolysate even if it were an important product.

O Qjj At 460° very little, if any, isomerization of 20  occurs.
II \ /  A reasonable mechanism for the thermal rearrange-

| | — ► || ments of 15, 16, and 20 is shown in Scheme IV. Doe-

23 ^  22 Scheme IV
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Alcohol 22 was obtained in 87%  by methyllithium .
addition to ketone 2 3 .17 Dehydration of 22 in sulfuric nng and (jllbert'2° have summarized strong evidence
acid-acetic acid gave a mixture of 25%  24, 51% 25, and that the thermal rearrangement of spiropentane sys-
24%  of the desired triene 21 . Pyrolysis of this mixture tems involve diradical intermediates rather than con-
of triene at 490° cleanly transformed 24 and 25 into the certed processes. The rearrangements undergone by
more stable isomer 21 . These transformations are and ^0 are p ŝo best described in terms of such
readily interpreted in terms of 1,5 hydrogen shifts. diradical intermediates. The biscyclopropylidene 15

While this work was in progress, Dolbier reported on is converted to isomers 16 and 20 v ia  the respective
the thermolysis of the parent methylenespiropentane trimethylenemethane intermediates 33 and 34. Py-
2 6 .18 A t temperatures above 300° compound 26 iso- r°lysis of 16 or 20 does not result in any back reaction
merizes to a 7 :1  mixture of 27 and 28. This observa- to ôrm V*. *n agreement Wlth the predicted lower ther-

mal stability of 15. The preference for products de- 
300  ̂ r—y  + r—/  rived from 34 rather than 33 is a reflection of the stabil-

^ —  ization of alkyl groups on the radical centers and relief
26 27 28 nonbonded interaction in the transition state leading

to 34. There is no evidence for appreciable intercon- 
tion prompted an investigation of the thermolysis of version of 15 and 16 in support of this kinetic argument,
the analogous 1,2-dimethylenecyclobutane 29 which A t more elevated temperatures the cvclopropyl ring in
would be expected in the present system. Its  synthesis the reversibly formed intermediates 33 and 34 is cleaved
is also outlined in Scheme III . Treatm ent of ketone leading to the interesting bisallyl diradical 35. This
3 0 17 with methyllithium gave alcohol 31 in almost process is postulated to involve'collapse of the cyclo-
quantitative yield. Dehydration of 31 in phosphorus propyl radical moiety of the trimethylenemethane in-

(17) J. K. Crandall and D. R. Paulson, J. Org. Chem., 3S, 991 (1968). (19) E. F. Kiefer and C. H. Tanna, J. Amer. Chem. Soc., 91 4478 (1969)
(18) W. R. Dolbier, Jr., Tetrahedron Lett., 393 (1968). (20) W. E. Doering and J. C. Gilbert, Tetrahedron, Sup-pl., it, 397 (1966).'
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termediates 33 and 34. Cyclopropyl radicals are cyclohexadienes 38 through 43 are also proposed to
known to rearrange thermally to allylic radicals with an equilibrate by 1,5 hydrogen shifts. Similar hydrogen
activation energy of less than 18 kcal/m ol,21 although transfers have been observed before in cyclohex-
they appear to maintain their structural integrity at adienes.25 Loss of the elements of butane from the key
lower temperatures.22 The presence of an appreciable intermediates 40 and 41 would lead to o-xylene and p -
energy barrier for the cyclopropyl radical to allyl radical xylene directly. There are several reports concerning
interconversion is also apparent in the present rearrange- the loss of the elements of hydrogen or low-molecular-
ment. Other modes of bond breakage in 15, 16, or 20 weight hydrocarbons to form arom atic products during
would lead to intermediates of much higher energy and, the pyrolysis of cyclohexadienes.26 I t  was originally
in addition, not provide a straightforward pathway to suspected that an intact molecule of isobutane might
triene 21. Diradical 35 leads readily to triene 21 by be formed in this elimination. However, the major
disproportionation through a favorable six-center hy- gaseous hydrocarbons from the pyrolysis of triene 21 at
drogen transfer. Gajewski23 has recently observed 620° were propylene and ethylene. The exact process
similar 1,5 hydrogen transfers via bisallyl biradicals. by which the elements of butane are lost appears to be a

A t least two paths can be recognized for the conver- rather complex one, and is probably free radical in
sion of dimethylenecyclobutane 29 into triene 21. The nature.
first of these is initiated by homolytic cleavage of 29 to A similar series of transformations occurs when di- 
bisallyl diradical 35, an intermediate in the main se- methylenecyclopropane 4  is pyrolyzed at high tem-
quence described above. The second pathway pro- perature. A t 620° compound 4 gives 50%  enyne 13,
ceeds v ia  a concerted 1,5 hydrogen shift to yield cyclo- 30%  p-xylene 8%  toluene along with at least six un
butene 32 followed by the experimentally demonstrated identified minor products. I t  was independently
isomerization of 32 to 21. shown that enyne 13 is not an intermediate in the for-

One of the most interesting problems connected with mation of the aromatic compounds. A mechanism
this study involves the mode of formation of o- and analogous to that shown in Scheme V is proposed. Tri
p-xylene. Since pyrolysis of triene 21 at 580° gives methylenemethane diradic-al 44 undergoes 1,4 hydrogen
50%  p-xvlene and 30%  o-xylene, it is likely that 21 is abstraction27 to form triene 45 which yields the aromatic
an intermediate in the formation of the xylenes from hydrocarbons by a process similar to that elaborated in
15, 16, and 20. A plausible mechanism for these novel Scheme V for triene 21. Pyrolysis transformation of an
transformations is shown in Scheme V. Concerted authentic sample of triene 45 to the observed aromatics

demonstrates she viability of this proposal.
Triene 45  was prepared by hydride reduction of ke- 

Scheme V tone 23 followed by acylation to give acetate 46. Py-
/ * /  rolysis of 4 6  in a flow system at 420° gave a 1 :1  mix-

— (  )—  \ /  ture of trienes 45 and 4 7 ; a t 460° the ratio was 3 :1 .
21 / = \  /  \ The presence of both 45  and 47  in the pyrolysis of ace-

^  ^  / /  tate 46  is accounted for by equilibration of acetate 46
36 37 and its aflvlic isomer prior to elimination of acetic acid28

t and/or by thermal interconversion of 45 and 47 by 1,5
hydrogen migration.

V r - V r
40 39 38 ' * * *

i  i  ; 4 4t5 x  47

41 42 43 ...46

1,5 hydrogen shifts interconvert the trienes 21 and 36. Experimental Section
This general type of rearrangement has been carefully General.—Infrared spectra (ir) were obtained with Perkin-
studied by several groups.24 The well-precedented Elmer Model 137 and 137G infrared spectrophotometers in
cyclization pictured for triene 3 7  can take place only carbon tetrachloride solution unless otherwise specified. Nuclear
from the cis olefin.25 Presumably trans olefin 36  pro- magnetic resonance (nmr) spectra were obtained with Varian

vides this configuration by thermal isomerization. The ----------------
(26) H. Pines and R . H. Kozlowski, J .  Amer. Chem. Soc., 78, 3776 (1956);

(21) A. S. Gordon, Pure Appl. Chem., 5, 441 (1962). H. Pines and C. T . Chen, ibid., 81, 928 (1959); G. Dupont and R . Dulou,
(22) D. I . Schuster and J .  D . Roberts, J .  Org. Chem., 27, 51 (1963). Bull. Chim. Soc. Fr„  C-29 (1951).
(23) J .  J .  Gajewski and C. N. Shih, J .  Amer. Chem. Soc., 91, 5900 (1969). (27) At least one example of a 1,4 hydrogen migration to a vinyl radical
(24) J .  Wolinski, B . Chollar, and M . D. Baird, ibid., Soc., 84, 2775 has been documented: J .  A. G. Dominguez and A. F . Trotman-Dickenson,

(1962); H. M . Frey and R . J .  Ellis, J .  Chem. Soc., 4770 (1965). -7. Chem. Soc., 940 (1962); S. W. Benson and W. B . DeMore, Ann. Rev.
(25) E . N. Morrell, G. Caple, and B . Schatz, Tetrahedron Lett., 385 Phys. Chem., 16, 397 (1965).

(1955) (28) W. J .  Bailey and R . Barclay, Jr .,  J .  Org. Chem., 21, 328 (1956).
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A-60 and HR-100 spectrometers in carbon tetrachloride solution. T able I
Ultraviolet spectra (uv) were recorded on a Cary 14 spectrophoto- Reactant Temp, Yield,
meter. Raman spectra were taken on a Cary 81 spectrophoto- (mg) °C 4, % 13, % a  b c mg
meter. Mass spectra were obtained with an A EI MS-9 mass spec- 3 (320) 500 63 33 1 290
trometer at 70 eV. Gas chromatography (glpc) was performed on ,  , ,4f)s - fin 4s a qiq
Aerograph Model 600 and Model 1200 chromatographs. The nn „ 17 - ,  w
analytical column was 10 ft X  Vs in. 15% Carbowax 20M on ; ' 0 qa q « oen
60-80 Chromosorb W ; preparative columns were 10 ft X  3/s in. 3 (6 1 2 )  b2u ou du ö o öt
or 20 ft X  3/8 in- 30%  Carbowax 20 Mon 60-80 Chromosorb W 4 (70) 520 48 47 3 62
or 10 ft X  s/8 in. 30%  Ucon polar 2000 on 60-80 Chromosorb W . <* % of p-xylene. 6 %  of toluene. *.Number of other products.
Percentage composition data were estimated by peak areas.

l-(2-Methylpropenylidene)-2,2,3,3-tetramethylcyclopropane
(3). A.— A mixture of 30 g of tetramethylethylene and 10 g of on the vacuum pyrolysis system at 620° and 0.20 mm. Glpc
potassium ¿erf-butoxide was stirred under a nitrogen atmosphere and nmr analysis of the crude product showed 13 as 50%  of the
for 10 min, after which 11.7 g of freshly distilled l-bromo-3- sample along with a large number of products. None of these
methyl-1,2-butadiene was added over a 30-min period. The minor products account for more than 5%  of the mixture,
mixture was stirred at room temperature for 3 hr and 100 ml of Pyrolysis of 45.—A 5-mg sample of 45 was pyrolyzed on the
pentane was added. The reaction mixture was suction filtered vacuum pyrolysis system at 620° and 0.20 mm. Glpc analysis
through a sintered-glass Büchner funnel containing Hyflow- of the crude product showed 66%  p-xylene and 12%  toluene.
Supercel filter aid. The pentane was distilled from the reaction A 0.12-g sample of 65%  47 and 35%  45 was pyrolyzed under the
mixture and the residue was eluted with hexane through a short same condition to give 0.08 g of crude product. Glpc analysis
column of Florisil. Removal of the hexane by flash evaporation showed 65%  p-xylene and 15% toluene. No other product ac-
gave 7.0 g (60% ) of 3. A recrystallized sample has mp 48-48 .5°, counted for more than about 2 %  of the crude product. The
(lit.6 mp 48 .6 -4 9 .3 °). presence of p-xyelne and toluene was clearly demonstrated by

B .—Using the procedure of Hartzler,6 yields of 3 on the order nmr and ir spectral data, 
of 25-30%  were obtained. 2,5-Dimethyl-3-isopropylidene-4-acetoxyhex-l-ene (46).— A

l,2-Bis(isopropylidene)-3,3-dimethylcyclopropane (4).— A 137- solution of 25 ml of pyridine, 1.35 g of acetic anhydride, and 
mg sample of 3 was pyrolyzed at 360° and 0.25 mm. The pyroly- 0.92 g of 2,5-dimethyl-4-isopropylidenehex-5-en-3-ol was heated
sis was carried out on a vacuum pyrolysis system consisting of a at 85° for 12 hr and cooled to room temperature, and three drops
glass-helices packed Pyrex column, 10 mm X  130 mm, passing 0f water were added. The resulting mixture was stirred for 15 
through an E . H. Sargent and Co. tube furnace. The sample min, poured into 100 ml of water, and extracted with four 50-ml
was placed in a 5-ml flask attached at one end of the tube and portions of pentane. The combined pentane extracts were washed
a Dry Ice trap, 20 mm X  150 mm, was attached to the other end with 5%  hydrochloric acid solution and dried. Removal of the
of the tube. Vacuum was applied at the trap and the pyrolysis solvent gave 0.98 g of crude product. Glpc analysis showed the
product collected in the trap. The pyrolysis gave 131 mg (96% ) sample to be 87%  46: ir 5.78 (OAc), 6.14 (C = C ), 8.91, 9 .8 , 
of l,2-bis(isopropylidene)-3,3-dimethylcyclopropane (4). The and 11.1 p (C = C H 2, strong); 100 MHz nmr r  9.10 (d, 3, /  =
spectral properties of this product agree in detail with those 8.0 Hz), 9.16 (d, 3, J  =  8.0 Hz), 8.31 (s, 3), 8.21 (s, 3), 8.19
reported by Schecter.29 (s, 3), 8.02 (s, 3), 5.45 (m, 1), 4.97 (m, 1), and 4.66 (d, I , J  =

l-(2-Methylpropenylidene)-2,2,3-trimethylcyclopropane (5).—  10.0 Hz).
Using the procedure of Hartzler,6 23.2 g of potassium fert-butoxide, Pyrolysis of 46.— A 218-mg sample of 46 was pyrolyzed on the
60 g of 2-methyl-2-butene and 18.5 g of 3-chloro-3-methylbutyne vacuum pyrolysis system at 420° and 0.25 min. The crude prod- 
gave 5.5 g (24% ) of 5. net was dissolved in 25 ml of pentane, washed with 10 ml of

Pyrolysis of 5.—A 1.0-g sample of 5 was pyrolyzed on the saturated sodium bicarbonate solution, and dried. Removal of
vacuum pyrolysis system at 360° to give 0.90 g of crude product. the pentane by flash evaporation gave 162 mg of crude product.
Glpc analysis showed 26%  5 and three products as 11, 48, and Glpc analysis showed two major products as 50 and 47%  of the
15% of the reaction product. The 11% product was identified volatile reaction product. Preparative glpc collection showed
as <mii-l-ethylidene-2-isopropylidene-3,3-dimethylcyclopropane the 50%  product to be 2 ,5-dimethyl-3-isopropenylhexa-l,3-diene
(7): ir 5.56 and 6.03 m; nmr r 8.76 (s, 6 ), 8.2 (m, 9), and 4.42 (47 ); ir 6.1 (C = C ), 6.2 (C = C ), 7.3, 10.4, and 11.2 ß  (C = C H 2,
(quartet, t ,  J  =  7.0 Hz); uv max (hexane) 244 mM (e 18,700) strong); 100 MHz nmr r  9.04 (d, 6 , /  =  7.0 Hz), 8.19 (m, 3),
and 254 mp (15,700); mass spectrum with a strong molecular ion 8.13 (m, 3), 7.4 (m, 1), 5.34 (m, 1), 5.12 (m, 1), 5.07 (m, 1),
at m/e 136. and 4.82 (m, 1); uv max (hexane) 233 m/i (e 20,000); mass

The 48%  product was shown to be sj/ra-l-ethylidene-2-iso- spectrum with a molecular ion at m /e  150.1410 (Calcd for CuH i8: 
propylidene-3,3-dimethyleyelopropane (6 ): ir 5.56 and 6.06 p; 150.1408).
nmr r  8.84 (s, 6 ), singlets at 8.19 and 8.09 overlapping a doublet A nal. Calcd for CuH i8: C, 87.93; H, 12.07. Found: C,
in the same region (9 protons total), 4.60 (quartet, 1, J  =  7.0 87.52; H , 11.85.
H z); uv max (hexane) 245 mp (e 20,000) and 253 (17,500); The 47%  product was shown to be 2 ,5-dimethyl-3-isopropyli- 
mass spectrum with a strong molecular ion at m /e  136. denehexa-1,4-diene (45): ir 6.2 (C C ), 7 .3 , and 11.2 p

The 15% product was identified as l,2-bisisopropylidene-3- (C = C H 2); 100 MHz nmr 1- 8.45 (s, 3), 8.41 (s, 3), 8.25 (m. 9),
methylcyclopropane (8 ): ir 5.53 and 6.05 p; nmr r  8.89 (dis- 5.40  (m, 1), 5.13 (m, 1), and 4.45 (m, 1), uv max (hexane)
torted doublet, 3, J  =  ~ 6  Hz) and 8.1 (m, 13); uv max (hexane) 220 him (e 9600).
251 mp (e 19,700) and 262 (18,560); mass spectrum with a strong A nal. Calcd for CnH18: C ,8 7 .9 3 ; H, 12.07. Found: C,
molecular ion at m /e  136.123 (Calcd for C10H16: 136.125). 87.92; H, 12.00.

Pyrolysis of a 1.0-g sample of 33 at 410° on the vacuum pyroly- l,U2,2,5,5-Hexamethylbiscyclopropylidene (15).— To predried
sis system gave 0.95 g of crude product. Glpc analysis showed flask was added 100 ml of anhydrous ether, 72.3 g of methylene
7, 6 , and 8 in the ratio of 2 :3 :6 .  iodide, 17.55 g of zinc-copper couple, and a crystal of iodine.

Pyrolysis of 7, 6 , and 8 . A 5 mg sample of 7 was pyrolyzed The ethereal solution was heated to reflux until the iodine color
on the vacuum pyrolysis system at 380°. Glpc analysis of the disappeared and 2.76 g of l-(2-methylpropenylidene)-2,2 ,3,3-
crude product showed 7, 6 , and 8 in the ratio of 5 :2 :1 .  Using tetramethylcyclopropane (3 ) in 50 ml of ether was added drop-
the same procedure on 5 mg of 6 gave 7, 6 , and 8 in the ratio of wise. After 12 hr of reflux, the mixture was filtered and washed
2 : 2 : U Compound 8 remained essentially unchanged by these with two 50-ml portions of saturated ammonium chloride solu- 
conditions. However at 460° 8 gives 7, 6 , and 8 in the ratio of tion, three 50-ml portions of saturated sodium bicarbonate solu-

_  . . tion, and three 50-ml portions of saturated sodium chloride solu-
High Tempeiature Pyrolysis of 3 and 4.—The following prod- tion. The ether was removed by flash evaporation and the prod

ucts (Table I) were obtained from pyrolysis of 3 and 4 on the uct (insoluble in methylene iodide) was purified by trap to trap
vacuum pyrolysis system at 0.25 mm. The products were distillation at 25° and 0.3 mm to give 2.2 g (75% ) of 1 ,1 ,2 ,2 ,5 ,5-
pui'ified by preparative glpc. hexamethylbiscyclopropylidene (15): ir 7 .3 , 8 .9 , 9 .4 , and 10.5

Pyrolysis of 13 at 620°.—A 40-mg sample of 13 was pyrolyzed 10o MHz nmr r  9.08 (s, 2), 8 .87 (s, 6 ), 8.86  (s, 6 ), and 8.84
-------------  (s, 6).

(29) R. F. Bleiholder and H. Sheehfcer, J. Amer. Chem. S o c . ,  86, 5032 A.nal. Calcd for C12H20: C, 87.73; H, 12.27. Found: C,
(1964). 87.60; H , 12.19.
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Under conditions of longer reaction time, more concentrated mixture was poured into 50 ml of water and extracted with three
solutions and larger excesses of the Simmons-Smith reagent, crude 50-ml portions of ether. The combined ethereal fractions were
yields ranging from 70-90%  were obtained. Glpc analysis dried and the ether removed on the flash evaporator to give0.40 
showed three major products formed in nonreproducible ratios g of crude product. Glpc analysis showed the sample to be 87%
ranging 6 -1 2 :2 -2 4 :1 . The products were separated by column 22 and 13%  23. Glpc collection gave pure 2 2 : ir 2.77 (OH),
chromatography from a silver nitrate-silica gel column prepared 3.23 (= C H ), 6.0 (C = C ), 6.1 (C = C ), 10.8, and 11.5 n (C = C H 2);
from 160 g of silica gel and 21 g of silver nitrate. The products 100 MHz nmr r 9.10 (m, 6 ), 8.68  (d, 3), 8.34 (m, 3), 8.22 (s, 3 )’
were further purified by preparative glpc. 8.16 (m, 3 ), 7.82 (m, 1), 5.42 (m, 1 ), and 5.00  (m, 1).

The first product was identified as 15. The second product Dehydration of 22 .— A 0.22-g sample of 22 was dissolved in 25
was identified as l,l,2,2,5,5-hexamethyldispiro[2.0.2.1]heptane ml of glacial acetic acid containing 8 drops of concentrated sulfuric
(17): ir (neat) 7.3, 8.9, 9.0, and 9 .1 /i; 60 MHz nmr t 9.50 (m, acid. After stirring for 30 min, the reaction was poured into 100
2), 9-32 im, 2), 9.01 (s, 3), 8.96 (s, 6 ), 8.93 (s, 6 ), and8.86 (s, 3 ). ml of water and extracted with five 50-ml portions of pentane.

A n al. Calcd for C13H22: C, 87.56; H, 12.44. Pound: C, The combined pentane extracts were washed with 50 ml of 
87.54; H, 12.41. saturated sodium bicarbonate solution and dried, and the pentane

The third product was identified as l-isopropylidene-4,4,5,5- removed by flash evaporation to give 0.19 g of crude product.
tetrame:hylspiro[2 .2]pentane (16): ir 7 .3, 8 .2 , 9.0, 9 .2, 9.7, Glpc analysis showed three major products as 25, 51 and 24%  of
10.4, and 11.0 n ; 60 MHz nmr r  9.15 (m, 2), 8.91 (s, 6 ), 8.85 the reaction product.
(s, 6 ), and 8.21 (m, 6 ). Mass spectral analysis of the molecular The 25%  product was identified as 2,5-dimethyl-3-isopropyli-
ion gave m/e 164.1572 (Calcd for C12H20: 164.1565). dene-4-methylenehex-l-ene (24): ir 3.2 (= C H ), 6.15 (C = C ),

Reaction of Diethylzinc with 3.— To a predried flask was added 7.35, 9.2, and 11.15 /x (C = C H 2, strong); 100 MHz nmr r  9.04
8 g (54 mmol) of 3 and 150 ml of anhydrous ether. The ethereal (d, 6 , /  =  7.0 Hz), 8.43 (s, 3), 8.26 (s, broad, 6 ), 7.10 (septet,
solution and a sample of diethylzinc, prepared by Noller’s 1, J  =  7.0 Hz), 5.35 (m, 2 ), and 5.07 (m, 2 ).
method,30 were degassed, and 12.5 ml (120 mmol) of diethylzinc The 51%  product was shown to be 2,4,5-trimethyl-3-iso- 
was vacuum transferred to the reaction flask at 0.01 mm and propenylidenehexa-1,3-diene (25): ir 3.2 (= C H ), 6.12 (C = C ),
- 1 8 0 ° .  The system was flushed with nitrogen and the reaction 7.3, and 11.12 ft (C = C H 2, strong); 100 MHz nmr r  9.03 (d, 6 ,
flask was transferred to an oil bath. Care was taken to keep J  =  6.5 Hz), 8.32 (s, 6 ), 8.26 (s, 3), 7.65 (septet, 1, J  =  6.5
oxygen and water from the reaction mixture. As a solution of Hz), 5.36 (m, 2 ), and 5.06 (m, 2); uv max (hexane) 225 m,u (e
2.8 g ether was added dropwise, the reaction mixture was re- 10,000); mass spectrum with a molecular ion at m /e  164.1575
fluxed under a nitrogen atmosphere. The solution was refluxed (Calcd for C12H20: 164.1565).
for 18 hr, cooled, and 100 ml of saturated ammonium chloride The 24%  product was identified as 2,4,5-trimethyl-3-isopro-
was very cautiously added. The ether layer was separated, pylidenehexa-1,4-diene (21): ir 3.20 (= C H ), 6.12 (C = C ), 7.3, 
washed with a 100-ml portion of saturated sodium bicarbonate 9.2, and 11.2 M (C = C H 2, strong); 100 MHz nmr t 8.51 (s, 3),
solution, two 100-ml portions of saturated sodium chloride solu- 8.44 (s, 3), 8.36 (m, 9), 8.31 (s, 3), 5.37(m , 1), and 5.07 (m, 1);
tion, and dried. The solvent was removed by flash evaporation uv max (hexane) 216 m/u (e 12,500).
and the residue vacuum distilled at 0.25 mm and 25°. A crude A n a l. Calcd for Ci2H20: C, 87.73; H, 12.27. Found: C, 
yield of 4.42 g was obtained. Glpc analysis showed 15 to be the 87.47; H, 12.19.
exclusive product. Spectral data confirmed the results. Pyrolysis of 13 and 20 .— The following pyrolysis products were

Pyrolysis of 15.—A 335-mg sample of 15 was pyrolyzed in the obtained upon pyrolysis of 15 and 20 in a vacuum pyrolysis
flow' system at 0.25 mm and 400°. Glpc analysis showd 15 (4% ), system at 0.25 mm. On each run there were a number of rela-
20 (87% ), and 16 (9% ). Compounds 20 and 16 were purified by tively minor products present. The major products were obtained
preparative glpc and identified by spectral data. by washing the pyrolysis system trap with ether and collecting

Pyrolysis of 16.—A 10-/d sample of 16 was pyrolyzed in the each product by preparative glpc. These products were then
flow system at 520° and 0.25 mm. Glpc retention time com- compared directly with authentic samples. The pecentages
parison on a 250 ft X  V100 in. UCON polar capillary column listed are percentages of total volatile material (Table II).
showed that 21 and p-xylene were obtained in the ratio 6 .5 :1 .

A 10-^1 sample of 16 was pyrolysed in the flow system through 
a quartz-chip packed quartz tube at 610° and 0.25 mm. Glpc T able II
retention time comparison on the capillary column showed 21 Crude
and p- and o-xylene in the ratio 1 :2 1 :14. Reactant Temp,  ̂ & yield,

l-Isopropylidene-2,2,4,4-tetramethylspiro[2.2]pentane (20 ).—  °c  20, % 21, % A’ B’ ^  mg
To a predried flask was added 150 ml of ether, 27.0 g of methylene 15 (108) 500 4 7 .0  2 2 .6  12 .5  2 .4  78
iodide, 6.6  g of zinc-copper couple, and a crystal of iodine. 15 (60) 520 7 .7  5 1 .5  12 .9  2 .9  46
The resulting mixture was stirred under reflux until the iodine 15 (48) 540 3 6 .1  2 7 .6  15.1 32
color disappeared and 0.5 g of l,2-bisisopropylidene-3,3-dimethyl- 1 5 (114) 56C 2 0 .7  3 3 .0  2 1 .8  98
cyclopropane (4) in 25 ml of ether was added dropwise. After 2o (24) 51C 3 6 .7  3 0 .5  13 4 .4  18
5 days of reflux the reaction mixture was cooled and filtered, and 20 (19) 600 50 32 7 15
the solid residue washed well with ether. The combined ethereal ' ' .
portions were washed with two 100-ml portions of saturated “ A, % p-xylene. a ,  / 0 o-xy ene.
ammonium chloride solution, two 100-ml portions of saturated
sodium bicarbonate solution, 100 ml of saturated sodium chloride l ,3 ,3 ,4 ,4-Pentamethyl-2-isopropylidenecyclobutan-l-ol (31).
solution, and dried. The ether was removed by distillation — To a predried flask containing a solution of methyllithium (pre-
through a 6-in. glass helices packed column to give 0.52 g of pared from 0.50 g of lithium wire, 50 ml of anhydrous ether, and
crude product. Glpc analysis of the crude product showed 50%  5.1 g of methyl iodide) under a nitrogen atmosphere was added
of 4 and 50%  of l-isopropylidene-2,2,4,4-tetramethylspiro[2.2]- dropwise a solution of 3.0 g of 2-isopropylidene-3,3,4,4-tetra- 
pentane (20): ir 5.55 (very weak), 7.15, 7.35, 9.0, 9 .2 , 9 .5 , methylcyclobutanone (30) in 25 ml of ether. After stirring at
9.9, and 10.5 n\ 100 MHz nmr AB pattern centered at r  9.38 room temperature for 45 min, 25 ml of water was added dropwise
(2, Av =  10.3 Hz, J  =  4 .0  Hz), 9.01 (s, 3), 8.95 (s, 3), 8.93 with cooling. The resulting mixture was poured into 100 ml of
(s, 3), 8.91 (s, 3), 8.44 (s, 3), and 8.34 (s, 3 ). water and extracted with four 100-ml portions of ether. The

A n a l. Calcd for Ci2H20: C, 87.73; H, 12.27. Found: C, combined ethereal portions were dried and the solvent removed 
87.55; H, 12.34. by flash evaporation to give 3.15 g of crude product. Glpc

2,3.5-Trimethyl-4-isopropylidenehex-5-en-3-ol (22).— To a analysis showed 97%  of 31 and 3%  of 30. Glpc collection gave
predried flask containing a solution of methyl lithium (prepared 31: mp 64 .5-65 .5°; ir 2.72 (OH), 2.84 (OH), 5.88, 7 .3, 7.6,
from 0.14 g of lithium wire and 1.42 g of methyl iodide in 20 ml 9 .1 , 9 .2, 9 .4, 10.5, and 11.4 n', 100 MHz nmr t 9.09 (s, 3),
of ether) under a nitrogen atmosphere was added dropwise a 9.03 (s, 3), 8.89 (s, 6 ), 8.68 (s, 3), 8.40 (s, 3 ), 8.26 (s, 3), and
solution of 0.40 g of 2,5-dimethyl-4-isopropylidenehex-5-en-3-one 8.10 (s, 1, OH).
(23) in 20 m l of ether. A fter  stirring a t room  tem perature for 2 A n a l. C alcd for C 12H 22O : C , 79.06; H , 12.16. Found: C ,
hr, 10 ml of w ater w as added dropwise w ith  cooling, the resulting 79.07; H , 11.99.
____________  Dehydration of 31. A.— To a solution of 0.31 g of 31 in 20 ml

TT VnrV of glacial acetic acid was added 10 drops of concentrated sulfuric
N Y 1943 184 acid. After stirring for 1 hr, the resulting solution was poured
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into 50 ml of water and extracted with four 50-ml portions of crude product. Glpc analysis and preparative collection showed
pentane. The combined pentane extracts were dried and the sample to be 96%  21 and 4%  32.
pentane removed by flask evaporation to give 0.23 g of crude Pyrolysis of 29. A 168-mg sample of 29 was pyrolyzed on the
product. Glpc analysis showed 42%  21, 8 % of an unidentified vacuum pyrolysis system at 460° and 0.25 mm to give 160 mg
compound and 35%  of l-methylene-2-isopropylidene-3,3,4,4- of crude product. Glpc analysis showed 72%  21 , 4%  29, and
tetramethylcyclobutane (29): ir 3.21 (C = C H ), 6.0 (C = C ), five other minor unidentified components.
6.12 (C = C ), and 11.6 M (C = C H 2, strong); 100 MHz nmr r 8.98 Pyrolysis of 21 .— A 66-mg sample of 21 was pyrolyzed on the 
(s, 6 ), 8.87 (s, 6 ), 8.29 (s, 3), 8.25 (s, 3), 5.36 (m, 1), and 5.19 vacuum pyrolysis system at 580° and 0.25 mm to give 55 mg of 
(m, 1); uv max (hexane) 248 m/x (e 14,300). crude product. Glpc analysis showed 17% 21, 50%  p-xylene,

A n al. Calcd for Ci2H20: C, 87.73; H, 12.27. Found: C, 33%  o-xylene, and four other unidentified minor products.
87.40; H, 12.11. An apparatus consisting of a vacuum pyrolysis system followed

B.— 1To’ a solution of 3.5 g of 31 in 30 ml of pyridine was added by a Dry Ice trap and liquid nitrogen trap connected together
dropwise a solution of 4.0  g of phosphorous oxychloride in 20 in series was used to analyze the low-molecular-weight gaseous
ml of pyridine. After stirring for 4  hr, the reaction mixture was products. A 71-mg sample of 21 was pyrolyzed at 620° and 0.15
poured into 100 ml of water and extracted with four 100-ml mm using the above system. Glpc analysis of the product in
portions of pentane. The combine pentane extracts were washed the Dry Ice trap showed 21, p-xylene, and o-xylene in the ratio 
with two 100-ml portions of 5%  hydrochloric acid solution, 100 of 1 :6 :4  along with a number of minor products. Analysis of
ml of saturated sodium bicarbonate solution and 100 ml of the products in the liquid nitrogen trap by infrared and mass
saturated sodium chloride solution and dried. Removal of the spectral analysis showed propylene as the major product along
pentane by flash evaporation gave 1.7 g of crude product. Glpc with a substantial amount of ethylene,
analysis showed 52%  29 and 48%  of l-isopropenyl-2,3,3,4,4-
pentamethylcyclobut-l-ene (32): ir 3.20 (= C H ), 6.06 (C = C ), . 10001  n o  a .  n 1 qqaq qq c . q
6.22 (C = C ) and 11.4 y (C = C H 2, strong); 100 MHz nmr t R e g is try  N o . 6, 1 3 8 3 1 -9 8 -b , 7 , looUo 0 0 -0 , 8 ,
9.02 (s, 6 ), 8.87 (s, 6 ), 8.30 (s, 3), 8.13 (s, 3), 5.31 (m, 1 ), and 1 3 3 0 3 -3 2 -7 ; IS, 2 4 7 3 0 -8 3 -4 ; 16, 2 5 9 1 4 -0 1 -6 ; 17,
5.26 (m, 1 ); uv max (hexane) 243 mix (e 19,000); mass spectrum 2 5 9 1 4 -0 2 -7 ; 20, 2 4 7 3 0 -8 2 -3 ; 21, 2 4 7 3 0 -8 1 -2 ; 22,
with a molecular ion at m /e  164.1562 (Calcd for Cull«,: 2 5 9 1 4 -0 5 -0 ; 24, 2 5 9 1 4 -0 6 -1 ; 25, 2 5 9 1 4 -0 7 -2 ; 29,

16pyroiysis of 32.—A 1 .0-g sample of 32 was pyrolyzed on the 2 4 7 3 0 -8 0 -1 ; 31, 2 5 9 1 4 -0 9 -4 ; 32, 2 5 9 1 4 -1 0 -7 ; 45,
vacuum pyrolysis system at 360° and 0.25 mm to give 0.91 g of 2 5 9 1 4 -1 1-8 J 4 6 ,2 5 9 1 4 -1 2 -9 )  4 7 ,2 5 9 1 4 -1 3 -0 .

Quinone Methide Chemistry. The Benzylie Oxidative 
M éthoxylation of 2,6-D i-tert-butyl-p-cresol

C. M . Orlando, J r .

General Electric Research & Development Center, Schenectady, New York 12301 

Received M arch 26, 1970

Oxidation of 2,6-di-feri-butyl-p-cresol (1) with excess active manganese dioxide and lead dioxide in methanol 
followed by hydrolysis affords 3,5-di-ieri-butyl-4-hydroxybenzaldehyde (S, 72% ) and methyl 3,5-di-ieri-butyl-
4-hydroxybenzoate (7, 47% ), respectively. Evidence for the intermediacy of quinone methides in these reac
tions has been obtained by the isolation and characterization of the methanol addition products 3, 4, and 6 . A 
mechanism for metal oxide oxidations of 1 in methanol is presented.

A major subject of investigation of the chemistry of at 25° for 72 hr gave, after hydrolysis, a 72%  yield of
2,6-di-feri-butyl-p-cresol (1) has been the mechanism of 3,5-di-feri-butyl-4-hydroxybenzaldehyde (5). A minor
oxidation. A substantial understanding of the oxida- product of this reaction, detected to be present to about
tion of 1 in aprotic solvents has been achieved.lb’c 5%  by vpc, was methyl 3,5-di-ieri-butyl-4-hydroxyben-
However, the oxidations of 1 in protic media have not zoate (7). The oxidation of 1 (see Table I) with an
been as intensively studied. W e have now undertaken equal weight of oxidant was found to give a moderate
a product study of the oxidations of 1 in methanol with yield of 2,6-di-terf-butyl-a-methoxy-p-cresol (3). Sub-
two commonly used inorganic phenol oxidants, lead sequent reaction of 3 with an equal weight of the oxidant
dioxide and ac tiv e  manganese dioxide.lb in methanol led to 3,5-di-£er£-butyl-4-hydroxybenzalde-

hyde dimethyl acetal 4 in 37%  yield. The acetal dis- 
Results played moderate stability and could be purified by

recrystallization from hexane. However, upon stand-
A. Manganese Dioxide ^ -T h e  reaction of 1 with ing at r00m temperature for extended periods, the

manganese dioxide m  a 1 : 1 0  weight ratio* m  methanol acetal slowly hydrolyzed to the corresponding aldehyde

(1) (a) m . s. Kharaach and b . s. Joshi, j .  Org. chem., 2 2 ,14 3 9  (1957), **•. Further complete oxidation of 4 in methanol with
and references cited therein, (b) H. Musso, Angew. Chem. Int. Ed. Engl., th is  Oxid&nt in  & 1 5  W eight r& tio fin a lly  g&VG t r i ï ï ie th y l
2, 723 (1963), and references cited therein, (c) E. R. Altwicker, Chem. Rev., 3 ,5 -d i-Îe rÎ-b u ty  1-4-hydrO XyO rthobenZO ate (6 ) in  1 3 %
67, 475 (1967), and references cited therein, (d) L. V. Gorbunova, N.S.  ’ l l  a , - -, ■ ,» , , n i . i
Valileiskaya, M. L. Khidekel, and B. A. Razuvaev, J. Org. Chem. USSR, 2, y ie ld . A n  in d ep en d e n t S y n th e sis  OI 6  b y  th e  cl&SSlCcll
1227 (1966). (e) j . Sugita, Nippon Kagaku ZassM, 87,10 8 2  (1966); chem. method of Pinner3 employing 3,5-di-£erf-butyl-4-hy-
Abstr., 66, 9477w (1967). (f) l . R. Mahoney and m a . DaRooge, j . droxybenzonitrile was not successful since the inter-Amer. Chem. Soc., 89, 5619 (1967). (g) C. M. Orlando, Jr., J .  Org. Chem., . .  _ . . .
33, 2516 (1968). (h) H.-D. Becker, ibid., 34,12 0 3  (1969). m e d ia te  m e th y l 3 ,5 -d i-£ e r£ -b u ty l-4 -h y d ro x y b e n z im id a te

(2) H.-D. Becker, ibid., 3o, 982 (1965). was stable to further methanolysis.
(3) Hereafter manganese dioxide will be used in the text to represent active R  Lead Dioxide.— WllereaS the Oxidation of 1 with

manganese dioxide.
(4) In manganese dioxide oxidations, the quantity of oxidant employed is

generally in considerable excess of the substrate since only part of the oxygen (6) Examples of the application of the Pinner method in synthesis of
in this metal oxide is available for oxidation.5 orthobenzoates have been described: H. Kwart and M. B. Price, J. Amer.

(5) H. B. Henbest and A. Thomas, J. Chem. Soc., 3032 (1957). Chem. Soc., 82, 5123 (1960).
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T able I

L ead D ioxide (A) and M anganese D ioxide (B) Oxidations in M ethanol at 25°
Meth-

Entry Reactant anol, Time, Prod-
No. (mol) Oxidant Ratio“ ml hr uct % yield Mp, °C Ir (CCh), cm-> Nmr (CCh), r

1 1 (0 .022) A 1 :3  100 20 t  47 157-159“ 2 6 1 0 ,2 9 5 0 ,1 7 1 0 , 8 .5 8  (18),
1 5 9 0 ,1 4 2 0 ,1 2 9 5  , 6 .2 1  (3),
1225, 1148, 1125, 4 .4 6  (1),
993, 690 2 .2 4  (2)

2 1 (0 .0 1 )  A 1 :1  50 17 3 47 98 -9 9 J 3 6 2 5 ,2 9 5 0 ,1 4 2 5 , 8 .6 0  (18),
1 3 7 0 ,1 3 1 0 ,1 2 2 8 , 6 .7 6  (3),
1150, 1093, 870 5 .7 9  (2),

5 .0  (1),
3 .0  (2)

3 1 (0 .022) A 1 :3  100 5 6« 22 135-136 3630 , 2950 , 2830 , 8 .5 4  (18),
1430, 1295, 1230, 6 .9 5  (9),
1 1 5 5 ,1 1 1 8 ,1 0 9 0 , 4 .8 8  (1),
1 0 4 0 ,8 9 5  2 .7 4  (2)

4 ' 13 82-84 3 6 3 0 ,2 9 5 0 ,2 8 3 0 , 8 .5 8  (18),
1 4 3 0 ,1 3 5 5 ,1 2 3 0 , 6 .8  (6 ),
1 2 0 5 ,1 1 9 0 ,1 1 5 5 , 4 .8 9  (1),
1 1 1 0 ,1 0 5 0 ,9 9 0 , 4 .7 4  (1),
880, 700 2 .8 5  (1)

4 3 (0 .0 1 5 )  A 1 :1  50 7 4 52 82-84 g g
5 3 (0 .02 ) A 1 :2  60 7 6 23 134^135 g g
6 4 (0 .0075) A 1:1 50 7 6 27 133-135 g g
7 1 (0 .0 1 )  B 1 :10  100 72 54 72 185-187'* 3 6 0 5 ,2 9 4 5 ,1 6 8 0 , 8 .5 5  (18),''

1 5 8 0 ,1 4 2 0 ,1 2 3 3  , 4 .1 7  (1),
1188, 1150, 885, 2 .3  (2),
680 0 .1 4  (1)

76'* 5 157-159 k  k
8 1 (0 .0 1 )  B 1 :1 .2  60 72 3 27 100-101 l l
9 1 (0 .01) B 1 :10  100 72 4 17 82-84 g g

10 3 (0 .0 2 ) B 1:1  35 48 4 34 82-84 g g
11 4 (0 .0035) B 1 :5  25 13 .5  6 13 133-135 g g

“ Ratio =  reactant:oxidant (oxidant A, mole ratio; oxidant B, weight ratio). b The reaction mixture was filtered and the filtrate 
stirred with 50 ml of 1% aqueous HC1 for 3 hr before product isolation. “Mp 159-161°: E . Muller, A. Rieker, R. Mayer, and K. 
Scheffler, Justus Liebigs Ann. Chem., 645, 36 (1961). dMp 99.5°: M. S. Kharasch and B. S. Joshi, J .  Org. Chem., 22 , 1435 (1957). 
‘ Anal. Calcd for Ci8H3o0 4: C, 69.64; H, 9.74. Found: C, 69.60; H, 9.52. f  Anal. Calcd for CnH280 3: C, 72.80; H, 10 .00. 
Found: C, 72.50; H, 10.17. « Same as entry 3. h Mp 189°: G. M . Coppinger and T. W. Campbell, J .  Amer. Chem. Soc., 75, 734 
(1953). ; Identified by vpc using a 4-ft 10% UCW98 column; T  =  100-300° and l ;° /m in . ’ Spectrum taken in CDC13. * Same as 
entry 1. 1 Same as entry 2.

excess manganese dioxide in methanol gave the aide- Discussion
hyde 5 as a major product after hydrolysis, the reaction „ , , , .
of 1 with excess lead dioxide resulted in the formation of Addd\011 re a c tio n s^  methanol to qumone methides
methyl 3,5-di-feri-butyl-4-hydroxybenzoate (7) in 47%  ar?  1 Î “  ,  T h" 0x?;datl0ns of]1 ^ slth D D ^  and 
yield. W ith only 3 mol equiv of oxidant, the oxidation 2,6-di-fert-butyl-4-cyanophenoxy radical in methanol
in methanol, when interrupted after 5 hr, gave a mix- f j e. ^ i-d i- erf-bu yl-a-methoxy-p-cresol (3) through
ture of 13%  of the dimethyl acetal 4 and 22%  of the theinterm ediacy of thequinonem e hide2a. Recently,
trimethyl orthobenzoate 6 (see Table I). The main A ^  been established that 2a resu ts from an irrevers,-
product of the oxidation of 1 with 1 equiv of oxidant was “ e disproportionation of the quinol ether 2, a dimer of
f, T. - ,  r -, the 2,6-di-feri-butyi-4-methylphenoxy radical.2 Boththe a-methoxy-p-cresol 3. Further oxidation of 3 ,, ’ ,,  /  h .h  „ J  , ,, ,

t • /  •, , ,, j. ,, , , , . , • , the a-methoxyqumone methide 3a and the dimethylwith 1 equiv ol oxidant gave the dimethyl aceta l4 which , , . , , , , , . ,
, , , r ,, • j- j  il  • , . c acetal 4 have been postulated as intermediates in thecould be further oxidized with another equivalent ol oxi- . .  . ,,

, ,  oxidation of a-methoxy-p-cresol 3 to 3,5-di-ieri-butyl-4-dant to the trim ethyl orthobenzoate o. . , , , ,  , , a , T\
Finally, when a concentrated solution of 1 in meth- ^ F°x^ enza e ^ ,.e '. -j  ̂ c eme ).

. , n - ■ r ■ , The manganese dioxide and lead dioxide oxidationsanol was oxidized with only 0 .5  equiv ol lead dioxide ,  , . , f  . . , . , , , ,, ., , j  ■ , , , , , . ,, , , x of 1 in methanol have now been demonstrated to pro-under nitrogen, 4-(2,6-di-ferbbutyl-4-methylphenoxy)- , ,  , . , ,, .
2,6-di-ferf-butyl-4-methyl-2-cyclohexadien-l-one (2) ceed b>, sA:Pw!se b\nzf llc méthoxylation to a-methoxy-
was obtained in 19%  yield. This product was identical ? - creso1 3> ^  acetal 4 ’ and the trlmethyl
in all respects with a sample prepared by the oxidation (7) (a) E Adler and B Steaemuri Ber., w> 291 (1956). (b) c . D. Cook
of 1 w ith  dichlorodicyano-p-benzoqumone (DDQ) in and B. E. Norcross, J .  Amer. Chem. S o c . ,  78, 3797 (1956); (c) K. Freuden-
methanol.2 The attem pted isolation of 2 from the berg and H.-K. Werner, Ber., 97, 579 (1964); (d) L. Filar and S. Winstein,

corresponding oxidation of 1 with manganese dioxide in w r J L T k . Ley, r . Mayer, and k . Scheffler, Ber.. »2 ,
methanol was unsuccessful. 2278 (1959).

M éthoxylation of 2,6-Di-ferf-BUTYL-p-cRES0L J. Org. Chem., Vol. 35, No. 11, 1970 3715



Scheme I ever, the lead dioxide oxidation of the o-cresol gave
OH 0  only the acetal. Attempts to prepare trimethyl 3,5-
I f  di-ierf-butyl-2 -hydroxyorthobenzoate using either oxi-

[oi ' ^ V l P  dantwas not successful- The formation of methoxy-4,-
*" I J  ” 6 -di-terf-butyl-o-cresol derivatives in these oxidations

| C ll^ O  T  presumably involves o-quinone methide intermediates
CH3 3 |( )| in analogy with the chemistry of the para isomer de-
1 scribed above. An alternate method of trapping 0-

3 quinone methides using dienophiles has been described
2 by Bolon . 9

0 OH

Experimental Section

Melting points were determined using a Thomas-Hoover 
]| j apparatus and are corrected. Infrared and nmr spectra were
CH, 0H3 recorded on a Perkin-Elmer Model 137 spectrophotometer and a

j Varian A-60 spectrometer, respectively. Elemental analyses
a were done by Schwarzkopf Microanalytical Laboratory, Wood-

OH T o  ~1 side, N .Y .
t ii Reagents.— 4,6-Di-feri-butyl-o-cresol and 2,6-di-iert-butyl-p-

y A v  cresol were purchased from City Chemical Corporation, New

— !». ' l l  |JV CHl° H, York, N . Y ., and Eastman Kodak Company, Rochester, N . Y .,
y A  respectively, and were recrystallized before use. “ Active”

|| manganese dioxide was prepared by Dr. J .  R . Ladd according
CH,OCH3 to the literature description.10 The lead dioxide (96.3% ) was

2 L H OCII3J  certified ACS grade material purchased from Fisher Scientific
3a Company, Fairlawn, N . J .  Anhydrous reagent grade methanol

was used as solvent.
y H OH General Oxidation Procedure for the Isolation of Methanol

w  1 , , I Addition Products.— A suspension of manganese dioxide (1-10
Tj A-v Ya H,0 times the weight of cresol derivative) or lead dioxide (1, 2, or 3

IA-AJ (A A ) mol equiv) in a solution of 1 mol equiv of the cresol (1), a-meth-
oxy cresol (3), or dimethyl acetal (4) in absolute methanol was 

CHfOCH i r u n  stirred at 25°. The period of reaction varied over a range of 5 .0 -
'■ 32 72 hr depending upon the oxidant and the cresol derivative. The
4 5 reaction mixture was filtered and the filtrate was evaporated to a

Q “I residue which was further purified by recrystallization. The
|i results of these experiments are listed in Table I.

Oxidation of 1 with 0.5 Mol Equiv of Lead Dioxide.— Lead 
4 —A [j Jj CHj0H> dioxide (0.66 g, 0.0027 mol) was rapidly added to a solution of

1.0 g (0.0045 mol) of 1 in 20 ml of methanol and the mixture was 
¡1 agitated with a stream of nitrogen. Within 2 min the suspended

lead dioxide coagulated and fell to the bottom of the flask while 
.CH3O OCH3J  a fine white solid deposited from solution. Decantation and

4a filtration of the reaction mixture gave 4-(2,6-di-fert-4-methyl-
phenoxy)-2,6-di-fert-butvl-4-methyl-2-cyclohexadien-l-one (2 ), 

q jj OH 0.185 g (19% ), mp 85-90° (lit.2 mp 8 5-90°).
j*  | Oxidation of 4,6-Di-ieri-butyl-o-cresol with Manganese Di-

HQ y ^ - y A y  oxide in Methanol.— A mixture of 1.0 g (0.0045 mol) of the o-
|Y~J| —L-» T Q J  cresol and 2.4 g of the oxidant was stirred at 25° in 35 ml of me th-

n /  anol for 216 hr. The mixture was filtered and the filtrate evap-
| | orated to an oil (0.558 g). This product was shown to be a 2 :1

C(OCH3).3 COOCH3 mixture of 4,6-di-ferf-bu'yl-a-methoxy-o-cresol and 3,5-di-fert-
6 7 butyl-2-hydroxybenzaldehyde dimethyl acetal by the following

nmr data (CC14): t 5.42 (s, 4, ArCH2OCHs), 4.53 [s, 1, CH- 
(OCH3)2],

orthobenzoate 7. The formation of the aldehyde 5 and Oxidation of 4,6-Di-fcrf-butyl-o-cresol with Lead Dioxide in
the methyl benzoate 7 in these oxidations under cer- ° //^ g (0, 0032 ™ol), of {the «.cresol and
. • jV,. / rn T\ • , • , 4.38 8  (0.0096 mol) of lead dioxide in oO ml of methanol was
tain conditions (see Table I )  involves respective meth- stirred at 25° for 46 hr. The reaction mixture was filtered and
oxylatioil to acetal 4 and ortho ester 6 followed by hy- the filtrate evaporated to an oil which was dissolved in hexane
drolysis. The intermediacy of the a-methoxyquinone and treated with charcoal. Filtration and evaporation of the
methide 3a in the oxidation of 3 to the acetal 4  is clearly hexane solution gave the pure 3,5-di-terf-butyl-2-hydroxybenz-

r  W  f x-L aldehyde dimethyl acetal: 0.193 g (21% ); 3350, 1600,
indicated by the fact that a methanohc solution of the 1235, 1105) 1055) 1040. nmr ( c c h )  r 8.72 (s, 9, iert-Bu), 8.62
a-methoxyqumone methide, prepared by an alternative (s, 9, ten-Bu), 6.68 (s, 6 , -O CH 3), 4.52 [s, l ,  CH(OCH3}2] ,
method, gave a quantitative yield of the acetal. The 3.2 and 2.8 (AB system, 2), 2.15 (s, 1, -O H ).
conversion of the acetal 4 to the ortho ester 6 presum- A nal. Calcd for Ci7H280 3: C, 72.81; H, 10.06. Found:
ably involves the intermediacy of the dimethoxyqui- C’J 2'99’ P ’ 10 )23,'.  ̂ , . . .  ,  _

J  M Preparation of Dimethyl Acetals. A. Of 3,57Di-ierf-butyl-4-
none m etmae 4a. hydroxybenzaldehyde (4).—A mixture of 11.7 g (0.05 mol) of

In  a preliminary examination of the metal oxide 3,5-di-fert-butyl-4-hydroxybenzaldehyde, 41 g (0.38 mol) of
oxidations of 4,6-di-terf-butyl-O-cresol in methanol, a trimethyl orthoformate, 30 ml of absolute methanol, and 0.5 g of
mixture of the 4,6-di-fert-butyl-a-methoxy-o-cresol and
3,5-di-f erf-buty 1-2-hydroxy benzaldehyde dimethyl ace- ®LD- A4%BoI°n' J ' °Z  “ • ? - * l6’ 3666 <1970>-
tal was obtained with manganese dioxide. Mow- B.A. Heins, A. B. a . Jansen, and T. Walker, J.Chem.Soc., 1094 (1952).
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ammonium chloride was refluxed for 3.5 hr. The reaction the total volume of the reaction mixture was removed by dis-
mixture was cooled and filtered, and the filtrate evaporated to a tillation. The residual solution was refluxed for an additional 2
solid. The solid was recrystallized from hexane (5°) to give white hr. Filtration of the cooled reaction mixture and evaporation
needles of the acetal 4, 7.0 g (57% ), mp 84-86°. The ir and of the filtrate in vacuum gave an orange solid. Crystallization
nmr spectra of this product were identical with corresponding of the product from petroleum ether (bp 60-110°) gave orange
spectra of the acetal isolated in the oxidation reactions. needles of the quinone methide (3a), 7.5 g (60% ), mp 136-138°

B. Of 3,5-Di-ferf-butyl-2-hydroxybenzaldehyde.—A mixture (lit.11 mp 136-138°). 
of 0.39 g (0.0016 mol) of 3 ,5-di-iert-butyl-2-hydroxybenzaldehyde, Reaction of 3a with Methanol.'—A solution of 0.86 g (0.0034
5 g (0.04 mol) of trimethyl orthoformate, 3 ml of absolute meth- mol) of 3a in 15 ml of absolute methanol was stirred at 25° for
anol, and 0.05 g of ammonium chloride was refluxed for 36 hr. 1 hr. The characteristic orange color of this quinone methide
The reaction mixture was cooled and filtered, and the filtrate was instantaneously discharged upon dissolving in methanol and 
evaporated to the liquid acetal, 0.436 g (97% ). The ir and a colorless solution resulted. Evaporation of the solvent gave
nmr spectra of this product were identical with the corresponding a quantitative yield of the dimethyl acetal 4, mp 81-83°.
spectra of the acetal isolated from the oxidation of 4,6-di-ferf-
butyl-o-cresol. Registry N o — 1, 128-37-0 ; 4, 23093 -16 -5 ; m anga-

Preparation of 2,6-Di-ierf-butyl-4-methoxymethylidene Quin- °. 3 „ ’ _ , , ’ , orin cr . A B
one Methide (3a).— A mixture of 11.7 g (0.05 mol) of 3,5-di- nese dioxide, 1313-13-9 , lead dioxide, 1309-60-0. 
¿er£-butyl-4-hydroxybenzaldehyde (5), 30 ml of trimethyl ortho-
formate, 30 ml of absolute methanol, 30 ml of xylene, and 0.5 (11) E. Muller, It. Mayer, U. Heilmann, and K. Scheffier, Justus Liebigs
g of ammonium chloride was refluxed 1 hr. Approximately 0.5 Ann. Cham., 645, 66 (1961).

New Friedel-Crafts Chem istry. X X III . The M echanism  
of the Aluminum  Chloride Catalyzed Rearrangem ent 

of tert-Pentylbenzene to 2-M ethyl-3-phenylbutane

A l i  A l i  K h a l a f 1 a n d  R o y st o n  M . R o b e r t s *

Department o f  Chemistry, The University o f Texas at Austin, Austin, Texas 78712 

Received February 18, 1970

Transalkylations between ferf-pentylbenzene (la) and toluene and between p-ferf-pentyltoluene (lb) and 
benzene have been effected by A1C13-C H 3NC)2 without significant isomerization of the tert-pentyl group. When 
transalkylations between la  and toluene were repeated, but with the addition of a molar equivalent of isopropyl 
chloride, extensive isomerization of the ¿erf-pentyl group occurred. Treatment of 2-chloro-3-methyl-3-phenyl- 
butane (10a) with AICI3-C H 3NO2 and methylcyclohexane produced a mixture of la  and 2-methyl-3-phenyl- 
butane (2a). Reaction of l ,2-dibromo-2-methylpropane (13, X  =  Br) with oenzene and AICI3-C H 3NO2 yields 
a mixture of two diphenylbutanes, whereas l,3-dichloro-3-methylbutane, under similar conditions, gives no di- 
phenylpentane. Treatment of l-chloro-2-methyl-2-phenylpropane (14, X  = Cl) with AICI3-C H 3NO2 and 
methylcyclopentane gave isobutylbenzene but no sec-butylbenzene. On the basis of the transalkylation results 
and of the behavior of 10a, 13, and 14, we conclude that the rearrangement o: la  to 2a takes place by a hydride 
abstraction process concerted with phenyl participation, producing a phenonium ion intermediate, followed by 
a second hydride transfer to the phenonium ion from the side chain of another arene mo-eeule.

Alkylations of benzene w ith fei’f-pentyl chloride,2-4 we described two plausible m echanism s for the subse-
isopentyl brom ide,3 l-ch loro-2-m ethylbutane,5 and 2- quent isom erization of la  to  2a, b u t we concluded th a t
chloro-3-m ethylbutane5 have been found to  give m ix- the d ata  available a t th a t tim e did not allow a choice
tures of ferf-pentylbenzene (la) and 2-m ethyl-3-phenyl- between the two possibilities.
butane (2a). W hen aluminum chloride was used as T h e altern ative m echanism s for rearrangem ent of la  
catalyst, the pentylbenzene isomers were produced in to  2a m ay be presented as shown in Schem e I. T he
an apparent equilibrium proportion of 1 5 -1 8 %  la  and first, w hich m ay be referred to  as an in te r m o le c u la r
8 5 -8 2 %  2a. H ow ever, when the reactions were ca ta - mechanism , involves the d ealk ylation -rearran gem en t-
lyzed by only trace  am ounts of alum inum chloride4 or realkylation sequence la  — 3 —»■ 4 — 2a.' 9 The
by weaker alkylation catalysts such as B F 3,3 Z rC h ,3 second, which m ay be referred to  as an in tr a m o le c u la r
AICI3-C H 3NO2 , 2 ' 5 or F eC l3,2 ferf-pentylbenzene w as the m echanism  (since the rearranging side chain never be-
sole or m ajor product. T hese results have been ex- com es separated  from  the arom atic ring) involves a
plained in term s of initial alkylation by ¿erf-pentyl hydride abstraction , which m ay or m ay n ot be con-
cation (which is produced by rapid ionization an d /o r  certed  w ith phenyl participation  via a  phenonium ion,
isom erization of the isom eric pentyl halides) to  give 5 a / or w ith  m ethyl participation  via a  m ethyl-bridged
ferf-pentylbenzene (la), followed by a slower rearrange- cation, 6a. If the hydride ab straction  is not a con-
m ent of' la  to  2-m ethyl-3-phenylbutane (2a) brought certed process, zhe classical ions 7a, 8a, and 9a m ay be
about by the stronger ca ta ly sts .3'5’6 In  a recent p a p e r/ involved. W e have now obtained additional experi

m ental d ata  which we believe constitute definitive evi-
* To whom correspondence should be addressed. dence for the m ost probable pathw ay for the rearrange-
(1) Robert A. Welch Postdoctoral Fellow, on leave from Asaiut University, m ent of la  to  2a 

Assiut, U. A. R.
(2) M. Inatome, K. W. Greenlee, J. M. Derfer, and C. E. Boord, J . Amer.

Ch(3)' L. Schmerling^and J. P. West, ibid., 76, 1917 (1954). (7) B. S. Friedman, F. L. Morritz, C. J. Morrisey, and R. Koncos, ibid.,
(4) B. S. Friedman and F. L. Morritz, ibid., 78, 2000 (1956). 80> 5867 (1958).
(5) R. M. Roberts and S. E. McGuire, J. Org. Chem., 35, 102 (1970). (8) G. Baddeley, Quart. Rev. (London), 8, 355 (1954). „
(6) L. Schmerling, J. P. Luvisi, and R. J . Welch, «7. Amer. Chem. S o c . ,  81, (9) E. S. Gould, ‘Mechanism and Structure u  Organic Chemistry,

2718 (1959) Henry Holt and Co., New York, N. Y., 1959, p 450.
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Scheme I dealkylation (la  3) is so slow with A1C13- -CH3N 02
C catalyst that only la  is found as the product of kinetic
I control of alkylation, whereas with A1C13 catalyst the

C +csh.r, C~~C 9“ c rate of dealkylation becomes significant, and 2a is
| _H+ .A , found as the product of equilibrium control.16 Thus,

C—C—C—C < = -  [ Q J  if it could be demonstrated that dealkylation of la
R takes place readily, even when the modified catalyst is

3 65 R used, the second explanation would be discredited and
1 the intramolecular mechanism for rearrangement cata-
|| lyzed by the unmodified A1C13 would be supported.

+ | \\ Results and Discussion
c — c —c —c XN

¡ N X  We have now demonstrated that dealkylation of la
A-A NX takes place readily in the presence of AICI3-CH 3NO2,
LvaZJ \\ by carrying out transalkylations between la  and tolu-

, NX ene. The tert- pentyl group was also transferred from
y  7 'X \\ prferf-pentyltoluene (lb) to benzene. The conditions

+ \N and results of these transalkylations are summarized in
! \\ 'Xv Tables I and II.

C * /  Cl C v  c I t  is evident from the results of experiments 1, 2, and
I I I /+\ 3 that the ¿erf-pentyl group was transferred without

C C\/C—*C C C C C C ?  C significant internal rearrangement. The pentyl-
toluenes present in the reaction mixtures after 24 hr 

[Xa/J [ Q J  —► f Q J  (experiments 2 and 3) apparently represent an equi-
^ A  V''A  librium composition of 67-70% m- and 30-33% p-tert-

R R pentyltoluene. This equilibrium proportion was veri-
3 . , 6 fied by allowing prferf-pentyltoluene to react with AICI3-

% / /  h CH3NO2, whereby the same proportion of isomers was
C C produced (see Experimental Section). An equilibrium

__c __I__„ „__I__ + _  mixture of the related isomeric ¿erf-butyltoluenes was
1 + 1 shown to contain about 64% m- and 36% prferf-butyl-

tA~\i AAs toluene.12
K J J  K J J  A transalkylation between 2-methvl-3-p-tolylbutane
^ A ^  ^ A  (2b) and benzene was also carried out (experiment 4,

9 Table I). The reaction was much slower, and exten-
,* u  J )  sive internal rearrangement of the alkyl group accom-
X' *' / /  panied its transfer. This result is not surprising, since

C secondary alkyl groups are known to undergo dealkyla-
* c __c __C__C ^  tion much more slowly than tertiary alkyl groups,16 and

C +c6h5r, 1 the 3-methyl-2-butyl cation (4) so produced would be
n c  £ ~H+ , [ f Xl  expected to rearrange partially to the more stable tert-

+ * +H+, l /o/ J  pentyl cation (3) before alkylating benzene. I t  is
4  - c6hsr interesting to note that the 2-methyl-3-p- tolylbutane

2 underwent no reorientation to the meta isomer in this
, „ „  T. _ T , _ ,,T1 experiment, indicating that the reorientation of the
IS, Jlv — rl, ID, xv -  D-CHj! 1C, xv —1 Gtc. 1 11 1 * i ’li 1 ,-1 ,1 .secondary alkyl group is still slower than the trans

alkylation.
Transalkylations of sec- and ¿erf-alkylarenes are Since the transalkylation experiments have demon- 

known to take place readily in the presence of mild strated that dealkylation of ¿erf-pentylbenzene may
catalysts such as FeCl310 and AICI3-CH 3NO2,11-14 but take place readily in the presence of A1C13-CH 3N 02, 
processes involving hydride abstraction require a the failure to find rearrangement to 2-methyl-3-phenyl-
stronger catalyst and/or more strenuous conditions.3-7 butane when this catalyst is used must be attributed to
Thus, one logical explanation for the rearrangement of the relative rates of the alkylation of benzene by the 
la  to 2a by A1C13 but not by AICI3-CH3NO2 is that the tertiary carbonium ion, 3, and of its rearrangement to
modified catalyst is not capable of the hydride abstrac- the secondary carbonium ion, 4. The first process
tion which is required for the intramolecular rearrange- (alkylation) must be extremely fast compared to the 
ment mechanism. An alternative explanation in terms rearrangement. When p-xylene is alkylated with tert-
of the intermolecular mechanism is that the rate of pentyl chloride, the secondary pentyl xylene corre

sponding to 2 is produced because competition from 
(1937).V N" Ipat‘eff and B' B' Corson’ J - Amer■ Chem- Soc69> 1417 alkylation of p-xylene by the ¿erf-pentyl cation is vir-

(11) R. H. Allen, ibid., 82, 4856 (1960).
(12) G. A. Olah, M. W. Meyer, and N. A. Overchuk, J. Org. Chem., 29, (15) The rates of isomerization of 3 to 4 and of the alkylation step 4 —-

2310 (1964). 2 are presumably fast enough, since alkylation of p-xylene with feri-penty!
(13) R. L. Burwell, Jr., and A. D. Shields, J. Amer. Chem. Soc., 77, 2766 chloride and AICI3-CH3NO2 gives 2-methy!-3-p-xylylbutane (2 b ) .7

(1955), and references given there. (16) R. M. Roberts, E. K. Baylis, and G. J. Fonken, J. Amer. Chem.
(14) G. A. Olah, S. H. Flood, and M. E. MoSatt, ibid., 86, 1060 (1964). Soc., 86, 3454 (1963).

3718 J .  Org. Chem., Vol. 35, No. 11, 1970 K h a l a f  a n d  R o be r ts



T a b l e  I
T ra n sa lk yla tio n s  b e t w e e n  ferf-PENTYLBENZENE and T o lu en e  and b e t w e e n  ¿ert-PENTYLTOLUENE 

and B en z en e  w ith  A1C13- C H 3N 0 2 C a ta ly st  at 25°
----------------------------------------- Products, %°-----------------------------------------.

p-tert- 2-Methyl-3-
Reactants, ieri-Pentyl- 2-Methyl-3- Pentyl- m-tert- Pentyl p-tolyl-

Expt no. mole ratios Time, hr benzene phenylbutane toluene toluene butane
P  tert-P  en ty lbenzene- 1 9 9  0  1 T race  0

toluene-A1C13-C H 3N  0 2,
1 : 2 : 0 . 0 6 : 0 . 6 ;  m ixture
was saturated  w ith dry 24  8 8  I  7 4  0
HC1 gas.

2  ierl-P entylbenzene- 1 93 0 5  2  0
toluene-A1C13-C H 3N 0 2)
l t 3 : l : 6  24 37 4 18 41 0

3 p-ierf-Pentylto lu ene- 0 .2 5  50 0  35 15 0
benzene-A1C13-C H 3N 0 2,
1 : 3 : 1 : 6  24 83 1 5 11  0

48  82 2 4 12 0
4 2-M eth y l-3-p -to ly lb u tan e- 24 5 .5  0 .5  0 0  9 4

benzene-A1C13-C H 3N 0 2,
1 : 3 : 1 : 6  48 10 2 0 0 8 8

“ Benzene (expt 1 and 2) or toluene (expt 3 ) and products w ith retention tim es higher than m onopentylarenes were produced in 
roughly the same am ounts and never exceeded 2—3 %  of the to tal arom atics. b T h e conditions of this experim ent are comparable to the 
alkylation conditions used b y  R oberts and M cG uire. (See ref 5 .)

T a b l e  II
T r a n sa lk yla tio n  b e t w e e n  ierf-PENTYLBENZENE and T o lu en e  at  25°

.---------------------------------------- Products, %“----------- -------------------- --------.
m-ieri-Pentyl-

p-tert- toluene +  2-Methyl-3-
Reactants, ieri-Pentyl- 2-Methyl-3- Pentyl- 2-methyl-3- m-tolyl-

Expt no. mol ratios Time, hr benzene phenylbutane toluene p-tolylbutane butane
5 ¿erf-Pentylbenzene-

tolu ene-A ]C l3, 1 min 54 3 16 26 1

1 :1 :0 .1  10 m in 37 8 16 34 5
2 20  29 8  23 20

24 11 44 3 15 27
6  ierl-Pentylbenzene- 1 80 1 4  5  1

toluene-isopropyl
ch loride-A lC l3-C H 3N 0 2,
1 : 4 : 1 : 0 . 1 : 1  24  32 32 11 25

7 terZ-Pentylbenzene- 0 .2 5  51 2 0  1 2  17
toluene-isopropyl
chloride-A1C13-C H 3N 0 2, 1 26 25 16 33
1 : 4 : 1 : 1 :5

24 20  25 8  37 10
° Products w ith retention tim es higher and lower than m onopentylarenes were also produced b u t were not identified.

tually eliminated by steric hindrance.7 The trans- We have demonstrated previously17 that the addition 
alkylations of experiments 1 - 3  take place readily with- of an alkyl halide to A1C13 augments its hydride ab
out appreciable incursion of the rearrangement of 3 to stracting capability. When the transalkylations be-
4 because there is no such steric hindrance in alkylation tween teri-pentylbenzene and toluene were repeated,
of benzene and toluene by the ¿erf-pentyl cation. using AICI3-C H 3NO2, but with the addition of 1 mol

The demonstration of facile transfers of ¿erf-pentyl equiv of isopropyl chloride, extensive rearrangement
groups between benzene and toluene molecules in the of the pentyl side chain was observed (experiments 6
presence of AICI3-C H 3NO2 with little or no isomeriza- and 7, Table II). It is noteworthy that 14% of re-
tion of the pentyl group makes it appear unlikely that arrangement of 1 to 2 occurred before significant para-
the effect of unmodified A1C13 in producing rearrange- meta equilibration of the ¿erf-pentyltoluenes took place 
ment of 1 to 2 is simply to increase the rate of dealkyla- (experiment 6), in contrast to the results of experiments
tion of 1. More probably, the effect is to open up 2 and 5. Apparently the carbonium ion source pro-
another mechanistic route from 1 to 2 by virtue of the vided by the isopropyl chloride, in conjunction with
hydride abstracting capability of A1C13. The results of even the moderated catalyst, produces a medium capa-
experiment5 (Table II) show that, although equilibrium ble of initiating and sustaining the hydride exchanges
is reached in transfer of pentyl groups between benzene required for the intramolecular mechanism,7 so that
and toluene in about 1 min, only 3 %  of rearrangement 1 -*• 2 rearrangement becomes faster than transalkyla-
of 1 to 2 has occurred; the rearrangement of the tert- tion and reorientation.
pentyl groups attached to both benzene and toluene (17) R M.Roberts, a . a .K haUf.andr . n .Greene,/. .4mer. c h em . Sac.. 
then occurs progressively. 86,2846 <i964).
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Consistent with this theory is the finding that 2- Scheme II
chloro-3-methyl-3-phenylbutane (10a) produced a mix- c  c
ture of terf-pentylbenzene (la) and 2-methyl-3-phenyl- | | A
butane (2a) upon treatment with AICI3-C H 3NO2 and C— C— C 2=  ̂ Cl— C— C— C C===C— C
methylcyclohexane, which serves as a hydride donor. I I
The proportion of la : 2a changes from an initial (5 min) [V J]
value of 56 :44  to 33:67 after 48 hr. Referring to 14 19
Scheme I, one may rationalize the formation of these J5 \\
products in terms of the same intermediates (5a-9a) \\ ^
postulated for the intramolecular mechanism for re- C C C
arrangement of la  to 2a. I + I I +

Turning now to the problem of deciding which of 9 9 C 9 C C C 9 C
these intermediates constitute the most probable path- ph ph
way for the intramolecular mechanism, we had on hand 17 18 20
information pointing up the importance of phenyl par- «v / f
ticipation in such reactions. l,3-Dichloro-3-methyl- v  v  / /
butane (11) reacts with benzene in the presence of C C

AICI3-C H 3NO2 to produce l-chloro-3-methyl-3-phenyl- L ____________  ̂ __r  4 r, _ r,
butane (12), and no diphenylpentane.18 On the other | |

C H 3 C H 3 Ph Ph
! CsHs | 16 21

C H 3— C— C H 2C H 2C 1 ------------------- >  C H 3— C— C H 2C H 2C1
| AlCls-CHsNO! |

C l C 6H 5 In summary, on the basis of the results of the trans-
11 12 alkylation reactions in which ¿erf-pentyl groups were

hand, treatment of either l,2-dibromo-2-methylpropane transferred between benzene and toluene, and the hy-
(13, X  =  Br) or l-chloro-2-methyl-2-phenylpropane d,nde exchange taction s of 10a and 14, we conclude
(neophyl chloride, 14, X  =  Cl) with A1C13-C H 3N 0 2 that the rearrangement of la  to 2a, induced by A1C13
yields a mixture of the two isomeric diphenylbutanes, ?̂r by AICI3-C H 3NO2 plus isopropyl chloride), takes
15 and 16.19 The failure of alkylation to occur at the pf ce by a hydrlde abstraction process concerted with

phenyl participation, producing a phenonium ion in- 
I 3 CtHj I C6Hs termediate (5a).20 The rearrangement is completed by

CH3—C—CH2X — —^ ---->CH3—C—CH2X ------- — ----- > a second hydride abstraction by the phenonium ion
^  AICI3-CH3NO2 | AICIS-CH3NO2 from the side chain of another molecule of hydrocarbon,

^  5 so that a chain process is set up. Thus, we may now
CHS CH3 state that the formation of 2-methyl-3-phenylbutane in

n t r  1 „ I tbe aluminum chloride catalyzed reaction of benzene
OHa—o—CH2C6H5 +  CH3—CH—CH(C6H6)2 with ¿erf-pentyl halides is the result of an initial rapid

C6H5 alkylation, followed by a slower rearrangement of tert-
15 16 pentylbenzene to its isomer by a chain mechanism in

primary carbon atom in 12, whereas it occurs readily in r S n ^ " ^ eXCb* DgeiSconcerted withphenylpartic- 
the reaction of 14 under the same experimental condi- P
tions, strongly suggests phenyl participation as a driv- Fvn„ • ~ „ 21
ing force in the latter case. Experimental Section2*

Additional evidence bearing on the probability of A uthentic H ydrocarbons.— ferf-Pentylbenzene, 2 -m ethyl-3 - 
phenyl participation, to produce a phenonium ion in- phenylbutane, 2-m ethyl-3-p-tolybu tane, and 2-m ethyl-3-m -

termediate (5) rather than methyl participation, to
produce a bridged methyl intermediate (6 ), was ob- alcohol in th e  presence of concentrated sulfuric acid, bp 212-
tained from a study of the reaction of 14 ( X  =  Cl) 2 1 5 ° , n2id 1.4885 [ lit . 22 bp 8 6 ° ( 1 2  m m ), k20d 1 .4 9 6 5 ], G lpc
with AICI3-C H 3NO2 and methylcyclopentane, which
may serve as a hydride donor. This system is similar P ?  Altho“gh the classical carbonium ions 7 , 8, and 9 cannot be entirely 
tr» +1*0 + IBo in v 1 1 n ruled out as intermediates, there is no experimental evidence supporting
to that containing 10a in that both phenyl and methyl them. It is interesting to note that, if one assumed 7a to be an intermediate
may participate in the hydride abstraction, but it is produced by hydride abstraction from la, one might logically predict a 1,2-
different in that different products should be formed °n the basis that a,• , • n i -r-r t-*i i tertiary benzyl cation (9a) would result from the former and only a tertiary
alter hydride donation, as shown m  Scheme I I .  Phenyl alkyl cation (8a) from the latter process. The experimental results from
participation should produce isobutylbenzene (16), tlie i'eac^on 14 indicate that phenyl participation represents a stronger
whereas methyl participation should yield sec-butyl- "
Denzene (21). When this experiment was performed hydride abstraction that does not involve phenyl participation is unlikely,
and the butylbenzene fraction of the reaction mixture (21) Mioroanalysis were performed by Chemalytics, Inc., Tempe, Ariz.

y §  chromatography and infrared wise. A Beckman IR-5A spectrophotometer was used to record the ir
spectrometry, it was found to consist of isobutylbenzene spectra. The glpc analysis was carried out using a Varian Aerograph Hy-
exclusively. Unmodified A1C18 was found to give the the columns employed were either a so x
«lamp rpanlt “  ° ’125 ln' sllloone »6  DC 550 Hypak column operated at 150-160° with nitro-»uuie le s u il. gen carrier gas at go Psi or a 16 ft x  0 125 in, DEGA (25%) column operated

um r „ at 120-130° with nitrogen carrier gas at 22 psi. The identity and purity of
sanficiosA 1 g’ R- w - Weich, and J. P. West, J .  A m er. Chem . Soc., 78, starting materials and products were determined bv glpc, ir, and nmr 
5406 (1956). analysis.

(19) A. A. Khalaf and R. M. Roberts, J .  Org. C hem ., 31, 926 (1966). (22) J. Colonge and L. Pichat, B u ll. S oc. C him . F r„  177 (1949).
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analysis of the produ ct indicated the presence of not more than  and the organic m aterial was extracted  w ith ether. T h e dried 
3 %  of the m eta isom er. ether extracts were analyzed b y  glpc. A ll reactions were carried

Synthesis of 2-C hloro-3-m ethyl-3-phenylbutane. 3 -M ethyl-3- ou t a t  room  tem perature ( ~ 2 5 ° ) .  O ther reaction conditions
phenyl-2 -butanone.— Phenyl-2-propanone (26 .8  g, 0 .2  m ol) are summarized in T ables I  and I I .
dissolved in 60 m l of dry d im ethyl sulfoxide was added under T h e isomer distributions were established using glpc. R esults
nitrogen a t room  tem perature over a period of 30 min to  a  stirred  in T ables lan d  I I  are given in normalized mole %  of to ta l mono
slurry o f 5 0 %  sodium hydride (19 .2  g, 0 .4  m ol) in  100 ml of pentylarenes.
dry d im ethyl sulfoxide. A fter th e  addition, the reaction  m ixture R eaction  of Neophyl Chloride (l-C hloro-2-m ethyl-2-phenyl-
was stirred for another hour a t  room  tem perature. M eth yl propane) with A1C13 in M ethylcyclopentane.— Neophenyl chlo-
iodide (56 .8  g, 0 .4  m ol) was added dropwise a t  such a  ra te  th a t  ride (1 .68  g, 0.01 m ol) was added all a t once to  a  stirred slurry of
the tem perature was kept below 3 0 ° . T h e reaction  m ixture A1C1S (0.133 g, 0.001 m ol) in  10 ml of m ethylcyclopentane. T he
was then stirred a t room  tem perature for 4  hr after which it  was reaction m xture was stirred  for 0 .5  hr and then decomposed with
poured in to  1000 m l of w ater and extracted  w ith e ther. T h e w ater, and the products extracted  w ith ether. T h e ether layer
ether solution was washed several tim es w ith  w ater and dried was washed, dried, and distilled. Among other fractions, this
over anhydrous m agnesium  su lfate , and ether was rem oved using gave 0 .1  g of a cu t, bp 5 7 -5 8 °  (2 .15  m m ). T h is w as found by
a rotatory  evaporator. D istilla tio n  of the residue gave 21 g vpc and ir to  contain isobutylbenzene w ith no d etectab le amounts
(7 0 % ) of 3-m ethyl-3-phenyl-2-butanone: bp 6 6 -6 7 °  (0 .7  m m ), of sec-butylbenzene.
n 26D 1.5072 [ li t .23 bp 7 6 -7 7 °  (15 m m ), n 26d 1 .5 0 7 8 ]; nm r (C C 14) R eaction  of Neophyl Chloride with AICI3-C H 3N O 2 in M ethyl- 
8 7 .21 (s, 5 , aro m atic), 1 .82  (s, 3 , C H 3C O ), and 1.42 ppm  (s, 6 , cyclopentane.— T h e same procedure and am ounts of reagents s
gem m eth yls). described above were used except th a t the ca ta lyst was AICI3

3-M ethyl-3-phenyl-2-butanol.— R edu ction  of 3-m ethyl-3- dissolved in 1 .5 g of C H 3N O 2 and th e  reaction  tim e was extended
phenyl-2-butanone w ith  sodium borohydride in refluxing m eth- to 1.5 hr. A fter processing and d istillation  of the product, a
anol following standard procedures gave 3-m ethyl-3-phenyl-2- fraction  with bp 5 5 -5 6 °  (2 .0  m m ) was found by  glpc and ir to
bu tanol in 9 4 %  yield : bp 8 0 -8 1 °  (0 .9  m m ), w25d 1 .5195 ; nm r contain isobutylbenzene w ith no d etectable am ounts of the sec-
(C C h ) 8 7 .2  (m , 5 , aro m atic), 3 .7 3  (q u artet, 1, sec-C H , J  =  ondary isom er.
6 .5  H z), 2 .1 6  (s, 1, -O H ), 1 .26  and 1 .25  (two overlapping sing- R eaction  of 2-Chloro-3-m ethyl-3-phenylbutane with A1C1- 
le ts , 6 , gem diastereom eric m ethyls), and 0 .91  ppm  (d, 3 , C H 3, CH 3NO2 in M ethylcyclohexane.— 2-C hloro-3-m ethyl-3-phenyl-
J  =  6 .5  H z ). A n a l.  C alcd  for C nH i60 :  C ,8 0 .4 2 ;  H , 9 .8 2 . bu tane (1 .82  g, 0 .01  m ol) was added all a t once to  a rapidly stirred
Fou nd : C , 8 0 .2 3 ; H , 10 .08 . solution of AlCls (0 .133 g, 0 .001 m ol) and C H 3N O 2 (0 .61 g, 0.01

2-C hloro-3-m ethyl-3-phenylbutane.— A solution of thionyl m ol) in m ethylcyclohexane (3 .92  g, 0 .0 4  m o l) . Sam ples were
chloride (13 g, 0 .11  m ol) in  pyridine (8 .69  g, 0 .11  m ol) was added withdrawn after various tim e intervals, decomposed, and ana-
to  a stirred , cooled solution of 3-m ethyl-3-phenyl-2-butanol lyzed by  glpc for m onopentylbenzenes. T h e following propor-
(16 g, 0 . 1  m ol) a t  such a ra te  th a t the tem perature did not exceed tions of /erf-pentylbenzene to  2-m ethyl-3-phenylbutane were
5 ° . A fter addition was com plete, th e  m ixture was heated  a t 40 ° found after the tim es given: 5 m in, 5 6 :4 4 ; 15 m in, 4 0 :6 0 ; 2 hr,
for 2 h r. T h e reaction  m ixture was diluted w ith  w ater and 4 0 :6 0 ;  6  hr, 4 1 :5 9 ;  26 hr, 3 5 :6 5 ;  48 hr, 3 3 :6 7 .
extracted  w ith e ther, and th e  ether layer was washed w ith  w ater, T reatm en t of p-ferf-Pentyltoluene and 2 -Methyl-3-/)-tolylbu-
d ilute sodium bicarbonate, and finally w ith  w ater, and then dried tane with AICI3-C H 3NO2.— T h e reaction  procedure was sim ilar to
over anhydrous magnesium su lfate. Careful vacuum  distillation  th a t described aboye for transalky lation ; a m olar ra tio  of hydro-
gave 1 2  g (6 6 % ) of th e  t it le  compound: bp 80° (1 . 2  m m ); carbon-A IC I3-C H 3N O 2 of 3 . 3 : 1 : 6  w as used,
nm r (CC14) 8 7 .1 7  (s, 5 , arom atic), 2 .9 9  (q u artet, 1, CHC1, J  S tarting  w ith p-ierf-pentyltoluene, the following proportions 
=  7  H z ), 1.51 (s, 3 , first diastereom eric gem C H 3), 1 .43  (s, 3 , of p -  to  »¡.-¿ert-pentyltoluene were found after the tim es given:
second diastereom eric gem  C H 3), and 1 .47  ppm  (doublet w ith 1 h r, 9 4 :6 ;  2 hr, 7 8 :2 2 ; 5 hr, 5 4 :4 6 ;  24 hr, 3 0 :7 0 . Toluene, as
lower field signal overlapping the first diastereom eric gem m ethyl, well as two other products w ith higher retention tim es than  mono-
3 , C H 3, J  — 7  H z). T hese overlapping signals were resolved pentyltoluenes, were also produced and am ounted to  about 2 0 %
when th e  sam ple was analyzed on the H A -100. A n a l.  C alcd of the to ta l arom atics after 24 hr.
fo rC n H i5C l: C l ,1 9 .4 1 . Fou nd : C l, 1 9 .31 . Sim ilar treatm ent of 2-m ethyl-3-p-tolylbutane resulted in no

G eneral T ransalkylation P roced u re.— R eactions were carried change even after 24 hr. 
out in stoppered flasks w ith m agnetic stirring. T h e  hydro
carbons were placed into th e  flask and the cata lyst (A1C1, or Registry No 1— la , 2049-95-8; lb, 4237-70-1; 2a, 
AICI3-C H 3N O 2) was added in one portion to  the stirred solution. 4481-30-5; 3-methyl-3-phenyl-2-butanol, 2977-31-3;
Sam ples were w ithdraw n a t intervals and quenched w ith w ater, 25975-92-2
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Acetolysis Studies of Pinacolyl-Type Tosylates.
Rapid Solvolysis Rates of Possible Steric Origin
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T h e  acetolysis rates of a series of pinacolyl-type tosylates have been studied. T h e acetolysis of 5,5-diethyl-
2,2-dim ethyl-3-nonyl tosylate (1, R  =  T s )  has been found to yield 5 8 %  of olefin 2 of unrearranged carbon 
skeleton. T osylate  1 (R  =  T s) and 2,2 ,5 ,5-tetram ethyl-3-hexyl tosylate (3, R  =  T s) undergo acetolysis 119 
and 71.5  tim es faster, respectively, than  2,2-dim ethyl-3-nonyl tosylate (4). I t  is suggested th a t these rate  en
hancem ents are steric in origin.

I t  recently has been reported that 5,5-diethyl-2,2- while the nmr signal for the unrearranged acetate ap-
dimethyl-3-nonanol (1, R  =  H) yields a single olefin 2 peared at S 1.6 [prepared from 1 (R =  H) via acetic
on dehydration with potassium hydrogen sulfate.2 anhydride in pyridine]. It should be noted that 58%
This dehydration, without rearrangement, of a of the acetolysis product from 1 (R =  Ts) is the olefin
pinacolyl-type alcohol is of considerable interest in of unrearranged carbon skeleton. In contrast, the
that systems of this general type are prone to undergo acetolysis products from 2,2-dimethyl-3-nonyl tosylate
rearrangement on dehydration. While the mechanism (4) were predominantly of rearranged skeletons (85% ).
of the dehydration of 1 (R = H) with potassium hydro- The products consisted of 15% unrearranged olefin,
gen sulfate is uncertain (probably of some ionic char- 17% rearranged acetate, and 68% an olefin mixture
acter), the related 2,2,5,5-tetramethyl-3-hexanol (3, resulting from methyl transposition (1-ene to 2-ene
R  =  H) has been shown to lead to a mixture of olefins ratio, 1 .4:1).
on dehydration under the same conditions utilized for As can be seen from the data presented in Table II, 
1 (R =  H ).2 It has been suggested that the carbonium the tosylates 1 (R =  Ts) and 3 (R =  Ts) undergo
ion from 1 (R =  H) is more crowded than the corre- acetolysis considerably faster than the model feri-butyl
sponding cation from 3 (R =  H). Steric factors were n-alkylcarbinyl tosylates 4 and 5. The acetolysis rate

of 1 (R = Ts) is the fastest one in the series despite the 
C2H5 W ^ OR formation of a substantial amount of olefin of unre-

(CH3)3CCHCH2C(CH2)3CH3 / = = <  (CH3)3CCHCH2C(CH3)3 a r r a n g e d  c a r b o n  s k e le t o n  ( 5 8 % ) -

C2H5 \  1 Discussion
1 2 ? The interpretation of the data presented herein 

proposed as controlling the formation of the single raises the Question of whether the solvolysis of these
olefin 2 from 1 (R =  H) since any rearrangement of pinacolyl-related esters proceeds via a concerted or a
the carbonium ion from 1 (R =  H) would lead to a stepwise pathway. The same question has also been
more sterically crowded ion. asked regarding neopentyl arenesulfonates.3 The sol-

It was therefore of considerable interest to study the volysis rates of pinacolyl brosylate have been compared
solvolysis of the tosylates 1 (R =  Ts) and 3 (R =  Ts) in to those of isopropyl brosylate4 in several solvents and
order to make rate and product comparisons to other methyl participation has been discussed. However,
pinacolyl-type systems. the use of isopropyl brosylate as a comparative standard

is open to question.6 If isopropyl arenesulfonates 
Results solvolyze with considerable nucleophilic solvent assis

tance at the transition state (fcs) with no contribution 
The acetolysis data and the activation parameters from fcA, this would be a poor model for comparison

for the tosylates 1 (R =  Ts) and 3 (R =  Ts) along with with pinacolyl esters since the large steric hindrance to
those for several model compounds are tabulated in backside solvent approach in the latter would make the 
Table I. In order to make rate comparisons with the ks contribution unimportant and the solvolysis would
tosylates studied here and other related systems, com- proceed either through a kA or a kc pathway (nucleo-
parative rate data are presented in Table II. philic solvent and neighboring group unassisted).

The products obtained from 1 (R =  Ts) are of in- Deno and Newman have reported that d-pinacolyl 
terest in that 87% olefinic material and 13% acetate hydrogen sulfate racemizes faster than it rearranges in
were produced (nmr area ratios). Of the olefinic ma-
terial, 67% was the unrearranged olefin of, readily identi- (3) (a) x. L. Reich, A Diaz, and s. Winstein, l6td„ 91, 5635 (1969). 
llGU. by itS characteristic A j j  Quartet at 8  4 .2 .2 The (b) A. Diaz, I. L. Reich, and S. Winstein, ib id ., 91, 5637 (1969). (c) P. c. 
other olefinic product was that of rearranged carbon Myhre and K. S. Brown, ib id ., 91, 5639 (1969). (d) S. H. Liggero, R. Sust-
cjUcvla+rvrv nu/1 ~ 4-4- , - A n mann, and P. von R. Schleyer, i b id . , 91, 4571 (1969). (e) V. J. Shiner, Jr.,skeleton and exhibited in the nmr a pattern at S 4.6 and w. Dowd, ibid91> 652S (1969).
representative of a terminal methylene group. The (4) s. winstein, b . k . Morse, e . Gmnwaid, k. c. Sehreiber, and j . 
acetate product was also that of a rearranged carbon Corse’ ibid- 74>1113 (1952)-
1  i i • xl j , , (5) (a) P. von R. Schleyer and C. J. Lancelot, ib id ., 91, 4297 (1969), and
skeleton Since the acetate protons appeared a t 8 1 .9 , papers cited therein, (b) J. L. Fry, C. J. Lancelot, L. K. M. Lam, J. M.

Harris, R. C. Bingham, D, J. Raber, R. E. Hall, and P, von R. Schleyer,
* To whom correspondence should be addressed. ib id ., 92, 253S (1970). (c) J. L. Fry, J. M. Harris, R. C. Bingham, and P .
(1) Department of Chemistry, University of Missouri, Columbia, Mo. von R. Schleyer, ib id ., 92, 2540 (1970). (d) P. von R. Schleyer, J. L. Fry,

_ L. K. M. Lain and C. .J. Lancelot, ib id ., 92, 2542 (1970). (e) A. Streitwieser,
(2) N. Rabjohn and C. A. Drake, J .  A m er. Chem . S oc., 88, 3154 (1966). Jr., and C. A. Dafforn, Tetrahedron  Lett., 1263 (1969).
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Table I
Acetolysis Rates of Pinacolyl-Type Tosylates

Tosylate“ Temp, °C6 k t  X 10» sec-'01 AH*, koal A S*, eu
1 (R = Ts) 15.0 0.45 ±  0.10 22.6 ±  1 + 0 .3  ±  3

25.0 1.75 ± 0 .1 4
3 (R = Ts) 25.0 1.05 ±  0.03

OTs
I

4, (CH3)8CCH(CH2)5CH3 40.0 0.128 ±  0.006 26.0 ±  1 +2.1  ± 3
60.0 1.66 ± 0 .0 8

OTs
I

5, (CH3)3CCH(CH2),CH3 40.0 0.120 ±  .004 26.4 ±  1 +3.1  ±  3
60.0 1.63 ± 0 .0 8

° Performed in acetic acid in solutions 0.04-0.07 M in ester and 0.1 M in sodium acetate. b Temperature deviation of ±0.05°. c Aver
age cf two kinetic runs using the least squares rate constants; the error is the average standard deviation.

Table II I- ~ —— —— -
Relative Rate Comparisons for Pinacolyl-Type Tosylates ' . . 9"1"®ICHj) CCHR

Relative 3 3
Tosylate k t  (sec“1)“ k  (25°) - 4 . 0 -  HOAc;25*C ®

1 (R = Ts) 1.75 X 10- ‘6 119
3 (R  = Ts) 1 .0 5 X 1 0 -*4 71.5 '
4 1.47 X 10~6<i 1.0
5 1.36 X 10-«“* 0.93 o  ‘ 50 "

OTs 3
I 8

6, (CH3)3CCHCH3 1 .9 2 X 1 0 - ’° 0.13 7̂  ^ 4 -'
OTs -6.0 - „ ^  5
1 "  'o*~ 8

7, (CH3)3CCHCH2CH3 1 .37X 10-«° 0.93 -  "  v
OTs f . -

8, (CH3)3CCH(CH2)2CH3 2 .10X 10-«° 1.4 - ™ 29 , 034 _039 .0,44 -0.47
° All rate constants are tabulated at 25°. 6 Experimentally

determined at 25°. c Calculated at 25° from data at other tem- ECT
peratures (data taken from the thesis of J. J. Harper, Princeton _. . , . „ , , .
University, 1968). Performed in unbuffered acetic acid. "Cal- Figure 1.-Acetolysis rates (25 )I of the alkyl-substituted tert-
culated from data at other temperatures. Performed in buffered butylcarbmyl tosylates listed m Table II as. the 2<r* constants, 
acetic acid.

and the linearity is questionable, the estimated p* of
— 8 (acetic acid, 25°) is of considerable speculative 

sulfuric acid solutions.6 It was proposed that the interest. The p* value of - 2 . 6  (acetic acid, 70 and
ionization proceeds to carbomum and bisulfate ions 100°)9 found for simple secondary systems with no 0-
followed by reassociation to racemic pmacolyl hydro- alkyl branching is to be contrasted with this value,
gen sulfate. The tnfluoroacetolysis of pinacolyl brosy- The increased negative p* value for the te+butyl-n-
late has been interpreted as proceeding through rate- alkylcarbinyl esters is consistent with a diminished
determining formation of a tight ion pair while the tn - backside solvent stabilization effect at the transition
fluoroacetolysis of isopropyl brosylate is thought to state, in comparison to the simple secondary esters
proceed through rate-determining dissociation of a which probably solvolyze with considerable nucleophilic
tight ion pair.7 Pinacolyl brosylate has been proposed solvent assistance 6
as a useful reference compound for estimating unas- j n |ke absence of complicating steric effects, the Ap* 
sisted ionization rates of secondary substrates in the 0f about —5 may perhaps be taken as a measure of the 
absence of ion pair return. _ _ difference in the degree or amount of positive charge at

In the series of alkyl-substituted £erf-buty lcarbiny 1 the reaction site in the transition state in the two series,
arenesulfonates, it is of interest to look at the response ^  route would be expected to exhibit a pronounced
°f the solvolysis rate as a function of the alkyl sub- response to the inductive contribution of an alkyl
stituent. In these systems the solvolysis should pro- group. However, it might be noted that partial methyl
ceed through a fcA or a kc pathway (ka contribution ex- bridging (kA route) at the transition state might also
pected to be unimportant). The appropriate data for exhibit a high group response dependent on the degree
the Taft8 correlation (log fct vs. S<r*) is graphically 0f participation at the transition state (both routes fcc
illustrated in Figure 1. and would proceed without backside nucleophilic

Since the substrates 4, 5, 6, 7, and 8 listed in Table II solvent stabilization of the transition state), 
have no branching in the alkyl side chain (all have a rpbe simple Taft treatment is clearly not sufficient to 
common ierf-butyl grouping), the steric influence of this rationalize the rate enhancements found in 1 (R =  Ts) 
group can probably be neglected. Although only five
compounds have been utilized to determine the line, (9) (a) P. E . Peterson, r . e . Keiiey, Jr., r . Beiioii, and k . a . siPP, j .

A m er. Chem . S o c ., 87, 5169 (1965). (b) P. E. Peterson, R. J. BoPP, D. M.
(6) N. C. Deno and M. S. Newman, J .  A m er. Chem . S oc ., 73, 1920 (1951). Chevli, E. L. Curran, D. E. Dillard, and R. J. Kamat, ib id ., 89, 6902 (1967).
(7) V. J. Shiner, Jr., R. D. Fisher, and W. Dowd, ib id ., 91, 7748 (1969). (c) W. Pritzkon and K. H. Sehoppler, Chem . B er . 95, 834 (1962). (d) C. J.
(8) R. W. Taft, Jr., in "Steric Effects in Organic Chemistry,” M. S. Lancelot, J. J. Harper, and P. von R. Schleyer, J . A m er, Chem . S oc., 91,

Newman, Ed., Wiley, New York, N. Y„ 1956, p 556 ff. 4294 (1969).
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and 3 (R  =  T s) as is illustrated for 3 (R  =  T s) in Figure pair stage or the carbonium ion stage would lead to  2
1. No apparent rate correlation exists based solely on and com petitive m ethyl transposition would lead to
the F oote-Sch ley er10 “angle-effect,” since the vco  for products of rearranged carbon skeleton. I f  an ion pair
the ketone corresponding to 1 is 1705 cm -1 , while th a t mechanism is assumed, less internal return (steric as-
for pinacolone is 1709 cm “ 1. sistance to anion departure) might be expected in the

In  the comparison of 1 (R  =  T s) to  the model system comparison of 1 (R  =  T s) to 4 (R  =  Ts) and a rate en-
4  (R  =  T s) one sees a rate enhancem ent of 119 (Table hancem ent for 1 would result.7 Steric factors would
I) . I f  m ethyl participation is the m ajor solvolytic seem to control the form ation of the trans olefin 2 as
pathway in 4 (R  =  T s), then the magnitude of th is this would be formed from the lower energy trans-like
participation effect should be comparable to th a t of transition state from conformation lc. The products
compound 1 (R  =  T s), and, indeed, the bridging at the from 1 (R  =  T s) Could also arise via a bridged species,
transition  state 1 (R  =  T s) may be sterically less fav- A steric bias for methyl migration could produce 2 as
or able than  the comparable bridged transition state in the m ajor product via proton loss from a bridged ion
4 (R  =  T s). T h is comparison might lead to predicting and partial com petitive m ethyl m igration to a tertiary
a lower rate for 1 (R  =  T s) than for 4 (R  =  T s) if fcA is cation followed by reaction of this cation with solvent
the m ajor solvolytic pathway. One can then conclude or proton loss could lead to rearranged acetate and
in the case of system  1 (R  =  T s) th a t the m ajor rate  term inal olefin, respectively. The products from the
increase over the model pinacolyl system is steric in acetolysis of 3 (R  =  Ts) have not been determined,
origin. In  conclusion, the fast rates of acetolysis of 1 (R  =

In  the solvolyses of several highly branched tertiary  T s) and 3 (R  =  Ts) are steric in origin even if the exact
carbinyl esters such as 2-chloro-2,3,3,4,4-pentam ethyl- mechanism of solvolysis can be questioned. No defi-
pentane, the products were predominantly of unrear- nite conclusion can be reached from the present data as
ranged carbon skeletons and it  was proposed th a t alkyl to whether these compounds or the other model sys-
participation did not occur. 11 A T a ft plot of So-* vs. terns solvolyze via the fcA or fcc routes (ks sterically in
log relative k  for tertiary  carbinyl halides (80%  aqueous hibited) although we favor the fcc route. Further in
ethanol) seems to indicate th a t polar effects may ac- vestigations will be necessary to establish these points,
count for the solvolysis rates of simple tertiary  halides,
and even for di-ferf-butylmethyl carbinyl chloride, but „  .
th a t neopentyl groups introduce marked rate accelera- Experimental bection
tions ascribed to ground-state steric congestion . 12 Infrared spectra were determined on a Perkin-Elmer Model

In  1 (R  =  T s) the bulky alkyl group interacts steri- 21 infrared spectrophotometer. All infrared spectra of solids
cally with the ¿erf-butyl group of the neopentyl system in werf  k ken fro™ a CCV solution and a11 liquids were taken in the. 4-* i«  i t .1 \ , . neat phase, the nuclear magnetic resonance spectra were de-
tw CO ormations la  and lb , and With the tosylate termined on a Varian A-60 nuclear magnetic resonance spectro-
group in two conformations la. and lc . Conform ation photometer- Both solids and liquids were examined in CCI4
lc  m ight be expected to be the predominant conforma- solutions with an internal tetramethylsilane standard. Boiling

and melting points are uncorrected. Elemental analyses were 
H —, \  H H /  I— performed by Galbraith Laboratories, Knoxville, Tenn., and by

FT H ' N x  H H V— the Microanalytical Laboratory at the University of Massa-
chusetts, Amherst, Mass.

L A J  ( A J  Synthesis of the A lcohols. A . 2 ,2 ,5 ,5 -T etram ethy l-3-h ex-
OTs -v k -- '>%Qrp anol (3 , R  = H).—This sample was prepared by the procedure of

I I Drake (Ph.D. Thesis, University of Missouri, 1967).2
H H B . 5,5-D im ethyl-2,2-d im ethyl-3-nonanol 1 (R  = H ).— This

sample was prepared by the procedure of Drake (Ph.D. Thesis, 
University of Missouri, 1967).2

1® lb  lc C. 2,2-D im ethyl-3-nonanol.—Magnesium turnings (2 .4  g,
. . _ 0.1 g-atom) were placed in a 100-ml flask fitted with a condenser,

tion due to the lesser steric repulsions between groups. a nitrogen inlet tube, and an addition funnel. The vessel was
However, steric bumping is indicated in conformation flushed with nitrogen, and a solution of n-hexyl bromide (16.5
lc as the bulky side chain interacts with the oxveen g’ moi } in 50 ml dry.ether was added slowly, to maintain

• j  ,  ̂ , a slow reflux rate. The mixture was allowed to reflux an addi-
atom  Of the tosylate group. T he increased rate of 1 tional IS min, and a solution of freshly distilled 2 ,2-dimethyl-
(K  =  I s ) ,  relative to the model systems m  T able I, propanal (7.74 g, 0.09 mol) in 30 ml of dry ether was added
could be readily rationalized by release of ground-state slowly, with cooling. After addition was complete, the reaction
strain  (F  strain) a t the transition sta te . 13 T h e relative mixture was stirred for an additional 10 min, poured into ice
decrease in rate of 3 (R  =  T s) in comparison to 1 water- and extracted with ether The extract was washed with
/t> _  nPcA rvUn-m ot™ i fl + a , . saturated aqueous sodium bicarbonate and aqueous sodium ehlo-
I . 7 reflect a greater steric strain re- ride, dried over anhydrous magnesium sulfate, and the ether was
lease 111 1 (R  =  T s) than in 3 (R  =  T s) due to the removed on an aspirator. The residue was distilled at reduced
greater bulk of the groups in the former compound. pressure to yield 7.35 g (48%) of ¿ert-butyl-?i-hexylcarbinol, bp

I t  is possible th at the solvolysis of I (R  =  T s) pro- 45° (°-2mm). 
ceeds via  a fcc route. In  this route proton loss at the ion c  "76*99- ^ 1 3  90 C" H24° : C’ 76-67’ H> 14-04- Found:

(10) (a) C. S. Foote, J .  A m er. Chem. S oc., 86,1853 (1964); (b) p. von R . The nmr spectrum showed absorption at S 3.12 (m, 1 H,
Schleyer, ibid., 86, 1854, 1856 (1964). -CHOH), 1.92 (s, 1 H, -CHOH), 1.31 (m, 10 H, -CH2-), and

(11) (a) V. J. Shiner, Jr., and G. F. Meier, J .  O r g .  C hem ., 31, 137 (1966). 0.85 (s, 12 H, -CH3).
(b) P. D. Bartlett and T. T. Tidwell, J .  A m er. Chem . S oc., 90, 4421 (1968), T) 9  7  Tlimo+bA 9 „„ , rr , , ,and papers cited therein. %  2.2-D im ethyl-3-undecanol.— 1The procedure above was

(12) A. Streitwieser, Jr., “Solvolytic Displacement Reactions,” McGraw- U?”  f° convert n-octyl bromide (19.3 g, 0.1 mol ) to 9.4 g (52%)
Hill, New York, N. Y., 1962, pp 124-125, The point scatter is significant 01 i^-buty}-K,-oetylcarbinol. The product distilled at 71° (0.2
and the correlation is poor. mm).

(13) E. S. Gould, “Mechanism and Structure in Organic Chemistry,” Anal. Calcd for CiSH280 : C, 77.93; H, 14.08. Found:
Holt, Rinehart and Winston, New York, N. Y., 1959, p 323. C, 77.95; H, 14.34.
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T a b l e  I I I

CHj c h *
Rearranged / ’ [| \  /

-C H = C H - CH«COr- CH2= C  CHs—C - C =C
\  /  \

CHs

Chem ical sh ift, 5 5 .3 8  1 .8 8  4 .6 7  1 .6 2
P rotons 2 3 2 3 9
N m r area ratios 50 8 6  131 624

50 8 6  131 1 9 6 .5  4 2 7 .5
M ole ratios 25 28  6 6  4 7
Prod uct %  15 17 40  28

Synthesis of the T osylates. G eneral P roced u re .14— In  a  A cetolysis K in etics .— T h e acetolysis procedures were the sam e
three-necked flask fitted  w ith an addition funnel, a rubber septum  as those used by  previous investigators .15 T h e infinity tite r
and a  reflux condenser was placed up to  3 g of alcohol dissolved in technique was utilized in which aliquots were taken  a t  appropri-
absolute ether. B y  means of a syringe, a 1 0%  mol excess (with a te  intervals from  approxim ately 0 .0 5  M  solutions of th e  sulfonate
respect to the alcohol) of m ethyllithium  in ether was added w ith ester in buffered acetic acid (approxim ately 0 .1  M  in sodium
stirring to  the solution of th e  alcohol. A fter allowing the result- a ceta te) in  the therm ostated  b a th . E a ch  aliquot was titra ted
ing solution to stir for approxim ately 5 m in, an ethereal solution w ith a standardized perchloric acid solution in acetic acid using a
of tosyl chloride was added dropwise w ith  stirring. A nitrogen 1 %  solution of crystal violet in acetic  acid as th e  indicator. T h e
atm osphere was m aintained throughout th e  course of th e  reac- sam ple was taken as zero tim e and th e  infinity t ite r  was taken
tion . A fter stirring from  2  to  24 hr, depending on the p articular after a t  least 12 half-lives had elapsed.
alcohol, th e  lithium  chloride was filtered through a sintered glass T reatm en t of Experim ental D ata .— T h e first-order ra te  con-
funnel. T h e  filtra te  was concentrated  by  means of a  ro tary  evap- stan ts were calculated according to  the standard procedures. 16 
orator and placed in a  freezer to  induce crystallization . R e - T h e  calculations were performed on an I B M  1130 com puter and 
crystallization was from  pentane or a p entane-ether m ixture. th e  least squares average ra te  constant was calculated  along w ith

A. 5,5-D iethyl-2,2-dim ethyl-3-nonyl T osylate ( 1 , R  =  T s ) .—  th e  standard deviation and the correlation coefficient for each
T he general procedure was employed to  convert 5 ,5 -d iethy l-2 ,2 - run. T h e activation  param eters and rates a t  different tem pera-
dim ethyl-3-nonanol (2 .9  g, 0 .0 1 3  m ol), using tosyl chloride tures were calculated on the IB M  1130 com pu ter .17
(2 .65 g, 0 .014  m ol), and 8 .5  m l of 1 .6  M  m ethyllithium  to  1 .7  g Product Stu dies. A cetolysis of 2,2-D im ethyl-3-nonyl Tosylate 
(37%  yield) of 5,5-d iethyl-2,2-d im ethyl-3-nonyl tosy late , mp (4 ).— T h e tosylate 4 (0 .52  g) was dissolved in 20  ml of 0 .1  N
5 0 -5 2 ° . T h e analytical sam ple was crystallized from  pentane, sodium acetate  in acetic acid and kept a t  60° for 1 2  half-lives,
mp 5 1 -5 2 ° . T h e  cooled solution was poured into ice w ater and the products

A n a l.  C alcd for C 22H 380 3S : C , 6 9 .0 8 ; H , 1 0 .02 . Fou nd : extracted  w ith pentane. T h e combined pentane extracts were
C , 6 9 .0 0 ; H , 1 0 .01 . washed w ith a  saturated  solution of aqueous sodium bicarbonate,

T h e infrared spectrum  showed strong bands characteristic of a  saturated  sodium chloride solution, and then  dried over an-
the tosy late  a t  1355 and 1175 cm -1 . T h e nm r spectrum  showed hydrous magnesium su lfate. T h e  pentane was carefully re
signals a t  8 7 .50  (A2B 2 q u arte t, 4  H , J  =  8  H z, arom atic p rotons), moved and the rem aining oil (0 .32  g) was identified by  nm r analy-
4 .7  (m , 1 H , -C H O T s ), 2 .4 4  (s, 3 H , arom atic C H 3), 0 .9 2  (s, sis. T h e product d ata is tabu lated  in T ab le  I I I .  T h e  vinyl
9 H , protons of ieri-b u ty l), and 0 .5 -1 .7  (complex m ultiplets, 21 m ethyl absorption was separated in to  th e  two fractions on the
H ). basis of the exocyclic m ethylene protons. U nrearranged acetate

B . 2 ,2 ,5 ,5 -T etram ethyl-3-h exy l T osylate (3, R  =  T s ) .— T h e  was shown not to  be present b y  the absence of the tertiary  acetate
general procedure described above was employed to  convert 2 ,2 ,- proton, and by the acetate  absorption a t  8 1 .8 8 ; secondary ace-
5 , 5-tetram ethvl-3-hexanol (0 .50  g, 0 .0022  m ol), using tosyl ta tes  absorb a t  8 1 .95 .
chloride (0 .62  g, 0 .0022  m ol), and 2 .0  m l of 1 .6  M  m ethyllithium , Acetolysis Products of 5,5-D iethyl-2,2-dim ethyl-3-nonyl Tosyl-
to 2 ,2 ,5 ,5 -te tram eth y l-3-h exy l tosy late  (0 .362 g, 3 8 %  yield ), a te  ( 1 ).— In  a round-bottom  flask fitted  w ith a reflux condenser
mp 6 2 -6 4 ° . T h e  analy tica l sample was recrystallized from  pen- was placed a  m ixture of 0 .300  g of 5 ,5-d iethy l-2 ,2-d im ethyl-3-
tane, mp 6 3 -6 4 ° . nonyl tosylate and 20 ml of 0 .0998  M  sodium acetate  in acetic

A n a l.  Calcd for C nH 280 3S : C , 6 5 .3 1 ; H , 9 .0 2 . Found: acid and the sclution was stirred a t room tem perature for 3 days.
C , 6 5 .2 0 ; H , 8 .9 9 . T h e m ixture was then poured into an equal volume of cold w ater,

T h e  infrared spectrum  showed strong bands characteristic of extracted  w ith pentane, and washed w ith w ater, 5 %  sodium
the tosy late a t 1350 and 1175 cm -1 . T h e  nm r spectrum  showed bicarbonate, and again w ith w ater. T h e pentane solution was
signals a t  8 7 50 (A2B 2 q u arte t, 4  H , arom atic protons, /  =  8  dried over potassium  carbonate and then concentrated  on a
H z), 4 .7  (m , 1 H , -C H O T s ), 2 .45  (s, 3 H , arom atic C H 3), 1 .6  rotary evaporator to  give 0 .150  g of product. T h e  neat infrared
(d, 2 H ,- C H 2- ) ,  and 0 .9  (s, 18 H ,- C H 3). spectrum  of the product m ixture showed strong absorption a t

C. 2,2-D im ethyl-3-nonyl T osylate (4 ).— T h e  general pro- 1730 cm - 1  characteristic of a ceta tes. T h e  nuclear m agnetic
cedure was used to  co n v ert3 .0  g (0 .0174m o l) of the parent alcohol resonance spectrum  showed signals a t  5 5 .2  (A B  q u artet, char-
to 2,2-dim ethyl-3-nonyl tosy late in a 6 9 %  yield (3 .94  g ). T h e  acteristic  of olefin 2 ), 4 .6  (broad d, for = C H 2 of rearranged
product was an oil a t  room  tem peratu re. I

A n a l.  C alcd for C 13H 3„0 3S : C , 6 6 .2 2 ; H , 9 .2 6 . Fou nd: olefin) and 1.90 (s, C H 3— 0 = 0 ) .  _
C 6 6  2 4 ' H  9  14 From  the relative peak area ratios a t  5 .2  (unrearranged olefin

T h e nm r spectrum  showed absorption a t 8 7 .50  (A2B 2 q u arte t, 2 ) and 4 .6  (H 2C = C -  of rearranged olefin), i t  can be ascertained 
4  H , arom atic p rotons), 4 .3 4  (m , 1 H , -C H O T s ), 2 .3 7  (s, 3 H , th a t of the to ta l olefin formed 6 7 %  of 2  ig presen t and 3 3 %  is 
arom atic C H f), 1 .18  (broad p a tte rn , 10 H , -C H 2- ) ,  and 0 .8 8  rearranged olefin.
(broad s, 12 H , C H 3). From  the relative peak areas the m olar com position of the

D . 2,2-D im ethyl-3-undecyl T osylate (5 ). T h e general pro- acetolysis product is 5 8 %  unrearranged olefin 2 , 2 9 %  of the re-
cedure was utilized to convert the parent alcohol (3 .58  g, 0 .0174  arranged olefin w ith a  C H 2= C -  grouping, and 1 3%  of rearranged
m ol) to th e  tosy late  5 in a 5 7 %  yield (3.53 g ). T h e product was acetate .
an oil a t room  tem perature and was not further purified. T h e  _____________
nmr spectrum  showed absorption a t 5 7 .5 0  (A2B 2 q u artet, 4  H ,
/  =  8  H z, arom atic p rotons), 4 .3 6  (m , 1 H , -C H O T s ), 2 .4 2  (s, J 1»  W  S. W instem . C. Hanson, and E  Grum vald, 70, 812 (1948).
o i t  .•  \  i  oo r u  a  i  i / i  tt  n x r  \  a  (b) J. D . Roberts and V . C. Chambers, ib id . ,  7 3 , 5034 (1951). (c) P. D .
3 H  arom atic CHs) 1.23 (broad split peak, 14 H , -C H 2- ) and ^ rtleM and w . P. Giddings, ibid,, 82, 1240 (1980).
U .o / (b ro a d  S, 12  J ! ,  O H 3) .  (16) ^  a . F rcs t and R . G . Pearson, “ K ine tics and M echanism ,”  2nd ed,

W iley, N ew  Y o rk , N . Y ., 1961.
(14) H . C. B row n, R . Bernheim er, C . J. K im , and S. E . Scheppele, J .  (17) R . G . Johanson, P h .D . Thesis, U n ive rs ity  o f Verm ont, 1969, lists the

A m e r .  Chem. S oc ., 89, 370 (1967). program  u tilized .
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R eferen ce  Sam ples. 5,5-D iethyl-2,2-d im ethyl-3-nonene (2 ). of 5 ,5-diethyl-2,2-dim ethyl-3-nonyl acetate , bp 8 0 -8 2 °  (0 .5  m m ).
— In  a flask fitted  w ith a reflux condenser was placed a m ixture of T h e  infrared spectrum  showed evidence of slight alcohol im pu rity ,
5,5-diethyl-2,2-dim ethyl-3-nonanol (1, R  =  H ) (0 .85  g, 0 .0037  bu t the characteristic strong acetate  absorption was present a t
m ol) and 3 .0  g of potassium  hydrogen su lfate. T h e m ixture 1735 cm -1 . T he nm r spectrum  showed signals a t  6 4 .8  (q,
was then heated  a t 1 7 0-180° for 20 h r. A fter allowing the m ixture 1 H , -CHOH), 1.95 (s, 3 H , CH3C =0), 0 .9  (s, 9 H , fert-butyl
to  cool, i t  was distilled a t  reduced pressure to give 0 .7 0  g (8 9 %  group), and 0 .7 -1 .5  (m , 21 H ).
y ield ) of 5,5-diethyl-2,2-dim ethyl-3-nonene (2 ), bp 6 3 -6 5 °  (1 .0  _  . „  „  .
m m ) [lit . 2 bp 1 2 0 - 1 2 1 ° (40 m m )]. T h e nm r showed signals a t  R e g is t r y  N o . 1 ( R  — Ts), 25966-57-8; 3  ( R  =  Ts), 
$ 5 .2  (A B q u artet, 2 H , «7 =  1 6 H z ), 1 .0  (s, 9 H , f erf-butyl group), 25966-58-9; 4,25966-59-0; 5,25966-60-3; 6 ,25966-61-
and 0 .5 - 1 .8  (m, 19 H ). 4; 7, 25966-62-5; 8, 25966-63-6; 2,2-dimethyl-3-

S ,5 -D iethy1-2  z-dim ethyl-s-nonyl A cetate - T h e  acetate  was nonanol, 25966-64-7; 2,2-dimethyl-3-undeeanol, 25966-
prepared b y  refluxing 5 ,5-diethyl-2,2-dim ethyl-3-nonanol (0 .5  g, c c o o o j - a v i o  i I  ± n m c i .  r r -
0 .0 0 2 2  m ol) w ith acetic  anhydride (2 .0  g, 0 .019  m ol) in  5 .0  ml of 2,2-dimethyl-3-nonyl acetate, 25966-66-9; 5,5-
dry pyridine for 2 hr. T he m ixture was cooled, poured onto ice diethyl-2,2-dimethyl-3-nonyl acetate, 25966-67-0.

s a  “ l ^ o T h y ^ l r S ;  5% • « r r s S L ’E  - n »  « .th » »  *  v » .
and finally w ith w ater. T h e pentane solution was dried over mont) wish to thank the National bcience Foundation 
magnesium su lfate and then  distilled to give 0 .3  g (5 0 %  yield) (GP-9248) for financial support.
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T h e  therm al decomposition of 3,3-dialkyl-2-oxocarboxylic acids (1) has been shown to lead to decarboxylation 
and rearrangem ent. Although 3,3-dim ethyl-2-oxobutyrie acid ( le )  undergoes decarbonylation, 2-oxo acids 
w ith larger groups in the 3 position, la -d , afforded m ixtures of ketones by  1,2 shifts. E th y l, bu tyl, and heptyl 
groups m igrated with sim ilar ease, lb , while phenyl was found to have essentially the sam e m igratory aptitude 
as pentyl in 2-oxo-3-pentyl-3-phenyloctanoie acid ( lc ) .  However, the phenyl group shifted alm ost exclusively, 
in preference to ring expansion, in 1-phenylcyclohexaneglyoxylic acid (Id ) . These results are ascribed to 
the bulk and conform ational effects of the groups in the 3 position of 1. I t  is suggested th a t either a  zw itterionic 
or a concerted process (Schem e 1 ) best explains the experim ental observations.

In a related investigation,3 it was observed that a which have been studied,6 aldehydes have been obtained
small amount of a low-boiling material was obtained on as the common products. The present paper describes
distillation of the product from the base-catalyzed au- the investigation of the thermal decarboxylation and
toxidation of ethyl 2-cyano-3,3-dipentyloctanoate. accompanying rearrangement of a number of 3,3-dial-
Since vpc analysis of the crude mixture showed that the kyl-2-oxocarboxylic acids, 1, to ketones 2, 3, and 4. In
only volatile products were unchanged cyano ester and
the corresponding 2-keto ester, and these are known to R^RsCCOCChH__ >
be stable at distillation temperatures, it appeared that l
the pyrolysis of some nonvolatile species in the reaction RiRsCHCOR, +  R, IwOHCOR> +  RjR.CHCORs +  C02
mixture was responsible for the low-boiling unknown. 2 3 4
The latter was present when either DM F or DMSO-feri- ia> R, = r 2 = r 3 = c jr ,,
BuOH was used as the reaction medium, which elimi- b, R, = C2H5; IT = C4H9; Rs = C7Hi5
nated condensation products of dimethyl sulfoxide4 as ?’ S'1 ; ;  %,S5? u;r>R3 T -S ®5
possible precursors. e, R, = r 2 = R, = ch3

The ir spectrum of the crude autoxidation mixture ' f> Ri, = (CH2)5; Rs = H
had broad absorptions at 3200-3600 and 25o0-2700 addition, exploratory experiments were carried out in
cm which suggested the presence of a carboxylic acid. an attempt to elucidate the mechanism of the reaction.
This was confirmed by the preparation of 3,3-dipentyl- The pyroiysis of la  d on attempted distillation af-
2-oxooctanoic acid (la) which on attempted distillation forded the corresponding 2, 3, and 4, whereas le  was
m a %  f  a , ? ! uf known Pyrolysate. It was decarbonylated to pivalic acid; the less highly substi-
identified as 7-penty -6-dodecanone (2a) by comparison tuted acid, lf; produced a mixture of four components.
o Rs spectral properties wRh those of an authentic sam- Attempts to analyze and separate the mixture of
P L-L ^ w i 011̂  , 1 ,. . . ketones from lb by vpc on several different columns

Although the decarbonylation of 2-oxo esters is well were not successful, but nmr analysis suggested that
known,5 the decarboxylation of the corresponding acids 2 3) and 4 were esent in the approxima8te ratio of
has received relatively httle attention. In those cases 40 :30 :30 , respectively. Compound lc gave 7-phenyl-

* T o  w hom  correspondence should be addressed. 6-dodecanone (2c, pentyl migration) and 2-pentylhepta
i l )  Taken fro m  the P h .D . Thesis of C. A. H arb e rt, 1967, and presented nophenone (4C, phenyl migration) in the ratio of 66:34.

in  p a r t a t the  3rd  M id w est R egional A m erican Chem ical Society M eet- The migratory abilities of the phenyl and Pentyl gTO U D S
ing, C olum bia, M o ., N ov 2 -3 , 1967. . , . / .  t '  J  n  r

(2 ) n d e a  Fellow, 19 6 3 - 1 9 6 6 . then are approximately equal in this case since pentyl
(3) n . R ab john and c. a . H arbert, j . Org. C hem .. 3 6 ,3 2 4 0 ( 1 9 7 0 ) . m i g r a t i o n  is  f a v o r e d  s t a t i s t i c a l l y  b y  a  f a c t o r  o f  2 : 1 .
(4) G . A . Russell, E . G . Janzen, H -D . Becker, and F . J, Sm entowski, J ,

A m er. Chem . Soc., S i ,  2652 (1962). (6) G . Darzens and A . Levy, C. R . A cad. S r i., Ser. C, 204 , 272 (1937); G.
(5) A . C. Cope, H . L . Holmes, and H . O. House, in  R . Adams, “ Organic Barger and A . P. T . Easson, J .  Chem . S oc., 2100 (1938); J. C ym erm an-Craig,

Reactions,”  Vo l. 9, W iley, New  Y o rk , N . Y ., 1957, p 147. J. W . Loder, and B . M oore, A ust. J .  Chem ., 9, 222 (1965).
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Acid Id, which offers the possibility of ring expansion, creased by the difference in energy between conforma-
required a temperature of 200-220° (5 mm) for decom- tions 5c and 6c. This could explain the nearly statis-
position, and the product consisted of cyclohexyl phenyl tical phenyl to pentyl migration ratio observed on pyrol- 
ketone, 4d (phenyl migration), and trace amounts of 2- ysis of lc. 
phenylcycloheptanone (alkyl migration) and 1-phenyl- 
eyclohexanecarboxaldehyde (decarboxylation), as indi-
cated by nmr. J K ) I

The above limited data are to be compared with the X O l  H
diversity of migratory aptitudes reported for other sys- C02H C02H
terns. Although aryl and other unsaturated groups Cq,h C02H ( j Q (Y f
generally migrate more readily than alkyl groups in 1,2- r y O  C7\ CH t) CH CH C) CH
cationic rearrangements,7 Parham and Czuba8 have / 4 \  _/t \ 1 2 j  2 \ 2 J  2
found the ratio of phenyl to cyclohexyl migration to be CsHu 0  C5Hn C5HU 0 C5HU ^(CH2Y  ^(CHA 
0 .2 -0 .9 :1 in the ring expansion of a hexahydrofluore- 5c 6c 7d 8d
none with diazomethane and the related Tiffeneau-
Demjanov type of ring expansion of an ether of an The pyrolysis of Id might be considered in a similar 
aminomethylhexahydrofluorenone with nitrous acid. manner. The interacting methylene groups in 7d are
They ascribed these results to the geometric require- held rigid by the ring, thereby lowering the energy of
ments of phenyl migration. Recent studies by Miller this conformation relative to that of 8d. However,
and coworkers9 on the thermal sigmatropic rearrange- additional driving force for phenyl migration in this
ment of substituted indenes indicate an order of H >  case should arise from the loss of 1,3-diaxial interactions
CfJT >  CH3 which contrasts with those of 1,2-cationic,7 in Id. The fact that higher temperatures were required
anionic,10 and free-radical rearrangements.11 Dubois to rearrange Id than lc  suggests that the former is a
and Bauer12 have investigated bis-feri-alkyl ketone re- more strain-free system and the driving force of relief
arrangements in sulfuric acid and have shown that the of strain is less in this compound.
migrating tendency of an ethyl group relative to methyl The information available concerning relative migra- 
varies from 1.2 to 5.0 depending on the structure of the tion tendencies of alkyl groups is quite limited.15 Ethyl
ketone. The widely varying data for different rear- migrates better than methyl in the pinacol rearrange-
rangements suggest that the migratory aptitudes of ment and in the acetolysis of neopentyl-type brosylates;
groups are greatly dependent upon the system involved however, the opposite order has been reported for the
and the structural environment of the origin and ter- solvolysis of 3,4-dimethyl-4-phenyl-3-hexyl p-bromo-
minus of the migration. benzoate, and the acetolysis of some alkyl-substituted

The steric bulk at the 3 position of 1 seems to be an neopentyl brosylates.16 In  the latter study it was
'important factor which influences the course of the ther- shown that lengthening an alkyl group without branch-
mal decomposition of these compounds. This is dem- jng (C2H5, n -C3H7, and n-C4H 9) has no effect on the
onstrated by the failure of le  and If to rearrange under relative rate of acetolysis of molecules of this type. A
conditions in which la -d  afforded ketones 2-4. Also, similar situation might be expected to obtain in lb , and
the phenyl to pentyl migration ratio for lc  is lower than this was borne out by the results obtained on thermol-
normal for a carbonium ion process; however, as indi- ysis of lb , where essentially equal amounts of the ex-
cated previously other such examples are known8 in- pected rearranged ketones, 2-4, were formed,
eluding the acid-catalyzed rearrangement of trisubsti- A detailed mechanistic study of the thermal decom- 
tuted acetaldehydes to ketones.13 The origin of this position of 1 was not carried out. Such an investigation
effect in the present case seems to be largely steric in would be complicated by the pyrolysis conditions which
nature. If it is assumed that a migrating phenyl group are not amenable to the trapping or identification of pos-
must be perpendicular to the plane described by the sible intermediates. At least four possible mechanisms
migrating carbon, the migration origin and the migra- can be considered for the pyrolysis and rearrangement of
tion terminus,14 then it follows that the preferred con- 1: (1) a free-radical process, (2) an initial decarboxyla-
formation for phenyl group migration in lc  is that de- tion to aldehydes which subsequently rearrange to
pictedby the Newman projection 5c in which the phenyl ketonic products, (3) a zwitterionic mechanism, and
group lies in the plane of the paper as viewed from atoms (4) a concerted decarboxylation rearrangement. Free-
C2-C 3. Since this conformation should be of higher radical processes seem unlikely since homolytic decar-
energy than 6c, in which the phenyl ring is twisted to boxylations usually require radical initiators and/or
avoid interaction with the pentyl groups, it follows that metal catalysts.17 This is supported by the observation
the activation energy for phenyl migration would be in- that no noticeable increase in ketone formation, as com

pared to an uncatalyzed reaction, was observed when
(7) For leading references, see (a) G. W. Wheland, "Advanced Organic , nrrrApxqi« of la  w as pnnduotpd in th e  n resen ce  of di-Chemistry,” 3rd ed, Wiley, New York, N. Y„ 1960, pp 573-597; (b) Y. th e  pyrOlySIS Ol i a  Was C onducted 111 m e  p resen ce  OX Ui

Pocket, “Molecular Rearrangements,” Vol. 1, P. de Mayo, Ed., Interscience, ¿6r£-b\l1jyl pGrOXlQ.C. FurtllGrillOrGj it) t)G GX]3GCt)GCi
New York, N. Y., 1963, pp 22-24; (c) C. F. Ingold, “Structure and Mech- that an  a c y J free radical R ^ R jC Y O , formed either by
N.i8“ , X X “ '«') NndF epbeia°nr: h. m) oX  decarboxylation of a carboxylate radical, R 1R 2R 3CO- 
j .  Chem. Educ., 44,626 (1967). C 0 2 •, or by direct homolysis, would decarbonylate

(8) w. e . Parham and l . j . Czuba. j . A m e r .  Chem . Soc., 90 ,4030 (1968). rather than rearrange. This was confirmed by heating
(9) L. L. Miller, R. Greisinger, and R. F. Boyer, ib id ., 91, 1578 (1969).
(10) H. E. Zimmerman, in ref 7b, pp 391-399; ref 7c, pp 787-792. u  a  , T
(11) C. Walling, in ref 7b, pp 409-423. (15) For leading references, see R. L. Heidke and W. H. Saunders, Jr„
(12) J. E. Dubois and P. Bauer, J .  A m er. Chem . Soc., 90, 4511 (1968). J .  A m er. Chem . Soc., 88, 5816 (1966).
(13) Reference 7a, pp 549, 580, 592; C. J. Collins, Quart. Rev. {London), (16) E. N. McElrath, R. M. Fritz, C. Brown, C. Y. LeGall, and R. B.

14 357 (1960) Duke, J .  Org. Chem ., 25, 2195 (1960).
(14) For a discussion, see ref 7d and 8. (17) W. H. Starnes, Jr., {b id ., 31, 1436 (1966).
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2 ,2 - d ip e n ty lh e p ta n a l  (9 )  w i th  d i- f e r i -b u ty l  p e r o x id e . ethyl 2-cyano-3,3-disubstituted  anions , 3 w ith the exception  of
O n ly  t h e  e x p e c te d  1 0  w a s  o b t a in e d  ( 7 5 % ) ,  a n d  c a r b o n y l  ethyl 3 ,3-d im ethyl-2-oxobu tyrate which was obtained from  the
n r n d n o ts  co u ld  n o t  b e  d e te c te d  reaction of iert-butylm agnesm m  chloride w ith d iethyl oxalate ,
p r o d u c t s  c o u ld  n o t  De d e te c te d . Saponification of Ethyl 3,3-D ipentyl-2-oxooctanoate and Py-

DXBP _ c o  IH rolysis of the R esulting Acid, la .— A solution of 16 .3  g (0 .05
(C sH u h C C H O --------- >- [(C 5H u )3C C = 0 ]  — 5------->  (CoHu)aCH m ol) of ethyl 3 ,3-d ipentyl-2-oxooctanoate, 14 g (0 .21  m ol) of

9  1 0  8 5 %  K O H  pellets, 15 ml of H 20 ,  and 9 0  ml of C 2H 5O H  was
heated  a t reflux for 4  hr. T h e C2H 5OH was rem oved b y  d istilla- 

T h e  in t e r m e d ia c y  o f  t r i s u b s t i t u t e d  a c e ta ld e h y d e s  w a s  the residue was treated  w ith 1 0 0  ml of 1 0 %  HC1, and the
t e s t e d  b y  p y r o ly z in g  l a  in  t h e  p r e s e n c e  o f  t h e  c o r r e -  m ixture was extracted  w ith three 30-m l portions of e ther. T h e  

, .  °  , orinv . , ,  'com bined  extracts were worked up to give a pale yellow  oil:
s p o n d in g  a ld e h y d e , 9 .  A p p r o x im a te ly  8 0 %  o f  t h e  l a t t e r  tt,*D l A m . nm r (C C 14) « i 0 .8 2  (s) 1, C 0 2H ), 1 6  (m , 6 , C H 2),
w a s  r e c o v e r e d  w h ic h  s u g g e s ts  t h a t  t h is  s p e c ie s  is  n o t  a n  and 0 .6 -1 .5  (m , 27 , C H 2, C H 3); ir (neat) 3 1 0 0 -3 4 5 0  (m , C 0 2H ),
in t e r m e d ia t e  in  t h e  p y r o ly s is  o f  l a .  I t  sh o u ld  b e  n o te d , 2 5 0 0 -2 7 0 0  (m, bonded O H ), and 1 7 1 0-1750  cm -1  (s, C = 0 ) .
h o w e v e r , t h a t  t h i s  d o e s  n o t  r u le  o u t  t h e  p o s s ib i l i ty  o f  a  A n a l.  Calcd for Ci8H 340 3: C , 7 2 .4 3 ; H , 11 .48 . F ou n d :

v i b r a t i o n a l ly  e x c i te d  a ld e h y d e  in te r m e d ia te .  , , , , ,  ,r,,. . ;  . . . .  . . , , , The attem pted  d istillation of 7 .5  g of crude la  through a
T h e  r e la t e d  z w it te r io m c  a n d  c o n c e r te d  p a th w a y s , spinning-band column resulted in  considerable foam ing and

S c h e m e  I ,  a p p e a r  to  o f fe r  r e a s o n a b le  e x p la n a t io n s  f o r  gave 4 .9  g (7 7 % ) of a product: bp 7 0 -7 5 °  (0 .05  m m ); w26d
1 .4389 ; nm r (n eat) S 2 .3 8  ( t , 3 , C H C O C H 2) and 0 .6 -1 .8  (m , 31, 

S ch em e  I  C H 2, C H 3); ir  (neat) 1715 cm -1  (s, C = 0 ) .  T h ese  sp ectra  are
identical w ith those of an authentic sam ple of 7-pentyl-6-do- 

A decanone (2 a ), w hich was synthesized b y  the condensation of
R  pentylm agnesium  brom ide w ith 2 -pentylheptanen itrile : bp

| \  / O  1 3 5 -1 3 8 ° (3 m m ); ?i 25d 1 .4388.
R — C— C--- C = 0  -=-► R — c —-C — Cr A n a l.  C alcd  for C „H 340 :  C , 8 0 .2 4 ; H , 13 .47 . Fou nd :

I h  I I h  C , 8 0 .4 0 ; H , 13 .20.
R  R  OH 0 ~  T h e 2-pentylheptanenitrile was prepared b y  th e  d ialkylation

of acetonitrile w ith p entyl bromide and sodium amide according 
to  the m ethod of N ew berry and W eb ster :22 bp  8 3 -8 4 °  ( 1 .5 m m );

I _ COs! ra2SD 1.4308 .
r  2 A n a l.  Calcd for C I2H 23N : C , 7 9 .4 9 ; H , 1 2 .7 9 . Fou nd :
R C , 7 9 .6 6 ; H , 1 2 .58 .
j Pyrolysis of 3-Butyl-3-ethyl-2-oxodecanoic Acid ( lb ) .— T h e

R 2CHCOR -<-=p- R 2C = C — OH saponification of 11 .9  g of ethyl 3-butyl-3-ethyl-2-oxodecanoate
12 according to the m ethod in the preceding experim ent afforded

1 1  g of crude lb .  A ttem pted  d istillation of this m aterial caused 
B  pronounced foam ing and gave 6 .4  g (7 2 % ) of produ ct: bp

R 8 3 -8 5 °  (0 .1 m m ); » 25d 1 .4359 .
i \  „  A n al. Calcd for C i6H 30O : C , 7 9 .5 7 ; H , 13 .36 . Fou nd :

r _ £ _ c ____ c ^ °  a t C , 7 9 .5 5 ; H , 13 .16 .
| | _ co * 13 T h e  ir of the pyrolysate had an absorption a t 1715 cm “ 1

R  > 0  ! ( 0 = 0 )  and nm r (neat) 1 2 .38  (m , 3, C H C O C H 2) and 0 .6 -1 .8
H (m , 27 , C H 2, C H 3). T h e  assignm ent for the downfield m ultiplet

was based on the ab ility  of these protons to exchange w ith D 20
t h o  i io ro rk n y v lo tin r , n f  i  „ „ „  • under basic conditions. T h e  nm r (CC14) of a  sy n th etic  m ixture
t h e  d e c a r b o x y  a t io n  o f  1  a n d  t h e  a c c o m p a n y in g  r e a r -  of 2b> 3b> and 4b in the ratio  o fk4 o : 3 ^ : 3 o, respectively , was
r a n g e m e n t  t o  k e to n e s .  T h e  c o m b in a t io n  o f  h y d r o g e n  identical w ith the spectrum  (CC14) of the pyrolysate.
b o n d in g 18 a n d  s t e r i c  c o m p r e s s io n  in  11 s h o u ld  f a c i l i t a t e  T h e  reaction of a benzene solution of heptyl brom ide with
t h e r m a l ly  in d u c e d  r e a r r a n g e m e n t .  T h e  m ig r a t io n  o f  hexanenitrile in the presence of sodium am ide22 afforded 2 -butyl-
R  in  a  s te p w is e  p r o c e s s  (S c h e m e  I ,  A )  w o u ld  b e  e x p e c te d  nonanem trile (7 2 % ) : bp 1 15-117° (2^5 m m ); n 26n F 4 3 3 7 . _

to  p r o d u c e  z w it te r io n  12, w h ic h  u p o n  lo s s  o f  c a r b o n  C , 8 0 .2 1 ; H , 1 2 .65^  13 25 ' ’ ’ ’ ' oun
d io x id e  w o u ld  le a d  to  t h e  e n o l fo r m  o f  k e t o n e  13. I f  T h is nitrile was caused to react with ethylm agnesium  brom ide 
r e a r r a n g e m e n t  a n d  lo s s  o f  c a r b o n  d io x id e  w e re  to  o c c u r  to  give 2b (4 4 % ): bp 1 4 6 -1 4 7 ° (40 m m ); ra26d 1 .4360 . 
s im u lta n e o u s ly , t h e  m e c h a n is m  c a n  b e  d e p ic te d  b y  t h e  A n aL  Calcd for Cl6Hs»0 :  c > 79-57; H , 13 .36 . Fou nd :
c o n c e r te d  p r o c e s s  a s  s h o w n  in  S c h e m e  I ,  B. S im i la r  , , 25 , .„„„ , , ,

, , 4n e  Ketone, 3b , bp 1 48-150  (20 m m ), m25d 1 .4360  (A n al.
m e c h a n is m s  h a v e  b e e n  s u g g e s te d  f o r  t h e  d e c a r b o x y la -  Calcd for C 15H 3„ 0 : C , 7 9 .5 7 ; H , 1 3 .36 . Fou nd: C , 7 9 .3 6 ;
t io n  o f  g ly c id ic  a c id s 19 a n d  /I-keto  a c id s . 20 I t  is  n o t  H , 1 3 .1 2 ), was obtained (4 8 % ) in a sim ilar fashion from  im
p o s s ib le  t o  d is t in g u is h  b e tw e e n  m e c h a n is m s  A  a n d  B  o n  butylm agnesium  brom ide and 2-ethylnonanenitrile. T h e  la tte r ,
t h e  b a s is  o f  t h e  p r e s e n t  in v e s t ig a t io n ;  h o w e v e r  i t  s e e m s  vP 1 1 3 -1 1 4 ° ( 1 0  m m )’ n “ D 1 A 279, was prepared (5 9 % ) from

t h a t  t h e  t r u e  m e c h a n is m  h e s  s o m e w h e re  b e tw e e n  t h e s e  o u s Y y T S k ^ r o t e d m e ? 116’ ^  by  ^  P revi'
e x t r e m e s , a n d  p r o b a b ly  c lo s e r  t o  t h e  c o n c e r te d  p r o c e s s . A n a l.  Calcd for C UH 21N : C 78 .97- H  1 2  65 Fou nd-

C , 7 9 .0 6 ; H , 12 .91 .
K etone 4 b , bp 1 1 1 - 1 1 2 ° (4 m m ), w25d 1 .4358 , was prepared 

Experimental Section (3 5 % ) b y  the reaction of heptylm agnesium  brom ide w ith  2 -

M a te ria ls . T h e 3,3-d isu bstitu ted  2-oxocarboxylates used in S S v S m m )  X w u T  (1 3 5  ^  L 4 1 4 2  [ l i t "
this study were prepared b y  the autoxidation of the corresponding bP 9 8  10°  (5°  1 ,4148]'

well demonstrated for 2- (21) The infrared spectra were recorded on a Perkin-Elmer Model 237-B
3 Po2 -  o f M a n d !  S r 4868!,“  »  o th" ^ ^ h o t o z n e t e r  and the nmr spectra were run on a Varian A-60 spec-
0969) • G Oe'hme G Fischer n Chem^ S ° c - J a p . ,  42,2614 trometer employing tetramethylsiiane as an internal standard. Elemental
(1967): l  r  o  t  Sohf l̂ h e ^ ’ C hem - 10°. « 5  microanalyses were performed by Drs. Weller and Strauss, Oxford, England,
(1967), A. Schellenberger and G. Oehme, Z. P h y s. Chem . (L eipz ig ), 227, 112 and Galbraith Laboratories, Inc., Knoxville, Tenn. Analytical vpc was

““  * * »  -  —
» “ t i A  i . S r S , « » » "  s “ ‘ *■- « >  o . » T b . ™ w , w . b . T j . , » » a „ „ .

(23) P. A. Levene and M, Kuna, J ,  B%ol. C hem ., 140, 263 (1941).
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A n al. Calcd for C 15H 30O : C , 7 9 .5 7 ; H , 13 .36 . Fou nd : am ount of a tarry  residue. N o cycloheptanone could be detected
C , 7 9 .38 ; H , 13 .24 . by  vpc comparison w ith an authentic sam ple, and no effort was

Decarboxylation and R earrangem ent of O ther 3 ,3 -D isu b - made to identify the components of the m ixture,
stituted 2-O xocarboxylic A cids, 1.— T h e acids were prepared b y  Ethyl 3 ,3-D im ethyl-2-oxobutyrate.— A Grignard reagent, pre- 
the saponification of the corresponding ethyl esters in the m anner pared from  49 .5  g (0 .54  m ol) of fert-butyl chloride, 13 .2  g (0.54
described for la  and heated  under a spinning-band column until g -atom ) of M g , and 300 ml of dry ether was added to a solution
distillation occurred. of 197 g (1 .35  m ol) of d iethyl oxalate in 200 ml of dry ether while

A. 2-O xo-3-pentyl-3-phenyloctanoic Acid ( l c ) .— D istilla tion  the tem perature was m aintained a t —50 to —6 0 ° . T h e m ixture
of the crude acid (from  15.5  g of the ester) gave 8 1 %  of a product, was allowed to warm  to  0° and was decomposed b y  pouring it
bp 1 1 0 -1 1 5 ° (0 .5  m m ), w hich consisted of two com ponents. onto iced, dilute HC1. I t  was worked up in the usual m anner
T h e spectra of the low-boiling fraction  [n26d 1 .4869 ; nm r (C C h) and distilled through a Podbielniak column to give 48 g (5 6 % )
& 7 .18  (s, 5 , arom atic), 3 .5 6  (t , 1, C H ), 2 .2 8  (t, 2 , C H 2C O ), and of product, bp 1 5 6 -1 5 8 ° , w26d 1 .4070  [lit . 27 bp 6 5 -6 6 °  (15 m m ),
0 .6 -1 .5  (m , 20 , C H 2, C H 3); ir (neat) 1715 cm -1  ( C = 0 ) ]  are n 25D 1 .4096].
identical w ith those of au thentic 7-phenyl-6-dodecanone. T h e Pyrolysis of 3 ,3-D ipentyl-2-oxooctanoic Acid ( la )  in  the P res-
la tter was synthesized b y  the reaction of 2-phenylheptanenitrile, ence of Di-terf-butyl P erox id e.— A m ixture of 3 g (0 .01  m ol) of
bp 1 4 1 -1 4 3 ° (4 m m ), n 25D 1 .4970 [lit .24 bp 1 6 5 -1 6 8 ° (22 .5  m m ), crude la  and 0 .22  g (0 .0015  m ol) of di-ferf-butyl peroxide was
n 25D 1 .4996], w ith pentylm agnesium  brom ide, bp 1 1 9 -1 2 0 ° heated  a t 140° for 3 .5  hr and an aliquot was analyzed b y  vpc
(0 .5  m m ), k 26d 1 .4877 . using a 2 5 %  silicone rubber S E -3 0  on Chrom osorb W  column.

A n al. C alcd for Ci8H 280 :  C , 8 3 .0 2 ; H , 10 .84 . Fou nd: T h e chrom atogram  was identical w ith th a t of a control sample
C , 8 3 .1 5 ; H , 10 .60 . of la  which had been heated under the sam e conditions w ithout

T h e higher boiling fraction , w25d 1 .4928 , was approxim ately cata lyst. An additional 0 .8  g (0 .008  m ol) of peroxide was added
8 5 %  pure: nm r (C C h ) 5 7 .3 -7 .5  and 7 .8 - 8 .1  (m , 5 , arom atic), to the reaction m ixture and heating was continued for 5 .5  hr at
3 .1 -3 .6  (s, 1, C H ), and 0 .6 -1 .9  (m , 22 , C H 2, C H 3). Sm all 1 6 0 ° . O nly a slight change in the relative peak areas of 7-
signals a t  5 7 .1 8  and 2 .2 8  were a ttrib u ted  to the presence of the p entyl-6 -dodecanone (2 a) was observed for the heated samples,
lower boiling compound. T h e nm r and ir (n eat), 1685 (s) and w ith and w ithout peroxide, as compared to a chrom atogram  of
1715 (m ) cm -1  carbonyl absorptions, spectra were essentially  crude la  which had not been heated .
identical w ith those of au thentic 2-pentylheptanophenone, when 2 ,2 -Dipentylheptanal (9).— A m ixture of 75 g (0 .2 8  m ol) of
allowance was made for the absorptions arising from  the 7- 2,2-d ipentylhep tanoic acid, bp 1 4 9 -1 5 2 °  (0 .75  m m ), n 26d 1.4485
phenyl-6 -dodecanone. [ lit . 28 bp 1 6 7 -1 6 8 °  (2 m m )], and 119 g (1 m ol) of thionyl chloride

T h e 2-pentylheptanophenone was prepared (8 8 % ) b y  con- afforded 65 g (8 2 % ) of the acid chloride, bp 1 3 7 -1 3 9 °  (0 .5  m m ),
densing 2-pentylheptanenitrile w ith phenylmagnesium  brom ide, ?i 25d 1 .4530 .
bp 1 1 6-119° (0 .4  m m ), n 26D 1 .4940 . A n a l.  C alcd for C 17H 33C IO : C , 7 0 .6 6 ; H , 1 1 .43 . Fou nd:

A n al. C alcd for C 18H 280 :  C , 8 3 .0 2 ; H , 10 .84 . Fou nd: C , 7 0 .5 6 ; H , 11 .26.
C , 8 3 .2 9 ; H , 10 .86 . A m ixture of 60 g (0.21 m ol) of 2 ,2-d ipentylhep tanoyl chloride,

B . 1-Phenylcyclohexaneglyoxylic Acid ( Id ) .— A n 8 -g portion 150 ml of dry xylene, 8 .4  g of P d - B a S 0 4 ca ta ly st, and 0 .9  g of
of the crude acid was distilled through a spinning-band column quinoline-sulfur poison was heated a t 150° while H 2 was passed
to give 3 .7  g of product [bp 9 7 -9 9 °  (0 .2  m m ); ra25D 1 .5435 ; through it  for 60 hr according to the procedure of Hershberg
nm r (CC14) 5 10 .60  (s, 1, C 0 2H ), 7 .1 7  (m , 5, arom atic), and 1 .0 -  and C ason .29 I t  was worked up in the usual way to give 39 g
2 .7  (m , 10, C H 2), ir (neat) 3 0 0 0 -3 4 0 0  (s), 2 5 0 0-2700  (m ), and (7 5 % ) of aldehyde, bp 1 0 5 -1 0 8 °  (1 m m ), m26d 1 .4435 .
1700-1 7 5 0  cm -1  (s)] and a tarry  residue. A n a l.  Calcd for C 17H 34O : C , 8 0 .2 4 ; H , 13 .47 . Found:

A n al. C alcd for C i4H 160 3: C , 7 2 .3 9 ; H , 6 .9 4 . Fou nd : C , 8 0 .4 0 ; H , 13 .36.
C , 7 2 .4 9 ; H, 7 .1 7 . R eaction  of 2 ,2 -D ipentylheptanal (9) with Di-iert-butyl Perox-

D istillation  of 7 g of the crude acid a t  a  pot tem perature of id e.— A m odification of the m ethod of W ilt  and P h ilip 30 was
2 0 0 -2 2 0 °  produced 2 .7  g (4 8 % ) of m aterial: bp 1 3 5 -1 3 9 ° (5 adopted. A m ixture of 10 .2  g (0 .0 4  m ol) of 9 and 0 .5 8  g (0 .004
m m ); n 25d 1 .5490 ; nm r (CC14) 5 7 .0 -8 .0  (m , 5, arom atic), m ol) of di-iert-butyl peroxide was heated  a t 140° for 9 hr, allowed
3 .0 -3 .5  (m, 1 , C H C O ), and 1 .0 -2 .0  (m, 10, C H 2). T h e absorp- to cool, and distilled. T here was obtained 7 .1 g (7 8 % ) of 6 -
tions are consistent w ith those of cyclohexyl phenyl ketone. pentylundecane (10), bp 1 3 6 -1 3 8 ° (15 m m ), n n d 1 .4332 .

A n al. C alcd for C 13H 16O : C , 8 2 .9 3 ; H , 8 .5 7 . Fou nd : A n al. Calcd for C i6H 34: C , 8 4 .8 6 ; H , 1 5 .1 4 . Fou nd:
C , 8 2 .7 9 ; H , 8 .5 6 . C , 8 5 .0 6 ; H , 14 .98.

W eak signals in the nm r a t  S 9 .25  and 5 .5 -6 .5  were a ttrib u ted  Pyrolysis of 3,3-D ipentyl-2-oxooctanoic Acid ( la )  in  the
to im purities which presum ably included 1-phenylcyclohexane- P resen ce  of 3,3-D ipentylheptanal (9).— A m ixture of 7 g of
carboxaldehyde and 2-phenyl cycloheptanone, respectively . crude la  and 1.25 g of 9 was distilled through a  spinning-band

C. 3,3-D im ethyl-2-oxobutyric Acid ( l e ) .— A  6 -g sam ple of column to give a m ixture of unchanged 9 and 7-pentyl-6-dodeca-
freshly distilled le ,  bp 7 4 -7 6 °  (15 m m ), ti25d 1 .4222 [ lit .26 bp none (2 a ). T h e relative am ounts of aldehyde and ketone were
80° (15 m m )], was distilled through a spinning-band column determ ined by the nm r integration ratios of the aldehyde absorp-
with a pot tem perature of 2 2 0 -2 4 0 ° . Considerable foam ing tion a t  5 9 .33  and the ketone absorption a t 5 2 .3 8 . I t  was d eter-
occurred and there was obtained 1 .9 g of a  liquid, bp 1 2 0 -1 3 0 ° , mined th a t 0 .95  g (7 6 % ) of the aldehyde, 9, had been recovered.
n26D 1.3982 ( li t . 26 n 36’5d 1 .3931), for pivalic acid. T h is m aterial
also had the sam e reten tion  tim e as does pivalic acid on a silicone Registry No.— la , 26269-42-1; lb, 26269-43-2;
rubber vpc column. A pproxim ately 3 g of a brown oil rem ained j 26269-44-3: Id, 26269-45-4; le , 815-17-8; If,
in  the d istillation flask, and vpc analysis indicated th a t the vola- . , r  „ _ o c o c n  4 0  7 . ov. o e o o o  do n - 5 b
tile m aterial was m ainly pivalic acid . N o ketonic products were 4 3 0 4 - 4 9 - 8 ;  2 a ,  2 b 2 6 9 -4 8 -/  2D , 2D .122-46-U  3D ,
detected . 26269-49-8; 2-butylnonanemtnle, 19480-27-4; 2-

D . Cyclohexaneglyoxylic Acid ( I f ) .— T h e  attem pted  distilla- pentylheptanophenone, 26269-51-2; cyclohexyl phenyl
tion of the crude acid from  5 .2  g of ethyl cyclohexylglyoxylate ketone, 712-50-5: 2,2-dipentylheptanoic acid chloride,
produced a m ixture of a t  least four products and a considerable 26269-53-4 ' 9  ,'>6969-54-5 ■ 10, 7249-32-3

(24) L. H. Baldinger and J. A. Nieuwland, J .  A m er. Chem . S oc ., 55, 2851
(1933). (27) J. B. Wright, J .  A m er. Chem . S oc., 77, 4883 (1955).

(25) I. Heilbron, Ed., “Dictionary of Organic Compounds," 4th ed, Vol. (28) N. Sperber, D. Papa, and E. Schwenk, ibid... 70, 3091 (1948).
5, Oxford Press, New York, N. Y., 1965, p 3187. (29) E. B. Hershberg and J .  Cason, “Organic Syntheses,” Coll. Vol. I l l ,

(26) P. G. Stecher, Ed., “The Merck Index,” 8th ed, Merck & Co., Wiley, New York, N. Y., 1955, p 627.
Rahway, N. J., 1968, p 841. (30) J. W. Wilt and H. Philip, J .  Org. C hem ., 26, 891 (1960).
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Polyfluoroalkyl hypochlorites add readily and, in m ost cases, nearly qu antitatively  to both  unsubstituted and 
halogen-substituted term inal olefins. T h e direction of addition is such th a t when the hypochlorites are added 
to  unsym m etrical olefins the principal product is an ether in which the chlorine atom  of the hypochlorite has 
becom e bonded to the olefinic carbon bearing the greatest electron density.

W e have recently described the preparation of several Infrared  spectra were obtained using a P erk in -E lm er M odel 
members of a new class of compounds, the polyfluoro- *3 7 B  spectrophotom eter. N uclear m agnetic resonance spectra 

alkyl hypochlorites, 1 - 8  and have shown that they un- obtailled wlth a J E 0 L C 0  C60H or Varian 5&~m  spectrom-
dergo facile and nearly quantitative insertion of carbon A ll th e  ethers were prepared in th e  same general m anner : 
monoxide or sulfur dioxide into the oxygen-chlorine A sm all am ount ( ~ 3 - l 5  m m ol' of the desired hypochlorite
bond to produce chloroformâtes and chlorosulfates, re- (R fO C l) was condensed into a  30-m l stainless steel cylinder using
spectively . 8 •4 Sch ack and coworkers have also prepared standard vacuum  techniques and a, n ickel-M onel vacuum  sy stem .

,  , , , . .  , , i • a  f  , 1  he tem perature of th e  reaction cylinder was then  brought to  a
some of these compounds5'6 and have briefly described tem perature a t  which the hypochlorite was liquid b u t had  a
the addition of trifluoromethyl hypochlorite and penta- rather sm all vapor pressure. Increm ental portions of the olefin
fluorosulfur hypochlorite to two fluorinated olefins, te t- were then  added to  th e  reaction cylinder through pressurization,
rafluoroethylene and chlorotrifluoroethvlene.7 an<b  wh en a stoichiom etric am ount of the olefin had been added,

W e have investigated a more extensile series of reac- tbe e +was to to  tem peratu re.
, -i i n  n i i  i i - i  lra p -to -tra p  fractionation  followed (m  some instances) b y  g a s -

tions between, the polyfluoroalkyl hypochlorites and se- liquid chrom atography using a 0 .2 5  in . X  12 f t  column packed
lected olefins and have shown that the reaction is quite w ith  K e l-F  N o. 10 oil on Teflon (2 0 %  b y  w eight) usually pro
general for terminal olefins and that, in most cases, the duced a pure product.
addition is nearly quantitative and predominantly uni- ^ h e experim ental conditions for preparing these compounds 
,• . .  i m i. v j  ,■ , i , are given in T ab le  I .  Spectroscopic values are provided m

directional. The generalized equation below represents Table IL T h e dehydrochlorination of C F 30 C H 2C H 2C1 was
the reactions and products described in this work. performed by  condensing approxim ately 3  mmol of C F 3O C H 2C H 2-

C1 into a  75-m l stainless steel cylinder containing about 5 g of 
y  \  y  K O H  pellets. T h e m ixture was then  heated  to  100° and m ain-

R fO C l +  C = C  — >■ R jO C — C —C l tained a t th is tem perature for about 16 h r. T h e  resu ltan t
/  \  /  \  C F 3O C H = C H 2 was purified by  trapping i t  a t  —1 5 8 ° . T h e

-P, „p, , „ „  p, „  TT _  p  im purities, which were more v olatile , passed to  a — 196° trap .Jtif = 1 r 3 ; Olenn = Id';, O2Ü4, !,
C,H,C1, C F 2C H 2, C F 3O C H = C H 2

Rf = ¿-C3F7- ;  olefin = C2F 4 Discussion
Rf = (CF3)aC-; olefin = C2F4, C2H4

Rf ='SFt- ;  olefin = C2F4, C2H4 The high-yield (> 9 0 % ) additions of polyfluoroalkyl
hypochlorites, RfOCl, to olefins under even the most 

In  appropriately substituted cases, the polyhalo- stringent conditions (i.e., direct combination of undi
ethers were dehydrohalogenated to yield perfluoroalkyl luted reactants in substantial amounts) is in marked

, ,, p, p i  __ . p . , contrast to the behavior of RfOF analogs with the same
vinyl ethers, R fO C = C < , providing a simple route to olefins. Cad for example, has shown th at C F 3O F
the synthesis of such materials. reacts violen%  with tetrafluoroethylene, C F 2= C F 2,

over a wide range of conditions and in almost all eoncen- 
Experimental Section trations to yield polytetrafluoroethylene and degrada-

a tion products rather than the adduct C F 3O C F 2C F 3.8

hypochlorite were prepared b y  m ethods previously described .1 -3  . c a s e  01  ethylene, addition ol C r 3OI was only pos- 
E th y len e  was obtained from  th e  M atheson Com pany and chloro- sible under conditions of gas-phase mixing at very high 
trifluoroethylene from  Peninsular C hem R esearch. V inyl chloride dilution with inert gas. 9 Additions of the bifunctional 
and tetrafluoroethylene were obtained from  th e  Allied C hem ical fluoroxy compound C F 2(O F ) 2 to fluoro olefins were only 
C orporation s P lastics and Sp ecialty  Chem icals D ivisions, , , , ,  , , .  , ,  '£
resp ectiv ely . ’ possible when the gas-phase reactions were greatly mod-
___________ erated by an inert diluent, and even then explosions

were common . 10

n̂ °TiWv0mr'COrijeST0npenAejhouldl̂ a,̂ dvSsed' j , Because of the great difficulty in moderating the ad-
Commun., 1564 (1968). ditions ol RfUF compounds to olefins, the direction of

(2) d . e . Gould, l . r . Anderson, d. e . Young, and w. b . Fox, j . Amer. addition to unsymmetrically substituted double bonds
Chl v  D°CE 91YoungO l T  Anderson, D. E. Gould, and W. B. Fox, H id .. ^  0Illy  b een  established in One Case. WilliamSOn” '12
92, 2313  (1970). has shown that the carefully moderated addition of

(4) D. E. Young, L. R. Anderson, D. E. Gould, and W. B. Fox, T etra
hedron  L ett., 723 (1969). (8) R. S. Porter and G. H. Cady, J .  A m er. Chem . S oc., 79, 5625 (1957).

(5) C. J. Schack and W. Maya, J .  A m er. Chem . S oc ., 91, 2902 (1969). (9) J. A. C. Allison and G. H. Cady, ib id ., 81, 1089 (1959).
(6) C. J. Schack, R. D. Wilson, J. S. Muirhead, and S. N. Cohz, ib id ., (10) F. A. Hohorst and J. Shreeve, In org . C hem ., 7, 624 (1968).

91, 2907 (1969). (11) S. M. Williamson and G. H. Cady, ib id ., 1, 673 (1962).
(7) W. Maya, C. J. Schack, R. D. Wilson, J. S. Muirhead, T etrahedron  (12) R. D. Place and S. M. Williamson, J .  A m er. Chem . S oc., 90, 2350

Lett., 3247 (1969). (1968).
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T a b l e  I

P r epa r a tio n  op th e  E t h e r s '*
Fractiona-

Reaction Bp, tion ,--------% C-------- , .--------■% F-------- . .-----------%  Cl----------- .
Ether Reactants temp, °C °C temp,6 °C Calcd Found Calcd Found Calcd Found

C F 3O C F 2C F 2CI C F 3OCI - 8 0  1 0 .6 ' - 1 1 1  1 6 .3 4  1 6 .3 4  6 0 .3 2  6 0 .1 0
C F 2= C F 2

C F 30 C H 2C H 2C1 C F 3OCI - 8 0  63 - 6 3  2 3 .9 1  2 5 .3 9
C H 2= C H 2

C F 30C H C 1C H 2C1 C F 3O Cl - 1 1 1  - 4 5  1 9 .7  1 9 .0 4  3 1 .1 5  3 0 .5 0  3 8 .8  3 7 .7 1
C 1 C H = C H 2

C F 30 C F 2C H 2C1 C F 3O Cl - 8 0  40  - 8 0  1 9 .5 1  1 9 .4 7  5 1 .4 9  5 1 .0 0
C F 2= C H 2

(C F sO )2C H C H 2C1 +  C F 3O C l - 1 1 1  - 4 5  1 7 .9 8  1 7 .6 2  4 2 .7 0  4 1 .3 9
C F 30C H C 1C H 20 C F 3 C F sO C C 1 = C H 2

C F 30 C F 2CFC12 +  C F 3O Cl - 8 0  - 8 0  2 9 .9 3  2 9 .2 9
C F 30 C F C 1 C F 2C1 C F 2= C F C 1
(C F 3)2C F 0 C F 2C F 2C1 i-C 3F ,O C l - 2 0  54 - 1 1 1  1 8 .7 2  1 8 .5 8  6 5 .2 1 ,  6 4 .8 2

C F 2= C F 2
(C F 3)2C H 0 C F 2C F 2C1 (C F 3)2C H 0C 1  80 - 8 0 .  1 9 .8 3  1 9 .5 0  6 2 .8 0  6 2 .5 6

C F 2= C F 2
(C F 3)3C 0 C H 2C H 2C1 (C F 3)3C 0C 1 - 4 5  - 4 5  2 4 .1 2  2 4 .0 8  5 7 .2 9  5 7 .0 0  1 1 .8 9  1 1 .8 5

C H 2= C H 2
(C F 3)3C 0 C F 2C F 2C1 (C F 3)3C 0C 1 - 4 5  80 - 8 0  1 9 .4 3  1 9 .3 1  6 6 .6 7  6 6 .1 0  9 .5 7  9 .9 5

C F 2= C F 2
S F 60 C H 2C H 2C1 S F 5OCI - 8 0  - 6 3  4 6 .0 0  4 6 .9 3  (1 5 .4 9 )  (%  S =  14.85)

C H 2= C H 2
S F 60 C F 2C F 2C1 S F 5OCI - 8 0  - 1 0 0  8 .6 3  8 .2 5  1 2 .7 4  1 2 .6 7

C F 2= C F 2 (1 1 .5 0 )  ( % S  =  11.01)
0 Several of the ethers described here have been previously prepared by  others, some by alternate m ethods (C F 3O C F 2C F 2C l,<i C F 3O CH 2- 

C H 2C1,* and t-C 3F 7 0 C F 2C F 2C P ) and others by  essentially th e  same m ethod (C F 30 C F 2C F 2C1, S F 50 C F 2C F 2C1, and the m ixture of 
C F 30 C F C 1 C F 2C1 +  C F 30 C F 2CFC127). 6 T h e  fractionation tem perature is the higher tem perature trap for a trap-to-trap  fractionation. 
T h e  second trap  was invariably set a t  — 196°. '  See ref 7. d A. V . Tum anova, V . A. Gukanov, and I .  M . D olgopol’sk, Zh. Obshch. 
K h im .,  35, 587 (1965). * P . E . Aldrich and W . A. Sheppard, J .  Org. C hem ., 29, 11 (1964). t  H . R . N ychka and R . E . E ib eck , private 
comm unication.

^  ̂ , • 1 1 r- 1 c<̂  ^  X-n density between the two carbon atoms of the olefin, and
SF6OF to unsymmetncal olefins produces SF6O C -C F  in cageg where this ig smal] (C F ^ C F C l, C F3C F = C F 2)

adducts in which the fluorine atom of the OF group adds significant amounts of both isomers are formed, 
to the carbon with the l&ast electron density. The very highly fluorinated ethers, R fOCF2C F2Cl,

For the cases investigated here, the polyfluoroalkyl formed when tetrafluoroethylene is the substrate for
hypochlorites, R {OCl, behave toward olefins in a man- hypochlorite addition, are exceptionally stable com-
ner more closely resembling that of alkyl hypochlorites, pounds. They undergo little or no change when held 
ROC1, than of the fluoroxy compounds, RfOF (i.e., they at temperatures in excess of 400° for over 1 week and 
add nearly quantitatively and predominantly unidirec- may be held over KOH pellets at room temperature 
tionally across the double bond). The direction of ad- without harm (higher temperatures were not studied).
dition for both R fOCl and ROC1 is the same, with the The less highly fluorinated ethers, such as C F3OCH2- 
result that a bond between the most electron-rich car- CH2C1, which have chlorine and hydrogen bonded to
bon of the alkene with the chlorine atom from the hypo- adjacent carbon atoms, readily undergo dehydrohalo-
chlorite is formed. For instance, in the reaction of genation as mentioned above. The resultant fluoro
CF3OCI with C F2= C H 2, it was shown by 19F  and olefin can then be reacted again with the same or an al-
nmr studies that the CF30 C F 2CH2C1 isomer comprised ternate hypochlorite. In this way a number of inter-
96% of the ether product. The resonance signal of the esting polyfluoroethers can be prepared. A simple ex-
—C i v  fluorines was observed as a 1 : 5 : 1 0 : 1 0 : 5 : 1  sex- ample of this buildup is represented by the equations
tet, the multiplicity being attributed to near equiva- below.
lence of the magnitude of J f h  and J Ff . Furthermore, CFiioci CF 30 C H 2C H 2C1
the direction of addition in the reaction of C F3OCI and
vinyl chloride provided C F30CHC1CH2C1 and not C F 30 C H 2C H 2C1 ^  C F 3O C H = C H 2
C F30C H 2CHC12. The configuration of the ether was
indicated by the proton nmr spectrum of its dehydro- C F 3O C H = C H 2 +  C F 3O Cl >
chlorination product. The latter, a vinyl ether which (C F 30 ) 2C H C H 2C1 +  trace  of C F 30C H C 1C H 20 C F 3

was recovered as the sole product of the dehydrochlo-
rination in near-quantitative yield, was found to contain Although our studies of this area have not been sum-
a terminal = C H 2 group. Such a group would not re- ciently extensive to define the limits of its applica
n t  from the dehydrochlorination of C F30C H 2CHC12 bility, even the most cursory examination of the rather
but would be expected from C F30CHC1CH2C1. large number of fluorinated hypochlorites and olefins

The predominance of the favored isomer is, ex- available suggests that quite large numbers of fluonne-
pectedly, related to the degree of difference in electron containing polyethers may be possible by this method.
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One surprising aspect of this study is that attempts metrical olefins, i.e., C F2= C H 2, argues for a “C1+” type
to add trifluoromethyl hypochlorite to either perfluoro- mechanism rather than a radical process, but the defini-
2-butene or perfluoro-2-butyne were unsuccessful, tive experiments with radical inhibitors and with certain 
though in each case the reaction mixture was heated to specialized olefins have not been performed, 
the decomposition point of the hypochlorite ( ~  150 °).

The mechanism for the reactions described here re- Registry No.-—Pentafluorosulfur hypochlorite, 22675-
mains uncertain. The direction of addition to unsym- 70-3.

Halogenated Ketenes. XV. Studies on Aldohalo- 
and Aldoalkylketene Cycloadditions1

W illiam  T. B rady* and E dwin F. H o ff, J r .

D epartm ent o f  Chem istry, N orth T exas S ta le U niversity, D enton, T ex as 76303  

Received, M ay  1, 1970

T h e  dehydrohalogenation of haloacetyl halides in the presence of cyclopentadiene produces the corresponding
1,2 cycloadducts of fluoro-, chloro-, and brom oketenes. These unsym m etrieal aldohaloketenes undergo cycloaddi
tion stereospecifically to produce only the endo-halo isomer. M ethyl-, ethyl-, and isopropvlketenes were pre
pared in an analogous m anner and the cycloadditions w ith cyclopentadiene were also stereospecific to  yield 
only the endo-alkyl isomers. T h e results are discussed in term s of the principle of orbital sym m etry conserva
tion.

The cycloaddition of ketoketenes and olefins has re- workers on the cycloaddition with an enamine.7 Con
ceived a lot of attention in the literature in the past few sequently, the purpose of this paper is to describe the
years. However, there have been essentially no reports preparation of fluoro-, chloro-, and bromoketenes and
on cycloadditions involving aldoketenes, presumably relate the stereochemistry of the cycloadditions with
because of the instability of these ketenes and the neces- cyclopentadiene and also the stereochemistry of some
sity of performing in  situ reactions. Since aldoketenes aldoalkylketene cycloadditions. Two preliminary re-
are unsymmetrieal, the possibility exists for the forma- ports of this work have appeared.8'9
tion of two stereomers in the (2 +  2) cycloaddition reac
tion as illustrated with cyclopentadiene. Unsymmet- Results

R H Fluoro-, chloro-, and bromoketenes were prepared by
R __ 1 I the dehydrohalogenation of the appropriately substi-

's-c= c_ q + f ~ \  __„ /  /  n H /  / n R tuted acetyl halide with triethylamine at —78°. The
jj/  j  ( j  ( ketenes could not be isolated but could be trapped by

C J>  performing the cycloadditions in the presence of cyclo
pentadiene. The ketenes appeared to be quite stable

rical ketoketenes are, of course, also possible but the 0
stereochemistry of these cycloadditions has apparently ||
gone unnoticed. Hasek and Martin have reported the CH2X— C— X' + E t3N ►
preparation of the cycloadduct of butylethylketene with X = F, Cl, Br
cyclopentadiene but only mentioned that two isomers X' = Cl or Br
were apparently formed as evidenced by vpc.2 Jaz and 0 h
Denis have recorded in a communication the prepara- \ /
tion of adducts of methyl-, ethyl-, n-propyl-, isopropyl- \ j = c = o  CsH<i> f  (
and n-butylketenos with cyclopentadiene but no men- /  /  \
tion was made about the stereochemistry.3 We have H
recently reported on the stereochemistry of alkylhalo- I, X = F
ketene (unsymmetrieal ketoketenes) and cyclopenta- II, X = Cl
diene cycloadditions.4 *“6 I l l ,  X = Br

Continuing our efforts in studies involving the prepa- . .
ration and cycloaddition of halogenated ketenes, we in the reaction mixture at — 78 but upon warming o
have investigated the aldohaloketenes. There has room temperature polymerized to a blac ' tar. e cy-
been only one report on this type of ketene and this was cloaddition with cyclopentadiene does not occur a
simply the mention of chloroketene by Opitz and co- — 78 as w'arming to room temperature is necessary o

produce the bicyclo [3.2.0]hept-2-en-6-ones.
* To whom correspondence shonid be addressed. Fluoroketene was also trapped wdth diisopropylcarbo-
(1) Paper X IV :  W. T. Brady and R. Roe, Jr., J .  A m er. Chem . S oc., 92, . ,  .  0 i j i „ „ i  o 14618 (1970). dnmide to form the 1,2 cycloadduct, 3-fluoro-l-isopro-
(2) J. C. Martin, G. P. Gott, V. M. Goodlett, and R. H. Hasek, J .  Org.

C hem ., 30 4175 (1965). (7) G- Opitz, M. Kleemann, and F. Zimmermann, A ngew . C hem ., 74, 32
(3} E. Jaz and E. Denis, B u ll. S oc . C him . Beiges, 76, 845 (1966). (1962).
(4: W. T. Brady and B. M. Holifield, Tetrahedron  L ett., 5511 (1966). (8) W. T. Brady and E. F. Hoff, Jr., J .  A m er. C hem . S oc ., 90, 6256
(5: W. T. Brady and B. M. Holifield, Tetrahedron, 23, 4251 (1967). (1968).
(6; W. T. Brady, R. Roe, Jr., E. F. Hoff, Jr., and F. H. Parry, III, J .  (9) W. T. Brady, E. F. Hoff, Jr., R. Roe, Jr., and F. H. Parry. III. ib id ..

Arner. Chem . S oc., 92, 146 (1970). 91, 5679 (1969).
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pyl-4-isopropyliminoazetidin-2-one which has been re- of bromination was the same as that obtained by the 
ported elsewhere.10 bromination of V II.5

Both the endo- and exo-halo isomers were expected 
from each of the systems since the cyclopentadiene ad- 0  Br 0  Br
ducts from methylchloro- and methylbromoketenes ft I ft |
were a mixture of isomers.4'6 However, distillation of /  / XCH Br, /  / XCH,
the reaction products yielded only one fraction which j  \ *" j  \ gr
contained cycloadduct. An extensive vpc analysis in- > < r^ H
dicated only one isomer was present. A check of the yg
reaction mixture prior to distillation also revealed only ygj
one isomer.

In an effort to make a structural assignment of the Also, the pmr spectrum of the hydrogenated IV re
single isomer produced in each system, the endo-chloro vealed a shift (~ 2  cps) in the methyl resonance,
adduct (II) was synthesized by an independent method.
The cycloadduct of dichloroketene and cyclopentadiene, n H h
7,7-dichlorobicyclo[3.2.0]hept-2-en-6-one, was stereo- ft__ I ft__ j
selectively reduced with tri-n-butyltin hydride11 to pro- /  /  x cH3 h, /  /  NCH3

duce only the endo-chloro isomer.12 The pmr spectrum j  \ pT*" t  \

o 9 o ?
^—-X —J l Compounds V and VI were also found to be the endo-

/ _ _ /  ci n-Bu,SnH> /  /  cl alkyl isomers by pmr analysis of the brominated ad-

Q  O
Discussion

of this compound was compared to the pmr spectrum of In the preparation of the aldohaloketene-cyclopenta- 
the chloroketene-cyclopentadiene adduct and the two diene adducts, the addition of the acid halide to the re-
were identical.12 The pmr spectra of the fluoro- and action solution at — 7S° results in the immediate forma-
bromoketene cycloadducts with cyclopentadiene were tion of an insoluble salt. However, the cycloadduct is
found to be consistent with assignment as the endo not produced at this temperature, not even after 48 hr,
isomers. but. upon warming to room temperature the cycload-

Molecular models reveal that the endo halogen is duct is readily formed. The exothermic nature of the
right over the residual 7r system of the diene. There- dehydrohalogenation and decreased yields are detrimen-
fore, in an effort to determine if the halogen was causing tal to effecting the dehydrohalogenation at room tem-
theendo specificity, the investigation of some aldoalkyl- perature or higher. It is very likely that the salt ini-
ketene systems was undertaken. The dehydrochlorina- tially formed is the acyl ammonium salt which upon
tion of propionyl chloride, butyryl chloride, and isova-
leryl chloride with triethylamine in the presence of cy- 9  9
clopentadiene produced the corresponding 1,2 cycload- C H 2X — C— X  +  E t 3N  — >- C H 2X — C— N E t3 X  — >-
ducts of methyl-, ethyl-, and isopropyllcetenes. Only X
one isomer was produced in each system. \

C = c = 0  +  E tsN H X

0 H7
J L  Bt,N

R CH2 C Cl ► warming decomposes to the ketene. Such an acylam-
q H monium salt is known and has been characterized.13

g ft I Integration of the pmr spectrum of I revealed that
\ ;= C = 0  CbH6) /  /  R the area for the vinyl resonance was too large and the 

jj/  /  \ area for the proton geminal to fluorine was too small.
This was due to the large coupling constant (55 cps)

IV, R = Me of fluorine which caused half of the resonance for this
V, R = Et proton to occur downfield under the vinyl resonance.

VI, R = ¿-Pr This was demonstrated by bromination which elimi
nated the vinyl resonance and revealed a multiplet of

The pmr spectrum of IV clearly revealed that only the equal area, 55 cycles downfield from the resonance as-
endo-methyl isomer had been produced. Also, the pmr signed to the proton geminal to fluorine. The bromi-
spectrum of a brominated IV revealed that the product nated product could not be distilled nor chromato

graphed; thus further characterization was not achieved.
(10) W. T. Brady, E. D. Dorsey, and F. H. Parry, III, J .  Org. Chem .. 34, A  m 0 re  Convincing proof of Structure resulted from

2846 (1969). hydrogenation of I and complete characterization of the
™ G' Kmvila’ Ac‘:ounts Chem- Ses-< 209 (1968). product. The pmr spectrum of the hydrogenated prod-

(12) This same enao-ehloro isomer was prepared by the zine-acefcie acid „ , i i i / • i i i t i c
stereoselective reduction of the dichloroketene-cyclopentadiene adduct by revealed a multiplet (area equivalent to One-half
Professor Andre’ Dreiding of the University of Zurich [M. Rey, U. A. Huber, p ro to n ) w h ich  Was 5 5  Cycles doWIlfield fl’Om th e  reSO- 
and A. S. Dreiding, Tetrahedron Lett., 3583 (1968)]. The pmr spectrum of
this compound was also identical with that of the chloroketene-cyclo- (13) (a) H. Adkins and Q. E. Thompson, J .  A m er. Chem . S oc., 71, 2242
pentadiene adduct. (1949). (b) G. B. Payne, J .  Org. Chem ., 31, 718 (1966).
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nance assigned to the proton geminal to fluorine (area q Br 0  ¿'Pr
one-half proton). (427) H H V _ J

Bromoketene underwent cycloaddition to produce y  /  >Pr y  / q g r
only about a 5%  yield of the cycloadduct compared to /  \ j V
40% for the fluoroketene adduct and 60%  for the chlo- 
roketene adduct. All of the preparations are accom
panied by the formation of a black tarry substance showed a resonance at S 3.97 for this same hydrogen.1 
which is the result of a competing polymerization reac- Bromination of the isopropylketene-eyclopentadiene 
tion of the ketene. Apparently, bromoketene is more adduct resulted in the appearance of a characteristic res-
susceptible to this undesirable polymerization or less re- onance at 5 4.25 and no resonance at 5 3.97.14
active toward cycloaddition. In summary, all of the aldoketenes investigated in

The methylketene adduct with cyclopentadiene was this work were observed to undergo stereospecific cyclo-
prepared utilizing the procedure and conditions which addition with cyclopentadiene under the conditions
were so successful for the chloroketene system. This described.
resulted in a very low yield (~ 10% ), but the reaction Woodward and Hoffmann have recently reported 
conditions and solvents were varied to increase the yield that in order for a (2 +  2) cycloaddition to be symmetry
to about 35%. The pmr spectrum of IV revealed a allowed as a thermal, concerted process, the reacting
methyl doublet at 5 0.99. Martin and coworkers have molecules must approach one another in an orthogonal
reported that the pmr spectrum of the dimethylketene- manner. Ketenes are considered to play an antara-
cyclopentadiene adduct showed the methyl resonance facial role (r2 s +  7r2a) in the cycloaddition as illus-
at 5 1.28 and 0.93.2 We have recently demonstrated in trated.16 Steric repulsion prevents the approach of the
two methylhaloketene-cyclopentadiene systems that
the upheld resonance was endo-methyl and the down- jj .
field resonance the exo-methyl. Thus, the methyl reso-
nance at 5 0.99 observed in this system must be due to 0  I V  /O
endo-methyl. ----- !— (% ------

The cycloaddition of ethylketene to cyclopentadiene R I A
results in the isolation of only one isomer of 7-ethylbicy- *T+) 0
clo[3.2.0]hept-2~en-6-one as evidenced by vpc. The 
pmr spectrum did not indicate which isomer was pro
duced. Bromination resulted in the replacement of the olefin on the side of the much larger R  group. Also, in
proton geminal to the ethyl group by bromine. the sterically preferred approach, the bulky substituent

on the olefin is away from the ketene hydrogen. These 
0  Br steric considerations in the orthogonal transition state
Ip—-7%  lead to the prediction of a strong preference for the endo

V + Br2 — *■ / —(  isomer. Since this is exactly what we have observed,
/  \ y  r this represents an excellent correlation with the recent

theoretical developments in this area.
IT nr

Both endo and exo isomers have been reported for a Experimental Section
number of alkylhaloketene-cyclopentadiene cycload- Y p C separations were accomplished w ith an Aerograph A P-49
ducts. The pmr spectra of these compounds have been or V arian  M odel 1525-B instrum ent, using therm al conductivity
thoroughly investigated and a pattern observed for endo detectors. Separations were achieved employing a 10 f t  x  4A in . 
and exo isomers. The isomers of the ethylbromoketene “ ’j’T 111 Packed w ith *5% U con 50 HB B ° l “ ' an<*
cycloadduct are easily distinguished by a consideration column packed with 10% QF-1 on Chromosorb W (acid washed) 
of the chemical shift of the proton on carbon atom num- 60-80 mesh.
ber five.1 This resonance occurs at 5 4.26 when the , A iT,, , , 7T ,, .. _  (14) It was expected that the bromination of IV, V, and VI would proceed
ethyl group is endo and 5 3.90 when exo. 13rOmination through the enol form of the cycloadduct and produce both endo- and exo-
of the ethylketene adduct produced a spectrum like bromo isomers. Since both isomers were not produced, another pathway

o f  o  f  V / E ° W R

O R  Q
that of the ethylbromoketene cycloadduct with a reso- A /  \\ /
nance at 6 4 .3 and no resonance at 3 .90 .14 / ' y ' B r  /  / X R

Also, only one isomer was produced in the isopropyl- t  \ H + j  \ H
ketene-cyclopentadiene system and this was the endo > / \
isomer as evidenced by bromination and subsequent Br' >̂<sH Br Br'^<̂ H !
pmr analysis. The pmr spectrum of the endo-isopropyl
isomer of the isopropylbromoketene-cyclopentadiene was indicated whereby a retention of configuration occurred at C?. This is 

, , , , , , .  . C%n c  11 i supported by the fact that IV was established to be endo-methyl isomer by
adduct had a resonance a t 5 4 .27 for the proton on car- pmr; yet bromination afforded only the endo-methyl isomr.
bon atom number five. The exo-isopropyl isomer (15) R. B. Woodward and R. Hoffmann, Anjeir. CAem., 81, 797 (1969).
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P m r spectra were obtained w ith a V arian A -60  nuclear m agnetic brom oaoetyl brom ide was added dropwise. A fter w arm ing to  
resonance spectrom eter, employing tetram ethylsilane as th e  room  tem perature, the amine sa lt was removed and th e  solvent 
in ternal standard  a t 2 5 ° . evaporated on a rotorary evaporator. Su ch a sm all am ount of

A ll solvents were dried and purified b y  distillation from  liquid remained th a t distillation was not attem p ted . P u rification
calcium  hydride or lith iu m  alum inum  hydride and subsequently was accomplished b y  vpc and estim ations ind icated  the yield
stored over calcium  hydride or m olecular sieves 4A . was approxim ately 5 % : ir 1795 ( C = 0 )  and 1617 c m -1  ( C = C ) ;

F luoroaeetyl chloride was prepared from  sodium fluoroacetate pm r (CC14) 8 2 .6  (m, 2 H ), 3 .87  (m , 2 H ), 5 .1 4  (m , 1 H ), and
and phosphorous pentachloride according to the procedure of 5 .8  (m , 2 H ).
T ru ce .16 A ll of the other acid halides were prepared from  A n a l.  C alcd for C 7H 7B rO : C , 4 4 .8 ; H , 3 .7 4 . Fou nd : 
com m ercially available acids b y  standard procedures. C yclo- C , 4 5 .1 ; H , 3 .96 .
pentadiene was obtained b y  therm ally cracking com m ercially 7-M ethylb icyclo[3 .2 .0 ;jiep t-2-en-6-one (IV ).— T o  a  refluxing 
available dicyclopentadiene a t  about 140°. T ri-n -b u ty ltin  solution of 50 g (0 .5  m ol) of triethylam ine, 165 g (2 .5  m ol) of
hydride was prepared from  com m ercially available tri-n -b u ty ltin  cyclopentadiene, and 1 0 0  ml of hexane was added dropwise 46 g
chloride and lithium  alum inum  hydride . 17 T h e d ichloroketene- (0 .5  m ol) of propionyl chloride. A fter the addition was com -
cyclopentadiene adduct was prepared by  the dehydro chlorination p lete, refluxing was continued 1 .5  hr and then the reaction
of dichloroacetyl chloride in the presence of cyclopentadiene .18 m ixture was allowed to cool to room  tem perature overnight.

7-Flu orobicyclo[3.2.0]hept-2-en-6-one ( I ) .— A solution con- T h e  amine sa lt was removed by filtration , the solvent evaporated,
tain ing 40 g (0 .395 m ol) of triethylam ine and 120 g (1 .87  m ol) of and the residue distilled a t  6 0 -6 5 °  (4 .7  m m ) to yield 57 g of a
cyclopentadiene in  125 ml of ether was cooled to —7 8 ° . A 34 .5- m ixture of IV  and dicyclopentadiene. V pc was necessary to
g (0 .35  m ol) portion of fluoroaeetyl chloride was added to the accom plish a separation and revealed th a t approxim ately 20  g
cold solution dropwise and w ith stirring over a  period of about 30 (3 3 % ) was produced. T he ir and pmr d ata  were consistent w ith
m in. A fter the addition was com plete, the cold b ath  was re- those already in the literatu re . 3
m oved and the reaction  m ixture,w as allowed to  warm to  room  Hydrogenation of 7 -M ethylbicyclo[3 .2 .0]hep t-2-en-6-one.— A
tem peratu re overnight. T h e  originally w hite colored sa lt turned m ixture of 0.1 g of palladium  black  and 50 ml of absolute ethanol
brow n as the tem perature rose. T h e sa lt was removed b y  filtra- was stirred for about 1 hr a t 27° under a hydrogen atm osphere
tion  and the filtra te  concentrated on a ro tatory  evaporator. T h e  and then 1 .6 g (0 .013  m ol) of IV  was in jected  into th e  system ,
concentrate was distilled a t 7 3 .5 °  (4 .5  mm) to yield 17 .5  g (4 0 % ) W hen hydrogen was no longer absorbed, the solution was concen-
of the adduct: ir 1800 ( C = 0 )  and 1605 cm -1  ( C = C ) ;  pm r trated  by  distillation of the alcohol and the product purified by
(C C h ) 8 2 .6  (m , 2 H ), 3 .4 5  (m , 1 H ), 3 .8 5  (m , 1 H ), 5 .5 2  (m , vpc a t  125° using the U con-O ronite colum n: ir 1744 c m -1
1 H ), and 5 .87  (m , 2 H ); the pmr employing a  fluorine decoupler ( C = 0 ) ,  no C = C ;  pm r (CC14) 8 0 .95  (d, 3 H ), 1 .72  (m , 6  H ),
dem onstrated the presence of fluorine. 2 .9 5  (m, 2 H ), and 3 .5  (m , 1 H ).

A n a l.  Calcd for C7H 7F O : C , 6 6 .6 5 ; H , 5 .5 9 . Fou nd : Brom ination of 7-M eihylbicyclo[3 . 2 .0 ]hept-2 -en-6 -on e .— B ro-
C , 6 6 .5 0 ; H , 5 .5 5 . _ m ine was slowly and cautiously added dropwise to a 3 0 %  solution

Brom ination of 7-Fluorobicyclo[3 .2 .0 ]hept-2 -en-6 -one. A 0 .16- of IV  in C C h in an nm r tube. T h e  addition was done in ter-
g (1 .3  m m ol) portion of I  in  0 .25  ml of C C h in an nmr tube was m itten tly  and continuously until the pm r spectrum  revealed no
treated  w ith a  solution of 0 .20  g (1 .27  m m ol) of brom ine in 0 .2 5  resonance for vinyl protons. How ever, th is spectrum  also
ml of CC14 w ith in term itten t agitation . T h e pm r spectrum  showed the proton gem inal to the m ethyl group had been dis-
revealed th a t saturation of the vinyl region had occurred because placed b y  brom ine; this was obvious because the m ethyl doublet
the v inyl resonance disappeared and upfield resonances were (8  0 .9 9 ) disappeared and a singlet appeared downfield a t 8 1 .9 .
more com plicated. How ever, elim ination of the v inyl resonance A ttem p ts to purify the brom inated product resulted in  decom -
revealed the other half of the resonance for the proton gem inal position.
to  fluorine.  ̂ _ 7-Ethylbicyclo[3.2.0]hept-2-en-6-one (V ).— A gently  refluxing

H ydrogenation of 7-Flu orobicyclo[3.2.0]hept-2-en-6-one. A solution of 34 g (0 .336 m ol) of triethylam ine, 6 6  g (1  m ol) of
m ixture of 0.1 g of palladium  black  and 50 ml of absolute ethanol cyclopentadiene, and 100 ml of CC14 was treated  w ith a 32-g
was stirred  a t 27 under a hydrogen atm osphere. A 1 .4  g (0 .3 0  m ol) portion of bu tyryl chloride dropwise over a  15-m in
(0.01 mol) portion of I  was in jected  into the system  and hydrogen period. Refluxing was continued for 1 .5  hr and the solution was
absorbed continuously for 1 .5 hr and more slowly for another 3 allowed to cool overnight. Rem oval of sa lt, concentration of the
hr. A to ta l of 252 ml (0.01 m ol) of hydrogen was absorbed. filtra te , and distillation resulted in 14 g (3 4 % ) of V  a t 7 0 -7 1 .5 °
T h e  alcohol was rem oved b y  distillation and the hydrogenated (4 .7  m m ): ir 1773 ( C = 0 )  and 1613 cm “ 1 ( 0 = 0 )  ■ pm r (C C h)
product purified by vpc a t  150° on a 10 f t  X  'A  in. X F -1 1 5 0  8 1 .02  (m , 3 H ), 1 .90  (m , 2 H ), 2 .4 5  (m , 2 H ), 3 .2 -4 .1  (m , 3 H ),
colum n: ir 1795 cm  1 ( C = 0 )  and no C = C ;  pm r (CC14) 8 and 5 .8  (m , 2  H ).
1 .86  (m , 6  H ) , 3 .38  (m , 2 H ), and a pair of m ultiplets separated T h e 2,4-dinitrophenylhydrazone derivative was prepared by  a 
b y  55 cps centered a t 5 .52  (1 H ). standard procedure.

7-C hlorobicyclo[3 .2 .0 ]hept-2 -en-6 -one (H ). M ethod A.— T o  A n al. Calcd for C i5H lsN 40 4: C , 5 6 .96 ; H , 5 .0 6 ; N , 17 .72 . 
a solution containing 11.6  g (0.115 m ol) of triethylam ine and 8 4 .4  Fou nd : C , 5 7 .2 2 ; H , 5 .1 4 ; H , 17 .96 .
g (1 .3  m ol) of cyclopentadiene in 250 ml of hexane was added, P artia l brom ination of the cycloadduct w ith a  1 0 %  solution of 
dropwise a t  —78 , 17 g (0 .108  m ) of chloroacetyl brom ide w ith brom ine in CC14 resulted in displacem ent of the proton gem inal to

U pon warm ing overnight, the sa lt was rem oved and th e  ethyl group b y  brom ine. T h is was evident from  th e  pmr
fiA\r a te jylf i .^ d 9 ‘2- ?  11  a t ^ °‘6  m m ) : lr 1 7 9 5  spectrum  because p art of the m ultiplet a t 8 3 .2 -4 .1  was elim i-

¿ t r r r 7 oITT\1 c0no<(m , S 2 -6  2  nated and a  p attern  appeared a t 8 4 .3  w hich was easily recognized
' . j  1%  2  as Part ° f  the  m do-ethyl isomer of ethylbrom oketene-cyclo-
Anal.^ Calcd for C 7H 7C 10 : C , 5 8 .8 ; H , 4 .9 1 . Fou nd. pentadiene cycloadduct.

G ’1f4r8 ' I 5 A%,’ 4 '9*3 ' , i o o r  , 7-(2-Propyl)bicyclo[3.2.0]hept-2-en-6-one (V I).— T o  a  reflux-
M ethod B — A solution of 8 .8 5  g (0 .0a  m ol) of 7,7-dichloro- ing solution of 6 6  g (1  m ol) of cyclopentadiene and 25  g (0 .2 5

i t i r 6 '° n e T  1 5  f 11 °,f ,toluene was raPldly  m ol) of triethylam ine in 120 ml of C H C l, was added 24 g (0 .2
added to  16 3 g (0 .056 m ol) of tn -n -b u ty ltm  hydride in  5 ml of m ol) of isovaleryl chloride dropwise over a  15-m in period,
to  uene. T h e  resulting solution is allowed to  stand for 1 hr Refluxing was continued 1 .5  hr and the solution cooled while
and distilled to  yield 6  g (8 4 % ) of I I  a t  4 0 -4 5 °  (0 .2 -0 .3  m m ). standing overnight. F iltra tio n , concentration, and d istillation
Ih e  ir and pm r spectra were identical with those recorded afforded 11 g (3 7 % ) of V I a t  7 9 -8 0 °  (4 .7  m m ): ir 1770 ( C = 0 )
ab2v ®‘ u- „ /TTT, . and 1607 cm - 1 ( C = C ) ;  pmr (CC14) 8 0 .9 4  (m , 6  H ) , 1 .6  (m , 1

7-B rom oblcyc1o[3.2 .0]hep t-2-en -6-on e ( I I I ) .— A 60-m l portion H ), 2 .4  (m , 2  H ), 3 .0 -3 .9  (m , 3 H ), and 5 .8  (m , 2 H ). 
of e ther, 50 g (0 .5  m m ol) of triethylam ine, and 80 g (1 .41  m ol) of A n al. Calcd for C mHuO : C , 8 0 .0 ; H , 9 .3 4 . Fou nd : 
cyclopentadiene were stirred a t - 7 8 °  while 50 .5  g (0 .25  m ol) of C , 8 0 .3 ; H  9 .5 9 .

_____________ P artia l brom ination of V I w ith a 1 0 %  solution of brom ine in
CC14 resulted in displacem ent of the proton gem inal to  th e  iso-

(16) W. E. Truce, /. A m er. Chem . Soc., 70, 2828 (1948). Pr°pyl group b y  brom ine. T h is was apparent from  th e  pm r
(17) G. J. M. Kerk, J. G. Noltes, and J. G. A. Luijten, J .  A p p l. C hem ., 7 , spectrum  because p art of the resonance a t 8 3 .0 -3 .9  was elim i-

366 (1957). nated and a new resonance appeared a t 8 4 .2 5  w hich was recog-
(18) H. C. Stevens, D. A. Reich, D. R. Brandt, K. R. Fountain, and E. F. nized as p art of the endo-isopropyl isomer of the isopropylbrom o-

Gaughan, /. A m er. Chem . Soc., 87, 5257 (1965). ketene-cyclopentadiene cycloadduct.
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The rates and products of acetolysis of 2-, 3-, and 4-methyl-5-hexenyl p-bromobenzenesulfonates are reported, 
as well as the products of acetolysis of as- and irans-2-, 3-, and 4-methylcyclohexyl and 6-hepten-2-yl p-bromo- 
benzenesulfonates, thus furnishing data for comparison of x- and o-route products for the three secondary 
methylcyclohexyl cations. As found in most previous instances for secondary carbonium ions, the x route yields 
less than half as much elimination product as the <r route. The stereochemistry of the substitution products 
from the x-route reactions strongly implies cyclization through a chairlike conformation and very rapid reaction 
of the resulting chair cyclohexyl cation with solvent.

Solvolytic cyclization of 5-hexenyl systems to cyclo- and III) were determined, as well as the acetolysis prod-
hexyl cations, the so-called it route2 to these cations, has ucts of 6-hepten-2-yl p-bromobenzenesulfonate (IV)
received considerable study,3,4 and even synthetic use.6 and cis and trans isomers of 2-, 3-, and 4-methyl- 
It is usually assumed that the cyclohexyl cation pro- cyclohexyl p-bromobenzenesulfonates (V, VI, and VII). 
duced in these cyclizations is in a chair conformation, 
and Johnson and Harding have presented rather com
pelling evidence that this is the case for the mechanis- Results and Discussion
tically similar acid-catalyzed cyclization of 4-(3-bute- The ductg of acetolysis of all the brosylates are 
nyl)-3-cyclohexenol systems.6 However, it was not at iyen in Table j Because of the many components 
all clear that simpler more flexible, 5-hexenyl systems nt -n thg duct mixtures a rather elaborate
should necessarily yield only the chair form of the cation method of anal ig was neCessary. Three separate anal- 
m reactions involving intramolecular displacement of were formed on each product mixture. First>
the leaving group by the x  bond. It was therefore fe t the initial tane extract (see Experimental Section)
important to examine a simple system, employing a rel- wag gubject to gc analygig uging a gilver nitrate-ethylene
atively innocuous marker, a methyl group, for detection j j column which effectively separated 1-methylcy- 
of the preferred conformation of cyclization. At the clohexene from 3.  and 4-methylcyclohexene as well as
same time it was hoped that presence of such a marker «baseline» separating all the other hydrocarbons,
might help show other differences in product formation (The geparation of 3_ and 4-methylcyclohexene could
from x- and v-route cyclohexyl cations. To this end, nfft bg corrLpietely achieved and their yields are lumped
the rates and products of acetolysis of 2-, 3- and together in Table L) Secondly, a suitable internal
4-methyl-5-hexenyl p-bromobenzenesulfonates (I, II, standard was added to the pentane extract and the solu-

a i tion analyzed on a “UC-W 98” (silicone rubber) column.
This column separated all acetates (except certain of the 

L I  L I  L |̂  cyclic ones from each other) and acyclic olefins (dienes)
OBs ^  wBs 'OBs OBs from cyclic ones. Finally, the product mixtures were

I II III IV subjected to lithium aluminum hydride reduction to con-

a i vert acetates to alcohols and the resulting product mix-
ture analyzed either with a glycerol column or a combi- 

I JL I nation column composed of a forecolumn of TH EED

OBs X '"/ u3Bs ^ ^  ^OBs (tetrahydroxyethylethylenediamine) preceding a di-
y  VI VII gylcerol column. Certain pairs of alcohols could not be

separated on any columns tried. These were trans-3- 
a’ C1S and cts-4-methylcyclohexanol and cis-3- and trans-4-
b’ trans methylcyclohexanol. This is unfortunate, but in sev-

---------------- eral instances the peak in question was collected, its ir
(1) (a) Supported in part by the National Science Foundation (Grant Spectrum being measured, and shown to be at least pre-

GP-5S58); (b) Alfred P. Sloan Research Fellow, 1968-1970. Author to dominantl the expected isomer and not that resulting
whom correspondence should be addressed. r ^ , • m ui t j-U

(2) s. winstem and p. Carter, j . A m er. c h e m . S oc ., ss, 4485 (1961). from hydride shift. All results shown m i  able i  are tne
(3) p. d . Bartlett, w. d . ciosson, and t . j . Cogdeii, ibid., 87,1308 (1965). average of at least two separate experiments. As men-

S u p p l X  399° (i9B66?e(b) w “ .' TratatoTskranfM0 ^ A m er. tioned previously,7 the reproducibility in measurement
ch em . S oc., ss, 4867 (1967); w. s. Trahanovsky and m . p. Doyle, c h e m . of peak areas was no worse than ±  10% for small peaks
C om m un., 1021 (1967).

(6) W. S. Johnson, A ccounts C hem . R es., 1, 1 (1968).
(6) W. S. Johnson and J. E. Harding, J .  Org. C hem ., 32, 478 (1967). (7) S. A. Roman and W. D. Ciosson, J . A m er. Chem . S oc ., 91, 1701 (1969).
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T a b l e  I
Ac e t o l y sis  P roducts o f  M e t h y l-5 -h e x e n y l  and M et h y lc y c lo h ex y l  B r o sy l a t e s“

M ethyl-5-hexenyl Brosylates
------------------------------------------------- % yield of----- —— ------ ----- --------- -------------------- -,

C^O Bs C^O Bs X " L OBs C V 0Bs

iram -2-M ethylcyclohexyl acetate  0 .6  2 0 .9
cfs-2-M ethylcyclohexyl acetate  0 .5  4 .2
frans-3-M ethylcyclohexyl acetate  5 .8  0 .8  3 .1
cis-3-M ethylcyclohexyl acetate  3 8 .5  1 .4  6 .3
irans-4-M ethylcyclohexyl a ceta te  3 .5
ras-4-M ethylcyclohexyl a ceta te  1 7 .0
1-M ethylcyclohexyl acetate  1 .1

3 - and 4-m ethylcyclohexene 11 .4* 2 0 .8 *  5 .4 °  5 . 3 '>
1-M ethylcyclohexene 1 .9  1 .8  6 .7
C yclopentylm ethylcarbinyl a ceta te  2 .1
A lkenes related to  above 1 . 4

U nrearranged acetate  2 1 . 2  3 2 .2  5 6 .0  3 8 .2
A cyclic  dienes 3 8 .3  4 3 .8
O ther 5 .7 *  (5 .3 )*  3 . V
T o ta l cyclic  alkenes 1 3 .3  2 2 .6  1 3 .5  5 . 3
T o ta l cyclic  acetates 2 0 .5  4 5 .4  3 0 .5  9 . 4
%  cyclization 34 6 8  44 15
%  recovery 99 93 90  9 9 .5

M ethylcyclohexyl B rosylates
<•--------------------------------------------------- % yield of------------------------------------------------ —.

à T  x r 0“ x r “
cis trans cis trans cis trans

im ns-2-M ethylcyclohexyl acetate  0 .5  7 .6  0 . 3  0 . 3
as-2-M ethylcycloh exyl acetate  0 .2  1 2 .0  0 .1  0 .8
/rans-3-M ethylcyclohexyl acetate  0 .4  0 .6  2 2 . 3  5 . 1
cis-3-M ethylcyclohexyl a ceta te  0 .1  1 . 2  2 .8  1 5 .9
iraras-4-M ethylcyclohexyl a ceta te  1 2 .0  2 . 3
cis-4-M ethylcyclohexyl acetate  9 . 4  1 9 .6
1-M ethylcyclohexyl a ceta te  1 1 . 0  2 . 9  0 . 5  0 . 9

3 - and 4-m ethylcyclohexene 3 . I e 2 6 .1 *  7 1 .01 7 1 .76 7 6 .16 7 8 . 11
1-M ethylcyclohexene 8 4 .7  4 4 .7  3 . 0  4 . 3  2 . 5
Cyclopentylm ethylcarbinyl a ceta te  1 . 8
Alkenes related to  above 3 . 1

T o ta l alkenes 8 8  74 74  76 79 78
T o ta l  acetates 12 26  26 24  21 22
%  recovery 89 99 98  9 0 98  98

“ R eactions carried out a t  1 0 0 ° ; [RO Bs] =  0.1 M ;  [NaOAc] =  0 .15  M . b M a jo r component is 4-m ethylcyclohexene. 'M a jo r  
component is 3-m ethylcyclohexene. d 2-M ethyl-5-hexen-2-yl acetate. * 3-M ethyl-5-hexenyl chloride; no t included in calculation of 
to ta l yield. !  Tw o or more unidentified components eluting near unrearranged acetate.

(less than 10% of total peak area in gc spectrum) and single bonds.8 Berson and coworkers have noted in 
about ±  2%  for larger peaks. several publications that certain bicyclic carbonium

Johnson and Harding concluded that the carbonium ions must react by internal bond migration while still
ion V III reacts with solvent formic acid in the conforma- retaining a “memory” of the conformation of the start-
tion shown, and reacts faster than the octalin ring sys- ing material.9 Thus, one can conclude that the prod-
tem can undergo inversion.6 Whiting has also sug- ucts from a carbonium ion reaction in hydroxylic media
gested that carbonium ions in hydroxylic solvents react may reveal the conformation of the cation. If we as-
considerably faster than rotation about carbon-carbon sume, after Johnson and Harding,6 that solvent attack

occurs mostly from the direction of least steric hin- 
I drance and if we make the reasonable assumption that

“7 S. the methyl group will tend to be located in the least hin-
/  V —CH=CH— 7  dered position during cyclization of the 5-hexenyl sys-

/  /  N\v/  tem and thus in the newly formed cyclohexyl cation,

H--- ---------- ' (8) M. C. Whiting, Chem . Brit., 2, 482 (1966).
(9) See J. A. Berson, R. G. Bergman, G. M. Clarke, and D. Wege, J .  

A m er. Chem . S o c . ,  91, 5601 (1969), and previous papers in this series.
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ther. one should be able to predict the configuration of One troublesome aspect of interpreting 7r-route prod- 
the principle substitution product for each methyl-5- uct mixtures is the question of internal return, which
hexenyl system for any given conformation during cy- could result in formation of cr-route type products from
clization. For a chair conformation, the predictions x-route reactions. Since the methylcyclohexyl brosy-
would be czs-4-methyIcyclohexy 1 acetate from I ,10 lates all react at least an order of magnitude faster than
cis-3-methylcyclohexyl acetate from II, ¿rans-2-methyl- the primary 5-hexenyl derivatives, their formation
cyclohexyl acetate from III, and czs-3-methylcyclohexyl during acetolysis of I, II, and III would be difficult to
acetate from IV. The data from Table I show that detect. Since one does see internal return in x-route
these are the major cyclic substitution products in each reactions in kinetically favorable situations14 one must
case by rather sizable factors: 83%  a s  for I, 87%  cis consider it for these. Using the yield of one or more of
for II, 83%  trans for III, and ~ 6 7 %  cis for IV. Thus, the olefins (predominant products from <r-route reac-
if we wish to assume a common conformation for cycli- tion) as the limiting factor, one may estimate upper-
zation of these minimally substituted 5-hexenyl deriva- limits for internal return for each of the methyl-5-hex-
tives, it must be chairlike. The minor product, in each enyl system for both cyclic systems related to it. In
case, can arise from axial attack of solvent on the pre- most cases the upper limit on internal return is quite
ferred chair conformer of the cation, from reaction of high, 40-50% . This may be at least partly due to the
small amounts of higher energy conformers, or both. necessity of lumping 3- and 4-methylcyclohexene to-
The near identity in yields of the major isomeric substi- gether as one product, the one used as the limiting fac-
tution products from I, II, and III (~ 84% ) makes our tor in all but one case. The situation for 4-methyl-5-
original assumption10 that the eclipsing interaction in I hexenyl brosylate (III) is more meaningful, since here
would force the methyl predominantly axial look very 1-methylcyclohexene could be reliably used as the limit-
good. In fact, the methyl group in the cation from I ing factor. The upper limits on internal return for III
appears to be as predominantly axial as those in the cat- turn out to be only 18% for cis-2-methylcyclohexyl
ions from II and III are equatorial. This would be ex- brosylate (la) and 34% for trans-Nb. After “correc-
pected if the eclipsing interaction in I is as large (3.9 tion” for maximum possible internal return to Va and
kcal/mol) as claimed in I I I 10 and if the free energy differ- Vb, the only striking change in the product mixture
ence between “axial” and “equatorial” methyl during from H I is the lack of 1-methylcyclohexene and its ef-
cyclization of the methyl-5-hexenyl derivatives is ap- feet on the acetate-olefin ratio. This, of course, may be
proximately the same as for cyclohexane (~ 1 .7  kcal/ only an artifact of “correction.” In fact, since every-
mol).12 The similarity in yields of product apparently thing else seems to be produced in the it-route reaction
derived from equatorial solvent attack on the more sta- of III, even after “correction,” it would seem reasonable
ble chair conformer in these systems to that observed by that some 1-methylcyclohexene should be produced.
Johnson and Harding for equatorial attack (83% ) of Making the simple assumption that the amount of
formic acid onion VIII (R =  H)6 is interesting, but may 1-methylcyclohexene from x-route reaction should be
be only coincidental.13 about half the amount of 3-methylcyclohexene (propor

tional to the number of 3 hydrogens) lowers the upper 
limits on internal return to Va and Vb to 11% and 21%,

(lo: In cyclization of 2-methyl-5-hexenyI brosylate (I) through a chair respectively. If We assume th a t this is typical for
conformation the methyl group must either eclipse the brosylate as in i, x-route reactions of 5-hexenyl systems, then internal
or be oriented axially as in ii. Felkin and coworkers11 have concluded that a . , . . . . . rreturn does not represent a major reaction pathway lor 

the x-route cations (say, 25%  at most) and does not 
ch2 V ch-''°Bs h Ch2 j1 h have a serious effect on the composition of the observed

3 product mixture, or the conclusions drawn from them.
T ^ ' ch2/ ^ 1 '  Y ^ cĥ I  h In Table II are given the overall rates of acetolysis
H H H CHl for I, II, and III, as well as for the unsubstituted sys

tem, 5-hexenyl brosylate. Also included are estimated

similar eclipsing interaction during solvolytic cyclization of 1-methyl-A4- 
cyeloheptenylmethyl brosylate (iii) raises the activation energy for the

correct, the cation from IV seems clearly less selective either in production 
of the two possible chair conformations or in the subsequent substitution 

,̂OBs reactions. There would seem little reason for diminished selectivity in the
^ C ^ ^ C H 3 substitution process, but there are some serious steric interactions for IV in

HY# 1C conformations leading to a chair cation. If, after Chuit, Colard, and Felkin,11
j / ' * ____ J-J we assume colinearity of incoming and leaving groups is necessary during the

nC /  displacement, the two conformations of IV necessary to produce a chair
'-------- /  cation would be iv and v. In iv the methyl must nearly eclipse the adjacent

iii
ph OBs , pu OBs

process by 3.9 kcal/mol. While the 5-hexenyl cyclization may differ some- 'rx
what from that of iii, we feel that the eclipsing interaction should be large I I jj I I
enough in i to make ii preferred and thus lead to formation of m-4-methyl- ^ ^ ^ H J
cyclohexyl acetate if I cyclizes through a chair conformation. iv v

(11) C. Chuit, F. Colard, and H. Felkin, Chem . C om m un., 118 (1966).
(12) E. L. Eliel, N. L. Allinger, S. J. Angyal, and G. A. Morrison, “Con- methylene; in v it must be oriented pseudo-axially. It seems rather plau-

formational Analysis,” Wiley, New York, N. Y., 1965, p 44. sible that IV may cyclize at least partly through some nonchair conformation
(13) The one instance where the observations do not fit so well is that of where the 1-methyl substituent can avoid some of the steric interactions

the 3-methylcyclohexyl cation derived from IV. Rather than a 5:1 ratio apparent in iv and v.
in favor of the predicted cis aeetate, only a 2:1 ratio was observed. The (14) (a) H. L. Goering and R. F. Myers, J .  A m er. Chem . S oc., 91, 3386
yield of cyclic acetate is only 9% in this case, and the identification of both (1969); H. L. Goering and W. D. Closson, ib id ., 83, 3511 (1961). (b) W. D.
acetate products rests only on gc retention times and peak enrichment tech- Closson and G. T. Kwiatkowski, Tetrahedron L ett., 6435 (1966). (c) P. E.
niques. However, assuming the identifications and ratio measurements are Peterson and R. J. Kamat, J .  A m er. Chem . S oc ., 91, 4521 (1969).



Table II brosylate products) supports the postulation of a non-
Effects of Methyl Groups on Rates of Acetolysis of chair transition state for solvolysis of “rigid” equatorial

5-Hexenyl Brosylates“ cyclohexyl brosylates.19'20 As in most comparisons of
Approxi- x_ an(j o--route product mixtures, there is an almost 

¿TcyciUa6- complete reversal of elimination-substitution ratios be- 
tion, io»*, tween the two pathways to the “same” cyclohexyl cat- 

Brosyiate io»*, see”1 sec-'1' i0n. While this difference does not show up in the case
5-Hexenyl 4.29 ±  0.04 1.1° 0f the more rigid bicyclic carbonium ions (where elimi-
2- Methyl-5-hexenyl 2.55 ±  0.0ld 0.87 nation is difficult in any case)2,9,21 or apparently in the
3- \lethvl-5-hexenyl i  n’ noc 0 , 5 more stable benzylic cations,7 this pattern seems almost
4- Methyl-5-hexenyl 5.65 ±  0.03/ 2.5 , , . .. f G ,.
. „„„ ,,,  m  i „ not: r h t? .■ characteristic for the simpler secondary monocyclic cat-° At 100 ; [ROBs] = 0.03 M, [NaOAc] = 0.035 M. ‘’Esti- . M(14b 1 j  j

mated using per cent cyclizations from Table I. See also ref ions.
15. c Estimated using data from ref 14. d AH* = 24.4 kcal/
mol; AS* = -14.5 eu. e AH* = 24.9 kcal/mol; AS* = -10.1 Experimental Section22
eu. f AH* = 24.9 keal/mol; AS* = —11.0 eu. . .Materials.— lhe compounds used in this study were either 

obtained from commercial sources or prepared by standard 
rates of cyclization for each case.15 The effects of the techniques. Their physical properties, derivatives, or sources
methyl groups on these rates of cyclization are fairly are listed below.
. y j  •, • , rpi • „ i  „„„„ „r _,r 3-Methyl-5-hexen-l-ol had bp f3-74 (12 mm): n20d 1.4407;
large and quite instructive. The increased ease of cy- nmr (CC1<) s 0.95 (¿ubulet, 3 H), 1 .0-2.1 (multiplet, 5 H), 3.6
clization caused by a substituent on the chain is a well- (triplet, 2 H), 4.1 (singlet, 1 H), 4.8—6.1 (multiplet, 3 H).
known phenomenon (sometimes referred to as the “gem- The a-naphthylurethan had mp 45-46° (petroleum ether),
dimethyl effect”) and should not depend much on its Anal. Calcd for C iSH 2i0 2N : C, 76.30; H, 7.47. Found:
positioning on the chain.17 Here we find almost an , , ,  , ,  , , onnF , 2-Methyl-5-hexen-l-ol had bp 68° (12 mm), n20D 1.4399 [lit.23
order of magnitude variation. The difference in effect bp 166_168° (736 mm)j n22D 1 .4332]: nmr (CC1,) s 0.9 (doublet,
between II and III is probably due to the difference in 3 h ), 1 .0- 2.3 (multiplet, 5 H), 3.4 (doublet, 2 II), 4.0 (singlet,
ground state torsional interactions and rotational en- 1 H), 4.7-6.2 (multiplet, 3 H).
ergy barriers between a methvl group adjacent to sp2 The a-naphthylurethan had mp 45.6-47.5° (petroleum ether), 
carbon and to sp3 carbon.13 The 8.7-fold difference in k  c ^ 5 2 -  5^ 7 47^ ClsB2I° lN: C' 76-3°: H- 7A7- Found:
for I and II corresponds to a AAF *  (at 100 ) of about 4-Methyl-5-hexen-l-ol had bp 68° (12 mm), ra22d 1 .4375:
1.5 kcal, remarkably close to the free energy difference nmr (CC14) 5 1.0 (doubles, 3 H), 1.1-2.4 (multiplet, 5 H), 3.5
between axial and equatorial methyl (1.7 kcal).12 This (triplet, 2 II), 4.6 (singlet, 1 H), 4.7-6.l (multiplet, 3 H).
kinetic effect provides rather pleasing confirmation of 'Hie a-naphthylurethan melted at 55.5-56° (petroleum ether).

, 1 , T L i j u  U  , f ,, Anal. Calcd for CiSH2i0 2N: C, 76.30; II, 7.47. Found:our postulation that 1 should be the only one of the sys- c  76 29 - H 7 60
terns to cyclize to a cyclohexyl cation with a predomi- 6-Hepten-2-ol had bp 84-86° (60 mm), n2°i> 1.4371 [lit.24 bp 
nantly axial methyl group. 64-65° (13 mm), nlsD 1,4387): nmr (CC14) 5 1.1 (doublet, 3 H),

The pattern of products from the cr-route reactions 1-3-1.7 (multiplet, 4 H), 2.1 (multiplet, 2 II), 3.7 (multiplet,
(Table I) agree quite well with those observed from 1 H>» 3/ 9 f  - 1 H) ’ (™u1̂  ’3 £>• 10 „  „ ,; , , , : , ... \  , . , , , . „ „  ... Anal. Calcd for C7Hi40 : C, 73.76; II, 12.60. Found:
feri-butyl substituted cyclohexyl systems by Whitmg, c  73.63- H 12.36.
Sicher, and coworkers,19 a general pattern of greater 3-Methylhexan-i-ol had bp 135-140° (600 mm) [lit.25 bp 168- 
amount of substitution for equatorial brosylates, pre- 169° (754 mm). The a-naphthylurethan melted at 44-46° 
dominant inversion of configuration during substitu- (lit.25 45-47°). . . . .
tion, and considerable hydride-shift product (with pre- 143- 144° (760^nmfi"2"° & p 143 ('760 mm  ̂ 6 bp
dominant retention of configuration at the new site 1-Methylcyclohexanol and cyclopentylmethylcarbinol were 
when substitution occurs) being observed. The large prepared on small scales by appropriate Grignard reactions,
amount of inverted substitution product obtained from purified by small scale sublimative distillations and had ir and
the predominantly equatorial brosylate (always more nmr spectra in complete agreement with structure.

, . ,, . i1 , ,, J V -1  os-3-Methylcyclohexanol had bp 72-74° (15 mm), and its
predominantly inverted than the corresponding axial p_nilr0 benzoate melted at 45-46° (aqueous methanol) (lit.27

mp 45.5-46.5°).
(15) A referee has suggested that our product studies should have been ¿rans-3-Methylcyclohexanol was obtained from a mixture of

carried out in acetic acid buffered with urea in the manner suggested by b̂e epimers by preparative gC. Its p-nitrobenzoate melted at
Trahanovsky, et a l . ,u in order to eliminate that fraction of acyclic product 60-61° (lit 28 mp 61 5—6̂  5°)
that arises from Sn2 displacement by acetate ion. Unfortunately, urea does . _ ,, . . , . , , , nri0 \ M.. 1 „1-0
not completely inhibit further acid-catalysed reactions of the acetolysis „ f^-2-Methylcyclohexanol had bp 82° (21 mm I [lit.23 bp 75° 
products, even cyclohexene being partly converted to cyclohexyl acetate • The p-mtrobeiizoate melted at 64—60 (aqueous
under typical reaction conditions.16 Since the stereochemistry of the sub- methanol), (lit.28 mp 64.5—65 ). 
stitution products were of prime concern in this study, a more effective buff
ering agent was necessary. However, since the bulk of the Sn2 product must ---------------
still come from attack by acetic acid at the concentration of acetate ion used
in our product studies,16 and since the acetate ion concentration was the (20) V. J. Shiner and J. G. Jewett, ./. A m er. Chem . S oc ., 87, 1382 (1965).
same (0.15 M ) in each case, the rates of cyclization stated in Table II and (21) P. D. Bartlett, S. Bank, R. J. Crawford, and G. H. Schmid, ib id ., 87,
derived from the expression kcyc — &obs X fraction of cycl are at least pro- 1288 (1965), and subsequent papers in this series.
portional to the true cyclization rates in pure acetic acid and at best only (22) Melting and boiling points are uncorrected. Nuclear magnetic
slightly underestimated. resonance spectra (nmr) were measured at 60 MHz, using tetramethylsilane

(16) W. S. Trahanovsky, M. P. Doyle, and P. D. Bartlett, J .  Org. C hem ., as internal standard. Preparative gas chromatography was carried out on an
32, 150 (1967). Aerograph A-90 gas chromatograph; analytical gas chromatography was per

il?) N. L. Allinger and V. Zalkow, ib id ., 25, 701 (1960). formed using a Hewlett-Packard 5750 research chromatograph.
(18) (a) See ref 11, pp 19-21. (b) E. L. Eliel, “Stereochemistry of Car- (23) R. Brettle and F. S. Holland, J .  C hem . S oc ., 4836 (1962).

bon Compounds,” McGraw-Hill, New York, N. Y., 1962, pp 133-134. (24) P. Gaubert, R. P. Linstead, and H. N. Rydon, ib id ., 1971 (1937).
(19) (a) N. C. G. Campbell, D. M. Muir, R. R. Hill, J. H. Parish, R. M. (25) A. Dewael and A. Weckering, B u ll. S oc. C him . Beiges, 33, 495 (1924).

Southam, and M. C. Whiting, J .  Chem . S oc. B , 355 (1968). (b) M. P4n- (26) J. K. Kochi, J .  A m er. Chem . S oc., 85, 1958 (1963).
kovd,̂  J. Sicher, M. Tichy, and M. C. Whiting, ib id ., 365 (1968). (c) M. (27) W. Htlckel and J. Kurz, Chem . B er ., 91, 1290 (1958).
Tichy, J. Hapala, and J. Sicher, Tetrahedron L ett., 3739 (1969). (28) E. L. Eliel and C. A. Lukack, J .  A m er. Chem . S oc ., 79, 5986 (1957).
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m -2-M ethylcyclohexanol was separated from  a m ixture of the 2 . Q uantitative D eterm ination of O lefin and Acetate.'— A 
epimerio alcohols b y  preparative gc and had spectroscopic measured am ount of in ternal standard , chlorobenzene, was added
properties in keeping w ith its  stru cture. I t s  brosylate is de- to  the pentane e x tra c t. Analysis was carried out on the U C -W -
scribed in T able I I I .  98 column program med from  75 to  120° a t  20°/m in, the program

was in itiated  7 m in after in jection  of the sample, and the upper 
tem perature was m aintained for 8  min after it  had been reached.

T a b l e  I I I  M olar response factors for standard  solutions containing weighed
Y i e l d s  P r o p e r t ie s  a n d  A c e t o l y s is  am ounts of olefin, a ceta te , and internal standard were determined

E q u iv a l e n t s  o f  B r o s y l a t e s  ! n  “ a c t ly  th e  s a m ® w a y ' . I n  g e n e ra l th e  U ° - W - 9 8  u se d
m  this was was effective m  separating tertia ry , secondary, and 

Acetolysis acyclic acetates. In  addition 1-m ethylcyclohexene separated
t> „ ‘1  ’ , ,  „„ - < y > ™ e n 7  from  its  isomers and dienes separated from  the cyclic olefins.

, 3. Analysis of Alcohols.—  t h e  pentane ex tra ct was treated
Z-M ethyi-5-hexenyl ( I )  70 Oil 333 343 with  0 .5  g of lith ium  aluminum hydride and stirred  for 1 hr.
3- M ethyl-5-hexenyl ( I I )  60  Oil 333 342 R edu ction  product was carefully worked up (in the usual w ay)
4- M ethyl-5-hexenyl ( I I I )  70 Oil 333 335 and analyzed on the glycol columns operated a t 9 5 -1 0 0 ° . Secon-
5- H epten-2-yl ( IY )  58 Oil 333 338 dary alcohols separated from  tertiary  alcohols and m ixtures of
3-M ethylhexyl 7 4  Oil 335 341 epim eric m ethyloyclohexanols (except for the 3 and 4  system s)
5-H exenyl 50 Oil 319 327 were com pletely resolved. Coupling the inform ation gained
d s-2-M ethylcyclohexyl (V a) 67  5 6 -5 6 .5  333 334 from  the three analyses enabled q u antita tiv e determ ination of
irans-2-M ethylcyclohexyl (V b) 80 4 8 .5 - 4 9 .5  333 334 olefin and acetate  products. .

. O M  ,, , ;  r , Very \ c e 0 0 0  oor A ll products were identified b y  comparing their gc reten tion
as-3-M ethylcycloh exyl (V ia )  69 4 1 .5 - 4 2 .5  333 335 tim es w ith authentic m aterial and b y  collecting products, when
¿m ns-3-M ethylcyclohexyl (V Ib ) 87 54 5 4 .5  333 335 feasible, and comparing their spectral properties w ith authentic
d s-4-M ethylcyclohexyl (V ila )  72 8 6 .5 -8 7  333 333 sam ples. Product percentages (given in T a b le  I )  are the average
frares-4-M ethylcyclohexyl (V llb )  82 4 8 .5 -4 9  333 334 of two or more analyses. A ty p ica l product analysis, th a t of the

acetolysis products from  I I I ,  is given below.
Products from  the A cetolysis of 4-M ethyl-5-hexenyl p-Brom o- 

4-M ethylcyclohexanols.— B o th  cis and trans isomers were benzen esu lfon ate.— F rom  0 .663 g (1 .99  m m ol) of the p-brom o-
obtained in pure form  from  Aldrich Chem ical C o. benzenesulfonate in 20 ml of 0 .15  M  sodium acetate  in acetic

p-Brom obenzenesulfonates were prepared in the usual m anner. acid was obtained 1 .72  mmol (9 0 .6 % ) of product shown b y  gc
Solid p-brom obenzenesulfonates (brosylates) were purified b y  analysis to consist of 6 .8 %  1-m ethylcyclohexene, 5 .4 %  a
recrystallization from  pentane a t 0 ° ; brosylates th a t were liquid m ixture of 3- and 4-m ethylcyelohexene (predom inantly the 3
a t room tem perature were purified b y  recrystallization from  isom er), 1 .3 %  olefin which eluted before the m ethylcyclohexene
pentane a t  —50 to —8 0 ° . T h e  yields, properties, and acetolysis isomers (thought to be a m ixture of vinylcyclopentane, 1-ethyl-
equivalents are given in T ab le  I I I .  cyclopentene, and ethylidenecyclopentane), 1 .0 %  1-m ethyl-

A cetates of the alcohols were prepared on a  sm all scale from  cyclohexyl acetate , 4 .2 %  cfs-2-m ethylcyclohexyl a ceta te , 2 0 .9 %
the pure alcohols and acetic anhydride in pyridine. Pure samples ¿rcras-2-m ethylcyclohexyl a ceta te , 2 .1 %  m ethyleyclopentyl-
were obtained b y  preparative gc in  m ost cases, and all had ir and carbinyl acetate , 0 .9 %  irans-3-m ethylcyclohexyl a ceta te , 1 .4 %
nmr spectra in agreem ent w ith assumed stru cture. cis-3-m ethylcyclohexyl acetate , and 5 6 .0 %  4-m ethyl-5-hexenyl

Product A nalysis.— Solvolyses were carried out by  heating  a  acetate .
0 .10  M  solution of brosylate in 0 .15  M  sodium  acetate (in acetic S tab ilities of acetolysis products to acetolysis conditions were 
acid) in a sealed ampule for a t least ten  half-lives a t 100°. T h e tested  b y  heating solutions of the compounds in  question in
reaction m ixture was cooled, diluted w ith w ater, and continu- acetic acid, containing sodium acetate  and sodium brosylate in
ously extracted  w ith pentane for 24  h r. T h e  pentane ex tra ct concentrations corresponding to  those present a t  the end of the
was carefully washed w ith  w ater, dilute sodium bicarbonate acetolysis product study, for a period corresponding to  ten  half
solution, and saturated  brine, and dried w ith anhydrous magne- lives for the acyclic precursor, then  isolation and analysis as
sium sulfate. C oncentration was not necessary since the volum e described above. M ost compounds showed no change, bu t
of pentane used was kep t sm all, 3 0 -4 0  m l. Products were m ethylenecyclohexane was partia lly  converted to  1 -m ethyl-
analyzed d irectly  from  the dried pentane solution b y  gc on the cyclohexene (1 8 .5 % ) and 1-m ethylcyclohexyl a ceta te  (7 .5 % ) ,
following colum ns: (1 ) a  12 f t  X  Vs in . silver n itrate-eth y len e 1 -m ethylcyclohexyl acetate  was p artia lly  converted to 1 -m ethyl-
glycol Chrom osorb W  acid washed 6 0 -8 0  mesh column, for olefin cyclohexene (5 1 % ) and m ethylenecyclohexane (4 % ) , and 1-
determ ination ; (2) a  6  f t  X  Vs in- 10%  U C  W -98 8 0 -1 0 0  mesh m ethylcyclohexene yielded a sm all am ount (3 % )  of 1-m ethyl-
colum n, for q u antita tiv e determ ination of olefin and ace ta te ; cyclohexyl acetate .
(3) a 6  f t  X  ‘A in. 1 5 %  diglycerol A nachrom  9 0 -1 0 0  mesh w ith K in etic experim ents were performed using the ampoule tech-
a 2 f t  X  V 8 in . 2 0 %  T H E E D  Chrom osorb P  6 0 -8 0  mesh fore nique as described previously .7 
colum n, or a 5 f t  X  Vs in . 2 5 %  glycerol Chromosorb P  6 0 -8 0  , ,  , ,  , r , , ,
mesh column, for alcohols from  reduced a ceta te . Registry fto. 3 Methyl o-hexen-l-ol, 25913-87-5,

F or all product analyses three general procedures were used. 3-methyl-5-hexen-l-ol (a-naphthylurethan), 25957-53-3;
1. Olefin D eterm ination .— A sm all sam ple (0 .5  X) from  the 2-methyl-5-hexen-l-ol, 25913-88-6; 2-methyl-5-hexen-

pentane ex tract was analyzed on the silver n itrate  column oper- , . ()1 (« .,uipht.hylureilian), 25906-55-2; 4-methyl-5-
a te d a t3 0  . T ins column was effective in  separating the isom eric . \  , 0  A xl * -  , 1 -> ,
m ethylcyclohexenes. 1-M ethyl-cyclohexene eluted first followed hexen-l-ol, 25906-56-3; 4-methyl-5-hexen-l-o 1 ( « -
b y  4-m ethylcyelohexene and 3-m ethyl cyclohexene. T h is was naphthylurethan), 25906-57-4; 6-hepten-2-ol, 24395-
the same order observed by G il-A v . 29 How ever, on several silver 10-6; 3-methylhexan-l-ol, 13231-81-7; cis-3-methyl-
nitrate  columns prepared according to his procedure, 4-m ethyl- cyclohexanol, 5454-79-5; I, 25906-60-9; II, 25906-61-0;
cyclohexene and 3-m ethylcyclohexene could not be com pletely m  25906-62-l; IV, 25906-78-9; 3-methylhexyl brosy-
resolved. T h e  3 isomer always shouldered on the 4  isom er. J ’ \ . , oetagp oa  o \tlate, 25906-79-0; 5-hexenyl brosylate, 25906-80-3; Va,
--------------  25903-10-0; Vb, 10300-00-2; Via, 25902-72-1; VIb,

(29) E. Gil-Av, J. Herling, and J, Shabtai, J .  Chrom atogr., 1, 508 (1958). 25902-73-2, \TIa, 2o902-74-3, V llb , 25902-75-4.
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Prim ary Isotope Effects in  Hydrogen Atom  Transfer Reactions 
from  a-Hydroxyalkyl and Monohydropyridyl Radicals1
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The rates of oxidation of 0-d- 2-butanol and V-d-3,5-dicarbethoxy-l,4-dihydro-2,6-lutidme by ieri-butyl 
peroxide are slower than those of nondeuterated samples of these compounds. This isotope effect is ascribed to 
hydrogen atom transfer reactions of radicals derived from these species to the oxygen-oxygen linkage of the 
peroxide. No isotope effect was observed in the reactions of either acetyl peroxide or ieri-butyl peracetate with 
the secondary alcohol or oxidation of the dihydropyridine with acetyl peroxide. A route other than hydrogen 
atom transfer, possibly a direct displacement or an electron transfer process, likely is operative in the reduction 
of the peroxide by the radicals derived from these compounds.

The enhanced decomposition rates of ieri-butyl per- Discussion and R esu lts
oxide ( I ) ,3 acetyl peroxide ( I I ) ,4 and ieri-butyl perace- . . . .  , , , , , . , ,  , .
tate ( I I I ) ,3 in primary and secondary alcohols has been The oxidation of a secondary alcohol with ieri-butyl
attributed  to participation of the peroxides in a chain Pei™ de ®  Proceeds the+ mechanism shown m

eq 4 -7 . I  he decomposition rate of the peroxide is the
0  0  0  k ,

(CH3)3COOC(CH3)3 Ch J x)OC(CH3)3 C E h lW icH a 1 >-2(CH3)3CO- (4)
I III II  h

(CH3)3CO- +  IhCIIOH — > (CH3)3COH +  IV (5)
reaction with the a-hydroxyalkyl radical (IV ) derived kt
from the alcohol. Three modes of interaction of the IV +  I — >  R2C = 0  +  (CH3)3COH +  (CH3)3CO- (6)
alcohol-derived radical with the peroxide linkage th a t /•,
appear feasible are a hydrogen atom transfer reaction (CH3)3CO- +  IV >  (CH3)3COH +  R2C = 0  (7)
(eq 1), an electron transfer (eq 2), and a direct displace- sum 0f the rates of reaction 4 and 6 shown in eq 8. The
m ent (eq 3). In  this study we have sought support for
the hydrogen atom  transfer reaction (eq 1) by deter- — - T J  = &4[i] _|_ &6[IV][I] (8)

RjC 0  +  R OH + (R O) (1) derived steady state rate law for the decomposition of

Z + t / the peroxide as given in eq 9 is applicable if the cross-
RVOH + RO +  (RO-) term ination process 7 is operative. The reaction is

R,COH + R'OOR'^ lR'°A r,2c= o + R'OH indeed first order in peroxide a t a concentration ratio of
IV N's .  alcohol-peroxide in the range of 5 -1  for the first half-life

R/XIH + (R'O-) of the peroxide.

V  (3> -  [!*• *  1 (1  + 2 [e « h ° h ] ) ‘/’]  [ii (9)
*-► R ,C = 0  + R'OH

, , . . , „ , The decomposition rate of ieri-butyl peroxide in
mining the deuterium isotope effect (if any) m the inter- 2-butanol containing varying amounts of the oxygen-
action of the radical derived from O-d-2-butanol (V deuterated alcohol (V) (Table I} is slower in the deu.
with these peroxides. I  he rates of reaction of ieri-butyl
peroxide and acetyl peroxide in the presence of 3,5-dicar- T able I
bethoxy-l,4-dihydro-2,6-lutidine (V I) and its N-deu- _  „  „, . j  , • , ■ /TrrTT\ i i I i i Kate Data for Decomposition of ieri-BuTYL P eroxide inte rated derivative (V ll)  were also measured to  deter- „ „  „
mine if the hydrogen atom  transfer is operative in the Initial molar
interaction of the monohydropyridyl radical (V III)  ratio of % k> standard
with these peroxide linkages.6 alcohol-peroxide 0-d-2-3utanol X 10* sec-1 deviation

H 4.84 0 0.454 0.009

EtOC V  CO F t  1  C O F t  5  0 7  °  0  4 5 3  0  0 0 5
CHCHCH ’ Y T  * Et02CirV C02Et 5.13 0 0.458 0.014
LH3LHC2li5 J l  II II 5.26 80 0.322 0.004

OD CH3 N ^ C H j CH3̂ N ^ C H 3 4.96 80 0.313 0.002
v R H 5.01 80 0.343 0.009

VI, R=H  VI11 5.00 90 0.297 0.006
VH,R = D 4.87 SO 0.287 0.002

----------------  5.06 90 0.288 0.002
* To whom correspondence should be addressed. 5.01 99 0 276 0 004
(1) Preliminary report: E. S. Huyser and A. A. Kahl, Chem . C om m un., c in on n 0_ -  n _

1238 (1969). O.IU y y  O .A i i  U.UU7
(2) NASA Fellow, 1966-1969. Taken in part from the thesis submitted 5.07 99 0.285 0.008

by A. A. K. in partial fulfillment of the requirements for the M.S. degree
from the University of Kansas, 1969. . . j  i r  l mi • , « ,, ,

(3) e . s. Huyser and c. j . Bredeweg, j . A m er. c h e m . S o c ,  86, 2401 te ra te d  alcohol. The reaction rates were followed 
(1964). through about one half-life of the peroxide minimizing

(4) M. S. Kharasch, H. N. Friedlander, and W. H. Urry, J .  Org. C hem ., 14,
91 (1949). (6) E. S. Huyser, C. J. Bredeweg, and R. M. Van Scoy, J .  A m er. C hem .

(5) C. Walling and J. C. Azar, ib id ., 33, 3888 (1968). S oc ., 86, 4148, (1964).
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the amount of exchange between the deuterated alcohol primary and secondary amines.6 A particularly marked
and ferf-butyl alcohol produced in the reaction. The enhancement of the decomposition rate of ferf-butyl per-
pseudo-first-order rate constants in Table I include all oxide was observed in the reactions with 3,5-dicarbeth-
of the terms in the brackets of the rate law 9. Retarda- oxy-l,4-dihydro-2,6-lutidine (VI) which is oxidized to
tion of reactions 4, 5, or 6 or enhancement of reaction 7 the corresponding pyridine derivative IX  in the chain
by the deuterated alcohol would be required to account process shown in eq 10 and 11. An isotope effect is ob-
for the observed effect. The magnitude of the isotope
effect (k'u/k'u) in the 99%  deuterated alcohol is 1.63 VIII + I —»
and indicative of a primary isotope effect. Oxygen- „ _ „
hydrogen bond rupture occurs only in eq 6 and 7. A 2 V ' V  2
sizable inverse isotope effect would be required to ex- + (CH3):,COH + (CH3)3CO- (10)

plain the observed results in terms of the termination CHri CH3
reaction. Retardation of the reaction of the a-hy- K
droxyalkyl radical with a peroxide linkage (reaction 6) is (CH3)3CO + VI —► (CH3)3COH + vm (11)
a more likely explanation for the observed effect. Since
the reaction rate constant k6 is a square root term in k', serveci (Table III) when the rate of reaction of the per- 
a closer approximation of the minimum isotope effect,
assuming all other terms in the bracket are the same for T a b l e  I I I
both alcohols, is 1.632 or 2.66. Although the reduction „ T> . , „ _
o he peroxide linkage by the a-hydroxyalkyl radical is T e t r a h y d r o f u r a n  S o l u t io n  o f  D ih y d r o p y r id in e s  V I a n d  

significantly exothermic (approximately 35-40 kcal/ v il a t  125° ( M o l e  R a t io  o f  T H F - D i h y d r o p y r id in e -

mol), the isotope effect is indicative of extensive bond ¿ ^ - B u t y l  P e r o x id e  3 6 :2 :1 )
breaking of the oxygen-hydrogen bond in the transition v  x 10* standard
state as would be the case if the hydrogen atom transfer Compd sec - > deviation
(reaction 1) were operative. 3 ,5-D icarbethoxy-l,4-d ihydro- 0 .6 3 6  0 .0 2 8

+ 2,6-lutid ine (V I)  0 .6 6 6  0 .0 1 5

”r ,c^.o -h --o ^ o 1 0.620 0 019
| | l-D eu terio -3 ,5-d ioarbethoxy-l,4- 0 .4 0 7  0 .0 0 6

R  R _  dihydro-2,6-lutidine (V II)  0 .4 0 9  0 .0 0 6

The lack of an isotope effect in the reaction of O-d-2- " ' °
butanol with both acetyl peroxide and terl-butyl perace- oxlde with VI is compared with that of l-deuterio-3,5-
tate .Table II) indicates that the interactions of the dicarbethoxy. 1)4. dihydro. 2,&.lutidine (VII). Although

both steps in the chain sequence are rapid, a consider- 
T a b l e  I I  able amount of reaction of the peroxide still occurs by

R a t e  D a t a  f o r  D e c o m p o s it io n  o f  A c e t y l  P e r o x id e  ( I I )  a n d  the unimolecular decomposition (eq 4). Reaction with
iert-BuTYL P e r a c e t a t e  ( I I I )  i n  2 - B u t a n o l  both VI and VII are first order in peroxide through the

a n d  O-d-2-BuTANOL (V) first half-life of the peroxide indicating cross termination
, , M.ole ,, ini standard 0f the chain sequence (eq 12). The derived rate law isAlcohol ratio k  X 104, sec 1 deviation ^ /

Acetyl Peroxide (70°) k n
2-Bu tanol 4 .9 1  0 .5 7 8  0 .0 0 2  V I I I  +  (CH3)3CO- I X  +  (CH3)3COH (12)

4 84 0.580 0.005 v M l _  [ K  ±  *« ( '  +  2 fVIl^V21 ill (13)
4 .9 9  0 .5 6 8  0 .0 0 6  di _  L4  4 2 \ 4  +  W 12 [ V  J  ^

O -d-2-Butanol 4 .9 1  0 .5 8 4  0 .0 0 4
4 .8 9  0 .5 6 2  0 .0 0 6  essentially the same as that given in eq 9, namely eq 13.
5.00 0 .5 7 8  0 .0 0 7  The isotope effect on the observed rates of reaction of

ferf-Butyi Peracetate (90°) VI and VII with I is 1.58 and kn/ k D for reaction 10 is
2-Bu tan ol 5 .0 3  0 .9 8 0  0 .0 0 2  approximately 2.5 indicating appreciable breaking of

5 .0 2  0 .9 5 9  0 .0 0 2  the nitrogen-hydrogen bond in the transition state of
5 .0 0  0 .9 4 4  0 .0 0 2  the reaction.

O -d-2-Butanol 4 .9 6  0 .9 5 3  0 .0 0 1
4 .9 9  0 .9 5 9  0 .0 0 2  PEtOjC CH3
5 .0 0  0 .9 5 0  0 .0 0 2  \ _ V  r

H—% p V - H — 0 - 0
a-hydroxyalkyl radical with these peroxide linkages are / \
not hydrogen atom transfer reactions. The direct dis- [_Et02C CH3
placement by the alcohol-derived radical on the perox
ide was originally proposed to account for the reactions The pseudo-first-order rate constants found for the 
of alcohols with acetyl peroxide.4 This suggestion finds acetyl peroxide oxidations of VI and VII are given in
support in the reaction of ether-derived a-alkoxyalkyl Table IV. No isotope effect was observed in this reac-
radicals with acyl peroxides which yield isolable acylals tion which is spontaneous at room temperature but 
as reaction products.7 likely proceeds by a free-radical chain mechanism in-

a-Aminoalkyl radicals having at least one nitrogen- volving interaction of the monohydropyridyl radical 
bonded hydrogen react with ierf-butyl peroxide as evi- VIII with peroxide.8 The reduction of the peroxide by 
denced by the induced decomposition of the peroxide in

(8) A more complete description of this reaction will be reported in a later 
(7) W. E. Cass, J .  A m er. C hem . S oc., 69, 500 (1947). publication.
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T a b l e  IV  were placed in a 1-1. round-bottom ed flask equipped w ith a  reflux
R a t e  D a t a  f o r  O x id a t i o n  o f  V I a n d  V I I  condenser. A fter the initial rapid reaction  the m ixtu re was

w i t h  A c e t y l  P e r o x i d e  in  A c e t o n i t r i l e  a t  3 0 “ hfe^ ed a t..reflUX f° I  T  addltl0nal ,16t hr durl^  w hlch J erlod a11or the sodium reacted . Jtxeess 2 -butanol was removed under a
^Initial concentrations--. vacuum  leaving a w hite solid which was heated  under vacuum

[Peroxide] l ™inel ta“ “  for an additional 24 hr. D euterium  oxide (20 m l) was added
to  the dry solid producing a reddish brown m ixtu re. T h e  

^  2 .4 8  1 .5 7  0 .2 2 0  0 .0 0 8  organic layer was distilled twice yielding O-d-2-butanol th a t by
2 .4 8  1 .5 7  0 .2 1 7  0 .0 1 2  nm r analysis was 9 9 %  deuterated (30.2  g , 4 7 %  theory).
2 .4 8  1 .5 7  0 .2 1 8  0 .0 1 2  Peroxide Decom position R a te s .— T he rates of reaction  of tert-

V I I  2 .4 8  1 .5 2  0 .2 0 8  0 .0 1 4  bu tyl peroxide in 2-butanol and O-D-2-butanol were determ ined
2 .4 8  1 .5 2  0 .2 1 4  0 .0 1 7  b y  the gas chrom atographic m ethod described previously . 3 T h e
2 .4 8  1 .5 2  0 .2 0 9  0 .0 1 6  decom position rate  of ierf-butyl peroxide in  the tetrahydrofuran

solutions of V I and V I I  were also m ade by  the gas chrom ato-

VIII probably does not involve breaking of the nitro- ^ £ 4analysis of the unreacted Peroxide as previously de
gen-hydrogen bond in the transition state of the reac- T h e  decom position rates of acety l peroxide and iert-butyl 
tion and may likely be an electron-transfer process. p eracetate in the presence of 2 -butanol and O-d-2 -bu tanol were

determ ined b y  the m ethod described b y  S ilbert and Sw ern ;10
F v n p n m p n tn l Uml samples of the reaction m ixture were pipeted into a  flask

"  through which nitrogen had been passed for 20 sec. A satu-
M ateria ls .— ieri-Butyl peroxide (W allace and T iernan , In c .)  rated  sodium iodide solution (abou t 2 m l) and 15 ml of freshly

and a 2 5 %  solution of acety l peroxide in dim ethyl p hthalate distilled glacial acetic acid containing 0 .0 0 2 %  ferric chloride
(W allace and T iernan , In c .)  were used w ithout further purifica- were added to the contents in the flask. T h e flask was stoppered
tion . ¿eri-Butyl peracetate (W allace and T iernan , In c .)  (7 5 %  and perm itted  to  stand in the dark for 1 0 -1 5  m in. A bout 50 ml
perester in benzene) was purified b y  vacuum  d istillation . T h e  olistilled w ater was added to the solution w hich was titra te d
following comm ercial reagents were distilled twice before using: a  starch-iodine end point w ith 0 . 2  N  th iosulfate to determ ine
2-butanol (from sodium ), tetrahydrofuran (from  sodium ), and the am ount of m olecular iodine produced. A blank determ ina- 
acetonitrile (from phosphorous pentoxide). tion was run on all of the reagents.

3 ,5-D icarbethoxy-l,4-d ihydro-2,6-lu tidm e (V I) was prepared Spectrophotcm etric D eterm ination of Oxidation of Dihydro- 
from  acetoacetic ester, form aldehyde, and am monia b y  the lutidines with Acetyl Peroxide. Sto ck  solutions of V I  and V I I  
m ethod of Singer and M cE lv a in 9 (mp 1 8 3 -1 8 5 ° ) . 111 acetonitrile and of the acety l peroxide-dim ethyl p h th a la te

l-D eu terio-3,5-d icarbethoxy-l,4-d ihydro-2,6-lu tid ine (V II) was solution in the sam e solvent were prepared. Sam ples of these
prepared by  allowing a  m ixture of 5 g of V I to reflux for 2 solutions were therm ostated  a t 3 0 “ before m ixing. Im m ed iately
hr w ith 1 0  ml of deuterium  oxide in 1 0 0  ml of dim ethoxyethane. after m ixing, the solutions were placed in  a therm ostatically
T h e compound was isolated and recrystallized from  ethanol controlled cell com partm ent of a B eckm an D U  spectrophotom eter.
and the process repeated twice w ith fresh deuterium  oxide. T h e rates of reaction  of the dihydropyridine derivatives were
A fter the final exchange, no nitrogen—hydrogen bond could b e  followed b y  measuring their absorption a t 363 m/i as a  function
observed in either the infrared or the nm r spectra of the m aterial. bm e.

O-d-2-Butanol (V) was prepared b y  reaction of the sodium R e p m tr v  N n  — T 1 1 0  0 5  A- TT 1 1 0  0 9  5 - TTT 1 0 7  7 1
alkoxide w ith deuterium  oxide in the following m anner. Freshly  ,  g s r y r i o .  1 , I 1 U Uo 4 ,  11 , 1 1 U -2 Z -5 , 1 1 1 , 1 0 7 - 7 1 -  
distilled 2-butanol (500 m l) and sodium ( 2 0  g) cut in sm all pieces A  2-butanol, 78-92-2; V, 4712-39-4; VI, 1149-23-1;  
-----------—  VII 25894-44-4.

(9) A. Singer and S. M. McElvain, "Organic Syntheses," Coll. Voi. II, 7
Wiley, New York, N. Y., 1943, p 214. (10) L. S. Silbert and D. Swern, A n a l. C hem ., 30, 385 (1958).

Substituent Effects in Alkali M etal-K etyl Ion Pairs. An Infrared Scrutiny

D. H. E argle, J r . ,1 and R onald E mrich 

U niversity o f  Il l in o is  at C hicago C ircle, C hicago, I l lin o is  60680  

R eceived Ja n u a r y  28, 1970

T h e  carbonyl stretching frequency (ir) of alkali m etal-4 ,4 '-d isu b stitu ted  ketyl ion pairs shows a startling 
deviation from  the expected influence of five p ara su bstituents. M easurem ents indicate th a t the k etyl C - 0  
bond is strengthened, rather than loosened, by  electron-donating substituents. P lo ts of vR+ vs. k ety l frequency 
are given. A possible explanation lies in the consideration of ion pairing b y  the counterion M +  w ith increased 
electron density a t  the ketyl site . Su ch ion pairing m ight be able to reduce the antibonding influence of the 
added electron, thus allowing bonding x  electrons to exert a stronger bonding force betw een the carbon and the 
oxygen atom s.

The utility of the carbon-oxygen stretching frequency five 4,4'-disubstituted benzophenones has been shown
of ketones as a sensitive indicator of electron density to be nearly linear.3 In essence, the studies all show
changes has long been recognized. Shifts in the car- that the greater the electron density at the C = 0  site
bonyl frequency are subject to both inductive and the lower the frequency (in cm-1),
mesomeric effects which change the electron density at A one-electron reduction of a ketone results in a ketyl 
the carbon-oxygen bond.2 Correlation of Hammett with the commonly given valence bond structure of 
<r values with the carbonyl stretching frequencies in > C - 0 .  Such a structure does not reflect the fact

that only one of the it electrons of the C = 0  bond has
(1) Laboratòrio Quimico, Universidade de Coimbra, Coimbra, Portugal, b een  essen tially  “ can celled ” b y  the. in tro d u ctio n  of th e

to whom correspondence should be addressed. alan+r-An + ~ a-v . a t  , .. , r .
(2) (a) R. E. Kagarise, J .  A m er. Chem . S ac .. 77, 1377 (1955); (b) N. B. ®W eleCtr0n 1Ilt0 tJie loW est antlbondmg O rbital of the

R»™„UPd L' tH' Daly'„ a“d ,S' K  Wiberley, “Introduction to Infrared and (3) N. Fuson, M.-L. Jósien, and E. M. Shelton, J .  A m er. Chem . S ac .. 76
Raman Spectroscopy, Academic Press, New York, N. Y., 1964, p 241 ff. 2526 (1954).
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Figure 2.

1 5 0 - 2 0  - 1 . 0  O.'O + 1 .6
( J  plot of cte+ v s .  A y  (the difference between the parent ketone and

. the ketyl).
t  K e tO n e  f r e q u e n c i e s  VS. c r j  Choice of a  Values.— Only those ketones which would not tend
© K e ty l  f r e q u e n c i e s  VS. to decompose upon metal reduction at room temperature were
i  K e t y l  f r e q u e n c i e s  VS. <T* chosen for study; of these, only two of the five aromatic com

pounds studied are not susceptible to resonance interaction. 
Figure 1. vlew °f the fact that ketyls are essentially anion radicals, we

found it desirable to use the o-r + values determined for the cation 
radicals of lV,.N-dimethylaniline as determined by L atta  and 

carb o n y l sy stem . T h u s  th e  a c tu a l  resu lt is th e  “ loosen- Taft.7 As these authors mention, their results for ¡r are similar to
m g ” of th e  C = 0  s tre tch in g  fre q u e n cy  b y  an  a m o u n t those used for anion radicals by Strom.8 Strom, however,
eq u iv alen t to  on e-h alf of a  tt bond. O n ly a  tw o -e le c tro n  us®d f *  Parameters from Brown and Okamoto9 which do not 
y j  t • i • i - T i l  reflect problems m resonance interaction between the para sub-
red u ctio n  w ould  re su lt m  freq u en cies w h ich  m ig h t be stituent and the measuring site. W e have plotted the n  values
con sid ered  to  be co m p a ra b le  to  C —O (zero  7r-bond o rd er) also (circles, in Figure 1). A linear relationship is obtained with
S tretch in g frequ en cies. T h e  a tta c h m e n t of an  a ro m a tic  these values; nevertheless, we feel that the <tr+ parameters (<tr +
group to  th e  k e ty l ( e . g . ,  b enzophenone an ion  ra d ica l) =  <rp -  < n )  of L atta  and Taft are more applicable in our case.
resu lts  in  th e  d elocalizatio n  of th e  odd e le ctro n  fro m  th e  P  are usmg sm^ e *  vaj ue?\ ali hough *° be more ?*act il misht, , ,  . „  . .  , „  ;  :  be more appropriate to double the a-values, since there are two
k e ty l grou p , s ig n m ca n tly  red u cin g  th e  effect of th e  substituents affecting the measuring site, 
ad ded  e le ctro n  upon  th e  ca rb o n y l s tre tch in g  fre q u e n cy .4 An interesting comparison of hyperfine splittings (hfs) with three 
F o r  in sta n ce , th e  e le c tro n  d en sity  of b enzophenone as  4 >4 ' substituents can be seen in Table II . Here we see that the
stu d ied  b y  ep r re su lts  in  a  to ta l  e le c tro n  d en sity  on th e  sp.“  density. (as reflected by hfs) upon the aryl rings is increasing

T i i i i P  i n / i i r r ;  with increasing electron donation. Epr results are not available
ca rb o n y l k e ty l of only 0 .4 1 5 .6 for -N (C H 3)2 and -NO* substituents. Since a significant portion

of the spin density in the - N 0 2 substituted ketyl probably resides 
in that substituent, comparison of hfs for that ketyl would not 

■ E x p e rim e n ta l ¡s e c t io n  be realistic, heeding Janzen’s c a v e a t  for that situation.10 This
Previous work definitely indicates the feasibility of producing “ eans’ of oomse^ that the spin density at the carbonyl site must

anion radicals for study by infrared spectroscopy, and some mea- be d e c r e a s t n g .  This observation is m line with the results plotted
surements have been made on the frequency shifts of several “  Lthe ,more negative a values result m less pertur-
types of aromatic compounds.1-8 We realize that stretching bation of the carbonyl stretching frequency.
frequency is not an absolute measure of electron density; how- : t . h“  bf ®  Sup eSt,ed u s ĥat ln.ol“f of.lr data from f^4 ."
ever, it is proportional to the force constant, and thus should ^substituted phenyl mtroxides might be instructive. This
reflect changes in electron density a t  the carbonyl site . has no,t been “ (duded for two reasons' A t Present th ®re f lst

In  th is work we have used standard alkali m etal reduction no such d ata , although we are attem pting to  secure it  F u rth er,
techniques in dim ethoxyethane (used previously for epr studies) m troxides represent a  class of compounds m  which the odd elec-
in conjunction w ith N aC l cav ity  cells of 0.05-m m  w idth. In  all ¿.ron 18 m a nonbonding situation, and thus cannot reasonably
cases m easurements were made using m atched cells. Concern be compa!:ed w ith a charge species which bears the odd electron
trations usually were in th e  range of 5 ( ± 5 )  X  1 0 “ 9 M .  Oc- m  an.« ^ b o n d in g  orbital and which also has a closely associated
casionally it  was necessary to use diluted samples around lO " 1 P °sltl^ l y  charged m etal ion Som e correlations of the N - 0
M , b u t th is required opened slits and increased source in ten - stretching frequency of substituted  pyridine M oxid es w ith Ham -
sities on the instrum ent in order to  obtain  useful inform ation. m ett values have been m a d e 11 * * * bu t again, A7-oxides of tertiary

T he lithium  reductions were performed w ith lithium  am algam ; ajnm es do not represent a bonding situation com parable to th a t
N a and K  were distilled into the sam ple tu b e. Observations f  ke^ 18- , W e 7 ° uld llk e - “  adddlon- to  emphasize th a t Figures
of the ketyls have been carried out a t  room  tem perature and 1 an?  2  do fnf  represent an attem p ted  stric t H am m ett-typ e
m easurements were made on B eckm an IR -5  and Perkin-E lm er correlation of free energy values, b u t rather do dem onstrate a
21 and 521 instrum ents. T ab le  I  indicates th e  frequencies of definite trend toward lowered frequencies upon increasing elec-
the unreduced species, the observed frequencies of ketyls, th e  tron withdrawal a t  the k ety l site  by  w hatever m eans, inductive,
H am m ett <r values (see discussion below ), and the frequency resonan , or o
difference betw een unreduced and reduced species. Figure 1 
indicates a  plot of o-r + vs. v (kety l) values. Figure 2 shows the

(7) B. M. Latta and R. W. Taft, J .  A m er. C hem . S oc ., 89, 5172 (1967).
(4) D. H. Eargle, Jr., and E. W. Cox, “The Alkali Metals,” Special (8) E. T. Strom, ib id ., 88, 2065 (1966).

Publication No. 22, The Chemical Society, London, 1967, pp 116-124. (9) H. C. Brown and Y. Okamoto, ib id ., 80, 4979 (1958).
(Typical spectra are published here.) (10) E. G. Janzen, A ccounts Chem . R es ., 2, 282 (1969). “When a large

(5) P. H. Rieger and G. K. Fraenkel, J .  Chem . P h y s., 37, 2811 (1962). fraction of the total spin density is localized on any substituent, Hammett
(6) D. H. Eargle, Jr., Abstracts, 153rd National Meeting of the American relationships break down.”

Chemical Society, Miami Beach, Fla., 1967, pp 55-60; J .  Chem . S oc., in (11) E. Ochiai, “Aromatic Amine Oxides,” Elsevier, New York, N. Y.,
press. 1967, pp 122-126.
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T a b l e  I

4,4'-DlSUBSTITtTTED BENZOPHENONE K e TY L FREQUENCIES
Substituent Registry no. rketone, cm-1 rketyl, cm-1“ Av <rR+l> <TFC

N (C H 3)2 9 0 -9 4 -8  1650 ±  2 1585 ±  5 65 ±  7 — 1 .9 7  —0 .8 3
O C H 3 9 0 -9 6 -0  1660 ±  5 1580 ±  5 80 ±  6  — 1 .0 3  —0 .2 7
C H 3 611-97-2  1660 ±  2 1568 ±  5 (K + ) 92 ±  7 - 0 . 2 6  - 0 . 1 7

1572 ±  1 (N a+ )
1575 ±  2  (L i+ ) 

coned and dilute
H  119-61-9 1664 ±  1 1554 ±  2 (K + , N a+ ) 110 ±  3 0 .0 0  0 .0 0

1563 ±  2 (L i+ ) 
coned (dim er)

1617 ±  3 (L i+ ) 
dilute (m onomer)

N O 2 1033-26-7 1670 ±  2 1535 ±  5 135 ±  7 + 0 . 1 8  + 0 . 7 8
D i-ierf-butyl ketone 15796-82-4 1689 ±  2 1558 ± 2  131 ±  4

0 Several of our values in dim ethoxyethane differ som ew hat from  those determined in C C h by Fuson, et a l. (ref 3 ). b See ref 7. 
c See ref 9.

T a b l e  II rather than the monomer I. Hirota’s work shows that
4 , 4 '- D is u b s t it u t e d  B e n z o p h e n o n e  Hfs“ at lower concentrations (~ 1 0 -6 M )  the metal ion is

p(aryl) , ,+
Sub- Q =  _ _
stitu- .----------- ----- Position—----- -------- . -2 3 .5  R2C - 0 - M + RjC—O)' ' ) 0 — CRj
ent ortho meta para «rR+ (ref) G

M
O C H 3 2 .7 8  - 0 . 9 9  0 .2 7 (O C H 3) - 1 . 0 3 ( 7 )  T
C H 3 2 .7 3  - 0 . 9 1  3 .6 4 (C H 3) - 0 . 2 6  (7) 0 .6 2  11
H  2 .5 2  -  0 .8 2  3 .5 0  0 .0 0  (7 ) 0 .5 9  R  =  aryl or tert-butyl

C1 2 ' 5 _ 0 '84 ° ^ 8 . highly solvated and causes only weak, if any, epr hyper-
• P. L. Nordio G. G iacom etti, and P. Favero, Ric. Set. P a r t e « fine gplittingg. However, at concentrations near 10"*

' “ ' ‘ ........  M  the metal hyperfine splittings are quite pronounced
and the epr studies show unequivocally that form I I

Discussion predominates (in dimethoxyethane) and that othe
-r, ,, , , , j  .1 , , metal-oxygen nuclear distance is only about 2 A .18bRegardless of the set of a  values used, the most star- c,. " °  . . .  * , ,  „ , ,? , r ,, Since our concentrations range from about ID-1 totlmg feature ot the results is the decrease m ketyl stretch- r 2 n  , +  , . .5 , 5 X  10“ 2 M ,  we are no doubt observing phenomenamg frequency corresponding to an increase in the elec- , , .. . . . T, . , , ..... 1 ,  , • r  , mu due to these dimeric ion pairs. I t  is not likely, eithertron-withdrawmg power ol the substituent. 1 he car- ,, , , . . . , , ,. ' TT. ,, , , , , . / . . . .  , , , that we are observing pmacolate-type dimers; Hirotabonyl stretching frequencies of the unreduced benzo- , . ,, , , f  , , ’ , . „, a  . ,  . i , j  . . .  and Weissman14 have shown spectrophotometncallyphenones reflect fairly well the expected variations . .. S

■ ,i , ,., , , . j  .. , • ,, that at 10-2 M  concentrations m D M E this dimer iswith substituent electron donation11 weakening the , . . . ,  „ , . . . . . .
C -0  bond by stabilizing the structure PreSei?  m neg' lglblJ  sm,a11 concentrations With one

exception we have found no observable change in the 
frequency of the ketyl upon dilution from concentra

t e  l i  tions of ~'1(W2 M  to ~l()-~4 M . Were the species under
21 observation to markedly change its degree of solvation,

we should expect a change towards a different frequency 
_ _ . „ .  . upon progressive dilution. Only in the case of benzo
in  Figure 2 is plotted the difference in the ketone and phen0ne do we observe an abrupt change of frequency
the ketyl stretching frequencies (Ar) vs. the <rR+ values. upon extreme (> 1 0 -4 M )  diiution; however, the color
These differences become progressively larger with the of the material also changes, indicating that we are
greater electron-withdrawing power of the para sub- observing a change from the dimer (purple) to the
stituent. Thus, both the results of Figures 1 and 2 are monomer (blue), as reported by Hirota’s study of the
disquieting m that neither reflects what might have vigible spectra. .^  Therefore, we must conclude that
been predicted, that is, that the ketyl C -0  bond should the lack of freqUency (and color) changes in the higher
become tighter with an increase m the value of «r as in concentration ranges indicates that either we are ob-
the ketones. The results appear to say that electron- gervin the game g ieg througbout the dilution pr0.
donating groups instead of further loosening the C -0  cegg; or the ir spectrometer is too insensitive to detect a
bond, actually strengthen it. change

At this point it should be noted that we are probably The effect of the nature of the alkali metal also bears 
observing the stretching frequency of a meta -ketyl this oint. There is iittle or no difference (within
dimeric ion pair II, studied originally by Hirota,1’- 14 experimental error) of the ketyl absorptions of the K +

and Na+ counterions (see Table I), a fact which again
(12) Several of our values in dimethoxyethane differ somewhat from those strongly implies, as does Hirota’s epr Study, that there

determined in CCh by Fusion, et a l . (ref 3). . °  J  1 ^
(13) (a) N. Hirota, Ph.D. Thesis, Washington University, 1963. Uni- llttlG ClinGrGIlCG 111 ShrUCtlirG DGtWGGIl NSr a.Hu. K

versity Microfilms, Inc., Ann Arbor, Mich., No. 64-2316; T. Kaiser and L. ketyls. Y et, when We gO tO the Li+ COUnterion We
^RefZnctTs1, p°68.” Inter6oieilce' New York' N' Y” 1968' chapter 2' should expect a more tightly held ion pair. If  our

(14) N. Hirota and S. I. Weissman, J .  A m er. Chem . S o c . ,  86, 2538 (196+. hypothesis of counterion assistance is correct, a more
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tightly held ion should serve to increase the C -0  bond §  © ©
strength, as indeed Li+ does, to the extent of 7 -9  cm-1 ^C— Ol -«-*• ^C—0 ■*-*■ ^C—0-
in benzophenone and ditolyl ketone. „

The ketyl of di- ¿eri-butyl ketone (lifetime ~ 3 0  min) E
has been included in Table I for reference purposes. ON CH e N0,
This ketyl represents one in which the odd electron is 2 V l  25V ^ S
almost totally confined to the C -0  site (Hirota reports 01 M+ M+ 0-
little solvent or temperature dependence and a quite /  ~ /  -  /  -
large metal hfs, resulting in a “tight” ion pair of struc- Ar Ar Ar
ture II). Comparison of its frequency shift to those of or
its aromatic cousins demonstrates its similarity to the X- -  +
4,4'-dinitro species. VC—— M

The problem of describing these effects at the ketyl ketyl structures with examples
site is, simply stated, to devise a mechanism wherein . . , ,
the antibonding character of the odd electron may be tron-donatmg groups would certainly increase the
increased, as reflected by a lower observed C -0  fre- en^ e electron density at the ketyl site,
quency, or decreased, in the case of a higher one. Electron-withdrawing substituents such as NO, cause

Valence bond structures may be invoked to describe structure C or E  to predominate The similarity in
the observed effects, but prove to be rather awkward ^retching frequency of 4,4 -dimtrobenzophenone ketyl
in depicting all situations. The conventional resonance and d ^ b u t y l  ketyl can be rationalized by involving
structures of the ketone (A, B) are adequate to describe onl7  st™cture C, in which very little delocalization of
the substituent effects of the unreduced ketone. f 1̂  charSe or13P11n can occur and 1T}  which counterion

influence must be large, giving the known tight ion
+ e  pair.

^ C = 0  ^C—0 A partial MO description (F), while possessing some
defects, can perhaps characterize the situation in MO 

B terms in which the bonding x  orbitals between C and O
are occupied as well as the nonbonding orbitlas of oxy- 
gen (not shown). The antibonding orbitals between 

I T  )  C and 0  are also occupied, by the odd electron, which
^ ' ' ^ T = 0  upon the influence of electron donation by Ar is more

/  A/  likely to be found on the central carbon atom, while the
” r charge density is increased on the oxygen. Electron

ketone structures with examples withdrawal by Ar results in a greater influence in anti
bonding by the odd electron and at the same time possi- 

In order to approach a depiction of the ketyl, Paul- bly allows enhanced bonding of the metal-oxygen pairs, 
ing’s three-electron bond concept (his subterfuge for
antibonds) must be summoned. Three contributing bonding x orbitals (solid lines)
resonance structures of the ketyl may be shown by
models C, D, and E. Electron-donating substituents Ar ¡'\ f ' w l ' ) )
can be seen to increase the probability of structure D,
in which the resident electron density on the ketyl is S v \ s\ --
greater than that of either C or E . In structure D we h t '  !ai ) >
should expect some influence of metal counterion and
also an increased C -0  bond strength with increased antibonding T orbitals (dotted lines)
electron donation, as borne out by experiment (see p- „
tolyl, Table I). F

Since p-tolyl benzophenone ketyl possesses a higher Acknowledgments •—Many thanks to the Illinois
frequency than benzophenone ketyl (and neither has Research Board of the University of Illinois (for support
large substituent resonance effects), it must be assumed while the authors were at the University of Illinois at
that the counterion effect is stronger in the former and, Chicago Circle) and the Gulbenkian Foundation of
at the same time, allows more delocalization of the odd Portugal for supporting grants, and to Dr. Robert N.
electron (see Table II). This is reasonable, since elec- Schwartz for helpful repartee.
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The Reaction of Potassium  Hexacyanodinickelate(I) with Organic Halides

I. Hashimoto,* N. T suruta, M. R yang, and S. T sutsumi

D epartm ent o f  P etro leu m  C hem istry, F acu lty  o f  E ngineering, O saka U niversity, S u ita , O saka, J a p a n

R eceived M ay  13, 1970

R eaction  of potassium  hexacyanodinickelate(I) (1) w ith various organic halides in aqueous solutions were 
exam ined. T hree types of reactions were observed to occur rather selectively  depending on the halides used: 
hydrogenolysis in the case of p-cyanobenzyl bromide and phenacyl brom ide; coupling in the case of benzyl, p -  
m ethylbenzyl, and p-m ethoxybenzyl brom ide and trans-i3-brom ostyrene; cyanation  in the case of cinnam yl 
bromide. W hen the same reaction was carried ou t in the presence of carbon monoxide, carbonylation reaction  
occurred easily under mild conditions to give sym m etrical ketone or ester. In  th e  presence of acrylonitrile or 
ethyl acrylate, the reaction of I w ith benzyl bromide gave 4-phenylbutyronitrile and ethyl 4-p hen ylb u tyrate , 
respectively. U nstable organonickel(II) complexes containing a carbon-nickel a  bond were postulated as inter
m ediates in these reactions.

In recent years, a variety of anionic organometallic ence of the following compounds: bibenzyl (89.0% ),
complexes have been shown to be excellent nucleo- benzaldehyde (0.6% ), and benzyl alcohol (2.0% ).
philic reagents in various synthetic reactions: e.g., When 2 mol of benzyl bromide was used per mol of
lithium acylmetal carbonylate in the synthesis of un- 1, just 1 mol of halide was consumed to give bibenzyl
symmetrical ketones1 or 1,4-dicarbonyl compounds,2 (96.4% based on 1 used) and the excess of the halide was
reagents from nickel carbonyl and alkali metal alk- recovered (eq 1).
oxides for alkoxycarbonylation of alkenyl or alkyl
halides,3 potassium hexacyanodinickelate(I)3 and so- K 2N i2(C N )6 +  C 6H 5C H 2B r — ^ 7 2C 6H SC H 2C H ,C 6H 5 (i)
diurn dicyanocuprate(I)4 for cyanation of alkenyl l
halides, and lithium dialkvlcuprate5 in the reaction
with organic halides or a,/3-unsaturated ketones. p-Methyl- and p-methoxybenzyl bromide gave ex-

In a preliminary communication6 the present authors elusively the corresponding bibenzyl derivatives and in
have reported a reagent useful for the formation of new these reactions only a trace amount of hydrogenolysis
carbon-carbon bonds. Potassium hexacyanodinickel- product (p-xylene, p-methoxytoluene, respectively) was
ate(I) (1) in an aqueous solution reacted srnoothly with detected by glpc.7 The reaction of 1 with p-cyano
benzyl bromide at room temperature to give bibenzyl benzyl bromide is interesting and, in this case, the
(89.0% ), and, in the presence of carbon monoxide (CO), yield of hydrogenolysis product, p-cyanotoluene, in-
the same reaction gave dibenzyl ketone in a high yield. creased remarkably (50.0% ) at the expense of coupling
In this report we wish to propose the formation of product, p,p/-dicyanobibenzyl.
organonickel(II) complexes as precursors to the prod- If should be noted that the reactivity of 1 to organic 
ucts resulted from the following reactions; i.e., hydro- halides and the product distribution depend greatly on
genolysis, coupling, cyanation, carbonylation (in the the halides used_ Although the cyanonickelate 'rea-
presence of CO), and benzylation of olefins (in the pres- g0nt 1 was quite inactive towards simple alkyl bromides
ence oi olefins). and ary| halides, it showed a high reactivity towards

Results alkenyl or allyl bromides; i.e., trans-fi-bromostyrene and
cinnamyl bromide reacted smoothly with 1 to give

Reaction of Potassium Hexacyanodinickelate(I) (1) trans,inms-l,4-diphenyl-l,3-butadiene and cinnamyl
with Organic Halides. To the blood-red aqueous cyanide, respectively, in high yields. When an equi-
acetone solutions of 1 were added dropwise organic molar amount of phenacyl bromide in .¥,Ar-dimcthyl-
halides (molar ratio, 1 :R  —X  = 1:1 ~  2) at 0° or at formamide (DM F) was added dropwise to a solution of
room temperature under a nitrogen atmosphere. The l in aqueous DM F at 0°, a rapid reaction occurred to
results of analyses of organic compounds formed are give acetophenone (47.5% ), 1,2-dibenzoylethane
summarized in Table I. (9.4% ), and a significant amount of black polymeric

When an aqueous acetone solution of 1 was treated materials. The yield of coupling product, 1,2-di-
with an equimolar amount of benzyl bromide at 0°, the benzoylethane, increased to 46.8%  when the same reac-
color of the solution changed to pale yellow within 30 tion was carried out in anhydrous DMF. 
min. The pale yellow color remained unchanged even Reaction of Potassium Hexacyanodinickelate(I) (1) 
after the solution was stirred at 0° for 6 hr, but when the with Organic Halides in the Presence of CO.—It was
reaction temperature was raised up to 20°, a rapid de- reported that 1 is coordinatively unsaturated and its
composition took place to give a yellow-green suspen- aqueous solution easily absorbs two molecules of CO
sion. Glpc analysis of the products showed the pres- according to eq 2a to give the yellow carbonyl-cyano-

* To whom correspondence should be addressed. nickel(I) complex.8a"b But. very recently, the carbon-
(1) y . Sawa, m. Ryang, and s. Tsutsumi, Tetrahedron L ett., si89 (1969). ylation of 1 has been found, actually, to form an equi-
(2) (a) Y. Sawa, I. Hashimoto, M. Ryang, and S. Tsutsumi, J .  Org.

C hem ., 33, 2159 (1968); (b) E. J. Corey and L. S. Hegedus, J .  A m er. Chem .
S oc ., 91, 4926 (1969). (7) The result in the case of p-methoxybenzyl bromide is not satisfactory

(3) E. J. Corey and L. S. Hegedus, ib id ., 91, 1233 (1969). in respect to the yield because the halide was easily hydrolyzed by water to
(4) H. O. House and W. F. Fischer, J .  Org. C hem ., 34, 3626 (1969). the alcohol, but the ratio of coupling product to hydrogenated product
(5) (a) G. M. Whitesides, W. F. Fischer, Jr., J. S. Filippo, Jr., R. W. would represent the reactivity of the halide toward 1 [A. Lap worth and J. B.

Bashe, and H. O. House, J .  A m er. Chem . S oc ., 91, 4871 (1969); (b) J. Shoesmith, J .  Chem . S oc ., 121, 1391 (1922)].
Klein and R. M. Turkel, ib id ., 91, 6186 (1969). (8) (a) R. Nast and T. von Krakkay, Z. A norg. A llg. C hem ., 272, 233

(6) I. Hashimoto, M. Ryang, and S. Tsutsumi, Tetrahedron Lett., 3291 (1953); (b) W. P. Griffith and A. J. Wickham, J .  C hem . S oc . A, 834 (1969);
(!969). (c) R Nasti H Schulz, and H.-D. Moerler, Chem . B er ., 103, 777 (1970).
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T a b l e  I

R e a c t io n  o p  P o t a s s iu m  H e x a c y a n o d in ic k e l a t e ( I )  (1 )  w i t h  O r g a n ic  H a l id e s

Ratio, Temp, Time, ✓—------------- Product, % a------------------ ,
R-X Solvent 1:RX °C hr R—H R—R R—CN

C eH sC ftB r W ater-aceton e  1 :1  0 -2 0  8  d  8 9 .0
C ellsCH sBr W ater-aceton e  1 :2  0 -6 0  3 d  9 6 .4
p-CH iCflIBCH'iBr W a ter-aceto n e  1 :1  15 6 T ra ce  9 2 .5
p-C H rO C cH jC H jBr W ater-aceton e  1 :1 .4  20  4  T ra ce  2 1 .5
p-N C C 6H 4C H 2B r W ater-aceton e  1 :1  20  10 5 0 .0  1 1 .5
C6H5C H 2C H 2B r W a ter-aceto n e  1 :1  2 0 -5 0  12
C s H J W a ter-aceto n e  1 :1  1 5 -4 5  12
Iran s-C rM :,C H = C B B r  W ater-aceton e  1 :1  1 8 -23  1 7 2 .9  6 .6
irarw-C6H5C H = C H C H 2B r  W ater-aceton e  1 :2  5 -2 0  10 6 .7  83 0
C6H5C ( = 0 ) C H 2B r  W ater-D M F '* 1 :1  5 0 .5  4 7 .5  9 .4
C6H5C ( = 0 ) C H 2B r  M ethanol” 1 :1  4 0 -5 0  10 3 8 .1  1 4 .0
C 6H 5C ( = 0 ) C H 2B r  D M F 6 1 :1  0 -1 0  10 1 2 .0  4 6 .8
p -B rC 6H 4C ( = 0 ) C H 2B r  M ethanol” 1 :1  30  15 1 3 .7 ” 3 2 .6 '

“ Y ields are based on 1 used. 6 A ,A -D im ethylform am ide. ” Suspension. d N o effort was made to d etect it. ” p-Brom oacetophen- 
one. f  p ,p '-D ibrom o-l,2-d ibenzoylethane.

T a b l e  I I

R e a c t io n  o f  P o t a s s iu m  H e x a c y a n o d in ic k e l a t e ( I )  (1) w i t h  O r g a n ic  H a l id e s  i n  t h e  P r e s e n c e  o f  CO
Ratio, Temp, Time,

R-X Solvent 1:RX °C hr Product, % a

CeHsCH2B r  W ater-aceton e  1 :2  4 -2 2  14 D ibenzyl ketone, 9 0 .4
C 6H 5C H 2B r  W ater-aceton e  1 : 1 . 7  0 -1 5  2 D ibenzyl ketone, 6 1 . 0
p-CHsCeH4C H 2B r W ater-aceton e  1 : 1 . 1  1 0 -45  21 p ,p '-D im ethyldibenzyl

ketone, 67 .0
w-C4HgI W ater-m ethan ol 1 :2  0 -3 0  4  D i-n -b u ty l ketone, 4
iran s-C 6H 5C H =C H Br W ater-m ethan ol 1 : 1 . 4  1 0 -35  17 M eth yl ¿rares-cinnamate, 5 7 .0

Cinnam aldehyde, 1 0 . 2
“ Y ields are based on 1 used.

molar amount of K2[NiII(CN)4] and K 2[Ni°(CO)2- late gave ethyl 4-phenylbutylate in a lower yield (8.0%)
(CN)2] (2) as shown in eq 2b.8c and bibenzyl (20.0% ). A definite color change from

, i nnr, /™wr- w vnA vc,,,,, red to yellow was observed when an excess of butadiene
was added to an aqueous solution of 1, but an attempt

l  +  2CO — >■ K 2[N i(C N )4] +  K 2[N i(C O )2(C N )2] (2b ) at benzylation was unsuccessful and almost all of the
2 benzyl bromide was recovered. It seems likely that a

*__ „„„„„ « „ • , , ,. , , , strong coordination of butadiene to 1 led to the pre-An excess ol organic halides (molar ratio, 1:1.1 ~  2) .. ,, , a, , ,  . ,  , 1
j  a a %  ,. , J  j , /  ventionol the attack ol benzyl bromide on 1.was introduced to an aqueous solution of 2 and gentle

bubbling of CO was continued with vigorous stirring
for several hours. The results are summarized in Discussion
Table II. It is reasonable to consider the formation of unstable

Benzyl and p-methylbenzyl bromide gave dibenzyl organonickel(II) cr complexes (3) as intermediates in the 
ketone and p,p'-dimethyldibenzyl ketone, respectively, reaction of 1 with organic halides. In the reaction of 1 
in high yields in water-acetone solution. Formation of
any methyl ester was not observed even if the same 1 *" K d R -N T h C N ^ ] - f  K 2[N iIi:(C N )3X ]  (3)

reaction was carried out in water-methanol solution. 3
The carbonylating reagent 2 was also much less reactive with benzyl bromide, the assumption of formation of
towards alkyl halides, and n-butyl iodide gave di-n- tricyanobenzylnickelate(II) (3, R  =  C6H5CH2) was
butyl ketone only in a low yield. Contrary to the re- supported by the following chemical proofs, although
suits from benzyl bromide, methyl irans-cinnamate our previous attempts to isolate it were unsuccessful
(57.0%) and cinnamaldehyde (10.2% ) were obtained and spectral study has not yet been done because of its
from ¿rans-/3-bromostyrene in water-methanol. thermal instability: (1) treatment of 1 with an equi-

Reaction of Potassium Hexacyanodinickelate (I) (1) molar amount of benzyl bromide in water-acetone at
with Benzyl Bromide in the Presence of Olefin.—When 0° gives a pale yellow solution which is stable at the
an excess of acrylonitrile was added to the aqueous solu- temperature for several hours but decomposes near
tion of 1 at room temperature, a yellow color resulted room temperature to afford bibenzyl almost quantita-
instantly, presumably owing to the formation of a weak tively: (2) bubbling of CO into the yellow solution
x complex between 1 and olefin. Benzyl bromide was gives dibenzyl ketone (34%) as well as bibenzyl (50% );
then added dropwise at —7° with stirring. Upon (3) treatment of the yellow solution with HgCl2 gives
work-up, a 23.0%  yield of 4-phenylbutyronitrile and benzylmercuric chloride (17%) and bibenzyl (60% );
57.4% bibenzyl was obtained. A similar reaction and (4) benzylation of olefins occurs when an appro-
of 1 with benzyl bromide in the presence of ethyl aery- priate olefin is present in the reaction system.
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Decomposition of 3 in aqueous solutions gave the formation of organonickel(II) or complexes (6) as inter- 
three types of products by hydrogenolysis (eq 4), cou- mediates, according to eq 9-13. 
pling (eq 5), or cyanation (eq 6).

2 + R—X —  K2[R—Ni(CO)2(CN)2] (9)

E -H  (4).
3 ----------->- R—R (5) 6

-------► R—CN (6) 0
II

6 — -*■ K2[R C Ni(CO)j.+1(CN)2] CO)
In  some cases, competition between the former two I

or the latter two types occurred. Phenacyl bromide in ^
aqueous solution underwent hydrogenolysis to yield x == 0 or 1
acetophenone as a main product but, when anhydrous 7
DM F was used as a solvent, the coupling product, 1,2- 0
dibenzoylethane, was mainly formed. tra?is-/3-Bromo- 6  ̂ __
styrene gave the coupling product in a high yield, '
whereas the nitrile was produced from cinnamyl bro- 9
mide. It should be noted that the course of decom- CHj0H> r_ q_ qch3 112)
position depends largely on the structural type of the 0
organic moiety. Especially in a series of para-sub- ..H0.. ||
stitu ted  benzyl bromides, a definite substitution effect — R— c—H (13)
on the product distribution was observed; benzyl, p-
methylbenzyl, and p-methoxybenzyl bromide gave the Comparison of the reactivity of 2 and nickel car- 
corresponding coupling products almost exclusively, bonyl (8) toward various organic halides is of particular
but p-cyanobenzyl bromide gave p-cyanotoluene as a interest. In the present reaction using 2, symmetrical
main product. ketones were obtained in a high yield from benzyl or p-

Tricyanobenzylnickelate(II) (3, R  =  C6H5CH2), as methylbenzyl bromide and, in a much lower yield, from
well as pentacyanobenzylcobaltate(III),9 is classified as n-butyl iodide, but any ester or carboxylic acid was not
hydrolytically inert in contrast to benzylchromium- obtained from these halides when water-methanol or
(III) species10 which is easily hydrolyzed by water to water-acetone was used as a solvent. It has, however,
give mainly toluene. been reported that the reaction of 8 with benzyl bro-

Reaction of 1 with trans-p-bromostyrene is inter- mide gave dibenzyl ketone in DM F solution and ethyl
esting. Recently, Corey and Hegedus3 reported that phenylacetate in ethanol in high yields.12 On the ovher
78%  of trans-/3-cyanostyrene 4 was obtained from this hand, alkyl or alkenyl halides are known to be inert to 8
reaction in methanol in the presence of 2 mol equiv of and can be converted to esters only by a more powerful
KCN (eq 7). However, when the same reaction was carboxylating reagent (alkali metal alkoxide-8-alcohol

system),3 and therefore the high reactivity of 2 (and 1) 
2KCN. 25°, 2 hr ̂  c 6H5/\/CN (7) toward irans-/3-bromostyrene is attractive,

methanol 6 s The formation of cinnamaldehyde (10.2% ) as a by-
l + — 0 product in the reaction of 2 and (rans-^-bromostyrene is

-----------------► C6H5 C6H5 intriguing because, in general, acyl transition m etal
5(72 9%) complexes are known to afford carboxylic acids in-

+  stead of aldehydes by hydrolysis,lla but the mechanism
4 (6 6%) (8) leading to the aldehyde (eq 13) is still open to question.

The fact that an aqueous solution of 1 easily absorbs 
. , , . , , „ Tr . CO makes it possible to expect the coordination of other

carried out in the absence of KCN m water-acetone, unsaturated compounds, which has, indeed, been dos-  
the coupling product was obtained in a good yield and tulated in the reaction of cyclization of a certain acet-
the yield of the nitrile 4 drastica ly decreased. Con- ylenic compound13 or of hydrogenation of olefins.14
trary to the formation of cinnamyl cyanide from 1 and olefin insertion reactions into alkyl transition metal <r
cinnamyl bromide in a high yield, the presence of free bonds are also reported.13 From the analogy of pre-
cyano ion is necessary for the cyanation of trans-fi- viously observed reactions, the benzylation reaction of
bromostyrene. . . , L olefins using 1 is explicable by eq 14.

Carbon monoxide insertion reactions into the carbon-
metal a- bond of alkyl (or aryl) transition metal com- x +  c h 2=C H Y +  RX — >- K2[R—Ni(CN)„] —
plexes are well known and their m echanistic considera- ;
tions have been done by several workers.11 Carbon- ;
ylation reaction of organic halides by the carbonyl CH^CHY
cyanomckelate(I) reagent 2 seems to proceed via the K2[RCH2CHY-Ni(CN)3] RCH2CH2Y  (14)

(9) (a) J. Halpern and J. P. Maher, J .  A m er. Chem . S oc ., 86, 2311 (1964); ^  CtKbCHj, Y — CN, C02C2Hs)
(b) J. Kwiatek, “Catalysis Reviews,” Vol. 1, Marcel Dekker, New York,
N. \ .. 1968, p 37. (12) E. Yoshisato and S. Tsutsumi, J .  Org. C hem ., 33, 869 (1968).

(10) J. K. Kochi and D. Buchanan, J .  A m er. Chem . S oc., 87, 853 (1965). (13) J. P. Martella and W. C. Kaska, Tetrahedron  Lett., 4889 (1968).
(11) (a) C. W. Bird, “Transition Metal Intermediates in Organic Syn- (14) W. H. Dennis, Jr., D. H. Rosenblatt, R. R. Richmond, C. A. Fineth

thesis," Logos Press, London, 1967; (b) D. Seyferth and R. J. Spohn, J .  and G. T. Davis, ib id ., 1821 (1968).
A m er. C hem . S oc., 91, 3037 (1969); (c) Z. Nagy-Magos, G. Bor, and L. (15) (a) I. Rhee, M. Ryang, and S. Tsutsum i, J .  O rganom etal. C hem ., 9,
Marko, J .  O rganom etal. C hem ., 14, 205 (1968). 361 (1967); (b) R. F. Heck, J .  A m er. Chem . S oc., 91, 6707 (1969).
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A  s im ila r  b e n z y la t i o n  r e a c t io n  u s in g  c h r o m iu m ( I I )  acetone was added dropwise 5.9 g (0.030 mol) of p-cyanobenzyl 
w a s  r e p o r t e d  b y  K o c h i  a n d  D a v i s . 16 brom ide in 40 ml of acetone w ith  vigorous stirring a t room tem 

perature over a period of 30 m in. T h e color of the solution 
changed from  red to yellow , and near the end of addition, to 

E x p e r im e n t a l  S e c t io n  ligh t green. A fter the same treatm ent as above, the organic
layer was distilled under reduced pressure to give the following

General.— B en zyl brom ide, /3-bromostyrene (trans 9 2 .5 % , fractions: (1) bp 92-98° (14 m m ), 1.95 g  of p-cyanotoluene (50.0
cis 7 .5 % ), n -bu tyl iodide, phenacyl brom ide, p-brom ophenacyl % ) ; (2) bp 100-110° (0.3 m m ), 1.25 g  of recovered p-cyanobenzyl
brom ide, acrylonitrile, and eth yl acrylate  were of reagent brom ide. T h e residue (c a . 1 g) was chrom atographed on silica
grade and purified b y  distillation or recrystallization from  ethanol. gel. Prom  the ether eluate, colorless needles of p ,p '-d icyano-
p-M ethylbenzyl brom ide, mp 40° ( lit . 17 mp 39°), p-m ethoxy- bibenzyl were obtained: ir.p 200-201° (recrystallized from
benzyl brom ide, bp 128-130° (15 mm ) [lit . 18 bp 124-126° (12 ethanol) (lit . 24 * mp 198°); yield 0.40 g  (1 1 .5 % ); ir (K B r) 2220
m m )], and cinnam yl brom ide, bp 90-91° ( 2  mm ) [lit . 19 bp 84- cm - 1  ( C = N ) .
85° (0.8 mm)], were prepared from  the corresponding alcohols C. With ¿nms-(3-Bromostvrene in Water-Acetone.— T o  a
by the action of phosphorous tribrom ide in carbon tetrachloride solution containing 0.035 mol of 1 in 120 ml of w ater and 70 ml
in the presence of pyridine. p-C yanoben zyl brom ide was pre- of acetone was added dropwise 6.4 g  (0.035 mol) of lrans-i3-
pared b y  the reported m ethod 20 and purified b y  sublim ation brom ostyrene in 30 m l of acetone w ith  stirring at room tempera-
ire vacuo, mp 1 1 5 -1 1 5 .5 ° . C om m ercially available K 2N i(C N )4- ture over period of 30 m in. T h e reaction proceeded exotherm-
1 1 2 0  was dried in  vacuo a t 100°. A jA -D im eth ylfo rm am id e ically  and the tem perature of the reaction m ixture rose from
(D M F ) was fractionated and dried over molecular sieves. A ll 18 to 23°. T he color of the solution changed from  blood-red to
solvents were saturated w ith  nitrogen before use and all the transient black, and at the end of addition, to  dark green. Stir-
reactions were carried out under a nitrogen atm osphere. G a s - ring was continued for a further 30 m in. A fter the same treat-
liquid partition  chrom atographic analyses were perform ed on a m ent, the filtrate was extracted w ith  100 ml of ether and 150 ml
Y anagim oto G C G -5 D H  instrum ent using 2.5 m X  3 m m  columns of benzene. R em oval of solvent gave  a pale yellow  oil which
packed w ith  20%  SE-30 or 20%  P E G -20 M . Y ie lds were based crystallized on cooling to 0°. F iltration  of the resulting crystals
on potassium  hexacyanodiniekelate(I) used. and washing w ith 30 ml of cold m ethanol gave 1.74  g of colorless

Preparation of Potassium Hexacyanodinickelate(I) (1).—  leaflets, mp 15 1-15 2 .5 °. A  sam ple of irares,irares-l,4-diphenyl-
T h e cyanonickelate(I) reagent 1  was prepared b y  the reported 1,3-butadiene (5), prepared b y  another m ethod , 26 showed the 
m ethod21 w ith  a slight m odification. T o  a solution containing sam e behavior and the m elting point w as undepressed when mixed
24.1 g (0.100 mol) of anhydrous potassium  tetracyanonickelate- w ith  the above sam ple. T heir ir spectra were also identical in
(II), K 2N i(C N )4, in ca . 300 ml of liquid ammonia w as added all respects. D istillation  of the m other liquor under reduced
2.80 g (0.070 g-atom ) of potassium  in the form  of sm all pieces. pressure gave 0.30 g  (6 .6 % ) of trans-i3-cyanostyrene (4) and
Am m onia was then evaporated slow ly w ith  stirring a t atm o- another 0.89 g  of 5 (total yield 2.63 g, 7 2 .9 % ).
spheric pressure and later in  vacuo. Residual red powder w as D. With Cinnamyl Bromide in Water-Acetone.— T o  a solu-
washed w ith five successive 60-ml portions of m ethanol in order tion containing C .035 mol of 1 in 120 ml of w ater and 110 ml of
to rem ove the remaining ammonia and resulting K C N  and dried acetone w as added 13.8 g  (0.070 m ol) of cinnam yl brom ide in
in  vacuo."2 50 ml of acetone w ith  stirring at 5° during 1 hr. Stirring was

Reaction of Potassium Hexacyanodinickelate(I) (1). A. continued for a further 9 hr a t room tem perature until the reac-
With p-Methylbenzyl Bromide in Water-Acetone.— Potassium  tion m ixture gave a yellowish green suspension. A fter similar
hexacyanodinickelate(I) ( 1 ) (0.0267 mol) in 160 ml of w ater was treatm ent, the organic layer was distilled under reduced pressure,
charged into a 400-ml five-necked flask equipped w ith  a dropping A  fraction of bp 93-96° (0.8 mm ) gave  4.19 g (83.0% ) of cinnam yl
funnel, gas-inlet and -outlet tubes, a therm om eter, and a me- cyanide: mp 6 1-6 1 .5 °  (recrystallized from  ethanol) (fit . 26 59-
chanical stirrer, and 100 m l of acetone was added. p-M eth yl- 60°); ir 2270 ( C = N )  and 1655 cm - 1  ( C = C ) .  T h e residue was
benzyl brom ide (4.95 g, 0.0267 mol) in 30 ml of acetone w as chrom atographed on a  2.5 X  15 cm silica gel colum n. From  the
added via  the dropping funnel, slow ly w ith  efficient stirring, over petroleum  ether-benzene (4 :1)  eluate, 0.55 g  of colorless leaflets 
a  period of 90 min a t room tem perature. T h e in itia lly  blood-red was obtained, mp 80 .5-8 1.5°, w hich w as found to  be trans,trans-
so lu tion  turned to  dark red during the addition, and a dark l,6-d iphenyl-l,5-hexadiene (lit . 27 mp 80 .5-8 1°) (yield 6 .7 % ).
green suspension w as finally obtained. T he reaction m ixture A n a l.  C alcd  for C i8H i8: C , 92.26; H , 7.74 . Found: C ,
was stirred a t room tem perature for 2 hr. A fter filtration of 92.19; H , 7.85.
inorganic m aterials, the yellow  filtrate  w as concentrated to ca . E. With Phenacyl Bromide in DMF.— A  m ixture of 0.035
100 m l a t reduced pressure, followed b y  extraction w ith  200 m l mol of 1 and 7.0 g  (0.035 mol) of phenacyl brom ide in 200 ml of
of ether. T h e colorless ether extract w as washed w ith  aqueous D M F  w as stirred at 0 -10° for 10 hr. T h e color of the solution
N a C l and w as dried over anhydrous M g S 0 4. A fter rem oval of changed from  red to dark reddish brow n. T h e reaction m ixture
the ether, the residual oil w as distilled under reduced pressure to was poured into 700 ml o f w ater and w as extracted w ith ether,
give the following fractions: (1) bp 58-60° (15 m m ), 0.79 g of A fter sim ilar treatm ent, 0.51 g  (20.0% ) of acetophenone (iden-
diacetone alcohol containing a trace am ount of p-xylene (de- tified b y  ir and glpc) and 1.87 g  (46.8% ) of 1,2-dibenzoylethane
tected by glpc); (2) bp 90-120° (1 .1  m m ), 0.16 g of colorless oil; (m elting point and m ixture m elting point w ith  authentic sam ple , 28

(3) bp 12 1-12 6 ° (1 .1  m m ), 2.49 g of colorless oil. F raction  3 14 5-146°) were obtained.
crystallized on standing to  give colorless needles which were F. With p-Bromophenacyl Bromide in Methanol.— W hen
found to be p ,p '-d im ethylb iben zyl, mp 82° (lit . 22 23 82-83°). G lpc p-brom ophenacyl brom ide instead of phenacyl brom ide was
analysis (column, 20%  PE G -20 M ; 120-240°, 4°/m in program ; reacted w ith  an equimolar am ount of 1 in absolute m ethanol in
carrier gas, H e, 1 0  m l/m in) indicated th a t fraction  2  contained the usual manner, the following tw o com pounds were isolated:
0.03 g (0.9% ) of p-m ethylbenzyl alcohol and 0.10 g (total yield  p-brom oacetophenone (13 .7 % ) and p,p '-d ibrom o-l,2-d iben zoyl-
2.59 g, 9 2 .5% ) of p ,p '-d iineth ylb ib en zyl. ethane (32.6% ), mp 18 0 -18 1° (purified b y  sublim ation ire vacuo).

B. With p-Cyanobenzyl Bromide in Water-Acetone.— T o a  M eltin g point of the la tter compound was not depressed b y  ad-
solution containing 0.030 mol of 1 in 90 m l of w ater and 100 m l of m ixture w ith  authentic sam ple . 28

-----------------  Reaction of Potassium Hexacyanodinickelate(I) (1) in the
(16) J .  S .  K och i and D. D. Davis, J .  A m e r .  C h e m .  S o c ,  86, 5264 (1964). Presence of CO. A. With p-Methylbenzyl Bromide in Water-
2 2  aTnd L- JSr(S"S,bS ,er- MT n h' Cr kr " I I I  S '  Acetone . - I n t o  a red solution containing 0.035 mol of 1 in 120(18) W . Q. Beard, J r., and C. R . Hauser, J .  O r g .  C h e m . ,  25, 334 (1960). j  in n  i  r  a r < r \  „  u  u u i a  in o  •+!,
(19) K . Ziegler, A . Spath, E . Schaaf, W. Schumann, and E . W inkelm ann, m l of Water and 100 :ml of acetone, C O  w as bubbled a t 10 With

J u s t u s  L i e b i g s  A n n .  C h e m . ,  661, 80 (1942). vigorous stirring. T h e color of the solution changed to yellow
(20) F. H . Case, J .  A m e r .  C h e m .  S o c . ,  4 7 , 1143 (1925). w ithin  10 m in. p-M eth ylben zyl brom ide (7.0 g , 0.038 mol) in
(21) w . M . Burgess and J. w . Eastes, I n o r g .  S y n . ,  6 , 197 (1957). 30 ml of acetone was added a t 10 °. S tirring and gentle bubbling
(2 2 ) It was confirmed that the presence of the excess of the cyanonickel- of C O  were continued for 21 hr at 10—45°. A  sm all am ount of

ate(II; does not effect on the present reactions; i.e., when a mixture of __________
benzyl brom ide (7.0 g, 0.0400 mol) and K zN i** (CN)4 (9.6 g, 0.0400 mol)
in  100 m l of w ater was stirred  a t 40-70° fo r  5 hr, alm ost a ll of th e  brom ide (24) P. K a ttw in k e l and R . W olffenstein, C h e m .  B e r . ,  34, 2423 (1901).
was recovered unchanged or p a rt ly  as benzyl alcohol (16% ) b u t b ibenzyl (25) S. M isu m i and M . Nakagawa, B u l l .  C h e m .  S o c .  J a p . ,  36, 399 (1963),
was not detected. (26) A . Kandiah  and R . P . Linstead, J .  C h e m .  S o c . ,  2139 (1929).

(23) H . M eyer and H . H ofm ann, M o n a t s h .  C h e m . ,  37, 681 (1916); C h e m .  (27) H .  P. Koch, i b i d . ,  1111 (1948).
A b s t r . ,  11, 780 (1917). (28) E . Yoshisato and S. Tsiutsumi, C h e m .  C o m m u n . ,  33 (1968).
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greenish-white solid precipitated in the course of the reaction. period of 1 hr. T h e reaction m ixture w as gradually  w arm ed to
A fter  sim ilar treatm ent, the organic p art was distilled under room  tem perature during 12 hr w ith  efficient stirring. A fter
reduced pressure to  give the following fractions: (1) bp 78-85° similar treatm ent described above, the organic layer w as distilled
(1.0 m m ), 0.93 g  of p-m ethylbenzyl alcohol; (2) bp 135-160° to give 3.00 g  of distillate, bp 89-91° (0.7 m m ), w hich w as sub-
(1.0 m m ), 2.70 g of colorless needles. F raction  2 w as recrystal- jected  to  qu an titative glpc analysis (column, 20 %  PE G -20 M ;
lized .from  ethanol to  give colorless crystals, mp 54 -55°, w hich 130-240°, 4°/m in program ; carrier gas, H e, 1 2  m l/m in) and
w ere identified as p ,p '-d im ethyld iben zyl ketone: ir (K B r) 1703 was found to consist of the following tw o compounds: 1 .1 7  g
cm - 1  ( C = 0 ) ;  nmr (CC14) r  7.70 (s, 6 , C H 3), 6.55 (s, 4, C H 2), (23.0% ) of 4-phenylbutyronitrile and 1.83 g  (57 .4 % ) of bibenzyl,
and 3.10 (s, 8 , C 6H 4). W hen a reaction similar to  the preceding exam ple w as carried

A n a l. C alcd  for C n H lsO : C , 85.67; H , 7 .6 1. Found: C , out using ethyl acrylate instead of acrylonitrile, e th yl 4-phenyl-
85.55; H , 7.39. bu tyrate  and bibenzyl were obtained in 8.0 and 20.0%  yield ,

G lp c analysis (column, 20%  SE-30; 200-280°, 4°/m in pro- respectively (analyzed b y  ir spectra and glpc). A uthen tic
gram ; carrier gas, H e, 1 0  m l/m in) of fraction  2  showed the pres- samples of 4-phenylbutyronitrile and ethyl 4-phenylbutyrate
ence of a trace am ount of p ,p '-d im ethylb iben zyl as a  sole im- were prepared b y  the reported m ethods . 160

p u rity . Isolation of Benzylm ercuric Chloride.— T o  a solution con-
B . W ith ¿raras-/3-Bromostyrene in W ater-M eth an o l.— Carbon taining 0.035 mol of 1  in 140 ml of w ater and 40 ml of acetone

monoxide was bubbled into a solution containing 0.035 m l of was added 6.0 g  (0.035 m ol) of benzyl brom ide in 30 m l of ace-
1  in 120 m l of w ater and 100 m l of m ethanol. inms-/3-Bromo- tone at 0° w ith  stirring. T h e red color of the solution turned
styrene (9.2 g, 0.050 mol) in  20 ml of m ethanol w as added, and pale yellow  w ithin  30 m in. M ercuric chloride (9.50 g, 0.035
stirring and gentle bubbling of C O  were continued for 17  hr a t mol) in 30 ml of acetone w as added dropwise at 0° over a period
10 -3 5 °. A fter sim ilar treatm ent, the organic p art w as distilled of 1 hr. A fter usual treatm ent, 1.88 g  (17 .0 % ) of benzylm er-
under reduced pressure. A  fraction of bp 80-87° (2 mm ) w as curie chloride, mp 104r-106° (recrystallized from  ethanol) ( lit . 29

collected to  give 4.50 g  of pale yellow  liquid. T h e ir spectrum  104°), and 1.91 g  (60.0% ) of bibenzyl were isolated,
and qu an titative glpc analysis (column 20%  P E G -20 M ; 120-

280°, 4°/m in program ; carrier gas H e, 10 m l/m in) of the frac- Registry N o.-l, 123-87-132; benzyl bromide, 100- 
tion showed the presence of the following compounds: 3.23 g  on A 1L ’ . L , . i cf-t a
(57 .0 % ) of m ethyl ¿rans-cinnamate, 0 . 4 7  g  (10.2%) of cinnamal- o9-U, p-methylbenzyl bromide, 104-81-4,' p-methoxy-
dehyde, 0.10 g  (2.2%) of irans-/3-cyanostyrene, and 0.59 g of benzyl bromide, 2746-25-0; p-cyanobenzyl bromide,
recovered iroras-/3-bromostyrene. 17201-43-3; t r a n s -0 -bromostyrene, 588-72-7; tra n s -

R eaction of Potassium  H exacyanodinickelate(I) (1) w ith cinnamyl bromide, 26146-77-0; phenacyl bromide, 70-
Benzyl Bromide in the Presence of Acrylonitrile or Ethyl Acryl- i ,  __ , , , . j  „ , , ,
a te .— T o  a solution containing 0.035 mol of 1 in 120 ml of w ater . ’ 7>-bromophenacyl bromide, 99-73-0; ft-butyl
and 40 m l of acetone was added 5.3 g (0.10 m ol) of acrylonitrile iodide, 542-69-8; p , p  -dimethyldibenzyl ketone, 26146- 
w ith  stirring. T h e color of the solution changed im m ediately 78-1. 
to transparent yellow . B en zyl brom ide (6.0 g , 0.035 mol) in
20 ml of acetone was added dropwise w ith  stirring at — 7° in a (29) K . C. Bass, J .  O rg a n o m e ta l. C h e m ., 4, 92 (1965).

Synthesis, Spectra, and Reactions of iV-Triphenylmethylpyridinium Salts. 
Reaction of Triphenylmethyl Chloride with Pyridine under High Pressure

Y oshiyuki Okamoto* and Y astjo Shimakawa

R esearch  D ivision, D epartm ent o f  C hem ical E ngineering, N ew  Y ork  University, U niversity H eights, N ew  Y ork, N ew  Y ork  10453

R eceived J a n u a r y  30, 1970

W -Triphenylm ethyl- (trityl-) pyridinium  chloride (I) w as synthesized from  trity l chloride and pyridine b y  
means of high pressure (4000-5000 atm ) in dioxane or pyridine solution at 60-70°. Com pound I w as found to 
react rapidly w ith  m ethanol and w ater to produce tr ity l m eth yl ether and triphenylcarbinol, respectively. W ith  
moisture, it was converted into the molecular complex (II) of triphenylcarbinol and pyridinium  chloride in the 
solid state. T h e ir, uv, visible, and nmr spectra of I  were compared to those of W -tritylpyridinium  perchlorate 
and fluoroborate. T h e deshielding of pyridine ring protons of these jV -tritylpyridinium  compounds is m uch 
smaller than th at of other iV-alkylpyridinium  compounds. Explanation  of this phenom enon is suggested. N -  
tritylpyridinium  brom ide (III)  w as synthesized from  trity l brom ide and pyridine w ithout applying high pres
sure. T h e  differences betw een tr ity l chloride and brom ide in the form ation of A -tritylpyridin ium  compounds 
are also discussed.

I t  has long been known that the yellow color of the shown to be a complex (II) of triphenylcarbinol and
trityl ion in nitromethane solutions of trityl chloride pyridinium chloride associated through a weak hydro-
discharged immediately upon addition of pyridine. gen bond in the solid state .3
This phenomenon was attributed to the formation of Generally, in nucleophilic reactions the stronger 
tritylpyridinium chloride ( I ) .1 The solids “tritylpy- nucleophilic reagent, pyridine, would be expected to
ndinium chloride” reported in the literature2 were react faster with alkyl halides than methanol.4 How-

* T o  whom  correspondence should be addressed. f Vf ’ ^  ^ he“ 8 ° f ^tritylpyridinium  chloride from
(1) A . Streitwieser, J r., “ S o lvo lytic  Displacem ent Reactions,”  M cG raw - u n t y l  C illO riC lG  RHU. pyTlu .1116 b y  C O n V G n tlO Ilc il prO C G C UirG S

Hill, New York, N. Y„ 1962, p 82. was unsuccessful, although under sim ilar conditions
(2 ) Prepared from trityl chloride and pyridine by J. F. Norris and L. R. m eth an ol re a cte d  renrlilv m itb tritw l obitordoto -P™-™Culver, Amer. chem . j ., 2 9 , 1 3 4  (1 9 0 3 ), by e . v. Meyer and p. Fischer, j .  mey a n 0 1  reacted reacuiy witn trityl chloride to form

Praki. chem., [2 ], 8 2 , 5 2 3  (1 9 1 0 ), by c .  a . Kraus and r . Rosen, j . Amer. t r i ty l  m e th y l e th e r .3 F a ilu re  to  syn th esize  Y - t r i t y l p y -
chem. Soc., 4 7 , 2 7 4 4  (1 9 2 5 ). it was also obtained from a pyridine solution ridinium  chlorid e m a y  be a ttr ib u te d  to  its  u n fa v o ra b le
of triph e n y lca rb in o l and hydrogen chloride b y  B . H elferich and H . Dehe,
B e r .,  58, 1605 (1925); th is  p roduct was Bhown to  conta in  th e  elements of
one molecule of w ater b y  B . H elferich and H . Sieber, ib id . ,  69, 600 (1926), (3) C. G. Swain and Y . Okamoto, J .  A m e r .  C hem . Soc 92 3409 (1970)
and H elfench ’s conclusions were la te r confirmed b y  E . D . Hughes, J .  C h em . (4) C. K . Ingold, “ S tructure  and Mechanism in  Organic C hem is try ,”
S o c ., 7 5  (1933). C ornell U n ive rs ity  Press, Ithaca, N . Y ., 1953, p  356.
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equilibrium or slow rate relative to methanol captive, pyridine in Nujolmull shows the C -C l bending absorp- 
shown in eq 1. tion band. When I was treated with an excess of

methanol at room temperature, trityl methyl ether and

9 pyridinium chloride were obtained. W ith water, I was
readily converted into triphenylcarbinol and pyridinium 
chloride.

\  / /  c  Cl + 1 1  < -  Properties of I in Solution.— Compound I was insolu-
Jl n ble in benzene or carbon tetrachloride, but soluble in

| ' j chloroform, acetonitrile, and dimethyl sulfoxide. The
ultraviolet absorption peaks of I in dichloromethane 
appeared at 234 m/t (e 5400) and 257 (2500). The

P latter peak is due to pyridinium ion. iV-Tritylpyridin-
ium perchlorate and fluoroborate were prepared from

f   ̂ ^ _ the reactions of trityl perchlorate and fluoroborate with
\  /  \ /  C1 (1) pyridine without applying pressure. The visible ab-

A . sorption spectrum of I  as well as of tritylpyridinium
|j j perchlorate and fluoroborate in dichloromethane was

recorded. However, adsorption in the region 400-450
r  „  , , t- j  • , • m u  f o r  t h e  t r i t y l  i o n  w a s  n o t  o b s e r v e d .Reactions of alkyl halides with amines to give a 7,.. J . . T

, ■ u i i . ■ i lh e  nmr spectrum of I was almost identical withquaternary ammonium salt have been extensively ,, . , r , • , .  . ,  , „ ,
studied with respect to steric effect between reactants ^ ose £  ^-tritylpyridim um  perchlonde and fluorobor-
and the effects of pressure on rate and equilibrium. ate ' The phenyl proton spectrum appeared at r  2.70
The rate generally increases with increasing applied as a sm ^ e ’ . ,, , * ,

m t l  • £ i 1 1  v , i r  or comparison, the chemical shuts ot the a - ,  p-, andpressure. T_ie equilibrium of eq 1 would be expected • v • , * . v . j
j. i * £± £ i i • i , , ■ . r  j  7 -pyndme ring protons lor other pyridinium compoundsto shift from left to right with increasing applied pres- ' m , , T Q „ v * 7 , ,  ^ , ,,, • i ,i are summarized m Table I. The substantial deshieid-sure on the system, due to decrease m volume on the . * .  v . , . ,, . .
reaction5 mg °* Pyrl(*me rm& protons in the pyridinium eom-

’ , • , • , • • i , i pounds are due to the decrease in electron charge den-The present investigation was initially undertaken ” , , . , , °  £ ,,
. J.J. j. ,i ■ £ T c , «i i*7 ri • i i sity at the individual carbon nuclei as a result oi theto attem pt t i e  synthesis ot I from trityl chloride and r J  £ ,, . , , , ln r™f  m - , m { ,• £ formation of the positively charged nitrogen.iU lh epyricm e by means of high pressure, lh e  properties of  ̂ J  ® °
I S u c c e s s fu l ly  o b t a i n e d  a r e  d e s c r ib e d .  (7 ) Recently, the  recharacterization of “ hexaphenylethane”  produced

b y ‘the d im erization of tr ip h e n y lm e th y l radica l was reported b y  Lankam p, 
•p « T Y c  i  o c ’ n t i  N auta, and M acLean.8 The l-d iphenylm ethylene-4-trity l-2 ,5 -cyclohexa-
xC e S U ltS  a n a  U lS C U S S lO n  diene structure  was proposed fo r  th e  d im erization product. Accordingly,

o  • £  \ t n y  t  . r 'U i  • j  / t \  a the  question m igh t arise fo r  the  s tructu re  of I ;  instead of I ,  th e  pyrid ine
S y n t h e s is  o f  A - 1  n t y l p y n a m i u m  c h l o r i d e  ( 1 ; .  — A  m ay a tta ck  a t the  para poait io n  of phenyl and fo rm  i-d iphenyim ethyiene-2 ,5 -

dioxane solution of trityl chloride and pyridine or a .
mixture of both components (the latter in large excess 
ratio) was heated at 60-70°, for 10-15 hr under 4000 -
5000 atm  pressure. The white solid I obtained was I / = \ / H
separated by filtration and washed three times with 9==\ / V  /ass. ®
dried benzene. The crystals were dried in a desiccator A \
under vacuum. The microanalysis of the compound [  J  +
fitted the molecular formula C24H 20NCI. The melting
point was 90-95° with some decomposition. However, IV
when the solid was exposed to the atmosphere, the cyclohexadiene 4 -pyrid in iu m  chloride ( IV ) . However, the  nm r spectra of I

melting point gradually rose and finally reached 176°. shows th a t the phenyl protons were a singlet (r 2.70). The absorptions

Th© mixture melting point of the 176 compound with ~ 5 ) were n o t observed. M oreover, the  pro ton  ra tio  of phenyls and p yrid ine  

the complex II  of triphenylcarbinol and pyridinium were approxim ate ly 3 :1 .

chloride did not show any depression. Furthermore, 2498(i968)LankamP' W' Th' Nauta’ and C' MacLean’ Tetrahedron Lett-
the 176 Compound was identified by ir spectrum as II. (̂9) The chemical shifts of the pyridine ring protons in pyridinium salts

The ir spectrum of alkyl chloride shows a C—Cl bend- were examined in various concentrations of CDC1,. The concentrations
ing absorption band at 280-360  cm - 1  as well as its
symmetrical stretching absorption in the region 500-600  ^ C o n c e n t r a t io n  (w/v%) vaiuo —

cm - 1  and an asymmetric absorption peak in the region a t s t <* 0 7

600-700 cm - 1 .6 The stretching absorption bands are P yrid in ium

usually difficult to distinguish from phenyl ring absorp- chloride o,96 1 . 8 8  1 . 4 2  0 .9 3  1 .8 3  1 . 3 9

tions, whereas the bending absorption band is more re- 0 87 , . 7 5  i . 37 0 .8i 1 . 7 1  1 . 2 7

liable for identification. The C -C l bending absorption -----------1 5 % ---------------. ,--------------2 0 % --------------

band at 3 4 5  cm - 1  of trityl chloride was not in the spec- a e  y <x e  t
trum of I  in the solid state (Nujolmull). However, the P yrid in iu m

„ . -■ j  ch loride 0.89 1.75 l.o U  u .oy  1 . / 4  i . z v

spectrum of an equimolar mixture of trityl chloride and P y rid in iu m
brom ide 0.79 1.69 1.21 0.80 1.69 1.22

(5) S. D . Ham ann, “ H igh  Pressure Physics and C hem istry,”  V o l. 2,
R. S. B radly , E d . Academic Press, New  Y o rk , N . Y „  1963. dependent on the shifts are about w ith in  r  ± 0 .1  over these concentration

(6) N . B . C olthup, N . H . D a ly , and F . E . W iberly , “ In tro d u c tio n  to  ranges. The nm r in  Table I ,  I I ,  and I I I  were measured in  0 .1~0.5  M  solu-
In fra re d  and Ram an Spectroscopy,”  Academic Press, N ew  Y o rk , N . Y ., tion .

(10) I .  C . S m ith  and W . G. Schneider, C a n . J .  C h e m ., 39, 1158 (1961).
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T a b l e  I

C h e m ic a l  S h if t s  o f  P y b id in e  R in g  P h o to n s  o f  t h e  P y r id in iu m  D e r iv a t iv e s  ( t  V a l u e s )“
-------------------- CDCla so lu tion------------------- . ,------------------C H jC N  solution--------------— , ,---------------- DMSO-de so lu tion---------------- ,

Com pd et A c7  P A/3 y  A'y et Aa (S AjS y  A y  a  A tx P AP y  A y

P yrid ine  1.56 (0) 2 .90  (0) 2 .50  (0) 1 .44 (0) 2.66 (0) 2 .34  (0) 1.34 (0) 2 .65  (0) 2 .2 8  (0)
P y rid in iu m  chloride 0 .98  (0.58) 1.88 (1.02) 1.44 (1 .06) 1.16 (0.28) 1.94 (0.72) 1.44 (0.90) 0 .90  (0 .44) 1.75 (0 .90) 1.25 (1 .03)
JV -M ethylpyrid in ium  iodide 1.08 (0.48) 1.80 (1.10) 1 .40 (1.10)
V -B e n zy lp y rid in iu m  chloride 0 (1.56) 1.80 (1 .10) 1 .50 (1.00) 0 .24  (1.20) 1.88 (0.78) 1.54 (0.80)
V -B e n zh yd ry lp y rid in iu m

chloride 0 .56  (1.00) 1.84 (1 .06) 1.40 (1 .10) 0 .88  (0.46) 1.72 (0 .93) 1 .25  (1 .03)
IV -T r ity lp y r id in iu m

chloride ( I)  1.36 (0.20) 2 .44  (0.46) 2 .04  (0.46) 1.40 (0 .04) 2 .50  ( O . l l ) “  2 .18  (0.16) 1.30 (0 .04) 2 .42  (0 .23) 2 .08  (0 .20)
jV -T rity lp y rid in iu m

brom ide ( I I I )  1.32 (0.24) 2 .46  (0 .44 )c 2 .24  (0.26)
.V-T r ity lp y r id in iu m

perchlorate 1.30 (0.14) 2 .44  (0 .22 )c 2 .06  (0.28) 1.30 (0.04) 2 .38  (0 .27) 2 .00  (0 .28)
IV -T r ity lp y r i d in ium

fluoroborate 1.25 (0.09) 2 .35  (0 .30) 1.92 (0.36)

“ A ll chem ical shifts referred to tetram ethylsilane as internal standard. 6 These values indicate applied shifts from  the corresponding 
pyridine ring protons. c P eaks are p artia lly  overlapped w ith  the phenyl proton absorption.

deshielding of the 0 -  and 7 -pyridine ring protons in ion is most probably situated close to the positively
benzyl and benzhydryl pyridinium chlorides is similar charged nitrogen, 13 and thus reduces considerably the
to that of A-methylpyridinium iodide and pyridinium ir-electron polarization calculated for an isolated pyri-
chloride. On the other hand, the deshielding of the a -  dinium ion. 14 Thus, when the bulky group is bonded
pyridine ring protons is quite varied. This may be due to the a  position or on the nitrogen atom of pyridine,
to the effect of counterions11 (ion pair formation) or to the counterion may not be as close to the positive nitro-
the shielding by the adjacent phenyl group . 12 From  gen and may be situated near the electron deficient and
Table I, it is clear that the deshielding of the 0 -  and 7 - less sterically hindered 0  and 7  positions of the pyridine,
pyridine ring protons of A-tritylpyridinium compounds As a result, the low field shifts of the 0  and 7  protons
is much smaller as compared to that in other pyri- in A-tritylpyridinium compounds are found to be
dinium compounds. A similar trend is also observed smaller than those of other pyridinium compounds cited
in the chemical shifts of the methyl protons of the 7 - in Table I . 16

picolinium compounds; i.e., the chemical shift of the A similar phenomenon was observed in the chemical 
methyl group of A -trityl-7 -picolinium perchlorate shift of «-substituted pyridinium compounds (Table I II ) ,
appears in between those of 7 -picoline and 7 -picolinium The magnitude of the low field chemical shift ( (V  1  ppm)
chloride (Table II). The exact explanation of this of the 0 -  and 7 -pyridine ring protons of 2,6-lutidinium

compounds is similar to those in pyridinium or N- 
T a b l e  II methylpyridinium halides. However, the low field

C h e m ic a l  S h if t s  o f  7 - P ic o l in e  R in g  P r o t o n s  and  chemical shifts of the 0 -  and 7 -pvridine ring protons in
7 -M e t h y l  P r o t o n s  o f  t h e  A -^ -P ic o l in iu m  ( r  V a l u e s ) 2,6-di-ierf-butyl-A-pyridinium iodide are not as large

Compd « aa“ p 3°a0 *°n 7-ch> a6 as *h°se °f less sterically hindered pyridinium com-
7 -Picoline 1 . 5 0  (0) 2.80 (0) 7 .7 0  (0) pounds. This may also be attributed to the counterion
A - 7 -Pieolinium  association close to the electron deficient 0  and 7

chloride 1.0 0  (0.50) 1.9 0  (0.90) 7 .2 8  (0.42) positions of the pyridinium and to the reduced polarity
M -T rity l-7 - of C -H  bonds,

picolinium  The nmr spectrum of I did not change after the
perchlorate 1 .4 0  (0 . 1 0 ) 2 .5 5  (0.25) 7 .5 6  (0 .14) chloroform solution was allowed to stand for 10  days a t

“ T hese  values indicate applied shifts from  the corresponding room temperature. However, when I was dissolved in
S T p i c o i ™ ' “  chloroform a t room temperature and then the solvent

was removed under vacuum, trityl chloride was isolated 
ntumomonon ;c + i xi , instead of I. These results indicate that, as the solvent

t “ °  “  Clear- HT7 ever> t k s  may be is removed, the chloride ion reacts with the trityl moiety
attributed to the following: The coordination bond to form trityl chloride and pyridine.
between the carbon and nitrogen m A-tritylpyridinium Recently, syntheses of A-tritylpyridimum bromide
T I X t 18 T  f  m  ° rderi °  m!“ mize stenc (H I) from trityl bromide and pyridine in acetonitrile" strain between phenyl groups and pyridine. This may F
also be enhanced by a gain in resonance energy of three ,, _ _
phenyls m the partially developed trityl ion. Thus, the (i4) g. Kotowycz, t . shaefer, and e . Book, C a n . j .  c h e m .,  42, 2541
resulting electron charge density on the nitrogen atom is (1964>-
not as low as those of A-benzyl and A-benZvlhvdrvl u(15), The struoture of tr ity lp y r id in lu m  m ay be s im ila r to  th a t o f te tra -
T w r i r H n i , ™  __ _ * 1  t i  j  , ■ , phenylm ethane of which phenyl groups are tw is ted  to  each o ther (5 5 ° angle
pyridinium chlorides. Consequently, the deshieldmg between the ring  and the  ve rtica l planes).“  T h is  unique configuration  mayi
effect of the pyridine ring protons in I is not as pro- be effected to  shield ( ~ 0 .5  ppm ) the  p- and 7 -pyrid ine  rin g  protons b y  the

nounced as those in the other pyridinium compounds. cnenyl “ A0™ “*’ . Ho„w®ve/r- the phenyl ring of te tra -
T t  r .o n  o lc !^  U  n++ ' k  4  A  + ■ ■ c  , .  ”  phenylm ethane are absorbed a t r  2.76 (as a singlet) w hich is n o t d iffe re n t
I t  can also be attributed to ion-pair formation. The from  the phenyl ring  p ro ton  absorption ( r  2.70) of t r i t y l  chloride in  C D C li.

pyridinium ion pairs with counterions such as chloride (16> A‘ I- K ite ig o ro d sk ii “ Organic Chem ical C rys ta llog raphy,”  C onsul- 

or iodide in acetonitrile or nitrobenzene. The counter- org. e w ,  si, i607 ( i 9 6 6 ,.

(U )  G . Kotow ycz, T . Shaffer, and E . Bock, Can. 7 . C k e m ., 42, 2541 fa

n o ;* T i n  -r, T . „  py rid in iu m  salt. However, we could n o t reproduce these data and obtained
(1 2 ) D . G. Farnum , J .  A m e r .  C h e m . S oc ., 8 6 , 934 (1964). the values cited in  Table I .
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T a b l e  III
C h e m ic a l  S h if t s  o f  a n d  7 - R in g  P r o t o n s  o f  « -S u b s t it u t e d  P y r id in e  D e r iv a t iv e s  ( r  V a l u e s )

✓------------------------------DMSO-de solution--------------------— — ----- •,
Com pd R egistry no. /3 (A/3)a y  (A 7 ) 0

2.6- D im ethylpyridine 708-48-5 3.00 0) 2 .4 4  (0)
2.6 - D im ethyl-M -pyridinium  iodide 24994-62-5 2 .1 8  (0.82) 1 .6 6  (0.78)
2.6 - Dim ethyl-JV-m ethylpyridinium  iodide 2525-19-1 2 .0 6  (0.94) 1 .6 0  (0.84)
2.6 - D i-f erf-butylpyridine 585-48-8 2 .8 5  (0) 2 .3 8  (0 )
2.6 - D i-ieri-butyl-V -pyrid inium  iodide 26154-14-3 2 .4 0  (0.45) 2.00 (0.38)

“ These values indicate shifts from  the corresponding pyridine ring protons.

a n d  in  a c e t o n e - d i m e t h y l  s u l f o x id e 1 8 , 19  w e r e  r e p o r te d .  grating spectrophotom eter w ith  cesium iodide cell was used.
I l l  w a s  r e a d i ly  s y n t h e s iz e d  a t  r o o m  t e m p e r a t u r e ,  U ltraviolet and visible spectra were measured w ith  a  Perkin-

w h e r e a s  u n d e r  s i m ila r  c o n d it io n s  o r  u n d e r  m o r e  d r a s t ic  spectrophotom eter.
. . pT T , Trxtyl Fluoroborate and P erchlorate.— These compounds were

c o n d it io n s ,  t h e  p r e p a r a t io n  Oi I  w a s  n o t  s u c c e s s fu l  w i t h -  prepared b y  the m ethod previously reported . 23 T r ity l fluoro-
o u t  a p p ly i n g  h i g h  p r e s s u r e .  T h e  i r  s p e c t r u m  o f  I I I  in  borate and perchlorate m elted a t 198° dec and 142°, respectively.
N u j o l  m u ll  w a s  a lm o s t  id e n t i c a l  w i t h  t h a t  o f  I .  F u r -  A -B en zy l- and A -B enzhydrylpyridinium  Chloride.— These

th e r m o r e ,  t h e  p y r id in e  r in g  p r o t o n s  o f  I I I  h a v e  s i m ila r  C0 “ p° F ds T f e prepared fr° m ben zyl chloride and
, i ■ i i*  ™ . , ,, , , . , ,  , , benzhydryl chloride w ith  excess pyridine b y  refluxing, ih e

d e s h ie ld m g  e f f e c ts  t o  t h o s e  o b s e r v e d  in  o t h e r  t n t y l p y -  products were recrystallized from  chloroform -benzene solution, 
r id in iu m  s a lt s  ( T a b l e  I ) .  T h e s e  r e s u lt s  s h o w  t h a t  t r i t y l  B enzylpyridinium  chloride (hygroscopic ) 24 and benzhydrylpyri- 
b r o m id e  a n d  p y r i d i n e  r e a c t  i n  t h e  s o lv e n t s  s u c h  a s  a c e -  dinium  chloride26 m elted a t 125 and 207°, respectively, 
t o n i t r i l e  t o  fo r m  I I I .  W h e n  t h e  s o lv e n t  w a s  r e m o v e d ,  R eaction of T rityl Chloride with Pyridine by  H igh P ressu re .—
I l l  w a s  r e c o v e r e d , u n l ik e  t h e  c a s e  o f  I ,  w h i c h  d is s o c ia t e d  T h e reactio,ns ° f  ™ ty l chloride w ith  pyridine under high pressure 
. . ’ L. , _ , were carried ou t in either dioxane or pyridm e as solvent. T rity l
in t o  t r i t y l  c h lo r id e  a n d  p y r id in e .  T h e s e  r e m a r k a b ly  chloride (1 .15  g) and pyridine (2 . 2 0  g ) were dissolved in  5  m l of
d i f fe r e n t  r e s u l t s  m a y  b e  d u e  t o  t h e  d if fe r e n c e s  o f  r e a c -  dioxane in a drybox. T he high pressure technique described
t i v i t y  o f  B r -  a n d  C l - . I n  g e n e r a l ,  B r -  i s  a  s t r o n g e r  earlier was follow ed . 26

n u c le o p h i l ic  r e a g e n t  t h a n  C l “ . H o w e v e r  in  a p r o t ic  JV -Tritylpyridinium  Chloride ( I ) . - A  dioxane solution of trity l

s o lv e n ts ,  C l  IS  m o r e  r e a c t i v e  th a n  B r  . ■ T h u s ,  t h e  5500-6000 atm . A fter the die had cooled, the pressure was
a b o v e  r e s u lt  m a y  b e  a c c o u n t e d  f o r  b y  t h e  s e q u e n c e  o f  released to 1 atm . T h e capsule was opened in a  drybox. T he
(i)  n u c le o p h i l ic i t y  a n d  ( ii)  t h e  s iz e  o f  io n s . T h e  la r g e r  w hite crystals obtained (60-70%  yield) were separated b y  filtra-
a n d  le s s  r e a c t i v e  io n , B r - , d o e s  n o t  r e a c t  w i t h  t h e  t r i t y l  tl0n r̂om  t 'le  dark red solution and washed three tim es w ith  dry
„  • 4. c t t t  i , i * i. t t t  benzene. T he crystals were dried in a desiccator under vacuum ,
m o i e t y  o f  1 1 1 ,  u p o n  s o lv e n t  r e m o v a l .  A s  a  r e s u lt ,  I I I  mp 90_gg° dec

w a s  s y n t h e s iz e d  b y  e v a p o r a t io n  o f  s o lv e n t s  f r o m  t h e  A n al. C a lc d fo r C 24H 20N C : C ,8 0 .5 5 ; H .5 .5 8 ; N ,3 .9 2 ; C l, 
m ix t u r e  o f  t r i t y l  b r o m id e  a n d  p y r id in e  in  p o l a r  s o lv e n ts .  10.00. Found: C , 80.40; H , 5.80; N , 3.85; C l, 9 .71 .
T h i s  e x p la n a t io n  is  f u r t h e r  s u p p o r t e d  b y  t h e  f o l lo w in g  T h e m elting point of I  was determ ined in  an open-ended Pyrex 

r e s u l t : W h e n  I I I  w a s  m ix e d  w i t h  p y r id in iu m  c h lo r id e  capilla]T  tubf  • f A {ter 4  hr fT i  • firs\  ,th*i i , m elting point of the compound had risen to 16 0 -lo 9  and it
m  a c e t o n it r i le  a t  r o o m  t e m p e r a t u r e  a n d  t h e  s o lv e n t  r e -  reached 175_17 6 o a few days la te r. w h e n  I was exposed to the

m o v e d  t o  d r y n e s s ,  t h e  s o lid  o b t a in e d  w a s  t r e a t e d  w i t h  atm osphere, it  w as converted rap id ly  into the high m elting com-
p e t r o le u m  e th e r .  A f t e r  t h e  p e t r o le u m  e t h e r  w a s  e v a p -  pound.
o r a t e d ,  t r i t y l  c h lo r id e  w a s  o b t a in e d  in  g o o d  y i e l d  ( 8 0 % ) .  Reactions of A -T ritylpyridinium  Chloride w ith W ater and
rrn ■ i ,i , i , , i _ M ethanol.— I (0 . 1  g) was dissolved m  chloroform and the solution
T h i s  r e s u lt  s h o w s  t h a t ,  a s  s o lv e n t  w a s  e v a p o r a t e d  C l  wag treated w\th  ^ ter a t  room  tem perature for 10 m in . T he

r e a d i ly  r e a c t s  W ith  t h e  t r i t y l  m o ie t y  o f  I I I  t o  f o r m  chloroform solution was separated and dried over D rierite.
t r i t y l  c h lo r id e  a n d  p y r id in e .  U pon evaporating the chloroform, w hite crystals (0.07 g) were

T h e  r e a c t io n s  o f  t r i t y l  c h lo r id e  w i t h  2 ,6 - lu t id in e  w e r e  obtained and recrystallized from  ethanol, mp 160°, undepressed
a t t e m p t e d  u n d e r  h i g h  p r e s s u r e  ( u p  t o  6000 a t m ) .  b y  adm ixture w ith  triphenylcarbinol.
TT F  F  , , , ' 1 F  , , ., . , , . 1 I  (0 . 1  g) w as treated w ith  2 m l of m ethanol for 5 m m  a t room
H o w e v e r ,  n o  r e a c t io n  w a s  d e t e c t e d  a n d  t r i t y l  c h lo r id e  tem perature. T h e solid m aterial was isolated and washed w ith
w a s  r e c o v e r e d  q u a n t i t a t i v e l y .  m ethanol, mp 82°, no depression on m ixing w ith  pure trity l

m eth yl ether, mp 84°, prepared from  a m ethanol solution of 
tr ity l chloride and pyridine. T h e triphenylcarbinol and tr ity l 

E x p e r im e n t a l  S e c t io n  m ethyl ether isolated were also identified b y  infrared spectro-

Solvents and R eagen ts .— A ll solvents were dried over D rierite ^ T r i ^ f r a r i d i m i i m  Perchlorate and T etrafluoroborate. T r ity l
and distilled. P yridin e, Y-picoline, and 2,6 -lutidine (Eastm an perchlorate ( 2 . 0  g) was dissolved in 10 m l of acetonitrile (yellow
K o d a k  C o .)  were dried over calcium  hydride and distilled. T n -  soiu tion ). P yridine (1 ml) was added to the acetonitrile solu-
ty l chloride (K  and K  Laboratories, In c .) was tw ice recrystallized tion to give a coloriess solution. A fter  the solution w as allowed
from  benzene-petroleum  ether w ith  acety l chloride, mp 1 1 1 -  tQ gtand a t room  tem perature for 1 0  m in, the solvent w as re-
1 1 2 0 . 22 Triphenylcarbinol^ (Eastm an K o d a k  C o .)  was recrystal- m oved {n  m cu0  to gjv e  the yellow  so lid . T h e soiid was w ashed
lized from  ethanol, mp 161 . . w ith  benzene three tim es and dried under vacuu m . T here was

Instrum ental Analyses.' N m r spectra were obtained on a  obtained an 82%  yield of iV-tritylpyridinium  perchlorate, mp 209- 
Y arian  A60 instrum ent. A  Perkin-E lm er M odel 237 infrared 2 1 2 ° dee
spectrophotom eter equipped w ith  sodium  chloride optics was JV-Tritylpyridinium  tetrafluoroborate was prepared from  a
used for ir m easurements in the w avelength region 4000-700 m a tu re  of solution of tr ity l tetrafluoroborate and pyridine in
cm -1 . F or the far-infrared region, a  Perkm -E lm er M odel 621 acetonitrile in the sam e w a y  as the perchlorate, m p 15 5 -1 5 7 ° .

(18) G. Briegleb, A n g e w . C h e m ., I n t .  E d .  E n g l . ,  2, 545 (1963).
(19) Personal com m unication w ith  Professor G . Briegleb. (23) H . J. Dauben, J r., L . R . Honner, and K . M . Harm on, J .  O rg . C h em .,

(20) S. W instein, L . G. SavedoS, S. Sm ith, I .  D . R . Stevens, and J. S. 26, 1442 (1960).
Gall, T e tra h e d ro n  L e t t . ,  9, 24 (1964). (24) A . G. Anderson, J r., and G . Berkelhammer, ib id . ,  23, 1109 (1958).

(21) W . M  W eaver and J. D . H utchison, J .  A m e r .  C h e m . S o c ., 86, 261 (25) G . D . Sichev, J .  B u s s . P h y s .  C h e m ., 60, 325 (1928); C h e m . A b s tr . ,  28,
(1964). 1330 (1929).

(22) C. G. Swain and E . E . Pegues, ib id . ,  80, 812 (1958). (26) Y . Okam oto and H . Shimizu, J .  A m e r .  C h em . S o c ., 90, 6145 (1968).
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T rity l B rom ide.— T rity l brom ide w as prepared b y  the m ethod A n a l. C alcd  for C 8H 12N I: C , 38.6; H , 4.82; N , 6.63; I , 
p reviou sly reported . 27 T h e colorless solid m elted a t 14 5 -14 7°. 51.0 . Found: C , 38.4; H , 4.83; N ,5 .7 7 ;  1 ,5 1 .1 .

jV-Tritylpyridinium  Brom ide. T h e solution of 5.2 g  (0.016 2,6-Di-iert-butylpyridine was prepared b y  the m ethod of
m ol) of tr ity l brom ide and 7.1  g  (0.09 m ol) of pyridine in 50 m l B row n and K an n er , 28 bp 61-62° (1 m m ), the chloroaurate, mp
of acetonitrile was stirred for 24 hr and then the solvent and 188° (lit . 28 184.5°).
excess pyridine were rem oved under vacuum . A fter washing A n a l. C alcd  for C i3H 22N A u C h : C , 29.4; H , 4 .15 ; C l,
w ith  pentane, a slightly  tan  solid w as recovered in 40%  yield , 26.7; N , 2.64. Found: C , 29.9; H , 4.29; C l, 26.4; N , 3.08. 
mp 137-139° dec (lit . 27 mp 139° dec). 2,6-Di-iert-butyl-A"-pyridinium iodide w as synthesized b y

R eaction of A’ -Tritylpyridinium  Brom ide w ith Pyridinium  passing dry hydrogen iodide into the benzene solution of 2,6-
C hloride.— T he m ixture of solution of 2.00 g  (0.005 m ol) of N -  di-leri-butylpyridine, mp 19 6 -19 7°.
tritylpyrid iniu m  brom ide and 1.50 g  (0.013 m ol) of pyridinium  .
chloride in 50 m l of d ry  acetonitrile w as stirred a t room  tem pera- Registry No.- Triphenylmethyl chloride, 76-83-5;
ture for 1 0  m in and the solvent was evaporated under reduced pyridine, 110-86-1; I , 26156-82-1; I perchlorate,
pressure. T h e residue w as extracted w ith  50 m l of d ry  petroleum  26156-83-2; I  fluoroborate, 26156-84-3; pyridinium
ether and then the solvent was rem oved under reduced pressure c h ]o r id e  628-13-7; iV-methylpyridinium iodide, 930-
T h e white solid, recovered in  80% yield , m elted a t 1 1 1 - 1 1 2 °  . 1 . .. . J  1n  o *r
and proved to  be tr ity l chloride b y  m ixture m elting p oin t mea- 73-4; A'-benzylpyridmium chloride, 2876-13-3; N -
surem ent and infrared spectroscopy. benzhydrylpyridinium chloride, 26156-88-7; I II ,

«-Substituted Pyridinium  Com pounds.— 2,6 -D im eth yl-A -p y- 7206-97-5; 7 -picoline, 108-89-4; A -7 -picolinium chlo-
ridinium  iodide was obtained b y  passing d ry  hydrogen iodide r id e  14401-93-5; AMrityl-7 -picolinium perchlorate,
into the benzene solution of 2,6-dim ethylpyndm e, mp 185 . o a i  ka HQ A
2,6 -D im e th y  1-JV-methylpyridinium iodide was synthesized ^

from  2,6 -d im ethylpyridine w ith  m ethyl iodide b y  refluxing. Acknow ledgm ent.-The authors gratefully acknowl- 
T h e product w as recrystallized from  ethanol, mp 239-240 . . 0  , , . . . A  , ,  „

edge numerous stimulating discussions with Professor
C. G. Swain.

(27) W . E . Backm ann, “ Organic Syntheses,”  C oll. V o l. 3, W iley, N ew
Y o rk , N . Y ., p 841. (28) H . C. B row n and B . Kanner, J .  A m e r .  C h e m . S o c ., 88, 986 (1966).

Brom ine-Lithium  Exchange of p-Brom o-V,V-dim ethylaniline
with n-Butyllithium

A ngelo G. G iu m a n in i* and G io van n i L ercker1®

Islitu to  C him ico 0 .  C iam ic ian  an d  Center / or G as C hrom atography-M ass Spectrom etry,
U niversity o f  B ologn a 40126, B ologn a, I ta ly

R eceived F ebru ary  20, 1970

A  product stud y of the reaction betw een p-brom o-A ,A -dim ethylanilm e (1) and ra-butyllithium (2 ) w as made.
Y ields as high as 9 1 %  of p-(A ,A -dim ethylam in o)phenyllithium  (3) were obtained at 25° w ith  a con tact tim e of 
30 hr. Several amines arising from  nitrogen, ring, and chain alkylation  were found a t a ll tem peratures. A  
dimeric amine, iV,A',lV',A,''-tetram ethyl-p-benzidine (9), w as isolated from  runs a t high tem perature. JV-M ethyl 
alkylation  of 3 w ith  2  and 1-iodobutane failed. R ing carbon alkylation  w ith  1-iodobutane gave the expected 
product, p -(n -bu tyl)-A ’,A -dim ethylaniline (8 ).

The halogen-lithium exchange reaction between or- Results and Discussion
ganolithium compounds and organic halides, mainly . . . . , ,
bromides and iodides, first discovered by the schools of ,. ^  c quantitative determination showed that A ,A - 
Gilmanlb and W ittig2 has received wide synthetic ap- dimethylamhne was obtained  ̂ in 91%  yield by
plication. Mechanistic studies have also been carried quenching with w ater the reaction mixture from the
out in order to unveil the details of the reaction . 3 interaction of 1  with a 60%  excess of 2  at 0 °.

Our interest in halogen-lithium exchange reactions W1th P^O (Table II, run 6 ) gave p-deuterio-
and in the chemistry of tertiary amines has led us to re- A,A-dimethylaniline (5 ) , 7 whose mass spectrum (M  +
investigate the reaction between p-bromo-A7,./V-di- 122 , Table I) was consistent with nuclear deuteration
methylaniline ( 1 ) and n-butyllithium (2 ) in the inert (m / e  78), but was not distinct from th at of o-deuterio-
solvent n-hexane. The reaction is known to yield p -  N ,V-dimethylamline, which was prepared by direct
(A’,A’-dimethylamino)phenyllithium (3 ), which was metalation of A^Af-dimethylanilme with n-butyl-
derivatized with carbon dioxide and eventually identi- hthium , 8 followed by quenching with deuterium oxide,
fied as the methyl ether. 4 Since 1 is also used for a The pmr spectrum of 5, however, besides revealing no
color test of aliphatic organolithium compounds, 6 it significant wi-deuteration and an isotopic purity of
was of interest to know the spectrum of products ~ $ 0 %> showed a distinct A2B 2 quartet in the arom atic
arising from the exchange reaction as well as their de- region and the ir spectrum confirmed the position of
pendence on reaction conditions. deuteration with the characteristic 0 - 0 - p  bending ab

sorption of aromatic hydrogen at 12.15 p  as well as the
* To whom correspondence should be addressed. expected pattern 9 at 5~6 fi. Table II  sllOWS all the
(1) (a) Th is w ork is taken in  p a rt from  the  doctorate thesis o f G . L .,

1969— 1970. (b) H . G ilm an and A . L . Jacoby, J , O rg . C h e m ., 3, 108 (1939). (6) Essential glc data are collected in  Tab le  I  and conditions are reported
(2) G . W ittig , U . Pockels, and H . Droge, C h em . B e r .,  71, 1903 (1938). in  th e  E xperim enta l Section.
(3) (a) D . E . A pplequist and D . F. O ’B rien, J .  A m e r .  C h e m . Soc., 85, 743 (7) G . Fraenkel and J. P. K im , J .  A m e r .  C h e m . S o c ., 88 , 4203 (1966).

(1963). (b) H . J. S. W in k le r and H . W inkler, ib id . ,  88, 964, 969 (1966). (8) A . R . Lepley, W . A . K han, A . B . G ium anin i, and A . G . G ium an in i,
(c) A . R . Lepley, C h e m . C o m m u n .,  64 (1969). J .  O rg . C h e m ., 31, 2047 (1966).

(4) H . G ilm an and I .  Banner, J .  A m e r .  C h e m . S oc ., 62, 344 (1940). (9) R . T . Conley, “ In fra re d  Spectroscopy,”  A lly n  and Bacon, Boston,
(5) H . G ilm an and J. Swiss, ib id . ,  62, 1847 (1940). Mass., 1966, P 118.



T a b l e  I

M a ss  S p ec t r o m et r y“ and G lc R et en tio n  T im e  R a tio s  (p) a t  150° o r  T e r t ia r y  Am in es  R el a t ed  w ith  
t h e  E xchange R eaction  of p -B romo-./V,AAd im e th y l a n ilin e  (1) w ith  w- B u t y l lit h iu m  (2 )

M olecular
Com pd fo rm u la  ,------------------Ten highest ions (m /e ) c (re la tive  abundance)----------------- , pd

-V .A -D im ethylaniline (4 ) 6 C8HuN 120 121 77 51 42 105 39 104 50 91

100 6 8  33 17  17 14 14 11  8  ° ' 4°
p -d -N ,iV-D im ethylanilm e (5) C 8H i„D N  121 1 2 2  78 120 106 105 52 51 42 123

100 80 28 18 17 16 15 14 14 14 ° ' 4°
o-d -N  ,Ar-D im ethylaniIinec C 8H i0D N  1 2 1  122 123 120 78 106 42 52 51 105

100 94 32 29 27 19 17 17  16 16 ° ' 4°
iV-(»-Butyl)-jV-m ethylaiiiline (6 )b C UH „ N  120 77 104 51 42 39 105 121 163 91

------ 0  73
100 34 17 16 13 12 12 10 7 7

N -(n -P entyl)-iV-m ethylaniline (7 f  C i2H l9N  120 77 104 51 105 39 121 42 41 91 177

100 41 19 18 16 12 11  11  9 9 _ 6  1 ' ° 0 0

p-(n -B atyl)-A ’ ,Ar-dim ethylaniline (8 ) C 12H 19N  134 118  177 135 91 77 39 65 146 51

100 33 28 23 15 13 8  8  7 6  1  1 7

p-Bromo-Af,Ar-dim ethylaniline ( l ) 6 C 8H 10B rN  200 199 198 201 118 77 50 75 63 51

100 94 93 91 33 25 25 18 18 18 1 , 9 2

p - (n-B ntyl )-N -(«-butyl )-Ar-m ethylaniline ( 1 1 ) C 15H 25N  176 118  41 42 120 91 34 177 133 77 219

100 8 6  53 45 42 36 30 29 27 26 " l2  2 ' 2 5

p-(n-Butyl)-AA(re-pentyl)-AAm ethylanaine ( 1 2 ) C 16H 27N  176 118  41 43 120 39 133 190 132 146 233

100 58 39 38 37 28 26 22 22 22 T o  3 ' 1 5

p-Brom o-A'-(7i-pentyl)-Ai-m ethylaniline (14) C i2H i8B rN  198 200 119 118 256 42 258 41 185 39

100 100 18 17  1 3  12 12 12 9 8

N ,N ,N ',N '-T etram ethyl-p-benzidine (9 f  C 16H 20N 2 240 225 241 119 224 152 239 120 119  209
----- 1 59/
100 44 20 18 16 11 10 10 8  7

“ F or experim ental conditions see Experim ental Section. 1 Spectra of the compound from  an independent synthesis. T h e spectrum  
of the actual compound from the reaction corresponded to this fragm entation pattern  c Paren t peaks are underlined. d See E xperi
m ental Section for glc conditions. • Spectrum  of the iterative m etalation-deuteration m ixture described in the Experim ental Section. 
d A t  250°, using diphenylam ine as standard.

T a b l e  II

R ea ction  of p - B romo-A^V-d im e th y l a n ilin e  (1 ) w ith  « -B u t y l lit h iu m  (2). P roduct D is t r ib u t io n “
---------------------------------------------------Products (%  y ie ld )b--------------------------------------— — ------ ,

p-Bromo-iV,2V- iV .iV -D im ethyl-
1. 2, R atio , Reaction d im ethylan iline  an iline  — iV -(n -B u ty l)-iV -m ethanylan iline—

R un m m ol m m ol 2 :1  Tem p, °C  tim e, h r 1 4 6 7 8

l c 25 50 2 .0  48 27 . . . d > 4 7 .0  . .  . d .
2 25 100 4 .0  62 ±  2 3 0 .0  5 3 .0  . . .<* 6 .2  12 .0
3e 5 16 3 .2  75 ±  2 3 0 .0  76 .0  . . .<* 10 .9  8 . 8

4 e 5 16 3 .2  2 ±  1 3 . .  , d 3 5 .7  ...<* . .  . *
5 5 16 3 .2  25 ±  1 30 0 .0  9 1 .0  1 .2  4 .2  3 .3
6 S’/ 25 55 2 .2  32 15 0 .0  38 .5  1 .5  4 .6  6 .2

“ B uns were carried out in nitrogen atm osphere unless stated  otherwise. B utyllith iu m  concentration in hexane w as betw een 1.4 and
1.6 AA 1 Y ie lds were determ ined b y  glc using 1  as internal standard. c D ropw ise addition of 2  during 15 min. In  a ll other runs 2  was 
added in one lot a t room tem perature. d T h e product w as present in undetermined yield. e N o t in nitrogen atmosphere. / Quenching 
w ith  deuterium  oxide. U pon distillation, p-deuterio-A ,A -dim ethylaniline w as obtained in 36%  yield.

pertinent results relative to the reaction of 1 with 2. S ch em e  I

Glc at higher tem perature6 of the water-quenched ex- Me Me Me Me 

change mixture revealed the presence of at least three 'SN/
other products, adequately separated to obtain their | j
mass spectra and allow their quantitative evaluation by r r v i  (Axl
means of an added standard. The new amines were K J J  +  *"
V-(ft-butyl)-.y-methylaniline (6), N -(n-pentyl)-N -
methylaniline (7), and p-(w-butyl)-V,lV-dimethyl- Li Br
aniline (8), as initially revealed by their retention time 3 1
ratios and enhancing with authentic materials and de-
finitively ascertained on the basis of the recorded mass Me«N \ w /  \v_J/ NMe2
spectra (Table I). Vacuum distillation of the more 9
volatile products (runs 2 and 3) left a dark oil from
which was isolated V,V,V'V'-tet.ram ethyl-p-benzidine Indeed, gas chromatography-mass spectrometry of the
(9 ), higher boiling amines which were formed in small

I t  is likely that 9  was formed by direct substitution amounts in the exchange reactions at higher tempera- 
(Scheme I ) ;  aryl bromides are known to undergo such (10) L  Friedm an and j .  F . ch iebow ski, j . A m e r . C h e m . s » c .,  9i, 4 8 64 

reaction with aryllithiums under similar conditions.10 (i969).

p-BROMO-iV,iV-DiMETHYLANiLiNE-BuLi R eaction  J . O rg. C h em ., Vol. 35 , No. 11, 1970 3757



T able I II

R eactions of p -(./V,A-Dimethylamino)phenyllithium (3) and R elated E xperiments“
✓------Reactants exchange system0------ *

1, 2, Tem p, T im e, Tem p, T im e, ------------------------ Products, %  y ie ld 6------------------------- y

R un m m ol m m ol °C  hr Coreactant0 (m m ol) °C  hr 1 4 6 7 8

V  25 55 24 24 1-Iodobutane (30) 24 100 0 .0  25.0  ...<* 1 .7  1 5 .7
2 25 52 15 27 1-Iodobutane (26) R eflux 24 . . , d . . , d . .  . *  . .  , d 30. (F
3 25 48 70 4 1-Iodobutane (30) R eflux 5 .5  0 .0  6 .5  . 0 .4  3 2 .5
4 25 50 65 4 .5  1-Iodobutane (51) - 1 5  up 4 .5  0 .0  3 7 .0  . 6 .0 5  1 1 .0

2 (25) to + 1 5
5 5 2 2 .5  25 24 1-Iodobutane (12 .5 )  0 3 0 .0  40.0 . . , d 4 .5  4 .4

E t 20  (5 ml)
6 » 1 ( 5 )  1-Iodobutane (10) - 8  up 24 14 .9  23.0  T race  2 .5  1 .2

2  (2 0 ) to + 1 8
7h F in a l unquenched reaction 2 (80) 20 24 0 .0  . . , d . . , d . . . d . . . d

m ixture from  run 6

a’h See footnotes a  and b of T ab le  II . c B utyllitn iu m  and coreactant were added in one lot. d'e See footnotes d  and e of T a b le  II .
'  Y ie ld  in distilled product corrected for impurities. » Also ~ 6 %  of p-bromo-A-(n-pentyl)-.2V-methylamlme (14). h T h e final reaction 
m ixture showed an increased ratio 7 : 8  and the disappearance of 14.

tures did not reveal any iV,Af,(V',iV'-tetramethyl-3,4'- this amine cannot be A) iV-di(n-pentyl) aniline, a prod- 
diaminobiphenyl in the complex mixture, suggesting uct which would arise from double lateral alkylation of
that a benzyne reaction is not a major pathway, al- AjA-dimethylaniline: it was formed most likely by the
though the substituent effect on the addition of a car- action of 1 -iodobutane and leftover n-butyllithium on 
banion to a l-dimethylamino-3,4-benzyne is not p-(n-butyl)-A)iV-dimethylaiiiline (8 ). A pathway sim- 
known. 11 Oxidation of 3 could perhaps lead to 9 , 12 

but there was no difference between reactions in air and
in a pure nitrogen atmosphere. Me\  / Me e\  / n' 5 11

When 3 was treated with 1-iodobutane, the major N N
product was the para-substituted amine 8 , whose struc- i. JL
ture was confirmed by pmr spectroscopy (A2B 2 quartet f ( Y ]  +  „-C,H9I + n-C4H9Li — ► f ( j ]
for 4 H, singlet for 6  H, triplet for 2 H and the n-propyl
characteristic pattern all in the expected locations). nCH n C H
The reaction was best effected at reflux temperature ™ 4 9

and the most important side product was p-(n-butyl)- 
A-(n-butyl)-A'-methylaniline ( 1 1 ), identified by mass
spectroscopy and most probably arising from quater- ilar to that outlined above for 1 1  should hypothetically
narization of 8  by 1-iodobutane, followed by methyl dis- also be operative for 6 . The exchange reaction pro
placement. duces 1 -bromobutane which can react either with any

organometallic species ( i .e . ,  with n-butyllithium to give 
NMe, NMe2 NMe2 n-octane or 3 to yield 8 ) or with the nitrogen of 3 (or 1)
' i ! to give a quaternary ion which is eventually trans-

n-c.H.Lî  l / A l  "-dH,! r/~\i n-c,Hsi formed to 6  by n-butyllithium.
*" A-(n-Pentyl)-A-m ethylaniline (7) is a product of

! J  T lateral alkylation13 of iV,Ar-dimethylaniline. But it is
Br n-C,H9 quite unlikely that large amounts of the latter com-
1 3 8 pound are formed under these conditions. I t  was

re-G,H9 Me c  H therefore anticipated that 3 could undergo lateral al-
__I +  \  /  4 9 kylation. To test this hypothesis, 3 was treated with

e | e ‘i excess n-butyllithium and 1 -iodobutane under the con-
GL. ditions for lateral alkylation. Since the amount of 7

K j J  — K j J  did not increase (Table III , run 4), 3 did not undergo
lateral alkylation. Also, the reaction of 1-iodobutane 

n_C4H9 n.Q h, with n-butyllithium mainly to yield n-octane in these
10  11 conditions is faster than any other. This could be due

to the insolubility14 of 3 in the reaction m ixture; the 
. . necessary16 amine-organolithium complex could not be

Another amine, well separated under the glc condi- formed, thus preventing further reaction. In  this line
tions used, was identified as p-(n-butyl)-A-(n-pentyl)- of thought, we solubilized 3  by the addition of ether,

-me hy am me ( 1 2 ) on the basis of its mass spectrum, hut, again, lateral butylation did not occur to a larger
showing a molecular ion at m / e  233 and ions from both extent (Xable In> run 5 ). Evidently 3  is unable to
propy and butyl cleavage. Since A-^n-penty^-A"- coordinate n-butyllithium, perhaps because of de-
methylamhne (7) does not exhibit propyl elimination,

(11) R . W . H offm an, “ Dehydrobenzene and Cycloalkenes,”  Academic (13) A . R . Lepley and A . G . G ium anin i, C h e m . I n d .  {L o n d o n ) ,  1035
Press, N ew  Y o rk , N . Y ., 1967, pp 106-150. (1965).

(12) G. A . Razuvayev, E . V . M itro fan o va , and G. G. Petukhov, Z h .  (14) A . R . Lepley and A . G . G ium anin i, J .  O rg . C h e m ., 31, 2055 (1966).
O bshck. K h im . ,  31, 2343 (1961); A . R . Lepley, V. C. Dohm , and A . G . (15) A . G. G ium anin i, W . A . Khan, and A . R . Lepley, C h im .  I n d .  { M i la n ) ,
G ium anin i, J .  O rg . C h e m ., 34, 3042 (1969). 49, 1340 (1967).
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creased basicity of the nitrogen lone pair, which may be of small amounts of 4 formed from 3 and any potential
delocalized according to “structure” 13 in what amounts proton donor ( e . g . ,  1-bromobutane) followed by direct

y  . . o-metalation by n-butyllithium.
N N This work has therefore pointed out that the appar

el J i  ently simple4 halogen-metal interchange studied may be
^ ^  ( | | )  accompanied by a number of side reactions, which de-

I J  pend on experimental conditions and become very im-
| |i portant at high temperatures.

L i L i-
3 13

Experimental Section
t o  in te r n a l  s o lv a t io n .  B u t  1  w a s  f o u n d  t o  d is s o lv e  in  n -  __ r, . .  „  ,, , ... . ,
, . . .  , , . . . , . . M ateria ls .— p-Brom o-A,A/-dim ethylanilm e ( 1 ) was obtained
h e x a n e  c o n t a im n g  n - b u t y l l i t h i u m  ( i t  i s  in s o lu b le  in  n -  from  B D H  and used w ithout further purification. « -B u tyl-
h e x a n e  a lo n e )  a n d  t h e  c o m p le x  fo r m e d  t o  r e a c t  s m o o t h ly  lith ium  (2 ) w as prepared in «-hexane from  1-ehlorobutane (Carlo
w i t h  1 - io d o b u t a n e  t o  y i e l d  14 ( T a b l e  I I I ,  r u n  6 ) :  i t  E rba) as previously described 17 ( 1 .4 - 1 . 6  N ) .  1 -Iodobutane was

a p p e a r s  t h a t  i t  is  t h e  c o m p le x  1-2 w h ic h  is  l a t e r a l l y  ^ v i o u s  w w k 11̂ '  Am ines 6  and 7  were availab le  from

a l k y l a t e d  t o  14 b y  t h e  1 - b r o m o b u t a n e  f o r m e d  in  t h e  e x -  ^ M a s T  S p e c tr a .-M a s s  spectra were recorded w ith  a Perkin-
c h a n g e . I n d e e d , 14 w a s  c o m p le t e ly  c o n v e r t e d  t o  7  b y  Elm er 270 gas chrom atograph-m ass spectrom eter at 70 eV  and a
s u b s e q u e n t  t r e a t m e n t  w i t h  n - b u t y l l i t h i u m  ( T a b l e  I I I ,  cham ber tem perature of 220-260°. T ab le  I contains all essential
r u n  7 ). d a ta  0 1 1  compounds of interest to  this w ork.

G as Chrom atography.— A  Perkin-E lm er 900 gas chromato- 
Me Me graph using a flame ionization detector was used. B est results

'  /  w ere obtained w ith  a 2-m column packed w ith  5 %  F F A P  sup-
■ ported on 80-100 mesh Chrom osorb W . Com pound 1  was

JL used as internal standard for q u an titative  determ inations;
__ calibration factors were determ ined w ith  authentic m aterials.

Ik —'J  n 4 9 1 n 4 s *  Convenient tem peratures were in the range 120-250°. T ab le  I
J 2 contains all glc data  of compounds related  to this w ork. N eutral
g r compounds form ed in the exchange reactions did not interfere

w ith  th e qu an titative  determ ination of the resulting amines or 
1  M the starting m aterial.

e\  / n 5 11 e\  ''H" Pm r and ir spectra were recorded respectively  w ith  a
N N V arian  D P  60 in carbon tetrachloride and w ith  a B eckm an I R  5
| | (neat or K B r  pellet for solid m aterials) spectrom eter.

X ~ N . ! 2 M elting points were determ ined b y  a K ofler apparatus and are
l ( J J  — *  I C y J  not corrected.

2 R eaction of f-Brom o-A r,A"-dimethylaniline ( 1 ) with «-Butyl-
I lithium  (2 ). G en eral Proced ure.18— T h e amine (25 mmol) and

Br n -bu tyllith iu m  (2) (50 mm ol) w ere stirred during 27 hr under
14 nitrogen atm osphere in a tig h tly  sealed erlenm eyer flask a t 48°.

T h e m ixture was cooled to room tem perature and carefully 
P n n r l i ic in n c  quenched w ith  w ater (10 m l). T h e amines m ay be extracted

c  w ith  hydrochloric acid and liberated w ith  sodium  hydroxide and

T h e  e x c h a n g e  e q u i l ib r iu m  o f  t h e  r e a c t io n  l ie s  la r g e l y  th e“  “ f t  I t  was found th at there w as no interference from  
. . . °  . . , , . i_ - neutral m aterials to the q u an titative  and qu alitative  determ ina

t e  t h e  r i g h t  in  a g r e e m e n t  w i t h  t h e  r e l a t i v e  g r o u p  b a s ic -  tion of amines; therefore this determ ination w as often carried 
out d irectly  on *he quenched hexane solution. T h e exclusion of 

M e \  ^.Me Me Me air from  the reaction was also found not necessary to  obtain
N  yields as good as 9 1 %  of )V,JV-dimethylaniline (4). Exchange
I | reaction results are collected in T ab le  I I I .  N ,N ,N ',N '-T etra .-

m ethyl-p-benzidine (9) was separated from  high tem perature re- 
+  n -C4H9Li - — — *- ( Y j l  _j_ re.p; j f  Br actions as follows: the amine fraction  from  acid-base separation

2  4 * ° f  tb e reac*lon m ixture w as distilled a t ~ 1 3  T orr up to a tem-
| ‘ [  perature of 20C° (external oil b a th ). T h e residue16 p artia lly
Br Li solidified a t rocm  tem perature to  a slightly  brow n crystalline
1  2  solid, which had the same glc retention tim e of authentic 9

(see infrared data  and T ab le  I ) . T w o recrystallizations from 
i t ie s  o f  p - ( A I ,A I - d im e t h y ] a m in o ) p h e n y l  a n d  n - b u t y l  ethanol gave an ochre compound, mp 190-194° (lit .7 198 );

“ a n io n s .” 3a P o s s i b ly ,  i t  is  f u r t h e r  d r a w n  i n t o  t h e  p r e -  “ ^ B ( 25 mmol) was

fe r r e d  d ir e c t io n  b y  t h e  r a p id  r e a c t io n  o f  1 - b r o m o b u t a n e  stirred w ith  «-bu tyllith ium  (52 mmol) during 27 hr a t 15 ° .
w it h  n - b u t y l l i t h i u m  t o  g i v e  o c t a n e  f o r  t h e  m o s t  p a r t .  T h e  m ixture was taken to reflux tem perature and 1 -iodobutane
L o w e r  t e m p e r a t u r e s  f a v o r  h i g h  y i e l d s  o f  3, b u t  s id e  (25 mmol) w as added during 5 min and reflux then continued for

r e a c t io n s  t a k e  p la c e  a t  a n y  t e m p e r a t u r e  t o  g i v e  a l k y -  2 4  h r ' .  W ° r-k-up of the m lxtuf e 5o T t g 
. . .  . . *  . . „ /  *  . .?  - . wer e  distilled under vacuum  to  yield  3 3 %  of 8 , bp  84 , 0.8
f a t e d  a m in e s  in  S ig n if ic a n t  a m o u n t s  e s p e c i a l ly  a t  h i g h  T o rr . 19 A nother preparation in which the lithium -brom ine
t e m p e r a t u r e s ,  w h ic h  a ls o  c a u s e  t h e  f o r m a t io n  o f  d i-  interchange w as perform ed a t 60° during 3 hr and a t 75° for
m e r ic  p r o d u c t s . 16 an additional hour, followed b y  5.5 hour reflux w ith  1-iodobutane,

S o m e  o - m e t a la t e d  A k lV - d im e th y la n i l in e ,  e v id e n c e d  gave 3 2 .5 %  yield  (glc). W hen the exchange w as perform ed in
, , ,  , ,  ,. j  I r optim al conditions (9 1%  yield) b u t followed b y  100 hr stirrmg
b y  t h e  p m r  s p e c t r u m  o f  a  d is t i l le d  s a m p le  o f  t h e  e x -  ________

c h a n g e  r e a c t i o n  m i x t u r e  q u e n c h e d  w i t h  d e u t e r i u m  {17) \  q _ G ium anim  and a . r . Lepiey, B u l l .  S oc. c h im .  J a p . ,  4 2 ,2 3 5 9

o x id e ,  h a s  p r o b a b l y  t o  b e  r e l a t e d  t o  d i r e c t  m e t a l a t i o n  (1969).
(18) In  a dd ition  to  the  papers of G ilm an ’s group (ref 4 and 5), another

(16) V ery sm all am ounts of “ d im eric”  amines are contained in  th e  h igher recent paper appeared describing the  preparation of 3: G . Hallas and D. R. 
bo iling  fractions fro m  exchange runs a t elevated tem peratures. These W aring, C h e m , I n d .  {L o n d o n ) ,  620 (1969).
compounds m ay derive fro m  benzyne and free-radical coupling reactions. (19) L i t .6 185° a t 2 T o rr . T h is  value seems to  be in  error.
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a t 24° w ith  1-iodobutane, only 15 .7 %  (glo) of the new amine was 3.60 s, 4.44 w , 4.84 w , 5.33 w , 5.70 w , 5.86 v w , 6.29 s, 6.70 s,
obtained. Sm all im purities of Af-(n-butyl)-lV-m ethylam line (6), 6.97 s, 7.45 s, 8.22 s, 8.42 s, 8 . 8 6  m, 9.45 s, 9.78 m, 10.23 s, 10.62
lV-(n-pentyl)-Af-m ethylaniline (7), and p-(n-butyl)-lV-(?i-butyl)- s, 11.61 w , 12 .19  s, 13.37 w , 13.63 m, 13.94 m , and 14.52 y. w ; 
IV-m ethylaniline (11) were detected in the reaction m ixture b y  pm r (neat) 5 2.65 ( 6  H , s), 6.85 (4.28 H , A 2B 2, q). T h is  spectrum
glc: ir 3.44 s, 3.52 s, 3.60 m, 6.20 s, 6.61 s, 6.80 m , 7.45 m , 8.18 is in agreem ent w ith  th at reported in th e litera tu re . 6

w , 8.41 w , 8.62 m , 8.85 w , 9.45 w , 10.57 w , and 12.42 y  m ; o-Deuterio-jV,Ar-dimethylaniline.— T his com pound, w ith  possi-
pm r 8 0.92 (3 H ), 1.61 (4 H ), 2.48 (2 H ), 2.80 ( 6  H ), and 6.78 ble traces17 of m -deuterio substitution, and in adm ixture w ith  
(4 H , A 2B 2, q). o,o'-dideuterioaniline and unreacted V ,A -d im eth ylan ilin e  (4)

Attempted Lateral Alkylation of 3.— (1) In  tw o parallel ex- m ay be obtained b y  repetitive m etalation w ith  refluxing n-
perim ents, 3 w as prepared. In one th e reaction m ixture from  bu tyllith iu m  (2) followed b y  quenching w ith  deuterium  oxide,
th e exchange and hydrolysis was analyzed (4, 5 3 % ; 7, 6 .2 % ; 8 , A  sample in  our hands contained (4 iterations) 18 %  unreacted
12 % ); the other was treated w ith  25 mmol 2 and 51.5  mm ol 1- m aterial, 5 3 %  monodeuterioaniline and 2 9%  dideuterioaniline,
iodobutane a t — 15° and the m ixture stirred during 4 hr, allowing as w as determ ined b y  mass spectrom etry.
it  to  w arm  up to  15 ° . G lc  analysis gave 4 (37.0 % ), 7 (6 .0 5% ), V,AT,]V',V'-Tetramethyl-p-benzidine (9).— T his compound
and 8  (1 1 .0 % ). N o lateral alkylation  of 3 w as achieved b y  the was prepared according to a m ethod described in the literatu re , 21

standard a lk y llith iu m -alk y l iodide technique. (2) T o 3 from  5 b y  adding 20 mmol of potassium  perm anganate in 100 m l of 2
m m ol of 1  and 22.5 mm ol of 2  (24 hr, 25°) w as added 5 m l of N  sulfuric acid to  a well-stirred solution of 0.1 mol of N .N -
anhydrous ether and, at 0 °, 12.5 mmol of 1-iodobutane. T h e dim ethylaniline in 60 ml of 2  N  sulfuric acid at room tem perature
tem perature w as allowed to  go up to  20° during 3 h r. T h e  during 15 min. W ork-up as indicated , 21 followed b y  treatm ent w ith
quenched reaction m ixture was analyzed (glc): 3 (40 % ), 7 base, extraction w ith  ether-alcohol, evaporation of the solvent,
(4 .5 % ), and 8  (4 .4 % ). N o lateral a lkylation  was therefore and recrystallization from  ethanol, gave slightly  ochre needles:
achieved b y  the addition of 1-iodobutane. mp 194-198° (lit.21198°); ir (K B r) 3.42 w , 6 .17  s, 6.63 s, 6.92 m,

Lateral Alkylation of p-Bromo-Ar,A-dimethylaniline ( 1 ). 7.37 s, 8.13 m, 8.33 s, 8.50 m, 9.48 w , 10.54 w , and 12.36 y  s;
Lithium-Bromine Exchange of p-Bromo-A7-(n-pentyl)-A'-methyl- pm r (CSs-CCl-«) 5 6.77 ( 8  H , A 2B 2, q) and 2.94 (12 H , s); mass
aniline (14) with m-Butyllithium ( 1 2 ).— p-B rom o-N ,N -dim ethyl- spectrum  (vaporized from  the solid in let system  a t ~ 9 0 ° )  mol
aniline (1) (5 mm ol) and n-butyllithium  (2 ) (20 mmol) were w t, 240. T h e same compound w as obtained in low yie ld  from
m ixed at — 1 0 ° and, as soon as a homogeneous solution form ed, the interaction of p-benzidine w ith  dim ethyl su lfate  ( 3  hr a t
I-iodobutane (10 mm ol) w as added. A fter stirring for 1 hr a t 100°).
— 8 °, the solution w as gradually warm ed up to  18° in 23 hr.
T h e quenched reaction m ixture contained (glc) 4 (23% ), 7 Registry N o . - 1 , 586-77-6; 2 ,1 0 9 -7 2 -8 ; 4 ,1 2 1 -6 9 -7 ;  
(2 .5 5 % ), 8  ( 1 .2 % ), l  (14 .9 % ) and 14 (6 % ) . T h e  dry hexane 5 , 19125-73-6; 6 ,3416 -49 -7 ; 7 ,3299 -39 -6 ; 8 , 13330-29-
m ixture w as then stirred 24 hr w ith  excess n -bu tyllith iu m  a t room 5 . 9 ,3 6 6 -2 9 -0 ; 1 1 ,2 5 9 0 6 -3 8 -1 ; 1 2 ,2 5 9 0 6 -3 6 -9 ; 14,
tem perature and quenched as usual. B o th  brom inated amines 0 co au  on o  J  at at v  , 1  i -v «
disappeared com pletely while the 7  to  8 ratio increased from  2^906-39-2; 0- d - ^  ̂ dim ethylaniline, 24214-95-7.

P-DeuterioW,N-dimethylaniline (S ).- T h is  compound could + A c l m o w l e d g m e n t s . - W e  w is h  t o  e x p r e s s  o u r  g r a t i -  
be easily obtained b y  adding deuterium  oxide to  the exchange t u d e  to  M r s .  A r a n d a  r>. G iu m a n m i f o r  r e c o r d in g  t h e  
m ixture and distilling the produ ct : 20 ir 3.27 m, 3.33 m, 3.50 s, m a s s  a n d  p m r  s p e c t r a  a n d  t o  P r o f e s s o r  U . P a l l o t t a  o f

---------------- - the Institute of Industrial Agriculture of this Univer-
(20) The isotopic p u r ity  of the  separated d im ethylan iline  is - 8 0 % . s i t y  f o r  k i n d l y  a l lo w in g  u s  t o  u s e  s o m e  o f  h is  l a b o r a t o r y

The deviation from  the  theoretica l value m ay be due to  some proto lysis f a c i l i t ie s
(see above) during the  exchange reaction and, only p a rtia lly , to  the  proton
content o f heavy water. (21) R . W ills tae tte r and R . Pummerer, C h e m . B e r .,  37, 3733 (1904).

Schm idt Reaction of 2,4,6-Cyclooctatrien-l-one
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D epartm ent o f  Chem istry, C olorado State U niversity , la F ort C ollins, C olorado 80521  
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T h e Schm idt reaction of 2,4,6-cyclooetatrien-l-one in concentrated sulfuric acid produced 8,9-dihydro- 
phthalim idine (4), which could have form ed only from  the m igration of the m ethylene group. T h e other iso
meric product, 3a,9a-dihydroindolone, which w ould have required th e m igration of the v in yl group, w as n ot 
observed. On the other hand, the sam e reaction in trifluoroacetic acid produced 5tf-tetrazo lo [l,5 -a]azon in e
(5) and its  valence isomer 5a,9a-dihydro-5.ff-tetrazolo[5,l-a]isom dole (6) as the m ain products, w ith  a sm all 
am ount of 4.

The Schmidt reaction of 2,4,6-cyclooctatrien-l-one alkyl and vinyl groups, respectively. Both 2 and 3 are
(1) is expected to produce 2,9-dihydro-2-oxoazonine (2) tautomers of 2-hydroxyazonine, a 10- tt electron system
and 2 ,3-dihydro-2-oxoazonine (3) from the migration of which could show aromatic properties. Azonine and

a O its analogs, oxonin and thionin, are of theoretical in-
_ H terest due to the possibility of their being 10- tt arom atic

systems isoelectronic with cyclooctatetraene dianionlb

a  2 —V / O H  and cyclononatetraene anion,2 both of which are 10- tt
0  -5^*- f  T   aromatic systems. 4,5:6,7-Dibenzoxonin and 4 ,5 :6 ,7 -

H+ y ~ \  \  >N H dibenzothionin have been prepared and shown to exist
1 f  \T *- J in nonaromatic buckled conformations.3 The urethanMTu  (2) (a) E . A . LaLancette  and R . E . Benson, ib id . ,  85, 2853 (1963); 87,

______________  3  1941 (1965). (b) T . J. K a tz  and P. J. G a rra tt, ib id . ,  85, 2852 (1963)- 86 ’
, , _ .  . . . „  5194 (1964).

a » t . t c L r / z 8 t 6̂ 7 i ^ r dostate“ y- Bindra’ J- A- EHx' p- j - Garratt' andR- h - Mitcheu' 9°-
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of the parent azonine, nam ely A -carb eth oxy  azonine,4b finic. protons and a doublet at 5 5 .36  ( J  =  7 .5  H z) for
and the parent oxonin4a h ave been recently prepared; th e  two m ethylene protons. Proof for the stru ctu re  of
neither compound shows arom atic stability . 5 com es from  q u an titative hydrogenation to  azacy-

clon on a[l,2-d ]tetrazole (7 ). This hydrogenation re- 
R esu lts quired 3 mol of hydrogen for each mole of 5, ruling out a

R eaction  in H ydrochloric A c id .-T h e  reaction  of 1 W clic ; t ru cture w ith two double bonds such as an
with an equim olar q u an tity  of sodium azide in concen- hv L  ?  addition, 7 w as independent y  synthe-
, , j  T in ,  , j  i o n  j -i, j  t  ■ ,• sized by the Schm idt reaction  on cyclooctanone in
tra ted  HC1 produced only 8 ,9-dihydrophthalim idm e (4) t i  „ + , ,
■ R a0y , ,;„ u  a + • +• c *i, ,, , H A . i  he spectral properties (nmr, lr) of the tetrazolein 6 6 %  yield, due to the migration of the methylene f  „J '  , ;• f •, ' , .  ,
„„ rp, ,, • ■ j  . o h j-i. /  • obtained from reduction of 5 were identical with thosegroup. I  he other isomeric product, 3a,7a-dihydrom- ,, , , , , , ■ , , ,i , I - ,  , ,  ,, N  ,, . . J , . of the tetrazole obtained from the Schmidt reactiondolone, which would result from the migration of the . , T , . , ,• , , . j  . ,  6  . ,  with cyclooctanone. The structure of 6  was assignedvinyl group, was not found. Also no evidence was • . . .  , , ,  , f

j  t  t  *• t  » ,  m, , on the basis of the close resemblance of its nmr spectrumfound for the formation of either 2  or 3. The structure . A „ . f  •, „ , *
t  , ,, , . , ., to that of 4 and the facile thermal conversion of 5 to 6 .

of 4 was assigned on he basis of its spectral data (ir, Th heati solution of 5  in diphenyl ether fur_
uv, nmr, mass spectral) and its catalytic dehydrogena- nished cleanl and exclusively a cry Stafllne product 
ti°n t0 Phthahmidme, a known compound. Further- which hag identical nmr and ir £  with ^  of 6 
more, catalytic hydrogenation of 4 gave a product whose obtajned from the Schmidt reactioPn.

a  O r  / N H D iscussion
Pd-C x

0  hci * 0  The isola tion ° f  8,9-dihydrophthalim idine (4) from
T I / N— H H _Pt th e  Schm idt reaction  of 1 could be indicative of the for-

| m ation  of 2 as a reactive interm ediate in this reaction.
1 0  ^  *s Possible th a t 4 could also arise from  treatm en t

4 jf of b icyclo[4 .2 .0]octa-2 ,4-dien -7-on e (9), the valence

melting point agrees w ith the known cis-hexahydro-
phthalim idine, indicating th a t 4 probably has a cis- L [ [ L  J L — 4
ring fused geom etry. > 3 \

K ron er5 isolated 4 as a m inor product from the B eck - 9
m ann rearrangem ent of an£f-2,4,6-cyclooctatrienone , , • . . . .„ . V i T j  n bond isomer ol 1 to Schmidt reaction conditions,oxime benzenesultonate (anti relative to CH 2). tt . , ,

( ¡„ if ,,,; .  rp, .. . ..  Huisgen and coworkers6 have reported that at 60 cy-Reaction m Sulfunc Acid.— 1 he reaction ol 1 with an , ?  . • „ „ Z  , „ , .... . J
, . . .  f  j -  * . , . - clooctatnenone (1) contains 6 .6 %  of 9 at equilibrium,equimolar quantity ol sodium azide m concentrated , , , . ,, •

• • j , AO m a y  • , j  c a a i Although we do not know the equilibrium concentra-sullunc acid at 0 gave a 1 0%  yield of 4 and recovered t  n  , . . . .  .T1. , , . ,, ~, , , a • 4.1. -a c o  ̂ Bon of 9, under our conditions it is undoubtedly sufh-ketone 1. Again, there was no evidence lor 2, 3, or • n /• . u .i „ . TT ^o n j-u a ■ a i ciently high to be the precursor ol 4. However, the3a,7a-dihydromdolone. . , , r ® _ . 1 , , . ,. ’ .
n  .. . m -a  .. . . ,  /n.r,•. m , . isolation of 5 as a major product Irom the reaction mReaction in Tnfluoroacetic Acid (TFA).— Treatm ent ,r i ; , ■ . , • ' • , c _ ,, , ,.

e , . ..  „ . * . , -a  ,. i r  A is dimcuit to explain m  terms of 9 as the startingol 1 with an excess ol sodium azide m tnfluoroacetic .. ». , , „o ,, , c a . - i i .  component of the reaction sequence, lh e  possibilityacid at 0  gave a small amount ol 4, unreacted ketone, _ , ,  . . A ... . , , ,, , , , r tt . , i n r i • that 5 would arise from an equilibrium between it andand two new products, 5//-tetrazolo 11,5-alazomne , • ,  • , , , , , . •
/c\ j  - A m  i 4. l rr i v ■ i i its valence isomer 6  is not ruled out, but it is very un-(5) and oa,9a-dihydro-5//-tetrazolol5,l-a|isoindole (6 ). , ,  , ., • , , , ,J  1 , 1  w  likely that 5 would be the major product ol such ana  Q

 equilibrium in view of its facile and apparently com -
plete isom erization to  6. Com parison of such an equi-

+ f x '  N-n librium reaction to the equilibrium of cis,cis,cis-1,3,5-
^  cyclononatriene (10) and cis-2 ,3 ,3a ,7a-te trah y d ro -

1 N—N N indene which contains less th an  0 .2 %  of the m onocyclic
5 isom er7 indicates the validity of this assum ption. On

H2|pt the other hand, our inability to isolate 2 casts doubt on
, ,  its form ation. Should 2 form, its isom erization to  4

\ V - \  \ V \  \ /  would be analogous to  the isom erization of 10. This

Compounds 5 and 6 were obtained in lower yields 10
w ith m ore recovered ketone when an equim olar quan
tity  of sodium azide was used. T he stru ctu re  of 5 is la tte r reaction w as observed by Glass, W atth ey , and
com patible w ith the spectral d ata. I ts  nm r spectrum  W instein7 to  nave an activation  energy of 23 .0  k ca l/
showed a m ultiplet betw een 5 6 .8  and 5 .9  for the six ole- m 0 >̂ sufficiently high to  allow rath er easy isolation of

10. F rom  a com parison of the models of 2 and 10 and
(4) (a) A . G . Anastassiou and R . P. Cellura, Chevn. C o m m u n .,  903 (1969);

(b) A . G . Anastassiou and J. H . Gebrian, J .  A m e r .  C h e m . S o c ., 91, 4011 (6) R . Huisgen, G . Boche, A . Dahmen, and W . H echtI, T e tra h e d ro n  L e t t , ,

(1969). 5215 (1968).
(5) M . K roner, C h em . B e r .,  100, 3162 (1967). (7) D . S. Glass, J. W . H . W atthey, and S. W instein, ib id . ,  377 (1965).
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neglecting electronic contributions from  the am ide readily and form s 5 as the m ajor product. A  schem e
group, a fair approxim ation considering the high degree showing the relationship of the various produ cts is
of puckering in the ring (the am ide r  system  is ortho- shown below, 
gonal to  the olefinic t  system s), one would exp ect ap
proxim ately the sam e resistance to  ring closure in each HN z' HN
case and therefore isolation of 2 should also be rela- 1 | N ^  5
tively  easy. O ur failure to  isolate the m onocyclic \ = ==/f-~ -
am ide, 2 , would indicate th a t either it is n ot as stable to - h o /  8

w ards transannular ring closing as m ight be thought or y  I
it  is form ed in a v ery  small yield and is n ot an in ter- s X  t
m ediate in the form ation of 4. E vid en ce bearing on /  HN
this point is provided by the stabilities of known unsub- 2  [  I . N  6
stitu ted  cyclononatetraene system s. K a tz 2b has re- y\
ported th a t when w ater is added to  cyclononatetraene U
anion, the resulting neutral compound rapidly goes |H0
through a transannular ring closing reaction to  form  ’ 2
8,9-dihydroindene. T he isolation of cyclononatetraene 4
( X  =  CHa) and its therm al isom erization to cis-8 ,9- I t  is interesting to note th a t no evidence was found for

vinyl m igration although it occurs readily in the corre- 
sponding Beckm ann rearrangem ent.6’13 A pparently the  

X — ► [ T T \  products are controlled com pletely by m igratory  ap-
titude.

X = 0 9
O E xperim ental S ection 14

X = N — COEt4b’ 10 ,11 Cyclooctatetraene O xide.— T his compound w as prepared b y
X _  q jj-  oxidation of cyclooctatetraene following the procedure of C ope

and T iffa n y . 16 T he oxide w as obtained in 2 7 %  yield  as a ligh t 
yellow  liquid: bp 74 -75° (12 m m ); » 26d 1.5389 [lit . 16 bp 74 -75 ° 

d ih y d r o m d e n e  h a s  b e e n  r e p o r te d  in d e p e n d e n t ly  b y  ( 1 2  m m ), w“ d 1.5383].
R ad lick 8a and M asam une.8b Oxonin ( X  =  0 )  w as 2,4,6-Cyclooctatrien-l-one ( 1 ).— T his ketone was prepared by 
Shown to  undergo therm al rearrangem ent into cis-8 9 - the base-catalyzed ring opening reaction of cyclooctatetraene 

dihydrobenzofuran9 in accordance with the cen ser™ - J K
tion  ot orbital sym m etry. A nastassiou4b’10 has re- n 25n 1.5749 [lit.16 bp 75-10 5° (13 m m ), 1.5750], Sem icarba-
cently reported th a t A -carb eth oxy-l-azacyclon on a-2 ,4 , zone had mP 193-194° dec (lit.16 mp 192-194° dec).
6 ,8-tetraen e ( X  =  N -C (O )O E t) is not stable a t  room  Schm idt R eaction of 2 ,4 ,6 -Cyclooctatrien- 1 -on e.— A  solution

temperature but readily undergoes thermal isomeriza- f j ' ?  f  % T \ ° 1} °,f^ A .e -cy c lo o cta trie n -l-o n e  ( l)  in 1 2  m l of 
AT ™  • o n  j . i  j  • j  i , ,  , concentrated hydrochloric acid w as cooled m  an ice b a th  w hile

tion to A-carbethoxy-Ci.S'-8,9-dlhydromdole through 1.87 g (28.7 mm ol) of sodium azide was added slow ly over a
transannular ring closing. T h e  same result was ob- period of 1  hr. T he solution darkened and a large q u an tity  of
tained by other workers.11 In  fact, up to this date, the £as evolved. A fter 4 hr a t room tem perature, during w hich the
cyclononatetraene anion ( X - C H - ) is the only species m ixture was occasionaly stirred, significant gas evolution  ceased.

th a t  is therm ally stable a t  room  tem perature. V ogel”  S lS S y ” S T 4 T “  .T S , “k t  X L  “  -
nas suggested th a t this instability IS the result of ring tracts were combined and washed w ith  25 m l of 10 %  sodium
strain  in the puckered tetraen e due to  the fourth double bicarbonate solution and tw o 50-ml portions of w ater. A fter
bond in the ring. drying over anhydrous potassium  carbonate, th e solvent was

T he instability  of 8 is analogous to  th a t observed for n rn iw f !« ' hThere T h ° ^ amed 1,7 g of ,the ,crude
th o  ahra/A arra+iaTvsc. q*-,rt , 1  , -  • , . , product as a brow n solid. T h e  nmr spectrum  show ed peaks at-
the above system s and suggests th a t 2 IS not an inter- tributable  on ly to  8,9-dihydrophthalim ide. I t  w as purified b y
mediate m the formation of 4, but rather that 4 arises chrom atographing on alum ina (neutral a c tiv ity  grade I ) . Chloro-
from the reaction of water with 3a,7a-dihydroisoin- form  (fourteen 50-ml fractions) w as collected from  th e colum n,
dolium ion (11), which is the ring closed isomer of 8. T !le solvent w as Stripped from  each fraction  and the m elting

T h e rirur strain in 8 nan ho roli<worl k™ ' point of th e residue was determ ined. T h e m elting points ranged
nnmdar b L  C l n l  k  ? ® between 9 7 and 10 1°, thus indicating the sim ilarities of th e residues
annular ring closing or by reacting with a nucleophile which were then combined in one fraction . R ecrystallizatio n
capable or forming a double bond to carbon thus de- from  hexane provided an an alytical sample of 8 ,9 -dihydro-
stroying the iminocarbonium ions which are causing the phthalim idine (4) as colorless plates: mp 9 8 .5 -10 1°; u v Xmox
Strain. (hexane) 258 mM (e 4.04 X  103), 266 (3.85 X  103), and 276

If rim r closino- is  n n m n o fi+ k™  w i+ k  „ „ „ i  i t  a (shoulder, 2.25 X  1 0 3); i r ( K B r ) 3 .1  (lactam  N H ), 5.93 and 6 . 0 2
rlng Closing is com petitive With nucleophlhc a t-  (lactam  C = 0 ) , 7.54, 7.97, 9.39, 13.98, and 14.66 M; nmr (C D -

t a c k s ,  t h e n  i t  is  n o t  s u r p r is in g  t h a t  t h e  r e l a t i v e l y  w e a k  C l3) s 7 .7  (s, l  H ), 5.86 (m, 4 H ), 3.66 (m, l  H ), and 3.26 ppm
n u c le o p h i le ,  w a t e r ,  is  u n a b le  t o  c o m p e t e  t o  fo r m  2 , (m > 3  H )-
while th e  m uch b etter nucleophile, H N 3, com petes Schm idt R eaction of 2,4,6-C yclooctatrien-l -one in Concen-

’ p  trated Sulfuric A cid.— T o the dark m ixture of 1.8 g (0.015 mol)
(8) (a) P. R ad lick  and G. A lford , J .  A m e r .  C h em . S o c ., 91, 6529 (1969); _  2,4,6-cyclooctatrien-l-one (1 )  in 1 .5  m l of concentrated sul-

(13) A - H - K h u th ie r ' P h .D . Thesis, Colorado State U n ive rs ity  F o rt(9) (a) A . G. Anastassiou and R . P. Cellura, %hxd., 1521 (1969); (b) J. M . Collins, Colo.. 1969

Va°n°UA uken ' m  B ' T '  ^  V ' (14) ThC foUowing in8trum ellta "e re  » » d  in  th is  w ork: ir , P e rk in -E lm e r

r 99 1 ,(7°769 ( m “ ' ' an<1 R ' T ' soed-rom eternd ^  AE1 M o de l M S-12

(1 1) s'Ma Anastass£ û nd J- En°' NeWS' 48 (1969)' performed b>- "oklbraith Laboratories,^™“̂
(12) E . V oge l X « * :  C W . “ M , 838a Ga96a2) m ' ^  (1969>' C ° ' ° 'U o; a . o . oope and 15. D .  T iffany , J .  A m e r .  C h e m . S o c ., 73, 4158 (1951).
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furie acid at 0 ° was added 0.98 g (0.015 mol) of sodium azide (lactam  C = 0 ) ,  5.92, 7.03, 7 .7 , 9 .8 8 , and 13.3 m' nmr (CD CU ) 
over a period of 0.5 hr. T h e brown th ick  paste was allowed to  S 7 .1  (s-, 1 H ), 3.43 (m, 1 H ), 3.0 (m, 1 H ), 2.43 (m, 2 H ) 2 06-
stand a t room  tem perature for 3 hr w ith  occasional stirring. T h e  1.0 ppm  (m, 8  H ). '
reaction m ixture w as poured into w ater containing some crushed Schmitd Reaction of Cyclooctanone in Trifluoroacetic Acid —  
ice. The brown oil th a t separated w as extracted several tim es T o  a m ixture of 4.2 g (0.033 mol) of cyclooctanone in 10 ml of
w ith  chloroform . T h e chloroform  extracts were washed w ith  trifluoroacetic acid a t 0° w as added 6.5 g (0.1 mol) of sodium
10 %  sodium  bicarbonate solution, followed b y  w ater, and dried azide over a period of 1 hr. A fte r  4 hr 5 m l more of trifluoroacetic
ovei anhydrous potassium  carbonate. E vap oration  of th e solvent acid w as added. A  large q u an tity  of nitrogen gas w as evolved
produced a  dark o il whose nm r spectrum  showed unreacted ketone T h e reaction m ixture w as allowed to  stand overnight a t  room
w ith  a sm all am ount of 8,9-dihydrophthalim idine (4). T h e mix- tem perature w ith  occasional stirring, then w as poured into 50 ml
ture was placed onto alum ina (neutral a c tiv ity  grade I)  and th e of w ater. T h e oil th at separated w as extracted w ith  four 30-ml
unreacted ketone w as eluted w ith  Skellysolve H . T h e lactam  portions of chloroform. T h e chloroform extracts were combined 
w as collected w ith  several fractions of chloroform which w ere and washed w ith  a 1 0 %  solution of sodium carbonate followed 
combined and th e solvent w as evaporated. T here w as obtained b y  w ater. E vap oration  of the solvent, a fter drying over anhy-
0.2 g (10 % ) of a yellow  solid. R ecrystallization  from  hexane drous potassium  carbonate, yielded 5 g of a colorless oil which was
produced an analytical sample of 8,9-dihydrophthalim idine (4) as shown b y  nmr to contain a m ixture of products. T h e desired
colorless p lates, mp 9 9 -10 1°. tetrazole w as separated, as a colorless oil, either b y  chrom ato-

Schmidt Reaction of 2,4,6-Cyclooctatrien-l-one in Trifluoro- graphing on alum ina (neutral a c tiv ity  grade I) w ith  Skellysolve
acetic Acid.— T o  a m ixture of 2.0 g (16.6 mmol) of 2,4,6-cyclo- H -chlqroform  (10 :1)  as the eluent or b y  distillation  under re-
octatrien-l-one ( 1 ) in 1 0  m l of trifluoroacetic acid a t 0 ° was added duced pressure: bp 144° (0 . 1  mm ) [lit . 17 145-146° (0 . 1  m m )];
2.7 g (42 mm ol) of sodium azide over a  period of 1  hr. T h e solu- ir (neat) 3.4, 3.5, 6 .6 , 6 .8 , 6.9, 7.0 , 8.06, 8.9, 9 .16 , 9.48, 9.85’
tion darkened a little  and an exotherm ic reaction took place w ith  10 .1, 12.3, and 13.2 m; nmr (CC14) S 4.55 (t, 2 H , J  = 6  H z) ’
evolution of a large q u an tity  of gas. A fter 3 hr during which the 3.06 (t, 2 H , J  =  6  H z), 1.93 (m ), and 1.38 ppm  (m). Thé
m ixture w as occasionally stirred, 3 m l more of trifluoroacetic la st tw o poorly resolved m ultiplets integrate for 10 H . 
acid w as added. T h e  m ixture w as allowed to  stand a t room  Reduction of 5H-Tetrazolo[ 1,5-a]azonine (5).—A  solution of
tem perature for 3 hr more and then poured into 50 m l of cold 50 m g of 5 in 1C m l of glacial acetic acid containing a catalytic
w ater. T h e  oil th a t separated w as extracted w ith  three 40-ml am ount of Adam s cata lyst was subjected to  hydrogenation of 30
portions of chloroform. T h e chloroform extracts, were com bined psi and room tem perature for 20 hr. A fter rem oval of the catalyst
and washed w ith  50 m l of 10 %  sodium  bicarbonate solution and th e reaction m ixture was poured into 40 m l of w ater. T h e oil
50 ml of w ater. A fter drying over anhydrous sodium carbonate, th a t separated w as extracted w ith  four 30-ml portions of chloro-
th e solvent w as evaporated. T he resulting dark oil w as chro- form . T he chloroform extracts were combined and washed w ith
m atographed on alum ina (neutral a c tiv ity  grade I)  w ith  Skelly- 30 m l of 10 %  solution of sodium  carbonate followed b y  30 ml of
solve H  containing an increasing proportion of chloroform. E lu- w a ter. E vaporation  of the solvent, a fter drying over anhydrous
tion  w ith  pure Skellysolve H  produced 0 .13 g of unreacted ketone. potassium  carbonate, produced 45 mg (87% ) of the product as a
Skellysolve H -chloroform  (10 :1)  fractions yielded 0.51 g of a colorless oil. T h e nmr and ir spectra of this m aterial were identi-
colorless crystalline product which w as identified as 5H -tetrazolo- cal w ith  those of the tetrazole prepared b y  the Schm idt reaction
[1,5-a]azonine (5). R ecrystallization  of this m aterial from  of cyclooctanone: ir (neat) 3.4, 3 .5 , 6 .6 , 6 .8 , 6 .9 , 7 .0 , 8.06,
benzene-hexane produced an analytical sample of 5 as colorless 8.9, 9 .16, 9.48, 9.85, 10 .1 , 12.3, and 13.2 nmr (C C h ) S 4.5 
sharp needles: mp 85-86°; u v Xmal (M eO H ) 215 m M (e 9.0 X  (t, 2 H , J  =  6  H z), 3.05 (t, 2 H , /  = 6  H z), 1.93 (m), and 1.38
103), 252 (2.68 X  103); ir (K B r)  6 .1 , 6.67, 7.3 , 8.0, 9 .13 , 9.48, ppm  (m). T h e  last tw o poorly resolved m ultiplets integrate
11.6 , 12.37, 13.47, and 15.29 n ;  nmr (C D C 13) S Ô.8-5.9 (m, 6  for 10 H .
H ), 5.36 (d, 2 H , /  =  7.5  H z); mass sp ectru m m /e  (rel in tensity) Dehydrogenation of 8,9-Dihydrophthalimidine (4).— A  m ixture
160 (2) 131 (9), 103 (17), 78 (100), 77 (35), 52 (46). of 110 mg of 8,9-dihydrophthalim idine (4) (obtained from  the

A n al.  C alcd  for CsHgN,: C , 60.00; H , 5.00; N , 35.00. Schm idt reaction of 2 ,4 ,6-cyclooctatrien-l -one in concentrated
Found: C , 60.18; H , 4.95; N , 35.10. H C1) and a sm all am ount of 10 %  palladium -on-carbon cata lyst

Skellysolve H -chloroform  (10 :2) gave a second product (0.17 in 5 m l of toluene w as refluxed for 2 hr. R em oval of th e catalyst
g) as ligh t yellow  crystals which was identified as 5a,9a-dihydro- and solvent produced 100 mg (92% ) of colorless crystals. Re-
5if-tetrazo lo[5,l-a]iso in dole (6 ). R ecrystallization  from  ben- crystallization  from  benzene yielded an alytical sam ple of phthal-
zene-hexane provided an analytical sample of 6  as colorless imidine as fine w h ite  felted  needles: m p 152-152 .5° (lit . 18

needles: mp 100-100.5°; u v  Xma* (M eO H ) 205 m/j (e 2.44 X  15 2 .5-152 .8 °); u v Xmal (m ethanol) 227 mM (« 1.0 X  104), 263
103), 255 (4.4 X  103), 246 (shoulder), 264 (4.05 X  103), 275 (shoulder), 271 (1.75 X  103), and 278 (1.7  X  103); ir (K B r) 3.1
(shoulder); ir (K B r) 6 .6 , 6.76, 7 .6, 8.7, 9.2 (w), 9.3, 10.4, 11.76 , (lactam  N H ), 6.0 (lactam  C = 0 ) ,  6 .8 , 6.9, 7.6, 8 .8 , 10.6, and
13.3, 14.0, and 14.3 M; nmr (C D C 13) 5 5.96 (m, 4 H ), 4.66 (m, 13.75 m; nmr (C D C 13) 5 7 .6  (s, 1 H ), 7 .1  (m, 1 H ), 6.7 (m, 3 H ),
1 H ), 4.2 (m, 3 H ); mass spectrum  m /e  (rel in tensity) 160 (2), and 3.5 ppm  (s, 2 H ).
105 (9), 78 (100), 77 (16), 52 (22).

A n al.  C alcd  for C 8H 8N 4: C , 60.00; H , 5.00; N , 35.00.
Found: C , 59.88; H , 5.23; N , 34.86. Registry No.— 1, 4011-22-7; 4 , 16327-30-3; 5, 276-

L ater Skellysolve H -chloroform  ( 1 :1 )  elutions gave 0.1 g of 65-3; 6 ,25902-76-5 ' 7 ,7140-70-7 . 
colorless solid which w as identified as 8,9-dihydrophthalim idine
(4).

Reduction of 8,9-Dihydrophthalimidme (4).— A  solution of Acknowledgment.'— W e wish to thank the Chemistry
0.172 g (1.27 mm ol) of 4 in 5 m l of p-dioxane containing a Department of Colorado State University for the sup- 
cata lytic  am ount of p latinum  black  was subjected to  hydrogena- , . , ,  . ,
tion a t 90° and 30 psi for 1 2  hr. A fte r  rem oval of the cata lyst Port of this work. Also, we are indebted to the Bad-
and solvent, 0 . 2  g of the crude product w as obtained as a yellow  ische Anilin- and Soda-Fabrik AG., Ludwigshaven am
solid. I t  was purified b y  sublim ination a t 70-80° and 0.3 m m  Rhein, for a generous gift of cyclooctatetraene. 
followed b y  tw o recrystallizations from  hexane. T h e  product, 
cfs-hexahydrophthalim idine, w as obtained as colorless crystals:
mp 95.5-97° (lit . 16 mp 98°); ir (K B r)  3 .1  (lactam  N H ), 5.95 d D  L . Ruzicka, M . W . Goldberg, and M . H urb in , H e lv . C h im . A d a ,  16,
------------------------ 1335 (1933).

(16) H . C risto l. A . Donche, and F. Plenat, B u l l .  S o c . C h im . F r . ,  2535 (18) (a) J. Bornstein, S. F . Bedell, P. E . D rum m ond, and C. L . Kosloski,
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T h e C 4-dim ethylam inom ethyl M annich adducts of 3-substituted 5-hydroxyindoles undergo a facile, amine 
catalyzed carbon-carbon bond cleavage to  yield the corresponding G^hydrogen indole derivatives. R everse 
M annich condensation occurs m ost readily in C 3-carbeth oxy substrates, then in C re th y l derivatives; no reverse 
reaction w as observed for C 3-hydrogen derivatives. A n  indole N - H  group is n ot required for reverse reaction.
T his transform ation is catalyzed b y  prim ary (m ost efficient), secondary, and tertiary  amines. T h e  role of the 
C 3 substituent is discussed in term s of bo th  steric and electronic effects. I t  is concluded th at a  steric C 3- C 4 

peri interaction is responsible for the observed difference in behavior betw een the C 3-carbethoxy and C 3-hydrogen 
derivatives.

Form ation of a new carbon-carbon bond resulting in An alternative, although less common, reaction 
addition of a one carbon substituent to an existing course of Mannich adducts is a rev erse  Mannich con-
skeleton by means of the Mannich reaction is a well- densation resulting in rupture of the previously formed
documented synthetic tool. 3 Recently it has been carbon-carbon bond to regenerate the starting sub
established4 that Mannich condensation of 5-hydroxy- strates .7-8 The most common examples of reverse con-
indoles (e .g ., 1 ) results in selective introduction of an densation involve cleavage of an sp3-sp 3 carbon-carbon

R bond to yield a resonance stabilized anion. For ex-
HQ I ample, acid- and/or base-catalyzed reverse Mannich

N ^ S r ------¡1 ------i/^ N M e condensations have been reported for aryl7-8 and vinyl9

L I  2 ketone adducts (3), for aminomethyl fulvene deriva-
| CH3 ¥  tives10 (4),andforthediphenylacetonitrileadduct5 . n . 12

H H
1, R = H 2 q u

la,R = CH2NMe2 R1 R2 C6H5 I* g

Y— C—-CH— CH— NRj! IX
1 c6hX |  c w

la u c6h5

I, I + 3, Y = aryl or vinyl 4

Xò^CH - H”°XjgLCH - <*xaw
I CHs I CHs C6hX  X CN

H H 5
_-Y

CH ^
I 2 B y  way of comparison, examples of reverse Mannich

------ condensation involving formal cleavage of an sp2-s p 3

L i  1 (1) carbon-carbon bond are much less common. T reat-
y  TH3 ment of the /3-naphthol adduct 6  with piperidine (sealed
H tube, 180°) or with refluxing morpholine resulted in

3 0 -35%  reverse reaction .9 Formation of the diaryl- 
aminomethyl substituent at the C 4 position (e .g ., la ). methane derivative 8  from the primary amine adduct 7

I t  was anticipated that these C 4 indole adducts (e .g ., was postulated to involve a reverse Mannich condensa
la ) would undergo net substitution v ia  an elimination- tion of 7, followed by addition of /3-naphthol to a second
addition mechanism (eq 1) analogous to that pro- molecule of 7 v ia  the normal elimination-addition se-
posed8*5 for gramine (2 ), the Mannich adduct of indole. quence. 13 The same product (8 ), however, could arise
In support of this hypothesis Mannich adducts of this
general type have been used as synthetic intermediates (?) h . R ivière, A n n .  C h im . ( P a r is ) ,  s, 1 2 7 3  ( i960).

in the construction of more complex hydroxyindole (8) H' Larramona and B- Tchoubar, B u l l .  soc. c h im .  F r „  c , 5 3  (1 9 5 3 ).
d p r i v a t i v p «  « (9) B ' V ' U nko vsk ii' F - r - Tsa l’t i,  and E . P. Badosov, Z h .  O rg . K h im . ,
u e x i v a u v e s .  4, 1546 (1968); J .  O rg . C h e m . (U S S R ) ,  4, 1485 (1968).

, , ,  _ . . , , , . ( ! ° )  D - Taber, E . I .  Becker, and P. E . Spoerri, J .  A m e r .  C h e m . S o c ., 76,
(1) I  m a nd a i support of th is  research b y  the N ationa l In s titu te s  of M e n ta l 776 (1954); K . A . K u n  and P. E . Spoerri i b id  77 4676 (1955)

E e a lth  (M H 1 5544) isg ra te funyacknow iedged . (1 1 ) H . E . Zaugg, B . W . H arrom , and M . 'r . Vernsten, ib id . ,  76, 288
(2) A  tra in in g  stipend fro m  the  Food and D rug  A d m in is tra tio n , Pub lic  (1953).

Health Service, DHEW ; is grateinUy acknowiedged. (12) For other examples of reverse Mannich reactions, see (a) H . R .
(a) -B. Reichert, D ie  M anm ch-R eaktion,”  Springer Verlag, B erlin , Snyder and J. H . Brewster, ib id . ,  71, 1061 (1949); (b) M . Z ief and J. P .

1959; (b) H . H ellm ann and G. O pitz, “ a -A m inoalky lie rung,”  Verlag Chemie, Mason, J .  O rg . C h e m ., 8, 1 (1943) ; (c) H . R . Snyder C. Y . M evers and D

M W a l X X t i “ ’ I®'Bw  n  i  v. , Tt7v  B ' K e llom ’ J '  A m e r ' C h e m ' S o c -  1 5 < 4672 (1953) ; (d) W . K u tsch e r and O .
. . l a  / .  J J :  A ■ “ ° n.t1' W - ° -  Johason' and D - H - W hite, T e tra h e d ro n  L e t t . ,  K lam erth , C h em . B e r .,  86, 352 (1952); (e) R . Jacquier, M . M ousseron, and
4459 (1966), and references there in ; (b) S. A . M o n ti and W . O. Johnson, S. Boyer, B u l l .  S oc. C h im . F r „  1653 (1956); (f) D . R . H ow to n  and D  R  V

T e tra h e d ro n , m  press, G°>diae. T. 0 ^ .  Chem., 16, 1 (1950) ; (g) W. E . Bachmann and L . B .'w ick l
®  H -B re w s te r and E . L . E lie l, O rg . R e a d .,  7, 99 (1953). J .  A m e r.  C h em . S o c ., 72, 3388 (1950); (h) W . R eid and G K e il J u s tu s
(6) (a) F . Troxle r, H e lv . C h im . A c ta , 61, 1214 (1968); (b) M . Ju lia  and L ie b ig s  A n n .  C h e m ., 616, 96 (1958).

J. Y . Lallem and, C . R .  A c a d .  S c i. ,  S e r. C , 267, 1506 (1968) ; (c) G. D . Castillo, (13) W . J. Burke, W . A . Nasutavious, and C. W eatherbee, J .  O rg  C h em
unpublished results, th is  laboratory. 29, 407 (1964). *’
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v i a  i n t e r m e d i a t e  9 ,  t h u s  n e g a t i n g  t h e  r e q u i r e m e n t  f o r  a  T a b l e  I

reverse Mannich reaction. 44 Revekse Mannich Condensation of

S o m e  4 - D i m e t h y l a m i n q m e t h y l -5--h y d r o x y in d o l e s

I ll 1 'N R  Tim e,
(. j ^  Substrate Am ine hr Results

R T .NMe, Cyclohexylam ine 5 ca. 50 %  reverse
C '  CH2 || q j  JT J) HO  ̂^  ^coaEt Isopropylam ine 6  ca. 5 0 %  reverse

J L  OH ^  !V Y  I F  T  Isopropylam ine 32 100%  reverse
f  |  | ¡ l l  H CH;' D im ethylam ine 50 84%  reverse

Hq/  l la  T riethvlam ine 50 ca. 40 %  reverse

6 , R =  piperidino 8  9  NMe, E than ol 50 T race  reverse

7, R =  NHR' HON j f _ r x ) 2Et

We now wish to report that this second reaction is ch, Isopropylam ine 6 3 5 %  reverse,

available to the C4 Mannich adducts of 5-hydroxyin- ch3 5 5 %  exchange

doles. As discussed in detail below, Mannich adducts 12a
of general structure 10 readily undergo reverse Mannich / NMe*
condensation to yield the parent hydroxyindole pre- HCy \  ^ ch,ch3 Isopropylam ine 6  1 0 %  reverse,

cursor. k J C x  65% exchanse
g  CH3 Isopropylam ine 52 100%  reverse

Results and Discussion 13a
.NMe,

The C4-dimethylaminomethyl Mannich adducts of ho Isopropylam ine 6  7 5 %  exchange,

the following 5-hydroxyindoles were used as substrates L  jE T jC  J  trace reverse
in this study: 2-methyl-5-hydroxyindole (1), 2-methyl- Isopropylam ine 52 ca. 100%  exchange,

3-carbethoxy-5-hydroxyindole (11),  l,2-dim ethyl-3- 14a trace reverse

carbethoxy-5-hydroxyindole (12), 2-methyl-3-ethyl-5- NMe>
h y d r o x y in d o le  ( 1 3 ) , a n d  6 - h y d r o x y t e t r a h y d r o c a r b a z o le  Isopropylam ine 28 100%  exchange,
( 1 4 ) . i n  e a c h  c a s e  t h e  M a n n ic h  a d d u c t  ( p a r t  s t r u c t u r e  L i T L  no reverse
15) w a s  h e a t e d  u n d e r  r e f lu x  w it h  e x c e s s  a m in e  in  e th a n o l.  ksŝ N ' N : H 3 Piperidine 6  ca. 90%  exchange,

NM e2 la 1 1 0  reverse

K O v X  ^ R  HO r

| | jj 1 1 1 ------i f  cleavage of sp2-s p 3 carbon-carbon bonds,9 the dimethyl-
\ A , N aminomethyl adduct of /3-naphthol (6 , R  =  NM e2) was

j ' | CR> treated with isopropylamine in ethanol. The major
R' R' product isolated was the diarylmethane 8 ; no evidence

1 0 ,R ^ H  1 1 , R  = C 0 2E t;R ' = H for the formation of /3-naphthol was found. As dis-
R' = H or a lk y l 12, R = C 0 2Et; R ' = CH3 cussed above, the formation of 8  does not necessarily in-

13, R = CH2CH3; R ' = H volve reverse Mannich condensation. 14

W ith respect to the amine component, reverse reac- 
N\®2 tion takes place most readily in the presence of primary

HO .  .  HO 1  c amines but it does occur with secondary and tertiary

Y " !  i O  n —r  amines-
f ri the reactions involving primary amines, amine ex- 

| | s change most probably precedes reverse condensation to
H ~  yield the primary amine adducts (e .g ., 16) which rapidly

14 15

Reaction progress was monitored by tic, and final
product compositions were established by isolation and NH

comparison to authentic samples, nmr spectroscopy, and HO I CO F
tic analysis. These results are summarized in Table I. ^  2 1

Consideration of the data in Table I delineates two L I f  II
structural features of the indole substrates that undergo R UH3

reverse Mannich condensation. M ost significantly, a 16

C3 substituent is a requirement; reverse reaction occurs
most readily in C3-carbethoxy substrates ( l l a ) ,  then in , . • T , £
,1 1 n tt j  ,, i- undergo reverse reaction, in  support ol this hypoth-those with a C3-ethyl group (13a). Under the condi- , . , ,, , , . “V .,• , j  A  v j  , ... , , , .  . esis, the unstable but spectrally characterized iso-tions employed, the C3-hydrogen substituted adduct ’ , • , ,  , , ,  ,r , J , , .i - , , \ , , , , - , ,. propylamine adduct 16 readily reversed to 1 1  during(la ) did n ot  undergo detectable reverse condensation. , .  , , , nr ,. c ., , &rj ,1 ,, c • j  t at tt • , attem pted recrystallization from acetonitrile or whensecondly, the presence of an indole N -H  group is not , , f

r 1 ■ £ heated to its melting point, lh e  corresponding di-
necessary lor reverse reaction as seen by the behavior of ,, , • , , ,  , ,, 1, 1. AT ,, , , • .. ,„  T , ■' , methylamme adduct l l a  is stable to these conditions,
the A-methyl derivative 1 2 a. In order to compare our rp, ■ , ,  , f  ,, , , ■ , ,,, ,, . , j. 1  ̂ c 1 I  he piperidine adducts of these hydroxymdoies wereresults with those previously reported for formal , , ,  f  , ,, . , , J ,

1 stable to both amine exchange and reverse condensa-
(14) A . M e rija n  and P. D . Gardner, J .  O rg . C h e m ., 30, 3965 (1965). t i o n  r e a c t io n s .
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In general mechanistic terms, reverse Mannich con- The stereoelectronic requirements for maximum  
densation of these hydroxyindole adducts 10 involves overlap during bond formation17 require th at initial 
(1 ) protonation at C4 to yield the resonance stabilized protonation of 10 occur along an axis perpendicular to
intermediate 17, followed by (2) carbon-carbon bond the plane of the ring carbons. This yields intermediate

19 w i t h  t h e  C 4- h y d r o g e n  a to m  in  a  p s e u d o a x ia l  p o s i t io n  
:NR> dNR-i a n d  t h e  C 4- a m in o m e t h y l  g r o u p  in  a  p s e u d o e q u a t o r ia l

h q ~ ) \ < J  r  o r ie n t a t io n .  F o r  a n a lo g o u s  r e a s o n s , r u p t u r e  o f  t h e
S  + y ^ j ------S '  C -H  bond (deprotonation) is the most favored process

* * I ^ J L  111 this conformation. For reverse Mannich condensa-
+ | CH3 | CH3 tion to occur, a conformational “flip” to 20 is necessary.

H H

17 H - %
H vv R'fragmentation to give the products. Theoretically three y x = _ ^ r \ N/

factors could account for the pronounced difference in /  II V  <  \
behavior between the C3-carbethoxy derivative 11a and +q ——_ _ V \  / f  — >
the C3-hydrogen substrate la : an electronic effect, a /  /  \ __f  CH2 ;
n e ig h b o r in g  g r o u p  e ffe c t ,  o r a  s t e r ic  e f f e c t  a t t r i b u t a b l e  t o  r / J ^ )  R
t h e  C 3- e s t e r  f u n c t io n .  I f  o n e  a s s u m e s  t h a t  p r o t o n a t io n  R  ^  ‘S '
a t  C 4 ( s te p  1 a b o v e )  is  t h e  r a t e - d e t e r m in in g  s t e p ,  t h e n  19 2 0

p r e f e r e n t ia l  p r o t o n a t io n  o f  11a, d u e  t o  a n y  o f  t h e  th r e e

factors enumerated above, offers an attractive explana- Now continuous overlap with the existing tt system can
tion for the observed difference. To test this postulate, be maintained during cleavage of the pseudoaxial
both the C3-hydrogen (1) and the C3-carbethoxy (11) carbon-carbon bond. The observation that adduct 16
5-hydroxyindoles were treated with isopropylamine in is stable in acid solution suggests that participation of
the presence of methanol-O-d. After 6 hr c o m p le te  ex- the nitrogen atom lone electron pair (as shown in 20) is
change15 of the C 4 hydrogen by deuterium (nmr anal- necessary for bond cleavage.18
ysis) had occurred for both  indoles, 1 and 11.16 Thus it When the C3 substituent R  is small, conformer 19 
seems reasonable to assume that both Mannich ad- with the large aminomethyl group in a pseudoequa-
ducts, la  and 11a, undergo facile C4 protonation under torial position should be most stable. Intramolecular
the conditions of reverse condensation, thereby ex- hydrogen bonding (see 19) further stabilizes this con
cluding step 1 as the rate-determining one. former with respect to 20. As the effective size of the

The observed difference in behavior, therefore, must C3-R  group increases, the resulting peri interaction be-
be explicable in terms of the carbon-carbon fragmenta- tween the C4 pseudoequatorial substituent and the
tion step. In terms of electron logistics, rupture of the C3-R  function will destabilize 19 with respect to 2 0 .19
carbon-carbon bond in 17 results in reverse reaction In a qualitative sense, the observed behavior of the
while cleavage of the carbon-hydrogen bond simply Mannich adducts summarized in Table I is consistent
reverses the protonation step to give back 10. Clearly with such a steric effect. The infrared carbonyl ab-
there is no conceivable mechanism by which a C3-ester sorption of the C3-ester adduct 11a (1650 c m -1 , vinyl-
group could electronically distinguish between the elec- ogous carbam ate) indicates extensive delocalization be-
tron pair in the C -H  bond and that in the C -C  bond. tween the indole nucleus and the carbonyl function.
Thus an electronic effect can be excluded from further This restricted rotation maximizes the peri interaction
consideration. in conformer 19. Similarly, the freely rotating C3-

Neighboring group participation of one of the ester ethyl group of 13a destabilizes 19 with respect to 20, al-
oxygen atom lone electron pairs to assist carbon-carbon though the effective size of the ethyl group is less than
bond fragmentation v ia  a six-centered process (see that of the carbethoxy subtituent. 
arrows in 18 for one possible mode) could explain the An examination of molecular models of the tetrahy-

drocarbazole adduct 14a indicates that the C3- C 4 peri 
Rt interaction is diminished considerably due to the rigid
I nature of the cyclohexene ring. In the C3-H  adduct la

N R y/  ̂ this peri effect is minimal.
H C= 0  The facile reverse reaction of the isopropylamine

----- y  adduct 16 compared to the dimethylamine adduct 11a,
L i  I  is consistent with the observation that the neutral imine

g  uH3 leaving group 21 can be lost from 16 while the charged
18 species 22 must be lost from 11a.

observed difference. The behavior of the C3-ethyl x +
adduct 13a, however, clearly indicates that neighboring /  N==ctl2 Me,N=CH2
group participation of a heteroatom is not necessary 21 22

for reverse condensation. Thus one is left with a steric ----------------
p-pppp-f (17) H . O. House, IVlodern Synthetic Reactions,”  YV. A . B en jam in

N ew  Y o rk , N . Y ., 1965, p 56-57.
✓ i e-\ t tit T» i , ^  ^  (18) The practica l consequence of th is  observation is th a t acid catalyzed

a  * f  y  an(* ^ ltk o p ’ ^ '  A m e r ‘ C h e m . S o c . ,  89, 1032 (1967). M ann ich  condensations of C*-ester derivatives 11 give o p tim u m  y ie lds 4
(16) Under these conditions, no exchange of the other arom atic protons (19) V . Baiasubramaniyan, C h em . R e v ., 66, 567 (1966)- F . Johnson

of 1 or 11 or of the C*-H of 1 was observed. ib id . ,  68, 375 (1968) *
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Experimental Section combined ether extracts were dried (M gSO i) and evaporated
to yield a  dark oil. F iltration  through a silica gel column (10 g, 

M e.ting points are uncorrected and w ere obtained on a M el- benzene eluent) yielded a yellow  oil w hich still contained a small 
T em p apparatus. N m r spectra were obtained on a \ arian Asso- am ount of 13 (tic). Purification of 13a w as accom plished by
ciates M odel A-60 spectrom eter; ir spectra w ere run on a Perkin- conversion to the w ater soluble oxalic acid salt, rem oval of
Elm er M odel 237B grating spectrophotom eter. M icroanalyses starting indole 13 b y  ether extractipn and liberation of 13a b y
were perform ed b y  C hem alytics, In c ., T em pe, A riz. sodium carbonate neutralization to give pure 13a as a homo-

General Procedure for Reverse Mannich Reactions.—A  solu- geneous oil (tic): yield 0.51 g (52 % ); nmr (C D C ls) S 1 .1 1  (t, 3,
tion of the M annich adduct (co. 100 m g) and the appropriate J  =  7.0 H z, C H 2C H 3), 2.18 (s, 3, C 2-C H 3), 2.30 [s, 6 , N (C H ,) j],
amine (3 m l) in ethanol (5 m l) w as heated a t reflux under a  2.67 (q, 3, J  =  7.0 H z, C H 2C H 3), 3.92 (s, 2, C H 2N R 2), 6.43
nitrogen atm osphere for the tim e indicated in T ab le  I . R eaction  (d, 1, J  =  8.5 H z, C 6-H ), and 6.77 (d, 1 , J  =  8.5 H z, C 7-H ).
progress w as m onitored conveniently b y  t ic  (silica gel, 20%  2-Methyl-3-carbethoxy-4-(isopropylamino)methyl-5-hydroxy-
ethanol-benzene). T h e crude product(s) were isolated b y  indole (16).—A  m ixture of paraform aldehyde (0.08 g , 2.8 mmol)
evaporation of solvent in  vacuo. In  those cases where appreciable and isopropylam ine (0.16 g, 2 .7  mm ol) in ethanol (15 ml) was
reverse reaction occurred (> 3 0 % ) the re la tiv ely  insoluble parent warm ed to  dissolve the paraform aldehyde. T h e solution was
hydroxy indole (11, 12, and 13) was purified b y  crystallization  cooled and indole 11 (0.58 g, 2.65 mm ol) and glacial acetic acid
and w as characterized b y  m elting p oin t and m ixture m elting (3 m l) were added. T h e m ixture w as stirred under nitrogen at
point and/or nmr and ir. T h e  extent of am ine exchange in all 65° for 4.5 hr. T ic  indicated appreciable conversion to  product
system s and the am ount of reverse reaction in those cases in- at this point. A fter evaporation of th e ethanol the residue was
v o lv irg  < 1 0 %  reverse reaction were estim ated b y  nmr of the made basic (pH ca. 9) w ith  N a 2C 0 3 solution and extracted w ith
product m ixture using characteristic peaks for each com ponent. chloroform. T h e combined chloroform extracts were dried
F or adduct la the amine exchange products were identified b y  (MgSCh) and evaporated to yield  the crude product. A ttem pted
nmr and/or comparison to  auth entic4 samples; no evidence for purification b y  crystallization resulted in reverse condensation
the presence of the reverse reaction product 1 w as observed b y  to give indole 11 (tic, nm r). Chrom atography on alum ina(III)
tic  and nmr analysis of th e crude reaction m ixtures. N m r data  furnished a fairly homogeneous sam ple (tic) of 16, mp 130-132°, 
for the isopropylam ine exchange product from  la  are (acetone-d6) in low yie ld . T ic  analysis of the sample after m elting indicated
S 1 .10 [d, 6 , J  =  6.0 H z, C H (C H 3)2], 2.35 (s, 3, C 2-C H 3), 2.86 only 11 was present. T h e nmr (C D C 13) of 16 showed S 1 .15
(heptet, 1 ,  J  =  6.0 H z, C H M e 2), 4 .12  (broad s, 1 , C H 2N < ) , [d, 6 , J  =  6.5 H z, C H (C H 3)2], 1.38 (t, 3, /  =  7.0 H z, C H 2C H 3),
6.03 (broad s, 1, C 3-H ), 6.53 (d, 1, /  =  8.0 H z, C V H ), and 7.03 2.50 (s, 3, C 2-C H 3), 2.96 [m, 1 , J  =  ca . 6  H z, C H (C H 3)2],
(d, 1, J  =  8.0 H z, C ,-H ). 4.33 (q, 2, /  = 7 H z, C H 2C H 3), 6.69 (d, J  =  8.5 H z, C 6-H),

T he M annich adducts la ,4 11a,4 12a,20 and 14a4 were prepared 7.01 (d, 1, J  =  8.5 H z, C 7-H ), and 7.8 (broad, 2, O H , N H ).
as previously described. 1-(Dimethylamino)methyl-2-naphthol (6, R  = NMe2).— A  solu-

2-Methyl-3-ethyl-5-hydroxyindole (13).21— A  tetrahydrofuran tion  of 2-naphthol (1.44 g, 10.0 m m ol), paraform aldehyde (0.30
solution of diborane (25 m l, 1.05 M , 26 mm ol) w as added slow ly g , 1 0 . 0  mm ol), and dim ethylam ine ( 1 .2 m l, 40 %  aqueous solu-
to a stirred suspension of 2-m ethyl-3-acetyl-5-hydroxyindole22 tion, 10.6 mmol) in ethanol (40 m l) w as stirred under nitrogen
(1.0 g, 5.3 mmol) in tetrahydrofuran (10 m l) under a nitrogen a t room  tem perature for 12 hr. T h e solvent w as evaporated
atm osphere. A fter hydrogen evolution w as com plete, the m ixture in  vacuo to  yield a  m ixture (tic) which w as purified b y  conversion
w as heated under reflux for 1 hr, cooled, and then added to  ace- v ia  th e hydrochloride salt to  yield pure 6  (R  =  N M e 2): yield
tone (75 m l). T h e resulting m ixture w as heated to boiling and 1 . 3  g (65% ); m p (hexane) 73-74° (lit . 24 74 -75 °); nmr (CC1,) 5
then evaporated in  vacuo. T h e  residue w as heated w ith  m ethanol 2.30 [s, 6 , N (C H 3)2], 3.95 (s, 2, C H 2N R 2), 6 .9 -7 .8  (m, 6 , aro-
(50 m l) for 20 m in, the solution w as concentrated, and then m atic H ’s), and 11.52  (s, 1 , O H ).
hydrocldoric acid (3 A', 40 m l) w as added. T his m ixture w as Treatment of l-(Dimethylamino)methyl-2-naphthol with Iso-
extracted w ith  ether; th e com bined ether extracts were dried propylamine.— D im ethylam inom ethyl M annich adduct 623 (R  =
(M gSO ,) and evaporated to y ie ld  a  yellow  oil. Sublim ation N M e 2) (0.82 g, 4.06 mmol) was refluxed in a m ixture of iso-
(90°, 0.05 mm ) or recrystallization  (C H C l3-hexane) yielded pure propylam ine (15 m l) and ethanol (20 ml) under nitrogen for 10
product 13: mp 108-108.5°; yield 0.76 g (82% ), nmr (acetone- hr. Evaporation  of the solvent yielded a solid which on repeated
dt) 6  1 .14  (t, 3 , J  =  7 .5  H z, C II 2C H 3), 2.28 (s, 3, C 2-C H 3), recrystallization  from  cyclohexane yielded pure product 8 :
2.6 (q, 2 , J  =  7.5  H z, - C H 2C H 3), 6.64 (dd, 1, J  =  9 and 2.5 mp 19 1-19 3 °  (lit . 14 193-196 °); yield  0.47 g  (39% ); nmr (ace-
H z, C 6-H ), 6.91 (d, 1, J  =  2.5 H z, C ,-H ), and 7.05 (d, 1, J  =  9 tone-d6) 5 4.92 (s, 2 , - C H 2- ) ,  7 .1 -7 .4  (m, 8 , arom atic H ’s),
H z, C 7-H ). 7 .5 - 7 . 8  (m, 4, arom atic H ’s), and 6.25-6.48 (m, 2, -O H ).

A n al.  C alcd  for C uH i3N O : C , 75.38; H , 7.48; N , 8.00. N m r of the residue indicated c a .  30 %  amine exchange and ca .
Found: C , 74.99; H , 7.69; N , 8.38. 30 %  unreacted 6 .

2-Methyl-3-ethyl-4-(dimethylamino)methyl-5-hydroxyindole Deuterium Exchange Reactions.— T h e 3-carbethoxyindoIe 11
(13a).— A  m ixture of paraform aldehyde (0.13 g, 4.32 mm ol) and (0.105 g , 4.83 mmol) and the 3-H  indole 1 (0.102 g , 6.98 mmol)
dim ethylam ine (0.5 m l, 40 %  aqueous solution, 4.44 mm ol) in were separately refluxed in a m ixture of isopropylam ine ( 6  drops),
ethanol (30 m l) was warm ed to dissolve the paraform aldehyde. methanol-O-d ( 1  m l), and deuterium  oxide (0 . 2  ml) under nitrogen
T his solution w as cooled and indole 13 (0.75 g, 4.29 mmol) and for 6  hr. N m r spectra obtained on the residues after evaporation
glacial acetic acid (3 m l) w ere added. T h e  resulting m ixture of the solvent showed com plete disappearance of the C 4-H  doublet
w as stirred under nitrogen at room tem perature for 12 hr. in both  cases; the C 6-H now appeared as a doublet. T h e C 3-H
A fter evaporation of the ethanol, the residue was made basic 0f 1 was not exchanged for deuterium  under these conditions.

( p H 9)  wit h N „ C O .  „ M o l l  ,n d  w ith . . t o .  T h ,  R e g i s t r y  N o . _ l a , 25913 . 9 3. 3 ;  H a ,  1 3 0 9 8 - 1 3 - 0 ;  1 2 a ,

„ a *  *• ” •s- p“ “  - ■ p“ “  « • » « £ ;  13a’ 25913' 96‘6 ; “ *•
(21) Experiment performed by R . Schmidt of these laboratories. ^  T_ , . *
(22) A . N . G rinev, V. I .  Shvedov, and A. P. T e re nt’ev, Z h . O bsch. (23) N . A . Dzbanovskil, S. V . M arochko, and A . N . R ost, S b. S ta te l

K h im . ,  26, 1629 (1956); C h e m . A b s t r . ,  6 1 , 6996a (1957). O bshch. K h im . ,  1, 607 (1953); C hem . A b s lr . ,  « ,  986/ (1955).
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Acid-Catalyzed Cyclization Reactions. IX . The Form ation of 
Oxazolinium and 'ihiazolinium  Cations from A-Allyl and Substituted  

iV-Allylamides, -urethans, -ureas, and -thioureas1

Samuel P. M cM anus2 and J ohn T . Carro ll3 

D epartm ent o f  Chem istry, U niversity o f  A lab am a  in  H untsville, Huntsville, A labam a  S5807

C harles U . P ittman , J r .2

D epartm ent o f  Chem istry, U niversity o f  A labam a  in  T uscaloosa, University, A labam a 85488

R eceived A p r il  10, 1970

JV-Allyl and substituted A -allylam ides, -urethans, -ureas, and -thioureas have been cyclized in 60-96%  sulfuric 
acid to their corresponding oxazolinium  and thiazolinium  cations. B y  drowning certain of these acid solutions 
into base, a useful synthetic route to 2-oxazolines and 2-thiazolines has been dem onstrated. T h e  form ation of 
oxazolinium  (2 a -o ) and thiazolinium  (2 p -r) cations was studied b y  nmr techniques. In  general, the simple N -  
allyl derivatives were only protonated at carbonyl oxygen or thiocarbonyl sulfur when introduced into the acid 
m edia a t room  tem perature. T h e  cyclic ions (2 ) form ed upon heating. T h e form ation of IV-acylpolyethylene- 
imines competed w ith  cyclization  in some of these exam ples. lV-2-M ethylallyl and lV-2-phenylallyl derivatives 
cyclized im m ediately a t room tem perature. T h e rem arkable stab ility  of oxazolinium  and thiazolinium  cations 
w as indicated b y  their stab ility  towards heating in acid media and their m arked resistance to H -D  exchange. 
Oxazolinium  and thiazolinium  ions are more resistant to H -D  exchange than are oxoniacyclopent-l-enyl and
1,3-dioxoniacyclopent-l-enyl cations. T h e  nmr spectra of these heterocyclic ions are tabulated and discussed.
T h e  mechanism of the cyclization process is discussed in ligh t of these findings.

Intramolecular neighboring-group participation by of the ions reported. A recent paper11 detailing phys-
nonbonding and ir-bonding electrons in carbonium ion ical studies of triphenylcarbonium ions with multiple
reactions has received considerable attention. E x - neighboring group treats relative stabilities to a limited
amples include participation by halogen,4 olefinic degree.
bonds,6 and carbonyl oxygen6 in solvolytic reactions of In view of the possibility for two discrete pathways 
trialkyl oxonium ions, halides, and sulfonates. E vi- for cyclization of allylic amides upon olefinic carbon
dence for participation commonly includes enhanced protonation (see Scheme I), the study of some of these
solvolysis rates in compounds where this participation 
occurs compared to solvolysis rates of model com
pounds. In some cases intermediates have been iso- c h e m e

lated.6a’7 The ready cyclization of A-allylbenzamides 9  | 3
to 5-(bromomethyl)-2-phenyl-2-oxazolines upon bro- R"''+N
mination8 and to fluorine-containing oxazolines on di- I H+ j
rect fluorination9 in polar solvents also represents ex- R p!,,'h' a
amples of neighboring-group participation of amide |
groups. -H+|u+ Pathb R'

Heteronuclear stabilized carbonium ions, which are ifast
intermediates in the above reactions, have been pre- r  s+ -it ▼
pared in many ways10 and are exceptionally stable if the /  CH
neighboring heteroatom is oxygen or nitrogen. Few V __
of the reports10 allow one to judge the relative stability R . , \ — ► R" 7  \

O ^ - N H  O ^ N H

(1) (a) F o r other papers in  th is  series, see S. P. M cM anus, and J. T . X, I
C arro ll, O rg . P re p .  P ro c e d ., 2, 71 (1970), and C. U . P ittm a n  and S. P. M e- L K  J  R
M anus, J .  O rg . C h e m ., 35, 1187 (1970). (b) Th is w ork was supported in
H un tsv ille  in  p a rt b y  the  Petroleum  Research Fund, adm inistered b y  the
Am erican Chemical Society, and in  Tuscaloosa in  p a rt b y  the U n ive rs ity  o f . ■ - , , -  . .  .
A labam a Research Com m ittee, p ro ject 562. (c) A  p re lim in a ry  account of reactions USing nmr techniques to follow the reaction
portions of th is  w ork was presented: Abstracts, 20th Southeastern Regional attracted  OUr attention. In addition basic Studies of
pp66 9-70°f  tte Amencan Chemical Sooiety’ Tallahassee, F ia ., Deo 4 , 1 9 6 8 , thiazolinium and oxazolinium ions seemed appropriate

(2) C oprincipa l investiga tor; inquiries should be addressed to  S. P . M . b e c a u s e  o f  s o m e  m e n t i o n  t h a t  h a s  b e e n  g i v e n  t h e m  w i t h
(3) Am erican Chem ical Society Petroleum  Research Fund Scholar, 1968- regard to SOme chemical processes. For example,

19(49j  p .  e . Peterson and f . j . siama, j .  A m e r.  c h e m . S a c .  so, 6 5 1 5  (1968). thiazolinium cations play a role in the reaction mech-
(5) F o r leading references, see (a) T . L . Jacobs and R . S. Macom ber, amsm of intramolecular S~ to JV-acetyl transfer of S-

“ i M| 4®24 1 P' E: Peterson and R- J- Kamat’ ibid-  91< 4521 acetylmercaptoethylamine.12 Oxazolinium cations are
(6) (a) h . r . W ard  and p . d . Sherman, ib id , ,  9 0 , 3 8 1 2  (19 6 8 ) ;  (b) s. i n t e r m e d i a t e  i n  t h e  p r e p a r a t i o n  o f  N - - a c y l - s u b s t i t u t e d

Oae, i t « . ,  7 8 ,4 0 3 0 (1 9 5 6 ) ; (c) d . j . Pasto and M . p . Serve, ib id . ,  87 , 1 5 1 5  p o l y e t h y l e n i m i n e s 13 a n d  i n  t h e  r e a r r a n g e m e n t  o f  N -
(1965); and (d) O. K . J. Kovacs, G. Schneider, L . D . Lang, and J. A p jo k ,
T e tra h e d ro n  L e t t . ,  4186 (1967). (11) R . Breslow, L .  Kaplan, and D . LaF o lle tte , J .  A m e r. C h e m . S oe ., 90,

(7) S. W instein , L . Goodman, and R . Boschan, J .  A m e r .  C h e m . S oc ., 72, 4056 (1968).
2311 (1950). (1 2 ) R , B a rn e tt and W . P. Jencks, ib id . ,  90, 4199 (1968)

(8) L . Goodman and S. W instein, ib id . ,  79, 4788 (1957). (13) (a) W . Seeliger, E. Aufderhaar, W . Diepers, R . Feinauer, R . N ehring ,
(9) R . F . M e rr it t ,  p riva te  com m unication. W . The ir, and H . Hellm ann, A g u e w . C h e m . I n i .  E d .  E n g l . ,  5, 875 (1966);
(10) See (a) C. U . P ittm a n  and S. P. M cM anus, J . Amer. CAem. Sac., 91, (b) T . G. Basseri, A . Levy, and M . L i t t ,  J .  P o ly m .  S c i . ,  P a r t  B ,  5, 871

5915 (1969); (b) G . Olah and P. v  R . Schleyer, E d ., “ Carbonium  Ions,”  (1967); (c) A . Levy and M . L it t ,  ib id . ,  P a r t  A ,  6, 57, 63 (1968); (d) D . A .
V o l. I I  and IV , Interscience, New  Y o rk , N . Y ., in  press. Tom alia  and D . P. Sheets, fin'd., 4, 2253 (1966).
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T able I
Nmr Spectral Data for P rotonated A/-Allylamides, -ureas, - urethans, and -thioureas (3 )a,b 

Icn X CHj= =CH- -CHr- -NH- R'
3a O 5 .6 5 - 5 .9 1 ,  m 6 .2 2 , m 4 .5 9 , b 9 .5 ,  b -H , 8.8 0 , s
3b O 5 .7 1 - 5 .9 8 , m 6 .3 2 , m 4 .6 0 , 9 .1 6 , b -C H „, 3.00, s

t, J  =  5
3c O 5 .7 2 - 5 .9 7 ,1 1 1  6 .3 4 , m 4 .7 4 , 9 .2 5 , -CeH«, 6 .9 1 - 7 .3 9 , m

t, J  =  5 .3  t  b u t b
3e O 5 .6 6 -5 .9 0 , m 6 . 2 2 , m 4 .6 7 , b 9 .20 , b p-CHsCeH*, 2.82 , s (C H ,),

A 2B 2 centered a t 7 .9 3
3f O 5 .2 6 -5 .5 5 , m 5 .8 6 , m  4 .3 5 , b 9 .10 , b p -F C 6H 4 7 .1 0 - 7 .4 7 ,  m,

7 .7 0 -8 .0 2 , m
3g O 5 .6 0 -5 .9 0 , m 6 .20 , m 4 .3 4 , N o t - N H 2, not observed

d, J  =  5 -6  observed
3h O 5 .6 5 -5 .9 0 , m 6 .20 , m 4 .4 8 , N o t -O C H 3, 4 .6 4 , s

d, J  =  6  observed
3i O 5 .5 6 -5 .8 2 , m 6 .2 6 , m 4 .2 7 , N o t -O C H 2C H 3, 4 .7 2 , q, /  =  7

d, J  =  5 observed 1.80 , t , J  =  7
3p S 5 .7 0 -6 .0 1 , m  6 .4 1 , m 4 .4 8 , b 7 .6 5 , b  -N H ,, 8 .1 6 , b
3c S 5 .6 4 -5 .8 8 , m 6 .1 5 , m 4 .4 3 , b 8 .8 -9 .2 , - N H C 6H 6, 7 .6 - 7 .9 8 , m

b (area 2 )

0 N m r positions are in ppm  downfield from  T M S  present in internal capillary; the areas of the assigned bands were in the correct 
ratio w ith  the numbered protons represented b y  th at band in each case. b m m ultiplet, s singlet, d doublet, t  triplet, q quartet, b broadened 
band; resolution of hyperfine splitting not clear; coupling constants ( J )  given in H z.

acylaziridines.14 Thus, we have investigated the acid- Scheme II
catalyzed cyclization of a series of A-allyl and sub- H
stituted A-allylam ides,-urethans,-ureas, and-thioureas H+ ^  X
to their corresponding heterocyclic cations and present 1
the results of these studies here. H+ j 4 H r  ^

Results and Discussions CH3 ch3

Cyclization Studies in H 2S 0 4 and Structure Proof of + \ R 'T  \
the Heterocyclic Cations.—When allylacetamide ( lb ) is XV / NH — " 2 X\ ^ N
dissolved into 96%  H 2S 0 4 at room temperature, an nmr I |
spectrum consistent with O protonation of the amide16 R R/
is obtained. Upon heating at 70 -85°, the protonated 4

amide (3b) undergoes a change as evidenced from the 1_4> a-?> x  = 0 ;  P~r> X  = T
development of a more complex nmr spectrum. The J”*’ f- *’.?; q’ t?*1’ n’ ° ’ R - C«H6
lines assigned to 3b begin to decrease m intensity as new 
lines belonging to the 2,5-dimethyloxazolinium cation
(2b) slowly increase in intensity. After heating for cations to A-acyl-substituted polyethylenimines com-
about 10 min, the lines due to protonated amide have petes favorably with the initial cyclization. For in-
disappeared entirely, and the spectrum is consistent stance, heating a 96%  H 2SO4 solution of protonated N-
with the quantitative formation of the 2,5-dimethyl- allylformamide (3a) for 3 hr resulted in a very viscous
oxazolinium cation (2b). During the heating interval, solution of the polymer. B y using 82%  H 2SO4 as the
no lines other than those assigned to 2b and 3b were ob- solvent, a complex spectrum is obtained on heating
served. The reaction sequence is depicted in Scheme which can be attributed to a mixture of the 5-methyl-
II. All the ether A-allylam ides,-ureas,-thioureas, and oxazolinium cation and protonated polymer.13 How-
-urethans studied were only O or S protonated in 6 0 -  ever, only a maximum of a 25%  of the cation could be
90%  H 2S 0 4 at room temperature. The nmr spectral obtained, and further heating led to complete conver-
data of these protonated compounds are summarized in 81011 to polymer. Depending on the acidity and the
Table I. W ith the exception of resolution and a charge- temperature used for the cyclization, polymerization
induced downfield shift, the spectra are similar in ap- can compete with cyclization during the preparation o
pearance to the amides in CC14. All the iV-allyl deriva- 2fand2g.^  ̂ . ,
tives cyclized when heated to 60-100° in the H 2S 0 4 so- When A -(^m ethylallyl)- AK2-phenylallyl)amides 
lutions ( l j -o )  were dissolved into 96%  H2S 0 4 at lO -lo , their

In a few cases, polymerization of the oxazolinium room temperature nmr spectra (determined within 1
min of mixing) indicated the presence of the oxazo
linium cations (2 j-o ) without any trace of the pro- 

(14) H. W. Heine, M .  E. Fetter, and E. M .  Nicholson, J .  Amer. Chem. tonated amides. Even at —20° in FSO 3H, protonated
S“ i5; 1p— rf9 the characteristic pattern of a monosubstituted vinyl A -(2 -m eth y la lly l)ace tam id e  cannot be observed due to
group precludes the form ation of th e sulfate ester or of th e carbonium ion. quantitative formation of the CydlC lOn (2k). Appar-
Protonation of amides a t  th e oxygen function rather than a t nitrogen is gntlv. because formation of a tertiary Carbonium ion is
s*f 328*(i970;)° A ° lah’ J A ° lah’ and R H Schlosberg’ J ' ° Ta' Chem" favorable, these cyclizations compete favorably with O
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T a b l e  I I

N m r  Sp e c t r a  o p  O x a z o l in iu m  a n d  T h i a z o l in iu m  C a t io n s  i n  H 2SO 4 

C^t0I° n r ,' C-4 hydrogens C-5 hydrogens C-5 methyl (s) N H

2a H , 8 .8 7 , s 4 .4 7 , m  2 .1 4 , d, 7  =  6

2b C H 3, 2 .9 5 , s 4 .4 1 ,  m 5 .5 6 , m  2 .0 2 , d, 7  =  6 . 8  9 .4 4 , b
2c C 6H 6, 7 .7 5 -8 .3 5 , m  4 .20 , t, 7  = 1 0 ,  5 .9 1 ,  m 2 .0 3, d, 7  =  6  9 .9 8 , b

4 .7 2 , t, 7  =  10
2d P-N O 2CSH4 , A 2B 2 centered 4 .6 4 , t  6 .30 , m  2 .3 2 , d, 7  =  6  9 .80 , b

at 8 . 8 8  5 .0 5 , t
2 e P -C H 3C 6H 4, 2 .8 6 , s, (C H 3), 4 .4 5 , b 5 .5 8 , m  2 .0 3, d, 7  =  5 .7  9 .4 8 , b

A 2B 2 centered at 8.04
2f p -F C 6H 4, 7 .0 8 -7 .4 9 , m, 4 .5 0 , b 5 .6 1 ,  m 1 .7 9 ,  d, 7  =  6 9 .63

7 .7 3 -8 .2 0 , m
2g N IB , not observed 4 .1 9 ,  b  5 .5 0 , m 2 .0 7 , d, 7  =  6 N o t observed
2h O C H 3, 4 .14 , s 3 .66, m 4 .8 6 , m  1 .6 3 , d, 7 = 5 . 8  N o t observed
2i O C 2H 5, a  4.30, q, 7  =  7, 3 .64, m 4 .7 9 , m  1 . 8 4 , 7  =  6 .4  N o t observed

0  1 .7 5 , t, 7  =  7
2j H, 8 .8 1 , s 4 .3 7 , s, b 2 .1 7 ,  s 10 .2 2 , s (b)
2k C H 3, 2 .90 , s 4 .3 4  2 .1 6 , s 9 .7 5 , s
21 C 6H 5, 7 .7 5 - 8 .3 5 , m 4 .3 0 , s 2.08, s 9 .72
2 m  P-N O 2C 6H 5, A 2B 2 pattern, 4 .5 9 , s 2 .29, s 10 .6 8 , b

8.8 1
2n C H 3, 3 .0 1. s 4 .6 7 , s 2.40 , s, 9 .75

7.8 3  (C 6H 6)
2p N H 2, 8 .3 , b 4 .2 0 ,“ m 5 .4 3 ,“ m 2 .0 5 , d, 7  =  6 N o t observed
2q N H C 6H 5, N - H  at 9 .3 7 , 4 .1 9 , b “ 5 .4 0 , b “ 1 .9 5 , d, 7  =  6 N o t observed

phenyl a t 7 .6 -8 .0 5 , m 5.40 , b
2r N H C 6H 5, N - H  a t 9 .5 0 , 4 .1 7 ,  s 1 .9 8 , s N o t observed

7 .4 7 -7 .9 5  m changes 
to A 2B 2 quartet at 
8 .33 , 7 ab =  8 .2 , in 2 weeks

“ E x a ct assignments of the C-4 and C-5 hydrogens in these compounds is more difficult than in the case of the oxazolines. Studies on 
the picrate of 2q indicate the assignment made for th at ion; see the Experim ental Section for those studies.

protonation. When compared to the necessity of This generalization may be extended to the cycliza- 
heating in order to generate ions 2a-i, the ease of for- tion of thioamides (lp -r) to their corresponding 2-

amino (or 2-anilino) thiazolinium cations (2p-r). The  
9  S-protonated W-allylthioureas (lp  and q) are only cy-

H+ q H+ clized upon heating several hours at >85 ° ,  whereas 1-
'v<r/ ^ N H C O R ' -— ^  ^ R '  -—  (2-methylallyl)-3-phenyl-2-thiourea (Ir) is instanta-

^ _H H neouslycyclizedatl5°.
pj. Definitive identification of the oxazolinium and thi-

\ () azolinium cations 2 a -r  was straightforward. Their
;| formation was accompanied by loss, in the nmr spectra

, of each ion, of vinylic absorption and the appearance of 
| j R new bands due to a methyl group(s). In the case of N -

R allyl derivatives 1 (R  =  H ), this new band was a
doublet. Whenever R  was methyl or phenyl (1 j—0 , r ) , a 

mation of oxazolinium ions 2j-o  supports the inter- new singlet was observed. The nmr spectral data of
mediacy of discrete acyclic carbonium ions as opposed these ions are summarized in Table II. These partic-
to the direct formation of 2 by neighboring-group par- uiar bands, when combined with the rest of the spec-
ticipation during C protonation16 (see Scheme I). One trum, identified the cations. This identification was
could argue that both paths a and b would be favored by confirmed in several ways. First, several 2-oxazoline
substitution of the vinylic position due to stabilization derivatives, which were either commercially available
of the transition state in C protonation. However, the or readily prepared, were treated with cold 96%  H 2SO4

oxazolinium ions possess such remarkable stability that and the nmr spectra of the resulting authentic oxazo-
one could not expect any substantial differences in finium cations were obtained. These authentic models
stability in the transition states of the allyl verses exhibit nmr spectra which could be compared directly
methallyl derivatives (due to an extra methyl substit- to the spectra of the ions formed by cyclization. Table
uent St the vinyl position) if strong neighboring-group n i  summarizes the spectra of these model cations,
participation is occurring.17 which to our knowledge have not been previously re-

m  ported. For proof that these ions were identical with
(16) S. P. M cM anus, C h em . C o m m u n ., 235 (1969). ,  , , . j  , . .  . _ r  r  - 7 0
(17) Stated another w ay: The R  group in  the  tra n s itio n  state shown in  t i lO S e  O b ta in e d ,  b y  C y c l lZ a t lO n ,  t h e  2 ?5 , 5 - t r i m e t h y i - 2 -

path b, Scheme i, would not be expected to contribute much to its stability if oxazolinium cation was prepared by adding an equi-
neighboring-gcouppacticipationisweUdeveioped in that transition state moiar mixtUre of methallylacetamide and the parent
The stabilizing effect of the developing oxazolinium ion should swamp out . , A/»Ay -tt nn , i i
the  effect o f the  m e th y l group. oxazolme to 96%  H 2S 0 4; the nmr spectrum revealed a

3770 J .  Org. Chem., Vol. 35, No. 11, 1970 McManus, Carroll, and P ittman



T a b l e  I I I

N m r  Sp e c t r a l  D a t a  o f  M o d e l  O x a z o l in i i j m  a n d  T h i a z o l in id m  C a t io n s  i n  90%  H 2SO 4.
B a n d  P o s it io n s  o f  t h e  C a t io n

rY t
Y f « .
R /  0

Parent compd R egistry no. R i R 2, R 3 R«, Rs N H

2-M ethyl-2-oxazoline 23704-69-0 2 .9 , s 5 .5 3 , t, 4 .6 2 , t, 9 .9 4 , b
7  =  9 .9  7  =  9 .9

2-Propyl-2-oxazoline 25898-5579 a  3 .2 0 , t, 5 .5 6 , t. 4 .6 4 , t, 9 .6 8 , b
7  =  7 7  =  9 .8  7  =  9 .8

(3 1 .5 9 , h,
7 = 7 

7  1 .5 4 , t,
7  =  7

2,4,4-Trim ethyl-2-oxazoline 25898-56-0 2 .90 , s 5 .1 7 ,  s 2 .0 3 , s 10 .0 1, b
B enzoxazole 25898-57-1 10 .16 , s 7 .9 -8 .3 4 , m 1 3 .8 1 , b
2.5- D im ethylbenzoxazole 25898-58-2 3 .4 8 , s 5-C H 3, 2 .8 6 , 13 .4 2 , s

s, phenyl 
protons, 
m ultiplet 
centered at
7 .6 9

2-M ethylth .azolin e 25898-59-3 3 .1 4 ,  s 4 .2 8 , t :, 4 .9 1 ,  t, N o t
7 = 9 . 1  7  =  9 .1  observed

2-M ethylbenzothiazole 25898-60-6 3 .5 9 , s 7 .9 8 -8 .7 2 , m  4 .6 4 , s
B enzothiazole 25898-61-7 1 0 .19 , d, 7 .8 1 -7 .9 9 , m  1 2 .5 5 , b

7  =  5 .8
2.5- D im eth ylbenzoth iazole  25898-62-8 3 .5 0 , s 5-C H s, 2 .7 9 , 12 .4 9 , b

s, phenyl 
protons,
7 .7 1 - 8 .1 8 ,
m

2-Am inothiazoline 25898-63-9 N H 2, not 4 .1 7 ,  t, 4 .5 9 , t, N o t
observed 7  =  8 .0 7  =  8 .0 observed

2-M ercaptojhiazoline 25898-64-0 sh, not 4 .4 2 , t, 4 .9 3 , t, 9 .9 5
observed 7  =  8  7  =  8

s in g le  c a t i o n . 18 T h e  n m r  s p e c t r u m  o f  c a t io n  2 k , w h ic h  I

is  r e p r e s e n t a t iv e  o f  t h e  s p e c t r a  o b t a in e d  f o r  t h e  o x a z o -

linium cations, is recorded in Figure 1. ch3
The identification of the cyclic cations was further J.

strengthened by the isolation of the corresponding
oxazolines upon drowning the acid solutions into a well- chj- c-̂
stirred solution of cold, dilute, excess base with con- ch3 3

tinuous ether extraction. The oxazolines, thus iso
lated, were identified by ir, nmr, elemental analysis, and
studies of their physical properties. 19 Furthermore, I
when the isolated oxazolines were redissolved into cold . II J  \
96%  H 2S0 4, the same oxazolinium cations (as deter- V___  —̂ J  V-------------- J  \-----
mined by their nmr spectra) were obtained as had been _________ . . ______ .________ ,________ I_____
obtained in the amide cyclizations. As expected, the J0"  " .......  ,  j ......... 'I " ppm' 5 ................2 "  ' ' '
p r o t o n a t e d  a m id e s ,  u r e a s ,  a n d  u r e t h a n s  3 a n d  t h e  c y c l i c  . ,. . m
io n s  2 e x h ib i t e d  t h e  a n t i c i p a t e d  d o w n fie ld  n m r  c h e m ic a l  Figure 1 - N m r  s p e c t r u m ^ f j h e ^ ^ t r i m e t h y ^ o x a z o l i n i u i n

shifts relative to their corresponding oxazolines and
thiazolines 4 The magnitude of this charge-induced Som alia21 has correlated AS values for different sol
deshielding is that expected from applying the
previous stucies of dioxolinium ions20 and a variety of ve£ he ^  ra q {  oxazolines and thiazolines, 4 , 
other protonated compounds. 1011 F or similar cations, R / ,g an alkyl groupj exhibit iong .range coupling

between the a  protons or R ' and the C-4 ring protons. 22
(18) The same ion is form ed by the  rearrangement of 1-acetyl-2 2-di- rrn  c o u p l i n g  c o n s t a n t  g e n e r a l l y  V a r ie s  b e t w e e n  1.0 a n d

m ethylazirid ine. In  th a t case, an identified  n m r spectrum  is obtained; c f. „  „  A .  . , • 0  m  , ,  , „ „ „  . ■  „  / e \
P ittm a n  and M cM anus, ref la .  2.0 Hz. For instance, m 2-methyloxazolme (5) the

n o )  s p  M cN  anus. J. T . C arro ll, P. M . Grohse, and C. U . P ittm a n , O rg .
P re p .  P ro c e d ., 1, 183, 235 (1969). These references describe a useful and (21) D . A . Tom alia, N . D . O jha, and B . P. i  , J .  O rg . C  e m ., ,

convenient syn the tic m ethod fo r  preparing certa in substitu ted  oxazolines. (1969). , , -> n  t n i.  a. 1
(20) (a) C. V .  P ittm a n , J r., and S. P. M cM anus, T e tra h e d ro n  L e t t . ,  339 (22) M . A . Weinberger and R. Greenbalgh, C a n . J .  C h e m ., 41, 1038

(1969). (b) H . H a rt and D . Tom alia , ib id . ,  3383, 3389 (1966); 1347 (1967). (1963).
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cations (Table II) were straightforward. While con
version of lh  to cation 2h was nearly quantitative, a t
tempts to isolate 2-methoxy-5-methyl-2-oxazoline (4h) 

" ^ ch, by drowning into excess base in the normal m anner19

* ¥ «  failed.I
»'"■0 The cyclization of S-protonated allvlthiourea (3p) in

70 -96%  H 2SO4 was much slower than cyclizations of N -  
allylamides, N-allylureas, or A-allyurethans. About

^ 24 hr at 70° was required to complete the cyclization of 
i ip  to the 2 -amino-5-methyl-2 -thiazolinium cation (2p)

1 (vs. 2 hr for the conversion of lg  to 2g). The lack of
11 N -H  resonances in the nmr spectra of 2g and 2o indi-

____ J V____, ____J \ ____ cates rapid exchange of these protons in the concen-
— — — —|— —;----- ( — —... . -|------ £  -------- )---------- trated acid solution.

8 ' ’ ppm 1 < 2 l-(2-M ethylallyl)-3-phenyl-2-thiourea ( lr )  behaves
„ .  „  - T . , .. _ . n in  a  m a n n e r  a n a lo g o u s  t o  a m id e s  l j - n .  U p o n  m ix in g  i t
iiigu re 2.— N m r spectrum  of the 2-amlmo-5,5-d]methyl-2- „ 0 0  • ,

th iazolinlum cation (2 r). w i t h  i i 2h 0 4, im m e d ia t e  q u a n t i t a t i v e  c o n v e r s io n  t o
the 2-(anilino)-5,5-dimethyl-2-thiazolinium cation (2r) 

methyl appears as a triplet ( J  =  1.4 H z), while the ° ccurs' The nm1r spectrum of 2r is shown in Figure 2.
methyl resonance in the corresponding oxazolinium Upon drowning the acid solution of 2r into a cold dilute
cation 6 is a singlet. Long-range coupling is also ^ase solution, 2-amhno-5,5-dimethyl-2-thiazoline26 (4r)

was isolated m  50%  yield. Redissolving the iso- 
jj lated thiazoline in 96%  H2SO4 allowed for quantitative

/  regeneration of cation 2r as evidenced by the repro-
J  \ /  \ duction of an nmr spectrum identical with th at in
° Y N ° Y N I 1  Figure 2 .

I Cyclization Studies in D2S 0 4 and H -D  Exchange
/ 1 \  Cil3 Experiments —When allyhc amides were cyclized in

H H H 96%  D2S 0 4, a single deuterium was incorporated in the
5  C-5 methyl group (s) determined by peak intergration.

The N -H  disappeared, as expected, due to exchange 
lacking in oxonia- and 1 ,3 -dioxoniacyclopentene cations with s° lvent- N o  f u r th er  incorporation of deuterium
( 7  and 8 ) . 10a" 20’ 23 Since each of these ions has a tt bond mto the 10118 occurred. The 2-propyl-2-oxazohmum

ion, prepared by dissolving the parent oxazoline in acid, 
H CH showed no H -D  exchange, other than N -H , after 14 hr

\  V ’ at 1 2 0 ° in 96%  D2S 0 4 or after 1 0  min at 1 2 2 ° in 65%
CH3-M + I D2SO4. Allen and Ginos26 reported that H -D  exchange

+*J y  0  occurs at the 2-methyl group of 2,3,4,4-trim ethyl-2-
CH3 CH oxazolinium iodide in 0.005 and 0.1 M  H I solutions in

7  8 D20 .  Under their more basic conditions, however,
H -D  exchange is much more likely than in the present 

in one resonance structure, the absence of long-range case.
coupling might indicate that a - i r electron interactions, The resistance to H -D  exchange is also exhibited by 
which are thought24 to be responsible for this type of the thiazolinium ions. The 2-methyl-2-thiazolinium
coupling, are substantially reduced in the ions. An cation exhibits no H -D  exchange after 1.3 hr at 120° in
alternate explanation is that the fine structure in the 96%  D2S 0 4 or after 13 min at 122° in 65%  D 2S 0 4.
spectra of the ions does not appear because of solvent When compared to other heteroatom-stabilized cyclic 
effects. The latter possibility is currently being in- ions, certain trends are evident. Five-membered ring 
vestigated. cyclic carbonium ions with a single adjacent hetero-

N-Allylurea ( lg ), N-carbom ethoxy ally lamine ( lh ) atom (O, N, S) incur H -D  exchange among both the
and its homolog l i ,  N-allylthiourea ( Ip ), and A -allyl-A '- C-2 methyl hydrogens and the C-3 methylene hy-
phenylthiourea ( lq ) were each protonated in cold 96%  drogens. For example in 7, the C-2 methyl hydrogens
H 2SO4 (see Table I). Heating each acid solution re- are 34%  exchanged during 68 hr at 24° and 65%  ex-
sulted in conversion to the highly resonance stabilized changed during 7 min at 120° in 96%  D 2S 0 4. The C-3
cations 3g-i, p, q, respectively. The nmr spectra of the methylene hydrogens of 7 were 43 and 78%  exchanged

under those conditions.23 The C-4 and C-5 hydrogens 
V  H\  H\ are n? t  exchanged in 96%  D 2SO4 even after heating

CH: ; i I ch 1 I ch \------1 overnight at 120°.10a Five-membered ring cyclic car-
O Y nh 3 O ^N H  3 Sid-iNH bonium ions with two heteroatoms are stabilized suffi-

T  ciently that H -D  exchange does not occur in concen-
3 trated acid solutions.20®

2 h 2 g 2 p

„  tt r f . . .  , „  _  „  <25> The endocycUo structure  ra th e r than  the  tau tom eric  exocycUc
n l Pl i tm ,an anTd P - M o M ®nus. C h em . C o m m u n ., 1479 (1968). s tructure  is assigned in  line w ith  the  im p lic it evidence obtained fro m  the

( ) J. W . Emsley, J. Feeney, and L . H . Sutcliff, “ H igh  Resolution s tu d y  of th e  analogous 2-anilino-2-oxazoline systems: c f  J R  Carson G I  
N uclear M agnetic Resonance Spectroscopy," V o l. 1, Pergamon Press, New  Poos, and H . R . A lm ond, J .  O rg . C h e m ., 30, 2225 (1965). ’ '
Y o rk , N . Y ., pp 176-180. (26) p . A lle n  and J. Ginos, ib id .., 28, 2759 (1963).
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As shown in Scheme III, the intermediate acyclic lattice relaxation time to a value comparable with the
carbonium ion is not in equilibrium with the starting reciprocal of the ./H-n coupling constant. This broad-
allyl derivative or vinyl derivative 9, but must be cap- ening due mainly to asymmetric fields near N, indicates
tured by 0  (or S) before proton loss occurs. Also, oxa- the hybridization at nitrogen is still sp2 in the cations,
zolinium (thiazolinium) cations are not in equilibrium When sp2 hybridized, the electric field symmetry is far 
with their ezo-2 -methylene derivatives 1 0 . lower than in sp3-hybridized cases such as ammonium

ions. 29 It should be noted th^t the proton at the ring 
Scheme I I I  nitrogen is not observed in the spectra of both oxazo-

CH, linium and thiazolinium ions when amino, anilino,
|| ' H+ y \ mercapto, or alkoxy substituents are attached at C-2

—*• \ (i.e., R '). Since these substituents would disperse the
I T X<^Z charge to a greater degree than with aryl or alkyl sub-
R N. R ' stituents (where the proton at nitrogen is observed), the// /  R results appear to be contradictory to predictions: at// % ji + constant acid concentrations, as the basicity of the ring

H nitrogen increases, the rate of N-H exchange with sol-
■5£ _ q g x  vent .increases! The expected result occurs in those
*7 = NH 0 S II r , \ 3 systems where the N-H is observed: as the acid con-

_ ’ ’ Tr^  R / \ centration is decreased, the exchange rate of the N-H
R “ 0  3’ ° 3 7 ^ X\|/Z with solvent increases. Thus, in 60% H2S04 the ni-

9 11̂  ' trogen is not observed in any systems.
R The cis and trans vicinal couplings between ring

10 protons at C-4 and C-5 are equal, within experimental
error, in the 2 -methyl and the 2 -propyl oxazolinium 

Stability of Oxazolinium and Thiazolinium Cations.-— ions. This accounts for the clean triplets observed.
Oxazolinium and thiazolinium cations are thermally This is also true of the 2-methyl, the 2-amino, and
stable in addition to being relatively resistant to H-D the 2-mercapto-2-thiazolinium ions. While this is an
exchange. After 72 hr in 96% H2SO4, the 2-phenyl-5- exception to predictions of the Karplus equation, this
methyl-2-oxazolinium cation remains unchanged. 2,5,- phenomenon has been previously observed in dihydro-
5-Trisubstituted oxazolinium cations were unchanged furan ring systems, 30 five-membered ring oxonium
after several days at 90° in 96% H2SO4 or 70% H2SO4. ions20®’28 as well as being observed in the corresponding
The 2-amino-2-thiazolinium cation, 2p, is unchanged oxazolines and thiazolines. The size of these couplings
after being heated to 80° in 70% H2SO4 for 64 hr. The is large, being from 9-10 Hz in 2-alkyl or 2-arylla oxazo-
remarkable ability of the heteroatoms to stabilize a linium and thiazolinium ions. In these cases, the com
positive charge, within the heterocyclic ring, is illus- pling constant increases from 1.0 to 1.5 Hz going from
trated by the para sulfonation of the phenyl ring of the the parent heterocycle to the cation. When a mer-
2-anilino-5,5-dimethyl-2-thiazolinium cation (2r) after capto or amino group is present at the 2 position in the
a week at 22° in 96% H2S 04. During this period the ions, the size of the coupling constant is about 8 Hz and
nmr spectrum of the phenyl proton changes to an A2B2 shows no increase when compared with its parent corn-
quartet with an area of 4. Thus, the amino nitrogen is pounds.
able to support para attack of the phenyl ring in spite Currently, studies are being extended to the forma-
of its attachment to the 2 position of a thiazolinium ion! tion of six-membered and larger rings in strong acid

media. Since the six-membered rings are not expected
9 6 i h 2so, „ ttt /  \  n A I I  t o  b e  a s  s t a b le  t h e r m o d y n a m i c a l l y , 31 s y s t e m s  m a y  b e

2r room temp ” —1 ^ C==NH \__/  S0;iH designed which will allow an equilibrium between the
iweek /  ® open-chain carbonium ion and the cyclic ion. Also, the

„  v  . ,  . . . .  . , . . p o s s ib le  s i m i l a r i t y  b e t w e e n  th e s e  c y c l i z a t i o n s  a n d  a c id -
( J x a z o i m iu m  a n d  t h i a z o l i n i u m  1 0 n s  d o  n o t  c le a v e  o n  , , , , t  ,

. . ,  , .  . , , . . . c a t a l y z e d  r e a r r a n g e m e n t s  o t  a c y l a z i r i d m e s 1® a n d  a c y l -
h e a t m g  m  s t r o n g  a c id  m e d i a .  1  h i s  b e h a v io r  i s  i n  c o n -  , . ,• ,
x x x i x r  x i i  . . . . .  . . c y c lo p r o p a n e s 10® is  b e in g  s t u d ie d ,
t r a s t  t o  t h a t  o f  t h e  a n a lo g o u s  d i o x o l i n m m  a n d  o x a t h i o -

linium cations which readily undergo Aa l1 cleavage at Experimental Section32
elevated temperatures.20® This suggests that oxazo
linium (thiazolinium) ions are more stable {i.e., 2k > 8). Materials.—The following were purchased and used without

C h a r a c t e r ! s t i r s  n f  C a t io n  N m r  S n c c t r a  — T h e  c h e m i  f u r t h e r  p u r i f ic a t io n :  a l l  c o m p o u n d s  in  T a b le  I I  ( A ld r ic h )  e x c e p tCharacteristics Ot Cation Nmr Opectra I h e  C h e m i 2 )4 )4 - tr im e th y l-2 - o x a z o l in e ,  w h ic h  w a s  p re p a re d  as p r e v io u s ly

C a l s h i f t s  OI t h e  p r o t o n s  OI 2 a r e  s h i t t e d  d o w n h e l d  W i t h  described,33 and compounds lgand lp (Eastman “White Label,,).
r e s p e c t  t o  t h e i r  c o r r e s p o n d i n g  2 - o x a z o l i n e s 21 a n d  2 -  ------------------------

thiazolmes. The protons at C-5 (adjacent to oxygen) (30) L M Jaokman, -A p p lica tion s  of N M R  Spectroscopy in  Organic

a r e  f o u n d  m o r e  t h a n  0.7 p p m  d o w n f i e l d  f r o m  t h e  p r o -  C hem istry ,”  Pergamon Press, New  Y o rk , N . Y „  1959, p 87.
tons at C-4 in oxazolinium ions. In thiazolinium ions, (S I) Based on comparison w ith  the  «»electronic: carbocyclic derivatives;

, . . , i x i  x ■ C x i /—i . I  c f .  T . S. Sorensen, J .  A m e r.  C h em . S oc ., 91, 6398 (1969).
t h e  O r d e r  IS  r e v e r s e d  & I ld  t h e  S e p t lX c l t lO I l O l t h e  t i n d  (3 2 ) Unless otherwise noted a ll nm r spectra were recorded using a Varian

C-5 protons is more variable.27 The proton on nitrogen H A -10 0  spectrometer w ith  a variable tem perature probe. The chemical

in both sets of ions appears as a broadened singlet due
to the nitrogen quadrapole28 which shortens the spin- ru n  in  carbon te trach loride  solutions. I r  spectra were recorded using an

IR -1 0  spectrophotom eter. M icroanalyses were perform ed b y  G a ilb ra ith
(27) In  2-thiazolines the  C-4 protons appear downfield of the C-5 protons Laboratories, In c ., K noxville , Tenn. M e ltin g  points (cap illa ry  tube) and

ra the r than  the reverse w hich is tru e  fo r  2-oxazolines; c f. re f 22. bo iling  points ark uncorrected.
(28) J. D . Roberts, J .  A m e r .  C h e m . S o c ., 78, 4495 (1956). (33) H . Wenker, J . A m e r .  C h e m . S o c ., 57, 1079 (1935).
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T able IV
Data for Isolated Oxazolines and T hiazolines

Y ie ld , ,------------ Calcd, % ------------ . ------------- Found, % ------------ .
Com pd R eg istry  no. % M p  °C  C H  N  C H  N

2.5- D im ethyl-5-phenyl-2-oxazoline 25913-84-2 70 P icrate  13 .8 6 13 .6 8
15 2 - 153

2.5- D iphenyl-5-m ethyl-2-oxazoline 24913-85-3 60 P icrate  12 .0 1  1 1 .7 6
15 3 - 154

2-Anilino-5,5-dim ethyl-2-thiazoline 24913-86-4 40 153 64.04 6 .84 13 .5 8  63.95 6 .7 6  13 .4 8

Com pounds 11 and lm  were kin dly provided b y  D r. R . F .  M erritt 5 g  (35.5 mm ol) of benzoyl chloride in 20 ml of dry benzene was
of the R ohm  and H aas C om pany. T h e preparation of com- slow ly added w ith  stirring. T he solution was allowed to  slow ly
pounds lb - f  and lk  has been described elsewhere . 19 w arm  to  room tem perature and after 2  hr the triethylam ine hydro-

A llylform am ide ( la ) .— A llylam ine (11.4  g, 0.2 mol) w as slow ly chloride salt w as filtered and the filtrate  was concentrated a t
added to  14.8 g (0.2 mol) of ethyl form ate in a 50-ml round- reduced pressure. T h e solid residue was crystallized from  etha-
bottom ed flask equipped w ith  a  m agnetic stirrer and condenser. n ol-w ater to  yield  5.3 g  (67% ) of lo , mp 122 -123 °.
A fter about 5 min heat from  the reaction caused the m ixture to  A n a l.  C alcd  for Ci6H i6NO: N , 5.90. Found: N , 5 .7 1 . 
reflux. T he reaction w as com plete in about 30 min, b u t stirring l-(2-M ethylallyl)-3-phenyl-2-thiourea ( lr ) .— T o a stirred solu-
w as continued overnight. T he solution was vacuum  distilled to tion of 7 .1  g (0.1 m ol) m ethallylam ine in 75 m l of absolute eth-
y ie ld  14.0 g  (83% ) of la ,  bp 104-107 (14 mm) [lit . 32 109° (15 anol, phenyl isothiocyanate (13.6 g, 0.1 mol) was added w ith
m m )], d20< 1.004 (lit . 34 1.008). gentle reflux. T en  minutes after th e addition was com plete, the

M ethallylform am ide (lj).— In the same manner as for the solution was cooled and to it  w as added 75 m l of ice w ater. A fter
preparation of la  above, 10 g (0.141 mol) of m ethallylam ine and standing in the freezer for 0.5 hr, the w h ite  crystals were collected,
10.8 g (0.141 mol) of eth yl form ate produced 10.4 g (70 % ) of l j ,  dried, and recrystallized from  ethan ol-w ater to yield  21.3  g
bp 78° (1.5  m m ), n 250 1.4641. T h e nmr spectrum  of l j  contained (8 1% ) of lr ,  mp 79-80° ( lit . 37 8 0 -8 1°). T h e ir spectrum  of lr
singlets at 5 148.5 (3 protons) and 337.5 ppm  (2 protons), and a had m ajor peaks a t 3376 (s), 2210 (s), 1596 (m), 1540 (s), 1520
m ultiplet centered a t 717  ppm . (s), 1315 (m), 1225 (m), 880 (m ), and 740 cm - 1  (m ). T h e nmr

A n a l. C alcd  for C 5H 9N O : N , 14 .13 . Found: N , 13.89. spectrum  (C D C lj)  w as consistant w ith  the structure: 5 142 (s,
A’ -Carbom ethoxyallylam ine (Ih ).— A lly l isocyanate (16.6 g , 3 protons), 413 (d, J  =  5.5 H z, 2 protons), 475 (m, 2 protons),

0.2 mol, A ldrich) w as added dropwise to  50 m l of m ethanol in a  636 (b, 1 proton), 723 (m, 5 protons), and 902ppm  (b, 1 proton), 
round-bottom ed flask fitted  w ith  a condenser and m agnetic l-Allyl-3-phenyl-2-thiourea ( lq ) .— T his derivative  w as pre
stirrer. H eat produced from  the reaction caused gentle refluxing pared precisely in the manner described for lr ,  mp 98-99° ( lit . 38 

to  occur. T he m ixture was stirred overnight and distilled to  98°).
yield 17.2  g  (75 % ) of lh , bp 92-94° (30 mm ) [lit . 36 179 .5-183.5  Isolation of O xazolines and T hiazolines.— Previou sly described 
(748 m m )]. m ethods19 were used to  isolate some of the 2-oxazoline and 2-

A '-Carbethoxyallylam ine ( li) .— In the same manner as for thiazoline derivatives. A ll isolated compounds were fu lly  char-
the preparation of lh  above, 16.6 g (0.2 mol) of a lly l isocyanate acterized. D a ta  on new compounds isolated are com piled in
reacted w ith  50 m l of absolute ethanol to yield 20.2 g (78% ) of li, T ab le  IV .
bp 92-93° (15 mm) [lit . 36 92° (15 m m )]. D ecoupling Experim ents with the P icrate of lq .— T h e picrate

A’-2 -Phenylallylacetam ide (In ).— Potassium phthalim ide (10 g, of lq , m p 152-153° (lit . 39 1 53°), w as prepared from  the isolated
54 mmol) and 8.2 g (54 mm ol) of 2-phenylallyl chloride were added thiazoline. T h e nmr spectrum , obtained in acetone-de w ith  a
to 100 ml of dim ethyl sulfoxide and the resulting solution was B ruker H FX -90  spectrom eter, contained the following: S 1.58
heated on a steam  bath  while being stirred m echanically. A fter (d, /  =  6  H z, 3 protons), 3.91 (m, 1 proton), 4.35 (m, 2 protons),
tw o hr the clear solution was cooled and poured into 300 m l of 7.47 (s, 5 protons), and 8.81 ppm  (s, 2 protons). T h e N - H
w ater containing about 100 g of ice. T he phthalim ide precipitated protons w ere not observed. D ecoupling experim ents betw een
and was collected and dried overnight. T h e crude product the C-5 m eth yl group (5 1.58) and th e C-4 and C-5 protons indi-
weighed 12.9 g (9 1% ) and m elted a t 116 -118 °. T h e  phthalim ide cated th a t th e C -5 proton is centered a t 4.44 ppm . One C-4
(10 g) was refluxed for 1 h r w ith  4.6 m l of hydrazine hyd rate in proton is then in the m ultiplet centered a t 4.35 ppm  and the other
190 ml of m ethanol. T h e solution was cooled, treated w ith  30 is the m ultiplet a t 3.91 ppm .
m l of 10 N  hydrochloric acid, and filtered. T h e phthalhydrazide
was collected triturated w ith  1 0 0  ml of w ater and filtered, and the Registry N o .— l j ,  25913-66-0' In 25957-50-0' lo  
combined extracts were evaporated to dryness under reduced 25913-67-1; l r ,  25913-68-2; ’2 a, ’ 25898-39-9 ;’ 2b]
pressure. T he residue was treated w ith  30 m l of 2 0 %  aqueons 7 n  0 ! o <i9 " f u  7 9  r ! „  , ’ ’
potassium  hydroxide solution and extracted w ith three 20-ml 2 o < U4 -/U - 0 , 2C, 2o /0 4 -/o -to ; 2d, 2 5 8 9 8 -4 2 -4 ; 2e,
portions of ether. T h e combined extracts were dried (N a2SO() 25898-43-5; 2f, 25898-44-6 ; 2g, 25898-45-7; 2h, 25898- 
and treated w ith  ketene 13 (about 70 m m ol). R em oval of the ether 46-8; 2i, 25898-47-9; 2j , 25898-48-0; 2k, 23704-71-4'
under reduced pressure gave  4 .1  g (70% ) of In, mp 78-79° (from 21 ,25898-50-4 ; 2m, 25898-51-5; 2n, 25898-52-6; 2p|
6  r r WCaTcd for C „ H 13N O : C , 75.40; H , 7.48; N , 7.99. 25S98-53-7 ; 2q, 25898-54-8; 2r, 25950-25-8; 3a, 25913-
Found: C , 75.28; H , 7.43; N , 7.80. 69-3 ; 3b, 25913-70-6; 3c, 25913-71-7; 3e, 25913-72-8;

T h e ir spectrum  of In w as consistant w ith  the assigned struc- 3f, 25913-73-9; 3g, 25913-74-0; 3h, 25913-75-1; 3i,
ture: 3290 (s), 3080 (m), 2930 (m), 1640 (s), 1533 (s), 1282 (s), 25913-76-2; 3p, 25913-77-3; 3q, 25913-78-4' 2 ,5 ,5-

S  i S a ™  Z ™ ? ’- ,pectrum °f ln 'X,nfirm“ ‘ t r i m e t h y l .  W a o l i m u m  c a t io n ,  25913-83-1.
iV-2-Phenylallylbenzam ide ( lo ) .— T h e amine w as prepared in rp, , ,  , . ,

the same manner as for the preparation of ln  above. In  a typ ical Acknowledgments. T h e  a u t h o r s  a c k n o w le d g e  s a m -  
run, the ethereal solution of the amine, prepared from  1 0  g (3 3 . 4  p le s  f r o m  D r .  R .  F .  M e r r i t t  a n d  d is c u s s io n s  w i t h  P r o -
mmol) of the phthalim ide, w as concentrated a t reduced pressure fe s s o r s  M .  T .  E m e r s o n  a n d  L .  D .  K is p e r t .
and to the residue was added 2 0  ml of dry benzene and 5  m l of
triethylam ine. W hile m aintaining the flask in a bath  a t 0 -5 ° , (37) A. Kjaer, K. Rubinstein, and K. A. Jensen, A d a  C h e m . S c a n d ., 7,
------------------------ 518 (1953).

(34) G. C. C layton, B e r .,  28, 1666 (1895). (38) R . L . Shriner, R . C. Fuson, and D . Y . C urtin , “ The System atic
(35) A . F. Childs, L . J . G oldsw orthy, G. F . H arding, S. G. P lan t, and G. A . Id e n tif ica tio n  of Organic Com pounds,”  5 th  ed, W iley, N ew  Y o rk  N . Y .

Weeks, J .  C h em . S o c ., 2320 (1948). 1964, p 326.
(36) M . Bergmann, B e r .,  84, 2147 (1921). (3 9 ) F . B , Dains, J .  A m e r .  C h em . S o c ., 22, 181 (1900).
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1,3-Bridged Arom atic Systems. VII. Quinolines1,2

W il l ia m  E. Parham ,* R ichard W. D avenport,8 and J. Br ian  B iasotti 

School o f  C hem istry o f  the U niversity o f  M innesota, M in n eapo lis , M in n esota  55455  

Received F ebruary  S5, 1970

T h e preparation of 1,3-bridged quinolines of typ e  3 are described. A s the valu e of n  in these pyridinophanes is 
reduced, the m ethylene bridge is more constrained and the pyridine ring is strained; such strain is reflected b y  
changes in spectral and chemical behavior. T h e  asym m etry of the quinolines 3 was established b y  conversion 
of 3a to  the epim eric alcohols 6 a and 6 b in w hich the hyd roxyl functions are a t carbon-1 of the bridge. T h e p K a 
of representative exam ples of 3 are compared w ith  th a t of the model 3-chloro-2,4-dim ethylquinoline. T h e  pyr- 
idinophane 3a undergoes on ly monobrom ination w ith  iV-bromosuccinimide to give I S ; b y  contrast the dechloro 
derivative 8 a readily gives the dibromide 17. These reactions, and the lack  of rea ctiv ity  of 17, are discussed in 
terms of steric requirem ents for reaction.

In a preliminary communication4 we described the Reaction of 12,13-Benzo-16-chloro[lQ](2,4)pyridino- 
preparation of the 1,3-bridged quinolines 3a-c (48-76%  phane W-Oxide (5) w ith  Acetic Anhydride.— Compari- 
yield) by addition of dichlorocarbene to the indoles 1  sion of the nmr spectra of the cyclophanes 3 a-b  with the
(R  =  H or R  =  C(O)CHs), as summarized in eq 1 . dechlorinated analogs 8  suggested that in the former the

m e t h y le n e  b r id g e  c a n n o t  p a s s  o v e r  t h e  h a lo g e n  t o  t h e  

r  |  ¡ [ ( C H 2)m o t h e r  f a c e  o f  t h e  a r o m a t ic  r in g ;  th u s ,  m o le c u le s  3 a - c  a re
m a s y m m e t r ic  a n d  e x is t  a s  d l  p a ir s .  T h i s  c o n c lu s io n  w a s

| c o n fir m e d  b y  a s t u d y  o f  t h e  r e a c t io n  o f  t h e  N - o x id e  5,
R derived from 3a (96%  yield) by oxidation with hydrogen

1  peroxide, with acetic anhydride (eq 2). The products,
a, m =  1 0

b ,  m =  8 |— ~ 7

c ,  m  =  6

d, m = 5 ch2— c h 2 I j p d e l  H

ch2— ch2

C ¥ CH5  ^0H
r  | C H ^ r  ^ 2°  syn-6&  (32%) (2)

9  CH2

J ~ a  3a, n =  6  I  CH2 ^  X X c i
____/ k  b,n  =  4  0  [NaOĤ

Q X X  (CH2)m -  c ,n  =  2 (1) 5 . '0H

^  d, n =  1

R
2  Q  a n ti-6b (26%)

_ Rq * [ obtained subsequent to hydrolysis of the intermediate
y acetates, were the .syn-alcohol 6a (32% ) and the a n t i-

4  alcohol 6b (26% ). The conversion of 2-alkylpyridine
. . .  . N -  oxide to the corresponding pyridinemethanols is well

The limiting value of m  for the preparation of 3 was known;7 the nonequivalence of the a-benzyl hy-
found. to be 6 , when m =  6  the quinoline 4  (to =  6 ) was drogen atoms leading to the diastereomeric alcohols 6a
formed as a minor compound (2 .7%  yield) together and 6 b . confirms the asymmetry of the metacyclophane
with 3c, and, when m  =  5, the quinoline 4 (m =  5) was structure. This reaction is also attractive as a route for
the only product characterized ( 1 1 .6 %  yield) . 6,6 derivatives of 3  with functionality in the methylene side

In  this paper we describe experimental procedures chain 
for these syntheses, and report additional studies Both isomers of 6  are oxidized to the same ketone 7 
bearing on the physical and chemical properties of these with chromium trioxide in pyridine, which confirms the
heterocyclic metacyclophanes. diastereomeric relationship of the isomeric alcohols.

* T o whom  correspondence should be addressed. The hydroxyl group of the syn isomer (6 a) was found to
(1) Supported b y  the  N a tio n a l Science Foundation, G rants G P-6169X be Completely intramolecular hydrogen bonded to ni-

““pfForto! preceding a rtic le  in  th is  series, see W . E . Parham  and R . W . t r 0 Sen ( " O H  3440 C m '1), while the anti isomer exists en-
D avenport, j . Org. chem., 35, oooo (1970). tirely as free hydroxyl ( poh 3615 cm -1). A model com-
M^Vota^isfg™11 the theSi3 °f R W Davenport’ The Umver8ity of pound, o-chlorobenzyl alcohol, displayed no significant

(4) W . E . Parham , R . W . D avenport and J. B . B iasotti, Tetrahedron Lett., intramolecular hydrogen bonding.
7 ,5 5 7  (1969). Reduction of 7 with sodium borohydride gave pre-
r. £ £ £ £ £ £ ’“« A «  w o ," " “ “ ' K‘ “ * dominantly the syn isomer (79%  6a, 4 .4%  6b). The

(6) The mechanism fo r th e  conversion of 2 to  4 is though t to  occur b y
phenyl m igration in  the interm ediate  carbonium  ion p rio r to  d is ro ta to ry  rin g  (7) (a) V . Boekelheide and W . J. L in n , J .  A m e r .  C h e m . S o c ., 76, 1286
opening, a8 discussed in  re f 5 fo r cyclopropanes derived from  related in - (1954); (b) K . Biemann, G . B tlchi, and B . H . W alker, i b id . ,  79, 5558
denes. (1957).
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most probable transition state is shown in eq 3, in which The cyclopropane 10 was quite stable in polar solvents
the boron is partially bonded to both oxygen and ni- and showed no tendency to undergo ring expansion, a

conclusion consistent with the high degree of strain in 
products projected by normal ring expansion of the cy- 

__ 0i clopropane ring in 1 0 .

k A N^ c = 0  ^ L ^ c f 2 S g f e a

;v f w  n ^ r ci <5,
S \  V ^ \ n ^ ; ch2 V ^ n ^ ; ch2

/ \  I— ►  6a (79.4%) CH2 CH2f  T V V  ] -T  (3) 3c 10
—*■  6b (4.4%)

_BH —0  The only product isolated (8 %  yield by liquid chro
matography) from a similar reaction of 3a with phenyl- 
(trichloromethyl) mercury, other than unchanged 3a 

trogen to become part of a five-membered ring. In  (31% ), was assigned structure 14 on the basis of its
order to obtain such a transition state, the carbonyl composition and spectra, coupled with the logic of its
group must orient itself in the plane of the aromatic formation as shown in eq 6 . The derivative 13 is as-
ring, and hydride attack is from the side opposite to the 
methylene chain.

Reduction.'—As the value of n  in 3 is reduced pro- , %2>C1
gressively from 6  to 4 to 2, the nitrogen-containing ^ ~ C i -c r
aromatic ring becomes more strained and distorted from 3a *" I J r  C1 *"
its normal planar configuration by the methylene
bridge.8 Chemical evidence for this conclusion was ob- CH2

tained by studies of the reduction of 3a-c. 11
B oth  3a and 3b were reduced (eq 4) with hydrazine on

ch2- ch2 tt ____  ̂ \

M-c O C  r CI ^
3 -i^sr C j f & C l  X L / H2)s (4)S ^ n ^ C H 2 12

CH2

8 a , n  =  6bn = 4 ^
charcoal to the corresponding dechlorinated pyridino- L I  J = 0  (CH2)10 *■  [ I  \ = 0  (CH2)9
phanes 8a and 8b in 8 8  and 96%  yield, respectively. y  __J
Removal of the chlorine atom from 3a and 3b permits 13 H CH
the methylene bridge to invert to either face of the 14

aromatic ring.9> 10 The nitrogen containing ring in 3c is
evidently more strained and reactive, for, under iden- sumed to be formed from the adduct 11, which is anal- 
tical conditions used for 3a and 3b, the nitrogen ring is ogous to 10 formed from 3c. In this case, however, the
reduced to give 9 (~ 1 0 0 % ). The structure of 9 was system is less strained by the larger methylene bridge;
assigned on the basis of the composition of the derived normal ring expansion with hydrolysis of the derived
picrate, and by its spectra (see Experim ental Section, ion 12 would be expected to produce the ketone 13. I t
rc-N at 1622 cm -1). is assumed that the initial product 13 undergoes proto-

Reaction of 3 with Phenyl(trichloromethyl)mercury. tropic isomerization to 14, since 14, but not 13, is con- 
— Deformation and increased reactivity of the aromatic sistent with the observed spectral data,
ring in 3c was also evidenced by comparison of the Effect of Ring Strain on the Basicity of 3.'—Although 
reaction of 3c and 3a with phenyl(trichloromethyl)- factors determining the basicity of amines have been
mercury as shown in eq 5 and 6 . The cyclopropane 10 thoroughly investigated , 11 there have been no studies
was first isolated as a minor product from the reaction which correlate base strength of aromatic heterocyclic 
of lc  with phenyl(trichloromethyl)mercury, and its amines withdeformation of the nitrogen-containing ring,
structure was assigned on the basis of the composition The acid dissociation constants (pKa) of 3a, 3c, and 3- 
and spectra, and by its facile preparation (46% ) by chloro-2,4-dimethylquinoline were determined by po-
reaction of 3c with phenyl(trichloromethyl)mercury. tentiometric titration in 70%  ethanol and are listed in

Table I. The results suggest that deformation of the
(8) T h is  conclusion is supported b y  comparisons of n m r Bpectra and u ltra - ring has no appreciable effect On basicity. As the prO-

V1°!e* ®p,e.otra as. dlsoussed m cess involved is one of equilibrium, these results suggest
(9) Th is conclusion is supported b y  the  nm r spectra of 3a—b and 8a—b ; see A J 0 0

E xperim enta l Section.
(10) S im ila r results are described in  re f 5 fo r  the  corresponding napk- (11) E . S. Gould, “ Mechanism and S tructure  in  Organic C hem istry ,”

thalene analogs. H o lt, R inehart and W inston, New Y o rk , N . Y ., 1959, C hapter 7.
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Table 1 changed when heated with hot acetic anhydride under
ComPd conditions identical with those used for the conversion of

QH 5 to 6. Lack of reactivity of the M-oxide is reasonable
r y V  for 16, but unlikely if the bromine atom was at the al-

' ' ternate methylene position (C-10).
3Chbro-2,4-dimethyiquinoiine One would expect that removal of the chlorine atom

from 15 would sufficiently reduce the steric constraint 
__ / Q \  of the pyridinophane to permit dibromination, and this

Q ( V < ^ 0 2 .88 ±  0.03 was shown to be the case; 8a reacted readily with 2
N equiv of JV-bromosuccinimide to give the dibromo

31 derivative 17, which was isolated in 47%  yield. The
___ __ bromine atoms in 15 and 17 are unreactive; 17 was re-

^  X .  C1 3' 03 ±  0 03 covered (88% ) after 10 hr in hot acetic acid containing
2 5 mol equiv of potassium acetate .13 The properties of

halides of type 15 and 17 will be the subject of a subse
quent report; however, these preliminary studies sug- 

, , gest that they can be compared qualitatively with
that the energy difference between the protonated and bridgehead halides. Thus, there is steric interference 
u n p ro tected  forms of these three amines w small.13 to Sn2 attack> and ionization of halogen is inhibited by

Reaction of 3a and 8a with A-Bromosuccimmid e. the additional steric demands imposed when the ring
The reaction 3a with 1 equiv of A-bromosuccmimide methylene carbon changes from sp3 to sp2 hybridization, 
gave a monobromo derivative (23%  yield) which was 
assigned structure 15 (eq 7). Assignment of structure

Experimental Section
.  1 /  q  A ll nmr spectra, unless otherwise stated , were determ ined at

NBS H;Q; 20%  concentration (w t/v) on a Varian A-60 spectrophotom eter;
* l  lb ,H u ltraviolet spectra were determ ined in 9 5 %  ethanol.

\ General Procedure for the Preparation of 3. 12,13-Benzo-
T g r 16-chloro[10] (2,4)pyridinophane (3a). A.— Phenyl(trichloro-

m ethyl)m ercury (17 .1  g, 43.2 mmol) and 2,3-cyclododecenoin- 
15 dole14 ( la ,  5.03 g, 19 .7 mmol) were heated under a nitrogen at-

I— ~V mosphere in refluxing anhydrous benzene (200 ml) for 44 hr. T he
m ixture was cooled, filtered to rem ove phenylm ercuric chloride 

I | (C H )|  (7 ) (12.2 g, 90.2% ), and concentrated to  a dark brown oil (7.63 g).
IQ ,H  1 ' T h e residue was shaken w ith  petroleum  ether, filtered to rem ove

additional phenylm ercuric chloride, and chrom atographed on 
I »  j r  alum ina (200 g) using petroleum  ether as in itia l eluent. E lution

q  of the column w ith  petroleum  ether-ether (1 0 % ) gave the p yri
dinophane 3a as a yellow  oil (4.11 g, 6 9 .1%  yield) which solidified 

16 (mp 75.0 -78.0 °). T he m aterial was purified b y  conversion to
the hydrochloride (3.83 g, 5 7 .5 % ), w h ite  needles (mp 18 7-19 7°). 

B r T h e hydrochloride was suspended in w ater and ether and aqueous
| sodium hydroxide was added dropwise until the solution was

CH2— CH2 alkaline. T he ether layer was dried (M g S 0 4) and concentrated
to  give nearly pure 3a (3.29 g, 5 5 .2 %  yield , mp 77 -8 1 .5 °) . Pure 

2NBS ^  i jA p / y Q  3a showed mp 81.5-82.5° (from m ethanol); u v  m ax 235 mM (e
L JQ  44,100), 285 (4250), 296 (4160), 309 (3980), and 323 (4200);

\ / CH— Br ir (Nuiob1579 (m)> 1501>1030 (m) .and 771 cm-1 (s); nmr (CC1<)
V jjj r  1.90-2.76 (m, 4 .1 , arom atic H ) and 6.04-10.40 (very com plex,

2 19.9, C H 2).
1 7  A nal. C alcd for C 19H 24C1N : C , 75.60; H , 8.01; C l, 11.75 ;

, . , , . „  , N , 4.64. Found: C , 75.87; H , 7.93; C l, 11.95; N  4.59.
15 as the syn isomer shown was made partially on the picrate of 3a had mp 177-178° (from m ethanol).
basis of steric considerations. Models showed that the A nal. C alcd for C 25H 27C 1 N 40 7: C , 56.55; H , 5 .13; C l,
alternate methylene position (C-10) to be hindered by 6 .6 8 ; N , 10.55. Found: C , 56.57; H , 5 .19; C l, 6.84; N ,

the peri hydrogen and the chlorine atoms, respectively, 10-36. , ,  . ,  , ,  , , . . .  „0. 0 „  , ,
and the epimenc anti position by the bridge and by the ethanol)
chlorine atom. Support for this conclusion was ob- A nal. C alcd  for Ci9H25C12N: C , 67.45; H , 7.45; 0 1,2 0 .9 6 ;
tained by failure to detect a dibromo derivative when N , 4 .14 . Found: C , 67.19; H , 7.58; C l, 21.14 ; N , 3.99.
3a was treated with 2 equiv of A-bromosuccmimide; the T h is procedure w as em ployed to prepare 3a-3c4 and the proper-

yield of 15 was increased slightly to 30%  in this case. R .  CH.CO)
Similarly, 15 was recovered unchanged (> 6 9 % ) subse- was pi.ep ared b y  a modification of the procedure 15 b y  Atkinson,
quent to attempted reaction with iV-bromosuccmimide. et a l .  T h e crude product (65%  yie ld , mp 82-92°) w as difficult
Further support for structure 15 was the observation to purify  b y  recrystallization (petroleum ether at — 78 , then

that the At-oxide 16, derived from 15, was recovered tin-

(12) The basic ity  o f th e  amines is determined b y  the a v a ila b ility  of the
lone p a ir on n itrogen. E ith e r th e  ring  deform ation is not enough to  over- (13) Th is is a general procedure fo r converting benzyl brom ides to  benzyl
come other factors such as ind u ctive  effects of the a lk y l groups, or there are acetates: c f. W . Wenner, J .  O rg . C h e m ., 17, 523 (1952).
compensating effects in  base and conjugate acid. One would not expect a  (14) N g. Ph. B uu-H o i, J .  C h em . S oc., 2882 (1949); L . M . Rice, E . Hertz,
p r io r i  th a t these effects w ould  be the same. A nother possib ility  suggested and M . E . Freed, J .  M e d . C h e m ., 7, 313 (1964); N g. Ph. B uu-H o i, P. Jacq-
b y  a referee, th a t has not been explored, is th a t the  solvent m ay be in tro d u c- uigon, and T . B. Loc, J .  C h em . S oc ., 738 (1958).
ing compensating errors. (15) C. M . A tkinson, J. C . E . Simpson, and A. T ay lo r, ib id . ,  165 (1954).
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114 °)  showed u v max 246 m/x (e 15,900), 266 (sh) (1 1 , 1 0 0 ), and 218 (sh) (4.55); nmr (7 %  C D C I 3) r  1.80—2.50 (m, 4, aro-
291 (sh) (5630), and 302 (5460); ir (N ujol) 1702 cm “ 1 ( C = 0 ) ;  m atic H ), 4.67-5.20 (broad s, 2, C H O H , 4 lines when D 20  used
nm r (C D C I3) r  2.08-2.80 (m, 4 .1 , arom atic H ), 6.76-7.39 (2 as solvent), and 6.0-10.33 (m, 18, C H 2). 
t  and s, 6 .8 , allylic  C H 2 and C O C H s), and 7.88-8.90 (m, 6 .1 , A n a l. Found: C , 71.59; H , 7.60; N , 4.24; C l, 10.95.
C H 2). 12,13-Benzo-16-chloro[10](2,4)pyridinophan-l-one (7).— Ox-

A n a l.  C alcd  for C 20H 27N O : C , 80.76; H , 9 .15; N , 4 .7 1 . idation of 6 a or 6 b (500 m g) was effected w ith  chrom ium  tri-
F ound: C , 80.91; H  9.06; N , 4.68. oxide in pyridine as described for related com pounds . 7 T h e

T h e acety l derivative la  (13.5 mmol) w as reacted w ith  phenyl- crude ketone w as purified b y  chrom atography on alum ina (P F 264,
(trichlorom ethyl)m ercury (29.6 mmol) essentially as described eluent ether) and the ketone was purified (38.5 and 50 %  yield , re-
above. T h e pyridinophane w as eluted essentially pure (mp 8 1.0 - spectively) from  petroleum  ether (bp 30-60°) to  give pure 7:
8 1 .5 °, 75 .8 %  yield) w h h  petroleum  ether-ether (10 % ). mp 136 -137.5; ir v c-o  1712 cm “ 1; u v m ax 324 mM (log e 3.56),

W hen l-acetyl-2,3-dim ethylindole was em ployed, the crude 310 (sh) (3.62), 291 (3.72), 236 (4.71), and 212 (4.54); r.mr
3-chloro-2,4-dim ethylquinoline (55% , mp 64-68°) was easily (10 %  DCCI3 ) r  1.75-2.6 7 (m, 4, arom atic H ) and 6.45-10.30
purified (35 .3 % , mp 70-72.8°); when 2,3-dim ethylindole w as (m, 18, C H 2).
used, as in procedure A , the yield of pure 3-chloro-2,4-dim ethyl- A n a l. C alcd  for C i9H 22C lN O : C , 72.25; H , 7.02; C l, 11.22;
quinoline, mp 7 1-7 2 .5 ° , was 3 5 %  (lit . 16 mp 73 °). N .4 .4 3 . Found: C , 72 .15; H , 6.93; C l, 11.43; N , 4 .19 .

C. Isolation of 10 and 4 (to = 6 ).— T he dark brown residue Preparation of 8 . G en eral Proced ure.— T h e pyridinophane
obtained from  2,3-cyclooctenoindole14 ( lc ,  20.0 g, 0.10 mol, 3a (0.579 g, 1.91 mmol) was reduced w ith  hydrazine (5 m l) and
procedure A ) w as chrom atographed on alum ina (800 g). palladium  on charcoal (0.200 g, 10 % ) in absolute ethanol (50

T h e adduct 1 0  w as eluted from  the column w ith  petroleum  ml) for 35 min according to the procedure of M o sb y . 17 T h e crude
ether-ether (5-8 % ) as a ligh t brown solid (2.17 g, 6 .6 % ) which product obtained from  the ethanol showed one spot on tic  [R f
m elted a t 125-126° (from petroleum  ether, bp 30-60°): u v 0.29, silica gel H F254, petroleum  ether-ether (10 % ) and was
m ax 230 m/x (e 23,100), 236 (sh) (20,300), 294 (5140), and 305 chrom atographed on alum ina (50 g) using petroleum  ether-ether
(sh) (3910); ir (N ujol) 1625 (s) ( C = N ) ,  1591 (m), 1565 (m), (10 % ) as eluent to give 8 a (mp 60 -61°) in 8 8 %  yie ld . Pure
1121 (m), 1050 (m), 1035 (m), 981 (s), 855 (m), 821 (m), 738 (m), 8 a showed mp 62-63°; hydrochloride mp 230-234°; u v  max
and 755 cm - 1  (s); nmr 1 C D C I 3) t 2.64 (unresolved m ,3 .9 , arom atic 229 m/x (e 45,100), 232 (sh) (41,100), 279 (4930), 289 (sh) (4660),
H ), 7 .0 3-7.57 (m, 1.8 , allylic  C H 2), and 7 .9 1-9 .27  (m, 10.2, 302 (3950), and 316 (4370); nmr (CC14) r  1.87-2.88 (m, 4.0,
C H 2); mass spectrum  m /e  327 (calcd mol w t, 327 ). arom atic H ), 2.98 (s, 1.0, 16-H ), 6.87-7.22 (m, 4 .1 , benzylic

A n a l. C alcd  for C 16H 16C13N : C , 58.47; H , 4 .91; C l, 32.36; C H 2), and 7.88-9.40 (m, 15.9, C H 2).
N , 4.26. Found: C , 58.30; H , 5.00; C l, 32.20; N . 4 .19 . A n a l. C alcd  for C ,9H 25N : C , 85.34; H , 9.42; N , 5.24.

E lution  of the column w ith  petroleum  ether-ether (15 % ) gave Found: C , 85.36; H , 9.64; N , 5.20. 
a m ixture of 3c and 4 (m  =  6 ). T he crude product was dissolved A n a l. C alcd  for C ^ H ^ O N  (hydrochloride): C , 75.09;
in petroleum  ether, bp 30-60°, treated w ith  charcoal, filtered H , 8.63; C l, 11.67; N , 4 .61. Found: C , 75.05; H , 8.53;
through C elite, and crystallized at — 78°. T h e pyridinophane C l, 11.4 4 ; N , 4.57.
3c m elted a t 60-65° (6.40 g , 26% ) and at 67-68° after additional T h e yield  of 8 b w as 96% ; the properties of 8 b have been re
recrystallization. T he mother liquor was recrystallized (petro- p orted . 4

leum  ether a t — 78°) to give additional 3c (1.48 g, 6.0 %  yield, 4 ,5 ,6 ,7 ,8 ,9-H exahydro-2,9-methano-3.fi-1-benzazacycloun-
mp 61-64 °). T h e m other liquor was reprocessed to give 4- decine (9).— R eduction  of 3c (0.500 g, 2.04 mmol) w ith  hydrazine 
chloro-2,3-cyclooctenoquinoline (4) as yellow  crystals (0.66 g , as described above for 3a gave a yellow  oil (0.422 g, 98.0%  yield)
2-7%  yie ld , mp 73 -7 7 .5 °). Pure 4 {m  =  6 ) showed mp 82 .5- of essentially pure 9. T h e ir spectrum  of the product was essen-
83.0°; u v  max 233 m/x (e 53,500), 283 (5040), 288 (4980), 294 tia lly  identical w ith th a t of a  sample further purified b y  prepara-
(4960), 299 (4230), 307 (5170), 311 (sh) (3320), 316 (sh) (3010), tive  tic  [alumina PF254, petroleum  ether-ether (10 % ) as eluent]
and 320 (6340); ir (N ujol) 1590, 1560, and 770 cm -1 ; nmr and showed ir vc- n 1622 cm -1 ; nmr (CC14) r  2 .6 7 -3 .15  (m,
(CDCI3 ) r  1.75-2.70  (m, 4 .1 , arom atic H ), 6 .67-7.10  (m, 3.6, 3.8, arom atic H ) and 7.00-9.00 (m, 15.2, C H  and C H 2).
benzylic C H 2), and 7.90-8.93 (m, 8.3, C H 2). T h e amine 9 was unstable and was converted into the corre-

A n a l. C alcd  for C s F D C lN : C , 73 .31; H , 6.56; C l, 14.43; sponding p icrate: mp 167-169° (from m ethanol); mass spec-
N , 5.70. Found: C , 73.35; H , 6.57; C l, 14.39; N , 5 .57. trum  m /e  (relative in tensity) 213 (30), 229 (10) (calcd mol w t

12,13-Benzo-16-chloro[10](2,4)pyridinophane A’ -oxide (5 ) of 12, 213; of picric acid, 229). T he mass spectrum  of picric
was obtained in 9 6%  yield  (mp 10 3-110 °) b y  oxidation of 3a acid showed m /e  213 (1), 229 (10).
w ith  hydrogen peroxide7 and showed mp 12 5 -12 7° [chroma- A n al.  C alcd  for C 2lH 22N 40 7 : C , 57.01; H , 5.01; N , 12.66.
tography (25-55%  petroleum  ether-ether) and recrystallization  Found: C-, 56.74; H , 5.09; N , 12.69.
(petroleum  ether)]; u v max 349 m/x (log e 3.88), 334 (3.95), Preparation of 1 0 .— T he pyridinophane 3c (0.500 g, 2.04 mm ol) 
250 (4.61), 241 (sh) (4.47), 234 (sh) (4.40), and 224 (4.32); was treated w ith  phenyl(trichlorom ethyl)m ercury (0.806 g,
nmr (25%  C D C 13) r  0.74-0.99 (m, 1, arom atic H ), 1.9 9 -2 .71 2.04 mmol) in dry benzene (80 ml) for 39 hr as described for the
(m, 3, arom atic H ), and 6.07-7.01 (m, 4, b e n zy licC H 2), and 7 .4 5 - preparation of 3a. T h e residue w as extracted w ith  chloroform
10.03 (m, 16 C H 2). and filtered to  rem ove additional phenyl mercuric chloride;

A n a l. C alcd  for C 19H 24C 1N 0 : C , 71.80; H , 7 .6 1; N , 4.41; preparative tic  [silica gel PF254, petroleum  ether-ether (5 % )
C l, 1 1 .1 5 . Found: C , 72.05; H , 7.46; N , 4 .15; C l, 11.2 5 . as eluent] gave crude 1 0  (0.305 g, 4 5 .7 %  yie ld , brown oil), re-

12,13-Benzo-16-chloro[10] (2 ,4)pyridinophan-l-ol (6 ).— T h e covered 3c (0.140 g, 28 % ) and four other minor products. T h e
reaction of 5 (5.00 g) w ith  acetic anhydride (20 ml) was effected amine 10 was obtained w ith  considerable loss of product b y  re-
for 15 hr a t 100° b y  a procedure sim ilar to  th at described b y  Bie- crystallization  from  petroleum  ether, bp 30-60° (mp 12 6 -12 7 °,
mann, B iichi, and W alker.7b T h e crude acetate was heated mmp (with 10 from  lc )  126 -127°).
(reflux) in methanol (100 ml) containing aqueous (20% ) potassium  R eaction of 3a with Phenyl(trichlorom ethyl)m ercury.— Chro- 
hydroxide and the crude alcohols (4.6 g, 92%  yield , mp 139 - m atography [preparative tic , silica gel PF254, petroleum  e th e r-
158 0) were chrom atographed on neutral alum ina (500 g) using ether (10% )] of the crude product obtained b y  reaction of 3a
petroleum  ether-ether (15 % ) as initial eluent. (0.400 g, 1.32 mm ol) w ith  phenyl(trichlorom ethyl)m ercury

syn -6 a (1.54 g, 30.8%  yield, mp 154 -158°) eluted first and (0.528 g, 1.33 mmol) as described above showed a t least nine
showed mp 160-162° (petroleum ether-chloroform ); u v m ax products. T h e m ajor components were rem oved w ith  chloro-
323 m/x (log e 3.82), 308 (3.78), 296 (3.81), 286 (3.83), 241 (sh) form -m ethanol (10 % ) and were A, recovered 3a (30.8% ) and
(4.80), 236 (4.84), and 216 (4.71); nmr (10 %  C D C 13) r  1 .8 2 - B , a solid (mp 184-186°, 8 %  yield , from  petroleum  ether) w hich
2.63 (m, 4, arom atic H ), 4.40-5.05 (broad s, 2, C H O H , 4 lines was assigned 14: u v  m ax 236 m/x (e 19,400), 240 (19,700), 254
when D 20  used as solvent), 6.22-6.92 (m, 2, benzylic C H 2), (17,200), 298 (6290), 312 (5740), and 325 (5200); ir (N ujo l)
and 7 .12 -10 .4 1 (m, 16, C H 2). »nh 3325 (broad), >>c-o 1681 cm -1 ; nmr (C D C 13) t 1 .5 2 -3 .10  (m,

A n a l. C alcd  for C j9H 24C1N O : C , 71.80; H , 7 .6 1; N , 4.41; 4 .7, N H  and arom atic H ), 4.52-5.09 (m, 0.8, C = C — H ) and
C l, 1 1 .1 5 . Found: C , 72.01; H , 7.76; N , 4.32; C l, 10 .91. 6.30-9.80 (m, 18.4, C H 2).

an ti-fib  (1.21 g, 24 .2%  yield , mp 202-204.5°) showed mp A n a l. C alcd  for C 20H 24C1N O : C , 72.82; H , 7.34. F oun d:
205.5-207° (from petroleum  ether-chloroform ); u v max 326 m/x C , 72.90; H , 7 .6 1.
(log e 3.62), 3 11 (3.58), 297 (sh) (3.62), 283 (3.68), 236 (4.73),

(18) C. W . Rees and C. E . Smithen, J .  C h e m . S o c „  928, 938 (1964). (17) W . L . M osby, C h em . I n i .  (L o n d o n ) ,  1348 (1959).
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Basicity Studies.— C arefu lly  purified samples of 3-chloro-2,4- mp 186-188° (from petroleum  ether-chloroform ); u v  m ax 364
dim ethyl quinoline, 3a and 3c, were weighed into 50-ml volu- m/x (sh) (log e 3.64), 345 (sh) (3.74), 333 (3.77), 258 (4.38), 244
m etric flasks and dissolved in 35.00 m l of 9 5 %  U S P  ethanol. (sh) (4.33), and 226 (sh) (4.23); nmr (C D C h ) r  1.0 9-1.30  (m,
W ater (carbonate free) was added to the m ark and the solution 1, arom atic H ), 1.86-2.42 (m, 3, arom atic H ), 3 .77-4.09 (q, 1,
was therm ostated a t  25° and titrated  w ith  0.1 A  ethanolic hy- C H B r), 6.30-7.00 (m, 2, benzylic C H 2), and 7.44-10.00 (m, 16,
drochloric acid using a Radiom eter autom atic titration  apparatus C H 2).
(type T T T lc ) ,  glass and calomel electrodes. T h e p A a values A n a l. C alcd  for C i9H 23B rC lN O : C , 57.52; H , 5.84; N ,
were calculated from  eq 8 , 18 where C =  in itial concentration of 3.53. Found: C , 57.62; H , 5.94; N , 3.28.

12,13-Benzo-l,10-dibrom o[10](2,4)pyridinophane (17).— Re- 
_  p j j  j C / 2  +  [H +] action of 8 a (6.70 g, 0.025 mol) w ith  A-brom osuccinim ide (8.9

6  C /2 — [H +] g , 0.050 mol) was carried out as described for the preparation
of 15. T he crude product w as chrom atographed on neutral 

base; th e values of p H  and [H +J are those measured a t the calcu- alum ina (750 g) using petroleum  ether and petroleum  ether-ether
lated half-neutralization point. N o correction was made for the as eluent. T here w as obtained 5.0 g (4 7 .1% ) of the dibromo de
presence of ethanol in the solutions. riv ative  (17): w hite crystals: mp 133 .5-135° (from petroleum

12,13-Benzo-l-brom o-16-chloro[10] (2,4)pyridinophane (15).—  ether); u v m ax 322 mM (log e 3 .5 1), 310 (3.61), 298 (3.64), 2 1 0

A  m ixture of 3a (2.0 g, 6.64 mm ol), A-brom osuccinim ide (1.18  (sh ) (3.54), 239 (4 .51), and 213 (4.41); nm r (C D C 1S) t  1 .7 5 -
g, 6.64 mm ol), and carbon tetrachloride (30 m l) w as heated a t 2.47 (m, 5, arom atic H ), 4.06-4.33 (q, 1, C H B r), 4.62-4.90
the reflux tem perature and benzoyl peroxide (80 m g) w as added (q> i ,  C H B r), and 6.87-9.78 (m, 16, C H 2); picrate mp 18 3.5-
in portions every 0.5 hr for 1.5  hr, and the m ixture was heated at 185°.
the reflux tem perature under nitrogen for an additional 4 hr. A n a l. C alcd  for C i9H 23B r 2N : C , 53.67; H , 5.45; B r, 37.58;
The solid obtained b y  rem oval of solvent w as chrom atographed N , 3.29. Found: C , 53.70; H , 5.46; B r, 37.26; N , 3 .12 . 
[neutral alum ina, 250 g, petroleum  ether-ether (10 % ) as eluent] A n a l. C alcd  for C 25H 26B r2N 40 7 (picrate): C , 45.87; H ,
to give 15 (23.5% ): mp 14 9 .5 -15 1°  (from petroleum  ether, 3 .9 8 ; N , 8.56. Found: 0 ,4 6 .10 ; H , 3.85; N , 8.18. 
bp 30-60°); u v  max 330 m/x (log e 3.58), 316 (3.68), 303 (3.72), Reduction of 7 .— T he pyridinophane 12 (1.0 g, 3 .17  mmol) 
295 (sh) (3 .71), 240 (4.70), and 217 (4.58); nmr (1 5 % in  C D C I 3) w as treated w ith sodium borohydride (0 . 1 2 1  g , 3 .17  mmol) in
t  1.70-2.54 (m, 4, arom atic H ), 3 .78 -4.10  (q, 1 , C H B r), 6.30- absolute ethanol (50 m l). T h e solution w as heated (reflux) for
6.70 (m, 2, benzylic C H 2), 7.03-10.42 (m, 16, C H 2). 1 8  hr. R em oval of solvent gave the crude product (0.92 g,

A n al. C alcd  for C i9H 23C lB rN : C , 59.93; H , 6.09; N , 3.68. 9 2 .3% , mp 150 -157°) of which 0.800 g w as chromatographed
Found: C , 60.19; H , 6.10; N ,3 .6 4 . [silica gel, 80 g, petroleum  ether-ether (0-30% )] to give 6 a (0.635

T he yield of 15 w as 3 0 .5%  when 2  equiv of A-brom osuccinim ide g) 7 9 .4 %  yield , mp and mmp 160 .5-162.5°). E luted  second
was employed. A ttem p t to  further brom inate 15 w ith  A -brom o- w as 6 b (0.035 g, 4 .4 %  yield, mp and mmp 205.5-207°). 
succinimide gave only 15 (69.3%  recovered, m p and mmp 149-
150°). Registry No.'—la, 259C7-80-6; 3a, 22200-39-1; 3a

T he A -oxid e 16 was prepared from  15 (2.5 g, 6.6 mmol) and picrate, 25866-33-5; 3a HC1, 25866-34-6; 4,25866-35-7;
hydrogen peroxide as described above for 5 T he crude product ~ 25907-81-7; 6a s y n ,  25866-36-8; 6b a n t i ,  25907-82-0;
(1.9 g) w as chrom atographed on neutral alum ina (220 g) using ’  o c a m  „  _ o o o n n  .19 • a c T T P l  7 Q 7 -
petroleum  ether-ether as eluent. There w as obtained 1.3 g 7 > ¿ 5 8 5 9 -3 1 - 8 , 8a, 2 2 2 0 0 -4 2 -b , 8a 4 1C 1, 2 0 8 3 U -/9 - / ,
(52% ) of recovered 15 and the A -oxid e  16 (412 m g, 15 .8 % ): 9, 25859-33-0; 9 picrate, 25859-34-1; 10, 25859-35-2;

——-  =  ̂ a w T „ , 14, 25859-36-3; 15, 25859-37-4; 16, 25859-38-5; 17,(18) R. C. Elderfield, T . A. Williamson, W. J. Gensler, and C. B . Cramer, * * . V a
j . Org. Chem.. 12, 405 (1947). 25859-39-6; 17 picrate, 25859-40-9.

Stereochem istry of the Isomerization of 
iV-Acyl-2,3-D isubstituted Aziridines to  A2-Oxazolines
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T h e iodide ion catalyzed isom erization of cis-  and irares-l-acetyl and l-aroyl-2,3-disubstituted aziridines to 
A2-oxazolines has been studied. T h e rearrangem ent is stereoselective, the se lectivity  being greater w ith  trans- 
aziridines than w ith  cfs-aziridines. T h e  form er yield 90 -95%  trans-  and 10 -5 %  cfs-A2-oxazolines while the latter 
give 40-90%  cis and 60 -10 %  trans. T h e se lectivity  of isom erization for cis-l-aroylaziridines was found to v ary  
w ith  the iodide ion concentration and the solvent system  em ployed while the ratio of A 2-oxazolines form ed from  
the corresponding irans-aziridines was unaffected. U sing tetrabutylam m onium  iodide as the isom erization 
catalyst also affected the A 2-oxazoline isomer distribution. T h e  stereochem ical outcom e of this reaction was 
found to be insensitive to the size of the 2,3-dialkyl substituents and to resonance effects. T h e  ratio of isomers 
form ed was determ ined b y  glpc, while stereochem ical configurations were elucidated b y  means of nmr spectros
copy.

The rearrangement of A-acylaziridines (1) to the . . I
isomeric 2-aryl- or 2-alkyl-A2-oxazoline ring system (3) V~7\
by nucleophiles such as iodide ion and thiocyanate ion r  n l t

has been the subject of a number of studies.2-6 The ¿ = 0  || -  C
mechanism of the iodide-catalyzed isomerization has | C = 0  I

R  I K
*  To whom correspondence should be addressed. 1 ^  3
(1) A g ricu ltu ra l Research Service, U . S. D epartm ent of A gricu lture . 2
(2) H . W. Heine, Angew. Chem. Ini. Ed. Engl., 1, 528 (1962).
(3) P. Thvrum and A. R. Day, J . Med. Chem., 8 , 107 (1965). R  =  a ry l Or a lk yl
(4) R. D. Guthrie and D. Murphy, J . Chem. Soc., 3828 (1965).
(5) p. e . Fanta and e . n . W aish, j . Org. chem., si, 5 9  (1 9 6 6 ). been Dostulated as occurring by attack of the nucleo-

yggg) phile on a carbon atom of the azindme ring to produce
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Table I
iV-ACYLAZIBIDINES

R — CH— CH— R

\ /
N

C = 0

R '

,---------------------Calcd, % ■--------------------- - .---------------------Found, % --------------------- .
Com pd Stereochem istry R R' C H N C H N

7a cis C 2H 5 C 6H 5 76 ,8 1 8 .43 6,89 7 6 .7 7  8 .5 1  6 . 8 8

8 a trans C 2H 6 C 6H 5 76 .8 1 8.43 6.89 76 .9 7  8  41 6 .8 1
7b cis C 3H „  C 6H 5 80.80 1 1 .1 2  3 .7 7  80.72 1 1 . 1 1  3 .76
8 b trans C 8H i, C 6H 6 80.80 1 1 . 1 2  3 .7 7  80.60 1 1 .0 7  3 .70
7c cis C 2H 6 C H 3 68.04 10 .7 1  9.92 6 8 .17  10 .63 9.82
8 c trans C 2H 6 C H 3 68.04 10 .7 1  9 .92 6 8 . 1 2  10 .73  9 .8 3
7d cis C 2H 5 p -N 0 2C 6H 4-  62.89 6 .50  11 .2 8  62.87 6 .53  11 .4 2
7e cis C 8H i,  p -N 0 2-C 6II4-  72.08 9 .6 8  6 .72  7 1 .9 3  9 .5 2  6 . 6 6

7f cis C 8H „  C H s 7 7 .6 1  12 .70  4 .5 3  7 7 .6 5  1 2 .7 7  4 .50

a n  in t e r m e d ia t e  iV - 2 - io d o a lk y l  a m id o  io n  (2 ) w h ic h  s u b -  aziridines used in  this stud y was carried out b y  the iodine iso-
s e q u e n t ly  c y c l iz e s  t o  t h e  o x a z o l in e . 2 '7  S u c h  a  m e c h a -  cyan ate ro ute.“ '“  Their p u rity  w as shown to be  > 9 9 %  b y

. , r -at l o o T u  gas-liquid  (glpc) and thm  layer chrom atography (tic) and b y
m s m  p r e d ic t s  t h a t  r e a r r a n g e m e n t  o f  t f - a c y l - 2 ,3 - d is u b -  titration  w ith  perchloric acid .“
s t i t u t e d  a z ir id in e s  t o  4 ,5 - d is u b s t i t u t e d  A 2-O X a zo lin es Preparation of 1-Aroylaziridines. G en eral P roced ure.— T o  a 
s h o u ld  b e  a  s te r e o s p e c if ic  p r o c e s s . 7  I n d e e d , a  s te r e o -  solution of the aziridine ( 1  equiv) and triethylam ine (1 . 1  eq u iv ) 
s p e c if ic  r e a r r a n g e m e n t  h a s  b e e n  o b s e r v e d  f o r  t h e  io d id e -  benzene under an atmosphere of nitrogen gas w as added a
c a t a l y z e d  is o m e r iz a t io n  o f  A f- p -n itr o b e n z o y l- 2 ,3 -d i-  solution of the acid chloride ( 1  equiv) m  benzene a t 10 -15

m e t h y l a z in d in e  (4) a n d  iv - p - n i t r o b e n z o y lc y c lo h e x y l-  hr, an(j ^hen th e triethylam ine hydrochloride w as filtered. T h e
im in e  ( 5 a ) . 8 I n  c o n t r a s t ,  iV - b e n z o y lc y c lo h e x y l im in e  benzene filtrate  was washed w ith  dilute N a O H  solution and
(5 b )  d id  n o t  g i v e  t h e  e x p e c te d  A 2-O X azolin e  is o m e r  b u t  water and dried, and the solvent w as rem oved fra vacuo,
t r a n s - 2 - io d o c y c lo h e x y lb e n z a m id e  (6 ) a s  t h e  so le  r e a c t io n  iV -B en zoyl-m - 2  3-diethylaziridine ( 7 a ) . - T h e  crude benzoyl-

i , 6 8 aziridine obtained from  CTS-2,3-diethylazmdme and benzoyl
p r o d u c t .  chloride w as chrom atographed on Florisil. E lution  w ith  hexane

CH CH __CHCH gave the pure aziridine as a colorless oil, n 26d 1 .5 2 16 , in  7 3 %
3 \  /  3 q  y ield: ir (neat) 3090 and 3025 (w) aziridine (C -H  stretching),

N il t 1670 (s) carbonyl, 1315 and 1290 (s) cm - 1 . T h e  nm r spectrum
| I l^N__C __R I I  9  consisted of tw o m ultiplets centered a t 7.55 ppm  (arom atic, 5 H ),

C = 0  II m ultiplets a t 2.45 ppm  (ring C -H , 2 H ) and 1.60 ppm  (m ethylene
I NH C R 4  H ), and a  trip let at 1.05 ppm  (m ethyl 6  H ). Elem ental

C6H4N 0 2 analysis is reported in T ab le  I .
4  5a, R =  C6H4N 0 2 6  R = C 6H5 A—Benzoyl-irans-2,3-diethylaziridine (Sa).— O btained from

, ° frons-2,3-diethylaziridine, the product was chrom atographed on
b ,K  — C6H5 silica gel. E lution  w ith  1 %  ether-benzene gave  the aziridine

T - j, ,i v  j  n r  i r j .  a s a  colorless oil, ra25 d 1.5194, in 8 5%  yield : ir (neat) 3095 and
I n  v i e w  o f  t h e  l im it e d  n u m b e r  o f  e x a m p le s  o f  s te r e o -  ^  (w) aziridi; e> 1 6 6 5  (g) ’carbo4 / and 1 3 3 0  (s) c m - .  Its

s p e c ific  is o m e r iz a t io n s  o f A '- a c y l - 2 ,3 - d is u b s t i t u t e d  a z i n -  nmr spectrum  consisted of a  m ultiplet centered a t 7.60 ppm
d in e s  t o  A 2- o x a z o lin e s  a n d  t h e  f a i lu r e  o f  I V -b e n z o y l-  (arom atic, 5 H ) and three m ultiplets centered a t 2.40, 1.40,
c y c lo h e x y l im in e  t o  is o m e r iz e  t o  t h is  r in g  s t r u c t u r e  t h e  and 1.05 ppm  in  the ratio of 1 :2 :3 .
p r e s e n t  in v e s t ig a t io n  w a s  u n d e r ta k e n .  W e  h a v e  ,  A ^p-N itrobenzoyl-m - 2  3-diethylaziridine (7 d ) .- O b ta m e d

, j .  . j . ,  . . , j .  . . .  „ , from  the reaction of cis-2 ,3-diethylazindm e and p-m trobenzoyl
s t u d ie d  t h e  io d id e  io n  in d u c e d  is o m e r iz a t io n  o f  a  n u m b e r  chloride, the pure product after recrystallization  from  m ethanol
o f  iV - a c y l- 2 ,3 - d is u b s t i t u t e d  a z ir id in e s  w i t h  r e s p e c t  t o  had mp 74 -76 °, 6 5 %  yield: ir (K B r) 3090 (m ), 1660 (s) car-
t h e  s t e r e o c h e m ic a l  c o u rs e  o f  th is  r e a c t io n . b o n yl, 1515  and 1340 (s) nitro, 1315 and 720 (s) cm -1 . T h e  nmr

spectrum  consisted of 3 m ultiplets centered at 8.35 (5 H ), 2.65 
. . (2 H ), and 1.80 (4 H )p p m a n d  a trip let at 1 .15  ( 6  H ) ppm .

E x p e r im e n t a l  S e c t io n  JV-Benzoyl-cfs-2,3-dioctylaziridine (7b).-— O btained from  the
. T , , , . . T , „ „  „ „  , , reaction of cfs-2,3-dioctylaziridine13 w ith  benzoyl chloride, the
N m r spectra were obtained on a Jeolco CH-60 spectrom eter 2 crude du ct wag chrom atographed on Florisil. E lu tio n  w ith

Chem ical shifts are reported as S (parts per million) relative to hexane gave  the pure aziridine as a colorless oil, » 2h> 1.4940, in
te ram ethylsilane (T M S ). T h e  samples were run as 10 %  g 5 %  ¿ d . ir (neat) 3 0 9 0  and 3 0 2 5  (w) aziridine, 1675 (s)
solutions in chloroform-d Infrared spectra w ere obtained on a carbonyl 1 3 1 0  and 1280 (s) c m - '.  I ts  p u rity  exceeded 9 9 %
Perkin-E lm er M odel 237 spectrom eter. G lpc was carried out M determ ined b y  tlc  and ring tltra ti0 n . ' 2

° n, tt H ew lett-P ack ard  M odel 810 gas chrom atograph. Silica  )V-Benzoyl-iranS-2 ,3 -dioctylaziridine (8 b ) . - T h i s  compound
g e lH iB r m k m a n n lw a s  u se d fo r thm  layer analyses. Spots were wag obtained from  irows. 2 )3 . di0 etylaziridine . ' 3 C hrom atog-
detected b y  heat charring after spraying w ith  50%  sulfuric acid h  on Florigil foUowed b y  elution w ith  hexane gave the pure
M eltin g  points were determ ined m  a capillary and are uncorrected j v ^ o y l a z i r i d i n e  as a colorless oil, n 2h> 1.4940, in  90 %  yield:
unless otherwise noted.

Preparation and P u rity  of A ziridines.— T h e synthesis of the ------------------
------------------------  (10) A . Hassner and C. Heathcock, T e tra h e d ro n , 20, 1037 (1964).

(7) H . W . Heine, D . C. K ing , and L . A . Portland, J .  O rg . C h e m ., 312662 (11) A . Hassner, M . E . Lorber, and C. Heathcock, J .  O rg . C h e m ., 32, 540
(1966). (1967).

(8) P. E . Fanta  and E . N . W alsh, ib id . ,  30, 3574 (1965). (12) G . M aerker, E . T . Haeberer, L . M . Gregory, and T . A . Foglia, A n a l .

(9) M ention  of brand or firm  names does not constitute  an endorsement C h e m ., 41, 1698 (1969).
b y  the D epartm en t of A g ricu ltu re  over others of a s im ila r nature not men- (13) C. G. Gebelein, G. Sw ift, and D . Swern, J .  O rg . C h e m ., 32, 3314
tioned. (1967).
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T able II

Su b s t it u t e d  A 2-O x a z o l in e s

R— CH— CH— R 
I I

I
R'

stere°- '-------- ---------------- Calcd, % -------------------------■ ,-------------------------Found, % -------------------------,
Compd chem istry R  R '  C H N C H N

9a cis C 2H 5 C 6H 5 5 2 .78 “ 4 .6 6 “ 12 .9 6 “ 5 2 .79 “ 4 .4 5 “ 12 .8 0 “
10a  trans C 2H 5 C 6H 5 5 2 .78 “ 4 .6 6 “ 12 .9 6 “ 52.63“ 4 . 4 4 “ 12 .8 1“
9b cis C 8H n C 6H 5

10b trans C 8H 17 C 6H 5 8 0  8 0  1 1  1 2  3 7 7  8 0  9 2  1 1 2 9  3 .64

9c cis C 2H 5 C H 3 43.30“ 5 .1 9 “ 14 .4 2“ 4 3.22“ 5 .2 5 “ 14 .2 7 “
10c trans C 2H 6 C H 3 45.41'' 4 .90 6 1 5 . 136 4 5 .62b 4 . 7 7 * 1 5 . 186
9d cis C 2H 6 p -N 0 2-C 6H 4-  62.89 6 .50  11 .2 8  6 2 .7 1  6 .5 7  11 .4 2

10d trans C 2H 5 p -N 0 2-C 6H 4-  62.89 6 .50  11 .2 8  62.94 6 .4 7  1 1 .1 5

i t  o . t  7 2  0 8  9  6 8  6 7 2  7 i « 8  »■ »

10f trans ( ,I T „  C H , 7 7  8 1  1 2  7 0  4 , 5 3  7 7  3 2  1 2 7 7  4 5 1

“ P icrate sa lt m onohydrate. b P icrate  salt.

T a b l e  III

I s o m e r iz a t io n  o f  iV - A r o y l -2 ,3 -d i e t h y l a z ir id in e s

-------------A^Oxazoline------------ • M o le  ra tio ,
Isom er c is , % t ra n s ,  % Solvent C ata lyst iod ide :az irid ine

cis-Benzoyl 5 3 .1  4 6 .9  Acetone N a l  3 .4 :1
cis-Benzoyl 4 7 .6  5 2 .4  A cetone N a l  5 .0 :1
cis-Benzoyl 75 .0  25.0  A cetonitrile  N a l 5 .0 :1
eis-Benzoyl 5 7 .6  4 2 .4  Benzene T B A I “ 5 .0 :1
cis-Benzoyl 5 3 .1  4 6 .9  A cetone T B A I  5 .0 :1
cis-Benzoyl 72 .8  2 7 .2  A cetonitrile  T B A I  5 .0 :1
cis-Benzoyl 78 .8  2 1 .2  2 %  water, N a l  5 .0 :1

ace to n e
cis-p-lH  itro benzoyl 58 .5  4 1 .5  Acetone N a l  5 . 0 : 1

trans-Benzoyl 6 . 8  93 .2  A cetone N a l  3 .4 :1
¿raws-Benzoyl 7 .2  92.8  Acetone N a l  5 .0 :1

“ Tetra-n-butylam m onium  iodide.

ir (neat) 3070 and 3015 (w) aziridine, 1670 (s) carbonyl, and and sodium  iodide (5 mmol) in 25 m l of d ry  acetone w as heated
135 (s) cm -1 . P u rity  b y  tic  and b y  ring titration  was > 9 9 % . a t reflux for 16 hr. T h e solvent was rem oved in  vacu o , and the

lV-p-Nitrobenozyl-cis-2,3-dioctylaziridine (7e).— T h e crude solid residue w as extracted w ith hexane. R em oval of the hexane
product from  cis-2,3-dioctylaziridine and p-nitrobenzoyl chloride gave a clear oil in nearly qu an titative  yie ld . T ic  of this residue
was chrom atographed on Florisil. E lution  w ith  hexane gave the showed the presence of only one com ponent (R t  0.55, m ethanol-
pure compound as a  pale yellow  oil, n 25D 1.5070, in 8 1 %  yield: ether-benzene, 7 :13 :8 0 , starting m aterial Rs 0.70). T h e  ir
ir (neat) 3100 and 3050 (w ), 1675 (s) carbonyl, 1525 and 1340 (s) spectrum  contained an intense band a t 1660 cm - 1  w hich is
nitro, 1300 (s), 1020, 870, and 850 (m) cm -1 . Its  p u rity  b y  tic  generally characteristic of A 2-oxazoline stru ctures . 14 G lpc of
(methar_ol-ether-benzene, 1 :13 :8 6 )  and titration  exceeded this m aterial proved it  to be a m ixture of tw o components (ratio
9 9% . 48:52). T h e y  were separated b y  preparative glpc em ploying an

lV-Acetyl-cfs-2,3-diethylaziridine (7c).— T h e crude A -a ce ty l- 8  f t  X  ‘A  in. stainless steel colum n packed w ith  10 %  Carbow ax
aziridine obtained from  cis-2,3-die thylaziridine and acetyl chlo- 20M on D iatop ort S 60-80 mesh at 180° w ith  a  helium  flow of 150
ride w as distilled: bp  40 -41° (0.4 m m ); to25d 1.4628 ; 9 3 %  m l/m in.
yield; ir (heat) 2970 (s), 1690 (s) carbonyl, 1360 (m ), 1290 and T h e faster eluting component w as identified as irans-4,5- 
1220 (s) cm -1 . T h e nmr spectrum  showed a  singlet (3 H ) diethyl-2-phenyl-A2-oxazoline (10a) on the basis of its nmr spee-
at 1.98 ppm , tw o m ultiplets centered at 2.28 (2 H ) and 1.45 trum  (see Discussion). I ts  ir spectrum  (neat) displayed bands
(4 H ) ppm , and a  trip let ( 6  H ) centered a t 1.05 ppm . at 2960 (s), 1650 (s) C = N ,  1490 (m ), 1450, 1345 (s), 1075 (m),

N-Acetyl-irans-2,3-diethylaziridine (8 c).'— T his compound w as 1060 (s), 1025 (s), 940 (m ), 775 (m), and 690 (s) c m -1 . T he
prepared from  irons-2,3-diethylaziridine and acetyl chloride. picrate sa lt of this isomer had mp 13 3 .5 -13 4 .5 °. E lem ental
T he pure aziridine w as obtained b y  distillation: bp 35° (0.25 analysis is reported :n T ab le  II .
m m ); to26d  1.4575 ; 7 2 %  yield; ir  (neat) 2960 (s), 1680 (s) car- T h e slower component w as identified as cis-4,5-diethyl-2- 
bonyl, 1365 (s), 1320 (s), and 1190 (s) cm “ 1. T h e nmr spectrum  phenyl-A2-oxazoline (9 a ) in analogous fashion as the trans isomer,
showed a  singlet (3 H ) a t 2 .14  ppm  and three m ultiplets centered Its  lr spectrum  (neat) showed bands a t 2960 (s), 1656 (s) C = N ,
a t 2 .18 ,1 .5 2 , and 1.10  ppm  in the ratio of 1 :2 :3 .  1490 (m ), 1450 (s), 1370 (m ), 1345 (s), 1075 (m ), 1060, 1025

A-Acetyl-cis-2,3-dioctylaziridine (7f).— T h e  crude product was (s)> 9^9> 777> and 9 9 9  (s ) cm  *■  T h e  p icrate sa lt of this
obtained in nearly qu an titative  yield  from  the reaction of cis-  isomer had mp 144—145.5 . Elem ental analysis is reported in
2,3-dioctylaziridine and acety l chloride. C hrom atography on T ab le  I I .  .
Florisil and elution w ith  hexane gave the pure sample as a color- T h e  isom erization of A'-benzoyl-iraTOS-2,3-diethylaziridine (8 a) 
less oil: to25d  1.4545; 9 2%  yield ; ir (neat) 3080 and 3025 (w ), waii carried out lr the manner previously described for 7a.
1690 (s) carbonyl, 1360, 1285, and 1215 (s) c m -1. Its  p u rity  T his result as well as those obtained from  the isom erization of the
exceeded 9 9 %  b y  ring titration  and tic  (m ethanol-ether-benzene, c ŝ isomer under vary in g  solvent and catalysis system s is sum-
3 :13 :8 4 ). m arized in T ab le  I I I .

cis- and ¿raTOS-4,5-Diethyl-2-phenyl-A2-OXazoline (9 a  an d  1 0 a ). (14) A . R . K a tr itsky , E d ., "P hysica l M ethods in  H eterocyclic C hem istry ,”
— A  so lu tion  o f JV -b e n zo y l-aS -2 ,3 -d ie th y laz irid in e  (7 a , 1 m m ol) Vol. I I ,  Academic Press, New  Y o rk , N . Y ., 1963, p 218.
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cis- and irans-4,5-Diethyl-2-methyl-A2-oxazoline (9c and 10c).—  ir spectrum  (neat) showed absorption a t 2960 (s), 1670 (s) C = N ,
Isom erization of N-acetyl-efs-2,3-diethylaziridine (7c) to the 1385, 1375 (m), 1225 (s), 960 and 825 (m), cm -1 . T ic  showed
isomeric A2-oxazoline structure w as effected in the same manner this sample to  be homogeneous (R i 0.38, m eth an o l-eth er-
as the isom erization of the IV-benzoyl derivative 7a. T h e benzene, 3 :13 :8 4 , starting m aterial R t 0.58). G lp c of this oil
crude product w as distilled to  give a clear oil, bp 42° (2 m m ), on a 6  f t  X  ‘ /« in. column packed w ith  10 %  A piezon -L  a t 220°,
yield  7 7 % . T ic  of "he distillate indicated one component (R i H e flow 60 m l/m in, showed the presence of tw o com ponents in
0.35, m ethanol-ether-benzene, 7 :13 :8 0 , starting m aterial R i ratio of 17 :8 3 . Identification as the trans and cis isomers was
0 .61). T h e ir spectrum  had a strong band a t 1670 cm -1 . G lpc m ade b y  comparison of glpc retention tim es w ith  authentic
of this product, how ever, showed it  to be a m ixture of tw o com- sam ples . 15 Elem ental analysis of the m ixture is reported in
ponents in 1 :3  ratio . T h ey  were separated b y  preparative glpc T a b le I I .
em ploying an 8  f t  X  V 2 in . stainless steel colum n packed w ith  cis-  and irans-4,5-Dioctyl-2-p-nitrophenyl-A2-oxazoline (9e
10 %  A piezon-L on D iatop ort S 60-80 mesh at 125°, H e flow 100 and lOe).— T h e crude product obtained from  the isom erization 
m l/m in. of JV-p-nitrophenyl-cfs-2,3-dioctylaziridine (7e) w as chrom ato-

T h e  minor component w as identified as fra«s-4,5-diethyl-2- graphed on silica gel. E lution  w ith  benzene gave the pure
m ethyl-A 2-oxazoline (10c) from  its nmr spectrum  (see Discus- product as a pale yellow oil, n 27d 1.5077, in 7 7 %  yield . T h e
sion). I ts  ir spectrum  (neat) showed bands a t 2960, 1670 (s) m aterial w as homogeneous b y  tic {Rt 0.52, ether-benzene, 5 :9 5 ,
C = N ,  1240 (m), 1225 and 950 (s) cm -1 . T h e picrate sa lt had startin g m aterial Rt 0.72). G lpc analysis on a 2 f t  X  1/< in.
mp 16 4 -16 5 °. E lem ental analysis is reported in T ab le  I I .  O V -17 column a t 275°, H e flow 60 m l/m in, showed the presence

T h e  m ajor com ponent, a's-4,5-diethyl-2-m ethyl-A2-oxazoline of tw o closely related compounds in approxim ately equal
(9c), w as also identified on the basis of its nmr spectrum . Its  am ounts. T h e m ixture was judged to  consist of equal p arts of
ir (neat) displayed bands a t 2960, 1670 (s) C = N ,  1380 (s), the tw o isomeric oxazolines 9e and lOe b y  v irtu e of its elem ental
1260 (m ), 1225 and 950 (s) cm -1 . T h e  picrate sa lt had mp 1 3 1 -  analysis (see T ab le  II)  and its ir spectrum  (neat): bands at
132°. Elem ental analysis is reported in T ab le  I I .  2960, 1645 (s) C = N ,  1600 (m) C = C ,  1540 and 1340 (s) N O 2 ,

T ab le  IV  sum m arizes the results obtained on the isom erization 10 75 ,10 15 , 870, 850, 755, and 700 (m) cm -1 , 
of iV-acetyl-cfs- and -irares-3,4-epiminohexane under varyin g

reaction conditions. R e s u l t s  a n d  D is c u s s io n

T able IV  The acylated aziridines selected for this study were
I somerization of /V-Acetyl-2,3-diethylaziridines prepared by the reaction of the appropriate c is -  or

M ole ¿rans-dialkylaziridine obtained v ia  the iodine isocyanate 
ra tio , procedure,10,11 with an acyl chloride in the presence of 

Isomer wT% Solvent Catalyst aziridfne triethylamine (eq 1). Treatment of the iV-acylaziri-
cis 8 1 .2  18 .8  Acetone N a l  2 .4 :1
cis 7 5 .2  24.8  Acetone N a l  4 .7 : 1  R  R O r  r

cis 7 3 .5  2 6 .5  A cetonitrile N a l  4 .7 : 1  \  /  II (C,H),N \  /
cis 48.9 5 1 .1  Benzene T B A I  4 .7 : 1  /CC  /C\ +  R 'C — C 1  ~  *  , CC  “ R  l 1)
trans 7 .8  92 .2  A cetone N a l  4 .7 : 1  H H H ' j j '  H

H I
cis-  and tra n sA ,5-Diethyl-2-p-nitrophenyl-A2-oxazoline (9d 0 = 0

and lOd).— T h e crude isom erization product of N-p-nitroben- I
zoyl-eis-2,3-diethylaziridine (7d) w as found to be homogeneous
b y  tic  (R i 0.54, m ethanol-ether-benzene, 1 :1 3 :8 6 , starting 7
aziridine R i 0 .71). G lpc analysis, however proved the presence
of tw o components in the ratio 3 :2 . Separation of the isomers R  H 9  R  H
was accomplished on a  6  f t  X  1/< in. column packed w ith  1 5 %  \  /  II (C.H,i,N \  /
O V-1 at 220°, H e flow 60 m l/m in. ,C- ~C +  R'C Cl 2 C - *C

T h e less polar com pound, fnros-4,5-diethyl-2-p-nitrophenyl- H '  ' R  H '  ' R
A2-oxazoline (lOd), w as identified b y  comparison of its nmr N ^
spectrum  w ith  th at of 10a. T h e pure sample had mp 52-53°: H I 
ir (K B r) bands a t 1640 (s) C = N ,  1590 (s) C = C ,  1155 and 1340 Y ~ °
(s) N 0 2, 1110 , 1070 (s), 940, 850 (m ), and 710 (s) c m -1. Ele- 
m ental analysis is reported in T ab le  I I .

T h e nmr spectrum  of the more polar component established °
its structure as cfs-4,5-diethyl-2-p-nitrophenyl-A2-oxazoline (9d).
T h e pure compound had mp 78.5-80°: ir (K B r) l^ n d s a t 1635 d in e s  ^  a n d  g )  w i t h  SO(Jiu m  io d id e  in  r e f lu x in g  a c e to n e  
(s) L= JN , lo9o (s,i G = C ,  lt>20 and 1340 (s) N 0 2, 1075 (si, A _ ,, , n , . ?  , .  ,, ,
930,850 (m), and 700 (s) c m -1. ' g a v e  t h e  c o r r e s p o n d in g  2 - a lk y l-  o r  2 - a r y l- 4 ,5 - d ia lk y l-

d s -  and ¿ra?is-4,5-Dioctyl-2-phenyl-A2-oxazoline (9b and 10b).— A2-oxazolines (9 and 10) in nearly quantitative yields as
T h e crude isom erization product from  A-benzoyl-c/s-2 ,3-dioctyl- determined by tic and ir (eq 2 ). Examination of the 
aziridine (7b) w as chrom atographed on a Florisil colum n.
E lution  w ith  hexane gave the pure sample as a colorless oil,
n 26D 1.4943, in 9 2%  yield . T ic  of this product indicated it  to  be R— CH — CH-— R NaI
homogeneous (Rt 0.58, m ethanol-ether-benzene, 1 :13 :8 6 , start- \  /  — -— *-
ing m aterial R i 0.83). Its  ir spectrum  showed bands a t 2830 ^  ace-̂ ne
(s), 1650 (s) C = N ,  1080 (m), 1060 (s), 1025 (m), and 690 (s) I
c m -1. G lpc of this oil on a  6  f t  X  in. column packed w ith  Y ^
10 %  A piezon-L at 270°, H e flow 60 m l/m in, showed the pres- I
ence of tw o components in ratio of 5 1:4 9 . T h e  tw o components R
were identified as the trans and cis isomers b y  comparison of 7  or 8

their glpc retention tim es w ith  authentic samples prepared b y
the therm al dehydration of the corresponding (3-hydroxy am ides . 16 R \  / R  R ^  ^-H
E lem ental analysis of the m ixture is reported in  T ab le  I I .  X ------ +  £ — —  (2 )

cis-  and ¿rons-4,5-Dioctyl-2-methyl-A2-oxazoline (9f and lOf).—  ^  N 0  ^  H q  R
Isom erization of N -acetyl-cis-2,3-dioctylaziridine (7f) was per-
form ed in the usual manner. T h e pure sample was obtained [ j
as a clear oil, w27d 1.4502, after chrom atography on Florisil. I ts  R' R '

(15) W . E . Parker, p riva te  com m unication. 9  10
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rearrangement products by analytical gas-liquid chro- was also identified from analysis of its nmr spectrum
matography (glpc) showed that they were mixtures of (Table VI). In this isomer protons Ha and Hb are seen
the two geometric isomers, 9 and 10. Mixtures of lower at 4.62 and 4.10 ppm, respectively, as double triplets
homologs of 9 and 10 were separated by preparative glpc owing to the coupling of Ha with Hb (,/ab =  8.5 Hz) and
and identified by elemental analysis, ir, and nmr. each line being further coupled to the adjacent methyl-
Higher homolog mixtures could be separated by analyt- ene protons ( J ac =  J bo = 6.5 Hz). The observed
ical but not by preparative glpc, and in these cases the difference in chemical shift of protons Ha and Hb in the
structures of the combined isomers were confirmed by two isomers is ascribed to the shielding effect of the
elemental analysis and ir. The assignment of the alkyl groups attached to the adjacent carbon atoms in
stereochemistry of 9 and 10 was made from the nmr the trans isomer. The assignment as a cis or trans
spectra of individual compounds as detailed below. In structure is made on the basis of the magnitude of the
all glpc separations the trans isomer 10 was the faster observed coupling constant between protons Ha and Hb
eluting component. in the two isomers. The trans configuration is assigned

The acylated aziridines which were studied are listed to the isomer with J ab =  6.5 Hz while the isomer with
in Table I, and the resulting substituted A2-oxazolines J ab = 8.5 Hz is assigned the cis configuration. This
are shown in Table II. The rearrangement of the iso- assignment of configuration is made by analogy with
meric aziridines occurs with essentially equal facility, but what has been previously observed in other five-mem-
the stereoselectivity of this conversion differs consider- bered heterocyclic ring systems, namely that cis proton
ably for the cis and trans isomers. It is apparent from coupling is generally larger than trans proton cou-
the data presented in Tables III-V  that more than 90% pling.16’17

Further comment on the nmr spectra of the A2- 
T a b l e  V  oxazolines would seem in order in view of what has

I s o m e r i z a t i o n  o f  A - A c y l - 2 ,3 - d i o c t y l a z i r id i n e s  been previously reported by Nishiguchi, et a l.ls These
Mole authors have reported that for cis- and trans-4,5-di- 

A2-Oxazoiine—- ratio, methyl-2-anilino-A2-oxazoline the methine protons Ha
Compd %" tra% ‘ Solvent â s't Uridine and Hb appear as quintets with J ab =  6.0 Hz for both

cis_N_ isomers. Similar nmr spectral patterns were also ob-
^Benzoyl 51.0 49.0 Acetone Nal 5 .0 :1  served for Ha and Hb in the corresponding sulfur ana-
cis-N- l°gs> Ci's~ an(J frons-4,5-dimethyl-2-anilino-A2-thiazoline.

Acetyl 83.0 17.0 Acetone Nal 5 .0 :1  In these compounds the methine coupling constants
m-p-Nitro- were reported as 6.5 Hz for the cis derivative and 6.0 Hz

benzoyl 60« 40« Acetone Nal 5 .0 :1  for the trans isomer. Comparison of these J  values
trars-N- with those observed in the present investigation reveals

Benzoyl 4 .4  95.6  Acetone Nal 5 .0 :1  an apparent discrepancy in the methine coupling con-
«Estimated by glpc. stant of cis-A2-oxazolines. The observed J  values for

cis coupling in the present study were found to be on the 
of the A2-oxazolines obtained have the trans configura- order of 8 5 to 9.0 Hz, in contrast to the 6.0 and 6.5 Hz
tion when V-aroyl-inzws-aziridines are treated with values previously reported. The J  values for trans
sodium iodide in acetone. Under the same conditions coupling are found to be of the same magnitude in both
the corresponding «'s-aziridines give nearly equal studies, being on the order of 6.0-6.5 Hz. This disparity
amounts of cts- and trans-A2-oxazolines. For instance, jn |qie magnitude of cis proton coupling in 4,5-disubsti-
iV-benzoyl-frcres-2,3-diethylaziridine (8a) forms trans-4, tuted A2-oxazolines cannot be explained at the present
5-diethyl-2-phenyl-A2-oxazoline (10a) and the corre- time until further work has been carried out to establish
sponding cis isomer 9a in a  ratio of 93 :7 . On the other the general value of cis methine coupling,
hand, A-benzoyl-cfs-2,3-diethylaziridine (7a) forms the To determine if a substituent effect could alter the 
same two oxazolines (10a and 9a) in the ratio of 52:48. stereochemical course of this iodide catalyzed isomeriza- 

Isomerization of N -acetyl-cis- and -trans-2,3-diethyl- tion 0f A-aroylaziridines, it was deemed advantageous
aziridines (7c and 8c) also gave mixtures of cis- and study the isomerization of p-nitrobenzoyl-a's-2,3-
irans-A2-oxazolines. Again, the irans-aziridine (8c) gave diethylaziridine (7d). This compound is structurally
predominantly ¿raws-A2-oxazoline, the ratio of 10c to 9c similar to those studied by Heine which reportedly re
being 92:8 . On the other hand, the cfs-aziridine (7c) arranged stereospecifically.7 Examination of the crude
gave mostly cfs-oxazoline, with a 10c to 9c ratio of 20.80. isomerization product of 7d by glpc however confirmed
It  therefore appears that the m-alkanoylaziridines the presence 0f two components (Table III). These
show a greater degree of stereoselectivity than the cis- materials were isolated and found to be the cis and trans
aroyl derivatives. isomers of 2-p-nitrophenyl-4,5-diethyl-A2-oxazoline (9d

The nmr data upon which the configurations of the and 10d) by ir  and elemental analysis. The assignment
2-phenyl- and 2-methyl-4,5-diethyl-A2-oxazolines are 0f stereochemistry was made by analysis of protons
based are shown in Table VI. irans-4,5-Diethyl-2- j j a and j jb in their nmr spectra and from their mass
phenyl-A2-oxazoline (10a) showed protons Ha and Hb spectral fragmentation patterns.19
as quartets ( J  =  6.5 Hz) centered at 4.22 and 3.78 ppm, 
respectively. Since the coupling constant between Ha

, tt ■ i i i  i r „  ji j  _ _ ii (16) T. A. Foglia and D. Swern, J .  Org. C hem ., 34, 1680 (1969).
and Hb is of the same order of magnitude as the methyl- p ^ Bovey, "Nuclear Magnetic Resonance Spectroscopy,” Aca-
ene coupling with Ha and Hb, all protons appear as demic Press, New  Y o rk , N . Y ., 1969, and references listed there in ,
equivalent hydrogens. Accordingly, Ha and Hb are d « )  t . N ish iguchi, h . T ocM o, a . Nabeya, and y . iw a ku ra , j . A m * .

i  , , , m i  i i  f  C h e m . S o c ., 91, 5835 (1969).
observed as quartets, th e  more polar component ol (19) s 0smani c j. Dooiey, T A. Fogiia, and l . m . Gregory, Org. Mass
the mixture, cfs-4,5-diethyi-2-phenyl-A2-oxazoline (9a), spec., in press.
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T a b l e  V I

N m s  S p e c t r a  o p  A 2-O x a z o l in e s

f  t
CH3CH—c — c —ch2ch3

d o I I 0 d
0^Ĉ N

I
R

--------------------------------------------------------- T--------6------------------------------- —--------------------- ----- ------- ,
Compd Ha Hb H0 Hn R

trans- 10a 4 .22, 3 .78 , 1.64 (m) 0.98 (m) 7.38 (m)
R  = C6H5 quartet, quartet, and

/ab = J ac — 6.5  Hz /ba — *1 be ~  6 .5  Hz 8 .00 (m)
CM-9a 4 .62 , 4 .10 , 1.66 (m) 1.04 (t), 7 .44 (m)

R  = C6H6 double triplet, double triplet, /do = 7 .5  Hz and
«7ab =  8 .5  Hz, /ba =  8 .5  Hz, 8.02 (m)
/ao =  6 .5  Hz /bo = 6 .5  Hz

irans-lOc 4.02 , 3 .54 , 1.54 (m) 0 .94 (t) 1.94
R  = CH3 quartet, quartet, / = 7 .5  Hz

/ab = /ac = 6 .0  Hz /ba =  /bo =  6 .0  Hz
Cis-9c 4.42 , 3 .90 , 1.52 (m) 1.04 (m) 1,94

R  = CH3 double triplet, double triplet,
/ab =  9 .0  Hz, /ba = 9 . 0  Hz,
/ a o = 7 .0 H z  /bo =  7 .0  Hz

l00|r the above data it can be concluded that the concentra-
I tion of iodide ion not only affects the rate of isomeriza

tion, but more importantly that it can drastically alter 
eo the stereochemical outcome of the isomerization of cis-

-/V-aroylaziridines to the isomeric A2-oxazoline deriva- 
%c's 1 tives.

60 A  In order to determine whether the size of the alkyl
substituents on the aziridine ring in any way influenced 
the stereoselectivity of the isomerization, the reactions

— ---------- .---- --------- of N -acyl-cis- and -lran.s-2,3-dioctylaziridine with iodide
ion were investigated. As observed for the 2,3-diethyl-

-------------- 1_________ i_________ i_________ l aziridine derivatives isomerization of lV-phenyl-as-2,3-
moles N. I/MOLE az,r,d,ne “  dioctylaziridine (7b) gave a mixture of two components

which were identmed as the trans- and cfs-4,5-dioctyl- 
Figure 1.—Plot of per cent as-oxazoline (9a) formed vs. mole 2-phenyl-A2-oxazoline isomers (10b and 9b). The struc-

ratio of Nal to aziridine (7a). tural assignments were made on the basis of their glpc
retention times (trans isomers less polar than cis iso- 

Verification that the above results were not caused by mers), elemental analysis, and mass spectral fragmenta- 
thermodynamic equilibration of the cis- and trans- tion data.19 Isomerization of the trans isomer 8b also
oxazolines was obtained by subjecting the pure cis- and gave a mixture of the two A2-oxazolines, but as for the
(rons-2-p-nitrophenyl-A2-oxazolines (9d and lOd) to the lower homolog a larger degree of stereoselectivity was 
reaction conditions. Glpc examination of the resulting observed, (Table V). Also studied was the isomeriza-
reaction products confirmed the stability of the indi- tion of JV-acetyl- and N-p-nitrobenzoyl-as-2,3-dioctyl-
vidual oxazoline isomers in that the presence of the aziridine (7f  and 7e). The results obtained from the
other isomer could not be detected. isomerization of these derivatives were comparable with

To determine whether the cis-:trans-oxazoline ratio the data obtained from the diethyl derivatives. The
could be affected by a change in the iodide ion concen- conclusion to be drawn from the above experiments is
tration, the isomerization of czs-lV-benzoyl-2,3-diethyl- that the size of the alkyl substituent on the aziridine
aziridine (7a) with varying concentrations of iodide ion ring appears to have little if any effect in altering the
was studied. As can be seen from Figure 1 a pro- stereochemical course of the iodide ion catalyzed iso-
nounced change in the c is -: inros-oxazoline ratio was ob- merization of 2,3-dialkyl-A-acylaziridines to the iso-
served. At very high concentrations of iodide ion the meric A2-oxazoline derivatives.
amount of m-oxazoline (9a) appears to approach a level In order to determine whether solvent effects could be 
of about 40% , while at very low concentrations of iodide observed, the isomerization of the A-benzoyl-2,3-
ion the amount of m-oxazoline (9a) formed increases diethylaziridines (7a and 8a) was repeated in acetoni-
asymptotieally until nearly total selectivity is observed. trile and in acetone containing 2% water. No change
As anticipated, it was found that as the iodide ion con- was observed in the rearrangement of the trans-aziridine
centration decreased the rate of isomerization also de- (8a), but for the cis isomer 7a the change in solvent
creased. For instance, at an iodide concentration of caused an increase in the amount of czs-oxazoline (9a)
°. 1 mol-1.0 mol of aziridine less than 50%  of the starting from 48%  to 7 5 -7 9 %  (see Table I I I ) . Increasing the
aziridine was isomerized after 60 hr of reaction. From water content in acetone further, however, had no addi-
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tional effect on the isomer distribution. For Ar-acetyl- S c h e m e  I

m-3,4-epiminohexane (7c) no change in isomer distribu- R R I

tion was observed in going from acetone to acetonitrile \ /  r  R\  j
solvent. The effect of water on the A-acetyl isomers H>=-C- -C oH  Hc=-C C~R
could not be determined because of the propensity of V  Nr
2-methyl-4,5-diethyl-A2-oxazolmes to hydrolyze. I c H/ C 0

Tetra-n-butylammonium iodide (TBAI), a catalyst 9= 0  6 5
which has been used previously in the rearrangement of threo
aziridines to A2-oxazolines,20 was tested as an alternate . 6 /
source of iodide in acetone, acetonitrile, and benzene so- C1S J /p ^ h  b path a
lution. TBAI and sodium iodide give similar results Y  3
when applied to iV-benzoyl-as-2,3-diethylaziridine (7a)
and to iV-acetyl-ras-2,3-diethylaziridine (7c) in either \  | R- R
acetone or acetonitrile solution. However, reaction of Hc=-fc---- C H H&-F____C < jH
TBAI in benzene with acylated cfs-aziridines results in a I _ ^ R  n n
loss of selectivity in that a 1: 1  mixture of cis- and trans- 9
oxazolines is formed. C = 0  I

A mechanism which accounts for the lack of stereo- | C(f t
specificity in the iodide ion catalyzed isomerization of C6H5 cis
A-acylaziridines, and which rationalizes the greater erythro
stereoselectivity observed in the rearrangement of the 
frans-aziridines than the cfs-aziridines, is shown in j>
Scheme I, using a cis-A-benzoylaziridine as a prototype.
The initial step involves attack of the nucleophile on one RN
of the carbon atoms of the aziridine ring with inversion Hc^C------C<iR
of configuration to produce an intermediate threo-N-2- q
iodoalkylbenzamido ion. This ambident ion can now H.'"'
recyclize by a second nucleophilic inversion on the  ̂^
carbon atom bearing iodine to the cfs-A2-oxazohne 6 5
structure (path a). An alternative reaction pathway trans
for this threo intermediate, however, is for it to undergo , .
an identity reaction (Sn2) with a second iodide ion to f  ̂  . ,Thus m the intermediate, threo-N-2-iodoalkyl-
give the diastereomeric erythro-N-2-iodoalkylbenz- benzamido ions, the identity reaction appears to become
amido ion (path b). The so-produced erythro inter- more competitive with ring closure than m the corre-
mediate can then cyclize to the isomeric trans-A2-oxazo- sponding erythro isomers.
line. This proposed interconversion of threo-erythro Registry No-—7a, 25942-96-5; 7b, 25942-98-7; 7c, 
isomers by various nucleophiles has been previously ob- 25942-99-8; 7d, 25943-00-4; 7e, 25943-01-5; 7f, 25943- 
served in other reaction processes.6'10'16 02-6; 8a, 25942-97-6; 8b, 25943-03-7; 8c, 25943-04-8;

The lower stereoselectivity observed in the iodide Qa , 25943-05-9; 9a (picrate), 25943-06-0 ; 9b, 26015-58-
catalyzed isomerization of cis-2,3-dialkyl-substituted 7 - 9c, 25943-07-1; 9c (picrate), 26015-57-6; 9d, 25943-
iV-acylaziridines can be attributed to a higher degree 08-2; 9e, 25943-09-3; 9f, 25943-10-6; 10a, 25943-11-7;
of crowding of alkyl groups in the intermediate threo-N- iQa (picrate), 26015-59-8; 10b, 25943-12-8; 10c, 25943-
2-iodoalkylbenzamido ion in approaching the transition 13. 9 ; 10c (picrate), 25943-14-0; lOd, 25943-15-1; lOe,
state leading to A2-oxazoline formation (trans-anti 25943-16-2; lOf, 25943-17-3.
parallel arrangement of the iodine and benzamido
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The competitive reactions of lactim-lactam isomerization and dealkylation of several 2,4-dialkoxypryimidines 
have been observed for the first time in aqueous solutions in the pH range of 1-5. In  strong acids or alkali or 
at a high dilution of the pyrimidine base, dealkylations are singularly important. A rationale is presented for 
the specific partial hydrolysis of the 2-methoxy group in acid and the 4-methoxy moiety in basic conditions. 
Isomerizations are favored in nonaqueous media where dealkylations are limited to alkyl oxygen bond cleavage.
Aqueous acid treatment of an equimolar mixture of 2,4-dimethoxy- (2) and 2,4-diethoxypyrimidine (6) confirms 
the intermolecular nature of the 0  -*■ N alkyl migration. The alkyl rearrangement cannot be initiated by 
benzoyl peroxide and the reaction is postulated to proceed via alkylation of the free base pyrimidine at Ni by the 
conjugate acid. The quaternary intermediate either dealkylates to the IV-alkyl lactam or catalyzes further 
rearrangement.

Spectral and X -ray investigations2 have shown con- nucleic acid fractions which require aqueous acid treat- 
clusively that uracil (I) exists predominantly in the ments.6
lactam form as pyrimidine-2,4-dione. The preference ,
for the lactam structure is generally true of heterocycles esults ana iscussion
containing an amide moiety.3 Thus, there exists in Analyses of the dealkylation and isomerization prod-
2,4-dimethoxypyrimidine (2) which contains two ucts of 2,4-dimethoxy- (2), 2,4-diethoxy- (6), and 2,4-
imidate groups a driving force to attain the keto struc- dimethoxy-5-methylpyrimid:ne (7) were carried out
ture by O-demethylation and/or 0  —► N methyl migra- mainly by thin layer and gas-liquid phase chromatog-
tion to yield products 1, 3, 4, 5, etc., under appropriate raphy. Major products were identified by actual isola-
conditions. tion by preparative tic and glpc and conventional

means. These chromatographic methods in conjunc
tion with uv and nmr spectroscopy for characterization

00Me 0  of the isolated products permit an accurate identifica-
_  ̂ Jl tion and quantitation of the reaction products. A

j I  total of 21 mono- and dialkyl derivatives of uracil and
MeO' o r ' W  thymine were prepared and characterized (c/. Experi-

2 | mental Section).
Ri Aqueous Media •—The isomerization of heteroaro-

l, R, = R3 = H matic lactim ethers to W-alkyl lactams has been effected
3, R, =  Me, R3 = H by heating,7 the catalytic function of the common
4 Ri = H R=M e alkylated cation,8 and alkyl halides.9 Treatment of
5 jj =R =Me 2,4-dialkoxypyrimidines with alkyl halide was first

1 3 discovered by Hilbert and Johnson10 to yield the
isomerized products l-alkyl-4-alkoxy-2-pyrimidones. 

„ T . , . Variations of the procedure include the use of Lewis
e wis o report the novel finding of the competitive acids11 such as mercuric salts in aprotic solvents. Min-

reactions of dealkylation and lactim-lactam isomenza- eral acida have not been known to cause isomerization
tion of several 2 4-dialkoxypyrimidmes m aqueous and of any heteroaromatic lactim ether, and aqueous hydro- 
nonaqueous media and detail the reactivities of the chloric and sulfuric acids are routinely employed for
pyrimidine lactim ethers under a variety of conditions. the hydroiysis of alkoxypyrimidines.12'13

e resu ,s are re evan o e synthetic use of hetero- Our present study shows that dealkylation and isom- 
aromatic lactim ethers such asm  the Hilbert-Johnson erization of 2,4-dialkoxypyrimidines can occur con- 
proce^ ure or e prepara ion o pyrimidine nucleo- currently under certain aqueous acid conditions. In
sides, and in the isolation of alkylated bases5 from refluxing 0.1 N  aqueous hydrochloric acid, the pyrimi

dine lactim ether 2 at 0.18 M  concentration and pH 2.7 
* To whom correspondence should be addressed. gave rise to a substantial amount of the X-m cthy latcd
(1) Support of this work by the Public Health Service Grant CA-10142 products l-methyl-4-methoxy-2-pyrimidone (8) and 1- 

is gratefully acknowledged. Portion of this work was presented at the 19th
Southeastern Regional Meeting of the American Chemical Society, Atlanta, (6) (a) E. Vischer and E. Chargaff, J .  B io l .  C hem ., 176, 715 (1948); (b)
Ga/ow°T l?6av B> Weissman, P. A. Bromberg, and A. B. Gutman, ib id ., 224, 407 (1957).

(2) (a) D. Shugar and J. J. Fox, B ioch im . B iop h y s . A cta, 9, 199 (1952); (7) D. J. Brown and T. C. Lee, Aust. J .  C hem ., 21, 243 (1968).
(b) C. L. Angell, J .  Chem . S oc ., 504 (1961); (c) G. S. Parry, A cta Cryst., 7, (8) (a) P. Beak, Tetrahedron L ett., 863 (1963); (b) P. Beak, J. Bonham,
313 (1954); (d) K. Hoogsteen, ib id ., 13, 1050 (1960). and J. T. Lee, Jr., J .  A m er. Chem . S oc., 90, 1569 (1968).

^atritzky and J. M. Lagowski, A dvan. HeterocycL. C hem ., 1, (9) (a) L. A. Paquette and N. A. Nelson, J .  Org. C hem ., 27, 1085 (1962);
34L 35T\  6 3 / 1963i ; 2’ n ’ 18, 36  (1963)- (*>) H- J- Teague and W. P. Tucker, ib id ., 32, 3144 (1967).

(4) J. Phmland M. Prystas, ib id ., 8 , 115 (1967), and the pertinent ref- (10) G. E. Hilbert and T. B. Johnson, J .  A m er. C hem . S o c ., 52, 2001
erences therein. (1930)

(5) There is a sustained interest in the alkylated nucleic acid bases ob- (11) D. Tacker and T. L. V. Ulbrieht, J .  Chem . S oc . C, 333 (1968), and
tamed from natural sources: R. H. Hall, B iochem ., 3, 769 (1964). No previous papers in this series.
alkoxypyrimidines or purines have yet been detected which may be due to (12) T. L. V. TJlbricht, Tetrahedron, 6, 225 (1959).
hydrolysis or isomerization during the isolation of the base constituents (13) R. Daniels, L. T. Grady, and L. Bauer, J .  A m er. C hem . S oc ., 87,
from the nucleic acids. 1531 (1955)
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methyluracil (3) in addition to the demethylated dimethyl-4-methoxy-2-pyrimidone (11) and 1-methyl- 
compounds 4-methoxy-2-pyrimidone (9) and uracil (1). thymine (12) outweighed the hydrolysis products 4-

methoxy-5-methy 1-2-pyrimidone (13) and thymine (14)
IMe 9  by a factor of 1.73. The same reaction for the pyrimi-

H^ N '^ sr/ R  dine ether 2 gave a much smaller ratio of 0.38.

M e O ^ i T  9 Me 0

i  ^ \ Me
8 ,  R, =  Me 10, R = H
9, R, = H 15, R = Me I |

Ri Ri
In Table I is summarized the concentration effects of n , r 1 =  Me 12, Rt =  Me; R3 =  H

the pyrimidine 2 on the course of the two competing 1 3 > r , = h 14, R, = R3 = H

Table I The pyrimidine ethers are practically inert when
Reaction of 2 ,4 -Dimethoxypyrimidine (2) in 0.1 N  Aqueous heated at reflux in 10 3 N  acid (pH of 0.18 M  solution 

Hydrochloric Acid (100°, 3 Hr) 7 -3), or in 0-1 N  aqueous sodium hydroxide. In re-
Re, fluxing 5 N  base prepared in 50%  aqueous methanol,

Concn, covered ,--------------Mol % of products--------------  hydrolysis of the pyrimidine ethers 2 and 7 took place
m  pH 2 , % 8 3 9 i but no A-methylated products were produced. Ap-

0.01S 1.1 2 1 . 1  ^  parently there is no base-catalyzed isomerization. It
n ia* 9  I  1 9  9  1q n ^  r 1 o= \ is interesting to note that thermal rearrangement
l g0 3 '8 6Q'2 67 4 ' b b 32 6 (-~200°) of 2-14 and 4-alkoxypyrimidines15 to 1-alkyl-
° Benzoyl peroxide (0.1 equiv) was' added. ' »Trace amount 2-pyrimidones and 3-alkyl-4-pyrimidones, respectively, 

detectable by glpc and tic. are accelerated by tertiary bases, whose efficiencies
vary according to their basic strengths. Since the 

reactions. At 0.18 M  concentration, the relative rate aqueous base reactions of 2 and 7 were attempted at
of O - *  N methyl migration to hydrolysis is 0.42. The much lower temperature, the lack of isomerization may
ratio decreases to zero upon tenfold dilution but in- not be unexpected. Thus refluxing 2 for 48 hr in the 5
creases to 2.06 at ten times the original concentration. N  base led to 68.1%  yield of the following pyrimidines:
Since there was no 2-methoxy-4-pyrimidone (10) iso- 4-methoxy-2-pyrimidone (9) 2.3% , 2-methoxy-4-py-
lated at any stage of an acid treatment, and subjecting rimidone (10) 87.9% , and uracil (1) 9.8% . Similarly a
4-methoxy-2-pyrimidone (9) to the same acid condi- 71-5% yield of hydrolysis products was obtained from
tions produced only uracil (1), it appears that 1-methyl- the 5-methylpyrmudine 7: 4-methoxy-5-methyl-2-py-
uracil (3) does not owe its origin to either 9 or 10. I t  rimidone (13) 2.3% , and 2-methoxy-5-methyl-4-py-
is reasonable to assume that 3 was derived from the rimidone (15) 97.7% . The attack of the hydroxide
“Hilbert-Johnson product” 8 for prolonged heating of anion appears to be selective at the 4 position of both 2
2 in acid led to a decrease of 8 with concomitant increase and 7; the 5-methyl group of the latter apparently poses
of 3 Thus, the isomerization products 8 and 3 were n0 stenc problem to the approaching nucleophile,
derived independent of the hydrolysates 9 and 1 and Further hydrolysis of 10 and 15 to uracil or thymine
the reverse must also be true. was veiT  slow indicating the lack of reactivity of the

The reactivities of 2,4-dimethoxypyrimidine (2) and 2-methoxy group in alkaline conditions. Thus, the
2.4- dimethoxy-5-methylpyrimidine (7) in acids are base treatment of 2,4-dimethoxypyrimidines constitutes
compared in Table II. th e  bases were readily soluble a practical preparation of 2-methoxy-4-pynmidones.

The 4-methoxypyrimidines have been shown16 to be 
T a b l e  I I  more reactive in aminolysis than the 2-methoxy iso-

,, „  „ , T, mers and explanation has been advanced on the ground
in Acids that approach of the amine nucleophile is discouraged at

Pyrimidines the 2 position by electronic repulsion by the two flank-
recovered, ing nitrogen atoms. The anionic hydroxide would be

ph % ----------Mo1 % of products expected to meet even more adamant opposition. This
a . 2 ,4-Dimethoxypyrimidine (2) greater displaceability of the 4-methoxy group may also

8 3 9 1 be attributed to maximal dispersal of the negative
4.1  25.1 27.5 72.5 charge in the transition state favoring reaction opposite

. .  ,b 57.7 50.2 20.9 13.8 15.0 to rather than adjacent to the activating center.17
b . 2,4-Dimethoxy-5-methyiPyrimidine (7) Nonaqueous Media.—In nonaqueous medium isom-

ii 1 2  1 3  H erization becomes very competitive. Alcoholic hy-
3 .7  26.6 5 .2  58.2 8.1 28 .4  drogen chloride has been used18 in the dealkylation of

y 21.3 68.7 24.3  7 .0  alkoxypyrimidines in the synthesis of pyrimidine nucleo-
“ Pyrimidines (0.18 M) in 0.01 N  HC1 in 50% aqueous dioxane 

at 100° for 72 hr. b Pyrimidines (0.18 M) in 0.1 N  HC1 in an- (14) D. J. Brown and R. V. Foster, J . Chem. Soc., 4911 (1985).
hydrous methanol under reflux for 48 hr. (ls) D- J - Brown and R. V. Foster, Aunt. J .  Chem., 19, 1487 (1966).

^ (16) D. J. Brown and R. V. Foster, ibid., 19, 2321 (1966).
in 0.01 N  hydrochloric acid in 50% aqueous dioxane. (17) R- G. Shepherd and J. L. Fedrick, Advan. Heterocyd. Chem., 4, 145

A 0.18 M  solution of the pyrimidine ether 7 was allowed a9(̂ ' G. E. Hilbert and T B. Johnson, J . Amer. Chem. Soc., 82, 4489
to reflux for 72 hr. The isomerization products 1,5- (1 9 3 0 ).



T a b l e  I I I

R eaction  of 2 ,4 -D im e t h o x y p y r im id in e  (2) w ith  S odium  I odide

Conditions, % yield --------------------------------Mol % of products------------------------------- -
"C (hr) Medium“ of products 5 8 3 9 1

100(15) 2 .4-Pentanedione 27.0  46.5 7.1 39.6 6 .7
120(15) 2,5-Hexanedione 45.1 100
100 (15) 2,5-Hexanedione 40.0  48.0  52.0
100 (156) 2,5-Hexanedione 64.7 8 .3  53.8 37.9

“ Compound 2 (0.18 M) was dissolved. b Benzoyl peroxide (0.1 equiv) was added.

T a b l e  IV
R eaction  of E quim olar  M ix t u r e  o f  2 ,4 -D im et h o x y - (2) and 2 ,4 -D ie t h o x y p y r im id in e  (6)

.--------------------- —------------------- Mol % of products--------------------------------------------.
Concn, 9

M Conditions pH 8 17 18 19 3 16 20 1
0.018 0.05 A HC1“ 1.3 100
0 .18 0.05M H C 1 2 .5  10.8 6 .6  82.6
1.80 0.05M H C 1 3 .6  8 .5  11.5 2 .3  2 .2  17.3 8 .9  1 .5  47.9
0.36 NaI-2,5-

hexanedione6 26 56 11 7
° HC1 (0.05 N ) in 50% aqueous dioxane and refluxing for 72 hr. b At 100° for 24 hr.

sides. Dealkylation proceeds by alkyl oxygen ether of the thermal isomerization of 2-alkoxypyrimidines to
cleavage only since ring substitution by alcohol (SNAr) 1-alky 1-2-pyrimidones,14 the intra- or intermolecular
gives no fruitful products. The former pathway re- nature of the reaction is uncertain. In order to pro-
sembles the Pinner cleavage of iminoester hydrochloride vide evidence to this effect, a crossover experiment
into the corresponding amides and alkyl chlorides.19 employing equimolar amounts of 2,4-dimethoxy- (2)
This type of Sn2 ether cleavage has been shown to be and 2,4-diethoxypyrimidine (6) was run. A solution
a minor route in the aqueous acid-catalyzed cleavage of of 0.18 M  of the pyrimidine ethers in 0.05 N  hydro-
2-methoxypyrimidine.13 Table II illustrates the re- chloric acid in 50% aqueous dioxane was refluxed for
actions of the 2,4-dimethoxypyrimidine 2 and 7 in 0.1 72 hr. The products tabulated in Table IV include
N  hydrochloric acid in anhydrous methanol under re- uracil (1) as the major product and a considerable
flux. In both cases, the isomerization products prevail amount of 1-ethyluracil (16) as well as 1-methyluracil
over that of demethylation by more than twofold. (3). A tenfold dilution led to uracil only, but, at 1.8 M

In a mildly acidic nonaqueous medium comprised of concentration of the mixed pyrimidine ethers, the for-
excess sodium iodide dissolved in 2,4-pentanedione mation of uracil was suppressed in favor of the
(pK & 9.16), isomerization and demethylation of the isomerization products. All of the possible A'ralkyl-
pyrimidine ether 2 are equally facile as shown in Table 2-pyrimidones were isolated. The “mixed” isomeriza-
III. In a neutral medium such as 2,5-hexanedione, tion products l-methyl-4-ethoxy-2-pyrimidine (17)
sodium iodide catalyzed isomerization of 2 only. One and l-ethyl-4-methoxy-2-pyrimidone (18) demon-
or both of the imidate moieties were reacted depending strate the occurrence of intermolecular A-alkylation.
on the temperature applied. Iodide anion was the The N i-methylpyrimidones 8, 17, and 3 surpassed
catalyst in both cases. The latter result corroborates the Ai-ethyl derivatives, viz., l-ethyl-4-ethoxy-2-py-
with the report20 that 75% yield of 5-bromo-l,3-di- rimidone (19), 18, and 16, by a ratio of 4.3. Small
methyluracil was isolated from the treatment of 5-
bromo-2,4-dimethoxypyrimidine in the N aI-2,5- OEt OEt OMe
hexanedione mixture. Methyl iodide was postulated20 1  J .  J1
to be formed in  situ and is therefore similar to the Hil- 2 + j | ]  __► j  |j + ^  |) etc
bert-Johnson reaction.10 E tC r^ 1'* C u -Iv  Cr^N-^

Intermolecular Reaction -—Isomerization of the py- 6 | j
rimidine lactim ethers in aqueous or nonaqueous media Me Et
increases dramatically over demethylation at increasing 17 18
concentrations of the base. Since the isomerization of . .
2 is dependent on the concentration of the pyrimidine, amounts of partial hydrolysis products 4-methoxy-2-
the O —► N methyl migration is reminiscent of the Lan- pynmidone (9) and 4-ethoxy-2-pyrimidone (20) were
der rearrangement21 of alkyl imidates to amides which is a so Presen -̂ 4n the NaI-2,5-hexanedione system, the
intermolecular. The thermal rearrangement of allyl same equimolar mixture of 2 and 6 yielded only the
pyrimidyl ethers has been shown22 to be intramolecular isomerization products 8, 17, 18, and 19 with the A l
and formally analogous with the ortho-Claisen re- methyl derivatives predominating over the Ai-ethyl
arrangement of allyl phenyl ethers, although, in the case derivatives by a factor of 4.6. The preponderance of

A-methyl products 8 and 17 over the A-ethyl ones 18
(19) (a) s. m. McEivain and B. E. Tate, j . Amer. Chem. Soc., 7s, 2233 and 19 is consistent with the greater reactivity10 of

: M f c  « * »  ethyl iodide, presumably generated
(20) T. L. V. Ulbricht, J. Chem. S oc ., 3345 (1961). 771 SÜU,K in A-alkylatÍ011.
(21) J. W. Schulenberg and S. Archer, “Organic Reactions,” Vol. 14, Ionic Mechanism —The Hilbert-Johnson reaction of

Wiley, New York, N. Y„ 1965, p 24. o d J- li • ,.
(22) F. J. Dinan, H. J. Minnemeyer, and H. Tieckelmann, J. Org. Chem., 2,4-d 1 a!K oxypyrimidines with alkyl halides Or SOdlUm

as, 1015 (1963). iodide has been assumed to proceed via a quaternary
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salt derived from intermolecular iV-alkylation followed methyl migration to hydrolysis as shown in Table I.
by O-dealkylation.4'10 A recent report23 on the isola- Likewise, the presence 0.1 equiv of the peroxide in the
tion of the intermediate l-methyl-2,4-diethoxypyrimi- NaI-2,5-hexanedione treatment of 2 caused cleavage
dinium salt from a mixture of 6 and methyl iodide in of the 4-methoxy group yielding considerable amount
acetonitrile at room temperature lends support to this of 1-methyluracil at the expense of the A,A-dimethyl
postulate. It  is reasonable to assume that 2,4-di- derivative (c/. Table III). Apparently, 0  -*■ N methyl
methoxypyrimidine (2) in acid is protonated at the migration of the pyrimidine ether cannot be initiated
more basic Ni nitrogen10'23 to form the active methyl- by peroxide, and a radical mechanism seems unlikely,
ating species 2a, Combination of 2 and 2a leads to the It has been pointed out earlier10 that the two lactim 
now established23 pyrimidinium intermediate 21, which configurations within the same pyrimidine molecule of
is the common methylated derivative of the lactim 2 2 are different in their stability. Alkylation at the
and lactam 8. The quaternary salt 21 is capable of more basic 1-nitrogen appears to labilize selectively the
catalyzing a chain rearrangement of 2 but for the com- 2-alkoxy group. Thus, when the pyrimidine lactim
petitive demethylation in aqueous acids. It has been ethers 2, 6, and 7 were treated in aqueous acids, both
pointed out by Hilbert and Johnson10 that methyl isomerization and dealkylation initially took place at
iodide needs to be present in quantities very much less the lactim moiety comprised of 1-nitrogen and the 2-
than molecular proportions of the pyrimidine since the alkoxy group. Attempts to identify 3-methyluracil
common methylated cation is continually regenerated. (4), 1,3-dimethyluracil (5), 3-methylthymine (22), and
This situation is realized in the NaI-2,5-hexanedione 1,3-dimethylthymine (23) were unsuccessful. There
system where demethylation was not observed. The were no 2-methoxy-4-pyrimidones 10, 15, or 2-ethoxy
following scheme summarizes the events of an acid- 4-pyrimidone (24) detected under these conditions,
catalyzed isomerization of 2. The abundant literature4 on Hilbert-Johnson type of

reactions reflects the same general phenomenon of a 
9 Me 9Me 9 Me greater reactivity of the AVlactim function. This
Js. __  ̂ provides an interesting contrast to the greater displace-

2 + j  j] * 1 I i f  ability of the 4-methoxy group in alkaline conditions.
MeCr^N+ MeO'/ Y+ Q r ' lx  Dealkylation.-—In aqueous acids, dealkylations of the

I I I pyrimidine lactim ethers probably follow the hydrolysis
H Me H pathways elucidated13 for 2-methoxypyrimidine-0]8.

2a 21 9 The cleavage proceeds predominantly via an aromatic
h I nucleophilic substitution (SNAr) with a minor contribu-

* tion (< 10% ) of the Sn2 ether cleavage mechanism.
q QMe q However, the latter mode of ether cleavage is the only
| j | one operating in nonaqueous media such as anhydrous

HN'^Sj N^ l l  H h rS  methanol and 2,4-pentanedione. A third possibility
^  J  J  exists in the presence of benzoyl peroxide, which

0 j O I 0 | catalyzed homolytic cleavage of the alkyl oxygen bond
qjj ¿ jj3 ¡j in aqueous acid and in NaI-2,5-hexanedione mixture.

3 8 1 Demethylations occur in alkaline conditions via nucleo-
philic aromatic substitution exclusively. In the ab
sence of N-protonation, ring substitution is less facile 

21 and therefore requires more stringent conditions such
The pKg, of 2 and 7, previously unreported, are now as a normality of the alkali, 

determined to be 3.05 ±  0.05 and 3.63 ±  0.04, respec
tively, by potentiometric titration.24 Thus, in the pH Experimental Section
region of 1—5, significant quantities of both of the py- Instrumental.— Glpo analyses were performed on three gas
rimidine ethers and the conjugate acids are present, and chromatographs: F & M 5750B equipped with a flame-ionization 
intermolecular A-methylation will lead to lactim-lactam detector, F & M 700 equipped with a thermal conductivity de
isomerization. The extremes of the pH spectrum such tector, and Peridn-Elmer 800 equipped with a flame ionization

. .  . , , , , n r  , . , , detector. All analyses unless otherwise mentioned were done
as m strong acids and bases (> 1  N) are obviously not on a 6 ft X 0.125 in. aluminum column packed with 10% Carbo-
conducive to such methyl rearrangement. wax 20M on Anakrom ABS 60-70 mesh and at 30 cc/min of

A n a ltern a tiv e  route to  th e  fo rm ation  of th e  q u ater- carrier gas. The more volatile 2,4-dialkoxypyrimidines, 2, 6,
nary intermediate 21 is via a free-radical chain reaction. and 7were done with Ti = 170°, Tc = 100 , and T D = 260 .
o T , , , . , _____ All others were done at Ti = 260°, Tc = 200°, and T d  = 260°.
Such has been shown to be the mecha ism f r he products were determined by comparing their peak areas (plan-
thermal rearrangement of 2-methoxypyndme to 1- imeter five times) with those of reproduced peaks (trial and error)
methyl-2-pyridone,26 which can also be catalyzed by of authentic samples. Preparative glpc was performed on the
benzoyl peroxide. However, addition of 0.1 equiv of F & M 700 using an aluminum 6 ft X 0.25 in. column packed

1 ( (  Jiydrochioric acid containing
0.18 M  of 2 and refluxed led to much smaller ratio oi 0f 0^5 mm in thickness. Chloroform and methanol (19:1)

was used in all cases as the solvent system unless otherwise noted.
(23) T. Ueda and H. Nishino, J . A m er. Chem . Soc., 90, 1678 (1968). Development was accomplished by spraying a 0.5%  fluorescein
(24) A. A lbert and E . P . Serjean t, “ Ionization Constanta of Acids and sodium salt solution then exposing to bromine vapor. Prepara-

B ase s ,"  W iley, New Y ork , N . Y ., 1962, Chapter-2 T h e pJE. values of 2 thin layer chromatography was done on silica gel G with
T i l  T T J  Z I  T  f  i  ne standardized 20 X 20 cm and 1.0 mm in thickness. No more than0.100 N hydrochloric acid under nitrogen atmosphere. r  . .

(25) K. B . W iberg, T . M. Shryne, and R. R . K intner, J .  A m er. Chem . 10 mg was placed on the plate at one time. Nmr spectra were
S oc., 79, 3 1 6 0  (1957). run on a Varian A-60A spectrometer with either D2G as solvent,
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T a b l e  V
P h y s i c a l  P r o p e k t i e s  o p  A l k y l  D e r i v a t i v e s  o p  U r a c i l  a n d  T h y m in e

------------------------------------ Nmr (5)*--------------------------------------
Compd Glpc4 ---------------------------------uv (HsO)-----------------------------. N i-R, Ns-R, 5-H,

no. M p, °C  rrt R ef pH  Xmax £ X  10 O i-R  0<-R 5-CHa 0-H

1 318“ h 4-7 259 8 .2  5.71 7.60
12-13 284 6.1

2 184 (1.00) * 7 258 6 .1  4 .08“ 3.97 6 .42 8 .24
3 233“ 3.33 h 5-7 267 9 .7  3 .40 5.83 7 .68

12-14 265 7 .0
4 179“ 6 .80  h 3-7 258 7 .3  3.31 5 .96 7 .59

12-14 282 10.7
5 121-122“ 1.00 h 1-14 266 8 .9  3.43 3.37 5.73 7.20
6 19-206 (1.63) h 7 259 6 .1  4 .23“ 4 .18 6.33 7 .50

1.33 1.33
7 61“ (1.58) 7 264 6 .3  4 .00“ 3.97 2 .07 8.01

215 7 .9
8 149-1506 1.93 * 7 274 5 .2  3.42 3.87 6 .10  7 .82
9 206-208* Dec 7 267 4 .9  3.99 6.23 7.85

11 276 5 .4
10 167-168 Dec 7 256 5 .8  3.96 6.11 7.71

11 263 6 .0
11 144' 2 .47  5-12 280 5 .6  3.51 3.99 1.95 7.47
12 292-293* 2 .93 ’ 6 273 11.3 3.35 1.87 7.50

12-13 271 7 .9
13 220-221 Dec 7 274 4 .9  4 .00 1.97 7.55

11 283 5 .8
14 340“ * 4-7  265 7 .9  1.83 7.42

12-13 291 5 .4
15 198-199 Dec 7 260 7 .1  3.98 1.94 7.62

217 6 .5
11 267 7 .4

16 148“ 2 .80 7 267 9 .55 3.87 5 .78 7 .29
11 265 7 .00 1.33

17 1364 2 .00  h 7 274 6 .1  3.45 4 .33 5.71 7.56
1.30

18 91-92 1.60 7 272 5 .3  3 .98  3 .99 5 .98 7 .68
1.38

19 88/ 1-67 7 276 8 .4  3.87 4 .36 5.73 7 .50
1.30 1.30

20 167-168" 1.64 * 4-7 269 5 .1  4 .25 6.17 7 .90
13 278 6 .4  1.40

22 209-210* 5.47 1 6 265 8 .2  3.28 1.87 7 .50
13 290 11.4

23 151-153* 0.93 ’ 5-12 272 9 .8  3.46 3.43 1.83 7.57
24 128-129" 1.13 h 4r-7 259 6 .0  4 .25 6 .25 7.87

10-13 265 6 .7  1.40
a D- J- Brown, “The Pyrimidines,” Interscience, New York, N. Y., 1962, Table X X V -X X V II. b T . B. Johnson and G. E . Hilbert, 

J .  Amer. Chem. Soc., 52, 2001 (1930). c T. B. Johnson and G. E. Hilbert, ibid., 52, 4511 (1930). d C. W. Noel and C. C Cheng J  
Heterocycl. Chem., 5, 25 (1968). «E . Wittenburg, Chem. Ber., 99, 2380 (1966). < J .  L. Rabinowitz and S. Gurin, J .  Amer. Chem. Soc., 
^  9 Hilbert and E . J .  Jansen, ibid., 57, 552 (1935). *D . Shugar and J .  J .  Fox, Biochim. Biophys. Acta, 9, 199
(1952). 1 J .  E . Austin, J  .A m er. Chem. Soc., 56, 2141 (1934). i E . Wittenburg, Chem. Ber., 99, 2391 (1966). k Detailed conditions 
for glpc analysis are given in the Experimental Section. Relative retention times (rrt) were determined with a F  & M 700 gas chromato
graph (thermal couple detector). These values are slightly different from those derived with a Perkin-Elmer 800 equipped with a flame 
ionization detector, although the order of appearance of the pyrimidines remains unchanged. The three more volatile dialkoxypyrim- 
idmeswere studied at lower T c and the rrt are shown in parentheses. 1 Dialkylpyrimidines (N,N~; 0 ,0 - ; N,0~) were taken in CDC13 
with TMS and all others m D20  using 3-(trimethylsilyl)propanesulfonie acid sodium salt as the internal standard. In the uracil series,
5-H and 6-H appear as doublets, J  =  7 Hz, and in the thymine series 5-CH3 appears as a doublet,./ = 1.5-2 Hz. Other multiplicities 
ioliow normal patterns and are not mentioned. m Assignments uncertain.

with 3-(trimethylsilyl)propanesulf onic acid sodium salt as internal The solution was neutralized with acetic acid, continuously ex-
standard, or with deutenoehloroform, with internal tetramethyl- tracted with chloroform, dried, and evaporated to give 0.74 g of
silane as standard. Ultraviolet spectra were obtained on a a white solid. Chromatography of the solid on 25 g silica gel
Cary 14 recording spectrophotometer using water as solvent at (elution with 10% methanol in chloroform) gave 0.25 g (28%
known pH. Melting points are uncorrected and microanalyses yield) of 10. An analytical sample was prepared by recrystalliza-
were performed by M-H-W Laboratories, Garden City, Mich. tion from ethanol, and physical properties are shown in Table V.

, Anal. Galcd for CsHe^Cb: C, 47.6; H, 4.8; N, 22.2.
Materials.—The physical properties of the 21 mono- and di- Found: C, 47.7; H, 4.8; N, 22.2. 

alkyl derivatives of uracil and thymine are tabulated in Table V. 4-Metfaoxy-5-methyl-2-pyrimidone (13).—A mixture of 0925  
.Preparations of the previous unreported pyrimidines 10, 13, g (6 mmol) of 2,4-dimethoxy-5-methylpyrimidine (7)and lOmlof 

5?MetB8ntrea h°W-n bI l0W- iwc „ ,  l v , . freshly distilled acetyl chloride was stirred at 50° protected from
in o» 7  y n ynmidm e, i  °  y - 2 >4-D™ reth°xyPyrimidme (2) moisture for 24 hr. The volatiles were evaporated and the resi-
(0.98 g, 7 mmol) was added io 10 ml of 5 N sodium hydroxide in due washed with ether giving 0.7 g (68%) of l-acetyl-4-methoxy-
50% aqueous methanol and the solution was refluxed for 72 hr. 5-methyl-2-pyrimidone: mp 107°; nmr (CDC13) 5  1.95 (d,
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3, J  =  1.5 Hz), 2.75 (s, 3), 4.00 (s, 3), and 8.02 (m, 1 , J =  1.5 with methanol. Glpc analysis of the solution gave (mg, 10~2
Hz). The IVi-acetyl derivative (0.7 g, 4.1 mmol) was added to mmol): 2,4-dimethoxypyrimidine (2) (14.29, 10.21); 1-methyl-
5 ml cf 5%  sodium bicarbonate solution, stirred at room tern- 4-methoxy-2-pyrimidone (8) (5.48, 3.91); 1-methyluracil (3)
perature for 3 hr, and extracted continuously with chloroform, (2.12, 1.68). The average results of four glpc analyses are as
dried, and evaporated to give 0.52 g of solid. Chromatography follows (10-2 mmol): 2 10.48 , 8 , 4.04; 3, 1.69. The methanol
of the solid on 20 g of silica gel (elution with 10% methanol in solution was evaporated followed by addition of water and con-
chloroform) yielded 0.4 g (70%) of 13, and physical properties tinuous extraction with chloroform. The chloroform layer was
are shown in Table V. dried, evaporated, and the residue chromatographed on a pre-

Anal. Calcd for CsHsNjCh: C, 51.4; H, 5.8; N, 20.0. parative silica gel plate. The band corresponding to 4-methoxy-
Found: C, 51.1; H, 5.9; N ,20 .1 . 2-pyrimidone (9) was eluted with methanol, diluted to 100 ml

2-Methoxy-5-methyl-4-pyrimidone (15).—To 10 ml of 5 N  volumetricaOy, and assayed by ultraviolet absorption spectros-
sodiuir. hydroxide in 50% aqueous methanol was added 0.308 g copy: OD267 nm = 0.545, equivalent to 1.40 mg (1.11 X 10~2
(2 mmol) of 2,4-dimethoxy-5-methylpyrimidine (7) and the mmol). The aqueous layer was made up to 1000 ml and uv
solution was heated at reflux for 48 hr. The solution was neu- determination showed 1.36 mg (1.21 X 10-2 mmol) of uracil
tralized with acetic acid, continuously extracted with chloroform, (1). The pyrimidines analyzed totaled 18.5 X 10-2 mmol
dried, evaporated to a solid, and recrystallized from ethanol to representing quantitative material balance. The mole percent-
yield 0.19 g (69%) of 15, and physical properties are shown in ages of the products are shown in Table II .
Table V. Reaction of 2,4-Dimethoxypyrimidine (2) with Sodium Iodide

Anal. Calcd for C6HSN202: C, 51.4; H, 5.8; N, 20.0. in2,4-Pentanedione.—To a mixture of 1.0 ml of 2,4-pentanedione
Found: C ,51.2 ; H, 5.9; N ,20.1 . and 100 mg of sodium iodide was added 25.3 mg of 2 (0.181 mmol)

l-Ethyl-4-methoxy-2-pyrimidone (18).—A mixture of 0.5 g and the mixture was heated at 100° for 24 hr, cooled, and evap-
(3.6 mmol) of 2,4-dimethoxypyrimidine (2) in 5 ml of freshly orated. The reaction products were analyzed by the techniques
distilled ethyl iodide was stirred in the dark at room temperature elaborated above: glpc analyses gave l-methyl-4-methoxy-2-
for 1 week. The ethyl iodide and unreacted 2 were evaporated pyrimidone (8), 3.11 mg (2.22 X 10-2 mmol), and 1-methyl-
off and the residue was washed with petroleum ether to give 0.27 uracil (3), 0.43 mg (0.34 X 10“2 mmol); preparative tic yielded
g of brown solid. Chromatography of the solid on a 12 g silica 4-methoxy-2-pyrimidone (9), 2.38 mg (1.89 X 10 2 mmol), and
gel column with 10% acetone in ethyl acetate as eluents yielded uv analysis of the aqueous layer gave uracil (1), 0.36 mg (0.32
0.15 g (27%) of 18. Sublimation (50% 0.05 mm) gave pure X lO-2 mmol). Total amounts of pyrimidines isolated were 4.77
sample, and physical properties are shown in Table V. X  10~2 mmol (27%); unreacted 2 was evaporated with 2,4-

Anal. Calcd for C7H10N2O2: C, 54.5; H, 6.5; N, 18.2. pentanedione. The mole percentages of the products are shown
Found: C, 54.7; H, 6.6; N, 18.0. in Table I I I .

Reaction of 2,4-Dimethoxypyrimidine (2) in 0.1 N Aqueous Reaction of Equimolar Mixture of 2,4-Dimethoxy- (2) and 2,4- 
Hydrochloric Acid—A mixture of 25.2 mg (0.18 mmol) of 2 Diethoxypyrimidine (6) in Aqueous Hydrochloric Acid.—A mix-
in 1.0 ml of 0.1 N  aqueous hydrochloric acid was refluxed for 3 hr. ture of 125.4 mg (0.896 mmol) of 2 and 150.9 mg (0.898 mmol)
The reaction was stopped by addition of saturated sodium bi- of 6 in 1.0 ml of 0 05 N  hydrochloric acid in 50% aqueous dioxane
carbonate solution. The reaction mixture was continuously was heated at reflux for 72 hr. The solution was neutralized
extracted with chloroform for 14 hr, dried, and evaporated. with saturated sodium bicarbonate solution, continuously ex-
Preparative tic revealed the presence of 2,4-dimethoxypyrimidine tracted with chloroform for 15 hr, dried, and evaporated.^ The
(2), 1 -methyl-4-methoxy-2-pyrimidone (8), 1-methyluracil (3), residue was taken up in 1.0 ml of methanol volumetrically.
and 4-methoxy-2-pyrimidone (9) (relative Rt 4.5, 2.5, 2.0, and Glpc analyses gave the following yields (mg, 10 2 mmol), for
1.0, respectively). To quantitate the pyrimidines, the experi- 2,4-diethoxypyrimidine (6) (111.9, 66.56); 2,4-dimethoxypy-
ment was repeated and the chloroform extracts diluted to 1.0 ml rimidine (2) (69.3, 49.50); 1-ethyluracil (16) (3.39 , 3.29), 1-
volumetrically. Analyses by glpc by comparing their peak areas methyluracil (3) (8.26, 6.55). The average results of four glpc
with those of the authentic samples and normalized gave the analyses are as follows (10-2 mmol): 6, 66.89; 2 , 49.95; 16,
following yields (mg, 10~2 mmol); 2, (9.79, 6.98); 8, (1.14, 3.29; 3, 6.36. The Hilbert-Johnson products 8, 17 18, and
0.82) 3, (1.43, 1.13). Since 4-methoxy-2-pyrimidone (9) de- 19 gave an ill-resolved four-component trace, and analysis was
composed on the column under the conditions used, the chloro- achieved by matching it with a synthetic chromatogram prepared
form extracts were evaporated to dryness and the residue silylated by trial and error mixing of authentic samples (mg, 10 2 mmol),
with 200 /xl of O,A-bis(trimethylsilyl)acetamide and 600 ¡A l-methyl-4-methoxy-2-pyrimidone (8) (4.36, 3.12); l-methyl-4-
of acetonitrile in a sealed tube at 150° for 1 hr.26 A l.O m lsolu- ethoxy-2-pyrimidone (17) (6.50, 4.22); l-ethyl-4-methoxy-2-
tion of the acetonitrile was made up and chromatographed on a pyrimidone (18) (1.33, 0.86); l-ethyl-4-ethoxy-2-pynmidone
6 ft X 0.125 in. column packed with 10% UCW 98 on Chromo- (19) (1.33, 0.79). Ultraviolet determination of the aqueous
sorb V/, 80-100 mesh: T i = 210°, %  = 150°, Tn =  260°, layer gave 19.7 mg (17.6 X  10 2 mmol) of uracil (1). Since
and 20 ec/min of nitrogen. The yield of 9, determined in the 4-methoxy-2-pyrimidone (9) and 4-ethoxy-2-pyrimidone (20)
usual manner, was 0.11 mg (0.087 X 10“2 mmol). The average cannot be effectively separated by either glpc or tic, they were
results of four glpc analyses of these components are reported determined together as uracil by treating the chloroform extract
below (10~2 mmol): 2, 6.98; 8, 0.98; 3, 1.18; and 9, 0.098. in hot concentrated hydrochloric acid and isolating the uracil
The aqueous laver after continuous extraction with chloroform formed by preparative tic to yield 0.604 mg, equivalent to 0.54
was diluted to 1000 ml volumetrically for ultraviolet assay of X  10-2 mmol of 9 and 20. Total amounts of pyrimidines iso
uracil (1) present: OD2M = 0.41, and, using e =  8200, yield lated were 156.37 X 1 0 -2 mmol (87.2%) and the mole percent-
of 1 was calculated to be 5.6 mg (5.00 X 10 2 mmol). The mole ages of the products are shown in Table IV.
percentages of the products are shown in Table I , and 14.24 X t> tj a i e.(\ 99 8- 9 « i l  kk i . q fiiq_77_n.
1 0 -2 mmol (79%) of the starting material 2 was accounted for. N °  f ; 22 ' 8  ’ 3 5 5 1 -5 5 -1 , 3 , b !5  77 0 ,

Reaction of 2,4-Dimethoxypyrimidine (2) in 0.1 N Methanolic 4 , 6 0 8 - 3 4 - 4 ;  5 ,  8 1 4 - 1 4 -6 ;  6 , 2 0 4 6 1 - 6 0 - 3 ,  7 , 5 1 5 1 - 3 4 - 8 ,
Hydrogen Chloride.—A solution of 25.3 mg (0.181 mmol) of 2 8 , 7 1 5 2 - 6 6 - 1 ;  9 ,  1 8 0 0 2 - 2 5 - 0 ;  1 0 , 2 5 9 0 2 - 8 6 - 7 ;  1 1 ,
in 1.0 ml of 0.1 N  methanolic hydrogen chloride was allowed to 2 5 9 0 2 - 8 7 - 8 ;  1 2 , 4 1 6 0 - 7 2 - 9 ;  1 3 ,2 5 9 0 2 - 8 9 - 0 ;  1 4 , 6 5 - 7 1 - 4 ;
reflux for 48 hr. The reaction was stopped by the addition of , -  9c q n o .n 1 4 . i g  6 4 9 0 - 4 2 - 2 ’ 1 7 . 6 2 2 0 - 4 6 - 8 '  1 8 ,
sodium bicarbonate, ffite.ed sad dilutod to 1 . 0  nd v o lu m e«»»?  “ j , * ® “  “ J ;  i ’, 6 2 2 0 - 4 3 - 5  ; 22 , W

(26) C. W. Gehrke and C. D. Ruyle, J .  Chromatogr., 88, 473 (1968). 7 7 - 4  ; 2 3 ,4 4 0 1 - 7 1 - 2 ;  2 4 ,2 5 9 5 7 - 5 8 - 8 ,
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A New Synthesis of as-Triazines and Pyrim ido[4,5-e]-as-triazines (6-Azapteridines)
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A new synthesis of os-triazines has been developed which involves Michael addition of diethyl azodicarboxylate 
to acyclic enamines, followed by base-catalyzed ring closure. By an appropriate choice of the enamine, as- 
triazines suitably substituted for subsequent annelation of a fused pyrimidine ring may be prepared. We de
scribe in this paper the synthesis of a number of pyrimido[4,5-e]-os-triazines (6-azapteridines), including 2- 
methylisofervenulone (20) and 3,6,8-triaminopyrimido[4,5-e]-as-triazine (23), by this new route.

The discovery of the triad of naturally occurring anti- 0
biotics toxoflavin ( l ) ,2’3 fervenulin (2),4 and 2-methyl- NH II
fervenulone (MSD-92) (3),6 and their identification by || H2NC^-N^N
degradation and total synthesis as derivatives of the NCC(Br),CN + H2NNHCNH2
pyrimido[5,4-e]-as-triazine (7-azapteridine) ring sys- H2N N NH2
tem (4), has stimulated considerable recent interest in 6
the synthesis and chemistry of further derivatives. ;

+
0  0II II 7-azapteridmes 6-azapteridines

■ n Y i  H-c- f Y i  n  } r- nh.

i I I I i
CH3 c h 3 n 1  n 1 / n - n h c o 2c2h 5

0  ^ N ^ - R
/jl-^ N 0  5 N 8 n  7

H'C j  y  6ljI | Y  Y  | Y 2 propriate one-carbon reagents. We describe in this
CH3 7% N/ k . Ni#N2 paper a further entry into the pyrimido[4,5-e]-as-tri-

| s i 5 4 azine system via triazine intermediates.
CHs In our previously published total syntheses of fer-

3 4 5  venulin4 and MSD-92,6 a key step was the condensation
of a 6-hydrazinopyrimidine with diethyl azodicarboxyl- 

The isomeric pyrimido[4,5-e]-as-triazine (6-azapteri- 0 0 r o m
dine) system (5) is also attracting recent attention || || | 2 2 5
because of the discovery that some derivatives exhibit C2H5O C ^ .H  C,H50C N—NHC02C2H5
antiviral activity.6 || __^

Almost all previous synthetic routes to pyrimidotri- 
azines have involved the initial construction of a suitably HsC NHz H3C NH,
substituted pyrimidine precursor and the eventual anne- 8
lation of the condensed triazine ring in a terminal reac- |
tion step.7-9 One exception to this order of construe- 0  C02C2H5 ▼
tion of the bicyclic system was described by Taylor and II I H
Morrison,10 who prepared 3,5-diamino-as-triazine-&-car- C2H5°CX / N\NH
boxamide (6) by condensation of dibromomalononitrile I T  J I
with aminoguanidine, and subsequently converted this H3C ^ N N r\ >
intermediate to 6-azapteridines by cyclization with ap- H H

9 10
* To whom correspondence should be addressed.
(1) NIH Predoctoral Fellow, 1969-1970. ^
(2) B. Levenberg and S. N. Linton, J .  B io l. C hem ., 241, 846 (1966). V
(3) T. K. Liao, F. Baiocchi, and C. C. Cheng, J .  Org. Chem ., 31, 900 „  J,

(1966), and references cited therein. C2n 5UG..
(4) E. C. Taylor and F. Sowinski, J .  A m er. Chem . S oc ., 90, 1374 (1968), ||

and references cited therein. ]| ^
(5) E. C. Taylor and F. Sowinski, ib id ., 91, 2143 (1969), and references

cited therein. n  1Nnun3
(6) C. Kuchler, W. Kuchler, and L. Heiniach, A rzneim .-Forsch ., 16, 1122 

(1966).
(7) C. Temple, Jr., C. L. Kussner, and J. A. Montgomery, «7. Org. C hem ., Q C0 2C2H5 0 CO2C2H5

34, 2102 (1969), and references cited therein; these workers also described II I II I
the ring cleavage of pyrimido[5,4-e]-os-triazin-5(6H)-one to 6-amino-as- C2H5OC. .N— NHC02C2H5 C2H5OC>n^ N ^
triazine-5-carboxamide, and the subsequent recyclization of this latter com- jj NH
pound to several 7-azapteridines. I| — j| J

(8) M. E. C. Biffin, D. J. Brown, and T. Sugimoto, J .  Chem . S oc . C, 139 u /N x iT T n ir
(1970). ** NHCH3 Y u

(9) W. Pfleiderer and G. Blankenhom, Tetrahedron  Lett., 4699 (1969). 11 nu
(10) E. C. Taylor and R. W. Morrison, Jr., J .  A m er. Chem . S oc ., 87, 1976 3

(1965). 12
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i n r 02“ 5 ?
c2H5o a  c2h5oc^ . n—nhco2c2h5 C2H5O C ^N vn

HjN'^^NH-HCI h2N "^ N H 2 H2N ^ N ^ O C jUs

13 14 15

o
IIH2N C ^ N .n ^

I  I  6
H o N ^ N ^ O Q f t

16

HN̂ %  y V n  nV n|
O ^ N / ^ N ’* T > C 2H5 H ;N ^ N ^ O C , H 5

^  H 18 /
0 /  nh2

hn^ N ^ nh n^ n

0^ N/ k N^ 0  h2n^ n^ n^ oc2h5
H

19 22

I l

0 nh2

H3C— N ' ^ Y ' ^ N — CH3

( A n^ n\  h2N' n^ n^ nh,
1

ch3
20 23

ate to give a Michael adduct (7, R  = NHNH2), which sodium hydroxide, but under these conditions concom-
was subsequently modified to form the annelated as- itant hydrolysis and decarboxylation of the carbethoxy
triazine ring. The same principle was applied to the group occurred to give 10. In analogous fashion, ethyl
synthesis of 6-azapteridines by Michael addition of di- /3-methylaminoacrylate condensed with diethyl azodi-
ethyl azodicarboxylate to 6-aminopyrimidines to give 7 carboxylate to give ethyl a-(l,2-dicarbethoxyhydra-
(R = NH2), followed by suitable ring closure tech- zino)-/3-methylaminoacrylate (11), which was cyclized
niques In both instances, the initial Michael reaction with thallium(I) ethoxide in benzene to 12.
leading to the adducts 7 (R =  NHNH2, NH2) reflects Efforts were then directed toward the preparation of 
enamine-type reactivity of the 6-hydrazino- (or amino-) an enamine so substituted that the resulting as-tria,zine
5-unsubstituted pyrimidines. It  occurred to us that ex- could be subsequently cyclized to 6-azapteridines.
trapolation of these reactions to acyclic enamines should Condensation of diethyl azodicarboxylate with carbeth-
provide an entry into as-triazines which, with an appro- oxyacetamidine hydrochloride (13) in the presence of
priate choice of substituents, might serve as precursors triethylamine gave a-(l,2-dicarbethoxyhydrazmo)carb-
for subsequent closure of the annelated pyrimidine ring, ethoxyacetamidine (14). Although all attempts to
and thus offer an alternate synthetic pathway to effect cyclization of this intermediate to an as-tnazme
azapteridines. with basic reagents failed, it was found that a combina-

The potential feasibility of this approach was demon- tion of bromine with Hiinig’s base (diisopropylethyl-
strated by the following sequence of reactions. Mi- amine)12 smoothly afforded 3-ethoxy-5-ammo-6-carb-
chael addition of diethyl azodicarboxylate to ethyl ethoxy-as-triazine (15). The structure of this com-
0-aminocrotonate gave ethyl a- (1,2-dicarbethoxyhydra- pound was confirmed by treatment with ethanolic am-
zino)-/3-aminocrotonate (8), which was cyclized in quan- monia at 150° to give 3,o-diamino-6-carbamoyl-as-tri-
titative yield with thallium(I) ethoxide11 in benzene to azine (6), identical with an authentic sa,mple prepared
9. Cyclization of 8 could also be effected with aqueous by the alternate method of Taylor and Morrison.

(11) E. C. Taylor, G. H. Hawks, III, and A. McKillop, J .  A m er. Chem . r „ ,1QRQ,
Soc 90 2421 (1968) (!2) N. Finch and C. W. Gemenden, Tetrahedron  Lett., 1203 (1969).
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Aminolysis of 15 at room temperature led to 3-ethoxy- ized with glacial acetic acid. Constant extraction with hot
5-amino-6-carbamoyl-os-triazine (16), which was then chloroform, followed by evaporation of the extracts, gave a
cyclized to a variety of 6-azapteridines. Thus, conden- £ reciystalhzed from ethano1 to yield ^
sation with diethoxymethyl acetate gave 3-ethoxy- Anal.’ Calcd for C J i 7N.,0: C, 42.47; H, 6.24; N, 37.15.
8(7if)-pyrimido[4,5-e]-as-triazinone (17), while reaction Found: C, 42.08; H, 6.11; N, 36.74. 
with diethyl carbonate in the presence of sodium eth- Ethyl a-(l,2-picarbethoxyhydrazmo)-/3-methylaminoacrylate 
oxide gave 3-ethoxy-6,8(5i7,7.H)-pyrimido[4,5-e]-as-tri- (11).—To a solution of 1.50 g (0.0116 mol) of ethyl /j-methyl-

azm edione (18). A cid  hydrolysis of th is la tte r  com - portion> 2 04 g (0.0116 mol) of diethyl azodicarboxylate. The
pound afforded 3,6,8(2//,5//,7//)-pyrimido [4,5-e]~a.S- reaction mixture was stirred at room temperature for 5 hr, the
triaz in etrio n e  (19), identical in  physical properties w ith  excess solvent removed by evaporation under reduced pressure,
those reported  fo r th is sam e com pound prepared inde- an<* approximately 10 ml of pentane added to the residual oil.
pendently v ia  the pyrimidine annelation route.13 Fur- f [ atc,h in g and cooling induced the crystallization of a cream-

i i i colored solid which, upon recrystallization from a mixture of
therm ore, m ethy lation  of 19 w ith m ethyl iodide and so- benzene and pentane, gave 2.68 g (77%), mp 90-92°.
dium  hydride in  anhydrous d im ethylform am ide gave Anal. Calcd for C12H2IN30 6: C, 47.52; H, 6.98; N, 13.86.
2- methylisofervenulone (20), identical with an authen- Found: C, 47.38; H, 6.92; N, 13.99.
tic sample.14 l,6-Dicarbethoxy-4-methyl-l,4-dihydro-os-triazm-3(2if)-one

i, a +• i i t ,  • - j  "ii , , (12).—Treatment of 2.55 g (0.0084 mol) of 11 with 6.30 g (0.0242
Dehydration of the o-ammoamide 16 with phosphorus mol) of thallium(I) ethoxl̂  in benzene, as described above for

oxychloride in  pyridine gave 3-ethoxy-o-am inO ”6-cy&no- the conversion of 8 to 9, gave colorless crystals which were re-
as-triazine (21), w hich was cyclized w ith  guanidine to  crystallized from a mixture of chloroform and pentane to give
3- ethoxy-6,8-diaminopyrimido[4,5-e]-as-triazine (22).16 1.61 g (75%), mp 172-173°.
Su bsequ ent trea tm en t w ith  ethanolic am m onia a t  150° . Ana} -  H, 5.58; N, 16.34.

gave 3 ,6 ,8 -triam m op yrim id o[4 ,5-e]-as-tn azin e (23). «-(i,2-Dicarbethoxyhydrazino)carbethoxyacetamidine ( 1 4 ) . -
This compound is of particular interest because of the To a suspension of 12.48 g (0.075 mol) of carbethoxyacetamidine
known antifolic acid activity of 2,4-diaminopteridines hydrochloride (13)20 in 45 ml of anhydrous benzene was added,
and other condensed 2,4-diaminopyrimidine systems,16 111 one P°rtion, 13.08 g (0.075 mol) of diethyl azodicarboxylate,
and the diuretic activity of 2,4,7-triaminopteridines.17 m drr(p^i-se ?ddition "f 7M  g (° f 5 mo‘). of trietbyI-’ 1 amine m 10 ml of anhydrous benzene. The resulting reaction

mixture was stirred at room temperature for 3 hr, the triethyl- 
Experimental Section18 amine hydrochloride collected by filtration, and the filtrate con

centrated under reduced pressure. The residual syrup was chro-
l,6-Dicarbethoxy-5-methyl-l,4-dihydro-as-triazin-3(2//)-one matographed on 500 g of silica gel (Baker) with ethyl acetate-

(9).19—To a solution of 6.45 g (0.05 mol) of ethyl /3-aminocro- benzene (1:3). The combined eluents were evaporated under
tonate in 25 ml of anhydrous benzene was added, all at once, 8.70 reduced pressure and the residual gum recrystallized from ehloro-
g (0.05 mol) of diethyl azodicarboxylate. The reaction mixture form-pentane to give 13.40 g (59%) of a colorless product, mp
was stirred at room temperature for 2.5 hr and evaporated under 110-111°.
reduced pressure and the residual viscous oil dissolved in hot Anal. Calcd for CnH2CN40 6: C, 43.41; H, 6.63; N, 18.41. 
ethyl acetate. Cooling and scratching resulted in the crystalliza- Found: C, 43.61; H, 6.55; N, 18.26.
tion of a colorless solid which was recrystallized from ethanol. 3-Ethoxy-5-amino-6-carbethoxy-as-triazine (15).—To a solu- 
The intermediate ethyl a-(l,2-dicarbethoxyhydrazino)-^-amino- bon of 15.20 g (0.05 mol) of 14 in 125 ml of methylene chloride,
crotonate (8) thus obtained weighed 9.10 g (60%) and melted at cooled in an ice-salt bath to 0°, was added 14.10 g (0.11 mol) of
92-96°. Hunig’s base,12 followed by dropwise addition of 8.90 g (0.055

To a suspension of 3.03 g (0.01 mol) of 8 in 15 ml of anhydrous mol) of bromine in 25 ml of methylene chloride. Stirring was
ether was added a solution of 7.50 g (0.03 mol) of thallium(I) continued at 0° for 1 hr and the resulting solution then extracted
ethoxide11 in 25 ml of anhydrous benzene. The mixture was with three 150-ml portions of ice-water. The methylene chlo-
refluxed for 2 hr, cooled, and neutralized with 1.80 g (0.03 mol) ride was dried over anhydrous magnesium sulfate, concentrated
of glacial acetic acid. The thallium(I) acetate which separated under reduced pressure, and the residual syrup chromatographed
was collected by filtration and washed thoroughly with methylene on 350 g of silica gel (Baker) using ethyl acetate-chloroform
chloride, and the combined filtrate and washings were concen- (1:10). The combined eluents were concentrated under re-
trated under reduced pressure. The residual solid was recrystal- duced pressure and the residual solid recrystallized from benzene-
lized from benzene-pentane to give 2.55 g (99%), mp 166°. pentane to give 4.45 g (42%), mp 127-128°.

Anal. Calcd for CioH16N80 6: C, 46.69; H, 5.88; N, 16.34. Anal. Calcd for C8H12N40 3: C, 45.28; H, 5.70; N, 26.40. 
Found: C, 46.71; H, 5.84; N, 16.31. Found: C, 45.53; H, 5.44; N, 26.30.

5-Methyl-l,4-dihydro-as-triazin-3(2if)-one (10).19—A solution 3,5-Diamino-6-carbamoyl-as-triazine (6).—A solution of 0.20 
of 10.00 g (0.34 mol) of ethyl a-(l,2-dicarbethoxyhydrazino)-d- g of 15 in 10 ml of ethanol saturated with dry ammonia was
aminocrotonate (8) (see above) in 30 ml of 5 A  sodium hydroxide heated in a sealed tube at 150° (oil bath temperature) for 24 hr.
and 30 ml of ethanol was boiled (no reflux condenser) for ap- The reaction mixture was evaporated to dryness under reduced
proximately 2 hr, during which time most of the ethanol had pressure, the residue suspended in boiling water, and 1 N  hydro-
evaporated. The resulting aqueous solution was cooled to chloric acid added until complete solution resulted. The re-
room temperature, allowed to stand overnight, and then neutral- suiting solution was decolorized with Norite and the pH of the

w n i- j  „ filtrate then adjusted to neutrality with 5% ammonium hydrox-(lij; Li. Heimsch, W. Ozegowski, and M. Milhlstadt, Chem . B er ., 97. 5 ; r™____. . .  , - , . , ,. ,, , ,(1 9 6 4 ). ide. lh e  white solid which separated on cooling was collected
(14) F. Sowinski, Ph.D. Thesis, Princeton University, 1971. by fixation  to give 90 mg (62%), mp <350°. The product
(15) E. C. Taylor and A. McKiUop, “The Chemistry of Cyclic Enamino- was identical with an authentic sample of 3,5-diamino-6-carb-

nitriles and o-Aminonitriles,” Interscience, New York, N. Y., 1970. amoyl-as-triazine prepared independently.10
(16) (a) "Experimental Chemotherapy,” Vol. IV, Part I, R. J. Schnitzer 3-Ethoxy-5-amino-6-carbamoyl-a.s-triazine (16)/—A solution

and F. Hawking, Eds., Academic Press, New York, N. Y„ 1966; (b) L. F. of 2.50 g of 15 in 100 ml of anhydrous ethanol saturated with dry
Lanonov, Cancer Chemotherapy,” Pergamon Press, Oxford, 1965; (c) ammonia was stirred at room temperature for 24 hr. The reac-
fid|'iu.n01966 cer 8ents' Charles C Thomas Publi8her. sPri»e- tion mixture was concentrated under reduced pressure to ap-

(17) J. M. Sprague in “Topics in Medicinal Chemistry,” J. L. Rabinovitz Proximately 25 ml, cooled, and the white solid which separated
and R. M. Myerson, Eds., Vol. 2, Interscience, New York, N. Y„ 1968, p 1. collected by filtration, washed with ethanol, and recrystallized

(18) Melting points were determined on a Thomas-Hoover’apparatus from a9ue°US dimethylformamide to yield 1.83 g (85% ), mp
and are uncorrected. Uv spectra were determined on a Cary Model 11 228—229°.
instrument, and the nmr spectra on a Varian A-60. We are indebted for the -------------------
microanalyses to the EaronConsuiting Co., Orange, Conn. (20) S. M. McElvain and B. E. Tate, J .  A m er. Chem . S oc ., 73, 2760

(19) We are indebted to Dr. G. W. McClay for this preparation. (1951).
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Anal. Calcd for CeHsNsCh: C, 39.34; H, 4.95; N, 38.24. arated, .dried over anhydrous magnesium sulfate, and concen-
Found: C, 3E.46; H ,4 .97 ; N, 38.23. trated to a viscous oil under reduced pressure. Chromatography

3-Ethoxy-8(777)-pyrimido[4,5-e]-as-triazmone (17).—A sus- on 5 g of silica gel (Merck, 0.05-0.2 mm), using ethyl acetate as
pension of 0.50 g of 16 in 10 ml of diethoxymethyl acetate21 was the eluting solvent, yielded 25 mg (30%), mp 184-185° dec,
heated with st.rring for 4 hr in an oil bath maintained at 100°. identical in all respects with an authentic sample.14
The resulting red solution was evaporated to dryness under 3-Ethoxy-5-amino-6-cyano-as-triazine (21).— To a suspension
reduced pressure and the residue triturated with 20 ml of chloro- of 1.00 g of 3-ethoxy-5-amino-6-carbamoyl-as-triazine in 10 ml of 
form and filtered. Recrystallization of the resulting solid from anhydrous pyridine was added dropwise 2 ml of phosphorus 
isopropyl alcohol then gave 0.37 g (69%), mp 204-205° dec: oxychloride. The reaction mixture was warmed to 45-50°,
uv X ™  321, 251 (sh), 244, 221 nm («7700, 6500, 7300, 15,600); maintained at that temperature for 10 min, and then poured
nmr (DMSO-de-TMS) 5 8.34 (s, 1 H). slowly over 100 g of ice. The crude product was collected by

Anal. C alci for C7H7N5O2 : C, 43.52; 11 ,3 .65; N, 36.26. filtration and recrystallized from acetonitrile to give 0.45 g (50%),
Found: C, 43,27; H, 3.88; N, 36.07. mp 225° dec.

3-Ethoxy-6,8(577,777)-pyrimido[4,5-e]-as-triazinedione (18).— Anal. Calcd for C6H7N60: C, 43.63; H, 4.27; N, 42.41.
To a suspension of 0.40 g (2.16 mmol) of 16 in ethanolic sodium Found: C, 43.87; H, 4.41; N, 42.57.
ethoxide (prepared from 0.21 g of sodium and 15 ml of anhydrous 3-Ethoxy-6,8-diaminopyrimido[4,5-e]-as-triazine (22).— Guan-
ethanol) was added 1.05 g (8.80 mmol) of diethyl carbonate. idine hydrochloride (0.27 g, 2.82 mmol) was dissolved in ethanolic
The reaction m_xture was heated under reflux for 5 hr and cooled, sodium ethoxide (prepared from 0.065 g, 2.82 mmol, of sodium
and the precipitated solid collected by filtration and washed well and 20 ml of anhydrous ethanol), the precipitated sodium chlo-
with ethanol. I t  was then dissolved in 10 ml of water and the ride removed by filtration, and 0.30 g (1.87 mmol) of 21 added
resulting solution acidified with glacial acetic acid, cooled im- to the filtrate. The reaction mixture was stirred at room tem-
mediately, and filtered. The collected solid was recrystallized perature for 10 min and then heated under reflux for 20 min and
from ethanol to give 0.35 g (78%), mp 247-248°: uv X°!*s0H cooled, and the precipitated yellow solid was collected by fil-
310, 232 nm (e 12,000,12,100). tration and washed well with water followed by ethanol. Re-

Anal. Calcc. for CjHjNcOs: C, 40.19; H, 3.37; N, 33.48. crystallization from ethanolic dimethylformamide gave 0.29 g
Found: C, 40.45; H, 3.41; N, 33.75. (76%), mp >3C0°: uv X™fH 347, 325 (sh), 253 nm (<= 9700,

3,6 8(277,577777 )-Pyrimido [4,5-e] -as-triazinetrione (19).—A 7500,19,800).
suspension of 0,10 g of 18 in 2 ml of 2 N  hydrochloric acid was Anal. Calcd for C 7H 9N 7O : C, 40.57; H, 4.38; N, 47.32.
heated under reflux for 1 hr. Solution was initially achieved, but Found: C, 40.39; H, 4.33; N, 47.08.
as heating progressed a solid gradually precipitated from the 3,6,8-Triaminopyrimido[4,5-e]-as-triazine (23).—A suspension
hot solution. The reaction mixture was cooled and filtered, and of 0.15 g of 22 in 15 ml of anhydrous ethanol saturated with dry
the collected solid recrystallized from water to give 0.08 g (92%), ammonia was heated in a sealed tube for 24 hr at 150° (oil bath
mp >300°. temperature). The reaction mixture was then filtered and the

Anal. Calcc for CsIRNsOs: C, 33.16; H, 1.67; N, 38.67. collected yellow solid recrystallized from ethanolic dimethyl- 
Found: C, 33.04; H, 2.07; N, 38.46. formamide to give 0.11 g (85%), mp >300°.

The spectral data for this compound were essentially identical The compound was most satisfactorily analyzed as its ditosyl
with those previously reported: uv X“ ° 313 nm (e 5500) [lit.13 salt, prepared by addition of 150 mg of p-toluenesulfonic acid to a
306 nm (e 5600)1. suspension of 50 mg of the free base in 2 ml of boiling ethanol.

2,5,7-Trimethyl-3,6,8(277,577,777)-pyrimido[4,5-e]-as-triazine- The analytical sample of the ditosyl salt was prepared by re-
trione (2-Methylisofervenulone) (20).—To an ice-cooled sus- crystallization from methanol-ether, mp 278-279° dec: uv
pension of 50 mg (0.28 mmol) of 19 in 1 ml of anhydrous di- X™*0H 343, 257 nm (e 16,200, 28,400).
methylformamide was added 60 mg (1.25 mmol) of a 50% dis- Anal. Calcd for C19H22N8O6S2 : C, 43.66; H, 4.24; N,
persion of sodium hydride in mineral oil. The mixture was 21.45. Found: C, 43.66; H, 4.22; N, 21.62.
stirred at ice bath temperature for 30 min and then 310 mg (2.21 , w  *  1 r m  i o  «  o  o c t t i  a a  n  n

mmol) of methyl iodide added. The resulting mixture was Registry N 0. - 6, 1 5 0 1 - 4 8 - 0 ;  8, 2 6 1 5 4 - 4 4 - 9 ;  9,
heated under reflux for 30 min and evaporated under reduced 2 6 1 5 4 - 4 5 - 0 ;  10, 2 6 1 5 4 - 4 6 - 1 ;  11, 2 6 1 5 4 - 4 7 - 2 ;  12,
pressure, and he residual solid partitioned between 5 ml of 2 6 1 5 4 - 4 8 - 3 ;  14, 2 6 1 5 4 - 4 9 - 4 ;  15, 2 6 1 5 4 - 5 0 - 7 ;  16,
chloroform and 1 ml of water. The chloroform layer was sep- 2 6 1 5 4 - 5 1 - 8 ;  17, 2 6 1 5 4 - 5 2 - 9 ;  18, 2 6 1 5 4 - 5 3 - 0 ;  19, 2 6 1 5 4 -

-------------------- 5 4 - 1 ;  20, 2 6 1 5 4 - 5 5 - 2 ;  21, 2 6 1 5 4 - 5 6 - 3 ;  22, 2 6 1 5 4 - 5 7 - 4 ;

(21) N. W. Post and E. R. Erickson, J .  Org. C hem ., 2, 260 (1937). 23, 2 6 1 5 4 - 5 8 - 5 ;  2 3  (d itosy l), 2 6 1 5 4 - 5 9 - 6 .
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JV-Chlorosulfonyl-/3-laetams are converted into unsaturated nitriles (20-75%) with DM F and heat. Thus, the 
iV-chlorosulfonyl derivatives of the following 2-azetidinones, 4,4-dimethyl- (1), 4,4-diethyl- (3), 3-ethyl-4,4- 
dimethyl- (6), 3-methyl-l-azaspiro[3.5]nonan-2-one (9), 3,3,4,4-tetramethyl- (11), 4-feri-butyl- (13), 4-phenyl- 
(14), cis- (16), and ira«s-3-methyl-4-phenyl- (17), 4,4-dimethyl-3-methylene- (21), and 4,4-dimethyl-3-isopro- 
pylidene (25), on treatment with DMF, afforded, respectively, the following products: 3-methyl-2-butenenitrile 
(2), a 9 :1  mixture of 3-ethyl-2-pentenenitrile (4) and 3-ethyl-3-pentenenitrile (5), a 1:1 mixture of 2-ethyl-3- 
methyl-2-butenenitrile (7) and 2-ethyl-3-methylenebutanenitrile (8), 2-(l-eyclohexenyl)propanenitrile (10),
2.2.3- trimethyl-3-butenenitrile (12), irans-cinnamonitrile (15), a-methyl-cfs-cinnamonitrile (18), 4-chloro-
2.3- dimethyl-<rorjs-2-butenenitrile (23), and 3-cyano-2,4-dimethyl-l,3-pentadiene (26). Without DMF, the 
conversion proceeds thermally in low yields (<5% ). Replacement of the nucleophile DMF with DMSO as 
solvent-reactant afforded no nitriles. Working hypotheses for both the thermal and nucleophilic routes to 
unsaturated nitrile products are proposed.

The solvolytic conversion of -V-ch 1 orosu 1 fony 1-/3- (SchemeI). Conversely, 9 led exclusively to the/3,7 -un-
lactams to a ,/3-unsaturated nitriles using D M F has been saturated nitrile, 2-(l-cyclohexenyl)propanenitrile (10,
patented,3,4 while a similar transformation of A-chloro- 65% ). Intermediate between these extremes was the
sulfonylcarboxamides to nitriles with amides (DMF, conversion of 3 and 6 to mixtures of both a,/3- and fi,y-
formamide, dimethylacetamide, a-pyrrolidone, and N- unsaturated nitriles. Thus 3 led to a separable 9 :1
methylpyrrolidone) has been reported.6 Finally, treat- mixture (65-75% ) of 3-ethyl-2-pentenenitrile (4) and
ment of A-chlorosulfonylcarboxamides with equimolar 3-ethyl-3-pentenenitrile (5), while the trisubstituted (3-
amounts of tertiary amines (triethylamine, diisopropyl- lactam 6 was converted to a 1 :1  mixture (63% ) of 2-
ethylamine) also affords nitriles in good yields.6 This ethyl-3-methyl-2-butenenitrile (7) and 2-ethyl-3-meth-
latter technique is especially useful on acid-sensitive ylenebutanenitrile (8).
substrates. Mechanisms have been proposed for In the case of the tetraalkyl-substituted/3-lactam 11, 
the jV-chlorosulfonylcarboxamide —► nitrile transforma- the only olefinic nitrile product possible, 2,2,3-tri-
tions,6,6 but not for the A-chlorosulfonyl-/3-lactam —► methyl-3-butenenitrile (12), was isolated in 43%  yield,
a,/3-unsaturated nitrile conversions. Further, while Unexpectedly, this same /3,7 -unsaturated nitrile 12 was
the reaction of l-chlorosulfonyl-4-phenyl-2-azetidinone obtained in 20%  yield by treatment of the monosub-
(14) with DM F has been reported, the geometry of the stituted /3-lactam 13 with DMF.
product cinnamonitrile has not been established [it is As noted, the reaction between /3-lactam 14 and D M F  
trans (15)]. led only to the isolation of irans-cinnamonitrile( 15,23% );

It was the purpose of this research to enlarge the base further evidence for the lack of stereoselectivity in this
of information available on the /3-lactam-DMF reac- transformation may be adduced by the fact that both
tion in order to determine its scope and limitations, and cis- (16) and trans-fi-lactam (17) afforded only a-
therefrom, perhaps to elucidate possible mechanisms methyl-cfs-cinnamonitrile (18) in 20 and 25%  yields,
for this conversion of /3-lactams to unsaturated nitriles. respectively.
The TV-chlorosulfonyl derivatives of the following 2- The trans relation of vicinal protons in 15 was indi- 
azetidmones were chosen: 4,4-dimethyl- (1), 4,4- cated by the strong out-of-plane absorption at p 10.357a
diethyl- (3), 3-ethyl-4,4-dimethyl- (6), 3-methyl-l- in the ir and the magnitude of the coupling constant
azaspiro[3.5]nonan-2-one (9), 3,3,4,4-tetramethyl- (J  =  17 Hz) in the nmr. The a-styryl proton in 15
(11), 4-ierf-butyl- (13), 4-phenyl- (14), cis- (16) and (cis to C N ) appeared as a doublet at 5 7.20. In 18, the
iraws-3-methyl-4-phenyl- (17), cis- (19) and trans-3,4- analogous proton provided a more shielded signal at 5
diethyl- (20), 4,4-dimethyl-3-methylene- (21), and 4,4- 6.80 indicative of its trans relation to the nitrile group
dimethyl-3-isopropylidene (25) .  ̂ (and/or that it is cis to the methyl group) .7b

J ^ le Procedure consisted of dissolution of The reaction of cis- (19) and trans-fd-lactam (20) with 
the A'-chlorosulfonyb/S-lactam in 3 -4  mol equiv of DM F DM F led to an oil with no nitrile absorption, 
and stirring for 16-64 hr at 70-80°. After conventional Treatment of 21 with DM F under the usual condi- 
work-up, the product nitriles were distilled and identi- tions afforded 4-chloro-2,3-dimethyl-fmns-2-butene-
hed by comparison with authentic samples, synthesis, nitrile (23, 35% ), dehalogenation of which under hy-
and/or degradation and spectral analysis. drogen (5% Pd-C ) afforded the known8 and indepen

dently prepared 2,3-dimethyl-2-butenenitrile (24).
Results

Treatment of 1 with DM F afforded solely the a,/3- A(f (if64)MatterSt°Ck and Lohau3’ DAS 1'253’704, Farbwerke Hoechst 
conjugated product 3-methyl-2-butenenitrile (2, 30%) (5) g . Lohaus, Chem . B er ., 100, 2719 (1967).

. _  , (6) H. Vorbruggen, Tetrahedron Lett., 1631 (1968).
, J °_ 7 !hom corrfP °nd“ oe should be addressed. (7) (a) L. j. Bellamy, “The Infra-red Spectra of Complex Molecules,"

= c m  ATSnfieo ^ ro,hn8, SrliPPOried»i>y Pubhc Health ®ervlce grants identified Wiley, New York, N. Y„ 1958, p 45. (b) In methaerylonitrile, e .g ., the
as KOI A108063-01-03 from the National Institute of Allergy and Infectious protons cis and trans to the CN group appear at 5 5.82 and 5.73, respectively:

' / / / A  , , . Spectrum No. 97 in “NMR Spectra Catalog,” Vol. 1, Varian Associates,
,, ‘ 6 Reaaarch Assistant (1966-1968) on a grant' supported by Palo Alto, Calif., 1962; cf. also Spectra No. 64 (methvl acrylate) and No. 113
the NIH; taken entirely from the Ph.D. Thesis of C. Jalandoni, Fordham (methylmethacrylate).
University, New York, N Y„ 1969. (8) Fr. de Laet> B u ll C h im  BdgeS: 88j 168 (1929) ; C hem . A bstr., 23,

(3) R. Graf, DBP 1,218,448, Farbwerke Hoechst AG (1963). 4443 (1929).
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Scheme I
R2 R3

r  C----- C--R, R2 R3 R  R3
I ^  ) c = C(  and/or ) c = C(

cio2s/N — N )  Rl CN R‘ C W N
1, Ri = K2 =  CH3; R3 =  R 4 = H 2, Ri =  R 2 = CH3; R3 =  H 5, R 4 = R4 =  R s =  H; R 2 =  CH3; R 3 =

C2HE
3, Ri — R 2 =  C2HE; R 3 =  R 4 = H 4, R i = R 2 =  CiEU; R 3 = H 8, Ri =  R 2 = R 4 = H; R 3 =  CH3; R E =

C2H6
6, Ri — R 2 — CH3; R 3 =  C2HE; 7, Ri = R 2 = CH3; R 3 =  C2HE 10, Ri = R 4 = H; R 2R 3 =  -(C H 2)4- :

R 4 =  H R 6 = CH3
9, R iR 2 =  -(C H 2)5- ;  R 3 =  H; 15, Ri = R 3 =  H; R 2 =  CsHs 12, R , = R 2 = H; R 3 =  R 4 =  R 6 = CH3

R 4 = CHs
11, Ri — R 2 — R3 — R 4 = CH3 18, Ri = CeHsj R2 — H; R 3 — CH3
13, Ri =  C(CH3)3; R 2 = R 3 =  R 4 = 22, [Ri = R 2 =  H; R3 =  C(CHS)

H = C H 2]
14, Ri =  R 3 = R 4 =  E ;  R 2 =  CEHE 23, Ri = R3 =  CH3; R 2 = CH2C1
16, Ri =  R 4 = H; R2 =  C6H6; 24, Ri = R 2 = R 3 = CH3

R 3 = CH3
17, Ri =  R s =  H; R 2 = CeHB; 26, Ri = R 2 =  CH3; R 3 =

R 4 =  CH3 C(CH8)= C H 2
19, Ri = R 4 = H; R 2 = R 3 =  C2HE
20, Ri = R 3 =  H; R 2 = R 4 = C2HE
21, Ri = R 2 = CH3; R 3R 4 = = C H 2
25, Ri = R 2 =  CH3; R 3R4 —

= C (C H 3)2

Both 23 and 24 displayed infrared absorptions at 4 .50- be increased to 82% by the addition of the base pyr- 
4.51 (conj C = X )  and 6.08-6.10 g (C = C ). In the nmr, idine.6
the two frcms-methyl groups in 23 appeared as singlets Reaction Mechanism.—Working mechanistic hy- 
at 5 2.11 and 1.99 with an additional two proton singlet potheses for both the thermal and nucleophilic routes to 
at 5 4.23. The methyl protons in 24 appeared as unsaturated nitrile products are summarized in Scheme
singlets at 8 2.02 and 1.82 with intensity ratio 1 :2 , re- II. The former involves thermal /3-lactam cleavage to
spectively. Since protons cis to electronegative sub
stituents are more deshielded than their trans counter
parts, the downfield signals at 5 2.11 and 2.02 are attri- S c h e m e  II
buted to methyl protons cis to the nitrile group in 23
and 24, respectively. The unusual response of 21 to | | N I ''-o_C__
DM F prompted a similar study of the effect of this nu- — C----- C— P |
cleophile on similarly structured /3-lactam 25. The + | —* C-^-X) —*• P
only product obtained was the conjugated diene, 3- N-r^C III
cyano-2,4-dimethyl-l,3-pentadiene (26,43% ). CiOŜ  _ Cn___ SO. CF ^

Effect of Nucleophile, Temperature, and Solvent.— 2 „ SOF Cl
Treatment of /3-lactam 3 with DMSO, instead of DM F, A C
as solvent-reactant, led to an exothermic reaction with | |_SOj
rapid gaseous evolution. After stirring the reactants , , ’
for several hours at room temperature, extensive poly- __¿___ ¿   |
merization was evident; the mixture darkened and be- C\
came very viscous. The usual work-up afforded no N___ c  C=N
nitriles. /  \  p

When 3 and D M F were stirred at room temperature C1° 2S 0
for 18 hr, a 25%  yield of nitrile mixture 4 +  5 was ob- iDMF
tained. Treatment of 3 (70-80°) for the same period of *
time in such solvents as hexane, benzene, and aceto- | | | |
nitrile, but without DM F, also gave the nitrile mixture _ C -----C— — C—C— CF
but in yields of less than 5% . Thus two mechanisms L  | + I
seem operative, one thermal and the other requiring N—!—CF "  NT+O
the nucleophile DMF. 0 2S s '  0  ^

All reactions in this series were accompanied by ex- * + 2 ^C+ v'N(CH3)2
tensive polymerization, some of which was probably y3===N(CH3)2 p
caused by the acidic by-products generated (S 03, HC1) H
under the reaction conditions. With DM F, some of E
this acidity may be neutralized since it forms a stable 
complex with S 0 3.9 With varying ratios 4 -1 :1  of /3-
lactam 3 to DM F, the product mixture yields were in the 1,4-dipolar species (A) with its delocalized anionic
the 10-20%  range. When excess DM F was used (3-4 moiety. Isomerization of this primary dipole via the
molequiv), the yield of 4 +  5 rose to 71%  which could four-membered oxathiazete ring (B) to the nitrilium

zwitterion C followed by elimination of S 0 3 would lead 
(1g59) to carbomum ion D, the progenitor of unsaturated m-
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trile products.10 The cyclic mechanism E  —*■ F  pro- Scheme III
posed involves precedented nucleophilic attack of DM F CH3 H = c  CH
at the S site to give the iminium salt E ,6 followed by col- C6H5v \ y > /,H J
lapse of the /3-lactam moiety to carbonium ion F. Loss of W J  * \Ty
S 0 3 and regeneration of DM F would lead to carbonium J\
ion D. To account for the observed lack of stereoselec- / C~~N\ H
tivity, /3-lactam cleavage by both pathways to nitrilic 0  S02C1
carbonium ion D and its deprotonation to unsaturated 16 \
nitriles must occur in step-wise fashion, albeit interme- 18
diate steps A - » - B - » - C - * - D - « - F - « - E  may be syn- S
chronous.

The formation of nitrile 2 and the predominance of 4, H H H
from /3-lactams 1 and 3, respectively, suggests that when C6H5v \ _ A C H 3

the conjugated nitrile is also the more substituted olefin, T V j  —*-
the preferred deprotonation of D is that which leads pre- Vy
dominantly to a,/3-unsaturated nitriles. The formation C—N =C 3
of 10 is in accord with the generalization that in sim- <y S 0 2C1
pie hydrocarbons containing six-membered rings, endo- 17
cyclic are far more stable than exocvclic double bonds.11
A discernible pattern in the formation of equal amounts Scheme IV
of nitrile products 7 and 8 from 7 is not evident. The
formation of 8  is statistically favored over 7; perhaps 13 ^=±: (CH3)3CCHCH2C 0N S02C1 
the relatively high acidity of the methine proton in 6 + rp w ,rH  ™  ro rn o  n  — -
serves as an effective driving force in the deprotonation 1 3 + 3 2 2
of D to the conjugated nitrile 7.mi . ,  . CSI DMF

the conversion of 21 to 23 presumably occurs via 1,4 (CH3)2C=C(CH 3)2 ll — >  12
addition of liberated HC1 to intermediate 2-cyano-3- 27
methyl-1 ,3-butadiene (22) which in turn would be a de
protonation product of D. This view of a dienic inter- ethylene (27), to /3-laetam 11 followed by conversion to
mediate is supported by the actual isolation of the con- nitrile 12. This rearrangement is reminiscent of the
jugated diene product 26 from 25. Since the allylic, CSI-catalyzed rearrangement (slow) of 1,1,2,2-tetra-
geminal methyl groups (Ri and R 2 in 26) apparently methylcyclopropane to 2,3,3-trimethyl-l-butene fol-
protect this double bond from further reaction, the re- lowed by more rapid CSI addition to the formed olefin.12
suits suggest that 1,4 addition of HC1 to 22 (and its fail
ure to do so in 26) is initiated by protonation at the .
methylene carbon geminal to the nitrile function. Experimental Section

The formation of 18 from both 16 and 17 can be ac- Reaction of /3-Lactams with DMF.—The general procedure 
counted for by deprotonation after the carbonium ion was 35 follows. The /3-lactam was stirred at 70-80° with 3-4
has assumed the most stable conformation; i.e., the mo1 eC|Ulv of DMP for 16-64 hr- The dark> viscous mixture

_„ t, „ t j  i j, ,, , was poured onto 50 ml of cold water and extracted continuously
bulkier phenyl and m eth y l groups m ove fa rth est aw ay w i t h P2 5 0  ml of pentane for 1 2  hr. The pentane extract was dried
rrom each, other as the a bond of the proton to be elimi- (MgSO*), filtered, and evaporated. Distillation of the residue
nated aligns trans to the vacant p orbital (Scheme III). in vacuo afforded the nitrile product. Any variations in isolation
If /3-lactam cleavage and the deprotonation steps were procedure are no ted under the appropriate /3-lactam,
synchronous, only 17 would lead to 18. l-CMorosulfonyl-4 4-dimethyl-2 -aZetidinone (1) (19 1 g, 0.10

rp, . i ... i  ., ., , . mol) gave 2.4 g (30%) of 3-methyl-2-butenemtnle (2). Vpc
The identity of nitrile product (12) resulting from 11 indicated the presence of a minor component as a shoulder on

and 13 can be rationalized by a series of equilibria the main peak, presumably the /3 ,7 -unsaturated nitrile. Nitrile
(Scheme IV) in which /3-lactam 13 ffi-gt rearranges, via 2 was obtained as colorless liquid: bp 39-41° (15.5 mm) [lit. 16

the thermodynamically more stable olefin, tetramethyl- bP 141-142° (762 mm)]; ir (neat) 4.50 (conj C = N ) and 6.10 n
’ J  (C = C ); nmr (neat) 6 1.88 (d, 3, J  =  1.5 Hz, CH3 trans to

(10) R. Graf's original mechanism for chlorosulfonyl isocyanate (CSI) — N ), 1.98 (s, 3, OH: cis to C— N ), and 5.08 (q, 1, J  — 1.5
preparation [B e r ., 89, 107 (1956)] has been discussed in the framework of Hz, = C H ).
1,4-dipolar cycloadditions by R. Huisgen [Z. Chem ., 8, 290 (1968)], who -------------------
suggests the following. (12) E. J. Moriconi, J. F. Kelly, and R. A. Salomone, ib id ., 83, 3448

+ (1968).
C1C=N +  SO3 — ► C1C=N— SO »  *■ (13) Boiling points are unccrrected. Melting points were determined on a

\  Mel-Temp apparatus and are uncorrected. Microanalyses were performed
0 -  by the Schwarzkopf Microanalytical Laboratory, Woodside, N. Y. The

j infrared spectra were recorded on a Perkin-Elmer 337 spectrophotometer.
Nmr spectra were obtained on a Varian Associates A-60 spectrometer using 

Cl TMS as an internal standard. Gas chromatograms were run on a Perkin-
\  Elmer 880 instrument with a flame ionization detector and using a column

c —N ----► C=N ---CSI packed with 10% SE-30 on Chromosorb W. Preparative vpc was accom-
I I /  \  plished on a Perkin-Elmer F 21 using a column packed with 18% QF-1 on

Q gQ2 q g 0 2 Chromosorb W operating at temperature 125-135°. CSI was obtained from
American Hoechst Corp. Fisher Scientific Corp. DMF was used without 

II III further purification. 0-lactams 3, 6, 9, 11, 14, 16, 17, 19, 20, 21, and 26
were available from previous researches.14’15

In this case, the primary 1,4 dipole is the nitrilium zwitterion (I) which (14) (a) E. J. Moriconi and J. F. Kelly, J .  A m er. C hem . S o c 38, 3657
proceeds to a new 1,4 dipole (III) v ia  four-membered ring II. Our oxygen (1966); (b) E. J. Moriconi and J. F. Kelly, J .  Org. Ch em ., 33, 3036 (1968). 
transfer step B —* C is the reversal of II -*■ III. (15) R. Graf, Ju stu s  L iebig s  A nn. C hem ., 661, 111 (1963).

(11) H. C. Brown, J. H. Brewster, and H. Shecter, J .  A m er. Chem . Soc., (16) B. V. Ioffe and D. D. Tsitovich, D okl. A kad . N au k  S S S R , 156, 1348
76, 467 (1954); H. C. Brown, J . Org. C hem ., 22, 439 (1957). (1964); Chem . A bstr., 61, 1849 (1964).
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Anal. Calcd for C6H7N: C, 74.03; H, 8.70; N, 17.27. (760 mm)]; ir (neat) 4.47 M (Ce=N); nmr (neat) S 1.00 [d, 6,
Found: C, 73.84; H, 8.79; N, 16.92. J  =  6.5 Hz, CH(CH3)2], 1.2a [s , 6, C(CH3),CN], and 1.65 (m,

l-Chlorosulfonyl-4,4-diethyl-2-azetidinone (3)16 (15.1 g, 0.07 1, CH).
mol) gave 5.2 g (71%) of 3-ethyl-2-pentenenitrile (4) and 3-ethyl- l-Chlorosulfonyl-4-i-butyl-2-azetidinone (13 )16 (25.8 g, 0.11
3-pentenenitrile (5) as colorless liquids in a 9:1 ratio by vpc: mol) also gave 2.49 g (20%) of 12, identical in every respect with
bp (of mixture) 68-69° (14.5 mm) [lit.17 bp (of 4) 66° (18 mm), that obtained from 11.
lit.18 bp (of 5) 105-104° (72 mm)] ;18 ir (neat) 4.46 (CfeN), 4.51 l-Chlorosulfonyl-4-phenyl-2-azetidinone (14)16 (12.2 g, 0.05
(conj CfeN), and 6.13 ¿i (C = C ); nmr (neat) S 1.02 (m, 9, CH3), mol) gave 1.48 g (23%) of frans-cinnamonitrile (15): bp 94-95°
1.60 (d, 3, / = 7 Hz, =CH CH 3), 2.18 (m, 6, CH2CH3), 3.05 (2 mm); ir (neat) 4.51 (C = N ), 6.15 (C = C ), and 10.35 n (Irans
(broad s, 2, CH2CN), 5.07 (s, 1, =CH CN ), and 5.41 (q, 1, -C H = C H -); nmr (CC14) S 5.74 (d, 1, J  = 17 Hz, =CH CN ),
J  = 7 Hz, =CH CH 3). 7.20 (d, 1, / = 17 Hz, = C H C 3H6), and 7.30 (s, 5, C6H6).

Anal. Calcd for C,HnN: C, 77.01; H, 10.16; N, 12.83. Anal. Calcd for C9H7N: C, 83.69; H, 5.46; N, 10.85.
Found: C, 76.86; H, 10.04; N, 13.02. Found: C, 83.97; H, 5.34; N, 10.76.

The isomeric mixture was separated by preparative gas chro- cfs-3-Methyl-4-phenyl-2-azetidinone (16)llb (13 g, 0.05 mol)
matography to yield 4 [ir strong bands at 4.52 (conj C ^ N ) and 8 ml (0.10 mol) of DMF in 25 ml of benzene were refluxed for
and 6.06 n (C =C )] and 5 [ir 4.46 (strong 0 = N ) and 5.99 n 3 days. The dark viscous mixture was added to cold -water and
(weak C = C )]. Recovery from preparative vpc was so poor stirred until the benzene layer separated. The benzene moiety
that samples available were insufficient for individual nmr analy- was washed twice with water, decolorized (Norit), dried (M gS04),
sis. filtered, and evaporated in vacuo. Distillation at 90-92° (1

When 5.3 g (0.07 mol) of pyridine was added dropwise to a mm) afforded 1.4 g (20%) o: a-methyl-cis-cinnamonitrile (18): 
stirred mixture of 15.1 g (0.07 mol) of 3 and 10.0 g (0.13 mol) of lit.23 bp 120° (14 mm); ir (neat) 4.51 (Ce=N) and 6.15 m (C = C );
DM F at 60° for 24 hr, the yield of nitrile product mixture (4 nmr (CC14) 5 2.06 (s, 3, CH3), 6.80 (broad s, 1, = C H ), 7.30 (m,
+  5) rose to 6.0 g (82%), bp 69-71° (15 mm). 3, meta- and para-aromatic E ) , and 7.60 (m, 2, ort/io-aromatic

Finally, careful addition of 15.6 g (0.21 mol) of DMSO to 15.1 H). The analytical sample was prepared by preparative vpc.
g (0.07 mol) of 3 led to an exothermic reaction accompanied by Anal. Calcd for C10H9N: C, 83.88; H, 6.34; N, 9.78.
rapid gaseous evolution. After several hours, the dark brown Found: C, 83.57; H, 6.43; N, 9.65.
viscous product displayed no CN band in the infrared. Similarly, 6.5 g (0.02 mol) of irans-3-methyl-4-phenyl-2-azeti-

l-Chlorosulfonyl-3-ethyl-4,4-dimethyl-2-azetidinone (6)14b dinone14b (17), 4 ml (0.05 mol) of D M F, and 15 ml of benzene,
(10.0 g, 0.04 mcl) gave 3.0 g (63%) of 2-ethyl-3-metkyl-2-butene- after refluxing for 2 days, gave 0.86 g (25%) of 18, bp 88-90°
nitrile (7) and 2-ethyl-3-methylenebutanenitrile (8) as colorless (1 mm). The ir and nmr spectra of 18 obtained from 16 and
liquids in a 1:1 ratio by vpc, bp (of mixture) 61-62° (14.5 mm). 17 were superimposable.

Anal. Calcd for C7H„N: C, 77.01; H, 10.16; N, 12.83. cis- (19) and Irans-l-Chlorosulfonyl-3,4-diethyl-2-azetidinone 
Found: C, 77.01; H, 10.21; N, 12.71. (20)14b (2.2 g, 0 01 mol), each dissolved in 20 ml of benzene,

Preparative vpc afforded pure 7: ir (neat) 4.53 (conj C = N ) were heated at 80° for 4 days with 5 ml of D M F. After extrac-
and 6.10 m (C = C ); nmr (neat) 3 1.08 (t, 3, J  = 7 Hz, CH2CH3), tion of DM F with H20 , the organic layer was dried (M gS04) and
1.83 (s, 3, CH3 trans to CeeeN), 2.03 (s, 3, CH3 cis to C = N ), filtered, and the benzene was removed by distillation in vacuo.
and 2.21 (q, 2, J  = 7 Hz, CH2CHS). The residual oil showed no nitrde absorption in the ir.

Isomer 8 with the shorter retention time could not be com- l-Chlorosulfonyl-3-methylene-4,4-dimethyl-2-azetidinone (21 )14
pletely separated from 7. Its spectral data was inferred from (21.0 g, 0.10 mol) gave 4.5 g (35%) of 4-chloro-2,3-dimethyl-
that of the product mixture: ir (neat) 4.47 (C =N ) and 6.04 n fraras-2-butenenitrile (23): bp 99.5-101° (13.5 mm); ir (neat)
(C = C ); nmr (neat) 3 1.07 (t, 3, / = 7 Hz, CH3CH3), 1.81 4.51 (C =N ) and 6.10 p (C = C ); nmr (neat) 3 1.99 [s,
(s, 3, =C C H 3), 2.20 (q, 2, / = 7 Hz, CH2CH3), 3.22 (t, 1, J  3, = C (C H 3)CN], 2.11 [s, 3, = C (C H 3)CH2C1], and 4.23 (s,
= 7 Hz, CHCN), 4.97 and 5.04 (two singlets each with fine split- 2, CH2).
ing, 2, = C H 2). Anal. Calcd for C6H8NC1: C, 55.60; H, 6.22; N, 10.82;

l-Chlorosulfonyl-3-methyl-l-azaspiro[3.5]nonan-2-one (9)14b mol wt, 129. Found: C, 55.81; H, 6.31; N, 10.82; mol wt,
(6.0 g, 0.02 mol) gave 2.1 g (65%) of 2-(l-cyclohexenyl)propane- 131.
nitrile (10): bp 98-99° (12 mm) [lit.19 bp 113° (13 mm)]; ir Catalytic hydrogenation of 23 (1.02 g, 0.008 mol) in 30 ml of 
(neat) 4.47 M (C = N ); nmr (CC14) 5 1.35 (d, 3, / = 7 Hz, CH3), absolute ethanol over 5% Pd-C at 32 psi hydrogen pressure
1.63 (m, 4, C-4,5 protons of cyclohexene moiety), 2.03 (m, 4, ultimately afforded 2,3-dimethyl-2-butenenitrile (24): bp 48-49°
C-3,6 allylic protons), 3.15 (q, 1, J  = 7 Hz, CH), and 5.75 (14 mm) [lit.8 bp. 157° (766 mm)]; ir (neat) 4.50 (C = N ), 6.08
(broac singlet with fine splitting, 1, = C H ). M (C = C ); nmr (neat) 5 1.82 (s, 6, cfs-CH3 groups) and 2.02

Anal. Calcd for C9H13N: C, 79.75; H, 9.69; N, 10.36. (s, 3, CH3 cis to CN).
Found: C, 79.76; H, 9.62; N, 10.38. Anal. Calcd for C6Id9N: C, 75.74; H, 9.54; N, 14.71.

A repetition of Rajzman’s procedure20 for the preparation of Found: C, 75.81; H, 9.73; N, 14.68.
10 in three steps from cyclohexanone and ethyl cyanoacetate The considerable discrepancy between our boiling point for 24
led to a product, bp 114° (19 mm), whose nmr [(CC14) 5 1.62 and the extrapolated literature value8 led us to repeat the prepara- 
(s, 6, CH2), 1.85 (s, 3, CH3), and 2.37 (m, 4, CH2)] clearly indi- tion of 24 from 3-methyl-2-butanone. A solution of 65 g (1.0
cate it to be the a ,0  isomer, 2-cyclohexylidinepropanenitrile. mol) of KCN in 125 ml of water was added slowly to a cooled

l-Chlorosulfonyl-3,3,4,4-tetramethyl-2-azetidinone ( l l ) 14b (ice bath) mixture of 102 g (1.1 mol) of acetic anhydride and 43 g
(11.3 g, 0.05 mol) gave 2.3 g (43%) of 2,2,3-trimetkyl-3-butene- (0.5 mol) of 3-methyl-2-butanone. Stirring was continued for
nitrile (12) as a yellow oil: bp 48.5—49° (14.5 mm) [lit.21 bp 16 hr at room temperature after which saturated Na2C 03 solu-
51.3- 51.5° (19 mm)]; ir (neat) 4.46 (CeeeN) and 6.04 M (C = C ); tion was added until the mixture was alkaline to litmus. The
nmr (neat) 6 1.42 [s, 6, C(CH5)2] , 1.83 (s, 3, CH3), 4.92 (broad whole was extracted with three 100-ml portions of benzene. The
s, 1, vinyl H), and 5.10 (s, 1, vinyl H). combined extracts were washed with 30% aqueous NaH S03

Anal. Calcd for C7H„N: C, 77.01; H, 10.16; N, 12.83. and dried (M gS04), and the oenzene was removed in vacuo (15
Found: C, 77.00; II , 10.44; N, 12.76. mm). The residual oil was distilled at 89-91° (11 mm) to yield

Hydrogenation of 12 (2.6 g, 0.024 mol) in 50 ml of ethanol at 33.9 g (60%) of the cyanohydrin.
39 psi over 5% Pd-C for 4 hr ultimately afforded 2.0 g (77%) of A solution of 15.6 g (0.14 mol) of this cyanohydrin in 100 ml of
2.2.3- trimethylbutanenitrile: bp 46-47° (15 mm) [lit.22 bp 152° dry benzene was refluxed for 12 hr with 10 g of P20 6. The liquid

was decanted from the solid material and the solvent distilled. 
Fractionation at 49-50° (14 mm) gave 10.5 g (79%) of a colorless 
liquid identical with 24.

l-Chlorosulfonyl-4,4-dimethyl-3-isopropylidine-2-azetidinone14
(17) P. Rouiller, D. Gagnaire, and J. Dreux, B u ll. Soc. Chim . F r ., 689 (25) (7.0 g, 0.03 mol) gave 1.6 g (43%) of 3-cyano-2,4-dimethyl-

(1966).
(18) D. E. Whyte and A. C. Cope, J .  A m er. Chem . S oc ., 65,1999 (1943).
(19) A. Kandiah and R. P. Linstead, J .  Chem . S oc ., 2139 (1929). ■-------------------
(20) P. Rajzman, B u ll. S oc . C him . F r ., 754 (1948).
(21) J. P. Fleury and A. Bader, ib id ., 951 (1965).
(22) C. R. Harris and W. W. De Atley, U. S. Patent 2,455,995 (1948); (23) P. Pfeiffer, I. Engelhardt, and W. Alfuss, Ju stu s  L ieb ig s  A nn . C hem .,

Chem . A bsir., 43, 3439h (1949). 467, 158 (1928).
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CH2 protons), 2.07 (s, 3, b protons), 4.87 (broad s, 1, vinyl proton),
| ' and 5.17 (m, 1, vinyl proton).
q -CH3 a Anal. Calcd for CSHUN: C, 79.29; H, 9.15; N, 11.56.

a CH3 C = C  Found: 0 ,7 9 .3 3 ; H ,9 .61; N, 11.34.
CN X CH3 b Registry No.—2,4786-24-7; 4,5631-82-3; 5 ,26157-

26 47-1; 7,26157-48-2; 8,26154-39-2; 10,26157-49-3; 12,
4786-26-9; 15, 1885-38-7; 18, 26157-51-7; 23, 26157- 

1,3-pentadiene (26): bp 71-74° (14.5 mm); ir (neat) 4.52 52-8; 24,4786-37-2; 26,26154-42-7; 2,2,3-trimethyl-
(C = N ), 6.08 and 6.14 y. (C = C ); nmr (neat) S 1.89 (split s, 6, a butanenitrile, 26154-43-8.
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Some dinucleoside phosphate and trinucleoside diphosphate analogs that possess internucleotide phosphor
amidate bonds [-0P(0)N H -] are described. These compounds are stable in neutral and alkaline solution, but 
they hydrolyze in acidic solutions and in solutions containing snake venom phosphodiesterase or spleen phos
phodiesterase. A possible role for substances of this type in the synthesis of defined polynucleotides is suggested.

We describe in this paper the synthesis and some models to explore the accessibility and stability of
chemical properties of the oligonucleotide analogs polymers containing nucleoside units joined by O -P-N
thymidylyl-(3'-5')-5'-amino-5,-deoxythymidine(TpNT, bonds. Our interest in this class of compounds was 
compound I), thymidylyl-(3'-5')-5'-amino-5'-deoxy- stimulated by the prospect that the stepwise chemical
thymidylyl- (3 '-5 ')-5'-amino-5 '-deoxythymidine (TpN- synthesis of such analogs might be more readily achieved
TpNT, compound II), and 5 '-amino-5'-deoxythymi- than the synthesis of the natural polynucleotides and
dylyl-(3'-5')-5'-am ino-5'-deoxythym idine (NTpNT, that the phosphoramidate analogs might serve as
compound III). These compounds were prepared as templates for enzymatic synthesis of defined poly

nucleotides from the nucleoside triphosphates and the 
HO—| T*1 polymerase enzymes.

The general synthetic approach was patterned after 
j ^  , the phosphotriester method for oligonucleotides3 as
O modified by Reese and Saffhill.4 Thymidine was first

__I _ protected by reaction with isobutyl chloroformate, a
p 0 reagent that reacts selectively at the 5' oxygen.6

HN—| Th Treatment of the resulting ester, 5'-0-isobutyloxy-
jnJ carbonylthymidine, with phenyl phosphorodichloridate

and pyridine in dioxane, followed by 5'-amino-5'- 
qH deoxythymidine6 and triethylamine in dioxane, afforded

I the protected derivative, compound IV. This phos-
HO XL Th phoramidate was isolated in 83% yield by chroma-

tography on silica gel. In agreement with expectations, 
the condensation of the phosphoryl monochloride with 

r H2N—| Th the amino group of 5 '-amino-5'-deoxythymidine pro-
I ceeded rapidly, being complete in less than 30 min.

0 = P — O-  j-------^  This feature is advantageous since it would facilitate
I 0  Th O ^he synthesis of a long chain poly(aminodeoxy nucleo-

HN \ i  |  ̂ tide), both by reducing the time (relative to the time
0 = P  0  for synthesizing a natural polynucleotide via phosphoryl

j hi!j (L Th chlorides) and by eliminating the necessity for blocking
O the oxygen function at the 3 ' position of the nucleosides.

Q_jj,__One of the major questions concerning the utility of
| ! polynucleotide phosphoramidate analogs pertained to

HN—| Th jjj the stability of the internucleoside links. Simple
phosphoramidates are known to be relatively labile; 
they hydrolyze readily in aqueous acid7 and are suffi- 

OHTT (3) R. L. Letsinger and K. K. Ogilvie, J .  A m er. Chem . S oc ., 91 , 3350
____________  H ! (1969); 8 9 ,4801 (1967).

ill Port t o  i W C. B. Reese and R. Saffhill, Chem. Com m un., 767 (1968).
Le L e r  K K (LTv Z  p "s  mu? XV’ 8ee R' (5) K. K. Ogilvie and R. L. Letsinger, J .  Org. C hem ., 32, 2365 (1967).
(1969) This f  V ’ S; ^ lUer’ J - i m er- C hem ■ Soc-  91- 3360 (6) J- P. Horwitz, A. J. Tonson, J. A. Urbanski, and J. Chua, ib id .,  27,
( ybv). I his research was supported m part by a research grant (GM 3045 (1962).

S L o « “  °£ General Medical Seiences' 0f the National In- W  <a> T- c - Bruice S. J. Benkovic, "Bioorganic Mechanisms,” Vol.
12) „J ,• P J . II, W. A. Benjamin, New York, N. Y .r 1966, p 71; (b) A. W. Garrison and
(2) National Science Foundation Predoctoral Fellow, 1968-present. C. E. Boozer, J .  A m er. Chem. S ee ., 90, 3486 (1968).
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ciently reactive toward nucleoside phosphates and activity of polynucleotide phosphoramidate analogs is
pyrophosphate8 to serve as reagents for preparation of the observation that I is stable in aqueous solutions
dinucleoside pyrophosphates and nucleoside triphos- containing phosphate (0.5 M  at pH 8.6) or a nucleoside
phates. Jastorff and Hettler9 recently synthesized an triphosphate (no reaction found over a period of 9 days
N-phosphorylated 5 '-amino-5'-deoxy nucleoside and for 10-2 M  TpNT in the presence of 2 X  10-2 M  adeno-
found that it hydrolyzed readily in neutral aqueous sine triphosphate in 0.1 M  Tris-HCl buffer at pH 8).
solution. Fortunately, the internucleoside phosphor- Successive treatment cf compound IV with phenyl 
amidate link in IV proved to be relatively stable. phosphorodichloridate and 5 '-amino-5'-deoxythymidine
Thus we found that IV was unchanged for extended afforded the protected trinucleotide analog, compound
periods (48 hr) in anhydrous pyridine and in a mixture V. Like IV, this compound was relatively stable in
of 4 parts of pyridine and 1 part of acetic acid at room neutral and in weakly alkaline solutions. On treatment
temperature. Furthermore, there was no evidence of with strong alkali (0.1 M  sodium hydroxide in 50%
decomposition when IV was chromatographed on silica aqueous dioxane), it was smoothly converted to II
gel with ethyl acetate. without any cleavage of P -N  bonds.

Both I and II were completely hydrolyzed when 
9 heated at steam bath temperature in 80%  aqueous

__O c  O  Th acetic acid for 20 min. Compound I gave equimolar
—/  \ |  amounts of thymidine 3'-phosphate (Tp) and 5'-amino-

'  ^  5'-deoxythymiiine (nT), as determined by the ab-
ly sorbance of material eluted from paper chromatograms.
| Compound II similarly afforded equimolar amounts of

C6H50 — P = 0  Tp, nT, and 5 '-amino-5'-deoxythymidine 3 '-phosphate
HN XL Th (nT p ).
H N X y'  Of especial interest are the hydrolyses effected by the

\  X  exonucleases, snake venom phosphodiesterase and spleen
j phosphodiesterase. Whereas a P - 0  bond in the se-
OH quence O-P-O  is broken in a reaction of a natural

substrate, P - 0  or P -N  in the sequence O -P-N  must be 
9 broken if I or II is hydrolyzed. Both enzymes in fact

0 __I __q .(). Th attacked the phosphoramidates, though at a reduced
/  rate relative to attack on TpT or TpTpT. Snake
\ \ ____ venom phosphodiesterase degraded both I and II

I completely, yielding T and nT  (1 :1  ratio for I ; 1 :2  ratio
| for II). Formation of aminodeoxythymidine in these

C6H50 — P = 0  reactions may be rationalized on the basis that 5'-
| q rp̂  amino-5'-deoxythymidine 5'-phosphate, the expected

HN ] /  I product, hydrolyzes spontaneously in water to ortho-
X  X  phosphate and aminodeoxythymidine.9 Spleen phos-

r  phodiesterase, which attacks an oligonucleotide from the
O 5' terminus, converted I to Tp and nT  (P -N  cleavage).

p. H q _p _Q  In the case of II, the first nucleotide unit was removed
6 0 | from the 5' end; however, the reaction then slowed

HN—| Th down markedly. At the end of 18 hr (compare with I,
k '  which was completely degraded within 12 hr) the

j------products were Tp, nT p , nT, and a fourth substance
OH which exhibited properties expected for nTpnT. This

Y result indicates that a terminal 5 '-amino group inhibits
the action of spleen phosphodiesterase.

On alkaline hydrolysis, the isobutyloxycarbonyl and To test the conclusion that a 5'-amino group in the 
phenoxy groups were cleanly removed from IV to give nucleotide substrate inhibits the action of spleen 
I. This substance did not degrade further when phosphodiesterase, we prepared 5 '-amino-5'-deoxy- 
heated with 0.5 M  aqueous sodium hydroxide at 98° for thymidylyl-(3'-5')-5'-amino-5'-deoxythymidine (III).
1 hr. Compound I was also stable in 50% aqueous This compound was made from 5 '-V-isobutyloxycar-
pyridine (64 hr) and in concentrated ammonium bonyl-5'-amino-5'-deoxythymidine by the procedure
hydroxide (84 hr) at room temperature; however, it used to prepare I from 5'-0-isobutyloxycarbonylthy-
exhibited some degradation when heated with 50% midine. In agreement with expectations based on the
aqueous pyridine at 100° for 25 min. That this latter behavior of II, compound III was completely hydro
reaction involves nucleophilic attack by pyridine rather lyzed to 5'-amino-5'-deoxythymidine by an aqueous
than a base-catalyzed reaction is suggested by the solution of snake venom phosphodiesterase, and the
observation that I is stable when heated with 50% reaction with spleen phosphodiesterase was slow,
aqueous 2,6-lutidine under the same conditions.10 w ith the spleen enzyme, 13% of the sample of III
Especially important for the projected study of template remained at the end of 18 hr; otherwise the hydrolysis

1 proceeded normally, yielding equivalent amounts of
(8) j . g . Moffatt and h . g . Khorana, j . A m er. Chem. S oc.. 83,649 (1961). 5 '-amino-5'-deoxvthvmidme 3'-phosphate and 5'-ami-
(9) B. Jastorff and H. Hettler, Tetrahedron Lett., 2543 (1969). . , . .
(10) Compare ref 7a, p 78. n o -5 '-d e o x y th y m id in e .
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These synthetic and degradative experiments demon- droxide in 50% aqueous dioxane and kept at room temperature
strate that the phosphoramidate analogs of oligothy- for q hr. The solution was then neutralized with a minimum of
midylates can be made and that they are stable in pyridinium Dowex 50 resin, filtered to remove the resin (which
aqueous neutral and alkaline solutions. Work is now was then washed with water), concentrated to 1 0  ml (<25°),
in progress to synthesize long-chain oligonucleotide J luted to mJ. wat®r’ ooncentrated again to remove 

, , , , , , ,  , , , dioxane, and applied to a DEAE-cellulose column (3 X 34 cm)
analogs to test the template activity of such compounds. in the bicarbonate form. The column was eluted with 2 1. of a

linear gradient solution ranging from 10 “ 3 M  ammonium biear- 
Tp . , . Q bonate (in 10% aqueous ethanol adjusted to pH 8  with am-

x p en m en ta l o ectio n  monium hydroxide) to 10 _ 1 M  ammonium bicarbonate (also in
Infrared spectra were recorded on a Beckman IR-5 spectro- 10% aqueous ethanol, pH 8 ). Fractions of 13 ml were collected

photometer and ultraviolet spectra were recorded on a Cary 11 ^ e  rate of 80 ml/hr. Two uv absorbing bands were eluted,
spectrophotometer. Melting points were determined with a (frach °n_s 8-26) contained unhydrolyzed phenyl ester,
Kofler hot-stage microscope apparatus and are uncorrected. ^ e. second (fractions 39-58) contained the desired T pnT  (I).
Elemental analyses were made by Micro-Tech Laboratories, This material was obtained as the ammonium salt by concentrat-
Skokie 111. ing the solution under reduced pressure, lyophilizing, redissolv-

Reagent grade pyridine was distilled from p-toluenesulfonyl inS the solid in water, and lyophilizing again to remove residual
chloride, redistilled from calcium hydride, and stored over Linde ammonium bicarbonate:  ̂ weight 55 mg (70% ); mp 205-208
4-A molecular sieves. Reagent grade 1,4-dioxane was distilled ^ec; (WO) 267 nm ;e 1.9 X 104). I t  was homogeneous on 
from lithium aluminum hydride and stored over molecular sieves. chromatography in solvent A (Rt 0.28), C (Rt 0.55), F  (Rt 
Triethylamine was distilled from p-toluenesulfonyl chloride, re- 0.67), and on electrophoresis (Rm 0.33 relative to pT). 
distilled from calcium hydride, and stored over barium oxide. Anal. Calcd for C2oH3iN60nP • 3H20 . C, 38.96, H, 6.04,
DEAE-cellulose (0.69 equiv/g) was a product of Bio-Rad Labora- N, 13.63. Found: C, 39.34; H, 5.36; N, 13.38.
tories. ChromAR 1000, a preparative thin layer chromatog- Diphenyl Ester of 5'-0-Isobutyloxycarbonylthymidylyl-(3'-
raphy (tic) medium, was purchased from Mallinckrodt Chemical 5')-5'-amino-5'-deoxythymidylyl-(3'-5')-5' -ammo-5'-deoxythy- 
Co. For analytical tic, Eastman 6060 sheets were used. midine (V).—This compound was prepared from IV (361 mg,

Paper electrophoresis was performed on a Savant flatbed ap- ° - 5 0  mmol) by reaction with the same reagents in the same rela-
paratus at 2000 V using Whatman 3MM paper and a 0.05 M  tive molar amounts as used for conversion of 5'-0-isobutyloxy-
sodium phosphate buffer (pH 7.2). Nucleosides and their deriv- carbonylthymidine to IV. On chromatography on a silica gel
atives were located under uv light. In addition, 5'-amino-5'- column (3 X 35 cm) with ethyl acetate and tetrahydrofuran,
deoxythymidine was detected by the 2,4-dinitrofluorobenzene three substances were found: nT , V, and IV . Compound V
color test. 11 Paper chromatography was carried out on Whatman was eluted from the column with 50% ethyl acetate-tetrahydro-
3MM paper by the descending technique. The solvent systems furan and precipitated with hexane, weight 320 mg (58% ). I t
were: A, isopropyl alcohol-concentrated ammonium hydroxide- was homogeneous on tic with acetone (Rt 0.19) and tetrahydro-
water (7 :1 :2  v/v/v); C, ethanol—1 M  aqueous ammonium ace- furan-ethyl acetate (1:1, Rt 0.32).
fate (7:3, pH 7.5); F , n-propyl alcohol-concentrated ammonium Anal. Calcd for CMliuNsOiolb• II2O: C, 50.44; H, 5.40;
hydroxide-water (55:10:35). For quantitative determinations N, 10.01. Found: C, 50.48; H, 5.35; N, 10.14.
the bands were cut out, eluted with water, and diluted to a known Compound V (2 mg) was treated with 0.2 ml of 0.1 M  sodium
volume. Absorbances were determined with a Gilford spec- hydroxide in 50% aqueous dioxane for 6 hr at room temperature.
trophotometer, and the values were corrected by subtraction of The solution was carefully neutralized with 1 M  hydrochloric
the absorbancy for a blank cut from the paper adjacent to the acid and samples were withdrawn for testing. A single nucleotide
product spot. The extinction coefficients used in calculating spot was found on paper chromatography in solvents A (R t  0.06)
yields are 9.7 X 103 at 267 nm for T , Tp, and pT12 and 9.3 X and C (Rt 0.32) and on paper electrophoresis (Rm 0.52 relative
103 at 266 nm for nT .6 to pT). For enzyme assay, compound I I  was further purified by

Phenyl Ester of 5'-0-Isobutyloxycarbonylthymidylyl-(3'-5')- electrophoresis and by paper chromatography in solvent A and
5 '-amino-5'-deoxythymidine (IV).—5 '-O-Isobutyloxy carbonyl- was collected as a dry powder by lyophilization.
thymidine6 (68 mg, 0.20 mmol) was dried by evaporation of three Hydrolytic Degradation.—Acid-catalyzed hydrolyses were
1-ml portions of pyridine under reduced pressure. The resulting carried out by heating the nucleotidic material (1 mg) in a solu-
gum was dissolved in 4 ml of dioxane and treated with pyridine tion of acetic acid-water (80:20 v/v) at steam bath temperature
(0.032 ml, 0.40 mmol) and phenyl phosphorodichloridate'(0.031 for 20 min. The products were then separated by chromatog- 
ml, 0.20 mmol); then the solution was stirred 48 hr at room tern- raphy on paper with solvent A.
perature. Triethylamine (0.056 ml, 0.40 mmol) and 5'-amino- Enzymatic reactions were patterned after procedures described
5 '-deoxythymidine6 (72 mg, 0.30 mmol) in 18 ml of dioxane were in the literature. 13 Standard solutions of the enzymes were pre
added, the mixture was stirred for 30 min, aqueous sodium pared by dissolving commercial snake venom phosphodiesterase
hydroxide (0.7 ml of 0.5 M  solution) was added, and the solution (200 units, Calbiochem) in 0.1 M Tris buffer (1 ml, adjusted to
was concentrated (<30°) at reduced pressure. Following addi- pH 9.2 with hydrochloric acid) and by adding spleen phospho-
tion of 2  ml of saturated aqueous sodium chloride, the mixture diesterase (10-15 units, Nutritional Biochemical Co.) to a 0.01
was extracted three times with 10-ml portions of ethyl acetate. M  sodium pyrophosphate buffer (1 ml, adjusted to pH 6.5 with
On concentration of the ethyl acetate extracts and chromatog- phosphoric acid). For reaction -with the snake venom enzyme,
raphy on two sheets of ChromAR 1000 (20 X 20 cm, developed 0.1 ml of the standard enzyme solution was added to the solid
twice with ethyl acetate), three bands were observed: a dark nucleotidic sample (~ 10  OD units) and the solution was in-
band at the origin consisting of excess nT, a dark product band cubated at 37° for 12 hr. Additional enzyme solution (0.1 ml)
centered at Rt 0.3, and a faint band near the solvent front. was added and the reaction was continued for another 6  hr. The
Elution of the product band with tetrahydrofuran and precipita- solution was then frozen, lyophilized, and subjected to chromatog-
tion by addition of hexane afforded 120 mg (83%) of compound raphy with solvent A. The reactions with the spleen enzyme
IV, mp 108-111°, homogeneous on tic in tetrahydrofuran (iff were similarly carried out by mixing 0 . 1  ml of the standard en-
0.67), 1:1 tetrahydrofuran-ethyl acetate (Rt 0.44), acetone (Rt zyme solution with a solution of the substrate (~ 10  OD units)
0.36), and ethyl acetate (Rt 0.05). For analysis, a sample was in 0.2 ml of 0.5 M  ammonium acetate buffer (pH 6.5). After 12
reprecipitated from tetrahydrofuran with hexane, mp 108-111°, hr, additional enzyme solution (0 . 1  ml) was added and the re-
Xmax (CH3OH) 265 nm (e 1.9 X  104), and Xmin 234 nm. action was continued another 6  hr before work-up. Data on the

Anal. Calcd for CsiHfoNsOuP • H20 : C, 50.33; H, 5.72; products are summarized in Tables I  and I I . When the reaction
N, 9.47. Found: C, 50.29; H, 5.40; N, 9.49. of I with the snake venom enzyme was terminated at the end of

Thymidylyl-(3'-5')-5'-amino-5'-deoxythymidine (I).—Com- 1 2  hr, 13% of I  remained. Also, the reaction of I with spleen
pound IV (99 mg) was dissolved in 6  ml of 0.1 M  sodium hy- phosphodiesterase was incomplete after 7 hr. In contrast, un-
------------------ der the same conditions TpT and TpTpT were completely hy-

(11) N. D. Cheronis and J. B. Entrikin, “Identification of Organic Com- -------------------
pounds,” Interscience, New York, N.Y., 1963, p 131. (13) H. G. Khorana, A. F. Turner, and J. P. Vizsolyi, ib id ., 83, 686

(12) H. G. Khorana and J. P. Vizsolyi, J .  A m er. Chem . Soc., 83, 675 (1961); M. Smith, D, H. Hammier, I. H. Goldberg, and H. G. Khorana,
(1961)- ib id ., 84, 430 (1962).
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T a b l e  I dine ( 6 8  mg, 0.20 mmol) was used in place of 5'-0-isobutyloxy-
P r c p e r t ie s  o f  H y d r o l y t ic  P r o d u c t s  o f  I, II , I I I  carbonylthymidine. The product was applied to two sheets of

Compd ¡¡¡a Rmb ChromAR 1000 (20 X 20 cm) and developed four successive
q „Q — 0  1 1  times with ethyl acetate. At this point the desired material had

’ ’ moved about a quarter the length of the sheet. I t  was removed
P ■ 1  ■ 0 0  by gi ĵtion with tetrahydrofuran and was precipitated by addition

0.2% 0.33 of hexane, weight 76 mg (53%), homogeneous on tic with acetone
T pnT pnT  0 .07 0.55 (2?f 0.34), tetrahydrofuran-ethyl acetate (1:1, iff 0.31), and
nT  0-^7 —0.69 tetrahydrofuran (iff 0.65). The analytical sample was obtained
uTp 0 .05 0.45 by dissolving the sample in tetrahydrofuran, filtering, and pre-
nT pnT  0.14 —0,10 cipitating with hexane, mp 128-130°.

“ Paper chromatograph, solvent A, ~ 23°. b Electrophoretic Anal. Calcd for C3iH4iN60 i2P -H 20 : C, 50.40; H, 5.87;
mobility relative to pT. N, 11.38. Pound: C ,50.55; H, 5.78; N, 11.15.

T a b l e  I I
H y d r o l y t ic  P r o d u c t s

-------------------------------------------- Relative molar amounts“-------------------------------------------- ,
Substrate Catalyst T nT nTpnT Tp NTp

TpNT  H+ 1 .0  0.91
Venom 0.92 1.0
Spleen 1 .0  1.05

TpNTpNT  H + 1 .0  1.07 0.99
Venom 1.00 1.98
Spleen 0.42 0.38 1.00 0.49

nTPnT  H + 1 .0  0.94
Venom 1.0
Spleen 1 .0  0.13 1.1

° Relative to one of the products, usually n T .

drolyzed by both enzymes within 7 hr. Control experiments For removal of the isobutyloxycarbonyl and phenyl groups, a
showed that no hydrolysis occurred when I  or I I  was subjected sample (1.61 mg) was treated with 2 M  aqueous sodium hydroxide
to the action of the buffers in the absence of enzymes. (0.2 ml) for 2 hr on a steam bath. The solution was neutralized

5 '-V-Isobutyloxycarbonyl-5'-amino-5'-deoxythymidine.—To a to a phenolphthalein end point with dilute hydrochloric acid and
solution of 5 '-amino-5'-deoxythymidine (120 mg, 0.50 mmol) in diluted with 2 vol of methanol to precipitate most of the sodium
pyridine (5 ml) was added isobutyl chloroformate (0.07 ml, 0.5 chloride. On application of the solution to paper (3MM) and
mmol). After standing 15 min at room temperature, the solu- development with solvent A, a single nucleotidic spot was ob-
tion was mixed with water (0.5 ml), concentrated to a syrup, served (Iff 0.15-0.20). The band was cut out and compound
and mixed with ethyl acetate (60 ml) and water (5 ml). The I I I  was eluted with water. I t  was homogeneous on paper chro-
organie layer was separated, washed with water, and evaporated. matography in solvent A and C (Ri 0.23) and on electrophoresis
Recrystallization of the residue from acetonitrile afforded 147 (Am —0.1 relative to pT). For hydrolytic studies, the sample
mg (8 8 % ) of the title compound, mp 181-183°, homogeneous on was rechromatographed on paper with solvent F  and recovered
tic with ethyl acetate (If, 0.16), acetone (Iff 0.61), and tetra- the paper in the usual way. The reactions with acetic acid
hydrofuran-ethyl acetate (1:1, Iff 0.62). The analytical -am- and the M r d y tic  * *  ° 8 8  m the ° a S 6  ° f
pie, mp 184-185°, was obtained by recrystallization from aceto- compounds I and II  (Table II) .
nitrile-ethyl ether (3:1). Registry No.—I, 25383-42-0; 11,25383-43-1; phenyl

Anal. Calcd for C15H23N3O6: C, 52.78; H, 6.79; N, 12.31. este r  of 5 '-IV -isobutyloxy carbonyl d eriv ativ e  of III,
Found: C ,59.92; H ,6  72; N, 12 56 . .. 25383-44-2; IV, 25442-41-5; V, 25383-45-3; S'-V-iso-
midine (I I I ) .-T h e  procedure used to prepare IV  was followed butyloxycarbonyl-5 -ammo-5 -deoxythymidine, 25383-
except that 5'-lV-isobutyloxycarbonyl-5'-amino-5'-deoxythymi- 46-4.
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Routes to  Substituted M ethyl /3-Maltosides1
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Reaction of methyl/3-maltoside (1) with p-toluenesulfonyl (tosyl) chloride in a 1:1.1 molar ratio gave 28% of the 
6,6'-ditosylate (2a) (isolated as an ethanolate 2b), 18% of the 6'-tosylate (3), and 1% of the 6-tosylate (4). Acet
ylation of 2a (or 2b), 3, and 4 produced the corresponding peracetates 5, 6, and 7, which on treatment with sodium 
iodide in acetone were converted to 6,6'-dideoxy-6,6'-diiodo acetate (8), 6'-deoxy-6'-iodo acetate (9), and 6-deoxy-
6-iodo acetate (10), respectively. Catalytic hydrogenolysis of the iodo acetates 8, 9, and 10 gave the corresponding 
deoxy acetyl maltosides 11, 12, and 13. Reaction of methyl 2,2',3,3',4-penta-0-acetyl-6,6'-di-0-p-tolylsulfonyl- 
0-maltoside (5) with sodium iodide in a 1:1 molar ratio produced methyl 2,2',3,3',4'-penta-0-acetyl-6-deoxy-6- 
iodo-6'-0-p-tolylsulfonyl-/3-maltoside (14) as the major iodo product. Structures were assigned on the basis of cata
lytic hydrogenolysis of 14 to the related 6-deoxy-6'-tosylate (15), which on treatment with sodium hydroxide gave 
methyl 3',6'-anhydro-6-deoxy-^-maltoside (16). Structures were also assigned by nmr evidence that located the 
Cs-CHs doublet for the a  anomer in a higher field than the /3 anomer in a 6-deoxypyranoside.

Many studies during the past 5 years have reported Wolfrom and Koizumi,4 using maltose and trityl 
on the hydrolytic behavior of substituted and unsub- chloride, isolated the three 6,6 -di- and monosubstituted
stituted glycosides in dilute acid solution.3 Little trityl derivatives. Because the procedure envisioned
work, however, has been done on disaccharides. We for transforming these 6,6'-trityl derivatives to the
wished to determine the effect of substitution on the related maltosyl sulfonate derivatives was multistepped,
rate of hydrolysis of the 1'-4 glycosidic bonds of methyl a direct reaction of methyl /3-maltoside to form the
/3-maltoside, since we felt that results could be ex- sulfonates was deemed more convenient. Preferential
trapolated to starch. Alteration of substituents in the reaction at a primary hydroxyl group by p-toluene-
6 position was known to affect the rate of hydrolysis of sulfonyl (tosyl) chloride was known6 and had been used
glycopyranosides.3d Consequently, we undertook the previously to synthesize methyl 6,6'-diO-p-toly-
synthesis of 6,6 -mono- and disubstituted derivatives of sulfonyl-/3-maltoside.6 The related G^-dimethanesul-
methyl /3-maltoside and report here the details leading fonate had been prepared by Newth, et a l,7 For 
to the syntheses of these derivatives (Table I). convenience tosyl chloride was selected as the reagent of

choice for entry into the series.
Table I After work-up and recrystallization, a 6,6 '-ditosylate

ompouisds nvestigated derivative was obtained in 28%  yield when tosyl
yH2X CH2Y chloride and methyl /3-maltoside (1) were allowed to

y — CL J— (l react in a 1.1:1 molar ratio. Both nmr spectroscopy
kQ lR | \ 0R , and chemical analysis8 established that this ditosylate

RO [ \ — 0 — f 1 contained 1 mol of ethanol of crystallization. Con-
0R OR sequently, the ditosylate was methyl 6,6'-di-0-p-

Compdno. r x  y tolylsulfonyl-/3-maltoside mono ethanolate (2b). Our
1 H OH 0H -H 20  results on this ditosyloxymaltoside differed from those
^  ** 2 Ts 0Ts reported6 in that the ethanol of crystallization was not
f  JJ OTs OTfj ■ C2ILOII previously indicated.
4 H OH* OTs By column chromatography9 and acetylation, 1 8 %
5 Ac OTs OTs (R'  ̂ and 1% of 4 were obtained. This result was in
6 Ac OTs oAc accord with the expected influence of steric hindrance.
7 Ac OAc OTs The ratio of 6'- to 6-tosyl substitution agreed with
8 Ac I I results reported for analogous tritylation.10
9 Ac I OAc The corresponding iodides of 2a, 3, and 4 were pro-

Ao 0Ac I duced in over 90%  yield with excess sodium iodide in
12 Ac H ^  acetone following acetylation of the substrates (Figure
13 A° OAo ®Ao IB)- Without acetylation these iodide displacements
14 Ac qT° j resulted in a large number of spots on tic plates and the
15 Ac OTs H desired products were isolated in low yield (< 20% ).
17 Ac OBz H The iodo acetates 8 ,9 ,  and 10 were, in turn, catalytically

0 Ac, acetyl; Ts, p-tolylsulfonyl; Bz, benzoyl. hydrogenolyzed to produce 11,12, and 13 (Figure IB ).

* Author to whom correspondence should be addressed. (4) M. L. Wolfrom and K. Koizumi, J .  Org. C hem ., 32, 656 (1967).
before the Division of Carbohydrate Chemistry at the 158th (5) D. H. Ball and F. W. Parrish, Advar.. C arbohyd. C hem ., 23, 240 (1968);

xsationai Meeting of the American Chemical Society, New York, N. Y., 24,139 (1969).
%  r r h L i  „ i u i  i ., „T . T (6) M. L. Wolfrom, Y.-L. Hung, P. Chakravarty, G. U. Yuen, and

* r(. . . laboratory of the Northern Utilization Research and Develop- D. Horton, J .  Org. C hem ., 31, 2227 (1966). 
ment Division, Agricultural Research Service, U. S. Department of Agricul- (7) F. H. Newth, S. D. Nicholas, F. Smith, and L. F. Wiggins, J .  C hem .

S oc ., 2552 (1949).
T R TT tt ’ " % % % (■  42’ 1466 (1964); (b) R. J. Ferrier, (8) In ref 6 an incorrect chemical formula was used to calculate the analyti-
L. K. Hatton, and W. G. Overend, C arbohyd. R es ., 8 , 56 (1968); (c) M. D. cal values.
Saunders and T  Eh Timell, ib id . 6, 12 (1968); (d) T. E. Timell, W. Enterman, (9) B. Loev and M. M. Goodman, Chem . In d . (L on don ), 2026 (1967).
Feaf>,eaCer)i ^  v tt ’ • ° N ) ,  a7)j * 43’ 2296 (1965); (e) M. S. (10) In ref 4 some conflict exists between values reported in the abstract

7 f r r  I' ° hem ■’ 3 ° ’ 153 (1965); ®  J - T' Edward' and given in the experimental section. We believe this error to be
C h e m .In d . (L on don ), 1102 (1955). typographical.
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——------------------------------------------------—  ---------  OAc OAc — V._________

CHj «{¡01c I I

jf im. | tu u ii __A
' jl ) (IS. ' ' IS ) CH20»c CHi

7 ----------------------------------------------------------------0. OAC OAc ____

^  ^ 8 + 14 DHjOTs CHj lj

---------- 1 v a
d. „  _  n .  M ic \ _______ a_

,, ,r NaOBz, DMF̂ NaOMe, ©  .. A|4 -  » 15 ---------------> - n   ---- - 13 CHjOBc CH,

1---------------- -  4 ^ ^ '" ' J \ ___ .r
Figure 1.—-Reaction sequences: ©  = Ac20 , pyridine; ©  =  "c °*c

Nal, refluxing acetone; ©  =  H2, Pd-C, KOH; pyrd. = pyri- _____________________ I . . . .  i . . .  .
dine; DM F = N,N-dimethylformamide. 1 06

Proof of structure of the three deoxy sugars 11-13 Figure 2 .—Nmr spectra (100 MHz) in chloroform-tf with internal
was obtained in two ways. The first was a new nmr tetramethylsilane.
correlation method,1’11 which held that, for C-6-deoxy-
pyranosides, the doublet for the C-5 methyl was i.Hl CHj
always located at higher field for the a  anomer than the / o ^ '0 ' / 7 \
doublet for the /3 anomer. Examples are given in 15 /  X, j  0 \  \
Table II. Thus 11 had two doublets; 3 1.16 for the ~  2lNeutrallze °H3

HO OH

T a b l e  I I

C5-CH3 R e s o n a n c e  P e a k  i n  A n o m e r ic  6 - D e o x y p t r a n o s id e s  Figure 3.__3',6'-Anhydro formation.
/■------------------- Anomer-------------------->

6 -DeoxyA-mannose 1.60 ' ' T  P65 ^ T  periodate with an uptake to 1.06iequiv of periodate per
Methyl 6 -deoxy-n- mol of anhydro substrate. The only other possible

mannoside 1.26 6  1.28 6  structure that could have consumed 1 mol equiv of
Methyl 2,3,4-tri- periodate was methyl 3',6-anhydro-6'-deoxy-/3-malto-

O-acetyl-6 - side. Such eight-membered anhydro rings are not
deoxy-L-man- known to occur by base elimination of tosylate groups
noside 1 . 2 0  6  1.28 6 irl carbohydrates f  it is unlikely that an eight-membered

6 -Deoxy-D- ring would be formed in as high yield as found. Any
ĝ afo So 4 , • 1 19 7 1,22 7 other anhydro structure would have consumed 2 mol
O-aityl-tdeoxy equiv of sodium metaperiodate.
D-galactoside 1.13 6 1.21 6 Partial tosylation of 1 and partial tntylation of

maltose4 and benzyl /3-maltoside12 resulted in a 6 '
n  , ,  ., n  r ,, , rpi , , ,  ,  derivative. This difference in reactivity of the two
C-5 methyl and 1.39 for the C-5 methyl The doublet hydroxyl groups, 6 and 6', was attributed to a
at 5 LiS m the spectrum of 12 was m dicataverf the ^eric effect. Although considerations of the steric
C-5 methyl. The doublet at 3 1.39 in the spectrum of accessibilit would have predicted that the 6 '-tosylate
13 corresponded to the C-5 methyl (Figure 2) to be more reactive than the 6-tosylate, the latter

The second proof of structure was established by ed to be more reactive in the partial displacement
chemical conversions generally known to give un- ^  6)6Aditosylate 5 by sodium iodide. Dutton and 
rearranged products5 that _ are observed when 5 was glessorl3 t  their attempts were unsuccessful at
treated with sodium iodide m a 1 :1  molar ratio. Pref- gelective to la t io n  of the primary hydroxyl group in 
erentia displacement of the 6-O-tosyl group gave the be l 4 / benzylidene-0-maltoside. 
products shown in Figure 1C Catalytic hydrogenoly- Little tematic work has been carried 0ut on the
S!S of 14 gave 15, which had a doublet for the C-5 gelective sulfonation of Saccharides and on the dis- 
methyl at 5 1.34. Compound 15 was converted to 3 lacement reactions 0f these sulfonyl disaccharides, 
by the sequence shown in Figure ID. Reaction of 15 The t investigations show that reactions usually
with ethanohc sodium hydroxide (Figure 3) gave methyl Rg t ical with monosaCcharides become altered
3,6-ai*ydro-6-deoxy-d-maltoside (16) as the only whenappliedtodisaccharides. 
product ('—-90%). Compound 16, having the C-5
methyl doublet at 3 1.39, was oxidized by sodium meta- (12) B. Helferich and W. Speicher, Ju stu s  L ieb ig s  A nn . C hem ., 579, 106

(1953).
(11) H.B. Sinclair and R.T.Sleeter, T etrahedron  Lett., 833 (1970). (13) G. G. S. Dutton and K. N. Slessor, C an. J .  C hem ., 44. 1069 (1966).
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Experimental Section. The elution order was polytosyl substituted maltoside (which
were not examined), 2b, 3, and 4.

Tic was performed on silica gel G 14 with air-equilibrated plates The front-running monosubstituted product 3 was obtained 
of 0.25-mm thickness. For unacetylated compounds benzene: as a syrup, which could not be crystallized; it was characterized
absolute ethanol 2 : 1  (v/v) was used; for acetylated compounds, as a crystalline acetate (see below).
toluene:methanol 50:1 (v/v). The spots were detected by The slow-running monosubstituted product 4 was crystallized 
spraying with 5% ethanolic sulfuric acid and heating until (seed crystals were obtained from the last fractions containing
charred. Uv spectra were measured with a Cary Model 14 4). Recrystallization from 95% ethanol gave crystalline 4

spectrophotometer. Ir spectra were determined as K Br pellets (1% ): mp 154-155° dec; X™) 3400 (OH), 1355, 1154 cm “ 1

with a Perkin-Elmer Model 621 spectrophotometer. Nmr (sulfonate); X“I°El0H 262 nm (t 521); nmr (25% in DMSO-d)
spectra were obtained with a Varian Model HA-100 spectrometer. s 7.82-7.32 (m, aryl, 4 H), 5.58-2.12 (m, maltoside-H-OH, 23
The chemical shifts were measured in ehloroform-d unless other- H), and 2.39 (s, aryl-CH3, 3 H).
wise specified and were compared against internal tetramethyl- An average yield of methyl 6,6'-di-0-p-toluenesulfonyl-/J-
silane. Melting points of samples of capillary tubes was mea- maltoside for five reactions was 24.0%.
sured on a Mel-Temp apparatus. All analytical samples were Methyl 2,2',3,3',4',6-Hexa-0-acetyl-6'-0-p-tolylsulfonyl-/3-
dried in the presence of sodium hydroxide and sulfuric acid at maltoside (6 ).—Crude 3  was acetylated and worked up in the
room temperature and at 1-10 mm vacuum for 24-48 hr unless usual manner by partitioning between water and chloroform,
otherwise specified. Acetylations were carried out in dry Removal of the chloroform left a syrup that on dissolving in a
pyridine with excess acetic anhydride for 16 hr at room tempera- minimum amount of hot ethanol and cooling deposited crystalline
ture. 6 : mp 143-144°; XE„  1750 (acetate), 1372, 1174 cm“ 1 (sulfo-

Methyl /3-Maltoside Monohydrate (I).—The procedure of nate); x £ £ EtOH 262 nm (e 578); [a] 2sd +55 .3° (c 5.128, chloro-
Newth, et a l . , 7 was followed for the preparation of the title form); nmr 5 7.84-7.26 (m, aryl, 4 H), 5.40-3.50 (m, maltoside,
compound in 27.4% overall yield: mp 108-111°, [a]22-3D +77.5° 14 H), 3.45 (s, -OCH3, 3 H), 2.43 (s, aryl CH„, 3 H), and 2.23-
(c 1.65, chloroform) (lit.7 mp 110-111°, [a]lsD + 8 1 °). 1.90 (4 s, -OAc, 18 H).

Methyl 2 ,2 \3,3 ',4'-Penta-0-acetyl-6,6 '-di-O-p-tolylsulfonyl- Anal. Calcd for C32H„Oi9S: C, 50.39; H, 5.55; S, 4.20.
/S-maltoside (5).—Tosyl chloride (5.34 g, 28 mmol) was added to Found: C, 49.98; H, 5.43; S, 4.21.
a solution of dry 1  (4.76 g, 13.3 mmol) in dry pyridine (50 ml). The average yield (calculated on the basis of methyl /3-malto- 
The reaction mixture was kept 3 hr at - 1 0 °  and 16 hr at 5°, side monohydrate) in five runs was 17.4%.
when acetic anhydride (20 ml) was added to acetylate. Parti- Methyl 2,2',3,3',4'-Penta-0-acetyl-6,6'-dideoxy-6,6'-diiodo-
tioning the mixture between water (~500 ml) and chloroform (3-maltoside (8 ).—Compound 5 (4.011 g, 4.58 mmol), sodium
(three 50-ml portions) gave after evaporating the chloroform a iodide (3.75 g, 25 mmol), and acetone (60 ml) were heated to
solid, which on dissolving in boiling ethanol and cooling deposited reflux under anhydrous conditions. Tic monitoring with toluene
crystalline 5 (6 . 8  g, 59% ): mp 186-189°; X“a* Et0H 263 nm : methanol 50:1 (v/v) easily revealed the progress of the displace-
(e 1240); [a] 23d +60.4° (c 1.63, chloroform); XE.) 1752 (ace- ment from S to methyl 2,2',3,3',4'-penta-0-acetyl-6-deoxy-6-
tate), 1355, 1157 cm 1 (sulfonate); nmr 5 7.86-7.24 (m, aryl, iodo-6'-0-p-tolylsulfonyl-/3-maltoside to 8  as spots with increasing
8  H), 5.40-3.40 (m, maltoside, 14 H), 3.30 (s, -OCH3, 3 H), values. When monitoring revealed the displacement was
2.42 (s, aryl-CH3, 6  H), and 1.96 (s, -OAc, 15 H). complete (~ 4 -5  days), the mixture was transferred with water

A n a l .  Calcd for CnHieOiiA: C, 50.80; H, 5.30; S, 7.33. (50 ml) and chloroform (50 ml) to a separatory funnel and ex-
Found: C, 50.69; H, 5.52; S, 7.42. _ tracted with two additional 50-ml portions of chloroform. The

Methyl 6 , 6  -di-O-p-Tolylsulfcnyl-fl-maltoside (2a) and Its combined extracts were dried and concentrated to crude crys-
Ethanolate (2 b). The procedure for the tosylation was the same talline 8 . Recrystallization from absolute ethanol gave pure 8 ,
as for 5. The mixture was vacuum concentrated (bath tempera- 3.58 g (98%): mp 196-197°; positive Beilstein halogen test;
ture <40°) to a syrup that was partitioned between water (200 x S ) 1755, 1245 cm“ 1 (acetate); [<*]24d + 48 .2° (c 7.63, chloro-
ml) and chloroform_ (four 200-ml portions). Drying and con- form); nmr S 5.46-3.00 (m, maltoside, 14 H), 3.51 (s, -OCH„,
centrating the organic extract yielded a solid that was recrystal- 3  H), and 2.10-1.90 (4 s, -OAc. 15 H).
lized four times from ethanol to give 2 b, 4.95 g (56%); mp Anal. Calcd for C2SH32I 20,’<: C, 35.13; H, 4.10. Found:
120-121 ; 16 nmr S 7.85-7.11 (m, aryl, 8  H), 5.14-2.82 (m, malto- C, 34.79; H, 4.21.

2 * * '  Ŝ’ ary1-CH., 6  H), 1.18 (t, CH3 Methyl 2,2',3,3',4'-Penta-0-acetyl-6-deoxy-6-iodo-6'-0-p-
of ethanoi, 3 H); X„a" 262.5 nm U 1189); Xma' 3430 (OH), tolylsulfonyl-/3-maltoside (14).—Sodium iodide (0.180 g, 1.2 
1358, 1176 cm 1 (sulfonate); [a]22D + 46.3° (c 1.76, chloroform). mmol), 5 (0.965 g, 1.1 mmol), and acetone (15 ml) were heated

A n a l .  Calcd for C29H42Oi6S2: C, 49.00; H, 5.96; S, 9.02. to reflux under anhydrous conditions for 2 days. On removal of
hound. C, 48.82; H, 5.88; S, 9.00. the acet0ne a solid remained. Trituration of this solid with

Heating 2b at 78 and 2  Torr for 7 hr gave 2 a, mp 123-124° boiling absolute ethanol (•—-60 ml) left undissolved nearly pure
( i t .  mp 124-126 ). 14; an additional recrystallization from ethanol gave 14, 0.197 g

A n a l .  Calcd for C^IReOiA: C, 48.78; H, 5.46; S, 9.65. (21%): mp 203-204°; x“ r 1350, 1240 (acetate), 1361, 1172
F Z nil  ? ’ t 8 ; ! 4 ’ J 1,’ f 7?/ S ’. 9 -49-, N cm - 1  (sulfonate); X S  Et0H 252 nm (e 970); positive Beilstein

ethyl 6 -O-p-TolylsuUony-^maltoside (4) and Methyl halogen test; nmr 6 7.84-7.24 (m, aryl, 4 H), 5.46-3.12 fm,
6  -0-p-Tolylsulfonyl-/3-maltoside (3).—Dry 1 (4.78 g, 13.4 maltoside, 14 H), 3.49 (s, -OCH3, 3 H), 2.44 (s, aryl-CH3,
mmol) and tosyl chloride (2.81 g, 14.7 mmol) were allowed to 3  H), 1.99 and 1.97 (s, OAc, 15 H); W 24 »d +50 .1° (c 2.565,
react in dry pyridine (50 ml) as m the preparation of 5 but at chloroform).
— 1 0  for 48 hr. Concentration of the mixture under aspirator Reworking the mother liquor followed by trituration increased
pressure (bath temperature <50 ), followed by addition of the yield to 28%. In boiling absolute ethanol the solubility of
absolute ethanol (~ 50  ml), and two similar concentrations 14 is 1 g/250 ml, qualitatively much less soluble than 5 or 7.
r®*ul<tef  “  a yeliow syrup, which was dissolved m absohite Anal. Calcd for C30H39IO„S: C, 43.38; H, 4.73. Found:
ethanol ( 2 0  ml) and divided in half. Each half was treated as C 43 60’ H 5 08
foUows: silica gel (15 g, Davison Grade 12, Mesh 28-200) was Methyl 2,V ,3,3 ',4 ' ,6-Hexa-0-acetyl-6'-deoxy-6 '-iodo-d-malto- 
deactiyated by adding sufficient 95% ethanol to cover the solid side (9).—We used the same procedure employed to prepare 8

and after cooling, the ethanolic reaction solution was added, and with 6  (4.09 g, 5.38 mmol), sodium iodide (4 . 3  g, 28 mmol),
the mixture was swirled and then concentrated under aspirator and aoetone ( 8 0  ml). Recrystallization from absolute ethanol
pressure to a dry mass which was rendered free flowing and dry gave 9: 3 .8 0  g (98% ); mp 170-171°; M 24»d + 52.4° (c 5.815,
column9 chromatographed on silica gel G (200 g, 4 X 40 cm) using chloroform); x 2  1753, 1230 cm~ 4 (acetate); nmr 5 5.46-3.00
benzene:absolute ethanol 2 :1  (v/v) as the developing solvent. (m, maltoside, 14 H), 3.45 (s, -OCHs, 3 H), 2.12 and 2.06-1.97
-----------------  (4 s,-O A c, 18 H).

nn  Th„ +• f « * , . a _ . , Anal. Calcd for CssEssIOie: C, 41.80; H, 4.91. Found:(14J 1 ne mention of firm names or trade products does not imply an Q ^  §9 * 4  QQ
endorsement or recommendation by the Department of Agriculture over ’it/r»+wi o’ i i i v  M tt„„„ n .  *  j  ,  . , „
other firms or similar products not mentioned. . "^ m y l 2 , 2  ,3,3 ,4 , 6  -Hexa-0-acetyl-6-deoxy-6-lodo-/3-malto-

(15) At first the small difference in melting point between 2a and 2b Side (10).—Compound 4 (310 mg, 0.6 mmol) was acetylated with
was attributed to a trace impurity. However, a consistently low per cent of acetic anhydride (5 ml) in dry pyridine (5 ml) and worked up
sulfur after each crystallization resulted in the conclusion this compound was in the usual manner by partitioning between water and ehloro-
an ethanolate, which nmr spectroscopy confirmed. form. Removal of the chloroform left syrupy 7, which could not

3806 J . O rg. C hern ., V o l. 35 , N o . 11 , 1970  S l e e t e r  and S in cla ir



be crystallized. Syrupy 7, sodium iodide (0.27 g, 1.8 mmol), benzoate (23.5 mg, 0.15 mmol) were heated to 100 ±  1 ° with
and acetone ( 1 0  ml) were heated to reflux for 4 days, and worked stirring in anhydrous N,N-dimethylformamide (30 ml) for 16 hr.
up according to the procedure employed to prepare 8 . Re- After vacuum concentrating (bath temperature <70°) the reac-
crystallization from absolute ethanol gave 1 0 , 0.228 g (52% ): tion mixture, it was extracted with chloroform. Removal of the
mp 129-130°; A™J 1750, 1238 cm - 1  (acetate); nmr 5 5.47-3.16 chloroform and recrystallization from ethanol gave 17: 41 mg
(m, maltoside, 14 H), 3.49 (s, -OCIR, 3 H), 2.08 and 2.03-1.90 (83%); mp 196-197°; A™' 1750,1246 (acetate), 1735,1280, 1125
(4, s, -OAc, 18 H). cm - 1  (benzoate); nmr S 8.19-7.24 (m, aryl, 5 H), 5.49-3.30 (m,

Anal.. Calcd for C25H35IO16: C, 41.80; H, 4.91. Found: maltoside, 10 H), 3.43 (s,-OCH„, 3 H), 2.20-1.84 (3 s, -OAc,
C, 41.59; H, 5.09. 15 H), 1.39 (d, / = 5 cps, C-5-CH3, 3 H).

Methyl 2 ,2 ',3 ,3 ',4 '-Penta-O-acetyl-6,6 '-dideoxy-^-maltoside Anal. Calcd for C30H88Oie: C, 55.05; H, 5.85. Found:
(11) .—Compound 8  (0.502 g, 0.63 mmol) was added to a mixture C, 55.26; H, 6.23.
of potassium hydroxide (0.147 g, 2.54 mmol), 5%  Pd-C (0.202 g), Conversion of 17 to 1 3 —Compound 17 (20.4 mg, 0.031 mmol)
and methanol (50 ml), pressured to 50 psi with hydrogen, and was dissolved in dry methanol (30 ml) and a few granules of
mechanically shaken at room temperature for 7 hr. After sodium-lead alloy ( J .  T . Baker Chemical Co., “dri-Na” ) were
separation of the catalyst by filtration, the methanolic solution added. After the solution was held 48 hr at room temperature,
was concentrated to leave a syrup, which was acetylated. Work- methanol was removed from it and the resulting syrup covered
up and recrystallization from ethanol gave 11: mp 186-187°; with anhydrous pyridine (~ 5  ml) and acetic anhydride (~ 5
[ a ] 24D +50.0° (c 3.04, chloroform); A™' 1350, 1242 cm- 1  ml). Work-up in the usual manner gave a product whose nmr
(acetate); nmr 5 5.44-3.36 (m, maltoside-ring, 10 H), 3.46 spectrum was identical with 13.
(s, -OCH3, 3 H), 2.10-1.93 (3 s, -OAc, 15 H), 1.16 (d, J  =  Methyl 3',6'-Anhydro-6-deoxy-/3-maltoside (16).—Compound
6.2 cps, C5'-CH3, 3 H), and 1.39 (d, J  = 6 cps, C5-CII3, 3 H). 15 (200 mg, 0.284 mmol) was dissolved in a mixture of ethanol

Anal. Calcd for C23H,40 h: C, 51.68; H, 6.41. Found: (5 ml) and 1 N  sodium hydroxide (0.2 ml) and heated to 60° for
C, 51.30; H, 6.45. 3.5 hr. After diluting with an equal volume of water, the solution

Methyl 2,2',3,3',4',6-Hexa-0-acetyl-6'-deoxy-/?-maltoside was adjusted to pH 7.10 with 0.1 N  hydrochloric acid and con-
(12) .—Compound 9 (0.504 g, 0.70 mmol) was hydrogenolyzed centrated to a dry solid. Dry silica gel G column (100 g, 4 X  21
according to the procedure given for 11. Recrystallization from cm) chromatography developed with benzene:absolute ethanol
absolute ethanol deposited 12, 0.340 g (82%); mp 176-177°; 2 :1  (v/v) gave only one compound, a yellowish oil (81.5 mg,
A™1 1750, 1232 cm - 1  (acetate); nmr S 5.39-3.52 (m, maltoside- 90% ), which could not be rendered crystalline. An nmr
ring, 10 H), 3.43 (s, -OCH3, 3 H), 2.09, 2.04-1.88 (4 s, -OAc, spectrum established that the tosyl group was absent, a glycosidic 
18 H), 1.15 (d, J  = 6  cps, C5'-CH3, 3 H). methoxyl was present, a C-5 methyl proton resonance was

Anal. Calcd for C2sH36 0 i6: C, 50.68; H, 6.12. Found: present, and the proton integral was consistent with the title
C, 50.78; H, 6.24. compound: nmr 5 5.36-2.95 (m, maltoside H-OH, 14 H),

Methyl 2,2',3,3',4',6'-Hexa-0-acetyl-6-deoxy-/3-maltoside 3.50 (s, -OCH3, 3 H), 1.38 (d, J  =  5 cps, C-5-CH3, 3 H).
(13) .—Compound 10 (89 mg, 0.121 mmol) was hydrogenolyzed Periodate Oxidation of 16.—A weighed amount of 16 ( ~ l - 5
according to the procedure for 11. Recrystallization gave 13: mg) when oxidized by the procedure of Dixon and Lipkin16

12 mg (17% ); mp 120-121°; A*fj 1350, 1240 cm - 1  (acetate); consumed 1.06 mol equiv after 24 hr. Methyl a-D-glucopyrano-
nmr 5 5.45-3.30 (m, maltoside-ring, 10 H), 3.46 (s, -OCH3, side and methyl a -n-rhamnopyranoside when oxidized under the
3 H), 2.06, 2.04-1.90 (3 s, -OAc, 18 H), 1.39 (d, J  =  6  cps, identical conditions consumed 1.95 and 1.98 mol equiv, respec-
C-5 -CH 3, 3 H). tively.

Methyl 2,2',3,3',4'-Penta~0-acetyl-6-deoxy-6 '-O-p-tolyl-
sulfonyl-ii-maltoside ( 1 5 ).—Compound 14 (113.3 m g, 0.136 Registry No.1—2b, 2 5 7 8 7 - 2 9 - 5 ;  4, 2 5 8 3 4 - 6 6 - 6 ;  5, 
m m ol) was hydrogenolyzed following th e  procedure for 11 for 2 5 7 8 7 - 3 0 - 8 ;  6 , 2 5 8 3 4 - 6 7 - 7 ;  8, 2 5 7 8 7 - 3 1 - 9 ;  9, 2 5 8 3 4 -
2.5 hr. R ecrystallization  from  absolute ethanol gave 15 54 mg 6g_g. 1 0 ,2 5 7 8 7 - 3 2 - 0 ;  1 1 , 2 5 7 8 7 - 3 3 - 1 ;  1 2 ,2 5 7 8 7 - 3 4 - 2 ;
(57% ): mp 143 144 ; Amaf 262 nm  (e 579); Am„  1750, 1240 25787 q r  0 . ,  .  oejvg7  o c  4 . i e  95787 37 5 ’ l f i
(acetate), 1372, 1174 cm - 4 (sulfonate); [« P d +43.2° (c 2.37, 71  '  J  ' ’ " ^
chloroform ); nm r 5 7.84-7.20 (m, aryl, 4 H ), 5.42-3.20 (m , 25787 -38 -6 ; 1 7 , 25787-39-7 .
maltoside, 10 H), 3.43 (s, -OCH3, 3 H), 2.43 (s, aryl-CH3, . , ,  . .
3 H), 2.02-1.80 (3 s, -OAc, 15 H), 1.34 (d, J  = 5 cps, C-5- Acknowledgments.—We express our appreciation to
CH3, 3 H). Clara E. McGrew, Bonita R. Heaton, and Karen A.

Anal. Calcd for C3oH40Oi7S: C, 51.14; H, 5.72. Found: Jones for microchemical analyses and to Larry W.
C, 50.71; H, 6.01. Tiarks for nmr data.

Methyl 2,2',3,3',4'-Penta-0-acetyl-6'-0-benzoyl-6-deoxy-/3-
maltoside (17).—Compound 15 (53 mg, 0.075 mmol) and sodium (16) J. S. Dixon and P. Lipkin, Anal. Chem., 26, 1092 (1954).
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Nucleosides from  S-Deoxy-S-methylamino-D-ribofuranose1

W ill ia m  W. L ee ,* George L. T ong, R obert W. B lackford, and L eon Goodman

Life Sciences Research, Stanford Research Institute, M enb Park, California 91,025

Received April 15, 1970

A number of 9-(3-deoxy-3-methylamino-/3-D-ribofuranosyl)-6-substituted purines have been prepared with 
the 6 substituent being amino, dimethylamino (2), oxygen, and sulfur (31). Compound 31 is the first example 
of a nucleoside with purine-6-thione bonded to an amino sugar. Compound 2 wras further substituted at the 
3'-methylamino position with a p-methoxyphenyl-L-alanyl group to give 3'-A-methylpuromycin (2a). Esch- 
weiler-Clarke methylation, carried out for the first time on a nucleoside, of the 6-dimethylaminopurine nucleoside 
2 gave the 3'-deoxy-3'-dimethylamino-D-ribofuranose derivative 3. The key intermediate required for the 
nucleoside condensations, l,2,5-tri-0-acetyl-3-deoxy-3-(iV-methylacetamido)-D-ribofuranose (20) was prepared 
from methyl 2,3-anhydro-a-D-lyxofuranoside (6) by a sequence of seven steps that included an intramolecular 
displacement by an A-methylacetamido neighboring group.

Puromycin (la), an antibiotic with antitumor Scheme I
activity,2 has been used as an important biochemical HOCH2 0  HOCH2 0
tool in the study of protein synthesis. The amino  ̂ ITO^I
nucleoside 1 from puromycin and its adenine analog 4 \ j [ / | ) Me
also exhibit antitumor3a’b and other biological activity.30 e .  MeNH 6
In view of the great interest in the potential biological 6 s '  7
activity of puromycin analogs,4 we have synthesized *  '
some 3 '-A-methyl derivatives of 1 and 4 ( e . g .  2, 3, and Rqr) rp
5) as well as 3'W-methylpuromycin (2a). K  R S o N

NH2 T — r  )Me /  N — rO M e

5 | 2 MeNAc MeNAc
\  N iT^V 8,R=Ac X  10, R = Me

N/  9,R = H 11, R = C6H4Me(p)

HOCH2 jO HOCH2 n ROCH2 Ov. ROCH2 CU

k Q l k r> | O -  -  O *
RjRjN OH RjRjN OH Me\ + i ) MeNR 0H

C 13, R = H, R' = Ac
1, R, = R2 = H 4, R, = R2 = H | 14 R = R' = Ac

la, R, = H; R2 = MeTyr 5,R, = Me;R2 = H Me ’
2,R1 = Me;R2 = H 5a,R, = Me; R, = Ac 12 15’ K K H

2a, R, = Me; R = MeTyr
0

3, R, = R2 = Me II temperature, the two A-acetyl signals collapsed to one
MeTyr = CCHCH2C6H4OMe(p) signal. A number of the other A-methy facet, amides

| also showed two forms, but the nmr spectra have not
been examined at higher temperatures. While sulfo- 
nation of 9 with methanesulfonyl chloride afforded 

The 3-deoxy-3-methylamino-D-ribofuranose moiety 10>. p-toluenesulfonyl chloride gave crystalline,
was prepared from the epoxide 65 by the method (see stable 11 in good yield. Inversion of 11 at C-2 on
Scheme I) used for 3-deoxy-3-aminoribose.8 Aqueous treatment with sodium acetate in hot aqueous 2-me-
methylamine cleaved 6 at the 3 position to give 7 with thoxyethanol proceeded via the oxazolinium ion 12. No
no detectable opening at C-2. Acetylation to 8 and relatively stable uncharged imidazoline intermediate5
selective deacylation gave crystalline 9. In 9 the was P0SSlble Wlth this amide- This appears to be the
A-methylacetamido group existed in cis and trans forms first carbohydrate example of a neighboring group
according to the nmr spectrum.6 Upon raising the participation reaction utilizing an N,N-disubstituted

amide.7’6 The inversion proceeded very cleanly,

* Author to whom correspondence should be addressed. (6) (a) H. Paulson and K. Todt, Chem . B e r ., 100, 3385 (1967), have re-
(1) This work was carried out under the auspices of Chemotherapy, ported a carbohydrate amide showing two forms in its nmr spectrum.

National Cancer Institute, National Institutes of Health, Public Health (b) R. C. Neumann, Jr., and V. Jonas, J .  A m er. Chem . S oc ., 90, 1970 (1968),
Service, Contract No. PH-43-64-500. The opinions expressed here are those have studied the hindrance to internal rotation of N , V-dim ethyl acetamide -
of the authors and not necessarily those of Chemotherapy. d, by nmr.

(2) B. L. Hutchings in "Chemistry and Biology of Purines. CIBA (7) See L. Goodman, A dvan. C ar loh y d . C hem ., 22, 109 (1967), for a
Foundation Symposium, G. E. W. Wolstenholme and C. M. O’Connor, recent review on participation reactions in sugars,
Ed., Little, Brown and Co., Boston, Mass., 1957. (8) N. R. Easton and R. D. Dillard, J .  Org. C hem ., 28, 2465 (1963), have

(3) (a) B. R, Baker, R. E, Schaub, and H. M. Kissman, J .  A m er. Chem . reported the following tertiary amide participation reaction 
S oc ., 77, 5911 (1955); (b) N. N. Gerber and H. A. Lechevalier. J .  Org.
C hem ., 27, 1731 (1962); (c) J. T. Truman and S. Frederiksen, B iop h y s . Me i-------f=CH,
B ioch im . A cta, 182, 36 (1969). HO ( l~ ! OH". .. „ t 3  -v v Att t , — —. , . , ,  MeCON(Me)C(Me),C=CH —► Me— .0 —►(4) See L. V. Fisher, W. W. Lee, and L. Goodman, J .  M ed. Chem ., 13, + c
776 (1970), and references there. |

(5) B. R. Baker, R. E. Schaub, and J. H. Williams, J .  A m er. Chem . S oc., Me
77, 7 (1955). MeCON(Me)C(Me)2COMe
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for acetylation of the reaction mixture (13-15) gave yield. The A-acetyl group was relatively easy to
only the syrupy ribose derivative 16; none of the ara- remove from this N,N-disubstituted amide in contrast
binoside 8 could be detected (limit of detection, < 0.5% ) to other monosubstituted amides on nucleosides.11 In
by glc. Selective deacylation of 16 gave crystalline 13 fact, attempts to hydrolyze 23 selectively to the 3 '-N-
which was unlike the arabinoside 9 in all its properties, acetyl derivative 5a always gave some 5 also,
but also like compound 9 showed two isomeric forms by The chloropurine nucleoside 24 would seem to be a 
nmr. Hot sodium hydroxide hydrolyzed 13 to 15 versatile intermediate for other nucleosides. The
which was analyzed as the crystalline hydrochloride. fusion of the 1-O-acetate 20 with 6-chloropurine afforded 

For the nucleoside condensations, the blocked 24 in better yield than reaction of 20 with chloromercuri-
methyl riboside 16 needed to be converted to the 1-0- 6-chloropurine in the presence of titanium tetrachloride,
acetate 20 or the halo sugar 21 (see Scheme II). The The noncrystalline 24, accompanied by small amounts of

another nucleoside and the acetolysis by-products, 
S c h e m e  II could be converted to the crystalline 5. The yields of 5

ROCH2 (Y ROCH2 o from the 1-0-acetate 20 via either 23 or 24 were equal.
s '  Xg' This established the amount of 24 present in the crude

^ O M e  mixtures which were not readily purified and decomposed
MeNR'OR CF C ONOR  6 slowly on ordinary storage (probably because the

| acetolysis by-products gradually reacted with the
’ _  _Ac Me chloropurine). In the future, it may be worthwhile to

17, R = Bz; R' = Ac 18, R = H purify 24 by column chromatography to improve its
I \  19, R =Ac shelf life-
* \  The hypoxanthine nucleoside 29 could not be ob-

AcOCH 0 CHR, tained by direct nitrosation of 5; the product was the
s '  \ .  T-, \  I nitroso derivative 25 which was characterized as the

V - " R  CHOAc
I 0 nh2

MeNA^OAc f NMeAc II I N
20, R = OAc CHOAc W f Y  \
21, R = Er IH2QAc V S  V V

| \  22, R = OAc RO CH ^/O ^^ A cO C H ^O ^^

NHBz Cl ' l ----- ^  r----- T
1 N \  I n ON— NMe OR AcNMe OAc

f X  >  f  jT >  25,R = H
S A NX  V ^ N 7  26, R = Ac /

AcOCH2 0. AcOCH2 /) 0 / /  S

^  \ X >  HNi c >
AcNMe OAc MeNAc OAc N N N N

23 24 ROCH2 0  ROCHz^O^^

IS j  lX i  IN j  uX
acetolysis of 16 did not proceed in high yields, but 20 f  1 | |
could be obtained in reproducible yields under carefully MeNR OR Me NR OR
controlled conditions. The acyclic aldehyde diacetate 28> R = Ac 30, R = Ac
22, one of the acetolysis by-products, could be isolated 29, R=H 31, R = H
and characterized after being carried through the . .
nucleoside condensation. The use of other blocking crystalline diacetate 26. To prevent 3 -IV'-nitrosation,
groups as in 17 and 19 was considered but was not 5 was first converted to the triacetyl derivative 27
found to be advantageous. Chloromercuri-6-benz- which reacted with nitrous acid to afford 28, deacyla-
amidopurine was condensed with the 1-O-acetate 20 by ti°n gave the desired 29. Attempts to convert the
the titanium tetrachloride method9 to afford the crystal- triacetyl hypoxanthine nucleoside 28 to the chloro-
line blocked nucleoside 23. The combined yield of 23 nucleoside 24 by treatment with thionyl chloride and
and acyclic 22 was over 80%. An attempt to prepare A,A-dimethylformamide (D M F)12 gave mainly de-
the bromo sugar 21 gave a precipitate10 which, when composition products with little or none of the chioro
condensed with chloromercuri-6-benzamidopurine, gave nucleoside 24 ,
a poorer yield of 23 than the first method. Heating 23 The mercaptopurine nucleoside 31 could be obtained 
with 1.5 equiv of sodium methoxide in methanol for 8 hr by several routes, but in relatively poor yield. Thus,
gave the Completely deblocked nucleoside 5 in high (11) (a) B. R. Baker and R. E. Schaub, J .  A m er. Chem . S oc ., n ,  2396

(1955); (b) M. L. Wolfrom, P. J. Conigliaro, and E. J. Soltes, J . Org.
(9) (a) B. R. Baker, R. E. Schaub, J. P. Joseph, and J. H. Williams, C hem ., 32, 653 (1367), discussed the removal of V-acetyl groups and the

J .  A m er. Chem. S oc., 77, 12 (1955); (b) D. H. Murray and J. Prokop, choice of other N-blocking groups for amino sugar nucleoside synthesis.
J .  P h irm . S et., 64, 1468 (1965). (c) K. A. Watanaoe, J. Berdnek, H. A. Friedman, and J. J .  Fox, ib id ., 30,

(10) This may be the insoluble HBr salt of the weakly basic amide group 2735 (1965), have converted A-acetyls of nucleosides to AT-thioacetyls for
(see ref 9a for a similar insoluble salt) of 20 with perhaps some being con- easier removal.
verted to 21 or its salt. (12) J. Pliml and F. Sorm, Collect. Czech. Chem . C om m un., 28, 546 (1963).
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thiation of the acetylated hypoxanthine nucleoside 28 the chloropurine nucleoside 24. If 24 and 5 are ß  
with phosphorus pentasulfide in hot pyridine afforded anomers, so must be all the other nucleosides derived
the crystalline 3'-thioacetamido-6-mercaptopurine nu- from them. This conclusion is supported by circular
cleoside 34. Deacylation in refluxing methanolic dichroism (CD) measurements17 showing that 2, 3, and

5 have the same anomeric configuration as 1, which is 
| known to be the ß anomer.18 In addition, Eschweiler-

hn^ \ ,N .  Clarke methylation of 1 gave the same product, 3,
1 ][ /> i f /  obtained from 2.
S r T I

HOCH2 0 . AcOCH2 ct Experimental Section19

C; Methyl 3-Deoxy-3-methylaniino-«-D-arabinofuranoside (7).—•
Methyl 2,3-anhydro-a-D-lyxofuranoside 66 (3.00 g, 20.5 mraol) 

L  tlii nJinj A a and 21 ml of anhydrous methylamine were heated in a bomb at
I II steam bath temperature for 28 hr. After evaporation for 20 hr

O l   1 at 60°, there was left 3.66 g (100%) of 7 as a homogeneous syrup,
CH2CHC O ß { Q_gg jn goivent TA. This was immediately used in the next

I 3 4  step. The use of 40% aqueous methylamine was more convenient
Nhilk and gave the same results.

32 R =  Cbz- R, = H A 1.31-g portion of 7 from another run was dissolved in an
’ 1 ’ ^  equivalent amount of 1  N  HC1 (7.43 ml) and evaporated to give

33, R,; R2 = Me2C 1.57 g (100%) of the hydrochloride of 7, mp 120-122.5°. Crys-
. . tallization from 100 ml of acetonitrile gave 1.29 g (84%) of

sodium methoxide under various conditions was either white crystals of 7-HC1: mp 126-127°; M “d 99° (c 1.0, H20 ) ;
incomplete or gave 31 accompanied by some by- nmr (D20 ) S 5.10 (s, 1, H -l), 3.44 (s, 3, OCH3), and 2.87 (s, 3,
products. The chloropurine nucleoside 24 could be NCH3); Ri 0.47 in solvent TB .
trea ted  w ith  e ith er th iourea or sodium  hydrogen sulfide, ,. AVa}\ „  «alc?T o0 r ’ w « F n w - 5’ • ^
p referably  w ith  th e  la tter , to  give th e  desired 31 a fte r 16 3 . N 6-g8 _
deacylation. Compound 31 sometimes required purifi- ’Methyl 3-Deoxy-2,5-di-0-acetyl-3-V-methylacetamido-a-D-
cation via the lead salt since 31 was not as readily arabinofuranoside (8).—The above 3.66 g of 7 was stirred with
crystallized as 2 or 5 from the reaction mixtures that 23-2 ml of acetic anhy<kide and 50 ml of pyridine at room tern-
contained appreciable amounts of by-products. Com- S Ä S
pound 31 is the first example of a mercaptopurme CHC13); nmr (CDC13) 6 5.10 (m, 2, H-2 and H-3), 4.95 (s, 1, 
nucleoside of an amino sugar. H -l), 4.23 (m, 3, H-4 and 2 H-5), 3.44 (s, 3, OCH3), 3.07 (s, 2.3,

Reaction of the chloropurine nucleoside 24 with hot N-CH3 one form), 2.95 (s, 0.7, N-CH 3 another isomer), and 2.12
m ethanol and d im ethylam ine read ily  afforded, a fte r  (s, 3, N C W H 3); Ät 0.73 in solvent TC.

,. , ,, v ui 1 • • Anal. Cal cd for Ci3H21N 07: C, 51.5; H, 6.98; N, 4.62.
sodium  m ethoxide trea tm en t, th e  dim ethylam m opurine Found' C 51 2* H 7 01* N 4 26
nucleoside 2. Omission of the sodium methoxide step Methyl 3-Deoxy-3-iV-methylacetamido-a-D-arabinofuraiioside
resulted in incomplete 3'-iV-deacylation. The nucleo- (9).—A 1 0 . 2  g (33.7 mmol) portion of 8  in 50 ml of dry methanol
side 2 was coupled to A-benzyloxycarbonyl-p-methoxy containing 3 ml of l N sodium methoxide in methanol was kept
phenyl-L-alanine13 by the dicyclohexylcarbodiimide -N -  overnight, neutralized with acetic acid and filtered to give 3.34, g
f  , . . . .  J  7 c , ,, , , , , of 9, mp 155-156°, and a second crop of 2.43 g of 9, mp 152-154°
hydroxysuccmimide method14 to afford the blocked (total yield 78%).
nucleoside peptide 32 in excellent yield. Other COU- A sample from an earlier run was recrystallized from ethanol 
pling methods gave much less or no 32. Hydrogenolysis to give the analytical sample of 9: mp 155-156°; [«]23d + 89°
readily yielded 2a which is 3%V-methylpuromycin. ^ 1nJnr (d’ +2H?’ H"V’ ofo„ c , A. i 1 ,, (s, 3, OCH3), 3.15 and 2.99 (both s, 3, N-CH3, two forms), 2.30
Attempts to crystallize 2a from acetone afforded the and 2 .2 5  (both Sj 3> NAc, two forms); at 9 5 ° ihe protons of the
crystalline azomethme derivative 33. This was stable NAc group had collapsed to a singlet at 2.25, but the two N -CH 3

in acetone or as a crystalline solid. In other solvents, peaks were only slightly changed; Rt 0.13 in solvent TD .
it reverted back to 2a. Anal. Calcd for C9H17NO5: C, 49.3; H, 7.82; N, 6.39.

Treatment of 2 with formaldehyde and formic acid F°wndm C’ 49-5; ®’. 7,34; N’.®-15- , , .,, , o/ i -  ,, , . , Further recrystallizations did not change the rotation orgave the crystalline 3 -dimethylammo nucleoside 3.
This is apparently the first time that the Eschweiler- ----------------
Clarke methylation procedure has been applied to a (17) R. n . Iwamoto, et a l . t manuscript in preparation, describing CD 
nucleoside, although it has been employed with amino- studies of a number of nucleosides.
sugars.1515 That 3 cannot undergo 3'-JV-acylation may w P: w' I'r?t,hLIf' L' Hutohings’ and J- H- WilIiams’I . . . 1 c i J  J  N. Y. Meeting in Miniature, Feb 1954.
m a he i t  SiD. in te re stin g  an alog  OI th e  p u rom y cin  nucleo*- (19) Melting points were determined on a Fisher-Johns apparatus and
side 1. are corrected. Optical rotations were obtained with a Perkin-Elmer Model

M
+Urv ■Lrk, y~ Loo« r , « o  „__  141 automatic polarimeter; nmr, with a Varian A60 or HA 100; CD, with
the nucleosides have been assigned as ß  anomers a Jasc0 Model o r d / uv-5, Sprouie Scientific ss 107 cd  modification,

on the basis that 5, predictably the ß  anomer when Evaporations were carried out in  vacuo at or below 45° unless specified
produced from the bromo sugar 21 and chlorOmerCUri-6- Otherwise. Anhydrous magnesium sulfate was used as drying agent. Celite
v • j  • j t ! -« n is a diatomaceous earth product of Johns-Manville. Glc was run on a
benzamidopurme,16 was the same when prepared from Varian 2100-20. Paper chromatograms were run by the descending tech-

nique on Whatman No. 1 paper in these solvent systems: PA, n-butyl
(13) (a) R. P. Rivers and J. Lerman, J .  E n docrin ol., 5, 223 (1948); alcohol—water (saturated); PC, 5% aqueous disodium hydrogen phosphate,

(b) H. E. Carter and J. W. Hinman, J .  B io l .  C hem ., 178, 403 (1949). pH 8.9; PE, n-butyl alcohol-acetic acid-water (5:2:3); PF, ¿-butyl alcohol—
(14) (a) F. Weygand, D. Hoffman, and E. Wünsch, Z. N aturforsch ., 21b, water (5:1); PG, 3% aqueous ammonium chloride; PP, aqueous saturated

426 (1966); (b) J. E. Zimmerman and G. W. Anderson, J .  A m er. Chem . ammonium sulfate-2-propanol-water (2:28:70). Tic was run on silica gel 
S oc ., 89, 7151 (1967). HF (E. Merck AG Darmstadt) in these solvent systems: TA, methanol-

(15) (a) M. L. Moore in “Organic Reactions” Vol. V, R. Adams, et a l ., ethyl acetate (4:6); TB, methanol; TC, ethanol-ethyl acetate (1:9);
Ed., Wiley, New York, N. Y., 1949, p 301; (b) C. Richardson, J .  Chem . TD, chloroform-methanol (19:1); TE, same (4:1); TF, same (9:1).
S oc ., 5364 (1964). The spots were detected under uv light) or by iodine vapor and reported as

(16) B. R. Baker in ref 2, pp 120-129. R { or ÄAd in relation to solvent front or adenine, respectively.

3810 J . O rg. C h em ., V o l. 35 , N o . 11 , 1970  L e e , T ong, B lackford , and G oodman



m elting point of 9. Its 2,5-di-O -p-nitrobenzoate (9, R  = O C C e- mp 1 2 0 - 1 2 1 °. The analytical sample of 15-HC1, recrystallized 
H 4N 0 2-p) had mp 150-151°, [a]24D +16.6° (c 0.99, CHC13). from  absolute ethanol, had mp 120.5 - 1 2 1 .5°- [ff]20D + 1 1 2 °

Anal. Calcd for C23H 23N 3Ou : C , 53.4; H, 4.48; N , 8.12. (c 0.99, H20 ) ;  nm r (D20 )  S 5.11 (d, 1 , J x 2 = 4  Hz H -l)  3  48
Fou nd: C , 53.6; H, 4.61; N, 8.25. (s, 3, O C H 3), and 2.83 (s, 3, NCH3); Rs 0.29 in  solvent TB .

Methyl 3-Deoxy-3-(A-methylacetamido)-2,5-di-0-p-toluene- Anal. Calcd for C7H16N 0 4 -HCI: C, 3 9 .4 - H 7  5 5 - Cl
sulfonyl-a-D-arabinofuranoside (11).— To a cold (0°) stirred (ionic), 16.6; N, 6.56. Found: C, 39.5; H, 7.54; ’ Cl’ (ionic) 
solution of 8.37 g (40 mmol) of the arabinofuranoside (9 ) in 2 0 0  1 6 .2 ; N, 6.48.
ml of dry pyridine was added 30.5 g (160 mmol) of p-toluene- Methyl 2,5-D:-0-benzoyl-3-deoxy-3-(A-methylacetamido)-a-D- 
sulfonyl chloride. After stirring at 0° for 1 hr, the solution was ribofuranoside (17).—A solution of 3.16 g (14.4 mmol) of the
stored at 5°, protected from moisture, for 65 hr. The solution acetamidoribofuranoside (13) in 30 ml of dry pyridine was
was cooled to 0°, diluted with 20 ml of ice water, and stirred at 0° treated with 3.7 ml (31.8 mmol) of benzoyl chloride and kept at
for 15 min. The mixture was then poured into 600 ml of cold 25° for 17 hr, to leave, after work-up, 5.53 g (90%) of 17 as a
water and extracted with two 100-ml portions of chloroform. pale yellow gum. For analysis, a sample was dried at 100° (0.1
The chloroform extracts were washed with 150 ml of saturated Torr) for 15 hr; [«]%> + 98° (c 1.88, CHC13); R, 0.70 in solvent
sodium bicarbonate solution and with two 200-ml portions of TD .
water. After drying, the chloroform solution was treated with Anal. Calcd for C23H25ND7: C, 64.6; H, 5.90; N, 3.27.
charcoal and evaporated; the residue was suspended in 50 ml of Found: C, 64.3; H, 6.00; N, 3.40.
toluene and reevaporated to a reddish-white solid, 19.9 g. Attempts to prepare the 1-O-acetate derived from 17 by treat- 
The crude product was dissolved in 300 ml of preheated methanol ment with acetic anhydride, aeetic acid, and sulfuric acid, resulted
and cooled to 5° to afford 11 as yellowish-white fibrous needles, in some replacement of benzoyl by acetyl according to nmr data.
15.4 g (73%), mp 132.5-133.5°; Rt 0.65 in solvent TD . The Methyl 3-Deoxy-3-(A-methyltrifiuoroacetamido)-a-D-ribo-
product from another run was triturated with methanol to furanoside (18).—A solution of 2.14 g (10 mmol) of the amino- 
afford the analytical sample of 11 as white needles, mp 134-135°. ribofuranoside hydrochloride 15-HC1 in 10 ml of trifluoroacetic

Anal. Calcd for C23H29N0 9 S2: C, 52.4; H, 5.54; N, 2.66; anhydride was allowed to stand at 5° for 15 hr and then evapo-
S, 1 2 .2 . Found: C, 52.5; H, 5.65; N, 2.84; S, 1 2 .1 . rated. The residue was dissolved in 50 ml of methanol, refluxed
_ Crystalline 11 can be kept at 5° for 1 year without decomposi- for 25 min, and then evaporated to a crystalline residue. The

tion. A chloroform solution of 11 showed two new spots by tic product was dissolved in 10 ml of hot methanol, diluted with 50
after 1 week. A refluxing absolute ethanol solution of 11 is 50% ml of hot chloroform, and allowed to cool to afford 2.11 g (73%)
decomposed after 30 min, and 90% after 1 hr. By ir, one de- of 18 as white fibrous needles, mp 153-154.5°. The mother
composition product may be the toluenesulfonic acid salt of liquors yielded an additional 0.47 g [total 2.58 g (88%)], mp
methyl 2-0-acetyl-3-deoxy-3-methylammo-5-0-tosyl-a-D-ribo- 153-154°. For analysis, a sample was recrystallized from
furanoside. methanol-chloroform (1:5) to give 18, melting point unchanged:

The dimesyl sugar 10 could be prepared by the same procedure ir (Nujol) 3.06 (OH), 5.90 n  (amide); [q+ 6d  + 83° (c 0.84, H20 ) ; 
as a homogeneous oil which was unstable. 0.10 in T E .

Methyl 2 ,5-Di-0-acetyl-3-deoxy-3-(A'-methylacetamido)-«-]>- Anal. Calcd for CgHnFsNOs: N, 5.13. Found: N, 4.97.
ribofuranoside (16).—A stirred suspension of 15.8 g (30 mmol) Attempts to convert 18 to the diacetyl 19 with acetic anhydride
of the ditosylate 11 and 12.3 g (150 mmol) of anhydrous sodium in pyridine resulted in conversion to the triacetyl sugar 16 ac- 
acetate in 200 ml of 95% aqueous 2-methoxyethanol was heated cording to ir data.
at reflux for 21 hr. The solution was evaporated; the residue Acetolysis of Methyl 3-Deoxy-2,5-di-0-acetyl-3-(A-methyl-
was suspended in 75 ml of toluene and reevaporated. A suspen- acetamido)-a-D-ribcfuranose (16).—To a cold (0°) stirred solu- 
sion of the residue in a mixture of 50 ml of acetic anhydride and tion of 15.00 g (49.5 mmol) of the methyl riboside (16) in 70 ml
100 ml of dry pyridine was stirred and heated at 100° for 1 hr. each of acetic anhydride and acetic acid was added 8.25 ml (148.5
The mixture was worked up to leave 8.42 g (93%) of 16 as an mmol) of sulfuric acid dropwise over a 1-hr period. The solution
orange-yellow syrup: [a]22r> +163° (c 0.61, CHC13); ir (neat) was stirred and protected from moisture at 25° for 23 hr. The
5.71 (C = 0  ester), 6.02 (C = 0  amide), 8.10 g (ester); nmr (DCC13) reaction mixture was cooled to 0°, 26.0 g (317 mmol) of anhydrous
S 5.14 (m, 3, H -l, 2,3), 4.25 (m, 3, H-4 and 2 H-5), 3.48 and 3.45 sodium acetate was added, and the mixture was stirred at 25° for
(boths, 3, OCH3), 3.09 and 2.97 (boths, 3, N-CH3), 2.14 and 2.10 30 min and then evaporated (< 30°). The residue was suspended
(both s, 9, 3 COCH3); glc (packing: 5%  STAP on 80-100 in 200 ml of methanol and reevaporated; the evaporation with
Chromosorb W, acid washed, 6 ft X  2 mm; column temperature methanol was repeated. A solution of the residue in 200 ml of
215°; injection temperature 240°; H2 flame detector temperature chloroform was washed with two 300-ml portions of saturated 
300°; flow rate, 26 ml/min of He) retention time 250 sec (99.2%) sodium bicarbonate solution and with two 50-ml portions of
for 16; no 8, retention time 228 sec was detected (limit of de- water. The dried chloroform solution was treated with charcoal
tection, 0.5% ); a minor unidentified peak (0.8%) occurred at a and evaporated to leave 14.0 g of a pale yellow syrup. [The
retention time of 296 sec; Rt 0.50 in solvent TD. product was a mixture of ~ 2 9 %  of 16, -~55% of 20, ~ 1 1 %  of

Anal. Calcd for Ci3H2iN0 7-V<HsO: C, 50.7; H, 7.04; N, aldehyde (e.g., 22, R 2 = O), and ^ 5 %  of other products as
4.55. Found: C, 50.8; H, 7.07; N, 4.55. estimated by nmr analysis; the yield of 20 was 47%.] The

Methyl 3-Deoxy-3-(A-methylacetamido)-a-D-ribofuranoside above product mixture was treated a second time with 5.90 ml
(13).—A cold (0°) solution of 8.29 g (27.4 mmol) of the triacetate (106 mmol) of sulfuric acid in 50 ml each of acetic acid and acetic
16 in 150 ml of methanol was saturated with ammonia, allowed anhydride at 25° for 23 hr; the mixture was worked up as de-
to stand at 25° for 16 hr, and evaporated. Crystallization of scribed above to leave 12.6 g cf a pale yellow syrup. [This prod-
the product from 65 ml of ethyl acetate afforded 4.49 g (75%) of uct was a mixture of ~ 11%  of 16, ~ 6 3 %  of the 1-O-acetate
13, mp 107.5-109°. Recrystallization from ethyl acetate gave (20), ~ 7 %  of the aldehyde (22, R 2 = 0), and ~ 1 9 %  of the
analytically pure 13, melting point unchanged; [ a ] 19D +221° (c aldehyde diacetate (22); the yield of 20 was 48% ]: ir (neat)
0.99, H20 ) ;  nmr (D20 )  5  5.08 (d, 1, / i ,2 =  4.5 Hz, H -l), 3.48 5.70 (C = 0 , ester), 6.02 (C = 0 , amide), 8.12 n  (acetate); nmr
(s, 3, OCH3), 3.12 and 2.97 (both s, 3, N-CH3), and 2.18 (s, 3, (CDC13) S 9.49 (s, CHO), 6.15 (H-l of 20), and various amounts
NCOCH3); Rt 0.12 in solvent TD . of H -l of 22, 1-C'CH3 of 16, and COCH3 (for 5 values see under

Anal. Calcd for CgHnNCh: C, 49.3; H, 7.82; N, 6.39. particular compound) which were used to estimate mixture com-
Found: C, 49.5; H, 8.02; N, 6.47. position; Rt 0.40 and 0.60 in solvent TD .

Methyl 3-Deoxy-3-(methylamino)-a-D-ribofuranoside Hydro- Various acetolysis conditicns were studied and found less
chloride (15-HC1).—A solution of 7.84 g (25.8 mmol) of the tri- satisfactory than the above. For example, pouring the acetolysis
acetate 16 in 78 ml of 1.0 A sodium hydroxide was heated on the mixture into ice water20 in the work-up gave little or no chloro-
steam bath for 15 hr. The solution was cooled to 0°, acidified form soluble product.
with 104 ml of 1.0 A  hydrochloric acid, treated with charcoal, 9-[2,5-Di-0-acetyl-3-deoxy-3-(A-methylacetamido)-/3-D-ribo-
and evaporated. The residue was triturated with 75 ml of hot furanosyl]-6-benzamidoptirine (23).—Using a literature pro
absolute ethanol; the sodium chloride was removed by filtration cedure,9b 22.6 g (47.6 mmcl) of ehloromercuri-6-benzamido-
and washed with two 20-ml portions of absolute ethanol. The purine (35.3 g of a 36% Celite mixture) and 7.94 g (24.0 mmol)
combined ethanol solution was evaporated; the residue was crys- ___________
tallized from 40 ml of hot absolute ethanol, to afford 4.60 g (20) K. J. Ryan and E. M. Acton in "Synthetic Procedures in Nucleic
(83%) of 15'HCl as white needles, mp 120-121.5°. The mother Acid Chemistry,” Vol. 1, W. W. Zorbach and R. S. Typson, Ed., Interscience,
liquors gave an additional 0.68 g of 1S-HC1 [total 5.28 g (95% )], New York, N. Y„ 1968, p 165.
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of the tetraacetate 20 (12.6 g of a 63% pure sample) in 1,2- nitrite in 10 ml of acetic acid and 30 ml of water was kept at
diehloroethane were treated with 5.25 ml (47.7 mmol) of titanium 25° for 24 hr and then evaporated. The residue of 25 was acety-
tetrachloride in the same solvent and refluxed for 22 hr, then lated with 10 ml of acetic anhydride in 50 ml of pyridine at 25
worked up to give 11.4 g of 23 as a foam. Crystallization from for 23 hr and evaporated. The residue was triturated several
20 ml of warm alcohol diluted with 200 ml of warm water gave times with water (5-ml portions), three times with methanol
5.66 g (46%) of 23 as fibrous needles, mp 95.5-98.5°. Re- (4-ml portions), and dried to afford 1.82 g (92%) of 26, mp 244r-
crystallization from water gave the analytical sample of 23: 245.5° dec. Two recrystallizations from water gave the analytical
mp 96.5-99.5°; W “ -5d - 2 7 °  (c 0.99, EtOH); ir 5.71 (C = 0 , sampleof26: mp 247.5-249° dec; M 20d - 3 6 °  (c0.99, pyridine);
acetate) 5.87 (C = 0 , benzamide), 6.02 (C = 0 , acetamide), 6.22, uv max (pH 1) 243 him (e 17,600); (pH 7) 242 mM (18,000); (pH
6.32 (purine), 8.14 m (ester); uv max (pH 1) 252 him (e 11,400), 1Í5) 252 him (18,000); Rt 0.34, in solvent T F ; R aí 2.18 and 1.43
291 (26,300); (EtOH) 231 mM (e 13,200), 253 sh (~11,700), in solvents PC and PE, respectively.
262 sh ('~13,100), 279 (21,300); (pH 13) 303 him (e 13,900); Anal. Caled for CisHigNeO,: C, 45.7; H, 4.60; N, 21.3. 
nmr (DCC1S) S 9.64 (s, 1, NHBz), 8.71 and 8.23 (both s, 2, Found: C, 45.7; H, 4.79; N, 21.1.
H-2/H-8), 8.04 and 7.5 (both m, 5, C6H5CO), 6.40 (d, 1, J i ' y  9-[2,5-Di-0-acetyl-3-deoxy-3-(iV-methylacetainido)-/3-D-ribo-
= 4  Hz, H -l') , 3.11 and 3.06 (both s, NCH3); Rt 0.30 in furanosyl]adenine (27).■—A suspension of 2.80 g (10 mmol) of 
solvent TD . the aminonucleoside 5 and 5.0 ml (53 mmol) of acetic anhydride

Anal. Caled for C24H26N6O7 : C, 56.5; H, 5.13; N, 16.5. in 1 0 0  ml of pyridine was stirred at 25° for 4 hr, during which time 
Found: C, 56.3; H, 5.33; N, 16.3. 5 dissolved. After the solution was worked up the residue was

l,l,2,4,5-Penta-0-acetyl-3-deoxy-3-(A'-methylacetamido)-D- crystallized from 220 ml of absolute ethanol to give 2.93 g (72%) 
ribose (22).—The aqueous ethanolic mother liquors, from the of 27 as white crystals, mp 222.5-224.5°. The mother liquors
crystallization of the 6 -benzamidonucleoside (23), were concen- gave another 0.73 g [total 3.66 g (90%)] of 27, mp 220-223°.
trated to approximately 75 ml and then extracted with six 35-ml A recrystallization from absolute ethanol afforded the analytical
portions of ether. The combined ether extract was washed with sample of 27: mp 224-225.5°; [oi]2I-6d —15° (c 0.99, pyridine);
20 ml of water, dried, treated with charcoal, and evaporated to uv max (pH 1) 257 him (« 13,800); (pH 7) 259 him (e 13,900);
a partially crystalline residue, 1.69 g. The residue was dissolved (pH 13) 260 him  (e 14,200); R¡ 0.70 in solvent T E ; R a í  1.39,
in 10 ml of hot benzene, diluted with 40 ml of hot cyclohexane, 1 .9 5 , and 1.38 in PA, PC, and PE, respectively, 
filtered, and allowed to cool to afford 0.95 g (40%) of light yellow Anal. Caled for Ci7H22N6 0 6 -1/4H20 : C, 49.7; H, 5.52; N,
crystals, mp 112.5-115.5°. Recrystallization from benzene- 20.5. Found: C, 49.8; H, 5.60; N, 20.6. 
cyclohexane (1:4) gave the analytical sample of 22: mp 115- 9-[2,S-Di-0-acetyl-3-deoxy-3-(Ar-methylacetamido)-/3-i>-ribo-
116.5°; [ a ] 20D + 41° (c 1.99, CHCI3); ir (Nujol) 5.61, 5.70 furanosyl]hypoxanthine (28).—A 2.80 g (10 mmol) portion of 5
(C = 0 , ester), 6.02 (C = 0 , amide), 8.00, 8.10, 8.20 44 (COOR); wag acetyiated as before, but the product 27 was immediately
nmr (CDCI3) 5 6.85 (d, Ju t  = 7 Hz, H -l), 3.17 (s, 3, NCH3), treated with 2.76 g (40 mmol) of sodium nitrite in 10 ml of acetic
2.08 and 2.04 (both s, 18 COCH3); Rt 0.64 in solvent TD . 1 acid and 3q mj 0f waier by the procedure used for 26. Crystal-

Anal. Caled for C18H27NO1 1 : C, 49.9; H, 6.28; N, 3.23. lization of the product, 28, from 100 ml of methanol gave 3.06
Found: C, 50.2; H, 6.51; N, 3.34. g (75%) of 28 as white crystals, mp 239-241°, with a second crop

9-[2,5-Di-0-acetyl-3-deoxy-3-(A-methylacetamido)-/3-D-ribo- of 0 37 g (total 84%)) mp 238-240°. Recrystallization from 
furanosyl]-6-chloropurine (24).—A mixture of 3.09 g (20 mmol) methanol afforded the analytical sample of 28: mp 240-241°;
of 6-chloropurine and 6.27 g (19 mmol) of the tetraacetate 20 [Q,p.5D _ 24° (c 0 .92 ,pyridine); uvmax (pH 1 )248mM (e 12,100);
[11.0 g of a 57% pure sample of 20] was stirred and heated m an (pH 7) 248 mfi ({ 12,300); (pH 13) 253 mM (« 13,500); Rt 0.54
oil bath at 135-140°, 0.100 g of p-toluenesulfomc acid mono- and 0 2 2  in solvents TE  and T F , respectively; R a í  1.02, 2.38,
hydrate was added, and the flask was evacuated to 0.25 Torr. and 12 5  in soiventg pA> PC) and PE, respectively.
The melt was stirred at 13A-140° (0.25 Torr)for 20 min and then Ana?_ Caled for ClvH21N60 ,:  C, 50.1; H, 5.20; N, 17.2.
cooled. A solution of the fusion product in 150 ml of methylene Found- C 50 l - H 4 94- N 17 3
chloride was washed with 25 ml of saturated sodium bicarbonate ‘ , ,  ’ .. .  . . .
solution and with two 25-ml portions of water. The dried organic . . "5 "¡T® y a^ n°~d"D"r l , ? l*fa? osy .
solution was treated with charcoal and evaporated to a foam, 1 t- ' 1 { iS<nUAr°n iu .. ® ivT
11.80 g (uv indicated a purity of approximately 60% ): uv max 7-5 ml of 1.0 Af methanohe sodium methoxide in 100 ml of metha- 
(EtOH) 250 mM sh («4460), 264 (5960); R, 0.40 [chloronucleoside no ^fluxed for 8 hr, neutralized with acetic acid, and evapo-
(24)], 0.48 and 0.63 (acetolysis by-products) in solvent TD . rated- n? y^ a“ 0onn0f ^  residue rom 50 ml of methanol

9-(3-Deoxy-3-methylamino-+iLribofuranosyl)adenine ( S ) . -  Save 1 f  of 29 as white crystals mp 217-219 dec, and
A solution of 5.66 g (11.1 mmol) of the 6-benzamidonucleoside (23) asecond crop, 0 09 g (total 79% ), mp 215.5-219 dec. Recrystal-
and 17 ml of 1.0 M  methanolic sodium methoxide in 225 ml of ^ atlon fro0™ ^ e  same solvent yielded the analytical sample of
methanol was stirred and refluxed for 8 hr, during which time 9- ™P „ 19 ^
the aminonucleoside (5) crystallized from the reaction mixture.  ̂ \  * 1 ’ 9  iPc J
The mixture was cooled and adjusted to pH 8-9 with acetic acid; « fc imM U 13,300); 0.32 m solvent T B , R aí 0.33, 2.15, and
the crystalline precipitate was collected and washed with four m s°lvents TA, TC, and T E , respectively.
5-ml portions of methanol and three 5-ml portions of methylene A nal. Caled for CnHieNgfX: C, 47.0; H, 5.38, N, 24.9.
chloride to afford 2.74 g (89%) of 5, mp 244-247° dec. An Found: C, 47.1; H, 5.48; N, 25.1.
additional 0.14 g [total 2.88 g (93%)] of 5, mp 243-245°, was 9-[2,5-Di-0-acetyl-3-deoxy-3-(Ar-methylacetamido)-+i)-ribo-
obtained from the mother liquors. The analytical sample of 5, furanosyl]-6-mercaptopurine (30).—A solution of 0.705 g (1.65
recrystallized twice from water, had mp 247.5-250° dec: [ a ] 19D mmol) of the chloronucleoside 24 (1.31 g of 54% pure 24), 0.19
-1 0 3 °  (c 1.00, 1.0 N  NaOH); uv max (pH 1) 206 mM (c 22,100), g (2.48 mmol) of thiourea, and 0.27 ml (3.35 mmol) of pyridine
256 (14,800); (pH 7) 207 m/t (e 20,400), 259 (15,100); (pH 13) in 25 ml of absolute ethanol was refluxed for 10 hr and evaporated
259 mM (e 15,200); nmr (DMSO-d6, D20  exchanged) 5 8.39 and and the residue triturated with ether to give 0.372 g (54% ) of
8.15 (both s, 2, H-2 and H-8), 5.95 (d, Jy .y  =  3 Hz, H -l') , chromatographically pure, amorphous 30. Crystallization from
2.32 (s, 3, NCH3); Rt 0.37 in solvent T B ; R aí 0.79, 1.56, and absolute ethanol gave two crops of 30, 0.136 g (20%) of mp 210.5-
0.78 in solvents PA, PC, and PE, respectively. 212.5° dec and 0.036 g (total 25%) of mp 186-190° dec. Re-

Anal. Caled for CnHjsNeOa: C, 47.1; H, 5.76; N, 30.0. crystallization of the first crop afforded 30: mp 215.5-217.5°
Found: C, 46.9; H, 5.93; N, 30.1. dec; [a]20d —58° (c 0.49, pyridine); uv max (pH 1) 227 him sh

Attempts to selectively deacylate 23 at room temperature to the (e 9850), 321 (23,500); (pH 7) 228 mM sh (« 9500), 319 (20,500);
3'-A-acetyl derivative (5a) of 5 were not successful. Treatment (pH 13) 235 mM sh (e 14,600), 311 (22,200); Rt 0.42 in solvent
with 1 equiv of sodium methoxide in methanol for 16 hr gave T F .
5 a :5 in the ratio of 1 :1 ; 0.2 equiv for 45 hr, a ratio of 9 :1 . Anal. Caled for CnH2iN60 6S: C, 48.2; H, 5.00; N, 16.5;

Treatment of the chloropurine 24 with methanolic ammonia at S, 7.57. Found: C, 47.9; H, 4.87; N, 16.5; S, 7.13.
100° for 15 hr followed by methanolic sodium methoxide deacyla- Reaction of 24 with excess thiourea in hot ethanol without
tion as above gave 5 in 43% yield overall from 20; the same yields pyridine cleaved the nucleoside product to 6-mercaptopurine.
as via 23 to 5 are obtained from 20. With 1.5 mol of thiourea and 2 of pyridine, crystalline 30 could

9-[2,5-Di-0-acetyl-3-deoxy-3-(Ar-nitrosomethylamino)-/3-i)- be obtained in 23% yield together with 30% 6-mercaptopurine.
ribofuranosyl]hypoxanthine (26).—A solution of 1.40 g (5.0 On larger scale, the yield of 30 was not reproducible. With
mmol) of the aminonucleoside 5 and 2.07 g (30 mmol) of sodium larger excesses of pyridine, the product 30, though present,
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could not be isolated. Replacement of pyridine with sodium 9-{3-Deoxy-3-[A7-(p-methoxyphenyl-L-alanyl)methylamino]-j3-
bicarbonate resulted mostly in de-O-acylation of 24. »-ribofuranosyl}-6-dimethyiaminopurine (3'-Af-methylpuromycin)

9-(3-Deoxy-3-methylamino-/3-D-ribofuranosyl)-6-mercapto- (2a).—A 2.08-g (3.14 mmol) sample of the amino acid nucleoside
purine (31).—To a solution of 1.31 g (3.08 mmol) of the chloro- 32 and 0.31 g of 5%  palladium on carbon in 50 ml of ethanol was
nucleoside 24 (2.30 g of 57% pure 24) in 40 ml of methanolic stirred under hydrogen, 1 atmosphere, at 25° for 20 hr. After
hydrogen sulfide was added 9.3 ml of 1.0 M methanolic sodium filtration through Celite, the filtrate was evaporated. The 
hydrogen sulfide. The solution was refluxed for 1 hr during which residue was dissolved in 10 ml of ethanol, diluted with 25 ml of
time hydrogen sulfide was bubbled through the mixture. Then water, and allowed to stand 1 day to precipitate the last traces
nitrogen was bubbled through the refluxing mixture for 15 min, of dicyclohexylurea. After filtration the filtrate was concentrated
6.2 ml of 1.0 M  methanolic sodium methoxide was added, and to about 20 ml, and extracted with three 20-ml portions of meth-
refluxing under nitrogen was continued for 7 hr more. After ylene chloride. The combined extracts were washed with two
cooling, the mixture was adjusted to pH 7-8 with acetic acid to 10-ml portions of water, dried, treated with charcoal, and
afford 0.43 g of 31. Crystallization from water yielded 0.21 g evaporated to a solid foam. This was dissolved in 50 ml of hot
(23%) of 31, mp 221-223° dec. A further crystallization gave benzene, filtered, and allowed to crystallize at 25°. The very
the analytical sample of 31: mp 228-230.5° dec; [a] i9d —93° fine needles were collected, washed with benzene, and dried at
(c 0.46, 0.1 N  NaOH); uv max (pH 1) 224 mju (e 9500), 321 56° (0.1 Torr) for 15 hr to give 1.34 g (81% as 2a-V2C6H6) with
(23,900); (pH 7) 229 m/i (e 11,200), 315 (21,600); (pH 13) mp 98-108°. Recrystallization from benzene did not change the
232 m/j (e 16,400), 310 (26,800); R{ 0.50 in solvent T B ; «Ad 1.88 melting point of 2a-1/2C8H6: [a]19D + 30° (c 0.97, EtOH);
and 0.73 in solvents PC and P E, respectively. uv max (pH 1) 268 him (e 20,100); (EtOH) 213 nut sh U 27,400),

Anal. Calcd for CnHuNsOaS: C, 44.4; H, 5.09; N, 23.6; 276(20,600); (pH 13) 276 my, (t 20,300); nmr (DCC1„) S 8.13 and
S, 10.8. Found: C, 44.5; H, 5.16; N, 23.3; S, 10.7. 7.90 (both s, 2, H-8, H-2), 6.91 (q, 4, MeOC8H4), 5.86 (d, 1,

9-[2,5-Di-0-acetyl-3-deoxy-3-(lV-methylthioacetamido)-|3-D- Jv .v  = 5.5 Hz, H -l'), remainder of spectrum showed overlapping 
ribofuranosyl]-6-mercaptopurine (34).—To a stirred suspension with discernible singlets at 5 3.76 (OCH3), 3.46 [N6(CH3)2], and
of 1.70 g (4.17 mmol) of the triacetate 28 in 85 ml of dry pyridine 2.90 (N8'CH3) as well as 0.5 C8H8 at S 7.34; R, 0.31 in solvent
was added 3.80 g (17 mmol) of phosphorus pentasulfide. The T E ; R ka 1.65 in solvent PA.
mixture was stirred vigorously and refluxed for 4 hr. The two- AnaL Calcd for CwHaiNA-ViCtH,: C, 59.5; H, 6.53; N, 
phase reaction mixture was evaporated and the residue was jg  7  Found- C 59 3- H 6  25- N 18 5 
triturated with a solution of 2 8 6  g (34 mmol) of sodium bi- ' 9-{3-De0 xy-3-[A-(A-is0 pr0 pyiidene-p-methoxyphenyl-L-alan-
carbonate m 40 ml of water The precipitate was collected and yl)methylammo]-/3-D-ribofurnaosyl)-6 -dimethylaminopurine (33). 
washed with water to yield 1.32 g of 34. Crystallization from _ A 0 .l81-g (0.37 mmol) sample of 3'-A-methylpuromycin (2 a)
m i^ o « o ei h a n o 1  f ve (52% > f  a ^ f f ^ P o w d e r ,  mp was dissolved ir 2  ml of acetone and allowed to stand at 25°
J ® } ! 1 ®6  d®°’ and an a,dd*tional 0 15 g (tota 60%), mp 185- (crystals began to {orm after appr0ximately 15 min) for 17 hr.

9 dec- i f  f 4 ’ renc^ tall,,zed from The fine white fibrous needles were collected, washed with acetone,
had mp 207 .0-209.5° dec: [«]»• d - 9 3 °  ( c l  00 pyridine ; and dried to give 0 .149 g (76%) o{ 33> mp i 64-168°. For anaIy:

(EtOHl 228 m sh 0 7001 ’ 2 7 5  H6 9001 224 m  onnf’T l l ’ sis’ a samPle was recrystallized from acetone and dried at 56°
“  228 F *  St (: 3 79101)%2J ° , i l f ’990) 324 .(24>20°); (0.15 Torr) for 15 hr: mp 166.5-170.5°; [«]>9d + 5 °  (c 0.98,

i 3 %2H o °  3V  2+4’f>°A° solven* T,F ; EtOH); after 17 hr at 25° the solution had [«]39d + 3 0 ° ; like
«Ad 1.55, 1 .7 2 and 1 .5 - in solvents PA, PC and P E , respectively. 2a; ir (Nuj ol) 6-00 M (C= N ); uv max (pH 1) 268 mM (* 20,800);

Anal. Calcdfor C„H21N ^ 6S2: C, 46.5; H 4.82; N, 15.9; (E t0 H) 213 my (e 27,000), 276 (21,100); (pH 13) 276 mM (e
S ’ Cf’fc4? '1 ;- H ’«4 '86- w ’ 1>" '’ n T 1^ 5 ' , • 20,900); nmr (DCC+) & 2.11 [s, 6, N =C(CH 3)2]; remainder of9-[3-Deoxy-3-methylammo-d-D-nbofm-anosyl)-6-dimethylami- gpectrum like that of 2a; 33 had the same chromatographic
nolpurine (2).—Treatment of 5.85 g (13.7 mmol) of the chloro- behavior as 2a
nucleoside 24 (9.76 g of a 60% pure sample of 24) with 15 ml of , ' n  , \ ,  „  „  TJ n  m K rr c oe at
anhydrous dimethylamine in 150 ml of methanol in a bomb at , + 1 ^  Calcd f̂or„ C« H86Nf fi5nH^ :1, -CJ  57'5; H ’ 6 ‘86; N ’ 
100° for 2 hr followed by deacylation with methanolic sodium 18'° ‘ r ,F ° und: 67‘^  6/80' N ’ 48‘4’ „
methoxide (as for 5) afforded crude 2. Crystallization from 40 9-[3-De0xy-3-(dimethylamino -+D-ribofmanosy ]-6-dimethyl-
ml of water gave 2.65 g (63%) of 2 as white crystals, mp 215- ^  Si " tl0?  °1 ~ 9J 5 g (3 '° ? mol),° f 2 “  0 1111
216.5°, with a second crop of 0.20 g (total 68%), mp 213-215°. of. 88T° fo™ IC acld and 5 ml of 37% a(lueous formaldehyde was
Recrystallization from water afforded 2: mp 216.5-218°; stirred and heated at reflux for 10 mm (C 02 evolution had ceased
[« P d - 5 2 °  (c 0.97, EtOH); uv max (pH 1) 208 mM (« 20,100), after ~ 8 m®) and then evaporated. After adding and evaporat-
267 (19,200); (pH 7) 214 mM (« 17,100) and 275 (19,400); (pH mg successively three 10-ml portions of water the gelatinous
13) 275 my (* 19,700): « f 0.42 in solvent T B ; « Ad 1.47, 1.89, ™s'due wa? dlss°  ved in 30 ml of water and filtered through
and 1.00, in solvents PA, PC, and P E, respectively; nmr ?,ellte> and th® mtf  was washed with water. The combined
(DMSO-de) S 8.28 and 8.10 (both s, 2, H-8, H-2), 5.89 (d, 1, filtrates about 40 ml, were adjusted to pH 9.5 with 1.0 N  sodium
Ju t  = 3 Hz, H -l') , 3.31 [s, 6, N9-(CH3)2], 2.20 (s, 3, HNCHs). hydroxide (4.9 ml needed), and evaporated. A solution of the

Anal. Calcd for C13H20N6O3: C, 50.6; H, 6.54; N, 27.3. ™s4due m 10 1111 of hot water Save' after landing at 5 , 0.645 g
Found* C 50 7* H 6 69* N 27 1 (67%) of 3, mp 184-185 , and a second crop of 0.112 g (total

'9-{3-Deoiy-3-[N-(benZyloxycarbonyl-p-methoxyphenyl-L- 78 mP 18F : 185\  Recrystallization of 0.15 g of 3 from 1
alanyl)methylamino]-+D-ribofuranosyl} -6-dimethylaminopurine ,afforded’ aftcet; d^ mgr at„56 ™rr£°™  hr’
(32).—To a cooled (0°) stirred solution of 1.43 g (4.64 mmol) of 18t'®1i 8£ ,+  o l-w io  ° UV
the 3 '-methylaminonucleoside (2), 1.61 g (4.9 mmol) of N- ”la3i  ^ _299 o i l  7 21/TA1rx\
benzyloxycarbonyl-p-methoxyphenyl-L-alanine,13 and 0.565 g (4.9 i'o  a’« 00 h 27  ’ ^TT1« p o u  s
mmol) of A^-hydroxysuccinimide in 45 ml of dry DM F was added ® and (both s, 2, xl-8, H-2), 5.8b (d, Jv .v  3.5
1.01 g (4.9 mmol) of dicyclohexylcarbodiimide. The solution R z> 3-07 [s, 6, N8(CH3)2], 2.42 [s, 6, N3 (CH3)2] ; R aa

was stirred at 0° for 30 min and then at 25° for 3 days, protected 1.39, 1.96, and 1.64 in solvents P F , PC, and PP, respectively,
from moisture. The reaction mixture was filtered, the dicyclo- where 2, on the same sheet, had «Ad 1.33, 1.91, and 1.70, re-
hexylurea was washed with ethyl acetate, and the combined speetively.
filtrate was evaporated. A solution of the residue in 40 ml of Anal. Calcd for CuH2SN«03: C, 52.2; H, 6.88; N, 26.1.
ethyl acetate was cooled at 0° for 1 hr and then filtered to remove Found: C, 52.2; H, 7.20; N, 26.0.
the precipitated dicyclohexylurea. The filtrate was diluted to
100 ml with ethyl acetate and then washed successively with 25-ml
portions of water, one-half saturated sodium bicarbonate solution,
and two portions of water. The dried ethyl acetate solution was . a h a  o o- vqv a 1 1
treated with charcoal and evaporated; the residual syrup was Registry No.- 2, 25787 -4 0 -0 , 2a, 25787 -41 -1 , 3,
azeotroped with several 20-ml portions of methylene chloride to 25787-42-2; 5, 25787-43-3; 7 HC1, 25787-44-4; 8,
leave 2.79 g (91%, calcd as 32-72CH2Cl2) of a pale yellowish- 25787-45-5; 9 , 25787-46-6; 11, 25787-47-7; 13, 25787-
white solid foam: nmr (DC13) s 8.17 (s l NHCO.R), 8.03 (s) 4 8 . 8 ; 15 HC1) 25787-49-9; 16, 25787-50-2; 17, 25787-
and (.85 (s, H-8, H-2), 7.25 (s, C6H6), 6.94 (q, MeOC6H4), 6.13 „ 9 A7 9 7  w  4- 7 0  95787 53 5 ' 23 2 5 7 S 7 -5 4 -6 -
(d, H -l') , 5.27 (s, CH.Cb) and remainder of spectrum compati- j 8 > 2518/ -52-4 , 2« , 2D/8/-0 6  0 , 23 , 2 0 /»C 04 D,
ble with structure of 32; «t 0.32 in solvent TD. 24, 25834-69-9; 26, 25834-70-2; 27, 25834-71-3; 28,
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Intramolecular cyclization of an JV-ehloroacetyl-2-phenylglycine ethyl ester occurs in the presence of various 
bases to produce the corresponding 2-phenyl-4-oxoazetidine. A similar cyclization of the A-(3-chloropropionyl) 
homolog to an oxopyrrolidine has been observed. The facile ring cleavage of the oxoazetidines yielded a series 
of novel 2-phenylaspartic acid derivatives. Large geminal coupling constants from the pmr spectra of the 
iV-phenyl- and iV-benzyl-2-phenylaspartic acid derivatives support restricted rotational conformations for these 
compounds.

W hen  Ar-chloroacetyl-lV ',2-diphenylglycine e th y l Scheme I
ester ( l ) 1 reacts  w ith  sodium  cyanide, e th y l 4 -o x o -l,2 - f~0=CCH.,Ci 1  0=C C H 2C1
d iphenylazetid ine-2-carboxylate (2 )2 is  form ed in  good | e  |
yield, rather than the W-cyanoacetyl derivative. N C C02Et N-----CHC0,Et
A lthough 1 fa ils 1 to  y ield  2 in  th e  presence of tr ie th y l- I I I I
am ine, th e  reaction  is successfu l2 when carried  out in  6 5 6 5 -* c,iH5 CfR 5
th e  presence of b asic  anion exchange resin. Sheeh an  a j
and B o s e 3 report th e  in tram olecu lar cyclization  of I {
d iethyl iV -arylhaloacetam idom alonates in  th e  presence
of triethylamine to l-aryl-2,2-dicarbethoxy-4-oxoazeti- 0=i-------  CHCO R
dines. Similarly, Deshpande, Mukerjee, and Dey1’4 ------*■ f
prepare 2,2-dicarbethoxy-l-phenyl-3-phthalimidometh- N----------C02Et C6H5NHCC02Et
yl-4-oxoazetidine from diethyl A-(3-phthalimido)-2- I (-H \ I
bromo-A-phenylpropionamidomalonate. c<iR  6 ° \ .  R

Sodium  cyanide is apparently  a strong enough b ase  2 3 ’ “ Et
to  form  th e  carbanion  ( la )  w hich by  in tram o lecu lar { \ .  4, R -  Me
nucleophilic d isplacem ent of C l gives 2. O ther bases \ .  |
(e.g., NaH, NaOR, NaOAc, and NH3) behave similarly, 0=|-------  *
and m ay be preferred cyclization  reagen ts (Schem e I ) .  CH2C02H

1,4-Diethyl Ar,2-diphenylaspartate (3) was obtained y ----------(jq,,h C6H NHCC02R
in  8 4 %  yield  by  th e  addition of an excess (1 .3  equiv) of | :
N a O E t to  1 in  E tO H . W hen  1 equ iv  of N a O E t w as G ib  6 5 C6H5
added rapidly to  1, com pound 3 w as th e  m a jo r reaction  5 6, R = Et
product. T h e  localized excess of N a O E t presum ably 7, R=H
opens up th e  in itia lly  form ed azetid ine ring to  give 3
and a lesser amount (26%) of 2 As expected, when 2 ^  cleavage of 2 with concentrated H2S 0 4. More
was treated with NaOMe-MeOH the analogous ester, dragtic hydrolysis of either 2 or 3 with excess NaOH in
t £ e d  Y ^^-^Phenylaspartate (4), was ob- refluxing aqueous dioxane produced A,2-diphenyl-

• Ml)djWdr0lysis2- 4 of 2 (1 equiv) at room temperature investigators3 obtained A-phenylaspartic acid
m a 0.5%  solution of KOH (1 equiv) m 9 5 %  EtOH b hydrolysis 0f 2,2-dicarbethoxy-l-phenyl-4-oxoazeti-
produced the azetidmecarboxylic acid 5. When the dine wifh K 0H  followed by decarboxylation. The
reaction was repeated with MeOH as solvent, the dimeth l ester was obtained3 by treatment with
chief product was the ring-opened diester 4 with only a diazomethane. a esters are less readily available than
minor amount of 5 being isolated. Refluxing 3 for 5 esterg of monoaminodicarboxylic acids. Klieger
mm m a 1.6% NaOH (2.4 equiv) aqueous EtOH solu- and Gibian6 found that benzyloxycarbonyl-L-glutamic
tion allowed selective hydrolysis of the 4-carbethoxy acid anh dride reacts with R 0H  in the preSence of
group giving an 80% yield of 1-ethyl A,2-diphenyl- di loh lamine to oduce the „  ester dicyclo
aspartate (6 ). Compound 6 was prepared by: (a  bexylammonium salt. The a  esters may also be
selective hydrolysis of 3 with hot dilute H2S 0 4, or (b) pre.^ red6 by taking advantage of the difference in the

* Author to whom correspondence should be addressed. d issociation  COIlSt&ntS of th6 Of- Elld 'y-(jarboxyl groups
(1) A. K. Bose, B. N. G. Mazumdar, and B. G. Chatterjee, J . Amer. of ^ aCylglutamic acids. The reaction is Carried Out

Chem . S oc ., 82, 2382 (1960). J  ®
(2) B. G. Chatterjee, V. V. Rao, and B. N. G. Mazumdar, J .  Org. Chem.,

30, 4101 (1965). (5) E. Klieger and H. Gibian, Justus Liebigs Ann. Chem., 655, 195
(3) J. C. Sheehan and A. K. Bose, J . Amer. Chem. S oc ., 72, 5158 (1950). (1962).
(4) S. M. Deshpande, A. K. Mukerjee, and P. M. Dey, Indian J .  Chem., (6) M. Bodanszky and M. A. Ondetti, “Peptide Synthesis,” G. A. Olah,

6, 238 (1968). Ed., Interscience, New York, N. Y., 1966, p 52.
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with R X  in the presence of 1 equiv of a strong base. 3-aminosuccinamic acid has involved the reaction 
, The mixed diesters can be obtained6 from the a  esters by between A-phthaloylaspartic anhydride and ammonia, 

several procedures. As ring opening of the anhydride may occur in two
The A-m ethyl and A-benzyl analogs of 1 were also different ways, mixtures may result by this method, 

prepared for cyclization to the corresponding oily Using A  - (3 - chloropropionyl) - A , 2 - diphenylglycine 
oxoazetidines of type 2. The crude oxoazetidines were ethyl ester (17) as the intermediate, ethyl 5-oxo-l,2- 
treated with excess alkali in a manner similar to that 
used for the preparation of 7 from 2. In both examples, CH2CHS(3
however, the azetidine ring was more resistant to | Na0Et ____
cleavage than 2 as shown by the isolation of azetidine- 0 = C  jCHC02Et +  Et0H ' I jL^C02Et 
carboxylic acids 8 and 9 (Table I). The N-substituted ^ 0
2-phenylaspartic acids 10 and 11 were obtained in lower i  H i
yield. 6j7  L,' r' .

During the intramolecular cyclization of 1 with 18 ân °'^
NaOMe, transesterification also occurred giving 12. I I co,H a, soci, | | CONH,
The reaction of 12 with NH3 in MeOH under pressure b. n h .o h  * o ^ N ' ^ c  H
at room temperature gave three products: the sue- | | 6 5
cinamide 13, the 4-oxoazetidine-2-carboxamide 14, and Q A C6H5
the succinimide 15. Compound 14 is believed to be the 19 20

0 = ]  diphenylpyrrolidine-2-carboxylate (18) was prepared
1 + "Meoff*------------------------------------------------------------------ under conditions similar to those used for the prépara

is---------- C 02Me tio n o f2 . Compound 18 (an oil) was readily hydrolyzed
I q.jj. to the crystalline acid 19, which was then converted to

■ the amide 20. Similarly, the cyclization of diethyl
A-(3-bromopropionyl)anilinomalonate to 2,2-dicar- 
bethoxy-l-phenyl-5-oxopyrrolidine is reported.1’2 

NHl A method8 for the preparation of 2,5-dioxopiper-
(MeOH) azines by the action of N H 3 in MeOH upon a-halo-
\ .  acetyl derivatives of amino acid esters was applied to

the chloroacyl intermediates 1 and 17. However, the
^  _____ \  products isolated were compounds 14 and 21 (Table I),

CHoCONH, 0 = T tt respectively, resulting from expected intramolecular
| _______ cyclizations.

C’tH-NHCCONH, N CONH2 j C6H5 Pmr Spectra.— The proton magnetic resonance spectra
 ̂H q jj C6H5 O ^ N ^ o °f the substituted 4-oxoazetidines show marked magnetic

136 5 i4  | nonequivalence of the two protons in position 3 caused
H by the asymmetric carbon atom 2 (Table II). The

15 geminal coupling constants are in the normal range for
initial product of ammonolysis which reacts further methylene protons in four-membered ring compounds9
with ammonia to produce the ring-cleavage product 13. having a planar configuration and one adjacent tt

Pathways to 15 might include (a) ring cleavage of 14 bond.10 No cross-ring coupling was observed in 8 or 9
with MeOH to yield an hypothetical intermediate 15a, between the hydrogens at position 3 and the methyl or
followed by the loss of MeOH, or (b) the intramolecular benzylic protons as was reported by Barrow and Spots-

wood.9 The two substituents at position 2 must force 
NHC6H, the N  substituent into the plane of the ring thereby

----------- destroying the transoid pathway necessary for long-
14 4- MeOH —  > —  ̂ 15 +  range coupling.

( 11 Me02C CONH2 The absolute values of the geminal coupling con-
stants observed for the A-phenyl- and A-benzyl-2- 

15a e phenylaspartic acid derivatives are very large, especi-
rearrangement of 14. Sheehan and Bose3 prepared ally for those spectra taken in trifluoroacetic acid
A,A'-dibenzyl-2-anilinosuccinamide by the action of solution. These values require a large population of
benzylamine upon (a) A-phenylaspartic acid dimethyl restricted rotational conformations with the plane of
ester or (b) 2-carbethoxy-2-carboxy-l-phenyl-4-oxo- the carbonyl group bisecting the H -C -H  bonds of the
azetidine. methylene group.10 Conformational restrictions im-

Ring cleavage of 14 with alkali has afforded a method posed by rotational hindrance of the two benzene rings,
for preparing the a  amide, 3-anilino-3-phenylsuccin- and probably enhanced by intramolecular hydrogen
amie acid (16). A standard method7 for preparing bonding of the acidic hydrogen to the adjacent carbonyl

group, allow a preferred conformation for the 2-phenyl- 
CH2CO2H aspartic acid derivatives which approaches that of the

14 +  -  Na° H> C6H5NHCCONH2 cyclic compounds.
2. H C l ;

C flHg (8) Y . T .  P ra tt in  H e te ro c y d . C o m p o u n d s , 6, 438 (1957).
(9) K .  D . Barrow  and T . M . Spotswood, T e tra h e d ro n  L e t t . ,  37, 3325

------------------------ (1965).
(7) S. W . Tanenbaum, J .  A m e r .  C h em . S oc ., 75, 1754 (1953). (10) M . Barfie ld  and D . M . G rant, J .  A m e r .  C h em . S oc., 85, 1899 (1963).
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T h a  coupling co n sta n ts  w ere  ob tain ed  d ire c tly  from  from 25 to 30°. The mixture was warmed at 35-40° for 0.5 hr
th e  sp e c tra , w hile th e  ch em ical sh ift v a lu es  w ere ad - and then heated under reflux for 1 hr. After standing overnight

ju ste d  using th e  fo rm u la ”  fo r th e  d e v ia tio n  fro m  first- w o  o f  ^J . rr,, . , ,  , EtOH and then with H20 ,  yield 22 g (84% ) of white solid.
o rd er tre a tm e n t. T h e  sign s of th e  coupling co n sta n ts  E.—A mixture of 2.5  g (0.0085 mol) of 2 and 50 ml of anhy-
w ere n ot d eterm in ed , b u t th e  gem in al coupling co n sta n ts  drous EtOH containing o .l g (0.0044 g-atom) of dissolved Na was 
a re  p ro b ab ly  n e g a tiv e . warmedslowly to50° and the reaction temperature was maintained

at 50-60° for 1 hr. During the heating time, solution resulted fol
lowed by precipitation of the product. After cooling, the white 

E x p e rim e n ta l S e ctio n  s°hd was collected and washed with EtO H , yield 1.8 g (62% ).
F. 1-Ethyl A',2-Diphenylaspartate (6).—A mixture of 3.4 g 

The ir spectra of all the described compounds are consistent (0.01 mol) of 3, 50 ml of EtO H , and 12 ml of 2 A  NaOH was
with the assigned structures. The/3-lactam carbonyl bands were heated under reflux for 5 min. After cooling, the precipitate
in the expected range2 of 5 .65-5 .75  ¡j.. The pmr data were ob- was collected and dried to give 1.2 gof white solid of mp > 300°.
tained from spectra taken with a Varian A-60A spectrometer, I t  was dissolved in warm H20 ,  and 5 ml of 1 A  HC1 was added
using TMS as internal reference. The melting points are cor- to precipitate 6, yield 0.6 g. An additional quantity (1.9 g) was
rected (Thomas-Hoover capillary apparatus). obtained by acidification of the original filtrate, total yield 2.5 g

The N-substituted 2-phenylglycine ethyl esters were prepared (80% ). 
as described.12’13 A'-Benzyl-2-phenylglycine ethyl ester HC1 was Compound 6 was also prepared by acid hydrolysis from either
obtained in a yield of 75% , mp 182.5-183.5° dec, after recrys- compound 3 or 2. Compound 3 (6.5 g, 0.019 mol) was heated to 
tallizing from anhydrous EtO H . 90° in 56 g of 65%  H2S 0 4. The solution was poured onto ice

A n al. Calcd for CnHiaNOi-HCl: C, 66.77; H , 6 .59 ; N, 4 .58; water. The product was extracted with EtOAc to give 5 g
Cl, 11.60. Found: C, 66.76; H , 6 .72 ; N , 4 .49; Cl, 11.77. (85% ). Similarly, a solution of 3 g (0.01 mol) of 2 in 6 ml of

The Ar-chloroacyl derivatives were prepared in warm (50-60°) concentrated H2SO( was allowed to stand overnight, yield 1.4 g 
benzene solution according to a similar procedure.14 AAChloro- (45% ).
acetyl-A-inethyl-2-phenylglycme ethyl ester was obtained in a G. 4-Oxo-l,2-diphenylazetidine-2-carboxylic Acid (5).—Hy-
yield of 69% , mp 50-52°, after recrystallizing from EtO A c- drolysis2 of the carbethoxy group in 2 was achieved by slowly
Skellysolve B . adding 100 ml of 95%  EtOH containing 1.1 g (0.020 mol) of

A nal. Calcd for C13H16CINO3: C, 57.88; H, 5 .98; N, 5 .19. KOH to a stirred suspension of 6 g (0.02 mol) of 2 in 100 ml of
Found: C, 57.77; H , 6 .06; N, 5 .22. 95%  EtO H . After 5 min, a complete solution resulted. The

N-Benzyl-./V-chloroacetyl-2-phenylglycine ethyl ester was ob- reaction mixture was allowed to stand overnight and concen-
tained in yield of 35% , mp 82 .5-84 .5°, after recrystallizing from trated to a white solid, yield 5.5 g (90% ) of the K  salt. A solution
EtOAc-Skellysolve B. of this solid in 30 ml of H20  was acidified. The product was

A nal. Calcd for Ci9H2oClN0 3 : C, 65.99; H, 5.83; N, 4 .05 ; isolated by extracting with E t20  and concentrating the extract to
Cl, 10.26. Found: C, 66.15; H, 5.90; N, 4 .14; Cl, 9 .85. give an oil. This material was slurried with EtOAc-Skellysolve

,/V-(3-Chloropropionyl)-.iV,2-diphenyIglycine ethyl ester (17) B  to give 2 g (73% ) of product, 
was obtained in a yield of 35% , mp 8 4 .5 -85 .5°, after recrystal- When this reaction was repeated using anhyd MeOH as the 
lizing from EtOAc-Skellysolve B . solvent, only 0.4 g (7% ) of 5 was obtained. Compound 4 was

A nal. Calcd for Ci9H20C1NO3: C, 65.99; H, 5 .83; Cl, 10.26. isolated as the chief product (2.4 g, 37% ).
Found: C, 65.79; H, 5.46; Cl, 10.32. H. AT, 2-Diphenyl aspartic Acid (7).— A mixture of 15 g (0.05

A. Ethyl 4-Oxo-l,2-diphenylazetidine-2-carboxylate (2).2— A mol) of 2 and 0.16 mol of NaOH in 230 ml of 65%  aqueous dioxane
suspension of 0.025 mol of the chloro intermediate l , 1 1.5 g was heated under reflux for 3 hr and then concentrated. After
(0.0303 mol) of NaCN, and 18 ml of dimethylformamide (D M F) adding 160 ml of 1 A  HC1, 10 g (70% ) of 7 precipitated. When 3
was heated at 50-60° for 2 hr. After adding 10 ml of H20 ,  the was employed as the intermediate, a 56%  yield of 7 was obtained,
resulting solution was heated at 95-100° for 0.5 hr. The reaction J .  2-Anilino-2-phenylsuccinamide (13).—To 300 ml of MeOH 
mixture was diluted with H20  to give an oil which crystallized saturated with NH3 at 10° was added 11.7 g (0.041 mol) of 12.
from aqueous EtO H, yield 4.8 g (65% ). The cold suspension was stoppered and allowed to stand at room

B. — A solution of 1 g (0.0435 g-atom) of Na dissolved in 60 ml of temperature for 4 days with careful agitation at the end of the
anhydrous EtOH was added slowly (10 min) to a stirred suspen- first day to complete the solution. The flask was cooled and
sion of 14.4 g (0.0435 mol) of 1 in 80 ml of anhydrous EtO H , opened and the white solid was collected, yield 1.5 g (13% ).
The reaction temperature increased from 25 to 30° during the A second crop was recovered from the filtrate by concentrating
addition. After slowly heating the mixture to reflux and main- to one-half volume, slurrying the resulting solid with hot MeOH,
taining this temperature for 1 hr, the neutral suspension was total yield 2 g (17% ).
allowed to stand overnight. The solid (chiefly NaCl) was K. 4-Oxo-l,2-diphenylazetidine-2-carboxamide (14).— The
collected on a filter, washed with EtO H, and discarded. The solid, which precipitated from the above methanolic filtrate, was
filtrate was concentrated to a small volume and the resulting recrystallized twice from MeOH to give 2 g (18% ) of product,
white solid was collected, yield 12 g (93% ). When this reaction 2-Anilino-2-phenylsuccinimide (15).— A third crop (3.2 g) of
was repeated, omitting the heating step, a 79%  yield was ob- crude material was obtained from the above filtrate (method K ).
tained. When the reaction was carried out under rapid addition Three recrystallizations from MeOH gave 1.2 g (11% ) of purified
of N aO Et, this compound was obtained in only 26%  yield. The solid. An additional recrystallization by dissolving the sample
major product was ring-cleaved 1,4-diethyl N ,2-diphenyl- in 15 ml of D M F, followed by dilution with 5 ml of H 20 ,  gave
aspartate (3). 15 melting at 212.5-214°: X™r 2.95, 5.58, 5.82, 6.24, 6.64, 13.32,

C. — An equivalent of NaH (dispersion 54.3%  in mineral oil) 14.38 n; ¿(CFacocH) 3 ,89 , 4 .O8 ( /  =  18.8 cps), 10.08 (NH).
was added to a cold (3 -5 °) mixture of 8.3 g (0.025 mol) of 1 and A nal. Calcd for CiiHi4N20 2: C, 72.16; H, 5.30; N, 10.52. 
25 ml of D M F. After 3 hr at room temperature and 1 hr at Found: C, 72.18; H, 5.60; N, 10.36.
50-55°, the resulting neutral reaction mixture was diluted with L.—Compound 14 was also obtained by bubbling NH3 into
15% NaCl solution. The compound was isolated by extracting a stirred mixture of 33.2 g (0.1 mol) of 1 and 300 ml of MeOH.
with C6H6, yield 4.1 g (56% ). The resulting solution was allowed to stand at room temperature

D. 1,4-Diethyl Ar,2-Diphenylaspartate (3).— A solution of 100 for 5 days at the end of which time a solid had formed, yield 8.3  
ml of anhydrous EtOH containing 2.3 g (0.1 g-atom) of dissolved g (31%).
Na was added to a suspension of 25.5 g (0.077 mol) of 1 and 200 M. Methyl 5-Oxo-l,2-diphenylpyrrolidine-2-carboxylate (21).
ml of anhydrous EtO H. The reaction temperature increased — Compound 17 (10.4 g ,  0.03 mol) was added to 150 ml of MeOH
____________  saturated with NH3 at 10°. After standing at room temperature

for 10 days, the solution was concentrated to an oily solid. This 
(ll) J. A . Pople, w. G. Schneider, and H . J. Bernstein, "H igh -R eso lu tio n  material was slurried with EtOAc to give 1.5 g of NH,C1. The

N uclear M agnetic Resonance,”  M cG ra w -H ill, N ew  Y o rk , N . Y „  1959, p ffltrate was diluted with Skellysolve B to precipitate 2.5 g (28% )

(¿2) J. Klosa, Arch. Pharm.. 285, 4 0 1  (1 9 5 2 ). of Product- Ite structure was further supported by hydrolysis
(13) C. Bischoff, Ber., so, 2305 (1897). to 19 as follows: A mixture of 0.1 g of 21, 1 ml of 2 N  NaOH,
(14) T . A . M a rtin , D . H . Causey, A . L. Sheffner, A . G. Wheeler, and J. and 2 ml of MeOH was warmed slightly for a few minutes and

R. Corrigan, J .  Med. Chem., 10, 1172 (1967). then allowed to stand for 3 hr. The carboxylic acid 19 was
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isolated by concentrating the reaction mixture to yield a solid, 25791-52-0; 14, 25791-53-1; 15, 25791-54-2' 16,
dissolving in h 20 ,  and acidifying, yield O .ig . 25791-55-3; 17, 25834-64-4; 19, 25791-56-4; 20,

N. 3-Amlino-3-phenylsuccinamic Acid (16).—A solution of 2.7 „ . 7n ,  „ „  01 0 --rr,i aQ o . [r  u  i o i, i , •
g (0.01 mol) of 14 and 40 ml each of EtO H, dioxane, and 1 N  25791-62-2, 21, 257*. 1-63-3, A'-benzyl-2-phenylglycine
NaOH was allowed to stand overnight. After neutralizing with ethyl ester-HC1, 25791-64-4; vV-chloroacetyl-iV-methyl
40 ml of 1 N  HC1, the reaction mixture was concentrated, yield 2-phenylglycine ethyl ester, 25791-65-5; rV-benzyl-iV-
2 g (70% ). chloroacetyl-2-phenylglycine ethyl ester, 25791-66-6.

Registry No.'— 2, 5634-62-8; 3, 25791-42-8; 4, Acknowledgment.-—-The authors are grateful to Mr.
25791-43-9; 5, 13327-23-6; 6, 25791-45-1; 7, 25791- C. I. Kennedy and Mr. J. G. Schmidt for analytical and
46-2; 8 (piperazinium salt), 25791-47-3; 9, 25791-48-4; ir spectral data, and to Mr. D. H. Causey and Mr. W . F.
10, 25791-49-5; 11, 25791-50-8; 12, 25791-51-9; 13, Kavanaugh for technical assistance.
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The preparation and intramolecular cyelizations of 5-phenyl-5-(3-hydroxypropyl)hydantoin tosylate, 4 , and
5-phenyl-5-(4-hydroxvbutyl)hydantoin tosylate, 5, are described. No products involving the imide nitrogen in 
the cyelizations could be obtained. Proof of structure of the compounds involving the amide nitrogen in the 
cyclization is discussed.

Previous reports have indicated that intermolecular 0  0
alkylations of 5,5-disubstituted hydantoins, 1, proceed II I
exclusively at the imide nitrogen (N -3).2 Amino- R' X / bIH \ / \ Jn

R J \  I 0
V  3NH C00H

R 2a, R =  H j
x b.. R =  CH3,C jH5

I n  th ese  lab o ra to rie s  th e  b a se -ca ta ly z e d  cy elizatio n s  
m e th y la tio n s  utilizin g fo rm a ld e h y d e ,3 am in o e th y la tio n s  of 5 -p h e n y l-5 -(3 -h y d ro x y p ro p y l)h y d a n to in  to s y la te , 4,
w ith  e th y len im in e ,4 an d  M ich a e l con d en satio n s6 an d  5 -p h e n y l-5 -(4 -h y d ro x y b u ty l)h y d a n to in  to s y la te , 5,
h a v e  also  d e m o n stra te d  a  p referen ce  fo r th e  acid ic  p rod u ced  on ly  am id e cy clized  m on om ers. T h e  syn -
im ide fu n ctio n . A m id e n itrog en  ( N - l )  a lk y la tio n s  th esis of 4 an d  5 a n d  th e  p roof of s tru c tu re  of th e  cy clized
o ccu r u n d e r m ore  rigorous re a c tio n  con d ition s d urin g p ro d u cts  a re  d escrib ed  below ,
w h ich  b o th  n itrogen s a re  a lk y la te d . M on o N - l -  
a lk y la te d  h y d an to in s ca n  be o b tain ed  b y  p ro te c tin g  th e  
im ide n itro g en  w ith  a n  a m in o m eth y l group follow ed b y  L v -'J
a lk y la tio n  of th e  am id e n itrog en  an d  th e n  th e  re m o v a l O | O
of th e  p ro te c tin g  group b y  m ild  aq u eou s b a se  h y d ro ly -

In te rm o le c u la r  acy la tio n s  h a v e  b een  re p o rte d  to  CH N - 4  H CH N - ( NH
o c c u r exclu siv ely  a t  th e  am id e n itro g en  an d  th e  in tra -  | 2 H X) | 2 H~\>
m o lecu lar cy cliz a tio n  of th e  h y d a n to in  p rop ion ic acid s CH2 CH2
2a7 an d  2b8 yield  on ly  th e  am id e cy clized  p ro d u cts  3a I I
an d  3b, re sp ectiv ely . CH2OTs CH,

PH OTci* Author to whom correspondence should be addressed. 2
(1) Taken in part from the dissertation presented by R. A. Robinson, 4  5

July 1969, to the Graduate School of The University of Kansas in partial
fulfillment of the requirements for the Doctor of Philosophy Degree. The conversion of 3-benzoylpropionic acid, 6a, and
IL Hamel, A Z 7 .'c? eZ  ^ “ >' (b) M' B' Win8tead and 4-benzoylbutyric acid, 6b, to 4-hydroxybutyrophenone,

(3) m . b. Winstead, d . e . Barr, c. r . Hamel, d . j. Renn, h. i. Parker, 8a> an<̂  5-hydroxyvalerophenone, 8b, was performed by 
and r . m . Neumann, ibid.., io , 981 (1967). a lithium aluminum hydride reduction of the corre-
(1967)J W’ ShaSer' E' SheasIey' “nd M- B- Winstead' i m -  10’ 739 spending ethylene ketal monoethylene glycol esters 7a

(5) (a) J. W. Shaffer, E. Steinberg, V. Krimsley, and M. B. Winstead, arid 7b follow ed b y  acid  h yd roly sis  a cco rd in g  to  th e
(i96i) 562 (1968): <b> ° '  ° '  0ra2i and R' A' Corra1’ Tetrahedron, is, 93 m eth o d  of P a s to  a n d  S e rv e 9 (S ch em e I ) .

(6) o. o. Oraziand r . a . Corral, Expenentia, 2i, 508 (1965). T h e  tw o k e to  alcoh ols, 8 a  an d  8 b , w ere co n v e rte d  to
(7) j . l . Szabo and j . v. Karabinos, j . Amer. chem. Soc., 66, 650 (1944). th e  5 -p h e n y l-5 -(h y d ro x y a lk y l)h y d a n to in s , 9a a n d  9b,
(8) M. B. Winstead, F. R. Scholer, Jr., and K. H. Wildrick, J .  Med. Chem.,

9, 142 (1966). D_ J_ pa3t0 and M_ Serve, J .  Amer. Chem. Soc., 87, 1515 (1965).
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Scheme I analogous to the cyclization of 4, the hydantoin tosylate
0  5 afforded 8 (a)-phenylpiperidino [ 1,2-c ]-1,3- (277) -imi-

/TTA || dazolidinedione, 12. The infrared spectrum of 12
\ J ) ) — C(CH2)„C02H +  HOCH2CH2OH — — *■ showed absorption at 3270 and 3160 cm -1 (imide NH

/ stretching frequency).12 The nmr (broad singlet a t 5
6 10.98)11 and the mass spectrum (molecular ion m / e  230)

C(CH2) n C02CH2CH20H  " r 1HV  J )  S y  n  „  0

7  “  5 ^  C r - C  + C i — r  M , " /
o  T *  ^ ny nh ^ nY n_(CH2)4 V - I h

^ « C „ , . C W H ^  n°  0  ,3  0  ”

8a, n = 2 confirmed the assigned structure. A crystalline dimer
b , n  = 3 (molecular ion m / e  460) was also obtained from the

reaction. Its  nmr spectrum showed single amide and 
y y .  0  imide protons. Structure 13 is the most plausible
( C y j  II assignment based on the preferred routes of inter- and

/ \  intramolecular alkylation in the hydantoins.
y \  .NH p-tsC) 4 and 5 The use of higher temperatures and different base

/  HN—^  catalysts, in general, had no effect on the ring closure of
(CH2)„ O 4 except to lower the overall yield of 10. The use of

I potassium carbonate in dimethylformamide at elevated
CHz0H temperatures did raise the yield of the cyclic monomer,

9 12. No evidence for intramolecular cyclization v ia  the
imide nitrogen to the [4.2.1]bicyclodiazanonane system  

by condensation with ammonium carbonate and po- could be obtained under any of the various conditions 
tassium cyanide.10 The resulting hydantoin alcohols utilized, 
were converted to their respective tosylates 4 and 5.
The nmr spectra of 4 and 5 showed absorption at 5 Experimental Section16
8 .5 - 8 .7  and 1 0 .7 -1 0 .9 ,  indicating the amide and imide 4-Hydroxybutyrophenone (8a).-E ssen tially  the method of 
protons 1 to be present, thus excluding the possibility of Pasto and Serve was followed.9 A mixture of 3-benzoylpropionic 
alkylation having occurred during the formation of the acid, 6a (58.2 g, 0.33 mol), ethylene glycol (40.0 g, 0.65 mol),
tosylates and TsOH (3.0 g) yielded a yellow oil, 7a (68.2 g), whose spectra

When the tosylate, 4, was treated with sodium hy- wtf  7 ^ ! slenY th ‘ f T S '  n ■ ™ n, . ,  , , . A solution of the oil, 7a (68.0 g; 0.30 mol), m E t 20  was added
d n d e , th e  p ro d u cts  w ere th e  a m id e -a lk y la te d  h y d a n to in , dropwise to a stirred suspension of LiAlH4 (27.7 g; 0.75 mol)
7 (a)-p h en y lp y rro lid in o  [l ,2 -d ]-l ,3 -(2 //) - im id a Z o lid in e d i-  in E t 20  at room temperature. The reaction yielded the desired
one, 10, an d  p oly m eric  m a te ria l. product 8a (32.3 g; 61%  overall from 6a).

The 2,4-dinitrophenylhydrazone of 8a was prepared and 
recrystallized from EtO H -H 20 ,  mp 128-130° (lit.16 mp 137°).

[ ( )  1 O 5-Hydroxyvalerophenone (8b ).—A solution of 4-benzoylbutyric
1  acid, 6b (50.0 g, 0.26 mol), ethylene glycol (48.4 g, 0.68 mol),

4  NaĤ  and TsOH (3.00 g) yielded 7b (67.1 g) when subjected to the
DMF /  \ , same procedure as above.9 The ketal ester 7b was allowed to

25° \ . V  react with excess LiAlH4 in the manner utilized for 7a to give the
O desired product 8b (35.4 g; 76%  from 6b).

10 The 2,4-dinitrophenylhydrazone of 8b was prepared and
. „ , ,  , , , recrystallized from E tO H -H 20 ,  mp 136-141° (lit.17 mp 145°).

The infrared spectrum of 10 exhibited strong absorp- 5-Phenyl-5-(3-hydroxypropyl)hydantoin (9a).—A mixture of 
tions a t  3250 and 3150 cm -1 which are characteristic 8a (20.0 g, 0.12 mol), KCN (15.9 g, 0.24 mol), and (NH4)2C 0 3
absorption bands for N-3-substituted hydantoins.12 (47.0 g, 0.49 mol) in EtO H -H 20  (500 ml) was heated at 55-60°
The nmr spectrum of 10 showed a broad singlet at 8 with stirring for 22 hr P art of:the: solvent was¡removed in v atu o

,. . 7  , , , ,  , , , . °  and the reaction mixture cooled, diluted with ice-H 20  (200 ml),
10-90 (imide proton) and a molecular ion m / e  216. and aoidified to Congo red with 10%  HCl. The precipitate
Base hydrolysis of 10 in ammonium hydroxide-hydrogen was collected, washed repeatedly with water, and dried. Re
sulfide13 or in barium hydroxide solution14 afforded the T „ , ,.. .  u M^  (13) W . J. Boyd and W . Robson, B io c h e m . J ., 29, 546 (1935).
ammo acid, 2-phenylprolme, 11. Under conditions (i4) h . d . Daken, j . B io l .  c h e m .,  4 5 ,3 6 8  (1 9 1 1 ).

(15) M e ltin g  points were obtained on a ca librated T hom as-H oover U n i- 
m e lt and are corrected. I r  data were recorded on Beckm an IR -8  and IR -10  

f  J spectrophotom eters and are reported in  cm “ 1. N m r data were recorded on
/  V arian  Associates M o de l A-60, A-60A, and H A-100 spectrophotom eters
N. A s  (T M S ) and are reported as ppm  (5) in  the  organic so lvent specified.

c o 2h  I f  D 2O was used as the  solvent, sodium 3-trim ethylpropanesu lfonate  was em-
H ployed as an in te rn a l standard. M icroanalyses were conducted b y  M id -

11 west M icro lab , In c  , Ind ianapo lis, In d . and on an F  &  M  M o de l 185,
------------------------ The U n ive rs ity  of Kansas. M olecu lar weights were determ ined on a F in n i-

(10) H . R . Henze and R. J. Speer, J .  A m e r .  C h em . S oc ., 64, 522 (1942). gan 1015 mass spectrometer.
(11) R . A . C orra l and O. O. Orazi, S p e d ro c h im . A d a ,  21, 2119 (1965). (16) B . C. Subba Rao and G . P. Thaker, C u r r .  S e t., 32, 404 (1963).
(12) T . H . E ll io t t  and P. N . N atara jan , J .  P h a r m .  P h a rm a c o l. ,  19, 209 (17) J. Cologne, G. Descartes, and J. C. Saula, C .R .  A c a d .  S c i. ,  354, 887

(1967). (1962).
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crystallization from EtO H -M e2CO gave 9a (14.6 g; 52% ): mp 3250 , 3150, 2710 ,1670-1760 ; nmr (DMSO-d,) 1 .55-2 .45  (4 H
205-206°; nmr (DMSO-eh) 1.06-1.72 (2 H, multiplet, CH2), multiplet, CH2), 3 .00-3 .86  (2 H, multiplet, CH ,), 7 .25-7 .66
1.74-2.30 (2 H, multiplet, CH2), 3.40 (2 H, triplet, CH2OH), (5 H, multiplet, aromatic), 10.88 (1 H, broad singlet, imide).
4 .08 -4 .70  (1 H , multiplet, -O H ), 7 .20-7 .68  (5 H, multiplet, A n al. Calcd for Ci2HI2N20 2: C, 66.65; H, 5 .59 ; N, 12.95. 
aromatic), 8.63 (1 H, broad singlet, amide), 10.73 (1 H, broad Found: C, 66.35; H, 5 .46; N, 13.30.
singlet, imide). 2-Phenyproline (11).— Compound 10 (1.00 g, 0.426 mmol) in

A n al. Calcd for C,2HuN20 3: C, 61.52; H, 6 .02; N, 11.96. H20  (90 ml) and 35%  NH4OH (10 ml) was saturated with HsS,
Found: C, 61.09; H, 6 .04; N, 12.08. placed in a steel autoclave, and heated at 100-105°. After 72

5-Phenyl-5-(4-hydroxybutyl)hydantoin (9b).—A solution of hr the reaction was cooled, and the contents were removed.
8b (15.0 g, 0.084 mol), KCN (10.9 g, 0.17 mol), and (NH4)2C 0 3 The aqueous solution was heated to boiling and decolorized with
(32.3 g, 0.34 mol) in 50%  EtO H -H 20  was allowed to react charcoal. The water was removed in  vacuo and the crude residue
according to the above procedure. The desired product 9b recrystallized from 95%  EtO H  to give 11 (0.540 g- 61% )-
(19.2 g, 83% ) was isolated: mp 168-170° (EtO H -M e2CO); mp 260-265° (dec); ir (K Br) 3390, 1600, 1433' nmr (DaO)
nmr (DMSO-de) 1.05-1.70 (4 H, multiplet, CH2), 1 .80-2 .20  2 .00-3 .80  (6 H, m ultiplet,-CH S- )  7.50 (5 H, singlet, aromatic)
(2 H , multiplet, CH2„i 3.20-3 .60  (2 H, multiplet, CH2OH), 4 .2 0 - A n al. Calcd for C„H13N 0 2: C, 69.09; H, 6.59- N 7 .33 . 
4.50 (1 H, multiplet, -O H ), 7 .20-7 .68  (5 H, multiplet, aromatic), Found: C, 68.92; H, 6 .63; N, 7.01.
8.60 (1 H , broad singlet, amide), 10.70 (1 H, broad singlet, Compound 11 was also prepared in 34%  yield by refluxing 10 
imide). in 8%  aqueous Ba(OH)2.

A n al. Calcd for CuHieNAh. C, 62.88; H, 6 .50; N, 11.29. Cyclization of 5-Phenyl-5-(4-hydroxybutyl)hydantoin p-
Found: C, 62.92; H , 6 .61; N, 11.35. Toluenesulfonate.— To a solution of 5-phenyl-5-(4-hydroxy-

5-Phenyl-5-(3-hydroxypropyl)hydantoin p-Toluenesulfonate butyl)hydantoin p-toluenesulfonate, 5 (3.00 g 7 45 mmol)
(4).—A solution of 8a (2.34 g, 0.01 mol) in pyridine (30 ml) was in D M F (500 ml) (under N2) was added NaH (0.338 g 7.45
cooled to 0°> treated with TsCl (5.70 g, 0.03 mol), and allowed mmol) (50%  mineral oil). The reaction mixture was stirred for
to stand at 0 for 18 hr. The reaction mixture was poured into 24 hr, poured into ice-H.O, and acidified to Congo red with 10%
ice-H 20  and extracted with E t 20 .  The E t 20  extracts were HC1. The acidic mixture was extracted with CHC13 and the
washed repeatedly with cold 10% HC1, H20 ,  and dried (MgSO,). extracts were washed with 5%  NaHCOa and water and dried
^ T A atl° n ° f afforded 4 (3 40 g, 88% }: mp 153-154° (MgSCh). Removal of the solvent (CHC13 and D M F) in  vacuo
(M e C °), nmr (DMSO-d6) 1.15 2.65 (7 H multiplet), 4.10 gave a residue which partially dissolved in CHC13. TheC H C U -
e2mw1i1UriiPKt ’ ), 7.20 7.92 (9 H, multiplet, aromatic), insoluble material was filtered to give a white solid (1.41 g)
8.70 (1 H, broad singlet, amide), 10.80 (1 H, broad singlet, (250° dec) which was insoluble in common organic solvents and
lmi e). , in 10%  NaOH. The CHCl3-soluble fraction was chromato-

A n al. Calcd for Ci9H2oN20 6S: C, 58.75; H, 5 .19; N, 7 .21 ; graphed on silica gel.

S’ 8 s2 p h F 0, T ! i  u ’f 8-67,:  ■?'.?:02= N;  S * 7 -40; Elution with 90% ' CHC13-1 0 %  EtA c gave the bicyclo[4.3.0]-
5 '^henyl-5-(4-hydroxybutyl)-hydant0m p-Toluenesulfonate hydantoin, 8(a)-phenylpiperidino[l,2-c]-l,3-(2H)-imidazolidine-

T r n i T n i !  ( n  g’ ° ’4 m0 )  all° We( t0 rf ct dione, 12 (0.041 g; 2 .5% ): mp 199-200°; ir (K B r) 3270, 3160,
I f o  l g| I  l mo according to the procedure described 1690-1790; nmr (DMSO-d,), 1 .15-2.05 (6 H , multiplet, CH 2),
Me CO- mn 187 188» i ,™  m S w  T f n o  70 m u  2 .35-3 .00  (2 H, multiplet, CH ,), 7.45 (5 H, singlet, aromatic ,
^  / w 'n w o  w87 n- H ’ , mu,ltl‘  10-78 G H, broad singlet, imide); m /e  230.
P! n ’ f  t  T i . 1' 01:; A naL  Calcd for C13HuN20 2: C, 67.81; H, 6 .13 ; N , 12.17.aromatic), 8.63 (1 H, broad singlet, amide), 10.75 (1 H , broad Found: C, 67.97; H, 6.24; N 12.42.

S iW  imCdaSd for C H N O S- P  59 88- H * . *r Q« Furt'her’elutioi w ith'50’% CHCls-5 0 %  EtA c gave the dimer,
A nal. Calcd for C™IR2N2OsS. C, 59.68 H 5 51 N, 6 .96 ; 13 (0.341 g; 20% ): mp 230-234°; nmr (DMSO-d6), 0 .80 -2 .40

S’f7v ! L t ^  nf ’ ,N ' 7 '06y i?’ 84J9- . . (12 H, multiple!, CH2), 2 .45-3 .70  (4 H, multiplet, CH2), 7 .3 0 -
Cyclization of 5-Phenyl-5-(3-hydroxypropyl)hydantom p- 7 .70 (10 H, multiplet, aromatic), 8.63 (1 H, broad singlet

Toluenesulfonate.-To a stirred solution (under N2) of 4 (0.500 amide), 10.73 (1 H, broad singlet imidel oaa singlet,
1 2 9  ^  Wr?£ ad d ed N aH . (0*056 g ’ A n al, Calcd for C^H sgN ^: G, 67.81; H, 6 .13 ; N, 12.17.
1.29 mmol) (50%  in mineral oil). The reaction mixture was Found* C 68 02* H 6 13* N 12 05

Sd?fided L rT 1, tT H eratiUl.rei u n  Pm f ed ^  iĈ 2° ’ ^  The rea°tion ™  repeated i’n the presence of K 2C 0 3 (1 equiv)
e x S S d  with P H n  Tnd P H P ? ' t t a° ° mlXt Wf  T  and D M F at 100° for 12 hr- The yields of 12 and 13 were 12%extracted with OHCl3 and the CHC12 extracts were washed with anri 7 °/ rp«nppti-irpKr /0
5%  NaHCOs and H20  and dried (MgSO,). The solvent (CHC1, /o’ P >
and D M F) was removed in vacuo to give an amorphous gum _
which partially dissolved in CHClj. The mixture was filtered Registry No.-— 4, 25860-39-3; 5, 25860-40-6; 9a,
to give 0.091 g of a solid (mp 260° dec) which was insoluble in 25860-41-7; 9b, 25860-42-8; 10 ,25860-43-9 ; 11,
common organic solvents and in 10% NaOH. The substance 25860-44-0; 12, 25860-45-1 • 13, 25860-46-2
was assumed to be a polymer. ’ ’

Chromatography of the CHCls layer on silica gel (80%  CHCI,, A , . , . „
2 0 % EtA c) gave the bicyclo[3 .3 .0 ] derivative, 7(a)-phenyl- Acknowledgment.—The authors gratefully acknowl-
pyrrolidino[1,2-d]-l,3-(2if)-imidazolidinedione, 10 (0.120 g; 56% ): edge support of this project by the National Institutes of
mp 187-188° [Me2CO-petroleum ether (6 0 -68°)]; ir (K Br) Health Grant GM-9254.
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The Synthesis and Rearrangem ent of
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The synthesis and proof of structure of the bicyclobarbiturate, 5-phenyl-7-methoxy-2,4,9-triketo-l,3-diazabi- 
cyclo[3.3.1]nonane (2 ), is described. An attempt was made to demethylate 2 utilizing boron trichloride and 
resulted in the formation of a 7 -lactone. A plausible mechanism for this transformation is given.

A study of the steric aspects of antiepileptic drug in that the spectrum had a doublet at 5 3.10-3.30
action was initiated by investigating the synthesis of (-C IR B r) and a broad multiplet at 5 4.50-4.90
bridged barbituric acids ( 1 ). (>CHOCHs). Treatment of the bromo ether, 5 , with

0  sodium hydride produced the desired bicyclic barbitu-
q R ¿P rate, 2. The absence of absorption at 1625-1650 cm - 1

\ ( > C = N -  stretch) in the infrared spectrum of 2  elim-
j  __J_n inated the possibility of an O-alkylated product. 3

HIST O ) I Further proof of A-alkylation was obtained by degra-
(CH2)x dation of the barbiturate ring under basic conditions.

1 When the bicyclic system, 2, was treated with am-
R = alkyl aryl monium hydroxide, 5-hydroxy-3-phenyl-2-piperidone

0 j  (6 ) was obtained. Its  infrared spectrum showed a
band at 3390 cm “ 1 (OH stretch) while the remainder of 

The initial approach to this desired system involved a the spectrum was almost identical with that of 3- 
base catalyzed intramolecular attack by an imide nitro- phenyl-2-piperidone (7) . 4 

gen on a suitable substituent located on a 5-alkyl side
chain of a barbituric acid. In  these laboratories q
5 - phenyl - 7 - m ethoxy-2,4,9-triketo- 1,3-diazabicyclo- K J I  |
[3.3. l]nonane (2) was prepared by this route. Baumler 2 nh.oĥ
and coworkers2 have reported the synthesis of 5-ethyl- 1500 L J

H ( J H

c* \ X  6

J o^ n A 0  [ ^ A n A 0

2 3 7

2,4,9-triketo-l,3-diazabicyclo[3.3.1]nonane (3) by a , ,, , c „ , . ,, , , . .. .. . i l l  . . .  , i ,  , The demethylation of 2 during the hydrolysis con-similar method; however, there is reason to believe that ... . , , . . ,  .! statutes a somewhat anomalous situation, consideringtheir structure assignment was erroneous3 and thus a ,, , • ,... , r„, , ,•, , r i . i _ . - v  , the basic conditions utilized. I  he degradationrigorous structure proof of the bicyclic system was , , , , ,, , r
, , p ro d u ct, h ow ever, su p p o rts  th e  a ssig n m en t of com -

un„ f  a er'] . . , , . ,. . , .  . , , pound 2 as the A-alkylated structure.The synthesis of the bicyclic barbiturate 2  involved . ,. , , , , , ,  . ~ , , •, J  . r r 1 1 r ii n_ . . .  • • i /.x  . An attem pt to demethylate 2 utilizing boron tn -fhe conversion of 5-phenyl-5-aliylbarbitunc acid (4) to , .  ■, r, ,, , • ,, i ,. f , , c- , , _ oA ... . .. . . ,  chloride6 resulted m  the formation of a 7 -factone 8 .
5-phenyl-5-(2-methoxy-3-bromopropyl)barbitunc acid The nmr um of g s h o w C ( 1  the absence of 0 -methyl-
(5 ) by tre a tm e n t  w ith  brom ine in  m eth an o l, i h e  , j  £ ATtt ± r * 1AA / *\ ' /  p 1. ,, -  £ iv  protons and a shift of one NH proton from 5 10.0 (ob-
structure of the bromo ether, 5, was confirmed by nmr gerved for barbituric acid imide protons in DM SO ) 6 to

5 7.90. Infrared spectroscopy indicated the presence 
f T j j  9  V of a y-lactone carbonyl (1780 cm -1).

Br '— The  formation of this lactone in high yield indicates
l rQH* L S r  2 that t îe methyl ether in 2 is probably in an exo configu-

f C r s N ' ' A) CHj j o ^ ' N ^ O  ration (in relation to the C-9 ketone) since cleavage of
^  H methyl ethers with other strong Lewis acids has been

4 I 3 shown to proceed with retention of configuration.7 A
Br

5
------------------------ (4) R . K .  H ill,  C. E . Glassik, and E . J. F leinder, J .  A m e r .  C h e m . S o c ., 81,

* A u th o r to  whom correspondence should be addressed. 737 (1959).
(1) Taken in  p a rt fro m  th e  dissertation presented b y  R . A . Robinson, (5) F. M . Dean, J. Goodchild, L . E . H oughton, J. A . M a rtin , R . B.

Ju ly  1969, to  the  G raduate School o f The U n ive rs ity  o f Kansas in  p a rtia l M o rto n , B . Parton, A . W . Price, and N . Somvichien, T e tra h e d ro n  L e t t . ,

fu lf illm e n t of the  requirem ents fo r the D o c to r of Philosophy Degree. 4153 (1966).
(2) J. Baumler, E . Sorkin, and H . Erlenm eyer, H e lv . C h im . A c ta ,  34, 459 (6) G . M . Kheifets, N . V . K hrom ov, A . I .  Borison, A . I .  K o ltsov, and

(1951). M . V . Volkenstein. T e tra h e d ro n , 23, 1197 (1967).
(3) E . E . Smissman and R . A . Robinson, J .  O rg . C h e m ., 35, 3532 (1970). (7) C. R . N arayanan and K . N . Iy e r, J .  O rg . C h e m ., 30, 1734 (1965).
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plausible mechanism for this transformation is shown turic acid (4.00 g, 0.011 mol) in D M P (100 ml) (anhydrous) at 
below 25° was added 50%  NaH-mineral oil suspension (0.54 g, 0.011

mol). The mixture evolved H2 immediately and was stirred at 
25° for 20 hr. The D M F was removed at 100° under a stream  

O .0'"BC13 of N2 to afford a solid and a reddish-brown oil. The oil was
\  dissolved in acetone, filtered, and cooled to afford a white solid,

BC1 7  - ' '% /  \ mp 237-240°. The filtered solid was washed with H20 ,  and
2 — ^  u J y \——■ -x j OH * crystallization (MeOH) afforded 2 (0.78 g, 25 .2% ): mp 240 .5 -

HIN 'A 1 /  242.5°; ir (K B r) 3390 ,3180 , 3080, 1740, 1700; nmr (C F3C 0 2H )
L X /  3 .10-3 .70  [5 H, singlet (-OCH3) and multiplet (-C H 2)], 3 .8 0 -

v 4.80 (2 H , multiplet, CH2), 5.00 (1 H, multiplet, CH ), 7.40
(5 H, singlet, aromatic).

0  p, I P  n  ,0 A n al. Calcd C„H uN20 4: C, 61.31; H, 5 .15; N, 10.21;
\  J .  V  Ph J L  mo1 w t’ 274‘ Found: G, 60.91; H, 5 .41; N, 10.11; mol wt,
J  '— ' < y \  \ \  274 (mass spectrum).

--------------- 0  — ► \  3-Phenyl-5-hydroxy-2-piperidone (6 ).—A suspension of 5-
A I /  HN II /  phenyl-7-methoxy-2,4,9-triketo-l,3-diazabicyclo[3.3.1]nonane, 2

L J \ /  \ /  (0.50 g, 1.41 mmol), in a solution of 30%  NH,OH (6 nil) and H20
g (34 ml) was heated at 150° in a steel autoclave. After 48 hr the

reaction was cooled to 25°, and evaporation of the aqueous solu
tion gave a red residue which was dissolved in 95%  EtO H , 

The syntheses of bicyclic hydantoins, oxazolidindi- filtered, and was allowed to stand. The hydroxypiperidone (6)
ones, glutarimides, and succinimides are currently g  g3( i f f  J S m s o S )
being investigated. 1.83-2 .20  (2 H, multiplet, CH2), 3 .00-4 .18  (4 H, multiplet),

5.00 (1 H, multiplet, OH), 7.20 (5 H, singlet, aromatic), 7.41 
. (1 H , broad singlet, amide).

Experimental Section8 A nal. Calcd for CuH13N 0 2: C , 69.09; H, 6 .85 ; N , 7.34.
5-Phenyl-5-(2-methoxy-3-bromopropyl)barbituric Acid (5).—  Found. C, 68 .68 , H, 6 .92, N, 7.33.

A solution of 5-phenyl-5-allylbarbituric acid (4) (6.10 g, 0.025 r m  m v oA ’'̂ a z a b icy clo -
mol) in MeOH (90 ml), cooled to 10°, was slowly added to a cold ' "  “  „ '  0  70 ^ T n ch lon d e.-T o a stirred suspen-
solution of B r2 (4.00 g, 0.025 mol) in MeOH (20 ml). The mix- 7no f 2 (° -^  g’ 0 7 3  mmol) m methylene chloride (50 ml) at
ture was stirred for 2 hr at 10° and allowed to warm to 25°. 7 ™  was added an excess of BC1S. The mixture was stirred
The precipitate was filtered and air dried. Recrystallization for 2 hr and allowed to warm to 25°. The solvent was removed
from EtO H  gave 5 (7.70 g, 87% ); mp 209-209 .5°; ir (Nujol) “ T  and the residue was washed several times with hot H20 ,
3310, 1745, 1735; nmr (C F3C 0 2H ) 2 .40-2 .80  (2 H, multiplet, ^ e r c d ,  and dr:led. Recryistalliza'Hon y ^ e d
CH2), 3 .10-3 .30  (2 H, doublet, -C H 2B r), 3.58 (3 H, singlet, 2 8 7 ^  g’ &5%A mp !8 2 -184  ; ir (K B r) 3250 3050,
-O CH 3), 4 .50 -4 .90  (1 H , multiplet, HCOCH3), 7.10 (5 H , f ’lt .o  Vn ) ,  (^ ctone >C== 0 )-  ,16^ 630,;n " mrTT (DM S0-de)
aromatic). 2 .80-3 .10  (4 H, multiplet, CH2), 4 .80 -5 .10  (1 H , multiplet,

A nal. Calcd for C iJI15N20 4Br: C, 47.34; H, 4 .26 ; N, 7 .89 ; P 0/7 '90 H, multiplet, aromatic and amide),
B r, 22.50. Found: C, 47.44; H , 4 .48 ; N, 7 .95; Br, 2 2 .2 0 . 10f  nn Tr , „ „

5-Phenyl-7-methoxy-7-2,4,9-triketo-l,3-diazabicyclo[3 .3 .1]- 4 " a, - 9 ,G'alcdTi.for P P p ! ; . . ^  C, 59.99; H 4 .64 ; N, 10.77;
nonane (2 ).— To 5-phenyl-5-(2-methoxy-3-bromopropyl)barbi- [loss'ofHNCO (43)]  ̂ ’ 5®'7®’ 4 '42, m/ e 217

(8) M e ltin g  points were obtained on a calibrated T hom as-H oover U n im e lt Registry No.—2, 25860-23-5; 5, 25860-24-6; 6,
and are corrected. I r  data were recorded on Beckman IR -8  and IR -1 0  25860-25-7* 8 25860-26-8
spectrophotom eters and are reported in  cm “ 1. N m r data were recorded on 1 ,
V arian  Associated M ode l A-60, A-60A, and HA-100 spectrophotom eters

(™ S) f  ar£i peported a®.ppm Microanalyses were conducted b y  Acknowledgment.—The authors gratefully acknowl-
M id w est M icro lab , In c ., Ind ianapolis, In d ., and on an F  &  M  M ode l 185, j  , c  . ,  . . ,  , . •
U niversity  of K ansas. M olecular weights were determined on a Finnigan e Q g e  SU P P 0 P t  0 t  t l l l S  Project b y  the .National Institutes
1 0 1 5  mass spectrometer. of Health Grants GM-9254 and NB 19,687.
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In attempts to obtain intramolecular Malkylated bicyclo compounds from 5-haloalkylbarbituric acids, only
O-alkylated compounds could be obtained. The resulting pyranopyrimidine, 7, and furanopyrimidine, 9 , 
could be opened with alcohols to give the corresponding ether in the side chain of the barbituric acid. With 
water the side chain alcohol was obtained.

Baumler and coworkers reported the intramolecular pound Sb was treated in a similar manner and also
nitrogen alkylation of 5-ethyl-5-(3-bromopropyl)bar- failed to give the cyclized compound 3. Various other
bituric acid (1) in the presence of pyridine. 2 A pro- bases also failed to give the desired bicyclic compound,
gram designed to prepare bridged bicyclic barbituric When dry silver oxide in dimethylformamide (DMF)
acids, 2, as potential anticonvulsants was initiated in was used, 5-phenyl-5-(3-ethoxypropyl)barbituric acid
these laboratories and it was thought that Baumler’s (5c) was obtained on chromatographing on silica gel.
method could be applied in this work. This primary ether was also obtained by the ring open

ing of the intermediate pyranopyrimidine (7).

Br(CHpA-^NH ( Q )
0 A n \ )  j o

H ( O h h /

1 2 1

The initial compound desired for pharmacologic 7
testing was 5-phenyl-2,4,9-triketo-l,3-diazobicyclo-
[3.3.1]nonane (3). Light-catalyzed addition of hydro- When 5a was allowed to react with Triton B m re
gen bromide to 5 -phenyl-5 -allybarbituric acid (4 ) pro- fluxmS methano , the major product was the primary 
duced the primary bromo derivative, 5a, in quantitative ether, 5-phenyl-5-(3-methoxypropyl)barbituric acid 

• 1 j (5d). With 5b a mixture of the primary alcohol, 5e,
and the ether, 5d, was obtained.

q /iV i 0 When 5b was treated with silver benzoate in benzene,
[ O j  11 K ) l  | the product isolated from the reaction was 4(a)-phenyl-

6R,7f/-pyrano[2,3-d]-A 1 ’8a-2,4-(3ii)-pyrimidinedione 
A * a Js A  (7). Hydrolysis of 7 with acid gave the primary alcohol

|0 /  0  h °  5e and with anhydrous methanol the methyl ether 5d.
The use of sodium hydride and DMF favored N- 

4 alkylation; however, the reactions were complicated by
q the formation of, polymeric products resulting from

f O l  [I intermolecular alkylation and no intramolecularly
alkylated compound could be found.

A secondary bromobarbituric acid, 5-phenyl-5-(2- 
x  (CH2)3 0  N 0  bromopropyl)barbituric acid (8 a), was prepared by the

5 a, X = Br addition of hydrogen bromide to alphenal (4). Treat-
b, x  = I ment of 8 a with bases such as sodium ethoxide in ethanol
c, X=OC2H5 and sodium hydride in DMF yielded the secondary
d, X = OCH3 alcohol, 8b. When 8 a was refluxed in absolute ethanol

f, X = OTs O ?  O

Attempts to cyclize the tosylate derivative, 5f, uti- 9
lizing pyridine as the catalyst, resulted in the formation CH2 q^ N ^ o ___
of a water soluble pyridinium salt, 6 . The iodo com- 1 H [ I

f x  CH3̂ O ^ N ^ o

9  ch3
^ U n h  8 a ' x  =  Br 9

v yK  t b, x = oh(Qfi—(CH2)3 0 A n- A 0  __________
„  _  B  (1) Taken in part from the dissertation presented by R . A. Robinaon,

July 1969, to the Graduate School of The University of Kansas in partial 
6 fulfillment of the requirements for the Doctor of Philosophy Degree.

(2) J .  Baumler, E . Sorkin, and H. Erlenmeyer, Helv. Chim. Acta, 34, 459 
* Author to whom correspondence should be addressed. (1951).
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follow ed b y  tre a tm e n t  w ith  w a te r, on ly th e  se co n d a ry  refluxed for 12 hr, cooled, and neutralized with 10%  HC1.
a lcoh ol, 8 b , w as ob tain ed . The MeOH was evaporated and solids were washed with H20

T h e  fo rm a tio n  of 8b p roceed s via th e  enol e th e r  in - and dried. Recrystallization [Me2CO-petroleum ether (60-68°)]
. m ,• , n  rpu n  11 i 4. j  u u -i • • i a / \ afforded 5d (3.87 g, 89% ); mp 182-183°; lr (K B r) 3 .10, 3 .23,
termediate 9. The O-alkylated barbituric acid, 4 ( a ) -  5 .75-5 .90 , 9 .55; nmr (CF3C 0 2H ) 2.00 (2 H , multiplet CH2)
P.henyl“ 6 - m e th y l -5 f f ,6 if - f u r o  [2 ,3 -d ]-A 1'7a-2 ,4 - ( 3 R ) p y -  2.65 (2 H, multiplet, CH2), 4.04 (3 H, singlet, OCH3), 4.55 (2 H,
rim idin dione (9), w as p rep ared  a n d  iso la te d  b y  tre a tin g  triplet, -C H 2OMe), 7.42 (5 H , singlet, aromatic).
the bromo derivative 8a with silver benzoate in refluxing A n al. Calcd for ChH16N20*: 0, 60.86; H, 5.84; N, 10.14.
benzene. Acid hydrolysis of 9 produced 8a. a„  , , 7 ,  . j  J . 7 1 X -  , 5-Phenyl-5-(3-ethoxypropyl)barbituric Acid (5c).— A mixture

B a u m le r, et a l,  p re se n te d  no s p e c tra l d a ta  in su p p o rt of 5-phenyl-5-(3-iodopropyl)barbituric acid (5b) (2.00  g, 5.37 
of th e ir  p rop osed  s tru c tu re . In  lig h t of ou r in a b ility  mmol) in D M F (200 ml) and Ag20  (0.712 g, 3.08 mmol) was
to  o b ta in  com p ou n d  3 b y  th e ir  m eth o d , no a t te m p t  w as stirred at 80° for 2 hr. The reaction mixture was cooled to room
m a d e  to  a s ce r ta in  w h e th e r th e y  re p o rte d  a n  in co rre c t temperature and the silver salts were filtered off. The D M F was

i ,i ~ removed m  vacuo, and the residue was extracted with hot absolute
s tru c tu re  o r w h e th e r th e re  is  a  s te n c  effect in volv ed  in  E t0 H  (200 ml) and filtered. Silica gel was added and the EtO H
th e  c y c h z a tio n  of th e  5 -e th y l- an d  5 -p h e n y lb a rb itu ric  was removed in  vacuo below 80°. Chromatography on silica gel
acid s  in v e s tig a te d . (CH Ch-10%  2-propanol) gave 5c (0.496 g, 32% ): mp 204-206°

[Me2CO-petroleum ether (60 -68°)]; ir (K B r) 3 .10, 3 .23, 5 .7 7 -  
5.90, 9 .65; nmr (C F3C 0 2H ) 1.48 (3 H, triplet-fine splitting, 

Experimental Section3 CHa), 1 .70-2.90 (4 H, multiplet, CH2), 4 .50 (2 H , multiplet,
. CH3CH2- 0 ) ,  5.05 (2 H, triplet, CH2CH2-O E t), 7.45 (5 H, singlet,

5-Phenyl-5-(3-bromopropyl)barbituric Acid (5a).—A suspen- aromatic), 
sion of 5-phenyl-5-allybarbituric acid (4) (50.0 g, 0.163 mol) in A nal. Calcd for C15H 18N20<: C, 62.05; H, 6 .24; N, 9 .65. 
toluene (1000 ml) was irradiated (G. E . Sunlamp, 275 W , 110- Found: C, 61.97; H, 6 .39; N, 9.79.
125 V) for 90 min with stirring. H Br was added over a 45-min 5-(2-Bromopropyl)-5-phenylbarbituric Acid (8a).— A solution
interval with irradiation, followed by additional stirring for 45 of allylphenylbarbituric acid (24.4 g, 0.1 mol) in E t 20 (240 ml) 
mm. The reaction vessel was opened and the excess H Br was was stirred for several minutes and cooled. Gaseous H B r was
allowed to evaporate. The solids were removed by filtration and added. After 7 hr the reaction mixture was allowed to warm
washed with toluene. Recrystallization [Me2CO-petroleum to room temperature. On filtration, a cream colored material

i  (51‘1 ir, (K ? r) mP 218-220° dec, was obtained. The solid was washed succes-
PTT2 ! 9 7 « 79' u  5 '8 5 ’ Iinf  Slvely wlth NaHC° 3 solution and H20 ,  and recrystallized
v AK/ t i TT • ? '  multiplet, CH2), 3.45 (2 H , triplet, CH2B r), (EtOH ) to give white, solid 8a (22 g, 68 .8 % ): mp 221-222° dec.
7.45 (5 H, singlet, aromatic). A n a l  Calcd for Ci3H 13N20 3B r: C, 48 .02 ; H , 4 .03 ; N, 8 .62;

A nal. Calcd for Ci3H13N 20 3B r: C, 48.02; H, 4 .03 ; N , 8 .62; Br, 24.58. Found: C, 48.36; H, 4 .13 ; N 8 52- Br 24 76 
B r’ 2i ; 50 ' . C > 48 ; f ; y - 3 ;93;  K 4 9 ; ]3r>215 -6 0 - „ 4(a)-Phenyl-6//>7//-pyrano[2,3-dl-A>.»»-2,4-(3//)-pyrimidinedi-
■\T T / ] 1R 7  ' t n 3o10dT OP« bo o 1™ C Acld 5b, ; JA .s° lutl° n of one (7).— A suspension of 5-phenyl-5-(3-iodopropyl)barbituric
N al (4.62 g 30.8 mol) in Me2CO (50 ml) was added with stirring acid (5b) (2.00 g, 5.36 mmol) and AgOBz (1.23 g, 5.36 mmol)
to 5-phenyl-5-(3-bromopropyl)barbituric acid (5a) (10.0 g, 30.8 in anhydrous C6H 6 (100 ml) was allowed to refluxed for 2 hr.
mn? ° , '  1Thf re^ itl2,Twas beated for 15 min The reaction mixture was cooled and filtered, and the C6H 6 was
and the N aBr was filtered The Me2CO was removed in  vacuo removed in  vacuo. The residue was taken up in hot C6H 6 (40
and the product was washed repeatedly with H20  and dried ml) and filtered, and the filtrate was allowed to stand. Crystal-

Petroleum ether (60-68 )] afforded lization from the solvent gave 7 (0.862 g, 62% ): mp 208-211°;
bQ 10'9 S’ mp 224 5-226 .5°; ir■ (KBr)I 3 12, 3 22 5 .6 0 - ir (K B r) 3 .28, 3 .42, 5.85 , 5.92, 6 .24; nmr (DMSO-J?) 1 .1 5 -^ 4 0

m u U in l^ P H ^ 30? ^  w 'w  2 .5°_ (2 II, (4 H , multiplet), 3 .60-4 .50  (2 H, multiplet), 7 .2 0 -7 .70  (5 H,
multiplet, CH2), 3.05 (2 H, triplet, CH2I ) , 7.30 (5 H , singlet, multiplet, aromatic), 9.83 (1 H, imide), m /e  244.
aromatic). A nal. Calcd for C13H12N20 3: C, 63.92; H, 4 .95 ; N, 11.47.

Calcd for Ci3H i3N 20 3I : C, 41.95; H , 3 .52; N, 7.53. Found: C ,6 3 .8 6 ; H, 4 .96 ; N, 11.35.
-a ’ ? '7° : N ’ n ;5V *  • * ^  3 , Treatment of 7 in either H20  or CH3OH with a trace of C F3-

5-Phenyl-S- 3-pyridiniumpropy barbituric A «d Bromide (6 ) . -  C 0 2H gave the primary alcohol, 5e, or methyl ether, 5d, re-
A solution of 5a (4.00 g, 13 mmol) m C3H6N (100 ml) was placed spectively. The ir, nmr, and tic (silica gel, 80%  CHCl3-2 0 %
in a glass high-pressure reaction flask and a lowed to stand for E tA c) of 5d and 5e were identical with the known compounds
7 days. No precipitate appeared. The flask was heated on a prepared by alternate methods.
steam bath for 3 hr and allowed to cool to room temperature. 4 (a )-Phenyl-6-methyl-5ff,6H-fur0 [2,3-(i]-A>.^2,4-(3i5r)-pyriini- 
^  o11 material was filtered, washed w*th CHC13 and Me2CO, dinedione (9).- A  mixture of 5-Phenyl-5-(2-bromopropyl)bar-

9 5 % )"  mp ^ T ^ S ^ T r ^ K B r ^2^ ^ 1̂ 6 6 m m  bituric add (8a) (2 '° 0 g ’ 6 ‘16 mmol) and Ag0Bz (1 41 g - 6.16
fZ°_A 7 U i  n  31,’ , iKpw  P ^ o  A r  J  u 9 ,’ tni" r (D‘°  mmol) in C6H6 (250 ml) was allowed to react according to the
P 4T 1 7 4 W ?TT U 0 0 2  p4 ‘7°a  nn5c ^ U) o u et’ H?P t nd procedure outlined for 7. The furopyrimidine 9 (0.511 g, 34% ) 
meta 'aromatic 1^' 8 ? ? t V f T H  ' ’ u rn '3,6 (2 H ’ crystallized from C6H6: mp 170-174°; ir (K B r) 3 .25, 3 .35, 5.75,

8 h i8 ;75 i  H ’ m^ ' plet’ Para-aromatic), 5 .90 , 6.15; nmr (DMSO-d6) 1.00 (3 H, doublet, CHS), 2 .4 0 -
8 ' ! l « ^ 8 pal!IH ^ T 1p PTTt W0 n hR ’aw p a tlp ' r ,  tt a , ,  w 3 '50 &  H ' multiplet, CH2), 4 .80-5 .20  (1 H, multiplet, CH ),
Q W  V,m?nH-d p  ^ n ? 18w°L3̂ n  Hi ^ o  £ ’ 51 ; H ’ 77; N ’ 7 M  (5 H - sinSlet> aromatic), 11.16 (1 H, imide).
9.95. Found: C, 5 05; H , 4 .50 ; N, 9 .97 A naL  Calcd for C13HI2N20 3: C, 63.92; H, 4 .95 ; N, 11.47.

5-Phenyl-5-(3-methoxypropyl)barbituric Acid (5d).— Triton B Found* C 63 57* H 4 76 ’ N 11 2ft

f p W l ^ f t  bromonr°% WaS-Hd<J f w > f n n 1Uti0^ 0i  Acid hydrolysis’of 9 gave the alcohol 8b, mp 229-231°, which5-phenyl-5-(3-bromopropyl(barbituric acid (5a) (5.00 g, 15.4 gave a positive iodoform test.
mmol) m anhydrous MeOH (100 ml). The reaction mixture was A naL  Calcd for C13H14N20 4: C, 59.53; H, 5 .38 ; N, 10.68.

(3) All melting points were taken on the Thomas—Hoover capillary melt- Found. O, 59.78, H, 5 .42, N, 10.76.
ing point apparatus and are corrected. Analyses were performed by Mid
west Microlab, Inc., Indianapolis, Ind., by Weiler and Strauss Microanalyti- Registry No.— 5a, 25860-47-3; 5b, 25907-99-7* 5c, 
cal Laboratory, Oxford, England, and on an F & M Model 185, The Uni- 2 5 8 6 0  4 8  4* 9^ 860  4Q ft* f\ 9ft860 ftH ft • 7  OftftAO
versity of Kansas. Infrared spectra were recorded on Beckman IR-8 and ¿ 0 5 0 0  4 5 -4 ,  5 d , 4 9 8 6 0 -4 9 -5 , 0 ,2 5 8 6 0 - 5 0 - 8 ,  7 , 2 5 8 6 0 -
IR-10 spectrophotometers. Nuclear magnetic resonance spectra were 51-9;  8&, 25860-52-0; 8b, 25860-53-1; 9 , 25860-54-2.
recorded and A-60, A-60A, and HA-100 analytical spectrophotometers with
tetramethylsilano as a standard or in deuterium oxide when 3-trimethyl- Acknowledgment.— The authors gratefully acknOWl-
propanesulfomc acid sodium salt was employed. Nuclear magnetic reso- _ j_ _  . c ,i • • , i at x- i t  , •< <
nance data are reported as 5 values (ppm). Molecular weights were de- GUge Support OI tlllS p ro je c t by the National Institutes 
termined on the Finnigan 1015 mass spectrometer. of Health Grant GM -9254.
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Photochem ical Cyclizations. II. Effect of Structural 
Features on th e Photocyclization of 2-Stilbazole Derivatives12
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The photochemical behavior of a series of 2-stilbazole derivatives has been investigated as part of a synthetic 
scheme leading to the ergoline ring system of the ergot alkaloids. In general, these compounds undergo facile 
oxidative photocyclization to benzo[/]quinoline derivatives; it has been found, however, that certain structural 
features can prevent the desired photocyclization.

As part of a continuing program directed toward the quinolines 4. The oxidative photocyclization of van- 
synthesis of various ergot alkaloids4 we are investigating ous stilbenes to phenanthrenes has received consider-
the feasibility of utilizing photochemical cyclizations of able attention9'10 but the photocyclization of stilbazole
suitably substituted stilbazoles 1 or 2. derivatives has not been as thoroughly investigated.11

Irradiation of the trans6 isomer 1 would be expected All of the alkaloids thus far isolated from the filar 
to cause initial trans-cis isomerization (1 — 2) and mentous fungus C la v ic ep s  p u r p u r e a  are collectively

referred to as the ergot alkaloids.12 The structures of 
all of these alkaloids are based upon the same tetracyclic 

I  I  (j I 1 I ring system 5 that Jacobs and Gould13 called ergoline.
|| ' I T H ~ V ^ i  h  was felt that successful preparation of suitably

substituted benzo[/]quinolines 4  by photocyclization 
I T  ■ l| | R 2 [j r 2 reactions would allow very facile entry into the tetra-

R ^ R . r cyclic ring system 5.

1 2 3
Results and Discussion

|| [ i In the previous paper in this series4 we reported the
> 1  successful photocyclization of the 2-stilbazole deriva-

I fl fives l a - l d  to the benzo[/]quinolines 4a-4d. A t the
[ l Y ^ R ,  I T /  same time we reported unsuccessful attem pts at the

photocyclization of le  and If and discussed the reasons 
3 H for lack of success in these cases. In addition we

4 5 investigated the effect of various experimental param-
R‘ R. R: eters (wavelength of light, nature of the solvent, nature

a H H H of the oxidizing agent) to determine the optimum
b H CN H conditions for the photocyclization of 2-stilbazoles. A
c OCH: CN H notable result of this work was the very definite ad-
d H GOOCH, h vantage of utilizing ferf-butyl alcohol as solvent for the
e H jj NHCOCH photocyclization of stilbazoles and various possible
f H NO reasons for this effect were discussed.14

2 W ith a Anew toward utilizing substituents R 2 and R 3
8 3 to construct the five-membered ring present in the

subsequent cyclization to the dihydrobenzo [/]quinolines (7) There is apparently  on ly  one well documented example of isolation

3 , 7 which should be readily oxidized to the benzol/]- o£ a l:la b le  d ihyd ro  in te rm edia te  from  a stilbene photocycliza tion 8 b u t th is
J w ork  appears to  ha^e been overlooked in  recent reviews of th is  fie ld . 9’ 10

(8 ) D . Banes, J . A s s . O ffic . A g r ,  C h e m ., 44, 323 (1961).
* To whom  correspondence should be addressed. (9 ) F . R . S term itz  in  “ Organic Photochem istry,”  V o l. I ,  0 .  L . Chapman,
(1) Abstracted in  p a rt from  the  dissertations subm itted  b y  P. L . K u m le r j jd . ,  M arcel Dekker, N ew  Y o rk , N . Y ., 1967, pp 247-282.

and R . A . D ybas to  the  G raduate School of th e  U n ive rs ity  of Rochester in  ( i 0) E . V . B lackburn  and C. J. T im m ons,’ Q u a r t .  R e v . (L o n d o n ) ,  83, 482
p a rtia l fu lf il lm e n t of th e  requirem ents fo r  the  P h .D . degree, M a y  1967 (1969).
(P. L . K .) and Jan 1970 (R . A . D .) . (11) gee ref 4  an(j  references contained there in .

(2) F o r paper I  in  th is  series, see ref 4. (12) F or a comprehensive review  of the  chem istry of th e  ergot alkaloids,
(3) (a) N a tio n a l In s titu te s  of H ea lth  P redoctora l Fellow, 1966-1967. 8ee R . H . F. M anske and H . L . Holmes, “ The A lka lo ids ,”  Academ ic Press,

T o  whom  correspondence should be addressed: D epartm ent of C hem istry, N ew  Y o rk , N . Y .:  Vo l. I I ,  1952, pp 375-392, and V o l. V I I ,  1960, pp 9-36.
Saginaw V a lley College, U n ive rs ity  Center, M ich . 48710. (b) N a tio n a l (1 3 ) W  A> j acobs and R . G . Gould, J .  B io l .  C h e m ., 120, 141 (1937).
In s titu te s  of H ealth  P redoctora l Fellow , 1968— 1969. (14) A s another example of the  u t i l i t y  o f th is  solvent fo r stilbazole pho to-

(4) P . L . K u m le r and R . A . Dybas, J .  O rg . C h e m ., 35, 125 (1970). cyclizations, irra d ia tio n  of th e  4-stilbazole d eriva tive  i  in  oxygen-saturated
(5) The stereochem istry about th e  double bond of compounds of th is  ¿erf-butyl a lcohol th rough a Corex filte r fo r 4 h r resulted in  iso la tion  of

typ e  w ill be described as being derived from  t ra n s -  and cis-2-stilbazole, la  benz [A]isoquinoline-6-ca rbon itrile  ( ii)  in  58%  y ie ld . Previous w orkers16

and 2a, respectively. Use of th e  descriptors E  and Z 6 to  define th e  configura- have noted th a t 4-stilbazole derivatives (in  contrast to  2-stilbazole deriva
tio n  a t  out the  double bond in  compounds of th is  type , a lthough always tives) cyci ize ve ry sluggishly and in  in fe rio r y ie ld .
leading to  a com pletely unam biguous stereochemical assignment, sometimes
leads to  opposite descriptors fo r  compounds having the  same geom etry o f f l ^  y j
the tw o  arom atic rings around th e  centra l stilbazole double bond. For
example, stilbazole I d  is of the  Z  configuration w hile  le  is of the  E  configura- |  T |
tio n  b u t both  compounds conta in  a ¿rans-2 -stilbazole m oie ty.

(6) J  E  B lackwood, C. L . G ladys, K . L . Loening, A . E . Petrarca, and 1 1 ^
J. E . Rush, J .  A m e r .  C h e m . S o c ., 90, 509 (1968); J. E . Blackwood, C. L .
Gladys, A . E . Petrarca, W . H . Powell, and J. E . Rush, J .  C h e m . D o c ., 8, 30 1 11

(1968). (15) C . E . Loader and C. J. Tim m ons, J .  C h em . S oc. C , 1078 (1966).
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ergoline skeleton 5 we investigated the photochemical
behavior of the 2-stilbazole derivative lg. Photolysis H I J  I
of lg, using a variety of experimental conditions, ' ' ' Y ' ' 4'* j | i
proceeded at a slow rate with the formation of large [̂ s*r~xr-A ^
amounts of polymeric material, to give two major [  l|̂  /  ^  | T  /  =
products, 4g and 4c, in low yield (at least two other
products were detected by tic but not characterized). ^ ^
Of the experimental conditions investigated (tert-butyl 
alcohol, oxygen, Corex; benzene, oxygen, Corex;
acetonitrile, oxygen, Pyrex) the ieri-butyl alcohol a, R = H
solvent system gave the best results. Thus, photolysis b, R = CH,Ph
of lg in this solvent through Corex for 5 hr, followed by
column chromatography of the complex photolysate on (ultraviolet spectra or tic versus authentic 7a) for the
alumina, led to isolation of both 4g (11%) and 4c (6% ). desired photocyclization. A t wavelengths longer than
The formation of 4c, which formally corresponds to loss n(n an unstable photoproduct (presumably the

isomeric cis or trans olefin) could be detected by tic but 
it was converted back to starting m aterial upon at- 

| J tempted isolation. A t wavelengths shorter than 290
¡ f ' N ^  h, nm extensive decomposition occurred but no photo-

*" cyclization could be detected by tic or ultraviolet
[ 1 CN spectroscopic analysis. However, control studies sug-

gested that the expected photocyclization product 7a 
j might not survive the reaction conditions (see E x -
g perimental Section). I t  is of course possible th at some

CHi° \ [̂ 5N CH30Vŝ v  structural feature present in 6a was prohibiting the
1 J  || ^ photocyclization from occurring at all (see below).

[ ' l l  T * !  A>s in the case of 6a, the irradiation of 6b under a wide
I I  variety of experimental conditions led to extensive

I T  j j V ' - ' N  decomposition, but no detectable photocyclization, if
hght of wavelength shorter than 290 nm was utilized.

4 g 4 C Examination of the literature revealed the successful
photocyclization of various compounds containing s o m e  

of the elements of HC1, can be rationalized in a number structural features present in 6a (or 6b). For
of ways. Loss of substituents other than hydrogen example, Various groups have reported the photocycli-
during photocyclizations have been seen in a number of zation of compounds incorporating five-membered
cases and the substituents “lost” include Cl, B r, C H S, rings;19-21 photocyclization of systems in which the
COOH, I, and OCH3.16'17 In almost all cases (loss of I  stilbene-like double bond is exocyclic to a fused ring
appears to be an exception) the substituent which is system have also been reported.22-24 However, none
“lost” is at a position on the ring where cyclization these cases have the stilbene-like double bond exo- 
occurs. W hether the Cl substituent in the present cyclic to a fused five-membered ring. During the
cases is lost prior to the photocyclization (photoinduced preparation of this manuscript, three reports concerning
homolytic cleavage of the C -C l bond in lg or 2g), by the photochemistry of stilbene systems in which the
elimination of HC1 from a dihydro intermediate of the stilbene double bond is exocyclic to a fused five-mem-
type 3, or by photoinduced homolytic cleavage of a bered ring system have appeared. Goedicke and
C -C l bond in the product 4g, was not however in- Stegemeyer25 reported that the stilbene derivative 8 did
vestigated. I t  is possible that the presence (assumed)
of HC1 during photolysis could account for the inferior --------1 ------ [f^ |  i f ] ------- i f ^ l
yields in the present case although this reaction was not
investigated in any more detail. j f  j f  j ji

The most desirable type of benzo [/Jquinoline con- [ / T  [ ^ V ^ V ^ S
sistent with the rest of our anticipated scheme for the ------
synthesis of the various ergot alkaloids would be one in 8 9  10

which R 2 and R 3 form a five-membered lactam, that is
compounds of the type 7. Consistent with this idea we not undergo either isomerization to the cis isomer or 
investigated the solution photochemistry of the stilba- photocyclization to the dicyclopentanophenanthrene. 
zole derivatives 6. A t about this same time Gunst reported on the

Irradiation of the stilbazole derivative 6 a 18 under a
wide variety of experimental conditions (see Experi- (10) c - s- Wood ar>d f . b . M allory ,./. o r g . cu m ., 29, 3.373  ngei). 
mental Section) failed to give any detectable evidence p Z I m ., Ti°965)G‘ S' Hamm°nd’ ^  F' B' Mal‘0ry’ Photochem'

„  . . (21) M . V . Sargent and C. J. T im m ons, J .  A m e r .  C h e m . Soc., 85, 2186
( lo ; See ret 9, p 261, fo r p ertin e nt references. (1963).

(17) M  P Cava, M . J. M itche ll, S. C. H avlicek, A . L in d ert, and R . J. (22) M . P. Cava, S. C. H avlicek, A . L in d ert, and R . J. Spangler, T e tr a -

P,a:o f 1" ' / •  0 r ° -  C h e m -  35> 1 7 5  (1970)- Aedroa L e t t . ,  2937 (1966); also, see ref 17.
(18) The stereochem istry around the  double bond in  compounds 6a and (23) N . C. Yang, G. R . Lens, and A . Shani, T e tra h e d ro n  L e t t . ,  2941 (1966).

6b is uncertain  b u t does not affect the  present results since the  in it ia l step (24) For a review of the pho tcyc liza tion  of enthrone and b ian th rone
in  the  photocycliza tion  sequence involves c is-trans isom erization .9’ 10 O ur derivatives, see re f 9, pp 248-253.
w ork  suggests, in  fact, th a t the  tw o  isomers in te rconvert read ily in  so lu tion  (25) C. Goedicke and H . Stegemeyer, B e r .  B u n se n g e s . P h y s .  C h e m ., 73,
(see E xperim enta l Section). 7 8 2  (1 9 5 9 ),
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photochemistry of 9,9'-bifluorenylidene (9)26 and re- fused five-membered ring. As a test of this empirical
ported the isolation, in very low yield, of a compound hypothesis we investigated the photochemical behavior
tentatively identified as the phenanthrene derivative of the stilbazole derivative 14, in which the stilbazole
10. Other workers have not, however, detected this double bond is exocyclic to a fused six-membeved ring,
product during an independent study of the same As expected, irradiation of the stilbazole derivative 14 
stilbene derivative 9 .2 7 in the presence of oxygen through a Corex filter led to

In light of the above considerations, it was decided to isolation of the desired photocyclization product 15 in
investigate whether the stilbazole derivative 11 would 5 3 %  yield, 
undergo the desired photocyclization. The failure or
success of this photocyclization would allow a more (j iX^N

«yO “'yX) X) (VVS rTYcH OO kAYii CX/ 14 15
11 12 13 In  summary, we have shown that in systems of the

a = c;s type considered in the present work one of the major
b = trans reasons for failure to observe the desired photocycliza

tion is the presence of the stilbazole double bond in a 
realistic assessment of the effect of the fused five- position exocyclic to a fused five-membered ring. This
membered ring. Under various conditions (see E x- suggests that in order for photocyclization to occur, the
perimental Section) the exocyclic olefin 11 was con- stilbazole system (i.e., the benzene and pyridine rings
verted in moderate yield (20-35% ) to the endocyclic and the linking double bond) must be able to attain a
olefin 13. Although other products were formed none geometry which approximates that of m-2-stilbazole;
of these appeared to contain the benzo[/]quinoline the presence of any structural element (such as that
skeleton (by uv spectroscopic examination of the pho- described above) which precludes the attainment of
tolysate and lack of the blue fluorescence on tic plates such geometry will effectively inhibit the desired
which seems to be characteristic of the benzof/jquino- photocyclization . 3 1  To our knowledge the present
line system). Although there are a number of ex- study reports the first elucidated example of a structural
amples of photoinduced isomerization of 1 -alkylcyclo- feature which effectively prohibits the photocyclization
alkenes to their analogous exocyclic isomers, 28 to our reaction; the suggestion of Stermitz concerning the
knowledge this represents one of the very few examples generality of the photocyclization reaction3 2  should not
of the isomerization proceeding in the opposite direction be taken as an inviolable rule.
under photochemical conditions. 2 9 The original pur- Syntheses and Structural Assignments.—Stilbazole 
pose of this particular experiment (i.e., is it the pres- ig was prepared by base-catalyzed condensation of
ence of the fused five-membered ring which prevents 2 -chlorophenylacetonitrile with 5 -methoxy-2 -pyridine-
the desired photocyclization?) was not however fulfilled. carboxyaldehyde. The oxindole derivative 6a was
It  is possible that the availability of another reaction prepared in an analogous fashion from oxindole and
path (exo to endo isomerization), perhaps of lower 2-pyridinecarboxaldehyde. The oxindole derivative
energetic requirements, effectively masks the desired 5 b was m0st conveniently prepared by condensation of
photocyclization. Therefore, a study of the photo- 1-benzylisatin with 2-picoline in the presence of acetic
chemical behavior of the stilbazole derivative 12, in anhydride.
which the exo to endo isomerization cannot occur, was Preparation 'o f  the stilbazole derivative 11 was 
undertaken. _ attempted by the reported method . 3 3  Condensation of

Irradiation of 12a in feri-butyl alcohol containing 1-indanone (16) with 2-picolyllithium (17) gave a 
7.5%  benzene30 through a Corex filter in the presence of 
oxygen led to very rapid trans-cis isomerization (photo- 9
stationary state reached in 0.5 hr). Continued irradia-
tion for a total of 6  hr led to no further changes as C JL  /  + L  J L  ”
evidenced both by tic and ultraviolet spectroscopy. N CHJ.i
Column chromatography of the photolysate resulted in 16 1 7

isolation of 12b (57% ) and 12a (38% ). Y Y  Y Y
At this stage of the investigation it was felt that one | | |j j

of the major factors contributing to the failure of Y U v
photocyclizations in systems of the present type was +
the presence of the stilbazole double bond exocyclic to a X  X  X  f  j T  \

(26) G. P. de Gunst, R e d .  T ra v .  C h im . P a y s -B a y s ,  88, 801 (1969).
(27) J. Nasielski, M . Jauquet, E . Vander D onckt, and A . Van S inoy, *3

T e tra h e d ro n  L e t t . ,  4859 (1969). * , ,
(28) (a) P. J. K ro pp , J .  A m e r .  C h e m . S o c ., 88, 4091 (1966); (b) P. J. (31) The only  apparent exception to  th is  genera lity  appears to  be th a t

K ropp , ib id . ,  89, 3650 (1967); (c) P. J. K ro pp  and H . J. Krauss, ib id . ,  89, concerning the  iso la tion o i 10 from  the  irra d ia tio n  of the stilbene deriva tive
5199 (1967); (d) P . J. K ro pp  and H . J. Krauss, J .  O rg . C h e m ., 82, 3222 9 «  which m ay be an anomalous case since th is  molecule contains tw o  separate
(1967); (e) P. J. K ro pp , J .  A m e r .  C h em . S o c ., 91, 5783 (1969). stilbene systems sharing the same centra l double bond.

(29) A  sim ilar phenomenon has been b rie fly  reported in  re f 25. (32) " . . .  the  cyclization seems to  be so general th a t a proper outlook in
(30) T h is  solvent system seems to  be the  preferred one fo r photocycliza- regard to  failures w ould  perhaps be th a t the  proper conditions fo r the 

tions in  systems of th is  typ e . F o r a discussion of th is  solvent effect, see p articu la r cyclization  have not ye t been fo u n d .”  Reference 9, p 259
re£ ^ (33) J. Sam, J. P lam pin, and D . Ahvam i, J .  O rg . C h e m ., 2 7 , 4543 (1962).
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m ixture of the desired exo olefin 11 and the endo olefin The stilbazole derivative 12 was prepared by de-
13 in the ratio 1 :4  (exo: endo). The composition of the hydration of the carbinol 18, formed by condensation of
olefin mixture was determined by comparison of the 2,2-dimethyl-l-indanone with 2-picolyllithium.^ If
spectral properties of the mixture with those of pure refluxing acetic anhydride is used for the dehydration a
samples of each of the olefins (see below). Treatm ent
of the olefin mixture with hydrogen bromide in ether / S ,
resulted in the formation of a single hydrobromide in J
77%  yield. This hydrobromide salt was, in fact, the [ 3HN __v
hydrobromide of the exo olefin 11. Thus, from a CH,
mixture which was originally 80%  endo olefin approxi- C jL  X rH 
m ately 80%  of the exo olefin hydrobromide was ob- L 1
tained. Pure exocyclic olefin 11 was obtained as a 18
crystalline solid by treatment of the hydrobromide l f ^ N ij^'S
with dilute base.34 JL.N^

The exo olefin 11 gave satisfactory analytical data, |) + J|
the melting point of the hydrobromide salt was the 
same as th at reported by previous workers,33 and it
gave a picrate which also exhibited the correct analyti- 3 *
cal data. The nmr, ir, and uv spectra were consistent 12a 12b
with the assigned structure (see Experim ental Section)
with the following pertinent points. The ultraviolet 54%  yield of the olefin mixture is formed (considerable
spectrum was very similar to that of t r a n s -2-stilbazole amounts of 2,2-dimethyl-l-indanone and 2-picoline are
(see ref 4) and the ir spectrum showed characteristic formed by reversal of the initial condensation) and the
absorption at 1635 cm -1 assigned to the exocyclic composition of this mixture is 77%  12a and 23%  12b as
olefinic linkage. Both the picrate and the hydro- analyzed by nmr (see below). Dehydration with
bromide salts showed this same ir absorption. p-toluenesulfonyl chloride led to quantitative formation

The endo olefin 13 was a yellow liquid which gave of the olefin mixture (72%  12a, 28%  12b). The two
unsatisfactory analytical data and was subject to olefins could be separated by column chromatography
decomposition at room temperature. Treatm ent of and were each completely characterized. The stereo-
the endo olefin with hydrogen bromide in ether gave the chemical assignments were based upon ultraviolet
hydrobromide of the exo olefin 11 as expected (see spectra (similarity to c is -  and t r a n s -2-stilbazole; see
above). However, treatm ent of the endo olefin with Experim ental Section and ref 4) and nmr spectra. The
picric acid in ethanol led to a picrate which was dif- nmr resonance due to the vinyl proton of 12a was at r
ferent from that of the exo olefin and satisfactory 3.47 while th at due to the vinyl proton of 12b was at r
analytical data were obtained on the picrate. Spectral 2.92. These values are quite consistent with those for a
data consistent with the structural assignment were series of cis and trans stilbene derivatives.38
obtained on samples of olefin freshly regenerated from The stilbazole derivative 14 was prepared by con- 
the picrate. The ir spectrum showed a band at 1615 densation of 2,2-dim ethyl-l-tetralone with 2-picolyl-
cm -1 assigned to the endocyclic olefin and this band lithium and dehydration of the resultant carbinol with
was also present in the ir spectrum of the picrate. The p-toluenesulfonyl chloride in pyridine. The resultant
ultraviolet spectrum is very similar to that of indene36 olefin 14 gave consistent analytical and spectral data
and the nmr spectrum is very similar to that reported and was exclusively of the cis configuration as assigned
for 1-benzylindene.37 by nmr analysis.38

(34) Th e  previous workers38 had n o t characterized the  p roduct of the  . + 1 Q 39
orig ina l condensation between 2 -p ico ly llith iu m  and 1-indanone (o n ly  a J 3 /X p © n m 6 H t3 . i O0CT1Q31
bo iling  p o in t is reported) b u t had assumed th e  product to  be , ^  ^  ,, /<f \

2 -(2-Chlorophenyl )-3- (5-methoxy-2-pyridyl )acrylomtrile (1 g ).—  
A mixture of 2-chlorophenylacetonitrile40 (1.51 g, 0.01 mol) and 

1% ^ 5-methoxy-2-pyridinecarboxaldehyde4 (1.37 g, 0.01 mol) in 15
LOH ml of absolute methanol was warmed to 50°. A sodium methox-

¡ ^ ^ ¡ [ \  ide s°lution- (3-66 M  in methanol, 2.75 ml, 0.01 mol) was added
and the reaction mixture was maintained at 55-60° for 1 hr and 
then cooled. The resultant crystals were removed by filtration. 

111 Recrystallization from pentane gave lg as colorless crystals
th e  carb ino l i i i  w hich is certa in ly  the  im m ediate precursor o f (1.11 g, 41% )l m p  82—83 J ir (CHCI3) 2200 cm 1 (C = N ),
the  olefin m ix tu re . In  order to  dehydrate the “ alcohol”  i i i  they  heated the  UV max (95%  ethanol) 318 nm (e 26,900), 291 (sh, 16,250), and
condensation product in  m olten phosphorus pentoxide fo r 7 h r.“  A fte r  210 (24,250); UV max (C3H12) 310 nm (21,400), and 208 (21,900);
d is tilla tio n  of the  reaction m ix ture  from  the  P 2O6 tre a tm e n t they  obtained nmr (CDC13) r  6.10 (s, S H, OCH3), 1.55 (d, /  =  2.9 cps, 1 H ,
the  desired exo olefin (probably the  same m ix tu re  described in  the present ------------------------
w ork) as a liq u id . Again, only a bo iling  p o in t is recorded and th is  olefin was (38) H . Gusten and M . Salzwedel, T e tra h e d ro n , 23, 173, 187 (1967).
analyzed in  th e  fo rm  of th e  hydrobrom ide sa lt. Therefore, Sam and co- (39) M e ltin g  points were obtained on a Fisher-Johns apparatus and are
workers had probab ly  carried o u t the  same sequence observed in  th is  s tu d y  reported uncorrected. In fra re d  spectra were determ ined using a P e rk in -
b u t d id  not realize i t  because of th e ir  fa ilu re  to  characterize b o th  the  in it ia l  E lm er M ode l 137 In fra co rd  or a P e rk in -E lm er M ode l 421 spectrophotom eter;
p rod u ct o f th e  condensation and the  product resulting  fro m  the  m olten a ll spectra were ca librated w ith  polystyrene. U ltra v io le t spectra were
phosphorus pentoxide tre a tm e n t. measured w ith  a M ode l 11 or M ode l 14 C ary recording spectrophotom eter.

(35) C on tro l experiments in  th e  present w ork have shown th a t the  com- N uclear magnetic resonance spectra were taken on a V arian  Associates
position  of th e  olefin m ix tu re  is n o t changed b y  th is  ra th e r d rastic tre a tm e n t A-60 spectrometer o r on a Japan E lectron  Optics M o de l JN M -4 H -1 0 0
and hence th is  m ix tu re  probab ly  reflects the  therm odynam ic s ta b ility  o f the  spectrometer; chemical sh ifts  are reported in  ppm  (r) re la tive  to  te tra m e th y l-
tw o  isomers. silane as in te rna l standard. E lem enta l analyses are b y  M icro -T ech  Labora -

(36) Sadtler Standard Spectra, Sadtler Research Associates, Spectrum  tones (Skokie, 111.) or b y  C rcbaugh Laboratories (C leveland, O hio).
N o . 308 U V . (40) C. V iel, R . Dorm e, and P. R um pf, B u l l .  S o c . C h im .  F r . ,  6, 1956

(37) A . M . W eidler, A c ta  C h em . S c a n d ., 17, 2724 (1963). (1966).
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pyndyl Hs), 2.08 (d, J  =  9 cps, 1 H, pyridyl H6), and 2 .38-2 .87  The above hydrobromide (14.4 g, 0.05 mol) was partitioned
(m, 8 H , vinyl and other aromat’e protons). ^  between 150 ml of 10% KO H -H 20  and 150 ml of ether. Theether

A nal. Calcd for CiM iOCL C 66.55; H, 4 .09; N, 10.35. phase was washed to neutrality with water, then with saturated 
4 r 1 ; w i \ ° '2 m w  ,  - j ,  salt solution, and dried over sodium sulfate. Evaporation of the

A Qn 3 i r ' P1j°ome - i a ' 7 °  a s° lutlon of oxmdole ether gave l-indanylidene-(2-picoline) as off-white crystals (9.9 g,
(4 0 -°.S- mol) and 2-pyridinecarboxaldehyde (32.1 g, 0.30 95% ), mp 6 9 -71“. Reerystahization from 100 ml of hexane gave
mol) in 95%  ethanol was added 2 ml of piperidine. The solution colorless rosettes (8.7 g), mp 69 -7 0 “. Two additional recrystal-
was refluxed for 4 hr and then cooled to room temperature. The lizations gave the analytical sample as colorless needles: mp
resultant red crystals (58.4 g, 87% , mp 199-201 ) were removed 72-73°; ir (K Br) 1635 cm‘ i (exo C = C ); uv max (C6H12) 343
7 -nitration, air dried, and then eluted through a short column nm (<= 17,300), 325 (22 ,100), 295 (sh, 10,000 ) 283 (11 700) 244 
of Woelm alumina (activity III) with methylene chloride to give (6000), 236 (7350), and 228 (430); nmr (CDC1S) r  l ’ 55 (br d
bright orange needles which were recrystallized from 95%  ethanol. /  =  6 cps, 1 H, pyridyl H„), 2 .2 -3 .2  (m, 8 II, vinyl proton and

gaye ,^ „ a* 11®edlf s: mP ^ A 5- 203,0 , S ; 41 mp 205~ 0ther aromatic protons), and 7.07 (m, 4 H, aliphatic protons).
297J ; ?  (CF Cl3) 1712 (C= ° ) >  and 3350 cm “1 (N H ); uv max A nal. Calcd for Ci6H13N: C, 86.92; H, 6.32- N 6 76
(95%  ethanol) 347 nm (sh, e 7840), 333 (11,470), 325 (sh, 9800), Found: C, 86.75; H, 6.30- N 6.48.
257 . j nd ?09. (20,900); nmr (CF3COOH) 7- 0 .57-2 .95  The picrate of the exo olefin was prepared by addition of a
(m, 10 H , amide, vinyl, and aromatic protons). solution of the exo olefin (207 mg, 1.0 mmol) in 10 ml of ethanol

l-Benzylisatinylidene-3-(2-picoline) (6b). A mixture of 1- to a saturated solution of picric acid in ethanol (25 ml). Heating
benzyhsatin (11.8 g, 0.05 mol) and 2-picoline (24 ml, 0.27 mol) for 10 min on a steam bath and cooling gave the picrate as bright
was refluxed for 6 hr in the presence of acetic anhydride (30 ml). yellow needles (380 mg, 87% ), mp 207-209° dec. For analysis
The warm reaction mixture was poured over ice and, after 5 hr, the picrate was sublimed [185° (0.01 mm)] and the sublimate was
was basmed with ammonium hydroxide. The orange-brown pre- recrystallized from a large volume of ethanol to give bright yellow
cipitate was filtered, washed with water, and air dried. The crude crystals: mp 208-209°; ir (K Br) 1635 cm ' 1 (exo C = C )  
product was eluted through] 25 g of activity I Woelm alumina to A n al. Calcd for C2iHI6N40 7: C, 57.80; H, 3.70; N, 12.84. 
give, after removal of the eluting solvent, 6b as bright orange Found: C, 57.65; H, 3.72; N, 12.71.
needles (6.0  g, 40% ), mp 134-136“. Recrystallization from 95%  l-(2-Pyridylir.ethyl)-2,2-dimethyl-l-indanol (18).— A solution
ethanol gave the analytical sample as yellow needles: mp 139- of 2-picolyllithium was prepared as above from lithium (2.71 g,

(® ^ r '' 779  ̂ < 0 = 0 )  and 1630 cm -1 (C = C ); uv max 0.39 g-atom), bromobenzene (30.6 g, 0.195 mol), and 2-picoline
(C.Hu) 346 nm (sh, e 13,900), 330 (16,500), 317 (13,000), 268 (18.1 g, 0.195 mol). To the ether solution of 2-picolyllithium at
(14,400), and 210 (15,000); uv max (CH3OH) 328 nm (e 12,000), 0 “ was added 2,2-dimethyl-l-indanone43 (25.0 g, 0.156 mol) in
256 (12,700), and 207 (27,000); nmr (CDC13) r  0 .8 -1 .3  (m, 2 H ), 30 ml of ether over a 25-miu period. After 15 min, 40 ml of
2 .2 -3 .5  (m, 12 H ) and 5.00 (s, 2 H, CH2— N ); the aromatic water and 40 ml of concentrated hydrochloric acid were added
protons of the benzyl group gave a singlet a t r  3.30 easily dis- successively. The aqueous phase was separated and poured with
cernible from the other resonances in this region. stirring into 350 ml of saturated aqueous sodium carbonate.

A nal. Calcd for C2iH i6N20 :  C, 79.98; H, 5.37. Found: C, The resultant red oil was extracted into benzene and the benzene
v'j 7 ' . . . .  was washed with water and dried over sodium sulfate. Evapora-

l-Indanylidene-(2-picoline) (11). Freshly cut lithium strips tion of the solvent gave the carbinol as an orange oil (40.0 g) 
(3.45 g, O.oO g-atom) were placed in 200 ml of anhydrous ether and which solidified on standing. The crude carbinol was eluted
then bromobenzene (39.2 g, 0.25 mol) was added at a rate suffi- through a pad of Woelm activity V alumina with benzene;
cient to keep the ether at reflux. After all of the bromobenzene removal of the solvent gave a homogeneous (tic) pale yellow solid
had been added the reaction mixture was stirred at reflux for 1 (38.0 g, 96% ), mp 70-77°. A further elution through activity
hr. To the resultant phenyllithium solution, 2-picoline (23.2 g, III alumina and two recrystallizations from hexane gave colorless
0.25 mol) was added dropwise over a period of 5-10 min. The plates, mp 8 2 -8 3 “; ir (CHCls) 3150 (OH), and 1110 cm - 1
deep-red solution was stirred for 1 hr, cooled in an ice bath, and (C— O stretch, 3 “ alcohol); nmr (CDClj) r  9.01 (s, 3 H , CH ,),
1-indanone (30.0 g, 0.23 mol) dissolved in 75 ml of ether was 8.82 (s, 3 H, CH ,), 7.21 (s, 2 H, Ar-CH2), 6.93 (AB q , J  =  14
added dropwise. The light-gray mixture was then immediately cps, 2 H, Py-CH2), 1.38 (m, 1 H, pyridyl a  proton), and 2 .2 5 -
decomposed by the addition of 50 ml of concentrated hydrochloric 3.52 (m, 8 H, hydroxyl and ether aromatic protons),
acid and 50 ml of water, and the two phases were separated. A n al. Calcd for Ci7H19NO: C, 80.59; H, 7 .56; N , 5 .53. 
The ether phase was extracted once with 10% HC1 and the com- Found: C, 80.66; H, 7.52; N, 5.52.
bined aqueous phases were added to a saturated solution of 2-(2,2-Dimethyl-l-indanylidenemethyl)pyridine (12). Method 
sodium carbonate. The oily layer which separated was extracted A.— A solution of 18 (25.3 g, 0.10 mol) and acetic anhydride
into ether and dried over N a2S 0 4. Evaporation of the ether gave (40.8 g, 0.40 mol) was stirred overnight at room temperature
a yellow oil (43.9 g) which was distilled under reduced pressure. followed by refluxing for 1 hr. The acetic anhydride was removed
After removal of a forerun ( ~ 8  g) of 1-indanone, the two major by distillation and the residue was partitioned between water and
fractions [12.9 g, bp 123-129° (0.5 mm), and 14.9 g, bp 129-131° benzene. The benzene solution was extracted with 10% HC1
(0.5 mm)] were combined after their infrared spectra and tic (200 ml), washed with water, and dried over sodium sulfate,
behavior were shown to be essentially identical. The dark brown Evaporation of the solvent gave a red oil (6.9 g, 43% ) whose tic,
distillation residue (6.8  g) was not characterized. ir, and nmr were identical with that of 2 ,2-dimethyl-l-indanone.

The tic and spectral properties of the distillate were consistent The acid solution from above was basified with 10%  NaOH and 
with a mixture of endo (13) and exo (11) olefins in the ratio of extracted with benzene. The combined benzene extracts were
4 :1  (endo:exo). washed with water, dried over N a2S 0 4, and evaporated to give

A 15.6-g sample of the olefin mixture was dissolved in 800 ml the olefin as an orange oil (12.6 g, 54% ). Analysis by nmr
of anhydrous ether and the solution was saturated with gaseous indicated the oil to be a mixture of 77% cis isomer 12a and 23%
hydrogen bromide. Removal of the ether gave a bright yellow trans isomer 12b. Vacuum distillation of the crude olefin gave
amorphous residue, mp 248-256° dec, which was recrystallized a pale yellow oil (10.9 g), bp 130-135“ (0.005 mm), which was
from methanol (600 ml) to give the exo olefin hydrobromide dissolved in 30 ml of ethanol and added to a saturated solution
(14.4 g) as very large ( ~ 1  X  1 X  10 mm) straw colored rods, of picric acid in ethanol to give the picrate of the cis isomer 12a
mp 259-260“ (lit.33 mp 258-260°); an additional crop (2.3 g, as bright yellow needles (10.6 g), mp 154 .5-158.5“. Regenera-
mp 256-259“) was obtained by concentration and cooling of the tion of the free base by partitioning the picrate between ehloro-
mother liquor, making the total yield 16.7 g (77% ). form and 0.5 N  lithium hydroxide solution gave the cis olefin

The tic behavior of the free base was determined by partitioning 12a as a colorless oil (4.5 g); ir (film) 1640 cm “1 (trisubstituted
the salt between ether and 10%  KOH and looking at the tic of C = C ); uv max (C6H12) 314 nm (e 14,500), 282 (11,800), and 225
the ether layer. The free base was homogeneous and the R i (15,400); uv max (95%  ethanol) 310 nm (e 10,800), 267 (sh,
value was identical (2 solvent systems) with one component 7700), and 224 (14,000); nmr (CDC13) r  8.70 (s, 6 H , gem CH3),
(that with the larger R t value) of the original olefin mixture. 7.14 (s, 2 H, CH2), 3.47 (s, 1 H , vinyl proton), 1.28 (br d, 1 H,
The ir spectrum of the hydrobromide showed medium intensity pyridyl a  proton), and 2.13-3 .08  (m, 7 H, other aromatic 
absorption at 1640 cm -1 (exo C = C ). protons).

(41) M . Akkerm an and H . Veldstra, R ed . T ra v .  C h im . P a y s -B a s ,  73,
629 (1954). (43) M . Mousseron, R . Jacquier, and H . C hris to l, B u l l .  S oc. C h im . F r . ,

(42) R . L . A u tre y  and F . C. Tahk, T e tra h e d ro n , 23, 901 (1967). 24, 346 (1957).
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A n al. Calcd for CnllnN (olefin): C 86.76; H, 7 .28 ; N , A n al. Calcd for Ci8H i9N (olefin): C, 86.70; H, 7 .68 ; N,
5.95. Found: C, 86.39; H, 7 .25; N, 5 .92. 5.62. Found: C, 86.64; H, 7 .59; N, 5.57.

A n al. Calcd for C23H20N4O, (picrate): C, 59.48; H, 4 .34; A n al. Calcd for C24H22N 40 7 (picrate): C, 60.24; H, 4 .64 ;
N, 12.07. Found: C, 59.59; H , 4 .35; N, 11.99. N, 11.71. Found: C, 60.40; H , 4 .56; N, 11.83.

The ethanolic mother liquors from cis picrate formation were Photolyses. General Considerations.' Unless stated other- 
partitioned between 0.5 N  lithium hydroxide and chloroform as wise. the substrate was dissolved in solvent and oxygen was 
above, giving a pale yellow oil (5.5 g) which consisted of 56%  cis bubbled through the solution for 0.5 hr prior to and then during
isomer 12a and 44%  trans isomer 12b. Column chromatography the irradiation. The light source was a 450 W Hanovia medium-
on grade III Woelm alumina and elution with hexane gave the pressure mercury arc placed in a water-cooled quartz immersion
trans isomer as a colorless oil (1.91 g) which was purified through well containing the appropriate filter sleeve (where indicated),
its picrate (mp 181-182°); the purified trans olefin 12b was a AU photolyses were monitored by tic and by periodic scanning of
colorless oil: ir (film) 1665 cm ' 1 (C = C ): uv max (C6H12) 346 the ultraviolet spectrum. The irradiations were generally con-
nm (e 13,400), 332 (23,100), 319 (21,700), 307 (sh, 15,400), 299 tinued until most of the starting material was consumed as
(sh, 13,000), 282 (13,000), 246 (7600), 238 (10,300), and 230 evidenced by tic.
(10,000); uv max (95%  ethanol) 340 nm (sh, <= 6950), 323 (sh, Photolysis of lg. Method A.— The stilbazole derivative lg
13,400), 313 (14,800), 304 (14,500), 278 (br sh, 11,900), 245 (2 -000 g, 0.0074 mol) was dissolved in 50 ml of spectrograde
(7750), 236 (sh, 8500), and 224 (sh, 10,300); nmr (CDC1S) r  benzene and 925 ml of (erf-butyl alcohol and irradiated through
8.48 (s, 6 H , gem CH3), 7.10 (s, 2 H, CH2), 2.92 (s, 1 H, vinyl Corex for 5 hr. After evaporation of the solvent the photolysate
proton), 1.33 (br d, 1 H, pyridyl a  proton), and 2 .23-3 .17  (m, was dissolved in chloroform and the chloroform was washed with
7 H, other aromatic protons). 10%  NaOH. Evaporation of the solvent gave a brown solid

A n al. Calcd for CnH„N (olefin): C, 86.76; H, 7 .28; N , residue which was purified by column chromatography on 90 g
5.95. Found: C 86.48- H 7.33- N 5.91. °f activity III  alumina. Elution with benzene: hexane (1 :1 )

'A nal. Calcd for C23H2„N4o j  (picrate): C, 59.48; H , 4 .34; gav« 2-methoxybenzo[/]quinoline-6-carbonitrile (4c) as an off-
N, 12.07. Found: C, 59.54; H, 4 .34; N, 12.03. white solid (101 mg, 6 % ), mp 192-198°. Formation of the pic-

’n/ra4i,^u -a ’u-__i i’q m’ o7 ’ n not ' i\ j- i j  rate (mp 223.5-227°) and regeneration of the free base gave 4cM eth od «.—  th e carbmoi 18 (1.27 g, 0.005 mol) was dissolved „ \ , ,, on?, om o om o7
in 25 ml of dry pyridine, p-toluenesulflnyl chloride (1.90 g, 0.01 ES C°lorleSS " eef  1 i P t  ( mP h ° ° _201 ’ ^  
mol) was added and the solution was heated at reflux for 8 hr. ldentlf  4(lr’ nmr* tlc’ mlXture meltmg P° m t) Wlth
The pale yellow reaction mixture was poured over ice and basified ™U, . Gn G* 0 ,, -  , rn  •
with saturated sodium carbonate solution. The aqueous solution r  E1ution with benzene gave 2-methoxy-7: chlorobenzo[ /  qumo-
was extracted with benzene (two 75-ml portions); the benzene mg’
extracts were washed with water and then saturated salt solu- 36P , 9750) 345 «SOO) °330 CS300? 324^ 1^ 0001 * 318
tion, and then dried over sodium sulfate. Evaporation of the 362 ™  V n  °  5 2001 w  i t  ui ’ m  n f l  f  oof

n Z  T K  72%  S  (“ S n d  (CF.CO O H -CD O .) ,  5.67 ( , .  3 H, OCH,). ,„ d  0 .7 8 -2 .0 8
(12b). The two olefins were separated by column chromatog- m̂4 , ’ ®rom® _lc „
raphy on Woelm activity III  alumina (12b eluted with hexanf; Fn^ /  Z f ^ ^ ^ 6 7 -05 '’ H ’ 3 '38; N ’ 10'4 3 -
12a eluted with hexane:benzene, 1 :1 ) . The isolated amounts »» .7 a ’n  ,.
were 300 mg 12b (27% ) and 812 mg 12a (73% ). All spectral Meth,od B . The stilbazole lg (2.000 g, 0.0074 mol) was dis-
properties of the two olefins were the same as those prepared by S0l̂ ed ln m,‘ of spectrograde benzene and photolyzed through 
method A and they both gave picrates identical with those of a ^  ? lter *0r, 37 hr;, A considerable amount of polymeric 
method A. material formed during the irradiation and the photolysate was

o /o i  i « | \ . . .  filtered before evaporation to give a tan residue (473 mg). Chro-
s n l m li ’ n f T • f  w t ^ yM en em eth y lJw n d m e (1 4 ) - T o  a matography M inPmethod A gave 24 mg (1 .4 % ) of a tan solid

6 5 r n f  , HP Qe? r  r T  • r  g 1  llthl4Um,’ whose tlc and spectrum were identical with th at of 4c andlb.5 g of bromobenzene, and 9.78 g of 2-picohne: theoretical 07 „  n  Q07\ ^  n a j  ._• i j  9 a m r n 6 i no F j   ̂ .• ¿7 mg (1 .9% ) of a tan solid whose tlc and uv spectrum wereyield oi 2 -picolyllithium, 0.105 mol) at 0 ° was added a solution identical with 4 e

neriofl116TTpiifra 9 ?  S’ 7 a l  7 * 7 ?  Method C.— The stilbazole lg (400 mg, 1.48 mmol) was dis-
m  mil I  * J e f f ■ 1 hydr° cW°nc acld solved in 200 ml of spectrograde acetonitrile and photolyzed

r  i T  ■ f  the excess lithium had for 12&  hr through P  Evaporation of the solvent gave a
w a i t i n t e d  ' ^ ^ t u r e  was separated. The ether phase dark red j soMd (500 mg) whfch was chromatographed on 70

:  hydrochloric acid and the combined of activity m  aiumina. Elution with benzene-hexane (1 : 1 )
aqueous extracts were poured with stirring into excess aqueous ^ „ „ 4- qcv\. n\, /0o
potassium carbonate. The basic solution l a s  extracted several gap w 0 ™ s F ’ TbP b T  benZ“ e gave 4| 22 ,mg’
times with benzene; the benzene extracts were washed with 6a  ̂t  PhotolJ sls of. hc o-xindole derivative

tin  o: the olvin *  1 h ™ HV6r t ' T  ® ^  E vaPOTa- irradiation will be described in detail, while the others will only
H Q fi 1  «7«  v  !  i o, o ? l T  !  f 8 !  red-_b1ro/̂ n od be briefly summarized.(19.6 g, 87% ), n (film) 3180 (OH) and 1124 cm (C— O TWAfhnH A rrv»a ofiiKoryni« con n nn7o i \ a*stretch, tertiary alcohol). Method A.— The stilbazole 6a (1.600 g, 0.0072 mol) was dis-

rp-i _  i • i . . .  solved m 950 ml of iropropyl alcohol and irradiated through P  vr ex
7 be tCn ude CaFbm0 was * ssf l ed m °f dry pyridme for 24 hr. A t this stage the uv spectrum showed only very minor

T ht renPHnn t y ° "fl6 I f  §7o i  changes and tlc “ di«»ted (in addition to starting material) trace
I t  :  WM i, ?  for J 2 hr, cooled and poured amounts of a product (henceforth called photo-A) which was
racted ™  w fm  Cay,b° nate- The, basl°  “ i “ “  ^ &S 6X'  Probably the isomeric (cis-trans) olefin. Removal of the solvent

extracts wife L l Z f  7  a com^ ned benzene gave an orange solid, mp 194-198° (some melting and resolidifica-
solution wfs basified w-ih1̂ ^ 70 b7 dro®hIonc acid• The a«dic tion occurred at 181-182°). The uv and ir spectra of this ma-
whh Z r e n e  Thf b 15% sodium hydroxide and extracted terial were essentially identical with that of the starting material.
I t i r f f l d  fal't I m i T 5ne, eXira'ct washed with water and Method B .-S a m e  as method A but deoxygenation before and
saturated salt solution and then dried over sodium sulfate. during irradiation was carried out by bubbling nitrogen through
Evaporation of the solvent and subsequent vacuum distillation the irradiation vessel. Chromatography of the photolysate on

(0l25 m m f  aS '  ^  6 ^  °W Ml (5 ‘07 g’ 28%)< bP 134-1390 activity 111 alumina gave a - « t u r e  in which ^ h o to S  was thf
rr . • , n . , main product, but removal of the solvent gave starting material.
This olefin was purified by picrate formation (mp 152-153°) Method C .-S a m e  as method B , but through a Vycor filter for 

and regeneration of the free base. The olefin prepared in this 35 hr. Extensive decomposition occurred, but photo-A was
C1S lsome/rn).  !™ s a coIorless oil: ir 1631 detected by tlc at intermediate stages of irradiation.

Z  17( o = P ); ^ n“ ax f9n°nT° etbano1) 295 nm (e 11,700), 220 Method D .-P h otolysis in benzene, in the presence of oxygen, 
22 l’ )Ifi30i0q’snm 209 e lm “  (e 13>600)> through Pyrex for 17 hr (no change by tlc or uv) and then through
i f  97nd 219 ri25Z6£ 0f ; „n“ r / CDrCls) I  8 -82 (s. 6 Corex for an additional 17 hr resulted in no change (tlc or uv).
?  r f ^ ? 49V8 f  TT t ’ -2 1H ’ <fH\ ’ J ; 2o°o i%,(  =  7TCps- 2 H ’ Method E .— Photolysis in acetonitrile, in the presence of oxy- 

-CH2), 3.42 s H, vinyl proton) 3.33-2 .67  (m, 7 H , aromatic gen, through Vycor for 42 hr resulted in extensive decomposition
protons), and 1.53 (br d, 1 H, pyridyl «  proton). but no evidence (tlc or uv) for photocyclization.
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Method F.— A saturated solution of the stilbazole in cyclo- [~ 1 3 0 °  (0.1 mm)] to give a mobile yellow liquid, homogeneous
hexane was placed in a quartz tube and irradiated at 2537 k  in by tie, which slowly decomposed in air. (After 24 hr it was
a Rayonet reactor in the presence of oxygen. Extensive decompo- converted to a dark brown viscous gum.) Satisfactory analytical
sition occurred but there was no evidence (uv) for photocycliza- data could not be obtained on this olefin, but consistent spectral
Ron. data were obtained on a sample freshly recovered from its picrate:

Method G — Photolysis in 0.1 N  hydrochloric acid, in the ir (film) 1615 cm -1 (endo C = C ); uv max (C6H i2) 320 (e 770),
presence of oxygen, through quartz for 4 hr led to extensive 278 (1420), and 253 (11,500); nmr (CDC13) t 1.42 (br d, 1 H,
decomposition but no evidence (tic or uv) for photocyclization. pyridyl a  proton), 2 .1 -3 .3  (m, 7 H, other aromatic protons),

Method H —Photolysis in 0.1 N  hydrochloric acid, in the 3.75 (br d ,46 2 H, vinyl proton), 5.90 (d,45 2 H, “ exo” CH2), and
presence of oxygen, through Pyrex for 7 hr led to no apparent 6.64 (d,46 2 H, ring CH2).
(tic or uv) change. Continued irradiation for 90 hr led to dis- A nal. Calcd for C2iH i6N40 7 (picrate): C, 57.80; H, 3.70; N, 
appearence of the orange color with loss of the uv maximum at 12.84. Found: C, 57.90; H, 3.73; N , 12.83.
333 nm (no other obvious spectral changes from 200 to 300 nm). Method B.—Exo olefin 11 (1.000 g) was dissolved in 1000 ml 
No further characterization was attempted. of spectrograde cyclohexane in a quartz vessel and the solution

Method I.— Photolysis in cyclohexane (with or without iodine was saturated with oxygen; irradiation was carried out in a
present), in the presence of oxygen, through quartz for 4 hr led Rayonet reactor at ~ 3 0 0 0  A (RUL-3000 lamps) for 12.5 hr.
to extensive decomposition but no evidence (tic or uv) for photo- Filtration of the photolysate and evaporation of the solvent gave
cyclization. 888 mg of a dark brown oil which showed 5 components (in addi-

Method J .— Photolysis in a K B r matrix (standard ir pellet) tion to starting material) by tic. Preliminary chromatography
through quartz for 16 hr led to no change in the ir spectrum. on activity III alumina gave the same three component mixture

Control Photolyses of 7a. Method A— A saturated solution described in method A. Formation of the picrate as in method A 
of 7a44 in cyclohexane was irradiated in a quartz uv cell by placing gave the picrate of 13 (590 mg, 33% ), which was identical with
the cell 2 in. from a 450 W Hanovia medium-pressure lamp that prepared in method A.
contained in a quartz immersion well. The progress of the ir- Photolysis of 12a.— The stilbazole cis isomer 12a (1.800 g,
radiation was followed by periodic scanning of the uv spectrum. 0.0076 mol) was dissolved in a mixture of 75 ml of spectrograde
After 4 hr of irradiation the solution exhibited an unstructured benzene and 925 ml of ¿erf-butyl alcohol and irradiated through
spectrum with a complete loss of the 282 nm band characteristic Corex for 6 hr. After the initial rapid cis-trans isomerization
of the starting material; the spectrum was dominated by intense took place within 0.5 hr, no other tic or ultraviolet spectral
end absorption at ~ 2 1 0  nm. No further characterization was changes were detected throughout the photolysis. Removal of
attempted. the solvent gave an orange oil which was dissolved in benzene and

Method B.— A 1-mg sample of authentic 7a44 was dissolved in washed through a column of activity III alumina (100 g).
50 ml of 0.1 N  hydrochloric acid and an aliquot ( ~ 3  ml) of this Evaporation of the solvent gave a yellow-orange oil (1.73 g,
solution was photolyzed as in method A. Irradiation for 5 hr led 96% ) which showed only two spots on tic. Analysis by nmr in
to the same results described in method A. dicated that the mixture consisted of trans isomer 12b (60% ) and

Photolyses of 6b. Method A.— A 119-mg sample of the olefin cis isomer 12a (40% ). The olefin mixture was chromatographed
was irradiated in 120 ml of methanol through quartz for 2 hr. on activity III alumina; elution with hexane gave 12b (1.021 g,
Analysis by tic showed the complete disappearance of starting 60% ) as a colorless oil whose nmr and tic  were identical with
material and formation of a complex mixture (minimum of 6 previously characterized material (see preparation of 12 above),
components by tic). However, there was no evidence (tic or uv) Elution with hexane:benzene (1 :1 )  gave 12a as a colorless oil
for photocyclization. (0.686 g, 40% ) whose nmr and tic were identical with that of

Method B.— Photolysis in benzene, in the presence of oxygen, starting material, 
through quartz for 122 hr led to formation of a complex mixture Photolysis of 14.— The stilbazole 14 (1.75 g, 0.007 mol) was
from which only recovered starting material (37% ) could be dissolved in a mixture of 75 ml of spectrograde benzene and 925
isolated. ml of ¿erf-butyl alcohol and irradiated through Corex for 5.5 hr.

Method C.— Photolysis of the olefin in cyclohexane (with or Removal of the solvent gave a red-orange oil which was dissolved
without added iodine) through Vycor for 5 hr led to extensive in benzene and washed through a column of activity III  alumina,
decomposition but no evidence (tic or uv) for photocyclization. Removal of the solvent gave the crude benzo]/]quinoline deriva- 

Photolvses of 11. Method A.— The exo olefin 11 (1.00 g) was tive 15 as a pale yellow oil (913 mg, 53% ) which slowly solidified
dissolved in 950 ml of spectrograde cyclohexane and irradiated on standing, mp 134-139°. Recrystallization from hexane gave
through Vycor for 70 hr (considerable amounts of polymeric colorless needles, mp 138.5-140°: uv max (C6H i2) 353 nm («
material were present). Filtration of the photolysate and 5340), 337 (4593), 322 (2480), 300 (9660), 286 (sh, 12,600),
evaporation of the solvent gave a dark brown oil (834 mg) which 277 (sh, 18,300), 270 (22,100), 255 (24,800), 245 (sh, 27,500),
showed a minimum of 7 components by tic (none having the same 240 (32,700), 220 (29,100), and 213 (29,500); nmr (CDC13) r
Ri as starting material). Initial chromatography on activity III 8.60 (s, 6 H, gem CH3), 8.18 (t, J  =  7  cps, 2 H, CH2), 6.88 (t,
alumina gave a bright yellow oil (506 mg) which showed three J  =  7 cps, 2 H, Ar— CH2), 2 .76-2 .30  (m, 3 H, H2, H8 and H9),
components by tic. Further attempts at chromatography led to 1.92 (s, 1 H, H 5), 1.57 (br d, 1 H, H i0), and 1.20 (br d, 1 II, H3).
no separation of this three-component mixture. The oil was A nal. Calcd for CigHnN: C, 87.41; H, 6 .93; N, 5.66. 
dissolved in 30 ml of absolute ethanol and a saturated solution of Found: C, 87.34; H, 6 .93; N, 5.52.
picric acid in ethanol was added until no further precipitation _
took place. After heating on a steam bath for 5 min and then Registry No. lg , 25791-26-8; 4g, 25791-27-9; 6b,
cooling, filtration gave a bright yellow solid which was washed 25791-28-0; 11, 25791-29-1; 11 picrate, 25791-30-4;
with a small amount of ethanol, then with ether, and air dried 1 2 a , 25791-31-5; 12a picrate, 25791-32-6; 12b, 25791-
t0  ^  Q? icr* te of “ “  “  a ™ rPhous yellow sohd (364 “ *>• 3 3 -7 • 12b picrate, 25791-34-8; 13, 25791-35-9; 13
mp 170-173°. Recrystalhzationfrom methanol:dimethyl sulfox- . ’ _ % 0 ’ ’ 0 1  . ■ , 0 r^ m
ide followed by sublimation [145° (0.05 mm)] gave the analytical picrate, 25791-ob-(J, 14, /5791-oy-o, 14 picrate, 2o/yi-
sample as a bright yellow microcrystalline powder: mp 179- 40-6; 15 ,25791-38-2 ; 18,25791-41-7 .
180°; ir (K Br) 1615 cm -1 (endo C = C ). Regeneration of the
free base from its picrate could be accomplished either by par- Acknowledgments. W e acknowledge the financial
titioning the picrate between methylene chloride and 1% aqueous support of the National Institutes of Health in the form
lithium hydroxide or by chromatographing the picrate on activity 0 f p redoctoral Fellowships to both authors and we

- U M  like to thank Dr. Marshall Gates for many help-
by either of the above methods, was distilled in a short-path still ftil discussions th ro u g h o u t th e  d u ra tio n  ot th is  w ork.

______________ (45) T h is  spectrum  shows s ign ifican t am ounts o f second-order sp littin g
and hence is n o t ve ry  susceptible to  s im p le  firs t order analysis, b u t the 

(44) W e th a n k D . J. W erber of these laboratories fo r th is  sample. spectrum  is ve ry  s im ila r to  th a t o f l-benzylindene.*7
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Alanylactinobolone. A Basic Hydrolysis Product of th e Antibiotic A ctinobolin1
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The structure elucidation of IV-acetylalanylactinobolone, the product derived from the mild basic hydrolysis of 
JV-acetylactinobolin, is described. The molecule was shown to possess three secondary hydroxyl groups and a 
methylene-flanked ketone group (-CH2COCH2-). Aromatization of the molecule demonstrated the incorpora
tion of the methylene-flanked ketone in a cyclohexane ring and the presence of a side chain array, CH3CH-

(NHCOCHs)CONHCH(CHOHCH3), 0  to  the carbonyl group. The presence of one of the hydroxyl groups 
in the side chain demanded placement of the remaining hydroxyl groups at the 0' and 7  positions of the cyclo
hexanone ring to give expression 1 for IV-acetylalanylactinobolone.

The mild basic hydrolysis of the crystalline A -acetate presence of three secondary hydroxyl groups proved 
of the broad spectrum antibiotic actinobolin2 leads to unsuccessful. However, by masking the ketone group 
the destruction of the parent chromophore, 1  mol of as its dimethyl ketal, followed by pyridine-catalyzed
carbon dioxide, and a labile degradation product, acetylation, it was possible to isolate the tri-O-ace-
A-acetylalanylactinobolone, which is the precursor of a tyldimethyl ketal 2 . Elem ental analysis and mass
second more stable degradation product, A -acetyl- spectral data confirm the molecular formula of 2  as
alanylactinobicyclone. 3 The former, A-acetylalanyl- C22H 36N2Oio. The nmr spectrum of 2  (see Experim ental
actinobolone, proved to be an important link in the Section) provides support for the required structural
chain of information that led to the elucidation of features. As expected, the infrared spectrum displays
the structure of the intact antibiotic. Its chemistry, no bands characteristic of ketone or hydroxyl groups,
structure, configuration, and preferred conformation Acetylation of 1  in acetic anhydride in the presence of 
comprise the subject of this report. perchloric acid leads to an easily isolable product, 3

Elemental analysis and a mass spectral determination (Ci3H 24N20 6) . 6 Spectroscopic data (nmr, uv, and ir,
establish the moleuclar formula C 14H24N 20 6  for N - ace- see Experim ental Section) indicate 3 to be a m eta-
tylalanylactinobolone ( 1 ). The presence of three sec- substituted phenyl acetate. Conversion of the phenyl
ondary hydroxyl groups is suggested by the nmr acetate 3 to the corresponding phenyl methyl ether 5,
spectrum43, (dimethyl sulfoxide-de) of 1  which displays followed by basic permanganate oxidation to meia-anisic
doublet signals (J  =  3 .5 -4 .5  Hz), each equivalent to a acid confirms the assignment. These data implicate
single hydrogen, at 5 4.58, 4.98, and 5 .04  that rapidly the following partial structure for compound 3.
disappear upon addition of deuterium oxide to the nmr
probe .5 Single hydrogen doublets at 5 7.54 ( J  =  9 Hz) ^¡^.CjoHnNTb
and 8 . 1 0  ( J  =  7 Hz) disappear more slowly and provide (I J
evidence for the presence of two secondary amide
groups, each bonded to carbon bearing a single hydrogen. OAc
Other prominent signals are assigned to A -acetate
methyl (S 1.87, s) and to a pair of secondary methyl Chemical and spectral evidence lead to the arrange- 
groups (5 1.26, d, J  =  7  Hz, and 5 1.02, d, J  =  6  Hz). ment of atoms in the side chain. The vigorous acid
The remaining hydrogen resonances fall into one of two hydrolysis of the aromatic compound 3 gives rise to
discrete sets of overlapping signals; the region from S 2.5 the amino acid alanine. In the nmr spectrum48, of 3
to 1.9 contains signals for five hydrogens as does the (dimethyl sulfoxide-de) those signals not associated
region from 5 4.5 to 3.1. A base-catalyzed deuterium with the 3 -acetoxyphenyl residue indicate the presence
exchange experiment, monitored by nmr, suggested the of an A -acetate and an O-acetate methyl group (5 1.87,
presence of a -C H 2COCH2-  unit. The absence in the 3  H, s, and 5 1.95, 3 H, s, respectively) together with two
nmr spectrum of a signal characteristic of a methyl ke- methyl groups (5 1.10, 3 H, d, and S 1.17, 3 H, d), each
tone militates against the presence of CH 3COCH -. The bonded to carbon bearing a single hydrogen, i . e . ,
infrared spectrum of 1 , in addition to the bands associ- I

ated with hydroxyl and amide groups, displays an CH 3C H -. The presence of two secondary amide
unstrained ketone carbonyl band at 1715 c m - 1. groups, each bonded through nitrogen to carbon bearing

D irect esterification as a means of verifying the a single hydrogen, i . e . ,  -C O N H C H -, is suggested by
, the two low-field one-hydrogen doublets centered at 5

*  A u th o r to  whom  correspondence should be addressed. ^ ® .
(1) (a) S upport o f th is  w ork b y  the  N a tio n a l in s titu te s  of H ea lth  th rough 8.03 and 8.38. The remaining signals appear in the

Research G ra n t AI-04720 is g ra te fu lly  acknowledged, (b) T h is  paper is
based in  large p a rt on the  P h .D . D isserta tion  of D . B . Nelson, A rizona (6) A  chrom atographic separation of the m other liqu ids afforded a
State U n ive rs ity , (c) A  p o rtio n  of th is  w ork has been published in  p re lim i- second compound. Spectroscopic studies suggest th e  te n ta tive  assignment
n a ry  fo rm : M . E . M u n k , D . B . Nelson, F . J. Antosz, D . L . H era ld , J r., of s tructure  i  or i i ;  however, the  problem  has n o t been pursued,
and T . H . Haskell, J .  A m e r .  C h e m . S o c ., 90, 1087 (1968).

(2) M . E . M u n k , C. S. Sodano, R . L . M cLean, and T . H . Haskell, ib id . ,  „  ,CH, ^CH,
89, 4158 (1967). |  f  J f

(3) D . B . Nelson, M . E . M u n k , K . B . Gash, and D . L . Herald, J r., J .  O rg . C CH c
C h e m ., 34, 3800 (1969). I I

(4) (a) R eported in  parts per m illio n  (S) dow niield of te tram ethyls ilane. ^
(b) Reported in  parts per m illio n  (5) downfield of 3 -( tr im e th y ls ily l) - l-  qAc ¿ Ac

propanesulfonic acid sodium salt. T
(5) O. L . Chapman and R . W . K ing , J .  A m e r .  C h em . S o c ., 86, 1256 0Ac 0Ac

(1964). i 8
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region attributed to hydrogens on carbon bearing carbon (C-7), the carbon atom bearing the A-acetyl-
oxygen and nitrogen; an unsymmetrical multiplet of alanylamido group. In this nmr spectrum of 4 the
two overlapping one-hydrogen signals centered at 8 5.05 methine proton of the A-acetylalanyl residue appears as
and a one-hydrogen quintet at 4.45 (7  =  7 Hz). a quartet centered at 8 4.25 (7  =  7 Hz). The implica-

Exchange of the amide hydrogens for deuterium tions of these data permit the assignment of structure 3
(addition of deuterium oxide to the sample tube) to the aromatic compound derived directly from acid-
results in the collapse of the quintet at 8 4.45 to a catalyzed acetylation of 1. The well-resolved nmr
quartet (7 = 7 Hz), an observation consistent with the spectrum of aromatic compound 5, obtained by treat-
assignment of this signal to the methine hydrogen of an ment of 4 with diazomethane, and the related double 
A-acetylalanyl residue, i.e., CH3CH(NHCOCH3)CO-. resonance experiments (see Experimental Section) pro- 
A quintet, discernible in the nmr spectrum of compound vide verification of the assignment.
1 (dimethyl sulfoxide-ri6) at nearly identical field Further support for the side chain assignment is 
strength, 8 4.37, behaves similarly upon addition of found in the mass spectrum of 3 which displays peaks at
deuterium oxide. Therefore, it  appears unlikely that m/e 86 and 114, associated with the A-acetylalanyl
the signal at 8 4.45 in the spectrum of 3 reflects a portion of the side chain, and at m/e 235 and 237 (base
benzylic hydrogen, since, in that case, a paramagnetic peak) resulting from benzylic fragmentation, 
shift would have been expected for that signal upon
aromatization of the ring component of 1. Additional Q
confirmation of the unit proposed was obtained by CH C— NH— CH— CH
double resonance studies7 which demonstrated coupling J ___ I J j lg6
between the methine hydrogen quartet at 5 4.45 and the I
methyl doublet at 8 1.38. C = 0

Since a second secondary amide function is required, | J 114
the unit CH3CH(NHCOCH3)C O N H -is indicated. To .N H _____.235
complete the side chain array only the point of attach- __  j I
ment of this unit and the -OCOCH3 unit to the remain- 1 | " I””
ing CH3C H < and >C H  units requires resolution. AcO !_

Methoxide-eatalyzed O-deacetylation of compound 3 2”
results in the shift of one of the two overlapping nmr 1—^
signals centered at 8 5.05 to higher field. Addition of f  V -O A c
deuterium oxide (to exchange hydroxyl and amide 
hydrogen for deuterium) to the nmr sample tube of the
O-deacetylated compound 4 in acetone-c44a leads to the The structure of the aromatic compound 3 implicates 
immediate simplification of the diamagnetically shifted the presence in 1 of these structural features: (1) a
signal to a quintet centered at 8 4.07 ( 7 = 6  Hz). The cyclohexanone ring, (2) an A-(A-acetylalanyl)propanol-
rapid resolution of this signal upon addition of deu- amine side chain, and (3) a 0 relationship of side chain
terium oxide (consistent with rapid  exchange of hy- to the ketone carbonyl, progenitor of the phenolic
droxylic hydrogen), its observed multiplicity after hydroxyl group. The methylene-flanked ketone (CH2-
deuterium exchange and the diamagnetic shift experi- COCH2-)  and the presence of one hydroxyl group
enced upon O-deacetylation8 of 3 permits identification on the side chain require that the remaining two hy-
of a CH3CH(OCOCH3) -  unit in 3, i.e., the -OCOCH3 droxyl groups occupy the unsubstituted 0 and y  posi-
group is assigned to C-8 of the side chain of 3. tions of the cyclohexanone ring. These structural

The chemical shift of the second of the two signals of requirements are met by expression 1 for A-acetyl- 
the original 8 5.05 multiplet of 3 remains at low field alanylactinobolone.

11CH3 — I0CH— NH— COCH3 ||

Lo  f CCH-
. " C H .- » C H - C _ 0

I NH OR2
3CH3— 8CH— 7CH J  I  9nu I |

I CHi ' A A / - 0 RJ
OR1 ’ I '

0R2 OR1
3, R1 =  R2 =  COCH3 I
4, R1 =  R2 =H  x
5, R1 =  H;R2 =  CH3 1, R‘ =  R2 =  R3= H ;X  =  0

2, R> =  R2.  R3 =  COCH3; X  =  OCH3, OCH3
n A  , . ,. , . . .  . . 6 , R1 =  H; R2 =  R3 =  (CH3)2C<; X =  0

upon (J-deacetylation and in the presence of deuterium 7 ri = c0CH3; R2 = R3 =  (CH3),C<; X = 0
oxide only slowly resolves to a doublet centered at 8
4.78 (7  =  5 Hz). The slow resolution of this signal The formation of an isopropylidene derivative 6, 
(consistent with slow exchange of amide hydrogen) which can be best characterized as its mono-O-acetate
allows its assignment to hydrogen on the benzylic 7, is consistent with the vicinal relationship of two of

the hydroxyl groups. In the nmr spectrum4a (ace- 
S  " X . , . . .  of nmr Speocrcscopy * » “» »  7  « “  low-field sigRal RRsigRed to H, appears

in  Organic C hem istry,”  H olden-D ay, San Francisco, C alif., 1964, p 77. &S SL C J U & rtc t O l d o u b le t s  ( J  8 )9  —  6  ± l Z f  J 8)7  —  d  x l Z )
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T able I
N mr Assignments, Compound 8“

N um ber
of

5 protons M u lt ip lic i ty  Assignm ent

1 .25  3 d, / 9,8 =  6 Hz 9CH3
1 .3 8  3 d, Jn.io =  7 Hz “ CHa
1 .99  3 s -NHCOCHs
2 .0 2  3 s -«COCOCHa
2 .1 9  3 s - “COCOCHa
2 .5 9  3 m 6CH, «CH2
4.41* 1 d of broad d, / 7,nh =  9.5, 7CH

J 7.8 — 6, J 7,5 =  < 1  Hz 
4 . 63s 1 q u in te t,/io.nh =  8,

Jio.u =  7 Hz 10CH
5 .0 4  1 quintet., J 8,9 =  6,

J 8,7 =  6 Hz 8CH
H.7 5 .40*  1 multiplet 4CH

! 6 .0 4  1 d of d, J i.z  =  10,
A  h3 Am = 2 Hz 2CH

! 6 .62e 1 d, J NH.10 =  8 Hz NH
Hjo I I Hg /  \ ^5 6 .8 4  1 d of d, J z ,2 — 10,

I I I  I Am =  2 Hz 3CH
h4 Jl 7.35« 1 d, J HHf, =  9.5 Hz NH

I T  j  J “ In CDCI3 vs. TMS = 0. 6 Exchange of NH for ND results
I II I I in a broad doublet, /7,8 =  6 Hz, J 7,5 =  < 1  Hz. c Exchange of

I Jl ft A fi ( A N  /A A NH for ND results in a quartet,/io ,7 =  7 Hz. 4 When examined
IL 1 I I | I M i l  in D20  vs. 3-(trimethylsilyl)-l-propanesulfonic acid sodium salt =

A i l / '  l / V1/ V V A  / \ -  J  * V  0> tbis s'Snal appears as a doublet of triplets at S 5.40, J 4,s =  9
J\ J  n V  V  A , ___________ N _  Hz, J 4,3 =  J (l2 =  2 Hz. * Signal disappears on addition of D20 .

j | | 2  H z). The observed behavior is consistent with the
4 3 2 chemical environment of the ring hydrogens in 8 . The

Figure l .— Nmr spectrum of nonadeuterio A'-acetyialanylactino- nmr data (Table I) also confirm the nature of the side 
bolone. chain array.

The nmr spectrum4b of 1 in deuterium oxide contain- 
centered at 5 5.29, an observation consistent with the ing sodium deuterioxide (to exchange the hydrogens at
assignment of the side chain hydroxyl group of 1  to C - 8  C-2 and C - 6  for deuterium), in which the signals for the
rather than C-7. five hydrogens on carbon bearing oxygen and nitrogen

Pyridine-catalyzed acetylation of 1  gives rise to an overlap in the 6 4.7 to 3.0 region (Figure 1), is completely
elimination product which is isolated as its di-O- explicable in terms of the structure proposed and, in
acetate, 8 . The nmr spectrum4a (chloroform-d) fea- addition, reveals the preferred conformation of the

molecule in solution. After complete deuterium ex- 
"CH-,— 10CH— NH— Ac change H 3 appears as a doublet at S 3.77 ( J 3 ,4 =  8.5 Hz).

I The H 4 signal is now more clearly visible and appears at
| 8 3.36 as a triplet ( J 4,3 =  </4,5 =  8.5 Hz). The magnitude

NH OAc of «73,4 and J 4,5 requires an axial-axial-axial relationship
<1CH, 8 J . J l  between H 3, H 4, and H 5 of the cyclohexane ring . 10

||3 These observations are consistent with a preference for
AcO ‘’\ M 2 the chair-like conformation of the cyclohexanone ring of

^ N-acetylalanylactinobolone ( 1 ) where the substituents
at C-3, C-4, and C-5 each occupy the equatorial posi
tion . 11 In  the a,/3-unsaturated ketone 8 , a preference 

tured well-separated signals amenable to complete foi\ the, half-cbair conformation with equatorial-like 
analysis (Table I) and spin decoupling studies. acetoxyl at C-4 and equatonal-hke side chain a t C-5

The chemical shifts of the olefinic hydrogens (8 6.84 f  ay be “ ferred the ™ lue of 9  Hz derived
and 6.04) and the size of the olefinic coupling constant from the H 4 signal (D 20 ,  see Table I).
( J  =  10 Hz) are those expected for an a,/J-unsatu- A total of three hydrolysis products of the antibiotic 
rated cyclohexenone system.9 Double resonance ex- actmoboIln (9 ) have now been reported: A -acetyl- 
periments7 demonstrate that irradiation of the signal
q c c ir m a r l  TT „ ^ 1 1  „  £  i j.i_  ̂ n  • (10) In  d im e th y l sulfoxide-ds so lu tion4» the H i signal is v is ib le  (5 3.28) asassigned to H 4 re s e ts  in the collapse of both olefinic a triplet with a coupling con3tant o{ similar magnitude (Jii, = = s h.) .
hydrogen signals (doublet of doublets) to a simple (ll) The recently suggested conform ation of JV-acetylactinobolin , 12 a
doublets (J  =  10 Hz). Hence, the H 4 signal is coupled deriva tive  of the  in ta c t a n tib io tic , is comparable a t sites equ iva len t to  C-3,

4- n  + h  l  c  * T- j  t t  i T T  t  C-4, and C-5. Such an observation together w ith  the  m ild  cond itions em-
y  e O e me hydrogens H2 and H 3. Irradia** ployed in  th e  cleavage of th e  lactone ring  and subsequent decarboxy la tion

tion of the three-hydrogen signal at 8 2 .6 (H 5 and H 6) of JV-acetylactinobolin suggest a re ten tion  of configuration  in  the  fo rm a tio n

results in the collapse of the H 4 signal to a  triplet ( ,J  =  °f  f-*c e ty la U n y la e tin o b o lo n e . Thus, centers C -1 0 , C -8 , C-7 C-5, C-4 , and
°  f  \  C-3 are te n ta tive ly  assigned as S , R ,  R ,  R ,  R ,  and R ,  respectively.

(12) F . J. Antosz, D . B . Nelson, D . L . H era ld , J r., and M . E . M u n k , 
(9) See ref 8 , p 90. j  A m e r  C h e m  ̂ Soc__ 92( 4 9 3 3  (1 9 7 0 ).
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S c h e m e  I

P a t h w a y s  o f  A c id - I n d u c e d  C l e a v a g e  o f  A c t in o b o l in  

C H 3 C H — N H A c  I "  C H 3— C H — N H — A c ]  C H — C H — N H — A c

CO CO

N H  O H  N H  O H  N H ^ - O H

0  O H  0  n12 1 -
1 \ I"-0*

HaOM \  r  +N H y|~~O H "

\ Y j y
r  + i  \  l  o j

C H j— C H — N H 2 C H 3— C H — N H 3 \  15

C O  CO /

1 I r + i
N H  O H  N H  O H  N H 3 O H

C H :^ 1 A _ . 0 H Ch J J s j OH _ _  CHk I Y L

w
0  O H  L  ° J L  ° _

16 14 \x A— OH

H 2N ^ "

C H O H  \
I 0

c h 3
11

alanylactinobolone (1), A-acetylalanylactinobicy clone The a,/3-unsaturated ketone 13 necessary to test the
(10),3 and actinobolamine (11).2 I t  was of interest to plausibility of this pathway was available as its di-O-
determine the pathways relating these compounds. acetate 8. Under the mild basic conditions of ester
The original conditions employed in a study of the cleavage, 0.1 N  sodium methoxide in methanol at room
basic hydrolysis of A-acetylactinobolin (12), i . e . ,  a 30- temperature, compound 8 was converted to 10, thus
min reflux in 1 N  aqueous ammonia, gave a m ixture of 1 providing support for the elimination-addition sequence
and 10 in the ratio of one to two. Under milder con- 1 —► 13 — 10.
ditions, 20 hr at room temperature in 5 A  aqueous A related a,/3-unsaturated ketone, 14, may serve as 
ammonia, both products were again formed but 1 the precursor of actinobolamine (11),  the product
predominated; the observed ratio of 1 to 10 being two derived from the vigorous acid hydrolysis of both
to one. Refluxing A-acetylaetinobolin in 5 N  aqueous actinobolin (9)2 and A-acetylalanylactinobicyclone
ammonia for 1 hr resulted in the formation of 1 and 10 (10).3 Mild acid treatm ent, 2 N  sulfuric acid at 60°,
in the ratio of one to twelve. These observations results in the conversion of A-acetylactinobolin (12) to a
suggest that the monocyclic system 1 is the direct mixture of A-acetylalanylactinobolone (1), A -acetyl-
product of basic hydrolysis of A-acetylactinobolin and alanylactinobicyclone (10), and actinobolamine (11).
the precursor of the bicyclic hydrolysis product 10. Treatm ent of either 1 or 10 under the same conditions,
The conversion of 1 to 10 during the course of a 30-min but for a shorter period of time, leads to a mixture of
reflux period in 1 A  aqueous ammonia, conditions to both compounds. Thus, the interconvertibility of 1
which 10 is stable, confirms the base-induced reaction and 10 under acidic conditions, probably v ia  the
sequence: 1 2 -» -l-* -1 0 . unsaturated ketone 13, is demonstrated. The possible

A reasonable route for the transformation of 1 to 10 pathways for acid-induced cleavage of actinobolin and 
would involve the base-catalyzed /3 elimination of water its A -acetate are summarized in Scheme I. 
to form the a,d-unsaturated ketone 13 followed by base- No direct or indirect evidence is available to support 
catalyzed 1,4 addition of the side chain hydroxyl group. the intervention of 14, 15, or 16, although, as indicated
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above, the a,j3-unsaturated ketone 14 appears to be a amide NH), 3070 (amide NH), 1715 (unstrained ketone C=0),
likely precursor of actinobolamine (11), the apparent 1665 and 1640 (amide C = 0 ) ,  1540 cm 1 (amide ll); ORD

J ^ 11 f +V, + (c 3-7, MeOH) negative plain curve; nmr (DMSO-d6) (see
energy tve or tne sys em. discussion) (D20 )  S 4 .7 -3 .0  (5 H, m, hydrogen on carbon bearing

heteroatoms), 3.0 to 1.7 (5 H, m, methine H and CH2COCH2), 
E x p e rim e n ta l S ectio n  2.05 (3 H > s> NCOCH3), 1.43 (3 H , d, J  =  7 Hz, CHCH3),

and 1.19 (3 H, d, J  =  6 Hz, CHCH3);13 mass spectrum m /e  
All melting points are corrected and were taken on a Thomas- (rel intensity) 316 (< 1 ), 298 (6 ), 272 (27), 186 (21), 168 (44),

Hoover capillary melting point apparatus. Infrared spectra 158 (69), 141 (61), 140 (56), 131 (53), 123 (41), 114 (100), 87
were determined on a Perkin-Elmer Model 237B Infracord and (93), 86  (87).
ultraviolet spectra on a Cary Model 14 spectrophotometer. A nal. Calcd for ChH23N206: C, 53.15; H , 7 .65; N, 8 .86 ;
Nuclear magnetic resonance spectra were run in an appropriate O, 30.35; mol wt, 316. Found: C, 53.09; H, 7 .73; N, 8 .88 ;
solvent on a Varian Associates A-60 spectrometer with tetra- O, 30.46; mol wt, 316 (mass spectrum).
methylsilane (TM S) or sodium 3-(trimethylsilyl)-l-propane- N-Acetylalanylactinobolone Dimethyl Ketal Tri-O-acetate (2 ). 
sulfonate as internal standards and are reported in S units. — The procedure of Lorette and Howard14 was used. A solution
Field-sweep decoupling experiments utilized a Varian Associates of 121 mg (0.38 mmol) of 1, 12.3 g of dimethoxypropane (n®D
Model V-6058A spin decoupler. Rotations at the sodium d  line 1.2748), 5 mg of p-toluenesulfonic acid monohydrate, and 10 ml
were determined on a Rudolf Model 80 polarimeter and optical of methanol was refluxed for 45 min, then set for distillation,
rotatory dispersion curves were determined with a Jasco Model After 15 ml of distillate had been collected at '- '60°, 10 ml of
ORD /UV-5 spectropolarimeter in 10-mm cells. Mass spectra methanol was added to the solution and an additional 10 ml of
were obtained on an Atlas CH-4B mass spectrometer using a distillate taken. On cooling, 1 ml of methanol-washed Bio-Rad
heated direct inlet system, ionizing current of 19 mA, and ionizing AG 21-K anion-exchange resin (hydroxide form) -was added to the
energy of 70 eV. Thin layer chromatographic (tic) plates were pot liquid. The mixture was stirred and filtered. The filtrate
prepared with Bio-Sil A(10-30 m) with 5%  binder (purchased was taken to dryness under reduced pressure to give 137 mg of a
from Bio-Rad Laboratories). Mallinckrodt ChromAR sheets clear film whose ir (film from methanol) displayed no ketone
(silicic acid) were used for preparative tic. Solvent systems for carbonyl stretch.
tic and visualization methods are listed where used. Column A solution composed of the filtrate film, 1.5 ml of acetic anhy-
chromatography separations were performed with Bio-Sil A, dride and 1.5 ml of pyridine was allowed to sit at room tempera-
100-200 mesh, silicic acid (purchased from Bio-Rad Laboratories). ture for 12 hr. Removal of solvent under reduced pressure gave
Microanalyses were performed by Midwest Microlab, Inc., an oil which crystallized from ethyl acetate-methylcyclohexane
Indianapolis, Ind. to give 123 mg (64% ) of 2 , mp 173-175°. Recrystallization gave

Basic Hydrolysis of Actinobolin. Determination of Carbon analytically pure material: mp 176-178°; [a] 26d  + 6 .8 ° (c 4 .3 , 
Dioxide.— A three-necked flask was fitted with a dropping funnel, MeOH); nmr (DMSO-de) three of the five hydrogen signals in
a W est condenser, and a gas inlet. Nitrogen gas was passed the 6 4 .5 -3 .1 region of the spectrum of 1 experience a para-
through an Ascarite-filled tube into the reaction flask, exited magnetic shift8 and appear as an overlapping set of signals in
through the condenser, passed through a drying clyinder con- the 5 5 .1 -4 .5  region, other pertinent signals appear at S 1.88
taining concentrated sulfuric acid and into a removable tube (3 H, s, -OCOCH3), 1.91 (3 H, s, -OCOCH3), 1.93 (3 H, s,
containing Ascarite and magnesium perchlorate (protected from -OCOCH3), 3.10 (3 H, s, OCH3), and 3.15 (3 H, s, OCH3);
the atmosphere by a two-stage mineral oil-filled gas exit). Carbon mass spectrum m /e  (rel intensity) 457 (< 1 ), 428 (< 1 ), 397 (< 1 ),
dioxide liberated in the reaction flask was swept into and ad- 369 (8 ), 309 (83), 190 (51), 164 (61), and 136 (100). 
sorbed in the Ascarite magnesium perchlorate tube and deter- A nal. Calcd for C22H36N2Oi0: C, 54.08; H, 7 .43; N , 5 .74 ;
mined by weight difference. The apparatus was shown to provide 0  , 32.75; mol wt, 488. Found: C, 54.08; H, 7 .56; N , 5 .64;
a reasonably accurate (5% ) estimate of carbon dioxide resulting O, 32.77; mol wt, 488 (mass spectrum m /e  457, 488 -O CH 3).
from the acidification of carbonate salt solutions and carbon Acetylation of 1. Preparation of the Aromatic O-Acetate 3 .—
dioxide liberated in the acid hydrolysis of actinobolin2 (1 mol of To a three-necked flask equipped with a gas inlet, a pressure-
carbon dixode per mol of actinobolin). An example of the pro- equalizing dropping funnel containing 70%  perchloric acid, and a
cedure used in determining carbon dioxide liberated in the basic gas outlet was added 250 mg (0.79 mmol) of 1 and 4 ml of acetic
hydrolysis of actinobolin is described below. anhydride. The slurry was stirred magnetically at 0° for 30 min

After addition to the reaction flask of 368.4 mg (1.00 mmol) of under nitrogen flow. A drop of perchloric acid was added and
actinobolin sulfate the flask was flushed under slow nitrogen followed 5 min later with a second drop. The solution was
flow. The Ascarite magnesium perchlorate tube was removed, allowed to come to room temperature over a period of 20 min and
weighed, and reconnected as 25 ml of 1 N  ammonium hydroxide poured onto ice and the water layer extracted three times with
was added to the reaction flask. The flask was heated to reflux 25-ml portions of dichloromethane. The combined dichloro-
and maintained at reflux for 30 min under a slow nitrogen flow. methane extracts were dried over anhydrous magnesium sulfate
The heating mantle was removed, the flask allowed to cool, and and filtered. Volatile solvent was removed from the filtrate
a 1 A hydrochloric acid solution containing phenolphthalein was under reduced pressure. Further solvent removal under high
added via the dropping funnel until the reaction solution was vacuum left a crystalline mass which was triturated with cold
slightly acidic. The reaction flask was allowed to remain at ethyl acetate and filtered to give 33 mg of 3, mp 141-143°.
room temperature for 4 hr under a slow nitrogen flow. The The filtrate was loaded into a column containing 20 g of silicic
Ascarite magnesium perchlorate tube was removed and weighed. acid. Elution with ethyl acetate gave first a difficult-to-crystal-
The weight difference indicated 42.2 mg of carbon dioxide lize oil6 followed by cuts containing 85 mg of readily cryst.al-
(0.96 mmol)- lizable 3, mp 141-143°, to bring the crude yield of 3 to 118 mg

Preparation of JV-Acetylalanylactinobolone (1).— A solution of (41% ). Recrystallization from ethyl acetate gave analytically
1.475 g (4.32 mmol) of A^-acetylactinobolin in 45 ml of 5 N  am- pure material: mp 146-147°; [<x] “ d  - 7 9 °  (c 4 .1 , MeOH);
monium hydroxide was stirred for 20 hr at room temperature. X*‘°H 262, 269 mM (e 300, 246);15 1770 (aromatic acetate
The solution was passed over a column containing 15 ml of
Bio-Rad AG 21-K anion-exchange resin (hydroxide form), and -------------------
the water eluent was freeze-dried to yield a residue of 1.128 g.
The freeze-dried solid was adsorbed onto silicic acid, dry loaded .(! 3) i -ddition of sodium 4 ™ t« o x id e  to  a chilled so lu tion  of l in  deuterium

into a column containing 90 g of silicic acid and eluted with ethyl 7“ th“ i“ mediate loss of, to f“ r
• , £ . r  i  i  , , t-,i  , • hydrogens in  the 8 3.0-1.7 region (leaving a signal a t <5 1.98) and th e  s im p li-

acetate containing increasing amounts of ethyl alcohol. Elution fication of the , 4 .7- 3 .O region. The signal assignment fo r H , and H< dis-
With ethyl acetate-ethyl alcohol (25/4 , v /v ) gave first a homo- cussed in  the te x t can then be made, as can the  assignment o f Hio a t 8 4.35
geneous product band followed by a mixed component zone and ( l  H , q, 7 io .ii = 7 H z), H 7 a t 8 4.20 ( l  H , d of d, J i ,8 = 6 Hz, J 7,6 = 2.5 H z),
then a second homogeneous product band. Crystallization of Hs at 8 3-94 (* H . q u in te t, J 8,9 =  J 8,7 =  6 H z), and H 5 a t 5 1.98 ( l  I I ,  d  o f d,
the first band from ethyl acetate gave 298 mg of iV-acetylalanyl- *̂ 6>4 = Hz, *̂ 5*7 = 2.5 H z). Assignm ent o f side-chain m eth ine signals
actinobicyclone. The second homogenous band on erystalliza- is aided by 8pin decoupling studies7 which fo rtu ito u s ly  a llo w  the  decoupling

tion from acetone gave 627 mg (46% ) of V-acetylalanylactinobo- °f. bô  H,° from Hll> and Hs from Hi at the same chemical sh ift difference,
lone (1), mp 161.5-162.5° (resolidifies and melts at 178-180°). „  pattern 16 tha" A^rly visible» «, a doublet o f doublets w hile  H ,.
V f t A , . , , -  i 4.- i  i appears as a singlet and Hg is a doublet (J 8|7 =  6 H z).

ra u £> T - +  g, T  HOl“  , , mp' 1 nw180 j  (14) N- B- Lorette and w - L- Ho"’aid’ J - 0r°- Chem- 2B’ 521 (196°) ■
L J 0 7 .1  (C o . l ,  X I2O ) ,  v miX 3550—3250 (broad, OH and (15) Found fo r m-cresyl acetate: \ £ 2 H 262, 269 m/x (< 324, 296).
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1735 (aliphatic acetate C 0 ) ,  1630 (amide ( C = 0 ) ,  upon that of authentic wieio-anisic acid, and the nmr (CDC13) was
1540 .amide II)» 1210 cm 1 (C O)16; nmr (DMSO-d) 8 8.38 (1 identical with an nmr of meia-anisic acid.
IT, d, ,/ = 9 Hz, N H ), 8.03 (1 H, d, /  =  7 Hz, N H), 7.2 (4 H, Preparation of the Isopropylidene Derivative of Ar-Acetylactino-
aromatie),17 5.05 (2 H , m, H -7, H-8 ), 4.45 (1 H , quintet, J  =  7 bolin.— In a 500-ml round-bottom flask fitted with a Soxhlet
Hz, H-10), 2.28 (3 H , s, ArOCOCH3),18 1.95 (3 H, s, OCOCH3), condenser containing Linde 3A Molecular Sieves in the thimble
1.86 (3 H, s, NHCOCH3), 1.17 (3 H, d, J  =  7 Hz, H -ll) ,  1.10 was placed 1.193 g (3.48 mmol) of A^-acetylactinobolin, 250 ml
(3 H, d, J  =  6 Hz, H -9); mass spectrum m/e (rel intensity) 364 of acetone, and 60 mg of p-toluenesulfonic acid monohydrate.
(< 1 ) , 277 (100), 235 (1), 164 (74), 114 (5), 87 (7), 86 (5). The solution was refluxed for 22 hr, cooled, and passed through

A n al. Calcd for Ci8H24N206: C, 59.33; H, 6.64; N, 7 .69; a column containing 20 ml of Amberlite IR -45 weakly basic
mol Wj , 364. Found: C, 59.58; H .6 .6 9 ; N , 7.59; mol wt (mass anion-exchange resin. The eluent was taken to dryness under 
spectrum), 364. _ high vacuum. The resultant solid was triturated with cold

Deacetylation of 3. Preparation of the Phenol 4 .—A solution acetone and filtered to give 657 mg of N-acetylactinobolin,
of 348 mg (0.96 mmol) of 3 in 15 ml of 0.1 N  sodium methoxide identified by tic (ethyl acetate-ethyl alcohol, 2: 1,  v /v ) . The
in methanol was stirred at room temperature for 35 min. The filtrate was loaded into a column containing 20 g of silicic acid
reaction solution was passed through a column containing 20 ml of and eluted with acetone. The first 125 ml of acetone contained
methanol-washed Amberlite 120 cation-exchange resin (proton 557 mg (1.46 mmol) of the isopropylidene derivative of N-
form). The eluent and column washing were combined and acetylactinobolin. Further elution gave an additional 13 mg of
taken to dryness under reduced pressure to give 198 mg (74% ) of A-acetylactinobclin to bring the yield of recovered IV-acetyl-
4 : homogeneous^tcntlc^acetone, H2S 0 4 char); X^a°H 275, 280 m#i actinobolin to 670 mg (1.96 mmol). The crude yield of product
(« 1870,1700); ’ 294 m̂ t («2950); nmr (acetone-de) 8 1.11 based on starting material utilized was 95% . Recrystallization
(3 H, d, J  =  6 Hz, H -9), 1.30 (3 II, d, J  =  7 Hz, H -ll ) ,  1.96 from acetone followed by vacuum drying at 78° gave an analyt-
(3 H, s, NCOCH3), 4.12 (2 H, H-8C-OH), 4.58 (1 H, quintet, ical sample: mp 238-240° dec; [a]»D +  26.3 (c 3 .6 , MeOH);
J  =  7 Hz, H -10), 4.81 (1 H, d of d, /  =  9 and 5 Hz, H -7), X®‘°H 262 mM (« 9000); X ® T '0H_ 287 mM (« 17,400); 3340,
7.4 to 6.5 (4 II, aromatic,17 7.59 (1 H, d, J  =  8 Hz, N H ), 7.82 3300-3250 and 3055 (amide N H ), 1687, 1660-1630 ( C = 0 ) ,
d, J  = 9 Hz, N H ), and 8.47 (1 II, s, phenol OH). Addition of 1625 (amide C = 0 ) ,  1525 (amide II ), 1390, 1380 cm ' 1 (gem-
D20  causes signals at 8 8 .47, 7.82, and 7.59 to disappear while methyl).
these signals are altered: 8 4.07 (1 H, quintet, J  = 6 Hz, H-8 ), A n al. Calcd for CisH26N207 : C, 56.53; H, 6.85; O, 29.29;
4.52 (1 H , q , J  =  7 H z ,H -1 0 ), and 4 .7 8 (1  H, d, J  =  5 Hz, H -7). mol wt, 382. Found: C, 56.71, H, 6 .99; O, 29.13; mol wt,

Methylation of 4. Preparation of the Methyl Ether 5 .— To a 382 (mass spectrum),
solution of 138 mg (0.49 mmol) of 4 and 3 ml of methanol in a Preparation of 6. A. Hydrolysis of Isopropylidene N -
25-ml round-bottomed flask fitted with a Dry Ice condenser was Acetylactinobolin.— A solution of 380 mg (0.95 mmol) of iso-
added ~ 3 0 0  mg of diazomethane in 15 ml of ether and the result- propylidene A-acetylactinobolin in 25 ml of 1 N  ammonium
ing solution was stirred at room temperature for 8 hr. Removal hydroxide was refluxed for 35 min, cooled, and freeze-dried. The 
of solvent under reduced pressure gave 152 mg of a slightly yellow freeze-dried residue was diluted with water and passed over a
solid. Crystallization from ethyl acetate gave 120 mg (83% ) of column of 5 ml of Bio-Rad AG 21-K anion-exchange resin (hy-
5 as analytically pure material: mp 134-135°; [ a ] 26D —120° (c droxide form). The water eluents were freeze-dried to give 262
4.9 , MeOH); X“ ,3 212 m^ («8900), 272 (2000), 280 (1900); nmr mg. Crystallization from acetone gave 131 mg; chromatography
(D 20 )  8 7.6 to 6.8  (4 H, aromatic), 4.85 (1 H, d, J  =  5.5 Hz, of the mother liquor on silicic acid using ethyl acetate-ethyl
H -7), 4.45 (1 H, q, /  =  7 Hz, H-10), 4.20 (1 H, quintet, J  =  6 alcohol (2 5 :2 , v /v ) as eluent gave an additional 50 mg of 6 for
Hz, H-8 ), 3.86 (3 H, s, OCH3), 2.12 (3 H , s, NCOCH3), 1.38 a total yield of 181 mg (51% ): mp 160-161°; nmr (DMSO-iA) 8
(3 H , d, J  =  7 Hz, H -ll ) ,  1.19 (3 H, d, J  =  6.5 Hz, H -9); 4 .6  (1 H , d, 8C-OH, diappears on addition of D20 ) ,  1.37 (6 H,
spin decoupling studies7 (signal irradiated, signal observed, gem-methvl). It should be noted that the presence of 10 could
multiplicity change) H-8 , H -9, d — s; H -8 , H-7, d —*■ s; H-7, not be detected in the hydrolysis mixture.
H -8 , quintet —► q ( J  =  6 Hz), H-9, H-8 , quintet -*■ d ( /  =  5 H z); B. From 1 .— In a 25-ml round-bottom flask fitted with a 
mass spectrum m /e  (rel intensity) M +  1 =  295 (4), 276 (8 ), micro Soxhlet containing Linde 3A molecular Sieves in the thimble
251 (24), 250 (100), 249 (27), 232 (16), 191 (20), 163 (24), 136 was placed 23 mg (0.07 mmol) of 1, 15 ml of acetone, and 8 mg
(35), 114 (22), 91 (13), 87 (17), 86 (18). of p-toluenesulfonic acid monohydroate. The solution was re-

A n al. Calcd for CisH22N20 4: C, 61.20; H, 7 .54; mol wt, fluxed for 26 hr, cooled, and passed over a column containing 5
294. Found: C, 60.97; H, 7 .54 ; mol wt, 294 (mass spectrum, ml of Amberlite IR-45 weakly basic anion-exchange resin. The
M +  1 =  295). eluent was taken to dryness imder vacuum. A tic examination

Oxidation of 5 to meta-Anisic Acid.— A solution of 105 mg (ethyl acetate-eyhyl alcohol, 2 :1 ,  v /v , sulfuric acid char)
(0.36 mmol) of 5 ,3 3 0  mg of potassium permanganate, and 210 mg revealed the presence of 1, 6 , and N -acetylalanylactinobieyclone
of sodium hydroxide in 2 ml of H20  was heated at steam bath ( 10). The formation of 6 (in ~ 3 5 %  yield) and 10 was confirmed
temperature for 1 hr, an additional 2 ml of H20  added, and by isolation via  silicic acid column chromatography and compari-
heating continued for 2 hr. The reaction solution was cooled son of the ir spectrum of each product with an ir spectrum of
and filtered. The filtrate and the water washes were combined authenic 6 and 10.3
and acidified with concentrated sulfuric acid. Sodium bisulfite Preparation of Isopropylidene A'-Acetylalanylactinobolone 0 -
was added until color decreased to a constant level, the solution Acetate (7).—A solution of 222 mg (0.63 mmol) of 6 in 4  ml of
cooled and extracted three times with 25-ml portions of ether. acetic anhydride and 4 ml of pyridine was stirred at 5° for 12 hr.
The ether extracts were combined, dried over anhydrous mag- solvent was removed under reduced pressure to give a white
nesium sulfate and filtered. The filtrate was taken to dryness solid which crystallized from acetone-methylcyclohexane to give
under reduced pressure to give 75 mg of a tan residue. A tic ex- 183 mg (80% ) of 7, mp 145-147°. Recrystallization and exten-
amination (EtOAc, bromocresol green visible) revealed a mixture sive drying gave a sample for analysis: mp 147-148°; [ a j 25D
of acidic components. Preparative tic on an 1 ft X  8 ft Chrom- —25.0 (c 4 .1 , MeOH); 1730 (acetate C = 0 ) ,  1715 (ketone 
AR-1000 sheet (developed with EtO Ac; visible via  uv) revealed C = 0 ) ,  1375 cm -1 (gem-dimethyl); nmr (acetone-d6) 8 5.29 (1
a major band with Ri comparable with m eta-anisic acid. The H, q of d, /  =  6 and 3 Hz, H-8 ), 1.37 (3 H, s, gem CH3), 1.42
major band was cut out and eluted with ethyl acetate-ethyl (3 H , s, gem CH3), 1.98 (3 H, s, OCOCH3), and 1.95 (3 H , s,
alcohol (3 :1 , v /v ) . Removal of solvent under reduced pressure -NHCOCH3); mass spectrum m /e  (rel intensity) peaks char-
gave 34 mg of a slightly colored crystalline mass. Purification acteristic of an isopropylidene group20 at 383 (4) M — CH3 340
by vacuum sublimation gave 20 mg of mefa-anisie acid, mp 106- (2) M — CH3COCH3, and 323 (1) M — (CH3 +  CH3C 0 2H ).
107° (lit.19 mp 109-110°). The ir spectrum could be superimposed A nal. Calcd for C isHmN ^ :  C, 57.27; H, 7 .59; 0 ,2 8 .1 2 ;

mol wt, 398. Found: C, 56.74; H , 7 .67; O, 27.96; mol wt, 
398 (mass spectrum, M +  1 =  399).

(16) Ascribed to  an arom atic acetoxy u n it: see K . N akanish i, “ In fra re d  Acetylation of 1 under Basic Conditions. Preparation of the
Absorption Spectroscopy,”  H olden-D ay, San Francisco, C a lif., 1962, p 44. a,/3-UnSaturated Ketone 8 .— A solution of 202 mg (0.64 mmol) of

(17) The nature of the  arom atic su bstitu tio n  pa tte rn  is most clear in  th e  ■------------------------
nm r of 4 (acetone-de) w hich displays a fo u r hydrogen arom atic region ve ry  (19) E . H . Rodd, “ C hem istry  of C arbon Com pounds,' V o l. I l l ,  P a rt B,
sim ilar in  chemical sh ift and p a tte rn  to  th a t reported fo r  m-cresol. “ V arian  Elsevier, Am sterdam , 1956, p 768.
Spectra C atalog,”  V arian Associates, Palo A lto , C a lif., 1962, num ber 160. (20) H . Budzikiew icz, C. D jerassi, and D , H , 'W illiams, ‘ S tructure

(18) A  chemical sh ift about 0.3 ppm  downfield of the  m e th y l group of an E lu c ida tion  of N a tu ra l Products b y  Mass Spectroscopy,”  Vo l. I I ,  Holden-
a liphatic acetate. See ref 8, p 98. D ay, San Francisco, C a lif., 1964, p 228.
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1 in 2 ml of acetic anhydride and 2 ml of pyridine was heated at acid solution. The residue left after freeze-drying of the water
steam bath temperature for 3.5 hr under a nitrogen blanket. eluent was JV-acetylated in ethyl alcohol-acetic anhydride.
Solvent was removed under reduced pressure and the resulting After removal of solvent via high vacuum a tic examination (ethyl
residue was loaded into a column containing 25 g of silicic acid. acetate-ethyl alcohol, 2 :1 ,  v /v , sulfuric acid char) demonstrated
Elution with benzene-ethyl alcohol (9 5 :5 , v /v )  gave a homo- the product to be the X -acetyl derivative of actinobolamine (11) .2
geneous material which was crystallized from benzene to give A tic examination (iso propyl alcohol, pyridine, acetic acid,
137 mg of 8 holding benzene as solvent of crystallization. Drying water, 8 : 8 : 1: 1,  v /v /v /v  and methyl ethyl ketone, propionic
to constant melting point gave analytically pure material: acid, water, 7 5 :2 5 :3 0 , v /v /v , ninhydrin visible) of the residue left
mp 131-132°; [a ]26D + 5 1 °  (c 5 .2, MeOH); 211 (e 9500); after freeze-drying of the acetic acid eluent demonstrated the
» w  1750 and 1730 (acetate C = 0 ) ,  1685 cm -1 (ketone C = 0 ) ;  product to be alanine.
mass spectrum m /e  (rel intensity) M +  1 =  383 « 1 ) ,  322 (1), Vigorous Acid Hydrolysis of 3 .22— Hydrolysis of 2 mg of 3 
295 (16), 235 (35), 182 (85), 150 (35), 123 (45), 122 (100), 116 using the conditions described for 1, followed by a parallel
(71), 114 (72), 87 (72), 86 (69); nmr, see discussion. work-up led to an amphoteric product which was shown to be

A n al. Calcd for C18H26N2O7: 0 ,5 6 .5 3 ;  H , 6 .85; 0 ,  29.29; alanine by a tic examination,
mol wt, 382. Found: C , 56.35; H, 6 .95; O, 29.34; mol wt, Mild Acid Hydrolysis of JV-Acetylalanylactinobolone ( 1).— A 
382 (mass spectrum, M +  1 =  383). solution of 12 mg of 1 in 5 ml of 2 JV sulfuric acid was heated at

Basic Hydrolysis of Actinobolin.— A solution of 1.602 g (4.42 60°. After 0 .5  hr (1 ml), 1.5 hr (2 ml), and 2.5 hr (2 ml) of
mmol) of the sulfate salt of actinobolin in 75 ml of 1 JV ammonium heating, a sample was removed, diluted with water, stirred with
hydroxide was refluxed for 35 min, cooled, and passed through a 10 ml of Bio-Rad AG 21-K anion-exchange resin (hydroxide form),
column containing 40 ml of Bio-Rad AG 21-K anion-exchange and filtered. The filtrates were freeze-dried and the resulting
resin (hydroxide form). The water eluent was freeze-dried and residues examined via  tic (ethyl acetate-ethyl alcohol, 2 : 1 ,
the resulting solid was taken up in 25 ml of ethyl alcohol con- v /v , sulfuric acid char). All samples revealed the absence of low
tining 1.5 ml of acetic anhydride. The solution was stirred at Ri material (i.e., 11), the presence of 1, and the presence of 10
room temperature for 12 hr. Solvent was removed via  high (as the major product at 1.5 and 2.5 hr).
vacuum and the resulting clear glass was adsorbed onto silicic Mild Acid Hydrolysis of JV-Acetylalanylactinobicyclone (10).—
acid, dry loaded into a column containing 50 g of silicic acid and A solution of 11 mg of 10 in 5 ml of 2 JV sulfuric acid was heated
eluted with ethyl acetate containing increasing amounts of ethyl at 60°. Samples were removed, worked up, and examined via
alcohol. Elution with ethyl acetate-ethyl alcohol (25 :3 , v /v )  tie as in the mild acid hydrolysis of 1. All samples revealed the
gave 616 mg of crystalline solid whose physical and spectral absence of low Rt material, the presence of 10 as the major prod-
properties were identical with those of JV-acetylalanylactino- uct, and the presence of a lesser amount of 1 at 1.5 and 2 .5  hr. 
bicyclone (10), isolated from the basic hydrolysis of JV-acetyl- Mild Acid Hydrolysis of A’-acetylactinobolin ( 12) .23— A solution
actinobolin. Further elution with ethyl acetate-ethyl alcohol of 22 mg of 12 in 2 ml of 2 JV sulfuric acid was heated at 60° for
(2 5 :4 , v /v )  gave cuts which contained a second less mobile 27 hr, cooled, and passed through a column containing 15 ml of
product. Rechromatography of the mixed product cuts resulted Bio-Rad AG 21-K anion-exchange resin (hydroxide form),
in the isolation of an additional 17 mg of 10 and 112 mg of a The water eluent (75 ml) was freeze-dried. The resulting residue
second product whose physical and spectral properties were was dissolved in water and passed through a column containing
identical with those of JV-acetylalanylactinobolone (1) isolated 10 ml of Bio-Rad AG 50W -X8 cation-exchange resin (proton
from the basic hydrolysis of JV-acetylactinobolin. form). The column was eluted with water (70 ml) and 5%

Basic Hydrolysis of 1 .—A solution of 5 mg of 1 in 5 ml of 1 JV aqueous ammonia (100 ml). The solid left after freeze-drying
ammonium hydroxide was refluxed for 35 min, cooled, and freeze- of the basic eluent was Ar-acetylated in 1 ml of ethyl alcohol
dried. A tic examination (ethyl acetate-ethyl alcohol, 2: 1,  v /v , containing 0.5 ml of acetic anhydride. A tic examination (ethyl
sulfuric acid char) revealed the presence of a single compound, acetate-ethyl alcohol, 2 :1  and 3: 1,  v /v , sulfuric acid char) in-
JV-acetylalanylactinobicyclone (10). In a parallel experiment 10 dicated the neutral fraction (freeze-dried water eluent) contained
was shown to be stable to the reaction conditions. both 1 and 10 while the JV-acetylated basic fraction contained 10

Methanolysis of 8.—A solution of 67 mg (0.18 mmol) of 8 in and the JV-acetyl derivative of actinobolamine (11).
4 ml of 0.1 JV sodium methoxide in methanol was stirred at room
temperature for 30 min and passed through a column containing Registry No.— 1 , 2 5 8 3 4 -3 9 -3 ; 2 , 2 5 8 3 4 -4 0 -6 ; 3,
5 ml of methanol-washed Amberlite 1R-120 cation-exchange 2 5 8 3 4 -4 1 -7 ; 4 ,7 8 8 0 2 -1 9 - 2 ;  5 ,2 5 8 3 4 -4 3 - 9 ;  6 ,2 5 8 3 4 - 4 4 - 0 ;
resin (proton form). The eluent was taken to dryness under *  oeroo/i ac i o n ro o i ao o kt . i a- i v • 
reduced pressure. A tic examination (Merck H F 254,2> ethyl 7 > 2 5 8 ^ : 4 5 - l ;  8 , 2 5 8 3 4 -4 6 -2 ; N-acetylactinobolin 1SO-
acetate-ethyl alcohol, 2 :1  v /v , sulfuric acid char) revealed the propylidine derivative, 2 5 8 3 4 -4 7 -3 ; alanylactinobolone,
absence of 8 and the presence of JV-acetylalanylactinobicyclone 2 5 8 3 4 -4 8 -4 .
(10) as the major product. Preparative tic (ethyl acetate-ethyl
alcohol, 2 : 1, v /v )  of the methanolysis products gave 31 mg (0.10  Acknowledgment.— The authors express their appre-
mmol) Of 10 identified by melting point and ir ciation to Parke, Davis and Company for a generous

Vigorous Acid Hydrolysis of 1.22—A solution of mg of 1 m 2 ml , r , .  I Ttr Tr  ,
of 4 JV sulfuric acid was refluxed for 15 hr, cooled, and passed sample of actinobolin. W e are grateful to Miss R ate
through a column containing 15 ml of Bio-Rad AG 21-K anion- Reimer for the nmr spectra and to Mr. Edwin Bebee
exchange resin (hydroxide form). The column was eluted with for the mass spectra. Purchase of the Atlas CH 4B
water until the eluents were neutral and then with a 10%  acetic mass spectrometer was made possible through Grant

(2 1 ) Merck Ag. Darmstadt h f  2 5 4  silicic acid distributed by Brinkmann No. G B - 4 9 3 9  from the National Science Foundation.
Instrum ents.

(22) Studied b y  M r. C hidam bar L . K u lk a rn i. (23) S tudied b y  M r .  F redrick  J. Antosz.
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Photochem ical Decarboxylation of Sodium Glycidates1
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The photolysis of sodium phenylglycidates yielded decarboxylated products analogous to those generated in 
the presence of acids, although photoprotonation was probably not involved. Aliphatic sodium glycidates did 
not photolyze, even in the presence of sensitizers.

The photochemistry of epoxy ketones (1) has been styrene (S) or phenylpyruvate (6), respectively. Nei-
intensively investigated, showing the formation of ¡3 ther 5 nor 6, however, produced 4 upon irradiation in
diketones to be the major process.3 The photochem- the above conditions.7 When the photolysis of 3 was 
istry of glycidic acids (2), on the other hand, was performed in deuterium oxide, the nmr of 4 showed that
hitherto unknown. Because of the close formal rela- one deuterium had been incorporated at the methylene
tionship between the two series, we had hoped th at position and that no exchange had taken place at the

aldehyde. This result further confirmed that a pyr- 
0  uvate had not been an intermediate since a deuterium

0  f ,__R would have been introduced at the carbon bearing the
 ̂ y  aldehyde in the product.

/  \  The formation of bibenzyl in the irradiation of 3 is
^  most probably the result of further photolysis of 4,
1, R = alkyl or aryl which was found to decarbonylate and to yield bibenzyl
2, R = OH upon irradiation in the above conditions.951 The detec-

,, , i ,  , . , , , , . tion of traces of benzaldehyde in the photolysis of 3 is in
ey wou d behave similarly and that the photolysis of fine withi the results obtained by Griffin and coworkers

glycidic acids would convert them into /3-keto acids in their studies on the photochemical cleavage of oxi-
and finally into acetophenones after decarboxylation, ranes.9 Another route to benzaldehyde is through
m contrast with the acid-catalyzed decarboxylation photohydration of 3 to sodium 2,3-dihydroxy-3-phenvl-
which places the carbonyl at the a  position.4 W e now propionate followed by a retroaldol reaction. This is
report that the photochemical behavior of sodium considered much less likely since it requires generating
g ycidates in aqueous solution closely parallels that in an unstabilized negative charge adjacent to the car-
presence of mineral acids. boxylate, and since the photohydration of epoxides to

glycols is still without precedent. Group migrations
Discussion accompanying the opening of oxiranes are well known,

Saponification of the glycidic esters prepared by the both in photochemical3 and in acid-catalyzed reac-
Darzens synthesis provides a convenient preparation of t i°ns-10 I t  was desirable, therefore, to check for phenyl
sodium glycidates.5 Acid treatm ent is usually ac- migration in the decarboxylation-epoxide opening of 3.
companied by epoxide ring opening and does not yield H ad it taken place, it would have led to the observed
the corresponding glycidic acids, except with simple products, both in normal and in deuterated water,
aliphatic salts.6 After several disappointing attem pts The starting material was chemically labeled with a
to isolate the arom atic acids required in this study, we methy1 at the 0 Position, but, when 7a was irradiated, it
decided to investigate the behavior of the sodium salts T^lded 2-phenylpropionaldehyde (8a) rather than a
in aqueous solution ketone, thereby proving that no substituent had mi-

Aromatic sodium" glycidates show a typical absorp- grated.11 Similarly, the ketones 8b and 8c were the
tion maximum near 260 nm. When sodium /3-phenyl- maior Products in the photolysis of 7b and 7c. The
glycidate (3) was irradiated at 253.7 nm under nitrogen, latter example again indicated the absence of group
carbon dioxide was immediately evolved and a poly- migration in the reaction. I t  is also noteworthy that
meric precipitate coated the walls of the reaction vessel carbonyl products analogous to benzaldehyde were not
preventing extensive photolysis. No acetophenone detected with sodium ^-phenylglycidates more substi-
was detected by nmr or glc in the neutral products of tu te d th a n 3 .
the reaction, which consisted almost exclusively of Aliphatic sodium glycidates, such as 7d and 7e, have 
phenylacetaldehyde (4), with some bibenzyl and traces an absorption maximum below 210 nm and have no
of benzaldehyde measurable absorption above 230 nm; as expected,

Phenylacetaldehyde (4) could have been generated ^hey did not photolyze upon irradiation. W e also
from primary products resulting either from decar
boxylation or from isomerization, namely from epoxy- (7) Styrene oxide does isomerize to  phenylacetaldehyde, however, when

irrad ia ted  in  benzene.8
(1) Presented, in  pa rt, a t the  159th N a tio n a l M eeting  of the  Am erican (8) G . W . G riffin  and H . Kristinsson, J .  A m e r .  C h e m . S o c ., 88, 1579

Chem ical Society, H ouston, Texas, Feb 1970, Abstracts of Papers, O R G N  46. (1966).
(2) A u th o r to  whom  inquiries should be addressed. (9) (a) R . S. Becker, R . O. Bosfc, J. K o lc , N . R . Bertnoiere, R . L . Sm ith,
(3) A . Padwa, "O rgan ic Photochem istry,”  O. L . Chapman, E d ., M . and G. W . G riffin , ib id . ,  92, 1302 (1970); (b) H . D ie trich , G. W . G riffin ,

Dekker, New Y o rk , N . Y ., 1967, p 93. and R . C. Petterson, T e tra h e d ro n  L e t t . ,  153 (1968); (c) H . K ristinsson and
(4) M . S. Newman and B . J. M agerlein, "O rgan ic Reactions,”  V o l. V , G . W . G riffin , A n g e la . C h e m . I n t .  E d .  E n g l. ,  4, 868 (1965).

W iley, New  Y o rk , N . Y ., 1951, p 413. *(10) S. P. Singh and J. Kagan, J .  A m e r .  C h e m . S o c ., 91, 6198 (1969), and
(5) W . S. Johnson, J. C . Belew, L . J. C hinn, and R . H . H u n t, J .  A m e r .  references there in  cited.

C h em . S oc., 75, 4995 (1953). (11) T h is  is in  agreement w ith  th e  lack of phenyl m ig ra tion  reported in
(6) H . H . M o rris  and R. H . Young, J r., ibid., 77, 6678 (1955). the rearrangement of styrene oxide to  phenylacetaldehyde.9»
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____________ h,__________________

z ° \  /  N
CACH— CH— COO-  C6H5CH2CHO +  C6H,CHO +  C02 +  CeH5CH2CH2C6H5

V c6h 5ch— ch 2 J

\5o  /

C6H5CH2 — C— COO~

6

Ri\  A  / co cr  K  I II A  / ° \
Y - C  CH— c— r3 r - c- ch  c6h 5ch- c- ch2coo

r /  ^  ch3

7 8 9 10

a, R, = C6H5; R2 = CH3; Rj = H e, RjR, = cyclohexyl; R3 = H
b, R, = C6H5; R2 = R3 = CH3 f , Ri = C6H5CH2; R2 = CH3; R.,= H
c, R, =  C6H5; R2 =  H; R j = CH3 g, R3 =  R2 =  H; Rj — C5H5

d, Rj = CH3; R, = R3 = H h Rj = CH3; R  = H; R3 = C6H5

i, R1 = R2 = CH3; R3 = C6H5

failed in our attem pts to induce their decarboxylation The photodecarboxylation of carboxylic acids and 
by triplet energy transfer from sensitizers such as their anions is currently receiving much attention, but
benzoic acid, benzene, and rose bengal. W e also tried the multiplicity of the reactive excited states during
unsuccessfully to transfer the energy from an aromatic decarboxylation has not been established.15 W e failed
sodium glycidate, by photolyzing 7c in presence of 7e. in all our attem pts to sensitize the decarboxylation of
Finally, even an internal sensitizer proved ineffective, aliphatic sodium glvcidates, but we achieved limited
as in 7f where one methylene separates the phenyl from success in similar experiments in the arom atic series
the epoxide and which was unaffected by uv light. using acetophenone as sensitizer. This suggests to us

The observed photochemistry of aromatic sodium that although decarboxylation can take place from a
glycidates must be a consequence of initial excitation of triplet state in this latter case, it normally proceeds from
the aromatic moiety. After finding th at 7f did not a singlet state. The failure which we experienced with
photolyze, we tried to determine the requirements for the sensitized experiments in the aliphatic series may
decarboxylation in the aromatic series. Since there also be due to a requirement for a singlet excited state
was no reaction upon irradiation of 10, it was clear that or to a prohibitively high triplet energy,
the direct attachm ent of both the phenyl and the car- If the epoxide ring cleavage were an homolytic pro- 
boxylate to the epoxide ring was a prerequisite for de- cess, products of radical trapping would be expected in
carboxylation. W e therefore investigated representa- solvents which are better hydrogen radical donor than
tives, 7g, 7h, and 7i, of the sodium a-phenylglycidate w ater.16 Decarboxylation of 7a in methanol, however,
series which are not accessible through the usual D ar- did not yield any hydroxymethylated product. This
zens synthesis12 and were prepared from the correspond- finding also appears to rule out the possibility of initial
ing unsaturated esters by epoxidation followed by decarboxylation of the carboxylate anion accompanied
saponification. Photolysis proceeded smoothly, ac- by the expulsion of one electron, yielding an oxirane
companied by decarboxylation. The products, 9g, 9h, radical, as it was suggested in the decarboxylation of
and 9i, respectively, indicated th at fission of the benzylie 1-naphthaleneaeetic acid.16c'17 The absence of radical
carbon-oxygen bond had taken place, placing the new intermediates was further indicated by observing th at
carbonyl at the original /3 position of the glycidate, un- oxygen had no effect on the course of photolysis of 3.
like the ¿¡-phenylglycidate series in which the carbonyl Heterolytic cleavage of the benzylic carbon to oxygen 
is formed at the a  position. epoxide bond is an attractive possibility to account for

These observations led us to investigate the acid- the identity of products obtained in the acid-catalyzed  
catalyzed decomposition of sodium a-phenylglycidates, and in the photolytic decarboxylation of arom atic so- 
and we have already reported that they yielded
u  i T,,  j  , . j  1 1 • 1 (14) (a) V . J. Shiner, J r., and B . M a rtin , J .  A m e r .  C h e m . S o c ., 84, 4824

abnormal products, identical with those obtained (1962); (b) H . o. House, “ M odern S ynthetic  Reactions,”  W . A . B en jam in ,

photochemically.1'13 We explained the results in terms New  Y o rk , n . y ., 1965, p  2 4 2 ; (c) r . c . Fuson, “ The c h e m is try  of the

of a benzylic carbonium ion intermediate which was C^ Y Y GiT T ’'1LS' Pa.tai’ ®d„’,I?ieiScience' r19fi6’ P 2Y  c£  ,  £  . . . .  (15) (a) F. R . S term itz and W . H . Huang, J .  A  m e r. C h e m . S o c ., 92, 1446
t o r m e d  a l t e r  p r o t o n a t i o n  o l  t h e  e p o x id e ,  m  c o n f l i c t  (1970); (b) D . G . Crosby and E . L e itls , J .  A g r .  F o o d  C h e m ., 17, 1033, 1036

w i t h  t h e  a c c e p t e d  c o n c e r t e d  m e c h a n is m  f o r  t h e  d e c a r -  (1969) ; (c) d . g . Crosby and c .  s . Tang, a d d . ,  n ,  1 2 9 1  (1969); (d> j . d .

boxylation of glycidic acids.14 rrfern?e“ hertn'cRedPetrU8iE' ^ Amer' Chem' S0C" " *  2467 (1969>' and
(16) P. J. K ro pp , ib id . ,  91, 6783 (1969).

(12) H . H . M orris , R . H . Young, J r., C. Hess, and T . Sottery, J .  A m e r .  (17) L . I .  Grossweiner and H . I .  Joscheck, p 286 in  “ Solvated E le c tro n ,”
C h e m . S o c ., 79, 411 (1957). Advances in  C hem istry  Series, N o. 50, Am erican Chem ical Society, W ash-

(13) S. P. Singh and J. Kagan, J .  O rg . C h e m ., 35, 2203 (1970). ing ton , D . C., 1965.
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Scheme I 7c23 and 7d24 were obtained according to the literature methods,
q whereas the ethyl esters of 7g, 7h, 7c, and 10 were prepared in
| __ „ 90, 78, 77, and 85%  yields, respectively, by epoxidation of ethyl

p i t  n  p__Q- C6Hk  i V atrópate,25 ethyl-a-phenylcrotonate,26 ethyl dimethylatropate,27
6 3\  /  \ -c o 2) and ethyl S-methyM-phenylbutenoate28 with 85%  m-chloro-

P  C /  I °  U *” peroxybenzoic acid in refluxing CHC13 for 15 hr. Each reaction
R, R2 R1 ¿  mixture was cooled, extracted with 5%  aqueous bicarbonate,

142 dried, concentrated, and chromatographed over silica gel.
_ q  The nmr and mass spectra of these glycidates were satisfactory.

C<;H5\  x O + OH. II The saponification of the ethyl glycidates was performed accord-
C = C  — orD > ¿  j? ing to Claisen29 with 1 equiv each of sodium ethoxide and water.

X  \  X (D ) After standing overnight, the solid was filtered, washed
R2 Ri thoroughly with ether, and dried. The salts, obtained in 60-90%

yield, had satisfactory nmr spectra in D20  and also in DMSO-d6 
q 0  which indicated the absence of hydroxylated impurities. The
II I usual work-up of the irradiated solutions consisted in thoroughly

Rk .0  , c - o -  ,  I k P  +/ c - ° "  extracting with chloroform or ether, drying the organic phase
* \ /  \ /  X I + /  ___^ over MgSO<, and concentrating it under reduced pressure. The

P  C / n_X|  Per cen4 composition of the major decarboxylation product(s) was
E 6H5 R2 q determined by the integration of the nmr spectra of the crude

6 5 neutral product. The glc analysis and the signals in the non
aromatic part of the nmr spectra accounted for all the reaction 

O R, 0  0  products herein reported. However, integration of the aromatic
ij j ‘ j || ,R2 protons was always too high and in calculating the amounts of

r  .— c — C— C_CT — > r ___c _C— II (D) +  CO products, we assumed the presence of polymeric aromatic sub-
| H20  or DjO 1 \  2 stances which were not characterized.

0 R C f t  Irradiation of 3.— The starting material had nmr (D20 )  at
7.35 (s, 5 H ), 3.92 (d, J  =  2 Hz, I H ), and 3.45 (d, J  =  2 Hz, 
1 H ). A solution of 1 g of 3 in 200 ml of water became turbid 

dium  g ly cid a te s  (S ch em e I ) .  H ow ev er, w hen 7c  w as and evolved C0 2 after 30 min of irradiation. The milky white
irra d ia te d  in  aq ueous solu tion s con tain in g  an  e x ce ss  mixture was extracted with ether (four 100-ml portions) after 4
of sodium  h yd roxid e, th e  p h o tolysis  p roceed ed  sm o o th ly  kr of R a t i o n  yielding120 mg of a fragrant smelling liquid
• i- ,• ,1 , i , ¿ i , i I t  consisted mostly of 4 (59% ): nmr (CC14) 9.60 (t, /  =  2.5 Hz)
in d icatin g  th a t  p h o to p ro to n a tio n  does n o t p reced e de- and 3 .60 (d> j  =  2.5  Hz) in addition to phenyl protons; gc-mass
c a rb o x y la tio n .18 fu r th e rm o re , th e  d e ca rb o x y la tio n  of spectrum major peaks at m/e 120, 92, and 91. The minor prod-
7h  w h ich  to o k  p la ce  w ith  th e  loss of th e  /3 p ro to n  ucts (less than 5% ) were identified as benzaldehyde (major peaks
in  a c id 13 o ccu rre d  p h o to ch e m ica lly  w ith  m ig ra tio n  of at m/e 106> 105- and 77) and bibenzyi (mai° r Peaks at ™/e 182
t h a t  h y d rog en  from  th e  f  to  th e  .  p o sit,o n , an d  fin ally  ¿
th e  fo rm a tio n  OI g ly ce ric  acid s  w h ich  w as p ro m in en t in by nmr. Bubbling oxygen instead of nitrogen during the ir-
th e  a c id -c a ta ly z e d  tre a tm e n t  of sodium  a -p h e n y lg ly c - radiation did not affect the course of the photolysis, which
id ates  did n o t o ccu r d uring p h o tolysis  of th e se  sa lts . yielded 4 as the major product.
These results indicate that the mechanisms of the acid- Radiation of3 !° lut.ion of ° ( 3 “  ,10,ml of

, , , i , . ,  - i i  , . . D 2U was irradiated for 4 hr. Work-up yielded 4 which had nmr
catalyzed and photochemical decarboxylation reactions (CCU) signals at 9.60 (d, J  =  2.5 Hz, -CDHCHO) and a broad
a re  fu n d a m e n ta lly  d ifferen t. signal at 3.60 (-CDHCHO) in addition to the phenyl protons.

S p ecu latio n s con cern in g th e  d eta iled  m e ch a n ism (s) Irradiation of 4 .— A suspension of 1 g of 4 in 250 ml of water
of th e  p h o to ch e m ica l d e ca rb o x y la tio n  of sodium  g ly ci- was »radiated for 4 hr. Work-up yielded a mixture of 4 (57% ) 
1 , •,, , r -.j. , , j • , • , and bibenzyl (15% ) by nmr and gc-mass spectrum analysis,

d a te s  will be m o re  fru itfu l w hen ad d itio n al exp e rim e n ts , Irradiati¿n of s _ The starting material was obtained accord-
esp ecially  th o se  ca rrie d  o u t a t  low  te m p e ra tu re , will ing to literature method.30 A suspension of 200 mg of 5 in 250 
h a v e  been  p erform ed . ml of water was irradiated for 3 hr. Neither 4 nor bibenzyl was

detected by nmr and gc in a CHCI3 extract.
_  . Irradiation of 6.—A solution of 1 g of the salt in 250 ml of
Experimental Section water was irradiated for 3 hr. Extraction with ether and usual

All irradiations were performed at 253.7 nm in a quartz vessel W0Trk-"P  did n° \ yield a,ny f  uftral re8Ídue', . ,  . .• 13 . , • j  o -nr 1 it Irradiation of 7a.— The starting material was a mixture of cisusing a Bayonet reactor equipped with 16 8-W low pressure Hg . . . , . . i / T x r A N . r r o c / i r T T xi °  rru i i.* f  . i i  v uut *, and trans isomers showing nmr signals (JD2U) at 7.25 (s, 5 H ),lamps. I  he solutions were deoxygenated by bubbling nitrogen 0 , 0 orr , , ® Tt\ a a i en t o a w,, u t on • * 4- ¿ a a ■ 4-u c 3 .57 , and 3.37 (each a s, 1 H) and at 1.57 (s, 3 H ). A solutionthrough, tor 30 mm prior to each run and during the course of r -« c „ ■ r , -nr i • u  a ooi cr j-  ,. rpif v.. . i , » , r t> of 1 g of 7a was irradiated for 4 hr. Work-up yielded 221 mg ofeach irradiation. The exit stream was bubbled through a Ba- % , . , , , J. .1 , ,//ATT \ w  i ,r i . ,• r r̂ r\ • a a neutral mixture from which the only volatile product was(UH )2 solution when the detection of CO2 was required, ih e  nmr . .  Tx t. , •. / r m  \
snectra were recorded on a Varían A-60A or T-60 snectrometer identified as 8a (59% ). I t  was characterized by its nmr (CC1,) spectra were recorded on a Vanan A bUA or i  bü spectrometer t g 6 (d j  =  x Hz, aldehydic proton), 3.52 (q, J  =  7 Hz,
and are expressed on the 8 scale. 1 he mass spectra were recorded , . , . /  u  i a \ a i oo
at 70 and at 12 eV with a Perkin-Elmer 270 gas chromatograph- 8kow“ g P °°rly .reS(^ ed co" pllag w'th tke aldehyde)> and 1 -38, . j   ̂ £ onrir on on (d, /  =  7 Hz) m addition to phenyl protons, and by a gc-massmass spectrometer, equipped with a column of 20%  bhi-30 on v ' . . .  ,v f- i / °u a 17 í  V i n o  i, . i , spectrum comparison with an authentic sample (major peaks atühromosorb. A r  & M 402 gas chromatograph equipped with / iqa H 77 1
SE-52 and DEGS columns was also used for comparing the mCe A.* .. ’ ^  .u , * i , • ( rnn „ »7«, . . . .  r .. j  i. -Ai. - j  j  Irradiation of 7a m Methanol.— A solution of 500 mg ol 7a inretention times of reaction products with standards. 1CA , - ,, , ■ t „ OA .

The ethyl glycidates corresponding to 3 ,5 7a,5’2» 7b,24 7e,5 and 150 ml of methano1 was lrradlated for 30 mln’ After removlIlg
7f22 were the products of Darzens condensations using potassium
íer¿-butoxide as the base. Ethyl glycidates corresponding to (23) v - R- Valente and L- W olfhagen, J .  Org. Chem., 31, 2509 (1966).
------------------------ (24) D . L . M acFeek, P. S. Stareher, and B . Ph illips, J .  Amer. Chem.

(18) A lthough we have no knowledge of th e  a c id ity  o f the  excited s ta te  Soc., 81, 680 (1959).
of the  glycidate anion, i t  is reasonable to  assume th a t a strong a lka line  (25) G . R . Ames and W . D avey, J .  Chem. Soc., 1794 (1958).
solution w ould prevent the  pho top ro to n a tio n .19 (26) M . A . Ph illips, ibid., 220 (1942).

(19) E . F . U lm ann, E . Babad, and M . Sang, J .  Amer. Chem. Soc., 91, 5792 (27) J. Farakas and J. K . N ovak, Colled. Czech. Chem. Commun., 26, 1815
(1969), ref 8, and references cited  there in . (1960).

(20) H . O. House, J. W . B laker, and D . A . M adden, ibid., 80, 6386 (28) D . K . D u tta  and P. Bagchi, J .  Org. Chem., 26, 932 (1960).
(1958). (29) L . Claisen, Chem. Ber., 38, 693 (1905).

(21) G. Darzens, C. R . Acad. Sci., Ser. C, 141, 776 (1905). (30) A . I .  Vogel, “ A  Textbook of P ractica l Organic C hem istry,”  Long-
(22) G. Darzens, ibid., 139, 1214 (1904). mans, 1956, p  894.
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the solvent under vacuum, the residue was washed thoroughly Irradiation of 7f.— The starting material was a mixture of iso-
with CCh and filtered, and the solvent was evaporated to leave mers, with nmr (D20 )  signals at 7.38 (s, 5 H ), 3.40 and 3.38  
a residue (50 mg) which was found to be 8a by gc-mass spectrum (each a s, 1 H ), 2.85 and 2.83 (each a s, 2 H ), and 1.22 (s, 3 H ).
and nmr. The CCU insoluble portion was identical with the A solution of 750 mg of 7f in 200 ml of water was irradiated for
starting material. 4 hr. Usual work-up did not yield any neutral product.

Irradiation of 7b.— The starting material (mixture of isomers) Irradiation of 10.— The starting material was a mixture of cis
had nmr signals (D20 )  at 7.30 (s, 5 H ), 1.62, 1.53, 1.10 (all s, and trans isomers with nmr (D20 )  signals at 7.20 (s, 5 H ),
total of 6 H ). A solution of 500 mg of 7b in 150 ml of water was 3.38 and 3.34 (each a s, 1 H ), 2.78 and 2.75 (each a s, 2 H ), and
irradiated for 4 hr. Work-up yielded 80 mg of residue containing 1.20 and 1.12 (each a s, 3 H ). A solution of 750 mg of 10 in 150
8b as the only volatile product (66% ). I t  was identified by gc- ml of water was irradiated for 4 hr. Usual work-up did not
mass spectrum (m /e  at 148, 105, 79, 77, and 43) and nmr at 7.20 provide any neutral product. The starting material was re-
(b), 3.60 (q, J  =  7 Hz), 1.98 (s), and 1.35 (d, J  = 7 Hz). covered quantitatively after the evaporation of the aqueous

Irradiation of 7c.— The starting material had nmr (D20 )  layer, 
signals at 7.28 (s, 5 H ), 3.90 (s, 1 H), 1.60 (s, 3 H ). A solution Irradiation of 7g.—The starting material had nmr (DMSO-de) 
of 1 g of 7c in 200 ml of water was irradiated for 4 hr. Ether signals at 7.20 (s, 5 H ), 3.18 (d, J  =  6 Hz, 1 H ), and 2.75 (d,
extraction provided 135 mg of residue consisting mostly of 8c J  =  6 Hz, 1 H ). A solution of 300 mg of 7g in 150 ml of water
(83% ). I t  was identified by its nmr (CCh) signals at 7.20 (s), was irradiated for 3 hr. Work-up yielded 48 mg of a mixture
3.52 (s), and 2.00 (s), as well as by its gc-mass spectrum analysis consisting mostly of 9g (57% ) and bibenzyl (18% ) by nmr and
using an authentic sample (m /e  134, 92, 91, and 43). The other gc-mass spectrum analysis. Evaporation of the aqueous layer
volatile product (5% ) was identified as bibenzyl by direct com- left a residue which was found to be identical with 7g by nmr in
parison -with a standard sample. DMSO-de-

Irradiation of Phenylacetone.—A suspension of 1 g of 8c in 200 Irradiation of 7h.— The starting material had nmr (D20 )  
ml of water was irradiated for 3 hr. Ether extraction yielded a signals at 7.30 (b, 5 H ), 3.40 (q, J  =  6 Hz, 1 H), and 0.94 (d,
mixture of starting material and bibenzyl (14% ). J  =  6  Hz, 3 H ). A solution of 590 mg of 7h in 150 ml of water

Irradiation of 7c in Basic Solutions.— Irradiation of 0.5 g of was irradiated for 2.5 hr. Usual work-up yielded 65 mg of a
7c in 200 ml of water containing few drops of NaOH solution mixture of phenylacetone (70% ) and bibenzyl (13% ), c-.har-
(pH 10) for 3 hr and work-up yielded 82 mg of residue consisting acterized by gc-mass spectrum and nmr.
of 8c (40% ) and bibenzyl (38% ). When the above experiment Irradiation of 7h in D20 . —A solution of 100 mg of 7h in 30 
was repeated in pH 12, 89 mg of residue was obtained which ml of D20  was irradiated for 3.5 hr. Usual work-up yielded 8 mg
consisted of 50%  bibenzyl and 10% 8c. Repeating the experi- of residue, which showed nmr (CCh) signals at 3.52 (b) and 2.00
ment in 200 ml of 1 N  NaOH solution yielded 91 mg of neutral (s) in addition to phenyl protons; major peaks at m /e  136, 135, 
residue consisting of bibenzyl (52% ) with a trace of 8c. 94, 93, 92, and 43. A sample of C6H 5CD2COCH3 was prepared

Irradiation of 7c in Presence of Acetophenone.— A solution of by refluxing 100 mg of 8c in 10 ml of D20  and a drop of concen-
1 g of 7c and 150 mg of acetophenone in 150 ml of water was trated HC1 for 3 hr. Usual work-up offered a product showing
irradiated using a 450-W  medium pressure mercury arc with nmr (CCh) signals at 7.20 and 2 .0 0 ; major peaks at m /e  138,
a Pyrex filter for 6 hr. Usual work-up yielded a mixture of 8c 137, 136, 93, and 44.
(6 mg) and acetophenone. Identical irradiation of 7c, but with- Irradiation of 7i.— The starting material had nmr (D20 )  
out acetophenone, did not provide any 8c. signals at 7.40 (b, 5 H ), 1.48 (s, 3 H ), and 1.10 (s, 3 H ). A solu-

Irradiation of 7d.— The starting material had nmr (D20 )  tion of 400 mg of 7i in 150 ml of water was irradiated for 3 hr.
signals at 3.00 (m, 2 H ) and 1.30 (n, J  =  5 Hz, 3 H ). A solution Ether extraction yielded 40 mg of neutral product which was
of 580 mg of 7d in 5 ml of water was deoxygenated and irradiated identified as 9i by gc-mass spectrum and direct comparison with
in a closed quartz tube for 4 hr. After cooling in ice and extract- an authentic sample,
ing with cold ether, glc analysis of the ether layer indicated the
absence of propionaldehyde or any other volatile product. Registry No.—3, 25957-39-5; 4, 122-78-1; 5, 96- 
Upon concentration of the aqueous phase to dryness, the starting o n o .  1 1 4 - 7 6  1 - 7 « o c q c t  ¿q 1 . 7 6  0 KQK7  a  A  o. 
material was recovered quantitatively. Identical results were *  l A '  10t  1 ’ l '  J ' &h f7r"
obtained upon irradiation with a Hanovia 450-W  medium pres- ' c> 5449-12-7, 7a, 2b957 46 4, 7e, 2i>957-47-5; 7f,
sure lamp. 25957-48-6; 7g, 24568-17-0; 7h, 24568-16-9; 7i,

Irradiation of 7e.— The starting material had nmr (D20) at 24568-18-1; 10,25966-54-5.
3.42 (s, 1 H ) and 1.61 (s, 10 H ). A solution of 800 mg of 7e in
200 ml of water was irradiated for 3 hr. Usual work-up did not Acknowledgments.—W e thank the National Science
fhrr i™ H i»t;neUtralpr0dU4t ' f m ilarresults7 ere obtained when Foundati0n for financial support of this research, 
the irradiation was carried out in presence of either rose bengal n . v , ,  , _ . 1
(800 mg) or sodium benzoate (1.5 g) or benzene (saturating the directly as w ell as indirectly through the award of a
water solution) as sensitizers. When a solution of 500 mg each departmental development grant. Acknowledgment is
of 7e and 7c in 250 ml of water was irradiated for 3.5 hr, usual also made to the donors of the Petroleum Research

^leidf d ninVtral produc.t consisting of 8c Fund, administered bv the American Chemical Society,
(25% ) and bibenzyl (48% ). The evaporation of the aqueous f____ ’ ,• , „  , , a  r . a  u  i
layer left a mixture of 7e and 7c (nmr). Identical results were for partial support of this work. S. P . S. thanks the
obtained upon irradiation with a Hanovia 450-W  medium pres- University of Kurukshetra (India) for a leave of ab-
sure lamp. sence.
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The Total Synthesis of (±)-D asycarpidone, 
(±)-Epidasycarpidone, and (± )-E p iu lein e12
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The syntheses of the indole alkaloids dasy carpidone, epidasy carpidone, and epiuleine in racemic form are 
described. The important intermediate in the synthetic scheme is V-methyl-3-ethyl-4-carbomethoxy-2-piper- 
idone which is prepared by decarbomethoxylating iV-methyl-3-ethyl-4,4-dicarbomethoxy-2-piperidone obtained 
from the condensation of dimethyl malonate with iV-methyl-iV-(2-chloroet.hyl)-ce-bromobutyrarnide. Vilsmier 
condensation of iV-methyl-3-ethyl-4-carbomethoxy-2-piperidone with indole followed by sodium borohydrate 
reduction afforded 3-[2-(7V-methyl-3-ethyl^4-carbomethoxypiperidyl)]indole which was saponfied and cyclized 
with polyphosphoric acid to give (±)-dasycarpidone and (±)-epidasycarpidone. Racemic epiuleine was ob
tained from (±)-epidasycarpidone by treatment with methyl lithium followed by dehydration on alumina.

Of the large number of indole alkaloids which have Scheme I
been found in nature only a few lack a tryptamine 
moiety as part of their structures. Four closely re- 0

lated members of this group are uleine, 4 epiuleine, 6 __ __j!  N __ ^
dasycarpidone, 6 and epidasycarpidone.6 W e wish to 2 5 i ^
report the total synthesis of the latter three of these Br
compounds in racemic form and, since dasycarpidone 0

has been converted to uleine, this work constitutes a „ „ ___________ __ __ __
formal total synthesis of the fourth member as well. 2 3 | | 2 2

The total synthesis of this group has also been achieved Br CH3
by a quite different route .7 5

CH, CH3

a i  ° v N\

g  J  (C02CH3)2
R 6

R Rl R2 pit
Uleine (1) CH2 C2H5 H V“ 3
Epiuleine (2) CH2 H C2H 6 „ I
Dasycarpidone (3) O C2H 5 H
Epidasycarpidone (4) O H C2H5 6 -------------- *■ j I

NaCN.DMF

Our approach takes advantage of the ease of elec- j
trophilic substitution at both the a  and /3 positions of CO,CH3
the indole ring. Thus the synthetic scheme consists of 7

simply attaching an appropriately substituted piper- H c
dine derivative at the a  and /3 positions of indole itself.
The key steps leading to (±)-dasycarpidone and ( ± ) -
epidasycarpidone are outlined in Scheme I. iV-methyl- 7 + f J T  J  -  > | 1 J  T  F 0 2R
aziridine reacts smoothly in cold benzene solution with ' 3 s ' - ^ v ]Nr \
a-bromobutyrl chloride to afford fV-(2-chloroethyl)-lV- I - NaBH< H
methyl-a-bromobutyramide (5) which was used di- H 8 , R = CH3

rectly in the next step. The amide 5 was condensed 9, R = H
with dimethyl malonate under conditions similar to
those used for the preparation of ethyl 1 , 1 -cyclobutane- ethyl-4 ,4 -dicarbomethoxy-2 -piperidone (6 ), was ob-
dicarboxylate .8 The expected product, W-methyl-3- tained in 65%  yield based on iV-methylaziridine. All

of the spectral properties of 6  (Experimental Section) 
* T o  whom  correspondence should be addressed. are in accord with the piperidone structure. This effi-
(1) T h is  w ork  was supported b y  the  N a tio n a l In s titu te s  of H ea lth  (G rants ^  g y ^ g g i g  0 f  t h e  r e q u i r e d  p i p e r i d i n e  d e r i v a t i v e s

H E  09521 and M H  10105) and a P ub lic  H ea lth  Service Career Program  J  n  n  r  1 U
A w ard 1 -K 3-N B -28 ,105 from  the N a tio n a l In s titu te  of N eurological Diseases p rO V lC lG S  &  I16W  <111(1 p 6 r n 3 /p S  g G I lG r a l iy  l lS G I l l i  a p p rO c tC il

and Bhndness. to 1,3,4-trisubstituted 2-piperidones.9
L '  D°“’y 0 « r  hope was th at the piperidone diester 6 could be

(3) Alfred p. sioan Fellow, 19 6 6 - 1 9 6 7 . combined with indole in a Vilsmier condensation. A
(4) G. B uch i and E . W . W arnhoff, ib id . ,  81, 4433 (1959).
(5) A . J. Gaskell and J. A . Joule, C h e m . I n d .  {L o n d o n ) ,  1089 (1967).

See also M . Shamma, J. A . Weiss, and R . J. Shine, T e tra h e d ro n  L e t t . ,  2489 (8) G . B . Heisig and F . H . Stodola, “ Organic Syntheses,”  C oll. Vol.
(1967). I l l ,  W iley, N ew  Y o rk , N . Y ., 1955, p 213.

(6) J. A . Joule, M . Ohashi, B . G ilbe rt, and C. Djerassi, T e tra h e d ro n , 21, (9) Some p re lim inary  experiments ind ica ted  th a t condensation of <*-
1717 (1935). b rom obutanoyl chloride w ith  azirid ine d id  y ie ld  th e  dihaloam ide. H ow -

(7) A . Jackson, N . D . V . W ilson, A . J. Gaskell, and J. A . Joule, J .  C h em . e v e r , the  desired a lky la tio n  of m alonic ester was prevented b y  oxazoline 
S oc. C , 2738 (1969). fo rm ation .
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previous study by Szmuszkovicz and coworkers illus- difficult to separate from some of the b3'--products from
trated  the synthetic utility of the condensation of lac- the cyclization. In  one cyclization experiment using
tarns and indole by means of phosphorus oxychloride.10 carefulfy recrystallized amino acid 9, (± )-ep id asy -
However, the diester 6 proved to be very unreactive carpidone was isolated in 47%  yield by direct crystal-
arid we were not able to obtain useful material from at- lization and dasycarpidone could not be detected by
tempted condensations with indole. In order to in- tic. In a similar experiment using crude amino acid,
crease the reactivity of the amide grouping, the piperi- pure (±)-dasycarpidone was isolated in 0 .7%  yield by
done diester was decarbomethoxylated in 70%  yields by repeated preparative tic. These results suggest that
treatm ent with sodium cyanide in hot rVyV-dimethyl- the purified amino acid has the trans-cis stereochem-
formamide (D M F), a modification of the procedure istry which leads directly to epidasycarpidone and
reported by Krapcho, Glynn, and Grenon.11 dasycarpidone is formed from all cis isomer which is

More usual hydrolysis and decarboxylation proce- present in relatively small amounts in the crude acids
dures gave material which showed complex carbonyl prepared from the ester mixture 8. However, it is not
absorption in its infrared spectrum. In particular ab- impossible that the amino acid 8 is epimerized in poly
sorption at 1680 c m-1 was ascribed to the presence of phosphoric acid solution and prior to cyclization
pyrrolidones which is not unexpected since hydrolysis Moreover, a plausible mechanism can be written for the
of the piperidone ring followed by cyclization involving interconversion of dasycarpidone and epidasycarpidone
the C-4 carboxyl group would give a mixture of stereo- in acid solution although Joule and his coworkers found
isomers of the pyrrolidonecarboxylic acid 10. no evidence of this interconversion in hot acetic acid.

In  any event, all samples of the amino acid 8 gave pre- 
9H;> dominantly ( ±  )-epidasycarpidone which could easily

O . N  be isolated in 40%  yields and improved by chromato-
n ]" ''J graphic separation of the mother liquors.

The remaining synthetic problem was the conversion 
of the carbonyl group to an e:ro-methylene. Prelim- 

10 inary studies with I-ketotetrahydrocarbazole indicated
th at the W ittig reaction would not be useful for this 

The A-methyl-3-ethyl-4-carbomethoxy-2-piperidone transformation although Joule and coworkers success-
obtained from the sodium cyanide treatm ent of 6 fully converted dasycarpidone into uleine in 13%  yield
was clearly a mixture of diastereomers as indicated by by this method. Moreover, we were unable to effect
its nmr spectrum. The ester mixture was used di- the addition of methylmagnesium iodide to the car-
rectly in the Vilsmier condensation with indole since the bonyl group of 1-ketotetrahydrocarbazole but methyl-
remaining stages of the synthesis allow ample oppor- lithium reacted quite normally. Accordingly, ( ± ) -
tunity for epimerization. The product from the Vils- epidasycarpidone was treated with methyllithium to
mier condensation was not isolated. The reaction give the carbinol 11 in excellent yields,
mixture was diluted with ammonia and treated with so
dium borohydride to give in about 65%  yield a mixture CH3
of stereoisomers of ester 8. This mixture was suitable
for the next steps in the conversion to dasycarpidone \ |
and epidasycarpidone. One diastereomer was ob-
tained in pure form by chromatography over alumina, | Cjj 0H
but the stereochemistry of this material was not estab- H 3
lished. 11

Preliminary attem pts to effect the final ring closure
using ester 8 were quite discouraging. Reasonable The nicely crystalline carbinol appeared to be a 
mechanisms can be written for base induced cyclization single diastereomer, but the stereochemistry was not
as well as acid-catalyzed cyclization. However, treat- determined. The carbinol could be dehydrated in
ment of the ester 8 with sodium hydride, methylmag- poor yield to ( ±  )-epiuleine by exposure to 85%  phos-
nesium iodide, or polyphosphoric acid gave no m ate- phoric acid, but the conversion was quite efficient using
rials showing 2-acylindole absorption in the ultraviolet alumina as the dehydrating agent. A very simple pro
region. Accordingly, the ester was saponified and it cedure converted the carbinol to ( ±  )-epiuleine in 77%
was quickly found that polyphosphoric acid cyclization yield. The (±)-epiuleine thus obtained was identical
gave a mixture of 2-acylindoles. The best cyclization with the (±)-epiuleine prepared by Joule and his co
conditions we found gave a 2-acylindole mixture in 65%  workers,
yield and pure ( ±  )-epidasycarpidone could be as ob-

f %  r ld- J b f  ( ± ) ' T daSyCf i ? ld0ne WaS Experimental Section»identified from its spectral properties and tic compar
ison with a sample of ( ±)-epidasycarpidone kindly pro- I\f-Methyl-l\T-(2-chloroethyl)-a-bromobutyramide (5).—di
vided b y Professor J . A. Joule. (±)-D asycarpidone Bromobutyryl chloride (185 g, 1 mol), prepared as previously
was also present in the products from some of the cycli- ~ %
7 Q t in n  r o Q r i t in n o  n P L ^  ~ 4. l b e l t in g  points and boiling  points are uncorrected. U ltra v io le t

he d asy carp id o n e  w as e x tre m e ly  spectra were measured on ethanol solutions using a C ary M o de l 15 spectro-
. . . .  photom eter and in fra red  spectra were determined w ith  a Beckm an IR -5 A
' - f  !%* . Y °ungdale, D . G. Anger, W . C. A n thony, J. P. DaVanzano, in fra red  spectrophotom eter. A  V arian Associates A-60 in s tru m e n t was

M  A  r * 18*7  a V  Hem zelm an’ H - H - Keasling. and J- Szmuszkovicz, J . used fo r n m r spectra. Chem ical sh ifts  are reported as 5 values w ith  te tra -
. ’ ^  (1964). m ethylsilane as in te rn a l standard. Mass spectra were measured w ith  a
1 Krapcho, G . A . G lynn, and B . J. Grenon, T e tra h e d ro n  L e t t . ,  C EC  101 mass spectrometer. Com bustion analyses were perform ed by

215 (1967). Berkeley A n a ly tica l Laboratories, Berkeley, C a lif.
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deserioed,13 and freshly distilled IV-methylaziridine (57 g, 1 mol) for 6 hr after which it was filtered and neutralized while hot with
dissolved in 50 ml of dry benzene were added concurrently from 20%  sulfuric acid. The barium sulfate was collected and washed
two dropping funnels to 300 ml of dry benzene cooled to the freez- with hot water. The combined aqueous solutions were lyo-
ing point with vigorous stirring. The rate of addition was philized to yield 6.8 g (59% ) of the amino acid mixture as a
adjusted so the temperature did not rise above 10°. The benzene white solid. A single isomer, mp 235-238° dec, could be ob-
solution was filtered to remove a small amount of polymer and tained by crystallization from ethyl acetate-methanol: nmr
used directly in the next step: nmr (benzene) 2.74 (singlet, three (pyridine-d5-D 20 )  0.83 (triplet, three protons, J  =  7 Hz, CH2-
protons, IV-CH3), 3.44 ppm (broad sihglet, four protons, N - CH3) and 2.76 ppm (singlet, three protons, Af-CHU.
CH2CH2C1). A nal. Calcd for CnH22N20 2.2H 20 :  C, 63.33; H, 8.13;

A-Methyl-3-ethyl-4,4-dicarbomethoxy-2-piperidone (6 ).— The N, 8.69. Found: C, 62.86; 63.00; Ii, 7.14. 7 .60; N, 8.62,
benzene solution of Ar-methyl-iV-(2-chloroethyl)-a-bromobutyr- 8.74.
amide obtained above and 500 ml of 2 JV sodium methoxide ( ±  )-Epidasycarpidone (4).— A sample of pure recrystallized
were added concurrently to a stirred and refluxing solution of amino acid 9 (0.318 g, 0.97 mmol) was mixed with 4 g of poly
sodium dimethyl malonate prepared from 500 ml of 2 JV sodium phosphoric acid and slowly heated to 75° with stirring and main-
methoxide and 132 g (1 mol) of dimethyl malonate. After tained at that temperature for 1 hr. The mixture was poured
completion of the addition (ca. 2 hr) the mixture was heated into 150 g of ice-water with vigorous stirring and then basified
under reflux for 75 min. The cooled mixture was neutralized with 25%  aqueous ammonia. The basic solution was extracted
with acetic acid, filtered, and concentrated under reduced pres- with ether and the ether extracts were washed with water, dried,
sure. The residue was taken up in chloroform, filtered, and and concentrated to a small volume. (±)-Epidasycarpidone,
washed with water. Distillation under reduced pressure af- mp 168-169° (0.122 g, 47% ), crystallized in large cubes. The
forded 170 g (ca. 65% ) of material, bp 120-160° (1.0 mm), col- ( ±  )-epidasycarpidone was identified by comparison of its mass 
lected in several fractions. The material appeared to be nearly spectrum with the published spectrum of dasycarpidone.6 Epi-
pure 6 and the higher boiling fractions crystallized on standing. dasycarpidone and dasycarpidone are reported to show the same
Tic on silica gel G (according to Stahl) with ethyl acetate indi- mass spectrum in accord with our observations.6 Comparison
cated diester (Rt 0 .3) and monoesters (Rs 0 .6 ). In a similar of the behavior on tic of our (±)-epidasycarpidone with a sample
experiment on 0.75 mol scale the crystalline diester (mp 78-79° provided by Professor Joule confirmed the identification. The 
from ether-n-hexane) was isolated in 51%  yield. The infrared mother liquors from the isolation of ( ±  )-epidasycarpidone con- 
spectrum showed 1730 and 1640 cm-1. tained additional epidasycarpidone and several other side prod-

A nal. Calcd for C^HigNOs: C, 56.02; H, 7 .44; N, 5.44. ucts but (i)-dasycarpidone could not be detected by tic. Using 
Found: C, 55.60; H, 7 .52; N, 5.59. silica gel G and benzene-ethyl acetate-ethanol (2 :2 :1  v /v )

IV-Methyl-3-ethyl-4-carbomethoxy-2-piperidone (7).— To a so- epidasycarpidone (Rt 0.50) and dasycarpidone (R i 0 .3) are 
lution of sodium cyanide (6.5 g, 0.13 mol) in D M F (100 ml) was readily separated.
added 23 g (0.09 mol) of 6 . The solution was heated under A n al. Calcd for CnH20N2O: C, 76.09; H, 7 .51; N, 10.44. 
reflux and gas evolution was monitored with a gas burette. In Found: C, 75.99; H, 7 .46; N, 10.01.
10 min 250 ml of gas was evolved (calculated for 1 equiv of carbon The picrate, mp 230 dec from ethyl acetate, was obtained
dioxide 2 1.) and gas evolution stopped. A white precipitate by treatment with saturated picric acid in 95%  ethanol, 
formed during this time. The mixture was heated at 150° for A nal. Calcd for C23H23N50 8: C, 55.53; H, 4 .66; N, 14.08.
an additional 2 hr. The solution was filtered and concentrated Found: C, 55.37; H, 4 .52; N, 13.97.
under reduced pressure. The residue was taken up in chloro- (±)-Dasycarpidone.— A sample of crude amino acid (0.790
form and washed with water. The crude product was distilled g, 3.3 mmol) was cyclized as described above. Preparative tic
under reduced pressure to yield 12.4 g (70% ) of 7 as a mixture of the entire crude product afforded 350 mg (54% ) of (± )-ep i-
of diastereomers, bp 110-120° (0.4 mm). The infrared spec- dasycarpidone and 100 mg of crude (i)-dasycarpidone. The
trum showed k™c“ 1730 and 1630 cm -1; nmr (CDC13) 3.72 crude dasycarpidone was subjected to repeated preparative tic
ppm (singlet, three protons, C 0 2CH3), 2.95 (singlet, three pro- to give 5 mg (0 .7% ) of amorphous ( ±  )-dasycarpidone (dasy-
tons, A’-CH3), and ca. 0.9 (two overlapping triplets, three pro- carpidone has never been obtained in crystalline form) which
tons, CH2CH3). showed the same infrared spectrum as natural dasycarpidone11

A nal. Calcd for CI0Hi7NO3: C, 60.28; H, 8 .60; N, 7.03 and the same mass spectrum as observed for epidasycarpidone. 
Found: C, 59.71; H, 8 .67; N, 6.98. l-Methyl-3-epi-dasycarpidol.—A solution of (i)-epidasycar-

3-[2-(A-Methyl-3-ethyl-4-carbomethoxypiperidyl)] indole (8 ).—  pidone (300 mg) in 3 ml of dry tetrahydrofuran under nitrogen was
Piperidone 7 (12 g, 0.06 mol) was added to freshly distilled phos- treated with 2 ml of 2 A1 methyllithium in ether. After 10 min
phorus oxychloride (12 g). The mixture was stirred at room the ultraviolet spectrum of the reaction mixture showed no 2-
temperature for 2 hr after which 7 g (0.06 mol) of indole was acylindole absorption at 314 m/i. The reaction mixture was
added. The mixture was then heated at 80° for 1 hr during hydrolyzed with water and extracted with ether to yield 0.310 g
which it became very viscous. After dilution with 1,2-dichloro- (97% ) of carbinol 11, mp 165-167° dec from methylene chloride,
ethane heating was continued for 10 hr. Aliquots of the reac- A nal. Calcd for Ci8HMN20 :  C, 76.02; H, 8.51; N, 9.85.
tion mixture showed increasing absorption at 335 m/i which Found: C, 75.80; H, 8 .36; N .9 .6 8 .
disappeared on addition of sodium borohydride. The cooled ( ±  )-Epiuleine.— An ether solution of the carbinol obtained
reaction mixture was diluted with methanol (50 ml) and made above (0.100 g, 0.35 mmol) in ether was added to 3.5 g of activity
slightly alkaline by addition of 25%  aqueous ammonia after I neutral alumina in an erlenmeyer flask. The ether was re-
which it was slowly added to a solution of sodium borohydride moved with a nitrogen stream and the material was heated for 30
(4.0 g) in aqueous methanol. The methanol was boiled off and min at 90-95° in an oven. The material was extracted from the
the resulting mixture was extracted with chloroform. The alumina with ether and chromatographed over activity II neutral
chloroform solution was extracted several times with 12% hydro- alumina with ether-benzene to give ( ±  )-epiuleine, 50 mg (77%
chloric acid. The hydrochloric acid extracts were made strongly based on unrecovered carbinol), and recovered carbinol (30
alkaline and extracted with chloroform to afford 11.8 g (66% ) mg). (±)-Epiuleine shows mp 135-136° after crystallization
of crude 8 which was suitable for preparation of the amino acid 9. from petroleum ether (bp 3 0-60°). The ( ±  )-epiuleine thus
A portion of crude 8 was filtered through neutral activity II  obtained was identical by uv, ir, mass spectrum, mixture melting
alumina and crystallized to give a pure diastereomer of 8 : mp point, and tic with a sample prepared by Joule and coworkers
140-141° (from benzene-hexane); nmr (CDC13) 0.64 (triplet, and compared with natural epiuleine.15
three protons, J  =  6 Hz, CH2CH3), 2.01 (singlet, three protons,
JV-CHS), and3.72 ppm (singlet, three protons, C 0 2CH3). R e g is try  N o.—2, 19775-51-0; 3 , 18700-27-1; 4 ,

A nal. Calcd for CI8H24N20 2: C, 71.97; H, 8.05; N, 9.33. 18688-38-5 ; 4  picrate, 26146-13-4; 6 , 26154-16-5; 7 ,
Found: C, 71.78; H, 8.16; N, 9.01 18813-70-2; 8, 18688-39-6; 9, 26154-19-8; 11 , 26211-

Amino Acid 9 .—A solution of crude 8 (11.8 g, 0.039 mol) in „
dioxane (50 ml) was added to 400 ml of 1.1 A  barium hydroxide Uz-y.
(aqueous) and the resulting mixture was refluxed under nitrogen (u) We are indebted t0 Professor Carl Djerassi for providing ua with
------------------------ spectra o f dasycarpidone.

(13) S. R . Safir, H . D ala lian, W . Fanshawe, K . C yr, R . Lopresti, R . (15) We are grate fu l to  Professor J. A . Joule, U n ive rs ity  o f M anchester,
W illiam s S. Upham , L . Goldm an, and S. Kushner, J .  A m e r .  C h e m . S o c ., 77, fo r carry ing  out th is  comparison and fo r com m unicating his results to  us 
4840 (1955). before pub lica tion .
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Novel Products from  the Oxidation of A5 Steroids 
with Potassium  Perm anganate in Pyridine1

H a r o ld  R . N a c e * a n d  A n n e  L. R i e g e r  

M etcalf Chemical Laboratories, Brown University, Providence, Rhode Island 02912

Received M ay 4, 1970

The oxidation of pregnenolone acetate with potassium permanganate in pyridine yields pregnane-3/3,5,6- 
triol-7,20-dione 3-acetate (3a) (ketotriol) and other products. Similar oxidation of 7-ketopregnenolone acetate 
also gave 3a. Similar results were obtained with cholesteryl acetate and with androst-5-ene-3/S,17/S-diol diac- 
etate. The respective ketotriols were dehydrated to diosphenols 5, and also were oxidized to give unusual 
seven-membered ring anhydrides 7.

An attem pt to prepare a 5,6-cfs-diol of pregnenolone droxyl hydrogen, and further evidence for this assign- 
acetate (la ) was made by treating it with a modification ment is given below.
of the potassium permanganate-periodic acid reagent of Acetylation of the ketotriol with acetic anhydride in 
Lemieux and von Rudloff.2 However, instead of the pyridine introduced one more acetyl group, and the in-
desired diol, a number of unusual and interesting oxida- frared spectrum of this compound 3b showed the pres-
tion products were obtained. The structures and some ence of three carbonyl groups, two acetate groups, and
of their chemistry are described in this and subsequent still showed hydroxyl absorption. Therefore, one of
papers. the hydroxyl groups must be tertiary, since it did not

The reaction was conducted in pyridine-water solu- acetylate, and most probably is at C-5. The nmr spec-
tion, but for solubility reasons, the ratio was changed trum  had peaks at 5 2.02, 2.10, and 2.17 (3- and 6-ace-
from the usual 1 :3  pyridine-water2 to approximately toxy and 21-methyl groups). The two doublets in the
5: 1 .  I t  is not known at present whether this change is parent compound were gone, and in addition to the
responsible for the different results obtained. In addi- broad complex absorption at 8 5.0 to 5.8 for the 3a-hy-
tion to an acid fraction which has not yet been studied, drogen, there was a single sharp one-proton peak a t 8
a complex neutral fraction was obtained from which so 5.17, assigned to the 6-hydrogen, 
far three compounds have been isolated and identified. Confirmation of the structure of the ketotriol was ob- 
They are 5/3,6/3-oxidopregnan-3/3-ol-20-one 3-acetate (2) tained by the permanganate-periodate oxidation of
(“5,6-oxide” ) (3 -1 4 % ), pregnane-3/3,5,6,7-tetrol-20-one 7-ketopregnenolone acetate (4a) which gave the keto-
3-acetate (5 -15% ), and pregnane-3/3,5,6-triol-7,20-dione triol in 32%  yield. None of the other oxidation prod-
3-acetate (3a) (7-ketotriol) (10-24% ) (Chart I). ucts obtained from pregnenolone acetate could be iso-

The 5,6-oxide was identical with an authentic sample lated from this reaction mixture,
prepared as reported by Akhtar and B arton ,3 and ap- In order to gain further information about the oxida-
pears to be the first reported example of the formation tion reaction, various modifications were tried. When
of an oxide from an olefin with the permanganate-peri- the oxidation was conducted under an atmosphere of
odate reagent. nitrogen, the same products were obtained and there

The structure and chemistry of the 7-ketotriol is the was no significant variation in the yields, indicating that
subject of this paper. Microanalysis indicated the atmospheric oxygen was not involved,
presence of six oxygen atoms, and the infrared spectrum When the oxidation of pregnenolone acetate was con- 
showed hydroxyl absorption and the presence of three ducted with potassium permanganate in pyridine-
carbonyl groups. The peak at 7.99 y  indicated that one water, without the periodate, the ketotriol was obtained
of these was an acetate carbonyl (assigned to C-3) and a in 26%  yield, and none of the other products could be
second carbonyl group was assigned to C-20. The nmr isolated. When 7-ketopregnenolone acetate (4a) was
spectrum showed peaks at 8 1.98 (21-CH 3), 2.09 (3-ace- oxidized with potassium permanganate in pyridine-
tate methyl), and 5.05 (at least six peaks, one proton, water, again only the ketotriol was obtained, in 20%
3a-H  on carbon carrying an acetate group) in confirma- yield.4
tion of these assignments. There was no significant From  these results, it appears that the permanga- 
ultraviolet absorption. nate-periodate reagent2 is not necessary for formation

It therefore appeared that there remained two hy- of the ketotriol and that permanganate is effecting both
droxyl groups and one carbonyl group to be charac- hydroxvlation of the 5,6 double bond and allylic oxida-
terized. The nmr spectrum also showed two doublets, tion at the 7-carbon atom.
8 3.80 («7 =  3 Hz) and 3.89 (J  =  2.5 Hz) which inte- Studies currently in progress in this laboratory (R.
grated for two protons. When D20  was added to the Hanninen and G. Starkey) indicate that the conforma-
sample, the doublets disappeared and a one-proton sin- tion of the 5- and 6-hydroxyl groups is a .  
glet appeared at 8 4.09. The same behavior was ob- When cholesteryl acetate was oxidized with the per- 
served when D20-pyridine or D 20-sodium  methoxide- manganate-periodate reagent, results similar, but not
methanol was added. These doublets have been as- identical, with those from pregnenolone acetate were
signed to coupling of the 6-hydrogen and the 6-hy- obtained. From  the complex neutral fraction was iso-

. lated cholesta.ne-3/?,5,6-triol-7-one 3-acetate (3c) (“7-
*  To whom  correspondence should be addressed. , , , . i m  , a r r f , , , , , . _
(1) G ra te fu l acknowledgm ent is made to  the W . S. M e rre ll Co. fo r iC C tO u riO l )  \ 0 / q )  E n d  C I1 0 l6S tS .n .€ -3 /3 ;0 ,O ; 7 - t 6 t r 0 l  3 - 8 0 6 -  

financia l support o f th is  w ork.

(2) L .  Lem ieux and E .  von R ud loff, C a n . J .  C h e m ., 33, 1701, 1710, (4) The oxidation has also been carried out w ith  periodic acid alone, and
1714 (1955). none of the  ke to trio l was form ed. The products w ill be described in  a sub-

(3) M . A k h ta r and D . H . R . Barton , J . A m e r .  C h e m . S oc ., 86, 1528 (1964). sequent paper.
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Chaet 1 When cholesteryl acetate was oxidized with perman-
CH3 ganate only in pyridine, the 7-ketotriol was obtained in

R ¿ _ q 18% yield, and 7-ketocholesteryl acetate under the same
T I conditions gave the 7-ketotriol in 23% yield.

1J1 View of the above findings, the permanganate-
------' periodate reagent was not used in the androstane series.

[ T J  f  J Instead, androst-5-ene-3/3,17/3-diol diacetate (lc) was
A cC r''’' ' ^ 6̂  treated with potassium permanganate in pyridine-water

la R = — COCH and androstra:ie‘3i8>5>6)17i8-tetrol-7-one 3,17-diacetate
3 2 (3e) was isolated from the neutral fraction in 23% yield.

b, R = — C8H17 Reactions of the 7-Keto Compounds. —Hydrolysis of
c,  R=-OCOCH3 pregnane-3/3,5,6-triol-7,20-dione 3-acetate (3a) with

Rj R potassium hydroxide in aqueous methanol was carried
7  | out with the intention of removing the 3-acetate group.

However, elemental analysis of the product indicated
/ j A / ------  ------ 1 that dehydration had also occurred. The infrared spec-

I : J [ trum was characteristic of a diosphenol, as was the ul-
A c O ^ ^ j A cu v - ' ' ^v' a ) traviolet spectrum, with a peak at 274.2 m/x (e

HO Q-  ̂ 16,700).6'6 The product, obtained in 64%  yield, was
therefore assigned the structure pregn-5-ene-3/3,6-diol- 

3a,R1 = -COCH3; R js-H  4a, R = -€OCH3 7,20-dione (5a) and must have arisen by /3 elimination
b, R,=R2=-€OCH3 b, R = -C8H17 of the 5-hydroxyl group, which is 3 to the 7-carbonyl
c,  R1= -C 8H16;R2 = -H  group. The diosphenol gave a positive ferric chloride
d, R1= -C 8H17;R2=-COCH3 test and application of Woodward’s rules7 to the ultra-
e, R3 = -OCOCH3; R, = —H violet spectrum gave a calculated value of 279 mg, com-
f, R1 = -OCOCH3;R2 = -COCH3 CH pared to the observed value of 274.2 mg.

| 3 The nmr spectrum showed a broad poorly defined
C = 0  multiplet centered at approximately 8 3.34 which was 

A  ^ [ 1  assigned to the 3a-hydrogen and the allylic 4-hydro-
J[ ___ ] | [ | gens, and a one-proton singlet at 8 6.13 which was as-

signed to the hydrogen of the 6-hydroxyl group, since it 
JL  X. 1 _  1  disappeared in the presence of deuterium oxide (see

A c O ^ ^ ^ i^ ^ O  below).
OH o When the 7-ketotriol was treated with thionyl chlo-

5a, Rj = -COCH3; R, = -H 6 ride in pyridine a product was obtained which differed
l, jji = _ qocH3- R, = —COCH from the starting material by one less molecule of water

. -p _ _ h and which still contained the acetate group. The infra-
__ c h ”'r, ——COCH red and u^ rav'-°̂ e  ̂ (maximum at 274.7 mg, e 9920)

’ 1 A ‘7’ j? ~ __ 3 spectra and a positive ferric chloride test again indicated
e, ‘ 1— 3, R2-  3 adisophenol,5'6towhichthestructurepregn-5-ene-3/3-6-
f, R! = OH;R2 = H diol-7,20-dione 3-acetate (5b) was assigned. When the

rx £  diosphenol acetate was hydrolyzed with potassium car-
I 1 bonate in aqueous ethanol a disophenol was obtained

| | which was identical with the one described above.
/ \  ------ ‘ The same reactions were carried out with the 7-keto-

C = 0  X X triol in the cholestane series and the same results were
r2Ci 'ŝ v'Cx I obtained. Basic hydrolysis gave cholest-5-ene-3;8,6-

R30 II 0  COOH diol-7-one (5c) in 32% yield and the infrared, ultra-
__ tt violet, and nmr spectra showed the same characteristic

a, 3, 3 — H 8 features. Thionyl chloride in pyridine again gave the
, Rl = R,=R3 = -COCH3 3-acetate (5d) of the diosphenol, identical with the one

c, Rt = —COCH3; Rj = -H; R3 = -CH3 reported in the literature.8 This identity thus provides
R,=-C sH17; R, = -COCH.,; R, = -H  good evidence for the structures of the diosphenols in

e. Ri=-C8H17; R2=R3= —C0CH3 the pregnane and androstane series, and provides addi-
f, R, = -OCOCH3; R, = Rj = -COCH3 tional evidence for the structure of the 7-ketotriol, since

it is difficult to visualize any other structures which
, , a- c xi. r c * 1 , , ... would give the diosphenol and also be in accord with thetate (4% ). JN one ol the 5,6-oxide, observed with preg- ,, . ,  ntu . r ,, , , , ,, , , , , ,  * , , j   ̂ b other evidence, ihe nmr spectrum ot the acetylatednenolone acetate, could be isolated. ,. , , , , , , , ,  , ,mi , , Ct, -  1 , , . , , . . .  - , . ,, diosphenol showed two doublets centered at 8 3.33 as-i  he structure of the 7-ketotriol was established in the • , , , ,■ ,, . . _  . signed to the 4-hydrogens, a single proton as a broadsame manner as in the pregnane series (see Expenmen-
tal Section). («> H. R. Nace and M. Inaba, J. Org. Chem., 27, 4024 (1962).

Again, confirmation of the structure ot the 7-keto- (6) n. r . Nace and d. ii. Neiander, .m , 29,1677 (1964).
triol was obtained by permanganate-periodate oxida- (?) R- B- Woodward, j . Amer. chem. soc., 64, 72 (1942); see also l. f .
a*  ̂ i j- /it\ i • i <1 Fieser and M. Fieser, “Steroids,” Reinhold, New York, N. Y., 1959, p 17.
tion of (-ketocholesteryl acetate (4b), which gave the (8) j M Heilbroni E_ H. Jones, and f . s. Spring, j . chem. Soc., soi
7-ketotriol in 36% yield. (1937).
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multiplet centered at 4.78, assigned to the 3a-hydrogen, anhydride 7f with similar properties but only stable
and a single-proton singlet at 6.30, assigned to the hy- when the 5-hydroxyl group was acetylated.
drogen of the 6-hydroxy group, since it disappeared in In all three series, an isomeric lactone structure can be 
the presence of deuterium oxide. Spin decoupling ex- written instead of the anhydride. The structure, 8, can
periments on this compound gave further evidence for be ruled out, however, on the basis of the infrared spec-
the assignments, since irradiation in the 5 4.78 region tra, since it would contain a free carboxyl group which
caused marked changes in the appearance of the two should show O-H absorption at 3.33-4.00 ¡x (KBr), and 
doublets assigned to the C-4 hydrogens. which should liberate carbon dioxide from sodium bicar-

In the androstane series the dehydration with thionyl bonate. It also seems unlikely that it would behave in
chloride in pyridine was carried out and the acetylated the observed manner on acetylation (although rear-
disophenol 5e was obtained in 64% yield. It showed rangement to the hydroxy anhydride is possible) and it
the same characteristics as the two described above. would not show infrared absorption in the 5.5-5.7 n re

in an attempt to gain additional information about gion. Although the structures of the anhydrides have
the 7-ketotriol (pregnane series) it was subjected to not been unequivocally established by relating them to
Jones oxidation.9 However, instead of the expected known compounds they are quite reasonable on the
6,7-a-diketone 6 (or its diosphenol isomer), a compound basis of the evidence at hand,
was obtained which gave a negative ferric chloride test,
a weak ultraviolet spectrum, and contained one more Experimental Section11
oxygen atom. The infrared spectrum had bands at 5.52 Potassiwn Permanganate-Periodic Acid Oxidation of Preg- 
and 5 .74  n, characteristic of a cyclic anhydride, 0 and nenolone Acetate (la).—A solution of 6.0 g (0.18 mol) of preg-
accordingly, the compound, formed in 66%  yield, has nenolone acetate in 400 ml of pyridine, a suspension of 5.60 g
been assigned structure 7a. In the nmr spectrum, in (0.035 mol) of potassium permanganate in 80 ml of water, and a
addition to the various methyl peaks, a sharp one-proton solution of 18.0 g (0-079 mol) of periodic acid in 50 ml of water

• „ + s a ,, u- u j -  j  ,, were prepared, the permanganate suspension was added to
singlet was present at S 4.74 which disappeared on the the pyridine so]utio/ and a*y remaining permanganate was
addition Ot U2U. this peak has been assigned to the washed in with the periodic acid solution. The reaction mixture
hydrogen atom on the 5-hydroxyl group. was stirred at room temperature for 43 hr and then filtered through

Such an anhydride could be formed from the 6,7-dike- an asbestos pad, and the pad was washed thoroughly with hot 
tone 6 by cleavage to the secodicarboxylic acid and sub- methanol. The combined filtrate and washings were cooled in

sequent formation of the anhydride. The seven-mem- experiment the filtrate and washings were treated separately and
bered ring anhydride exhibited unusual stability in that no significant difference in product ratios in the two fractions
it would not dissolve in sodium bicarbonate or sodium was noted.) The acid solution was decolorized with sodium
hydroxide solution, and no carbon dioxide was liberated bisulfite and then extracted thoroughly with ether. The ex-
when it was dissolved in aqueous methanol containing
sodium bicarbonate. It did dissolve m ammonium hy- give 4.17 g of solid neutral fraction. The sodium bicarbonate
droxide solution but apparently with decomposition wash was acidified with hydrochloric acid and extracted with
since no discrete compounds could be recovered. ether. The extract was washed with water, dried (M gS04),

When the anhydride was treated with acetic anhy- a”d ®vaPorat®d to Sive 0;t ° 3 f  of a complex mixture of acids
dnde and pyridine, one more acetate group was intro- The neutral fraction was chromatographed on a column of 
duced, as shown by microanalysis and the nmr spec- silica and the various fractions eluted were checked for purity
trum. Since the one-proton singlet at 6 4.74 had disap- and identity by tic. The first fraction, eluted with 10 :1-9 :1
peared, the new acetate group was assigned to the 5-hy- benzene-ether, was a mixture of unreacted pregnenolone acetate

droxyl group t°  give 7b. The hydroxyl absorption was " S  bm e „ « t h ,r ,  w „
no longer present m the infrared spectrum, but the two 50,6£-oxidopregnan-3,3-ol-2O-orie acetate (2a): yield 0.25 g
anhydride bands were still present. (3.8% ) (in other experiments, 3-14% ); mp (after recrystalliza-

When the anhydride was treated with methanol con- tlon from aqueous methanol) 136-137°; ir (KBr) 5.80, 5.90,
taining a small amount of concentrated hydrochloric 8-04 h°mogeneous % tlc ;  mp (with an authentic sample, 3

acid, methanolysis of the tertiary 5-hydroxyl group ap- ^ T W e x tlr itl^ ^ e h te d  with 8:1-7:1 benzene-ether, gave
patently occurred, and the corresponding 5-methyl 0.984 g (13.4%) (in other experiments, 5-15% ) of pregnane-
ether 7c was obtained in 25% yield. In the process, the ---------------
3-aCetate group was also hydrolyzed. The infrared ril) Melting points were determined with a Hershberg apparatus and
spectrum showed hydroxyl absorption and in the nmr Ansf  “tz thermometers and are corrected Analytical samples were re-

, , r, , 1 J  A r  crystallized to constant melting point and then dried at 100° (0.3 mm) un-
spectrum, the oa-hydrogen was shitted upheld to S 3.63. less stated otherwise. Analyses by Dr. S. M. Nagy and Associates, Micro-
The methoxyl methyl group appeared at S 3 42 and Chemical Laboratories, Massachusetts Institute of Technology, Micro-Tech
the anhydride bands were still present in the 'infrared TheWm.t Department'
Spectrum. Thin layer chromatography (tic) was carried out with glass plates coated

Jones oxidation9 of the ketotriol 3c in the cholestane with silica gel (Brinkman siUca sel G> °-025 mm thick. The plates were
-n 1. i , • , „  , , , . , eluted with various solvent systems and developed with a spray of 2,4-dinitro-

seriesgave Similar results. The anhydride 7d, obtained phenylhydrazine in phosphoric acid and ethanol, followed by heating at 
m 39%  yield, showed the same type of infrared and nmr so-ioo°.
spectra and the same type of behavior on acetvlation u Column chromatography was done with Baker’s analyzed silica, packed in

i i\ r ,1 , J  benzene, and the samples were put on the column in benzene. Anhydrous
(methanolysis was not attempted). In the androstane magnesium sulfate was used as a drying agent.
series, Jones oxidation of the ketotriol 36 also gave an Infrared spectra were determined with a Perkin-Elmer Infracord or with a

Perkin-Elmer Model 337 spectrophotometer. Ultraviolet spectra were 
determined with a Bausch and Lomb Spectronic 505. Nmr spectra were 

. v  obtained with a Varian HA-60A or A-60 spectrometer, using 12—30-mg samples
r i  K  Bowden, I. M. Heilbron, E. R. H. Jones, and B. C. L. Weedon, in 0.4 ml of deuteriochloroform with TMS as an internal standard.

* nf77l’ (1946).  ̂ The infrared and nmr spectrometers were purchased with funds granted to
tt,:. - ' Bellamy’ The Infrared Spectra of Complex Molecules,” the chemistry department by the National Science Foundation, and grateful
Wiley, New York, N. Y„ 1958, p 128. acknowledgment is hereby made.

3848 J .  Org. Chem., Vol. 35, No. 11, 1970 N a c e  a n d  R ie g e r



3/3,5,6,7-tetrol-20-one 3-acetate, which will be described in a and the mixture was stirred for 52.5 hr and then worked up as 
subsequent paper. above to give 0.61 g of neutral material and 0 .1 1  g of acid mate-

The last; fraction, eluted with 5:1 benzene-ether, gave 0.907 rial. Chromatography of the neutral material on silica and
g (12%) (in other experiments 10-24% ) of pregnane-3/3,5,6- elution with 8 :1 benzene-ether gave 0.13 g of starting material.
triol-7,20-dione 3-acetate (3a). The analytical sample was pre- Elution with 6:1 benzene-ether gave 0.25 g (20%) of the keto-
pared oy recrystallization from benzene-petroleum ether, and triol 3a.
had mp 189-189.5°: ir (KBr) 2.85, 5.75, 5.82, 5.92, and 7.99 Potassium Permanganate-Periodic Acid Oxidation of Choles-
m; homogeneous to tic; nmr 5 0.61 (18-CH3), 1.27 (19-CH3), teryl Acetate (lb).—To a solution of 7.0 g (16.3 mmol) of choles-
1.98 (21-CH3), 2.09 (3-acetate CH3), 2.17 (s, 1, disappears on teryl acetate in 450 ml of pyridine was added a suspension of 5.6
addition of D20 ) , 2.37 (center of quartet, 17a-hydrogen), two g of potassium permanganate in 80 ml of water and a solution of
doublets, which integrate for two protons at 3.80 (/ = 3 Hz), 18 g of periodic acid in 40 ml of water. The reaction mixture was
and 3.89 ( J  = 2.5 Hz) (disappear on addition of D20  or D2O - stirred for 39.5 hr and then worked up as for the previous oxida-
pyridine, or D20-sodium methoxide-methanol, and a one-proton tions to give 3.23 g of neutral material and 0.44 g of acidic mate-
singlet appears at 4.09), and 5.05 (m, 1, 3a-H). rial.

Anal. Calcd for C23H3406: C, 67.95; H, 8.43. Found: The neutral fraction was chromatographed on silica gel and
C, 67.98; H, 8.64. elution with 10:1 benzene-ether gave 0.46 g of starting material,

Pregaane-3/3,5,6-triol-7,20-dione 3,6-Diacetate (3b).—A solu- mp 111-112.5° after two recrystallizations from methanol;
tion of 0.406 g (0.974 mmol) of the ketotriol in 8 ml of pyridine ir spectrum identical with that of starting material. Elution
and 8 ml of acetic anhydride was heated on a steam bath for 2 with 9:1 benzene-ether gave 0.47 g of a mixture of starting
hr and then poured onto ice. The white solid was collected and material, an unknown material, and cholestane-3/3,5,6,7-tetrol
weighed 0.417 g (95%), mp 267-269 dec. The analytical sample 3-acetate, as determined by tic. Further elution with the same
was prepared by chromatography on silica, elution with 4:1 solvent gave 0.34 g of the latter compound. Finally, elution
benzene-ether and recrystallization from aqueous methanol, and with 8 :1 -6 :1  benzene-ether gave 0.65 g (7.7% ) of cholestane-
had mp 271-272°: ir (KBr) 2.94, 5.68, 5.77, 5.91,8.00, and 8.07^; 3/3,6,7-triol-7-one 3-acetate (3c), whose physical constants and
homogeneous to tic; nmr 5 0.65 (18-CH3), 1.32 (19-CH3), 2.02 analysis are given below.
(21-CH3), 2.10 (3-acetate CH3), 2.17 (6 -acetate CH3), 2.37 (cen- Potassium Permanganate-Periodic Acid Oxidation of 7-Keto- 
ter of quartet, 17a-H), 5.17 (s, 1, 6-H), 5.0-5.8 (m, 3a-H). cholesteryl Acetate (4b).—To a solution of 6.0 g (14 mmol) of

Anal. Calcd for C 2sH 360 j : C, 66.94; H , 8.09. Found: 7-ketocholesteryl acetate in 600 ml of pyridine was added a sus-
C, 67.13; H, 8.38. pension of 5.6 g of potassium permanganate in 120 ml of water,

Potassium Permanganate-Periodic Acid Oxidation of 7-Keto- followed by 18 g of periodic acid in 60 ml of water, and the mix-
pregnenolcne Acetate (4a).— To a solution of 1.00 g (2.68 mmol) ture was stirred for 67 hr and then worked up as above to give
of 7-ketopregnenolone acetate in 100 ml of pyridine was added 3.98 g of neutral material and 0.49 g of acidic material.
3.00 g (13.1 mmol) of periodic acid in 15 ml of water and 0.60 g of The neutral fraction was chromatographed on silica and elution
potassium permanganate in 30 ml of water. The reaction mix- with 9 :1 -7 :1  benzene-ether gave 2.23 g (36%) of eholestane-
ture was stirred at room temperature for 48 hr and then worked 3/3,5,6-triol-7-one 3-acetate (3c), mp 181-182° after one re-
up as in the previous oxidation to give 0.788 g of solid neutral crystallization from methanol. Recrystallization from ether and
material and 0.255 g of acidic material, not further investigated. then methanol gave an analytical sample: mp 180-181°; ir 

Tic of the neutral material showed that it contained four com- (KBr) 3.11, 3.03, 5.81, 5.83, and 8.04-8.1 n\ nmr 5 0.64 (18-
ponents, with the major one having the same lit value as the CH3), 0.79 (20-CH3), 0.89 (25-methyls), 1.27 (3-acetate CH3),
ketotriol. Chromatography on silica and elution with 5:1 2.23 (s, 1, which disappears on the addition of D20 ) ,  3.83 (d,
benzene-ether gave small amounts of a mixture of two unidenti- J  = 2.4 Hz), 4.04 (d, / = 4 Hz) (the pair of doublets disappeared
fied compounds, and finally elution with 5 :1 -4 :1  benzene-ether on the addition of D20  and a one-proton singlet appeared at 4.08),
gave 0.35 g (32%) of the ketotriol 3a. Its identity with the keto- and 5.00 (m, 3a-H).
triol described above was established by melting point, mixture Anal. Calcd for C m H isO s : C, 73.06; H, 10.10. Found:
melting point and comparison of the infrared spectra and tic Rt C, 72.40; H, 10.33.
values. Cholestane-3/3,5,6-triol-7-one 3,6-Diacetate (3d).—A solution

Potassium Permanganate-Periodic Acid Oxidation of Preg- of 0.21 g (0.44 mmol) of the ketotriol 3c in 4 ml of anhydrous
nenolone Acetate under a Nitrogen Atmosphere.—Purified pyridine and 4  ml of acetic anhydride was heated on a steam bath
nitrogen was bubbled through a solution of 3.88 g (10.8 mmol) of for 2 hr and then poured on ice. The precipitate was collected
pregnenolone acetate in 350 ml of pyridine for 1 hr. A suspen- to give 0.22 g (95%) of the diacetate. A sample was recrystal-
sion of 2.34 g (1.48 mmol) of potassium permanganate in 75 ml lized from methanol for analysis to mp 221-222°: ir (KBr)
of water was added and any remaining permanganate was rinsed 2.88, 5.78, 5.80, and 7.98 m; homogeneous to tic; nmr S 0.67
in with a solution of 12.74 g (5.58 mmol) of periodic acid in 50 (18-CH3), 0.82 (20-CH3), 0.92 (25-methyls), 1.32 (19-CH3),
ml of water. Nitrogen was bubbled through the solution for 2.04, 2.18 (3- and 6 -OCOCH3), 2.35 (s, 1), 5.15 (s, 1, 6 -H, and a
30 min, the flask was stoppered, and the solution was stirred for broad multiplet, 3<*-H).
40.5 hr. The reaction was then worked up as above and a neu- Anal. Calcd for CuHsoCh: C, 71.78; H, 9.74. Found:
tral fraction of 2.69 g and an acid fraction of 0.483 g were ob- 72.14; H, 9.77.
tained. Chromatography of the neutral fraction as above gave Potassium Permanganate in Pyridine Oxidation of Cholesteryl
starting material, 0.093 g of unidentified material, 0.244 g (6.0% ) Acetate.—To a solution of 6.0 g (14 mmol) of cholesteryl acetate
of the 5,6-oxide 2a, 0.361 g (8.2% ) of the tetrol, and 0.805 g lb in 350 ml of pyridine was added 6.0 g of potassium perman-
(18.5%) of the ketotriol 3a. ganate in 40 ml of water, and the resulting mixture was stirred

Potassium Permanganate in Pyridine Oxidation of Pregneno- for 65.5 hr. After the usual work-up, 4.32 g of neutral material
lone Acetate.—To a solution of 10 g (27 mmol) of pregnenolone and 0.65 g of acidic material were obtained.
acetate in 600 ml of pyridine was added a suspension of 10 g of The neutral fraction was chromatographed on 200 g of silica
potassium permanganate in 150 ml of water, and the mixture and 100-ml eluates were collected. Elution with 1000 ml of
was stirred for 47 hr and then worked up as in the previous oxi- benzene gave 1.04 g of starting material, mp 114-115° after
dations. A neutral fraction of 5.7 g and an acid fraction of 1.4 g recrystallization from benzene. Nothing was eluted with 700 ml
were obtained. The neutral fraction was chromatographed on of 20:1 benzene-ether. Elution with 900 ml of 15:1 ̂ benzene-
200 g of silica and 100-ml eluates were collected. Nothing was ether gave 0.19 g of impure material. Elution with 700 ml of
eluted with 700 ml of benzene and 500 ml of 20:1 benzene-ether. 8 :1  benzene-ether gave 1.37 g (21%) of ketotriol 3c, mp 181-
The next 500 ml of the latter solvent gave 1.87 g of starting mate- 182° after one recrystallization from methanol,
rial. The next 200 ml, followed by 400 ml of 10:1 benzene-ether Potassium Permanganate in Pyridine Oxidation of 7-Keto-
eluted nothing, and then 400 ml gave 49 mg of impure material. cholesteryl Acetate.—To a solution of 6.00 g (13.6 mmol)
The next 2500 ml gave 2.85 g (26%) of the ketotriol 3a, which had 7-ketocholesteryl acetate 4b in 250 ml of pyridine was added 5.60
mp 185.5-187° after one recrystallization from benzene-pe- g  of potassium permanganate in 10 0  ml of water and the resulting
troleum ether. mixture was stirred for 88 hr. After the usual work-up, 2.47 g

Potassium Permanganate in Pyridine Oxidation of 7-Keto- of neutral materia, and 0.92 g of acidic material were obtained, 
pregnenolone Acetate (4a).— To a solution of 1.13 g (3.00 mmol) The neutral material was chromatographed on silica, and elu-
of 7-ketopregnenolone acetate in 75 ml of pyridine was added a tion with 9:1 benzene-ether gave small amounts of impure frac-
suspension of 0.515 g of potassium permanganate in 15 ml of water tions and, finally, 1.50 g (23%) of the ketotriol 3c, mp 180-181 .
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Potassium Permanganate in Pyridine Oxidation of Androst-5- g (32%) of the diosphenol Sc. Recrystallization from methanol
ene-3/3,l70-diol 3/3,17-Diacetate (1 c)-■—To a solution of 4.10 g gave an analytical sample: mp 155-156°; homogeneous to tic;
(10.9 mmol) of the androstene lc in 400 ml of pyridine was added ir (KBr) 2.94, 5.97, and 6.07 n; uv max (MeOH) 213.2 m/x (e
4.6 g of potassium permanganate in 65 ml of water and the result- 5920) and 273.5 (15,600) [lit.8 mp 156-157°; uv max 274.5 mu
ing mixture was stirred for 19 hr. Work-up in the usual manner (« 19,956)]; nmr S 0.69 (18-CH3), 0.81 (20-CH3), 0.91 (25-
gave2.84gof neutral material and 0.62 g of acidic material. CH3’s), 1.17 (19-CH3), four d at 3.10 (J  = 9.6 Hz), 3.27 ( J

The neutral fraction was chromatographed on silica and elution =  2 Hz), 3.42 (/ = 2 Hz), 3.50 (J  = 2.5 Hz) (C-4 H ’s coupled
with 10:1 benzene-ether gave 1.25 g of starting material. As to the 3a-H). Spin decoupling experiments with irradiation at
the proportion of ether was gradually increased a number of 4.78 caused marked changes in the appearance of the doublets,
impure fractions were collected, and finally 5:1 benzene-ether with some coalescing to singlets: 4.78 (m, 3a-hydrogen) and
gave 1.04 g (23%) of androstane-3/3,5,6,17/3-tetrol-7-one 3,17- 6.3 (s, 1, 6 -OH, disappears on the addition of D20 ) .
diacetate (3e). Two recrystallizations from benzene-petroleum Androst-5-ene-3(3,6,l7/3-triol-7-one 3,17-Diacetate (5e).'—A 
ether gave an analytical sample: mp 158.5-159°; ir (KBr) solution of 0.153 g (0.36 mmol) of the ketotriol 3e in 2 ml of 
2.82, 2.92, 5.73, 5.75, 5.81, 7.96, and 8.06 ju; nmr & 0.78 (18- anhydrous pyridine was cooled in an ice bath and 2 ml of thionyl
CH3), 1.27 (19-CH3), 1.98 and 1.99 (3- and 17-OCOCH3), 2.35 chloride was added dropwise over a period of 5 min. The solu-
(s, 1 disappears on the addition of D20 ) , 3.78 (d, J  = 3 Hz), tion was allowed to warm to room temperature and poured onto
and 4.03 (d, / = 3 Hz) (the two doublets disappear on the addi- crushed ice and the precipitate collected to give 0.128 g which
tion of D20 ,  and a sharp s, 1, appears at 4.01, 6 -H), and 4.83 was chromatographed on silica. Elution with 20:1 benzene-
(m, 3a- and 17a-H's). ether gave 93 mg (64%) of the diosphenol 5e. An analytical

Anal. Calcd for C23H340 7 : C, 65.38; H, 8.11. Found: sample was obtained by recrystallization from benzene-petroleum
C, 65.40, H, 8.11. ether, and had mp 216.5-217°: uv max (MeOH) 274.5 m/x (e

Androstane-3|3,5,6,17/3-tetrol-7-one 3,6,17-Triacetate (3f).—• 16,900); positive ferric chloride test; nmr 5 0.85 (18-CH3),
A solution of 114 mg (0.27 mmol) of the above compound 3e in 1.22 (19-CH3), 2.05 (six protons, 3- and 17-OCOCH3), four
3 ml of pyridine and 3 ml of acetate anhydride was heated on a doublets at 3.14 { J  =  2 Hz), 3.22 ( J  — 2 Hz), 3.37 ( J  = 2 Hz),
steam bath for 4 hr and then poured over ice. The precipitate 3.45 (J  = 2.5 Hz) (1.8 protons, 4-H’s), 4.45 (m, 2, 3a- and
was recrystallized from methylene chloride-petroleum ether to 17a-H), and 6.18 (s, 1, disappears when D20  is added,
give an analytical sample: mp 127-128.5°; ir (KBr) 2.90, 5.73, 6 -OH).
5.75, 7.93, and 8.12 Anal. Calcd for C23H320 6: C, 68.29; H, 7.98. Found: C,

Anal. Calcd for C^H^Os: C, 64.87; H, 7.81. Found: 68.56; H, 7.98.
C, 64.46; H, 7.85. Androst-5-ene-30,6 ,17/3-triol-7-one (5f).—To a solution of 177

Pregn-5-ene-3,6-diol-7,20-dione (5a).—To a solution of 0.704 mg (0.419 mmol) of androstane-3/3,5,6,17/3-tetrol-7-one 3 ,1 7 -
g (1.73 mmol) of the ketotriol 3a in 55 ml of methanol was added diacetate (3e) in 35 ml of methanol was added a solution of 758
a solution of 0.85 g of potassium hydroxide in 20 ml of water and mg of potassium hydroxide in 2 ml of water. The resulting solu-
25 ml of methanol, and the resulting solution was allowed to tion was heated on a steam bath for 2 hr and then allowed to
stand for 18 hr. I t  was then poured into ice water, the resulting stand at room temperature for 12 hr. After acidification with
mixture was acidified with hydrochloric acid, sodium chloride concentrated hydrochloric acid the solution was extracted with
was added, and the mixture was refrigerated for 12 hr. The ether, the extract was dried (M gS04), and the solvent was evap-
resulting white solid, 0.338 g (64%) was recrystallized from orated to give 92 mg of solid which gave a positive ferric chloride
methanol to give an analytical sample of the diosphenol 5a: test. The solid was taken up in benzene and chromatographed
mp 252-255°; ir (KBr) 2.90 (broad), 5.89, 5.98, and 6.11 /x; uv on 20 g of silica. Nothing was eluted with eleven 50-ml fractions
max (CH3OH) 209 m̂ x (e 15,400), 224 (10,900), and 274.2 (16,700); of benzene, six 50-ml fractions of 10:1 benzene-ether, and three
homogeneous to tic, strong positive ferric chloride test; nmr S 50-ml fractions of 5:1 benzene-ether. One more 50-ml fraction
0.65 (18-CH3), 1.12 (19-CH3), 2.12 (21-CH3), 2.34-2.50 (q, of the latter gave 8 mg of impure material and the next five
17a-H), 3.00-3.42 (m, 3a- and 4-H’s), and 6.13 (s, 1, 6 -OH). fractions gave 88  mg (69%) of homogeneous (tic) diosphenol 5f

Anal. Calcd for C2iH30O4: C, 72.79; H, 8.73. Found: (positive ferric chloride test). Recrystallization from benzene-
C, 72.89; H, 8.75. petroleum ether gave mp 220-232°: ir (KBr) 2.91, 5.97 (sh),

Pregn-5-ene-3/3,6-diol-7,20-dione 3-acetate (5b).—A solution 6.05 (sh), and 6 .06/x; uv max (MeOH) 215 npx (e 7000) and 269.5
of 0.405 g (1.00 mmol) of the ketotriol in 4 ml of anhydrous (21,600).
pyridine was cooled to 0° and 4 ml of thionyl chloride was added Anal. Calcd for Ci9H280 4: C, 71.21; II , 8.81. Found:
dropwise with swirling. The reaction mixture was kept in an C, 71.39; H, 9.44.
ice bath for 15 min and then added slowly to an ice and water Jones’ Oxidation of the Ketotriol 3a in the Pregnane Series.—
mixture. The resulting tan solid was chromatographed on a To a solution of 302 mg (0.742 mmol) of the ketotriol in 20 ml
column of silica, and elution with 10:1 benzene-ether gave 0.062 of dry acetone was added 1.2 ml of Jones’ reagent over a period
S (16%) of diosphenol 5b, which had mp 184-185.5° after re- of 2.5 min. The solution was stirred for 20 min, 10 ml of meth-
crystallization from methanol, was homogeneous to tic, and gave a anol was added, stirring was continued for 20  min, and then the
positive ferric chloride test. solution was diluted with water and extracted thoroughly with

An analytical sample was obtained by recrystallization from chloroform. The extract was washed with water, dried (M gS04),
methanol: mp 193-193.5°; ir (KBr) 2.89, 5.74, 5.90, 5.95, and the solvent was evaporated under reduced pressure to give
6.07, and 7.98 m; uv max (CH3OH) 206.8 m̂ i (e 1350) and 274.7 207 mg (6 6 %) of the anhydride 7a. The analytical sample,
(9920); nmr S 0.67 (18-CH3), 1.17 (19-CH3), 2.03 and 2.11 prepared by chromatography on silica, elution with 4 :1 -2 :1
(3-OCOCH3 and 21-CH3), 2.89-3.49 (eight peaks, 4-H’s), benzene-ether, and two recrystallizations from benzene-pe-
5.33 (m, 3a-H), and 5.33 (6 -OH). troleum ether, had mp 199-200°: ir (KBr) 2.90-3.05, 5.52, 5.74,

Anal. Calcd for C23H320 5 : C, 71.10; II , 8.30. Found: C, 5.84 (sh), 5.94 and 8.03 ¡j.; a complex but weak uv spectrum;
70.92; H, 8.92. a negative ferric chloride test; nmr S 0.69 (18-CH3), 1.13 (19-

A solution of 20 mg of the diosphenol 5b and 31 mg of potassium CH3), 2.04 (21-CH3), 2.10 (3-OCOCII3), and 4.74 (s, 1 , lost on
carbonate in 5 ml of 95% ethanol and 1 ml of water was allowed addition of D20 ,  5-OH, and a broad multiplet, 3a-H).
to stand for 16 hr and then was acidified with concentrated hydro- Anal. Calcd for C23H320 7: C, 65.69; H, 7.67. Found:
chloric acid. The white solid was collected and had mp 232- 65.22; H, 7.68.
235°. Tic gave the same Rf value as the disophenol 5a. One Acetylation of the Anhydride 7a in the Pregnane Series.—
recrystallization from methanol gave mp 245-247°, mmp (with A solution of 66  mg (0.15 mmol) of the anhydride in 2 ml of dry
diosphenol 5a) 253-254°, ir spectra superimposable. pyridine and 2 ml of acetic anhydride was heated on a steam bath

Cholest-5-ene-3/3,6-diol-7-one (5c). To a solution of 0.480 g for 1.75 hr and then poured onto cracked ice. The resulting
(1.0 mmol) of the ketotriol 3c in 90 ml of methanol was added a solid, 52 mg, was collected and chromatographed on 8 g of
solution of 0.511 g of potassium hydroxide in 10 ml of methanol silica. Elution with 8 :1 benzene-ether gave 59 mg (67%) of the
and 10 ml of water and the resulting solution was allowed to acetylated anhydride 7b. The analytical sample was obtained
stand for 14 hr and then poured into 100 ml of water. The mix- by recrystallization from acetone-water containing 1 drop of
ture was acidified with hydrochloric acid and extracted with concentrated hydrochloric acid, or from methanol, and had mp
ether, and the ether extract was washed with water, dried 191-192°: ir (KBr) 5.52, 5.62, 5.75, 5.87, and 7.89-7.99 M;
(M gS04), and evaporated. The residue, 0.343 g, was chromato- nmr S 0.72 (18-CH3), 1.12 (19-CH3), 2.03 (21-CH3), 2.14 (six
graphed on silica, and elution with 9 :1  benzene-ether gave 0.142 protons, 3- and 5-OCOCIK), 5.16 (m, 1 , 3a-H).

3850 J .  Org. Chem., Vol. 35, No. 11, 1970 Nace and R ieger



Anal. Calod for C26H340 8: C, 64.95; H, 7.41. Found: 8 0.74 (18-CH3), 1.12 (19-CH3), 2.05 and 2.12 (3- and 5-
65.51; H, 7.50. OCOCH3’s), and 5.00 (m, 1 , 3«-H).

Acid Hydrolysis of the Anhydride 7a in the Pregnane Series.— Anal. Calcd for C31H480 ,:  C, 69.90; H, 9.08. Found-
A solution of 190 mg (0.45 mmol) of the anhydride 7a in 40 ml C, 70.26; H, 9.14.
of methanol containing 25 drops of concentrated hydrochloric Jones Oxidation of the Ketotriol 3e in the Androstane Series, 
acid was boiled under reflux for 1 hr, allowed to cool, and poured —To a solution of 243 mg (0 .5 7 5  mmol) of the ketotriol in 25 ml 
into 200 ml of water. The resulting solution was saturated of dry acetone was added dropwise with stirring over a period of
with salt, and the white precipitate which formed was collected 5 min 1 ml of Jones reagent. After an additional 15 min of
and recrystallized from methanol to give_42 mg, (25%) of 7c: stirring 10 ml of methanol was added and the solution was allowed
mp 18C-182 ; ir (KBr) 2.80, 2.90, 5.54, 5.84, and 5.90 n; nmr to stand for 2 hr more and worked up as above to give 232 mg
5 0.69 (18-CH3), 1.12 (19-CH3), 2.12 (21-CH3), 3.42 (s, 3, 5- of oily solid. Earlier experiments indicated that partial de-
OCH3), and 3.63 (m, 3a-H). acetylation had occurred, so the material was dissolved in 5 ml

Anal. Calcd for C22H320e: C, 67.32; H, 8.22. Found: of pyridine and 5 ml of acetic anhydride and heated on a steam
C, 67.54; H, 8.31. _ bath for 14.5 hr. The solution was then poured into water and

Jones Oxidation of the Ketotriol 3c in the Cholestane Series.— the resulting solid was collected to give 144 mg, mp 209—210.5°,
To a solution of 408 mg (0.855 mmol) of the ketotriol in 35 ml homogeneous to t_c. The solid was chromatographed on 20 g of
of dry acetone was added dropwise with stirring 1.2 ml of Jones’ silica. Nothing was eluted with twelve 50-ml fractions of ben-
reagent. The reaction mixture was stirred for 8 min and then zene and two 50-ml fractions of 20:1 benzene-ether. Elution
50 ml of methanol was added and the reaction mixture was with four more fractions of the latter solvent gave 107 mg which
worked up as above to give 315 mg of an oily solid. The solid was recrystallized from methanol to give 61 mg (22%) of 7f:
was chromatographed on 30 g of silica and elution with 10:1 mp 215-215.5°; ir (KBr) 5.53, 5.62, 5.75, 7.95, and 8.03 y;
benzene-ether gave 160 mg (39%) of anhydride 7d: mp (after nmr 8 0.85 (18-CH3), 1.13 (19-CH3), 2.03 (nine protons, 3-,
recrystallization from benzene-petroleum ether) 185.5-187°; 5-, and 17-OCOCH3’s), 4.48 (t, 1 17a-H), and 5.08 (m, 3<*-H).
ir (KBr) 3.01-3.03, 5.54, 5.62, 5.73, 5.87, and 8.11-8.18 Anal. Calcd for C26H340 9: C, 62.77; H, 7.18. Found:
nmr 8 0.73 (18-CH3), 1.12 (19-CH3), 2.04 (3/3-OCOCH3), and C, 63.22; H, 7.18.
3.89 (5-OH, disappears on the addition of D20 ) .

Anal. Calcd for C29H460 6: C, 70.82; H, 9.45. Found: t> + , aA »
C, 70.53; H, 9 .2 3 . Registry N o.— Potassiu m  perm anganate, 7722-64-7 ;

Acetylation of the Anhydride 7d in the Cholestane Series.— 3a, 26145-85-7; 3b, 26145-86-8; 3c, 26145-87-9; 3d,
A solution of 58 mg (0.012 mmol) of 7d in 2 ml of acetic anhydride 26145-88-0; 3e, 26145-89-1; 3f, 26145-90-4; 5a,
and 2 ml of pyridine was heated on a steam bath for 3.5 hr and 26145-91-5; 5b, 26210-96-8; 5c, 26145-92-6; 5e,
poured onto ice. The resulting precipitate was collected and o ria z  qq 7 . ef o co in  ov o . o a i/IK n/t c . wu
chromatographed on silica. Elution with benzene gave 41 mg of l .  Qfi n- HA o n i l t o T l .  hJ
7e which was recrystallized from aqueous methanol and then had 2b 145-95 9 , 7e, 26145 96  0 , 7d, _ b l4 o -9 7 -l , 7e ,
mp 147-148°: ir (KBr) 5.52, 5.63, 5.71, 8.04, and 8.07 M; nmr 26145-98-2; 7f, 26145-99-3.

Synthesis and Photocycloadditions of Compounds Related to
3-Carboxycyclohexenone1
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Irradiation of 1, 2, and 3 in the presence of ethylene, acetylene, and 2-butyne leads to formation of cycloaddi
tion products 22-26. Bromination-dehydrobromination of 23 yields the cyclooctadienone 27. The 3-car- 
bethoxycyclohexenones 16 and 17 are prepared from the Diels-Alder adduct 13 of maleic anhydride with the new 
diene 7. Reaction of 3-methoxycyclohexenone (6 ) with diethylaluminum cyanide gives the corresponding nitrile 
3 in a single step.

We have explored the chemistry of derivatives of
3-carboxycyclohex-2-enone (1) as synthetic intermedi- c2h o [ !
ates and as models for more highly substituted com- j| | || | f x f
pounds. Some of our observations appear to be of gen- °, 9
eral interest, and we record these below. They include o '—
the smooth photochemical cycloaddition of ethylene, , R. C00H 4 5
acetylene, and 2-butyne to three of the simplest exam
ples of this system, 1, 2, and 3; a one-step preparation of 2, R - C02C2H5 C2H50 H
nitrile 3 which may be broadly applicable; and a new 3, r= cn h2c= c - c =  c — co2c2h5
route to ring-substituted derivatives of 1 employing the 6, r = och3 h
Diels-Alder reaction. Previous preparations of simple 7
derivatives of 1 have involved either chromic acid oxida
tion of the unsaturated ester 4 to give 2 ,3 or addition of method is inherently limited in applicability. The cya-
hydrogen cyanide to the ketal (5) of dihydroresorcinol, n’^e addition gives only moderate overall yields but pre
followed by hydrolysis and dehydration to 3 .4 The ex- sumably could be applied to substituted cyclohexane-
act conditions in the former reaction are critical and the 1,3-diones. In our hands ..he published procedures for

both these reactions were not wholly satisfactory, and
(1) A portion of this work has been published in preliminary form: W. C‘ jn  th E x perimental Section We report details of im-

Agosta and W. W. Lowrance, Jr., T etrahedron  L ett., 305o (1969). ~ . *
(2) Fellow of the Alfred P. Sloan Foundation. Author to whom cor- prOVGQ. COndltlOIlS. 

respondence should be addressed.
(3) M Mousseron, R. Jacquier, A. Fontaine, and R. Zagdoun, Bull. Soc. (4) M. W. Cronyn and J. E. Goodrich, J. Amer. Chem. Soc., 74, 3331

C him . F t., 1246 (1954). (1952).
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We have found a simple alternative preparation of 3 vinylacrvlyl chloride with acrylyl chloride have been
from the readily available enol ether 6.6 This com- examined12 with care, and it is known that the cis ad-
pound reacts with diethylaluminum cyanide6 in benzene ducts 15 are preferentially formed. Similarly, reaction
at room temperature to yield 3 directly in a Michael- of vinylacrylic acid or ester with quinone leads only to
type addition-elimination reaction. Hydrolysis of 3, cis,cis addition.13 These experimental observations are
protected as the ethylene ketal, or of 2 gives the previ- completely in accord with theoretical prediction,14 and
ously unknown parent acid 1. we assume then that the single isomers (13 and 14) ob-

As an approach to ring-substituted derivatives of 1, tained from 7 in greater than 60% yield have the cis, cis 
we have prepared diene 7 and investigated its Diels- stereochemistry indicated.
Alder addition to suitable dienophiles. Wittig reaction The maleic anhydride adduct 13 was employed for 
of carbethoxymethylenetriphenylphosphorane (8) with further transformation and could be converted into
a-ethoxyacrolein (9)7 gives exclusively the trans isomer triester 16 and diester 17, examples of ring-substituted
of 7, as expected.8 The nuclear magnetic resonance 3-carbethoxycyclohexenones. Compound 13 absorbed
(nmr) spectrum of the reaction product showed that a 1 equiv of bromine quite readily; the crude product (18)
single isomer is formed, and a vicinal coupling constant was treated first with hot ethanol containing hydrogen
of 15 Hz indicated9 this to be the trans compound. chloride and then briefly with aqueous sulfuric acid at
Derivatization of 7 gave the known10 2,4-dinitrophenyl- room temperature. Exposure to acidic alcohol presum-
hydrazone of ethyl /3-acetoacrylate. With the pyrroli- ably serves three functions, esterification of the suc-
dine enamine of cyclopentanone, 7 formed an adduct cinic anhydride, conversion of the a-bromo, ether of 18
which on treatment with acid underwent loss of pyrroli- into a ketal, and dehvdrobromination of the interme-
dine and oxidative aromatization to the indan 11.11 diate /3-bromo ester. Final treatment with mild aque-

Ph p - chco c h ous ac^  aH°ws hydrolysis of the ketal and formation of
3 2 2 5  the isolated cyclohexenone 16. Although there is op-

8 r— \ portunity for epimerization to the trans isomer in this
_  rooc jI y  sequence, this apparently does not occur. In the nmr

h2c— c- cho spectrum of 16 at 220 MHz the geminal protons adja-
c2h5o cent to the ketone carbonyl group are separated cleanly

9 qC H from all other signals and are seen as the AB portion of
a typical A BX system with ,/AB =  17, ./AX =  5.0, and 

c2h5och2ch(oc2h5)2 ii, r = c2h5 J bx  =  3.5 Hz. Examination of molecular models of 16
10 12 r = h and its trans diastereomer, and application of the

Karplus relation15 show that the observed coupling con
stants are reasonable only for the cis isomer shown. An 

oN alternative preparation of 16 was possible through keto-
J -  \ cox triester 19, formed on esterification16 of 13 with ethanol

C2H502C^^A\Y^>q xoc^ J ^  o

c2m,o,cv X <'oo!c2hs c2h5o2ĉ I  A 0 s2hso2c s JC ^ co,c,h5

I - ,  v  Xf  v
o Br 0C2H5 o

13, X * 0 15 i6,r=co2c2h5
14, X = N -  Ph l7,R=H 18 19

The conditions used lead to ester hydrolysis, and the c2h5o2c J C cooh
product was isolated as the parent acid 12. Reaction T  T  T  J
of diene 7 with the active dienophiles maleic anhydride a t .n n
and N-phenylmaleimide at 110° yielded the nicely crys- 0 0
talline cyclohexenes 13 and 14. The related condensa- 20 21
tion of vinylacrylic acid with acrylic acid and that of . . . , ,  .

containing p-toluenesulfomc acid and subsequent mild
ifii w w°rn’,R' P̂ PM°’v nt J- Sz“ US2kovjlcz' J - Chem- Soc1779 (1953). hydrolysis of the intermediate ketal. Bromination of(6) W. Nagata and M. Yoshioka, Tetrahedron L ett., 1913 (1966). - Í .  ,. . , ,  . .  , , .
(7) m. f . Shostakovskü and N. a . Keiko, Do hi. A kad . N a u k  sssr, 162, 19111 acetlc acid, followed by dehydrobrommation using

362 (1965). «-Ethoxyacroiein o) is prepared by condensation of formal- lithium bromide and lithium carbonate in dimethyl-
formamide,”  gave 16, identical with the material de-

for this reaction without intermediate isolation of the unstable aldehyde. SCribed above. Successful reaction Conditions Were
This simple modification should make 9, which has been little studied, a  considerably less critical in this case than in direct bro-

(8) o. isier, h. Gutmann, m. Montavon, r . Rüegg, g. Ryser, and p. mmation ot 13; the sequence is less interesting, however,
zeiier, Heir. c h im . A cta, 40,1242 (1957); s. s. Novikov and G. A. 'shvekh- since its application to a ketone lacking the symmetry
gelmer, Izv. A kad . N a u k  S S S R , Otd. K h im . N au k , 673 (1960); V. F.
Kuckerov, B. G. Kovalev, G. A. Kogan, and L. A. Yanovskaya, D oH . (12) K. Alder, M. Schumacher, and O. Wolff, Ju stu s  L ieb ig s  A nn . C hem .,
A kad . N a u k  S S S R , 138, 1115 (1961). 564, 79 (1949).

(9) L. M. Jackman and S. Sternhell, "Applications of Nuclear Magnetic (13) R. B. Woodward, F. E. Bader, H. Bickel, A. J. Frey, and R. W. Kier-
Resonance Spectroscopy in Organic Chemistry,” 2nd ed, Pergamon Press, stead, Tetrahedron, 2, 1 (1958).
Oxford, 1969, pp 301-302, and references cited therein. (14) A. S. Onishchenko, "Diene Synthesis,” Daniel Davey and Co., New

(10) S.-O. Lawesson, M. Dahlén, and C. Frisell, A cta Chem . S can d ., 16, York, N. Y., 1964, Chapter 1, and refrences cited therein.
1191 (1962).  ̂ (15) Reference 9, pp 281-298, and references cited therein.

(11) For similar reactions of vinylacrylic ester with enamines, see S. (16) A. C. Cope and E. C. Herrick, J .  A m er. Chem . S oc ., 72, 983 (1950).
Danishefsky and R. Cunningham, J .  Org. C hem ., 30, 3676 (1965), and G. A. (17) R. P. Holysz, ib id ., 75, 4432 (1953); R. Joly, J. Warnant, G. Nominé.
Berchtolb, J. Ciabattoni, and A. A. Tunick, ib id ., 30, 3679 (1965). and D. Bertin, B u ll. Soc. C him . F r„  366 (1958).
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of 19 would undoubtedly lead to a mixture. The path signals for the three olefinic protons are well separated
from 13 first outlined, on the other hand, may be of and interpretable upon inspection (HA 5.95 ppm, d, J AB
some general use in preparing 3-carboxycyclohexenones. =  12.5 Hz; H B 6.50 ppm, dd, J AB =  12.5, ./BC =  5.5

The bromination-dehydrobromination conditions just Hz; Hc 7.30 ppm, d, J Bc =  5.5 Hz). Using this ob-
described for 13 involved direct ethanolysis after bro- served J bc in the modified Karplus equation appropri-
mination. If instead the crude bromide 18 was treated ate27 to such systems in medium rings, we estimate the
with water, a different sequence of reactions ensued. dihedral angle between HB and Hq to be about 45°, a
Water apparently opens the anhydride and converts the value that appears reasonable in molecular models of
a-bromo ether to the corresponding ketone. The re- 27. This sequence of cycloaddition followed by bromi-
sulting bromoketo acid 20 was heated directly at 80° in nation-dehydrobromination provides rather convenient
hexamethylphosphoramide18 and underwent dehydro- access to this substituted cyclooctadienone.
bromination to give intermediate 21, followed by ther
mal decarboxylation of this vinylogous ,8-keto acid.19
Subsequent esterification gave the diester 17. R R C02C2H5 co c h

We now turn attention to photochemical cycloaddi- — \ — ''"''A /  2 2 5
tions of the simple unsaturated systems 1, 2, and 3. — I J  ) — L J  o ^ v = /''H
These are the first examples of addition of an alkene or o R o h h °
alkyne to cyclohexenones having strongly electron-with- A B
drawing groups in the 0 position; the reaction is clearly ’ ' 1 3  27
quite favorable in comparison with additions involving 23, R = co2c2h5 26, R = h 
other cyclohexenones.20-22 Ethylene, an olefin gen- 24,r=cn 
erally unreactive in cycloadditions, condenses with com
pounds 1 ,2 , and 3 on irradiation through Pyrex23 in ben- co2c2h5 co2c2h5
zene solution to give the expected bicyclic products 22, __/ v .
23, and 24, respectively. Hydrolysis of ester 23 and ni- i__ jj ■
trile 24 yielded 22, and the structures of all three ad- qp
ducts are secure from spectroscopic properties. For o oh
carboxylic acid 1 and ester 2 the addition of ethylene is 28 29
rapid and very clean; the yield of ester 23 is 98%. Nmr
spectra indicate that 22 and 23 are unchanged by treat- .
ment with mild aqueous base or contact with alumina, Expenmenta Sec ion
and we conclude that only cis-fused bicyclic systems are Materials and Equipment.—Irradiations were carried out at 
isolated in these additions.20-22 In similar fashion irra- about 15° using a 450-W medium-pressure mercury arc lamp,
diaticn of 2 in the presence of 2-butyne or acetylene Hanovia type L , No. 679A-36, contained in a water-cooled

j  . . , , , , , «  , 0 ,  -r, quartz immersion well fitted with a Pyrex filter sleeve. In
itself leads to the unsaturated adducts, 25 and 26. Pre- ?eactions invoiving ethylene or acetylene the hydrocarbon was
vious attempts24 to form cyclobutenes by photoaddition bubbled through the reaction mixture before and during the
of acetylene to activated olefins have met with quite irradiation. Saturated solutions of ethylene and acetylene in 
limited success, and the 30%  yield of 26 observed here benzene at 15° are 0.16 and 0.24M , respectively.2® 
ia nrm cnalhr bin-b Vapor phase chromatography (vpc) was carried out using a
IS U usual y n gn. ,. Varian Aerograph Model 700 Autoprep equipped with a 20 ft

Reaction oi 23 with bromine in chloroform-acetic x  0 25 in_ stainiess steel column packed with 30% SE-30 on
acid followed by treatment17 with lithium bromide and Chromosorb W support. Spectra were recorded using a Perkin-
lithium carbonate in hot dimethylformamide gave car- Elmer 237B grating ir spectrophotometer, a Cary 14 PM uv
bethoxycyclooctadienone 27 as the only isolated prod- spectrophotometer, and Varian A-60 (60 MHz) and HR-220

, , ,,  , , . . .  X.„ J  u 1 „„ (220 MHz) nmr spectrometers. Measurement of pH was per-
uct. We suggest that a-brommation followed by loss {vormed wlth a Radiometer T T T 1 pH meter equipped with a
of hydrogen bromide leads to the expected unsaturated type GK2021-B glass membrane-calomel electrode. All reac-
ketone 28, which undergoes enolization, rearrangement tions and distillations were conducted with care to exclude air
(29),25 and ketonization. The structure of 27 follows and moisture, under a blanketing stream of prepurified nitrogen.

fr„m sp ectroscopic m ^ u r e m e n ts ,, « e t  [X -  J S S r S S i f f i i K i S  «
282 mix (e 9 7 0 0 )26] and in frared  (1710 , 1662 cm  J) ab - ( 1 5  0 g) was added over 30  min to a mechanically stirred solution
sorptions are con sisten t w ith  th e  assignm ent, and th e  0f i-carboethoxycyelohexene (15.0 g) in 100 ml of acetic acid
nm r spectrum  is p articu larly  in form ative . A t 220  M H z and 2 ml of water while the reaction temperature was maintained

at 40° by external cooling. After another 60 min at 40-50°,
(18) H. Normant, B u ll. S oc. C him . F t., 791 (1968). the mixture was cooled by addition of ice, neutralized cautiously
(19) P. Rabe and E. Pollock, B er ., 45, 2924 (1912); E. C. Horning, M. O, with a concentrated solution of KOH, and extracted with ether.

Denekas, and R. E. Field, J .  Org. C hem ., 9, 547 (1944). The ether extract was washed with saturated NaHCCh, water,
(20) E. J. Corey, J. D. Bass, R. LeMakieu, and R. B. Mitra, J .  A m er. and brine, and dried over Na2S 0 4. Distillation provided 7.9 g

Chem . S oc .. 86, 5570 (1964). (48%) o f’slightly vellow oil: bp 143° (20 mm); ir (CHC13)
(21) Y. Yamada, H. Uda, and K. Nakanishi, Chem . C om m un., 423 (1966). 11700 ico c  , 0 1 c / r\ —1. ,,,, (q c m  ptV,flT1nl) X 240 mu (e
(22) T. S. Cantrell, W. S. Haller, and J. C. Williams, 7. Org. C hem ., 34, ^20>,1685 1615 (w) cm 1 UV (95% ethanol) Xm„  240 d

509 (1939). This naper contains a more complete list of references and also 12,000), 345 (28,, nmr (CC1,) 5 1 > b
a brief review of the reaction. (m, 6  H), 4.24 (q, J  = 7 H z ,2 H ), 6.60 (t, / = 2 Hz, 1 H)

(23) Similar conditions using unfiltered light are described in ref 21. The melting behavior and UV spectrum Olathe Z,4-dmitro-
(24) G. Koltzenburg, P. G. Fuss, and J. Leitich, T etrahedron  L ett., 3409 phenylhydrazone were as reported:3 mp 201° (ethanol); uv

(1966); S. Farid, W. Kothe, and G. Pfundt, ibid., 4147 (1968); I. W. J. (95% ethanol) W  260 m^ (c33,100).
Still, M-H. Kwan, and G. E. Palmer, C an. J .  C hem ., 46, 3731 (1968). 3-Oxo-l-cycloh.exene-l-carbonitrile (3). A. From the Mono-

(25) Equilibration of the parent bicyclo[4.2.0]octa-2,4-diene with cyclo- ethvlene Ketal of Cyclohexane-1,3-dione (5).—Reaction of the 
octa-l,3,5-triene at 80—100° was described by A. C. Cope, A. C. Haven, Jr.,
F. L. Ramp, and E. R. Trumbull, J .  A m er. Chem . S oc., 74, 4867 (1952). ------------------- -

(26) The parent cycloocta-2,4-dienone shows Xmax 278 m*t (e 5770): N. a m . a  QK am a
Heap, G. E. Green, and G. H. Whitham, J .  Chem . S oc., C, 160 (1969); see (27) G. V. Smith and H. Knloff, J .  A m er. Chem . S oc ., 85 2016 (1963;>•
also J. K. Crandall and L-H. Chang, J .  Org. C hem ., 32, 532 (1967). (28) J. Honuti, Set. P a p ers  In st. P hys. Chem . R es. (.Tokyo), 17, 125 ( 9 ).
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monoethylene ketal of cyclohexane-1,3-dione29 (20 g) with 1.38 (t, J  = 7 Hz, 3 H), 3.85 (q, J  =  7 Hz, 2 H), 4.16 (q, J  =
aqueous NaCN as described by Cronyn4 gave the cyanohydrin 7 Hz, 2 H), 4.41 (s, 2 H), 6.12 (d, J  =  15 Hz, 1 H), 6.96 (d,
ketal, which was extracted into ether, concentrated, and then J  — 15 Hz, 1 H). A second distillation gave an analytical
stirred vigorously at 25° for 72 hr with 10 ml of 6.0 M  HC1. sample.
The product was extracted with ether, washed with 5% Na2C 03, Anal. Calcd for C9Iiit0 3: C, 63.51; H, 8.29. Found: 
water, and brine, and dried over Na2S 0 4. Distillation provided C, 63.46; H, 8.37.
7.2 g (46%) of 3-cyanocyclohexenone: bp 80° (0.5 mm); ir Treatment of the enol ether with 2,4-dinitrophenylhydrazine 
(CC14) 2225 (w), 1700, 1605 cm-1; nmr (CC14) S 1.9-2.8 (m, 6  in methanol containing a few drops of 6.0 M HC1 produced the 
H ),6 .5 8 (t , J  = 2 H z ,lH ) . 2,4-dinitrophenylhydrazone of ethyl 3-acetylacrylate, mp 148°

B. From 3-Methoxycyclohexenone (6).— 3-Methoxycyclo- (ethanol) (lit.10148°).
hexenone6 (vpc purified, 38 mg, 0.30 mmol) in 2 ml of benzene Anal. Calcd for CuHi4N40 6: C, 48.45; H, 4.38; N, 17.39. 
and 1.5 ml of toluene was added dropwise over 15 min to a Found: 0 ,  48.36; H ,4 .43; N, 17.46.
magnetically stirred benzene solution of diethylaluminum 6-Ethoxy-4-indancarboxylic Acid (12).—The pyrrolidine en- 
cyanide6 (CAUTION: toxic and possibly pyrophoric) (approxi- amine of cyclopentanone (328 mg, 2.4 mmol), prepared by the 
mately 1.5 mmol) at 0°. The solution was allowed to warm to method of Stork ,31 was heated at reflux with ethyl 4-ethoxy-
25° over 1 hr, poured into 40 ml of 0.0125 M  MaOH at 0°, then pentadienoate (7) (204 mg, 1.2 mmol) in 2 ml of benzene for
extracted with ether. The ether extract was washed with 5% 72 hr. The reaction mixture was then extracted with pentane,
Na2C 0 3, water, and brine and dried over Na2S 0 4. The heavy and the extract was washed with 5% w/v HC1, water, and brine,
oil left after removal of solvent was chromatographed on a and dried over Na2S 0 4. In order to eliminate any remaining
column of Woelm grade I I  neutral alumina to give 20 mg (55%) pyrrolidine,11 the oil was stirred with 10 ml of 95%  ethanol
of 3-cyclocyclohexenone. containing 0.05 ml of concentrated HC1 at 25° for 4 hr. The

The 2,4-dinitrophenylhydrazones of the ketones made by product was extracted into ether, washed with brine, and dried
methods A and B melted at the same temperature (204-205°, over Na2S 0 4. Solvent was evaporated to leave 170 mg (69%)
ethanol) singly and in mixture (lit. 4 204-204.5°), and hadidentical white solid which was recrystallized from aqueous methanol to
ir spectra (KBr disk). give white needles: mp 121-122° (sinters 90-100°); ir (CIICI3)

3-Oxocyclohexene-l-carboxylic Acid (1). A. From 3-Cyano- 3409-2900, 1685, 1605 cm-1; nmr (CDC13) 5 1.48 (t, / =  7 Hz,
cyclohexenone (3).—Removing water with a Dean-Stark trap 3 H), 1.9-2.4 (broad m, 2 H), 2.98 (t, J  =  8 Hz, 2 H ), 3.30
from a refluxing solution of 3-cyanocyclohexenone (726 mg, 6.0 (t, / = 8 Hz, 2 H), 4.1 (q, J  = 7, 2 H), 7.0 (m, 1 H), 7.45 (d,
mmol) and ethylene glycol (372 mg, 6.0 mmol) in 30 ml of ben- J  = 2.5 Hz, 1 H), 13.0 (s, 1 H).
zene containing a trace of p-toluenesulfonic acid gave the ethylene Anal. Calcd for Ci2Hi40 3: C, 69.88; H, 6.84. Found:
ketal. 4 The nitrile function was then hydrolyzed by heating at C, 70.02; H, 6.87.
reflux with 3 ml of 2.5 M  NaOH for 12 hr; the ketone was then 5-Ethoxy-4-cyclohexene-l,2,3-tricarboxylic Acid 1,2-Anhydride
regenerated from the ketal by stirring with 3 ml of 1.0 M  HC1 3-Ethyl Ester (13).—Maleic anhydride (210 mg, 2.1 mmol) and 
at 0 ° for Ih r . The resulting keto acid was extracted into ether, ethyl 4-ethoxypentadienoate (7) (374 mg, 2 .1  mmol) were
washed with brine, and dried over Na2S 0 4. Crystallization heated at reflux for 4 hr in 7 ml of toluene containing 2,5-di-tert-
from hot benzene gave 270 mg (45%) white needles: melting butylhydroquinone (20 mg). The Diels-Alder product was
behavior, sinters 100-129°, melts 129°; ir (CHC13) 3500-2600, recrystallized from hot ethyl acetate-cyclohexane to yield 340
1700, 1680, 1620 (w) cm-1; nmr (CDC13) 5 1.9-2.8 (m, 6  H), mg (63%) of colorless square plates: mp 92° dec; ir (CHC13)
6.87 (t, J  = 2 Hz, 1 H), 10.80 (s, 1 H). 1865 (w), 1787, 1725, 1653 cm -1; nmr (CDC13) 5 1.30 (t, J  =

Anal. Calcd for C7H80 3: C, 59.99; H, 5.75. Found: 7 Hz, 3 H), 1.32 (t, J  = 7 Hz, 3 H), 2.40-2.55 (m, 2 H), 2.S-3.3
C, 60.03; H, 5.70. (m, 1  H), 3.80 (broad s, 2 H), 3.87 (q, / =  7 Hz, 2 H), 4.25

B. From 3-Carbethoxycyclohexenone (2).— 3-Carbethoxy- (q, J  = 7 Hz, 2 H), 4.72 (broad s, 1 H).
cyclohexenone (60 mg, 0.39 mmol) in 2 ml of methanol was Anal. Calcd for Ci3H160 6: C, 58.20; H, 6.01. Found:
stirred with a solution of K 2C 0 3 (215 mg, 1.60 mmol) in 2 ml of C, 58.32; H, 6.05.
water for 12 hr at 25°. The mixture was acidified and extracted A -Phenyl-5-ethoxy-4 cyclohexene-1 ,2-dicarboximide-3-carbox-
with ether. The ether extract was washed with brine and dried ylic Acid Ethyl Ester (14).—A’-Phenylmaleimide (173 mg,
over Na2S 0 4. The 30 mg (80%) of white needles left after 1.0 mmol) and ethyl 4-ethoxypentadienoate (7) (170 mg, 1.0
evaporation of solvent and recrystallization from hot benzene mmol) were heated at reflux for 4 .5  hr in 5  ml of toluene con-
was identical with the carboxylic acid prepared by method A. taming 2,5-di-tert-butylhydroquinone (5 mg). Evaporation of

2 -Ethoxyacrolein (9). 1,1,2-Triethoxyethane30 (22.0 g) was solvent left gummy material which was crystallized from hot
stirred with 3.0 M  HC1 at 25° for 45 min, then neutralized at 0° ethyl acetate-cyclohexane to 227 mg (6 6 % ) white needles:
with 6.0 M  NaOH. This solution was added in one portion mp 94-95° dec; ir (CHC13) 1780, 1710, 1647, 1595 cm -1; nmr
to 37% formalin (11.6 ml), diethylamine hydrochloride (14.9 g), (CDC13) 5 1.28 (t, J  = 7 Hz, 3 H), 1.30 (t, / = 7 Hz, 3 H),
and hydroquinone (100 mg) in a flask maintained at 60° equipped 2.5-2.8 (m, 2 H), 3.2-3.7 (m, 3 H), 3.75 (q, J  =  7 Hz, 2 H),
with a mechanical stirrer, condenser, and pH electrode. The 4.18 (q, J  = 7 Hz, 2 H), 4.8-5.1 (m, 1 H), 7.1-7.6 (m, 5 H).
apparent pH, which fluctuated over the first 10 min, was ad- Anal. Calcd for Ci9H21N 0 5: C, 66.46; H, 6.16; N, 4.08. 
justed to 7.6 by addition of 6.0 M  NaOH; the reaction was Found: C, 66.45; H ,6 .08; N, 3.98.
stirred for 2.5 hr at 60°. I t  was then cooled to 0° and extracted 5-Oxocyclohexane-l,2,3-tricarboxylic Acid Triethyl Ester (19). 
with pentane. The pentane extract was washed with water —The Diels-Adler adduct 13 (500 mg) was heated at reflux for
and brine and dried over Na2S 0 4. Evaporation of solvent 12 hr with 2 ml of ethanol containing p-toluenesulfonic acid (20
through a Vigreux column and subsequent distillation provided mg). Toluene (0.5 ml) was then added and the ethanol—water—
5.90 g (44%) of the lacrymatory 2-ethoxyacrolein:7 bp 41° toluene azeotrope distilled away until the vapor temperature fell
(18 mm); ir (CC14) 1712, 1614 cm "1; nmr (CC14) S 1.39 (t, J  to 65°. Another 2-ml portion of ethanol was added and the
= 7  l lz '  ̂ H), 3.87 (q, J  =  7 Hz, 2 H), 5.02 (s, 2 H), 9.16 (s, esterification cycle repeated.16 In order to hydrolyze the ketal
1 . . .  formed under these conditions, the oil was stirred with 2.7 M

irans-4-Ethoxy-2,4-pentadienoic Acid Ethyl Ester (7).—2- H2S 0 4 (2 ml) in 15 ml of tetrahydrofuran at 25° for 4  hr. The
Ethoxyacrolein (9) (4.65 g) was heated at reflux with carbethoxy- ketone was extracted into ether, washed with NaHC03, water,
methylenetriphenylphosphorane (8 ) (16.20 g) in 35 ml of CH2C12 and brine, and dried over Na2S 0 4. Evaporation of the solvent
for 4.5 hr. The reaction was cooled, freed of solvent using a left 580 mg (100%) of heavy oil, ir (CHC13) 1730 (broad),
lotary evaporator, and poured into 300 ml of ligroin; after 12 Short path distillation gave an analytical sample,
hr at 0 the hquid was decanted from the triphenylphosphine Anal. Calcd for C15H220 7: C, 57.31; H, 7.06. Found:
oxide and concentrated. Rapid distillation from a small amount C, 57.18; H, 7 .4 3 .
of hydroquinone gave 3.85 g (48%) of colorless sweet-smelling 5-Oxo-3-cyclohexene-l,2,3-tricarboxylic Acid Triethyl Ester 

-  5  mm)’ Whl0h °_uld n o t_survive ypc at 150° : ir (16). A. From the Enol Ether 13.— Bromine (0.082 ml, 1.5
(CHC13) 1/00, 1640, 1590 cm ';  uv (95% ethanol) Ama* 218 m/i mmol) was added to the enol ether (400 mg, 1.5 mmol) in 50 ml
(e 8500), 270 (13,500); nmr (CC14) & 1.30 (t, J  = 7 Hz, 3 H), of dry ether at 25°; the solution blanched immediately. After

(29) B. Eistert, F. Häupter, and K . Schank, Justus L ieb ig s  A nn . C hem ., the S° lv e n t  h a d  b een  e v a p o r a te d  u sin g  a  r o ta r y  e v a p o r a to r ,
666, 55 (1963). --------------------

(30) S. M. McElvain and C. H. Stammer, J .  A m er. Chem . S oc ., 73, 915 (31) G. Stork, A. Brizzolara, H. Landesman, J. Szmuszkovicz, and R.
(195Ilr Terrell, ib id ., 86, 207 (1963).

3854 J . Org. Chem., Vol. 35, No. 11, 1970 Agosta and Lowrance



ethanol (40 ml) and acetyl chloride (4 ml) were added to the 30 min and to ethanolic sodium ethoxide at 25° for 12 hr left
residue; the solution was heated at reflux for 36 hr, cooled to the nmr spectrum unaffected.
25 , and stirred with 4 ml of 0.4 M H2S 0 4 for 20 min. The The ester (59 mg, 0.32 mmol) was saponified for 26 hr in 2 ml 
ketone was extracted into ether, washed with NaHCOs, water, of refluxing methanol containing 1 .0  M NaOH (0.65 ml, 0.65
and brine, and dried over Na2S 0 4. The product recovered from mmol). The solution was acidified and extracted with ether;
the solvent was purified for analysis by vpc at 215° to a slightly the extract was washed with water and brine, and dried over
yellow oil (40% ); ir (C H C I3 )  1730 (broad), 1695 cm-1; 220 Na2S 0 4. Evaporation of the solvent provided 49 mg (98%) of
MHz nmr (CCk) 8 1.15-1.50 (m, 9 H), 2.45 (dd, J  = 7 Hz, carboxylic acid 22 as evidenced by identity of ir and nmr spectra.
J  = 5.0 Hz, 1 H), 2.76 (dd, J  =  17 Hz, J  = 3.5 Hz, 1 H), 5-Oxobicyclo[4.2.0]octane- 1-carbonitrile (24).—A solution of
3.43-3.50 (broads, 1 H), 4.05-4.40 (m, 7 H), 6.64 (s, 1 H). 3-cyanocyclohexenone (3) (200 mg) in 200  ml of benzene was

Anal. Calcd for C15H20O7: C, 57.68; H, 6.46. Found: saturated with ethylene and irradiated for 2.5 hr; polymer for-
C, 57.7 9; H .6 .41. mation was evident. The crude product was distilled bulb-to-

B. From the Ketone 19.— The keto triester (300 mg, 0.96 bulb at 0.2 mm, and then purified by vpc at 180° to give 149 mg
mmol) in 10 ml of acetic acid was treated with bromine (0.060 (62%) analytically pure oil: ir (CC14) 2220, 1712 cm "1; mass
ml, 1.10 mmol) for 15 min at 25°. After neutralization with spectrum parent peak (calcd, 149.08406; found, 149.08420);
saturated NaHC03 the reaction mixture was extracted with nmr (CC14) 8 1 .8-2 .8 (m, 10 H), 3.0-3.3 (m, 1 H).
ether. The extract was washed with water and brine, dried Anal. Calcd for C9H11NO: C, 72.45; H, 7.43; N, 9.39. 
over Na2S 0 4, and concentrated to give 372 mg (98%) oily bromo Found: 0 ,7 2 .44 ; H, 7.50; N, 9.33.
ketone. The crude bromo ketone was dissolved in 20 ml of The nmr spectrum of the ketone was not altered by treatment
dimethylformamide previously flushed with nitrogen. After with refluxing 5% w/v K 2C 0 3 for 3 hr.
addition of anhydrous LiBr (500 mg) and Li2C 0 3 (500 mg), The nitrile (47 mg) was heated at reflux with 1.0 M  NaOH 
the reaction was stirred at 120° for 1 hr.17 The mixture was (2 ml) and 0.5 ml of methanol for 36 hr. The reaction mixture
dilutee with cold water and extracted repeatedly with ether. was acidified and extracted with ether; the extract was washed
The ether extracts were washed with water and brine and dried with water and brine, and dried over Na2S 0 4. Removal of
over Na2S 0 4. The ketone was purified for analysis by vpc at solvent left 40 mg (76%) 22 as evidenced by identity of ir and
215° (55%). Its ir and 220 MHz nmr spectra as well as vpc nmr spectra.
retention time were identical with those of the ketone prepared 7,8-Dimethyl-5-oxobicyclo[4.2.0]oct-7-ene-l-carboxylic Acid
by method A. Ethyl Ester (25).—Irradiation of a solution of 3-carbethoxy-

Anal. Calcd for C15H20O7: C, 57.68; H, 6.46. Found: cyclohexenone (2 ) (200 mg) and 2-butyne (5.0 g) in 200 ml of
C, 57.95; H, 6.44. benzene for 2.5 hr resulted in formation of one volatile product,

5-Oxo-3-cyclohexene-l,3-dicarboxylic Acid Diethyl Ester (17). which was purified by vpc at 180° to give 132 mg (50%) of
— To the enol ether 13 (400 mg, 1.50 mmol) in 20 ml of CHC13 analytically pure adduct: ir (CC14) 1727, 1702 cm-1; uv (95%
at 0° was added bromine (0.084 ml., 1.54 mmol) in 3 ml of ethanol) end absorption, shoulder 284 m^ (e 122); nmr (CC14)
CHC13 over 15 min; the product was stirred with water (0.5 ml) 8 1.29 (t, J  = 7 Hz, 3 H), 1.65 (s, 6  H), 1.7-2.5 (m, 6 H), 3.3
at 25° for 4 hr. The solvents were evaporated in vacuo for 12 (broad s, 1 H), 4.16 (q, J  = 7 Hz, 2 H).
hr. The yellow glassy residue was dissolved in 2 ml of hexa- Anal. Calcd for Ci3Hi80 3: C, 70.24; H, 8.16. Found:
methylphosphoramide and heated at 80° for 15 min. The cooled C, 70.16; H ,8.13.
reaction was added to water and extracted with ether; theextraet 5-Oxobicyclo[4.2.0] oct-7-ene-l-carboxylic Acid Ethyl Ester
was washed with brine, dried over Na2S 0 4, and concentrated. (26).—Acetylene (Matheson) was freed of acetone by being

The oil dissolved in 20 ml of ethanol containing p-toluenesul- passed through a Dry Ice-acetone cold trap, a mercury safety
fonic acid hydrate (50 mg) was heated for 24 hr in a Soxhlet valve, an empty bottle, a large bottle of H2S 0 4, NaOH pellets,
apparatus whose extraction thimble was charged with Linde then another empty bottle;33 it was then bubbled through a 
type 3A molecular sieves. 32 The solution was then concentrated, solution of 3-carbethoxycyclohexenone (2 ) (200 mg) in 180 ml of
stirred for 1 hr with 0.6 M  HC1 to hydrolyze the ketal, and benzene. Irradiation for 14 hr resulted in optimum formation
extracted with ether. The extracts were washed with NaHC03, of volatile product; amorphous, insoluble material was also
water, and brine and dried over Na2S0 4. From the concen- formed. The solution was filtered, concentrated, distilled bulb
trated product mixture the major volatile component was iso- to bulb at 110° (0.2 mm), and purified by vpc at 180° to give 70
lated by vpc at 220° (approximately 20% , analytically pure): mg (30%) of the cyclobutene. This was further purified by vpc
ir (CC14) 1740, 1725, 1690 cm-1; 220 MHz nmr (CC14) 8 1.30 to give an analytical sample: ir (CC14) 1730, 1705 cm-1;
(t, J  =  7 Hz, 3 H), 1.37 (t, J  = 7 Hz, 3 H), 2.4-2.9 (m, 5 H), uv (95% ethanol) end absorption, shoulder 287 npx (e 121);
4.12 (q, J  = 7 Hz, 2 H), 4.22 (q, / = 7 Hz, 2 H), 6 .6 8  (s, 1 H). nmr (CC14) 8 1.28 (t, J  =  7 ,3  H), 1.7-2.6 (m, 6  H), 3.50 (s, 1

Anal. Calcd for C^H^Os: C, 59.99; H, 6.71. Found: H), 4.15 (q, / = 7 Hz, 2 H), 6.18 (s, 2 H).
C, 60.08; H, 6 .6 8 . Anal. Calcd for CuHi40 3: C, 68.02; H, 7.27. Found:

5-Oxobicyclo[4.2.0]octane-l-carboxylic Acid (22).—Irradia- C, 68.03; H ,7.45.
tion of 3-earboxycyclohexenone (1) (200 mg) in 200 ml of ben- In a parallel experiment the crude product remaining after
zene saturated with ethylene for 2 hr gave, after evaporation removal of benzene was dissolved in 40 ml of ethanol containing
of benzene, a 90% yield of distillable oil: ir (CHC13) 3500-2500, 5% palladium on carbon (20 mg) and hydrogenated at room
1700 cm-1; nmr (CDC13) 8 1 .8-2 .8 (m, 10 H), 3.0-3.3 (m, 1 H), temperature and 1 atm pressure. The reaction consumed 0.3
10.0 (broad s, 1 H). Short path distillation gave an analytical equiv of H2 based on starting 2 . After removal of catalyst and
sample. solvent the product was distilled bulb to bulb and then purified

Anal. Calcd for C9Hi20 3: C, 64.27; H, 7.19. Found: by vpc to give cyclobutane 23 in 30% yield. Nmr and ir spectra
C, 64.12; H, 7.20. and vpc retention time of the product were identical with those

There was no change in the nmr spectrum on treatment of the of 23 prepared above, 
adduct with 5% w/v K 2C 03. 5-Oxo-l,3-cyclooctadiene-l-carboxylic Acid Ethyl Ester (27).—

5-Oxobicyclo[4.2.0]octane-l-carboxylic Acid Ethyl Ester (23). Bromine (0.112 ml, 2.05 mmol) in 5 ml of CHC13 was added at
—A solution of 3-carbethoxycyclohexenone (2) (2.0 g) in 200 ml —15° over 15 min to the ketone 23 (400 mg, 2.0 mmol) in 25 ml
of benzene was saturated with ethylene and irradiated for 3.5 hr. of CHC13 containing 1 ml of acetic acid. The solution was then
Evaporation of the benzene left 2.3 g (98%) of the ethylene washed with NaHC03, water, and brine and dried over Na2S 0 4.
adduct which was purified for analysis by vpc at 175°: ir The concentrated product was dissolved in 10 ml of dimethyl-
(CC14) 1726, 1712 cm-1; uv (95% ethanol) Xn,a* 290 m  ̂ (e 7); formamide containing anhydrous LiBr (800 mg) and Li2C 0 4
mass spectrum parent peak (calcd, 196.10994; found, 196.10916); (800 mg) and then stirred at 160° for 1.5 hr.17 The organic
nmr (CC14) 8 1.30 (t, J  = 7 Hz, 3 H), 1.6-2.6 (m, 10 H), 3.18 material was extracted into ether, washed with water and brine, 
(broad m, 1 H), 4.15 (q ,  J  = 7 Hz, 2 H). dried over Na2S 0 4, and freed of solvent. Following bulb-to-bulb

Anal. Calcd for CuHi60 3: C, 67.32; H, 8.22. Found: distillation at 1 .0  mm, the mixture was subjected to vpc at 190°.
C, 67.11; H .8.25. The product, isolated in approximately 20% yield as a colorless

Exposure of the adduct to Woelm grade I neutral alumina for oil was analytically pure: ir (CC14) 1710, 1662, 1620 (weak),

(32) H. It. Harrison, W. M. Haynes, P. Arthur, and E. J. Eisenbraun, (33) It. H. Wiley in "Organic Syntheses,” Coll. Vol. Ill, E. C. Horning,
Chem. In d . (Lon don ), 1568 (1968). Ed., Wiley, New York, N. Y., 1955, p 853.
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1598 (weak) cm“ 1; uv (95% ethanol) Xmal 282 mM (e 9700); 24079-81-0; 24, 24079-82-1; 25, 25942-93-2; 26,
220 MHz nmr (CCl,) 5 1.33 (t, J  =  7 Hz, 3 H), 2.0-2.15 (m, 2 ocqjo 0 4  o . 0 7  o c o i o n n i  
H), 2.45-2.60 (m, 4 H), 4.15-4.30 (m, 2 H), 5.95 (d, J  =  12.5 27 , 25942-95-4 .
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Bella for microanalyses, and Miss Luz Catan for expert 
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Treatment of 3 with A-bromosuccinimide yields 1 . Simple addition-elimination reactions of 1 and the re
lated ketone 6 give 9, 1 0 , 1 1 , and 14. Enedione 1 is a sluggish dienophile relative to the parent compound 18, 
but it behaves as a normal dipolarophile. The mechanistic implications of these observations are noted and the 
structure and stereochemistry of adducts of 1 with cyclopentadiene, three anthracenes, two aziridines (24 and 
25), and diazomethane are recorded.

We describe here the preparation and a number of methylcyclopentane-l,3-dione (5). On standing in the
reactions of 2,2-dimethyl-4-cyclopentene-l,3-dione (1). solid state at 4° this ketone undergoes slow conversion
These studies include simple addition-elimination to a mixture of 2 and the bromoenedione 6. Bromo
reactions at the carbon-carbon double bond to provide ketone 5 apparently suffers bimolecular reaction with
substituted derivatives, as well as both Diels-Alder and itself (perhaps through the intermediacy of molecular
1,3-dipolar addition reactions. This compound (1) is a bromine) to give 2 and the unobserved dibromo ketone
rather poor dienophile but a normal 1,3 dipolarophile, 7, which then loses hydrogen bromide to form 6.
and we have previously discussed2 the mechanistic im
plications of these observations for the 1,3-dipolar addi- 0 OH 0
tion reaction. __u 11

Earlier investigators have described3 methylation of [l X  I V — [ y CH3
the readily available enol 24 to give 2,2-dimethylcyclo- 41 11 R
pentane-1,3-dione (3) in 11% yield. By modification 0 0 0
and careful control of the alkylating conditions we have 1 2 3 s-ch
improved this yield to 51%. Attempted use of similar 4' RiCH3CH
conditions for ethylation, however, gave only a poor ’ 2 3
yield of the corresponding methylethyldione 4. Reac- 9 9
tion of 3 with M-bromosuccinimide in hot carbon tetra- | \ . ch3 r | \ , ch3 I v  CH3
chloride gave the desired enedione 1 directly, presum- Br 2 + ' L y * Br L / * B r 3
ably v ia  arbrom ination followed by dehydrobromina- 0 0 B r i >
tion. T h e nuclear magnetic resonance (nmr) spectrum
of the m ixture during reaction showed only 3 and 1 with 5 6 7
no evidence of the a-bromo ketone. Loss of hydrogen
bromide from this interm ediate under the reaction con- W e have followed the reaction of 1 with bromine in 
ditions then must be relatively rapid. Parallel be- carbon tetrachloride solution by nmr and observed
havior is apparent in a number of related transform a- rapid form ation of a dibromide which m ust be the
tions described below. T h e structure of 1 was con- trans isomer 8, since its nmr spectrum consists of two
firmed by spectroscopic properties and its reduction singlets, one for the methyl groups and one for the ring
back to  3 with zinc in acetic acid. T h e compound is a protons. This substance can be obtained as a white
bright yellow liquid at room tem perature and stable in solid by low tem perature removal of solvent, but it
the absence of base. Solutions of 1 exposed to amines, fumes readily in air with form ation of bromo ketone 9.
ammonia, or aqueous alkali quickly turn black. In  sim ilar fashion, but more slowly, 9 also reacts with

An unexpected reaction similar to transform ation of bromine and yields dibromo ketone 10. Absorption of
3 to  1 occurs with the previously known3 2-brom o-2- bromine by 6 also proceeds a t room tem perature. In

... „ „ . J . this case, however, addition of a second mole of halogen
pondence should be addressed. relatively fast, the m ajor product isolated, even w ith

(2) w. c. Agosta and a. b . Smith, in, chem. Commun., 68s (1 9 7 0 ). bromine as lim iting reagent, is the fully brom inated
i ^ A k J . f a T k S ; ' ' k i ° 7 e J ' ( w m &deeVa’ and S' L Saz'yaI°v' 11 ■ T his is accompanied by a sm all amount

(4) H. Schick, G. Lehmann, and G. Hilgetag, B er ., 1 0 2 , 3238 (1969), and 01 1 2 > WlUch may be accounted for by reaction of lib-
references cited therein. ’ erated hydrogen bromide with the interm ediate 13.
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Since bromination of 1 gives 8 with no nmr evidence for addends in the transition state must be that shown in 19
the cis dibromide, it is probable that 12 also is the trans rather than 20. We shall not present again the argu-
lsomer.6 ments involved, but simply note the assignment of

0 o o structure and stereochemistry to the various adducts» ft %  n  
„ 0 0 
8 9 10

19 20

• f a  ¿ b p

II 13 12 0
21 22 23

As noted above, attempts to add ammonia to 1 were
unrewarding; this compound does react smoothly, how- employed in our comparisons. Diels-Alder addition of 
ever, with 1,1-dimethylhydrazme in dry ethanol to give 1 to  cyclopentadiene affords adduct 21. The endo con- 
enamine 14. We may account for this rather unex- figuration expected for this compound on the basis of
pected result by assuming enolization of the initial the Alder-Stein rules9 was confirmed by comparison of
Michael adduct 15 to form 16, followed by elimination the nmr spectrum of 21 with that of its dihydro deriva- 
of dimethylamine and tautomerization of the resulting tive 22 available on catalytic hydrogenation. Shielding
imine 17 to 14. This sequence is mechanistically rem- of one methyl group by the double bond in 21, an
iniscent of the long-known oxidation of «-hydroxy effect10 possible only in the endo adduct, is indicated by
aldehydes and ketones by phenylhydrazine to yield the change in separation of the methyl singlets on hy-
osazones and aniline.6 The amino ketone 14 was al- drogenation. This separation (AS) decreases from
ternatively available in quantitative yield by Michael 0.20 ppm in 21 to 0.07 ppm in 22. Also, the protons
addition-elimination of ammonia with bromo ketone 9. adjacent to the carbonyl groups show the upfield dis-
Reduetion of 14 with zinc in acetic acid furnished 3. placement (AS = 0.19 ppm) expected11 for exo protons

on passing from 21 to 22. For endo protons the change 
o o o  anticipated11 is smaller and in the opposite direction.12

r " \  r " \  r " \  Addition of enedione 1 to anthracene proceeds smoothly
J. X  ___ „ ( b  X  ___ „ with aluminum chloride catalysis13 to form 23. Similar

(CH3)2n- nh/ |J hn'^ D  h n £ adducts are formed with 2,6-dimethylanthracene14 and
u |-̂  V° 2,6-dichloroanthracene.16 In each of these compounds
15 (ch3)2n h |6 |7 the methyl group directly over the aromatic ring is

quite shielded16 magnetically and appears at about 0.2 
ij ppm in the nmr spectrum.

f T ' y  f f >  As a dipolarophile, ketone 1 reacts normally and in
good yield with the 1,3 dipoles formed in hot toluene 

H*N o o from 1,2,3-triphenylaziridine (24)17 and ¿rans-l-cyclo-
hexyl-2,3-dibenzoylaziridine (25).18 In each case the 

14 18 adduct isolated (26 and 27, respectively), had trans
The most interesting reactions we have carried out disposed substituents on a cis-fused ring system, an

with 1 have been Diels-Alder and 1,3-dipolar additions. assignment unambiguously clear from nmr spectra. In
We have already reported2 that 1 is a sluggish di- the spectra of 26 and 27 the protons at the ring junction
enophile relative to the parent compound, 4-CJ. clo- (9) A g Onishchenko, “Diene Synthesis,” Daniel Davey and Co., New
pentene-l,3-dione (18),7 but a normal 1,3 dipolarophile, York, N. Y., 1964, Chapter l, and references cited therein,
and we have attributed this difference to steric retar- (10) L. M. Jackman and S. Sternhell, “Applications of Nuclear Magnetic

. i . i  i i i  ,i , • j • i. j. Resonance Spectroscopy in Organic Chemistry, 2nd ed, Pergamon Press,
dation by the methyl groups m the transition state 0xford 1969_ p 83 and references c,ted therein,
leading to Diels-Alder, but not dipolar, addition. ud  r . r . Fraser, C an . j . c h e m ., 4 0 , 78 (1962).
These observations led to  the conclusion that, if the , h™
generally accepted concerted mechanism8 tor 1,3-dl- constants with the adjacent bridgehead protons fails with 19. The four
polar additions is operative here, the orientation of protons in question appear fortuitously as a sharp singlet even at 220 MHz.
r  For successful application of this method in a closely related system, see M.

(5) As a result of rapid shift of the acidic proton, the ring hydrogen atoms Green and E. A. C. Lucken, Helv. C h im . A d a , 46, 1870 (1962).
are equivalent in 12 and in 2, and they appear as a singlet in the nmr spec- (13) P. Yates and P. Eaton, J^ A m er . Cftem. 00•• > J 109<n
trum in both cases. This fact precludes an assignment of stereochemistry (14) G. T. Morgan and E. A. Coulson J .  C hem . S ac. 2203 (1929).
in 12 based on nmr measurements. (15) Preparation of this compound by reduction of the known related

(6) A. Hassner and P. Catsoulacos, T etrahedron  L ett., 489 (1967), and quinone is detailed in the Experimental Section
numerous references cited therein. (16) Reference 10, p 94, and references cited therein.

(7) C. H. DePuy and E. F. Zaweski, J .  Arner. Chem . See., 81, 4920 (1959); (17) H. W. Heine, R. Peavy, and A. J. Durbetaki, J .  Org. C hem .. 31, 3924
C. H. DePuy and C. E. Lyons, ib id ., 82, 631 (1960). (1966). „ TTT. t t - j  t t> w u t t

(8) R. Huisgen, Angew. C hem ., 75, 742 (1963); R. Huisgen, J .  Org. C hem ., (18) A. B. Turner, H. W. Heinê  J Irving and J. B. Bush, Jr., J .  A m er.
33 2291 (1968). For an opposing point of view, see R. A. Firestone, ib id ., Chem . S oc ., 87, 1050 (1965); R. Huisgen, W. Scheer, G. Sze.mies, and H.
33 2285 (1968) Huber, Tetrahedron Lett., 397 (1966).
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are coupled with a vicinal coupling constant of 10 Hz, cooled, and treated with excess 10% aqueous sodium carbonate.
indicating19 cis rather than trans fusion of the two This solution was extracted four times with chloroform, and the

. , , , , . ,. . _  organic extract was dried, the crude product remaining after
rings, just as expected on mechanistic grounds.8 Fur- removal of solvent was reorystallized from petroleum ether to
thermore, each proton on the pyrrolidine ring in 26 and give 51.5% 3 in two crops: ir (CHC13) 1770 (w), 1730 (s) cm“1;
27 shows a unique chemical shift and unique coupling nmr s 1.05 (s, 6 H), 2.75 (s, 4 H). If no additional potassium
constants with its neighbors. This is possible only hydroxide and methyl iodide were added during the reaction,
with trans deposition of phenyl (in 26) or benzoyl (in « “ S U p o n n d
27) groups, since both alternative isomers with these was prepared from 24 and ethyl iodide as above. No additional
substituents cis possess structural symmetry inconsis- base and ethyl iodide were added during the reaction. The
tent with four unique protons. The specific vicinal crude yield was 14%. A sample was purified by vpc for analysis:
coupling constants derivable from the spectra are re- 7  iVXTil'7/  TvT= 7 Hz, oH),
corded m the Experimental Section and are fully con- C'alcd f£  CgHi20< c> 68.54.v H> 8.63. Found;
sistent with the stereochemistry assigned. C, 68.79; H, 8.66.

In similar fashion 1 adds diazomethane20 at room 2,2-Dimethyl-4-cyclopentene-l,3-dione (1).—A mixture of 
temperature to give the rather unstable pyrazoline 28. 1-754 g of 3 and 2.44 g of JV-bromosuccinimide in 40 ml of carbon
Also here the expected8 cis-fused system is signaled19 by tetrachloride was irradiated and heated with a 10 0 -W mcandes-
,,  • • i r. , . /r. tt \ ii i n  • cent bulb *or 2 hr. The solution was cooled, filtered to remove
the vicinal coupling constant (9 Hz) of the two methme succinimide, washed with sodium bicarbonate solution and then
protons. As predicted from previous observations,21 water, and dried. After removal of solvent there remained 1.28
28 loses nitrogen on pyrolysis to give only the trimethyl g of yellow liquid product (74%;, bp 90° (44 mm). On a larger
ketone 29, but yields a mixture of 29 and the isomeric scale the yield was 8 5  %• Preparative vpc gave an analytical
cvelonronane 3 0  on nhotolvsis sample: ir 1750 (m), 1710 (vs), 1470 (m), 1315 (m), 1285 (m),cyclopropane dU on photolysis. n 3 5  (m)> 1 1 2 5  (m)j 10 3 8  8 4 5  (m) cm- , .  nmr 5 1 - 1 2  (s,

6 H), 7.15 (s, 2 H); uv Xmal 219 mM (log e 3.78), 345 (sh, 1.26), 
./ Ph ^ C 0 Ph Ph H o 389 (1.42).

Ph— u '  Anal. Calcd for CjH80 2: C, 67.74; H, 6.49. Found:
\  R-N Ph-N | V  C, 67.73; H, 6 .6 6 .

y-'T -'-/  This compound could be stored at 4° for at least 1 year without
koPh Ph H o change.

24 25 R_ Reduction of 1 to 3.—A mixture of 200 mg of 1, 2 g of zinc
-cyclohexyl 26 dust, and 10 ml of acetic acid was heated at 85° for 45 min. The

solution was cooled and treated with excess 1 0 % sodium car- 
PhCO o o bonate solution and the product extracted into chloroform. This

0 0 was washed with water and dried; removal of solvent gave 189
r- n I X  n y  i l \  V r A  mg (9^%) of 3, identical with material prepared above by ir and

V— X ^  J| X  \ X  nmr sPectral comparisons.
PhcoH 0 N H q / Tt 2-Bromo-2-methyl-4-cyclopentene-l,3-dione (6).— A sample

0 0 of 5 was stored at 4° for several months, during which time it
27, r = cyclohexyl 28 turned quite yellow. I t  was treated with chloroform, and an

29 30 insoluble white material was filtered off. Recrystallization of
this material from water gave 2 , identical in ir spectrum, melting 

Ifvneriniim t 1 c  v  points and mixture melting point with authentic material. The
xp ta i s e c t io n  chloroform filtrate yielded a yellow solid which was twice re-

Materials and Equipment.— Unless otherwise noted, both ir crystallized from cyclohexane for analysis: mp 72-73°; ir 1760 
and nmr spectra were obtained for carbon tetrachloride solu- ¡m!.’ 169 0  ^  °m *’ nmr s T80
tions, the former on a Perkin-Elmer 237B spectrophotometer (S’ 7 , n  , j  r X vr b  „  ,
and the latter on a Varian A-60 (60 MHz) or HR-220 (220 MHz) p rlalcd ior ^ 6H60 2Br. C, 38.13; H, 2.67. .bound:
nmr spectrometer. Spectra at 220 MHz are so marked; others C, 37.98; H, 2 .6 6 .
are at 60 MHz. Ultraviolet spectra were obtained for solutions ,,  4-Bromo-2,2-dimethyl-4-cyclopentene-l,3-dione ( 9 ) - A  solu- 
in 95% ethanol using a Cary Model 14PM spectrophotometer f ? 80 mg of bromme 111 5  ml of carbon tetrachloride was
Vpc was carried out using a Varian Aerograph Model 700 Auto- added droPwlse to 300  mg of enedione 1 in 5 ml of carbon tetra-
prep equipped with a 20 ft X  0.25 in. stainless steel column chloride. Solvent and excess bromine were evaporated in vacuo
packed with 30% FFAP on Chromosorb W and operated at to leave off-whlte crystals which fumed and turned to a yellow
170° with a helium carrier gas flow rate of 100-150 ml/min 0l1 over lo mlIK Thls od crystallized spontaneously to give 434
Photolysis was carried out at about 15° using a 450-W medium mg (88%) of yellow crystals which could be recrystallized from
pressure mercury arc lamp, Hanovia type L, No. 679A-36, petroleum ether. A sample was recrystallized for analysis: mp
contained in a water-cooled quartz immersion well fitted with a Ŝ ’ 7̂bd bO ’ 1715 (s) cm *; nmr 5 1.19
Pyrex sleeve. Melting points are corrected. (s, 6  H), 7.40 (s, 1 H).

2,2-Dimethylcyclopentane-l,3-dione (3 ).—A solution of 10 Anal. Calcd for Cv^ChBr: 0 ,4 1 .4 0 ; H, 3.48; Br, 39.36. 
g of enone 2 , 4 5 g of potassium hydroxide, and 13.4 g of methyl Found. C, 41.33; H, 3.61; Br, 39.6.
iodide was heated at reflux in 7 5  ml of dioxane and 25 ml of In a slrallar experiment carried out in an nmr tube 10 0  mg of
water. After 5 hr and again after 8.5 hr, 2.0 g of potassium 1 WaS treated wlth 1 3 0  ot bromine in 1 ml of carbon tetra-
hydroxide and 5.4 g of methyl iodide in 15 ml of dioxane and 5  chloride. The bromine color rapidly disappeared, and the
ml of water was added to the refluxing mixture. After a total nmr sPectrum was then determined. This indicated that about
of 1 2  hr the mixture was cooled and extracted several times 5% of both 1 and 9  was Present and that the remaining material
with ether. After removal of ether this extract was heated was the imras-dibromide 8 [5 1.48 (s, 6  H), 4.72 (s, 2 H )]. Upon
with 50 ml of 10% aqueous hydrochloric acid to the boiling point work-up the material described above was obtained.
_________ ’ 4,5-Dibromo-2,2-dimethyl-4-cyclopentene-l,3-dione (10)— A

m ix tu re  o f 200 m g  o f b rom o k e to n e  9 a n d  157 m g (1.0 e q u iv )  
in w hence 10, pp 286-288, and references cited therein. o f b ro m in e w a s h e a te d  a t  reflu x  in  8 m l o f carbon  te tra c h lo r id e

Anil ? w a r75 6047,0«°,, ary eI,iewed by f -  Huisgen, f or 12 h r. F ro m  th e  n m r sp e ctru m  i t  w a s  c lear t h a t  s ta r t in g
A ngew . th e m ., 75, 604 (1963), and R. Huisgen, R. Grashey, and J. Sauer in moi Qr;ni rnmn;nni rpi • , , , , a  £ &
"The Chemistry of Alkanes,” S. Patai, Ed., Wiley, New York, N. Y„ 1964, e“ EX e d ; ,  Ton mlXtUPe ™  re tu rn e d  to  re flu x  fo r  an
Chapter l l ,  pp 806- 8 78 . a d d itio n a l 3b h r w ith  100 m g m ore b ro m in e. T h e  cru d e  p r o d u c t

(2 1 ) Cyclopropane so is known to rearrange to 29 on pyrolysis: H. remaining on removal of solvent and excess bromine showed mp
Stetter and H.-J. Sandhagen, Ber., loo, 2837 (1967). For decomposition of 135-142°. Three recrystallizations from carbon tetrachloride
a related pyrazoline forming a thermally stable cyclopropane, see T. Sasaki gave an analytical sample of vellow needles: mp 149-150.5°; 
and S. Eguchi, J .  Org. C hem ., 33, 4389 (1968). ir (KBr disk) 1760 (s), 1735 (m), 1715 (vs), 1265 (s), 1210 (s),
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1150 (s), 1110 (s) cm -1; nmr S 1.28 (s); uv Xma* 277 (log 6 0.99-1.23 (s, s, m, 8 H, CH3 CH3, bridge CH2), 1.41-1.73 (m,
2.06), 325 (0.94). 4 H, CH2CH2), 2.74 (broad, 2 H, bridgehead CH), 3.21 (s,

Anal. Calcd for C,H60 2Br2: C, 29.82; H, 2.14; Br, 56.69. «n/j = 7 Hz, 2 H, COCH).
Found: C, 29.69; H, 2.16; Br, 57.0. A nal. Calcd for Ci2Hi60 2: C, 74.97; H, 8.39. Found:

Bromination of 2-Bromo-2-methyl-4-cyclopentene-l,3-dione C, 74.81; H, 8.37.
(6).— A solution of 200 mg of diketone 6 in 5 ml of chloroform Reaction of Anthracene with Enedione 1 .— A solution of
was stirred at room temperature with 169 mg (1.0 equiv) of 140 mg of enedione 1 in 5 ml of dichloromethane containing
bromine. The color faded to yellow over 1.5 hr. The solvent 200 mg of anthracene and 140 mg of aluminum chloride was
was removed to leave a crystalline mass which was extracted heated at reflux for 2  hr. The mixture was poured into 20 ml
with cyclohexane. This separated the reaction product into of water and the layers separated. The organic layer, plus two
colorless needles (65 mg) insoluble in cyclohexane and a solution washings of the aqueous layer with dichloromethane, was washed
which yielded yellow needles (144 mg, 78% based on available with water and dried. Removal of solvent left a foam which
bromine) on removal of solvent. Recrystallization of the color- crystallized from petroleum ether to yield 282 mg (82%) of
less needles from benzene several times gave an analytical sample adduct 23. This was recrystallized from cyclohexane-benzene 
of 1 2 : mp 142.5-143.5°; ir (CHCb) 3450-2500 (m, broad), 1705 (3 :1 ) to furnish an analytical sample: mp 176-177°; ir (Nujol)
(m), 1625 (s, broad), 1395 (s), 1360 (m) cm -'; nmr (CDC13) 1765 (m), 1715 (s), 755 (s), 740 (m) cm "1; nmr (ppm downfield
5 1.83 (s), 4.86 (s). from external teiramethylsilane) 0.10 (s, 3 H), 0.97 (s, 3 H),

Anal. Calcd for C6H60 2Br2: C .2 6 .7 0 ; H, 2.24. Found: 3.32 (m, 2 H), 4.83 (m, 2 H), 7.0-7.7 (m, 8 H).
C, 26.76; H, 2.25. Anal. Calcd for C21HI80 2: C, 83.42; H, 6.00. Found:

Recrystallization of the yellow needles from cyclohexane gave C, 83.52; H, 5.91. 
an analytical sample of 11: mp 128-130°; ir 1770 (s), 1730 (vs), Reaction of 2,6-Dimethylanthracene with Enedione 1.—This 
1645 (s), 1545 (s), 1245 (m), 1120 (m), 1075 (m), 885 (m) cm-1; reaction was carried out just as the preparation of 23 and gave an 
nmr 5 1.87 (s). 82% yield. The product was best purified by elution from grade

Anal. Calcd for C6H30 2Br3: C, 20.78; H, 0.87. Found: I  neutral alumina with ethyl acetate. Two subsequent re-
C, 21.04; H, 0.93. crystallizations from ethanol gave an analytical sample of the

4-Amino-2,2-dimethyl-4-cyclopentene-1 ,3-dione (14). A. desired adduct: mp 149.5-151.5°; ir (KBr disk) 1770 (w), 1730
From 1 ,1-Dimethylhydrazine and Enedione 1 .—A solution of (s), 1460 (m), 1120 (w), 1070 (m), 805 (w) cm "1; nmr (CDC13,
309 mg of enedione 1 and 174 mg of 1,1-dimethylhydrazine ppm downfield from external retramethylsilane) 0.092 (s, CH3),
(freshly distilled and having ir identical with that reported22) 0.95 (s, CH3), 2.25 (s, ArCH3), 2.35 (s, ArCH3), 3.39 (m, COCH),
in 5 ml of absolute ethanol stood at room temperature overnight. 4.80 (m, ArCH), 6.85-7.50 (m, ArH).
The solution was diluted with aqueous hydrochloric acid and the Anal. Calcd for C23H220 2: C, 83.60; H, 6.71. Found:
product extracted into ether. This was washed with water and C, 83.86; H, 6.70.
brine and then dried. Removal of solvent gave 279 mg (80%) of A bishydrazone was prepared using hydrazine and hydrazine
solid. Recrystallization from benzene gave a sample with mp hydrochloride in diethyleneglycol at 130° (95%), mp 116-121°
169-170°, mmp (with material described below) 169-170°, and 207-208° from ether.
ir and nmr spectra identical with those of material described Anal. Calcd for C23H26N4: C, 77.06; H, 7.31; N, 15.63. 
below. Found: C, 77.14; H, 7.38; N, 15.75.

B. From Ammonia and Bromo Ketone 9.— A solution of 102 2,6-Dichloroanthracene.— A mixture of 2.74 g of 2,6-di-
mg of bromo ketone 9 in 3 ml of ethanol and 1 ml of concentrated chloro-9,10-anthraquinone, 23 19.2 ml of concentrated aqueous
aqueous ammonia stood at room temperature for 3.5 hr. I t  was ammonia, and 35.6 ml of water was heated on the steam bath
then evaporated to dryness, and the residue was extracted with for 7 hr and treated with 13.7 g of zinc dust in portions. The
ether to give 70 mg of product (100%). Recrystallization from mixture was then filtered, and the product was extracted from
benzene gave an analytical sample: mp 169-171°; ir 3510 (w), the filter cake with several portions of hot acetone. This solvent 
3400 (w), 1745 (w), 1690 (m), 1635 (s) cm-1; nmr (CDC13) was removed, and the crude product was dissolved in boiling
8 1.18 (s, 6  H), 5.50 (broad, 2 II, exchanges with D20 ) ,  5.90 1-propanol, treated with a few drops of concentrated hydrochloric
(s, 1 H); uv Xmax 220 m/x (log £4.04), 309 (4.03). acid (to dehydrate any anthrol present), and allowed to cool.

Anal. Calcd for C7H9O2N: C, 60.42; H, 6.52; N, 10.07. This gave 1.61 g of yellow plates. Several recrystallizations
Found: C, 60.50; H, 6.48; N, 10.00. from benzene gave an analytical sample: mp 271-272°; ir

Reduction of Amino Ketone 14 with Zinc in Acetic Acid.—• (KBr disk) 1612 (m), 1440 (m), 1070 (m), 1055 (m), 920 (m), 895
A solution of 101 mg of amino ketone 14 in 5 ml of acetic acid (s), 790 (m) cm-1.
containing 5 drops of concentrated hydrochloric acid and 1.00 g Anal. Calcd for CuH8C12: C, 68.05; H, 3.26. Found: C,
of zinc dust was stirred at room temperature for 2  hr. The solu- 68.00; H, 3.41.
tion was poured into water, neutralized with sodium bicarbonate Reaction of 2,5-Dichloroanthracene with Enedione 1 .—This
solution, and extracted with chloroform. Removal of chloroform reaction was carried out just as the preparation of 23 and gave
after drying left 29 mg of diketone 3 which was recrystallized an 83% yield. The adduct was purified by several recrystalliza-
from petroleum ether, mp and mmp (with authentic 3) 46-48°, tions from ethanol: mp 168-169.5°; nmr (CDC13, ppm down-
ir and nmr spectra identical with those of authentic 3. field from external tetramethylsilane) 0.28 (s, CIR)^ 1.07 (s, CH3),

Reaction of Cyclopentadiene with Enedione 1 .—A solution of 3.46 (m, COCH), 4.88 (m, ArCH), 7.08-7.51 (m, ArH).
1.24 g of enedione 1 in 15 ml of benzene containing 1 ml of cyclo- Anal. Calcd for C2iHi60 2Cl2: C, 67.93; H, 4.35. Found:
pentadiene was heated at reflux under nitrogen for 19 hr. The C, 68.04; H, 4.37.
mixture was concentrated in vacuo, treated with 10 ml of pen- Reaction of 1,2,3-Triphenylaziridine (24) with Enedione 1.—
tane, and then kept at —20° for several hours. Filtration then A solution of 124 mg of enedione 1 in 10 ml of toluene containing 
gave 900 mg (46%) of off-white crystals. Three recrystalliza- 271 mg of 24 was heated at reflux for 10 hr. Filtration of the
tions from pentane at —20° gave an analytical sample of adduct cooled and somewhat concentrated solution gave 355 mg (90%)
2 1 : mp 70-72°; ir 1770 (w), 1720 (s), 1 1 1 2  (m), 1080 (m), 710 of solid product. One recrystallization from toluene gave 261 
(m) cm“1; nmr (220 MHz) 8 0.79 (s, 3 H, CH3), 0.98 (s, 3 H, mg (6 6 %) of adduct 26. Two more recrystallizations furnished
CH3), 1.49 (d, «7 = 9 Hz, 1 H, CHH), 1.64 (d, J  = 9 Hz, 1 H, an analytical sample: mp 269-271°; ir (KBr disk) 1765 (w),
CHH), 3.40 (s, un/2 = 3 Hz, 4 H), 5.98 (s, 2 H, olefinic H). 1725 (s), 1600 (m), 1500 (s), 1340 (s), 1330 (s), 735 (s), 680 (s)

Anal. Calcd for Ci2H140 2: C, 75.76; H, 7.42. Found: cm "1; nmr (CDC13, 220 MHz) 8 0.080 (s, 3 H, CH3), 1.01 (s,
C, 75.67; H, 7.44. 3 H, CH3), 3.46 (dd, J ab = 13 Hz, J ac = 1 Hz, 1 H, COCHa),

Hydrogenation of Adduct 2 1 .—A solution of 84 mg of adduct 4.16 (app t, J ba = 10 Hz, J bd = 10 Hz, 1 H, COCHb ), 5.66 (d, 
21 in 5 ml of methanol containing 7 mg of 5%  palladium on J db = 10 Hz, 1 H, ArCHn), 5.84 (d, J ca = 1 Hz, 1 H, ArCHc),
carbon was reduced with hydrogen at 1 atm. After removal of 6.34 (d, J  — 8 Hz, 2 H, ArH), 6.52 (app t, J  = 7 Hz, 1 H, ArH),
catalyst and solvent, the residue was treated with pentane and 6 .9 -7 .4 (m, 12 H, ArH).
kept at —20° for several hours to give colorless crystals. Re- Anal. Calcd for C27H230 2N: C, 82.00; H, 6.37; N, 3.55.
crystallization from pentane gave an analytical sample of 22: Found: C, 82.01; H, 6.46; N, 3.39.
mp 60-61.5°; ir 1765 (m), 1720 (s) cm "1; nmr (220 MHz) 8 ___________

(22) E. R. Shull, J. L. Wood, J. G. Aston, and D. H. Rank, J .  Chem . (23) H. E. FierzOavid, Helv. C H m . A cta, 10, 197 (1927); K. Lauer. J .
P hys., 22, 1191 (1954). P rak t. C hem ., [2] 130, 185 (1931).
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Reaction of trans-l-Cyclohexyl-2,3-dibenzoylaziridine (25) Anal. Calcd for C8Hi0O2: C, 69.54; H, 7.30. Found:
with Enedione 1.—A solution of 62 mg of enedione 1 in 5 ml of C, 69.25; H, 7.25.
toluene containing 165 mg of aziridine 25 was heated at reflux Photolysis of Pyrazoline 28.—A solution of 200 mg of adduct
for 2.75 hr. Concentration and filtration gave 181 mg (80%) of 28 in 400 ml of ether was photolyzed for 1 hr. Most of the sol-
crude solid product. This was recrystallized several times from vent was removed and the product was purified by preparative
benzene to yield an analytical sample of adduct 27: mp 175.5- vpc to give a small amount of 29 plus analytically pure cyclo-
177°; ir (KBr disk) 1765 (m), 1720 (s), 1675 (s), 1660 (s), 1230 propane 30; ir 1763 (m), 1727 (s), 1265 (m), 1130 (m), 990 (m),
(s) c m '1; nmr (CDC13) S 0.5-2.0 (m, 10 H, CH2), 1.12 (s, 3 H, 875 (m), 850 (m) cm“1; nmr 5 1.03 (s, 3 H), 1.07 (s, 3 H), 1.17-
CH3), 1.20 (s, 3 H, CH3), 2.28-2.80 [broad, 1 H, C(1)H of cyclo- 1.92 (m, 2 H), 2.3-2.7 (m, 2 H).
hexyl], 3.55 (dd, / ba = 10.5 H z ,/ B0 = 3 Hz, 1 H, COCHb ), Anal. Calcd for C8I:I10O2: C ,69.54; H, 7.30. Found: C,
3.92 (dd, Tab = 10.5 Hz, /ad = 8 Hz, 1 H, COCHa), 5.52 (d, 69.14; H, 7.22.
/ cb = 3 Hz, 1 H, ArCOCHc), 5.78 (d, /da = 8  Hz, 1 H, Ar-

C<Armh}' Calcd'6fo^C^/HiCh^^ C , 76.13; H, 6.84; N, 3.07. R e ^  26154-22-3; 3, 3883-58-7; 4,
Found: C, 76.14; H, 6.91; N, 2.96. 25112-8/-2 ; 6,26154-25-6; 9 ,26154-26-7 ; 10, 26154-

Reaction of Diazomethane with Enedione 1 .—A solution of 500 27-8; 11,26154-28-9; 12,26157-42-6; 14,26154-29-0;
mg of enedione 1 in 20 ml of ether was treated with 30 ml of 0.14 21,26157-43-7 ; 22 ,26157-44-8 ; 23 ,26154-30-3 ' 26,
M  ethereal diazomethane. After 3 hr at room temperature 26145-73-3; 27, 26145-74-4; 28, 26145-75-5; 29,
excess diazomethane was distilled out on the steam bath and the A \ ’
solvent removed. The resulting crystals were washed with cyclo- 15972-2i-7, 3 0 , 15973-50-9, reaction product of 2,6-
hexane and filtered to give 514 mg (77%) of pyrazoline 28. This dimethylanthracene with 1, 26154-33-6; reaction prod-
was recrystallized by dissolution in benzene at room tempera- uct of 2,6-dimethylanthracene with bishydrazone,
ture, addition of cyclohexane, and subsequent'cooling. Four 26154-34-7; 2,6-dichloroanthracene, 26154-35-8; reac-
such operations gave an analytical sample: mp 8 6- 8 8 °; ir 1770 ,• j  \  t n o j -  m
(W), 1730 (s), 1545 (w) cm"1; nmr (CDC13) 5 0 97 (s, 3 H, CH3), tlon Prod u ct of 2,6-dichloroanthracene with 1, 26154-
1.25 (s, 3 H, CH3), 3.40 (six lines, 1 H, CH2CHBCO), 4.9-5.2 36-9.
(m, 2  H, CHxHy), 5.80 (broad dt, /ab = 9 Hz, /ax = 2.5 Hz,
/ ay ~  0.5 Hz, l H, NCHaCO). This compound is light sensi- Acknowledgments.—We are grateful to Professor H.

tWAnal. Calcd for C8HI0O2N2: C, 57.82; H, 6.07; N, 16.86. Heine of B u ? k n e 1 1  University for generous samples
Found: C, 57.91; H, 5.87; N, 16.76. of tw o azindmes used m this investigation, to Mr.

Pyrolysis of Pyrazoline 2 8 —A solution of 200  mg of adduct S. T. Bella for microanalyses, and to Miss Luz Catan
28 in 10  ml of toluene was heated at reflux for 1.5 hr. The sol- for expert technical assistance. The National Science
vent was evaporated to leave 135 rng (81%) of crude product Foundation (Grant No. GB-12278), The Research 
which was purified by preparative vpc to give an analytical i r™ A i -n oi V» , ,.
sample of ketone 29: ir 1750 (m), 1710 (s), 1620 (m), 1280 (m), Corporation, and The Alfred P. Sloan Foundation gen-
1120 (m) cm -1; nmr 5 1.10 (s, 6  H), 2.10 (d, /  = l  Hz, 3 H )’ erously provided funds which facilitated purchase of the
6.84 (broad, 1 H). 220-MHz nmr spectrometer.

The Preparation and Properties of Cage Polycyclic Systems.
I. Pentacyclo[5.3.G.02,5.03'9.04,8]decane and 

Pentacyclo[4.3.0.02’5.03,8.04,7]nonane Derivatives
N. B. Chapman,*  J. M. K e y , and K . J. T oyne

Chemistry Department, The University, Hull HU6 7RX, England 

Received A pril 1, 1970

Reliable syntheses of some pentacyclo[5.3.0.02.5.03.«.0M]decane (2 2 ) and pentacyclo[4.3.0.02'6.03.8.04.7]nonane 
(23) derivatives are described. The nmr spectra of several of them and the nmr spectra of the endo-dieyclo- 
pentadiene precursors are discussed; magnetic shielding of some of the cage methine protons is observed for 
certain ketones and ethylene ketals, a dimethyl ketal, and a hydrate, and even 5 ,9 -dibromopentacyclo[5 .3 .0 .0 2.5.- 
OM.OM] decane has a two-proton absorption at higher field than that of the main group of protons. The cleavage 
of a nonenolizable a-bromo ketone, 5,9-dibromopentacyclo[5.3.0.02A03.9.04.8]deca-6,10-dione 6-ethylene ketal (5) to 
give a lactone (17), and several attempted Favorskii rearrangements on5,9-dibromopentacyclo[5.3.0.02>5.03.9.04.8]- 
deca-6 ,10-dione (6 ) and l-bromopentacyclo[4.3.0.02'5.03’8.04’7]nonan-9-one-4-carboxylic acid (1 0 ) are described.

Recently1 we have prepared some 1,4-disubstituted is hidden from the reaction site by the bulk of the 
icyclo [2.2.2 [octanes in order to study the polar cyclic system and changing the substituent does not

efiects of substituents X  in a system such that they alter the steric effect at the reaction site. 1,4-Disub-
have no influence on the steric effect experienced by the stituted cubanes2 offer the same possibilities for study-
reaction site Y . In these compounds the substituent ing polar effects without the intervention of steric

X effects,3 and, after the preparation of 1,4-dim ethoxy-

0 )
l

----------------  X
* Author to whom correspondence should be addressed. _____________

fb)( N (B rh a n iT n T T lB 11'15' TheSiS T v  YnT rSity °f Hul1’ England : (2) J - M- Key’ Ph-D- Thesis' 1968' University of Hull, England.
917 ri970) P ’ ' Sotheeswaran' and K- J - T°y"e' J - Orq. Chem ., 36, (3) F. W. Baker, R. C. Parish, and L. M. Stock, J .  A m er. C hem . S oc .,

( U;* 89, 5677 (1967).
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carbonylcubane was reported by Eaton and Cole,4-6 we Scheme II
planned to prepare some 1,4-disubstituted cubanes for Br
this purpose. However, we met numerous difficulties | | j
in following the preparative method reported by Eaton ° y 0  ------1
and Cole, arising from (a) the need to prepare cyclo-
pent-2-en-l-one on a large scale, (b) the instability of / - —  if Bl
the compounds leading to endo-2,4-dibromodicyclo- J------J 0
pentadiene-l,8-dione (11), which meant that many ' Y  12
reactions gave tarry by-products, thus making purifica- | | o —CO i
tion difficult and causing low yields, and (c) the dis- O y O  17 q
covery that irradiation of 11 in 4%  methanolic hydro- A^Br II
gen chloride6 gave the bisdimethyl ketal (13) and not / ___ | K y Br
the bishemimethyl ketal of 6 (see Schemes I and II). M___^ g _̂________  4 __^

Scheme I Br y  \ g

D  M X -  ° ^ °
o X q — ► 0 X 0  Br — >  14 ,  X  |
I____I I____I | 3 l

1 2 * MeO^/OMe
I I | I I I 0  /V > r

° Y  X* Y  l fY
< ~ 0  Br / 'SBr Me0 0Me

,  4 0 X 0 Y  13
3 I_____ I 0  j

I 0  HO OH 15 16 fio _ o  D V  6
_ X - Br ___1 / Br L Br

— —  __  / - —  __  / - —  about 9% . The synthesis outlined in Scheme I was
>— -j J— -j )— -j finally used as this avoids the difficulties a, b, and c

X  /  X  /  X . /  mentioned above.
Br y  Br y  Br Y  Eaton and Hudson7 brominated cyclopentanone

q 0  \  HO OH ketals by using pyridinium bromide perbromide8 in the
\  6a alcohol from which the ketal had been derived; our

6 \ attempts with this reagent failed. Various other
| \  established methods for the bromination of ketals were
I---- 1 q tried without success, e . g . ,  pyridinium bromide per-
0  0  II bromide or trimethylphenylammonium perbromide in

/ Y Br Y Br ^,C02CII3 tetrahydrofuran,9-12 and molecular bromine in a range
/I  j A j  A ~7\ of solvents. Dioxane dibromide, however, has been

— ► — *■ used13 as a brominating agent and the initial isolation
/  /  /  /  /  /  and purification of dioxane dibromide are unnecessary if

(XVH C(JCH bromine is added to the ketal in dioxane as solvent,
g jo 7 This method proved successful and dibromination and
, tribromination of 1 gave good yields, and intermediates
I which were stable and relatively easy to purify (see

--  Schemes I and III). This method is therefore a con-
q q venient way of preparing intermediates required for the

Y / h r synthesis of simple pentacyclodecane and pentacyclo-
/| j  nonane derivatives, and can be generalized to provide

intermediates for the synthesis of complex substituted 
y  /  pentacyclodecanes14 and pentacyclononanes, which

co2c h 3
g (7) P. E. Eaton and R. A. Hudson, J .  A m er. Chem . S oc., 87, 2769 (1965).

(8) L. F. Fieser, "Experiments in Organic Chemistry,” D. C. Heath, 
Boston, Mass., 1957, p 65.

The Favorskii rearrangement of 6 gave variable yields; O) a . Marquet, h . b . Kagan, m . Dvoiaitzky, l . Mamiok, c. weidmann, 
r~f\rr-/ • i i  p • i i l *  ̂ and J. Jacques, C. R . A cad . S c i., S er . C, 248,984 (1959).

a- £>0/O yield of 7 was isolated on one occasion but we (10) A. Marquet and J. Jacques, T etrahedron  Lett., 24 (1959).
were never able to repeat this and the usual yield was (ll) A. Marquet, M. Dvoiaitzky, H. B. Kagan, L. Mamiok, C. Ouannes,

and J. Jacques, B u ll. S oc. C him . F r ., 1822 (1961).
(4) P. E. Eaton and T. W. Cole, Jr., J .  A m er. Chem . S oc ., 86, 962 (1964). (12) A. Marquet and J. Jacques, ib id ., 90 (1962).
(5) P. E. Eaton and T. W. Cole, Jr., ib id ., 86, 3157 (1964). (13) G. M. Kosolapoff, J .  A m er. C hem . S oc ., 75, 3596 (1953).
(6) ?. E. Eaton, personal communication. (14) W. L. Dilling and M. L. Dilling, Tetrahedron, 23, 1225 (1967).
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Scheme III of 5 in 10% aqueous potassium hydroxide for 4 hr at
I----1 110°. I t  was more satisfactory to use a more con-
0 o centrated base for a shorter time and a 4%  solution of

jC 5 in 25%  aqueous potassium hydroxide for 2.5 hr at
l / Br 110° gave consistent yields of 8 of 70-85% .

l —*■ J X q —*■ J?  *■ Compound 10 was subjected to a wide range of bases
1__ | o -\— to see whether the yield of cubane-l,4-dicarboxylic acid

j8 Y  o could be improved. The use of aqueous potassium
^  hydroxide, powdered potassium hydroxide in dimethyl
19 ____  sulfoxide or tetrahydrofuran, sodium methoxide in

1 I I I methanol or dimethyl sulfoxide, aqueous potassium
° Y °  hydroxide in dioxane, and aqueous silver nitrate, with a

a-----A  range of concentrations, reaction times and tempera-
__*- f - —  —► 16 tures failed to improve the yield of 7. A complication

J----\ arising from the use of Pyrex vessels was the large
i f  (/ V  amount of silicic acid formed on acidification of the

1' y  reaction product, which made extraction of the cubane-
20 q 1,4-dicarboxylic acid difficult. Reactions were tried in

2i silica or ‘Nalgon’ tubes, or in sealed stainless steel
tubes at high temperatures, but the optimum yield was

have attracted attention as potential antiviral 0n^  ^ ° '
agents.15’16

As we had obtained a poor yield of 7 from the Favor- . 9
skii rearrangement of 6 by using the conditions recom- .----- A * II ^ CQ2H
mended by Eaton and Cole,4 we tried the reaction L —  a----- T  a------t  C1 / ___ H
under various conditions as follows: aqueous potas- 1------4 r------f ------------- r  "  8 ____
sium hydroxide 25-75%  w/w, 90° up to reflux tempera- Y  V  )— y  J— y  /
ture, 20 hr-15 days, maximum yield 9% ; powdered
potassium hydroxide in xylene,17’18 25° up to reflux 22 23 24 25
temperature, 1 day, no product; powdered potassium _____
hydroxide in dimethyl sulfoxide, 50° up to 100°, 1 day, q q I------|
no product; powdered potassium hydroxide or sodium ^  O ^O  () ^ ^
hydroxide in tetrahydrofuran,19’20 5° up to reflux /  /  f\ Y  A T
temperature, 5 hr-2 days, no product; sodium methox- f  yj / ^Cl8 /\-----f\ q
ide in methanol, 25% w/w, reflux temperature, 1 day, /  /  " ------ y  / — y
no product; sodium methoxide-methanol in dimethyl /  /  / — y  C I ^ nX ^ C I
sulfoxide, aqueous potassium hydroxide in dioxane, fl N, fv / ------ " ' ' /
aqueous silver n itra te ,21 negligible yield. 0  C02H COR O

Other workers20’22 23 *’28 have experienced similar diffi- 26 27 28 31
culties in the attem pted Favorskii rearrangements of C1
polychlorinated caged ketones. T h e attem pted Favor- Cl A  n
skii rearrangement of 24 failed and the reaction gave a OC 'V COR HO.C ?\,COR
ring-cleaved product (25) which remained unchanged
on treatment with base. Compound 26, in a similar / - A Y /
way, gave a ring-cleaved intermediate product (27), CD-______ | [9!__________  _______
which in the presence of strong base gave the expected -----------  I------------ -----------
product (28). 32 33 34

The preparation4 of 7 from 6 involves two successive f\ /
Favorskii rearrangements and an alternative approach ____A » A j  A T-
was to find the optimum conditions for each of these /J f~ /]---f y
rearrangements by preparing 7 via 8 and 10. The r  f - —  /  /  /  /
Favorskii rearrangement of 5 with 10% aqueous potas- y  J— y  N V  B r ' Y s
sium hydroxide4 was found to be unsatisfactory and the VT----" y C  Y  i  j!
best yield (34%) was obtained by heating a 4%  solution Br 0  0

35 36 37 38

(15) British Patent 1,068,655 (1967); Chem . A bstr., 68, 2640m (1968). 0
(16) G. L. Dunn, V. J. DiPasquo, and J. R. E. Hoover, J .  Org. C hem ., 33, jj

1454 (1968). CH;, X
(17) K. V. Scherer, Jr., R. S. Lunt, III, and G. A. Ungefug, Tetrahedron  '̂ >i----j - ■

L ett., 1199 (1965). K ^tt /
(18) R. J. Stedman, L. S. Miller, and J. R. E. Hoover, ib id ., 2721 (1966). CH{_ CHa
(19) K. V. Scherer, Jr., ib id ., 5685 (1966). / -----
(20) K. V. Scherer, Jr., personal communication. i  '
(21) A. C. Cope and E. S. Graham, J .  A m er. C hem . S oc ., 73, 4702 (1951). / /  /
(22) R. S. Lunt, III, Ph.D. Dissertation, University of California, Berkeley, \----

Calif., 1968. /  Br ”
(23) G. A. Ungefug, Ph.D. Dissertation, University of California, Berke- ^

ley, Calif., 1968. 39 40

3862 J .  Org. Chem., Vol. 35, No. 11, 1970 C h a p m a n , K e y , a n d  T o y n e



T he proposed m echanism  for the Favorskii rearrange- Dunn, D iPasquo, and H oover16 rep ort the reaction  of 
m ent of nonenolizable a-halogeno ketones is sim ilar to 4 ,5 ,7 ,8 -te trach lo ro p en tacy clo [5 .3 .0 .02’s.0 3’9.0 4’8]decan-6- 
the m echanism  of the benzilic acid rearran gem en t4’24-26 one (31) with solid sodium hydroxide in benzene to  
and it seems reasonable th a t an y  nucleophile capable of give ring cleavage and the Favorskii product, and to
producing the interm ediate (I) m ay cause a Favorsk ii give ring cleavage alm ost exclusively w ith aqueous

alkali or solid potassium  hydroxide in benzene. In  
£ "o  r none of these reactions did the presence of the carboxyl-

R (\ , / X ate  anion group in the cleaved product lead to  displace-
| x" Vi -Hal' | m ent of chlorine to  yield the lactone, but A khtar, F ray ,

r  and Yarrow30 have recently shown that the oxidation
h. r/  Hal /  Hal Ri I R3 of 9,10,ll,12-tetrachlorotetracyclo[6.4.0.04’12.05’9]dodec-

3 3 10-ene (32) with potassium permanganate in refluxing
1 acetone leads to 9-carboxy-10-chlorotricyclo[4.2.1.I 2’5]-

rearrangement. A reaction which is mechanistically decane-9-hydroxy-10-carboxy lactone (33), which is
similar to the Favorskii reaction is the cleavage of f” m?d by transannular nucleophilic displacement of
nonenolizable ketones by potassium iert-butoxide- chloi;ine- When this chlorolactone carboxylic acid (33)
water in an aprotic solvent.27" 29 We decided to study was heated ™lth  1a<3.ueousLPotassium hydroxide another
this reaction to see whether a nonenolizable a-halogeno f  “  nucleophilic substitution led to an oxygen-
ketone would give a Favorskii rearrangement under bridged dicarboxyhc acid (34). . . .
these conditions. The Favorskii rearrangement of 5 L * nt attributes the formation of the rmg-cleaved 
gives acceptable yields and we tried its reaction with w f u c t s  in the attempted Favorskii reactions of the
potassium feri-butoxide-water in dimethyl sulfoxide to Polychlorinated cage ketones (see above) to a combma-
see whether ring cleavage or Favorskii rearrangement ,tlon of [actors J ™ «  fJ ° “  ™
occurred. The reaction gave the lactone 17 (see f™m the _ stability of the chlorocarbamons The
Scheme II) indicating that ring cleavage (breakage of dlffTerenf e 111 hie type of rmg-cleaved product obtained
bond a) rather than Favorskii rearrangement (breakage ?y  Lunt and that reported here may be explained in the
of bond b) had occurred, probably as shown. In following way The mitial rmg-cleaved anion 29) is a

stronger base th an  the chlorocarbam on and will lead to  
| | 30 which is then capable of producing the lactone
O y O  because bromine is m ore easily displaced than chlorine.

___ A / Br The bromocarbanion (29) is not able to give a ring-
/  / ' oh j r T n r ^  closed product because of the absence of a leaving group
T 4 j  *-----  on the carbon atom  to which the carboxy  group is
/  y  OH attached. When the intermediate product (27) ob-

B r \ /  tained by Lunt is treated with strong base it will give
1 the chlorocarbanion, which is not susceptible to attack
0 by the carboxylate anion group, and the alternative

5 ^ displacement of the chloride ion from the carbon atom to
„— *— . r A which the carboxy group is attached will give the ring-

closed acid (28). Oxidation of 32, however, does not 
■Qy CÔ H H Br H COr H lead to chlorocarbanion formation and the displacement

29 30 of chloride ion by the carboxylate anion group is the
A (--------- As_______  only displacem ent possible.

r , I ~oh | , The thermal decarbonylation of 11 gave 2,4-dibromo-
, /C  'TTT indanone. Baggiolini, et a l.,n obtained as-8,9-dihydro-

H 0 —CO H 0H 2 indenone from the thermal decomposition of endo-
17 dicyclopentadiene-l,8-dione, and DePuy, et a l.,32 by

decarbonylating the chloro compound analogous to the 
addition to the lactone produced, the cleavage of 5 bromQ compound n , have obtained the 8,9-dihydro-
leads to the acid 8 and possibly to the let ¿-butyl ester of indenone initially, which then aromatized at room
8, which may arise from the reactions of 5 with hy- temperature to give 2,4-dichloroindanone. The nmr
droxide ion and ¿erf-butoxide ion, respectively, to give a spectrum of compound 12 agrees very closely with that
Favorskii rearrangement. reported by DePuy, et a l.,32 for 2,4-dichloroindanone.

The action of alkali on cage chloro ketones has been Nmr Spectra.- One notable feature of the nmr spec- 
reported to give several products. For example, tra 0f cage compounds is that the presence of carbonyl
Scherer, Lunt, and Ungefug17 describe a normal Favor- or ethylene ketal groups causes shielding of some of the
skii rearrangement, ring cleavage without displacement hydrogen atoms.4.6’33" 35 Stedman and Davis33 have
of chlorine, and ring cleavage followed by an olefin- considered the nmr spectra of ketones and ketals of
forming elimination of chlorine; Stedman, Miller, and
Hoover18 describe a normal Favorskii product; and (30) i. a . Akhtar, g . i . Fray, and j . m . Yarrow, j . c h em . S oc. c ,  812

(1968).
(24) A. S. Kende, Org. R e a d . , 11, 261 (1960). (31) E. Baggiolini, E. G. Herzog, S. Iwasaki, R. Sehorta, and K. Sehaffner,
(25) J.-M. Conia and J. Salailn, Tetrahedron L ett., 1175 (1963). Helv. C him . A cta, 50, 297 (1967).
(26) J.-M. Conia and J.-L. Ripoll, B u ll. S oc. C him . F r„  755, 773 (1963). (32) C. H. DePuy, M. leaks, K. L. Eilers, and G. F. Morris, J .  Org. Chem .,
(27) G. A. Swan, J .  Chem . S oc ., 1408 (1948). 29,3503 (1964).
(28) P. G. Gassman, J. T. Lumb, and F. V. Zalar, J .  A m er. Chem . S oc., (33) R. J. Stedman and L. D. Davis, Tetrahedron  L ett., 1871 (1968).

89 946 (1967). L- Dunn V. .1. DiPasquo, and J. R. E. Hoover, ib id ., 3737 (1966).
(29) P. G. Gassman and F. V. Zalar, Tetrahedron Lett., 3031, 3251 (1964). (35) R. J. Stedman and L. S. Miller, J .  Org. C hem ., 32, 35 (1967).
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pentacyclo[5.3.0.02’6.03’9.04'8]decane (35) and have con- collected the bar diagrams for the nmr spectra of several
eluded tha t for the ketones the a protons are held in  the pentacyclodecanes and their derivatives. For all de
shielding zone of the carbonyl group36-37 and for the rivatives shown the resonances for the hydrogen atoms
ethylene ketals the shielding may arise from some long at Ci, Co, C6, and C7 (when present) appear at higher
range anisotropic effect associated w ith  the oxygen field than those of the remaining cage methine protons.
atom . 33 We have prepared several substituted penta- As would normally be expected, the introduction of a
cyclo[5.3.0.02'5.03’9.04'8]decanes (2 2 ), all of which show carbonyl group into the molecule causes most of the
the characteristic high-field resonance for protons at the cage protons to resonate at lower field [e.g., 22, 37; and
position a to a carbonyl or ketal functional group, but 36, 6 ] but the protons at the positions a  to the carbonyl
the nmr results indicate that the high-field resonance is group appear at higher field than the main group,
not confined to ketones and ethylene ketals, but also Compounds 36 and 6 , however, show tha t the carbonyl
appears in  the spectra of a dim ethyl ketal (13), a groups have little  relative effect on cage protons, and the
hydrate (6 a), and a halo compound (36). In  Chart I  are a  protons and the remaining cage protons are moved

downfield to approximately the same extent. Similarly, 
Chart I  the ethylene ketal group causes the resonance of several

Nmr Spectra of Pentacyclodecane and protons to move to lowei field but the a protons resonate
Pentacyclononane Derivatives“ at approximately the same position as in  the parent

5.0 6.0 7.0 8.0 90 100 hydrocarbon (see 22, 15, 14). Bromine atoms cause all
I | | | | | resonances to move to slightly lower field (36, 22; 14,15;

38, 37) but surprisingly 36 shows high-field methine 
protons although C6 and C10 are unsubstituted. Com
pounds 14, 5, and 6 show tha t replacing the ethylene 

compd ketal group by a carbonyl group causes all the reso-
5 _____ i B m j i B  ¿ 5_____________________  nances to move to lower field, but the peculiar high-field

4 2. behavior of the a  proton remains. For a similar
6'' ------------------“ ----- ■ ■ ------------------------------ ------------  system, Stedman and Davis33 have suggested tha t the
6a. ^  ^  shielding of a  protons would only be observed for

. ketals when the ketal oxygen atoms form part of a rig id
'3 ____________ 1 1 ■  m ______________________rin g ; indeed they found that for a dimethyl ketal none of

s 4 the cage protons were greatly shielded w ith  respect to
14----------“ -------------------------------------------------------- —  those of the hydrocarbon. From Chart I  i t  can be seen
i s ________ ^  J . tha t a bisdimethyl ketal (13) and even a bishydrate (6a)

4 2.2. s till show 2 protons at higher field than the main group,
16---------------------™ ---- u—  ---------------------------------- - as is observed for the bisethylene ketal 14, although there
22c 21 <-■ 2 2 is an indication that the separation of the high-field

1 1 • protons from the main group decreases from compounds
35-________________ ± . _ m ________ 1__________  14 to 13 to 6a.

4 2. 2 2 I t  does not seem likely that the high-field resonances
36--------------------------™ ™ ---- 1— 1—  ---------------------  of the ethylene ketals arise because of a long-range
37>. i* l- anisotropic effect of oxygen since compound 36 shows

. ..~ the high-field resonances, although oxygen atoms are
38'’------------------ ^ __ 1 i______________ _ not present in the molecule, and compounds 13 and 6a,

■ 2- r  6 6 in  which rotation about the carbon-oxygen bonds is
* 1— 1----------- ^ --------------- possible, s till show high-field absorption.

In  the formal conversion of the endo-dicyclopenta- 
r> r dienes 3,4, and 11 into the pentacyclodecane derivatives

8 --------- ^ ^ ----------------------------------------- 14, 5, and 6 , respectively, the protons at positions C7 and
9 < a i- C7a in the diene become the protons showing the high-

m  field absorption. From Table I  and Chart I  i t  can be
10‘ ---------------- sssssaska__________________________  seen that the changes of chemical shift for this con-

s 2 version are always to higher field, and for the formation
23T  : ~ ~  -------------------1------------------------ of compound 14 are r  0.11 and 0.47, for compound 5,
“ Chemicalshifts (rvalues), with deuteriochloroform as solvent o . l l  and 0.53, and for compound 6, 0.52 and 0.15. The

and tetramethylsilane as internal standard. The number of hydro- , , • , , c  . T,
gen atoms responsible for each resonance is indicated and the methine resonance at highest field for 19 (see Table I)
probable assignments of resonances arising from protons a to the an(r f° r ewdo-2-bromodicyclopentadien-l-One (39)16 is
carbonyl or ketal groups are indicated by an asterisk. b See also at r  7.31 and 7.25, respectively, and for the cage com-

3  « .  4 s , “ S ri3°3“ »tod « ,  absorption is at r7.51 and 7.6.-
later (J. R. Bell, N. B. Chapman, and K. J. Toyne). * See ref respectively, which corresponds to a shift to high field of
34. ’ See G. Maier andU. Mende, A n g e w . C h e m .,  I n t .  E d .  E n g l . , at least r  0.20 and 0.35, respectively.
8, 132 (1969). > See also ref 5. * See ref lb and 16. The nmr spectra of appropriately substituted penta-

cyclononanes, e.g., compounds 8, 9, and 10, also show a
(36) j . w. ApSimon, w. g. Craig, p. v. Demarco, d. w. Mathieson, high-field proton resonance, which appears basically as a

(1966) G Nasser’ L' Saunders’ and w' B- Whailey, chem. Commun., 754 triplet because the symmetry of these molecules is such
(37) g. j. Karabataoa, g. c. Sonnichsen, n . Hsi, and d . j. Fenogiio, that the hydrogen atoms on C3 and C7 are chemically

J . Amer. Chem. Soc., 89, 5067 (1967). idsilticftl.
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T a b l e  I

N mr Spectra of erado-DicYCLOPENTADiENE Derivatives“
'-------- -- -------------------------------------------------- Proton chemical shifts-------------------------------------------——------------

Compd 1 2 3  3a 4 7  7a 5 6 8
endo-Dicyclo- 7 .85 8 75

pentadiene6 8 .40  ------- 4 .5 5 -------  6 .82  --------7 .1 6 ,7 .2 7 -------- 7 .33 ------- 4 .08-------  8.73
3 3 .95 6 .50  7.29 6.93 4 .19 3.83
4 2.38 6 .35 6.95 6.81 4 .09 4 .00

11 2 .34 6.47 6.43 6 .80 3.76 3.64
19 4.43 4 .23 -----------6 .5 5 ,7 .1 3 ,7 .3 1 ,7 .3 1 ----------  — 3 .8 5 ,4 .2 0 —
20 3.91 2 .64 -----------6 .4 3 ,6 .9 9 ,7 .0 7 ,7 .1 9 ----------  — 4 .0 0 ,4 .1 4 —

“ Chemical shifts (t values) with deuteriochloroform as solvent and tetramethylsilane as internal standard. b See R. G. Foster and
M. C. Mclvor, J .  Chem. Soc. B, 188 (1969).

I t  is clear from  these observations th a t  the anom alous (q, H7a), 7.29 (m, H ,); /3,3a = 2.5, J 3,7 = 0.5, J %a,7a = 7.3, /6,« 
high-field sh ift in  th e  nm r sp ectra  of these cage system s = ^ 6'7 = ^ “'7 = 3 -®> ^7'7a = 4-8  ^ z< 4r (K(ll) 3060,
does n ot ad m it of a  sim ple exp lanation  and in  an y  one 37 n a f  L X > r B r ,  39.36.
case a num ber ot opposing facto rs m ay  be im p o rtan t. Found- C 41 50- H 3 40- Br 39 23
In  an a ttem p t to  rationalise these resu lts we are extend - The dehydrobromination of 2 with potassium ¿erf-butoxide in 
ing our studies to  a wider range of cage com pounds. dimethyl sulfoxide at 18-20°, potassium ferf-butoxide in tert-

butyl alcohol at 18-20°, or piperidine at reflux temperature gave 
compound 3 in 67, 63, and 89% yield, respectively. Compound 

Experimental Section 3  was also prepared (64% yield) by the reaction of 1 1  with ethyl
ene glycol in benzene, with toluene-p-sulfonic acid as catalyst.

Melting points and boiling points are uncorrected. Nrnir endo-2,4-Dibromodicyclopentadiene-l,8-dione 8-Ethylene
spectra were recorded at 100 MHz with a Varian HA-100 or Ketal (4).— Concentrated hydrochloric acid (100 ml) was added
JEO L 4H-100 spectrometer, with tetramethylsilane as internal dropwise at room temperature to a stirred solution of compound
standard and deuteriochloroform as solvent; the chemical shifts 3 (100 g, 0.246 mol) in tetrahydrofuran (1  1.). The mixture was
and coupling constants were obtained by first-order analysis. stirred for 18 hr and then poured into 1 0 % aqueous sodium bi-
The molecular ion peaks in the mass spectra are given for the carbonate (6  1.) and kept at room temperature for 1 hr. The
bromine 79 isotope. Glpc analyses were achieved by using a product was filtered off, dried (CaCl2) in vacuo, and recrystallized
Perkin-Elmer F l l  gas-liquid chromatograph fitted with a twice (toluene) to give compound 4 (81.4 g, 91% ); mp 171-172°
column (72 in. X Vs in. o.d.) packed with 20% silicone gum (lit.4 172-173°); nmr t 2.38 (q, H3), 4.00 (q, H6), 4.09 (q, H5),
rubber, SE-301, on Chromosorb W. Thin layer chromatog- 5.68-6.13 (m, 4 H), 6.35 (q, H3a), 6.81 (t, H7a), 6.95 (m, H7); 
raphy plates were spread with 0.1 mm of silica gel G, Merck /3-3a = 2.9 , / 3.7 = 0.5, /3a,7a = 5 .4 ,/s,6 = 6.7 , / 5.7 = 1.9, / « ,7 =
7731, and developed by spraying them with an ethanolic solution 3.3, /7l7a =  5.3 Hz; ir (KC1) 2990, 1714, 1584, 1481 cm-1;
of phosphomolybdic acid and heating them to 180-200° for 30 m /e  360 (M+).
min. Whenever a preparation leading to a useful yield of product Anal. Calcd for Ci2Hi0O3Br2: 0 ,3 9 .8 1 ; H, 2.78; Br, 44.15. 
is described, the reported yield was obtained reproducibly in Found: C, 40.01; H, 2.65; Br, 44.30.
several (up to 10) separate experiments. 5,9-Dibromopentacyclo[5.3.0.02’6.03>9.04's]deca-6,10-dione 6 -

Cydopentanone Ethylene Ketal (1).—This compound was Ethylene Ketal (5).—Compound 4 (17.0 g, 0.047 mol) in dry
prepared by the method described by DePuy, et a l.,w for the benzene (500 ml) in a Pyrex tube (40 X 5 cm) fitted with a
preparation of 2 -chlorocyclopentanone ethylene ketal; it had condenser and nitrogen inlet tube was placed 1 cm from the quartz
bp 152-155° [lit.39 57-57.2° (18 mm)]. water-cooled jacket of a 450-W Hanovia medium-pressure

2,2,5-Tribromocyclopentanone Ethylene Ketal (2).—Cyclo- mercury vapor lamp for 16-24 hr. The progress of the reaction
pent-anone ethylene ketal (1 ) (128.0 g, 1 .0  mol) in pure dioxane was followed by using glpc (column temperature 2 2 0 °) or tic
(1 1.) under a dry atmosphere was cooled to 10-15°. Bromine (benzene); compounds 4 and 5 have Ri values of 0.11 and 0.76,
(480 g, 3.0 mol) was added dropwise with stirring during 1.5 hr, respectively. The benzene was removed and the residue was
keeping the mixture below 15°. The mixture was then stirred recrystallized twice (1:1 carbon tetrachloride-hexane) to give
at room temperature for 2 days and poured into 5% aqueous compound 5 (15.1 g, 89% ): mp 148-150° (lit.6 148-150°);
sodium bicarbonate (6  1.) and stirred, and the product was kept nmr r 5.62-6.15 (m, 4 H), 6.31-6.81 (m, 4 H), 6.98-7.14 (m, 1
for 1 hr. The yellow solid was filtered off and washed with water, H), 7.26-7.42 (m, 1 H); ir (KC1) 2990, 2880, 1768 cm-1; m /e
dried (CaCl2) in vacuo overnight, and recrystallized twice 360 (M+).
(ethanol) to give 2,2,5-tribromocyclopentanone ethylene ketal Anal. Calcd for Ci2Hi0O3Br2: C, 39.81; H, 2.78; Br, 44.15.
(2) (253.7 g, 69.5% ); mp 76-78°; nmr r 5.21 (q, 1 H), 5.42- Found: C, 39.80; H, 2.80; Br, 44.20.
5.90 (m, 4 H), 6.77-8.33 (m, 4 H); ir (KC1) 1210, 1057, 1039 , 5 ,9 -Dibromopentacydo[5 .3 .0 .0 26.0 3.9.0 4.8]deca-6 , 10 -dione (6 ).
950, 660 cm-1; m /e  362 (M+). Method 1.—A solution of compound 5 (10.0 g, 0.0276 mol) in

Anal. Calcd for C7H90 2Bra: C, 23.04; H, 2.49; Br, 65.70. concentrated sulfuric acid (l'K) ml) was stirred for 2 days. The 
Found: 0 ,2 3 .0 6 ; H, 2.57; Br, 65.40. reaction was followed by using tic (1:19 methanol-benzene);

endo-2,4 -Dibromodicyclopentadiene-1 ,8 -dione Bisethylene compounds 5 and 6  have Hi values of 0.45 and 0.01, respectively.
Ketal (3).—For large scale preparations, the most convenient The dark solution was poured onto crushed ice and shaken with
method involved the dehydrobromination of compound 2 with ether (three 50-ml portions). The ethereal extracts were dis-
methanolic sodium methoxide. carded and the aqueous phase was diluted to 500 ml with water

Compound 2 (253.7 g, 0.73 mol) in pure dioxane (500 ml) was and washed continuously with ether (400 ml) for 20  hr. The
added dropwise at room temperature during 1.5 hr with stirring ethereal solution was dried (Na2C 03) and the ether was removed
to sodium (92.0 g, 4.0 g-atoms) dissolved in methanol (1.1 1.). to give the hydrate of 6  (7.3 g). Recrystallization (methylene
The mixture was heated under reflux with stirring for 2.5 hr and chloride), followed by desiccation (CaCl2) at 40° (1 mm), gave
cooled, and water (3 1.) was added. The aqueous mixture was compound 6 (6.2 g, 71% ): mp 230-232° dec (lit.4 232-233°
kept at room temperature for 1 hr and the solid was filtered off, dec); nmr r 6.28-6.44 (m, 4 H), 6.86-7.02 (m, 2 H); ir (KC1)
dried (CaCl2) in vacuo, and recrystallized twice (ethanol) to give 3030, 1782 cm-1; m /e  316 (M+).
endo-2 ,4 -dibromodicyclopentadiene-l,8-dione bisethylene ketal Method 2.—Compound 13 (0.5 g, 0.0012 mol) in tetrahydro-
(3) (106.6 g, 76% ): mp 172-174°; nmr t 3.83 (q, H,), 3.95 furan (5 ml) was heated under reflux overnight with hydrochloric
(d, Ha), 4.19 (q, He), 5.68-6.21 (m, 8 H), 6.50 (q, H3a), 6.93 acid (1  ml of concentrated acid, 1 ml of water). The solution was
___________  cooled, added to 1 0 % aqueous sodium bicarbonate (20  ml), and

,QO „ „  „  „ _ w _ , , , r, v ,  ,* v i shaken with ether (three 2 0 -ml portions), and the ethereal solu-
29 3508 (1964) FUzpatnck, J .  Org. Ckem.. ^  ^  ^  (MgS0<); Evaporation of the ether and crystal-

(39) E. J. Salmi, B er ., 71, 1803 (1938). lization (methylene chloride, of the residue gave the hydrate of



6. Desiccation (P20 5) at 48° (1 mm) for 24 hr gave compound 6 2,4-Dibromoindanone (12).—-Compound 11 (1.0 g, 0.00315 
(0.21 g, 54%) with the physical properties given above. mol) in freshly distilled tetralin (50 ml) under nitrogen was

1,4-Dimethoxycarbonylpentacyclo[4.2.0,02-6.03-8.04-7]octane (7). heated slowly to and kept at 180° for 3 hr. The tetralin was
—Compound 6 (1.0 g, 0.032 mol) or compound 10 (1.0 g, 0.00394 removed in vacuo [42° (0.7 mm)] and the oily residue was dried
mol) in aqueous potassium hydroxide (30 ml of 50% w/w, i.e ., (CaCl2-paraffin wax) in vacuo. The solid in hot ethanol was
20 g of potassium hydroxide in 20 g of water) was heated under treated with decolorizing charcoal and 2,4-dibromoindanone (12)
reflux for 30 hr. The solution was poured into water (30 ml) and crystallized from the cold solution (0.58 g, 64% ): mp 80-82°;
brought to pH 1 with hydrochloric acid. The solid was treated nmr T 2.12-2.26 (m, 2 H), 2.62 (d, 1 H), 5.29 (q, H2, /hiem. =
with ethereal diazomethane, the mixture was filtered, and the 7.5 Hz, /H2,H3tian« = 3.5 Hz), 6.26 [q, H3 (cis to H2), J sem =
filtrate was washed with water and dried (M gS04). The ether 18.5 Hz], 6.66 [q, H3 (trans to H2)]; ir (KC1) 3037, 2960, 1728,
was removed and the solid was crystallized (hexane) to give 1600, 1572 cm“1; m/e 288 (M+).
compound 7, mp 161-162° (lit.4161-162°). From compound 6 or Anal. Calcd for C9H6OBr2: C, 37.27; H, 2.09; Br, 55.12. 
compound 10 the yields were 0.072 g (10.4%) and 0.086 g Found: C, 37.30; H, 2.05; Br, 54.92.
(9.9% ), respectively. 5 ,9-Dibromopentacyclo[5.3.0 .0 2-6.0 3-9.0 4-s]deca-6 ,10-dione Bis-

1-Bromopentacyclo[4.3.0.02>6,03-8.04>7]nonan-9-one Ethylene dimethyl Ketal (13). A solution of compound 11 (5.0 g, 0.016
Ketal 4-Carboxylic Acid (8 ).—A solution of compound 5 (44.0 g, mo1) in methanolic hydrogen chloride (72 g of a 4%  w/w solu-
0.1255 mol) and potassium hydroxide (275.0 g) in water (1 . 1  1.) t l o n )6 m.a Pyrex tube (18.5 X  3.2 cm), fitted with a condenser
was stirred at room temperature for 20 min; most of the solid an<̂  calcium chloride guard tube, was placed 1 cm from a450-W
had then dissolved. During 45 min the temperature was raised Hanovia medium-pressure mercury vapor lamp and was ir-
to and then kept at 110-120° for 2 hr. The solution was cooled radiated for 24 hr, whereupon no olefinic stretching absorption
and acidified with hydrochloric acid, and the product was (1585 cm l) could be detected. The solution was poured into
filtered off, washed, and crystallized twice (ethanol) to give com- 10% aqueous sodium bicarbonate (300 ml) and shaken with ether
compound 8 (28.6 g, 7 9 % ): mp 187-189° (lit.6 187-189°); (three 10 0 -ml portions) and the combined ethereal solutions
nmr r -0 .9 8  (s, 1 H), 5.68-6.11 (sym m, 4 H), 6.12-6.50 (m, were washed with water and dried (M gS04). The ether was
5 H), 6.79-7.02 (m, 1 H); ir (CH2C12) 1730, 1688 cm“1; m /e removed and the residual brown oily solid was heated under
298 (M+). reflux with water for 1 hr. The mixture was cooled, the water

Anal. Calcd for C12Hu0 4Br: C, 48.18; H, 3.71; Br, 26.72. was decanted off, and the solid was dried (CaCl2) in vacuo.
Found- C 48 30' H 3 60' Br 26 50 Chromatography on a neutral alumina column (32 X 2.4 cm)

Methyl l-Brom'opentacycl'o^4.3.0.02'6.08-8.0 4'7]nonan-9-one and elution with petroleum ether (bp 40-60°) gave a white solid
Ethylene Ketal 4-Carboxylate (9).-Compound 8 (12.7 g, 0.0425 (2-9' *> 5 ’? :di r° m0:
mol) was dissolved in ether (500 ml) and esterified with ethereal o'.b’1 0 "dl° i f f 1

diazomethane. The ethereal solution was washed with water, 1 ~%a’ an t?}' " f r r f L f a  4 ox°? T o' S’- 6 o l io ’
sodium bicarbonate solution, water, and dried (M gS04). The 0 0 7 0 ’ a t c t  6 -9 6  m,’ m’ 2 11  ’ lr 2990,
ether was removed in vacuo and a solution of the solid in hot . ’ ™  ,' m/e 408 (M ).
hexane was treated with decolorizing charcoal and allowed to „  ^ na,}' Calcd for f^ Jf jO iB r j: H, 4.42; Br, 38.97.
cool to give methyl l-bromopentacyclo[4.3.0.02'6.08.8.04', ]nonan- .. .  . ,
9-one ethylene ketal 4-carboxylate (9) (11.6 g, 87% ): mp 106- J ;9-Dibromopentacyclo[5.3.0.026.03. 04.6]deca-6 10-dwne Bis-
108°; nmr t 5.69-6.11 (sym m, 4 H), 6.14-6.52 (m, includes a f  h y f  nf  al (1f )% </oTnP0Un< J  t  6-064 i re"
singlet at 6.33, 8 H), 6.92-7.01 (m, 1 H); ir (KC1) 2998, 2960 d“ d ethylene glycol (23.0 g, 0.37 mol) and toluene-p-sulfomc
2910, 2895, 1725, 1300, 1230, 650 cm“1; m/e 312 (M+). ? cld J0 '1 P  111 dry benzene (600 ml) were heated under reflux

Anal. Calcd for C13HJ30 4Br: C, 49.86; H, 4.18; Br, 25.52. ^  36 , m an aPParatus having a Dean-Stark water separator.
Found* C 49 90* H 4 00* Br 25 60 The solution was cooled, washed with aqueous potassium hy-

l-Bromopentacyclo[4.3.0.0AA0=.A0M|nonan-9-one-4-carboxy!ic dr0xide!, and water’ and dried ':MSS° 4)' The benzene was
Acid (10).—A solution of compound 8 (20.0 g, 0.0669 mol) in f a  . T  was/ rys "  f t r a -
aqueous sulfuric acid (360 ml of 75% w/w, i.e , 143 ml of water 7 7  5,9-dibromopentacyclo[5^^^
and 252 ml of concentrated sulfuric acid) was stirred for 3 days deca-OTO-dione bisethylene ketal (14) (20.5 g, 80% ): mp 188-
at room temperature. The reaction was followed by using tic 90 ’ f  7 7  4 / V n f L L
[ethanol-water-ammonium hydroxide (2 N), 100:6 :8], spraying (m) 2 /  L  7  7  A 7  rA ? / *  T  7 7
with saturated aqueous ammonium bisulfate, and development r t f . ! ™  oq’,11'40; H ’ 3 '48; B r’ 39-36
at 200°. The mixture was poured onto crushed ice and diluted t> r«'» n ns 5 ns o «4 s d ’ °  7n a- , , .
to 1 1. with water. The aqueous solution was shaken with ether PentacyclotS.S^O.O^.O^^O^^deca-MO-dione Bisethylene Ketal
(100 ml) to remove unchanged acid 8. The aqueous phase was t  , i f , /a I f  “ a L a  7 rahydr°fura“
washed continuously with ether (400 ml) for 20 hr and then dried i f , , 1 and * * * ' * ?  alooholf S' mo\\™ s sf red
(M gS04). The ether was removed to give the crude hydrate of rap.diy and fmely cut pieces of lithium (1.34 g 0.193 g-atom)
compound 10 (16.4 g) which was heated for 1 hr under reflux in If l6 7  a T *  u ^  i “ S f ”  Trn h, ? ted
toluene in an apparatus having a Dean-Stark separator. When 7 * 1 ,  2 f  and th<f  all°Wed t0 °°?L ,  Wf f  (5°  j”1)
cooled, the toluene solution gave l-bromopentacyclo[4.3.0.02.6.- added and the 7  7  , vigorously for 4 hr. The solu-
0 .3"8-04>7] nonan-9-one-4-carboxylic acid (10) (15.1 g, 87% ): t?n V *  P?Ured lnt°  water l1-1 V ’ s,haken Wlth ether (three
mp 219-220°; nmr r (CD3COCD3) 6.17-6 71 (m 5 H) 6 72-6 86 15° ;ml  Portlons) and the ethereal solutions were combined,
(m, 1 H); ir (KC1) 3350 , 3000, 2950, 1683, 1652, 1256, 1224 wfb e d  with water, and dried (M gS04). The ether was evapo-
cm“1- m /e  254 (M+) rated oil slowly through a Vigreux column (20 cm) to leave a

Anal. Calcd for C10H7O3Br: C, 47.08; H, 2.77; Br, 31.33. r 5S3dOO»hjf3h9 lizned
Found' C 47 0 1 - TT o an. R , o, cs I5.3.0.02'6.03.9.04.8]deca-6,10-dione bisethylene ketal (15) (7.3 g,

' , H >.2-89’ 31.60 91% ): mp 94-96°; nmr r 5.96-6.22 (m, 8 H), 6.81-7.24 (m,
endo-2,4-Dibromodicyclopentadiene-l,8-dione (11).—A solu- 4  H) 7 44-7 59 (m 4H V  ir (KCll 2990  1 4 7 3  1 3 3 D 9 4S aao 

tion of compound 4 (2.65 g, 0.00736 mol) in concentrated sulfuric L  ! ’■ tn /e  248 (M D ’ ’ *
acid (10 ml) was stirred at room temperature for 2 days. The Arial. Calcd for C14H160 4: C, 67.72; H, 6.50. Found: C 
reaction mixture was poured onto crushed ice and the aqueous 67.80* H 6 50
mixture was kept in the refrigerator overnight. The solid was Pentacyclo[5‘.3.0.02-6.03.9.04,8]deca-6,10-dione (16). Method
f f e n f  r f n  L  T i7 aSi T  WIf  water and druled 1 - -A  solution of compound 21 (3.Cg, 0.0147 mol) in concentrated
S S w f d e  L d  L L t n d t  S° dT  1 ' " n  ° a r b 0 4 Sulfuri0 acid (35-°  ml) was stirred at room temperature for 30 hr. L f  d f d  treated with decolorizing charcoal. Compound The solution was then poured onto crushed ice and shaken with

l 1 y Z f t  r f t  / l T L f  C,0ld S0lutl0n (l i l  ether (three 150-ml portions), and the ethereal solutions were
fa IM  A h "! 3 7fi'(n h \ i f f  Tw '3i4 Washed with water (three 5°-ml Portl°M) and dried (M gS04).

(n TT v 6 1  Q n ^  L ’n T™1’ q’ Hi a>  The ether was removed and the residue was crystallized (1:1
r _  J  ' _  7 ‘0, acetic acid-water) to give compound 16 (1.76 g, 75% ): mp
1556 690 cm“1- m ie  316a(MD ^  “  (KC1)’ 7 ’ ’ 1585, 16‘2-163° (lit.81 163°); nmr r 6.50-6.70 (m, 4 H), 7.14 (s, 2 H ?155b, 690 cm m/e 316 (M+) 7.24 (s, 2 H); m /e  160 (M+).

Anal. Calcd for Ci0HsO2Br2: C, 37.77; H, 1.90; Br, 50.27. Method 2.—A solution of compound 15 (3.0 g, 0.0121 mol) in
found: C, 37.70; H, 2.0; Br, 50.20. concentrated sulfuric acid (35 ml) was stirred at room tempera-
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ture for 24 hr. The extraction and isolation were similar to those Garbisch40 reported a method of brominating cycloalkanone
described in method 1 ; the yield of 16 was 1.36 g (70%). ketals in ether which we found satisfactory for the preparation of
, J-Bromotetracyclo I4 3 -O.Ô .O3.»]nonan-9-one Ethylene Ketal 2,5-dibromocyclopentanone ethylene ketal (18), but which was not
4-Hydroxy-7-carboxy Lactone (17).- Compound 5 (1.08 g, 0.003 successful for the preparation of 2,2,5-tribromocyclopentanone
mol) in dry dimethyl sulfoxide (15 ml) was added during 1 hr, ethylene ketal (2).
with ice-water cooling, to a stirred mixture of potassium tert- erado-Dicyclopentadiene-l,8-dione Bisethylene Ketal (19).-—A 
butoxide (3.36 g, 0.030 mol), water (0.162 g, 0.009 mol) and solution of compound 18 (190.0 g, 0.664 mol) in methanol (400
dime.hyl sulfoxide (10  ml). The mixture was stirred overnight ml) was added dropwise with stirring to sodium (92.0 g, 4.0 g-
at rcom temperature and then poured into water (300 ml). atoms) in methanol (1.11.) cooled in ice water. The mixture was
Ine solution was saturated with salt and shaken with ether then heated under reflux for 9 hr, cooled, poured into water (51.),
(three 50-ml portions) and the ethereal solutions (ethereal wash- and shaken with ether (three 300-ml portions). The ethereal
ings of the alkaline solution) were dried (M gS04). The aqueous solutions were washed with water and dried (M gS04). The ether
solution was brought to pH 1 with hydrochloric acid and then was removed and the residue was crystallized (ethanol) three
shaken with ether (three 50-ml portions); the ethereal solutions times to give compound 19 (56.8 g, 69% ): mp 91-92° (lit. 41
(ethereal washings of the acidic solution) were dried (M gS04). 92°); nmr r 3.80-3.90 (m, 1 H), 4.15-4.27 (m, 2 H), 4 .4 3  (q,’ 1

Ethereal Washings of the Alkaline Solution.— The ether was H), 5.98-6.13 (m, 8 H), 6.46-6.64 (m, 1 H), 7.13 (q 1 H)
removed to give a pale yellow solid (0.18 g). Glpc analysis 7.22-7.39 (m, 2 H); ir (KOI) 3040, 2982, 2888, 1695 cm "1’
(column temperature 236°) showed the presence of three com- m /e  248 (M+).
ponents (8 :1 :1 ) with retention times different from that of Anal. Calcd for Ci4H160 4: C ,67 .72 ; H, 6.50. Found: C, 
compound 5. The solid was heated under reflux with potassium 67.70; H, 6.60.
hydroxide (0.6 g) in water (0.6 ml) and methanol (6 ml) for 24 endo-Dicyclopentadiene-l,8-dione 8-Ethylene Ketal (20).—-This 
hr. The solution was cooled, poured into water (20 ml), and compound was prepared by the partial hydrolysis of compound 
shaken with ether (three 1 0 -ml portions), and the ethereal solu- 19 at room temperature for 5 hr as described by Vogel and
tions were dried (M gS04). [Evaporation of the ether gave a Wyes:41 yield 92%; mp 93-94° (lit. 41 94r-95°); nmr t 2.64 (q,
solid (0.03 g) which was shown by glpc to contain the same dis- 1 H), 3.91 (q, 1 H), 3.91-4.20 (m, 2 H), 5.9A-6.24 (sym m, 4 H),
tribution of components as the mixture before hydrolysis], 6.32-6.52 (m, 1 H), 6.91-7.25 (m, 3 H); m /e  204 (M+).
The aqueous solution was brought to pH 1 with hydrochloric Pentacyclo[5.3.0.02.5.03'9.04.8]deca-6,10-dione 6-Ethylene Ketal 
acid and shaken with ether (three 10-ml portions), and the ethereal (21).—This compound was prepared from compound 20 as
solutions were dried (M gS04). Evaporation of the ether gave described by Vogel and Wyes:41 yield 50%; mp 58-60° (lit.41
a solid (0 .1 1  g) which was treated with an ethereal solution of 58-60°).
diazomethane. Analysis of the ethereal solution by glpc showed Pentacyclo[5.3.0.02.6.03.9.04'8]decane (2 2 ).—This compound
one main component (85%) which was identified with the methyl was prepared as described by Schenck and Steinmetz, 42 and by 
ester 9 by their identical retention times. Dilling, Braendlin, and McBee .43 The residue was sublimed

Ethereal Washings of the Acid Solution.—The ether was twice [90° (760 mm)] to give compound 22: yield 14%; mp 139-
removed to give a colorless solid (0.53 g); glpc analysis showed 141° (lit.42134-136°,43 138-141°, and 142-143°); nmr r 7.20-7.36
the product to consist mainly of one component. However, when (m, 2 H), 7.38-7.58 (m, 6  H), 8.36 (d, 2 H), 8.79 (d, 2 H); m /e
a small portion was dissolved in ether and treated with an ethereal 132 (M+).
solution of diazomethane, glpc showed the original major com- Pentacyclo[5.3.0.02'6.03'9.04'8]decane (35).—This compound
ponent and a small amount of another component which corre- was prepared by the dechlorination of dodecachloropentacyclo-
sponded to the methyl ester 9 (identical retention times). The [5.3.0.02-6.03'9.04'8]decane44’ 45 as described by Dilling, Braendlin,
remaining solid (0.50 g) was purified by chromatography on a and McBee .43 The crude product was purified by chromatog-
neutral alumina column (32 X 1.2 cm) (elution with ethyl ace- raphy on a neutral alumina column (elution with cyclohexane),
tate). The solvent was removed and the residue was crystallized The cyclohexane was removed in vacuo and the residue was
(carbon tetrachloride) to give l-bromotetracyclo[4.3.0.02’5.03'8]- sublimed [40° [40 mm)] to give compound 35: yield 52%;
nonan-9-one ethylene ketal 4-hydroxy-7-carboxy lactone (17) mp 125-127° (sealed tube) (lit.43 125-127°); nmr r 7.00-7.24
(0.29 g, 32%): mp 143-145°; nmr t 4.65 (q, 1 H), 5.71- 6.01 (m, 4 H), 7.43- 7.57 (m, 4 H), 8.64 (s, 4 H); m /e 132 (M+).
(m, 4 H), 6.76 (t, 1 H), 7.02 (q, 1 H), 7.46-7.86 (m, 3 H),
8.33 (q, 1 H); ir (KC1) 2978, 2905, 1786, 1775 cm -1; ir (KC1
disk of solid from reaction with LiOD-DjO) 1555, 1500, 1440, Registry No.— 2, 25834-49-5; 3, 25834-50-8; 4,
867, 500 cm -1; m /e 298 (M+), main peaks at 219 (100%, 25834-51-9; 5 , 25867-84-9; 6 , 25867-85-0; 6 a , 25834-
u f ^ H O + r i M f c i o + l  HIS icH+^OS (C V o  G-^tEe 6(W); 8 ,25867-86-1 ; 9 ,25867-87-2 ; 10,25867-88-3;147 (G9H,U2 ), 131 (G9H7G ), 103 (G8H, ), 98 (C£H60 2+), the ocoq4 r 0  a . 1 0  okoqa rro i . la  ocoq4  c i o .  -¡a
formulas of all the ions in parentheses were confirmed by mass , i z , ¿o o o n -o o -i, io ,  ¿Ooot-ot- z ,
marking. 25867-89-4; 15, 25834-55-3; 16, 74725-77-0; 17,

Anal. Calcd for CI2H n04Br: C, 48.18; H, 3.71; Br, 26.72. 25915-60-0; 18,25834-57-5; 19,4576-45-8; 20 ,4576-
Found: 0 , 47.92; H, 3.70; Br, 26.90. 44-7; 2 2 ,6707-86-4; 3 5 ,6707-88-6.

2,5-Dibromocyclopentanone Ethylene Ketal (18).— This com
pound was prepared by the method described for compound 2 ,
using 2 .0  mol of bromine. The mixture was allowed to attain Acknowledgments.— We thank Mr. G . Collier for
room temperature and then stirred for a further hour. The • , i 7 , r i  v  v  • c
colorless solution was poured into 5 % aqueous sodium bicarbon- recording ir spectra, and Dr. D. F  Ewing for nmr
ate (5 1.) and shaken with ether (three 300-ml portions). The spectra and for helpful discussion. J. M . K . thanks the
combined ethereal solutions were washed with water and dried University of Hull for a Research Studentship.
(MgS04). Evaporation of the ether in vacuo gave a pale brown 
oil which usually solidified when kept in the refrigerator over
night. F.ecrystallization thrice (ethanol) gave 2,5-dibromocyclo- <4°) E- w- Garbisch, Jr., J .  Org. C hem ., so, 2109 (1965).
pentanone ethylene ketal (18) (194.7 g, 68.1% ): mp 62-64°; <41> E- v°eel and E-Q; ^ y«s'• Ber-  98' 3®81“J 19®®5•
nmr r  5.75 (s, 6 H), 7.67-7.83 (m, 4 H); ir (KC1) 2980, 2954, ^  ° /  s°h*nck and R. Ste.nmetz, <bxd 96, 520 (1963)
2892, 1304, 1212, 695 c m - ; m /e  284 (M+). n n l Z r ,  Tetrahedron. 23,

Anal. Calcd for C7Hio0 2Br2. C, 29.40, H, 3.52, Br, 55.89. (44) J. S. Newcomer and E. T. McBee, J .  A m er. Chem . S oc ., 71, 952
Found: C, 29.65: H, 3.55; Br, 55.65. cl949).

Sometimes the product failed to solidify but the oil still gave (45) E. T. McBee, C. W. Roberts, J. D. Idol, Jr., and R. H. Earle, Jr.,
satisfactory yields when used for the preparation of compound 19. ibid., 78, 1511 (1956).
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Several synthetic routes to gem-dimethylcycloheptadienes involving cyclopropanation of 5,5-dimethyl-2- 
cyclohexenol (4) coupled with homoallylic ring expansion have been investigated. Satisfactory conversions were 
effected either by bromination of ci's-4,4-dimethylbicyclo[4.1.0]heptan-2-ol (cis-5) with 48% hydrogen bromide 
followed by base-promoted dehydrobromination or by acetylation of cis-5 followed by pyrolysis. The diene 
product distributions in the former route are subject to both kinetic and thermodynamic control and the im
portance of these factors is discussed with respect to several base-solvent systems.

There are many examples of the acid-catalyzed Results and Discussion
opening of cyclopropyl carbinols to afford acj clic olefins, The reaction sequence which was employed w ith  the
sometimes in a highly stereoselective manner.2’ In  m0st success is outlined in Scheme I.  A ll of the reac- 
addition, the conversion of cyclic a llylic alcohols to the 
corresponding cyclopropyl alcohols, coupled w ith  acid-
catalyzed opening of the la tter (to give type B prod- S c h e m e  I
ucts), has been showrn to be a useful method for ring

0  OEt
i l  H+, EtQH LiAlH,

D - ° h  -  A - x  -  xT i  A a -
<ch’>- w r  w  ■ _  2

A B f  ] _  LiA1H<, CHA>
\  ch2x  qA A  Zn-Cu

mi n  HBr> r v
C A - A  E,0H

X = OH, OAc, Cl, etc. cis-5 6

A y  + A y
expansion.3 However, depending on the conditions, V

bicyclic products (type A) may be formed4 or cleavage 13 14
may occur at a perimetrical cyclopropyl bond to give 
type C products.6 Because of the potential synthetic
u t ility  of these reactions and because of a need for tions occur in good yield ( > 7 0 % )  to afford reasonably
several previously unknown grew-dimethyl-substituted pure products 0 9 2 %  in each case) ; the overall yield of
cycloheptadienes, we decided to employ a route which cycloheptadienes is ~ 4 0 % .
would further extend the scope of homoallylic ring 5,5-Dimethyl-2-cyclohexenone (3) was prepared from 
expansion reactions. 5,5-dimethyl-l,3-cyclohexanedione (dimedon or meth-

one) (1) by the method of Frank and H all.6 Greatly
(1) For reviews, see (a) s. Sarei, j. Yoveii, and M. Sarei-imber, A ngew . increased yields ('“^'90%,) can be obtained w ith  the use

C hem ., In t . E d . E n gl., 7, 577 (1968); (b) M. Hanack and H.-J. Schneider, of fresh reducing agent in the reduction of 3-ethoXy-
rA A 661 ^  5,5-dimethyl-2-cyclohexenone (2) (see Experimental
Ed., Wiley, New York, N. Y„ 1969. Section).

(2) S. F. Brady, M. A. Ilton, and W. S. Johnson, ./. A m er. Chem . S oc., 90, T h e  th ird  Step, w hich  en ta ils  a  lith iu m  alu m in u m
2gg2 (1908) 4 '

(3) (a) m . Gasic, D. Whalen, B. Johnson, and s. winstein, ib id ., ss, 6382 hydride reduction of the <*,/3-unsaturated ketone 3 ,
(1967); (b) D. Whalen, M. Gasió, B. Johnson, H. Jones, and S. Winstein, m u st be Carefully Controlled in Order to  o b ta in  a  good
ib id  89,6384 (1967). yield of reasonably pure allylic alcohol 4 . We have

(4) For examples involving bicyclo[4.1.0]heptyl products, see (a) W. G. A  . , . .  J  ^  .
Dauben and L. E. Friedrich, Tetrahedron  L ett ., 1735 (1967); (b) J. Tadanier, O btained S atisfa cto ry  Conversions by tre a tin g  3 W ith a
j . Org. c h e m ., si, 2124 (1966); (c) L. Biriadeanu, t . Hanafusa, and s. 1 0 %  equiv excess of fresh reducing agent for 2 0  min.
Winstein, J .  A m er. Chem . S oc ., 88, 2315 (1966); (d) L. Biriadeanu, T. YX7U n • j.* j  r o -i -ii , r i j  r
Hanafusa, B. Johnson, and S. Winstein, ib id ., 88, 2316 (1966); (e) H. L. W h en  3  IS s tirre d  for 8  h r W ith  a  tw ofold  eXCeSS of
Goering and K. E. Rubenstein, Abstracts, 151st National Meeting of the lith iu m  alu m in u m  h yd rid e th e  p ro d u ct m ix tu re  COn-
Amencan Chenncai Society, Pittsburgh, Pa., 1966, p k h ; (f) s. w. Pelle- ta in s  a  su b sta n tia l q u a n tity  of a  s a tu ra te d  alcoh ol,
tier, S. Nakamura, and Y. Shimizu, C hem . C om m un., 727 (1966); (g) A. C. o o t  ,, , , , , ,
Cope, C. H. Park, and P. Scheiner, J .  A m er. Chem . S oc., 84, 4862 (1962). 3,3-dimethylcyclohexanol. The USe of Sodium boro-

(5) For examples related to those in ref 4 see ref 4a, b, and f and (a) E. C. hydride leads to even more extensive reduction of the
Fnednch, /  Org. C hem ., 34, 528 (1969); (b) H. Laurent, H. Mailer and double bond. Similar behavior of a,/3-UnSaturated
R. Wrechert, Chem . B er ., 99, 3836 (1966); (c) Y. Hikino and P. de Mayo, ’
Chem . C om m un., 550 (1965) ; (d) M. Julia, S. Julia, T. S. Yu, and C. Neuville,
B u ll. S oc . C him . F r ., 1381 (1960), and earlier papers; (e) W. G. Dauben, L. (6) R. L. Frank and H, K. Hall, Jr., J .  A m er. Chem . S oc ., 72, 1645
Schutte, R. E. Wolf, and E. J. Deviny, J .  Org. C hem ., 34, 2512 (1969). (1950).
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carbonyl compounds has been noted by other perature for 6 hr.12 The bromo and cyclopropyl
workers.7'7 8 groups are cis to each other in 7 since the C2 proton

A cyclopropyl ring was next introduced adjacent to (-C H B r-) signal at r  5.2 is a broadened five-line
the hydroxyl group by treatment of 4 with methylene pattern similar to that in os-5 (vide supra). This
iodide and zinc-copper couple.4®’9 By analogy with
the majority9b-d of previous reports of the cyclopro- .-i7
panation of 2-cyclohexenol,4g'9b~d the product was C(S.5 j g ,  >!**+'•« __^
expected to be essentially all cis isomer. This is HBr
confirmed by the nmr spectrum of the single bicyclo- _ / \
[4.1.0]heptanol product (cis-5), particularly by the 9
splitting of the C2 proton at r 5.82 which is a five-line gr CH Br
multiplet (two overlapping doublets of doublets) with a 6 + 2 *'
line separation of 5.8 Hz. Thus Hi, H3, and H3- are all I J  I J

v H3 k H3 7 8

__ 3 /  {  H2 ̂ > \  isomer is actually the major product for short reaction
CH3 times (10 min or less) but is converted to 6 upon stirring

/  CH3 /  CH3 with acid. In addition, the third isomer (8) is the
2 0H major product after about 3 days at room temperature

as-5 trans-5 (or after 15 min at 195°).10
, , , ,  , , tt / n  • , , If one assumes that the reaction proceeds via the

coupled reasonably strongly with H , (see Experimental delocalized homoallylic ion 9> in wh?ch the positive
Section). On the other hand the signal for H 2 r  5.93 cha is located primarily at Cl) c „ and C7,£ 'M 4 it 
in the trans isomer of 5 (tram -5 )49 is an apparent triplet can be ggen that% duci s resulting from attack of
(g.e., overlapping doublets) with a line separation of 5.3 bromide at each of these positiont  are observed.'8

Z'no m ce. -e 1 e r gnf n.̂  e , e w^erl 1 arl 2. 1S This reaction represents an interesting example of the
a i ,  andv. ( r()m Drelc lng use of both kinetic and thermodynamic control for

models) the stereochemical assignments are consistent thetic since it is necessary to convert the
with the much larger value of J u  m m -5 (5.8 Hz as initially formed but least stable isomer (7) into the
oppose o z m rans ). desired product (6) without the latter in turn being

Under favorable reaction conditions (0.5 hr in ether converted into the most stable isomer (8).
at reflux. m -5  is obtained in - 7 0 %  yield contaminated We haye investigated the dehydrobromination of 6 
with only minor amounts of unchanged 4 and a second b employing several base systems which vary over a 
product. If the reaction is allowed to proceed for wide range 0f base strength. These include a weak base
longer periods the latter compound can constitute a ( inoline) a medium-strength base (potassium hy-
sigmficant portion of the product mixture It has been droxide in ethanol) and a gt bage (potassium amide
identified as 3-iodomethyl-5,5-dimethylcyclohexene, in liquid ammonia).i6
primarily on the basis of the mass (molecular ion at m /e  0 n heati 6 with quinoiine at 195° for 20 min a 72%
250.022) and nmr [doublet at r 6.92 (2 H, lodomethyl, ield of at leaat five c 9h 14 isomers is obtained (Table I ) .
J  =  6 Hz) ] spectra.'9 We are currently investigating Thege igomerg were igolated b chromatography and 
the mechamsm of this novei reaction. identified on the basis of spectroscopic evidence (see

The critical step m this reaction sequence is the one Experimental Section). Two of the isomers were
involving ring expansion. We have found that the identified as s:x. membered-ring dienes, viz., 1,5,5-tri-
conversion ot a s -5 to 6-bromo-^4-dimethy cyclo- methyn i3. cyclohexadiene (10)'7 and 5,5-dimethyl-3- 
heptene (6) can be effected in > 90%  yield with only ‘
slight contamination by two isomeric products (7 and 8) 6 quinoline. 195̂
by stirring with 48%  hydrogen bromide at room tern- , n __

(7) (a) M. Mousseron. R. Jacquier, M. Mousseron-Canet, and R. Zag- f ^ | ]  *+* —X  X +  —X  X +   X /
doun, B u ll. S oc . C h im . F r ., 1042 (1952), and references cited; (b) J. W. —
Wheeler and R. H. Chung, J .  Org. C hem ., 34, 1149 (1969), and references /  /  12 13 14
cited; (c) W. L. Dilling and R. A. Plepys, Chem . C om m un., 417 (1969); 10 11
(d) H. C. Brown and H. M. Hess, J .  Org. C hem ., 34, 2206 (1969), and -------------------
references cited. The greater amount of double bond reduction which we (12) This is an extension of the method of M. Julia, S. Julia, and R.
observe with sodium borohydride (relative to lithium aluminum hydride) is Gu6gan, B u ll. S oc . C him . F r ., 1072 (1960).
in accord with the results in the latter three papers, and in (e) F. Sondheimer, (13) P. von R. Schleyer and G. W. Van Dine, J .  A m er. C hem . S oc ., 88,
M. Velasco. E. Batres, and G. Rosenkranz, Chem . In d . (L on don ), 1482 2321 (1966).
(1954); (f) H. L. Goering, R. W. Greiner, and M. F. Sloan, J .  A m er. Chem . (14) It should be recognized, however, that several closely related, but
S oc., 83, 1391 (1961). (g) See K. E. Wilson, R. T. Seidner, and S. Masamune, different, ions may be involved. See ref lb, 5e, and K. B. Wiberg and A. J.
Chem . Com m un., 213 (1970), for a potentially useful reagent. Ashe, III, J .  A m er. C hem . S oc ., 90, 63 (1968).

(8) It was previously reported [A. S. Dreiding and J. A. Hartman, J .  A m er. (15) We, of course, are not able to observe migration of the cyclopropyl
Chem . S oc., 75, 3723 (1953)], that 4 is obtained from the lithium aluminum group, as has been observed or suggested by others (ref 4a, b and f and 5b
hydride reduction of 1. However, in our hands this procedure afforded a 2:1 and c) since this merely interconverts enantiomeric ions in the present case, 
mixture of 4 and 3,3-dimethylcyclohexanol. We have not investigated this (16) For a listing of base strengths, see J. March, Advanced Organic
reaction in detail but it may be possible, by using less reducing agent, to Chemistry: Reactions, Mechanisms, and Structure, McGraw-Hill, New
obtain reasonably pure 4 in good yield by this more convenient route. If ork, N. Y., 1968, pp 219—21.

(9) (a) H. E. Simmons and R. D. Smith, J . A m er. C hem . S oc ., 81, 4256 (17) This compound may contain a small amount of 2,6,6-trimethyl-l,3-
(1959); (b) W. G. Dauben and G. H. Berezin, ib id ., 85, 468 (1963); (c) cyclohexadiene. At equilibrium 10 has been found to predominate over the 
S. Sawada, K. Takehana, and Y. Inouye, J .  Org. C hem ., 33, 1767 (1968); latter isomer by a factor of 5:2 in potassium-i-butoxide-hexamethylphos-
(d) J. H.-H. Chan and B. Rickborn, J .  A m er. Chem . S oc ., 90, 6406 (1968). phoramide at 25°: S. W. Staley, W. L. Maloy, and J. P. Erdman, Abstracts,

(10) S. W. Staley and F. L. Wiseman, Jr., to be published. 155th National Meeting of the American Chemical Society, San Francisco,
(11) H. Conroy, A dvan. Org. C hem ., 2, 265 (1960). Calif., 1968, p P129.
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Table I Scheme II
Product Distributions for the Base-Promoted \ 8] — ► U —► 10
Dehydrobromination of 6-Bromo-4,4-dimethyl- g ^

CYCLOHEPTENE (6 ) IN VARIOUS B aSE-SoLVENT SYSTEMS j 2  +  ¡3  -
Quinoline, KNHrNHi, KOH-EtOH,

Product 195°, 20 min® 25°, 5 min° 80°, 30 min®
1 0 * 26.5 0 2* jugated isomer is substantially less stable than 13 and 14
11 13.5 0 lc (v id e  in f r a )  and therefore is formed in a kinetieally
12 1 2  15 0 controlled process. In  contrast, the ratio of 13 to 14 is
13 25 ,30 89 approximately th at expected at equilibrium .10 There
1 4  2 3  5 5  8 are several possible mechanisms for the interconversion

“ Approximate percentage of isolated product. '■Probably 0f the latter two isomers; these include catalysis by
contains -1 5 %  W-Wethyl-l.S-cyclohexadiene “Probably inoline hydrobromide-quinoline, and a concerted
arises from ~2-3%  3-bromomethyl-5,5-dimethyleyclohexene a r , /  . , . . \
present as an impurity in 6 . [l,5]-suprafacial sigmatropic migration of hydrogen . 21

Dehydrobromination with the strongest base, potas- 
methylenecyclohexene (11). Both compounds exhibit sium amide in li(luid ammonia, affords only cyclo-
ir, uv, and mass spectra which are essentially identical heptadienes as products but the recovery is rather poor
with those of authentic samples. 18 (27% ). In this case potassium cycloheptadienyl anion

The remaining three isomers are cycloheptadienes; 1 2  (1S) is an intermediate and the distribution of products
is nonconjugated, as shown by its uv spectrum which ,
displays only end absorption, whereas 13 and 14 are / i  \ ,
both conjugated [x|)™ne 246 (e 6160) and 248 nm 3 K / \
(13,200), respectively] . 19 The latter two isomers are
readily distinguished by their nmr spectra since that of 15

13 indicates four allylic protons whereas that of 14 • , , , ,• , r „, , n r  j  , ,, , , is governed by the relative rates of protonation a t Ci,shows two allylic and two methylene protons. n  , • , 1 . , . . ’rp, f i ... r • . , O3, and V5 upon quenching (accompanied, perhaps, byI  he presence of a large quantity of six-membered-rmg ■ • , ■ T  , . /  f,• • , , . 7 ■ e , ,  . . °  some isomerization during the brief quenching process).
dienes m the product mixture is of considerable interest. * •  ■ , , , , 7 , ,  . .. .r , , , • , , . , , . . . . .  . Anion 15 is known to be present under these conditions
Control experiments which employed conditions similar • , , j  . , . , ,  „ . . .
to those used for dehydrobromination have established “  C“ , be, f “ “  f ( m h,1*h, J? ' ld ^  a) dmS a
,1 . 1 , , j .  , mixture of 12, 13, and 14 to a twofold excess of potas-that the cycloheptadienes are not converted to the C6- • •, , 1
■__, u , , ,, , sium amide in liquid ammonia) and directly observed

ring dienes, although the reverse process does occur. . qnp„tmSfnnv >0

Diene 11 is the major Cfl-ring product in low conversion J ■ , , ■ , t , , . . .
dehydrobrominations of 6 (Table II), thereby indicating J he J ' f ' f  i ‘e .  “5-clohoptad.enos (78% I T O

J & obtained by heating 6  m potassium hydroxide-ethanol
a t reflux ( ~ 9 5 ° ) ;  the product was isolated as an 11: 1  

Table II mixture of 13 and 14. Since 14 cannot arise directly
Dehydrobromination of from 6 by 1,2 elimination and since it was established

6-Bromo-4,4-dimethylcycloheptene (6 ) with Quinoline that 13 and 14 are not interconverted to a significant 
pf" extent under the reaction conditions, the most reason-centage ’

dehydro- able pathway for the formation of the latter isomer is
Reaction bromina- ,—  ---------Product distribution“----------------. v ia  12 (Scheme III ) . This mechanism is supported by

time tion lO6 11 12 13 14
30 sec 10 0 25 10 58 7 „

1 min 60 2 26 14 37 21 S C ™ 1 1 1

2 min 87 8 21 16 29 26 kt 12 — * 15

“ Approximate percentage (of the isomers listed) as measured 6  k, k
by gas chromatography; obtained by placing a 2 0 % (v/v) solu- *  '
tion of 6 in quinoline (at 25°) in an oil bath at 215° for the in- 14
dicated length of time. 6 May contain some 2,6,6-trimethyl-l,3-
cyclohexadiene. the fact that 1 2  in a mixture with 13 and 14 is converted

virtually completely into the latter two isomers when 
that this isomer is formed initially and then converted treated under the reaction conditions (Table V).
to 1 0 . 20 Since we have shown that bromide 6 is Since there was little material loss (as shown by use of
isomerized to bromide 8  in 48%  hydrogen bromide or in an internal standard) this establishes that 1 2  is sub- 
sulfuric acid-dioxane , 10 the latter isomer is a reasonable stantially less stable than 13 and 14,22 and allows one to
intermediate in the formation of 1 1  (Scheme II ) . estimate that /,y A\: =  ^ -2 .3 . W ith this figure and
The ratio of 1 0  to 1 1  (Table I) is essentially that ex- the data in Table I, k 2/ h i  (in potassium hydroxide-
pected at equilibrium . 18*3 ethanol) can be estimated to be 3. The greater value of

1 ,2 -Dehydrobromination of 6 would lead to 1 2  and 13
and these are the major cycloheptadiene products in the (21) <a) This isomerization can occur either as in ref 20 or in pentane at

TT\ ovi 200°- (b) For a similar thermal rearrangement, see V. A. Mironov, O. S.
initial stages of the reaction (Table II ) . The noncon- Chizhov, la. M. Kimelfeld, and A. a . Akhrem, T etrahedron  L ett., 499

(1969).
(18) (a) H. Pines and R. H. Kozlotvski, J .  A m er. Chem . S oc., 78, 3776 (22) (a) The heat of hydrogenation cf 1,4-cycloheptadiene is 6.0 keal/mol

(1956); (b) S. W. Staley and J. P. Erdman, unpublished results. greater than that of 1,3-cycloheptadiene (both in acetic acid at 25°); R. B.
(19) 1,3-Cycloheptadiene has “ “ 248 nm (t 7400): E. Pesch and Turner, personal communication, (b) 1,4-Cycloheptadiene is isomerized to

S. L. Friess, ib id ., 72, 5756 (1950). 1,3-cycloheptadiene in refluxing potassium ethoxide-ethanol: W. von E.
(20) We have also shown by a control experiment that this isomerization Doering and G. Schroder, cited by W. von E. Doering and W. R. Roth,

occurs in quinoline hydrobromide-quinoline at 200°. Tetrahedron, 19, 715 (1963).
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k 2 relative to h  may be due in part to the fact that the its nmr spectrum. The presence of this compound
respective transition states reflect the stabilities of the allowed us to test the supposition that the m-xylene
products. However, the role of steric factors in these obtained from the pyrolysis of a 3 :2  mixture of acetates
two processes is unclear at the present time. 16 and 17 is formed from 18 (which would arise by

It  can be seen that both kinetic and thermodynamic pyrolysis of 16). Thus, when a dehydration product
control of the cycloheptadiene product mixtures are mixture containing 45%  18 was heated in a sealed tube
operative. The type of control for a given product at 320° or in a flow system at 490°, m-xylene comprised
varies with the dehydrobrominating conditions; the about half the product mixture. Apparently cleavage
results are summarized in Table III. occurs predominantly at Ci-C7 instead of at Ci-C6.23

Table I I I  L<1 ' ^ . C U ,
Type of Product Control (K = Kinetic, | — ► f;'- J  —*- — *■ f(^)T

T = Thermodynamic) for the Base-
Promoted Dehydrobromination o f  /  \ /  \ |

6-Bromo-4,4-dimethylcycloheptene (6)
Product Qmnoime KNHrNHi KOH-EtOH These results can be contrasted with those for bicyclo-

13 T K k  . t 'j [3.1.0]hex-2-ene (19)24 and bicyclo[5.1.0]oct-2-ene
14 T K T (20).25 I t  can be rationalized that the biradical mecha-

• Some equilibration may occur during the quenching process. nlSm sugSested24b for 19 is less likely  in  the case of 18 
b Kinetic control predominates; 12, but not 14, is isomerized ^  *

- J O  -  o  -  0  + 0
Alternate Routes.—Two other routes from alcohol 19

cis-5 to cycloheptadienes 12-14 were explored. Al- 180- 3000 \
though they were not studied as extensively as the bro- <W  H7  ' [ !
mina'ion-dehydrobromination route, it is nevertheless \ = /
of value to discuss our initial results. 20

T al° ST  t° - tJhat observ«d ° n treatment because the bridge C_ C bond is less strained in the
with 48%  hydrogen bromide was noted when m -5  was latter compound. Furthermore, a concerted 1,5 hy-
heated at reflux with acetic anhydride-acetic acid. drogen migration is more probabie for 20 than for 18
When the reaction is allowed to proceed for 6 hr a 6 :4  since there will be better overlap (less strain) in the
mixture of acetates 16 and 17 is obtained as the major activated complex for the former compound.26 
product, but after 26 hr the ring expanded acetate (17)
predominates by a factor of >20. This represents yet Summary
another example of kinetic vs. thermodynamic control in
this system. I t  is apparent that acid-catalyzed ring expansion of

a-cyclopropyl alcohol cis-5 followed by base-promoted 
AcCl v t  9 Ac dehydrobromination of bromide 6 constitutes a con

ey.. 5 Ac*°, _|_ X—, venient high-yield synthesis of </m-dimethylcyclo-
Ac0H X X  [ V  heptadienes. Considerations of kinetic and thermo-

/ n V — ' dynamic control are important in both of the key steps.
16 1 7  Particular attention must be paid to this point if a

specific cycloheptadiene is desired since different bases 
When ~ 9 2 %  pure 17 is pyrolyzed at 516° in a flow afford markedly different product ratios, 

system a > 50%  yield of a mixture which contains 11%
12, 37%  13, and 37%  14 is obtained. The first two . _ .
isomers are probably formed by concerted cis elimina- Experimental bection
tion cf acetic acid; 14 is undoubtedly formed from 13 General Comments.—Infrared (ir) spectra (neat) were ob-
via a 1,5 hydrogen shift mechanism.21b In contrast, tained in a 0.025-mm sodium chloride or potassium bromide cell
pyrolysis o f a sam ple w hich was pred om inantly  a 3 :2  a Perkin-Elmer 337 instrument; nuclear magnetic resonance

. , ‘ \ r  J  . (nmr) spectra of ~ 1 0 % solutions in carbon tetrachloride with
m ixture of 16 and 17 gave m -xylene as th e  m a jo r internal tetramethylsilane were recorded on a Yarian A-60A
product. T h is  could arise b y  pyrolysis of a  prim ary  spectrometer; ultraviolet (uv) spectra of Spectrograde hexane
product, 4 ,4-d im e th y  lb icyclo  [4 .1 .0  ]hept-2-ene (18) solutions were obtained on a Cary 14 instrument, and mass
(vide infra) spectra were recorded at 70 eV on a Varian M -6 6  mass spectrom-

t, ti , , j  . oono • , i eter. Boiling points are uncorrected. Elemental analyses were
W hen  alcohol m -5 was heated  a t  230  m  th e  presence performed byB £ r . Franz Kasler of the University of Maryland.

of a catalytic amount of p-toluenesulfonic acid, complex Analyses by gas chromatography (gc) were performed on an 
mixtures of products were obtained. The product Aerograph 1200  ('/s-in. columns, flame ionization detector) or
ratios varied somewhat between two runs but the yield A90-P3 (W in . columns, thermal conductivity detector) instru-
of CydoheptadieneS never exceeded 2 ( ) ; of th e  iso lated  (23) For related reactions, see ref 18a and J. A. Berson and E. S. Hand,
products. T h is  reactio n  therefore appears to  have J . Amer. chem. soc., 86, m s  (1964).
much less synthetic potential than the two which have an̂2«  «  a 9V67)8.kTb)
already been discussed (dehydrobromination and w, von E. Doering and W. Grimme, unpublished work; cited by W. R.
acetate pyrolysis). Roth and J. König, Ju stu s  L iebig s  Ann. C hem ., 688, 28 (1965).

rru ♦ . • . v j  j i (25) W. Grimme, Chem . B er ., 98, 756 (1965).The major component in the product mixtures from \2&) D s Gla88i E s Boikess and s Winstein, Tetrahedron Lett., 999 
dehydration of cis-5 was identified as 18 on the basis of (1966).
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ment and are not corrected for response factors. Gc columns were (equivalent to 0.093 mol) of 4 (from the previous preparation)
generally made with copper tubing. The following were em- in 140 ml of dry ether was obtained 9.9 g of product, bp 65° (1.5
ployed (outside diameter and length are given): CW20M-1, 15% mm), which was ~ 9 2 %  cfs-5 (71% yield). The impurities were
Carbowax 20M on 80-100 acid washed and silanized (AW-S) [by nmr and gc (column SE30-1 at 100°)] 6 % unchanged 4 and
Chromosorb P  (Vs in. X  5 m); CW20M-2, 8 % Carbowax 20M a trace of 3-iodomethyl-5,5-dimethylcyclohexene. A forefrac'ion
on 100-120 AW-S Chromosorb P (Vs in. X 3 m); CW20M-3, [bp 55-65° (1.5 mm)] which weighed 2.4 g and was 2/3 cis-5 was
same as CW20M-1 except '/< in. X 1.5 m; m; CW20M-4, 20% also obtained; the total yield of cis-5 was therefore 82% . Rela-
Carbowax 20M on 60-80 Diatoport S (Vs in. X 5 m); SE30-1, tive retention times on column SE30-1 at 100° were methylene
5%  SE-30 silicone oil on 60-80 Chromosorb W ('/s  in. X 1.7 m, iodide, 0.8; 4, 1.0; cis-5, 2.5; 3-iodomethyl-5,5-dimethylcyclo-
stainless steel); SE30-2, 20% SE-30 silicone oil on 60-80 AW-S hexene, 6.2. Gc analysis (column TCEPE-1) of the main frac-
Chromosorb P (Vs in. X 1.5 m, stainless steel); TCEP-1, 15% tion showed that no (i.e . <0.5% ) trans-5 was present.
l,2,3-tris(2-cyanoethoxy)propane on 100-120 AW-S Chromosorb After gc purification (column SE30-2)cis-5 exhibits the following 
P (V* in. X 2 m); TCEPE-1, 7%  tetracyanoethoxypenta- spectral data: ir 3340, 3070, 3005, 1465, 1385, 1365, 1291, 1167, 
erithritol on 80-100 AW-S Chromosorb P (Vs in. X 0.6 m). 1114, 1035 , 983 , 945, 919, 852, 807, and 743 cm-1; nmr r 5.76

3-Ethoxy-5,5-dimethyl-2-cyclohexenone (2) was prepared by (5 line m, 1, J n = 6 , / 23 = 12, and J 23’ =  6  Hz, CHOH), 6.41
the method of Frank and Hall6 in 98% yield, bp 97-105° (2 mm) (s, 1, OH), 8.0-9.7 (m, 7, CH2 and cyelopropyl), 9.10 (s, 3,
[lit.6 bp 93° (1 mm)]. The nmr spectrum displays signals at r CH3), 9.17 (s, 3, CH3), and 9.83 (t, 1, / = 5 Hz, cyclopropyl).
4.79 (s, 1 , C = C -H ), 6.08 (q, 2, / = 7 Hz, OCH2), 7.77 (s, 2, Anal. Calcd for C9H)60 :  C, 77.11; H, 11.49. Found: C,
CH2), 7.92 (s, 2, CH2), 8.65 (t, 3, / = 7 Hz, CH3), and 8.93 76.99; H, 11.16.
(s, 6 , CH3); no other peaks were observed. 6-Bromo-4,4-dimethylcycloheptene (6 ).—Five grams (0.03 mol)

5,5-Dimethyl-2-cycIohexenone (3) was prepared as described of 90% cis-5 was stirred with 20 ml of 48%  hydrogen bromide for
previously6 except that a 15% equiv excess of fresh lithium 6  hr at room temperature, after which time the organic layer was
aluminum hydride was employed. A 90% yield of material with separated and the aqueous layer extracted with pentane. The
bp 40—48° (1.6 mm) [lit.6 bp 75° (15 mm)] was obtained: nmr combined organic layers were shaken with aqueous sodium car-
r  3.17 (doublet of triplets, 1, J  = 10 and 4 Hz, respectively, bonate and then dried over anhydrous magnesium sulfate. The 
CH =CH -CH 2), 4.08 (doublet of triplets, 1 , J  =  10 and 2 Hz, pentane was distilled and the residue distilled in vacuo to afford
respectively, CH =CH -CH 2), 7.70 (doublet of doublets, 2, 6.7 g at 45-51° (1.0 mm). Analysis by nmr and gc (column
J  = 2 and 4 Hz, CH2), 7.80 (s, 2, CH2), and 8.93 (s, 6 , CH3); SE30-2 at 100°) showed the distillate to be 93% 6 (95% yield),
no other signals were detected. Yields of 45-55%  (similar to that 5%  cfs-2-bromo-4,4-dimethylbicyclo[4.1.0]heptane (7) , 10 and
reported by Frank and Hall6) were obtained when reducing agent 1-2%  3-bromomethyl-5,5-dimethyleyclohexene (8 ) .10 A sample
which had been on the shelf for months in an inadequately of 6 was obtained in ~ 97%  purity by gc (column TC EP - 1  at
sealed container was used. 60°; a small amount of isomerization to 8 occurred even under

5,5-Dimethyl-2-cyclohexenol (4).—5,5-Dimethyl-2-cyclo- these mild conditions): ir 3025, 1705, 1645, 1385, 1370, 1315,
hexenone (25 g, 0.20 mol) was added over 0.5 hr to a cooled 1173, 867, 788, 716, 679, and 630 cm-1; nmr r  4.3 (m, 2, C = C H ),
suspension of 2.2 g (0.23 equiv) of fresh lithium aluminum hy- 6.9 (broad m, 1, CHBr), 7.28 (m, 2, C =C CH 2CBr), 7.5-8.5
dride in 300 ml of dry ether. The reaction mixture was then (m, 4, C =C CH 2 and CH2CBr), 9.02 (s, 3, CH3), and 9.04 (s, 3,
heated at reflux for 20 min, cooled, and treated with water CH3); mass spectrum m /e  202.025 [calcd for C9Hi6Br(78Br):
followed by saturated aqueous ammonium chloride. The 202.036; 202:204 intensity ratio = 0.9], 67 (base peak),
aqueous layer was extracted twice with ether and the combined Anal. Calcd for C9Hi5Br: C, 53.19; H, 7.45. Found: C,
ether layers were dried over anhydrous magnesium sulfate. 53.50; H, 7.46.
The ether was distilled and the residue vacuum distilled to afford Dehydrobromination of 6-Bromo-4,4-dimethylcycloheptene (6 ).
22.6 g [bp 8 6- 8 8 ° (17 mm)] of 93% pure 4 (83% yield).7b This A. With Quinoline.—A solution of 15 g (0.07 mol) of 93% 6  and
material was shown to contain a trace of 3 by gas chromatography 35 ml of distilled quinoline was heated at 195° for 20 min, cooled,
(gc) (column CW20M-3 at 100°) and ir (small carbonyl band at and then added to enough dilute hydrochloric acid to produce an 
1698 cm-1) and ~ 6 % 3,3-dimethylcyclohexanol (2 1 ) by gc and acidic solution. The hydrocarbon layer was separated and the
nmr. After purification by gc on this same column [retention aqueous layer extracted twice with pentane. After distillation
time (rt) relative to 21 was ~ 1 .2 ], 4 gave the following spectral of the pentane the residue was distilled in  vacuo to afford a
data: ir 3340, 3035, 1650, 1385, 1370, 1282, 1089, 1035, 1000, fraction, bp 60-70° (16 mm), which weighed 7.4 g (82% yield).
934, 800, and 725 cm-1; nmr r 4.39 (s, 2, C =C H ), 5.9 (broad m, analysis by gc (column CW20M-4 at 90°) showed the distillate 
1, CHOH), 6.95 (s, 1, COH), 8.21 (m, 2, C =C -C H 2), 8.50 (d, to consist of at least five compounds, the relative amounts of
1, J  =  8.5 Hz, CH2), 8.75 (1, broadened d, J  = 3.5 Hz, CH2), which are given in Table I ; analyses for 1 and 2 min reaction
9.00 (s, 3, CH3), and 9.10 (s, 3, CH3). times in small-scale runs are given in Table I I . The products

Anal. Calcd for C3HuO: C, 76.15; H, 11.17. Found: C, were purified by using the above column and had the following
75.88; H, 10.92. relative retention times: 10,1.00; 11,1.25; 12,1.47; 13 ,1 .59;

When 20.1 g (0.16 mol) of 3 was added to 4.7 g (0.5 equiv, 14, 1.68. A mixture of these five isomers gave the following
threefold excess) of lithium aluminum hydride in 250 ml of dry analysis.
ether, stirred at reflux for 41 hr, and worked up as above (except Anal. Calcd for C9Hu: C, 88.44; H, 11.56. Found: C,
that quenching was effected with water followed by dilute sul- 88.28; H, 11.57.
furic acid), 20 g of product was obtained. This was shown by l,5,5-Trimethyl-l,3-cycIohexadiene (10).—The uv spectrum of
nmr to be a 1:1 mixture of 4 and 21. this isomer [A ¡AY" 261 nm (e 5400)] agrees with previously de-

When 3 was stirred with a fivefold excess of saturated sodium termined data18 as does the mass spectrum [m /e  122.107 (calcd
borohydride in 0.2 N  sodium hydroxide-ethanol for 20 hr at for C9Hh : 122.109), 79 (base peak)]. The ir spectrum agrees
room temperature, a crude product was obtained whose nmr with previously determined spectra18 except that it shows addi-
showed no vinyl hydrogens. tional small peaks at 1030, 997, and 818 cm“ 1 which are also

A sample of 2 1  which was purified by gc has ir and nmr spectra present in the spectrum of 2,6,6-trimethyl-l,3-cyclohexadiene
which agree with reported data:27 ir 3340, 1380, 1365, 1062, (23) and which we attribute to a ~ 1 5 %  impurity of the latter
1022, 970, 944, 923, 899, 852, and 812 cm-1; nmr 6.0-6.7 (m, 1, isomer. The nmr spectrum of pure 1018b exhibits signals at r
CHOH), 7.42 (s, 1, COH), 7.8-9.0 (m, 8 , CH2), 9.05 (s, 3, 4.18-4.83 (complex m, 3, C =C H ), 8.05 (narrow m, 2, C = C -
CH3), and 9.11 (s, 3, CH3). CH2), 8.25 (narrow m, 3, C =C -C H 3), and 8.87 (s, 6 , CH3).

ci,s-^A-Dimethylbicycl0 [4.1 .0]heptan-2 -ol (cis-5) was syn- 5,5-Dimethyl-3-methylenecyclohexene (1 1 ).—The ir spectrum
thesized by the procedure described by Dauben and Berezin,9b is in excellent agreement with previously determined spectra, 18
except that the zinc-copper couple was prepared by the method as are the uv spectrum [x£,"” 231 nm (e 19,900)] and mass spec-
of LeCoft.28 From 22 g (~ 0.34 g-atom) of zmc-copper couple, trum [m/e 122.108 (calcd for C9H„: 122.109), 107 (base peak)].
0.1 g of iodine, 66 g (0.25 mol) of methylene iodide, and 12.6 g The nmr spectrum18b exhibits signals at r 3.88 (doublet of triplets,
-----------------  1, J  =  10 and 2 Hz, respectively, C H =C -C H 2), 4.33 (doublet

(27) (a) G. Chiurdoglu and W. Wasschelein, B u ll. S oc. C h im . Beiges, 70. ° f trlPlets- J  = 10 and 4 Hz, respectively, C =C H -C H 2), 5.23
307 (1961); (b) E. L. Eliel, M. H. Gianni, Th. H. Williams, and J. B. (complex m, 2, C =C H 2), 7.95 (doublet of doublets, 2, / =  1.3
Stothers, Tetrahedron  L ett., 741 (1962); (c) M. J. T. Robinson, ib id ., 1685 and l -5  Hz, CH2-C = C H 2), 8.08 (complex m, 2, J  = 1.2 and
(1965). and 4 Hz, CH2CH =CH ), and 9.09 (s, 6 , CH3); mass spectrum

(28) E. LeGoff, J . Org. C hem ., 29, 2048 (1964). m /e  122.108 (calcd for C9H„: 122.109), 107 (base peak).
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6 ,6-Dimethyl- 1,4-cycloheptadiene (12) shows only end absorp- in refluxing saturated solutions of potassium hydroxide-ethanol
tion in the uv (¿"'„m 1700): ir 3035, 3010, 1650, 1375, 1365, (95°) for 30 min. The tubes were cooled and opened and dilute
1133, 988, 812, 696, and 662 cm-1; nmr r 4.27 (m, 2, C =C H , hydrochloric acid was added until the reaction mixtures became
4.68 (s, 2, C =C H ), 7.23 (broad s, 2, (C = C )2CH2), 7.80 (broad acidic. The contents of the tubes were then shaken with 50 ^
d, 2, J  = 5 Hz, C = C -C H 2), and 8.98 (s, 6 , CH3); mass spec- of pentane and the pentane layers were analyzed by gc (column
trum m /e 122.105 (calcd for C9Hh: 122.109), 79 (base peak). CW20M-2 at 90°). When a mixture of 97% 13 and 3%  14 was

6,6-Dimethyl-l,3-cycloheptadiene (13) gave the following: treated as above there was no change in the ratio of isomers.
Am»“ ' 246 nm (e 6160); ir 3060, 3020, 1615, 1385, 1370, 992, 789, The results of additional experiments are given in Table V.
690, and 654 cm-1; nmr r 4.24 (broadened s, W i/2 = 3.5 Hz, 4,
C =C H ), 7.93 (broadened d, 4, ./ =  3 Hz, C =C CH 2), and 9.03
(s, 6, CH3); mass spectrum m/e 122.108 (calcd for C9HX4: T able V
122.109), 79 (base peak). . Isomerization of Cycloheptadienes in Potassium

5,5-Dimethyl-l,3-cycloheptadiene (14) gave the following: TT „ „„ , T
248 nm (c 13,200); ir 3055, 3005, 1610, 1375, 1360, 1125, Hydroxide E thanol at 95 for 30 M in

976, 8 6 6 , and 700 cm-1; nmr t  4.31 (apparent d, 2, line separa- ' Relative amounts, % - '
tion = 3.5 Hz, C =C H ), 4.49 (apparent d, 2, line separation =  Ilun 1 ®u n ,2
2.5 Hz, C =C H ), 7.55-8.0 (m, 2, C =C CH 2), 8.45 (doublet of ,  7 0 “ .  . “a o6, ’ _ >' r „ '  ’ , y ’ „ „ „  , Isomer mixture“ mixture“ mixture“’0
doublets, 2, / =  5 and 6.5 Hz, CH2), and 8.96 (s, 6 , CH3);
mass spectrum m/e 122.111 (calcd for C9Hu: 122.109), 79 (base ® ”
peak). 13 43 58 62

B. Dehydrobromination of 6 with Potassium Amide in Liquid 14 32 41 38
Ammonia.—To a 5 mm X 10 cm Pyrex tube at ~  —78° was “ Average of two gc analyses. 6 There was <10%  material 
added ~ 0 .2  ml of liquid ammonia and ~ 0 .0 2  g of potassium loss.
metal. The tube was sealed, warmed to room temperature until 
formation of potassium amide was complete (color change from
blue to gray), cooled, and opened. A solution (0.015 ml) of 6 6-Acetoxy-4,4-dimethylcycloheptene (17).—Asolutionof 1.0 ml
and tridecane in a molar ratio of 2.2:1 was then added and the of acetic acid, 3.3 ml of freshly distilled acetic anhydride, and
tube resealed and warmed to room temperature for 5 min (during 0.5 g (0.0032 mol) of ~9C%  cis-4,4-dimethylbicyclo[4.1.0]-
which time a red color developed). The tube was then cooled heptan-2-ol (cfs-5) was stirred at reflux for 26 hr, cooled, and
and opened, and the solution quenched in water and extracted carefully added to saturated aqueous sodium carbonate. The
with pentane. Gc analysis (column CW20M-1 at 90°) showed organic layer was separated and the aqueous layer extracted with
a trace of unchanged 6 and three cycloheptadienes (see Table I) pentane. The solvent was distilled from the combined organic
with a cycloheptadiene to tridecane ratio of 0 .6 :1  (27% recovery). layers and the residue flash distilled in vacuo to afford 0.4 g of
an even lower recovery (~ 5 % ) was obtained when this reaction product. Analysis by gc (column SE30-1 at 90°) showed this to
was run for 20 min at —33°. be 92% 17 (63% yield) with ~ 4 %  each of two impurities, one of

C. Dehydrobromination of 6 with Potassium Hydroxide in which had a retention time which corresponded to that of 16.
Ethanol.—To a solution of 10 g of potassium hydroxide in 12 ml After gc purification (column SE30-2 at 120°) 17 had ir 3030, 
of absolute ethanol (in an argon atmosphere) was added 5.0 g 1735, 1645, 1365 (broad), 1240, 1020, 955, 863, 790, 695, and
(0.024 mol) of 98% pure 6  containing ~ 2 %  8 . The reaction 680 cm-1; nmr t 4.26 (m, 2, C =C H ), 5.27 (broad 7 line m, 1,
mixture was stirred at reflux for 0.5 hr, cooled, diluted with J  =  4.5, 4.5, 9, and 9 Hz, CHOAc), 7.55-8.55 (m, 6 , CH2), 8.07
30 ml of water, and extracted three times with pentane. The (s, 3, COCH3), and 9.01 (s, 6 , CH3).
pentane solution was dried over anhydrous magnesium sulfate Anal. Calcd for CnHiS0 2: C, 73.50; H, 9.97. Found: C, 
and distilled to afford 2.14 g (73% yield), which was shown by 73.20; H, 9.84.
gc (column CW20M-1 at 90°) to contain 89% 13, 8 % 14, and In a peliminary experiment, a sample of cfs-5 [which contained
~ 3 %  10 and 11 (which probably arose from 8 present as an 25% 3-iodomethyl-5,5-dimethylcyclohexene (22) and 10% 3,3-
impurity). Less than 1% 6  remained, as shown by gc analysis dimethylcyclohexanol (21)] was treated as above for 6  hr and
on column SE30-1 at 90°. worked up in a similar manner, Gc analysis of the crude reaction

Control Experiments. A.—Solutions of 5 /ul of various dienes mixture (column CW20M-3 at 100°) showed a major component
(along with tridecane as an internal standard) and 200 /xl of (65%), 19% 22 (by comparison of nmr spectra), 9% 3-acetoxy-
quinoline or 0.1 M  quinoline hydrobromide in quinoline were 1 ,1 -dimethylcyclohexane, and several other peaks. The major
heated in a sealed tube under argon at 200° for 1 hr. The tubes component was isolated on the same column and was shown by
were cooled and opened, and dilute hydrochloric acid was added nmr spectroscopy to be a 3 :2  mixture of cis-2-acetoxy-4,4-di-
until the quinoline had dissolved and the solution was acidic. methylbicyclo[4.1.0]heptane (16) and 17: nmr r 4.3 (broad
The product mixtures were than extracted with 50 /d. of pentane m, 0.8, C =C H  of 17), 4.73 (5 line m, 0.6, J  =  6 .6  and 12 Hz,
and the pentane layers analyzed by gc (column CW20M-2 at AcOCH of 16), 5.3 (broad m, 0.4, AcOCH of 17), 8.05 (s, 1.8,
90°). When a mixture of 96% 11 and 4%  10 [which may have COCH3 of 16), 8.08 (1.2, COCH3 of 17), 7.6-9.6 (m), 8.99 (s,
contained some 2,6,6-trimethyl-l,3-cyclohexadiene (23)] was CH3 of 16 and 17), 9.14 (s, CH3 of 16), and 9.83 (t, 0.6,
heated in quinoline hydrobromide-quinoline at 200° for 1 hr the cyclopropyl H of 16).
product mixture contained 33% 10 (+ 23), 49% 11, 3%  12, 8%  The component present as S% of the mixture was purified by 
13, and 7%  14; no cycloheptadienes were formed when the gc (column CW20M-3) and identified as 3-acetoxy-l,1-dimethyl-
initial mixture was heated for 1 hr at 200° in quinoline alone. cyclohexane on the basis of spectral data: ir 1735, 1365 (broad),
Additional control experiments are given in Table IV . 1240, 1052, 1023, 980, 872, and 606 cm-1; nmr r 5.0-5.6 (m, 1,

CHOAc), 8.06 (s, 3, OCH3), 8.1-9.0 (m, 8, CH2), and 9.05 (s, 
T able IV 6. CH3).

I somerization of Cycloheptadienes at 200° for 1 Hr , *V °lysis of 6-acetoxy-4,4-dimethylcycloheptene (17) was
_ , .. „  performed by passing 0.12 ml of 17 through a 12 cm X  1 cmPyrex

' Relative amount, mixture tube filled with glass helicies and heated to 516°. A flow rate
(in 0.1 M  quino- of 30 ml/min of nitrogen was employed. Pentane was added to

Initial Final mixture line hydrobromide the pyrolysate and this mixture was washed with dilute sodium
Isomer mixture (in quinoline)“ in quinoline)6 carbonate. The product (recovered in >50%  yield) was shown

5  < q 5  by gc (column CW20M-2 at 93°) to consist of 11% 12 (by peak
77 ' 7 a enhancement), 37% 13, 37% 14 (both by comparison of ir spec-

tra), and 15% of several unidentified compounds. No 17 re-
13  5 5  5 1  ■+ mained and there was a maximum of 2 % m-xylene present.
14  37 41 43 When an acetate sample which was predominantly a 3 :2  mix-

“ 28% material loss. 6 12% material loss. ture of 16 and 17 was pyrolyzed and worked up as above, the
product mixture was shown by gc (column CW20M-4 at 90°) 

B —Solutions of 5 /J of cycloheptadienes (along with tridecane to consist of 38% m-xylene (by comparison of ir and nmr spec-
as an internal standard) in saturated potassium hydroxide- tra), 1 1 % 13  and 14  (by peak enhancement), and at least seven
absolute ethanol were sealed in tubes under argon and immersed other components. At 506° there was ~ 30%  unchanged starting
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T able VI samples, 12 was tentatively identified by gc peak enhancement,
Products of Dehydration of and the maior comPonent in each run was identified as 4,4-

. ' „ dimethylbicyclo[4.1.0]hept-2-ene (18) on the basis of its mar
m-4,4-DiMETHYLBicYCLo[4.1.0]HEPTAN-2-oL spectrum: r 4.29 and4.67 (AB quartet, 2 , J  =  10H z,C H =C H ),

Relative retention 8.0-9.6 (m, 5, CH2 and cyclopropyl H), 8.96 (s, 3, CHa), 9.06
J ^"7 % of mlxture“ ------' (s, 3, CHa), and 9.72-10.02 (m, 1, cyclopropyl H).

Product Runl Run 2 CW20M-2 at 90 ) Pyrolysis of 4,4-Dimethylbicyclo[4.1.0]hept-2-ene (18).—
18  45“ 14 1.00 When the product mixture from dehydration run 1 was pyrolyzed,
12 2 5 1.37 either in a sealed tube under argon at 320° for 5.5 hr, or in a fiow
13 9 9 1.27 system (described above) at 490°, analysis by gc (column CW-
14 6  6  1 .15 20M-2) and nmr showed that, in each case, about 50% of the

° Isolated along with 9% 1 1  (as determined by gc and nmr). product mixture was m-xylene.

Registry No.— 2, 6267-39-6; 3, 4694-17-1; 4, 25866- 
material, whereas at 528° there were no acetates and some 56-2; m -5, 25866-57-3; 6, 25866-58-4; 10, 25866-59-5;

Dehydiratiorofc?-4,4-dimethylbicyclo[4.1.0]heptan-2-ol(cf5-5) 25907-92-0; 12, 25866-60-8; 13, 25866-61-9; 14,
was effected by heating 2 .0  g (0.014 mol) of the alcohol with a 25866-62-0; 16, 25866-63-1; 17, 25866-64-2; 18,
few crystals of p-toluenesulfonic acid at ~ 230°. Products were 25866-65-3; 3-acetoxy-l,l-dimethylcyclohexane, 25866-
slowly distilled from the reaction mixture (~ 1  g in 4.5 hr). In 66-4 
a second run a similar yield was produced in 0.5 hr by heating at
235° with a Wood’s metal bath. Acknowledgement.— We thank the National Science

The produrt mixtures were analyzed by gc (column CW20M-2 F ou n d atio n  for SUpp0 rt of th is  work and for grants 
at 90 ; see table VI) and several components were collected . . . , . . “
(column CW20M-4 at 90°). Cycloheptadienes 13 and 14 were used for the purchase of an nmr and a mass spectrom- 
identified by comparison of their ir spectra with those of authentic eter.
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Conformational analysis suggests that thujopsene (1) can exist in two possible conformations, steroidal I  and 
nonsteroidal II . In the steroidal conformation, the side (a) away from the cyclopropane ring should be rela
tively inaccessible to reactions sensitive to steric requirements, whereas, in the nonsteroidal conformation, it is 
the side (/S) toward the cyclopropane ring that should be relatively inaccessible. Hydroboration of (— )-thujopsene 
takes place exclusively from the /3 side, as indicated by the isolation of a single alcohol (+)-3-thujopsanol (2).
The structure of (+)-3-thujopsanol has been established by determining the absolute configuration of the alcohol 
by Horeau’s method. Similarly, epoxidation of thujopsene takes place predominantly from the d side to yield 
not the epoxide, but the rearranged product ( —)-3-isothujopsanone (5). An equilibration study indicates 
nearly equal stability for (— )-3-thujopsanone and ( —)-3-isothujopsanone. Consequently, it is concluded that 
thujopsene (1 ) reacts preferentially in the steroidal conformation I  and probably exists preferentially in that 
conformation. In the course of this study all four of the isomeric 3-thujopsanols and both the two isomeric 3- 
thujopsanones were prepared and characterized.

The chemistry and structure of the sesquiterpene, Conformation and Steric Course of Reaction in Thu -
thujopsene, has been the subject of considerable interest jopsene.—Thujopsene is an interesting molecule, whose
in the recent years. The structure of thujopsene was molecular model indicates the presence of considerable
correctly deduced, in 1960, by Erdtman and Norin,3 flexibility' arising from the cis ring junction. The
who assigned the relative stereochemistry shown in 1. molecule (Figure 1) may adopt either the steroidal I or
The cis relationship of the angular methyl substituent the nonsteroidal conformation II.6 In the steroidal
and the cyclopropane ring has subsequently been con- conformation I, the /3 side7 provides a less crowded envi-
firmed by a further degradative study3d and by a stereo- ronment for the double bond. Hence the approach of
specific synthesis.4 Recently thujopsene has become of any reagent with large steric requirements should be
interest with respect to the problem of classical and non- preferred from this side. On the other hand, in the
classical carbonium ion structures. Recognition of the nonsteroidal conformation II, the (3 side of the molecule
existence of four rapidly equilibrating cyclopropyl car- is congested by the bridgehead 4a-methyl. However,
binyl cations, from cis- and frans-thujopsenes, points to the a  side is relatively open to the reagent,
the essentially classical nature of these cations.5 Hydroboration of olefins is highly sensitive to the

, , , , , ,  ,, steric environment of the double bond, taking place from* Author to whom correspondence should be addressed. , ,  , , “ V , ,
(1) Presented in part at the International Symposium on the Chemistry tllG 16SS nUldcrGCl S1QG. AI1G rGRCllOIl IS R1SO Illgnly GXO-

of Natural Products (iuPAC). London, July 1968 . th e rm ic  b u t is re m a rk a b ly  free  of sk ele ta l re a rra n g e -
(2) Postdoctoral Research Associate, 1966-1968, on Grant GM-10937 of

the National Institutes of Health. (6) For steroidal and nonsteroidal conformations, see C. Djerassi, “Optical
' 'a' . kmtman and T. Norin, Chem . In d . (L on don ), 622 (1960); Rotatory Dispersion,” McGraw-Hill, New York, N. Y.t 1960, p 186 ff.

xt -T' ‘ Chem . S can d ., 15, 1676 (1961); (c) S. Farsen and T. (7) It is convenient to use/3 to indicate the side of the molecule toward the
* ’’ * _?2 (1961) » (d) T. Norin, ib id ., 17, 738 (1963). cyclopropane ring and the bridgehead 4a-methyl, and a  to indicate the other

(4) (a) W. G. Dauben and A. C. Aschcraft, J .  A m er. Chem . S oc., 85, 3673 side of the molecule.
^  B,achi and J * D‘ White’ ib id "  86’ 2884 (1964)- (S) (a) G. Zweifel and H. C. Brown, J .  A m er. Chem . S oc ., 86, 393 (1964);

(5) W. G. Dauben and L. E. Friedrich, Tetrahedron  Lett., 18, 1735 (1967). (b) H. C. Brown and J. H. Kawakami, ib id ., 92, 201 (1970).
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ments,9 even when the double bond is conjugated with a
cyclopropane ring.10 Consequently, hydroboration ap- Tn T CH3 / CH3
pears to possess real advantages to explore the steric re- ^
quirements of reactions in flexible systems.

In the case of rigid bicyclic molecules, the direction of H3c" r ” H3̂ > /  f
hydroboration can readily be interpreted in terms of the ) A <\ ^ /
steric environment of the double bond.8b However, A — T " H ¿H
the situation is more complex in flexible cyclic systems, " l 3
where ready interconversion of the ring system compli
cates the interpretation.11 Fortunately, there are rea- Flsure 1 —Possible conformations of thujopsene.
sons for believing that hydroboration can minimize the
ambiguities involved in interpreting the results realized ^ber 3-thujopsanol (2) or 3-isothujopsanol (4) depend- 
with such systems.12 ing upon whether the attack of diborane is from the 3

As was mentioned earlier, the hydroboration of ole- s^ e or “  sic ê (Scheme I, a or b ).16 
fins is a highly exothermic process. According to the
Hammond postulate,13 the transition state for such a Scheme I
reaction should resemble the reactants. Consequently, Hydroboration of Thujopsene to Give Two Possible
if the attack of the reagent occurs preferentially from Alcohols and Subsequent Oxidation to Two K etones

the 3 side, this would indicate that the thujopsene moi- ..
ety in the transition state exists preferentially in the ste- ^ y '  / y v -
roidal conformation, and might imply that this steroidal i \xS ,„ *
conformation I is actually preferred in the ground 5< /  2 j
sta te .14 B IL~ 8] \  Cs) 3- oh

It appeared appropriate therefore to establish the ste- 5 A X | v
ric course of the hydroboration of thujopsene. In the [ T  — » f T ~b
course of this study we prepared and characterized all 1 ' oh
of the possible 3-thujopsanols and 3-thujopsanones.

Hydroborationof ( —)-Thujopsene (1).—( — )-Thujop- (R'
sene (1) on hydroboration, followed by alkaline hydro
gen peroxide oxidation, gave only a single alcohol, con- Treatment of the alcohol with a-phenylbutyric anhy- 
firmed by a detailed glpc examination and by a charac- dride left an excess of ( —)-2-phenylbutyric acid behind,
teristic pmr spectrum, quite different from the spectra of indicating the configuration for the carbinol moiety in
the other three possible isomeric alcohols synthesized in accordance with Horeau’s rule.17
the present study. Since the addition of diborane to The absolute configuration of thujopsene has been 
the double bond is cis and the replacement of boron by firmly established18’19 and is as shown in Scheme I. cis-
hydroxyl in the oxidation proceeds with the retention of Hydration of the double bond, a well established charac-
configuration,15 the single alcohol obtained must be ei- teristic of hydroboration-oxidation, would require ei

ther the formation of 3-thujopsanol (2) with the S  con- 
1962  E‘ ° - Br°WD’ ‘'Hydroboration’” w- A- Beniamin' New York’ N- Y- figuration, at the carbinol carbon atom, if the reaction 

(io) (a) s. p. Acharya and h . c .  Brown, j . Amer. Chem. Soc., 89,1 9 2 5  had taken place from the 3 side, or the formation of
(1967); (b) S.P. Acharya, H.C. Brown, A. Suzuki, S.Nozawa, and M.Itoh, 3-isothujopsanol (4) with the R  configuration at the
" ^ : ^ : ^ 15. = hemietry of Carbon Compounds,” McGraw carbinol carbon atom, if the hydration had taken place
Hill, New York, n . y„ 1962. from the a  side. Horeau’s method therefore indicates

(12) j . Klein, e . Dunkeibium, and d . Avrahami, j . Org. C hem ., 32, 935  t h a t  th e  h y d ro b o ra tio n -o x id a tio n  h ad  ta k e n  p lace  from

(13) G. S. Hammond, J .  A m er. Chem . S oc ., 77, 3341 (1955). th e £  side > an d- th e  h y d ro b o ra tio n -o x id a tio n  alcoh ol is
(14) One of the referees objected strongly to this suggestion. He took 3-thujOpsanol (2).

the position that the Curtin-Hammett principle made it impossible to con- J t  ig in te re s tinp. to  n o te  th a t , in  OUr p reviou s Studies of
elude which conformer of thujopsene is preferred in the ground state from . _ m o  “>n n j  u
the hydroboration results which reveal which conformer possesses the lower tuG h yd ro  DOr&tlOIl 01 2-C arene, a o-C&rene hydlObOPa-
transition state. The Curtin-Hammett principle is not applicable to a fio n  h a d alw ays ta k e n  p lace  On th e  side a w a y  fro m  th e
situation where the energy of activation for the interconversion of conform«, y  f h  c y c l0p r0 p a ne ring, in  C on trast to  th e  p resen t
is larger than the activation energy for the reaction the system is under- J  r  tR r
going.11 Unfortunately, precise data are lacking for the present situation. Case.
However, we believe that a reasonable case may be made that this is indeed Oxidation of the alcohol by the chromic acid-ether
oMns86 f°r the hydroboration of thuiopsene and related interconverting procedure21 gave only a single ketone. The ketone on

The activation energy for the interconversion of cyclohexane and re d u ctio n  W ith lithlUHl tn m e th o x y a lu m in u m  h yd rid e
its derivatives is of the order of 10-11 kcal/mol.11 No data is available for afford ed  th e  isom eric  alcoh ol, 3-n eoth ujO p san ol ( 11 ) ,
thujopsene. but there appears to be no reason to anticipate that it will be . . c r .n  . i t j i  •
much smaller than this, and it might even be higher. an d  3 -th u jo p sa n o l in th e  ra tio  of 9 6 14 an d  w ith  lith iu m

The activation energies for bimolecular reactions which proceed at a
reasonable rate at ordinary temperatures can be quite low. For example, (16) The numbering system followed is in accordance with the generic
the value for the reaction of methyl iodide and triethylamine in nitroben- name for thujopsene, l,la,4,4a,5,6,/,8-octahydro-2,4a,8,8-tetramethylcyclo-
zene solution is 9.7 keal/mol [K. J. Laidler and C. N. Hinshelwood, J .  propa[d]naphthalene, as given in Chem . A bstr. However, the trivial name
Chem. Soc., 858 (1938)]. The reaction of diborane with olefins in ether sol- thujopsene is retained throughout this article for convenience. The prefix iso
vents is enormously fast. We early observed that the reaction was over in is used to indicate that the cyclopropyl and 2-methyl are cis to each other and
a matter of seconds at 0°, far too fast for us to measure.9 Consequently, it neo is used to indicate that 3-hydroxy and 2-methyl are cis to each other,
is not unreasonable that the activation energy for the hydroboration step See discussion in ref 10b.
may be less than that for the interconversion stage. In any event, in the (17) A. Horeau and B. Kagen, T etradedron , 20, 2431 (1964).
absence of contradictory data, it appears reasonable to consider this possi- (18) C. Enzell, A cta Chem . S can d ., 16, 1553 (1962).
bility. See also ref 12 and G. Zweifel and J. Plamondon, J. Org. Chem ., 35, (19) W. G. Dauben and P. Oberhansli, J .  Org. C hem ., 30, 3947 (1965).
898 (1970). (20) H. C. Brown and A. Suzuki, J .  A m er. C hem . S oc ., 89, 1933 (1967).

(15) H. C. Brown and G. Zweifel, J .  A m er. Chem . S oc ., 83, 2544 (1961). (21) H. C. Brown and C. P. Garg, ib id ., 83, 2952 (1961).
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aluminum hydride in the ratio 81:19 (Scheme II). Scheme III
There was no contamination of the product with 3-iso- E poxidation op T hujopsene with to-Chloroperbenzoic Acid
thujopsanol (4) or 3-neoisothujopsanol (8), indicating and Subsequent Reduction op the Products

the stereoselectivity of both the hydroboration and the p 1 f ~
oxidation stages. n>-chlor<>- Y ' *  __*

L J  perbenzoic L > v  J
Scheme II  acid ^  '  7

Reduction and I nterconversion of 3-Thujopsanone and
3-Isothujopsanone g gA

^  c t x  j< i> ^  r  a t n  s / = ( i

& x . t t x O X & x .  ;  7 .
LiAiH, 81 19 65 55 t  f ^ t l
LiAI(0CH3) 3H 96 1| 1*8 52 I „  1 T L I J. L 1 - H  T  U . J i

X / V ^ O H  x ^IN^Noh ^ ' c l

The ketone epimerized during glpc examination but 8 4 L 9 ic
was established to be essentially a single substance by
the pmr spectrum. I t  also underwent epimerization to l
3-isothujopsanone (5) in the presence of sodium meth- k .
oxide in methanol to reach an about 50:50 equilibration f y Y
of the two ketones by pmr analysis, indicating that the C Y \ Y o
two ketones possess nearly equal ground state energies.

Epoxidation of ( —)-Thujopsene (1 ) .—The isomeriza- 3 + 5
tion of epoxides to ketones with boron trifluoride ether-
ate involves a stereospecific hydride shift.22-24 Epoxi- preparative glpc. The presence of some ketone mix-
dation, like hydroboration, appears also to involve an ture 3 and 5 in the reaction product is presumably due
exothermic process proceeding through a cyclic transi- to a secondary reaction of the diol (9) which is trans-
tion state26’26 with large steric requirements. Hence it formed into the ketones via ionization of the highly re-
would also be expected to take place on thujopsene from active tertiary hydroxvl group.
the 3 side to give a /3- epoxide (6). We hoped to use the The mixture of 4 and 8 was oxidized by chromic acid- 
rearrangement of this epoxide with boron trifluoride ether procedure21 to obtain pure ( —)-3-isothujopsanone
etherate to obtain 3-isothujopsanone (Scheme III). (5). This ketone was reduced with lithium trimeth-
Surprisingly, when thujopsene was epoxidized with oxyaluminohydride and with lithium aluminum hydride
wi-chloroperbenzoic acid in chloroform at 25 or 0°, the to establish the isomer distribution of 3-isothujopsanol
/3-epoxide (6) could not be obtained. Instead, 3-isothu- (4) and 3-neoisothujopsanol (8) (Scheme II) formed in
jopsanone (5) was realized directly in 72%  yield, with these reactions. All the four isomeric alcohols have
28%  of another compound formed, probably 2-hydroxy- been isolated in the pure state by preparative glpc.
3-neoisothujopsanol 2-m-chlorobenzoate (7). All at- The melting points and the specific rotations of the two
tempts to prepare the epoxide by modified procedures, ketones, the four alcohols, and some of their correspond-
such as epoxidation by perphthalic acid, or by benzo- ing p-nitrobenzoates are listed in Table I. Their per-
nitrile-hydrogen peroxide in the presence of potassium tinent pmr data are shown in Table II.
bicarbonate,27 failed. Likewise, all attempts to isolate 
pure 3-isothujopsanone (S) from the mixture of this ke
tone 5 and the benzoate 7 were futile because of the fac- T able I
ile epimerization of the ketone. Hence the mixture was Properties of 3-Thujopsanones and 3-Thujopsanols

reduced with lithium aluminum hydride. The hydride Compd Y  (C(%)
( — )-3-Thujopsanone (3) 67-68 - 8 5 .5  (27) 13

hujopsanone (5) and 29%  benzoate (7). The reduced ( - ) - 3-Isothujopsanone (5) 4.5-46 -1 2 7 .8  (25) 10

product contained 32%  a mixture of m-chlorobenzyl (+)-3-Neothujopsanol ( l l )  38-39 + 64 .41  (28) 10.9
alcohol (10), 3-thujopsanone (3), and 3-isothujopsanone (+)-3-Thujopsanol (2) 113.5-114 + 1 4  (25) 13.4
(5), 4 4 %  3-isothujopsanol (4), and 24%  3-neoiso- p-Nitrobenzoate 118-119
thujopsanol (8). These new alcohols were isolated as 3-Isothujopsanol (4) 48-49 0 (26) 10

pure products by fractional distillation, followed by p-Nitrobenzoate 94-95
( — )-3-Neoisothujopsanol (8 ) 106-107 —47.9 (26) 8 .5

(22) H. B. Henbest and T. T. Wrigley, J. Chem. Soc., 4596 (1957). p-Nitrobenzoate 85-86
(23) D. N. Kirk and V. Petrow, ibid., 4657 (1960).
(24) J. P. Dusza, J. P. Joseph, and S. Bernstein, J. Org. Chem., 28, 92

„ It is known that the carbinyl proton of ws-2-methyl-
(25) P. D . Bartlett, Rec. Chem. Progr., 11, 51 (1950). , , , , „ , ,  J  ̂ , .  , . .
(26) H. Kwart and d . m . Hofmann, j . Org. chem., s i ,  4 19  (1966). c y c l o h e x a n o l s  a n d  o f  t h e  c o r r e s p o n d i n g  s t e r o i d s  e x h i b i t s
(27) g . b . Payne, Tetrahedron, i s ,  763 (1962). a chemical shift further downfield than that of the
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Table II
Pertinent Pmr Data“ for the 3-Thujopsanones and 3-Thujopsanols

Compd 2-H 2-CHs 3-H 4-CH2 ierl-Methyls
3-Thujopsanone (3) 140* 70.5* (a) 95,' (/3) 127' 3 7 , 6 6 , 7 0 . 5
3-Isothujopsanone (5) 154s 65s («) 97,™ (ff) 120» 39, 6 8 , 70
S-Thujopsanol (2 ) 6 8 .5 ' 192* 3 1 . 5 , 6 0 , 6 6
3-Neothuj opsanol (1 1 ) 64.5s 216* 4 1 . 5 , 5 5 , 6 4
3-Isothuj opsanol (4) 62 .5s 186.5’ 4 6 , 5 4 , 6 4
3-Neoisothujopsanol (8 ) 141' 44.5« 231* 31.5 , 59 , 64

“ All spectra were taken on a Yarian A-60 or A-60A instrument. Chemical shift of the protons is expressed in terms of Hz from tetra- 
methylsilane. b Quartet, J  ^  7 Hz. ' Quintnet, / = 7 Hz. d Quartet, J  =  7.2 Hz. 5 Doublet, / = 7 Hz. / Doublet, J  = 5  Hz. 
g Doublet, J  = 7.2 Hz. h Broad quartet, J  ^  8 Hz. * Doublet of triplet, J  = 8 and 4 Hz. ‘ Doublet of triplet, J  = 4.5 and 8 Hz. 
* Doublet of doublet of doublet, J  = 12, 8, and 4.5 Hz. * Doublet, / = 14 Hz. ™ Broad doublet, J  =  16 Hz. n Doublet, J  =  16 Hz.

<nms-2-methyl isomers.28’29 This can also be applied to of TH F. Diborane in TH F (60.6 ml of 1.66 M , 100 mmol of
the 3-thujopsanols, since the chemical shift of C-3 H of BH3) was added at 0° with stirring. The reaction mixture was
neothujopsanol is at 216 Hz and that of thujopsanol is f rred for \ hr a£°° T *  ™  T T *  n h>£ ride T f, , m T I  mi £ 1 * J . decomposed with water (2 ml) m TH F (10 ml). From the
at 19-/ Hz. The configurations of the two isomeric alco- hydrogen evolved, 105 mmol of hydride had been utilized for the
hols of th e  iso series w ere therefore  assigned on th e  sam e 100 mmol of thujopsene. Thus, the cyclopropane ring had not
basis. That is, the alcohol with a chemical shift of the been attacked. Oxidation with sodium hydroxide (20  ml of
carbinyl proton at 231 Hz is 3-neoisothujopsanol (8), 3 Jf ). and hyd™Sen Pero^ de (2°  ^  of , 30% ) and subsequent

__, • z i o p r T T  • i f  isolation gave 21.4 g (96.3% yield) of the compound. I t  was
and tn e  one w ith  th is  pro ton  appearing a t 186.5 Hz is th e  purified by elution with pent/ ne and ether on £eutral alumina
trans isomer, 3-isothuj opsanol (4). The observed cou- (200 g of grade II). The ether eluent gave only a single isomeric
pling con stan ts of th e  carb in y l protons suggest th a t  alcohol, as indicated by glpc examination with a 150 ft X  0.01
p robably  th e  hydroxy groups of all th e  four alcohols are 'n- Carb°wax 20M column on a Perkin-Elmer Model 226, and
equatorial if the B rings have half-chair conformations. ™ th a f  Carb^ ax 20M Chromosorb W

°  on an F  & M Model 300 gas chromatograph. An analytical
sa m p le  h a d  m p  113-114°: [a ] 2Sd  + 14° (c 13.45, CC1(); ir

Conclusions 3401 (O—H), 1379 [C(CH3)2] , and  1031 c m -1 (—OH or c y c lo 
p ro p an e ).

Both hydroboration and epoxidation of thujopsene Anal. Calcd for CisHzsO: C, 81.02; H, 11.79. Found:
evidently take place exclusively from the ¡3 side of the C, 81.02; H, 12.00.
molecule. Both reactions are highly exothermic pro- 3-Thujopsanol p-Nitrobenzoate.—The following procedure was
______„ . . .  , , used to prepare the p-nitrobenzoates. 3-Thui opsanol (0.055 g,
cesses, suggesting th a t  th e  tran sitio n  sta tes resem ble th e  0 .25 mmolf  was pi/ced in a previously flame dried test tube
reactan ts . I t  follow s th a t  th e  thu jop sene m oiety  in  flushed with nitrogen. Then 0.2 ml of TH F, 0.16 ml of 1.60 M 
th e  tran sitio n  s ta te  m u st resem ble th e  steroid al confor- ra-butyllithium (0.25 mmol), and 0.25 ml of a 1.60 M  solution
m ation  of thu jop sene I , ra th er th a n  th e  nonstero id al of P-nitrobenzoyl chloride in THF were added in succession at
conform ation  II 0 °; the mixture was kept for 2 hr at 25°. I t  was eluted on neutral

T, . , . , ' , . , .. , , alumina (0.5 g of grade II)  with ether, giving 0.065 g of the com-
l t  is desirable to  extend  such stud ies to  o th er exo th er- pound, mp 118-119°.

mic processes involving reagents of large steric require- Anal. Calcd for C22H29NO4: C, 70.75; H, 8.37. Found:
ments. If the results exhibit a consistent pattern of be- C, 70.65; H, 8.42.
havior, predominant or exclusive reaction from the /3 ( —)-3-Thujopsanone (3).—The following procedure is repre-

• 1  r , n , , ., , , , , . sentative of the two-phase oxidations which were carried out.
side of the molecule, it would suggest that conforma- In a three neck flaskj fitted with a meohanical stirrer, a
tional preferences in the ground state are probably car- dropping funnel, and a thermometer, was placed 100  ml of ether
ried over into the transition state for reactions of this and 5.55 g of 3-thujopsanol (2) (25 mmol). To this vigorously
kind. Consequently, we may have a tool to explore for stirred solution maintained at 0° was added over 10 min 25 ml
such flexible svstem s th e  eonform ati anal nreferences in of a chromlc acid solution [prepared from 4 g of sodium dichro-u f , system s tn e  co n ro rm atn n a i preierences in. mate dihydrate ,;1 3 .5  mmol) and 5 .4  g of suifuric acid (5 5  mmol)
both the ground and the transition st ates. and sufficient water to make 25 ml of the solution]. The solution

was stirred for 30 min, and 25 ml of water, previously cooled to
. . 0°, was added. The lower layer was transferred into another

Experimental Section flask containing 25 ml of ether at 0 °. The combined ether
. . . . .  , .m , ■ , T , ,. , extracts were washed with cold water (2 X  10 ml), bicarbonateMaterials.'—( —)-Ihuiopsene, obtained from International . . .  , r . . _ i\ ,■n., . T , j  r i j  solution (5 X  5 ml), and brine (0 ml), and then dried and evapo-hlavors and Fragrances, Inc., had a d-96.59 (neat) and was , , . . . ,. f Q • rp. ,

nure bv elnc The melting noints are cor-ected and the boiling rated t0  glVe 4 '9 g (85% yleld) ° f 3-thu]opsanone. The sample,pure Dy glpc. IHe melting points are corrected and the boiling purified by sublimation at 70° (1  mm), exhibited mp 67-68°:
points are uncorrected. Ir  spectra were tiken on Perkin-Elmer % 197 c z eQ , \ ■ iw c  f
01 cj * 1 at 1 oo a n l j  , • _i • 1 Io;I D oo.o (c 1 0 , Uv-zIa) 1 ir 17«0 cm (v  —U)•
2i Serial No. 120 All pmr spectra were determined in carbon Calcd for C15H24C>2: C, 81.76; H, 10.98. Found:
tetrachloride solution using tetramethylsi_ane as internal stan- C 81 64’ II  1 1  06
dard added after the spectra was taken on a Varian A-60 or ’Equili^ration ‘o f' ( - )-3-Thujopsanone ( 3 ) . - (  -)-3-Thujopsa- 
A-60A spectrometer Optical rotations were determined at ^  (2  2  10  mmol) ^  add d̂ to a solution of 0 .0 5 6 g of sodium
room temperature (25-30 ) in carbon tetrachloride solutions on a m e th o x id (? (1 0  mmol) in 10  „ j  of methanol at 0° and maintained

a,r , ,el.sL?° f 1 -1116 , , , under nitrogen for 5 hr at 25°. The solution was then diluted
+  )-3-Thujopsanol (2 ) . - T h e  apparatus consisted of a round- with water;6acidified with diiute phosphoric acid, saturated with

bottom flask fitted with a side arm stoppered by a serum cap, a godium chlorid and extracted with tane. xhe pentane
thermometer and a reflux condenser, containing at the top a , , , . , . T , ,• , • •. . .  , . , , , ’ 6  , T u • extract was dried over magnesium sulfate and distilled, giving
nitrogen inlet and outlet connected to a gas flow meter. In this 2  Q3 of the duot which on j examination (10 ft X  0.25
fl^k previously flame dried and flushed with mtrogen was in_ of 1Q% Carbowax 20M 0n Chromosorb W or on a 150 ft X
placed 21.4 ml of ( - )-thu]opsene (20.4 g, 100 mmol) in 40 ml 0  0 1  in Carbowax 20M column) showed a single peak. How-

(28) E. L. Eliel, M. S. Gianni, Th. H. Williams, and J. B. Stothers, e,ver> the P™  spectrum showed it to be a mixture of 50% 3-
Tetrahedron L e t t ; 741 (1962). thujopsanone (3) and 50% isothujopsanone (5). Ih e  area by

(29) J. W. ApSimon, W. G. Craig, P. V. Demarco, D. W. Mathieson, L. weight of the singlet at 41.5 Hz or the doublet at 128 Hz (/ =
Saunders, and W. B. Whalley, Tetrahedron, 23, 2339 (1967). 14 Hz) (3) and the singlet at 32.5 Hz or the doublet at 123 Hz
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(.J  =  16 Hz for (5), all of which appear as single peaks, were used recycled and purified by sublimation. 3-Isothujopsanol (4),
to establish the per cent of each ketone present in the product. component B , exhibited mp 48-49°, [a l^ D  0° (c 10, CC1<);

( + )-3-Neothujopsanol ( 1 1 ).—The reagent, lithium trimethoxy- ir 3300 (O-H), 1379 [C(CH3)2] 1031 (-OH), and 1012 cm - 1
aluminohydride, was prepared in the usual manner by adding 3 (cyclopropane).
mol of methanol to 1 mol of lithium aluminum hydride in T H F .30 Anal. Calcd for Ci5H280 :  C, 81.02; H, 11.79. Found:

To such a solution containing an excess of reagent was added C, 80.87; H, 11.76.
0.44 g of 3-thujopsanone (3) (2 mmol), dissolved in 3 ml of TH F, 3-Isothujopsanol p-nitrobenzoate had mp 94-95°.
over 15 min at 0-5°. The excess of the reducing agent was Anal. Calcd for C^HiaNCh: C, 71.13; H, 7.86. Found:
destroyed by adding carefully 0.5 ml of water in 1 ml of TH F. C, 70.94; H,7.90.
The thick white precipitate of aluminum hydroxide was treated ( —)-3-Neoisothujopsanol (8 ) had mp 106-107°; [a]25D —49.9° 
with saturated solution of potassium podium tartarate (15 ml), (c 8.5, CCh); ir 3356 (O-H), 1379 [C(CH3)2], 1036 (-OH), 
the upper TH F layer separated, and the lower layer extracted 1029 cm“ 1 (cyclopropane).
with ether. The combined extract was washed with brine solu- Anal. Calcd for Ci5H280 : C, 81.02; H, 11.79. Found:
tion, dried over magnesium sulfate, and distilled, giving 0.418 g C, 80.62; H, 11.60.
of the product, bp 140-145° (bath) (1.5 mm). Glpc analysis 3-Neoisothujopsanol y-nitrobenzoate had mp 85-86°.
(10 ft X  0.25 in. column of 20% Carbowax 20M on Chromosorb Anal. Calcd for C22H23N0 4 : C, 71.13; H, 7.86. Found:
W) indicated it to be a mixture containing 95.6% 3-neothujop- C, 71.34; H, 8.00.
sanol and 4.4%  3-thujopsanol. A pure sample of the alcohol ( —)-3-Isothujopsanone (5).—Fraction 8 was chromatographed
was separated on the above column and sublimed: mp 38-39°; on alumina to separate A from the mixture of B  and C. This
[a] 28d + 64° (c 10.9, CCh); ir (CCh) 3425 (OH), 1375 [C(CH3)2] mixture (0.271 g, 1.23 mmol) containing 60% 3-isothujopsanol
1031 (—OH), and 958 cm- 1  (cyclopropane). (4) and 40% 3-neoisothujopsanol (8 ) was oxidized, as described

Anal. Calcd for Ci5H280 :  C, 81.02; H, 11.79. Found: earlier for 3, giving 0.24 g (8 8 % ) of 5. The ketone was purified
C, 80.89; H, 11.94. by sublimation: mp 45-46°; [ a ] 26D —128° (c 10, CCh). The

Epoxidation of ( —)-Thujopsene (1).—To a vigorously stirred pmr spectrum indicated that it is free from 3-thujopsanone (3). 
solution of 20.4 g of thujopsene (100 mmol) in 75 ml of chloroform Anal. Calcd for CisH^O: C, 81.76; H, 10.98. Found: 
was added 23.6 g of m-chloroperbenzoic acid (80% pure, 110 C, 81.65; H, 10.88.
mmol) dissolved in 300 ml of chloroform over 25 min at 20-23°. Reduction of ( — )-3-Thujopsanone (3) and ( —)-3-Isothujop- 
The reaction mixture was followed by glpc. Thujopsene was sanone (5) with Lithium Trimethoxyaluminohydride.— ( —)-3-
absent as soon as the addition was over. The reaction mixture Thujopsanone (3) (52 mg) or ( —)-3-isothujopsanone (0.56 mg)
was cooled to —15° and filtered. The filtrate was washed with were individually added to a solution of lithium aluminum hy-
5%  sodium hydroxide (four 20-ml portions), brine (two 20-ml dride in TH F (200 ml, 1.6 M) or a solution of lithium trimethoxy-
portions), and water, giving 25.5 g of thick turbid liquid. The aluminohydride in THF (1 ml, 1.5 M) and left overnight. All
pmr of the product indicated it to be a mixture of 3-isothujopsan- four reaction mixtures were worked up as described previously
one (5) (identified by its characteristic peaks at 32.5, 115, and and tested for the distribution of the isomeric alcohols. The
131 Hz) and of the m-chlorobenzoate ofthe alcohol (7) [identified results are summarized in Table III.
by peaks at 449 and 480 Hz (multiplets) due to the aromatic

I
protons and a broad quartet at 205 Hz ( J  = 7 Hz) due to HC- T able I I I

(OH)]. The product is free from 3-thujopsanone, the ketone R eduction of ( —)-3-Thujopsanone (3) and
obtained by hydroboration-oxidation, as indicated by the ab- ( — )-3-Isothujopsanone (5) with LiAlH4 and
sence of peaks at 41.5, 121, and 135 Hz. The integrated area LiAl(OCH3)3H
of the aromatic protons due to m-chlorobenzoate (7) and that of ,-----Composition“ of 3-thujopsanols----- .
the peaks appearing between 0-0.40 Hz due to methyl and cyclo- Ke- Reducing 3-Neo-
propane protons of 3-isothujopsanone (5) gave the distribution tone agent Neo-ll6 s-Z6 3-Iso-4' iso-8'
28% m-chlorobenzoate (7) and 72% ketone (5). 3  LiAlH 81 19

A number of attempts to separate 3-isothujopsanone (5) from ,  T ¡/.lfpip-jr Qfi 4
the m-chlorobenzoate (7) failed. Distillation (even at 0.01 T'A1H rk qs
mm) decomposed the m-chlorobenzoate and epimerized 3- 5  LiAltU oi>
iso thujopsanone to a 50:50 mixture with 3-thujopsanone. ® LiAl(OCH3)3H 48 52
Sublimation at 60° (bath) (0.01 mm) also decomposed the ester 0 Glpc analysis on 2 0 % Carbowax 20M on Chromosorb W 
and epimerized the ketone. Preparative glpc also gave the same (10 ft X  0.25 in.) at 225°. b From thujopsanone. ' From iso
mixture. Column chromatography over neutral alumina and thujopsanone. 
elution with pentane gave a 50:50 mixture of the ketones which 
was completely free from the m-chlorobenzoate. A rapid filtra
tion through alumina also gave the same mixture. Epoxidation of Thujopsene by Other Methods. Thujopsene

Reduction of the Mixture of 3-Isothujopsanone (5) and the (2.02 g, 10 mmol), was mixed with potassium bicarbonate (0.2 g,
m-Chlorobenzoate (7).—In a round-bottom flask fitted with a 10 mmol), benzonitrile (1.67 g, 12 mmol), and methanol (6  ml),
magnetic stirring bar, a reflux condenser, a nitrogen inlet, and a Then 30% hydrogen peroxide (1-4 g, 12 mmol) was added at
gas measuring meter, was placed 35 ml of 1.51 M lithium alumi- room temperature with stirring. Periodically the reaction mix-
num hydride in TH F (212 mmol of hydride). The mixture of ture was tested for thujopsene by glpc. The time and percentage
ketone and benzoate, 15 g, in 20 ml of TH F was added in 2 hr of thujopsene reacted were 5 min, 3% ; 45 min, 8 .6 % ; 1.74 hr,
to this excess of lithium aluminum hydride in THF and left 26% ! 2 -7 4  hr- 38% : 6.75 hr' 45%- More 30% hydrogen per-
overnight at 25°. The excess of hydride was destroyed with oxide ( ° - 7  S> 6  mmol) was added. After 18 hr there was present
50:50 water-THF. The hydrogen recovered revealed that the only 22% of residual thujopsene. The reaction mixture was
mixture had utilized 94 mmol of hydride, corresponding to the diluted with water and extracted with pentane. The pentane
presence of 71% ketone (42.4 mmol) and 29% m-chlorobenzoate extract was dried, evaporated, and examined by pmr. The
(17.2 mmol). This agrees with the pmr analysis 28% 7 as residue contained mostly isothujopsanone (5), and probably a
mentioned before. A saturated solution, 35 ml, of sodium small quantity of the Baeyer-Villiger oxidation product of the
potassium tartarate was added and the reaction mixture was ketone, indicated by a singlet at 194 cps attributed to the
worked up as described for 1 1 , giving 13.9 g of the product. - ( 0 = )C —O—CH2-  grouping. The peaks characteristic of
The glpc analysis on a 4 ft X 0.25 in. column of 20% Carbowax thujopsanone (3) were absent. Analysis by glpc showed it to
20M on Chromosorb W indicated it to be a mixture of three be a mixture of three products and no further attempt was made
components, namely, 32% A, 4 4 % B , and 24% C. This to characterize these products.
mixture was distilled and separated into several fractions. Thujopsene (2 .0 2  g, 10  mmol) was epoxidized with perphthalic

3-Isothujopsanol (4) and (—)-3 -Neothujopsanol (8).—Fraction acid (11 mmol) in ether. The pmr analysis of the reaction
5 was used to separate A and B which are, respectively, 4 and 8 mixture, after work-up asdescribed earlier, indicated it to contain
by glpc at 200° on a 10 ft X 0.25 in. column of 20% Carbowax 3-isothujopsanone (5) and probably the corresponding phthalate
20M on Chromosorb W. The separated components were ester of the diol (9).
-----------------  Absolute Configuration of 3-Thujopsanol.—To a solution of

(30) H. C. Brown and H. R. Deck, J .  A m er. Chem . S oc., 87, 6620 (1965). 0.444 g of 3-thujopsancl (2) (2 mmol) in 6  ml of dry pyridine was
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added 2-phenvlbutyric anhydride (4 mmol) and the mixture was alcoholic potassium hydroxide for 24 hr at reflux, exhibited
maintained at room temperature for 18 hr. To this mixture [<*]%> + 3 °  (c25 , CC14).
was added 2 ml of water and 2 ml of benzene. After 1 hr, the
excess of acid was titrated with 1.0 M  sodium hydroxide (phenol- Registry No.'— 2, 25966-77-2; 2 p-nitrobenzoate,
phthalein). The results indicated that only 40%  of esterification 25966-78-3; 3 ,2 5 9 6 6 -7 9 -4 ; 4 ,2 6 0 3 9 -3 3 -8 ; 4  p-nitro-
had occurred The slightly alkaline solution was extracted with benzoate, 25966-80-7; 5 ,2 5 9 6 6 -8 1 -8 ; 8 ,2 5 9 6 6 -8 2 -9 ; 8
chlorotorm (four lo-ml portions) and the extracts were discarded. ^ okhaa qo a . n  oa i
The aqueous layer was acidified with concentrated hydrochloric P-mtrobenzoate. 25966-83-0; 11,25966-84-1.
acid and extracted with benzene (three 20-ml portions). The Acknowledgment.— W e wish to acknowledge the
benzene extract was washed twice with brine, dried, evaporated, • , c -r̂  Tr T • • n  • . ,
and sublimed, providing ( -  )-2-phenylbutyric acid, [«]»,> - 1 .5 ° assistance of Dr. Kwang-Tmg Liu in the interpretation  
(c 25, CC1,). ( + )-2-Phenylbutyric acid, obtained by the of pmr spectra and in the revision of this manuscript for 
hydrolysis of the 3-thujopsanol 2-phenylbutyrate with aqueous publication.
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The addition of aminosilicon hydrides and silazane hydrides to olefins and to dimethylaminodimethylvinylsilane 
in the presence of chloroplatinic acid was studied. n-Butylaminodimethylsilane and hexene-1 formed 2-n- 
butyl-l-n-hexyl-l,l,3,3-tetramethyldisilazane which diminished as the reaction proceeded to form n-butylamino- 
hexyldimethylsilane. Dialkylaminodimethylsilanes and trisdimethylaminosilane reacted very little, if at all, with 
olefins. si/m-Tetramethyldisilazane behaved much like sj/m-tetramethyldisiloxane in having similar reactivity 
and in forming sec-alkyl adducts from pentene-2 . Dimethylaminodimethylsilane added to hexene-1 smoothly 
in the presence of sym-tetramethyldisilazane, but not in its absence. Methyl methacrylate, methyl acrylate, 
allyl chloride, methallyl chloride, or allyl acetate each gave complex mixtures of many products with sym-tetra- 
methyldisilazane. Allylamine gave hydrogen. Trisdimethylsilylamine formed the dihexyl adduct, no tri
hexyl adduct, and products that indicated redistribution of methyl groups and hydrogen on the silicon atoms 
during the reaction. Poly-A-allylmethylsilazane reacted to form a polymer which degraded in methanol to form
2-(dimethoxymethylsilyl)propylamine.

More than 2000 examples of the addition of siloxane, Results and Discussion
and of halo-or alkoxy-, aryl-, and alkylsilicon hydrides . ,
to olefins with platinum catalysts have been described.1 n-Butylammodimethylsilane with hexene-1 and 
However, the only report of an aminosilicon hydride chloroplatinic acid at 100 reacted smoothly but fol-
adding to an olefin is that of sym -tetramethyldisilazane lowed an unexpected course. After 1 hr the chief prod-
adding to tertiary allyl amines.2 Chemical and physi- ucts were, 2-n-butyl-l-hexyl-l,l 3,3-tetramethyldisila-
cal data indicate that S i-N  bonds of disilazanes and tri- f ane f nd butylamme After 3 hr the disilazane had
silylamines are different from those of monosilylated been la% ely converted to n-butylammohexyldimethyl-
amines.3" 5 W e wished to determine the effect of sllane’ Formation of these products probably occurred
structure among silicon hydrides that were amino- by a sequence of reactions as m the following reactions, 
silanes, silazanes, and trisilylamines on their addition 2n-BuNHSiMe2H ^ ± 1  ra-BuN(SiMe2H )2 +  n-BuNH2
to olefins with chloroplatinic acid as a catalyst. To do h e xe n e -i

this a series of hydrides was prepared. The series in- n-BuN(SiMe2H )2 -------- >• n-BuN(SiMe2H)SiMe2-re-Hex
eluded n-butylaminodimethylsilane (n-BuNHSiMe2H ), hexene-1

anilinodimethylsilane (PhNHSiM e2H ), dialkylamino- n-BuN(SiM ejH)SiM ej-»-Hex------->■ n-BuN(SiMe2-re-Hex)2
dimethylsilanes (R2NMe2SiH, R  =  Me, E t, n-Bu), n-BuN(SiMe2-n-Hex)2 +  B u N H ,— >• 2»-BuNHSiMe2Hex 
trisdimethylaminosilane [(Me2N )3SiH], si/m-tetrameth-
yldisilazane [HN(SiMe2H )2], spm-diphenyldimethyl- Anilinodimethylsilane under the same conditions 
disilazane [H N (SiM ePhH)2], and trisdimethylsilyl formed a 96%  yield of amhnodimethylhexylsilane and
amine [N(SiMe2H )3]. Chloroplatinic acid in propa- n0 intermediate step m  its formation was noted.
nol-2 was used as a catalyst with hexene-1 or pentene- Dimethylaminodimethylsilane, diethylaminodimeth- 
1 and pentene-2 as typical olefins. Other unsaturated ylsilane, and di-n-butylaminodimethylsilane under
compounds were also used including poly-A-allyl- tbe same conditions formed little or no adducts with

I hexene-1. However these silanes added very smoothly,
methylsilazane [CH2= C H C H 2-N -SiH M e]„, allylamine, although slowly, to hexene-1 if sj/m-tetramethyldisil-
and other allyl or methallyl compounds. azane was in .he mixture of reagents.

This strange behavior was thought to be the likely
(1) E . Y . L u k e v its  a n d  M .  G . V o ra n k o v , “ O rg a n ic  In s e r tio n  R e a c tio n s  Consequence of an inability of dialkylaminodimethyl-

o f G ro u p  I V  E le m e n ts ,’ ’ C o n s u lta n ts  B u re a u , N e w  Y o rk ,  N .  Y . ,  1966, a n d  silanes to form a COmpleX with platinum necessary for
re (zTTwAndrialv, l . m . K h a n e n a s h v iii,  v. m . K o p y lo v , a nd  t . v. catalytic activity in such a system. The formation of
Nesteroras, izv. Nauk Akad. u s s r , Ser. Khim., 2 , 3 5 1  (1968). di-ra-butylammohexyldimethylsilane then must have

(3) R .  O. Sauer a n d  R .  H . H asek, J. Amer. Chem. Soc., 68, 241 (1946).
(4) S. S u jish i and  S. W itz ,  ib id ., 76, 4631 (1954). (5) K .  H e d b e rg , ibid., 77, 6491 (1955).
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occurred by an exchange such as in the following re- Trisdimethylsilylamine with hexene-1 formed at 
actions. least five addition products detected by glc analysis. A

Pt large run was distilled to yield 41%  bis(hexyldimeth-
HN(SiMe2H )2 +  hexene-1 — >■ HMe^iNHSiMer-n-Hex ylsilyl)dimethylsilylamine. A mass spectrum of the

Pt products from a glc analysis indicated that the higher
HMe2SiNHSiMe2-w-Hex +  n-Bu2NMe2SiH — >- boiling products contained an unusual combination of

HN(SiMe2H )2 +  n-Bu2NMe2Si-»-Hex hexyl and methyl groups and hydrogen on silicon. The
. lowest boiling peak had a m/e of 373 corresponding

Di-n-hexyltetramethyldisilazane was mixed with ,to bis(hexyldimethylsilyl)trimethylsilylamine. Three
octene-1 and dimethylammodimethylsilane and the other peaks in the glc had a m j e  of 429 suggesting tri
catalyst. Again, little or no reaction occurred. In silylamines each possessing five methyl groups, three
the presence of 1 n-hexyl-l,l,3,3-tetramethyldisilazane, hexyl groups, and one hydrogen, e.g., bis(hexyldimethyl-
however, a complex mixture of products formed in ex- silyl)hexylmethylsilylamine
cellent yields. The products included n-hexyldimethyl- Thege products were refluxed in ethanol for 10 days 
ammodimethylsilane, which could result only by the and affer ]ow boiling materials had been removed glc
exchange described above. The products also included analysis indicated peaks with retention times of dihex-
dimethylaminodimethyloctylsilane, sym-dihexyltetra- yimethylethoxysilane, hexylmethylethoxysilane, and
methyldisilazane, si/m-dioctyltetramethyldisilazane, hexyldimethylethoxysilane
and l-hexyl-3-octyl tetramethyldisilazane. These prod- Both trisdimethylsilylamine and tristrimethylsilyl- 
ucts indicate that a reversible exchange of silyl groups amine were refluxed in ethanol to corroborate the
between disilazanes and dimethylammosilanes occurred method of derivatizing the above products by ethanoly-
m this system Probably only the dimethy silyl groups gig Tristrimethylsilylamine in 18 hr gave complete
m disilazanes added to the olefins, but with the exchange conversi0n to trimethylethoxysilane. Similarly trisdi-
going on all possible adducts were produced In order methylsilylamine was converted to dimethylethoxysil-
to see if chloroplatmic acid was a catalyst for such ex- ane after 40 hl,  These regults were not to be expected
change processes in the absence of an olefin, n  hexyl- in view of the reported stability of bis(methoxydimethyl-
methylaminodimethylsilane and sym -tetramethyldisil- silyl)trimethylsilvlamine in refluxing methanol.8
azane were heated 20 hr at 100 with chloroplatmic No exchange'of hydrogen and methyl groups on 
acid. No exchange took place. This indicates that silicon in trisdimethylsilylamine occurred in the pres- 
exchange required a platmum-olefin-silane complex. ence of chloroplatinic acid under the same conditions 
Dimethylammosilanes are ineffective m making such a jn k̂e abgence 0f the olefin
complex and are therefore not added to an olefin. Tris- The exchange of methyl groups and hydrogen from  
dimethylammosilane was another example that did not one gilicon atom to another of trisdimethylsilylamine is 
add to hexene-1 with chloroplatmic acid nor with ben- without precedent during platinum-catalyzed addition
zoy peroxide. of silicon hydrides to olefins. Methyl groups and tri-

Ilexene-1, with sym-tetramethyldisilazane or with methylsiloxy groups have exchanged during the addition
sj/m-dipheny dimethyldisilazane gave the corresponding of bistrimethylsiloxymethylsilane to hexene-2, but in
di-n-hexyl adducts m good yield. 3 3-Dimethoxypro- that cage no exchange 0f hydrogen was detected.8
pene under similar conditions gave a 53%  yield of sym- A mixture of Cyclo-A-allylmethylsilazanes, (CH2=  
bis(3,3-dimethoxypropyl)tetramethyldisilazane. Un- CH CH JiSiM eH ),, was added to refluxing toluene that
der the same conditions pentene-2 reacted very slow y contained chloroplatinic acid. A very high boiling
with sym-tetramethyldisilazane but formed a good yield oduct regulted. Thig duct wag refluxed in metha-
of a mixture of n-pentyl and sec-pentyl adducts. This nol for 64 hr and diatilled to obtain about a 51%  yield
behavior of sym-tetramethyldisilazane with pentene-2 of 2-(methyldimethoxysilyl) propylamine. An isomer,
is closely analogous to the behavior of sym-tetramethyl- thought to be 3-(methyldimethoxysilyl) propylamine

isi oxane- , , . was also present as an impurity to the extent of about
si/TO-ietramethyldisilazane and vmyldimethylammo-

dimethylsilane reacted smoothly to form s?/m-bis[2- ’
(2-dimethy]aminodimethylsilyl)ethyl]tetramethyldisila-
zane, (Me2NM e2SiCH2CH2SiMe2)2N H. This example Experimental Section
is interesting chiefly because the large number of prod- Analyses.— Gas-liquid chromatographs (glc) were obtained 
ucts were not observed that would have formed if silyl with an 8 ft x  0.25 in. stainless steel column packed with 26%
groups had exchanged extensively between the disila- Dow SGM-11 on Chromosorb W 80-100  mesh. Peaks
zan e an d  d im eth ylam in osilan e s tru ctu re s . wetr® ldtentlfied m c .asf  by 1̂ ec,tlon1 ° f samples *° whichm ii i t  -i i ,, , . authentic compounds had been added. nmr spectra weresym-1 e tram eth y ld isilazan e  an d  ally lam m e m ad e obtained on a Varian Associates Model A-60 using CCh as
h y d rog en  an d  Other p ro d u cts  th a t  w ere n o t identified . solvent and tetramethylsilane as an internal standard. Infra-
T h e  fo rm atio n  of h yd rog en  from  allylam ine an d  silicon red spectra were obtained on a Perkin-Elmer 521 grating spec-
h yd rid es h as been ob served  b efore .7 trometer. The mass spectra were obtained on an AEI-M S-12

a ii,r] . j n i  1 , •, , ,  i, i 1 , mass spectrometer. Elemental analyses were determined by the
A lly  a c e ta te , al y l chloride m eth ally l chlorid e, Dow Corning Analytical Laboratory. The specific refractions

methyl acrylate, and methyl methacrylate all gave nu- of the compounds in this paper were calculated with the bond
merous products which were not identified. Acryloni- refraction values of Vogel, el ah10
trile did not seem to react with tetramethyldisilazane, -----------------
b u t  p r e f e r r e d  t o  p o l y m e r i z e .  (8) L .  W . B reed  and  R . L .  E l l io t ,  J. Organometal. Chem., 11, 447 (1968).

(9) M a r i ly n  R .  S tober, M .  C . M u s o lf ,  a n d  J. L .  Speier, J, Org. Chem., 30,
(6) H .  M .  B a n k , J. C . Saam, a nd  J . L .  Speier, J. Org. Chem., 29, 792 1651 (1965).

(1964). (10) A . I .  Voge l, W . T .  C resw ell, a n d  J . L u ce ste r, J. Phys. Chem., 58, 174
(7) J . C . Saam  a n d  J. L .  Speier, ibid., 24, 119 (1959). (1954).
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T able I  
I ntermediates

R e g is try  %  ✓-----------Rv ----------->. ,— N e u t  e q u iv — *
C o m p d  no. y ie ld  B p , °C  (m m ) n^n d*h C a lc d  F o u n d  C a lc d  F o u n d

n-Pentyldimethylchlorosilane 25938-34-5 88  160 (atm) 1.4225 165 169
ra-Hexyldimethylchlorosilane 3634-59-1 58 98-100 (50) 1.4269 0.8759 0 .2 9 6  0 .2 9 3  179 179
n-Octyldimethylchlorosilane“ 79 90 (30) 1 .4328 209 219
re-Hexylmethylchlorosilane 26015-61-2 34 172 (atm)
n-Hexylmethylethoxysilane 25938-35-6 43 80 (25) 1.4136 0.8091 0 .313  0 .3 0 9  . . . * ’
Di-n-hexylmethylsilane 1001-46-3 53 137 (20) 1 .4365 0.7773 0 .337  0 .3 3 7  . . . c
Di-n-hexylmethylethoxysilane 25938-37-8 81 157 (30) 1.4320 . . .*
Dimethylammodimethylvinylsilanee 42 108 (atm) 1.4169 129 133
n-Butylaminodimethylsilane 25938-38-9 49 88-91 (40) 1 .4088  0.7591 0 .3 1 8  0 .3 1 8  131 135
Diethylaminodimethylsilane1, 39 110 (atm) 1.4089
Dimethylaminodimethylsilane0 28 68  (atm) 1.3889 103 105
Di-n-butylaminodimethylsilane 25938-39-0 39 70-71 (7) 1 .4268 0 .7916  0 .3 2 8  0 .3 2 5  187 186
sj/TO-Dimethyldiphenyldisilazane 25938-40-3 53 120-121 (0 .5 )  1 .5480 0 .9998  0.321 0 .318  257 255
Anilmodimethylsilane'* 91 (12) 1.5312 0.9895 0 .319  0 .313  151 153
sym-Tetramethyldisilazane* 57 100 (atm) 133 134
Trisdimethylsilylamine1' 150 (atm) 1.4222
Dimethylamino-n-hexyldimethylsilane 25913-89-7 80 103-108 (30) 1.4278 0 .9519  0 .3 2 8  0 .3 2 7  187 188
Diethylamino-n-hexyldimethylsilane 26015-62-3 75 72 (1 .0 )  1.4330 0 .7976  0 .3 2 0  0 .3 2 6  215 217
A-AUylmethylcyclosilazanes 4 4 .5  69-133 (0 .1 )  1 .4791- 0 .9 3 2 2 -  0 .3 0 8  0 .3 0 4 -  99 99-100

1.5006  0 .9760  0 .302
» R. II. Bunnell and D. A. Shirley, .7. Org. Chem., 17, 1545 (1952), report bp 222-225°. b Anal. Calcd for SiC9H220 :  Si, 18.1; C, 

62.0; H, 12.7. Found: Si, 15.7; C, 63.1; II, 12.6. '  Anal. Calcd for SiCi3H80O: Si, 13.1; C, 72.9; H, 14.1. Found: Si, 13.2; 
C, 72.8; H, 14.02. d Anal. Calcd for SiCi5H 340 :  Si, 10.82; C, 69.4; H, 13.2. Found: Si, 10.98; C, 69.8; H, 13.6. «W. J .  
Patterson and N. Bilow, J .  Polym. Sci., Part A - l,  7 (4), 1089 (1969), report bp 105-106° (760 mm). 1 K . A. Andrianov, T . K. Dzhas- 
hiashvili, V. V. Astakhin, and G. N. Shunakova, Izo. A kad . N auk SSSR , Ser. K him ., 12, 2229 (1966), report bp 112-112.5, n20d 1.8087.
0 W. J . Patterson and N. Bilow, J .  Polym . Set., Part A - l,  7 (4), 1089 (1969), report bp 65-66° (760 mm). h K . A. Andrianov, L . M. 
Khananashvili, V. M. Kopylou, and A. A. Yyaz’mitinova, Izv. A kad. N auk SSSR , Ser. K him ., 7, 1539 (1969), report bp 65° (8 mm).
* H. Kriegsmann and G. Engelhardt, Z. Anorg. Chem., 310, 100 (1961), report bp 99-100°. 1 R. P . Bush, N . C. Lloyd, and C. A. 
Pearce, J .  Chem. Soc. A , 253 (1969), report bp 153° (760 mm).

The neutralization equivalents of the aminosilanes and di- mixture was heated to about 100° during 1 hr and analyzed by
silazanes were determined by titration with 0.1 N  perchloric glc. At this time it was mostly 2-ra-butyl-l-n-hexyl-l,1,3,3-
acid in acetic acid to the blue methyl violet end point. The tetramethyldisilazane and butylamine. After 3 hr at 100° and
neutralization equivalents of the chlorosilanes were obtained by a weekend at room temperature the product was distilled to give
titration with 0.1 N  sodium hydroxide in aqueous ethanol with hexene, 7 .0  g (42%  of starting material), n-butylaminodimethyl-
phenophthalein as an indicator. hexylsilane [17.5 g (0.086 mol, 74%  based on unrecovered

Reagents.— Chlorosilanes were products of the Dow Corning hexene); bp 52-54° (15 mm); n25D 1.4316; d254 0.7893; Ro
Corporation and, with the exception of dimethylchlorosilane, 0.328, calcd 0.327; neut equiv 214, calcd 215; ir (CC14) 3410
were >99%  pure by glc analysis. Dimethylchlorosilane was (N H ), (CS2) 1250 cm -1 (SiM e)], and 2-w-butyl-l-n-hexyl-l,1,3,3- 
approximately 75%  pure. tetramethyldisilazane [6.1 g (0.022 mol, 14.7%  based on unre-

Allylamine was obtained from the Shell Chemical Company covered hexene): bp 69° (0.1 mm); n26d 1.4410; d254 0.8196;
> 95%  pure by glc analysis. Ammonia and dimethylamine were R d 0.320, calcd 0.322; ir (CC14) 2130 (SiH), (CS2), 1250 (SiMe),
obtained from Matheson Company. Di-n-butylamine was ob- 900 cm -1 (SDN)].
tained from Aldrich Chemical Company. Diethylamine, n- Anilinodimethvlhexylsilane with Hexene-1.— Hexene-1, 4 .2  g 
butylamine, and aniline were obtained from Fisher Scientific (0.05 mol), anilinodimethylsilane, 7.22 g (0.05 mol), and 0.01 
Company. ml of 0.1 M  H 2PtCl6 were sealed into a Pyrex tube and heated

Synthesis of Intermediates.— Dimethylaminosilanes and di- to 100° for 24 hr. Distillation gave 11.3 g (96%,,) of anilinohexyl-
silazanes were prepared by bubbling an excess of dimethylamine dimethylsilane: bp 122° (1.5 mm); n ad 1.5029; d254 0.9010;
or ammonia through a stirred solution of the appropriate chloro- R o  0.328, (calcd 0.322); neut equiv 239, calcd 235; ir 3400
silane in pentane at 0 ° . Other aminosilanes from liquid amines (N -H ), 1500 and 1600 (P h-N ), 1253 cm -1 (Si-M e).
were prepared by adding chlorosilanes to a solution of the amine Dimethylaminodimethylsilane with Hexene-1.— A sealed tube
in pentane. Trisdimethylsilylamine was prepared from tetra- containing 1.03 g (10 mmol) of dimethylaminodimethylsilane
methyldisilazane and dimethylchlorosilane with pyridine as a and 0.84 g (10 mmol) of hexene-1 containing 0.01 ml of 0.1 M
hydrogen chloride acceptor. The products were warmed to chloroplatinie acid was heated at 100° for 20 hr. Analysis by
room temperature and filtered. The filtrates were then distilled glc indicated less than 10%  of the mixture was higher boiling
to obtain the products shown in Table I . than the starting materials.

n-Pentyl-, n-hexyl-, and n-octyldimethylchlorosilanes were pre- Diethylaminodimethylsilane with Hexene-1.— A sealed tube
pared from pentene-1, hexene-1 or octene-1 and dimethylchloro- containing 1.31 g (10 mmol) of diethylaminodimethylsilane,
silane with chloroplatinie acid as the catalyst.11 0.84 g (10 mmol; of hexene-1 and 0.01 ml of 0.1 M  chloroplatinie

Di-n-hexylmethylsilane was prepared from n-hexylmagnesium acid was heated at 100° for 18 hr. A glc analysis of this mixture
bromide in ether and n-hexylmethylchlorosilane. indicated less than 10% eluted after the starting materials.

Di-n-hexylmethylethoxysilane was prepared by the reaction Di-n-butylaminodimethylsilane with Hexene-1. Di-n-butyl-
of di-n-hexylmethylsilane and absolute ethanol in the presence aminodimethylsilane, 1.87 g (10 mmol), and 0.84 g (10 mmol)
of 5%  palladium on charcoal.12 Nmr spectral data are shown hexene-1 (0.84 g, 10 mmol) with 0.01 ml of 0.1 M  chloroplatinie
in Table I I . acid under conditions described above gave almost no reaction.

n-Butylaminodimethylsilane with Hexene-1.—n-Butylamino- Dimethylaminodimethylsilane with Hexene-1 and sym-
dimethylsilane, 26.0 g (0.2 mol), was added to refluxing hexene-1, Tetramethyldisilazane.— A sealed tube containing 1.03 g (10
16.8 g (0.2 mol), that contained 3 drops of 0.1 M  H 2PtCl6. The mmol) of dimethylaminodimethylsilane, 0.67 g (5 mmol) of sym-
____________  tetramethyldisilazane, 1.68 g (20 mmol) of hexenfe-1 , and 0.01

(11) J. L. Speier, J. A . W e b ste r, a n d  G. H. B a rne s, J .  Arner. Chem. S o c ,  “ I of 0 1 M  chloroplatinie acid was heated at 100° for 20 hr.
79 974 (1957) A glc of the products indicated very small amounts of hexene-

(12) L. H. S om m er a nd  J. E . L yo n s , ibid., 91, 7061 (1969). 1 and dimethylaminodimethylsilane, no tetramethyldisilazane,

Silicon Hydride Addition to Olefinic Double B onds J .  Org. Chem., Vol. 35, No. 11, 1970 3881



T able II
Nmr Spectral Data

S tru c tu re  R e g is try  no. r  H ’ s A ss ig n m e n t T y p e  H z

H

CH3(CH2)3NSi(CH3)2H 25938-38-9 9 .9 3  6 .3  SiCH3 s
9 .1 0  3 .0  CCH3 broads
8 .4 -  8 .9  4 .8  CH2, NH m
7 .0 -  7 .5  2 .0  NCH2 m
5 .5 5  0 .9  SiH m

CH3(CH2)5SiCH3(OCH2CH3)H 25938-35-6 9 .8 7  3 .0  SiCH3 d 4
8 .3 -  9 .6  1 8 .5  alkyl H m
6 .3 6  2 .0  OCH2CH3 q 7
5 .51  1 .0  SiH q 4

[CH3(CH2)5]2SiCH3H 1001-46-3 9 .9 7  3 .0  SiCH3 d 4
8 .3 -  9 .7  2 6 .0  alkyl H m
6 .2 5  1 .0  SiH q 4

[CH3(CH2)5]2SiCH3(OCH2CH3) 25938-37-8 « 1 0 .0  3 .0  SiCH3 s
8 .7 -  9 .7  2 9 .0  alkyl H m
6 .41  2 .0  OCH2CH3 q 7

(-SiCH3HNCH2CH==CH2)I 9 .8 -9 .8 6  2 .9  SiCH3 m
6 .5 5  2 .0  NCH2 m
4 .8 -  5 .4  3 .0  SiH, C = C H 2 m
4 .0 -  4 .5  1 .0  -C H = C H 2 m

H

CH 3(CH2) 6Si(CH3)2N(CH2)3CH3 25942-76-1 10 .04  6 .0  SiCH3 s
9 .1 -  9 .7 5  2 1 .0  alkyl H m
7 .3 2  2 .0  NCH2 m

CH3(CH2)5Si(CH3)2N[Si(CH3)2H ][(CH 2)3CH3] 25942-77-2 9 .9 4  6 .0  SiCH3 s
9 .8 9  6 .0  SiCH3 d 3
8 .7 -  9 .5  2 0 .0  alkyl H  m
7 .3  2 .0  NCH2 m
5 .5 8  1 .0  SiH m 3

H

PhNSi(CH3)2(CH2)6CH3 25942-78-3 9 .8 1  6 .1  SiCH3 s
9 .1 3  3 .0  CCH3 d
6 .8 4  0 .9  NH s
2 .8 -  3 .7  5 .1  ArH m

[CH3(CH2)6Si(CH3)2]2NH 25942-79-4 9 .9 8  1 2 .0  SiCH3 s
8 .5 -  9 .7  2 7 .0  alkyl H, NH m

H

CH3(CH2)6Si(CH3)2NSi(CH3)2H 25938-25-4 9 .9 8  6 .0  SiCH3 s
9 .8 9  6 .0  SiCH3 d 3
9 .1 2 -9 .7  1 4 .0  alkyl H, NH m
5 .5 5  1 .0  SiH m 3

H
I

CH3(CH2)6Si(CH3)2NSi(CH3)2(CH2)7CH3 25938-26-5 1 0 .0  12 .0  SiCH3 s
8 .7 -9 .7  3 1 .0  alkyl H, NH m

H

CH3(CH2)4Si(CH3)2NSi(CH3)2H 25938-27-6 « 9 .9  12 .0  SiCH3 m
8 .5 -  8 .8  12 .0  alkyl CH2 m
5 .6 7  1 .0  SiH m

(CH3)2SiN[Si(CH3)2(CH2)6CH3]2 25938-28-7 9 .8  2 1 .0  SiCH3 m
8 .4 -  9 .6  16 .0  alkyl H m

and large amounts of syTO-dihexyltetramethyldisilazane and di- 40% , of product: bp 75° (2 mm); m26d 1.4338; neut equiv 217, 
methylaminohexyldimethylsilane. calcd 215.

Diethylaminodimethylsilane with Hexene-1 and sym-Tetra- Di-M-butylaminodimethylsilane, Hexene-1, and sym-Tetra-
methyldisilazane.—Hexene-1, 50.4 g (0.6 mol), was slowly added methyldisilazane.—Hexene-1, 25.8 g (0.3 mol), was added slowly
to a solution of 19.6 g (0.15 mol) of diethylaminodimethylsilane to di-n-butylaminodimethylsilane, 28.4 g (0.15 mol), and sym-
and 26.6 g (0.20 mol) of syra-tetramethyldisilazane with 0.1 ml tetramethyldisilazane, 10 g (0.075 mol), that contained 0.1 ml
of 0.1 M  chloroplatinic acid was refluxed overnight. The prod- of 0.1 M  H2PtCl6. The solution was refluxed 72 hr before
ucts were distilled through a Vigreux column. All fractions analysis by glc indicated that the reagents had nearly completely
containing dimethylamino-ra-hexyldimethylsilane were combined reacted. Distillation did not separate di-ra-butylaminodimethyl-
and redistilled through a spinning-band column to give 15.2 g, hexylsilane and sym-dihexyltetramethyldisilazane although they
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were distinguishable by glc analysis. One fraction contained 1-Hexyl-1,1,3,3-tetramethyIdisilazane.— In the same manner
76 area per cent of the former, 23 area per cent of the latter and sym-tetramethyldisilazane, 34 g (0.25 mol), was heated with
had a neut equiv of 281. Calcd (for such a mixture) 280. hexene-1, 21 g (0.25 mol). Distillation gave 24.3 g, 44.7% ,

sym-Dihexyltetramethyldisilazane and .sym-Tetramethyldisil- of l-n-hexyl-l,l,3,3-tetramethyldisilazane: bp 90° (6 mm);
azane.—A sealed tube containing 1.87 g (10 mmol) of dimethyl- w26d 1.4280; d“ 4 0.8035; RD 0.320, calcd 0.323; ir (CC14) 3385
aminohexyldimethylsilane and 1.33 g (10 mmol) of sym-tetra- (N H ), 2115 (SiH) (CS2), 1170 cm-1 (SiNSi).
methyldisilazane containing 0.01 ml of 0.1 M  chloroplatinic sym-Bis(3,3-dimethoxypropyl)tetraniethyldisilazane.— To 20.4
acid was heated at 100° for 20 hr. A glc analysis indicated only g (0.2 mol) of 3,3-dimethoxypropene containing 3 drops of 0.1 M
starting materials.  ̂ chloroplatinic acid was slowly added with heating 13.4 g (0.1 mol)

Dimethylaminodimethylsilane with Octene-1 in the Presence of sym-tetramethyldisilazane. The mixture was heated to 150°
of sym-Dihexyltetramethyldisilazane.—A sealed tube containing and then allowed to cool. A glc of the crude mixture indicated
1.5 g (5 mmol) of sym-di-n-hexyltetramethyldisilazane, 0.5 g 78%  of the diadduct and a mixture of at least six different lower
(5 mmol) of dimethylaminodimethylsilane and 0.56 g (5 mmol) boiling compounds. Distillation of a portion of this material gave
of octene-1 was heated for 72 hr at 110°. A glc analysis of the sj/m-bis(3,3-dimethoxypropyl)tetramethyldisilazane: bp 121°
product mixture indicated no dimethylaminohexyldimethylsilane (0.25 mm); w28d 1.4452; d284 0.9501; R o  0.280, calcd 0.282;
and the starting materials accounted for greater than 90%  of the ir (CC14) 3370 (N H ), 2830 (COCH4) (CS2), 1253 (SiCH3), 1175
material present. (SiNSi), 1120 (COC), 930 cm “1 (SiN). Anal. Calcd for

Dimethylaminodimethylsilane and l-n-Hexyl-l,l,3,3-tetra- Si2Ci4H36N 0 2: Si, 16.7; C, 49.9; H , 10.5; N, 16.7. Found:
methyldisilazane with Octene-1.— A sealed tube containing 0.87 Si, 16.8; C, 50.0; H, 10.5; N, 16.8. Treatment of this com-
g (4 mmol) of l-ri-hexyl-l,l,3,3-tetramethyldisilazane, 0.41 g pound with acidic 2,4-dinitrophenylhydrazine solution gave the
(4 mmol) of dimethylaminodimethylsilane, and 0.45 g (4 mmol) dihydrazone of tetramethyldisiloxane-l,3-dipropanal, mp 184-
of octene-1 was heated at 120° for 24 hr. A glc analysis of the 185°, mixture melting point undepressed.
mixture indicated the following compounds had formed: di- 1-Hexyl-1,1,3 ,3-tetramethyldisilazane with Octene-1.— To a
methylaminohexyldimethylsilane, l-n-hexyl-l,l,3,3-tetram ethyl- refluxing solution of 0.03 ml of chloroplatinic acid in 11 g (0.1 mol)
disilazane, dimethylaminodimethyloctylsilane, sym-di-ra-hexyl- of octene-1 was slowly added 11 g (0.05 mol) of 1-hexyl-1,1,3,3-
tetramethyldisilazane, l-n-hexyl-l,l,3,3-tetramethyloctyldisila- tetramethyldisilazane. The reaction was complete in 1 hr and
zane, and a higher boiling material which probably was sym- distillation gave 13.7 g (83% ) of l-hexyl-l,l,3,3-tetram ethyl-3-
tetramethyldioctyldisilazane, although no standard was available octyldisilazane: bp 138° (0.8 mm); n28d 1.4439; d“4 0.8240;
to identify it . R D 0.323, calcd 0.325.

Trisdimethylaminosilane with Hexene-1 with Chloroplatinic sym-Tetramethyldisilazane with Pentene-2 at 100° for 40 Hr.— 
Acid—A sealed tube containing 1.6 g (10 mmol) of trisidmethyl- A sealed tube containing 14.0 g (0.2 mol) of pentene-2 and 13.3 
aminosilane and 0.84 g (10 mmol) of hexene-1 containing 0.01 ml g (0.1 mol) of sym-tetramethyldisilazane with 0.1 ml of 0.1 M
of 0.1 M  chloroplatinic acid was heated at 100° for 20 hr. A glc chloroplatinic acid solution was heated at 100° for 40 hr. Analy-
analysis indicated no reaction had taken place. sis by glc revealed that all of the starting disilazane had reacted,

Trisdimethylaminosilane with Hexene-1 with Benzoyl Perox- however, approximately one-half of the olefin was still present,
ide.— Benzoyl peroxide (50 mg) was added to a refluxing solution The monoadduct was distilled to give 12.8 g (63% ): bp 138-
of 8.3 g (0.096 mol) of hexene-1 and 16.1 g (0.1 mol) of tris- 140° (140 mm); n26d 1.4340; d254 0.8084; Iin  0.320, calcd 0.324;
dimethylaminosilane. After 4 hr another 10 mg of benzoyl neut equiv 208, calcd 203; ir (CC14) 3380 (N H ), 2115 (SiH)
peroxide was added. After 22 hr 25 mg was added, and after (CS2), 1170 (SiNHSi), 840 cm “1 (SiMe2). Anal. Calcd for
48 hr analysis by glc indicated no reaction had taken place. Si2C9H 25N : S i-H ,0 .4 9 . Found: Si-H 0.535.

sym-Di-K-hexyldimethyldiphenyldisilazane with Hexene-1.— sym-Tetramethyldisilazane with Pentene-2 at 110° for 48 Hr.—
A sealed tube containing 2.6 g (10 mmol) of sym-diphenyldi- Four sealed tubes containing 14.0 g (0.2 mol) of pentene-2 and 
methyldisilazane and 1.68 g (20 mmol) of hexene-1 with chloro- 13.3 g (0.1 mol) of 1 with 0.03 ml of 0.1M  chloroplatinic acid
platinic acid was heated at 100° for 20 hr. Analysis by glc indi- were heated at 110° for 48 hr. The contents of the sealed tubes
cated one high boiling compound: n26D 1.5188; d264 0.9477; were combined and distilled to give 55.5 g (68% ) of monopentyl-
R d 0.320, calcd 0.322; neut equiv 417, calcd 426. adduct, bp 57° (2 mm), and 17 g (15.6% )of dipentyladduct:

Bis;2-(dimethylaminodimethylsilyl)ethyldimethylsilyl]amine, bp 84-86° (1 mm); n28d 1.4118; d2\ 0.7570; R o  0.324, calcd
(Me2NMe2SiCH2CH2SiMe2)2NH.'—To 25.8 g (0.2 mol) of re- 0.329. This product 51 g (0.25 mol) in 50 ml of pentane was
fluxing vinyldimethylaminodimethylsilane containing 0.3 ml of converted into chlorosilanes by a slow stream of dry hydrogen
0.1 M  chloroplatinic acid was added slowly, 13.3 g (0.1 mol) of chloride during 6.5 hr. The solution was filtered and distilled,
sym-tetramethyldisilazane. Distillation of the product gave A fraction, bp 33-36°, was a mixture of pentane and dimethyl-
20.5 g, 53% : bp 120-125° (2 mm); n26d 1.4578; d2S4 0.8752; dichlorosilane. No trimethylchlorosilane was detected by glc
Rd 0.312, calcd 0.314; neut equiv 134.3, calcd 130.3. analyses. A fraction of pentyldimethylchlorosilane, 18.7 g

2-(Methyldimethoxysilyl)propylamine.— To a refluxing solution (46% ), bp 62-63° (20 mm), contained two peaks by glc analysis
of 0.1 ml of 0.1 M  chloroplatinic acid in 50 ml of toluene was with similar retention times, one of them being n-pentyldi-
slowly added 50 g (0.5 mol) of IV-allylmethylcyclosilazane. methylchlcrosilane: ir (CC14) 1376 (C -C H 3) (CS2), 1250 (SiMe),
The mixture was refluxed for 20 hr and cooled to 70°, and 50 ml 510 cm “1 (SiCl); nmr r 8 .3 -9 .3  (11, alkyl CH) 9.63, 9.66 (6,
of methanol was added. The mixture was then refluxed for SiCH3). The C -C H 3 absorption in the infrared was greater
64 hr. A glc analysis revealed a small amount of methyltri- than in the spectrum of n-pentyldimethylchlorosilane and two
methoxysilane and a large amount of two products though to be absorptions in the SiCH3 region of the nmr spectrum indicate
isomers, methyldimethoxysilylpropylamines with one isomer sec-pentyl derivatives.
predominating in a ratio of > 9 :1 .  The major isomer was iso- sym-Tetramethyldisilazane and Allylamine.— A sealed tube
lated by distillation in 51%  yield and identified as 2-(methyl- containing 1.14 g (20 mmol) of allylamine, 1.33 g (10 mmol)
dimethoxysilyl)propylamine: bp 123-124° (130 mm); n26D of sym-tetramethyldisilazane, and 0.01 ml of 0.1 M  chloroplatinic
1.4258; d264 0.9532; Rd 0.269, calcd 0.272; neut equiv 169, acid was heated at 100° for 20 hr. The tube at —80° exploded
calcd 153; nmr r 9.04 (d, CHCH3, J  =  1.5 H z); ir 1384 cm “1 violently when it was opened.
(C-CHs).18 sym-Tetramethyldisilazane and Acrylonitrile.— A sealed tube

sym-Tetramethyldisilazane with Hexene-1.— sym-Tetrameth- containing 1.06 g (20 mmol) of acrylonitrile, 1.33 g (10 mmol)
yldisilazane, 13.3 g (0.1 mol), was added to refluxing hexene-1, 0f Sym-tetramethyldisilazane, and 1 drop of 0.1 M  chloroplatinic
16.8 g (0.2 mol), that contained 0.03 ml of 0.1 M  H2PtCl6. acid was heated at 100° for 20 hr. There was no evidence of
After 2 hr at 67-140° glc revealed only one product. Distillation addition by glc analysis. A similar experiment at 150° for 64
gave 26.1 g (87% ): bp 100° (0.8 mm); n26D 1.4419; d284 0.8149; hr formed a large amount of solid polyacrylonitrile.
Rt> 0.3244, calcd 0.3245; neut equiv 308, calcd 302; ir (CC14) sym-Tetramethyldisilazane with Other Compounds.— sym-
3375 NH (CS2), 1245 (SiMe), 1180 (SiNHSi), 930 (SiN), 835 Tetramethyldisilazane was heated in sealed Pyrex tubes with
cm“1 (SiMe2). Anal. Calcd for Si2Ci6H39N : Si, 63 .7 ; H , H 2PtCle and methyl methacrylate, methyl acrylate, allyl chlo-
13.1; N ,4 .6 5 . Found: Si, 63.7; H, 13.2; N, 4.64. ride, methallyl chlcride, and allyl acetate. In each case the

, “  , T  ̂ reagents were consumed to make a large number of products.
(13) A .  D. P e tro v , L. K .  F re id lin ,  G . I. K u d ry a u ts e v , T .  A . S la d ko va , & _ 4.

V. M. Vdovin, and T. I. Shein, Ckem. Zentraibi., 2947 (1961), report for 3- T h e s e  f i x t u r e s  w ere  n o t e xa m in ed  fu rth e r .
(methyldimethoxysilyl)propylamine bp 58-60» (4 mm), 0.9430, «2»d Trisdimethylsilylamine with Hexene-1.— Five sealed tubes
x.4 3 2 5 . containing a total of 57.0 g (0.3 mol) of trisdimethylsilylamme
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and 100.1 g (1.2 mol) of hexene-1 were heated at 115° for 72 hr. A solution of 17 g of this residue in 50 ml of ethanol with 
Each tube contained 0.03 ml of 0.1 M  chloroplatinie acid. A « 1 0 0  mg of ammonium chloride was refluxed for 10 days. The
glc analysis of the crude product revealed one major and four volatiles were removed in  vacuo and a glc of the resulting products
minor components. Distillation of 83 g of this material gave had a large peak corresponding to hexyldimethylethoxysilane
23.3 g (41% ) of bis(n-hexyldimethylsilyl)dimethylsilylamine: and smaller peaks for hexylmethylethoxysilane and dihexyl-
bp 110° (1 mm); n25d 1.4569; neut equiv 368, calcd 359; ir methylethoxysilane as indicated by coinjection with authentic
(CC14) 2130 (SiH) (CSj), 900-920 cm ’ 1 (SiN); n m rr 9.87 (s, 12 , samples.
SiCH3), 9.74 (d, 6 , HSiCHs), 8 .4 -9 .6  (26, alkyl-H) 5.44 (m, 0.8,
SiH). One of the minor components was isolated from a sepa- r , __• , ■„ ro ,,  . . ,. . . .  ., ..
rate experiment with trisdimethylsilylamine and hexene-1 and R eg iS iry  N o .-B lS -[2 -(d im e th y la m in o d im e th y ls ily l)-
identified as bis(n-hexyldimethylsilyl)trimethylsilylamine: bp e th y ld im eth y lsily ljam in e , 2 5 9 3 8 -2 9 -8 ; 2 -(m e th y ld im e -  
115° (1 mm); n26D 1.4611; neut equiv 373, calcd 373; ir (CS2) th o xy sily l)p ro p y la m in e , 2 5 9 3 8 -3 0 -1 ; s?/m -b is(3 ,3-d i-
1250-1260 (multiplet SiMe), 840 (SiMea), 910 cm -1 (SiN). m e th o x y p ro p y l)te tra m e th y ld is ila z a n e , 2 6 3 4 4 -2 6 -3 ; b is-

The residue from the distillation of the above 83 g of material (n_hexyld im eth y lsily l)d im eth y lsily lam in e , 2 5 9 3 8 -3 2 -3 ;  
was analyzed by a combination of glc and mass spectra, lhree 7 . , , .. J  J  J  >
peaks in the glc had a m /e  ratio of 429 for a molecular ion cor- b is-(n -h exy ld im eth y lsily l)trim eth y lsily lam in e , 2 5 9 3 8 -
responding to Si3C23H55N. This corresponds to Hex3Me5HSisN. 2 8 -7 .

A Novel Reaction of Saturated Aliphatic Acids with 
Arom atic Compounds in the Presence of Palladium (II) Chloride.

The Form ation of Cinnam ic Acid Derivatives

T . S a k a k ib a r a , *  S. N is h im u r a , K . K im u r a , I .  M in a t o , and  Y .  O d a ir a

Department o f  Chemical Technology, Faculty o f  Engineering, Osaka University, Suita-shi, Osaka, Ja p a n

Received December 23, 1969

Saturated aliphatic acids with a  and 0  hydrogens, such as propionic, n- and isobutyric acid, reacted with 
aromatic compounds and palladium(II) salts in the presence of alkali metal carboxylates to give cinnamic acid 
derivatives. The addition of some solvents, such as an acid anhydride, tetrachloroethylene, or acetonitrile, 
resulted in significant differences in products formed. A mechanism involving the formation of an intramolecular 
ir complex of palladium acrylate (D) has been suggested for the dehydrogenation step.

I n  a  p revio u s co m m u n ica tio n , 1 w e re p o rte d  on  th e  t h a t  c in n am ic acid s a re  form ed  in  on e step  fro m  a ro -
n ovel ca rb o x y v in y la tio n  of a ro m a tic  com p ou n d s b y  m a tic  com p ou n d s an d  s a tu ra te d  a lip h a tic  acid s. T h is
s a tu ra te d  a lip h a tic  acid s  an d  p a lla d iu m (II) chlorid e to  re a c tio n  is v e ry  in terestin g , since th e  fo rm a tio n  of
give cin n am ic acid  d e riv a tiv e s . a ,j3 -u n sa tu ra te d  a lip h atic  acid s  v ia  d eh y d ro g e n a tio n  of

s a tu ra te d  a lip h a tic  acids b y  m e ta l sa lts  is u nknow n.
r — \ C j )  +  CH,CH2C0 0 H FdCIS  The reaction of aromatic compounds with palladium-

'— ' (II) chloride has been reported by van Helden and
R_ / r S \ _ ch=CHCOOH (l) Verberg4 to give biphenyl derivatives. They proposed

\ ~ J  th at the reaction proceeds v ia  dimerization of a 7r-cyclo-
. hexadienyl complex (A). Davidson and Triggs5 sug-

As is well known, aromatic a,/?-unsaturated acids can gested the presence of unstable phenylpalladium(II)
be synthesized by the reaction of aromatic aldehydes, complex (B) by analogy with the reaction of arom atic
ketones, or olefins with appropriate agents.’ Also, compounds with other metal acetates. Furthermore,
with palladium(II) chloride, various cmnamates are
successfu lly  ob ta in ed  fro m  th e  re a ctio n s  of u n s a tu ra te d  /TA X ao<
e ste rs  w ith  b en zen es .3 H ow ev er, o u r w ork  is uniq ue in  y -> 7  +  PdCIi +  Ac0Na Y o u *

*  A u th o r  t o  w h o m  correspondence sh o u ld  be addressed. n  / v ~ S \
(1) S. N is h im u ra , T .  S a ka k ib a ra , a n d  Y .  O d a ira , Chem. Commun., 313 ^  ^  ( 2 )

(1969). N------ '  N------'
(2) (a) W . P e rk in , J. Chem. Soc., 21, 53, 181 (1868); 31, 388 (1877).

(b) J. Johnson, Org. React., 1, 210 (1942). (c) E .  K n oevenag e l, Chem. Ber., t  OAc
31, 2596 (18 9 8 ); O . D o e b n e r, ibid., 33, 2140 (1900). (d ) S. R e fo rm a ts k y , R \ / ------\
ibid., 20, 1210 (1887); R .  S h rin e r, Org. React., 1, 1 (1942). (e) M .  K h a ra sch , R ----- l l v , ' T  P H ___T
S. K a n e , a n d  H .  B ro w n , J. Amer. Chem. Soc., 64, 333 (1942). v^N‘̂ X̂ P d C l y —j

(3) U n p u b lis h e d  w o rk . V a rio u s  a ro m a tic  a ,/3 -u n sa tu ra te d  esters w e re  a d

p h e n y la te d  b y  p a lla d iu m  ( I I )  c h lo r id e  to  g ive  /3 -p henylc inn am a tes in  4 0 -5 0 %  ^
y ie ld s . .

__  i t  w as re p o rte d  th a t  som e olefins re a c te d  w ith  a ro m a tic
R /P S \  H ___ com p ou n ds in th e  p resen ce  of p a lla d iu m (II) a c e ta te  to

V y Z x C = C /  +  ( C j )  — — 1— *- Slve  p h e n y la te d  olefins .6 T h a t  th ese  re a ctio n s  p roceed
Y i '  X C0 0 CH, '— /  c . H1'i(iooN,‘i w'a a  sim ilar p h e n y lp a lla d iu m (II) co m p lex  (B )  is su p -

qh5cooh p o rte d  b y  th e  re a c tio n  of iV ,iV -d im eth y lb en zylam in e-
n / p S x  H p allad iu m  com p lex  w ith  s ty re n e  to  fo rm  a  stilb en e d e riv -
R^ y \ = r /

(4 ) R .  v a n  H e ld e n  a n d  G . V e rbe rg , Reel. Trav. Chim. Pays-Bas, 84, 1263

\ C  J/  COOCH (1965).
3 (5) J . D a v id s o n  a n d  C . T rig g s , Chem. Ind. (London), 457 (1966).

n u  n n u  o  Y * F u jiw a ra , I .  M o r i ta n i ,  M .  M a ts u d a , and  S. T e ra n is h i, TetrahedronK -  DH3, UUd3, H, U, JN(J2 Lett't 633 (iggg).
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T able I
R e a c t i o n  o f  C a r b o x y l a t e  I o n s  w i t h  A r o m a t i c  C o m p o u n d s  i n  t h e  P r e s e n c e  o f  P d 11 S a l t s

*•— — ■— "—  ---------------------------------R e a g e n ts -------------------------------------------------— ,
S o d iu m  A ro m a tic  A lip h a t ic

P d 11 s a lt c a rb o x y la te  c o m p o u n d  a c id  S o lv e n t .----------------------------------- P ro d u c ts , % ° _____________________ ,

PdGI‘ C2H 5COONa PhH C2H6COOH None PhPh (11), Ph2C=CH CO O H  (9.2),
Ph2C = C H 2 (2.5), PhH C=CH CO O H  (0.7), 
PhCOOH (0.2)

P d cl» C2H5COONa PhH C2H5COOH (C2H5C 0 )20  PhH C=CH CO O H  (28), PhH C =C H Ph  (3.2)
Pd(OOCC2H5)2 None PhH C2H5COOH None PhPh (16), PhCOOH (2 .1 ),

Ph2C=CH CO O H  (1.4)
P d c i2 n-C3H7COC)Na PhH n-C3H7COOH None CH3(Ph)C=CH CO O H  (12), PhCOOH (< 1),

PhCH2(Ph)C=C(Ph)CO O H  (2.5)
pd° h  n-C3H7COONa PhH n-C3H7COOH (n-C3H7C 0 )20  PhCOOH (21), CH3(Ph)C=CH CO O H  « 0 . 5 )
P d c h n-C3H,COONa PhH n-C3H7COOH C12C=C C 12 PhCOOH (28), CH3(Ph)C=CH CO O H  (9.2),

PhPh (trace)
Pd(n-OOCC3H7)2 n-C3H7COONa PhH n-C3H7COOH None PhPh (39), PhCOOH (7.9),

CH3(Ph)C=CH CO O H  (5.4)
P d c h i-C3H7COONa PhH i-C3H7COOII None P h H C = C (C H 2Ph)COOH (8.0), PhCOOH (0.8),

P h H C = C (C H 3)COOH (6.2)
P d c i2 ¿-C3H7COONa PhCHa i-C3fI7COOH None CH3C6H4(H )C = C (C H 3)COOH (4.4),

CH3C6H4(H )C = C (C H 2C6H4CH3)COOH (0.8) 
p d c h f-C3H7COONa PhH i-C3H7COOH (¿-C3H -C 0)20  PhCOOH (19), P h H C = C (C H 3)COOH « 0 .5 ) ,

PhPh (trace)
pdCl2 f-C3H7COONa PhH CH3COOH None PhPh (75), P h H C = C (C H 3)COOH (2.1),

PhCOOH (1.4), P h H C = C (C H 2Ph)COOH (0.9)
p dCl2 ¿-C3H7COONa PhH CH3COOH CH3CN PhPh (55), PhCOOH (8 .6 ),

P h H C = C (C H 3)COOH (0.7)
Pd(i-OOCC3H7)2 i-C3H7COONa PhH i-C3H7COOH None P hH C =C (C H 3)COOH (13),

P h H C = C (C H 2Ph)COOH (8 .8 )
Pd(i-OOCC3H7)2 None PhH None None PhPh (98)

“ Yield based on Pd11 salt charged (mol/mol).

ative.7 Recently, it has been shown by Heck8 that the palladium and gas evolution ceased. The results of
complex (B) is an effective arylating agent of olefins. product analyses in various systems are shown in Table
The reaction of palladium (II) chloride with aromatic I.
compounds, therefore, has been generally considered to In the absence of aromatic compounds, the reaction of 
contain a complex (B) as a reactive intermediate. palladium(II) chloride with sodium propionate or

A r H g C i r — c h = c h 2 butyrate in propionic acid or butyric acid and the
PdCl2---------->■ B >■ R—CH=CH—Ar (3) corresponding acid anhydride, gave ethylene and

As already reported by us,9 some coordinative sol- propylene, respectively, in addition to carbon dioxide, 
vents had a significant influence on the reaction of a^sence ethane arl<̂  Pr°pane suggests that the
aromatic compounds with palladium(II) chloride. For reaction does not proceed v ia  the formation of alkyl
example, in the presence of acetic anhydride, benzene radical as has been observed for other metal carboxyl-
reacted with sodium acetate and palladium(II) chloride ates.10 , I t  is well known that palladium has a strong
to yield benzoic acid. affinity for hydrogen and that alkylpalladium-phos-

phine complexes with a ¡3 hydrogen in the alkyl group

O Pdci, /F"\\ ,,,  are easily decomposed v ia  /3-hydride abstraction by
+ CH3COONa (CHC0h0* \ w /  C00H (4) palladium to give olefin and P d -H .u An analogous

/3-hydride abstraction by palladium may be involved in 
In the present carboxyvinylation of aromatic com- the above olefin-forming reaction v ia  decarboxylation of 

pounds, an analogous solvent effect should be also carboxylate ion.
expected. Accordingly, further investigation has been r n r o o N «  r  p h - p h r  +
made of the solvent effect to establish the limitation and ™ U2 +  y H2OHCOON a — ► R «H -O H K 2 +  
scope of this reaction. R4 R2

C 0 2 +  Pd» +  NaCl +  HC1 (5)

Results and Discussion As shown in the carboxyvinylation in isobutyric acid,
In  a typical carboxyvinylation experiment, the both palladium(II) chloride and palladium (II) iso

aromatic compound and sodium carboxylate were butyrate gave cinnamic acid derivatives, in the pres-
reacted in the presence of palladium (II) chloride and ence of sodium isobutyrate. On the other hand, the
the corresponding carboxylic acid for several hours. reaction of palladium(II) isobutyrate with benzene,
During the reaction, palladium black precipitated, without isobutyrate ion, gave biphenyl almost quantita-
showing that Pd11 was reduced to Pd°. The reaction tively as the sole product (Table I) . Similarly, the use
was terminated when the precipitation of metallic °f palladium(II) propionate without sodium propionate

(7) J . T s u ji,  Accounts Chem. Res., 2 , 144 (1969). (10) (a) J. K o c h i, J .  Amer. Chem. Soc., 87, 3609 ( 1 ^ 5 ) .  (b ) R . Sheldon
(8) R . H e ck, J .  Amer. Chem. Soc., 90, 5518 (1968). a n d  J . K o c h i, ibid., 90, 6688 (1968). (c) J . K o c h i a n d  T .  B e th a , J . Org.
(9 ) T . S a ka k ib a ra , 9 . N is h im u ra , a n d  Y .  O d a ira , Tetrahedron Lett., 1019 Chem., 33, 75 (1968).

(1969). (11) G . C a lv in  a n d  G . Coates, J. Chem. Soc., 2008 (1960).
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gave biphenyl rather than the olefinic acids. The anhydride to the reaction of sodium butyrate and
presence of sodium carboxylate, therefore, is considered benzene with palladium(II) chloride accelerated car-
to be essential for carboxyvinylation. If hydride boxylation to give benzoic acid and propylene, while
abstraction by palladium is involved in the formation of suppressing carboxyvinylaticn of aromatic compounds,
olefinic acids from saturated aliphatic acids, then an a  Similarly, addition of propionic anhydride completely
hydrogen, activated by an adjacent carboxyl group, suppressed further arylation of cinnamic acids formed,
might be abstracted as proton by a nucleophile, such as Since tetrachloroethylene and acetonitrile had a similar
carboxylate ion. Thus, a suggested mechanism for effect, these solvents may coordinate strongly to 
dehydrogenation is as follows. palladium and thus promote elimination of olefin from

the aliphatic acid-palladium complex (C) or suppress 
. H further arylation of cinnamic acids. Further study of

__£ __ <,__ co o __p'̂ ii__  ~ooc— R) the formation of unsaturated acids from saturated
| | | aliphatic acids is in progress.

H
C -

Experimental Section

I f  Materials.— Commercially available palladium(II) chloride
*" J  C = 0  (6) fa guaranteed reagent by Tokyo Kasei Kogyo Co. L td .) was

pj \ C = 0  H— Pd11— 0  powdered and used without further purification. Carboxylic
\  | | | acids and anhydrides were distilled and dried by sodium sulfate

Pd11— 0  d  before use. Thiophene-free aromatic compounds were used
| after drying by Na wire. Sodium and potassium propionate were

dried under reduced pressure at 130°, and sodium butyrate at 
T h e  complex (D ) , possessing an unstable P d -H  bond, 50°, over phosphorus pentoxide overnight. Palladium(II) 
might rapidly decompose to unsaturated acid and Pd°. carboxylates were prepared according to the method of Stephen-

The reaction of acrylic acid with benzene gave son, ’i f  ■ . . , ,,,, ■ ,. , All melting points are uncorrected, th e ir spectra were
cin n am ic acid  in th e  p resen ce of p a lla d iu m (II) ch lorid e recorded with a Japan Spectroscopic Model IR-G spectrophotom-
and sodium acetate in acetic acid solvent. The forma- eter; the nmr spectra with a Nippon Denshi Model JN M -3H 60

spectrometer; the mass spectra with a Hitachi Model RM U -6E
/—ZA mass spectrometer.

CH2=CHCOOH +  ( \ _ ) /  — *■ \ C _ )/— CH=CHCOOH (7) Nmr spectral data for the various cinnamic acid derivatives
' — ' '— '  isolated are given in Table III.

Reaction of Benzene with Sodium Propionate and Propionic 
tion of di- or triphenylated acrylic acids may be ex- Acid.— In a 200-ml four-necked flask, a stirred mixture of benzene
plained as further arylation of cinnamic acids. As (39.0 g, 0.5 mol), sodium propionate (9.6 g, 0.1 mol), palladium-
supporting evidence, cinnamic acid derivatives reacted (H ) chloride (3 5 g, 0 02 mol) and propionic acid (98.4 g 1.33 

, , ,  - h i - ,t t \ i i  - i  mol) was heated at 100 for 6 hr under an atmosphere of dried
with benzene in the presence of palladium(II) chloride nitrogen. The evolved gas was introduced to a manometric
an d  sodium  p ro p io n ate  in p rop ion ic acid  to  g iv e  d~phe- gas trap. The initial brown mixture gradually turned black as
n ylcin n am ic acids, along w ith  d e ca rb o x y la te d  p ro d u cts  metallic palladium formed. After 4 hr, gas evolution almost
(T a b le  I I ) .  stopped; 49 ml of gas was collected at the end of reaction.

Metallic palladium was removed by filtration, and the solvent 
/N7\ was rem°ved under reduced pressure; 150 ml of 15%  aqueous

R— ( (  ( w /  sodium carbonate was added to the residue and the mixture was
\— / / C = C V̂  ---------- extracted with five portions of diethyl ether (100 ml). The

H COOH organic layer (K ) was washed with water and dried by sodium
\ sulfate overnight. The combined aqueous layer was acidified

R— R— \ C j ) \  X  with concentrated hydrochloric acid and extracted again with
a— /  Nq= C /  +  etc (8) diethyl ether, and the organic layer (L) was dried over sodium
/ f y S  \  X X v /  \  ' sulfate. The gaseous product was analyzed by gas chromatog-
y -—/  COOH \V_y/ H raphy, using a 3-m, 20%  acetonvlacetone on Neopac 1A column

(0°, He carrier). Carbon dioxide was detected, but neither 
ethane nor ethylene. The ether layer (K ): after a removal of 

T able II  ether, neutral products were isolated as solids (588 mg), which
P henylation of Cinnamic Acid Derivatives» consisted of biphenyl (58% ), 1,1-diphenylethylene (27% ), and

B, ,_____________________ P ro d u c ts , % b_____________________ , unidentified products (15% ), by glc analysis using a 1.5-m,
_  __ ’ polyethylene glycohol 20M on Celite 545 column (250°) and a

R _  /H r~ "(2 \  /  r \ 3)\  R—< X O )  1-5-m silicone DC550 on Celite 545 column (200°, H2 carrier).
/ c—lc\ %=A/C“ C\ /FA /1 =CH' /W ,/c=c\ ^  The ether layer (L ): after a removal of ether and propionic acid

h cooh ccxih ( Q /  h by distillation, acidic products were obtained as solids (439 m g).
¡1 g g 17 4  N ^  portion was esterified by diazcmethane and the products were
pyr „0I(e identified as a mixture of methyl |8-phenylcinnamate (94 .3% ),
, , „ X  ' ° ' 8 methyl cinnamate (4 .5% ), and methyl benzoate (1 .2% ) by

3 ‘ 1 -1  glc analysis. Another part of the solid products was recrystallized
^  2 3 .9  6 .9  9 .2  twice from aqueous ethanol to yield /3-phenylcinnamic acid, mp

“ Cinnamic acid derivative (0.02 mol), benzene (0.5 mol), 156-157.5° (lit.13 mp 162°); the amide gave mp 145-147° (lit.14 
palladium(II) chloride (0.02 mol), and sodium propionate (0.1 mp 154°).
mol) were reacted at 100° for 6 hr in propionic acid (110 ml). In the Presence of Propionic Anhydride.— Benzene (39 g, 0.5 
6 Yield based on Pd11 chloride charged (mol/mol). mol), sodium propionate (9.6 g, 0.1 mol), palladium(II) chloride

(3.5 g, 0.02 mol), and propionic acid (98.4 g, 1.3 mol) were re-

As shown in Table I, the addition of some solvents, (12) T . S tephenson, S. M orehouse, A .  P o w e ll, J. H e lle r , a n d  G . W ilk in s o n ,

such as acid anhydrides, tetrachloroethylene, or J.ChemSoc., 3632 (1965).
acetonitrile, remarkably influenced the distribution of (13> H- Rupe and E- Busolt’ Chem•Bex40- 4539 <1907>- 
products formed. For example, addition of butyric „«an X  ^  Bryant' a"d HaU8er' J ' CT‘cm' S°c ' 88' 872
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T a b l e  III
N m r  S p e c t r a l  D a t a  f o r  C i n n a m i c  A c id  D e r i v a t i v e s  I s o l a t e d

O th e rs  H  ( - C H 3,
-P roduct R e g is try  no. S o lve n t, %  P h e n y l H  V in y l  H  - C H 2- ,  > C H - )

PhH C=CH CO O H  621-82-9 CDC13 (2 .0 ) 2.55 (s, 5) 2.20 (d, 1 )
3.55 (d, 1)

Ph2C=CHCO O H  606-84-8 CDC13 (4.5) 2.74 is, 10) 3.71 (s, 1)
CH j(Ph)C=CH CO O H  1199-20-8 CDC13 (3.3) 2.66 is, 5 ) 3.89 (s, 1 ) 7.42 fe  3 )
PhCH2(Ph)C=C(Ph)CO O H  25908-00-3 CDC13 (2.7) 2.71 (s, 5 ) 6.42 (s, 2 )

25860-60-6 2.88 (s, 5)
(amide) 3.20 (s, 5)

P hH C =C (C H 3)COOH 1199-77-5 CDCI3 (3.3) 2.57 (s, 5) 2.16 (s, 1 ) 7.81 (s, 3)
P h H C = C (C H 2Ph)COOH 4361-83-5 CCh 2.72 (s, 5) 2.03 (s, 1 ) 6.10 (s, 2 )

2.85 (s, 5)
p-CH3C6H4(H )C = C (C H 3)COOH 25860-59-7 CDC13 (3.0) 2 .57-2.89 (q, 4 ) 2.22 (s, 1 ) 7.63 (s, 3)

7.83 (s’ 3)

acted in propionic anhydride (90 ml) at, 97° for 7.5 hr. Gaseous (by ir and mass analysis), and crystallized from acetonitrile as
products (28 ml) were carbon dioxide and ethylene. After colorless crystals, whose further purification was made by
work-up as described above, a neutral ether solution (K ) and an sublimation: mp 196-197°; ir 2500-2800, 1670, and 1225
acidic ether solution (L) were obtained. Distillation of K  under (COOH), 1580, 1560, 780, 760, 720, and 693 cm “1 (-P h ’s);
the reduced pressure (9 mm) gave white crystals (80 mg) as a m /e  314 (M+), 269 (M -  45); potassium permanganate solution
sublimate on the neck of the Claisen flask, mp 121-122.5° was discolored under heating; the nmr data are shown in Table
(lit.15 mp 124°), recrystallized from ethanol. A mixture melt- III .
ing point with a specimen of frans-stilbene was undepressed. A nal. Calcd for C22H180 2: C, 84.05; H, 5.77. Found: C,
The ir of the distillation residue showed characteristics of acid 83.86; H, 5.60.
anhydride. The residue was hydrolyzed by potassium hydroxide Reaction of Benzene with Sodium Isobutyrate and Isobutyric 
in ethanol under reflux for 2 hr and, after usual treatment, white Acid.— A mixture of benzene (117 g, 1.5 mol), sodium isobutyrate
crystals (143 mg) were isolated; the melting point and ir and (33.2 g, 0.3 mol), palladium(II) chloride (3.6 g, 0.02 mol), and
nmr spectra were identical with those of cinnamic acid. The isobutyric acid (132 g, 1.5 mol) was heated under reflux for 7 hr.
acidic residue (480 mg) from L  was recrystallized from water, The evolved gas (53 ml) was carbon dioxide. An acidic residue
after treatment with activated carbon to give white crystals, (L) (675 mg) and a neutral residue (K ) (233 mg) were obtained,
mp 130-131°; a mixture melting point with a specimen of cin- Fractional, crystallization of L  gave a-benzylcinnamic acid:
namic acid was undepressed. The amide gave mp 140-141° needles from ethanol, mp 155-156° (lit.18 mp 158°); the amide
(lit.16 mp 142°). gave mp 148-150°.

Reaction of Benzene with Sodium w-Butyrate and «-Butyric A nal. Calcd for C«H u0 2: C, 80.64; H , 5.92. Found: C,
Acid.— A stirred mixture of benzene (117 g, 1.5 mol), sodium 80.38; H, 5.87.
ra-butyrate (33.2 g, 0.3 mol), palladium(II) chloride (3.5 g, 0.02 Glc analysis of esterified L  showed the presence of methyl 
mol), and n-butyric acid (132 g, 1.5 mol) was heated under a-benzylcinnamate (65% ), methyl a-methylcinnamate (32% ),
reflux (87.5°) for 8 hr. Evolved gas (22.5 ml) was carbon and methyl benzoate (3% ). Neutral products were mainly
dioxide. The neutral residue (K ) and the acidic residue (L) mono-, di-, or triphenylated propylene isomers, judging from the
were isolated in yields of 446 mg and 362 mg, respectively. results of ir, glc, and mass analyses.
0- M e thy lei nn a mi o acid was isolated by recrystallization of L : Phenylation of Cinnamic Acid Derivatives in Propionic Acid.—
leaflets from ligroin; mp 96-97° (lit.17 mp 98°); ir 2500-2800, All products were identified by melting point and ir, nmr, and
1750, and 1225 (COOH), 1618 (C = C ), 1575, 690-710, and 770 mass spectra. All new compounds were characterized by ele-
cm “1 (-P h ). After esterification of L  with diazomethane, glc mentary analyses,
analysis showed the presence of methyl ra-butyrate (1 .5% ),
methyl benzoate (1 .8 % ) .m e th y l /3-methylcinnamate (91% ), Registry N o .— PaUadium(II) chloride, 7 6 4 7 -1 0 -1 .
and unidentified products (5 .7% ), which probably consisted of
diphenylated olefinic acid methyl esters. a-Phenyl-jS-benzyl- A t . mi • j  uj. u ta
cinnamic acid was isolated from K , probably due to slow neu- Acknow ledgm ent.-The authors are indebted to Dr. 
tralization of the acid. The acid (151 mg) was separated as an E . Fujita and Mrs. M. Sakurai for the nmr measure-
insoluble substance with petroleum ether (bp 4 0-55°) from aro- ments, to Miss J . Maenaka and Mrs. N . Ishii for the
matic olefins, which mainly contained triphenylated propylene elemental analyses, and also to Mr. H. Moriguchi for the

(15) A .  M ic h a e lis  a n d  H .  Lau ge , Chem. Ber., 8, 1313 (1875). m a S S  a n a l y s e s .
(16) T .  P o ste r, ibid., 38, 2320 (1905).
(17) R . S toerm er, F . G r im m , and  E . Laage, ibid., 50, 968 (1917). (18) A . M ic h a e l a nd  E . P a lm e r, J. Amer. Chem. Soc., 7, 69 (1885).
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Organom etallic ir Complexes. X X II . The Chem istry of 
x-Cyclopentadienyltetraphenylcyclobutadienecobalt and Related Compounds
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The reaction of x-cyclopentadienyldicarbonyl cobalt and diphenylacetylene in refluxing xylene products Tr
ey clopentadienyltetraphenylcyclobutadienecobalt (1) and Tr-cyclopentadienyltetraphenylcyclopentadienone- 
cobalt (2) in yields of 50 and 10%, respectively. This method has also been extended to the direct synthesis 
of the corresponding trimethylsilyl (3, 5) and phenyl (4, 6 ) derivatives, starting with trimethylsilyl- or phenyl- 
cyclopen tadiene. The 7r-cyclopentadienyl ring in 1, as in ferrocene, undergoes a number of electrophilic ring 
substitution reactions. Acetoxymercuration with a perchloric acid catalyst, followed by treatment with lithium 
chloride, produces a chloromercuri derivative 7 in 65%  yield, together with a l,2-bis(chloromercuri) derivative
8 . Complex 7 is readily converted into its iodo analog 9. The transmetalation of 7 with n-butyllithium gives a 
lithium intermediate 10 which on treatment with acetyl chloride affords the acetyl derivative 11. When 9 is 
heated with copper-bronze or with cuprous cyanide in .V-methyl-2-pyrrolidone, the Ullmann product 12 and 
the cyano derivative 13 are obtained. Similar reactions with cupric acetate and cupric phthalimide produce 
acetate 14 and phthalimido 15 derivatives, respectively, which on hydrolysis give phenol 16 and amine 17. The 
relative acidity and basicity of these products have been determined. Aminomethylation and Vilsmeier formyla- 
tion give dimethylaminomethyl (18) and formyl (20 ) derivatives in yields of 74 and 8 %, respectively. The con
clusion is drawn that, while 1 participates in a variety of electrophilic substitution reactions, it is in general less 
reactive than is ferrocene.

Although the concept of aromaticity is still not well dienyldicarbonylnitrosylchromium23 all form acyl deriv-
defined, ferrocene and related organometallic com- atives under Friedel-Crafts conditions. In addition,
pounds are generally considered “ arom atic” in th at they cymantrene has been shown to undergo many of the
resist ring-addition reactions and undergo ring-substi- other ring-substitution reactions that are characteristic
tution reactions. Thus, ferrocene is known to undergo of ferrocene , 17 while Tr-cyclopentadienyltricarbonyl-
various electrophilic substitution reactions such as rhenium can be mercurated and sulfonated , 24 and zir-
Friedel-Crafts acylation , 2 alkylation , 3' 4 formylation ,6 “ 7 conocene dichloride has been reported to undergo sul-
sulfonation , 8“ 10 acetoxymercuration , 11’ 12 and amino- fonation . 26 The aromatic-type reactivity of metal-
methylation . 13 Following these initial studies on fer- locenes has been the subject of several reviews. 26“ 29 

rocene, various other organotransition metal com- When our present program of research was under
pounds containing a ir-cyclopentadienyl ring were taken, no examples of arom atic-type substitution reac-
found to exhibit similar chemical reactivities. Thus, tions of cobalt-containing metallocenes had been de-
ruthenocene, 14 osmocene, 14 cymantrene , 15“ 18 and its scribed in the literature . 30' 31 I t  appeared to us, how-
technitium 19 and rhenium 19' 20 analogs, ir-cyclopenta- ever, that the organocobalt compound ir-cyclopent-
dienyltetracarbonylvanadium , 21’ 22 and 7r-cyclopenta- adienyltetraphenylcyclobutadienecobalt ( 1 ), first pre

pared in 1961 by Nakamura and H agihara , 32 and later
(I ) A le x a n d e r v o n  H u m b o ld t  Research F e llo w , 1969-1 970 . A u th o r  to  by Wilkinson, et oZ. , 83 and by Maitlis, et a l . , 3i possessed

M. c . w ^ , , .  « * . .  he ^ ces+sary f emical nstal? ity and electronic config-
Soc., 74, 3458 (19 5 2 ); M .  R o se n b lu m  a n d  R . B . W o o d w a rd , ibid., 80, 5443 U r a t l O l l  t o  U n d e r g o  S U C h  S u b s t i t u t i o n  r e a c t i o n s  w i t h o u t

(1958) * appreciable concurrent decomposition under the reac-
, 0 ^ 3  “ ya”OV and N- S' Kochetkova' DokL Akad' Nauk SSSR- tion conditions involved. Complex 1  is reported to be

(4) m . Vogei, m . d . Rausch, and h . Rosenberg, j . Org. chem., 22 , 10 16  t h e r m a l l y  s t a b l e  t o  3 6 0 °  u n d e r  n i t r o g e n  a n d  w i t h -

<19*^ - „  . ,  . .  - , ,T . . s t a n d s  e x t e r n a l  r e a g e n t s  s u c h  a s  h y d r o c h l o r i c  a c i d ,  a l -
(5 ) M .  R o se n b lu m , Chem. Ind. (London), 72 (1957). u  T  , . 7
(6) G . D .  B road head , J . M .  O sgerby, a n d  P . L .  P a uson , ibid., 209 (19 5 7 ); C O h O llC  p o t a s s i u m  h y d r o x i d e ,  l i t h i u m  a l u m i n u m  h y -  

J. Chem. Soc., 650 (1958).

(7) K .  S ch lög l, Monatsh. Chem., 88, 601 (1957). (23) E . O. F is c h e ra n d  K .  Plesske, Chem. Ber., 94, 93 (1961).
(8) V . W e in m a y e r, J . Amer. Chem. Soc., 77, 3009 (1955). (24) A . N .  N e sm e ya n o v, N . E . K o lo b o v a , K .  N .  A n is im o v , a n d  L .  T .
(9) A . N .  N e sm e ya n o v, E . G . P e re va lo va , a n d  S. S. C h u ra n o v , Dokl. B a ry s h n ik o v , Izv. Akad. Na.uk SSSR, Ser. Khim., 1135 (1964).
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dride, carbon monoxide under pressure, triphenylphos- could also be prepared directly from ir-cyclopenta- 
phine, dimethyl acetylenedicarboxylate, iodine, e tc .32 dienyldicarbonylcobalt and tetraphenylcyclopentadi- 
Further, 1 is isoelectronic with ferrocene and might be enone. In contrast to our heat-promoted reaction be-
expec ed to have somewhat similar reactivity prop- tween ir-cyclopentadienyldicarbonylcobalt and di-
er ?̂es' . phenylacetyler.e (eq 1), it has previously been reported

Our present article describes the reactions of 1 with that these reactants gave an 80%  yield of 2 when irra- 
various electrophilic reagents, and some chemistry of diated with sunlight for 2 weeks in benzene solution.39 
the resulting ring-substitution products.35 I t  should In view of the successful synthesis of 1 as outlined in 
be mentioned also that l , 35 like ferrocene,36 is readily eq 1, it was of considerable interest to investigate the
metalated by n-butyllithium-./V,iV’,iV',A/',-tetram ethyl- generality of the reaction. This has been done in two 
ethylenediamine, and this nucleophilic-type substitu- ways: (1) by utilizing substituted cyclopentadienes;
ti°n  of 1 will be more fully described in a subsequent (2) by utilizing acetylenes other than diphenylacet-
paper. When our reactivity studies on 1 were essen- ylene. The reactions of both phenyl- and trimethyl-
tially completed, two other research groups reported silylcyclopentadiene with octacarbonyldicobalt were 
the formation and properties of the parent complex of successful and led to the corresponding substituted 
l ,  v iz ., T-cyclopentadienylcyclobutadienecobalt.37’38 derivatives of ir-cyclopentadienyldicarbonylcobalt (eq

Direct Synthesis of 7r-Cyclopentadienyltetraphenyl- 2). Furthermore, both of the resulting carbonyls 
cyclobutadienecobalt Complexes.— Our studies con
cerning the arom atic-type reactivity of 1 have been
greatly facilitated by the discovery of a new and con- R \ ( J J  R
venient method for the synthesis of this compound. + Go.,(CO| -CHjClk ' j  (2 )
The method utilizes a reaction between diphenylacet- ^ 4 /  A Co
ylene and 7r-cyclopentadienyldicarbonylcobalt (eq 1). (CO)2

R =  SiMe3, Ph

reacted with diphenylacetylene to give trimethylsilyl
__ xy iene and phenyl derivatives of 1 (3 and 4), as well as lesser

| + PhC=CPh j-»- amounts of the corresponding derivatives of 2 (5 and 6)

(C0)2 ^ 3 ) -

co co  Ph Ph> ^ T h T  +  PhC^ CPh

©  j j > = 0  (CO)

P h ^ ^ h  Ph
J o I T  P h ^ i ^ P hph phxiTph + ph\£rPh + jOC (3)

Ph\ X / Ph W  T 5 = °  Ph^ I  Ph

(i) Ph>̂ - ~ ^ P h  p R ^ X h  Ph
Ph I Ph 3, R=SiMej 5, R =  SiMe3

Ph 4, R =  Ph 6 , R = Ph

The latter has also been prepared by a new and im- Thuj?’ a useful and unequivocal route to jr-cyclo- 
proved method (90 -95%  yield) from a reaction be- pentadienyl-substituted derivatives of 1 has been de
tween octacarbonyldicobalt and cyclopentadiene in T ° P ed> and PF ,  *U
methylene chloride solution at reflux. Complex 1 was derivatives could be prepared m an analogous manner
thus obtained in - 5 0 %  yield compared to 15%  overall This route seems even more useful in view of a recent
yield from Nakam ura’s and H agihara’s m ethod,32 report by Altman and Wilkinson« that substituted tt-
which first involved the reaction of Tr-cyclopentadienyl- cyclopentadienyldicarbonylcobalt complexes can be
dicarbonylcobalt with 1,5-cyclooctadiene and then PreParf d T m 6,6-dialkylfulvenes and octacarbonyl-
, , \ c .u u- j - i j- , , dicobalt. The insertion of carbon monoxide to givetreatm ent of the resulting diene complex with diphenyl- , , . ,
acetvFne tetraphenylcyclopentadienone complexes and the tor-

In  addition to the m ajor product 1, a 10%  yield mation of hexaphenylbenzene also appear to be general
of r-cyclopentadienyltetraphenylcyclopentadienone- reactions.
cobalt (2), a 15%  vield of the cyclic trimerization prod- u Two reactions of .-cyclopentadienyldicarbonylco-
uct, hexaphenvlbenzene, and a small amount of tetra- dalt wdh acetylenes other than diphenylacetylene have
phenylcyclopentadienone were obtained. Complex 2 been described in the literature. A reaction with 2-

butyne m  sunlight has been reported to give a tetra-
(35) A  p re lim in a ry  a c c o u n t o f th is  w o rk  has been p u b lis h e d : M .  D .  m e t h y l c y c l o p e n t a d i e n o n e  C o m p l e x  i n  8 0 %  y i e l d , 39 

R a usch  and  R . A . G e n e tti,  J. Amer. Chem. Soc., 89, 5502 (1967).
(36) M . D . R a usch  a nd  D .  J . C ia p p e n e lli, J. Organometal. Chem., 10, 127

(1967). (39) R . M a rk b y ,  H .  W . S te rnberg , and  I .  W ende r, Chem. Ind. (London),
(37) R . G . A m ie t  a n d  R . P e t t i t ,  J. Amer. Chem. Soc., 90, 1059 (1968). 1381 (1959).
(38) M .  R o senb lum  a nd  B . N o r th ,  ibid., 90, 1060 (1968). (40) J . A ltm a n  a n d  G . W ilk in s o n , J. Chem. Soc., 5654 (1964).
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whereas a sealed tube reaction with hexafluoro-2- The isolation of 8  indicates that mercuration of 1 
butyne at 110° resulted in the formation of a tetrakis- occurs very readily under these conditions. I t  was
(trifhioromethyl)cyclopentadienone analog41 (eq 4). found advantageous to employ 3 equiv of 1 per equiv of

mercuric acetate, in order to obtain 7 as the m ajor prod- 
\ Q )  uct (65%  yield). Even under these conditions small

amounts of polvmercurated products were occasionally
'L~[ +  rc= cr  __» Co . observed; however, these were not investigated further.

¿ o r . L x r ' The assignment of 8  as the 1 , 2  isomer is based on nmr
(QO) T T \ = o  studies (v id e  in f r a ) .  Mercuration could also be accom-

R = Me (ref 39) plished by treatm ent of 1 with mercuric acetate in
R=CF3 (ref 41) R methylene chloride-methanol in the absence of per-

. . chloric acid, as has been successfully demonstrated for
The latter complex was originally formulated incor- the merCuration of ferrocene. 11’ 12 However, the per
fectly as a cyclobutadiene complex. 42 Neither 2- chloric acid modification provided generally higher
butyne nor hexafluoro-2 -butyne therefore gave a cyclo- yields of productSj and product separation was consid-
butadiene complex on reaction with ir-cyclopenta- erably easier
dienvldicarbonylcobalt, and attem pts in our laboratory Chloromercuri complex 7 has proved to be a valuable 
to prepare ir-cyclopentadienyltetramethylcyclobuta- deriVative of 1, since a large number of new organo-
dienecobalt from 2-butyne have also been unsuccessful. cobalt compounds have been derived from it. F or ex-
However the tetramethylcyclobutadiene complex has ample; iodo complex g  is readily obtained in 83%  yield
recently been prepared by Bruce and M aitlis4* using an from a reaction between 7 and iodine in cbioroform so-
alternate procedure. Reactions of ycyclopentadienyl- lution (eq 6 ) . Transmetalation of 7 with n-butyl-
dicarbonylcobalt with a variety of other mono- and
diarylacetylenes have been studied in detail44 and will y X — Hg0 ] X X _ j
be described separately in a forthcoming paper. \_rl/

Ring-Substitution Reactions of 7r-Cyclopentadienyl- I I
tetraphenylcyclobutadienecobalt (1 ).—Complex 1, like Ph Co ph Ph Co Ph (6 )
ferrocene, has been found to undergo a variety of elec-
trophilic substitution reactions on the 7r-cyclopentadi- | 0
enyl ring, and may thus be classified as a new aromatic Pn Ph Pli ^ P h
organometallic system. The most important ring-sub- 7 9

stitution reaction of 1  in terms of developing the chem- ,, , . . . .  ,.
istry of this system has been acetoxymercuration. Uth!U™ resu lted ^  rapid formation of the hthium inter- 
Treatm ent of 1  with mercuric acetate in methylene 10' . ^ hlS+ ° * “ obthium intermediate could be
chloride solution containing perchloric acid, followed by characterized by treatm ent with either acetyl chloride 
the addition of lithium chloride, resulted in the forma- +° r trl^ thylchlorosilane to give acetyl derivative 1 1  or 
tion of m ono-and bis(chloromercuri) complexes 7 and 8  nmethylsilyl derivative 3, respectively (eq 7). The 
(eq 5). This mercuration reaction is a modification of / \  / \  .
a procedure described by Brown and coworkers. 46 \Cy HgC \ 0 /  1

C o  .i-B uL i Co RCI

\ y /  phx T / P h ------- P h ^ T / P h  — "
I C C ")Co 1. Hg[0C(0XlH,], I NX11 M

Phx J L y Ph + HC10, V P l i P l l X h
0  2. LiCl 7 10

Pli Th fQ b — 1R

f co
P h ^ l V p h  (7)

Hgd

y y - r  P h ^  y .p h  h, r = c(0 )ch:!
.-X ti |7h| 3, R=SiMe:,

^Ph J  ~ ~ L
Pli ^ P h  latter was shown to be identical to 3 prepared directly.

7 8 I°do complex 9, like iodoferrocene, has led to a va-
,,, ,  p q tv l. . „ w„ • , riety of interesting derivatives when treated with acti-
(41) R . S. D ic k s o n  and  G . W ilk in s o n , J. Chem. Soc., 2699 (1964); M .  , A

G e rlo c k  a n d  R .  M ason , Proc. Chem. Soc., 107 (1963); Proc. Royal Soc. A, V a t e a  C O p p e r  O r  C O p p e r  S a l t s .  r  Or e x a m p l e ,  9 w h e n

2 7 9 , 1 7 0  (1964). heated with copper-bronze affords the Ullmann cou-
(1962) L' Boston’ D- W' Sharpe' and G- Wilkinson' J - Chem- Soc-  3488 pling product 12, a novel organometallic system  con-

(4 3 ) r . B ru c e  and  p .  m . M a it i is ,  Can. j .  chem., 4B, 2 0 1 7  (1967). taining both fulvalene and tetraphenylcyclobutadiene
(4 4 ) m . d . R ausch, r . a . G e n e tti,  a nd  f . H ig b ie , 1 5 7 th  N a tio n a l M e e tin g  ligands coordinated to cobalt. 46 Complex 9 undergoes

o f th e  A m e ric a n  C h e m ica l S o cie ty , D iv is io n  o f In o rg a n ic  C h e m is try , M in -  r  &

ne^ IiS;  (46) F u lv a le n e  com plexes o f iro n  a n d  m anganese have  p re v io u s ly  been
(45) A . J . K resge, M .  D u b e ck , a n d  H .  C . B ro w n , J. Org. Chem., 32, 745, described : M .  D .  R ausch, R . F . K o v a r,  a n d  C . S. K ra ih a n z e l J. Amer 

752, 756 (1967). chem 5oc 91 1259 (1969)
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the Rosenmund-von Braun reaction with cuprous cy-
anide in A-methyl-2-pyrrolidone47 to give the cyano \ 0 /
derivative 13 in 40%  yield. Treatm ent of 9 with P

Co 1 HCXO)N(Me)Ph

phw ph P w Ph p r ™

P h -^ iP ^ P h  Co Ph Ph
Co Ph ] T ,Ph 1Pĥ Ph \̂CH0 \8rcH-°H

Co 13, R = CN _ Co KOH, H,0-EtOH ¿0
Ph\ __ /Ph 14, R = 0C(0)CH3 Ph\ __ / " Ph or NaBH, Ph\ __ /-Ph (9)

0 [  15, R = NC(0)C6H4C(0) J ®
VK  Th 16, R = OH p« Ph Ph Ph

12 17, R = NR, 20 21

cupric acetate or cupric phthalimide afforded acetoxy Although a variety of metallocenes have been found 
and phthalimido derivatives 14 and 15, respectively. to readily undergo Friedel-Crafts acylation, attem pts to
Acetoxy derivative 14 readily gave phenol 16 upon acylate cobalt complex 1 in a similar manner have been
treatm ent with ethanolic potassium hydroxide solution. largely unsuccessful. Numerous reactions involving
Phthalimido derivative 15 similarly produced amine 17 various acylating reagents and Lewis acid catalysts were 
when hydrolyzed with aqueous ethanolic hydrazine so- examined, and acylated products were obtained in only
lution. The ferrocene analogs of 13-17  have been pre- a / ew instances, and even then in extremely low yield,
viously prepared in a similar manner 48 Since a brown complex appears to form between Lewis

Another electrophilic substitution reaction which has acad catalysts and 1, this complex formation may pos-
been of widespread use in ferrocene chemistry is M an- S1bly deactivate the system toward electrophilic sub-
nich-type aminomethylation.13 Cobalt complex 1 like- stitution. Thus, when an excess of catalyst was used,
wise readily undergoes this reaction to give the di- very little acylated products were produced, and most
methylaminomethyl derivative 18 in 71%  yield (eq 8). s i t i n g  material 1 could be recovered after hy-
Amine 18 has also been characterized as the meth- dro’f ls' Wl4cn 1 ,was treated with acetic anhydride 
iodide 19 and ‘x,ron trmuonde under conditions which have been

successfully used to acetylate ferrocene,49 a trace 
amount of the acetyl acetyl derivative 11 was obtained 

\Q / \ 0 /  CH.NMe. (eq 10). However, acetyl derivative 11 is more satis-
i L  factorily prepared by the transmetalation reaction in-

Co MejNCH.NMe, Co Mel VOlving 7.
Ph\ l / Ph HjPO, > Phv J - ^ Ph

m  W y
P h ^ ^ P h  P h ^ ^ P h  O  — C— CH

Co (-h3C0)20, bf3 I
^ C H ^ N M e ,.  Ph% % Ph ------------- *  Ph M f »  Ph

P h % V e h  m  P h - A - k ph

O f  ‘ 11
P M  ^ "P h  , l ,

In another experiment involving benzoyl chloride
and aluminum chloride in carbon disulfide solution, an 

Yilsmeier formylation of 1 under conditions which acylated product was obtained in ~ 1 %  yield, in which
have been used successfully for the formylation of substitution appeared to have occurred on a phenyl
ferrocene6 gave the expected aldehyde derivative 20, rather than the x-cyclopentadienyl ring. This con-
however, in only 8%  yield (eq 9). Small amounts of elusion was based on the appearance of a singlet for the
several other products were obtained from this reaction, 7r-cyclopentadienyl protons in the nmr spectrum o the
but were not further identified. Aldehyde 20 under- product, and on the presence of a carbonyl stretching
went a Cannizzaro reaction upon treatm ent with eth- band in its infrared spectrum.^
anolic potassium hydroxide solution. One of the prod- Spectra of 7r-Cyclopentadienyltetraphenylcyclo uta-
ucts, hydroxymethyl derivative 21, was also prepared dienecobalt Derivatives. Proton nmr spectra o most 
by sodium borohydride reduction of 1, as well as by of the organocobalt compounds prepared in this study are 
treatm ent of methiodide 19 with strong base. summarized in _ able I. All monosubstitute eriva-

tives of 1 in which the substituent is an electron-with- 
„ .. , „  , , ,, drawing group exhibit an A2B 2 pattern, as is typical of

(47) M .  S. N e w m a n  and  H .  Bo den , J. Org. Chem., 26, 2525 (1961). °  ^
(48) A . N .  N e sm e ya n o v, V . A .  Sazonova, a n d  V . N .  D ro z d , Dokl. Akad.

Nauk SSSR, 130, 1030 (1960); Chem. Ber., 93, 2719 (1960). (49) C . R . H a u se r a n d  J . K .  L in d s a y , J. Org. Chem., 22, 482 (1967).
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T a b l e  I
P r o t o n  N m r  S p e c t r a  o p  S o m e  O r g a n o c o b a l t  C o m p o u n d s

.-----------------------C h e m ica l s h if t  a n d  m u lt ip l ic i t y “ - “----------------------- .
C o m p d  H i , 5 H a , 4 P h  O th e r

(ir-C5H5)Co(C4Ph4) (1) . . . *  . . . d 2 .3 2 -2 .8 3  (tn)
(7r-C5H5)Co[C4Ph4C (0 )] (2) . . . «  . . . »  2 .3 2 -2 .5 8  (m),

2 .7 0 -3 .0 5  (m)
(x-C 5H 4SiMe3)Co(C4Ph,) (3) 5 .2 3  ( i /  5 .3 3  ( t /  2 .4 0 -2 .9 1  (m) 10.15 (s) (CH ,)
(ii-C5H4SiMe,)Co[C4Ph4C (0 )] (S) 4 .9 0  (1/  5 .4 3  ( t /  2 .1 0 -2 .3 0  (m),

2 .6 2 -2 .9 6  (m) 10.03 (s) (CH,)
(7r-C5H4Ph)Co(C4Ph4) (4) 5 .0 0  (t) 5 .31  (t) 2 .5 2 -3 .1 8  (m)
(ir-C5H4Ph)Co[C4Ph,C(0 )] (6 ) 4 .9 5  (t) 5 .0 5  (t) 2 .4 5 -2 .6 8  (m),

2 .7 2 -3 .0 5  (m)
(s-CsHiHgCllCoCCiPhi) (7) 5 .1 5  (t) 5 .3 2  (t) 2 .2 5 -2 .9 0  (m)
(ir-C5H4l)C o(C 4Ph4) (9) 5 .2 4  (t) 5 .4 5  (t) 2 .4 0 -2 .9 2  (m)
(,r-C6H,I,)Co(C«Ph,) (22 ) 5 .2 1 (d )"  5 .4 9  (t)* 2 .4 0 -2 .9 2  (m)
(ir-C5H4CHO)Co(C,Ph4) (20) 4 .7 7  (t) 5 .1 3  (t) 2 .4 2 -2 .8 8  (m) 0 .6 5  (s) CHO)
(ir-C5H4CH2OH)Co(C4Ph4) (21) 5 .2 5  ( t /  5 .3 7  ( t /  2 .3 4 -2 .8 2  (m) 5 .9 1  (s) (CH ,)

8 .9 0  (s) (OH)
[7r-C5H4C (0 )CH3]Co(C4Ph4) (11) 4 .7 1  (t) 5 .1 5  (t) 2 .3 0 -2 .7 9  (m) 8 .3 2  (s) (CH,)
(7r-C5H,CH2NMe2)Co(C4Ph4) (18) 5 .3 7  (s) 5 .3 7  (s) 2 .3 5 -2 .9 0  (m) 7 .2 9  (s) (CH,)

7 .9 6  (s) (CH,)
(ir-C5H4CH2NMe3i;C o(C 4Ph4) (19) 5 .0 1 (1 )  5 .1 8  (t) 2 .4 0 -2 .8 7  (m) 6 .4 2  (s) (CH ,)

6 .8 2  (s) (CH ,)
(ir-C5H4CN)Co(C4Ph4) (13) 4 .9 8  (t) 5 .2 3  (t) 2 .3 5 -2 .8 0  (m)
[ir-C5H4OC(0 )CH,]Co(C4Ph4) (14) 5 .2 2  (t) 5 .5 9  (t) 2 .4 5 -3 .1 0  (m) 8 .2 4  (d) (CH,)

i----------------- 1
[71--C5H4NC(O)C6H4C(O )]Co(C4Ph4) (15) 4 .2 2  (t) 5 .2 9  (t) 2 .3 1 -3 .0 4  (m)
(ir-C5H4NH2)Co(C4Ph4) (17) 5 . 9 1 ( 1 /  5 .6 6  ( t /  2 .4 4 -3 .0 1  (m)

“ Determined in. dilute solutions in deuteriochloroform and given in t, ppm, units. 6 s, singlet; d, doublet; t, triplet; m, multiplet. 
e Integrated intensities of resonances were consistent with the proposed structure. d Resonance for jt-CsH s ring protons occurs at t
5.32 (s). * Resonance for 71--C5H5 ring protons occurs at r  5.16 (s). 1 Assignments are tentative and may be reversed. 9 Assigned
to protons flanking adjacent iodine atoms (H,,s). h Assigned to the proton /? to both iodine atoms (H4).

substituted cyclopentadienyl ring protons in many spectrum of the latter exhibits a low-field, two-proton
other metallocene derivatives.60 The spectra consist of doublet at r  5.21, and a higher field, one-proton triplet63

a pair of apparent triplets, and in each case the down- at r  5.49. The protons (H 3 5) nearest the iodine sub
field triplet is assigned to the H 2>5 protons. Such an stituents in 2 2  are assumed to be deshielded compared
assignment is made on the basis that these protons are to proton H i, by analogy to similar deshielding effects in
nearest the electron-withdrawing group, and thus would iodobenzene and diiodobenzenes. In the iodobenzene
be expected to be deshielded to a greater extent than the derivatives, protons ortho to an iodine atom are sub
protons H 3,4. Analogous assignments for monosub- stantially deshielded with respect to other ring pro
stituted ferrocenes have been unequivocally deter- tons .64 Furthermore, the proton nmr spectrum of 1 ,2 -
mined from the nmr spectra of 2,5-dideuterated fer- diiodoferrocene (23) of known orientation exhibits a 
rocene derivatives. 61 Assignment of the resonance similar pattern for the ring-substituted protons.66

peaks in the spectrum of amine 17 have been made in The proton nmr spectrum of the phthalimido 
analogy to similar assignments in the spectrum of am- derivative 15 is worthy of special comment. The 
inoferrocene.62 downfield triplet for 15 occurs at ~ 3 0  Hz lower field

Our conclusion that the dimercurated complex 8  has a than the corresponding triplets in all other monosub-
1,2 rather than a 1,3 configuration has been made on the stituted derivatives of 1  examined thus far, while the
basis of the corresponding diiodo complex 2 2 . An nmr upfield triplet appears in the normal region. Molecular

models indicate that the H 2,5 protons in 15 reside in the 
| I O deshielding region of the carbonyl groups, and this fact

I may possibly account for the enhanced deshielding of
y Q / 1 /Q > — I fQ b — I'/' T Q j  these protons. A similar enhanced deshielding is ob-

'- r  served for the H 2,5 protons in the nmr spectrum of
4 Co 5 pe Fe °  phthalimidoferrocene (24).66

T h e  p ro to n  n m r s p e c tra  of d e riv a tiv e s  of 1  a re  of 
©  /(T n  At A ad d itio n al in te re s t  w h en  co m p a re d  to  th e  s p e c tra  of

P l ^  ^ P h  an alogous ferro cen e d e riv a tiv e s . T h e  re so n a n ce s  of
22  23  24 p ro to n s  on e x o cy c lic  ca rb o n  a to m s  in  th e  fo rm er series

-------------------  in v a ria b ly  o ccu r a t  s ign ifican tly  h ig h er fields th a n  do
(50) m . d . R a usch  a n d  v. M a rk ,  j .  Org. chem., 28, 3 2 2 5  (1963); r . a . corresponding resonances in the ferrocene series. Some

Benkeser, Y .  N a g a i, a nd  J. H o oz, Bull. Chem. Soc. Jap., 36, 482 (19 6 3 ); G .
G . D v o ry a n ts e v a , S. L .  P o rtn o v a , K .  I .  G ra n d b e rg , S. P . G u b in , a n d  Y u .  N .

S h e inker, Dokl. Akad. Nauk SSSR, 160, 1075 (1965). (53) T h is  resonance pea k was in c o r re c t ly  desig nated as a s in g le t in  o u r
(51) M .  D .  R a usch  a n d  A . Siegel, J .  Organometal. Chem., 17, 117 (1969). e a r lie r  c o m m u n ic a tio n  (re f 35).
(52) D .  W . S lo cum , P . S. S h enk in , a n d  T .  R . E n g le m a n n , A b s tra c ts , 4 th  (54) H .  Spiesecke a n d  W . G . S chneider, J. Chem. Phys., 35, 731 (1961);

In te rn a t io n a l C on fe ren ce  on O rg a n o m e ta llie  C h e m is try , B r is to l,  E n g la n d , M .  M a r t in  a n d  B . P . D a ile y , ibid., 37, 2594 (1962).
J u ly  2 7 -A u g  1, 1969, p  G 5. (5 5 ) p .  y .  R o lin g  a nd  M .  D .  R ausch, u n p u b lis h e d  stud ies.
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examples of this relationship are summarized in Table T able I I I
II. Molecular models indicate that a substantial “p K A” Values of P henols

“p* a” in pKx in
TABLE II Phenol pyridine, 23° water®

Nmr Comparisons of Derivatives of 1 and p-Chlorophenol 9 .1  9 .3 8
Derivatives of F errocene (7r-C5H4OH;Co(C4Ph4) (16) 9 .4

X  F e -X ,0 '6 t ppm R - X , “  T ppm Phenol 10 .0  9 .9 9
CH2OH 5 .6 5  5 .91  o-Cresol 1 0 .3  10.29
Si(CH3)3 9 .7 9  10 .15 (’r-CsH^HJFeix-CsHs) 11 .2  1 0 .206
CH2N (CH 3)2 6 .7 4  7 .2 9  ° L - Meites, “Handbook of Analytical Chemistry,” 1st ed
CH2N (CH 3)2 7 .8 9  7 .9 6  McGraw-Hill, New York, N. Y ., 1963, pp 1-20. 6 Obtained in
CH2N(CH3)3I 5 .0 0  6 42 5%  ethanol (ref 48).
CH2N (CH 3)3I 6 .6 5  6 .8 2
C (0)C H 3 7 .6 2  8 .3 2  T able IV
d S Q  0 .0 5  0 .6 5  “pAT” Values of Amines

“ F c -X  represents ferrocene derivatives and R -X  represents ‘ ‘ p A b ”  in  PX B in

x-cyclopentadienyltetraphenylcyclobutadienecobalt (1) deriva- A m in e  a c e to n itr ile , 23° w a te r“ '6

tives. 6 Reference 51 and unpublished studies by M. D. Rausch. p-Toluidine 8  7 8 90
(5r-C5H4NH2)Co(C<Ph4) (17) 9 .4

shielding effect may be imposed by the phenyl groups Aniline 9 .4  9 40
attached to the cyclobutadiene ring. This effect, to- p-Chloroaniline 10 .5  10.01
gether possibly with metal anisotropy differences be- " t .  Meites, “Handbook of Analytical Chemistry,” 1st ed, 
tween iron and cobalt, may account for the observed McGraw-Hill, New York, N. Y ., 1963, pp 1-20. 6 The pK B of

chemical shifts. ethanol IrefOT) &nd ^  ^  °f aminoferrocene =  10'33 in 80%
The infrared spectra of 1 and its derivatives can be 

interpreted by direct analogy to other metallocenes. . ,
Complex 1 exhibits absorbances at 1115 and 1005 cm - 1 ; . ®m ?e success of electrophilic substitution reac-
such bands are well known to be characteristic of an un- t10ns in metallocenes depends in part on the availability
substituted cyclopentadienyl ring.56 Both of these ab- 0 7r-e6eotrons in the x-cyclopentadienyl ring, it might be
sorbances are absent in all derivatives of 1 examined, as expected that 1, which appears from the “pK ”  values
is also the case for l,l'-disubstituted ferrocenes.56 0 e electron-poor compared to ferrocene, would be
Complex 1 and its derivatives also exhibit absorbances ?ss rea(^ lve than is ferrocene in these types of reac-
characteristic of a monosubstituted phenyl group. 10ns' tn  general, this appears to be the case. How- 
E ach  complex exhibited prominent absorptions in each eveG a reliable comparison of reactivities can best be
of the following regions: 3080-3050, 1600, 1500, 1075- made 0n the basis of comPetltlon studies, and we intend
1065, and 1030-1020 cm “ ', as well as four bands be- to carry out such experiments m  the near future, 
tween 815 and 690 cm -1 . The normal absorbances for
functional groups such as -C N , -C H O , etc., were also Experimental Section
observed in the appropriate derivatives and are listed in , . . .  , ,  , m
. .  a  +• Melting points were determined using a Mel-Temp apparatus
the Experim ental Section. _  and are uneorreeted. Infrared spectra were recorded on a Beck-

Relative Acidity and Basicity Studies.— I t  was of man IR -10 spectrophotometer and were calibrated with poly-
interest to compare acidity and basicity constants of styrene; all samples were prepared as potassium bromide pellets,
derivatives of 1 with similar constants in the ferrocene Nmr spectra were recorded on a Varian A-60 spectrophotometer

and benzene eerie, T i n e ™  accomplished by deter- ^  . S S f
m illing th e  plv values of phenol 16 and amine 17. I t  Woodside, N . Y ., and by Mr. Charles Meade of the Microana-
should be emphasized th at the “p A ” values reported are lytieal Laboratory, Office of Research Services, University of
not authentic pK  values, since they have been deter- Mass. Ethyl ether and tetrahydrofuran were dried over sodium
mined in nonaqueous systems. The “pK . ”  values and potassium hydroxide, respectively, and distilled from lithium

i j  ■ ■ t  , ,  , , , . . .  ,. aluminum hydride. Methylene chloride was dried by passing
were determined m  pyridine as the solvent by titrating through a short column of neutral alumina. Octacarbonyl- 
Wlth 0.1 N  tetrabutylammonium hydroxide in ben- dicobalt was purchased from the Strem Chemical Co., Danvers,
zene-rnethanol. The “pK b ”  values were determined Mass., and V-methyl-2-pyrrolidone was obtained from the
in acetonitrile as the solvent by titrating with 0.1 N  General Aniline and Film Co., New York, N. Y .
nerohlorie acid  in a c e tic  acid  B o th  tv n e a  of t itra tio n s  v-Cyclopentadienyldicarbonylcobalt.— Freshly distilled cyclo-p e rc m o n c  a c ia  m  a c e tic  a c ia . H o tn  ty p e s  Ot t itra tio n s  pentadiene (31 ml, 0.38 mol), 60 ml of dried methylene chloride,
were performed with an autom atic recording titnm eter. and octacarbonyldicobalt (25 g, 0.073 mol) were placed in a 200-
The relative acidities and basicities presented in Tables ml flask, which was fitted with a reflux condenser and a mercury
III  and IV are estimated to be accurate to within check valve- The system was flushed with nitrogen and was
~  ±  0 1 unit covered with aluminum foil to exclude light. The contents were

-r, heated to reflux on a steam bath for 2 days, after which time the
B y  this procedure, it was found that 16 IS  a slightly methylene chloride was distilled under water aspirator pressure,

stronger acid than phenol (Table I II ) , and th at 17 has Continued distillation produced 24.6 g (93% ) of product as a
essentially the same base strength as aniline (Table IV). dark red liquid, bp 75-80° (22 mm) [lit.58 bp 75° (22 mm)].
In contrast, Nesmeyanov and coworkers have reported The^product was stored under nitrogen at —2 0 ° in a covered

that hydroxyferrocene is a weaker acid than phenol,48 “  cyclopentadienyltetraphenylcyclobutadienecobalt (1) and 
and that aminoferrocene is a stronger base than am- ^-Cyclopentadienyltetraphenylcyclopentadienonecobalt (2).— A 
line.67 1-1. three-necked flask was fitted with a glass stopper, condenser,

and a gas inlet tube which was used to maintain a nitrogen at-
(56) R e ference 29, p  38. --------------------------
(57) E . G . P e reva lova , K .  I .  G ra n d b e rg , N .  A .  Z h a rik o v a , S. P . G u b in , (58) T . S. P ip e r, F . A . C o tto n , a nd  G . W ilk in s o n , J.Inorg. Nucl. Chem., 3,

a nd  A . N .  N esm eya nov, Izv. Akad. Nauk SSSR, Ser. Khim., 832 (1966). 165 (1955).
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mosphere during the reaction. A mixture of 19.7 g (0.11 mol) A nal. Calcd for C33H24C0I : C, 65.36; H, 3 .99 ; Co, 9.71;
of diphenylacetylene, 10.0 g (0.055 mol) of x-cyclopentadienyl- 1 ,2 0 .9 3 . Found: C, 65.16; H, 4 .20; Co, 9 . 5 7 1 ,  21.19.
dicarbonylcobalt, and 500 ml of p-xylene was placed in the flask. The bischloromercuri complex 8 was treated with iodine in the
The latter was covered with aluminum foil and the solution heated same manner to give 22 , mp 201-202°.
to reflux. Soon after heating was begun, a definite but slow A nal. Calcd for C33H23C0I2: C, 54.12; H, 3 .18; Co, 8.05;
evolution of gas occurred. After 24 hr, the solution was allowed 1 ,3 4 .6 6 . Found: 0 ,5 4 .0 2 ; H, 3 .31; Co, 8.14; 1 ,3 4 .5 0 .
to cool to room temperature and the reaction mixture was filtered (7r-Formylcyclopentadienyl)tetraphenylcyclobutadienecobalt
in air. The filtered solid was washed with cold benzene; the (20).— A three-necked 50-ml flask was fitted with a condenser,
white residue remaining was identified as hexaphenylbenzene nitrogen inlet and syringe cap, and was flushed with nitrogen.
(2.8 g, 15% ) on the basis of its melting point (454-455°) and To the flask was added 0.2 ml (0 002 mol) of phosphorus oxy-
a mixture melting point with an authentic sample. chloride, 0.3 ml (0.002 mol) of iV-methylformanilide, and 1.0 g

The original xylene solution and the benzene extracts were (0.002 mol) of x-cyclopentadienyltetraphenylcyclobutadiene-
chromatographed on separate columns of alumina, using benzene cobalt. The mixture was heated for 4 hr at 80° with occasional
as the eluent. The orange cyclobutadiene complex 1 was eluted addition via a syringe of additional 0.1-ml portions of phosphorus
first as a dark orange band from both columns. A faint purple oxychloride (0.5 ml extra added). The mixture turned from
band, identified as a trace amount of tetraphenylcyclopentadi- orange to red and finally to blac< during the reaction period,
enone bjr comparison with an authentic sample, was the second Hydrolysis was effected by stirring the reaction mixture with ex
band to be eluted from the column containing the xylene solution. cess sodium acetate solution at room temperature. I t  was
Finally, both columns gave the tetraphenylcyclopentadienone necessary to add a few ml of benzene to dissolve the tarry residue
complex 2 as a red band when elution was made with chloroform. so that complete hydrolysis could occur. After 3 hr, additional

The orange bands were combined and evaporated to dryness, benzene was added and the resulting solution was washed with
and the product recrystallized from a mixture of benzene and 100 ml of water. The benzene layer was separated, dried over
heptane to give 12.0 g (46% ) of 1, mp 262—264° (lit.32 mp 256°; sodium sulfate, and chromatographed on Florisil using benzene
lit.33 mp 264°). Yields of 1 from other runs varied from 44 to as the eluent. The first band from the column contained 0.7 g
61% : ir 1115 and 1005 cm -1 (7r-C5H6). of starting material 1. The second band was collected, the

A n al. Calcd for C33H25Co: 0 ,  82.49; H, 5 .24; Co, 12.27; solvent evaporatedandthesolid  residufewasrecrystallizecl from
mol wt, 480. Found: C, 82.40; H, 5 .31; Co, 12.31; mol wt to ° '08 « <8 % ) of 20’ mP 189“ 190 > lr 1685 cm
(parent molecular ion), 480^ A n a l T t Z l *  for CMH*CoO: C, 80.30; H, 4 .96; Co, 11.58;

The red bands were combined and evaporated to dryness, and 3 1 5 . Found: c  80 .35; H> 4 .90; Co, 11.46; O, 3.24.
the product was recrystaiiized from a mixture of chloroform and ,, , i x- c ,r , • • , , ,j_______ ,____0 nr /r. r o 000 ooco /in orvr When the benzene solution of the reaction mixture, shown toheptane to give 2.65 g (9.5% ) of 2, mp 323-325 (lit.39 mp 327- x - . li_ j - j i _i t- j i _ . li u x u j
329°). An authentic sample of 2 was prepared by the reaction c° n desired aldehyde by tic, was chromatographed on
of tetraphenylcyclopentadienone with v-cyclopentadienyldi- ± “ 00^  tban Florisil, an unidentified red compound, mp

•__i 1 . , 1 rno 1 l 203-204 (parent molecular ion 548), was obtained, and nonecarbonylcobalt m refluxing xylene: mol wt (calcd) 508, mol wt , ,, u  if j  A ,, , \ ,
/fn7irij i j \ eno. i ra n __-i /o  r\ x x u\ of the aldehyde could be isolated. On the other hand, if a ben-(tound, parent molecular ion) 508; ir 1590 cm 1 ( 0 = 0  stretch). , ,. J  , ,  , j . .  , , ’ ., . . ' . A , , , . . zene solution of the purified aldehyde 20 was chromatographed on

6ny H Cy.Cl,°bUt^ lene'  alumina, it was recovered unchanged,
cobalt (7 and k -l,2 -B is  chloromercun)cyclopentedienyl]tetra- (.-Hydroxymethylcyclopentadienyl itetraphenylcyclobutadiene-
phenylcyclobutadienecobalt (8 ) . - I n  a 250-ml erlenmeyer cot alt (2 1} . _ A methanol solution of 0 1 g (0.2 mmol) of 

as were p ace . g ( . mo ) o ir-cyc open ,a leny e ra- (x-formylcyclopentadienyl)tetrapbenylcyclobutadienecobalt was 
phenylcyclobutadienecobalt 150 ml of methylene chloride, and prepare^ by J rming ^  .U p o u n d  on a steam bath with 30 ml
m m « 6 IC]iS lm n  ̂ N' ® is sou  ion was a e . g of methanol. After the solution had been allowed to cool slightly,
(0.0042 mol) of mercuric acetate. Vigorous storing was begun 0  3 (0 .008 mol) of sodium borohydride in 4 ml of water was
and 6 to 10 drops of perchloric acid were added dropwise over a added. The color o{ the soluticn immediately changed from
30-mm period until most of the mercuric acetate had disappeared. e to n however the reaction mixture was allowed to
stirring was continued for 15 min and 1.0 g (0.024 mol) of lithium . j • i «  A  1 , , . , 1 7t i • i , l j  a u , ; t stand overnight. The methanol solution was poured into 150 mlcmonae was added, followed after an additional 15-min period r . /♦ ,, ,, ’ p j  • ,. , • i x “  r Vi of water which was then extracted with methylene chloride,
oy the addition of o.O g of sodium sodium bicarbonate. Finallv, on, • i , , u j  inn i r .a A  „ ( j- u  , , ,  j , Al_ i x -  y i The organic layer was separated, washed with 100 ml of water,
4.0 g of sodium sulfate was added and the solution was allowed and wag dried with sodium gulfate. Reraoval of the solvent left
to dry The dark orange methylene chloride solution w u  poured a solid residue which was recryStallized from a mixture of hexane
directly onto a short column of basic alumina (pH 9 .5 ). The „ i „ll , .r , • A no /0 w \  r c  r  u* nirvifini u a i x j  b t xu i , ,  ♦ j  and ethyl ether to give 0.08 g (80% ) of 21 as fine light yellow
initial dark orange band, eluted with methylene chloride, gave crystals mp 179-180°
frw; 8  ° f mater,al 1- The second band was eluted by A n a l ’ Calcd for Cs.HwCoO: C, 80.00; H, 5 .33; Co, 11.54.
adding 1-2%  methanol to the methylene chloride. Upon evap- Found; c  8 0 1 5  H 5 .43 c  n  ,16.
ora on of the solvent and recrystalhzuit.on of he dark orange Cannizzaro Reaction of (x-Formylcyclopentadienyl)tetra-

9aq“ 'xture £  benf ne and hePta,ie’ 1-93 « of phenylcyclobutadienecobalt (20 . - A  suspension of 0.10  g (0.27, mp 234-235 , was obtained. *  t  / c i i x j - 1n. * u t i u x j -
a 7 i j  t* ^  tt tt ^ _  __ _ mmol) of (7r-formylcyclopentadienyl)tetraphenylcyclobutadiene-

A n al Calcd for C ^ a C o H g :  C  55.39; H, 3 .39 ; Cl, cobalt; in ^  mj o/ 50%  potassium hydroxide in elhanol was re-
4 .95 ; Co, 8.23. Found: C, 55.83; H, 3 .72 ; Cl, 4 .68 ; Co, fluxed for 4  hr. The reaction mixture was allowed to cool and

. water was added. Thebasicsolut.ionw asextractedw ithchloro-
insevCT'aI riins, a third band was eluted which produced ~ 0 .1  form and then acidified. The acidic portion was extracted with 

g ( % ) of a dark orange solid (8 ) that was very sparingly soluble chloroform, and evaporation of the solvent produced several mg
m (Aost organic solvents. Since this product was difficult to 0f a yellow acid. This was not characterized further due to the
purify because of its insolubility, it was treated with iodine to small amount available. The original chloroform extract of the 
give an identifiable product as described below.  ̂ basic solution was washed with water, dried with sodium sulfate,

(7r-Iodocyclopentadienyl)tetraphenylcyclobutadienecobalt (9) and evaporated. The solid residue was dissolved in benzene
and (x-l,2(Diiodocyclopentadienyl)tetraphenylcyclobutadiene- and chromatographed on alumina to give several poorly resolved
cobalt (23). A saturated solution of iodine in chloroform was bands. The major band (band 2 ) was subsequently further
slowly added with stirring to 3.0 g (0.0042 mol) of (7r-chloro- purified by preparative tic to afford 0.014 g (28% ) of 21 . The
mercuricyclopentadienyUtetraphenylcyclobutadienecobalt dis- product was shown by tic and nmr to be identical with 21 obtained
solved m 75 ml of chloroform, until a  definite darkening of the from the sodium borohydride reduction of 20.
solution persisted for 30 sec. The solution was then immediately (x-Dimethylaminomethylcycl3pentadienyl)tetraphenylcyclo-
washed, twice with 100-ml portions of a 0.01 M  solution of sodium butadienecobalt (18).— To a 250-ml three-necked flask were
thiosulfate, and once with water. The chloroform layer was added 100 ml of glacial acetic acid and 0.50 g (0.0010 mol) of
dried over sodium sulfate and the solvent was removed. The v-cyclopentadienyltetraphenylcyclobutadienecobalt. The flask
solid residue was dissolved in a small amount of benzene and was equipped with a condenser, a nitrogen inlet, and a magnetic
chromatographed on a short column of alumina to remove a small stirring bar. A heating mantel was used to heat the suspension,
amount of polar material. The benzene was evaporated and the under nitrogen and with stirring, until reflux began. To the
resulting yellow-orange residue was recrystallized from heptane to hot solution was added 0.90 ml (0.013 mol) of phosphoric acid
give 2.1 g (83% ) of 9, mp 191-192°. followed by 4.5 ml (0.036 mol) of bis(dimethylamino)methane.
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Refluxing and stirring were continued, and the solution became compound was purified by preparative tic and was shown to be 
dark orange in color. identical by tic and nmr with 3 prepared from trimethylsilyl-

After 5 hr, the reaction mixture was cooled, 400 ml of water was cyclopentadiene and octacarbonyldicobalt, as described below, 
added, and the resulting aqueous suspension was extracted Fulvalene-bis(tetraphenylcyclobutadiene)dicobalt (12).— In
several times with 75 ml portions of benzene. The combined a 50-ml Schlenk tube were combined under nitrogen 0.1 g (0.2
extracts were washed twice with sodium bicarbonate solution, mmol) of (x-iodocyclopentadienyljtetraphenyleyclobutadiene and
once with water, and were dried with sodium sulfate. After 3.0 g of activated copper-bronze. A nitrogen atmosphere was
reducing the volume of the solution to 30 ml with an aspirator, maintained while the tube was heated at 250° for 14 hr in a bath
the solution was chromatographed on basic alumina (pH 9.5) of Wood’s metal. The tube was cooled and the contents were
to produce, after evaporation, 0.38 g (71% ) of 18 as the third extracted repeatedly with hot chloroform until the extracts were 
(and major) band, when eluted with a 60 :40  ber.zene-chloro- colorless. After filtration and concentration of the solvent, the
form mixture. The first band gave 0.1 g of starting material. products were separated by preparative tic. The first band gave
The amine 18 was recrystallized from a methanol-methylene 0.05 g of 1; no starting material 9 could be detected. The
chloride mixture, resulting in dark orange crystals, mp 189-190°. second band gave 0.020 g (21% ) of 12, mp 350-352° (sealed tube 

A nal. Calcd for C36H 32C0N : C, 80.43; H, 6.00; Co, 10.96; under nitrogen).
N, 2.61. Found: C, 80.36; H, 6.11; Co, 10.86; N, 2 .61. A n al. Calcd for C6eH<8Co2: C, 82.66; H, 5.05; Co, 12.29;

Amine 18 was insoluble in concentrated hydrochloric acid, but mol wt, 958. Found: C, 82.81; H, 5.08; Co, 12.07; mol wt
dissolved with decomposition in concentrated sulfuric acid. (parent molecular ion), 958.

The methiodide of 18 was prepared by heating a solution of (x-Cyanocyclopentadienyl)tetraphenylcyclobutadienecobalt
O. 10 g (0.18 mmol) of the amine and 4.6 ml (80 mmol) of methyl (13).— To a 50-ml flask equipped with a condenser and flushed
iodide in 20 ml of methanol on a steam bath for 10 min. The with nitrogen were added 0.5 g (0.8 mmol) of (x-iodocyclopentadi-
solvent and excess methyl iodide were removed with an aspirator enyl)tetraphenylcyclobutadienecobalt, 1.0 g (0.011 mol) of cu- 
and the product was recrystallized from a mixture of benzene prous cyanide, and 20 ml of iV-methyl-2-pyrrolidone. The flask
and methanol to give 0.11 g (89% ) of 19, mp 250°. The product was heated in an oil bath at 210° for 2 hr. After cooling to room
was characterized by its nmr spectrum (Table I) . temperature, the reaction mixture was poured into a mixture of

Treatment of 0.05 g (0.07 mmol) of the methiodide 19 with water and methylene chloride. The dark orange organic layer
10 g of potassium hydroxide and 30 ml of 95%  ethanol at reflux was separated, washed five times with 100-ml portions of water
for 44 hr, followed by the addition of water, extraction with (to remove iV-methyl-2-pyrrolidone), and dried over sodium
benzene and chromatography of the extracts on alumina, pro- sulfate. Removal of the methylene chloride left a solid which
duced four bands. The third band produced 8 mg (22% ) of 2 1 ; was dissolved in benzene and chromatographed on alumina,
the laoter was shown to be identical with carbinol 21 obtained Elution with benzene produced a band containing 1. Elution
from the sodium borohydride reduction of aldehyde 2 0 . The with 50%  benzene-ethyl ether produced a second band, which
first two bands were present in only minor amount; these and the after removal of the solvent gave an orange solid. Recrystal-
fourth band (26 mg) were not further identified. lization of the latter from methylene chloride-heptane gave 0.16

Friedel-Crafts Acylation of x-Cyclopentadienyltetraphenyl- g (^ 4 0 % ) of 13, mp 198-199°, ir 2220 cm -1 (C = N  stretch),
cyclob-jtadienecobalt (1 ).— Numerous attempts were made to A nal. Calcd for C3fH21CoN: C, 80.78; H, 4 .79; Co, 11.66. 
carry out Friedel-Crafts reactions on 1, using various combina- Found: C, 80.58; 11, 4 .81; Co, 11.56.
tions of acetic anhydride, benzoyl chloride, acetyl chloride, and (7r-Acetoxycyclopentadienyl)tetraphenylcyclobutadienecobalt
methyl chlorothiolformate as acylating agent, aluminum chlo- (14).— (x-Iodocyclopentadienyl)tetraphenylcyclobutadienecobalt
ride, phosphoric acid, tin tetrachloride, etc., as catalyst, and (0.5 g, 0 .8  mmol), cupric acetate (0.3 g, 0.016 mol), and 10 ml of
either methylene chloride or carbon disulfide as the reaction iV-methyl-2-pyrrolidone were combined in a 50-ml flask which had
medium. All reactions were conducted under nitrogen and with been flushed with nitrogen. The cupric acetate had previously
dry solvents. been dried by refluxing it in acetic anhydride for 24 hr, filtration,

Of all the combinations, the procedure of Hauser and Lindsay49 washing the solid wnth dry ethyl ether, and removal of the ether 
proved to be the most successful, employing acetic anhydride, a in  vacuo. A condenser was added, and the reaction mixture
boron trifluoride solution in ethyl acetate, methylene chloride, was heated on an oil bath at 135-140° for 24 hr and then trans-
and stirring for 30 min at 25°. The reaction mixture was hy- ferred to a separatory funnel where water and chloroform were
drolyzed, the organic phase washed with sodium bicarbonate added. Following separation of the layers, the chloroform
solution and with water, and was dried. Evaporation of the layer was washed five times with 100-ml portions of water, dried
solvent and chromatography of the residue in benzene on alumina with sodium sulfate, and was evaporated to give an orange resi-
produced unreacted 1 followed by a very small second hand which due. This solid wras dissolved in benzene and chromatographed
was not identified. Examination of the third band indicated that on a 2 by 22 cm column of Florisil using benzene as eluent. The
it contained 11, on the basis of comparison with an authentic first band gave a mixture containing 75%  9 and 25%  1, as deter-
sample of 11 prepared from the chloromercuri complex 7, as mined by nmr integration. The second band gave 0.070 g
described below. The yield of 11, however, was less than 1% . (16% ) of 14 as an orange solid. Recrystallization of the product

Reaction of (x-Chloromercuricyclopentadienyl)tetraphenyl- from methylene chlcride-hexane produced orange-brown crystals:
cyclobutadienecobalt with n-Butyllithium.—To a 250-ml, mp 192-193°; ir 1760 cm -1 ( C = 0  stretch); 1210 cm -1 (C— O
three-necked flask, equipped with a nitrogen inlet tube, syringe stretch).
cap, and condenser, were added under nitrogen 100 ml of dry A nal. Calcd for C35H27C0O2: C, 78.07; H, 5 .05; Co, 10.94; 
hexane and 0.5 g (6.7 mmol) of (7r-chloromercuricyclopentadi- 0 ,5 .9 4 .  Found: C ,7 8 .4 0 ; H ,5 .1 6 ; Co, 11.32; 0 ,5 .1 2 .
enyl)tetraphenylcyelobutadienecobalt. The latter did not dis- (Tr-Phthalimidocyclopentadienyl)tetraphenylcyclobutadiene-
solve until 3 ml (7 mmol) of re-BuLi in hexane was added through cobalt (15).— Cupric phthalimide was prepared in the following
the syringe cap. After stirring for 10 min, the clear orange solu- manner. To a solution of 9.08 g (0.05 mol) of cupric acetate,
tion of (Tr-lithiocyclopentadienyl)tetraphenylcyclobutadieneco- dissolved in 300 ml of water and stirred by means of a mechanical
bait (10) -was poured into a cooled, stirred solution of 10 ml of stirrer, was slowly added 18.5 g (0.01 mol) of potassium phthal-
acetyl chloride in dry hexane. A precipitate formed, and stirring imide dissolved in 125 ml of vrater. Cupric phthalimide pre-
was continued for 1 hr after which time the suspension was care- cipitated as a light blue powder and was collected by suction
fully poured over ice. After the ice had melted, the layers were filtration. The precipitate was washed thoroughly with three
separated, the organic layer was washed with sodium bicarbonate 300-ml portions of water, and was then dried overnight at 65°
solution and with water, dried with sodium sulfate, and was (22 mm).
chromatographed on alumina. The first band contained 1; In a 50-ml flask equipped with a condenser and flushed with
a very small second band was not collected. The third band nitrogen were combined 0.3 g (0.5 mmol) of (x-iodocyclopentadi-
contained starting material (7), while the fourth band produced enyl)tetraphenylcyclobutadienecobalt, 0.4 g (0.001 mol) of cupric
0.025 g (7% ) of (x-acetylcyclopentadienyl)tetraphenylcyclo- phthalimide, and 10 ml of lV-methyl-2-pyrrolidone. The flask
butadienecobalt (11), mp 175-176°, after recrystallization from was heated under nitrogen in an oil bath at 160°. During the
heptane: ir, 1665 cm “1 ( C = 0  stretch). first 2-hr period, C.4 g of additional cupric phthalimide was

A nal. Calcd for C35H 2,CoO: C, 80.45; H, 5.21; Co, 11.28. added (0.1 g every 0.5 hr). After heating for a total of 24 hr, 
Found: C, 80.40; H, 5.05; Co, 11.26. the reaction mixture was allowed to cool and was poured into 150

The lithium intermediate 10 could also be characterized by ml of water contained in a separatory funnel. Chloroform (40
reaction with trimethylchlorosilane in a similar manner. The ml) was added and the funnel was shaken. After filtration
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through Filter-Cel, the orange chloroform layer was separated, from heptane-carbon tetrachloride, the mp was 200-201° (soft-
washed five times with 100-ml portions of water, and was dried ening at ~ 1 7 5 ° ) .
over sodium sulfate. The chloroform solution was concentrated A n al. Calcd for C37H33CoOSi: C, 76.53; H, 5 .73; O, 2 .76; 
to 5 ml, and an equal volume of benzene was added to give a solu- Co, 10.15; mol wt, 580. Found: C, 76.30; H, 5 .72 ; O, 2 .79 ;
tion which was chromatographed on a 4 X 13 cm column of Flor- Co, 9.95; mol wt (parent molecular ion), 580.
isil. Elution with benzene gave 0.17 g of 1. Further elution (x-Phenylcyclopentadienyl)tetraphenylcyclobutadienecobalt
with benzene and then with 10:1 benzene-chloroform produced a ( 4 )  and (jr-Phenylcyclopentadienyl)tetraphenylcyclopentadien-
second band which on evaporation yielded 0.05 g (16% ) of 15. onecobalt (6 ).— In a nitrogen-flushed Schlenk tube were combined
Recrystallization of the product from benzene-heptane resulted 3.0 g (0.02 mol) of phenylcyclopentadiene (prepared from phenyl-
in orange-brown crystals, mp 183-185°: ir 1720 cm -1 ( C = 0  lithium and 2-cyclopentenone-l according to a literature
stretch), 1480, 1360 cm 1. method),80 1.7 g (0.005 mol) of octacarbonyldicobalt, and 10 ml

A nal. Calcd for CiiH^CoNCh: C, 78.72; H, 4.51; N, 2.24. of dried methylene chloride. The tube was covered with alu-
Found C, 78.30; H, 4.43; N, 2.12. minum foil and was heated on a steam bath for 20 hr. The

(x-Hydroxycyclopentadienyl)tetraphenylcyclobutadienecobalt solvent was removed via an aspirator and the residue dissolved in
In a 50-ml flask equipped with a condenser were combined hexane and chromatographed on alumina. The first band con-

under nitrogen 0.05 g (0.1 mmol) of (x-acetoxycyclopentadienyl)- sisted of a small amount of octacarbonyldicobalt, while a second
tetraphenylcyclobutadienecobalt, 0.6  g of potassium hydroxide in band produced, after removal of the solvent, 1.6  g (62% ) of
5 ml of water, and 9 ml of 95%  ethanol. The reaction mixture x-phenylcyclopentadienyldicarbonylcobalt as a dark red liquid,
was heated for 45 min on a steam bath. The resulting orange In a 50-ml flask equipped with a condenser were combined
solution was transferred to a separatory funnel containing water under nitrogen 1.0 g (0.004 mol) of ir-phenylcyclopentadienyldi- 
and ethyl ether. The transfer and the following purification carbonylcobalt, 1.4 g (0.008 mol) of diphenylacetylene, and 25 m
procedure were conducted completely under nitrogen. The of p-xylene. After heating for 24 hr in an oil bath maintained at
ether layer was separated, washed twice with 150-ml portions 155°, the flask was cooled and allowed to stand at room tempera-
of water, dried over magnesium sulfate, and filtered. The filtrate ture for 2 hr. Filtration gave 0.06 g of hexaphenylbenzene.
was concentrated via a nitrogen stream and gentle heating to The xylene filtrate was chromatographed on a 4 X  13 cm column
^  m ’̂ and was transferred to a tared glass vial. Hexane was of alumina. Elution with benzene produced an orange band
added and the evaporation was continued until crystallization which when evaporated gave 0.80 g (37% ) of 4 .  Recrystalliza-
occurred. The shiny orange plates were dried with a nitrogen tion of the product from benzene-heptane gave orange-brown
stream to give 0.04 g 1.78%) of 16, mp 204-206° under nitrogen crystals, mp 209-210°.
after softening at ~ 1 7 S °. The crystals were stable for only about A n al. Calcd for C39HMCo: C, 84.16; H, 5 .25; Co, 10.59; 
1 hr in air at room temperature, but for several days under ni- mol wt, 556. Found: C, 83.80; H, 5.17; Co, 10.82; mol wt 
trogen. _ _ (parent molecular ion), 556.

^  ^ I2jlnc!c-irck|? en*;a^ienyl)tetfaPhenylcyclobutadienecobalt A small red second band, eluted with chloroform, gave 0.10  g
17)' , V %  ^ hallmldocy clopentadlenyl)tetraphenyIcyclobutadi- (4 .5% ) of 6 . The product had mp 250-251° when recrystallized

enecobalt (0.02 g ,  0.03 mmol), 3 ml of 95%  hydrazine in 1 ml of from chloroform-heptane.
water, and 5 ml of ethanol were combined in a 50-ml flask A nal. Calcd for C«H 29CoO: C, 82.18; H, 5 .00; Co, 10.08; 
equipped with a condenser. The suspension was refluxed until O, 2 .74; mol wt, 584. Found: C, 82.00; H, 4 .97 ; Co, 9 .9 4 -
all the solid was dissolved and then poured into cold water. The 0 ,3 .0 8 ;  mol wt (parent molecular ion), 584.
resulting suspension was extracted with ethyl ether to give a yellow Relative Acidity and Basicity Studies.— The most convenient 
organic portion which was washed five times with 100-ml por- way of measuring the relative acidities of phenol and basicities 
-ions ol wa^er and dried with sodium sulfate. After the volume of amines is by obtaining an acid-base titration curve. The pK

o solvent had been reduced to several milliliters via a stream of value can then be determined directly from the curve by calcu-
m trogen, hexane was added and evaporation continued until lating the pH at half-neutralization,'since at this point pH =
orange crystals of 17 were obtained. The Ri of the amine 17 pAT.81a For weak acids such as 16 and weak bases such as 17
on c was 0.15 compared to 0.33 for 15 (elution with benzene). it is necessary to use nonaqueous solvents to obtain a meaningful

J . a od for C33H26CoN: N, 2.83. Found: N, 3.00. titration curve. In nonaqueous systems a true pK  is not ob-
(jr-irrmethylsilyicyclopentadieiiyiiteiraphenykyciobutadiene- tained, but the half-neutralization potential is proportional to 

cobalt (3 ) _ and (x-Trimethylsilylcyclopentadienyl)tetraphenyl- pK .61b
cyclopentadienonecobalt (5).— In a 50-ml flask equipped with a The acidity and basicity values obtained experimentally from 
condenser and flushed with nitrogen were combined 35 ml of the half-neutralization potentials for phenol 16 and amine 17

ne me y ene chloride, 20 g (0.15 mol) of trimethylsilylcyclo- were not conveniently comparable to literature pK  values ob-
pentadiene, and 9.5 g (0.03 mol) of octacarbonyldicobalt. The tained under aqueous conditions. To make them comparable,

ask was covered with aluminum foil to exclude light and was it was necessary to adjust the values on the basis of a standard
heated gently on a steam bath for 48 hr. Attempts at distillation phenol (phenol was chosen) and a standard amine (aniline was
succeeded m removing the starting material, trimethylsilyl- chosen) which were run under analogous conditions. Each time
cyclopentadiene, but seemed to cause decomposition of the prod- that titrations of phenols or amines were run, the appropriate
uct. Therefore, the dark red liquid product (8.0  g, 53% ), standards were also run. A fixed number was then added to the
.  trimethylsilylcyclopentadienyldmarbonyicobait, was used m numerical value obtained at half-neutralization for each phenol

Tnef 9nnP T fl v addltl0« al P” lfioation. or amine so that the new “pK ” value for the standard corre-
lo  a 20u-ml flask equipped with a condenser and flushed with sponded to the literature p/C value for the standard in aqueous

nitrogen were added 6.8 g (0.038 mol) of diphenylacetylene, 4.7 solution. Titrations of each series of phenols or amines were
L i t  i «  V I  ti-trimethylsilylcyclopentadienyldicarbonylco- made consecutively and under identical conditions. Duplicate 
an nil hath 0 1 fin? ' F  The ™ ctlon mlxture was heated in series of runs made on different days showed that the relative
aflowed to atanH f i°b b u C0?!ed t ®n)Perature> and values reported in Tables III and IV were completely repro-
allowed to stand for 1 hr. Filtration of the resulting precipitate ducible. P
eranhed o f  ^ P ^ y lbenzen®- The red filtrate was chromato- _ In the acidity studies, 10- to 11-ml samples of 0.003 M  solu- 
benLne removed flXhr d™* Colum"  ° f a^m m a Elution with tions of 16 and various phenols in pyridine were used in each run;
in^m V ptlL L V  orange-red band which contained start- the temperature was 23°. Tetrabutylammonium hydroxide
sofvent t L  VeaL6 “  6 ? d Product- After removal of the (0.1 N )  in benzene-methanol, prepared as described in the litera-
S T i of 3 J^ oran L Wrad reCrf  a ^ m  heptane to give 2.5 g ture,•* was used as the titrant in each case. Titrations were

A n a ?  Calcd for C' H C olt  T  « no „  o made ° n a Radiometer Titrigraph, Type SBR2c, Copenhagen,
mol Wt’ « 9  V o C seH aaC oS:C - 78; 2R  H. 6-02; Co, 10.66; Denmark (U. S. Distributor, The London Co., Westlake, Ohio),
(parent molecular ion)’ 552 ‘ '° ° ’ H ’ 5 '98 ’ C° ’ 10'7° ; ^  Wt “ “P1?01 with a Radiometer Titrator 11 and pH meter 25 with a 

A verv small nurnle hand wa« id ffi d , combination glass electrode. I t  was necessary to connect a
p en tm h L oL  P ^  b d ,dentlfied as tetraphenylcyclo- ground wire from the chassis of the Titrigraph to that of the

A red third band, eluted with chloroform, gave 1 .0  g ( 1 4 % )  of (60  ̂ ®" R ie m sch n e id e r a n d  R . N e v in , Monatsh. Chem.., 91, 829 (1 9 6 0 ) .
5 as a brick red solid. After recrystallization of the product fa) W. Huber. “Titrations in Nonaqueous Solvents,’’ Academic
____________  Press, New York, N. Y., 1967, p 18; (b) ibid., p 10.

(59) K .  C . F risch , 7 .  A m e r. S e c , 75, 6050 (1953). S r i ' S  4 1 ^ “ ° “ ' 0 lW IIM ,■ "

3896 J .  O rg. Chem., Vol. 35, No. 11, 1970 R ausch and Genetti



Titrator 11. The Titrigraph was coupled by its flexible drive 12427-73-5; 9 , 12427-74-6; 11, 12427-80-4■ 12, 12427- 

sSeds°amp'!e5' ml ^  int° ^  89' 3 ; 13> 12427-77-9; 14, 12427-81-5; 15,’ 12427-88-2;
Relative basicity studies were conducted in a similar manner, 12427-75-7; 17, 12427-76-8; 18, 12427-82-6; 19,

using 10- to 11-ml samples of 0.003 M  solutions of 17 and various 12427-85-9; 20, 12427-78-0; 21, 12427-79-1; 22,
amines in acetonitrile; the temperature was 23°. The aceto- 12427-72-4. 
nitrile was purified by treatment with sulfuric acid and benzene 
(to azeotrope any water), and then distillation through a column
of packed helicies; the fraction of bp 820 was collected and used. Acknowledgments.— The authors are grateful to the
rercniorie acid (0.1 N )  in glacial acetic acid was prepared as de~ .1 t> , __i____ u , , . . , ,
scribed in the literature,6211 and was used as the titrant. Titra- 0 °  S 0  Petroleum Research Fund, administered 
tions were made on the instrument described above. Titration by American Chemical Society, for support of this 
curves and calculations were made in a similar manner, except research program. They are also indebted to Dr.
that values obtained were substracted from 14 to give “pK b ”  Donald Hunt and Dr. Alan Siegel for assistance in ob-
values' taining the mass spectra, and to Dr. Richard Heck for

Registry No.'— 1,1278-02-0 ; 2 ,12119-11-8 ; 3 ,1 2 4 2 7 - suggesting the synthetic route to 7r-cyclopentadienyl-
83-7; 4 , 12427-86-0; 5 , 12427-84-8; 6, 12427-87-1; 7, dicarbonylcobab.
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The structures of certain furan-dimethyl acetylenedicarboxylate bis-Disls-Alder adducts were determined 
by nmr spectroscopy. The reaction of furan with the acetylenic ester at room temperature led to the (exo- 
endo) bis adduct 4, whereas 2,5-dimethylfuran did not form a bis adduct. At 100° furan reacted with the 
acetylenic ester to give (exo-exo) bis adduct 7, (exo-endo) bis adduct 8 , and tris adduct 9. Under similar con
ditions 2,5-dimethylfuran reacted with the acetylenic ester to give the (exo-endo) bis adduct 11. The parent 
cyclic ether 17 of 11 was prepared and shown to have the (exo-endo) configuration. Selective hydrogenation of 
11 led to dihydro adduct 22 . Acid treatm ent of 22 gave dimethyl 2,5-dimethylfuran-2,3-dicarboxylate and 
p-xylene while pyrolysis of 22 led to dimethyl 2,5-dimethylfuran-2,3-dicarboxylate, 2,5-dimethylfuran, and 
ethylene. The two (exo-endo) trimethyl bis adducts 19 and 21 were also prepared.

In 1931 Diels and Alder2 isolated a furan-dimethyl E
acetylenedicarboxylate adduct with a mol ratio of 2 : 1 .  | J h
They suggested that adduct 1 was the product of this ¡¡j ioo°
reaction; however they also noted, that catalytic hy- \ __f f  | ¡ 0  J o J I  250
drogenation could be terminated after 1 equiv of hy- j" E
drogen had reacted. E 2

US’
k 4/ k ^ C 0 2CH3 E

C02CH3 3
1 2 E = C02CH3

L ater Diels and Olsen characterized 1 by forming its A t the time these adducts were prepared it was difh- 
dilactone.3 This adduct was synthesized at relatively cu]t to make stereochemical assignments. Due to the
low temperature, whereas the previous adduct was pre- development of nmr spectroscopy the configurations of
pared at elevated temperatures. This suggested that these and other adducts could be investigated, 
the first compound reported which was thought to be 1
may have been adduct 2. In the same paper they re- Results
ported the isolation of the tris adduct, 3. Dimethyl
acetylenedicarboxylate was allowed to react with ex- When furan was allowed to react with acetylenic ester
cess furan for 17 hr at 100° and then allowed to react a t room temperature (exo-endo) adduct 4 was formed
further at room temperature for 2 days. The isolation along with approximately 6%  of (exo-exo) adduct 5.
of 3 suggested that bis adduct 2 was formed at elevated The nmr spectrum of 4 revealed that the less symmet-
temperatures, and then 2 reacted at room temperature rical (exo-endo) adduct was the major product because
to give 3. the chemical shifts of the two pairs of vinyl hydrogens

were different. They appeared as apparent triplets at
(1) (a) T a k e n  from p a r t  of th e P h .D .  Thesis  of j . d . siee, 1969. (b) To 5 6.6 and 6.4.6 The olefinic hydrogens of the symmet-

w h o m  in q u irie s  sh o u ld  be addressed.
(2) O . D ie ls  a n d  K .  A ld e r, Justus Liebigs Ann. Chem., 490, 143 (1931). (4) J . K a llo s  and  P . Deslongcham ps, Can. J. Chem., 44, 1239 (1966).
(3) O. D ie ls  and  S. Olsen, J. Prakt. Chem., 156, 284 (1940). (5) D .  M .  G ra n t a n d  H .  S. G u to w s k y , J. Chem. Phys., 34, 699 (1961).
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rical (exo-exo) and (endo-endo) structures, in contrast, tuted double bond. Four structural configurations are
would have identical chemical shifts. possible: (exo-exo) adduct 10, (exo-endo) adduct 11,

E (endo-exo) adduct 12, and (endo-endo) adduct 13.

C 9 0 CH 0 ,CH, /

o  * r
E E CH3  CH3 e  CH3  T

L>ri3

O A  0  °  1 0  1 1

/ £ > S o  + e  f x f 3 Ev

4 5 Cii3 E CHs \

° c h V  P r °
Reinvestigation of the reaction between excess furan 12 J3 3

and dimethyl acetylenedicarboxylate at 100° led to the E-CO  CH ^
isolation of three products.2 Two bis adducts, 7 and 8, ~~ 2 3
along with tris adduct 9 were formed by addition to the Evidence indicating that (exo-endo) bis adduct 11 is 
ess substituted double bond of the 1 :1  furan-acetylenic the most likely configuration was obtained by prepara- 

es er a uct 6. This is evident from the single, two tion of its parent compound. C atalytic hydrogenation
proton resonance observed in the vinyl region of their of n  gave c is  diester 14. Saponification led to tra n s

nmr spectra. diacid 15, which in turn was bisdecarboxylated with
0  lead tetraacetate8 to olefin 16. Hydrogenation of 16

/ ° \  produced the parent compound 17.
+

6  o  o  E> f c 5 o  *

CH3 CH3 E E CHa CH3

+  11 14
3 ^  C |  Saponification

a7 a  hovK^ch-
E  H a X  j r  EHb He 16 15

8  9  | H 2P t

E = C02 CH3  0 CH3 /
f  CH,

The dihedral angles between H a and H b as well as be- /  /  \
tween and H c of (exo-exo) adduct 7 are approxi- 
mately 90° thus giving rise to coupling constants . /ab ^  CH3 CH
0 Hz and J b0 =  0 Hz.6 The (exo-endo) adduct 8 has 
dihedral angles of approximately 90° between H a and 17

H b, and 45° between H b and H c as indicated by the
coupling constants J &h =  0 Hz and ./bc =  4.5 Hz. The The nmr spectrum of 17 demonstrated th at it pos-
stereochemistry of the tris adduct was not determined. sessed two nonequivalent pairs of methyl groups.

When excess 2,5-dimethylfuran was allowed to react Only (exo-endo) adduct 11 and (endo-exo) adduct 12
with dimethyl acetylenedicarboxylate only a 1 :1  adduct could give rise to 17. Since endo addition to the ini-
formed. Apparently steric hindrance prevents a second tially formed 1 :1  adduct is sterically unfavorable,9
mole of furan from adding to the initially formed mono (exo-endo) adduct 11 is the proposed structure for the
adduct.7 However, the reaction of excess 2,5-dimethyl- bis adduct.
furan with the acetylenic ester at 100° gave rise to a Supporting evidence for the (exo-endo) configuration 
single bis adduct. In this case addition of the second was obtained by synthesizing trim ethyl bis adduct 19.
mole of 2,5-dimethylfuran occurred at the less substi- This adduct was prepared from monoadduct 18 and 2-

methylfuran. The dihedral angle betwreen H a and H b
(6) M .  K a rp lu s , J. Amer. Chem. Soc., 85, 2870 (1963).

(7) K .  A ld e r  a n d  K .  H .  B a c k e n d o rt, Justus Liebigs Ann. Chem., 635, 101 (8) J . W o lin s k y  a n d  C . M .  D im a rs t,  J. Amer. Chem. Soc., 90 , 113 (1968).
( ]9 3 8 )-  (9) K .  A ld e r  a n d  G . S te in , Angew. Chem., 50, 510 (1937).
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was estimated to be 45° because J ab =  5.2 Hz. As in E = C02CH3
the tetram ethyl bis adduct endo addition is unlikely due
to steric hindrance. For these reasons adduct 19 has 0  c  A  0
been assigned the (exo-endo) configuration.n VfVzK

HC /K E CH, t  E <:h ' I T

X >  V v  — u  • 22 CHt
E CH3 |h+

18
CH3 Q prj

\ ,ch3 A o X  e  I V  3 CH3
e .  _|^ch3 h3cx V c,  + y \ _ /

i X n  E E p CH3 \  ff
f t  C„, I* V  J

19 24 23
e = co2ch3

Synthesis of trim ethyl bis adduct 21 from mono- . • . , ,
adduct 20 and 2,5-dimethylfuran supports the postulate flX  w T  H i i o t  *atte  ̂ cT P ound underwent
that exo addition to 7-oxabicyclo[2.2.1 ] systems are ex- further deSradatl0n to 2,5-dimethylfuran and ethylene.
pected. Since J ab, =  0 Hz, the dihedral angle between 0
H a and Hb was estimated to be 90°. This result is con- E I ^ C  ' (
sistent only with exo addition at the less substituted
double bond of 21. Adduct 21 most likely has the -0  —*
(exo-endo) configuration. CHiJ T

CH3
22

[-> c h 3

HjCv ° v CH3 V r S  —  , v cH3 HSc v ° v c H:i^  bVK + ? K
CH3

20 25 24B VY®
f t c ^ y o H ,  +  f

b Ha CH3 v—r CH2

21 E = C02CH3

Taken together it is felt that the information p re- Discussion,
sented concerning tetram ethyl bis adduct 11, trim ethyl As in the earlier reports this series of reactions illus- 
bis adduct 17 and trim ethyl bis adduct 21 is most con- trates the temperature dependence of furan-dimethyl 
sistent with the (exo-endo) configuration for this series acetylenedicarboxylate bis adduct formation. A t room 
°  1  jT T 1! , 3' - ,. , , . , . temperature the kinetically controlled products were
, , u? . ,^ as eC-ijye 7  7  ! ? f na ed X  • ^  d!" formed, whereas at elevated temperature products re
hydro derivative 22 W ork of Alder and R ick ert“ sulti from thermodynamic control were obtained,
suggested that treatm ent of this compound with a I t  ig noteworthy that under kinetically controlled con-
strong acid such as trifluoroacetic acid would give rise ditions the double bond substituted with carbomethoxy
to a naphthalene derivative by an acid-catalyzed elim- acted as a dienophiie) whereas under thermo-
inatmn of 2 equiv of water Instead, dimethyl 2 ,5- dynamicaUy controlled conditions equilibration led to
dimethylfuran-2,3-dicarboxylate 24 and p-xylene addition at the less substituted double bond. This is
formed. Elimination of 1 equiv of water probably led not surprising since many furan Diels-Alder adducts
to intermediate 23 which readily underwent a retro- are known to be thermall labile at relatively low tern-
grade Diels-Alder reaction. Since no trace of 23 was neratures 12
observed in the nmr spectra at any time during the P The formation of the (exo-endo) bis adduct 4 by the
course of the reaction, the retrograde step was probably reaction of furan with dimethyl acetylenedicarboxylate
very aci e. at 25° is contrary to Alder’s rule. The bulk of the

yro ysis of 22 produced dimethyl 2,5-dimethyl- methyl esters most likely caused this kinetically con- 
furan-2,3-dicarboxylate 24, 2,5-dimethylfuran, and
ethylene.11 A retrO-Diels-Alder reaction led to 24 and ( l l )  K .  A ld e r  a n d  K .  H .  B a c k e n d o rf, Justus Liebigs Ann. Chem.. SS5, 101

(1938).
(12) A .  S. O n ishchen ko , "D ie n e  S yn th e s is ,”  D a n ie l D a v e y  a n d  C o ., N e w  

(10) K .  A ld e r  and  H .  F . R ic k e r t ,  Chem. Ber., 70, 1354 (1937). Y o rk ,  N .  Y . ,  1964, p  561.

Dimethyl Acetylenedicarboxylate and Certain Furans ,/. Org. Chem., Vol. 35, No. 11, 1970 3899



3900 J .  O rg. C h em ., V o l. 3 5 , N o .  1 1 ,1 9 7 0  S l e e  and  L e G o f f

trolled reaction to take a course which was not antici- head protons nearest the carbomethoxy groups), and 6.27 ppm 
pated. In  contrast, Kallos and Deslongchamps4 dera- ŝ’ ? ’ Tr ^ „„ Tr - T, ,
onstrated t h a t  acG tylG ncdicarboxylic acid  re a c te d  a t  q  02 2 2 * H 5 19
room temperature to give the expected (exo-exo) adduct. ’(Exo-Endo) Bis Adduct 1 1 .— A solution containing l l . l  g

In the cases of the tetram ethyl and trim ethyl adducts (0.078 mol) of adduct 18 and 25 g (0.26 mol) of 2,5-dimethyl-
the products arise from thermodynamic control. furan was heated to 95° for 18 hr in a nitrogen atmosphere.
TCmiilihration a t th e  elevated  te m n e ra tu re s  led to  th e  Unreacted 2,5-dimethylfuran was removed by distillation atitquiliDration at tne elevated temperatures lea to tne atmospheric pressure and adduct 18 was removed by vacuum
therm od yn am ically  m ost s tab le  products. M odels distillation. The oily residue crystallized exothermically when
reveal that the (exo-exo) and the (endo—endo) con- treated with a small amount of pentane. Recrystallization from
figurations have particularly severe 1,3-dimethyl non- ether gave 2.6 g (10%) of the white crystalline adduct l l :  mp
bonding interactions. Since endo attack  on the bi- ^ 7Tl?8 ohr:oV ^
cyclic systems are unlikely due to additional stenc nmr (CDCU) 4 6 .24 (s> 2> -C H = C H -) , 3.76 (s, 6 , - C 0 2CH 3),
factors, the (exo-endo) adduct in which the nonbonding 2.72 (s, 2, bridgehead), 1.54 (s, 6 , -C H 3), and 1.48 ppm (s,
1,3 dimethyl interactions were somewhat less was 6, -CH3).
favored. The products resulting from thermodynamic A nal. Calcd for Ci8H220 6: C, 64.64; H , 6.63. Found:

control were, therefore, a result of stringent steric re- j ’ j  A- * * * • e i -a x7 ’ & Reduced Diester 14.—A suspension of platinum oxide (oO mg)
q u irem en ts. jn jjJ  0f gg%  ethanol was saturated with hydrogen. A solu

tion of 173 mg (0.518 mmol) of adduct 11 in 15 ml of 95%  ethanol 
Experimental Section was then added. Exhaustive hydrogenation at atmospheric

pressure required 23.9 ml (1.06 mmol) of hydrogen at STP corre- 
(Exo-Endo) Bis Adduct 4.— Furan, 14.5 g (0.21 mol), and di- sponding to the reduction of two double bonds (theoretical 1.04

methyl acetylenedicarboxylate, 14.2 g (0.1 mol), were placed in a mmol). The platinum was removed by filtration through a fiber
screw-capped test tube and allowed to react at room temperature glass filter. Removal of solvent followed by recrystallization
for 5 weeks. The entire reaction mixture crystallized. An (pentane) gave 0.160 g (92% ) of the reduced adduct 14: mp
nmr of the material indicated that it was primarily (90% ) the 154-156°; ir (CHC13) 2950 (C -H ), and 1737 cm -1 ( C = 0 ) ;
(exo-endo) isomer 4 . The (exo-exo) isomer appeared to be nmr (CF3C 0 2H ) 5 3.82 (s, 6 , - C 0 2CH3), 3.36 (s, 2, 2-C H C 02- ) ,
present in approximately 6 % (determined by the ratio of C 0 2CH3 2.86 (s, 2, bridgehead), 2.4 (m, 2, 2-H of an A2B 2 system), 1.72
resonances). Recrystallization (95% ethanol) gave adduct 4 (s, 7, 2-CH3 plus 2-H of an, A2B 2 system), and 1.58 ppm (s, 7,
as a white crystalline solid: mp 120-122°; ir (CHC13) 3000 2-H plus 1-H of an A2B2 system).
(C -H ), 2950 (C -H ), 1735 ( C = 0 ) ,  1725 ( C = 0 ) ,  1430, and 1275 A nal. Calcd for C SH280 6: C, 63.61; H, 7.69. Found:
cm "1; nmr (CDCU) 5 3.71 (s, 6 , - C 0 2CH3), 4.50 (d, 2 , J  =  1 C, 63.89; H .7 .6 9 .
Hz, bridgehead), 5.13 (d, 2, J  =  1 Hz, bridgehead), 6.49 (t, Saponification of Diester 14.— Diester 14, 7.3 g (0.021 mol),
2, J  =  1 Hz, -C H = C H -, AA' B B ' system), and 6.62 ppm (t, dissolved in a solution containing 40 ml of water, 20 ml of meth- 
2, J  =  1 Hz, -C H = C H -, AA' B B ' system). anol, and 4 g of sodium hydroxide was heated to 80° for 12 hr.

A nal. Calcd for ChIIhO«: C, 60.43; H, 5.08. Found: The cooled solution was extracted once with 40 ml of ether and
C, 60.24; H, 5.12. then it was acidified with concentrated hydrochloric acid to a

(Exo-Exo) Bis Adduct 7, (Exo-Endo) Bis Adduct 8, and Tris pH of 2. The aqueous layer was placed in a liquid-liquid ex- 
Adduct 9.— In a 75-ml glass pressure tube fitted with a Teflon- tractor and extracted with ether for 8 hr. After drying (MgSO,)
lined pressure cap was placed 22.7 g (0.32 mol) of furan and 14.2 and filtration, removal of the solvent gave 5.6 g (80% ) of diacid
g (0.1 mol) of dimethyl acetylenedicarboxylate. The tube was 15 as a white powder: mp 255-257° dec; ir (K Br) 3150 (O -H ),
heated to 100° for 18 hr. After cooling the reaction mixture 2950 (C -H ), 1715 ( C = 0 )  1390, 1210, and 810 cm -1; nmr 
was treated with 100 ml of chloroform. The insoluble materials (D20 ,  N a2C 0 3; internal reference, sodium 2 ,2-dimethyl-2-sila- 
were removed by filtration and the chloroform solution was pentane-5-sulfonate) S 2.91 (d, 1, J  =  6.3 Hz, NaO C-CH-CH-CO
concentrated. Column chromatography (silicic acid, chloro- Na, half of an AB quartet), 2.70 (d, 1 , J  =  6.3 Hz, N a02C-
form) of the concentrate led to three products. CH -CH -C02Na, half of an AB quartet), 2.20 (m, 4, bridgehead

The first compound from the column was (exo-endo) bis adduct protons plus 2 protons from the A A 'B B ' system of the tetra-
8 : 7.5 g (35% ); mp 120-122°; uv max (CH3OH) 240 m^ (e hydrofuran ring), 5 1.61 (s, 3, -C H 3), and 1.40 ppm (s, 11, 3,
4980); ir (CHCb) 2985 (C -H ), 2945 (C -H ), 1760 ( C = 0 ,  -C H 3, plus 2-H from the AA'BB'tetrahydrofuran system).
1720 (C = O ), 1660 (C = C ), and 1460 c m -> (C = C ); nmr (CDC13) A nal. Calcd for C16H220 6: C, 61.99; H, 7.15. Found: 
& 2.80 (d of d, 1, J  =  3 and 1, J  — 1.6 Hz, bridgehead protons C, 61.67; H, 7.07.
between the dihydrofuran rings), 3.74 (s, 6 , - C 0 2CH3), 4.70 Bisdecarboxylation of Diacid 15.— Into a 100-ml three-necked 
(s, 2 , bridgehead protons nearest the carbomethoxy groups), flask fitted with a mechanical stirrer, reflux condenser, and a gas
4.78 (m, 2, bridgehead protons of the least substituted dihydro- inlet tube was placed 5.3 g (0.017 mol) of diacid 15 dissolved in 
furan ring), and 6.24 ppm (s, 2, -C H = C H -) . 40 ml of dry pyridine. After saturation of the solution with oxy-

A nal. Calcd for CuHuO«: C, 60.43; H, 5.08. Found: gen, the gas inlet tube was removed and 11.4 g (0.256 mol) of
C, 60.34; H , 5.06. lead tetraacetate (dried in a vacuum oven at 25°) was added

The second fraction contained 1.2 g (6 % ) of the white crystal- directly to the solution. The flask containing the solution was
line (exo-exo) bis adduct 7: mp 157-159°; uv max (CH3OH) then immersed in an oil bath preheated to 70°. After 5 min
237 m^ (t 4840); ir <.CHC13) 3020 (C -H ), 300 (C -H ), 2950 the stirred solution began to evolve carbon dioxide. As soon
(U -H ), 1725 ( C = 0 ) ,  1630 (C = C ), 1430 (C = C ), and 1265 cm -1 ; as the evolution of C 0 2 ceased the reaction flask was cooled in an
nmr (CDC13) S 2.20 (s, 2, bridgehead protons between the di- ice bath. The cooled solution was then treated with 50 ml of
hydrofuran rings), 3.77 (s, 6 , - C 0 2CH3), 4.88 (s, 2 , bridgehead methylene chloride and extracted twice with 50 ml of 50%  nitric
protons of the least substituted dihydrofuran ring), 5.09 (s, 2 , acid (0°). The final traces of pyridine were removed by ex
bridgehead protons nearest the carbomethoxy groups), and 6.40 traction with a 10% cadmium chloride solution followed by a
(s, 2, -C H = C H -) . final extraction with water. After drying the solution (M gS04),

A nal. Calcd for Ci4H140s: C, 60.43; H, 5.08. Found: the methylene chloride was removed by careful distillation. The
C, 60.34; H , 4.99. residue was treated with 15 ml of pentane and the insoluble mate-

The third fraction was eluted with a carbon tetrachloride- rial was removed by filtration. Removal of the pentane followed
ethyl acetate (10 :2) solution. Removal of the solvent gave 1.3 by sublimation (0.05 mm, 25°) of the oily residue gave 0.190 g
g (3 .7% ) of the white crystalline tris adduct 9: mp 213-215°; (5 .2% ) of the white crystalline monoolefin 16: mp 6 0 -6 3 ° ;
uv max (CH3OH) 239 m» (e 4310); ir (CHC13) 2990 (C -H ), ir (CHC13) 2970 (C -H ), 2935 (C -H ), 1460 (C = C ), 1380, 1310,
2950 (C -H ), 1740 ( C = 0 ) ,  1715 ( C = 0 ) ,  1640 (C = C ), and 1250, 1145, and 850 cm “1;  nmr (CC14) S 2.17 (s, 1, 1-H of the
1440 cm *; nmr (CDC13) S 2.65 (m, 4, bridgehead protons be- A2B2 tetrahydrofuran system), 2.03 (s, 3, 2 bridgehead protons
tween rings), 5 3.80 (s, 6 , —C 0 2CH3), 4.13 (m, 2, bridgehead pro- plus one proton from the A2B2 tetrahydrofuran system), 1.45
tons on the least substituted dihydrofuran ring), 4.85 (m, 2, (s, 8 , 2-CH3, plus 2-H of the A2B 2 tetrahydrofuran system), and
bridgehead protons on the tetrahydrofuran ring), 5.0 (s, 2, bridge 1.28 ppm (s. 2 , -C H 3).



c A7T L .  Halqd9fif0r Ci4Hm° 2: 76-43; H ’ 9 -16- Found: was stopped after 1 mol (2.93 mmol) of hydrogen had been con-
V I  «  ’ t\/r' - c  . . sumed. Filtration of the reaction mixture through a glass fiber

120 ?  ST PeH n ° L Platr m  °XÌdf  mt6r f0ll0Wed by removal of the solvent and recrysfallization
lan0* ^ assat ûrated with hydrogen A (hexane) gave 0.830 g (86% ) of compound 22: mp 93-95°;

solution of 0.101 g (0.45 3 mmol) of alkene 16 in 15 ml of methanol ir (CHCh) 2960 and 2945 (C -H ), 1710 ( C = 0 ) ,  and 1635 c m '1-
was then added through a rubber septum. After the uptake of nmr (CDC13) 3.80 (s, 6 , -COOCH3), 2.49 (s, 2 bridgehead)
hydrogen had ceased the methano solution was filtered through 2.21 (d, 2 , J  =  7.2 Hz, A2B 2 system of furan ring), 1.65 (s, 8

dif W ? 7 er n ron  /w w “  The reduced 2' CH3 plus 2 protons of an AÀ  <**tem), and 1-43 PPm (s, 6 ,diether 17, 0.090 g (90% ), was purified by sublimation (0.05 -C H 3)
25°)- ™ P J4: 55 5 ° ; ir (CHC13) 2895 (C -H ), 2885 (C -H ), A nal. Calcd for CI8H240 6: C, 64.29; H , 7.14. Found- 

2865 ,C -H ), 1460, 1380, 1140, 1080, and 850 cm -1; nmr (CDC18) C, 64.44; H, 7.11.
? 2 -24 Is’, 1 ’ 1 prot? n of an A>®* tetrahydrofuran system), 2.09 Acid-Catal’yzed Degradation of Monoolefin 22 .- A  solution con- 
(s, 3, 2 bndgdiead protons plus 1-H from an A2B 2 system), taming 100 mg (0.30 mmol) of 22, two drops of trifluoroacetic
p p 1 p l u s  ° f ari A2®2 system> F 4 6  (s, 7, anhydride and 0.3 ml of trifluoroacetic acid was placed in an nmr
2-CH3 plas l-H  of anA 2B ^ystem ) and l 42p p m (s, 6 , 2-CH3). tube at room temperature. An nmr taken immediately after 
r AJ t al ’ q̂ , for ChH220 2: C, 75.74; H, 9.99. Found: mixing was consistent with the starting material: nmr (CF„-

* ’ ^  ,  TS- .  , , C 0 2H ) 5 3.95 (s, 6 , C 0 2CH3), 2.79 (s, 2, bridgehead), 2.32 (d,
Diels-Alder Adduct of Diester 18 and 2-M ethylfuran.-A  1, /  =  5 Hz, part of an A2B2 system of the tetrahydrofuran ring),

soktion of 16.8 g (0.071 mol) of adduct 18 and 24.8 g (0.3 mol) 1.83 (s, 8 , -C H , plus 2 protons of an A2B 2 system), and 1.62
of 2-metnylfuran was refluxed in a nitrogen atmosphere for 24 ppm (s, 6 , -C H 3).
hr. The excess 2-methylfuran was removed by distillation at After 12 hr the solution had turned black and the nmr spec- 
atmosphenc pressure and unreacted 18 was removed by vacuum trum had changed to (CF3C 0 2H ) 8 7.03 (s, 4, aromatic) 4 26 (s
distil aticn, bp 82-84  (0.3 mm). 6 , - C 0 2CH3), 2.65 is, 6 , -C H S), and 2.24 ppm (s, 6 , -C H  ). ’

Column chromatography (silicic acid, CHC13) gave 3 g (13% ) Pyrolysis of Monoolefin 22 . Procedure A.— In a 4-ml side- 
of a light yellow oil which crystallized after standing several arm distilling flask was placed 0.800 g (3.39 mmol) of monoolefin
days. Recrystalhzation from pentane gave adductl 9 as a white 22 . The compound was heated to 280° (sand bath) for 4 hr in

’V 2960 and 2940 (C-11)- a nitrogen atmosphere. 2,5-Dimethylfuran (110 mg, 36% )
n r *  ’ %  aild 1310 T  .1; nnF  slowly distilled from the reaction mixture (ir was identical with

r . V ’ . V d’ J  ~  ®;2 H z> RCH-CHR ; each signal is that of a known sample). No attempt was made to trap the
^  ™ “ a doublet J  =  1.8 H z), 6.24 (d, 1, J  =  6.2 ethylene evolved during the pyrolysis.
l lz ’ F C H = C H R ), 4 .64 (d, 1, J  — 5.2 Hz bridgehead on the When the sand bath temperature was increased to 350°, 244 
dihydrofuran ring; each signal is split further into a doublet /  mg (34% ) of dimethyl 2,5-dimethylfuran-2,3-dicarboxylate (24)
-  3.8 Hz), 3; 7b (s, 6 , -G 0 2CH3), 3.08 (d, 1, J  =  7.5 Hz bridge- distilled from the reaction mixture: mp 58-61° (lit.56 mp 58-61°);
head; each signal split further into a doublet J  =  5.2 Hz), 2.54 ir (CHC13) 3000 (C -H ), 1750 ( C = 0 ) ,  1693 (C = C ) 1445 1320
( d’ } \ J  =  7 '6 H z’ bridgehead), 1.57 (s, 3, -C H 3), 1.48 (s, 3, and 1090 cm->; nmr (CDC13) 8 3.85 (s, 6 , -COOCH3) and 2.40
-C H i), and 1.46 ppm (s, 3, -C H 3). ppm (s, 6 , -C H 3).
r  F'nll2oll6: 63-75; H, 6.29. Found: Procedure B.— A Pyrex tube, 1.5 cm in diameter, packed to a
^ ’iV i  un r _  height of 22 cm with granular silicon carbide (10 mesh) was

Diels-Alder Adduct of Diester 20 and 2,5-Dimethylfuran.— preheated in a vertical tube furnace to 380°. The tube was fitted
A solution containing 10.5 g (0.047 mol) of adduct 20, 9.0 g with an addition funnel and a receiver consisting of a 100-ml
(0.094 mol) of 2,5-dimethylfuran, and 20 ml of toluene was heated three-necked flask fitted with a Dry Ice condenser. The collec-
to 96° for 18 hr in a nitrogen atmosphere. The toluene and tion flask was cooled in a Dry Ice-acetone bath. A slow stream
unreacted 2,5-dimethylfuran were removed by distillation at of nitrogen was used as the carrier gas.
atmospheric pressure and unreacted diester 20 was removed A solution of 0.952 g (2.85 mmol) of monoalkene 22 in 25 ml 
by vacuum distillation. Column chromatography (silicic acid, of benzene was slowly passed through the heated column. Re-
CHC13) of the residue gave a yellow oil which crystallized only moval of solvent (rotoevaporator) from the material collected in
after standing several days. Recrystallization (ether) gave 2 g, the receiver gave 450 mg (75% ), of dimethyl 2,5-dimethylfuran-
13% , of adduct 21 as a white crystalline solid: mp 8 7-89°; dicarboxylate, mp 53-61° (lit.13 58-61°)
ir (CHC1S) 2580 and 2550 (C -H ), 1715 ( C = 0 ) ,  1630 (C = C ),
1430, anc 1380 cm -*; nmr (CDC13) 8 6.27 (d, 1, /  =  6 Hz, R e g is try  N o .— 4, 2 5 8 6 0 -2 7 -9 : 7 , 2 5 8 6 0 -2 8 -0 ; 8 ,

6,13 (d’ 1.’ J  =  6 112 > 4\58 2 5 8 6 0 -2 9 -1 ; 9, 2 5 8 6 0 -3 0 -4 ; 11, 2 5 8 6 0 -3 1 -5 ; 14, 2 5 8 6 0 -
(s, 1, bridgehead on furan ring) 3.81 (s, 3, C 0 2CH3), 3.77 (s, oo ocqao oq y . ia  n rn cn  o a o . occrnn oc n
3 , - C 0 2CH3), 2.65 (s, 2, bridgehead), 1.54 (s, 6 , -C H 3), and 1.46 3 2 -6 ,  15 ,25860-33-7 , 16 ,25860-34 -8 ; 17, 2o860-35-9;
ppm (s, 3, -C H 3). 19,25860-36-0. 21 ,25860-37-1 ; 22 ,25860-38-2.

A nal. Calcd for C„H 20O6: C, 63.75; H, 6.29. Found:
C, 63.78; H, 6.24. A ck n ow led g m en t.— The authors wish to thank the

Selective Reduction of Adduct l l . — A suspension of 10 mg of National Science Foundation (Grant No. G P 10620) for 
10% palladium on powdered charcoal in 10 ml of methanol was sat- the financial support of this work,
urated with hydrogen and adduct 11, 0.973 g (2.41 mmol), dis- 1
solved in 15 ml of methanol was then introduced. The reduction (13) S. Kawai and S. Tanaka, Bull. Chem. Soc. Jap., 33, 674 ( i9 6 0 ) .
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Dimethyl acetylenedicarboxylate (1) and ditropyl (3) react in a 2 :1  mol ratio at 140° to produce a 24-42%  
yield of the Diels-Alder adduct 4. Adduct 4 was shown to possess two three-membered rings form ally  derivable 
from a bisnorcaradiene structure. Thermal decomposition of 4 proceeds in two stages, each of which produces 
dimethyl phthalate. Of the possible low-molecular-weight products only benzene was tentatively identified.

C y clic  co n ju g a te d  trien es, w h en  re a c te d  w ith  di- Adduct 4.—A mixture of compound 3 (5.0 g, 27 mmol), ester l 
eneophiles, g en erally  p rod u ce D ie ls -A ld e r a d d u cts  in  (9.7 g, 68 mmol), and redistilled xylene (10 ml) was refluxed under

■t • i  ____ * 1  i  j  ' x *  i  x  i  n i t r o g e n  f o r  5  h r .  E v a p o r a t io n  a t  1 - 5  m m  a n d  r o o m  t e m p e r a t u r ewnien considerable bond reorganization has taken • i , ,  , j  , , .  , . . .  , •
. &  . . o v e r n ig h t  p r o d u c e d  a  r e d ,  v is c o u s  g e l w h ic h  o n  t r i t u r a t i o n  w i t h

place. Thus the reaction of cycloheptatnene with di- methanol yielded an off-white solid. Recrystallization from
methyl acetylenedicarboxylate (1) yields m a in ly  di- methanol furnished 3.0 g (24% )10 of white crystals, mp 173 .2-
methyl tricyclo[3.2.2.02'4]nona-6,8-diene-6,7-dicarboxyl- 175.8°. Further recrystaliization from the same solvent gave
ate3'4' (2). Tetracyanoethylene produces an anal- smaH, whitefluffyneedles: mp l ^ - m  s»; uv (EtO H ) end 

w  J j r  absorption with a shoulder at 241-242 m/i (log e 3 .78 ); lr (CCh)
'\ ~ 7|  3060, 3030, 2993 , 2950 , 2900, 2840 (C -H ), 1720 (conjugated

[ | Pq pjj ester C = 0 ,  broad, intense, and complex), 1632, 1596 (C = C ),
2 3 1432’ 1342 (COOCHs), 1260, 1057 cm “1 (C-O ); nmr data are

j| \ __ /  |j summarized in Table I.

^ ^ ^ C 0 2CH3 T able j
2 3

60-MHz Nmr Data of 4a

ogous product.6'6 I t  is therefore of interest to estab- chemical îte"
lish the structure of the Diels—Alder adducts of ditropyl s h if t  ( r )  a rea S ig n a l app earance  A ss ig n m e n t

(biscycloheptatrienyl) (3 ) 7a with one or more dieneo- 9 .08  1 Unresolved multiplet ( 5 .0)6 H -3; H -3'
philes, with particular emphasis on the question whether 8 .7 7  2 Unresolved multiplet ( 5 .8 Y H-2, 4 ; H -2 ',4 '
bond reorganization remains intraannular or involves 6 .2 3  6 Singlet -O CH s
the interaction of one ring with the other.7b 5 .9 5  2 Unresolved multiplet (10)d H -1,5; H -l ',5 '

4 .0 0  2 “Triplet” e H -8,9; H -8 ',9 '
_  . . “ D ata were obtained with a CDC13 solution containing in-
•bxpenmental Section ternal TMS. No simplification of the spectrum was apparent at

„  . 100 MHz. A spectrum obtained at 100 MHz using a C6H6 solu-
Chemicals (Cat. N o. 7235), was distilled and ¡ J ?  com P °uf  4 exhibited only the expected upfield shift
o+ ß ß  7 0 0  (ck 7  ^  ™  1 AAaa j  (Ü .1 - U . 0  ppm) of all signals with no attendant simplification ofat b b - 7 d  ( b - 7  mm), possessing n^D 1.4466, was used. ___j ^  tt xt i r -i j  x f  ,,nih-Aimi f*7 7 ' ___ \ /*\ 1 • ... the spectrum. CD14 and O5H5N also failed to resolve the reso-
according to ’ the method of H a r r i s o n ,T J .T f r o m ^ p y h u m  J ^ e  numbers in parentheses refer to peak widths at
fluoroborate9 and zinc dust. The material thus obtained proved ln Hz' Irradla ^  ° f ^  signal Produces ? ?  f  “ Se
quite unstable during short periods of storage in the dark. How- “  *heH o1* f  T a t  .eXC*P c l  f 77 “  T * 1 tb?n 
ever, after chromatography on Merck Alumina (No. 71707) using T Z  the -  s! f  Eradiation ° fT S slSnal causes the 
pentane as eluent, a white solid, mp 60 .0-61.5° ( l i t *  61.0»), l T ®  sAh, ^  ai\dTthe,.r  5 '95 resonance to, mlrror
was obtained which remained unchanged after several years. • t  T n s  S'T s  77 )- of signal causes-------------------  the r  9.08 and 8.77 resonances to sharpen and the r  4.00 signal

(1) (a) P a r t ia l  s u p p o rt o f th is  w o rk  fro m  th e  N o r th  C a ro lin a  s ta te  U n i-  to collapse to a singlet. • Irradiation of this signal causes the
v e rs ity  E n g in e e rin g  F o u n d a tio n  a n d  F a c u lty  R esearch  a n d  P ro fe ss io n a l T 5.95 resonance to approximately mirror the r  8.77 signal.
D e v e lo p m e n t F u n d  is ackn o w le d g e d  w ith  p le a su re , (b ) A u th o r  t o  w h o m
correspondence sh o u ld  be addressed, (c) P a r t ia l  s u p p o rt  b y  a g ra n t fro m  4 7 vs 1 j  r  TT rv , . , ,  ,
th e  G u lf  Research a n d  D e v e lo p m e n t Co. is  g ra te fu l ly  a ckno w ledg ed . A naL  C a lc d  f o r  C m H m O s ( a s s u m in g  2  m o l  o f  1 p e r  m o l  o f  3 ) :

(2) A . S. O nishchen ko , “ D ie n e  S yn th e s is ,”  L .  M a n d e l,  T ra n s la to r , D a n ie l G  67.0; H , 5 .6 ; O, 27 .4 ; mol wt, 466.5. Found: C, 67 .0 ;
D a v e y  a n d  C o ., N e w  Y o rk ,  N .  Y . ,  1964, p p  3 7 3 -3 8 3 . H, 5 .7 ; mol wt, 442 (cryoscopic camphor solvent).

(3) (a) K .  A ld e r  a n d  G . Jacobs, Chem. Ber., 86, 1528 (1 9 5 3 ); (b ) M .  J . Hydrogenation of the Adduct.— An ethyl acetate solution of the
G o ld s te in  a n d  A .  H .  G e v irtz ,  Tetrahedron Lett., 4413 (19 6 5 ); (c) M .  J . adduct 4 (0.844 g, 1.8 mmol), stirred at room temperature in
G o ld s te rn  a n d  A . H .  G e v ir tz ,  ibid., 4417 (1965) contact w i t h  5 %  P d _ C  catalyst (0.235 g) absorbed 97%  of the

theoretical quantity of hydrogen (assuming four double bonds
(5) N . w. J o rd a n  a n d  I .  w. E l l io t t ,  J. Org. Chem., 27, 1445 (1962) p e r  m ° le c u l? ) . m  E 5  h r .  C h r o m a t o g r a p h y  o n  A l u m i n a  ( W o e lm ,
(6) G . H .  W a h l, J r . ,  ibid., 33, 2158 (1968). neutral, activity grade I, chloroform eluent) and recrystaliization
(7) (a) A .  G. H a rr is o n , L .  R .  H o n n e n , a n d  H .  J . D a u b e n , J r . ,  J. Amer. from ethyl acetate produced glistening white crystals of the

Chem. Soc., 82, 5598 (1960). (b ) E.g., R . s. G ivens, Tetrahedron Lett., 663 octahydro adduct 5, mp 224-225°. The nmr data are given in
(1969). I n  a s tu d y  o f th e  p h o to c h e m is try  o f 3, no  p ro d u c t d ire c t ly  a t t r ib u t -  Table II .
able to interannular reaction was isolated. A nal. Calcd for C26H340 8: C, 65.8; H, 7 .2 ; 0 , 2 7 .0 ;  mol

(8) A l l  m e lt in g  p o in ts  a re  co rre c te d . U l t r a v io le t  spectra  were o b ta in e d  wt, 474.5. Found: C , 65.8; H, 7 .5 ; mol wt, 459 (cryoscopic 
us in g  a  B e c k m a n n  D K -2  sp e c tro p h o to m e te r. In fra re d  sp e c tra  were de- camphor Solvent)
te rm in e d  u s in g  a P e rk in -E Im e r  521 sp e c tro p h o to m e te r. E le m e n ta l ana lyses 
were p e rfo rm e d  b y  S c h w a rz k o p f L a b o ra to rie s , W oodsid e , N .  Y .  T h e rm a l

ana lyses w ere  o b ta in e d  u s in g  D u P o n t  900 D T A  a n d  950 T G A  in s tru m e n ts . (10) A  y ie ld  o f 4 2 %  was o b ta in e d  b y  h e a tin g  0.5 g o f c o m p o u n d  3 a n d  1.2
N m r  sp e ctra  were recorded  w ith  b o th  V a r ia n T -6 0  a n d  H A -1 0 0  spectrom e te rs . g o f co m p o u n d  1 a t  140° fo r  2 h r  u n d e r N 2 w ith o u t  s o lv e n t. However, a

(9) K .  C o n ro w , Org. Syn., 43, 101 (1963). similar reaction of 5.0 g of 3 and 12 g of 1 produced a violent explosion!

3902 J . O r g .  € h e m .,V o l .  3 5 , N o . 1 1 ,1 9 7 0  Wahl and Weiss



T a b l e  II Discussion
100-MHz N m r  D a t a  o f  5“ ,  ,  .  ,  ,

Reia Structure of the Adduct 4 .— The elemental analysis
Chemical tive and molecular weight data clearly indicate a 2 : 1  acety-
shift (r) area signal appearance Assignment le n e d ica rb o x y la te -d itro p y l ad d itio n  p ro d u ct. T h e  in-
9 .4 9  1 Unresolved multiple! (4 .5 )  H - 3 ;H -3 ' frared  ab so rp tion  of th e  p ro d u ct an d  its  saponification
8 .8 8  2 Unresolved multiplet (7 .0 )  H -2,4; H -2 ',4 ' to  a  te tra a c id  fu rth e r show  th a t  th e  e s te r grou pin g re -

8 .78 , 8 .7 4  4 Two overlapping unresolved H-8ex.«,9ex,en; m ain s in ta c t  d urin g th e  re a ctio n . F in a lly , h y d rog en a-
_ „ multiplets H-8'e*,en,9 'e*,« tion indicates the presence of only four double bonds per
7 .72  2 Broad multiplet (9 .5 )  H -1,5; , ,  . f  , . / r , \ . , ,, f ,
7 i s  O o- ,o . r  jr  n V. TT m olecule. A  c e n tro s y m m e tn c  (C 2») s tru c tu re 11 of ad -« • lo ¿j olIlgIGI> . O ) Xl~Dj { , rl-0 j I 1 i m r  • i • • 1 •, 1 , i -l ,
6 39 6 Singlet (3 5 ) -O CH 3 d u c t 4  w hich  is m  a cco rd  w ith  th e se  resu lts  is given

° D ata were obtained with a CDCfi solution containing in- below, 
ternal TMS. The numbers in parentheses refer to peak width at
half-height in Hz. /  ^

Saponification of the Adduct.— The adduct 4 (0.5 g) was re- /
fluxed for 5 hr with 25 ml of 20%  aqueous KOH. Cooling, acidi- I ___ qq CH
fieation with concentrated HC1, and stirring for 2 days produced I ¡N  I f  2 3
a white solid which, after two recrystallizations from aqueous \
m ethanol furnished off-white crystals which do not melt, but \ /
turn brown and slowly decompose on heating above 100°. \ C02CH3

A nal. Calcd for C22Hi80 8: C, 64.4; H, 4 .4 ; O, 31 .2 ; neut 4
equiv, 102.5. Found: C, 64.1; H, 4 .3 ; neut equiv, 105.

Thermal Analysis of the Adduct 4 .— A differential thermal
analysis scan (10°/m in, N2 atmosphere) showed a sharp endo- The nmr data (Table I) strongly confirm this assign-
therm at the melting point and a broad exotherm beginning at m e n t. Thus the presence of o n ly  five different types of 
225 and peaking at about 265 . A shallow endotherm, peaking i i  • • i , -t-i ,1 ,1 i c. u
at about 290° was also noted. hydrogens is evident. Furthermore, the low field, ap-

A thermogravimetric scan (12.0 mg, 15°/m in, N2 atmosphere) parent triplet at r  4 .0 0  IS  strongly suggestive of a Vinyl 
indicated no weight loss until about 220°. These results are group in a symmetric bicyclic skelton. Its immediate 
summarized in Table II I . environment is further established by the collapse of the

signal to a singlet on irradiation of the r 5.95 resonance.
T a b l e  III T hat this latter resonance is associated with bridgehead

T h e r m o g r a v i m e t r i c  A n a l y s i s  o f  t h e  A d d u c t  4 hydrogens is proven by its shape and location and by
Temperature °c  % wt loss the decoupling experiments. The sharp resonance at

20 0  0 j  6.23 with relative area 6  is confidently assigned to the
2 2 5  1 0  methyl hydrogens of the ester groups.
2 5 0  8 5  The two high-field resonances are completely consis-

tent with a symmetrically substituted, cyclopropyl 
3 2 5  ‘ 0  grouping. The lack of fine structure in these signals
3 - 5  5g q (in a variety of solvents) precluded a completely secure
400 6 0 .5  assignment of the relative configuration of H -3 with re-
4 2 5  6 4 .0  spect to H -2 and 4 ( i .e . ,  cis or trans). However, the
4 5 0  6 9 .0  relatively small peak widths observed (5 .0 -5 . 8  Hz)
500 7 5 .0  argue strongly for a small (2 -4  Hz) coupling constant

( 3J 2,3). Thus the cyclopropyl hydrogens are most
Decomposition of the Adduct 4. A. Under Nitrogen.— A probably trans rather than cis since 3J ois 1> trans-

flask containing 1.0 g of compound 4 which was connected to a The sole remaining structural ambiguity concerns the
trap at —78° was flushed with N2 several times. I t  was then orientation of the three-membered ring, i . e . ,  whether it
heated under an atmosphere of N2 at 235-255° fo ri hr to produce ^  located o v e r the substituted or over the unsubsti-
a dark red, amorphous solid wet with a sweet-smelling liquid. i - r »  i , ,  , . , , ,,
Vacuum distillation followed by vpc and ir analyses clearly tuted double bond. Based on the steric control of ap-
showed the volatile fraction to be predominantly (> 9 0 % ) di- proach argument which was originally proposed by
methyl phthalate (6). Approximately nine other minor products Alder and Jacobs3a and confirmed by Goldstein and
were detected by vpc. One of these products (—0.5% ) is benzene Qevirtz30 for the cycloheptatriene system, the most
as shown by vpc peak height enhancement experiments. , , • , ■ . q -___ e

The solid product [ir (K Br) 1720, 1200 cm -* (conjugated a rra n g e m e n t is as  show n m  4 . S in ce  5  is v e ry
ester)] decomposes at about 280° without melting. p ro b ab ly  th e  m o st s ta b le  con form ation , oi d itro p y l

A n al. Calcd for Ci6H 160 4 (loss of 1 mol of 6 from 4): C, (3 ) ,13 approach of dieneophile 1 at carbons 2 and 5 (and
70.6; H , 5 .9 ; O, 23.5. Found: C, 70.9; H, 6 .2 . 2 ' and 5 ') to produce the adduct 4  will be substan-

The 280° volatile decomposition product was also identified by ^  legg h in ce re d  from  th e  b o tto m  0 f th e  “ b o a t”  th a n  
ir and vpc as dimethyl phthalate (6 ). lh e nonvolatile product J
was a brittle, dark amorphous solid which was not further char
acterized. (11) Systematic name:4 Tetramethyl[3,3'-bitricyclo[3.2.2.02’4]nona-6,8-

B . In the Presence of Hydroquinone.—An experiment which diene]-6,6',7,7'-tetracarboxylate.
d i f f e r e d  f r o m  A  o n ly  b y  t h e  in c lu s io n  o f  0 .0 2 6  g  o f  h y d r o q u in o n e  (12) -I- t v .  E m s le y , J . Feeney, a n d  L .  H .  S u tc liffe , “ H ig h  R e s o lu tio n
a n d  b v  h e a t in g  u n d e r  v a c u u m  g a v e  e s s e n t ia l l y  i d e n t i c a l  r e s u l t s .  N u c le a r M a g n e tic  Resonance S p e c tro sco p y ,”  V o i 2, P e rg a m o n  Press, N e w

v TT j  t t - i  tt a - x  j__; i  „  i * • Y o rk ,  N .  Y . ,  1966, pp  692 -69 5 , a nd  references c ite d  th e re in .C. Under High Vacuum.—An experiment similar to A, m A . 1 =  • b -n, * „„„t n h t
which a vacuum of 1 0 - 4- 1 0 - 6 Torr was employed and m which the Dauben_ Jr__ F R Hunteri and w v VolIandi ,7. Amtr, Chem. Soc„ 91i
evacuated flask was immersed in a preheated oil bath at 240 for 2 g 2 3  (1969). P e rt in e n t a rg u m e n ts  conce rn in g  th e  c o n fo rm a tio n s  o f seven-
1 hr produced a purer but lower yield of compound 6 and con- s u b s t itu te d  c y c lo h e p ta tr ie n e s  are  g iv e n  b y  R . W . M u r r a y  a n d  M .  L .  K a p la n ,
siderable sublimation o f  compound 4 into the tube connecting ibid., 88, 3527 (1966), a nd  b y  A . P . T e r  B o rg  a nd  H .  K lo o s te rz ie l, Red.
the flask to the receiver. Trav. Chim. Pays-Bas, 82, 741 (1963).
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from the top (see 5). I t  is encouraging to note that
this mode of attack  also predicts a trans orientation of 4 / \ ^ C 0 2CH3
the two types of cyclopropyl hydrogens. 4 * 2 A J 1  +

^ X 0 2CH3 |>J

less hindered ® 7

v i i  n. However, the thermal analysis data are not consis-
I  \ tent with such a co n ce r ted  decomposition. Apparently
I / ¡ J  \ 3, the loss of one molecule of ester 6 produces the reactive

more hindered 1 /  j cyclopropene derivative 8 which polymerizes before a

4 \ i V ^ \  \ \ 4' r r ^
j / 1 more hindered

i
less hindered C02CH3

5 8

second molecule of 6 is lost. This interpretation, which 
Pyrolysis of the Adduct 4 . -C o p e  has demonstrated is consistent with the reactivity of cyclopropene ob-

that cyclobutene may be produced by pyrolysis of the served by Wiberg and B artley ,16 is supported by the
Diels-Alder adduct of 1,3,5-cyclooctatriene and com- analytical and spectral data for the nonvolatile pyrol- 
pound l , 14 and Wiberg16 has shown that the similar ysis product and, also, by the further production of
decomposition of compound 2 results in detectable ester 6 on pyrolysis of the polymer at a higher tempera-
quantities of cyclopropene. Consequently, we felt that ture-
pyrolysis of 4 might yield one or more isomers of C 6H 6. Registry No. 4 , 25967-00-4; 5, 25967-01-5; 8, 
The co n ce r ted  loss of two molecules of dimethyl phthal- 25967-02-6.
ate from adduct 4 would produce 3,3'-biscyclopropene
which m ig h t  be transformed further into other C6H 6 Acknowledgment— W e are grateful to Mr. Russell 
isomers by various intramolecular rearrangements.16 J- Miller for initial nmr measurements.

(16) R .  B re s lo w , P . G a l, H .  W . C hang, a nd  L ,  J . A ltm a n ,  ibid., 87, 5139
(14) A .  C . Cope, A . C . H a ve n , J r . ,  F .  L .  R a m p , a n d  E . R . T ru m b u ll,  (1965). A  s tu d y  o f th e  re a rra n g e m e n t o f severa l p o ly p h e n y l d e r iv a t iv e s  o f

J. Amer. Chem. Soc., 74, 4867 (1952). 7 th ro u g h  th e  assum ed in te rm e d ia c y  o f L a d e n b u rg  and  D e w a r benzene
(15) K .  B .  W ib e rg  and  W . J . B a rt le y , ibid., 82, 6375 (1960). s tru c tu re s .

Stable Carbonium Ions. CY . 1 Protonation of Sulfoxides and 
Sulfones in Fluorosulfuric Acid-Antimony Pentafluoride-Sulfuryl

Chloride Fluoride Solution

George A. Olah,*  Alice  T . K u ,2 and J udith A. Olah

Department o f  Chemistry, Case Western Reserve University, Cleveland, Ohio 44106
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A series of sulfoxides and sulfones have been studied in H S 03F -S b F 6 solution diluted with sulfuryl chloride 
fluoride. Protonation on sulfur was observed for sulfoxides by nmr spectroscopy. The site of protonation of 
sulfones is on oxygen. Protonated sulfoxides and sulfones in F S 0 3H -SbF5-S0sC lF solution are stable up to 
65° except protonated benzyl feri-butyl sulfone which cleaved to terf-butyl cation and phenylmethanesulfinic 
acid even at a temperature as low as —78°.

The interaction of sulfones and sulfoxides with Lewis showed that aryl sulfoxides are strong bases and aryl
acids has been studied by a number of investigations.3-7 sulfones are weak bases in sulfuric acid. However,
In some cases solid adducts could be obtained.3,7 Cryo- both cryoscopic and conductimetric measurements of
scopic studies of sulfoxides and sulfones in sulfuric acid Hall and Robinson11 showed that diphenyl sulfone was
solution have also been carried out.8-11 Gillespie8,10 a nonelectrolyte in sulfuric acid. These results do not

agree with those of Gillespie.8,10 Alkyl sulfones were 
* To whom correspondence should be addressed. found to behave as weak electrolytes in sulfuric acid.11,12
m  S K S u S A . 0?  S S  14 - ! •  M - W  that dimethyl ettlfoxide has a cryo-

1970. scopic 1 factor of slightly greater than tw o,11 in agree-
(3) T .  L in d q u is t  a n d  P . E in arsso n , Acta Chem. Scand., 13, 420 (1959). ment with Complete protonation according to eq 1 .
(4) F . A .  C o tto n  and  R . F ra n c is , J. Amer. Chem. Soc., 82, 2986 (1960).
(5) R .  G . L a u g h lin , J. Org. Chem., 25, 864 (1960).

S ' w  LAm g fo rd Ja^  FA ° „ - L a n sfo rd '  Inoro■ Chem-  h  184 h 9 6 2 ).  (CHs)2S = 0  +  H 2S 0 4 =  ( C H a h S O H  +  H S O . -  ( 1 )
(7) R .  W . A ld e r  a n d  M .  C . W h it in g ,  J .  Chem. Soc,, 4704 (1964).
(8) R . J . G ille sp ie , ibid., 2542 (1950).
(9) H .  H .  S zm a n t a n d  G . A . B ro s t, J. Amer. Chem. Soc., 73, 4175 (1951). (11) S. K .  H a ll  a nd  E . A . R o b in so n , Can. J. Chem., 42, 1113 (1964).
(10) R . J. G ille sp ie  a n d  R . C . P asserin , J. Chem. Soc., 3850 (1956). (12) E . M .  A rn e t t  a n d  C . F . D o u ty ,  J. Amer. Chem. Soc., 86, 409 (1964).
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T a b l e  I

P m r  S p e c t r a l  P a r a m e t e r s “  o f  P a r e n t  a n d  P r o t o n a t e d  S u l f o x i d e s

„  ,  R e g i3 try  T e m p ' A ro m a tic
O om p d no. °C  S o lv e n t S H  n -C H , /9 -C H i 7 - C H 1 CH> H

(CH3)2S = 0  67-68-5 -  40 S 0 2C1F 2 .6 6

(CH3)2S = 0  26428-06-8 - 8 0  F S 0 3H -SbF5 6 .8 3  3 60
I SO2CIF

H
(CH3CH2)2S = 0  70-29-1 - 6 0  S 0 2C1F 2 .9 7  1 47

(q, 7 .5 )  (t, 7.5)

(CH3CH2)2S = 0  26428-02-4 - 8 0  F S 0 3H -SbF5 6 .51  3 .43  1 53
^  SO.C1F (q, 7.8) (t, 7.8)

(CH3CH2CH2)2S = 0  4253-91-2 - 6 0  S 0 2C1F 2 .61  1 .4 0  0 80
(t, 7.0) (m) (t, 7.0)

(CH3CH2CH2)3S = 0  26428-07-9 - 8 0  F S 0 3H -SbF6 6 .4 9  3 .3 0  1 .96  1 11
I SO2CIF (t, 7.0) (m) (t, 6.0)

H

(CH3CH2CH2CH2)2S = 0  2168-93-6 - 2 0  S 0 2C1F 2 .8 5  1 .8 0  1 .8 0  1.11
(t, 7.5) (m) (m) (t, 6.5)

(CH3CH2CH2CH2)2S = 0  26428-08-0 -  80 FSOaH-SbF5 6 .5 3  S .73 2 .1 3  2 .1 3  1 .46
| S 0 2C1F (m) (m) (m) (t, 6.5)

H

(C6H5)2S = 0  945-51-7 -  60 S 0 2C1F 7 .53

(C6H5)2S = 0  26428-09-1 - 8 0  H F-S b F5 8 4 0 -
| S 0 2C1F 5 .03  9.03

H
“ Chemical shifts are in parts per million from external TMS. Coupling constants in hertz are given in parentheses following the 

multiplicities: t  =  triplet; m =  multiplet; q =  quartet.

Szmant and B rest9 postulated that diphenyl sulfoxide Nuclear magnetic resonance spectroscopy in highly 
ionizes in 100%  sulfuric acid according to eq 2. Their acidic solvent systems (superacids) offers a good possi

bility of directly observing protonated heteroorganic 
C6H6— S— C6H5 +  3H2SO4 = compounds. No such studies relating to protonation

O of sulfoxides and sulfones were so far reported in the
2+ literature.

C6H6— S— C6H5 + H 30  + +  3HSO4-  (2 )

1 Results and Discussion

argument was based on their observations that the S u lfo xid es.-In  the superacid system, F S 0 3H -S b F 5 
cryoscopic t factor was nearly five and that the original (< W gic acid») diluted with So 2C1F, all the sulfoxides
sulfoxide was recovered when the resulting green solu- studied were completely protonated. The pmr spectra
tion was diluted by water according to eq 3. of protonated sulfoxides in F S 0 3H -S b F 5- S 0 2C lF solu-

l +  3H20  = C6H5—S—C6H5 +  2H30+ (3) tion> recorded at -8 0 ° ,_  showed a singlet in the S -H
l  region at 5 5 .03-7 .10  indicating that sulfoxides are
0  protonated on the sulfur atom (eq 5). These S -H

To test the hypothesis of Szmant that the double 
positively charged ion 1 exists in sulfuric acid solution, .. H+
Oae1E and coworkers dissolved diphenyl sulfoxide in S Fso3H-SbFs-so2ciF
97%  sulfuric acid and diluted the solution with an ex- R q R _80° R O R
cess of lsO-enriched water. The original sulfoxide was
recovered almost quantitatively but the recovered sul- chemical shiftg &re in the ion observed for th at of 
foxide was found to have no incorporation of excess >80  tonated thiols and sulfidesi4 studied previously .
contrary to what one would expect on the basis of Thg followin sulfoxides were studied: methyl, 
Szmant s hypothesis They extended the cryoscopic eth j n j n-butyi, and phenyl sulfoxide. The 
study on diphenyl sulfoxide, dimethy sulfoxide phenyl chemical ^  and cou lin constants of the parent
fnn^yl SRlf0Xlde’.Rnd ° i h/ r similar sulfoxides with 9 9 .5 - &nd the otona- ed suifoxides studied are summarized
100%  sulfuric acid, and found an t factor close to two. in Table L The oton on the sulfur atom of proton.
They concluded that all the compounds measured ionize ated sulfoxides could be observed only at temperatures
according to eq 4. below —80°. A t higher temperature proton exchange

R— S— R ' +  H.SO. -  R - S - R '  +  H SO .- (4) ° ° C U m d ' A t  “ 8 0 ° “ “  th e  “ d
I I (13) S. Oae, T .  K ita o ,  a n d  Y .  K ita o k a , Chem. Ind. {London), 291 (1961).

O  OH ( 1 4 ) G , a . O la h , D .  H .  O ’B r ie n ; a nd  C. XJ. P it tm a n ,  J r .,  J. Amer. Chem.
( i  =  2.0) Soc., 89, 2996 (1967).
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the coupling constants were generally evaluated from No proton on oxygen (or on sulfur) could be observed 
spectra recorded at —20°. in the F S 0 3H -S b F 6 solution but it is assumed that

The pmr spectrum of protonated dimethyl sulfoxide protonation on oxygen occurred. As in the case of pro
in F S 0 3H -S b F 6- S 0 2C lF solution, recorded at —80°, , , , + TT . , ,  , .
showed the proton on sulfur as a singlet a t 3 6.83 and tonated sulfonic acids, the S = O H  peak could be ob-
the methyl singlet at 5 3.60 which shifted about 1 ppm ^ ured b j, or exchange with the acid solvent peak at 5
downfield from that of the parent compound. This 11-9- 12'®- T h® ^shielding of the alkyl protons as
S -H  resonance, although broad, showed no coupling compared to the parent sulfones clearly indicates that
between the methyl protons. In order to see if di- protonation indeed occurred The alkyl protons of the
methyl sulfoxide could be recovered from the protonated P™tonated sulfones all show deshieldmg, with the meth-
species, a quenching of protonated dimethyl sulfoxide protons closest to the sulfur atom deshielded
in methanol and sodium carbonate was carried out. m<̂  S?e„ a . e  ̂ , ,  , . ^
Indeed, dimethyl sulfoxide was recovered in good yield „ J heD! ? ^ mg ,su fones were protonated in F S 0 3H -
(> 8 5 % ) SbF5- S 0 2C lF solution at - 8 0 ° :  dimethyl, diethyl,

Protonated diethyl sulfoxide in F S 0 3H -S b F 6- S 0 2- ‘^«-propyb di-n-butyl, benzyl tert-butyl, diphenyl,
C1F at —80° showed the proton on the sulfur atom at tetramethylene, su^ 0̂ e (sulfolane), 3-sulfolene,
8 6.50 and the ethyl triplet and quartet at 8 1.90 and 3-methy 1-3-sulfolane. The chemical shifts and cou-
3.75. Di-n-propyl and di-n-butyl sulfoxide were also P̂ ing constants of the parent and protonated sulfones
protonated on the sulfur atom. are summarized m Table II.

In the case of diphenyl sulfoxide in F S 0 3-S b F 6- S 0 2- %rir spectrum of protonated dimethyl sulfone at
C1F solution, sulfonation occurred in addition to pro- 80 shows the methyl $ 3.96 and a small
tonation. However, diphenyl sulfoxide could be pro- shoulder at 8 3.91. When SO2 was used as diluent, the
tonated in H F -S b F s solution diluted with S 0 2C1F with- nmr sPect rum shows two methyl singlets at 8 3.80 and
out sulfonation. The nmr spectrum of protonated respectively, with a relative area ratio of 70 :30 .
diphenyl sulfoxide in H F -S b F 6- S 0 2C lF solution showed indicates, as m the case of protonated methane-
the S -H  proton at 8 5.03 and the phenyl protons a t sulfonic acid and protonated methyl methanesulfonate, 
8 8 .40-9 .03 , substantially deshielded (about 1.2 ppm) th at ŵo isomeric species (3a and 3b, where R  =
from the parent compound (see Table I). Further- are Preser|h As the temperature increased to
more, the S -H  proton of protonated diphenyl sulfoxide — ^  ’ on^  resonance of the major form is observed, 
is considerably more shielded than those of protonated H
alkyl sulfoxides. We believe that this difference is R \ Q+ R q
attributed to resonance stabilization of protonated \  \  #  \
phenyl sulfoxide with contributing structures such as 2a / Ŝ  / S\  H
and 2b. This also explains the deep green colored solu- R O R O
tion of protonated diphenyl sulfoxide. Upon quench- 3a 3b
ing of the solution, the sulfoxide is recovered in > 8 0 %
yield. I t  is, however, possible that some unidentified No coupling was observed between the methyl protons

and the proton on oxygen, hence no assignment of the 
0  O two isomers could be made.

n - \  | r—a /=% j r.—* In  the protonation of higher homologs, e .g ., diethyl,
\ — S—/  J  *-*■ +( y =  S—/  y  +->■ etc. di-n-propyl, and di-n-butyl sulfone, only one isomer was 

+H '== ' ' = /  H ' = '  found. Again, no couplings were observed between the
2 a 2l} proton on oxygen and the alkyl protons. Hence no

structural assignment could be made based on the 
decomposition product may contribute to the color of present pmr data.
the solution. Protonated alkyl sulfones in the F S 0 3H -S b F 5- S 0 2-

In contrast to the observations of Chen and Y a n ,16 C1F solvent system are quite stable. The nmr spec-
and Kenney, Walsh, and D avenport,16 protonated alkyl tra  showed no significant change from —80° to room
sulfoxides, investigated in this study in F S 0 3H —SbFs temperature.
solution diluted with S 0 2C1F are very stable. No Protonated benzyl tert-butyl sulfone, however, could 
cleavage reaction occurred even when solutions were not be observed even when sample was prepared and in-
heated up to + 6 5 ° .  Protonated phenyl sulfoxide is vestigated at - 7 8 ° .  The pmr spectrum of benzyl
stable up to - 2 0 ° .  A t higher temperature the reso- tert-butyl sulfone in F S 0 3H -S b F 6- S 0 2C lF solution
nances broaden and decrease in intensity. The medium showed only that of the cleavage product, tert-butyl
becomes viscous then solidifies to an unidentified dark cation, a t 5 4.20 and protonated phenyl methanesulfinic
SCT  . acid (aromatic protons centered at 8 8.10, -C H 2-  at

Sulfones.-—All sulfones studied in the extremely +
strong, F S 0 3H -S b F 5 acid medium using S 0 2C1F as 5.23, and S 0 2H2 at 9.16).
diluent were protonated (eq 6). Phenyl sulfone in F S 0 3H -S b F 5- S 0 2C lF  was also

+ protonated and stable. The pmr spectrum showed the
R. D  R £)H aromatic protons at 5 8 .43-7 .90  and the spectrum again

NS/  FsoJH-sbF5-so,ciF> showed no significant change from —80° to room tem-
r/ \  “80° /  \  perature.

----------------- The pmr spectrum of protonated tetramethylene sul-
T- % en a°d S J. y a n ,  Tetrahedron Lett., 3 8 5 5  (1969). fone (sulfolane) showed the a-methylene protons a t 8

(16) W . J. K e n n e y , J . A . W a leh , a n d  D .  A . D a v e n p o rt,  / .  Amer. Chem.
Soc., 83, 4010 (1961). (17) Q  A . O la h , A . T .  K u , and  J. A . O lah, J. Org. Chem., 35, 3908 (1970).
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T a b l e  I I

P m r  S p e c t r a l  P a r a m e t e r s “  o f  P a r e n t  a n d  P r o t o n a t e d  S u l f o n e s

R e g is try  T e m p , A ro m a tic
C o m p d  no. °C  S o lv e n t a - C H ,  ( i-C H , 7 - C I I ,  C l h  H

(CH.)2S 0 2 67-71-0 - 6 0  S 0 2C1F 2 .9 3

(CH3)2S 0 2H 26428-10-4 - 8 0  F S 0 3H -SbF6 3 96
S 0 2C1F 91

(CILCH2)2S 0 2 597-35-3 - 6 0  S 0 2C1F 2 .9 3  1 40
(q, 7.5) (t, 7.5)

(CH:CH2)2S 0 2H 26428-11-5 -  80 F S 0 3H -SbF5 4 .1 7  2 05
S 0 2C1F (q, 7.20) (t, 7.2)

(CHsCH2CH2)2S 0 2 598-03-8 - 6 0  S 0 2C1F 3 .0 0  1 .9 6  1 27
(t, 6.5) (m) (t, 7.0)

(CHsCH2CH2)2S 0 2H 26428-12-6 -  80 F S 0 3H -SbF5 4 .2 0  2 .2 7  1 73
S 0 2C1F (m) (m) (t, 7.0)

(CH3CH2CH2CH2)2S 0 2 598-04-9 - 6 0  S 0 2C1F 3 .0 5  1 .93  1 .25
(m) (m) (t, 7.2)

(CH3CH2CH2CH2)2S 0 2H 26428-13-7 - 8 0  F S 0 3H -SbF5 4 .1 7  2 .2 3  2 .2 3  1 .50
S 0 2C1F (m) (m) (m) (t, 7.0)

(C6H5)2S 0 2 127-63-9 —30 S 0 2 7 .2 0 -7 .7 3

(CsHUbSOiH 26428-14-8 - 8 0  F S 0 3H -SbF6 8 43-7 90
S 0 2C1F

OT2— 126- 33- 0 - 6 0  S 0 2C1F 3 .2 6  2 .43
CH, CH2 a (t) 7 0) (m;

o A >

CJH2—CH2/j 26428-15-9 - 6 0  F S 0 3H -SbF5 4 .41  3 .1 0
CH;CH2 „ SOjClF (t, 7.0) (m)

0A ) H+
HC a
HA, /CH2s 77-79-2 - 6 0  SOiCIF 6 .3 7  3 .85

A
HC==CH a

„(1 L  s 26428-03-5 -  80 F S 0 3H -SbF6 6 .7 7  4 .91
S 0 2C1F

cr  %oh+
CH,

5 1193-10-8 - 4 0  SOiCIF 5 .9 6  3 .8 0  3 .8 0  2 .03

A
ch3

C >  26428-04-6 -  80 F S 0 3H -SbF5 6 .3 5  4 .8 8  4 .81  2 .3 0
✓ A n  S 0 ‘C1F+
CH
\ ! _ T 26428-05-7 - 3 0  F S 0 3H -SbF5 7 .7 3  4 .5 0  3 .6 8  2 .7 0  (90% )

SCbClF 7 .5 0  (t, 6.2) (t, 6.2)
4 .9 0  3 .8 6  2 .8 3  (10% )

✓  %OH+

“ Chemical shifts are in parts per million from external TMS. Coupling constants in hertz are given in parenthesis following the 
multiplicities: t = triplet; q = quartet; m =  multiplet.

4.41 deshielded about 1.15 ppm from that of the parent 3-Methyl-3-sulfolene (isoprene sulfone) in F S 0 3H -  
sulfone in S 0 2C1F at the same temperature. The SbF5 solution using S 0 2C1F as diluent, a t —80° gave an
/3-methylene protons have a chemical shift centered at nmr spectrum similar to that of the parent sulfone in
S 3.10. Protonated sulfolane is stable and the nmr S 0 2C1F except that the resonances are shifted to lower
spectrum showed no significant change from —60° to field. This indicates that 3-methyl-3-sulfolene is also
room temperature. protonated on the sulfonyl oxygen without attacking on

3-Sulfolene (butadiene sulfone, 2 ,5-dihydro thiophene the double bond. (The pmr chemical shifts are given
1,1-dioxide) in F S 0 3H -S b F 6- S 0 2ClF is protonated in Table II.) When the temperature of the solution 
only on the sulfonyl oxygen. No double bond protona- was increased to —60°, a slow change of the pmr spec-
tion was observed even when the solution was warmed trum  is observed which can be accelerated by further
up to room temperature (see Table I I ) . raising the temperature. The pmr spectrum recorded
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at —30° showed two triplets at 5 4.50 and 3.68, indi- (jh3 CH3
eating two adjacent methylene groups formed. In  ad- ^ c —CH ^C—CH
dition to these two methylene groups, the nmr spectrum // \ 2 // \ 2
showed two singlets at 8 2 .70 and 7.30. Diprotonation ^CH2 HCNg/CH 2
on the sulfonyl oxygen and the carbon-carbon double f \ H  /  \  +
bond would presumably lead to the dication 4. How- O O O / 0 *
ever, upon comparison of the pmr chemical shifts with jj

that of 1-methylcyclopentyl cation 5 18 (CH 3— C < ) at S 6
3.98) it appears that the methyl and methylene chem- . , , , ,

form ed, it  u nd ergoes d e p ro to n atio n  to  fo rm  a  d ou ble
bond conjugated to the protonated sulfonyl group. At

\  3 CH, —60° the nmr spectrum shows a small singlet at 8 2.83,
4/C-CH2 V a broad multiplets at 5 3.86, 4.90, and a weak resonance at

H2Cn  /CH, 8 7.50 in addition to the major resonances. This prop-
'^ A ^ 2 ably indicates as in the case of protonated dimethyl
O OH sulfone, that two isomeric species of 6 are present.

4 5
Experimental Section

ical shifts, except that of the methylene protons between , ,
, , , i • i £ u  , , Materials.—All sulfoxides and sulfones were commercially

th e  tw o  p o sitiv e  ce n ters , a re  a t  to o  high  held  to  b e co n - avaiiable materials.
sidered as species 4. Noteworthy is also that the long- Nmr Spectra.—Varian Associates Model A -56/60A  spectrom- 
range coupling (J hh =  4.0 cps) of the methylene and eter with variable-temperature probe was used for all spectra, 
methyl protons through the sp2 hybridized center of ion Preparation of Protonated Sulfoxides and Sulfones.—The 
5 is absent. Furthermore, integration showed the rela- Procedure used for the preparation of solutions of protonated 
, .  .. r , . „ „ „  „ . rr. sulfoxides and sulfones was identical with that described previ-
tive area ratio of the resonances at S 2.70, 3.68, 4.50, ougly 19
and 7.30 is 3 : 2 : 2 : 1  indicating that there is only one
proton on carbon 1. This indicates that structure 6 is Acknowledgment. Support of this work by a grant 
in accord with the nmr data. Thus as soon as ion 4 is from the National Institutes of Health is gratefully

acknowledged.
(18) G . A . O lah, J . M .  B o llin g e r, C . A . Cupas, a nd  J. L u ka s , J .  A m e r.

Chem. Soc., 89, 2692 (1967). (19) G . A . O lah , D .  H .  O 'B r ie n , and  A . M .  W h ite ,  ibid., 89, 5694 (1967).

Stable Carbonium Ions. CVI.1 Protonation and Cleavage 
Reactions of Alkyl- and Arylsulfonic Acids and -sulfinic Acids and 
Alkyl Sulfonates and Sulfinates in Fluorosulfuric Acid-Antimony

Pentafluoride Solution
George A. Olah ,*  Alice  T . K u ,2 and J udith A. Olah

Department o f  Chemistry, Case Western Reserve University, Cleveland, Ohio 44106

Received A pril 9, 1970

A series of sulfonic acids, sulfinic acids, and sulfonates were protonated in fluorosulfuric acid-antimony penta- 
fluoride-sulfuryl chloride fluoride solution at low temperature ( — 60°). Two isomers were found for both 
protonated methanesulfonic acid and methyl methanesulfonate. At higher temperatures, protonated methane-, 
benzene-, and toluenesulfonic acid underwent dehydration to give the suggested sulfonylium ion which is not 
observed as it quickly picks up a fluoride ion from the acid system to form the corresponding sulfonyl fluoride.
For protonated higher alkyl homologs, carbonium ions are the cleavage products. Protonated methyl methane
sulfonate and methyl benzenesulfonate underwent alkoxy-sulfur cleavage whereas alkyl-oxygen cleavage was 
found for protonated ethyl and propyl methanesulfonate. Protonated sulfinic acids and methyl methanesulfinate 
are very stable; no cleavage reaction was observed.

Our recent investigations of protonated thiocarbox- Hantzsch6 in 1908 studied the cryoscopic behavior of 
ylic acids, S-alkyl esters,3 dithiocarboxylic acids, thion the sodium salts of benzene-, m-nitrobenzene-, and p -
esters, and dithio esters4 lead us to study the protona- toluenesulfonic acids in sulfuric acid, and concluded
tion of a series of sulfonic acids, sulfinic acids, sulfonates, that benzene- and p-nitrobenzenesulfonic acids behave
and sulfinates in the strong acid system, F S 0 3H -S b F6- as nonelectolytes in sulfuric acid while p-toluenesulfonic
S 0 2C1F. N o systematic studies relating to these sys- acid behaves as a weak base. Gillespie6 carried out sim-
tems in superacid solutions was previously reported. ilar measurements on solutions of sodium benzenesul

fonate and sodium p-toluenesulfonate in slightly aque- 
*,7°T,who?  corresP °ndence should be addressed. oug sulfuric acid and concluded that these acids behave
(1) P a r t  C V : G . A . O lah, A . T .  K u ,  a n d  J . A .  O lah , J. Org. Chem., 36, , , m ,  r  , ,

3904 (1970). as w eak  bases, i h e  c o n d u ctim e tn c  b eh av ior of m e th -
(2) N a tio n a l In s t itu te s  o f H e a lth  P re d o c to ra l Research In v e s tig a to r ,  1970. anesulfonic acid in Sulfuric acid Studied by Gillespie and
(3) G . A . O lah, A . T .  K u ,  a nd  A . M .  W h ite ,  J. Org. Chem., 34, 1827

(1969). (5) R , H a n tzsch , Z. Phys. Chem., 65, 41 (1908).
(4) G . A . O la h  a n d  A . T . K u , ibid., 36, 331 (1970). (6) R . J. G illesp ie , J. Chem. Soc., 2542 (1950).
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T a b l e  I

P m r  C h e m i c a l  S h i f t s '1 a n d  C o u p l i n g  C o n s t a n t s 6 o f  t h e  P a r e n t  a n d  P r o t o n a t e d  S u l f o n i c  A c id s

Registry Temp,
ComPd no- Solvent °C OH CHs a-CH, d-CH2 y-CHj

0  75-75-2 SO26 - 6 0  1 0 ,9  (s) 3 .1  (s)

CH3— S— OH 26428-16-0“* FSO ,H-SbF5 - 6 0  4 .0 7  (s)
SOjCIF 4 .1 5  (s)

O 594-45-6 SO2CIF - 4 0  12 .2  (s) 1 .58   ̂ 3 .43

CH3CH2— S— OH 26428-17-1“* F S 0 3H -SbF5 - 6 0  2 ’ l 8 ° )6 4*50 0)
^  SOjCIF (t, 7.0) (q, 7.0)

O 5284-66-2 S 0 2C1F - 1 0  11 .8  1 .27  3 .51  2 .1 3

CHaCHiCHi—S— OH 26428-18-2“* FSOEH -SbF5 - 6 0  l S s ^  2*53
j  SO2CIF (t, 7.0) ' (m)

O 2386-47-2 S 0 2C1F - 4 0  1 2 .7  1 .17^  3 .4 3  1 .85  1 .60

CHsCHjCHiCHi—S— OH 26428-19-3“* F S 0 3H -SbF6 - 6 0  4 46 2*50 2*10
£  SO2CIF (t, 7.0) (m) (m)

“ In parts per million from external TMS. 6 The coupling constants are indicated in hertz next to the multiplicity: s, singlet; 
d, doublet; t, triplet; q, quartet; m, multiplet. c Methanesulfonic acid does not dissolve in SO2CIF. “* Protonated.

coworkers7 was interpreted in terms of its behavior as H H
either a nonelectrolyte or as a very weakly ionized base. qf i  \ 0
Hall and Robinson8 studied the cryoscopic behavior of || ||
sodium p-toluenesulfonate and sodium 2,4-dinitroben- CH3 S— OH CH3—S— OH
zenesulfonate in sulfuric acid and found that the ioniza- O O
tion goes according to the following example. Ia lb

p-CH3C6H4S 0 3Na +  H2S 0 4 = CH3C6H4S 0 3H + N a+ +  H S 04~ no structural assignments of protonated methanesul-

Thus they concluded that these arylsulfonates behave fo“ f acid could be made based on the Present data. _ 
as nonelectrolytes in sulfuric acid. The nmr spectrum of protonated ethanesulfomc acid

showed only one set of triplet and quartet at S 2.18 and 
Requite end TWneemn 4.50. respectively, indicating that only one isomer exists,

0-5 or at least the concentration of the other is so low that it
Sulfonic Acids. —In the superacid system, F S 0 3H - is not observed under the experimental condition.

SbF6, all the sulfonic acids studied were protonated. In the protonation of higher homologs, again only one 
FSOsH-SbFs-sOiCiF isomer is observed (presumably there is one sterically

RSOsH ———— — —— > RSOsH2 favored isomer, although based on available data no as-
-60° signment of structure can be made).

The protonation is evident by the deshielded nmr Cleavage Reactions of Protonated Sulfonic Acids.— 
chemical shifts of the alkyl protons of the protonated Protonated methanesulfonic acid is stable up to + 1 0  .
species as compared to those of the parent compounds in At higher temperature, cleavage reactions occurred.
SO2CIF (see Table I). It is presumed that the protona- At + 2 0  , the pmr spectrum shows a doublet at S 4.50
tion occurred on sulfonyl oxygen. The S-OH protons ( J  =  7.0 Hz) similar to that found in the methanesul-
of protonated sulfonic acids could not be seen in the nmr fonyl fluoride-antimony pentafluoride complex in SbF5-  
spectra but their chemical shift might be expected to be S 0 2C1F solution and also similar to that of protonated
similar to that of the acid solvent system (5 11-12.8). methanesulfonyl fluoride in FSOaH-Sbl5-SO2CII“ solu-
Assignments of derived chemical shifts and coupling tkm- The 19F  nmr spectrum of this cleavage product
constants of the parent and protonated sulfonic acids shows the fluorine resonance as a quartet at 4>
studied: methane-, ethane-, propane-, and butanesul- downfield from CFCI3 with a coupling constant of 7.0
fonic acid are summarized in Table 1. Hz• These data indicate that methanesulfonyl fluoride

Protonated methanesulfonic acid at — 60° shows two indeed is formed in the cleavage reaction. In addition,
sharp singlets at 5 4.15 and 4.07 with a relative area the pmr spectrum of the solution also displays a very
ratio of 60:40 for the methyl protons. This indicates strong intense H30 +  peak indicating that dehydration
the existence of two isomeric species possibly Ia and lb had occurred. . .
due to hindered rotation about the S'—O bond and ^  evident that, if the methylsulfonyhum ion is
further indicates that the initial protonation is on sul- formed by dehydration during the cleavage reaction, 1
fonyl oxygen. No coupling was observed between the appears to react immediately with fluoride ion (from its
methyl protons and the protons on oxygen. Therefore, gegenion or the solvent system) to form met anesu -

fonyl fluoride which in turn gives the methanesulfonyl
(7) j . Earr, r . j . Gillespie, and e . a. Robinson, Can. j . chem., 3 9 , 1266 fluoride-antimony pentafluoride donor i acceptor com-
(8) S. K. Hall and E . A .  Robinson, ibid., 42, 1113 (1964). pleX. In “magic acid,” FS0 3H -S b l5 Solution, the
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methanesulfonyl fluoride formed could also possibly be conditions and immediately rearrange to the stable ¿erf- 
in the protonated form hexyl and ¿erf-butyl cations, respectively.

+OH Protonated benzenesulfonic acid could not be
II observed in F S 0 3H -S b F 5- S 0 2C lF solution even at
i T F —60°. The nmr spectrum of benzenesulfonic acid in
O F S 0 3H -S b F 5- S 0 2C lF at - 6 0 °  showed a strong H 30  +

, T , , peak indicating that dehydration occurred. The aro-
“ S  however that methanesulfonyl fluoride matic protons centered at 5 8 .43j similar to th at 0f ben-
m 'S 0 3 -S b F 5 so.ution diluted with S 0 2C1F, gave two zenesulfonyl fluoride-antimony pentafluoride complex
protonated species, whereas only one isomer of the (88  4 9 ). It, therefore, is indicated that benzenesulfonic
donor .acceptor complex« was found for methanesul- acid ig first protonated in F S 0 3H -S b F 5- S 0 2C lF solu-
fonyl fluoride in SbF5- S 0 2C lF solution. The obvious ti followed by dehydration to give the benzenesul-
explanatmn can be a steric effect, due to the bulkiness f Hum ion which then quickly abstracts fluoride ion
of SbF5. In  the cleavage reaction of protonated meth- from thfi ion or solvent to form the benzenesul-
anesulfomc acid thus obviously the donor: acceptor f j fluoride-antim ony pentafluoride complex,
complex of the sulfonyl fluoride-antimony pentafluoride p rotonated p-toluenesulfonic acid could not be
is orme . observed either. p-Toluenesulfonic acid in F S 0 3H -

^ TT TT FSO,H-sbFs-so,ciF ^  ^   ̂ ^ SbF6- S 0 2C lF  solution, just as in the case of benzene-
CH3SO3H >  CH,SO, H2-FSO,--SbF6 suifonic acid, gave the donor: acceptor complex of

0 —SbF5 J  ~ lh 0  p-CH 3C 6H 4S 0 2(F )'S b F 5 (ArH, <5 8 .33 ; C H 3, S 3.00).
n „  I  tt 7 S° 3 m „  i t t t . Alkyl Sulfonates.— Alkyl sulfonates in F S 0 3H -UTls---O---r  < -------  [0*i30U2j +Jbb(J3 bbr5 n, i ,■  1 1 t ,1 i f  l|| bb±<5-bU 2CIJb solution are protonated on the sultony 1

o  oxygen. Again, as in the case of protonated sulfonic
T» . . , ■ . ,  . , , acids, the S-O H  protons of the protonated sulfonates
Protonated ethanesulfomc acid at room temperature , rp, ,, , , , ,. . ,, /  cannot be directly observed. The protonation is evi-also undergoes dehydration. After the solution of , . , , , . ,. , , , ,  • . . .  r c ,n  TT dent by the deshieldmg of the alkyl proton chemical

protonated ethanesulfomc acid in F S 0 3H -S b F 6- S 0 2C lF hift A  th Drotonated sulfonates as comnared to those
has stood at room temperature for about 15 mm, the f  ,1 ,. , , • Cn  /„  , , r °f  the corresponding parent sulfonates in S 0 2C1F (see
nmr spectrum shows in addition to the resonances of u  * • t  u  m, , , ,, . . ,  ,, , . • , 1 summary of data in Table I I ) .protonated ethanesulfomc acid, a methyl triplet a t 5 ™ . , ' ,, , . .Q0o 1 , , ’ . on . , Ih e  nmr spectrum of methyl methanesulfonate in
2.23 and a methylene quartet a t 5 4 .60 assignable to the F S 0 3H -S b F 5- S 0 2C lF solution at - 6 0 °  shows two
donor:acceptor complex, CH 3CH 2S 0 2FSb F5. When singlets at S 4.80 and 4.03 for the OCH 3 and —C H 3

the solution was allowed to stand at room temperature protons, respectively. Two shoulders at S 4 .70  and
for a longer period of time, alkyl-sulfur cleavage occurs 3-93 are also observed indicating, as in the case of pro
to give the ethyl cation 10 which is not stable in the me- tonated methanesulfonic acid, that two isomeric species
dium and immediately reacts further to the stable (H a and lib ) are present.
¿erf-butyl and ¿erf-hexyl cations. H H

+ — HaO + f -  5 + s~ + 0  ^ 0  +
CH,CH2SO,H2 — >- [CH3CH2S02] CH3CH2S02SbF5 || ||

, I CH3—S—OCH3 CH3—S—OCHa

I— c h 3 F A A
CH3- C -----CH—CH3 [CH3CH2] + +A—CH, IIa IIb

CH3 CH3 CH, No coupling was observed between the proton on oxy-

t gen and the methyl protons. Therefore, no differentia
tion and assignment of the structures could be mode. 
+ A t —30°, only the singlets a t d 4.80 and 4.03 for the

CHs—CH—C—CH3 major isomer were observed. (The observation of the
CIi3 CH3 lower temperature spectrum is, however, reversible.)

Protonated methyl methanesulfonate is stable up to 
Protonated n-propane- and isopropanesulfonic acid + 2 0 ° .  A t room temperature it undergoes alkoxy-sul-

at room temperature undergo cleavage reaction to give for cleavage and reacts with the acid solvent system  to
¿erf-hexyl cations. Similarly, protonated butanesul- +qh  O
fonic acid at room temperature gives the ¿erf-butyl II || H
cation. The protonated acids first are assumed to CH3—S—OCH, CH,—S—OCH, — >-
undergo dehydration (indicated by the intense H 30 + A A +
peak at S 10.2) to give the corresponding alkyl sulfonyl O
ca tio n s  w hich  u nd ergo a lk y l-su lfu r c leav ag e  to  give th e  r p n l + i  -1- ttooft
related alkyl cations (n-propyl, isopropyl and n-butyl 1 f  J +  3

cation). The primary and secondary cations are not O .
observed, since they are not stable under the reaction j  j H +

(9 ) G . A . O lah, A . T .  K u , a n d  J. A . O lah, J. Org. Chern., 35, 3925 (1970). g +  3 -
(10) T h e  re v e rs ib il i ty  o f th is  c leavage was fo u n d  b y  re a c tin g  th e  CaHsF — ►  p p r  g ;n  QKT? TT A r^ T T

S b F 6 com p lex  w ith  SO 2 to  g ive  e th a n e s u lfo n y l f lu o r id e  (G . A . O la h , J. R . \ 2 i5 D 1 ^5 « 2U U H 3

D e M e m b e r, and R . H .  Sch losberg , u n p u b lis h e d  w o rk ) .  p
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T able II
P mk Chemical Sh ifts11 and Coupling Constants (in H ertz)6 op the 

P arent and P rotonated S ulfonates

R e g is try  T e m p , A ro m a tic
C o m p d  no. S o lv e n t °C  C H s -S  a -C H s  0 - C H 2 -C H a  H

0  66-27-3 SO2CIF - 6 0  3 .0 3  3 .96
II (s) (s)

CH3—S— OCH3 26428-20-66 F S 0 3H -SbF5
1 SO2CIF - 6 0  4 .0 3  (s) 4 .8 0  (s)
0  3 .9 3  (s) 4 .7 0  (s)

O
|i 62-50-0 SOzClF - 6 0  3 .11  (s) 4 .4 7  1 .55

CH3— S— OCH2CH3 (q, 7.5) (t, 7.5)
|| 26428-21-76 F S 0 3H -SbF6 - 6 0  4 .2 1  (s) 5 .8 0  2 .1 8
O SO2CIF (q, 7.0) (t, 7.0)

„  V 80-18-2 SO2CIF - 6 0  3 .8 0  (s) 7 .9 0
(O V -S —0CE, 26428-22-8* F S 0 3H -SbF6 - 6 0  4 .8 0  (s) 8 .36

II SO2CIF
0

“ Same as that of Table I. b Protonated.

give the methanesulfonyl fluoride-antimony pentafluo- 0  +
ride complex. || Fso.H-sbFt-sOaCiF ||

Ethyl methanesulfonate is protonated m F S 0 3H - C6H6—S—GCH3 --------------- --------- > C6H5— S— OCH3
SbFs-S02 solution (chemical shifts and coupling con- ^ ~60° ^
stants are given in Table I I ) . The protonated species is
stable up to + 10°. After the sample stood at If
room temperature for about 10  min, the nmr spectrum ''
shows resonances characteristic for the (erf-butyl O O
cation, the (erf-hexyl cations, and nrotonated meth- TT ILi , TT 7,rr,-r „ H+ rT H, c ■ . , . J , . , .  , \ , L^6l l6b TJ +  H iU Llii ■<----------------- 0 6H5— ft— U— CHa
anesuifomc acid m addition to those of protonated ethyl || Jj +
methanesulfonate. This indicates as shown in the fol- O O
lowing equation that alkyl oxygen cleavage occurred to |
give ethyl cation which then forms the stable (erf-butyl y
and (erf-hexyl cations. 5+ 5_

0-^ S b F6

+OH FSOaH-SbFs- +OH C6h| f
I! sOaCiF l

CHa—S—OCH2CH3 ------------> CHa—S—OH +  [CH2CH3] + O

O temperature o Sulfinic Acids and Sulfinates.’—No direct investiga-
j tion relating to the protonation of alkyl- or arylsulfinic
’ acids and sulfinates in superacid system have been re-

CH3 CHa CHa ported so far in the literature. Sulfination of aromatics
_ c  CHs ■< C—CH3 by sulfur dioxide11 and the reactions of benzenonium

H I  + J | ions with sulfur dioxide is known12’18 and was studied
Ff b CHa CH3 also in strong acid media to yield protonated arylsulfinic

acids.14

Protonated propyl methanesulfonate in F S 0 3H -SbF6-  continuation of our study of the protonation of
SO2CIF solution could not be observed even at a tern- sulfonic acids, we considered it of interest to extend our
perature as low as -  80°. The nmr spectrum showed investigation to the protonation of sulfinic acids and sul-
only the (erf-hexyl cations and protonated methanesul- finf  tes m the extremely strong acid system,
fonic acid, indicating complete cleavage by the time Methane-, benzene-, and toluenesulfimc acid studied 
spectra were obtained. Butyl methanesulfonate under were Pr(Aonated on the sulfinyl oxygen at low tem-
similar conditions gave the (erf-butyl cation and pro- Perature‘ The nmr spectrum showed the S-OH pro
tonated methanesulfonic acid. tons as a smSlet at S 9 ' 12  to 9'40' The Pmr chemical

The nmr spectrum of protonated methyl benzenesul-
fonate recorded at —80° showed the methyl singlet at d 11 OH
4.86 and the ring protons centered at 8 8.43. At room r— S— OH FSQjH-SbF̂ -sô cff̂  R—.§''/ +
temperature protonated methyl benzenesulfonate un- ~78 ^OH
dergoes alkoxy-sulfur cleavage to give protonated __________

+
methanol (CH3 at 8 4.80 and OH2 at 9.42 at - 6 0 ° )  and (11) G - A - 01ah ’ "F r ie d e l-C m fta  a n d  R e la te d  R e a c tio n s ,”  V o l.  I ,  W ile y -

the benzenesulionyl fluoride-antimony pentafluonde ( i 2) g . a . oiah, c. u. P it tm a n ,  J r . ,  e . N a m a n w o rth , and  m . b . c o m is a -

complex with a chemical shift of 8 8.46 for the aromatic r°w. J - Amer- chem. Soc., ss, ssn (1966).
n rn ton s T h e  eleavno-p reactio n  ae-ain pan b e ren  <13) M .  B ro o k h a rt,  F .  A . L .  A n e t, a n d  S. W in s te in ,  ibid., 88, 5657 (1966).p roton s, i n e  c leav ag e  re a c tio n  again  ca n  ne rep  (14) G. a . oiah, r . h . Schiosberg, d . p . K e lly ,  and G h . d . M ate escu,

resented as in the following reactions. ibid., 92,2546 (1970).
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T a ble  III
P mr Chemical S h ifts“ of P rotonated S ulfinic  Acids and M eth yl  M ethanesulfonate 

in F S 0 3H -SbF6- S 0 2ClF S olution

Registry Temp, Aromatic
Compd no. °C S-OH CHs OCHa H

.OH
CH_ sf + 26428-23-9 - 6 0  9 .4 0  (s) 3 .9 3  (s)

X OH

^ ° H
qh5—S >  26428-24-0 - 8 0  9 .3 0  (s) 8 .0 5  to 8 .5 6

X)H

-OH
p.CH_ CïH _ sf + 26428-25-1 - 8 0  9 .1 2  (s) 2 .7 8  8 .0 0

"̂ OH
OH

CH— sf+ 26428-26-2 8 .9 3  (s) 3 .7 0  (s) 4 .6 6  (s)
X>CH,

“ Same as that of Table I.

shifts and coupling constants of protonated sulfinic acids The only sulfinate we studied in the present work was 
are summarized in Table I I I .  methyl methanesulfinate. The nmr spectrum of

Protonated methanesulfinic acid, at —60° gave an methyl methanesulfinate in F S 0 3H -SbFB solution
nmr spectrum having a methyl singlet at 5 3.93 and one diluted with S 0 2C1F showed a singlet in the S-OH
S-OH singlet at S 9.40 with a relative area ratio of 2:3. region at 5 8.93 indicating that it is also protonated on
These resonances, although broad, showed no couplings. the sulfinyl oxygen. The pmr chemical shifts of the

As in the case of protonated simple carboxylic acids,10 parent and protonated methyl methanesulfinate are
thiocarboxylic acids,3 and dithiocarboxylic acids,4 one given in Tablé I I I .
would expect that two or even three possible isomers No couplings were observed between the S-OH pro- 
(IHa, Illb , IIIc) would exist for protonated methane- tons and the two methyl protons. Hence, the structure
sulfinic acid. However, the nmr spectrum of proton- of protonated methyl methanesulfinate could not be as-

H signed.
q \ Protonated methyl methanesulfinate is very stable.

CH3— S^A- X 'H CH S^+ CH g - ^ T l  No cleavage reaction occurred even when the solution
was standing at room temperature for days.

H H/

n ia nib nic Experimental Section

ated methanesulfinic acid at - 8 0 °  indicated that only Materials.—All the compounds used in this study were com-
one isomer exists. An attempt was made in order to except methanesulfinic acid and methy!

see if the S-OH resonances could be resolved into two Methanesulfinic acid were prepared by the method described 
singlets, as in the case of the predominant isomers of by Cram and coworkers15 by the reaction of distilled water and
protonated carboxylic acids10 (IV) and protonated di- methanesulfinyl chloride at —30° under dry nitrogen. The
thiocarboxylic acids4 (IV). Unfortunately, at temper- methanesulfinyl chloride was prepared following the method of

Douglass and coworkers16 by the reaction of chlorine and methyl 
disulfide in glacial acetic acid at low temperature. Methyl 

R— QO- TI methanesulfinate was also prepared by the method described by
yX Douglass17 by the reaction of methanesulfinyl chloride and

j j '  methanol at —30°.
Nmr Spectra.— Varian Associates Model A -56/60A  with varia- 

IV ble-temperature probes was used for all spectra.
„  ^  „ Preparation of Solutions.—The procedure used for the prepara-
A "  U’°  tion of solutions of the protonated sulfonic acids, sulfonates,

atures lower than - 8 0 ° ,  the solution became very vis- methanesulfinatewasidenticalwiththat
cous and the resonance became broad. Therefore, the
structure of the protonated sulfinic acid could not be Acknowledgment.— Support of our work by a grant
assigned. from the National Institutes of Health is gratefully

Benzene- and p-toluenesulfinic acid in F S 0 3H - acknowledged.
SbF6-S 0 2ClF solution are also protonated on the sul
finyl oxygen. The pmr chemical shifts are summarized (15) F- Wudl- D- A- Lightner, and d. j . cram, j . Amer. Chem. Soc., 89, 
in T ah lp  TTT 4099 (1987).

. (16) I. B. Douglass, B. S. Farah, and E . G . Thomas, J. Org. Chem., 26,
I he protonated sulfinic acids studied are extremely 1996 ( i9 6 i ) .  

stable. No cleavage reactions could be observed even i1!? Ï; B; ^ s ' 8-88’ ibid- 30' 633 <1965)-
^  ' U x j  x  i p r o  (18) G . A. Olah, D . H. O’Brien, and A. M .  White, J. Amer. Chem. Soc.,when the solutions were heated up to + 6 5  . 89, 5594 (1 9 6 7 ) .
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A series of hydroxycarboxylic acids were protonated in fluorosulfuric acid-antimony pentafluoride-sulfur 
dioxide solution at low temperature. Oxygen diprotonation was observed for all the hydroxy acids studied.
At higher temperature, a-hydroxycarboxylic acids undergo dehydration to give the corresponding lactides.
Protonated 3-hydroxybutyric acid undergoes dehydration to give protonated crotonic acid at 0°. Lactone for
mation was observed for protonated 4-hydroxybutyric acid at room temperature.

We have previously reported the observation of pro- superacid systems.7'10'11 Isomer la is the predominant
tonated aldehydes,3 ketones,4 alcohols,6'6 carboxylic species for both protonated formic and acetic acid, and
acids,7 thiocarboxylic acids,8 and ketocarboxylic acids9 in the protonation of higher homologs isomer lb  is not
in superacid solutions by nmr spectroscopy. In contin- observed. The two OH protons of the predominant
uation of our studies we wish now to report the protona- species, la , are in different environment and hence give
tion of hydroxycarboxylic acids and their cleavage reac- different chemical shifts at low temperature. The same
tions in fluorosulfuric acid-antimony pentafluoride so- observations were made for protonated thiocarboxylic
lution. acids8 and dithiocarboxylic acids.12 The OH protons of

In  F S 0 8H -SbF6- S 0 2 solution, all the aliphatic hy- protonated glycolic, lactic, 3-hydroxypropionie and 3-
droxycarboxylic acids studied were completely dipro- hydroxybutyric acid, however, could not be resolved
tonated. Studying the temperature dependence of even at a temperature as low as —80°. This observa-
these systems we were able to observe, depending on the tion is in accord with tha~ of protonated ketocarboxylic
relative position of the OH and C 0 2H group, dehydra- acids9 and dicarboxylic acids13 in which, when the two
tion of protonated a-, (3- and y-hydroxycarboxylic acid functional groups are too close together, only a singlet
to form the corresponding lactide, a,/3-unsaturated car- absorption was observed for the - C 0 2H2 + protons. As
boxylic acid and lactone, respectively. the two functional groups are separated further, such as

in the case of protonated ■--hydroxybutyric acid, the two 
„  f s o 3h — SbF,— so2 OH protons of the C 0 2H2+group at low temperature

I ^OH gave two smg.ets.
qH The nmr spectrum of protonated glycolic acid (2) in

OH F S 0 3H -SbF6- S 0 2 solution at —80° showed two low
R__ q j __ (oh ) __q/ (  + field singlets in the OH region at 5 14.2 (broad) and 13.5

| ""  ''''OH (sharp) and another two singlets for the methylene
+OH2 protons at 5 6.10 and 5.96. The relative area ratio of

the resonance at 5 6.10 and 5.96 is dependent on the 
n = 0,1,2 acid concentration in S 0 2. When the superacid con

centration was increased in the sample, absorptions at
The following aliphatic hydroxycarboxylic acids were iower field were increased at the expense of the higher

examined in F S 0 8H -SbF5-S02 solution: glycolic, lactic, field resonance. Furthermore, the OH protons at S
3-hydroxypropionic, 3-hydroxybutyric and 4-hydroxy- 1 4 . 2  are much more deshielded than those of protonated
butyric acid. The derived pmr parameters of pro- acetic acid. Hence we assign the absorptions at S
tonated hydroxycarboxylic acids are summarized in 1 4 . 2  and 6.10 to the protons on carboxylic oxygen and
Table I. the methylene protons of the diprotonated species 2.

I t  has been shown that two isomeric species ( la  and 
lb) are found for protonated formic and acetic acid in

O H

\  CH.-CO.H FS°J~H~ f F5~SOi> CH— CC? +
A  y ° I | OH

R— C (f+ H R— c(t+ 0H  +0Ha
Y  \\ ?

o  0
H H

la lb The +OH2 protons of the diprotonated species are not
* T c  w h o m  correspondence sh o u ld  be  addressed. observed and are probably covered by the acid solvent
a )  P a r t  c v i :  g . a . o la h ,  a . t . K u ,  a n d  j . a . o la h ,  j . Org. Chem., 35 , p e a k  a t  5  1 0 . 9  t o  1 2 . 0 ,  o r  e x c h a n g i n g .  B y  s t u d y i n g

39?8A 70)' , r ,., , i t . . .  further hydroxycarboxylic acids, such as lactic acid and
(2) N a tio n a l In s t i tu te s  o f H e a lth  P re d o c to ra l R esearch In v e s t ig a to r ,  • j  /  - r v  • \  •

197 0 2-hydroxy-2-methylbutync acid (see Discussion), it is
(3) g . a . olah, d . h . O ’B r ie n , and m . C a iin , j . Amer. Chem. Soc., 89, indicated that- the absorptions at 5 13.5 and 5.90 are due

3582 (1967).
(4) G . A .  O lah, M .  C a iin , a n d  D .  H .  O ’B r ie n , ibid., 89, 3586 (1967).
(5) G . A . O la h  a n d  E . N a m a n w o rth , ibid., 88, 5327 (1966). (10) T .  B ir c h a l l a n d  R . J . G ille sp ie , Can. J. Chem., 43, 1045 (1965).
(6) G . A . O la h , J. Som m er, a n d  E . N a m a n w o rth , ibid., 89, 3576 (1967). (11) H .  H ogeveen, A .  F . B io ke l, C . W . H ilb e rs , E . L .  M a c k o r ,  a n d  C.
(7) G . A .  O la h  a n d  A . M .  W h ite ,  ibid., 89, 3591 (1967). M a c le a n , Chem. Ccmmun., 898 (1966).
(8) G . A . O lah, A .  T .  K u ,  a n d  A .  M .  W h ite ,  J. Org. Chem., 34, 1827 (1969). (12) G . A . O la h  a n d  A .  K u ,  J . Org. Chem., SB, 331 (1970).
(9) G . A . O lah , A . T .  K u ,  a n d  J. Som m er, ibid., SB, 2159 (1970). (13) G . A .  O lah  a n d  A . M .  W h ite ,  J . Amer. Chem. Soc., 89, 4752 (1967).
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Table I
P mk Chemical Shifts“ and Coupling Constants'1 of Hydroxycarboxylic Acids in F S 0 3H -SbF6 Solution D iluted with S 0 2

+ +
C o m p d  R e g is try  no . °C  C O sH 2 O H i H i  H 2 H i

CV ,  2 5 9 5 1 -4 6 -6  - 8 0  1 4 .2 “ 6 .1 0
, I OH
+OH,

2 5 9 5 1 -4 7 -7  - 6 0  1 4 .1 "  6 . 0 6  2 .2 3
| X OH (d , 7 . 5 ) e

+OH2

CHa
OH

Ch3c h - c- c/ + 2 5 9 5 1 -4 8 -8  - 6 0  1 4 . 5 '  2 . 5 5  2 . 2 5  1 .3 0
J  , °H (q , 7 . 5 )  ( t ,  7 . 5 )

Un2

, . , ^OH 2 5 9 5 1 -4 9 -9  - 8 0  1 3 .5  5 .4 3  4 . 1 0
CH2— CH—  _ 3 0  1 3 . 4  1 0 .8  5 .4 6  4 . 1 0

+OH2 (t ,  4 . 0 )  (m ) ( t ,  5 . 0 )

OH 2 5 9 5 1 -5 0 -2  - 6 0  1 3 .1  1 0 .4  5 .6 6  3 . 7 8  1 .8 8
CH3-C H — C H -C < c+  (d , 3 .8 )  (m ) (d. 4 . 7 )  (d , 6 . 5 )

+OH, ° H 3 .8 0
(d, 6 . 5 )

CH..CH CH — C^'°H 2 5 9 5 1 -5 1 -3  - 6 0  1 2 .7  9 . 9 3  5 .0 3  3 . 4 8  2 . 6 6
r  X OH ( t ,  3 . 5 )  (m ) ( t ,  7 . 0 )  (q i, 7 . 0 )

+OH,

1 m‘dion referred to external TMS. 6 In hertz as indicated following the multiplicity in the parenthesis. c Observed
only below —7 0 ° . " Observed below —9 0 ° .  * Multiplicity: d, doublet; t, triplet; q, quartet; qi, quintet; m, multiplet. '  Ob
served only below —8 0 ° .

T able II
P mr Chemical Shifts“ and Coupling Constants6 of P rotonated L actides F ormed from the Corresponding P rotonated

«-Hydroxycarboxylic Acids in F S 0 3H -SbF5- S 0 2ClF Solutions

C ° m p d  R e g is try  no . °C  O H  H i  H 2 Hs

♦
0 'A'^C=OH

+ 2 5 9 6 6 -5 5 -6  — 70  1 3 .5  5 .9 0

H0V ^ h1

CH3 H

?  " | ~ ° H 2 6 0 3 9 -3 6 -1  - 6 0  1 3 .3  6 . 0 6  2 . 0 6

h/ X °  (m ) (dl 7 ' 2 )eH x CHa

x CH2CH3

0 " CX :=O H  2 5 9 6 6 -5 6 -7  - 3 0  1 3 .3  2 . 5 0  1 .2 1  2 . 2 0
ho= c^ o (q , 7 . 0 )  ( t ,  7 . 0 )  (s)

CHjCH.^ X CHa

“ In parts per million referred to external TMS. 6 In hertz as indicated following multiplicity in the parenthesis. * Observed onlv 
below —70 .

to the protons on oxygen and methylene protons of pro- Protonated lactic acid (added as the lithium salt) in 
tonated 2,5-dioxo-l,4-dioxane (3) at —70°. Isolation FSOsH -SbF6 solution diluted with S 0 2 at —80°, gave 

H „  an nmr spectrum having the methyl doublet at S 2.33,
\ c /  + methine multiplet at b 6.20 and a low field peak at S
O '  x C=OH 14.1. The resonance at 5 14.1 is assigned to the

HO=Cv /O - C 0 2H2+ protons and is much more deshielded than
/ ^ \  that of the OH protons of protonated propionic acid (5

H H 12.73)7 indicating that lactic acid is diprotonated. The
3 +OH2 protons again are not observed and are possibly

of lactides from the superacid solutions is difficult be- 0VerJaPPed by, or exchanging with, the acid solvent
cause they cannot be treated with water or hydroxylic peak' f®  the temPerature of the solution was increased
solvents without solvolysis. The identity of the pro- t0 - 6 0 °’ new peaks at. hi£her field of each absorption
tonated lactides was, however, confirmed when au- aPPeared> which we believed to be due to the formation
thentic lactides were dissolved in F S 0 3H -SbF6- S 0 2 solu- of protonated laetide 4. The nmr spectrum at - 6 0 °
tion - 7 0 °  and gave identical pmr spectra (nmr data of showed the C = O H  singlet, methyl doublets, and the
protonated lactides are summarized in Table I I ) .  methine multiplets of protonated laetide 4  at 5  13.3,
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2.06, and 6.06, respectively. At —30°, the rate of the resonance of +OH2 is overlapping with the acid solvent
formation of the protonated lactide is increased and peak at 8 10.7-11.2 at —80°. At —30°, as the acid
readily goes to completion. solvent peak shifted to 5 11.0-11.3, the +OH2 absorption

appeared as a triplet with a coupling constant of 4.0 Hz 
H H at 5 10.8. The chemical shifts and coupling constants
| ^  tt fso H-SMv-so, ° f the methylene protons are summarized in Table I.
9 002H ~  CHa 9 c\'Ah Diprotonated 3-hydroxypropionic acid in F S 0 3H -
qjj +Qpj SbF6- S 0 2 solution is stable. The nmr spectrum showed

no significant change from —80° to room temperature. 
3-Hydroxybutyric acid in F S 0 3H -Sb F 6 solution with

H+ -HO +
S 0 2 as diluent, is also diprotonated (7). The C 0 2H2

CH3 H FS08H-SbF5-S0! +
+ c h 3— c h — c h 2c o 2h ----------------------- c h 3— c h — c h 2c o 2h 2

(F ^ C -O H  I -6°° I
I | OH +OH2

H O = C ^ O  7
H XH3

4  protons appear as a singlet at 5 13.3 which could not be
resolved even at a temperature as low as —100°. The

2- Hydroxy-2-methylbutyric acid in 1 :1  F S 0 3H - +OH2 protons appear as a doublet with a coupling con-
SbF5- S 0 2 solution is also diprotonated. At —80° the stant of 3.8 Hz at 8 10.5. The methine proton appeared
nmr spectrum showed a broad low field peak at 8 14.5 as a multiplet at 8 5.9 and the two methylene protons
which is assigned to the C 0 2H2+ protons. The +OH2 appeared at 5 3.96 (doublet, J  =  5.0 Hz) and 5 4.0 (dou-
absorptions could be overlapped by or exchanging with blet, J  = 6.5 Hz). The methyl protons appeared as a
the acid solvent peak at 8 11 .4^ 12.3  is not observed. doublet at <5 2.1. Protonated 3-hydroxybutyric acid is
The methyl triplet appeared at 8 1.30, ethyl quartet at 8 stable up to 0°. At higher temperature dehydration
2.55, and the methyl singlet at 8 2.25. As the tempera- occurred (indicated by the strong intense H30 +  absorp-
ture of the solution increased to —30°, a new methyl tion at 8 10.25) to form protonated crotonic acid 8 which
triplet at 5 1.31, ethyl quartet at 8 2.50, and methyl a t + 1 0 °  undergoes further dehydration to give the cor-
singlet at 8 2.20 appeared, and all appeared at a higher responding a,/J-unsaturated oxocarbonium ion 9.
field than those of protonated 2-hydroxy-2-methylbu-
tyric acid. In  addition, the nmr spectrum also showed + - h3o + +
a sharp singlet at 5 13.3, indicating that protonated 2- CH3— CH CH2- C 0 2H2 qo > CH3— C H = C H  C 0 2H2

hydroxy-2-methylbutyric acid at — 30° undergoes dehy- +OH2 8
dration to give the 2,5-ethyl-2,5-methyl-3,6-oxo-l,4-di- ,
oxane (5). Conversion of protonated 2-hydroxy-2- + 10°1
methylbutyric acid to 5 goes to completion when the +
sample is kept at — 30 ° . CH3— C H = C H — C = 0

9
CH3
I  _  T Fsoji-sbF-so, In  “magic acid,” 4-hydroxybutyric acid (added as

2CH CH, C C02H — *- sodium salt) also undergoes diprotonation to give ion
10. The nmr spectrum cf 10 recorded at — 60° showed

f  /OH _w  C H , - C H . - C H , - < °  - E f c g a i a .
2CH3CH2— C— CC(+ ------- - ONa

I X OH H+ OH+Att room
wri2 temperature

« ¡> f  ( - h 20)
CH,CH, CH3 CH2— CH2— CHZ— H ---------------

4 . I 0

v C=OH +OH2 h /
+ ^ C v r ^O 10
H e r / c \  .

CH, CH2CH3 C b C b
3 h 2c — c h 2 h  h 2c — c h 2

5 /  \ /  +  /  \ +
a H2CX q / C = 0 + +  a H2CX q / C = 0 +

3- Hydroxypropionic acid (6) is diprotonated in \
F S 0 3H -SbF5 solution diluted with S 0 2 at —80°. The
- C 0 2H2+ protons appear as a singlet at 8 13.5. The 11

the - C 0 2H2+ and +OH2 protons at 8 2.17 and 9.93, re- 
CH2CH2C02H FSOjH-sbFs-sO;, CH2— CH2— C^{ + spectively. The latter is a triplet with a coupling
| 80° | XiH constant of 3.5 Hz, the former is resolved to two sing-

OH +OH2 lets at — 70° indicating, as in the case of protonated sim-
6 pie carboxyhc- acids, that the two protons of + C 02H2 are

Stable Carbonium I ons. CVII J. Org. Chem., Vol. 85, No. 11, 1970 3915



magnetically nonequivalent. The a-methylene pro- identical with that of the protonated authentical 7 -bu- 
tons appeared as multiplet at 8  5.03, the 7 -methylene tyrolactone. 
protons as a triplet at 5 3.48, and the /3-methylene pro
tons centered at 5 2.66. Experimental Section

At room temperature, protonated 4-hydroxybutyric ..
. ,  , , , , f., , .  , , Materials.— All hydroxy carboxylic acids used m this study

am d re a rra n g e d  slow ly to  th e  corresp on d in g  p ro to n a te d  were commerciaUy avaiiabie materials.
7 -butyrolactone 11. The nmr spectrum of this solu- Nmr Spectra.—Varian Associates Model A -56/60A  spectrom-

„ . , _  + TT eter with variable temperature probe was used for all spectra,
tion cooled back to 80 showed the v OU proton at Preparation of Protonated Hydroxycarboxylic. Acids.—The 
5 12.25 and 12.03 with a relative area ratio of 75:25% , procedure used for the preparation of solutions of protonated hy-
indicating that two isomeric species of protonated lac- droxycarboxylic acids was identical with that described previ-
tone 11 are formed. The three methylene groups a, b, ously.14

and c of the protonated lactone appeared as triplets and Acknowledgm ent-Support of this work by a grant
quintet at 5 5.45 3.53, and 2.75, respectively. I t  is from the National Institutes of Hea]th is gratefully

noted that the nmr spectrum showed no -OH2 absorp- acknowledged.
+

tions and of course the coupling between -OH2 and the (14) G A olah, D H. O ’B r ie n , a n d  a . m . w h i te ,  j .  A w .  c h e m .  S o  

methylene protons is absent. The nmr spectrum is 89, 5694 (1967).

Stable Carbonium Ions. CY III. Protonated Lactones and Their Cleavage 
Reactions in Fluorosulfuric Acid-Antimony Pentafluoride Solution1

G e o r g e  A. Ol a h * a n d  A l i c e  T. K u2 
Department o f Chemistry, Case Western Reserve University, Cleveland, Ohio 44-106
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A series of lactones were protonated in fluorosulfuric acid-antimony pentafluoride solution at low temperature.
With the exception of protonated 8-valerolactone, a-acetyl-7-butyrolactone, coumarin, dihydrocoumarin, and
4-hydroxycoumarin, two isomeric species were found for all the protonated lactones studied. Structure assign
ments for these two isomers are proposed. Protonated lactones in FS0 3H -SbF6-S 02 solution are stable except 
protonated /3-butyrolactone which undergoes alkyl-oxygen cleavage and deprotonation to give protonated crotonic 
acid at —40°. Protonated a-angelicalactone at —60° undergoes acyl-oxygen cleavage to give the corresponding 
protonated ketooxocarbonium ion.

In continuation of our preceding study of the protona- coumarin, were protonated on the carbonyl oxygen 
tion of hydroxycarboxylic acids,1 we felt it of interest to atom.
study the protonation and cleavage reactions of lactones The protonated lactones give well resolved pmr spec- 
in F S 0 3H -SbF5-S 0 2 solution. tra. Assignments of the pmr chemical shifts and cou-

Extensive kinetic studies were carried out on the hy- pling constants of the parent and protonated lactones 
drolysis of /3-lactones.3 With the exception of Hoge- are summarized in Table I.
veen’s recent report4 of the behavior of a, «-dimethyl- The proton on oxygen of protonated lactones occurs 
/3-propiolactone in hydrogen fluoride-boron trifluoride at lower field than those in protonated alcohols6’6 and
solution, no study of lactones in superacid media has ethers7 but are more shielded than those in protonated
been reported. We wish now to report such a system- aliphatic ketones8 and aldehydes,9 similar to those in
atic study of the protonation and cleavage reactions of protonated alkylcarboxylic acids10 and esters. 11 This
lactones in superacid media. is consistent with the partial double bond character in

the protonated lactones.
Results and Discussion

+ +
In  F S 0 3H -Sb F 5 solution diluted with S 0 2 generally at ^-C=OH OH OH

— 80°, all the lactones studied, e . g . ,  /3-propiolact.one, V q V q V q+
/3-butyrolactone, 7 -butyrolactone, 7 -valerolactone,
a-bromo-7 -butyrolactone, a-bromo-y-valerolactonc, With the exception of protonated S-valerolactone,
a-acetyl-7 -butyrolactone, 5-valerolactone, «-angelica- «-acetyl-y-butyrolactone, coumarin, dihydrocoumarin, 
lactone, coumarin, dihydrocoumarin, and 4-hydroxy- and 4-hydroxycoumarin, all the lactones studied gave

^-C=0 p e n  H _ c hp  _ s - C — O H  two l°w field peaks in the C=OH region at low temper-
| — ? _80o ‘ SOi> r  j ature. This indicates the existence of hindered rota-

0 O tion about the G—O bond. In all cases no coupling was

/ iT °T 3Wh° o  correspondence sh o u ld  be  addressed. ( 5 ) G . A .  O la h  a n d  E . N a m a n w o rth , J. A m e r .  C h e m . Soc., 88, 5327 (19 6 6 ).
1 P a r t  G v n :  G . A . O lah  a n d  A .  T .  K u , J. O rg . C h e m . , 35, 3913 (1970), (6) G . A . O lah , J. Som m er, a n d  E .  N a m a n w o rth , i b i d . , 89, 3576 (19 6 7 ).

(2) N a tio n a l In s t i tu te s  o f H e a lth  P re d o c to ra l R esearch In v e s tig a to r ,  (7) G . A .  O lah  a n d  D .  H .  O ’B rie n , i b i d . , 89, 1725 (1967).

197? ’ (8) G . A . O lah , M .  C a lin , a n d  D .  H .  O ’B r ie n , i b i d . , 89, 3586 (1967).
(3) I  o r references, see A . A . F ro s t a n d  R . G .  Pearson, “ K in e tic s  a n d  M e c h - (9) G . A . O la h , D .  H .  O ’B rie n , a n d  M .  C a lin , i b i d . , 89, 3582 (1967).

am sm  2 n d  ed, W ile y , N e w  Y o rk ,  N .  Y „  1965, C h a p te r  12. ( 1 0 ) G . A . O la h  a n d  A . M .  W h ite ,  i b i d . , 89 , 3591 (1967).
(4) H .  H ogeveen, R e e l .  Trav. C h im .  Pays-Bas, 87, 1303 (1968). ( 1 1 ) G . A . O lah , D .  H .  O ’B r ie n , a nd  A . M .  W h ite ,  i b i d . , 89, 5694 (1967).
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observed between the proton on oxygen and the a-alkyl at S 11.8 and 12.1 with relative area ratio of 75:25. At
protons. At higher temperatures, in some of the —70° only the singlet at 5 11.8  is observed. The

, ,, „  + TT . , . chemical shifts and coupling constants of the alkyl
cases, only the m ajor 0 = 0 H resonance is observed. . „  ■ j  • T_  \ J . , . . , ,  TT 01 „  protons are summarized in ta b le  I .Protonated /3-propiolactone m 1 : 1  F S 0 3H -SbF6-  _  , , , ,___, «..., ,. , r0„o u j  x i c u  v. x- Protonated a-bromo-y-butyrolactone (5a and 5b)S 0 2 solution at —80 showed two low field absorptions + '

r ,  i-u- . x s ix o j  i  a a -xu ix - at —60° showed the C=O H  proton at d  12.93 and
m the +C = 0 ^ rT n at 3 x14'2, and 14.4 wibh relative 13 2 with a relative area ratio of 8 5 .15  which is larger
area ratio of 60:40, respectively, indicating that two than ^  of protonated 7 . butyrolactone. The two
isomenc species ( la  and lb ) are present, th e  two +

H C=OH  singlets are temperature independent and
___ C = 0 + CH___ 0 = 0 ^  could be seen even a t a tem perature as high as —40°,

| | | | indicating that proton exchange remained slow.
CH2---- 0  CH2-----0

la lb Br 2
x 'C H -C = 0+ ^r\  / H

methylene groups appeared as broad peaks at 5 5.50 and 3 / \ CH -C=0+
4.13. At higher temperatures, such a s —40°, the lower 3 \ 2 / °  CH2 0

+ CH2
field C =O H  peak begins to broaden, owing to ex- 1
change with the acid solvent system, and finally dis- 5a 5b
appears. At —20°, the methylene protons appear as
two well resolved triplets with a coupling constant of Again two forms (6 a and 6 b) are observed for pro- 
6 0 Hz. tonated a-bromo-7 -valerolactone with relative ratio of

The pmr sectrum of protonated /3-butyrolactone in 65:35 at S 12.5 and 12.65, respectively. The isomer
F S 0 3H -SbF6-S 0 2 solution, recorded at -6 0 ° , showed ratio is lower than that of protonated a-bromo-7 -bu-

+ + 
the C=OH proton as two singlets at S 12.9 and 13.0 tyrolactone, and the C=OH  resonances are also sharp
with relative area ratio of 52:48, indicating two forms singlets even at a temperature as high as —40°.
(2 a and 2 b) are present. I t  should be noted that the

Bi’ 2 Bit /H
.H X C H -C =0+ CH -C=0+

c h 2 c= ° \ h  c h 2— c= o+ 3 c/H2 \q h  g h2 yb
.CH------O /CH------O \ h X CH

CH, CH:, | I
2a 2b <c h 3 c h 3

8 a 6 b

relative area ratio of the higher field C==OH reso- The nmr spectrum of protonated S-valerolactone (7) at
nance with the lower field one is less than that of pro- +
tonated /3-propiolactone. The methylene doublet of -7 0 °  gave only one singlet for the C=O H  proton at
protonated ^-butyrolactone appears at 5 3.51 methine No other c==o H res0nance could be observed
multiplet at 1 5.66, and the methyl doublet at 5 1.75. even when ^  temperature of the solution was lowered

Protonated 7 -butyrolactone, 3a and 3b, m the same _ 10QO TWg indicateg that onl one protonated
solvent system at -8 0 ° , showed the proton on oxygen x .
as two singlets with relative area ratio of 75:25 at S

12.30 and 12.51. The resonance at 5 12.51 begins to ^
broaden as temperature increases, and at — 60° only the t  ^  Tc= q+
major resonance at 5 12.30 is observed. The a -  and I '"'H
7 -methylene triplets appear at 5 3.60 and 5.50, respec- l
tively, and the /3-methylene protons appear as quintet 1
a t S  2.80. 7

3 + a-Acetyl-7 -butyrolactone in F S 0 3H -SbF6-S 0 2 solu-
r  \ ° \ tt >CH2-C = 0 +  tion is diprotonated (8 a). T he pmr spectrum recorded

2C\ 2 / °  2C%  >  4ch
c h 2 \ c /  f 3 + CH3

C=OH ¿= O H

3 3  3t 2 CH-C=0+ i H- C = 0 '/H
The nmr spectrum of protonated 7 -valerolactone, 4a X  \  H / \ +

+ \ 2 /  J  CH2 0

and 4b, at —80° showed the two C=QH  resonances CH2 \ c^

/H  8 a 8 b
2 c h2- c= o + c h 2-c = o+

sCH2 0  H CH2 0  at —90° showed two sharp singlets at 5 16.6 and 14.03
\ /  \ c^  which are assigned to the protons on the acetyl oxygen

| | and the lactone carbonyl oxygen, respectively. No
4 CH3 CH3 coupling was observed between the proton on oxygen

4a 4b and the a  protons.
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Protonated a-angelicalactone (9a and 9b) in F S 0 3H - Dihydrocoumarin was protonated (12) on the car-
SbF5 solution diluted with S 0 2 at —80° gave an nmr , +
spectrum similar to that of the parent compound in S 0 2 only one C = O H  resonance

+ a t o l z . b a t —60 which is consistent with the observa-
except it showed additional C = O H  resonances at 5 tion of protonated S-valerolactone.
12.6 and 12.9 (60:40) and the deshielding of the alkyl
protons (see Table I). The nmr spectrum also showed X X a- 'X
additional small resonances at 5 3.53 and 4.80 which can K j l  L
be attributed to the methyl and methylene protons of 0  OH
the cleavage product (see later discussion) and are due 12
to local heating during sample preparation. The in-

CH2-C = 0  fso:,h-  2CH,-c= o+ / h Structure of Protonated Lactones.—Protonated lac-
CH \) SbF»-s°i. . ((R 2 \ x h CH2-C=0+ tones with the exceptions of protonated 5-valerolactone, 

_8t)0 \  / °  , CH o coumarin, 4-hydroxycoumarin, a-acetyl-y-butyrolac-
I V  +I | tone, and dihydrocoumarin, all showed two C = O H

CH3 resonances. The partial double bond character of the
9a 9b carbon-oxygen bonds and the observation of two OH

resonances for the proton on oxygen imply the presence 
tensities of the resonances of the cleavage product did of two isomers (13a and 13b) in protonated lactones, 
not increase with time a t —80°.

The pmr spectrum of protonated coumarin (10) in H
FSOaH-SbFs solution diluted with S 0 2 at —70° showed /"9==0-\ a-C=0+
the two — C H = C H - doublets at 8 9.36 ( J  =  9.2 Hz) \JQ H
and 7.63, and the aromatic resonance centered at 5

+ 13a 13b
8.33. The spectrum showed no C = O H  resonance.
This is due to the fact that in protonated coumarin the Similar isomers have been observed in the case of other
-O H  proton is probably in a keto-enol equilibrating protonated carbonyl compounds.8-11 No coupling of
form, and proton exchange occurred. the proton on oxygen with the a-alkyl protons was ob-

' served for protonated lactones. Therefore, no struc-
_Fso,H-SbF-so,v  |2 tural assignments could be made on this basis.

I* has been shown, however, that protonated alkyl 
+ formates have two isomeric forms (14 and 15)11-13 in

10

.  /  \  \  „ A ,

- - o x  ©x - - "X >'"
+ 14 15

r  i
+ which the OH proton, the methine proton, and the alkyl

group were in a cis-trans relationship. I t  was also re- 
x +  ported14 that the isomer observed for dimethoxy carbo-

nium ion had the cis-trans structure 16. In  addition,
H H

\  , /  h —
10 H % + CH:|

The same reason is suggested for not being able to C H
+  ̂

observe the C = O H  resonance for protonated 4-hy- 16
droxy coumarin, 11. Comparison of the chemical , ,,  ̂ ,, , , .
shifts of = C H  and the aromatic protons with those of l  h ^  conformatlon of
protonated coumarin 10 indicated that 11 probably was ,1S * 011?>in ^ hlch t ^  flk y l group is coplanar
only monoprotonated. and clsxto th,e carbonyl oxygen (17) thus minimizing the

interaction between the lone pairs on oxygen.16

f / ' X T ' u  FSO,H-SbF,-SO, R— C^M M  I ► \  R'

1 OH +OH 17

f X / V  2 r ^ ~ \ T l  G 2 ) A ‘ M ' W U te  a n d  G ‘ A - ° la h ’ J - Amer- Chem. Soc., 91 , 2943 (1969)-
I f  j \  I •*—*■ (  )  (13) H .  H o geveen , Red. Tran. Chim. Pays-Bas, 86, 816 (1967).

( 141 B o rsch , J. Amer. Chem. Soc., 90, 5303 (1968).
V  U H  (15) G . J . K a ra b a tso s , N .  A s i, a n d  C . E . O rzch , J r . ,  Tetrahedron Lett.,

4639 (1966), a n d  references c ite d  th e re in .

11 <16> N ’ O w en a n d  N .  Sheppard , Proc. Chem. Soc. (London), 264 (1983).
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In  protonated lactones the orientation of the O-alkyl Table II
group is fixed trans to the OH proton. Thus in order to Per Cent Isomer Distributions of Protonated Lactones in 
minimize the lone pair interactions of the two oxygens, FSOJI-SbtVSOj Solution at -8 0 °

the orientation of the C = O H  proton has to be cis to the Compd isa % lsomer lsb '
ether oxygen. Thus we suggest that the predominant l 60 40
species in protonated lactones is that of structure 13a, 2 52 48
• * + 3 75 25
in which the C = O H  proton is cis to the ether oxygen. 4 75 25
The minor species would then be structure 13b. 5 85 15

A number of additional facts are consistent with this 6 65 35

assignment. The C = O H  absorption of the major g 40
isomer of protonated lactones is assumed to be more 7 10o
shielded than that of the minor isomers. This is in 
agreement with the C 13nmr study of protonated carbox-
ylic acids which indicated17 that proton Ha of 18 has a a-angehcalactone) even when solutions were heated up

to +65°.
0  Protonated 8-propiolactone ( la  and lb ) in F S 0 3H -

R— C'f+ \ jj SbF8-S02  solution, in contrast to Hogeveen’s study on
A a,a-dimethyl-]8-propiolactone4 and kinetic studies in

weaker acidic systems, is stable and the nmr spectrum 
jg showed no significant change from—80° to room tem

perature.
more shielded chemical shift than that of HB. In  addi- Protonated ,3-butyrolactone (2a and 2b) is stable up 
tion, the inner methyl protons of dimethoxy carbonium — ̂  higher temperature cleavage occurred.
ion121416, and the inner OH proton of protonated alkyl At 0 ’ the nmr sPectrum showed the absorptions for 
formates 15, also have more shielded chemical shifts Protonated crotomc acid (19) which has been studied
than those of the corresponding outer ones. previously,18 and the absorptions for the propenyloxo-

Some hydrogen bonding interaction between the OH carbonium ion(20). This indicates that alkyl-oxygen 
proton and the neighboring oxygen in spite of the resul- cleavage occurred to form the secondary carbonium ion
tant unfavorable four-membered ring is possible and (21) whlch, 18 not stable f ld 18 deprotonated to give the
could add to the preponderance of isomer 13a over 13b. Protonated crotomc acid (19) which in turn undergoes
In  addition, if this is the case, the hydrogen bonded pro- fuidher dehydration to give the corresponding oxo-
ton should be in the shielding zone of the carbonyl. carbonium ion 20. The nmr spectrum, recorded at 0 ,

+
Hence the C = O H  proton of 13a should be more CH2-----C = 0  FsoH-3bF-so.
shielded than that of 13b, in agreement with our struc- I I " -f0o ” ^
tural assignment. CH / CH 0

I t  should be noted that the relative isomer ratio of 3
13a: 13b of protonated lactones is found to be increased + ^ OH
as the ring size is increased. This is due to the fact that i 1*2 C=OH _40°  ̂ ^ ^ ^
the lone pair interaction of six-membered ring lactones ___ q 3 + 2 ^OH
is much larger than that of the four-membered ring lac- C H ^
tones. This may be the reason why only one isomer, *4i
presumably the major isomer 13a, is observed for pro- OH
tonated 8-valerolactone and protonated dihydrocou- CH,— CH=CH—c ( f + Ht0\  CH,— CH=CH— C = 0
marin. _ X OH H+’°° 20

Steric effects should also play a role in the isomer dis- 19

tributions of protonated lactones. Substituents a t the
position a  to the carbonyl should tend to increase the also shows a singlet at 5 9.53 and some multiplets at 8
amount of the major isomer, while the substituents a  to 4.3-5.1 which are not understood at the present time,
the ether oxygen should decrease the amount of the Protonated a-angelicalactone in excess F S 0 3H -Sb F 3 
major isomer. This indeed is in accordance with our solution at —60° underwent acyl-oxygen cleavage to 
observations (see Table I I) . In  the case of protonated give the corresponding protonated ketooxocarbonium

t TT ion 22. The nmr spectrum recorded at —60° showed
a-acetyl-T-butyrolactone only one C = O H  resonance meth lene tong at 5 4 .s0 (br0ad), the methyl singlet
for the proton on the lactone carbonyl oxygen was ob- ¿ 53 the proton on oxygen at 5 16.2 which is
served, and was assigned to 8a. It is believed that ster- ^  deshielded than that of protonated simple ke-
icaliy and electronically isomer 8a should be favored tones8 and ig similar to that of protonated ketooxocar-
than 8b. Thus, the observed data are indeed in accor- bonium ion studied viouslv.i9 The tw0 reSonances
dance with our structural assignment. of the two methylene groups (1 and 2) of ion 22 are well

Cleavage of Protonated L acton es.-In  general, pro- ted on a H A 100 n n r spectrum and having chem-
tonated lactones in F S 0 3H -Sb F 5b02 solution are . L. , ... „ 5 , A 71 ^„0T̂o„+;,r„iv,, , ,  AT , , , , . . j  ical shifts of 5 4.96 and 4.71, respectively,
stable. No cleavage was observed tor protonated
five- and six-membered ring lactones (except protonated (18) G A 0iah and m. calm, ibid., 90, 405 (1968).

(19) G . A . O lah , A .  T .  K u ,  a n d  J . Som m er, J. Org. Chem., 35, 2159 

(17) G . A . O la h  a n d  A .  M .  W h ite ,  J. Amer. Chem. Sac., 89, 7072 (1967). (1970).
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+ (23) could be the intermediate for the formation of ion
CH2-C OH 22. In excess F S 0 3H -SbF5 solution, ion 23 is not ob-

CH O FSQJi-SbF.-SO^ served.

I Experimental Section
CH3

M aterials.—All lactones were commercially available ma- 
Ql] - C = qh  +p>ij terials. Liquid lactones were redistilled before use.
/  2 \ II 2 Nmr Spectra.—Varian Associates Model A-56/60A and HA 100

h+) ^ ^ __ c = 0  spectrometers with variable temperature probes were used for all
0  3 2 2  spectra.
1 22 Preparation of Protonated Lactones.— The procedure used for

CH3 J  the preparation of solutions of protonated lactones was identical
22 witH. that described previously.11

I t  should be mentioned that ion 22 was not formed Registr{  No.-Fiuomsulfuric acid, 7789-21-1; anti- 
by dehydration of protonated acetylpropionic acid ™ ny pentafluonde, 7733-70-2.
which was studied previously.19 Obviously, the double Acknowledgment.—Support of the work by a grant
bond in a-angelicalactone does assist the formation of of the National Institutes of Health is gratefully 
ion 22. I t  is possible that the diprotonated species acknowledged.

S t a b le  C a r b o n iu m  Io n s .  C I X .  P r o t o n a t io n  o f  H y d ro x y  

K e to n e s  in  F lu o r o s u lf u r ic  A c id -A n t im o n y  P e n t a f lu o r id e - S u l f u r  

D io x id e  S o lu t io n  a n d  t h e  S tu d y  o f  H y d ro x y  K e t o n e - A n t im o n y  

P e n ta f lu o r id e  C o m p le x e s 1

George A. Olah* and Alice T . K u2

Department o f  Chemistry, Case Western Reserve University, Cleveland, Ohio 4 4 IO6

Received A pril 9, 1970

Protonation of hydroxy ketones was studied in FS 0 3H -SbF6-S 02 solution. Oxygen diprotonation was ob
served for all the hydroxy ketones. For comparison, hydroxy ketone—antimony pentafluoride complexes were also 
studied in sulfuryl chloride fluoride solution.

We have previously reported the observation of exchange of the proton on oxygen with the solvent acid
protonated ketones,3 ketocarboxylic acids,* hydroxy- system. The pmr parameters of both the parent and
carboxylic acids,5 and lactones.1 No investigation the protonated hydroxy ketones are summarized in
relating to protonation of hydroxy ketones has been Table I.
reported so far in the literature. In continuation of The pmr spectrum of diprotonated hydroxyacetone 
our work of protonation of heteroorganic compounds, (acetol, 1) in excess 1:1 F S 0 3H -SbF6-S 0 2 solution at
we considered it of interest to extend our investigation -8 0 °  showed two low field absorption peaks at 8  12.5
to the protonation of hydroxy ketones in the fluoro- and 16.8 with a relative area ratio of 2:1. These two
sulfuric acid-antimony pentafluoride superacid system. absorptions are assigned to the proton on the alcohol

and ketone oxygen atom, respectively. The protons on 
Results and Discussion oxygen of protonated hydroxyacetone are much more

Protonated Hydroxy K etones.-The pmr parameters deshieldf l than those of protonated methanol«.* and
of protonated hydroxyketones have been measured in acet?“e- u eff °f. ¿h e P ° SltlVf  c,ha^ e 18
F S 0 3H -SbF5-SO2 solution at -  80°. I t  was found that considered to be responsible for this strong deshieldmg.
l-hydroxy-2-propanone (acetol, hydroxyacetone), 3-hy- ^  nmr f ’f . f o g “  S,h'™S0 two sln§lets for the methyl
droxy-2-butanone (acetoin), 3-hydroxy-3-methyl-2-bu- Protons at 5 d'd8 anu j ' ^ / I1CL5W° sets of methylene
tanone, and 4-hydroxy-3-methyl-2-butanone are di- msonance at 5 7.16 and 6.46 The higher field methyl
protonated in excess 1:1 M  F S 0 3H -Sb F 6 solution di- an.d methylerie protons tend to increase with decreasing
luted with S 0 2. In  the case of hydroxyacetone the , J e consequently assign the lower
monoprotonated form was also observed. In  all cases ,16 6116 7-16) ai d̂ methyl (5 3 .8 8 ) absorptions
there is no indication of resolvable fine structure in t0 the dlPr° toiiated species (la ) and the higher field
the OH resonance. The peaks are broad indicating resonances to the monoprotonated species (lb ). The

p ro to n s  on  o xy g en  fo r lb a re  n o t o b served  p ro b a b ly  
* To whom correspondence should be addressed. ow ing to  p ro to n  exch an ge. T h e  p ro to n  on o xy g e n  fo r

(1970)Part CVIII: G' A' ° lah and A' T' Ku' j ' 0rg' Chem" S5, 3916 l a  cou ld  only be ob served  a t  te m p e ra tu re s  below  - 8 0 ° .
(2) N a tio n a l In s t i tu te s  o f H e a lth  P re d o e to ra l R esearch In v e s tig a to r ,  At theSe l0W temperatures the absorptions are broad

1967 -1970 . ’ and show no resolvable coupling with the a  protons.
3686 (1967)'. M' CaUn’ and D' H' ° ’Brien' J ' A m e r ' CW' S ° c "  Hence n0 structural assignment could be made.

B  t • ° | a y  A - T : Kl u ' a n d  J;  f -  ° :g- C hem -  3S - 2159 (197° ) . (6) G . A. Olah and E . N amanworth, J. Amer. Chem. Soc., 88, 5327 (1 9 6 6 ) .
' 1 a an ' ’ u ’ * 1 •' ®919 (1970). (7) G . A. Olah, J .  Sommer, and E . N am anworth, ib id ., 89 , 3676 (1967).
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T able I
P mr Spectral P arameters“ op P arent and P rotonated Hydroxy K etones

+
OH
¡1 +

Compd Registry no. Solvent °C C OH2 OH Hi H2 H3 H4

0
c i i ,  -<j; c r i ,  116-09-6 s o 2 - 6 0  3.58 3.95  1.90
| F S 0 3H -SbF 5-SO2 - 8 0  16.8 12.5 7.16 3.88

OH 6.46 3.63

1
H O

CHs— ¿ — CH3 513-86-0 S 0 2 - 6 0  4.47 4.11 2.00 1.17
1 (q. 7-0) (d, 7.0)

OH FSOsH-SbFs - 8 0  16.87 12.16 6.57 3.50 2.53

CHsO
2 I II 1
H3C— C— C— CH3 115-22-0 S 0 2 - 6 0  4.00 2.03 1.17

F S 0 3-S b F6- S 0 2 - 8 0  17.03 12.0 3.66 2.20
OH
2

O
1 II 3 3.40

CH2— CH— C— CH3 3393-64-4 S 0 2 - 6 0  (d, 7.0) 2.58 1.96 0.83
| | 3.50 3.36 (d, 7.2)

OH CH3 (d, 5.0) (m)

F S 0 3H -SbF5-S 0 2 - 5 0  15.5 10.6 5.20 4.26 3.45 1.75
(q, 1) (t, 3.5) (m) (m) (d, 1) (d, 7.2)

« Chemical shifts are in parts per million from external TMS. Coupling constants in hertz are in parenthesis following the multiplici
ties: d =  doublet; t  =  triplet; q =  quartet; m = multiplet.

O +j; oxygen appears at 8 17.05. The -O H 2 protons are not
CH2—c-CH3 FS°3H~Sb̂ ~S°^  observed in 1:1 M  F S 0 3H -Sb F 6- S 0 2 solution. They
| _80° are obscured by the acid solvent peak at 5 12.0. How-
OH + +

ever, both the -C = O H  and OH2 protons could be ob-
|i || __ __ served when the hydroxy ketone is protonated in 4 :1

CH2—C—CH3 + CH2— C— CH3 or 2/ \\ 3 M  F S 0 3H -Sb F 5- S 0 2 solution diluted with S 0 2 at -1 0 0 °
+ | | HCk+.O and are observed at 8 17.1 and 12.0, respectively. The

OH2 OH chemical shifts and coupling constants of the alkyl
la lb protons are summarized in Table I. The nmr spec

trum of 3 in F S 0 3H -Sb F 6- S 0 2 solution showed no sig-
3-Hydroxy-2-butanone (acetoin) in F S 0 3H -SbF5-  nificant change fro m —80 to 0°.

S 0 2 solution is also O-diprotonated 2. The pmr spec- l-Hydroxy-2-methyl-3-butanone is also diprotonated 
trum of 2 at —80° showed the +H O =C  proton at 8 16.9 in F S 0 3H -SbF5 solution diluted with S 0 2. The nmr 
and the +OH2 protons at 8 12.16. At —80°, the reso- ^
nances are broad. The methyl protons appeared at 5 /

O +0
TT „ tt +r>TT II FSOjH-SbFs-SOi |S
H O  1 m CH2— CH— C— CH3 ------------------------ ^  CH2— CH— C— CH3| U FSOjH-SbFs-SOi I I I I  I I

CH3— C— C— CH3 -----------— -------- >- GIF— C— C— CH, o h  c h 3 +o h 2 c h 3

Ah  4 h ,
2 +

spectrum, recorded at —60°, showed the OH2 and

2.53, the acetyl methyl protons at 8 3.50, and the meth- -C = O H  proton at 8 10.8 and 15.7, respectively. At 
ine proton at 8 6.57. As the absorptions of the protons +
on oxygen are again broad with no resolvable couplings, higher temperature, such as -  50 , the QH2 resonance
no structural assignment could be made. is shown to be a sharp triplet with a coupling constant

At —40°, protonated acetoin starts to undergo cleav- °f 3.5 Hz, and the absorption at 5 15.5 ( OH G) is also
age reactions. The solution gives a complicated nmr a weh resolved quartet with a coupling constant o
spectrum with so far unidentified products. about 1 Hz, indicating that this proton is coupled with

3-Hydroxy-3-methyl-2-butanone in F S 0 3H -SbF6-  the acetyl methyl protons. The acetyl methyl ab- 
S 0 2 is also diprotonated 3. The proton on the acetyl sorption at 5 3.46 is accordingly a doublet having a

coupling constant of 1 Hz. Comparison oi the l-Hz 
CH 0  +QJJ coupling constant with that of protonated simple ke-
I 3 | Fso.H-sbFs-sOi I 3 Jl tones3 indicates that the proton on the keto oxygen and

CHS— C— C— CH3 --------------- --------->  CHa— C------C— CHs the acetyl methyl group are in a cis relation. Thus
+OH2 protonated l-hydroxy-2-methyl-3-butanone has the

3  shown structure 4. Solutions of 4 are stable and the

Stable Caebonitjm I ons. C IX  J. Org. Chem., Vol. 35, No. 11, 1970 3923



pmr spectra showed no significant changes up to room (with small amount of S 0 2C1F) were pressed between 
temperature. Irtran plates, all operations being carried out in a dry-

Hydroxy Ketone-Antimony Pentafluoride Com- box, as the compounds are sensitive to moisture. In- 
plexes. Nuclear Magnetic Resonance Studies.-—The frared spectra were obtained on a Beckman IR -10
nmr spectrum of hydroxyacetone in SbF6 diluted with infrared spectrophotometer. The main characteristic
S 0 2C1F at —60° showed the absorptions for the methyl data obtained are summarized in Table I I I . 
and methylene protons at S 3.65 and 6.15, respectively.
These absorptions, having a chemical shift close to T able III
those of the monoprotonated species lb , are assigned I nfrared C = 0  Stretching F requencies ( cm-1 ) of Hydroxy 
to the donor: acceptor complex 5. The OH proton reso- K etone-A ntimony P entafluoride Complexes

nance is not observed and is probably due to the proton , T -0,
exchange. Two very weak absorptions at 6 7.16 and hydroxy ketone-sbFs
3.96 with chemical shifts similar to those observed for Compd ketone complex ArCo
diprotonated hydroxyacetone la  are also observed, and 9
are assigned to the methylene and m ethyl protons of the q h 2—C—CH3 1 7 1 5  1615 100
dicomplexed species 6. ^

O—SbF5 O— SbF5 H 0

CH2— < L  CH3 CH2— C— CH3 CHs— C— C— CH3 1721 1605 116
| 6-  15+ I

OH FsSb— OH OH

5 6 CH30

Donor: acceptor complexes with antimony penta- CHS— C—CHS 1716 1601 1 1 5

fluoride are also observed for 3-hydroxy-2-butanone I
(acetoin), 3-hydroxy-3-methyl-2-butanone, and 4-hy- 0H
droxy-3-methyl-2-butanone in S 0 2C1F solution. The H O
chemical shifts and coupling constants of these hydroxy- I II
ketone-antimony pentafluoride complexes are sum- H H2— C— C— CHa 1709 1630 79

marized in Table I I . The pmr spectra showed only the CH3
absorptions due to the monodonor: acceptor complexes,
with complexing on the carbonyl oxygen atoms. All the investigated hydroxy ketone-antimony penta

fluoride complexes show significantly shifted carbonyl 
T able II stretching frequencies at 1601 to 1630 cm -1 indicative

P mr Chemical Shifts“ and Coupling Constants of Hydroxy of donor: acceptor complex nature. Thus the hydroxy
K etone-A ntimony P entafluoride Complexes in S 0 2C1F ketone-antimony pentafluoride complexes are clearly

Solution at - 6 0 °  formed by carbonyl oxygen coordination.
Compd Hi H2 H3 H4

t  -f- fi —

O—sb F 5 Experimental Section
q jj2  q jj  6 ^  g gg Materials.— All of the hydroxy ketones used were commercially
I 3 (s') (s) available.

OH Nmr Spectra.— A Varian Associates Model A -56/60A  spec-
5 + 5 -  trometer with variable temperature probe was used for all spec-
O— SbF5 tra . Chemical shifts are reported in ppm (5) from external

3 1 II 2  ̂ (capillary) tetramethylsilane.
CH3 CH C CH3 6 .1 6  3 .4 0  2-26 _  Preparation of Superacid Solutions.— The procedure used for

¿ H lS'  (d> 6>0-) the preparation of F S 0 aH -SbF5- S 0 2(S 02ClF_) solutions of the
+ protonated hydroxy ketones was identical with that described

CH3 O SbF. previously.8
| 3 || " Solutions of the hydroxy ketone-antimony pentafluoride com-

CH3— C--------C— CH3 3 .4 6  2 .4 0  plexes were obtained by preparing saturated solution of anti-
I (s) (s) mony-pentafluoride in sulfuryl chloride fluoride at —20 °.

OH Portions (2 ml) of this solution were cooled to —78°, causing
4 5+ 5-  some antimony-pentafluoride to crystallize from solution. To

CH3 O— SbFs this suspension was added dropwise with efficient stirring, ap-
11 proximately 0.3 g of the appropriate hydroxy ketone in ^ 0 .5  ml

CHs CH C CH3 4 .8 1  3 .9 3  3 .1 1  1 .6 0  of sulfuryl chloride fluoride.
J  2 3 (m) (m) (s) (d, 7.0)
OH . Acknowledgment.—Support of our work by a grant

“ Same as that in Table I. of National Institutes of Health is gratefully acknowl
edged.

Infrared Spectroscopic Studies. —Solutions of the hy
droxy ketone complexes in antimony pentafluoride (t 967)ah' D' H' ° ’8ria,,‘ and A- m . w m e , j .  a ™ ,  c * * m .  S o C . ,
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Stable Carbonium Ions. C X Y I.1 Sulfonyl Halide-Antim ony  
Pentafluoride Complexes and Study of Protonation and Cleavage of Sulfonyl Halides 
in Fluorosulfuric A cid-A ntim ony Pen t  afiuorid e-Sulfu  ryl Chloride Fluoride Solution

G eo rge  A. Olah , * Al ic e  T . K u , 2 and J udith  A. Olah 

Department o f Chemistry, Case Western Reserve University, Cleveland, Ohio 44-106

Received M ay 8, 1970

Sulfonyl chlorides and fluorides form oxygen coordinated complexes with antimony pentafluoride. In “magic 
acid,” F S 0 3H-SbF5 solution, diluted with S0 2C1F, sulfonyl halides are protonated on sulfonyl oxygen. Two 
isomeric forms were observed for protonated methanesulfony] chloride and fluoride. For higher protonated 
homologs, only one isomer was found. No long-lived sulfonyl cations could be observed in any of the systems 
studied.

The reaction of acyl halides w ith arom atic compounds trast to acyl cations are very electrophilic and react even
or olefins in the presence of Friedel-C rafts catalysts is with weakly nucleophilic anions to give sulfonyl ha-
one of the most commonly used reaction in organic lides. Thus, p-toluene sulfonyl bromide with anhy-
chemistry. T h e mechanism of Friedel-C rafts acyla- drous silver tetrafluoroborate gave only the sulfonyl
tion 8 was extensively studied and many interm ediate fluoride and no aryl sulfone was formed. Toluene with
acyl cations (oxoearbonium ions) were isolated and in- p-toluenesulfonyl chloride and silver perchlorate, on the
Vestigated by various methods, ir, nmr, etc. other hand, gave 4,4'-dim ethyldiphenyl sulfone. As no

T h e sulfonylation reaction can be regarded as a mod- direct physical observation of tosyl perchlorate was
ification of the acylation reaction in which a sulfonyl made, no conclusion can be reached w hether it  should be
group is substituted for a carbonyl group and the prod- considered as the covalent ester p-CHgCelFSCkOClOs or
uct is a sulfone instead of a ketone . 4 Olivier6 was the the ionic complex p-CHsCeHiSCh +C 104”
first to study the mechanism of the sulfonylation reac- Lindner and W eber claimed8 the form ation of the p- 
tion and the structure of addition complex between alu- N , A-dimethylaminobenzenesulfonylium ion by the reac-
minum chloride and benzenesulfonyl chloride in the acid tion of p-ApV-dimethylaminobenzenesulfonyl chloride 
chloride as solvent. T he existence of 1 :1  addition com- with silver hexafluoroantimonate in sulfur dioxide solu- 
plex was demonstrated. There has been no determina- tion.
tion of the structure of the complex, but according to _ 2s°
Jensen and Goldman4 the following structures 1, 2, and p-(CH3)2N—CsH4S0 2C1 +  Ag[MFe]
3 are possible. Brown and Jensen  studied in de- [p-(CH3)2N—C6H4S02] [MF6] +  AgCl

0 :  A1C13 0 “ O W ith  the exception of Lindner and W eber’s study , 8 no
| \ s + |  _ direct observation of the interm ediate complexes was re-

R C 1  R ^ +~ C 1 : A 1 C 1 3  R—|+A1C14 ported . 9 W e wish now to report the antimony penta-
0  0  0  fluoride complexes of sulfonyl halides and the behavior
1 2  3 of sulfonyl halides in the superacid system, F S 0 3H -

S h i1ta il the mechanism of the sulfonylation reaction4 and 6'
based primarily on kinetic evidence, considered 1 and 3
to  be present in equilibrium, with 3 being the effective R esults and Dlscusslon
sulfonylating agent. _ W e have extended our previous investigations of acyl

Burton and Hopkins6 claimed the use of sulfonylium halide-antim ony pentafluoride complexes10 to the study
perchlorates as reagents in sulfonylation reactions. I t  0f sulf0nyl halide complexes and also studied the behav-
should be pointed out, however, th a t in the m etathetic j or 0f sulfonyl halides in the superacid system, FSO 3H - 
reactions of chlorides with silver perchlorate the elimina- S b F 5- S 0 2C lF.
tion of silver chloride does not necessarily prove the for- Preparation of the sulfonyl halide-antim ony penta- 
m ation of an ionic complex, as covalent perchlorates can fluoride complexes was carried out according to our pre- 
also be formed. viously reported method for obtaining acyl halide eom-

R S02C1 +  AgCICL = AgCl +  R S02+C104-  or R S020C103 plexes using excess antimony pentafluoride . 10
The antimony pentafluoride complexes of sulfonyl ha- 

Klages and M alecki7 subsequently studied tosyl per- lideg and protonated sulfonyl halides were studied by 
chlorate in the interaction of p-toluenesulfonyl chlo- nmr spectroscopy. T able I  summarizes the pmr data 
ride (bromide) with silver perchlorate in nitrom ethane obtained.
solution. They concluded th a t sulfonyl cations in con- The f0 p0 Wing sulf0nyl fluorides and chlorides were 

* T o  w h o m  correspondence sh o u ld  be  se n t. studied in both S b F 6- S 0 2C lF  and F S 0 3H -S b F 6- S 0 2C lF
(1) P a r t  C X V :  G . O lah  a n d  R . D .  P o rte r ,  J. Amer. Chem. Soc., in  press.
(2 ) N a tio n a l In s t i tu te s  o f H e a lth  P re d o c to ra l Research In v e s tig a to r ,  1970. (8) E .  L in d n e r  a n d  H .  W eber, ibid., 101, 2832 (1968).
(3) F o r  s u m m a ry , see F . R .  Jensen a n d  G . G o ld m a n , in  ‘ ■F r ie d e l-C ra fts  (9) A f te r  conc lu s ion  o f o u r w o rk , P . A . W . D e a n  a n d  R .  J . G illesp ie ,

a nd  R e la te d  R e a c tio n s ,”  V o l.  I l l ,  G . A . O lah, E d .,  W ile y - In te rs c ie n c e , N e w  [J \  Amer. Chem. Sac., 91, 7260 (1 9 6 9 )] re p o rte d  th e  1SF  n m r  sp e c tru m  of a
Y o rk  N  Y  1963-1964 p  1003. s ing le  d o n o r:a c c e p to r  c o m p le x :th e  m e th a n e s u lfo n y l n u o n a e -a n t im o n y

(4 ) ’ f . R . Jensen a nd  G . G o ld m a n , re f  3 , p  1319. p e n ta flu o r id e  com p lex .
(5) M  S. C . J . O liv ie r ,  Red. Trav. Chim. Pays-Bas, 36, 166 (1915). (10) (a) G . A . O la h , S. J . K u h n ,  W . S. T o lg ye s i, a n d  E . B . B a k e r, ibi<L,
(6) H .  B u r to n  a n d  H .  B . H o p k in s , J. Chem. Soc., 4457 (1952). 84, 2733 (1962); (b ) G . A . O lah, Rev. Chim. Acad. Raumam.J, 1139
(7) F . K la ges  a n d  F . E .  M a le c k i,  Justus Liebigs Ann. Chem., 691, 15 (19 6 2 ); (c) G . A . O la h  a n d  M .  B . C o m isa row , J. Amer. Chem. Soc., 88,

(1966); Chem. Ber., 96 , 2054 (1963). 3313 (1966).
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T able I
P m r  S p e c t r a l  P a r a m e t e r s '* o f  t h e  P a r e n t  a n d  P r o t o n a t e d  S t t l f o n t l  

H a l i d e s  a n d  S u l f o n y l  H a l i d e - A n t i m o n y  P e n t a f l i j o r i d e  C o m p l e x e s  a t  —60°
C o m p d  R e g is try  no. S o lv e n t11 H i  H 2 H 3 H i  Cn H e

0  558-25-8 A 3.35
1 !  (d, 6 .0 )

CH3— S—F  B  4.40
1  ■ (d, 7.0)
0  4.26

(d, 7.0)
C 4.36

(d, 6 .8 )

O 124-63-0 A 3.70
1 || B  4.73

CH3— S— Cl 4.60
^  C 4.70

O 754-03-0 D 3.71 1.70
2 1 II <m) (t, 7.0)

CH3CH2— S—F  B  4.66 2 .2 0
II (m) (t, 7.0)
O C 4.65 2 .20

(m) (t, 7.2)

O 594-44-5 A 3.63 1.63
2 1 II (q, 7.0) (t, 7.0)

CH3CH2— S— Cl B  4.71 2.23
fi (q, 7.0) (t, 7.0)
O C 4.63 2.10

(q, 7.0) (t, 7.0)

O 762-69-6 A 3.50 2.10 1.26
3 2 1 II (m) (m) (t, 7.5)

CH3CH2CH2—S—F  B 4.50 2.65 1.70
II (m) (m) (t, 7.0)

O C 4.61 2.66 1.70
(m) (m) (t, 7.5)

O 10147-36-1 A 3.81 2.23 1.30
3 2 1 II - 3 0 °  (t, 7.5) (m) (t, 7.5)

CH3CH2CH2— S— Cl B 4.71 2.63 1.63
II - 4 0 °  (t, 7.0) (m) (t, 7.0)

o  C 4.63 2.55 1.57
(m) (m) (t, 7.0)

O 660-12-8 A 3.60 1.96 1.63 1.15

CH3CH2CH2CH2- Ï — F B 4.50 (“ 53 (“ 03 ( l . « 2)
Jl ^  (m) (m) (m) (t, 6.5)
O C 4.56 2.47 2.00 1.45

(m) (m) (m) (t, 6.5)

O 2386-60-9 A 3.81 2.10 1.66 1.20

CH3CH2CH2CH2— I — Cl B A73 (Z53 (Z 00 (16650)
A „  (m) (m) (m) (t, 7.0)
o  C 4.66 2.50 2.00 1.46

(m) (m) (m) (t, 6 .0 )

O 368-43-4 A 7 .7 g
Il B  a 40

C6H 6— :F  c  8  .'60

0

O 98-09-9 A 7 .9 0

C6H5- S - C 1 c  f : 8

0

O 455-16-3 A 2.57 7 .7 6
1 II B 2.93 s 9%

p-CH3C6H4- S - F  c  3.05 1 .36

O

O 98-59-9 A 2.57 7  70,
A II B  2.93 I I I

p-CllsCeii,— S— Cl C 3.12 8  40

O

“ Ch.emi!'al are in parts per million from external TMS. Coupling constants in hertz are given in parenthesis following Hie 
^ A o S ;IC1AeS: doublet; t  =  triplet; q =  quartet; m =  multiplet. b A =  S 0 2C1F; B =  FSOsH-SbFs-SChClF; C =  SbF5-
b02Clll ; D =  0 O2.

3926 J. Org. Chem., Vol. 35, No. 11, 1970 Olah, K u , and Olah



solutions: methanesulfonyl, ethanesulfonyl, propane- antimony pentafluoride complex showed a fluorine
sulfonyl, butanesulfonyl, benzenesulfonyl fluoride and resonance in the - S 0 2F  region at <f> 64.8, implying that
chloride and toluenesulfonyl fluoride and chloride. the fluoride atom is still bonded to the sulfur atom.

Sulfonyl Halide-Antimony Pentafluoride Com- Cleavage Reactions of the Sulfonyl Halide-Antimony 
plexes—The pmr spectrum of methanesulfonyl fluoride, Pentafluoride Complexes—The methanesulfonyl fluo-
CH3S 0 2F, in SO2CIF solution at —60°, showed a ride-antimony pentafluoride complex is thermally
doublet at 8 3.35 with a coupling constant of 6.0 Hz. stable; the nmr spectrum showed no significant change
The 19F  spectrum consisted of a quartet at 59.0 (from from - 8 0  to + 65°. Methanesulfonyl chloride-anti
external CCFF). Attempted ionization of methane- mony pentafluoride complex at + 20° undergoes chlo-
sulfonyl fluoride in SbFs-SChClF solution to obtain the rine-fluoride exchange to give the methanesulfonyl
corresponding sulfonylium ion was unsuccessful. The fluoride-antimony pentafluoride complex, but it is not 
pmr spectrum recorded at —80° showed a methyl dou- cleaved or decomposed.
blet at 8 4.41 with a H -19F  coupling of 6.8 Hz. The 19F  Ethanesulfonyl chloride-antimony pentafluoride com-
nmr spectrum showed the corresponding quartet at <p plex at + 20° undergoes both chlorine-fluorine exchange
58.6, further indicating that the fluorine atom is still and alkyl-sulfur cleavage, to give ethyl cation which
bonded to sulfur and is further shielded by complex for- rearranges to the more stable ¿erf-butyl and ¿erf-hexyl
mation on sulfonyl oxygen atom with SbF5. Thus, we cations.11 The same behavior was also observed in the
conclude, as also indicated by Dean and Gillespie’s 19F  case of the ethanesulfonyl fluoride-antimony penta-
study,9 that the oxygen bonded donor: acceptor complex fluoride complex.12
1 is formed. Both propanesulfonyl fluoride-antimony pentafluo-

ride complex and propanesulfonyl chloride-antimony 
pentafluoride complex at + 15° undergo alkyl-sulfur

Fy-------------- f  cleavage to give the (propyl cation) which is not
/  sb /  observed as such and is immediately rearranged to the

F^------------- 1— '¥  more stable ¿erf-hexyl cations.\ 5+X  0 -S b F s
r f '  \  || S b F 5- S 0 2C lF
u X  CH3CH2CH2—S— X ------------------->  [CH3CH2CH2+]

b R =CH3; X =  F or Cl O ¿-C6H 13 +
X = 01 FMethanesulfonyl chloride in excess SbF5 diluted with ’

^ a t  - 80° showed a singlet at <5 4.56 deshielded The butanesulfonyl fluoride-antimony pentafluoride 
about 0.86 ppm from that of the parent compound, and butanesulfonyl chloride-antimony pentafluoride
indicating again the oxygen coordinated complex 1. complexes are stable up to - 1 0 ° .  At higher tempera-
c v ™ nesw ° ny .flUOn,de,  ’V i ™ 011/  PTeTntafluonde-  tures, alkyl-sulfur cleavage occurs to give the tert-
S 0 2C1F solution showed the deshielded CH2 multiplets butyl cation, as shown b a sharp singlet in the pmr
at 8 4 .71 and the methyl triplet at 8 2.23. The CH2- F  ST)ectra 0f the svstem at 8 4 10
coupling (7.0 Hz) observed indicates that the oxygen PThe donor^ cceptor complex of benzenesulfonyl
coordinated donor: acceptor complex is formed. fluoride and chloride and toluenesulfonyl fluoride and

The nmr spectrum 0  ethanesulfonyl chloride in chioride are stable. The nmr spectra showed no signifi- 
antmiony pentafluoride diluted with SO.C1F similarly cant change from _  6 ( ) o to r o o m  temperature. 
showed the methylene quartet at 5 4.63 and the methyl 0u r system is not we]1 adaptable to study p-N ,N -di
rip et at . 0 .  methylaminobenzenesulfonyl halides, as complexing on

«-Propanesulfonyl chloride, n-propanesuLonyl fluo- nitrogen cannct be avoided. We therefore have no data 
nde, n-butanesuflony chlonde and «-butanesulfonyl ()n the claimed highly stabilized p-(CH3)2NC6H4S 0 2 + 
fluoride in SbF6 S 0 2C1F solution also gave the sulfonyl iorL8 As metathetic reactions with silver salts fre-
oxygen coordinated donor, acceptor complexes. The quently run into serious difficulties, we await with inter-
pmr chenucals shifts and coupling constants are sum- est further data, including nmr studies, on this reported 
marized in Table I, together with those of the parent system which presently seems to be the only claimed ex-
sulfonyl halides. The H -19F  coupling observed in the ample of a stable sulfonylium ion.
complexes of propanesulfonyl fluoride and butanesul- Prontonated Sulfonyl Halides.—All the alkylsulfonyl
fonyl fluoride indicates that fluoride atoms are still halides studied are protonated in FSChH-SbFs-SCh 
bonded to sulfur and no sulfonylium 1 0 ns are formed. SUperacid system on sulfonyl oxygen. Although the

Benzenesulfonyl chloride and fluoride in SbF5-  proton on oxygen is not directly observed, yet the pro-
SO2CIF also form the donor. acceptor complexes with tonation is evident by the deshielding of the alkyl pro- 
the aromatic protons centered at 5 8.50 and 8.60, respec-
tivelv (about 0.6 ppm deshielded from the parent com- O +OH
pounds in SO£C lF ). r _ ! - X  FSO,H~SbF5' SOj R_ | _ x

The nmr spectrum of p-toluenesulfonyl fluoride and ' ) "" ‘ ji
chloride in SbF5- S 0 2ClF showed the aromatic AB O O
quartets at 8 8.36 and 8.40 (about 0.6 ppm deshielded X = F, Cl; R = CH3-, CIG GIF -, ̂ C H 3 C H 2C H 2-,
from those of the parent compounds) and the methyl __________  3 2 2 2 ’ 6 ° ’ p 3 6 4
protons at 8 3.05 and 3.12, respectively, indicating that O D  G - a - O lah  a nd  J. L u ka s, J. Amer. Chem. Soc., 89, 2227 (1967).

t h e  d o n n r  a e p p n t n r  r n m n l p Y p q  a r e  a o - n in  f n r m p d  F u r -  (12) T h e  re v e rs i; l i I i ty  o f th e  re a c tio n  was re c e n tly  observed m  th e  re-
F  1 §  • a c tio n  o f th e  e th y l flu o r id e — a n tim o n y  p e n ta flu o r id e  com p lex  w ith  s u lfu r

thermore, a 19F  spectrum of p-toluenesulfonyl fluoride- d io x id e : G . a . O la h  a nd  J. R. D e M e m b e r, u n p u b lis h e d  w o rk .
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ton nmr chemical shifts and the proton-fluorine ride is stable with no indication of cleavage even when
coupling observable in protonated sulfonyl fluorides the solution was heated up to +65°. Protonated
(see Table I). ethane sulfonyl fluoride is also stable. The pmr spec-

The pmr spectrum of protonated methanesulfonyl trum showed no significant change from —60° to room
fluoride in FSChH-SbFs-SChClF solution at —60° temperature. On further heating t o +40°, the solution
showed two doublets at S 4.40 and 4.26 (Jhf = 7.0
Hz) with a relative area ratio of 30:70. This indicates, H H
as in the case of the previously observed protonated +q/  +q/
methyl sulfone,13 that two isomeric species (2a and 2b, ji F S O a H -s b F 5- s o 2c i F  ||

where X  =  F) are present. R — S— C l -------------------------------->■  R — S—F

A A
IO„ „   ̂ / H H . R  =  C B + , CH 3CH2- ,  CH3CH2CH2- ,  CH3CH2CH2CH2-

0  +o o+
11 SbF*- II II

__g_x  s°2C1f> c h ___g__x + CH__ g__x turned dark and solidified. Protonated propanesul-
j| 3 || 3 || fonyl fluoride at +10° undergoes alkyl-sulfur cleavage
0 O O to give, through alkylative dimerization of the propyl

2a 2b cation, ferf-hexyl cations. Protonated n-butanesul-
x _ q  p fonyl fluoride also undergoes alkyl-sulfur cleavage to

give the terf-butyl cation at —10°. Protonated ben- 
The coupling (7.0 Hz) between CH3 and F indicates zenesulfonyl fluoride and chloride and p-toluenesul- 

that the fluorine atom is still bonded to the sulfur atom ,°  ̂ V°n e, an ,c °n e ar® s a3.e' ^mr sPec_
and is not rapidly exchanging. It is interesting to note ,mm S <j)We n0 Slgm can c ange r̂om — ̂  room 
that only one isomeric form was observed for the meth- empera ure. 
anesulfonyl fluoride-antimony pentafluoride complex.
This is believed to be due to the steric effect of antimony Experimental Section
pentafluoride which is much larger than the proton and M a te ria ls .-A ll the alkylsulfonyl chlorides and methane-
sterical y favors one form. . sulfonyl fluoride were commercially available materials. Ethane-,

r  or protonated methanesulfonyl chloride, two forms propane-, and butanesulfonyl fluoride were prepared by the
(2a and 2b, where X  = Cl) are again observed. The method of Davis and D ick14 by heating the corresponding sul-
pmr spectrum recorded at — 60° showed the two methyl cHonde with 70%  K F  solution on a water bath for 20 min

K *  8 4 7 5  “ d  4 ' 6 °  Wi‘ h  “  r c l“ iv e  ” e a  r a t i °  ° f  1‘S / « oa0U.4U. _ eter, equipped with a variable temperature probe, was used for
For protonated higher homologs of sulfonyl halides all spectra. Chemical shifts are reported in ppm (s) from external

only one isomeric form is observed. No observable cou- (capillary) tetramethylsilane or ppm (0 ) from capillary CFC13.
pling was found between the proton on oxygen and the Preparation of Solutions.—The procedures used for the

1 , i . . , ,  preparation of solutions of the protonated sulfonyl halides and
«-alkyl protons; hence no structural assignments could the sulfonyl halid̂ antimony pentafluoride complexes were 
be made. Chemical shifts and coupling constants are identical with those described previously.16-16 
summarized in Table I.

Cleavage Reactions of Protonated Sulfonyl Acknowledgment.—Support of our work by a grant 
Halides.-—Protonated alkylsulfonyl chlorides in from the National Institutes of Health is gratefully
F S 0 3H-SbF5-SO2CIF solution undergo chlorine-fluorine acknowledged,
exchange at —10° to give the corresponding protonated
sulfonyl fluoride. Protonated methanesulfonyl fluo- (W) w- Davi8 and j . h. Dick, /. chem. soc., 483 (1932).

J (15) G . A .  O lah, D .  H .  O ’B r ie n , a n d  A . M .  W h ite ,  J. Amer. Chem. Soc.,
89, 5694 (1967).

(13) G . A .  O lah, A . T . K u ,  a n d  J. A .  O lah , J. Org. Chem., in  press. (16) G . A . O la h  a n d  A . T .  K u , J. Org. Chem., 85, 331, 2159 (1970).
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Stable Carbonium Ions. C X V II.1 Protonation of Sulfites and 
Sulfates and Their Cleavage Reactions in Fluorosulfuric 

Acid-Antim ony Pentafluoride Solution

G e o r g e  A. O l a h , *  A l i c e  T. K u , 2 a n d  J u d it h  A. O l a h

Department o f Chemistry, Case Western Reserve University, Cleveland, Ohio 44106

Received M ay 8, 1970

Protonation of a series of alkyl sulfites and sulfates was examined in FSChH-SbFs solution. Protonated 
sulfites could not be directly observed even at —60° as sulfur-oxygen cleavage occurred with ease to give the 
corresponding protonated alcohols and subsequently stable carbonium ions. Protonated dialkyl sulfates were 
observed in the case of dimethyl and diethyl sulfate, each showing two isomeric forms. Higher homologs undergo 
fast carbon-oxygen cleavage to yield the corresponding alkylcarbonium ions.

No study cf sulfites and sulfates in superacid media of methyl fluoride-antimony pentafluoride complex, 
was reported so far in the literature. In  continuation This assignment is made based on the fact that it not
of our study of the protonation of organic sulfur com- only has the same 1H chemical shift as an authentic
pounds like sulfonyl halides, 1  sulfonic acids, sulfinic sample of methyl fluoride-antimony pentafluoride com- 
acids; alkyl sulfonates, alkyl sulfinates, 3 sulfoxides, and plex, but also has the same 13C chemical shift (found at
sulfones4 we felt it of interest to study the protonation 119 ppm) . 7  The resonance at 8 4.85 is in all probability
and cleavage reactions of alkyl sulfites and sulfates in due to that of the donor: acceptor complex 1 . At 
F S 0 3H -SbF 5 solution.

S + S~
O O— SbF5

Results and Discussion || sbr6-so2ciF II 5+ 5-
CH3OSCI-------------- > CILOSC1 — >- CHsF-SbFs +  S02

Sulfides.'—The following sulfites were studied in ~30°
F S 0 3H -SbF5- S 0 2 solution at low temperature: di- 1 '
methyl, diethyl, di-n-propyl, diisopropyl, di-w-butyl, I Qt>
diisobutyl, and dineopentyl sulfite. *

Protonated sulfites could not be observed in F S 0 3H - CIL
SbF 6 solution diluted with S 0 2 even when the solutions +C—CH3

were prepared and examined at —78°. Cleavage reac- 1 3

tions had occurred. CH3

The nmr spectrum of dimethyl sulfite in FSO 3H -
SbF 5-S 0 2 solution at —80° showed a sharp singlet at 8 —30°, 1  loses S 0 2 to give methyl fluoride-antimony
5.63, a triplet at 8 4.66, and a quartet at S 9.60. The pentafluoride complex 2 . I t  is known that complex 2

latter two chemical shifts, assignable to protonated goes to ferf-butyl cation at higher temperature,
methanol, were reported previously. 6 , 6  This indicates D ata obtained indicate that the cleavage pathway for
that dimethyl sulfite in “magic acid” undergoes sulfur- dimethyl sulfhe in the superacid solution is as shown,
oxygen cleavage to give protonated methanol and The resonance absorption at 5 5.63 is due to the methyl
another species which gives a chemical shift of 8 5.63. fluoride-antimony pentafluoride complex which at
At - 4 0 ° ,  the resonance at 5  5.63 decreases and a new higher temperature decomposes to the ferf-butyl cation,
resonance appears at 5 4.40 which is assigned to the tert- QCH
butyl cation. Upon further raising the temperature, H-'' 3

the nmr spectrum showed only the resonances for tert- Fso,H-sbF -so. I
butyl cation and protonated methanol. (CH30 ) 2S = 0  *■ CH30 — S = 0

Methyl chlorosulfinate, CH 3 0 - S ( = 0 )C 1 , dissolved in 
antimony pentafluoride diluted with S 0 2C1F, gave two I
sharp nmr singlets at S 5.60 and 4.85. At —30°, the
resonance at 0  5.60 increases at the expense of that at 8 [CH30 —S = 0 ]+ + cH,OH,
4.85, which eventually disappeared completely. On CH 1

further warming at 0°, a new peak wrhich is assigned to | 3 \
the ferf-butyl cation appeared at 5 4.50, and the reso- +C— CH3 -*— CH3F-S b F 5 + S 02
nance at 5 5.60 decreased with time. Finally, the nmr I
spectrum showed only one ferf-butyl cation singlet at 8 3

4 ‘5®' , ,. , x - ,;n ■ 1 Q , + w  The site of protonation of sulfites cannot be directly
The resonance absorption at 5 5.60 is due to that detected basedPon the present data. There is indication

* T o  w h o m  correspondence sh o u ld  be addressed. in the low temperature ( 100 ) spectra of an nmr ab-
(1) P a rt  cxvi: g. a . O la h , a . t . K u ,  and  j . o. o la h , j. Org. Chem., sorption at 8 ~ 6 .5  which could evolve at S protonation
(2) N a tio n a l In s t itu te s  o f H e a lth  P re d o c to ra l Research In v e s tig a to r ,  similar to that observed in the Case of dimethyl Sul

1 9 7 0 . foxide. I t  is assumed, based on the ease of cleavage
g  £  i  olah! 1: T. KuU: and l t  m S  (1970)’ reactions, that protonation involves, at least in equilib-

£  ¿ 9 “ a h ' J - S° m m e r' a n d  E ' N a m a n W O rth ' A m e r- Chem■ S0C-  (7) G . A . O lah, I .  R . D e M e m b e r, and  R . H .  Sch losberg, * * . ,  91, 2112

(6) 3 .  A . O lah  and E . N a m a n w o rth , ibid., 88, 5327 (1966). (1969).
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rium, the alkyl oxygen. The cleavage reaction (see (CH3CH2CH20)2S = 0  Fso,H-sbF5-so, t 
subsequent discussion) is clearly O-S cleavage. _80°

The nmr spectrum of diethyl sulfite in “magic acid,” _.,OCH2CH2CH3
F S 0 3B -S b F 6- S 0 2, solution at —80° showed also that of ¥  I __^
the cleavage product protonated ethanol (CH3 triplet CH3CH2CH.O S = 0

+ # * +
at 5 1.56, -C H 2-  multiplet at 4.80 and OH2 triplet at + +
9.20) 5'6 and the ethyl fluoride-antimony pentafluoride [CH3CH2CH20 S = 0 ] + CH3CH2CH2OH2 
complex with CH 3 triplet at 8 1.93 and -C H 2-  quartet at 3
6.20. At higher temperature further cleavage reaction -so* I
occurred and the nmr spectrum showed resonances for *
ferf-butyl and ferf-hexvl cations in addition to that of CH3 ^  CH3

protonated ethanol. Thus the cleavage reaction of di- [CH3CH2CH2] __► CH-__CC.'' CH__C C K '^ ^
ethyl sulfite in “magic acid” is the same as that ob- 3 | ^ ch3 3 + "^CH
served for dimethyl sulfite. H

(CH3CH20 )2S= 0  fso,h—sbF5-so2 1 Diisopropyl sulfite, again, in FS0sH -Sb F 6- S 0 2 solu-
~m‘ tion undergoes both sulfur-oxygen and alkyl-oxygen

,.OCH2CH3 cleavage to give the protonated isopropyl alcohol and
H' t e r t -hexyl cation. The cleavage pathway is believed to

CH CH 0 __S = 0  be the same as that of di-n-propyl sulfite.
J 2+ Accordingly, di-n-butyl and diisobutyl sulfite in

[CH3CH20 S = 0 ]+ + CH3CH2OH __► F S 0 3 H -SbF 6- S 0 2 solution undergo cleavages to give
! the corresponding protonated alcohol and ferf-butyl

a* a- cation.
CH3CH2F—*Sb5F + S02 The nmr spectrum of neopentyl sulfite in F S 0 3H -

I SbF 5- S 0 2 solution at —80° again showed no absorp-
9H3 * 9H‘ CH CH CH;l tions corresponding to the protonated species, but only

+q__0 j j 3 + CH.CCH^ 3 - -  *■ !NsCHCCH that of the cleavage product, protonated neopentyl
| +' ch ^  + 3 alcohol, and that of the ferf-amyl cation (4). The

3 cleavage is believed to be similar to that of di-n-propyl
sulfite as shown in the following.

Ethyl chlorosulfinate in SbF 6- S 0 2ClF at —80°, as in 
the case of methyl chlorosulfinate, gives the donor:
acceptor complex (CH2 quartet at 8 5.20, CH 3 triplet (CHS—C—CH20)2S = 0 * S0aH~SbIVS0  ̂
at 2.23). In  addition, the nmr spectrum also showed a I —80°
quartet at 8 6.40 which we believe to be due to the
-C H 2 of the ethyl fluoride-antimony pentafluoride com- 1 ” 1 3 „
plex. The chemical shift of the CH 3 protons of the [CH 3—C— C H 2O S = 0 ] + +  C H 3—C— C H 2OH2
complex is overlapped by that of the donor: acceptor 
complex at 8 2.23. On warming, decomposition of ethyl
fluoride-antimony pentafluoride complex to ferf-butyl I -s o 2

and tert-hexyl cations occurred. These data further '
proved the cleavage pathway of diethyl sulfite in 9 H 3

“magic acid.” The nmr spectrum of d i - n - p r o p y l  sulfite ch3—C— C H 2C H 3  [CHa C C H Z+]
in F S 0 3H -Sb F 5 solution diluted with S 0 2 at —80° + I
showed the absorptions for protonated propanol and
that of ferf-hexyl cations, indicating that both sulfur- 4

oxygen and alkyl-oxygen cleavage had occurred. I t  is Ionization of isomeric butyl chlorosulfinates8 in anti- 
believed that di-n-propyl sulfite, as in the case of di- mony pentafluoride-sulfur dioxide gave only the ferf- 
methyl sulfite, was first protonated and then underwent butyl cation. In  order to achieve the cleavage, warm-
sulfur-oxygen cleavage to give protonated propanol and ing 0f the samples to —10° was needed. Again, we feel

that the reaction proceeds through intermediate 5, 
O O—SbF although it was not directly observed.
II SO2CIF || .

C H 3C H 20SC 1 +  S b F 5 ------------ ^  C H 3C H 20SC 1 „  J -  1
O O— S b F 5

I II so2 ||
i  ROSC1 + SbF5 — >■ LROSC1 J

CH3 5
I 5+ 5~

tert- C 6H 13+ +  C & C +  < — C H 3C H 2F - > S b F 6 +  S 0 2 /1IT i
j A 0x13 4-

CH3 I
+C— C H 3 -<—  [R+] +  S 0 2

3 which is not observed and undergoes further cleavage ¿H3
to give the n-propyl cation which in turn rearranges to __________
the more stable ferf-hexyl cation. (8) Work done ^  j. M. Bollinger and previously unpublisfaed.
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T a b l e  I

P m h  S p e c t r a l  P a r a m e t e r s “  o f  t h e  P a r e n t  a n d  P r o t o n a t e d  S u l f a t e s  a t  —60°
R e g is try

C o m p d  no. S o lv e n t C H 2 C H 3

(CH30 ) 2S 0 2 77-78-1 S 0 2 3 .7 3

26402-44-8 F S 0 3H -SbF6 4 .8 6
c h 3(>  s o 2 S 0 2C1F 4 .7 0

(CH3CH20 ) 2S 0 2 64-67-5 S 0 2 4 .1 0  1 .15
(0 , 7-0) (t, 7.0)

H—OCHCHj 26402-45-9 F S 0 3H -SbF5 5 .5 3  1.95
CH3CH3o— so3 S 0 2C1F (q, 7.0) (t, 7.0)

+ 5 .3 3
(q, 7.0)

° Chemical shifts are in parts per million from external TMS. Coupling constants in hertz are given in parentheses following 
the multiplicities: t  =  triplet, q =  quartet.

I t  is of interest to mention that the conversion of al- the same acid solvent system. Again, no proton on
cohols into chlorosulfites or haloformates and their sub- oxygen and no coupling was observed between the pro-
sequent cleavage in SbFs-SCh/SChClF represents a use- ton on oxygen and the a-alkyl protons, and no struc-
ful fragmentation method to generate carbonium ions.9 tural assignment could be made. The chemical shifts
It is also of interest to note that the chlorosulfite cleav- and coupling constants of the parent and protonated di
age reactions provide further proof for the mechanism of methyl and diethyl sulfates are given in Table I. 
the conversion of alcohols into chlorides by thionyl The nmr spectrum of both protonated dimethyl and 
chloride.10 diethyl sulfate in F S 0 3H -Sb F 5- S 0 2C lF showed no sig-

Sulfates.— The following sulfates were studied in nificant change fro m —80° to room temperature. 
F S 0 3H -SbF5-S02C lF solution at low temperature: However, protonated di-n-propyl and di-n-butyl sul-
dimethyl, diethyl, di-n-propyl, and di-n-butyl sulfate. fate could not be observed. The nmr spectrum of

The nmr spectrum of dimethyl sulfate in F S 0 3H-- di-n-propyl and di-n-butyl sulfate in F S 0 3H -Sb F 6-
SbF5- S 0 2C lF solution at —80° showed a strong singlet S 0 2C1F showed only the resonances of the most stable
at 5 4.85 and a small peak (ca. '/sth of that at 5 4.85) at cation, tert-hexyl and ieri-butyl cation, respectively.
5 4.68. These chemical shifts are much more down- This indicates that alkyl oxygen cleavage occurred, for
field than those of the parent compound in S 0 2 (see example 
Table I), indicating that dimethyl sulfate is protonated 
presumably on alkyl oxygen although no proton on 
oxygen could be directly observed due to obvious fast H
exchange. These two singlets could be assigned to the |
methyl protons of any or all possible isomers 6a, b, and CH3CH2CH2CH2a  .0
c, of protonated dimethyl sulfate. No coupling was ob- S -------— r------- *■
served between the proton on oxygen and the methyl CH3CH2CH2CH20 X)

H /C U , H0\
+ / \  /C H 3 OT 0

CH3° O O o h 4  \  ✓  [CH3CH2CH2CH2+] + CHsCH2CH2CH20 O

A h:cX  v  0 I xch3o o ch3o o I 1

6a 6b 6c (CH3)3C+ C(CH3)3 + H2S04

protons; hence no structural assignment could be made.
The absence of coupling indicates rapid exchange which
could not be frozen even at the lowest temperatures The difference in the superacid protolytic cleavage 
observable, —120°. The dotted lines used in the for- reactions of dialkyl sulfites and sulfates can be found in
mulas are intended to denote oxygen sites between the fact that the former undergo oxygen-sulfur c eavage
which proton equilibration can take place and not dis- (in good accordance with available data on aci -ca a-
tinct species (of course, intramolecular exchange with lyzed hydrolysis of dialkyl sulfites)11 whereas the latter
the solvent also must be considered). Similar observa- only undergo carbon-oxygen cleavage (again in 11CC01"'
tions were also made for protonated diethyl sulfate in dance with hydrolysis behavior of dialkyl sulfates).

Primary alkyl groups, particularly methyl and ethyl, 
H / C 2H5 a re  p 0 0 r  leaving groups in the alkyl-oxygen cleavage re-

ph ph c /  /CH 2CH3 P - o action, thus the stability of dimethyl and diethyl sul-
3 2 \  A  J )  H'+ )s fate, as compared to their sulfites.a  h;:X  < no

CH3CH20 O CH3CH20 0 C2H5 (11) F o r  a s u m m a ry , see H .  F . V a n  W oe rd e n , Chem. Rev., 63, 562 (1963),

7 a  7 b  7 c  a nd  references g ive n  th e re in .
_______________  (12) E . T .  K a ise r, M .  R a n a r, a nd  F . H .  W e s th e im e r, J. Amer. Chem. Soc.,

(9) G . A . O lah, Chem. Eng. News, 45, 77 (1967). 85, 602 (1963); E . T .  K a ise r, P h .D .  Thesis, H a rv a rd  U n iv e rs ity ,  C a m b rid g e ,
(10) E . S. L e w is  a nd  C . E . Boozer, J. Amer. Chem. Soc., 74, 308 (1952), M a ss ., 1959; R . E . R o b e rts o n  a n d  S. E . S u gam ori, Can. J. Chem., 44, .728

a nd  references c ite d  th e re in . (1966).
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Experimental Section Nmr Spectra.— Varian Associates Model A-56/60A spectrom
eter, equipped with a variable temperature probe, was used for 

Materials.—n-Propyl, isopropyl, w-butyl, isobutyl, n-pentyl, all spectra. Chemical shifts are reported in ppm (5) from ex-
and neopentyl sulfite were prepared by the reaction of the corre- ternal (capillary) tetramethylsilane, as in previous publications
sponding alcohol with thionyl chloride.13 Dimethyl and diethyl in this series.
sulfite were commercially available. Alkyl chlorosulfmates were Preparation of Solutions.— The procedure used for the prepara-
prepared by the reaction of alcohols with excess thionyl chloride.14 tion of solutions of the protonated sulfites and sulfates was 

Di-n-propyl and di-ra-butyl sulfate were prepared by the re- identical with that described previously.15 
action of the corresponding sulfite with sulfuryl chloride. Di
methyl and diethyl sulfate were commercially available materials. Acknowledgment.'—Support of our work by a grant

( 1 3 ) A . H . B la t t ,  “ O rg a n ic  S yn theses,”  C o ll.  V o l.  I I ,  W ile y , N e w  Y o rk ,  fr0m the National Institutes of Health is gratefully
n . y ., 1943, p 112; p in . acknowledged.

(14) P . D .  B a r t le t t  a n d  H .  F . H e rb ra n d s o n , J. Amer. Chem. Soc., 74, 5971
(19 5 2 ). (15) G . A . O lah , D .  H .  O ’B r ie n , a n d  A . M .  W h ite ,  ibid., 89, 5694 (1967)

The Synthesis of 1,8-D i-te r t-butylnaphthalenes
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A direct synthetic route to peri-di-ferf-butylnaphthalenes, 23, 24, and 25, is described. A key step involves 
Diels-Alder reaction of a benzene with ferf-butylfurans. Reaction of the naphthalenes with acid serve to demon
strate behavior that is different from the di-ieri-butylbenzene case. Thus, crowding in 23 results in diminished 
reactivity at the peri position due to hindrance rather than increased reactivity resulting from relief of strain.
Similarly, 25 is 1-2 orders of magnitude less reactive than 21 under identical acid conditions. Extreme structural 
perturbation is also detected via  nmr and uv spectroscopy.

One approach to the study of van der Waals repul- or (b) two continuously angularly fused aromatic rings
sion effects has been to synthesize aromatic hydrocar- is equivalent to a feri-butyl group. Thus it was our
bons where the geometric requirements for it orbital estimate that a l-ferf-butyl-8-methylnaphthalene (3) is
overlap force crowding of bulky substituents located on comparable in its crowding to o-di-ferf-butylbenzene (1)
the aromatic ring. The resulting balance between and that a 1,8-di-iert-butylnaphthalene (4) is more
relief of strain and distortion of the planar aromatic crowded than 1 or 3. A strain energy of 22 kcal/mol
framework has been examined by both physical and has been determined for l , 2a and using a value of 6-7
chemical probes. Examples of structures that have kcal/mol for the strain in o-terf-butyltoluene, one can
been studied are o-di-ferf-butylbenzene ( I ) 2 and 1,12- assign a 15-16 kcal/mol increment for the replacement
dimethylbenzo[c]phenanthrene (2),3 as well as related of methyl by tert-butyl.7 Thus we can estimate that

the substitution of the methyl in 3 by teri-butyl in 4 
r f^ V ' "y ^ T i would result in a strain energy of 37-38 kcal/mol.

■ fo 55systems such as o-di-terf-butylquinoxaline4 and
dihydroxy-2,3-di-terf-butylnaphthalene.6 The present 3 4
work on pm ’-feri-butylnaphthalenes developed from the
principle stated by Newman to estimate qualitatively Syntheses of 1-ferf-butylnaphthalene have been re
tire steric effects of ortho substituents in aromatic com- viewed recently.8 Our experience with the use of a
pounds:6 (1) a fused aromatic ring is equivalent to a teri-butylbenzyne-furan reaction followed by aromat-
methyl group, and (2) either (a) a fused aromatic ring ization to afford 1,4-di-teri-butylnaphthalene led us to
containing a methyl group in the adjacent peri position, extend the method to the peri-crowded series.9 The

* T o  w h o m  correspondence sh o u ld  be addressed. sequence shown below was developed for the prepara-
(1) (a) P o rt io n s  o f th is  w o rk  have  been p re v io u s ly  re p o rte d : R .  W . t l O n  0 1  a  f e r f - b u t y l b e n z y n e  8 ,  w i t h  t h e  c r i t i c a l  S t e p  b e i n g

F ra n c k  a n d  E .  G . Leser, A b s tra c ts , 1 5 6 th  N a tio n a l M e e tin g  o f th e  A m e ric a n  t h e  a p r o t i c  d i a Z O t i z a t i o n  a n d  d e c a r b o x y l a t i v e  e l i m i n a -  
C h e m ic a l S o c ie ty , A t la n t ic  C i ty ,  N .  J ., S e p t 1968, O R G N  167; R . W . F ra n c k  + 4 r  n n i d  M>
a n d  E .  G . Leser, / .  Amer. Chem. Soc , 91 , 1577 (1969). (b ) T h is  p a p e r is  U ° n  0 1  t J l e  a n t l l r a n l l l C a C lU  ( 7 ) .
based on th e  P h .D .  The s is  o f E . G . L . ,  F o rd h a m  U n iv e rs ity ,  1970. (c) T w '0  results of SOme interest, although not germane
T h is  research was su p p o rte d  in  p a r t  b y  F o rd h a m  U n iv e rs ity  fu n d s , N S F  to the naphthalene problem have been obtained with 7 
G ra n t  G P  7754, a n d  an  N S F  T ra in e e s h ip  fo r  E . G . L .  , _  „  , . . , . .  , ,

(2) (a) E . M .  A rn e t t ,  J . C . Sanda, J . M .  B o llin g e r, a n d  M .  B a rb e r, J. a n C l 8 \ .  W hen a C ld  7  W a S  t re a te d  W ith d icy d o h e x y l-
Amer. Chem. Soc., 89, 5389 (1 9 6 7 ); (b) A . W. B u rg s ta h le r, P . C h ien , a n d  Carbodiim ide, th e  benZOXazine 9  (2 0 %  yield ) Was
M .  O . A b d e l-R a h m a n , ibid., 86, 5281 (1964).

(3) M .  A . F r is c h , C . B a rk e r ,  J . L .  M a rg ra v e , a n d  M .  8 . N e w m a n , ibid., (7) H .  C . B ro w n , J. Chem. Soc., 1248 (1956); (b ) J. P a cke r, J . V a u g h a n ,
85 , 2356 (1963). a n d  E  W o n g , J. Amer. Chem. Soc., 80, 905 (1958); (c) H .  C . B ro w n  a n d

(4) G . J. V isser, A . Vos, A . d e G ro o t, a n d  H .  W y n b e rg , ibid., 90, 3253 A .  C a h n , ibid., 77, 1715 (1955).

(1968). (8) H .  V a n  B e k k u m , T . J . N ie u w s ta d , J . V a n  B a rn e v e ld , P . K la p w i jk ,
(5) L .  R .  C . B a rc la y , G . R .  N ix o n , H .  M .  F o o te , a n d  S. L .  B a rc la y , Can. a n d  B . M .  W e p s te r, Red. Tran. Chim. Pays-Bas., 88, 1028 (1969).

J. Chem,, 47, 4313 (1969). (9 ) R .  w. F ra n c k  a n d  K .  Y a n a g i, J. Org. Chem., S3, 811 (1968).
(6) M .  S. N e w m a n  a n d  W . H .  P o w e ll, J . Org. Chem., 26, 812 (1961). (10) L .  F r ie d m a n  a n d  F . M .  L o g u llo , ibid., 84, 3089 (1969).
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formed.11 When no diene was present in the diazo-
tization-elimination step to form 8, leaving 7 as the only V  R, Q

*  _

> r ^ c o . „  " - d ’ r  o

> p i!̂ C 0 2H > j / ^ + 0 2H 13 14

6 7 a, R1 =  R2 =  R3 =  H
b, R, =  R, =  CH3; R, =  H
c, Rj =  R, =  ieri-Bu; R, =  H
d , R1 =  R3 =  feri-Bu; R = H

' x  reaction does not have both new bonds formed to the
8 same extent. Even though 4 + 2  cycloadditions of

benzyne have been predicted to be concerted13 and 
benzyne trap, there was formed the acridone 10.12 The demonstrated to be stereospecific,14 the present case 
proof that 10 was the Cs isomer rather than the C2v may be an example of nonsimultaneity in bond forma-
possibility required an nmr solvent shift study (see tion. The unhindered benzyne and furan termini with
Experimental Section). no steric repulsions could develop more bonding earlier

in the reaction coordinate than the more hindered 
termini. A similar argument may be adduced for the 
observed ratios of adduces obtained in the reaction of 

r ^ i l  tetrafluorobenzyne (15) with ierf-butylbenzene (16).15
J L n II tDCC 7 8 , The change in reactivity of arylisobenzofurans toward

m  f  v u

15 f  f

• * X’Y
Generation of the benzyne 8 in the presence of furans F F V -

l la - c  afforded Diels-Alder adducts 12a-c in yields of 17 g8^ 1 8  2 2%
94, 89, and 9% , respectively. The reaction with di-
feri-butvlfuran 11c was sensitive to time and concen- . .
tration. The acridone 10 was formed in moderate vinylene carbonate has been rationalized in a similar
yield (23% ) in some cases. We postulated that the manner.16 The appearance of qumone 14 m the reac-
tert-butvl »a. tert-butyl repulsion in the transition state tl0n mixture was rationahzed as coming from 12d via a
for 12c formation prevented the attainment of optimal reaction sequence involving acid-catalyzed ring open-
overlap and that side reactions became competitive. inS> de-terf-butylation, and air oxidatiom When a
Thus when furan 1 Id was reacted with benzyne 8, the samPle of 12d was tl'eated wdh etha» ollc HC1 for sev-
expected product was the uncrowded adduct 13. The eral minutes m the absence of air, a phenolic substance
adduct isolated (34-37% ), however, proved to be 12d could be detected by ir spectroscopy. Exposure of the
(as shown conclusively by later conversions). The presumed phenol to air resulted in the appearance of
crude reaction mixture was shown (glpc) to consist of carbonyl bancs, and a sample of qumone 14 could be
12d (six parts), and unknown substance [not conclu- isolated,
sively 13 (three parts)], and quinone 14 (one part). A
simple explanation for the formation of 12d in good A' Inamura' and W-J- Hehre’ J - Amer-Chem-Soc" 90-
yield is that the transition state for this Diels-Alder (14> (a) ^  JoneSi j r„ andR. h. Levin, ibid., 9 1 , 64ii (i960); (bjR.w.

A tk in  a n d  C . W . Rees, Chem. Commun., 152 (1969).
(11) G . Schroe ter, Justus Liebigs Ann. Chem., 367, 129, 153 (1909). (15) J. P . N .  B re w e r, I .  F . E e k h a rd , H .  H e a n e y, a n d  B . A . M a rp le s ,
(12) (a) S. F . D y k e , A . R . M a rs h a ll,  a nd  J . P . W a tso n , Tetrahedron, 22, J. Chem. Soc. C, 664 (1968).

2515 (1966); (b) R . H o w e, J. Chem. Soc. C, 478 (1966). (16) M .  N e w m a n , J. Org. Chem., 26, 2630 (1961).
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in the benzene series, except that in the latter case, a 
/  V stronger Lewis acid was required to protonate the un-

/  \  activated ring . 2 The exclusive formation of naphtha-
/  \  •— -  lene 23 without further acid-catalyzed de-feri-butylation
\  # , t o produce 24 was not achieved. The Experimental

\  f  Jf \  Section summarizes a wide variety of experiments con-
\------------f  '  ducted in search of proper conditions of acidity. That
/  \ the less hindered ¿erf-butyl group in 23 was lost was

/  \ l. J \  demonstrated by nmr data (vide infra) which are quite
/ unique for each possible ¿erf-butyl environment. The
\  j  /  \ N unexpected dealkylation under mild conditions de-

\  / f  \  serves further comment. One possible distortion to
'—  ---- -7 / relieve crowding by the pm'-dirferf-butyl groups could

„ _  , . , .  , , , . , ,  . b e a  tw istin g  of th e  n a p h th a le n e  fram ew o rk  so  t h a t  th e
¿erf-butyl group. s ta b ility  of th e  a ro m a tic  n ucleus w ould be re d u ce d  an d

would be susceptible to protonation by weak acids. 
Catalytic hydrogenation of the adducts 1 2 a-d  pro- The greatest relief of crowding would occur if one of the

ceeded in high yield to form the saturated endoxides peri-disubstituted positions were protonated. Model
19a-d. This series of compounds was then subjected studies show that there is extra steric shielding of one

peri carbon by the adjacent ¿erf-butyl (if the naphtha- 
lene ring is indeed twisted), thus preventing the ap- 

R, proach of the protonating solvent from the lateral di-
rection that would allow a complex formation 1 7  (Figure

1 2 a-d ► \------L '''i 1 ). Thus, the less hindered carbon is protonated and
y C  r \  the ¿erf-butyl is lost because of the relief of the 6-7  kcal/

F3 mol of o-ferf-butyltoluene strain. The observed stabil-
19a-d ity of 1-ferf-butylnaphthalene to H 3PO 4- B F 3 acid condi-

. .  , . . . . . . .  tions18 can be explained by noting that these conditions
to acid-catalyzed dehydration conditions to form the arg known tQ be nonrearranging and perhaps insuffi.
naphthalenes as depicted m the scheme below (Scheme cient ^  tonate i_terf_butylnaphthalene. Alter-
I). Whereas naphthalene 20 was stable toward re- one could argue that the 5-terf-butyl in 23 is

more strained than a simple 1-ferf-butyl group because 
CHBME of the buttressing effect of the 3-ierf-butyl on the peri

H at C4 . The HCl-catalyzed dealkylation of 25 to 
HC] JL .. form 26 has a half-life of 1 . 8  hr, an order of magnitude

19a ------- *■ j ll I greater than the corresponding dealkylation of 21. Al-
Et0H’ though the greater relief of strain to be achieved in the
reflux / j  de-ferf-butylation of 25 would account for a 'priori a

2 0  faster rate of protonation and dealkylation than for 21,
one can rationalize the observed slower rate by rein- 

| I voking the argument of steric hindrance to lateral
hcooh | A / \ , hci approach of acid that was developed for 23.

19b 100o > . Jh J l  J  Et0H* I. II J  Nmr Spectra.'—Molecular interactions in peri-sub-
y \  ref]ux’ y \  jp stituted naphthalenes have been investigated by

21 22 nmr methods, including the effect of peri substituents
which cause significant deshielding of the neighboring 

1 1 ^ 1  peri proton.8'9 This magnetic deshielding of protons
due to intramolecular steric interactions has been the 

1 9  HC00H HC00H A A |  subject of a recent analysis by Cheney.19 I t  was pointed
c h coon a,* ncooNa* JL II l  out that the degree of deshielding observed for a com-

55- y C  ’ y \  pressed proton H is dependent upon the conformational
/  \  geometry existing between the C -H  bond and the inter-

2 3  24 acting proton H '. The magnitude of the steric shift
was shown to depend upon the component of the non- 

J ,  bonded proton-proton repulsive force along the C -H
bond axis. Using our earlier work on 1,4-dirferf-butyl- 

HC1 > HC1 ( | / \ / \ |  naphthalenes as a precedent, assignments of resonances
EtoH, Et0H were made as listed in Table I. I t  will be observed
25° p- ref|ux’ y\  P'v that f3-tert-butyl resonances serve as an excellent in-

25 26 ternal standard and that the downfield shifts for peri
H ’s compressed by ¿e?"i-butyls are consistent with pre

fluxing ethanol saturated with HCI, the o-dirferf-butyl- yious work- : t  can be seen in the cases of naphthalenes 
benzene analog 21 readily lost (half-life 0.05 hr) the
crowded lrferf-butyl group to yield 22. This facile (17) E . B e rlin e r, Progr. Phys.Org. Chem., S, 253 (1964).
, „  , , .  , T  • , . . . ,  (18) H .  M .  F r ie d m a n  a n d  A . L .  N e lson, ibid., 34, 3211 (1969).

dealkylation to relieve steric repulsion is similar to that (i9) b . v . C heney, / .  Amer. ahem. Soc., so , ssse ( i 9 6 8 ) .
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Table 1  nances of the ferf-butyls have been deshielded by about
Nmb Data for ierf-BuTYLNAPHTHAUENEs 0.2 ppm from that of uncrowded ferf-butyls. In  our

Compd p a peri other resonances» peri-crowded ferf-butyls in 23, 24, and 25, an upheld
2 0  1.40 1.64 7.17-7.82 (m, 3), 7.50 (s, 2 ), shift is observed. This information can be rationalized

8.30 (m, 1, Hu) using the same twisting argument (vide supra) that
21 1.42 1.59 2.61 (s, 3, C-5 CHS), 2.77 (s, 3, explained the observed chemical inertness of the peri

Sn  7 ^ 1 ’ r’ positions. If  the framework is twisted so that the
7 ’ 7 0  /a 1 ’ tU ~ o tr '  ferf-butyls lie above and below the mean plane of the

ring, the protons will be out of the zone of maximum
2 2  1.40 2.58 (s, 3), 2.62 (s 3), 7.03 deshielding of the aromatic system. Hence, their reso-

(s, 2 ,W a n d  H»),’ 7.46 (dd, nance would occur upheld from “ normal” expectation.
1, J n  = 9  Hz and / ,5 = 2  Also, models of this twisted naphthalene indicate that
Hz, H7), 7.83 (d, 1, J 87 = 9 the ferf-butyls would be free to rotate, thus explaining
Hz, Hs), 7.83 (d, 1, J s i  = 2 the nonobservance of line broadening or signal multi-
Hz> Hs). plicity . 16 The assumption of a twisted naphthalene

23 1 .4 2  1 .57  1 .22  7 .1 0  (d, / = 8 Hz), 7 .2 8  (d, 1, framework has a corollary requirement that the naph-
1 2 4  thalenes be chiral. An nmr method of detecting

1 8 Hz' H ) ’ ’ ~ chirality without resolution is to use a chiral solvent so
23 1  4 0 1 27 7 1-7  6 (m 5 ) as ôrm ¿iastereoisomeric solvates and induce a

j  2 8  ' doubling of nmr peaks. 2 2  When the spectrum of
25 1.40 1.30 7.22 (d, 2 , / =  1.7 Hz, H, and naphthalene 25 was examined in 1-carvone, the 1,8-

H7), 7 .4 8  (d, 2 , / = 1 .7  Hz, ferf-butyl resonance, at 60 MHz, was broadened rela-
H4 and H5). tive to the 3,6-ferf-butyl band. However, at 220 MHz,

26 1 .43  1 .65  7 .4 8  (dd, 1, J n  = 9 .2  Hz and the line widths and peak heights of the two bands were
J i 5 =  2 Hz, H7), 7.57 (d—  identical. 2 3  Since increasing the field strength in the
overlapping with part of H7 nmr determination did not enhance the apparent
absorption 2, J i:i = J hl = 2 broadening which might have been the beginnings of

z, Hj an Hs), T78 ( , 1 , peak doubling, the results are best explained by relaxa-
. / 7 = 9 2 Hz H ) ’ ’ tion arguments. Relaxation of spin is directly pro-

“ Chemical shifts are in parts per million (ppmHelative to TMS P0/ .?0^  t 0  Solve^  ^ c o s ity  (and carvone is viscous),
as an internal standard, CC14 solvent. whlle lt; ls inversely proportional to the square of the

field strength (that contribution to relaxation from 
24 and 25, which were not the expected products, that anisotropic shielding) . 2 4  Thus the viscosity effect ob-
the nmr data obtained would not be consistent with served at 6 0  MHz is countered by a field strength effect
that predicted for the isomeric compounds originally ad MHz.
expected. The J n in naphthalene 26 is supportive Uv Spectra.— Dale has studied the variation in uv
evidence for the recently proposed theory of «/Hh cou- spectra as a function of group size in benzenes. 26

pling in conjugated carbocyclic molecules. 2 0 The intro- o-di-ferf-butyl interaction causes a slight loss of
duction of a pen-ferf-butyl increases J  ortho from 8.30 to intensity and fine structure compared to the less 
8 . 8 8  Hz. In  benzene, a ferf-butyl increases J  by 0.32 crowded homologs. A large bathochromic shift is
Hz. Thus, the expected J  ortho in 26 is (8.30 +  0.58 +  observed when three ferf-butyl groups are on adjacent
0.32) =  9.2 Hz, in good agreement with experiment. benzene ring positions. 2 6 For a comparison of the
I t  is informative to compare the chemical shifts of the uv sPectra of the naphthalenes prepared in this re
crowded and uncrowded methyl groups in the series search with the analogous methylnaphthalene spectra
12b, 19b, 21. A simple assumption of a direct rela- 4I) ^he literature, solvent differences and substituent

differences must be accounted for. In  fact, solvent 
m  variation effects in naphthalene uv spectra are non- 

^  2.05 ^  i,98 I. existent. Good examples for this rest in comparison of
\ J ? W " I II I the spectra of 1,2,5- and 1,2,7-trimethylnaphthalenes

; J Z J S  f  J L _ K  taken in petroleum ether2 7 and ethanol2 8  which are
N l  \\l I identical, respectively. The nearly identical spectra of

' i.n ' i.7o 2.6i 1,3,6-trimethylnaphthalene (in petroleum ether) and
12b (a 0.28) 19b (A 0.28) 21 (a 0.16) 1,3,6-tri-ferf-butylnaphthalene (26) (in ethanol) are

tionship between the degree of crowding and the mag- compared in Figure 2. There is neither a solvent effect 
nitude of the compression shift is not correct. The or a substituent effect in replacing methyl with tert-
peri methyl in 21, compared to the internal standard of butyl. The comparison (Figure 3) of the uv of 1,3,8-
the other methyl, is more compressed than in the pre- trimethylnaphthalene (petroleum ether) and that of the 
cursors 12b and 19b, yet it is deshielded to a lesser ex
tent; and in fact, the shift is approximately the same we t  w . ^ ib b o n s

as that observed in 1,3,5,8-tetramethylnaphthalene spectrUin.
(0.18 ppm).21 In  o-di-teri-butylbenzenes. the reso- (24) E .  D .  B e cker, “ H ig h  R e s o lu tio n  N M R , ”  A ca d e m ic  Press, N e w  Y o rk ,

N .  Y . ,  1969, p p  205— 206.
(20) M .  A . C o o p e ra n d  S. L .  M a n a t t ,  Amer. Chem. Soc., 91, 6325 (19 6 9 ); (25) J . D a le , Chem. Ber., 94, 2821 (1961).

92, 4646 (19 7 0 ). W e  th a n k  th e  a u th o rs  fo r  th is  d e te rm in a tio n  a n d  a c o m - (26) E . M .  A rn e t t  a n d  J . M .  B o llin g e r, Tetrahedron Lett., 3803 (1964).
m e n t on  its  re levance . (27) M .  J . K a m le t,  E d .,  O rg a n ic  E le c tro n ic  S p e c tra l D a ta , V o l.  I ,

(21) F . F . Y e w , R .  J . K u r la n d ,  a nd  B .  J . M a ir ,  Anal. Chem., 36, 843 In te rs c ie n c e , N e w  Y o rk ,  N .  Y . ,  1960, p  522.
(1964). (28) H .  E . U n gnade, E d .,  ibid., V o l. I I ,  p 363.
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Figure 2 .— Uv spectra of 1,3,6-trialkylnaphthalenes: a,
1,3,6-trimethylnaphthalene [E. Heilbronner, U. Fröhlicher, and % i A Ö ^ a m B l ^ p h f t a t e n B  [P Canonne and A. Regnault,
PL A. Plattner, Helv. Chim. Acta, 32, 2479 1949)]; b, 1,3,6-tri- Can:7L  Cthe^ .’ 45’ 1297 (,1967); 7  “  ^ n n o n e  f° r
terf-butylnaphthalene (26). I n l i n e  £ 5 ) ^  ^  ’ b’ L3,6,8-tetra-ferf-butylnaph-

r 1 ' '------1------1----- ’— Experimental Section29
5.0

3,5-Di-ferf-butylbenzoic Acid (5).— Following the procedure of 
Wepster,30 88.0 g (0.432 mol) of 3,5-di-iert-butyltoluene31 was

4-3 b converted to 80.1 g (79% ) of acid 5: mp 177-178° (lit.27 mp
/ 'A  \ \ 172-173°); ir (CC14) 3 .1 -3 .4  (acid OH), 3.44 (ierf-butyl), 3 .7 -4 .0

4.0 Y  \ (several weak bands), 5.79 (monomeric C = 0 ) ,  5.95 (dimeric
^  \ \ C = 0 ) ,  and 8 .00 m-
o’ 1 \ /  2-Nitro-3,5-di-terf-butylbenzoic Acid (6 ).— Employing a salt-

3.5 \ X  .- - 'A 'v  ice bath, 81 ml of fuming nitric acid (sp gr 1 .59-1 .60) was cooled
\ /  '  \ f\ '\  to below 10°. This temperature was maintained throughout the

\j\ \  slow addition of 27.5 g (0.118 mol) of 3,5-di-iert-butylbenzoic
3-0 I acid to the rapidly stirred nitric acid. After addition was com-

| \ pleted, the solution was stirred at this temperature (5°) for 15
2.5 min and then at room temperature for 30 min. The product

comes out of solution during the addition of the benzoic acid.
220 260 300 340 The reaction mixture was poured into ice-water, and the pre-

K in mji cipitate was filtered, washed acid free, and air-dried. Recrystal
lization of the crude material from ethanol gave 26.8 g (82% ) of 

Figure 3.— Uv spectra of 1,3,8-trialkylnaphthalenes: a, pure 6 : mp 206-208°; ir (CHCh) 3 .1 -3 .4  (acid OH), 3 .7 -4 .0
1.3.8- trimethylnaphthalene [E. Heilbronner, U. Fröhlicher, and (several weak bands), 5.76 (monomeric C = 0 )  5.90 (dimeric
PL A. Plattner, H eh . Chim. Acta, 32, 2479 (1949)]; b, 1,3,8-tri- C = 0 ) ,  6.55 (N 0 2), and 7.32 M (N 0 2); nmr (CDC13) 8 1.38 (s,
tert-butylnaphthalene (24). 9), 1.45 (s, 9), 7.98 (d, 1, /  =  2 Hz), 8.13 (d, 1 , J  =  2 H z), and

10.22 ppm (s, 1).
A nal. Calcd for Ci5H21N 0 4: C, 64.50; H, 7 .58 ; N , 5.01.

pcri-erowded 1,3,8-tn-teri-butylnaphthalene 2 4  (etha- 3,5-Di-ieri-butylanthrInUic Acid °(7).— To 10 ml of absolute 
noij snows the tour effects of distortion due to the 1,8- ethanol was added 1.85 g (6.62 mmol) of 2-nitro-3 ,5-di-£er£-butyl
¿erf-butyl interaction. Bathochromism of maxima benzoic acid with stirring. After the nitro compound was dis-
( « 2 0  mju), the appearance of a new band which is solved, 5 .4  ml of 85%  hydrazine hydrate and 0.040 g of 10%
probably the result of a shift of a maximum in the 200 P^dium -on-carbon catalyst were added. The mixture was
ry-\ ronfrA „  • • , j  t c n , refluxed for 2 hr, after which it was cooled and the catalyst was

^ ^ ’ tensity, and loss of fine struc- carefully  filtered and washed with ethanol. The ethanol solution
ture are observed. Similar perturbations are seen in was evaporated and the residue refluxed with 50 ml of 10%
the comparison of spectra of 1,3,6,8-tetramethyl- sodium hydroxide solution for 3.5 hr. This alkaline solution was
n a p h t h a l e n e  ( e t h a n o l )  a n d  t h e  h o m o l o g o u s  t e t r a - t e r f -  (29) M e lt in g  p o in ts  were d e te rm in e d  on  a F ish e r-Jo h n s  a p p a ra tu s  a n d

butyl C O m p O U Ild  2 5  ( e t h a n o l )  i n  Figure 4. The spectra are  u n co rre c te d . A n a lyses  w ere  d e te rm in e d  b y  Spang M ic ro a n a ly t ic a l 

i n  e t h a n o l  o f  t h r e e  1 ,3 , 5 ,8 - t e t r a a l k y l n a p h t h a l e n e s  a r e  f  m 7ArlT ^ ich' 7 T d 8T tra reT ded onPerkin-
„  T?: _  r  m i  . n ~ . ih lm e r M o d e l 137 a n d  337 s p e c tro p h o to m e te rs . U l t r a v io le t  s p e c tra  w ere

P  lgUre 5 .  1 h e s p e c tru m  of 2 1 ,  th e  0 -d i- recorded  on a C a ry  15 sp e c tro p h o to m e te r. N u c le a r  m a g n e tic  resonance

ter£~butylbenzene h om orp h , show s th e  e x p e cte d  slight spectra  w ere  m easured w ith  a V a r ia n  A -6 0 A  in s tru m e n t,  p ro b e  te m p e ra tu re

sp e c tra l d ifferences from  th e  m odel 1 ,3 ,5 ,8 - te tra m e th v l-  38\ 7 “ sig“als reporte? relative to interpal tetrametlwl8ilane- Eastman
r  i i  -j Y , 1 J J p ra c t ic a l g rade  is o p e n ty l n i t r i te  was p u r if ie d  b y  w a sh in g  w ith  s a tu ra te d

napntnalene. Targer structural perturbation due to s o d iu m  b ic a rb o n a te  s o lu tio n  and s a tu ra te d  so d iu m  c h lo rid e  s o lu tio n , d ry in g

1.8- ter¿-bu tyl in te ra c tio n  in  23  is evid en ced  again  by With anhydrous sodium sulfate, and distillation. Thin layer chromatography
t h p  f m i r  i ifp ix o + ö  l io + ö r l  n h A t m  r r iv  a r  was done us in g  M e rc k  s ilica  ge l G  on p rec leaned m ic ro s lid e s . F lo r is i l
tne t o u r  effects fisted above. The observed batho- (F ish e r, 6 0 - 1 0 0  m esh) was nsed as th e  a d s o rb a n t fo r  se p a ra tio n s  b y  c o lu m n

cnromic shllts in our series correspond well with that c h ro m a to g ra p h y . G a s - liq u id  p a r t i t io n  c h ro m a to g ra p h y  (g lp c ) was p e r-

observed for 1,2,3,5-tri-ieri-butylbenzene.26 In the f ° rm ed on a F  &  M  M o d e l 8 1 0  in s tru m e n t e q u ip p e d  w i th  th e rm a l c o n d u c-
~  ^  , v  j  r , t i v i t y  d e te c to rs . O ne o r b o th  o f th e  fo llo w in g  co lu m n s w e re  used th ro u g h -

p m e n t  o f  s y n t h e t i c  m e t h o d s  f o r  t h e  pen-dl-tert- o u t th is  w o rk : c o lu m n  A (6  f t  x 0 .25  in . ,  10% s ilic o n  g u m  ru b b e r  S E -3 0

b u t y m a p h t h a l e n e  s y s t e m ,  w e  h a v e  a l r e a d y  d i s c o v e r e d  (m e th y l)  on  80-100 m esh C h ro m o so rb  W, c a rr ie r  gas f lo w  90 m l / m in ) ;

c h e m i s t r y  t h a t  i s  n o t  a  l o g i c a l  e x t e n s i o n  o f  o-di-tert- 7 " ” “  B X ° : 25  in -’fl10%inP7 phenNyl ether (6 ring) on 6 0 -8 0  mesh
1 1 - ' tT T - f i 1 C h ro m o so rb  W , c a rr ie r  gas f lo w  80 m l/m in ) .

DUtyiDenzene stu d ies. W ith  a  reason ab le  s y n th e tic  (30) W . V a n  H a rt in g s v e ld t,  P . E . V e rka d e , a nd  B . M .  W e p s te r, Reel. 
ro u te  in  h an d , fu rth e r p h y sica l an d  ch em ical p rob in g of T ra v ■ Chim- Pav*-B™. 7 5 , 3 4 9  0 9 S 6 ).

th is  new s y s te m  c a n  b e u n d e rta k e n . w S e J 'iK w .M f ' pgsep J ' Soeterbroek’ P’ E' Verkade' and B’ M'
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T a b l e  I I

P h y s i c a l  P r o p e r t y  o f  D i e l s - A l d e r  A d d u c t s

%  ■— %  c a lc d — , ,--------%  fo u n d ------- -
C o m p d  y ie ld  M p ,  ° C  F o rm u la  C  H  C H  In fra re d ,  y (CCU) N m r  sp e c tru m , p p m  (T M S , CCU)

12a 94 95-96 C'8H240  84 .32  9 .4 4  84.42 9 .41  3 .4 3 ,6 .8 1 ,6 .9 0 ,  1 .30 (9 H, s), 1 .36 (9 H, s), 5 .45  (1 H,
7.22, 7 .39, 11.35, s-broad), 5 .95  (1 H, s-broad), 6 .88  (3
11.54 H, s-broad), 7 .07  (1 H, d, /  =  2 Hz)

12b 89 76-78 C20H28O 84.45 9 .92  84.52 9 .8 6  3 .4 3 ,6 .8 1 ,6 ,9 1 ,  1.30 (9 H, s), 1 .38 (9 H, s), 1 .77  (3 H, s),
7 .21 , 7 .30 , 7 .39, 2 .0 5  (3 H, s), 6 .6 3  (2 H, AB quartet,
8 .63 , 11.46, 11.53 J ab =  5 Hz), 6 .91  (2 H, AB quartet,

J a b  = 2 Hz).
12c 9 .2  149-150 C26H40O 84.72 10.94 84 .60  10.87 3 .4 0 ,6 .7 9 ,7 .3 3 ,  1.25 (9 H, s), 1 .28  (9 H, s), 1 .35 (9 H, s),

8 .0 3 ,9 .1 3 ,1 1 .5 8  1 .38 (9 H, s), 6 .81  (2 H, s), 6 .9 3  (1 H,
d, J ab =  2 cps), 7 .1 8  (1 H, d, J AB =
2 Hz)

12c  34 135-137 C26H40O 84.72 10.94 84.89 11.09 3 .4 2 ,6 .8 2 ,6 .9 0 .  1 .00  (9 H, s), 1 .29  (9 H, s), 1 .34  (9 H, s),
7.23, 7.39, 11.35 1 .40  (9 H, s), 5 .25  (1 H, s), 6 .18  (1 H,

s), 6 .98  (2 H, s)

cooled, acidified with concentrated hydrochloric acid, and ex- ------- ’------->------- <-------■------->------- ,-------r—
tracted with ether. Ether evaporation gave a pale yellow solid s.O a
which upon recrystallization from ethanol-water afforded 1.28 g f~\
(77.8% ) of the desired product: mp 256-258°; ir (CHC13) 2.90 . / /[\b
(NH2), 3.05 (NH2), 3 .1 -3 .4  (acid OH), 3 .7 -3 .9  (several weak 4-S /  1 \
bands), 5.96 (monomeric C = 0 ) ,  and 6.07 y  (dimeric C = 0 ) ;   ̂ 1 i / /_N\
nmr [(CD3)2CO] 5 1.32 (s, 9), 1.48 (s, 9 ), 7.69 (d, 1, .7 =  2 Hz), 4j0. ..U  \
and 8.07 ppm (d, 1 , /  =  2 H z). ■' \ \ \

A nal. Calcd for Ci5H 23N0 2: C, 72.25; H, 9 .30; N, 5.62. ^ \\ V /  V V — •
Found: 0 ,  72.09; H , 9 .21 ; N, 5.55. g> 3.5 \\ N  / K \  X .  ■

2- (2'-Amino-3',5 '-di-terf-butylphenyl)-6,8-di-ieri-butyl-4-one- ~ V 7 1 \  \
4H-3,l-benzoxazine (9).— To a stirred solution of 0.498 g (2.42 1 '
mmol) of dicyclohexylcarbodiimide dissolved in 15 ml of acetone ‘ \J \
at room temperature was added (2 mmol) of anthranilic acid 7. \
After five min, precipitation of dicyclohexylurea began. Stirring 2,5 - \
was continued for 20 min, after which the formed dicyclohexyl
urea was filtered, mp 223-225° (lit.82 229-230°), and the acetone 220 260 300 340
solution evaporated. The crude material was shown to consist A. In
of unreacted anthranilic acid and a single product by tic analysis. „  _ , ,, , , .

The product was isolated by chromatography of the crude , ™ ^ W tetraalk yln ap h th alen es: a,
material on 10 g of Florisil, eluting with 1% ether-hexane. 1,3,5,8-tetramet]
Recrystallization from ethanol gaye 0.090 g (20% ) of yellow f X ’ 75,’ 3348 ^ j 53^  -butyl-5,8-dimethylnaph-
crystals of pure 9 : mp 174-176°; uy max (95%  C2H 6OH) 239 thalene (21 ): °’ MAS-tetra-ierf-butylnaphthalene (23). 
my (log e 4.48), 292 (4.04), 305 (4.04), and 396 (3.87); ir
(CC14) 2.84 (NH2), 3.06 (NII2), 3.41 {tert-butyl), and 5.07 over. Evaporation of this solution, followed by extraction of the
y (an a-pyrone C = 0 ) ;  nmr (CC14) S 1.37 (s, 9), 1.42 (s, 9), residue with pentane, afforded 0.230 g (22.8% ) of pentane in-
1.52 (s, 9), 1.64 (s, 9), 6.73 (br s, W i/2 =  5 Hz, 2, NH2, exchange- soluble material which was shown to be 1,3,5,7-tetra-fert-butyl-
able with deuterium), 7.42 (d, 1, J  =  2 H z), 7.81 (d, 1, /  =  2 acridone (10), mp 293-295°. The pentane filtrate was chro-
Hz), and 8.08 ppm (t, 2, /  = 2 Hz, two overlapping doublets); matographed as described above, the starting furan removed, and
mass spectrum (70 eV) m /e  (rel intensity) 462 (71.2), 447 (100), the crude adduct recrystallized to give 0.081 g (9.2% ) of pure 12c,
231 (3.9), 216 (37.2). mp 149-150°.

A nal. Calcd for C30H42N2O2: C, 77.88; H, 9 .15; N , 6 .05. 1,3 ,6 ,8-Tetra-iert-butyl-1,4-dihydronaphthalene 1,4-Endoxide
Found: C, 77.97; H , 9 .21; N, 6 .00. (12d).— A solution of 0.600 g (2.4 mmol) of anthranilic acid 7 in

Diels-Alder Adducts 12a-d.— The details are given for the re- 20 ml of acetone was added over 1.5 hr to a refluxing solution of
actions forming 12c and d. The physical data for the compounds 0.865 g (4.8 mmol) of 2,4-di-ferf-butylfuran34 and 1.124 g (9.6
in this series are tabulated in Table II . mmol) of isopentyl nitrite in 20 ml of methylene chloride. The

l,4,5,7-Tetra-/ert-butyl-l,4-dihydronaphfnaIene 1,4-Endoxide solution was refluxed for an additional 15 min after the addition
(12c).— To a refluxing solution of 1.124 g (9.6 mmol) of isopentyl period was over. Evaporation of the reaction mixture, chro-
nitrite and 0.865 g (4.8 mmol) of 2,5-di-feri-butylfuran32 33 in 20 ml matography of the residue over 20 g of Florisil employing hexane
of methylene chloride was added over a period of 1.5 hr a solution as the eluent, followed by removal of starting furan from the
of 0.600 g (2.4 mmol) of 3,5-di-feri-butylanthranilic acid in 20 lead fractions (0.05 mm, room temperature) gave the crude ma-
ml of acetone. The resulting solution was refluxed an additional terial. Two recrystallizations from pentane afforded 0.300 g
hour after the initial addition period. The reaction mixture was (34% ) of pure 12d, mp 135-137°.
evaporated in a base-washed vessel, and the residue chromato- In another experiment, employing the same reagent and solvent
graphed on 20 g of Florisil using hexane as the eluent. Un- ratios given above, the anthranilic acid solution was added over
reacted 2,5-di-ferf-butylfuran was separated from the lead frac- 4 hr to the refluxing solution of the other reactants. The resulting
tions under vacuum (0.05 mm, room temperature), and collected solution was refluxed for an additional 1.5 hr after the addition
in the D ry Ice trap of the pump. The amount of starting furan period was over and was then evaporated at room temperature
recovered in this manner varied over several experiments. The under vacuum. The residue was dissolved in hexane, extracted
solid residue from the chromatographic fractions was recrystal- several times with saturated sodium bicarbonate solution, washed
lized from methanol and then dried under vacuum to give 0.055 with saturated sodium chloride solution, and dried over anhy-
g (6.2% ) of pure 12c, mp 149-150°. drous sodium sulfate.

In another experiment, employing the reagent quantities given Analysis of this reaction mixture by glpc (column A, isothermal
above, the anthranilic acid solution was added over 1 hr to the at 240°) showed that it consisted approximately of 60%  12d, 30%
refluxing solution of the other reactants. The resulting solution of a substance -which might be isomeric to 12d, and a very small
was refluxed an addition 15 min after the addition period was amount of a compound later identified as 2,5,7-tri-ierf-butyl-l,4-

(32) A .  S k ita  a n d  H .  R o lfes , Chem. Ber., 53, 1248 (1920). (34) E . E . V a n  T a m e le n  a n d  T .  H .  W h ite s id e s , J .  Amer. Chem. Soc., 90,
(33) A . R am asseu l a nd  A .  R a ssa t, Bull. Soc. Chim. Fr., 2214 (1963). 3895 (1968).
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naphthoquinone (14). In addition, a number of impurities were solvent wa3 evaporated and the residue recrystallized from ab-
revealed, most of them low boiling components. Evaporation solute ethanol to yield 0.436 g (91% ) of pure 20: mp 6 7 -6 8 ° ;
of the above hexane solution afforded the crude product, which uv max (95%  C2H 5OH) 228 mu (log e 4 .99), 260 sh (3.58), 271
after two re crystallizations from pentane gave 0.515 g (37% ) of (3.72), 278 (3.77), and 287 (3.68); ir (CC14) 3.31 (aromatic
pure 12d, mp 134r-136°. CH shoulder), and 3.43 n (¿erf-butyl CH ).

1,3,5,7-Tetra-ferf-butylacridone (10).— To a stirred, refluxing A nal. Calcd for Ci8H24: C, 89.94; H, 10.06. Found: C,
solution of 0.422 g (3.6 mmol) of isopentyl nitrite in 20 ml of 90.04; H , 10.04.
methylene chloride was added, over a period of 1 hr, a solution l,3-Di-ferf-butyl-5,8-dimethylnaphthalene (21).—A mixture of
of 0.600 g (2.4 mmol) of 3,5-di-ferf-butylanthranilic acid in 20 ml 0.690 g (2.40 mmol) of 19b in 14 ml of 100%  formic acid was
of acetone. The solution was refluxed an additional 1.5 hr after immersed in a steam bath with rapid swirling for 20 min. The
the addition period was over. Evaporation of the solvent and resulting solution was poured into ice-water and extracted with
washing the crystalline residue with pentane gave 0.208 g (41.3% ) ether and the ether layer washed with saturated sodium bicarbon-
of the pale yellow acridone 10, mp 297-299°. Benzene recrystal- ate solution until gas evolution ceased. The ether layer was
lization afforded an analytical sample: mp 300-302°; uv max then washed with saturated sodium chloride solution, dried with
(95%  C2H5OH) m/i 220 (log e 4.30), 265 (4.67), 298 (3.58), and sodium sulfate, and evaporated to yield an essentially pure (by
390 (3.83); ir (CHC13) 2.87 (NH), 3.35 (¿erf-butyl), 6.10, 6.18, glpc analysis on column A, isothermal at 250°) yellow-white oil.
and 6.24 m; nmr (summarized in Table III) . Passage of this oil through 1.0 g of Florisil using hexane as the

solvent gave 0.257 g (40% , the yield was not maximized) of pure 
21 : bp 68 ° (0.03 mm): uv max (95%  C2 H5OH) 238 m/x (log 

T a b l e  III e 4.67), and 298 (3.78); ir (CC14) 3.40 and 3.48 m -

N m r  D a t a  f o b  1,3,5,7-TETRA-ierf-BUTYLACRiDONE (10) A nal. Calcd for C2 0H2S: C, 89.49; H , 10.51. Found: C,
Solvent Resonances (S, relative to T M S )  89.25, H ,  10.46.

6-ferf-Butyl-l,4-dimethylnaphthalene (22). A. From Dihy-
CH2CI2 1 .4 2  (s, 18), 1 .6 5  (s, 18,, 7 .1 0  (d, 1, J  =  2 Hz), droendoxide 19b.— To a stirred 25-ml solution of absolute ethanol

7 .4 9  (d, 1, /  =  2 Hz), 7 .7 6  (d, 1, /  =  2 Hz), 8 .2 1  saturated with hydrogen chloride was added 0.516 g (1.80 mmol)
(broad, 1, exchangeable), 8 .35 (d, 1, J  =  2 Hz) of 19b. The resulting solution was refluxed overnight. Evapora-

CDCI3 1 .4 2  (s, 18), 1 .63  (s, 9), 1 .6 9  (s, 9), 7 .0 2  (d, 1 , J  = 2 tion of the solvent gave a light brown oil which was extracted
Hz), 7 .4 8  (d, 1, J  =  2 Hz), 7 .7 2  (d, 1, /  =  2 Hz), with pentane and separated from pentane insoluble material on
8 .1 8  (broad, 1, exchangeable), 8 .4 3  (d, 1, /  =  2 the centrifuge. Concentration of this pentane extract and cooling
g z\ gave 0.328 g (86% ) of pure 22: mp 3 0-31°; uv max (95%

Benzene 1 .2 9  ( ,. 9), 1 .3 3  (., 9), 1 .3 5  ( ., 9), 1 .97  ( , .  9). " * *

A nal. Calcd for Ci6H2o: C, 90.51; H , 9.49. Found: C,
A nal. Calcd for C29H 41NO: C, 83.00; H, 9 .85; N, 3.34. 9 0 -43J H > 9 -4 6 -

Found: C 82.71; H, 9.88' N 3.29. B. From Naphthalene 21 .—A m ixtureof 0.003 gofn aph th a-
A sample of acridone 10 was dissolved in CDC13 in an nmr tube, lene 21 in 1 ml of the ethanol-hydrogen chloride reagent was

a few drops of NaOD and D20  were added, and the mixture was refluxed for 0.5 hr. Evaporation of the solvent, followed by
heated in the steam bath for 15 min and then let stand overnight. examination of the pentane extract of the residue by glpc (column
The NH absorption in the nmr was removed. The compound A> isothermal at 250°) showed that the conversion to naphthalene
was reisolated: mp 296-298°; ir (CHCh) 3.92 ¡i (N D ). 22 had been quantitative in this time period. Naphthalene 22

2 ,5,7-Tri-ferf-butyl-l,4-naphthoquinone (14).—The Diels- was identified by glpc peak enhancement with an authentic
Alder adduct 12d (0.050 g, 0.136 mmol) was dissolved in 1 ml of sample.
absolute ethanol, the solution cooled, and hydrogen chloride gas 1,3,5,8-Tetra-ierf-butylnaphthalene (23) and 1,3,8-Tri-ferf-
bubbled into it for 15 min. The alcohol was removed under re- butylnaphthalene (24).— A mixture of 6.60 g of sodium formate,
duced pressure and the residue was exposed to the atmosphere 432 m4 ° 4 9? + %  formic acid (Aldrich), and 0.330 g (0.89 mmol)
for 4 days. Glpc analysis (column A, isothermal at 240°) of this of dihydroendoxide 19c was stirred at a constant temperature
material showed that approximately 66%  of 14 and 34%  of a of 60° for 169 hr. The dehydration was followed by glpc analyses
presumed precursor were present. To complete the conversion (column A, isothermal at 250°) of reaction mixture aliquots taken
to 14, the material was dissolved in hexane and oxygen was a4 various times. Such analysis showed that after 48 hr, 80%
bubbled through the solution for 1 hr. This material was then of tetra-ferf-butylnaphthalene 23 was present in the mixture,
chromatographed twice over 1 g of silica gel (Fisher, 100-200 After 169 the reaction mixture was poured into water and 
mesh) employing hexane-benzene (2 :1 )  as the eluent. A yellow extracted with hexane. The hexane extract was washed with
material separated first and upon solvent removal crystallized water, saturated sodium bicarbonate solution, dried with sodium
to give 0.020 g (45% ) of 14. Trituration with ethanol gave the sulfate, and evaporated to give 0.256 g of a light yellow oil.
analytical sample: mp 96-98°; uv max (95%  C2H 5OH) 255 Analysis of this oil showed the following approximate percentages
m/i (log e 4.80), and 352 (4.09); ir (CC14) 3.42 (¿erf-butyl), 6.04 °.f components: 26%  tri-ferf-butylnaphthalene 24 (retention
(extended quinone C = 0 ) ,  7.38, and 8.11 ¡jl; nmr (CC14) S 1.37 time 2 -5 min)> 60%  tetra-ierf-butylnaphthalene 23 (3.0 min), and
(s, 9), 1.42 (s, 9), 1.50 (s, 9), 6.75 (s, 1, H3), 7.91 (d, 1, J  =  2  14% dihydroendoxide 19c (3.5 min). Separation of these three
Hz, H 6), and 8.17 ppm (d, 1, J  =  2 Hz, Hs); mass spectrum components proved to be ineffective on tic and on a variety of
(70 eV) m /e  326. columns (e .g ., alumina, silica gel, Florisil). The mixture was

A nal. Calcd for C22H 3o02• C2H 6OH: C, 77.38; H , 9 .74. successfully separated by preparative gas chromatography. A
Found: C, 77.93; H, 9.22. Duplicate determination. C, Perkin-Elmer Model F21 instrument equipped with a 12 ft X  0.50
78.08; H, 9 .17. in- column of 18%  QF 1 on 60-80 mesh Chromosorb W  (AW-

Hydrogenation of Endoxides.— A semimicro hydrogenation ap- DMCS) was employed, 
paratus, consisting of a gas buret and a vacuum outlet system, 4n tbis manner, 0.024 g (0.068 mmol) of 1,3,5,8-tetra-ferf- 
was used so that the uptake of hydrogen by small sample quanti- butylnaphthalene (23) was isolated as a white, crystalline solid,
ties could be accurately measured. The adduct to be hydro- mp 78-82°. One recrystallization from methanol gave the analy-
genated was dissolved in absolute ethanol and added to the pre- 4i°al sample: mp 83-86°; uv max (95%  C2H 5OH) 230 m/x (log
reduced catalyst in ethanol contained in the reaction flask via a e 4 -94)> 258 (4.38), and 320 (3.63); ir (CC14) 3.31, 3.40, 6.80,
pressure equalizing addition funnel. All of the adducts were 6 .88 , 7.20 and 7.36 ¡i.
hydrogenated using the above apparatus and technique at A nal. Calcd for C26H40: C, 88.57; H, 11.43. Found: C,
atmospheric pressure and room temperature. The crude satu- 88.56; H, 11.53.
rated endoxides were isolated by evaporation of the ethanol In like manner, 0.015 g (0.050 mmol) of 1,3,8-tri-ferf-butyl- 
solvent after the hydrogenation catalyst had been first separated naphthalene (24) was isolated as a colorless liquid. Passage
by filtration. The physical data for the compounds in this series through 1.0 g of Florisil employing pentane as the solvent gave
(19a-d) are tabulated in Table IV. analytical sample: mp ~ 1 0 ° ;  uv max (95%  C2H 5OH) 223 m/x

Naphthalenes. 1,3-Di-ferf-butylnaphthalene (20).—To a sh (log e 4.28), 228 (4.31), 253 (4.32), and 310 (3.49); ir (CC14)
stirred 25-ml solution of absolute ethanol saturated with hydro- 3.30, 3.40, 5.78, 6.84, 7.16, 7.25, and 7.32 n.
gen chloride was added 0.515 g (1.99 mmol) of saturated endoxide A nal. Calcd for C22H32: C, 89.12; H, 10.88. Found: C,
19a. The resulting solution was refluxed 6 hr, after which the 88 .86 ; H , 11.04.
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T able IV
P hysical Properties of Saturated Adducts

%  «— %  calod— , ,—%  fo u n d — ,
C o m p d  y ie ld  M p ,  ° C  F o rm u la  C  H  C H  In fra re d , n (CC14) N m r  s p e c tru m , p p m  (T M S , (CC1.)

19a 83 56-58 Ci8H260  83 ,67  10 .14 83 .73  10 .10  3 .4 6 ,6 .8 2 ,6 .9 1 ,  1 .3 0  (9 H, s), 1 .3 6  (9 H, s), 1 .9 0  (4 H, m),
7 .2 3 ,7 .4 ,  10 .61 , 5 .1 2  (1 H, m), 5 .5 8  (1 H, m), 7 .0 4  (2 H,
11 .52  AB quartet, J ab =  2 Hz)

19b 100 86-88  C20H30O 83.86  10 .56  83 .6 8  10 .54  3 .4 5 ,6 .8 2 ,6 .9 1 ,  1 .3 0  (9 H, s), 1 .4 2  (9 H, s), 1 .6 7  (4 H, m),
7 .2 4 , 7 .3 2 , 7 .4 1  1 .7 0  (3 H, s), 1 .9 8  (3 H, s), 6 .8 8  (1 H ,’
11 .00, 11 .5 7  d, J AB =  2 Hz), 7 .1 4  (1 H, d, J AB =

2 Hz)
19c 92 94-96 C26H420  84 .26  11 .42  84 .49  11.43 3 .4 4 ,6 .8 2 ,6 .9 0 ,  1 .2 2  (9 H, s), 1 .3 2  (18 H, s), 1 .4 5  (9 H, s),

7 .2 3 ,7 .3 8 ,8 .4 9 ,  1 .7 5  (4 H, m), 7 .1 6  (2 H, s)
9 .3 4 ,1 1 .3 0 ,1 1 .4 5

19d 88 129-131 C26H420  84 .26  11 .42  84.31 11 .47  3 .4 0 ,6 .8 0 ,7 .2 2 ,  0 .4 9  (9 H, s), 1 .2 7  (9 H, s), 1 .2 9  (1 H,
7 .3 7 , 11 .63  buried), 1 .31  (9 H, s), 1 .4 6  (9 H, s),

1 .8 - 2 .3  (2 H, m), 4 .8 5  (1 H, d, J  =  4 
Hz), 7 .0 0  (1 H, d, J  =  2 Hz), 7 .21  
(1 H, d, J  =  2 Hz)

T able V When the naphthalene 25 (0.002 g) was dissolved in ethanol-
Dehydration of l,4,5,7-TETRA-ferf-BUTYL-l,2,3,4- hydrogen chloride (0.5 ml) by warming on the steam bath for

tetrahydronaphthalene 1,4-E ndoxide (19c) ,about 3 min’ solr-e conversion to 26 had taken P^ce as evidenced
ijfc m by glpc analysis (column B , isothermal at 260°) of the pentane

~ .._____ .... „ T7 Yiek!’ % 7 ?  extract of the ethanol solution. Similarly, when 25 was dis-
.  w rronriTi inno a **! C solved in absolute ethanol and the resulting solution saturated

1 0 0 /0 HUOUH, 100 , 0 .5 C 27 64 9 with hydrogen chloride, glpc analysis again showed that 26 had
100% HCOOH, 100°, 1 10 60 30 started to form.
100% HCOOH, 100°, 3 50 50 The naphthalene 25 was shown to be stable toward the ethanol-
Excess (C2H5)30 +B F 4~, 25°, 26 60 9 31 hydrogen chloride reagent at room temperature at least for short
Benzoic acid-nitrobenzene, 120°, 15 100 time periods. Naphthalene 25 (0.002 g) was dissolved in a few
CH3C 0 0 H -(C H 3C 0 )20  100° 23 100 drops of absolute ethanol, the solution cooled, and to this was
CH3COOH-HCOOH (i ■ i ) 100° 3 40 60 added a cooled solution (0.5 ml) of ethanol-hydrogen chloride.
r ,TT m A Tj xrrinnxj /1 i 1 m »' i o „„ This mixture was swirled from 1 to 3 min, extracted with pentane,
HCOONif^THTOOH^55° ^ 144^  ' 4. Z 9 and analyzed by glpc (column B , isothermal at 260°). Only pure
HCOONa-HCOOH, 55 , 144 4 94 2 25 was indicated.
HCOONa-HCOOH, 6 0 ° / 4 8  17 80 3 1,3,6-Tri-ferf-butylnaphthalene (26). A. From the Mother
HCOONa-HCOOH, 6 0 ° /  169 14 60 26 Liquors of 1,3,6,8-Tetra-ferf-butylnaphthalene (25).— In the re-
B The dehydrating reagent, the temperature, and the time (hr) action of dihydroendoxide 19d with refluxing hydrogen chloride-

are listed. b Reaction mixture composition was determined by ethanol, a 64 .5%  yield of 25 was obtained. The remaining
glpc analysis on column A, isothermal at 250°. c The components mother liquors upon glpc analysis with column A (isothermal at
of this reaction mixture were separated by glpc and were shown 260°) showed that no starting material 19d remained and that
not to interconvert on the analysis column. d A  constant only “ one” product had formed. Examination of these same
temperature oil bath was used. mother liquors on column B (isothermal at 260°) clearly showed

that about 35%  25 and 65%  26 were present.
In one experiment, 0.160 g of the mother liquors of the above 

Table V lists the studies made to determine optimum acidity composition in 10 ml of the ethanol-hydrogen chloride reagent 
for this reaction. was refluxed 3 hr. Evaporation of the ethanol, followed by re-

1, 3 ,6 ,8-Tetra-ferf-butylnaphthalene (25). A — To 10 ml of ab- crystallization of the product from methanol gave 0.109 g of pure
solute ethanol saturated with anhydrous hydrogen chloride was 26. Analysis (glpc column B , isothermal at 260°) of the re
added 0.095 g (0.256 mmol) of saturated endoxide 19d. The maining filtrate (0.050 g) showed that it consisted of about 35%
mixture was refluxed for 10 min, the solvent boiled off, and the 2® and 65%  26. The physical properties of 26 are: mp 106-
residue extracted with pentane. Evaporation of the pentane 108°; uv max (95%  C2H 5OH) 227 sh m/x (log e 4 .47), 232 (4.61),
gave the crude product which upon recrystallization from metha- 271 sh (3.75), 278 (3.80), and 286 sh (3.72); ir (CC14) 3.25 (sharp)
nol afforded 0.058 g (64.5% ) of pure tetra-ferf-butylnaphthalene and 3 -30 (shoulder, both aromatic CH ), 3.41 (ferf-butyl), 6.82, 
25, mp 125-127°. Another recrystallization from methanol gave 6 .88 , 7.22, 7.37, 11.07, and 11.26
the analvsis sample: mp 127-128°; uv max (95%  C2H 5OH) A nal. Calcd for C22H32: O, 89.12; H, 10.88. Found: C,
231 mM (log e 4 .26), 256 (4.57), and 310 (3.63); ir (CC14) 3.29, 89-15; H > 10-94 -
3.37, 6.76, 6.85, 7.17, 7.34, and 11.28 n- B - From Pure Tetra-ferf-butylnaphthalene 25.— In order to

A nal. Calcd for C26H 40: C, 88.57; H , 11.43. Found: C, determine the approximate time for complete conversion of tetra-
88.61; H, 11.50. ferf-butylnaphthalene 25 to tri-ferf-butylnaphthalene 26, the

B . — The conversion of dihydronaphthalene endoxide 19d to following glpc experiment was carried out. An analytically pure
naphthalene 25 at room temperature was found to proceed quickly sample (0.005 g) of 25 was combined with 2.5 ml of the ethanol-
and quantitatively with no further reaction of 25 occurring em- hydrogen chloride reagent a.nd refluxed for 12.5 hr. After
ploying the following procedure. removal of the solvent and extraction of the residue with pentane,

To 0.002 g of 19d dissolved in a few drops of absolute ethanol gip« analysis on column B (isothermal at 260°) showed that the
was added a cooled 0.5-ml solution of absolute ethanol saturated conversion of 25 co 26 was essentially complete (1%  25, 99%  26).
with hydrogen chloride This mixture was swirled 2 min and R e g is t r y  N o . _ 6 , 2 6 1 5 7 - 2 2 - 2 ;  7 ,  2 6 1 5 7 - 2 3 - 3 ;  9 ,
then extracted with pentane. Analysis of the pentane extract 6  J  ’ ’ ’ ’ ’
by glpc on column A (isothermal at 260°) showed that no starting 2 6 1 5 7 - 2 4 - 4 ;  10 , 2 6 1 5 7 - 2 5 - 5 ;  1 2 a , 2 2 4 9 0 - 8 1 - 4 ;  12b ,
material 19d remained; analysis on column B  (isothermal at 260°) 2 2 4 9 5 - 8 2 - 5 ;  1 2 c , 2 2 4 9 5 - 8 3 - 6 ;  12d , 2 2 4 9 5 - 8 4 - 7 ;  14 ,
showed that only tetra-ferf-butylnaphthalene 25 had formed and 2 6 1 5 7 - 3 0 - 2 ;  1 9 a , 2 6 1 5 7 - 3 1 - 3 ;  19b , 2 6 1 5 7 - 3 2 - 4 ;  19c ,
no tri-ferf-butylnaphthalene^e could be detected. 2 6 1 5 7 - 3 3 - 5 ;  19d , 2 6 1 5 7 - 3 4 - 6 ;  2 0 , 2 2 4 9 5 - 8 5 - 8 ;  2 1 ,

C. — The stability of tetra-ferf-butylnaphthalene 25 toward W/|oc c 7  /  ooaqz. Sfi o z  9 9 ^ 0  2.9 9  • oa
ethanol-hydrogen chloride was demonstrated in the following 2 2 4 y o -o /  U, 2 2 , 2 2 4 y o -o o -i , 2 o , 2 2 D0 U-TO-2 , ,
experiments 2 2 4 9 5 - 8 9 - 2 ;  2 5 , 2 2 4 9 5 - 8 6 - 9 ;  2 6 ,2 6 1 5 7 - 4 1 - 5 .
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Base-Catalyzed Condensations of o-Phthalaldehyde with 
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Some Isoindoline and Phthalan Derivatives

R o s a l ie  D . R e y n o l d s ,*  D . L . A r e n d s e n , D . F .  G u a n c i , a n d  R . F .  W ic k m a n  

M ichael Faraday Laboratories, Northern Illin o is University, D eKalb, Illin o is 60115 

Received November 3, 1969

Aliphatic primary amides [RCONH2 (R =  H, CH3, C2H5, n-C3H7, CH3OCH2, or CH3NH)] react with 0- 
phthaladehyde in aqueous sodium hydroxide at room temperature to yield A-acyl-l,3-dihydroxyisoindolines 
(la -f) . Under the same reaction conditions, primary amides of structure ArCONH2 (Ar =  C6H5, p-ClC6H4, 
or p-CH3OC6H4) and trimethylaeetamide give l-hydroxy-3-amidylphthalans (2b-e). The method employing 
ethanolic sodium ethoxide previously used for preparation of lb was found to be applicable to synthesis 
of lc and Id. Its use with benzamide resulted in formation of l-ethoxy-3-benzamidylphthalan (2a). Production 
of phthalans rather than isoindolines is considered to be primarily the result of steric factors. All products 
were characterized physically via ir and nmr spectra. Chemical characterization included an examination of 
hydrolytic and oxidative behavior.

In  a previous paper1 we reported the preparation of are often quite broad and the NH bands in 2c-e  ap-
(V-acetyl-l,3-dihydroxyisoindoline (lb) from o-phthalal- peared as shoulders, the infrared spectra must be con-
dehyde and acetamide in the presence of ethanolic so- sidered as supporting evidence only.2 
dium ethoxide. Reactions of this type, in which the
same atom of an attacking nucleophile reacts with both NHCOR,
formyl groups of o-phthalaldehyde, are still relatively ( X J ' U n
rare, and further investigation of base-catalyzed con-
densations of o-phthalaldehyde with amides seemed ^'''OR2
warranted.

2a, R1 = C6H5;R2 = C2H5
.OH b, R, — C6H5; R2 = H

c,R1 = P-C1U6H4;R2 = H
I U 1 /N— COR d, R, = p-CH30 C6H4; R, = H

e, R, = (CH3)3C; R2 = H 
OH

la,R=H Nuclear magnetic resonance spectra (Table I) pro-
b, R = CH3 vided strong support for both the isoindoline and
c, R = C2H5 phthalan structures. All compounds showed similar
e R = CH OCH absorption behavior in the CHOH region; relative areas
f' R = CH NH 2 °f these sets of signals corresponded to four protons in

the isoindoline series and to two protons in the phthalan 
The previously reported method was successfully ap- derivatives. In the aromatic region all of the isoindo-

plied to synthesis of IV-n-propionyl- and A-n-butyryl- line derivatives showed a four proton singlet, normal for
1,3-dihydroxyisoindolines (Ic  and Id);  however, yields benzene derivatives bearing identical ortho substituents
were only fair (averaging 50% ). More satisfactory which do not interact strongly with the ring.3 More
results were obtained when aqueous suspensions of ap- complexity would, of course, be expected for aromatic
propriate amides and o-phthalaldehyde were treated proton absorption in 2a-d, but even 2e shows complex
with aqueous sodium hydroxide and stirred for a few multiplicity in this area.
hours at room temperature. Slow dissolution of reac- Chemical shifts and multiplicities of signals for all 
tants was followed by gradual precipitation of products other protons of general structure, 1, were normal with
in nearly pure form and in high yield. one exception. The methylene protons of le  absorbed

Use of the sodium ethoxide-ethanol system in conden- as two broad singlets suggesting that the singlets were
sation of benzamide with o-phthalaldehyde resulted in really doublets. This apparent anomaly might be ex
formation of l-ethoxy-3-benzamidylphthalan (2a). plained by postulating intramolecular hydrogen bond-
The yields (averaging 50% ) and the difficulty experi- ing between the ether oxygen and hydrogen of either OH
enced in product isolation led us to abandon this system group resulting in rigidity of the methylene group and
in favor of aqueous sodium hydroxide. Again reac- consequent magnetic nonequivalence of the two pro-
tions proceeded smoothly; the products isolated were tons.
the phthalan derivatives, 2b-e. In  compounds of the general structure 2, signals for

Structural assignments for all compounds of struc- NH and CHN were quite distinct, and coupling con-
tures 1 and 2 were based on spectral evidence as well as stants could be measured in most cases. I t  is of in
chemical reactivity. Solid state infrared spectra of all terest to note that the CHN signal for 2a is split not only
compounds were consistent with structural assignments by the neighboring NH but also by the proton on C -l.
(see Experimental Section). The only significant dif- Chemically, all the isoindolines behaved in a manner 
ferences in the spectra 1 and 2 were in the NH and OH analogous to that previously reported for l b . 1 Base
stretching regions. Since bonded OH absorption bands

(2) D e fin ite  ass ign m en ts fo r  th e  a m id e  XI b on ds o f 2 c o u ld  n o t  be  m ade  
*  T o  w h o m  correspondence sh o u ld  be addressed. because o f th e  c o m p le x ity  o f th e  sp ectra .
(1) R .  D .  R e y n o ld s  a nd  R . J . C o n b o y , J. Org. Chem., 30, 2251 (1965). (3) J . M a r t in  a n d  B . P . D a ily ,  J. Chem. Phys., 37, 2594 (1962).
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T a b l e  I

N m r  S p e c t r a  o p  N -A c y l -1 ,3 -d ih y d r o x y is o in d o l in b s  a n d  1 -H y d r o x y -  ( o r  - E t h o x y - )  3 -a m id y l p h t h a l a n s“
C o m p d  A r H  C H O H 6 C H N  N H  O th e r

la  2 .5 4 , s 3 .63 , q CHO, 1 .35 , s
lb 2 .4 7 ,s  3 .72 , m CH3, 7 .78 , s
lc  2 .5 7 , s 3 .74 , m CH3, 8 . 93, t  (7 )

CH2, 2 .5 , q'
ld 2 .58 , s 3 .80 , m CH 3CH2CH2,

0 . 8 - 3 .0, m
le 2 .54 , s 3 .60 , q CH3, 6 .62 , s

CH2, 5 .67 , s 
6 . 10, s

If 2 .60 , s 3 .90 , m ~ 3 .9 d CH 3, d (7 )
2a 2 .50 , m 3 .65 , d (2 )« 2 .9 0 , 2 d’s 0 .72 , d (9 ) CH3, 8 .84 , t (7 )

2 -05» m (2) (9) CH2, 6 .32 , q (7 )
2b 2 .53 , m 3 .47 , q ' 2 .9 2 , d (9 )' 0 .89 , d (9)/

2 .05 , m
2c 2 .5 3 , s» 3 .63 , q 3 .05 , q* 2 .27 , qA

2.47*
2.05*

2d 2 .9 8 , d (9) 3 .65 , q 3 .1 1 , d (7)»' 1 .13 , d (7) OCH3, 6 .17 , s
2 .0 5 , d (9)
2 .52 , s

2e 2 .60 , m • ■ -k . . . k 2 .09 , d (9)1 CH3, 8 . 88 , s
1 .82 , d (9)

“ Chemical shifts are given in r from TMS in DMSO-ds/ relative areas all were as expected; when possible, J  values (hertz) are given 
in parentheses. 6 Because the quartets expected were badly deformed in some cases and showed further multiplicity in others, specific 
assignments for CH and OH were not made. c Superimposed on residual DMSO absorption. d Superimposed on CHOH absorption. 
* CHOC; coupling is with CHN as noted. > Multiplicity nearly collapses upon heating to 80°. » Relative area of highest field peak =  
4 ; sum of relative areas of lower field peaks =  4. h Probably two doublets with /  =  9 Hz. * Signals for protons of para-substituted 
ring; consisted of 4 sets of 2 pairs, J  =  9 and 2 Hz. The highest field pair is superimposed on the signal for the protons of the ortho- 
substituted ring, i  Superimposed on upfield aromatic proton signal. k Splitting pattern was too complex to allow assignments.
1 Two doublets are possibly due to rotamers. Overall area =  1 proton.

catalyzed hydrolysis led to formation of a-hydroxy-o- S c h e m e  I
toluic acid as expected. Acid-catalyzed hydrolysis was NHCOR hci

not particularly useful in structural assignments. Ap- Cr0j / H"n A * RC00H
parently. complex decomposition and recombination oc- K j l  f i  " lie f  2 — \ NaOH
cur; this problem will be discussed in a later paper. ikT*- RC0NIk

Oxidation to the corresponding A-acyl-3-hydroxy- 5
phthalimidines (3) and A-acylphthalimides (4) was pos
sible in some cases. I t  was found that such oxidations and nuclear magnetic reSonance spectra and elemental

0  0  analyses (See Experimental Section).
Conversion of 2b to 2a was easily effected. When an 

K fT f — COR K j)T  — COR ethanolic solution of 2b was acidified and allowed to
stand overnight at room temperature, the product was 

0H 4 2a in high yield.
I t  seems clear, then, that under the conditions used, 

take place more cleanly and effectively with a chromic condensations of o-phthalaldehyde with primary amides
anhydride-hydrochloric or sulfuric acid system than proceeded to yield two different product types. A rea-
with the previously used acid dichromate reagents.1 I t  sonable first step in both reactions would involve attack
was possible, by the former method, to obtain from com- by the anion of the amide on a carbonyl group of im
pounds lb -d  and If the corresponding oxidation prod- phthalaldehyde to yield the intermediate, 6, which
ucts, 3b-d and 3f as well as 4b, 4c, and 4f. All except could well exist in equilibrium with 7 (Scheme II) .
3b and 4b were previously unknown compounds and
were identified from their typical infrared spectra, ele- S c h e m e  II
mental analyses, and, in some cases, nmr spectra (see P NHCOR
Experimental Section) Oxidation of la  and le  resulted \  /
in formation of phthalimide only under all conditions 
used. 2 -*—

Base-catalyzed hydrolysis of 2b-e led to formation of CH0
the starting amides, RCONH2; with 2a no identified
products were isolated. After acid-catalyzed hydrol- 6 H OH
ysis at reflux, the corresponding carboxylic acids,
RCOOH, were isolated. Oxidation with the chromic __C O R__ *- i
anhydride-hydrochloric acid system led to the corre-
sponding phthalides (5) (Scheme I ) . These phthalides, ^ ^ ^ C H O
previously unknown, were identified from their infrared 7
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Ring closures would result in the observed products. R  (cm -1): bonded OH, 2b (3400), 2c (3300, sh), 2d (3380, sh), 
Normally one would expect the more stable intermedi-
ate, 7, to predominate, hence, 2 should lorm onij it lor- out-of-planedeformation, 2b (758,690-720,3peaks), 2c (752,845,
mation or ring closure of 7 were difficult. 2d (752, 840), 2e (755).

Attempted explanations of the different courses of re- A nal. Caled for C15Hi3N 0 3 (2b): C, 70.60; H, 5.13, N, 5 .48. 
action based on resonance and/or inductive effects lead Found: C, 70.49; H 5.12; N, 5.43. Caled for Ci6H 12N 0 3Cl

to predicted results which are the opposite of those ob- ¿ 2  ' 7; H> 3 98 ; N> 4 .7 4 . C1> 12 .04. Caled for C16H 16N 0 4 (2d):
served. Therefore, it is postulated that product com- c ,  67.35; H, 5 .29; N , 4 .90. Found: C, 67.35; H, 5 .23; N ,
position is controlled by steric factors. Fisher-Hirsch- 4.94. Caled for Ci3H17N 0 3 (2e): C, 66.36; H, 7.28; N , 5 .95 .
felder models of the intermediates, 6 and 7, support this Found: 66.45; H, 7 .30 ; N , 5.92. 
explanation. When R  is any group sufficiently small or
elongated, there is no steric inter!erence with attack  ot for preparation of lb .1 Reaction was carried out at reflux, and, 
either oxygen or nitrogen on the formyl group ; hence, after rotary evaporation of the reaction mixture, water was added
reaction proceeds through the more stable interm ediate, to effect precipitation. Recrystallization from acetonitrile
7, and isoindolines are the products. However, when R  ^J^ed 2a m 53% yield: mp 189-190°; ir (cm %  3280 (N H ),

is arom atic or the ¿er¿-butyl group, there is steric inter- tion ^
ference to attack by nitrogen. Oxygen attack appears A naL  Caled for C17H 17N 0 3: C, 72.08; H, 6.01; N , 4.95. 
not particularly hindered, and phthalans can then be Found: C, 72.12; H, 6.01; N, 4.99.
formed in high yields jV-Acyl-3-hydroxyphthalimidines (3) and iV-Acylphthalimides

The extreme experimental simplicity of the syntheses £>• Oxidation of A^-Acyl-l 3-dihydroxyisoindolines. General
J , . , . .. /  ., Procedure.—The lsomdolme derivative, 1 (0.002 mol), was added

reported here renders production of these new com- £0 5  mj 0£ ace ône contained in a 50-ml erlenmeyer flask. The
pounds a very easy matter and invites further investiga- oxidizing mixture (1.03 g, 0.01 mol of chromium trioxide, 3 ml
tion. of distilled water, and 0.9 mol of concentrated HC1) was added

dropwise to the magnetically stirred acetone solution over a period
Experimental Section4 ° 1 1‘5 i & r,ing '''&f.„all/wed to Proceed for another 0.5 hr

after which 30 ml of distilled water was added. 1 he mixture was 
Materials.— Amides and o-phthalaldehyde were purchased from filtered following another 0.5-hr stirring period. The residue

Aldrich Chemical Co., Milwaukee, W is., and purified by standard was washed with distilled water and recrystallized. Yields of
methods. oxidized products ranged from 50-60% .

A -Acyl-1,3-dihydroxyisoindolines (1).— o-Phthalaldehyde (3.0 Oxidation of la  and le .— The above procedure, as well as
g, 0.0224 mol) and the appropriate amide (0.0224 mol) were many modifications of that procedure (temperature variation:
suspended in distilled water in an erlenmeyer flask. Maximal ice bath, room temperature, reflux; acid variation: HC1,
yields were obtained with various amides by varying the amounts H2SO4, HOAc; variation in molar quantities), led only to forma-
of distilled water as follows: for syntheses of le , 30 ml; la  and tion of phthalimide identified by comparison of its infrared spec-
id, 50 ml; lb, lc, and If, 200 ml. Aqueous NaOH (5 ml, 2 .5%  trum with that of an authentic sample.
by weight) was added dropwise over a period of 15 min to the Oxidation of lc .— Use of the general procedure at reflux led to
magnetically stirred suspension. Dissolution of reactants took phthalimide formation; at room temperature or under ice bath
place during this period and was followed shortly by gradual conditions, the half-oxidized product, 3c, was formed. I t  was
precipitation of products. Total reaction times were varied from recrystallized from water: mp 144r-145°; ir 3450 (OH), 1724
1.25-30 hr with little effect on yields. Products were suction (imide C = 0 ) ,  1666 (amide I C = 0 ) ,  752 (CH out-of-plane de-
filtered and, except for la , recrystallized from acetonitrile; water formation).
was used as recrystallizing solvent for la. All compounds were A nal. Caled for CnHuN 0 3: C, 64.38; H, 5.40; N, 6 .83.
obtained as white crystals. Found: C, 64.38; H, 5 .37; N, 6.71.

Yields and melting points were obtained: la, 70% , 164r-165°; The fully oxidized product was obtained when lc  was treated
lb , 78% , 157-158°; lc , 65% , 176-177°; Id, 73% , 150-152°; as noted in the general procedure at room temperature except
le, 80% , 114-116; If, 78% , 178.5-180°. Ir (cm“1): bonded OH, that concentrated H2S 0 4 was used instead of concentrated HC1.
la  (3230), lb (3247), lc (3225), Id (3250), le , (3300), If (3370); Recrystallization from ether yielded white crystals of 4c: mp
amide I C = 0 ,  la  (1645), lb (1621), lc (1610), Id (1610), le  129-132°; ir 1720 (imide C = 0 ) ,  1650 (amide I C = 0 ) ,  725
(1630), If (1640); CH out-of-plane deformation, la  (752), lb (CH out-of-plane deformation).
(750), lc (750), Id (755), le (760), If (758). A nal. Caled for CnH9N 0 3: C, 65.02; H , 4 .46 ; N , 6 .89.

A nal.6 Caled for C9H9N 0 3 (la ): C, 60.28; H, 5.58; N, 7.82. Found: C, 65.30; H, 4 .41 ; N, 6.70.
Found: C, 60 .2 8 ; H , 5 .45; N, 7.73. Caled for CuH13N 0 3 ( lc ) :  Oxidation of Id.— Use of the general procedure under ice bath
C, 63.75; H, 6 .32 ; N, 6.76. Found: C, 63.68; H, 6 .26; N, conditions resulted in formation of 3d, white crystals from aceto-
6.76. Caled for C12H16N 0 3 (Id): C, 65.10; H, 6 .84; N, 6 .33. nitrile: mp 7 8-79°; ir 3440 (OH), 1724 (imide C = 0 ) ,  1660
Found: C, 64.92; H. 6 .86 ; N, 6.26. Caled for CnHi3N 0 4 (le ) : (amide I C = 0 ) ,  752 (CH out-of-plane deformation); nmr (DM -
C, 59.19; H, 5.83; N, 6.28. Found: C, 59.21; H, 5.90; N, SO-d6) r  9.07 (t, 3, J  =  9 Hz, CHS), 7 .1 -8 .7  (m’s, 4, CH 2CH 2),
6.22. Caled for CwH 12N20 3 (If): C, 57.64; H, 5.76; N, 13.45. 3.30 (q, 4, J  =  7 Hz, CHOH), 2.20 (m, 4, ArH).
Found: 57.72; H, 5 .72; N, 13.39. A nal. Caled for CI2H 13N 0 3: C, 65.68; H, 5 .92; N, 6.38.

l-Hydroxy-3-amidylphthalans (2b-e).— The preparative pro- Found: C, 65.82; H , 5 .89; N, 6.43. 
cedure was identical with that used for preparation of the N -acyl- At room temperature and at reflux, only phthalimide was
1,3-dihydroxyisoindolines. Best yields were obtained using the formed by oxidation of Id.
following amounts of distilled water: 2b, 2c, and 2e, 200 ml; Oxidation of If.— Ice bath conditions and the general procedure
2d, 100 ml. Reactions to produce 2b-d were allowed to proceed followed by recrystallization from acetonitrile resulted in forma-
for 1.5 hr; that to produce 2e was much slower and was carried tion of 3f: mp 182-183°; ir 3400 (OH), 3333 (N H ), 1700 (imide
on for 24 hr. Recrystallization was effected from acetonitrile; C = 0 ) ,  1670 (amide I C = 0 ) ,  740-760 (3 strong peaks); nmr
all compounds existed as white crystals. r  7.18 (d, 3, J  =  5 Hz, CH3), 3.35 (q, 4, J  =  7  Hz, CHOH),

Yields and melting points were obtained: 2b, 69% , 135-136°; 2.31 (m, 4, ArH ), 1.85 (broad absorption, 1, N H ).
2c, 38% , 148-149°; 2d, 74% , 139-140°; 2e, 62% , 140-141°. A nal. Caled for C10H 10N2O3: C, 58.19; H, 4 .84; N, 13.57.

—  ~  ;  .—  Found: C, 58.27; H, 4 .85; N, 13.63.
(4) M e lt in g  p o in ts  were ta k e n  on a B ü c h i m e lt in g  p o in t  a p p a ra tu s  p re -  \ . __ , _  . , . . .  , , , Tt  c.r\ ■ j. j

v io u s ly  c a lib ra te d  a g a in s t s ta n d a rd  substances. In fra re d  sp e ctra  w ere  , A t  r° ° “  and With Concentrated H2S 0 4 instead
d e te rm in e d  on a B e c k m a n  IR 8  s p e c tro p h o to m e te r in  K B r  p e lle ts  (0 .5  mg of concentrated HC1, 4f, white crystals from acetonitrile, was
s a m p le /5 0  m g  K B r ) .  A  V a ría n  A 6 0 A  s p e c tro m e te r was used fo r  n m r  f01*1X16(1. mp 185—186 , ir 3311 (N H ), 1720 (imide C O), 1666
s p e c tra . E le m e n ta l ana lyses w ere  p e rfo rm e d  by Spang M ie ro a n a ly t ic a l (amide I C = 0 ) ,  760 (CH out-of-plane deformation); nmr r
L a b o ra to ry ,  A n n  A rb o r ,  M ic h .  7.18 (d, 3, /  =  5 Hz, CH3), 2.06 (s, 4, ArH), 1.75 (broad ab-

(5) A n a ly s is  fo r  l b  and  i ts  o x id a tio n  p ro d u c ts  are  in  re f 1. sorption, 1, N H ).
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A nal. Calcd for Ci0H8N2O3: C, 58.76; H, 3 .91; N, 13.71. of benzoic acid from 2a and 2b, p-chlorobenzoic acid from 2c,
Found: 0 ,5 8 .8 4 ;  H, 3 .97; N, 13.59. p-methoxybenzoic acid from 2d, and trimethylacetic acid from 2e.

3-Amidylphthalides (5). Oxidation of l-Hydroxy-3-amidyl- Products were identified via undepressed mixture melting points
phthalans.— All oxidations were carried out using the procedure when applicable and ir spectra which were identical with those
described above for oxidation of compounds of structure 1 . of authentic samples
Ice bath conditions were employed. Products were recrystallized Base-Catalyzed Hydrolysis of 2.— The procedure used for 
from acetonitrile, lields ranged from 50-60% . base-catalyzed hydrolysis of the phthalans was that described in

Oxidation of 2a and 2b.— The product in both cases was 5b: ref 1; however, all reactions except one were carried out at room
mp 175-176°; ir (cm -1) 3257 (N H ), 1748 (phthalide C = 0 ) ,  temperature. Such reactions resulted in formation of benzamide
1626 (amide C = 0 ) ,  755, 688 , 745 (CH out-of-plane deformation); from 2b, p-chlorobenzamide from 2c, p-methoxybenzamide from 
nmr (DMSO-d6) r 2.68 (d, 1, J  =  9 Hz, CH N ), 1 .90-2 .08  (2 m’s, 2d, and trimethylacetamide from 2e. No identified products
9, ArH), 0.42 (d, 1, J  =  9 Hz, N H ). were isolated from base-catalyzed hydrolysis of 2a.

A nal. Calcd for CisHuNCh: C, 71.14; H , 4 .34 ; N, 5.53. All products isolated were identified by undepressed mixture 
Found: C, 71.02; H, 4 .40; N, 5.58. melting points and infrared spectra which were identical with

Oxidation of 2c.— The product, 5c, had mp 162-163°; ir those of authentic samples.
(cm-1) 3250 (NH), 1755 (phthalide C = 0 ) ,  1630 (amide I  CO), Conversion of 2b to 2a.— Compound 2b (0.51 g, 0.002 mol)
750, 840 (CH out-of-plane deformation); nmr (DMSO-de) t 7 .1 - was dissolved in 20 ml of absolute ethanol; 1 ml of 1 M  HC1 was
8.1 (m’s, 9, ArH, CHN), 0.15 (d, 1, J  =  9 Hz, N H ). added, and the mixture was allowed to stir overnight. Removal

Anal. Calcd for Ci5H10NO3C1: C, 62.50; H, 3 .47; N, 4 .86. of solvent on the rotary evaporator and recrystallization from
Found: C, 62.25; H, 3 .66 ; N, 4 .81. acetonitrile yielded 0.46 g (80% ) of 2a identical with that pre-

Oxidation of 2d.— Use of the general procedure with 2d led pared by reaction of o-phthalaldehyde with benzamide in
to formation of 5d, mp 180-182° from acetonitrile: ir (cm -1) 3257 ethanolic sodium ethoxide.
(NH), 1757 (phthalide C = 0 ) ,  1630 (amide I C = 0 ) ,  747 840,
(CH out-of-plane deformation); nmr (DMSO-ds) r 6.16 (s, 3,
OCH3), 2.68 (d, l ,  J  = 10 Hz, CHN), 2.95 and 2.06 (2 d’s, 4, Registry N o .— la , 2 6 2 6 8 -8 5 -9 ; lb , 1 9 6 8 -0 4 -3 ; lc , 
/  =  9 Hz, ArH on para-substituted ring), 2 .50-2 .00  (m, partially 2 6 2 6 8 -8 7 -1 ; Id, 2 6 2 6 8 -8 8 -2 ; le , 2 6 2 6 8 -8 9 -3 ; If,
superimposed on down field ArH of para-substituted ring, 4, ArH 2 6 2 6 8 -9 0 -6 ; 2a, 2 6 2 6 8 -9 1 -7 ; 2b, 2 6 3 2 2 -3 3 -8 ; 2c,
m ortho-substituted ring), 0.48 (d, 1, /  =  10 Hz, N H ). ororq 0 9  8 - 9 R9 R8  QQ Q • 9 6 2 9 9  2 4 .0 -

A nal. Calcd for C16H13N 0 4: C, 67.84; H, 4 .59; N, 4 .95 . 2 b 2 6 8 -9 2 -8 , 2 d , 2 b 2 b 8 -9 d -9 , 2 e ,  ZM ZZ-64 -y , 4C,
Found: C, 67.34; H, 4 .59 ; N, 4 .90 . 2 6 2 6 8 -9 4 -0 ; 3d, 2 6 3 2 2 -3 o -0 ; 3f, 2 6 3 2 2 -3 6 -1 ; 4c,

Oxidation of 2e.— The product of this oxidation was 5e: mp 2 6 2 6 8 -9 5 -1 ; 4f, 2 6 2 6 8 -9 6 -2 ; 5b, 2 6 2 6 8 -9 7 -3 ; 5c,
179-180°; ir (cm -1) 3256 (NH), 2959 (CH3), 1754 (phthalide 2 6 3 2 2 -3 7 -2 ; 5d, 2 6 3 2 2 -3 8 -3 ; 5e, 2 6 2 6 8 -9 8 -4 .
C = 0 ) ,  1653 (amide I C = 0 ) ,  745 (CH out-of-plane deformation); 
nmr (DMSO-d6) r 8.85 (s, 9, CH3), 2.94 (d, 1, J  =  9 Hz, CHN),
2.30 (m, 4, ArH ), 1.25 (d, 1 , J  =  9 Hz, N H ). Acknowledgment.— The authors wish to thank the

A nal. Calcd for Ci3Hi5N 0 3: C, 66.93; H, 6 .48; N, 6 .0 0 . Chemistry Departments of University College London
^Acid-cSalyzi^d Hydrolysis S ’̂ -A cid -ca ta ly zed  hydrolysis of “ d Harvard University for use of library facilities
the phthalans via the method described in ref 1 led to formation during preparation of this manuscript.
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Bis(methylsulfonyl)methane has been found to have a pKa of 12.54 in water at 25°. The rate constant for 
exchange of its methylene hydrogen atoms in deuterium oxide at 25° is (8 ±  2) X 10 -4 sec 1 per hydrogen 
atom, and the Arrhenius activation energy is 8 ±  3 keal/mol. Between cne tenth and one half of the ion pairs 
formed by donation of a proton from the sulfone to water are estimated to recombine with exchange instead of 
dissociating.

A number of studies of the kinetics and stereochem- tween their planar and pyramidal forms is particularly
istry of the formation of carbanions stabilized by a-sul- small, then, other things being equal, they should be
fone substituents have been made.2 Several of these formed more rapidly than equally basic carbanions
studies provide evidence that the pyramidal form of the whose planar forms are much more stable than their py-
carbanion is not as unstable relative to the planar form ramidal forms.
as is the case for carbanions stabilized by a-carbonyl, The data available in 1953 were sufficient to convince 
a-aryl, and certain other substituents, and it is not even Pearson and Dillon that “sulfones are characterized by
clear that the most stable form of a-sulfonyl carbanions high rates of ionization for a given acid strength,
is necessarily the planar one. According to the princi- However, these data included only five observations on
pie of least motion,3-4 if a-sulfonyl carbanions are not sulfones, and there was no sulfone for which both the
preferentially planar or if the difference in stabilities be- rate and equilibrium constants for carbanion formation

had been determined. We therefore decided to make 
to o .. . ,  GP-7629 _  such a determination, using bis (methylsulfonyl) tneth- 

the National Science Foundation, (b) National Science Foundation Under- ane, a  Sulfone for which both Constants Seemed likely to 
graduate Research Participant, summer, 1969. u mpooiiruhlp

(2) Cf. D. J. Cram, “Fundamentals of Carbanion Chemistry,” Academic e i i „
Press, New York, n. y„ i96s. The pK & of this bissulfone was found by potentio-

(3) F .  O. Rice and E . Teller, J . Chem. Phys., 6 , 489 (1938); 7, 199 (1939). ^ _, on
(4) J. Hine, J . Org. Chem., 31, 1236 (1966). (5) R . G. Pearson and R. L. Dillon, J .  Amer. Chem. Soc., 75, 2439 (1953).
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metric titration to be 12.54, in good agreement with the present case is equal to one half the rate constant for
value 12.5 reported without experimental details6 and carbanion formation. Since those carbon acids that
in moderate agreement with the admittedly rough have been studied (nitromethane9 and 3-methyl-2,4-
value 14.7 pentanedione10) ionize 37-69%  faster in protium oxide

Although (M eS02)2CD2 was easily prepared from the than in deuterium oxide solution, the first-order rate
bissulfone and deuterium oxide, its deuterium exchange constant for the ionization of bis (methylsulfonyl) met h-
with protium oxide could not be studied conveniently ane in protium oxide at 25° is estimated to be (2.6 ±
because the proton magnetic resonance (pmr) peak due 0.6) X  1 0 '3 s e c '1, assuming that mechanism 1 is the
to the methylene group is so near the protium oxide only reaction path. From this value and the ionization
peak. Therefore, the reaction studied kinetically was constant, the value (9 ±  3) X  109 M '1 sec-1 may becal-
the exchange between deuterium oxide and the proti- culated for kp, the rate constant for protonation of bis-
ated bissulfone. When the bissulfone was dissolved in (methylsulfonyl)methide ions by hydrogen ions in water
pure deuterium oxide, the peak due to the methylene at 25°. This value is so near the rate constant (fcd) that
group had disappeared before the pmr spectrum could would be expected for the diffusion of the two ions to-
be run. In  view of the possibility that this exchange gether11 as to suggest that a significant fraction of the
reaction was catalyzed largely by the deuterioxide ions ion pairs formed by diffusion together undergo proton
in the solution, the experiment was repeated using acid- transfer. This fraction, which will be denoted /, may
ified deuterium oxide. The methylene peak was then be expressed in terms of rate constants that are known
found to disappear at an observable rate, the half-life of or can be rather reliably estimated, by the following
the reaction being about 7 min at 42°. The reaction derivation. The rate constant fcj for exchange via the
kinetics had to be studied at bissulfone concentrations formation of dissociated ions must equal (1 — f ) k e, where
of only a few hundredths molar, because the solubility kc is the rate constant for the formation of carbanions
of the bissulfone in water is low and the rapidity of ex- involved in exchange, including those carbanions that
change made it impractical to take the time to saturate are formed only as part of ion pairs that collapse with-
the water with bissulfone. In  these solutions the meth- out dissociation. The value for kp stated above was
ylene peak is so small that peak area measurements are calculated from kc, but it should have been calculated
not very reproducible. In  our rate constant determin- from kv I t  follows that kp is really equal to (1 -  /)(9
ation we tried to compensate somewhat for this poor re- ±  3) X  109 M ~ l s e c '1. I t  may also be seen that kv must
producibility by making a large number of measure- be equal to the rate constant kd for formation of ion
ments- pairs from the dissociated ions multiplied by the frac-

From the results shown in Table I, it is seen that tion of those ion pairs that undergo proton transfer. I f
these two expressions for kp are equated, eq 2 results,

T a ble  I
R ate Constants for D eprotonation of the = (1 — / ) (9  ±  3) X  109 M  1 sec 1 (2)
M eth ylen e Group of B i s (methylsulfonyl)- (9 ±  3) X  109 M - 1 sec' 1

methane in D euterium  Ox id e  S olution * ~  k d +  (9 ±  3) X  109 Af“1 sec' 1
Mean

Temp, No. of correin which may be solved for / with the result shown. Since
[Acid]“ °c runs io‘ k,b sec-' coefficient &d may be estimated11 to be in the range 1-4 X  1010

o oios 25 S ±  i 'S  n S  M -1sec-1, / is probably between 0.1 and 0.5.
nnmi  Q- r •_ From the kinetics of exchange at 42°, an Arrhenius
O. 1 0 8  42 9 16 5 ±  3 2 0 96 activation energy of 8 ±  3 kcal/mol may be calculated.
0 . 0 1 0 8  4 2  6 1 7 ^ 2  ± 2 ^ 7  0 ^ 9 5  When the acid concentration was decreased further
0.0011 42 3 20.7 ±  1 . 4  0.94 to 8 X  10~4, 4 X 10-4, and 2 X 10~4 M , the rate con-

“ Hydrochloric acid. * Means and standard deviations. stants observed for exchange at 25°, (11.8 ±  1.2) X
1 0 -4, (61 ±  22) X 10~4, and (300 ±  40) X  10"« sec“ 1, 

rate constants obtained in the presence of 0.108, 0.0108, respectively, seemed to increase more rapidly than
and 0.0011 M  hydrochloric acid are all within the exper- V [ D + ]. We have no explanation for this observation,
imental uncertainty of each other. From this and the which was not investigated thoroughly, but it cannot 
fact that a-hydrogen exchange by sulfones has not been arise simP1y from attack of deuterioxide ions on the bis-
found to be acid catalyzed, it was concluded that the sulfone. An upper limit on the rate constant for attack
proton removal was being accomplished by solvent deuterioxide ions on the bissulfone may be obtained 
molecules, possibly by mechanism 1 (eq 1). The r̂om tbe data in Table I. I t  seems assured that this

reaction is contributing less than 4 X 1 0 '4 sec-1 to the 
(MeS02)2CH2 + D20 (MeS02)2CH- +  D2OH+ to*al rat? constant obtained in the presence of 0.0011 M

(1) aci(h Since the deuterioxide ion concentration in this 
(MeS02)2CH +  D30+ >- (MeS02)2CHD +  D20  solution was about 1.4 X 10~12 M , the second-order

method of calculating rate constants employed, in which rate constant for attack by OD is less than 3 X  108
the removal of all the equivalent protons is treated as a M . Sf  :  . Thus’ when bis (methylsulfonyl) methane
single reaction, gives the rate constant per proton, i  e 1S 1I?1Y°lved in a Proton-transfer reaction in which the
the statistically corrected rate constant,8 which in the eqmllbnum constant is considerably smaller than in the

protonation of the bis (methylsulfonyl) methide ion, the
(6) e . j .  Corey, h . Konig, and t . h . Lowry, Tetrahedron Lett., is, 5 1 5  r a te  c o n s ta n t  in  th e  exerg o n ic  d ire c tio n  fa lls  s h o rt  o f  th e

(1962). a
(7) G. Schwarzenbach and E. Felder, Helv. Chim. Acta, 2T, 1701 (1944). (9) O. Reitz, Z. Phys. Chem., Abt. A, 176, 363 (1936).

m  ™,C, nom '” ’ L ' G' Mahone' and C- L- Liotta’ J ' Amer■ Chem- Soc-  (10) F. A. Long and D. Watson, J .  Chem. Soc, 2019 (1958).
83, 5911 (1967). (H) M. Eigen, Angew. Chem., Ini. Ed. Engl., S, 1 (1964).
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diffusion-controlled rate constant by at least two powers 2 4 r  I i i 1 1 t ■
of ten. In  contrast, glucose and guanidinium ions [each
of which has an acidity constant within a factor of two v
of that for bis (methylsulfonyl) methane] are deproton- . \  .
ated by hydroxide ions with rate constants larger than *
1010 M -1 sec-1.11 Thus, although Pearson and Dillon’s ••s * #
generalization is supported by the present work, the 2 .2 -  •
proton-transfer reactions of bis (methylsulfonyl) meth- .  \  *
ane are slower than those of an oxygen or nitrogen « •
acid (in which the acidic proton is not internally hydro- < - \ ,  • .  • •
gen bonded) of the same strength. S’

-  •

Experimental Section 2 - 0 "
• \  •

Reagents.— The method of Backer12 was used for the prepara- • •
tion of bis(methylsulfonyl)methane: mp 147-148.5° (lit.12 mp _ •s #.
148°); pmr (CD3SOCD3) r  4.58 (m, 2, J  =  0.6 Hz, CH2) and .  '
6.78 pnm (t, 6 , /  =  0.6 Hz, CH3); mass spectrum (70 eV) m /e
(rel intensity) 172 (14), 94 (100), 79 (54), 78 (33), 63 (86). O ------------1------------ 1------------ i------------ 1------------ ■------------ 1------

When bis(methylsulfonyl)methane was recrystallized from 0  4 0 0  8 0 0  120 0
deuterium oxide solution, the product was bis(methylsulfonyl)- Tim e , sec.
methane-^: mass spectrum (70 eV) m /e  (rel intensity) 174 (10), ■, Tr- a- i a r j  a
qr /An e n /o n  7q / cc\ aq nnm  Figure 1.— Kmetic plot for the deuteration of bis(methyl-
^^Solvent solutions forkinftic^ runs were prepared by dissolving sulfonyl)methane in deuterium oxide containing 0.0108 M  hydro- 
gaseous hydrogen chloride in 99 .8 %  deuterium oxide, titrating, tu-Oii.. Uoio. 
diluting with deuterium oxide, and retitrating. In the most
concentrated solutions used (0.1 M ), this increased the protium and 0.0120 M  gave the average value 12.536 ±  0.008 for pKa at 
content of the solvent by 50% . infinite dilution.

Determination of piva.— A Radiometer automatic titrator Kinetics of Deuterium Exchange.— In a typical run, about 1
(ABU1, PHM 26c, SBR2c, and type C electrode) was used ml of a solution of hydrochloric acid in deuterium oxide was
manually to titrate 25-ml samples of 0.00653 and 0.02317 M  added to more finely powdered bis(methylsulfonyl)methane than
bis(methylsulfonyl)methane with 0.1326 M  sodium hydroxide would readily dissolve, and the mixture was shaken vigorously
soluticn at 25°. From the pH values recorded at intervals of for about 30 sec and filtered through a disposable pipet containing
about 0.2 ml from 0 .4 -2 .5  ml of added base, values of the ioniza- glass wool into a nmr tube. The nmr tube was inserted into the
tion constant were calculated from the equation Varian A60-A nmr spectrometer, which had already been tuned

for a solution of the bissulfone in deuterium oxide, taking care
„. _  __________ [H +]2 +  [H +][N a +] — K w__________  that no spinning side bands from the nearby peak due to the

a ~  [(M eS02)2CH2]i +  (K W/[ H +]) — [H +] — [N a+] residual protons in the deuterium oxide fell too near the methylene
peak of the bissulfone. The methylene peak was scanned re- 

where [(M eS02)2CH2] , is the “ total”  concentration of bissulfone peatedly (the solution was too dilute for reliable results to be
(including its conjugate base), pH was assumed to be equal to obtained from the integrator on the spectrometer) and the time
— log [H+], and A-» is the value for the autoprotolysis constant noted at the midpoint of each scan. The peak areas were 
of water calculated (by averaging several determinations) from measured, some by planimetry and some by cutting out and
the pH measured when the given volume of sodium hydroxide weighing, before the method of counting squares was settled on.
solution was added to pure water in the absence of sulfone. This Rate constants were calculated from the slopes of the best lines,
method of calculation may be considered to be a way of calibrating determined by the method of least squares, through plots of the
the system at the high pH ’s encountered in the titration. The logarithm of the area of the peaks vs. time. In a few runs the
reliability of the method is supported by the values of pK w area of the methyl peaks was used as an internal standard and log
obtained, ranging from 13.90 to 13.98, none of which differed (AchjM chb) was plotted against time, but it was not clear that
by more than 0.02 from the value at the given ionic strength that this resulted in any more reliable rate constants. Correlation
may be obtained from a plot of the data listed by Harned and coefficients for the plots ranged from 0.83 to 1.00 with a median
Owen.18 The runs using 0.00653 M  bissulfone gave pK a values 0f 0.95. The runs were followed to about 75%  completion,
around 12.6, but these were based on measured pH values that Some of the runs were carried out at 42 ±  1°, the temperature
differed from those in the absence of suTone by only about 0.05. attained when the variable temperature controller was not used,
The values obtained using 0.02317 M  bissulfone, where the pH and some at 25 ±  1°. The average number of points taken was
differed by about 0.18 from that observed using no sulfone, are 37 at 25° and 17 at 42°. A kinetic plot for a typical run (correla-
believed to be more reliable. Application of the Debye-Hiickel tion coefficient 0.95) is shown in Figure 1. The rate constants 
limiting law to 11 observations between ionic strengths 0.0021 obtained are summarized in Table I.

(1 2 ) h . j . Backer, Red. Trav. chim. Pays-Bas, 65, 5 3  (19 4 6 ). Registry No.— Bis(methylsulfonyI)methane, 1750-
(13) H. S. Harned and B. B. Owen, “The Physical Chemistry of Elec- 0  J

trolytic Solutions,” 3rd ed, Reinhold, New York, N. Y., 1958, pp 752—754. 0.2-0.
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The reaction of isopropenylcyclopentadienylpotassium with aqueous acid gives a mixture containing, in order 
of decreasing yield, the linearly conjugated product l-isopropenyl-l,3-cyclopentadiene (4), the cross-conjugated 
product 2-isopropenyl-l,3-cyclopentadiene (5), and 6,6-dimethylfulvene (2) under conditions where the smallest 
amount of subsequent isomerization of initially formed products is believed to have occurred. The equilibrium 
mixture of these isomers at room temperature contains about 98%  2, 1.4%  4, and 0.6%  5. I t  is possible that 
the deconjugated product 5-isopropenyl-l,3-cyclopentadiene (3), believed to be the least stable of the four 
possible isomers, was also formed in significant amounts in the protonation reaction but that it rearranged before 
the product mixture was analyzed.

In  an earlier paper2 certain data on the protonation it was allowed to remain at room temperature for as
of resonance-stabilized carbanions were rationalized in long as 30 min. The glpc analysis usually showed only
terms of the principle of least motion.3 In  this connec- peaks for dicyclopentadiene, dimethylfulvene, and a 
tion the protonation of the isopropenylcyclopentadienyl third component with a somewhat shorter retention 
anion (1) is of interest. Protonation at carbon 1 gives time, which is believed to be due to isomers of dimethyl

fulvene. In  some cases the dicyclopentadiene content

2 1 of these products was essentially the same as that of the
reactant, showing that probably no significant amounts 

4 of other products were formed. The area of the isomer

i." - J  peak ranged from somewhat less than that of the di-
1 methylfulvene peak to 7.5 times as large. There was

,, , , , ,  , „ no clear difference between the results obtained using
the most stable product Protonation at carbon 3 the different protonation procedures.
wou d be accompanied by the smallest changes in bond The igomer k wag separated from the amber liquid 
lengths and essentially the same changes in bond ang es b sep arativ e glpc. Its  mass spectrum was identical
as m the other cases. According to an HMO calcula- with thflt of dimethylfulvene at 70 eV but not at 12.5
tion, carbons 4 and 7 have the greatest electron density; ey  These observations, including the parent peak at
hence their protonataon might be expected to be accom- mass m  give st evidence thid o n e or mor£ 0f the 
pamed by the least change m electronic configuration. isomers 3> 4> and 5 were present. This interpretation

is supported by the infrared spectrum, which contained 
esu ts a strong peak at 895 cm -1 and a weak peak at 1780

Simple protonation of carbanion 1 can give dimethyl- cm-1 , characteristic of -C = C H 2 groups.6 
fulvene (2), the deconjugated product 5-isopropenyl- The 100-MHz proton magnetic resonance spectrum
1,3-cyclopentadiene (3), the linearly conjugated product of the “isomer mixture” showed absorption in four
l-isopropenyl-l,3-cyclopentadiene (4), or the cross- regions, r 3.20-3.80, 4.75-5.30, 6.85-7.05, and 7.95-8.10
conjugated product 2-isopropenyl-l,3-cyclopentadiene PPm> with relative areas of 3 .1 :2 .07 :2 .07 :3 .00 , which
(5). Treatment of a heterogeneous slurry of potassium were assigned to hydrogen atoms attached to unsatu

rated ring carbon atoms, exocyclic vinyl hydrogen atoms, 
ring methylene hydrogen atoms, and methyl hydrogen 

1 I I atoms, respectively. The assignments are supported
^  j  V / \ / by analogy to the unsaturated ring hydrogen atoms of

2 3 '°^=/ '— ' the methylcyclopentadienes6 (t 3 .6-4.0 ppm), the ter-
' minal unsaturated hydrogen atoms of 1,3-butadiene and

feri-butoxide in bis(2-methoxyethyl) ether (diglyme) 2,3-dimethyl-l,3-butadiene7 (r  4 .8-5.0 ppm), the ring
with 1 equiv of dimethyfulvene’ (containing a small methylene hydrogen atoms of 1- and 2-methylcyclo-
amount of dicyclopentadiene as a reference compound) pentadiene6 (r ~ 7 .2  ppm), and the methyl groups of
gave a homogeneous brown-red solution presumed to 2 ,3-dimethyl-1,3-butadiene7 (r ~ 8 .0  ppm), respec-
contain carbanion 1. This solution was added to aque- tively. The relative areas of the four regions of absorp-
ous acid in the presence of a separate layer of organic tion are as exPected for compounds 4 and 5 but not for
solvent at various temperatures. The resultant yellow 3 ' Since tJle methinyl hydrogen atoms of 5-methyl-
organic layer was washed and analyzed by gas-liquid cyclopentadiene absorb at r 6.97 ppm and replacing the
partition chromatography (glpc), sometimes before and methyl by a vinyl group would be expected to shift the
sometimes after the solvent was removed to give an absorption 0.5-1.0 ppm lower, compound 3 should
amber liquid whose properties changed significantly if absorb in the range 6.0-6.5 ppm. No absorption in

this range was observed. For these reasons and the
.. (.a) Tbia mvestl«at10“ ";aa supported in part by Grant gp-4445 from fact that we can explain essentially the entire spectrum
the National Science Foundation, (b) The Ohio State University, (c) The ^
University of North Carolina at Greensboro.

(2) J. Hine, J .  Org. Chem., 31, 1236 (1966). (5 ) L. J. Bellamy, “The Infrared Spectra of Complex Molecules,” 2nd
(3) “Those elementary reactions will be favored that involve the least ed, Wiley, New York, N. Y., 1958, pp 26, 50. 

change in atomic position and electronic configuration.” * (6) S. McLean and P. Haynes, Tetrahedron, 21, 2313 (1965).
(4) F. O. Rice and E. Teller, J .  Chem. Phys., 6, 489 (1938). (7) R. Hobgood and J. H. Goldstein, J .  Mol. Spedrosc., 12, 76 (1964).
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without it, we believe that no appreciable amount of 3 stant ( J fg) was not derived from any of our measure- 
is in the separated isomer mixture. The methyl region ments but was assumed by analogy to cyclopentadiene. 
consisted of two slightly overlapping multiplets at r The coupling constants listed are all plausible (the best
8.05 and 8.01 ppm with relative areas of about 68:32. models for the last six being those in cyclopentadiene),
The methylene region consisted of a doublet of doublets but they would also be if the assignments for the two
at t 6.89 and a broad peak at 6.96 ppm, with relative compounds were reversed. Hence, the two compounds
areas of about 71:29. The exocyclic vinyl hydrogen were distinguished on the basis of chemical shifts,
region contained a pair of larger and a pair of smaller The carbon skeletons of compounds 4 and 5 would be
broad peaks with relative areas about 73:27. Decou- expected to be nearly coplanar in order to maximize
pling experiments showed that the larger peaks in one overlap between the w systems of the rings and those
region were in the same molecule as the larger peaks in of the isopropenyl groups. Therefore the ring protons
another region. These observations suggest that the will be deshieided by the isopropenyl group, and the
material is a mixture containing about 70%  of one com- methylene protons in 4 will be more deshielded than the
ponent and 30%  of another. The composition of this more distant methylene protons in 5 .9 Conversely, the 
mixture remained relatively constant from run to run protons of the isopropenyl group will be more de
even though the amount of dimethylfulvene formed shielded by the double bond to which He and Hf are
varied considerably. attached in 5 than in 4. Thus the major component

The unsaturated ring hydrogen region contained, of the mixture, whose methylene protons absorb at 
with relative areas of about 1:1 .64:0 .22, a multiplet at lower field and whose isopropenyl protons absorb at
t 3.73, a multiplet at 3.59, and, at 3.26 ppm, a doublet higher field than those of the minor component, must
(J  — 5 Hz) of quartets (J  = 1.5 Hz) that became a be 4. The fact that the methylene protons are not in
doublet («7 =  5 Hz) of doublets («7 =  1.5 Hz) upon the plane of the carbon skeleton probably makes the
irradiation at r 6.96 ppm. These observations require difference in chemical shifts for these protons smaller
that the unsaturated ring hydrogen atoms of the less than it would otherwise be. This is partly true for the
abundant component absorb at r 3.26, about 3.59, and methyl protons, but the fact that these protons in 4 and
about 3.73 ppm, and that those of the more abundant 5 have so nearly the same chemical shift also suggests
component absorb at about 3.59, 3.59, and 3.73 ppm. that the isopropenyl group is oriented as shown in the
From the following analysis of the pmr spectrum of formulas, with its double bond trans to the ring double 
cyclopentadiene by M anatt8 and similar data, we con- bond with which it is conjugated.
eluded that the hydrogen atoms at the ends of x  sys- As the product mixture stood, new pmr peaks ap-

r ppm Hertz peared and grew at the expense of those due to 2, 4, and
(Ha)2 77a 7.21 Jab = 1.2 5. The fraction of the absorption appearing above r

H 77b 3.67 /ao = —1.3 6.0 ppm increased from about 54%  initially to 63%
^__ ¡J b 3,53 j h°, “  after 4 hr at 37°, when at least 58%  of the 4 and about

Hc« Hc y“'c = i'o 9 38%  of the 5 had disappeared. After 280 hr, when all
-7bb' = 1.94 the 4 and 5 and about half the dimethylfulvene were

terns in our compounds absorbed at higher field than of the absorption was above r 6.0 ppm.
those attached to the interior carbon atoms. These or( êr to learn more about the relative stabilities
considerations and additional apparent coupling con- compounds 2-5, samples of dimethylfulvene were
stants, largely from decoupled spectra, led to the follow- treated with small amounts of base in 85 :15  diglyme-
ing assignments for the pmr spectra of 4 and 5. The feri-butyl alcohol and m ferf-butyl alcohol. Equilib

rium seemed to have been reached when about 98.8%  
Hb dimethylfulvene and 1.2% of material with the reten-

. T’ pp“_ Ĥ rt” tion time of 4 and 5 were present. Equilibrium was
( 83 Hhh 5.23 = 0.75 approached from the other side by use of a mixture

j c 77c 4.93 /de = 1.5 containing about 40%  dimethylfulvene and 60%  4 and
tt y k  '(df Z 5> which was treated in the same way. Equilibrium

g \̂___J  d2 ~ 3 . 5 9  Je* = 5 . 0  seemed to be near when 96.5%  dimethylfulvene and
Hf h 77e ~ 3 .59 /eg = 1.5 3.5%  of material with the retention time of 4 and 5 were

/tg = 1.9 present, but slow side reactions made it impossible to
wait indefinitely for the establishment of equilibrium. 

jj  A small amount of the minor component of the equilib-
|b r, ppm Hertz rium mixture obtained starting with dimethylfulvene

(Ha)3C ^ i .  77a 8 . 0 1  J  ab = T25 was separated by glpc and found to have an ultraviolet
| ^'go I  1 ( 5  spectrum (maxima at 2 1 2  and 288 mfi with shoulders

J« Hd 6.96 /df = 1.5 at 214 and 216 mix) almost identical with that of the
Hgy ^>Hf 77e ~ 3 ■ 73 /dg = 1.5 major glpc fraction from the protonation of carbanion

V— U //' ~ 3 ' 5 9  j l[  = 1 . 5  1 and quite different from that of dimethylfulvene
' d 2 He /fg = 1-9* (maxima at 266, 271, and 354 m^). Taking the posi-

5  tion of equilibrium as intermediate between that at-
peaks at r 3.59 and 3.73 ppm were never clearly sepa- tained startinS from the tw0 different sides, we estimate
rated and therefore the chemical shifts so listed are more (9) Somewhat aiinilar effects may be 8een in the pmr spectra o{ 6_phenyl. 
uncertain than the others. The starred coupling con- fuivene‘° and 6-vinyifuivene.»

(10) M. L. Heffernan and A. J. Jones, Aust. J .  Chem., 19, 1813 (1966).
(8) S. L. Manatt, Jet Propulsion Laboratory, California Institute of (11) J. M. Neuenschwander, D. Meuche, and H. Schaltegger, Helv. Chim.

Technology, personal communication, 1967. Acta, 47, 1022 (1964).
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that the equilibrium mixture of isomers contains about ically controlled product mixture should be as low as,
98%  dimethylfulvene, 1.4% 4, 0.6%  5, and too little 3 or lower than, that obtained in any run (since dimethyl-
to detect. fulvene gives higher molecular weight products more

In  view of the possibility that some isomerization slowly than do 4 and 5). The presence of dideuterated
may have occurred during the glpc separation (at 115°), products in the reaction mixture obtained using deute-
the products of protonation of 1 were not separated in rium acetate shows that some carbanion formation by
several runs. In one run in which the product mixture 4 and 5, and hence some isomerization to dimethyl-
had been distilled (at room temperature and reduced fulvene, have occurred (in a run in which about 18%
pressure), the ultraviolet spectrum was found to contain dimethylfulvene was formed).14 Thus, it is not clear
all the absorbance peaks characteristic of dimethyl- that protonation of carbanion 1 to give the most stable
fulvene and the mixture of 4 and 5, separated by glpc, of the possible products occurs to a greater than random
except that the 288 m/j. peak became a shifted shoulder extent (16 2/3%), and it may occur to a considerably
on the stronger dimethylfulvene peak at 271 m^. In  smaller extent.
addition, there was an unexplained peak at 253 m/x. Further interpretation of our results is limited by our 
The pmr spectrum of material that had been extracted ignorance of whether 3 is formed or not. I f  3 were
but not distilled showed all the peaks found in the two formed from 1 and then rearranged via reversion to 1
fractions obtained when glpc separation was used. In- (perhaps during the work-up), the relative yields of the
tegration of these peaks showed that about 20%  di- other three isomers would not be affected. However,
methylfulvene, 55%  4, 20%  5, and 5%  of the material the isomerization of 3 by a sigmatropic migration of
that forms on standing was present. hydrogen should give 4 specifically. The fact that the

When deuterium acetate in deuterium oxide was used ratio of 4 to 5 appears to move away from the equilib-
as the quenching solution, the reaction product was rium ratio as the compounds are transformed to higher
found by mass spectral measurements to be about 66%  molecular weight products on standing at 37° suggests
monodeuterated and 12% dideuterated. The com- that 4 and 5 are not interconverted very rapidly. I t
bined yield of 4 and 5 in this run was 4.4 times that of therefore appears that the 4 observed may be the sum
dimethylfulvene. of that formed directly by protonation of 1 and that

Discussion formed indirectly via rearrangement of 3.
We believe that the following facts are relevant to 

We may use dimethylfulvene as a standard and define consideration of the relative rates of protonation of the
the stabilities of the isomers in terms of A(r0chem12 for various carbon atoms of carbanion 1. A simple esti-
their formation from dimethylfulvene. From our equi- mate of the magnitude of the least nuclear motion effect,
librium measurements and the symmetry numbers of the sums of the squares of the changes in bond numbers
dimethylfulvene (18), 4 (3), and 5 (3), values of 0, 3.6, that accompany the reactions,2 gives the values 0.89,
and 4.1 kcal/mol may be calculated for the respective 1-22, 1.55, and 2.22 for the formation of 3, 5, 4, and 2.
A G °chem values at room temperature. Simple HMO A semiquantitative method of estimating the least nu-
calculations give the same delocalization energies for clear motion effect from force constants and changes in
2, 3, 4, and 5 as for fulvene (1.466 ($), 1,3-butadiene bond length2 gives the same sequence, except that the
(0.472 (8), 1,3,5-hexatriene (0.988 /3), and 3-methylene- values for 4 and 5 are close to each other and become
1,4-pentadiene (0.899 /?), respectively.13a A plot of the essentially equal when certain methods of estimating
three known values of A G °chem vs. the corresponding molecular geometry are used. An HMO calculation
delocalization energies gives a surprisingly good gives charge densities of —0.187, —0.182, —0.162, and
straight line of slope —7.2 kcal/fr in satisfactory agree- —0.116 at the carbon atoms whose protonation gives
ment with — 6kcal/'/3, the average value for polyenes.13b 4, 5, 3, and 2, respectively, but calculation by an SC F
This correlation supports the structural assignments 4 MO method16 gives the greatest negative charge density
and 5 made for the more and less stable components of at the carbon atom whose protonation gives 2 .16 More
the isomer mixture. Extrapolation of the plot gives a detailed application of these least nuclear motion effects
A G °chem value of 7.3 kcal/mol for 3, from which 3 may and charge densities to the problem of the protonation
be estimated to comprise less than 0.001%  of the equi- of 1 is probably not warranted until a larger fraction
librium mixture of isomers. of the dimethylfulvene used can be unambiguously

The starting dimethylfulvene not accounted for in accounted for, subsequent isomerization of initially
our glpc analyses may have been lost partly because of formed products can be consistantly minimized, and it
its significant volatility and solubility in aqueous di- can be learned whether 3 is formed or not.
glyme. However, reactions to give products of higher
molecular weight, perhaps via Diels-Alder reactions, (14) The oxygen-bound hydrogen atoms in the deuterium acetate quench-
probably also contributed. The variation in yields of ing mbrture contained about 6% protium, largely from the (erf-butyl alcohol
dimethylfulvene may be due to isomerization of the 9°9T e d t *e g™,eratio,n ° foarbanion 1- Tbe observed formation of about
1 • i • ii 4. 1 I J  -j . . . 22%  undeuterated products might be due to a kinetic isotope effect, but
Kinetically COntroUed product mixture by a carbanion much of the product may have been formed before the local excesses of
mechanism, perhaps partly because of local excesses of protium that initially surrounded the carbanions had been dispersed by
base nresent, rhirincr +hp mwfrmQ+irm mnn+iA« a* - -  mixing. It seems unlikely that the reaction of the carbanion was complicatedDase present during the protonation reaction. Since by the presence of a two-phase system. Diglyme and water are completely
there would certainly be no significant net rearrange- miscible and a second phase does not appear when the reaction mixture is
ment of dimethylfulvene to the other isomers the frac- poured int» an aqueous solution until after the isomer mixture has been
tin n  n f r U r - n o r t , . U N . , • , 1  formed and its molecules had a chance to agglomerate. When the quenchingon ot dimethylfulvene present m the original kmet- experiments were carried out in the presence of a lower layer of carbon tetra-

a . , ... „ chloride, the reaction was probably essentially complete before contact with
(12) S. W. Benson, J .  Amer. Chem. Soc., 80, 5151 (1958). the carbon tetrachloride.

■ Str“ twi^ er' ■%’ “Molecular 0rbital Theory f°r Organic Chem- (15) O. W. Adams and R. L. Miller, Theor. Chim. Acta, 12, 151 (1968).
.sts Wiley, New York N. Y„ 1961, (a) pp 43, 44, 95, or calculated by the (16) R. L. Miller, University of North Carolina at Greensboro, personal
methods given; (b) p 242. communication, 1969.



Experimental Section17 for preparing a salt of dimethylfulvene usually gave darker colored
reaction mixtures that reacted with acid to give little of the iso-

D'pethylfulvene.— The method of Freiesleben18 was used to mers of dimethylfulvene (and often little dimethylfulvene).
obtain dimethylfulvene (5-isopropylidene-l ,3-cyclopentadiene), Poor yields of the isomers were also usually obtained in quenching
which was found to contain about 10%  dicyclopentadiene. the carbanion with acetic acid in nonaqueous solvents.
Fractional freezing was used to reduce the dicyclopentadiene The amber liquid product was separated by preparative glpc 
content to about 5% , at which level it was used as a reference into dimethylfulvene and the light yellow isomer mixture: uv
in glpc analysis of the reaction products. Pure dimethylfulvene max (hexane) 211 mM (« 6490), 288 (6760); ir (neat) (in order of
was obtained by preparative glpc: mass spectrum (12.5 eV) decreasing intensity) 895 , 665, 1360, 2975 , 2950 , 2930, 880,
m /e  (rei intensity) 107 (9 .0), 106 (100), 105 (0 .6), 91 (4.6), 3090, 860, 2900, 1615, 1440, 1435, 1255, 2875, 955, 680, 705,
66 (1-2). 3050, 815, 1575, 780, 765, 925, 985, 1015, 625, 1230, 595, 575,

Reaction of l-Isopropenyl-2,4-cyclopentadienylpotassium with 1315, 1000, 1105, 1280, 1125, 1090, 1780, and 2745 cm “1; mass
Acid.— In a typical run a slurry of 11.0 g (98 mmol) of potassium spectrum (12.5 eV) m /e  (rei intensity) 107 (8.6), 106 (100), 105
ierl-butoxide in 20 ml of diglyme (distilled over sodium and stored (1 .8), 92 (1 .3), 91 (16), 80 (0 .4 ), 78 (0.4), 66 (0.6).
over Molecular Sieves) was prepared under nitrogen in the 500-ml Reaction of l-Isopropenyl-2,4-cyclohexadienylpotassium with 
flask of a flame-dried glass system. A solution of 10.4 g (94 mmol Deuterium Acetate.— In the deuteration experiment, the solution
of the principal component) of dimethylfulvene containing 4 .4%  of 1 from 12.7 g (113 mmol) of potassium ¿ert-butoxide and 11.9 g
dicyclopentadiene in 5 ml of diglyme was added with stirring to the (108 mmol) of 95%  dimethylfulvene-5% dicyclopentadiene in
slurry, which had been cooled to 3 ° . The resulting red-brown 35 ml of diglyme was divided into three equal portions. One
solution was homogeneous at 20° but cloudy at 5 ° , at which was added to 5 g of acetic acid-d4, 15 ml of 99.8%  deuterium oxide,
temperature it was added rapidly to a separatory funnel con- and 30 ml of carbon tetrachloride and then worked up in the
taining 10 g of glacial acetic acid, 700 ml of water, and 200 ml of usual way, with product being vacuum distilled. A second por-
light petroleum ether, all at about 0 ° . After vigorous shaking tion was quenched and worked up in the usual way using carbon
a yellow-orange organic layer was present, which was washed tetrachloride and “ light”  water and acetic acid. Both products
twice with 700 ml of ice-cold water. The solvent was removed were analyzed by mass spectrometry at 9.0 eV where the only
from the organic layer at reduced pressure and a temperature observed peaks for the protium product were at m /e  107, 106,
below 0° to give an amber liquid. Analysis via  glpc on a 6-ft and 66. The m /e  107 peak was 9 .2%  as large as the 106 peak,
Apiezon L  column at 100° showed 77.6%  of the isomer-mixture in good agreement with the value 8 .8%  calculated from 1.1%
peak at 8.0 min, 16.9%  of dimethylfulvene at 11.75 min, and natural abundance of 13C. The assumption that every parent
5 .3%  of dicyclopentadiene at 21.5 min. The increase in dicyclo- peak was accompanied by a parent +  1 peak 9 .2%  as large led
pentadiene content shows that about 17%  or more of the starting to the values 22, 66, and 12% for the amounts of C8H i0, C8H9D,
dimethylfulvene is unaccounted for, probably largely because of and C8H8D2 in the product formed using deuterium acetate,
loss during removal of the solvent. In some runs in which the Equilibration of Dimethylfulvene and Its Isomers.— When
organic extract was analyzed without removing the solvent the pure dimethylfulvene was heated to 100° for 23 hr, an intractable
dicyclopentadiene content was within the experimental un- black sludge was formed. The same treatment in the presence of
certainty (~ 1 0 % ) of its original value. In other runs there was 5 mol %  diphenylamine led to the recovery of 35%  of the di-
up to twice as much dicyclopentadiene in the products as in the methylfulvene, but no isomers were detected. Solutions of di
reactant. In some of these cases the reaction mixtures had spent methylfulvene in about 85%  diglyme-15% ieri-butyl alcohol
1 hr or more at room temperature before analysis and in others containing less than 1 mol %  potassium íerí-butoxide were added
the quenching solution had contained methanol (as an antifreeze to water-petroleum ether after various lengths of time at room
agent), which may have retained more of the products, but in temperature and the organic layer analyzed by glpc. After the
some cases the loss of product is not understood. content of isomer mixture reached 1 -1 .5% , the composition of

Reaction temperatures ranging from those obtained by Dry Ice the mixture no longer changed significantly. More isomer mix
cooling to room temperature were used, both hydrochloric and ture was obtained from refluxing solutions and perhaps when
acetic acids were used, and diethyl ether and carbon tetrachloride stronger solutions of potassium ierf-butoxide were used, but about
were used instead of petroleum ether. Since the variation in the same results were obtained using triethylamine in fert-butyl
yield of isomer mixture with reaction temperature seemed to be alcohol. When a mixture of about 40%  dimethylfulvene and 60%
no larger than the variations observed at a given temperature, isomer mixture (4 and 5) was used as the starting material,
most of che later runs were carried out at room temperature changes in composition of the mixture had become slow when 3.5
using acetic acid rather than hydrochloric acid, which gave a ± 1 %  isomer mixture was left, but the glpc peaks were not
smaller yield of isomers in the few cases in which it was used. clearly resolved as they were when dimethylfulvene was the
The products obtained were stored at 0° or below. In several starting material,
runs in which no significant loss of dimethylfulvene occurred,
glpc analysis of the unconcentrated extracts showed a ratio of Registry No.'__4  26385-00-21 5 26385-01-3.
isomer mixture to dimethylfulvene of greater than 5 :1 , but in ’ ’ ’
none of these cases was it possible to run 100-MHz pmr spectra . , , . , „ T . , , , , , -r. TT7 t i
on the products within a reasonable time after they were formed. Acknowledgment. We are indebted to Dr. Wendel

Sodium hydride and metallic sodium as the reagents and diethyl Lim for having checked certain of our experimental
ether, dimethyl sulfoxide, and tetrahydrofuran as the solvents results, to Mr. William Jankowski of Varían Associates

(17) Perkin-Elmer Model 337 and Cary Model 14 spectrophotometers running the 100-MHz pmr Spectra, to Dr. S. L.
were used to obtain infrared and ultraviolet spectra, respectively. Mass M anatt for his interpretation of the pmr Spectrum of
spectra were determined with an AEI MS-9 instrument and pmr spectra cyclopentadiene, and to Dr. R. L. Miller for infor-
with Varían A-60 and A-100 spectrometers. J  TV/rrv l i . •

(18) W. Freiesleben, Angew. Chem., 75, 576 (1963). m atlO n  On bD h IVIU c a lc u la t io n s .

I sopbopenylcyclopentadienyl Anion J  Org. Chem., Voi. 35, No. 11, 1970 3949



Reactions of Aziridines. II. The Acid-Catalyzed Form ation of
1,4-Dialkylpiperazines from  1-Alkylaziridines

C l a r e n c e  R . D ic k

Am ines Research Laboratory, Texas Division, The Dow Chem ical Company, Freeport, Texas 7754-1

Received A pril 16, 1970

I t  has been demonstrated that hydrohalic acids in 2-propanone or 2-butanone will catalyze the conversion of 
certain 1-alkylaziridines to the corresponding 1,4-dialkylpiperazines in yields as high as 95% . The rates of piper
azine formation were effected in the order H I >  H Br >  HC1. Perchloric acid and p-toluenesulfonic acid resulted 
in the formation of poly(l-alkylaziridines) rather than piperazines. The major products formed in a water sol
vent were poly (1-alkylaziridines) with 1,4-dialkylpiperazines being formed in maximum yields of 27%  in the case 
of a hydriodic acid catalyst. 1

*

The formation of 1,1,4-trialkylpiperazinium halides S cheme I
from alkyl halides and 1-alkylaziridines was discussed F „ __,,wi „  __„
in the first paper of this series.1 The proposed mech- jXCess wl *
anism involved the initial reaction of an alkylating 1 R R
agent with a 1-alkylaziridine to produce a 1,1-dialkyl- + X” ^NCH2CH2X
aziridinium salt which lead to the formation of either H H
the piperazinium halide or a polymer. I t  was also t 2 3
demonstrated that the presence of a halide ion was X
necessary for piperazine formation. A further test of I
the proposed mechanism has now been carried out by 1 + 2 tw:isteps A. " y
replacing the alkylating agents with acids under the N 'N__R
same conditions as previously reported. In  the pres- /  \  /
ence of acids the expected products would be either 2 +  3 one step ^  CH2CH2

polymer or 1,4-dialkyl piperazines and their acid salts. 4
From a consideration of the data in Table I  it is ap- , R \  + / \~ 4 ----► VT__ T) _i_ v —

parent that halogen acids are required (reactions 1-6, 9, \__/
10, 11) for piperazine formation and that the order of 5

catalyst effectiveness is H I >  H Br »  HC1. Replace- /— \
ment of the halides by ions of low nucleophilicity such 5 + 1  ̂ R R + 2
as perchlorate (reaction 7) and p-toluenesulfonate (re- 
action 8) resulted in polymer formation. The effect of 
solvent polarity on product distribution can be ascer
tained by comparing the yields of 1,4-diethylpiperazine ■ , , . ,, , , , . . . , . .
in acetone (reactions 1, 6) with those achieved in ace- f Volv+ed m the ProdiUct determining step of piperazine
tone-water mixtures (reactions 11, 12). I t  is apparent for™a f '> r  measur®me^ s; made and
that a solvent of low polarity and solvating power favors f  depicted by the adjoining graph. I t  is evident that
piperazine formation. The general results concerning t h e ™te J  dfthylpiperazine formation is dependent
the effects of anions and solvent polarity are in complete on the particular halide ion involved, 1“ >  Br~ >  CD,
a g re em e n t w ith  th o s e  re su lts  rep o rted  fo r  a lk y la tin g  a n d  t h a t  *h e  re a ctlo n . ra te . c l° f ly  a P P ™ c h e s  zero  a t
a g e n ts  1 low  a z in d in e  co n v ersio n s  in  th e  ca se  o f h y d ro ch lo ric

&A predictable difference between alkylating agents acid c1atai f t - The perchloric acid curve depicts a
and acids was noted when it was found that several typlcaI a?!d catalyzed Polymerization, i.e., a very rapid
moles of 1 ,4 -diethylpiperazine were produced for each consumption of monomer followed by an equally rapid
equivalent of hydrohalic acid charged thereby demon- cessation of the reaction (Figure 1).
strating that the acids were functioning as catalyst. .(H was Previously noted, 1 not all 1-alkylaziridmes 
Thus the formation of 1,4-dialkylpiperazines using an wdl fo™  the corresponding piperazines even under the
acid catalyst can best be formulated according to ™S\ faVOrable conditions The ethylazindine 1-n-
Scheme I butyl azindine, 1-phenethylaziridme, and 1-allylaziri-

Through a series of steps the monomer 1 is ultimately d’ne w.ere ad converted to the corresponding piper-
converted to 4 which cyclizes to form the 1,4-dialkyl- azl.n<:'s m good yrelds with hydriodic acid and sodium
piperizinium halide (5). The transfer of a proton from 1Jodlde “  acetone. However, l-(2-hydroxyethyl)aziri-
5 to 1 results in the formation of the 1,4-dialkylpiper- dme and fmyanoethylazmdine did not form piper
azine (6) plus 2 which completes the catalyst cycle. azl̂ es ®ven in Pre3ence of the added sodium iodide. 
I t  is worth noting that as the reaction progresses the , Further consideration of the data in Table I revealed 
position of the equilibrium 5 +  1 <=* 6 +  2 will favor f a t a l !  ?f . the az,rldllr1le converted is not forming
5 at the expense of 2. Thus the rate of conversion 1,4-diethylpiperazine. Runs 1-4 demonstrate that
and the total conversion achievable within some prac- ,®ber acid-azmdine ratios result in lower yields, or 
tical time limit will be dependent on the initial monomer alternatively, that higher conversions of aziridines 
to acid catalyst ratio (reactions 1-4). resub 111 lower ylelds of M-diethylpiperazine. Runs

In order to further demonstrate that halide ions are \ a , d. were completely devolatilized to determine if
the loss m product was due to polymer formation. The 

(i) c. r . Dick, j. Org. chem., 32, 7 2  (1967). residues were subj’ected to infrared analysis and were
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T able I
R eaction of 1-Ethylaziridine with  Acids in Acetone

Piperazine
Aziridine Diethylpiperazine rings in

conversion, /---------%° yield--------- * Nonvolatile residue,
Run no. Acid, equiv/equiv aziridine %a by glpc by ir residue, g %c

1 HI, 0 .1 1 6  96 73 76 1 .75  52
2 HI, 0 .0 5 8  81 87 90
3 HI, 0 .0 3 5  65 93 95
4 HI, 0 .012  28 93 93
5 HBr, 0 .1 1 6  78 80 83 1 .4  23
6 HCI, 0 .1 1 6  31 48 48 1 .0  < 1 .0
7 HCIO«, 0 .1 1 6  77 0 < 0 .4  3 .3 d < 1 .0
8 p-Toluenesulfonic, 0 .116  79 0 < 0 .4  3 .S'* < 1 .0
9 HI, 0 .116 , plus 0 .0 0 6  mol of N al 98 81 83

10 HCI, 0 .116 , plus 0 .0 0 6  mol of N al 97 72 76
11 HI, 0 .116 , 50%  water-acetone 9 9 +  27
12 HCI, 0 .116 , 50%  water-acetone 97 < 1 3.T*

a 24-hr reaction time. 6 After stirring reaction solution with excess potassium carbonate to ensure all acid was neutralized; yields 
calculated on basis of converted aziridine. c 1,1,4-Triethylpiperazinium bromine used infrared standard. d Poly (1-ethylaziridine).

found to contain significant quantities of nonvolatile „ ¡¡x ...... .
monoquaternary piperazines.

In  order to prepare a large quantity of the piperazine - hi
containing residue, reaction 1  was repeated on a larger I hci
scale from which 27.6 g of residue were isolated. This 0.5+  ollt!li< 
residue was separated into a 2 1 -g diethyl ether in-
soluble fraction I  which contained all of the piperazine .
moieties and a 5.2-g fraction I I  which was poly(l- s
ethylaziridine), completely free of piperazine rings as | 03~ V,.
determined by infrared analysis. In  addition to the s -o-----o
aforementioned monoquaternary piperazines, the in- °2' ^ ..
frared spectra of fraction I  was also found to contain </*
bands characteristic of a significant concentration of
acyclic, secondary amino nitrogen. Based on the ; .
infrared data, elemental analysis, molecular weight 0 2 4 l  e w n » ie is 0 2  4 l s io 12 u is is
determination, and secondary and primary amine TlmB H,s
analysis, it was concluded that fraction I  was a mixture Figure 1.— Rate of acid-catalyzed formation of 1,4-diethyl- 
of quaternary piperazines best represented by structure piperazine.
7. For an M„ of 380, the average value of n  is 0.7.

bottles. The indicated amount of acid was added as a 6.0 N  
y— v  ̂ Q TT aqueous solution to each bottle which was shaken and returned

C2h 5__ n '  2 5 IT to the bath. After 24 hr, 15 g of anhydrous potassium carbonate
2 3 \___/  __p t i__ xt , p ry__ p o __ was added in order to neutralize the acid and the bottles were

'  2 2 7H" 2 2 \  shaken for 4 hr. After allowing the solids to settle, the contents
° 2 5 of each bottle were analyzed for 1 ,4-diethylpiperazine and un-

2 5 converted 1-ethylaziridine by standard glpc and infrared tech-
7 niques.

The glpc column was 9 ft X  0 .25 in. stainless steel packed with
The formation of a quaternary nitrogen demonstrates 15%  Carbowax 20M plus 5%  potassium hydroxide on 60-80

the existence of an acid catalyst consuming reaction; mesh Chromosorb W . For infrared analysis, the band at 955
therefore, reaction 1 was repeated and allowed to stand c*1?“1 was use(i for diethylpiperazine and at 730 cm 1 for l-ethyl-

for 7 days at which time no further reaction could be aZp;ep^.ationheand"Identification™  Rlsidue from Hydriodic
detected by glpc. Additional 1-ethylaziridine was j^cid Catalyzed Reactions.— To a well-stirred mixture of 1425
then added to the reaction mixture and the concen- ml of acetone and 80 g ( l . l l  mol) of l-ethylaziridine maintained
tration of 1,4-diethylpiperazine was noted to increase at 25-30° was added dropwise (l hr) 30 ml of concentrated
approximately 50%  thereby demomtrating that these
reactions seem to stop at high conversions not only t^e After 5 days, 150 g of anhydrous potassium carbonate
because of quaternary piperazine formation but due was added and the mixture was stirred for 12 hr. The solution
to amine salt formation other than the aziridiniurn was filtered and devolatilized in a rotary evaporator. The resi-
salts (2) ^ue was talien UP in ihO nal of tetrahydrofuran, filtered to remove

traces of potassium carbonate, and again devolatilized. The 
product, 27.6 g, was shown to be free of 1 ,4 -diethylpiperazine by

Experimental Section2 glpc analysis.
, . . , The product was fractionated by dissolving in 300 ml of tetra-

Preparation of 1,4-Diethylpiperazme (Table I) .—A series of hydrofuran and adding three 40-ml aliquots of diethyl ether,
four-ounce bottles containing 100.0 ml of 0.52 M  1-ethylaziridme A{tef each addition a gummy phase separated which was re
in acetone or acetone-water were placed m a 25.0 bath, bo- moved The three fractions and the mother liquor were freed of
dium iodide (0.77 g, 0.006 mol) was added to the appropriate golvent. p roduct isolated from the mother liquor, 5.2 g, was

■(2) All melting points are uncorrected. Infrared spectra were taken on a shown to be poly (1-ethylaziridine) by comparison of its infrared 
Beckman IR-9. Glpc data were taken on an F & M 810. spectra with that of an authentic sample. Fractions 1, 2, and 3
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were combined, 21 g, since they had nearly identical infrared A nal. Calcd for 1,4-di-n-butylpiperazine: N, 14.1. Found:
spectra. The spectra of the composite indicated the presence of 19.82; w25d 1.4540 (lit.3 1.4542).
high concentrations of a 1,1,4-trisubstituted piperazinium salt A nal. Calcd for 1,4-diallylpiperazine: N, 16.87. Found:
(1210-1220 cm -1), (-C H 2- ) 3N (1060, 2860 cm -1) characteristic 16.68; n “ d 1.4754 (lit.4 1.4761).
of poly(l-ethylaziridine), and (-C H 2- ) 2NH (1110 ,2810  cm -1). The preparation of 1 ,4-diphenethylpiperazine was the same as 
Since poly(l-ethylaziridine) is soluble in diethyl ether, the com- above; however the product was isolated by devolatalizing the
posite was thoroughly washed with ether and dried, and its filtered reaction mixture, washing the residue with water to
spectra remained unchanged. The ether washed was found to remove the soluble salts, and recrystallizing the crude product
contain no polymer. Analysis of the residue is reported below. from an acetone-water mixture, mp 79.5-80.5 ° .

A n al. Found: N, 12.85; C, 42.20; H, 8 .78; I , 33.19; A n al. Calcd: N, 9.52. Found: 9.44.
> N H , 3.4 ; -N H 2, < 0 .1 ; mol wt, 340 (ebulliometrically in 2- Attempted Preparation of 1,4-Disubstituted Piperazines Other 
butanone) [Calcd: mol wt, 383 (based on iodide), 378 (based Than 1,4-Diethylpiperazine.—Using the preceeding procedure, 
on secondary amine)]. 1-eyanoethylaziridine, l-(2-hydroxyethylaziridine), 1-allylaziri-

Procedure for Rate Determinations.— Into a 100-ml volu- dine, 1-phenethylaziridine, and 1-ra-butylarizidine were treated 
metric flask were weighed 2.00 g of phenetole and 3.70 g of 1- with hydriodic acid and sodium iodide in 2-butanone at 25°.
ethylaziridine. The flasks were filled with 2-butanone and After filtering the reaction mixtures in order to remove the po-
placed in a 25.0° water bath. To each flask was added 0.50 ml tassium salts, the concentrations of the reacted aziridines and
of 6.0 N  acid and the contents were thoroughly mixed. At of the corresponding piperazines were determined by infrared
predetermined time intervals the reaction mixtures were ana- analysis. The conversions of the aziridines were 9 9 + %  in
lyzed by standard glpc techniques using the phenetole as an in- each case.
ternal standard. The glpc column previously mentioned was A nal. %  yield for 1,4-substituted piperazine: l,4-bis(cyano-
used for these analyses. All runs were made in duplicate. ethyl), < 1 .0 ; l,4-bis(2-hydroxyethyl), < 1 0 ; 1,4-diallyl, 46;

Preparation of 1,4-Disubstituted Piperazines for Glpc and 1,4-diphenethyl, 73; 1,4-di-re-butyl, 33.
Infrared Standards.— The diethyl-, di-n-butyl-, and diallylpiper- 
azines were prepared by mixing 0.12 mol of the corresponding
aziridine and 10 g (0.078 mol) of sodium iodide in 150 ml of 2- Registry No.— 1-Ethylaziridine, 1072-45-3; 1-n-
butanone followed by the addition of 3.2 g of concentrated hydri- butylaziridine, 1120-85-0: 1-phenethylaziridine, 3164-
w U f i / u  remamml a‘ room temperature (24-26°) 46-3; 1-ally lazirid in e, 5536-99-2.
for 48 hr, the mixtures were shaken for 4 hr with 50 g potassium J  ’
carbonate and filtered, and the solvent was removed by distilla-
tion at atmospheric pressure The piperazines were isolated Acknowledgment.—The author gratefully acknowi-
from the distillation residues by preparative scale glpc using the . ,, ? ., , • r tt t o n i_ / .  . , ,
aforementioned Carbowax column. ed Ses th e  contributions of H . L . Spell who obtained and

A nal. Calcd for 1,4-diethylpiperazine: N, 19.72. Found: in te rp re te d  th e  in frared  sp e ctra .
19.82; 1.4530 (lit.3 1.4520).

(3) J. I. G. Cadogan, J .  Chem. Soc., 2971 (1955). (4) G. B. Butler, and R. L. Bunch, J .  Amer. Chem. Soc., 71, 3120 (1949).

Reactions of Nucleophiles with l-tert-B utyl-3-chloroazetidine and
l-tert-B utyl-2-chlorom ethylaziridine1

V. R. Gaertner

Research Department, Organic Chemicals Division, M onsanto Company, St. Louis, M issouri 63166

Received February 26, 1970

These small heterocycles, 1 and 2, are exceptionally unreactive jS-aminoalkyl chlorides. With nucleophiles 
under vigorous conditions 1 and 2 reacted by simple displacement (mercaptides, alkoxides, and uncatalyzed 
amines), partial (hydrolysis) or complete (cyanide) ring expansion of 2 to form azetidines, or ring cleavage, re- 
cyclization, and reopening (acetic acid, acid-catalyzed amines). Isomerization, 1 ^ 2 ,  occurred with mechanistic 
duality. Equilibria involving the 1-ierf-butylazabicyclobutonium and 1-f eri-butyl-2-aziridinylcarbinyl cations are 
proposed. Cyclization of /3-aminoalkyl mesylates was a versatile route to aziridines carrying functional groups.

A problem of current interest in the chemistry of strained quaternary 1-azabicyclobutonium ion ( I I I ) , 
small heterocycles concerns the nature of nucleophilic while the possibility of nonclassical hybridization 
substitution of azetidines bearing exophiles in the 3 implies intermediates such as IV. 
position. A possible intermediate is the simple We recently presented preliminary evidence to 
carbonium ion (I). The formal relationship of I  to the support nitrogen assistance in the ionization of the

chlorides corresponding to ions I  and I I  (R , tert-Bu)

□ + ''X  ~A  I ~A. and suggested that a common intermediate (such as
\  r>x,/  tJ /  + \ H I alone) could not rationalize the results.1 In-

R+ dependently Deyrup and Moyer proposed I I I  as an
I II HI IV intermediate in solvolysis of the tosylate of l-tert-

butyl-3-azetidinol, but they considered unclear the 
cyclobutyl-cyclopropylcarbinyl nonclassical cation mechanism by which the aziridinylcarbinyl tosylate
system2 suggested a parallel investigation of aziridinyl- reacted.3 The present paper concerns expanded evi-
carbinyl derivatives, perhaps leading to cation II. „ , . , T
tv j * , , • . . . , & Breslow, in Molecular Rearrangements, Part 1, P. de Mayo, Ed., Inter-
1\ ltrogen p a r tic ip a tio n  m  e ith e r  c a se  w ould  lead  to  th e  science, New York, N. Y., 1963, pp 233-294. J. E. Baldwin and W. D. 

„ .. . , xr _ _ Foglesong, J .  Amer. Chem. Soc., 90, 4303 (1968), gave a recent summary.
( ) Preliminary account: Y. R. Gaertner, Tetrahedron Lett., 5919 (1968). See, however, R. E. Davis and A. Ohno, Tetrahedron, 2063 (1968), for the 

Presented m part at the 156th National Meeting of the American Chemical view that cyclobutyl cation is classical.
Socieiy  ̂Atlantic City N J. Sept 1968; Abstracts, ORGN 1. (3) J. A. Deyrup and C. L. Moyer, Tetrahedron Lett., 6179 (1968). We

' ’ azur, . . hite, D. A. Semenow, C. C. Lee, M. S. Silver, are grateful to Professor Deyrup for initiating an exchange of results with
and J. D. Roberts, J .  Amer. Chem. Soc., 81, 4390 (1959). Review: R. the waiter.
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dence on reactions of the chlorides and a mechanism was prepared similarly. Functionally 3-substituted 
consistent with the data on such systems. azetidines were obtainable by displacements on the

Ring expansion and cleavage have been noted in tosylate7'3 or, with precautions to be described, from
pertinent studies of strained heterocycles. 2-Chloro- the chloride.
methylthiirane and 3-chlorothietane were said to ionize A preparative method for l-fert-butyl-2-chloro- 
with sulfur assistance to give a classical bicyclic methylaziridine (2) began with O-mesylation of crude 
sulfonium ion l-ierf-butylamino-3-chIoro-2-propanol.10 Cyclization11

-----of the unstable mesylate (5) gave 2 in 55%  yield,
y/ based on ferf-butylamine (eq 2). B y  comparison,

+S - —

which yielded only 3-substituted thietanes by cross- 0H- / \
ring bond cleavage.4 ^ - B uNHCH2CHOMsCH2C1 ieri.Bu N -^ C H 2Cl (2)

In the nitrogen series, the l-benzenesulfonyl-2- 5 2
aziridinylmethyl cation expanded to the -2-azetidinyl „ . .  . . .  ,,T7 . . . . ., ,■ , , , ■ , ■ cyclization of the 0-suimric acid (Wenker azindmeion or a nonclassical intermediate, as shown by isotopic r  ̂ „

.v p  ■ j  i n  fj. n w  t u * synthesis) gave only a 3%  yield of 2. l-Cyclohexyl-2-taggmg, in the Inedel-C rafts alkylation of benzene.5 , ,T7i • , • i . . , i , , chloromethylazindine was also prepared.Evidence involving ring expansion in tosylate sol- ™ , . . , , , ■ , ,
, . , , . y,i c ii. 1  u- i I  he method is a useful and apparently fairly generalvolysis has been given recently for the 1-oxabicyclo- . . .  , . . . .  0 . ... . .synthesis of azindmes. bmce either aminochloro- butomum cation.'’ 17 , , , ...propanols or gfycidyf derivatives condense with

Results nucleophiles to form 3-substituted aminopropanols,12,13
it is potentially quite versatile. The preparation of 

Synthesis of Azetidines and Aziridines.—The chlo- two reference compounds for this work illustrates the 
rides, l-terf-butyl-3-chloroazetidine (1) and l-tert- probable scope.
butyl-2-chloromethylaziridine (2), were chosen for l-terf-Butyl-2-acetoxymethylaziridine (6) was pre
study. Their stabilities were expected to permit more pared directly, despite its ease of hydrolysis, from 
vigorous reaction conditions, and thus yield more glycidyl acetate (eq 3).
varied, revealing results than might the tosylates,3’7 for

teri-BuNH.example. _ CH2CHCH2OAc -----------+
The conversion of 3-azetidinols8 to 3-chloroazetidines \ / 

called for mild neutral conditions to avoid ring cleavage 0• two steps
or autodehydrochlorination and these requirements /ert-BuNHCH2CHOHCH2OAc --------- *■
were met by the triphenylphosphine-carbon tetra
chloride reagent.9 Although the reaction of l-tert- A
butyl-3-azetidinol (3) was very sluggish (3 days at J  \ ^TT̂ t
76° compared to 10 min for unstrained alcohols9), /eri-BuN CH,0 c (
good yields (1, 69-72% ) were realized. The reaction 6
was unexpectedly complex, two minor products being qq,e synthesis of l-ferf-butyl-2-cyanomethylaziridine 
formed (eq 1). An isomer of 1 formed in 1-4%  yie (7) involved an unstable mesylate which was sensitive to

□ OH I------- 1 Cl elimination.14 4- tert - Butylamino - 3 - hydroxy butyroni-
| + trile, prepared from the aminochloropropanol10 and

pkP.ccis R T ------1 cyanide (alkali), was mesylated and cyclized. A
, mixture of three isomers was isolated (eq 4). The

3 1
OH“

<eri-BuNHCH2CHOMsCH2CN -----*■

fert-BuN— ^CH2C 1+ iert-BuNHCH2CHClCH2Cl (1)
4 iert-BuNHCH2CH=CHCN +

2 8 

was identified as chloromethylazindine (2), and an
unstable dichloro amine proved to be terf-butyl-2,3- ie>rf-BuNHCH=CHCH2CN +  ieri-BuN-— ^  CH2CN (4)
dichloropropylamine (4). These secondary products 7
are considered below. 3-Chloro-l-cyclohexylazetidine

(4) J. C. Martin and D. J. Anderson, Abstracts, 139th National Meetin, tWO m a jo r  P ro d u cts  W ere th e rm a lly  ^ S t a b l e  and
of the American Chemical Society, St. Louis, Mo., March 1961, p o-3i. resimfied rapidly in air. The nmr spectra ot several
See also, e . p. Adams, k . n . Ayad, f . p . Doyle, d . o. Holland, w. h . mixtures were consistent with 4-£er£-butylamino-2- (8)
Hiinter, J. H. C. Nay’e  ̂ and A. Queen, J .  Chem. Soc., 2665 (196°); M. -3 -b u ten O n itrileS  (9 ). T h e  th ird  iso m er, th e
Sander, Monatsh. Chem., 96, 896 (1965). M '

(5) W. J. Gensler and W. R. Koehler, J .  Org. Chem., 27, 2754 (1962).
(6) H. G. Richey, Jr., and D. V. Kinsman, Tetrahedron Lett., 2505 (1969). (10) V. R. Gaermer, ibtd 23 2123 (1967) 0 0 5 8 6 9 1
(7) T. Chen, T. Sanjiki, H. Kato, and M. Ohta, Bull. Chem. Soc. Jap .. (11) J. Smrt, J  BerAnek and J. Sicher, U. S. Patent Patent 2 958,691

40,2401 (1967), described l-ferf-butyl-3-tosyloxyazetidine and the normal (1960), and K. Okawa, T. Kinutam, an . a - i, . • ' ^
displacement by cyanide. Our work on tosylates was discontinued when we 41, 1353 (1968), described cyclization of sulfonate esters of serine and threo
became aware of this study and of the work of Deyrup and Moyer,» who nine to aziridine derivatives.
also prepared chlorides 1 and 2 by displacements on the tosylates. (12) V. R. Gaertner, J .  Org. Chem., , ( ) ■

(8) V R Gaertner J  Org Chem., 32, 2972 (1967); Tetrahedron Lett., (13) V. R. Gaertner, J .  Heterocvd. Chem., 6, 273 (1969;.
4691 (1966)'. (14) I. Photaki, J .  Amer. Chem Soc, 8S, 1123 (1963), described mesyloxy-

(9) J. 3 . Lee and I. M. Downie, Tetrahedron, 23, 359 (1966). amino acid elimination.
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.j . Scheme I

n “
1 — » iert-BuN--------1 — >• fert-BuNHCH(CH2NH-iert-Bu)2

t.,„A/\t, _jJ\ lu— __—w/hJ iiL î
[ier<-BuNHCH2CHClCH2NH-ieri-Bu]

--------------------- i-----------------------î-----------------------i--------------------- ^  A
" "  6 2 iert-BuN------- x CH2NH-to-f-Bu\

Figure 1.— 60-MHz nmr spectra for l-ierf-butyl-3-chloroazeti- U  j2
dine (1) and l-ieri-butyl-2-chloromethylaziridine (2), in deuterio- [>)-i-BuNHCH(CH2Cl)CH2NH-iert-Bu]
chloroform.

, . , . . . .  J detected in the reaction mixture because both re-
desired aziridine (7) was easily isolated by distillation cyclized t() the aziridine amine 12) which was in turn
after thermal résinification of the butenomtnles. reopened to form 10. In the presence of anhydrous

Isomeric azetidines and aziridmes were characterized sodium carbonate, the expected azetidine amine 11 was
definitively by nmr spectra. Figure 1 illustrates formed al with 10 under these conditions 2 gave 
typical features. In addition to the ¿erf-butyl singlet only 10. However, when the reaction was conducted
at about r 9 or other usual M-alkyl peaks, the 3-sub- in a horizontaUy rotated bomb with a rolling bar to
stituted azetidines showed two broad triplets (often cmgh the sodium carbonate and continuously neutralize
with further minor splitting) due to the ring methylene the hyd chloride of reaction, ! gave exdusiveiy
protons and downfield a broad pentuplet from the 3 dmmine n  d no triarnine, * .* , exclusively chloride
proton. The chemical shifts were little different from displacement and no azetidine ring opening. Sim-
those in related stramless heterocycles üariy, 2 gave diamine 12 by displacement, but aziridine

However, aziridine ring-proton multiplets appeared clea wag not co letely suppressed and
at much higher field (r 8-9). Also the substituted triamine formed slowly from diamine 12. These
methyl protons appeared downfield (r 5-7) as double reaction conditiong were employed to assure the
AB quartets or collapsed equivalents Analysis of abgence of ri { in azetidine isomerization
mixtures involved nmr and vpc methods. Double studies (wvje i n fra\
titration in acetic acid with anhydrous hydrogen Hydrolysis of /3-aminoalkyl chlorides is typically 
bromide and with perchloric acid gave a good estimate gNl and ma iye rearranged products ma aziridinium
of the aziridmes present in mixtures The difference cationg Chloroazetidine 1 hvdrolyzed to the 3-azeti-
between the 2 titers was due to aziridine cleavage by dinol (3) ag the onl monomeric product found; and
H Br; azetidines are not cleaved. Aziridmes opened chloromethylaziridine (2) gave both 3-azetidinol and
more slowly than epoxides. the aziridinylcarbinol (13) in a 3 :1  ratio (eq 5).

Nucleophihc Displacement Reactions.—The be
havior of chlorides 1 and 2 provided evidence for A.
reaction paths ranging from tightly bound Sn2 com- 2 3 + tert-nJ— i  CH20H (5 )
plexes to relatively free rearranging cations. The 13
complication of ring cleavage was foreseeable in dis- 5
placements with aziridines,15 but the unexpected ease Kinetics of chloride solvolyses in 50%  aqueous 
of azetidine opening was the subject of a parallel ethanol were complex, but specific rate constants could 
investigation.13 be estimated from the first 10-25%  of reaction with

Simple displacements occurred when both chlorides adequate accuracy to support qualitative conclusions
were treated with good ionic nucleophiles under on relative reactivities. The values for the chloro-
alkaline conditions. This result was observed with azetidine were 0.14 h r a t  35.0° and 0.50 h r-1 at
sodium methoxide in methanol, sodium ferf-butyl- 50.0°, and for the chloromethylaziridine about 0.016
mercaptide in methanol, potassium teri-butoxidc in hr-1 at 70.0°. These data and those of Deyrup and
butanol, and ferf-butylamine in aqueous alkali. The Moyer3 for the tosylates are consistent, but the order
structure of the product corresponded exclusively to of reactivity is the reverse of comparable data for
that of the starting chloride, ring cleavage being cyclobutyl and cyclopropylcarbinyl chlorides.16 In-
negligible. I t  is noteworthy that the three bulky deed 1 and, especially, 2 are apparently at most a
reagents, intended as probes for an ionic equilibrium few orders of magnitude more reactive than acyclic
which could be shifted by a large steric requirement of secondary and primary alkyl chlorides, respectively,
the nucleophile, revealed no such effect. Cyanide ion gave the same nitrile, l-ferf-butyl-3-

Initially, ferf-butylamine in excess gave the same cyanoazetidine7 (14), from either 1 or 2 (eq 6), the 
compound from either the chloroazetidine or the chloro-
methylaziridine. The nmr spectrum and other data I I
indicated that the product was the acyclic triamine 10. I____
The first cleavage products (Scheme I, in brackets) were 1 *" tert'BuN “<"Q~ 2 (6)
undoubtedly chlorodiamines which could not be __________  14

(16) J. D. Roberts and R. H. Mazur, ibid., 73, 2509 (1951). At 50°, 
(15) D. H. Powers, Jr., V. B. Schatz, and L. B. Clapp, J .  Amer. Soc., data for the chlorides were: cyclobutyl, 0.017; cyclopropylcarbinyl, 0.45; 

78, 907 (1956). allylcarbinyl, >0.0005 hr-1.
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second example of ring expansion. The purified cleavage and reclosure sequences initiated by hydrogen
nitrile from 2 contained an unstable isomer (probably chloride from, the autodehydrochlorination of the
elimination products 8 and 9) but no cyanomethyl- starting chloride.
aziridine (7). To determine whether cations I  and I I  (for example)

The acetolysis of chlorides 1 and 2 did not involve participated in ionic isomerization concomitantly
ionic intermediates importantly, because acid-catalyzed with the above cleavage-recyclization, we employed
ring opening intervened. The major reaction paths are the conditions under which no ring opening occurred
summarized in Scheme I I . with 1, even with the powerfully nucleophilic amines

in excess. Chloroazetidine (1) still slowly isomerized to 
Scheme II chloromethylaziridine (2). Although 2 did not gen-

□  0Ac erate 1 under these conditions, catalysis by potassium
iodide in acetonitrile did promote the reverse reaction, 

iert-BuNHCH2CHOAcCH2OAc giving up to 0 .7 %  of 1. No dichloro amine or any
4 15 18 other product of cleavage was detected. True re-

'  versibility was not attained.
1

\  A  Discussion

[ieri-BuNHCH2CHClCH2OAc] — >- feri-BuN------A CH,OAc Clearly l-ieri-butyl-3-ehloroazetidine (1) and, es-
16 6 pecially, l-ieri-butyl-2-chloromethylaziridine (2) are

2 among the least reactive /3-aminoalkyl chlorides known.
\  1 Their chemistry contains contradictory elements which

[ieri-BuNHCH(CH2Cl)CH2OAc] —  ieri-BuNHCH(CH2OAc)2 a successful formulation of cationic intermediates must
reconcile.

17 19 Qualitatively, preferential formation of azetidines
from both chlorides ip nucleophilic displacements is 

Direct displacement on 1 gave the azetidmyl acetate understandable in terms of aziridine ring strain relief. 
15, after incomplete reaction, along with the unstable Qn jiand) the more strained aziridine ionized
chloro acetate 16, isolated as the impure free amine. the more slowly. Thus, ionization is not appreciably 
Exhaustive reaction produced only 1,2 and 1,3 dr- concerted with strain relief.
acetates 18 and 19, in a 1 .1  ratio, from cleavage of Both ring contraction and expansion were observed 
1518 and 6, respectively. The latter conversion was j n ionjc isomerization. Similar reactions occur in
confirmed separately, a small amount of 1,2 diacetate relatively strainless systems,18 but the present case is 
also being formed. exceptional in that contraction increases ring strain.

The reaction of chloromethylaziridine (2) involved This ig apparently the first instance of azetidine
ring opening17 to chloro acetate 17 (also isolated, as an isomerization to an aziridine.
impure hydrochloride), which cychzed to 6 more The simple 3. azetidinyl carbonium ion (I) cannot 
rapidly than did chloro acetate 16. explain the rate data for 1. A nonclassical carbonium

Isomerization.—The presence of chloromethylazir- ion of the cyciobutyl type2 might rationalize the
idine (2) in chloroazetidine (1) suggested that partial reactivity of 1 to a degree, but this idea does not fit
isomerization occurred either during displacement or by the siuggishness of the more strained 2. The aziridine
isomerization. The amount of 2 increased with ex- ring.strain energy (14 kcal/mol;19 cyclopropane, 25
tended reaction times, at the expense of 1. Isomeriza- kcal) is clearly too small to give rise to nonclassical
tion of 1 proceeded in either carbon tetrachloride or jons, and the unknown azetidine ring strain energy is
acetonitrile even in the absence of triphenylphosphine. surely even smaller.
The conversion of 3 to 1 and the isomerization of either gteric activation of the chlorine at C-3 in 1 may be 
1 or 2 were accompanied by formation of a third un- considered. Steric interaction between N and 3
stable compound shown to be dichloro amine 4 (eq 7). substituents across the puckered azetidinium ring has

d e ip a  b een  in vok ed  to  exp lain  in creasin g ly  n e g a tiv e  en trop ies
l or 2 — > ¿eri-BuNHCH2CHClCH2C l------- > 2 + 1 (7) 0f cyclization.12 However, feri-butyl and chloro groups

4 were not bulky enough to exhibit the effect.
Experiments indicated that 4 was formed from either , The intermediacy of the 1-fer+butyl-l-azabicyclo-
1 or 2 by addition of hydrogen chloride. An added butomum2» ion (III)  accounts satisfactorily for the
acid scavenger, such as diethylisopropylamine reactivity of 1 (or the t o s y a e ) .  nc lmenc as
(D EIPA ), partially cyclized 4 to a mixture of 2 and 1 sistance of ionization by the nitrogen lone pair is
in a 10:1 ratio. Aziridine 2 was more stable but f™ e d <  m the mast probable conformational isomer
slowly isomerized to 1. Similar equilibrium mixtures Wlt a ? uc. ere rm§> y a j s ° r en6j
were obtained by heating either 3-chloro-l-cyclo- N -C-3 distance, a very basic and presumably strongly
hexylazetidine or 2-chloromethyl-l-cyclohexylaziridine (18) (a) j. F. Kerwin, g. e . uiiyot, r . c. Fuson, and c. l. zirkie,
in  acetonitrile. C le a r ly  these “ e q u ilib r ia ” Were at- Amer. Chem. Soc., 69, 2961 (1947); E. M. Schultz and J. M. Sprague, ibid., 
, • i j i i • i i i 70. 48 (1948): R. C. Fuson and C. L. Zirkie, ibid., 70, 2760 (1948). (b)
tamed at least in  part by a reversible series of ring See E.M . Fry, J .  Org. Chem., 30, 2058(1965), and references therein.

(19) R. A. Nelson and R. 8. Jessup, J .  Res. Nat. Bur. Stand., A, 48, 206 
(17) This cleavage was originally overlooked1 and the specific rate con- (1952). 

stant for appearance of chloride ion was erroneously assigned to solvolysis (20) A. G. Hortmann and D. A. Robertson, J .  Amer. Chem. Soc., 89,
of 2. The acetolysis constant given for 1 is also incorrect because 1 gave 5974 (1 9 6 7 ), synthesized an example of the uncharged ring system.
6 by ring opening and recyclization, not by direct rearrangement. Acetoly- (21) R. L. VanEtten, personal communication, X-ray crystallographic
sis and recyclization of 16 simulated simple first-order kinetics. results on L-azetidine-2-carboxylic acid.
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Scheme III  The present evidence does not permit a conclusive
. ^ c h o i c e  between C-2 attack on I I I  and the stabilized I I  

:*=±: in equilibrium with I I I .

la  Id Experimental Section24

|| l-ierf-Butyl-3-chloroazetidine (1).— l-terf-Butyl-3-azetidinol,8
+ (3, 37.0 g), and 84 g of triphenylphosphine in 700 ml of carbon

V 2 y 2 tetrachloride was stirred and heated under reflux for 3 days
as a solid separated. The cooled mixture was filtered, and the 

fm./.R'iN "* ferf-BuN^^^^ filtrates were extracted with excess dilute sulfuric acid, and then
”  washed with water. The combined aqueous extracts were cooled

2a II with ice, made strongly alkaline with 50%  sodium hydroxide
solution, and extracted with ether. Drying (M gS04) and distil
lation gave 29.3 g (69% ) of chloroazetidine (1): bp 6 3-64°  

nucleophilic nitrogen.22 and a relatively exophilic (25 mm); 45-46° (10 mm); n 25d 1.4475; nmr (see Figure 1)
secondary chlorine. Cation I I I  would be expected, as « “ P* l  »-0 -H7 V !'50 iI 6of 0 w>

, , , , , i i •, , n  o u i f  +v, 7.36 l, 7.65 w, 7.96 i, 8.13 i, 8.22 i , sh, 9.1 m, 9.24 m, 10.18 m,observed, to add nucleophiles at C -d by cleavage of the n  52 m 12 53 w 15 4 i  ̂ 25
long weak cross-ring bond, on the basis of both hetero- A n a l ’. Calcd for C,H 14C1N: C, 56.94; H, 9 .56 ; Cl, 24 .02 ; 
cyclic4’6 and bicyclobutane23a chemistries. N, 9 .49 ; amine neut equiv, 148. Found: C, 56.73; H , 9 .35 ;

The simplest pathway for the ring-expanding re- Cl, 24.25; N, 9 .62; amir.e neut equiv 148.
actions of chloromethylaziridine 2 involves ionization- ,T.̂ .S product contained usually about 1% of chloromethyl- 

, -r-r-r mi , , .  , . , „ „ azindme (2), which could be removed by heating with an equal
rearrangement to III . The relative sluggishness of 2 volume of acetic acid at 50° overnight and reisolating pure l
suggests that ionization to III , if it occurs directly, (vpc, column C, 130°); constants were unchanged,
gains little driving force from rearrangement, however. Longer heating (6 days) gave another higher boiling unstable 
This may be a result of a long N - C H 2 distance in 2 a  oil (VPC> column B , 130°, decomposing to 2) which was isolated in
and of the facts that aziridine nitrogen is less basic22 and up to “ % yiel?f by 1b^ifying the iced acidic extracts with aque-

. . .  . .. .. . ous sodium carbonate solution. Distillation gave, after collect
primary exophlles are less easily displaced. Jng J containing up to 4%  2, ier£-butyl-2,3-dichloropropylamine

Isomerization of 1 v ia  I I I  requires nucleophilic attack (4): bp 51° (2 mm); n Ko  1.4567; nmr r 8.9 (s, ierf-bu), 6 .9 -
at C-2 of I II . The closest precedent for this step in 7.1 (m, CH2N ), 5 .6 -6 .2 (m, CHC1CH2C1). I t  could not be
heterocyclic chemistry involves openings of the 1-azo- obtained completely free of:2; crystals separated upon standing.

• , • i ro 1 o n . + ish * 1 • 1 ,1 1 A nal. Calcd for CvHisChN: C, 45.66; H , 8 .21; Cl, 38.52;
mabicyclo[3 .1 .0 jhexane s y s t e m '»  m which attack N , 7 .6I ;  amine neut equiv, 184. Found: C, 46.40; H, 8 .25 ;
may occur at both the more- and the less-substituted Cl, 37.41; N ,7 .4 4 ; amine neut equiv, 187.
carbon atoms. This system falls far short of I I I  in Dichloro amine 4 (0.79 g) was also obtained from 5.9 g of 2 
ring strain energy, however. by heating with 0.2 g of triphenylphosphine in 10 ml of carbon

A second possibility which avoids C-2 attack on tetrachloride at 80° for 8 days. The complex multiplets were
TTT f .  ,  .  , IT . , . identical for samples from the two sources.
I l l  is ionization of 2 to II, the primary carbomum s-Chloro-l-cydohexylazetidine.-From  l-cyclohexyl-3-azeti-
ion.23 Rapid ionic isomerization, I I  I I I , and dinol8 (12.0 g) was similarly obtained 6.6 g (49%) of the chloride: 
recombination of either cation would account for bp 62-63° (1 mm); 1.4837; nmr t 7.7-9.1 (m, cyclohexyl), 
interconversion, 2 ?=± 1, and for the rearrangements of 2 . 6.7-7.0, 6.1-6.4 (basically triplets further split, ring CH2), 5.4-
Cation I I ,  although it should presumably be less stable f ,7 (pf;nt'up|,et;  (fH,C,I)- A ,trace °f ,th e  chloromethylaziridine

’ . J? TTT - 1 , 1  (below) was detected (vpc, column B , 150°).
thermodynamically than I I I ,  might be more stable A n ai. Calcd for C9H 16C1N: C, 62.24; H, 9 .29 ; Cl, 20.33; 
than a simple primary carbonium ion by reason of N .8 .0 7 . Found: C, 62.02; H ,9 .2 5 ; Cl, 20.62; N, 7.91.
“internal solvation.” In  this view, I I  carries partial l-ier^Butyl-2-chloromethylaziridme (2).— Crude 1-iert-butyl- 
single bond character between nitrogen and the exo- amino-3-chloro-2-propancl10 (79.1 g from 0.5 mol each of tert-
cv clic  carb on ium  carb on  ato m  sim ilar to  and noaaiblv butylamme and epichlorohydrm), which had been freshly pre-cy clic  carb o n iu m  ca rb o n  a to m  sim ilar to , a n d  p ossib ly  pared and earefully freed of starting materials by rotary evap-
stronger than, that of a polar ionizing solvent. _ _ oration at 20° (2 mm), was dissolved in 250 ml of ethanol-free

Experimentally, formation of chloromethylaziridine chloroform. The solution was cooled to 0- 10° and treated suc-
(2 ) from 1, counter to ring strain, is undoubtedly cessively with 71 g of anhydrous pyridine, 36.0 g of methane-
detectable only because, under these isomerization sulfonic acW (75%  of theory for salt formation) and then drop-

j . . .  „ . , ,  , , , ,, , . wise with 5i .3 g ot methanesulfonyl chloride. After being stirred
conditions, 2 IS the more stable thermally and ionizes as the ice bath melted overnight, the slurry was poured into excess
the more slowly. Many ionization—recombination ice and water. The mixture was shaken and treated with 10%
cycles, each leading to a trace of 2 , yield measurable sodium carbonate solution in small portions until the pH was
amounts of 2 . I t  is not surprising that 2 did not give about 8 ’ in the Presence of if;e. All solids dissolved. The cold
1 detectably; 1 resinified preferentially under these ^loroform layer was dned (M gS04) in a  10° water bath The

L,, „ , aqueous layer was again extracted with chloroform and the ex-
conditions. I  he stabilities of 1 and 2 were reversed tracts were added to the drying solution.
in the presence of potassium iodide, and the formation ---------------
of 1 from 2 became observable, but 1 did not appear to J f L i S ?  S  “ ".‘ i t ! «
y 161(1 for the S3,me reasons. B, 2 m x 0.25 in., 10% neopentyl glycol succinate on 30—60 mesh acid-

washed Chromosorb W; C, 28 ft X Vi6 in., 1% silver nitrate and 18% 
Carbowax 20M on 30-60 mesh Chromosorb W. Toluene or xylene was

(22) Reviews: (azetidines) J. A. Moore, in “Heterocyclic Compounds the vpc standard; areas were measured by a disk-integrated recorder on
with Three- and Four-Membered Rings, A. Weissberger, Ed., Part Two, a F & M Model 700 chromatograph (thermal conductivity detector, helium
Interscience, New York, N. Y., 1964, pp 885—977; (aziridines) P. E. Fanta, carrier). Nmr spectra were run in deuteriochloroform with internal tetra-
ibid., Part 1, pp 524-575. methylsilane as reference on the Varian A-60 and T-60 spectrometers.

(23) (a) Review: K. B. Wiberg, Rec. Chem. Progr., 26, 143 (1965). (b) Integrations supported the assignments. Pressure reactions were con-
In addition to the generally accepted delocalized benzyl, allyl, and cyclo- ducted in 100- or 20-ml stainless steel or glass vessels. Some data are based
propylcarbinyl primary carbonium ions, support has also been advanced for on composites of several experiments. Elemental analyses were by Gal-
simple unstabilized examples; see E. S. Gould, “Mechanism and Structure braith Laboratories, Knoxville, Tenn.
in Organic Chemistry,’ Holt, Rinehart and Winston, New York, N. Y., (25) Infrared spectra were of little value in distinguishing isomers. Data
1959, p 254. for 1 and 2 are presented: i, intense; m, medium; w, weak; sh, shoulder.
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The cold filtered chloroform layer was concentrated below 15° l-ierf-Butyl-2-cyanomethylaziridine (7).— The above nitrile
(2 mm); the crude mesylate was unstable at 25°, warming spon- (20.2 g) was mesylated as described for the preparation of 2,
taneously and lowering the yield. The cool mesylate was and the crude mesylate was isolated below 10° and added to iced
promptly added to a stirred cold solution of 53 g of N a2C03 carbonate-diethylenetriamine solution and stirred to 20° over-
and 10 g of diethylenetriamine (a scavenger for epoxide impuri- night. A mixture of three isomers was isolated and kept in a
ties) in 400 ml of water in an ice bath. Stirring was continued nitrogen atmosphere, 7.6 g (42% ), bp 65-72° (2 mm). The
overnight as the ice melted. Ether extraction, drying (MgSOi), cuts ranged from 76 to 87 area %  of the unstable overlapping
and distillation (persistent foaming) gave isomerically pure (vpc, major peaks (column B, 150°). They resinified rapidly in air.
column C, 130°) chloromethylaziridine (2 ): bp 47-48° (10 mm); Analysis of the last cut and the nmr spectrum were consistent with
40.6 g (55% ); n26D 1.4454; nmr (see Figure 1) except t 9 .0  (s, 50 mol % 4-ferf-butyIamino-2- and 40 mol % -3-butenonitrile
¿erf-bu); ir (neat) 3.38 i, 3.49 m, sh, 6.82 m, 6.90 m, sh, 6.94 m, containing 13 area % of the cyanomethylaziridine 7 (10 mol % ):
7.00 m, 7.22 m, 7.36 i, 7.93 i, 8.12 i, 8.32 i, 9 .1 -9 .2  w, 9.78 m, nmr t 9 .0 , 8 .9 , 8 .4  (3 s, ierf-bu), 8 .3 -8 .6  (m, CH2N ), 6 .6- 6.8
9.97 w, 10.16 m, 10.73 w, 11.40 w, 12 .19m , 12.3-12.5 w, 13.8 m, (4 main lines, CH2CN ), 4 .0 -4 .6 , 3 .0 -3 .7  (m, C H = C H ).
15.02 i. m 25 A n al. Calcd for C8H „N 2: C, 69.45; H, 10.21; N, 20.27.

A nal. Calcd for C ,H 14C1N: C, 56.94; H, 9 .56 ; Cl, 24.02; Found: C, 69.39; H, 9 .98 ; N, 20.15.
N, 9.49. Found: C, 57.11; H, 9 .50; C l,24 .06 ; N, 9 .46. Further, 24.C g of hydroxynitrile was mesylated (7%  excess

The amine neutralization equivalent was satisfactory (Calcd: methanesulfonic acid, 60%  excess mesyl chloride, e tc .), and the
148. Found: 150.) when measured with perchloric acid in crude mesylate cyclized as usual. The crude product mixture
acetic acid, but was halved when determined with anhydrous was heated for 2 days at 70° and distilled and 1.40 g (7% ) of 7
hydrogen bromide in acetic acid (Found: 76.), due to the ring collected: bp 59° (2 mm); nmr t 9.0 (s, ¿erf-bu), 8 .3 -8 .6  (4
opening by H Br. To avoid overheating the sample can be added lines, CH2N ), 7 .9 -8 .3  (m, CH N ), 7 .5 -7 .7  (4 lines, CH2CN).
to frozen glacial acetic acid, treated with excess H Br in HOAc, A nal. Calcd for C8IIhN2: C, 69.45; H, 10.21; N , 20.27.
allowed to stand 15 min to complete the cleavage, and back- Found: C, 69.55; H , 10.22; N, 20.01.
titrated with standard NaOAc in HOAc. The aziridines of this l-ieri-Butyl-2-iert-butylammomethylaziridine (12).— 1,3-Di-ferf-
work, and aziridine itself, reacted similarly. The present aziri- butylamino-2-propanol,10 28.2 g, was mesylated and cyclized 
dines were stable to dissolution in 10%  aqueous HC1. Crystal as usual: 14.5 g (52% ); bp 59-60° (4 mm); nmr t 9 .0  (s, tert-
violet was a convenient indicator for titrations in acetic acid. buN), 8.9 (s, ierf-buNH), 7 .9 -8 .8  (m, 3 ring protons), 7 .3 -7 .5
Azetidines were not cleaved by H Br at 25°. (two broad peaks, CH2N H ).

1- tert-Butylamino-3-chloro-2-propylsulfuric Acid Inner Salt.—  A nal. Calcd for CnH 24N2: C, 71,68; H, 13.12; N, 15.20.
Distilled l-ierf-butylamino-3-chloro-2-propanol10 (78.3 g) in Found: C, 71.72; H , 13.14: N, 15.11.
800 ml of carbon tetrachloride was stirred and treated dropwise Reactions of Chlorides 1 and 2 with Nucleophiles. 1. Hy-
below 10° with 31.7 ml of chlorosulfonic acid. The gum which drolysis.— The chloride (3.00 g) was heated and rotated in a
separated slowly crystallized and was stirred overnight. Evolu- go° oven for 6 days with equimolar 10%  aqueous sodium carbo-
tion of HC1 was completed by heating at 40° for 6 hr. Cooling, nate soiuti0n. The isolated product mixture was analyzed on
filtration, and drying in  vacuo gave 116 g (99% ) of colorless salt. columns A and B . The best results, with least tailing, were ob-
Several recrystallizations from 80 :2 0  ethanol-water gave the tained on column A at 100° using the trimethylsilyl ethers pre-
puresalt, mp 232-233° dec (placed in bath at 220°). pared on the 5-10-mg scale with T R I-SIL (Pierce Chemical

A nal. Calcd for CiHjeClNOjS: N , 5.70; S, 13.05. Found: q 0 .( Rockford, 111.). From chloroazetidine (1) only 1-tert-
N , 5.70; S, 13.45. butyl-3-azetidinol (3) was obtained in 16%  yield. Three minor

Cyclization with aqueous KOH26 gave only a 3%  yield (vpc) high boiling impurities were present but no aziridinylcarbinol. 
of impure ¿erf-butylcdloromethylaziridine (2). Chloroaziridine (2) gave both the azetidinol (11%  yield) and

2-Chloromethyl-l-cyclohexylaziridine.—From 41.2 g of 1- i .<ert-butyl-2-aziridmylcarbmol (4 .4% ). The vpc analyses were
chloro-3-cyclohexylamino-2-propanol27 was obtained similarly confirmed by nmr.
20.1 g (54% ) of the aziridine: bp 66-67° (2 mm); « “d 1.4814; Jn 5 0 . 50 . aqueous ethanol, specific rate constants were
nmr r  8 .0 -8 .9  (m all ring protons) 4 .2 -4  9 (m, CHsCl). determined by titration of aliquots with 0.1 N  silver nitrate

A nal Calcd for C9H I6C1N: C, 62.24; H, 9.29 Ch 20.41, (HN0|). For the chloroazetidine (1), k ^ ° °  was 0.135, 0.146,
N, 8.07: amine neut equiv, 174. Found. C, 62.00, H, 9 .28 , and 0 130 h r“1 in three runs, but the first-order plots were linear
Cl, 20.33; N , 8 .18 ; amine neut equiv, 177. through only 11-15%  reaction. A 50.0°, the constant was 0.50

The modified Wenker synthesis, via amine hydrochloride,25 h r_1 a&n(J addition of x vol %  af triethylamine gave a value of 0.79.
gave a 3%  yield (vpc, column B , 140°) of this aziridine. (Deyrup and Moyer found no effect on the tosylate hydrolysis

2- Acetoxymethyl-l-fert-butylaziridine (6).-l-A cetoxy-3-<erf- ^  ^  triethylamine addition.5) 3-Chloro-l-cyclohexyl-
butylamino-2-propanol,'5_ 19.9 g, was mesylated and cyclized azetidine gaverates 0f 0.087 and 0.086 hr“7 at 35.0°.

0r ? i L at 0-10  n ' T  5/ L  h i328° l i s bfiP (45 fitfes C in s n ’ The chloromethylaziridine (2 ) hydrolyzed too slowly to mea-
7 9D8 3 fm V e i l )  7 95 is CH CO) 5 7 6 f  (ovellapping quai- sure accurately by the above method but the initial constant at' nTTA. 7,95  ’ 5,7 b*4 (overlapping quar Q0 ^  about 0 016 ^ - 1. tbe piots were linear up to about
tets, CH2OAc). , nC7 ..

A n al. Calcd for C9H17N 0 2: C, 63.12; H, 10.01; N , 8 .18 ; iU/oreaction. . . .  n  , x
, - 1 7 1  p aq. tt q qq. tsj q qi . 2. Potassium Cyanide.—The chloroazetidine (1, 1-ob g)

amme neut equiv,1 7 1 .  Found. C, 63.03, H, 9 .93, N, 8 .31 , and 6.5 g of KCN in 10 ml of acetonitriie were heated in the bomb

“ XyW -hydroxym ethylaziridine (13).- T h e  acetate, 6, at 100° for 18 hr when no 1 remained (vpc).

« b S  “ l  % s  ¡ n : p x (solidified: mp 31 -3 2 °; nmr r  9 .0  (s, tert-bu), 8.4-8.P  (d lines, v* > . . . . .  „„h 7007 „¡pin ivncl The
ptt xn  i s s n  I'm PTTNn fi 3-fi fi ft CH,OHl the same nitnl3 m 27%  conversion and 79 /0 yield (vpci- ineCH2N ) 7.8 8 .3 (m CHN) 6.3 6^6 (t CH2C )• d jr tra were id3ntical with those of the compound

A nal. Calcd for C,H I6NO. C 6o.07, H, 11.70, N, 10.84. ^  ^  tosylate as described by Ohta ci a V  No

^'XiCTi-Butyfamin'o-S-hydroxybutyronitrile.—A solution of 150.5 aziridine was detected in either nuxtiare. Sim:dar'
g of crude ieri-butylaminochloropropanol“ (from 1.00 mol of results were obtained hafnow been shown by vpc on
amine and epichlorohydrin) in 100 ml of ethanol was added with identified as chloroazetidine ( I ) .| ^ .n o w  been shown byvpcM,n
stirring during 2 hr to a solution of 97.5 g of potassium cyanide in another column (C, 13C ) and by nmr to be 1 tert butyl
250 ml of water and 300 ml of ethanol. After stirring another 5 thoxymethylazindine (be ). . x 49
hr, the mixture was treated with 50 ml of 50%  NaOH solution, 3. Sodium ¿ert-Butylmercaptide.-Ghloroa ® ^ m e (1) 1.49
extracted with ether, dried (K,COs), and concentrated. The g, m 4 ml of methanol containing 4.86 meq of sodium “ ethoxide
residua] oil crystallized from ethanol: 44.3 g (28% ); mp 7 5 -7 6 °; was treated whh 0.90 g of ^  7\

r r H ™ ? '  “ •b0>' 7 ” '5 (m > o h -c h o h c h -c n > '5 M -3 a ? S K S T S i
A nal. Calcd for C8H I6N 20 :  C, 61.51; H , 10.32; N, 17.93. 8 .7  (s, tert-buS), 6 .2- 7.0  (nu ring protonsb T w o jin o 7 im-

Found: C, 61.37; H, 10.75; N, 17.73. purities persisted (vpc, column B , loO ), but neither was
aziridine.

(28) R. C. Elderfield and H. A. Hageman, J .  Org. Chem., 14, 605 (1949). A n al. Calcd for C 11H 23N S. C, 65-6R H,
(27) J- B. McKelvey, B. G. Webre, and E. Klein, ibid., 24, 614 (1959). S, 15.92. Found: C, 64.89; H , 11.49, N , 7.33, b, lb.DO.
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Pure l-Zerf-butyl-2-Zerf-butylthiomethylaziridine was formed A solution of 3.7 g of 1 and 5.1 g of silver tetrafluoroborate
from 2 in 73%  yield: bp 52-54° (1 mm); nmr t 9 .0  (s, tert- (Ozark-Mahoning Co., Tulsa, Okla.) in 10 ml of acetonitrile
buN), 8 .7  (s, ¿erf-buS), 8 .0 -8 .6  (m, ring protons), 7 .3 -7 .6  (m, was cooled and treated with 19 g of dimethylamine, then sealed in
CHjS). the bomb and heated at 75° for 20 hr. Evaporation and dis-

A n al. Calcd for C„H23NS: C, 65.61; H, 11.45; N , 6 .96; solution in water, filtration, addition of excess 50%  alkali and
S, 15.92. Found: C, 65.57; H, 11.46: H, 7 .03; S, 16.17. filtration, ether extraction, drying over NaOH pellets, and con-

4. Potassium Zerf-Butoxide in ¿erf-Butyl Alcohol.—In a nitro- centration gave the crude amine. I t  was precipitated from acetic
gen-filled glove bag, 5.9 g of 1 in 10 ml of anhydrous ¿erf-butyl acid as the diperchlorate salt, which did not melt, but decom-
alcohol and 4.2 g of ¿erf-buOK (MSA Research Corp., Evans posed at 210-225°.
City, P a .) were sealed in a 20-ml bomb. After being rotated in A n al. Calcd for C9H22C12N20 8: C, 30.26; H, 6 .21 ; Cl,
a 70° oven for 11 days, water and ether were added. After a 19.85; N, 7 .84. Found: C, 30.43; H, 6 .27; Cl, 19.73; N,
forerun containing unchanged 1 (0.6 g, column C, 130°), 4 .7  g 7.84.
(64% ) of l-Zerf-butyl-3-Zerf-butoxyazetidine was collected: bp The free amine was obtained with alkali: bp 62° (10 mm);
56-58° (4 mm); nmr r  9 .0  (s, ¿erf-buN), 8.8 (s, ¿erf-buO), 6 .5 -7 .1  n^D 1.4384; nmr and ir spectra were identical with those of 
(m, ring protons), 5.7 (pentuplet, CHO). Ohta, el a l . ,a  via the tosylate.

A nal. Calcd for CuH 23NO: C, 71.27; H , 12.50; N, 7 .60. 7 . Acetolysis.— A mixture of 7.4 g of chloroazetidine (1)
Found: C, 71.22; H, 12.68; N , 7.64. and 9.8 g of anhydrous potassium acetate in 40 ml of glacial acetic

Similarly (6 days, 70°) 2 gave 49%  yield of isomer-free (vpc, acid heated at 100° in a bomb for 4 days gave tert-butyldiace-
column C, 150°) l-Zerf-butyl-2-Zerf-butoxymethylaziridine: bp toxypropylamines (7.9 g, 68% ), bp 85-87° (I mm), n'£‘D 1.4355.
35-36° (1 mm partial decomposition); nmr r 9.0 (¿erf-buN), A nal. Calcd for CuH2iNO<: C, 57.12; H, 9 .15 ; N , 6 .06 .
8.8 (s, ¿erf-buO), 8 .0 -8 .7  (m, ring protons), 6 .3-7 .1  (m, CH20 ) .  Found: C, 57.31; H, 9 .22; N, 6.02.

A n al. Calcd for CuH23NO: C, 71.27; H, 12.50; N, 7.60. The nmr and ir spectra were additive combinations for the 
Found: C, 70.42; H , 12.38; N, 8.29. ¿erf-butyl-1,3-diacetoxy-2-propyl- and -2,3-diacetoxy-l-propyl-

5. Sodium Methoxide in Methanol.— A solution of 3.00 g amines.13 The aminodiols obtained by alkaline hydrolysis
of 1 in 6 g of methanol containing 20 mequiv of sodium methoxide were present in equal amounts as indicated by nmr integration of
was heated at 100° for 6 days. Pure l-Zerf-butyl-3-methoxy- the two ¿erf-butyl singlets. This was confirmed by vpc analysis
azetidine (2.04 g, 71% ) was isolated: bp 45-46° (10 mm); vpc, of the trimethylsilylated diols (TRI-SIL, Pierce Chemical Co.,
column B , 90°; nmr r  9 .0  (s, ¿erf-bu), 6 .7  (s, CH30 ) ,  6 .4 -7 .1  Rockford, 111.) separated on column B at 125°.
(m, ring CH2), 5 .7 -6 .2  (m, CHOCH3). The 1,3-diacetate was separated by heating the mixed amines

A nal. Calcd for C8HnNO: C, 67.08; H , 11.97; N , 9.78. with equimolar acetic anhydride at 80° overnight. Distillation
Found: C, 67.40; H, 11.88; N, 9.70. gave ¿erf-butyl-1,3-diacetoxypropylamine (19): bp 89-90° (1

From chloroaziridine (2), after 4 days at 70°, l-Zerf-butyl-2- mm); w26d 1.4372; nmr r  8.9 (s, ¿erf-bu), 8 .0  (s, CH3CO), 6 .7 -
methoxymethylaziridme (88% ) was obtained: bp 41-42° (10 7.1 (pentuplet, CH N ), 5 .9 -6 .1 (2 d, 2CH2OAc).
mm); nmr t  9.0 (s, ¿erf-bu), 8 .3 -8 .8  (5 lines, ring CH2), 7 .9 -  A n al. Calcd for CuH2iNOi: C, 57.12; I i , 9 .15 ; N, 6 .06 .
8.3 (m, ring CH ), 6 .3 -6 .8  (m, CH20 ) ,  6 .7  (s, CH30 ) .  An im- Found: C, 57.10; H, 9 .64; N, 5.89.
purity persisted (vpc, column B , 90°); it was not an azetidine. Hydrolysis of the diester gave 2-Zerf-butylamino-l,3-propane-

A n al. Calcd for C8H 17NO: C, 67.08; H, 11.97; N, 9 .78. diol, crystallized from ethanol-hexane: mp 107-108°; nmr r
Found: C, 66.04; H, 11.70; N, 9.61. 8.9 (s, ¿erf-bu), 6 .9 -7 .3  (m, N CH ), 6 .4, 6.5 (broad lines,

6. ¿erf-Butylamine.— Either of the chlorides gave the same 2CH2OH).
triamine when heated at 100° for 24 hr with 100%  excess amine, A nal. Calcd for CjHnN 0 2: C, 57.11; H, 11.64; 0 ,2 1 .7 4 .
0.01 mol of chloride, 5 ml of acetonitrile, and 1.5 g of potassium Found: C, 57.25; H, 11.72; O, 22.00.
carbonate. The carbonate became caked during the reaction. A partial acetolysis run (3.00 g of 1, 60°, 20 days) was quickly
1.2.3- Tris-(Zerf-butylamino)propane (10), bp 71-72° (1 mm), worked up with iced carbonate solution and extracted with ether.
55-57%  yield, was a viscous oil: nmr t  8.9, 8.8 (uot resolved, 2 Rapid distillation gave 0.39 g of an unstable oil, bp 63-66° (1
s, ¿erf-bu), 7 .3 -7 .5  [two broad peaks, (NCH2)2C H N ]. mm). I t  contained (vpc, column B , 100-150°) 3-acetoxy-l-Zerf-

A nal. Calcd for Ci5H35N3: C, 69.98; H, 13.70; N, 16.32; butylazetidine,8 the diacetoxyamines 18 and 19, and a new chlo-
amine neut equiv, 86; mol wt, 257. Found: C, 69.92; H, rine-containing compound (75 area % ) decomposing on the
13.81; N, 16.40; amine neut equiv, 88; mol wt, 269 (osmomet- column to 2-acetoxymethyl-l-Zerf-butylaziridine (6). I t  was
ric, in benzene). impure (80 mol % ) 3-Zeri-butylamino-2-chloro-1-propyl acetate

Under milder conditions the above method gave a forerun (16): nmr t  8.9 (s, ¿erf-bu), 7.9 (s, CH3CO), 7 .0 -7 .4  (m, NCH2),
containing a diamine, along with the triamine. I t  was the sole 5 .8 -6 .1  (m, CHC1), 5 .5 -5 .7  (m, CH2OAc).
monomeric product when a similar mixture was heated at 70° A nal. Calcd for C9H I8C1N02: Cl, 17.07. Found: Cl,
in a horizontally rotated bomb containing a Teflon-coated mag- 13.77.
netic stirring bar which continually crushed the carbonate and The impure amine (16, 75 area % , 82 mg) and 65 mg of di-
maintained it in a finely divided suspension. After 10 days, isopropylethylamine in 2 ml of acetonitrile was heated at 60°
24%  of the chloride remained (1) and a 39%  yield of 1-Zerf-butyl- for 18 hr. Analysis (column A) indicated 38%  conversion to
3-Zerf-butylaminoazetidine (11) was isolated but no triamine acetoxymethyl-Zerf-butylaziridine (6).
was detected. The diamine had bp 59-60° (2 mm); nmr r  Acetolysis of chloroaziridine 2 (90°, 18 hr) gave only the 1,3-
9 .0  (s, ¿erf-bu), 8.9 (s, ¿erf-buNH), 7 .0 -7 .3  (m, ring CH2); 6 .2 -  and 1,2-diacetoxyamines, 19 and 18, in a 9 5 :5  ratio, determined
6.7  (m, ring CH2, CH N H ). by nmr and confirmed by selective acetylation and acid extrac-

A nal. Calcd for CnH24N2: C, 71.68; H, 13.12; N, 15.20; tion.
amine neut equiv, 92; mol wt, 184. Found: C, 71.44; H, Solutions of 2 made by adding it to partially frozen glacial
13.26; N, 15.28; amine neut equiv, 94; mol wt, 199 (benzene). acetic acid were unstable at 20°. A solution, which initially 

Similarly, ehloromethylaziridine (2) without the rolling bar required 1.98 mequiv of HBr-HOAc/'mmole, after 18 hr used
gave only the triamine 10. When the bar was used with 2, only 1.12 mequiv/mmol, but potentiometric titration with silver
after 12 days at 70°, analysis (vpc, column C, 130°) indicated perchlorate (0.1 M  in IIOAc) indicated only 3.9%  ionization of
that 13%  of 2 remained, and 1.08 g (23% ) of a diamine (12) chloride. A similar solution after 3 days was iced, quickly basi-
was isolated, along with 1.37 g (21% ) of triamine. The diamine fled with carbonate and extracted, and an oil isolated below 20°.
was identical (nmr and ir spectra, vpc, and constants) with The oil was too unstable to distil (giving only acetoxymethyl-
12 prepared from di-Zerf-butylaminopropanol and analyzed ¿erf-butylaziridine 6) and contained 6, diacetoxyamine 19, and
correctly. an unstable peak (column A, 100-130°) decomposing to 6. The

l-Zerf-Butyl-3-methylaminoazetidine.— Using sodium carbonate oil deposited a white salt, which was purified by dissolution in
with a rolling bar, chloroazetidine (1) and excess anhydrous chloroform and reprecipitation by ether, mp 157-159°. I t  was
methylamine at 75° for 4 days gave the diamine (66%  yield): ¿erf-butyl-1,3-diacetoxypropylamine (19) hydrochloride, as shown
bp 62-64° (10 mm); nmr t  9 .0  (s, ¿erf-buN), 7.6 (s, CH3N H ), by regeneration of the free amine and charcterization by nmr
6 .3 -  7 .2  (m, 5 ring protons). and vpc.

A n al. Calcd for C8H 18N2: C, 67.55; H, 12.75; N, 19.69.
Found: C, 67.18; H, 12.88; N, 19.76.

l-Zerf-Butyl-3-dimethylaminoazetidine—Chloroazetidine (1) (28) T. Chen, H. Kato, and M. Ohta, Bull. Chem.. Soc. Jap ., 41, 712
did not react appreciably with dimethylamine at 75° in 18 hr. (1968).
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Aeetolvsis of 1.5 g of 2 in 10 ml of acetic acid, for 16 hr at 20°, In runs 1-4 above, up to 15 mol %  of ieri-butyl-2,3-dichloro-
was followed by titration to the crystal violet endpoint with 1.6 M  propylamine (4), based on 1, was detected. I t  was also isolated
hydrogen chloride in HOAc. Evaporation of the solvent at 20° from 2 in a run similar to run 8 . An equimolar mixture of 4
left a gum which crystallized partially after several precipitations and diisopropylethylamine in acetonitrile after 4 hr at 80° gave
from chloroform with ether. I t  was impure l-iert-butylamino-3- in 80%  conversion a mixture of 1 and 2 in a 9 :91  ratio. 
chloro-2-propyl acetate (17) hydrochloride, 0.30 g. Runs were conducted in acetonitrile using 1 and an equal weight

A n d .  Calc-d for C9H 19CI2NO2: C, 44.27; H, 7 .84; Cl, 29.04. of anhydrous sodium carbonate with a Teflon-covered stirring
Found: C, 46.81; H ,7 .5 3 ; Cl, 25.09. bar in a horizontally rotated bomb at 80°. Under these condi-

l-leri-Butyl-3-tosyloxyazetidine7 (5.67 g) was heated in buffered tions no ring opening of 1 by excess ierf-butylamine or even
acetic acid 4 days at 60°; under these conditions l-ierf-butyl-3- methylamine was observed. During 6 days, the 1:2 ratio grad-
acetoxyazetidine8 did not react detectably. Basification with ually reached 9 3 .5 :6 .5  while the total of the two isomers slowly
iced carbonate and ether extraction gave an oil from which 2.9 g dropped to 53.4%  of 1 charged; no 4 was detected but poorly 
of the unchanged tosylate was recovered by Dry Ice cooling of resolved higher boiling by-products (eluted at 200° from column 
the solution in n-pentane. The purity of the tosylate was con- C) were formed.
firmed by nmr. The remaining oil (0.79 g) contained only 1- Similar runs with 2 showed it to be more stable, decreasing only
ierf-butyi-3-acetoxyazetidine and iert-butyl-l,3-diacetoxypropyl- a few per cent per day, but no trace of 1 or 4 was detected. The
amine (19) in a mole ratio of 9 1 :9 , determined by nmr. Al- results do not exclude formation of 1 but reflect its poorer sta-
though it may be inferred that ionization and ring contraction bility toward resmification. This was shown by rotating a solu- 
were followed by formation of acetoxymethylaziridine (6) which tion of 1.61 g of 2 , 0.154 g of 1, and 2.5 g of anhydrous Na2C 0 3
was then cleaved to give 19, it is possible that opening by acetic in 5 ml of acetonitrile with a bar at 70°. After 2 days, for in
acid occurred first; then the acetoxy tosylate, fert-BuNHCH2- stance, analysis indicated that 88.9%  2 and 86.3%  1 remained.
CHOTsCFkOAc, may have cyclized to 6. Thus the initial loss of 1 was over 20%  greater for 1 than for 2 .

1,3-Diacetoxypropyldimethylamine.— 1,3-Benzylideneglycerol29 Catalysis by potassium iodide (0.20 g and 1.5 g of 1 or 2)
was prepared and converted to the tosylate30 and to the mesylate, in the presence of sodium carbonate and acetonitrile was studied
5-mesyloxy-2-phenyl-1,3-dioxane (66% yield), mp 132-133°, at 75°. After 18 hr, 2 gave 0.71%  1 and 66% of the original
from methanol. 2 was found. In 2 days, 1 remained constant, but 2 decreased

A nal. Calc-d for C11H 14O5S: C, 51.15; H, 5 .46; S, 12.41. to 56% . No other volatile products were detected. W ith K I,
Found: C, 51.22; H, 5.59; S, 12.55. 1 did not isomerize to 2 detectably, but it was shown that 2 was

Neither the mesylate nor the tosylate reacted with (erf-butyl- less stable than 1 under these conditions. A third compound,
amine at 100° in acetonitrile, but the tosylate with excess di- eluting between xylene and 1, was probably an elimination prod-
methylamine in acetonitrile at 130° in a bomb gave 5-dimethyl- uct.
amino-2-phenyl-l,3-dioxane (46%  yield): bp 103-104° (1 mm); l-(erf-Butyl-3-azetidinol (3) was not opened detectably with
n26D 1.5320; nmr r 7.8 [s, (CH3)2N ], 7 .2 -7 .6 (m, CHOMs), diethylamine in 10 days at 100° in the presence of carbonate and
6 .1- 6.6  (m, 2CHO), 5 .5- 5.8  (m, 2CHO), 4 .7  (s, 0 2CHC6H 6), a rolling bar, although this reaction did occur at 150° in the
2 .4 -2 .S (m, C6H 5). absence of carbonate.13

A nal. Calcd for Ci2H 17N 0 2: C, 69.53; H, 8 .27; amine

e ' e207V’ 207’ F°Und: 69‘90; H> 8*15; aimne neUt Registry No.—1, 21452-71-1; 2, 21452-72-2; 4,
The dioxane was hydrolyzed with dilute sulfuric acid at 60 - 17027-01-9; 6, 26146-47-4, 7, 26146-48-5, 10, 26146-

70°; the aminodiol was prepared by alkali, dried, and acetylated 49-6; 11,26146-50-9; 12,26146-51-0; 13,25665-28-5;
with acetic anhydride to give l,3-diacetoxy-2-propyldimethyl- 16  26146-53-2; 18, 22741-50-0; 19, 26146-54-3; 19

7frw t ni T L 1 NCHl T v -5 9 (2 d’ 2CH - HC1> 26146-55-4; 3-chloro-l-cyclohexylazetidine,
OAc) s ’ 3 2 ’ ' ' ’ ’ ’ 2 26146-56-5; l-ierf-butylamino-3-chloro-2-propylsulfuric

A nal. Calcd for C9H„N04: C, 53.18; H, 8.43; N, 6.89. acid inner salt, 26146-57-6; 2-chloromethyl-l-cyclo-
Found: C, 53.33; H , 8.41; N, 7.00. hexylaziridine, 26146-58-7; 4-terf-butylamino-3-hy-

The nmr and ir spectra showed the expected resemblances to d roxybu tyron itrile , 26146-59-8; l-te rf-bu ty l-3 -fe rf-bu ty l-
datafor ierf-butyl-l,3-diacetoxy-2-propylamine (19). +n - r p t i r l i n e  9 6 1 4 6  6 0 -1 -  1-ta rf-b u tv l^ -Z crf-b u tv lth io -

Isomerization . -T h e  two chlorides isomerized under a variety thioazetldme, 2614b bO 1 1 tert butyl 2 ter D W l t m o
of conditions. When subjected to vpc on a 10 f t  X 0.25 in. m ethylazindine, 26146-61-2; l-fe?2-butyl-3-fe?i-butoxy-
column packed with 1%  mercuric chloride and 20%  Carbowax azetidine, 26146-62-3; l-fe rf-bu ty l-2 -terf-bu toxym ethyl-
20M on Gas Chrom (60-80 mesh), chloroazetidine 1, programmed aziridine, 26146-63-4; l-ter£-butyl-3-methoxyazetidine,
at 7.5°/min from 75 to 220°, eluted at about 166° and was fol- 26146-64-5' l-ie rf-b u ty l-2 -m e th o xym e th y la z ir id in e ,
lowed by chloromethylaziridine 2 (22%  from 1) at 177 . Under 25Q&2_2 ^  i  - tert - b u ty l - 3 - m ethylam inoazetidine,

A series of runs was carried out in bombs and glass pressure 26146-66-7; 1 - /erf -  butyl - 3 - dimethylaminoazetid Tie,
vessels. The contents were analyzed periodically by vpc (toluene 18713-65-0; l-tert-butyl-3-dimethylaminoazetidine di-
standard, column C, 130°). The isomer ratios were not self- perchlorate, 26146-68-9; 2-fert-butylamino-l,3-pro-
consistent but in a few runs were essentially stable for several diol 26146-70-3; 5-mesyloxy-2-phenyl-l,3-dioxane,
days. For the following runs are listed starting chloride, solvent- £  ’ c ,. , ,  , • 0 i o j - vcmp
catalyst, days at temperature, total isomeric chlorides based on 26146-71-4; 5-dimethylammo-2-phenyl 1,3-dioxane,
starting chloride, and ratio of l :2 :  (1) l ,  CCl4-4 %  Ph*P based 26146-72-5; 1,3-diacetoxy- 2 - propyldimethylamme,
on 1, 8 -90°, 76% , 4 1 :5 9 ; (2) 1, CH3C N -, 2 .7 -9 0 °, 41% , 6 2 :3 8 ; 26146-73-6.
(3) 1, C C h-1%  Ph3P , 5 -9 0 ° , 16% , 7 8 :2 2 ; (4) 1, CH3C N -, 7

HgCl2,9l-80°^  f s % , '98^ : ^  W ^ C H s C N -^ S -g o 0, 77% , 5:95°; Acknowledgments.—The writer thanks Professor
(7 ) 2 , C C h-4 %  Ph3P, 4 -9 0 ° , less than 1% l ;  (8 ) 3-chloro-l- Nelson J .  Leonard for discussions and suggestions,
cyclohexylazetidine, CH3C N -, 2 -9 0 ° , 44% , 33 :67  azetidine:- The assistance of Research Center colleagues with some
aziridine; (9) 2-chloromethyl-l-cyclohexjdaziridine, CH3C N - Q|- spectra and preliminary instrumental work were 
17-90°, 7% , 30 :7 0  (stable for several days). appreciated. In  particular, vpc-rapid scan mass

(2 9 ) h . s. mil, m . s. wheien, and h . Hibbert, j . Amer. chem. Soc., «o, spectral analyses by Mr. Donald A. Wallace provided
“ o ’ ® .  Matheson and S. J. A n g y a l ,Chem. So c .  1133 (1952). e a r ly  d u e s  t o  C om p lex re a c t io n s .
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Crystal Structure of Hydroxypelenolide p-Brom obenzoate
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A crystal structure analysis of the title compound has verified the partial structures previously forwarded for 
hydroxypelenolide and ketopelenolide a and shows the complete structures to be H a and III, respectively. 
Ketopelenolide b is presumably IV. The trans double bond in the ten-membered ring in the crystal is twisted 
20°, presumably to relieve nonbonded steric interactions across the ring.

Partial formula I has been proposed for hydroxy- intensity was at least twice the square root of the sum of the 
pelenolide, one of three chemically interrelated sesqui- ^ and background counts.» No absorption corrections were

terpene lactones isolated from Artemisia absinthium L . 1 The krom]ne atom was readily located on a Patterson map, 
To test this proposed formula and to establish the re- and a Fourier map was calculated. After several trials, the 
maining stereochemical features of these substances, aromatic ring and attached COO group were properly placed, and
the title compound was prepared and subjected to an the next Fourier map revealed the remaining nonhydrogen
"5T v  <st d * atoms. Anisotropic refinement lowered K  to 8 .5 ,4 and, in spite

-ray Study. 0f sman number of reflections, most of the hydrogens could
is be located on a difference map, and all except those on carbons

8 11. 15, and 19 were successfully refined to give a final R  of
| io I | \  | 7 .8 . Hydrogens were given the same temperature factors as

n n -' the carbons to which they were attached, and hydrogen tempera-
HO I \ R(J , ., ture factors were not refined. Bond lengths and angles calculated

14 ®~~\ using O R FFE 6 are given on an O RTEP6 plot in Figure 1.

0 0
I Ha, R =  H Discussion

b, R =  p-COC6H4Br
This X-ray study verifies the partial structure I  for- 

warded1 for hydroxypelenolide. In addition, it shows 
j  \ 1 J  '  1 the configurations at C-3, C-ll ,  and of the double bond

to be as shown in Ha. Ketopelenolide a, obtained by 
1 0 ~ J  0—/ mild oxidation of hydroxypelenolide, can now be as-

0 0 signed structure III , and ketopelenolide b, obtained
III IV from I I I  by mild base treatment, is presumably IV.

No attempt was made to verify the absolute configura-
Experimental Section tions crystallographically.

D u rin g  a tte m p ts  to  refine th e  h yd rog en s, i t  w as n o te d  
Crystals suitable for X -ray analysis were kindly prepared by t h a t Qth e  h y d ro g en  on C - l l  k e p t m o vin g  to  a  p ositio n

Drs. M . Suchy and V. Herout. After 12 hr, a mixture of hy- 1 .5  A. fro m  C - l l ,  an d  i t  w as su sp ected  t h a t  a  sm all
droxypelenohde (60 mg), p-bromobenzoyl chloride (1 ml), and „ „  a r al o  11 • r ■ . a •
pyridine (2 ml) was poured onto ice water. R e t a l i a t i o n  from am 0U n t ° f th e  C ' U  ePlm er of th e  m a Jo r s tru c tu re  m ig h t  
methanol gave needles, mp 123-124°. A nal. Calcd for C22H27- be p re se n t as  an  im p u rity . A cco rd in g ly , C -1 3  an d  th e
OiBr: C, 60.82; H, 6.23. Found: C, 60.58; H, 6.77. The su sp ected  ca rb o n  w ere assigned n o rm al te m p e ra tu re
preliminary X -ray data shown in Table I were obtained from fa c to rs  an d  th e ir  m u ltipliers w ere refined. T h e  m u lti

plier for C -1 3  d rop p ed  to  0 .9 1  an d  t h a t  fo r th e  new  
T able I  ca rb o n  s e ttle d  a t  0 .0 8 . T h is  is in  a cco rd  w ith  th e  v iew

а, A 9.72 that about 8% of the epimer is present, as is the finding
б, A 9 .8 2  the poorest bond length (C -ll-C -13) in this part of
c, A 11.05 the molecule.
5  9 8 .8 °  The ten-membered-ring conformation approximates
Space group P 22 a chair-boat with C -3  at the boat apex and C - 8  at the
Molecules per unit cell 2 chair apex. The ring is considerably more open than a
CalcduT /m l  l 33 Dreiding model would indicate, presumably due to
Observed reflections 837 cross-ring nonbonded steric interactions. The most

oscillation and Weissenberg photographs around b the needle (3) Listing8 of structure factors, coordinates, and anisotropic temperature
axis. The intensities were measured around the 6 axis of a 0.1 X  w;U.,£ppear “ ng,tte se ,pages in the microfilm edition of this
n 1 v  n Q rvxrvx -n  a a x ' Try , . volume of the journal. Single copies may be obtained from the Reprint

■ X xr"fill m 01T stal yVh a Supper automatic diffractometer Department, American Chemical Society Publications, 1155 16th St. N.W.,
using Ni-filtered Cu radiation. A 3 scan at 2 /min and 45 sec Washington D. C. 20036. Remit $3.00 for photocopy or $2.00 for micro
background counts were used. Reflections were accepted if the fiche.
------------------- (4) Refinements were by full matrix least squares with the ORFLS

,,,  program of W. R. Busing, K. O. Martin, and H. A. Levy, ORNL-TM-305,
(1) M. Suchy, Z. Samek, V. Herout, R. B. Bates, G. Snatzke, and F. Oak Ridge National Laboratory, 1962. Unit weights were used. Form

S°/m’ x > ° Czech' Chem. Commun., $2, 3917 (1.967). factors were obtained by graphical interpolation of those in the Inter-
(2) Previous X-ray studies of derivatives of sesquiterpenoids with ten- national Tables for X-ray Crystallography, Vol. I ll , Table 3.3.1A, except

rhembered rings: Elephantol p-bromobenzoate [S. M. Kupohan, Y. Ayneh- for hydrogen, for which the form factors of R. F. Stewart, E. R. Davidson,
chi J. M. Cassady, A. T. McPhail, G. A. Sim, H. K. Schnoes, and A. L. and W. T. Simpson, J .  Chem. Phys., 42, 3175 (1965), were used.
Burlingame, J .  Amer. Chem. Soc., 88, 3675 (1966)], and germacratriene (5) W. R. Busing, K. O. Martin, and H. A. Levy, ORNL-TM-306, Oak
silver nitrate complex [F. H. Allen and D. Rogers, Chem. Commun., 588 Ridge National Laboratory, 1964.
(1967)]- (6) C. K. Johnson, ORNL-3794.
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Figure 1.—Left and right eye views of a hydroxypelenolide p-bromobenzoate molecule. Bond distances and their standard deviations 
in angstroms are given on the left eye view, and bond angles on the right eye view.

striking feature of this opening is the angle between the Acknowledgments.—We thank the Oak Ridge Na-
planes formed by C-2-C-1-C-10 and C-1-C-10-C-9, tional Laboratory for programs, S. H. Jay for assistance
which would be very close to 0° in a simple alkene but with programming, the University of Arizona Computer
is in this case 20°. Center for computer time, and the PHS (GM-12447),

the NSF (postdoctoral support for C. J . C., URP sup- 
Registry No.—Ha, 17909-94-3; lib , 25975-82-0; port for T. C. S.), and the Sloan Foundation (Fellow- 

III , 17909-92-1. ship to R. B. B.) for financial assistance.

____ N o t e s ___________________

R eaction  o f  N itric Oxide with 1-Pentyne slight decrease in pressure. In all instances, 15-55% of
the nitric oxide reacted with the formation of nitrogen, 

Samuel F. Reed, J r. and 1-pentyne was converted to products in low con
versions followed by termination of the reaction. This 

Rohm, and H aas Company, behavior was common to both lighted and covered re-
Redstone Research Laboratories, action flask.

Huntsville, A labam a S5807 Gas chromatography was employed to analyze the
product mixtures which showed the presence of three 

Received M arch 5 ,1 9 7 0  products separated in sufficient quantities on a prepara-
tive column for proton nmr spectral analysis. 1 - 

In contrast to reactions involving the addition of Pentyn. 3. ol displayed a triplet ( J  =  7 cps) centered at
tetrafluorohydrazme to olefins m the presence of nitric T 9  0 1  (CH;i), a quintet (J  =  7 cps) at r  8.20 (CH2), a
oxide which gave predominately difluoramme-N'- doublet (,/ =  2  cps) at r 7.63 (H C = ), a triplet (J  =
fluorodiimide N-oxides, 1  we have found that with y cpg) of doubiet s at r 5.74 (HC—O), and a singlet at
acetylenic compounds the reaction takes an alternate T g 4 6  (0 H). A triplet (J  = 7 cps) at r 8 . 8 8  (CH3), a
course to give in low-yield products devoid of carbon- quadruplet (J  = 7 cps) at r 7 . 4 3  (CHS), and a singlet
nitrogen bonding. I t  was further established that at r  6  8 0  (HC= )  were exhibited in the spectrum of 1-
tetrafluorohydrazine does not enter into the transfer- pentyn-3-one. The nitrate ester of l-pentyn-3-ol show
mation, nor was it necessary for the interaction of nitric absorpti0n as a triplet {J = 7 cps) at r 8.90 (CH3), a
oxide with 1-pentyne. In  the reaction with 1-pentyne, quintet (J  = 7 cps) at r 8.11 (CH2), a doublet (J  =
the products obtained were l-pentyn-3-ol, l-pentyn-3- 2  cpg) at T 7 4 8  (H C = ), and a triplet (J  =  7 cps) of
one, and l-pentyn-3-nitrate. doublets (./ = 2  cps) at r 4.68 (HC— O). All peak
CH3CH2CH2C=CH + NO — >- CH3CH2CH(OH)C=CH + areas were in the appropriate ratio, and the spectra and

q glc retention times were identical with those ot
|| authentic samples of the three compounds.

CH3CH2CC=CH +  CH3CH2CH(0N02)feCH  Treatment of l-pentyn-3-ol with nitric oxide under
. , the same conditions gave the ketone and nitrate ester in

These reactions were conducted in an evacuated sys- ^  yieldS) &nd again; thg reaction stopped at low con-
tern at ambient temperature by first introducing - vergiong_ Similarly, when 1-hexyne was treated with
pentyne with or without solvent (HCC13) into a reac- ^  oxide ^  c onding alcohoU ketone and ni- 
tion flask which was attached to a glass vacuum system ester were formed with low conversion 0f l-hexyne
and deaerated by alternate freeze-thaw cycles. The ^  roducts
system was then charged with nitric oxide to 500-600 preliminary results point to a free-radical pro-
mm of pressure, and the mixture was warmed to reac- cegg; J weyer; nitric oxide while known2 to be very
tion temperature for periods of 20 24 hr. Vi lb y, efficient at trapping hydrocarbon radicals is not par-
there was little indication of any reaction except for a

(1) 3. F. Reed, Jr., J .  Org. Chem. 32, 3869 (1967). (2) J. F. Brown, Jr., J .  Amer. Chem. Soc., 79, 2480 (1957).
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3 9 6 2  J .  O rg . C h e r n . ,  V o l .  3 5 ,  N o .  1 1 ,  1 9 7 0  N o t e s

ticularly effective at initiating radical reactions, and in actions constitutes a plausible mechanism which is con-
most instances must depend on initiation by other radi- sistent with the available experimental results and with
cal species. In  many reactions of nitric oxide with the established properties of analogous compounds, 
neutral molecules, nitrogen dioxide is considered to be
the initiating species and arises through air oxidation of Experimental Section
nitric oxide. Under our experimental conditions no
special attempt was made to scrupulously exclude oxy- To. & with magnetU stirrer

1 . ; i ., . ; , ,, , . was introduced 15.0 g (0.22 mol) of 1-pentyne and the flask
gen from the system, however, it IS thought that air was connected to a vacuum manifold containing a 2-1. expansion bulb
removed from the reaction zone and, hence, did not through a Dry Ice-Acetone condenser. The total system was
serve as a reagent for the formation of nitrogen dioxide, dearated by passing through three freeze-thaw cycles while under
because of the absence of reddish-brown coloration in vacuum. Nitric oxide (3.78 g, 0.26 mol) was charged into the
the gas phase and of products containing carbon-nitro- *y,steman<? themixturea“ to ° °™ to ^bienttemperature.

°  ^ I  he initial pressure was 565 mm; after stirring for 28 hr the
gen  bonding. ........................  _ pressure was 525 mm. A mass spectral analysis of the gaseous

I t  is p rop osed  th a t  in itia tio n  in  th e  1 -p e n ty n e -n itr ic  materials showed the presence of nitric oxide and nitrogen. A
oxid e re a c tio n  is sp o n tan eou s m ak in g alk yl free ra d ica ls  total of 2.24 g (0.075 mol) of nitric oxide was recovered (40.7%
a v ailab le  fo r in te ra ctio n  w ith  n itric  oxide. S u ch  spon- consumed). The contents of the reaction flask were examined by
, v , .  i i i  glc and found to consist of 1-pentyne and three major products
ta n e o u s  in itia tio n  b y  re a ctio n s  b etw een  m olecules h a s  fdentified as i .pentyn-3-one, and l-pentyn-3-
been suggested in a number of reactions . 4 The action nitrate.
of nitric oxide with the radical intermediate is suggested In a similar reaction with 1-hexyne (8.2 g, 0.1 mol), 1.5 gm 
to occur through the formation of a nitroxymethane (°-05 mol) of nitric oxide was consumed (41% ) and the corre-
derivative (eq 1 ) which rapidly associates yielding an spondmg alcohol, ketone and nitrate ester found.

' 1 J  j  & When 15.0 g (0.18 mol) of l-pentyn-3-ol was treated with 3.78
_ _  _  g (0.126 mol) of nitric oxide, a total of 2.0 g (0.066 mol) nitric

3 t  3 2\  oxide was consumed (52.9% ) and the reaction products were 1-
H 0 . -f- N O ___>■ HC__O__N- (1) pentyn-3-one and l-pentyn-3-nitrate.

H C = /  Registry No.—Nitric oxide, 10102-43-9; 1-pentyne,
organic ester of hyponitrous acid (eq 2). This ester be- 627-19-0. 
ing unstable decomposes with the formation of alkoxy
radicals and nitrogen (eq 3). These reactions are in ac- Acknowledgment. This work was conducted under

the sponsorship of the Advanced Research Projects
2  CH3CH2 Agency under Army Ordnance Contract DA-01-021

_o—N-  > ORD 11909. The technical assistance of Mr. James O.
/  Woods and Mrs. Carolyn Haney is appreciated.

HCe=C
c h 3c h 2 c h 2c h 3

HC— O—N = N — O— CH (2) N o v e l c i s - H y d r o x v l a t i o n  w i t h  N i t r o u s  a c i d
/  \

H C = C  C = C H
S. R anganathan* and S. K . K ar

c h 3c h 2 c h 2c h 3

' j j q __q __n = N __O__CH ___>  Department o f  Chemistry,
/  \  In d ian  Institute o f  Technolooy, K anpur, U. P ., In d ia

HC ê C  C = C H
CH3CH2 Received A pril 1, 1970

\  _
/  +  * (3) We report a unique high yield cis-hydroxylation with

H C = C  sodium nitrite-aqueous acetic acid. A benzene solu
tion of tetraphenylcyclopentadienone (I, tetracyclone) 

cord with the known chemistry of inorganic nitroxy when reacted with sodium nitrite in aqueous acetic acid
compounds5 and hyponitrous esters, 6 and this type of at 0 °, conditions generally employed for diazotization,
mechanism has been employed to explain the formation gave after work-up a white crystalline compound, mp
of products from the reaction of nitric oxide with penta- 1 9 1 % in 85%  yield which was subsequently identified
phenylethane.' This latter study represents the only as cfs-2,3-dihydroxy-2,3,4,5-tetraphenylcyc]opent-4-en-
known instance where alkyl radicals react with nitric Done (II) on the basis of ir, nmr, analysis, and by direct
oxide to give dialkylmethane nitroxy compounds. comparison with an authentic sample. 1

Further known reactions of alkoxy radicals can ex- The stereochemical assignment was confirmed to be 
plain the formation of the observed products, 1-pentyn- cis through preparation of I I  by treatment of tetra-
3-ol and l-pentyn-3-one. Nitration of the alcohol by 
nitric oxide yields the nitrate ester. This series of re-

Ph. _____ T h  PIi^  -Ph
(3) J. P. Freeman and W. D. Emmons, J .  Amer. Chem. Soc., T9, 1712 J T  j T  NaNO,-aqueous AcOH> J T  (

(1957)' P h ^ l i ^ P h  0r * p h '^ ^ N fW p , *
(4) M. L. Poutsma, ibid., 87, 2161 (1965), and references cited therein. II II
(5) “Gmelins Handbuck der Anorganischen Chemie,” 8th ed, Verlag O O

Chemie, Berlin, 1963, System-Nummer 4, p 855. j
(6) N. V. Sidgwick, “The Organic Chemistry of Nitrogen,” Oxford

University Press, New York, N. Y., 1937, pp 1-2. -------------------
(7) H. Sonneborn, III, and F. Y. Wiselogle, J .  Amer. Chem. Soc., 64, 860 * Author to whom correspondence should be addressed.

(1942). (1 ) Yates and G. H. Stout, J .  Amer. Chem. Soc., 76, 5110 (1954),



cyclone with osmium tetroxide. The reaction of Na- (VI) (structural assignment supported by ir, nmr, and
NOz-H+ with olefins has been extensively studied;2-8 analysis8).
however, no cis-hydroxylation has been reported with
this reagent. 9

Since, at low temperatures dinitrogen trioxide has h C OCH
been recognized as the reactive species involved in V̂'C =C /  3 NaN0 ,-aqueous acqh>
sodium nitrite-aqueous acetic acid reactions, it was K  UH3 orN=°3
considered probable that this reagent could bring about 0
transformation leading to II. Following this reason- II
ing, an ice-cooled dry benzene solution of I  was treated ®CH3
in drops, with a dry benzene solution of dinitrogen tri- Q ^CH
oxide until the intense pink color of I  was completely 2 J
discharged. The reaction is extremely rapid and takes ^
only few minutes for completion. Removal of benzene Compounds V and VI are products expected on basis 
under anhydrous conditions gave a colorless foamy of known pathways involved in dinitrogen trioxide
material which has been tentatively assigned the struc- initiated reactions.4'8 In  these cases the possibility
ture I I I .9 The compound I I I  was tremendously sensi- preSent for the elimination of H N O , which is not possi

ble in the case of I, gives direction to the overall reac- 
Ph q  tion.11

----- j-----The formation of I I  from either I or I I I  could be
j (j+ rationalized on basis of several pathways and this facet

If 5L  0 \ q of the transformation is currently being examined in
0  detail.

m
Experimental Section12

tive to moisture and on keeping, even under best possi- Preparation of cis-2,3-Dihydroxy-2,3,4,5-tetraphenylcyclopent- 
ble ‘ dry” conditions, was converted to the dihydroxy 4-en-l-one (II). A. From I and Sodium Nitrite in Acetic
compound II. Compound I I I  could be transformed Acid-W ater-Benzene.-A stirred benzene solution of tetra-

, . ! , tt i. a i i . cyclone (0.5 g ,l .3 mmol, 10 ml) was treated with acetic acid-
exclusively to I I  by treatment with water, aqueous water (3 :2 , 5 ml), and the mixture was cooled to 0 ° . Solid
acetic acid, and aqueous dioxane.10 sodium nitrite (0.5 g, 7 mmol) was gradually introduced over a

W ith a view to further understand the hydroxylation period of 15 min while maintaining the temperature below 5 °.
reaction the action of sodium nitrite-aqueous acetic The colorless reaction mixture was stirred for an additional 30 min.

• i j ,  j - - .  , • , ,  , i , . , th e  layers were separated; the organic laver was washed several
acid_and also dmitrogen tnoxide on the closely related times with watWj dried (MgS 0 4), and evaporated. The residue
3,4,5-tnphenylcyclopentadien-l-one (IV , tricyclone) on crystallization from benzene gave 0.46 g (85% ) of II : mp
was carried out. Surprisingly, both these reagents 190-191° dec; this melting point was not depressed by admix-
gave as the sole isolable product the orange-brown 2- ture Wltb an authentic sample,1 mp 190-191°; ir [x“ i 2.9

nitro-3,4,5'triphenylcyclopentadien-l-one (V). Struc- C.
ture V is based on ir, nmr, and analysis. 83.52; H, 4 .98.

B .—From I and Dinitrogen Trioxide in Acetic Acid-Water- 
Ph p^ Benzene.—A stirred benzene solution of tetracyclone (0.2 g,

'Ni----- NaNO,—aqueous AcOH [i------- ^  0.52 mmol, 5 ml) was treated with acetic acid-water (3 :2 , 5 ml)
II II -------2or N,03--------- Jl JL  and the mixture was cooled to 0 ° . A dilute dry benzene solution

H i | |  Ph || N 0 2 of dinitrogen tnoxide13 was added dropwise until decolorization
q  q  was complete (~ 1 0  ml). The clear solution was stirred for addi

tional 30 min, *he layers separated, and the organic layer was 
IV V washed several times with water, dried (MgSO,), and evaporated.

The residue on crystallization from benzene gave 0.182 g (85% )
Similarly methyl methacrylate under conditions o iJ}’ “ p 192“133° d®c' ,. „T. . . 0 ,, . . .,

, i ■ j, T tt i , „ C.— From I and Sodium Nitrite m Sulfuric Acid-W ater-
employed in the I  I I  change gave the mtro olefin B e n zen e .-A  stirred benzene solution of tetracyclone (0.5 g, 1.3

mmol, 10 ml) was treated with sulfuric acid:water (3 :2 , 5 ml)
(2) T. R. Govindachari, B. R. Pai, N. Arumugan, and K. Nagarajan, and the mixture was cooled to 0 ° . Solid sodium nitrite (0.5 g,

Chem. Ind. (.London), 757 (1954); T. R. Govindachari and B. R. Pai, 7 mmol) was gradually introduced over a period of 25 min while
J .  Org. Chem., 18, 1253 (1953); T. R. Govmdachan, K. Nagarajan, and maintaining the temperature below 5 °. The colorless reaction

Sundarajan, Tetrahedron, 16, 60 (1981). mixture was sti-red for an additional 30 min. The layers were
(3) N. ijevy, C. W. Scaife, and A. E. Wilder-Smith, J .  Chem. Soc., 52 , , , ,, . ■ , , . . .  •,,

(1948); A. Michael and G. H. Carlson, J .  Org. Chem., 4, 169 (1939); H. O. separated and the organic layer was washed several times with
Larson in "The Chemistry of the nitro and Nitroso Groups,” Part 1, Henry Water- drled (MgS04), and evaporated. The residue on crystal-
Feuer, Ed., Interscience, New York, N. Y., 1969, p 320. lization from benzene gave 0.378 g (70% ) of II , mp 190-191° dec.

(4) J. L. Riebsomer, Chem. Rev., 46, 157 (1945). D.—From I and Osmium Tetroxide.—An ice-cooled dry ether
(5) H. Shechter and D. E. Ley, Chem. Ind. (London), 535 (1955). solution of tetracyclone (0.5 g, 1.3 mmol, 20 ml) was treated
(6) H. Shechter, Rec. Chem. Progr., 25, 55 (1964). -------------------
(7) A. S. Onishchenko, Chem. Abstr., 31, 5340 (1937). (11) The more promising examples, 2,3-dihydrotetracyclone and trans-
(8) J. R. Park and D. L. H. Williams, Chem. Commun., 332 (1969). dibenzoylethylene, were not affected under conditions of I —*■ II change;
(9) Initially we preferred an open nitro nitroso dimer structure for III. however, 2,3-diphenyl-glyoxalone, gave the cts-diol in 50% yield [H. Biltz,

Subsequently a referee suggested the cyclic structure and provided persuasive Justus Liebigs Ann. Chem., 368, 156 (1909), and ref 1].
arguments in favor of this structure [J. R. Park and D. L. H. Williams, (12) All melting points and boiling points are uncorrected. Ir spectra
Chem. Commun., 332 (1969), and unpublished work]. We are grateful to were taken on Perkin-Elmer Model 521 spectrometer. Nmr spectra were 
this referee for the valuable suggestion. obtained on a Varian A-60 spectrometer using TMS as an internal reference.

(10) Reaction of the adduct III with excess dry methanol lead to instant Microanalyses were done in the microanalytical laboratory of the Depart-
appearance of the characteristic pink color of tetracyclone and tic of the ment of Chemistry, I. I. T., Kanpur.
reaction mixture taken immediately indicated reversal to I. This unexpected (13) G. Brauer, “Preparativen Anorganishen Chemie,” Vol. I, Ferdinand
observation has no precedence and is being currently examined. Enke Verlag, Stuttgart, I960, p 438.
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with osmium tetroxide (0.33 g, 1.3 mmol) and pyridine (1 ml) 7.4 ( -N 0 2, symmetric) /*]; nmr [Sccu 2.2  (d, -C H 3), 3 .8  (s,
and the mixture was stirred at room temperature for 72 hr. The -OCH3) 7.6 (q, H )].
insoluble complex was decomposed with mannitol (5 g) in 10%  A nal. Calcd for CsH;NO( : C, 41.37; H, 4 .82 ; N , 9 .64. 
aqueous potassium hydroxide (20 ml) and stirring continued for Found: C, 41 .4 ; H, 4 .9 ; N, 9 .4.
12 hr. The reaction mixture was extracted with methylene
chloride, the organic layer washed with water and dried (MgSO<), Registry No.— Nitrous acid, 7782-77-6; I I ,  25716- 
and solvents were evaporated. The residue on crystallization from 03-4; 111,25662-49-1; V , 25665-22-9 ; V I , 25662-50-4. 
benzene gave 0.34 g (63% ) of II , mp 190-191° dec. This melting
point was not depressed by admixture with an authentic sample,1 Acknowledgments.'— We thank Dr. Nitya Nand,
mp 190-191° dec. C D R I, Lucknow, for providing nmr facilities. Finan-

Reaction of I with Dmitrogen Trioxide m Benzene. Prepara- d a l  a ssis ta n ce  b of a  L a d v  T a t a  Memorial Trust
tion of III.— A stirred and ice-cooled dry benzene solution of ,, , . ;  . J  "  J  7 '
tetracyclone (0.5 g, 1.3 mmol, 10 ml) was treated dropwise with bcnolarship (oKK) is gratefully acknowledged, 
a dry benzene solution of dinitrogen trioxide until decolorization
was complete (~ 1 0  ml). The solvent was removed in  vacuo and ...
without heating under rigorously dry conditions to give III  as a
noncrystalline solid: mp 95° dec; ir [Â ®' 5 .7  ( > C = 0 ), 6 .5 , P r e p a r a t i o n  o f  O p t ic a l ly  P u r e  D i a s t e r e o m e r i c
7.5 also present 2.85 (OH) 5.9 ( > C = 0 ) d u e  to decomposi- _
tion to I I ] . 2 - iY l e t h y l - 2 ,3 - d i h y d r o b e n z o t n i o p l ie n e

A n al. Calcd for C29H20N2O4: N, 6 .08. Found: N , 6.01. i  r» a  n  . , T ,
Reactions of III. A. With Aqueous TH F.— Aqueous T H F  1 -O x id e s  a n d  C o m m e n t s  o n  t h e  M e c h a n i s m

(3 :2 , 5 ml) was added to 0 1 g of III . The solution became pink o f  R e d u c t i o n  o f  C y c l ic  S u l f o n e s 1
owing to the formation of some I. The color disappeared on 
standing. The colorless reaction mixture was extracted with
benzene and dried (MgSO,), and solvent evaporated to yield II , T homas A. W hitney2 and D onald J . Cram*
mp 191-192° dec.

B . With Aqueous Acetic Acid.— Aqueous acetic acid (3 :2 , 5 Contribution No. 2564 from  the Department o f  Chemistry,
ml) was added to 0.1 g of II I . The pinkish color due to the University o f  California, Los Angeles, C alifornia 90024
formation of some I, disappeared immediately. The colorless
reaction mixture was extracted with benzene, the organic layer r, . , , ., „ iQryn
was washed with water and dried (MgSCh), and solvents were eva- e r e  p n  ,
porated to yield II , mp 190-191° dec.

C. With Anhydrous M ethanol—Absolute methanol (5 ml) As a part of the study of electrophilic substitution at
was added to 0.1 g of II I . The solution instantly became pink saturated carbon,3 the title compounds were prepared
owing to the formation of I .  The color did not fade on long as  follows. Optically pure 2-methyl-2,3-dihydrobenzo-
standmg. Evaporation of solvents gave pure I, mp 223 . , „ , ,  j \ . , r ’

Preparation of 3,4,5-Triphenylcyclopentadien-l-one IV (Tri- th io p h en e-2-a  (o r -2 -h )  1-dioxide [e.<7., ( ~l-  ) - l —A J w as
cyclone).— The blue tricyclone was prepared by the condensation red u ced  w ith  lith iu m  alu m in um  h yd rid e to  ( — )~2 -h ,
of benzil with phenylacetone,14 mp 292-293° dec (lit.14 mp w hich  w as oxidized  u n d er con trolled  con d ition s to  g iv e
292-294°). a mixture of optically pure diastereomers ( + )-3-h and

Reactions of Tricyclone. A. With Sodium Nitrite Acetic t  \ > l i l  i , . , A1
A cid-W ater-B enzene.-A  stirred benzene solution of tricyclone separable by column chromatography. Al-
(0.5 g, 1.62 mmol, 10 ml) was treated with acetic acid:water though the 2,3-dihydrobenzothiophene 1-oxide system
(3 :2 , 5 ml) and cooled to 0 ° . Solid sodium nitrite (0.5 g 7 was found to be unstable toward ¿erf-butyl alcohol-
mmol) was gradually introduced over a period of 15 min while potassium ¿erf-butoxide (thus precluding study of the

separated, the organic layer was washed several times with water reactions involved m the preparation of the compounds
and dried (MgSCh), and solvents were evaporated. The residue provide insight into the mechanism of the reduction of
on crystallization from benzene-hexane mixture gave 0.45 g cyclic five-membered ring sulfones to sulfides.
9̂ 7̂  of X : mp 1' ^ 1,6(t n deC; lr 4X"*( 5,-8 (->Cr= 0 '1’ Bordwell and M cKellin4 investigated the behavior of
(arom aticprotons)]. a variety of sulfones with lithium aluminum hydride

A nal. Calcd for CMH16N 0 3: C, 78.18; H, 4 .24 ; N, 3 .96 . and found that generally only cyclic four- and five- 
Found: C, 78.08; H, 4 .6 ; N, 3.63.

B . With Dinitrogen Trioxide under Anhydrous Conditions — CH3
and Treatment with Absolute Methanol.— A stirred and ice- f  f  L|A11\  | | [ \ -  ,,,, __^
cooled dry benzene solution of tricyclone (0.5 g, 1.62 mmol, 10 ^ / A-~S'/N'H ether 3
ml) was treated dropwise with a dry benzene solution of dinitro- 0 2 0 2
gen trioxide (10 ml). Tricyclone color disappeared rapidly and \-d
the solution became chocolate brown. Solvents were removed
in  vacuo without heating and under rigorously dry conditions. — C— CH3 — CH3
Absolute methanol (10 ml) was added. No tricyclone color I II __ *- I II __ >-
reappeared even on standing. Solvents were removed and the "
residue on crystallization from benzene—hexane mixture gave SO2
O. 46 g (80% ) of V, mp 159-160° dec.

Reaction of Methyl Methacrylate with Sodium Nitrite Acetic CH =CH__ CH
Acid-W ater-Benzene.—A stirred benzene solution of methyl X ' C '  3
methacrylate (5 g, 50 mmol, 10 ml) was treated with acetic *” L
acid: water (3 :2 , 20 ml) and the mixture was cooled to 0 ° . Solid SH
sodium nitrite (5 g, 70 mmol) was gradually introduced over a ____________  2"̂ !
period of 15 min while maintining the temperature below 5 ° . * Author to whom correspondence should be addressed.
Ihe reaction mixture was stirred for additional 6 hr. The layers (1) This investigation was supported by the U. S. Public Health Service
were separated, the organic layer was washed several times with Research Grant No. GM 12640-04 from the Department of Health, Educa- 
water and dried (M gS04), and solvents were evaporated. The resi- tion and Welfare.
due on distillation gave 3.6 g (45% ) of V I: bp 90° (4 mm );6 (2) National Science Foundation Predoctoral Fellow, 1962-1966.
ir [X S T  5.78 ( > C = 0 ) ,  6.1 (C = C ), 6.5 ( -N 0 2, asymmetric), (3) D- J- Cram “ d T. A. Whitney, / .  Amer. Chem. Soc., 89, 4651 (1967).
____________  See also, F. A. L. Anet, L. M. Sweeting, T. A. Whitney, and D. J. Cram,

Tetrahedron Lett., 22, 2617 (1968).
(14) C. F. Koelsch and T. A. Geissman, J .  Org. Chem., 3, 480 (1939); (4) F. G Bordwell and W H. McKellin, J .  Amer. Chem. Soc., 73, 2251

P. L. Pauson and B. J. Williams, J .  Chem. Soc., 4162 (1961). (1951).
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membered ring sulfones are readily reduced. The Oxidation with Hydrogen Peroxide.— A 0.30-g portion of sulfone
reduction of 2 ,3-dihydrobenzothiophene 1-dioxide went ( — )-2-d, [a] 266)5 —13.30° (e 3.94), was dissolved in 10 ml of

easily. Theae authors, suggested the mechanism y S T n
involved nucleophilic attack oi a donated hydride on 0f anhydrous ether. After 30 min, the product sulfide was iso-
sulfur to displace oxygen as the critical stage of the lated, as detailed above, wt 0.210 g (85% ), [a] 26646 + 8 7 .0 °  (c
reaction. More recently, Meyers5 suggested the mecha- 4 .03). This sulfide [ ( + ) - 2-d] was oxidized in 2 ml of glacial
nism (as applied to 1 -h) as indicated. acid W1̂ h ° :5- f 1 of 30% hydrogen peroxide being

ml i i i  • • 2. j. -2.i_ j.i added every 10 mm for 1.5 hr on a steam bath. The oxidation
The results reported here are inconsistent with the reaction mixture was cooled, and 10 ml of ice water was added.

Meyers, but consistent with the Bordwell-McKellin The sulfone (-)-l-d  was isolated as described for the sulfoxides
mechanism. Optically pure 1 - d  was reduced by lithium and evaporation of solvent left a white solid having absolutely
aluminum hydride to optically active 2 -d  without loss of (10, sulfide odor. The total sample was sublimed, wt 0.220 g,
label Reoxidation3 of 2-d with an excess of hvdroeen W  546 ~ 13/23 (c 4 '44)' Thls Product sulfone [( — )-l-d] waslaoei. rteoxiaation or /  a  witn an excess or nyarogen found to have 0 970 atom of deuteriUm per molecule. The
peroxide in. a c e tic  a c id  g a v e  1-d h av in g  th e  sa m e  ro ta -  starting sulfone contained 0.977 atom of deuterium per molecule.
tion and deuterium content as starting material. Diastereomers of 2-Methyl-2,3-dihydrobenzothiophene l-
These results are consistent with the suggestion of Oxide [(+)-A -L  and ( — )-B-fe].— The crude sulfide, ( —)-2- h ,

Bordwell and McKelhn that reduction occurs by dis- w1' 6 f .  “ 16 • °i(c 3;00)’ “  p̂ ,pared above> was f sl. . solved in 33 ml of glacial acetic acid. Ih e  solution was cooled
placement of oxygen from sulfur by hydride forming in an ice-salt baih until it partially froze and 6.9 g of 30%  hydro-
sulfide, aluminum oxide, and hydrogen gas, the evolu- gen peroxide was added to 0.5-ml portions with constant swirling
tion of which was noted previously and during the and continued cooling in the freezing mixture. When addition
Dresent investigation hydrogen peroxide was complete, a homogeneous solution
p B ' resulted which was kept at —12° for 30 min, warmed to —5°,

L , 1H CH3 a oh and allowed to stand a t —5-0° for 16.5 hr. The reaction mixture
-----——fV  | || AcUH » (+>l-d was poured into 175 ml of ice water, and the solution was ex-
30 min ^  H.A.a tracted with three 100-ml portions of dichloro methane. The

„ , combined dichloromethane extracts were washed with 175 ml of
'■ ' water, 100 ml of cold ferrous sulfate solution, 75 ml of saturated

„ , x -  , , . . .  sodium bicarbonate solution, and 175 ml of water, in that order.
Partial oxidation of (-)-2~h gave nearly a quantità- ’pijg ¿ighioromethane solution of the product was dried and

tive yield of a mixture of diastereomers ( + )-3-h and evaporated under reduced pressure, yielding the crude sulfoxides
[configurations ( +  )-Aand( — )-B,respectively], as an oil, wt 6.82 g. This product was purified by chromatog-

which were separated chromatographically. From raphy on a 7 x  100 cm column packed with Baker silica gel
/  \ 2 -d  of m axim u m  ro ta tio n  th e  corresnondim r powder. Developer was 96%  ethyl ether-4%  anhydrous metha-) ( 2 “  ot n iaxim u m  ro ta tio n , tn e  corresp on m n g nol E iuate was collected in 250 ml fractions. Fractions 1-8
( ) -3 -u  [( )-A -a )  J an d  ( +  )-3 - a  [ ( + ) -B -a ) J  w ere  ISO- were empty, fractions 9-13 contained a very small amount of
la te d .6 sulfide, fractions 14-19 contained sulfone (wt 0.113 g), and frac-

tions 20-34 were empty. The sulfoxides were eluted in fractions 
AcOH, HA^ 35-72 . Fractions 35-45 contained only diastereomer A (wt 1.96

(— )-2 -ft —i2 -o° *" L  g), fractions 46-48 contained both diastereomers (wt 0.610 g),
q and the remaining fractions contained only diastereomer B (wt

3.43 g), as determined by thin layer chromatography on silica 
(+)-3A[(+>A-/tJ gel with 7 %  methanol-93% ethyl ether as developer. Diastere-
(—) - 3 -h  |->B-/i] omer A gave [a] 25546 + 1 4 8 °  (c 4 .40), whereas diastereomer B

displayed [a] “ 5«  —241° (c 4 .01 ); both were oils.
, AcCH.HA. r . ,  r m  Ti I 1P -il A n a l  Calcd for C9H 10SO (A): C, 65.06; H, 6 .02; S, 19.30.(+)-2-d _ 12o_0o —  ( )-3-a|(—)-A-aj +  (+>3-dL(+)-B-dj Found; c> 6g 23; H> 6 d 9 ; g> 19d)9.

A nal. Calcd for CgHioSO (B ): C .6 5 .0 6 ; H, 6 .02; S, 19.30.
Experimental Section7 Found: C, 65.13, H, 6 .21, S, 19.42. . . . .

Diastereomer A from the column had an Ri value of 0.43, while 
( — )-2-Methyl-2,3-dihydrobenzothiophene [ (—)-2- h ] .— To a diastereomer B had an Ri value of 0.35 when both were spotted

rapidly stirred suspension of 4.0 g of lithium aluminum hydride separately on silica gel and ohe plate was developed with 93%
in 135 ml of anhydrous ethyl ether was added dropwise a solution ethyl ether-7%  methanol.
of 8.14 g of (+)-l-fe3, [a] “ms + 2 3 .7 °  (c 3.92), in 300 ml of 5 0 :5 0  When both diastereomers were spotted together as a 50 :50
ethyl ether-benzene, and the reaction mixture was stirred at mixture, the Ri values were 0.44 and 0.38, respectively. Sepa-
25° for 30 min after addition of the sulfone was complete.4 rate experiments demonstrated that 5%  by weight of one dia- 
Hydrolysis was effected by dropwise addition of 100 ml of 10%  stereomer could be detected in a mixture with the other. Such
aqueous hydrochloric acid. The layers were separated and the was the case, regardless of which diastereomer predominated,
aqueous phase was extracted with two 80-ml portions of ethyl Thus, each diastereomer was at least 95%  free of contamination
ether. The combined organic phase was dried and evaporated to by the other.
a colorless oil, wt 6.53 g, [a j^ s  - 1 6 5 °  (c 5 .00). A 0.50-g Diastereomers of 2-d-2-Msthyl-2,3-dihydrobenzothiophene 1-
portion of the product, [(—)-2- h ] ,  was chromatographed on a Oxide [( —)-A- d  and ( +  )-B-d].—Reduction of 8.70 g of ( — )-
2 X  30 cm column of silica gel with 5%  ether-85%  pentane as 1-d3, [a]21̂  —24.1° (c 3 .86), as described above, with lithium
developer. The remainder of the sample was not purified, but aluminum hydride yielded 6.68  g of crude ( +  )-2-d, [a] 256<6 + 1 7 0
was used directly in the next step. (c 4 .57 ). The sulfide was not purified, but was oxidized in 34

A nal. Calcd for C9H 10S: C, 72.00; H , 6.64; S, 21.34. ml of glacial acetic acid with 7.0 g of 30%  hydrogen peroxide,
Found: C, 72.15; H, 6 .73; S, 21.37. as described above, and 6.96 g (94.5% ) of crude sulfoxides were

Stability of the 2,3-Dihydrobenzothiophene Ring System under obtained. The two diastereomeric sulfoxides were separated
Conditions of Reduction with Lithium Aluminum Hydride and via  chromatography on silica gel by the same method utilized

above to g iv e 2 .1 6 g o f ( —)-A-d, [a] 26546 —150° (c4 .2 6 ), and 3.92 
------------------- g of ( + ) -B -d, [a] 26546 + 2 4 8 °  (c 5 .36). The nmr spectrum of

(5) C. Y. Meyers, Abstracts, 144th National Meeting of the American diastereomer ( —)-A-d showed the following absorptions: aro-
Chemical Society, Los Angles, Calif., April 1963, p 4M. matic protons (m, 4.0 protons), r  2 .05-2 .83 ; benzyl protons (s,

(6) Determination of the absolute configurations of A and B is in progress ^ 0  prot0ns), r 6.67; methyl protons (s, 2.90 protons), r  8.50.
(W. H.Pirkle.T. A. Whitney, and S D Beare). Diastereomer^’( +  )-B-d  showed the following spectrum: aromatic

(7) Rotations were taken with a Perkm-Elmer Model 141 polanmeter ^  4  Q tQng) T 2 .10-2 .81 ; benzyl protons (AB
with chloroform as solvent. Nmr spectra were taken with a Varian A-60 P 1 _  cc o O HQ nrntnnsj) rwitpred
spectrometer. Deuterium analyses were performed by Dr. J. Nemeth of quartet, J  ab 16 Cps, pab * P » * P ’
Urbana, 111., using the combustion and falling drop method. at r 6 .64; methyl protons (s; 2.9o protons), t o .
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B y nmr, the degree of separation achieved between the two ethyl ether or tetrahydrofuran as solvent proceed
diastereomeric deuteriosulfoxides was found to be 98 ±  1 % (area faster but give somewhat lower yields, 56 and 35% ,
of the methylene singlet for diastereomer A vs. area of the methy- respectively
lene AB quartet for diastereomer B ). Thin layer chromatog- f  , •___ +t,„i
rapy was employed to determine which fractions contained both Attempts to use trimethyl borate or trimethyl borate
deuteriodiastereomers in exactly the same manner as in the benzene mixtures as solvent were unsuccessful; no
above separation. The degree of separation of the individual reaction occurs OVer a period of 2 days at 25°. How-
protiodiastereomers was probably 98 ±  1% also. ever, a solvent mixture of trimethyl borate and tetra-

Registry N o . - ( - ) - 2 -h, 25662-51-5; ( + ) - 3 -h, 25662- hydrofurangives complete reaction in 2  hr at 25° and the
52-6; ( - ) - 3 -h, 25662-53-7; ( + ) - 3 -d, 20550-30-5; yield of W r o x y  ester is 95%. These results are
( —)-3 -d, 20550-31-6. summarized in Table I.

T able I
T h e  R efo rm atsky  R eactio n  a t  R oom  R eaction of Acetaldehyde w ith  E thyl

T em p eratu re  and in  th e  Presence o f  B romoacetate and Zinc under Various Conditions»
Time for

T rim e th y l B o ra te . Im proved Procedures Temp, complete Yield,
. Solvent °C reaction, hr6 %»

for th e  P rep aratio n  of /3-Hydroxy E sters Benzene 75 2 22

Benzene 25 4  65
M ichael W illiam  R athke* and Andreas L in dert  Ethyl ether 25 2 56

Tetrahydrofuran 25 1 35
M ichigan State University, East Lansing, M ichigan 48823 Tetrahydrofuran-

trimethyl borate 25 2 95
Received M arch 31, 1970 »20 .0  mmol of each reactant and 10.0 ml of each solvent.

6 Judged by the disappearance of zinc metal. » Glpc analysis for 
The Reformatsky reaction (eq 1) is normally con- ethyl 3-hydroxybutanoate.

0
1 , r<cj m e n  i 7  ^ The reaction mixture in tetrahydrofuran remainsO  +  i 5r0 i i20U202l i 5 -+• Zin — >■ .  , . , ,  ,

/  \  homogeneous. However, in the presence ot trimethyi
K R' borate a white precipitate which contains boron is

^  ^  formed during the reaction. Hydrolysis of the precip-
r —q—o—ZnBr — > R—C—OH (1) itate following completion of the reaction gives methanol 

I H!°  [ as the sole organic product while hydrolysis of the clear
CH2CO2C2H 5 CH2C02C2H E supernatent ¿ ves the /3 -hydroxy ester.

, , . , The procedure using trimethyl borate-tetrahydro-
ducted at reflux temperatures m benzene or benzene- furan ag golvent at room temperature was applied to a
ether solvents. Using such procedures, the yields of variety of aldehydes and ketones with the results shown
/3-hydroxy esters from a wide variety of aldehydes and in Table n  For c0mparis0I1; our results using benzene
ketones lie in the range of 25-65% .1 I t  is likely that a ag golvent at r00m temperature are also presented,
major factor responsible for such low yields is base- t ther with the yields previously reported in the
catalyzed side reactions of the starting materials. literature 
This should be especially critical at the elevated tem
peratures utilized in the normal procedures. Discussion

I t  occurred to us that trimethyl borate would provide
a mildly acidic medium for conducting the Reformatsky Our results show that the Reformatsky reaction 
reaction, possibly allowing the reaction to proceed as proceeds readily at 25° in benzene solution and that
usual, but neutralizing the basic alkoxide products. In  higher yields are obtained at this temperature than at
addition, we considered the possibility of conducting the usual reflux temperature. More important, the
the reaction at room temperature. Accordingly we yields are nearly quantitative when a solvent mixture
carried out a brief study of the Reformatsky reaction of containing trimethyl borate is used, 
acetaldehyde and ethyl bromoacetate, varying both I t  is likely that the function of trimethyl borate is to 
solvent and temperature. The results were applied to a neutralize the zinc alkoxides, I, formed in the reaction, 
representative number of aldehydes and ketones. as illustrated in eq 2. The tetraalkylborate salt, I I , is

Results R ,

Reaction of acetaldehyde with 1 equiv of zinc and R—c  O— ZnBr +  B(OCH3)3  >-
ethyl bromoacetate in refluxing benzene is complete in |
2 hr and gives a 22%  yield of ethyl 3-hydroxybutanoate. CH2CO2C2H5

The same reaction conducted at 25° is complete in 4 hr I
and gives a 65%  yield of product. Reactions with R'

I* Author to whom correspondence should be addressed. R—C—O—^(OCHg^ZliBr (2)
(1) R. L. Shriner, “Organic Reactions,” Vol. I, Wiley, New York, N. Y.,

1942, p 2 0 . CH2CO2C2H5

(2) Allen S. Hussey and Melvin S. Newman, J. Amer. Chem. Soc., 10,
3024 (1948). II
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T a ble  I I

R eaction of Carbonyl Compounds with  Zinc and E th yl  B romoacetate at 25°
----------------------------- Yield, %b—------------------------- ,
T e'rahydrofuran-

Carbonyl compd Product trimethyl borate Benzene Lit.c
Acetaldehyde CH3C H 0H C H 2C 0 2C2H5 95 65
Butyraldehyde CH3(CH2)2C H 0H C H 2C 0 2C2H5 97 (90) 80 25
Isobutyraldehyde (CH3)2CH C H 0H CH 2C 0 2C2H5 98 (89) 95 35
Crotonaldehyde CH3C H = C H C H 0H C H 2C 0 2C2H6 98 (90) 89 60
Benzaldehyde C6H5CH 0H C H 2C 0 2C2H5 (95) (84) 61
Phenylacetaldehyde C6H5CH2C H 0H C H 2C 0 2C2H6 90 70
Acetone (CH3)2C 0H C H 2C 0 2C2H5 90 (85) 90

-̂̂ \.CH2C02C2H5
Cyclopentanone U/^oH 93 (87) 50 40*

Cyclohexanone f J^CHjCOAHi gg gg gg

° All products gave analytical data and spectra in accordance with the assigned structures. b Glpc yields. Isolated yields in paren
theses. 5 Reference 1 unless otherwise noted. d V. N. Ipatieff, J . E . Germain, and H. Pines, Bull. Soc. Chem. Fr., 259 (1951).

not isolated. Instead a precipitate assumed to be the tracts were dried and subjected to vacuum distillation to obtain
zinc salt I I I  is formed, presumably by reaction of I I  18-5 & (95%  yield) of ethyl 3-phenyl-3-hydroxypropionate, bp

with excess trimethyl borate (eq 3 ) . Hydrolysis of the '̂ ^ o n T u s in g  Benzene as S olven t.-A n  identical procedure
was utilized except an equal volume of benzene was substituted 

j j , for the tetrahydrofuran-trimethyl borate solvent.

II +  B(OCH3)3 — >  BrZnB(OCH3)4 +  R — C—O—B(OCH3)2 Registry No.—Trimethyl borate, 121-43-7; acetalde-
111 CH2C 0 2C2H 6 hyde, 75-07-0; ethyl bromoacetate, 105-36-2; tetra-

IV (3) hydrofuran, 109-99-9.

boron ester IV  during work-up then gives the/3-hydroxy Acknowledgment. Support of this work by the 
eg£er Petroleum Research bund, administered by the Ameri-

6 As" expected, the advantage of using trimethyl borate can Chemical Society’ is gratefully acknowledged, 
is most apparent when the carbonyl compound is es
pecially susceptible to base-catalyzed condensations.
Thus the reactive aldehydes, acetaldehyde and phenyl
acetaldehyde, and the reactive ketone, cyclopentanone, C y a n u ric  C h lo rid e . A  N ovel L a b o r a to ry
give clearly increased yields with the trimethyl borate H y d ro c h lo r in a tin g  R e a g e n t fo r  A lco h o ls
procedure. W ith less reactive carbonyl compounds,
the procedure utilizing benzene at 25° gives comparable S tanley R. S yndler

yields. With either procedure, the yields are much
higher than those obtained at reflux temperatures. Central Research Laboratory,

The Borden Chemical Corr.pany, D ivision o f  Borden, Inc.,
_  . , _ P hiladelphia, Pennsylvania 1912A
Experimental Section

All experiments were conducted using unactivated 20 mesh Received A p ril 10, 1970
zinc metal. Ethyl bromoacetate was distilled under reduced
pressure and stored under a nitrogen atmosphere. Trimethyl , •___ , • . •__r
borate was distilled from calcium hydride and stored under This note reports on the investigation of cyanuric 
nitrogen. All carbonyl compounds were distilled shortly before chloride with alcohols with the aim oi extending the oNi
use. Tetrahydrofuran and benzene, reagent grades, were used type of reaction, already well known. In  an attempt to
directly. Glpc analyses were performed on a SE-30 silicon oil prepare 2,4,6-trimethyl-s-triazine by the reaction of a
column using appropriate internal standards. methanolic solution of sodium methoxide with cyanuric

Reactions Using Tetrahydrofuran-Tnmethyl Borate Solvent.— , , , . , , ,, , , . , .
The following procedure for the conversion of benzaldehyde into chloride, methyl chloride was unexpectedly obtained in
ethyl 3-phenyl-3-hydroxypropionate is representative. Zinc 92%  yield along with a 100% yield of cyanuric acid,
metal (6.54 g, 100 mg-atoms) was put in a 250-ml round-bottom A search of the literature revealed that only two ear- 
flask equipped with septum inlet and magnetic stirring bar and j ier re p o rts  jn 18341 and 18862 had briefly mentioned the 
maintained under a static nitrogen pressure. The flask was im- t  ■ •, „rj .  . , ., . , , , ,  , , ■ c a /mu___ i \ occurrence of a similar reaction m the absence oi sodiummersed in a water bath at 25 and a solution of 10.6 g (100 mmol) “  ^ , .
of benzaldehyde in 25 ml of tetrahydrofuran and 25 ml of tri- methoxide or other bases, but they gave no expenmen-
methylborate was injected. Stirring was initiated and l l . l  ml tal details. More recent investigators3 reporting the
(100 mmol) of ethyl bromoacetate was injected all at once. preparation of trialkyl-s-triazines by similar methods
The reaction mixture was stirred for 12 hr at which time all of 
the zinc was consumed (with the other aldehydes and ketones
studied, complete reaction was achieved in 5 hr or less). The ^  “  Ig’ vTci,' 34 112/issfii
reaction mixture was hydrolyzed by the addition of a solution (3) (a) }  R D u d le y _ j .  T . Thurston, F. C. Schaefer, D. H. Hansen,
containing 25 ml of concentrated ammonium hydroxide (to dis- c  j HulI and P Adams, J .  A me-. Chem. Soc., 73, 2986 (1951); (b) J. R.
solve zinc salts) and 25 ml of glycerine (to dissolve boric acid). Dudley, J. T. Thurston, F. C. Schaefer, C. J. Hull, D. H. Hansen, and P.
The organic phase was separated and the aqueous layer extracted Adams, ib id ., 73, 2999 (1951); (c) J. R. Dudley, U. S. Patent 2,510,564
with three 25-ml portions Of ether. The Combined organic ex- (1950); (d) A. J. Matuszko and M. S. Chang, J . Org. Chem., 37, 677 (1962).
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T a b l e I  Cl N CI ho  n  oh
H yd ro c h lorin ation  o f  P r im a ry , S econdary , and j ?  hp r ?  y

T e r t ia r y  Alcohols w it h  Cy a n u ric  Ch l o r id e“'6 N ŝ N  +  3R 0H  — ► N s^,N  +  3RC1
Cyanuric I . |

Alcohol chloride Base % yield, Q  \. 3NaOH OH
(mol) (mol) (mol) RC1 (1)

CH3OH NaOCHs RO N OR
2 .5  0 .5  0 .5  92 ' V  I T
3 .0  0 .5  72 N ^ N  +  3NaCl +  3H20

C2H5OH f
5 .4  0 .5  70 OR

TO-C3H7OH
4 .2  0 .5  65

n-CJROTT lides as seen for the case of methanol and n-butyl alcohol
L‘ "J NaOBu 111 Table I. The results of Table I  also indicate that

2 g 0  5  0 5 34 cyanuric chloride can be conveniently used to hydro-
¿-C4H9OH chlorinate primary, secondary, and tertiary alcohols.

3.4 0 .5  56 2- and 3-pentanol are hydrohalogenated to their respec-
Allyl alcohol tive chlorides without isomerization as is not true for

7 .8  0 .5  43 zinc chloride-HCl hydrochlorination (Table I I ) . Thio-
n-CsHnOH nyl chloride-pyridine4 also gives no isomerization as

4 0 0 5 44 shown for 2-pentanol in Table II.
2-CoHuOH

1 .7  0 .7 3  29
3.4 0 .5 0  57 Experimental Section

o_r  tt qtt
* 5 “  A typical preparation involves heating the alcohol (2-20

^ '4® ° °  mol) to 10- 2 0 ° below its boiling point and then slowly adding
C6H 5CH2OH powdered cyanuric chloride (1 mol). A Dry Ice trap should be

3 .0  0 .5  71 connected via a rubber tube to the top of the reflux condenser in
“ The reaction temperature is the boiling point of the alcohol order to trap the low boiling chlorides. After the addition

and the reaction time is 1-1.5 hr. 6 The chlorides were identified (c a . 1 -1 .5  hr), the reaction mixture is cooled, filtered, and
by their ir and nmr spectra. distilled. If complete conversion to the chloride is desired,

T a b l e  II
H ydroch lorin ation  o f  2 -P en tan ol  U sin g  V a r ie d  M eth od s

----------------------------- ---------------------Mol----------------------------------- ----------------- ,
Cyanuric HC1 Temp, Time, % .------ Isomer, %  —.

ROH chloride ZnClj (coned) SOCI2 Pyridine °C hr yield 2-Chloro 3-Chloro
2-Pentanol

3 .4  0 .5  117 1 57 100
1 .0  2 .0  2 .0  78 1-2  68 38 62
0 .5 4 7  0 .8 4 8  0 .5 5 2  5-10  1 48 100
0 .2 5  0 .5 0  86-95 1-2 27 76 24

completely ignored the hydrochlorination reaction of excess cyanuric chloride should be added. See Table I  for 
the alcohols. molar quantities used.

The results of the investigation indicate that cyanuric Registry No.'—Cyanuric chloride, 108-77-0; 2-pen- 
chloride under the appropriate conditions can be used as tanol 6032-29-7. 
a convenient hydrochlorinating reagent for alcohols giv
ing no isomerization as is also true with other Sm  re- ------------------------
agents.4-9 Cyanuric chloride has the advantage that
it can be conveniently handled and requires no added B a s e -In d u c e d  a -S u lfo n y la t io n  o f
base such as sodium alkoxide or pyridine.4-6 The alco- A ry l A lk a n e su lfo n a te s
hoi can be completely converted to the chloride by using
an excess of cyanuric chloride under anhydrous condi- W ill ia m  E . T r u c e  and L . W . C h r ist e n se n

tions. The crude chloride is simply isolated by filtra
tion and then purified by distillation. The presence of Department o f Chemistry, Purdue University,
sodium hydroxide changes the reaction so that trialkyl- Lafayette, In d ian a  47907
cyanurates are produced.3 The presence of sodium alk
oxide has little effect on the reaction to give alkyl ha- Received M ay 6 ,1 9 7 0

(4) F. C. Whitmore and F. A. Karnatz, J .  Amer. Chem. Soc., 60, 2536 T ,  . , .  , „
(1 9 3 8 ). in  the course of our investigations utilizing sulfur-

(5) e . s. Lewis and c. e . Boozer, ibn., 7 4 , 308  (1 9 5 2 ). stabilized carbanions for synthetic purposes,1 it has been
(6) L. H. Sommer, H. D. Blankman, and P. C. Miller, ibid., 76, 803

(1954). (1 ) (a) w. E. Truce and F. E. Roberts, J .  Org. Chem., 28, 961 (1963);
(7) K. L. Oliver and W. G. Young, ibid., 81, 5811 (1959). (b) W. E. Truce and L. W. Christensen, Tetrahedron, 26, 181 (1969); (c)
(8) K. B. Wiberg and T. N. Shryne, ibid., 77, 2774 (1955). W. E. Truce and D. J. Vrencur, J .  Org. Chem., 36, 1226 (1970); (d) H. Fu-
(9) S. J. Rhoads and R. E. Michel, ibid., 86, 585 (1963). kuda, F. F. Frank, and W. E. Truce, ibid., 28, 1420 (1963).
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T able I
R C H (S02CH2R )S 0 3Ar

Compd  ------------ Compd--------- -—- Yield,0 /-----------------Calcd, %■-------—■—■ *-------------- Found, %-----—■—■—
no. R Ar Mp, °C % C H S C H S
3 C6H 5 C6H s 174-175 69 59 .7 0  4 .5 2  15 .94  59 .5 9  4 .5 5  15.74
4 C6H 5 p-C7H, 160-160 .5  60 6 0 .6 0  4 .8 4  15 .40  6 0 .8 6  5 .1 0  15.13
5 C6H 6 p-BrCcH, 155-156 59'* 4 9 .9 8  3 .5 6  13 .35  4 9 .7 0  3 .6 8  13.20
6 p-ClC6EU CsH 5 154-155 62° 5 1 .0 0  3 .5 0  13 .60  51 .22  3 .71  13.35
7 p-C,H, C9H 5 160-161 52 6 1 .4 0  5 .1 4  14 .90  61 .2 0  5 .2 2  14.67
° Isolated, purified material, yield not optimized. 6 Br analyses: calcd, 16.58; found, 16.29. '  Cl analyses: calcd, 15.02; found,

15.00.

found that when aryl alkanesulfonates (1) are treated ylene protons (Ha and HB) may be due to a preferred
with potassium ferf-butoxide in tetrahydrofuran, a-sul- conformation of the sulfonylsulfonate, wdiich allows in-
fonylation of the sulfonic esters occurs to give 2 in good tramolecular hydrogen bonding in CDC13, while in ace-
yield (Table I). This transformation bears a formal' tone, a better hydrogen-bonding solvent, intermolecular

t h f  h y d rog en  bonding n eg ates  th is  co n fo rm atio n al p refer-
RCHiSOjAr +  KO-i-Bu — >- R C H (S02CH2R )S 0 3Ar e n ce .] T h e  sam e n m r so lv en t d ep en d en cy w as found

l 50 2 fo r th e  o th e r a-su lfon ylsu lfon ates.
Although this sulfonylation reaction constitutes a sul- 

resemblance to the Claisen condensation of carboxylic fonic ester analog of the Claisen condensation, the mech-
esters. Also, there seemingly is only one other reported anistic sequences may be different. W ith carboxylic
preparation of an a-alkylsulfonylsulfonate.2 The latter esters an intermediate such as 8 has experimental sup-
preparative method, which proceeds through a sulfene port e However, available data relating to similar dis-
dimer, could not be extended to esters of a-toluenesul-
fonic acids; hence, these two procedures complement one O -
another for the preparation of this novel class of a-sul- r c h C02R' +  RCH2C02R' RCH2icH R C 02R'
fonylated sulfonic esters. -<—  \

T h e  larg e  s te ric  req u irem en ts  of p o ta ssiu m  ferf-b u tox- O B'
ide m inim ize tra n se ste rif ica tio n .3 In  ad d itio n , t e t r a -  7 8
h yd ro fu ran  alone is a  d esirable s o lv e n t; w hen ferf-b utyl - 0  O-

a lc o h o l-te tra h y d ro fu ra n  w as used  as a  m ixed  so lv en t R c H S 0 3R ' +  RC H2S 0 3R ' - >  RCFhSCHRSO.,R'
sy s te m  th e  yield  of con d en satio n  p ro d u ct w as m ark ed ly  ^ —
d e cre a se d .4 I t  h as b een  su ggested  t h a t  th e  ob served  OR'
in creased  re a c tiv ity  of anions in  te tra h y d ro fu ra n  is due 9 10
to  p referen tia l so lv atio n  of th e  c a tio n .6 T h e  su p e rio rity
of phenolic esters in this condensation is illustrated by placements on sulfonate esters would make a pentacoor-
the substantial recovery of starting material when neo- dinated intermediate, such as 10, somewhat unlikely.7
pentyl a-toluenesulfonate is subjected to the reaction One alternative mechanism would be simple S n2 dis-
conditions. placement by 9 on an unionized ester molecule to afford

Characterization of the condensation products is the product directly. Other mechanisms may also be
based on chemical properties, elemental analyses, molec- postulated,8 however, at this time there is little data
ular weight determinations, infrared spectra and well- available to support such speculation,
defined proton magnetic resonance spectra. The nmr
sp e ctru m  is esp ecially  n o te w o rth y . F o r  com p ou n d  3 in  Experimental Section

j j c All melting points are uncorrected. The nmr spectra were
"j j obtained in CDC13 or acetone-d6 using a Varian A-60 spectrom-

PhC (S02C— P h)S 03Ph eter with TMS =  0. Microanalyses and molecular weight de-
I terminations were performed by D r. C. S. Yeh and staff. Po-

H b tassium ferf-butoxide was purchased from MSA Corporation
3 and purified by sublimation. Reagent grade T H F was distilled

from LAH prior to use. The para-substituted a-toluenesulfonyl 
d eu terioch lo roform  th e  m eth ylen e p ro to n s, H a an d  H B, chlorides were prepared by known methods and the phenols

give rise to a four-line AB pattern «entered at S 4.68 with o, Aryl »-T.le.na.ul-
J ab — 13.8 eps, and the methyne proton, He, gives a fonates.__T o a solution of 0.10 mol of triethylamine (Matheson
singlet at 5 5.40. In  contrast, the spectrum of 3 m ace- Coleman and Bell reagent) and 0.10 mol of phenol in 200 ml of
tone-d6 consists of a singlet for the methylene protons at benzene under nitrogen at 5 -10° was slowly added with cooling
3 4 82 and a singlet at S 6.41 for the methyne proton. and stirring a solution of 0.10 mol of a-toluenesulfonyl chloride

[The solvent dependence of the splitting of the rneth- »  “  " I « S S ™  M "
chloride was filtered. The filtrate was washed several times with

(2) G. Opitz, M. Kleeman, D. Bucher, G. Walz, and K. Rieth, Angew. dilute hydrochloric acid, dried over sodium sulfate, and then
Chem., Int. Ed. Engl., 5, 594 (1966). Following completion of our work, a J
related system was reported by Y. Shirota, T. Nagai, and N. Tokura, T e t r a - -------------------
hedron, 26, 3193 (1969). (6) C R Hauser and B. E. Hudson, Jr., Org. React., 1, 266 (1942).

(3) L. A. Paquette and L. S. Wittenbrook, J .  Amer. Chem. Soc., 89, 4483 (&) c  A Eunton and y  F Frei, j ,  Chem. Soc., London, 1872
d 96?)- m . ^ TTT, , . (1951V (b) R. V. Vizgert, Usp. Khim., 32, 3 (1963); (c) E. T. Kaiser and

(4) For example, the yield of product 4 was 60% in THF as compared to Q R Zaborskyi j  Amer. Chem. Soc., 90, 4626 (1968).

4^ H riF?uerHa'ndHBF K  Vincent, Jr„ V. Org. Chem., 29, 939 (1964), and «  Sulfene (PhCHSOk) formation accompanied by its novel trapping ina
references cited therein. “>e Precursory carbanion (PhCHSOiAr) cau be envisioned.
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evaporated under reduced pressure. The resulting solid was F o r m a tio n  o f  a n  a -C h lo ro v in y la m in e  a n d  I t s
recrystallized from 95%  ethanol to afford white crystalline c
product In te r c o n v e r s io n  to  a  K e te m m m o m u m  S a it

Phenyl «-Toluenesulfonate.— «-Toluenesulfonyl chloride 
(19.06 g, 0.10 mol) gave 16.8 g (68% ) of phenyl «-toluenesul- Harold Weingakten
fonate, mp 8 4 .5 -85 .5°.

A nal. Calcd for C13H 12O3S: C, 62.90, H, 4 .85 , S, 12.05. Central Research Department, M onsanto Company
Found: C, 62.98; H , 4 .98 ; S, 12.16. £ii. Louis, M issouri 6S166

p-Tolyl «-Toluenesulfonate.— «-Toluenesulfonyl chloride (15.0 
g, 0.079 mol) afforded 16.2 g (78% ) of p-tolyl «-toluenesulfonate, . „

1 Received Ju n e  8 , 1970
p-Bromophenyl «-Toluenesulfonate.— «-Toluenesulfonyl chlo

ride (15.0 g, 0.079 mol) gave 19.3 g (75% ) of p-bromophenyl While studying the reactions of enamines with in-
a-toluenesulfonate, mp 84-85°. organic halides,1 we observed a reaction that should be

Phenyl p-Methyl-a-toluenesulfonate.— p-Methyl - a  - toluene- , , , ’ , . , , , ■ , , • ,
sulfonyl Chloride (10.0 g, 0.049 mol) gave 10.5 g (83%) of of interest to organic chemists. Phosphorus trichloride 
phenyl p-methyl-a-toluenesulfonate, mp 98-99°. reacts with 2-methylpropenylidenebisdimethylamine

Phenyl p-Chloro-a-toluenesulfonate.— p-Chloro-a-toluenesul- ( i )  to form first a one-to-one complex which we believe
fonyl chloride (20.2 g, 0.09 mol) afforded 16.0 g (67%) of phenyl to have structure 2 (see Scheme I). The proton nmr of 
p-chloro-a-toluenesulfonate, mp 81-82.5°.

General Procedure for the Preparation of a - Sulfonylsulfonates.
•—To 150 ml of T H F under nitrogen at 5 -10° was added 0.030 S cheme I
mol of sublimed KO-f-Bu. This mixture was allowed to stir for
15 min after which 0.028 mol of the sulfonate ester in 50 ml of PCl3 +  Me2C = C (N M e2)2 =¿-=5-  Cl2PCM e2C(NM e2)2C l-
T H F was added dropwise. After stirring for 8 hr at room 1 2
temperature, 0.030 mol of glacial acetic acid was added and the I
mixture filtered. The solid was washed with four 50-ml por- ^ sow
tions of T H F; the combined filtrates were evaporated in  vacuo. NM e2
The resulting solid was taken up in chloroform and the chloro- /
form solution washed with three 50-ml portions of water and Me2N PCl2 +  Me2C = C
with 50 ml of a saturated sodium chloride solution and dried over \
N a2S 0 4 and the chloroform evaporated in  vacuo leaving a white
solid, which was recrystallized from absolute ethanol. 3 4

Phenyl «-(Benzylsulfonyl)-a-toluenesulfonate (3).'— Phenyl ji
a-toluenesulfonate (7.45 g, 0.030 mol) afforded 4.45 g (69% ) C1_1 l Ag +
of 3 (Table I ) :  nmr (acetone d6) 8 4.85 (s, 2), 6.40 (s, 1), 7.48 +
(m, 15); mol wt, calcd, 408; found, 405. Me2C = C = N M e 2

p-Tolyl «-(Benzylsulfonyl)-a-toluenesulfonate (4).— p-Tolyl 5
«-toluenesulfonate (10.0 g, 0.039 mol) gave 4.85 g (60% ) of 4 
(Table I) : nmr (acetone-d6) 8 2.32 (s, 3), 4.77 (s, 2), 6.30 (s, 1),
7.35 (m, 14); mol wt, calcd, 416; found, 422. 2 displays a broadened singlet at r  6.50 consistent with

p-Bromophenyl a-(Benzylsulfonyl)-a-toluenesulfonate ( 5 ) .-  amidinium jy_methyl protons and a broadened doublet

4.32 g (59% ) of 5 (Table I) : nmr (acetone-*), S 4.75 (s, 2 ), a t  r  7 .9 8  ( J  =  8 .6  H z ) co n sisten t w ith  C -m e th y l p ro -
6 .38 (s, 1 ), 7.45 (m, 14); mol wt, calcd, 487; found, 477. to n s  cou pled  to  p hosp h oru s. C o m p ou n d  2  w as n o t

Phenyl ff-(p-Chlorobenzylsulfonyl)-p-chloro-a-toluenesulfonate iso la ted  an d  is know n on ly  b y  its  n m r. T h is  s p e c tru m
P; ^ ° T ; tô eu fUT\fonate disappears in 24-72 hr depending on temperature and

yielded 4.09 g (62% ) of 6 (Table I ) :  nmr (CDC13) & 4.75 (q, 2), , .  , , ui +2 + n  1 c
5.30 (s, 1 ), 7.50 (m, 13); mol wt, calcd, 471; found, 475 . concentration and new resonances, a doublet* at t 7.15

Phenyl «-(p-Methylbenzylsulfonyiy-p-methyl-a-methyl-a- (J  — 12.5 Hz) anq. sh arp  singlets a t  t 7 .6 3  an d  8 .2 2  in
toluenesulfonate (7).— Phenyl p-methyl-a-toluenesulfonate (6.0  th e  ra tio  1 : 1 : 1 ,  a re  g en erated . T h is  se co n d a ry  re a c -
g, 0.23 mol) gave 2.10 g (52% ) of 7 (Table I ) :  nmr (acetone-*) tio n  m ix tu re  w as se p a ra te d  b y  p re p a ra tiv e  v p c  in to

c a b *  is V f o u n d ! & 2 ) A8^ 8,a ^ u I f o f (3 ^ y l ):p.™ t M -  co m P o n e n ts ,3  corresp on d in g to  th e  d ou b let ab o v e  a n d
«-toluenesulfonate, 1.00 g (17% ), was also recovered. 4  corresp on d in g  to  th e  tw o  sharp  singlets. C o m p o u n d

Attempted Reaction of Potassium ferf-Butoxide with Neo- 3  w as show n to  be dichloro (d im eth y lam in o )p h o sp h in e
pentyl «-Toluenesulfonate.— Neopentyl «-toluenesulfonate (5.09 b y  v p c  an d  p ro to n  n m r com p ariso n  w ith  an  a u th e n tic
? ’ C)-0?-1 y o ^ a n d  K Q -i-E u .p .S O g' 0.025 mol) were stirred in Bample prepared by equilibrating phosphorus tri-
100 ml of dry T H F under nitrogen at 5 for 14 hr. A ftercare- . . . . A, , . , . % , ,  /-i „
ful acidification of the reaction mixture with glacial acetic acid chloride with tris(dimethylammo)phosphme3. Com- 
(1.50 g, 0.025 mol), the solution was filtered, the solid was pound 4, a colorless, distillable, thermally unstable
washed with three 50-ml portions of T H F and the combined liquid was prepared more conveniently by reaction of 1
filtrates were evaporated in  vacuo. The resulting white solid was wjth  dichlorophenylphosphine. Although the reaction

o^sTarting estefi ° m ^  ^  *  aff° rd 3 '86 g (?6% ) w as slow er’ th e  P ^ c t s ,  ch lo ro (d im e th y la m in o )-
phenylphosphine and 4, have sufficiently different

Registry N o .-3 ,  17074-71-4; 4, 25894-34-2; 5, volatilities to allow separation via simple fractional dis-

25894-35-3; 6 25894-36-4, 7 25957-56-6; phenyl c  1 Saubtracting the elements of the phosphorus con- 
10271; 81-5 ’ p; to yl «-to uenesulfonate, taini products from those of the starting materials 

25894-38-6; p-bromophenyl «-toluenesu fonate 25894- itg onl a limited number 0f alternatives for the
39-7; phenyl p-methyl-a-to uenesnlfonate 25894-40-0; structure of 4 . Furthermore, hydrolysis of 4 yields
phenyl p-chloro- a-toluenesulf onate, 25894-41-1. A,lV-dimethylisobutyramide which seemed to exclude

. , , , „  , . most reasonable possibilities except the structure shown
Acknowledgment.'—Financial support by the Public

Health Service under Research Grant No. CA-04536-11 (i) h . Weingarten and j . s . wager, Chem. Commun., 854 (i970).
from the National Cancer Institute is gratefully ac- ®  Dfmo,,f ated by de°°uPlins experiments on a varian Model h a-1 o j  10 0  spectrometer,
kn o w ied g ed . (3 ) j ,  r . Van Wazer and L. Maier, J .  Amer. Chem. Soc., 86, 811 (1964).
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in Scheme I, but the observed nmr spectrum of two A Sim p le P rep aration  o f “ A ctive”  M anganese 
sharp singlets seemed inconsistent with this structure, Dioxide from  « A ctivated„  Carbon
which apparently requires three lines. However, if 4
were shown to be ionizing rapidly and reversibly to T a ^
structure 5 the nmr spectrum could be rationalized.

Low temperature nmr in chloroform showed substan- Department o f  Chemistry, University o f  Massachusetts,
tial broadening oí the peak at r 8.22 consistent with the Amherst, Massachusetts 01002
ionization hypothesis. I t  was subsequently observed „ . , , ^
that when the nmr of 4 was examined in nonpolar sol- ecewe pn ’ 9
vents the peak attributed to the C-methyl protons was T . , ., . ,
split into the expected pair of quartets, even at normal , . In / lew °f th" uf ;fulness ,of ‘actlve ^ n g an ese  
probe temperatures, confirming structure 4.« dl0Xlde «f  f  °Xlda" t  m ° rgamc chemistry, it is unfor-

Finally, it was of interest to know if 5, previously tu?.ate„ tb?  current methods of preparing or acti-
proposed as a reaction intermediate,* could be observed Xatm g. ,  thf  matf f  a?  exPerimeJnta ^ . 80 tedl° us-
directly. To this end a 5%  solution of 4 in acetoni- ®.y f cldent^ ve noted that ordmaiy  decolorizing carbon
trile-da was treated with increasing amounts of AgPF6. dlf  bargeS the purple color of aqueous permanganate
Silver chloride was precipitated and the nmr peaks of 4 S° lut,10nS WltÜ tb,e P o t a t i o n  of a brown-black
were broadened and displaced downfield, the peak at- P™ der' P ^ u m ably  manganese dioxide, on he excess
tributed to the A-methyl protons being the most in- +carb?n' b+\CaUSe ° f tb? nature ° f tbe ma'
fluenced. In  the presence of excess silver ion, two new terial Pr^ P itated in thi8 ' or the presence of excess
sharp singlets appear at r 6.48 and 8.02 in agreement Ca¿ on’ the p0wder can b® filtered rapidly “ g a s h e d
with structure 5. Compound 5, which has a half-life of fWlth f f 5 “  aJ feW imn? tf v on an ordinary Buchner
ca. 10 min under the experimental conditions, can be re- funnel; We • US®d+.thlS f mixture+ r0" y for
converted to 4 by addition of anhydrous ietrabutyl- several years m the oxidation of a variety of hydrazine 
ammonium chloride. derivatives (hydrazones, hydrazo compounds, 1,1-di-

Tx • _ - x i    • x m  substituted hydrazines) and find it to be as effective forI t  is not known it 3 and 4 arise via rearrangement of 2 , ,, , r , . . .
j-  , „ +• j, x x" x • i llu i xl such purposes as the M n 02 oxidants previously de-or direct reaction of starting materials, although the ■, , fi , ■i xx xx x- scribed.6 D ran g  the oxidant mixture m an oven atlatter appears more attractive. , . n0 „ i, +) , . .,105-110 lor 8-24 hr increases its activity to the point

where its effectiveness in the oxidation of allylic and
Experimental Section benzylic alcohols appears comparable with that of the

G en eral.-P roton  nmr spectra were obtained from a Varían material described by Attenburrow and coworkers.
Model T60 or A -56/60 spectrometer, the latter equipped with a borne results are listed in dable I .  birice we have not
variable temperature probe. Elemental analyses were performed 
in the Physical Sciences Center, Central Research Department,
Monsanto Co. All reactions were carried out in an atmosphere „  T
of dry nitrogen. I a ble  i

Preparation of l-Chloro-Ar,A',2-trimethylpropenylamine (4).—  Oxidation of C innamyl Alcohol“
To a solution of 2.7 g (0.015 mol) of dichlorophenylphosphine in 10 % cinnamaldehyde after
ml of chloroform was slowly added a solution of 2.0 g (0.014 mol) Oxidant 30 min
of 1 in 5 ml of chloroform. The resulting solution was allowed M n 02-C , B P  air-dried6 30-35
to stand at room temperature for 14 days, while monitoring the M n 02-C  B P oven-dried6 46-51
progress of the reaction by proton nmr. At the end of this n  n  WT,’ • , ■ u
period the solvent was removed and the more volatile portion **■/■* ^' t»™ i • i
of the residue was distilled into a Dry Ice trap, yielding 1.4 g M n02-C ;, RT, oven-dr,ed‘ 82-91
(75% ) of 4: bp 40° (25 mm); nmr (DCCfi) r  7.63 (s, 1), 8.22 “ Test oxidations were carried out by stirring, at room tem-
(s; 1 ). perature, a solution containing 0.5 g of cinnamyl alcohol in 5.5 g

A n al. Caled for C6H 12NC1: C, 53 .9 ; H, 9 .1 ; N, 10.5; of benzene and 19 g of ligroin (bp 30-60°) with 5.0 g of the oxi-
mol wt, 133. Found: C, 53.7; H, 9 .3 ; N, 10.2; mol wt, 133 dant. Extent of conversion to the aldehyde was determined by
(mass spectrum). infrared analysis according to the method of R . J . Gritter and T.

When a solution of 4 in acetonitrile-da was treated with a small J- Wallace, J .  Org. Chem., 24, 1051 (1959). 6 Precipitated at the
amount of water, the nmr spectrum immediately changed to boiling point of the solution (method A). c Precipitated at room
that of Ar,A-dimethylisobutyramide.6 temperature (method B). The increased activity of the oxidant

Proton Nmr Study of l-Chloro-A,A,2-trimethylpropenylamine mixture obtained by precipitation at room temperature is a t the
(4).—An nmr spectrum of 4 (5%  in chloroform) changed in the expense of slightly reduced ease of filtration,
following way as the temperature was decreased. The width at -------------------
half height changed, in going from + 3 6 °  to - 7 5 ° ;  for the tetra- (1) For pertinent reviews see (a) o. Meth-Cohn and H. Susohitzky,
methylsilane resonance from 0.38 Hz to 0.44 Hz; for the reso- Chem. Ind. (London), 443 (1969); (b) S. P. Korshunov and L. I. Veresh-
nance at r  8.22 (CH3-C) from 0.46 Hz to 2.60 Hz; and for the chagin, Buss. Chem. Rev., 3E, 942 (1966); (c) R. M. Evans, Quart. Rev.
resonance at r  7.63 (CH3-N) from 0.42 Hz to 1.00 Hz. (London), 13, 61 (1959).

In toluene-di or benzene, the C-methyl resonance becomes two (2) We have no evidence as to the exact composition of the material
quartets7 centered at r  8.29 and 8.31 ( J  ca. 0 .4  Hz) at normal precipitated but assume it to be a mixture of MnOi and unoxidized carbon.
Drobe temDerature Elemental analysis of an air-dried sample of the oxidant obtained on the
“  “  scale given in method A showed the presence of about 20% carbon.

(3) In the most common procedure4 for the preparation of active man-
Registry No.—4, 26189-59-3; 5j 26189-60-6. gañese dioxide, a thick paste is obtained which is most easily collected and

washed by repeated centrifugation. Activation by azeotropic removal of
(4) Several a-chloroenamines have been reported: see A. J. Speziale water through distillation of a suspension in benzene has recently been

and R. C. Freeman, ibid., 82, 903 (1960); E. Ott, G. Dittus, and H. Weisen- recommended.5
burger, Chem. Ber., 76, 84 (1943). (4) J. Attenburrow, A. F. B. Cameron, J . H. Chapman, R. M. Evans,

(5) C. F. Hobbs and H. Weingarten, J .  Org. Chem., 33, 2385 (1968). B. A. Hems, A. B. A. Jensen, and T. Walker, J .  Chem. Soc., 1094 (1952).
(6) The nmr spectrum of N.N-dimethylisobutyramide in acetonitrile-ds (5) I. M. Goldman, J .  Org. Chem., 34, 1979 (1969).

is sensitive to acid concentration. (6) Details regarding the oxidation of benzalhydrazone to phenyldiazo-
(7) The spectra are sensitive to tetramethylsilane concentration and the methane (50-70%). 1,1-disubstituted hydrazines to hydrocarbon products,

values reported are for 10% tetramethylsilane solutions. and hydrazo compounds to azo compounds will be described separately.
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directly compared our oxidant with previous prepara- chloride and acetyl chloride will form acyl cyanides
tions, except in the case of the nitrogen compounds men- under these conditions,2 the fragmentation of the cor-
tioned above, it remains for interested investigators to responding keto acyl chlorides to form their acid chlo- 
determine its suitability for various specific purposes. rides was investigated.

Carbon tetrachloride solutions (0.2 M )  of I  were
_ . c ,. shown to undergo a free-radical chain fragmentation to
Experimental Section _ yieU acetyl c£ loride. The fragmentation could be

A. — A solution of 20 g of potassium permanganate in 250 ml initiated thermally (140°), or, under conditions where
of water contained in a 600-ml beaker was heated to the boiling . chloride ^  ^  j  could be converted
point, removed from the source of heat, and treated portionwise . . , . ’ 0\ , , . . .
over 5 -7  min with 6.25 g of activated carbon.7 The frothing to its acid chloride by photolysis (40 ) ,  by trace lmtia-
was allowed to subside between additions. After complete tion with benzoyl peroxide (5% , 98°), or with A IBN
addition of the carbon the mixture was boiled for 2 -4  min until (3 % , 40°).
the purple color was completely discharged, allowed to stand at Qn b asjg 0 f initiation by light and by benzoyl
room temperature for 10-15 mm and filtered on a Buchner . . . TT1AT ,, .  , , • , .  ,
funnel. The precipitate was washed four times with 50-ml peroxide or A IBN  the fragmentation reaction can be
portions of water and spread out to dry in the air. The air- postulated as a chain sequence3 (Scheme I).
dried material amounted to 22.2 g. After drying in an oven at
105-110° for 8 -24  hr, the weight dropped to 18.7 g. After Scheme I
either air- or oven-drying, the oxidant was obtained as a fine rin/irv-u n z i nr\nn  t ru
powder which could be used directly without grinding. n̂ ' +  CH3COCOCI >■ CH3COCO• +  InCl

B . —-A solution of 20 g of potassium permanganate in 250 ml CH3CO CO  ___>• CH3CO- +  CO
of water was stirred at room temperature with 10 g of activated
carbon for 16 hr. Filtration and drying as in A gave 26.5 g of CH3CO • +  CH3COCOCI — >  CH3COCI +  CH3COCO•
the air-dried or 22.2  g of the oven-dried oxidant.

Registry N o.-M anganese dioxide, 1313-13-9; carbon cyclohexane the reaction took a somewhat differ-
7440-44-0 ent course; not only was acetyl chloride produced but

also a series of radical displacement reactions on I  
Acknowledgment.—This work was carried out under yielded as products cyclohexanecarboxylic acid chlo-

the support of the National Science Foundation under ride, cyclohexyl methyl ketone, and cyclohexyl chlo-
Grants GP-4283 and 10152. ride (see Table I). In  addition to the products listed

(7) Since it was on the shelf at the time this work was initiated, we have 
generally used activated carbon supplied by the J. T. Baker Co., Phillips- TABLE I

■ J ‘ J JnfortUn,ate‘y (hi,3 materia1’ which proved to be the most active P roducts from the I nitiated  R eaction OF P yruvylof all the carbon samples tested, was subsequently removed from the market.
Some commercial samples of activated carbon were completely unreactive CHLORIDE (0.2 M ) IN CYCLOHEXANE
toward permanganate under the conditions studied. Of the various carbons ,--------------Products, %----------------- ..
tested to date, Nuehar C-190N appeared to give the best results, nearly Temp, CHa- CeHu- CeHn-
comparable to those obtained with the J. T. Baker material. In general the Initiator °C COC1 COCH3 COC1 CeHnCl
“fluffy” carbons are effective whereas the dense ones are not. Effective, \ no rn o in  n on k o n
although yielding an oxidant less active than that obtained from J. T. Baker
or Nuehar C-190N (possibly an advantage in the oxidation of some nitrogen Light 40 5 4 .3  1 0 .2  3 5 .5  5 .0
compounds), were the following: Darco G-60 and Mallinckrodt USP. AIBN (8% ) 40 75 3 17 Trace
Ineffective were Fisher C-263 and Norit-neutral.

------------------------ in Table I, a significant quantity of gaseous mate
rial was produced during the reaction. These products 

On the Therm al and Free-R adical R eactions of could be fractionated by standard vacuum line proce- 
Pyruvyl Chloride and Benzoylformy] Chloride dures. Analysis of the gaseous products obtained from

the photoinduced reaction of a solution of pyruvyl chlo- 
D ennis D . T anner* and N. C. D as1 ride (1.00 mmol) in cyclohexane (see Table I) showed

hydrogen chloride (0.10 mmol), methane (0.41 mmol), 
Department o f  Chemistry, and carbon monoxide (1.00 mmol). A combination of

University o f  Alberta, Edmonton, Alberta  the yields of both the gaseous and nongaseous products
constituted, within experimental limits, a quantitative 

Received February 12 ,1 9 7 0  material balance for the initial pyruvyl chloride.
On the basis of the products, the excellent material 

During the attempted synthesis of pyruvyl cyanide balance obtained, and the trace initiation observed,
and benzoyl formyl cyanide from the reaction of the cor- and by analogy to the reactions in cyclohexane of this
responding acyl chlorides ( I  and I I )  with cuprous cya- system with those of oxalyl chloride4 and biacetyl,5 the

0  0  O following chain propagating steps are proposed to ration-
11 |[ cucn || alize the observed reactions (see Scheme I I ) . The in-
^   ̂ Cl >  R C— CN +  CO elusion in the mechanism of the propagation steps con-

i i ’ R  =  CsHs tained in Scheme I  with those of Scheme I I  constitutes
a plausible explanation for the initiated reactions of 

nide, a reaction purported to be successful with other pyruvyl chloride in cyclohexane,
acid halides,2a_c it was found that only acetyl cyanide or The competitive attack of the cyclohexyl radical on 
benzoyl cyanide could be obtained. Since both benzoyl the carbonyl adjacent to the electron-donating methyl

* Author to whom correspondence should be addressed. (3) The possible inclusion of a chain transfer sequence with solvent has
(1) Postdoctoral Fellow, University of Alberta, 1968-1969. been suggested by the referee to account for the smooth conversion of I to
(2) (a) T. S. Oakwood and C. A. Weisgerber, “Organic Syntheses,” Coll. acetyl chloride.

Vol. Ill, Wiley, New York, N. Y., 1955, p 112; (b) H. Sutter, Justus Liebigs (4) M. S. Kharasch and H. C. Brown, J .  Amer. Chem. Soc., 64, 329 (1942).
Ann. Chem., 499, 47 (1932); (c) L. Claisen, Ber., SI, 1023 (1898). (5) W. G. Bentrude and K. R. Darnall, ibid., 90, 3588 (1968).
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Scheme II  p rocesses, did p rod u ce cy clo h e x y lca rb o n y l chloride re-
Step a R  -  C H suiting, p resu m ab ly , fro m  a t ta c k  of a  cy clo h e x y l ra d ica l

6 11 on I I  a t  th e  ca rb o n y l a d ja ce n t to  th e  e lectro n -w ith -
0 0  - 0 0  d raw in g chloride. T h is  b e h a v io r is co n sis te n t w ith  th e

r . -j. CHsCCCl __ ^ CH3CCCI observed preference for attack of the cyclohexyl radical
I at the more electron-deficient carbonyl group of I. The

R lack of product, cyclohexyl phenyl ketone, resulting
• 0 0  0  from an attack of the radical on the carbonyl adjacent

prx L J L , ___^  -p J L W , n n , t o  th e  p hen yl grou p  is likewise in keeping w ith  th e  ab -
I sen ce ol a  s im n ar ty p e  of rad ical ad d itio n  3  scission re -
R  p o rte d  fo r th e  a tte m p te d  in itia te d  re a c tio n  of benzil

Step b w ith  cy clo h e x a n e .6

0 0  0 0 -
!■ I! i! ! Experimental Section

R - +  CH3CCCI — >- CH3CCCI
j Materials.— Cyclohexane (Philips research grade) was used

R  without further purification. Carbon tetrachloride, reagent
q q  q  q  grade, was distilled before use. All reagents were checked for
U n N purity by glpc using a 10 ft X 0.25 in. stainless steel column

C l___>  RCC1 +  CH3C- packed with 10%  SE-30 on Chromosorb W . All of the analyses
| in this study were carried out with this column.

R Pyruvyl Chloride (I).— To a cold, 0° mixture of anhydrous
sodium carbonate (10.6 g, 0.1 mol), anhydrous dimethylform- 

eP c amide (0.1 ml), and pyruvic acid (17.6 g, 0.2 mol) in 125 ml
0 0  0 0  of dry ether was slowly added (2 hr), a solution of oxalyl chloride

M il !j (25.4 g, 0.2 mol) in 25 ml of dry ether. This reaction mixture
C l— >■ RC1 +  CH3CC- was then allowed to warm to room temperature and was stirred

for 24 hr. The reaction mixture was filtered and the filtrate
group or upon the one adjacent to the electron-with- was fractionated using a teflon annular spinning-band column.
drawing: chlorine is reflected if one assumes that the ad- The fractlon boüinS at 75~80 <h t- bP 7 5-80°) was pyruvylarawing cmonne, is renectea, n one assumes tnat tne aa cbi0ride (5.30 g, 25% ). The material was shown to be free of
dition  of th e  cy clo h exy l ra d ica l to  e ith e r ca rb o n y l is irre - starting material and to be one compound by glpc analysis.
versible, in the ratio of carbonyl substituted cyclohex- The ir showed only two carbonyl absorptions at 5.60 and 5.70 p.
anes found. The preference for the addition of the Benzoylformyl Chloride.— BenzoyIformic acid (15.0 g, 0.1
alkyl radical to the electron deficient carbonyl is evident “ ol> and °*alyl chloride ° '4 mol) were beated. *  ,re+flux
- 1 o o x- <• i t  i , , 7 7 , t for 6 hr. The excess oxalyl chloride was removed by distillation
from tne 1.3.8 ratio of cyclohexyl methyl ketone-cyclo atmospheric pressure and the benzoylformyl chloride was
hexyl carboxylic acid chloride, the products obtained distilled under reduced pressure, 90-92° (10 mm) [lit.4 bp 
from the ,5-scisson of the corresponding radicals.6 91° (9.5 mm)], yield 12.8 g (7c% ).

Solutions Of benzoylformyl chloride (0.2 M )  in chloro- The product was shown to be free of starting materials by
h pn /p rp  a t 1 2 0 °  wpvp m ia n titn tiv p lv  pnnvprtpd to  bpn- glpc analysis and showed onl>' one Peak 011 lts ^ P 0 chromato-Denzene a t  I 2 U w ere q u a n tita tiv e ly  co n v e rte d  to  Den gram The ir showed only tw0 carbonyi absorptions at 5.65
zoyl chloride and carbon monoxide. This reaction and 5 . 9 0  M
could not be inhibited with iodine (5% ), 1,3,5-trinitro- Reactions of Pyruvyl Chlonde (I).— Solutions of I (0.2 M ) 
benzene (5% ), or with molecular oxygen. Under con- an<l chlorobenzene (0.2 M )  in carbon tetrachloride or cyclo-
ditions where the keto acid chloride (II) was found to be h™  wf e sealed degassed Pyrex ampoules or break-seals

stable, 80 , in oxygen-free solutions of carbon tetrachlo- were subjected to the appr0priate reaction conditions, 
ride or chlorobenzene, neither photolysis nor small The fragmentation reactions carried out in carbon tetra-
amounts of benzoyl peroxide (5 % )  or A I B N  (5 % )  initi- chloride could be followed by the disappearance of the carbonyl
ated the fragmentation. In  degassed solutions of cyclo- absorptions of I at 5.60 and 5.70 p,  and the appearance of the 

h ™ ,  benzoylformyl chloride (0.2 M )  could be initi-
ated with 2 0 %  benzoyl peroxide to give low yields of sistent within experimental error.
cyclohexyl chloride (10% ), cyclohexylcarbonyl chloride The decompositions carried out in solvent cyclohexane were 
(5% ), and benzoyl chloride (10-15% ) as the only iden- monitored and quantitated by glpc analysis. The liquid prod- 
tifiable volatile products other than the unreacted keto u.cts were identified by a comparison of their glpc retention

acid chloride. Prolonged photolysis (5 days, 40 ) of In order to analyze the gaseous products, the reactions were
the same solutions yielded almost identical results. carried out in break-seals (0X 2 M , 5 ml). After the comple-

Contrary to the results obtained with pyruvyl chlo- tion of the reactions, the break-seals were opened to a vacuum
ride, attempts to initiate the radical chain fragmenta- bne and tbe Sases were distilled through a —80 trap to collect

a t t ‘17 7 - n 7 x 7. ' l l  the hydrogen chloride gas. The methane and carbon mon-
tion of H  edher chemically or photochermcally were Qxide ; eregcollected andgmeasured using a Toepler pump. The
unsuccessful, and the thermal fragmentation was not HC1 was absorbed in standard aqueous base and determined by
inhibited by several common inhibitors. These results back titrating. Methane and carbon monoxide were found by
suggest that the thermal fragmentation of I I  may not be glpc retention time (6 ft-column of molecular sieve 5A) to be the
a free-radical chain reaction but may be a molecular de- onl>' two noncondensable gases The ratio of methane and

i carbon monoxide was determined by quantitative mass spec- 
composition, although only negative evidence supports trometry (AEI_ Model MS-9 spectrometer).
this proposal. Reactions of Benzoylformyl Chloride (II).— The reactions of

I t  was instructive to note that the initiated reactions II (0.2 M ) in chlorobenzene or cyclohexane were carried out and
of I I  in cyclohexane, although definitely not long-chain monitored as were those of I. The ir method of analysis utilized

the ability to follow the disappearance of the carbonyl absorp- 
(6) An investigation is now in progress on the electronic effects operative tion frequencies of II ( C = 0 ,  5.90, 5.65) and the appearance of 

in similar carbonyl addition reactions: private communication from Proies-
sor W. G. Bentrude. (7) Pierre-Carré and P. Jullien, C. R. Acad. Sci., Ser. C, 202, 1521 (1936).
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the spectrum of benzoyl chloride ( C = 0 ,  5 .60). The decomposi- bazole (2 7 % ) ,  a  sm all a m o u n t of I I ,  an d  con sid erab le
tion products of II were analyzed and characterized as were those am orp h ou s solid. T h e  iso lation  of I I  from  th e se  h y -
°f I- d rolyses confirm s th e  conclusions reach ed  from  th e  m ass

R e g is try  N o.'— I ,  5 7 0 4 -6 6 -5 ; I I ,  2 5 7 2 6 -0 4 -9 . sp e ctra l d a ta  and establishes th e  p resen ce of th e  ca rb o n
skeleton  of I I  as p a r t  of s tru ctu re  I I I .  E v id e n tly , th e  

A ck n o w le d g m e n ts .— T h e  a u th o rs  w ish to  th a n k  th e  re a ctio n  of I I I  w ith  b ase causes th e  o x e ta n e  rin g  to  open  
N a tio n a l R e s e a rc h  C o u n cil of C a n a d a  an d  th e  U n iv e r- w b b  tb e  sim u ltan eou s fo rm atio n  of an  ald eh yd e grou p  
s ity  of A lb e r ta  fo r th e ir  generous su p p o rt of th is  w ork. w h ich  a c tiv a te s  th e  carb azole  b earin g  2  p osition  to w a rd

----------------------------  nucleophilic a t ta c k .
T h e  A lu m in a -C a ta ly z e d  C o n d e n sa tio n  o f  T h is possib ility  w as su p p o rted  w hen th e  h y d ro ly sis  of

ft e  L 1 1  * U  L J  i I I I  was carried out under reducing conditions with so-
9 -C a rb a z o ly la c e ta ld e h y d e  dium botohydride D nder these conditions , t„. alde-

H ™  M. V , ™ , M atthe w L. H .hz- P t “ 4 “ “ 4  “  “ i fV I  (9 0 % )  w h ich  g av e  a  n e g ativ e  p eriod ic acid  te s t  as

Department o f Chemistry, University o f  Rhode Island, e xp ected . T h e  d ia ce ta te  V I I  w as p rep ared  as  u su al
Kingston, Rhode Island  02881 w ith  p yrid in e an d  a c e tic  an hydride.

OR
Received A pril IS, 1970 j

CbCHsCH— CH— CH2OR

T h e  lite ra tu re  co n tain s  few  exam p les of th e  con d en sa- ¿b
tio n  of ald ehydes or k eton es ca ta ly z e d  b y  a lu m in a .3 VI, R  =  H
D u rin g  a  s tu d y  of th e  d e carb o n y latio n  of 9 -ca rb a z o ly l- VII, R =  Ac
a ce ta ld e h y d e 4 ( I ) ,  w e found th a t , w hen th is  ald ehyde is , ,  ,
p assed  th ro u g h  a  ch ro m a to g ra p h ic  colu m n  p rep ared  T h e  am orp h ou s sohd o b tam ed  m  th e  colu m n  re a c tio n
w ith  n e u tra l a lu m in a (a c tiv ity  grad e I ) ,  i t  u ndergoes could n o t b e se p a ra te d  in to  com p on en ts b y  e ith e r ch ro -
facile con version  to  2 ,4 -d ica rb a z o l-9 -y l-2 -b u te n a l ( I I )  m a to g ra p h y  sub lim ation , o r a tte m p te d  re c ry s ta lh z a -
(2 0 % )  an d  to  an  alcoh ol I I I  ( 7 % ) ,  w hich  w as assigned ^  ,I t s  ln frared  sp e ctru m  w as id e n tica l w ith  t h a t  of
th e  n ovel s tru c tu re  I I I ,  alon g w ith  con sid erab le p oly - th e  P O ^ e n c  m a te ria l o b tain ed  b y  th e  a c id -c a ta ly z e d
m eric solid con d en satio n  of I .

W h en  I I I  w as a ce ty la te d , an  a c e ta te  (V I I I )  form ed  
J O  O CHOH (6 7 % )  w hich  h ad  a  sap on ification  e q u iv alen t co n sis te n t

CbCH2C H =C —C CbCH2CH CHCb w ith  th e  m o n o a ce ta te  of I I I  an d  show ed a  single a c e ta te
I \  ca rb o n y l p eak  in  th e  ir sp e ctru m  an d  one a c e ta te  p e a k  in

n  H th e  n m r sp e ctru m . T h e  sap o n ification  yield ed  th e
(Cb =  9-carbazolyl) sam e p ro d u cts  as did th e  tre a tm e n t of I I I  w ith  b ase.

T h e  m ass sp e ctru m  of V I I I  h ad  a  fra g m e n ta tio n  p a t-  
S tru c tu re  I I  w as assigned on th e  basis of in form ation  te rn  v e ry  sim ilar to  th a t  of I I I  e x ce p t fo r th e  p a re n t

o b tain ed  from  its  m ass, in frared , an d  n m r s p e c tra  an d  p eak  of n i  a t  m / e  4 1 8  an d  a  p eak  a t  m / e  6 6 9  ( 8 .1 % ) .
b y  con version  to  d e riv ativ es  w hich  w ere ch a ra cte riz e d  W e  h a v e  n o t y e t  identified th e  la t te r  p eak  b u t i t  seem s
b y  sim ilar tech n iq u es (see T a b le  I ) . R e d u ctio n  of I I  reason ab le  to  assum e th a t  i t  is due to  som e d eco m p osi-
w ith  sodium  b oroh yd rid e in  8 0 %  aq ueous d ioxan e g a v e  tio n  p ro d u ct w hich  could h a v e  form ed  a t  th e  n e a r  de
an  alcoh ol IV  (7 6 % )  w hich  w hen tre a te d  w ith  p y rid in e - com p osition  te m p e ra tu re  (a b o u t 3 0 0 ° )  req u ired  to  v a -
a c e tic  an h y d rid e g a v e  th e  m o n o a ce ta te  V  (7 6 % ) .  porize th is  sam p le .6

CbCH2C H = C — CH2OR In  an  effort to  ob ta in  fu rth e r con firm ation  of th e  m o -
^  le cu la r w eigh t of I I I ,  cry o sco p ic  an d  eb ullioscop ic m o -

IV r  =  h  le cu la r w eigh t d eterm in atio n s w ere a tte m p te d . U n fo r-
V, R =  Ac tu n a te ly , th ese  a tte m p ts  w ere n o t successfu l due to  th e

, . ,  ,. . , low  solu b ility  of I I I  and its  low  s ta b ility . In  h o t sol-
T h e  e lu cid ation  of th e  s tru c tu re  of I I I  w as difficult v e n t (a b o u t 9 0 o} n m r ghowed e xten siv e  d eco m p ositio n

ow ing to  its  v e ry  low  solu bility  m  con ven tion al so lven ts in  a  m a tte r  of m in u teg; a t  ro om  te m p e ra tu re  u n d er d ry
I t s  s tru c tu re  is b ased  in  p a r t  on sp ectro sco p ic  d a ta  an d  nitrogeil) d eg ra d a tio n  b ecam e a p p a re n t b y  e lem en tal
th e  p rop erties of its  d e riv ativ es  given  in  T a b le  I  P u n -  analygis a f te r  a  few  w eek s.

,.t n  gaVe, 011 c SP° J  c’ f'.c° rrect ana]yRls ôr d ‘2ir The mechanism of this reaction appears to be an acid- 
H2 2N 2 O2 , and an ir spectrum which is consistent with the catalyzed aldol condensation which must occur in this
proposed structure. In  addition, mass spectroscopy sygtem because of high attraction of the carbazole nu-
gave a molecular weight of 418 and a fragmentation cleug for the activated alumina gurfacee and the in.
p a tte rn  sim ilar to  t h a t  of th e  d eh y d ra te d  fo rm  I I .  T h e  creased  s ta b ility  of th e  enol fo rm  of th e  ald eh y d e d ue to
re a c tio n  of I I I  w ith  b ase yielded, on n e u tra liza tio n , c a r -  itg co n ju g a t ion w ith  th e  h e te ro a ro m a tic  rin g  sy s te m .

* To whom correspondence should be addressed. In  s tro n g ly  acid ic  solutions th e  con d en satio n  p roceed s
(1) Presented in part at the Northeast Regional Meeting of the American ra p id ly  to  p rod u ce an  insoluble m a te ria l even  a t  te m p e r-

Chemical Society, Boston, Mass., Oct 14, 1968.
(2) American Hoechst Fellow, 1967-1968. (5) We had also considered the dimer of structure III as a possibility for
(3) For room temperature reactions, see A. M. Kuliev, A. M. Levshina, III, but this seems unlikely because of the absence of a complicated frag-

and A. G. Zul fugarova, Azerb, Khim. Zh., No. 5, 29 (1959); Chem. Abstr., mentation pattern above m/e 400.
59, 2638a (1963); also, K. Tanabe and Y. Morisowa, Chem. Pharm. Bull. (6) E. Funakubo, T. Nagai, and J. Moritani, Kogyo Kaguku Zasshi, 65,
11, 536 (1963). 782 (1962); Chem. Abstr., 59, 1445  ̂ (1963). Also, E. Funakubo, T. Nagai,

(4) Synthesis reported in B. M. Vittimberga and M. L. Herz, J . Org. and G. Kon, Kogyo Kagaku Zasshi, 66, 33 (1963); Chem. Abstr., 59, 12145/
Chem., 35, 3694 (1970). (1963).
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T able I
P hysical P roperties'*

Compd Formula Mp, "C M Ir, cm"* Nmr, r
I C»HuNO 1 4 0 .5 -1 4 1 .5  209* 2850 (aid C— H ) 0.37 (t, 1, J  =  4.0 H i), 2.5 (m, 8)

1730 (C— O) 5.24 (d, 2, J  =  4.0 Hz) (CDCU)
II C28H20N2O 172-174 400* 2820) . . .  ___ 0.42 (s, C H = 0 ) , 2.50 (m, Cb protons), 3.10 (t, J  =  6.6

2730J Hz, C H = ) 5.06 (d, J  = 6.6 Hz, CH2) (acetone-dn)
1690 ( C = 0 )
1640 (C = C )

III  C28N22N2O2 221—226 418* 3535 (OH) 2.5 (m, Cb protons), broad unresolved bands between
1220 __ 6.6 and 3.1, 8.0 (s, weak, OH) (nitrobenzene-ds)
1150[( C _
1115

IV C28H22N20  164-165 3270 (O— H ) 2.5 (m, 16), 3.59 (t, 1, /  = 6.0 Hz, C H = ), 5.24 (d, 2,
1675 (C = C ) J  =  6.3 Hz), 5.5 (s, 2), 8.39 (s, 1, OH) (CDCI3)
1060 (C— O)

V C30H24N2O2 1 4 5 .5 -1 4 6 .5  441.5= 1745 ( C = 0 )  2.5 (m, 16), 3.59 (t, 1, /  =  6.4 Hz), 4.09 (s, 2), 5.31
1665 (C = C ) (d, 2, J  =  6.4 Hz), 8.20 Is, 3)(CDC13)

12151 ( c - m
1025/ (C 0 )

VI C28H24N202 218-220 3400 (OH) Complex splitting between 6.6 and 3.0 (6 protons), 2.5 (m,
1150) 16), 8.01 (s, 2, OH) (CDCI3)
1110/  (C 0 )

VII C32H28N2O4 1 9 2 .5 -1 9 4 .5  1745 (d, C = 0 )  Two regions of complex splitting at 6 .65-4.65 (m, 5 ) and
1230) .„ ___ 4 .0-1 .7  (m, 17), acetate protons at 8.43 (s, 3), 8.30
1050/ l j (s, 3) (CDCI3)

V III C30H24N2O3 295 dec 462='li 1750 ( C = 0 )  2.5 (m, Cb protons), broad unresolved bands between
1225)  „ .  8.4 and 3.6, 8.73 (s, strong) (pyridine-ds, 100 Me)
1120/   ̂ J

“ A J spectra were taken in K Br. New compounds gave elemental analyses that were within 0.30%  of the theoretical value for C, H, 
and N except for II and V which after many recrystallizations analyzed correctly for N but were off 0.5%  in C and H. * By mass 
spectroscopy. c By saponification equivalent. d No resolution of parent peak.

a tu re s  ab o u t 1 0 ° . In  c o n tra s t  to  th is, th e  ald eh y d e I  formed by acid-catalyzed polymerization (vide in fra)  of 9-carba- 
w as reco v ered  u n ch an ged  a fte r  3  d ay s a t  reflux in a lco - zolylaeetaldehyde. Its nmr spectrum (in acetone-*) showed
holic p otassiu m  h yd roxid e  solution . T h ese  fa c ts  sup- *tr0I/ f  carbaf ] / ty,pe aromatic proton resonance (r 2 .5) with

, . . .  . . . . J . r  broad unresolved absorption between r  4.1 and 7.1, and three
p o rt a  m ech an ism  in volv in g  acid  ca ta ly sis . weak peaks about r  8 .9 . The acetate, V III, was prepared by

T h e  colu m n  a p p ears  to  h a v e  tw o  fu n ctio n s: (1 ) i t  heating III (100 mg, 2.4 X  1C“4 mol) in 5.0 ml of pyridine (dried
ca ta ly z e s  th e  re a ctio n , an d  (2 ) it  p re v e n ts  th e  co m p lete  over sodium hydroxide) and 3.0 ml (3.24 g, 0.032 mol) of acetic
con version  of th e  ald eh y d e to  p olym eric  m a teria ls . anhydride on a steam bath for 1.5 hr to give a precipitate. The
rpi i , - j - i  x xi i j  n . mixture was poured over crushed ice and solids were removed
T h e  alum ina, in  effect, d ilutes th e  ald ehyde b y  allow ing by suction filptration> washed with 2%  hydroohioric acid, and
re a c tio n  to  o ccu r on ly  a t  se p a ra te d  a c tiv e  sites, th e re b y  finally washed thoroughly with water. The acetate was re
cau sin g a  localized  d im erizatio n  re a ctio n . T h e  aldol, crystallized from 2-butanone to give white crystals (0.074 g,
w hich  could n o t be iso lated , m u st d e h y d ra te  to  I I  o r re - 1 6  x  10“4 mol> 67%)- The saponification of this acetate or
a c t  to  fo rm  I I I .  T h o u g h  s tru c tu re  I I I  seem s en ergeti- ! he trea“  of 111 A ° °  “ f  > base fo11’owe<l by neutral(izf-  
cally  unlikely, i t  m ig h t b e th e  resu lt of d isto rtio n  m  th e  was resolved on a silica column to yield 30 mg of carbazole,
m olecule cau sed  b y  th e  s te ric  repulsion  of th e  large c a r -  10 mg of II , and amorphous solid.
b azolyl groups. A  s tu d y  of th e  m ech an ism  of th is  re a c - The Reduction of II by Sodium Borohydride.— To a stirred
tio n  w ith  a ro m a tic  sy stem s is in  p rogress an d  will be solution of 0.350 g (8.7 x  10_t mol) of II in 25 ml of 80%  aqueous

, j  i xi dioxane at 0 was added 0.050 g (1.3 X  10”3 mol) of sodium
rep or e SU sequen y . borohydride. This was followed immediately by 6 drops of

20 % sodium hydroxide solution and the resulting solution was 
Experimental Section stirred for 1 hr. Then it was allowed to warm to room tempera

ture at which point it was made slightly acid to litmus with 20 % 
All melting points are corrected and were determined on a acetic acid and was poured into 200 ml of water. Stirring pro-

Thomas-Hoover melting point apparatus. The nuclear mag- duced a curdy precipitate which was separated by filtration and
netie resonance (nmr) spectra were recorded on a Varian A-60 washed thoroughly with water. The crude material was re
spectrometer at 60 Me unless otherwise indicated using tetra- crystallized from carbon tetrachloride to yield 0.265 g of IV
methylsilane as an internal standard. Infrared spectra were (6.6  X  10~4 mol, 76% ).
determined in potassium bromide on either a Beckman IR -8 or The monoacetate V was prepared by the procedure used to
a Perkin-Elmer Model 521 spectrophotometer. The micro- produce the acetate of III  (76%  yield).
analyses were performed by Micro-Analysis, Inc., Wilmington, Reduction of III by Sodium Borohydride.— The hemiacetal,
Del. I l l ,  was reduced as was described above for the reduction of II

The Reaction of I with Alumina.— The 9-carbazolylacetalde- to yield, after repeated recrystallization from ethanol, VI
hyde (5.0 g, 0.24 mol) was passed over 60 g of aluminum oxide (37% ). The diacetate VII was prepared in 95%  yield by the
(Woelm neutral, activity I, pH 7.5) using eluents of increasing procedure described above for the esterification of III .
polarity from benzene to methanol. The earlier fractions con- The Acid-Catalyzed Condensation of I.— The aldehyde (1.0
tained II (~ 2 0 % ) and III (~ 7 % )  while in the later fractions g, 4.8 X  10-3 mol) was dissolved in a stirred, cooled solution of
these were mixed with a red amorphous solid. These com- 25 ml of acetic acid and 0.77 ml (1.4 g, 1.4 X  10-2 mol) of sul-
pounds were separated by fractional recrystallization from furic acid. The starting material was completely converted
ethanol. The amorphous solid formed in this reaction gave an over a period of 24 hr to a highly insoluble grayish precipitate,
ir spectrum which is essentially the same as that for the solid The product was repeatedly extracted with carbon tetrachloride
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to give a green material which decomposed at ~ 3 7 5 ° : ir hyde with methyl vinyl ketone.7,8 The resulting 4,4-
3410 (O H ), 1750 (C O), 1205,1150, and 1120 cm -1 (C O). dimethylcyclohexenone was oxidized to the correspond-

Registry N o .- I ,  25557-77-1; II , 25894-27-3; I I I ,  mg dienone using 2,3 dichloro-5 6-dicyanobenzoquinone
25894-28-4; IV, 25894-29-5; V, 25894-30-8; Y I, 25894- m refluxing carbon tetrachloride. .
31-9- V II 25894-32-0' V III 25894-33-1 I  he uv spectrum of 1 in water is characteristic of a

A2,5-cyclohexadienone.9 However, in concentrated 
Acknowledgments.—We thank Dr. Charles Merritt, sulfuric or perchloric acid solution the spectrum is com-

Jr., and his group at the U. S. Army Natick Labora- pletely different and nearly identical with that produced
tories, Natick, Mass., and Mr. Donald L. Travis of by dissolving 2 in concentrated sulfuric acid. These
Varian Associates for the mass spectra determinations. results are summarized in Table I.

T able I
Cyclohexadienyl Cations. II . Evidence U ltraviolet Spectral P roperties of

e  „  i .  ,  N eutral and P rotonated Cyclohexadienonesior a Protonated Cyclonexadienone during
Dienone Solvent Xmax (nm) Log e

the Dienone-Phenol Rearrangem ent1,2 j j j 40 235 4 17
2“ H 20  238 4 .15

V. P. Vitullo3 1 71.0%  HCIO, 260,295 4 .1 2 ,3 .5 7
2“ 90 .5%  H2SO4 262,294 4 .1 2 ,3 .5 6

Department o f  Chemistry, University o f  K ansas, « D ata from ref 1.
Lawrence, K ansas 66O44

Received. A pril 2 ,1 9 7 0  The long wavelength band of the species formed by
In an earlier paper1 we suggested that the oxygen-pro- protonation of 1 can be used to monitor its concentra-

tonated cyclohexadienone formed from 4-dichloro- 6on as a function of acid concentration. The results of
methyl-4-methylcyclohexadienone (2) in concentrated such an investigation for solutions of 1 in both sulfuric
acid could be considered a good model for the first inter- anc  ̂ perchloric acids are reported in Tables I I  and III.
mediate in the dienone-phenol rearrangement.4 The
structure of this ion as well as its equilibrium acidity T able II
dependence in concentrated acid solution was firmly Eqtjilibrium P r0tonation Data for l in HCIO, at 25.3= 
established.1,6 While: this suggestion seemed entirely Absorbance„ Wt%ofHcio. [DHq/mP - w
reasonable, it lacked force because of the demonstrated 0 215 41 93 0 157 2 26
reluctance of 2 to undergo the dienone-phenol rear- 0 355 44 35 0 292 2 81
rangement. Thus, even at 60° in 80% sulfuric acid, 2 q 573 47̂ 61 0!576 3'18
rearranges only slowly (half-life ~  24 hr) to afford a 0.812 50.50 1.076 3.55
mixture of two rather unusual products.6 1.058 53.55 2.07 4.00

In this paper, we would like to report the results of a 1.200 56.44 3.26 4.47
similar investigation on a closely related system, 4,4- 1.395 59.03 8.08 5.02
dimethylcyclohexadienone (1). This substrate does 1.605 64.16 6.26
undergo the dienone-phenol rearrangement rapidly at 1.538 68.83 7.45
25° in 70% perchloric acid to form a single major prod- 1.542 70.95 8.01
uct, 3,4-dimethylphenol, in >90%  yield. Thus, we 6 ‘ f.4 295 nm- ^ « m ira tio n  4.12 x  10-*M  cell path 1 cm 

i ,1 , ,1 i , ,. « , , , , /  b Ratio of concentrations of protonated [D H +] to neutral [D
reasoned that the detection of a protonated cyclohexa- species. c Ho values from K. Y a tes and H. Wai, Can. J .  Chem.,
dienone during th e  isom erization of th is su b stra te  would 43,2131 (1965). 
not suffer from  th e  deficiencies noted  above for 2 .

q q T able III
I I  E quilibrium P rotonation Data for 1 in H2SO< at 2 5 .3 °

| p S |  l l l l  Absorbance" W t % of H,SO( [D H +l/lD p - i f o c

U  I I  0.149 36.28 0.102 2 .15
Cip - CH 0 ,2 7 6  42 ,1 0  0 ,2 0 0  2 ,5 7

-3 3 CH3 CHC12 0 .4 4 5  46 .5 7  0 .3 8 3  3 .01
1 2  0 .6 6 8  51 .75  0 .7 1 2  3 .5 6

0.842 54.34 1.100 3.84
Results and Discussion 1.188 60.07 2.83 4.46

, , * , • , . . 1.402 65.02 6.82 5.09
1 was prepared in a straightforw ard  m anner b y  con- l 6 3 3  9 4  7 0  9  7 9

d ensation of th e  pyrrolidine enam ine of isobu tyralde- 1 5 8 3  9 4  70 9 7 9

, , ,  , T. ,, . „ 0 At 295 nm, concentration 4.12 X  10-4 M, cell path 1 cm.(1) P a r t i :  V. P. Vitullo, J .  Org. Chem., 34,224 (1969). /, r> i- r ’ , , .  ,  , / , Tt^t t L  , r  . , rT̂ n
(2) Presented in part at the 157th National Meeting of the American R a t l °  ° f  C on centration s o f p ro to n a ted  [D H +  to  n e u tra l [D ]

Chemical Society, April 1969, Minneapolis, Minn., Abstract ORGN 163. species. c H o valu es from  M . J .  Jo rg e n so n  and D . R .  H a r tte r ,
(3) Address all correspondence to Department of Chemistry, University of ^ ' A m e r . C h em . SoC., 8 5 , 878 (1963).

Maryland, Baltimore, Md. 21228. ______________
(4) For a discussion of possible mechanisms of the dienone-phenol re-

arrangement, see A. J .  Waring, Advan. Alicycl. Chem., 1, 207 (I960), and (7) E . Benzing, An(reu>. Chem.,71, 521 (1959).
references contained therein. (8) G. A. Smith, B . J .  L. Hiff, W. H. Powers, I I I ,  and D. Caine, J .  Org.

(5) E . C. Friedrich, J .  Org. Chem., 33, 412 (1968). Chem., 32, 2851 (1967).
(6) T . G. Miller, ibid., 27, 1549 (1962). (9) Reference 4, p 188.
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A conventional indicator plot of these data (Figure 1) [" --- ----
was linear and adequately represented by eq 1.

log [D H +]/[D ; = (0.62 ±  0.02) [ ( - 3 .6 6  ±  0.13) -  # 0] (1) i.o - /

The slope and intercept of this type of plot com- y
pletely characterizes the acidity dependence of any equi- /
librium protonation reaction.10 E.g., if upon protona- 0,5' /*•
tion two substrates produce conjugate acids of very y
similar structure (with regard to charge distribution and -
solvation), their indicator slopes should be essentially S yC
identical. In general, the intercepts of these plots will ~ /
vary considerably from substrate to substrate and will I  *C
reflect the intrinsic basicity of a particular substrate. "°'5’ °

The slope observed in this work for 1 is identical with f -
that reported1 for the equilibrium protonation of 2 in /  0 HC1
sulfuric acid (0.62). This adds confirmatory evidence 1 | ^  H2SOt I
that very similar species, namely protonated cyclohexa- 
dienones, are produced from 1 and 2 in concentrated
acid solution. The intercepts, on the other hand, are — fj,--------^ ^ -------- t~o-------7̂ —
quite different, —3.66 for 1 and —5.52 for 2. This dif- _„o
ference corresponds to a difference in basicity of about a
factor of 70, with 1 being the stronger base. This is Figuref1l“7^lot l 1“8 [? ? +I/J D1 w‘ .“ £• f°r th® Pr°t°nation 
consistent with the well-known electron-withdrawing 
tendency of a CHC12 group (a* 1.94)11 relative to a
methyl (<r* 0.00). Thus, inductive withdrawal of elec- lnlet a c° nd“ ser placed 200 ml of CC14. To this
, j  t_ nTTn  „ n _ was added 25 g (0.11 mol) of 2,3-dichloro-0,6-dicyanobenzo-
tron density by a CHCI2 group from the protonated quinone (DDQ) and 7.5 ml (7.0  g, 0.058 mol) of 4 ,4-dimethyl-
form of 2 reduces the basicity of the parent cyclo- cyclohexenone in 25 ml of CC14. The reaction mixture was
hexadienone. allowed to reflux on a steam bath with vigorous stirring for 24

We believe that the results detailed in this report pro- hJ> c° oled to « c m  temperature, and filtered. A 100-ml portion 
• i , ■ . ,  r j .1 • , r  i of ether was added and the solution was washed with two 100-vide conclusive evidence for the existence of a cyclo- ml portions of 10% K0H solution> dried over Na2go4 and the

h exad ien yl c a tio n  d urin g th e  isom erization  of 1 to  3 ,4 -  ether removed on a steam bath. There remained 2.89 g (42% )
dimethylphenol. Furthermore, it seems intuitively of impure product which was distilled to afford 1.99 g (30% ) of
reasonable that this species is an intermediate which water-white 1: bp 60-61° (3 mm) [lit.12 90° (15 m m )]; rc-o
lies directly on the reaction path. *’ A100n i c ,  * , , ,^ Product Study.— A 183.0-mg sample of 1 was treated at 25

with 3.0 ml of 72%  HC104. After 30 min (ten half-lives), the 
Experimental Section mixture was poured onto ice and extracted with three 30-ml

portions of ether. The ether solution was dried over Na2S 0 4
l-Pyrrolidino-2-methylpropene.7— In a 250-ml round-bottom and removed on a steam bath leaving 175 mg (96% ) of 3,4-di

flask equipped with a Dean-Stark separator, dropping funnel, methylphenol. After one recrystallization from hexane, the
and a magnetic stirring bar was placed 83.6 ml (71.1 g, 1.0 slightly purplish product had mp 5 9-61°. Authentic 3,4-di-
mol) of pyrrolidine. The flask was cooled in an ice bath and methylphenol, recrystallized once from hexane, had mp 62 .5 -
109 ml (86.5 g, 1.2 mol) of isobutyraldehyde was added with 65°.
stirring. After the addition was complete, the mixture was In a separate experiment 74.9 mg of 1 was treated at room
heated at reflux for 6 hr. A total of 19.5 ml (108% ) of water temperature with 1.0 ml of 72%  HC104 for 5 -6  half-lives. Work- 
was collected. A further 22 ml of aldehyde was then collected up of the reaction mixture in the way described above afforded
and the residue distilled under reduced pressure. A middle cut 74.8 mg (100% ) of an oil. The ir spectrum of the crude product
had the following properties: 67.6 g (54 .2% ); bp 63-65° revealed the presence of unreacted dienone and 3,4-dimethyl-
(28 mm) [lit.7 70-71° (38 m m )]. phenol exclusively. Gas chromatographic analysis demon-

4.4- Dimethylcyclohexenone.8— In a 500-ml round-bottom strated the presence of a single major product which was col-
flask equipped with a condenser, dropping funnel, and a nitrogen lected and shown to be 3,4-dimethylphenol by a comparison of
inlet tube was placed 52 ml (45 g, 0.36 mol) of l-pyrroIidino-2- its ir with that of authentic material.
methylpropene. The system was flushed with nitrogen and The quantitative conversion of 1 to 3,4-dimethylphenol is
cooled in an ice bath. At this point, 29.3 ml (25.2 g, 0.36 mol) further substantiated by uv spectroscopy. These results are
of methyl vinyl ketone was added dropwise over a period of 0.5 summarized in Table IV. As can be seen from the results in
hr. The mixture was allowed to stir under nitrogen for 24 hr.
A 350-ml portion of 15% HC1 was then added and the mixture T able IV
allowed to stir for an additional 24 hr. The dark brown re
action mixture was heated on a steam bath for 45 min and F v  P roduct Study for 1
allowed to cool. The organic phase was separated from the Solvent,
aqueous layer which was saturated with NaCl and extracted with Substrate % (nnd Log e
three 100-ml portions of ether. The ether solution was combined 1“ H C104, 7 1 .0  207,271 3 .0 7 ,3 .8 6
with the organic layer and dried over Na2S 0 4. Removal of the 3,4-Dimethylphenol6 HC104, 7 1 .0  207,271 3 .0 1 ,3 .8 1
ether afforded 28.3 g (64% ) of impure product. Distillation !<, H 2S 0 4, 9 4 .7  302 1 .49
under reduced pressure furnished 18.2 g (41% ) of slightly yellow 3 4-DimethylphenoP H 2S 0 4’, 9 4 .7  303 1.53
4,4-dimethylcyclohexenone, bp 89-90° (28 mm) [lit.8 81-84° ’ ■„ , „„A , ,, A , . . .  , * ,  , .  , “ After 10 half-lives at 2o.3 . b Aldrich Chemical Co., re-(21 mm)], exhibiting concordant nmr and ir spectra. ,

4.4- Dimethylcyclohexadienone ( l ) . - I n  a 500-ml round- crystallized from hexane, 
bottom flask equipped with an overhead stirring motor, a nitrogen
------------------- Table IV the phenol product is not stable in sulfuric acid but is

(10) E. M. Arnett, Progr. Phys. Org. Chem., l, 223 (1963). rapidly sulfonated, presumably to a mixture of sulfonic acids.
(11) J .  E. LefBer and E . Grunwald, “Rates and Equilibria of Organic ---------------------

Reactions.’’ Wiley, New York, N. Y ., 1963, p 222. (12) F. G. Bordwell and K. Wellman, J .  Org. Chem., 28, 1347 (1963).
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Equilibrium Protonation Studies.— A wholly aqueous solution R
of 1 (0.0618 M , 20 m1) was placed in a clean, dry cuvette. To
this was added 3 .00 ml of an acid solution of the desired strength C - ) l  Na+ +  ClCH2COCTNa+ —
previously equilibrated at 25 .3°. The contents of the cuvette N ^N
were thoroughly mixed by several rapid inversions and placed in
the thermostated cell compartment of the Cary 16 spectropho- _  jqpj qjj CF C H
tometer. The absorbance was monitored as a function of time ’
and the initial absorbance obtained by a back extrapolation to 
the time of mixing. Acid concentrations were determined by
mixing carefully weighed amounts of standardized acid and *
distilled water. CH2COCTNa+ +  NaCl (2)

Registry No.—1,1073-14-9; 2,6611-78-5. 1 and 2 lsomers

Acknowledgment.—The author wishes to acknowl- . .
edge with gratitude the hospitality shown him by the reaction of potassium 5-ammotetrazolate tuth
Department of Chemistry, University of Kansas, during «-chlorocarbonyl compounds (eq 1) in methyl alcohol 
his tenure as a Visiting Instructor for the academic year, £ave mostly 1-substituted products and. minor products
1968-1969. Special thanks are also due Professor R. substituted in the 2 position. The yield of 2-substi-
L. Schowen for many helpful and stimulating discus- tuted isomer varied from 0 to ca. 21% (Table I). The
sions throughout the course of this work. Thanks are chlorocarbonyl compounds evidently exerted some m-
also due Professor J. Swenton for experimental details huence m directing substitution on the tetrazole ring m
for the synthesis of 1 addition to the strong inductive effect of the 5-substitu

ent group. Substitution on the 1- and 2-ring positions 
----------------------  of different tetrazoles with chloroacetate in methyl alco

hol or chloroacetic acid in water clearly demonstrated 
Alkylation of 5 -Substituted Tetrazoles the inductive effect of the 5 substituents. Electron-

with «-Chlorocarbonyl Compounds donating groups favored 1 substitution and electron-
withdrawing groups favored 2 substitution. Phis m- 

F red  E in berg  ductive effect also was demonstrated in the work re
ported by Raap1 and in prior work3 on the alkylation of 

Pitman-Dunn Research Laboratories, F ran kford  Arsenal, 5-Substituted tetrazoles. In the reactions with chloro-
P hiladelphia, Pennsylvania 19137 carbonyl compounds in methanolic potassium hydroxide

or in aqueous sodium hydroxide, neutralization of the 
Received February 11 ,1969  strong base by formation of the salts of the tetrazoles

and of chloroacetic acid prevented hydrolysis of the
As part of a study on the preparation of polyfunc- chlorocarbonyl compounds. With chloroacetic acid

tional tetrazoles, we have alkylated 5-substituted tet- 2 mol of base per mol of tetrazole were required to give
razoles with «-chlorocarbonyl compounds to prepare 1- an appreciable yield of substitution product. Appa-
and 2-carbonyl substituted isomers. Substitutions of rently, substitution on the ring occurred only in reaction
5-substituted tetrazoles with «-haloacetates and tri- with the tetrazolate anion which formed after all or most
ethylamine in acetone have recently been reported.1 of the chloroacetic acid was converted to salt. De-
5-Substituted 1-carboalkoxymethyltetrazoles were creased yields were obtained with excess base owing to
previously prepared by an indirect method involving hydrolytic reaction with chloroacetic acid or ester,
ring closure to form the tetrazole ring.2 The alkylation The 1- and 2-carbomethoxymethyl-5-aminotetrazole 
of tetrazoles with alkyl halides, dialkyl sulfates, and isomers were readily acetylated with acetic anhydride
diazomethane also has been reported.3 Our work4 has to stable diacetyl derivatives (Table I). The acetyl-
included several chlorocarbonyl compounds other than ated 2-substituted isomer could be distilled at low pres-
chloroacetate, and the reactions were conducted in sure at 180-190° without decomposition. 1-Acetonyl-
methanolic potassium hydroxide except that with chlor- 5-aminotetrazole also was acetylated to a diacetyl deriv-
oacetic acid, the reactions also were carried out in aque- ative, but it was hydrolyzed rapidly in boiling water to
ous sodium hydroxide. The substitution reactions in monoacetyl derivative.
methanolic potassium hydroxide (eq 1) and in aqueous The strong acidity (see Table II) of 1- and 2-carboxy- 
sodium hydroxide (eq 2) were as follows. methyl-5-aminotetrazole and of 2-earboxymethyl-5-

trifluoromethyltetrazole manifests the strong electron-
^3^ withdrawing effect of the tetrazole ring.8 Rapid hy-

k+ + C1CH. COR' CH:|0H, drolysis of the tetrazolyl acetate esters in cold aqueous
2 alkali also demonstrated the same electron-withdrawing

r effect. This is in accord with the known fact that
N/ \ N strong electron-withdrawing groups substituted in the

, 0 1  position of acetates greatly accelerate hydrolysis.6
N n  CH2COR' +  KC1 (l) The 5-substituent group apparently has only a weak
1 and 2 isom ers

R  =  N IT  . P ' =  n i l  fA P U  r\n u  n u  r u  vttt j  (3) R o b e r t  C . E ld e rfie ld , “ H e te ro o y c lic  C o m p o u n d s ,”  V o l.  8, F re d e r ic k

p = r u  hn r  ’ ^  ^  ^  ^  R- Benson’ Ed” Wiley’ New York’ N* Y -  1961> ChaPter Y onR CH3, CF3j C6H5, p-N02CgH5; R/ — OCH3 alkylation of tetrazoles and references there.
(4) F . Einberg, Abstracts, 157th National Meeting of the American Chemi

cal Society, Minneapolis, Minn., April 1969, p ORGN, 173.
(1) R . Raap and J .  Howard, Can. J .  Chem., 47, 813 (1969). (5) E . S. Gould, “Mechanism and Structure in Organic Chemistry,”
(2) C. R . Jacobson and E . D. Amstutz, J .  Org. Chem., 21, 311 (1956). Holt, Rinehardand Winston, New York, N. Y ., 1959.
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T able I
Carbonyl Substituted T etrazoles

Yield/-* Mp or bp Recrystalliza- -— Nmr, chemical shifts, 5 (ppm)— .
Substituted“ tetrazole Registry no. % (mm), "C tion solvent Solvent NH2 CHj

1- CH2COOH-5-NH2 21743-62-4“ 5 3 .1  212-213 dec W ater fCD3)2S = 0  6 .7 8  5 .0 4
2- CH2COOH-5-NH2 21743-72-6 211-212 dec W ater .'CD3)2S = 0  5 .9 7  5 .2 8
1- CH2COOCH3-5-NH2 21744-59-2 43 185-186 dec Alcohol (CD3)2S = 0  6 .8 2  5 .1 7
2- CH2COOCH3-5-NH2 25828-03-9 14 133-134 Benzene iCH3)2S = 0 ‘i 6 .01  5 .4 3
1- CH2COOC2H 5-5-N H 2 21744-57-0 50 147-148 Alcohol
2- CH2COOC2H 5-NH2 21744-50-3 21 106—107 Benzene
1- CH2COCH3-5-NH2 25828-06-2 53 2 0 4 .5 -2 0 5 .5  dec Alcohol (CD3)2S = 0  6 .7 0  5 .21
2- CH2COCH3-5-NH2 25876-96-4 14 1 0 5 .0 -1 0 5 .5  Benzene (CH3)2S = 0  5 .9 6  5 .5 0
1- CH2COC6H5-5-N H 2 25828-07-3 49 2 1 4 .0 -2 1 4 .5  dec Alcohol
2- CH2COC6H5-5-NH2 25876-97-5 7 124r-125.0 Benzene
l-CH 2CONH2-5-N H 2 25828-08-4 84 2 0 8 .0 -2 0 8 .5  dec Water
1- CH2COOCH3-5-N(COCH3)2 25828-09-5 1 3 7 .5 -1 3 8 .5  Alcohol CDC13 5 .1 0
2- CH2COOCH3-5-N (COCH3 )2 25828-10-8 7 1 -7 3 ,1 8 0  (0 .1 )  Alcohol
l-CH 2COCH3-5-NHCOCH3 25828-11-9 1 1 4 .0 -1 1 4 .5  Alcohol
1- CH2COOCH3-5-CH3 25828-12-0 48 67-68  Benzene CDC13 5 .0 3
2- CH2COOCH3-5-CH3 25828-28-8 33 70-71 (0 .8 )  OC1, 5 .3 0
2-CH2COOCH3-5-C F3 25876-98-6 11 .5  55-56 (0 .1 )  CC1< 5 .52
2-CH2COOC2H5-5-CF a 25876-99-7 2 5 .4  68-69 (0 .6 )
2-CH2COOCH3-5-C6H5 25828-29-9 606 9 3 -9 4 ,1 3 0  (0 .1 )  CC14 5 .3 8
2-CH2C 0 0 C H 3-5-p-N 02C6H 5 25828-30-2 92 1 3 6 .5 -1 3 7 .5  Alcohol CHC13 5 .5 4

“ Satisfactory analytical values (± 0 .3 5  for C, H, and N ) were reported for all compounds except for l-C H 2C 0 2C2H5-5-NH2 tetrazole 
(Calcd: H, 5.26. Found: 5.79.) and 2-CH2C 0 2C2H5-5-NH2 (Calcd: H, 5.26. Found: 6.02.): Ed. b From reaction of chloro- 
carbonyl compounds with potassium tetrazolate in methanol. c Pyridine salt, registry no. 25828-00-6. d In (CD3)2C = 0 ,  overlap of 
amine and methylene protons at 5.37. In C F3COOH, NH2, 5.65, CH2, 5.53. e In (CD3) C = 0 , overlap of amino and methylene pro
tons at 5.47. In C F3COOH, NH2, 5.77, CH2, 5.68.

T able II
Carboxymethyl Substituted T etrazoles

Substituted tetrazole Yield,“ % Mp, °C Recrystallization solvent p X ac

1- CH2COOH-5-NH2 5 3 .1  212-213 dec (lit.1 202-203 dec) W ater 2 .7
2- CH2COOH-5-NH2 2 3 .8  211-212 dec (lit.1 185-186 dec) W ater 2 .6
1- CH2COOH-5-CH3 3 2 .5  193-194 dec (lit.1 184-186 dec) W ater
2- CH2COOH-5-CH3 1 8 .3  153-155 dec (lit.1 155-156 dec) Acetonitrile
1- CH2COOH-5-C6H 5 1 8 .6  146-148 dec (lit.1 148-150 dec) Acetonitrile
2- CH2COOH-5-C6H 5 5 6 .9  186-187 dec6 (lit.1 182-184 dec) Water
2-CH2COOH-5-CF3 6 5 .3  Oil, did not distil at 150° (0.15 mm), 2 .5

began to decompose
“ From reaction with chloroacetic acid and aqueous sodium hydroxide. b Melting point sample from hydrolysis of methyl ester. 

Note reversal of usual lower melting point for 2 isomer. c Determined from pH at half-neutralization

effect on the electron-withdrawing capacity of the tet- 5-substituted tetrazolyl methyl acetates also showed a
razole ring since a strong electron donor and a strong similar increase in 8 vs. for 2 vs. 1 substitution
electron-withdrawing group produce only a small differ- (Table I). The highly electronegative trifluoromethyl
ence in the acid strength of the substituted acetic acids and p-nitrophenyl groups in the 5 position apparently
(Table II). decrease the electronic shielding of the acetate methy-

1 and 2 ring substitution of 5-aminotetrazole with lene protons by exerting an electron-withdrawing ef-
methyl and ethyl chloroacetate and chloroacetone was feet through the tetrazole ring (Table I). This is indi-
established based on their diacetylation, neutrality, and cated by the smaller 8 values for methylene absorptions
infrared and nmr spectra. However, assignment of the with amino, methyl, and phenyl compared with tri-
1- and 2-substituted structures to the isomers was based fluoromethyl and p-nitrophenyl groups in the 5 position,
on the known greater solubility of the 1-substituted
isomers in polar solvents and of the 2-substituted Experimental Section
isomers in nonpolar solvents and of the higher melting
points of the 1-substituted isomers compared with the T ^e chlorocarbonyl compounds were the purest commercially 
9 l  i n  i i • available grade and were used as received. 5-Ammotetrazole

SU S l u e  isomers. _ . monohydrate obtained commercially was dehydrated at 90 -
1 here was a significant difference in nmr chemical ioo° for about 24 hr in a vacuum oven evacuated with a

shift for the amino and methylene protons of the 1- and vacuum pump. Other reagents were the purest commercially
2- acetate and acetonyl-substituted 5-aminotetrazole available grade. Infrared spectra were obtained in Nujol mulls
isomers. Table I  (AS for amino protons, 0.7-0.8  ppm, \ ith a  Model 21 instrument Nmr spectra were

i •» ,, , v , A n p ^ 01 \ obtained at the Temple University Chemistry Department and
ana ±or methylene protons, 0.26—10.31 ppm). This d lf- the Sadtler Research Laboratories, Inc., w ith Varian A-60
ference in chemical shift has been shown previously for 
tetrazolyl acetates1 and acetic acids and also has been
shown for alkyl 1- and 2-substituted isomers.6*7 The Markgraf' w-T' Backmann’and D-p- Hollis'J - 0r°-Chem- so’
chemical shifts for the methylene protons of different (7) f . l . Scott, r . n . B utler, and s. Feeney, j .c h e m .s o c . ,  8 , 9 1 9  (1967).
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instruments using tetramethylsilane as internal reference. from alcohol gave mp 185-186° dec: ir 3300, 3120 (N H ), 1740
Melting points were uncorrected and were obtained with a ( C = 0 ) ,  1668, 1640, 1590, 1495 (C = N ), 1010 cm -1 (ring).
Hoover-Thomas capillary melting point apparatus. Analyses Evaporation of the benzene solution yielded 10.9 g, 13.9%
were done at this laboratory and at the Schwarzkopf Micro- of IV , mp 128-130°. After recrystallization from benzene the
analytical Laboratory. melting point was 132-133°: ir 3450, 3320, 3230, 3170 (N H ),

5-Methyltetrazole,s 5-trifluoromethyltetrazole,8 and 5-phenyl- 1740 ( C = 0 ) ,  1650,1627 (C = N ), 1087, 1015 cm -1 (ring). 
tetrazole9 were prepared according to the methods described in Hydrolysis of IH and IV.— Compounds III  and IV were re-
the literature. fluxed 2 and 1.5 hr, respectively, in excess 5%  sodium hydroxide

General Procedure for the Reaction of Chlorocarbonyl Com- and the solutions made strongly acidic with hydrochloric acid,
pounds with Potassium Tetrazolate in Methanol (Products After recrystallization of I (hydrolyzed II I)  from water the
Listed in Table I).—The 5-substituted tetrazole (1 mol) was melting point was 212-213° dec. After recrystallization of
added to a solution of potassium hydroxide (1 mol) in methanol, hydrolyzed IV from water, the melting point was 211-212° dec:
followed by the addition of chlorocarbonyl compound (1 mol). neut equiv (I) (calcd 143.0); neutequiv 142.5, 142.2, (II) 143.5;
W ith chloroacetic acid, 2 mol of potassium hydroxide was used ir (I) 3380, 3330, 3260, 3200 (NH), 1700 ( C = 0 ) ,  1645, 1598
(see procedure below for reaction with 5-aminotetrazole). The (C = N ), 1090, 1053 cm -1 (ring); ir (II) 3460, 3340 (N H ), 1730
mixture was refluxed 18-24 hr, cooled in a refrigerator several ( C = 0 ) ,  1645 (C = N ), 1023 cm “1 (ring).
hours or overnight, and the crystalline precipitate of crude 1- 1- and 2-Carbomethoxymethyl-5-W,Ar-diacetylaminotetrazole
substituted isomer was collected on a filter, extracted with ben- (V and VI).— Compound III (3.14 g, 0.02 mol) and 50 ml of
zene and recrystallized. The methanolic filtrate was evaporated acetic anhydride was refluxed 1.5 hr. The acetic anhydride
to dryness and the solid residue was extracted with benzene. then was removed on a rotating film evaporator and a light tan
The benzene solutions were combined and evaporated to dryness, solid slurried and washed with ether was collected on a filter,
and the crude 2-substituted isomer was recrystallized. The solid was treated with decolorizing carbon and crystallized

General Procedure for the Reaction of Chloroacetic Acid with from alcohol to give 2.3 g of shiny, white crystals, V: mp
Sodium Tetrazolate in Water (Products Listed in Table II).—• 137.5-138.5°; ir (V) 1770, 1755, 1735 ( C = 0 ) ,  1540 (C = N ),
The 5-substituted tetrazole (1 mol) dissolved in an aqueous solu- 1042, 1031, 1005 cm-1 (ring).
tion of sodium hydroxide (2 mol) and chloroacetic acid (1 mol) Compound IV was acetvlated as above, the acetic anhydride
was refluxed 18-24 hr. The mixture was cooled and made removed, and the residue dissolved in a minimum of hot ben-
strongly acidic with concentrated hydrochloric acid (pH less zene. The solution was cooled and unreacted IV was collected
than 2). The precipitate which formed was collected and re- on a filter. The benzene was evaporated and the liquid residue
crystallized. The filtrate or the acidified reaction mixture was was distilled in a short-path distillation apparatus at approxi-
evaporated to dryness and the residue was extracted with sol- mately 180° and 0.1 mm pressure. The distillate was a crystal-
vent used for recrystallization. The residual sodium chloride line solid: mp 7 1-73°; ir (VI) 1760, 1740, 1725 ( C = 0 ) ,  1510
was discarded and the extracted solid was recrystallized. Typical (C = N ), 1040, 1020 cm -1 (ring).
preparations are described below. 1- and 2-Acetonyl-5-aminotetrazole (VII and VIII).— Chloro-

1- and 2-Carboxymethyl-5-aminotetrazole (I and II). Method propanone (18.5 g, 0.2  mol), anhydrous 5-aminotetrazole (17.0
1.— Chloroacetic acid (47.3 g, 0.5 mol), 5-aminotetrazole (42.5 g , 0.2 mol), and potassium hydroxide (11.2 g, 0.2 mol) in 200
g, 0.5 mol), and potassium hydroxide (56.2 g, 1.0 mol) in 1 1 of ml of methyl alcohol was refluxed 24 hr with stirring. The
methyl alcohol was refluxed 24 hr, cooled to room temperature, mixture then was allowed to stand overnight at room tempera-
and filtered. The collected solid (74.8 g) was dissolved in water ture and filtered. The solid, 15.0 g, 53.2%  yield of V II, mp
(200 ml) and the pH of the solution ( ~ 6 ) was reduced to less 204.5-205.5° dec, was collected. Recrystallization from alcohol
than 2 with concentrated hydrochloric acid (30 ml). The or water gave shiny, white platelets: mp 204.5-205.5° dec;
mixture was cooled overnight in a refrigerator and filtered to ir (VII) 3300, 3150 (NH), 1725 ( C = 0 ) ,  1645, 1485 (C = N ),
give 37.9 g of I, 53.0%  yield, mp 209-210° dec. The presence 1045 cm“1 (ring).
of II in the residue from the water filtrate was indicated by its ir The methyl alcohol filtrate from the reaction mixture was
spectrum. However, it could not be readily purified. Using evaporated to dryness and the solid was extracted with boiling
a mole ratio of 2 :1 :3 ,  respectively, and the same procedure, a benzene. Evaporation of the benzene solution gave 4 .0  g,
52.9%  yield of I based on the moles of 5-aminotetrazole, but no 14.2%  yield of V III as a yellowish solid, mp 103-105°. Treat-
disubstituted product was obtained. Using a 1 :1 :1  mol ratio, ment with decolorizing carbon in boiling benzene and crystalliza-
no substitution product was obtained. After twice recrystallizing tion from benzene gave fluffy white needles: mp 105 .0-105 .5°;
I from water, the melting point was 209-210° dec. ir (V III) 3430, 3320 (NH), 1725 ( C = 0 ) ,  1630, 1550 (C = N ),

Method 2.— Chloroacetic acid (9.4 g, 0.1 mol), 5-aminotetra- 1085, 1040, 1010 cm -1 (ring), 
zole monohydrate (10.3 g, 0.1 mol), and sodium hydroxide l-Acetonyl-5-iV-acetylaminotetrazole (IX).—l-acetonvl-5-
(8.0 g, 0.2 mol) in 100 ml of water was refluxed 20 hr, cooled, aminotetrazole (2.8 g, 0.02 mol) and 50 ml of acetic anhydride
and made strongly acidic with concentrated hydrochloric acid. was refluxed 1 hr. The mixture turned a dark reddish-amber
The mixture was cooled overnight and filtered to give 7.6 g of color. The acetic anhydride was evaporated under reduced
I, 53.1%  yield, mp 212-213° dec (high purity without recrystal- pressure and a crystalline solid was collected on a filter and
lization). The filtrate was evaporated to a low volume and 3.4 washed with hot'alcohol. The solid (1.5 g) had mp 208-
g of solid, 23.8%  yield, mp 203-205° dec, was collected on a 209° dec. A small portion rapidly recrystallized from hot
filter. The ir spectrum of the solid showed it to be mostly II . water melted at 210.0-210.5° dec. The remaining solid was

Pyridine Salt of I. I  was dissolved in hot pyridine and the dissolved in boiling water from which it did not crystallize even
pyridine salt came out of the cooled solution. Recrystallization on evaporation to a low volume. The water then was eom-
from pyridine gave a crystalline solid: mp 185-186° dec; ir pletely evaporated and the solid was crystallized from alcohol.
3460, 3300 (N H ), 1640, 1610 ( C = 0 ) ,  1550 (C = N ), 1087, The solid, 0.6 g, mp 114.0-114.5°, was analyzed for mono-
1013 cm 1 (ring). acetylated l-acetonyl-5-aminotetrazole (X ) :  ir (X )  3340,

A nal. Calcd for C8H 10N 6O2: C, 43.24; H, 4 .50 ; N, 37.84. 3230 (NH), 1725 ( C = 0 ) ,  1603, 1550 (C = N ), 1045, 1015 cm “1
Found: C, 42.93; H, 4 .37; N, 37.61. (ring).

1- and 2-Carbomethoxymethyl-5-aminotetrazole (III and Apparently, the initial product isolated was diaeetylated and 
IV). Methyl chloroacetate (54.2 g , 0.5 mol), 5-aminotetrazole hydrolyzed rapidly in boiling water to monoacetylated product, 
and potassium hydroxide (28.0 g, 0.5 mol) in 500 ml of an
hydrous methyl alcohol was refluxed 24 hr with stirring. The
methyl alcohol was removed under reduced pressure and the dry Acknowledgment.-— The author wishes to express his
solid was extracted in a boxhlet extractor for 24 hr with benzene. • ,• c r , ,
The solid insoluble in benzene was extracted with alcohol and appreciation for initial samples of 5-methyltetrazole,
the alcohol filtrate was evaporated to dryness yielding 33.7  g, sodium-5-tnfluoromethyltetrazole, and p-nitrophenyl-
42.9%  of III , mp 177-178° dec. After further extraction for tetrazole kindly furnished by Dr. R . A . Henry. He
24 hr in a Soxhlet extractor with benzene and crystallization also wishes to thank Dr. Charles W. Jefford, formerly of

the Temple University Chemistry Department , and Mr.
(8) W. P. Norris, «7. Org. Chem., 27, 3248 (1962). W I T  r > ±  t  x- • i u  a t - 4. • i
(9) W. G. Finnegan, R . A. Henry, and R . Lofquiet, J .  Amer. Chem. Sac.. W i l l i a m  P e t e r S O n  o f  t l l l S  l a b o r a t o r y  f o r  a s s i s t a n c e  i n  0 b -

80,3908 (1958). ta in in g  n m r sp e c tra .
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Selective iV -M e th y la tio n s  o f H eterocycles dim ethyloxosulfonium  ethylide, since direct treatm ent
■w ith  D im e th y lo x o s u lfo n iu m  M e th y lid e  ^  excess ylide did not afford the ethyl compound

Takehisa Kunieda1 and Bernhard Witkop* S im ilarly, benzimidazole was converted to the 1-
m ethyl derivative in  80% yield. In  the cases of indole 

N ational Institutes o f  Health, and 1,2,3,4-tetrahydroharm an only the pyrrole ring
N ational Institute o f  Arthritis and M etabolic D iseases, was m ethylated to  give 1-m ethylindole and 9-m ethyl-

Bethesda, M aryland 20014 tetrahydroharm an (IV ) in  almost 90% yield (cor
rected). This provides a convenient method fo r N -  

Received M ay 14 , 1 9 7 0  m ethylation of indole derivatives.10 Oxindole under
went both N -  and com petitive C -a lkylation .11 W ith  an 

Studies in  th is laboratory on methyltransferases2 equimolar amount of ylide 1-m ethyloxindole was ob-
and nonenzymatic m ethylations of nucleotides3 have tained (66% yield), while 3 mol of ylide gave 1,3,3-tri-
shown the need fo r model systems capable of preferen- methyloxindole (69% yield) in  addition to  traces of
tia l or selective m ethylation. Thus, dim ethyloxosul- mono- and dim ethyl derivatives. B y contrast V-phen-
fonium  m ethylide4 is known to react w ith  acidic N H  ethylbenzamide was completely unreactive.
or OH groups to  give the corresponding m ethylation W hile V-methvlase from  rabb it lung converts adenine 
compounds6 and also methylates arom atic hydrocar- to  3-methyladenine,12 the ylide reagent leads to  9- 
bons, such as anthracene and nitrobenzene.6 methyladenine derivatives. In  analogy to the in  vivo

We have extended these observations to  iV-m ethyla- m ethylation of tR N A  from  yeast to  a 1-methyladenine-
tion of heterocycles, such as pyrim idines, imidazoles, containing species by an enzyme from  ra t tissue,13 we
and pyrroles. In  connection w ith  the preparation of recently found a m ethylating model th a t converts
cyclothvm ine nucleosides,7 we reported th a t the d i- adenosine to  1-methyladenosine and very little  3-
m ethyloxosulfonium  ylide sm oothly methylates uracil methyladenine w ith  concom itant loss of the ribose
derivatives at the 1 or 3 positions to  give 1-m ethyluracil m oiety.14
or 3-m ethyluridine, and, in  one special case, the sugar
hydroxjds were also m ethylated.8 Experimental Section

As a model compound fo r building stones of nucleic Melting points are uncorrected. Nmr and mass spectra were 
acids, 6-benzyladenine (I) reacted w ith  3 mol of ylide in  determined on a Varian A-60 and a Hitachi RM U-6D instru-

C6H5— CH2 C6H5— CH2 c6h 6— c h 2

NH 0 NH NH

$ 0  ^  TO + TO OTO
T H  I I I I
1 c h 3 c h 2 ¿ h 3 c h 3

11(65%) ' I IV
\ ^“ 3
' ----------X ------------*- ni(io% )

Me2S+—  CHr 

0

tetrahydrofuran to  give 9-methyl-6-benzyladenine ( II) , ment, respectively. Chemical shifts and J  values are given in
mp 127°, m / e  239 (M ), in  63% yield, whose structure r  and hertz, respectively.

was confirmed by direct comparison w ith  th a t of an ffiethylide was prepared by geyntly refluxing aysuspension of
authentic sample prepared from  benzylamine and sodium hydride and trimethyloxosulfomum chloride in THF for
6-chloro-9-m ethylpurine (5g —  52 =  9 Hz in  DM SO ).9 2-2.5 hr under N2.4 The heterocyclic compounds were added

By-product, mp 144°, m / e  253 (M ), obtained in  10% as solids and the mixture was kept boiling gently overnight.
yield, was identified as 6-benzyl-9-ethyladenine ( I I I )  AfteI  filtra ti°n’ the sollltion was evaporated in  vacuo, andl the
J  ,, , . £ , . , TO. '  residue was taken up in organic solvent and washed with H20.
On the basis Of nm r, UV, and ir  spectra. This ethylation The produc(;S Were purified oy chromatography on silica gel or 
to  I I I  indicates a lkyla tion by the rearranged ylide, by recrystallization.

6-Benzyl-9-methyladenine (II) and 6-Benzyl-9-ethyladenine
*  Author to whom correspondence should be addressed.
(1) Fellow in the Visiting Program of the USPHS, 1966-1970. ---------------------
(2) S. Senoh, Y . Tokuyama, and B . Witkop, J .  Amer. Chem. Soc., 84, 1719

(1962); B . Nikodejevic, S. Senoh, J .  W. Daly, and C. It. Crevelling, J .  (10) It. A. Abramovitehi, .7. Chem. Soc.. 1956, 4593.
Pharm . Exp. Ther., 174, 83 (1970). (11) E . Wenkert, N. K . Bhattacharyva, T . L. Reid, and T . E . Stevens,

(3) T . Kunieda and B . Witkop, ibid ., 91, 7752 (1969). J .  Amer. Chem. Soc., I S ,  797 (1956).
(4) E . J .  Corey and M . Chaykovsky, tMd., 87, 1353 (1965). (12) J .  Axelrod and J .  Daly, Biochim . Biophys. Acta, 61, 855 (1962); E .
(5) H. Metzger, H. Konig, and K . Seelert, Tetrahedron Lett., 867 (1964). Borek and P. R . Srinivasan, "Trans-m ethylation and Methionine Biosyn-
(6) V. J .  Traynelis and J .  V. McSweeney, J .  Org. Chem., 31, 243 (1966). thesis,” S. K . Shapiro and F. Sohlenk, Ed., TheUniversity of Chicago Press,
(7) T . Kunieda and B . Witkop, J .  Amer. Chem. Soc., 91, 7751 (1969). Chicago and London, 1965, pp 115-137.
(8) T . Kunieda and B . Witkop, in preparation. (13) B . C. Baguley, W. Wehrl:, and M. Staehelin, Biochemistry, 9, 1645
(9) L. B . Townsend, R . K . Robins, R . N. Leoppky, and N. J .  Leonard, (1970),

J .  Amer. Chem. Soc., 86, 5324 (1964). (14) Y. Kondo and B . Witkop, in preparation.
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(III).— 6-Benzyladenine (I, 1.0 g) was reacted with the ylide Reaction of Aliphatic Nitro Compounds
prepared from NaH (0.7 g) and trimethyloxosulfonium chloride
(4.2  g) in T H F. The two main products were obtained pure by w l t h  C a r b o n  M o n o x id e . A  N e w  R o u t e
chromatography on silica gel (acetone). The minor product j 0 Trialkylpyridines
(150 mg) eluted faster and was recrystallized from benzene- 
ligroin to give 9-ethyl-6-benzyladenine III  (110 mg) as colorless
prisms, mp 141-144°. The nmr spectrum (CDC13) showed Arthur G. M ohan
peaks at 8.53 (t, J  =  7.5, CH3), 5.81 (q, J  =  7 .5 , CH2), 5.07
(d, J  =  7.0, benzylic methylene), 2.68 (aromatic), 2.52 (s, Exploratory Research Section, Organic Chemicals Division,
H 2), and 1.57 (s, H8); mass spectrum m /e  253 (M +); uv X™°H Am erican Cyanamid Company,
270 nm. Bound Brook, New Jersey  08805

A nal. Calcd for C14H 16N 6: C, 66.40; H , 5 .93; N , 27.67.
Found: C, 66.12, H, 5 .98, N, 27.86. Received Jan u ary  6, 1970

Recrystallization of the major product (670 mg) from benzene- 
ligroin gave 6-benzyl-9-methyladenine (II) as colorless needles:
mp 127-128°; nmr (C D C h)'6.27 (s, CH3), 5.09 (d, J  =  6 .0 , Recently, Bennett, Hardy, and coworkers1 reported 
ArCH2), 2.70 (aromatic), 2.60 (s, H2), 1.60 (s, H8); nmr (DMSO- that carbon monoxide reacts with aromatic nitro, 

270H2)’ 176 Hs’>; maSS spectmm m ê 239 nitroso, azo, and azoxy compounds in the presence of
UVA n a l  Calcd'for C13H 13N 5: C, 65.27; H , 5 .44 ; N , 29.29. a  noble m e ta l and fer™  chloride to  F ield th e  c ° rre -  
Found: C, 65.28; H, 5.23; N , 28.96. spondmg isocyanates. In a patent issued to Mountfield2

This product was identical with an authentic sample (mp 128°, it is stated that urethans may be produced from the
nmr, ir, and uv spectra), which was prepared by boiling 6 - reaction of carbon monoxide, aromatic or aliphatic
chl10rTl0; !l;m?Khyl? ur-!,ne a,nd b! f  ylami" e Cellosolve n itro  c o m p 0 u n d s  an d  alcohols in the presence of a metal

1-Methylbenzimidazole.—Benzimidazole (0.8 g) was reacted , , r  , , , , , TT , . , ,  .
with the ylide prepared from NaH (0.8 g) and sulfonium chlo- carbonyl catalyst system. We have found that certain
ride (4.8 g) in T H F. 1-Methylbenzimidazole was obtained as primary aliphatic nitro compounds yield trisubstituted
an oil (0.74 g), which showed singlet peaks at 6.61 (NCH3) and pyridines when treated with carbon monoxide under
2.33 (H2) in addition to aromatic protons in the nmr spectrum pressure using a noble metal-ferric chloride catalyst
(CDCI3). The picrate formed in ether was recrystallized from . i , , , /* n i i x -
EtOH as yellow needles, mp 250-251°. system‘ For example, treatment of an ethanol solution

A nal. Calcd for C8H8N2-C6H3N 30 7: C, 46.54; H , 3 .07 ; of 1-mtrobutane (la) with carbon monoxide m the pres- 
N, 19.38. Found: C, 46.80; H, 3 .13; N, 19.21. ence of palladium on carbon and ferric chloride yields

l-Methylindole.— Indole (1.17 g) was allowed to react with 2-propyl-3,5-diethylpyridine (2a) and ethyl carbamate
the ylide prepared from NaH (0.7 g) and sulfonium chloride ( 3 ) . Likewise, 1-nitropropane (lb) gives rise to 2-ethyl-
(4.5 g). 1 he product obtained as a reddish yellow oil was pun- X L  , .  ™  . ,.
fied by chromatography on silica gel (hexane-benzene). The 3,5-dimethjdpyridine (2b) and 3. The pyridines were
product obtained as a pale yellow liquid was identical with
authentic 1-methylindole with regard to ir and nmr spectra. 5%Pd-C, FeCl,
The nmr spectrum showed peaks at 6.47 (s, NCH3), 3.60 (d, RCH2CH2N 02 +  CO CftOH *"
J  = 3.0 , 3 H ), and 3.16 (d, J  = 3.0, 2 H ). la ,R  =  C2H5

9-Methyl-l,2,3,4-tetrahydroharman.—1,2,3,4-Tetrahydrohar- ^ R =  CH
man (1.0 g) was treated with the ylide prepared from NaH
(0.75 g) and sulfonium chloride (4.5 g). The nmr spectrum of c’ 0
the crude products showed a mixture of starting material and .N4v/ f ' H 2R jj
9-methylharman in a ratio of 2 :3 .  The unchanged compound || j +  C2H5OCNH2
was removed as a solid by treatment with benzene-ligroin. R— — R 3
Evaporation of the mother liquor gave the pure A-methylation 2a R =  C H
product (0.6 g) whose nmr spectrum (CDC13) showed peaks at k'R =  CH
8.75 (d, J  =  7.0, CCH3) and 6.77 (s, NCH3). The picrate U =  H
was obtained from EtOH-ether as reddish yellow prisms, mp c’ 11 11
243-245° dec (lit.6 242°).

A nal. Calcd for Ci3H I6N2-C6H30 7Na: C, 53.15; H, 4.43; identified by spectral methods (nmr, uv, and mass
1 -Methyloxindole.— Oxindole (2.6 g) was reacted with the spectra) from their picrate derivatives and by compan-

ylide prepared from NaH (0.5 g) and sulfonium chloride (3.2 of their nmr spectra with the spectra of the authen-
g). The crude products were chromatographed on silica gel tic samples prepared by Falbe.3’4 It is apparent from
(benzene-acetone) to give two main products. the structure of the pyridines that this reaction must

9r?diUCu eluted faster, was identified as 1,3- involve a trimerization process wherein three molecules
dimethyloxmdole by the nmr spectrum (CDC13) which showed , .  . , r r l r , .
signals at 8.57 (d, J  =  8 .0, C-CH ,), 6.85 (s, NCH3), and 6.67 combine in a specific fashion to form the heterocyclic
(q, J  =  8 .0 , 3 H ). ring. The pyridine formation is markedly dependent

The subsequently eluted product (1.9 g) was obtained as color- upon the structure of the nitro compound as indicated
less needles from ligroin, mp 89-90° (lit.6 88 °). The nmr spec- the results summarized in Table I. Although the
i n T a r o u S !o t Z a r o m t t i c ) at 6 '8°  ^  N " ^  6 '5 1  (S’ ^  reaction of aromatic nitro compounds under these con-

1, 3 ,3-Trimethyloxindole.— Oxindole (0.9 g) was treated with ditions gives high yields of the corresponding N-aryl-
the ylide prepared from NaH (0.5 g) and sulfonium chloride urethans,5 iV-alkylurethans are probably not involved
(3.0 g). A major product obtained by chromatography on in the cyclization since N-l-butylurethan was recovered
silica gel (CHCls) was further purified by distillation at 0.5 mm
(1 2 0 °)  to give trimethyloxindole (0 .8  g) as a slightly yellow o il. (1) (a) w . B . Hardy and R . P. Bennett, Tetrahedron Lett., 961 (1967);
The nmr spectrum (CDC13) showed singlet peaks at 8 .6 4  (6  H ) (b) R . P. Bennett, W. B . Hardy, R . K . Madison, and S. M. Davis, Abstracts,
and 6 .8 0  (3 H ), mass spectrum m/ e  175 (M +). The UV and ir 153rd National Meeting of the American Chemical Society, Miami Beach,
spectral data were identical with those reported. •̂ la '' APril 1967, No. 0 -8 9 .

(2) B . A. Mountfield, U. S. Patent 3,338,956 (1967).
(3) J .  Falbe and F . Korte, Brennst.-Chem., 46, 276 (1965); J .  Falbe, 

Angew. Chem., In t. E d. Engl., 5, 444 (1966).
Registry No.'—II, 5440-16-4; III , 25870-60-4; di- (4) We thank Dr. E . L. Mackor of Koninklijke/Shell-Laboratorium, 

methyloxosulfonium methylide, 5367-24-8; 1-methyl- Amsterdam, for copies of the nmr spectra of 2a and 2b.
, • • i n t  w (5) R , P. Bennett, American Cyanamid Co., personal communication,
benzimidazole picrate, 25870-61-5. 1968.
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T able I -C H 3); mass spectrum (70 eV) m /e  177 (M ), 162, 148, 134,
E ffect  of Structure on CO R eaction P roducts 129, 91; picrate mp 121-122° (lit.9 mp 122°).

Nitro c-ompd ,—--------Products'1 (yield, %)----------- , A n al. Calcd for C18H22N4O7. C, 53.20, H, 5 .46; N, 13.79.
la  3 (39) 2a (241 Found: C, 53.18; H, 5.52; N, 13.84.
, ,  ,  The nmr spectrum of 2a was identical with the spectrum of the
lb 3 (3°) 2b (02 ) authentic material.9
lc 3 (1 8 )  n-Butyraldoxime was substituted for la in the above experi-

2-Nitrobutane 3 (89) 2-Butanone5 (58) ment and 2a was isolated in 33%  yield. No 3 was evident in
Nitrocyclohexane 3 (37) N-Cyclohexylurethan the product mixture, but the ir spectrum of the ethanol solution

(trace) showed a strong absorption band at about 2000 cm -1 suggesting
2-Methyl-2-r.itropropane Recovered unchanged lbe presence of iron pentacarbonyl.
“ Significant quantities of volatile by-products such as am- . 2-Ethyl-3,5-dimethylpyridine (2b )-1-N itrop ropan e was 

monia are formed in most of these reactions. » Isolated as the treated with carbon monoxide under the conditions described
2,4-dinitrophenylhydrazone. abov? for \a ' T h e  yl*ldJ f 3 T  3° . ?  2b> 5 2 % ' Thestructure of 2b was established from the following data: uv

max (C2H 5OH) 270 mM (« 3400), (HC1, C2H 6OH), 274 (5800); 
u n ch an g ed  a fte r  being su b jected  to  th e  re a ctio n  con di- nmr (CDC13) s 8.19 (broad s, 1, py-H ), 7.20 (broad s, l ,  py-H), 
tions. 2.76 (q, 2, J  =  7 Hz, py-CH2CH3), 2.23 (s, 6 , py-CH3), and

E th a n o l is th e  p referred  so lven t fo r th is  reactio n , b u t 1'2/ ’ pPm, 3 >/  =  ® ™ mas.s sPectrum £70 eV)
i r i  -j i m e 135 (M ), 134, 120, 107, 91, 79, 77; picrate mp 154r-15o
benzene h as been em p loyed  successfu lly  (re a ctio n  is w m p 156-157°).
m uch slow er in b enzen e). T e m p e ra tu re s  h av e  been A n al. Calcd for C15H16N ,0 7: C, 49 .45 ; H , 4 .4 3 ; N, 
varied  from  125  to  2 0 0 °  an d  p ressu res fro m  2 0 0 0  to  5 0 0 0  15.38. Found: C, 49.20; H, 4 .18 ; N , 15.42.
psig w ith  no sign ifican t chan ges in p ro d u ct d istrib u tion s. The nmr spectrum of 2b was identical with the spectrum of 
R h od iu m  is eq u ally  as effective as p allad iu m  fo r th e  the authentic material.9

noble m e ta l p o rtio n  of th e  c a ta ly s t  w hile carb o n  o r R e g is try  N o .— C a rb o n  m o n o xid e, 6 3 0 -0 8 -0 ; 2 a , 4 8 0 8 -
alu m in a su p p o rts  a p p e a r to  be eq u iv alen t. A ll th e  7 5 -7 - 2 b 1 1 2 3 -9 6 -2 . 
com p on en ts of th e  re a c tio n  sy ste m  (noble m etal, ferric
chloride, an d  ca rb o n  m onoxide) w ere found to  be n eces- A ck n ow led g m en ts.'— T h e  a u th o r  w ishes to  th a n k  D r.
s a r y ; if a n y  one is o m itte d , none of th e  p yrid in e p ro d u ct Je ssie  G ov e fo r n m r s p e c tra , M r. T o m  M e a d  an d  co -
is observed . w ork ers fo r m ass sp e c tra , M r. Jo h n  K o b lisk a  fo r ele-

F a lb e 3 h as rep o rte d  th a t  n -b u ty ra ld o x im e  re a c ts  w ith  m e n ta l an aly ses, an d  D rs . R o b e r t  P .  B e n n e tt  and
1 :1  h y d ro g e n -ca rb o n  m onoxide in th e  presence of a  R ic h a rd  K . M ad iso n  fo r m a n y  helpful discussions, 

c o b a lt carb o n y l c a ta ly s t  to  yield  2 a  (2 4 % )  an d  b u ty - (9) t . m . Patrick, j.Amer.chem .Soc., 74, 2984 (1952).
ram id e (3 8 % ) .  T re a tm e n t  of th is  oxim e u n d er ou r con - (10) A. E . Chichibabin and M. P. Oparina, J .  Prakt. Chem., 107, 146

d ition s also  g a v e  2 a  (3 3 % )  suggesting th a t  oxim e in te r- (1924)-
m ed iates m a y  be in volv ed  in th e  p yrid in e fo rm atio n . __________________
T h e  2 -b u tan o n e  iso lated  fro m  th e  re a c tio n  of 2 -n itro b u -
ta n e  could be d erived  from  th e  corresp on d in g oxim e. R e a r r a n g e m e n t  o f  A r o m a t i c  /V -O x id e s. IV .

T h ese  resu lts as  well as  th ose  p reviou sly  re - ™  D . . ..j  f . . .  T h e  R e a c tio n  of A crid in e
p o rte d - - 3 ’5 su ggest th a t  m tro  com pounds ca n  re a c t  w ith
carb o n  m onoxide to  yield  a  n u m b er of different p ro d u cts  A -O x id e  w ith  A c e t y l  S u lf id e 1
depending on c a ta ly s t  an d  so lven t as well as th e  s tru c 
tu re  of th e  n itro  com p ou n ds. J- Hodge M arkgraf,* M yong-K u Ahn,2

Charles G. Carson, I I I ,2 and George A. L e e 2

Experimental Section6 Department o f  Chemistry, W illiam s College,
„ „  , i . . .  <„ , T 4 i v j  , W illiamstown, Massachusetts 012672-Propyl-3,S-diethylpyridme (2a).— Into a glass-lined auto- ’

clave were charged 16.9 g (0.162 mol) of 1-nitrobutane, 2.11
g (0.013 mol) of anhydrous ferric chloride, 4 .2  g of 5%  palladium Received A pril 13, 1970
on carbon,7 and 100 ml of anhydrous ethanol. The autoclave
was pressurized to 5,000 psig with carbon monoxide8 and heated P re v io u s  re p o rts  fro m  th is  la b o ra to ry  h a v e  in volv ed
for 2 hr at 190°. After cooling and venting, the product mixture m e ch an istic  s tu d ies of t he re a rra n g e m e n t of a ro m a tic  
was filtered to remove the catalyst. Analysis of the filtrate ;  . . , . - , 0  ^  ^
(vpc, silicone rubber column) indicated 2a and 3 were present in iV -oxides in a c e tic  an h y d rid e. r  ro m  a  d eta iled  k in etic
approximately equal amounts. After evaporation of the sol- an alysis  of su ch  a  re a c tio n  w ith  acrid in e M -oxid e (1 ) , it
vent, the products were distilled, bp 45-70° (0.1 mm), affording w as con clu d ed  t h a t  th e  k ey  ste p  in volv ed  an  in tra -
12.3 g of a solid-liquid m ixture Washing of this mixture with m o lecu ia r  re a rra n g e m e n t of th e  A -a ce to x y a c rid in iu m
petroleum ether left 5.7 g (39% ) of 3, which after purification . . , , • •__, • „„ - +r>Q
melted at 4<k-48° and was identical with that of an authentic ( 2 ) . 4 T h is  w as som ew h at su rp risin g  S nee in  th e
sample (vpc, ir, mixture melting point). The pyridine 2a, an alogou s re a c tio n  w ith  p yrid in e N  oxid e (3 )  k in etic0
2.3 g (24% ), was recovered from the washings by evaporation a n d o x y g e n -1 8 6 stu d ies estab lish ed  th a t  th e  p a th w a y
and acid extraction. The amine was further purified by prepara
tive vpc: UV max (C2H 5OH), 270 mil U 4400), (HC1, C2H 5OH), * To whom correspondence should be addressed.
277 (1800); nmr (CDCI3) S 8.28 (d, 1 , J  =  2 Hz, py-H ), 7.28 (l) Part III: J. H. Markgraf and C. G. Carson, III, J .  Org. Chem., 29,
(d, 1, J  =  2 Hz, py-H), 2.65 (m, 6, py-CH2- ) ,  1.75 (m, 3 , 2806 (1964).
-CH* CH» CH*), and 1.20-0.99 ppm (overlapping t, 9, ^

(3) For general reviews, see (a) E . Ochiai, “Aromatic .V-Oxides, Elsevier,
(6) Melting points were determined on a Mel-Temp block and are un- Amsterdam, 1967, pp 290-302, 310-325: (b) V. J .  Traynelis, Mechanisms

corrected. Vpc, nmr, uv, and mass spectral measurements were carried of M olecular Migration,” Vol. 2, B . S. Thyagarajin, Ed., Wiley-Interscience,
out on an F  & M Model 500 chromatograph, a Varian A-60, a Beckman DU New York, N. Y .. 1969, Chapter 1.
and a CEC Model 110, respectively. (4) J- H. Markgraf and M .-K . Ahn, J .  Amer. Chem. Soc , 86, 2699 (1964).

(7) Obtained from Engelhard Industries in the unreduced form and dried (5) J .  H. Markgraf, H. B . Brown, Jr .,  S. C. Mohr, and R. G. Peterson,
at 350° under nitrogen just prior to use. ibid., 86, 958 (1963).

(8) Obtained from Air Products and Chemicals, Inc., CP grade. (6) S. Oae and S. Kozuka, Tetrahedron, 21, 1971 (1965).
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was intermolecular. These data, therefore, corre- eters. By such data the intermolecular process for the 
sponded to the correlation that rearrangement of 3 1-AcjS system could then have been contrasted with 
proceeded to the a  position via an intermolecular pro- the intramolecular process for the 1-Ac20  system. The
cess while 1 was converted to the y derivative via an results of Oae’s study of oxygen-18 labeling appeared
intramolecular process. In order to corroborate our during this time,7 and further attempts to obtain quan-
mechanistic inferences from the kinetic study, we di- titative kinetic data were abandoned, 
rected our attention to the reaction of 1 with the cor- There still existed the opportunity to test the pre
responding thioanhydride, acetyl sulfide (Ac2S). On sumed intermediacy of the A-acetoxyacridinium ion 
the assumption that the reactants initially generate 2 (2) and attention was focused on that species. Prepa-
and thioacetate ions, alternate pathways can subse- ration of the previously unknown salt 6 was ac-
quently afford either acridone (4) or thioacridone (5) complished and its above-mentioned spectrum con- 
via intra- or intermolecular processes, respectively. firmed that a solution of 1 in Ac2S rapidly generated 2. 
Although the comparison of the thioanhydride with A kinetic run of 6 (3.67 X 10 “4 M) in Ac2S at 49.0°
acetic anhydride introduced a more competitive nucleo- indicated 40% rearrangement after only 3.0 hr. Iden-
phile (thioacetate vs. acetate), it was felt that a com- tical runs to which were added trace amounts of thio- 
bined product-kinetic investigation would offer addi- acetic acid or tetra-n-butylammonium thioacetate
tional insight into this rearrangement. No previous showed further enhancement of the rate of appearance
studies have included thioanhydrides; our work was in of 5.
progress when the reaction of 1 with oxygen-18 labeled All of these data are consistent with the following 
acetic anhydride was reported.7 The latter study con- mechanistic scheme. Establishment of an initial 
firmed the intramolecularity of the rearrangement.

Results and Discussion + Ac-S ^  + AcS

The development of a suitable analytical scheme I I
proved more difficult than anticipated. The previous 0 0Ac
techniques of spectrophotometric4,6 and conducto- 1 2
metric4 methods were unsatisfactory in the present H^^SAc
case: the slower rate of hydrolysis of Ac2S introduced _
inaccuracies in the quenching of aliquots and the varia- 2 + AcS ” Lv%JL̂  (2^
tion of resistance with time showed only a further slight i
decrease during the course of the reaction (following OAc
the initial large change upon addition of 1). The pro- 7
cess finally used involved monitoring the ultraviolet
visible spectrum of a solution of 1 in a thermostated SAc
cell.

The results of such runs were quite different from 7 —► fQ 7 % )T O ^  + Ac0H —" 
those of the earlier studies in acetic anhydride (Ac20 ).
The product was not acridone (4, Amax 392 m/i), but g
thioacridone (5 , Xmax 481 npi). I t  was established by |
control experiments that. 4  was completely stable in
Ac2S and was not converted to 5. Unfortunately, 5 + Ac2°  l3)
was not indefinitely stable in the reaction medium and jj
the initial increase in absorbance at 481 m/i was ac- 5
companied by a slow decrease. The rearrangement of
1 in Ac2S was considerably slower than in Ac20  and, equilibrium (eq 1) in such systems is well documented.3
over the longer time periods required, the complex The rate-determining step is considered to be the inter-
vaiiation in the absorbance at 481 m/x rendered quanti- molecular attack by thioacetate ion at C-9 to give 7
tative kinetic data unreliable. The spectrum of the (eq 2). Subsequent loss of acetic acid with concomi-
mitial solution of 1 in Ac2S, however, exhibited absorb- tant aromatization followed by transacetylation to give
ance at 367 m/i which decreased with time. This peak thioacridone and acetic anhydride (eq 3) are inferred
undoubtedly corresponded to species 2, since the identi- to be rapid and irreversible from the analogous steps
cal spectrum was observed for a solution of A-acetoxy- observed in the 1-Ac20  system.4 The generation of
acridimum perchlorate (6) in Ac2S. Observation of Ae20  during the course of the rearrangement accounts
t is pea m a run that was initially 3.84 X 10 4 M 1 for the observed conductometric behavior. The failure
lnr , C2̂  ,4 , indicated 11% rearrangement after to detect acridone vitiates any intramolecular process,
f , 5 }irj ,  , ^ ls riilte was strikingly slower than a pathway known to occur in acetic anhydride. The

e a - ife of 0.3 hr for 1 in Ac20  at 25 . present observations with acetyl sulfide, therefore, are
he rearrangement of acridine A-oxide in acetyl consistent with a change in mechanism. This result

sulfide produced thioacridone. This fact established can be attributed to the enhanced nucleophilicity of
that an intermolecular pathway was operative. Our thioacetate
original objective would have required at this point The facile conversion of 6 to 5 in Ac2S without added 
determination of the thermodynamic activation param- thioacetate species was unexpected. This reaction

corresponds formally to eq 4. The nucleophile is most
(7) S. Oae, S. Kozuka, Y . Sakaguchi, and K . Hiramatsu, Tetrahedron

22, 3143 (1966). 6  +  Ac2S — > 5 +  Ac20  +  AcCKfi (4)
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likely acetyl sulfide. Following attack at C-9, trans- Acknowledgments.—We are indebted to Professor
acetylation can occur to give 7 and acetyl perchlorate. E. G. Taylor of this department for assistance with the
Solutions of the latter compound in acetic anhydride conductance measurements. We thank Dr. R. C.
are well documented.8 Petersen (Sprague Electric Co.) for helpful discussions.

Experimental Section ,.T .  c  r  T. . ,  , . ,  . .
IN over S y n th e s is  or a  D ih y d ro te tra z a p e n ta le n e

Melting points (Kofler apparatus) and boiling points are un- f r o m  T r i f l u o r o a c e t o n i t r i l e  a n d  S o d iu m  C y a n id e
eorrectec. Infrared spectra were obtained on a Perkin-Elmer,
Model 237B spectrophotometer calibrated with a Polystyrene W . j  M iddleton- AND D iana M etzger*
mm. ultraviolet spectra were recorded on a Cary Model 14
spectrophotometer. Analyses were performed by Galbraith Contribution No. 16S0 from  the Central Research
Laboratories, Inc., Knoxville, Tenn.  ̂ Department, E . I .  du Pont de Nemours and Company,

Materials. Acridine iV-oxide,1 acridone,4 and acetyl sulfide9 Experim ental Station, Willmington, Delaware 19898
were prepared as previously described. Thioacridone was pre
pared by the method of Edinger and Arnold10 and chromato- Received A pril 15, 1970
graphed on alumina by elution with tetrahydrofuran. Thioacetic
acid was refluxed over phosphorus pentoxide and distilled; the The carbon-to-nitrogen multiple bond in perfluoro-
r t n  r ^ illed fCoo'in- sPinninS'band column: lk | im in es an d  n itriles  ig e x tre m e ly reactive in the

M-Acetoxyacridinium Perchlorate (6 ).— The general method of addition of nucleophilic agents. Both hexafluoroace-
Muth and Darlak11 was followed. A 0.5-ml aliquot of an ice-cold tone imine and trifluoroacetonitrile (4) combined with
solution of 70%  perchloric acid (1.3 g) in acetic anhydride (5 ml) hydrogen cyanide under the influence of basic catalyst
was added dropwise to a stirred, ice-cold solution of 1 (0.15 g, to give 1 : i adducts (1 and 2, respectively).1’2 Re-
0.00076 mol) in acetic acid (1 ml) and acetic anhydride (2 ml).
After 2 hr at 0°, reddish-brown crystals were collected under a NC(CF3)2NH2
nitrogen atmosphere, washed three times with cold anhydrous CP3 N— H CF Ji ~
diethyl ether, and dried in vacuo over phosphorus pentoxide to I || 3 Na+
give 0.060 g (33% ) of 6 : mp 186° dec; ir (K Br) 1821 cm -1. H>N— C— CN CF3— C— CN CF;%|

Anal. Calcd for C15H 12C1N06: C, 52.35; H, 3.58; N, 4 .15. " I HN------------ CF3
Found: C, 53.26; H, 3 .72; N, 4 .40. CF3 CF

Tetra-re-butylammonium Thioacetate.— A 25%  solution of 3
tetra-n-butylammonium hydroxide in methanol was treated with 1 2  3
a slight excess of thioacetic acid, concentrated on a rotary evapo
rator at reduced pressure, and refrigerated under an inert at- cently, it was reported3 that 1 equiv of sodium cyanide
mosphere. The residual oil crystallized and was dried in vacuo reacts with 3 equiv of hexafluoroacetone imine to form
74 6-77°V°r phosphorus Pentoxide t0 §ive a Product (69%) of mP a 1:3 adduct (3). This addition cannot be stopped at

A n a l!3Calcd for CI8H 39NOS: C, 68.08; H, 12.38; N, 4 .41; a 1:1 or a 1 :2 adduct stage, presumably because these
S, 10.10. Found: C, 67.98; H, 12.49; N, 4 .34; S, 10.26. intermediate adducts are stronger nucleophiles than

Product Identification.— A solution of 1 (0.10 g) in acetyl the cyanide ion. 
sulfide (50 ml) was allowed to remain at room temperature 16 hr We have found that trifluoroacetonitrile also reacts
and then evaporated to dryness at reduced pressure. The solid w ith  godium  cy an id e  in  a  polar solvent to form a 1 : 3 
residue was chromatographed on alumina m tetrahydrofuran and , , mi * , „ , ,  . , , , . ■
recrystallized from methanol to give 0.064 g (58% ) of 5 , mp 259- adduct. The structure of this adduct was determined
261°; a mixture melting point showed no depression. to be a salt of a dihydrotetrazapentalene (9 ).

In another experiment a solution of 1 (33 mg) in acetyl sulfide 
(30 ml) was maintained at 15° for 40 hr, hydrolyzed with excess +
sodium hydroxide solution, and extracted with chloroform. NaCN _ a 4
The combined extract was washed with water and concentrated CF3— C ^ N  --------► Nv — ►
on a rotary evaporator to give a solid residue (35 mg) which by
its ultraviolet visible spectrum (in acetonitrile) and by thin layer 4 j
chromatography (in chloroform on alumina) was identical with ¿p3
thioacridone. By these same criteria, 1 was not present.

Rate Measurement.— Conductometric studies were carried out 5
as previously described.4 At 15° the resistance of pure acetyl _  _
sulfide was 206,400 ohms, compared to 45,000 ohms for acetic i 3
anhydride.4 I  Na+ | 3

Spectrophotometric studies were conducted in a jacketed, /  ■Vvj-  ,L 4
10-mm cell fitted with a Teflon stopper containing a glass probe *■ b
thermistor, which was connected to a thermometric bridge and C— Ch +
galvanometer. W ater was circulated through the cell jacket | ® ” a
from an external constant temperature bath; temperatures of the CF3 pp3
reaction solution were maintained at 48.95 ±  0 .05°. All ap
paratus was flushed with nitrogen and all transfers of solutions 6 <
were conducted under a nitrogen atmosphere. r

CF3 . .  + CF;j
Registry N o . - 1, 10399-73-2; 6,25876-95-3; acetyl T -  N-a I N

sulfide, 3232-39-1; tetra-n-butylammoniumthioacetate, V __nr __rF
25827-89-8. "  V S T  +

(8) (a) H. Burton and P. F . G . Praill, J .  Chem. Soc., 2034 (1950). (b) p p  Qp
G. Jander and H. Surawski, Z. Electrochem., 65, 469 (1961). (c) G. N. — ** —
Dorofeenko, Z. N. Nazarova, and V. N. Novikov, Zh. Obshch. K him  , 34, 8 9
3918 (1964); Chem. Abstr., 62, 9099c (1965). ----------------------

(9) J. H. Markgraf, G. A. Lee, and J .  F. Skinner, J .  Fhys. Chem., 72, * To whom correspondence should be addressed.
2276 (1968) W  W- Middleton and C. G Krespan, J .  Org. Chem., 30, 1398 (1965).

(10) A. Edinger and W. Arnold, J .  Prakt. Chem., 64, 182 (1901). (2) W. J .  Middleton and C. G. Krespan, ibid., 33, 3625 (1968).
(11) C. W. Muth and R . S. Darlak, J .  Org. Chem., 30, 1909 (1965). (3) W. J .  Middleton and C. G. Krespan, ibid., 36, 1480 (1970).

N otes  J .  Org. Chem., Vol. 35, No. 11, 1970 3985



The reaction is believed to proceed stepwise to give observed, the proton is not tightly bound to the 16N.
first the intermediate adduct 5, which adds to another Rapid proton exchange (at least, in the nmr time scale)
nitrile unit to give 6. This intermediate (6) then appears unlikely, since low temperatures, which should
cyclizes to give the 1:2 adduct 7 which adds still an- slow the exchange, did not change the width of the
other nitrile unit to give intermediate 8, The final signal. Also, an equilibrating mixture containing ap-
step is the cyclization of 8 to 9. This last step is un- preciable amounts of both tautomers (10a and 10b)
usual in that a nitrogen-to-nitrogen bond is formed by appears unlikely, since the 19F nmr spectrum of 10 in
the addition of a nitrogen anion to a carbon-to-nitrogen acetone shows well-resolved quartets for the two lower
double bond in a direction opposite to that normally field absorptions. The evidence thus indicates that 10
observed. A driving force for this final step could be exists primarily in only one tautomeric form, 10a, and
the formation of a resonance-stabilized salt (9), the that protonation of the anion of 9 occurs at the 1 posi-
anion of which is an aromatic structure. A 1:1 and tion (on the unlabeled nitrogen).
1:2 adduct of sodium cyanide with trifluoroacetonitrile When 10 was treated with diazomethane in ether, the 
(5 and 7) could not be isolated, presumably because crude methylated product apparently consisted of a 
these adducts are stronger nucleophiles than cyanide 93:7 mixture of two isomeric monomethyl derivatives 
ion and react preferentially with the trifluoroaceto- (11 and 12). The major product was purified by re- 
nitrile. crystallization. Its 19F and 4H nmr spectra indicate

This addition of sodium cyanide to 3 equiv of tri- that the protons on the methyl group are spin-spin
fluoroacetonitrile closely parallels the known addition coupled to the fluorines on two of the C F3 groups ( J fh
of potassium cyanide to 3 equiv of cyanogen to give an ~  0.6 Hz). One of the coupled CF3 groups is at the
analogous dihydrotetrazapentalene that contains cyano highest field position and is probably the group at the
groups in place of the trifluoromethyl groups.4 2 position since it is not coupled to the other two C F3

The dihydrotetrazapentalene structure of the anion groups. The other CFS group coupled to the methyl is
of 9 wTas supported by the spectral data. The 19F nmr at the lowest field position, and is likely at the 4 posi-
spectrum, which was obtained on the readily purified tion, since it has been observed that CF3 groups attached
tetramethylammonium salt, indicated three different to a carbon atom flanked by two nitrogen atoms absorb
trifluoromethyl groups. The two lower field signals, at a higher field position than CF3 groups in otherwise
probably due to the CF3 groups at the 4 and 6 positions, similar situations attached to a carbon atom flanked by
were split to quartets by a spin-spin coupling of 2.1 one nitrogen atom and one carbon atom6 If these
Hz. The ultraviolet spectrum of the tetramethyl- assignments are correct, then it appears that the major
ammonium salt showed maxima at 268 and 245 mja, methyl isomer is 11, since coupling of the methyl with
indicating aromaticity. the CF3 groups at the 2 and 4 positions is more likely in

Acidification of the water-soluble sodium salt 9 gives this isomer than in structure 12. 
a water-insoluble acidic product (10). Two tautomeric
structures (10a and 10b) for this product are theoreti- CF, CF3

f  T f 9 A V cF)
U K  U \  Y T  t "n

Ny l > Y ~ CF! Y nY CF6 cf3 ¿ h3 cf3

CF, CF3 A

19b Experimental Section

cally possible. Because of the acidic nature of 10 (pK a 2,4,6-Tris(trifluoromethyl)-l,6a-dihydro-l,3,5,6a-tetrazapenta-
= 2.75 in 40% ethanol), the position of the lone hydro- lene (10).—Trifluoroacetonitrile, 85.5 g (0.9 mol), was distilled
gen is difficult to ascertain. To determine which of the into stirred susPension of 25 S (0-5 mol) of sodium cyanide in

i / m  , , , , 250 ml of dimethylformamide. The rate of addition was adjusted
two tautomeric structures (10a and 10b) best represents so that the temperature did not rise above 40». The mixture was
10, a sample containing a N label at the 3 position stirred for 1 hr and then poured into 300 ml of 10%  hydrochloric
was prepared from 15N-labeled sodium cyanide and acid. The oil that separated was washed with successive portions
unlabeled trifluoroacetonitrile. °f water until it solidified. The solid was filtered off, washed

If the proton were bonded directly to the labeled 7 ^  7 a, er’ “ ddried ,i n ua.desiccator over P 30 6 to give 65.5 g
i • . , , (70% ) of crude 10 as a light-yellow powder. A colorless sample,

nitrogen (as m 10b), a large spin-spin coupling between mp i 80-195° dec, was obtained by recrystallization from ben-
the SJ\ and 4H would be expected in the proton nmr zene: uv (ethanol) xma* 266 mM (« 5400), 246 (4250), and 228
spectrum,5 unless hydrogen exchange were very rapid. (3750); 19F  nmr (acetone), CC13F  std, 5 59.8 ppm (q, J  = 0.9
Also, the signal band width should be much less than Hz> 3 F b 62-9 (q> J  =  °-9 Hz’ 3 F b and 64-9 Is’ 3 Fb nmr
that observed in the spectrum of the unlabeled material, (aĉ e) 2 ^ 4 ^ !  3 2 ?  F , 54.79;
Since N has no quadrupole. N, 17.95; neut equiv, 312. Found: C, 27.07; H, 0 .36; F ,

The actual proton nmr spectrum of the labeled sample 54.86; N , 17.69; neut equiv, 312.
of 10 was essentially the same as that of the unlabeled Tetramethylammonium Salt of 10.— A solution of 1.0 g of 
sample in the temperature range from -1 2 0  to 30° tetramethylammonium chloride in 10 ml of water was mixed
q; i ; ___ , u v , . , , , . . with a solution prepared by dissolving 1.0 g of 10 in 10 ml

. F  ® as not observed, and Signal 0f 5 %  sodium bicarbonate. The precipitate that formed was
narrowing due to loss of quadrupole interaction was not filtered off, washed with water, and recrystallized from alcohol- 

... _ ,  ether to give 0.6  g of the tetramethylammonium salt of 10 as
' * Y y Y ’ F* S- Pate“t 3.093,653 (1963). colorless crystals: mp 284-285° dec; uv (ethanol) Xmax 268 m^

(5) G. Bmsch, J .  B. Lambert, B . W. Roberts, and J .  D. Roberts, J .  Amer. ____________ —
Chem. Soc., 86, 5564 (1964). (g) gee ref 3 for leading references.
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(e 7130) and 245 (5800); ir (K B r) 6.28, 6.55, 6.69 n; *H nmr dehydration of A/-phenacylbenzylamine hydrobromide
(acetone-*) t 6.53 (t, J nh =  0.5 H z); 19F  nmr (acetone), CC1SF  /¿ t  „ ;v e s  7 4 -d ih v d ro n v razin e  (S') T h e  n m r snoofrnm
std, S 57.2 ppm (q, J  =  2.1 Hz, 3 F ) , 60.9 (q, J  =  2.1 Hz, 3 F ) , W  gK 6S  ’ QlilJ a ro P y razm e W -  i t l e  n m r sp ectru m
and 64.2 (s, 3 F ) . An analytical sample was prepared by a second
recrystallization from alcohol-ether. CH2Ph

A nal. Calcd for ChH i2F 9N s: C, 34.29; H, 3 .14; F ,  44.39; I p,
N, 18.18. Found: C, 34.41; H, 3 .30; F ,  44.14; N, 17.84. / Ny r a

3-Methyl-2,4,6-tris(trifluoromethyl)-3,6a-dihydro-l,3,5,6a-tet- n f *  II J J
razapentalene (11).—A 3%  solution of diazomethane in ether /
was added dropwise to a solution of 1.0 g of 10 in 5 ml of ether / i
until no further evolution of nitrogen was evident. The solution V / CH2Ph
was evaporated to dryness. The *H nmr spectrum of the crude „  _TU„U N a £ 0 J  c
product showed two signals at 5.65 (7 % ) and 6.08 (93% ). Two PhLuH2JNHOH2Ph 100<> V
recrystallizations from pentane gave 0.75 g of 11 as long needles: -HBr \ CH2Ph
mp 43 -4 5 .5 ° ; uv (ethanol) Xmax 266 m/x (e 3800), 226 (5500); ir 4 \ J t tdu
(K Br) 6.12, 6.42, 6.49, and 6.63 /x; 'H  nmr (acetone-*) t 6.08 \ /
(poorly resolved multiplet, probably two overlapping quartets, '— ► PhH jC 'b  1
/ hf ~  0.6 H z); 19F  nmr (acetone), CCI3F  std, 5 57.5 ppm (m,
probably two overlapping quartets with J ff =  1.0 and J fh =  0.6  Ph “
Hz), 62.2 (q, J  =  1.0 H z), and 64.1 (q, J  — 0.6 H z). An 6
analytical sample was prepared by a third recrystallization from

pentane. „  „  A no „  of the product from this reaction showed in the non-
A nal. Calcd for C8H3F 9N4: C, 29.46; H, 0.93; F , 52.43; J  . , , . . .  , e , _ oft , ,  , T

N, 17.18. Found: C, 29.26; H, 0.87; F , 52.48; N , 16.90. aromatic region two doublets at r 5.17 and 5.30 (1 H,
J  =  5.0 Hz), a quartet (AB), centered at 6.15 (2 H,

Registry No.— 10a, 25894-19-3; tetramethylammo- J  =  15.0 Hz), and a complex multiplet at 6.83-7.62 
nium salt of 10a, 25894-20-6; 11, 25894-21-7. (2 H). This spectrum is clearly inconsistent with 5.

However, structure 6 is in agreement with the available
----------------------  data. The two proton multiplet at t 6.83-7.62 and

the one proton doublets at 5.17 and 5.30 are assigned to 
Structures o f Alleged 1,4-Dihydropyrazines the AB and the X  portions of an A BX spectrum. These

absorptions represent the benzyl hydrogens of the 
Shue- J en Chen and F rank W. F owler* benzyl group at C6 and methine hydrogen at C6. Ir 

radiation of the r 6.83-7.62 multiplet caused the 
Department o f Chemistry, doublets at 5.17 and 5.30 to collapse into a singlet con-

State University o f  New York at Stony Brook, firming the coupling between these two groups of hy-
Stony Brook, New York 11790 drogens. The AB quartet centered at t 6.15 is assigned

to the benzyl hydrogens adjacent to the nitrogen atom. 
Received A pril 16, 1970 n0nequivalence of the hydrogens on both benzyl

substituents is attributable to the presence of the asym- 
The 1,4-dihydropyrazine ring system is an ] nterestmg metric carbon atom (C#j in dihydropyrazine 6. Similar

conjugated cyclic structure containing 8 t electrons. effects have been observed in related systems.6
It  is electronically analogous to cyclooctatetraene and Pyrolysis of 6 gave a mixture of pyrazines which 
lH-azepine, both of which have in recent years dis- further supports the postulated dihydropyrazine struc- 
played some fascinating chemistry.1 Since the 1,4- turefor6.

t 6 f v ph + PhHV r ph +O O 0 ‘ Ph N ph N CH2ph
\ = /  N f  PhH2C N Ph

R R J  J  + PhCH3
1 2 3 P *A ^

The reaction of diphenacylbenzylamine hydrobro- 
dihydropyrazme ring system is generally thought to be mide with benzylamine is also reported to give the 1,4-
a known structure2 and has been used to demonstrate dihydropyrazine ring system,4 7. The nmr spectrum
the nonaromatic character of 8-w-electron compounds8 0£ |be reaction product, which is similar to 6, is incon-
we are prompted to report the following results. We sigtent wjth structure 7. The methine hydrogen at C6
have repeated the work m the most frequently quoted occurg ag tWQ doublets (r 5.17 and 5.32, J  =  5 Hz)
reference4 and find the original structural assignments further split by the vinyl hydrogen (r 3.42, d, J  — 1
to be in error. j j z) at q2_ benzyl hydrogens of the benzyl group

Mason4 has reported that the base-catalyzed cyclo- ^  6.87_7.7o) at C6 occur as a complex multiplet. Ir-
j , , , , , ,  , radiation of the r 6.87-7.70 multiplet caused the dou-

* Author to whom correspondence should be addressed. , ,  . , , , ____
( ] )  F o r le a d in g  references, see (a) L .  A .  P a q u e tte , D .  E . K u h la ,  J . H .  b l e t s  a t  T 0 . 1 7 — 5 . 3 2  t o  C o l la p s e  i n t o  a  S i n g l e t  t h U S  C O n -

B a rre t t,  a n d  L .  M .  L e ic h te r , J. Org. Chem., 34, 2888 (1 9 6 9 ); (b ) G . S ch rod er, f i r m i n g  t h e  C o u p l i n g  b e t w e e n  t h e s e  g r o u p s  of h y d r o g e n s .

“ C y c lo o c ta te tra e n e ,”  V e rla g  C hem ie, W e m h e im /B e rg s tr  G e rm a n y , 1956 ^  j  h y d r o g e n s  a d j  U C e n t  t o  t h e  n i t r o g e n  OCCU1' a S
(2) Y .  T .  P r a t t  a n d  R . C . E ld e rfie ld , Heterocycl. Compounds, 6, 414 x  &  J °  ,

(1957). an AB quartet centered at r 6.32 (J  =  15  H z ).
(3) A . S tre itw ie se r, “ M o le c u la r  O rb ita l  T h e o ry  fo r  O rg a n ic  C h e m is ts ,”

W ile y , N e w  Y o rk ,  N .  Y . ,  1961, p  276. (5) c - R a n d a ll,  J . J . M c L e s k e y , I I I ,  P . S m ith , a n d  M .  E . H o bbs,
(4) A . T . M a s o n  a n d  G . R .  W in d e r, J. Chem. Soc., S3, 1355 (1893). J. Amer. Chem. Soc., 86, 3229 (1964).
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An attempt was made to isolate the 1,4-dihydropy- Benzyl migration of 6 to give 9 probably does occur 
razine 7 by carrying out the reaction at lower tempera- at higher temperatures and 9 is most likely the inter

mediate leading to 2,5-diphenyl-3,6-dibenzylpyrazine 
CH2Ph in the pyrrolysis experiment. We are continuing our
I efforts toward an unambiguous synthesis of the 1,4-

( „ rj'' ^  dihydropyrazine ring system.

/  Pli N ^ T h

„ \ /  | Experimental Section9
U V / Qpj pk
I 1 PhCH2NH2 /  7 2 1,6-Dibenzyl-2,5-diphenyl-1,6-dihydropyrazine (6).— To 4.00 g

PhCCH2 /  NCH2Ph ” 20-130° \ ' °f phenacyclbenzylamine hydrobromide was added 20 ml of a
i  \ CH2Ph saturated Na2C03 solution. The reaction mixture was stirred

•HBr \ | magnetically and refluxed for 1 hr. The red oil obtained was
\ PhH2C. washed with hot water and then dissolved in ethanol. On
\__ ^ u ' r  1 standing overnight 0.55 g of yellow crystals precipitated, mp

ll 4 j!L  150-155°. Recrystallization from ethanol gave the analytical
Ph N Ph sample: mp 153-157°; nmr (CDC13) t 1 .83-3 .35  (m, 18 H,

aromatics), 5.17 and 5.30 (two doublets, J  — 5 .0  Hz, 1 H ), 6.15  
(center of AB, . /  =  15 Hz, 2 H ), and 6 .83-7 .62  (m, 2 H ); ir 
(CHCh) 1602, 1495, 1445, 1347, and 694 cm "1.

ture in  refluxing benzene and azeotropically removing A nal. Caled for C30H26N2: C, 86.95; H , 6 .28 ; N, 6 .76. 
the water produced. Only the dihydropyrazine 8 Found: C, 87.08; H, 6 .40; N, 6.69.
could be isolated Pyrolysis of 6.— To a 25.0 X  1-0 cm tube was added 372 mg of

Pyrolysis of 8 gave a mixture of 3,5-diphenylpyrazine f  • J n¥ / ub?nwas seft ed under va(;uum Torr,) and êatedr j-  , | „ , , ’ K J  to 300 for 40 mm. The nmr spectrum of the crude pyrolysate
a n d  o ,o -d ip n en y i-2 -b en zy ip y razin e . showed the presence of 2,5-diphenyl-6-benzvlpyrazine (relative

ratio 3 :1 :3 )  and toluene. The toluene was removed in  vacuo and 
Nv. PhH2C. recrystallization of the residue gave 2,5-diphenylpyrazine: mp

8 300A i  ]  +  Y  ^  +  phCH 194^196° (lit.10 195-196); nmr (CDCls) r 0.95 (s, 2 H ) and 1 .8 -
A 3 6 .7  (m, 10 H ). The mother liquors were concentrated and

Ph Ph Ph Ph chromatographed on a thin-layer plate (1 .5-mm silica gel eluted
with 10% ether in benzene). The first band eluted was shown by 

CH2Ph nmr to be a mixture of 2,5-diphenylpyrazine and 2,5-diphenyl-
| 6-benzylpyrazine. Repeated recrystallization from ethanol

^ -v ^ N v ^ P h  o produced a very small amount of pure 2,5-diphenyl-6-benzyl-
4 a'; o 3> | lx  | 100 >• pyrazine: mp 9 8-99°; nmr (CDCh) r 1.07 (s, 1 H ), 1 .8 -3 .3

100 p h 'V 'N '^ S 'H (m> H ), and 5.75 (2 H, s), The second band off the tic plate
Y .  I proved to be 2,5-diphenyl-3,6-dibenzylpyrazine: mp 145-147°;

CH2Ph nmr (CDCls) r 2.53 (s, 10 H ), 2.83 (s, 10 H ), and 5.72 (s, 4 H ).
,  A nal. Caled for C3oH24N2: C, 87.35; H, 5 .82; N , 6.79.

Found: C, 87.48; N, 5.82; N, 6.78.
CH2Ph 1,6-Dibenzyl-3,5-diphenyl-1,6-d-hydropyrazine (8).— To 2 .0  g
1 of diphenacylbenzylamine hydrobromide was added 1.0 g of

PhH^^^^ f j ^ .P h  H y ^ j j ^ - P h  benzylamine. The reaction mixture was heated in an oil bath at
j j / j  | PhH C \  | CH2Ph 120-130° for 40 min. The now red-orange oil was triturated with

2 ether and the benzylamine hydrobromide was filtered. Removal
Ph | hi Ph H of the ether in vacuo gave a red-orange oil which crystallized

Aj j  pjj 9 from ethanol, mp 88-96°. Recrystallization from ethanol gave
2 0.78 g of yellow crystals: mp 94-98°; nmr (CDC13) t 2 .00-3 .27

® (m, 15 H ), 3.42 (d, J  =  1.0 Hz, 1 H ), 5.17, and 5.30 (two dou
blets, J  =  5.0 Hz, further coupled, /  =  1.0 Hz, 1 H ), 6.10 (q, 

The formation of both 6 and 8 can be rationalized as J  =  15.0 Hz, 2 H ), and 6 .87 -7 .50  (m, 2 H ); ir (CHC13) 1592, 
initially proceeding through the 1,4-dihydropyrazine 1493, 1452, 1342, and 692 cm “1.

w h ich  u n d ergoes a  1 ,3  sh ift of a  A -b e n z y l s u b stitu e n t .6 p 0und-’ CC 86d80f% C 6^ T N N 9 5 ’ H ’ 6 '28 ’ N ’ 6 ’7 6 '
1 ,3 -S ig m a tro p ic  re a ctio n s  a re  rare , o ccu rrin g  only u n d er l ,6-Dibenzyl-3 ,5-diphenyl-i,6-dihydropyrazine (8 ).— To 20.4  g 
v e ry  fav o ra b le  th e rm o d y n a m ic  co n d itio n s .7 T h e  a p - of diphenacylbenzylamine hydrobromide and 13.5 g of benzyl-
p a re n t ease a t  w h ich  th e  grou p  m ig ra te s  in  th is  ca se  amine was added 100 ml of benzene. The reaction was refluxed
cou ld  be due to  th e  m ig ra to ry  a p titu d e  of th e  b enzyl for 4 hr during which time the water was aze°tropically removed
g rou p  a n d /o r  th e  in sta b ility  of th e  en am in e  co m p ared  £ , 1 1 ™ h 5 , ‘„b° T d f 5 2 S S
to  th e  im m e. b in ce  o is  a lso  an. en am in e co n ta in in g  a  concentrated in  vacuo to give an oily residue. This was dis-
V -b e n z y l s u b stitu e n t i ts  n o n re a rra n g e m e n t to  9  u n d er solved in ethanol-ether and on standing over night 10.0 g of
th e  re a c tio n  con d itio n s in d ica te s  th e re  is p rob ab ly  ad d i- yellow crystals precipitated which proved to be 8 .
tio n a l in sta b ility  a sso cia te d  w ith  en am in e 5  Pyrolysis of 8 .— To a 25.0 X  1.0 cm glass tube was added 600

„ r e  , i • , , mS 07 8 - The tube was sealed under vacuum (10~5 Torr) and
In s ta b ility  Of 5  co m p a re d  to  a  n o rm a l en am in e w ould  heated for 40 min at 300°. The nmr spectrum of the crude prod-

n o t be u n e x p e cte d  sin ce  iv -a lk y l d e riv a tiv e s  of th e  iso - uct shows the presence of 2 ,6-diphenylpyrazine, 2 ,6-diphenyl-3-
e le ctro n ic  azep ines a re  also  k now n to  b e v e ry  u n stab le , benzylpyrazine (relative ratio 5 :6 )  and toluene. The products
a  f a c t  w h ich  ca n  be a ttr ib u te d  to  th e  a n tia ro m a tic  were Purified by removal of the toluene in  vacuo and chromato
c h a r a c te r  Of 8 -TT-electron sy s te m s .8 graphing the residue on a thin-layer plate (1.5 mm silica gel

J  eluted with 3 :1  benzene ether). The first band eluted was re-
... .., ,* | , , crystallized from ethanol and gave 2 ,6 -diphenylpyrazine as
(o) Alternatively, as suggested by a referee, the reaction may not be _____________

concerted but could involve a diradical intermediate. (9) Melting points are uncorrected. The microanalyses were performed
(7) R . B . Woodward and R . Hoffmann, ‘The Conservation of Orbital by Gailbraith Laboratories, Knoxville, Tenn. Infrared spectra were de-

Symmetry,” Verlag Chemie, Weinheim/Bergstr., Germany, 1970, p 114. termined with a Perkin-Elmer Model 137 Infracord. The nmr spectra were
(8) (a) R . Breslow, J .  Brown, and J .  Gajewski, J .  Amer. Chem. Soc., 89, determined with a Varian A-60 spectrophotometer.

4383 (1967); (b) R . Breslow, Angew. Chem., Ird. Ed. Engl., 7, 565 (1968). (10) Gerald Smolinsky, J .  Org. Chem., 27, 3557 (1962).
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colorless crystals: mp 80-81° (lit.4 88-89); nmr (CDC13) r 0.84 hydrogens, and a hydroxyl shifted downfield due to
S’A rJ. aCalcd for8 Ĉ hLn^ ' C, 82.76; H, 5.17; N, 12.06. hydr°gen bonding. It will be noted that 13 of the 14

Found: C, 82.93; H, 5.31; N, 11.84. protons were dehmtely identified here; the missing
The second band was recrystallized from ethanol and gave 2,6- hydroxyl proton probably exchanged with the water of

diphenyl-3-benzylpyrazine as colorless crystals: mp 98-99° solvation as detected in the microanalysis. These
dl^ 4 (CDCls) t 1-05 (s> 1 H). 1-8-2.9 (m, 15 H), and particular assignments were facilitated by use of an

s’ ' extensive compilation of flavone nmr data.4 A
Registry N o.— 6, 25827-90-1; 8,25827-91-2; 2,5- detailed solvent-shift study was not attempted because

diphenyl-6-benzylpyrazine, 25827-92-3; 2,5-diphenyl- of the insolubility of velutin.6.6 The mass spectral
3,6-dibenzylpyrazine, 25827-93-4; 2,6-diphenylpyra- fragmentation pattern was rationalized with the aid
zine. 25827-94-5; 2,6-diphenyl-3-benzylpyrazine, 25827- of known models,7 especially with flavones containing a
95-6. 4'-hydroxyl group.8

The available chemical and spectral information was 
Acknowledgm ent.—This work was supported by the sufficient to postulate two alternative structures for the 

Research Foundation of the State University of New compound: 4',5 - dihydroxy - 3',7 - dimethoxyflavone
York. (Ia) or3',5-dihydroxy-4',7-dimethoxyflavone (II). Ve-
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d,R = H;R' =  H
Received, April 14, 1970

CH30  -v o  // \
In connection with a projected phytochemical study T  | J \ = /  3

of Washington vegetation, Ceanothus velutinus, a OH
member of the Rhamnaceae or buckthorn family, was O o
selected for initial examination. This shrub is dis-
tributed along the drier, east slopes of the Cascades jj
and can be easily found in cleared timber areas. The
leaf oil has been investigated in the past because of a lutin on exhaustive methylation formed luteolin
pleasant odor, but only cinnamate esters were reported tetramethyl ether (Ic), while demethylation produced
by earlier workers.2 luteolin (Id).9 These results verified both the sub-

A pentane extract of the leaves deposited a yellow stitution pattern and the ring system existing in the
powder, which was purified by crystallization from flavone. The crucial placement of the hydroxyl
ethyl acetate. The resulting product or velutin groups in both the A and B rings was made through
analyzed for C itHmCV V2H2O; however, a true mo- ultraviolet studies. A shift of 48 mp. with sodium
lecular weight of 314 was given by mass spectroscopy. ethoxide in ethanol3 fixed one hydroxyl at 4' rather
A positive ferric chloride test indicated a phenol, and, than 3', while a shift of 35 mp with aluminum chloride
more specifically, magnesium-hydrochloric acid sug- in ethanol10 confirmed the placement of another hy-
gested a flavone. The presence of two hydroxyl groups droxyl group at 5. Compound la  is known in the form
was shown by the conversion of velutin into a diacetate, of a dehydrogenation product from a naturally oc-
C2iHi80s. curring flavanol,11'12 and the melting points and ul-

The infrared spectrum possessed a hydrogen-bonded traviolet spectra of both it and the corresponding 
conjugated carbonyl group and an extended aromatic diacetate are in agreement with the present data.12
ring system. In the ultraviolet, the main and sec- Since comparison samples no longer exist,13 formula II
ondary absorptions were similar to those reported for cannot be completely excluded at this time. How-
tetrasubstituted flavones.3 Generally, the shape of ever, the weight of the evidence greatly favors la ; so
the bands implied the existence of hydroxyl or methoxyl this structure is now assigned to velutin.
substituents at the 3' and 4' positions in the flavone
ring svstem. The nuclear magnetic resonance spec- «  t . j  Batternam and r . j  m e het A ^ . J  C h « n . .a .  « 8  (1964).

0  - . . °  (5) R . G. Wilson, J .  H. Bowie, and D. H. Williams, Tetrahedron, 24, 1407
trum contained two singlet methoxy groups, an upheld (1968).
pair of doublets with typical meta-coupling constants (6) R . G. Wilson and D. H. Williams, J .  Chem. Soc. C, 2477 (1968). 

(centered on their chemical shifts), a singlet due to an (ig(̂ A- Pelter' p- Stainton' and M' Barber' Haerocyd' Chem" 2' 1262
olefinic hydrogen, a broad peak of three aromatic (8) h . Audier, Butt. chem . Soc. Fr„  2892 (loe.eo.

(9) We thank Professor T . R . Seshadri, University of Delhi, for a sample 
* Author to whom correspondence should be addressed. of luteolin.
(1) For the previous paper in this series, see K .-T . Wang, K . C. Das, (10) L . Jurd, Phytochemistry, 8, 445 (1969).

Y .-Y . Lin, arid B . Weinstein, Experentia, 26, 930 (1970). (11) S. R . Gupta, N. Narashimhachari, and T . R . Seshadri, J .  Sci. Ind .
(2) L. W. Richards and E . Y. Lynn, Proc. Amer. Pharm . Ass., 23, 332 Res., Sect. B , 12, 229 (1953).

(1934). (12) T . A. Geiseman, Aust. J .  Chem., 11, 376 (1958).
(3) L. Jurd in “The Chemistry of Flavonoid Compounds,” T . A. Geiss- (13) Professor T . A. Geissman, University of California at Los Angeles,

man, Ed.. Macmillan, New York, N. Y ., 1962, p 107. personal communbation, Feb 25, 1970.
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Experimental Section14 CH30  0  OCH

Velutin (4\5-Dihydroxy-3 ',7-dimethoxyflavone) (la).— A col- r\  3'
lection of Ceanothus velutinus was made in late October 1969, fj | \ /  'W=o __ ►
about 5 km north along the Lake Kachess Dam Road, near Sno- JL  6' s7
qualmie Pass, Wash. The leaves were air-dried for 1 week, and CH30  | /  \
then ground in a Wiley mill and extracted with hot pentane for 0 ] CH3 X
10 days. On standing, the dark solution deposited a yellow
powder, which was collected, washed, dried, and crystallized 1, X =  H
from a large volume of ethyl acetate to yield the analytical sam- 5, X  =  S 02CH3
pie (0.80 g, from 1.6 kg of leaves): mp 225-227° (lit.10 223-224°); g X  =  Br
Rt 0 .66; Paiax 3440 (OH), 2950 (CH ), 1660 ( C = 0 ) ,  1605 (C = C ), ’ n rH
and 847 cm -1 (1 ,2 ,3 ,5  tetrasubstitution); Xmax 238, 250, 268, CH30  O \ 3
and 348 m/i (log e 4.04, 4.05, 4.01, and 4 .16); 5 3.85 (OCH3), I II \ /\
3.92 (OCH,), 6.35 and 6.75 (6-H and 8-H ), 6.90 (3-H ), 7.01
(5'-H ), 7 .5 -7 .7  (6 ' ,2 '-H ), and 12.93 (5-OH); mass spectrum 314 J l  .X
(parent), 284 (M — 30), and 137 (CiHsOa). The flavone pro- CH30 )  (
duced a brown color with ferric chloride, and a red-orange with I q jj X
magnesium-hydrochloric acid. The ultraviolet shifts with Cl
aluminum chloride (10% ) were almost identical with those of 2, X =  H
3',7-di-O-methylluteolin.10 e v  _  cn  m

Anal. Calcd for C„Hh0 6• 1/>H20  (323.29): C, 63.15; H, ’ *  7, 2 3
4.61. Found: 0 ,6 3 .5 1 ; H, 4 .29. 9> X _ B r

Treatment with acetic anhydride and a drop of sulfuric acid
formed the diacetate (lb), as colorless needles from benzene, mp W h e n  w e p re v io u sly 1 a tte m p te d  to  in tro d u ce  o x y g e n

2°Ir u !’i\207 - . at C-5' in griseofulvin (1) by allowing 5'-formyl-Methylation with dimethyl sulfate-potassium carbonate af- . ,
forded luteolin tetramethyl ether (Ic), purified by sublimation at griseofulvin (3) to leact as its sodium salt With benzoyl
175° (0.01 mm): mp 192-194° (lit.16 192-193°); mass spectrum peroxide in methanol, we obtained the overoxidized
342 (parent), 313 (M — 29), 312 (M — 30), 181 (C9H90<), 180 product, 5'-hydroxydehydrogriseofulvin (4), presum
e d ,  162 (C10H10O2), 152 (C8H80 3), 147 (C9H70 2), and 137 ably owing the ready decarbonylation of an initially

Demethylation with hydrogen iodide (49% ) gave luteolin formed 5'-oxygenated-5'-formyl intermediate. We
(Id), as yellow crystals from ethanol, mp 328-330° (lit.16 330- hoped to circumvent this difficulty by using 5 -methyl-
3310). sulfonylgriseofulvin (5) in place of 3; however, we

Registry N o .-la , 25739-41-7. encountered another unexpected result.
lhus, on treating 5, readily obtainable from 5 - 

Acknowledgment.—We thank the National Center methylthiogriseofulvin3 by peracid oxidation, with 1
for Urban and Industrial Health (Public Health Service equiv of sodium methoxide in methanol followed by 1
Grant No. U1 00697) for the support of this work. equiv of benzoyl peroxide, we obtained a product which

(14) Melting points are uncorrected. Microanalyses were provided by WaS ind^ated by its nmr Spectrum to be a 2-COmpOnent
Galbraith Microanalytical Laboratories, Knoxville, Tenn. Spectral mea- mixture, in approximately a 1:1 ratio, consisting of
surements were made as follows: infrared (potassium bromide), ultraviolet Unreacted 5 and & neW Substance in which the 0 -2 '“
(95% ethanol), and nuclear magnetic resonance (deuteriodimethyl sulfoxide, o/ j  1 1 v j  i x i i , /* t
internal tetramethylsilane, 60 MHz). The mass spectrum was obtained double DOIld. &pp6&r6d to h.<lVe D6en tr&nSIOrmed.
on a double-focusing instrument. Thin layer chromatography employed This Was Suggested by the appearance of a new O C H 3

tecUof1 G as the SUPPOrt’ ethyl acetate as the developer' and iodine for de" signal in the spectrum at 5 3.27, 0.39 upheld from the
(15) J. Gripenberg in “The Chemistry of Flavonoid Compounds,” T. A. O C H 3 m  Signal in 5, and a decrease m  intensity (to

Geissman, Ed., Macmillan, New York, n. y., 1962, p 406. ~ 0 .5 ) of the vinyl proton of 5. Further characteriza-
______________  tion as detailed in the Experimental Section estab

lished its structure as the epoxide 5a.
Epoxidation of Griseofulvin. A New Reaction Treating griseofulvin (1) in a similar manner gave a

of the (3-Me thoxyenone System comparable result. The new product was isolated by
thick layer chromatography and was formulated as 

Howard Newman epoxygriseofulvin (2) on the basis of its spectral (ir,
nmr, mass spectrum) and analytical data. Its nmr 

Organic Chemical Research Section, spectrum additionally indicated it be a single isomer.
Lederle Laboratories Division, American Cyanamid Company, A Significant improvement in the conversion of 1 to 2

Pearl River, New York 10965 was achieved by using hydrogen peroxide-base, the
reagent commonly employed for epoxidizing a,d-un- 

Received May 13,1970 saturated ketones. (The epoxidation with benzoyl
peroxide-methoxide is presumed to take place in a 

We would like to report that griseofulvin (1) and its manner similar to that postulated for the hydrogen
5'-bromo analog (8) are converted to their corre- peroxide-base epoxidation,4 the required benzoyl peroxy
spending epoxy derivatives 2 and 9 in good yield by anion, PhCOOO- , being generated by methoxide attack
treatment with hydrogen peroxide and base. Epoxi- on benzoyl peroxide. The poorer conversion obtained
dation of 1 and its 5'-methylsulfonyl analog 5 was also with PhCO-OOCOPh~-OCH3 could be due to the
achieved with benzoyl peroxide-methoxide in good
yield but with poor conversion. W H- Newman, J. Heterocyd. Chem., 7, 957 (1970).

HT/d kaaE /-»£ rw if  ̂ / (2) H. Newman and T. L. Fields, J .  Org. Chem., 35, 3156 (1970).r o  the best of our knowledge this represents a new (3) (a) The faoiie preparatio„ of tws compound from a and methyithioto- 
reaction of an enol ether of a /3-diketone and would be sylate3b will be published elsewhere shortly, (b) See R. C. Autrey and P. w.
expected to be generally applicable. We were led to Scuiiard, /. Amer. Chem.soc.,9 0 ,4921 (1968).

(■ J. ,1 c ,, . (4) See the review on epoxy ketones by J. L. Pierre, Ann. Chim. (Paris),this finding in the following manner. i59 (i966).
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competitive destruction of the oxidizing species by group, it being closer in this configuration to the 
another route.) shielding cone of this group.7

Treatment of compound 2 in methanol containing With regard to the stereochemistry of the epoxida- 
a very small amount of concentrated sulfuric acid tion, it will become unequivocally known when an X-ray
at room temperature led to its immediate transfor- study of 5'-bromoepoxygriseofulvin 9 (by Dr. D. B.
mation to the dimethyl ketal 6 and an isomeric product Cusulich of our laboratories) currently in progress will
in roughly equal amounts. The structure of 6 follows be completed. 9 was obtained by epoxidizing 5'-bro-

mogriseofulvin (8) as described above, and was related 
Ch3q qCHs0 to 2 by converting it to the common intermediate 6

31 II with triphenylphosphine in methanol. The ketal 6
h+ / \ OH was isolated directly from the reaction mixture which

2 MeOH * X J L 0A  + isomer proved to be acidic, the result of rapid acid-catalyzed
CH30 / opening of the initially formed reduction product 2.

Cl CH3 A chemical approach to the solution of the stereo-
6 chemical problem was attempted, however, predicated

. on the nmr assignments made above for the two ketal
from its spectral (lr, nmr, mass spectrum) and an- OCH3’s in 6. It was reasoned that acid-catalyzed
alytical data (See Experiments] Section) and its opening of the epoxide in 2 in CD3OH should lead,
hydrolysis to 3 -hydroxygnseofulvic acid (7).5 also ideally in a completely trans diaxial opening, to the
obtained from the direct aqueous hydrolysis of 2. disappearance of one of the OCH3 signals. The

Cjj3q 0 stereochemistry of the epoxide ring would then follow.
31 || 9P The acidic conditions of the reaction and the methoxy

substituent on the epoxide ring makes a ring opening 
2 Jl / \  / =Q "* 6 via an SNl-like pathway more likely and the stereo-

CH3Cj °  / ' specificity of the opening, therefore, questionable. It
Cl CHs would, however, still appear reasonable to expect that,

to the extent that one isomer does predominate, it
The isomeric product, indicated as such by its M + would be that one arising from a trans diaxial opening,

at m /e 400 in the mass spectrum and its analytical The result of the experiment was that both OCH3 
data, exhibits an nmr spectrum (See Experimental signals were, in fact, present with the lower field signal
Section) which would be consistent with its formulation predominating in a ratio of ~ 3 :1. If one accepts the
as the rearrangement product 8 or 8a (no stereochem- foregoing argument, one would conclude that the

rHn r „  epoxide ring must have been a  oriented (i.e., trans
3| I 0Ĉ CH3 31 9 OCHj,oh to the ring B carbonyl) as in B  resulting in a pre-

X ^ O  dominant approach of CD3OH from the (1 face or cis to 
L I J  the ring B carbonyl. (In the process the stereochem-

CH30''’ ) f w  CH30/ ]/ ''0  \\ istry of the OCH3 at C-2' is inverted.)
Cl CH3°  OH Cl CH30 CH3

8  8a CH30  0  OCH3

istry implied in the structures) and which could arise Q
as indicated by the arrows in A, where epoxide opening q' )  '
is accompanied by migration of either the ring B  j  f
oxygen or ring B  carbonyl followed by methanolysis of Cl 3
the resulting electron deficient center. B

CH30 We however, emphasize again that the stereochem-
CH30 o y  istry shown in B  is at, this point, only tentative, based

as it is on intuitively reasonable, but nevertheless 
If 1 (V  V=o unproven assumptions.

ch3o' ^ j  1° f r '
Cl /  CH3 Experimental Section5

CH3OH Epoxygriseofulvin (2 ) .  A. Hydrogen Peroxide-KOH.— T o
A  a  cooled  (ice  w a te r) s tir re d  su sp en sion  o f 2 .8  g  (0 .0 0 8  m o l) of

. . . . .  g riseo fu lv in  (1 )  in  8 0  m l o f m eth an o l co n ta in in g  5 m l o f 3 0 %
The formation of 8 or 8a is interesting in that it H2O2 ( ~ 0 . 0 4 4  m o l) w as ad d ed  ~ 4 0 0  m g o f p o tassiu m  h y d ro x id e

represents a skeletal rearrangement of 2 under mildly (p e lle ts ) ( ~ 0 . 0 0 7  m o l). T h a  re a c tio n  m ix tu re  w as s tir re d  in  th e
acidic conditions. By contrast, the carbon framework coolin g b a th  fo r 15 m in , allow ed to  com e to  room  te m p e ra tu re
Of griseofulvin is stable to acid.6 (w ith  s t ir r in g ) du ring 15 m in , an d  th e n  d ilu ted  w ith  ice  w a te r ,

The nmr signals of the two ketal OCH3 groups in 6 (7) N. S. Bhaeca and D. H. Williams, "Application of NMR Spectroscopy
w o r e  m o ll « A n n ra to r l a n n o d r l n s  q f  5 S  5 7  q n d  2  4 0  in Organic Chemia.ry,” Holden-Day, San Francisco, Calif., 1964, p 28.

P  7 I T  S  ; . (8) Melting points are uncorrected. Nmr spectra were determined on a
It would appear not unreasonable to assign the higher Varian A-60A spectrometer using tetramethylsilane as an internal standard
field signal to the OCH3 cis to the ring B  carbonyl and mass spectra on an AEI MS-9 spectrometer. Thin layer chromato-

grams were run on phosphor-containing silica gel plates (Analtech, Inc.,
(5) The tautomeric form shown is done so arbitrarily. Wilmington, D el.;; thick layer chromatograms were run on 2-mm silica
(6) J .  F . Grove, J .  MacMillan, T . P. C. Muholland, and M. A. T . Rogers, gel plates (E . Merck Ag., Darmstadt, Germany; distributed by Brinkmann

J .  Chem. Soc., 3949 (1952). Instrument Inc., Westbury, N. Y .).
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and the colorless solid was collected by filtration, washed well S'-Bromoepoxygriseofulvin (9).—-A stirred suspension of 1 g
with water, and air-dried, yield 2.8 g. The crude product was (0.0023 mol) of 5'-bromogriseofulvin (8 ) in 40 ml of methanol
heated in boiling ethyl acetate and the mixture filtered to sep- containing 2.5 ml (—0.0022 mol) of 30%  H20 2 was cooled in ice
arate an insoluble gummy material. Addition of n-hexane to water and treated with 200 mg (0.0035 mol) of potassium hy-
the colorless filtrate caused a colorless crystalline solid to sep- droxide (pellets). After stirring in the cold for 15 min (the sys-
arate, yield 1.75 g. Thin layer chromatography indicated very tem was homogeneous after —5 min), the mixture was poured
minor contamination with unreacted griseofulvin, which was into ice water and extracted first with methylene chloride and
removed most efficiently by partition chromatography (on Celite then with methylene chloride-ether. The organic extracts
545 using heptane-CHCb-methanol-water 5 0 :8 :1 6 :1 )  to yield were washed with aqueous bisulfite, dried, and evaporated to
1.17 g (41% ) of epoxygriseofulvin (2), mp 142-160°, which yield 0.47 g of a pale yellow crystalline solid which showed a
showed a single spot (Ri ■—-0.6) on tic (PhH -EtO Ac 1 :1 ) and single spot on tic (PhH -EtO Ac 1 :1 ), R{ —0.5, and which melted
exhibited ir, nmr, and mass spectra identical with those of the at 157-160° after recrystallization from ethyl acetate (colorless
analytical sample of 2 prepared as described below. product): X*®' 5.80 and 5.89 a?Ssl! 6.16 (aromatic H ),

B. Benzoyl Peroxide-Methoxide.— A stirred suspension of 4.35 (doublet, ./ =  10 Hz, C-5' H ), 4.05 and 4.00 (aromatic
0.35 g (0.001 mol) of griseofulvin (1) and 0.48 g (0.002 mol) of OCH3’s), 3.27 (epoxy OCH3), and 1.00 (doublet, J  =  6 Hz,
benzoyl peroxide in 10 ml of methanol at room temperature was C-6 ' CH3).
treated with 2 ml of —1 M  NaOMe in methanol (0.002 mol). A n al. Calcd for CnH160 7BrCl (447.68): C, 45.61; H, 3 .60 ; 
The mixture was stirred at room temperature for 15 min (after Cl, 7 .92 ; B r, 17.85. Found: C, 45.62; H, 3 .62 ; Cl, 7 .79; 
10 min. the original strongly basic solution was essentially neu- Br, 17.56.
tral) and filtered to separate 150 mg of insoluble solid corre- Treatment of Epoxygriseofulvin (2 ) with Dilute Methanolic 
sponding in Rt to griseofulvin. The slightly turbid filtrate was Acid. Formation of the Dimethyl Ketal 6 and 5-Chloro-
poured into ice water and the solid which formed (during 15 4-hydroxy-l ,4,4a,9a-tetrahydro-4a,6,8,9a-tetramethoxy-l-methyl-
min) was collected and air-dried to yield 130 mg of product xanthene-3(2H),9-dione (7).—To 5 ml of commercial grade ab-
which showed two spots on tic (PhH -EtO Ac 1 :1 ), Ri —0.45 solute methanol containing 1 drop (Pasteur pipet) of concentrated
and 0.6, the former corresponding to that of griseofulvin. The sulfuric acid was added 170 mg (0.46 mmol) of epoxygriseofulvin,
products corresponding to the two spots were separated by thick (2 ) at room temperature. A colorless homogeneous solution
layer chromatography using PhH—EtOAc 1 :1  for development formed virtually instantaneously. After 4 min at room tem- 
and were obtained m A a 1 :2  ratio (faster:slower). The color- perature, the colorless solution was poured into ice water and
less faster running product, epoxygriseofulvin (2 ), melted at the mixture was extracted with methylene chloride. The meth-
^®~cdci3 a^ er 'triturating with ̂ methanol: Xm„  5.80 and 5.87 ylene chloride extract was washed with aqueous bicarbonate,
m; <5tms 6.16 (aromatic H ), 4.05, and 4.00 (aromatic OCH3’s), dried, and evaporated to yield — 140 mg of a light yellow gum
3.80 (epoxy H ), 3.24 (epoxy OCH3), 2 .65-2 .46  (mainly 2.65, indicated by tic (PhH -EtO Ac 1 :1 ) to be a two component mix-
C-5 and C-6 H s), and 0.83 (doublet,/ =  6 Hz, C-6 ' CH3). ture which was separated by partition chromatography on Celite
1 he mass spectrum showed an M+ at m/e 368 (with the expected 545 using heptane-chloroform-methanol-water 5 0 :8 :1 6 :1 .
370 peak at c a .  one-tffird the intensity owing to Cl isotope 37) Faster Moving Component 6 . - A  colorless solid, 63 mg, had

Caicd for CnHjjO,Q (368.77): C 55.50; H, 4 .62; mp i 9 i_ i 93 .5 °. X“ r 5.81, 5.92 (s), and 6.20, 6.30 M (vs);
k ' M  , C-.55f ;  H>4-82; Cl,9.72. 5c£cu 617  (aromatio H) 52? (d̂ bl j  J  ?
S -Methyhulfonylgnseofffivm (5).- A  solution of 2 g (0.005 collapses to a singlet on ton exchange, C-3' H ), 4.03 and 4.00

mol) of 5 -methylthiogriseofulvm3 in 100 ml of methylene chlo- (aromatic OCH3’s), 3.57 (C-2' OCH3 trans to ring B carbonvl),
ride was treated with 2 g (0.01 mol) of 85%  m-chloroperbenzoic 3 .40 (C-2' OCH3 cis to ring B carbonyl), 0.88 (doublet J  =  6
acid (K & K Laboratories Inc., Plamview, N. Y .)  at room tern- Hz C-6 ' CH3); masg spectrum ghowed M+ at m /e  400 (with the
perature. After 1 hr the reaction mixture was diluted with expected 402 peak at one-third the intensity); Rt ~ 0 .6  (tic
methylene chloride and washed with cold aqueous sodium bi- PhH -EtO Ac 1 • 1 )
sulfite, bicarbonate, dried, and evaporated to yield a gummy , n  1 n  vr n  rn n m  001 r> co no tr  c
residue which solidified on heating in methanol: yield 1.4 g ^  r  S  i  f 31 C *  n  !
(64% ) of colorless solid; mp 170-173°; x“ r 5.83 (s), 6.02  C l ,8 .8o. Found. C, 54.22 H, 5.31, Cl, 8.78.
(m), and 6.17, 6.27 (vs); ¿?£s‘3 6.16 (aromatic H ), 5.63 Slower Moving Component 7.— A solid, 52 mg, was rendered 
(vinyl H ), 4.05 and 3.99 (aromatic OCH3’s), 3.66 (vinyl OCHs), “ I° rIe®Soby>S i “ “?  a s™ 1}  of methanol: mp

3.28 ( -S 0 2CH3), and 1.25 (doublet, /  = 6 Hz, C-6 ' CH ,). 217-221 ; X 5.80 (infl (m) 5.90 (s) and 6.20 6.30 m (vs ;
A n a l .  Calcd for C18H19C1S08 (430.86): C, 50 17- H 4 4 4 - 5™ 9 6 '13 (aromatlc H )> 4 -°° and 3 -95 (aromatic OCIi3 s),

S, 7.44; Cl, 8.23. Found: C, 49.50; H, 4 .46 ; S ,’ 7 .05; C l’ 3 ‘54 and 3 '27 (the two iunction OCH3’s), 0.93 (doublet, J  =
8 .37 , ’ ’ Hz, C-6 ' CH3). On proton exchange, a somewhat broadened

5'-Methylsulfonyl epoxy griseofulvin (5a).—The addition of singlet aPPeared at 5 4 -96 and is assigned to the proton «  to the
0.52 ml (0.52 mmol) of - 1  M  NaOMe in methanol to a suspen- 0 H  grouP ; mass spectrum showed M+ at m /e  400 [and at 402 
sion of 220 mg (0.52 mmol) of 5 in 5 ml of methanol gave a yellow 88 mtense as that a* 400)1; Ri - 0 .5 5  (tic, PhH -EtO Ac
solution to which 126 mg (0.52 mmol) of benzoyl peroxide was l - l ) -
added (with stirring) at room temperature. A new solid sep- A nal. Found: C, 53.46; H, 5.43 (calcd as for 6 above),
arated 1-2 min after stirring at room temperature for 15 min, Repeating the above reaction in CD3OD gave 6 in which the
and the solid was collected and washed with methanol to yield C-2' OCH3 signals in the nmr spectrum appeared in a ratio of
148 mg of product, mp 170-176°, whose nmr spectrum in chloro- 3 :1 , lower field (8 3.57, higher field (5 3 .40). (6 was separated
form showed, in addition to the signals corresponding to the fn thiB experiment by thick layer chromatography using P hH -
various protons in starting 5, new signals at 8 3.27 (epoxy OCH3, EtOAc 1 :1  for development.)
cf. corresponding chemical shift for these protons in 2 and 9 ), Refluxing 2 in neat CD3OD left it unchanged.
3.09 (-S 0 2CH3 in 5), and 1.11 (doublet, /  = 6 Hz, C-6 '-C H 3 Hydrolysis of Epoxygriseofulvin (2). Formation of 3 '-Hydroxy-
in 5a) corresponding to the epoxide 5a. The chemical shift of griseofulvic Acid (7).— A suspension of 1.75 g of epoxygriseo- 
the new epoxy H is most probably part of the 3.99 aromatic fulvin (2 ) (slightly contaminated with griseofulvin) in 10 ml of
OCH3 signal as indicated by the increase in intensity of this signal commercial grade spectro quality dioxane and 10 ml of 1 A  HCl
relative to that of the other aromatic OCH3 at 4 .05 . (The two was heated on the steam bath with swirling for 1.5 min. A
were essentially equal in intensity in starting (5). The ratio of homogeneous system formed. After allowing the solution to
the two products, estimated from the relative peak intensities, cool for 2 min, it was poured into ice water and the colorless solid

Ŵ°  comPounds ran very dose to each other on collected. The product was dissolved in aqueous bicarbonate,
tie (PhH -EtO Ac 1 :1 ), the front of the slower running 5 touching and the solution was washed with methylene chloride-ether (to
the rear of the faster running 5a.  ̂ _ remove the griseofulvin contaminant; griseofulvin does not hy-

B y recycling the product mixture twice more as described drolyze under these conditions) and reacidified. The precipi-
above, virtually all the starting 5 was converted to 5a as indi- tated solid was collected washed well with water and air-dried:
cated by nmr spectral analysis. The product thus obtained (34 yield 0.65 g; mp 155—165° (foaming; sample underwent prior
mg) melted at 177-180° (shrinks 174°). shrinking and wetting); X^„ 3.0 (broad, s), 5.91 (s), and 6.20,

A n a l .  Calcd for C18H 19C1S09 (446.86): C, 48.38; H , 4 .29; 6.30 M (vs); 8?i£li‘‘DMS0-'i‘ 6.20 (aromatic H ), 4.05 and 3.99
Cl, 7 .94, S, 7.18. Found: C, 48.54; H, 4 .20; Cl, 7.96; S, (aromatic OCH3’s), 3 .5 -2 .3  (methylene and methine H’s), 1.00
6-81- (C-6 'C H 3).
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A nal. Calcd for Ci6Hi50 7C1-2 H20  (390.77): C, 49.17; the exception of tropolone, there are no authenticated
9 78- HO'^7 6 9 2 Foun<̂ : 49'81; 3,97; instances where coordination changes the reactive

‘ 3'-Hydroxygriseofulvic Acid 7 from the Hydrolysis of 6 .-H alf position of an aromatic ligand toward electrophilic re-
of a solution of 14 mg of 6 in 0.3 ml of commercial grade spectro agents. Hix and J  ones6 attempted to further strengthen
quality dioxane and 0.5 ml of 1 N HC1 was heated on the steam this view by citing 109 reactions tabulated by B latt6
bath in an open test tube for 15 min and water was added. The and 7 3  additional reactions listed by Berliner7 where

HeparHted’ poaidiy sohdified. The light yellow solid coordination does not affect orientation. Competitive
was collected and washed well with water. I t  was soluble in . . .. . .
aqueous bicarbonate and showed an infrared spectrum which was brommation studies of mixtures of 8 -quinohnol and its
essentially identical with that of 3'-hydroxygriseofulvic acid (6 ) chelates with iron(III), chromium (III ) , and cobalt-
obtair.ed above from the hydrolysis of epoxygriseofulvin (4). ( I l l )  using insufficient bromine indicated that the rate

(The other half of the solution was kept at room temperature of bromination of the chelates was about 35 times as
for 16 hr and then poured into water. The solid which sep- ,
arated showed a tic and infrared spectrum identical with those rapid as that of the free ligands.
of starting 6 .) The present work was undertaken to further study

Formation of 6 by Reductive Hydrolysis of 5'-Bromoepoxy- what appeared to be the anomalous orientation of
griseofulvin (9).— A suspension of 1.1 g (0.0025 mol) of 9 and halogen when bis(8 -quinolinolato)copper(II) was
0.65 g (0.0025 mol) of triphenylphosphme in 20 ml of methanol treated ^  Ar.hal0 SUCcinimide. 2 I t  was also of in-
was heated on the steam bath for 1 mm during which time the . . . . . .
system became homogeneous. After allowing it to cool for 5 terest to reexamine the concept that chelation does not
min, the reaction mixture was poured into ice water and the or- affect orientation of substituents in electrophilic sub-
ganic product extracted with ether-methylene chloride. Drying stitution of aromatic ligands.
and evaporating the organic extract left 1.49 g of a light yellow To approach the first problem, 8 -quinolinol was re
foam which showed one major new spot on tic (PhH -EtO Ac , , . , ,  „  . , . . . .  . . - n o s  xr u
1 : 1 ) corresponding in R, to that of 6 prepared above. The prod- acted wlth N-chlorosuccmimide (NCS), N-bromosuc-
uct corresponding to this spot was separated by thick layer Cinimide (N BS), and A'-lodosuccimmide ( M b )  m
chromatography (of ca . a 300-mg sample) using PhH -EtO Ac chloroform, and the molar ratios of halogenating agent
1 : 1  for development and was identified as 6 by ir, nmr, and mass to substrate were 1 :1 , 2 :1 , and 3 :1 . The reaction
spectral comparisons. time was 3  hr and two reaction temperatures were em-

Registry No.— 2 , 25966-68-1; 5, 25966-69-2; 5a, ployed, ambient and 40-60°. The rationale for this
25966-70-5; 6 ,26039-32-7 ; 7 ,25966-71-6 ; 9 ,2 5 9 6 6 - approach and the identification and quantitation of the
72-7. products were previously discussed. 2

, , Table I  contains the results obtained from the halo-
Acknowledgments - I  thank Messrs. W. Fulmor and nation of g-quinolinol with V-halosuccinimide. I t
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Molecular
•--------------------------------- ratio of

N-halosue-
A c t i o n  o f  i V - H a l o s U C c i n i m i d e  o n  8 - Q u i n o l i n o l 1 Halogenating cinimide -------------Products, % — —

*■ agent to 8- 5,7-
NCSffi quinolinol Temp, °C Ox  ̂ 5-C10x 7-C10x CI2OX

Herman Gershon* and Maynard W. McNeil 1 ambient 95 1 4 0
2 ambient 94 1 5 0

B oyce Thom pson Institute fo r  Plant Research, 3 ambient 94 1 5 0
Yonkers, New York 10701  ̂ 40 -6 0  82 3 15 T rc

„  . , „     2 40 -6 0  81 4 15 Tr
Received M.o/y o, 1970 g 40- 00 77 6 17 Tr

5,7-
A reinvestigation of the action of V-halosuccin imide n b s  ox s-BrOx 7-BrOx BnOx

on bis(8 -quinolinolato) copper(II) revealed that, on l i ambient 16 14 50 20
monochlorination, a mixture of 5- and 7-chloro chelates 2 ambient 0 0 0 100
resulted. On monobromination, only the 5-bromo 3 ambient 0 0 0 100
chelate formed, and on monoiodination, the 7-iodo 1 40-60 14 12 o8 16
chelate was obtained . 2 This was in disagreement with 2 40-60 0 T r Tr 99
the results of Prasad, e ta l . , 3 who reported that on mono- 3 40—60 0 0 0 10
halogenation of the same chelate with V-halosuccin- 0x -_IOx 7_IOx j ’0x
imide, substitution took place exclusively in the 5 posi- 1 ambient Tr 94 Tr 5
tion. On the basis of dihalogenation studies of metal 2 ambient Tr 7 Tr 92
chelates with elemental chlorine and bromine and a list 3 ambient 0 Tr 0 99
of reactivities of free and coordinated ligands found in 1 4 3 -6 0  12 77 0 11
the literature, Maguire and Jones4 concluded that, with 2 4 0 -60  Tr 10 0 90

3 43 -6 0  0 T r 0 99
* To whom correspondence should be addressed. ,  , . . . Tn n  • • - i
(1) This work was supported in part by the U. S. Public Health Service “ NCS =  N-chloroSUCClnrmide, NBS =  N -brom osu ocin im id e,

Grant No. Al-05808. NIS — iV-iodosuccinimide. b Ox =  8-quinolinol. c T r — trace
(2) H. Gershon, M . W. McNeil, and A. T . Grefig, J .  Org. Chem., 34, 3268 « 1 % ) .

(196S). ______________
(3) R . Prasad, H. L. D. Coffer, Q. Fernando, and H. Freiser, ib id ., 30,

1251 (1965). (5) J .  E . Hix, Jr ., and M. M . Jones, J .  Inorg. N u d.C hem ., 26, 781 (1964).
(4) K . D. Maguire and M. M. Jones, J .  Amer. Chem. Soc., 84, 2316 (6) A. H. Blatt, Org. React., 1, 342 (1942).

(1962). (7) E . Berliner, ibid., 5, 229 (1949).
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can be seen that the rate8 of chlorination with NCS of a ligand with a metal does not change the reactive
is very slow. The products formed were 5-chloro-, positions of an aromatic compound toward electro-
7- chloro-, andatraceof5,7-dicliloro-8-quinolinol, and the philic substitution. However, it is obvious that chela-
orientation of the chlorine atom favored the 7 position tion does affect orientation of substituents in electro-
over the 5 position by a ratio of about 4 :1 . The con- philic substitution with iV-halosuccinimide. 
centration of halogenating agent did not appear to affect
the rate of reaction, but raising the temperature from „ .
ambient to 40-60 caused about a threefold increase m
rate of chlorination. Bromination with N BS yielded Halogénation of 8-Quinolinol with A-Halosuccinimides.—To 
three products in significant quantities, 5 -bromo-, 7 - a soiution of 1 mmol of 8-qmnolinol m 10  ml of chloroform was
!___i r n o - . . ’ , ’ „ added 1, 2, or 3 mmol of the respective iV-halosuccmimide. The

ro 0-, and 5,7-dlbromo-8-qumohnol.  ̂ The rate of mixture was stirred on a magnetic stirrer hot plate for 3 hr
bromination appeared to be rapid, as evidenced by no keeping the volume nearly constant by addition of chloroform,
apparent effect due to temperature change, and on in- as needed. The hot plate was set to maintain temperatures of
creasing the ratios of halogenating agent to 8 -quinolinol 40-60°. At the end of the reaction period, the solution was
only the dibromo derivative was formed. The formation £° n  ° ^ n  •“  T T  a S°tluti°n ^c v u  o * r i  i - i r  i- ! „ , taming 5% X̂ aUAc and 5% NaHSO® m order to destroy unused
oi /-bromo-8 -qumoImol was about four times that of the iV-halosuccinimide and to remove the sueeinimide formed. A
5-bromo analog. The bromination of 8 -quinolinol in portion of the chloroform solution was evaporated under a
the 7 position by iV-bromo compounds has also been stream of air, and the residue was dissolved in acetonitrile,
observed by Pearson, et a l.,9 and reexamined by Ger- ? he 9uinoli?°ls wfre converted to the trimethylsilyl derivatives

„I 2 „r q „ • r  , -V  t.ttc) by means of A,0 -bis(trimethylsilyl)acetamide by the method of
shon, et al. Iodmation of 8 -qumolmol with N IS Klebe, a  a l and chromatographed.
yielded essentially two iodmation products. 5-Iodo-
8 - quinolinol was the major product and 5,7-diiodo-8- Registry No.— 8 -Quinolinol, 148-24-3; NCS, 128-09- 
quinolinol was formed in minor quantities. An in- 6 ; N BS, 128-08-5; N IS, 516-12-1.
crease in reaction temperature increased the rate of
in r i in n i in n  it Q x „  •„-i j  , l11) Gas chromatography was performed on a Varian Aerograph Model
i o d m a t i o n  o f  o - io d o  8 - q u m o l m o l  t o  y i e l d  a  g r e a t e r  p r o -  1200 gas chromatograph with a flame ionization detector to which was
portion 01 the SjT-diiodo derivative thstn obtâ-ined â-t attached a Varian Aerograph Model 20 recorder. The column and conditions
ambient t(? mperatures. employed for the gas chromatographic separation of the chloro- and bromo-8-

A _ r ___  u  • ,1 ! . quinolinols were previously described.« To assay the iodo-8-quinolinols, a
compai 18011 of these results with the data pre- stainless steel column, 5 ft X  0.125 in. o.d., was packed with 1%  Apiezon L

viously reported on the halogénation of bis(8 -quinolinO- coated on 80-100 mesh acid washed Chromosorb W, previously treated with
lato)copper(ll) with A-haloSUCCinimideS2 shows that, on dimethyldichlorosilane The instrument was operated at a column starting

r i  • .* c  -, . r. I - ! - .  • temperature of 150° which was programmed at 6°/mm to 250°. The injector
cmormation OI 1 equiv OI ligand with 1 equiv of riCS, and detector temperatures were maintained at 200 and 250°, respectively,
a high per cent of chelate was chlorinated, whereas very whiIe the flow rate of was 22 mi/min. Retention times for 8-

little free ligand was chlorinated. These results are in “ d 5'7'dii°d° derivatives were L7' 5’8'
agreement with the conclusion of Hix and Jones ,6 that (12> j .  f . xieb'e, h . Finkbeiner, and D. M. White, J .  Amer. Chem. Soc., 

chelation with metals increases the rate of halogénation 88’ 3390 (1966)-
of 8 -quinolinol. Comparable halogénations with N BS _______________
and N IS were not amenable to drawing conclusions as
to the effect of chelation on rate of halogénation. T h e  R eactio n  o f Indole w ith

ih e  orientation of the substituents of the monohalo- . . . .  ,
genated products of the free ligand as compared with AT-Chloropyrrolidme and
the chelate was unexpected. The chlorination products A -C h 1 orod ibu ty  1 a m in e 1

of 8 -quinolinol consisted of about four times as much
7-chloro-8-quinolinol as 5-chloro isomer, and, on chlori- Victor Snieckus* and Mei-Sie Lin
nation of the copper(II) chelate of 8 -quinolinol, 5- and
7-chloro-8-quinolinols formed in about equal yield. Department o f  Chemistry, University o f  Waterloo,
The monobromination products of the free ligand con- Waterloo, Ontario, Canada

sisted of 7-bromo and 5-bromo-8-quinolinols, also in r, • . T nn
the ratio of 4 :1,  but monobromination of the chelate eCeiVe une ’
yielded 80%  5-bromo-S-quinolinol and no detectable 7 ^  •, ■ , . , , .
isomer. The monoiodination products of the free • Evidence is accumulating from recent developments
ligand yielded 94% 5-iodo-8-quinolinol, whereas the H  the che+mistry of haloammes2 which indicates that
chelate yielded 90% 7-iodo-8-quinolinol and 10% 5-iodo • hf lr re,actl0nsf orgamc substrates involve the 
analog.10 This is consistent with the hypothesis of “ termediacy of electrophilic nitrogen species in either
Maguire and Jones^ and Hix and Jones6 that chelation free' ra“ 3’4 ionic' mechanisms. On this basis we

have studied the reaction of mdole with N-chloro- 
J . , pyrrolidine (1) and N-chlorodibutylamine (2) with the

quinoiinoi formed during the 3-hr reaction time. n ° P e  a t t a c k  b y  e l e c t r o p h i l i c  n i t r o g e n  i n t e r m e d i a t e s
(9) D. E . Pearson, R . D. Wysong, and C. V. Breder, J .  Org. Chem., 32, WOuld yield 3-aminoindole derivatives. Our results

2358 (1967).
(10) I t  should be noted that our previous report^ indicated that 99%  * To whom correspondence should be addressed.

7-iod0-8-quinolmol was formed on iodmation of bis(8-quinolinolato)copper- (1) Support from the Department of University Affairs, Province of
SOT AV- i  1 N , That assay was obtamed chromatography using a Ontario, is gratefully acknowledged.
5%  QF-1 column. Later work showed that mixtures composed of 10% or (2) P. A. S. Smith, “The Chemistry of Open-Chain Organic Nitrogen
ess of one of the monoiode-8-quinolmols m the presence of 90% of the other Compounds,” Vol. 1, W. A. Benjamin, New York, N. Y „  1965, p 192 ff 
cou d hot be resolved even though mixtures of more nearly equal proportion (3) F . Minisci, G. P. Gardini, and F. Bertini, Can. J .  Chem., 48, 544
could be assayed. The îr spectra of mixtures, composed of overwhelming (1970).
proportions of one isomer masked the presence of the other. The present (4) J .  Spanswick and K. U. Ingold, ibid., 48, 546 (1970), and references
wor was carried out with a 1% Apiezon L column which can resolve mix- cited therein; J .  Spanswick and K. U. Ingold, ibid., 48, 554 (1970)
tures of 5- and 7-iodo-8-qumolinola m all proportions. (5) P. G. Gassman, Accounts Chem. Res., 3, 26 (1970).

3994 J .  Or g. Chem., Vol. 35, No. 11, 1970 N otes



T able I
R eaction of I ndole with Chloramines

%
Chloramine Entry Conditions Product yield0

. A HOAc, H2SO4, 0°, 1 hr, N 2 3 44
(1) B HOAc, H2S 0 4, hv, 35°, 2.5 hr 3 Trace

Cl C Ether, hv, 35°, 17 hr 4 236
D CH3N 0 2, H 2S 0 4j 0° 3 26
E  PE'-benzene, room temp, dark, 1 day 4 36l
F  CH3CN, room temp, dark, 2 days 4 50
G MeOH, AgNOs, reflux, 4.5 hr 4 22
H “* Toluene, AgBF4, room temp, dark, 1 day 4 10

(ra-C4H 9)2NCl (2 ) I  P E c-benzene, room temp, dark, 3 days 4 51
J  CH3CN, room temp, dark, 3 days 4 8

0 Based on reacted indole. b Glc analysis. '  Petroleum ether. d We thank K. S. Bhandari for this experiment.

reported herein show, however, that the chloramines Reaction of Indole with jV-Chloropyrrolidine ( l ) .  A. In 
act mainly as electrophilic chlorinating agents’- in Su\furic Acid- Acetic Acid . - A  mixture of 4.4  ml of 98%  sulfuric

reactions with indole under a variety of conditions. an ice bath for 10 min. An ethereal solution of 1 (9 ml, 9 mmol)
Analogous behavior has been found recently in the was then added and stirring was continued for another 15 min.
reaction of indole with A’,N-dichlorourethan.6’7 Indole (1.05 g, 9 mmol) was added in small portions and the
Nevertheless, our work provides a facile alternate resulting green mixture was stirred for 1 hr. I t  was then poured

,, • r o i l  * j  i / .  \ q into 200 ml of ice water and extracted with chloroform, ihe
synthesis of 3-chloromdole (4 ) . 8 chloroform extracts were washed with water and dried (M gS04).

T h e  re su lts  a re  su m m arized  in  I  able 1. I h e  Evaporation of solvent gave 3 ,3-dichlorooxindole (3), 0.8 g
ap p lica tio n  of th e  s tro n g ly  acid ic  H o fm a n n -L o e ffle r-  (44% ), which was characterized by identical ir, nmr, melting
F r e y 'a g  co n d itio n s4 to  th e  re a c tio n  of indole w ith  1 g a v e  points, and mixture melting point with an authentic sample.10
poor yields of 3,3-dichlorooxindole (3) (entries A, B, . » .  In A ceto n itrile-A  mixture of 560 mg (4.8 mmol) of
*  , t „  1 1 • j • indole in 10 ml of acetonitrile and 8 ml (4.8 mmol) of 1 in ether
and D ) m  agreement with the known ready oxidiz- was s^ rrecj room temperature in the dark for 2 days. The
ability of indole by such reagents.9 Treatment of in- solvent was evaporated and the resulting residue was dissolved
dole with 1 in the presence of silver salts under con- in methylene chloride and washed three times with saturated
ditions which are known to generate nitreniurn ions6 sodium bicarbonate solution. The methylene chloride extract

■ C  A • i- c 4.u 4- „r yielded after drving (Na2S 0 4) 990 mg of an oil which was chro-gave poor yields of 4  irrespective of the nature of the ?  atographecL ' E 1fltlon with petroleum ether-benzene (1 : 1 )
anion, (entries G  and H ). rinally, when the reaction followed by sublimation gave 386 mg (50% ) of 4.
was carried out in the absence of metal or acidic A blank run showed that l was stable under the above condi- 
catalysts in the dark for extended periods of time, tions for a t least 5 days as determined by sodium thiosulfate
fair to good yields of 4  were obtained (entries E  and F ) .  titration.
The lower yield of 4  obtained in the reaction of indole R e g is try  No.— 1, 19733-68-7; 2, 999-33-7; indole, 
with A-chlorodibutylamine (2) in acetonitrile (entry J)  120-72-9. 
is due to the decomposition of 2 to n-dibutylamine
i | i i • j  /o f\/rr \ i l l -  (10) A. Hantzsch, Ber., 54B, 1221 (1921).h yd roch lorid e  ( 3 0 % )  in  th e  m o re  p o la r so lven t.

Cl n

a  I Cl A/i
S y n th e t ic  R e a c tio n s  b y  C o m p le x  C a ta ly s ts .  

n '  X V I I I . T h e  R e a c t io n  o f  A zid e w ith  Iso cy a n id e

^  4 H b y  I r o n  C a rb o n y l C a ta ly s t .

A  N ew  R o u te  t o  C a rb o d iim id e

Experimental Section
T akeo Saegusa,* Y oshihiko Ito, and T oyoji Shimizu

Melting points were determined on a Fisher-Johns apparatus
and are uncorrected Infrared spectra were recorded with a Department o f Synthetic Chemistry, Faculty o f

£ £ £  J S ^ T e r m t0^ ^ ^  p e e r i n g ! K y o t o  U n i^ s ity , Kyoto, J a Pan
C-60 instrument was used for recording nmr spectra. Gas-
liquid chromatography (glc) was carried out on an Aerograph Received A pril 15, 1970
Autcprep Model 700 with a 10 ft X  3/s in. column of 10%  SE-30
siliccne gum rubber on 60-80 mesh Chromosorb W . The pho- This note describes the iron carbonvl catalyzed reac-

used for chromatography. Reagent grade acetonitrile and method for the preparation of the unsymmetncal car-
methanol were used without further purification. Reagent grade bodiimide (eq 1). In the absence of catalyst, no reac-
benzene and petroleum ether (60-80°) were dried and distilled

before use- RN3 +  R'N=tC: R—N =C=N —R' +  N2 (1)
------------------- I II H I

(6) T . A. Foglia and D. Swern, J .  Org. Chem., 33, 4440 (1968).  ̂ ,  ,
(7) J .  M. Muchowski, Can. J .  Chem., 48, 422 (1970). We thank Dr. tiOEL OCCUFS) a z id e  a n d  isO C y & m d e  W 6F 6  rGCOVereCl a l -

(»a«). most quantitatively from the reaction system. In the
(9) R . L. Hinman and E . R . ShuU, ib id ., 26, 2339 (1961); G. F . Smith 

and A. E . Walters, J .  Chem. Soc., 940 (1961). * Author to whom eorrespondenee should be addressed.
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T able I
R eaction of Azide with I socyanide0

Yield,6
RNa Mmol R 'N C  Mmol Catalyst Mmol R— N = C = N — R ' %

c-CeHuNs 10 i-C,iH;,NC 36 Fe(CO )5 0 .5  c-UH u— N = C = N — C4H 9-i 60
c-CcIIiiNs 10 c-C6H„NC 28 Fe(CO)s 0 .5  c-C6Hu— N = C = N — C«Hu-c 48
c-C6HuN 3 10 C6H6NC ' 36 Fe(CO )5 0 .5  c-C.Hn—N = C = N — C6H5 51
c-C6H iiN3 10 c-C.HnNC 37 Cu20° 1 .0  c-C.Hu— N = C = N — C6H„-c 2
c-CeHnNs 10 c-CeHnNC 28 None No reaction

° Reactions were carried out at 90° for 24 hr under nitrogen atmosphere. 6 Product yield is based upon the amount of azide. c A 
considerable amount of tar was produced in this reaction.

presence of iron pentacarbonyl, the reaction proceeds reaction by iron carbonyl catalyst in the present study
smoothly. Cuprous oxide, which has been employed might be regarded as the reaction of isocyanide with
as an effective catalyst in the reactions of isocyanide1 isocyanate which is formed intermediately from nitrene
and of the azide, 2 exhibits a poor catalytic activity in and the carbon monoxide ligand. This possibility,
the present reaction. The results of the azide-iso- however, was not supported by a reference experiment
cyanide reaction are shown in Table I. I t  is important in which an equimolar mixture of cyclohexyl azide and
to note that only the carbodiimide of the structure as iron pentacarbonyl was heated. The gaseous mixture
indicated by I I I  is produced and other carbodiimides evolved from the heat treated mixture consisted of
having structures of It— N = C = N — R  and I t '— N =  nitrogen and carbon monoxide. No carbon dioxide
C = N —R ' are not formed. was detected. Furthermore, neither cyclohexyl iso-

The formation of carbodiimide may be formulated cyanate nor dicyclohexylcarbodiimide was detected
as being the combination of isocyanide and nitrene, in the reaction mixture. Consequently, the azide-
which are characterized by lone-pair electrons attached isocyanide reaction is not depicted by eq 3 and 4.
to carbon and nitrogen, respectively. These two Elucidation of the features of this interesting reaction
species3'4 are known to form coordination complexes awaits further study,
with metal carbonyls. Ligand exchange of iron
pentacarbonyl with isocyanide is considered possible Experimental Section
in the present reaction conditions. 311 Therefore, it can
be assumed that the isocyanide complex reacts either Reaction of Cyclohexyl Azide (I) with iert-Butyl Isocyanide

J F  (Ha).— To a mixture of I la  (36 mmol) and Fe(CO)s (0.5 mmol),
W1 azi e or ni rene. . . I (10 mmol) was added dropwise during 15 min at room tempera-

Concernmg the isocyanide-nitrene reaction, a re- ture under nitrogen atmosphere. The reaction mixture was then 
action of cyclohexyl isocyanide with N-chloro-p- heated for 24 hr at 90°. From the reaction mixture the insoluble
toluenesulfonamide in alkaline methanol has been Part was removed by filtration, and the filtrate was distilled
re p o rte d ,5 in  w h ich  a  m ech an ism  of th e  re a c tio n  of ? ive a ^ i U a te  ( l . i  g) boiling at 63 ~  65° (2 mm).
. . , , . , , , The distillate was subjected to glpc analysis. I  he product was
isocyan id e w ith  an  in te rm e d ia te  of p -to lu en esu lfon yl- shown to be ^-butylcyelohexylcarbodiimide (m a , 60% ).
n itre n e  w as su g gested  as one of possible cou rses. Compound I l ia  was identified by ir and nmr spectra and ele-

T h e  re a c tio n  found in  th is  s tu d y  ca n  be co m p a re d  mental analysis: ir of I l ia  (neat) kn- c- n 2160 cm -1 (vs); nmr
w ith  th e  m e ta l ca rb o n y l ca ta ly z e d  co n d e n sa tio n  of 2  (CDC1.) r  6 .5 0 ^ 7 .0 5  (1 H, broad singlet), 7 .8 5 ^ 9 .0  (10 H,

m o l of iso cy a n a te , w h ich  also p rod u ces carb od iim id e H , 11.18; N, 15.54.
(eq  2 ) :  I  he con d en satio n  of iso cy a n a te  h as b een  Found: C, 73.55; H, 11.26; N, 15.82.

Reaction of Cyclohexyl Azide (1) with Cyclohexyl Isocyanide 
2R N = C = 0  >  R  N = C = N  R  +  C 0 2 (2) (lib ).— The reaction was carried out by a similar procedure.

The product was dicyclohexylcarbodiimide (Illb , 48% ). Illb  
explained by the intermediate production of metal was identified by comparison of ir and nmr spectra and the glpc
isocyanide complex (eq 3 ) and the subsequent reaction retention time with those of the authentic sample.

The reaction of cyclohexyl azide (I) with phenyl isocyanide 
Me(CO) +  R— N— C = 0  — >  M e(CN— R ) +  C 0 2 (3) (H e) was carried out by a similar procedure. The product, N -

cyclohexyl-V-phenylcarbodiimide (H ie, 51% ), was identified by 
of this complex with the second molecule of isocyanate comparison of ir spectrum and the glpc retention time with those

(eq 4). In  this connection, the azide-isocyanide ^ ^ ^ ( ^ S jiA z id e a jw if l i ln m P e n ta c M b o n y l i lV ) .
Me(CN R ) 4 - R N = C = 0 ___>. — ^  mix ûre °f I (10 mmol), IV (10 mmol), and acetonitrile (5

ml) in a 50-ml stainless steel pressure tube was heated at 80° for 
T  N = C = N  R  +  Me(CO) (4) 15 hr. After the reaction, the gaseous products were trapped and

-------------------  analyzed by glpc with a column of silica gel (column temperature
(l) (a) T . Saegusa, Y. Ito, S. Kobayashi, K . Hirota, and H. Yoshioka, 4 0 ° fo r  carb o n  dioxide, - 7 8 °  for nitrogen and carbon monoxide). 

Tetrahedron Lett., 6121 (1966); Bull. Chem. Soc. Jap., 42, 3535 (1969). (b) Nitrogen (7.5 mmol, 75% ) and carbon monoxide (1.3 mmol)
T. Saegusa, Y. ito, S. Kobayashi, K . Hirota, and N. Takeda, Can. J. Chem., were produced. The nonvolatile part of reaction mixture was
47, 1217 (1969). (c) T. Saegusa, S. Kobayashi, Y . Ito, K . Hirota, and Y. analyzed by glpc. Dicyclohexylcarbodiimide (Illb ) and cyelo-
Okumura, Bull Chem. Soc. Jap., 41, 1638 (1968). hexylisocyanate could not be detected. The nitrene-iron car-

K'vart and A- Al Kahn' J - Amer. Chem. Soc., 89, 1950 (1967); bonyl complex4 may have been produced.
89, 1951 (1967). (b) T . Saegusa, Y . Ito, and T . Shimizu, to be published 
in J. Org. Chem.

(3) (a) W. Hieber and D. V. Pigenot, Chem. Ber., 89, 193 (1956). (b) ^  . . - T ~  . . . .  . . ~  TT _  .
L . Malatesta, Progr. Inorg. Chem., l t 283 (1959). R e g i s t r y  JN o .---- U a r b o d l im i d e  ( i t  =  C - 0 6H u ; R  =

(4) M. Dekker and G. R . Knox, Chem. Commun., 1243 (1967). f-CiHg), 1202-53-5; Carbodiimide (R  = R ' =  C-
(5) W. Aumuller, Angew. Chem., 75, 857 (1963). t t  \ eroo 'r e  A „ l  j 1* * j  /t> s~̂. t t  t~) f
(6) H. Ulrich, B . Tucker, and A. A. R . Sayigh, Tetrahedron Lett., 1731 C ™ ,  538-75-0) Carbodiimide (R = C-C6H „; R  =

(1967). Ph), 3878-67-9; iron pentacarbonyl, 13463-40-6.
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S te re o se le c tiv e  T o ta l  S y n th e s is  o f  ( ± ) - F u k i n o n e  overall yield. Treatment of 4 with 2,3-dichloro-5,6-
dicyanobenzoquinone (DDQ)5 in dioxane for 2 hr 

E dward P ier s1 and R. D ean Smillie afforded, in 60% yield, the crystalline keto aldehyde 5.
The fact that compounds 4  and 5 possessed the 

Department o f  Chemistry, University o f British Columbia, desired stereochemistry was conclusively shown as
Vancouver 8, Canada  follows. Hydrogenation of octalone 2 over palladium

on charcoal under basic conditions gave, in excellent 
Received A p ril 17 ,1 9 7 0  yield, the cis-fused decalone 9.6 This compound was

clearly different from the epimeric, trans-fused decalone, 
The eremophilane-type sesquiterpenoid (+)-fu - obtained from 2 by reduction of the latter with lithium

kinone, isolated from Petasites japonicus M axim .has jn liquid ammonia.4 Reaction of 9 with ethyl formate
been assigned2 structure and absolute stereochemistry in benzene in the presence of sodium methoxide pro
as depicted in 1. In view of a recent report3 regarding duced a mixture of hydroxymethylene derivatives 8
the synthesis of (±)-9,10-dehydrofukinone, we describe and 4  which, as judged by the nmr spectrum, were
here a simple, stereoselective total synthesis of (± )-fu - present in a ratio of approximately 2:3, respectively,
kinone (1) via a synthetic sequence which fully cor- Oxidation of this mixture with DDQ5 in dioxane
roborates the structural and stereochemical assign- afforded, albeit in low yield, the unsaturated keto
ments. _ aldehyde 5. The latter was shown to be identical

An efficient, stereoselective synthesis of the racemic (ir; nmr; melting point, and mixture melting point)
octalone 2 has already been reported.4 Conversion with the keto aldehyde 5 prepared as described pre-
of this material into the corresponding hydroxymethy- viously and thus assured that our synthetic inter- 
lene derivative 3, followed by catalytic hydrogenation mediate possessed the desired all-cis stereochemistry, 
of the latter in ethanolic sodium hydroxide over 10% Oxidation of the keto aldehyde 5 with silver oxide in
palladium on charcoal, gave compound 4 , in 84% ethanol-water7 produced, in 92% yield, the crystalline

keto acid 6. Since treatment of the latter with di- 
1 u 9 0 azomethane in ether produced a complex mixture of

Y  's products, esterification was carried out by treatment of
jQ v  6 with excess methyl iodide in the presence of powdered

J  6 I silver oxide.8 The resulting keto ester 7, formed in
1 92% yield, was subjected to hydrogenation in ethanol

over Adams catalyst, affording, in 97% yield, the 
] /3-keto ester 10.

In order to obtain (±)-fukinone (1) from the keto 
] [ ester 10, it was only necessary to elaborate the carbo-

methoxy group of the latter into the isopropylidene 
~~v l ,  functionality. Treatment of 10 with one equivalent

| A ® i *  CHOH of sodium hydride in ether, followed by reaction of the
_ p_Tj \  4 resultant eno.ate with an excess of ethereal methyl-
’ \  lithium9 gave, after suitable work-up, the desired
’ utuii \  keto alcohol 11 in 80% yield. Attempted dehydration

\  of 11 by treatment with 1%  hydrochloric acid in
H H N. q refluxing methanol produced a product which, as

shown by gas-liquid chromatographic analysis, con- 
f  | ^— r  J  •<— r  J  sisted mainly of the decalone 9, undoubtedly formed
Y | nA 8 Y | v  via a retroaldo1 reaction. However, treatment of 11

k k k with thionyl chloride in pyridine afforded a product
5, R = CHO 8 9 which consisted mainly of (±)-isofukinone (12), as
6,  R = COOH shown by ir absorptions at 6.10 and 11.27 p, char-
7, R=COOCH3  ̂  ̂ acteristic of a terminal double bond, and at 5.85 p ,

, due to the saturated carbonyl group.
| When a solution of (±)-isofukinone (12) in dry

benzene containing a trace of p-toluenesulfonic acid 
V f o  was refluxed for 20 hr, there was obtained a product

r __► 1 which consisted mainly of (±)-fukinone (1). An
\  /  analytical sample of the latter was obtained by pre-

l  k COOCH3 X parative glc. Although we were unable to secure an
10 11, R = C(CH3)2OH authentic sample of ( +  )-fukinone, our synthetic

12, r = c=CH2 material exhibited spectral data which was in excellent
| agreement with the spectral data reported2 for the

CH3

(1) Fellow of the Alfred P . Sloan Foundation, 1970-1972. Author to Walker and J .  D . Hiebert, Chem. Rev., 67, 153 (1967).
whom correspondence should be addressed. B n ' F  Chur-h R  E  Ireland, and D. R . Shridhar, Org. Chem., 27,

(2) K . Naya, I .  Takagi, Y . Kawaguchi, Y . Asada, Y . Hirose, and N. (6) R . h . Ohur.n, i t .  it. rreianu, anu

Shinoda Tetrahedron 24, 5871 (1968). ^ ^ C a m p a i g n e  and W. M . LeSeur, Org. Syn., 33, 94 (1955).
(3) M . Ohashi, Chem. Commun., 893 (1969). '  '  t , , T t r\rn Chem. 19 241 (1954).

( i W  E . Piers, R . W. Britton, and W. de Waal, Can. , .  C W ,  47, 4307 (8) C1U68).
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natural product itself, and the structural assignment Conversion of Decalone 9 into Hydroxymethylene Derivatives
is , therefore, fully corroborated. 8 “ d 4.—Decalone 9 was converted into a mixture of 8 and 4

via a procedure identical with that described above for the prep
aration of the hydroxymethylene derivative 3, except that the 

Exnerimental Section reaction time in this case was 2 days. From 1.0 g (5.56 mmol)
of decalone 9 there was obtained 0.88 g (76% ) of a pale yellow 

General.— Melting points and boiling points are uncorrected. oil: bp 105-110° (0.2 mm); uv max 285 m^ (e 6330); uv max
Uv spectra were measured in methanol solution on a Unicam (NaOH) 315 m/i (e 17,100); ir (film) 6.07, 6.30, 7.32 ¿u. As
Model SP 800 spectrophotometer. Routine ir spectra were re- judged by the nmr spectrum, this material consisted of a mix-
corded on a Perkin-Elmer Infracord Model 137 spectrophotome- ture of the hydroxymethylene derivatives 8 and 4, in a ratio of
ter, while comparison spectra were recorded on a Perkin-Elmer approximately 2 :3 , respectively.
Model 421 spectrophotometer. Nmr spectra were determined A nal. Calcd for Ci3H2o0 2: C, 74.96; H, 9 .68. Found:
in deuteriochloroform solution and recorded on Varian Asso- C, 75.05; H , 9.73.
ciates spectrometers, Model A-60 and/or Model HA-100. Sig- Preparation of Keto Aldehyde 5. A. From theHydroxym eth-
nal positions are given in the Tiers t scale, with tetramethylsilane ylene Derivative 3 .— A solution of the hydroxymethylene de- 
as an internal standard; the multiplicity, integrated peak areas, rivative 3 (1.5 g, 7.3 mmol) in 75 ml of 0.3 N  ethanolic sodium
and proton assignments are indicated in parentheses. Glc was hydroxide containing 150 mg of 10% palladium on charcoal
carried out on an Aerograph Autoprep, Model 700. The fol- was hydrogenated at room temperature and atmospheric pres
lowing columns (10 ft X  1/t  in ., unless otherwise noted) were sure until the desired amount of hydrogen had been absorbed,
employed, with the inert, supporting material being 60-80 mesh Work-up as described previously for the preparation of compound
Chromosorb W in each case: column A, 15%  Q F-1; column B  9 afforded 1.5 g (95% ) of the crude hydroxymethylene decalone
(10 ft X  s/s in -)> 20%  Carbowax 20 M ; column C, 3%  SE-30; 4: ir (film) 6.07, 6.30, 7.30 n ; nmr showed no vinyl proton. A
column D (10 ft X  3/'s in .), 30%  SE 30. The specific column solution of compound 4 (200 mg, 0.972 mmol) and DDQ (230
used, along with column temperature and carrier gas (helium) mg, 1.13 mmol) in 15 ml of dry dioxane was stirred at room tem-
flow rate (in ml/min), are indicated in parentheses. High- perature for 2 hr under an atmosphere of nitrogen. The reac-
resolution molecular weight determinations were measured on tion mixture was diluted with 35 ml of methylene chloride and
an A EI, type MS-9, mass spectrometer. Microanalyses were then filtered through a short column of neutral alumina. The
performed by M r. P . Borda, Microanalytical Laboratory, Uni- alumina column was further eluted with methylene chloride,
versity of British Columbia. The combined eluents were concentrated under reduced pressure

Preparation of Hydroxymethylene Derivative 3 .— To a stirred and the residue was distilled, bp 180-190° (bath temperature)
suspension of sodium methoxide (3.8 g, 70.3 mmol) in 25 ml of (0.1 mm), affording a yellow oil which crystallized on standing,
dry benzene was added a solution of ethyl formate (5.2 g, 70.3 Recrystallization from hexane yielded 124 mg (62% ) of the de-
mmol) in 25 ml of dry benzene. The mixture was cooled to 0° sired keto aldehyde 5: mp 81-83°; uv max 283 mm (e 7740);
and a solution of octalone 2 (5.0 g, 28.1 mmol) in 25 ml of dry ir (CHCl,) 5.95, 6.23, 7.44 M; nmr r  - 0 .3 2  (s, 1 , CHO), 2.20
benzene was added. The reaction was stirred, under a nitrogen (s, 1, vinyl H ), 8.74 (s, 3, tertiary CH3), 9.00 (d, 3, /  =  6.5 Hz,
atmosphere, for 90 min and then allowed to stand at room tem- secondary CH3).
perature for an additional 14 hr. To the reaction mixture was A nal. Calcd for Ci3H i8C>2: C, 75.69; H, 8.79. Found:
added 75 ml of water, the mixture was thoroughly shaken, and C, 75.92; H, 9.03.
the layers were separated. The aqueous solution was washed B. From the Mixture of Hydroxymethylene Derivatives 8 
with ether and then acidified with dilute hydrochloric acid. The and 4.— A solution of the mixture of compounds 8 and 4 (200
resultant mixture was extracted with ether, and the combined mg, 0.972 mmol) and DDQ (225 mg, 1.10 mmol) in 15 ml of
ether extracts were washed with brine, dried (MgSCh), and con- dry dioxane was stirred, under an atmosphere of nitrogen, for
centrated to afford a dark oil which, upon distillation under 2 hr. Upon isolation of the product as described above, there
reduced pressure, afforded 2.5 g (89% , based on unrecovered was obtained 30 mg (15% ) of the crystalline keto aldehyde 5.
starting material) of compound 3 as pale yellow crystals, bp This material was identical (ir, nmr, melting point, mixture
110-112° (0.25 mm). An analytical sample was obtained by melting point) with compound 5 prepared as described above,
vacuum sublimation and exhibited mp 6 8 -7 1 °; uv max 248 Preparation of Keto Acid 6 .— To a solution of keto aldehyde 5 
mfi (« 9280h 311 (3860); uv max (NaOH) 242 m/i (e 13,000), (548 mg, 2.66 mmol) and silver nitrate (953 mg, 5.60 mmol) in
355 (9620); ir (CHC13) 6.08, 6.41, 8.42 /x; nmr r 0.0  (broad m, 7 ml of ethanol and 5 ml of water was added, over a period of

CHOH), 2.62 (s, 1, = C H O H ), 4.23 (s, 1 , vinyl H ), 9.06 15 min, a solution of sodium hydroxide (436 mg, 10.90 mmol)
(s, 3, tertiary CH3), 9.08 (d, 3, J  =  6.5 Hz, secondary CH3). in 15 ml of water. The reaction mixture was stirred for a total

A nal. Calcd for C i3H i80 2: C, 75.69; H, 8.79. Found: of 2 hr, and then filtered. The filtrate was concentrated under
C, 75.99, H , 8 .73. _ reduced pressure, diluted with water, washed with ether, acidified

^ e l̂ara*10!1 ^ ec^ 0Be ^  To a solution of octalone 2 (1.0 g, with dilute hydrochloric acid, and extracted with ether. The
uu 29 ml 9 -3 N  ethanolic sodium hydroxide was combined ether extracts were washed with brine, dried (MgSOO,

added 100 mg of 10% palladium on charcoal and the resulting and concentrated. Recrvstallization of the residue from hexane-
mixture was hydrogenated at room temperature and atmospheric ether afforded 542 mg (92% ) of the desired keto acid 6 : mp
pressure for 15 hr. The reaction mixture was filtered, and the 6.5-67°; uv max 245 mM U 6780); ir (CHC13) 5.75, 6 .08, 6 .25,
filtrate was neutralized with dilute hydrochloric acid and con- 7.00 n; nmr t 2.55 (s, 1, vinyl H ), 8.77 (s, 3, tertiary CH3)
centrated. The residue was taken up in ether and the ether solu- 9.02 (d, 3, /  =  6 .5  Hz, secondary CH3).
tj°n was washed with brine and dried (M gS04). Removal of A nal. Calcd for C13H180 3: C, 70.25; H , 8 .16 . Found-
the solvent, followed by distillation of the residual material C, 70.31; H, 8 .2 2 .
under reduced pressure, produced 920 mg (92% ) of a clear, color- Preparation of Keto Ester 7.— To a stirred solution of keto acid 
less oil, bp 88-90 (0.35 mm) [lit.6 bp 75° (0.15 mm)]. Glc 6 (262 mg, 1.18 mmol) in 10 ml of methvl iodide was added
analysis (column A, 16o , 85) indicated that this material was powdered silver oxide (1.10 g, 4.72 mmol). The reaction mix-
greater than 9o% pure. An analytical sample of decalone 9 was ture was stirred at room temperature for 30 min and then fil-

20 \ ,n,r,y PreP ^ atl7 e 8lc (column B , 240°, 170) and exhibited tered. The filtrate was concentrated and the residue was dis-
L “ „4® ’ 6 -91 ^  nmr r 9.04 (s, 3, tertiary tilled, affording 257 mg (92% ) of the desired keto ester 7: bp
OH3),9 .1 3  (d. , 3 , /  =  6.5 Hz secondary CH ,). 185-190° (bath temperature) (0.1 mm); » » n 1.5208; uv max
r  an nr w 1C<? 1fn0r Ci2H2o0: c ’ 79 -94 i H > n -18. Found: 236 mM (e 7740); ir (film) 5.78, 5.96, 6 .20 , 7.00, 7.86, 9 .54 , 9.98

T h i  o  / V 1;  u U. ,  ^  nmr T 2 -55 (s> vinyl H )> 6 -23 (s> 3, COOCHa), 8.82 (s, 3,
A“ u  j"mmtrophenyihydrazone prepared from decalone 9 tertiary CH3) , 9.04 (d, 3, J  =  6.5 Hz, secondary CH3). 

exhibited after recrystallization from ethanol, mp 126-127° A nal. Calcd for CI4H20O3: C, 71.16; H, 8 .53. Found:
(lit. mp 115 ). C, 71.42; H, 8 .32. . .. . ..

FnonH-' H ’ 6 '71; N ’ 15-65- Preparation of Carbomethoxy Decalone 10.— Hydrogenation
Found. C, 60.14, H, 6 .94; N, 15.67. of the unsaturated keto ester 7 (250 mg, 1.06 mmol) in 10 ml of

th e semicarbazone derivative and the oxime derivative of ethanol at room temperature and atmospheric pressure over
decalone 9 were also prepared and exhibited, after recrystalliza- Adams catalyst gave, after normal work-up, 242 mg (97% ) of

sr°iTte6hanfN m?/o91_195 (ll.t '6mP 190~191°)>and m p l4 8 -  the carbomethoxy ketone 10: n2°d 1.5112; uv max 257 mM (e
148.5 (lit. mp 147-148 ), respectively. 7410); uv max (NaOH) 285 mM (e 13,800); ir (film) 5.78, 5.84,
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6.02, 6.17, 6.98, 7.75, 8.14, 8.30 p;  nmr r -2.11 (s, 1, enol H), cosolvent, dimethylformamide or dimethyl sulfoxide,

t s & s s & r “■ *  CH,)' “ 2"• * ' -  in,'"*&***** %  product ™
A nal. Calcd for C ,J I 220 3: C, 70.56; H, 9 .30. Found: P F B A  h y d ra te . P F B A  cou ld  th e n  be ob tain ed  by

C, 70.84; H, 9.30. d e h y d ra tio n  w ith  e ith e r fum ing sulfuric acid  or p hos-
(±)-Fukinone (1).— To a stirred solution of the carbomethoxy p h orou s p en to xid e. T h is  p ro ced u re  in volves tw o  

decalone 10 (200 mg, 0.841 mmol) in 2 ml of dry ether at 0° was ste p s  an d  th e  b e st y ield  ob tain ed  w as 7 5 % .  
added 20 mg (0.841 mmol) of sodium hydride. The reaction T, n „ u e j  ,i , T -n j  , ,
mixture was stirred for 10 min and 2.15 ml (5.05 mmol) of 2.35 M  B  FaS n° W F een  found t h a t  I  will d ecom p ose in  th e
ethereal methyllithium was added over a period of 5 min. The p resen ce  of vario u s c a ta ly s ts  to  P F B A  an d  sulfuryl 
resulting solution was refluxed for 2 hr, diluted with 15 ml of catalyst
dry ether and then poured into 35 ml of rapidly stirred water. C F3CC1CC1CF3 ----------- >■ CF3COCOCF3 +  S 0 2C12
The ether layer was separated, washed with brine, dried (Mg- | | PFB A
S04), and concentrated to afford 160 mg (80%) of the keto alcohol O O
11, ir (film) 2.90, 5.85 m- The crude alcohol was dissolved in 10
ml of dry pyridine at 0°, 100 /il of thionyl chloride was added,
and the resultant solution was stirred for 15 min. The solvent q  q
was removed under reduced pressure at 0 ° and the residual ma- j
terial was taken up in benzene. The benzene solution was washed
with water and brine, dried (MgSO*), and concentrated to afford chloride in high yield. Compounds which catalyze
134 mg of a pale yellow oil. The latter, as shown by glc analysis nitrnp-en nr nhnsnbnrnim  d e riv a tiv e s
(column C, 170°, 90), contained mainly (±)-isofukinone (12) ttU® re a ct1 0 ^ ^re n itrog en  or p h osp h orou s d e riv a tiv e s
and exhibited ir (film) absorptions at 5.85, 6.10, and 11.27 /¿. with an unshared pair of electrons which can complex
A solution of this dehydration product in 15 ml of dry benzene the sulfate. The results of a series of screening runs
containing a trace of p-toluenesulfonic acid was refluxed for 20 are given in Table I. In addition, water, alcohols,
hr. The solution was washed with 10% aqueous sodium bicar- etherS; esterg) and ketone3 have been in contact with I
Donate and brine, dried (.¡\lgoO4), and concentrated. Grlc analy- • r . , .. . . .  -y-..
sis (column C, 200°, 85) showed that the residual oil (125 mg) wlth no evidence of catalytic decomposition. Di-
contained approximately 70% (±)-fukinone (1), 20% of the methylformamide, DMF, was also shown to be an
decalone 9, and 10% of an unidentified component. An analyti- effective catalyst. The use of more than a catalytic
cal sample of (±)-fukinone (1) was obtained by preparative glc amount of DM F allowed the PFBA formed to distill
(column D, 230°, 180) and exhibited uv max 251 mM (* 6640); f ,, , . frpp frorn nnd s„if1]r dioxide
ir (film) 5.95, 6.17 y.\ nmr r 8.08 (s, 3, vinyl CH3), 8.24 (s, 3, , „ , solvent lree lrom Chlorine and SUllur UlOXlUe.
vinyl CH ,), 9.04 (s, 3, tertiary CH3), 9.16 (d, 3 , 1  = 6.5 Hz, A11 of the effective catalysts have an unshared pair of
secondary CH3). These spectral data are in complete agree- electrons, being nitrogen or phosphorus derivatives, 
ment with the spectra data reported2 for the natural product Related compounds which do not have a pair of
(+ )-fu k mone. . electrons available for complexation, ammonium chio-

A nal. Calcd for C15H240 :  mol wt, 220.183. Found (high . ,  , , , n  , , , , , , ,
resolution mass spectrometry): mol wt, 220.181. rlde a!ld heptaduorobuty ramide, do not act as catalysts,

and aromatic amines are p oor catalysts.
Registry No. ( ± ) - l ,  25828-19-7; ( ± ) - 3 ,  25828- Compounds with active hydrogens, in particular

20-0; (± )-4 , 25828-21-1; (± )-5 , 25828-22-2; (± )-6 , N-H, undergo side reactions apparently forming amine
25828-23-3; (± )-7 , 25828-24-4; (± )-8 , 25828-25-5; salts which are inactive. Ammonium hydroxide,

25828-26-6; (± )-1 0 ,25828-27-7. terf-butylamine, and ethanolamine exemplify this
Acknowledgment.^—Financial support from the behavior.

National Research Council of Canada is gratefully A reaction of this type has also been observed in the 
acknowledged. One of us (R. D. S.) is indebted to preparation of perfluoroisopropyl acrylate The prep-
the University of British Columbia for a scholarship aration of this acrylate nas been reported previously
and to the National Research Council of Canada for a wlth the comment that dimethylformamide would be
bursary. (CF3)2CFOK +  CH2: CHCOC1 — >

CH2:CHCOOCF(CF3)2 +  KC1

the best solvent.2 This recommendation was based on 
Catalytic Decomposition of a-Haloalkyl Esters gas chromatographic analysis of the crude reaction

mixture. Attempts at this laboratory to use di- 
L eonard O. Moore methylformamide as the solvent resulted in poor

yields. The difficulty was traced to decomposition 
Research and Development Department, during distillation with small amounts of DM F in the

Chemicals and Plastics, Union Carbide Corporation, still kettle. Acrylyl fluoride and hexafluoroacetone
South Charleston, West V irginia 25303 were formed

r, . j  a This reaction, which may be quite general, provides
ecewe pri , a means 0f recovering PFBA from I, but solvents such

„ a  . /I)nr> a , ii. as DM F and N-methylpyrrolidone should be avoided
The preparation of perfluorobiacetyl (PFBA) results in h ration and use of «-haloalkyl esters,

in the formation of 2,3-dichloro-l,l,l,4,4,4-hexafluoro- 
butane-2,3-diol cyclic sulfate (I) as a coproduct.1
This material is of little interest of itself; so conversion Experimental Section
to PFBA was of interest. This would double the Hydrolysis of I in a Water-Organic Mixture.— To 33 g of I 
overall yield of PFBA from 2,3-dichlorO-l,l,l,4,4,4- was added 20 g of water and 3 g of dimethyl sulfoxide (DMSO). 
hexaduoro-2-butene The mixture was heated at 70° for 1.5 hr until the second phase

i t  , n i i  ■ , __t  disaoneared. Extraction with ether left, after evaporation of
The compound I was not soluble enough in water for )he sojvent) 26 g of PFBA  hydrate and DMSO. No effort was 

hydrolysis to occur at any reasonable rate, but use of a _________
(2) A. G. Pittman, D. L. Sharp, and R . E . Lundin, J .  Polym. Sci., Part 

(1) L .O . Moore and J .W . Clark, J .  Org. Chem., SO, 2472 (1905). A -l, 4, 2637 (1966).
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T able I
Catalytic Decomposition op I

Temperature
of initial Time to Yield of

No. Compd reaction, °C completion, hr PFBA , % Comments

1 (C6H 5)3P 25 1 .0  ~ 9 0  Smooth reaction
2 NH4OH 25 0 Solids formed
3 (CHahCNHi 25 0 Solids formed
4 (CiHshN 40 1 .25  ~ 9 0  Smooth reaction

5 (CEhhCONCEU 40 Not determined ~ 8 0  Smooth reaction
6 (CeHsOhP 40 N ot determined ~ 9 0  Smooth reaction
7 C5H5N 42 2 .0  ~ 9 0  Smooth reaction
8 HOCH2CH2NH2 50 0 Brown tarry

material formed
9 p-HOC6H4NH2 150 Slow reaction ~ 3 0  Some solids

forming
10 (CH3)2SO 150 No reaction 0
11 C3H7CONH2 150 No reaction 0
12 NH4CI 150 No reaction 0

made to separate these at this point. The yield of PFB A  hydrate allowed to warm to 20-23° and 29 g of acrylyl chloride was added
was 78%  as determined by formation of 2,3-bis(trifluoromethyl)- slowly to maintain the temperature. A precipitate formed as
quinoxaline, mp 118°, from a weighed portion and excess o- the acrylyl chloride was added which was shown to be KC1. The
phenylenediamine.1 mixture was then stripped to a kettle temperature of 50° (20

The reaction was repeated with 8 g of dimethylformamide mm) to give 56 g of colorless liquid. Distillation separated 40
(D M F) in place of the DMSO and it was noted that some yellow g of crude product and fractionation gave 25 g (33% ) of hepta-
color developed when the D M F came in contact with I even fluoroisopropyl acrylate, bp 85°, n wD 1.3128.2 In an earlier run,
at 25°, but with water present the color disappeared rapidly. some difficulty had been encountered from polymerization so
The second phase had disappeared in only 0.25 hr and extrac- that the distillation was carried out using a slow purge of air
tion, followed by stripping of the ether, gave 25 g of PFB A  hy- to the kettle and hydroquinone was added to the kettle and the
drate and D M F. The yield of PFB A  hydrate was 73% , de- receiver. W ith these precautions no polymerization was ob-
termined as above. served.

Dehydration of PFBA Hydrate.— The two portions above were Heptafluoroisopropyl Acrylate. Preparation in Dimethylform- 
combined and 9 g of the mixture was heated with 40 g of 20%  amide.— The above procedure was followed but with the use
fuming sulfuric acid to 70° for 2.5 hr. Yellow vapors evolved of D M F in place of the diglyme. The reaction appeared to
and were trapped in a Dry Ice cooled trap. The melting point, proceed identically in all respects until the distillation. When
— 20 °, and boiling point, 20 °, indicated that this was nearly pure the material which had been stripped off was heated to distil
P FB A . The overall yield was about 75%  based on I . the final product, a low boiling material was stripped out which

The dehydration was repeated but using 10 g of P2O5 in place was identified as hexafiuoroacetone and then acrylyl fluoride
of the fuming sulfuric acid. Evolution of yellow vapors had was distilled, bp 32 .5°, ?i20d 1.3465. The acrylyl fluoride struc-
stopped after 1.25 hr and the yield was 2 g (39% ). ture was confirmed by its mass spectrum and the formation of

Reaction of I with Excess Dimethylformamide.—A mixture an anilide derivative, mp 103-104°.3 
of 43 g of I and 19.7 g of D M F was heated in a 150-cc flask from This reaction was repeated using half the quantities used above 
30 to 145° over 1.25 hr. There was an immediate reaction and but a water wash was used to remove D M F from the crude prod-
the product, 27 g, which collected in Dry Ice cooled traps, was uct. Distillation gave 7 g (18% ) of heptafluoroisopropyl acry-
found to be nearly pure P FB A . The yield was quantitative. late.

The mixture in the kettle was not identified, but there was no 
evidence for either S 0 2 or Cl2 evolution. The residue dissolved R egistry N o.1— I , 722-89-4 .
in water and gave strong sulfate and chloride tests.

Catalytic Preparation of PFBA from I.— D M F (1 g) and 33 g (3) R- h - Shriner and R- C. Fuson, "T h e Systematic Identification of
of I were stirred together in a 200-cc flask. Evolution of a yellow Organio ComP°unds.” 3rd cd- wiley> New York. N> Y., 1948, P 222.
vapor was immediately evident and continued as the tempera- __________________
ture was raised over 6 hr to 158°. At the end of this time the
reaction kettle contained two layers of 1 g each. One was a T 1T ,  .  . . 1 1
water soluble material, apparently unreacted D M F, and the I m p r o v e d  P r o c e d u r e  f o r  O x id a t io n s  w i t h  t h e
other was I . C h r o m i u m  T r i o x i d e - P y r i d i n e  C o m p le x

Distillation of the material collected in a Dry Ice cooled trap 
gave 5 g of Cl2, 3 g of S 0 2, and 18 g of P FB A . The distillation
residue, 4  g, contained 43%  of sulfuryl chloride and the remainder R onald R atcliffe1 and R onald R odehorst
was starting material.

Catalyst Screening.— Several compounds were examined as Department o f Chemistry, University o f  C alifornia,
possible catalysts by adding 0.1 g of each to 5 g of I and then heat- Berkeley, C aliforn ia 94720
ing the mixture to 70° till the reaction was complete. The re-
sultsare summarized in Table I, no. 1, 4, and 7 R e M  A U m Q

oimiiarly, several other compounds were evaluated on a smaller 
scale by mixing 0.01-0 .05  g of the test compound with .0.5 g of
I and then, when necessary, heating either till a smooth reaction In  1 9 4 8 , S isler, B u sh , an d  A cco u n tiu s  re p o rte d  th e  
proceeded or to a maximum of 150°. The results of these ex- iso lation  of a  b rick -red  com p lex , w ith  th e  e m p irica l
penments are summarized in Table I no. 2 , 3, 5 6 , and 8-11  com p osition  C r 0 3 -2 C 5H 6N , from  th e  re a c tio n  of
In each case the volatile PFBA  was collected m a Dry Ice cooled i i  i • , • • i •,, -i-  o t >
trap and identified by comparison to known material.3 an h y d rou s ch rom iu m  trio x id e  W ith p y rid in e . 2 P o o s ,

Heptafluoroisopropyl Acrylate. Preparation in Diglyme.— To , .
300 ml of diethylene glycol dimethyl ether, diglyme, in a 500-cc t (1> Nat,onal Ins‘ ltutes °f h ^ d o c to r a l Fellow 1967-1970. Author 
Anolmror, m  0  c i i Xr-r-, , ,  . , . , to whom correspondence should be Rddressed: Merck Sharp & Dohme Re-
flask was added 19.2 g of anhydrous K F ; the mixture was cooled search Laboratories, Rahway, N. j. 07065.
to 2U with vigorous stirring. Hexafiuoroacetone, 54 g, was (2) H. H. Sisler, J. D. Bush, and 0. E. Accountius, J .  Amer. Chem. Soc.,
then added and the suspended salt dissolved. This mixture was 70, 3827 (1948).
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Arth, Beyler, and Sarett found that the complex, in OCH.Ph OCHTh OH
pyridine solution, is an effective reagent for the ox-
idation of primary and secondary alcohols to aldehydes [ J |
and ketones.3 The reagent found wide adoption as a /
method of accomplishing such oxidations under non- H ’ A H * I I
acidic conditions. Holum reported a series of oxida- H
tions with Cr0 3-2C5H6N dispersed in pyridine or in 6 7 8
acetone.4 OH I

In 1968, Collins, Hess, and Frank found that the ,qh r
anhydrous complex is moderately soluble in polar q j H 1
chlorocarbons.5 The solvent of choice was found to be / /
methylene chloride, in which the complex is soluble to q ' 'H  \_q H ¿ h
the extent of 12.5 g/100 ml. By this modification, 9 10
primary and secondary alcohols were oxidized to jj
aldehydes and ketones in yields of 87-98%. Sub
sequently, Dauben, Lorber, and Fullerton showed
that methylene chloride solutions of the complex are oxidized in our laboratories by methylene chloride
also useful for accomplishing allylic oxidations.6 solutions of the complex, prepared by the in situ

Our own experience with the chromium trioxide- method. In all cases, the oxidation was done at room
pyridine complex has convinced us that it is the reagent temperature for 15 min with a molar ratio of complex 
of choice in almost all situations calling for the oxi- to alcohol of 6:1, and the product was the corresponding
dation of an alcohol. The chief drawbacks are the a e y e or 'etone.
nuisance involved in preparing the pure complex, its In separate experiments, we have tested the stability 
hygroscopic nature, and its great propensity to enflame of the complex by allowing 5% methylene chloride
during preparation,2.3 We have found that these solutions to stand at room temperature, under nitrogen,
complications may be avoided by simply preparing ° r Periods of 7 and 28 days. In each case, a tarry, 
methylene chloride solutions of the complex directly b!ack df pos,t aPPeared after several days. However,
(see Experimental Section) after tde sPec™ed period, the mixture smoothly

Oxidation of 2-octanol for 15 min with 5% solutions oxidized V« mol of 2-octanol in 15 min at room tern-
containing 2 :1 , 3 :1 , 4 :1 , and 6 :1  mol ratios of complex perature.
(prepared in situ) to alcohol gave conversions to
2-octanone of 33, 51, 65, and 97%, respectively. When Experimental Section
2-octanol was treated with a 3:1 mol ratio of complex Reagents .-Chromium trioxide (Mallinckrodt analytical re-
(prepared in situ) to alcohol for prolonged periods, agent) was stored in a vacuum desiccator over phosphorus pent-
COnversions to 2-octanone of 54, 73, 89, and 100% oxide prior to use. Anhydrous pyridine was prepared by dis-
were obtained after 1, 26, 50, and 97 hr, respectively. tillation of reagent grade material from barium oxide and storing
t+ r__ a ™ i „ ■ c -j  . over 4A molecular sieves. Commercial methylene chloride wasI t  is clear from the data th at 6 mol equiv of oxidant purified by shaking with concentrated sulfuric '  cid, washing with
are required for rapid, complete conversion to ketone. water and saturated brine, drying with calcium chloride, dis-
With less than the 6:1 mol ratio, a second, extremely tilling, and storing over 4A molecular sieves. Alcohols 1-5
slow oxidation step occurs. were obtained from commercial sources and used without further

In Table I  we list several alcohols which have been purification. . . ,
General Oxidation Procedure.— Chromium trioxide, 6.00 g

(60 mmol), was added to a magnetically stirred7 solution of 9.49 
Table I g (120 mmol) of pyridine in 150 ml of methylene chloride. The

_ flask was stoppered with a drying tube containing drierite, and
Oxidation of Alcohols with Chromium Trioxide-P yridine the deep burgandy soiution was stirred for X5 min at room tem-

in Methylene Chloride (Prepared in  s itu ) perature. At the end of this period, a solution of the alcohol
%  yield of (10 mmol) in a small volume of methylene chloride was added in

Mmol alcohol aldehyde or one portion. A tarry, black deposit separated immediately.
Alcoho1 oxidized ketone After stirring an additional 15 min at room temperature, the

1 (2-octanol) 5 .0 97 solution was decanted from the residue, which was washed with
2 (1-octanol) 5.0 90 200 ml of ether. The combined organic solutions were washed
3 (benzyl alcohol) 5 .0 89 with three 100-xnl portions of 5% aqueous sodium hydroxide
4 (borneol) 5 0 84 solution, 100 ml of 5% aqueous hydrochloric acid, 100 ml of 5%
5 (cinnamyl alcohol) 5 .0  96 aqueous sodium bicarbonate solution, 100 ml of saturated aqueous

„ sodium chloride solution, and were dried over anhydrous mag-
' nesium sulfate. Alternatively, the decanted methylene chloride

' 26.4 99 solution was condensed in  vacuo and the residue then taken up
8 1.4 95 jn ether, filtered to remove insoluble chromium salts, washed
9 42.6 85“ with dilute aqueous base and saturated brine, and dried over mag-
10 11.5 906 nesium sulfate. Evaporation of the solvent at reduced pressure
11 1.3 SO6 afforded the crude aldehyde or ketone product. The described

• Experiment carried out by Dr. James Macmillan. 3 Experiment procedure has been conveniently scaled to the oxidation of vari-
carried out by Mr. Bruce Ratcliffe. ous Quantities of alcohol ranging from 137 mmol of compound

6 to 1.3 mmol of 3ompound 11.
(3) G. I .  Poos, G. E . Arth, R . E . Beyler, and L. H. Sarett, J .  Amer. Chem.

Soc., 7s,422 (i953). Registry No.—1,123-96-6; 2,111-87-5; 3,100-51-6;
(5) r « ™  M , 3363 4, 507-70-0; 5, 104-54-1; 6, 25826-83-9; 7, 25826-84-0;

(1968).
(6) W. G. Dauben, M . Lorber, and D. S. Fullerton, J .  Org. Chern., 34, (7) For large scale oxidations, ice-bath cooling during the chromium tri-

3587 (1969). oxide addition and a mechanical stirrer are recommended.
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8, 25826-85-1; 9, 25826-86-2; 10, 25826-87-3; 11 , (c 4.33, 95% EtOH), [«]25d -6 3 .7 °  (c 5.5, CDC13),
25877-02-5; chromium trioxide, 1333-82-0; pyridine, prepared by lithium aluminum hydride reduction of
110-86-1. )-mandelic acid (1), [ a ] 24D —152.3° (c 3.27,

a i i j  . xtt i t , t n tt tt H20 ), gave the di-( — )-MPTA derivative 4, the 19FAcknowledgment.'—We thank Professor C. H. Heath- , • t , ■ , , no ,, , ., . . , j  ,i -n tt lx, nmr analysis ol which showed that it was 98 ±  2%cock lor suggesting this proiect and the Public Health , , • „ a- ,, , ,. ,c . c f/ m f stereochemicaily pure, since the starting mandelicService for support (GM-15302). . ,  no , , ,x ' acid was 98 ±  1% enantiomencaiiy pure, we conclude
----------------------  that no appreciable racemization occurs during the

LiAlH4 reduction of mandelic acid to phenylethylene
E n a n tio m e r ic  P u r i ty  o f  P h e n y le th y le n e  glycol, contrary to one report2 but in accord with

G ly co l a n d  R e lia b ili ty  o f  P h e n y lg ly o x y la te  previous work.3-4’6 This finding has been indepen-
A s y m m e tr ic  R e d u c tio n s  in  C o n fig u ra tio n a l dentlJ  ™ ^vm ed8  Therefore the previously deter

mined values tor the asymmetric syntheses involving the 
A s s ig n m e n ts 1 LiAlIL reductions of chiral phenylglyoxylate esters3-5

need not be corrected as suggested.2
J ames A. D ale and Harry S. M osher* Berson and Greenbaum2 have found that the stereo-
 ̂ chemical course of the LiAlH4 reduction of the phenyl-

phenyldihydrothebaine (5, R *  -  
phenyldihydrothebamyl) giving (S)-(+)■-phenylethyl- 

Received, M ay 29 1970 ene glycol ($-2) in excess was “opposite” to that en
countered for the addition of methylmagnesium 

There exists a conflict in the literature concerning iodide to the same ester giving (R)-( — )-atrolactic acid
the maximum rotation of phenylethylene glycol.2-6 (tt-6) in excess. This unexpected finding indicated
Since this poses a crucial problem in the study of the CH2OH
asymmetric reduction of chiral phenylglyoxylic ester,2 COOR* L LiA1H* Q I
it became necessary to resolve this difficulty before we \ 2. mo > ~|
could undertake related studies.7 C= 0  Ph

We have made use of the reagent ($)-( —)-a-methoxy- / <S-(+)-2
a-trifluoromethylphenylacetic acid (3, M TPA)8 to Ph —■ COOH
determine the enantiomeric purity of phenylethylene 5 2- H=° I
glycol, and thereby to establish unequivocally its |
maximum rotation. The di-MTPA ester prepared Ph

« - ( - ) - 6
COOH CfbOH

■o Ji tttt LiA1H4 TT j, ^TT (-)-mtpa the need for further study of asymmetric reductions
0H > I! C—OH - > 0f chiral phenylglyoxylate esters before these reactions

Ph Ph can be used with any confidence for stereochemical
R-( —)-1 R- ( ~ ) - 2  correlations. It was theorized2 that the opposite

CH20-(—)-MTPA stereochemical courses of these two reactions were a
H—c —o-(-)-MTPA result of the initial reduction of the ester carbonyl

| group in 5, before the keto carbonyl group, to give the
Ph keto hemiacetal derivative 8 instead of the expected

4 mandelic ester derivative 7. The newly created
i , ,i , , , , ,. chiral center in 8 would have a different and unpre-from racemic phenylethylene glycol and enantio-

merically pure ( £ ) - ( - )-MTPA (3) exhibited distinct 0(LiAI),/4
19F nmr signals for the CF3 groups of the two diastere- LiAU\  LiA1H<
omers (4 and its epimer). The signals from the C F3 COOR*'"’ ™ CHC00R \
groups, belonging to the MTPA ester of the secondary | \
alcohol function for each of the epimers, were well C =0 2
resolved at 5 5.10 and 4.82 (ppm downfield from the I LiA1H
signal for trifluoroacetic acid, TFA, internal, in CC14 ^  Ph_ c _ CH0R. _!__1 /
solvent, 94.1 MHz). Therefore these signals could be 5 8
used for the quantitative analysis of these diastere-
omers in a given mixture. A sublimed sample of dictable influence on the steric course of the further

)-phenylethylene glycol (2), [«]26d —39.7° LiA1H4 reduction to 2. Thus the assumption that the

^ Uw ° rtOWh?mCOrreSPOndenCeshOUldbeaddreSSed- (9) (a) J - D - Morrison and J .  E . Tomaszewski, private communication.
(1) We gratefully acknowledge support of this research from the National (b) The maximum rotation of phenylethylene glycol is also supported by a

Science Foundation, N SF GP 9432. series 0f reactions in which it is related to phenylglycerol: M . H. Denton and
J - A- Berson and M - A- Greenbaum, J .  Amer. Chem. Soe., 81, 6486 G; U. Yuen, J .  Org. Chem., 33, 2473 (1968). (0) This conclusion is consistent
\t -n 1 -\x Txr*vL 1 , ^  ^  ̂  . with our finding that ( —)-menthyl phenylglyoxylate, when treated with ex-

( ) V. Prelog, M. Wilhelm, and D . B . Bright, Helv. Chim. Acta, 37, 221 cess L1AIH4, gives phenylethylene glycol, [<x]19d —6.5 ±  0.1° ( c l l .2 ,  CDCla),
which calculates to be 10 zfc 0 .4%  enantiomerically pure based upon the

(4) b. „Ba;kshi and E . E . Turner, J .  C hem .Soc., 168 (1961). maximum rotation of [a]23D -6 3 .8 °  (c 9.5, CDCls). Horeau, Kagan, and
™ ^°™°.Sli° Z1\tetrahedron, 19, 1969 (1963). Vigneron, Bull. Soc. Chim. Fr., 3795 (1968), have reported a 10% asymmetric

a“ d D ' Del™onte> J ‘ 0rQ' Chem., 21, 596 (1956). reduction of (-)-m en th y l phenylglyoxylate with 1 equiv of LiAlH4 to  give
S  ^  Pf!'D,ThesiSf StanfordUniversity» 197°- (-)-m en th y l mandelate whose maximum rotation is well documented.

HQ70) A" Dale’ L * ■Dul1, and M-oslier> J ■ Crg. Chem., 34, 2543 Thus the extent of asymmetric synthesis as measured by either of these
'  y7 ' * methods is the same, as indeed it should be.
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ester group was reduced before the keto group could I«]26» -39.7° (c  4.33, 95% EtOH); H 25-6d -63.7° (c  5.45,
rationalize the stereochemical findings. The reduction CDCfi). No impurities were detectible by nmr.

r  , ,  , . . ,  ,. , i , . ,  i Racemic phenylethylene glycol was prepared by reduction of
of the same ester with sodium borohydnde was also racemic mandeli3 acid by excegg LiA1H4:i3 the nmr spectrum
studied.2 Under several reaction conditions they was identical with that of the chiral material described above,
always obtained (+)-phenylethylene glycol, without (fits (-Phenylethylene Glycol Di-(,S')-a-methoxy-a-trifluoro-
detecting the intermediate mandelate ester.10 These methylphenylacetate. Enantiomericaliy pure, distilled ( - ) -
results offered direct evidence that in phenyldihydro- -m eth o xy -a -trifluoromethylphenylacetyl chloride* (0.1644 g

^ J  J  . 0.65 mmol) was added to racemic phenylethylene glycol (0.0435
thebamvl phenylglyoxylate the ester carbonyl is  g? q.31 mmol) in dry pyridine (about 1 ml). After heating the
reduced more rapidly than the keto carbonyl by sodium mixture for 1 hr at 45° and allowing it to remain overnight at
borohydride and, by implication, by LiAlH4 as well. room temperature, it was treated with water and extracted with
In support of this they found that the reduction of extracts were washed (dilute HC1, H 20 ,  satu-

,, . , . , , , . . .  ,. , i i - i  rated N a2C 0 3), dried (M g s04), and evaporated to give an oil
ethyl phenylglyoxylate with excess sodium borohydride which was analyzed, without further purification, by nmr: s 
(dioxane solvent, 100°, 15 min) gave a 64% isolated 5.10 (q, 3 F ) ,  4.82 (q, 3 F ) , and 4 .68 (overlapping pair of quar-
yield of phenylethylene glycol; none of the inter- tets, 6 F )  (downfield from internal T FA  reference standard in
mediate ethyl mandelate was observed in the product. CC14 solvent at 94.1 M Hz).
U n d e r th e  sam e re d u ctio n  con d itio n s e th v l m a n d e la te  (S (-Phenylethylene Glycol Di-(S)-a-methoxy-a-tnfluoro-u n a e r  tn e  sam e re d u ctio n  con d itio n s e tn y i m a n o e ia te  methylphenylacetate.—1The above experiment was duplicated
was recovered unchanged in 90% yield. except that the ( —(-phenylethylene glycol, [«(“d —39 .7 ° (c 4 .33,

We investigated a number of hydride reductions of 95%  EtO H), was employed. Integration of the two downfield
phenylglyoxylate esters and found that the ethyl ester 19F signals gave relative areas of 9 9 :1 , corresponding to a 98%
with less than 1 equiv of LiAlH4 (ether solvent, 20 min) “ «es? °+f, the > enantiomer m the original phenylethylene

, , „ , ,  « . . . . . .  . , glycol; the uncertainty is probably about ± 1% but cannot be
gave a neutral fraction, the nmr of which indicated a greater than ±2%.
56:44 ra tio  of e th y l p h e n y lg ly o x y la te  an d  e th y l Sodium Borohydride Reduction of Ethyl Phenylglyoxylate.— 
m a n d e la te  b u t no p h en y leth y len e  glycol. W h e n  th is  Following the procedure of Berson and Greenbaum,2 a mixture
su b stra te  w as tre a te d  w ith  a n  e x ce ss  of sodium  b o ro - of sodium borohydride (1.03 g, 2.72 mmol, Ventron Chem. Co.)

, t  ■ a  \ , ,  i in dioxane (80 ml, purified by distillation under vacuum from
hydride (m purified dioxane, 25 mm reflux) ethy LiA1H4) pure by nmr analysis) was heated to reflux and ethyl
phenylglyoxylate and ethyl mandelate were observed phenylglyoxylate (1.35 g, 0.75 mmol, pure by nmr analysis) in
in the product by nmr analysis in an 84:16 mol ratio 20 ml of dry dioxane was removed under reduced pressure at
with no observable (less than 3%) phenylethylene gly- room temperature. The residue was hydrolyzed with 4 N  hy-
col. Ethyl mandelate under the same reduction drochloric acid (56 ml) in the Presence of ether at 0 ° o r  bdow

. . J  . . . The ether extracts were washed (H20 ,  saturated N a2C 0 3), dried
conditions was observed to give an 81.19 ratio of (M gS04), and concentrated to give an oil (1.28 g) which analyzed
unreacted ethyl mandelate to phenylethylene glycol. by nmr for 16 mol %  ethylmandelate and 84 mol % unreduced
Thus both LiAlH4 and sodium borohydride reduce the ethyl phenylglyoxylate; no phenylethylene glycol (less than 3% )
keto group of ethyl phenylglyoxylate before the ester could be detected. ,n

group, although sodium borohydride does reduce the identical procedure was repeated using ethyl mandelate (1.36
ethyl mandelate to phenylethylene glycol slowly. g, o.75 mmol) as the substrate, the nmr analysis of the resulting

We are unable to offer any complete explanation for oil (1.21 g) showed an 81 :19  mol ratio of ethyl mandelate to
the differences in our results and those reported pre- phenylethylene glycol. ...............................  .
viously.5 We concur with Berson and Greenbaum in / “ m S
the admonition for use of . . .extreme caution in the jn e^ er (15 mi) was added to ethyl phenylglyoxylate (1.00 g,
assignment of absolute configurations on the basis of 5.64 mmol) dissolved in ether (5 ml). The mixture was stirred
hydride reductions of phenylglyoxylates.” However, for 10 min at room temperature and refluxed for 10 min, and the
with due caution and suitable controls, it would appear Prod^CÎ obtained hydrolysis with hydrochloric acid fol-
„  , - . i iTT i ,* £ i • i t i i  i i lowed by the usual work-up and filtration through silica gel.
that the L 1A IH 4 reduction of chiral phenylglyoxylate 'j'ke purj£e(j reaction product showed by nmr a molar ratio of
esters can be utilized for configurational studies, as 44:56 of ethyl mandelate to ethyl phenylglyoxylate. No phenyl-
Prelog, Wilhelm, and Bright3 proposed. ethylene glycol was detected; control experiment showed that

phenylethylene glycol was eluted from the column under the 
conditions used.

Experimental Section LiAlH4 Reduction of ( —(-Menthyl Phenylglyoxylate.—•(—)-
/TS. . . , . ,, . ,. , /D. Menthyl benzoylformate (1.5 g) was treated with excess LiAlH4
(■R)-1. — J-Phenylethylene Glycol. An ether solution of (R)- (1.0 g in 10 ml of ether). The hydrolyzed reaction mixture was

( — (-mandelic acid (1 .8  g, 1.2 mmol, [a] d 152.3 (c 3.27, worked up as described under the mandelic acid reduction ex-
H20 ) ,  98 ±  1%  enantiomericaliy pure ( was added to L iA1H4 périment to give (R M — (-phenylethylene glycol, [a]19D —6.5 ±
(2.5 g, 6.6  mmol) in ether. After refluxing 1 hr, the mixture q.1 ° (c 11.22, CDC13). This corresponds to 10.4%  excess of the
was hydrolyzed with hydrochloric acid and ice. The ether ex- R  isomer> based on a maximum rotation of [«]“ d 63.7° (c 5.45,
tracts were washed (H20 ,  N a2C03 , H20 ) ,  dried (M gS04), and CDCh)
evaporated to give an oil which was filtered through silica gel 3 '
with benzene (75 ml) and methanol_(100 ml). The residue from Registry N o .— R - ( ~ ) - 2 ,  16355-00-3; e th y l p h en yl- 
the eluate was sublimed to give 1.55 g (95%  yield), mp 63-65 , s _ /  v0  i , 1 1 )
--------------  glyoxylate, 7603-79-8; (-)-m ethyl phenylglyoxylate,

(10) Bakshi and Turner4 however did isolate the intermediate mandelate 25966-98-7
ester upon NaBH* reduction of menthyl phenylglyoxylate. v

(11) The best literature values are [a]23*6D —154.3 =b 0.6° (c 1.64,
H20 ) ; 4 [a ]wD + 157 .5° (c3.5, H20 ) ; 3 [ « ] d + 156.57° (c 2.89, H20 ) .12 (13) R . F . Nystrom and W. G. Brown, /. Amer. Chem. Soc., 69, 2548

(12) Lewkovitch, Ber., 16, 1573 (1883). (1947).
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___ A d d i t i o n s  a n d  C o r r e c t i o n s ___
Vol. 25, 1960 foxides. 3,5-D ihydro-3-m ethyl-4,l-benzothiazepin-2(lH )-one

4-Oxides
J .  G. Bennett, Jr., and S. C. Bunce: Cyclopropyl Analogs of

Hexestrol and Diethylstilbestrol. Page 365. Table IV. The dihedral angles C2C3S4O12, C nCr
„  _ S4O12, and O ^CsCsa should be —153.4, 80.9, and 61.6°, respec-
Pages 73-79 The reaction of cyclopropylphenylcarbmol with tively rather than the values presented in the table, 

phosphorus tribromide at —15 gives 4-bromo-1-phenyl-1-butene,
identified by its nmr spectrum and by its conversion to trans-1- George H. Cleland: The Meerwein Reaction in Amino Acid 
phenyl-1,3-butadiene on treatment with sodium amide in liquid Synthesis. II. An Investigation of Twenty-one Substituted
ammonia, rather than cyelopropylphenylcarbinyl bromide, in Anilines, 
confirmation of the report of A. Maercker and J .  D. Roberts, J .
Am er. Chem. Soc., 88,1742 (1966). Page 74S- Column 2, third line from bottom of text and ref

The product of the bromination of cyclopropylphenylmethane 4> ,line 3 - “ l-oxo-3-chromancarboxylic acid” should read “ 1-oxo- 
by N-bromosuccinimide, also reported by us as cyclopropyl- 3-isochromancarboxylic acid.”
phenylcarbinyl bromide, is 4-brom^l-phenyl-l-butene. Page 747. Column 1, twelfth line from bottom, “ l-oxo-3-

The c^staUme product mp 70-72°, obtained from reaction carboxylic acid» should read. “l-oxo-3-isochromancarboxylic 
of the 4-bromo-1-phenyl-1-butene with ethylmagnesium bromide acid » J
and cobalt(II) chloride is still assigned the structure of 1,2-di-
cyclopropyl-l,2-diphenylethane on the basis of nmr data (CC14): Melvin S. Newman and Abraham O. M. Okorodudu: The
0-0 .7  (complex multiplet), 1.1 (2 H, complex multiplet), 2.12 (2 H Formation of Unsaturated Carbenes by Alkaline Treatment of
m), and 7.0 ( 10H). N-Nitrosooxazolidones.

Page 1220. Column 1, footnote 1 should read as follows.
Vol. 32, 1967

(1) This research was supported by Research Grant G P-5552X  from the 
Wendell L. Dilling and Fred Y. Edam ura: Carbene and National Science Foundation and by Grant DA-ARO-D-31-124-G846 of the

Carbenoid Chemistry. IV. The Effect of Halide Ions on Army Researoh Offioe- Durham, N. C.
Chloro- and Bromocarbenoid Addition Reactions. Hamao Watanabe, Frank N. Jones, and Charles R. Hauser:

Page 3494. Column 1, lines 17 and 18 of text. “Chloro (8 )” f ^ r e t W l p l 07010^ 0^ 11̂  ° f p ^  A m ide° nf
should read “The chloro compound (8 ).” ezo-Methyleneammomum Ions Obtained from Rearrangement of

7 Certain 2,o-Dimethylbenzyltrimetnylammonium Ions.

N. J .  Leonard, D. A. Durand, and F. Uchimaru; Small Page 2395. Column 2 , line 52. “3.82” should read “2.15.”
Charged Rings. X . Expansion of the Aziridinium Ring by
Reaction with Nitrones. Page 2396. Column 1, line 39. After 44 (2.4), add 43 (2 .4 ).

Page 3611. Compound 15b is 5-benzyl-9,9-dimethyl-5-ethyl- Page 2397. Column 1, line 20. After 2.4 Hz, add 2.2 H.
2-oxa-l-aza-5-azoniabicyclo [4.3.0]nonane-3-spiro-1 ' -  cyclohexane
perchlorate (not 5-oxa). Page 2397. Column 2, line 4. “3010” should read “3110.”

A. Hassner, J .  E. Kropp, and G. J .  Kent: Addition of Nitryl 
Vol. 33, 1968 Iodide to Olefins.

J - Le0nard.anfd Malcolm Rasmussen: The Synthesis Page 2628. Formula 2 should read 
of o-/3-(3 -Deoxy-D-nbofuranosyl)adenine, an Isomer of Cordy-
cepin. _

Page 2488 and 2490. The title compound (5), Page 2488, 0 2N
should be referred to throughout as 3-(3-deoxy-^-D-ribo- j j
furanosyl)adenine. The other corrected names are 3 , 3-(2,5-di-
O -b enzoyl-3-deoxy-d-D-ribofuranosyl)-7-pivaloyloxymethyl- 4
adenine hydrobromide; 4, 3-(2,5-di-0-benzoyl-3-deoxy-/3-D-ribo- 2
furanosyl)adenine; compound at bottom of page 2490, column
1, 3-(2,5-di-0-benzoyl-3-deoxy-d-D-ribofuranosyl)-N6-pivaloyl- Page 2629. Formula 11 and eq 4 should read 
adenine. We are grateful to Professor M. L. Wolfrom for call
ing these necessary corrections to our attention. 0  C l

A. Hassner: Regiospecifieity. A Useful Terminology in C— C— C = C  _AgN(^ q— — c  f yndin .̂
Addition and Elimination Reactions. I 12 ! 1

C C N 0 2
Page 2684. Column 2 . End of paragraph 1 should read “A 11

nearly equimolar isomer distribution is the result of a nonregio- p  p
selective reaction.” V V

!........................ NaBH i j
W. G. Dauben, G. W. Shaffer, and N. D. Vietmeyer: Alkyl- C - C - C = C N 0 2 >  C— C - C — C N 0 2 (4)

Substitution Effects in the Photochemistry of 2-Cyclohexenones. C C

Page 4062. Structure 17 should be 3,6,6-trimethylcyclohex-2- * ^
enone.

Herman E. Zieger and John D. Roberts: Nuclear Magnetic 
Resonance Spectroscopy. Proton Spectra of Diallylmercury. 

Vol. 34, 1969 ( / .  Org. Chem., 34, 2826 (1969).

TT ?• ,C< Thon^ S’ L C- Paul> T - WiUiams, G. Grethe, and M. Page 2826. Footnote e to Table I actually refers to J u = 
Uskokovic: The Structures of Two Diastereoisomeric Sul- and not t o / le, J u ,  and J S6.

4004



N. Indictor, T. Jochsberger, and D. Kum it: Autoxidation of Page 3939. Scheme VI. Equal signs should be horizontal
1-Octene with ¿-Butyl Hydroperoxide and Chromium(III) Structure 22 should be as shown.
Acetylace^onate. I. Kinetics. II. Solvent Effects and Free- 
Radical Inhibitors.

Page 2855. Column 2, line 8 from bottom. “3-octenal” __
should read “2-oetenal.” \ / = \  /

Page 2859. Reference 25. “Reference 19” should read n  n
“Reference 18.”

Page 2863. Column 2, line 11. “exothermic” should read In eq 6 , “d” should read “d«.” 
endothermic. p
■d oocj m i i i -  „  , __ , . „ Page 3940. Column 1. Scheme should be as shown.
Page 2864. Column 1, line 10. Reference 23 (superscript) “HCrH” should read “CrH .”  

should read 2 (superscript).

L. A. Paquette, D. E. Kuhla, J .  H. Barrett, and L. M. Leichter: ___
Unsaturated Heterocyclic Systems. LV. Cycloaddition Reac- __ /  /'K   — >• /  \  
tions of Derivatives of lH-Azepine. /  8

CrH
Page 2894. The ultraviolet spectra of 42 and 43 should be (CO)3

interchanged. Also, in the nmr characterization of 43, H3 f j
appears at 5 5.78 and not 6.78. 'r

William E. Truce, J .  W. Fieldhouse, D. J .  Vrencur, J .  R. / = \  / t=\
Norell, R. W. Campbell, and D. G. Brady: Reaction of “Sul- — ' '—  < * — ' /  '—
fenes” with Aryl Nitrones and N-Phenylhydroxylamines to Form ■'
Benzoxathiazepines and o-Aminophenol Derivatives, respec- /prvT
tively.

Page 3101. Formulas in eq 11 should be as follows. ^

HCr
r  J  +  CH3S 02C1 +  Et3N — «- (CO)3

a NHS02CH3 .  NHS02CH3 Column 2. Scheme should be as shown. Dashed curved line
h2° > | || (11) should be shortened.

0 S 0 2CH3 ^ Y ) H

Neal Castagnoli, J r :  The Condensation of Succinic Anhydride ^  ^  ~ 7^  / / *
withBenzylidinemethylamine. D /H  H D D H D / D

Page 3187. Column 2. The structure referring to compounds CrD CrH
6, 7, and 9 is incorrect and should be as follows. (CO)3 (CO)3

It 11
HAOOC .R' l(  ,  ___ /

X X  T V  X >
R n N 0  D D D

I
c h 3

Shozo Yanigida, Hiroshi Hayama, and Saburo Komori: The
Reaction of Primary Amides with Phosgene in the Presence of 

W. Herz, P. S. Subramaniam, and N. Dennis: Solvent Shift Hydrogen Chloride.
Studies on Pseudoguaianolides of the Helenalin Series. . . _

Page 4181. Column 1, under Experimental Section, line 3.
Page 3691. Formulas for compounds 1 and 2 should be cor- “boiling” should read “recrystallization.” Column 2, Registry

rected as follows: the angeloyloxy group should be at 6-a  No. paragraph. Third compound should be 6-chloro-2-pentyl-
instead of 5-« and a methyl group should be at 5-/3. 5-butyl-4(3H)-pyrimidone.

E. N. Frankel and R. O. Butterfield: Homogeneous Hydro- R Behnke> a . A. Chandross, and F-H. Marquardt: 9-Aryl- 
genaticn of Diolefins Catalyzed by Tricarbonyl Chromium Com- fluorenes. The Energy Barrier for the Inversion of 9-Chloro-9- 
plexes. I. Stereoselective 1,4 Addition of Hydrogen. durylfluorene.

Page 3931. Scheme I. In structure 4, there should be no p age 42Qg ^ppliofition of computer-based line shape analysis
bond between D and D. (with a program which had been supplied by Professor M. Saun-

E. N. Frankel, E. Selke, and C. A. Glass: Homogeneous Hy- ders of Yale University) to the collapsing signals of the »‘ “ ethyl
drogenation of Diolefins Catalyzed by Tricarbonyl Chromium groups yielded the values AH* =  20 kcal/mol and AS -  14
Complexes. II. Deuteration. eu.

Page 3938. Scheme V. Structure 19 should be as shown. y Qj 35 1970

Donald C. Dittmer and Robert Glassman: Diazo Alkane
Adducts of Thiete Sulfone (Thiacyclobutene 1, 1-Dioxide) in Syn- 

I CrfcO)3jl thesis of Thiabicyclopentane Dioxides, Pyrazoles, and Tetra-
/  ’ \  hydrothiophene Sulfones.
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Page 1001. Column 1. The formula following the arrow K. T. Potts and R. Armbruster: Bridgehead Nitrogen Hetero- 
from lb in Scheme II should be cycles. III . The 3H-[l,2,4]-Thiadiazolo[4,3-a]pyridine Sys-

H
Pages 1966 and 1967. “w moiety” should read “py moiety.”

II 1 I *  ^  Harold J .  Teague and William P. Tucker: Thiapyrone
CeKs Chemistry. III . The Reaction of 2,6-Dimethylthio-3,5-di-

phenylthiapyrone with Hydroxide Ion.
C. G. Overberger and D. A. Labianca: Azo Compounds. , lr . ,

Investigation of Optically Active Azonitriles. Page 1968. We wish to call attention to the work of Professor
Alexander Schonberg and R. von Ardenne [Chem. Ber., 101, 346

Page 1770. In the last experiment, we mention that “A suit- (1968)] on the structure of the alkaline hydrolysis product of 2,6- 
able liquid, chosen according to the temperature desired (ethanol dimethylthio-3,5-diphenylthiapyrone and of one of its products
at ca. 100°), was refluxed in the outer chamber,” The parenthe- with diazomethane. We were unaware of this paper at time of
tical information should be “ethanol at ca. 78°.” submission of our work.
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