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In the April, 1954 issue of Analytical Chemistry, Varian launched a 
_ _ _  _  _ _  unique series of advertisements, entitled “This Is NMR at Work,’’
IM  I v l  F R  with the publication of a high resolution 30-MHz ‘H spectrum of a

simple organic molecule. Many of these ads represented original 
^ 1 .  1  A # _  contributions to science and served to educate a whole generation
C l l  V V O l K  of chemists in, what was then, an obscure but promising field of

spectroscopic analysis. In the intervening years, there have been a 
M a  "1 J !  | |  large number of technological advances in nuclear magnetic reso-
" nance spectroscopy (many of them pioneered by Varian) and NMR

has now become an indispensable tool for qualitative and quantita
tive investigations in all modern chemical laboratories.
With NMR at Work No. 100, we proudly bring this series to a con
clusion. To exemplify our technological progress in NMR, we have 
chosen an application at 300 MHz obtained on the new HR-300 
superconducting NMR spectrometer which operates at a magnetic 
field of 70.5 kG. Today, as in 1954, Varian offers you the most power
ful research capabilities available in NMR.

1 H  N M R  S t u d i e s  a t  3 0 0  M H z

_______________J
Example: Conformational Analysis produced by coupling (large, small, small) with adjacent
_., , , , . . . . .  protons. Signals for the two O-C-H equatorial protons (H-4,The (+)-proto-stereoisomer of quercitol (cyclohexanepentol) r  M
is known from chemical c o r r e la te s  to have the absolute U H' 5> a PPear downfield (3.88, 4.06 ppm); and for the three
(134/25)  configuration, and Is assumed to have the (AAEEE) axial Protons (H’ 1- H' 2 and H' 3 > uPfield <3 '75' 3 56 and 3 71
conformation as shown. PPm>- The H' 1 and H' 5 Pat,erns are appropriate for coup-
in the NMR spectrum at 300 MHz in deuterium ox.de, the lin9 wi,h three neighboring protons; the H-2, H-3 and H-4
axial methylene proton appears at 1.81 ppm as an 8-peak patterns, for coupling with two.
multiplet. Two peaks Of this multiplet are overlapped in the *G. E. McCasland, M. O. Naumann, and L. J. Durham, J. Org. Chem. 
center Of the pattern due to coupling (large, large, small) 33. 4220 (1968). See this reference for correspond.ng NMR spectra 

, . . , . . -j-. at 60. 100 and 220 MHz.with adjacent protons (geminal, axial, equatorial). The
equatorial methylene proton pattern (1.97 ppm) is similarly ^

/'\J,.6o = 12Hz/  \  H2
I I

H5 H„ J12 =  9 Hz
r fl I I I I r  LI

| / \ / X \ , A j ^ ' - 5 H z

A A Jfl H.
H H \  | I |

H 7^6 , 0 H J 2  \  I / /  |/ O K \ 1 ^ ^ 0 H  \  f;
Hsr h 4 H h IN D20 j i  ¡1 J  I

0H « ULr J L ___________W l ...
4  0 6  3 8 8  3 .7 5  3.71 3 .5 6  _ r r  1 .97 181PPM FROM DSS

Fo' further information on the HR-300 and HR-220 Superconducting ^ ^ * * * 1 ^
NMR Spectrometers, write to Varian, Analytical Instrument Division, \ / 3 M 3 n
Pa o Alto, California 94303 V Q I  i C l l  I
VARIAN . . .  WORLD LEADER IN MAGNETIC RESONANCE SPECTROSCOPY a n a l y t i c a l  in S tT U m G rt d iv is io n  y  J
See Varian at ACS, Chicago, September 15-18
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1. The firm matrix of Hi-Rez beads re
sists deformation, maintaining better flow 
at less pressure and greatly increasing res
in surface area exposed to the fluid.

2. Conventional resin beads deform eas
ily, flattening against each other, decreas
ing flow and masking much active surface 
area.

3. The usual resin containing "fines” 
further compounds the problem by ob
structing flow, raising pressure thus fur-

F A S T E R  A N A L Y S E S *  “  #
m "  m  m

t T  *  %
with your Amino Acid Analyzer ' m  # #;■  ■ #Q,

a n d  r e s i n  f t  0  *  j l  a

... w i t h  a  l o t  / e s s  s t r a i n ! * *  ¡L *
B H  9  0 }

"‘Tests show an increase o f 50% to
300%  m ore analyses from  sim ply re- .r fg iljR jg jf t
placing resins w ith  H i-R ez. H P
A lthough we cannot predict ju s t/ro w  ^  ■
much  your instrum ent perform ance !| .  ’ _ . ,
w ill im prove, w e can d e fin ite ly  say - .a -a a s ^ B jj iX  £ " 2 5 ®
th a t it w il l  improve signif icantly  or ■ ( ¡ • I M  I
you m ay return the resin if you are
not satis fied  w ith in  3 0  days. |  - ^ x & m

* *  Back pressures are considerably chmc* 0 ^ B
The

analysis th at we have indicated w ill re
quire back pressures o f less than 2 0 0
lbs fo r long colum ns and w ill give ex- A  V ® «  ^  a  |  1
cellent flo w  rates at about 150 lbs. J 9 f  ^

T h a t leaves one very im portan t question—how about resolution? H i-R ez resins al- ^  * 1  0 j L  ® L
low much higher resolution than is possible w ith  conventional resins; that's  w h y we
named them  H i-R ez and you w ill be pleased by the w ay th ey  live up to  th eir name. * % ^ .fc * *  *1.5%
Y o u r present analyzer is capable o f perform ing a physiological flu ids analysis in just ^  *  #  <
six to  seven hours; w ith  just one colum n it can analyze a p ro tein  hydrolysate  in just . ♦  . gg 0 :
three hours! (We have a simple m od ifica tio n  th a t can convert your system to a sin- m
gle colum n if you prefer the sim plic ity  and advantages o f such a system.) ^  *

Y ou  can operate your analyzer overnight or week-ends w ith o u t fear o f leaking gas- ^  *
kets or ruptured tubing. O f course your everyday m aintenance w ill be eased and p f »’ ' j*  m R? ’ ’
smooth operation assured fo r long periods w ith  less strain on y o u r instrum ent and ■ *  *■»_* • ’**-■■■ *
no precious samples lost from  high pressure accidents. *

H i-R ez resins are described in our new 1 970  " A M A C  H A N D B O O K " , w h ich is load- ^  #  p
ed w ith  in fo rm ation  and references to  m ethods and reagents fo r am ino acid and pro- m  s:#2 #
tein chem istry. If  you haven't received y o u r copy, w rite  fo r i t—today. ♦  p  *  *  |

The principle o f H i-R ez firm  m atrix  beads and com parison w ith  conventional resins #  ^  ^ *
is illustrated in the drawings to the right. " i f f  m  *

|  I  I  F IE R C E  C H E M IC A L  C O M P A N Y ^  #  •  #  *  *
| -| P.O . B ox 117 Rockford, Illinois 61105 U .S .A . m m  •  m *

_ P H O N E  81 5/ 968- 0747 T W X  9 1 0- 631- 3419^ k J  A  ... ♦  " s
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rl^ 33̂ ------------------------1
5  F i l l  y o u r s e l f  i n  a n  r e a g e n t s . . .  J
| E v e r y  o n e  o f  th e  r eag en ts  h e r e  is  new . R ec en t ly  sy n th es iz ed  in  c u r  la b o r a to r ie s ,  o n e  o r  m o r e  o f  th em  c o u ld  b e  th e  |
_  r ea g en t  y o u ’v e b e e n  lo o k in g  to r . ■

■ |=a p  s y n t h e s i s  o f  n i t p i l e s  ation of reactive carbocyclic or heterocyclic com - ,
1  a n d  c v a n o s t e r o i d s  pounds. Yields of Vilsmeier salts and their solvolysis 1
I  N ,0-B is(triflu oroacetyl)h yd roxvlam in e products are higher with N ,N -dim ethylthioform am ide
I  m _____ j  j  j  - than Wltj1 d m p  or N -form yl-N -m ethylam hne. [ J .  I
*  ( E astman U l . 7) C h em . S o c .,  (C ), 913 (1 9 6 9 )] . ,
■  N itriles are prepared from the corresponding aldehyde I
I  in  70-90%  yield with N ,0-b is(triflu oroacety l)h yd rox- W e  a l s o  o f f e r  s o m e  n e w  1
S ylam ine in pyridine-benzene solution. R eaction is ac - r e a g e n t s  w i t h  o n l y  a  f e w  c o m m e n t s .  I
| complished in 1 to 2 hours under reflux. [J.A .C .S ., 81, Standard for fluorescence quantum  yield and fluores- I
g 6340 (1 9 5 9 )] . Cyanosteroids are likewise prepared cent probe: 5-D im eihyiam ino-l-naphthalenesulfonic I
I  from  hydroxymethylene steroid derivatives with N ,0 -  Acid (D A N S Acid) ( E astman 11218). I
I  bis(trifluoroacetyl)hydroxylam ine in benzene-pyridine. Room -tem perature nematic liquid crystal (M .P . 1S-41 I
1  [/• Org. C h em ., 27 ,3 1 6 8  (1 9 6 2 )] . C ) : N -(p-M ethoxybenzylidene)p-butylaniline ( E ast-  ■

1  F o r  a m i d a t i o n .  a m ¡ n a t i o n ,  d e -  m an  11246). 1
!  b r o m i n a t i o n ,  a n d  c o n d e n s a t i o n  stabl,e for >abel 1
■ ,  . . , , '  . .— /.t— aotn pounds: 3-C arbam ovl-2 ,2 ,5 ,5-tetram eth yl-3-p yrrohn - I
| Am m onium Acetate, Reagent ACS ( E astman 285) l - y loxy ( E astman 10969) 1
I  40-90%  yields of amides are obtained by the reaction N _Blocking reagent for term inal amino acids: 2 - I
1  of am m onium  acetate with acid chlorides in acetone , 0 - .. . . .  __ i i n c \  *_  , r , c. Aon, tt- ., a Chloro-3,5-dim tropyridine ( E astman 11126). _i  solution. [ J .  C h em . S oc ., 2824 (1 9 6 2 )J. H igh-purity 3 - ’ . , I
1  am in o-2 -phenylindenone is obtained by fusing 2 - Merrifield resin precursor for solid-phase peptide syn- |
| phenyl-1,3-indanedione with am m onium  acetate in a  thesis: Polystyrene-2 % Divinyloenzene Copolym er ■
I  nitrogen atmosphere followed by cooling and dilution Beads ( E astman 11180). |
jj with w ater. [J.A .C .S ., 87, 874 (1 9 6 5 )] . Addition of Polym er interm ediate: Isophthalic Dihydrazide ( E ast- j
% slightly more than one equivalent of am m onium  ace- m an  11061). |
8  ta te  in the hydrogenolysis of brom o-com pounds neu- Phenoxycarbene precursor: a-Chloroanisole (EASTMAN 1
§  tralizes the H B r liberated, preventing hydrogenation of 11016). 1
| double bonds. [/.A .C .S ., 78, 816 and 1 /38  (1 9 5 6 )] . In  N egative stain for electron m icroscopy: U ran yl F o rm - 1
g the condensation of ketones with cyanoacetic acid or ate ( E astman 10869) 1
■  ethyl cyanoacetate, am m onium  acetate is a recom - _  . . .  E
1 mended catalyst. [O rg. Syn ., C o ll. V ol. 4, 234 (1 9 6 3 )] . Benzyne precursor: o-Aminobenzensulfinic Acid Sodi- |
■ v y um  Salt ( E astman 10861). ■
I  F o r *  s y n t h e s i s  o f  Reagent for u ltratrace m etal analysis by m ass spec- §
a b i s - C t r i f l u o r o m e t h y l 3  a l k e n o l s  trom etry ; forms volatile chelates with alkali m etals: .
§} H exafluoroacetone Sesquihydrate ( E astman 11225) l,l,1 .2 ,2 ,3 ,3-H eptafluoro-7,7-d im ethyl-4,6-octan edione j
j  Therm al reaction of hexafluoroacetone with olefins ( E astman 1 0 9 /8 ). _
I  yields the isomeric l,l-b is(triflu oro m eth yl)-3 -a lk en -l- The chemicals highlighted here represent only a  sam - |
B ols. A1C1.", catalyzed reaction yields a m ixture of c is -  pling from among 400 recent additions to the E astm an  a
3 and fran s-l,l-b is(triflu oro m eth yl)-2 -alk en -l-ols, with line; all are listed in the third Cum ulative Supplement g
| lesser am ounts of the 3-alkenols. [ J .  Org. C h em ., 34, to  the E astman Organic Chemicals Catalog L ist 45. ■
1  3650 (1 9 6 9 )] . Check the coupon below if you don’t have the supple- |
g  m ent; second box if you need both catalog and supple- m
| F o r  f  o r m y l a t i o n  m ent. I
■ N ,N -D im ethylthioform am ide ( E astman 11054) E astm an  Organic Chemicals, as well as E astman J
1  The reaction between N ,N -dim ethylthioform am ide and C hromagram® products for thin-layer chrom atogra- f
if amines provides a route to thioformanilides. Typical is phy, can be ordered fro m : ■
| the synthesis of N -(l-n ap h th y l)-N ',N '-d im eth y lfo rm - B& A  N O R T H -S T R O N G  I
if amidine from 1-aminonaphthalene and N ,N -dim ethyl- C U R T IN  P R E IS E R  I
1 thioform am ide in the presence of sodium methoxide. „ „  c A B r ™ T  m r r c v  1
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M . S .  K H A R A S C H

T h irty -fou r years have elapsed since the disclosed that “ the Department of Chemistry of The
appearance of the first volume of The Journal of Organic University of Chicago has recently received the offer
Chemistry. The person who, more than anyone else, of limited financial support for the initiation of a
was responsible for its founding is Morris Selig new publication in the field of organic chemical re-
Kharasch. This issue of the journal, marking the 75th search.” It mentioned also that Dr. Otto Reinmuth,
anniversary of his birth, is dedicated to his memory. an associate of Dr. Kharasch and Editor of the

A full biographical account of Kharasch and his Journal of Chemical Education, would be “willing to
scientific contributions appears in “Vistas in Free undertake the literary and mechanical editing of the
Radical Chemistry,” W. A. Waters, Editor, Pergamon publication.”
Press, 1959. This presentation will attempt to de- This was followed by a second letter, signed by Dr. 
velop such information as is available regarding the Kharasch and dated August 28, 1935, pointing out
start of this journal and the prominent role played by the generally favorable reception to the first letter
Kharasch. To set the stage, however, it will be help- and inviting a group of 34 chemists to serve as mem
ful to record a few details about Kharasch’s life. bers of the Board of Editors. I t  stated that the

He was born on August 24, 1895, at Kremenetz in names on this list were “selected after careful con-
the Ukraine. At an early age he came with his parents sideration, in consultation with members of the
to Chicago where he obtained his schooling. He Executive Committee of the Organic Division and
graduated from Crane High School, Chicago, in 1913, other chemists active in organic research, and are
earned a B. S. degree from The University of Chicago approved by the Executive Committee.” Twenty-
in 1917, and a Ph.D. degree in 1919. He served from seven persons of this group accepted and they con-
1919 to 1922 as a National Research Fellow, then stituted the first Board of Editors. These names
joined the staff of the University of Maryland (As- follow,
sociate Professor, 1922-1924; Professor, 1924-1928).
He returned to Chicago as Associate Professor (1928- G. Bryant Bachman, The Ohio State University
1930,1, then Professor (1930—1936), Carl William Eisen- Werner E . Bachmann, The University of Michi-
drath Professor (1936-1953), and Gustavus F . and gan
Ann. M. Swift Distinguished Service Professor (1953- F . W. Bergstrom, Stanford University
1957 i. He was elected to the National Academy of Marston T. Bogert, Columbia University
Science in 1948. Gerald E . K. Branch, The University of Cali-

Morris Kharasch married Ethel May Nelson in fornia Berkeley")
1923. Their son Robert is a lawyer, and their W. S. Calcott, E . I. du Pont de Nemours and
daughter Elizabeth married Dr. A. David Pearson, a Company
chemist at the Bell Laboratories in New Jersey. A Leonard H. Cretcher, Mellon Institute
nephew, Norman Kharasch, is Professor of Chemistry Nathan L. Drake, University of Maryland
at University of Southern California. Morris died in Vincent DuVigneaud, The George Washington
Copenhagen, Denmark, on October 9, 1957. University

Following the year 1913 when the American Chemi- Henry Gilman, Iowa State College
cal Journal ceased publication as such, American H. L. Haller, U. S. Department of Agriculture
organic chemists had access to but one periodical in Arthur J . Hill, Yale University
this country for their publications, namely, the Charles D. Hurd, Northwestern University
Journal of the American Chemical Society. This fact Walter A. Jacobs, The Rockefeller Institute for
prompted Kharasch to consider the desirability of Medical Research
another outlet, and it is evident that he discussed the John R. Johnson, Cornell University
matter with colleagues shortly after his appointment M. S. Kharasch, The University of Chicago
at Chicago in 1928. Those who were parties to such Charles A. Kraus, Brown University
discussions included R. R. Legault, James K. Senior, C. S. Marvel, University of Illinois
Otto Reinmuth, and Warren C. Johnson, but no doubt Thomas Midgley, Jr., Ethyl Gasoline Corporation
there were many others. Evidently the more he J . A. Nieuwland, Notre Dame University
thought about it the more he became convinced that L. Charles Raiford, The State University of Iowa
something should be done to inaugurate a publication F. O. Rice, The Johns Hopkins University
for papers in organic chemistry. Accordingly, in the H. A. Shonle, The Eli Lilly Research Labora-
early part of 1935 he secured the backing of the De- tories
partment of Chemistry of The University of Chicago R. L . Shriner, University of Illinois
to send a two-page mimeographed letter to a large Lyndon F. Small, University of Virginia
group of chemists, inquiring into their feelings con- Lee Irvir. Smith, University of Minnesota
cerning such a journal if one were started. The letter Everett S. Wallis, Princeton University
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This Board of Editors then sent a report, written the original circular letter indicate the desirability
essentially by Kharasch, to the membership of the of amplifying the former outline of proposed
Division of Organic Chemistry of The American editorial policy.
Chemical Society. Excerpts of this report follow. “While we believe that occasional articles

based primarily on theoretical considerations
“The original circular letter of the Department rather than on original experimental work have

of Chemistry of The University of Chicago, out- a Pr0Per P^ace in the literature, we do not believe
lining a proposal for the establishment of a journal ORGANIC CHEM -
of organic research elicited a response which was ST R Y  should welcome reviews of the pure
84% favorable. compilation type. Acceptable reviews should be

“These preliminary survey figures were dis- both critical and interpretative,
cussed with representatives of The Williams and Furthermore, it should be the particular con-
Wilkins Company, who regarded them as indi- cern Ble ProPosefl journal to encourage and to
eating the fiscal feasibility of the project and report the type of research which aims at the
expressed willingness to undertake publication esta hshment of new generalizations, or the
and guarantee continuation for a period of five cntica examination and modification, or ex
years. Publication estimates were based upon te” ®iI<r)in’ °  °  d ones-
six bimonthly numbers of one hundred pages When an article necessarily describes a partial
each, in approximately the same format as that contri ution to the solution of an extensive
of Chemical Reviews, at an annual subscription problem, some indication of the place of the
price of six dollars. When necessary, numbers 'vork m the broader scheme of research should
of pages and frequency of issue may be increased f glv®n' ccasiona y when a very extensive
either out of excess income or by subsidy. The piece of work has been published piecemeal over
funds at present pledged are sufficient to cover a pe"lod of years’ a summarizing and correlating
editorial expense. arBcAle may be ln order-

“In the belief that such a journal should be Atn aU times experimental work should be re
conducted under the auspices of the American port,ed ln sufficient detal1 to make Possible its
Chemical Society, the Department of Chemistry duplication On the other hand, contributors
of The University of Chicago laid the facts al- sh° u d not be enc,ouraged *> write diffusely or to
ready recounted before President Adams of the indulge m purely Speculallve flights of the
Society and Secretary Shriner of the Division imagination.
of Organic Chemistry. With the encouragement „  ,.IL wlH be the responsibility of the Board of
of their interest and approval the Department Edltors’ ln tO0|,eratl1° n wlth the Policy Com-
then extended to the Division, through the mittee, to maintain the editorial policy outlined
Executive Committee, an invitation to sponsor hef e and in the previ° us clrcu ar letter and to
the proposed journal. referee manuscrlpts submitted for publication-

“At its New York meeting the Executive Com- !f necessary’ ™ th the aid of advice from specialists
mittee unanimously voted to recommend to in vanous e s-
members of the Division that the Division sponsor incerey yours, ;)
the proposed JOURNAL OF ORGANIC CH EM - 1 he Board of Edltors
IST R Y  under the conditions:

From the above it is clear that although the journal 
was sponsored by the Division of Organic Chemistry

(1) that there shall be no financial liability 0f }̂ie American Chemical Society it was in no sense
to the Division, _ owned by the division. Also, it definitely was not an

(2) that the policy of the journal shall be official ACS publication. As to ownership, a letter to
determined by a Policy Committee the Board of Editors in March 1949 by Editor in Chief
composed of five members. Lyndon F. Small mentions “When the Journal was

established, the Waverly Press (of Williams and 
“In the letter ballot of the members of the Wilkins) contracted to publish 600 pages (per year),

Division of Organic Chemistry conducted by the loss if any to be borne by the Press, profits to be
Executive Committee the returns were 92.3% divided equally between the Press and The University
favorable to Division sponsorship. of Chicago. There has to our knowledge never been

“A publication contract embodying the terms any deficit.” 
outlined in the second paragraph of this report Thus, toward the end of 1935, Williams and Wilkins 
has now been executed by The Williams and agreed to publish the journal, bimonthly at the out-
Wilkins Company (Publisher) and The University set. Volume 1, no. 1, an issue of 133 pages, appeared
of Chicago (fiscal representative of the JOUR- in March 1936.
NAL OF ORGANIC C H EM IST R Y ). The first meeting of the Board of Editors of the new

“Some of the comments, suggestions and journal was held in April 1936 at Hotel Muehlebach
qualifications of approval submitted in answer to during the spring meeting of the ACS at Kansas



City, Mo. Eleven board members attended. They offer of “limited financial support” to the Chemistry
elected two members of the five-man Policy Commit- Department of The University of Chicago toward
tee, namely, Henry Gilman and J . R. Johnson. The the initiation of this journal? It is amazing how
contract with The University of Chicago gave the elusive has been the answer to this question. One
university the right to appoint one member, namely, thinks of such possibilities as The Chemical Founda-
M. S. Kharasch. The other two members came from tion or Research Corporation or Williams and Wilkins
the Organic Division, one (M. T. Bogert) elected by Company, but executives of these organizations have
its Executive Committee and the other (R. L. Shriner) assured the writer that they possess no record of any
being the Secretary of the Division, ex officio. Otto such assistance to Dr. Kharasch or The University of
Reinmuth served as managing editor until January Chicago. One thinks of such industries as Du Pont
1940. The journal served without an editor in chief or Lilly with whom Dr. Kharasch was then affiliated
until 1938 when Small became editor, a position that as consultant, but an approach to H. W. Elley or H. A.
he held through 1951. In 1952, George H. Coleman Lubs (of Du Pont) or E . C. Kleiderer (of Lilly),
replaced Small as editor and he served through 1961. persons who were close to Kharasch in these industries,
Frederick Greene assumed the editorship in 1962. emphasized the point that they knew of no industrial

The small profits that went to the university were assistance toward the founding of the journal. One
designated for the use and benefit of the journal. The thinks of The University of Chicago but here again
original contract lasted until January 1, 1940, when the records reveal nothing. W. C. Johnson, vice
the university withdrew. A new contract was drawn president of the university, was particularly helpful
up, essentially the same as the previous one but with in searching university records of the Office of the
three Editor-Trustees replacing the university. The Comptroller and the Minutes of the Board of Trustees
three so named were Bogert, Gilman, and Small. from 1934 to 1937. There was no such gift of record
Again, the contract stipulated that half of any profits made in this period either to the Chemistry Depart-
would go to the publishers and half to the Editor- ment or to the university.
Trustees for use in improving and expanding the Another possibility remains, namely, that Kharasch 
journal. Except for purchase of a $100 typewriter, himself sponsored the offer to help. When ap-
voted by the Trustees to replace the battered family proached about this possibility, Mrs. M. S. Kharasch
machine that Small had been using as editor, not a could offer no information but she did mention that it
penny ever went to a member of the editorial board would be like him not to tell her if he had done it.
during these years. Professor Gilman adds “When Likewise, none of his colleagues that were approached
Small was editor, I know how much ot the secretarial could shed light on the question. The nearest to a
work that Mrs. Small was doing gratuitously.” This disclosure about the source of funds is found in a letter
type of arrangement continued until 1954 when the from Kharasch to Small (then Editor in Chief) dated
American Chemical Society acquired ownership of September 26, 1939, and circulated to all members of
the journal. the Board of Editors. This portion is quoted from the

It was the policy of the American Chemical Society letter: 
in 1935 when the journal started, and vigorously de
fended by its Executive Secretary Charles L. Parsons, , ,, , ,., . . . i ,, j ,  m  , ,  As you doubtless guessed, the subventionto have a single publication outlet. Dr. Kharasch s , , , ,, T . , TT . ., ,i . i . ,, i r TT, t , granted to the Journal by the University anddesire, however, m the words of Warren Johnson, was . , ,,it, ,, T , , . , used to pay the expenses of Dr. Reinmuthto see the new Journal of Organic Chemistry as a , .  ,, ., . !  , , ,  ml . , . (managing editor) does not come out of generalseparate journal with its own identity. This explains . ' T, . , . , - , . ,c r „ r.,n. i 1lrl, ■ university funds. I t  is derived from outsideone reason for selection of Williams and Wilkins as , „ . , ,, , a i-i. ,, , i. t sources and forms part of an annual donationpublishers. Another reason was that Williams and , ., , „  , T1■ , . j  , - I , ,  obtained largely through my own efforts, i  have,Wilkins, m a depression year and at considerable ,, . \ f. , ,, . ,, TT .c • i • i i , ,, j  , , . therefore, a certain obligation both to the Um-fmancial risk, did agree to the undertaking. ., , , ,, , ,  ̂ ._ „ _  , , _ . versity and to the donors to see that this money

I he early years of The Journal of Organic Chemistry .g an(  ̂wjsej g en  ̂ ,,
were scientifically rewarding but certainly not fi
nancially rewarding to the publishers. These were
the times when several members of the Board ap- So the matter rests. Possibly some benefactor, as 
proached friends in industry for funds with which to yet unrecognized, was the person involved, or possibly
pay for more pages. Organic chemists are very much it was Dr. Kharasch himself. One thing is certain,
indebted to Williams and Wilkins Company for its however. Whether his contribution to the founding 
part in keeping the publication alive during these of the journal includes a financial push or not, his
years. They published and printed the first 19 initiative in the conception and his drive in getting it
volumes. In January 1955, in a period of relative successfully started mark him unquestionably as the 
prosperity, the American Chemical Society became founder of The Journal of Organic Chemistry. 
the publisher although Waverly Press continued to
print the issues. Volume 21 (1956) was entirely under „  TT _ . . , „,
ACS auspices where it has since remained. N orthw estern  U niversity

A final point remains. Who was it that made the E van ston , I l l in o is
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The use of iodine in triethylamine is presented as a superior alternative to the commonly used silver oxide pro
cedure for the oxidation of diaziridines to diazirines. However, in acidic media this oxidation is not stoichio
metric. A study of the iodine-iodide ion redox system with 1,1-hydrazicvclohexane disclosed that a catalytic 
cyclic process is operative and leads to disproportionation of the diaziridine. Conversely, overconsumption of 
iodine under conditions of rapid titration is also possible, perhaps owing to the formation of an N,N'-diiododiaziri- 
dine intermediate. A variety of simple diazirine-containing aliphatic acids, acid chlorides, esters, alcohols, ace
tals, aldehydes, amines, amides, etc., were prepared either from the corresponding ketone or by subsequent trans
formations. The diazirine group was stable to a variety of reagents. The physical properties (pK a, uv, ir, nmr) 
of some of these functionalized diazirine-containing molecules are discussed. The effect of the diazirine function 
on pKa is approximately comparable with that exerted by a keto group or a unlorine atom, but it is less diminished 
by increasing distance.

Considerable interest has been generated by the S c h e m e  I

diazirine and diaziridine groups since their unequivocal 0  (b)
discovery about ten years ago.2 In continuation of our II (a) HNs^NH Agj0 or
study concerning the effect of the diazirine group on | | n̂Hj Nhusoji^ f ' N  Ii'pH>7> ( |
biological activity,1 we have found it necessary to pre- ^ '  r ^ + v—A
pare a variety of small, otherwise functionalized mole- 1 + /  2 3
cules which contain this group. In addition to the /  I
preparation of some of these compounds, we report *  (e) +1* + ( 0 /  (g)!_r>
herein our observations concerning the compatibility of r  j-  ~l ,, /  s
the diazirine group with a number of common chemical + >~\ > 1
reagents and certain interactions between the diazirine 2 N /  H N\ / N I 1 1
group and neighboring functions. A subsequent re- | ] | j i!d___ ► f [j
port3 will describe some of the biological properties of _ [_
these and derived compounds. 4 5 6

The diazirine group is generally introduced by oxida
tion of the diaziridine obtained from  the corresponding (¡) +2H*
ketone b y  treatm en t with am m onia and hydroxyl- 
amine-O-sulfonic acid or chloram ine (Scheme I ) . U s
ually, the oxidation (reaction b) is effected by silver r- j -
oxide which, however, is not an entirely satisfactory  H3N\^.NH2 (j) HOs^NH3 {k)
reagent for this purpose. C ertain  functional groups, + h ;o  i - n h , (
amines in particular, interfere with the reagent. F u r- I I  I I  - h+ *
therm ore, preprepared silver oxide which is sufficiently L J  L _
active is rath er difficult to  obtain and, when prepared 7 8

(1) Diazirines. I: R. F. R. Church, A. S. Kende, and M. J. Weiss, J. s{lu (addition of Sodium hydroxide to a Solution of
Amer. chem. Soc., 87,2665 (1965). nq-qv silver nitrate and the diaziridine in water or aqueous(2) (a) H. J. Abendroth and G. Hennch, Angew. Chem., 71, 283 (1959;, . . ,. -i
(b) s. r . Paulsen and g. Huck, Chem. Ber., 94, 869 (1961); (c) e . Schmitz methanol), several competing side reactions are possible,
and r . ohme, Md.. 94,2166 (1961). This oxidatior is often sluggish and, since water appears
h£ £  P' "■ to be the most appmpriate solvent, the reeovery of

r . ' -  ■
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water-soluble products is troublesome. Probably the Scheme II
most pressing argument against the use of silver CH, CH3 CH
oxide is the potential explosive character of the silver I | |
mirror formed on the reaction vessel as the oxidation N

There is a report describing the use of bromine in \ ^  \\ ~H*
basic media for this oxidation,6 and we have found io- ) )  ) )  \ \
dine to be at least as useful. This reaction (b in Scheme Jr  . JLr
I, pH > 9), which is quantitative and nearly instan- 0  \  bN :NH N=N
taneous, can be carried out by the addition of solid 9  \ 10 n
iodine to a methanolic solution of the diaziridine which CH3
contains at least one equivalent of triethylamine. j
After the red color of iodine has persisted for a few sec- Jj-
onds, the oxidation is completed by titration with a
saturated methanolic solution of iodine (about 0.4 M). \
An important advantage of this method is the apparent ) J>
absence of side reactions. The method can be used not Jr
only in the presence of virtually all functional groups, NOH
but the intermediate diaziridine need not be purified or 12
even isolated from the methanolic reaction medium in S S
which it is formed. The only precaution necessary is / /  /t
the complete removal of ammonia prior to adding
iodine in order to avoid formation of nitrogen triiodide.6 \ \ \ \

In contrast to this reaction, in which iodine in alka- ! /  ] /
line media oxidizes the diaziridine function, is the reac- 7
tion in which iodide ion in acidic media reduces this 
group.2a The latter reaction (c in Scheme I) is typical "
of diaziridines and is the basis for the standard qualita- 0  ___
tive test for the group. J L  ' X '  ' X ' 1

We carried out a brief investigation of these reactions [ J -ft* j j l }
with 1,1-hydrazicyclohexane7 (2) as model substrate. N /  JxJ
When 2 was titrated with iodine the oxidation reaction q N = N  R
b (to the diazirine 3) was rapid and stoichiometric at 15 16 ]7
pH values above ca. 9. On the other hand, the reaction f
was not stoichiometric at pH 7 or below, the amount
of iodine consumed being dependent upon the rate of . , , , , , ,  ,, . . , . .■ Tf i j  • 3 ried out slowly, an additional pathway, which is opposediodine addition. If titrated rapidly (within 1.5 mm) , . J ’ ,. ’ I',
at pH 5.0, the consumption of iodine exceeded (up to °  lod™ overconsumption, becomes operative. Thus, 
15%) the stoichiometric requirement. When the titra- tbe odld? lon by steps e and f can at acid pH,
tion was carried out slowlv less than stoichiometric attack the Protonated diaziridine 4 resulting in ring
ouantities of iodine were consumed In fact in acidic sclssl0n to 7 wlth ultimate hydrolysis through 8 toU UdillllbiCb v/1 luUlIiC V> C1C bUlIolilllCtl. Ail idbl. ill diV/Uilv i i  . « . . , • »
media, catalytic quantities (0.05-0.1 molequiv) of iodine cyclohexanone 1 and the concommitant generation of
or iodide ion caused complete disappearance of the di- !odonium f ! '  + The formation of lodomum ion estab-
aziridine if the reaction mixture was allowed to stand llskes, a catalyta3 P^cess (reactions e and f, then d, i,
sufficiently long (e.g., ca. 30 min, pH 5.0, 24°). aad J> and’ to the ef.tent ^  thls P™cess can assert it-

These results can be rationalized as follows. In basic self, underconsumption of iodine will result, 
media the oxidation proceeds as pictured in Scheme I, Although no concrete evidence can be presented for
via steps e and f, and involves the consumption of tbe existence of 6 ’\lts Pre“ nf  for a finlte would
one iodine molecule and the generation of two iodide all°w overconsumption of iodine to occur as long as
ions. Step f requires proton elimination and thus it ^dme elimination from it is sufficiently slower than the
should be favored in basic media and inhibited in rate of its formation. However, the lifetime of 6 must
acidic media. We suggest that in the latter circum- be rek tlvey  short under the conditions of the cyclic
stance a second iodination reaction, h, to form 6, may Procef s; ° tberwii*  ™dme concentration would be re
participate, resulting in the overconsumption of iodine, duced and the catalytlc reactl0n would be slowed or
as was observed in the rapid-titration experiment at s <̂PPe , '  .
pH 5. However, when the titration at acid pH is car- , have previously noted that the conversion of

ketones to JM,N -unsubstituted diaziridines is subject to
(4) Silver mirrors produced by Tollens reagent, as well as the reagent it- _ „ , „„ . .  __________„ ,

self, are notoriously explosive, probably owing to reaction of silver ion and . %  ' * 1 SC ' . e ' pm‘' ’ ,J ), ort e prepara-
ammonia. Since similar conditions are potentially present in diazirine 3,3-dxfluorod.az.nne (..) rom b.s(d.fluorammo)difluoromethane
preparations with silver oxide, prudence dictates that they be avoided, par- thr°U«h0 ™lat*d Also see W. H. Graham, J .  Org. Chem .,
ticularly on a large scale 30, 3108 (1965), for a discussion of species such as m, which are postulated

(5) H. Kato and M. Ohta, BvU . Chem . Soc. J a p . ,  35, 2048 (1962). as example’ in the reaction of dî loramine with imines
(6) Ammonia can be removed completely by partial evaporation of the prepare iazinne-

methanolic reaction medium (in the case of carboxylic acids, one equivalent p ^__p p ^
of triethylamine is added prior to evaporation of ammonia). If nitrogen \^/ J \  - / n — R
triiodide is indeed formed as a result of incomplete removal of ammonia, it /  \ I J \  II H2C^ |
can be detected as an insoluble silvery black precipitate. F N F F N N—Cl

(7) E. Schmitz, R. Ohme, and R. D. Schmidt, Chem . B er ., 95, 2714 (1962). i ii iii
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S c h e m e  I I I

I \ ~ N No N
CH3C(CH2)nCH2OH —* CH,C(CH,)„CH2OH —*• CH3CCH2CH,OTs

18, re =  1,2 19, re =  1, 2 20

It 1

I V  Nv s  / — \
CH3C(CH2)nCOOH — ► CH3C(CH2)„COOH CH3CCH2CH2N NCH3

21, re =  2 -4  22, re =  1-4 23  N— /

a) «-phenyl, n =  2 a ) a-phenyl, re =  2
b) w-carboxymethyl, re =  2 b) w-carboxymethyl, re =  2

It

N_H 0 N _ N 0

CHACH^CCl — CH3CCH2CH2COR
24, re =  1-4  25

I I
N_ N 0 n- N  0

ch3cch2ch2cnr2 ch3cch2ch2cnhnh2
26 \  27

j X
N- N N- N /  \

ch3cch2ch2nh2 ch3cch2ch2ch2n >
28 29

I ^ O R  NV N __OR
CH3aC H 2)„CH —  CH3C(CH2)„CH — -  CH3C(CH2)„CHO

X OR UR 32, re =  1-2
30, re = 0 -2  31, re = 0 -2

serious electronic and steric restrictions.1 For example, smoothly converted to the corresponding diazirinesa,(3 unsaturation, or an adjacent grem-dimethyl group, (see Scheme III and Table I). The homologous series
prevents reaction with steroid 3-ketones,1 and ace to- of ke to alcohols 1813 and ke to acetals 30 readily undergo
phenone affords a diaziridine by an indirect reaction in this transformation. The homologous series of keto
only 9% yield.20-9'10 The present investigation further acids 21 (n > 1) also afford the diazirines 22 (n >  1),
confirms the observation that this reaction of ketones but, when the conversion of 21 (n = 1) was attempted,
with ammonia and hydroxylamine-O-sulfonic acid is no diazirine was obtained. This diazirine acid (22,
not generally applicable. Thus, we were unable to n — 1) is, however, available by chromic acid oxida-
effect the transformation of cyclopentanone,11 qui- tion14 of the diazirine alcohol 19 (n = 1).
nuclidin-3-one, and dicyclopropyl ketone to the cor- The diazirine function is compatible with a variety 
responding diazirines. Furthermore, attempts to con- of reagents, so that transformation of the other func-
vert tropinone (9, X  = NCH3) to the diazirine (11, tional group proceeds cleanly affording additional types
X  = NCH3) gave only the oxime 12, despite the fact of diazirine-containing molecules. Thus, the azo-
that the 8-thia analog 13 (X  = S) is reported12 to butanol 19 (n = 1) was converted to the tosylate 20,
afford the diazirine 14 (X  = S) in relatively good yield which in turn reacted smoothly with N-methylpiper-
(Scheme II). Also, the reaction with cyclohexane- azine to give amine 23. Similarly, the acids 22 pro-
1,4-dione 15 failed to yield the bisdiazirine 16; after vided the corresponding acid chlorides 24,15 useful for
numerous attempts we could isolate only 4,4-azocyclo- the preparation of esters, e.g. ,  25 (R =  benzyl) and
hexanone oxime (17) in 1-2% yield. amides 26. Fisher esterification of acid 22 (n = 2)

Nevertheless, a considerable variety of relatively afforded ester 25 (R = methyl).15 Incidentally, the
simple ketones bearing other functional groups can be acid chlorides could be obtained directly from crude

diazirine acid preparations. They constituted useful
(9) Extensive review: e . Schmitz, Advan. Heterocyd. chem .. a , 83 (1963). i n t e r m e d i a t e s  f o r  t h e  p u r i f i c a t i o n  o f  t h e  d i a z i r i n e  a c i d s ,
(lOj Schiff base iv reacts with m onomethylam ine and hydroxylamine-O- s i n c e  t h e  b o L i l l g  r a n g e s  o f  t h e  a c i d  c h l o r i d e s  a l l o w e d

sulfonic acid to yield i-methyi-3-phenyidiazindme m 77% yield,3a but this lower distillation temperatures and, therefore, much
compound is not a diazirine interm ediate. . . . .  -r*less thermal decomposition. Recovery oi the acid by

P h C H = N — CH i
IV (13) See E. Schmitz, C. Horig, and C. Grundem ann, Chem. Ber., 100, 2093

(1967), for the preparation and properties of a series of a-hydroxydiazirines.
(11) This observation parallels our finding1 th a t  certain steroid 17-ke- (14) F . L. M. Pattison, J . B. Stothers, and R . B. Woolford, / .  Amer. Chem.

tones are unreactive. Soc., 78, 2255 (1956).
(12) J . J . Eubel and J . C. M artin , J . Amer. Chem. Soc., 86, 4618 (1964). (15) F o r additional examples, see ref 3.
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hydrolysis of the acyl halide was thence straightfor- rapidly as more than one methylene group intervenes 
wai-d- between the functions. In the infrared, these groups

Amines could be obtained not only by displacement cause a weak hypsochromic shift (at most 0.04 N) of the
of the tosylate as previously mentioned, but also by diazirine absorption. The reciprocal effect by the
application of the Hofmann hypobromite reaction diazirine function on the neighboring groups is even
(synthesis of 28) and by diborane reduction of disub- weaker. These infrared effects disappear entirely with
stituted amides (synthesis of 29). However, diborane the intervention of more than one methylene group,
reduction of the unsubstituted amide 26 (R = H) was In previous reports, 1,12 it was shown that the di- 
not successful because of concommitant reduction of azirine group exhibits a very high degree of magnetic
the diazirine function. On the other hand, diborane anisotropy. This effect does not carry over to the more
reduction of the carboxylic acid group was sufficiently flexible noncyclic aliphatic series. In fact, relative to
rapid to allow the clean reduction of 22 (n =  2) to the methylene, the diazirine function exhibits virtually no
diazirine alcohol 19 (n =  2). shielding or deshielding effect on adjacent methyl

The homologous series of acetals 31 could be trans- groups, resonance for the protons of which was noted
formed to the corresponding diazirine aldehydes 32 at S 1 05 ±  0.02 [four out of five examples; in the fifth,
when n >  0. However, 31 (n =  0) was inert to dilute 3,3-azobutanal (32, n =  1), it was at 1.15].
acid, as in the corresponding keto acetal 30 (n =  0).

In general, the various diazirines were found to be „  . . „ .
stable to storage of several months or longer, the only xpenmen a ec ion
exceptions being the C 4 and C 5 acids 22 (n  =  1, 2), G eneral— Melting points were measured in a Mel-Temp ap-
which darkened considerably and partially liquefied paratus in open sapillary tubes and are corrected. Ultraviolet
even when stored at - 1 0 °  in the solid state. ^pect'a were determined with a Cary recording spectrophotometer

, . , . - . . (Model 14), and infrared spectra were determined on a Perkin-
The electron-withdrawing character of the diazirine Elmer spectrophotometer (Model 21 ). Nmr spectra were ob- 

group is apparent when the pK & of a series of diazirine tained on a Varian Model A-60 spectrometer in deuteriochloro-
acids is considered (see Table II). The effect on the form using tetramethylsilane as internal standard. Solutions

were dried with anhydrous sodium sulfate except where noted 
and evaporations were carried out at reduced pressure. Boiling 

T a b l e  II points are uncorrected.
E f f e c t  o f  t h e  D i a z i r i n e  G r o u p  a n d  O t h e r  R e p r e s e n t a t i v e  Oxidation of 1,1-Hydrazicyclohexane (2). Titration with

F u n c t i o n a l  G r o u p s  o n  t h e  pifa0 o f  A l i p h a t i c  A c id s  Iodine. The direct titrations of 1,1-hydrazicyclohexane were
nur y  t n t j  r ,„ n tr  carried out in appropriately buffered aqueous solutions using

^  |T  k )'1 OOOH 0.094 N  methanclic iodine solution at 24°. The pH’s of the solu-
-------------------------- ptG-------------------------- - tions were determined at the beginning and end of the titrations

x  7j = l 2 3 4 an(j were found to vary not more than 0.4 pH units, becoming
CH2 4 .8  4 .8  4 .8  4 .8  progressively more acidic. The titrations were followed either

by the appearance of a persistent iodine color (using starch indi- 
Nr ~ )N 3 .9  4 .4 6 4 .5  4 .7  cator) or potentiometrically using a platinum electrode vs. a
_ c _  calomel electrode.

0 For the study of the catalytic process, appropriately buffered
3 .6  4 .6  4 .8  aqueous solutions of 1,1-hydrazicyclohexane were treated with

— C— 0.05 mol equiv o: iodine at 24°, aliquots were removed and made
Cl strongly basic with aqueous sodium hydroxide, and the remaining

_4 .2  4 .4  4 .6  diaziridine was titrated potentiometrically using 0.094 N  metha-
9 nolic iodine solution. After correction for the immediate rapid

consumption of 0.05%  of the initial diaziridine, the disappearance 
4 4  4 7  4  g of diaziridine follows first-order kinetics. The results are sum-

__CH_c marized in Tables III and IV.

a The pAVs were determined b y  titration in aqueous solution T a b l e  III
at 25°. b The pK a of compound 22a, containing an a-phenyl
group, is 3.9. c The pK a of a-phenylpropionic acid is 4.3. T i t r a t i o n  o f  1 , 1 - H y d r a z i c y c l o h e x a n e  (2 )

Elapsed time
for titration, Moi equiv of

carboxylic acid proton is roughly comparable with that ExPt no. pH min i, consumed
exerted by a keto group or a chlorine atom, and is still l ll .0  3 0 +  0 .99
detectable through three and possibly four intervening 2 1 1 .0  3 1 .00
methylene groups. (It is interesting that, in one in- 3 8 .9  ±  0 .1  3 0 +  1 .00
stance, 4,4-azo-2-phenylpentanoic acid (22a), a cumula- 4 8.9 ±  0 .1  3 1 .01
tive effect obtains when the acid is substituted by both jj 5 0 ± o i
an a-phenyl and a 7 -azo function.) A further mani- 5 0 ±  0 1 5 0 77
festation of this electron-withdrawing effect is observed g 5 0 ± 0 1  2 0  1 1 0
by comparison of l-amino-3,3-azobutane hydrochloride 9 5 0 ± 0 . 1  1 .5  1 .15
(28 HC1 salt, pK& =  9.35) with 1-aminobutane hydro-
chloride (pKa = 10 7) Probably the inability to General Method for ^  Synthesis of Diazirines. Synthesis 
hydrolyze the azo acetal 31 (n = 0) in the presence of of 3)3_Hydrazibutanol-l.-A solution of 11.2 g (0.13 mol) of
dilute acid can also be attributed to this effect. 3-ketobutanol-l (18, n = 1) in 200 ml of liquid ammonia was

The weak, but characteristic, ultraviolet absorption stirred for a 5-hr period at reflux temperature. The solution 
of the diazirine group occurs as a double peak at 351 ±  1 was t -̂en co°kd :n a Dry Ice-acetone bath and a solution of 16 g

. 0  , tit 1 „ , ,  „ , ____ ,___(0.15m ol)of hydroxylamme-O-sulfomc acid in 100 ml of methanol
him and 368 ±  2 mM. We have noted a hypsochromic ^  a(Jde(j ovJ a 30/min period. The cooling bath was removed)
shift of up to  2 7  rcifi in  th e  p resen ce  of neigh borin g the mixture was stirred at reflux (Dry Ice condenser) for about an
electron -w ith d raw in g  groups, th e  effect d im inishing hour, and the ammonia was allowed to evaporate overnight. The
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T able IV above for the preparation of diaziridines to give a brown oil which
„  r. .... on partition chromatography afforded 740 mg of a single crystal-

ate of iSAPPEAJtANCE of ia iridi a line product, recrystallized from methylene chloride-hexane to
24 U sing O.Oo M ol E qciv of I2 yield 592 mg of tropinone oxime as short blunt needles: mp 111-

Mo of 113°;17 uv end absorption only; ir (K B r) 3 .38, 3.55, 6.04 (weak),
Expt Time, diaziridine 9.94, 10.70, 13.25 p.

no' pH Catalyst Mol equiv mm zema.mng ^  Calcd for C8H„N20 :  C, 62.31; H, 9 .14 ; N, 18.17;
1 2 .6  ± 0 . 1  I2 0 .0 5  0 .0  0 .585  mol wt, 154. Found: C, 61.98; H, 9 .42 ; N, 17.94; mol wt,

0 .7  0 .5 6  170 (CHClj).
1 .5  0 .2 5  A 3-g sample of the crude mixture oxidized by method B of the
2 .5  0 .1 7  general procedure afforded 8 mg of tropinone, mp 40-41°, as the
5 .0  0 055 only characterizable product.

10 0 0 01 4,4-Azocyclohexanone Oxime (17).— A solution of 890 mg of
o c n _i_ n 9 T n ru, n o  n -Q  cyclohexane- 1,4-dione (15) was added to 100 ml of methanol

' 2 0 ' n 47 saturated at 0° with ammonia, and the solution was stirred 1.5
2 9 '4 ' h r a t 0 ° ± 2 ° .  A solution of 1.80 g of hydroxylamine-O-sulfonic
® 0 .c 8 acid in 10 ml of methanol was added dropwise and the resulting

10 0 .2 4  solution was stirred 2.5 hr at 0° and filtered. The filtrate was
20 0 .132  evaporated to a volume of about 50 ml and oxidized according
30 0 .0 6  to oxidation method B . The oily residue obtained after evap-

3 6 .8  ± 0 . 1  I2 0 .0 5  0 0 .5 9  oration of the solvent was chromatographed on 7 g of silica gel.
5 0 .56  Elution with 150 ml of 5%  ether in benzene afforded 66 mg

20 0 55 (5-4% ) of product, which was recrystallized from ether-hexane
q r2 in fine needles, 23 mg, mp 88-89°. The compound is poly-

10.  n r n  morphic, the needles initially obtained slowly changing to sugar-
125 U" U like crystals: mp 87-98°; uv X^L°" 347 mp ( e 97), 362 (83); ir

4 9 1  12 0 05 0 0 58 (KBr) 3 .1 5 ,3 .2 5 ,6 .0 ,6 .3 4 p.
10 0 56 A nal. Calcd for C,H9N30 :  C, 51.78; H, 6 .52 ; N , 30.20.
20 0 .5 6  Found: C, 52.15; H, 6.57; N, 30.30.

100 0 .5 5  4,4-Azopentanol-l (19, n =  2) (by Diborane Reduction of 4,4-
5 5 .0  ±  0 .2  K I 0 .8  0 0 .5 4  Azopentanoic Acid).— A stirred solution of 918 mg of 4,4-azo-

5 0 .0 3  pentanoic acid (22, re =  2) in 35 ml of dry tetrahydrofuran was
6 5 0 ±  0 2 K I 0 1 0 0 54 treated dropwise with 5 mmol of diborane in tetrahydrofuran.

5 0 "6  The resulting solution was stirred at room temperature for 0.5 hr,
90 0 03 water was added cautiously to destroy excess reagent, and the

solution was diluted with brine. The layers were separated and 
the aqueous layer was extracted with two small portions of ether, 

resulting slurry was filtered and the filter cake was washed with The combined organic portions were washed with aqueous sodium 
several portions of methanol. All washings were combined with bicarbonate and brine, then dried, and evaporated. The residue 
the original filtrate and the solution (about 200 ml) was concen- was distilled, yielding 306 mg of a colorless, mobile liquid with bp
trated to about 60 ml; no odor of ammonia could be detected. 61° (5 mm). This product was spectroscopically identical with
The 3,3-hydrazibutanol thus prepared was oxidized without that prepared from 4-ketopentanol-l (18, re =  2) by the general 
further work-up. method described for the preparation of diazirines (Table I) .

Preparation of Diazirines by Oxidation of Diaziridines. 3,3-Azo-l-(p-toluenesulfonyloxy)butane (20).— A solution of
Method A. With Iodine-Triethylamine. Synthesis of 3,3-Azo- 1 0 .1 g of 3,3-azobutanol-l (19, re =  1) in 80 ml of pyridine was
butanol-1 (19, re =  1).— The crude methanolic solution of 3,3- cooled and 20 g of p-toluenesulfonyl chloride was added in por-
hydrazibutanol-1 (prepared as described above from 40 g, 0.45 tions. The solution was stirred at 0 -10° for 2 hr and allowed to
mol, of 3-ketobutanol-l) was diluted with 200 ml of methanol, stand at 4° for 16 hr, and poured into a mixture of 150 ml of con-
cooled in an ice bath, and treated with 60 ml of triethyh.mine; centrated hydrochloric acid and 600 g of ice. The oily layer was
this was followed by addition of solid iodine at a rate of ~ 1  g /  extracted into ether and the ethereal extract was washed with cold
min. Iodine reduction was virtually instantaneous. After 68 g dilute hydrochloric acid, cold dilute sodium hydroxide, and brine
(0.27 mol) of iodine had been added, the red color of excess iodine and then dried. After evaporation of the ether, the residue was
persisted. The solution was concentrated to about 250 ml and recrystallized from ether-petroleum ether to afford 17.55 g (70% )
then diluted to about 800 ml with brine. The solution was ex- of product with mp 2 5 .5 -28°; uv X“ °°H 225 mp ( « 1200), 256-
tracted with several portions of ether, and the combined extracts 273 (multiplet, 400-550), 342 (75), 360 (57); ir (K Br) 6.25, 8.42,
were dried and concentrated to about 50 ml. The residue was 8.5, 1 0 .3 ,1 1 .1 , 15.2 p .
distilled, yielding 16.0 g (35% ) of 3,3-azobutanol-l (19, re =  1) A nal. Calcd for CnH„N20 3S: C, 51.96; H, 5 .55; N , 11.02; 
withbp 32° (0.3 mm). S, 12.59. Found: C, 51.65; H, 5 .70; N, 11.02; S, 12.26.

Method B. Oxidation with Silver Oxide.— The methanolic N-Methyl-N'-(3,3-azobutyl)piperazine (23).— A solution of 5 
solution of 3,3-hydrazibutanol-l, prepared as described above, g of 3,3-azo-l-(p-toluenesulfonyloxy)butane (20 ) and 4 ml of N-
was added with stirring and ice cooling during 10 min to a sus- methylpiperazine in 40 ml of dimethylformamide was heated at
pension of silver oxide in water (freshly prepared by the addition 82° ±  2° for 6 hr, then held 16 hr at room temperature. The
of a solution of 34 g or silver nitrate in 100 ml of water to 200 ml solution was diluted with 150 ml of water, acidified (HC1) to
of 4%  aqueous sodium hydroxide). The resulting slurry was congo red, and extracted with ether. The aqueous nhase was
filtered through Celite15 and the filtrate was treated with brine. made strongly basic (NaOH) and extracted with several portions
The precipitated silver chloride was removed by a second filtra- 0f ether. The combined extracts were dried (KOH), the ether
tion through Celite.15 The colorless solution was extracted with was evaporated, and the residue was distilled, the fraction boiling
several portions of ether and methylene chloride. The combined at 33-50° (2-15 mm) being collected. Redistillation, 47° (2
extracts were concentrated to about 40 ml and the residue was mm), afforded 1.48 g (40% ) of amine 23: uv x”;°H 349 mp (e 55),
distilled, yielding 5 .14 g (40% ) of 3,3-azobutanol-l with bp 3 6 4 (3 7 ); ir (neat) 3.40, 3.56, 6.26, 7.80, 8.60, 9.90 u.
42 .5-44° (5 .5 -6  mm). This material was spectroscopically A nal. Calcd for O H ,8N<: C, 59.34; H, 9 .89 ; N, 30.86.
identical with that prepared by method A. Found: C, 59.64; H, 9 .70; N , 30.08.

Tropinone Oxime (12). Attempted Preparation of 5,5-Azo- 3,3-Azobutyric Acid (22, re = 1).— To a solution of 16 g of 
tropane (13, X =  NCH3). A solution of 6.21 g of tropinone (11, chromic acid in 180 ml of acetic acid-water ( 5 :1) at 3° was added
X  =  NCHj) in 20 ml of methanol was added to 40 ml of liquid dropwise 7.0 g of 3,3-azobutanol-l (19, re =  1). The solution
ammonia and stirred at reflux for 1.5 hr. The solution was then was stirred 45 min at 3 ° , then at room temperature overnight,
treated with 13.2 g of hydroxylamine-O-sulfonic acid as described The solution was diluted with 500 ml of brine and extracted with

(16) Celite is the  tradem ark  of the Johns-M anville  Co. for diatom aceous (17) Lit. 110-111°: E . Otiai, K , Tuda. and K. M urakam i, J . Pharm.
ea rth  silica products. Soc. Jap., 57, 407 (1937).
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several portions of ether. The combined extracts were washed of 3 N  sodium hydroxide at 5°) was added 6.22 g of 4,4-azo-
once with brine and the solvent was evaporated. The residue pentanamide (26, R  =  H ). The solution was stirred 2.5 hr at
was distilled to afford 2.8 g (35.1% ) of product with bp 44° (0.15 0 -2 0 ° , then warmed slowly to 45°, a t which temperature a mild
mm) as a yellow liquid. Redistillation, 48° (0.18 mm), afforded exothermic reaction began, the temperature rising to 60°. The
a colorless oil that crystallized at —20°: mp - 2 - 3 ° ;  uv xL'.'f" 343 solution was distilled and the distillate (about 20 ml) was collected
m^ (e 66), 359 (51); ir (neat) 3 .3 , 5.80, 6.26 n- This material is in 20 ml of 3 N  hydrochloric acid. The distillate was made
unstable, becoming yellow after standing at room temperature for strongly basic (NaOH) and extracted with several portions of
several hours. Storage for several weeks in the solid state at ether. Treatment of the dried ethereal solution with hydrogen
— 10° affords a bright yellow oily solid. chloride afforded the product as thin glistening plates, 2.49 g

A nal. Calcd for C,H6N20 2: C, 42.10; H, 5 .30; N, 24.55. (34% ), with mp 170-172°; uv 344 mM (« 58) 360 (48)- ir
Found: C, 43.88; H, 6 .19; N , 23.48. (K Br) 3.35, 6.3 n-

4.4- Azopentanoyl Chloride (24, n  =  2).— A solution of 12.4 g of A nal. Calcd for C(H10C1N3: C, 35.43; H, 7 .43; N, 30.99.
4,4-azopentanoic acid (22, n =  2) and 15.4 g of oxalyl chloride Found: C, 35.84; H, 7 .81; N, 30.61.
was allowed to stand for 16 hr protected from atmospheric N-(4,4-Azopentyl)piperidine (29).— To 16.7 ml of 1 M  sodium
moisture. The solution was distilled, affording 12.4 g (88% ) of borohydride in tetrahydrofuran cooled in Dry Ice-acetone was
product with bp 38° (5 mm); uv X̂ '“ "3 4 1  mix (e 84), 358 (80); ir added 1.95 g o: N-(4,4-azopentanoyl)piperidine [26, (R)2 =
(neat) 5 .57, 5 .78, 6.3 »■ (CH2)5] in 10 ml of dry tetrahydrofuran. The temperature re-

A nal. Calcd for C5H7C1N20 :  C, 40.97; H, 4 .81 ; Cl, 24.17; mained between 0 and 6° throughout. When the addition was
N , 19.11. Found: C, 41.11; H , 4 .90; Cl, 24.15; N , 19.28. complete, the solution was refluxed 20 min, then cooled in ice, and

Basic aqueous hydrolysis of this acyl halide afforded a 90%  treated carefully with 2.5 ml of 6 N  hydrochloric acid. Thesolu-
yield of 4,4-azopentanoic acid, identical by boiling point, melting tion was warmed briefly, diluted with 50 ml of water, made strongly 
point, and spectral data with the starting 4,4-azopentanoic acid. acidic (HC1), and extracted with several small portions of ether.

Methyl 4,4-Azopentanoate (25, R =  CH3).— A solution of 8.0 After evaporation of the solvent, the residue was added to 40 ml
g of 4,4-azopentanoic acid (22, n  =  2) in 50 ml of methanol was of 1 TV hydrochloric acid and the solution was heated on the steam
treated with hydrogen chloride and allowed to stand for 16 hr. bath for 1.5 hr. The cooled solution was extracted with ether,
The solution was poured into dilute sodium bicarbonate solution then made strongly basic with solid sodium hydroxide, and ex-
and extracted with ether. The combined extracts were washed tracted with ether. The dried ethereal extracts were evaporated,
(N aH C03) and dried. After evaporation of the solvent, the and the residue was distilled, yielding 338 mg of the product
residue was distilled to afford 6.26 g of ester having bp 45° (5.5 (18.6% ): bp 60-62° (3 mm); uv X ^°H 349 mM (e 59), 365 (95).
mm); uv X ^ ”1346 m^ («60), 362 (50); ir (neat) 5.75, 6.32, 8.35, A n al. Calcd for CwHioNj: C, 66.25; H, 10.57; N , 23.18.
8.50 n. Found: C, 66.66; H, 10.78; N, 23.07.

A nal. Calcd for C6Hi0N2O2: C, 50.69; H, 7 .09; N, 19.71. 3,3-Azobutyraldehyde (32, n =  1).— A solution of 4.86 g of
Found: C, 51.03; H, 7 .36; N , 19.46. 3,3-azo-l,l-dimethoxybutane (31, n =  1) and 0.5 ml of concen-

4.4- Azopentanamide (26, R  =  H).— To 160 ml of concentrated trated hydrochloric acid in 30 ml of acetone-water (3 :1 )  was al-
ammonium hydroxide at 0° was added slowly with good stirring lowed to stand 16 hr at room temperature. The solution was
17.5 g of 4,4-azopentanoyl chloride (24, n =  2), the temperature saturated with salt and extracted with ether. The extracts were
being kept below 10°. The resulting mixture was extracted with washed with brine, dried, and evaporated. The residue was
methylene chloride; the extracts were washed with brine and distilled, affording 2.0 g (65.2% ) of aldehyde, bp 45-56° (35 mm),
evaporated. The crystalline residue was recrystallized from Redistillation at 49-49 .5° (37 mm) afforded a pure sample: uv
methylene chloride-hexane to afford 11.9 g of the product: mp X^'°H 344 mu (e 25), 360 (20); ir (neat) 5.77, 6.27 n; nmr 5 1.15
8 9 .5 -91°; uv X ^ T  348 mM (e 64), 363 (55); ir (K B r) 2.97, 6 .02, (C H ,-).
6.11, 6.35 m (shoulder). A n al. Calcd for C J I 6N20 :  C, 48.97; II, 6 .16 ; N, 28.55.

A nal. Calcd for C5H9N30 :  C, 47.23; H, 7 .13; N, 33.06. Found: C, 49.64; H, 7 .36; N, 26.30.
Found: C, 47.04; 11 ,7 .12 ; N , 33.11. The semicarbazide of 3,3-azobutyraldehyde had mp 103-

N-(4,4-Azopentanoyl)piperidine [26, (R )2 =  (CH2)5[.— To an 104.5°. 
ice-cooled solution of 5 g of 4,4-azopentanoyl chloride (24, n =  A nal. Calcd for C3H9N50 :  C, 38.70; II, 5 .85 ; N , 45.14.
2) in 300 ml of benzene was added dropwise 10 ml of piperidine Found: C, 38.73; H, 6 .00; N, 45.24. 
with the temperature maintained below 25°. The mixture was 
stirred 16 hr, then treated with 60 ml of water, and shaken well;
the layers were separated. The organic phase was washed twice Registry No.— 12, 1515-26-0; 17, 25055-81-6; 19,
with 2 N  hydrochloric acid and once with dilute sodium bicar- n  _   ̂ 25055-82-7' 19 n  =  2 16297-94-2' 20 25055-
bonate and dried. After evaporation of the solvent, the residue „ . „ , ic o n 7  n c  Q . ’ n  o ’o c n cc  o c  i
crystallized at Dry Ice temperature and was recrystallized from 8 4 ' 9 > 2 2 ' n  =  } ’ 1n6̂ 7 ' 9o; 3 ;  2 2 ’ "  =  no’n ^ ' ^ ' 8 ’
petroleum ether a t —20 to —60° to afford 5.25 g of fine needles, 22, n — o, 16297-97-5; 22, n — 4, 25080-63-1; 22a,
with mp 9-11° after drying at high vacuum. 16297-96-4; 22b, 16297-98-6; 23,25055-89-4; 24, n  =  2,

Anal. Calcd for C.oHnNsO: C, 61.51; H, 8 .77; N, 21.53. 25055-90-7; 25, R =  CH3, 25055-91-8; 26, R  =  H,
Found: C, 61.16; H, 8.95; N 21.14 25055-92-9; 26, (R), =  (CH2)6j 25055-93-0; 27, 25055-

4.4- Azopentanoyl Hydrazide (27).— A solution of 4.o g of hy- ’ \  ( ,2 0 -nno n. oq o - n ’ - nr. o.
drazine hydrate in 25 ml of methanol was refluxed while 6.8 g of 94_1 > maleate salt of 27, 2o062-48- 0 , 28, _o0o5 95-2,
methyl 4,4-azopentanoate (25, R  =  CH3) was added dropwise 29, 25055-96-3; 31, 71 =  0, 25055-91 - 4 ;  31, 71 =  1,
over a 40-min period. The solution was stirred 30 min at reflux 25055-98-5; 31, 71 =  2,23902-18-3; 32.71  =  1,25056-
and concentrated at 85° (0.5 mm) to a yellow oil. Upon cooling, 0 0 _2 ;  semicarbazide of 32, 71= 1, 25056-01-3.
the oil solidified to a waxy solid with mp 39-40° (no satis
factory solvent for recrvstallization was found); uv X”.'°H 346

m",(£ 5,7)’ n ?  u4:! ); Hb 7 no-' V ,Q 49 Acknowledgment.- We wish to thank Mr. L. Bran-
Found- C 41 .56° rH,57 .23 ;4N , 36.’85. ’ ’ ’ cone and staff for microanalyses, Mr. W. Fulmor and

The maleate salt was recrystallized from ethanol-ether to af- staff for spectral data, Mr. W. Jura and Air. P. R. 
ford white crystals, mp 9 0 -9 2 °. Averell of the Stamford Laboratories of the American

A nal. Calcd for C9H14Nt0 6: C, 41.85; H , 5 .47; N, 21.70. Cyanamid Co. for titration data, and Dr. P. Kohl-
F°l-A^in^-'3^-a7obutane"H c i  ( 2 8 To a solution of sodium Renner and Air. E. K. Norton for the preparation
hypobromite (prepared by adding 12.50 g of bromine to 100 ml of several of the compounds discussed in this report.
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irans-l,3-Dibenzoyl-2-phenylaziridine (1) undergoes thermal rearrangement to l,4-diphenyl-4-benzoyloxy-2- 
azabutadiene (14) via  carbon-carbon bond cleavage of the aziridine ring. The inability of an external trapping 
reagent tc trap the 1,3-dipole intermediate suggests that either the isomerization is a concerted process or else
the 1,3 dipole rearranges faster than it can be trapped. The reactions of 1 with acid, base, and sodium iodide
have also been investigated. The details of each reaction are described and evidence is presented demonstrating 
the existence of transient intermediates.

The thermal and photochemical behavior of small- 0  OCH3
membered nitrogen heterocycles has been the subject of II |
recent reports from these laboratories.3,4 Of specific C6H5CCHCHC6H5

interest has been the photochemistry of the 2-aroyl- /  NHCOC6H5
aziridine system. Investigations of this ring system c h ,o h  /  3
have shown that the nature and position of the substi- /  h+ \CHao~
tuents about the ring may produce markedly different 0  ' ' 0
chemical effects.4 In order to accurately assess the I I ^ P  |
electronic effects of substituents attached to the ni- QHs / \  /  sc 6H5 6115 V  /  6” s
trogen atom, the photochemistry of a N-benzoyl sub- ® N 5 Nh ' H
stituted aziridine was undertaken.5 Attempts to pre- 1̂  j
pare and characterize a representative example of this C6H5' ^ 0  v QH
system, i.e., ¿rans-l,3-dibenzoyl-2-phenylaziridine (1), 1 \ . 5 atpzf 5
led to the discovery of a large number of new ground- +V /
state transformations of this ring system. Our in- *  o OC2H5
terests in the effects of substitution on the stability and II I
chemistry of the aziridine ring motivated our investi- C6H5CCHCHC6H5

gation of these new reactions. The present paper de- NHCOC6H5
scribes the results of our studies. 4

trans-1,3-Dibenzoyl-2-phenylaziridine (1) was pre
pared by the reaction of irans-2-phenyl-3-benzoyl- chemical degradation. Chromium trioxide oxidation
aziridine (2) with benzoyl chloride in benzene. The 0f 5 jn glacial acetic acid gave N-phenylglyoxylbenz-
assignment of structure 1 was supported by its ele- amide (6 ), which could be prepared independently by
mental analysis, spectroscopic data (see Experimental the chromium trioxide oxidation of 2,5-diphenyIoxazole.
Section), and hydrolysis of the material with sodium The oxidation of oxazoles are known to form N-phenyl-
methoxide in methanol to 2 and methyl benzoate. glyoxylbenzamides.6 The cis relationship of the phenyl

+  w *.cci -  s cvhJ U I U  - y g j  j r i
N ^ N ^ C6H5 u Lpij

H \  /  C6H5̂ 0  6
2  \  NaOMe /  1

Me0H and benzoyl groups is to be expected since the acid-
catalyzed ring opening of the aziridine ring and the elim- 

Treatment of 1 with methanol in the presence of a ination of alcohol should occur in a stereospecific trans 
trace amount of acid led to the formation of 2-benz- fashion (see Scheme I). We anticipated that a reaction 
amido-l,3-diphenyl-3-methoxypropanone (3). A sim
ilar reaction with ethanol led to 2-benzamido-l,3-di- Scheme I
phenyl-3-ethoxypropanone (4). Both of these com-
pounds gave (a-benzamido)-cfs-benzalacetophenone (5) OR II
when treated with base. Structure 5 was established jj  I c.r.fff.
by its elemental analysis, by spectroscopic data, and by l 225* _o>

H+
(1) This work was presented in part at the 158th National Meeting of the NHrOP TT

American Chemical Society, New York, N. Y., Sept 1969. For a preliminary 61 J
report, see A. Padwa and W. Eisenhardt, Chem . C o m m u n 1215 (1969). 0  OR

(2) Alfred P. Sloan Foundation Fellow, 1968-1970. 11 | NHCOC1 H
(3) A. Padwa and W. Eisenhardt, ib id ., 7, 380 (1968); A. Padwa, C W U  ^ 6^5 ____

L. Hamilton, and D. Eastman, J .  Org. Chem ., 33, 1317 (1968). 5 -ROH* *
(4) A. Padwa and L. Hamilton, J .  A m er. Chem . S oc., 89, 102 (1967); 87, CeH5 | H

1821 (1965). A. Padwa and W. Eisenhardt, ibid., 90, 2442 (1968). H
(5) The results of the photochemical studies will be reported at a later -------------------

date. (6) E. Fischer, B er., 29, 209 (1896).
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similar to that described above should occur upon authors suggested that the initially formed betaine (10) 
treatment of 1 with aqueous acid. However, the ini- underwent initial closure to an aziridine which rapidly 
tially produced 2-benzamido-l,3-diphenyl-3-hydroxy- opened to the observed product (9). From our results 
propanone underwent further fragmentation under the
reaction conditions and gave N-phenacylbenzamide (7) o
and benzaldehyde. + Jl CH

_  (CHjhSCHCOR R ^ r Y  6 ° base
r °  I —► V  -#►  9
' I I  r .. 0  0  C6H5NCHC6H5 7

H3o+ C6H5C ^  iOH II II "
1 y ~ \  — *■ CeHjCCHiNHCQHs 10 L J

NH O f t  7
j it is clear that the base-catalyzed opening of a carbonyl

C6H5' ^ 0  aziridine gives an a-substituted benzalacetophenone
~ derivative rather than the ^-substituted isomer. We

When a solution of 1 was treated with either sodium conclude, therefore, that the reaction of sulfonium
hydride or potassium ¿-butoxide, the isomeric (a- ylides with imines does not involve the intermediacy of
benzamido)-£rans-benzalacetophenone (8) was iso- an aziridine. A similar conclusion has also been inde- 
lated in excellent yield. The structure of 8 was con- pendently reached by Deyrup.9
firmed by elemental analysis and by the oxidation of 8 Heating a solution of 1 in benzene produced a single 
to N-phenylglyoxylbenzamide (6). The mass spectra component in high yield (85%) that was shown to be
of 5 and 8 were virtually identical, although their nmr isomeric with starting material. The thermal isom-
and infrared spectra were significantly different. erization of the closely related nitroaziridine system

0  (11) has been studied by Heine and Kaplan.10 They
1 H reported that ¿rans-1,3-dibenzoyl-2-p-nitrophenyl-

NaH aziridine (11) rearranged to a-benzamido-p-nitrobenz-
H 'jj/ 6 5 giyme* alacetophenone (12) when heated in an inert solvent.

O ^ C 6H5 j  H 0
1 ----- 7 A II

O h 'A  / c6h4no2 —»• c6h5cc= chc6h4no2

« y .  -  » v  ^  • o k *
u  NH C6Hs 11

0==( It was suggested that the reaction proceeds by transfer 
♦I CsH5 of the aziridinyl hydrogen adjacent to the benzoyl

"|J~ 8 group to the amido oxygen with concurrent breaking of
H H the three-membered ring.

\\ /  V — V The isolation and characterization of cis- and trans-
5Y \ ? ca  -/h  CeHrS V  QH5 (a-benzamido)benzalacetophenone (5 and 8), however,

q N 0  I eliminates this type of structure from further consid-
q A e r a t i o n  as the thermolysis product of 1.

O'' u6H5 6 5 Compounds 13 and 14 were also entertained as pos-
,  . . . • , , , „ sible structures for the thermal product.
It is interesting to note that the ring opemng of 1 to 8
occurred in a stereoselective manner. This implies that O
the aziridine ring is opened (to give 8) faster than isom- ^ NHCC6H6 O
erization to the cis isomer. For the sake of complete- ji | ||
ness, we undertook a brief examination of the stability C6H66cH=CCiH6 C6H5COC=CH N=CHCsH5
of 1 toward base isomerization. For short periods of
time ¿rans-aziridine 1 was recovered unchanged; no 13 14
isomerization to the thermodynamically more stable cis-
aziridine was detected.7 Similarly, 5 was not isom- Compound 13 might be expected to arise by transfer 
erized to 8 (or 8 to 5) under the base conditions. of the aziridinyl hydrogen adjacent to the phenyl group

The isolation of 8 from 1 is interesting in view of a to the amino oxygen followed by bond cleavage. This
recent publication concerning the reaction of benz- type of hydrogen transfer has been suggested to be im-
alaniline with sulfonium ylides.8 The major product of portant in the photochemistry of certain aroylaziri- 
these reactions were cinnamic acid derivatives 9. The dines4 and perhaps strengthens the possible formation of

compound 13 from the thermal reaction of 1. Analysis 
9  of all the data enables us to reject structure 13 and indi-

CeH5CH=N-CeH5 + (CH3)2S c ic R -  /  c? tes structure 14 is the true structure of the
II H' C6H5 thermal product.
0  9 The isomerization of 1-acylaziridines into 2-aryl- or 2-

__________  alkyl-2-oxazolines by nucleophiles such as iodide ion
(7) R . E . Lutz and A. B. Turner, J .  Org. Chem., 33, 516 (1968).
(8) A J  Speziale, C. C. Tung, K . W. R a tts , and A. Yao, J .  Amer. Chem. (9) J . A. D eyrup, J . Org. Chem., 34, 2724 (1969).

Soc 87 3460 (1965). (10) H. W. Heine and M. S. K aplan, ibid., 83, 3069 (1967).
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has been extensively investigated in recent years.11-15 us that the 5-benzoyl-2-oxazoline system (15) might
The mechanism proposed for the isomerization involves serve as an alternate precursor to 13. This observation
initial attack by the nucleophile on an aziridinyl carbon might be achieved by photolytic rearrangement of 15.
to form a N-0-iodoethylbenzamido ion. In a subse- In fact, irradiation of 15 in pentane afforded 13 in high
quent step the ion cyclizes to the oxazoline and regen- yield together with small amounts of 5-benzoyl-2,4-di-
erates the iodide ion. When 1 was treated with sodium phenyloxazole (18). The structure of 13 was inferred
iodide in refluxing acetone the anticipated trans-2,4-
diphenyl-5-benzoyl-2-oxazoline (15) was isolated. DDq

2A CAT!ICh , CHX_/*N I hr jo I CeH5 I I
! O ^ N  . ^  O ^ N

v »  X h. i h-°* X . ,1 ,, CjHjCOCHvCOCjHs
XX X t^  —► C6H5O l ------(-C6H5 from its composition, spectral data, and chemical be-

I_ C O ^ N  havior. Specifically, the nmr spectrum (CDCl3) ex-
0 /  's'c6q5 T  hibited a singlet at t —3.01, a multiplet centered at t

CeHs 2.31, and a singlet at t 3.63. The peak areas were in the
15 ratio of 1 :1 5 :1 . The fact that the chemical shift asso-

We intended to subject oxazoline 15 to acidic con- ciated with the proton attached to the nitrogen was
ditions so as to form N-l-phenyl-2-hydroxy-2-benzoyl- markedly deshielded and invariant with concentration
benzamide (16). We hoped that compound 16 would strongly suggested that the benzamido group _ of
in turn undergo dehydration to produce (/3-benzamido)- 13 is cis to the benzoyl group. Chemical confirmation
frans-benzalacetophenone (13), a compound that was f°r this structure was obtained by hydrolysis of 13
under consideration as the possible thermal rearrange- t°  dibenzoylmethane. Comparison of the physical
ment product of 1. properties of 13 with those of the thermal product

obtained from 1 revealed that the two compounds were 
q basically different. The elucidation of the structure of

q_____ 1—C6H5 Hj(X  the minor photoproduct as 5-benzoyl-2,4-diphenyl-
0  jjj oxazole (18) was based on its spectral properties, ele-

X f  mental composition, and an independent synthesis.
C6H5 Compound 18 could be prepared in high yield by the
15 oxidation of 15 with 2,3-dichloro-5,6-dicyanobenzo-

0  quinone (DDQ) in refluxing benzene.
q II O o The formation of 13 from 15 may be visualized as oc-

ANHCC6H5 C H C NHCC H curring by scission of the O-C bond followed by an un-
M;li5 CHCHC6H5 ¡j * 6 5 \  X  6 5 usual but not unprecedented 1,2-hydrogen shift. 16-18

I 6 5  H ^ \ h 5
OH , ,
ic O H  ’ 0
16 y II V i  c6H5co nhcoc6h5
|Cr°3 15 C6H5 C r f NA .C6H5 —> ) ^ <

X C6H5 H C6H5
c6h5conhcoc6h5 + C6H5COCOCHNHCOC6H5 h 13

c6h5
17 Having eliminated structures 5, 8 , and 13 from fur

ther consideration, we feel that all of the evidence 
The conversion of 15 to 16 was in fact experimentally points strongly to l,4-diphenyl-4-benzoyloxy-2-aza-

realized. Spectroscopic data and the further oxidation butadiene (14) as the structure of the thermal product
of 16 to dibenzamide and N-l-phenyl-l-phenylglyoxyl of 1. This assignment is supported by the spectral
methylbenzamide (17) confirmed its structure. How- data, catalytic hydrogenation, and the reactivity of
ever, all attempts to dehydrate 16 to 13 have failed. 14 toward sodium methoxide. The nmr spectrum of

Although the desired d-benzamido-frans-benzalacet- the thermal product showed muitiplets at r 1.72 (3 H)
ophenone (13) was not available from 16, it occurred to and 2.60 (14 H). The three-proton multiplet at r  1.72

can be assigned to the ortho hydrogens of the imine 
(ii) h . w. Heine, m . e . Fetter, and e . m . Niehoisen, j .  A m er. c h em . phenyl ring and the imine hydrogen. The thermal

Soc., 81, 2202 (1959); H. W. Heine, W. G. Kenyon, and E. M. Johnson, j  a -it i i t i j  i n t
ib id ., 83, 2570 (1961); h . w. Heine, d . c. King, and l . a . Portland, j . Org. product could be reduced with hydrogen and palladium
Chem., si, 2662 (1966); h . w. Heine, Agew. chem., int. Ed. Engl., i, 528 on charcoal. The product isolated was identified as the
(1962).

(12) M. Lidaks and S. Hillers, Latv. P S R  Z inat. A kad . Vestis, No. 2, 211
(1961); Chem. A bstr., 88, 4530 (1963). (16) G. W. Griffin, J. Covell, R. C. Petterson, R. M. Dodson, and G. Close,

(13) F. E. Fanta and E. N. Walsh, J .  Org. Chem.. 30, 3574 (1965); 31, J .  A m er. Chem. S oc., 87, 1410 (1965).
59 (1966). (17) D. I. Schuster and I. S. Krull, ib id ., 88, 3456 (1966).

(14) R. D. Guthrie and D. Murphy, J .  Chem. S oc., 3828 (1965). (18) A. Padwa, D. Crumrine, R. Hartman, and R. Layton, ib id ., 89,
(15) P. Thyrum and A. R. Day, J .  M ed. Chem ., 8, 107 (1965). 4435 (1967).
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b e n z y lp h e n e th y la m m o n iu m  s a l t  o f b e n z o ic  a c id  (1 9 )  o n  v is a g e d  a s  o c c u rr in g  b y  a n  in itia l  c le a v a g e  o f th e  
th e  b a sis  o f  i ts  s p e c tr a l  d a t a  a n d  b y  an  in d e p e n d e n t c a r b o n -c a r b o n  b o n d  o f  th e  a z irid in e  r in g  t o  f o r m a  1 ,3 -
s y n th e s is  o f  1 9  f ro m  b e n z y lp h e n e th y la m in e  a n d  b e n - d ip o le  in te rm e d ia te  w h ich  s u b s e q u e n tly  a d d s  t o  th e

u n s a tu r a te d  s u b s tr a te . T h e  m e c h a n is m  t h a t  w e p ro -  
a y N = C H C 6H5 p 0Se fo r  th e  a b o v e  re a r r a n g e m e n t  (1 —► 1 4 ) in v o lv e s

C H ^ H  Pd(cf c le a v a g e  o f th e  c a r b o n -c a r b o n  b o n d  o f  th e  a z irid in e
6 0 r in g  t o  g iv e  a  1 ,3 -d ip o le  in te r m e d ia te  w h ich  s u b se -

. _  q u e n tly  r e a r ra n g e s  t o  th e  fin al p ro d u c t  b y  w a y  o f  a
[C6H5CH2CH2NH2CH,C6H5] C6H5C 02 b e n z o y l m ig ra tio n . E x p e r im e n ts  d e sig n e d  t o  t r a p  th e  

19 1 ,3 -d ip o le  in te rm e d ia te  b y  h e a tin g  1 in  th e  p re s e n c e  of
. ,  m . , .  ,  „ . , d im e th y la c e ty le n e  d ic a r b o x y la te , c y c lo h e x e n e , o r  su b -

z o ic  a c id . T r e a tm e n t  o f  1 4  w ith  so d iu m  m e th o x id e  . . .  , i  , , , .  ,  , rP, ■ ,
, , , ,  , . , 0  _ , .  s t i tu te d  b u ta d ie n e s  w e re  u n s u c c e s s fu l , t h e  in a b ility

g a v e  o n e  m a io r  p r o d u c t  t h a t  w a s  a ss ig n e d  a s  2 ,5 - d i -  .  , , , . , ,  , , ,  .  „ i
°  i ■ ,~,n \ . .  o f a n  e x te rn a l  t ra p p in g  re a g e n t  t o  t r a p  th e  1 ,3 -d ip o le
b e n z o y l-3 ,6 -d ip h e n y l - l ,4 -d ih y d r 0 p y ra z in e  (2 0 )  o n  th e  in te rm e d ia te  t s  t h a t  e i th e r  th e  is o m e r iz a tio n  is a
basis of i s analysis and spectral properties and from concerted “  or else the 1>3 dipole rearranges faster 
mechanistic considerations. A reasonable mechanism ^  it can be t  d xhe thermal rearrangement of 
for the formation of 2 0  is presented in ¡scheme 11 .

S c h e m e  I I  ?  ¥

i i —  CsH5X u 5  CeH5 —  14
c 6h 5c - 0 s . n = c h c 6h 5 - 0CHj u  o ^ c 6h 5

C Yv ''H
6 J d ib e n z o y la z ir id in e  1 s ta n d s  in  m a rk e d  c o n tr a s t  t o  p re -

0  v io u s  w o rk  c n  re la te d  l ,3 -d ia r o y l -2 -a r y la z i r id in e s .10
|| -  T h e  f a c t  t h a t  a  d if fe re n t r o u te  o c c u rs  in  th e  th e r m a l  r e -

C6H5C 02CH3 +  C6H5C C H N =CH C6H5 a r r a n g e m e n t  o f  1 to  1 4  s u g g e s ts  t h a t  e i th e r  th e  n itro

r  w r r H N = r u r  h  +  r  h  r r n  N = r H C  H - >  g ro u p  p la y s  an  im p o r ta n t  ro le  in  th e  p y r o ly t ic  b e h a v io r
C ^ C C  6 3 6 °|| 2 6 5 o f th e s e  sm a ll n itro g e n  h e te r o c y c le s  o r  else  th e  s t r u c tu r e

O O  o f th e  re a r r a n g e d  p ro d u c t  in  th e  n itro  s y s te m  h a s  b e e n
0  m isa ss ig n e d .

II
C6H5C— CH— N = C H C 6H5 — ► — ► E x p e r im e n ta l  S e c t i o n 26

j, ? A  fraris-l,3-Dibenzoyl-2-phenylaziridine (1).— To a mixture of
/  \  5.55 g (0.025 mol) of (rans-2-phenyl-3-benzoylaziridine (2 )27

C6H5 Nn — f’jp O an(! 2.52 g (0.025 mol) of triethylamine in 100 ml of anhydrous
benzene was added with stirring a solution of 3.50 g (0.025 mol)

CH COCH_N =CH C H __ *■ of benzoyl chloride in 75 ml of anhydrous ether. The mixture
6 0 | \ ° 5 was stirre(l  at room temperature for 2 hr and filtered; the pre-

I \  „  cipitate that formed was washed well with water to dissolve the
\ triethylamine hydrochloride. Careful low-temperature recrys-

CeH5 — CHy-lf tallization from heptane-benzene gave 6.0  g of 1 as white
-  needles, mp 127.5-129°.

The infrared spectrum (potassium bromide pellet) was char- 
O P  0  V acterized by bands at 5.95, 6 .88 , 7 .06, 7.46, 8.10, 9.70, and
|| I I  J t m  13.91 n- The nmr spectrum in deuteriochloroform shows a

p. u  / V / N ' y f 1“fl5 oxidn C 6 ° multiple! centered at t 2.40 (10 H ), a doublet at 5.63 (1 H,
| j  p tt *" 6 II I J  =  2.5 Hz), and a doublet at 5.92 (1 H, J  = 2.5 Hz). The

P it 6 5 C r H '^ 'N ^ ll^ "  b ° ultraviolet spectrum (95%  ethanol) has maxima at 254 mu
6 5 | II 5 I A (* 23,500) and 316 (278).

H 0  H 0  A n al. Calcd for C22H170 2N: C, 80.71; H, 5 .23; N, 4.28.
20 Found: C, 80.72; H, 5 .22; N, 4 .30.

Acid-Catalyzed Addition of Methanol to Irans-1,3-Dibenzoyl-2- 
. , phenylaziridine.— A solution of 2.0 g of irans-1,3-dibenzoyl-2-

I n  th is  p o s tu la te d  m e c h a m s m , so d iu m  m e th o x id e  a t -  phenylaziridine (1) in 50 ml of methanol containing 1 drop of
ta c k s  th e  e s te r  lin k a g e  t o  g iv e  a  N -b e n z o y lm e th y l -  concentrated hydrochloric acid was allowed to reflux for 1 hr.
b e n z a lim in e  a n io n  w h ic h  c y c liz e s  t o  a n  in te r m e d ia te  The mixture was concentrated in  vacuo, and the crude residue
h e x a h y d r o p y r a z in e  t h a t  in  tu r n  is  a ir  o x id iz e d  to  th e  , ,
„ , J  , , (23) R. Huisgen, W. Scheer, and H. Huber, J .  A m er. Chem . S oc., 89, 1753
fin al p ro d u c t . (1967).

T h e  m e c h a n is m  b y  w h ic h  1 is o m e riz e s  t o  1 4  a n d  th e  (24) J. W. Lown, R. K. Smalley, and G. Dallas, Chem . Com m un., 1543
in te rm e d ia te  o r  t r a n s it io n  s t a t e  in v o lv e d  in  th e  r e a c t io n  <l968>- , „  „  „ , „ ,  , r . ,

. x t > 4- 1 , , (25) P. B. Woller and N. H. Cromwell, J .  H eterocyd. Chem ., 5, 579 (1968).
a re  o f c o n s id e ra b le  in te r e s t .  .R e c e n t w o rk  n a s  d e m o n -  2̂6) All melting points are corrected and boiling points are uncorrected,
s t r a t e d  t h a t  a p p r o p r ia te ly  s u b s t i tu te d  a z irid in e s  fo r m  Elemental analyses were performed by the Scandinavian Microanalytical

a d d u c ts  w ith  v a r io u s  a lk e n e s  a n d  a lk y n e s  w h e n  h e a te d
in  in e r t  s o lv e n ts .9’19-25 T h e s e  r e a c t io n s  c a n  b e  e n -  kin-Elmer Infracord spectrophotometer, Model 137. The ultraviolet

absorption spectra were measured with a Cary recording spectrophotometer,
(19) H. W. Heine and R. E. Peavy, Tetrahedron  Lett., 3123 (1965). using 1-cm matched cells. The nuclear magnetic resonance spectra were
(20) H W Heine, R. Peavy, and A. J. Durbetaki, J .  Org. Chem., 31, 3924 determined at 60 Me with the Varian Associates high-resolution spectro- 

(1966( ’ ’ ■ photometer. Tetramethylsilane was used as an internal standard.
(21) A. Padwa and L. Hamilton, Tetrahedron  Lett., 4363 (1965). (27) N. H. Cromwell, R. D. Babson, and C. A. Harris, J .  A m er. Chem.
(22) A. Padwa and L. Hamilton, J .  H eterocycl. Chem ., 4, 118 (1967). Soc., 65, 312 (19431.
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was cooled to give 2.1 g (95% ) of a white solid. Recrystalliza- Structure 6 was confirmed by an alternate synthesis involving
tion from methanol gave colorless needles, mp 158-159°. The the oxidation of 2,5-diphenyloxazole.6 To a sample of 0.5 g of
structure of this material is assigned as 2-benzamido-l,3-di- 2,5-diphenyloxazole, dissolved in 7 ml of hot glacial acetic acid,
phenyl-3-methoxypropanone (3) on the basis of the following was added 12 ml of a hot saturated solution of chromium trioxide
observations. in glacial acetic acid. After 5 min the reaction mixture was

A nal. Calcd for C23H21O3N : C, 76.86; H, 5 .89 ; N, 3 .90 . poured onto ice water and filtered to give a quantitative yield of
Found: C, 76.51; H, 8 .58 ; N, 3 .89. N-phenylglyoxalbenzamide. Recrystallization from heptane-

The infrared spectrum (potassium bromide pellet) shows benzene gave 6 as white needles, mp 138-139°. The infrared
strong absorptions at 3.05, 5.91, 6.09, 6 .58, 6.91, 7.62, 8 .21, spectrum was identical in all respects with that of 6 obtained from
8.97, 12.53, 13.28, and 14.25 /a. The nmr spectrum (C D C I3) is the oxidation of 5.
characterized by a multiplet centered at r  2.49 (16 H ), a doublet Acid Hydrolysis of irons-1,3-Dibenzoyl-2-phenylaziridine (1).—
of doublets centered at r  3.88 (1 H, J  = 6 Hz, J  =  6 Hz), a A mixture of 0.5 g of 1, 15 ml of dioxane, and 25 ml of a 10%
doublet at t 5.28 (1 H, J  =  6 Hz) and a singlet at r  6.82 (3 H, hydrochloric acid solution was allowed to reflux for 10 hr. The
O C H 3) .  The mass spectrum (70 eV) lacked a parent ion but reaction mixture was diluted with water and extracted twice
exhibited prominent peaks at m /e  (relative intensity) 327 (16, with benzene. The combined benzene extracts were washed with
P  — MeOH), 206 (12), 121 (25), 106 (33), 105 (100), 77 (43), water and dried over anhydrous magnesium sulfate. Removal of
32 (19), and has metastable peaks at 56 and 130. The ultra- the solvent in  vacuo left a crude white solid whose infrared
violet spectrum in 95%  ethanol exhibited a maximum at 247 spectrum indicated a mixture of benzoic acid and a new com-
npi (e 18,650). pound.

Acid-Catalyzed Addition of Ethanol to trans-l,3-Dibenzoyl-2- Fractional crystallization from benzene-heptane gave a white 
phenylaziridine.— A mixture of 2.0 g of tran s-l ,3-dibenzoyl-2- crystalline solid, mp 125-126°. The infrared spectrum of
phenylaziridine (1) and 1 drop of concentrated hydrochloric this material was identical in all respects with that of N-phenacyl-
acid in 50 ml of absolute ethanol was allowed to reflux for 1 hr. benzamide (7). A mixture melting point of 7 with ar. authentic
The mixture was concentrated in  vacuo and the crude residue sample of N-phenacylbenzamide was undepressed,
was cooled to give 1.1 g (92% ) of white solid. Recrystallization Treatment of irons-l,3-DibenzoyI-2-phenylaziridine (1) with 
from absolute ethanol gave colorless needles, mp 136-137°. Sodium Methoxide.—A solution of 0.1 g of 1 in 25 ml of freshly
The structure of this material is assigned as 2-benzamido-l,3- prepared 0.4 N  sodium methoxide-methanol solution was allowed
diphenyl-3-ethoxypropanone (4) on the basis of the following to stir at room temperature for 8 hr. The reaction mixture
observations. was diluted with water and extracted with ether. The ethereal

A nal. Calcd for C2(H230 3N: C, 77.19; H, 6 .21; N, 3 .75. layer was washed with water and dried over anhydrous sodium
Found: C, 77.16; H, 6.20; N ,3 .7 9 . sulfate, and the solvent removed in  vacuo to give 0.09 g (94% )

The infrared spectrum (potassium bromide pellet) exhibits of a yellow-white solid. Recrystallization from methanol-water
bands at 3 .01, 6.59, 6 .75, 6.95, 7 .33, 8 .01 , 9.10, 10.28, 12 .88 , afforded colorless needles, mp 99 .5-101°. The infrared spectrum
13.22, and 14.05 m- The nmr spectrum (CDCU) shows a multi- of this material was identical in all respects with that of
plet at r  2.40 (16 H ), a doublet of doublets at 3.83 (1 H, J  =  irons-2-phenyl-3-benzoylaziridine (2 ). A mixture melting point
7 Hz, J  = 7 Hz), a doublet at 5.15 (1 H, J  =  7 Hz), a complex with authentic irans-2-phenyl-l-benzoylaziridine (2) was un-
multiplet centered at 6.68  (2 H ) which contained a superimposed depressed.
doublet of doublets ( /  =  7 Hz, J  =  7 Hz) and a triplet at 9.04 Thermal Isomerization of irons-1,3-Dibenzoyl-2-phenylaziri- 
(3 H, /  =  7 Hz). The mass spectrum (70 eV) lacked a parent dine ( 1).— A mixture of 1.0 g of 1 and 25 ml of benzene (or
ion but has prominent peaks at m /e  (relative intensity) 327 xylene) was allowed to reflux for 10 hr. Evaporation of the
(14, P  — EtO H ), 135 (19), 106 (9), 105 (100), 77 (45), 45 (19), solvent in  vacuo left a crude yellow solid which decomposed to a
and has metastable peaks at 56, 84 and 130. The ultraviolet brown oil upon standing in air. Recrystallization of the crude
spectrum in 95%  ethanol showed a maximum at 247 m^ (e yellow solid from heptane-benzene gave 0.85 g (85% ) of light
14,000). _ _ yellow prisms, mp 110- 111°. Storage of this material in a

Treatment of 2-Benzamido-l,3-diphenyl-3-alkoxypropanones moisture-free atmosphere prevented further decomposition.
3 and 4 with Base.— A mixture of 0.5 g of either 2-benzamido-l,3- The structure of this material is assigned as 1,4-diphenyl-4-
diphenyl-3-methoxypropanone (3) or 2-benzamido-l,3-diphenyl- benzoyloxy-2-azabutadiene (14) on the basis of the following
3-ethoxypropanone (4) and 30 ml of a freshly prepared 0.4 jV observations.
sodium methoxide solution was stirred at 30° for 2 hr. The A nal. Calcd for C22H i,02N: C, 80.71; H, 5 .23; N, 4 .28. 
reaction mixture was diluted with water and extracted twice with Found: C, 80.47; H, 5 .20; N, 4.16.
benzene. The benzene extracts were washed with water and The infrared spectrum (potassium bromide pellet) is character-
dried over anhydrous magnesium sulfate. Removal of the ized by bands at 5.80, 6.10, 6.91, 8.11, 8.48, 9.22, 9.38, 9.74,
solvent in vacuo left a white solid which was recrystallized from 10.21, 12.96, and 13.27 ji. The nmr spectrum (CDCb) exhibits
methanol to give 0.4 g (96% ) of colorless prisms, mp 138-139°. a complex multiplet at r  1.72 (3 H ) and a complex multiplet at
The structure of this compound was assigned as (a-benzamido)- 2.60 (14 H ). The mass spectrum (70 eV) shows a molecular ion
m-benzalacetophenone (5) on the basis of the following data. at m /e  (relative intensity) 327 (3 5 ) and prominent peaks at 223

A nal. Calcd for C22H 170 2N : C, 80.71; H, 5 .23; N, 4 .28. (10), 222 (55), 221 (10), 167 (18), 106 (19), 105 (100', 90 (14)
Found: C, 80.68; H , 5 .28; N, 4 .31. 89 (13), 77 (72), and metastable peaks at 34 , 50, 56, 126 and 1 5 l’.

The infrared spectrum (potassium bromide pellet) shows The peak at m /e  167 corresponds to phenyltropylium which is
absorptions at 3.10, 6.09, 6 .63, 6.78, 6.95, 7.58, 7.79, 7.97, presumably derived by fragmentation and rearrangement of the
10.26, 10.77, 11.06, 12.21, 12.48, 12.68, 13.24 and 14.03 222 peak (i.e ., loss of C = 0  and H CN ). This is supported by
The nmr spectrum (CDCI3) was characterized by a multiplet at the metastable at 126. The ultraviolet spectrum in absolute
r  2.43 (16 H ), and a singlet a t 3.36 (1 H ). The mass spectrum ethanol showed maxima at 230 mM it 24,710) and 338 (28,670).
(70 eV) indicated a molecular ion at m /e  (relative intensity) Heating a mixture of 0.5 g of 1 , 1.0 g of dimethylacetylene
327 (9) and exhibited major peaks at 206 (8 ), 106 (9), 105 (100), dicarboxylate, and 25 ml of benzene gave only 14 and recovered
77 (45), 51 (8 ) and has metastable peaks at 56 and 130. The acetylene.
ultraviolet spectrum (in 95%  ethanol) was characterized by Base-Catalyzed Ring Opening of trans-l 3-Dibenzoyl-2-phe-
maxima at 228 mM(e 22,320), 256 (18,460) and 294 (17,310). nylaziridine (1).— To a 0.6-g sample of 1 in 15 ml of glyme

Oxidation of (a-Benzamido)-cfs-benzalacetophenone (5).— A (distilled from lithium aluminum hydride) was added, under a
sample of 0.6 g of (a-benzamido)-MS-benzalacetophenone (5) was nitrogen atmosphere, 0.9 g of sodium hydride (60%  in mineral
dissolved in 8 ml of hot glacial acetic acid. To this solution oil.)28 The mixture was allowed to stir for 4 hr at room tem-
was added 12 ml of a hot saturated solution of chromium trioxide perature during which time the color changed from pale vellow to
in glacial acetic acid and the mixture was allowed to stir for 45 orange-red. The insoluble material formed was filtered and the
mm. The dark green reaction mixture was poured onto ice- mother liquor was diluted with water and extracted with ben-
water and filtered. The residue was washed well with water zene. The benzene extracts were dried over anhydrous magne-
and the solid was recrystallized from benzene-heptane to give sium sulfate and removal of the solvent in  vacuo left a white solid
white needles of N-phenylglyoxalbenzamide (6 ), mp 138-139°. Recrystallization from benzene-heptane gave white needles

The infrared spectrum (potassium bromide pellet) showed ____________
1 S a tA 80o’ 6 .80 , 7 .4 4 , 8 .0 1 , 8 .2 2 , 10.29, (2 8 ) Similar results were obtained when anhydrous potassium i-butoxide
10.99, 12 .36, a rid  12.81 fx .  was used as the base.
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mp 162.5-163°. The structure of this material is assigned as 223 (20), 222 (100), 105 (56), 77 (47), 51 (8 ) and a metastable
(a-benzamido)-frans-benzalacetophenone (8 ) on the basis of the peak at 56. The ultraviolet spectrum in 95%  ethanol was
following observations. characterized by maxima at 257 m/x (e 18,600) and 341 (22,760).

A nal. Calcd for C22H17O2N: C, 80.71; H , 5 .23; N, 4 .28. Structure 13 was further confirmed by the following chemical 
Found: C, 80.50; H .5 .3 4 ; N ,4 .2 4 . degradation. A mixture of 0.5 g of 13, 15 ml of dioxane, and

The infrared spectrum (potassium bromide pellet) is char- 15 ml of a 10% hydrochloric acid solution was allowed to reflux
acterized by bands at 3.01, 6.06, 6.62, 6.78, 7.32, 7.89, 8 .22 , for 8 hr. The reaction mixture was diluted with water and
10.27, 11 .02 , 11.57, 11.80, 12.48, 13.20, 13.64, and 14.06 /x. extracted with benzene. The benzene layer was washed with
The nmr spectrum (CDC13) is characterized by a complex multi- water and dried over anhydrous sodium sulfate. Removal of the
plet at r  2.53 which contained a sharp singlet at 2 .97. The mass solvent in  vacuo afforded a crude solid. Recrystallization from
spectrum (70 eV) had a molecular ion at m / e  (relative intensity) heptane-benzene gave pale yellow prisms, mp 76-77°. The
327 (19) and other major peaks at 222 (8 ), 206 (10), 106 (10), infrared spectrum of this material was identical in all respects with
105 (100), 78 (10), 77 (44), 51 (8 ), 40 (9), and metastable peaks that of dibenzoylmethane. A mixture melting point of this
at 56 and 130. The ultraviolet spectrum in 95%  ethanol ex- material with authentic dibenzoylmethane was undepressed at
hibited maxima at 233 m/x (e 17,900), 257 (20,020), and 280 76-77°.
(16,820). Recrystallization of 18 from benzene-heptane gave white

Oxidation of (a-Benzamido)-frans-benzalacetophenone (8 ).—  needles, mp 136.5-140.5°. The structure of this material was
A sample of 0.5 g of (a-benzamido)-irafis-benzalacetophenone assigned as 5-benzoyl-2,4-diphenyloxazole (18) on the basis of
(8 ) was dissolved in 7 ml of hot glacial acetic acid and 10 ml of a the following observations.
hot saturated solution of glacial acetic acid was added. The A nal. Calcd for C22H,502N : C, 81.21; H, 4 .65 ; N, 4 .31. 
combined solution was allowed to stir for 30 min. The dark Found: C, 81.12; H, 4 .69; N, 4.21.
green reaction mixture was then poured onto ice water and filtered. The infrared spectrum of this material in a potassium bromide
The residue was washed well with water and recrystallized from pellet was characterized by bands at 6.06, 6.54, 7.37, 8.12,
heptane-benzene to give white needles, mp 138-139°. This 8.61, 11.77, 12.76 and 13.96 ¡x. The nmr spectrum (CDC13)
material was identified as N-phenylglyoxalbenzamide (6 ) by showed only a multiplet centered at t 2 .09. The mass spectrum 
comparison of its infrared spectrum with that of authentic 6 . (70 eV) exhibited a molecular ion at m / e  (relative intensity)
A mixture melting point of this material with an authentic sample 325 (98) and prominent peaks at 39 (11), 51 (15), 63 (25), 77 (43),
of N-phenylglyoxalbenzamide 6 was undepressed at 138-139°. 89 (100), 105 (19), 117 (10), 165 (9), 192 (77), and 193 (14).

Iodide Ion Catalyzed Isomerization of fr<ros-l,3-Dibenzoyl-2- The ultraviolet spectrum exhibited maxima at 265 him (t 27,340)
phenylaziridine (1).— A mixture of 2 g of 1 and 3 g of anhydrous and 328 (13,620).
sodium iodide in 50 ml of acetone was allowed to reflux for 3 hr. Structure 18 was further confirmed by an alternate synthesis
The solvent was removed in  vacuo and the residue taken up in from frans-2,4-diphenyl-5-benzoyl-2-oxazoline (15). A mixture
benzene. The benzene layer was washed with water and dried of 0.20 g (0.0006 mol) of oxazoline 15 and 0.14 g (0.006 mol)
over anhydrous sodium sulfate. Evaporation of the solvent of 2,3-dichloro-5,6-dicyanobenzoquinone (DDQ) in 15 ml of
in  vacua afforded 1.95 g (97% ) of a white solid which was re- benzene was allowed to reflux for 3 hr. A brown solid precipi-
crystallized from methanol to give white needles, mp 8 2 .5 -84°. tated out as the reaction proceeded. The reaction mixture was
The structure of this material is assigned as irans-2,4-diphenyl-5- then filtered and the filtrate concentrated in  vacuo to give a dark
benzoyl-2-oxazoline (15) on the basis of the following observations. oil. Preparative thick layer chromatography of the mixture

A nal. Calcd for C22H17O2N: C, 80.71; H, 5.23; N, 4 .28. produced only a single component which was recrystallized from
Found: C, 80.70; H ,5 .3 1 ; N .4 .2 4 . benzene-heptane to afford white needles, mp 139.5-140.5°.

The infrared spectrum of this material (potassium bromide The infrared spectrum of this material was identical in all respects 
pellet) is characterized by bands at 5.91, 6.06, 6.89, 7.44, 8.03, with that of a sample of 18 obtained from the photolysis. A
9.37, 10.26, 11.98, 12.74, and 12.97 ¡x. The nmr spectrum mixture melting point of the two samples was undepressed at
(CCh) shows a complex multiplet at r  2.41 (15 H ) and an AB 140°.
quartet at 6.38 (2 II, J  =  6.5 Hz). The ultraviolet spectrum Acid Hydrolysis of ir«ns-2 ,4 -Diphenyl-5-benzoyl-2-oxazoline
(pentane) is characterized by a maximum at 240 npx (e 22,100). (15).—A mixture of 0.5 g of frans-2,4-diphenyl-5-benzoyl-2-

Irradiation of fr<ms-2,4-Diphenyl-5-benzoyl-2-oxazoline (15) oxazoline (15), 10 ml of 95%  ethanol, and 10 ml of water was 
in Benzene.— A solution of 1.0 g of irans-2,4-dipheny 1-5-benzoyl- allowed to reflux for 18 hr. The reaction mixture was diluted
2-oxazoline (15) of 1 1. of pentane was irradiated with an internal with water and extracted with benzene. The benzene layer
water-cooled mercury arc lamp (Hanovia Type L , 450 W ) with a was washed with water and dried over anhydrous sodium sulfate.
Pyrex filter to eliminate wavelengths below 280 m/x- Purified Evaporation of the solvent afforded a yellow oil which was
nitrogen was passed through the solution for at least 45 min crystallized from chloroform-heptane to give 0.5 g (90% ) of
before irradiation commenced, and a positive pressure of nitrogen white needles, mp 138.5-140°. The structure of this product is
was maintained throughout. Aliquots were withdrawn and assigned as N-l-phenyl-2-hydroxy-2-benzoylethylbenzamide (16)
analyzed by tic. After 4 hr, the spot on a thin layer plate due on the basis of the following observations.
to 15 has almost disappeared and two new spots had appeared A nal. Calcd for C22H19O3N: C, 76.50; H, 5 .55; N, 4.06.
in its place. Concentration of the solution in  vacuo left a mixture Found: C, 76.29; H ,5 .5 6 ; N ,4 .0 4 .
of two compounds which could be separated by preparative thick The infrared spectrum of this material (potassium bromide
layer chromatography.29 The two products were identified as pellet) was characterized by bands at 3 .01, 5.92, 6.07, 6.58,
(iS-benzamido)-frons-benzalacetophenone (13) and 5-benzoyl-2,4- 6 .72, 7.11, 7.60, 7.80, 7.95, 9.01, 10.15, 13.14, 13.76, and 14.32 
diphenyloxazole (18). M- The ultraviolet spectrum in 95%  ethanol showed a maximum

Recrystallization of 13 from benzene heptane afforded 0.9 g at 236 m/x (e 17,620). The nmr spectrum (CDCU) was char- 
(90% ) of pale yellow prisms, mp 117-118°. The structure of acterized by a multiplet centered at r  2.41 (15 H ), a doublet at
this material is assigned as (0-benzamido)-irans-benzalaceto- 3.0  (1 H, /  = 9 Hz, NH ), a doublet of doublets at 4.28 (1 H,
phenone (13) on the basis of the following observations. J  =  9 Hz, J  =  1.8 Hz, CH N H ), a poorly resolved doublet of

A nal. Calcd for CisHnOjN: C, 80.71; H , 5 .23; N, 4 .28 . doublets at 4.52 (1 H, /  =  4, /  =  1.8 Hz, CHOH) and a poorly
Found: C, 80.41; H, 5 .28; N ,4 .0 7 . resolved doublet at 5.64 (1 H , /  =  4 Hz, OH). Addition of

The infrared spectrum of this material in a potassium bromide deuterium oxide to the nmr tube simplified the spectrum and
pellet shows bands at 5.91, 6.15, 6.30, 6.40, 6.70, 6.85, 7.59, gave a multiplet at 2.41 (15 H ), a doublet a t 2.94 (1 H, J  =
7.68, 7.75, 8.03, 8.16, 8.79, 9.56, 9 .78, 10.93, and 13.89 n. 9 Hz, N H ), a doublet of doublets at 4.28 (1 H , /  =  9 Hz, J  =
The nmr spectrum (CDC13) shows a broad singlet a t r  — 3.01 1.8 Hz, CHNH) and a sharp doublet at 4.52 (1 H, J  =  1.8 Hz,
(1 H ), a complex multiplet at 2.31 (15 H ), and a singlet at 3.63 CHOD). In order to complete the deuterium exchange, a
(1 H ). The mass spectrum (70 eV) indicated a molecular ion sample of 0.1 g of 16 was dissolved in 10 ml of methanol-OD
a t 3 .6 3 ( l H ) .  The mass spectrum (70 eV) indicated a molecular containing 1 drop of deuterium chloride (20%  in D20 ) .  The
ion at m/e (relative intensity) 327 (2) and prominent peaks at solution was heated to reflux for 1 hr. The solvent was then

removed in  vacuo leaving a white solid whose nmr spectrum 
, j , , , contained a multiplet at r  2.41 (15 H) and an AB quartet at

(29) Thick layer plates were prepared by spreading a slurry of 150 g of „  r _  1 c ri,. nOCHOHND)
Merck PF2M+259 silica gel and 350 ml of distilled water onto 10 X 20 cm ’ , ,-,lrnYV 7 henznvlethvlbenzamide
glass plates to an average thickness of 1.5 cm. The plates were allowed to Oxidation of N -l-Ph en yi-Z -h yd lO X ^
dry at room temperature for 24 hr prior to use. (16).—A solution of 0.3 g of N-l-phenyl-2-hydroxy-2-benzoyl-
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ethylbenzamide (16) in 5 ml of glacial acetic acid containing 10 ml with 0.1 g of benzoic acid in 3 ml of ether afforded a white 
of a hot saturated solution of chromium trioxide in glacial acetic precipitate. This material, mp 206-208°, was identical in all
acid was allowed to stir for 10 min. The dark green reaction respects with the material isolated from the catalytic hydrogena-
mixture was poured onto ice water and filtered. The residue tion.
was washed with water and recrystallized from methanol to give Treatment of l,4-Diphenyl-4-benzoyloxy-2-aza-butadiene (14) 
a quantitative yield of dibenzamide as white needles, mp 144- with Sodium Methoxide.—A mixture of 0.3 g of 6 was dissolved
145° (lit.30 144°). This material was identified as dibenzamide in 20 ml of a freshly prepared 0.4 N  sodium methoxide-methanol
by a comparison of its infrared spectrum with that of an authen- solution and was allowed to stir at room temperature for 4 hr.
tic sample prepared by the method of Lamberton and Standage.30 The colored reaction mixture was diluted with water and ex-
A mixture melting point of these two materials was undepressed tracted twice with ether. The ethereal layer was washed with 
at 144-145°. water and dried over anhydrous sodium sulfate. Removal of the

If the oxidation was allowed to proceed for only 2 min a partial solvent in  vacuo afforded a crude bright yellow solid. Recrystal-
oxidation product (17) as well as dibenzamide could be isolated lization from benzene-pentane produced yellow needles, mp
by preparative thick layer chromatography. The structure of this 235-237° dec. The structure of this material was assigned as
material is assigned as N-l-phenyl-l-phenylglyoxylmethylbenz- 2,5-dibenzoyl-3,6-diphenyl-l,4-dihydropyrazine (20) on the basis
amide (17), mp 170-171°, on the basis of the following observa- of the following observations.
tions. A nal. Calcd for C30H22O2N.,: C, 81.43; H, 5 .01; N , 6.33.

The infrared spectrum (in a potassium bromide pellet) was Found: C ,8 1 .7 9 ; H, 5.23; N ,6 .0 8 . 
characterized by absorptions at 3 .02, 5.84, 5 .96, 6.06, 6.53, The infrared spectrum (potassium bromide pellet) was char- 
6.89, 7.48, 7 .71, 9.95, 11.82, 12.45, 13.20, 14.06, and 14.50 ¡i. acterized by bands at 3.09, 6.26, 7.06, 7.69, 8 .05, 10.93, 11.31,
The mass spectrum (70 eV) exhibited a molecular ion at m /e  12.90, 13.47, and 14.25 y. In order to demonstrate that the
343, prominent peaks at 222 (3.0), 221 (16.0), 165 (2 .0), 106 band at 3.09 was due to an N -H  stretching mode, 0.01 g of 20
(9 .0), 105 (100), 52 (2.0), 51 (14.0), 50 (4.0), and had metastable was allowed to reflux in methanol-OD for 1 hr. The solvent
peaks at 56 and 142. was removed in  vacuo and the infrared spectrum revealed that

Catalytic Hydrogenation of l,4-Diphenyl-4-benzoyloxy-2-aza- the band at 3.09 y (N -H ) had disappeared and that a new band
butadiene (14).—A mixture of 0.08 g of 14 in 200 ml of dry at 4.08 y (N -D ) had appeared. The nmr spectrum was char-
methanol was hydrogenated in a Parr shaker over 0.1 g of 10%  acterized by a complex multiplet centered at r  2 .42. The mass
palladium on carbon at 50 psig for 3 hr. The catalyst was spectrum (70 eV) had a molecular ion at m/e (relative intensity)
then removed by filtration and the filtrate concentrated in  vacuo 442 (3) and prominent peaks at 41 (37), 43 (62), 44 (40), 55 
to leave a white solid, mp 206-208°. The structure of this (38), 56 (16), 57 (80), 69 (30), 71 (50), 77 (68 ), 85 (33), 105
compound was assigned as the benzylphenethylammonium salt of (100), 323 (35), 338 (40), 349 (30), 426 (60), 427 (20), and 428
benzoic acid (19) on the basis of the following observations. (12). The ultraviolet spectrum in cyclohexane exhibited maxima

The infrared spectrum of 19 in a potassium bromide pellet at 235 ium (e 9100), 259 (6000), and 366 (5450).
showed broad adsorptions at 3 .0  to 4 .2 , 6 .3 , 6 .5 , and 7.25 y
all of which are characteristic of benzoic acid salts. Additional Registry No.— 1, 24290-58-2; 3, 24807-13-4; 4,
bands appeared at 9 .4 ,9 .8 ,1 1 .9 ,1 3 .3 ,1 3 .9 , a n d l4 .2 M. 24807-14-5; 5,24806-70-0; 6,24807-15-6; 8,24806-71-

The structure of 19 was confirmed by generation of benzyl- 7 . 13 23112-19-8' 14 24294-71-1' 15 24806-73-3' 
phenethylamine from 19. A 0.05-g sample of 19 was dissolved N  0 /sn 7  1 7 0 . ’, 7  0 ^0 0 7 1 0 0 . ’ 1 0  ’ o/tcn7  10  n!
in a 10% sodium carbonate solution and extracted with ether. 1 6 > ¿ 4 8 0 7 -1 7 -8 , 17, 2 4 8 0 7 -1 8 -9  18, 24807-19-0,
The ether extracts were washed with water and dried over ^  benzylphenethylammonium salt, 24807-20-3; 20,
anhydrous magnesium sulfate. Removal of the solvent in  24807-21-4.
vacuo gave an oil which was identical in all respects with an
authentic sample of benzylphenethylamine. Acknowledgment.— Support of this work by the

Alternatively, treatment of 0.1 g of benzylphenethylamine Petroleum Research Fund, administered by the Ameri- 
(3 0 ) a . h . Lam berton and a . e . standage, j. Chem. S oc., 26, (1960). can Chemical Society, is gratefully acknowledged.
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N-Oxides of imidazo[l,2-6]pyridazine and s-triazolo [4,3-6] pyridazine have been obtained by direct oxidation 
with concentrated hydrogen peroxide in polyphosphoric acid. With several bicyclic compounds further oxida
tion afforded pyridazine derivatives. 6-Amino bicyclic compounds were resistant toward N-oxidation but 
afforded the corresponding 6-nitro compounds. Several displacement reactions on substituted pyridazine N- 
oxides have been performed, and it was also shown that nmr spectral characteristics can be used for distinguish
ing the site of N-oxidation.

I

We recently reported1 the first representative of oxide in polyphosphoric acid below 40° afforded the 5-
azoloazine N-oxides with bridgehead nitrogen, i.e., s- oxide (2 , X  =  CH; R =  H) in moderate yield. How-
triazolo [4,3-5 jpyridazine 5-oxides, which were syn- ever, with a large excess of the oxidizing agent 3-
thesized by cyclization of the appropriate pyridazine nitropyridazine 1-oxide was formed by degradative
N-oxides since previous direct N-oxidation procedures oxidation. A greater tendency toward degradation
have failed. We now report the successful direct N- compared with N-oxidation could be observed with 6-
oxidation of such bicyclic systems with concentrated chloro- or 6-methoxyimidazo [1 ,2-5 Jpyridazine which
hydrogen peroxide in polyphosphoric acid. were transformed into 6-chloro-3-nitropyridazine 1-

Imidazo [l,2-6]pyridazine and 85%  hydrogen per- oxide and 6-methoxy-3-nitropyridazine, respectively.
(1) A . Pollak, B . S tanovnik, and M . T isler, J .  H e te ro c y c l. C h em ., 6, 513 last Case, the possible alternative Structure of the

(1968). product as a methoxynitrosopyridazine N-oxide could
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0  the amino group6 and the amino group being left intact
K j T Q  I r'''"'V'N-'X t in all cases. On the other hand, Koelsch and Gum-

f  R J Q J Q j  —  RN ^ N  precht,7 who obtained pyridazine N-oxide after treating
1 V N T Q l  pyridazine with 30%  hydrogen peroxide in acetic acid
0  2 at room temperature, were not able to nitrate this

“ 1 3 N-oxide. This was later effected by Itai and Natsume8
0 0  under quite drastic reaction conditions; yet 4-nitropy-
f | ridazine 1-oxide was formed.

Rv'y^>'N Several displacement reactions have been performed
i y i - N H 2 [ O j _ N 0 ,  ~ * l O L o M e  on b-chloro-3-nitropyridazine 1-oxide (3, R = Cl)

4 5 2 which reacted with acetyl bromide to give the 6-bromo
° derivative (S, R = Br). Evidently, the displacement

of the nitro group common to 3-nitropyridazine 1-oxide9 
be excluded by the mass spectrum which showed peaks and other nitropyridazine N-oxides,10 under the action
due to M — 30 (NO) and M — 46 (N 02) loss, a pattern 0f acetyl chloride to give the corresponding chloro
characteristic for organic nitro compounds.2 3 So far, compounds, did not take place.
any variation of the composition of the oxidizing agent, Also, in other nucleophilic displacement reactions 
i.e., by employing 85%  hydrogen peroxide in acetic, the 6-chlorine atom of 3 (R =  Cl) was replaced, except
formic, or trifluoroacetic acid, left imidazo [1,2-6]- when it reacted with sodium methoxide to give 6-
pyridazine unchanged and even traces of the expected chloro-3-methoxypyridazine 1-oxide (6, R = Cl). This
5- oxide could not be detected. parallels the reaction of 3,6-dichloropyridazine 1-oxide

In a similar manner s-triazolo [4,3-6 [pyridazine was with alkoxides where 3-alkoxy derivatives are the pre
oxidized into its 5-oxide (2, X  =  N; R  =  H) in low ponderant products.10 Other nucleophiles similarly
yield, a considerable amount of the starting bicyclic attack preferentially position 3 in 3,6-dichloropyrid-
compound (1, X  =  N ; R  =  H) remaining unchanged. azine 1-oxide,1112 and the position reactivity in halopyri-
Resistance toward N-oxidation was observed with 6- dazine 1-oxides, based on kinetic measurements, follows
amino-s-triazolo [4,3-6 jpyridazine and 6-aminoimidazo- the order 5 >  3 >  6 >  4 .13 Moreover, it has been con-
[1,2-6 [pyridazine, both of which afforded in good eluded that the combined effect of a meta N-oxide group
yield only the corresponding 6-nitro compounds (1, and an ortho nitrogen should be greater than the effect
R =  NO?; X  =  CH or N). It  appears that this amino- of an ortho N-cxide and meta nitrogen.
nitro group transformation greatly decreases the ten- It appears that the above procedure of preparing 6- 
dency toward N-oxidation and degradative oxidation, chloro-3-methoxypyridazine 1-oxide is advantageous
an effect undoubtedly due to the electron-withdrawing 0f direct oxidation of 6-chloro-3-methoxypyridazine
6- nitro group. with hydrogen peroxide in acetic acid because, in the

Application of both polyphosphoric acid and highly last-mentioned reaction, besides the expected N-oxide,
concentrated hydrogen peroxide for N-oxidation of these also 6-chloro-3(2H)-pyridazinone and 6-methoxy-3-
azolopvridazines seems to be responsible for the success- (2H)-pyridazmone are formed.1214 Pyridazine itself
ful progress of the reaction. Since the basicity of the gave similarly in polyphosphoric acid its N-oxide, free
attacked ring nitrogen is relatively low as judged from from its 1,2-dioxide which could be obtained in low
the calculated electron densities,4 this would require a yield when using 50% hydrogen peroxide in acetic
very reactive attacking species. The presence of poly- acid.15
phosphoric acid seems to be important for the uptake 6-Hydrazino-3-nitropyridazine 1-oxide was converted 
of the formed water, rather than acting as a proton into the corresponding 6-azido compound 5, (R =  N3) 
donor or Lewis acid. which, as anticipated, existed completely in the azido

Since the above experience with the oxidative trans- form. The destabilization of the otherwise fused tetra-
formation of an amino group into nitro group could be zole ring is similar to that of 3-azidopyridazine 1-
of synthetic importance for the preparation of not oxide,1617 and the phenomenon of azidotetrazolo va-
readily accessible 3-nitropyridazine 1-oxides, experi- lence isomerization associated with fused tetrazolopy-
ments were extended in this direction. ridazines has been discussed recently.17 ■18

In this manner 3-aminopyridazine afforded 3-nitro- There are some prominent features of nmr spectra of 
pyridazine 1-oxide, and 3-amino-6-chloropyridazine was imidazo [1,2-6 [pyridazine 5-oxide and s-triazolo [4,3-6 ]-
converted into 6-chloro-3-nitropyridazine 1-oxide. It pyridazine 5-oxide. Of particular significance is the
is well known that 3-amino-6-chloropyridazine can be signal for He, being in both cases sharp vis-a-vis to
oxidized with hydrogen peroxide in acetic acid, how- the same signal of the parent bicyclic compounds,
ever, to afford 6-amino-3-chloropyridazine 1-oxide.5'6
Likewise, other 6-amino-3-substituted pyridazines are (7) c F Koelsch and w. h . Gumprecht, j . Org. c h em ., 23, 1 6 0 3  (1 9 5 8 ).
transformed into their monO-N-OxideS, reaction taking (8) T. Ita i and 3. Natsume, Chem . P h arm . B ull. (Tokyo), 11, 83 (1963),
place at the ring nitrogen adjacent to the carbon bearing ® ,Tm* l l^ n Z o c y d . C hem ., 9 , 2 1 1  (i968).

(11) S. Sako, Chem. P harm . B u ll. (Tokyo), 10, 956 (1962).
(2) G. SpiteUer, “Massenspektrometrische Strukturanalyse organischer (12) T. Nakagome, Y akugaku  Z asshi, 82, 244 (1962).

Verbindugen,” Verlag Chemie, Weinheim, 1966, pp 143, 165. (13) S. Sako and T. Itai, Chem. P harm . B u ll. (Tokyo), U , 269 (1966).
(3) H. Budzikiewicz, C. Djerassi, and D. H. Williams, "Mass Spectrom- (14) T. Itai and S. Sako, ib id ., 10, 989 (1962).

etry of Organic Compounds,” Holden-Day, San Francisco, Calif., 1967, p (15) I. Suzuki, M. Nakadate, and S. Sueyoshi, Tetrahedron L ett., 1855
512. (1968).

(4) M. Japelj, B. Stanovnik, and M. Tisler, J .  H eterocyd. Chem ., 6, 559 (16) T. Itai and S. Kamiya, Chem. P harm . B u ll. (Tokyo), 11, 348 (1963).
(1969). (17) B. Stanovnik, M. Tiller, M. Ceglar, and V. Bah, J .  Org. C hem ., 35,

(5) T. Horie, Y akugaku  Z asshi, 82, 627 (1962). 1138 (1970).
(6) T. Horie and T. Ueda, Chem . P h arm . B u ll. (Tokyo), 11, 114 (1963). (18) B. Stanovnik and M. Tiller, Tetrahedrdn, 25, 3313 (1969).
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H e re , th e  signal fo r H 8 is b ro ad  ow ing to  th e  e le ctric  manner as above with hydrogen peroxide (3.0 g of 85% ) and
q uad ru p ole m o m en t of th e  neigh borin g n itrogen . T h is  of polyphosphoric acid. After 24 hr crushed ice was

, ,. , . , .  added (50 g) to the reaction mixture which was then neutralized
o b serv atio n  ca n  b e of d iagn ostic  v a lu e  in  con n ectio n  with N aIIC 0, to pH 5 . The obtai:ied product (1 .8 g> 73% )
w ith  th e  assig n m en t of th e  N -O xidation  site. was recrystallized from ethyl acetate, mp 145—146°.

T h e  sam e p hen om enon  is ob served  also w ith  sim ple A nal. Calcd for C6H(N40 2: C, 43.91; H, 2 .46; N, 34.14.
p yrid azin es. H ere , b ecau se  of th e  u n sy m m e trica l Found: C ,44.22; H ,2 .6 2 ; N ,34.25.
s tru c tu re  w ith  re sp e ct to  th e  p osition  of th e  N -O xide tbe mass spectrum, besides the peak for molecular ion

, -a- i • - x  a t  x* (164) there is a peak of very low intensity at M — 30 (loss of
grou p , tw o p ositio n al isom ers ca n  e x is t. A p p lica tio n  NO) an(j an intense peak at M — 46 (loss of NO2). Further
of n m r sp ectro sco p y  fo r d eterm in atio n  of th e  p osition  fragmentation process involves loss of HCN (ra/e91 and 64).
of N - 0  group in p y rid azin e N -O xides w as b ased  m ain ly  6-Methoxy-3-nitropyridazine from 6-Methoxyimidazo[ 1,2-6]-
on th e  p osition  of ch em ical shifts. T h u s , i t  w as e s ta b - pyridazine.— The method to obtain 6-nitroimidazo[l,2-6]pyrid-

, , A  . • 1 r i. . .  1 j  . ,1 , azme was followed, starting with 6-methoxyimidazo[1,2-6]py-
lished th a t  th e  signal of a  p ro to n  a tta c h e d  to  th e  ca rb o n  ridazine ( , ,5 g ). For anaiysis the crude product (l .1 g, 70% )
a to m  a d ja ce n t to  th e  N -o xid e  group ap p e a rs  a t  a  h igh er was sublimed at 130° (0.01 mm), mp 143-144° (lit.20 mp 142-
field th a n  th a t  of th e  p ro to n  a tta c h e d  to  th e  ca rb o n  143°).
a to m  a d ja ce n t to  th e  rin g  n itro g en . 19 N ow , a  co m - A nal. Calcd for C5H5N3O3: C , 38.71; H, 3 .25 ; N, 27.09.
p arison  of th e  shap e of such  signals w ith  th ose  of th e  Fourd: C, 39.01 ;H  3.59; H, 2 i .02.

d eo x y g e n a te d  p yrid azin e allow s an  assig n m en t of th e  inudazo[l,2-6]pyridazine (1.2 g) iu polyphosphoric acid (50 g) 
N -O xidation  site . was treated with hydrogen peroxide (4.0 g of 85% ) at such a

rate as to keep the temperature of the reaction mixture between 
35 and 40°. After addition was complete, the mixture was left 

E x p e rim e n ta l S e ctio n  to stand in the dark at room temperature for 24 hr, after which
. , , , . .  „  ,, . , . . hydrogen peroxide (2.0 g) was added. After 48 hr at room

Melting points were determined on a Kofler micro hot stage temperature, water (60 ml) was added, and the mixture was 
and are corrected. Infrared spectra were recorded on a Perkin- neutralized with sodium carbonate and extracted with chloroform
Elmer 137Infracord as K B r disks and nmr spectra were recorded (four times with 30 ml). After the solvent was removed the
on a JE O L  JN M -60H L spectrometer using tetramethyls.lane residue (Q 4 2g% ) was crystalUzed from ethyl acetate to give
as internal standard AU mass spectra were recorded at a resolu- Uow crystals with i 64- i 65 °. There was no depression
tion of approximately 1000 on a CEC 21-110C instrument using in melti point on admixture with the product prepared as 
direct sample insertion into the ion source which was operating described in section B and ir tra were identieal.
at temperature of 170 . The mmzation voltage was 70 V and B.-3-Aminopyridazine (1.9 g) was dissolved in polyphos- 
the emission current 100 ^ .  Throughout this paper polyphos- horic acid (5Q } a t 100„ and af(er the solution was to
phone;acidFluka, contammg;83%T20 5, was used. 30°, under stirring, hydrogen peroxide (4.0 g of 85% ) was added

Iimdazo l ,2-6]pyndazme 5-Oxide (2 , X =  CH; R  =  H )^ -A  d ropwise at such a rate as to i  the temperature in the range
d nnn i lmldaz° [ 1 '2-f]P-v" d0azm.e (4 -8 8 ) “  PnlyPhosphonc ^  3^ .  (about 3 hr) After 24 h water (50 ^  W£S adde£

acid (100 g) was prepared at 60 and then cooled to 30 Under the mlxture neutralized with sodium carbonate to pH 6 , and the 
stirring, hydrogen peroxide (6.0 g of 85%  I was added during Uow i itate couected. Upon reCrystallization from ethyl
2 hr in such a manner .hat the temperature did not surpass 40 acetate yeHow crystals (1.8 g, 65% ) of mp 165-166° (lit.» mp
After the addition was complete, the mixture was left to stand , . ■ , Au , •, ,. , . .. , , r, . . , TT ... .. 166 ) were obtained, lh e compound was identical with theat room temperature and in the dark for 48 hr. Upon dilution , . , , •, , • ,. , %... , . .  , ,. .. ... 1 , . . product prepared as described in section A. Nmr (CDC13)-
with water (200 ml), neutralization with sodium carbonate to 1 01 /j  tt \ 1 on /.m tj \ 1 00 /j  n  \ , r - „ , , „
pH 6 , and extraction with four portions of 50 ml of chloroform, T 1MT (d’ H< ’ J,-30 (dd’ Hs)’ L 86  (d’ He) ^  =  6 0 ’ J s '6 =  1 3  f, 1 . j  , , j  . j  1 , 1 cps, «/4,6 is not observed).the combined extracts were dried and evaporated m  vacuo. o j  e a  • ^
The yellow residue (2.9 g, 54% ) was recrystallized from ethyl . *-Tm zolo[4,3-6]pyndazme 5-Oxide (2 X -  N; R = H ) . -  
acetate to afford colorless crystals: mp 175-176°; nmr (CDCU) A S,ol^ ° "  ° f *-trl^ ol° [4,3-6]pynidazme 2 4 g)) in polyphosphoric
r  1.80 (dd, H3), 2.34 (d, H2), 2.18 (dd, H6), 3.00 (dd, H ,), 2.42 acid (60 g) was prepared at 100 .cooled to 30 and, with stirring,
(ddd, H8) ( j J =  0 .6 , V ,., =  5 .7 , J ,  8 =  10 .0 , J %.8 =  0.45 . h ,  =  ^ e d  at once with hydrogen peroxide (2.0  g of 85% .,. After
^ 0  9 CT)S) 24 hr at room temperature, the mixture was treated again with

A nal. Calcd for CsHsN30 :  C, 53.33; H, 3 .73; N , 31.10. the same quantity of hydrogen peroxide and left to stand for 
p  j . p  co 0 7 . at oak . h  01 94 48 hr. thereat ter, the reaction mixture was diluted with water

Oxidation of 6-Chloroimidazo[ 1,2-6]pyridazine.— A stirred (1f  “ d neutralized with sodium carbonate to pH 6. After 
solution of 6-chloroimidazo [ 1 ,2-d] pyridazine (3.0 g) in poly- extraction with chloroform (four'portions.of 40 ml) and evapora-
phosphoric acid (50 g) was treated with hydrogen peroxide (U0 0 the S0?vent- here '! ere obtf med L 3 S of the crude product,
g of 85%), and the mixture was left to stand at room temperature Tbln af r chromatographic analysis, usmg commercially avail-
for 48 hr. After dilution with water (70 ml) and neutralization abl? Platfes (DC-Fertigplatten Kieselgel F  254, Merck, and ethy
with sodium bicarbonate to pH 5, the mixture was extracted acetate for developing), revealed that the product consisted of
with chloroform (four portions of 30 ml) and the combined ex- the unreacted starting compound and its N-oxide. The first
tracts were dried and evaporated to dryness. A thin layer compound was removed by sublimation m. vacuo at 130° 0.01
chromatographic examination on silica gel, using commercially fmm) “ d Uie remaining N.oXlde (0.5 g, 18%) was recrystalhzed 
available plates (DC-Fertigplatten Kieselgel F  254, Merck) and fro“  ethan°! to ci ° rless mP 243-244°; a
developing them with ethyl acetate, revealed that the product ™lxture meltl" g. Polnt with an authentic specimen' showed no
is a mixture of the starting compound (Rt = 0.6) and another depress.on and !r spectra were identical; nmr (CDC1.) r 0.26
nonfluorescent compound (Rf =  0.8). The crude product (100 * _3q ’ T  ̂ 7̂ ’ ^ 6'7
mg) was separated on a larger scale by thin layer chromatography ® “  7 * v / j ’8”  VT CPf TT «  ̂ XT a
and there were obtained 13 mg of the compound with an Rt v  Anf  H ’ 2'96; N ' 41' 17'
value of 0.8. Upon recrystallization from ethyl acetate there t ,’ ; f l ’ 4.1 '30;, ^ „
were obtained yellow needles of mp 164-165°. The compound ~ 1 0 m zo®[ »3-6]p^idazme (1, X — N; R —
was found to be identical by undepressed mixture melting point ri ^procedure as desenbed for thepreparation of 6-mtroimidazo-
and identical ir spectrum with 6-chloro-3-nitropyridazine 1-oxide [1,2-6]pyridazine was followed. There were employed 6-amino-
(3, R = Cl). s-tnazolo[4,3-6]pyndazme (1.35 g), polyphosphoric acid (40 g),

Anal. Calcd for C4H2CIN3O3: C, 27.39; H, 1.15; N , and hydrogen peroxide (2.0 g of 85%) After 24 hr the mixture 
23.96. Found: C, 27.49; H, 1.46; N, 24.18. was Wlt“  water (50 ml) and neutralized with sodium

6-Nitroimidazo[ 1,2-6]pyridazine (1, X = CH; R = N 02).—  carbonate to pH 6; the product was filtered off, washed with
6-Aminoimidazo[1,2-6]pyridazine (2.0 g) was treated in the same water’ and dned m varM>' ^  crude Product (1.1 g, 67%)

(19) K. Tori, M. Ogata, and H. Kano, Chem. P h a m .  B u ll. (Tokyo), 11, (20) T. Nakagome, Y akugaku  Z asshi, 81, 554 (1961); Chem . A bstr., 88,
235 (1963). 21134 (1961).
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was (for analysis) recrystallized from ethanol to give yellow A nal. Calcd for CioH8N 40 3: C, 51.72; H, 3.47; N, 24.13.
needles with mp 2 0 0 - 2 0 1 °. Found: C, 51.77; H, 3.78; N, 23.86.

A nal. Calcd for C 5H3N 5O2: C, 36.37; H, 1.83; N, 42.42. In essentially the same way 6-morpholino-3-nitropyridazine 
Found: C, 36.15; H, 1.95; N , 42.25. 1-oxide was obtained in 64% yield, mp 214-215° (from ethanol).

Pyridazine 1-Oxide.— A stirred solution of pyridazine (1.6 g) A nal. Calcd for C8HioN404: C, 42.48; H, 4.46; N, 24.77.
in polyphosphoric acid (40 g) and hydrogen peroxide (1 . 6  g, 85%) Found: C, 42.49; H,4.73; N, 24.69.
was added in one portion and the mixture was left to stand for 6-Hydrazino-3-nitropyridazine 1-Oxide (5, R = NHNH2)._
24 hr. After dilution with water (100 ml), neutralization with A suspension of compound 3 (R = Cl, 1.75 g) in methanol (30
sodium carbonate, and extraction (four 30-ml portions of chloro- ml) was treated with hydrazine hydrate (1.0 g of 100%). The
form), the extracts were concentrated in  vacuo. The crude The resulting dark mixture was stirred at room temperature for
product (1.6 g, 84%) was (for analysis) purified by distillation 6  hr and the yellow needles which formed were filtered off and
under high vacuum: mp 38-39° (lit.7mp 38-39°); nmr (CDCI3) washed with methanol. Upon recrystallization from dilute 
t 1.70 (m, Ha), 3.00 (ddd, II4), 2.43 (ddd, H5), 1.92 (ddd, He) methanol the pure compound melted at 187-188°.
(Jt.i = 7.5, T5.6 = 6.0, / 4,6 = 1.0, J 3.i = 2.4, J 3,t = 0.6 cps). A nal. Calcd for C.1H5N5O3: C, 28.07; H, 2.95; N, 40.93.

The crude product was examined by thin layer chromatog- Found: C, 28.35; H,2.55; N, 40.82. 
raphy, but no traces of eventually present 1,2-dioxide could be The benzylidene derivative was prepared in the usual way and
detected. had mp 199-200° .

6-Chloro-3-nitropyridazine 1-Oxide (3, R = Cl) was obtained A nal. Calcd for CiiH9N60 3: C, 50.96; H, 3.50; N, 27.02.
from 3-amino-6-ehloropyridazine (4.0 g) in essentially the same Found: C, 51.11; H.3.80; N, 27.06.
way as pyridazine 1-oxide with the exception that initial heating 6-Azido-3-nitropyridazine 1-Oxide (5, R = N3).— The above
was necessary to dissolve the compound in polyphosphoric acid hydrazino compound (0.34 g) was dissolved in hydrochloric acid 
and then the solution was cooled to 35°. There were employed (5 ml of 5%) and the solution was cooled to 0°. Under stirring,
6.0 g of 85% hydrogen peroxide and 50 g of polyphosphoric acid. a solution of sodium nitrite (0.14 g in 1 ml of water) was added
The crude product was recrystallized from ethyl acetate to give dropwise and, after addition was complete, stirring was continued
yellow needles (3.0g, 57%) withmp 164-165°. for 10 min. The separated product was recrystallized from

A nal. Calcd for C4H2C 1N 3 0 3 : C, 27.39; H, 1.15; N, 23.96. ethyl acetate and, n-hexane to give (0.2 g, 55%) pale yellow plates
Found: C, 27.48; H, 1.45; N, 23.74. of mp 119-120°, ir, in KBr, 2119 cm“1 (N,).

6-Chloro-3-methoxypyridazine 1-Oxide (6, R = Cl).— Com- A nal. Calcd for C4H2N60 3: C, 26.38; H, 1.11; N, 46.15.
pound 3 (R = Cl; 1.75 g) and a solution of sodium methoxide Found: C, 26.70; H, 1.36; N, 46.44.
(prepared from 0.25 g of sodium and 15 ml of absolute methanol) 
were left to stand at room temperature for 24 hr. The residue,
obtained from concentration of the reaction mixture in vacuo, % r v  — C'TT ■ _  ~\Jn  \ oa7 U‘, aq o -
was crystallized twice from ethyl acetate to give colorless crystals, R egistry  rto . 1 (A  — b n ,  K  — JNU2), 24/10-49-2,
mp 160-162° (lit.14mp 159-161°). 1  ( X  =  N ; R  =  N 0 2), 24716-50-5  ; 2  ( X  =  C H ; R  =

A nal. Calcd for C5H5C1N20 2: C, 37.42; H, 3.14; N, 17.45. H ), 24716-51-6 ; 2 ( X  =  N ; R  =  H ), 20552-65-2 ;
Found: C ,37.74; H 3.01; N, 17.62 3 (R  =  C l), 24716 -53 -8 ; 3 (R  =  H ), 24716 -54 -9 ;

6-Bromo-3-mtropyridazme 1-Oxide (5, R = Br).— A mixture -  (Tt _  R  >. 9471ft q - n . e no _  N H C .T L ) 24704-30-1 •
of 3 (R = Cl, 0.5 g) and acetyl bromide (15 ml) was heated 5 ~  ^ >  2471IO-!95 U, ■ 5 UK -  IN t l U l l s ) ,  24/U4 dU 1,
under reflux for 3 hr to obtain a solution. Excess of acetyl 5 (R  =  N H X H 2) , 24704 -31 -2 ; benzylidene derivative
bromide was removed in  vacuo; the residue was treated with ice of 5 (R  =  N H N H 2), 2471 0 -9 6 -1 ; 5 (R  =  N 3), 24710-
( 1 0  g) and neutralized with sodium bicarbonate. The crude 9 7 . 2 ; 6  (R  =  C l), 14634-52-7 ; pyridazine 1-oxide,
product (0 4 g, 65%) was purified by recrystallization from 1 4 5 7 _4 2 _7 ; 6-m orpholino-3-nitropyridazine 1-oxide,
ethyl acetate, mp lo4 loo . n . nn ,,

A nal. Calcd for C4H2BrN30 3: C, 21.85; H, 0.92; N, 19.11. 24711-00-0.
Found: C, 22.25; H, 1.27; N , 18.92.

6-Anilino-3-nitropyridazine 1-Oxide (5, R = NHC6H5).—
A suspension of 6-chloro-3-nitropyridazine 1-oxide (0.35 g) in Acknowledgment.—W e wish to  thank D r. J .  M arsel
ethanol (5 ml) and aniline (0.2 g) was heated under reflux for 3 r t a-a. ± j  qa ( j  • l i -
hr. The obtained product was recrystallized from ethanol to from  In stitu te  J .  Stefan, Ljubljana, for recording some
give orange needles of mp 186-187° (yield 67%). mass spectra.
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Oxadiaziridines, th e Cyclic Form  of an Azoxy Group.
Synthesis, Valence Isom erism , and Reaetivityla,b

F rederick D. Greene and Stephen S. Hecht10
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The photolysis of alkyl azoxy compounds R N N (0)R  (lia , R  = i-butyl; lib , R  =  n-butyl) in pentane affords 
a new three-membered-ring heterocycle, an oxadiaziridine (12a, R  =  ¿-butyl; 12b, R  =  n-butyl). The oxadi
aziridines revert to the azoxy compounds, ¿i/2 at 28° ~  5 hr. The isomerization is catalyzed by acids (fivefold 
acceleration for 12a by 1.7 M  ChCHCOOH in CCh) and shows a slight solvent effect (krei for 12a in CCh, CH3OH,
CH3NO2: 1, 2, 2.5). Compound 12a is reduced to the corresponding azo compound by acidified N al in acetone; 
it is generally unreactive toward LiAlH4 or CH3Li. Compounds lib  and 12b are reduced to the corresponding 
azo compound by LiAlIT. Compound 12b is reduced by CH3Li to azobutane and butyraldéhyde n-butyl- 
hydrazone; lib  reacts with CH3Li to afford 1-methylazobutane.

The interconversion of a three-membered ring with an Systems isolable in covalent form are 1, 2 , 3, 4 ,3a and
open-chain dipolar form constitutes a type of valence 5 .3a"b Those isolable in dipolar form are 5,3a'b 8, 9, and
isomerism that has received little attention (eq 1). 10. There is some evidence for the transient existence

of dipolar forms 2 ,30 3 ,3d 4 ,3e’f and 6 .5e The ability to 
g g  ^ g exist in a dipolar form is obviously tied to the accommo-

y  \  r-t- y \  Jf \  / '\  (1) dations for the charges: to the availability of a lone
A---- C A C  A C A C  pair on atom B, to the electronegativity of atoms A and

+ “ a- r  C, and to the substituents attached to A and C (eq l ) . 4
The relationship between the (isolable) covalent form 

Scheme I illustrates all of the possible combinations arid a transient dipolar form has been examined for 2 3°
for saturated three-membered rings containing carbon, and 3 3d an(j jn the case of 2 the stereochemistry of the
nitrogen, and oxygen and a corresponding dipolar form.2 ring-opening reaction (conrotatory) has been estab

lished.30 For only one of the ten combinations— 5 in 
S c h e m e  I the center of the triangle—has it been possible to isolate

g both the covalent and the dipolar form3b for simple

A substituents.6
In recent years, the use of bulky substituents has 

C c resulted in the synthesis of small rings of enhanced
C C stability (diaziridinones,6a aziridinones,6b cyclopropa-

/ \  / \  nones7). The stabilizing effect of tertiary alkyl sub-y 2 / 3 > o  stituents in these systems may be due to impeded attack
~ at the carbonyl group, hindrance to concerted ring

C c  C opening, or more subtle effects. These results en-

Ay\ y  \ couraged the further examination of adequately hin-
N  ̂ y _  \  /  ® \ dered, new ring systems. We describe here the synthe-

N ® ® sis of the oxadiaziridine ring system 88 and a number of
N N 0  0  reactions of this new class. Interestingly, bulky sub-

A \  / e \  A \  / o \
N -----  N N ----- 0  N —  0  0  ----- 0  (3) (a) E. Schmitz, “Dreiringe mit Zwei Heteroatomen,” Springer-

Verlag, New York, N. Y., 1967; (b) W. D. Emmons, J .  A m er. Chem . S oc., 
C 79, 5739 (1957); (c) R. Huisgen, W. Scheer, and H. Huber, ib id ., 89, 1753

f  4 \  (1967); (d) W. J. Linn, O. W. Webster, and R. E. Benson, ib id ., 87, 3651
C 1 C (1965): (e) R. Huisgen, P roc. Chem . S oc., 357 (1961); (f) Helv. C h im .
© 0  Acta, 50, 2421 (1967); (g) R. Criegee, A. Kerckow, and H. Zinke, Chem .

I Ber., 88, 1878 (1955); P. D. Bartlett and T. G. Traylor, J .  A m er. Chem.
N© 0© S oc., 84, 3408 (1962); see also R. W. Murray, Accounts Chem . R es., 1, 313

/ o \  / 3 \  <1968)-
r  ^  r  C C W The incorporation of the groups of Scheme I into aromatic systems

0  0  leads t o  many additional examples: e.g., (a) for dipolar form 3, see E. F.
| j ‘ Ullman and W. A. Henderson, Jr., J .  A m er. Chem . S oc., 8 8 , 4942 (1966);

^ 0  ^ . 0  0  @ (b) for 4, see J. Streith and J. M. Cassai, Tetrahedron Lett., 4541 (1968);
» / /  \  (c) for dipolar form 7, see M. J. Perkins, J  Chem. S oc., 3005 (1964); see

>/ 4  \ / / 5 \  »  6  \ also M. S. Gibson, N ature, 193, 474 (1962).
C N C 0  C 0  (5) With rather specialized substituents, 4 both covalent and dipolar

O O O forms have been isolated, e.g., for 3, see ref 4a.
I l l  (6) (a) F. D. Greene, J. C. Stowell, and W. R. Bergmark, J .  Org. Chem .,

N © N © N ® 0 ®  34, 2254 (1969); (b) J. C. Sheehan and J. H. Beeson, J .  A m er. Chem . Soc.,
/ / 7 \  / q\  /  q \  / 0\  89,362 (1967).

|̂ ' N O  O O  0  0  (7) J. F. Pazos and F. D. Greene, ib id ., 89, 1030 (1967).
0 Q 0 0  (8) The cyclic structure for 8 has appeared in the early literature as a

formulation for the azoxy greup. In recent times, a diaryloxadiaziridine has 
been proposed as an intermediate in the Wallach rearrangement of azoxy- 

(1) (a) Supported in part by the National Science Foundation; (b) F. D. benzenes to hydroxyaryl azo compounds [M. M. Shemyakin, V. I. Maimind,
Greene and S. S. Hecht, J .  A m er. Chem . Soc., 89, 6761 (1967); (c) National and Ts. E. Agadzhanyan, Chem. In d . (London) 1223 (1961)]. For further
Institutes of Health Predoctoral Fellow, 1965-1968. references on the Wallach rearrangement, see E. Buncel, A. Dolenko, I. G.

(2) The appropriate number of substituents is assumed to be attached to Czizmadia, J. Pincock, and K. Yates, Tetrahedron, 6671 (1968), and C. S.
C, N, and O corresponding to the saturated valence states of these atoms. Hahn, X. W. Lee, and H. H. Jaffé, J .  A m er. Chem . Soc., 89, 4975 (1967).
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stituents do not appear to be essential to the synthesis are capable, in theory, of existence in cis and trans 
or stability of this system. forms. Steric considerations suggest the trans struc-

Synthesis of Oxadiaziridines.—Two methods have ture for 11a and 12a.11'12 Nmr comparisons suggest
been examined: photolysis of azoxy compounds9 and that azoxy-n-butane (lib) has the trans structure. Di
oxidation of azo compounds. Photolysis of azoxy n-butyloxadiaziridine could be either cis or trans. The
compounds lla -c  in pentane solution at 10-20° with nmr spectrum is suggestive of a single species. Inter-
a Hanovia Type L lamp resulted in ring closure to conversion of cis- and ira?is-n-butyloxidiaziridine (e.g.,
oxadiaziridines 12a-c. by nitrogen inversion) would be expected to be slow by

analogy to diaziridines13 and oxaziridines.13
Ri_ 5f= N _R 2 — »  R,—n___ -n—R2 (2) The photolysis of 2,3-diazabieyclo[2.2.1]-2-heptene

| a \  /  N-oxide (14)12 was studied in the hope of preparing a
0  as-substituted oxidiaziridine. Large amounts of un-

o1 = 5 2 = ^ ¡ut,y!, 12?’ 5 1 = 5 2 = i'KUtyl, characterized polymeric material were obtained. Nob, Ri = R2 = n-butyl b, Rt = R2 = «-butyl f  J ,. . .
c, Ri = Me; R2 = ¿-butyl c, R, = Me; R2 = ¿-butyl evidence was found for the presence of the oxadiaziri-

dine.
Assignment of structure 12 to the photoproducts is 

based on spectral data (see Table I), molecular weight, K n_

T a b l e  I
S p e c t r a l  P r o p e r t ie s  o f  lla,b a n d  12a,b D

Nmr, ppm Ir, cm-1 Uv, m/x (e)
lia 1.25 (9 H,s) 1495, s 221 (5535) Reactivity of Oxadiaziridines.—Thermal isomeriza-

1.46 (9 H, s) 1295 tion of the oxadiaziridines to the azoxy compounds is
12a 1.00 (18 H, s) None facile, quantitative, and first order (Table II). Two
lib 4.17 (2 H ,t) 1500 218 (8088)

3.37 (2 H, t) 1315
2.0- 0.8 (14 H, m) T a b l e  II

12b 2.63 (4 H, t) None I s o m e r i z a t i o n  o f  O x a d i a z i r i d i n e s  t o

2 . 0 -  0 .8  (14  H, m ) Az o xy a lk a n es  in  N e u t r a l  and A cid ic  M ed ia

,--------------ii/2, min (28°)--------------•.
CCh, 1.74 M

volatility, and quantitative thermal isomerization back Compd ecu in CI2CHCO2H
to the azoxy compounds. Oxadiaziridine 12c was ob- 12a 290 45
served in the photolysis mixture but could not be iso- 12b 270 70
lated. Details are given in the Experimental Sec-

tl0" - ,• x x  , ,  , x u  aspects are of special interest. Firstly, the rates ofA possible alternative structure, 13, has not been . F . . .  , % , , , ,  , , , ,,1 , . ,  j  , , xl isomerization for the (-butyl compound 12a and therigorously excluded but is considered less likely than , J , , .u , •
xl l • r xl 1 i r x- -x c l x , x n-butyl compound 12b are almost the same, implying 12 on the basis of the lack of reactivity of photoproducts xl x % l n n 1 l x-x x ■ ,

a and b toward 1,3 dipolarophiles and toward water, *lkfA substituents convey no epecml
and the lack of ov absorption. Peracid oxidation of stab.lising effec m this system. Secondly, the rate of* isomerization of 12a to 11a is quite insensitive to the

polarity of the medium14 (relative rates: CCh, 1; 
R—N N—R ■*—> R—N N—R CH3OH, 2; CH8N 0 2, 2.5) implying that at the transi-

qf  \ /  tion state of the ring-opening reaction one has not
+ + made much progress toward the charge distribution of

13 the azoxy compound.
The stereochemistry of the ring-opening reaction is 

azo compounds is a known method for the synthesis of ncq known. The spectral properties of the azoxy-n-
azoxy compounds. In view of the facile isomeriza- butane obtained from thermal isomerization of 12b
tion of oxadiaziridines to azoxy compounds (see section strongly suggest the presence of a single (the starting)
on reactivity) and the peracid oxidation of imines to isomer, presumably trans.
oxaziridines,3b it seemed possible that low-temperature j n stronger acid medium of trifluoroacetic acid, 
oxidation of azo compounds might first afford oxadiaziri- di-(-butyloxadiaziridine is rapidly converted to ¿-butyl
dines. Oxidation of azo-(-butane10 with m-chloroper- trifluoroacetate (78% yield). The same reaction is
benzoic acid or peracetic acid at 0° showed immediate observed with azoxy-i-butane (92% yield of the tri
appearance of azoxy infrared bands and provided no
evidence for formation of the oxadiaziridine. I j j \ye no. know of any cis acyclic aliphatic compounds. The com-

Both the azoxy compounds and the oxadiaziridines pounds reported by B. T. Gillis and K. F. Schimmel, J . Org. Chem ., 27, 413
(1962), have been reassigned dimeric structures (C. E. Wintner, Ph.D. 
Thesis, Harvard University, 1963). Cyclic azoxy compounds are known

(9) For the closely related photochemical conversion of nitrones to ox- (ref 12).
ariridines see J S. Splitter and M. Calvin, J .  Org. Chem ., 30, 3427 (1965). (12) F. D. Greene and S. S. Hecht, Tetrahedron  Lett., 575 (1969).
Photolysis of azoxymethane has been reported [B. G. Gowenlock, Can. J .  (13) A. Mannschreck and W. Seitz, Angew. Chem. In t. E d . E ngl., 8, 212
Chem ., 42, 1936 (1964)] giving C2He, CH,, N2, and N20. Photolysis of aryl (1969). . „  ,  m  „„ „ „ „  , ,
azoxy compounds has been reported to give o-hydroxyaryl azo compounds (14) See S. Brownstein, Can. J .  Chem ., 38, 1590 (I960), and references
[G. M. Badger and R. G. Butley, J .  Chem. S oc., 2243 (1954)]. cited therein; see also E. M. Kosower, “An Introduction to Physical-

(10) “Azo-i-butane” is l,l,l',l'-tetramethylazoethane; “azoxy-i-butane” Organic Chemistry,” John Wiley and Sons, Inc., New York, N. Y., 1968,
is 1,1,1', 1 '-tetramethylazoxyethane. Chapter 2.6-2.8.
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fluoroacetate), possibly via a route such as that shown methyllithium follows a different course. In this case,
in eq 3. In this medium (CF3COOH), di-n-butyloxa- the major products are found to be azo-n-butane (50%)

and butyraldehyde n-butylhvdrazone (25%). The
1 2 a ---------- >" 2C F3COO—f-Bu ■ I N2 “b H2O

CF3COOH t  CFaCOOH /  \  CHsLi
| I M-CJIaN ----- N— re-C4H9 — >  ra-C4H 9— N = N — ra-C4H 9 +

EtsO
. .  CF3COOH [- + „  iTl "| n-C3H ,C H = N - N H - n - C 4Ha
1 1 a ----------- >  i-Bu— N = N — ¿-Bu (3)

Oj [ CF3COO hydrazone may arise by isomerization of azo-n-butane
or by extraction of an a hydrogen at an intermediate 

diaziridine is isomerized to azoxy compound. In con- stage.
trast to azoxy-f-butane, azoxy-n-butane is unchanged A number of conditions which gave no reaction with 
by trifluoroacetic acid after 24 hr at room tempera- the oxadiaziridines and the azoxy compounds are sum-
f'u r e -10 marized in the Experimental Section.

Reduction Reactions.—Di-i-butyloxadiaziridine is 
converted to azo-f-butane10 (95%) by the action of
acidified sodium iodide in acetone. This reaction can Experimental Section
be used to assay samples of the oxadiaziridine. (How- Azo-n-butane.15 16— An aqueous solution of sodium hypochlorite
ever, spectral methods of assay are simpler.) (80 ml, 1.5 M ) was added at. 0° with stirring to a mixture of

Di-i-butyloxadiaziridine is not reduced by lithium NaOH (5.0 g, 0.125 mol) and di-n-butylsulfamide (obtained

aluminum hydride in ether at room temperature. Di- rf9action̂ 04 rt-b“ty1T nine1 “ d su!furyl c,hl°-ide^ 9T. J . ,r  . . . , , , /  , . 118-120°, 12 g, 0.058 mol; in 20 ml of pentane and stirred 2 hr
n-butyloxadiaziridme is reduced to azobutane in 40%  2 5 °. The mixture was extracted with three 50-ml portions
yield. of pentane and the pentane layer was dried (MgSO») and con-

n  „  „ . centrated. The residue was distilled at 77° (30 mm) giving
, UX  Y  y A “ 3 5.0 g (59% ) of azo-n-butane: ir (CCh) 2960, 2865, 1465, 1430,

n-C4H 9t i - ----N—n-C4H 9 — n- C4H 9N— N— n-C4H 9 1380 cm “1; nmr (CCh) 3.72 ppm (4 H , triplet), 2 .0 -0 .8  ppm
(14H ,m ultiplet).

j Azoxy-n-butane (l ib ) .— To a solution of azo-n-butane (4.0 g,
y  0.028 mol) in methylene chloride (50 ml) was added a peracetic

„  _T__„  „  acid solution (10 ml, 4 .9  M  peracid in acetic acid) dropwise.
n- 4 9 n- 4 9 The mixture was stirred for 2 hr at 0 -10° and poured into 200

m, ,,  ■ •,, . ml of water. The layers were separated, and the methylene
T h e  sam e p a tte rn  is seen w ith  lith iu m  alu m in um  chloride layer was wa ĥed with saL a t e d  aqueous solutions of

h yd rid e an d  th e  a z o x y  com p ou n d s; th e  d i-i-b u tyl d e n v - NaHSCh, N aH C 03, and NaCl in 200-ml portions and dried
a tiv e  is recov ered  u nchan ged, while a z o x y -n -b u ta n e  is (MgSCh). Concentration and distillation [105° (20 mm)]
co n v erted  to  azo -n -b u ta n e  in  80%  yield. gave azoxy-n-butane (lib ) (2.09 g, 35% ): ir (CCh) 2950, 2925,

Reactions with MethylUthium.-The reaction of di- I f 0.’ f  ̂ o n 2°n. ,  , , ,. . . . .  T ,  ,, . (CC14) 4.17 (2 H, triplet), 3.37 (2 H , snplet), 2 .0 -0 .8 ppm (14 H,
¿-butyloxadiaziridme with methyllithium at room multiplet); u v(E tO H )X ma%218m ^ (e8 0 8 8 ),2 7 8 (5 3 ).
temperature proceeds sluggishly. Interruption of the A nal. Calcd for C8H 18N20 :  C, 60.76; H , 11.39; N, 17.72. 
reaction after 1 hr at room temperature gives a 7 %  Found: C, 60.70; H , 11.49; N, 17.85.
yield of azo-i-butane,10 while the remainder of the 2,3-Diazabicyclo[2.2.i]-2-heptene N-Oxide (14). A solution
material is oxadiaziridine and azoxy-i-butane1» (re- of 2 .3 -diazabicycl°(2^Tj-^-heptene11 (288 mg 3.0 mmol) in

. . , . . . . . J  , > methylene chloride (10 ml) was added at 0 to a methylene
suiting liom isomerization). Azoxy-i-butane, vhen chloride (15 ml) solution of 85%  m-chloroperbenzoic acid (800
treated under the same conditions, is slowly reduced mg, 4.0 mmol) and stirred at 25° for 3 hr. Neutralization (by
to the azo compound ( 9 %  after 18 hr at 2 5 ° ) .  8 g of K 2C 0 3, and stirring at room temperature for an additional

When azoxy-n-butane is mixed at 0 °  with a solution 16 hr), filtration and concentration at reduced pressure yielded
c iu  ii-ii,' • x- 4. 1 i 200 mg (57% ) of crude 14. Pure material (mp 87-89 ) couldof methyllithium, a vigorous reaction takes place with be obtained either by sublimation> by reCrystallization from

evolution of gas and development of an orange color. hexane, or by collection from glpc. Azoxy compound 14 has
Quenching results in decolorization and the isolation of the following spectral properties: ir (CHC13) 3000, 2960, 1500
1-methyl-azobutane (1 5 ) in 30% yield as the single (s)> 1465, 1365, 1352, 1300 (w), 1285, 1252, 1180, 1121 cm -1;
major product. The presence of the corresponding Xmax );2® (e 6°00);. Tmr18 CCDC13) 4.61 (2 H, singlet),
r ,  , . . , 1 r ,  2.30-1 .50  ppm (6 H, multiplet); mass spectrum, m e (relative
C9 hydrazones is also indicated (see Experimental Sec- intensity), 112 (32, molecular ion), 68 (100), 67 (74 ), 39 (30).
tion). The reaction of di-n-butyloxadiaziridine with A nal. Calcd for C5H8N20 :  C, 53.57; H, 7 .14 ; N, 25.00;

mol wt, 112. Found: C, 53.56; H , 7 .13; N , 25 .02; mol wt 
. (cryoscopic in benzene), 122 .

r u  r i s r  n  M __ Di-i-butyloxadiaziridine (42a).— Azoxy-i-butane (11a )18 [1,1-
n-C4H9 JN IN j CHCjHj *■ n-CjHg JN N CHC3H7 l'.l'-tetramethylazoxybutane] (12.0 g, 0.076 mol) was irradiated

I I  I in 250 ml of purified pentane using a Hanovia Type L  high-
— _ “  Y ) ®hi pressure lamp. The quarzz inner-well was cooled with cold

Li- CH:, 1 CHjLi water. The solution was degassed (N2 stream) and the photoly-
I sis was followed by disappearance of the uv band at 221 m^

n-C4HD— N==N— CHC3H7 (complete in 3 hr). The pentane was removed at reduced
| pressure at room temperature yielding a residue of crude di-i-

CH3 butyloxadiaziridine (12a), 9.0 g. Analysis by glpc (5 ft X  0.25

15 (16) E. Schmitz and R. Ohme, A rgew . C h em .In t . E d . E n gl., 4, 433 (1965).
____________  (17) S. G. Cohen, R. Zand, and C. Steel, J .  A m er. Chem . S oc., 83, 2895

(1961). In this preparation, it is necessary to follow exactly Cohen’s proce- 
(15) For a study of the effect of strong acids on primary and secondary dure for the hydrolysis of the diester to the hydrazo compound. Oxidation 

azoxyalkanes, see R. Biela, H. Horing, and W. Pritzkow, J . PraJct. Chem ., of the hydrazo compound to the title compound was most efficiently accom-
36, 197 (1967); see also B. W. Langley, B. Lythgoe, and L. S. Rayner, J .  plished by the copper(I) chloride method cited by Cohen.
Chem . Soc., 4191 (1952). (18) J. P. Freeman, J .  Org. Chem., 28, 2508 (1963).
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in., 20% SE-30, 100°) showed one major peak, which was sublimation of the residue was unsuccessful. Examination of
collected and had infrared spectrum and retention time identical the residue by glpc (8 ft X 0.25 in., 20% SE-30, 150°) showed
with those of azoxy-i-butane. no peaks other than solvent . Photolysis in Freon (188 mg 14

Small portion of 1 2 a (0.3-0.5 g) were purified one at a time in 250 ml) and in octane (100 mg 14 in 250 ml) gave essentially
by trap-to-trap distillation at room temperature and 0.1 mm. the same results. Neither cyclopentene nor bicvclopentane was
The distillation gave a mixture of di-i-butyloxadiaziridine (1 2 a) observed by glpc of the photolysis solution (octane solvent),
and azoxy-i-butane (11a), the latter forming during work-up Isomerizations of Di-t-butyloxadiaziridine and Di-n-butylox-
and distillation. This mixture was separated by chromatography adiaziridine.—Isomerization of di-f-butyloxadiaziridine to axoxy-
on alumina using a water-cooled column and a 1 0 0 :1  alumina: ¿-butane can be followed by nmr (disappearance of singlet at
substrate ratio with pentane as eluent (order of elution: oxa- 1 .0 0  ppm with appearance of singlets at 1.25 and 1.46 ppm),
diaziridine, azoxy-i-butane). The chromatography was success- ir (appearance of bands at 1500 and 1300 cm-1), and uv (ap-
ful with Woelm activity grade I neutral alumina and Merck pearance of bard at 221 mu)- In the case of di-n-butyloxadi-
acid-washed alumina. Di-i-butyloxadiaziridine (12a) has the aziridine, the triplet centered at 2.60 ppm disappears with
following physical properties: nmr (CCU) 1 .0 0  ppm (singlet); appearance of two triplets centered at 3.40 and 4.17 ppm.
ir (CCU) 2970, 2925, 2850, 1475, 1452, 1380, 1365, 1230, 1205 The thermal iscmerization of di-i-butyloxadiaziridine was found
cm-1; mass spectrum rei/e (relative intensity ) 87 (7), 57 (100), to be essentially quantitative by comparison of the intensity of
41 (40). the ultraviolet absorption at 221 my. after isomerization (e 5501)

Anal. Calcd for CsHiSN20 :  C, 60.76; H, 11.39; N, 17.72; with that of azoxy-i-butane (e 5535). Analysis of this material 
mol wt, 158. Found: C, 60.62; H, 11.33; N, 17.70; mol wt by vpc (5 ft X 0.25 in., 20% SE-30, 100°) showed only one
(cryoscopic in benzene), 166. peak, identical in retention time and infrared spectrum with

Di-re-butyloxadiaziridine ( 12b) was prepared using the same those of azoxy-i-butane. The rates of isomerization of di-f-
procedure as for 1 2 a, above. After 2 hr of irradiation the ultra- butyloxadiaziricine and di-re-butyloxadiaziridine were followed
violet maxima had disappeared. Removal of solvent and analy- by integration of nmr peaks, and the half-lives reported in the
sis of the mixture by glpc (5 ft X 0.25 in., 20% SE-30, 100°) text for the thermal reaction were obtained from first-order
showed two major peaks corresponding in retention time to azo- plots.
re-butane (14%) and azoxy-re-butane ( l ib )  (8 6 % ). Chromatog- Reactions with Trifluoroacetic Acid. A. Azoxy-i-butane 
raphy on alumina (alumina:substrate = 100:1, pentane: (50 mg, 0.32 mmol) was mixed with 2.5 ml of trifluoroacetic
methylene chloride eluent 50:50) resulted in elution of di-re- acid. An immediate exothermic reaction took place with evolu-
butyloxadiaziridine ( 12b) as the first fraction. Samples were tion of gas. Nmr of the solution show-ed a singlet at 1.47 ppm.
found to be contaminated with 10% azo-re-butane. Trap-to- The mixture was diluted with H20  and extracted with ether,
trap distillation of the crude mixture at 25° (0.01 mm) resulted The ether phase was washed (saturated aqueous K 2C 03), dried
in separation of di-re-butyloxadiaziridine ( 12b) and azo-re-butane (M gS04), and concentrated. The residue (vpc, one peak) wras
from azoxy-re-butane ( l ib ) . Samples free of azo compound identified as ¿-butyl trifluoroacetate by comparison of retention
were prepared by rapidly mixing the crude mixture with m- time and ir and nmr spectra with those of an authentic sample,
ehloroperbenzoic acid solution at 0° in methylene chloride and The ¿field was 12% (based on 2 mol of i-butjfi trifluoroacetate
working up quickly at 0°. This converted azo-re-butane to azoxy- produced for every 1 mol of azoxy-i-butane consumed), 
re-butane (lib )  which was then separated from di-re-butyloxadiazi- B. Di-i-butyloxadiaziridine (24.0 mg, 0.15 mmol) was added
ridine(12b) by either chromatography or distillation. Spectral slowly to 0.5 ml of trifluoroacetic acid. Reaction took place
properties: nmr (CC14) 2.63 ppm (4 H, triplet), 0.8-2.0 (14 H, immediately and resulted in formation of i-butyl trifluoroacetate
multiplet); ir (CC14) 2945, 2915, 2857, 1466, 1387 cm-1  (infrared (84%, yield).
and nmr spectra identical with those of azoxy-re-butane were ob- C. Azoxy-re-butane (50 mg, 0.32 mmol) was added to tri-
tained by heating a sample at 90° for 4 min). fluoroacetic acid (0.5 ml). Some heat was evolved, but there

Anal. Calcd for CgHisN20 :  C, 60.76; H, 11.39; N, 17.72. was no evolution of gas as in the case of azoxy-i-butane. No
Found: C, 60.58; H, 11.38; N, 17.67. change was observed in the nmr spectrum after 24 hr at room

Photolysis of N-i-butyl-N'-methyldiimide N-oxide (1,1-di- temperature. It  should be noted, however, that the chemical
methylethaneazoxymethane) (1 1 c )1819 was carried out under shift of the metnjfiene groups adjacent to the azoxy functionality
the same conditions described for 1 2 a and 12b [1.5 g (0.013 is somewhat different in trifluoroacetic acid (3.83 and 4.66 ppm)
mol) of 11c in 250 ml of pentane]. The uv max of 1 1 c disap- than in a neat sample (3.40 and 4.17 ppm)].
peared after 2.5 hr. Concentration yielded a residue of 0.5 g, D. Di-re-butyloxadiaziridine (50 mg, 0.32 mmol) was mixed
shown by glpc (5 ft, 20% SE-30, 100°) to be a mixture of at with trifluoroacetic acid (0.5 ml) at 0° in an nmr tube and allowed
least 11 components: 50% corresponded to a mixture of two to come to 20°. The oxadiaziridine gradually disappeared over
unsymmetrical azoxy compounds and l-methyl-2-i-butylox- a period of 80 min with appearance of triplets at 3.83 and 4.66
adiaziridine (12c), 22% was a mixture of low-boiling components, ppm, corresponding to azoxy-re-butane. In addition to this,
and 27% was a mixture of less volatile material. The infrared two smaller triplets were observed centered at 4.20 and 4.69
spectrum of the crude mixture showed characteristic azoxy ppm. The acid was destroyed by addition of solid K 2C 03.
bands, which increased in intensity on heating of a sample in a Concentration yielded 47 mg of material which showed 80%
sealed tube for 5 min at 90°. The nmr of the crude material azoxy-re-butane by glpc (5 ft X  0.25 in., 20% SE-30, 100°)
showed, in addition to a multiplet at 1.40-1.10 ppm, singlets at in addition to 20% material of shorter retention time, which
3.10 ppm (3 H), 2.62 (3 H), 1.50 (9 H), and 1.00 (9 H). After remains unidentified.
standing overnight, the signals at 2.62 and 1.00 ppm (12c) dis- Reactions with Lithium Aluminum Hydride. A. Di-i-butyl- 
appeared with enhancement of the peaks at 3.10 and 1.50 ppm oxadiaziridine (100 mg, 0.63 mmol) was added at room tempera-
(11c). A weak signal was also observed at 3.95 ppm. Alumina ture to a slurry of lithium aluminum hydride (40 mg, 1.0 mmol)
chromatography ¿fielded the high-boiling components of the in ether (5 ml). No signs of reaction were observed. Stirring
mixture as a first fraction (elution with pentane). A second was continued at room temperature for 1 hr and the mixture wTas
pentane fraction contained a complex mixture of products. quenched by cautious addition of TFO. The ether phase was
Elution with methylene chloride yielded the azoxy compound. dried (M gS04) and concentrated, ¿fielding 60 mg of material
The nmr spectrum of the less volatile components showed a which was a mixture of di-i-butyloxadiaziridine (40%) and azoxy-
multiplet between 1.0 and 1.4 ppm. No signals were observed ¿-butane (60%) by nmr. When azoxy-i-butane was subjected
further downfield. This excludes dimers with N-methyl linkages. to the same conditions, it was recovered unchanged.

Photolysis of 2 ,3-Diazabicyclo[2.2.1]-2-heptene N-Oxide (14). B . Azoxy-re-butane (510 mg, 3.2 mmol) was added in por-
—A degassed solution of 14 (15 mg, 0.13 mmol) in 250 ml of tions at room temperature to a slurry of lithium aluminum
spectroquality cyclohexane was irradiated wfith a Ilanovia Type hydride (192 mg, 5.0 mmol) in 25 ml of ether. There was a
L high-pressure lamp. After 0.5 hr, the ultraviolet maximum slightly exothermic reaction for the first 20 min. Stirring wras
due to the azoxt- compound had disappeared. Heating of a por- continued for 53 min more. The reaction mixture was quenched
tion of the photolysis solution at reflux for 0.5 hr effected no by cautious addition of H20 . The ether phase was dried (M gS04)
return of the azox>’ ultraviolet absorption. Concentration and concentrated yielding 364 mg (80%) of azo-re-butane, identi-
under reduced pressure yielded a residue (13 mg) which contained fied by comparison of infrared and nmr spectra with those of
some solid material w'hich did not melt below 300°. Attempted authentic material.
___________  C. Di-re-butyloxadiaziridine was converted to azo-re-butane

(19 ) J .  G. Aston and D. M. Jenkins, Nature, 167, 863 (1 9 5 1 ). in  4 0 %  y ie ld  u n der the a b o v e  co n d itio n s.
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Reaction of Di-i-butyloxadiaziridine with Sodium Iodide in 1465, 1455, 1375 cm-1; nmr (CC14) 3.66 ppm [triplet (2 H)
Acetone. A. Titration.—Di-i-butyloxadiaziridine (21 mg, 0.13 superimposed on a multiplet (1 H)], 2.0-0.8 ppm, [multiplet
mmol) was added to a degassed, saturated solution of sodium (17 H) which includes a doublet (/ =  6  cps) centered at 1.15
iodide in acetone (10 ml) containing 1  ml of 1.0 N  HC1. An ppm]; mass spectrum m /e  (relative intensity) 156 (9, molecular
immediate dark red color appeared and the solution was stirred ion), 71 (47), 57 (36), 43 (100), 41 (39).
for 5 min at room temperature under Nj. Titration of the Anal. Calcd for C9H20N2: C, 69.23; H, 12.82. Found: 
iodine with 0.020 N  Na2S20 3  solution gave an average value of C, 69.15; H, 12.72.
90% “ active oxygen” for samples known to contain 90% di-t- C. Di-n-butyloxadiaziridine (82 mg, 0.52 mmol) was added
butyloxadiaziridine by uv spectrum. When this procedure was at 0° under N2 to a solution of methyllithium in ether (1.6 ml,
employed with azoxy-i-butane as substrate, some coloration of 1.6 M ). There was no color change or evolution of gas. Stirring
the solution (yellow) was observed. was continued for 5 min and the mixture was quenched by cau-

B. Product Identification.—Di-i-butyloxadiaziridine (100 mg, tious addition of H20 .  The ether phase was dried (MgS04)
0.63 mmol) was added at room temperature to a saturated solu- and concentrated yielding a residue of 49 mg. Analysis of this
tion of sodium iodide in acetone containing 1 drop of concentrated mixture by glpc (2 ft X 0.25 in., 20% SE-30, 80°) and nmr
HC1. The mixture was stirred for 5 min at room temperature. indicated that it was a mixture of azo-n-butane (75%) and n-
The red color was dissipated by addition of a few drops of satu- butyraldehyde n-but.ylhydrazone (25%). The latter was
rated aqueous Na2S20 3. The ether layer was washed (aqueous identified by comparison with an authentic sample obtained by
NaOH) and examined by glpc (5 ft X 0.25 in., 20% SE -30 ,100°). the method of Beringer. 21
The yield of azo-f-butane was 95% by calibration with a known Conditions Which Gave No Reaction with the Oxadiaziridine
amount of decane. and Azoxy Systems.— (a) Azoxy-i-butane and di-i-butylox-

Reactions with Methyllithium. A. Di-i-butyloxadiaziridine adiaziridine were recovered unchanged (except for isomerization
(146 mg, 0.92 mmol) was added at room temperature under N2 of the latter) after stirring with magnesium and ethanol at room
to a stirred ether solution of methyllithium (1.25 ml of a 1 .6  N  temperature for 24 hr. (b) Azoxy-i-butane and di-i-butylox-
solution). Stirring was continued for 1 hr at room temperature adiaziridine were recovered unchanged (except for isomerization)
and the mixture was quenched by cautious addition of H20 .  after stirring with triethyl phosphite for 24 hr at room tempera-
Drying (M gS04) and concentration yielded 96 mg (65%) of a ture. (c) Azoxy-i-butane, azoxy-n-butane, di-i-butyloxadi-
mixture of azoxy-i-butane, azo-/-butane, and di-f-butylox- aziridine, and di-n-butyloxyadiaziridine were shown to be
adiaziridine in the ratio of 63:10:27 by integration of nmr peaks. inert to further oxidation by m-chloroperbenzoic acid (3-6 hr,
Subjection of azoxy-i-butane to these conditions resulted in 9%  room temperature, in CH2C12). (d) Azoxy-i-butane, azoxy-n-
reduction to azo-i-butane after 18 hr at room temperature. butane, di-i-butyloxadiaziridine, and di-n-butyloxadiaziridine

B. Azoxy-n-butane (125 mg, 0.79 mmol) was added at 0° could be recovered unchanged (except for isomerization) after
under N2 to an ether solution of methyllithium (2.0 ml, 1.6 M). 3 hr of stirring in an ethanol solution at room temperature under
A vigorous reaction took place with evolution of gas and develop- 1 atm of hydrogen with 10% Pd-C as catalyst, (e) Azoxy-f-
ment of an orange color. After the bubbling had ceased (5 min), butane was recovered unchanged after stirring for 24 hr at room
the reaction mixture was quenched by cautious addition of H20 .  temperature with 6  M  aqueous NaOH. Di-i-butyloxadiaziridine
Drying (M gS04) of the ether phase and concentration yielded showed only isomerization to the azoxy compound under these
a residue (66  mg) which was analyzed by glpc (2 ft X 0.25 in., conditions, (f) Di-n-butyloxadiaziridine did not undergo re-
20% SE-30, 80°). action at room temperature with furan, norbornylene, phenyl

There were four peaks having relative retention times (inten- isocyanate, or diazomethane, 
sity) of 0.43 (60%), 0.67 (2%), 0.86 (14%), and 1.0 (24%).
The 14 and 24% peaks are thought to be the corresponding C9 ^  . , T vr„ m o 4rv co o n w  i-7cn '7 cc  o
hydrazones. The mass spectrum of the 24% peak shows a Registry N o .- l  la, 16649-52-8; lib , 17697-56-2;
molecular ion of 156 and the ir spectrum of the combined peaks 12a, 18857-00-6; 12b, 24766-60-7; 14, 22509-00-8;
shows NH absorption and a weak -C = N  band. The nmr of 15,24766-62-9. 
the crude mixture shows a triplet centered at 6.83 ppm corre
sponding to the “aldehydic” hydrogen of the hydrazone. The (20) L Spialter> D H 0 ’Brien, G L 0ntereiner, and w. A Rush,
60% peak was identified as 1-methylazobutane (15) by compari- j  0rg chem ., 30 3278 (1965).
son of its spectral properties with, those of an authentic sample (21) F. M. Beringer, J .  A. Farr, Jr ., and S. Sands, J .  Amer. Chem. Soc.
prepared by the method of Spialter:20 ir (CC14) 2980, 2940, 2880, 75, 3984 (1953).
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Reactions of Pyridinium  Salts with Alkaline Hydrogen Peroxide. 
Form ation of Pyrrolidinone Hydroperoxides from  1-M ethyl- and

l-Benzyl-3-carbam oylpyridinium  Chloride1'2

D ouglas W. B ristol and D onald C. D ittm er

Bowne Laboratory o f Chemistry, Syracuse University, Syracuse, New York 13210 

Received October 16, 1969

An attempt to prepare a hydroperoxide adduct of 1-methyl- (or 1-benzyl-) 3-carbamoylpyridinium chloride by 
treatment of the salt with alkaline hydrogen peroxide results in the formation of pyrrolidinone hydroperoxides,
2a and 2b, the end products of an extensive rearrangement. Yields are low (7-8%), but the products are obtained 
in good purity from readily available starting materials. The structure of the hydroperoxide derived from the 1- 
methyl salt was established by its conversion to N-methyl-N-[(l-methyl-2-oxo-3-pyrrolidinyl)methyl]formamide
(6), which was synthesized independently from l-methyl-2-pyrrolidinone. The structure of the corresponding 
pyrrolidinone from the 1-benzyl salt is inferred from its physical and chemical similarities to the methyl derivative.
Treatment of l-benzyl-3-acetylpyridinium chloride with alkaline hydrogen peroxide gives N-benzylformamide in 
low yield, and similar treatment of the 3-bromo derivative gives N-benzyl-2,2-dibromoacetamide, also in low 
yield. The infrared, ultraviolet, nmr, and mass spectra of the new pyrrolidinone derivatives are discussed, and 
a possible mechanism for the rearrangement is presented.

In a study of the reducing properties of l-benzyl-1,4- in possible metabolic paths for the degradation of the
dihydronicotinamide, a model for the coenzyme pyridine coenzymes in the presence of cellular hydrogen
NADH (reduced nicotinamide-adenine dinucleotide), peroxide.6 
the oxidation of cyclobutanone to butyrolactone and
butyric acid in low yield was observed in the presence H 00H
of oxygen and the dihydronicotinamide.3 No reaction CONH2
occurred in the absence of oxygen or the nicotinamide [! ¡j
derivative. When the bright lemon-yellow dihydro- N
nicotinamide was exposed to air, it became orange; R
this orange material when treated with cyclobutanone 1
also gave butvrolactone and butvric acid. The di- ~ .. , . ~ , ,  , ,

& ' Treatm ent of 1-M e th y l-o r l-Benzyl-3-carbam oylpyr-
H H id in ium  Chloride w ith  A lkaline Hydrogen Peroxide.—
^*^,CONH2 /P  A white solid of molecular formula C7H10N2O4 or
1 + 02 + | f  —► C13H14N2O4 precipitated slowly (1-3  months for the

tT former, 6 days for the latter) when 1-methyl- or 1-
I benzyl-3-carbLmoylpyridinium chloride, respectively,
CHoQIh was treated with excess 30% hydrogen peroxide and 1

0 equiv of sodium bicarbonate at 0 -5°. The compounds
1 _l_ CHCHCH.COOH are hydroperoxides: they oxidize iodide ion to iodine,

\ 9  show absorption in the infrared at 837-841 cm-1 for a
hydroperoxy group,7 show a base peak in the mass spec-

, , . ,, . ,  t rum caused by loss of hydrogen peroxide plus carbon
hydrom cotm am ide apparently is acting as an oxygen monoxid and show absorption in the nm r spectrum  a t
carrier m the reaction, and, because of the im portance of g 1 1 .5 4 _ n . 5 6  (dim ethyl sulfoxide-d6) .8 T he structures
oxidations m living systems in which the pyridine co- of the hydroperoxides were shown to be 2a (N-
enzymes play a role,4 the identification ot oxygen-rich
intermediates derived from the coenzyme model was CONH.
attempted. A possible intermediate in the reaction of ( i ) ^  , TT  ̂ NaHco,

oxygen, cyclobutanone, and l-benzyl-l,4-dihydronico- ,\r CF + h(o *"
tinamide is a hydroperoxide of dihydronicotinamide
such as 4-hydroperoxy-l-alkyl-l,4-dihydronicotin- R
amide, 1.® An attempt to synthesize such an inter- ?
mediate by the reaction of the pyridinium salt with
hydroperoxide anion was unsuccessful, but a new, stable ____S
hvdroperoxide was obtained which mav be of interest J I

HOO
(1) This work was aided by Grant AM-07770 of the National Institutes H

of Health, U. S. Public Health Service, which we acknowledge with gratitude.
(2) For complete details, see D. W. Bristol, Ph.D. Thesis, Syracuse Uni- ^  — ^**3

versity, 1969. Also see D. W. Bristol and D. C. Dittmer, Abstracts, 158th b, R  =  C6H5CH2
National Meeting of the American Chemical Society, Division of Organic ----------------------
Chemistry, New York, N. Y ., Sept 1969, No. 150. (6) Organic peroxides inhibit the growth of ascites tumors: C. Weitzel,

(3) D. C. Dittmer, R. A. Fouty, and J .  R. Potoski, Chem. In d . (London), E . Buddecke, F. Schneider, and H. Pfeil, Z. P hysio l. Chem ., 325, 65 (1961);
152 (1964). B . Weitzel, E . Buddecke and F. Schneider, ib id ., 323, 211 (1961).

(4) “Oxygenases,” O. Hayaishi, Ed., Academic Press, New York, N. Y ., (7) B. F. Sagar, J .  Chem. Soc., B, 428 (1967).
1962. (8) Loss of hydrogen peroxide is observed in the mass spectra of simple

(5) Recently, 1 was proposed as a possible intermediate in the reaction of hydroperoxides: A R. Burgess, R. D. G. Lane, and D. K. Sen Sharma, i b i d . ,
1-benzyl-1,4-dihydronicotinamide with oxygen in the presence of phenazine B, 341 (1969). A nmr spectrum of cumene hydroperoxide in dimethyl sul-
or cupric ions: L. S. Negievich, O. M. Grishin and A. A. Yasnikov, Ukr. foxide-d« has absorption at 6 11.2. Two N-alkylamide hydroperoxides show
K h im . Zh., 34, 381 (1968); Chem . Abstr., 69, 76221 (1968). absorption at 5 10.80 in acetone-d« (ref. 7).
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[(5-hydroperoxy-2-oxo-3-pyrrolidinylidene) methyl ]-N - not only in the hydroperoxides but also in compounds
methylformamide)9 and 2b (N-benzyl-N- [(5-hydro- 3, 4, 4a, and the N-benzyl analog of 3. All of these 
peroxy-2-oxo-3-pyrrolidinylidene) methyl Jformamide or
3-benzylformamidomethylene-5-hydroperoxy-2-pyrrol- \  9  a g 9
idinone). The structure of the N-methyl derivative n —C—C=C—N—C—H
2a was deduced from its conversion to saturated pyr- /  I I
rolidinone 6 coupled with an independent synthesis of 10
6. The structure of 2b was deduced from physical and , . , , . , , ,. o c .
chemical analogies to 2a. The degradation scheme of derivatives show intense ultraviolet absorption near 264 
2a is outlined in Scheme I, and an independent synthe- (e ~  20,000) and characteristic infrared absorption

around 1700-1720 (formyl carbonyl stretching vibra
tion), 1671-1695 (pyrrolidinone carbonyl), and 1620- 

Scheme I 1635 cm-1 (carbon-carbon double bond).10
CH3 The average absorptions (5) of the protons of 2a ob-
I served in the nmr spectrum (dimethyl sulfoxide-ek) are

h, J " (CHjCÔo summarized in structure A. Those of 2b are similar
2a TT* f T ~  except for upheld shifts for the C-4 protons, and down-

Pyn ne held shifts for the formyl and vinyl protons. The
^ chemical shift of the 5-methine proton at 5 5.33 is com-

3 CH parable with the average value of 5 5.48 for the methine
| 3 proton in N-alkylamide hydroperoxides l l 7 indicates

.CHNCHO that the hydroperoxy group is at the 5 position rather
|------J  than at the 4 position. Frequency sweep double res-

H »- w 0  O R '  OOH
' - P t 0 2 „ „  || | |

CH3 4a CH3 RC—N—CH R "

CHNCHO ____  .CH.NCHO 11
| | ^  onance of the region at 3.10 ppm, at which the 4-methy-

N ' t) lene protons absorb, shows that these protons are
H  ̂ coupled both to the methine proton at C-5 and to the

4 v h , CH3 NaH 3 vinyl proton.
Pd-C x I / n ,  i 6 „

CH.NCHO /  J ’ O
,------{  ' DMF- CA ) II (

S A  = r y ^ ( :

sis of 6 from l-methyl-2-pyrrolidinone is given in 11.56 H— 0 —Cr v O
Scheme II. Pertinent points about the degradation, 533j!j

8.77
Scheme II ^

^CHOH
1 I K I [ ch3nh2 The absorptions caused by the methyl (or benzyl),
^ N '^ o  Hcoocyt* iS r^ o  vinyl, and formyl protons of 2a, 2b, 5, and 6 are split

| 2 | each into two components of unequal intensity which is
CH3 CH3 caused by restricted rotation about the carbon-nitrogen

7 bond of the formamido group and is characteristic
QB3 of unsymmetrical N,N-disubstituted formamides.11

phmhpw « » ruiirun Models indicate that the methyl group would prefer to
f f  1 3 HCoccH, j------f?  h2 b be trans to the carbonyl group. The predominant
1̂  *" 1̂  6 rotamer in tertiary formamides is the one in which the

^ N O bulkier group on nitrogen is trans to the carbonyl
CH3 CH group.11

9 The melting points of 2a and 2b are sharp which in
dicates the probable absence of a mixture of geometrical 
isomers, and samples behave homogeneously on thin 

synthesis, and the physical properties of this class of layer chromatography on silica gel with several sol-
pyrrolidinone derivatives are discussed below. vents. The observation of a high absorptivity in the

Properties of Hydroperoxides 2a and 2b.—The ultraviolet spectrum of 2a and 2b, favors a tram orien-
/3-formamido-a,/3-unsaturated amide group 10 occurs

(10) These infrared absorptions may be the result of more complex vibra
tions than the simple stretching vibrations.

(9) We are indebted to Dr. Kurt L. Loening, Director of Nomenclature, (11) J .  W. Emsley, J .  Feeney, and L. H. Sutcliffe, “High Resolution
Chemical Abstracts Service, American Chemical Society, for assistance in Nuclear Magnetic Resonance Spectroscopy,” Vol. 1. Pergamon Press, New
naming 2 and its derivatives. York, N. Y ., 1965, p 553.
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tation of amido groups.12 Accordingly, only one double- The hydroxyl group of 3 is in the 5 rather than the 4 
bond isomer is believed to be formed, probably of the position because the chemical shift of the methine pro
configuration shown in structure A. ton (6 5.13) is at lower field than is typical for an un-

A rationalization of the major peaks of the mass spec- substituted secondary alcohol and this chemical shift is
trum of hydroperoxide 2a is given in Scheme I I I .13 in good agreement with chemical shifts tentatively re

ported for the methylene protons of N-hydroxymethyl- 
Scheme III N-methylformamide (5 5.09) and N-hydroxymethyl-

CH3 _,+ N-benzylformamide (5 5.05).15 Irradiation of the
H I vinyl proton causes the absorption of the methylene

H______ XHNCHO group at C-4 to simplify but has no effect on the methine
n 1  1  absorption, consistent with the hydroxyl group being

^ 0  a t position 5.
-  ^  ■ The mass spectrum of 3 shows a base peak for a frag-

m/e 186(1.8%) ment (m /e 124) corresponding to the loss of water and
-Hao ,-c o / \ - ha  carbon monoxide from the molecular ion and an intense

* \  peak for a fragment (m/e 152) corresponding to the loss
CH3 T + I" CHS T + of water only from the molecular ion. Similar behavior
| I occurs with the alcohol derived from 2b.

-/-HNCHO Dehydration to the diene 4 occurs when alcohol 3 is
[l r treated with acetic anhydride in dry pyridine. Infrared

N ' a) nmr’ and vdtravicdet sPectra show the presence of chro-
d *- -* mophore 10 and the pyrrolidinone ring. Two maxima,

m/e 140 (65$) m/e 152(5156) 263 mM (e 17,400) and 361 (7500), in the ultraviolet
I-co spectrum may be attributed to the cross-conjugated

,+ system in 4 .16 The most abundant ion in the mass
XHNHCH) spectrum of 4 is at m /e  124 and is produced by loss of

if f  carbon monoxide from the parent ion.
Hydrogenation of diene 4 over palladium on charcoal 

H gives completely reduced pyrrolidinone 5. Selective
m/e 124 (100%) hydrogenation of the carbon-carbon double bond in the

ring occurs to give 4a when platinum oxide was used as
The ion fragment m /e  124 also appears in the mass spec- f taIyst’ p action  being stopped after the uptake of
tra of alcohol 3 (M+ -  H20  -  CO) and of diene 4 1 , T 1V of Trefm erd  of saturated pyr-
(M+ -  CO) which indicates the similaritv of structure 5 ™th hydride m dimethylform-
of these three compounds. The loss of carbon a™ d^benzene17 yields the sodium salt which is meth-
monoxide with rearrangement of the formyl proton is by trf atment Wlth lodlde 0 yield 6.
involved in the formation of the base peak in the mass T spectroscopic properties of 5 and 6 are similar.
spectra of each of the compounds containing chromo- ^ - the S° hd PfaaS" ’ abs° rptl0,n in, tbe ^ frf re(i sP f tr?™
phore 10.14 Similar fragmentations are observed for ?  m T n  , 3200 (intermolecularly hydrog(m-bonded
2 b  N -H ), 170o (pyrrolidinone carbonyl), and 1660 cm-1

When 2b is heated on a steam bath with ethanol and (f«rmamide ^rbonyl) while in solution in carbon tetra-
dimethyl sulfoxide, an ethyl ether is formed. chloride the corresponding absorptions are at 3445,

1713, and 1678 cm-1.
Ch c h  The nmr absorption for the N-methyl protons of the
| 5 formamido group of 5 and 6 appears as two lines of

c2hsoh .CHNCHO approximately equal intensity. Their separation is
2b --------- *- I f  field and temperature dependent which indicates re-

(ch3),so  ̂^ o ^ 'N ^ ^ o  stricted rotation in the formamido group as observed in
2 5 H the other intermediates described above. The formyl

proton was not affected by the rotational isomerism 
Conversion of Hydroperoxide 2a to N-Methylpyr- since its environment in the two rotamers is essentially

rolidinone 6. The hydroperoxy group of 2a (or 2b) the same. The absorption of the methylene protons
is reduced to an hydroxyl group by 1 mol of hydrogen. [-CH2N(CH3)CHO] adjacent to the 3 position of the
Use of palladium on charcoal instead of platinum oxide 
results also in reduction of the carbon-carbon double
bond to yield saturated alcohols. Ultraviolet absorp- CH3 A)~ RCH, .0“
tion of alcohol 3 at 264 m /i (e 21,200) and infrared ab- N =C =<=*= N =C
sorptions at 1706, 1672, and 1620 indicate that chro- RCH2 H CH3 H
mophore 10 is still present. ___________

(12) A cts-oriented model has a lower molar absorptivity: Sadtler Stan- (15) J .  P . Chupp and A. J .  Speziale, J .  Org. Chem., 28, 2592 (1963).
dard Ultraviolet Spectrum No. 5552, Sadtler Research Laboratories, Phila- (16) l-Alkyl-3-substituted 1,6-dihydropyridines which are cross con-
delphia, Pa., 1965. jugated show two maxima at longer wavelengths than observed for 1,4-

(13) Intensities are given in terms of per cent of the base peak. Other dihydropyridine derivatives: K . Wallenfels and H. SchQly, Justus Liebigs
structures for the ions may be written. Ann. Chem., 621, 1D6 (1959).

(14) Loss of carbon monoxide with rearrangement of the formyl proton is (17) The sodium salt is insoluble in dimethylformamide but addition of
observed in the mass spectra of N-formyl-a-amino acid esters: K. Heyns and benzene results in dissolution of the salt. Without addition of benzene, no
H.-F. Grützmacher, Z. Naturforsch. B, 16, 293 (1961). alkylated product is obtained with methyl iodide.

R eactions of Pyridinium Salts J .  Org. Chem ., Vol. 85 , No. 8 , 1970  2489



pyrrolidinone ring is complex and apparently comprises dilute acid. Enaminoamide 8 is formed as a mixture 
two sets of multiplets (each of which is the AB part of of c is  and tra n s  isomers. The c is  form appears to pre- 
an A B X  spectrum). dominate in dilute solution while the tr a n s  form pre-

Use of the N-methyl group on the pyrrolidinone ni- dominates in the solid phase.20 
trogen in 6 as a label in mass spectrometry together The enaminoamide forms an intense blue color with 
with metastable ion transitions is helpful in interpreta- Fein ions and a green complex with Cu11 ions,
tion of the mass spectra of 5 and 6 in terms of their Formation of a stable complex such as 12 may explain
structures. A rationalization of the important features why the olefinic double bond could not be hydrogenated
of the mass spectra of 5 and 6 is outlined in Scheme IV. over platinum oxide or over 5%  palladium on charcoal

at atmospheric pressure.
Scheme IV

,-----< 'V'N— CH, -co 9 H-->
+ I I „ —---------------------  ch3 I

4 A f l . c = 0  105.03 (R -H ) I N

| H 118,61(R=CHj) /= n. n - <  ^

m/e 156 (R = H) j  \ __
170 (R = CH3) X /  |

/  r - p * *  „  r - r r  k  CHi
/  S f X ) H  12

/ A R
/  m/e 128 (R = H) \ Formylation of 8 by formic-acetic anhydride gives 9,
' 14 2  (R = CH3) \ whose spectra are similar to those of the partially hydro-

- chnh /  \ - ch3n==ch2 \ genated product 4a obtained from diene 4.
75.03 (r=h) /  \  56.45(R=H) \ ___ The most abundant ion in the mass spectrum of 9 and
88.34 (R=cho /  \  69.02 (r=ch3) \ “ LnJ L q enaminoamide 8 is at m / e  140. The fragmentation

' ____. \ | patterns of these compounds are very similar. These

iCH2 H U L  R13 similarities may be attributed to the formation of an
-CHjNCH,- ^ \ (R = H) abundant ion of identical structure from either 9 or 8.

x-. OH R \ Hydrogenation of 9 over palladium on charcoal gives
I mje 85 (R = h) 1-methylpyrrolidinone 6 whose properties were identical

/ Q8fR=H') 99(R = CH3) with those of the pyrrolidinone obtained by degrada-
m 11? ,R _  I tion of the product (2a) from l-methyl-3-carbamoyl-

3 -H /  I pyridinium chloride and alkaline hydrogen peroxide.
\ ___ /  9,-01(R~ctF  Mechanistic Considerations.— In the reaction of the
\ " C X  m  pyridinium salt with hydrogen peroxide in sodium bi-
\ | X Tî O H  carbonate, the pH of the solution decreases with time as
\ R | carbon dioxide is evolved. This may be interpreted as
\ R l a  decrease in the concentration of hydroperoxide anion
\ m/e84(R =  H) I resulting from its addition to the pyridinium ring. Al-
\ 98 (R = CH3) j  though addition can occur at either the 2, 4, or 6 posi-
* CHO 11 tions, the structure of the product indicates that it
OH = n/  _______ — ------------ *  CH,N=CH2 probably arises from attack at the 6 position.21 Enzy-

\(3H3 26,89 + mic oxidation of nicotinic acid occurs v ia  oxidation of
m/el2 m/e 44 the 6 position.22

NH NHOther structures for the ions may be written in which i 2 i 2
charge is localized in the formamide group. Where ooh- ^ \ / V o
metastable ion transitions were observed, the calculated [ | ------*■ r  3| *■ 2a or 2l>
m / e  values are indicated in the scheme beside the ar- ^N+ H O O '/'lX
rows. Loss of carbon monoxide from the molecular ions | H |
of 5 and 6 is important but its loss from N,N-dimethyl- R R
formamide is not,18 possibly because there is no easy
way to rearrange the formyl hydrogen in the latter. A possible mechanism which accounts for the forma-

Synthesis of 6 from l-Methyl-2-pyrrolidinone. tion of product 2 is given in Scheme V. An analogy is
Scheme II depicts the steps of the synthesis. The the reaction of 5,6-diphenyl-2,3-dihydropyrazine with 
known enol, 3-hydroxymethylene-l-methyl-2-pyrroli-
dinone19 (7), is treated with excess methylamine in (20) cis and trans isomerism in similar compounds has been investigated

dry ethanol to yield the enaminoamide 8. The ultra-  ̂„D̂ br°"’ski arnd u- Dabrmvski’ ibid- 101. 2365
. ,  , , ,  . . . .  .  ,  .  .  (1968); G. 0 .  Dudek and G. P. Volpp, J .  Amer. Chem. Soc., 88, 2697 (1963).

V10X6t S p e c t r u m  o f  8  C llScip p eiirS  o n  B id d itio n  o f  1 d r o p  o f  (21) No product is formed when distilled, deionized water is used as
solvent. Metal ions present in the tap water may catalyze the deomposition 

(18) Catalog of Mass Spectral Data, American Petroleum Institute of the hydroperoxide adduct or the further oxidation of the ring. See A. R.
Research Project 44, National Bureau of Standards, Serial No. 113, 1951. Doumaux, Jr ., J .  E . McKeon, and D. J .  Trecker, ibid., 91, 3992 (1969), for
The base peak is caused by loss of HCO. recent examples of metal-ion-catalyzed oxidations.

(19) K. H. Btlchel and F. Korte, Chem. Ber., 95, 2465 (1962). (22) D. A. Hughes, Biochem. J . ,  60, 303 (1955).
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Scheme V jon form ed b y  a displacem ent or elim ination reaction
NH, from  th e  pyridinium  salt.

H— Experimental Section

j Melting points were obtained on a Fisher-Johns melting point
R apparatus and are corrected unless otherwise indicated. Micro-

analyses were performed at Galbraith Laboratories, Knoxville, 
I 2 I Tenn., or at Alfred Bernhardt Microanalytisches Laboratorium

H° V f N r ^ O  *n Max-Planck-Institut ftir Kohlenforschung, Miilheim, West
| 0  2 > j __ > Germany. Molecular weights were determined by vapor pres-

sure osmometry' or by mass spectrometry. Infrared spectra 
| + I + were obtained on either a Perkin-Elmer Model 521 grating

p yi spectrophotometer or a Perkin-Elmer Model 137 sodium chloride
spectrophotometer. The infrared absorptions are in cm-1  

0 .  and the relative intensities are given as weak (w), medium (m),
NC^ NH2 and strong (s). Ultraviolet spectra were obtained on a Perkin-

HO ,1 , ,  1 I -H20 Elmer Model 202 ultraviolet-visible spectrophotometer. The
| |p^ 0  *" absorptions are reported in ran and their intensity (e) in liter/

^■(;v JJ  0 = C \  J 2 mole centimeter. Proton nuclear magnetic resonance (nmr)
0 ^  N N spectra were obtained on either a Jeolco Model 4H-100 or a

I I Varian Model A-60 nuclear magnetic resonance spectrometer.
R R Chemical shifts are reported as 5 values using tetramethylsilane

or sodium 2,2-dimethyl-2-silapentane-5-sulfonate as an internal 
I Y standard. The absorption position of a complex multiplet is

H 00H~> 2 a or 2b reported as the center of the absorption. Abbreviations used in
i 1 | ^ H 0  reporting nmr data in tables are b, broad; m, complex multiplet;

0 = 0 . ^  2 S; singlet; d, doublet; t, triplet. Mass spectra were obtained
| on a Perkin-Elmer Hitachi Model RMU-6 E single-focusing

spectrometer. Only those peaks of mass greater than 29 and 
which are 5%  or more of the base peak or which have special 
significance are reported. Thin layer chromatography (tic) 

methanolic hydrogen peroxide which also results in a was performed according to standard methods25 by use of either
ring opening and contraction to a five-membered ring.23 Eastman Chromatogram Sheet 6060 (silica gel) or 6063 (alumina)

~  , . ,  ,  t> , -  , . . .  . . . ,  or apparatus from Brinkman Instruments, Inc., Westbury,
Treatment of l-Benzyl-3-acetylpyndimum Chloride N. YPPand Merck silica gel HF254.

and l-Benzyl-3-bromopyndmium Chloride with Al- Reaction of l-Methyl-3-carbamoylpyridinium Chloride with 
kaline Hydrogen Peroxide.— N-Benzylformamide was Hydrogen Peroxide and Sodium Bicarbonate. N-[(5-Hydroper- 
isolated in 6% yield on treatment of l-benzyl-3-acetyl- oxy-2-oxo-3-pyrroHdinylidene)methyl]-N-methylformamide (2a). 

pyridinium chloride with hydrogen peroxide and ml,°0.300
aqueous sodium bicarbonate, and N-benzy 1-2,2-dl- jnol) (Baker and Adamson) and sodium bicarbonate (8.41 g,
bromoacetamide was obtained in 2% yield from 1- 0.100 mol) (Baker and Adamson, anhydrous) in tap water
benzyl-3-bromopyridinium chloride. Traces of other ( 1 1 0  ml) at 0- 5 ° gave a pale yellow solution which had a pH of
oily products were obtained but were not identified. 8 -°- After 8 days at 0-5°, the pH of the yellow solution was

i T' , r , - J  J  • • c 5.0 and a white solid had begun to precipitate. After 3 months,
N -Benzylform am ide m ay be considered as arising from  the mixture was Mtered and the solid was washed thoroughly

an intermediate analogous to that proposed in the de- with cold water and dried overnight under vacuum at room
composition of l-methyl-3-carbamoylpyridinium chlo- temperature to yield a granular, white solid (1.49 g, 8.0% ).
ride. Formation of N-benzyl-2,2-dibromoacetamide Reaction times of 1 month gave slightly lower yields. Two
from 1 hon w l 3 hrnm nnvridinium  chloride m av occur recrystallizations from 95% ethanol gave a white solid, mp 161-Irom  l-benzyl-3-brom opyrid im u m  chloride m ay occur 162o dec Uge of a tenfold excess of either 30 or 50% hydrogen
v ia  bromination of N-benzyl-2-bromoacetamide23 24 by peroxide did not affect the yield.
m olecular brom ine produced b y  oxidation of brom ide Anal. Calcd for C7H10N2O4: C, 45.16; H, 5.41; N, 15.05;

mol wt, 186.2. Found: C, 45.20; H, 5.34; N, 14.92; mol 
pnpff wt, 190 (ethanol).

a 3 _ The compound was soluble in dilute sodium hydroxide solution
y and in triethylamine, gave a positive test for peroxide with

in + ui ’ potassium iodide-starch paper, decolorized bromine water and
] potassium permanganate solution, and gave a purple color with
CH2C6H3 ferric chloride solution after treatment with a basic solution of

O hydroxylamine. Thin layer chromatography (Merck, silica gel
O II HF251) gave only one spot (solvent, R ,): chloroform, 0.00; 1:1
II .COCII. ]{(;— CH, COCH3 chloroform-ethanol, 0.31; ethanol 0.52; 95% ethanol, 0.65,

HC y  0H- o  Hi° water, 0.73; pyridine, 0.71. After the plate was developed
HC(Kx.y  ||  ̂ and visualized in one direction, it was rotated 90 and developed

I 2 , JL ,/  again. Only a single spot was observed.
I p „  I H The following spectral properties were observed: uv max

CcH._ C H , (95% ethanol) 264 mM (e 17,600); ir (KBr) 3400 (m), 3290 (s),
3240 (m), 3140 (m), 2940 (w), 2790 (w), 1717 (s), 1678 (s), 

0  COCH, "1 1635 (s), 1438 (m), 1430 (m), 1419 (m), 1395 (m), 1338 (m),
C6H5CH,NHCHO +  || | 1298 (m), 1240 (s), 1213 (m), 1189 (m), 1107 (m), 1080 (s),

HCCH.CHCHO 10 6 8  (s), 1032 (m), 980 (m), 945 (w), 872 (m), 841 (m), 822 (w),
-I 768 (m), 747 (m), 732 (m), 677 (m), 655 (m), 640 (m), 583 (m),

(23) H. I. X . Mager and W. Berends, Heel. Trav. Chim. Pays-Bas, 84, 314 (25) J .  Bobbitt, “Thin-Layer Chromatography,” Reinhold Publishing
(1965). Corp., New York, N. Y ., 1963.

(24) A speculative mechanism involving a 2-pyridone can be written for (26) P. Karrer, G. Schwarzenback, F . Benz, and U. Solmssen, Helv. Chim.
the formation of N-benzyl-2-bromoacetamide. Acio, 19, 826 (1936).
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and 512 (m) cm“1; nmr (100 MHz, dimethyl sulfoxide-*) S Catalytic Hydrogenation of N-[(5~Hydroperoxy-2-oxo-3-
11.5627 * * (s, 0.93), 8.7727 (broad, 1.0), 8.60 (s, 0.74), 8.20 (s, 0.26), pyrrolidinylidene)methyl]-N-Methylformamide (2a). (a) Over
7.56 (t, 0.22), 7.33 (t, 0.78), 5.33 (m, 0.96), 3.10 (m), 3.31 Platinum Oxide. Preparation of N-[(5-Hydroxy-2-oxo-3-pyrroli-
(s), 3.16 (s, 4.9, combined with area of peaks at S'3.10 and 3.31); dinylidene)methyl]-N-methylformamide (3).—The hydroperox-
nmr (100 MHz, pyridine-*) S 13.7 (broad, 0.95), 10.2 (broad, ide 2a (0.370 g, 2.00 mmol) in 175 ml of absolute ethanol was
0.95), 8.67 (s, 0.87), 8.21 (s, 0.15), 8.36 (t, 0.23), 7.72 (t, 0.79), hydrogenated over platinum oxide catalyst (0.0110 g) at ambient
5.83 (m, 1.00), 3.31 (m, 2.10), 3.09 (s, 2.94); mass spectrum pressure and temperature. Hydrogen uptake was rapid and
(70 eV, direct inlet, ambient temperature) m/e (relative inten- complete in less than 90 min. A total of 2.2 mmol corresponding
sity) 186 (1.8), 170 (0.4), 169 (1.6), 168 (12.5), 158 (3.1), 153 to 1.1 equiv of hydrogen was absorbed.
(6 .2 ) , 152 (50.7), 142 (1.6), 141 (6.4), 140 (64.8), 139 (14.4), 126 The catalyst was removed by filtration and the solvent was
(3.2) , 125 (17.9), 124 (100), 123 (11.5), 112 (5.8), 111 (8.3), flash evaporated to yield a white solid, mp 180-200° dec. Re-
109 (5.3), 99 (2.2), 98 (8.7), 97 (27.4), 96 (17.0), 95 (25.2), crystallization from absolute ethanol, filtration, and overnight
94 (23.7), 93 (4.1), 84 (7.8), 83 (19.8), 82 (17.5), 81 (41.3), drying at room temperature gave white crystals (0.260 g, 78% ).
80 (19.9), 70 (5.0), 69 (41.9), 68  (35.1), 67 (43.0), 66  (16.5), A second recrystallization gave a sample: mp 200-205° dec
59 (8.2), 58 (5.0), 57 (6.1), 56 (6.0), 55 (33.3), 54 (17.4), 53 (uncor) (turns slightly yellow above 150°); uv max (95%
(12.7) , 52 (12.5), 51 (5.5), 46 (5.6), 45 (8.0), 44 (9.1), 43 (18.1), ethanol) Xmax 264 m (« 21,200); ir (KBr disk) 3425 (OH),
42 (22.9), 41 (36.9), 40 (11.3), 39 (41.7), 38 (12.4), 36 (7.2), 3275 (OH), 3173 (NH), 3075 (NH), 1706 (H C = 0 ), 1672 (pyr-
34 (13.1), 33 (1 .6 ), 32 (2.0), 31 (13.4), 30 (28.7). rolidone C = 0 ) , 1620 (C =C ), 1451 (m) cm“1; mass spectrum

N-Benzyl-N-[(5-hydroperoxy-2-oxo-3-pyrrolidinylidene)meth- (70 eV, direct inlet, 100°) m/e (relative intensity) 152 (57.4),
yl]formamide (2b).—Treatment of l-benzyl-3-carbamoyl- 142 (6.9), 141 (18.5), 140 (19.9), 124 (100); nmr (100 MHz,
pyridinium chloride (9.96 g, 40.0 mmol) with 30% hydrogen dimethyl sulfoxide-*), 8.59 (s, 0.64), 8.18 (s, 0.32), 8.3827 (b,
peroxide (12.1 ml, 119 mmol, Baker and Adamson) and sodium 1.00), 7.55 (t, 0.29), 7.31 (t, 0.77), 5.86 (d, 0.93), 5.13 (m,
bicarbonate (3.36 g, 40.0 mmol) (Baker and Adamson, anhy- 0.99), 3.28 (s), 3.13 (s), 3.06 (m, 5.09, combined with area of
drous) in tap water (36 ml) gave a clear yellow solution, pH 8.5. absorption at S 3.28 and 3.13); nmr (60 MHz, D20 )  8.55 (s,
The reaction mixture was refrigerated at 4° and an orange oil 0.73), 8.22 (s, 0.34), 7.65 (t, 0.34), 7.36 (t, 0.73), 5.45 (four-
slowly separated on the bottom and sides of the flask. The line multiplet, 0.97), 3.68-2.80 (m, 5.13).
pH of the solution decreased to 5. After 6 days, a small amount Anal. Calcd for C7H10N2O3: C, 49.41; H, 5.92; N, 16.46.
of white solid began to precipitate from the solution (pH 4.5). Found: C, 49.45; H ,6.03; N, 16.27.
The oil and the precipitate were removed and the solution was (b) Over 5%  Palladium on Charcoal. N-[(5-Hydroxy-2-
returned to the refrigerator. The white solid continued to oxo-3-pyrrolidinyl)methyl]-N-Methylformamide.—The hydroper-
form and after 16 days it was removed by filtration and dried oxide (0.931 g, 5.00 mmol) in 425 ml of absolute ethanol was
for 24 hr under vacuum at room temperature to give 0.40 g of hydrogenated over 5% palladium on powdered charcoal (0.186
solid, mp 133-140° cor. Addition of cold 95% ethanol to the oil g , 20% of starting material by weight) at atmospheric pressure
and solid obtained by filtration caused the oil to dissolve, and and room temperature. Hydrogen uptake was very fast for
an additional 0.24 g of crude white solid was obtained. The 10 min, slower but constant to 90 min, and complete after 110
total yield of crude product was 6 .1 % . Three recrystallizations min. A total of 8 .6  mmol corresponding to 1.7 equiv of hydro-
from absolute ethanol gave a white solid, mp 142.5-145° dec gen was taken up (8 6 % ). The catalyst was removed by filtra-
with evolution of gas. tion and the solvent was flash evaporated to yield a colorless oil

When the benzylpyridinium salt was treated with a tenfold which solidified on standing. Recrvstallization from ethanol- 
excess of 30% hydrogen peroxide, the reaction occurred without ether, filtration, and vacuum drying at room temperature gave
the formation of orange oil. After 6 days, a white solid began 0.690 g (74%) of white crystals: mp 142-143° (uncor); ir (KBr)
to form and the pH of the solution had changed from 8.5 to 5.0. 3400 (m), (broad), 3200 (s), 2800 (w), 2725 (w), 1684 (s), 1647
Work-up gave relatively pure solid (7.3%) which was identical (s), 1454 (m) cm“1; mass spectrum (70 eV, direct inlet, ambient
with that obtained above. temperature) m/e (relative intensity) 172 (1.3), 154 (9.4),

Anal. Calcd for C13H14N20 4: C, 59.54; H, 5.38; N, 10.68; 144 (6.4), 126 (38.5), 84 (23.2), 72 (100), 71 (4.3); nmr (60
mol wt, 262. Found: C, 59.63; H, 5.46; N, 10.63; mol wt, MHz, 4 :1  dimethyl sulfoxide-*-chloroform-d) 5 8.2127 (b, 1.92,
266 (ethanol), 237 (tetrahydrofuran). combined with area of absorption at S 8.06), 8.06 (s), 5.75 (m,

The following spectral properties were observed: uv max 0.97), 5.16 (m, 1.24), 3.50 (m, 1.94), 2.95 (s), 2.80 (s), 2.9
(95% ethanol) 264 m/j. (e 18,500); ir (KBr) 3400 (m, shoulder), to 1.51 (m, 6.06, combined with area of absorption at 5 2.95,
3240 (s), 3065 (w), 3035 (w), 2937 (w), 2905 (w), 1720 (s), 1688 2.80).
(s) , 1635 (s), 1498 (m), 1452 (m), 1404 (m), 1318 (m), 1265 (s), Anal. Calcd for C,HI2N20 3: C, 48.83; H, 7.02; N, 16.27.
1210 (m), 1159 (s), 1090 (m), 1077 (m), 1028 (w), 974 (m), 911 Found: C, 49.01; H, 7.06; N, 16.09.
(m), 839 (m), 775 (w), 743 (w), 716 (m), 693 (w), 677 (w), 582 N-Benzyl-N-[(5-Hydroxy-2-oxo-3-pyrrolidinylidene)methyl]-
(w), 521 (w), and 462 (w) cm“1; mass spectrum (70 eV, direct formamide.—A solution of the hydroperoxide 2b (0.393 g, 15.0
inlet, 150°) m /e  (relativeintensity) 262 (0.0), 244 (6.2), 229 (4.1), mmol) in 85 ml of absolute ethanol was hydrogenated over
228 (10.3), 217 (15.5), 216 (92.8), 215 (50.5), 201 (22.7), 200 platinum oxide (0.0188 g) at atmospheric pressure and room
(1 0 0 ), 199 (14.4), 171 (12.4), 156 (12.4), 145 (18.1), 144 (35.0), temperature. The catalyst was removed by filtration and the
143 (18.6), 142 (11.3), 135 (61.9), 134 (39.6), 130 (10.3), 128 solvent was evaporated to give a solid. Recrystallization from
(10.7) , 118 (10.3), 117 (16.5), 116 (12.0), 115 (19.8), 109 (14.4), 25 ml of absolute ethanol gave 0.283 g (77%) of white solid.
107 (13.4), 106 (59.8), 105 (16.1), 104 (25.4), 95 (11.3), 94 (11.3), A second recrystallization from ethanol gave asample: mp 168-
93 (10.3), 92 (72.5), 91 (3210), 90 (24.7), 89 (37.1), 83 (10.9), 170° dec (turns slightly yellow above 155°); uv max (ethanol)
82 (24.7), 81 (19.6), 80 (1 0 .3 ), 7 9  (37.1), 78 (22.7), 77 (43.3), 263 m/a (e 18,500); ir (KBr) 3475 (OH), 3330 (OH), 3185 (NH),
73 (11.3), 69 (15.5), 68  (14.4), 67 (20.6), 6 6  (21.6), 65 (177), 3050 (NH), 3023 (w), 1726 (H C = 0), 1685 (pyrrolidone C = 0 ) ,
64 (18.6), 63 (47.4), 62 (12.4), 57 (14.4), 55 (35.0), 54 (37.1), 1644 (C = C ) cm“1; nmr (60 MHz, dimethyl sulfoxide-*) &
53 (28.9), 52 (41.2), 51 (69.1), 50 (30.9), 46 (14.4), 45 (19.0), 8 .8 6  (s, 0.87), 8.45 (s, 0.16), 8.37 (broad, 0.85), 7.67 (t), 7.45
44 (38.1), 43 (20.6), 42 (14.4), 41 (60.2), 40 (22.7), 39 (139), (t), 7.27 (m, 6.4, integrated with absorption at 5 7.67, 7.45),
38 (27.2), 32 (4.1), 31 (10.3), 30 (25.8); nmr (100 MHz, di- 5.78 (d, 0.97), 5.04 (m), 4.89 (s, 3.03, integrated with absorption 
methyl sulfoxide-*) S 11.5427 (s, 0.86), 8.85 (s),8 .46 (s), 8.78 (s, at S 5.04), 2.70 (m, 1.78); nmr (pyridine-*) 5 8.95 is, 0.86),
2.00, combined with area of absorption at 5 8.85 and 8.46), 7.66 8 .6 6  (s, 0.19), 9.40 (broad, 0.93), 8.35 (t, 0.18), 7.85 (t, 0.88),
(t) , 7.47 (t), 7.25 (m, 5.93, combined with area of absorption at 7.23 (s, 5.14), 5.48 (m, 1.02), 4.99 (s, 1.87), 3.00 (m, 1.91);
S 7.66, 7.47), 5.22 (m, 0.92), 4.96 (s), 4.91 (s, 2.16, combined mass spectrum (70 eV, direct inlet, 100°) m/e (relative inten-
with absorption at 5 4.96), 2.75 (m, 2.14); nmr (100 MHz, sity) 246 (2.5), 228 (13.8), 218 (10.3), 200 (100), 91 (96.2)
pyridine-*) 3 13.0 (broad), 9.01 (s, 0.83), 8.54 (s, 0.17), 10.2 65 (56.0), 39 (25.3).

l(Sn n V ^ ’n3 ' ?  (t\0 ;1 6 )i’ Q79f  h o ° f 6)’ o n l (S’ 5 '0 4 ); i '^ 7r i f ’ AnaL Calcd for C13HI4N20 3: C, 63.40; H, 5.73; N, 11.38.1.00), 5.03 (quartet, 1.92), 3.09 (m, 2.05); nmr (60 MHz, Found- C 63 2 2 - H 5 84- N 1135
acetic acid-*) 5 11.428 (s), 8.82 (s), 8.50 (s), 8.45 (t), 7.67 (t), »  „  ’ ’4 ,.’ „  j  1S ..
7 28 is) 5  43 Cm) 4  98 is 1 2  89fm l N-Benzyl N-[(5-hvdroxy-2-oxo-3-pyrrolidmyl)methyl]form-
%__ __ —1  ̂ ’ ’ '' amide.—A solution of hydroperoxide 2b (0.393 g, 1.50 mmol)

(27) Exchanges upon addition of deuterium oxide. in 175 ml of absolute ethanol was added to a slurry of prereduced
(28) Time-averaged absorption due to rapid chemical exchange with the 6 % palladium on powdered charcoal (0.0786 g) in 10 ml of

solvent. absolute ethanol. The mixture was hj^drogenated at atmospheric
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pressure and room temperature. Hydrogen uptake was very evaporated to give a white solid. The solid was recrystallized
rapid for 15 min and then slow for 6  hr. A total of 1 .9 equiv of from absolute ethanol-ether (ca. 1 : 2 ) and vacuum dried at
hydrogen was absorbed. The catalyst was removed by filtration room temperature to give 0.098 g (43%) of tan solid. A second
and the filtrate flash evaporated to yield a pale yellow oil which recrystallization from ethanol-ether with the aid of activated
did not crystallize on vacuum drying or on attempted crystal- charcoal gave white needles: mp 173.5-175.5° dec; uv max
lization from ethanol-ether or chloroform solution: ir (KBr) (95% ethanol) 264 mM (e 20,700); nmr (100 MHz, dimethyl
3420 (s, shoulder), 3320 (s, b), 3070 (w, shoulder), 2790 (w), sulfoxide-d6) S 8.62 (s, 0.71), 8.21 (s, 0.24), 7.83 (broad, 0.94),
1705 (s), 1665 (s), 1440 (m) cm“1; ir (chloroform solution), 7.54 (t, 0.27), 7.28 (t, 0.80), 3.34 (m), 3.33 (s), 3.18 (s), 3.10
3420 (m), 3350 (m), 1705 (s), and 1660 (s) cm-1; nmr (60 MHz, (m, 7.06, integrated with absorption at 5 3.34, 3.33, 3.18);
chloroform-d), S 8.28 (s), 8.22 (s, 0.74, combined with absorption mass spectrum (70 eV, direct inlet, ambient temperature)
at S 8.28), 7.67 (broad, 0.97), 7.3 (broad), 7.29 (s, 6.01, inte- m/ e  (relative intensity) 154 (11.9), 126 (100), 97 (38.0), 69
grated with the absorption at S 7.3), 4.52 (s), 4.47 (s, 2.08, (55.7), 68  (69.8). 42 (43.1); ir (KBr), 3170 (NH), 3085 (NH),
integrated with absorption at S 4.52), 3.51 (m, 2.11), 2.9-1.5 1708 (H C = 0), 1695 (pyrrolidone C = 0 ) , 1630 (C = C ), 1458
(two multiplets, 2.86). (NH)cm -1.

N-Methyl-N-[(5-oxo-2-pyrrolin-4-ylidene)methyl] formamide Ana'. Calcd for C7HI0N2O2: C. 54.54; H, 6 .5 4 ; N, 18.17.
(4).—Acetic anhydride (1.9 ml, 20.0 mmol) was added to a Found: C, 54.72; H ,6.52; N, 18.21.
slurry of the unsaturated alcohol (0.340 g, 2 .0 0  mmol) in 1 2 .0  N-Methyl-N-[(l-methyl-2-oxo-3-pyrrolidinyl)methyl]formam-
ml of anhydrous pyridine (distilled from molecular sieves 4A ide (6 ).—Mineral oil was removed from sodium hydride (93 
powder) in a 25-ml erlenmeyer flask. The flask was stoppered mg, 56.8% dispersion in mineral oil, 2.2 mmol) (Metal Hy-
and the mixture was stirred magnetically at room temperature. drides, Inc.) by addition and decantation of three 2-ml por-
The slurry became red upon mixing and very dark after several tions of dry dimethylformamide (distilled from calcium hydride),
hours. Reaction progress was followed by tic on Eastman silica The washed sodium hydride was transferred to a 25-ml, round-
gel strips (sheet 6060). After 16 hr, the slurry was cooled to bottomed, three-necked flask (dried in an oven and cooled in an
— 2 0 ° and filtered to give a dark solid which was washed with atmosphere of dry nitrogen) with the aid of 2  ml of dry dimethyl-
ethanol and vacuum dried to give 0.155 g of yellow solid. The formamide. The slurry was stirred under dry nitrogen at room
filtrate was distilled to dryness (ca. 1 mm) at room temperature temperature while a solution of N-methyl-N-[(2-oxo-3 -pyrroli-
to give a black residue. Addition of a few milliliters of water dinyl)methyl]formamide (5) in 3 ml of dry dimethylformamide
and filtration gave an additional 16 mg of yellow solid. The was added dropwise through a serum cap over a 15-min period,
total yield of dried product was 0.171 g (56% ). Another reaction Gas evolution was observed. Addition of 2 ml of dry benzene
gave an 80% yield. Two recrystallizations from 95% ethanol (distilled and stored over sodium) to the slurry caused all the
gaveasample: mp 227-230° dec (uncor); uv max (95% ethanol) solid material to dissolve, resulting in a yellow solution which
263 m/i (e 17,400), 361 (7500), (methanolic HC1) 266, 327 m/u; was stirred at room temperature for 1.25 hr. Dropwise addition
ir (KBr) 3120 (NH), 3060 (NH), 1700 (H C = 0 ), 1673 (pyr- of methyl iodide (0.137 ml, 2.2 mmol) (Eastman) to the solution
rolidone C = 0 ) , 1582 (C = C ), 1545 (C = C ), cm ';  mass spec- over a 2-min period caused the temperature of the reaction
trum (70 eV, direct inlet, 150°) m /e  (relative intensity) 152 mixture to rise slightly. The flask and contents were cooled
(21.9), 124 (100), 94 (18.7), 81 (45.3); nmr (100 MHz, dimethyl in a bath of cool water, a gelatinous precipitate formed, and the
sulfoxide-de) S 9.Ö527 (b, 0.94), 8.77 (s, 0.76), 8.33 (s, 0.10), mixture was stirred for 2 hr longer at room temperature before
7.69 (d, 0.07), 7.52 (d, 0.85), 6.69 (m, 1.10), 5.99 (d, 1.01), an additional portion of methyl iodide (0.137 mmol, 2.2 mmol) was
3.35 (s), 3.23 (s). added. Stirring was continued overnight under a nitrogen

Anal. Calcd for C7HSN20 2 : C, 55.26; H, 5.30; N, 18.41. atmosphere.
Found: C, 55.30; H, 5.25; N, 18.48. Water (1  ml) was added to the reaction mixture and the solid

N-Methyl-N-[(2-oxo-3-pyrrolidinyl)methyl]formamide (5).— material dissolved. More water (3 ml) and benzene (2 ml) were
A slurry of the diene 4 (0.304 g, 2.00 mmol) in 130 ml of 95% added until layers formed. The benzene layer was removed
ethanol was hydrogenated over 5%  palladium on powdered and the solution was extracted with three 1-ml portions of ben-
charcoal (0.0761 g) at atmospheric pressure and room tempera- zene and five 1 -ml portions of chloroform. The combined ex-
ture. Hydrogen uptake was very fast and complete in 30 min. tracts were dried over 2 g of crushed Drierite, filtered, and con-
A total of 4.01 mmol corresponding to 2.00 equiv of hydrogen centrated by flash evaporation to ca. 10-15 ml. The remaining
was taken up. A plot of volume of hydrogen vs. time for the solvent (mainly dimethylformamide) was distilled above 0.5
reaction showed no clean break in the resulting curve. The mm with the aid of a warm water bath to give a light orange oil
catalyst was removed by filtration and the solvent was flash (6 ). Tic of the oil on Eastman silica gel 6060 strips in methanol
evaporated to a colorless oil which turned yellow on standing. gave a single spot at Rt 0.66. An nmr spectrum of the oil
The oil was taken up in chloroform, applied to a 22 X 30 mm revealed that the sample contained a small amount of stopcock
column of Florisil, and eluted with methanol. The methanol grease (Apiezon L) impurity; ir (liquid between NaCl disks)
was removed by flash evaporation, and the resulting oil partially 2915 (m), 2880 (m), 1680 (s), 1495 (m), 1430 (m), 1390 (s),
solidified on standing and was recrystallized from ethanol- 1295 (m), 1255 (m), 1225 (w), 1115 (w), 1090 (m), 1075 (m),
ether to give 0.206 g (6 6 % ) of yellow, granular solid, mp 73- 1008 (w), 950 (w), 795 (w), 728 (w), and 710 (w) cm-1; ir (CCU
75°. Two further recrystallizations gave a sample: mp 78.5-80°; solution) 2920 (m), 2848 (m), 1684 (s), 1495 (w), 1429 (w),
ir (KBr) 3200 (NH), 3075 (NH), 1705 (pyrrolidone C = 0 ) , 1402 (m), 1381 (m), 1292 (m), 1255 (m), 1212 (w), and 1070
1660 (H C = 0), 1450 (NH) cm-1; mass spectrum (20 eV, direct (m) cm-1; nmr (chloroform-d, 60 MHz) 5 8.11 (s, 0.99), 3.46
inlet, 120°) m /e  (relative intensity) 156 (2.8), 141 (0.2), 129 (m, 4.20), 3.00 (s), 2.88 (s), 2.63 (m, 6.91, integrated with
(7.4), 128 (100), 127 (7.5), 126 (4.8), 113 (1.7), 105.0, 99 (4.3), absorptions at 3 3.00 and 2.88), 2.00 (m, 1.90); mass spectrum
98 (18.4), 86 (4.1), 85 (74.9), 84 (19.1), 75.0, 72 (8.4), 56.4, 44 (20  eV, indirect inlet, ca. 1 0 0 °) m /e  (relative intensity) 172
(52.6), 30 (1.8), 26.9, 20.0, 19.8, 15.1; nmr (100 MHz, chloro- (1.0), 171 (6.2) 170 (47.6), 155 (0.5), 143 (5.1), 142 (60.4),
form-d) 3 8.08 (s), 8.07 (s, 1.00, integrated with absorption at 141.3, 141 (16.8), 140 (8.5), 127 (3.1), 118.6, 115.3, 113 (8.1),
5 8.08), 7.2527 (d, 0.86), 3.58 (m), 3.37 (m, 4.18, integrated with 112 (43.2), 111 (17.1), 110 (11.3), 99 (100), 98 (97.5), 97.0, 88.3,
absorption at 3 3.58), 2.99 (s), 2.89 (s, 2.92, integrated with 84 (1 0 .5 ), 72 (17.5), 70 (6.2), 69.0,44 (47.8), 42 (4.4). 
absorption at 5 2.99), 2.65 (m, 1.25), 2.05 (m, 1.82). 3-Hydroxymethylene-l-methyl-2-pyrrolidinone (7).—Formyl-

Anal. Calcd for C7H12N2O2: C, 53.83; H, 7.74; N, 17.94. ation of l-methyl-2-pyrrolidinone (Eastman) was done accord-
Found: C, 54.01; H, 7.63; N, 17.87. ing tc the procedure of Korte and Büchel.19 Purified potas-

N-Methyl-N-[(2-oxo-3-pyrrolidinylidene)methyl]formamide sium29 (41.0 g, 1.00 mol) under dry toluene (600 ml) (dried
(4a).—A slurry of diene 4 (0.228 g, 1.50 mmol) in 100  ml of 9 5 % over calcium chloride and then fresh potassium) was powdered
ethanol was hydrogenated over platinum oxide (0.228 g) at by vigorously shaking the heated mixture. After being cooled
atmospheric pressure and room temperature. Hydrogen uptake to room temperature, the slurry was poured into a 2-1., 3-necked,
was moderate but stopped abruptly after 15 min. Only 0.32 round-bottomed flask equipped with a mechanical stirrer, water
equiv of hydrogen had been taken up. Since all of the diene condenser, and addition funnel. The toluene was pipetted off
had dissolved, the catalyst was removed by filtration. A fresh and replaced with 200 ml of dry ether (distilled from lithium
portion of platinum oxide (0.045 g) was added and the hydro- aluminum hydride,. The suspension was stirred and cooled in
genation resumed. In 25 min, an additional 0.65 equiv of -----------------
hydrogen was taken up (97% of theory) and uptake stopped. (29) L. F . Fieser and M. Fieser, "Reagents for Organic Synthesis,” John
The catalyst was removed by filtration and the filtrate was flash Wiley A Sons, Inc. N. Y„ 1967, p 90S.
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an ice bath as a mixture of l-methyl-2-pyrrolidinone (114 g, ether, and dried under vacuum for 1 hr at room temperature to
1 . 1 4  mol) (Eastman, practical) (distilled from calcium hydride) give 0.186 g (55%) of tan solid, mp 150-152°. Refrigeration
and ethyl formate (114 g, 1.50 mol) (dried over potassium car- of the filtrate resulted in precipitation of an additional 37 mg of
bonate and distilled from phosphorus pentoxide) in 100 ml of yellow solid bringing the yield to 6 6 % . The product was
dry ether was added slowly (1.5 hr). During the addition, recrystallized from absolute ethanol to give very fine white
the reaction mixture turned red-brown and a salt precipitated. needles, mp 151.5-153°. A small sample was sublimed at
The ice bath was removed and the reaction mixture was stirred 65-80° (0.25 mm) for microanalysis: uv max (95% ethanol)
at room temperature. After 22 hr, the salt was filtered from 267 m>r (e 24,500); ir (KBr) 1702 (H C = 0 ), 1671 (pyrrolidone
the solution and stirred into 250 ml of 5 M  hydrochloric acid C = 0 ) , 1624 (C = C ) cm-1; nmr (10 0  MHz, chloroform-d)
(1.5 mol) with cooling. The acidified solution was filtered 5 8.44 (s, 0.87), 8.07 (s, 0.10), 7.62 (t, 0.10), 7.27 (t, 0.92),
from inorganic salts and extracted with chloroform until the 3.42 (m), 3.38 (s), 3.24 (s, 4.83, integrated with absorption at
aqueous phase gave only a very slight enol reaction with ferric 8 3.42 and 3.38), 3.07 (m), 2.92 (s, 5.14, integrated with absorp-
chloride (16 50-ml extractions). The chloroform extracts were tion at 8 3.07); mass spectrum (70 eV, direct inlet, ambient
dried overnight over Drierite and filtered; the chloroform was temperature) m / e  (relative intensity) 168 (7.7), 140 (100),
flash evaporated to give a yellow liquid. The concentrated 116.7, 115.0, 109.0, 98 (23.2), 97 (21.2), 88.0, 69 (72.4), 6 8 .6 ,
extracts were fractionally distilled under reduced pressure. 68  (69.2), 67.2, 67.0, 67 (9.7), 42 (64.6).
Chloroform was collected below room temperature (0.1 mm); Anal. Calcd for CtHi2N20 2: C, 57.13; H, 7.19; N, 16.66. 
a large amount of unreacted l-methyl-2-pyrrolidinone was col- Found: C .56.85; H .7.31; N, 16.50.
lected at 40^ 8° (0.1 mm); and a third constant boiling fraction Synthesis of N-Methyl-N-[(l-methyl-2-oxo-3-pyrrolidinyl)-
was collected at 8 8 ° 0.1 mm). The third fraction distilled as a methyl]formamide (6).—A solution of N-methyl-N-[(l-methyl-
yellow oil which solidified on standing for a few minutes at room 2-oxo-3-pyrrolidinylidene)methyl]formamide (9, 0.16 g, 1.00
temperature. A large amount of charred material did not distil. mmol) in 25 ml of absolute ethanol was hydrogenated over 5%
The solid product was broken up and thoroughly washed with palladium on powdered charcoal (0.0336 g) at atmospheric
cold ether by suction filtration. Vacuum drying at room tem- pressure and room temperature. Hydrogen uptake was smooth
perature for 4 hr gave 4.56 g (3.6% ) of a yellow solid, mp 90- and stopped after 30 min when 0.86 equiv of hydrogen had been
100°, and a small amount of the solid was recrystallized from taken up. The catalyst was removed by filtration and the
acetone-petroleum ether (30-60°), mp 96-100° (lit.19 mp 98°). solvent was flash evaporated at 40° to give a colorless oil. The
The hydroxymethylene compound in water gave an intense green- oil was taken up in ether, filtered, and refrigerated, but crystal-
blue color with 5%  ferric chloride and a green color with cupric lization did not occur. Tic of this solution on an Eastman silica
acetate. I t  had the following spectral properties: uv max gel 6060 prepared sheet in methanol gave a single spot at R{
(95% ethanol) 242 rr.ji (lit.19 241 m/x, log e 4.17); ir (KBr) 2675 0.66 upon visualization with molecular iodine. The solvent
(broad, chelated OH), 1695 (C = 0 ) , 1635 (C = C ) cm-1; nmr was evaporated in a stream of nitrogen and the oil dried over-
(dimethyl sulfoxide-o«, 60 MHz) 8 9.72 (s, OH or CHO), 7.13 night under vacuum at room temperature: ir (liquid between
(broad, OH or CHO), 3.33 (t, a-CHj), 2.76 (s, CH3), 2.55 disks, CCU solution) identical with that of saturated methyl
(complex, /3-CH2 or methine proton), 3.7-1.9 (complex and pyrrolidinone 6 obtained by méthylation of 5; nmr (60 MHz, 
broad, /3-CH2 or methine proton); mass spectrum (70 eV, chloroform-d) identical with that of saturated methyl pyrrolidin-
indirect inlet) m / e  (relative intensity) 127 (36.6), 126 (9.2), one 6 obtained by méthylation of 5; mass spectrum (20 eV,
9 9  (100), 98 (96.6). indirect inlet, 120°) m / e  (relative intensity) 172 (0.5), 171

l-Methyl-3-[(methylamino)methylene]-2-pyrrolidinone (8 ).— (4.7), 170 (11.7), 155 (0.2), 142 (37.2), 141.3, 141 (6.3), 140
A solution of methylamine (18 ml, 0.40 mol) in 50 ml of cold, (5.1), 127 (1.2), 118.6,112 (22.4), 111 (7.1), 110 (4.9), 100 (6.4),
absolute ethanol was poured into a stirred solution of 3-hydroxy- 99 (100), 98 (43.0), 97.0, 88.3, 84, 72 (7.6), 69.0, 44 (29.6),
methylene-l-methyl-2-pyrrolidinone (7, 1.27 g, 0.010 mol) in 42 (2.0), 15 (0.1).
25 ml of absolute ethanol. The flask was protected by a drying Samples of saturated methylpyrrolidinone 6  prepared by
tube and left at roim temperature overnight. The solution hydrogenation of 9 and by méthylation of 5 were mixed together
was flash evaporated to a cream-colored solid which wTas taken in chloroform solution. Tic of this mixture on Eastman silica
up in hot methyl ethyl ketone and decolorized with activated gel 6060 strips gave only one spot (solvent, R{): ether, 0.05; 
charcoal. Addition of petroleum ether (bp 30-60°) to near chloroform, 0.12; methanol, 0.66 (development with iodine),
the cloud point and refrigeration gave 0.926 g (6 6 % ) of light Reaction of N-Benzyl-N-[(5-Hydroperoxy-2-oxo-3-pyrrol- 
yellow solid: mp 134-138°; uv max (95% ethanol) 286 m/i (t idinylidene)methyl]formamide with Ethanol in Dimethyl Sul-
26,000) (absorption completely disappears upon addition of a foxide.—Absolute ethanol was added to a solution of hydro
drop of dilute HC1); ir (KBr) 3263 (NH trans), 3155 (NH cis), peroxide 2b (75 mg, 0.3 mmol) in 0.5 ml of dimethyl sulfoxide-de-
2912 (w), 2868 (w), 2846 (w), 2825 (w), 1674 (C = 0 ) , 1608 The solution was heated on a steam bath and concentrated by
(C = C ) cm-1; ir (chloroform solution) 3420 (NH), 3340 (NH), passing a stream of dry air over it. Alternate addition of
1690 (C = 0 ) , 1645 (C = C ) cm-1; nmr (chloroform-d, 60 MHz) ethanol and evaporation of solvent was repeated several times
S 6.8530" (d, 0.73), 6.23Ma (d, 0.15), 4.33” (b), 3.36 (t, 3.30, J  = until crystals deposited from the concentrated solution. The
7 Hz, integrated with absorption at 8 4.33), 2.8630b (m), 2.84 mixture was refrigerated and filtered to give a yellow solid,
(s, 6.25, integrated with absorption at 8 2 .8 6 ), 2.55 (t, 1.58, Two recrystallizations from absolute ethanol gave white needles:
J  =  7 Hz); mass spectrum (70 eV, indirect inlet, ambient tem- mp 147-150° dec; uv max (ethanol) 264 m/i; ir (KBr) 3330
perature) m / e  (relative intensity) 140 (100), 98 (40.8), 69 (NH), 3078 (NH), 1715 (H C = 0 ), 1681 (pyrrolidone C = 0 ) ,
(53.0), 68  (64.3), 42 (46.5). 1637 (C = C ) cm-1; mass spectrum (70 eV, direct inlet, 100°)

Anal. Calcd for C7HnN20 : C, 59.98; H, 8.63; N, 19.98. m / e  (relative intensitv) 246 (2.2), 229 (2.3), 228 (10.5), 200
Found: C, 60.04; H .8 .6 6 ; N, 19.86. (100), 109 (3.9), 106 (3.1), 91 (184), 65 (18.0), 39 (5.3); nmr

N-Methyl-N-[(l-methyl-2-oxo-3-pyrrolidinylidene)methyl]- (100 MHz, chloroform-d) 8.69, (s, 0.80), 8.27 (s, 0.10), 8.07
formamide (9).—The formylation procedure described by Huff- (b, 0.75), 7.61 (t, 0.15), 7.45 (t, 0.90), 7.17 (m, 5.06), 4.90 (m,
man was followed. 31 Acetic formic anhydride was prepared by 3.11), 3.68 (m), 3.34 (m, 2.20, integrated with absorption at
heating acetic anhydride (0.378 ml, 4.00 mmol) and 98% formic 8 3.68), 2.77 (m, 1.91), 1.30 (m), 1.19 (m, 3.00, integrated with
acid (0.155 ml, 4.10 mmol) for 30 min at 56° (refluxing acetone absorption at 8 1.30).
bath) in a 5-ml round-bottomed flask equipped with a magnetic Reaction of l-Benzyl-3-acetylpyridinium Chloride with Hydro- 
stir bar and a drying tube. The flask was transferred to a 26° gen Peroxide and Sodium Bicarbonate.—Treatment of 1-benzyl-
water bath and l-methyl-3-[(methylamino)methylene]-2-pyr- 3-acetylpyridinium chloride (12.4 g, 50.0 mmol) with 30%
rolidinone (8 , 0.280 g, 2.00 mmol) was added to the stirred hydrogen peroxide (15.2 ml, 148 mmol) and sodium bicarbonate
solution in small portions over a 5-min period. All of the solid (4.20 g, 50.0 mmol) in water (50 ml) gave an orange solution,
dissolved. After 10 min, 2 ml of dry ether was added, resulting pH 9. The pH was 6.0 after 12 hr at 0-5° and an orar.ge oil had
in precipitation of a cream-colored solid. The mixture was formed. After 9 days, the solution had a pH of 5.0. The solu-
stirred at room temperature for 8.5 hr, filtered, washed with tion was decanted from the oil which was rinsed several times
___________  with water, taken up in a minimum amount of chloroform, and

applied to a 27  X  2  cm column of dry-packed Florisil (1 0 0 -2 0 0
(30) (a) Collapses to a singlet upon addition of DsO. (b) Changes mul- mesh). A  bright yellow oil was eluted with 1 :1  hexane—ether;

tiplicity upon addition of D2O. a white solid was eluted with 1 : 2  hexane—ether; a pale yellow
(31) C. W. Huffman, J . Org. Chem., 23, 727 (1958). oil was eluted with ether. Elution with chloroform and finally
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with ethanol gave no other compounds, although dark-colored 136.5-138° (uncor) and mmp (with an authentic sample34) 
bands could be seen on the column. 138-139° (uncor); ir (KBr disk) 3410 (w, broad), 3260 (m),

The white solid was identified as N-benzylformamide, mp 1648 (s) cm-1; nmr (60 MHz, chloroform-d) 5 7 .3 3  (C6H5 s’
59.5-60.5° (lit. 32 mp 60-61°). Its nmr spectrum was identical 5.09), 6.92 (NH, broad, 0.91), 5.86 (CHBr2, s, 1 03 ) 4 46
with that reported previously. 33 (CH,, d, 1.98, J ch- nh = 6.0 Hz); mass spectrum (70 eV

Reaction of l-Benzyl-3-bromopyridinium Chloride with Hydro- indirect inlet, 25°) m /e  (relative intensity) 227 (4 7 .1 ) 225
gen Peroxide and Sodium Bicarbonate.—Treatment of 1-benzyl- (47.6), 146 (32.8), 104 (20.0), 103 (13.3), 91 (100.0).
3-bromopyridinium chloride (14.2 g, 50.0 mmol) with 30% Anal. Calcd for C9H9NOBr2: C, 35.31; h ’ 2 .9 5 ; N, 4.56; 
hydrogen peroxide (15.2 ml, 148 mmol) and sodium bicarbonate Br, 52.06; mol wt, 307. Found: C, 35.06, 35.25;’ h ’ 2 83’
(4.20 g, 50.0 mmol) in water (50 ml) yielded a yellow solution, 2.99; N, 4.41, 4.66; N, 52.06; 51.86; mol wt, 313 (chloroform). ’
pH 9.0. After 6 days at 0-5°, an oil had begun to form. The
solution had a pH of 8.0 and effervescence was noted. The Registry No.'— H ydrogen peroxide 7722-84-1'
evolved gas was passed through a trap filled with saturated i o ___ ui - J  nr
barium hydroxide solution. A white precipitate was formed l-methyi-3-carbamoylpyridmiuin chloride, 1005-24-9;
immediately, indicating that the gas contained carbon dioxide.  ̂ benzyl-3-carbam oylpyndim um  chloride, 5096-13-9;
A control test with air was performed. N- [ (5-hydroxy-2-oxo-3-pyrrolidinyl) methyl ]-N-methyl-

After 30 days the solution had a pH of 8 .0  and was decanted formamide, 24744-90-9; N-benzyl-N-[(5-hydroxy-2-
from the yellow-orange oil that had formed. The oil was rinsed oxo-3-pyrrolidinylidene) m ethyl Jform am ide, 24744-91-
with water, taken up in 15 ml of chloroform (solution turned a at u i at r/r  ̂ j  o n 2
dark in color), and poured onto a 31 X 2 cm column of dry Flori- 4'" benzyl-JN -[(5-hydroxy-2-O XO-3-pyrrolldm yl)m eth- 
sil (10 0 -2 0 0  mesh). Elution of the column with 2 : 1  hexane- yl Jformamide, 24744-92-1; N-benzyl-2,2-dibromoacet-
ether gave a small amount of yellow oil which darkened on amide, 24744-94-3; 2a, 24744-81-8; 2b, 24744-82-9'
standing, a colorless fraction which was evaporated to give a 3,24744-83-0' 4 24744-84-1' 4a 24744-85-? ' 5 24744'
white solid (2 % ), and a second yellow oil in very low yield. oq. q . ,  24799-54-0' 7 24744-87 A- R 94744 SS 7
The white solid was identified as N-benzyl-2,2-dibromoacetamide. \ U’ ' q o O ~4744"88~5 ’
I t  was recrystallized several times from ethanol-water: mp 24/44-oy-o; 13, 24744-yo-2.

(32) F. F . Blicke and C .-J. Lu, J .  Amer. Chem. Soc., 74, 3933 (1952). (34) The authentic sample was prepared by treatment of dibromoacetyl
(33) C. Franconi, Z. Elektrochem., 65, 645 (1961). chloride with benzylamine.

Pyrido[2',l': 2,3]imidazo[5,l-a]isoquinolinium Cation1
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The first synthesis of the title cation has been effected via aromatic cyclodehydration of appropriately sub
stituted l-methylene-2-phenylimidazo[l,2-a]pyridinium bromides (9 and 1 1 ). The possibility that cyclization 
occurred in the pyrido ring (position 8 ) was excluded by showing that similar products (3) were obtained when 
position 8 was blocked with a methyl group.

Although the dipyrido[l,2-a: l'^'-cjimidazolium cat- I t  has been shown6 that, when certain amines are 
ion ( l )2'3 and some of its benzologs2’4,6 have been allowed to react with 2-bromo-l-phenacylpyridinium

bromide (4), the product is a derivative of the 2-phenyl- 
4^ \ 2 imidazo[l,2-a]pyridinium ion (5). When the acetal of

6 5N CJ ‘ +N aminoacetaldehyde was allowed to react with the same
' vNa 'Y  quaternary salt (4), a product was obtained which was
sk ^ N ——  ̂u  ̂ presumed to be impure l-(2',2'-diethoxyethyl)-2-phen-

9 + ylimidazo[l,2-a]pyridinium bromide (6). It would be
1 expected that an acetal such as 6 would be hydrolyzed

known for several years, the benzolog with the ring 111 hot mineral acid to the corresponding aldehyde (9, 
attached at positions 1 and 2 does not appear to have =  H). In analogy to the behavior of 2-biphenyl-
been reported. The synthesis of this benzolog, the acetaldehyde7 the resulting aldehyde would be expected 
pyrido [2', 1 ': 2,3]imidazo [5,l-a]isoquinolizinium cation
(2) has now been accomplished. D R, D

t  !‘ O  f 1l, ¿ t r  r W
i2u ) T f 2 y 2 —

r^ X r - B rcoC6H5 5, R, = H 7, R[ = H
.[( ) 1 Q  1 4 l U J r ____ 6 , R, = H; = CH2CH(OEt)2 S .R ^ C H j

5 ^  + “ 9. R, = H; R, = CH2COR:.
' 2 R = H  4  10 ,R 1 = H;R2 = C H = C — Ph

3, R, = CH3 q—

(1) This research was supported by Public Health Service Grant No. 1 1 ' Ri — Me, R 2 — CH2COR3
H-2170 of the National Heart Institute. ______________

(2) B. R. Brown and J .  Humphreys, J .  Chem. Soc., 2040 (1959).
(3) M. Hamana, B . Umezawa, and K. Noda, Chem. Pharm. Bull. (Tokyo), (6) C. K . Bradsher, R. D. Brandau, J .  E . Boliek, and T. L. Hough, J .

11, 694 (1963). Org. Chem., 34, 2129 (1969).
(4) B. R . Brown and E. H. Wild, J .  Chem. Soc., 1160 (1956). (7) C. K. Bradsner and W. J .  Jackson, J .  Amer. Chem. Soc., 76, 734
(5) B. R. Brown and D. White, ibid., 1589 (1957). (1954).
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T a b l e  I
F o r m a t io n  o f  P y r i d o i m i d a z o l iu m  S a l t s  

p  CH2COR3

? > v -

X-
9, Rt = H 
11, Rj= CH3

Compd no. R i Mp of Br,“ °C Mp of CIO.,6 °C Yield' of CIO., % Uv max, m„ (log «)
u  Ph 186-187« 206-208'-» 54 204.5 (4.71), 224.5 (4.48), 238 (4.50), 252 sh (4.39),

287 (4.32)
9 Me 205-207/ 222-223«■••* 64 204 (4.39), 222 sh (4.19), 284 (3.89)

u  Me 184-185/ 175-176*'-* 68 205 (4.41), 212 sh (4.36), 225 (4.29), 233 sh (4.26),
276 sh (4.01), 285 (4.06)

9 f-Bu 227-229* 211- 212« * « 41 206 (4.20), 222 sh (4.00), 287.5 (3.88)
» The bromides, which tend to be hydrated, were used directly in the cyclization. 6 Mp of the analytical sample. Suitable analytical 

data were submitted, Ed. « This is the quaternization reaction when the salt is isolated as the perchlorate. « Needles. 8 From ethanol.
/ Powder. » Nmr (CF„COOH) 8 6.20 (s, 2 CHj), 2.73 (s, 3, CHS). 6 Nmr (CF3COOH) 8 5.45 (s, 2, CHj), 2.37 (s, 3, CH3). * Prisms, 
f From methanol. k Nmr (CF3COOH) 8 5.61 (s, 2, CH„), 2.73 (s, 3, ArCHs), 2.37 (s, 3, CHaCO). 1 Nmr (CFaCOOH) 8 5.57 [s, 2, 
CHi), 1.15 (s, 9, (CH,),].

to undergo aromatic cyclodehydration8 to afford the By use of bromoacetone or l-bromo-3,3-dimethyl-2- 
pyrido[2' , l ' : 2,3 ]imidazo[5 ,l-a]isoquinolinium cation butanone as quatemizing agents, followed by cycliza-
(2). In any case the product obtained by refluxing the tion of the resulting 2-phenylimidazo[l,2-a]pyridinium
acetal (6) in 48%  hydrobromic acid was a pale yellow salts (Table I) the expected alkyl derivatives were
salt with no nonaromatic protons (below 5 7.18 in the obtained (Table II). The three alkyl derivatives of 2,
nmr spectrum), and with a complex ultraviolet absorp- but not the 10-methyl-13-phenyl derivative (3, R 3 =
tion spectrum characteristic of condensed polycyclic Ph), crystallized with an additional 0.5 mol of
aromatic systems. perchloric acid/mol of salt. Other examples of this

If this were the correct interpretation of our observa- type of hydrogen bonding have been reported.11 It
tions, it would follow that quaternization of 2-phenyl- is interesting that neither the parent compound nor
imidazo [1,2-a ]pyridine (7) at position 1 with an the aryl derivatives exhibit this residual basicity which
a-halomethyl ketone could provide intermediates (9) may depend upon the electron-release provided by the
for the synthesis of homologs of the pyridoimidazoiso- alkyl groups,
quinolinium cation (2) substituted at position 13.
The l-phenacyl-2-phenylimidazo[l,2-a]pyridinium ion Experimental Section
(9, R 3 =  C 6H 5) and the betaine (10) derived from it had ... , t . . , .
, ’ 1 , m i_-x l -l  l - a tu. 1 1 ■ All elemental analyses were by Janssen Pharmaceutica,
been prepared by Tschitschibabin. I  he betaine ( )  Beerse, Belgium. The ultraviolet absorption spectra were de-
in cold concentrated sulfuric acid gave a cyclization termined in 95% ethanol solution using a Beckman DB-G spec-
product (2 , R 3 =  CeHs) which from its ultraviolet trophotometer. The nmr data were obtained using tetramethyl-
absorption spectrum was easily recognizable as a silane as an internal standard when trifluoracetic acid was used
j  • x- r % as a solvent and as an external standard when deuterium oxide
derivative of 2 . was the solvent.

Whereas cyclization into the phenyl group rather Pyrido[2',l':2,3]imidazo[5,l-a]isoquinolinium Perchlorate
than into the electron-deficient pyridine ring seemed (2).—To a solution of 3.7 g of 2-bromo-l-phenacylpyridinium
attractive from a mechanistic viewpoint, it was neces- bromide (4)12 in 40 ml of absolute ethanol, 2.66 g of aminoacet-
sary to exclude the possibility that the cyclization aldehyde diethyl acetal was added and, after the initial vigorous

, , reaction, the mixture was refluxed for 1.5 hr. Removal of the
product was lz. solvent under reduced pressure left an oil which solidified on

p, trituration with ethyl acetate, yield 3.0 g, mp 136-137°. Part
\  . of the crude solid (0.5 g) was refluxed for 16 hr in 10 ml of 48%

hydrobromic acid although spectroscopic observations indicated 
that the reaction was essentially complete in 1.5 hr. Most of 

K  ^  1 the hydrobromic acid was removed under reduced pressure, the
^  residue dissolved in water, and 35% perchloric acid added. The

12 precipitate was recrystallized from methanol. Additional data
.. . , .1 n i . ,, . . may be found in Table I I .

Since 2-phenyl-8-methyhmidazo[1,2-aJpyridine (8 ) 2-Phenylpyrido[l,2-a]isoquino[2,l-c]imidazolium Perchlorate
was known,10 it was easy to test whether cyclization (2, R j = Ph).—The betaine (10)9 of l-phenacyl-2-phenylimidazo-
would be blocked by a methyl group at position 8 . [ l ,2-a]pyridinium hydroxide (1.66 g) was dissolved in 10 ml of
The quaternization product (11, R3 =  C6HS; see also cold concentrated sulfuric acid and allowed to stand at room
m i_i t\ t j x  • i i  x*____ r r xl temperature for 6 hr. The solution was cooled in ice and thenTable I) was cyclized to yield a cation which from the pcJ ed into 300 ml o{ cold anhydrous ether. The resulting pre.
ultraviolet absorption spectrum (table II) was very cipitate was crystallized from methanol-ethyl acetate. Addi-
closely related in structure to the cyclization products tional data may be found in Table II .
obtained earlier (2, R 3 =  H and 2, R 3 =  Ph) and hence ReactionofBromomethylKetoneswith2-Phenylimidazo[l,2-a]- 
was not 12 pyridines (7 and 8).—Either 2-phenylimidazo[1,2-a]pyridine

(8) C. K . Bradsher, Chem,. Rev., 38, 1946. (11) Cf. H. F . Andrew and C. K. Bradsher, J .  Heterocyd. Chem., 3, 282
(9) A. E . Tschitschibabin, Ber., 59, 2045 (1926). (1966) and references cited therein.
(10) F . Mattu and E . Marongin, Ann. Chim. (Rome), 54, 495 (1964). (12) C. Djerassi and G. R. Pettit, J .  Amer. Chem. Soc., 76, 4470 (1954).
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T a b l e  I I
P y r i d o  [ 2 ' ,  1 ' :  2 ,3 ]  im id a z o  [ 5 ,1 -a ] q u in o l i n iu m  P e r c h l o r a t e s

5 aor
2 or 3

.----- Cyclization------
-—Substituents—- Compd Time, Temp,
Ri R j no. hr °C Mp,° °C Yield, % \nmx, m(j (log «)

H H 6  16 126 241-243».« 208 (4.63), 243 (4.51), 255 (4.46), 263 (4.50), 275 (4.34),
290 (4.06), 302 (4.12), 338 (4.10), 354 (4.09), 370, 
(3.87)

H Ph 10  6  20 208-210® 44 ' 206 (4 .4 1 1, 243 (4.42), 259 (4.39), 266.5 (4.43), 291.5
(3.96), 303.5 (3.96), 340 (4.03), 358 (4.05), 373 (3.84)

Me Ph 1 1 » 6  20 245b-b 42 207 (4.30), 246 (4.42), 261 (4.37), 267.5 (4 .38), 292.5
(3.76), 304 (3.81), 341 (4.10), 335 (4.12), 370 (4.00)

H Me 9 4 100 262-264’ 38 209.5 (4.34), 238.5 sh (4.44), 244.5 (4.52), 256.5 sh
(4.42), 265 (4.49), 274 sh (4.38), 292 (3.97), 303 (3.95), 
329 sh (3.97), 340 (4.08), 354 (4.03), 370 (3.95)

Me Me 1 1  4 100 288*"' 42 210.5 (4.31), 239 sh (4.06), 246 (4.50), 264 (4.41), 276sh
(4.25), 291.5 (3.91), 304 (3.90), 349 (4.06), 364 (4.02), 
383 (3.78)

H f-Bu 9 8 100 188-189* 22 207.5 (4.43), 239 (4.33), 255 sh (4.17), 265 (4.25), 275
(4.20), 290 (4.06), 301 (4.03), 339 (3.80), 355 (3.69), 
373 (3.54)

° Suitable analytical data were submitted, Ed. b With decomposition. c From methanol, light yellow needles. d Overall yield from 
2-bromo-l-phenacylpyridinium bromide (5). * From MeOH-EtOAc, powder. '  This is the yield of the bisulfate (mp 276° dec) which
was converted to the perchlorate to afford an analytical sample. 8 The salt used for cyclization was the bromide. h From methanol, 
cream-colored powder, nmr (CF3COOH) 5 3.22 (s, 3, CH3). > From MeOH, cream-colored powder, nmr (D2O) 5 2.08 (s, 3, CH3). ’ From 
MeOH, light yellow needles, nmr (D2O 5 2.70 (s, 3, CH3), 2.17 (s, 3, CH3). * From MeOH yellow prisms, nmr (CF3COOH) 6 1.95 
[s, 9, (CH,),].

(7)9 or the 8-methyl derivative (8)10 was mixed with a molar Cyclization of Quaternary Salts (9 or 11).—The bromide salts
equivalent of the bromomethyl ketone and the mixture heated on (9 or 11, 0.005-0.0025 mol) were dissolved in 10 ml of concen- 
a steam bath for 8 hr (18 hr in the case of l-bromo-3,3-dimethyl- trated sulfuric acid and after the proper interval at the appro-
butanone13). The molten mass had usually become a thick priate temperature (Table I I )  the solution was worked up as in
green gum during the heating period. The gum was extracted the preparation of 2-phenylpyrido[l',2':2,3]imidazo[5,l-a]iso-
with hot water; the extract was filtered, cooled, and extracted quinolinium perchlorate (3, R 3 =  C6H5). Further details may
with several portions of ether. Finally the aqueous solution was be found in Table I I . 
charcoaled, filtered, and concentrated under reduced pressure,
yielding the crude colorless salt. The crude bromide salt was R eg istry  No.- 1, -4 5 -7 5 -0 , 2 (K  =  H ), 2 5 1 1 0 -2 4 -1 ,
once recrystallized from methanol-ethyl acetate or ethanol-ethyl 2  (R 3 =  Ph), 25110-25-2; 2 (R 3 =  Me), 25110-26-3;
acetate and the product (9 or 1 1 ) used for the cyclization experi- 2 (R 3 =  £-Bu), 25110-27-4; 3 (R 3 =  Ph), 25110-28-5;
me0nt- ,  u . ,  u . . , t , . . . .. . 3 (R 3 =  Me), 25158-28-5; 9 (R 3 = Me) bromide,

Since the bromide salts tended to be hygroscopic, a duplicate o m n  on a  a /d  ̂ i\/r \ ui ± o c i m  on n. n 
set of experiments was carried out in which the product was re- 25110-29-6; 9 (R 3 =  Me) perchlorate, 25110-30-9 ; 9
covered as the perchlorate salt and the yields and analyses in (R3 — ¿-Bu) bromide, 25158-29-6; 9 (R — ¿-Bu)
Table I are of the perchlorate salts. perchlorate, 25110-31-0; 11 (R 3 =  Ph) bromide, 25158-
__________  30-9; 11 (R 3 = Ph) perchlorate, 25110-32-1; 11 (R 3 =

„ Q u Me) bromide, 25110-33-2; 11 (R 3 =  Me) perchlorate,
(13) M. Jackman, R . Klenk, B . Fishburn, B . F . Tullar, and S. Archer, '  ’ v ■

J .  Amer. Chem. Soc., 70, 2886 (1948). 25110-34-3.
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Bim olecular Reduction of Isoquinoline. Epim eric 
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Bimolecular reduction of isoquinoline with zinc-acetic anhydride led to a 1:1 mixture of epimeric 2,2'-diacetyl- 
l,l',2)2'-tetrahydro-l,l'-biisoquinolines, 2a,b (54—58% total yield). Hydrogenation of 2a,b with rhodium-char
coal catalyst in acetic acid gave, with retention of stereochemistry, epimeric 2,2'-diacetyl-l,l',2,2',3,3',4,4'-octa- 
hydro-l,l'-biisoquinolines, 3a,b (98% yield); these were hydrolyzed with aqueous hydrobromie acid-acetic acid 
to the corresponding l,l',2,2',3,3',4,4'-octahydro-l,l'-biisoquinoline bishydrobromide salts, 4a,b, which were 
converted to the title diamines, 5a,b, on neutralization. Hydrolysis of d?-diamide 3a in refluxing concentrated 
hydrobromie acid produced rf(-X-methyl-5,6,7,9,10,ll,15b,15e-octahydrodiisoquino[2,l-c: l',2'-c]imidazolinium 
bromide, 7a; hydrolysis of meso-diamide 3b under the same conditions gave only bishydrobromide, 4b. Imid- 
azolinium bromide 7a is stable in refluxing aqueous hydrobromie acid-acetic acid; in refluxing aqueous ethanolic 
sodium hydroxide it forms <W-2-aoetyl-l,l',2,2',3,3',4,4'-octahydro-l,l'-biisoquinoline (6a). Reaction of di
amines 5a b with formaldehyde led to epimeric 5,6,7,9,10,ll,15b,15c-octahydro-SH-diisoquino[2,l-e;l',2'-e]- 
imidazoles, 8a,b; the stereochemistry of these compounds was established by interpretation of their nmr spectra. 
Hydrogenation of 1,1'-biisoquinoline bishydrochloride with platinum in ethanol led to meso-diamine, 5b, exclu
sively. l,l'-Biisoquinoline was produced by dehydrogenation of diamines 5a,b with palladium-charcoal catalyst 
in refluxing p-cymene (65-70% yield). Hydrogenation of l,l'-biisoquinoline with rhodium-charcoal catalyst 
in acetic acid gave 5,5',6,6',7,7',X,8'-octahydro-l,l'-biisoquinoline (13). Reaction of diamides 2a,b with N- 
bromosuccinimide in acetic acid led to epimeric 2 ,2 '-diacetyl-l,l'-dibrom o-l,l',2 ,2 '-tetrahydro-l,l'-biisoquino- 
lines, 18a,b; in refluxing aqueous ethanolic sodium hydroxide, 18a,b produce nearly equal amounts of isoquinoline 
and 1 -bromoisoquinoline.

Bimolecular reduction of isoquinoline (1) under con- hydrogenation of the corresponding tetrahvdro com- 
ditions of the Dimroth reaction (zinc-acetic anhy- pounds 2a,b with rhodium-charcoal catalyst in acetic
dride)1 has provided a convenient entry into the un- acid solvent. Stereochemistry is retained in the reduc-
substituted 1,1'-biisoquinoline ring system. Em- tion.
ploying an improved procedure which had been applied Amides 3a.b are quite resistant to hydrolysis by 
to pyridine,2 isoquinoline gave epimeric 2,2'-diace- acids and bases. Hydrolysis to the 1,1',‘2 ,2 ',3 ,3 ',4 ,4 '-
tyl-l,l',2,2'-tctrahydro-l,l'-biisoquinolines (2a,b) in octahydro-l,l'-biisoquinoline bishydrobromide salts,

4a,b, was effected in aqueous hydrobromie acid-acetic 
- i f )  ZnAyn, acid (4S-hr reflux; 70-80%  yield). The free diamines,

x y N / 51' 20-30 ^^\^NCOCH 5a,b were liberated quantitatively from their salts in
1 T aqueous methanolic sodium hydroxide-tetrahydro-

r 'd ^ 'r^ iN  COCHj furan solution.
Hydrolysis of diamides 3a,b wras incomplete in re

fluxing concentrated hydrobromie acid containing no 
2a’ <l! added acetic acid. The two epimers behaved differ-

b, meso ently. d l epimer 3a produced d l-S -m ethy 1 -5 ,6 ,7 ,9, -
54-58%  total yield (ca. l :l r a t io ) . In a previous study 10,ll,15b,15c-octahydrodiisoquino[2,l-c: l',2 '-e]im id - 
of the reaction with isoquinoline, Elliott and McGriff azolinium bromide (7a). The meso epimer (3b) was 
obtained epimer 2a only (18% yield).3 The very low hydrolyzed to diamine bishydrobromide salt 4b. 
solubility of 2b in various solvents, relative to that of Imidazolinium salt 7a was hydrolyzed readily in re- 
2a, facilitates separation of the epimer mixture. Ste- fluxing aqueous ethanolic sodium hydroxide to produce
reochemistry of these compounds has been established. monoamide 6a; like diamides 3a,b, amide 6a is rather

2 ,2 '-D iacety l-l,l ',2 ,2 ,,3,3',4,4'-octahydro-l,l'-biiso- resistant to alkaline hydrolysis. Monoamide 6a in 
quinoline epimers 3a,b were obtained in 98%  yield by refluxing concentrated hydrobromie acid regenerated

7a, and in aqueous hydrobromic-acetic acid formed 
bishydrobromide salt 4a. Monoamide 6a is clearly an 

h Rh-c '%^%/NC()CH. at>ut'ous HBr intermediate in these transformations originating from
2a k HOAc *■ T — — ------► diamide 3a; it reacted with acetic anhydride to regener-

COCHj ate 3a. Salts of 1,2-diamine monoamides form imid-
azolinium salts on heating.4

Hydrolysis of imidazolinium salt 7a to bishydrobro- 
3a’ mide salt 4a could not be effected in refluxing aqueous

S  hydrobromie acid-acetic acid (48 hr). In view of the
iH,+Br-  /NH

, T (1) a) O. Dimroth and R. Heene, Chem. Ber., 54, 2934 (1921); (b) O.
+R -  i  Dimro.h and F. Frister, ibid., 55, 1223 (1922).

’ 2 1 ^  product, l ,I '-d ia ;e ty l- l ,l/,4,4/-tetrahydro-4,4,-bipyridine, is ob-
\ tained in 45—47%  yield, (a) A. T. Nielsen, D. W. Moore. G. M. Muha, and

K. H. Berry, J .  Org. Chem., 29, 2175 (1964). (b) A. T . Nielsen, D. W. Moore, 
4a , b j  J .  H. Mazur, and K. H. Berry, ibid., 29, 2898 (1964).

, ’ (3) I . W. Elliott, Jr ., and R. B. McGriff J .  Org. Chem., 22, 514 (1957).
’ m e s o  (4) E . Waldmann and A. Chtvala, Chem. Ber., 74, 1763 (1941).
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* I C 3 T  M rW ''U  concentrated HBr, K ) ,^ l
3  H 0 , ; reflux

1 Ac,o h+ _ JL * * T 0  y — ch3aqueous EtOH,
| ( ) ] ^ ^ ^ j  NaOH, reflux f N N l  J  ^

6a 7a
aqueous, HBr aqueous HBr ,

HO Ac HOAc,
reflux s/ k Rvlx CH,C{OC_H;)=N'H,+C rj

EtOH. reflux, HBr

4a 5a

ease of formation of salt 4a from monoamide 6a in this [1.2-c:2',l'-e]imidazoles,6 and 15b,15c-dimethyl de
medium, this finding indicates the rate of the 6a 4a rivatives of 8a,b,7 reveal similar nmr spectra,
transformation to be very fast, relative to formation of Diamine epimer 5b was synthesized by an alternate
imidazolinium salt 7a, in this more dilute acid medium. route—hydrogenation of 1,1'-biisoquinoline dihydro-
The more strongly acidic concentrated hydrobromic chloride (9) in ethanol with platinum catalyst. Neither
acid favors the dehydration reaction involved in the
6a hydrobromide 7a transformation over the 6a -*■ | ( ) T ( ) I
4a hydrolysis. Rehydration of 7a to form 6a evidently ^ > ^ N /N II+Cr H pt
does not occur in dilute acid. + _ " Et0H> 5b

The structure and stereochemistry of imidazolinium w~\ C1
salt 7a was affirmed by an alternate synthesis. Reac-
tion of dZ-diamine 5a with ethyl acetimidate hydro- 9
chloride in refluxing ethanol5 led to the imidazolinium
chloride salt (7a, Br =  Cl), which could be converted epimer 5a nor any crystalline product other than 5b
to 7a by treatment with excess hydrobromic acid. No wa® LS0.a*;e<: as a Pr°duct of this reduction. Methoxy
imidazolinium salt could be prepared by reaction of derivatives of 1.1 -biisoqumoline hydrochloride have
weso-diamine 5b with ethyl acetimidate hydrochloride, been hydrogenated under similar conditions to produce
nor from meso-diamide 3b in strongly acidic medium. a smSle ^ ,lmer of methoxy derivatives of 5 (stereochem- 

Ring closure to the more flexible imidazolidine ring istry unknown).8 
could be realized with both diamine epimers. 5a,b. D™ er ePimer 5b was ound to decompose slowly to 
Reaction with formaldehyde in dioxane at 90° led to an 0lly y f ™  mat«nal " 'hen sT-o m  m air at room tem-
the epimeric 5,6,7,9,10,11,15b, 15c-octahydro-8H-di- perature for several weeks; the dZ-diamine 5a showed
isoquino [2,1-c: 1 ',2 '-e Jimidazoles: 100% yield of 8a no evidence of decomposition when stored under these
from 5a; 62%  yield of 8b from 5b. conditions. The decomposition reaction is evidently

complex. Partially decomposed samples show ultra
violet absorption bands characteristic of isoquinoline 
and biisoquinoline (\ Ja ( xH 323 nm). They also react 

[ Tj^88 Iv^ JL r N 22 with ferrous salts to produce an intense blue color (A™ H
A 1 A < CH'° 5b 550, 635, 656 nm) shown by iron(II) complex 11 of

J sHb 'HB known 3,3',4,4'-tetrahydro-l,l'-biisoquinoline (10).9-10
T588 K J 1  H i T5't9

8a, d l  8b, m e s o  Fe,+

The stereochemistry of imidazolidines 8a,b o n H t o n  o t j
apparent from an examination of their nmr spectra.
The signals exhibited by the C-8 methylene bridge 5b . meso 10 11. deep blue
hydrogens (Ha,b) of the imidazolidine ring establish the Diamines s b were each readily dehydrogenated to 
stereochemistry. In the dZ epimer this signal is a oquinol’ilie ( i2) by palladium-charcoal catalyst

environment with respect to the lone-pair electrons of m boiling p-cymene (65-70%  yield). 
the adjacent nitrogens and the imidazolidine ring hv-
drogens at C-15b and C-15c, which appear as a singlet at _ H Rh-c hoac
r 6.03. In the meso epimer 8b the Ha,b signals are 5a,b ~H~'1 -  T
split and appear as an AB quartet centered at r  5.86 fd N T iY ' _H- pd_c
with bands at r 6.22 and 5.49 (J  =  7.7 Hz) assigned as
shown in the formula. The imidazolidine ring hydro- 13
gens in 8b appear as a single line at r  5.32. The re- __________
mainder of the spectrum in both epimers is similar and (6) p. j . chive«, t . a. cmbb, and r . o. williams, Tetrahedron. 2 4 ,662.-,
reveals aryl protons (8) at r  2.6-3.3 and piperidine ring (1' C era tu a n d n Schmid, iieiv. ch im  Acta. 47,203 ( ia g d . 
protons (8) at r  6 .7 -7 .5 .  Published investigations on (8) j  Matsuo and T . Takahashi, Japanese Patent 16551 (1965); Chem.

the stereochemistry of meso- and dZ-perhydropyrido- Hei.er, forthcoming publication, t.„s laboratory.
(10) I. Matsuo, T . Takahashi, and S. Ohki, Yakugaku Zasshi, 83, 518 

(5) C. Djerassi and C. R. Scholz, 7 . dmer. Chem. Soe.. 69, 1688 (1947). (1963); Chem. Abetr., 69, 7483 (1963).
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Hydrogenation of 1,1-biisoquinoline (12) in acetic oline and 1,2,3,4-tetrahydroiscquinoline,12 and oxygen
acid with rhodium-charcoal catalyst produced neither oxidation of the latter provides 1,2-dihydroisoquin-
diamine 5a nor 5b. Prolonged reaction (80-90 hr) at oline.13 Thus 1,2-dihydroisoquinoline can be com- 
25° resulted in hydrogenation of the carbocyclic rings, pletely consumed in formation of isoquinoline, 
with formation of 5,5',6,6',7,7',8,8'-octahydro-l,l'-bi- Reaction of diamides 2a,b with N-bromosuccinimide 
isoquinoline (13) as the sole crystalline product (ca . in acetic acid led to 2,2'-diacetyl-l,l'-dibrom o-l,l',2,2/-
34%  yield). tetrahydro-1,1'-biisoquinolines (18a,b). Exclusive for-

The structure of 13 follows from its nmr spectrum 
which shows the bipyridine ring protons as an AB \
quartet, with the C-3,-3' proton signal centered at r 1.66
and the C-4,4' signal at 3.03 (J  =  6 H z); the 6,6',7,7'- 2a, b * ► B r% / B r
ethylene protons (8) appear at 8.0-8.5 as a multiplet, ,/%n^ v'JCOCH3
the C-5,5' methylene protons (4) as a multiplet cen-
tered at 7.55, and the C-8,8' protons (4) as a multiplet 18a b
centered at 7.22. The ultraviolet spectrum of 13 is
equivalent to two independently absorbing alkyl-sub- mation of a single epimer, in nearly quantitative yield,
stituted pyridine rings rather than a coplanar 2,2'- js observed in each case, probably with retention of
bipyridine, owing to the noncoplanarity of the isoquin- stereochemistry (e . g d l - 2a -»■ dl- 18a). A highly re-
oline rings: Xmax 272 nm (elnax 6200).11 Dehydro- active radical intermediate would be involved in a
genation of 13 by heating with palladium-charcoal stereoselective process.14'15
catalyst in boiling p-eymene led to 1,1'-biisoquinoline. Hydrolysis of both dibromo compounds (18a,b) in 

The 1,1',2,2 '-tetrahydro-1,1 '-biisoquinoline epimers, refluxing aqueous ethanolic sodium hydroxide led to a
14a,b, parents to diamides 2a,b, could not be isolated. mixture of 1-bromoisoquinoline (20) and isoquinoline
Diamides 2a,b are converted principally to isoquin- (i) jn nearly equal amounts. Supposing an initial
oline by acid or basic hydrolysis, and are rather resis- amide hydrolysis, amide ion intermediate 19 would
tant to acid hydrolysis.3 Traces of 1,1'-biisoquinoline cleave to (or a synchronous process would lead to) 1-
have been obtained by acid hydrolysis of 2a .3 bromoisoquinoline (20) and anion intermediate 21.

S  Hydrolysis of protonated 21 (2-acetyl-l-bromo-l,2-dihy-
droisoquinoline) would result in elimination of bromide 
ion with formation of isoquinoline.

oh- O k /N C 0 C H 3
Ma’b 18a’b =hdlT ( Q O  +

Reaction of diamides 2a,b with refluxing aqueous [ Q I  J '
ethanolic sodium hydroxide (16 hr) produced isoquin- ^Br
oline in nearly quantitative yield. This facile base- 19
catalyzed cleavage contrasts with the behavior of the - hoac -Br_
corresponding octahydrodiamides, 3a,b, and monoamide Lv% 1 / nC()CH — *" 1
6a, which are quite stable under the same conditions. Bi-
The results suggest ease of 1,1'-carbon-bond cleavage 21
in the amide anion intermediate (15), leading to isoquin
oline and anion intermediate 16. Hydrolysis of pro-

Experimental Section

(C )\  I Melting points were determined on a Kofler block and are cor-
0H- \%-%/NCOCH3  ̂ rected. Ultraviolet spectra were determined on a Cary Model 1 1

2a-b ^  —■—► spectrophotometer in 95% ethanol, infrared spectra on a Perkin-
1 y - ' C i Elmer Model 137 spectrophotometer, and nmr spectra on a 

I ( )| I Varian A-60 spectrometer. Mass spectra were determined on a
Hitachi Model RMU-6 E , 80 eV. Magnesium sulfate was em- 

15  ployed as drying agent. Elemental analyses were performed by
Galbraith Laboratories, Knoxville, Tenn.

OH" <W-2,2 '-Diacetyl-1,1 ',2,2 '-tetrahydro-1,1 '-biisoquinoline (2a).
lv_%L^^NCOCH3  ̂ —Isoquinoline (270 g of 95% assay, mp 18-20°, 2.0 mol)

3 wag dissolved in 1500 ml of acetic anhydride. While stirring
jg ^  vigorously, maintaining a nitrogen atmosphere, zinc dust (300

g of CP, 99% assay) was added in small portions at regular inter- 
, , , ,  vals during 3 hr keeping the temperature of the reaction mixture
foliate (known, relatively stable l-acetyl-l,2-dl- at 30-35° by external ice bath cooling. Stirring was continued
hydroisoqumohne)12 leads to 1,2-dihydroisoquinoline, at 25-30° for 15 hr (nitrogen atmosphere). The pale yellow mix-
17. Unpolymerized, neat 1,2-dihydroisoquinoline is tore was then poured into a large stainless steel beaker containing
reported to disproportionate very rapidly to isoquin- 41. of water and 41. of icecubes. After a period of 7 hr most of

the liquid was removed by decantation. The remaining material 
(ii) Alkyl-substituted 2,2,-bipyridine derivatives not substituted in the was f.ltered and the collected solid washed several times with 

6 position have intense bands between 280 and 290 nm (emax 12,000-17,000): ----------------------
W. H. F . Sasse and C. P. Whittle, J .  Chem. Soc., 1347 (1961). Alkyl- (13) W. Bartók and H. Pobiner, J .  Org. Chem., 30, 274 (1965).
pyridines have relatively weak bands near 270 nm (.max 2000-3000): C. T. (14) F . R . Jensen, L. H. Gale, and J . E. Rodgers, J .  Amer. Chem. Soc..
Kyte, G. H. Jeffery, and A. I. Vogel, ibid., 4454 (1960). 90, 5793 (1968).

(12) W. P. Neumann, Justus Liebigs Ann. Chem., 618, 90 (1958), (15) C. W. Jefford and E. H. Yen, Tetrahedron Lett., 4477 (1966).
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water. The orange-yellow, granular solid was digested with 1300 A solution of 3a (0.50 g) and 1.0 g of sodium hydroxide in 10 ml 
ml of boiling methanol for 2 hr, filtered hot, and the solid washed of 50% aqueous ethanol was heated under reflux for 16 hr. The
with 500 ml of methanol. The filtrate was concentrated to a pale yellow solution was concentrated to dryness and the residue
volume of ca. 500 ml and chilled at 0°; the crystals were collected diluted with water to precipitate 0.49 g of recovered 3a, mp 190-
and washed with ice-cold methanol to yield 82 g (24%) of 2 a, mp 210°.
185-196°. Recrystallization from methanol gave 64 g of large, A solution of 3a (0.50 g) in 5 ml of concentrated hydrobromic 
colorless, chunky prisms, mp 194-195°, which changed to needles acid was heated on the steam bath (90°) for 18.5 hr. The solu-
near the meltingpoint and melted at 205-208°, lit . 3 mp 193-194°. tion was concentrated to dryness and the residue diluted with
Parallel runs gave 24-26%  yields of high purity, uncrystallized water to precipitate 0.47 g of recovered 3a, mp 210-212°; when
2 a. When the temperature during the addition was maintained this was mixed with 3a the melting point was not depressed.
above 30-35° (up to 60°), yields of 2 a decreased slightly and m es o -2,2'-Diacetyl-l,l',2,2',3,3',4,4'-octahydro-l,l'-biiso-
yields of 2b increased; total yields remained approximately the quinoline (3b).— meso-2,2'-Diacetyl-l,l',2,2'-tetrahydro-l,l'-bi-
same (54^58%). Spectra of 2 a: Am0I (EtOH) 207 nm (e 27,000), isoquinoline (2b, 50.0 g), 230 ml of acetic acid, and 15.0 g of 5%
228 (28,100), 306 (14,500); l it .3 229 nm (15,800), 205 (10,200); rhodium-charcoal catalyst were shaken with hydrogen as in the
VKBr 1670 cm- 1  (C = 0 ) , 1620 (C = C ); nmr (CDC13) t 2 .4-2.7 preparation of 3a, above; 2 mol equiv of hydrogen were ab-
(m, 4, aryl), 2.S-3.2 (m, 4, aryl), 3.97 (s, 2, CH at C-1 , 1 ') , AB sorbed in 76 hr, after which time hydrogen uptake ceased. The
quartet at 3.60, 3.85 (/ = 8 Hz, 4, CH =CH  at C -3,3',4,4 ') insoluble product mixed with catalyst was filtered and extracted
7.78 (s, 6 , CH3CO). continuously with methylene chloride in a Soxhlet apparatus for

Anal. Calcd for C22H2oN20 2: C, 76.72; H, 5.85; N, 8.13; 40 hr. The extract was concentrated to dryness and the residue
mol wt, 344.4. Found: C, 76.87; H, 5.87; N, 8.27; mol wt, triturated with water, filtered, and washed with water to yield 
333 (osmometry). 49.5 g (98%) o: diamide 3b, mp 231-233°. Recrystallization

A 1.0-g sample of 2 a, 2.5 g of sodium hydroxide, 3 ml of water, from benzene gave flat square prisms: mp 231-232°; v (KBr)
and 15 ml of ethanol were heated on the steam bath for 16 hr. 1640 cm “ 1 (C = 0 ) . The nmr spectrum (CDC13) at ca. 30°
The solution was concentrated under reduced pressure and the revealed two acetyl and C-1,1'proton signals due to the presence
residue extracted with methylene chloride. The dried extracts of two conformers (A, ca. 67% and B , ca. 33% ); r 2.3-3.6
were concentrated to dryness to yield 0.77 g of a mobile oil, (m, 8 , aryl), 3.92 (s, CII at C-1,1' of B), 4.08, 4.63 (AB quartet,
soluble in heptane, having the odor of isoquinoline; its infrared / = 5 Hz, CH at C-1,1' of A), 6.0-7.5 (m, 8 , CH2CH2 at C-
spectrum (film) was practically identical with that of isoquinoline 3 ,3 ',4 ,4 '), 7.90 (s, CII3CO of A), 8.20 (s, C Il3CO of B ) . 16 In
(theoretical yield, 0.75 g). DMSO-d6 the nmr spectrum at 40° is very7 similar to that in

meso-2 ,2  '-Diacetyl-1 ,1  ' ,2 ,2 '-tetrahydro-1,1 '-biisoquinoline (2b). CDCls, but at 120° there resulted a collapse of the methyl signals
—The dried residue remaining after extraction with hot to a single line; also, the signals for the C-1,1'protons coalesce
methanol in the preparation of 2 a described above is a mixture to a single broad signal.
containing principally zinc and rather pure 2b (white crystals, Anal. Calcd for C22H24N20 2: C, 75.83; H, 6.94; N, 8.04; 
mp 250-251°). I t  was extracted continuously with 1200 ml of mol wt, 348.43. Found: C, 76.16; H, 6.84; N, 8.02; mol wt,
methylene chloride in a Soxhlet apparatus for 30 hr, leaving 184 351 (osmometry).
g of zinc and depositing from solution 79.7 g of white, crystalline d/-l,l',2,2',3,3',4,4'-Octahydro-l,l'-biisoquinoline Bishydro-
2b, mp 255-257°; concentration of the filtrate to dryness, fol- bromide (4a).—A mixture of dZ-2,2'-diacetyl-l,l',2,2',3,3',4,4'-
lowed by washing of the residue with water and ethanol, gave 23.6 octahydro-l,l'-biisoquinoline, 3a, (34.8 g, 0.1 mol) and 250 ml
g more of 2b, mp 250-251°; total yield of 2b was 103.3 g (30% ); each of concentrated hydrobromic acid, acetic acid, and water
in parallel runs the yield was 28-32% . The compound is quite was heated under reflux for 48 hr. The clear, pale yellow solution
insoluble in all organic solvents tested. Recrystallization from was concentrated to dryness under reduced pressure. The resi-
boiling acetic acid (2 % solution) yields rectangular prisms: mp due was triturated with water, filtered, and wrashed with water to
257-260°; Xmax (EtOH) 207 nm (e 23,900), 241 (26,800), 315 yield 32.2 g (75.5%) of salt 4a, small prisms, mp 280-285°. Re-
(12,200); vKBr 1660 cm- 1  (C = 0 ) , 1620 (C = C ). crystallization from 0.8 N  aqueous hydrobromic acid gave large

Anal. Calcd for C22H20N2O2: C, 76.72; H, 5.85; N, 8.13. chunky prisms: mp 290-292°; nmr (D20 )  t 2 .3-2.9 (m, 8 , aryl),
Found: C, 76.49; H, 6.01; N, 7.98. 4.18 (d, J  = 1 Hz, CH at C-1,1'), 5.8-6.8 (m, 8 , CI12CH2 at

A 3.44-g (0.01 mol) sample of 2 b and 25 ml each of concentrated C -3,3 ',4 ,4 '). Parallel runs gave 4a in 75-79%  yield, 
hydrobromic acid, acetic acid and water were heated under re- Anal. Calcd fcr Ci8H22Br2N2: C, 50.73; H, 5.20; N, 6.57;
flux for 63 hr. The clear, pale yellow solution was concentrated Br, 37.50. Found: C, 50.77; H ,5 .17 ; N, 6.58; Br, 37.50.
in vacuum to remove solvents. One-half of the residue was dis- »¿eso-1 ,1 ',2 ,2 ',3 ,3 ',4 ,4 '-Octahydro-1,1'-biisoquinoline Bishy-
solved in 10 ml of hot absolute ethanol and diluted with 100 ml drobromide (4b).—The procedure employed above with the dl
of ether; an oil precipitated which failed to crystallize. One- isomer 3a was applied to dZ-2,2'-diacetyl-l,l',2,2',3,3',4,4'-octa-
half of the residue was dissolved in water (10 ml) and treated hydro-1,1'-biisoquinoline, 3b (34.8 g, 0.1 mol), to yield 30.3 g
with saturated potassium carbonate solution to liberate an oil (71%) of salt 4b as chunky prisms, mp 264-269°. Parallel runs
which was extracted with methylene chloride. Concentration gave 4b in 71-80%  yield.
of the extracts in vacuum gave 1.26 g of a viscous, dark red oil, Anal. Calcd for CiSH22Br2N2: C, 50.73; 11 ,5 .20; N, 6.57;
not completely soluble in heptane, which had a strong odor of Br, 37.50. Found: C, 50.93; H, 4.93; Br, 37.57.
isoquinoline and an infrared spectrum similar to that of iso- dZ-l,l',2,2',3,3',4,4'-Octahydro-l,l'-biisoquinoline (5a).'—A
quinoline (C = 0  bands absent). Attempted crystallization of the 30.0-g sample cf the dl bishydrobromide salt 4a was dissolved in
oil from heptane-benzene gave a gum. a solution of 100  ml each of 1 0 % aqueous sodium hydroxide,

a7-2,2'-Diacetyl-l,l',2,2',3,3',4,4'-octahydro-l,l'-biisoquino- methanol, and tetrahydrofuran by shaking at 25°. The clear 
line (3a).—dZ-2,2'-Diacetyl-l,l',2,2'-tetrahydro-l,l'-biisoquin- solution was concentrated under reduced pressure on the steam
oline (2a, 50.0 g), 200 ml of acetic acid, and 15.0 g of 5%  rho- bath to a volume of ca. 50 ml. The residue was filtered and the
dium-charcoal catalyst were shaken with hydrogen (25-55 psi) solid washed with water to yield 18.6 g (100%) of diamine 5a, mp
in a Parr apparatus at 25° until hydrogen uptake ceased (8 6  hr) 134-138°. Recrystallization from 4 : 1  ethanol-water gave chunky
and 2 mol equiv of hydrogen was absorbed. The mixture prisms: 15.6 g; mp 135-137.5°; Ama (EtOH), 259 nm (e 955),
was filtered through a Buchner funnel and the catalyst extracted 266.5 (1100), 273.5 (1100); nmr (CDCb) r 2.5-3.0 (m, 8 , aryl),
three times with hot acetic acid. The extracts and the filtrate 5.32 (s, 2, CH at C-1,1'), 6.6-7.7 (m, 8 , CH>CII2 at C-3,3'4,4'),
were concentrated to dryness and the residue was triturated with 8.27 (s, 2, NH).
water, filtered, and washed with water to yield 49.4 g (98%) of Anal. Calcd for Ci8H20N2: C, 81.78; H, 7.63; N, 10.60;
diamide 3a, mp 204-210°. Recrystallization from benzene gave mol wt, 264.36. Found: C, 81.78; H, 7.68; N, 10.53; molwt
chunky white prisms: mp 211-213°; v  (KBr) 1645 cm - 1  (C = 0 ) ; 262 (osmometry).
nmr (CDCI3) t 2 .7-3.S (m, 6 , aryl), 4.03 (d, 2, J  =  8  Hz, CH The dinitrate salt was prepared in hot 10% aqueous nitric acid
at C-8 ,8 '), 4.53 (s, 2, CH at C-1,1'), 6.0-7.5 (m, 8 , CH2CH2 and recrystallized from 10% nitric acid: mp 235-236° with de-
at C -3,3 ',4 ,4 '), 7.92 (s, 6 , CH3CO). Substitution of platinum composition,
oxide or palladium-charcoal catalysts for the rhodium-charcoal -----------------
failed to hydrogenate 2a which was recovered. (16) The sported nmr spectra of 1-substituted 2-acetyl-6,7-dimethoxy-

A nal. Calcd for C22H24N20 2: C, 7o.83; H, 6.94; N, 8.04; 1,2,3,4-tetrahydroisoquinolines indicate the presence of two conformers due
mol W t, 348.43. Found: C, 76.05; H, 7.07; N, 7.98; molwt, to restricted acetyl group rotation: D. R. Dalton, K . C. Ramey, H. J .  Gisler,
332 (osmometry). Jr .. L. J . Lendvay, and A. Abraham, J .  Amer. Chem. Soc., 91, 6367 (1969).
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Anal. Calcd for CigH^N.Oe: C, 55.38; H, 5.68; N, 14.35. crystalline product. Shorter reaction periods gave larger
Found: C, 55.25; H, 5.79; N, 14.19. amounts of recovered reactant 3b and less 4b .

meso-1 , 1 2,2 ',3 ,3 ',4 ,4 '-Octahydro-1,1'-biisoquinoline (5b). Procedure B .—A solution of <iZ-l,l',2,2',3,3',4,4'-octahydro-
Method A. From Bishydrobromide Salt 4b.— The procedure 1 , 1 '-biisoquinoline (5a, 1.0 g) and ethyl acetimidate hydro-
employed in the preparation of di-diamine 5a from hydrobromide chloride (0.54 g) in 10 ml of absolute ethanol was heated under
salt 4a was used with meso-bishydrobromide salt 4b to yield reflux for 9 hr .5'18 The solution was cooled and the filtrate diluted
meso-diamine 5b, 1 0 0 % yield, mp 82-86°. Recrystallization with 300 ml of ether and let stand overnight. White crystals
from heptane gave white prisms: mp 86- 8 8 °; Xma* (EtOH) 267 separated, 1.0 g, mp 230-260°, believed to be dZ-8-methyl-
nm i> 920), 275 (895); nmr (CDC13) r 2.7-3.3 (m, 8 , aryl), 5.40 5,6,7,9,10,ll,15b,15c-octahydrodiisoquino[2,l-c: l',2'-e]imidazo-
(s, 2, CH at C-1 ,1 ') , 6.5-7.5 (m, 8 , CII2C II2 at C-3,3',4,4 '), linium chloride complexed with acetic acid:19 v (KBr) 1680
8.08 (s, 2, NH). cm- 1  (C = 0 , acetate), 1605 (C = N +); nmr (D20 )  7.47 (s,

Method B. Hydrogenation of 1,1'-Biisoquinoline Hydrochlo- CH3C=N +), 7.58 (s, CH3C 0 2H). In a parallel 2.0-g run em-
ride.—A solution of 1.00 g of l,l'-biisoquinoline in 100 ml of ploying a 22-hr reflux period there was obtained 2.3 g of this
95% ethanol containing 2  ml of concentrated hydrochloric acid crude chloride salt, mp 230-275°. Attempts to obtain the pure
was shaken with hydrogen in a Parr apparatus (50 psi, 25°) until chloride salt free of acetic acid by crystallization from various
4 mol equiv of hydrogen was absorbed (5.5 hr). The catalyst solvents were unsuccessful. The crude material (1.0 g) was
was filtered and the filtrate concentrated to near dryness. The dissolved in 20 ml of concentrated hydrobromic acid and con-
residue was treated with 20  ml each of 1 0 % aqueous sodium hy- centrated to dryness in vacuum. Crystallization of the residue
droxide solution, ethanol and tetrahydrofuran; the resulting clear from water gave 0.88 g (63%) of hydrated bromide salt 7a, mp
solution was concentrated to dryness and the residue extracted 280-283°, with prior melting at 110-115° and loss of solvent,
four times with ether. The dried ether extracts were combined The hydrated material was dissolved in ethanol and precipitated
and concentrated to yield 0.94 g of a viscous, pale yellow oil; with ether to give small prisms of anhydrous 7a: mp 275-280°,
crystallization from heptane gave 0.34 g of crystals, mp 60-85°; with previous softening; v (KBr) 1610 cm“ 1 (C =N +), 1570
recrystallization from heptane gave diamine 5b as prisms, mp (C = C ); nmr (D20 )  t 2.45 (m, 8 , aryl), 4.55 (s, 2, CH at 15b,
85-88°. 15c), 6.02 (m, 4, CH2 at C-3,3'), 6.80 (m, 4, CH2 at C -4,4'), 7.47

Anal. Calcd for CisH2oN2: C, 81.78; H, 7.63; N, 10.60; (s, 3, CH3), sodium 3-trimethylsilylpropanesulfonate internal
mol wt, 264.36. Found: C, 81.96; H, 7.63; N, 10.44; mol standard.
wt, 268 (osmometry). Anal. Calcd for C,8II21BrN2: C, 65.05; H, 5.73; Br, 21.64;

The dinitrate salt was prepared in hot 10% aqueous nitric acid N, 7.59. Found: C, 64.90; H ,5 .71; Br, 21.74; N .7 .48 . 
and recrystallized from water, mp 228-229°, with decomposition A 0.10-g sample of imidazolinium bromide salt 7a in a solution 
and previous softening. of 5 ml each of concentrated hydrobromic acid, acetic acid, and

Anal. Calcd for CifH22N,06: C, 55.38; H, 5.68; N, 14.35. water was heated under reflux for 48 hr. Concentration to near
Found: C, 55.77; H, 5.70; N, 14.19. dryness and dilution of the residue with 1 N  hydrobromic acid

Diamines 5a and 5b react with group V III metal chlorides to gave, in successive crops, 0.09 g of recovered 7a hydrate, mp
produce colors in aqueous ethanol as follows: nickel(II), greenish; 280-283° after prior melting at 110° and resolidifying; infrared
cobalt(II), pink; iridium(IV), yellow-orange; iron(III), yellow; spectrum was identical with that of 7a hydrate. 
iron(II) with 5a, yellow-orange. Ferrous chloride with 5b gave d/-2-Acetyl-l,l',2,2',3,3',4,4'-octahydro-l,l'-biisoquinoIine
a slight greenish color which after ca. 24 hr became deep blue; (6a).—A solution of dZ-8-methyl-5,6,7,9,10,ll,15b,15c-octahy-
longer standing intensified the blue color which is produced within drodiisoquino[2,l-c: l',2'-e] imidazolinium bromide (7a, 0.20 g)
1 - 2  hr by bubbling air through the solution, or by heating on the in a solution of 5  ml each of ethanol and 1 0 % aqueous sodium
steam bath. With 5a no blue color is produced under these con- hydroxide was heated under reflux for 18.5 hr. The solution
ditions; 5a could not be made to react with ferrous salts to pro- was concentrated to a volume of 3 ml and chilled at 0° to precipi-
duce a blue color under any conditions tested. tate 0.13 g of crystals, mp 121-135°. Recrystallization from

Samples of pure, white, crystalline nieso-diamine 5b on stand- benzene gave small flat prisms, mp 143—144°, with a change near
ing at room temperature became yellow after a few days. After 135° to chunky prisms. The imidazolinium chloride salt de-
several weeks the samples became oily with an odor of isoquino- scribed above may also be employed in this preparation (9 9 %
line. For example, a sample stored co. 1 month had it3 melt- yield of 6a).
ing point lowered to 82-86° and its ultraviolet spectrum had Anal. Calcd for C2„H22N20 :  C, 78.40; H, 7.24; N, 9.14. 
changed Xmax (EtOH), 259 nm (c 1350), 267 (1470), 275 (1320), Found: C, 78.34; H, 7.14; N, 8.99.
290-310 sh (320), 323 (240). In contrast to pure 5b it immedi- A solution of 7.1 mg of ir.onoamide 6a in 1 ml of acetic anhy- 
ately gave a deep inky blue color with ferrous chloride; XmaJt dride containing 1 drop of sulfuric acid was warmed on the
(aqueous EtOH) 550, 635 (most intense), 656, 658 nm. 3 ,3 ',- steam bath for 40 min. Water (15 ml) was added and the mix-
4,4 -Tetrahydro-1 ,1 '-biisoquinoline ( 1 0 ) was found to give the ture chilled to 0 ° and subsequently filtered to yield 5 .6  mg of
same blue color and absorption maxima with ferrous chloride. di-bisamide 3a, mp 212-213° (mixture melting point with
Diamine 109 has Xma* (EtOH) 258 nm (e 15,400), but no strong authentic 3a undepressed).
bands near 323 nm. 1 , 1  -Biisoquinoline has Xmol (EtOH) 274 A solution of 0.20 g of 6a in 4.0 ml of concentrated hydrobromic 
nm (« 8500), 286 (7900 312 (7400), 324 (10,700); it produces a acid was heated under reflux for 26.5 hr. Concentration to dry-
pink color with aqueous ethanolic ferrous chloride. Isoquinoline ness gave crystals which were triturated with 25 ml of ether and
has Xmax (EtOH) 260 nm (e 3700), 267 (3700), 271 (3700), 308 filtered to yield 0.22 g of imidazolinium salt 7a, mp 250-270°;
(2500), 320 (2700)17; it produces a yellow color with ferrous recrystallization from ethanol-ether gave a sample, mp 275-
chlonde. 285°; infrared spectrum identical with that of an authentic sample

fiZ-8-Methyl-5,6,7,9,1 0 , 11,15b, 15c-octahydrodiisoquino[2,l- of 7a.
c. 1 ,2  -e] imidazolinium Bromide (7a). Procedure A. Hy- A solution of 0.20 g of 6a in 1.3 ml each of concentrated hydro- 

° f- 3r  -_Diace(-yl-1 .l'.2,2',3,3',4,4'-octahydro- bromic acid, water, and acetic acid was heated under reflux for 48
1 , 1  -bnsoquinoline, 3a (0.50 g), in 10 ml of concentrated hydro- hr. Concentration to near dryness, followed by dilution with 5
bromic acid was heated under reflux for 26 hr. The solution was ml of water and chilling to 0°, gave 0.17 g of bishydrobromide salt
concentrated to dryness and the residue diluted with water to 4a, mp 294-298° (mixture melting point with authentic sample
precipitate 0.13 g (26%) of recovered 2a, mp 212-218°. The undepressed).
filtrate was concentrated to dryness and the residue triturated di-5,6,7,9,10,ll,15b,15c-Octahydro-8H-diisoquino[2,l-c: l ' , 2 '-
with 2-propanol to yield 0.26 g (49%) of crude imidazolinium e]imidazole (8a).—A solution of diamine 5a (0.52 g , 0.002 mol)
salt 7a, mp 270-280 ; recrystallization by dissolving in ethanol and 0.15 ml of 37% formalin in 5 ml of dioxane was heated on the
and precipitating with ether gave small, flat, square prisms, 0.17 steam bath for 2.7 hr and kept at 25° for 15 hr. Concentration
S’ tu?  T *- “ 80 ‘ of the solution to dryness gave 0.55 g (100%) of crude 8a, mp

The above procedure applied to meso epimer 3b (0.5 g) (49-hr 110-125°. Recrystallization from dilute ethanol gave 0 .3 9  g
^ v.e ! ' * S (20 ,c) of recovered 3b, mp 230°, and 0.28 g (72% ) of 8a, colorless prisms, mp 125-128°.

(47%) of bishydrobromide salt 4b, mp 265-268°, as the only ___________

(18) S. M. McElvain and J .  W. Nelson, J .  Amer. Chem. Soc., 64, 1825 
(1942).

(17) J .  M. Hearn, R. A. Morton, and J .  C. E . Simpson, J .  Chem. Soc., 3318 (19) Many substituted 2-imidazolines form stable complexes with acetic
(1951). acid: J .  L. Riebsomer, J .  Amer. Chem. Soc., 70, 1629 (1948).
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Anal. Calcd for C19H20N2: 0 ,  82.57; H, 7.29; N, 10.14; mosphere for 29 hr. Filtration of the catalyst, followed by con-
molwt, 276.37. Found: 0 ,8 2 .7 1 ; H ,7 .20; N, 10.03; molwt, centration of the filtrate to dryness, gave an oil which was
280 (osmometry). _ triturated with heptane to yield 0.24 g of crystals, mp 143-154°;

meso-5,6 ,7 ,9,10,11,15b,15c-Octahydro-8H-diisoquino [2 , 1 -c: recrystallization from benzene—heptane gave chunky prisms of
l ',2 '-e]imidazole (8b).—The procedure employed with diamine l,l'-biisoquinoline, mp 156-163°, identified by mixture melting 
5a was used with 0.52 g of diamine 5b to yield an oil which was point and infrared spectrum.
extracted with hot heptane. Chilling the extracts gave 0.30 g d/-2,2'-Diac3tyl-l,l'-dibromo-l,l',2,2'-tetrahydro-l,l'-biiso-
(55%) of 8b, mp 90-93; concentration of the filtrate gave an quinoline (18a).21—A mixture of 1.2 g of dFdiamide 2a and 25 ml
additional 0.04 g, mp 80-90° (62% total). Recrystallization of of acetic acid was treated with 1 .3  g of N-bromosuccinimide.
the first crop from heptane gave prisms, mp 90-92°. Complete solution of the reactants was rapidly obtained, ac-

Anal. _Calcd for Ci9H20N2: C, 82.57; H, 7.29; N, 10.14; companied by a small temperature rise. After 24 hr at room
mol wt, 276.37. Found: C, 82.86; H, 7.37; N, 10.02; mol wt, temperature, the solution was diluted with 50 ml of water; the
280 (osmometry). white precipitate was filtered and washed well with water- 1 . 7  g

1 ,1  '-Biisoquinoline (12).—dZ-l,l',2,2',3,3',4,4'-Octahydro- (97%), mp 192-195°, was obtained. Recrystallization from ben-
1, 1'-biisoquinoline, 5a (1.0 g), in 25 ml of p-eymene was heated zene gave felted needles, mp 212-214°.
under reflux with 0.3 g of 10% palladium-charcoal for 27 hr; Anal. Calcd for C22HlsBr2N20 2: Br, 31.83; N, 5.58; mol
a stream of nitrogen was passed over the surface of the liquid wt, 502. Found: Br, 31.95; N, 5.56; mol wt, 526 (osmom- 
during the heating. The catalyst was filtered and extracted etry).
several times with hot p-cymene. The filtrate and extracts were meso-2,2'-Diacetyl-l,l'-dibromo-l,l'2,2'-tetrahydro-l,l'-bi-
combined and concentrated to dryness under reduced pressure and isoquinoline (18b).2’— The procedure employed in the prepara-
the crystalline residue triturated with heptane; after the mix- tion of 18a gave with meso-diamide 2b an 84% yield of 18b, fine
ture chilled at - 1 5 °  for several hours the mixture was filtered to white powder, mp 231-232° after recrystallization from benzene,
yield 0.70 g (72%) of crystalline l,l'-biisoquinoline, mp 155- Anal. Calcd for C22H18Br2N2 0 2: Br, 31.83; N, 5.58.
163°. Recrystallization from benzene-heptane gave large, Found: Br, 32 08; N, 5.50.
chunky prisms, 0.56 g, mp 167-168°, l it .20 mp 162-163°; on ad- Hydrolysis of 18a and 18b.21—d?-Dibromo compound 18a (0.7 
mixture with an authentic sample the melting point was not de- g) was heated under reflux with a solution of 0 .3  g of sodium hy-
pressed (infrared spectrum identical). Parallel runs gave 65- droxide in 20 ml of 50% aqueous ethanol. The cooled solution
70% yields of 1,1'-biisoquinoline. Best yields were obtained was diluted with 12 ml of water and extracted with three small
with 1 0 % palladium-charcoal catalyst of high activity and re- portions of ether; evaporation of the extracts gave 0 .4 3  g of oil
crystallized, high purity diamine. containing two components which were easily separated by glc

meso-l,l',2,2',3,3',4,4'-Oetahydro-l,l'-biisoquinoline (5b) was (10 ft X V< in. column of 20% SE-52 on Chromosorb W; 190°).
employed in the above procedure to provide 1,1'-biisoquinoline Isoquinoline (ca . 55% yield) came off the column first: retention
in 6 6 % yield, mp 158-166° before recrystallization. time the same as isoquinoline; rn/e (parent) 129; calcd for

5,5',6,6',7,7',8,8'-Octahydro-l,l'-biisoquinoline (13).— 1,1'- C9H7N, 129.15. The second component (ca . 40% yield) showed
Biisoquinoline (2.56 g, 0.01 mol) dissolved in 100 ml of acetic parent m /e  values of 207 and 209 of nearly equal intensity; calcd
acid was shaken with 1.0 g of 5%  rhodium-charcoal catalyst and for C3H6BrN, 208.06; mp 41-41.5°, lit .22 mp 41.5-42.3° for 1 -
hydrogen (50 psi, 25°) in a Parr apparatus for 80 hr; approxi- bromoisoquinoline.
mately 2  mol equiv of hydrogen was absorbed. The catalyst Hydrolysis of the meso isomer 18b, under conditions comparable
was filtered and washed with acetic acid, and the filtrate concen- with those employed with 18a, occurred more slowly; a reaction
trated to near dryness in vacuo. The residue was treated with time of 1 1  hr was required to effect complete solution. The yield
20 ml of 10% aqueous sodium hydroxide, 10 ml of ethanol, and 10 of liquid product from 1.4 g of 18b wms 0.89 g (ca. 95% total yield
ml of tetrahydrofuran. The clear solution was concentrated to of approximately equal amounts of isoquinoline and 1 -bromo-
dryness and the residue extracted -with methylene chloride; the isoquinoline, based on glc analysis),
dried extracts were concentrated to yield 2.45 g of dark oil. Ex
traction of the oil with hot heptane and treatment with Darco-G .
60 decolorizing carbon, followed by concentration and chilling Registry No. 2a, 25080-52-8; 2b, 25055-08-7; 3a, 
at —15°, gave 1.35 g of white crystals, mp 93-120°, a mixture 25055-09-8; 3b, 25062-09-3; 4a, 25062-12-8; 4b, 25062-
of 13 (ca. 2/3; 34% yield) and 1 , 1 '-biisoquinoline (ca. Vs) which 13_9; 5a , 25062-14-0; dinit.rate salt of 5a, 25062-15-1;
could not be separated completely by fractional crystallization 5fe 25062-16-2; dinitrate salt of 5b, 25062-17-3; 6a,
from heptane. 1  he mixture was separated by preparative scale m  , J  n
tic on silica gel (Mallinckrodt Silicar 7GF) with ether developer; 25062-18-4; 7a, 2o062-19-5; 8a, 25080-.)4-0; 8b,
the fast-moving component was pure 1 , 1 '-biisoquinoline, mp 162- 25080-55-1 ; 13, 25056-48-8; 18a, 25062-20-8; 18b,
163°, identified by mixture melting point and infrared spectrum. 25062-21-9.
The slower moving component was 13 containing some 1,1'-
biisoquinoline which was very difficult to remove completely. . , , , , , ,
Column chromatography on basic alumina (elution with heptane) Acknowledgment. The author is indebted to Drs.
gave a sample (fast-moving component) which was recrystallized R - A. Henry, W . R . Carpenter, D. A. J ine, and D . W .
from heptane, mp 135-139°. Moore for aid in securing certain experimental data and

Anal. Calcd for Ci8H20N2: C, 81.78; H, 7.63; N, 10.60; for many helpful discussions, 
mol wt, 264.36. Found: C, 81.74; H, 7.34; N, 10.61; mol 
wt, 264 (mass spectrometry).

A 0.29-g sample of 13, 0.15 g of 10% palladium-charcoal and (21) The author is indebted to Dr. R. A. Henry for these experimental
50 ml of p-cymene were heated under reflux in a nitrogen at- results.
______________  (22) H. E . Jansen and J .  P . Wibaut, R ed . Trav. Chim., Pay.s-Bas, 56, 699

(20) F . H. Case, J .  Org. Chem., 17, 471 (1952). (1937).
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Eleven new 3,4-dichloro- and 3,4-dibromopyrroles were synthesized and studied. The chlorine atoms in the
3,4 positions were found to be unreaetive to potassium fluoride in DMF, to hydrazine, and to lithium aluminum 
hydride. Further evidence is presented that halogénation with sulfuryl chloride proceeds by a free-radical 
mechanism. These compounds, together with those which had been prepared previously, form the basis of a 
representative spectral study of the 3,4-dihalopyrroles. Empirical band assignments were made for infrared 
spectra measured in both Nujol mulls and in carbon tetrachloride. The effect of halogen substitution on the 
ultraviolet spectra of pyrroles in ethanol was determined. The type of halogen present had no appreciable effect 
on the proton magnetic resonance (pmr) spectra of these compounds.

One of the objectives of the research program con- the ultraviolet, infrared, and proton magnetic resonance
ducted in these laboratories is the study of the effects spectra, and to set up spectra-structure correlations
of electronegative substituents on the properties of for this series of dihalopyrroles. Ultimately, it is
porphyrins, dipyrromethenes, and their metal chelates. hoped to obtain firm conclusions concerning the effects
The halogens have been chosen as substituents to of electronegative substitution in porphyrins and di-
avoid the complications arising from the conjugative pyrromethene chelates,
interactions of the pyrrole ring with unsaturated groups.
The building blocks of these porphyrins and dipyrro- Results
methenes are the appropriately substituted 3,4-dihalo- A terse summary of the reaction paths followed 
pyrroles whose chemistry is described m this work. in the interconversion and preparation of the com-

Fischer synthesized several 3,4-dichloropyrroles,2 in- ndg uti]ized in this comprehensive studv of 3,4-
cluding the parent 3,4-dich oropyrrole 3 There are dihalopyrroles is dispiayed in Scheme I. Reference
also some scattered reports^5 of other 3,4-dihalopyr- to the formulas in this scheme wiU be made in the
roles in the literature. However, at present there fo]lowi Results, Discussion, and Experimental Sec- 
are not enough data to draw conclusions concerning ^Qn
the attenuation of pyrrole reactivity caused by a 3,4- Infrared Spectra.-Table I  contains a summary of the
dihalo grouping, since previous studies*.8-2 of reactivity N—H C= 0 ,  and C = C  stretching frequencies of 3,4-
were made exclusively with «- or /3-monohalopyrroles. dihalopyrroles. The solution spectra were useful in

Spectral studies of halopyrroles and in particu ar observi the unassociated N—H stretching vibration
of 3,4-dihalopyrroles have not been reported previously. and the varlous C_ H saturated modes. Since solid
1R ? \ lnfw C( ‘dJ  ° Î y ° f  hal(W r/ ole was state and solution spectra were significantly the same,
eluded. Work cited in the references of a recent re- un|ess otherwise indicated, the Nujol mull spectra
view8 and later ultraviolet studies11-13 exclude all halo- jjj be discussed
pyrroles. In a study3 of the halogénation of methyl The N_ H stretching region in solution spectra
pyrrole-2-carboxylate the ultravio et and pmr spectra contains a sharp peak in the range of 3448-3497 cm-1
are reported for several halopyrroles including methyi characteristic of an unbonded or “frce” N - H  vi-
3 Udichloropyrrole-2-carboxylate and methyl 3 4,5-tn- bration A broader absorption is aiso preSer.t in the
chloropyrrole-2-carboxylate. Although several other range of 3215-3311 cm-1 for all compounds possessing

, l a oBen su s î u e pyrro es are nown, spec- either a carbonyl or a hydroxyl group, indicating some
tral data are not available for these compounds interm odular association of the i c = 0 - - H - N <

Iheretore, it is the purpose of this work to make „ - r, n  . r™ ,, „ , ,• ■ , i • , 1 , 1 f . . . .  or the >0• • H—N< type. The mull spectra showavailable new intermediates for the synthesis of halo- ,, (1 - ,  ,,, , • A • f 0 i, • , , , f  . . . . the associated peak in the region of 3155-3378 cm-1porphyrins and dipyrromethene chelates, to determine t „  . , ,  , , ,  , , o , ™  j, • . K .. .. . for most halopyrroles and sharp peaks at 3436 and
some basic rules of reactivity in this series, to measure 3 m  cm_1 for 7 and 13> respectively. The values

,, at the extremes of this range occur with compounds
(1.) (a; Abstracted in part from a thesis submitted by R. J. Motekaitis to r  , , , , , ..

the faculty of Illinois Institute of Technology in partial fulfillment of the WllOSG S trU C lU rG  pOSSGSSGS â  i iy d r O X y  g r o u p  u G p G n d il lg
requirements for the degree of Doctor of Philosophy, (b) This work was On whether the halo Substituents are chloro (18 ,  19)

The esters absorb in a narrow region
inquiries may be addressed: Texas a  & m  University. at about 3270, the aldehydes somewhat more variably

!̂.scber and E* Eihardt, z. Physiol, chem., 257, 6! (1039). at about 3230, and the dipyrrylmethanes at about
(4) H. Fischer and h. Orth, “Die chemie des Pyrrols," Voi. l, Acad- 3220 cm. • The observed N—H stretching frequency

emische Veriags GmbH, Leipzig, 1934. of 3,4-dichloro-5-methylpyrrole-2-carboxylic acid (10)
S  A S°r„erand R',Rr krard,a.V/' ChT  T ”/ 59 ™65)' V „  9na„ measured in Nujol is high at 3448 cm-1, indicating that(b) A. 11. Corwin and G. G. Kleinspehn, J. Amer. Chem. Soc., 76, 2089 , ,  , J ?  . ’ &

(1953). t h r o u g h  c a r b o x y l a t e  d i m e r  f o r m a t i o n  t h e  JN H  g r o u p
(?) a . Treibs and h . Koim, Justus iAebigs Ann. Chem., 6 1 4 ,176 (1958). b e c o m e s  i n a c c e s s i b l e  t o  h j ’d r o g e n  b o n d i n g  i n  t h e  s o l i d
(8) E. Baltazzi and L. Krimmen, Chem. Rev., 63, 511 (1963). m Lnoo \ c 1«« r. i , . . .  , , * ,i
(9) k . w . Doak and a . h . Corwin, j . Amer. Chem. So c„ 7 i, 159  (1949). A s  l a r g e r  h a l o g e n s  a r e  s u b s t i t u t e d  m  t h e  s e n e s
(10) u. Eisner, j. chem. Soc., 971 (1958). 2> 25, 30, there is a gradual drop in the N—H absorp-

« ®rb‘Debry“e' A',n- Chim■ (Paris), 9,73 (1964). tion frequency contrary to the expectation based on
(12) R. Hinman and S. Theodoropulos, J. Org. Chem., 28, 3052 (1963), „ i „ „ , __,• -, rp.. • „  , V .  . . . . .
(13) P. Chiorboli, a. Rasteiii, and F. Nomichioii, Theor. Chem. Ada. 6, electronegativity. This effect could be explained m

i (1966). terms of the considerable distortions in the pyrrole
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Scheme I
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ring geometry caused by mutual repulsion between sorption is on the average about 3 -5  cm -1 higher. The
the halo groups in the 3,4 positions. aldehyde carbonyl stretching frequencies are about

The ester carbonyl absorption frequency of 3,4-di- 3 3 -4 2  cm -1 lower than those of the analogous esters,
halopyrroles measured in Nujol is rather constant at 3,4-Dihalopyrroles possess two bands in the C = C  
1667-1669 cm -1 unless either a hydroxy group (19, stretch region of 1600-1470 cm “ 1. The first band is
27) or another unsaturated substituent (6) is present. weak and is ascribed to the asymmetrical stretch. The
F or compounds also measured in solution, this ab- second band is somewhat stronger and is ascribed



T a b l e  I

I n f r a r e d  M a x im a  o f  N—II, C = 0 , a n d  C = C  S t r e t c h i n g  M o d e s  in  3 ,4 - D i h a l o p y r r o l e s

X X

H
Compd ,------------------------------------------------- c m '1--------------------------------------------------'

no. X  R i R 2 Medium ✓--------N— H--------- ** ✓---------C = 0 --------- --  '  C = C  a

1 H C 02E t Me N° 3367 1681 1577 1497
C6 3472 3311 1672 1490

2 Cl C 02E t Me N 3300 1669 1563 1493
C 3472 3311 1672 1490

3 Cl C 02E t CH2C1 N 3279 1669 1560 1488
C 3442 3268 1698 1673 1488

16 Cl C 02E t CH2Br N 3279 1667 1558 1488
C 3442 3268 1698 1672 1488

17 Cl C 02E t PM d N 3215 1669 1563 1484
C 3215 1664 1488

19 Cl C 02E t CH2OH N 3175 1681 1555 1493
23 Cl C 02E t CH2OEt N 3279 1678 1563 1493

C 3448 3268 1672 1486
20  Cl C 02E t PMOM« N 3268 1669 1560 1488

6  Cl C 02E t C 0 2E t N 3279 1709 1531
C 3448 3268 1672 1486

9 Cl C 02E t CH2P y +C l- N . . ./  1684 1555 1481
Cl C 02E t CH2Py+Br- N . . J  1686 1555 1481

8 Cl CHO H N 3215 1642 1481
C 3448 3247 1656 1481

5 Cl CHO Me N 3215 1634 1558 1488
C 3448 3236 1637 1493

15 Cl CHO CH2Br N 3185 1650 1553 1484
C 3436 3236 1639 1488

14 Cl CHO PM N 3226 1642 1553 1486
18 Cl CHO CH2OH N 3155 1639 1471
7 Cl H H N 3436 1538 1513

C 3497 1534 1493
13 Cl H PM N 3460 1563 1493

C 3472 1563
10  Cl C 0 2H Me N 3448 1664 1570 1504
25 Br C 02E t Me N 3279 1669 1558 1488

C 3448 3279 1667 1486
26 Br C 0 2E t CH2Br N 3268 1667 1558 1488
24 Br C 02E t PM N 3205 1669 1563 1485
27 Br C 02E t CH2OH N 3378 1658 1553 1484
29 I  C 02E t Me N 3289 1669 1543 1475

C 3448 3268 1667 1479
“ Nujol mull. b Carbon tetrachloride solution. c Peaks in the 1550-cm“1 region are obscured in the 0 .2-mm cell by absorption due to 

solvent. d Pyrrylmethyl group with identical substituents on the pyrrole ring. 6 Pyrrylmethoxymethyl group with identical substitu- 
tents on pyrrole ring. 1 Very broad absorption.

to the symmetrical mode.14 In the ester series, the the oxygen. All of the above bands are within about
first band is fixed at 1558 ±  5 cm-1 except for the 5 cm -1 except for the hydroxymethyl compounds,
diester 6 and for 3,4-dichloropyrrole 7 where it is Three aldehydes (5, 15, 18) show the CH deformation
low at 1531 and 1538 cm“-1. The values for the aide- vibration at 840 and dipyrrylmethane 14 at 853 while
hydes are similar to those of the esters. The second that of 3,4-dichloropyrrole-2-aldehyde occurs at 785
band is more variable with most values falling around cm-1. All aldehydes studied show bands at 1360 and
1488 cm -1, which is about 12 cm-1 lower than the 1260 cm-1 and in the region of 1230-1160 cm -1.10
corresponding band in the unhalogenated10 pyrrole com- The four tetrasubstituted pyrrolealdehydes (5, 15, 18,
pounds. 14) possess a band at 1410 cm-1 which can be ascribed

All the ethyl esters show a band at 1285 cm-1 to a methylene vibration. A’l aldehydes show a band
and one at about 1115 cm-1, indicative of the C—O at 1059, but only the tetrasubstituted aldehydes show,
stretch which is absent in the aldehyde spectra. An- in addition, an absorption at 1107 cm-1. Th:s band
other group of bands present are at about 1440, 1365, is ascribed to a C— C stretch involving the exocyclic
1150, 1050, 875, and 775 cm-1, all of which are assigned carbon of the substituent while the former is probably
to the presence of the ethyl group. The bands at due to a C—C stretch involving the formyl groups.
1390 cm-1 are due to a methylene group adjacent The two characteristic aldehyde CH stretch and 
to a double bond and the bands at 1220 cm-1 are combination16 modes appear in the expected range 
the C— O stretching vibrations on the ethyl side of

(15) L. Bellamy, “The Infrared Spectra of Complex Molecules,” John 
(14) Assignments are made by analogy to the study described in ref 10. Wiley & Sons, Inc., New York, N. Y ., 1962.
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T a b l e  I I

U l t r a v io l e t  S p e c t r a  o f  S u b s t it u t e d  3 ,4 -D ih a l o p y r r o l e s

Compd /---------------------------------Substituents--------------------------------- . ,------------ Band I-------------. ,-------------Band I I -------------,
no- 2 3 4 5 Medium X, m/x « X, m/x (

H H H H E 6 183 211 15,000
7 H Cl Cl H E  208 5,240
1 CO,Et H H Me E  231 3,320 277 18,690
2 C 0 2Et Cl Cl Me E  245 6,950e 275 15,440

25 C 02E t Br Br Me E 255 8,440e 278 15,350
29 C 02Et I I Me E 265 11,700e 277 1 5 ,5 6 0

• ••“ CHO H H H E 252 5,000 290 16,600
8 CHO Cl Cl H E 265 7,860e 290 13,440
5 CHO Cl Cl Me E 270 6,310e 304 17,080

13 H Cl Cl PM* O  250 5,700^
17 COjEt Cl Cl PM C 247 14,700e 270 23,800
14 CHO Cl Cl PM C 270 5,300 294 8,300

309 7,900
“ Reference 16. 6 Absolute ethanol. e The extinction coefficient reflects only the intensity measured with no correction made for 

overlapping peaks. d PM, pyrrylmethyl group with identical substituents on the pyrrole ring. ' Speetro-Grade chloroform. ' Very 
sharp peak.

but higher than average. The first band is somewhat interaction between the two t systems within the
variable between 2874 and 2857, while the second is dipyrrylmethane molecule. A similar conclusion could
stationary at 2833 cm -1. The pyrrole CH nuclear be reached on comparing the pairs of spectra of 17
vibrations are constant at 3160 cm -1 irrespective of and 2 and of 14 and 5, although in these cases the
the other a  substituent. spectrum of each dipyrrylmethane is not so dramatically

Ultraviolet Spectra.—The ultraviolet spectra of rep- different from the spectrum of its corresponding mono- 
resentative 3,4-dihalopyrroles measured in solution are pyrrole.
summarized in Table II. Since there is no general Proton Magnetic Resonance.—The proton magnetic 
agreement on the theoretical interpretation of the spec- resonance spectra of 3,4-dihalopyrroles and the corres-
trum of pyrrole,16 only the observed effects of sub- ponding dipyrrylmethanes are summarized in Tables III
stituents can be presented for 3,4-dihalopyrroles. The and IV. The resonance signal of the ethyl group in
substitution of two chlorine atoms into the j3 positions carbethoxy compounds is generally unaffected by sub-
of pyrrole produces a new band at 208 m/i (t 5240). stituents to about 0.1 ppm and occurs as a triplet
For the corresponding dimethyl compound this band and a quartet at r  8.65 and 5.75, respectively. The
occurs at 205 m/x (« 4400).17 Similar substitution of ring methyl gives rise to a sharp singlet at 7.72 ±
chlorine atoms into ¡3 positions of pyrrole-2-aldehyde 0.06 and the methylene gives a sharp singlet at r
shifts band I toward band II but has no effect on 5.48 ±  0.10. The methylene joining two pyrryl groups
the position of band II and lowers its intensity by in dipyrrylmethanes occurs as a sharp singlet at r
20%. In the series X  =  H, Cl, Br, and I for structure 6.0 in deuteriochloroform and 0.25 ppm lower in py-
32, band I, a shoulder, increases by about 10 ridine. This value drops to t 3.5 upon substitution

of bromine (see Table IV). In general, the proton 
X X resonance signal for NH could not be detected. The
!  ^ pmr spectra of 3,4-dihalogenated pyrroles are thus

Me \\j-  ̂COjEt found to be relatively simple and therefore provide a
H valuable diagnostic check for the characterization of

32 new as well as of old pyrrole compounds.

for each successive derivative with its intensity also Discussion
increasing in steps of 3000 units. Band II remains ,

. . .  . . .  . 0-7-7 / 1 - fi. - -x- 1 The 1:1 compound adducts isolated in this workstationary at about ¿77 ma U lo,o00) alter an initial ,, r „ . . „ , ,  , ,  , .
j  f enm • • . rp, are the following pairs: 2 and 3, 33  and 34, 17  and
drop of 20%  in intensity upon halogénation. The 20; and 24 and 2f. Each pair possesses a sharp melting
introduction of a methyl group into 3,4-dichloropyrrole- ’. , ■■ e , ,  . -,¡1I, , . , ,  ■ r . , .  • point and with the exception of 33 and 3 4  can be2-aldehyde 8 causes a small bathochromic shift in F

it • £ ooo separated chemically into its individual components,band I and a large one in band II going from 290 K J
mm (« 13,400) to 304 (17,100). Substitution of a C|
formyl group for a carbethoxy group shifts both band __/  \
I and band II to longer wavelength. j  \ J/ \

An exceptionally large difference in absorption be- '/ ^ Iv ''vCO,Et '/ H v 's'C02Et
comes apparent in comparing the dipyrrylmethane 13 R H
with the pyrrole 7. A part of this shift may be ex- 33 34
plained by changing of solvents and another part by
the introduction of a methylene group, but the bulk Elemental analyses and pmr spectra are also in accord
of the shift represents evidence for possible electronic with the 1:1 compound structures. Two modes of

binding can be considered: charge transfer and hy-
(15) H. Jaffee and M. Orchin, “Theory and Applications of Ultraviolet (|ro  re il  bonding It is probable that the pyrrole ring 

Spectroscopy,” John Wiley & Sons, Inc., New York, N. Y ., 1962, p 351. °»  . s  • i i  ̂ •, n lon trn n û irQ
(i7) r . Hinman and s. Theodoropuios, j . Org. chem ., 28, 3052 (1963). can function as a i f  acid when it possesses electronega-
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T a b l e  II I
P ro to n  M a g n e t ic  R e so n a n c e  S p e c t r a 0 o f  3 ,4 -D ih a l o p y r r o l e s

R j_ R 3

R,

-̂------------- ------------------------------------------Substituents, [chemical shifts6 (multiplicity)]--------------------------------------------------------, Compd
Rx R2 Ra Ri Rs no.
H C 0 2E t [8.73 (3),° H [4.25 (3) H [3.38 (3) Me [7.77] 1

5.82 (4)] ( J  = 3.9d')] / = 3.9)]
H C 02E t [8.65 (3), Cl Cl Me [7.78] 2

5.75 (4)]
H C 02E t [8.65 (3), Br Br Me [7.75] 25

5.77 (4)]
H C 0 2E t [8.65 (3), I  I Me [7.66] 29

5.78 (4)]
H C 02E t [8.63 (3), Cl Cl C 02E t [8.63 [3), 6

5.73 (4)] 5.73 (4)]
H C 0 2E t [8.63 (3), Cl Cl CH2C1 [5.55] 3

5.73 (4)1
H C 0 2E t [8.62 (3), Cl Cl CH2Br [5.58] 16

5.67 (4)]
H C 02E t [8.67 (3), Cl Cl CH2OH [5.43] 19

5.77 (4)]
H C 02E t [8.56 (3), Br Br CH2Br [5.53] 26

5.63 (4)]
H C 02E t [8.61 (3), Br Br CH2OH [5.38] 27

5.73 (4)]
H CHO [0.36 (2 ) Cl Cl H [2.91 (2) 3

( J  = 1.1)] ( J  = 1.1)]
H CHO [0.86] Cl Cl Me [7.69] 5
H H [3.38 (2) Cl Cl H [3.38 (2) 7

(•/ = 3.1)] ( J  = 3.1)]
H [6.07] Cl Cl Cl Cl

H C 02E t [8.70 (3), H (Cl) [3.50] Cl (H) [3.45] Me [7.78«] 33, 34
8.65 (3),
5.85 (4),
5.68 (4)]

0 Measured in deuteriochloroform at ~ 3 7 ° . 6 Relative to internal TMS, given in r units. 0 Multiplicity of band if spin. d J  is 
given in hertz. e Could not be resolved.

T a b l e  IV
P ro to n  M a g n e t ic  R e so n a n c e  S p e c t r a  o f  D ip y r r y l m e t h a n e s

X X  X X

* Q ^ Q r
H H

bridge ------------------------------------- Substituents [chemical shifts0 (multiplicity)]------------------------------------ Compd
Solvent [chemical shifts0] R X  Other no.

CDCI, CH2 [5.93] C 02E t [8.61 (3),6 Cl NH [-0 .8 8 ] 17
5.78 (4)]

CI)C13 CH2 [6.04] CO-.Et [8.63 (3), Cl CH3C 0 2H° [7.96]
5.92 (4)1

CDCb CHBr [3.52] C 0 2E t [8 .6 6  (3), Cl
5.67 (4)]

CDCb CH2 [6.09] H [3.46 (2) ( J  = 2.9*)] Cl 13
CDCb CH2 [5.57] CH2OH [6.23, 6 .8/] Cl E t20° [8.92 (3), NII [1.90 (2)] 22

6.54 (4)]
Pyridine CH, [5.75] CO.Et [8.98 (3), 5.85 (4)] Br C2H4C12' [6.28] 24
DMSO CH2 [6.07] CONHNII. [4.02] Cl
DMSO CH2 [6.05] CONHNHSO.Ph Cl

[2.42 (2), 1.92 (3),
0.38, 0.08, -1 .9 0 ]

DMSO CH2 [5.93] CHO [0.47] Cl NH [6 .4 /] 14
0 Relative to internal TM S, given in r units. b Multiplicity of split band. c Solvent cocrystallized. * J  is given in hertz. « Residual 

ether from reaction solvent. / Very broad band.
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tive chlorine or brom ine and carb eth o x y  su b stitu en ts. measured on a Beckman Model IR -8 spectrophotometer; Nujol
H ow ever, charge tran sfer com plexes can  form  only muP spectra were obtained using a Perkin-Elmer Infracord.
betw een two d issim ilar m olecules i p  hetw een nairs The proton magnetic resonance spectra were recorded on aDetween tw o dlSSimilai m olecules, l.c ., betw een pairs Varian Associates Model A-60 spectrometer with readings rela-
of e ith er strong  donor and good to  m oderate accep to r tive to internal tenramethylsilane in r units.20 The ultraviolet
m olecules or strong  accep tors and m oderate to  good specta were measured on an Applied Physics Corp. Cary Model
donors . 18 19 A 'priori, i t  th en  becom es u n likely  th a t  pairs 14 spectrophotometer.
of such sim ilar m olecules as 2 and 3, 33 and 34 , 17 Ethyl 5-Methylpyrrole-2-carboxylate ( 1 ).—T he literature pro- 

, „„ , ,, ., , • ,, cedure21 was found unsuitable for large-scale preparation. A
and  20, and 24  and 28, or th e  case cited  m  the lite ra - solution of 3 3 2  g ( 4 .8 mol) sodium nitrite in 500  ral of water was
tu re , 13 would form  stab le  tt com plexes. A d d itional added dropwise to a cooled (below 2 0 °) solution of 520 g (4 .0  mol)
evidence w as ob tained  to  rule ou t ch arge-tran sfer in- of ethyl acetoacetate in 1560 g of glacial acetic acid. After 12
teract.ions and to  help supp ort the m ore reasonable he the reaction mixture was divided into three equal parts, and
hyd rcgen-bond in g  m echanism  35 . T h e  u l.rav m let and

__  was added portionwise to the well-stirred solution as rapidly as
$  X  OR foaming permitted. The mixture was heated at 120° for 10 min

and after slow cooling to 50° was poured into ice water and stirred 
| j for 1 hr. The orange solid was washed well with ice water, dried

H 0  in air, and distilled in vacuo (short air condenser), bp 110-120°
j ! (0.1 mm), 130-160° (0.3 mm), until the pressure started rising.

O ri The distillate was recrystallized from Skellysolve B , yield 135 g
Ji I (2 2 % ), mp 98-100° (lit. 22 mp 1 0 0 °).

A by-product was isolated and recrystallized from hexane which 
^ / is identical with the product obtained in 1 2 .6 % yield by omitting

3 5  4,4-dimethoxy-2-butanone from the above procedure: mp 83°;
pmr (CDCh) r 8.54 (t, 3), 5.50 (q, 2 ), 7.72 (s, 3); ir (Nujol) 1706

the infrared  sp ectra  of 2, 3 , and of equ im olar solutions Anal. Calcd for 2,5-dicarbethoxy-3,6-dimethylpyrazine, 
of 2 and 3 were m easured, I t  w as found th a t  b o th  CuIheNAh: C, 57.13; 11,6.39; N, l l . l l .  Found: C, 57.36;
e lectron ic and v ib ra tio n a l sp ectra  of the 1 :1  solutions H, 6.44; N, 11.26.
were com posites of th e ir  corresponding individual spec- Ethyl 3 4-pichloro-5-methylpyrrole-2-carboxylate (2). An ice- 

tra  T h ese  results help fu rth er to  su b stan tia te  the ether was treated dropwise with 1 3 .5  g ( 0 . 10 0 mol) of sulfuryl
lack  of e lectron ic in teractio n s and therefore support chloride over a 15-min period. The solvent was removed and the
the hydrogen bonding dim er 35 . T h is  tend ency  to  residue was dissolved in 50 ml of ethanol. This solution was
dim erize in  d ihalopyrrole esters and aldehydes is addi- poured into ice water, collected, and recrystallized three times
tionally  evidenced by  th e  consid erably  sm eller " fre e ;-  y .,1 -
N H  peak, th e  v ery  large, broad bonded N H  v i- lized directly from either chloroform or carbon tetrachloride, a 
b ration , and the to ta l absence of any  free N H  peak compound mixture resulted, mp 134-136°.
in  th e  solution infrared  spectrum  of the d ip yrry l- Anal. Calcd for l : l 2-3, CieHn^CUOu C, 40.15; H, 3.58; 
m ethane 17. A m olecular m odel of a  strain less, to ta lly  C)> 37.04. Found: 0 ,4 0 .1 5 ; II , 3.60; N, o.62; Cl,

hydrogen-bonded dim er of 17 w as con stru cted  as a This compound mixture was broken up by treating its chloro- 
verificatio n  of the in terp re ta tio n  of the above infrared  form solution with a few milliliters of pyridine to obtain 9, the 
results. U n fo rtu n ate ly , th e  so lu b ility  w as too low for insoluble pyridinium salt of the chloromethyl compound, mp
th e  d eterm ination  of the m olecular w eight. 230-235 dec. Pure 2 was then obtained by recrystallization

T h e  iso lation  of the p air 33  and 3 4  offers an in- AnaL Calcd for C.H.NCUO,: C, 43.26; H, 4.08; N, 6.31; 
terestm g  observation . T h e  fa c t th a t  these in term e- Cl, 31.93. Found: C, 43.31; H, 4.24; N, 6.30; Cl, 31.S6. 
d iates were form ed in  equ al am ounts suggests th a t  3,4-Dichloro-2-methylpyrrole (4).—Into a 250-ml three-necked 
th e  sulfuryl chloride reaction  in eth er can  proceed flask equipped with a graduated Dean-Stark trap, nitrogen inlet,
a t  least in  p a rt through a free-rad ical m echanism . Su b - and stirrer were placed 3.3 g (0 015 mol) of ester 2 and 5 g (0.125

stitu tio n  in to  th e  3 position , w hich has been  d eactiv ated  boiled under nitrogen for 20 hr. The product appeared after 1
b y  th e  a d ja ce n t carb eth o x y  group, can  occur only hr and the reaction was about 80%  complete after 8 hr. The
b y  a hom olytic a t ta c k , 5 w hereas su b stitu tio n  in to  th e  liquid product was drawn off from the top and -weighed, yield
4 position can , in ad dition , occur also b y  e lectrophilic g 139%), mp I 6 .O-I6 .0  , d2 3 1.2/ g/ml.
a tta ck . O f course, fu rth er ch lorination  w ith sulfuryl a strong characteristic odor somewhat similar to 3 ,4-dichloro- 
chloride of th e  m eth y l side chain  m u st occu r b y  a  pyrrole 7. Upon brief exposure to atmospheric oxygen, the
free-rad ical m echanism . clear liquid turns brown and then to a black solid. Its dichloro-

methane solution was stable enough to enter it into the next 
reaction.

Experimental Section 3,4-Dichloro-5-methylpyrrole-2-aldehyde (5).—A formylating
mixture was prepared by slowly adding 2.5 g (0.0165 mol) of 

Materials and Apparatus.—The organic starting materials phosphorus oxychloride into 1.2 g (0.0165 mol) of chilled di-
were Eastman Kodak practical grade and were used without fur- methylformamide, 23 and then quickly diluting with 15 ml of
ther purification. The inorganic reagents were gererally of methylene chloride. To this well-stirred solution, 2.0 g (0.0135
analytical grade. Solvents used were analytical grade except mol) 0f 4  ;n 1 5  m-_ 0f methylene chloride was added at 0° during
where large-scale recrystallizations were involved. The elemental 1 5  min. A bright yellow solid separated. The mixture was
analyses were determined by Alfred Bernhardt, Germany. diluted with 15 ml of methylene chloride, heated for 30 min
Melting points were obtained on a Fisher-Johns melting point (hydrogen chloride was evolved), and neutralized with a 20-ml
apparatus and are uncorrected. Solution infrared spectra were ___________

(18) L. J .  Andrews and R. M. Keefer, “Molecular Complexes in Organic (20) G. Tiers. /. Phys. Chem., 62, 1151 (1958).
Chemistry,” Holden-Day, Inc., San Francisco, Calif., 1964. (21) H. Fischer and E . Fink, Z. Physiol. Chem.. 283, 152 (1948).

(19) G. Mazzara and A. Borgo, Gazza. Chim. Ital., 35, 104 (1905). The (22) H. Fischer and E . Fink, ibid.. 280, 123 (1944).
isolated “compound” methyl 3,4-dichloropyrrole-2-carboxylate was later5 (23) “ Organic Syntheses,” Coll. Vol. IV , N. Rabjohn, Ed., John V iley
shown to be a 1:1 mixture of the 3,4-dichloro and 4,5-dichloro isomers. & Sons, Inc., New Y ork, N. Y ., 1963, p 831.
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solution of 8 .2  g (0.1 mol) of sodium acetate. The mixture was tained, 2.6 g (53% ), mp 212-214° (lit.2 mp 211°); at 120° a
brought to a boil and upon cooling the product separated. I t  phase change occurs with loss of solvent .
was recrystallized from Skellysolve B containing 5%  carbon Anal. Calcd for Ci5Hl4N2Cl40 4-C2H4C12: 0 ,3 8 .7 4 ; H, 3.44;
tetrachloride, yield 2.3 g (96%), mp 169-170°, semicarbazone N, 5.32; Cl, 40.36. Found: C, 37.60; H, 3.06; N, 5.28; 
mp 258° dec. Cl, 39.26.

Anal. Calcd for CsHsNCljO: C, 40.48; H, 2.83; N, 7.87; A sample of this transparent crystalline compound was heated 
Cl, 39.83. Found: C, 40.65; H, 2.78; N, 8.02; Cl, 40.14. at 125° for 18 hr and was allowed to cool in air. The resulting

5-Bromomethyl-3,4-dichloropyrrole-2-aldehyde (15).—Under free-flowing powder was analyzed,
illumination from a 150-W frosted lamp, 3.2 g (0.020 mol) of Anal. Calcd for Oi;,Hi,N2CltO(- II20 :  C, 40.38; H, 3.62;
bromine in 5 ml of carbon tetrachloride was added in 15 min to a N, 6.28; Cl, 31.79. Found: C, 40.62; H, 3.38; N, 6.35; Cl,
solution of 3.6 g (0.020 mol) of aldehyde 5 in 120 ml of dry carbon 31.84.
tetrachloride. After refluxing for 15 min, the solvent was re- When 17 was recrystallized from glacial acetic acid, very fine
moved under vacuum and the residue was recrystallized twice wooly crystals were obtained containing one molecule of solvent,
from carbon tetrachloride, yield 1.5 g (29%), mp 147-150° dec They are extremely soluble in carbon tetrachloride, chloroform,
with evolution of gas. dichloroethane, and similar solvents.

Anal. Calcd for C6H4Cl2BrNO: C, 28.05; II , 1.57; N, 5.45; Anal. Calcd for C.sHuNaChCh-Ciim: C, 41.82; H, 3.72;
Br, 31.11; Cl, 27.60. Found: C, 27.87; H, 1.80; N, 5.34; N, 5.74; Cl, 29.73. Found: C, 41.96; 11,3.93; N, 5.92; Cl, 
Br, 30.83; Cl, 27.50. 29.05.

Ethyl 5-Bromomethyl-3,4-dichloropyrrole-2-carboxylate (16).— When 1.0 g (0.0030 mol) of 16 was refluxed 18 hr in glacial
A refluxing and illuminated solution of 11.0 g (0.0500 mol) of 2 acetic acid, 0.60 g of starting material was isolated. Attempted
in 475 ml of dry carbon tetrachloride was treated dropwise with synthesis of 17 in ethanol resulted in an 83% yield of 23, mp 104-
8.0 g (0.050 mol) of bromine in 10 ml of carbon tetrachloride. 105° (lit. 2 mp 105°).
The solvent was removed (in vacuo) and the residue was re- B. From 3.—A suspension of 85.6 g (0.341 mol) of 3 in 650
crystallized from carbon tetrachloride, yield 8.3 g (55% ), mp ml of water was refluxed for 4 hr. The gray powder obtained was 
173-174° dec. recrystallized once from glacial acetic acid to form the molecular

Anal. Calcd for C8H8NCl2B r0 2: C, 31.92; H, 2.68; N, compound of 17 with acetic acid. This solid was extracted with
4.65; Cl, 23.56; Br, 26.55. Found: C, 31.90; H, 2.93; N, five 100-ml portions of boiling carbon tetrachloride. Theinsoluble
4.48; Cl, 23.39; Br, 26.39. residue was a white powder, 13.7 g (18%), mp 195-197°.

Ethyl 3,4-Dichloro-5-chloromethylpyrrole-2-carboxylate (3).— Anal. Calcd for 2 0 , Ci6Hi6N2CI40 5: C, 41.94; H, 3.52; N,
A 400-ml dry ether solution containing 40.0 g (0.261 mol) of 6.12; Cl, 30.96. Found: C, 41.72; H, 3.54; N, 6.13; Cl, 
1 was treated dropwise under nitrogen with 1 1 0  g (0.811 mol) of 31.15.
sulfuryl chloride. The crystals which separated upon cooling Work-up of the combined extractates yielded 18.0 g (25% ) of
were recrystallized from chloroform, yield 50.5 g (74.8% ), mp pure 17 complexes with acetic acid. This complex was broken 
158-159° (lit .2 mp 160-161° with browning). up with solid sodium carbonate.

Ethyl 3,4-Dibromo-5-methylpyrrole-2-carboxylate (25).—To C. From 19.—When the alcohol 19 was refluxed for 12 hr in
1.5 g (0.010 mol) of 1 in 80 ml of ether at 3-4° was added drop- water, the starting material was recovered. However, acidifica-
wise 3.3 g (0.020 mol) of bromine in 10 ml of carbon tetrachloride. tion with hydrobromic acid followed by 4 hr of reflux afforded 
The solvents were removed in vacuo and the product was re- 17 in 40% yield.
crystallized from 80 ml of carbon tetrachloride, yield 2.5 g (81% ), 3,3',4,4'-Tetrachloro-2,2'-dipyrrylmethane (13).—After re-
mp 172-174°, (lit. 4 mp 176°). peated unsuccessful trials it was found that standard decarboxyla-

Anal. Calcd for CaHgNBr-Ah: C, 30.89; H, 2.92; N, 4.50; tion procedures including that o: Chu and Chu24 are too extreme
Br, 51.39. Found: C, 30.97; H, 2.99; N, 4.29; Br, 51.31. because product 13 is too sensitive. A suspension of 2.1 g (0.0050

Ethyl 3,4-Dibromo-5-bromomethylpyrrole-2-carboxylate (26). mol) of diester 17 in a solution of 5.0 g (0.125 mol) of sodium
—Under illumination, 9.4 g (0.030 mol) of 25 in 250 ml of boiling hydroxide in 175 ml of water was refluxed under rigorous exclusion
carbon tetrachloride was treated dropwise with 4.8 g (0.030 mol) of oxygen and light for 20 hr. The brownish solution was cooled
of bromine in 20 ml of carbon tetrachloride. White crystals slowly and after 1 hr the powdery product was collected, washed
separated upon cooling, yield 8.2 g (69.5% ), mp 190-192° dec. with water, and dried ir. a stream of nitrogen, yield 1.2 g (8 6 % ),

Anal. Calcd for CgHgNBrjCh: C, 24.64; H, 2.07; N, 3.59; mp 111-113°, light sensitive and unstable to storage; 13 is very
Br, 61.49. Found: C, 24.51; H, 2.43; N, 3.51; Br, 60.62. soluble in halocarbon solvents forming solutions unstable to

Compound 26 was also prepared directly from 1 in illuminated oxygen, 
and refluxing carbon tetrachloride in 60.8%  yield. Anal. Calcd for C9H6N.2Ch: C, 38.06; H, 2.13; N, 9.87;

Ethyl 3,4-Diiodo-5-methylpyrrole-2-carboxylate (29).—Into an Cl, 49.94. Found: C, 38.22; H, 2.30; N, 10.01; Cl, 49.47. 
open flask were placed 153 g (0 .1 0 0  mol) of 1 and a 500-ml solu- 3,3',4,4'-Tetrachloro-2,2'-dipyrrylmethane-5,5'-dialdehyde
tion containing 100  g (1.00 mol) of potassium bicarbonate. (14). A. From 17 by the McFayden-Stevens Method.25— The
The mixture was heated to near boiling and gradually a solution bishydrazide was prepared by refluxing the diester 17 with a 50-
of 76.0 g (0.30 mol) of iodine and 250 g (1.5 mol) of potassium 100-fold excess of 85% hydrazine hydrate solution in ethanol for
iodide in water was added. Heating was continued for 30 min. several hours. The yield was about 96%. The bisbenzenesulfon-
The crude product was recrystallized several times from carbon ylhydrazide was prepared by treating the bishydrazide with 2
tetrachloride, yield 21.0 g (53% ), mp 193-195° and 220° dec. mol of benzenesulfonyl chloride in pyridine overnight.26 The

Anal. Calcd for CgHgNBCh: C, 23.72; H, 2.24; N, 3.46; milky suspension obtained by dilution of the reaction mixture
1 ,62.67. Found: C, 24.57; H, 2.46; N, 3.73; 1 ,65 .16 . with water was coagulated for filtration by addition of acetic acid.

Compund 29 was treated with bromine in carbon tetrachloride The dried bissulfonylhydrazide was recrystallized from a large
in an attempt to produce 30. An immediate violet coloration, volume of 95%  ethanol, yield 61%, mp 164-170° (resinifies).
indicative of iodine liberation, was observed. No product could Anal. Calcd for C23H18N6ChS2( V 7 2C2H50H: C, 40.98; H, 
be isolated. 3.01; N, 11.95; S, 9.12. Found: C, 41.22; H, 3.13; N, 12.04;

Ethyl 3,4-Dichloro-5-hydroxymethylpyrrole-2-carboxylate (19). S, 9.13.
A suspension of 6.0 g (0.020 mol) of 16 was refluxed 4 hr in A suspension of this bisbenzenesulfonylhydrazide, 17.0 g 

750 ml of water containing 5 ml of 48% hydrobromic acid. The (0.025 mol), was heated in 300 ml of ethylene glycol to 160°.
suspension was filtered hot through a preheated sintered-glass To this was added at once 30 g (0.27 mol) of sodium carbonate,
funnel to remove the brownish solids. The clear filtrate yielded Brisk evolution of nitrogen accompanied the reaction. After 75
2.3 g (49%) of a lustrous product after recrystallization from sec, the reaction mixture was quenched with 400 ml of hot
chloroform, mp 144-145 (lit.2 mp 144 obtained from hydrolysis water.26 The aldehyde separated as a nearly colorless powder,

yield 4.5 g (53% ), darkens at 235° without melting and melts at 
Anal. Calcd for CgHgNChOs: C, 40.35; H, 3.81; N, 5.88; 300° dec

Cl, 29.78. Found: C, 40.30; H, 3.88; N, 5.82; Cl, 29.70.
Diethyl 3,3',4,4'-Tetrachloro-2,2'-dipyrrylmethane-5,5'-dicar- -----------------

boxylate (17). A. From 16.—The dark residue from the above . . .
reaction was air-dned and recrystalhzed from ethylene chloride, (25) E. M osettig, Org. React.. 8 , 232 (1954).
chloroform, and again from ethylene chloride. Fine white (26) D. Price, E . M ay, and F . Picket, J .  Amer. Chem. Soc., 62, 2818
crystals of 17 containing ca. one molecule of solvent were ob- (1939).
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Anal. Calcd for CuH6N2Cl.i02: C, 38.85; H, 1.78; N, 8.25; lized from chloroform, yield 2.8 g (6 8 % ), mp 170-172°. The
Cl, 41.71. Found: C, 38.99; H, 1.92; N, 8.44; Cl, 41.59. semicarbazone had mp 251° dec; the 2,4-dinitrophenylhydra-

B. From 13.— In an attempted monoformylation by the zone did not melt below 285°.
Villsmeier method23 employing 1 mol of dimethylformamide- Anal. Calcd for CoH3NC120 :  C, 36.62; H, 1.84; N, 8.54; 
phosphorus oxychloride complex a nearly quantitative yield of Cl, 43.24. Found: C, 36.44; H, 2.27; N, 8.40; Cl, 43.30. 
the diformylated product 14 resulted. 3,4-Dichloro-2-iodo-5-methylpyrrole ( 1 1 ).— To a warmed solu-

C. From 15.—The bromomethylaldehyde 15, 0.5 g (0.002 tion of 0.90 g (0.0050 mol) of 3,4-dichloro-5-methylpyrrole-2-
mol), was refluxed in water for 17 hr. The products isolated carboxylic acid (obtained by alkaline hydrolysis) of 2 ) containing
follow: 18, mp 145-147°, ir 3413 cm - 1  (OH str, in Nujol); 2.0 g (0.020 mol) of potassium bicarbonate in 40 ml of water was
5, mp 167-170°, ir identical with ir of authentic sample; impure added a solution of 2.5 g (0.010 mol) of iodine and 6.12 g (0.039
14, melting point and ir spectrum identical with those of com- mol) of potassium iodide in 40 ml of water. Addition was stopped
pounds prepared above. when decolorizarion of iodine ceased. The flask was cooled and

Diethyl 3,3',4,4'-Tetrabromo-2,2'-dipyrrylmethane-5,5'-di- the precipitate was sublimed at 50°, yield 1 .2  g (8 6 % ), mp 81-
carboxylate (24).— Compound 26 (5 g, 0.0128 mol) was sus- 82° unstable, slightly yellow compound possessing a characteristic 
pended in 600 ml of water; the mixture was refluxed for 2.5 hr. odor. This compound decomposes spontaneously to black poly- 
White crystalline material was separated mechanically from the mers.
brown lumps and was recrystallized from chloroform, mp 139- Reduction with Lithium Aluminum Hydride. A. Reduction
141°. of 3,4-Dichloropyrrole-2-aldehyde (8 ).— To a well-stirred, nitro-

Anal. Calcd for C8H9NBr20 3: C, 29.38; H, 2.77; N, 4.28; gen-protected mixture of 5.7 g (0.15 mol) of LiAlH, in 150 ml of
Br, 48.87. Found: C, 30.10; H, 2.76; N, 4.29; Br, 50.12. absolute ether was added a solution of 16.4 g (0.10 mol) of alde-

The brown lumps were recrystallized from glacial acetic acid hyde 8 in 1.5 hr. After a 2-hr reflux, water (100 ml) was added
twice to obtain an analytical sample of 24, mp 223-225°; solvent cautiously followed by dilute sulfuric acid. The ether layer was
evolved at 120°. separated, washed well (II20 ,  NaHC03 solution, H20 ) ,  and dried

Anal. Calcd for Ci5HnN2Br40 ( • C2I I ,0 2: C, 30.66; H, 2.72; over solid sodium sulfate overnight. The ether was removed
N, 4.21; Br, 48.00. Found: C, 30.64; II, 2.52; N, 4.08; Br, in vacuo and upon warming to room temperature the red oil
48.62. decomposed to a dark solid and water.

In a larger run (4 hr) the ether by-product 28 was isolated and B. Reduction of Diethyl 3,3',4,4'-Tetrachloridipyrrylmeth-
recrystallized from acetic acid, mp 219-221°. ane-2 ,2 '-dicarbcxylate (17).—To a suspension of 1.5 g (0.040

Anal. Calcd for Ci6Hi6N2Br40 5 : C, 30.21; IT, 2.54; N, 4.40; mol) of LiAlH* in 150 ml of ether was added portionwise 4.28 g
Br, 50.26. Found: C, 30.73; H, 3.22; N, 4.32; Br, 49.70. g (0.0100 mol) of powdered diester 17. After 1 hr of reflux, the

As in the preparation of 17 the carbon tetrachloride extracts product was worked up as in method A. The product 22 was
were worked up into ethylene chloride and the acetic acid complex a reactive, nearly colorless liquid which could not be dist illed
was broken down with solid sodium bicarbonate. The dipyrryl- or chromatogaphically purified without decomposition, 
methane 24 crystallized rapidly from the filtrate, 120° transition, Fluorination of Diethyl 3,4-dichloropyrrole-2,5-dicarboxyIate
mp 219-221°. (6 ). A. Potassium Fluoride.—A solution of 5 g (0.018 mol) of

Anal. Calcd for Ci5Hi4N2Br40 4 V2C2H4Cl2: C, 29.32; H, dihalide 6  and 3.0 g (0.05 mol) of anhydrous K F  in 50 ml of
2.46; N, 4.27; Br, 48.77; Cl, 5.41. Found: C, 29.37; H, DM F was refluxed with exclusion of moisture overnight. The
2.53; N ,4 .07 ; Br, 48.91; Cl, 5.28. solid obtained upon evaporation was recrystallized twice from

Diethyl 3,4-Dichloropyrrole-2,5-dicarboxylate (6 ).—An ether ethanol, mp 114-116°; mixture melting point with 6  undepressed, 
solution of 30.6 g (0.200 mol) of 1 was treated dropwise with A similar rear.ion mixture with l-methyl-2-pyrrolidinone
cooling with 162 g (1.20 mol) of sulfuryl chloride. After 3 hr substituted fur the solvent was refluxed .36 hr and, after recrystal-
at room temperature the volatile materials were removed in vacuo lization from ethanol, the melting point was 115-116°, mixture
and the residual oil was refluxed with 400 ml of 95% ethanol for melting point with 6 undepressed.
2 hr. The product 6  was recrystallized once from Skellysolve B , B. Arsenic(III) Fluoride.—A 50-ml ethanol solution contain-
27.5 g (51.9% ), mp 98-106°, which was of sufficient purity for ing 1.0 g (0.004 mol) of 6 and 0.80 g (0.006 mol) of AsF3 was 
the next step. Repeated recrystallizations from Skellysolve B  refluxed for 3 days. The product was recrystallized from 95%
lowered the yield to 24%  and raised the melting point to 112- EtOH and melting points and mixture melting points were
114° (lit .2 mp 116°). found undepressed.

3,4-Dichloropyrrole (7).—A silver-lined autoclave3 was not C. Antimony(III) Fluoride.—Two days of reflux of 6 with
available and a glass-lined autoclave was found unsuitable. SbF3 also yielded starting material.
Therefore, a reflux method was developed. Into a 250-ml flask D. Silver(I) Fluoride.—A 50-ml absolute EtOH solution of
fitted with a stirrer, condenser, and a nitrogen inlet were placed 6.3 g (0.022 mol) of 6  and 10 g (0.079 mol) of AgF was similarly
5 .6  g (0.020 mol) of diester 6 , 120 ml of diethylene glycol, and 5.0 refluxed, and, upon vacuum sublimation of the precipitate,
g (0.125 mol) of sodium hydroxide in 15 ml of water. The result- starting material was formed,
ing solution was refluxed for 5 hr, cooled, poured into ice, filtered,
and extracted with ether. The residue from ether was sublimed, Registry No. — 1, 32S4-51-3; 2,24691-21-2; 3, 24691- 
yield 1.20 g (44.1% ) mp 73.5-74° (lit .3 mp 74°) 22-3; 4, 24691-23-4; 5 ,24691-24-5 ; 6 ,24728-04-9 ; 7,

A nal. Calcd for C4H3INCI2. C, 0 0 .0 0 , l i ,  JN, lU.oU, 1 1  no m  t  o r>4 cn i or* n o u 0 1  cm  0 7  o .
Cl, 52.15. Found: C, 35.22; H, 2.22; N, 10.25; Cl, 52.06. 119--19-4 ; 8 ,-4691-26-7 , 8 simicarbazone, 24691-27-8,

2 ,3 ,4 ,5-T etrachloropyrrole.—A solution of 1.36 g (0 .0 10 0  mol) 8  2,4-dinitrophenylhydrazone, 24691-28-9; 9 C l, 24691-
of 3 ,4-dichloropyrrole 7 in 125 ml of ether was treated dropwise 29-0; 9 Br, 24699-64-7 ; 1 0 , 24691-30-3; 11, 24691-31-4;
(3- 5 °) with 2.70 g (0 .0 2 0 0  mol) of sulfuryl chloride, and the prod- 13) 24691-32-5; 14, 24728-05-0; 15, 24691-33-6; 16,
uct was isolated by sublimation at 50° bath temperature, yield 9 4 (1 0 1 0 4 . 7 . 1 7  94691-35-8' 17 hisbenzenesulfonvlhv-

f f i L T * ’’ mp i07‘ 108'  -  ’■ on
Anal. Calcd for C4HNC14: C, 23.45; H, 0.49; N, 6.84; Cl, 24728-06-1; 22,24691-39-2; 23,24691-40-5; 24,24691-

69.22. Found: C, 23.58; H, 0.56; N, 6.80; Cl, 69.23. 41-6; 25,24728-07-2; 26,24691-42-7; 27,24691-43-8;
3 ,4-Dichloropyrrole-2-aldehyde (8 ).—A methylene chloride 2 8  24691-48-3' 29, 94691-44-9' 3 3 , 24691-45-0;

solution of 3.4 g (0.025 mol) of 3,4-dichloropyrrole 7 was formyl- ’ “ ’ dicnrhothnxv-3 6 -d im eth v b v raz in e
ated (POCh +  D M F) and worked up as described under the ^  ’ 7 ?  « icarb eth o xy  3 ,b  U'metn> ip j lazine,
preparation of 5. The essentially pure aldehyde was recrystal- 24691-47-2, -,3,4,o-tetrachloropyirole, _4uJl 4 J  4.
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Salts of 4-hydroxypyrimidine and several 2-substituted 4-hydroxypyrimidines were treated with alkyl halides 
under a variety of reaction conditions. In cation-solvating media, methylation occurred mainly at N-3. In
creased N -l methylation was observed in hydrogen-bonding solvents and solvents of lower dielectric constant.
Studies in dimethylformamide revealed significant steric influences. When the alkyl halide was varied from 
methyl to ethyl to isopropyl or when the group on the 2  position was varied from hydrogen to methyl to ethyl, 
alkylation at oxygen increased at the expense of alkylation at N-3. 2-Trifluoromethyl-4-hydroxypyrimidine in 
dimethylformamide reacted with alkyl halides to give mainly 4-alkoxy-2-trifluoromethylpyrimidines.

We have described the effects of alkylating agent, T a b l e  I
solvent, and cation on the course of alkylation of 2- S e c o n d -O r d e r  R a t e  C o n s t a n t s“ f o r  A l k y l a t io n s  o f  t h e  
hydroxypyrimidine3 and 2-hydroxypyridine salts,1 and S o d iu m  S a l t s  o f  2 -S u b s t it u t e d  4 -H y d r o x y p y r im id in e s

now report on the results of a similar study with 4- (0.45 M) in  M e t h a n o l

hydroxypyrimidine (la) and several 2-substituted 4- Alkylating ,------------------- 2 substituent------------------- ■

hydroxypyrimidines (Ib-d). agent H Me Et Temp' °c
Reactions of pyrimidines of structure I give both 3 34 1 84 1,41 54

N-alkylation (II +  III) and O-alkylation (IV) 1 2 28 3 44 2 61 94
products. Carbon alkylation of these and related nitro- i-l'rl 1 70 l 37 94
gen heterocycles has not been observed. „ In L mol_, se(,-, x  1Q8

0~M+ 0  O OR'

i
l j i T  T a b l e  I I

RX) R — N ^ | ) N ^ | i N ’̂ i j  S o d iu m  S a l t  A l k y l a t io n s  o f

J  4 -H y d r o x y p y r im id in e s  at 40° a n d  0.45 M  in  D M F“
K «  R N t> N

j Alkylating 2 sub- Yield, Product distribution, % —.
Ia, R = H Ila-d IVa-d agent stituent % O N-3 N -I

b, R = CH3 nia-d M eI H 10 0  8 2  18
Me 96 80 20

c, K — 0 2ri5 E t g 2  gl lg

d’ R==CF3 CF3 10 0  60 40
E tB r H 91 24 6 6  10

Results and Discussion Me 90  29 50 2 1
E t 100 49 38 13

K ornblu m  has exam ined th e  reactions of alkyl halides CF3 98 10 0

w ith silver n itra te  and rationalized  th e  changes in prod- APrBr4 H 96 55 32 13
u ct d istribution  w ith  varia tion  of th e  alkylating  agent Me 46“ 100
b y  assum ing a tran sition  s ta te  w ith b oth  S n I  and S n 2 E t 6(F 100

ch aracteristics . 4 In  th e  present study, th e  sodium  sa lt “ Over 80% of pyrimidines accounted for as products and/or 
of 4-hydroxypyrim idine ( Ia ) , 2 -m ethyl-4-hyd roxy- starting material. 6 Product analysis of the isopropylation re-

pynmidme (lb), and 2-ethyl-4-hydroxypynmidme (Ic) idines described in this paper. “ 4-Hydroxypyrimidine was 
were alkylated with methyl, ethyl, and isopropyl iodides isolated indicating that dehydrobromination of the alkyl halide 
in methanol. Second-order rate constants were ob- had occurred, 
tained by following the reactions to at least 60%  com
pletion (Table I). The rates of alkylation decreased position favor oxygen alkylation at the expense of N-3.
with increasing size of the alkylating agent and of the These results are consistent with those obtained under
2 substituent, also consistent with a bimolecular process. similar circumstances with the salts of 2-pyridones and

These observations indicate that, in this series, a 2-pyrimidones.1’3 These results also can be ration
changing Sn2-Sn 1 character of the transition state does alized on the grounds that the rate of nitrogen alkyla-
not play a significant role, and changes in isomer distri- tion is decreased because of steric effects while the rate
bution must be due to other factors. of oxygen alkylation remains fairly constant, thus

Data in Table II are from studies in dimethylform- leading to exclusive ether formation from the reaction of
amide (DM F) and show also that increasing bulk of isopropyl bromide with the sodium salt of 2-ethyl-4-
both the alkylating agent and the substituent in the 2 hydroxypyrimidine.

(1) Part I I :  g . c. Hopkins, j . p. Jonak, h . j .  Minnemeyer, and h . The sodium salt of 2-trifluoromethyl-4-hydroxy- 
Tieckeimann, j . Org. chem ., 32, 4040 (1967). pyrimidine gives much more O-alkylated product than

« *  other substrates. Electron withdrawn! b ,  the tri- 
(b) Allied chemical Fellow. 1964- 1965. fluoromethyl group would be predicted to reduce the

(3) G. C. Hopkins, J .  P. Jonak, H. J .  Minnemeyer, and H. Tieckelmann, nucleophilicity of the adjacent ring nitrogens to a
“ w  n ’. Kornblum !'R. A. Smiley, R . K. Blackwood, and D. C. Iffland, Sreater eXtent thaU ° f the “meta” OXygen and, there-
j .  Amer. Chem. Soc., 77, 6269 (1955). fore, favors O-alkylation, but steric requirements can-
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not be neglected. Della5 has found that this group has power of the reaction medium decreased, N -l alkylation
an equatorial preference as great or greater than that of increased. Similar results were obtained from methyla-
the ethyl group. tions and ethylations of the sodium salt of 4-hydroxy-

When a good cation solvent was used (e . g DM F, pyrimidine, 
diglyme, methanol), lithium, sodium, and potassium A bench-scale reaction of the sodium salt of 4- 
salts of these 4-hydroxypyrimidines all gave essentially hydroxypyrimidine with methyl iodide in DM F gave
the same product distribution. This is expected since an 80%  yield of 3-methyl-4-pyrimidone. When the
the solvent probably insulates the pyrimidine anion methylation was performed in refluxing tetrahydro-
from the cation so the effect of the latter is minimal. furan, l-methyl-4-pyrimidone was isolated in 54%  yield
Experiments under similar conditions have confirmed after purification.
this in 2-pyridones and 2-pyrimidones.1’3 However, Reactions run in dimethyl sulfoxide (DMSO) and in 
in ethyl acetate, where the pyrimidine salts were insolu- methanol were homogeneous from start to finish, while
ble, the cation did appear to play a role, but no dis- those in DMF were heterogeneous at the start and be-
cernible pattern was evident. Studies in this area are came homogeneous as the reaction progressed. Reac-
continuing. tions in DM F and in DMSO were essentially complete

The alkylation of silver salts of 4-hydroxy- and 2- in 5-10 min at room temperature. Reactions in meth-
methyl-4-hydroxypyrimidine in benzene gave products anol were complete in 1 hr. Generally, reaction mix-
with oxygen to N-3 alkylation ratios of approximately tures were examined after considerably longer time.
5:1,  but overall yields were low, 20-30% . If a reaction Under the conditions studied, products did not
was quenched after only a short period, it was possible equilibrate.
to account for 90% of the starting pyrimidine. How- As the dielectric constant of the solvent decreased, 
ever, the products were unstable under reaction condi- the alkali metal salts became more insoluble and the
tions. Exclusive of some dialkylated materials, at- reactions became slower.
tempts at isolation and identification of decomposition Alkylations in solvents such as isopropyl alcohol, re- 
products were unsuccessful. Reactions in which the butyl alcohol, and acetone started heterogeneously and,
hydroxypyrimidine and silver carbonate were used gave as the reaction proceeded, homogeneity occurred,
the same results. Alkylations in ethyl acetate were heterogeneous from

Examples are given in Tables III and IV which show start to finish, 
product distribution resulting from reaction of the Kornblum6 has shown that homogeneity plays an 
sodium salt of 2-methyl-4-hydroxypyrimidine with important role in the alkylation of phenoxides. How-
methyl iodide in a variety of solvents. As the ionizing ever, when the sodium salt of 4-hydroxypyrimidine was

alkylated with ethyl iodide in isopropyl alcohol the 
product distribution did not vary within experimental 

Table I I I  error to 72%  completion, even though the reaction was
Ethylations of the Sodium Salt of heterogeneous at the start and homogeneous after about

2-Methyl-4-Hydroxypyrimidine at 40° and 40%  compiet :on. Table V summarizes the data.
0.45 M with Ethyl Bromide

Reaction Yield, ,—Product distribution, % —s
Solvent time, hr %  Ether N-3 N -l TA BLE V

D M F 17 82 29 50 21 Reaction of the Sodium Salt of
MeOH 13 80 25 59 16 4-Hydroxypyrimidine with Ethyl Iodide at 52°
i-PrOH 16 104 IN Isopropyl Alcohol

5 84 17 47 36 %  ,-------------------Product distribution, %----------------1—,
EtOAc 24 23° 5 5 90 complete Ether N-3 N -l

“ 70%  sodium salt of 2-methyl-4-hydroxypyrimidine was 1 0 “ 2 38 60
recovered. 18« 5  42 53

27“ 4 37 59
T a b l e  IV 33“ 5 43 52

Methylation of the Sodium Salt of ^  4706 4 44 522-Methyl-4-Hydroxypyrimidine at 40° and '
0.45 M  with Methyl Iodide“ “ Heterogeneous. The first aliquots were difficult to measure

„ accurately because of this heterogeneity. b Homogeneous.
Reaction Yield,

Solvent time, hr %  N-3, % N -l, %

Formamide6 7 86 53 47 The problem of the distribution of negative charge in
Wateri 2 62 45 55 the 2-pyridone and 2- and 4-pyrimidone anion has not

3 96 80 20 been resolved- 0n  spectroscopic grounds it has been
Me0H 5 8Q 66 34 proposed that this charge is located principally on the
Acetone 11 99 38 62 N-3 or on oxygen.7-9 Calculations of charge distribu-
n-BuOH 8 91 46 54 tion in the 4-pyrimidone anion employing the semi-
¿-PrOH 8 81 53 47 empirical iterative extended Huckel theory10 are sum-
f-BuOH 60 82 36 64
EtOAc 8  88  12 88  (gj N Kornblum and A. P. Lurie, J .  Amer. Chem. Soc.. 81, 2705 (1959).
THF 240 47 100 (7) E Spinner> J .  Chem. Soc., 1232 (1960).

“ No ether formation was observed. b Alkylating agent was (8) Yu. N. Sheinder and Yu. I. Pomerantsev, Russ. J .  Phys. Chem., S3,
in so lu b le  in  s o lv e n t. 174 (1959).

(9) E . Spinner and J .  White, J .  Chem. Soc. B, 966 (1966).
(10) These data were supplied through the courtesy of James Harlos and

(5) E . W. Delia, Tetrahedron Lett., No. 28, 3347 (1966). Dr. George Clarke of our Chemistry Department.
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m a r iz e d  in  T a b l e  V I .  T h e  g r o u n d - s t a t e  c h a r g e  d i s t r i -  T h e  N - 3  a n d  0  p o s i t i o n s  a r e  p r e f e r e n t i a l l y  b l o c k e d  

b u t i o n  o f  a n  i s o l a t e d  i o n  i s  s h o w n  a s  s t r u c t u r e  V .  b y  h y d r o g e n - b o n d i n g  s o l v e n t s  a n d  N - l  a l k y l a t i o n  b e -  

T h e s e  c a l c u l a t i o n s  i n d i c a t e  t h a t  a p p r o x i m a t e l y  7 5 %  o f  c o m e s  m o r e  i m p o r t a n t .  W h e n  t h e  s o d iu m  s a l t  o f  4 -  

t h e  n e g a t i v e  c h a r g e  in  t h e  io n  is  d i s t r i b u t e d  b e t w e e n  h y d r o x y p y r i m i d i n e  r e a c t e d  w i t h  m e t h y l  io d id e ,  t h e  

t h e  N - 3  a n d  t h e  o x y g e n  a t o m .  a m o u n t  o f  N - 3  a l k y l a t io n  d e c r e a s e d  f r o m  8 2  t o  6 8  t o
5 9 %  ( N - l  a l k y l a t i o n  i n c r e a s e d  p r o p o r t i o n a t e l y )  in  t h e  

T a b l e  VI s o l v e n t  s e r i e s  D M F ,  e t h a n o l ,  a n d  w a t e r .

A to m  P a r a m e t e r s  U s e d  in  I t e r a t iv e  E x t e n d e d  S e v e r a l  r e a c t i o n s  w e r e  i n c lu d e d  t o  d e t e r m i n e  t h e
H t jc k e l  T r e a t m e n t  o f  4-H y d r o x y p y r im id in e  A n io n 11 e f f e c t  o f  c o n c e n t r a t i o n  o n  p r o d u c t  r a t i o s .  T h e  s o d i u m

,________________ _— parameter--------------------------------, s a l t  o f  4 - h y d r o x y p y r i m i d i n e  w a s  a l k y l a t e d  in  i s o p r o p y l

0rbital a l c o h o l  ( 0 . 4 5  M )  w i t h  e t h y l  io d id e  t o  g iv e  N - 3  t o  N - l
Atom as (eV) “ p (eV) A“  (e^   ̂ p r o d u c t  r a t i o  o f  4 6 : 5 4 .  W h e n  t h e  c o n c e n t r a t i o n  w a s

^  1Q 0 1 1 Q  1 6 2 5  d e c r e a s e d  t o  0 . 0 3  M ,  t h i s  r a t i o  b e c a m e  5 6 : 4 4 . 1S T h e s e

N  30 0 i i  5 1 2  o l  950 c h a n g e s  a r e  r e l a t i v e l y  s m a l l  b u t  t h e  i n c r e a s e d  a l k y l a t i o n
O 3 3  o  14.0 15.0 2.275 a t  t h e  N - 3  p o s i t i o n  w i t h  d e c r e a s i n g  c o n c e n t r a t i o n  i s

c o n s i s t e n t  w i t h  t h e  p r e s e n c e  o f  m o l e c u l a r  a g g r e g a t e s  o r  

, i o n p a i r s  i n  s o l u t i o n .  D e c r e a s i n g  c o n c e n t r a t i o n  f a v o r s  
. o u g i  e  o x j  g e n  e a r s  a  g r e a  e r  a m  n  F l  t h e i r  d i s s o c i a t i o n ,  t h e r e b y  e n h a n c i n g  a l k y l a t i o n  o f  t h e
i v e  c h a r g e  m  t h e  g r o u n d  s t a t e ,  o t h e r  f a c t o r s  in c l u d i n g  b l o c k e d  s i t e . C u r t i n  o b t a i n s  c o m p a r a b l e  r e -

the polarizability of the nitrogen atoms must come into ,, , ,• f  Q a a- j-u i t. a ,4pya u j  . ■ suits m the alkylation of 2,6-dimethylphenoxide.14play m the transition state to lead to the predominance T , , % , , r., . .  , *•% .. ,, , ,. ,, , t K ■ f . . In solvents of lower solvating ability, observationsof nitrogen alkylation (in the absence of stenc lactors). , ,. , , .. °  ,. i  , ,, ,, . o11 ' can be rationalized by assuming that in the aggregateThis is implied by the general,satiop that alkylating ^  blocts theJN.3 uitr0|e„ M ¡„ slruc,“ e ^
agens carrying i m or no e i.nge pie eren la i and, therefore, the N -l nitrogen can compete effectively.
covalent bonds with the more polarizable atom oi the ’
a m b i d e n t  s y s t e m s . 11 O f  t h e  a t o m s  u n d e r  c o n s i d e r a -  , o

t i o n ,  n i t r o g e n  i s  m o r e  p o l a r i z a b l e  t h a n  o x y g e n ,  a n d  M i ' ' ”“
n i t r o g e n  a l k y l a t i o n  p r e d o m i n a t e s .  'N j ' '  |

i- -i -iO -0.524
^J^+fl.018 ^

-0.225 N j-0.043 L e a v i n g  g r o u p s  d id  n o t  a f f e c t  t h e  r e a c t i o n  p r o d u c t

" ° 016 \ N / " a004 d i s t r i b u t i o n  in  g o o d  s o l v a t i o n  m e d i a  s u c h  a s  m e t h a n o l .

0217 O n l y  w h e n  r e a c t i o n s  w e r e  r u n  in  e t h y l  a c e t a t e  w i t h

s a t u r a t e d  a l k y l a t i n g  a g e n t s  d id  t h e  l e a v in g  g r o u p  p l a y  

v  a n  i m p o r t a n t  r o le .  T h e  r e a c t i o n  m i x t u r e s  w e r e  h e t e r o -

T m i r  ,  T y u c i n  p, ■ , ,  , , g e n e o u s  f r o m  b e g i n n in g  t o  e n d .  A  d e t a i l e d  s t u d y  o f
I n  D M F  a n d  D M S O ,  t h e  a n io n  i s  p o o r l y  s o l v a t e d .  t h e  e f f e c t  o f  h e t e r o g e n e i t y  w a s  n o t  a t t e m p t e d ;  h o w e v e r ,

I t  s e e m s  r e a s o n a b l e  t h a t  s in c e  a p p i o x i m a t e l y  7 5 %  o f  t o s y l a t e s  g a v e  m o r e  a l k y l a t i o n  a t  N - 3  t h a n  d id  io d id e s ,
t h e  n e g a t i v e  c h a r g e  i s  d i s t r i b u t e d  b e t w e e n  t h e  N - 3  X h e  d a t a  f o r  m e t h y l a t i o n s  a r e  p r e s e n t e d  in  T a b l e  V I I .
n i t r o g e n  a n d  t h e  o x y g e n  a t o m  m  t h e  g r o u n d  s t a t e  t h a t

i n t e r a c t i o n  w i t h  t h e  a l k y l a t i n g  a g e n t  w o u ld  o c c u r  h e r e  T i l  V II
r a t h e r  t h a n  a t  N - l .  I n  f a c t ,  m e t h v l a t i o n  o f  t h e  s o d iu m  ABLE
s a l t  o f  4 - h y d r o x y p y r i m i d i n e  in  D M F  l e a d s  t o  8 2 %  E f f e c t  o f  L e a v 1n g  G r o u p  on - ^ e t h y l a t io n  o f
N - 3  a n d  1 7 %  N - l  i s o m e r s .  ^ H y d r o x y p y r im id in e  in  E t h y l  A c e t a t e  (0.45 Ma)

B r o w e r ,  E r n s t ,  a n d  C h e n 12 h a v e  o b s e r v e d  in  s e v e r a l  Sllbstrate Catiott ^ Z p 8 % N .3 % N_i
a m b i d e n t  a n io n  a l k y l a t io n s ,  in c lu d in g  n - b u t y l a t i o n  o f  I a  L ;i, j  36 64

t h e  s o d iu m  s a l t  o f  2 - p y r i d o n e ,  t h a t  p r e s s u r e  ( t o  1 3 6 0  la  OTs 54 46
a t m )  h a s  n o  e f f e c t  o n  p r o d u c t  d i s t r i b u t io n .  T h e y  c o n -  l b  I  43  5 7

e lu d e d  f r o m  t h e i r  e x p e r i m e n t s  t h a t  “ b r a n c h i n g  o f  t h e  l b  OTs 53 47
r e a c t i v e  p a t h w a y s  o c c u r s  a t  o r  b e y o n d  t h e  t r a n s i t i o n

s t a t e . ”  B y  a n a lo g y ,  a  t r a n s i t i o n  s t a t e  a s  i n d i c a t e d  in  I a  NaC 1  100

s t r u c t u r e  V I  i n v o l v i n g  t h e  “ f r e e ”  p y r i m i d in e  a n io n  a n d  I a  0 T s  72  28
lb  I  10 0

r  _ lb OTs 25 75

r ^ Y 0 ''' /
^  Jr____ Ia K c I 57 43
'  ^  /  '" 'X j la  OTs S3d 13

lb  I  60 40
V 1  lb  OTs 77' 16

, . . , , . , , . “ Atleast 80% of pyrimidines were recovered in all experiments,
t h e  a l k y l a t i n g  a g e n t  is  c o n s i s t e n t  w i t h  o u r  o b s e r v a t i o n s .  & 7 0 °. » 40°. « 4 %  of ether was isolated. • 7 %  of ether was 
S i n c e  n i t r o g e n  i s  m o r e  p o l a r i z a b l e ,  N - C  b o n d  f o r m a t i o n  isolated, 
w o u ld  b e  f a v o r e d .  r

(13) Alkylation of the sodium salt of 4-hydroxypyrimidine with methyl 
and ethyl iodide in methanol, a good cation solvent, at concentrations of

(11) R . Gompper, Angew. Chem., Int. Ed. Engl., 3, 560 (1964). 0.45 and 0.35 M  produced no variations in isomer distribution.
(12) K . R . Brower, R . L. Ernst, and J .  S. Chen, J .  Phys. Chem., 68, 3814 (14) D. Y . Curtin, R . J .  Crawford, and M. Wilhelm, J . Amer. Chem. Soc.,

(1964>- 80, 1391 (1958).
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E x ce p t for decom position of products a t higher tern- Sodium salts were prepared from sodium ethoxide and an 
peratures, th e  v aria tio n  of tem peratu re (2 0 -9 0 ° )  had a equivalent amount of the hydroxypyrimidine in ethanol. These
negligible effect on product d istribution . T h is  fu rth er salts were dned i t 100  . .
supports th e  prem ise th a t  branching of th e  reactive  pared similarly employing lithium metal dissoived in methanol.
pathw ay leading to  th e  different isom ers occurs a fte r  After evaporation of the solvent, ether was added and evaporated
th e  tran sition  s ta te . several times to remove methanol. The product was dried at

100°. Lithium hydroxide in a 1:1 solution of methanol and 
ethanol was added to the pyrimidine in ethanol to form the 

Experimental Section15 lithium salt of 4-hydroxypyrimidine, which was dried at 140°.
Potassium salts were prepared from 87% potassium hydroxide 

M ethods—Ultraviolet spectra were determined in aqueous diluted with ethanol. Solvent was evaporated until precipitation
solution on a Perkin-Elmer 202 instrument. Infrared spectra occurred. Addi'ion of ether gave a solid which was washed with
were determined on a Beckman IR-5A spectrophotometer, neat ether and dried at 100°.
or in a Nujol mull. Nmr spectra were obtained on a \ arian Silversaltswerepreparedfromsilvernitrateandthehydroxy- 
A-60 instrument in DMSO-de, CDCI3, and D20 .  pyrimidine in water. After neutralization with ammonium

Gas chromatograms were obtained on an F & M 720 instrument hydroxide the precipitates were collected on a centrifuge and
with column 2 ft in length unless otherwise stated, consisting of washed with water, methanol, and ether.
10  or 2 0 % silicon gum rubber on silanized Chromosorb W; the l-Methyl-4-pyrimidone.—Methyl iodide (1 2 .1  g , 0.0850 mol)
actual pecentage of the silicon gum rubber was not critical. was added to a mixture of the sodium salt of 4-hydroxypyrimidine
Helium flow rates were 60 ml/min, and runs were programmed (10.0 g, 0.0850 mol) and 250 ml of tetrahydrofuran. After the
from 80-300° at 15°/min. Silica gel was Fisher Certified 10 0 -2 0 0  mixture was refluxed for 3 days, the solvent was removed in
mesh. Alumina was purchased from Woelm and was neutral vacuo An ethyl acetate solution of the residue was applied to a
activity grade I . silica gel column, and 5.0 g (54%) of product was eluted with

General Alkylation Procedure .—The pyrimidine salt alkylating absolute ethanol and with methanol, mp 155-156°. This ma-
agent16“ and solvent were sealed in a glass tube and the reaction terial was ident ical with an authentic sample prepared by de
mixture was maintained at 40 ±  2°. After an appropriate time sulfurization of l-methyl-2-methylthio-4-pyrimidone,16b mp 155-
interval, the reaction mixture was analyzed by gas chromatog- 156°.
raphy to determine the amount of ether, N-3 isomer, and parent 3-Methyl-4-pyrimidone was obtained from 0.41 g (2.92 mmol)
hydroxypyrimidine present. Because of its low volatility, the 0f methyl iodide and 0.345 g (2.92 mmol) of the sodium salt of
concentration of N-l isomer was determined by thin layer 4-hydroxypyrimidine in 8 ml of dimethylformamide after 2 hr.
chromatography on silica gel G containing phosphor G. vSepara- Evaporation of the solvent and extraction with chloroform gave
tion of all components was accomplished by development with 0.3 g (94%) of crude product after removal of chloroform. The
methanol. The pyrimidines were extracted from the silica gel analytical sample was recrystallized from chloroform: mp 1 2 1 —
with water. The ultraviolet spectra were determined on the 1 2 2 ° (lit.16b mp 123-124°); uv max (ILO) 2 2 2  mM (e 6990), 272
centrifuged supernatant solution. Comparisons with calibrated (4000).
spectra were reproducible to within ± 3 % . All compounds were l-Ethyl-4-pyrim:done was obtained as a hygroscopic solid by
found to be stable under reaction conditions. refluxing 5 .0  g (43  mmol) of the sodium salt o'f 4 -hydroxypyrimi-

The following compounds were prepared according to estab- dine and 7.4 g (47 mmol) of ethyl iodide in 120 ml of isopropyl
lished procedures: ethyl tosylate,17 2-methyl-4-hydroxypyrimi- alcohol for 5 hr. After standing for 12 hr the solvent was removed
dine/ 8 4-hydroxypyrimidine, 19 2-trifluoromethyl-4-hydroxypyrim- and he product was purified on a silica gel column by eluting
idine,20 4-methoxypyrimidine, 21 and 4-chloropyrimidine hydro- with methanol, methanol-ethyl acetate, and ethyl acetate.
chloride.22 The analytical sample (1.6 g, 27% ) melted at 64-66° and was

Sodium Salt of Ethyl Formylacetate.—A mixture of 125 g obtained by recrystallization from acetone-benzene and then
(1.69 mol) of ethyl formate and 125 g (1.42 mol) of ethyl acetate from acetone-petroleum ether: uv max (H.O) 240 mM 0  14,600);
was slowly added to a suspension of sodium hydride (62.7 g, nmr 5 (CDCh' 1.5 (t, 3 H), 4.1 (q, 2 H), 6.25 (d, 1 H), 7.8
1.42 mol, from a 54.3% mineral oil dispersion from Metal Hy- (d, 1 H), and 8.5 (s, 1 H).
drides, Inc., which was washed with dry ether) in 500 ml of Anal. Calcd for CsHgN.O: N, 22.56. Found: N, 22.27.
dry ether. Hydrogen evolution ceased about 2 hr after the ester l ,2 -Dimethyl-4 -pyrimidone was obtained from 10.2 g (72.5
addition was complete. The yellow precipitate was collected mmol) of methyl iodide and 1 .2  g (9.0 mmol) of the sodium salt
and dried in vacuo to give 160 g (49%) of product. of 2-methyl-4-pyrimidone in 24 ml of ethyl acetate after stirring

This compound was previously prepared in 35% yield by for 4 days at 50°. After evaporation to dryness the residue was
Gabriel18 using sodium wire. The procedure described above is taken up in chloroform and applied to a silica gel column,
much simpler and gives purer product in higher yield. Elution with methanol and with 95% ethyl alcohol gave 0.3 g

Salts of 4-Hydroxypyrimidmes.—Alkali metal salts were pre- (26%) of product: mp 180-182°; uv max (II20 )  240 m/x («
pared from the 4-hydroxypyrimidines and equivalent amounts of 12,605).
the metal or the hydroxide in ethanol or in methanol and dried Anal. Calcd for CeHgNiO: N, 22.56. Found: N, 22.54.
over phosphorus pentoxide in vacuo after removal of solvent. 2,3 -Dimethyl-4 -pyrimidone was obtained from 3.2 g (22 mmol)
No impurities were detected in nmr spectra where DMSO-d« was of methyl iodide and 3 .0  g (22 mmol) of the sodium salt of 2 - 
used as the solvent. methyl-4-pyrimidone in 50 ml of dimethylformamide after a re-
___________  action time of 20 hr. After removal of the solvent the residue

(15) Melting points were taken on either a Mel-Temp or a Fisher-Johns was extracted with hot ethyl acetate. The solid which precip-
apparatus and are corrected. Boiling points are corrected. Microanalyses itated Oil COOling was sublimed under reduced pressure O give
were performed by Galbraith Laboratories, Knoxville, Tenn., and Alfred 0.3 g (27%) of product: mp 63—65°; UV max (HoO) 222 mfx
Bernhardt, Mulheim, Germany. (e 4020); Iimr 5 (D2O) 2.7 (s, 3 H), 3.6 (s, 3 H), 6.5 (d, 1 II),

(16) (a) Initial methyiations of the sodium salt of 4-hydroxypyrimidine 7 ,9  \ H ) .
were conducted with an excess of methyl iodide. Yields were found to be Anal. Calcd for CellsNaO: C 58.06' II, 6.47. Found: C,
low and a corresponding amount of an unexpected material was isolated from  ̂. j  j  g g^
the reaction mixture. The physical and chemical properties of this com- 2-Methyl-4-methoxypyrimidine was prepared from 2.1 g (0.0926
pound were identical w.th those reported by Brown, etal.. or 1,3-d.methyl- sodium in 100 ml of methanol and 5.5 g (33 mmol) of
4-oxopynmidinium iodide. Hence, all reactions reported in this paper »  , , , . . . . .. . . , . . . ._ .
were run with an equivalent amount of alkylating agent. Excess reagent 2-methyl-4-chloropyrimidme hydrochloride A S
has been shown to be detrimental also for alkylations of 2-hydroxypyridines night. After removal of the sodium chloride the IA e Was
with methyl iodide.4 (b) D. J .  Brown, E. Hoerger, and S. F . Mason, J .  evaporated to give an oil which was extracted with ether. The
Chem. Soc., 211 (1955). ether extract was washed with water, dried, and evaporated.

(17) S. Tipson, J .  Org. Chem., 21, 133 (1947). The residue was dissolved in benzene and applied to an alumina
(18) S. Gabriel. Ber.. 37, 3638 (1904). co lu m n  a n d  e lu te d  w ith  m e th v le n e  ch lo rid e , ch lo ro fo rm , and
(19) D. J. Brown. J  Soc. Chem. ind London 69 353 (1950). ethyl acetate to give 2 g (35%) of product: uv max (ILO) 212,

( i9 6 0  i'agg.omo, and E. A. Nod.ff, J . Org. Chem.. 26, 4o04 ^  ^  (f 3740); nmr j  (CDC1,) 2.6 (s, 3 II), 4.0 (s, 3 II), 6.5

(21) D. J .  Brown and L. N. Short, J .  Chem . Soc., 331 (1953). (d, 1 H), 8.35 (d, 1 H).
(22) M. Boarland and J .  McOmie, ibid., 1218 (1951). Anal. Calcd for CiHg^O: N, 22.56. Found: N, 22.30.
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2-Methyl-4-ethoxypyrimidine was prepared from 1.62 g (9.8 absolute ethanol gave fractions with uv max at 225 and 268 mM.
mmol) of 2-methyl-4-chloropyrimidine hydrochloride17 and 0.45 g Elution with methanol gave a material absorbing at 240 mM
(20  mg-atom) of sodium in 100  ml of absolute ethanol. After (« 14.550). The latter fractions were recrystallized from benzene
10 hr the sodium chloride was separated and the solvent was to give 0.10 g (1.5% ) of the desired compound: mp 129-130°;
removed. The liquid residue was dissolved in ether and collected ir 6 .1  M (C = 0 ) ; h (D20 )  1.4 (t, 3 H), 2.6 (s, 3 H), 4 . 1  (q, 2 H),’
by gas chromatography: uv max (H20 )  212, 251 m  ̂ (e 4160); 6.35 (d, 1 H), 7.85 (d, 1 H).
nmr 6 (CDCh) 1.45 (t, 3 H), 2.65 (s, 3 H), 4.5 (q, 2 H), 6 .6  (d, Anal. Calcd for CiThoNjO: C, 60.85; H, 7.30; N 20.28 
1 H), 8.4 (d, 1 H).  ̂ Found: C, 60.81; H, 7.23; N, 20.18.

Anal. Calcd for C7H10N2O: C .60 .85 ; H, 7.30. Found: C, 2-Methyl-3-ethyl-4-pyrimidone.—A mixture of 3.0 g (23 mmol)
60.66; H, 7.46. of the sodium salt of 2-methvl-4-hydroxypyrimidine, 2.13 g

2-Ethyl-4-ethoxypjTimidine was prepared from 0.36 g (3.3 (19.5 mmol) of ethyl bromide, "and 50 ml of D M F was stirred
mmol) of ethyl bromide and 0.50 g (3.4 mmol) of the sodium salt overnight at room temperature. The solvent was removed
of 2-ethyl-4-pyrimidone in 7.5 ml of D M F. After stirring for 12 in vacuo to give 5.7 g of crude product which was chromato-
hr the liquid product was collected by gas chromatography: graphed initially on alumina with methylene chloride and ethyl
uv max (H20 )  212, 251 m/i; ir (no carbonyl). acetate and then on silica gel with methylene chloride, ethyl

Anal. Calcd for C8H12N2O: C, 63.16; H, 7.89. Found: C, acetate, and methanol to give 0.7 g (22%) of hydroscopic product:
62.87; H, 8.07. mp 44-45°; uv max (H20 )  223, 273 myti (« 4685); nmr 5 (CDC13)

2-Trifluoromethyl-4-ethoxypyrimidine was prepared from 0.380 1.35 (t, 3 H), 2.6 (s, 3 H), 4.1 (q, 2 H), 6.3 (d, 1 H), 7.75 (d,
g (3.49 mmol) of ethyl bromide and 0.38 g (2.08 mmol) of the 1 H).
sodium salt of 2-trifhioromethyl-4-pyrimidone in 4 ml of dimethyl- Anal. Calcd for CiHjoNiO: N, 20.27. Found: N, 19.93. 
formamide. After stirring 5 hr the solvent was removed under 2-Ethyl-4-hydroxypyrimidine.—The sodium salt of ethyl
a stream of nitrogen and ether was added. After separation of formylacetate (100 g, 0.725 mol) was dissolved in 500 ml of water,
the sodium bromide and evaporation of most of the solvent, the Propionamidine hydrochloride (44.4 g, 0.408 mol) was added to
liquid product was collected by gas chromatography using a 10- this solution. The reaction mixture was stirred at room tempera-
ft column: uv max (H20 )  219, 251.5 mp; ir (no carbonyl). ture for 3 days and then extracted with ether. The solution was

Anal. Calcd for C7H7F 3N2O: C, 43.77; H, 3.64. Found: C, neutralized with hydrochloric acid and the solvent was removed
44.12; H, 3.90. under reduced pressure. The product was obtained by continuous

Using this procedure, 0.52 g (3.69 mmol) of methyl iodide and extraction of the residue with absolute ethanol. Evaporation
0.39 g (2.1 mmol) of the sodium salt of 2-trifluoromethyl-4- of the ethanol and recrystallization from high-boiling petroleum
pyrimidone in 4 ml of dimethylformamide gave two liquid prod- ether gave 25.1 g (36%), mp 118.5-120.5°. The analytical sample
ucts when collected by gas chromatography. 2-Trifluoromethyl- was purified further by double sublimation in vacuo: uv max
4-methoxypyrimidine had the lower retention time; uv max (H20 )  224 mm (« 7280); nmr 6 (D20 )  1.3 (t, 3 H), 2.8 (q, 2 H),
(H20 )  218, 250 m î; ir (neat, no carbonyl). 6.45 id, 1 H), 8.0 (d, 1 H).

Anal. Calcd for C6H5F 3N20 :  C, 40.46; H, 2.83. Found: Anal. Calcd for C6H8N20 :  C, 58.06; H, 6.45; N, 22.58.
C, 40.16; H, 3.09. Found: C, 57.85; H, 6.64; N, 22.46.

2- Trifluoromethyl-3-methyl-4-pyrimidone: uv max (H20 )  224, 2,3-Diethyl-4-pyrimidone.—Ethyl bromide (3.57 g 32.8 mmol)
279 ium; ir 5.90 n (C = 0 ) . was added to a mixture of the sodium salt of 2-ethyl-4-hydroxy-

Anal. Calcd for C6H6F 3N20 :  C, 40.46; H .2 .83. Found: C, pyrimidine (5.0 g, 34 mmol) and 75 ml of DM F. After 2 days,
40.61; H, 2.98.  ̂ the solvent was removed under reduced pressure and the residue

3- Ethyl-4-pyrimidone was prepared from 0.168 g (1.42 mmol) was triturated with ethyl acetate. The solution was eluted on a
of the sodium salt of 4-pyrimidone and0.215 (1.97 mmol) of ethyl silica gel column successively with methylene chloride, chloro-
bromide in 4 ml of methanol. After 4 days at 40 the mixture form, ethyl acetate, and methanol. The first methanol fractions
was concentrated by evaporation and the product was collected yielded the desired N-3 compound as an oil. The yield was 2 6 g 
by gas chromatography: uv max (H20 )  220, 271 mM, ir 5.99 (52% ); uv max (H20 )  222 mM (<= 5300), 273 (4582); nmr 6
m (C = 0 ) ; a (D20 )  1.5 (t, 3 H), 4.2 (q, 2 H), 6.71 (d, 1 H), (CDC13) 1.3 (t, 6 H), 2.85 (q, 2 H), 4.2 (q, 2 H), 6.35 (d, 1 H)
8.2 (broad s, 1 H), 8.7 (broad s, 1 H). 7.85 (d, 1 H).

Anal. Calcd for C6H8N20 :  C, 58.10; H, 6.45. Found: C, Anal. Calcd for C8H12N20 :  N, 18.40. Found: N, 18.25.
^ r J ? ’ ®'7d’ , l,2-Diethyl-4-pyrimidone.—The latter methanol fractions from

• This compound was formed in 33% yield from 3.0 g (25 mmol) the preparation of the 2,3-diethyl-4-pyrimidone gave about 0.3 g
of the sodium salt and 3.0 g (29 mmol) of ethyl bromide. After (2 7 % ) of the N-l isomer: mp 108-111°; uv max (H20 )  240 mM
36 hr the hygroscopic solid was recrystalhzed from benzene and (« 13,580); nmr 5 (CDC13) 1.25 (m, 6 H), 2.6 (q, 2 H), 3.7 (q 2
washed with acetone: mp 70.0-71.5°; uv max (H20 )  222 mju H )> 6.0 (d, 1 H), 7.0 (d, 1 H).
(e 7080), 272 (4060). Anal. Calcd for C8h I2N20 :  N, 18.40. Found: N, 18.09.

4- Kthoxypyrimidine.—A solution of sodium ethoxide, prepared 
from 0.55 g (24 mg-atom) of sodium and 50 ml of absolute ethanol,
was added to a mixture of 1.81 g (12.0 mmol) of 4-chloropyrimi- r> • « nr - i
dine hydrochloride and 50 ml of absolute ethanol. The reaction .R e g i s t r y  N o . -  l - L t h y l - 4 - p y n m i d o i i e ,  6 1 4 6 - 2 0 - 9 ;  1 ,2 -  
mixture was stirred overnight at room temperature. Sodium d i m e t h y l - 4 - p y r i m i d o n e ,  2 4 9 0 3 - 6 3 - 7 ; 2 , 3 - d i m e t h y l - 4 -
chloride was removed by filtration, and the filtrate was evapo- p y r im id o n e ,  1 7 7 5 8 - 3 8 - 2 ;  2 ~ m e t h y l - 4 - m e t h o x y p y -  
rated in vacuo to an oil. Water was added and the mixture was r i m id in e ,  7 3 1 4 - 6 5 - 0 ; 2 - m e t h y l - 4 - e t h o x y p y r i m i d i n e ,  
extracted several times with ether. The combined extracts were o Anno a a  n o i i  1 a • - t  p -t i
washed with water, dried over magnesium sulfate, and filtered. - 4 9 0 3 - 6 6 - 0 ,  -  e t h y l - 4  e t h o x y p y n m id m e ,  2 4 9 0 3 - 6 7 - 1 ;
The solvent was evaporated in vacuo to give an oil which was 2 - t n f l u o r o m e t h y l - 4 - e t h o x y p y r i m i d i n e ,  2 4 9 0 3 - 6 8 - 2 ;  2 -
collected by gas chromatography: uv max (H20 )  250 m/z (« t r i f l u o r o m e t h y l - 4 - m e t h o x y p y r i m i d i n e ,  2 4 9 0 3 - 6 9 - 3 ;  2 -
3638); ir ^ o  carbonyl). t r i f l u o r o m e t h y l - 3 - m e t h y l - 4 - p y r i m i d o n e ,  2 4 9 0 3 - 7 0 - 6 ; 3 -

57  94f H ,C6 45d ° 6 8 2° : C ’ o 8 -0 o ; H ’ 6 '4 9 ‘ F o u n d : C > e t h y l - 4 - p y r i m i d o n e ,  6 1 4 6 - 2 2 - 1 ;  4 - e t h o x y p y r i m i d i n e ,

l-Ethyl-2-methyl-4-pyrimidone.—2-Methyl-4-hydroxypyrimi- 2 4 9 0 3 - 1 2 - 8 ;  l - e t h y l - 2 - m e t h y l - 4 - p y r i m i d o n e ,  2 4 9 0 3 - 7 3 -
dine (5.0 g, 45 mmol) was mixed with 50 ml of absolute ethanol. 9 ;  2 - m e t h y l - 3 - e t h y l - 4 - p y r i m i d o n e ,  2 4 9 0 3 - 7 4 - 0 ;  2 - e t h y l -
A solution of 3.31 g (50 mmol) of 85% potassium hydroxide dis- 4 - h y d r o x y p y r i m i d i n e ,  2 4 9 0 3 - 7 5 - 1 ;  2 , 3 - d i e t h y l - 4 - p y r i m -
soived in 50 ml of ethanoi and 5.9 g (54 mmol) of ethyl bromide id o n e ,  2 4 9 0 3 - 7 6 - 2 ;  l , 2 - d i e t h y l - 4 - p y r i m i d o n e ,  2 4 9 0 3 -
was added. 1  he reaction mixture was stirred at room tempera- nn o n . . .
ture for 1 hr, refluxed for 2 hr, and filtered. The filtrate was 77 ' 3 ; 2 - m e t h y l - 4 - h y d r o x y p y n m i d i n e  ( s o d iu m  s a l t ) ,
evaporated to dryness, and the residue was triturated with hot 2 4 9 0 3 - 7 8 - 4 ;  4 - h y d r o x y p y r i m i d i n e  ( s o d iu m  s a l t ) ,  2 4 9 0 3 -
ethyl acetate and applied to a silica gel column. Elution with 7 9 - 5 .
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Electron-withdrawing groups on the 5 position of 2-pyridone caused increased N-alkylation. The effect was 
more pronounced with silver salts than with sodium salts. Only small solvent or cation effects were ob
served for alkali metal salts. Silver salts gave more O-alkylation than did f.lkali metal salts but were subject to 
a solvent effect. Alkylations of silver salts under heterogeneous conditions were slow and gave only O-alkylation.

The conclusion that alkali metal salts of 2-pyridone T able I
are predominantly alkylated at nitrogen and that silver E ffects of Alkylating Agents on the Alkylation

salts give increased amounts of oxygen-alkylated of S odium S alts in D imethylformamide

product is based on preparative experiments from at R oom T em perature«
several laboratories where detailed product analyses A'ky* % Product distribution-,
were not attempted.2 Data to evaluate the effect of Substrate hal"le yield °
substituents on alkylations are also limited. However, 1 9® 9jj ^
available evidence indicates that substituents on the 5 ■ Prj„ g0 g
position (para to the hydroxy group) do not effect PhCHJ' 99 98 2
product distribution.2

In recent studies it was observed that heterogeneity II Mel 68 100
of the reaction medium was probably a determining EtI 73 78 22
factor for the site of alkylation of 2-pyridone3 and 2- f-Prl 84 42 51 7
pyrimidones.4 The present paper reports on a study FhCHJ 84 98 2
where the cation and solvent were varied in alkylations
of salts of 2-hydroxypyridine (I), 2-hydroxy-5-carb- 111 ,̂IeI 100 99 1
ethoxypyridine (II), and 2-hydroxy-5-nitropyridine j?'* ^
(III)5 with halides and tosylates. iPrI * 82 -4 "

¿-PrOTs 71 47 53
H__FhCH2I 85 96 4

1 R'X *" ° Alkylations were completed in 24 hr. The analyses were done
N after 5 days. No O -N  isomerization was observed. 6 Reactions

I, R =  H were conducted with 200%  excess alkyl halides. In benzylation,
II R =  CO Et only 50%  excess halide was used. = Determined by quantitative

III R =  NO, vapor phase chiomatographv. d Regenerated hydroxypyridine
t s. __  from elimination reaction. * Reference 3.

J = 0  +  II J _ 0R , +  MX
n r
i lb R -H  docs oxygen alkylation. In addition, as the group at

R' IIb’ R ~ CQ Et the 5 position of the ring was varied from hydrogen to
la, R = H mb’ r _ no"! J carbethoxy to nitro, alkylation at nitrogen increased.

Ha, R = C02Et ’ This relatively small but real effect of substituents was
Ilia, R = N 02 observed in alkylations with ethyl and isopropyl halides,

where unsubstituted 2-hydroxypyridine (I) gave signifi- 
Results and Discussion cant amounts of 0-alkvlation product.

A mi , , r „  , Several reactions of the sodium salt of III with alkyl
Effect of Alkylating Agents - T h e  data from alkyla- halides ^  studied at elevated temperature (64°).

tions of the sodium salts of the 2 -hydroxy pyndines I ,  No change in -jhe products ratio was observed in methyl-
H, and III in dimethylformamide at ambient tempera- ationg and eth ]ations_ when is0 propvlation was car-
tures are summarized m Table I. The increase in ried Qut at 6 4 o; a decrease in yield 0f ether was observed
ether formation, when the alkylating agent was changed ac anied by the regeneration of III, indicative of 
from methyl to ethyl to isopropyl halide had been ob- deh drohalogenation.
served previously m alkylations of 2-hydroxy pyridine3 Effect of C ation.-Sim ilar X- to O-product ratios 
and 2-hydroxypyrimidine,4 and demonstrates that nitro- ^  obtained from alk y lati0ns of sodium, potassium,
gen alkylation has a greater stenc requirement than Qr Uthium salts. The rates of alk y lation of lithium

(1) This investigation -.vas supported by Public Health Service Research SSiltS \\ CI*6 sloi\ 0F ttlcin tllOSG of SOdlUITl Rlld potHSSlUITl
Grant No. CA-02857 and Grant No. CA-10746 from the National Cancer salts. No change in product distribution WaS ob-

^  For a recent review of pyridine alkylations, see H. Meislich, -Pyridine ^rved when the leaving gTOUp WAS Varied from chlo-
and Its Derivatives,” Part II, E. Klingsberg, Ed.. Interscience Publishers, ride to brOtn.de to iodide. Generally, a higher Yield
New York, n. y ., 1962, pp 631-640. was obtained when the alkyl bromide was used.
j . Z Gc L Ht 7 o ,o (l96J7° r k' H' J' Minnemeyer' and H' Tiecke,mann' In dimethylformamide the silver salts of 2-hydroxy- 

(4> g. c. Hopkins, j. p. Jonak, h. Tieckeimann, and h. j. Minnemeyer, pyridines or the free acid with silver carbonate gave
M d.. 3i, 3969 0966). more O-alkylation when compared with sodium salts.

(5) T h e  te rm  h y d ro x y p y r id in e  is s im p ly  a n o m e n c la tu re  conve n ience  and  .  n  i  . •  r , i  - i  i ,  T ■ t  . i  in
does n o t re fe r to  th e  p re d o m in a n t ta u to m e r ic  fo rm . In the RlkyliitionS Ol the SllVCr SRlt I ill dirUGthyllOrni“
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amide, 2 -pyridone was regenerated in quantity and, proceeds through a transition state which gives both
therefore, it was difficult to compare with silver salts of the 0 - and the N-alkylated product.7

II and III in this solvent. However, the effect of sub- Reactions in dimethylformamide, dimethyl sulfoxide, 
stituents was generally in the same direction as that methanol, or ethanol were homogeneous and proceeded
observed for alkylations of sodium salts but was more at reasonable rates. Generally, the solubility of so-
pronounced. N-ethylation of sodium salts increased dium salts decreased as the dielectric constant de-
from 69 to 79 to 89% as the hydroxypyridine was varied creased. Reactions did not occur with suspensions in
from I to II to III, but with the corresponding silver nonpolar solvents such as benzene, n-hexane, and tetra-
salts, N-ethylation increased from 2 1  to 6 6  to 9 1%  hydrofuran.
(Table II). Contrary to the observations with alkali metal salts,

the site of alkylation of silver salts was strongly solvent 
dependent (Table III). The silver salt of II gave 96% 

ABLE N-methylation in dimethylformamide and only 2%
E ffects of Alkylating  Agents on the Alkylation  when hexane was used. In all alkylations of silver salts

of S ilv er  S alts in D imethylformamide the reaction mixtures were heterogeneous in the early
. stages oi the reaction.

A lk y l  %  ✓— P ro d u c t d is t r ib u t io n — n c

S u b s tra te  h a lid e 6 y ie ld  N  O  Pc

I M el* 81 73 12 14 T able III
E tI  76 21 40 39 S olvent E ffects on Alkylation of the
7-PrBr* No alkylation. Only 2-pyridone S ilv er  S alts at R oom T em perature" '6

was formed. A lk y l  % ,— P ro d u c t d is t r ib u t io n — .
PhCH2Br* 85 54 46 S u b s tra te  h a lid e  S o lv e n t y ie ld  N O P "

I E tI  D M F 76 21 40 39
II  M el 73 96 4 Ether* 93 1 96 3

E tI  85 66 34
i-P rl 94 20 75 5 II  M el DM F 73 96 4
PhCH2I 78 89 11 D M F -H ,0  69 68  32

MeOH 85 20 80
III  M el 62 88 12 Ether 100 8 92

E tI  52 91 9 Benzene 93 5 95
i-P rl 49 36 64 Hexane 87 2 98
PhCH2I 46 96 4
M el" 100 88 12 II E tI  MeCN 97 5 92 3
E tI" 100 83 17 D M F 85 66 34
f-Prl" 100 38 62 D IIF-H jO  70 12 70 18

“ The analyses were performed after 5 days. 6 A 200%  excess MeOH 79 16 84
of alkyl halides was used. In benzylations, a 50%  excess of Acetone 100 8  92
halide was used. " Regenerated 2-hydroxypyridines. * Reference Ether 62 100
3. * Silver carbonate and 2-hydroxy-5-nitropyridine were used Benzene 100 100
in place of the isolated salt. Hexane 97 2 98

The silver salts were not soluble in dimethylform- 1 1 1  EtI MeOH M 53 4-
amide. All of the reaction mixtures were heterogeneous Benzene 7 1  12 8S
in the beginning but became homogeneous as the reac- Hexane 62 10 90
tions proceeded despite the low solubility product of . For reactions in DM F, the analyses were performed after 5 
silver iodide m dimethylformamide (3.65 X  10 17 days. For reactions in other solvents the reaction time was 10
mol2/!.2) .6 days. b Alkylating agent was used in 200%  excess. " 2-hydroxy-

When the alkylating agent was varied from a 5%  to a Pyridine derivatives. * Reference 3.
200% excess (in D M F) yields from methylations and
ethylation of I, II, and III improved with excess alkylat- When hexane, benzene, and ether were used as sol
ing agent. When an excess of isopropyl halide was vent, the pyridone silver salts and the products were
used with silver salts, a large quantity of 2 -pyridone essentially all in the solid phase throughout the reaction
was regenerated. In contrast, when sodium salts were and almost exclusive O-alkylation was observed. The
used the yield was increased slightly with an excess of rate of alkylation was very slow. When 200% excess
isopropyl halide. of alkyl halide was used, only 1 0 %  products were

Solvent Effects.'— Solvent effects on product dis- obtained after 12 hr at ambient temperatures. After
tribution in alkylations of sodium salts were small. 10 days, the yield was more than 95% O-alkylated pro-
However, rates of reactions were solvent dependent. ducts for all alkyl halides used.

Alkylations of sodium salts of I, II, and III with When dimethylformamide was used as the solvent in 
methyl iodide resulted in greater than 95% nitrogen a methylation of the silver salt of II, only 4%  of the
alkylation in all solvents used (dimethyl sulfoxide, aceto- product was the methyl ether, but, when a 1 : 1  ratio
nitrile, dimethylformamide, ethyl alcohol, acetone, (by volume) of dimethylformamide and water was used,
diglyme, and ethyl acetate). With ethyl iodide, N- the ether product increased to 32%. Similar results
alkylation of II varied from 78 to 94%. This relatively were obtained in ethylations and isopropylations.
small solvent effect is consistent with a reaction which Alkylation of the silver salt of II in acetonitrile (e 38.8)

(7) K .  B . B ro w e r, R . L .  E rn s t,  and  J . S. C hen, J. Phys. Chem., 68, 3814
(6) H . C h a te a u  a n d  M .  C . M o n c e t, J. Chim. Phys., 60, 1060 (1963). (1964).
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gav e m u ch  m o re  e th e r th a n  alk ylation s in d im eth y l- propriate reaction period, 10-40-/J. samples were taken and sub- 
fo rm am id e (e 3 6 ) .  jected to vpc analysis.

Silver salts form soluble complexes in dimethvlform- , 2-Hydroxy-5<arbethoxypyridme.— Rath» reported that, by 
• i t  , ,, ,, . . .  ,  - ., bubbling hydrogen chloride into the solution of 2 -hydroxv-

6  7  ° n? exPenme^  ethylation of Sliver salts pyridine-5-carboxylic acid and ethanol, the corresponding ethyl
of II m this solvent was followed from Start to comple- ester could be obtained in 65% yield. In the present preparation,
tion (Table IV). After an induction period, the reac- sulfuric acid was used. The product was isolated in 78% yield.

After recrystallization from ethyl acetate, the melting point was
151.0-151.5° (lit. 8 9 150°).

ABLE Sodium Salt of 2-Hydroxy-5-carbethoxypyridine.—Freshly cut
Reaction of the Ethyl Iodide with the Silver sodium (2.3 g, 0.1 g-atom) dissolved in 100 ml of ethanol was

Salt of II in Dimethylformamide added to the solution of II (16.7 g, 0.1 mol) suspended in 100 ml
at Room Temperature °f absolute ethanol. After stirring at room temperature over-

T im e , % ,----P ro d u c t d is t r ib u t io n __. ni8 ht- the solvent was removed under reduced pressure and
m in  c o m p le tio n  N  O anhydrous ether was added in large excess. After filtration, the

3 0  4  y sodium salt was obtained as white crystals, yield 18 g (9 5 %).
fin 0 1  - ,,A Titrated by standardized hydrochloric acid, the purity of this
^  °  7 0  3 0  salt was 99.9%.
° ^  Potassium Salt of 2-Hydroxy-5-carbethoxypyridine.— This

74 6 8  32 compound was prepared by the method which was used for the
400“ 77 6 8  32 sodium salt with the exception that potassium hydroxide was

° The mixture was homogeneous after 400 min. used in place of freshly cut sodium. After the work-up procedure,
the potassium salt which was analyzed for two molecules of 

,• , • , , ,. ,, , , .. . water of crystallization was obtained, yield 16 g (99%). The
tion rate increased dramatically and the solution be- anhydrous potas5ium salt was obtained after hearing the salt at 
came homogeneous after 6  hr. The N-ethyl-2-pyridone 50-55° at reduced pressure.
to 2-ethoxypvridine product ratio was the same Silver Salt of 2-Hydroxy-5-carbethoxypyridine.— Silver nitrate 
throughout the reaction. In another experiment the (-5 .5  g, 0.15 mol) in 50 ml of water was added to II (16.7 g, 0.1

reaction was stopped when it was approximately one- m 12° " ? ter‘ ' ^ 7  |he fea7 0n. “ xture, , r  , , , ‘  1 - , stood in the darx overnight, it was neutralized with o0 % am-
halt completed, th e  precipitate was filtered and monium hydroxide (about 15 ml). The white precipitate was
washed with fresh dimethylformamide and benzene to centrifuged, was washed with water, ethanol, and ether, and was
give silver iodide in much less than theoretical vield dried under vacuum, yield 22.2 g (81%). By using Volhard
(20%). The silver salt of II was not detected in the 7 ratT  methocT  with 7 nc alum as indieator' “  was found ,hat■ ., this salt was at least 99% pure.
precipitate. 2-Methoxy-5-carbethoxypyridine.— Silver carbonate (1 1 . 9  g,

These observations have demonstrated that alkyla- 0.04 mol) and II (6.7 g, 0.04 mol) reacted with methyl
tions of silver salts in dimethylformamide were homo- iodide (20.5 g, 0.14 mol) for 36 hr in 60 ml of benzene at room
geneous reactions which gave both the N- and O- temperature in the dark. The reaction mixture was cooled and
alkyLted product» aud that generally the product d,s- ",V
tnbutton in homogeneous reactions IS solvent de- The benzene solution was dried over magnesium sulfate, filtered,
pendent. In contrast, reactions of the silver salt in and evaporated under reduced pressure. After steam distillation,
hexane and benzene were heterogeneous and gave ex- the distillate was extracted with 30 ml of chloroform three times,
elusive O-alkvlation The chloroform was then removed under reduced pressure and a

pale yellow color liquid was obtained, yield 3.9 g (51%). The 
analytical sample was collected from gas chromatography.

Experimental Section v An°L 7 ’- 5965; H’ 613;  N* 7'73'Pound: 0 ,5 9 .6 9 ;  H ,6 .3 1 ; N, 7.oo.
Materials.— All solvents and alkylating agents were reagent 2-Ethoxy- and 2-Isopropyloxy-5-carbethoxypyridine. The

grade and usually stored over Linde Molecular Sieves. Addi- method used for these preparations was the same as that used
tional purification, when necessary, was carried out by standard (or the 2-methoxy derivative. 2-Ethoxy derivative was isolated
methods. The salts of 2-hydroxypyridine and its derivatives in 10%  yield, bp 125-129° (0.7 mm).
were obtained according to the method reported. 3 2-Hydroxy- A n d .  Calcd for CmHiaNCb: C, 61.51; II, 6.85; N, 7.18.
pyridine-5-carboxylic acid and 2-hydroxy-5-nitropyridine were Found: C, 61.87; II, 7.09; N, 7.33.
obtained from Aldrich Company. Potassium and silver salts 2-Isopropyloxy-5-carbethoxypyridine was isolated in 77% yield,
of 2 -hydroxy-5 -nitropyridine, 1 -methyl-, 1 -ethyl-, 1-isopropyl-, A nal. Calcd for C 11H15NO3 : C, 61.13; H, 7.24; N, 6.69.
and l-benzyl-5-nitro-2-pyridone, and l-methyl-5-carbethoxy- Found: C, 63.C6; H, 7.47; N, 6.94.
2-pyridone are prepared according to the known procedure.8 9 2 -B2nzyloxy-5 -carbethoxypyridine. H ie procedure used for

Vapor Phase Chromatography—The reaction mixtures were the preparation of the 2-methoxy derivative was used here with
analyzed on a F  & M Model 720 gas chromatograph. For deriva- the exception that the isolated silver salt of II was used in place
fives of 2-hydroxypyridine, a 2-ft stainless steel column packed of silver carbonate. The product was isolated in 75%  yield
with 10% X F-1150  on silanized Chromosorb W was used. before recrystallization. After recrystallization from ligrum
The helium flow was 90 ml/min and the temperature was pro- (bp 6 3-75°), the melting point was 5 0-51°.  ̂ .
grammed at 15°/m in from 100 to 240°. For the derivatives of A nal. Calcd for C15H15NO3: C, 70.01; II, 5.89, , .>.4,).
2-hydroxy-5-nitropyridine and 2-hydroxy-5-earbethoxypyridine, Found: C, 70.o 1; II, 5 .92; N, 5.46.
a 2-ft stainless steel column packed with 10% silicon gum rubber l-Ethyl-5-carbethoxy-2-pyridone, Potassium hj dioxide ,3 g,
(SE-30) on silanized Chromosorb W was used. The helium flow -054 mol) in 40 ml of absolute ethanol was added slowly to the
was 110 ml/min and the temperature was programmed at 15°/min solution of II (8 g, 0.048 mol) in 100 ml of absolute ethano .
from 110 to 260°. All quantitative analysis data were obtained Ethyl iodide (10 g, 0.064 mol) was then added. After refluxing
by comparison with a calibration plot of weighed sample vs. peak the reaction mixture for 2 ..i I11, the solvent was remove 1111 ei
a’rea reduced pressure and the residue was extracted with large

Alkylation Procedures.— Hydroxypyridine or the salt (0 .5 0 - amounts of ether. After removing ether at 1 educed pressuie and
1.00 mmol) was weighed in a small glass vial and usually 2 ml of bv steam distil at-on, the residue was exliattec wit 1 • m o
solvent was added. A suitable amount of alkyl halide was added chloroform three times. 1 he chloroform layer w as w as et w it 1
below the surface with a 100-M1. syringe. The reaction mixture, 50 ml of 25%  ammonium hydroxide to remove unreacted 11 and
in a stoppered glass vial, was placed on a shaker. After an ap- then washed twice with 100 ml of water. . tei tiMng over

(8) C . R a th , Justus L iebigs Ann. Chem., 484, 52 (1930). (10) R . A . D a y  a n d  A . L . U n d e rw o o d , " Q u a n t ita t iv e  A n a ly s is ,"  P re n tice -
(9) A . B in g  a n d  C. R a th , ibid., 487, 127 (1931). H a ll,  In c ., E n g le w o o d  C liffs , N e w  Jersey . 1958, pp  102-106.
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magnesium sulfate the solvent was evaporated, yield 5.5 g portions of water and the solvent was removed under reduced
(59% ), bp 130° (0.7 mm). pressure. The product was recrystallized from ethanol, yield

A nal. Calcd for C,0H13NO3: C, 61.51; H , 6 .85; N, 7.18. 9 .4  g (90% ), mp 108.0-108.5° (lit.8 108-109°).
Found: C ,6 1 .4 4 ; H, 6 .80; N, 7 .08. 2-Ethoxy-and 2-Benzyloxy-5-nitropyridine.— These compounds

1-Isopropyl- and l-Benzyl-5-carbethoxy-2-pyridones.— The were prepared by the method used for 2-methoxy-5-nitropyridine.
procedure used for the preparation of l-ethyl-5-carbethoxy-2- The 2-ethoxy-5-nitropyridine was obtained in 98%  yield, mp
pyridone was used with the exception that the potassium salt of 90-91° (lit.8 91-92°). 2-Benzyloxy-5-nitropyridine was ob-
II was used. For l-isopropyl-5-carbethoxy-2-pyridone, after tained in 95%  yield, mp 107-108° (lit.8 107 .0-107 .5°). 
recrystallization from ligroin (bp 6 3-75°), the yield was 37% , 2-Isopropyloxy-5-nitropyridine.— Isopropyl iodide (15.3 g,
mp 9 1 -9 2 °. 0.09 mol) was added to the solution of the sodium salt of III

A n al. Calcd for C11H15NO3: C, 63.16; H, 7 .24; N, 6 .69. (9.2 g, 0.057 mol) in 50 ml of absolute ethanol. The reaction
Found: C, 63.35; H , 7.47; N , 6.48. mixture was refluxed until the color of the solution changed to

For l-benzyl-5-carbethoxy-2-pyridone, the yield was 47% , dark brown (about 4 hr). The solvent was removed in  vacuo and, 
mp 6 0 .0 -6 0 .5 ° . after steam distillation, the distillate was extracted three times

A n al. Calcd for C15H15NO3: C, 70.01; H, 5 .89; N, 5 .45. with 30 ml of chloroform. After the chloroform was removed
Found: C, 70.03; H , 5 .89; N, 5.60. under reduced pressure, the product was recrystallized from etha-

Sodium Salt of 2-Hydroxy-5-nitropyridine.— The procedure nol and water, yield 2 g (19% ), mp 51.5-52 .5°.
used for the preparation of sodium salt of II was employed. The A n al. Calcd for C8H i0N2O3: C, 52.74; H, 5 .53; N , 15.38.
yield was 86% . Found: C, 52.40; H , 5 .76 ; N, 15.28.

2-Methoxy-5-nitropyridine.— A cold solution of freshly cut _  . , „  . . .
sodium (1.45 g, 0.063 mol) in 50 ml of methanol was added Registry No.— 2 -  Ethoxy - 5 - carbethoxypyndine, 
slowly to the solution of 2-chloro-5-nitropyridine (10 g, 0.063 24903-80-8 ; 2-berizy]oxy-5-carbethoxypyridine, 24903-
mol) in 150 ml of methanol with stirring and continued cooling. 81-9; l-ethyl-5-carbethoxy-2-pyridone, 24903-82-0;
After warming to room temperature, the reaction mixture was l - i So p ro p y l-5 -ca rb e th o x y -2 -p y rid o n e , 24903-83-1; 1-
allowed to stand overnight with stirring. Solvent was removed , / '  . . .  0  . J  0 . 0 -
in  vacuo and the residue was extracted with 50 ml of chloroform benzyl 5 carbethoxy-2-pyndone, 24903-84 2, 2-iso-
three times. The chloroform was then washed with two 25-ml propyloxy-5-nitropyridine, 24903-85-3.

Thietanes. Syntheses, Configurations, and Conformations 
of 2,4-D iphenylthietanes and Their Oxides

R. M. D odson, E. H. J ancis, and G. K lose

Department o f  Chemistry, University o f M innesota, M inneapolis, M innesota 5BJf£5 

Received October 22, 1969

cis- and irares-2,4-diphenylthietane (IV and V), their 1-oxides (VI and VII, respectively), and their 1,1-dioxides 
(VIII and IX , respectively) have been synthesized. Configurations were assigned primarily from the nmr data.
The angles of pucker of ds-2,4-diphenyIthietane ¿rans-l-oxide (VI) and of 3-chlorothietane (X ) were calculated 
from their nmr spectra and w-ere in excellent agreement with the angles of pucker of these compounds determined 
from X -ray crystal analysis (for VI) and from dipole moment data (for X ). Pyrolysis of cis- or trans-2,4:- 
diphenylthietane 1,1-dioxide (V III or IX )  yielded a mixture of cis- and trans-1,2-diphenylcyclopropanes.

Because of the unusual stereochemistry observed thietane with potassium i-butoxide to 2,3,5-triphenyl- 
in the formation and decomposition of the intermediate thiophene and 1,2,4,5-tetraphenylbenzene (low yield), 
thiirane 1,1-dioxide in the Ramberg-Backlund re- Synthesis.8'— The thietanes were synthesized by the
action,1 some years age we decided to investigate the sequence of reactions depicted in Scheme I. Ethane-
formation and decomposition, both thermal and cata- thiolic acid was added to benzalacetophenone to give
lytic, of substituted thietanes, their monoxides, and l,3-diphenyl-3-acetylthio-l-propanone (I) in excellent
dioxides. In this paper, we describe the syntheses yield (68-99.5%). Compound I was reduced to 1,3-
and the determinations of configurations and con- diphenyl-3-hydroxy-l-propanethiol (II) (97.7% yield)
formations of the 2,4-diphenylthietanes, their mon- with lithium aluminum hydride in tetrahydrofuran,
oxides, and dioxides.2 In subsequent papers we and II was converted without extensive purification
shall report the rearrangement of either cis- or trans- to l,3-diphenyl-3-chloro-l-propanethiol (III) (90.8%
2,4-diphenylthietane 1,1-dioxide on treatment with yield) with concentrated hydrochloric acid. Com-
ethylmagnesium bromide to /rans-1,2-diphenylcyclo- pound III was converted to a mixture of cis- and
propanesulfinic acid,3 the conversion of either cis- or trans-2,4-diphenylthietanes (IV and V) (mp 40-85°,
frans-2,4-diphenylthietane 1-oxide on treatment with 95% yield) with aqueous sodium hydroxide. Frac-
potassium i-butoxide to cis-l,2-diphenylcyclopropane- tional crystallization of this mixture from ether and/or
sulfinic acid and cfs-l,2-diphenylcyclopropanethiol, petroleum ether gave frans-2,4-diphenylthietane (V)
the rearrangement of 2,4-diphenylthietane 1,1-dioxides (12-15%  yield) and a sharp-melting complex of ap-
with magnesium i-butoxide to 3,5-diphenyl-l,2-oxathio- proximately equal amounts of the cis- and trans-2,'4-
lane 2-oxides,4 and the conversion of tra n s-2 ,4-diphenyl-

(4) R . M . D o dson , P . D .  H a m m e n , a n d  R . A . D a v is , Chem. Commun., 9
(1) F . G . B o rd w e ll a n d  E . D oom es, A b s tra c ts , 157 th N a tio n a l M e e tin g  (1 9 6 8 ); co rre c tio n , ibid., 535 (1968).

o f th e  A m e ric a n  C h e m ica l S o c ie ty , M in n e a p o lis , M in n . ,  A p r i l  1969, N o . (5 ) (a) T h e  syntheses o f th ie ta n e s  have  re c e n tly  been re v ie w e d : M .
O R G N  55 ; F . G . B o rd w e ll,  B . B . J a rv is , a n d  P . W . C o rfie ld , J . Amer. Sander, Chem. Rev., 66, 341 (1966). (b ) F o r  m ore  re ce n t m e th o d s  a n d
Chem. Soc., 90, 5298 (1968); L . A . P a q u e tte , Accounts Chem. Res., 1, 209 references to  m ore  re ce n t m eth ods, see L .  A . P a q u e tte  and  M . R osen, J.
(1968). Amer. Chem. Soc., 89, 4102 (1967); J. Org. Chem., 33, 3027 (1 9 6 8 ); L .  A .

(2) 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 : R . M .  P a q u e tte , M .  Rosen, and  H . S tu c k i, ibid., 33, 3020 (1968); D . C . D i t tm e r
D o d so n  and  G . K lo se , Chem. Ind. (L o n d o n ),  450 (1963). a n d  E . S. W h itm a n , ibid., 34, 2004 (1969); A . O hno , Y .  O h n ish i, a n d  G.

(3) R . M .  D o d so n  a nd  G . K lo se , ibid., 1203 (1963). T su ch ih a sh i, Tetrahedron Lett., 161, 283 (1969).
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diphenylthietanes (IV and V) (mp 61-62°, 57-69% each other. This evidence established the configura-
yield).6 We have not succeeded in isolating pure tion of the phenyl groups in all of the 2,4-diphenyI-
c is - 2,4-diphenylthietane (IV). t r a n s - 2 ,4-Diphenyl- thietanes and their oxides (IV to IX).
thietane (V) was readily oxidized in excellent yields Confirmation of these assignments was obtained 
by conventional methods to the corresponding 1-oxide from a complete analysis of the nmr spectra of com-
(VII, 89% yield) and 1,1-dioxide (IX, 88% yield). pounds IV to IX  (Table I). The spectra of trans-2,■4-
Oxidation of the complex of cis- and tra n s-2 ,4-diphenyl- diphenylthietane (V) and irans-2,4-diphenylthietane
thietanes (IV and V) with an equivalent quantity of 1,1-dioxide (IX) were deceptively simple A A 'B B ' spec-
performic acid yielded a mixture of the 1-oxides which tra.8 Each consisted of two triplets at 500-Hz sweep-
was readily separated by fractional crystallization into width. Spectra of V taken at 50-Hz sweepwidth were
tra n s-2 ,4-diphenylthietane 1-oxide (VII) and cfs-2,4- still too simple to permit calculation (13 observable,
diphenylthietane frans-l-oxide (VI). We have not transitions out of a possible 28). The spectrum of
succeeded in attempts to prepare cis-2 ,4-diphenyl- V was subtracted from the spectrum of the complex
thietane cfs-l-oxide. Oxidation of compound V I or of IV and V. This permitted calculation of the spec-
V II with performic acid yielded the corresponding trum of IV as an A2BC system, and thus confirmed
1,1-dioxides V III (94% yield) and IX  (94% yield), the assignment of configuration.
respectively. Oxidation of the complex of cis- and The assignments of the vicinal coupling constants 
trans-2,4-diphenylthietanes (IV and V) with excess to the cis and tram protons in IV could not be made
performic acid yielded a sharp-melting complex (mp directly, since with small rings 3JcU is sometimes larger
124-125°) of the corresponding 1,1-dioxides (VIII than 3./irans-9 This problem was readily resolved by
and IX ). This complex could be formed by crystalliza- consideration of the spectrum of ¿rans-2,4-diphenyl-
tion of a mixture of equal amounts of cis- and trans-2,4- thietane 1-oxide (VII). Analyzed as an ABC'D sys-
diphenylthietane 1,1-dioxides (VIII and IX ). tern, one 3J had a value of 3.16 Hz. Since in any

Configurations.— Our first evidence on the configura- puckering of the thietane ring of V II the dihedral
tions of the 2,4-diphenylthietanes and their oxides came angle between the pseudoequatorial a proton and the
from studies on equilibration of the 2,4-diphenylthie- fj proton trans to it approaches 90°, this small coupling
tane monoxides (VI and VII) and dioxides (VIII and constant was assigned to that interaction, J 1,3 (V II).10
IX ) in the presence of base. Thus, isomerization of
V II Or IX  with Sodium methoxide in methanol gave thietane itself had led to the erroneous conclusion that the ring was planar
96% or more V I or V III, respectively. This is (C2“ symmetry): D. W. Scott, H. L. Finke, W. H. Hubbard, .1. P. Me-

. . , . . .  , . i i j. j 1 i _ i . - i . A j  Cullough C. Katz, M. E. Gross, J .  F. Messerly, R. E . Pennington, and G.
easily explained by the assumption that the substituted waddmgton, j . a ^ t. chem . Soc.. 75,2795 (1953); ref sa.
thietane ring is puckered (not flat) and that the phenyl (8) d . m . Grant and h . s . Gutowsky, j . chem . Phys.. 34, 699 ( is 6 i) .
groups in the more stable molecule occupy pseudo- B- M T ro s t.  et al< report Jab = e .a H z fo r  iro„s-2.4-d,methylthietane but

a do not indicate how this value was obtained.
equatorial conformations7 and are, therefore, CIS to (9) (a) D. J .  Patel, M. E. H. Howden, and J . D. Roberts, J .  Amer. Chem.

Soc., 85, 3218 (1963); H. Weitkamp and F. Korte, Tetrahedron, Sup-pl., 7,
(6) A related sequence of reactions was used by B . M . Trost, W. L. 75 (1966). (b) Many of our calculations were started before the calculations

Schinski, and I. B . Mantz [J . Amer. Chem. Soc., 91, 4321 (1969)1 for the of W. D. Keller, T. R. Lusebrink, and C. H. Sederholm [./. Chem. Phys., 44,
synthesis of cis- and trans-2,4-dimethylthietanes. 782 (1966)1 on the nmr spectrum of 3-chlorothietane appeared.

(7) This was probably the first reported evidence for a puckered thietane (10) The numbering of the chemical shifts and coupling constants in
ring (see ref 2). Early thermodynamic and spectroscopic evidence on Table I correspond zo the numbering of the protons for IV  to IX  in Scheme I.
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T able 1“
2,4-D iphenylthietanes

Compd6 K2 I-4 J u t  Ju t  J u* J ! ’3 J l '4 -/i,‘
CDCV

IV cis sulfide 290 .6  290 .6  199 .4  190 .0  . . . d 7 .3 5  9 .9 5  7 .3 5  9 .9 5  - 1 1 .5 5
V tra n s  sulfide 286 286 199 199
VI cis oxide 25 7 .3  257 .3  180.7  141.7 . . . “ 9 .5 3  12.62 9 .5 3  12 .62 - 1 2 .8 5
VII tran s  oxide 285.1  269 .7  193.5 168.6  —1.12  3 .1 6  8 .79  10.24 11.90 13.81
V III cis dioxide 321 .5  321 .5  169.9  157.9 . . . d 9 .1 7  11.12 9 17 11.12 - 1 1 .9 1
IX  tran s  dioxide 335 .0  335 .0  170.5  170.5  . . . "

30%  CDCI3 in C6H</
VI cis oxide 248 248 150 122 . .  , d 9 5 13 9 .5  13 - 1 3
V II trans oxide 264 253 162 138 ~ 1  3 .0  8 .5  10 .0  12 - 1 3 . 5
a Recorded in hertz downfield from tetramethylsilane; determined at 60 MHz. b cis and trans refer to the relationship of the phenyl 

groups. <= These spectra were analyzed by use of the laocoon-2  or laocoon-3  program of A. A. Bothner-By and S. M. Castellano. 
The chemical shifts vary slightly with concentration but have not been extrapolated to zero concentration. The coupling constants 
are reported to three significance figures, since these are the values used to calculate conformations (see below). None of the calculated 
probable errors of the parameter sets exceeded 0.058 Hz. d Coupling constants between A 2 protons in an A2BC system cannot be directly 
observed. e The simplicity of the spectra made these coupling constants unobservable. J i ,3 +  J i .a = ca. 15 Hz for irans-2,4-diphenyl- 
thietane (V) and ca. 17.5 Hz for irans-2 ,4-diphenylt.hietane dioxide (IX ). 1 A mixture of 30%  deuteriochloroform in benzene instead
of pure benzene was used to increase solubilities. These spectra were not fitted by computer but were analyzed directly by analogy 
to the spectra in CDCls. Accuracy does not exceed ± 0 .5  Hz.

This immediately led to assignments of the other of electrons (see Table II) .15 This assignment of the
three protons in the molecule and to the conclusion configuration of cis-2,4-diphenylthietane frans-l-oxide
that 3Jlrans > 3JCis for the pseudoaxial proton. The (VI) has been confirmed very recently by  a crystal
relative signs of the coupling constants for the protons analysis of this compound.16
in V II were determined by the double irradiation Conformations.— The cis-2,4-diphonylthietanes (IV,
technique of Freeman and Anderson.11 From the as- VI, V III) should exist almost exclusively in the con
signments of chemical shifts and coupling constants formations depicted in Scheme I. The equilibrium
for V II, the assignments of chemical shifts and coupling studies on V I and V III support this conclusion,
constants for IV, V I, and V III immediately follow, and The trans-2,4-diphenylthietane 1-oxide (VII) can
the configurations of the phenyl groups are confirmed. exist as a mixture of the conformers V i la  and V llb .

The configuration of the oxygen on sulfur in cis-2,4- That V II exists largely as one conformer can be seen
diphenylthietane trans-1-oxide (VI) was assigned on immediately from the analysis of its nmr spectrum,
the following bases. (1) Peracids selectively oxidize If V i la  and V llb  were of comparable importance,
the sterically less hindered pair of electrons on sulfur ./1.3 should be approximately equal to However
in cyclic compounds and yield predominantly equatorial J 1,3 (3.16) is the smallest vicinal coupling constant,
sulfoxides.12 (2) Compound V II ran faster on thin while J2A (11.90) is the largest vicinal coupling con-
layer chromatogranhy than V I .12 (3) The S = 0  bond stant. The preferred conformation of trans-2,4-di
shields groups which lie directly behind it (along the phenylthietane 1-oxide (VII) followed from the data
axis).12b'0,13 Thus, on oxidation of the thietane IV  presented in Table II. Thus on oxidation of the
to the 1-oxide V I, H 4, which lies almost directly behind sulfide to the sulfoxide, H 4 was shielded to a greater
the S = 0  bond in a puckered cis-2,4-diphenylthietane extent than H 3, and H 2 was shielded to a greater extent
trans- 1-oxide, was shielded to a much greater extent
than H 3 (see Table II) .14 (4) A  hydrogen atom (H1 C6H5 H3 O

H2 V  r  H 1

T a ble  H  / ' N *  H4 -----
A v  (Sulfo xid e — Su l fid e) H3

----------------------------- Hz---------------------------------- H1 /
H‘ H! Hs H* h /  CeH5 c6h 5

( V I - I V )  CIS - 3 3 . 3  - 3 3 . 3  - 1 8 . 7  - 4 8 .3
( V I I - V )  ¿raws - 0 . 9  - 1 6 . 3  - 5 . 5  - 3 0 . 4  Vlla Vllb

than H 1. In the preferred conformation, therefore, 
and H 2) in the conformational relationship to a v icmal the oxygen on sulfur was pseudoequatorial (V ila ) .
sulfoxide group depicted in V I should be markedly Further evidence for this was obtained from the changes
shielded by the S = 0  bond and/or the unshared pair 0f chemical shifts of H 1 and H 2 with change of

(11) R. Freemen and W. A. Anderson, /. Chem. Phys., 37, 2053 (1962). Solvent,120' ’ Ar (CgHfi—CDCI3) for H — 21.1
(12) (a) C. R. Johnson and D. McCants, Jr ., J .  Amer. Chem. Soc., 87,

1109 (1965); (b) R. Nagarajan, B. H. Chollar, and R. M . Dodson, Chem. (15} R . A. Archer and P. V. DeMarco, J .  Amer. Chem. Soc., 91, 1530
Commun., 550 (1967); (c) P. B . Sollman, R . Nagarajan, and R . M. Dodson, (1969); D. H. R. Barton, F . Comer, and P. G. Sammes, ib id ., 91, 1529
ibid., 552 (1967). (1969); R . M. Dodson and R . F . Sauers, unpublished work on the stereo-

(13) K . \V. Buck, A. B . Foster, W. D. Pardoe, M. H. Qadir, and J .  M. chemistry of substituted 2,5-dihydrothiophene 1-oxides.
Webber, ib id ., 759 (1966); C. R . Johnson and W. O. Siegl, Tetrahedron Lett., (16) Private communication: G. L. Hardgrove, J .  S. Bratholdt, and
1879 (1969). M. M. Lien, Department of Chemistry, St. Olaf College, Northfieid, Minn.

(14) An analysis of the shielding contributions from the ring currents of (17) E . T. Strom, B. S. Snowden, Jr., and P. A. Toldan, Chem. Commun.,
the 2- and 4-phenyl groups in various conformations indicated high im- 50 (1969); M. Nishio, ibid., 51 (1969); P. V. DeMarco, J .  C. Cheng, and 
probability that the relative shielding of H3 and H4 resulted from this source: N. D. Jones, J .  Amer. Chem. Soc., 91, 1408 (1969); R . D. G. Copper, P. V.
C. E . Johnson and F. A. Bovey, J .  Chem. Phys., 29, 1012 (1958). DeMarco, and D. O. Spry, ib id ., 91, 1528 (1969).
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and for H 2 = - 1 6 .7  Hz. Although the difference Solution of these equations, gave the equation 
between these values is small “ the values are con
sistent with the conclusion that H 2 is cis and H 1 3/ h,h' = 9.9 cos2 <f> -0.9 cos <t> +  3.12 (l)
is ¿raws to the oxygen attached to sulfur.”  , ,, , „  ... . , .

An estimate of the position of the equilibrium V ila  ^  and the f° lloWlng dlhedral arlgles (deSrees)
V llb  can be obtained as follows. Since a lj3-diaxial zmccH3 zh 'cch* zhscch3 zh2cch*
phenyl-hydrogen interaction occurs in V II but not VII fo-aras-oxide 9 1 . 0  3 6 . 5  2 6 . 5  1 5 4 . 0
in VI, the angle of pucker of cfs-2,4-diphenylthietane V I  cfs-oxide 3 1 . 6  1 5 9 . 1

¿raws-l-oxide (VI) should be at least as large as the
angle of pucker of V i la  or V llb . If it is assumed From the above d i s  immediately apparent that the 
that the angle of pucker of V i la  and V llb  are equal bws-2,4-diphenyl thietane 1-oxide (VII) is a badly dis
and are also equal to the angle of pucker of V I then torted molecule. The C 2 atom is rotated to a greater
/ M(VI) / 2|4(VIIa) S  J iit(VIIb) ^  12.6 Hz. From deSree (37°) than the C4 atom (27°)- Tbis can be
these assumptions and from Jli3 and J 2,3 for V II, readily understood if the Cell; group on C 2 is cis to the
one can calculate that V II consists of ca. 93% V i la  oxygen on sulfur. Thus, these calculations also con-
and 7%  V llb  and that Ji,8(VIIa) = 2.44. Any de- firm the conformation (S = 0  pseudoequatorial) pre
crease in the angle of pucker of V i la  and V llb  com- viously assigned to VII.
pared with V I would lead to calculations showing an Calculation of Angles of Pucker.- To calculate the 
increased quantity of V ila . Any moderate decrease shape of the thietane molecule, it is necessary to have
of the angle of pucker of V llb c  ompared with V i la  ŵo adiacerd angles and the lengths of the sides. The
will have little effect on the calculations. The above bond lenSths used in this calculation were those used
conclusions are consistent with the recent observations by Gwinn23 and coworkers [S-C = 1.833 A; C -C  =
of Johnson and Siegel.18 They found that the “ sulfinyl 1-54 A] in their detailed analysis of the microwave
oxygen in a four-membered ring exerts a pseudoequa- spectrum of tnietane. These bond lengths are in ex-
torial preference,”  and that equilibration of cis- and cellent agreement with those listed by Sutton.24 From
¿raws-3-p-chlorophenylthietane 1-oxide gives largely the the dihedral angle II 'C C H 3 of cfs-2,4-diphenylthietane
cis isomer (cis/trans ratio of ca. 87:13). frans-l-oxide (VI), the angles given in (2) of the pre

calculation of Dihedral Angles.— The dihedral angles ceding section, an assignment of 112° to the geminal
H CCH  of cis- and ¿rans-2,4-diphenylthietane 1-oxides angle H 'C^CsH j, and the bond lengths given above,
(VI and VII) were calculated from their nmr spectra in the dihedral angle between the C 2- S - C 4 and the C 2-
the following way. (1) The vicinal coupling constants C 3- C 4 planes of V I can be calculated to be 140.3°
were fitted to an equation of the form 3J h,h ' = A (angle of pucker 39.7°).25 A  crystal structure analysis16
cos2 <p +  B cos <f> +  C .19 (2) The geminal angle still in progress gave a value of 138.8° (angle of pucker
H 3C H 4 of all of the thietanes was assigned the same 41.2°) for the angle between these planes.2Sa The angle
value, 112°, the geminal angle H CH  found in tri- of pucker of thietane itself, determined from its mi-
methylene oxide.20 The internal angle C 2C 3C 4 of all crowave spectrum,23 is 32°. We calculated an angle
of the thietanes was also assigned the same value, of pucker of 29.7° for frans-3-carboxythietane 1-oxide
94°, the value published by Allenmark21 for this same from the unrefined data given by Allenmark.21
angle in fmns-3-carboxythietane 1-oxide. The use of Unfortunately, sufficient data were not available to 
these angles gave a value of co = 127.49°, for the fit completely the Barfield-Karplus19 equation to cis-
projection of the geminal angle H 3C H 4 perpendicular 2,4-diphenylthietane (IV) and czs-2,4-diphenylthietane
to the C 2- C 3 bond. (3) The coupling constants de- dioxide (VIII). However, if it is assumed that that
termined for ¿rcms-2,4-diphenylthietane 1-oxide (VII) portion of eq 1 determining the angular dependence
were assigned entirely to the principle conformer (V ila) of the coupling constants remains unchanged and that
Since we have estimated that 7%  of V II  could exist changes in oxidation state (inductive effects) largely
as the conformer V llb , a comparable error in these affect the value of the constant C, two simultaneous
calculations may result. equations in two unknowns can be written and solved

B y use of the above and the coupling constants for the dihedral angle II 'C C H 3 and C. l o r  czs-2,4-
from the nmr spectra of V II  and V I, the following diphenylthietane dioxide (VIII) this procedure gave
six nonlinear equations in six unknowns were written. C = 2.2 and <£- (Z  H 'C C H 3) = 27.7°. This corresponds

to a dihedral angles between the C 2-S - C 4 and the
¿rans-Oxide (V II)

J lA = 8.79 =  A COS2 $  -f- B COS <i> C (22) A similar calculation using the value Ji.s(VIIa) = 2.44, calculated
J lt3 = 3.16 =  A COS2 (co — <$) -f- B COS (co — 4») -f- C above for the principle conformer of VII, gave a slightly different equation
J i ,3 = 1 0 . 2 4  =  A COS2 <£' +  B  COS <£' +  C 3 T 2  ̂ n n , i cy ao
J i . 4 =  1 1 . 9 0  =  A cos2 (<o +  * ' )  +  B  cos (w +  4 - ' )  +  C / h -h '  =  1 0 . 7 5  cos2 <j> -  0 . 9  cos 4> +  2 . 4 3

but gave dihedral angles practically identical with those calculated above 
CiS-Oxide (V I) (maximum difference ±0.8°).

J 1 3 _  9 53 =  ^  c o g 2 3>" _j_ ft cos <£" _|_ Q (23) D. O. Harris, H. W. Harrington, A. C. Luntz, and W. D. Gwinn,
JlA  = 1 2 . 6 2  =  A COS2 (co +  4»") - f  B  COS (co +  4>") +  C J • C he™- Phys., 44, 3467 (1966); private communication from Dr. D. O.

______ --------- Harris.
(18) C. R. Johnson and W. O. Siegl, J. Amer. Chem. Soc., 91, 2796 (1969)- (24) “Tables of Interatomic Distances and Configurations in Molecules
(19) (a) M. Barfield and M. Karplus. ibid., 91, 1 (1969); (b) M. Barfield and Ions,” L. E. Sutton, Ed., Special Publications No. 11 and No. 18,

and D. M. Grant, Advan. Magn. Resonance, 1, 187 (1965). The Chemical Society, London, 1958 and 1965.
(20) J. Fernandez, R. J. Myers, and W. D. Gwinn, J. Chem. Phys., 23, (25) Allowance was made for the projection of the geminal angles H3C3H*

758 (1955). It should be realized that the potential energy function for the and H’CMJelD (both assigned values of 112°) perpendicular to the C2-C 3
ring-puckering vibration of trimethylene oxide also has a double minimum: bond. Since the projected angle of H'C2-C«H5 will change with change of
S. I. Chan, T. R. Borgers, J. W. Russell, II. L. Strauss, and W. D. Gwinn, the angle S-C^C3, an iterative calculation was used.
ibid., 44 1103 (1966). (25a) Note Added in Prooe.—Refinement of calculations gave a value

(21) S. Allenmark, Ark. Kemi, 26, 73 (1967). of 41.9° for this angle.13
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C 2- C 3- C 4 planes of 1 4 5 °  and an angle of pucker of (300 ml) and petroleum ether (600 ml). The resulting soluton 
3 5 ° was heated to reflux. While it was stirred, ethanethiolic acid

r  , , ! ■  , . ., , . (200 g, 2.633 mol) was added from a dropping funnel over a 1-hr
Application of this same procedure to the nmr data period. Stirring and heating were continued for i hr more. When

fo r m -2 ,4 -d ip h e n y lth ie ta n e  ( I V ) g a v e  th e  eq u atio n  the reaction was cooled, l,3-diphenyl-3-acetylthio-l-propanone
, ,  c o nQ ^ , n 7  (431.5 g, 1.517 mol, 99 .5% , mp 7 6 .5 -7 7 .5 ° , 1675 cm “')
J  t .9cos d> 0.9 cos 4> +  0.7 (2) separated as a pale yellow crystalline solid. Crystallization from

, , , . , . . ,/T T in n rT «  „„ _ n . petroleum ether removed the color and raised the melting point to
an d  a  ca lcu la te d  d ihed ral 4>(ll C C H  ) — 3 0 .0  . T h is  7 7 -7 8 °. In one instance mp 85-86° was obtained by crystalliza-
g a v e  a  d ih ed ral an gle (an gle b etw een  th e p lan es tion from methanol.
C 2—S - C 4 and C 2- C 3- C 4) of 142.3° (angle of pucker A n al. Calcd for CnIIi60 2S: C , 71.80; H , 5 .67 . Found: C, 
3 7 .7 ° )  for IV . 71 .62; H , 5.83

The reliability of this eq 2, when applied to thietanes g!^3M  molVww d S I d
can be checked in two ways. Keller and coworkers in purified, anhydrous tetrahydrofuran (300 ml) and added with 
have analyzed in detail the nmr spectrum of 3-chloro- stirring over 1 hr to lithium aluminum hydride (30 g, 0.786 mol)
thietane ( X ) .  If it is assumed that X  exists largely suspended in tetrahydrofuran (400 ml). After the addition was
in the conformation depicted [this same assumption complete, the reaction mixture was heated under reflux for 2 hr 

, , A , , e nn t i m  P and was then cooled to room temperature. The excess lithium
was made Arbazov (see ref 27 below)] then from aluminum hydride was decomposed by the slow’ addition of ethyl 
J 1,3 and J3,4 and the above equation one can calculate acetate, follow-ed by the addition of a few milliliters of water,
the dihedral angles H 1C C H 3 =  27.6° and H 4C C H 3 =  The reaction mixture was poured onto concentrated hydrochloric

acid (800 ml) and ice, and the product was extracted with several 
„ 5 portions of ether. The ether solution was washed thoroughly

with water. To further purify II , it was extracted from the 
H4 „ 2 ether with several portions of 10% aqueous sodium hydroxide.

The product was immediately liberated from the basic solution 
/  N. with concentrated hydrochloric acid and was extracted with

q  ' n ether. The ether solution was washed thoroughly with water,
\ ~~~ -Zig dried (magnesium sulfate), and evaporated. The 1,3-diphenyl-

M3/  H1 3-hydroxy-I-propanethiol [84.04 g, 0.344 mol, 97 .7% ;
3350 (s), (OH), 2992 (w), 2940 (w), 2840 (w), 2520 c n r 1 (w), 

X  (SH)] was obtained as a viscous, golden-yellow oil, which did
j  _ 7  67Q not s°hdify upon being cooled and which was used directly in the

1,3 — next step.
J j , i  =  9-343 Hz l,3-Diphenyl-3-chloro-l-propanethiol (III).— l,3-Diphenyl-3

hydroxy-l-propanethiol (84.04 g, 0.344 mol) was dissolved in 
152.9°. B y the method used above, the dihedral angle ether (40°  ml) and added duril|g 1 hr at room temperature with
between the C 2- S - C 4 and C 2- C 3- C 4 planes can be ^ 'm n g  to concentrated hydrochloric acid. After being stirred

i 1 4 - j a u  1 4 0 4 0 / i r  ̂ . vigorously for an additional hour, the reaction was quenched with
calculated to be 14^.4 (angle of pucker 37.6 ) .  This water (2 1.), separated, and extracted with several portions of
is in excellent agreement with the dihedral angle of ether. The ether extracts were washed with water, dried over
143° calculated fo r 3-chlorothietane by Arbuzov and magnesium sulfate, and then evaporated. The 1,3-diphenyl-3-
coworkers27 from cipole moment data. Finally, from f  \°T-™ panet w ‘ [82 Cg, 0 .3 1 3 mol, 9 0 . 8 % ; 2 9 9 2  (w ),2910
ik n i i /TTinnTTi (w)> cm (w) (SH) was obtained as a dark yellow oil

u dl“ o a ^gleS’ Z H  C C H  =  2 7 ‘6  which did not solidify upon being cooled and which was used
and Z H ’V C ll3 = lo2.9 , the projection of the geminal directly in the next step.
angle H 4C 2H 1 perpendicular to the C 2- C 3 bond is cis- and ¿rans-2,4-Diphenylthietanes.— 1,3-Diphenyl-3-chloro- 
equal to 125.3°. From the usual assignment of a  propanethiol (III) (82.0 g, 0.313 mol) was dissolved in ether

value of 112° to the geminal angle H 4C 2H ‘ and from f f i m  slowly wit^ stirrinKg °vera 1;hernnperi°d„i . j  i r i n . . . , to cold (ice bath) 10%  aqueous sodium hydroxide (800 ml),
the calculated angie of pucker, the projected gemmal Stirring was continued for an additional 2 hr in the cold. The
angle co =  129.5 is determined, in fair agreement etherlayer was separated and the sodium hydroxide solution was
with value of 125.3° found above. extracted with several portions of ether. The combined extracts

Pyrolysis2-28 of either c i s -  or t r a n s -2 ,4-diphenylthie- washed thoroughly with water, dried over magnesium
t allp i 1 rUnvirlo fVTTT oitn° mu + rv, i sulfate, and then reduced to a low volume. When the solution
tane M -dioxide (V I I I  or I X )  at 250 led to the evolu- was cooled> <TO„s. 2 ,4-diPhenylthietane (V) (10.60 g, 0.0469 mol,

ion  OI sulfur d ioxid e an d  yield ed  a m ix tu re  of CIS- an d  15% ), mp 9 6-97°, separated first in the form of long needles.
iran s-l,2 -d ip h e n y lcy clo p ro p a n e s  th a t  a p p ro x im a te d  in  Crystallization from pe-roleum ether, gave trans-2,4 -diphenvl-
com p osition  th e  equilibrium  m ix tu re  e x p e cte d  a t  th a t  thietane: mp 102-103°; Xlhr '  217 nm (« 21 ,470); 699 (s),
te n m e ra tu re  29 730 (m h 763 (s)< 1081 fm)> 1490 (m), 1600 cm “1 (m).

P ‘ A nal. Calcd for C ,5H,4S (226.34): C, 79.60; II , 6 .23.
Found: C, 79.49; H, 6 .20; mol wt (Rast) 233.

Experimental Section30 The ether mother liquors from the above isolation were evapo-
. 3 t v  i. i -> .  . . . .  , /TN „  rated. White crystals (51.2 g, 0.227 mol, 72% ), mp 5 0 -6 0 ° ,

y 1 o - C Sr° P? T  (I).— Benzalacetophe- were obtained. Further crystallization of this material from
none (31c .6 g, 1.52o mol) was dissolved in a mixture of benzene petroleum ether gave a sharp-melting complex of approximately

(26) Use of the equation given in footnote 22. yielded <t> — 29.6° and C = eQual quantities of cis- and Ira7is-2,4-diphenylthiet anc, mp 61—
0.0. It is known that C approximates zero for compounds free of strongly h2 (-0.11 g, 0 .1 1 1 4 mol, 56 .7% ).
electronegative substituents (see ref I9b). A nal. Calcd for Ci.,H14S (226.34): C, 79.60; H , 6 .23 .

(27) B. A. Arbuzov, O. N. Nuretdinova, and A. N. Vereschagin. Dokl. Found: C, 79.41; II, 6 .34; mol wt (Rast) 233.
Akad. Nauk SSSR, 172 (3), 591 (1967); Chem. Abstr., 66, 89337y (1967). frans-2,4-Diphenylthietane 1-Oxide (VII).— To frans-2,4-di-

(28) For recent examples Cd the pyrolysis of cyclic sulfones, see E. J. phenylthietane (1.00 g, 0.0044 mol, mp 9 6-97°) dissolved in
'• ° r"  C W ' 1651 ° 969)' methanol (35 ml) and 96%  formic acid (3 ml) was added 30%

(29) L. B. Rodewald and C. H. de Puy. Tetrahedron Lett.. 2951 (1964); hydrogen peroxide (O.oO g, 0.0044 mol). The mixture was
R. J. Crawford and T. R. Lynch, Can. J. Chem., 46, 1457 (1968). -------------------

(30) Melting points were taken on a Fisher-Johns melting point apparatus, pounds VI, VII, and VIII and the complex (IV and V) were determined
calibrated against a set of standard compounds. Petroleum ether refers to at 50-Hz sweepwidth and cal.brated using a Hewlett-Packard Model 202A
. “ .  fractlon of bP 60-68°. The nmr spectra were determined on a Varian low-frequency function generator. The nmr data on compounds VI, VII,
A-bU spectrometer in solutions of approximately 20%. Spectra on com- and VIII are the average of at least four spectra.
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warmed on the steam bath just below reflux temperature for 12 thietane 1, 1-dioxide (0.20  g, 93 .9 % ), mp 162 .5-163.5°, identical
hr. Partial evaporation of the solvent and cooling led to pre- with that from the isomerization of the cis- and trans-2A-di-
cipitation of trans-2,4-diphenylthietane 1-oxide (0.70 g, mp phenylthietane 1,1-dioxide complex (below).
lo 2-lo 3  ). Further condensation and cooling of the mother Complex of cis- and irans-2,4-Diphenylthietane 1,1-Dioxides, 
liquors yielded a second crop (0.25 g, mp 152-153°; total yield — Oxidation of the sharp-melting complex of cis- and Irons-2,4-
0.9o g, 88.8  /„). Kecrystallization from methancl-water yielded diphenylthietanes (25.0 g, mp 5 9-60°) bv the method described
P̂ o® 1o«?S' 2 ’ - idlphenylthietane 1' 0xide (V II)’ mP 154-155°, above yielded 25.5 g (92.1% ) of the complex of cis- and lrans-2 ,4-

1064 cm TT diphenylthietane 1, 1-dioxides, mp 121-124°. Crystallization
A n al . .C a lc d  for C15H14OS: C, 74.34; H, 5 .82 . Found: C, from acetone-petroleum ether raised the melting point to

74.21; H , 5 .88 . 124-125°.
c;s-2 ,4-Diphenylthietane frares-l-Oxide (VI). Oxidation of the This same complex was obtained by mixing equal amounts of 

molecular complex of cis- and trans-2,4-diphenylthietanes (16 .0g , cfs-2,4-diphenylthietane 1,1-dioxide (0.50 g, mp 165-166°) and
0.070 mol, mp 5 9 -6 1 °) by the method describee above yielded trans-2,4-diphenylthietane 1, 1-dioxide (0.50 g, mp 166-167°)
a mixture of cis- and trans-2,4-diphenylthietane 1-oxides (15.7 g, (mixture had mp 125—150°) and crystallizing the mixture from
0.065 mol, 93% ), mp 100-120°. Fractional crystallization of methanol-water (complex, mp and mmp 124-125°).
this material from benzene yielded trans-2,4-diphenyl thietane cfs-2,4-Diphenylthietane 1,1-Dioxide (VIII) from Isomerization
1-oxide (2.13 g, 0.0089 mol, 14% ), mp 153-154°, and cis-2,4- of the Above Complex.—A solution of the 2 ,4-diphenylthietane
diphenylthietane irans-l-oxide (8.78 g, 0.0362 mol, 55 .7% ), 1,1-dioxide complex (10.00 g, 0.039 mol, mp 123-124°) and
mp 127-129°. Thin layer chromatography showed that the sodium methoxide (20.00 g, 0.11 mol) in methanol (300 ml) was
cis isomer still contained a small amount of the Irons isomer. heated under reflux for 45 hr. Isolation of the product followed
Two crystallizations from benzene yielded pure cis-2,4-diphenyl- by its crystallization from petroleum ether yielded cis-2,4-
thietane irans-l-oxide, mp 135 .5-136 .5°. diphenylthietane 1,1-dioxide (V III) (8.70 g, 87% ): mp 165-

In an alternate preparation, the molecular complex of cis- and 166°; X ^ T 1 225.2 nm (e 27 ,050); i w  1 1139, 1178, 1309 cm ' 1
irans-2,4-diphenylthietanes (10.0 g) was oxidized by the method ( -S 0 2- ) .
described above, and the trans-2,4-diphenylthietane 1-oxide A nal. Calcd for Ci6Hi40 2S (258.3): C, 69.74; H, 5 .46.
(1.20 g, 11%  yield, mp 152-155°) was isolated by crystallization Found: C, 69.56; IT, 5 .49 ; mol wt (Rast) 253.2. 
from petroleum ether-chloroform. The material remaining in Isomerization of lrans-2,4-diphenylthietane 1,1-dioxide (IX )
the mother liquors was then isomerized with sodium methoxide using the above method gave similar results. A nmr analysis
in methanol (see below). Crystallization of the product from of the product of isomerization (97%  yield) of the cis- and trans-
petroleum ether-chloroform yielded pure cis-2 ,4-diphenylthietane 2 ,4-diphenylthietane 1, 1-dioxide complex indicated that it con-
frans-l-oxide (3.86 g, 0.016 mol, 36% ), mp 135-137°, ».""i“1 1069 sisted of at least 96%  cis isomer.
cm -1 . Pyrolysis of cis-2,4-Diphenylthietane 1,1-Dioxide.— cis-2,4-

A nal. Calcd for CisHuOS: C, 74.34; II, 5 .82 . Found: C, Diphenylthietane 1,1-dioxide (1.00 g, 0.0039 mol, mp 165-166°)
74.20; H, 6 .11. was pyrolyzed in a small distilling flask heated in a metal bath.

Isomerization of lrans-2 ,4-Diphenylthietane 1-Oxide.— A solu- W ith a bath temperature of 250°, sulfur dioxide was vigorously
tion of pure trans-2,4-diphenylthietane 1-oxide (V II) (0.70 g ,  evolved. Heating at 250° was continued for 15 min. 1,2-
mp 153-154°) in methanol (125 ml) containing sodium methoxide Diphenylcyclopropane (0.70 g, 0.0037 mol, 93% , n“ i> 1.5952) was
(2.8 g) was heated under reflux for 48 hr. The volume of the distilled (70 min) as a light yellow liquid.
solution was reduced to 20 ml by distillation, water was added, The mixtures of cis- and tran s-l,2-diphenylcyclopropanes were
and the solution was cooled. Light yellow crystals (0.641 g, analyzed by gas chromatography using a column (0.25 in. X  10
0.00265 mol, 91 .6% ), mp 123-127°, separated. Thin layer chro- ft) of Dow silicone high-vacuum grease (20% ) absorbed on
matography [silica gel G, ethyl acetate-benzene (1 :4 ) ; product Johns-Manville Chromosorb W (60-80 mesh) at temperatures of
was detected with 2%  aqueous potassium permanganate solution] 180 and 220°. The ratios of cis//rans-diphenylcyclopropanes
showed the presence of two products, a very small quantity of from cfs-2,4-diphenylthietane dioxide (V II) and trans-2 ,i-
the faster running product corresponding in position to trans-2,4- diphenylthietane dioxide (V III) were 0.131 and 0.134, respec-
diphenylthietane 1-oxide and a much larger quantity of a tively. To determine whether extensive isomerization was
slower running product corresponding in position to cfs-2 ,4- occurring during analysis, a sample of 1,2-diphenylcyclopropane
diphenylthietane trans-1-oxide. consisting largely of the cis isomer was analyzed at both 180 and

An nmr analysis on a similarly prepared mixture indicated the 220° with comparable results (cis/trans  =  3.7 (180°); 3 .8  (220°).
presence of approximately 96%  cis- and 4%  trans-2,4-diphenyl- For identification, pure samples of cis- and frans-1 ,2-diphenyl-
thietane 1-oxides. Isomerization of cis-2,4-diphenylthietane cyclopropanes were prepared by vapor phase chromatography,
¿rans-l-oxide under similar conditions gave similar results. cis-l,2-Diphenyleyclopropane: mp 3 7 .5 -3 8 ° , n26d 1.5870; lit.31

trans-2 ,4-Diphenylthietane 1,1-Dioxide (IX). A.— To a solu- mp 36 .7°, 3 8 -38 .5° , n20D 1.5892. fra7is -l,2-Diphenylcyclopro-
tion of lrans-2,4-diphenylthietane (6.00 g, 0.0264 mol, mp 9 6 - pane: n26D 1.5965; lit .31 n20D 1.5995.
97°) in carbon tetrachloride (75 ml) and 96%  formic acid (60 A n al. Calcd for Ci6H i4: C, 92.74; H, 7 .26. Found: C,
ml) was added slowly, with stirring, hydrogen peroxide (30% , 60 92.66; H, 7.56.
ml) over a 0.5-hr period. During this addition the temperature The nmr spectra of the pure samples of the cis- and trans- 1,2-
rose to about 50°. Stirring at this temperature was continued diphenylcyclopropanes, while not analyzed in detail, were con-
for 4 hr. The reaction mixture was poured into brine, the carbon sistent with the assigned structures,
tetrachloride layer was separated, and the aqueous layer was
extracted with seveal portions of carbon tetrachloride. The Registry No.— I, 24621-54-3; II, 24621-55-4; III,
combined extracts were washed with water and dried over sodium 246‘71-56-5' IV  ‘'’4609-87-8' V  h4609-S8-9' V I 24605-
sulfate. After distillation to a volume of approximately 100 ml, Z„ Z — , T T ’ ic’rvi on n . ttttt \ qtaa oy o •’ T Y  ’ OAAna
trans-2,4-diphenylthietane 1,1-dioxide (5.50 g, 0.0213 mol, 7 ,M )’ V i la ,  _4b 0J-S 9-O , V l l l ,  1 8 7 4 4 - _ /- . l ,  IX ., -4 0 U 9 -
80 .3% ), mp 166-167°, was obtained in the form of fine white 91-4.
crystals. An additional 0.60 g of I X , mp 164-166°, was ob
tained from the mother liquors, total yield 89 .1% . An analyti- Acknowledgment is made to the donors of the Petro-
cal sample showed the following properties: mp 166-167°; leum Research Fund, administered by the American

226.0 nm (e 28,533); <w  H 17 (s), 1159 (s), 1183 (s), Chemical Society, to the National Aeronautics and

’clalcd for C™H14(V L 2 C, 69.74; H , 5 .46. Found: C, Space Administration, and to the National Institutes of
69.47; H, 5.71. Health (Grant Ao. AM  129o4) for the support of this

B.— Oxidation of frans-2,4-diphenylthietane l-oxide (VII) research. We are indebted to Dr. William Schwabacher
(0.20  g, mp 152-153°) by the above method yielded frans-2,4- fo r ;l],l on  ou r initial nmr analyses and to Dr. Richard
diphenylthietane 1 , 1-dioxide (0.20  g, 93 .9% ), mp 165-167° S au ers  fo r th e  n m r d a ta  on c fs -2 ,4 -d ip h e n y lth ie ta n e . 
identical in all respects (mixture melting point, lr spectrum) with
th a t  p rep ared  a b o v e . (3 1) d , Y. Curtin, H. Gruen, Y. G. Hendrickson, and H. E. Knipraeyer,

c is -2 ,4 -D ip h e n y lth ie ta n e  1 ,1 -D io x id e  ( V I I I ) . — O x id a tio n  o f r Amer Chem Soc a3 4 8 3 8  (1961). b . a . Kazanskii ,  M. Y u  Lukina,
c fs -2 ,4 -d ip h e n y lth ie ta n e  ira n s -l-o x id e  ( V I )  (0 .2 0  g , m p 135-136°) I .  L. Safanova, V. T. Aleksanyan, and Kh. E. sterin Izv. Akad. Nauk
b y  th e  m eth od  d escrib ed  a b o v e  (2 0  h r)  y ield ed  c fs-2 ,4 -d ip h e n y l- SSSR, Otd. Khim. Nauk, 1280 (1958); Chem. Abstr., 63, 4158 (1959).
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The preparation of 5-substituted l-( 1-adamantyl )tetrazoles has been carried out under neutral conditions, at 
ambient temperatures, by the reaction of 1-adamantyl iodide with silver hexafluoroantimonate in the appropriate 
nitrile, followed by addition of a solution of tetraethylammonium azide; the substituents which have been in
corporated are methyl, ethyl, propyl, isopropyl, phenyl, vinyl, a-methylvinyl, and irarcs-/S-phenylvinyl. By  
addition of water, rather than azide ion, N-( 1-adamantyl )acrylamide and its a-methyl and iraws-ß-phenyl de
rivatives were prepared. 1-Adamantyl azidoformate and 1-adamantyl azide have also been prepared and char
acterized.

During a recent investigation of the decomposition of This competition can be circumvented by use of silver
1-adamantyl chloroformate in a variety of solvents,1 it hexafluoroantimonate which removes the nucleophilic
was found that the decomposition in dry acetonitrile chloride ions from solution and replaces them by non-
was accompanied by a competing solvolysis (eq 1). In nucleophilic hexafluoroantimonate ions.

RCN
/  AdOCOCl + AgSbFe ■— >- (AdNCR)+SbF6~ + C02 + AgCl [

AdOCOCl — ^  Ad+c r  (1)
v̂CHjCN 1-Adamantyl iodide reacts extremely rapidly with

nS + _ silver hexafluoroantimonate and this precursor can be
(AdNCCH3) Cl prepared in better than 90% yields by a modification of

the one-step reaction of 1-adamantanol with hydriodic 
fairly concentrated solution, a precipitate was formed acid which was reported by Schleyer and Nicholas.3
and, upon addition of water, a mixture of 1-adamantyl Accordingly, we substituted, as our means of generating
chloride and N-( 1-adamantyl)acetamide was obtained the intermediate nitrilium salt, the following reaction,
(eq 2). It has been found that precipitation does not

RCN
AdCl Adi +  AgSbF6 — >- (AdNCR)+SbF6~ +  Agl j

/
AdOCOCl — *-►  Ad+c r  Sodium azide was found to be of very limited solu-

'isx y ,CN bility in nitriles other than acetonitrile, and tetraethyl-
^  (AdNCCH3)+ CP (2) ammonium azide was substituted in the general scheme.

/ x N,~ Tetraethylammonium azide was synthesized by inter-
* H'° * action of aqueous solutions of barium azide and tetra-

Ad NH COCH:, Ad N— C- CH3 ethylammonium sulfate. For convenience, the tetra-
4055 ethylammonium azide was added as its solution in

^ acetonitrile rather than as a solution in each individual
: nitrile. This was on the assumption that interaction of

occur in more dilute solution and titration of the acid ^he N-(l-adamantyl)nitrilium hexafluoroantimonate 
developed at 25.0°, after hydrolysis of aliquots of solu- with the dissolved azide would be considerably faster
tion, shows that the concentration of the acetonitrilium than nitrile exchange reactions (eq 3). This assump-
chloride2 reaches a maximum after about 8 min and
then, over a period of about 4 hr, irreversible conver- Ad— N— C— CH3
sion to 1-adamantyl chloride takes place. n O n

Trapping the acetonitrilium chloride with azide ion nN^
leads to l-(l-adamantyl)-5-methyltetrazole and, by use t
of other nitriles as the solvent, the method can be
adapted to yield 5-substituted l-(l-adam antyl)tetra- ^  , (AdNCCH)+ SbF ~
zoles in general. The technique was used to give 1- _ nei n,
(l-adamantyl)-S-methyltetrazole in 46% yield by addi- <AdNCR)+SbF6 CĤ N (3)
tion of 1-adamantyl chloroformate to sodium azide ___ ►  -Ad N— C R
in acetonitrile. Neither 1-adamantyl azide nor 1- NxN-̂ N
adamantyl azidoformate was observed as products of N
this reaction. The tetrazole yield is similar to the 40%
N-(l-adamantyl)acetamide formed when hydrolysis tion was normally a good one, but in a few instances, 
follows upon solvolysis-decomposition.1 notably in the formation of vinyl tetrazoles, the pmr

Yields by this technique are limited by the concurrent spectrum of the crude reaction product showed a low
irreversible decomposition to 1-adamantyl chloride. intensity singlet methyl peak at r 7.28, indicating the

presence of small amounts of l-(l-adam antyl)-5-
(1) D . N .  Kevill and F . L . Weitl, J. Amer. Chem. Soc., 90, 6416 (1968). ,
(2) Although formulated as ionic, this could be fully or partially in the (3) P . von. R. Schleyer and R. D. Nicholas, J. Amer. Chem. Soc., 83, 2700

imide chloride form, Ad—N=C(C1)R. (1961).
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methyltetrazole. This contamination could be re- Experimental Section8
moved by recrystallization, but, for large-scale prepara
tion of a single tetrazole, it would be desirable to dis- , 1lAdamanty! Aodide; T This comPound was prepared from

, zide i„  the nitrile ^ ^ “ ' 2  S e h X f  Z
as that participating m the prior solvolytic reaction. considerably superior to ether as a solvent for the extraction of the
This silver ion assisted synthesis presents an alternative 1-adamantyl iodide. Carrying out the 1-adamantanol-hydri-
to the usually proposed pathway which would proceed odl1c, acid reaction,3 decanting the aqueous layer, dissolving the 
via the amide4 (eq 4) residue in hexane, washing several times with water, drying over

anhydrous magnesium sulfate, filtering, and evaporating gave 
approximately 95% yields of white crystals of 1-adamantyl 

AdOH 4- rpm  H-^- A w n m o  PCI,, iodide, m p75-77° (Tit.* mp75.3-76.4°).
AdOri +  RCN AdNHCOR Stock Solution of Tetraethylammonium Azide.— A 100-ml

portion of 10% aqueous solution of tetraethylammonium hy- 
A d N = C — R or (AdNCR)+ C F  Ad— N C— R (41 droxide (Eastman) was neutralized (litmus paper) with concern

O trated H20O4. A solution of 13 g of barium azide (Alfa Inorganics 
^N 15%  alcohol) in 50 ml of water was then slowly added until

' T  precipitation of barium sulfate ceased. After filtration the solu
tion was concentrated at 50° with application of vacuum to a 

The silver ion assisted formation from 1-adamantyl semisolid residue. A 400-ml portion of acetonitrile (Mailing-
iodide has the advantage of by-passing the isolation of „ fc ‘ ‘Nanograde” ) was added and the solution was azeotropi- 
• . , T, 6  , J  1 . 8  lie iouiauun oi cally dried and concentrated by distillation to give a 50-ml stock
intermediates. It presents a very simple two-step se- solution.
quence involving only the mixing of ingredients at room i-(l-Adamantyl)-5-methyltetrazole. Procedure A.—A mix- 
temperature over a period of minutes, followed by ture of 1.0 g of sodium azide and 25 ml of acetonitrile was added 
evaporation, partitioning between an organic solvent ! °  2 '!! g of chloroformate1’9 and the mixture stirred
ar»rl urofar t , • i , ,  for 30 mm- The mixture was briefly heated to boiling and then
and water, and reel jstallization. In particular, the allowed to stand at room temperature for a further 20 hr. The
mild conditions lead to reasonable yields of 5-vinyl- acetonitrile was evaporated under reduced pressure and the
tetrazoles, incorporating readily polymerized acrylo- residue was extracted with benzene. The benzene solution was
nitrile and substituted acrylonitriles.5 added to a silicic aeid-Celite10 column and successively eluted

B y treatment of the N-(l-adamantyl)nitrilium hexa g S g M t
nuoroantimonate solution with water rather than with 129.0°; ir (K Br) 3 .43 , 3 .50 , 6.95, 7.26, 7.39, 7 .45 , 9.65, 12.00
azide solution, good yields of N -(  1-adamantyl)acryl- 14 .7 7 /g p m r r 7.28 (S, 3, CH3), 7.68 (S, 9 ), 8.19 (S, 6 ).
amide and its a-methyl- and t r a n s-/3-phenyl-substituted A n al. Calcd for C i2H,8N(: 0 ,  66.03; 1 1 ,8 .3 1 ; N, 25.67.
derivatives were obtained. B y  reaction of 1-adamantyl F ° ^ d: C, 6 6 .H ; H 8 .31 ; N 20.52

- i  • ,r  1 ‘ r  Procedure B.— A 2 .20-g portion of silver hexafluoroantimonate
chloroformate with sodium azide, in the absence of (K  and K Laboratories) was dissolved in 75 ml of acetonitrile
nitriles, 1-adamantyl azidoformate and 1-adamantyl and dried by azeotropic distillation; distillation was continued to
azide have been prepared and characterized. give a residue of ~ 1 5  ml. To this residue was added, in a single

With the exception of 1-adamantyl azide, the pmr portion’ 1.50 g of 1-adamantyl iodide. An exothermic reaction
spectra in chlorofornw/ include, for the 15 adamantyl 2 I T ’^ , i i   ̂ 8 ml of the stock solution of NEt4N3 in CH3CN was added and the
protons, a  broad peak corresponding to J  unresolved solution adopted an orange-yellow color. After 30 min of shak-
P +  y  protons and a second upheld broad peak cor- ing, Celite10 was added, the mixture was filtered, the cake was
responding to 6  unresolved S protons. The 1- washed well with CH3CN, and the filtrate was evaporated to dry-
adamantyl azide shows separated signals for each of the T s und<f  asPirator vacuum. The orange residue was partitioned
, ,  , r  j.  - I i  t  t  ,  . .  between benzene and water, and the benzene layer was washed
three types of piotons with a J p y coupling constant of with water, dried with anhydrous MgSO,, and evaporated under
2.6 Hz. The pmr spectral data fit into the general aspirator vacuum to give 1.25 g of a tan-colored residue. Re
picture previously reported for other 1-substituted crystallization from petroleum ether (bp 60-100°) gave 0.89 g
adamantanes.6 (71% ) of white needles, mp 115-116°, followed by resolidification

i n  ± i  ¡ - i r  u a-j. j. ^  i. i i and second mp 126-127°; ir and pmr spectra were identical with 
Certain 1-adamantyl and ^ s u b s titu te d  tetrazole thoSeof the product from procedure A.

derivatives have previously been found to exhibit useful A n al. Found: c , 66.15; H, 8 .35; N, 25.54.
biological activity. For example, 1-aminoadamantane Use of Procedure B to Prepare Other Tetrazoles.— With use
(amantadine) and 1-hydrazoadamantane7 possess of 1 -r>() g of l-adamantyl iodide and with substitution of an ap-
antiviral activity, and pentamethylene-l,5-tetrazole pr° priate »¡[rile a.s the solvent for the silver hexafluoroanti.no-

, ’ nate, several other .-i-substituted l-(l-adamantyl)tetrazoIes were
(leptazole, Cardiazole ) has been used as a stimulant prepared. With the higher boiling nitriles, the azeotropic re
drug. There could well be examples of 5-Substituted moval of water and concurrent concentration of the Ag>SbF6
1-(1-adamantyl)tetrazoles which possess appreciable solution was achieved at reduced pressure. In each case, the
biological activity N E t(N3 was added as its stock solution in acetonitrile.

l-(l-Adamantyl)-5-ethyltetrazole.— Nitrile was propionitrile 
(Eastman). The pmr spectrum of the crude product indicated 

(4) (a; For a brief discussion of the preparation and reacticns of tetrazoles, j t  to be ~ 1 2 %  l-(l-adamantyl)-5-methyltetrazole. A  l'ecrys-
see for example M. II Palmer, "T h e Structure and Reactions of Hetero- tallized yield of 0 .38 „ ( 2 9 % )  of white Hakes gave mp 1 3 3 .5 -
cyclic Compounds, St. Martins Press, New York, N. Y ., 19o7, pp 399-403. J b> /v
(b) For preparations involving a more direct route to certain nitrilium salts,
see L. A. Lee, E. V. Crabtree, J. U. Lowe, Jr., M. J. Czlesla, and R. Evans, (8) Melting points were taken in closed capillary tubes by use of calibrated
Tetrahedron, Lett., 2885 (1965). Anschiltz thermometers and a Biichi apparatus. Infrared spectra were

(5) For relatively complex preparations leading to mixtures of 1-methyl-5- obtained on a Beckman IR-8 using Styrofoam-KBr disks. Pmr spectra
vinyltetrazole and 2-methyl-5-vinyltetrazole, see W. G. Finnegan, R. A. were recorded with a Varian A-60A spectrometer system, using chloroform-d
Henry, and S. Skolnik, (a) U. S. Patent 3,004,959 (1961) [Chem. Abstr., 56 as solvent. Microanalyses were by the Spang Microanalytical Laboratory,
15518 (1962)]; (b) U. S. Patent 3,062,880 (1962) [Chem Abstr., 58, 5705 Ann Arbor, Mich. Yields are based upon the appropriate 1-adamantyl
(1963)]. Also, R. A. Henry, U. S. Patent 3,351,627 (1967) [Chem. Abstr., 68, reactant. Infrared spectra are outlined for three of the tetrazoles and one
114605 (1968)]. These preparations involve introduction of the exocyclic of the amides.
double bond after construction of the tetrazole ring system. (9) W. L. Haas, E. V. Krumkalns, and K. Gcrzon, ./. Amer. Chem. Soc.,

(6) R. C. Fort, Jr., and P. von R. Schleyer, J. Org. Chem., 30, 789 (1965). 88, 1988 (1966).
(7) French Patent 1,491,581 (1967); Chem. Abstr., 69, 96074 (1968). See, (10) Celite is a kieselguhr supplied by the Johns-Manville International

also, H. U. Daeniker, Helv. Chim. Acta, 50, 2008 (1967). Corp., New York, N. Y.
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134.5°; pmr r  6.96 (q, 2, /  =  7.5 Hz, CH3CH2- ) ,  7.68 (S, 9 ), was washed with CII3CN, and the total solution was evaporated
8.20 (S, 6 ), 8.53 (t, 3, /  =  7.5 Hz, CH3CH2- ) .  to dryness to leave a white residue which was partitioned be-

A n al. Calcd for Ci3H 20N4: C, 67.21; H, 8 .6 8 ; N , 24.12. tween benzene and water. The benzene layer was washed
Found: C, 67.13; H, 8 .79; N, 24.07. several times with water, dried with anhydrous M gS04, and

Also, a second crop of 0.26 g (20% ) gave mp 130-132°. evaporated to give 1.11 g of white residue. Recrystallization
l-(l-Adamantyl)-5-propyltetrazole.— Nitrile was butyronitrile from petroleum ether (60-110°) gave 0.88 g of white needles 

(Eastm an). The crude residue (1.40 g), gave on recrystalliza- (75% ): mp 148-148.5°; ir 3.08, 3.26, 3.43 , 3 .51, 6.10 , 6.22,
tion 0.90 g of white flakes (64% ): mp 99-1 0 0 .5 °; pmr r  7.02 6.51, 6.94, 7.15, 7.40, 7.48, 7.70, 7.91, 8 .08, 8.46, 8 .92, 9 .18,
(t, 2, J  =  7 Hz, CH3CH2CH2- ) ,  7.69 (S, 9), 8.19 (broad, 6 +  2 ), 9.42, 10.12, 10.59, 11.08, 12.41, 13.72 M; pmr r 3.81 +  3.91 +
8.98 it, 3, /  =  7 Hz, CH3CH2CH2- ) .  4.44 (3 vinylic protons,12 respectively transu-0-H, a-H , and cisn-

A n al. Calcd. for Ci4H22N4: C, 68.26; H, 9 .00 ; N, 22.74. 0 -H ), ax. 4.5 (broad, 1, -N H -), 7.94 (S, 9), 8.30 (S, 6 ).
Found: C, 68.07; H ,9 .3 0 ; N, 22.69. A n d .  Calcd for C „III9NO: C, 76.03; H, 9 .33; N, 6 .82.

l-(l-Adamantyl)-5-isopropyltetrazole.— Nitrile was isobutyro- Found: C, 76.17; H, 9 .54; N, 6.63. 
nitrile (Eastm an). The crude residue (1.34 g) gave on recrys- N -(1-Adamantyl)methacrylamide.— Prepared as was N -(l-
tallization 0 .87 g of white crystals, mp 156-170° (despite the adamantyl)acrylamide with substitution of methacrylonitrile 
wide melting point range, the pmr spectrum did not indicate any for acrylonitrile. A minor modification was the addition of 1 ml
impurities). Two further recrystallizations from petroleum ether of pyridine concurrent with the 10 ml of aqueous acetonitrile. A
(bp 60-110°) and one from a petroleum ether (8 vol)-benzene (1 crude residue of 1.18 g gave on recrystallization 0.51 g of white
vol) mixture gave 0.61 g of white crystals (43% ): mp 169-172°; crystals (41 % ): mp 102-104°; pmr r 4.44 (S with fine struc-
pmr t 6.52 [m, 1 , J  =  7 Hz, (CH3)2C H -j, 7.69 (S, 9), 8.19 (S, ture, 1, transn-0-FI), ca. 4.57 (broad, 1, -N H -) , 4 .77 (S with fine
6 ), 8.57 (d, 6 , /  =  7 Hz, (CH3)2C H -). structure, 1, cisn-/3-H), 7.94 (S, 9), 8.09 (S with fine structure,

A nal. Calcd for ChH 22N4: C, 68.26; H, 9 .00; N, 22.74. 3, CH3- ) ,  8.30 (S, 6 ).
Found: C, 68.08; H, 8 .98 ; N, 22.82. A nal. Calcd for C „II21NO: 0 ,  76.67; H, 9 .65 ; N, 6 .39.

l-(l-Adamantyl)-5-phenyltetrazole.— Nitrile was benzonitrile Found: C, 76.56; 11,9 .74 ; N ,6 .4 0 .
(Velsicol Chemical Corp.). The 1.60 g of residue was recrystal- A second crop of 0.55 g (44% ) was recovered from the re- 
lized (0.22 g of tan solid: insoluble) to give 0.49 g of leafy white crystallization mother liquor, mp 98-102°.
crystals, mp 154-157°. Two further recrystallizations from a N-iT-Adamantyl)/rans-cinnamamide.— Prepared as was N -(l-
mixture of petroleum ether (8 vol)-benzene (1 vol) gave 0.33 g adamantyl)methacrylamide but with substitution of 25 ml of
(21% ), mp 158-161°; ir 3 .44, 3 .51, 6.94, 7.38, 7.41, 7 .46, 7 .68, cinnamonitrile for 75 ml of methacrylonitrile. Recrystallization
8.44, 9 .18, 9 .32, 9.93, 12.08, 12.95, 13.48, 14.34, 14.51, 14.70 p; was from a (bp 60-110°) petroleum ether (4 voI)-benzene (1
pmr r 2.55 (S with fine structure, 5, CeHs-), 7.82 (S, 9), 8.33 (S, vol) mixture rather than from petroleum ether (bp 6 0 -1 1 0 °).
6 ). Obtained was 0.25 g of white crystals (16% ), mp 196-199° dec.

A n al. Calcd for CnH2oN4: C, 72.82; II, 7 .19 ; N, 19.98. Addition of petroleum ether to the mother liquor gave a further
Found: C, 72.81; H, 7 .15 ; N , 20.02. 0.90 g of white crystals (56% ), mp 196-198° dec, for a total

1 - (1-Adamantyl)-5-vinyltetrazole.— Nitrile was acrylonitrile yield of 72% : pmr r 2 .44 (d, 1, /  =  15.7 Hz, transv-P-lA ), ca . 
(Eastm an). The 1.25 g of residue was recrystallized (some yel- 2.62 (complex overlapping series, 5, CcH5- ) ,  3.66 (d, 1, J  =
low insoluble material) to give 0.62 g of white flakes, mp 9 7 -  15.7 Hz, a-H ), 7.91 (S, 9), 8.28 (S, 6 ).
100° [pmr spectrum indicated presence of about 25%  1-(1- A ra l.  Calcd for C19H23NO: C, 81.10; II, 8 .24; N, 4 .98.
adamantyl)-5-methyltetrazole]. Three further recrystalliza- Found: C, 80.96; H, 8.52; N , 4.91.
tions from petroleum ether (bp 60-110°) gave 0.26 g (20% ): mp 1-Adamantyl Azidoformate.13 Procedure A.— To 0 .5  g of
104r-108°; ir 3 .43, 3 .51 , 6.76, 6.96, 7 .12, 7.32, 7.41, 7.69, 8 .41, sodium azide in a mixture of 3.5 g of water and 7.5 g of acetone
9.11, 9 .62, 10.19, 10.58, 12.01, 13.00, 14.36, 15.01 ti; pmr r  3.07 was added 1.0 g of 1-adamantyl chloroformate. The mixture
+  3.59 +  4.21 (AM X vinylic system, 3, J am = 17.0 Hz, / ax =  was stirred for 48 hr at room temperature and 50 ml of water was
10.5 Hz, / mx =  2.1 Hz, respectively the a-H , fransu-/3-H, cis11- then added. A colorless oil separated and this was combined
/3-H), 7.68 (S, 9), 8.19 (S, 6 ). with four 25-ml ether extracts of the aqueous soluton. The ether

A n al. Calcd for Ci3H i8N 4: C, 67.79; H, 7.88; N, 24.33. solution was dried with anhydrous Na2S 0 4 and evaporated to
Found: C, 67.69; 11 ,7 .82 ; N, 24.23. dryness. The residue was dissolved in benzene and eluted from

l-(l-Adamantyl)-5-(a-methylvinyl)tetrazole. Nitrile was a sikcic acid-Celite10 column. Using hexane, a small amount of
methacrylonitrile (Eastm an). The pmr spectrum of the 1.34 g 1-adamantyl chloride was obtained, followed by a trace of
of crude brown residue indicated the presence of about 10% 1-adamantyl azide (ir included 4.80 n (-N ,) , no C = 0  or OH
l-(l-adamantyl)-5-methyltetrazole. Recrystallization (some in- peaks present). A benzene (1 vol)-hexane (1 vol) mixture was
soluble black tar) gave 0.59 g of tan crystals, mp 135-150°. then used to elute 0.54 g (52% ) of white, crystalline 1-adamantyl
Three further recrystallizations from petroleum ether (bp 6 0 - azidoformate: mp 43- 44° (lit.15 pale yellow oily liquid); ir3 .4 4 ,
110°) gave 0.20 g of tan crystals (14% ): mp 148-151°; pmr r 3 .51 , 4 .59, 4.70, 5.86, 6.92, 8.24, 9.10, 9.61, 10.42, 10.56, 11.31,
4.41 +  4.72 (M X system with fine structure, 2 , respectively 12.32, 13.15, 13.33 ¿u; pmr r 7.85 (S, 9), 8.32 (S, 6 ). 
lransu-P-H and cisu-/3-H), 7.68 (S, 9), 7.83 (S with fine structure, A nal. Calcd for C„II15N30 2: C, 59.71; H, 6 .83 ; N, 18.99. 
3, CH 3- ) ,  8.24 (S, 6 ).  ̂ Found: C, 59.80; II, 6 .78 ; N, 19.18.

A n al. Calcd for Ci4H20N4: C, 68.82; II, 8 .25; N, 22.93. Procedure B.— A 0.5-g portion of 1-adamantyl chloroformate 
Found: C, 68.83; IT, 8 .25; N, 23.00. was dissolved in 15 ml of methanol containing 0.33 g of sodium

l-(l-Adamantyl)-5-(irares/J-phenylvinyl)tetrazole. Nitrile was azide. Precipitation of sodium chloride was accompanied by an
cinnamonitrile (Eastm an). An additional step was a treatment, evolution of gas. After standing overnight, the methanol was
prior to evaporation, of the dried benzene solution with carbon removed by evaporation under aspirator vacuum and the residue
black (Norite). 1 he crude tetrazole was recrystallized not from Was extracted with hexane. Column chromatography, as in
petroleum ether but from a petroleum ether (bp 60-110°) (10 procedure A, yielded 0.25 g (48% ) of white crystalline 1-ada-
vol)-benzene (1 vol) mixture. Obtained was 0.88 g of tan crys- mantyl azidoformate, mp 42-43°.
tals (49% ): mp 163.5-164.5°; pmr t 2.15 (d, 1, /  =  15.8 Hz, 1-Adamantyl Azide.-—A 4.0-g portion of 1-adamantyl chloro-
vinylic), ca. 2.54 (complex overlapping series, 5 , C6H5- ) ,  2.89 (d, formate was added to a mixture of 20 ml of ether, 20 ml of water, 
1, /  =  15.8 Hz, vinylic), 7.62 (S, 9), 8.17 (S, 6 ).  ̂̂  ancj §_q g of sodium azide. The mixture was stirred for 2 weeks

A n al. Calcd for CiaH22N4: C, 74.47; II, 7.24; N, 18.28. and then the ether layer was separated, dried with anhydrous
Found: C, 74.85; H, 7 .09 ; N, 18.17.

N-(1-Adamantyl)acrylamide.— A 2.3-g portion of AgSbF6 was
dissolved in 75 ml of acrylonitrile and the solution was distilled (12) S p li t t in g  p a tte rn  o f v in y l  p ro to n s  id e n tic a l w i th  th a t  i l lu s t ra te d  fo r
until a residue of 10 ml remained. To this residue at room tem- N - is o p ro p y la c ry la m id e : N . 3. Bhacca, L . F . John son , a n d  J. L . S h o o ie ry ,

perature was added 1.5 g of 1-adamantyl iodide followed, after " N M R  S p ectra  C a ta lo g ,”  V a ria n  Associates, P a lo  A lto ,  C a lif . ,  1962, spec-

shaking for 5 min, by 10 ml of an acetonitrile (4 vol)-water (1 tram 468.
v o l) m ix tu re . A fte r  a d d itio n  o f C e lite 10 and f iltra tio n , th e  ca k e  <13) A U h o u t5h th e re  a rc  tw o  references to  1 -a d a m a n ty l a z id o fo rm a te  in

th e  i te ra tu re ,1415 i t  does n o t  a p p e a r to  h a ve  been p re p a re d  in  p u re  fo rm  and 
ch a ra c te rize d .

(11) I n  d e sc rib in g  th e  p m r  s p e c tra  o f v in y l ic  com poun ds, cis a n d  trans (14) W . V . C u rra n  a nd  R . B . A n g ie r, Chem. Commun., 563 (19 6 7 ); J.
are  re la t iv e  to  th e  a h y d ro g e n  o r, fo r  a -m e th y l d e r iv a tiv e s , th e  a -m e th y l Org. Chem., 34, 3669 (1969).
g ro u p . (15) K .  G erzo n  and E . V . K ru m k a ln s , U . S. P a te n t 3,369,041 (1968).
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Na2S 0 4, and evaporated under reduced pressure. The residue R ^ p istrv  N o __ i - i l  A ^ m a n t d i
was extracted with hexane and the hexane solution was eluted 9  i / i  u ( A d a m a n ty  ltetrazole,
from a silicic acid-Celite10 column by use of a hexane (3 vol)- _ ~ 0  ad am antyl) o e th y ltetrazo le , 24940-
benzene (7 vol) mixture. Evaporation of the second fraction 5 0 -5 ; l-(l-a d a m a n ty l)-5 -p ro p y lte tra z o le , 2 4 8 86 -03 -3 ;
gave 0.20  g (6% ) of white crystalline 1-adamar.tyl azide: mp l-(l-a d a m a ilty l)-5 -iso p ro p y lte tra z o le , 2 4 8 8 6 -6 4 -4 ' 1-(1-
8 2-83°; lr 3 .43, 3.51, 4 .80, 6.92, 8.02, 9.49, 1 1 .3 2 ,12 .33 , 13.67, ad am an ty l)-5-p h en ylte trazo le , 24880-65-5 - 1 -f l-a d a -

S t , :5 PhT  T 7 ’84 (S> 3> T‘H )’ 8 4 9  (d> 6 ’ 4  =  1 2 -6 IIZ’ ^  m an ty l)-5 -v in y :te trazo le , 24886 -6 6 -6 ; l - ( U d a n L y l ) -
A nal. Calcd for CI0HI5N3: C, 67.76; H, 8 .53 ; N, 23.59. 5 -(a -m e th y lv in y l)te trazo le , 248S 6 -07 -7 ; l - ( l - a d a -

Found: C, 67.56; H ,8 .4 2 ; N, 23.62. m antyl)-5-(frans-/3-phenylvinyl)tetrazole, 24886 -6 8 -8 ;
Evaporation of the first and third fractions gave a trace of N -(l-ad am an ty l)acry lam id e , 19 0 2 6 -8 3 -6 ' N -( l-a d a -

n>antyl)methacrylamide, 24S86-70-2; N-(l-adiimantyl)- 
large fourth fraction had an infrared spectrum indicating that it loans cinnamamide, 24886-71-3; 1-adamantyl azido- 
was 1-adamantanol. formate, 19386-43-7; 1-adamantyl azide, 24886-73-5.

A Reinvestigation of the M annich Reaction of
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The reaction of 4-nitrophenylacetic acid with piperidine and formaldehyde gives rise to a-(N-piperidinomethyl)-
4-nitrostyrene (5) via a slow second Mannich condensation of the intermediate a-(4-nitrophenyl)-/3-(N-piper- 
idino)propionic acid (2) and subsequent decarboxylative deamination of 4. 2,4-Dinitrophenylacetic acid also 
undergoes mono- and bisaminonrethylation under Mannich conditions; however, the intermediate amino acids 
6 and 7 spontaneously decarboxylate to yield the monoamine 8 and diamine 9. The elimination reactions of 2 
have been studied over the pH range of 1-11. In acidic medium, deamination occurs to yield theacrvlic acid 3; 
under basic conditions, decarboxylative deamination predominates to yield 4-nitrostyrene. Above pH 6 , 2 also 
undergoes the retro Mannich reaction.

Although reports due to Mannich and a few later + Ar
workers indicate that a-methylene functions of certain R2NHCH2_C_CH2NR___>.
activated carboxylic acids can undergo condensation to I
incorporate two -C H 2NR2 groups,3 4 a detailed study of c ° 2_
these reactions has not been made. Our interest in 4
this topic arose from an attempt to repeat Mannich’s ,Ar
synthesis of a-(4-nitrophenyl) acrylic acid. This pro- Cl l r-^C +  R.NH + C02
cedure involves reaction of the piperidinium salt of \
4-nitrophenylacetic acid with formaldehyde in aqueous CH2N It2
solution to yield a-(4-nitrophenyl)-/3-(N-piperidino)-
propionic acid (2) which is deaminated by heating in A r- = 4-nitrophenyl; R 2N~ = piperidyl
aqueous solution kept neutral by periodic addition of
dilute hydrochloric acid.4 This conclusion is supported by observation of the /3-

amino acid 2 as an intermediate in the formation of 5.6 
Ar Ar Stepwise loss of carbon dioxide and piperidine6 is

ArCH2C 0 2H — R2NCH2— C H C 02H — j- C H ^ C ^  ™ le(? 0U t slnce . 2 ~(4-m tiophenyl)-l,3-di(X-pipen-
\  dm o)propane was in ert under th e  reaction  conditions.

C 0 2H In contrast to the reaction of 4-nitrophenylacetic
3 acid, Mannich and Stein reported that 2,4-dinitrophen-

A r- = 4-nitrophenyl; R 2N - = piperidyl ylacetic acid reacts with piperidine and formaldehyde
to yield only 2-(2,4-dinitrophenyl)-l,3-di(N-piperidino)- 
propane (9).4 However, repetition of this reaction 

In the first step of this sequence, we have isolated a aqueous ethanol solution at 31° resulted in
29%  yield of a-(N-piperidinomethyl)-4-nitrostyrene appreciable amounts of the monoamine 8 and 2,4-dini-
(5) in addition to the d_amin° acid 2 (65% yield). trotoluene in addition to the diamine 9. Decarboxyla-
This styrene apparently arises by aminomethylation of tion 3f the piperidinium salt of 2,4-dinitrophenylacetic
2 to yield 4, which then undergoes decarboxylative acid occurred readily under these conditions. Since
deamination as shown in the following reaction scheme. Kermack and Muir had reported formation of both

(1) Presen ted a t  th e  15 7 th  N a tio n a l M e e tin g  o f th e  A m e ric a n  C h e m ic a l (5) I t  sh o u ld  be n o te d  th a t  d e c a rb o x y la tiv e  d e a m in a tio n  o f p o s tu la te d
S o c ie ty , M in n e a p o lis , M in n . ,  A p r i l  1969. 0 -a m in o  a c id  in te rm e d ia te s  u n d e r M a n n ic h  c o n d itio n s  has been in v o k e d

(2) A b s tra c te d  in  p a r t  f ro m  th e  M .  S. The s is  o f E . H e rtz , p resented to  th e  p re v io u s ly , e.g., (a', C . A . G ro b  a n d  P. W . Schiess, Angexv. Chem. Int. Ed.
D e p a r tm e n t o f C h e m is try , V il la n o v a  U n iv e rs ity ,  A p r i l  1968. Engl., B, 1(1967), a n d  references c ite d  th e re in ;  (b ) H . U lr ic h  a n d  A . A . R .

(3) F . F . B lic k ,  Org. React., 1 ,  310 (1 9 4 2 ); B . R e ic h e rt, “ D ie  M a n n ic h  S a y ig h , J. Org. Chem., 31, 4146 (1966).
R e a k tiD n ,”  S p rin g e r-V e rla g , B e rlin ,  1959, p 41. (6) 3 .  B . T h o m p so n , “ Som e S tud ie s in  th e  M a n n ic h  R e a c tio n ,”  P h .D .

(4) C . M a n n ic h  a nd  L . S te in , Ber., 5 8 B , 2659 (1925). Thesis , T h e  U n iv e rs ity  o f M is s is s ip p i, 1963.
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T able I
pH D ependence op the V arious R eactions of

«-(4-N itiiophenyl)-/3-(N-piperidino)propionic Acid in Aqueous Solution

^-------------------------------------- %  y ie ld  o f v a r io u s  p ro d u c ts ----------------------------------------*
M o l o f M o l o f p H  T e m p , T im e , D e a m in a tio n  D e c a rb o x y la t iv e  d e a m in a tio n  M a n n ic h  re a c tio n

R u n  2 HC1 range  °C  h r  3 10 11 1 5
1 0 .2 5  a  11—1l6 100 9 0 0 45 9 1 5 .9  12 .6
2 0 .1  c 11-9 97 3 0 3 .1  2 7 3  2 2 .9  18 .7
3 0 .0 5  c 9 -9  85 3 1 0 .6  1 7 0  13 .1  13.1
4 0 .0 5  0 6 -8  100 3 6 3  2 5 .2  20 8 1 0 .6  1 2 .0
5 0 .0 5  d 4 -6  100 3 e 2 3 .6  e e e
6 0 .0 5  0 .0375  3 -5  100 3 ~ 1  7 .8  30 0 ~ 1  Trace
7 0 .0 5  0 .0 5  1 -3 .5  100 3 4 5 .7 ' 0 8 9 ~ 1»  Trace

<* Two equivalents of piperidine (instead of HC1) was added at the beginning of the reaction. b Ranges denote the pH at the beginning 
(at 80°) and at the end of the reaction (except for run 5). c One equivalent of piperidine was employed. d The pH was kept in the
4 -6  range by adding 1 N  HC1 every 5-10  min. * Not investigated. '  Several runs under similar conditions gave 3 in yields of 4 5 .7 -  
60.1% . « A 3.3%  yield of di(N-piperidino)methane was also obtained from this reaction.

8 and 9 from the reaction of 2,4-dinitrotoluene with Scheme II
piperidine and formaldehyde in refluxing ethanol Ar
solution,7 it was of interest to determine the relative +
involvement of the intermediates shown in Scheme R2NHCH2CHC02H CH2
I for the Mannich reaction of 2,4-dinitrophenylacetic 2a J 2
acid. ^  3

Ar Ar
„ T I + I / A r
ScHEMEi R2NCH2CHC02H ^  R.NHCH.CHCOr — *  CH2= C % _

ArCHAXRH — ArCHCH2N R2 — >- ArC[— CH2N R2]2 2 2b H

C 0 2H c o 2h  X .  ' \ ? 10
6 7 \  X  I

I  I  f
ArCH3 — >  ArCH2CH2N R2 — >  ArCH[— CH2N R2]2 A CH.CO.H RNCH.CHCfh R,NCH2CH2Ar

8  9  1 2 c  11

A r- =  2,4-dinitrophenyl; R 2N - =  piperidyl +

R,NCH2NR, 5

Since aminomethylation of the monoamine 8  occurred Ar- = 4-nitrophenyl; R ,N - = piperidyl
at a lower rate than the formation of 8 from 2,4-dini- 
trotoluene in refluxing ethanol solution and since reac
tion of 2,4-dinitrotoluene with piperidine and formal- acrylic acid (3) decreases with increasing pH while the
dehyde was undetectable at 31°, both 2,4-dinitrotoluene yield of 4-nitrostyrene (10) follows the opposite trend,
and the monoamine 8 can be ruled out as intermediates Since the isoelectric point for the amino acid 2 occurs
in the Mannich reaction of 2,4-dinitrophenylacetic at pH 6.0, it is apparent that the protonated species
acid in dilute solution at room temperature. This 2a predominating below pH 6, gives rise to the acrylic
implicates intermediate 7 as the source of diamine 9 acid, while the zwitterion 2b predominating above pH
and the d-amino acid 6 as the precursor to the mono- 6 is the percursor to 4-nitrostyrene. The sharp de
amine 8. Although 8 and 9 may result by decarboxyla- crease in yield of 4-nitrostvrene above pH 8 is largely
tive deamination of the nonisolable amino acids 6 and 7, the result of secondary reaction with piperidine to
followed by reamination of the intermediate 2,4-di- form the amine l l . 8 Note that 11 may also arise by
nitrostyrene and a-(N-piperidinomethyl)-2,4-dinitro- decarboxylation of either the anion 2c or the zwitter-
styrene, the alternate possibility involving decarboxyl- ion 2b.9
ation of 6 and 7 cannot be eliminated. The formation of 4-mtrophenylacetic acid at high

In the course of this study, several alternate, pH- pH is undoubtedly due to a retro Mannich reaction
dependent pathways were observed for decomposition resulting from nucleophilic displacement of the 4-
of a-(4-nitrophenyl)-/3-(N-piperidino)propionic acid nitrophenylacetate group from the /3-amino acid 2 by
(2) in aqueous solution. Although the acrylic acid 3 piperidine.10 The other product of this reaction, di-
could be obtained in up to 60% yield under carefully (N-piperidino)methane (or species derived therefrom)
controlled conditions, it was accompanied by 4-nitro- apparently effects aminomethylation of the amino acid
styrene (10), l-(4-nitrophenyl)-2-(N-piperidino)ethane
( H ) ?  4 - m t r o p h e n J  l a c e t i c  a c i d  ( 1 ) ,  a n d  O i - ( N - p i p e r i -  (8) T h is  re a c tio n  occurs re a d ily  in  e th a n o l s o lu tio n  u n d e r s im ila r  c o n d i-

d i n o m e t h v l ) - 4 - n i t r o s t y r e n e  (5) ( S c h e m e  II). T h e  t io n s : w .  j .  D a le  a nd  g . B u e ll,  j . Org. cum .. 21, 4 5  (1956).

y i e l d s  o f  t h e s e  p r o d u c t s  a s  a  f u n c t i o n  o f  t h e  p H  o f  t h e  U l r i f  tt" ?  s.*y ig ! ' (re ?,5b) ! e^ r t  th e  a m in e  resu ‘ t :n A fkro m  th er  ~  re a c tio n  o f a -(4 -n itro p h e n y l)-c is -2 ,5 -d im e th o x y c in n a m ic  a c id  w ith  p ip e r-
reaction rnGClilini arG listed in Table I. id in e  m u s t fo rm  so le ly  b y  d e c a rb o x y la tio n  o f th e  0 -a m in o  a c id  in te rm e d ia te ,

It should be noted that the yield of a-(4-nitrOphenvl)- since the stilbene fo rm e d  b y  d e c a rb o x y la tiv e  d e a m in a tio n  is in e r t  to  re-
a m in a tio n .

(10) B . B . T h o m p so n , J. Pharm. Set., 67, 715 (1968), a nd  references c ite d
(7) W . O. K e rm a c k  a nd  W . M u ir ,  J. Chem. Soc., 300 (1933). th e re in .
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2 , 10’11 to  y ie ld  4 , w h ich  th e n  u n d erg o es  d e c a rb o x y la -  suction filtration and triturated with acetone and ether. The 
t iv e  d e a m in a tio n  to  p ro v id e  a -(N -p ip e r id in o m e th y l) -  tan P °wder was obtained in 58.7%  yield.
4 -n ifro s tv re n e  i'5'ì AnaL Calcd for CuH18N j0 4C1: C , 49.45; H, 5 .75; N,

! ! ,  y  f ( ’ ,■  ■ 13.31; Cl, 11.23. Found: C, 49.28; H , 5 .82; N, 13.10; Cl,
I  he v a r ie ty  ot re a ctio n s  a cco m p a n y in g  a m m o m e th y l- 11 .14 .

a tio n  o f th e  n itro -s u b s titu te d  p h e n y la c e tic  a c id s  The free amine 8, obtained by treatment of the hydrochloride 
p ro m p ts  e x te n s io n  o f th is  s tu d y  to  o th e r  sy s te m s. P r e -  with dilute KOH solution, exploded at 165° (high vacuum) on
lim in a ry  re su lts  fro m  th e  re a c t io n  o f a c e to a c e t ic  a c id  attempted distillation. The nmr spectrum of 8 (CDC13) has

w ith  d im e th y la m in e  an d  fo rm a ld e h y d e  in d ic a te  fo rm a - p* t ^ j l V hT,’ - N c K c H ^ f t l Í . T Ú  Z e T p ^ t o n  pa'ítem
tio n  ot m e th y l a -(d im e th y la m in o m e th y l)v in y l k e to n e  for the 2,4-dinitrcphenyl group. The diamine 9 possesses ab-
1 2 12 in  a d d itio n  to  th e  m o n o a m in e  13 an d  d ia m in e  14 sorptions (CDCh) at 61 .35  (m, 12, pip rings), 2 .0 -2 .7  (m, 8, pip
re p o rte d  b y  M a n n ic h  an d  C u r ta z .13 rings), which mask a complex four-proton pattern for the -C H 2-

NR2 protons, and 3.5-4.3 (m, ArCH-) in addition to the expected 
peaks for the 2,4-dinitrophenyl group.

I? ® Relative Reactivity of 2,4-Dinitrophenylacetic Acid and 2,4-
__j l__C ^ C II  C H __c __CH CH N(CH ) Dinitrotoluene with Piperidine and Formaldehyde.— A solution of

3 i 2 3 2 2 '  3 2 5 .6  g of 2,4-dinitrophenylacetic acid and 2.12 g of piperidine
CH2N(CH3)2 (0.025 mol of each) in 450 ml of 95%  ethanol at 31.5° was mixed
12 !3  with a solution of 3.65 ml (0.05 mol) of 37 .7%  formaldehyde and

2.12 g (0.025 mol) of piperidine in 20 ml of 95%  ethanol at the 
O same temperature (constant-temperature bath). After 6 hr
II the mixture was poured into 1500 ml of water and extracted with

d b  C CH[ CH2N(CH3)2]2 chloroform. The extract was reserved. The basic aqueous frac-
14 tion was neutralized with dilute HC1 and extracted with chloro

form. This extract was dried (M gSO,), filtered, and evaporated 
. . to yield 0.41 g (7 .25% ) of 2,4-dinitrophenylacetic acid. The

E x p e r im e n ta l  S e c t io n  reserved chloroform extract which contained monoamine 8,
,»  . . t. ,. , . . , .. ,  1 diamine 9, and 2,4-dinitrotoluene was shaken with dilute HC1 toMannich Reaction of 4-Nitrophenylacetic Acid.— The crude T l u a ,  , ,  ...• , , ,. , ,, . r  . ,. . . . remove the amines. 1 he chloroform layer was then washed withmixture from reaction ot the pipendinium salt of 4-mtrophenyl- j  - j  /-\r c c  % > , , , . , , „ _0 . ,

, .  - ,  . . .  Í ij  ,  J  / ,  ,  c U .V. 1 water, dried (MgbOi), and evaporated to yield O.08 g (12.7% ) of
acetic acid with aqueous formaldehyde (1 mol of each, 0.1 mol 2 ,4-dinitrotoluene. The acidic aqueous layer was neutralized
excess of piperidine) at room temperature* for 4 days was filtered with K 0H  peiiets and extracted with ether. The extract was
under suctmn to remove the crysta Ime 2 . The filtrate was ex- dried (M S a )  and evaporated. Crystallization of the crude
tracted wUh chloroform, and the extract was washed with water product from ethanol yielded 3 .3 - (35.5 % ) of diamine 9 and
dried (AlgisOO, filtered, and evaporated on the steam bath at , 1C _ n a  . r .  -, - ,  .... , , °• ;  y , , 1.18 g (16.9% ) of red-brown oil, identified by nmr as quite pure
aspirator vacuum. The resulting oil was purified by vacuum monoamine 8 17
distillation. After a forerun of di(N-piPeridino)methane bp A similar run conducted with 2 ,4-dinitrotoluene and 0.025 mol
62 (0.7 mm) [ l i t b p  75-8 (4 mm)] ,7 1 .7  g (29 1%  yield) of of acetic acid in laee of 2,4-dinitrophenylacetic acid resulted in
amber «-(N-piperidinomethyl)-4-m rostyrene (5), bp 14A-lo2 g7%  recove of 2 ,4-dinitrotoluene. The only amine isolated
(0.o mm , was obtained:'' nmr CDC13) « 1 . 4  (m 6, piperidine was di(N-piperidino)methane. The same results were obtained
" ng)- 2 -4 4 > P’P o ld f 6 (dl when acetic acid was omitted.
d’ A z ’ 1 and 8-1° (d, d, J  J  z, 4 nitro- Decarboxylation of 2,4-dinitrophenylacetic acid with piperi-
p eny ). dine in the absence of formaldehyde was examined under similar

A n d .  Caled for C1(H i8_N20 2: C 68.27; H, 7.37; N, 11.37. conditions. When the reaction mixture was poured into water,
Found: O, 68.02; H, 7.1a; ,N , 11.28. 0.69 g (24.4%  yield) of 2 ,4-dinitrotoluene was isolated (—0.3 g

Reaction of 2 with piperidine and formaldehyde under condì- was probably lost owing to solubility in water-ethanol), 
tmns snudar to those just cited also resulted in a mixture of 5 Elimination Reactions of «-(4 -Nitrophenyl)-/3-(N-piperidino)-
and di(N-piperidino)methane. . propionic Acid (2). General Procedure for Reactions Listed in

Preparation of 2-(4-Nitrophenyl)-l,3-di(N-piperidino)pro- Table I } . _ The indicated amount of 2 plus 10 ml of water/0.01
p a n e .-A  mixture of 4.92 g (0.02 mol) of 5 and 10 ml of pipen- mol o{ 2 was placed in a three-necked round-bottom flask fitted
dine was heated under reflux at 120 14o for 20 hr. The re- w¿tb a jjg^ing mantle, magnetic stirrer, and reflux condensor.
mauling piperidine was removed on a rotary evaporator (aspira- The pH wag controlled by addition of 1 AH I Cl or piperidine. The
tor vacuum). The crude product was recrystallized 3 times from reaction mixture was then heated at the specified temperature for
ethanol to yield 3.4 g (51.5% , not optimum16) of pale yellow the time indicated. After cooling and basifying with dilute KOH
crystals, mp 81.5 83.5 , nmr (CDCls) 5 4,4°  P*P solution, 4-nitrostyrene and the amines were removed by ether
rings), 2 .0 -2  7 (m, 8 , pip rings) overlapping the absorptions for extraetion. Treatment of this extract with dilute HC1 resulted
the 1̂0ir CH2N R2 protons, 2.75 3.5 (m, ArCH ) and /.3n and jn an ether solution of 4-nitrostyrene and an aqueous solution of

T j  '!* xj o oo -\T the amine hydrochlorides. The free amines were isolated from
A n al. Caled for C19H29N3O2: C, 68.85; H, 8.82, N , 12.68. aqueous solution by treatment with KOH solution, followed by

Found: C, 69.06; H ,8 .8 2 ; N , 12.70. ether extraction. The extract was wTashed with w*ater, dried
Ammomethylation of 2 ,4-D initrotoluene.-Reaction of 2,4- (M gS04), and evaporated in  vacuo. The yields of amines were

dinitrotoluene with piperidine and formaldehyde mquimo ar) m conveniently determined by nmr analysis of the crude mixtures,
refluxing ethanol was carried out according to Kermack and Crystalline a - (4-nitrophenyl)acrylic acid (3 ) and/or 4-nitrophen-
M uir.1 Diamine 9 wras obtained in 21%  yield by successive ylacetic acid (1) wrere obtained by acidifying the initial basic
evaporation and crystallization of the crude ethanol solution. aque0us fraction to pH 1 with concentrated HC1 and cooling
Concentration of the mother liquor gave a red-brown oil which overnight. The yields were determined by nmr.
was dissolved in anhydrous ether. Saturation of this solution optimum yield of 3 wTas achieved under the conditions in-
with FI Cl resulted in the hydrochloride of 8 vrhich was removed by dicated in run 7. The reaction time of 3 hr was optimum.
------------------- When 2 equiv of HC1 was employed or when the reaction was

(11) IV. L. Nobles and N. D. Potti, J. Pharm. Sci.. 87, 1097 (1968). scaled up to 0.2 mol, the yield dropped sharply. Crude 3, iso-
02) H. J. Spinelli, unpublished results, this laboratory. lated by acidifying the reaction mixture to pH 1 with concen-
(13) C. Mannich and K. Curtaz, Arch. Pharm. (Weinheim), 264, 741 trated HCI and cooling overnight, contained no 4-nitrophenyl-

(1926). acetic acid. After recrystallization from acetone-methylene
(14) The nmr spectra were obtained with a Varían A-60 spectrometer chloride (decolorizing carbon), 3 was collected and dried in vacuo: 

using TMS as the internal standard. Microanalyses were carried out by
Galbraith Laboratories, Inc., Knoxville, Tenn. Melting points were ob
tained with a liquid bath and are uncorrected. (17) When 2,4-dinitrophenylacetic acid was treated with piperidine and

(16) A. Binz and L. H. Pence, J. Amer. Chem. Soc., 61, 3134 (1939). formaldehyde (0.03: 0.06:0.06 mol ratio) in 200 ml of ethanol for 2 days
(16) Caution: The above reaction mixture and a-(N-piperidinomethyl)- at room temperature, a 66% yield of 9, a 14% yield of 8, and a trace of 2,4-

4-nitrostyrene are severe vessicants. dinitrotoluene were realized.
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mp 174.5-177° (lit.4 mp 176-177°; nmr (d6-acetone) 6.2 and 6.6  phenylacetic acid, 643-43-6; 2-(4-nitrophenyl)-l,3-di-
(s, s, H2C = C ) and 7.8 and 8.25 (d, d, J = 9 Hz, 4-nitrophenyl) (N-piperidino)propane, 24886-61-1.
as well as absorption for the acidic hydrogen.
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Photochem ical Reactions of Phenacyl- and Benzylsulfonium Salts1
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Phenacylsulfonium tetrafluoroborates (1 ,5 , 7, 9, and 11) on irradiation afford products resulting from homolytic 
cleavage of the phenacyl carbon-sulfur bond. Benzylsulfonium tetrafluoroborates (13, 22 , 24, 29, and 32) on ir
radiation afford products resulting from both homolytic and heterolytic cleavage o: the benzyl carbon-sulfur 
bond where the heterolytic cleavage is the major pathway. /5-Keto sulfonium fluoroborates (44 and 46) on ir
radiation in methanol are converted to polymeric products. Syntheses are described for all photochemical 
products previously unreported.

The photolysis of dimethylphenacylsulfonium bro- anol to form 2.6 On the other hand, a-hydroxvaceto-
mide in water was recently reported.3 Irradiation of phenone gave no monomeric products on irradiation in
the salt in methanol for 1 hr in these laboratories also water and thus would not appear to be an intermediate
produced acetophenone (51%) and phenacyl bromide in the irradiation of 1 or 11 in water. This would
(< 5% ) but no significant amount of p-bromodibenzoyl- appear to eliminate an excited-state solvolysis as the
ethane which was reported to be the major product reaction pathway of the B F 4_ salts in water.
(25%) on irradiation in water.3 Furthermore, irradia- The isolation of 12 from the photolysis of 11 rules out 
tion of phenacyl bromide in methanol under similar a Norrish type II process for the formation of 27 since
conditions for 1 hr produced acetophenone (41%) in- the C3H7C H = S  +C J19 formed in such a process would
dicating that acetophenone must arise in part, if not be converted to C 3H7CH (O R)CH SC 4l l 9 (R = C H 3 in
completely, from phenacyl bromide as an intermediate.4 methanol, R  = H in water).
In view' of this involvement of bromide ion in the pho- The data from irradiation of the B F 4~ salts are most 
tolysis, the tetrafluoroborate salt of dimethylphenacyl- consistent with a radical pathway involving initial
sulfonium ion and other aroylsulfonium ions was ir- homolytic cleavage to the phenacyl radical8-5 and the
radiated in order to prevent anion involvement whether dialkylsulfinium cation radical.10-12 Diarylsulfinium
the cleavage of the carbon-sulfur bond was heterolytic cation radicals are probably involved in the photolytic
or homolytic. The nonpolymeric products formed are decomposition of triarylsulfonium salts.14 The di-
listed in Table I. methylsulfinium cation radical formed from photolysis

Acetophenone (2) was the sole product from of 1 (in ¿-butyl alcohol) may lose H + to form • CH 2CSH 3 
photolysis of 1 in methanol, but the coupling product 3
was observed in ¿-butyl alcohol and acetonitrile and the „ n , o , , , „.  J . (6, R . B . L a C o u n t a n d  C. E . G r if f in ,  Tetrahedron Lett., 1549 (19 6 5 ),
rearrangement product 4 was observed in low yield m re p o r t  t h a t  p h o to ly s is  o f « -m e th o x y a c  e to p .ienone  in  benzene g ives 3 -p h e n y l-

¿-butyl alcohol. In similar fashion 5, 7, and 9, on ir- 3 -o *e th a n o l ( 1 0 %  y ie ld ).  P. Y a te s  a nd  A. G. S )»bo , ibid., 485 (1965),
radiation in methanol, »ere converted to 6, 8, and 10, ™T-‘ “ 5
respectively. Tetrafluoroborate salt 1 1  follows a simi- has appeared re c e n tly : F . D . L e w is  a n d  N , J . T u r ro ,  . /.  Amer. Chem. Soc., 
lar reaction course in methanol and water. 92,311 ((970)-

m i  /> , i  i i t  ^  (7. T h is  assumes 2 and 12 are fo rm e d  in  th e  sam e re a c tio n  process.
I he presence of the phenacyl dimer 3 in solvents (8 ; T h e  s tu d y  b y  r . l . H u a n g  a n d  r .  W illia m s , J. Chem. Soc., 2637 

other than methanol is in line with the increased diffi- (1958), in d ic a te s  th a t  p h e n a cy l rad ica ls  are p ro b a b ly  m ore  re a c tiv e  th a n

culty of abstraction of a hydrogen atom by a radical b e n z y l rad ica ls .
r , i  . i  , . - .  . t *7 . - .  (9. A ce tophenone , one o f t . ie  p ro d u c ts  o f th e  p h o to ly t ic  d e c o m p o s itio n
I r O m  t n e  011161* s o l v e n t s . 0 A n  G X C ltG Q -S tc itG  s o l v o l y s i s  o f d im e th y ls u lfo n iu m  p h e n a c y lid e  [B . M .  T ro s t,  J. Amer. Chem. Soc., 89 ,

o f  t h e  s u l f o n i u m  s a l t s  i n  m e t h a n o l  t o  f o r m  t h e  c o r r e -  138 1967>1 a nd  d iazoacetophenone [D . o .  C o w a n , a <a„ j .  Org. chem., 2 9 ,

s p e n d i n g  a - m e t h o x y  k e t o n e  c a n  n o t  b e  d i s c a r d e d  s i n c e  ^  ^  ^

a - m e t h o x y a c e t o p h e n o n e  r a p i d l y  p h o t o l y z e d  i n  m e t h -  (10) C a tio n  rad ica ls  o f th is  ty p e  have  been p ro d u ce d  b y  th e  o x id a tio n  o f
a r y l su lfides  in  c o n c e n tra te d  H 2SO4 :11 H . J . Shine, et al, J. Org. Chem., 32, 
1901 (1966), a nd  references c ite d  th e re in ; A . Zw eig , et al., Tetrahedron Lett., 
1821 (1963).

(1) T h is  research has been s u p p o rte d  b y  N a tio n a l Science F o u n d a tio n  ( 1 1 ) R e v ie w s on  th e  fo rm a t io n  o f s u lfu r  c a tio n  ra d ica ls  have app eared :
G ra n t N o . G P-7831 a n d  b y  N a tio n a l In s t itu te s  o f H e a lth  G ra n t  N o . A l -  (a) U . S ch m id t, in  "O rg a n o s u lfu r  C h e m is try , ”  I I .  J. Jannsen, E d ., In te r -

0930°-  science P u b lishers , N e w  Y o rk , N . Y .,  1967 p 7 5 ;  (b ) H .  J. Shir.e, in  re f 11a,
(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 F e llo w , 1965-1968. p  93

(3) T . L a ird  a nd  H . W illia m s , Chem. Commun., 561 (1969). (12) A lth o u g h  th e  an o d ic  o x id a tio n  o f d ia lk y l su lfides is re p o rte d  to  p ro -
(4) I r r a d ia t io n  of p h e n a cy l c h lo r id e  in  e th a n o l a ffo rd s  o n ly  ace tophe none  duce a s ing le  w a ve  re p re se n tin g  re m o v a l o f tw o  e le c tro n s ,13 Z w e ig , et al.,

(5 3 % ), J. C . A n d e rso n  and  C . B . Reese, Tetrahedron Lett., 1 (1962), (re f 10) c ite  c o n v in c in g  evidence fo r  fo rm a t io n  o f th e  c a tio n  ra d ic a l f ro m
(5) (a) V . K .  S ch w e tlich , R . K a r la n d  a n d  J. Jentzsch, J . Prakt. Chem., 22 , d ith io h y d ro q u in o n e  d im e th y l e th e r b y  e le c tro ch e m ica l o x id a tio n .

113 (1963), re p o rt th e  ra te  o f h yd ro g e n  a to m  a b s tra c tio n  b y  i- b u to x y  (13) M . M . N ich o lso n , J. Amer. Chem. Soc., 76, 2539 (19 5 4 ); V . D ru s h e l
ra d ica ls  to  decrease in  th e  fo llo w in g  o rd e r: C H *O H  >  C H iC N  >  (C H i)* O H . and J. F. M il le r ,  Anal. Chem., 29, 1456 (1957).
(b ) W a te r  is  k n o w n  to  be a p o o r h yd ro g e n  a to m  d o n o r: A . B e c k e t a n d  G . (14) J . W . K n a p c z y k  a nd  W . E . M c E w e n , J. Amer. Chem. Soc., 91, 145
P o rte r , Trans. Faraday Soc., 59, 2039 (1963). (1963).
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T a ble  I
P roducts from I rradiation of P henactlsulfonium T etrafluoroborates

T im e ,
S a lt S o lv e n t h r  P ro d u c ts  (%  y ie ld )

o

CeHsCCHjSCCHs), CH3OH 6 .2  C6H5COCH3 (82)
1 2

0  0  O

1 (CH3)3COH 3 2 (33), CeH5CCH2CH2CC6H5 (16), C6H5CCII2CH2SCH3 (5)
3 4

I CH3CN 5 2 (60), 3 (14% )

© ¿ T ™  CH3OH 12 .7  ( § ¿ ( 4 0 )

5 6

™ ,' © r S j " u ' C H ,0H  8 <*•>

v 8

i g © ' 0 * * *  CHjOH 2» g g r 1'  m

9 10
O
II +

PhCCH2S(re-butyl)2 CH3OH 4 .5  2 (48), (re-butyl )2S (29)
II 12
11 H20  2 2 (16), 3 (14), 12 (29)

which would couple with the phenacyl radical to form inhibition to benzylic hydrogen atom abstraction by the
the minor product 4. The dimethyl sulfide isolated ¿-butyl group of 19.
from photolysis of dimethylphenacylsulfonium bro- The dibenzylmethylsulfonium salt, 22, on irradiation 
mide3 and the di-n-butyl sulfide from 11 probably do gave a product mixture similar to that of 13, except in
not arise from hydrogen atom abstraction from water or this case the sulfur-containing product 23 was also iso
methanol by the a-thioalkyl radical since such radicals lated. Photolysis of 23 in methanol for 2 hr (80%
are more stable than their oxygen analogs.68"15 A more reaction) gave 15 in 19% yield. Consequently, some of
reasonable explanation for formation of the dialkyl 15 formed during the photolysis of 22 may arise as a
sulfide would be abstraction of a hydrogen atom by the secondary product from 23.
dialkylsulfinium ion followed by loss of a proton. In view of Zimmerman’s conclusions16 on the en-

The photolysis of benzylsulfonium tetraffuoroborates hancing effect of m-methoxy substitution on the photo
in methanol gives solvolytic products and radical prod- chemical solvolysis of benzylic systems, salt 24 was ir-
ucts in line with conclusions drawn in previous photo- radiated. The enhanced rate of reaction of 24 vs. that
chemical studies of benzyl derivatives.16 The sulfon- of 13 probably reflects only the more intense absorption
ium tetrafluoroborates studied are listed in Table II. of 24. A longer irradiation for 24 rapidly decreased the
Photolysis of 13 in methanol gives the solvolytic product yield of 25 and several unidentified secondary products
14 and the radical coupling product 15. No toluene is appeared. Although the ratio of heterolytic/homolvtic
observed as a radical abstraction product; benzyl radi- cleavage products would appear to decrease from 13 to
cals are known to prefer to couple rather than abstract 24, the extent of secondary reactions that may be
hydrogen atoms.17 Product 14 was found to photolyze leading to polymer formation can not be determined and
slowly, but this did not account for the observed prod- no conclusions can be drawn concerning the adequacy
ucts 16-18 which undoubtedly arise from secondary of Zimmerman’s theoretical model. The formation of
reactions of 14. It has been shown that a variety of 28 from 24 probably involves coupling of the p-methoxy-
radical initiators will abstract a hydrogen atom from benzyl radical with the a-thioalkyl radical, • CH0SCH3,
the benzylic carbon of 14 to form an intermediate radi- derived from homolytic cleavage as suggested above,
cal which fragments to 16, or dimerizes to 13.18 Mono- Irradiation of salts 29 and 32 in methanol gave similar 
methyl ether 17 undoubtedly arose from coupling of the results. The major product from 29 is the photochem-
intermediate radical from 14 with the benzyl radical. ical solvolysis product 30. The formation of 31 is ex-
Photolysis of 13 in ¿-butyl alcohol gave only 19 and 15. plained in terms of a secondary photochemical reaction
No secondary products are formed owing to the steric of 30 analogous to the photolysis of benzyl methyl sul

fide described above except that the product is that
(15) S .-O . L a  wesson a n d  C . B e rg lu n d , Acta Chem. Scand., 15, 36 (1961). r e s u l t i n g  f r o m  h y d r o g e n  a t o m  a b s t r a c t i o n  r a t h e r  t h a n

(16) H . E . Z im m e rm a n  a n d  V . R .  Sandel, J .  Amer. Chem. Soc., 85, 915 radical COUpling. Irradiation of 32 gives the Solvolytic
(17) W . A . W a te rs  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 , product 33 and the Secondary product 34. It IS inter

E d ., P e rg a m o n  Press, N e w  Y o rk ,  n. y „ 1959, p 151. esting to note that 33 preferentially cleaves to the sub-
4i508!i9R65L L0V inS ' L ' J ' A n d re w 8 ' a n d  R ' M ' K e e fe r ' ° T0'  Chem" 30' S t i t u t e d  2-phenylethyl radical and the thiyl radical
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T able II
P roducts from I rradiation of B enzylsulfonium T etrafluoroborates

T im e ,
S a lt S o lv e n t h r  P ro d u c ts  (%  y ie ld )

PhCH2S(CH3)2 CH3OH 3 .5  PhCH2OCH3 (25), PhCH2CH2Ph (3), PhCHO (9),
13 14 15 16

OCH3 c h 3o  o c h 3
I I I

PhCHCH2Ph (8), PhCHCHPh (7)
17 18

13 (CH3)3COH 2 .3  PhCH2OC(CH3)3 (33), 15 (4)
19
0

13 CH3CN 24 PhCHNHCCH, (70), PhCH2— CHj (7)

20 21

(PhCH2)2SCH3 CH3OH 1 .2  14 (23), 15 (8), 16 (5), 17 (7), 18 (4), PhCH2SCH3 (26)
22 23

CH3OH 0 .2 5  (53), CH3° ^ CV

24 25 26

CH30̂ - ^ C H 2-CH 2̂ _ O C H 3 ch3o. .ch2ch2sch3
y f  y i  w . y T  (5)

27 28

+ ^ ^ ch2sch3 ^ ^ . ch3
y r  > - ch3 c h 3o h  2 .5  y r  as), y r  «4)

^  v ^ ' ch2och2 ^ th 2och3
30 31

^ ^ C H 2CH2SCH3 ~T)H;CHj

c h 3o h  3 (17)' ©cm (5)
33 34

rather than to the substituted benzyl radical and the Irradiation of 35, which is both a phenacyl and a 
a-thioalkyl radical. That 34 is formed from 33 was benzylsulfonium salt, in methanol for 4.5 hr (84% reac-
established by irradiation of 33 in methanol which gave tion) led to products readily explained in terms of the
34 as the only nonpolymeric product.

Although poor leaving groups deter excited-state p
solvolysis,18 the photolysis of 13 in acetonitrile suggests
that excited-state solvolysis occurs in solvents of low K J I  g+ *■
nucleophilicity. Amide 20 must result from hydrolysis _ 'S"CH3
of the nitrilium salt,19 PhCH 2N + = C C H 3, during the 
work-up procedure. Since radicals add to the carbon 35
atom of nitriles,20 20 must arise from heterolytic cleav- O 0
age rather than homolytic cleavage. The hydrocarbon II g I
21, however, may arise from the benzyl radical. (24%) (2%)

The above results clearly indicate that irradiation of
phenacylsulfonium salts leads to homolytic cleavage 3 1' ^ 1
whereas benzylsulfonium salts undergo predominantly 36 37
heterolytic cleavage. Clearly, excitation of the benzyl- O
sulfonium salts leads to an initial ir*, it state. Whether II
the t*,tt state or the 7r*,n state of the phenacylsul- ^CH,s
fonium  sa lts  is responsible fo r th e  ob served  rea ctio n s  h as K ) [  y — S— CH3 (6%)
not been determined. The x*,n triplet state of phen- CHj
acylsulfonium salts 1, 5, 7, and 11 is of lower energy 38 39
than the w*,ir triplet state, whereas the reverse is prob- 0 O
ably the case for 9.21 Nonetheless, the reaction course |
for 9 appears to be the same as the other phenacyl sul- (4 %)
fonium salts studied. [ O l /

(19) H . M e e rw e in , et cd., Chem. Ber., 89, 209 (1956), re p o r t  th e  is o la tio n  4 0  41
o f a n u m b e r of n i t r i l iu m  salts, a ll o f w h ic h  ra p id ly  h y d ro ly z e d  to  am ides.

0966) J R SheIton and c ' w' UzeImeir' J- Amer- Chem- Soc- 8®, 5222 above results. Solvolytic displacement at the benzylic
(21) B y  a n a lo g y  to  2 -a ce to n a p h th a le n e : G. S. H a m m o n d  a n d  P . A . Carbon-Sulfur bond leads tO the major pTOQUCt 36)

L ee rm akers , ibid., 8 4 , 207 (1962). product 37 is formed from 36 by a secondary homolytic
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cle a v a g e .22 H o m o ly tic  c le av ag e , as ob served  fo r p hen - T a b l e  III
acyl sulfonium salts, leads to 42 which is converted to P h o t o c h e m i c a l  S t u d i e s

38 by hydrogen atom abstraction and to 39 by loss of Amount
H + to 43 which ring closes. Indanone (40) is formed °f com-

p o u n d
Q  q  C o m p o u n d  ir ra d ia te d  S o lv e n t T im e , recov-
|| II (w t ,  g) (v o l,  m l)  S o urce  h r  ered

[ Q l  Q+ ( O i  c PhCOCH2S(CH3)2B r -  CHsOH a 7 .5  0
H (1.222) (450)

3 3 ?hCOCH 2Br CHsOH a 3 < 10
42 43 (0 .483) (300)

from 39 in an analogous fashion to the secondary pho- \ _ CH3OH a 6 .2  0
tolysis of 36 to 37. Several reasonable pathways ex- (0.515) (3o0)

, ■ c .. 1 ¿-butyl alcohol a 3 0
plain the formation of 41. (0 186) (900)

Irradiation of /3-ketosulfonium salt 44 in methanol 2 CH CN a 5 0
for 20 hr gave 45 in low yield (2%) as the sole nonpoly- (0 . 3 7 5 ) (300)
meric product. Tetrafluoroborate salt 46 gave no 5 CHsOH a 12 .7  0

n  O (1 35) (450)
V II 7 CHsOH a 8  0

A ,  hv A cH3 ( ° - 803) (300)
I L  — *■ I „ PhCOCH2OCH3 CHsOH a 2  0

^  ^ C H 3 ^  ^ C H 3 ( ° - 222) (75)
9 CHsOH a 20 0

44  45  (0 .125) (300)
0  1 1  CHsOH a 4 .5  0
II + (0 .750) (300)

(CH3)3CCCH2S(CH3) 2 „  HsO a 2 0
46 (0 .554) (300)

, , . . . . . .  PhCOCH2OH H20  a 2 87
monomeric products on irradiation in methanol lor 38 ^ 080̂  5̂ )
hr (43% decomposition). 13 CHsOH b 3.5 0

(0 .612) (500)
Experimental Section23 13 ¿-butyl alcohol b 2 .3  0

(0 .187) (600)
Photochemical Studies.— Photolyses were conducted in the 13 CH3CN b 24 0

B ay o n et‘‘Photochemical R eactor.” 24 The materials photolyzed (0 622) (500)
are listed in Table III . The irradiations were carried out in a PhCH OCH CH OH b 4 58
Pyrex vessel with a 3000-A source (source a) or in a quartz vessel ^
with a 2537-A. source (source b). The reaction vessels were 22 CH OH b 1 2  0
equipped with a magnetic stirring bar, a gas dispersion tube, and *
a reflux condenser. Tubes sealed with “ no air”  stoppers served ' ' ' h ”
as convenient reaction vessels for small quantities of material. 2“* CH3OH b ■
Photochemical solvents were dried and distilled directly into the (0 .583) (500)
photolysis vessel under Nj. Methanol (Baker “ Reagent” ) was 29 CHsOH b 2 .5  12
dried by reaction with Mg turnings; ¿-butyl alcohol (Eastman (1 .058) (450)
Organic Chemicals) was distilled from LiAlIR; acetonitrile 32 CH3OH b 3 34
(Eastman Organic Chemicals, “Spectrograde” ) was distilled (1 .9 7 ) (500)
from P2Os. The solutions were degassed prior to irradiation with 32 CH3CN a 4 0
a moderate stream of N2 for at least 2 hr. r , ¿tOOl

All photolyses were monitored by analysis (tic or glpc) of ,  ' „ „  „ „  . 0 7 r 20
samples withdrawn at convenient intervals of time. Forphotol- *
yses monitored by glpc, a known amount of hydrocarbon (0.U1U) (1)
standard25 was added before irradiation. PhCH2SCH3 CH3OH b 2 20
____________  (0 .157) (60)

(22) A c y c lic  d -k e to  su lfides h a ve  been show n to  cleave in  th is  fa s h io n : 35 CH3OH a 4 .5  16
J . R . C o llie r  a n d  J. H i l l ,  Chem. Commun., 700 (1968), a n d  references c ite d  (1 .93 ) (450)
therein- 44 CHsOH b 20 0

(23) In fra re d  spectra  were ta k e n  on a P e rk in -E lm e r  M o d e l 237 o r  337 . .
sp e c tro p h o to m e te r. U l t r a v io le t  s p e c tra  w ere  ta k e n  on  a C a ry  M o d e l 14 ( U . 4 / 0 )
sp e c tro p h o to m e te r. T h e  n m r sp e c tra  w ere  ta k e n  on a V a ria n  A -6 0  o r  T -6 0  46 CH 3OH b 38 57
s p e c tro m e te r a n d  are  re p o rte d  in  p a r ts  p e r m il l io n  d o w n fie ld  fro m  T M S  a t  (X .060) (450)
0.00. M ass sp e ctra  were ru n  on a P e rk in -E lm e r  H ita c h i R M U -6 D  s p e c tro m 
e te r w i th  an  io n iz in g  p o te n t ia l o f 80 eV . 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 “ U n i M e l t ”  a n d  a re  co rre c te d . B o il in g  p o in ts  a re  u n -  . .  . , , , ,  1 ,*  __ __

A ^  . , , . . .. t a A f t e r  i r r a d i a t i o n  o f  t h e  s a l t s ,  t h e  s o lu t io n  w a s  c o n c e n t r a t e d  t o
co rre c te d . Gas c h ro m a to g ra p h ic  ana lyses a n d  is o la tio n s  w ere  p e rfo rm e d  o n  . . . . , , . rxT T /^ i
a n  F  & M  M o d e l 810 research c h ro m a to g ra p h  (th e rm a l c o n d u c t iv ity  half lts Original volume, an equal volume of CHClj Or ether
d e te c to r) u t i l iz in g  4 f t  x  1A  in- co lu m n s packe d  w i th  e ith e r  15% SE-30 o n  was added and the solution was concentrated. If a solid sepa-
n e u tra l 60-80 mesh C h ro m o so rb  P o r 15% C a rb o w a x  20M on th e  sam e rated, the solution was cooled and the solid was recovered by
s u p p o rt. I n  genera l re a c tio n s  w ere  co n d u c te d  u n d e r a n  a tm o sp h e re  o f N 2 filtration. The process was repeated until no more solid was
a n d  M gSO « was used to  d ry  o rg a n ic  e x tra c ts . M ic ro a n a ly s e s  were p e r -  recovered. In all cases in which pure material was obtained the
fo rm e d  b y  S c a n d in a v ia n  M ic ro a n a ly t ic a l L a b o ra to ry ,  H e rle v , D e n m a rk , o r recovered solid was unreacted starting material. If a weighed
G a lb ra ith  L a b o ra to rie s , K n o x v ille ,  T e n n . . . . . . .  quantity of standard had not been added previously, it was added

(24) M o d e l R P R 1 0 0  (S o u th e rn  N e w  E n g la n d  U lt r a v io le t  C o  M id d le -  ^  ^  T h e  j  ^  w a g  w a g h e d  w i t h  d i l u t e  N a H C O s ,
to w n , C o n n .): re a c to r  b a rre l, 10 m . (d ia m e te r) b y  15 in .  (d e p th ) w i th  16 , r  , . . . . . , 1 u i
la m p s in  a c irc u la r  b a n k . s a t u r a t e d  N a C l ,  a n d  d r ie d .  T h e  r e s id u e  w a s  a n a ly z e d  b y  g lp c .

(25) n-D o d e ca n e  (M a th e s o n  C o .), n -te tra d e ca n e  and  n -octadecane (C o lu m - All products listed were identified b y  collection from glpc and
b ia  O rg a n ic  C h em ica ls  C o .), o r n -hep tadeca ne  (A ld r ic h  C h e m ica l C o .). comparison with ar. authentic sample. Yields were determined
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from calibrated glpc curves. Table III lists the pertinent data and 14.1 g (66% ) of 2-methylthio-m-methoxyacetophenone.
that was not adequately described in Tables I or II or elsewhere bp 43—95° (0.08 mm); ir (CCL) 1677 cm 1; uv max
in the discussion section. The products listed in Tables I and II (CH3OH) 250 nm (e 6580), 307 (2450) and 345 (495); nmr
were not formed when the salts were dissolved in methanol and (CC14) S 2.00 (s, 3) 3.57 (s, 2), 3.67 (s, 3), and 6.77-7 .50  (m, 4 ) ;
were allowed to stand in the absence of light. mass spectrum m /e  (rel intensity) 196 (18), 150 (15), 135 (100),

Preparation of Tetrafluoroborate Salts. Method A.—A solu- 107 (33), 94 (18), 92 (21), 79 (11), 77 (32), 64 (18), 63 (15), 61
tion of 10-25 mmol of AgBF4 in 25-30 ml of ethanol -was added (17), 50 (10), 47 (14), 46 (11), 45 (20), and 43 (16).
dropwise with stirring to a solution containing an equivalent A n al. Calcd for C10H12O2S: C, 61.19; II, 6.16; S, 16.34.
amount of sulfonium bromide in 300-350 ml of ethanol and the Found: C, 61.31; H, 6 .31; S, 16.49.
mixture was stirred for 1 hr. The mixture was filtered, the solid 2-Methylthio-m-methoxyacetophenone was converted in 79%
was wrashed with hot methanol, and the filtrate and wrashings yield to 7 by method B : mp 163-165°; ir (K B r) 1678 cm -1 ;
w'ere combined and concentrated to a residue that was recrystal- uv max (CH3OH) 220 nm (« 19,500), 256 (9090), and 312 (3510);
lized from ethanol. nmr (dimethyl sulfoxide-de) 5 2.95 (s, 6 ) 3.82 (s, 3), 5.37 (s, 2) and

Method B .— The preparation of sulfonium tetrafluoroborates 7 .13-7 .67  (m, 4). 
from the corresponding sulfides involved preparation of a solution A n al. Calcd for CnHi5B F 40 ;S : C, 44.31; H, 5 .07; S, 10.76.
of 5-20 g of trimethyloxonium tetrafluoroborate26 in 20-100 ml Found: C, 44.51; H, 5.11; S. 10.95.
of nitromethane in a flask sealed with a “ no air”  stopper. The (2-Naphthoyl)methyldimethylsulfonium Tetrafluoroborate (9).
required sulfide, neat or in a small quantity of solvent, was added •—A solution of 8 .6  g (0.034 mol) of 2-bromoacetonaphthalene
to the well-stirred solution. In some cases a vigorous exothermic (Aldrich Chemical Co.) in 50 ml of acetone containing 2 ml of
reaction ensued which was moderated by occasional immersion water was cooled to 0° and treated with 5 ml of dimethyl sulfide,
in an ice bath. The solution was stirred 30-60 min at room tem- The solution was stirred 10 min at 0 ° , warmed to room tempera-
perature and was allowed to stand in the refrigerator overnight. ture, and stirred an additional hour. The white precipitate was 
If crystallization occurred, the product was claimed by filtration; filtered and recrystallized from ethanol to give 5.10 g (48% ) of
if it did not, the solvent was removed and a small quantity of the sulfonium bromide: mp 133-135° dec; ir (K B r) 1678
ether was added to the residue, which then usually crystallized. cm -1. The bromide was converted in 36%  yield to the tetra-
The crude salt was recrystallized from an appropriate solvent. fluoroborate by method A; mp 157 .5-159 .5°; ir (K B r) 1672

Dimethylphenacylsulfonium Tetrafluoroborate (1).— Salt 1 and 1125-1035 cm -1; uv max (CH3OH) 233 nm (t 31,200), 244
was prepared in 57%  yield from dimethylphenacylsulfonium (32,100), 253 (36,400), 287 (11,620), 296 (11,860), 317 (4230)
bromide27 by method A: mp 168.5-170°; uv max (CH3OH) 249 (sh), and 332 (3090); nmr (dimethyl sulfoxide-d6) 6 3.03 (s, 6 ),
nm (t 12,700) and 285 (2240); nmr (acetone-d6) S 3.18 (s, 6 ), 5.53 (s, 2 ), 7 .47-8 .27  (m, 6 ) and 8.73 (s, 1).
5.55 (s, 2 ), 7 .55-7 .87  (m, 3) and 8 .01-8.21 (m, 2 ). A n al. Calcd for C14HI5B F 4OS: C, 52.85; 1 1 ,4 .7 5 ; S, 10.08.

A n al. Calcd for C ioH i3B F 4OS: C, 44.79; H , 4 .89 ; S, 11.96. Found: C, 52.65; H, 4 .83; S, 10.33.
Found: C, 44.85; 1 1 ,4 .9 9 ; S, 12.18. Di-n-butylphenacylsulfonium Tetrafluoroborate (1 1 '.— Salt 11

1,2-Dibenzoylethane (3) was prepared from benzene and sue- was prepared from phenacvl bromide and di-n-buryl sulfide
cinoylchloride:28 mp 144-146° (lit.28 mp 144-145°). followed by conversion to the tetrafluoroborate salt by method A

3-(Methylthio)propiophenone (4) was prepared in 74%  yield using the overall procedure described for the preparation of 1.
from 3-chloropropiophenone and NaSCH3: mp 35-37° (lit.29 mp The bromide salt was obtained in 31%  yield: mp 90-92° (lit.33
3 5-36°). mp 8 8 -8 9 °). The tetrafluoroborate salt 11 was obtained in 80%

1- Oxo-l,2,3,4-tetrahydronaphthalenyldimethylsulfoniumTetra- yield: mp 81 .5 -8 3 °; ir (K Br) 1688 and 1120-1020 cm -1;
fluoroborate (5).— 2-Bromo-l-tetralone30 (45.5 g, 0.202 mol) uv max (CH3OH) 247 nm (e 11,400) and 288 (4300); nmr (di-
was added to a cold (0°) solution of 0.244 mol of NaSCH3 in methyl sulfoxide-d$) 5 0.73-2 .13  (m, 14), 3 .17 -3 .60  (m, 4 ), 5.40
150 ml of absolute ethanol. The solution was stirred overnight (s, 2), and 7 .50-8 .23  (m, 5).
at room temperature, concentrated, and poured into water. A r a l.  Calcd for CislFsBIuOS: C, 54.55; II, 7 .15; S, 9 .10.
The mixture was extracted with ether, and the combined extracts Found: C, 54.34; H, 7 .08; S, 9.36.
were washed with wa:er, saturated NaCI solution, and dried. Benzyldimethylsulfonium tetrafluoroborate (13) was prepared
The crude residue was distilled to give 6.8  g (23% ) of 1-tetralone31 in 71%  yield from benzyl methyl sulfide by method B : mp
(6 ) and 17.8 g (46% ) of 2-methylthio-l-tetralone as a pale yellow 101-103° (ethanol); ir (K Br) 1125-1030 cm -1; uv max (CH3OH)
oil: bp 88-90° (0.09 mm); ir (CC14) 1682 cm“';  uv max (CH3- 254 nm (e 221), 260 (302), 265 (314), and 271 (232); nmr (ace-
OH) 248 nm (e 10,000), 279 (2420) and 327 (630); nmr (CC14) tone-de) S 2.90 (s, 6 ), 4.73 (s, 2) and 7 .30-7 .70  (broad s, 5).
a 2.05 (s, 3 ), 2 .05-3 .45  (m, 5), 6 .88-7 .55  (m, 3), and 7.77-8.12 A ra l.  Calcd for C9HI3B F 48 : C, 45.02; II, 5 .46 ; S, 13.36. 
(m, 1); mass spectrum m /e  (rel intensity) 192 (19), 146 (100), Found: C , 45 .12 ; II, 5 .47 ; S, 13.52.
145 (42), 118 (33), 115 (39) and 90 (30). 1,2-Diphenyl-1-methoxyethane (17).— 1,2-Diphenylethanol

A n al. Calcd for C11H12OS: C, 68.71; H, 6 .29; S, 16.68. (5.00 g, 0.252 mol; Eastm an Organic Chemicals) was added
Found: C, 68.46; H, 6 .29; S, 16.67. all at once to a suspension of 1.78 g of a 61%. mineral oil dispersion

2- Methylthio-l-tetralone was converted in 71%  yield to 5 by of NaH (0.0453 mol) in 50 ml of ether. The mixture was stirred
method B : mp 114-116°; ir (K Br) 1682 and 1125-1035 cm “';  at reflux for 4 hr, cooled to 0 ° , and excess CH3I (5 ml) was added,
uv max (CH3OH) 254 nm (e 12,500) and 303 (2610); nmr The suspension was stirred at room temperature overnight and
(dimethyl sulfoxide-de) 5 2 .33-3 .44  (m, 4), 2.83 (s, 3) 2.95 (s, 3 ), treated with water, and the layers were separated. The aqueous
5.10 (d of d, 1, /  = 12 and 5.5 H z), and 7 .13-7 .97  (m, 4 ) . layer was extracted with ether and the combined ether extracts

A n al. Calcd for C\JI15B F4OS: C, 49.00; H, 5 .14; S, 10.90. were washed with water and saturated NaCI solution and were
Found: C, 49.14; H , 5 .17; S, 11.18. dried. The ether was removed under reduced pressure, and the

m-Methoxyphenacyidimethylsulfonium Tetrafluoroborate (7). mixture partially crystallized when a few milliliters of hexane 
— Solid 2-bromo-m-methoxyacetophenone (25.0 g, 0.109 mol) were added. The crystalline material w'as filtered from the solu-
(Aldrich Chemical Co.) was added to a cold (0°) solution of Na- tion and recrystallized from hexane giving 1.40 g of starting
SCH3 in 150 ml of ethanol and the solution was stirred for 5 hr material. The filtrate was passed over 150 g of alumina (Woelm, 
at room temperature. W ater was added and the solution was activity I ) .  The desired product (17) was eluted whh hexane,
concentrated and poured into ether. The aqueous layer was following a forerun of mineral oil, and was short-path distilled
removed and extracted with ether. The combined ether extracts giving 1.84 g (45% ) of 17. The spectra data of this product were
were washed with water, saturated NaCI solution, and dried. identical with that previously reported.34
The crude residue was distilled to give 2.33 g (14% ) of m-methoxy- m eso-1,2-Dimethoxy-l,2-diphenylethane (18) was prepared in
acetophenone (8 ), bp 57-59° (0.08 mm) [lit.32 bp 125° (14m m )], 78%  yield from meso-1,2-diphenyl-l,2-ethanediol35 by the same
------------------- procedure used to prepare 17 except that tetrahydrofuran was

(26) H. Meerwem, O r g .  S y n . ,  4 6 , 120 (1966). used in place of ether as the solvent: mp 141-143° (lit.36 mp
(27) H. Bohme and W. Krause, C h e m .  B e r . ,  82, 426 (1949). 140—1 4 2 ° )
(28) R. E . Lutz and F. S. Palmer, J .  A m e r .  C h e m .  S o c . ,  67, 1947 (1935).
(29) H. Bohme and P. Helber, C h e m .  B e r . ,  86, 443 (1953).
(30) J .  C. Craig, D. M .  Temple, and B . Moore, A u s t .  J .  C h e m . ,  14, 84 ----------------------

i19611 ’ (33) H. A. Rutter, Jr ., J .  A m e r .  C h e m .  S o c . ,  73, 5905 (1951).
(31) H. R. Snyder and F. X . Werber, “Organic Syntheses,” Coll. Vol. I l l ,  (34) W. A. Bonner and F. D. Mango, J .  O r g .  C h e m . ,  29, 430 (1964).

Wiley, New York, N. Y ., 1955, p 798. (35) F. Eisenlohr and L. Hill, C h e m .  B e r . ,  70, 942 (1937).
(32) J .  F . Collins and H. Smith, J . C h e m .  S o c . ,  4308 (1956). (36) D. A. Shearer and G. F. Wright, Can. J .  C h e m . ,  33, 1002 (1955).
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Benzyl (-butyl ether (19) was prepared in 59%  yield as pre- 282 (1350); nmr (CCU) 5 1.28 (t, 3 , /  =  7 IIz) 1.83 (s, 3 ) 4.01
viously described:37 bp 85-86° (9 mm) [lit.37 bp 206-208° and (s, 2) 4.25 (q, 2, J  =  7 IIz), 7 .00-7 .33  (m, 3) and 7.70-7.95
38-41° (0.5 mm)38] . (m, 1); mass spectrum m /e  (rel intensity) 210 (39), 165 (34), 164

N-Benzylacetamide (20) was obtained in 59%  yield from (56), 149 (100), 135 (61), 133 (67), 118 (23), 90 (19), and 77 
benzylamine and acetyl chloride: mp 61-63° (lit.39 mp 60 -6 1 °). (20).

Dibenzylmethylsulfonium tetrafluoroborate (22 ) was prepared A nal. Calcd for CuHh0 2S: C .6 2 .8 2 ;  1 1 ,6 .7 1 ; S, 15.25. 
in 56%  yield from dibenzyl sulfide (Eastman Organic Chemicals) Found: 0  , 62.80; H, 6 .68 ; S, 15.10.
by method B : mp 115-116.5° (from acetone-ether); ir (K Br) To 720 mg (19.0 mmol) of LiAlH, in 10 ml of ether at 0° was
1125-1140 cm -1; uv max (CH3OH) 253.5 nm (e 538), 260 (655), added dropwise a solution of 3.77 g (18.0 mmol) of ethyl o-
265 (631), and 271 (430); nmr (acetone-tU) 5 2.82 (s, 3 ), 4.87 (methylthio)methylbenzoate in 10 ml of ether. The mixture was
(AB pattern, 4, J  =  18 Hz) and 7 .18-7 .72  (m, 10). stirred for 3 hr at room temperature and was then treated success-

A n al. Calcd for Ci6H nBF4S: C, 56.98; H, 5 .42 ; S, 10.14. fully with 1 ml of ethyl acetate, 2 ml of water, and 10 ml of 5%
Found: 0 ,5 6 .9 9 ;  H , 5 .35 ; S, 10.19. HOI. The aqueous layer was extracted twice with ether and the

m-Methoxybenzyldimethylsulfonium Tetrahuorcborate (24).— combined ether layers were washed with saturated solutions of
m-Methoxybenzyl bromide40 was converted in 79%  yield to m- N aH C 03 and NaCl and then dried. The crude product was
methcxybenzyl methyl sulfide by the same procedure described chromatographed on 25 g of silicic acid with CI1C13. The first
for the preparation of 2-methylthio-l-tetralone: bp 62-63° fractions contained some unreacted ester. The later fractions
(0.08 mm); ir (CCU) 1268 c m '1; uv max (CH3OH) 275 nm were combined and distilled to give 1.73 g (57% ) of o-(methyl-
(e 2230) and 282.5 (2030); nmr (CCU) S 1.85 (s, 3), 3.50 (s, 2 ), thio)methylbenzyl alcohol: bp 84-87° (0.1 mm); ir (CCU)
3.62 (s, 3 ), and 6 .46-7 .32  (m, 4 ); mass spectrum m /e  (rel 3605, 3460 (broad), and 1010 c m '1; uv max (CH3OH) 240 nm
intensity) 168 (17), 122 (21), 121 (100), 91 (53), 78 (57), 77 (41), (e 953) (sh), 261 (479), 267 (331) (sh), 272 (226) (sh) and 290
65 (26), 63 (23), 52 (24), 51 (37), and 45 (27). (16); nmr (CDC13) S 2.80 (s, 3), 3.57 (s, 2), 4 .25-4 .67  (broad s,

A nal. Calcd for C9H12OS: C, 64.24; H, 7 .19; S, 19.06. 1 ; disappears on addition of D20 ) ,  4.56 (s, 2) and 7 .00-7 .35
Found: C, 64.43; H, 7.17, S, 19.30. (m, 4 ); mass spectrum m/e, (rel intensity) 168 (5), 167 (4), 135

m-Methoxybenzyl methyl sulfide was converted in 53%  yield (24), 121 (18), 120 (100), 119 (47), 91 (41), and 77 (26). 
to 24 by method B : mp 59-61° (from ethanol); ir (K Br) 1175- A n al. Calcd for C9H12OS: C, 64.24; II, 7 .19; S, 19.06.
950 cm “1; uv max (CH3OH) 278 nm (c 3110) and 283 (3020); Found: C, 64.06; H, 7 .08 ; m, 19.30.
nmr (aeetone-iU) 5 2.97 (s, 6 ), 3.82 (s, 3 ), 4.72 (s, 2 ), and 6 .8 5 - To a suspension of 850 mg of 61%  mineral oil dispersion of NaH
7.53 (m, 4 ). (21.6 mmol) in 50 ml of ether was added 1.26 g (7.49 mmol) of

A nal. Calcd for C ioH i5BF<OS: C, 44.46; H, 5 .60 ; S, 11.87. o-(methylthio)methylbenzyl alcohol. The mixture was stirred 
Found: C , 44.30; 1 1 ,5 .4 6 ; S, 12.06. for 6 hr and 0.55 ml of C1I3I was added to the thick paste. Stir-

m-Methoxybenzyl methyl ether (25) was prepared in 55%  ring was continued overnight. Ethanol and then water were
yield from m-methoxybenzyl bromide40 and NaSCH3 in methanol: added cautiously to the mixture. The aqueous layer was ex
bp 50-52° (0.38 mm) [lit.41 bp 52-53° (0.3 m m )]. tracted with ether and the combined ether layers were dried.

l,2-Bis(m-methoxyphenyl)ethane (27) was prepared in 60%  The crude product was chromatographed over 10 g of silicic acid,
yield as previously reported:42 bp 142-145° (0.3 mm) [lit.43 bp The mineral oil was eluted with hexane, the desired product 30
203-205° (10 m m )]. with 10% ether-hexane, and starting material with 1% methanol-

2-Methylthio-m-methoxyethylbenzene (28).— A mixture of ether. Fractions containing 30 were short-path distilled to give
9.03 g (0.0461 mol) of 2-methylthio-m-methoxyacetophenone, 65 81 mg (6 % ) of pure 30: ir (CC14) 1102 cm -1; uv max (CH3OH)
ml of diethylene glycol, 8 ml of hydrazine hydrate (99-100% ), and 242 nm (« 947) (sh), 262 (510) (sh), 274 (226) (sh) and 289 (33);
2.50 g of KOH was heated slowly to 110-120°, maintained at nmr (CCU) 5 1-73 (s, 3), 3.13 (s, 3), 3.17 (s, 2 ), 4.33 (s, 2 ), and
that temperature for 1 hr, and then heated at 170-190° for 1 hr. 7.00 (m, 4 ); mass spectrum m /e  (rel intensity) 135 (42), 134
The solution was cooled, treated with water, and extracted with (100), 119 (40), 105 (28), 104 (17), 91 (27), and 77 (9).
several portions of ether. The combined ether solutions were A nal. Calcd for CioHuOS: C, 65.89; II, 7.74; S, 17.59.
washed with saturated NaCl solution and dried. The crude Found: C, 66.04; H, 7 .84; S, 17.74.
mixture was distilled to give 2.6 g of a low-boiling [bp 28° (0.02 o-Methylbenzyl methyl ether (31) was prepared in 58%  yield
mm)] forerun consisting of a mixture and the desired product 28 as previously described: bp 86-87° (20 mm) [lit.45 bp 97° (32
(1.01 g) in 12%  yield: bp 64-65° (0.02  mm); ir (CCU) 2915, mm )]; ir (CCU) 1098 c m '1; nmr (neat) 2.14 (s, 3 ), 3.17 (s, 3),
1601, 1490, 1262, 1153, and 1053-1045 cm -1; uv max (C Il3OH) 4.21 (s, 2), and 6 .90-7 .37  (m, 4 ); mass spectrum m/e (rel in-
273 nm (e 1870) and 278 (1660); nmr (CCU) t> 2.00 (s, 3 ), 2 .3 7 - tensity) 136 (12), 135 (10), 121 (22 ), 105 (48), 104 (100), 91 (16),
2.90 (m, 4), 3.67 (s, 3 ), and 6 .43-7 .20  (m, 4 ); mass spectrum and 77 (15).
m /e  (rel intensity) 182 (40), 134 (37), 121 (44), 91 (31), and 61 2-Methylisothiochromanium tetrafluoroborate (32) was pre- 
(100). pared in 66% yield from isothiochromate46 by method B : mp

A n al. Calcd for Ci„H„0S: C, 65.89; H, 7 .74; S, 17.59. 94-96° (from ethanol); ir (K B r) 1125-1030 cm "1; uv max
Found: C, 66.06; H, 7 .69; S, 17.80. (CH3OH) 262 nm (e 245), 265 (240) (sh), and 271 (192); nmr

2-Methyl-l,3-dihydroisothianaphthenium tetrafluoroborate (29) (dimethyl sulfoxide-d«) 5 2.53 (s, 3), 2 .70-3 .93  (m, 4 ), 4.47 (AB
was prepared in 68%  yield from 1,3-dihydroisothionaphthene:44 pattern, ‘2 , J  =  15 Hz), and 7.40 (s, 4 ).
mp 146.5-148° (from ethanol); ir (K Br) 1142-1033 c m '1; A n al. Calcd for CioHi3B F4S: C, 47.64; H, 5 .20 ; S, 12.72.
uv max (CH3OH) 252 nm (e 164), 257.5 (228), 263.5 (298), and Found: C, 47.82; H, 5 .35; S, 12.82.
271 (271); nmr (acetone-d6) 5 2.92 (s, 3), 4.95 (AB pattern, o-(2-Methylthio)ethylbenzyl Methyl Ether (33).— A solution 
4, J  =  16.5 Hz) and 7 .25-7 .75  (m, 4 ). of 2.60 g (0.0103 mol) of 32 and 8.0 g (0.059 mol) of N a0A e-3H 20

A n al. Calcd for C9HhB F 4S: C, 45.40; II, 4 .66; S, 13.47. in 50 ml of water was refluxed for 2.5 days. The pH of the solu-
Found: C, 45.48; H, 4 .82 ; S, 13.68. tion was maintained between 6 -7  by the addition of dilute KOH

o-(Methylthio)methylbenzyl Methyl Ether (30).—o-(Methyl- solution as necessary. An oil gradually separated. The mixture
thio)methylbenzoic acid (6.0 g, 0.033 mol) was esterified with was treated with methanol and dilute KOH solution, refluxed for
ethanol and H2SO< by standard procedures to give in 89%  yield 1 hr, cooled, and extracted with ether. The combined ether
ethyl 0- (methylthio)methylbenzoate: bp 82.5—85° (0.13 mm); extracts were washed with water and saturated NaCl solution and
ir (CCU) 1725 cm " 1 uv max (C2H 5OH) 227 nm (e 10,250) and dried. The crude residue was chromatographed over 20 g of

alumina (Woelm, activity I). Elution with 10% ether-hexane
(37) N. A . M ila s , J. Amer. Chem. Sac.. 53, 2 2 1  (1931). gave 63 mg of by-products Elution with 1% methanol-ether
(38) R . L . H u a n g  a n d  S. S. S i-H o e  in  “ V is ta s  in  F ree  R a d i:a l C h e m is try ,”  g a v e  166 m g  o f  o - ( 2 - m e t h y l t h io ) e t h y l b e n z y l  a lc o h o l ,  i r  ( C C U )

W . A . W a te rs , E d ., P e rg a m o n  Press, N e w  Y o rk ,  N. Y .,  1959, p 245. 3610 , 3510 ( b r o a d )  a n d  1003 c m  l . The a lc o h o l  (126 m g ,  0.69
(39) H . A m se l a n d  A . W . H o fm a n n , Chem. Ber., 19, 1284 (1886). m o l )  w a s  a d d e d  t o  a  s u s p e n s io n  o f  163 m g  o f  a  61%  m in e r a l  o i l
(40) W . Q. B e a rd , J r .,  D . N. V a n  E e nam , and  C . R . H auser, J. Org. Chem., dispersion of NaH (4.1 mmol) in 10 ml of tetrahydrofuran. The

26, 2310 (1961). mixture was refluxed for 1 hr, cooled, treated with 50 pi of CI13I,
(41) C . D . G u tsch e  a n d  H . E . John son , J .  Amer. Chem. Soc., 77, 1 0 9  refluxed for 1 h r  and cooled. W ater was added cautiously and

(1955).
(42) T .  R e ic h s te in  a n d  R . O ppenau er, Helv. Chim. Acta, 16, 1373 (1933). -------------------------

W e  th a n k  M r .  S ch lom a n fo r  p re p a ra tio n  o f th is  sam ple . (45) I .  I .  L a p k in  a nd  O . M . L a p k in a , Zh. Obsch. Khim., 21, 108 (1 9 o l) ,
(43) «J. C o rn fo r th  a n d  R . R o b in so n , J. Chem. Soc., 684 (1942). Chem. Abstr., 46, 7081a (1951).
(44) J . A . O liv e r  a n d  P . A . O n g ley , Chem. Ind. (L o n d o n ), 1024 (1965). (46) P . C a g n ia n t a nd  D . C a g n ia n t, Bull. Soc. Chim. F t., 1998 (1959).
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the aqueous layer was extracted with ether. The combined ether 2-Methylthioindan-l-one (39).— The ethylene ketal of 2-
layers were washed with saturated NaCl solution and dried. bromoindan-l-one52 (7.09 g, 0.0276 mol) was added all at once to
The major component (33 ) was collected by glpc: ir (CCh) 1103 a solution of 0.052 mol of NaSCH3 in 50 ml of ethanol; the mix-
cm - i ; uv max (CH3OH) 260 nm (e 320), 266 (306) (sh), and 271 ture was stirred overnight at room temperature and was then
(246); nmr (CCh) 8 2.00 (s, 3 ), 2 .37-3 .03  (m, 4 ), 3.23 (s, 3 ), refluxed for 1 hr. W ater (20 ml) and concentrated HC1 (10 ml)
4.33 (s, 2), and 7.07 (s, 4 ) ; mass spectrum m /e  (rel intensity) were added, and the solution was refluxed for 3 hr, cooled, and
196 (44), 149 (15), 148 (20), 147 (25), 121 (39), 117 (97), 116 poured into ether. The ether layer was washed several times with
(100), 115 (31), 105 (48), 104 (18), 91 (27), 77 (15), 61 (50), and water, dilute N aIlC 03 solution, and saturated NaCl solution and
45 (IS). " ’as dried. Glpc analysis showed the presence of 1-indanone and

A n al. Calcd for CiHieOS: C, 67.30; H, 8 .21 ; S, 16.34. two major components that were collected from SE-30. The
Found: C, 67.35; H , 8 .14 ; S, 16.24. lower-boiling component was not investigated. The ether eom-

o-Ethylbenzyl Methyl Ether (34).— A mixture of 2.34 g (0.014 ponent, 39, was purified by glpc: ir (CCh) 1717 cm - -; uv max
mol) of 37, 3 ml of hydrazine hydrate (99-100% ), l .O g o f KOH, ((CH3OH) 248 nm (e 12,500), 290 (2480) and 345 (367); nmr
and 50 ml of diethylene glycol were heated at 110-120° for 1 hr (CCh) 8 2.16 (s, 3 ), 2 .33-3 .77  (m, 3 ), and 7 .10-7 .77  (m, 4);
and then warmed to 180-190° and maintained at that tempera- mass spectrum m /e  (rel intensity) 178 (15), 135 (23), 134 (15),
ture for 2 hr. The distillate was collected in a Dean-Stark water 133 (12), 132 (100), 131 (45), 103 (31), 102 (22), 91 (22), 89
separator. The cooled mixture was poured into water and ex- (12), 77 (35), 76 (16), 75 (13), 74 (12 ), 63 (15), 51 (27), 50 (20),
traded  with ether. The combined ether layers were washed with and ^5 (15).
saturated NaCl solution and dried. The crude product was A n al. Calcd for CioHmOS: C, 67.38; H , 5.65. Found: C,
distilled to give 1.35 g (63% ) of 34: bp 24-25° (0.03 mm); 67.1C; IT, 5 .87 .
ir (CCh) 1098 cm -1 ; uv max (CH3OH) 263 nm (< 238) and 271 o-(Methylthio)methyl-2-methylthioacetophenone (41).— Excess 
(204); nmr (CCh) 8 1.13 (t, 3, J  =  7.5 IIz), 2.60 (q, 2 , J  = 7.5 methanethiol (c a . 25 g) was condensed by means of a Dry Ice
H z), 3.20  (s, 3 ), 4.33 (s, 2 ), and 6.83-7 .37  (m, 4 ); mass spec- condenser in a flask containing 1.0 g (0.043 g-atom) of N a. One
trum m/e  (rel intensity) 150 (1), 149 (2), 121 (16), 119 (23), 118 drop of methanol was added and the contents of the flask were
(100), 117 (43), 91 (18), and 77 (12). stirred at 0° until no further reaction was evident (ca. 1 hr).

A n al. Calcd for CioHuO: C, 79.95; IT, 9 .42. Found: C, Compound 35 (0.672 g, 2.52 mmol) was added to the gray suspen-
80.16; H, 9 .62 . sion and the mixture was stirred for 30 min at 0 ° , refluxed for

2 -Methyl-4-oxoisothiochromanium tetrafluoroborate (35) was 30 min, and cooled to 0°. Cold ether (25 ml) was added, the
prepared in 71%  yield from isothiochroman-4-one47 by method B : mixture was allowed to warm to room temperature, and it was
mp 158.5-59.5° (from 9 :1  ethanol-methanol); ir (K B r) 1690 stirred overnight. W ater (10 ml) was added and the ether solu-
and 1025-1125 cm -1 ; uv max (CH3OTI) 254 nm (e 6760), 294 tion was washed several times with water and saturated NaCl
(1950), and 315 (1270) (sh); nmr (dimethyl sulfoxide-ih) 8 2.83 solution and dried. Compound 41 was collected from the crude
(s, 3 ), 4.48 (AB pattern, 2, J  =  15 Hz), 4.85 (AB pattern, 2 , product mixture by glpc and was short-path distilled: ir (CCh)
J  =  15 Hz) and 7 .37-8 .12  (m, 4 ). 1680 cm -1 ; uv max (CH3OH) 241 nm (e 7890), 275 (1900) and

A n al. Calcd for C,oHnB F 4OS: C, 45.14; H, 4 .17 ; S, 12.05. 320 (586) (sh); nmr (CCh) 8 1.93 (s, 3 ), 2.13 (s, 3 ), 3.57 (s, 2 );
Found: C, 45.10; H, 4 .08 ; S, 12.26. 3.88 (s, 2), and 7 .00-7 .83  (m, 4 ); mass spectrum m /e  (rel in-

o-Methoxymethyl-2-methylthioacetophenone (36).— Bromine tensity) 226 (7), 179 (12), 166 (12), 165 (100), 131 (19), 119 (15),
(1.89 g, 0.0118 mol) in 10 ml of CS. was added dropwise over a 118 (16), 91 (11), 90 (13), and 89 (10).
30-min period to a cold ( — 5 °) solution of 1.22 g (0.0744 mol) of Ar.al. Calcd for CmHuOS.: C, 58.37; H, 6 .23; S, 28.33. 
37 in 10 ml of C& . The solution was stirred for 10 min, and water Found: C, 58.19; II, 6 .12; S, 28.16.
and ether were added. The organic layer was removed and l-Methyl-3-oxotetrahydrothiopyranium tetrafluoroborate (44)
washed with water, dilute N aH S03 solution, dilute N aH C 03 was prepared in 36%  yield from tetrahydrothiopyran-3-one53 by
solution, and saturated NaCl solution. The solvent was removed method B : mp 153.5-155.5° (from acetone-ether); ir (K B r)
at 0 ° and the residue was dissolved in 20 ml of absolute ethanol. 1730 and 1125-1025 cm -1; uv max (CH3OH) 261 nm (31.6);
The solution was added all at once to a cold (0°) solution of nmr (acetone-(h) 8 2 .50-2 .90  (m, 4), 3.11 (s, 3 ), 3.50—4.10 (m, 2 ),
0.012 mol of NaSCH3 in 15 ml of ethanol. The solution was and 4.20 (AB pattern, 2 , J  =  15 Hz).
warmed to room temperature, stirred for 30 min, and treated Ar.al. Calcd for C6H iiBF<OS: C, 33.05; II, 5 .09 ; S, 14.71.
with water. The solution was extracted with several portions of Found: C, 32.81; IT, 4 .98 ; S, 14.96.
ether, and the combined ether extracts were washed several times 2-Thiaheptan-6-one (45) was prepared in 67%  yield as pre-
with water and saturated NaCl solution and dried. The residue viously described: bp 83-84° (8 mm) [lit.54 bp 90-92° (18 m m )]. 
was chromatographed over 100 g of silicic acid. The product, (2-Oxo-3,3-dimethyl)butyldimethylsulfonium tetrafluoroborate
eluted with 5%  ether in hexane, was short-path distilled to give (46) was prepared in 81%  yield from 5,5-dimethyl-2-thiahexan-
793 mg (51% ) of 36: ir (CC1<) 1671 cm -1 ; uv max (CH3OH) 4-one55 by method B : mp i0 7 .5-109° (from ethanol); ir (K Br)
243 nm (e 7780), 278 (2130) and 320 (802) (sh); nmr (CCh) 8 1705 and 1125-1010 cm -1; uv max (CH3OH) 278 nm (49.4);
2.08 (s, 3), 3.40 (s, 3), 3.58 (s, 2), 4.68 (s, 2), and 7.08-7 .82  nmr (dimethyl sulfoxide-da) 8 1.13 (s, 9), 2.83 (s, 6 ), and 4.92
(m, 4 ); mass spectrum m/e  (rel intensity) 210 (5), 119 (32), (s, 2).
105 (14), 103 (12), 91 (60), 90 (14), 89 (15), 77 (26), 65 (15), A nal. Calcd for C8H „B F4OS: C, 38.72; H, 6 .94; S, 12.93.
63 (13), 61 (12), 51 (18), and 45 (16). Found: C, 38.59; IT, 6 .84; S, 13.15.

A n al. Calcd for CuHuChS: C, 62.82; II, 6 .71; S, 15.25.
Found: C, 63.00; H, 6.82; S, 15.37.

o-(Methoxy)methylacetophenone (37).— The procedures of Registry N o.—  1, 2 4 S 06-57 -3 ' 5, 2 4 8 0 6 -5 8 -4 ' 7,
Ramsden et a l and Newman and Booth45 were adapted to re- 2 4 8 06 -59 -5 ; 9, 24806 -60 -8 ; 11, 2 4 8 0 6 -6 1 -9 ; 13 24806-
action of the ungnard reagent of o-chlorobenzyl methyl ether50 __ .  ^  ^  „ .  _ __’ . ^
with acetic anhydride to produce 37 in 48%  yield: bp 46-47° 6 - - 0 ,  22, 2 1 o 2 9 -8 6 -2 ; 24, 24S06-64 -2 ; 28, 2 4 x 0 7 -4 1 -8 ;
(0.06 mm); ir (CCh) 1685 cm-1; uv max (C2H5OH) 242 nm 29, 2 4 8 06 -65 -3 ; 30, 2 4 8 07 -42 -9 ; 31, 15018 -12 -9 ; 32,
(e 8290) and 284 (1130); nmr (neat) 8 2.43 (s, 3 ), 3.33 (s, 3 ), 2 4 8 0 6 -6 6 -4 ; 33, 24807 -44 -1 ; 34, 2 4 8 0 7 -4 5 -2 ; 35, 24806 -

A n al. Calcd for C.0HI2O2: C , 73.14; IT, 7.36. Found: C , methylthio-l-tetralone, 24807 -50 -9 ; 2-methylthio-»i-
72.92; H, 7.43. methoxyacetophenone, 2 4 8 0 7 -5 1 -0 ; m-methoxybenzyl

o-(Methylthio)methylacetophenone (38).—Authentic 38 was methyl sulfide, 2 4 S 0 7 -5 2 -1 ; ethyl o-(methylthio)methyl- 
prepared by Dr. R . E . Kohrman m these laboratories.54 benzoate, 24807 -53 -2 ; 0-(methylthio)methylbeilzyl

(47) C . C . P rice , et al., J. Amer. Chem. Soc., 86 , 2278 (1963). alcchol, 24807-54-3 .
(48) H . E . R am sden, ei al., J. Org. Chem., 22, 1202 (1957).
(49) M .  S. N e w m a n  a n d  W . T .  B o o th , J r .,  J. Amer. Chem. Soc., 67, 154

(1945). (52-) H . O. House, et al., J. Amer. Chem. Chem. Soc., 82, 1452 (1960).
(50) H . G ilm a n  a nd  H . A . M c N in c h ,  J. Org. Chem., 26, 3723 (1961). (5c) N . J. L e o n a rd  and  J. F igu era s, J r.,  ibid., 74, 917 (1952).
(51) R . E . K o h rm a n , P h .D . Thesis, M a ssa ch u se tts  In s t i t u te  o f T e c h o lo g y , (54) T . B a c h e tt i a nd  A . F iecch i, Gazz. Chim. Ital., 83, 1037 (1953).

1968- (5 5 ) A s in ger, et al., Justus Liebigs Ann. Chem., 619, 145 (1958).

2538 J .  Org. Chem., Vol. 35, No. 8, 1970 M a y c o c k  a n d  B e r c h t o l d



Photolysis of Triarylsulfonium  Salts in Alcohol1

J erome W. K napczyk and W illiam  E. M cE w en

Chemistry Departments, University o f  Massachusetts, Amherst, Massachusetts 01002, 
and John son  State College, Johnson , Vermont 05656

Received November 24, 1969

Various triarylsulfonium salts have been subjected to photolysis in methanol and ethanol solutions, light of 
wavelength 2537 A being used. The major products are aromatic hydrocarbons, aryl halides, aryl alkyl ethers, 
biaryls, diaryl sulfides, diaryl sulfoxides, and Brpnsted acids. Diaryl disulfides and arylthiols are also produced, 
but it has not been possible to determine the yields of these compounds. The available evidence indicates that 
two major, primary photochemical reactions are taking place concurrently. One gives rise to a diarylsulfinium 
cation radical plus an aryl radical, and the other represents an electron-transfer reaction in which a triarylsulfur 
radical and a halogen atom are produced. The latter reaction is of greatest importance when triarylsulfonium 
iodides are photolyzed.

A  complex mixture of products is produced when a are known to scavenge solvated electrons and would be
triarylsulfonium salt is subjected to photochemical de- expected to inhibit the reaction if mechanism a were
composition in alcohol solution. For example, pho- operative.3b Furthermore, H X  is generated during
tolysis of triphenylsulfonium chloride in ethanol solu- each overall reaction, and the solvated electrons would
tion for 61 hr, light of wavelength 2537 A being used, be scavenged rapidly by protons.3b'4
gives benzene (10%), chlorobenzene (1% ), phenetole Pathway b, which represents a photochemical hetero- 
(9%), biphenyl (1% ), diphenyl sulfide (26%), diphenyl lytic dissociation of a C -S  bond to give an aryl cation
sulfoxide (2%), and hydrogen chloride (57%); un- plus a diaryl sulfide, can be ruled out on the basis that
reacted triphenylsulfonium chloride is recovered in the presence of iodine (expt 27, Table II), oxygen (expt
34% yield. The photolysis of triphenylsulfonium 25, Table II), or diphenyl disulfide (expt 17, Table II)
chloride in methanol for 61 hr at 2537 A affords benzene markedly inhibits the formation of benzene, haloben-
(10%), chlorobenzene (0.5%), anisole (11% ), diphenyl zene, anisole, and biphenyl. Since these additives are
(2%), diphenyl sulfide (30%), benzyl alcohol (0.2%), radical scavengers and would have no effect on the for-
diphenylsulfoxide (2%), methylal (11% ), and hydrogen mation of an aryl cation by mechanism b,5 it can be
chloride (49%); 33% of the starting sulfonium salt is concluded that such an ion is not being produced in the
recovered unchanged. D ata for numerous additional primary photochemical process.6
photodecompositions of triarylsulfonium salts are given Mechanism d represents an electron-transfer reaction 
in Tables I and II. It is obvious that either aryl radi- similar to those postulated to occur in i dated reaction
cals or aryl cations are produced at some stage of these systems.17 If such a mechanism were operative, the
reactions, and four different pathways may be con- yields of aromatic hydrocarbon, aryl halide, and diaryl
sidered for the primary photochemical reactions. sulfide would correspond to the ease with which the

counteranion can give up an electron to the associated 
X - _|_ solvent x -  + e“ (solv) acceptor cation. Thus, the amounts of these products

should increase with change of anion in the order B F i- , 
Ar3S + + e (solv) Ar3S- + solvent NO*“ , C 2H30 2-, C D  <  Br~ <  I “ ,3*'8 provided that

Ar3S - A r 2S + Ar- (a) solvent effects remain roughly the same. When ethanol
hv is used as the solvent and a triphenylsulfonium salt as

Ar3S+ —  ArzS + Ar+ (b) substrate, a good correlation between apparent photo-
D  + reducing power of the anion and the yields of benzene,

131 12 ’ r > 12 r ° diphenyl sulfide, and phenyl halide is observed (expt 1,
Ar3S+ + X - AraS-X —  (At* - ,  X -) — > Ar3S- +  X* 2> 3> and 4> Table D-9 When methanol, which is more

Ar3S -«j Ar2S -h Ar (d) (4) L. M. Dorfman, "T h e Solvated Electron in Organic Liquids,’’ ref 2,

Mechanism a, in which a solvated electron2 is formed P (5j d . f . DeTar and m . n . Turetzky, j . A m e r .  c h e m .  s o c . ,  n ,  1745 
as a reactive species, might be expected to occur most (1955).

j m  i -1 -l , • j *  i ,9  (6) Evidence tha- the effect of these additives cannot be attributed to a
readily when an easily photooxidized anion IS present.3 qurachlnE of excited sulfonium cations will be presented subsequently. 
Since essentially the same products (and ratios of prod- (7) (a) L. Horner and J . Dorges, T e t r a h e d r o n  L e t t . ,  763 (1965); (b) C. E.
ucts) are formed from both triphenylsulfonium chloride Griffin and M. L. Kaufman, i b i d . ,  769, 773 (1965); (c) T . D. Walsh and
/ , ,  ,  m i l  i t \ , , . , ,  7 , . „ . , R . C. Long, ./. A m e r .  C h e m .  S o c . ,  89, 3943 (1967); (d) J .  W. Knapczyk,
(expt 11, Table II) and triphenylsulfonium nuoroborate q H wiegand, and W. E . McEwen, T e t r a h e d r o n  L e t t . ,  2971 (1965).
(expt 15, Table II), this mechanism appears to be an (8) (a) J .  G. Calvert and J .  N. Pitts, Jr ., “Photochemistry,” Wiley, 

unlikely one. It can also be ruled out as a major path- np yp ,196® p 268.;F1(b) H' Friedm̂ pf- Ch°m- Ph«s-, 21;■ 319 ̂ J . (1953); (c) P. Pringsheim, Fluorescence and Phosphorescence, Inter-
'W iiy leading to products because the presence OI nitrate science, New York, N. Y ., 1963, p 328. The position of B F 4-  in this list
ion (expt 4, 6, 14, 24) or of iodobenzene (expt 9) does not represents an approximation.
• n  i i i i j • m i j j *x* (9) The presence of nitrate ion appears to catalyze the formation of
influence products or product ratios. These additives benzene when ethanol ¡3 used as the solvent (expt 4 and 6, Tabie d  but not

when methanol is the solvent (expt. 12, 14 and 24, Table I I ) .  That the
(1) A preliminary report of a small portion of this work has been published: increased yield of benzene observed in expt 6 (Table I) is not attributable

J .  W. Knapczyk and W. E. McEwen, J .  A m e r .  C h e m .  S o c . ,  91, 145 (1969). to the presence of lithium ion or to an increase in the ionic strength of the
(2) E. J .  Hart, Symposium Chairman, "Solvated Electron,” Advances medium is demonstrated by the results of expt 5, which show that the addi-

in Chemistry Series, No. 50, American Chemical Society, Washington, D. C., tion of lithium chloride has little effect on the yields of the products cited
1965. above. The influence of nitrate ion may not be due to its effect on a primary

(3) (a) L. E . Orgel, Q u a r t .  R e v . ,  8, 422 (1954); (b) M. Anbar, "Reactions reaction but rather to its inhibitory effect on a secondary reaction that would
of the Hydrated Electron,” ref 2, p 55. otherwise consume the precursor of benzene.
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T a b l e  I “ '6

I r r a d i a t i o n  o f  T r i p h e n y l s u l f o n i u m  S a l t s  f o r  6 1  H r  i n  E t h a n o l

R e covered (CgH sW  F o o t-
E x p t  X  A d d it iv e  CoHe C eH sX C 6H 5O C 2H 5 CaHs-CeHs (C gH sL S  (C o H sU S + X -  H + S = 0  n o te

1 Cl 10 1 .2  9 1 .2  26 34 57 2 c
2 B r 23 7 4  1 .4  36 24 d
3 1 31 36 2 1 .4  52 ~ 1 0  e
4 N 0 3 34 9 1 .4  28 29 d
5 Cl 7 .0  X  10-"

LiCl 10 1 .2  9 1 .2  27 49 /
6 Br 7 .0  X  10- 4

LiNOs 45 7 4 1 .4  36 15 1 c, /
7 B r 1 .4  X  10“3

CH3CHO 32 7 5 1 .9  33 41 51 f
8  Br 7 .0  X  10~4

(C6H5)2S 21 0 .5  44» 51 f , d
9 1 7 .0  X  lO“4

C6H5I 32 2 0 .8  53 10* f , d
10 (C6H5)2S 17 0 .4  72 0 6 i

“ We elected not to express percentage yields in terms of amount of sulfonium salt reacted because of the uncertainty in determining 
the amount of unreacted sulfonium salt in some cases. 6 Many of the reactions summarized in this table were run in duplicate and some 
in triplicate to determine reproducibility, which was excellent. c Thiophenol could not be detected in these mixtures. d When no 
number appears under H + it means that the mixture was not titrated. Br0nsted acids were produced in every experiment. * Iodine 
was produced. The sulfonium salt was isolated in the form of the triiodide.* / Values of additives in moles. 9 Based on 0.0014 mol. 
h Isolated as the triiodide, mp 137-138 [lit. mp 137.5-138: W. A. Bonner, J . Amer. Chcm. Soc ., 74, 5078 (1952)]. •' Control experi
ment.

polar than ethanol,10 is used as solvent, the correlation Ar2S-+ + 02 — > Ar2S+-0-0-
also holds for the tri-p-tolylsulfonium salts, and, with .  , _TT „ Tr . ~
the exception of the formation of benzene in expt 13
(Table II), for the triphenylsulfonium salts (expt 11, Ar2S+-0-0-H X ~ — > Ar2S-0-0-H + X-
12, 13, 28, and 29, Table II). However, the main draw
back of mechanism d as the major primary photochem- Ar2S-0-0-H >- Ar2S ‘-0~ + OH (j)13
ical process is that it offers no reasonable way to account Ar2S- + + I2^=±: Ar2S+I + 1- (k)
for the large amounts of Br0nsted acids formed in most
of the reactions. CeHs-S-S-CeHs 2CJI-.8 •

Mechanism c consists of a photochemical homolytic . „ . , . ,,, „
cleavage of the tnarylsulfonium salt to give an aryl •• v
radical and a diarylsulfinium salt.11 The diarylsul-
finium cation might be expected to undergo further inhibition of formation of alkyl aryl ether when
reactions, depending on the availability of the various radical scavengers (e.g., oxygen, iodide ion, and the 
reagents, by the following mechanisms, four of which phenylthiyl radical11®) are present can be explained in 
(e through h) give rise to Br0nsted acids. terms of reactions i, j, k, and 1; i.e., the scavengers

intercept the diarylsulfinium cation radical before it has
Ar g +__^ Ar- Ar+ a chance to react by pathways e, f, g, and h.

r - r . ’ r A  substantial amount of diphenyl sulfoxide was pro-
A r+ +  ROH — > ArOR +  H+ (e) duced in the experiment where the reaction mixture was

Ar2S •+ + H -C H 2OH — > Ar2S +Il +  CH2OH exposed to oxygen (expt 25, Table II). Although some
of the sulfoxide may have arisen by photooxidation of 

Ar2s+H Ar2S + H+ (f) diphenyl sulfide produced in the reaction mixture, most
Ar2S . + + . CH2OH__>■ Ar2S +  +CH2OH °f must have been formed from another precursor.

The evidence for this statement consists of the observa- 
+CH2O H — > C H 20  +  H + (g)13 tion that the yield of diphenyl sulfoxide in expt 25

Ar2s-+ + -CH2OH — >- Ar2S+lI + CH20  (Table II) was 13%, but the yield of diphenyl sulfide

Al\SH+  >■ Ar&  +  H + ( h ) l la  (13) A n  a lte rn a t iv e  m echan ism  fo r  th e  fo rm a tio n  o f th e  d ia ry l s u lfo x id e
is th e  fo llo w in g . lla

A r S - + +  X -  — > Ar2S -f X- (i)“ »
A r 2S- + +  O H  A r 2S + — O H

, . A r 2S+ - O H ^ .  A r 2S + - O "  +  H  +
(10) T h e  d ie le c tr ic  c o n s ta n t fo r  m e th a n o l a t  2 0 ° is  33.6 as a g a in s t 25.1

fo r  e th a n o l . 4 I t  is  a lso possib le  th a t  h y d ro x y l ra d ica ls  arise  b y  th e  fo llo w in g  p a th w a y  in
(11) (a) U . S c h m id t, “ O rg a n o s u lfu r C h e m is try ,”  M .  J . Janssen, E d .,  th e  ir ra d ia te d  re a c tio n  m ix tu re .

In te rsc ie n ce , N e w  Y o rk ,  N . Y . ,  1967, p  75 ; (b ) H . J . Sh ine, re f l l a ,  p  93 ; h
(c) S, \ G ; C o h e n ’ re f l la >  p 33 ' O , +  2 C H iO H  — H. O.  +  2 C H .O H

(12) A  s im ila r  re a c tio n  has been re p o rte d  to  o ccu r w i th  a p h e n y l ra d ic a l
as th e  h y d ro g e n  a b s tra c tin g  a g e n t .5 H o w e ve r, i f  p h e n y l ra d ica ls  p ro d u ce d  q  o O H
b y  m echanism  d  were responsib le  fo r  th e  g e n e ra tio n  o f th e  B r 0 nsted  acids, 2 2 ^

th e re  w o u ld  be a correspondence betw e en  th e  m o la r  a m o u n ts  o f a c id  a n d  T h e  oond d isso c ia tio n  energies o f H - C H 2O H  a n d  H - C ( C H i) H O H  are  24 
benzene o b ta in e d . C le a rly , th e re  is no such re la tio n s h ip , as th e  m o la r  a n d  21 k c a l/m o l,  re sp e c tive ly , a t  2 9 8 ° K .8a T hu s, ene rgy  c o n s id e ra tio n s  fo r
a m o u n t o f a c id  g re a tly  exceeds th a t  o f benzene in  each o f th e  re a c tio n s  o f these h yd ro g e n  a b s tra c tio n  re a c tio n s  on  m e th a n o l and  e th a n o l w o u ld  a pp ear
th e  tr ip h e n y ls u lfo n iu m  sa lts . to  be h ig h ly  fa vo ra b le .
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T a b l e  I I “

I r r a d i a t i o n  o f  (p-RCsHdaS+X-  f o r  6 1  H r  i n  M e t h a n o l

R e
covered

(p -R  p -R -  (p -R -
p - X -  p -R -  (p -R -  (p -R -  C6H4)3- C 6H4- C 6H 4)2- C H 2-

E x p t  R  X  A d d it iv e  CsH sR C e ^ R  C o IL O C H j C 6H i ) : CnHt )jS  S + X -  H +  C H 2O H  S = 0  (O C H j) 2 F o o tn o te

11 H Cl 10 0 .5  11 2 .0  30 33 49 0 .2  2 11
12 H Br 13 2 7 1 .0  37 30 43 17
13 H I 10 47 6 0 .8  43 4 t  0 .3  16 b, c, d
14 H NOs 11 10 1 .1  38 39 e
15 H B F 4 11 9 1 .1  34 38 3 15 / ,  g

O
II

16 H O CO H 5-
2H20  9 12 1 .6  35 14 e

17 H Cl 3 .5  X  10“4
(C6H5S)2 3 0 .1  2 22 75 52 6 h, i

18 H Br Pyrex vessel 8 0 .5  t  0 .1  12 78 9 t  b, j
19 H B r 1 .4  X  10 -3 15 2 9 1 .7  33 31 44 t  19 b, i

H20
20 H B r 1 .4  X  10 " 3

CH 2(OCHs)2 12 3 7 2 29 39 42 t  b, i
21 H B r 7 .0  X  10~*

(C6H5)2S 13 2 3 0 .8  60 53 30 24 g, i
22 H B r 7 .0  X  10 - 4

NaOCOCHs 14 2 8 2 .2  36 0 .4  0 .3  2 e, i
23 H Br 7 .0  X  10~4

NaOCOC6H5 17 2 7 2 .2  37 0 .4  2 e, i
24 H Br 7 .0  X  10“ 4

L iN 0 3 13 2 2 1 .1  38 33 e, i
25 H B r 0 2 6 5 0 .6  0 .5  32 26 51 t 13 41 b, k
26 H I 7 .0  X  10 -4 N al 9 70 3 0 .4  48 2 t 0 19 b, c, i
27 H N 0 3 7 .0  X  lO - 'I i  2 43 t 0 .2  34 52 2 102 d, i
28 CH3 Br 30 3 8 4 43 13 55 21
29 CH3 I 33 58 5 2 47 0 16 21 c
30 (C6H6)2S 13 0 1 78 l , e
31 (C6H5)2S 0 2 4 6 m, n, k, e, j
32 H Br 11 3 6 1 .4  27 44 36 t 14 0

0 All reactions except expt 17 produced a solid yellow substance that precipitated on the sides of the reaction vessel. In all reactions 
several unidentified low-boiling and high-boiling products were also produced. b t  =  trace amount. c Iodine was also produced and 
isolated as triphenylsulfonium triiodide. d Methyl iodide was not found. e When no number appears under H + it means that the 
mixture was not titrated. 1 An insoluble polymer film formed. » Thiophenol not detected. h 26%  (based on 0.0007 mol) thiophenol 
found. * Values of additive in moles. > Control experiment. k The solutions were saturated with oxygen and sealed in an atmosphere 
of pure oxygen. 1 An insoluble oil was also produced. m Percentages based on 0.00035 mol of starting sulfide. ” Artificial mixture also 
containing 5 X  10_s mol of benzene, 2 X  10-6 mol of chlorobenzene, 1 X  10-5 mol of biphenyl, 2 X  10 -4 mol of methylal, 2 X  10~4 
mol of hydrochloric acid. 0 Reaction period 13.5 hr.

decreased only 5%  as against the results of expt 12 Table II) to the reaction mixtures did not bring about
(Table II). Also, in a control experiment in which di- any increase in the yields of ethers,
phenyl sulfide was irradiated in the presence of oxygen All of the reaction mixtures became acidic as the re- 
and an artificial mixture of reaction products, the yield action progressed. However, there were significant 
of diphenyl sulfoxide was only 6%  (expt 31, Table II). differences in the amounts of titratable acids produced, 
Thus, we suggest that much of the diphenyl sulfoxide depending on the nature of the anion present.16 Specif-
produced in expt 25 arose by mechanism j or else by the ically, the amount of acid produced was least when
alternative pathway depicted in footnote 13.14 iodide ion was present, intermediate in amount when

As an alternative to pathway e for the formation of bromide ion was present, and greatest with chloride, 
alkyl aryl ethers, consideration must be given to the Since the Br0nsted acids presumably arise via mech-
possibility that an aryl radical adds to the oxygen atom anism c followed by e through h, the anion effect implies
of formaldehyde or acetaldehyde, generated as shown in strongly that pathway d competes with c as the primary
eq g and h, to give a new radical, ArOCHR, which then process. As mentioned previously, pathway d would
forms the ether by a suitable hydrogen abstraction re- increase in importance with change of anion in the order
action.15 This possibility is ruled out on the basis of Cl~ <  B r- <  1 “  and would not set in motion subsequent
the fact that the addition of relatively large amounts of reactions which would produce any significant amounts
acetaldehyde (expt 7, Table I) or methylal (expt 20, of Brpnsted acids.12 In other words, the amount of

Br0nsted acid produced is a good measure of the extent
(14) These re su lts  a lso p ro v id e  ev idence t h a t  q u e n ch in g  o f p h o to e x c ite d  

t r ia ry ls u lfo n iu m  c a tio n  is  n o t a l ik e ly  e x p la n a tio n  fo r  th e  in h ib it io n  o f c e r ta in
o f th e  reac tions  w h e n  th e  a d d itiv e s  are  p resen t. (16) T h e  presence o f b u ffe rs  d id  n o t p ro d u ce  a n y  s ig n if ic a n t e ffec t on  th e

(15) (a) M .  S. K h a ra sch , D .  S ch w a rtz , M .  Z im m e rm a n n , and  W . N u d e n -  ra tio s  o f p ro d u c ts  (e x p t 12, 16, 22, a n d  23, T a b le  I I ) .  I t  sh o u ld  a lso be
berg, J. Org. Chem., 18, 1051 (19 5 3 ); (b ) F . F . R u s t,  F .  H . S eubold , a nd  n o te d  th a t  a sm a ll a m o u n t o f B r0 n s te d  a c id  is  p ro d u ce d  b y  th e  p h o to -
W . E . V a ughan , J. Amer. Chem. Soc., 70, 3258 (1 9 4 8 ); (c) R .  F . M o o re  a nd  d e co m p o s itio n  o f th e  d ia r y l s u lfid e  w h ic h  is  p ro d u c e d  in  th e  m a jo r  sequences
W . A . W a te rs , J. Chem. Soc., 238 (1953). o f re a c tio n s  (e x p t 10, T a b le  I ) .
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of reaction  proceeding b y  pathw ay c as the prim ary A p artia l explanation for these results is the fa c t  th a t  
step . Ind eed , in m any of th e  experim ents there  is a  the c ia ry l sulfide itse lf undergoes a photochem ical re
good correspondence betw een th e  m olar am ounts of action . B y  w ay of illu stration , irrad iation  of diphenyl
acid  and th e  com bined m olar am ounts of, for exam ple, sulfide under th e  sam e conditions as em ployed for the
anisole and m eth y la l form ed. Specifically , 1 m ol of tri-p-tolylsu lfonium  iodide reaction  afforded benzene
acid should be  produced/m ol of anisole (c^j e) and 2 in 1 3 %  yield and biphenyl in 1 %  y ield ; diphenyl sul-
m ol of acid/m ol of m ethyla l (eq f, g, and h) pro- fide was recovered in 7 8 %  yield (expt 30, T a b le  I I ) . 19
duced. T h u s, in  expt 12 (T ab le  I I )  a  4 1 %  yield  of acid  T ra ce  am ounts of thiophenols and d iaryl disulfides 
would be an ticip ated  on th e  basis of th is reasoning as were found in  m any of the reaction  m ixtu res.20 D i- 
again st 4 3 %  actu a lly  found. phenyl sulfoxide w as found in  yields ranging from  0 .3

A com parison of the results of th e  reactions of tri-p - to  3 .0 %  even in those system s w here precau tions were
to lylsu lfonium  brom ide and iodide in m ethanol solution tak en  to  exclude oxygen of th e  a ir (expt 1 and 6, T a b le
(expt 28 and 29, T a b le  I I )  w ith  those of triphenylsu l- I  and 11, 13, 15, 22 , and 27, T a b le  I I ) .  
fonium  brom ide and iodide (expt 12 and 13, T a b le  I I )  Inasm u ch  as d iaryl disulfides and thiophenols absorb 
reveal th a t  th e  form er give a larger ra tio  of aro m atic  strongly  in th e  2537-A  region of th e  u ltrav io le t spec-
hyd rocarbon plus b iary l to  aryl halide th an  th e  la tte r . tru m , and since ary lth iy l rad icals are produced from
T h is  is p ro bab ly  a reflection  of th e  g reater s ta b ility  of such com pounds under these conditions as shown, for
th e  tri-p -to ly lsu lfu r rad ical as against th e  triphenyl- exam ple, in eq  p ,21 it  is probable th a t  such rad icals,
sulfur ra d ica l.17 I t  is a  reasonable assum ption th a t  th e  w hich are also form ed by  irrad iation  of d iaryl sulfides
rad icals produced b y  m echanism  d are in itia lly  p aired ; as shown in  eq q ,22 persist for an appreciable period of
i .e . ,  th ey  exist in  a solvent cage. T h e  m ore stab le  th e  tim e. T h is  would be so even in a solvent w hich is sus-
rad icals th a t  m ake up th e  rad ical pair, th e  g reater is th e  ceptib le  to  hydrogen ab stractio n  by  such rad icals owing
likelihood of th e  radicals becom ing free from  one another to  th e  continu al renew al of the ary lth iy l rad icals, as
and reacting  w ith  th e  solvent or o th er m olecules exter- shown in  eq r .23 T h is perm its arom atic  rad ical sub-
n al to  th e  solvent cage, these reactions producing aro- hv
m atic  hydrocarbons and b iaryls, am ong o th er products. Ar-S-S-Ar 2 ArS- (p)
T h is  sequence of reactions s ta r ts  w ith  p athw ay m. O n h*
th e  o th er hand, w hen th e  rad ical p air consists of m ore Ar2S ArS' +  Ar-
reactive  rad icals, th ey  tend  to  react w ithin  th e  solvent ArS- +  CH3OH ArSH +  -CH2OH
cage to  produce an ary l halide plus a d iaryl sulfide, as
shown in th e  reaction  pathw ay n. ArSH ArS- +  H- (r)

(A rS- X  ) ___A rS +  X  s titu tio n  reactions of the types shown in  eq s and t  to
occur during extended irrad iation  periods and p robably  

Ar3S- — >■ Ar,S +  Ar- (m) accou nts for th e  form ation  of organosulfur com pounds
.. _ of high m olecular w eight, w hich are n ot d etected  by

(Ar3S •, X •) - >  Ar2S +  ArX (n) vap or phase ch rom atograp hy.24-25

In  th e  reaction  O, th e  triaryhu lfon iu m  iodides, som e (1 9 ) One of the referees suggested that product ratios (abundances) or
iodine is produced b y  photochem ically  in itia ted  redox individual yields, adjusted for recovered triarylsulfonium salt, the limiting
reactions. W hen iodine is form ed in th is m anner, a t reactant, should be used to compare the results of these experiments rather
. f , . . . . .  . . . than conventional yields, which were actually used. Since we are not sure
least som e ox tne ary l iodide produced arises b^ th e  re- 0f the origin of some of our products, it is our opinion that the use of un
action  p athw ay O.8,18 In  fa c t, since ary l iodides are recovered triarylsulfonium salt as the “limiting reactant” may be mis-
form ed apparently  a t  th e  expense of arom atic hydro- IeadinT Furthermore, on the basis of yields and product ratios, calculated

rsr .  ̂ r  J  accorcing to the suggestions of the referee, we see no reason to change our
carbons and b iaryls in  th e  reactions of th e  tn ary lsu l-  conclusions about mechanisms of reaction.
fonium  iodides, pathw ay O m ight represent a su b stan tia l (20) Throueh control experiments, we found that small amounts of di- 

r .-I i i i  i i phenyl disulfide could not be detected by vapor phase chromatography
source of th e  aryl iodides produced. inasmuch as the compound underwent decomposition at the injection port

2 j  __ J of the gas chromatograph. A partial analysis based on its decomposition
2 products was possible only when the compound was present in large amount.

Ar . _|_ J2 — Arl +  I- (o) Attempts to determine quantities of thiophenols and diaryl disulfides in the
reaction mixtures by application of thin layer chromatography were un-

V arying  am ounts of resinous m ateria ls were form ed successful owing to the complexity of the mixture.
• a i • i • . rpi_ *, • (21) (a) W. A. Pryor, “Mechanisms of Sulfur Reactions,” McGraw-Hill,m  each of th e  photochem ical experim ents. T h u s, it  is New York N y ._ 1962 p 42. (b) ,7 G Calvert and d N. Pitts, ref ga, p 
difficult to  analyze th e  d ata  w ith  respect to  m ateria l 488.
b alance considerations, especially w ith  regard to  the (22) L- Homer and j . Dorges, Tetrahedron Lett., 7 5 7  (1963)-, (b)

li. , . ,, .  ., N. Kharasch and A. I. A. Khodair, Chem. Commun., 98 (1967).
organosulfur com pounds. As a result of th e  photolysis (2 3) (a) J. G. Calvert and J. N. Pitta, ref 8a, p 490; (b) W. E. Haines, 
of tri-p -tolylsu lfonium  iodide in  m ethanol solution G. L. Uook, and J. S. Ball, J . Amer. Chem. Soc., 78, 5213 (1956).
(expt 29, T a b le  I I ) ,  fo r exam ple, the com bined yield of u (24) Solutions of dimesityl disulfide in 2-propanol in the presence of
, 1 , , . j  t  benzophenone are readily converted to an equilibrium mixture of about
toluene, p-iodotoluene, p-m ethoxytoluene, and dl-p- 70% mesitylthiol and 30% dimesityldisulfi.de when irradiated: S. G. Cohen,
to ly l w as 9 8 % , b u t th e  yield of d i-p -to ly l sulfide was ref 11 p 42- Apparently the presence of methyl groups in the ortho and
only 4 7 % . F u rth erm ore, no d i-p -to lyl sulfoxide was d“™ ^ ° “  fand t ar0mati° mdical substitution reactions °; the typea
found, nor was any tri-p-tolylsu lfonium  iodide recovered. (25) Since thiophenols are known to give rise to solvated electrons in

suitable solvents, the following pathway for the generation of arylthiyl
(17) A similar argument was used to explain differences in reactivities radicals is also a possibility.

of tri-p-tolylsulfonium and triphenylsulfonium salts in reactions with hv
sodium alkoxides.1*7̂  ArSH -f solvent x  ^ ArS+H + e~ (solvated)

(18) Under the conditions employed in these experiments, a significant
amount of iodide ions would be converted to iodine atoms. Since hydrogen ArS+H ^ — ArS- + H +
abstraction reactions of the iodine atoms would be reversible, the concentra
tion of iodine atoms would probably be appreciable at all times. Cf. L. I. Grossweiner and H. I. Joschek, ref 2, p, 279.
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2ArS- >■ ArSArSH (s)26 E x p e rim e n ta l S ectio n

ArS- +  ArSArSH — >  ArSH +  ArSArS-, etc. All of the sulfonium salts were prepared as described in a
previous paper,1 with the exception of triphenylsulfonium benzo- 

A ca Q ate.
A tt 4 - r Ar ’2b Triphenylsulfonium Benzoate Dihydrate.— To 3.65 g (0.0095
ArH +  ArSArS- v etc- (*) mol) of triphenylsulfonium iodide dissolved in 40 ml of methanol

P  was added 2.2 g 10.01 mol) of silver oxide. The mixture was
allowed to stir rapidly for 4 hr in the dark. The precipitate of

All of the photochemical reactions listed in Tables I silver iodide and unreacted silver oxide was removed by filtration, 
, tt , .i , , , , 00  rr, ,1  TT\ and to the clear filtrate was added a solution of 1.2 g (0.01 mol)

and II except the last one (expt 3 2 , Table II) were of benzoic acid in 5 ml of methanol. The solution was evaporated
allowed to continue for a period of 61 hr. In expt 3 2 , to dryness. The resulting oil was induced to crystallize from
the reaction mixture was irradiated for only 13.5 hr. methylene chloride-ether mixtures. The yield of the purified
Comparison of the results of this experiment with those substance, mp 288-289°, was 0.91 g (20% ).

of expt 12 (Table II) reveals relatively little difference Fo^  c ^ A S ^ S o ^  7 29 68 '46; 5' " : S’ 7-31‘
in the yields of the various products. Nevertheless, a Irradiation of Triarylsulfonium Salts.— The sulfonium salts, 
significant quantity of unreacted triphenylsulfonium 7.00 x  10““ mol, and the appropriate additives were dissolved 
bromide was recovered even after the 61-hr period of in 3 :(I(J ml of tfle appropriate anhydrous solvent29 which had
irradiation. A  possible explanation is that, owing to previously been deaerated by bubbling a fine stream of dry,
,,  , .  f  , , , . , , , . . V. i , oxygen-free nitrogen through the refluxing solution for 4 hr.
the formation of products which strongly absorb light The solutions were sealed under nitrogen in 12-mm quartz tubes
of the wavelength used in the irradiation relatively and irradiated by a bank of sixteen Rayonet photochemical
early in the period of irradiation, much of the photo- reactor lamps no. R P R  of which 90%  of the intensity of the
chemical energy needed for the primary process is un- -s of wavelength 2537 A. Each solution was homogeneous

available a. . la t e r  time For example, the presence of —  .“ S — i
diaryl disulfides or arylthiols and the occurrence of re- g a s  chromatography7, an F  & M Model 609 flame ionization gas
actions of the types depicted in eq p and r could cause chromatograph being used. To obtain proper separations of the
inhibition of the primary processes c and d. Indeed, volatile materials, three different columns had to be used:
when diphenyl disulfide was added to a typical reaction n ( f, ooo/5 n  Apie:’on Ij fjolumn fOT m° s* of the components, (2 )

. , , , rr» 11 tt\ xi a r a • i i a 6-ft 20%  Carbowax 20M column for determination of methylal,
mixture (expt 17, Table II), the amount of triphenyl- an<i (3 ) a g-ft 1 5 %  Ucon 50 colmnn for determination of bromo-
sulfonium salt recovered after a 61-hr period of irradia- benzene in the presence of phenetole. The concentration of
tion increased markedly (cf. expt 11, Table II).27 Brpnsted acids was determined by pipetting a 1 .00-ml aliquot

The addition of diphenyl sulfide to the solutions of °{ the sample into 50 ml of water and titrating to the phenol-
, . , i ir • i - i - , r . -  i phthalem end point with O.loOO A sodium hydroxide solution,
triphenylsulfonium bromide prior to irradiation also £he amount J  unreacted sulfonium salt was found by adding a
leads to a marked increase in the recovery of starting 1 .00-ml aliquot of the reaction mixture to 45 ml of anhydrous
material (cf. expt 2 and 8 , Table I, and 12 and 21, ether. After several hours the solution was decanted from the
Table II). A  reversal of eq d could account for this crystals that had formed, and the crystals were washed with 40
result. A  similar explanation has been suggested for mluof anhydrous ether dried, and weighed. In most cases a

. , i • ,1 1 , 1  melting point and an infrared spectrum were taken ot the solid
analogous results observed in the photodecomposition to conf-irrn its identity.
of phosphonium salts.7b Also, some evidence has been
presented in the literature for the addition of an alkoxyl Registry No.- Triphenylsulfonium benzoate, 25183- 
radical to diphenyl sulfide to give 63-5. Table I expt 1 (salt), 4270-70-6; 2 (salt),

3353-89-7; 3 (salt), 3744-08-9; 4 (salt), 19600-48-7; 
(C 6H6)2SOR 10 (salt), 139-66-2. Table II— expt 15 (salt), 437-13-8;

as an unstable intermediate in certain reactions.28 28 3744-n -4 i 29 (salt)> 22417-23-8.
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Photolysis of l - (2-chloroacetamioethyl)naphthalene (2) in aqueous methanol has given naphthazocine 3 in 
40-45%  yields. The structure of 3, assigned from nmr, uv, ir, and mass spectral data along with steric con
siderations, was rigorously confirmed by its degradation^ to 1,8-naphthalic anhydride (6 ), also obtained from 
acenaphthene. Photolysis of 2 in tetrahydrofuran gave chiefly hydrogenolysis product 4 and no 3.

The photolysis of N-chloroacetyl derivatives of a 3.0-3.9. The broadness of lines may be due in part to 
variety of pharmacodynamic amines as well as some overlapping or some unresolved long-range coupling; 
aromatic amino acids has been studied extensively by also, it may be a result of incomplete averaging if the
Yonemitsu and W itkop.1“ 3 Among the many reac- rate of ring inversion in the alicyclic system is not very
tions observed, cyclization with release of hydrogen fast.6 
chloride seems to be the major pathway in neutral,
aqueous medium leading to the formation of tricyclic . 2 2 2 i 2 2 1

indoles, benzazepines, and azaazulenes in yields ranging C0CH2C1
from 20 to 70%. As part of a study designed to ex- K j K j J  * IvJ iv-JJ
plore the synthetic potentialities of such intramolecular 2
cyclizations, it was of interest to us to examine the be- h, s '

havior of similar compounds incorporating aromatic I ^ H’ h THF
systems other than a hydroxyphenyl or indole system. _C/N^CH *  '
In this paper we report the photolysis of l-(2-chloro- I Y -
acetaminoethyl)naphthalene (2) and the characteriza- d,C CH, CH2CH2NH
tion of products obtained therefrom. y v A  COCH3

l-(2-Aminoethyl)naphthalene (I) prepared by the [ O l O l  L C t C )J
method of Schleigh, et al.4 (or less satisfactorily by re-
duction of 1-naphthylacetonitrile with metal hydrides), 3 4
was best converted to 2 in a nonpolar solvent in the HCilt'A^op
presence of powdered potassium carbonate, with either +
chloroacetyl chloride or the anhydride. Irradiations of H02C CH2NH3c r
2 were generally carried out in dilute solutions through H y  o = 0 ° " 'C = 0
which nitrogen was bubbled to remove dissolved oxy- 2i | 2 j I
gen. Vvcor filters (X >210 m/z) were used in conjunc- K3Fe(cx)t
tion with a high-pressure mercury immersion lamp.
In a methanol-water solution, the chloroacetamide, 2. /
was rapidly consumed and a photoproduct, 3, was iso- 
lated to which the empirical formula C mHi3NO could be
assigned on the basis of its mass spectrum and com- H02C COT! *  ___
bustion analyses. The ir spectrum of 3 taken in con- .1
densed phase showed carbonyl absorption at 1670 cm“ 1 K j K ) ]
and an N H  band at 3170 cm -1, both at higher fre-
quencies than those of the corresponding 2. In the uv 7

spectrum of 3 was a main band at 287 m/x compared
with 281 for 2, a bathochromic shift attributable to the Thus, it vould seem that cyclization of 2 has occurred 
transverse polarization of the naphthalene nucleus.5 a  ̂ one 01 positions of the naphthalene nucleus,

A  100-MHz nmr spectrum of 3 in dimethyl sulfoxide- and R̂e photoproduct formed could be a derivative of
de showed signals for six aromatic protons with two azocne fused to the naphthalene ring at the 1,8 posi-
centered at 5 7.75, and the other four at 5 7.35, indica- tions, or it could be derivatives of other tricyclic sys-
tive of two a and four (3 protons. The slightly broad- terns formed by cyclization at C-4 or C-5. The last
ened singlet at S 7.1 which vanished upon shaking with possibilities were ruled out from spatial considera-
D 20  was apparently due to the NH proton. Signals tion£> for the bond angles and chain lengths are such
from the six alicyclic protons are not clearly defined; that formation of an aliphatic bridge across the naph-
they appeared as a very broad band in the region of Ô thalene ring at 1,4 or 1,5 would be virtually impossible.

This can be amply demonstrated with models.
,,, „ v .. _ „  r „ A final, unequivocal assignment of structure 3 to the

3941 (1966). photoproduct was made on the basis of chemical evi-
(2) O. Y o n e m its u , T .  T o k u y a m a , M .  C h a y k o v s k y , a n d  B . W itk o p ,  denC3. Refluxing 3 with dilute hydrochloric acid led to

^ (3 )  a  V 'on e m it su, Y .  O ku n o , Y .  K a n a o k a . I .  K a rle , a nd  B . W itk o p .  “  a r i l i n 0  a d d ’ 5 > w l l 0 S e  n m r  SP e c t n i m  s h o w e d  a  H O W -
ibid., 90, 6 5 2 2  (1968). sharpened methylene signal at <5 4.3 in addition to a
3 7 9 ^ ( 1 9 6 5 ) ^  ®c^ le i8h * A- C a ta ia , a n d  f . d . p°pp, j. Heterocyci. Chem., 2 , symmetrical A À 'B B '-type multiplet at 3.15-3.80.

(5 ) H . H .  Ja ffé  a n d  M .  O rc h in , “ T h e o ry  a n d  A p p lic a t io n s  o f U l t ra v io le t

S p e c tro sco p y ,”  W ile y , N e w  Y o rk ,  N .  Y .,  1965, p 305. (6) F . A . L . A n e t a nd  M . A . B ro w n  Tetrahedron Lett., 4881 (1967).
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When 5 was heated at temperatures above 200° with or ~ hr. The mixture was cooled and filtered. The filtrate was
without the application of vacuum, a change in crystal- washed and dried (sodium sulfate). Evaporation of the benzene
line structure took place and the product isolated was
found to be identical With the original photoproduct, 3 , 3250 (N il), 1645 (amide I), 1560 (amide II ) c m -'; nmr (CDCh)
in all respects. The ease with which the thermal ring 5 3 .15 -3 .85  (m, 4, A A 'B B ', -C H 2CH2- ) ,  4.0  (s, 2, -CO C II2Cl),
closure proceeded provided additional support for the 7.60-8 .10  (m, 7, aromatic protons).
pen-fused structure in 3 . Numerous attempts were „  Ana} ‘ 2 :  67 ’86; H > ° -6 9 : N, 5.65.

made to oxidize 5 selectively to a known naphthalene- Photolysis of 2 . A. In Aqueous Methanol. 4,5-Dihydro- 
dicarboxylic acid. While potassium permanganate, iH-naphth[l,8-rfe]azocin-2(3H)-one (3).— A solution of 1.24 g (5
under a variety of conditions, gave mainly a benzene- mmol) of l-(2-chloroacetaminoethyl)naphthalene in 300 ml of
tricarboxylic acid, oxidation with neutral sodium di- methanol and 300 ml of water was irradiated for 2 hr with a
chromate at 250” usually touud satisfactory for con-
verting dimethy ¡naphthalenes to napht-ialenedicar- the irradiation and the quartz well was kept water cooled. The
boxylic acids,7'8 yielded only naphthoquinone deriva- mixture was evaporated to dryness invacuo  at 30°, and the residue
tives. Potassium ferricyanide, however, was found to was triturated ill 5 ml of methanol. After keeping in the cold
a t ta c k  slow ly th e  s a tu ra te d  a  carb on s w hen used  in 9 ™ " ^ ’ colofrl! f s c^ staf  were fil‘ erec!' 50°  (47 % ), mP
. . . .. , . 275-284 . Heerystallization from methanol-water gave shining
large excess an d  in an  alkaline m ed iu m , leavin g  th e  platelets: mp 284-286°; 3170 (NH), 1670 (CONH) cm “1.
aromatic moiety intact. After 5 days at 75°, com- The mass spectrum showed m/e 211 (molecular peak), 182 (loss
pound 5 was thus converted to a thermally unstable of N H CII2), 169 (loss of CII2CO).
dicarboxylic acid which, upon standing or heating, Anal. Calcd for CuIIisNO: C, 79.55; II. 6 .20 ; N , 6.63.

readily lost water to form the anhydride 6 ;  this was B In XH F. l-(2-Acetaminoethyl)naphthalene ( 4 ) . - A  so-
accompanied by a shift of carbonyl frequency from lutionof l . 24 g of 2 in 600 ml of T H F was irradiated with a 200-W 
1690 cm-1 to two bands at 1775 and 1740 cm -1. Com- high-pressure mercury lamp at room temperature for 2 hr. After
pound 6 was readily identified as 1,8-napnthalic acid evaporation of the solvent m vacuo at 30°, a yellowish oil re
anhydride (6 ) b y  comparison of its melting point and “ d up0r, c°lfumn f  romatography on silica gel (eluted

J  , ,  - ,?  , .  with a 0 -5 %  gradient mixture of ethyl acetate-chloroform),
ir, UV, and nmr spectra V lth those of an authentic sam- yielded one major product (345 mg, 32% ) ill addition to 265 mg of 
pie, obtained either commercially10 or by oxidation of unchanged 2. The former, mp 91°, showed m/e 213 (molecular 
acenaphthene. peak), 198 (loss of CII3), 170 (loss of CH3CO), and 155 (loss of

The photolysis of 2 in an aprotic solvent was also CH.CONH); the nmr spectrum (CDC13) exhibited a sharp singlet
x t  i U7i • -i • I • i , • n  , at 1.98 ppm corresponding to the three pro tons of an acetyl group.

stud ied . W h en  irra d ia tio n  w as ca rrie d  o u t in d ilu te  A n a{  Calcd for CuH15NO: C, 78.82; II, 7.08. Found: C, 
te tra h y d ro fu ra n  (T H F )  solu tion , th e  ch lo ro acetam id e  79.01; 11 ,6 .3 8 .
3 w as con su m ed  a t  a  m u ch  slow er ra te , an d  th e  p ro d u ct l-(2-Aminoethyi;-8-carboxymethylnaphthalene Hydrochloride
isolated  w as m ain ly  l-(2 -a c e ta m in o e th y l)n a p h th a le n e  (5)- Compound 3 (211 mg, 1 mmol) and 4 ml of 2 N  hydrochloric 

, ' , j  - j  j i  ■ acid were refluxed until a clear solution resulted. Excess acid
(4) besides som e u n re a cte d  am ide an d  p olym eric  m a - was remove(1 by vaouum distillation to leave a white crystalline
te n a ls . S u ch  a  d ualism  of p h o to ly tic  b eh av ior w as also mass weighing‘218 mg (82% ); mp 194-196° (recrystallization
o b served  b y  S ch affn er11 an d  b y W itk o p 3 w ho p rop osed  from ethanol-water raised this to 198°); r“ ' 3050 (N H ,+),
th a t  in n on p o lar solven ts a  ra d ica l m ech an ism  in itia te d  1710 (COOII) cm -1 ; nmr (D20 )  3 .15-3 .80  (m, 4 , A A 'B B ',
b y  th e  h om olysis of a  ca rb o n -h a lo g e n  bond w ould be ^ « * 0 «  > 4 '3o (s’ 2 ’ Ĉ C,0 ) ’ 7 "51* (n\* 4 ’ ^ naPhthalene Pr°-
fa v o re d ; th e  free  ra d ica l th u s  form ed  could th e n  un- A naL  Calcd for C14HI6C1N02: C, 63.25; 11 ,6 .0 6 ; N, 5 .27 . 
d ergo h y d rog en  a b stra ctio n  to  yield  th e  a ce ta m id e , 4. Found: C, 63.41; II, 6 .06; N, 5.15.
In polar solvents, however, cyclization was likely to pro- Thermal Ring Closure of l-(2-Aminoethyl)-8-carboxymethyl- 
ceed through an ionic intermediate which, in the present naphthalene Hydrochloride to 4. When the above hydro-

case , w as p rob ab ly  p reced ed  b y  th e  tt- tt* e x c ita tio n  of 220_240’o; crysials melted and subsequently solidified to a 
n a p h th a le n e .12 grayish mass. Recrystallization from 80%  methanol yielded 95

mg (85% ) of colorless crystals, mp 282-284°. T h eir, uv, and 
. nmr spectra of this compound are superimposable on those of 3

Experimental Section obtained by direct photolysis of 2 in methanol-water. A mixture
. , . , . , „  „ , . , , melting point determination of the two samples showed no de-All melting points were determined on a Kotler hot-stage and

are uncorrected; ir spectra were recorded with a Perkin-Elmer pr^ ation of 5 with Potassium Ferricyanide to 1,8-Naphthalic
spectrophotometer Model 424 (chloroform solutions or K Br Acid Anh dride (6 ). _ The oxidation was carried out by the
peUets). Unless otherwise stated nmr spectra were taken on a j of Huisgen and K.etzA A solution of 200 mg
Vanan A-60 spectrometer using TMS as internal standard. 0̂ .75 mmol) of s , 40 g of potassium ferricyanide, and 10 g of
o nV fn o f  ° aCn  m " A potassium hydroxide in 160 ml of water was stirred at 70-75° for
2.08 g (0.01 mol) of 1 hydrochloride m 10 ml of water was made ^ The orange-colored solution was cooled and acidified
basic with 2 A  sodium hydroxide The separatee soil wasMis- with3concentrated sulfuric acid until acidic to Congo red. Ex-
solved m 30 ml of benzene and dried (sodium sulfate). After of the duct was carried out with ether in a continuous
filtration, the benzene extract was refluxed with 2.08 g of anhy- tractor for 48 hr. After evaporation of the solvent, a semisolid
drous potassium carbonate while a solution of 1.7 g (0.015 mol) residue remained whlch, upon heating with 5 ml of ethanol and
of chlcroacetyl chloride in 30 ml of benzene was slowly added over chim ielded 43 (29% ) of slightly yellowish needles: mp
60 mm. Heating and stirring were continued for an additional 2^ 0 , ^  spectrjm m /e  198 (molecular peak), 154 (loss of
-------------------  -C(O )O ), 126 (loss of -O C(O )O -); > w  1775, 1740 cm “1 (eon-

(7) L . F r ie d m a n , D .  L . F ishe l, a n d  H . S chechte r, J .  Org. Chem.. 30, 1453 jugated cyclic anhydride); 296 m / i  ( i  7600).
(1965). Anal. Calcd for C,2H60 3 C, 72.71; H, 3.05. Found: C,

(8) K. B . W ib e rg  in  “ O x id a t io n  in  O rg a n ic  C h e m is try , ”  K. B. W ib e rg , 72.71" H 3.15.
E d ., A ca d e m ic  Press, N e w  Y o rk ,  N .  Y „  1965, p so. T h i s  c o m p o u n d  p r o v e d  t o  b e  1 , 8 - n a p h t h a l ic  a c id  a n h y d r id e

(9) R . H u isgen  a n d  U. R ie ts , Tetrahedron. 2 271 <1958) (melt ing point and ir and uv spectra identical with those of an
(10) P urchased fro m  A ld r ic h  C h e m ic a l C o M .lw a u k e e , W ,s authentic sample obtained either commercially or by oxidation
(11) S. Iw a s a k i a nd  K . Sch a ffne r, Helv. Chun. Acta, 51, oo7 (1968). , , x r ^ i r • ,  « „  „ „ « « « J
(12) E . G ro ve n s te in , J r .,  T. C. C a m p b e ll, a n d  T. S h ib a ta , J .  Org. Chem., of acenaphthene). The free dicarboxylic acid, 7 , was prepared

34, 2 4 1 8  (1969). by refluxing the above anhydride with 20%  potassium hydroxide
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followed by acidification at 0°. At higher temperature, the acid the unreacted acenaphthene was removed by filtration and the
is readily eyclodehydrated. Recrystallization from cold acetone- filtrate acidified. Extraction with ether followed by evaporation
hexane yielded white needles: mp 273°; 2650 (bonded OH), yielded 46 mg (23% ) of 1,8-napnthalic acid anhydride, mp 274—
1690 (COOH) cm -1. 276°, mass spectrum m /e  198. The low yield of the oxidation

A nal. Calcd for Ci2H804: C, 66.64; H, 3.72. Found: C , product was probably due to the insolubility of acenaphthene in
66.42; H, 3.86. water.

Oxidation of Acenaphthene. By Potassium Ferricyanide.—
Acenaphthene (308 mg, 2 mmol) was oxidized with 30 g of potas- „  m  ?  o - i i r - m  a . i  0 - n -r, 7 n o . a
sium ferricyanide and 10 g of potassium hydroxide in 160 ml of Registry No. 2 ,  -oUou o 9 - l , 3, 2 o 0 5 5  7 0 -3 ,  4,
water in the same manner as described previously. After 5 days, 2 5 0 5 .3 -7 1 -4 ; 5 ,2 5 0 5 5 -7 2 - 5 ;  6 ,8 1 - 8 4 - 5 ;  7 ,5 1 8 -0 5 - 8 .
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Bromination of l-met,hylindole (1), l-methylindole-3-carboxaldehyde (2), and ethyl l-methylindole-3-gly- 
oxylate (3), in some solvents and with different mole ratios of bremine to indole, was investigated. Bromination 
of 1 in acetic acid, when 5 ; 1 mol ratio of reactants was used, gave 2,3,5,6-tetrabromo-l-methylindole (4a) and, 
under somewhat different conditions, 2',3,5,5',6,6'-hexabromo-l,l'-dimethyl-2,3'-diindolyl (6a); in both cases
3,3,5,6-tetrabromo-l-methyloxindole (5) was also isolated. o-Bromo-l-methylindole-3-carboxaldehyde (12a), 
compound 4a, and 3,3,5-tribromo-l-methyloxindole (10a) were obtained by bromination of 2 (3 :1  mol ratio) in 
acetic acid. Bromination of 3 in acetic anhydride gave mixtuie of 5- and 6-bromo derivatives (14a and 14b) 
when a 2 .5 :1  mol ratio was used, whereas with a 4 :1  mol ratio the 5,6-dibromo derivative (14c) was isolated in 
excellent yield. The structure of the compounds was proven on the basis of ir spectra and chemical evidence.

In the course of our work on the chemistry of indoles ture 6a; also in this case, 5 was produced (8.5% yield),
we have extensively investigated the nitration1 and, The proposed structure 6a was confirmed by its prep-
more recently, the bromination2 of indole derivatives. aration, in 78% yield, through bromination of the 
Although the action of brominating agents upon in
doles in different media has been investigated to some g R|. R, Br
extent,3 comparatively little attention has been devoted V | | -----jt/  -------- Br
to the reaction of indoles with bromine. In a previous B r ^ ^ / ^'Nx̂ B r
paper on this subject we examined the reactions of 1 *| 1 |
indole-3-carboxaldehyde, 2-methylindole-3-carboxalde- R CH3
hyde, and ethyl indole-3-glyoxylate with bromine in 4a. R = CH; 5
acetic acid; it was seen that 5 and 6 positions are the b, R = H
normal sites of electrophilic substitution when electron- r ^  y R
attracting substituents are present in the /3 position.2 | || jj ^ r

In order to extend our knowledge on this topic we have lj f| |
now investigated the bromination of 1-methylindole I r ^ ^ n ^ ^ ^ r

(1), l-methylindole-3-carboxaldehyde (2), and ethyl 1- R/ |
methylindole-3-glyoxylate (3) with bromine. R'

The bromination of 1, when carried out in acetic acid 6a, R = Br; R' = CH3
with an equimolar amount of bromine, did not afford b,R = H ;R '= C H 3
definite products; with a 5 : 1  mol ratio of reagent to c, R = R '= H
substrate the course of the reaction was dependent on r r/
the temperature, and it was possible to isolate satis-
factory amounts of solid compounds. When bromine „ I rnnH
was added to an ice-cold acetic solution of 1, 1-methyl- f
2,3,5,6-tetrabromoindole (4a) (53% yield) and 1- L I  L I  L i
methyl-3,3,5,6-tetrabromooxindole (5) (from the acetic Br i  0 Br Br ^ H
mother liquor; 8.5% yield) were formed. When the CH3 Br r
reaction was carried out at room temperature, a pro- 7 8 a ,  R = CH3; R '= H 9a r = c[i

duct was isolated (42.8% yield) for which, on the basis b, R =  CH3; R '=tosyl b r  = H J
of analytical data, molecular weight determination, and c, R =  H; R' =  tosyl
evidence outlined below, we suggest the dimeric struc-

dimer 6b; the latter was prepared both by treating 1- 
m r a r, « „„ „ ,  methylindole (1) with dioxane-bromine complex in
(1) (a) G . B e rt i,  A . D a  S e ttim o , a n d  O. L iv i,  Tetrahedron, 20, 1397 T A T T r- , , •  Tr . ’ , .

(1 9 6 4 ); (b) a . D a  S e tt im o  a n d  m . f . S aettone, ibid., 2i, 8 2 3  ( 1 9 6 5 ) ;  (c) N i l 1 solution according to Kunon,4 and by methyla- 
a . D a  S e tt im o  a n d  m . f . Saettone, Md., 2i, 1 9 2 3  ( i 9 6 0 ). tion of 2,3,-diindolyl (6c).6 The latter synthesis of 6b

(2 ) A . D a  S e ttim o , M . F . S aettone, E . N a n n ip ie r i,  a nd  P . L . B a r i l i ,
Gazz. Chim. Ital., 97, 1304 (1967).

(3) See, e.g.. (a ) W . B . Law son, A . P a tc h o rn ik ,  a n d  B . W itk o p ,  J. Amer. (4 ) M . K u n o r i,  Nippon Kagaku Zasshi, 83, 836 (1 9 6 2 ); Chem. Abstr, »9,
Chem. Soc., 82, 5918 (1960); (b ) R . L .  H in m a n  a n d  C . P . B a u m a n , J. Org. 1573c -T 963).
Chem., 29, 1206 (1964). (5) T _ E . Y o u n g , J. Org. Chem,., 27 507 (1962).
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had the purpose to confirm the previously suggested hydrazones obtained from 10a and 10b are identical 
structure.4 Compound 6a gave a negative Ehrlich with those obtained from 11a8 and lib ,  respectively, 
reaction (both the 2 positions are substituted) and its Several attempts to brominate l-methylindole-3- 
chromic oxidation gave as the only solid compound, carboxaldehyde (2) in acetic anhydride, or in carbon
5,6-dibromo-l-methylisatin (7). Unfortunately 7 was tetrachloride with different mole ratios of indole to
isolated in too low yield (less than 50%) to make sure bromine, were unsuccessful. When the reaction was
that in both benzene rings the bromine atoms are in the carried out in acetic acid with a 1:1.5  mol ratio of sub-
5,6 positions. On the other hand, as previously strate to bromine, the unreacted aldehyde was partly
shown2 and corroborated by the present work, positions recovered together with a mixture of mono- and poly-
5 and 6, at least under our experimental conditions, are brominated products, whereas with excess bromine
substituted more readily than the other positions of the (1:3 mol) 5-bromo-l-methylindole-3-carboxaldehyde
aromatic ring. 5,6-Dibromo-l-methylisatin (7) was (12a)9 (16.7% yield, also obtained by methylation of
prepared by reaction of 3,4-dibromo-N-methylaniline 13a2), 2,3,5,6-tetrabromo-l-methylindole (4a) (26.7%
(8a) with oxalyl chloride in the presence of anhydrous yield), and a small amount (6.2%) of 3,3,5-tribromo-l-
aluminum chloride. The oxidation of 7 with hydrogen methyloxindole (10a) were isolated,
peroxide gave 4,5-dibromo-N-methylanthranilic acid Displacements of formyl, acetyl, or carboxylic 
(9a) which was also obtained by methylation of 4,5-di- groups, similar to the one giving 4a from 2, have been al-
bromoanthranilic acid (9b).2 ready reported in indole chemistry.la'2'10

Structure 4a has been demonstrated by comparison An attempt to brominate ethyl l-methylindole-3- 
with the compound obtained by methylation of 2,3,5,6- glyoxylate (3) with bromine in acetic acid did not give
tetrabromoindole (4b).2 satisfactory results, because mostly amorphous mate-

To the minor product of the bromination of 1 has rial was obtained. On the other hand, when the reac-
been assigned the structure 5, because it was hydrolyzed tion with bromine was carried out in acetic anhydride,
with alkali to 5,6-dibromo-l-methylisatin (7) and it substitution products were isolated in fairly good yields,
gave 4,5-dibi'omo-N-methylanthranilic acid (9a) on Reaction of 3 with an about equimolar amount of bro-
oxidation. The reaction of 5 with phenylhydrazine led mine gave, in 94% yield, a product whose melting
to a /3-phenylhydrazone identical with an authentic point remained unchanged through several crystalliza-
sample prepared from 7. The infrared spectrum of 5 tions. This material was identified as a constant-
shows a strong C = 0  peak at 1735 cm-1 in good agree- melting mixture of 5- and 6-bromo-l-methylindole-3-
ment with those found for 3,3,5-tribromo-l-methyl- glyoxylate (14a and 14b). Similar constant-melting
oxindole (10a) and 3,3,5,7-tetrabromo-l-methyloxin- mixtures of isomeric bromoindoles have been already
dole (10b) (1730 and 1725 cm-1, respectively), pre- described2 and, in one case, were erroneously consid-
pared for comparison through bromination of 1-methyl- ered as a single compound.11,12 Saponification of the
oxindole. mixture of 14a and 14b led to an analogous mixture of

Bromooxindole 10a can be hydrolyzed to 5-bromo-l- the corresponding acids 15a and 15b ; subsequent de-
methylisatin (11a) ;6 analogously 10b can be hydrolyzed carboxylation with copper chromite in quinoline gave
to 5,7-dibromo-l-methylisatin ( lib ) .7 The f3-phenyl- a mixture of 5- and 6-bromo-l-methylindole-3-carbox-

aldehyde (12a9 and 12b) in an about 7:3 ratio; frac- 
Br tional crystallization of this mixture from benzene-

_____gr BlV  ^ \ h"- N petroleum ether (bp 60-S00) gave in low yield the two
r  II r  IT I X . J u  J  pure compounds 12a and 12b. Therefore, 5-bromo

O O R' N derivative 14a is the main product of the reaction of 3
r  r  with bromine in acetic anhydride. Several attempts to

_ Tr3 „  „  „  n, Tr separate the components 14a and 14b and 15a and 15b
10a, R  =  H  11a, R  =  H 12a, R  =  B r ; R '  =  H  T  . . u -  • , , , ,  , ,

b R  =  B r  b R  =  B r  b R  =  H  R' =  B r  01 the two constant-melting mixtures both by column
c’ R = R/= gr chromatography and by fractional crystallization were

unsuccessful. 6-Bromo-l - methylindole - 3 - carboxalde- 
R \ / CEO R \ ^ \ _ _ / cO COOC2Hs hyde (12b) was also obtained by methylation of 13b.2

| Jf 1  JT Jl J  Bromination of ethyl l-methylindole-3-glyoxylate
(3 ) with bromine (1:2.5 mol) in acetic anhydride led to 

^ a mixture of 14a, 14b, and ethyl 5,6-dibromo-l-methyl-
i4 n _ k ..R '-w  indole-3-glyoxylate (14c); when a larger excess of bro-

%  n ?’ r tt V  r . mine (1:4 mol) was used, practically pure 14c (95%
c  R  =  R ' = B r  c  R =  R'=Br yield) was isolated. Compound 14c was also obtained,

in 96% yield, by bromination of the mixture of 14a and 
/ C0 1 4 b. Structure 14c has been proved by hydrolysis to

I. J  the acid 15c and decarboxylation of the latter to 5,6-di-
R' ¥ bromo-l-methylindole-3-carboxaldehyde (12c), a com-

pound also obtained by methylation of 5,6-dibromo- 
15a r  = Br R' = H indole-3-carboxaldehyde (13c).2

b, R = H; R' = Br
(8) J . M a r t in e t ,  Ann. Chim. (P a ris ), 11, 85 (19 1 9 ); Chem. Zentralbl., 

I l l ,  569, (1919).
(9) W . E . N o la n d  a n d  C . R e ich , J. Org. Chem., 32, 828 (1967).

(6) W . B o rsche  a n d  W . Jacobs, Ber., 47, 363 (1914). (10) W . E . N o la n d  a nd  K .  R . R u sh , ibid., 31, 70 (1966).
(7) R . P u m m e re r a n d  F . M e in in g e r, Justus Liebigs Ann. Chem., 590, 189 (11) R* M a jim a  a nd  M .  K o ta k e , Ber., 63, 2237 (1930).

(1954). (12) B . E . L e g g e tte r and R . K .  B ro w n , Can. J . Chem., 38, 1467 (1960).
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When the results of the bromination of 1-methyl- 6b is formed by attack of 16 on a molecule of 1-methyl-
indole-3-carboxaldehyde and ethyl l-methylindole-3- indole (1), according to the mechanism proposed by
glyoxylate are compared with the results of the bro- Kunori;4 successively 6b is brominated. This dimer-
mination of the unmethylated analogs,2 it can be seen ization is similar to the formation of indole and skatole
that N-methylindoles give better yields of bromo deriv- dimers under acidic conditions, where a proton rather
atives. In fact, indole-3-carboxaldehyde gives the 5-, than a bromonium ion initiates the process.16 We hope
6-, and 5,6-dibromo derivatives in only very low yields that work now in progress will shed more light on these
(6, 3, and 5% , respectively), and ethyl indole-3-gly- problems,
oxylate gives the 5,6-dibromo derivative in 82% yield.2
Evidently, the nitrogen méthylation stabilizes the in- Experimental Section16
dole rin g  an d  re d u ces  th e  fo rm a tio n  of ta r r y  m a te ria ls . „  . . , ............................... , _ „

A n  in te re stin g  a sp e c t of th e se  re a c tio n s  is th e  fo r- bromo. 1.methylindole (4a) and 3,3,5,6-Tetrabromo-l-methyl-
m a tio n  of d im er 6a and of oxindoles to g e th e r  w ith  oxindole (5).— To an ice-cold solution of 1 g (7.63 mmol) of l in
sim ple su b stitu tio n  p ro d u cts . I t  is k now n th a t ,  in th e  6 ml of acetic acid was added dr op wise with stirring a solution
re a c tio n s  of indoles w ith  h alo g en atin g  a g e n ts , oxid ation  of 6-1 g (38 -° mm°l) of bromine in 6 ml of acetic acid. Stirring
an d  su b stitu tio n  a re  co m p e titiv e  re a c tio n s .3’13 In  was continued for 2 hr^at room temperature The precipitate
» , j .  , tt- i , k -i was collected, suspended in a 3%  solution of sodium thiosulfate,
fa c t ,  a cco rd in g  to  H in m a n  and B a u m a n , a lth o u g h  again collected, and washed with water to give 2.5 g of crude 4a.
aq u eou s a c e tic  acid  fa v o rs  oxid ation  an d  an h y d rou s Compound 4a was purified by dissolving it in 500-600 ml of
a c e tic  acid  b rom in atio n , n eith er one is co m p le te ly  e x - benzene and passing the resulting solution through a column of 
elu d ed : e ith e r of th e se  re a ctio n s  ta k e s  p lace  v ia  th e  neutral alumina (g‘'ade I, 1.5 X 25 cm). Elution with benzene
sam e ionic in te rm e d ia te  16 w hich can  he co n v erted  gave 1.8 g (53% ) of practically pure 4a. An analytical sample,
sam e ion ic in te rm e d ia te  16, w hich  ca n  be co n v e rte d  coiorless crystals, mp 168-170°, was obtained by crystallization
b o th  in to  a  2 -  o r 3 -b rom om d ole d e riv a tiv e  an d  m to  an  from petroleum ether (bp 6 0 -80°).
oxindole 17; as the second step, further bromination of A nal. Calcd for C9H 5Br<N: C, 24.16; H, 1.12; B r, 71.59.

Found: C, 24.46; H, 1 .42 ; Br, 71.41.
K The acetic mother liquor was diluted with water; after storage

---------g r | / \ ------------{-[ for 12 hr at room temperature, the precipitate was collected,
+ ̂ J I I__q washed with water, and dried to give 0.6 g of a product that was
îy ' S/ S'N dissolved in benzene and passed through a column of silica gel
I j (1.5 X  25 cm ). Elution with 1 :1  benzene-petroleum ether (bp

CH3 CH3 60-80°) mixture gave some fractions containing a product that,
16 17 after crystallization from acetic acid, yielded 0.3 g (8 .5% ) of 5 as

light yellow plates, darkening above 220° with slow decomposi- 
the previously formed oxindole would take place. Fur- tion; the ir spectrum showed a strong band at ca. 1735 cm -1 
thermore, and the present paper supports it (see the (C=D).
synthesis of compound 10b described in the Experi- v Anâ ' : C>23-40; 1,08 ’ Br’ 69‘20,
mental Section), it has been shown that, w hen o xin d oles B 2',3,5,5',6,6'-Hexabromo-i,l'dimethyl-2,3'-diiiidolyl (6a) 
are brornmated, bromine attacks only positions 3, 5, and3,3,5,6-Tetrabromo-l-methyloxindole (5).— The bromination
and 7 .14 of 1 (0.5 g, 3.82 mmol) was carried out as described in A above,

If oxindoles are intermediates in the formation of except that bromine (3.05 g, 19.0 mmol) was added at room
bromooxindoles, w e cannot therefore explain the for- temperature. Benzene eluted 0.6 g (42.8%) of practically pure

j. * 1 1 - / 1  • , i *  /*\ r .i 6a as the only solid compound. The pure compound, white
mation of oxindole 5 (brominated m position 6) from the crystals darkening above 260° without melting, was obtained
corresponding oxindole 17 (R =  H). On the other hand, after crystallization from DMSO, mol wt 733.7 (calcd for CiSH 10-
the formation of bromooxindoles by hydrolysis of pre- Br6N2, 750; Rast method).
viously formed a-brominated tri-o r tetrabromoindoles p A nal. Calcd for CisH10B r6N2: C, 29.42; H, 1.36; B r, 65.30.

is very unlikely, because, when a bromine atom sub- Tso'in thifease, tom ï e  aœtfc mother liquor, 0.15 g (8.5%) 
stitutes the benzene ring, hydrolysis of a-bromoindoles 0f 5 was obtained.
re q u ires  v e ry  d ra s tic  con d itio n s.3*3 A n  a tte m p t a t  2,3,5,6-Tetrabromo-l-methylindole (4a) by Méthylation of
h yd rolysis  of 2 ,3 ,5 ,6 -te tra b ro m o -l-m e th y lin d o le  (4a) 2,3,5,6-Tetrabromoindole (4b).— To a suspension of 0 .04 g of
both by refluxing it for 5 hr with a 1 :1  mixture of 3 N  4K in 2 ml of 2 iVi aqu?ous sodium hydroxide, 0.1 ml of dimethyl

• - j  j  j -  i l , - .. sullate was added with stirring. Stirring was continued for 10
sulfuric acid and dioxane, and by storing it at room hr while small amounts 0f 2 N  aqueous sodium hydroxide and of
te m p e ra tu re  fo r 2  d ay s w ith  a  1 :3  m ix tu re  of co n cen - dimethyl sulfate were again added at intervals. The precipitate
tr a te d  h y d ro g en  b rom ide an d  a c e tic  acid , resu lted  in  was collected, washed with water, and dried to yield 0 .04 g
th e  co m p lete  re c o v e ry  of th e  s ta rtin g  m a te ria l. A  (96.8% ) of practically pure 4a.
possible, even if purely hypothetical, route to explain a .well-stirred
f , f  ,. j. . , , p . 1 suspension of 8.1 g (32.2 mmol) of 3,4-dibromoamlme in 160
the formation ot oxindole 5 could be the following one. ml of 2 A1 aqueous sodium hydroxide was added in small portions

g r 9.6 g (50.3 mmol) of p-toluenesulfonyl chloride. Stirring was
Br. .. continued for 4 hr at room temperature. The precipitate was

^  ̂ |------------Br __ ^ collected, suspended in concentrated hydrochloric acid, again
: 1 J L J L  J — B r *" b collected, and washed with water to yield 10.7 g (82% ) of the

Br -y + tosyl derivative 8c, mp 120-125°. To a solution of 5.0 g of 8c

CH3 -------------------
r p ,  1 , ,  , .  1 . . .  . (15) R . L . H in m a n  a n d  E . R . S h u ll, J. Ora. Chem., 26, 2339 (19 6 1 );
in e  Hypothetical intermediate 16 rationalizes very g . f . S m ith  a n d  a . e . w a i te r s , . /.  chem. SoC„ 9 4 0  ( i 9 6 i ) ; b . B e r t i,  a . D a

well the formation of the dimer 6a; probably the dimer S e ttim o , a n d  d . Segm ni, Ann. chim. (R o m e ), 5 2 , 5 3 5  (1962).
(16) M e lt in g  p o in ts  a re  un co rre c te d . I r  s p e c tra  w ere  o b ta in e d  on  a 

P e rk in -E lm e r  In fra c o rd  137, in  N u jo l m u lls . C o m m e rc ia l a c e tic  a c id  (ca.
(13) J . C . Pow ers, J. Org. Chem., 31, 2627 (1966). 9 8 % ) used in  th e  b ro m in a t io n s  was n o t p re v io u s ly  d r ie d ; a ce tic  a n h y d rid e
(14) (a) R . S to llé , R . B e rg d o ll,  M .  L u th e r ,  A . A u e rh a h n , a n d  W . W a cke r, was f re s h ly  d is t ille d . C o m p a riso n s  b e tw e en  co m p o u n d s w ere  m ade on  th e

J. Prakt. Chem., 128, 1 (19 3 0 ); (b ) W . C . S u m p te r, M .  M il le r ,  a nd  L .  N .  basis c f  th e ir  in fra re d  spectra . M g S 0 4 was used as th e  d ry in g  ag e n t, unless 
H e n d r ic k , J. Amer. Chem. Soc., 67, 1656 (1945). s ta te d  o therw ise .
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in a mixture of 25 ml of ethanol and 25 ml of 2 N  aqueous sodium ing, the compound volatilized without melting. The ir spectrum
hydroxide was added dropwise with stirring an excess of dimethyl showed bands at ca . 3360 (N il) and ca . 1670 cm-1 (C = 0 ) .
sulfate. Compound 8b started to precipitate and was filtered A n a l. Calcd for C8H7Br2N 02: 0 ,3 1 .0 6 ; 11,2.27; Br, 51.80. 
off at intervals, while stirring was continued and small amounts Found; C, 31.00; H, 2.39; Br, 51.50.
of 2 N  aqueous sodium hydroxide and of dimethyl sulfate were B. By Oxidation of 5,6-Dibromo-l-methylisatin (7).—A
again added over a period of 6 hr. The collected precipitates suspension of 0.1 g of 7 in a mixture of 5 ml of 2 N  aqueous sodium
were washed with water and dried to give 3.0 g (58%) of the hydroxide and 3 ml of water was treated with 3 ml of 36% hydro-
pure compound 8b, mp 78-80°. An analytical sample was gen peroxide, heated at 100° for 1 hr, and stored at room tern-
obtained by crystallization from ethanol. perature for 2 days. The mixture was cautiously acidified with

A n a l. Calcd for CnHuBr2N 02S: C, 40.11; 51, 3.12; Br, 2 N  hydrochloric acid; a precipitate formed which was collected,
38.13; S, 7.65. Found: C, 40.23; H, 3.04; Br, 37.87; S, 7.96. washed with water, and dried to yield 0.025 g (25.8% ) of 9a.

5.6- Dibromo-l-methylisatin (7). A. By Synthesis.—A mix- C. By Oxidation of 3 ,3,5,6-Tetrabromo-l-methyloxindole (5).
ture of 6.32 g of 3,4-dibromo-N-methyl-N-tosylaniline (8b) and —A suspension of 0.3 g of 5 in a mixture of 8 ml of 2 N  aqueous
65 ml of 75% sulfuric acid was heated at 100° for 1 hr. After sodium hydroxide and 5 ml of water, was treated with 3 ml of
cooling, the mixture was poured into crushed ice, made alkaline 36% hydrogen peroxide and heated at 100° for 2 hr. After
with 20% aqueous sodium hydroxide, and extracted with ether; cooling, the undissolved material was collected and washed with 
the extract was washed with water, dried, and evaporated. rvater; 0.13 g of the starting material was recovered. The com-
The residual brown oil consisted of 3.0 g (75%) of 3,4-dibromo-N- bined filtrates were acidified with 2 N  hydrochloric acid to give
methylaniline (8a) and was directly used for the synthesis of 7. 0.05 g (44.2% , based on unrecovered starting material) of 9a.

To an ice-cold suspension of 3.0 g (11.3 mmol) of 8a in 150 ml 1,1'-Dimethyl-2,3 '-diindolyl (6b).— To an ice-cold, stirred
of anhydrous carbon disulfide was added with stirring 2.87 g solution of 0.464 g (2.0 mmol) of 2,3'-diindolyl5 in 20 ml of dry
(22.6 mmol) of oxalyl chloride. Stirring was continued for 30 DM F, was added, under nitrogen, 0.2 g (41.6 mmol) of a 50%
min and then the mixture was treated with 5 g of anhydrous suspension of sodium hydride in mineral oil. The mixture was
aluminum chloride, while being stirred and refluxed for 3 hr. allowed to warm to 25° and stand for 2 hr, while being stirred.
After cooling, the mixture was treated with crushed ice to give I t  was then cooled in an ice bath and treated with a solution of
1.45 g (40%) of a red precipitate, which consisted of a mixture 0.68 g (48.0 mmol) of methyl iodide in 12 ml of dry ether. The
of 7 and, probably, of 4,5-dibromo-l-methylisatin. The organic resulting solution was left for 18 hr under nitrogen at 25°, con-
layer was separated, and the aqueous layer was extracted with centrated under reduced pressure to about 10 ml, and poured
ether; the combined organic extracts were washed with water, into water. A precipitate formed which was collected, washed
dried, and evaporated to yield 0.1 g of the same mixture of iso- with water, and dried to give 0.52 g (100%) of 6b, mp 133-135°
meric dibromoisatins (total yield 43% ). Fractional crystalliza- (lit.4 mp 134-135°), identical with an authentic sample prepared
tion from methanol of the combined mixtures yielded, as the according to Kunori by treating 1-methylindole (1) with dioxane-
first fraction, 0.52 g (14.4%) of 7. An analytica. sample, red bromine complex in TH F solution.4
crystals, mp 255-256°, was obtained by crystallization from The compound gave a positive Ehrlich test, and its chromic
benzene; the ir spectrum of 7 showed two strong bands at ca . oxidation, carried out as described for the conversion of 6a into
1735 (C = 0 )  and 1600 cm-1 (C = 0 )  and lacked the band at ca . 7, gave, as a single compound, 1-methylisatin, mp 134° (lit.17 mp
824 cm-1, observed in the spectrum of the mixture of the two 134°).
dibromoisatins. Compound 6a by Bromination of 6b.— To a well-stirred suspen-

A n al. Calcd for C9H5Br2N 02: C, 33.88; H, 1.58; N, 4.39; sion of 0.5 g (1.92 mmol) of 6b in 5 ml of acetic acid, 2 mi of
Br, 50.10. Found: C, 33.79; H, 1.80; N, 4.39; Er, 49.92. acetic acid containing 2.49 g (15.5 mmol) of bromine was added

B. From 3,3,5,6-Tetrabromo-l-methyloxindole (5).—A mix- dropwise at room temperature. Stirring was continued for 5 hr
ture of 0.1 g of 5, 2 ml of 2 JV aqueous sodium hydroxide, 4 ml of at room temperature. The precipitate was collected, washed
water, and 5 ml of ethanol was refluxed for 1 hr. Ethanol was with acetic acid, dried, and crystallized from DMSO to give 1.1
evaporated and the residual aqueous solution was acidified with g (78% ) of practically pure 6a.
concentrated hydrochloric acid; a precipitate formed that con- 3,3,5-Tribromo-l-methyloxindole (10a). A. By Bromination
sisted of 0.025 g (36.2%) of practically pure 7. of 1-Methyloxindole.—A solution of 0.3 g (2.04 mmol) of 1-

C. By Oxidation of 6a.—A suspension of 0.2 g of 6a in a mix- methyloxindole in 25 ml of dry carbon tetrachloride was treated
ture of 4 ml of acetic acid and 1 ml of water was treated with 0.3 with 2.0 g (12.5 mmol) of bromine and refluxed until the evolu-
g of chromic anhydride and heated at 100° for 30 min; 0.25 g tion of hydrogen bromide ceased (ca . 6 hr). The resulting solu-
of chrcmic anhydride was again added; and the suspension was tion was concentrated to about 6 ml; on cooling, a precipitate
heated at 100° for an additional 30 min. After cooling, the mix- formed which was collected and washed with carbon tetrachloride
ture wras poured into 200 ml of water and extracted with three to give 0.55 g (70%) of practically pure 10a. An analytical
100-ml portions of benzene. The combined extracts were washed sample, pale yellow prisms, mp 171-173°, was obtained after
with water, dried, and concentrated to give 0.050 g (28.7%) of crystallization from acetic acid; the ir spectrum showed a strong
practically pure 7. band at ca . 1730 cm-1 (C = 0 ) .

5.6- Dibromo-l-methylisatin-/3-phenylhydrazone. A. From A n a l. Calcd for C9H6Br3NO: C, 28.20; H, 1.56; Br, 62.50.
5,6-Dibromo-l-methylisatin (7).—A mixture of 0.04 g of 7, 5 ml Found: C, 28.48; H, 1.68; Br, 62.20.
of ethanol, and three drops of acetic acid was treated with phenyl- The hydrolysis of 10a, carried out according to Stolle,14“ with
hydrazine in slight excess and refluxed for 1 hr. Upon cooling, a a mixture of ethanol and 2 N  aqueous sodium hydroxide, gave
precipitate formed, which was collected and wTashec with ethanol 5-bromo-l-methylisatin (11a), mp 1/2—173 (lit.6 mp 172 -173 ).
to give 0.045 g (88%) of the /3-phenylhydrazone; an analytical The /3-phenylhjnirazoiie obtained from 10a was identical with
sample, orange needles, mp 220-222°, was obtained after crys- an authentic sample prepared from 11a and melted at 170-172° 
tallization from acetic acid. (lit.8 rr.p 164°).

A n a l. Calcd for C16HnBr2N30 :  N, 10.3; Br, 39.1. Found: B. By Bromination of 5-Bromo- 1-methyloxindole. I racti-
N, 10.5; Br, 39.3. cally pure 10a was also obtained in 95% yield, when 5-bromo-l-

B. F ro m  3,3,5,6 -T e tra b ro m o -l-m e th y lo x in d o le  (5).—When methyloxindole,4a was brominated exactly as described in A.
O. 1 g of 5 was treated exactly as described in A, 0.06 g (67.7% ) 3,3,5,7-Tetrabroir.o-l-methyloxindole (10b). A. By Bromina-
of the same/3-phenylhydrazone was obtained. tion of 1-Methyloxindole.—A solution of 10 g (62.o mmol) of

4,5-Dibromo-N-methylanthranilic acid (9a). A. By Methyla- bromine in 30 ml of water containing 15 g of potassium bromide
tion of 4,5-Dibromoanthranilic acid (9b).—When 0.2 g of 9b2 was was added to a boiling solution of 2.0 g (13.6 mmol) of 1-methyl-
treated as described for 2,3,5,6-tetrabromoindole (4b), except oxindole in 200 ml of water. The mixture was allowed to cool
that the mixture was stirred for 24 hr, a precipitate formed, which at room temperature and stand for 1 night. The precipitate
dissolved almost completely when the reaction mixture was was collected, washed with water, dried, dissolved in 250 ml of
heated on a steam bath; a small amount of undissolved amor- carbon tetrachloride, and treated with excess bromine. The
phous material was eliminated by filtration. The filtrate was resulting solution was refluxed until the evolution of hydrogen
cautiously acidified with 2 N  hydrochloric acid; a precipitate bromide ceased (ca . 15 hr), and then was concentrated; o.o g
formed which was collected, washed with water, anc dried to yield (87.4%) of practically pure 10b crystallized on cooling. An
0.08 g (38%) of 9a. An analytical sample was obtained after analytical sample, pale yellow needles, mp 227-230 , was crys-
two sublimations at 220° (3 mm). The pure compound, light -----------------
yellow needles, melted at 258-260° (fast heating); on slow heat- (17) E. Fischer and O. Hess, B e r . ,  17, 565 (1884).
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tallized from acetic acid; the ir spectrum showed a strong band by column chromatography and by fractional crystallization were 
at ca . 1725 cm-1 (C = 0 ) . unsuccessful.

A n a l. Calcd for CoHsBnNO: C, 23.40; II , 1.08; Br, 69.20. B Ethyl 5,6-Dibromo-l-methylindole-3-glyoxylate (14c).—
Found: C, 23.70; H, 1.20; Br, 68.90. When 1.0 g (4.32 mmol) of 3 was treated with 2.77 g (17.3 mmol)

The hydrolysis of 10b, carried out according to Stolle14" with of bromine exactly as described in A, 1.6 g (95%) o: 14c was
a mixture of ethanol and 2 N  aqueous sodium hydroxide, gave obtained. Purification by crystallization from ethanol gave an
5,7-dibromo-l-methylisatin ( lib ) , mp 182-183° (lit.7 mp 182- analytical sample, colorless needles, mp 129-130°. The ir
1 8 3 °). spectrum showed bands at ca . 1725 (C = 0 )  and ca . 1630 cm-1

B. By Bromination of 3,3,5-Tribromo-l-methyloxindole (10a). (C = 0 ).
— A solution of 1.67 g (10.4 mmol) of bromine in 10 ml of water A n a l. Calcd for Ci3HiiBr2N 03: C, 40.10; H, 2.83; Br,
containing 3 g of potassium bromide was added to a boiling solu- 41.13. Found: C, 40.29; H, 2.81; Br, 41.05. 
tion of 1.0 g (2.60 mmol) of 10a in 300 ml of 10% aqueous acetic When the constant melting mixture of 14a and 14b was treated
acid. After storage at room temperature for 1 night, a precipi- with bromine (1:2 mol ratio) in acetic anhydride and worked up
fate was collected, washed with water, and crystallized from exactly as described above, compound 14c was obtained in 96%
acetic acid to give 1.0 g (83%) of pure 10b. yield.

5,7-Dibromo-l-methylisatin-ii-phenylhydrazone.—A mixture of Constant-Melting Mixture of 5- and 6-Bromo-l-methylindole-
0.2 g of 10b, 10 ml of ethanol, and 0.2 ml of acetic acid was 3-carboxylic Acid (15a and 15b).—A suspension of 0.37 g of the
treated with excess phenylhydrazine and refluxed for 2 hr. mixture of 14a and 14b in 10 ml of 2 N  aqueous sodium hydroxide
Ethanol was evaporated; the phenylhydrazone, orange needles, was heated at 100° for 2 hr. Acidification of the alkaline solution
crystallized on cooling (80% yield). An analytical sample, mp with concentrated hydrochloric acid gave 0.3 g (89%) of a
200-201.5°, was crystallized from acetic acid. mixture of 15a and 15b, which, after crystallization from metha-

A n a l. Calcd for CioHnBr2N30 :  C, 44.03; H, 2.69; Br, nol, melted at 238-240° (the melting point remained unchanged
39.10. Found: C, 44.39; H, 2.68; Br, 38.86. through several crystallizations); the ir spectrum showed bands

The same phenylhydrazone was obtained by a similar treat- at ca  3300 (OH), ca . 1755 (C = 0 ), and ca . 1625 cm-1 (C = 0 ) . 
ment of 5,7-dibromo-l-methylisatin ( l ib ) . A n a l. Calcd for CuHgBrN 03: Br, 28.40. Found: Br, 28.63.

Bromination of l-Methylindole-3-carboxaldehyde (2). 5- All attempts to separate the components of such mixture both
Bromo-l-methylindole-3-carboxaldehyde (12a), 2,3,5,6-Tetra- by column chromatography and by fractional crystallization were
bromo-l-methylindole (4a), and 3,3,5-Tribromo-l-methylox- unsuccessful.
indole (10a).—To a solution of 0.2 g (1.26 mmol) of 2 in 2.5 ml Decarboxylation of the Constant-Melting Mixture of 15a and
of acetic acid, 2 ml of acetic acid containing 0.605 g (3.78 mmol) 15b. 5- and 6-Bromo-l-methylindole-3-carboxaldehyde (12a and
of bromine was added dropwise with stirring. Stirring was con- 12b).—Two grams of the mixture of 15a and 15b, 6 ml of quino-
tinued for 1 hr at room temperature. A precipitate formed which line, and a catalytic amount of copper chromite were heated at
was collected, washed with acetic acid, and suspended in a 3%  235-240° until the evolution of carbon dioxide ceased. After
solution of sodium thiosulfate; the resulting compound was cooling the mixture was poured in 2 A7 hydrochloric acid; a
again collected, washed with water, and dried to give 0.05 g precipitate formed which was collected, washed, dried, and
(16.7%) of practically pure 12a. An analytical sample, extracted repeatedly with hot benzene; the combined extracts
colorless needles, mp 137-138° (lit.9 mp 138°), was crystallized (charcoal) were washed with 2 N  aqueous sodium carbonate,
from methanol; the ir spectrum showed a band at ca . 1650 cm-1 dried, and concentrated on steam bath. Acidification of the
(C = 0 ) . alkaline extract with 2 N  hydrochloric acid gave 0.5 g of the

A n a l. Calcd for CioHgBrNO: C, 50.44; H, 3.39; Br, 33.60. starting mixture of the acids 15a and 15b. Fractional dilution
Found: C, 50.74; H, 3.28; Br, 33.38. of the benzene solution with petroleum ether (bp 60-80°) yielded

The acetic mother liquor separated, after storage at room tern- first compound 12a9 (0.03 g after crystallization from methanol,
perature for one night, 0.15 g (26.7%) of 4a, and then was diluted 2.36% based on unrecovered starting material) and then 0.22 g
with water; a precipitate was collected and crystallized from (17.3% based on unrecovered starting material) of a mixture of
acetic acid (charcoal) to give 0.03 g (6.2%) of 10a. 12a and 12b (its ir spectrum was identical with the spectrum of an

5-Bromo-l-methylindole-3-carboxaldehyde (12a) by Methyla- artificial mixture containing 12a and 12b in 7 :3  ratio); the last
tion of 5-Bromoindole-3-carboxaldehyde (13a).—Compound 12a fractions contained 0.013 g (1.05% based on unrecovered starting
was obtained in 91.7% yield from 0.2 g of 13a2 as described for material) of practically pure 12b. An analytical sample of 12b,
the methylation of 2,3,5,6-tetrabromoindole (4b), except that white crystals, mp 150-151°, was obtained by crystallization
the mixture was stirred for 20 hr. from benzene; the ir spectrum showed a strong band at ca .

Ethyl l-Methylindole-3-glyoxylate (3).—A solution of 6.0 g 1650 cm-1 (C = 0 ).
(45.8 mmol) of 1-methylindole (1) in 100 ml of dry ether was A n a l. Calcd for CioHsBrNO: C, 50.44; H, 3.39; Br, 33.60. 
treated dropwise at 0°, while being stirred, with 11.2 g (88.2 Found: C, 50.80; H, 3.45; Br, 33.41.
mmol) of oxalyl chloride. l-Methylindole-3-glyoxalyl chloride 6-Bromo-l-methylindole-3-carboxaldehyde (12b) by Methyla-
was rapidly formed as orange crystals. Stirring was continued tion cf 6-Bromoindole-3-carboxaldehyde (13b).—Compound 12b 
for 45 min at room temperature; the chloride was then collected, was obtained in 88% yield from 0.07 g of 13b2 as described for
washed with ether (8.8 g , mp 116-117°), and treated with 20 ml the methylation of 5-bromoindole-3-carboxaldehyde (13a) except
of dry ethanol. After 15 hr of storage at room temperature, 8.0 that the mixture was stirred for 40 hr.
g (75.7%) of 3 was collected. An analytical sample was obtained 5,6-Dibromo-l-methylindole-3-glyoxylic Acid (15c).—A sus-
after two crystallizations from ethanol, mp 90-91°; the ir pension of 0.32 g of 14c in 10 ml of 2 N  aqueous sodium hydroxide
spectrum showed bands at ca . 1720 (C = 0 )  and ca . 1630 c m '1 was heated at 100° for 2 hr. Acidification of the alkaline solution
(C = 0 ) . __ with concentrated hydrochloric acid gave 0.28 g (94.5% ) of

A n a l. Calcd for C 13IT13NO3: C, 67.52; H, 5.67; N, 6.06. 15c. An analytical sample was crystallized from an acetone-
Found: C, 67.81; H, 5.78; N, 5.94. methanol mixture to give light yellow plates, mp 251-253° dec.

Brominations of Ethyl l-Methylindole-3-glyoxylate (3). A. The ir spectrum showed bands at ca . 3300 (OH), ca . 1770 (C = 0 ) ,
Constant-Melting Mixture of 5- and 6-Bromo-l-methylindole-3- and ca. 1630 cm“1 (C = 0 ) .
glyoxylate (14a and 14b).-—'To a solution of 0.5 g (2.16 mmol) of A n a l. Calcd for C„H7Br2NC)3: C, 36.60; H, 1.93; Br,
3 in 2 ml of acetic anhydride was added dropwise with stirring a 44.30. Found: C, 36.85; H, 1.87; Br, 44.05. 
solution of 0.416 g (2.60 mmol) of bromine in 1 ml of acetic 5,6-Dibromo-l-methylindole-3-carboxaldehyde (12c). A. By 
anhydride. The mixture was left at room temperature for 5 hr Decarboxylation of Acid 15c.—The decarboxylation of 0.2 g
and then poured into crushed ice; the precipitate which formed of 15c was carried out as described for the mixture of 14a and
was collected and washed with water to give 0.63 g (94%) of a 14b. The washed and dried benzene extract (charcoal) was
mixture of 14a and 14b, which was crystallized twice from ethanol concentrated and diluted with petroleum ether (bp 30-50°);
to yield colorless needles, mp 114-116° (the melting point the solution slowly separated 0.04 g (22.8% ) of 12c. The corn-
remained unchanged through several crystallizations); the ir pound was crystallized from benzene to give light yellow prisms,
spectrum showed bands at ca . 1740 (C—-O) and ca . 1640 cm“1 mp 209-211°; the ir spectrum showed a strong band at ca . 1650
(C = 0 ) . C m - 1  ; c = 0 ) .

A n a l. Calcd for C,3H12BrN 03: C, 50.32; H, 3.87; Br, 25.80. A n a l. Calcd for C,0H7Br2NO: C, 37.89; H, 2.21; Br, 50.45. 
Found: C, 50.09; IT, 3.86; Br, 25.97. Founc: C, 38.16; H, 2.26; Br, 50.20.

All attempts to separate the components of such mixture both B . By Methylation of 5,6-Dibromoindole-3-carboxaldehyde
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(13c) -The méthylation of 0 2 g of 13c,2 carried cut as described 25055-63-4; 10b (phenylhydrazone), 25055-64-5' 12b, 

ofr i 2 c5r0m01n Ca ,X y (Ua)’ gaVe ° '185 g (88'5%) 25055-65-6; 12c, 25055-66-7; 14a, 25055-67-8; 14b]
25055-68-9; 14c, 25055-50-9; 15a, 25055-51-0; 15b, 

Registry No.— Bromine, 7726-95-6; 3 .25055-54-3 ; 25055-52-1; 15c, 25055-53-2.
4a, 25055-55-4; 5, 25055-56-5; 6a, 25055-57-6; 7, Acknowledgment.—This work was supported by a
25055-58-7; 7 (phenylhydrazone), 25055-59-8; 8b, grant from the Consiglio Nazionale delle Ricerche.
25055-60-1; 9a, 25055-61-2; 10a, 25055-62-3; 10b, We thank Dr. V. Nuti for elemental analyses.
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The alkyl nitrate nitration of neopentyl sulfonate esters gives the corresponding neopentyl a-nitrosulfonate 
esters in good yield. On the other hand, the nitration of ethyl sulfonate esters such as ethyl 1-butanesulfonate 
(la) leads not only to ethyl 1 -nitro-l-butanesulfonate (2 a) but also to potassium 1 -nitro-l-butanesulfonate (3 ).
Compound 3 arises from a /3-eliminaticn reaction on the ester portion of the molecule which occurs during the 
nitration step and not during anion formation or during the acidification step.

In continuation of our studies of the alkyl nitrate potassium amide in TH F at 65°, 95%  of the ester 4 was
nitration,1 we are now reporting on its application to recovered. The failure of 4 to undergo nitration was
the preparation of a-nitrosulfonate esters which con- due to the fact that it was not converted to its anion, 
stitute a new class of compounds. This was ascertained from a deuterium-exchange ex-

In preliminary experiments it was established that périment, for nmr and mass spectral data showed that
nitration of ethyl 1-butanesulfonate (la ) gave best re- no deuterium was incorporated into 4 after treatment
suits in the potassium amide-liquid ammonia system, with potassium amide in liquid ammonia and subsequent 
affording a 54.8%  yield of ethyl 1-nitro-l-butanesul- acidification with deuterium oxide in anhydrous ether.2 
fonate (2a). The yield of 2a was only 35.5 and 37.0% , Under similar reaction conditions, deuterium was in-
respectively, when nitrations were performed in sodium corporated into lb and neopentyl 1-dodecanesulfonate
amide-liquid ammonia and potassium ¿-butoxide-THF. to the extent of 100 and 75%, respectively.
In addition to 2a, potassium 1-nitro-l-butanesulfonate The nitration was also successful with a disulfonate
(3) was also obtained in each of the base-solvent sys- ester.
terns employed (eq 1). However, only neopentyl a- The nitration was also successful with a disulfonate 
nitrobutanesulfonate (2b) was obtained from the nitra- ester. Thus dineopentyl 1,4-butanedisulfonate was 
tion of neopentyl butanesulfonate (lb ). converted into dineopentyl l,4-dinitro-l,4-butanedi-

1. k n Ha-iiquid N H a-R’ONOa sulfonate in 68.9% yield.
HsCiCHshSOsR----- ------------------------ >■ The neopentyl a-nitrosulfonate esters were identi-

1 ‘ fied by infrared and nmr spectra and by conversion to
H3C(CH2)2CH(N02)S03R +  H3C(CH2)2CH(N02)SOrK+ + the corresponding bromo derivatives (eq 2).

2  3 Br
/vît __ yv r r // (TT \ /-.TT /1 \ 1. K O H -C2H5OH I
o h 2— o n ( U i i 2)5v i i 3 ( 1 ) R C H S O 3R 1 ---------------------- ^  H C S O 3R 1 (2 )

12 I 2. Bra; CCI, |

a, R = CH2CH3; b, R = CH2C(CH3)3; c, R = (CH2)7CH3; N° 2 N° 2
R1 = C2H5 or n-C3H, j n contrasp to the results in the nitration of ¿-butyl

The acid salt rather than the nitronate structure was a-me~hylbutyrate which led with decarboxylation to
assigned to compound 3 on the basis of its nmr spec- 2-nitrobutane,la neopentyl 2-butanesulfonate was con-
trum which showed the characteristic methine proton verted to neopentyl 2-nitro-2-butanesulfonate (5) in
absorption at 5.48-5.72 ppm. 34.7%  yield. The lower yield of 5 as compared with 2b

The results of the nitration of various neopentyl could be caused by the methyl group in the a  posi- 
sulfonate estera are summarized in Table I. It is tion, which lowers the acidity of the a hydrogen3 and
noteworthy that in order to obtain optimum yields of hinders the approach of base in forming the carbanion.
a-nitrosulfonate esters containing 8-12 carbons in the The nitration of ethyl 2-butanesulfonate (6) led in 
side chain, more concentrated reaction mixtures had to 53.1%  yield to potassium 2-nitro-2-butanesulfonate (7)
be employed, (instead of 250 ml, only 100 ml of liquid instead of the expected a-nitrosulfonate ester. In
ammonia was used). In the case of neopentyl 1-hexa- addition to 7, 35.1%  ethyl 3-methyl-3-pentanesulfonate
decanesulfonate (4), no nitrated product was obtained. (8) was also isolated (eq 3).
Even though anion formation was carried out with .

(2) A steric factor might be responsible for preventing conversion of com- 
(1) For previous publications, see (a) H. Feuer and R . P. Monter, J .  O r g .  pound 4 to its anion. Models indicate that coiling back of the alkyl chain

C h e m . ,  34, 991 (1969); (b) H. Feuer and J . P. Lawrence, J .  A m e r .  C h e m .  could lender approach to the a  hydrogen.
S o c . ,  91, 1856 (1969); (c) W. E . Truce, T . C. Klinger, J .  E . Paar, and by H. (3) E . S. Gould, "Mechanism and Structure in Organic Chemistry,” Holt,
Feuer, and D. K. Wu, J .  O r g .  C h e m . ,  34, 3104 (1969). Rinehart, and Winston, New York, N. Y ., 1959.
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„  T 1. KNHHiquid NHj
T able 1  CH3CH2CH(CH3)S0 3CH2C(CH3)3 +  8  -r — ----------------->

A l k y l  N i t r a t e  N i t r a t io n  o f  N e o p e n t y l  10 2. Ninci
S u l f o n a t e  E s t f .r s  ( - j ;  j j 3q

R S O iC H -C (C H i) i . t—Neopentyl 1-nitrosulfonate ester—.
R Yield, %« Yield. %h (CH3CH2)2C—S 0 3CILC(CH3)3 +  (CH3CH2)2C S0 3-K +  (4)

CH3CH2-  73.8 (22.2 )' 11

n'^ 42 9- I t ' t  ! « ! !  7  ̂ 9 t9 (l si Study of the Elimination Reaction.— It has beenM-C6Hi3— 55.8 (36./) 0 .2  (2U.8) n 1 '±. , *i •• r
„ TT QO c , A1 7- R 73  suggested 4 th a t  the alkyl n itra te  n itra tion  of an activ en-Cs-tln- w .o  ItH.o) o . o ( 4 i . ( )  ,, , , , . ,, , ■ ,

n - C i H2i-  16 9 (78 l)  55.7 (39.7) methylene compound proceeds v i a  collapse of an inter-
k-Ci2H25-  3.0 (93.4) 33.9d (62.7) mediate which is formed by nucleophilic attack of a
n-Ci6H33-  0 (95.7) 0 (95.5) carbanion on the alkyl nitrate. The results from the
CH3CH2CH(CH3)- 34.7 (59.8) nitration of neopentyl sulfonate esters are consistent

« Reactions were carried out with potassium amide in 250 ml with this suggested mechanism. However, the forma-
of liquid ammonia at —33°. The nitration time was 5 min. t.ion of potassium 1-nitrobntanesulfonate (3) in the ni-
* Reactions were carried out with potassium amide in 100 ml of trati0n of compound la  (eq I) requires additional clari- 
liquid ammonia at -33°. The nitration time was 1 hr. 'T h e  A  . 0  r  ; ,,
numbers in parenthesis represent recovered starting material. fication. It involves a  /3 elim.nation reaction in the
d The yield was 47.0% when anion formation wTas carried out with ester part of 1, for the nitration of octyl l-butanesul- 
potassium amide in TH F at 65°, and the nitration at -33°. fonate (lc) gave 1-octene (12) in addition to 3 and octyl

1-nitro-l-butanesulfonate (2c). That the reaction 
, T.„.Tr takes place during the nitration step and not during

H3CCH2CH(CH3)S03CH CH3 ---------------------------------- >  anion form ation  or the acidm cation  step  is based on th e
6  2i NH,C1 results from the following control experiments, (a)

CH3 CH3 Compound la  was recovered in 92%  yield on treatment
H3CCH2C S03~K+ +  (H3CCH2)2C S0 3CH2CH3 (3) with potassium amide in liquid ammonia, followed by

|_ acidification with ammonium chloride, (b) Potassium
1-ethoxysulfonyl-l-butanenitronate was converted in 

7 8 96.4%  yield to ethyl 1-nitro-l-butanesulfonate (2a)
It is possible that ethyl 2-nitro-2-butanesulfonate on treatment with potassium amide in liquid ammonia

(9) is an intermediate in the reaction, and that it is and subsequent acidification with ammonium chloride,
converted by a nucleophilic attack of the anion of 6  on (c) Treatment of 2 a with potassium amide in liquid
the ester portion of 9 to compounds 7 and 8 . However, ammonia followed by acidification with ammonium
salt 7 could also form v i a  a /3-elimination reaction as chloride gave a mixture consisting of 3 (26.3%) and 2a
shown in step III of Scheme I ( v i d e  i n f r a ) .  (67.3%) (eq 5). A mechanism consistent with these

observations is proposed in Scheme I.
1. K N H H iq u id  N H j

S c h e m e  I CH3(CH2)2CH S03CH2CH3 ---------------------- >
I 2. NH»C1

?  1  NO,
f  R 1 2aH rgn pi-i cu

|+ ° "| ^  Ha— CSOjCH.CH, + R'O“ CH3(CH2)2CH S03-K +  +  2a (5)
- o- nH t  h„ I V  k

i l  L NO, Hb J 3L OR' J j
<<yp Ir_ step I intermediate “X ” collapses into a-nitro-

RCSO CH CH sulfonate ester and alkoxide. According to the results
|j | of control experiment c, a competitive reaction can

?  NO,- Hb occur in which the base can then attack the a  pro-
H __CSO CH CH. ^  step II ton (Ha) to give the nitronate salt as shown in step II,

| " | or alternately attack the /3 proton (Hb) in the ester
NO, Hb J ^  | portion to give the a-nitrosulfonic acid salt and olefin

Ha— C— S03-  +  CH.=CH, (s te P I I 1)-
I t  is of interest that the nitration of carboxylic 

NO, estersla gave nitroalkanes which arose v i a  a decarboxyla-
step III tion rather than an elimination reaction.

Experimental Section
That an intermediate such as 9 is involved in the for

mation of 8 was indicated by the fact that 6  was re- AL melting points are uncorrected. All infrared spectra were 
covered unchanged in 93.4%  yield when treated with taken with a Perkm-Elmer recording spectrophotometer, Models

. . j  J  . . 2 1  and 421. Nuclear magnetic resonance spectra were deter-
potassium amide ill liquid ammonia. However, it mined in a Varian Model A-60 analytical nmr spectrometer using
should be emphasized that the nitl'O group is not es- tetramethylsilane as an internal standard. Gas chromatographic
sential for the alkylation reaction since the reaction of analyses were performed on an Aerograph A-700 using a 4-ft SF-96
8  with neopentyl 2-butanesulfonate (10) in the potas- on Chromosorb W column anc a 6 -ft SE-30 on Chromosorb P

. . . . . .  . - , , . , column. Solvents were evaporated on a Buchler flash evap-
sium  am id e-liqu id  am m om a system  led to  neopentyl 0ratcr
3-methyl-3-pentanesulfonate (11) in 21.1%  yield ( e q __________
I ) • (4) H. Feuer and C. Savides. J .  A-ner. Chem. Soc., 91, 5826 (1959).
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Reagents— Ethyl and propyl nitrate and ethane and 1-butane- Neopentyl 1-nitro-l-octanesulfonate (75.6% ): n wn 1.4502;
sulfonyl chloride of Eastman White Label grade were used as re- ir (neat) 1378 and 1181 (S02), and 1572 and 1351 cm “ ’1

ceived. All alkyl halides used for the preparation of the corre- (N 02); nmr (CC14) S 0.88-1.05 (t, 3, C II3), 1.0 [s, 9 C(CH3)3],
sponding sulfonyl chlorides by methods described in the litera- 1.32 [s, 10, CH3(CH2)S], 2.18-2.46 (m, 2, CH2CH),’ 3.97 (s, 2,
ture6’6 were from commercial sources. OCH2), and 5.36-5.60 (q, 1 , CH).

Neopentyl 1-Butanesulfonate (lb ).—The following experiment A n a l. Calcd for CMhjNOsS: C, 50.46; H, 8.80; N, 4.53;
is typical of the procedure employed for preparing sulfonate S, 10.36. Found: C, 50.69; H, 8.78; N, 4.69;’ Ŝ  lo’.35.’
esters.7 To a mixture consisting of neopentyl alcohol (30.36 g, Neopentyl 1-nitro-l-decanesulfonate (55.7% ): n mD 1.4552;
0.3 mol), triethylamine (30.36 g, 0.3 mol), and benzene (150 ml) ir (neat) 1384 and 1180 (S02), and 1575 and 'l368 cm“ 1 (NO,);
was added dropwise in 1 hr 1-butanesulfonyl chloride (26.45 g, nmr (CCh) S 0.88-1.05 (t, 3, CH3), 0.99 [s, 9, C(CH3)3], 1.28
0.3 mol) at 0-10°. Stirring for 12 hr more at 20°, filtering, and [s, 14, C II3(CH,)7], 2.0-2.4 (m, 2, CH2C II), 3.98 (s, 2 , OCH2),
washing the filtrate with four 60-ml portions of 4%  hydrochloric and 5.34-5.58 (q, 1, CH).
acid and then with three 80-ml portions of water was followed by A n a l. Calcd for Ci5TI31N 0 5S: C, 53.38; 11,9.26; N, 4.15;
drying (Na2S 0 4) and concentrating the benzene extract. Distil- S, 9.50. Found: C, 53.47; IT, 9.55; N, 3.91; S, 9.69.
lation of the residue afforded 49.55 g (79.5%) of neopentyl 1 - Neopentyl 1-Nitro-l-dodecanesulfonate—The general proce- 
butanesulfonate (lb ): bp 78—80 (0.6 mm); n20D 1.4339; nmr dure was followed except anion formation was performed at 65°
(CCh) S 0.86-1.10 (t, 3, CH3), 1.0 [s, 9 C(CH3)3], 1.32-2.08 [m, in T IIF  for 1 hr after the ammonia was evaporated, followed by
4, (CH,),], 2.96-3.22 (t, 2 , CH2S 0 3), and 3.87 (s, 2 , OCH2). nitration at —33° and acidification with glacial acetic acid at

A n a l. Calcd for C9l I 20O3S: C, 51.89; H, 9.68; S, 15.39. —50°. Neopentyl 1-dodecanesulfonate (8.01 g, 0.025 mol) gave
Found: C, 51.73; 11,9.60; S, 15.50. 4.3 g (47.0%) of neopentyl 1-nitro-l-dodecanesulfonate: ti2i)d

By the same procedure, the following alkyl sulfonates were pre- 1.4560; ir (neat) 1370 and 1178 (SO,), and 1568 and 1358 cm“ 1

pared [satisfactory analytical data ( ±  0.35% for C, II, and S) (NO,); nmr (CCh) S 0.89-1.05 (t, 3, CH,), 1.0 [s, 9, C(CH,),],
were reported for each product (Editor)]: octyl 1-butanesul- 1.27 [s, 18, CH3(CH,)9), 2.1-2.5 (m, 2, CH2CH), 3.98 (s, 2,
fonate (lc), 76.3%, bp 108° (0.2 mm), n20D 1.4438; neopentyl 2- OCII,), and 5.35-5.60 (q, 1, CH).
butanesulfonate ( 1 0 ), 70.5% , bp 59° (0.15 mm), n wn 1.4346; A n a l. Calcd for C„H36N 0 6S: C, 55.86; H, 9.65; N, 3.83;
ethyl 2-butanesulfonate (6 ), 81%, bp 65° (0.2 mm), n20D 1.4311; S, 8.77. Found: C, 55.92; H, 9.49; N, 3.88; S, 8.50. 
neopentyl ethanesulfonate, 79.4% , bp 55° (0.12 mm), n20D Dineopentyl l,4-dinitro-l,4-butanedisulfonate (68.9% ): mp
1.4290; neopentyl 1-hexanesulfonate, 81%, bp 8 6 ° (0.25 mm), 92° dec (CHC13); ir (KBr) 1382 and 1181 (SO,), and 1575 and
n20D 1.4378; neopentyl 1-oetanesulfonate, 80.9%, bp 110-112° 1369 cm“ 1 (NO,); nmr (CDC1,) S 1.01 [s, 18 C(CH3)3], 2.45-
(0.38 mm), n 2i,D 1.4420; neopentyl 1-decanesulfcnate, 82.2% , 2.70 (m, 4, CH2), 4.08 (s, 4, OCH2), and 5.45-5.71 (m, 2, CH).
bp 140-141° « 0 .0 0 1  mm), ti2«d 1.4458; neopentyl 1-dodecane- A n a l. Calcd for C,4H28N2OI0S2: C, 37.49; II, 6.29; N, 6.25; 
sulfonate, 70.5% , bp 147° « 0 .0 0 1  mm), « 20d 1.4484; neopentyl S, 14.30. Found: C, 37.27; H, 6.44; N, 6.35; S, 14.34.
1-hexadecanesulfonate (4), 59.2% , mp 47-48° (isopropyl alcohol); Neopentyl 2-Nitro-2-butanesulfonate (5)—The general proce-
dineopentyl 1,4-butanedisulfonate, 57.3% , mp 125-127° (CCh). dure was followed except that neopentyl 2 -butanesulfonate (10.42

Neopentyl 1-Nitro-l-butanesnlfonate (2b).—The following is g , 0.05 mol) was used. Filtering off potassium chloride, con-
typical of the procedure employed for preparing a-nitrosulfonate centrating the ethereal filtrate in  vacuo, and eluting the oily resi-
esters. Into an oven-dried, nitrogen-flushed, 200-ml round-bot- due with benzene on an aluminum oxide (alumina, acid washed)
tom four-necked flask equipped with a Dry Ice condenser, ther- column gave 4.4 g (34.7%) of 5: mp 37.5-38.5°; ir (melt) 1360
mometer, mechanical stirrer, and dropping funnel were placed 1183 (SO,), and 1568 and 1330 cm- 1  (NO,)'; nmr (CCh) & 0.90-
freshly cut potassium (3.91 g, 0.10 g-atom) and a catalytic 1.16 (t, 3, CH3CH2), 0.99 [s, 9, C(CH3)3], 1.95 [s, 3, C(N 02)
amount of ferric nitrate in 100 ml of anhydrous ammonia at CH3] , 2.0-2.8 (m, 2, CH3CH2), and 3.94 (s, 2, OCH2).
— 33°. After the potassium amide had formed, neopentyl 1- A n a l. Calcd for C9H19N 0 5S: C, 42.67; H, 7.56; N, 5.53; 
butanesulfonate (lb ) (10.42 g, 0.05 mol) was added in 2 min. S, 12.66. Found: C, 42.95; II, 7.83; N, 5.61; S, 12.64.
After stirring for 3 min longer, propyl nitrate (15.77 g, 0.15 mol) Octyl 1-Nitro-l-butanesulfonate (2c), Potassium 1-Nitrobu-
was added in 5 min8 at —35° and stirring was continued for 55 tanesulfonate (3), and 1-Octene (12).—The general procedure
min. The reaction mixture was then acidified with ammonium was followed except that octyl 1-butylsulfonate (lc) (12.52 g,
chloride (5.89 g, 0.11 mol) at —50° and the ammonia replaced 0.05 mol) and 250 ml of ammonia were used, and that the nitra-
with anhydrous ether. Filtering off the potassium chloride, ex- tion time was 5 min at —33°.
tracting the ethereal filtrate with 10% aqueous potassium hy- After acidification with ammonium chloride (5.89 g, 0.11 mol)
droxide (lb  remained in the ethereal layer), reacidifying the basic and replacement of ammonia with absolute ether, precipitate A
extract with glacial acetic acid, extracting the aqueous acidic was filtered off. The ethereal filtrate (B) was extracted with
layer with ether, drying the combined extracts (Na^SO,), and con- 10% aqueous potassium hydroxide and the basic extract reacidi-
centrating in  vacuo gave 9.6 g (75.6%) of analytically pure 2b:9 fied with glacial acetic acid and extracted with ether. Drying the
n wD 1.4451; ir (neat) 1384 and 1183 (S02), and 1575 and 1372 combined extracts (Na2S 0 4) and concentrating in  vacuo gave 3.5 g
cm - 1  (N 02); nmr (CCh) S 0.92-1.16 (t, 3, CH3), 1.02 [s, 9, (23.8%) of octyl 1-nitro-l-butanesulfonate (2c): n20D 1.4451;
C(CH,)8], 1.25-1.70 (m, 2, CH3CH2), 2.2-2.62 (m, 2, CH2CII), ir (neat) 1378 and 1180 (SO,), and 1572 and 1358 cm ' 1 (NO,);
4.08 (s, 2, OCH2), and 5.52-5.77 (q, 1, CH). nmr (CCh) 5 0.85-1.19 [m, 6 , CH3 and (CH,),CH„], 1.40-2.0

A n al. Calcd for C9H,9N 0 5S: C, 42.67; H, 7.56; N, 5.53; [m, 14, CH3CH2 and (CH2),CH,] 2.2-2.75 (m, 2, CH2CH), 4.32-
5, 12.66. Found: C, 42.96; H, 7.54; N, 5.29; S, 12.78 . 4.53 (t, 2, OCH,), and 5.42-5.67 (q, 1, CH).

Neopentyl 1-nitro-l-ethanesulfonate (73.8% ): re20d 1.4441; A n a l. Calcd for Ci,H25N 0 5S: C, 48.79; H, 8.53; N, 4.74;
ir (neat) 1375 and 1180 (SO,), and 1578 and 1348 cm- 1  (N 02); S, 10.86. Found: C, 48.67; H, 8.59; N, 4.72; S, 10.79.
nmr (CCh) 5 1.03 [s, 9, C(CH3)3], 1.92-2.04 (d, 3, CII3), 4.06 Concentration of filtrate B in  vacuo and glpc analysis of the 
(s, 2, OCH2), and 5.53-5.88 (q, 1, CH). residue showed it to contain 1-octene (0.22 g, 4,0% ), n wD 1.4080

A n a l. Calcd for C7H iiN 05S: C, 37.32; H, 6.71; N, 6.22; (lit . 10 n20n 1.4087), and lc (8.2 g, 6 0 .6 % recovery).
S, 14.24. Found: C, 37.25; H, 6.56; N, 6.22; S, 14.24. Continuous extraction of precipitate A with acetone and con-

Neopentyl 1-nitro-l-hexanesulfonate (75.2% ): re20D 1.4470; centration of the extract in vacuo gave potassium 1-nitrobutane-
ir (neat) 1373 and 1180 (S02), and 1570 and 1348 cm- 1  (N 02); sulfonate (3) (0.9 g, 8 .1% ): mp 234° dec (95% ethanol); ir
nmr (CCh) S 0.9-1.05 (t, 3, CH,), 1.02 [s, 9, C(CH,),], 1.3-1.5 (KBr) 1210 and 1052 (SO,), and 1552 and 1360 cm“ 1 (NO,); nmr
[m, 6 , CH3(CH,)3], 2.12-2.55 (m, 2, CH,CH), 4.07 (s, 2, OCH,), (DMSOde) S 0.78-1.01 (t, 3, CH,), 1.08-1.65 (m, 2, CH3CH,),
and 5.48-5.71 (q, 1, CH). 1.92-2.4 (m, 2, CH,CH), and 5.26-5.51 (q, 1, CH).

A n al. Calcd for CnIi23N 0 6S: C, 46.95; II, 8.24; N, 4.98; A n a l. Calcd for C4I18K N 0 5S: C, 21.71; II, 3.64; K , 17.67;
S, 11.40. Found: C, 47.12; H, 8.13; N, 5.19; S, 11.56. N, 6.33; S, 14.49. Found: C, 21.71; 11 ,3 .8 6 ; K , 17.45;
-----------------  N, 6.26; S, 14.37.

(5) T. B . Johnson and J .  M. Sprague, J .  Amer. Chem. Soc.. 58, 1348 Ethyl 1-Nitro-l-butanesulfonate (2a) and Compound 3.— By
(19 3 0 - following the procedure for preparing compound 2c, there were

Sprague and U B Tohnson, ib id  59, 1837 (1937) obtained 10.8% potassium salt 3 and 54.8% ethyl 1-nitro-l-
(7) W. E . Truce and L. W. Christensen, J .  O r g .  Chem., 33, 2261 (1968). ‘ , OA Ooo m  n o - ir-
(8) Caution! The first drops of alkyl nitrate should be added slowly be- butanesulfonate: bp 80-82 (0.02o mm), n2»n 1.44o0, ir (neat)

cause a considerable exotherm develops. ---------------------
(9) Attempted vacuum distillation a t  <  0.001 mm resulted in decom- (10) A. F . Forziati, D. L. Camin, and F . D. Rossini, J .  Res. Nat. Bur.

position. Stand. A, 45, 406 (1950).
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1380 and 1180 (S02), and 1572 and 1365 cm- 1  (N 02); nmr (CC14) (CCL) « 0.86-1.10 [t, 6 , (CH3CH2)2Cj , 0.97 [s, 9, C(CH3)3], 1.28
«0.91-1.13 (t, 3, CH3CH2), 1.32-1.58 (t, 3, OCH2CH3), 1.58-2.0 [s, 3, C(CH,)], 1.62-2.01 [m, 4, (CH3CH2)2C], and 3.75 (s, 2,
(in, 2, CH3CH2), 2.18-2.70 (m, 2, CH2CH), 4.28-4.65 (q, 2, OCH2).
OCH2), and 5.48-5.72 'q, 1, CH). A n a l. Calcd for CnH2,0 3S: C, 55.89; H, 10.23; S, 13.57).

A n al. Calcd for C6HI3N 0 5S: C, 3 4 .1 2 ; H, 6.20; N, 6.63; Found: C, 55.79; H, 10.36; S, 13.35.
S, 15.18. Found: C, 3 4 .3 9 ; H, 6.27; N, 6.56; S , 15.40. Neopentyl 1 -Bromo-l-nitroethanesulfonate—The following

Ethyl 3-Methyl-3-pentanesulfonate (8 ) and Potassium 2-Nitro- experiment is typical of the method used for the bromination of
2- butanesulfonate (7).—The procedure was similar to the prep- a-nitroalkylsulfonates. To a solution of 0.66 g (0.01 mol) 85%
aration of 2b except that ethyl 2 -butanesulfonate (8.31 g, 0.05 potassium hydroxide in 50 ml of absolute ethanol was added with
mol) was used. Filtering off the potassium chloride precipitate Stirring at 0-5° neopentyl 1-nitro-l-ethanesulfonate (2.37 g, 0.106
and concentrating the filtrate in  vacuo gave 3.4 g (35.1% ) of com- mol). Allowing the reaction mixture to warm to room tern-
pound 8 as determined by glpc analysis: n20D 1.4438; ir (neat) perature, concentrating the clear solution in  vacuo, slurrying the
1344 and 1183 cm" 1 (S02); nmr (CCh) 5 0.86-1.09 [t, 6 , (CH3- solid residue in ether, and filtering gave 2.63 g (100%) of crude
C II2)2C], 1.25-1.49 (t, 3, OCH2CH3), 1.28 [s, 3, C(CH3)], 1.61- potassium 1-neopentoxysulfonyl-l-ethanenitronate.
2.0 [m, 4 , (CH3CH2)2C and 4.0-4.35 (q, 2, OCH2). To a slurry of the crude salt (2.63 g, 0.01 mol) in 50 ml of

A n al. Calcd for C8H180 3S: C, 9.45; H, 9.34; S, 16.51. carbon tetrachloride was added in 15 min at 0-5° bromine (1.60
Found: C, 49.73; H, 9.53; S, 16.68. g , 0.01 mol), and then stirring was continued for 1 hr at room tem-

Extracting the precipitate continuously with acetone, concen- perature. Filtering off potassium bromide, concentrating the
trating the extract in  vacuo, and recrystallizing the residue three filtrate in  vacuo, dissolving the residue in ether, and washing the
times with 95% ethanol gave 5.9 g (53.1% ) of 7: mp 244° dec; ethereal solution successively' with 0.5%  sodium bisulfite, 1%
ir (KBr) 1205, and 1038 (S02), and 1538 and 1338 cm - 1  (N 02); potassium hy'droxide, and water, followed by drying (sodium
nmr (D20 )  5 0.88-1.13 (t, 3, CH3CII2), 1.96 [s, 3, C(N 02)CH3], sulfate), and concentrating in  vacuo  gave 2.87 g (94.2%) of
and 2.0-3.0 (m, 2, C II3CH2). analytically pure neopentyl 1-bromo-l-nitroethanesulfonate:

A n a l. Calcd for CjHsKNOsS: C, 21.71; H, 3.64; K , 17.67; mp 33-35°; ir (melt) 1372 and 1186 (S02), and 1570 and 1375
N, 6.33; S, 14.49. Found: C, 21.51; H, 3.82; K , 17.90; N, cm " 1 (N 02); nmr (CC14) « 1.05 [s, 9, C(CH„)3], 2.62 (s, 3, CH3),
6.51; S, 14.76. and 4.20 (s, 2, OCH2).

Treatment of Ethyl 1 -Butanesulfonate (la) with Potassium A n al. Calcd for GjHuBrNOsS: C, 27.64; H, 4.64; Br,
Amide at Alkyl Nitrate Nitration Conditions.—To 11.03 g (0.2 26.27; N, 4.61; S, 10.54. Found: C, 27.62; H, 4.74; Br,
mol) of potassium amide in 250 ml of anhy'drous ammonia was 26.42; N, 4.67; S, 10.51.
added a t —33° compound la  (16.62 g, 0 . 1 0  mol). After the reac- Neopentyl 1 -bromo-l-nitrobutanesulfonate (85%) was ana-
tion mixture stirred for 5 min, ammonium chloride (11.24 g, 0.21 lyzed as follows: n20d 1.4759; ir (neat) 1385 and 1183 (S02), and
mol) was added at —50° and the ammonia replaced by anhy- 1575 and 1368 cm“ 1 (N 02); nmr (CCh) « 0.95-1.15 (t, 3, CH3),
drous ether. Filtering off potassium chloride, concentrating the 1.03 [s, 9, C(CH3)3], 1.36-1.88 (m, 2, C II3CH2), 2.5-2.9 (m, 2,
filtrate in  vacuo, and distilling the residue gave 15.3 g (92.2% re- CH2C), and 4.12 (s, 2, OCH2).
covery) of la : bp 70-73° (0.7 mm); n»D 1.4348. A n a l. Calcd for C9H18BrN 05S : C, 32.54; H, 5.46; Br,

Treatment of Ethyl 2 -Butanesulfonate (6 ) with Potassium 24.05; N, 4.22; S, 9.65. Found: C, 32.68; H, 5.38; Br,
Amide at Alkyl Nitrate Nitration Conditions.— The procedure was 24.07; N, 4.18; S, 9.78.
similar to the treatment of compound la with potassium amide. Ethyl 1-bromo-l-nitrobutanesulfonate (47.1%) was analyzed
Ethyl 2-butanesulfonate (6 ) (8.31 g, 0.05 mol) was recovered in as follows: bp 78-80° (0.3 mm); n20D 1.4822; ir (neat) 1390 
93.4% yield: bp 65° (0 .2  mm); m2»d 1.4310. and 1182 (S02), and 1575 and 1380 cm“ 1 (N 02); nmr (CCh) «

Conversion of Ethyl 1-Nitro-l-butanesulfonate (2a) to Potas- 0.98-1.18 (t, 3, CH3), 1.4-1.65 (t, 3, OCII2CH3), 1.70-2.1 (m, 2,
sium 1-Nitro-l-butanesulfonate (3).—The procedure was similar CH3CH2), 2.3-3.1 (m, 2, CH2C), and 4.5-4.83 (q, 2, OCH2).
to the treatment of la  with potassium amide except that ethyl A n a l. Calcd for C6Hi2BrN 05S: C, 24.84; H, 4.17; Br,
1-nitro-l-butanesulfonate (2 a) (10.56 g, 0.05 mol) was used. 27.54; N, 4.83; S, 11.05. Found: C, 24.78; H, 4.18; Br,
After replacing the ammonia with anhydrous ether, the precipi- 27.25; N, 5.02; S, 10.99.
tate was filtered. Extracting the precipitate with acetone and Dineopentyl l,4-dibromo-l,4-dinitro-l,4-butanedisulfonate
concentrating the extract in  vacuo gave 2.91 g (26.3%) of 3: mp (74.0%) was analyzed as follows: mp 77° dec (CC14); ir (KBr) 
234° dec. 1388 and 1180 (S02), and 1575 and 1370 cm- 1  (N 02); nmr

Concentrating the ethereal filtrate in  vacuo and distilling the (CD013) « 1.02 [s, 18, C(CH3)3], 3.10 (s, 4, CH2), and 4.18 (s, 4,
residue gave 7.1 g (67.3% recovery) of 2 a: bp 80-82° (0.25 mm); O CE2).
n20D 1.4450. A n a l. Calcd for C, JhsBroNAhoSu C, 27.73; H, 4.32; Br,

Conversion of Potassium 1 -Ethoxysulfonyl-l-butanenitronate 26.36; N, 4.26; S, 10.58. Found: C, 27.50; H, 4.50; Br,
to Ethyl 1-Nitro-l-butanesulfonate (2 a).—The procedure was 26.20; N, 4.47; S, 10.57.
similar to the treatment of la  with potassium amide. Potas- Neopentyl 1-bromo-l-nitrohexanesulfonate (76.8%) was ana-
sium 1-ethoxysulfonyl-l-butanenitronate (4.4 g, 0.0177 mol) gave lyzed as follows: n wn 1.4710; ir (neat) 1388 and 1184 (S02), and
3.6 g (96.2%) of 2 a: bp 80-82° (0.25 mm); k 2»d 1.4447. 1582 and 1374 cm“ 1 (N 02); nmr (CCh) « 0.92-1.02 (t, 3, CH3),

Deuteration of Neopentyl 1-Dodecanesulfonate.—To 0.36 g 1.02 [s, 9, C(CH3)3], 1.2-1.5 [s, 6 , CH3(CH2)3], 2.5-3.0 (m, 2,
(0.0066 mol) of potassium amide in 100 ml of liquid ammonia was CH2C), and 4.12 (s, 2, OCH2).
added at - 3 3 °  neopentyl 1-dodecanesulfonate (1.06 g, 0.0033 A r a l .  Calcd for C„II22BrN 06S: C, 36.67; H, 6.16; Br,
mol). After 0  min the ammonia was replaced with anhydrous 22.18; N, 3.89; S, 8.90. Found: C, 36.75; H, 5.94; Br,
ether and the last traces of ammonia were removed by refluxing 22.23; N, 3.87; S, 8 .8 6 .
for 30 min. The reaction mixture was then cooled to —50° and 
deuterium oxide (0.30 g, 0.0149 mol) was added. Warming the
reaction mixture to room temperature, decanting the clear Registry No.— lb, 25056-20-6; lc , 25056-18-2; 2b, 
ethereal layer, and concentrating in  vacuo gave a mixture of 25056-19-3; 2c, 25056-21-7; 3 , 25056-22-8; 4, 25056- 
neopentyl 1 -dodecanesulfonate and neopentyl 1 -dodecanesul- oo n. c  a i i a a o z  a . o
fonate-d,: nmr (CCh) « 2.85-3.15 It, 1 25, CH3(CH2)10CHD] 23-9  5 , 2o0o6-41-l, 6 , 2o0o6-24-0; 7 , 2o0o6-2o-l; 8 ,
(75% of deuterium was incorporated). 25056-26-2; 10, 25056-27-3; 11, 25056-28-4; neo-

Neopentyl 3-Methyl-3-pentanesulfonate (1 1 ).—To a solution pentyl ethenesulfonate, 25056-29-5; neopentyl 1-
of potassium amide (3.44 g, 0.0624 mol) in 250 ml of ammonia hexanesulfonate, 25056-30-8; neopentyl 1-octanesul-
was added at - 3 3 °  neopentyl 2-butanesulfonate ( 1 0 ) (6.50 g fo n a te , 25056-31-9; neopentyl 1-decanesulfonate, 25056-
O. 0312 mol). After stirring the reaction mixture for 5 min, ethyl ~ 1f , n r n r / 1  0 0 i  v
3 - methyl-3 -pentanesulfonate (8) (6.04 g, 0.0312 mol) was added 32-0, neopentyl 1-dodecanesulfonate, 2o056-33-l; di-
in 5 min at - 3 5 ° .  Then acidifying the reaction mixture with neopentyl 1,4-butanedisulfonate, 25056-34-2; neopentyl
ammonium chloride (3.67 g, 0.0686 mol) a t —50°, replacing the 1-nbro-l-ethanesulfonate, 25056-35-3; neopentyl 1-
ammonia with anhydrous ether, filtering the potassium chloride, nitro-l-hexanesulfonate, 25056-36-4; neopentyl 1-nitro-

1-octanesulfonate, 25056-37-5: neopentyl 1-nitro-l-
by glpc gave 4 . 7 4  g (72.9% recovery) of 1 0  and 1 . 5 5  g (2 1 .1 % ) decknesulfonate, 2o056 38 6, neopentyl 1-nitro 1 do-
of l l :  n20D 1.4450; ir (neat) 1344 and 1184 cm“ 1 (S02); nmr decanesulfonate, 25056-39-7; dineopentyl 1,4-dinitro-
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1,4-butanedisulfonate, 250.56-40-0; ethyl 1-nitro-l- dibrono-l,4-dinitro-l,4-butanedisulfonate, 2.5056-46-6; 
butanesulfonate, 25056-42-2; neopentyl 1-bromo-l- neopentvl 1-bromo-l-nitrohexanesulfonate. 2.5056-47-7.’ 
nitroethanesulfonate, 25056-43-3; neopentyl 1-bromo-l-
nitrobutanesulfonate, 25056-44-4; ethyl 1-bromo-l- Acknowledgment.— We are indebted to the Office of
nitrobutanesulfonate, 25056-45-5; dineopentyl 1.4- Xaval Research for the financial support of this work.
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Experimental conditions for autoxidation of benzyl mesityl ketone to a peroxide were investigated. The per
oxide was characterized as 2-hydroperoxy-2-phenyl-2',4',6'-trimethylacetophenone (III) by ir and >H nmr spec
tra, and iodide reduction to the known 2,4,6-trimcthylbenzoin (IV). Solid-state thermal decomposition of 111 
forms mesitoic acid and benzaldehyde in equal amounts by one pathway and mesityl phenyl diketone (V) and 
water by another. The latter is a new mode of thermal decomposition for a-keto hydroperoxides. Decomposi
tion also takes place slowly by both pathways at room temperature on standing in contact with a glass surface.
Differential thermal analysis and differential scanning calorimetry studies under various conditions show that 
decomposition of I I I  occurs in the solk. phase without prior melting. A mechanism is proposed for the two 
modes of decomposition.

In a previous paper4 on the autoxidative cleavage of Results and Discussion
isopropvl mesityl ketone to mesitoic acid and acetone,5 . . ,  .. , ,
an intermediate peroxide was detected but could not be Autoxidation. - T  he samples o benzyl mesityl ketone 
isolated for characterization. A studv of time sequen- ( I I ) . v ere obtained as liquids4’ which solidified or
tial infrared spectra of oxidation mixtures indicated the P alp ita ted  peroxides after standing in stoppered or
«-keto hvdroperoxide structure (la) in preference to an unstoppered vessels for varying lengths of time (lo
isomeric oxaoxetane formulation (lb) (Scheme I). days to 6 months... A number of qualitative observa-
Kohler who was the first to report6 a stable keto per- tl0f  f rc made 0,1 autoxidative behavior of II in
oxide formulated structures analogous to Ilv Rigaudv ord"  } °  asce[ tal"  conditions under winch oxidation
observed8 ultraviolet absorption in the carbonyl region +could be accelerated or minimized. The random na-
for Kohler’s keto peroxides and formulated ’ heir struc- ture/ ) . the autom ations was evident from lo expen-
tures as keto hydroperoxides analogous to la; carbonyl mentf  " hlch 'vere carned ° u t . , he folIowiaS ,ob-
bands in the infrared spectra were reported bv Fuson se™ tl0!^  can be madf' Autoxidation proceeded as
and Jackson9 in confirmation of Rigaudv’s formulation. readll-v ^  wben aP faratus "'as flushed with nitrogen as 
r™ , , ,, r 1- . * when allowed to stand in contact with air. (2) whenthe present paper reports the formation, character- . . . . . .  , ' .
■ j  itt , i i  i oxvgen was bubbled through the liquid or a solution orization by mtrared and 1H nmr spectra and chemical ,, . , , . . 1 , . , ,, ... c . , , allowed to stand, and (3) whether exposed to light ormethods, and thermal decomposition of a stable per- . . , ,  . . ’ r , , ,■ . -j .. , , , , shielded from it. traces of oxygen appeared to beoxide isolated from autoxidation of benzyf mesityf . . . ,  .. B T
, . /TT\ in i - i  • • n i r  ■ sufficient to result in autoxidation. In one experimentketone (II)10 which was originally prepared for use in . ., , , . . . .  * ,

, j- e . 5 i i  i no peroxide precipitate was observed16 when the samplestudies of structures of Gngnard comuounds derived F ,, . . . . . . .
from hindered ketones 13 ' was allowed to stand undisturbed exposed to air for 11

months. The recommended procedure for conducting 
the autoxidation is simply to allow the liquid ketone to 

ID a. g. Pinkus. m. z. Haq. and j . g. Lindherc. Abstracts, i59th Na- stand in a vessel with maximum surface area exposed to 
mooRGN-sV' ,he American Chemical Society- Houston’ Texas- Feb the atmosphere and to agitate the sample occasionally. 

(2) Robert a. Welch Foundation postdoctoral fellow. The best conditions found for minimizing autoxidation
O) Ruben a. Welch Foundationpredoctorai fellow. of i j  were to carry out preparation and handling of the

(1967)A*G' PinkUS’ "  ■C' SerVOSS' and K' K Lum' J 0r°■ 32,2619 compound in a rigorously deoxygenated nitrogen atmo-
(5) Water was also found to be a product. sphere and to store the compound at low temperature.
(6) e . p . Kohler. Amer. chem . j . 3 6 , 177.529  (1906). Spectral and Chemical Proof of Structure of Peroxide

(1937) H I.—It and ‘H nmr spectra are consistent with an a-
(8) j . Rigaudv. c. r. Acad, sd., Paris. 226, 1993 (1948) keto hydroperoxide structure (III). The ir spectrum
(9) R. C. Fuson and H. L. Jackson, J .  Amer. Chem. Soc.. 72, 1637 (1950).
(10) Two recent papers on ar-keto hydroperoxides have appeared. One

paper11 mainly concerned with hydrogen-bonding aspects of two keto hydro- (14) K. H. Weinstock, Jr., and R. C. Fuson, J .  Amer. Chem. Soc., 58,
peroxides was published when the present work was well under way. When 1233 (1936), report mp 32.0-32.5°.
this paper appeared we discontinued our ir and *H nmr studies on hydrogen (15) A table summarizing the results of these experiments was eliminated
bonding of the hydroperoxides but completed other aspects of the problem. from the original paper to save space.
A second paper11 which appeared after the present work was complete, deals (16) An ir spectrum of the mother liquor from one of the experiments
with preparation and properties of aliphatic a-keto hydroperoxides. showed r.o detectable amount of peroxide; this would indicate solubility of

(11) W. H. Richardson and R. F. Steed, J .  Org. Chem., 32, 771 (1967). peroxide to be low in this mixture. Although peroxide was not tested for
(12) R. C. P. Cubbon and C. Hewlett, J .  Chem. Soc. C, 2978 (1968). in this sample, it is possible that it could have been present in solution in
(13) A. G. Pinkus, J .  G. Lindberg, and A. B. Wu, ib id ., D, 1351 (1969). small amount.
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S c h e m e  I  S c h e m e  I I
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XC(CH3)2 — ► MesCOII +  C H -C  ( + H;0) XCH— Ph 'CH— Ph
I CH3 I I

OOH OOH OH

la HI IV x
0  ---0 fn \ Zl'
| |  l°2 , • , HAcX

Mes— C------C— CH3 .0  denved 0
1 I Mes— EtMgHr,  Gngnard .. - Et;0  » Mes—
OH CH3 \  Et.o reasent. THF \

Jb CH2Ph Of II (oxidation) / P ~ Ph
0

of III showed a carbonyl stretching band, an - 0 - 0 -  V
band, and 0 -H  stretching bands (for -OOH). Sim- . , j .
ilar carbonyl and - 0 0 - H  stretching bands were ob- benzaldehyde were formed m equivalent amounts, this
served in the present investigation for 3,3-diphenyl-2- fact 1S important in the consideration of a mechanism
hydroperoxy^'A'ffi’-trimethylpropiophenone17 18 (one °f for the decomposition. This result contrasts with that
“Kohler’s peroxides”) reported previously4 for the autoxidative cleavage of

The ‘H nmr spectrum19 of III showed a singlet at isopropyl mesityl ketone where the molar quantity of
9.62 ppm for the OOH proton. (Other chemical shifts acetone exceeded that of mesitoic acid (ratio of 0.709 .
are in the Experimental Section.) Hydroperoxy pro- 0 .4/8  =  1.48).25 Because of experimental difficulties it
tons show characteristic low-field absorption20 21 22 23 24 indi- was n_0  ̂ possible to determine the amount of water
eating considerable deshielding. For the only pre- quantitatively in the present investigation, 
viously reported HI nmr absorption for an a-keto hy- a-Keto hydroperoxides are reported26 to decompose 
droperoxide, Richardson and Steed11 listed 9.39 ppm thermally to carboxylic acids and aldehydes or ketones,
for the hydroperoxy proton of 2,4-dimethyl-2-hydro- ^he present investigation shows that an additional
peroxy-3-pentanone. The corresponding signal for 3,- mode of thermal decomposition to an a,/3 diketone and
3-diphenyl-2-hydroperoxy-2',4',6'-trimethylpropiophe- water can occur simultaneously. The two different 
none observed in the present work was at 9.28 ppm. pathways are summarized in Scheme III. The total

III gave a positive iodide test for active oxygen. A overall yield for the two pathways (average of three ex-
quantitative determination using an iodometric titra- periments) was 60% .J
tion method21 showed one active oxygen per molecule of Decomposition was also studied by differential
III. For a chemical proof of structure, hydroperoxide thermal analysis (DTA) and differential scanning cal-
III on reduction with potassium iodide was converted orimetry (DSC). It was of particular interest to as-
into 2,4,6-trimethylbenzoin (IV); the latter was pre- certain by these techniques whether or not the hydro-
viously prepared by Fuson and coworkers by zinc- peroxide melted and then decomposed, or whether direct
acetic acid reduction of mesityl phenyl diketone (V)14 decomposition of the solid took place. In previous re-
(Scheme II) and aluminum chloride catalyzed conden- ports6'7'9'28 keto hydroperoxides have been stated to de-
sation of mesitylglyoxal and benzene.22 compose at or slightly above their melting points. The

Thermal Decomposition of 2-Hydroperoxy-2-phenyl- two alternatives should be readily distinguishable by
2 ’,4 ',6 '-trimethylacetophenone (III).—On heating in a DTA or DSC since prior melting followed by decom-
flame, III decomposed explosively. Under milder position would be expected to produce two peaks, one
conditions28 the following products of decomposition endothermic owing to melting followed closely by an
were isolated and characterized: mesitoic acid, benz- exothermic decomposition peak, whereas only a single
aldehyde, mesityl phenyl diketone (V),24 and water. Peak (probably exothermic)29 would be expected for
Quantitative determinations of the amounts of products direct decomposition of solid hydroperoxide. Only a
showed that mesitoic acid (49% average yield) and single30 sharp exothermic peak was observed using both

(17) Originally prepared by Kohler, et aZ.;8-7-18 ir and 1H nmr spectra first (25) A tentative explanation for deviation from the expected 1:1 ratio
obtained and reported in the present work. has been presented.4

(18) E. P. Kohler and C. E . Barnes, J . Amer. Chem. Soc., 55, 690 (1933); (23) Earlier work is reviewed by E . G. E . Hawkins, “Organic Peroxides,”
E . P. Kohler, M. Tishler, and H. Potter, ibid., 57, 2517 (1935). Van Nostrand, Princeton, N. J . ,  1961, pp 116, 381 ff; L. Horner, “ Autox-

(19) 7H nmr spectra fer I I I  and the “ Kohler peroxide” are the first to be idation and Antioxidants,” Vol. I, W. O. Lundberg, Ed., Interscience,
reported for aromatic keto hydroperoxides; the only previous complete 7H New York, N. Y ., 1961, Chapter 5; A. G. Davies, “Organic Peroxides,”
nmr spectrum given for a keto hydroperoxide was for an aliphatic derivative.11 Butterworths, London, 1961.

(20) S. Fujiwara, M. Katayama, and S. Kamio, Bull. Chem. Soc. J a p .,  (27) An unidentified residue accounted for the remaining 40%  from de-
32, 657 (1959); D. Swern, A. H. Clements, and T . M. Luong, Anal. Chem., composition of I I I  after separation and analysis of products as described.
41, 412 (1969). Several preliminary experiments were carried out to establish optimum con-

(21) M. V. Goftman and G. D. Kharlampovich, J .  Appl. Chem. USSR, ditions for decomposition.
30, 465 (1957) [Zh. Pri/d. Khim ., 30, 439 (1957)]. (23) R . C. Fuson, E. W. Maynert. and W. J .  Shenk, Jr ., J .  Amer. Chem.

(22) R . C. Fuson, H. H. Weinstock, Jr ., and G. E . Ullyot, J .  Amer. Chem. Soc., 67, 1939 (1945).
Soc., 57, 1803 (1935). (29) This would depend on the relative magnitude of the enthalpy of de-

(23) Controlled heating in air, in  vacuo under nitrogen, or at atmospheric composition compared with that of fusion.
pressure; the same products were found under these varied conditions. (30) Other peaks appeared at much higher temperatures owing to vaporiza-
Decomposition on a vpc column at 200° was also studied; the peak for benz- tion and possible further decomposition of products of initial decomposition,
aldehyde was identified conclusively. During observations taken while obtaining the melting point of I I I ,  the ma-

(24) Mesityl phenyl diketone (V) was also obtained in the present work in terial in the capillary after decomposition was liquid. Furthermore, DTA
7.9%  yield during an attempted preparation of the enol ether of benzyl and DSC curves did not show any peaks corresponding to melting points of
mesityl ketone (II) by methylation of the derived bromo Grignard reagent mesitoic acid and mesityl phenyl diketone, indicating that these were in a
of II , oxidation having taken place. molten state.
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S c h e m e  I II  wall surface in the case of the solid keto hydroperoxide
, ,  , T, , , , IA at the peroxy oxygens could result in a lowering of the

energy of activation in the latter case. The second step 
could take place in two ways. Abstraction of the a- 

u;. hydrogen atom by hydroxyl radical would form mesityl
------► V + HO phenyl diketone and water. In the other pathway,

homolytic cleavage of the carbon-carbon bond would

DSC and DTA under all conditions studied showing
that the solid decomposed directly without first melting. S c h e m e  IV
Temperatures of decomposition (average) were 135° 0  O
with DTA and 139.S° with DSC. Mes— chss Mes— ph h-

Stability of Hydroperoxide (III).—Freshly prepared 'SCH— _p  ̂ surface abstraction ^
samples of III having a white crystalline appearance | |X H ^
slowly turned yellow31 32 after standing at room tempera- O 0  -
ture in stoppered glass containers whether kept in the 'qjj
dark or exposed to ordinary daylight. The odor of ben-  ̂ homolytic

zaldehyde was also evident. These observations show C-c cleavage

that both modes observed for thermal decomposition are H Ph + H Ph
also operative for slow room temperature decomposition. u  \ /  radical „   ̂ \ /
An interesting aspect of the decomposition was that only es 2 jf Mes— 1C—10 + C
material in contact with the glass container turned b °H b
yellow in samples examined; material in the interior of
the sample or on top was unchanged.32 Evidently de- . , . . . . .
composition is catalyzed by contact with the glass sur- give benzaldehyde and mesitoyl radical; in a radical
face.31 Freshly prepared samples of peroxide III combination step the latter would react with hydroxyl
showed no detectable* decomposition after standing in f dlcal ^  form mesito.c acid. These pathways account
stoppered vials for nearly two years in a refrigerator. for “ • ° f utae,  Prodi>cts. The remaining 4H% of

Mechanism of Thermal Decomposition.-Mech- Products could be formed by other reactions of the two
anisms of thermal decompositions of alkyl hydro- radicals formed m the first step. Since mes.toic acid
peroxides have been extensively investigated*■» 33 al- and benzaldehyde are formed in nearly equal amounts,
though much less work has been done on a-keto hydro- d •s^ n 1'kely that the mesitoyl radical undergoes any
peroxides. The following proposed tentative mech- reaction other than combination with hydroxyl to form
anism38 (Scheme IV) for solid-state thermal decomposi- fmeslto,lc acld' ™ US’ t le remaining products must be
tion of III is adapted from mechanisms for other hydro- fo+r, med a* some staf  Q° f , e rea^ 10,r' or b:V
peroxide decompositions.33-33 * The initiation step is other pathway. Although 2,4,6-tnmethylbenzo,n (IV)

, , , , , c ,, , would be expected to be formed by abstraction of apostulated as cleavage of the 0 - 0  bond. Although , , .f  . ... , , . J . , ,,
V » u , . , i • r ,.u •, , , proton bv the initial cleavage fragment (other thanBenson33 37 38 39 showed that homolysis of the peroxide bond r  , ,

. ., , , r  •. i .  i • .• f hvdroxvl), the lr spectrum of the residue showed a car-contributed negligibly to kinetics of decomposition of r- , , T„ ,  . . .  , ,, , , ,  , °  v , *. , , bonvl band only at 181a cm-1, whereas IV has this bandbutyl hydroperox.de in solution, adsorption on the glass &t ^  cm _ 1; ^  shows the a5sence of IV.

(31) The change was noticeable after 3—4 months; in a separate experi
ment the yellow substance was identified as mesityl phenyl diketone (V) Experimental Section40
by means of thin layer chromatography.

(32) This observation suggests the possibility that decomposition at room Benzyl Mesityl Ketone (II).— I I  was prepared in 68-79% yield
temperature might be prevented or slowed in other typea of containers made b y  Friedel-Crafts reaction41 of mesitylene and phenylacetyl
of plastic .e tc . ; however, this was not investigated. Conversely in the cases ch lorid e in petroleum ether (bp 65- 110°) using aluminum chloride
studied, thermal decomposition is evidently initiated on the glass or metal , , , , , . , , ,
surface (spatula, DSC and DTA surfaces). and  also  b y  p o lyp h osp h oric  a c id 4- ca ta ly z e d  co n d en sa tio n 4 of

(33) A difference in rates of decomposition of t-butyl hydroperoxide in mesitylene and pher.ylacetic acid in o 6 . o / 0 yield. The product
solution was noted by Bulygin and Zaikov*4 for glass and metallic reactors. was distilled under nitrogen; bp 160—165 (<̂ 1 mm), ir44 (neat)
They attributed the change in rate to the nature of the reactor wall. Hiatt 1682 cm - 1  (C = 0 ) ; nmr45 (CCI4) / .14 (5, CcHs), 6.69 (2, 
and Irwin*4 reported that the first-order rate constant for decomposition of a Mes-Ht), 3.82 (2, CH2), 2.18 (3, p-CHs), 1.99 (6, 0 -CH3 ). 
solution of t-butyl hydroperoxide was increased by 60%  when the surface Autoxidation of Benzyl Mesityl Ketone (II) to 2-Hydro peroxy-
to volume ratio was increased sevenfold by using crushed Pyrex tubing. 2-phenvl-2^^'-triinethylacetopheilone (III).— II on standing

(34) M. G. Bulygin and G. E. Zaikov, Bull. Acad. Set. L S SR , 481 (1968) varjous containers at room temperature autoxidized to II I .
T i f (1968)1' „ The time period for autoxidation of II  and the yields of III varied(3o) R. Hiatt and K. C. Irwin, J .  Org. Chem., 33, 1436 (1968). _  1 ri/w ,. .

(36) No benzaldehyde odor, yellow color formation, or melting point fro m  4 to  8 %  (fo r th ose d e term in ed ) d epen d in g on  co n d itio n s ;
change. ______________

(37) The recent series of papers by R . Hiatt and coworkers summarize the
current state of knowledge in this area: R . Hiatt, T . Mill, and F. R. Mayo, (40) Melting points are corrected; boiling points are uncorrected.
J .  Org. Chem., 33, 1416 (1968); R. Hiatt, T . Mill, K. C. Irwin, and J .  K. (41) A. Klages and G. Lickroth, Chem. Ber., 32, 1549 (1899).
Castleman, ibid., 1421, 1428, (1968); R. Hiatt, K. C. Irwin, and C. W. Gould, (42) The authors thank FM C Corp. for a sample of 115% polyphosphoric
ibid., 1430 (1968); ref 35. The paper by Bulygin and Zaikov*4 is a leading acid.
reference to recent Russian work in this area. (43) Conditions for the preparation were determined from reactions de-

(38) The editor suggested another possible mechanism for formation of scribed in reviews on polyphosphoric acid condensations: F. D. Popp and
acid and aldehyde by intramolecular reaction of the oxygen of the peroxygen W. E . McEwen, Chem. Rev., 58, 321 (1958); F . Uhlig and H. R. Snyder in
linkage with the carbonyl carbon of I I I  which would afford a species which "Advances in Organic Chemistry. Methods and Results.’ R. A. Raphael,
could decompose directly to acid and aldehyde. Another possible mech- E . C. Taylor, and H. W j-nberg, Ed., Vol. I , Interscience, New \ ork, N. \ ..
anism previously considered was addition of the hydroperoxy proton and 1960. pp 35-81.
oxygen across the carbonyl to form an intermediate analogous to lb  which (44) Frequencies in cm -1; vs = very strong, s = strong, m = medium,
could then undergo fragmentation to form acid and aldehyde by one path- w = wet-k, ah *= shoulder, br = broad, sp = sharp.
way and diketone and water by another. (45) 5 in parts per million from tetramethylsilane as internal reference;

(39) S. W. Benson, J .  Chem. Phys., 40, 1007 (1964). s =  sing.et.br = broad m = multiplet; relative peak areas in parentheses.
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optimum procedure was to allow II  to stand with maximum sur- instantaneously indicating the presence of water. The ir spec- 
face area exposed to air with occasional agitation. Two analyti- trum (neat) of the distillate (after drying with anhydrous sodium
cal samples were prepared. The first sample46 was recrystallized sulfate) showed the same bands as a spectrum of authentic
from carbon tetrachloride and then from ra-hexane, mp47 125.5- benzaldehyde.
126.2° dec. The second sample48 after washing with several A dilute solution of sodium hydroxide was added to the sub
portions of ra-hexane melted47 at 130-132° dec. After two re- limate of white and yellow crystals from above. The white por-
erystallizations from ethyl acetate, I I I  had mp47 134-135° dec. t.ion of sublimate dissolved. The yellow insoluble portion was
Anal. Calcd for CnHi80 3: C, 75.53; H, 6.71. Found: C, dissolved in ether and the two layers were separated. When the
75.54 , 46’ 49 75.6548-50; H, 6.64,46’49 6.78.48’50 The following spectral alkaline solution was acidified with dilute hydrochloric acid a
data were obtained: ir44 1680 (CII2C12), 1698 (Nujol) ( 0 = 0 ) ,  white precipitate formed which was collected by filtration and
8 8 8  (Nujol) ( -0 -0 - ) ,  347051 (intramolecularly bonded OH), washed with water. After sublimation at 115-120° (oil bath 
3330 (CII2C12) (sh) (intermolecularly bonded OH). Only the temperature, 1 mm), the crystals had mp 154-1550.69 The
3330 cm - 1  band appeared for the solid (Nujol mull). 'IT nmr46 melting point of the mixture of mesitoic acid from the sublimate
(CChBr and CDC13 solvents, respectively, for each data set re- and an authentic sample was undepressed. The material on thin
ported): 9.36 ( 1 ), 9.62 (OOH); 7.08 (5), 7.28 (C6H5); 6 .54(2), layer chromatography80 showed only one spot, Rt 0.32 (via uv
6.74 (VIes-H2); 5.72 (1 ), 5.99 [CH(Ph)OO); 2.19 (3), 2.22 light) which had the same mobility as that of an authentic sample
(p-CH3); 1.86 (6 ), 1.91 ( 0 - C H 3 ) .  of mesitoic acid. A comparison of the ir spectrum of the sample

Preparation of 3,3-Diphenyl-2-hydroperoxy-2',4',6'-trimeth- with that of authentic material also confirmed the identity of the
ylpropiophenone.—Benzalacetomesitylene, mp 61° 52 (recrys- sublimate as mesitoic acid.
tallized from petroleum ether, bp 30-60°), was prepared in The yellow ether solution from above was washed with water, 
94% yield by base-catalyzed condensation of acetomesitylene and dried over anhydrous sodium sulfate, and filtered. On removal
freshly distilled benzaldehyde by the method of Kohler and of ether with a rotary evaporator, yellow crystals were obtained.
Barnes. 18 0,/3-Diphenylethyl mesityl ketone, mp63 82-83° (from After recrystallization from petroleum ether (bp 30-60°), the
carbon tetrachloride, then absolute ethanol), was prepared by material melted at 136-137°. The compound showed one tic60

1,4 addition of phenylmagnesium bromide to benzalaceto- spot (Rf 0.73); the Rt value corresponded with that from an
mesitylene; ir 1685 cm - 1  (C = 0 ) . The peroxide was prepared authentic sample of mesityl phenyl diketone (V). The ir44 spec-
by oxidation of the enolate of the ketone following the procedure trum61 (Nujol) of V showed absorption bands at 1670 (sh), 1665
of Kohler and Thompson:7 62.5% yield; mp 100-101° (from (vs, conjugate 0 = 0 ) ,  1612 (s, A rC=C), 1600 (s), 855 (vs,
n-hexane) ; 54 ir44 347051 (CH2C12), 3509 (CCh) , 55 3410 (sh) (Nujol) mesityl), 730 (s), and 698 (m, monosubstituted phenyl). The
(OOH) (intramolecular), 3360 (sh) (CH2C12), 3390 (Nujol) ir spectrum of the material showed the same bands as those in a
(OOH) (intermolecular), 1704 (CC14)55 (C = 0 ) ; 4H nmr45 spectrum of an authentic sample of V. A mixture melting point
(CCI3CN solvent except where noted) 9.31 (br, 66 1), 9.28 (CCI4)68 with authentic V was undepressed. 1IT nmr45’68b spectral assign-
(OOH), 7.17 (br, 10, C6H5), 6.70 (s, 2, Mes-H2), 4.53 (CHPh2) , 67 ments (15% w/v in CC14) were 8.15 (AB pattern), 7.6 (A2B  pat-
4.75 [C H (Ph)00-] ,67 2.33 (s, 3,p-CH3), 1.88 (s, 6 , 0-CH3). tern, C6H5), 6.83 (2, Mes-H2), 2.30 (3, p-CH3), 2.22 (6 , 0 -CH3).

Reduction of Hydroperoxide III to 2,4,6-Trimethylbenzoin The compound formed a 2,4-dinitrophenylhydrazone derivative,
(IV).—A solution of I I I  (0.2025 g, 7.500 X 10“ 4 mol) in glacial mp 234-236° (lit . 14 232.0-232.5°), ir 1668 cm“ 1 (Nujol) (C = 0 ) . 
acetic acid (15 ml) was added dropwise over a 15-min period to a Benzaldehyde, mesitoic acid, V, and water were also obtained
stirred solution of potassium iodide (0.500 g, 3.01 X 10“ 3 mol) on heating hydroperoxide I II  at atmospheric pressure in a flask
in glacial acetic acid (20 ml). The reaction mixture became dark maintained at 150° (oil bath temperature); decomposition oc-
brown owing to liberated iodine. A solution of sodium thio- curred in a few minutes under these conditions. Heating was 
sulfate (ca. 0.1 N ) was added to the reaction mixture until the continued for 6  hr at 100-110° ( 1  mm) to obtain a distillate (con-
latter became colorless. The contents were extracted with sisting of benzaldehyde and water) and a sublimate (consisting
several 25-ml portions of ether. Combined ether extracts were of mesitoic acid and V). A sticky brownish residue whose ir
washed with dilute sodium hydroxide solution and water several spectrum showed a carbonyl band at 1815 cm “ 1 remained in the
times. The ether solution was dried with anhydrous sodium flask. The residue appeared to be a complex mixture as evi-
sulfate. On evaporation of ether, 2,4,6-trimethylbenzoin (IV) denced by tic and was not investigated further.
(0.182 g , 90% yield) was obtained. After recrystallization from A solution of peroxide I I I  ir, CH2C12 (or CHCI3) was injected
ethanol, IV melted at 100-101° (lit.22 102°): ir (CH2C12) 3445 into a silicone oil-firebrick vpc column at 200° (240° injector
(sp, OH), 1685 cm- 1  (C = 0 ) . temperature) using helium as carrier gas. Retention time of the

Thermal Decomposition of 2-Hydroperoxy-2-phenyl-2',4/,6/- benzaldehyde peak was 1.75 min; the peak position was verified
trimethylacetophenone (HI). Separation and Characteristics of by observing the increase in size when a mixture of benzaldehyde
Products. Crystalline I I I  on heating at 100-110° (oil bath tern- and H I were injected. No decomposition was observed when the
perature, 1  mm) for 1.5 hr turned yellow. On prolonged heating column temperature was at 131° (150° injector temperature).
( 6  hr), a sublimate (see below) consisting of mixed yellow and Quantitative Analysis of Products—The procedure for a 
white crystals was obtained; a distillate (colorless droplets) was typical run is given. Final procedures were developed after first
also collected in a liquid air trap. The inhomogeneous distillate conducting numerous preliminary experiments in order to opti-
had a bitter almond-like odor characteristic of benzaldehyde. mize yields. Hydroperoxide I I I  (0.175 g, 6.47 X 10“ 4 mol)
Anhydrous copper sulfate sprinkled on the distillate turned blue covered with glass wool (in order to minimize scattering of I I I  by
------------------ decomposition) was decomposed in an erlenmeyer flask main-

(46) Preparation by J .  G. L. tained at 150° (oil bath temperature). The sample turned
(47) i t  should be emphasized that these are not melting points but decom- yellow on decomposition. The flask was removed from the oil

position points as evidenced from DSC and DTA studies. bath and the contents were dissolved in sufficient ethanol to make
(48) Preparation by M. z. H. a volume of 25 ml. The amount of mesitoic acid in this mixture
(49) Analysis by Galbraith Laboratories, Knoxville, Tenn. Was determined b y  titrating 3-ml portions (diluted with 3 ml

Analysis by M -H -w  Laboratories, Garden City, Mich. each of water and ethanol) with standard aqueous sodium hy-
(ol) liana did not disappear when solution was diluted. Hrnvido ne: n(T „ Tj i  — 6« rpr . c _ •, • - j  •
(52) E . P. Kohler, Amer. Chem. J . .  38, o i l  (1907), reported mp 63». «nlntinn fnimrl ^  meSlt0U; a.Cid m  th lS
(53) A. N. Nesmeyanov, V. A. Sazonova, and E. B. Landor, D M . Akad. ^ t M n  found *a s  0 6  mg (o3% yield) For two additional ex-

N au kS S S R , 63 ,395 (1948) [Chem. Abstr., 45, 2902 (1951) ], reported mp 82» periments with 200 and 222 mg of I I I , o t and 62 mg yields were
(54) Since Kohler and Thompson8 reported mp 116—117° for their product, obtained respectively, corresponding to yields of 47 and 46%

the product in the present work (from two separate preparations) was re- mesitoic acid. In a separate experiment, it was found that
peatedly recrystallized from the following solvents: n-hexane, an ether- mesitoic acid and benzaldehyde were formed in nearly equivalent 
petroleum ether mixture, ethanol, methanol, benzene, and a carbon tetra
chloride-petroleum ether mixture without a change in the 100-101° mp.
The same preparation was also previously carried out« in our research group (59) Melting point of mesitoic acid (Aldrich Chemical Co.) 155°; P
to obtain a product with mp iOS.Z-lQS.S» dec (from petroleum ether). Jannech and M. Weiler, Chem. Ber.. 27, 3446 (1894), reported mp 153-

(55; K . K. Lum unpublished work. 153.4C.
(56) Broad peak sharpens to singlet on addition of water. (60; ' Eastman chromatographic sheet with fluorescent indicator coated

¿ SS‘gned tentatlvely on basis of Dadey and Shoolery's rules.«» with silica gel in benzene: methanol (4:1 ratio).
(a8) R. M. Silverstein and G. C. Bassler “Spectrometric Identification of (61) R . C. Fuson and R. W. Hill, J .  Org. Chem 19 1575 (1954)

Organic Compounds, ■ Wiley, New York, N. Y „ 1963: (a) p 87, (b) PP 5 9 - (62) Control experiments with authentic mesitoic acid were performed to
check the accuracy of this procedure.
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amounts63 from decomposition of I I I ;  the amount of mesitoic hydrazone (Nujol) showed bands at 3275 (w), 1675 (s, C = 0 )
acid in the mixture of decomposition products was determined by 1612 (s), 1601 (s), 1510 (s), 1360 (s), 1308 (s), 920 (w), 912 (w)’
titration and the amount of benzaldehyde in the mixture was ob- 848 (m), 843 (w), 740 (s), and 695 cm- 1  (m).
tained from a uv absorbance-concentration plot prepared from Instruments and Measurements.—HI nmr spectra were ob- 
authentic benzaldehyde Amax 330 m  ̂in n-hexane. tained with a Varian Associates DP-60 spectrometer. Tetra-

The amount of mesityl phenyl diketone (V) in the above methylsilane was used as an internal standard. Chemical shifts
ethanol solution (25 ml) was determined by spectroscopic analysis were determined from side bands generated by a Hewlett-Packard
using the peak at Am»* 400 mM and an absorbance-concentration wide range oscillator (Model 200 CDR) and calibrated against the
plot prepared from authentic Y . The amount of V determined chemical shift of neat acetaldehyde reported65 as 455.7 ± 1 .0  cps.
in this way was 18 mg (1 1 % yield). For two further decomposi- Ir spectra were taken on Baird-Atomic (Model K M -1 ) and Per
sons using 200 and 222 mg of I I I , 22 and 23 mg yields of V were kin-Elmer (Model 337) spectrophotometers. Spectra were cali-
obtained corresponding to 12 and 1 1 % yields, respectively. brated with bands from polystyrene film. Uv spectra were re-

Oxidation of Benzyl Mesityl Ketone (II) to Mesityl Phenyl corded with a Beckman D K - 1  instrument. Vpc curves were ob-
Diketone (V) during Attempted Methylation of Derived Bromo tained with a Wilkens Aerograph Model A-90 instrument using
Grignard Reagent of II.—The derived bromo Grignard reagent a silicone oil (GE-76) coated firebrick column,
of II (3.24 g, 7.80 X 10~ 3 mol) in anhydrous diethyl ether (50 ml) The instrument for differential thermal analysis was similar
was placed in a round bottom flask equipped with stirrer, drop- to one designed by Stone.66 The sample holder was constructed
ping funnel, and drying tube. Methyl iodide (2.28 g, 1.61 X of high heat conductivity Inconel containing two holes, one for
10 2 mol) was added with stirring. Anhydrous tetrahydrofuran the sample and one for alumina which was used as inert reference
(50 ml) was added to increase solubility of the derived Grignard material. Temperature differences between sample and reference
reagent; diethyl ether was removed by distillation. More were detected with a differential thermocouple of P t-P t +  10%
methyl iodide (2.28 g, 1.61 X 10 2 mol) was added. After Rh and recorded as a function of time. Samples were run as
standing overnight, ether (20 ml) and water (2 drops) were mixtures with alumina and also without added alumina. A
added. The reaction mixture was dried with anhydrous sodium Perkin-Elmer D SC-IB instrument was used for differential
sulfate and solvents were removed with a rotary evaporator. A scanning calorimetry measurements. Temperatures were cali-
reddish-brown oil remained from which yellow crystals of V de- brated with an indium standard. Samples were sealed in
posited after standing for 2.5 days. V was recrystallized from aluminum capsules. An empty aluminum capsule was sealed
methanol in 0.138 g yield (7.9% ), mp 135-138°.64 The ir spec- and used as areference.
trum44 of V (Nujol mull) showed bands at 1661 (vs) and 1675
(sh, C = 0 ), 1610 (s), 1595 (s), 851 (vs), 721 (s), and 699 cm- 1 Registry No.—3,3-Diphenyl-2-hydroperoxy-2',4',6'- 
(m). V formed a mono-2 ,4-dinitrophenylhydrazone derivative trimethylpropiophenone, 25056-05-7; II, 1889-72-1; 
! ™ t ! ' ffioreC y f llized from 95%c e!hanoi- mP 234-236° (lit .14 m  25056-04-6; IV, 25056-06-8; V, 25056-07-9.
232-232.0 ). The ir spectrum44 of the mono-2,4-dmitrophenyl- ’
---------------- Acknowledgment.—The authors express apprecia-

(63) In an experiment performed in one of the earlier decompositions be- tlO Il  t o  the R o b e r t  A. Welch F o u n d a t i o n  o f  H oU StO U ,
fore the procedure was optimized, 33%  mesitoic acid and 32%  benzaldehyde TeXaS, for r e s e a r c h  g r a n t s  i n  S u p p o r t  of t h i s  Work.
were obtained. This decomposition was carried out using an oil bath at
200°, distilling the products in  vacuo (ca. 1 mm). Volatile products were (65) S. L. M anatt and D. D. Elleman, J .  Amer. Chem. Soc., 83, 4095
trapped at liquid air temperature, dissolved in n-hexane, and analyzed from (1961).
absorption at 330 m/i for benzaldehyde. The residue was dissolved in (66) R. D. Stone, The Ohio State University Studies, Eng. 20, No. 4, Eng.
ethanol, an equal volume of water was added, and the solution was titrated Expt. Sta. Bull. No. 146, 77, 1951. A full description is in C. C. Chou, 
with standard sodium hydroxide for mesitoic acid. Ph.D. Dissertation, Baylor University, 1968. The authors express apprecia-

(64) Mp 136-137° is reported14 for material obtained from selenium di- tion to Professor J .  L. McAtee, Jr ., and Mr. C. C. Chou for use of the DTA
oxide oxidation of I I .  equipment.

Peroxide from B enzyl Mesityl K etone J .  Org. C h em ., Vol. 8 5 , N o . 8 ,1 9 7 0  2559



Photochem ical Cycloadducts. 1 V.2

Photochem ical Addition of Olefins to the Steroidal 
l-E n -3-o n e  System

P. B o y le ,3 J . A. E dwards, and J . H. F ried 

Institu te o f  O rganic C hem istry, Syntex  R esearch , P a lo  A lto, C a lifo rn ia  94304  

R eceived  Septem ber 12, 1969

Steroidal l-en-3-ones are surprisingly unreactive toward photoeycloaddition with olefins. Ethylene, acetylene,
1,1-difluoroethylene, and maleic anhydride fail to add to a variety of l-en-3-ones both under unsensitized and 
sensitized conditions at room temperature. 1,1-Dichloroethylene adds to 17/3-acetoxy-oa-androst-l-en-3-one
(1) to give the trans fused head-to-tail adduct (2). Vinyl acetate also adds to 1 to give both trans and cis  fused 
head-to-tail adducts (12) and (13a). The structure and stereochemistry of these adducts are proved by chemical, 
spectroscopic, and X-ray crystallographic methods.

The steroidal 16-en-20-one system appears to undergo Irradiation of benzene solution of 1 containing 1,1- 
photochemical cycloaddition to the conjugated double dichloroethylene6 afforded large amounts of a polymeric
bond very readily. Under mild conditions 30-acetoxy- material derived from the olefin together with a mix-
pregna-5,16-dien-20-one reacts with a variety of olefins, ture of steroidal products. Chromatographic separa-
acetylene, and hexafluoroacetone to give 16,17-cyclo- tior_ of the latter gave 17/3-acetoxy-l/3,2a-(l',l'-di-
butanes, 16,17-cyclobutenes, and 16,17-oxetanes.2'4 chloroethyIene)-5a-androstan-3-one (2) in 16% yield.
Likewise, the steroidal 4,6-dien-3-one system reacts The trans fusion of the cvclobutane ring in 2 was shown
readily, and photochemical cvcloaddition products of by equilibration with neutral alumina which gave the
17j3-acetoxyandrosta-4,6-dien-3-one with ethylene and cis fused isomer 3a. The same isomerization was ef-
with maleic anhydride have been isolated and character- fected by treating 2 with p-toluenesulfonic acid in ben-
ized.5 zene.

Surprisingly, the steroidal l-en-3-one system has The nmr spectrum of 2 suggests that the two chlorine 
proved to be much less reactive under the same condi- atoms are situated at position U. The 1 proton ap-
tions. Thus all attempts to add ethylene to the A1 pears as a doublet at 2.58 ppm, J  =  14 Hz, the 2' pro
double bond of 17a,20:20,21-bismethylenedioxy-5a- tons as two overlapping quartets centered at 2.69 and
pregn-l-en-3-one, 5a-androst-l-en-3-one, 17/3-acetoxy- 2.93 ppm, respectively, =  12 Hz, J / , 2 =  7 and 9 
5a-androst-l-en-3-one, and 17,3-acetoxy-2-methyl-5a- Hz. and the 2 proton as a multiplet centered at 3.25
androst-l-en-3-one were unsuccessful. In each case ppm. If the chlorine atoms were at position 2', the
ethylene was bubbled through a benzene or dioxane same spin-spin coupling pattern would be expected,
solution of the steroid, and the mixture was irradiated but the doublet would then be ascribable to the 2 H and
with a medium-pressure mercury lamp in water-cooled this signal would be expected to appear downfield from
Pyrex apparatus for 2-18 hr. In all experiments, the 1-H multiplet.
starting material was recovered in high yield and tic The 19-H resonance of 2 at 1.30 ppm is strongly de
examination of the reaction mixture showed no evidence shielded relative to the 19-H signal of dihydrotestos-
of any addition product being formed. Negative re- terone acetate which occurs at 1.03 ppm. ’ This sug-
sults were also obtained when 17a,20:20,21-bismethyl- gests the 1/3,2a  stereochemistry for the cyclobutane ring
enedioxy-5a-pregn- l-en-3-one and 17/3-acetoxy-2- in which the chlorine atoms are in the close proximity to
m e t hy I - 5 a - a nd r o s t-1 - e n - 3 - o n c were irradiated with the C-19 angular methyl group, rather than the alter-
ethylene in dioxane solution in the presence of benzo- native l a , 2/3 structure. On epimerization of 2 to the
phenone. Attempts to add maleic anhydride to 17a ,- cis fused isomer 3a, the 19-H resonance moves upheld to
2 0 :20 ,21-bismethylenedioxy-5a-pregn-l-en-3-one and 1.10 ppm. This upheld shift is attributed to ring A of
to 17/3-acetoxy-2-m ethyl-5a-androst-l-en-3-one by 3a assuming a boat conformation, in which the C-19
irradiation in dioxane solution, both in the presence and angular methyl group lies partly within the shielding
absence of benzophenone, also failed, as did attempted cone of the C-3 carbonyl group.
addition of acetylene to 17/?-acetoxy-2-methyl-5a- The argument for 1/3,2a  stereochemistry of 2 based on
androst-l-en-3-one in dioxane solution. Successful the downfield position of its 19-H resonance is not un-
photocycloaddition to a l-en-3-one steroid was finally equivocal. The nmr data are also compatible with
achieved using unsymmetrical alkenes as addenda, and l a , 2/3 stereochemistry for adduct 2, if one assumes that
this paper described the addition of 1,1-dichloroethylene the low-held position of the 1S-H resonance is due to a
and of vinyl acetate to 17/3-acetoxy-5a-androst-l-en-3- transmitted electronegative effect of the two chlorine
one 0 ) -  atcms. Although this effect would have to be trans-

m w « s ,  _ . r ... . rr, . . mitted through five a  bonds, it is known that a 9a-(1) Publication No. 368 from the Syntex Institute of Organic Chemistry. n • , , , . , , ’ TT __
(2) For part IV, see P. Sunder-Plassmann, P. H. Nelson, P. H. Boyle, A. UUOrme atom deshields the 19-H resonance by 0.133

Cruz, j . inarte, p. Cratb«, j . a . zdenc, j . a . Edwards, and j . h. Fried. ppm.' This ambiguity has been resolved bv an X -rav
J .  Org. Chem., 34, 3779 (1969). J  J

(3) Syntex Postdoctoral Fellow, 1966—1967, on leave of absence from 
Trinity College, Dublin.

(4) P. Sunder-Plassmann, P. H. Nelson, L. Durham, J .  A. Edwards, and (6) While this work was in progress, O. L. Chapman described the photo-
J .  H. Fried, Tetrahedron Lett. 653 (1967); P. Sunder-Plassmann, J .  Zderic, chemical addition of 1,1-dichloroethylene to isophorone to give the cis-
and J .  H. Fried, i b i d . ,  3451 (1966). fused 3',3'-dichloroethylene adduct. See Abstracts of the 12th National

(5) P. H. Nelson, J .  W. Murphy, J .  A. Edwards, and J .  H. Fried, J .  Organic Symposium of the American Chemical Society Burlington, Vt.,
Amer. Chem. Soc., 90, 1307 (1968). June 18-22, 1967, p, 118.
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crystallographic analysis of the bromoacetate deriva- OAc OAc
tive 3c kindly performed by Dr. Christensen of these J J  Cl T
laboratories. Dr. Christensen’s results show that the X ''
cyclobutane ring of 3c has the 1/3,2 ¡3 stereochemistry / \ A J -------  y X \ . X \ J ------ ‘
and the A ring exists in the boat conformation.8 I t  j
follows that the initial adduct 2 must have 1/3,2a  stereo-
chemistry. 1 2

Treatment of adduct 2 with potassium hydroxide in OR OH
aqueous dioxane afforded a mixture of products which Cl Cl J L  0  JL
on chromatography gave low yields of the cis fused 17/3- X j  | Jl
alcohol 3b and the cyclobutanone 4. The latter showed y P \  ------ ‘
a strong absorption in its infrared spectrum at 1775 I J  .
cm“ 1. A much more convenient route to the cyclo-
butanone 4 was achieved by refluxing either 3a or 3b in 4
1% methanolic potassium hydroxide when the dimethyl 3a, R = Ac
ketal 5 was obtained. This on hydrolysis with sulfuric b,R = H
acid in aqueous dioxane gave 4 in good yield. The c,R = -COCH2Br
ketal 5 could also be obtained directly from the trans OH OR
fused adduct 2 by treatment with methanolic potassium O M e I  Cl Cl ^  __ J !
hydroxide, when concomitant epimerization of C-2 and [ ] JL J j '  | |
hydrolysis of the //em-dichloro group occurred. Com- J X ' x X ^ X “—J  V X ss^'j \ X \ X \ X
pound 4 was oxidized with chromium trioxide in acetone \ J  \ > I J
to give the triketone 9, showing three carbonyl bands at HO !
1775, 1730, and 1705 cm-1 in its infrared spectrum. 5 6 7 8
The hydrolysis of the grem-dichloro group in 3a and 3b R = Ac R = H
by methanolic potassium hydroxide is of interest since a, 3a OH
this reaction is considered to proceed through the bi- b, 3£-OH
cyclobutane intermediate 6 .9 Indeed, the importance 0 OAc
of the anionic center at C-2 for promoting hydrolysis of O J l  OAc I
the gem-dichloro group is evident from methanolysis J l  [ | J .  \
experiments conducted on the 3-hydroxy compounds \ X \ X x _ X  \ X \ X \ X ------
7a and 7b. Thus, boiling 1% methanolic potassium \ J  I J
hydroxide smoothly transformed the latter substances
into their respective diols, 8a and 8b, without affecting 9 10
the gem-dichloro groupings. OR, OR

The 3-hydroxy compounds, 7a and 7b, were obtained 9Rl Jl 9R I
from 2 by hydrogenation over a platinum catalyst, the X  | | J\  \ |
stereochemistry at C-3 being assigned on *he basis of ' X \  X \ X  V X \ X \ X ------
the chemical shift and the half band width of the 3-H \ J  \ J
signal10 as well as the chemical shift of the 19-H signal. 0  I

When 1 was irradiated with vinyl acetate11 in ben
zene solution, a complex mixture of products was ob- lla .R ^ R ^ A c 12a, R = Ac

b, R, = H;R2 = Ac b, R = H
c, Rj = R2 = H

(7) N. S. Bhacca and D. H. Williams, “Applications of NMR Spectros- 0
copy in Organic Chemistry,” Holden-Day, Inc., San Francisco, Calif., 0 II
1964, p 21. J l  / V X V

(8) Full details of the X-ray analysis will be reported elsewhere by Dr. A.
Christensen.

(9) Chapman has shown that treatment of the bicyclic adduct (a) with j j
sodium methoxide in ether yields the bicyclobutane (b) whic.i is transformed rNr^s//'
by exposure to methanolic sodium methoxide and aqueous base into the ^ i
dimethyl ketal (c) and the cyclobutanone (d), respectively. See ref 6. 13

0 0J l ^  J l ^  tained. Column and preparative thin layer chromatog-
j T J H  j :h.o--(Cjh.).o> j J J kh raphy over silica gel effected a partial separation of the

¡ " ' ' i f  i mixture and gave two pure products, 10 and 1 la, in low
a b yields. The ¿rans-cyclobutane ring fusion in 10 was

I I demonstrated by equilibration on neutral alumina,
f T ~ ]  when cis fused 12a was obtained. The 19-H resonance

of 10 shows an upheld shift of 0.23 ppm on this epimeri-
ocH; d zation, suggesting that ring A in 12a exists in the boat

form. The 1/3,2 a stereochemistry of 10 and also the
(10) For examples illustrating the use of band width at half-height in position of the Cyclobutane aCetOXV gTOUp at C - l '  Were

S S m S S  «tablished by hydrolysis of 10 to the corresponding
erences cited therein. diol 12b (also obtained by hydrolysis of 12a), followed

(11) After the completion of this work the photochemical addition of ^ oxidation to a triketone which WaS identical in all
S' respects with the triketone 9 obtained previously from
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the 1 1-dichloroethylene adduct 2. The stereochem- meric material and the vessel was cleaned. More 1 , 1 -dichloro- 
* j , n  ,/• i ethylene ( 1 0  ml) was added and irradiation was continued.
IStry at O- • . After a total irradiation period of 12.5 hr, the reaction mixture

On treatment of the second pnotoadduct 11a With wag f j t ere(j ; the combined residues of polymeric material were
neutral alumina, no trace of isomerized product could washed with methylene dichloride, and the washings were added
be detected, indicating the cyclobutane ring fusion to be to the filtrate. Evaporation of solvent gave a viscous gum which 
cis. Hydrolysis of the adduct 11a gave the diol 11c partially dissolved on trituration with ether leaving a white

i - i  • j  i • i *i i i 5  solid residue (2.2 g). Chromatography on a column of silica
which on oxidation gave a triketone 13 showing three gel ( 2 5 0  g)> eiutingw ith hexane-ethyl acetate (85 : 1), gave 17/3-
carbonyl bands at 1775, 1740, and 1700 cm in its acetoxy-1 /3,2 «- (1 ', 1 ' - dichloroethylene) - 5a - androstan - 3 - one (2,
infrared spectrum, and a three-proton multiplet cen- 1.21 g, 16% yield): mp 253°; [«]d + 5 4 ° ; rma* 1725, 1720, 
tered at 3 .05  ppm together with a one-proton multiplet 1240 cm-1; nmr (100 Me) 0.83 (s, 18-H), 1.30 (s, 19-H), 2.02 (s,
centered at 3 .6 0  ppm in its nmr spectrum. Absence of 17/3-acetoxy H), 2.o8 (d, J lt2 = 14 Hz, 1 -H), 2.69 (q, Jy .v  = l2,
a downfield doublet assignable to the 2-H proton pre- (m, 2 -H), 4.60 ppm (m, 17«-H). A n a l. C a lcd fo rC ^ O a C k :
eludes the alternative 2'-oxo structure. Since this tn - c ,  64.63; H, 7.54; Cl, 16.59. Found: C, 64.72; H, 7.70;
ketone was different from the one previously obtained Cl, 16.47.
(9), it must have the l a ,2 a  stereochemistry as also Conversion of 1/3,2« Adduct (2) into the 1/3,2d Adduct (3a).

i j j  . i i  (a) With p-Toluenesulfonic Acid.—A solution of 2 (0.89 g) and
m us e 1I 1̂ la  a ,UC ' . p-toluenesulfonic acid monohydrate (0.15 g) in benzene (110 ml)

Although a complete product analysis was not under- was refluxe(i for iß hr. The solution was cooled, washed with
taken, the present results are consistent with those of aqueous sodium carbonate and water, dried (M gS04), and evap-
previous workers who have studied the photochemical orated, yielding a clear oil (0.89 g) which solidified on standing,
addition of alkenes to a,/3-unsaturated ketones. Thus, Chromatography on a column of silica gel (60 g), f  ating with

Irans fusion of the cyelobu tane ring  in  th e  p h otoad d u ct dichloroethylene)-5 a-androstan~3 -one (3a): mp 220°; [«]d
seems to be predominant.11 Secondly, all of the 1,2 + 93°; „maJ£ 1 7 3 0 , 1715, 1245 cm -1; nmr ( 1 0 0  Me) 0.80 (s,
adducts are derived by addition of the carbon of the 18-H), 1.10 (s, 19-H), 2.03 (s, 170-acetoxy H), 3.1-3.7 (complex
alkene bearing th e  e lectronegative  su b stitu en t(s) to  sPin pattern, four protons, l-H , 2-H, 2'-H), 4.60 ppm (m, 17«-
the /3-carbon atom of the enone.9-12-13 In the work of J alcd H’ 7‘54’’ a. . . . . .7  . . . . .. . , , 16.59. hound: 0 ,6 4 .64 ; H, 7.48; 01,16.76.
M ik i and cow orkers, how ever, describing som e photo- (b) With Alumina.—A solution of 2 (0.27 g) in ethyl acetate 
ad du cts of alkenes w ith  testosteron e ace ta te , b o th  head- (40 ml) and chloroform (10 ml) was stirred with neutral alumina
to -ta il and head -to-head  adducts are reported , and in  (27 g, Woelm activity grade I)  for 5.75 hr. The residue ob-
som e reaction s th e  4 a ,5 a  cis fused adducts were p re- tfn ed  after removal of alumina and evaporation of solvent was
, • . n  chromatographed on preparative tic plates (hexane-ethyl ace-

ao m in an t. . täte, 3 :1 ) to give starting material 2  and 3 a identical with the
D esp ite  th e  read y addition of b o th  v in y l a ce ta te  and product obtained above.

1 ,1-d ichloroethylene to  17/3-acetoxy-5a-androst-l-en-3- l7/3-Hydroxy-l/3,2S-( 1', 1 '-dichloroethylene)-5«-androstan-
one (1 ), n e ith er of these alkenes reacts  w ith  17/3-acetoxy- 3-one (3b). Asolutionof 17/3-acetoxy-l/?,2/?-(l',l'-dichloroethyl-
2 -m eth y l-5a -an d ro st-l-en -3 -o n e . T h is  resu lt agrees e,ie)-5a-androstan-3-one (3a 0.76 g) and p-toluenesulfonic acid

.,i  ^  , v r fA n  r  monohydrate (0.76 g) in methanol (100 ml) was refluxed for 6  hr.
w ith  C orey  S ob servation  th a t  a lk j Iation of C -2 of an  The reaction mixture was diluted with benzene (200 ml) and the
enone is deleterious to  th e  photochem ical ad d ition  of an  resulting solution was washed with water, aqueous sodium car-
a lkene . 12 1 ,1-D ifluoreth ylene, on th e  o th er hand, does bonatesolution, and water, dried (M gS04), and evaporated. The
n o t re a ct even w ith  1 , an oth er d em onstration  of th e  un- residual yellow oil was dissolved in benzene-methylene dichloride.
reactivity of the steroidal l-en-3-one system. Ä Ä I Ä

mp 204-205°; vmax 3550, 1700 cm 1; nmr (100 Me) 0.76 (s,

Experimental Section14 n 'n  )(nw! t S  1-55 disaPPeared °"  additi?n ofD iU ,-UH), 3.20-3.75 ppm (complex spin pattern, five protons, 
Irradiation Experiments.—All photolyses were conducted at 17a-E, 1 -H, 2-H, 2 -H), mass spectrum m/e 384 (M+ for 

15-20° in Pyrex apparatus, using a 200-W Hanovia 654-A-36 36C1), 386 (M+for 37C1).
medium-pressure mercury lamp as the source of ultraviolet light. l7/3-Bromoacetoxy-l/3,2/3-(l',l'-dichloroethylene)-5«-andro-

Photochemical Addition of 1.1-Dichloroethylene to 17/3- stan-3-one (3c).—A methylene dichloride solution of 17/3-
Acetoxy-5«-andirost-l-en-3-one (1 ).—A solution of 1 (6 .0  g) hydroxy-10,20-(l',l'-dichloroethylene)-5«-androstan-3-one (3b,
and 1,1-dichloroethylene (40 ml) in benzene (75 ml) was irradi- ° - 2 1 0  S) was treated with 1.5 mol «-bromoacetyl bromide and
ated for 4 hr. The reaction mixture was filtered to remove poly- then with 1.5 mol of pyridine, both in methylene dichloride
___________  at room temperature for 72 hr. The reaction mixture was

(12) E. J .  Corey, J .  D. Bass, R . LeMahieu, and R. B. Mitra, J .  A m er. washed with water, dried (M gS04), and evaporated. Chroma-
Chem. Soc., 86 , 5570 (1964). tography of the residue on a column of silica gel (30 g), eluting

(13) J .  W. Hanifin and E . Cohen, Tetrahedron Lett., 5421 (1966); N. C. with hexane-ethyl acetate (9:1), gave crystals of the 170-bromo-
Yang, Pure Appl. Chem., 9, 591 (1964). acetate (3c, 0.19 g): mp 181-182°; Kmax 1725, 1705 cm“1;

(14) Melting points are corrected and were taken on a Fisher-Johns ap- nmr (60 Me) 0.83 (s, 18-H), 1.09 (s, 19-H), 3.78 (s, -COCH2-
paratus or a Thomas-Hoover capillary apparatus. Optical rotations were Br), 4.65 ppm (m, 17«-H). A n a l. Calcd for C23H310 3BrCl2: C,
measured m dioxane solution at 27° and infrared spectra were determined ka za . tj c 1 7  P  ZA A TT ßiQ
in K B r disks unless otherwise specified. Ultraviolet spectra were measured T r  ' ‘ f  ,  V« A * ’ ,  I  ,  ’ , ,  t  , ,  . .  . . .
on a Cary Model 14 spectrometer. We wish to thank Dr. L. Throop and Treatment of 17/3-AcetoXy-l/3,2«-(l',l'-dlchloroethylene)-5a-
his staff for these measurements. Nmr spectra were recorded for 5 -10%  androStan-3-one (2) With Potassium Hydroxide in Dioxane —
solutions (w/v) in deuteriochloroform containing tetramethylsilane as Potassium hydroxide (2 .0  g) in water (10 ml) was added to a solu-
internal reference on Varian A-60 and HA-100 spectrometers. Chemical 4ion of 2 (0.76 g) in dioxane (150 ml). A clear oil separated and
shifts are reported as parts per million on the s scale to the nearest o.oi ppm. the mixture was stirred at 90° for 3  hr, when it was poured into
Coupling constants are in cycles per second to the nearest 0.5 Hz. We water and neutralized with sulfuric acid. The clear yellow solu-
thank Mr. J  w  Murphy and Miss J .  Tremble for assistance with these tion was extracted with ethyl acetate and the extract was washed
measurements. In  the presentation of data, s =  singlet, d = doublet, t  =  m ilb  wo+ar \ , j  • • ntricot m m  * , .  . , ... , .  i , with water, dried (MgbO,), and evaporated, giving a yellow solidtriplet, and m -  multiplet. Mass spectra were obtained with an Atlaswerke /n  cla mi • i , , - & & ... .
CH-4 spectrometer equipped with a direct inlet system. Spectra were T.6'4 ,g ) -, T 1118/ ^  chromatographed on a column of Silica gel
measured at an ionizing potential of 70 eV and an acceleration voltage of 3 S k  eluting first With hexane and finally with hexane—ethyl
kV. We wish to thank Dr. L. Tökes and Mr. J. Smith for assistance with acetate (2:1) using a continuous solvent gradient technique,
these measurements. Microanalyses were performed by Dr. A. Bernhardt, Two main products Were isolated: l7/3-hydrOXy-l/3,2/3-(l/, l ,~
Mülheim (Ruhr), West Germany. Tic plates with a thickness of 0.25-mm dichloroethylene)-5a-androstan-3-one (3b, 85 mg, least polar),
silica gel GF2&4 (E. Merck AG Darmstadt) were used. identical with 3b described above, and 17/3-hydroxy-l/3,2ß-ethyl-
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ene-5«-androstane-l ',3-dione (4, 25 mg, most polar), which had tion of the solvent gave a clear viscous oil which was chroma-
mp 194-195°; 3300, 1775, 1705 cm-1; nmr ( 1 0 0  Me) 0.75 tographed on a column of silica gel (285 g), eluting with hexane-
(s, six protons, 18-H, 19-H), 1.55 (broad s, disappeared on addi- ethyl acetate (solvent composition changed gradually from 83; 17
tion of D ;0 , -OH), 3.0-3.3, 3.5—3.8 ppm (complex pattern, five to 50:50, using a continuous solvent gradient technique) and
protons, 1 -H, 2 -II, 2 '-H, 17a I i ). A n a l. Calcd for C2iHM0 3: collecting 20-ml fractions. Fractions 86-99 contained two main
C, 76.32; H ,9.15. Found: C, 75.91; 11,9.20. components (tic) and these were separated by preparative tic

17,3-Hydroxy-10,20-( 1', 1 '-dimethoxyethylene)-5a-androstan- (hexane-ethyl acetate 85:15, each plate run nine successive
3-one (5).- A solution of 170-acetoxy-10,2a-(l',l'-dichloroethyl- times). The product of greatest Rt proved to be starting material
ene)-5a-androstan-3-one (2 , 0.37 g) in 1 % methanclic potassium 1 (7 mg). The other product was 1 7 /3-aeetoxy-la,2a-(l'£-ace-
hydroxide was refluxed for 1.5 hr. The solution was concen- toxyethylene)-5a-androstan-3-one ( 1 1 a, 32 mg, 2%  yield): mp
trated to half its volume and poured into ice water (300 ml). 168°; [a]n + 1 2 °; Vm*x 1730, 1700 cm“1; nmr ( 1 0 0  Me) 0.80
Crystallization of the precipitated solid from methanol gave 5 (s, 18-H), 0.96 (s, 19-H), 1.98, 2.02 (two s, acetoxy H), 2.4-3.0
(0.20 g): mp 156-157° (the compound melted ard resolidified (complex pattern), 4.58 (m, 17«-H), 5 . 1 0  ppm (m, I'-H ).
at 95-100°); [a]D + 9 5 ° ; 1705, 1695 cm - 1  (KBr), 3620, A n a l. Calcd for CjsHmQs: C, 72.08; H, 8.71. Found: C,
1700 cm - 1  (CHCb); nmr (60 Me) 0.7c (s, 18-H), 0.90 (s, 19-H), 72.22; H, 8.79. Fractions 106—152 were combined and evap-
1.77 (s, disappeared on addition of D20 , —OH), 3.12, 3.20 (two s, orated, affording a gum which contained three principal com-
-OMe) 3.6 ppm (m, 17a-H), mass spectrum m /e  376 (M+). ponents (tic). The gum was triturated with hexane-ethyl ace-
This product partially decomposed on repeated crystallization tate, giving a white solid which on crystallization from hexane-
and an analytically pure sample could not be obtained. ethyl acetate gave pure 1 7 0 -acetoxy-1 0 ,2 a-( 1 '£-acetoxyethylene)-

Trearment of 3a or 3b with 1% methanolic potassium hydroxide 5a-androstan-3-one (1 0 , 0.17 g, 9%  yield): mp 202-205°;
as described above also yielded the dimethyl ke.al 5. [«]d + 6 5 °; cw, 1735, 1725, 1715, 1255 cm“1; nmr (100 Me)

170-Hydroxy-10,20-ethylene-5a-androstane-l',3-dione (4).—A 0.79 (s, 18-H), 1.03 (s, 19-H), 1.97 (s, l'-acetoxy H), 2.01 (s,
solution of 170-hydroxy-10,20-(l',l'-dimethoxyethylene)-5a-an- 17/3-acetoxy H), 4.5-4.9 ppm (m, two protons, 17a-H, l'-H ).
drostar_-3-one (5, 90 mg) in dioxane (2.2 ml) and water (2  ml) A n al. Calcd for C25H36 0 6: C, 72.08; H, 8.71. Found: C,
containing 1 drop of 50% sulfuric acid was heated at 100° for 72.10; 11,8.79.
0.75 hr. After cooling, the reaction mixture was diluted with l70-Acetoxy-10,20-(l'£-acetoxyethylene)-5a-androstan-3-one
ethyl acetate and the solution was washed with water, dried ( 1 2 a).—A solution of 1 0  (0.24 g) in ether (95 ml) and ethyl aee-
(MgSO<), and evaporated, giving dione 4 (44 mg), identical with tate (5 ml) at 20° was stirred with neutral alumina (24 g, Woelm
the product already described. activity grade I) for 0.75 hr. Filtration followed by evaporation

10,2/3-Ethylene-5a-androstane-l',3,17-trione (9 )—An excess of solvent gave a white solid (0.24 g). Crystallization from hex-
of Jones reagent (2 ml) was added to a solution of 170-hvdroxy- ane-ethyl acetate gave 12a: mp 165°; [a]D + 4 5 ° ; rm„x 17.30,
10,20-ethylene-5a-androstane-l',3-dione (4, 30 mg) in acetone 1720 cm-1; nmr (ICO Me) 0.76 (s, 18-H), 0.80 (s, 19-H), 2.00,
(5 ml). After allowing the mixture to stand at room temperature 2.03 (two s, acetoxy H), 2.6-3.1 (complex pattern, three pro-
for 15 min, it was diluted with water and extracted with ethyl tons), 4.65 (m, 17a-H), 5.02 ppm (m, l'-H ). .4na(. Calcd
acetate. The extract was washed with water, dried (M gS04), for C\ J I 360 i: C, 72.08; H, 8.71. Found: C, 71.61; H, 8 .6 8 .
and evaporated, yielding a solid (25 mg) which on crystallization l70-Hydroxy-10,20-(l'£-hydroxyethylene)-5a-androstan-3-
from hexane-ethyl acetate gave white crystals of thi triketone 9: one (12b).—A solution of 170-acetoxy-10,2a-(l '{-acetoxyethyl-
mp 244-248°; [«Id + 156°; >>„,«* 1775, 1730. 1705 cm "1; nmr ene)-5«-androst-3-or.e (10, 0.126 g) and potassium hydroxide
(100 Me) 0.77 (s, 19-H), 0.88 (s, 18-H), 3.0-3.8 ppm (complex (2.0 g) in methanol ( 1 0 0  ml) and water (2  ml) was allowed to
spin pattern, four protons, 1 -H, 2-H, 2'-H). A n al. Calcd for stand at 20° for 5 hr. The mixture was poured into water (250
C2iH2S0 3: C, 76.79; H, 8.59. Found: C, 76.72; H, 8.41. ml) and extracted with ether. The extract was washed with

Hydrogenation of 170-Acetoxy-10,2a-(l',l'-dichloroethylene)- water, dried (MgSCh), and evaporated. The white solid residue
. 5«-androstan-3-one (2).—A suspension of anhydrous sodium ace- (0.08 g) was cry-stailized from hexane-ethyd acetate giving :he

tate (0 38 g) and 5% platinum-on-carbon catalyst (0.57 g) in a 1+,170-diol (12b): mp 198°; [«]D + 107°; 3300, 1700
solution of 2  (1.13 g) in ethyl acetate (200 ml) was hydrogenated cm “ 1 (Nujol); nmr 0.72 (s, 18-H), 0.77 (s, 19-H), 3.62 (m,
at atmospheric temperature and pressure until uptake of hydro- 17«-H), 4.05 ppm (m, l'-H ). A n al. Calcd for C2iH320 3: C,
gen ceased. Filtration and evaporation of the reaction mixture 75.86; H, 9.70. Found: C, 75.67; H, 9.85. 1 2 b was also ob-
gave a white solid (1.08 g) which was chromatographed on a tained by similar hydrolysis of l 'f ,  170-diacetate (12a).
column of silica gel (100 g), eluting with hexane-ethyl acetate Oxidation of 170-Hydroxy-10,2S-(l'£-hydroxyethylene)-5a-an-
(4 :1). 170-Acetoxy-10,2a-(l',l'-dichloroethylene)-5a-andro- drostan-3-one (12b).—Oxidation of 12b with chromium trioxide
stan-3a-ol (7a, 0.50 g) was eluted first: mp 208°; [«]n + 4 2 ° ; in acetone yielded a triketone identical in spectra, tic, and mix-
i>m«i 3450, 1715, 1275 cm "1; nmr (60 Me) 0.81 (s, 18-H), 1.09 ture melting point with triketone 9 already described.
(s, 19-H), 1.77 (s, disappeared on addition of D20 ,  -OH), 2.01 (s, Treatment of 170-Acetoxy-la,2a-(l'£-hydroxyethylene)-5a-an-
170-acetoxy-Ii), 4.02 (broad s, TFi/2 = 6 Hz, 30-H), 4.60 ppm (m, drostan-3-one (11a) with Alumina.—A solution of 11a (99 mg) in
17«-IT). A n a l. Calcd for C23H34O3CU: C, 64.33; If, 7.98; dry ether (55 ml) was stirred with neutral alumina (8 .1  g, Woelm
Cl, 16.51. Found: C, 74.06; H, 8.16; Cl, 16.70. 170- activity grade I ) at 20° for 5 hr. The alumina was filtered off
Acetoxy-10,2a-(l',l'-dichloroethylene)-5a-androsta:i-30-ol (7b, and washed with ethyl acetate and then with methylene dichlo-
0.50 g) was eluted next: mp 231°; [a]o + 8 °; >aii  3620, 1720 ride. Evaporation of the combined solutions gave a white solid
cm “ 1 (CHC13); nmr (60 Me) 0.82 (18-H), 1.13 (19-H), 1.80 (s, (63 mg). This was separated into two components by prepara-
disappeared on addition of D20 ,  -OH), 2.03 (s, 170-acetoxy- H), tive tic (hexane-ethyd acetate, 40:60). The less polar product
3.60 (m, W i / ,  =  ca . 17 Hz, 3«-H), 4.60 ppm (m, 17«-H). A n a l. (23 mg) was identical (melting point, mixture melting point, ir,
Calcd for C23H340 3C12: C, 64.33; H, 7.98; Cl, 16.51. Found: nmr, tie) with the starting material. The more polar product
C, 64.20; H, 8.08; Cl, 16.63. (15 mg) was probably 1 7 0 -acetoxy-la,2a-(l'£-hydroxyethylene)-

Hydrolysis of l70-Acetoxy-10,2a-(l',l'-dichloroethylene)-5a- 5«-androstan-3-one ( l ib ) : nmr (60 Me) 0.78 (s, 18-H), 0.93 (s,
androstan-3«-ol (7a).—A solution of 7a (0.15 g) in 1 %  methanolic 19-H), 1.98 (s, 170-acetoxy H), 4.08 (m, l'-H ), 4.53 ppm (m,
potassium hydroxide (25 ml) was refluxed for 1.5 hr. The solu- 17«-H).
tion was poured into water (75 ml) and the mixture was extracted l 7 0 -Hydroxy-la,2 a-(l'£-hydroxyethylene)-5 a-androstan-3 -
with ethyl acetate. The extract was washed with water, dried one ( n c ).—A solution of 1 7 0 -acetoxy-l«,2 «-(l'£-hydroxyethyl-
(MgSCq), and evaporated, giving a white solid (0.15 g). Crys- ene)-5 «-androstan-3 -one ( 1 1 a, 0.21 g) and potassium hydroxide
tallization from hexane-ethyl acetate afforded pure 3«,170-diol (2 .3  g) in methanol (115 ml) and water (2.3 ml) was allowed to
8 a: mp 203°; [«]d + 4 6 ° ; vmxx 3625, 3460 cm 1 (CHC13). stand at room temperature for 6  hr. The solution was then
A n a l  Calcd for C2,H „0 2C12: C 65.11; H, 8.33; Cl, 18 31. red i n t 0  water and extracted with ethyl acetate. The ex-
^ lnd- C - 64 84; H, 8.46; Cl, 8 3 3 ; mass spectrum, 386, ^  ^  washed with wat dried (MgS0 4), and evaporated.
o f -  “n ' Sjmitar hydrolysis of 7b gave . 0  , 0 -d.ol 8 b. mp tallization of the residue (0.17 g) from aqueous ethanol gave
21/-220 ; [a d + 2 2 °; Pmax 33o0 cm 1 (>.ujol). A n a l. Calcd /. „ . x r in qo.
for C2 H320 2C12: Cl, 18.31. Found: Cl, 17.83 mass spec- wlnte n_eedles o f  1 ^170-diol (H e): mpi U o» H 6  , W • 
trum, m /e  386,388 (M +). 3 4 o0, 1700 cm_ (CHCb); nmr 160 Me) 0 J o  (s, 18 ),

Photochemical Addition of Vinyl Acetate to 17,3-Acetoxy-5a- 0-9~ (s» 19-H), 3..5-4.2 PPm (m> 1 "H and l<a- )• •
androst-l-en-3-one (1).—A solution of 1 (1.56 g) in vinyl acetate Calcd for C21H32O3: C, 75.86; H, 9.70. Found. C, /6 . >
(47 ml) and benzene (2 0  ml) was irradiated for 13 hr. Evapora- H, 9.98.
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1 « ,2«-Ethylene-5a-androstane-1 ',3 ,17-trione (13).— 17/3-Hy- protons), 3.45-3.75 ppm (m, one proton). Anal. Calcd for
droxy-la,2a-(l'|-hydroxyethylene)-5a-androstan-3-one (11c, 45 C21H2SO3: C, 76.79; H, 8.59. Found: C, 76.21; H, 8.41.
mg) was dissolved in acetone (5 ml) and excess Jones reagent . c ,  . ,, ,, , ,
was added. After allowing the mixture to stand at 20° for 15 Registry No. 2, 24467-6o-< , 3a, 24olo-4o-o, 3b, 
min, it was poured into water and extracted with ethyl acetate. 24467-64-9; 3c, 24467-65-0; 4, 24467-66-1; 5, 24467-
The extract was washed with water, dried (MgSO<), and evap- 67-2; 7a, 24467-68-3; 7b, 24467-69-4; 8a, 24467-70-7 ;
orated, yielding a white solid (34 mg) which on crystaUization 8b, 24467-71-8; 9 ,24515-47-7 ; 10 ,24523-22-6 ; 11a,
from hexane-ethyl acetate gave 1 ,3,17-tnone (13): mp zu7 ; 0AAan  7 0  n n v  0 4 ^ 7  n o  n n «  0 ^ 1  r  ao q 1 0 «
t«]D + 8 6 ° (CHCla); » J 1775, 1735, 1700 c m -  (CHC13); 24467-72-9; lib , 24467-73-0; 11c, 24olo-48-8; 12a,
nmr (100 Me) 0.86 (s, 18-H), 0.89 (s, 19-H), 2.7-3.4 (m, three 24467-74-1; 12b, 24471-11-2; 13,24471-12-3.

Synthetic Approaches to  Some of the L y th ra ceae  Alkaloids1
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School o f  P h arm acy  an d  D epartm ent o f  C hem istry, T h e U niversity o f  Connecticut, Starrs, C onnecticut 06268

R eceived D ecem ber 23, 1969

The uncoupled precursor (2 0 ) to dihydrolyfoline (2 2 ), a L y th raceae  alkaloid was prepared by a biogenetic-type 
synthesis, based upon the assumption that the alkaloids arise from phenylpropane, acetate, and/or lysine sources. 
Condensation of the acryloylacetic ester (12) with A'-piperideine (7) gave l-carbethoxy-2-keto-4-(3-benzyloxy-4- 
methoxyphenyl)-trans-quinolizidine (13). Decarboxylation of 13 and reduction of the tetraphenylborate salt of 
the resulting ketone (14) with NaBH4 gave a mixture of alcohols from which the axial isomer (16) was separated. 
Esterification of the alcohol (16) with p-benzyloxyhydrocinnamic acid and débenzylation yielded the desired 
compound (20). Preliminary attempts to couple 20 oxidatively to provide dihydrolyfoline (2 2 ) or another of the 
L y th raceae  alkaloids have failed.

The alkaloids of the genera H eim ia  and Decodon, 0 0^__
family Lythraceae, are a series of about 17 compounds \  |
corresponding to 1. These alkaloids2 contain a quino- /  V N̂  k X  J
lizidine ring bearing phenyl and phenylpropionyloxy I jy
substituents. The two benzene rings are joined either |j T j f j  I B / i f i
by a biphenyl or a biphenyl-ether bridge. The struc-
tures of the alkaloids are based upon chemical correla- 0 [ !
tions3 with lythrine (2) and vertaline (3), whose struc- 1 OCH3
tures were solved by X -ray analysis.4 2

Experimental data about the biosynthesis of these 
compounds was not available when this investigation q tk
was initiated.5 Therefore, it was necessary for us to |j |
suggest a plausible route by which they might be formed /
in vivo. For the purpose of discussion, the molecules [
may be divided into cinnamate and 4-phenylquinoliz- ¡ N
idine portions. Considering the type and the oxy- k ^ x 0CH
genation patterns of the phenyl-phenyl system, it seems T  3
logical to believe that these alkaloids are formed OCH::
by an oxidative phenol coupling of the two portions.6 3
Whether the phenyl-phenyl connection is made before
or a fte r  th e  ester form ation  is d ebatab le . I t  has been suggested 7 w ithout experim ental d ata  th a t

the quinolizidine ring system (5) could arise from iso- 
CD This work was supported in part by Training Grant GM-H39 from pelletierine (4 ) and a suitably substituted benzaldehyde

“ y oic“ ; tn a s s h o w ? i ns f e me L Thi«
presented at the IUPAC 5th International Symposium on the Chemistry of prGpHXâ/tlOIl OI â  miXtUTG OI C îS - &nCl 7riZ/lS~4;“pllGIiyl_2-
Natural Products, London, and at the 1968 meeting of The American ketoquinolizidineS (5  with no Substituents) which Was
Society of Pharmacognosy, Iowa City, Iowa. j ___ j  , ♦ , r xi_ • • i i i

(2) (a) J. P. Ferris, J .  Org. C kem ., 27, 2985 (1962); 28, 817 (1963); (b) GClUCGCi LO glVG â  lïllXtlllG OI tuG GpiITIGriC alcoh ols. ]N O
R. n . Biomster, a . E. Schwarting, and j . M. Bobbitt, L ioy d ia , 27, is (1964) ; re a ctio n s  h ave been  rep o rted  w ith  o x y g e n a te d  q uin o-
(c) H. Appel, A. Rother, and A. E. Schwarting, ib id . 28, 84 (1965). lizidineS.

(3) (a) A. Rother H. Appel, J. M. Kiely, A. E. Schwarting, and J. M. -r, , , . . . . . .
Bobbitt, ib id .. 28, 90 (1965); (b) j . p. Feme, c . B. Boyce, R. c . Briner, w ould seem  eq ually  logical th a t  th e  quinolizidine
b . Douglas, j . l . Kirkpatrick, and j . a . Weisbach, T etrahedron  Lett., 3641 sy s te m  m ig h t arise  from  a  suitab le p h e n y l-p o ly k e tid e

(1(46)6)(a) D. E. Zacehariae, C. A. Jeffrey, B. Douglas, J. A. Weisbach, P^m irSO r SUCh 88 6  an d  A ^ rip erid ein e  (7 ) . W e Would
J. L. Kirkpatrick, J. P. Ferris, C. B. Boyce, and R. C. Briner, E x p er ien tia , hke 50 re p o rt th e  ap p lication  of th is  a p p ro a ch  in th e  syn -
2 i, 247 0965); (b) s. c . chu, a . a . Jeffrey, B. Douglas, j . L. Kirkpatrick, th esis of th ese  alkaloids. T h e  original p lan  w as to  p re-
andJ. A. Weisbach, C h em .In d . (London), 1795 (1966); (c) J. P. Ferris, R. C. ____ _________ _ 1 J
Briner, C. B. Boyce, and M. J. Wolf, Tetrahedron  Lett., 5125 (1966); (d) pare the Uncoupled precursor (20) to the alkaloids and 
d . a . Hamilton and L. K. steinrauf, ib id ., 5123 (1966). oxidize it to form the phenyl-phenyl connection to yield

(5) Phenylalanine has since been shown to be a precursor of the phenyl- d ihydrolyfoline (22). Com pound 20  Was prepared as
cinnamoyl moiety of one of the H eim ia  alkaloids. See A. Rother and A. E. r  ' 1
Schwarting, Chem . Com m un., 1411 (1969).

(6) A. R. Battersby in “Oxidative Coupling of Phenols,” W. I. Taylor (7) J. P. Ferris, C. B. Boyce, and R. C. Briner, T etrahedron  Lett., 5129
and A. R. Battersby, Ed., Marcel Dekker, Inc.. New York, N. Y., 1967, p (1966).
41®* (8) T. Matsunaga, I. Kavasaki, and T. Kaneko, ib id ., 2471 (1967).
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S c h e m e  I  S c h e m e  I I

CHO COR

v p * -  &  A  -
4 O P  T^O C H 2CcH5 y^O CH .Q H ,

Y ' 0CH3 0CH3
A nA  ° V  8 9,R = OH

I  L  10, R = Cl

n  1  + N Y  C°,Et C02Et

.  o7 ° A r  v

6 i > A  7 ,

described in Scheme II, but the oxidation has not yet L  C 1
been successful. OCH,C6H5 OCH2C6H5

Benzylisovanillin (8)9 was allowed to react with OCH3 OCH3
malonic acid to yield the cinnamic acid (9).10 Al- 11 12
though the melting point of 9 was not in agreement with CQ Et
the literature, the structure was shown to be correct by j 2
nmr, microanalysis, titration, and reduction to the ° v Y \
known 3-hydroxy-4-methoxyhydrocinnamic acid.11 The T . T  J T  T  J
acid chloride (10) was prepared with thionyl chloride in y " N'v̂
xylene and allowed to react with sodium ethylaceto- A n  *" A s  ~ '
acetate to yield 11. A modification of the procedure of [ 1  L 1
English and Lapides12 was used. Compound 11 is y'^x OCH2C6H,, y^OCHjQHs
yellow and its ir spectrum contains only a single car-
bonyl peak, both properties probably due to its highly 13 ^
enolic character (positive FeCl3 test). The ester (11)
was deacylated with ammonia in xylene to yield 12 by a 0= < / ° ' x T/ ^ Y x l
modification of the procedure of Guha anc. Nasipuri.13 T  | J  I ■ .J, \
Like 11, 12 probably exists largely in the enolic form. s L - N \ /  /  j '
The nmr spectra of compounds 8 to 12 were in agree- . A s  A ^ ,  A n  —*•
ment with the structures. [ 1  | j f  ij

A’-Piperideine (7) is a difficult compound to prepare. y ^ O C H 2C6H5 y ^ v'OCH2C6H5
It may exist in any one of three trimeric forms,14 a-, ¿ CH OCHCH OCH

a,nd isotripiperideine. Only the a  and 3  forms 15, OH equatorial 17, ester equatorial
depolymenze to form 7. The nnxture of isomers pre- i6) OH axial 18, ester axial
pared according to the literature14 yielded the a  form 
only when seeded with an authentic sample ;16 otherwise,
th® useless iso form crystallized. = \  I .  I J  = \  T _ T ]

The condensation of 7 with 12 to form the quinoliz- /
idine 13 is somewhat similar to the methods used by JL JL JL .1
Lions and Willison to prepare indolizidines,16 and by | | | J f  V / y  |
Anet, Hughes, and Ritchie17 for the preparation of quino- t̂ 'O H
lizidines. In both cases, the portion similar to 12 was I I I I
formed in the reaction mixture from ethyl acetonedicar- 3. 3
boxylate and an aldehyde, and in neither case was the i?’ es.ter equatoria 22

,. 2 0 , ester axialreaction very satisfactory. A more recent example18
involves the condensation of a,/3-unsaturated ketones , . . „ , . . .with unsaturated X-carbolmes to yield lndoloquinoliz-

idones.
O) a. Lovecy, r. Robinson, and s. Sugasawa, j . c/iem. Soc., 817 (1930). The condensation of 7 and 12 was found to take place
(10) R. Robinson and S. Sugasawa, ibid., 3163 (1931). . , i 1 ,• /• . . . ,1 n
(11) M . B . Moore, H. B . Wright, M . Vernsten, M. Freifelder, and B . K. 111 neutral Solution (in Contrast to the preVlOUS Work

Richards, j . Amer. Chem. Soc., 76,3656 (1954). tvhich required slightly acidic media16-18) to give 13 in
(12) j. English, jr., and l . j . Lapides, aid., 65, 2466 (1943). high yield (84%). The stereochemistry of 13 is based
(14) c. Schopf, g. Berry, f . Braun, h. Hinkei, and r. Rakahi, Justus upon the reasoning that a structure with the benzene

Liebigs Ann. chem ., 559, i (1948). ring in the equatorial position would be the most stable
(1969) M M E1"01emy and A' E’ Schwarting' J - 0r°- Chem- 34> 1352 and on the presence of Bohlmann bands19 in its ir spec-

lie) f . Lions and a . m . wiiiison, j . Proc. Roy. Soc. n . s. w., 7s, 240 trum. These bands are said to be due to an interaction
as«). between the electron pair on the nitrogen and the axial

(17) E . F . L. J .  Anet, G. H. Hughes, and A. Ritchie: Aust. J .  Sci. Res., 3A,
635 (1950).

(18) C. Szantay, L. Tdke, K. Hantz, and G. Kalaus, J .  Org. Chem., 32,
432 (1967). (19) F . Bohlmann, Chem. Ber., 91, 2157 (1958).
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hydrogens a  to the nitrogen.20 The ir spectrum of 13 normal hydride reductions; second, the chemical shift of
showed two carbonyl groups, and the nmr and mass the carbinol carbon proton of the alcohols. These have
spectra could be correlated with the structure. All of been assigned8,24 as t 6.02 and 6.53 for the axial and
the compounds after 13 are racemic. equatorial compounds, respectively. The values for 16

Saponification and decarboxylation of 13 to yield 14 and 15 were r  5.88 and 6.49. Both structures were in
took place in dilute base, rather than in the usual base acccrd with their ir, nmr, and mass spectra in all re
followed by acid reaction. Attempts to carry out the spects. The axial isomer only was crystalline,
normal saponification and acid decarboxylation gave 14 The two alcohols, 15 and 16, were separately con- 
in low yield. It was found that the yields were quite verted to their respective esters 17 and 18, by trans
independent of the time that the acidic mixture was esterification25 with methyl-p-benzyloxyhydrocinnam-
heated but somewhat dependent upon the time of base ate (21) in xylene and methoxide. Compound 21
treatment. A systematic study of yield vs. concentra- was prepared from p-benzyloxyhydrocinnamic acid26
tion of KOH in ethanol-water (1 :1) showed that a max- through the acid chloride. It was later learned that the
imum yield (55%) could be obtained in 0.5%  base. esters 17 and 18 were easier to separate than the al-
Yields fell off sharply below 0.25%  and above 1% KOH. cohols 15 and 16. In the preparative procedures, the
When the base required for the saponification was sub- alcohol mixture was transesterified, and the epimeric
tracted from the total base present, the KOH concentra- esters were separated by column chromatography,
tion dropped to 0.1%. Thus, the reaction takes place Only the axial isomer 18 could be crystallized. The
in an extremely dilute basic medium. The necessity of structures of these compounds were in accord with their
using dilute base for the saponification can be ration- spectra.
alized by the reversible character of the reaction used to Debenzylation of 17 and 18 with hydrogen and pal- 
form 13, but the dependence of the decarboxylation ladium on carbon took place quantitatively to yield the
upon base concentration is not entirely clear. It is in- diphenols, 19 and 20. Neither of these compounds
teresting to note that all attempts to decarboxylate the could be crystallized. The structures were in accord
ester of 4-phenyl-2-ketoquinolizidine-l,3-dicarboxylate with their spectra.
failed.17 The structure of 14 was in complete agree- Attempts to couple the diphenols oxidatively to any 
ment with its ir, nmr, and mass spectra. of the desired products (1) using FeCl3,27 K 3Fe(CN )6,27

The reduction of 14 to the epimeric alcohols 15 and electrolytic oxidation,28 and catalytic oxygenation29
16 also required extensive exploratory work. The failed to yield any recognizable products,
reduction of such 2-ketoquinolizidines usually8,21 leads
to the formation of a mixture of epimers in which the Experimental Section80
equatorial isomer predominates by about 10:1. Unfor
tunately, for our purposes it was necessary to produce 3-Benzyloxy-4-methoxycinnamic Acid (9).—A solution of raa-
the axial isomer 16. Catalytic hydrogenation gave *on'(' ac'f* (24 &> 0.231 mol), benzylisovanillin9 (8) (25 g, 0.103
poor overall yields of alcohol ,vith platinum, palladium ^ ^ ¿ W * * * * * *
on carbon, and ruthenium on carbon (repoited to give tion was poured onto 200 ml of water and ice. After 1 hr, the
the highest yields of axial alcohols). Reductions writh precipitated solid was collected by filtration, washed (H20 ) ,
NaBH4 and LiAlHi gave good overall yields, but, as ex- air-cried, and crystallized from absolute ethanol to give 25.3 g
pected,21 the equatorial isomer was the major component. (,oncV of 9 o' " io 214-216“ (lit.-0 mp 179-
C, , i ., , . , , , 180 ); nmr (NaOD) r 3.33 (m, 10, aromatic and vinylic),
b or tenuous theoretical reasons, it wras decided to carry 6 62 (s 3 OCH3)
out the reductions with NaBH4 on complexed forms of A-ial. ’ Calcd for C„H160 4: C, 71.82; H, 5.67; neut equiv, 
the quinolizidine. Consequently, the reactions wrere car- 284. Found: C, 72.39; H, 5.89; r.eut equiv, 290. 
ried out on complexes prepared in methanol with A1C13, Compound 9 was catalytically hydrogenated over Pd-C to 
AlBr3, Alls, and sodium tetraphenylborate.22 The y|eld43-hydroxy-4-methoxyhydrocinnamic acid, mp 146“ (lit.”
axial. equatorial ratios, as estimated from comparative Ethyl 2-Acetyl-3-keto-5-(3-benzyloxy-4-methoxyphenyl)-4-pen- 
tlc follows uncomplexed, 1:10, A1C13, decomposed; tenoate (11).—A mixture of 9 (19 g, 0.067 mol, dried at 110“
AlBr3, 1 :4;A1I3, 3 :7 ; and sodium tetraphenylborate, 1:1. for 12 hr) and SOCh (15.8 g, 0.134 mol) in 100 ml of dry xylene
The borate reaction was carried out in quantity and ----------------
40%  of the axial isomer was isolated. The overall (2 -> H- s - Aaron, G. E . Wicks, Jr ., and C. P. Rader, J .  Org. Chem., 29,

yields of the alcohol mixture were excellent. Several ^ T e . Counseii and t . o. Seine, j . >w . a ss„ s c . Ed.. « ,  
explanations are possible for this shift in the ratios, but 289 (i960).
none is especially satisfying, and none has been proved. (26) 11 ■ Doherty, j . Amer. Chem. Soc., 77, 4887 (1955).

There does appear to be a steric effect. It is possible ^  G. r. K irV brighJi t ! stock, r . d . Pugiiese, and j . m . Bobbitt, j.
that complexing destroys the original stereospecific re- Eiect'ochem. Soc., 116, 219 (i969>.
duction, thus producing a more random isomer distri- j); H- w|eis8raber, Ph- D- Th« i* .  University of Connecticut, 1969.
, . (30) Ih e  melting points are corrected. Spectra were determined as
DUX]Oil. follows: ir on Perkin-Elmer instruments (Models 137B and 21); nmr spectra

The structures of the two epimers, 15 and 16, are on a Varian A-60 instrument against a tetramethylsilane standard; mass 

based upon the following: first, the well-known fact spectra °n,an f EI ^ ode‘ A, t 12 “ T “ 1,*1,,70 e%  Chromatography, r  . . .  0  was earned out on thin (0.25-mm) and thick (1-mm) layers of silica gel
that the equatorial isomer predominates8’21’23 under g f ^  and p f 2M and on aluminum oxide GF254 (Brinkmann Instruments

Westbury, N. Y .). Dragendorff’s reagent-1, (J. M. Bobbitt, “Thin-Layer
(20) H. P. Ilamlow and S. Okuda, Tetrahedron Lett., 2553 (1964). Chromatography,” Reinhold Publishing Co., New York, N. Y ., 1963, p 93),
(21) C. P. Rader, G. E . Wicks, Jr., R . L. Young, Jr ., and H. S. Aaron, aqueous 1% FeCli, and methanolic 2,4-DNPH solution (A. I. Vogel, “Prac-

J .  Org. Chem., 29, 2252 (1964). tical Organic Chemistry including Qualitative Organic Analysis,” 3rd ed,
(22) (a) W. E . Scott, H. M. Daukas, and P. S. Schaffer, J .  Amer. Pharm . John Wiley and Sons, Inc., New York, N. Y ., 1962, p 1051) were used as

Ass., Set. Ed., 45, 568 (1956); (b) R . E . Crane, Jr ., Anal. Chem., 28, 1794 spray reagents. All of the reactions were monitored by tic. Column
(1956). chromatography was carried out on silica gel M (Hermann Brothers,

(23) H. O. House, “ Modern Synthetic Reactions,” W. A. Benjamin, Inc., Cologne, Germany) and on aluminum oxide, Woelm (Alupharm Chemicals,
New York, N. Y ., 1965, p 30. New Orleans).
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was heated at reflux until the acid dissolved and for 0.5 hr more. mol) :n 25 ml of cold methanol was added over 5 min to the
The solution was evaporated to dryness under vacuum and the stirred solution. After 20 min, a second portion (0.226 g) of
residue was taken up in 200 ml of dry xylene.31 The solution sodium borohydride was added and the reaction was stirred for
of 10 was added over 30 min to a suspension of sodium ethyl an additional 0.5 hr more. Tic (silica gel GF, benzene-methanol
acetoacetate, prepared from 1.54 g (0.067 mol) cf sodium sand 10:1 and 5 :1 ) monitoring of the reaction showed the necessity of
m 200 ml of xylene and 8.7 g (0.067 mol) of ethyl acetoacetate. adding the second portion of borohydride, and also that the
The resulting orange-yellow mixture was stirred at room temper- reaction was finally about 80% complete. The reaction mixture
ature for 16 hr, filtered to remove a fine white precipitate of was then passed (500 ml in 16 hr) through a column (1.5 X 20
ISaCl, and evaporated, under vacuum, to a brown oil. The cm) o: Dowex 1-X8-OH (previously washed with and suspended
oil crystallized when cooled over ice and recrystallized from in ethanol). The column was washed with ethanol until no more
absolute ethanol to give 21.3 g (81%) of yellow needles, mp Dragendorff-positive material was eluted. The ethanol was
110.5-111.5 . evaporated under vacuum to a dark oil which was chromato-

A n a l. Calcd for C23H240 6: C, 69.68; H, 6.10. Found: graphed over 120 g of silica gel (previously dried at 110°) using
C, 70.04, H, 6.14. benzene-methanol (10:1) as developer. Fractions of 15 ml

Ethyl 3-Keto-5-(3-benzyloxy-4-methoxyphenyl)-4-pentenoate were collected at a flow rate of 0.5 ml/min. Fractions 6-28
(12).—Anhydrous ammonia was allowed to bubble through an yielded 0.266 g of starting material 14. Fractions 32-63 con- 
ice-co.d solution of 19.65 g (0.046 mol) of 12 in 500 ml of dry tained 0.488 g of the equatorial epimer 15. Fractions 64-76
xylene for 1 hr. The turbid mixture was allowed to come to contained 0.050 g of a mixture of 15 and 16, and 77-132 con-
room temperature and was stirred for 16 hr. The mixture was tained 0.323 g of the axial epimer 16. The overall recovery from
filtered and evaporated, under vacuum, to a brown, viscous oil the column was 103%, and the yields of pure 15 and 16 were 59
which crystallized when placed in the cold. Re crystallization and 39%, respectively, after correcting for recovered starting
from 250 ml of absolute ethanol gave 14.6 g (83%) of light yellow material.
12, mp 84—88.5 . Compound 12 was used for the next step The axial isomer 16 showed the following spectroscopic proper-
without further purification. ties: ir (KBr and CIdCl3) g 2.78, 2.98 (OH), 3.504, 3.559 (Bohl-

l-Carbethoxy-2-keto-4-(3-benzyloxy-4-methoxyphenyl)(e)- mann bands); nmr (CDC13) r 2.78 (m, 8, aromatic), 4.83 (s, 2, 
frans-quinolizidine (13).—a-Tripiperideine (7) was prepared OCH2C6H6), 6.19 (s, 3, OCH3), 5.88 (s, 1, carbinol proton),
by the method of Schopf and coworkers14 and was seeded with 7.23 (m, 2), 8.39 (m, quinolizidine); mass spectrum m /e  (relative
an authentic sample.16 The acryloylacetic ester 12 (1.5 g, 0.0042 intensity) 367 (36), 276 (37), 154 (38), 110 (22), 91 (100), 84 (27),
mol) and a-tripiperideine (0.35 g, 0.0043 mol) were stirred in 82 (20). The compound crystallized from chloroform-ether to
200 ml of 95% ethanol for 48 hr. Tic (silica gel GF, benzene- yield an analytical sample, mp 126-127°. 
ethyl acetate 5 :1 ) showed the reaction to be complete in about A n a l. Calcd for C23H29N 03: C, 75.17; H, 7.95; N, 3.81.
24 hr. Column chromatography gave 1.56 g of 13 (84% yield). Found: C, 75.44; H, 7.93; N, 3.87.
In later experiments the product was crystallized directly from The equatorial alcohol 15 did not crystallize but showed spec-
the reaction medium. Crystallization from absolute ethanol tral properties virtually identical with those of 16 except for the
yielded the analytical sample: mp 116-116.5°; ir (K Br) p  nmr peak of the carbinol proton which appeared at t 6.49.
3.543 (Bohlmann band), 5.73, 5.762 (C = 0 ) ; nmr (CDCla) Methyl p-Benzyloxyhydrocinnamate (21).—Dry p-benzyloxy- 
r 2.90 (m, 8, aromatic), 4.89 (s, 2, OCH>C6H5), 5.78 (q, 2, hydrocinnamic acid [mp 123-125° (lit.26 mp 123-124°), 10 g,
OCH2CH3), 6.18 (s, 3, OCH3), 6.68 (m, 2), 7.38 (m, 4), 8.47 0.039 mol] was heated at reflux with 9.2 g (0.078 mol) of S0C12
(m, 10, OCH2CH3 and quinolizidine protons); ir (CHC13) m 3.55, in 150 ml of dry benzene for 16 hr. The benzene was removed
3.70, (Bohlmann bands); mass spectrum m /e  (relative intensity) under vacuum, and the resulting syrup was dissolved in 200 ml
437 (8), 364 (12), 300, (13), 240 (19), 110 (15), 91 (100), 84 of petroleum ether (bp 65-110°). This solution was combined
(48), 82 (27). The compound decomposed slightly when placed and stirred with 50 ml of dry methanol. From this two phase
on a thin layer of silica gel G and warmed. system, the product began to crystallize after 15 min. After

A n al. Calcd for C26H3iN0 5 : C, 71.37; H, 7.14; N, 3.20. 7 hr, the solution was cooled, and the product (8.85 g, 84% ) was
Found: C, 71.09; H .7 .19; N ,3.25. collected and washed with cold petroleum ether. The compound

2-Keto-4-(3-benzyloxy-4-methoxyphenyl)(e)-irans-quinolizidine showed the predicted spectral properties and melted at 81-82°.32 
(14).—The quinolizidine ester, 13, (8.75 g, 0.02 mol) was sus- A n a l. Calcd for Ci7H180 3: C, 75.53; II, 6.71. Found:
pended in 310 ml of 0.5%  KOH in aqueous ethanol (1 :1) and C, 75.21; II, 6.66.
stirred at reflux for 17 hr. The hot solution was adjusted to Epimeric 2-(p-Benzyloxyhydrocinnamoyloxy)-4-(3-benzyloxy-
pH 2-4 with 5%  H2S 0 4 and the solution was allowed to cool 4-methoxyphenyl)(e)-frans-quinolizidmes (17 and 18).—The
for 20 min. A large excess of NH4OH was added, and the mix- two compounds were made in the following way. The alcohols
ture was extracted with CHC13 (three 100-ml portions). The 15 or 16 (0.642 g, 1.75 mmol) and 0.472 g (1.75 mmol) of 21
CHC13 extracts were combined, dried (Na2S 0 4), filtered, and were dissolved in 125 ml of xylene and heated at reflux under a
evaporated to a residue under vacuum. The resulting brown Dean-Stark separator for 1 hr. NaOMe (0.095 g, 1.75 mmol)
oil was taken up in hot methanol (50 ml). After 24 hr 1.5 g of suspended in xylene was added to the mixture and heating was
14 had crystallized. When the mother liquor was chromato- continued for 21 hr. The reaction was monitored by tic (silica
graphed on silica gel using benzene-ethylacetate (5:1) as de- gel GF, benzene-ethyl acetate 3 :1 ). The reaction mixture was
veloper, an additional amount (2.34 g, total yield 53%) of 14 cooled and extracted three times with H20 .  The xylene was
was obtained. Crystallization from methanol gave the analytical removed under vacuum and the brown residue was purified by
sample, mp 169-170°: ir (KBr) ^3.495, 3.566 (Bohlmann bands), column chromatography (40 g of silica gel in a 1.5 X 36 cm
5.764 (C = 0 ) ; nmr (CDC13) t 2.90 (m, 8, aromatic), 4.90 (s, 2, column, developed at 0.5 ml/min with benzene-ethyl acetate
OCH2C6Hs), 6.19 (s, 3, OCH3), 6.59 (m, 3), 7.67 (s, 4), 8.50 5 :1 ). Evaporation of the appropriate fractions yielded 0.750
(m, 7, quinolizidine); mass spectrum m /e  (relative intensity) g (70%) of 17 or 0.762 g (72%) of 18.
365 (26), 274 (24), 250 (14), 191 (32), 110 (18), 91 (100), 84 Crystallization cf the axial epimer 18 from acetone-methanol
(43), 82 (32). yielded an analytical sample: mp 109-110°; ir (KBr)  ̂ 3.50,

A n a l. Calcd for C23H27N 03: C, 75.59; H, 7.45; N, 3.83. 3.578 (Bohlmann bands), 5.748 (C = 0 ) ; nmr (CC14) t 2.97
Found: C, 75.41; H, 7.39; N ,3 .79. (m, 17, aromatic), 5.09 (d, 4, OCH2C6H5), 6.31 (s, 3, OCH3),

Epimeric 2-Hydroxy-4-(3-benzyloxy-4-methoxyphenyl)(e)- 7.28 (m, 5), 8.64 (m, 11, quinolizidine); mass spectrum m /e
irons-quinolizidines (15 and 16).—The tetraphenylborate salt of (relative intensity) 605 (9), 604 (18), 514 (10), 513 (26), 350
14 was prepared by adding 1.132 g (0.0033 mol) of sodium (17), 349 (14), 348 (25), 267 (3), 258 (15), 136 (32), 91 (100),
tetraphenylboron in 100 ml of H20  to a solution oi 1.093 g (0.003 84 (16), 82 (10).
mol) of 14 in 100 ml of H20  adjusted to pH 2 with concentrated A n a l. Calcd for C39H43N 03: C, 77.33; H, 7.15; N, 2.31.
HC1. The precipitated salt was collected anc washed with Found: C, 77.06; H, 7.29; N, 2.30.
H20  to remove excess HC1. The equatorial epimer 17 did not crystallize, but the spectral

The salt was dissolved in 100 ml of absolute methanol and properties were qualitatively the same as those of 18.
cooled to ice temperature. Sodium borohydride (0.266 g, 0.006 A n a l. Found: C, 76.96; H ,7 .22; N ,2.17.

(31; The acid chloride, 10, was isolated, and melted at 100-113°. How- (32) This compound was previously prepared [I. T . Strukov, Zh. Obshch.
ever, because it was extremely sensitive to moisture, it was not further Khim ., 29, 2914 (1959); Chem. Abstr., 54, 12110 (1959)1 but was not crystal-
characterized. lized.
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Epimeric 2-(p-Hydroxylhydrocinnainoyloxy)-4-(3-hydroxy-4- A n al. Calcd for C25H31XO5 : C, 70.57; II, 7.34; N, 3.29.
methoxyphenyl)(e)-/rans-quinolizidines (19 and 2 0 ).—The ap- Found: C, 70.03; H ,7.32; N ,2.91.
propriate benzyl ether (17 or 18, 0.3 g) in absolute ethanol were The equatorial isomer 19 had spectral properties qualitatively
hydrogenated over 0.06 g of 5%  Pd-C. The theoretical amount similar to those of 2 0 . It liquified at 65-75°.
of hydrogen was taken up in 4 hr. Removal of the catalyst and A n al. Found: C, 69.91; H, 7.35; N, 2.89.
the solvent gave the two phenols, 19 or 20 in essentially quantita
tive yields. Neither crystallized and both were characterized Registry N o.—9, 24S07-37-2; 11, 24807-38-3; 12,
as glasses. _ . 4 . „  OK0 , 24807-39-4; 13, 24806-75-5; 14, 24806-76-6; 15,

The axial epimer 20 showed a softening point of 70 85 and 7 7  7 * ia  9 d.Qnfi 7 Q q * 17 9 -dQnA 7Q Q- is*
had the following spectral properties: ir (KBr) a 3.00 (OH), 2480b -77-7 , 16, 24806-/ 8-8 , 17, 24806 -1 9 -9 , 18,
3.59, 3.64 (Bohlmann bands), 5.82 (C = 0 ) ; nmr (CDCR) t 24806-80-2; 19, 24806-81-3; 20, 24806-82-4; 21,
3.33 (m, 7, aromatic), 5.0 (s, phenolic), 6.24 (s, 3, OCH3), 7.20 24807-40-7.
(m, 7), 8.59 (m, quinolizidine); mass spectrum m /e  (relative
intensity) 426 (28), 42o ( 1 0 0 ), 424 (17) 260 (70), 259 (50), 258 Acknowledgment.— W e thank D r. Shiroshi Sh ibu ya
67), 177 (72), 150 20), 137 (22 , 136 (65), 117 (33 , 110 (lo), . 6  . , , ,  ,

107 (63), 84 (71), 5 5  (2 2 ); uv (ethanol) the spectrum was shifted for helP 111 crystallizing compound 16 and repeating 
to a higher wave length uponNaOH addition. portions of the work.
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The nonvolatile principle (piperovatine) of the leaves, roots, and stems of O ttonia vah lii Kth., has been shown, 
by spectral study and synthesis, to be N-isobutyl-6 -p-methoxyphenylsorbarnide ( 1 ).

In an earlier communication1 we identified the vola- of the molecular formula to C17H23NO2, containing one
tile constituent of the shrub Ottonia vahlii [syn. Piper  methoxyl group. The presence of the latter was con-
ovatum (Vahl)], native to the West Indies, as 1-butyl- firmed, and its aromatic character was revealed by nmr
3,4-methylenedioxybenzene. In this paper we are spectroscopy (singlet, 3.82 ppm, 3 H). The neutral
concerned with the chemical structure of the non- character of the product suggested it might be amidic.
volatile component of the same plant. This was confirmed by its ir spectrum (in C C h); max-

The sole chemical studies of this shrub were published ima at 3460 (free NH), 3380 (H-bonded NH), and 1673
over 70 years ago.5 The isolation from the leaves of a cm -1 suggested the carbonyl group is conjugated with
crystalline “alkaloid,” mp 123°, was described; it was two double bonds. Bands at 1461 and 1438, and 1178
named piperovatine, assigned a molecular formula and 1171 are assigned to a >C (C H 3)2 group, at 1243 to
C16H21XO2, and found to be neutral in reaction and to an aromatic OCH3 group, and at 991 cm -1 to a trails,-
have marked physiological properties. It proved to be tram  C H = C H — C H =C H  system conjugated with the
a temporary nerve depressant, a heart poison, a local amice carbonyl group.6 The uv spectrum (Xm‘ ° H

anesthetic, and a powerful sialagogue when applied 262 m^, e 26,500) confirms the presence of a diene sys-
to the tongue. tern conjugated with the amidic carbonyl group and

We have isolated from the leaves, roots, and stems of further supports the belief that the double bonds are
this plant what appears to be the same compound by a both trans in geometry [compare sorbic acid, X „ a x H

simplified mode of extraction. Some difficulty was 263 mp, e 25,800).7 The nmr spectrum revealed the
experienced with its purification, owing to the fact that, following features in the molecule; (a) a para-disub-
as noted by the earlier workers, crystallization attempts stituted benzene ring (A2B2 pattern, centered at 6.90,
were attended by a strong tendency towards gel forma- 4 H ); (b) olefinic protons (4 H) attached to a conju-
tion in a variety of solvents. Eventually a combina- gated diene system [multiplicity of signals in the range
tion of high-vacuum sublimation followed by crystalli- 5.6- 6.4; of these a doublet centered at 5.S7 (,/ =  15
zation from a critical volume of ether yielded a crystal- Hz) s assigned to an a  proton trans to the 8 proton on
line product of maximum mp 121°. A sample of the the a ,8 C = C  bond (compare sorbic acid8)] ; (c) an
earlier workers’ product was not available for com- aromatic methoxyl group singlet at 3.82, 3 H ); (d) a
parison, but there seems little doubt, from the physical benzylic CH2 group (doublet, J  =  5 Hz, centered at
and physiological properties of our material, that it is 3.45, 2 H ); (e) an apparent triplet centered at 3.20,
identical with piperovatine. J  =  5 Hz (2 H), assigned to a -X H C H 2C H < group-

Elemental analysis and molecular-weight determina- ing, is in reality a quartet in which the two innermost
tion by mass spectrometry necessitated an alteration signals overlap ( / ch- nh =  . /ch- ch)- On deuteration

(1) P a r t i :  A. R. Pinder and S. J .  Price, J .  Chem. Soc. C, 2597 (1967). tĥ SC signals Collapse to a doublet Centered at 3.12
(2) Presented at the Annual Meeting of the South Carolina Academy of (d =  7 Hz) [several model Compounds Containing the

Science, Columbia, S. C., April 1968; at the Southeastern Regional Meeting . ^
of the American Chemical Society, Tallahassee, Fla., Dec 1968, and at The grouping K  • C(O) Os H • CH2CH < „  were Synthesized; 
Third National Products Symposium, Kingston, Jamaica, W. I ., Jan  1970. ^

(3) Submitted by S. J .  Price in partial fulfillment of the requirements for (6) For examples, see J . L. H. Allan, G. D. Meakins, and M. C. Whiting,
the Degree of M .S., Clemscn University, May 1969. J ,  Chem. Soc., 1874 (1955).

(4) To whom inquiries should be addressed. (7) ,a) U. Eisner, J .  A. Elvidge, and R. P. Linstead, ibid., 1S72 (1953);
(5) \\. R . Dunstan and H. Garnett, J .  Chem. Soc., 67, 94 (1895). See (b) see also A. I. Scott, “Interpretation of the UV Spectra of Natural

also T . A. Henry, "T h e Plant Alkaloids,” 4th ed, Churchill, London, 1949 Products,” Pergamon Press, New York, N. Y ., 1964, p 81.
 ̂ (8) /arian Associates NMR Spectral Catalog, Vol. 2, spectrum no. 462.
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all had the N -CH 2 signal as an apparent triplet]; (f) a of Wittig reactions12 have shown that vlides enjoying 
methine hydrogen in a grouping CH2CH(CH3)2 (multi- resonance stabilization yield in the main trails alkenes, 
plet, 1 H, 1 .1-2.2); and (g) an isopropyl group, the whilst ylides not so stabilized afford mixtures composed
methyl hydrogens of which appeared as a doublet,./ =  largely of cis alkenes. Ylide 2 is not resonance stabi-
7.5 Hz (6 H), centered at 0.95 ppm. lized. and consequently it might have been anticipated

that a mixture of isomers would result.
__ 9  Treatment of a hexane solution of the product with a

HjCO—/ \—CH CH=CH—CH==CH—C—NH—CH CH trace of lodine in sunlight13 yielded a homogeneous all-
V _ /  ' ‘ \ trans ester 4a (single spot on tic), which crystallized

CH3 easily. The all-frans configuration is assigned to it on
1 spectral evidence: XE‘a° H 264 mp (e 25,500) and

m, ■ ( .• t rmil* 1704, 1631, 1605, 994 cm -1, both consistentThe information so far accumulated points to struc- , , TT , „ TT
ture 1 for piperovatine. This formulation is supported m lh .,h« pr' sencc of *  CHr CHr  u Y r ^ 7 7 <i
by its mass spectrum, which has a parent ion peak at S,roUp,'ieH ,Thc " mr.SP,“  “ dT b "  H!„  07,  m ' __ , , , or,i ,4o i-o  <7 =  lo Hz) centered at 5 o.87, which mav be assignedm e ¿15. fragmentation peaks at m e 201, 1/3,  lo2, . . . ,, , , ’ , ■: , ,,
121, and 100 are assigned to ions [H3COC6H4- to a proton « to the carbonyl group and trans to the 8
CH2(C H = C H )2CO]+, [H3COC6H4CH2(C H = C H )2]+, P * The °t^ er features «f the nmr spectrum were
[Ypxj__poivttptt \ i+ fw PH c* it conscnant with structure 4a.
p u  i \ 1+ V  , 6 \ Hydrolysis of ester 4a to the corresponding acid 4b

k 5?UO CN H CH .CH fCK.M t, respect,vely. A was first att ted with alkali but it llecame clear on
peak at 217 may be due to a McLaffertv rearrange- absorotion measurement iXEt0H ra 280-285
ment to [H3COC6H4CH2(C H = C H )2CONH2]+, with ^ .  7  a l  2S°  ,, wide maximum) that the product was severely con-

o , .  , taminated with the acid 5, m which the double bonds
Support is also provided by the facts hat piperova- haye ,hifted into conjugation with the aromatic nucleus.

tine on acid hydrolysis generates isobutylamme and on Thig behayior was not unexpected; since analogous
quantitative catalytic hydrogenation takes up 2 mol of base_catalyzed isomerizations of compounds of the type
lixdrogen. ArCH2(C H = C H )2C 0 2CH3 (Ar =  2-thienvl, phenvl)

The proposed structure was confirmed by the follow- w  been described b Winterfeldtu Fortunately>
mg synthesis. Reduction of ethyl p - methoxyphenyl- acid h ydrol is of 4a furnished the corresponding acid,
acetate with lithium aluminum hydride afforded p- withf;ut isomerization (XE£ H 262 This acid
methoxyphenethyl alcohol, converted by phosphorus did ro t  react cleanl with thionyl chloride, but was
pentabromide into the corresponding bromide.19 R e- smoothly converted by oxalyl chloride into its ehlo
action of the alter with triphenylphosphme gener- ride I3 The latter was not isolated but was condensed
ated the expected p-methoxyphenethyltr.phenylphos- directl with isobutvlamine to yield X-isobutvl-6-p-
phonium bromide as a syrup which solidified on cooling. m ethoxyphenylsorbamide (1), which after high-vacuum
Attem pts to pun y  this salt were unsuccessful; the sublimation and crystallization from ether had mp 121 = ,
solid mass was pulverized and converted into its ylide alone fJf mixed with an autbentic sample of piperova-
2 by treatm ent with /¡-butyllithium. The ylide was ^  with which it was found to be identical in all re
treated with methyl ¿ran.s-3-formylacryltite (3), ob- spects I t  will be evident that piperovatine must be
tamed by selenium dioxide oxidation of methyl croto- reclaf,sified as one of the increasing number of amides 
n ate .11 The product proved to be mainly the desired 0f vegetable origin.15 
dienoic ester 4a, contaminated with a geometrical iso
mer thereof, as indicated by its uv absorption (rela
tively wide x£ ‘° H 260 -265  mM, with low e 15 ,000- Experimental Section

Nmr measurements were made on a Varian A-60 instrument, 
/— \ r. + 0HCx  /H with the assistance on occasion of a Varian C-1024 time-averag-

H ,co—4 y — ch2ch p(C6h5)3 / C —Cx  ;ng computer, and using tetramethylsilane (TM S = 0) as internal
'— ' H C02CH3 reference. Thin layer chromatography (tic) was effected on

2 3  Merck silica gel plates (0.25 mm), with detection by iodine.
Isolation of Piperovatine.—Roots, leaves, and stems of dried 

/— \ t t P .  ovaium  plants were ground up finely, 600-650 g of this material
HjCO- f f  CH2CH=CH CH=CH C02R being packed loosely into a linen bag and extracted with petro-

'---- ' leum ether (bp 60-90°, 1500 ml) in a modified Soxhlet apparatus
4a,R = CH3 for 48 hr. The extract was concentrated to about 250 ml,

b.R = H filtered hot, and set aside at ambient temperature. The crystal
line deposit was collected, washed with petroleum, and dried 

/ z= \  in  vacuo (2.1 g). Attempts to recrvstallize this product from a
H3CO ^  y — CH=CH CH=CH CH2C02H variety of solvents were unsuccessful, owing to gel formation.

® (12) See. inter al , L. D. Bergelson and M. M. Shemyakin, Tetrahedron,
19, 149 (1963); L. D. Bergelson, L. I. Barsukov, and M. M. Shemyakin,

17,000),7b and by tic analysis, which showed the 2», 2709 (196D; M. Schlosser and K. F. Christmann. Justus Liebigs
presence of two major components, with similar R t
values. Recent studies on the stereochemical outcome (14) E. Winterfeldt, Chem. Ber., 96, 3349 (1963).

(15) See, inter at., A. Chatterjee and C. P. Dutta, Sri. Cut. (Calcutta), 
99, 566 (1963); Tetrahedron Lett., 1797 (1966); Tetrahedron, 23, 1769

(9) F. W. McLafferty, Appl. Spectroec., 11, 148 (1957); Anal. Chem., (1967); C. K. Atal. K. L. Dhar, and A. Pelter, Chem. Ind. (London). 2173
31, 82 (1959). (1967); K. L. Dhar and C. K. Atal, Indian J. Chem., 5, 588 (1967); C. K.

(10) J. B. Shoesmith and R. J. Connor, J. Chem. Soc., 2230 (1927). Atal, P N. Moza, and A. Pelter, Tetrahedron Lett., 1397 (1968); .1. W. Loder,
(11) F. Bohlmann and E. Inhoffen, Chem. Ber., 89, 1276 (1956). A. Moorhouse, and G. B. Russell, Aust. J. Chem., 22, 1531 (1969).
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I t  was purified by high-vacuum sublimation (0.05 mm), from an its highly hygroscopic nature. It  was stored in  vacuo over phos- 
oil bath at 105-110°, to yield 60 mg of a white, microcrystalline phorus pentoxide.
product, mp 110-115°. A resublimation did not raise the melt- Methyl tran s,irans-6-p-Methcxyphenylhexa-2,4-dienoate
ing point. Tic of the twice-sublimed material, with development (4a).—Methyl crotonate was oxidized with selenium dioxide in
by ether-benzene (9:1), showed one major spot and a minor one dioxane solution, as described by Bohlmann and Inhoffen.11 The
of slightly lower Tit value. A careful crystallization of this prod- methyl irans-3-formylaerylate (3) so obtained distilled at 90-
uct was effected by dissolving it in a fairly large volume of dry 97° (25 mm) and crystallized easily on cooling. A suspension of
ether, then concentrating until, on slow cooling, crystallization p-methoxyphenethyltriphenylphosphonium bromide (12.9 g , 
rather than gel formation occurred. The matted needles (30 0.027 mol) in dry ether (400 ml) was stirred under nitrogen at
mg) so obtained had mp 120-121° (lit.5 mp 123°) and showed a room temperature during the gradual (5 min) addition of a 1.6
single spot on tic. Spectral properties: X™°H 262 mu (« 26,500); N hexane solution of a-butyllithium (20 ml). The resulting deep
<w‘ 3460, 3380, 3024, 2830, 1673, 1636, 1610, 1461, 1438, 1243, orange ylide solution was stirred for 1.5 hr, and then transferred
1178, 1171, 1038, 991, and 939 cm-1; nmr 0.95 (d, J  = 7.5 Hz, under nitrogen to a pressure-equalized dropping funnel and added
6 H), 1.10-2.20 (m, br, 1 H), 3.20 (t, J  =  5  Hz, 2 H), 3.45 (d, during 20 min, under nitrogen, to a stirred solution of methyl
J  =  5 Hz, 2 H), 3.82 (s, 3 H), 5.6-6.3 (4 H), and 6.90 ppm (A2B 2 ¡ran.s-3-forrnylacryIate (2.5 g, 0.025 mol) in dry ether (100 ml),
pattern, 4 H). The lighter-colored solution was stirred overnight at ambient

The mass spectrum showed peaks at m/e  273 (parent ion), 217, temperature, and then freed from most of the triphenylphosphine
201, 174, 173, 158, 152, 139, 135, 128, 121, 115, 110, 101, 100, oxide and lithium bromide by filtration. The filtrate was washed
96, 91, 83, 78, and 65. with dilute hydrochloric acid, aqueous sodium bicarbonate, and

A n a l. Calcd for CnH23N 02: C, 74.73; II, 8.42; N, 5.13; water, and dried and concentrated, finally in  vacuo, yielding the
OCH3, 11.34; mol wt, 273.4. Found: C, 74.41; H, 8.18; crude dienoic ester (1.6 g, 28%) as a mixture of geometrical
N, 4.99; OCH3, 11.01; mol wt (mass spectrum), 273. isomers. The product was dissolved in petroleum ether (bp 30-

Later work showed that the product was more abundant in the 60°) and chromatographed on alumina (15 g) with elution with
roots or stems than in the leaves. In agreement with Dunstan the same solvent, yielding a purified product (1.0 g) which showed
and Garnett6 the compound produces local anesthesia and a sharp two major spots on tic, with Rt values of the same order, using
burning sensation when rubbed on the tongue. I t  is insoluble petroleum ether (bp 30-60°)-ethyl acetate (4:1) for develop-
in water, dilute aqueous alkali, and dilute acid, sparingly soluble ment. A solution of this product in hexane (250 ml) was kept
in hydrocarbon solvents and ether, and readily soluble in methyl- under nitrogen, treated with a crystal of iodine, and exposed to 
ene chloride, chloroform, and carbon tetrachloride. direct, sunlight for 10 min. The solution was washed with sodium

Hydrolysis of Piperovatine.—Piperovatine (150 mg) and 4 N thiosulfate solution and water, dried, and the solvent was re-
hydrochloric acid (25 ml) were boiled under reflux for 6 hr. The moved. The residue (1.0 g) solidified readily and showed only
cooled, clear solution was rendered strongly alkaline with solid one spot on tic (conditions as above). Methyl Iran s ,tran s-6 -p -
potassium hydroxide and then extracted continuously with ether methoxyphenylhexa-2,4-dienoate separated from hexane in
for 48 hr. The ether solution was dried (KO I!) and the solvent prisms: mp 78-80°; bp 160° (bath) (0.07 mm); x“ °H 264 mu
evaporated v ia  a long Vigreux column to small bulk. The final (« 25 500); y“ '4 1704 (conjugated C = 0 ) , 1631, 1605 (two con-
solution was mixed with an excess of an ether solution of picric jugated C = C ), 1238 (aromatic ether), and 994 cm-1 (tran s,tran s
acid and the yellow precipitate which separated was collected, CH =CH —C H =C H ); nmr 3.50 (d, J  = 6 Hz, 2 II, benzylic
dried, and crystallized from ethanol, from which it separated in CH2), 3.80, 3.85 (two s, each 3 H, aromatic and ester OCH3),
yellow prisms, mp 150-151°, alone or mixed with an authentic 5.70-6.35 (m, 4 H, olefinic II), and 7.05 ppm (A2B 2 pattern, 4 H,
sample16 of isobutylaminepicrate, mp 150°. aromatic H).

Hydrogenation of Piperovatine—Adams platinum oxide cat- A n a l. Calcd for ChHi60 3: C, 72.39; H, 6.94. Found: C,
alyst (25 mg) was prereduced in ethanol in a microhydrogena- 72.68; H, 7.13.
tion apparatus. When no further hydrogen was absorbed, tran s ,ir<ros-6-p-Methoxyphenylhexa-2,4-dienoic Acid (6-p-
piperovatine (13.2 mg) was added and agitation resumed. Ab- Methoxyphenylsorbic Acid) (4b).—The foregoing methyl ester
sorption of hydrogen was complete in 30 min and measured 2.40 (0.5 g), freshly distilled dioxane (25 ml), concentrated hydro-
mi at 740.9 mm and 24.3° (2.42 ml = 2H>). chloric acid (7.5 ml), and water (5 ml) were heated under reflux

p-Methoxyphenethyltriphenylphosphonium Bromide.—Ethyl on the steam bath for 16 hr. To the cooled mixture was added
p-methoxyphenylacetate (61.4 g) in dry ether (100 ml) was added excess solid sodium bicarbonate. Neutral matter was removed
gradually, dropwise, to a stirred and cooled suspension of lithium by ether extraction, and the aqueous layer was acidified with 5 N
aluminum hydride (6.5 g) in dry ether (150 ml) during 2 hr. hydrochloric acid. The semisolid material which separated was
After a further 2 hr of stirring Celite (2 g) was added, followed by taken up in ether, and the solution was washed with water, dried,
the gradual addition of ice water until decomposition was com- and concentrated. The oily residue (0.4 g) solidified readily;
plete. The ether was decanted and the inorganic residue was it was purified by vacuum distillation, bp 160-165° (bath) (0.04
leached repeatedly with ether. The combined ether extracts mm), followed by crystallization from petroleum ether (bp 60-
were dried (Na2S 0 4) and the solvent was removed. The residual 90°), from which it separated in clusters of feathery needles (0.4
2-p-methoxyphenylethanol distilled at 96-97° (0.15 mm) [lit.17 g), mp 115°, X^°H 262 m u  (e 20,400).
bp 102-105° (0.3 mm)]: 32.2 g, 67% ; iw  3230 cm“1, no car- A n a l. Calcd for C13H „03: C, 71.54; H, 6.47; equiv, 218.2.
bonylband. Found: C .71.67; H, 6.51; equiv, 218.5.

Phosphorus pentabromide (52.4 g) was suspended in dry ben- N-Isobutyl-6-p-methoxyphenylsorbamide (1).—The above acid
zene (150 ml) and stirred at 0° during the gradual (30 min) addi- (0.5 g) in dry ether (50 ml) was treated with oxalyl chloride (10
tion of the above alcohol (18.5 g) in dry benzene (50 ml). Dry ml) and the mixture was kept at room temperature overnight
air was drawn through the solution for 4 hr, and then it was with rigid exclusion of moisture. The solvent and excess oxalyl 
washed with water, dried (Na2S 0 4), and concentrated. The chloride were removed in  vacuo and the residue was dissolved in
residual p-methoxyphenethyl bromide distilled at 98-101° (0.2 dry sther (100 ml) and cooled in ice. A solution of isobutyl-
mm) [lit.10 bp 130-131° (11mm)]: 15.2 g, 58%. amine (1.5 g) in dry ether (100 ml) was added gradually with

Triphenylphosphine (6.6 g) was dissolved in dry xylene (50 agitation. After completion of the addition, the ethereal sus- 
ml) along with the foregoing bromide (5.3 g), and the whole pension was washed with dilute hydrochloric acid, water, and
mixture refluxed in a bath at 170 for 6 hr. On cooling, an oily aqueous sodium bicarbonate, and then dried and concentrated,
layer separated and quickly solidified. The xylene was decanted The solid residue (0.55 g) was purified by sublimation [105-110°
and the residue was rapidly ground to a fine powder and freed (bath) (0.05 mm)] followed by crystallization from a critical
from solvent by keeping several hours in  vacuo. The phos- volume of dry ether, from which it separated in matted needles
phonium bromide (8.8 g, 75%) had mp 80 , with sintering at or small prisms (0.35 g), mp 121°, alone or mixed with an au-
68 . It  appeared to be amorphous, and attempts to purify it by thentic specimen of piperovatine. The spectral and tic proper-
crystallization from a variety of solvents failed, in part owing to ties of the natural and synthetic materials were identical.

(16) Organic Reagents for Organic Analysis, 2nd ed, Hopkin and T ) tvt i  q c a a a  1 0  a  o c a h a  i a  i
Williams, ChadweiiHeath, Essex, England, i 960, p 171. Registry No.—1, 25090-18-0; 4a, 2o090-19-l; 4b,

(17) E . F . Jenny and S. Winstein, Helv. Chim. Acta, 41, 807(1958). 25090-20-4.
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Synthetic transformations, notably through introduction of double bonds into rings E  and F, have led to the 
preparation and characterization of a significant number of new derivatives of the basic nucleus of the steroidal 
sapogenin, (25fl)-5a-spirostan, and to thirteen mono- or polydeuterated analogs. In the course of the work, it 
was possible to study the effect of acidic reagents on the spiroketal side chain, the ease of exchange proceeding in 
the order 23 >  >  20 >  >  > 25. The availability of the various deuterium-labeled sapogenins proved of great value 
for many nmr assignments in this class of natural products.

In years past, synthetic work in the field of steroidal ultraviolet,16 nuclear magnetic resonance,16 optical
sapongenins has taken a number of directions. Charac- rotatory dispersion,17 and mass spectrometry,18 have
terization of unknown species either by direct chemical been extensively applied with special reference to the
manipulation or by interconversion led Alarker4 and, spiroketal system of these sapogenins.
more recently, others5 to the identification of a wealth In this laboratory, in connection with a detailed 
of these natural products. Degradation of the spiro- study18a of the mass spectrometric behavior of steroidal
ketal side chain by modifications6 of the original Marker sapogenins, it became necessary to introduce deuterium
procedure7 afforded new and industrially important at numerous positions of the fundamental skeleton,
routes to such important hormones as the pregnanes,7-9 namely (25R)-5a-spirostan or 3-deoxytigogenin ( l ) .19
cortisone,8'9 and certain progestational agents.8'9 We felt that such deuterium labeling, though laborious,

During the past 10 years, two groups10'11 have re- would not only afford useful mass spectrometric
ported total syntheses of members of this class; in information but would also aid in the interpretation of
addition, biosynthetic studies12 and biodegradation nuclear magnetic resonance spectra16 by simplifying
experiments13 have also appeared. Over the years the splitting patterns and by adding data to the Zurcher-
usual spectroscopic techniques, such as infrared,14 type tables of Tori and Aono.I6e With relatively few

exceptions,20 most of the chemical studies in this series
(I) Financial assistance from the National Institutes of Health (Grant have involved degradation of the Spiroketal System

" t “  S T 2 3 &  Thesis S, w. H. substitutions of the intact side chain,
institutes of Health Predoctorai Research Fellow, 1966- 1970. Consequently, our work was likely to contribute to this

(3) Postdoctoral Research Fellow, 1965-1966. relatively scarcely studied aspect of sapogenin chemis-
(4) R . E . Marker, R . B . Wagner, P. R . Ulshafer, E . L. Wittbecker, D. P. ,

J .  Goldsmith, and C. H. Ruof, J .  Amer. Chem. Soc., 69, 2167 (1947). ^ ry .
(5) For recent examples see (a) R . Tschesche, M. Tauscher, H. W. Fehl- The p r o b l e m  which W e f a c e d  m a y  b e  S t a t e d  a S  f o l -

haber, and G. Wulff, Chem. Ber.. 102, 2072 (1969); (b) F. Yasuda, Y. lows: S t a r t i n g  w i t h  t h e  b a s i c  S a p o g e n in  n u c l e u s ,  1 ,
Nakagawa, A. Akahon, and T . Okamshi, Tetrahedron, 24, 6535 (1968); (c) °  ^  o  ’ ’
H. Ripperger, H. Budzikiewicz, and K. Schreiber, Chem. Ber., 100, 1725 Chem. Soc., 75, 158 (1953); (c) C. R . Eddy, M. E . Walt, and M. K. Scott,
(1967); (d) H. Ripperger, K . Schreiber, and H. Budzikiewicz, ibid., 100, Anal. Chem., 25, 266 (1953); (d) A. L. Hayden, P. B . Smeltzer, and I.
1741 (1967); (e) H. Minato and A. Shimaoka, Chem. Pharm. Bull. (Tokyo), Scheer, ibid., 26, 550 (1954).
11, 876 (1963); (f) K . Takeda, T. Okanishi, H. Minato, and A. Shimaoka, (15) G. Diaz, A. Zaffaroni, G. Rosenkranz, and C. Djerassi, J .  Org.
Tetrahedron, 19, 759 (1963); (g) M. Ogata, F . Yasuda, and K. Takeda, Chem., 17, 747 (1952).
J .  Chem. Soc. C, 2397 (1967). (16) (a) R . K . Callow, V. H. T . James, O. Kennard, J .  E . Page, P. N.

(6) (a) F . C. Uhle, J .  Org. Chem., 30, 3915 (1965), and ref 2 -7  therein; Paton, and L. R . diSanseverino, J .  Chem. Soc. C, 288 (1966); (b) G. F. H.
(b) A. F . B . Cameron, R . M. Evans, J .  C. Hamlet, J .  S. Hunt, P. G. Jones, Green, J .  E. Page, and S. E . Staniforth, J .  Chem. Soc. B, 807 (1966); (c)
and A. G. Long, J . Chem. Soc., 2807 (1955); (c) another interesting method D. H. Williams and N. S. Bhacca, Tetrahedron, 21, 1641 (1965); (d) P. M.
can be found in K. Morita, S. Noguchi, H. Kono.and T . Miki, Chem. Pharm. Boll and W. von Philipsborn, Acta Chem. Scand., 19, 1365 (1965); (e) K. 
Bull. (Tokyo), 11, 90 (1965). Tori and K. Aono, Ann. Rep. Shionogi Res. Lab., 14, 136 (1964); (f) J .  P.

(7) (a) R . E . Marker, J .  Amer. Chem. Soc., 62, 3350 (1940); (b) R . E . Kutney, W. Cretney, G. R. Pettit, and J .  C. Knight, Tetrahedron, 20, 1999
Marker and E . Rohrmann, ibid., 62, 518 (1940); 61, 3592 (1939). (1964); (g) J .  P. Kutney, Steroids, 2, 225 (1963); (h) W. E . Rosen, J .  B.

(8) L. F . Fieser and M. Fieser, “Steroids,” Reinhold Publishing Corp., Ziegler, A. C. Shabica, and J . N. Shooiery, J .  Amer. Chem. Soc., 81, 1687
New York, N. Y . 1959, pp 547-554, 591-592, and 667-672. (1959).

(9) C. W. Shoppee, “Chemistry of the Steroids,” 2nd ed, Butterworths, (17) C. Djerassi and R. Ehrlich, ibid., 78, 440 (1956).
London, 1964, pp 186 and 419-424. (18) (a) W. H. Faul and C. Djerassi, unpublished work; (b) C. Djerassi,

(10) (a) S. V. Kessar, A. L. Rampal, and Y . P. Gupta, Tetrahedron, 24, Pure Appl. Chem., in press; (c) H. Budzikiewicz, J .  M. Wilson, and C.
905 (1668); (b) S. V. Kessar, Y . P. Gupta, R . K . Mahajan, G. S. Joshi, Djerassi, Monatsh. Chem., 93, 1033 (1962).
and A. L. Rampal, ibid., 24, 899 (1968); (c) S. V. Kessar, Y . P. Gupta, (19) The sapogenin nomenclature used in this paper follows the IUPA C-
R . K. Mahajan, and A. L. Rampal, ibid., 24, 893 (1968); (d) S. V. Kessar IU B  1969 Revised Tentative Rules for Steroid Nomenclature, Steroids, 13, 
and A. L. Rampal, ibid., 24, 887 (1968); (e) S . V. Kessar, Y . P. Gupta, and 278 (1969), or J .  Org. Chem., 34, 1517 (1969). In cases where a trivial name
A. L. Rampal, Tetrahedron Lett., 4319 (1966); (f) S. V. Kessar and A. L. has been used in the literature for many years, it will be used (along with
Rampal, Chem. In d  (London), 1957 (1963). the proper nomenclature, in some cases) upon its first mention in the article.

(I I )  Y . Mazur, N. Danieli, and F. Sondheimer, J .  Amer. Chem. Soc., 82, However, because sapogenin nomenclature has changed a number of times
5889 (1960). throughout the years, only the proper name will be used thereafter.

(12) (a) R. Joly and Ch. Tamm, Tetrahedron Lett., 3535 (1967); (b) K . (20) (a) F . C. Uhle, J .  Org. Chem., 32, 792 (1967), and references 4, 5, 8,
Takeda, H. Minato, and A. Shimaoka, J .  Chem. Soc. C, 876 (1967). and 11 therein; (b) L. J .  Chinn, ibid., 32, 687 (1967); (c) P. Bladon. W.

(13) G. Ambrus and K. G. Btiki, Steroids, 13, 623 (1969). McMeekin, and I. A. Williams, /. Chem. Soc., 5727 (1963); (d) Y . Sato,
(14) (a) J .  E. Page, Chem. In d . (London), 58 (1957), and references H. G. Latham, Jr ., L. H. Briggs, and R. N. Seelye, J .  Amer. Chem. Soc., 79,

therein; (b) R . N. Jones, E . Katzenellenbogen, and K. Dobriner, J .  Amer. 6089 (1957); (e) references 6 and 16a.
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find methods to functionalize positions, especially those afforded the isomeric, trisubsututed olefin oa-spirost- 
in rings E  and F, so that the usual deuterating reagents,21 24-ene (9) through base abstraction of the tertiary,
e.g. D2, D20 ,  LiAlD4, N aBD4, CH3OD, CH3COOD, allvlic proton at C-25 in the disubstituted olefin 8.25
DC1, etc., can be used to incorporate deuterium in a The direct conversion of 8 to 9 was experimentally
specific manner. verified. In practice, the dehydrobromination was run

(25f?)-5a-Spirostan (1) was prepared in good yield on the monobromide mixture since the unreactive
from hecogenin acetate (2) by Huang-Minlon reduction equatorial bromide 7 can be separated easily from the
to tigogenin (3), followed by Jones oxidation22 to product olefin, 8 or 9.
tigogenone (4) and repeated Huang-Minlon reduction. Since lithium aluminum deuteride reduction of tosyl-

ates is one of the most specific (position, stereochemis- 
si „ „ try, per cent incorporation) methods of deuterium

|i lg’i e I introduction,21 the isomeric olefins were converted to
21 the respective epoxides, 23f?,24j?-epoxy-(25S)- (10),

„__ f,;H 23S,24£-epoxy-(25<S)- (11), 24<S,25/?-epoxy- (12), and
2| a B r  24fZ,25/S-epoxy-5a-spirostan (13), which were then

H opened to the alcohols 14, 15, and 17-19 (see Scheme
4 jj 6 I )26 27 with lithium aluminum hydride.

1, R = R' = H2 The alcohol 17, obtained from both epoxides 11 and
0Ac 13, ;s the key compound in defining the stereochemistry

2, R *=<C ; R' = 0  of essentially all of the others in Scheme I. Since it
H was derived from the trisubstituted epoxide 13, it must

3; r = < f R '  = h2 be a 24-alcohol because the nmr spectrum exhibits a
H doublet for CH3-27 in addition to the one for CH3-21.

4, R = 0;R' = H, In the infrared, the hydroxyl absorption, which did not
„ . . , , , , ,  , , . , shift upon dilution, appears at 3490 cm -1 indicating
Our initial task was to introduce double bonds into lntrimoiecular hydrogen bonding, thus proving that the 

the spiroketal system a plan which apparently had not confi tion must be R  (as shown) since, with that
b e e n  a t t e m p t e d  b e f o r e ,  l o r  t h i s  p u r p o s e ,  1 w a s  ,  , ■ , , ,  • ^  , , ,  0 . . , ,
, . . ,  , -i s t e r e o c h e m i s t r y ,  t h e  r i n g  E  o x y g e n  a n d  t h e  2 4 - h y d r o x y l
b r o m i n a t e d  b y  C a l l o w s  m e t h o d 1611 t o  a f f o r d  a n  e a s i l y  • i o .• • , , , , ,  , ,

, ,  . , r r>o /e.s r> i. a r e  i n  a  1 ,3 - d i a x i a l  r e l a t i o n s h i p .  A l l  o f  t h e  o t h e r  a l c o h o l s
s e p a r a b l e  m i x t u r e  o f  2 3 , 2 3 - d i b r o m o -  ( 5 ) ,  2 3 / c - b r o m o -  u j  , , , .  . , ,  r  o-r,.->
( 6 ) , 161 a n d  2 3 S - b r o m o -  2 5 f l ) - 5 a - s p i r o s t a n  ( 7 ) . 161 I n  e x h ^ i t  h y d r o x y l  a b s o r p t i o n s  m  t h e  r a n g e  o f  3 o 6 0 - 3 5 9 2

, . , - r  .• r N  • • , , • c m  i n d i c a t i n g  n o n h y d r o g e n  b o n d e d  s p e c i e s .  I h u s ,
a d d i t i o n ,  a  m i n o r  m o d i f i c a t i o n  o f  t h e  o r i g i n a l  b r o m i n a -  • , ,  , °  , - , r , , ,  . ,
, .  i , ,  . . .  , .  a s s u m i n g  n o  c h a n g e  o t  s t e r e o c h e m i s t r y  a t  t h e  e p o x i d e
t i o n  p r o c e d u r e 23 g a v e  q u a n t i t a t i v e  c o n v e r s i o n  t o  a  , , , , , A  . ,

. ,  °  , . ,  ,  , „  c a r b o n - o x y g e n  b o n d  w h ic h  i s  n o t  o p e n e d  b y  h y d r i d e ,
m i x t u r e  o f  t h e  m o n o b r o m i d e s  6  a n d  7 .  , ?  . , ,  , ,  . ,  i  , ,

t h e  s t e r e o c h e m i s t r y  o f  t h e  e p o x id e s  10-13 f o l lo w s

R, directly. Since alcohols 15 and 19 were obtained along
q 0̂ with 17 from epoxides 11 and 13, respectively, their

A ------"A-----------------------------------\  25 configurations must be as indicated. That the alcohol
■ J i  o" 1 18 13 the tertiary isomer of 19 and not the secondary

| 'r F 24 alcohol 16 is proved by the nmr spectrum which exhibits
Y *  Y *  t h r e e  t e r t i a r y  m e t h y l  s i n g l e t s  ( C H 3- 1 8 , 1 9 ,  a n d  2 7 ) .

H H From models, one expects that a change of hydroxyl
5, R, = R2 = Br 8
6 , R , =  B r; R  = H  (25> The isomerization of olefins under strongly basic conditions is well
7, R : =  H; R 2 =  B r  verified: (a) C. Cerceau, M. Laroche, A. Pazdzerski, and B. Blouri, Bull.

Soc. Chim. Fr., 921 (1969); (b) S. Bank, C. A. Rowe, Jr ., A. Schriesheim, 
and L. A. Naslund, J .  Amer. Chem. Soc., 89, 6897 (1967); (c) S. Bank, C. A. 

x*i — jv \  25 Rowe, Jr ., and A. Schriesheim, ibid., 85, 2115 (1963); (d) A. Schriesheim,
a  "3\  C. A. Rowe, Jr., and L. Naslund, ibid., 85, 2111 (1963); (e) A. Schriesheim,

24 R . J .  Muller, and C. A. Rowe, Jr ., ibid., 84, 3164 (1962); (f) A. Schriesheim
_____ I and C. A. Rowe, Jr ., ibid., 84, 3160 (1962); (g) A. Schriesheim and C. A.

Rowe Jr ., Tetrahedron Lett., 405 (1962); (h) A. Schriesheim, J .  E . Hofman, 
and C. A. Rowe, Jr ., J .  Amer. Chem. Soc., 83, 3731 (1961).

(261 Since the plane of ring F is perpendicular to the plane of the paper, 
** the practice of designating the stereochemistry of substituents located on

j  , , , , ’ l l .  . , i j v  carbons 23-26 by dotted and solid lines and calling them “ a-” and “0,”
J.I1 OUT I ia n c lS , o n ly  t h e  a x i a l  b ro m iQ G  U c o u ld  DC m a d e  respectively, cannot properly be done (see reference 19). However, more

t o  e l i m i n a t e  e v e n  u n d e r  s t r o n g  d e h y d r o m i n a t i n g  c o n d i -  clftrity is obtained in Scheme i if, as one looks from the "top ’ of ring f ,

t i o n s 24 ( p o t a s s i u m  f - b u t o x i d e  i n  D M S O - b e n z e n e ) . A t  “ are designated by dotted a " d the

r o o m  t e m p e r a t u r e ,  t h e  r e a c t i o n  g a v e  (2 5 / ^ )-5 iX -S p irO S t“ (27. One might suggest that the alcohols and even the deuterated com-
2 3 - e n e  (8) w h i le ,  a t  a b o u t  1 0 0 ° ,  t h e  s a m e  p r o c e d u r e  pounds be prepared through hydroboration of the olefins [M. Nussim, Y.

Mazu', and F. Sondheimer, J .  Org. Chem., 29, 1120 (1964)]. This pro-
tj j  *i * • , rx TT n j.ii. cedure was, in fact, tried on the olefin 8 but gave at least twelve products(21) (a) H. Budzikiewicz, C . Djerassi, and D. H. Williams, “Structure nnoo:UUr ^ „  J  ^  ,

Elucidation of Natural Products by Mass Spectrometry,” “ Alkaloids,” Vol I . T  R  KMturi ibid m ”! « ,  ‘‘ &
Holden-Day, San Francisco, Calif., 1964, pp 17-40. See also (b) M. ' R ' Ka8‘ Un' ^  * 6' 4553 (1961)'
F^tizon and J .  C. Gramain, Bull. Soc. Chim. Fr., 651 (1969).

(22) K . Bowden, I. M. Heilbron, E . R. H. Jones, and B . C. L. Weedon,
J .  Chem. Soc., 39 (1946). K ^ i

(23) C . Djerassi, H. Martinez, and G. Rosenkranz, J .  Org. Chem., 16, \
303 (1951). See also references 16a and 16f. ___ J

(24) (a) J .  E . Hofmann, T . J .  Wallace, and A. Schriesheim, J .  Amer. \
Chem. Soc., 86, 1561 (1964); (b) T . J .  Wallace, J .  E . Hofmann, and A. H
Schriesheim, ibid., 85, 2739 (1963). i
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S c h e m e  I
25Z?-5a-spirost-23-ene ('8) 5a-spirost-24-ene (9)

A  A

| A ^ -
10 11 13 12

I I
N . ^A A A

----- J  OH

17

OH I  “  |

0  ^ 0  ^ 0  , . 0  OH

i x p C T ^ '  r v p O r ó \ > ^  r A r ^ X ^ - o H  r X X T X A 1 '-

A — ‘ A — ' [ J — ' [ J — *
14 15 19 18

\ /  l f \
. ___ A \  .. A \

n A o/ v 7 ''' [ s X y N í A y ¿  A A a

A — -* ( J — * o [ J — i
20 21 16

configuration from 23,S' to 23/¿ (15 to 14) would affect cyclohexene,31 a situation which greatly complicates
the nmr absorption of CH3-21 much more than that of matters. Regular steroid models29“ do not show the
CH3-27 since in 14, the hydroxyl is situated essentially same relative spacial orientations between epoxide and 
in a 1,3-diaxial relationship to CH3-21, a situation methyl group.
known28 to produce a strong downfield shift. The Unfortunately, tosylate formation32 of the most 
change 24B to 24$ (17 to 16) would affect CH3-27 more readily available secondary alcohol, (25$)-5a-spirostan-
than CH3-21. A 16-Hz downfield shift of CH3-21 from 24/f-ol (17), proved abortive as did tosylhydrazone
15 to 14 as well as oxidation of both to the same ketone formation33 and electrolytic reduction34 of the derived
20 confirmed the structure of 14. Lithium aluminum ketone, (25$)-5a-spirostan-24-one (21). 
hydride reduction of the 24-ketone 21, derived from Since ketals are known to be sensitive to acid, we 
alcohol 17, unfortunately afforded 17 as the major considered next the possibility of acid-catalyzed exchange
product. However, the isomer 16 (24$) was obtained of the spiroketal system in a deuterium-containing 
in small yield. medium. A number of workers36-37 have explored

The nmr chemical shift data for all compounds 8 this type reaction but have never applied nuclear
through 21 appear in Table I. We had hoped to magnetic resonance or mass spectrometry to the problem
determine the stereochemistry of both members of each of the location and amount of incorporated deuterium,
epoxide pair by nmr, but results were inconclusive 1,4-Dioxaspiro[4.5]decane (A) shows an nmr absorp-
because, even though there are indications that ring F  tion38 for protons a at 5 1.51; so the “spike” at 1.59 in
is in the form of a half-chair29 and, though ample data
are available for predicting chemical shifts29“ and cou- (31) F. A. L Anet and M. z. Haq, j . i » ,  chem . soc.. 87,3147 uses).
pling constants,30 the way to build a model from which to (32) (a) Reference 5f, p 770; (b) P. S. Wharton and G. A. Hiegel, J .

calculate is net clear owing to the possible inversion 0(„
of ring F  from one half-chair to another as m the case of 98j 3236 (1905).

(34) L. Throop and L. Tokés, J .  Amer. Chem. Soc., 89, 4789 (1967).
(35) Reference 16a, especially pp 293 and 296.

(28) K. Tori and T . Komeno, Tetrahedron, 21, 309 (1965). See especially (36) R . K . Callow and P. N. Massy-Beresford, J .  Chem. Soc., 2645
p 318 (1958).

(29) (a) K . Tori, T . Komano, and T . Nakagawa, J .  Org. Chem., 29, 1136 (37) R. B. Woodward, F. Sondheimer, and Y . Mazur, J .  Amer. Chem.
(1964); (b) A. McL. Mathieson, Tetrahedron Lett., SI (1933). Soc., 80, 6693 (1958).

(30) (a) Reference 29a, pp 1139-1141; (b) K. Tori, K. Kitahonoki, Y . (38) Sadtler Spectrum No. 430M published by Sadtler Research Lab-
Takano, H. Tañida, and T . Tsuji, ibid., 559 (1964). oratories, Inc., Philadelphia, Pa. 19104.
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T a b l e  I
N u c l e a r  M a g n e t ic  R e s o n a n c e  D a t a  o f  S o m e  S t e r o id a l  S a p o g e n in s 0

,----------------------------------------------------5, ppm, from TM S——  -------------------------------------------■—-
Compd no. Description^ 19 H 18 H 21 H 27 H Other Hc

V  0 .794 0 760 0.95£ ~ 0 .7 7 6  23 H2 1.59
(d, 6 .6 ) (d, ~ 6 )

5 23,23-dibromo- 0.800 0.994 1.229 0.833
(d, 6 .9 ) (d, ~ 6 .6 )

6» 237?-bromo- 0.797 0.797 1.176 0.803
(d, 7 .0 ) (d, 6 .2 )

7» 235-bromo- 0.801 0.883 0.932 0.815
(d, 7 .0 ) (d, 6 .0 )

8 A23 0.803 0.803 0.922 0.874 5.83 (23 H, m, 10 and 2)
(d, 6 .8 ) (d, 7 .2 ) 5.53 (24 H, m, 10)

9 A24 0.791 0.781 1.003 1.600 5.42 (24 H, m)
(d, 6 .7 ) (s)

0.87 0.77 1.16 1.53 pyr (60-MHz nmr)
(d, 6 .5 ) (s)

10 23S,24fl-epoxy-(25S)- 0.799 0.833 0.951 1.047 2.92 (23 H, 24 H, m)
(d, 7 .3 ) (d, 7 .0 ) 3 .4  (26 Hi, m);

4 .5  (16 H, m)
11 23S,245-epoxy-(25S)- 0.803 0.850 0.992 0.992 3 .2  (23 H, 24 II, m)

(d, 6 .8 ) (d, ~ 6 .5 )  3 .3  (26 Ha, m);
4 .5  (16 H, m)

12 24S,2512-epoxy- 0.796 0.761 0.960 1.278 3.21 [24 H, m, d (?), ~ 5]
(d, 6 .4 ) (s) 3.66 (26 Ha, d, 12);

3.83 (26 He, d, 13);
4.35 (16 H, m)

13 2472,25iS-epoxy- 0.788 0.752 0.948 1.365 3.11 (24 H, m)
(d, 6 .6 ) (s) 3.75 (26 Ha, d, 12);

4 .05 (26 He, d, 13)
4 .3  (16 H, m)

14 2312-hydroxy- (2512)- 0.796 0.784 1.104 0.798
(d, 7 .0 ) (d, 6 .0 )

15 23<S-hydroxy-(2512)- 0.802 0.802 0.943 0.813
(d, 6 .9 ) (d, 6 .0)

16 24S-hydroxy-(25iS)- 0 .80 0.77 0.98 0.93 (approximate values)
(d, 6 .2 ) (d, 6 .6)

17 2422-hydroxy-(25S)- 0.795 0.761 0.956 0.870
(d, 7 .0 ) (d, 6 .9)

18 25>S-hydroxy- 0.790 0.768 1.018 1.102 (60-MHz r.mr)
(d, 6 .2 ) (s) 2 .4  (-OH)

19 2512-hydroxy- 0.790 0.758 0.967 1.289 (60-MHz nmr)
(d, 6 .2 } (s) 2 .1  (-0H )

20 23-oxo-(2512)- 0.792 0.769 0.927 0.927 4 .60 (16 H, m);
(d, 6 .9 ) (d, 6 .9 ) 2.85 (20 H, m );

2.42 [24 H, s (?)];
3 .7  (26 H2, m)

21 24-oxo-(25S)- 0.795 0.756 0.958 1.071 4 .3  (16 H, m);
(d, 6 .6 ) (d, 6 .6 ) ~ 2 .4  (23 H„ d, 14);

~ 2 .6  (23 He, d, 14);
25 H under 23;
3 .6  (26 Ha, m, 11 and 11);
3 .9  (26 He, m, 12 and 8)

24 20-deuterio-(2512)- 0.794 0.758 0.951 0.778
(s) (d, 6 .0 )

26 24S,25S-dideuterio- 0.790 0.758 0.952 0.770 4.367 (16 H, m, 7.5, 6.75,
(d, 6 .6 ) (s) and 7 .6 );

1.576 [23 H2, s (?)];
3.338 (26 Ha, d, 6 .9 );
3.448 (26 He, d, 6 .6)

29 (20S,22{,2512)-5a- 0.792 0.792 0.980 0.912 C-21 and C-27 assignment
furostan-26-ol (d, 6 .8) (d, 6 .8 ) could be reversed

33 26£-deuterio-(25.ffi)- 0.796 0.765 0.960 hidden by 26 HD vs. 16 H integrates
(d, 6 .6 ) 18 and 19 ca. 0 .9 -1 .0

37 (2522)-5a-furost-20(22)- 0.796 0.661 1.573 0.930 2.029 (-OCOCH3, s);
en-26-yl acetate (s) (d, 6 .8 ) 4.71 (16 H, octet, 11,

7.5, and 6);
2 .44 (17 H, d, 10);
3.85 (26 H, m, 10 and 6);
3.97 (26 H, m, 10 and 6)
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T a b l e  I 
0Continued)

.-----------------------------------------------------5, ppm, from TM S----------------------------------------------------- ,
Compc no. Description6 19 H 18 H 21 H 27 H Other Hc

38 (25R)-5<*-furost-20(22)- 0.79 0.67 1.58 0.93 (C D W ) 4.73 (16 H, octet,
en-26-ol (s) (d, ~ 6 )  as in 37);

2 .46 (17 H, d, 10);
~ 3 .4 0  (26 H); ~ 3 .5 5  (26 H);

0.766 0.750 1.652 1.102 pyr C-18 and C-19 assign-
(s) (d, 6 .6 ) ment could be reversed

39 (2072,251?)-5<*-spirostan 0.783 0.931« 1.135« 0.778 ~ 2 .0 ( 1 7 H , m);
(d, 8 .1 ) (d, 5 .7 ) 2 .42 (20 H, m);

40 20-acetyl-(2022,2512)- 0.776 0.994 1.343 0.774 2.12 (-COCH3, s);
(s) (d, 5 .6) 2 .83 (17 H, d, 6 .5)

41 20-hydroxy-(20S,2512)- 0.779 0.924 1.356 0.796 4.36 (-OH, s); 4 .5  (16 H, ra);
(s) (d, 6 .0 ) 1.80 (17 H, d, 6 .5 );

3 .6  (26 H, m)
42 A“ <21> 0.785 0.672 5.07 0.796 4 .58 (16 H, m);

(m, 16 (d, 6 .0 ) 2.65 (17 H, m, 7 .5  and 2)
and 2) (long range coupling to

CH2-21)
50 digallogenin (3/3,15/3-diol) 0.853 1.007 0.955 0.798 5 .0  (15 H, m, 4 and 5 .8 )

(d, 6 .9 ) (d, 5 .9)
52 30-acetate 15-one 0.839 0.760 1.017 0.775 2.000 (-OCOCH3, s)

(d, 6 .9 ) (d, ~ 6 )
60 30,12a-diol, A14 0.867 1.112 1.002 0.795 (60 MHz) 2 .7  (8 H, m);

(d, 6 .5 ) (d, 5 .1 ) 5 .53 (15 H, m); 4 .9  (16 H, m)
61 3,12-dione, A14 1.130 1.313 1.042 0.798 5.45 (15 H, m); 4 .75 (16 H, m)

(d, 6 .8 ) (d, 5 .7)
62 A11 0.834 1.038 1.013 0.788 5 .3  (15 H, m);

(d, 7 .2 ) (d, 5 .5 ) 4 .89 (16 H, m)
63 3-ethylene ketal, A14 0.865 1.042 1.008 0.795 5 .3  (15 H, m); 3 .90  (2CH2 ketal, s);

(d, —7) (d. 5 .5 ) 4 .89 (16 H, m)
64 (2572)-5a,140-spirostan 0.756 0.965 0.974 0.782

(66, 140 D) (d, 6 .4 ) (d, 6 .4)
65 3-ethylene ketal, 140 H 0.784 0.966 0.971 ~ 0 .7 8  3.90 (2 CH2 ketal, s)

(d, 6 .7 ) (d, ~ 6 )
67 kryptogenin 0.803 1 038 1.053 0.938 5.342 (6 H, d, 4 .5 )

(d, 6 .6 ) (d, 6 .5)
“ All spectra were determined in deuteriochloroiorm (pretreated with anhydrous sodium carbonate) on a Varian Associates HA-100 

nuclear magnetic resonance spectrometer (tetramethylsilane internal reference) unless otherwise noted, pyr = pyridine-d5; s = singlet 
(not used in the case of 19 H and 18 H which are always singlets); d = doublet; m = multiplet. The value given after the letter 
“d” or “m” is the coupling constant, J ,  in hertz. Chemical shifts of all methyl resonances were determined with the counter incor
porated in the instrument using an expanded scale. 6 All are derivatives of (251?)-5a-spirostan (1). Only the functionalities and/or 
changes of stereochemistry will be noted. « In most cases, the resonances for CHr26 and CH-16 are multiplets at 6 3.4 and 4.4, re
spectively. They will be denoted only if their chemical shifts are noteworthy. i  Run with sodium carbonate in the tube. Immedi
ately after an initial 250-sec sweep from which these data were obtained, a 500-sec sweep was run but showed that the compound had 
cyclized to 39 in the interim. Thus, even a mere trace of acid or even CDCh itself catalyzes the cyclization. e The analagous known 
case of a downfield shift of a methyl resonance caused by steric crowding of one methyl group with another is the 0.076-ppm downfield 
shift of the C-19 resonance of cholestane upon addition of a 20-methyl group. C f. D. A. Schooley, Ph.D. Thesis, Stanford University, 
Stanford, Calif., 1968, p 42. > References 16e and 16g. 0 Reference 16f.

I C ° > O a , - ° k

A, a, 51.51 | |
b, 53.80 [ A ------

H
the spectrum of (25S)-5a-spirostan (I) has therefore 22, R1 = R2 = D;R3 =  H
been assigned164 (see also Table I), in part, to the protons 23, R1 = R2 = R3 = D
at C-23. This signal was greatly reduced in intensity 24, R, = R2 = H; R; = D
after acid-catalyzed exchange in deuterium-containing 25, R, = D; R2 = R3 = H
media.

Thus, when (25i2)-5a;-spirostan (1) was refluxed for 1 acetic acid, afforded 20-deuterio-(25i2)-5a-spirostan 
hr either in acetic acid-OD or in ca. 0.09 N  DCl-EtOD (24, 24%  d0, 75%  di, 1% d2).
with 1% D20 , the 23,23-dideuterio analog 22 was As an additional check on the position of initial 
obtained in 90%  isotopic purity. Continued reflux deuterium incorporation, the equatorial bromide 7 was
gave 20,23,23-trideuterio-(25E)-5a-spirostan [23 (the reduced23 with zinc in ethanol-OD to 23£-deuterio-
C-20 methyl doublet at 0 .9616g collapsed to a singlet, (25S)-5a-spirostan (25, 93%  d i) ; the “spike” at 61 .59
5 0.957)] which, upon mild back-exchange with was found to decrease by 34% , whereas in the di-
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deuterio analog 22 it decreased by 48% .39 In a like three methyl singlets: S 0.758 (C-18), 0.790 (C-19),
manner, the 23,23-dibromide 5 was converted to the and 0.770 (C-27). This experiment provides un-
dideuterio derivative 22. ambiguous support for Kutney’s16g conclusion that, of

In an explanation of the “Iso-Reaction” originally the two methyl doublets in the nmr spectrum of 1, the
discovered by Marker40 in which a (25<S)-spirostan is 0.96-ppm doublet corresponds to the C-21 methyl group
isomerized to a (25i2)-spirostan by the action of dilute and that the one at 0.77 ppm is the C-27 methyl func-
acid, Woodward proposed41 an oxidation-reduction tion.
mechanism which, under acid-catalyzed exchange in In order to establish the configuration at C-25 in the

dideuterio derivative 26, use can be made of the ex- 
tensive tables of Tori and Aono16e (Table II).

' 'r —
\ ^  T a b l e  I I

_____ I dlIute ac,d M e t h y l  R e s o n a n c e s  o f  C e r t a in  E x a m p l e s  o f  t h e  N u c l e a r

• ! M a g n e t ic  R e s o n a n c e  S p e c t r a  o f  S t e r o id a l

H  S a p o g e n in s 166

\  C-25
1 f  \  ' — — Compc  stero- . 8, ppm, from T M S——.

' q  no.“ Substituents chemistry 19 H 18 H 21 H 27 H

Y "  10 3/3-acetate R  0 .83 0.77 0.96 0.78
------- 11 3/3-acetate S  0 .82 0.75 1.09 0.98

H 15 2a,3/3-diol R  0 .87 0.77 0.96 0.79
16 2<*,3/3-diol S  0.87 0.77 1.10 0.98

The Iso-Reaction40 1 7 2a,3/3-diacet,ate R  0 .93 0.76 0 .95 0.78
18 2a,3/3-diacetate S  0.93 0.76 1.10 0.97

deuterium-containing media, would require incorpora- « Reference 16e. 
tion at C-25 as was noted by Callow.36 Using an
exchange procedure a mass spectrometric method, and Between each li  and S  pair, one notes that (a) C-21 is 
calculations all to be published e lse w h e re ,w e  were always downfield from C-2 7 ; (b) C-18 and C-19 do not
able to confirm a 20%  deuterium incorporation at C-2o shift. (c) in the R configuration, C-27 is always between
under C allow s^18* reaction procedure but since c _18 and c _19 while in the s  configuration, it is always
deuterium at C-2o would collapse the C-27 doublet to a downfield from them; (d) in all caseS) the substituents
singlet, we must now prove that the acid-catalyzed ghift c _19 downfield from its position (5 0 .79) in (25«)-
exchange described above actually affords the C-20 5a_spirostan (1). Thus, if the deuteration had pro-
deuteno analog 24 and not a C-2o isomer; that is, that duced mixture f)r had iyen the 25S derivative, the
the 6 0.96 collapsing doublet is, in fact, the resonance of differences would easily be diSCernible by a methyl
y y  , , . , . . singlet downfield from C-18 and C-19. No such signal

To do so we made use of another approach to deu- wag eyident m the tmm of 26. Since cis addition is 
tenum labeling of the spiroketa system the homo- known to 0CCllr in homogeneous hydrogenation,44 the
geneous catalytic deuteration of the A24 olefin 9 since stereochemistry at C-24 is assigned as S  (equatorial
this procedure is known42 not to involve isotopic deuterium as ring F  is drawn in 26).
scrambling in contrast to noble metal ca alysts.43 (25R)-5a-Spirost-23-ene (8) was deuterated in the 
Using tris(triphenylphospho)rhodium chloride42 in ace- game manner iyi 23i,24fdideuterio-(25R)-5a-spiro-

o Z o T ^ - T ’ iWe t  r ? ’ in 7° PUr, y ’ stan :27, 97%  d2) which, upon back-exchange in acetic24(S,25/f-dideuterio-(25i?)-5a-spirostan (26), the nuclear acid; produced 24fdeuterio-(257f)-5a-spirostan (28,
98%  ck).

H T j  K

26
27, R = R 2 = D

magnetic resonance spectrum of which showed a methyl 28 R = H- R, =D
doublet ( J  =  6.6 Hz) centered at S 0.952 (C-21) and

The foregoing data establish unequivocally that the
(39) A mere 13% decrease in the 8 1.59 spike in the spectrum of the C-20 m o n o d e u t e r a t e d  d e r i v a t i v e  2 4  i s  t h e  2 0 - d e u t e n O - ( 2 5 i 2 ) -

deuterated analog 24 indicates that more than just the C-20 and C-23 5a .sp:rostan aild 71 Ot the C-25 analog. ThuS, the rate
protons have this chemical shift. _ A . _ . . & 7

(40) R. E . Marker and E. Rohrmann, /. Amer. Chem. Soc., 61, 846 (1939). Ox RCld“C Rt8.1yZ6(l GXCllRngG is 0-23  C-20
See also reference 8, p 818 ff. C-25.

(41) See reference 37. When C-27 is substituted with an hydroxyl group, XJra-rri««. * • . i ,• , •. •
the reaction may go by a very simple mechanism (see reference 5f, p 765). Having GffGCtGd d G U tG riU m  introduction at pO SltlO H S

(42) W. Voelter and C. Djerassi, Chem. Ber., 101, 58 (1968), and references 20, 23, 24, and 25, WG n G X t turned to C-26. For this 
2-8  therein.

(43) C. Djerassi in “ Proceedings of the Second International Congress
on Hormonal Steroids,” Excerpta Medica Foundation, Amsterdam, 1967, pp (44) J .  A. Osborn, F . H. Jardine, J .  F. Young, and G. Wilkinson, J .
261-268. Chem. Sic. A, 1711 (1966).
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purpose, (25i2)-5a-spirostan (1) was subjected to with which we had to work, the hydroxyl group and the
catalytic hydrogenation in glacial acetic acid with a double bond in rings A and B were not eliminated. As
trace of perchloric acid as promoter to afford45 (20S,- such, this is the only labeled “final product” which is
22^,25f2)-5a-furostan-26-ol (29)46 which was oxidized22 not a complete analog of (25A)-5a-spirostan (1).
to (20S,22£,25,K)-5a-furostan-26-oic acid (30) and then In order to label C-21, we first converted (25/?)-5a- 
reduced with lithium aluminum deuteride ~o the 26,26- spirostan (1) into (20/2,25/2)-5a-spirostan (39, “20-iso-
dideuterio alcohol 31. Oxidation with Collins reagent47 * 3-deoxytigogenin”) using Wall’s63 procedure (see
afforded 25-deuterio-(20*S',22£,25A)-5a-furostan-26-al Scheme II). The intermediates 37 and 38. (25R)-5a-
(32)^ which was cyclized in acid37'49 to 26£-deuterio- furost-20(22)-en-26-yl acetate and the corresponding
(25/?)-5a-spirostan (33). alcohol, respectively, were not isolated during this

procedure but were later prepared separately using 
HH HH acetic anhydride-pyridine with monomethylamine hy-

' ' ■ / — h drochloride as catalyst.54 Of the side products 40 and
i v l i  i i 11 K U O ' )  A *  . formation of the former has precedence in the

CR3OH CH3 R CH3 literature.55
s *  26 2‘ s*  ‘6 ‘ Chromium trioxide oxidation56 of 39 to the alcohol' 1  ' I

H H 41, followed by dehydration56 to (2o/£)-5a-spirost-20-ene
29, R = H 30, R = COJH (42) and homogeneous catalytic deuteration42 afforded
31, R = D ___ 20,21-dideiiterio-(20A,25/f)-5a-spiro.stan (43)67 which

32, -  1 ^ 0  gave 21-deuterio-(25S)-5a-spirostan (44, 98%  di)
0  jj after gentle reflux in dilute hydrochloric acid-ethanol.68

-v ^  \ f z Y  The work so far described has provided a deuterium
. I ^ label for all nuclear positions in rings E  and F  peculiar
^  ̂  [ to steroidal sapogenins. We now turn to rings C and D

------ of the conventional steroid skeleton.
H Desulfurization of thioketals with Raney nickel-

33 deuterium is known21 to be a conventional method of
replacing a carbonyl function by two deuterium atoms, 

Deuterium labeling of steroidal angular methyl although the isotopic purity is frequently rather poor.43
groups, especially of C-1860 and C-19,61 has, in the past, The sapogenin spiroketal is sensitive to some reagents
been difficult and in at least one case required total used to catalyze the thioketal formation49* but Fieser’s
synthesis of the steroid.50 51 Fortunately, the C-21 and use59 of perchloric acid avoids this difficulty. Any
C-27 labels have not proved so. olefin formed upon reduction60 can be eliminated with

(25S)-Spirost-5-ene-3|3,27-diol (34, “isonarthoge- the use of silica gel containing silver nitrate in prepara-
nin”)52 * was converted to the tosylate 35 which, upon tive thin layer chromatography.61 It is upon these
displacement with lithium aluminum deuteride, gave facts that the synthesis of the three deuterated analogs
27-deuterio-(25fi)-spirost-5-en-3/3-ol (36, ‘27-deuterio- 47, 49, and 57 is based.
diosgenin”). Owing to the small amount of material Thus, conversion of (25ft)-5a-spirostan-12-one (45)62

to the ethylene thioketal 46 and desulfurization with 
q deuterio Raney nickel gave 12,12-dideuterio-(25/?)-5a-

^  ^  \  spirostan (47) containing nearly equal amounts of d\
J l q and di species. In a similar manner, after the ketone

f  [ 45 was exchanged in deuteriomethanol containing
sodium deuterioxide21 to give the 11,11-dideuterio 

L I  h analog 48, conversion to the thioketal and desulfuriza-
HO tion with regular Raney nickel produced 11,11-dideu-

34, R = CH.OH terio-(25K)-oa-spirostan (49) of high isotopic purity
35, R = CfLOTs (91%  d2).
36, R = CH.D It is most fortunate that there are naturally occurring

(45) Reference 36, p 2648.
(46) The trivial name19 for this system is “dihydrooseudogenin,” e.g., (53) M. E . Wall and H. A. Walens, J .  Amer. Chem. Soc., 77, 5661 (1955).

•’dihydro-3-deoxypseudotigogenin" (29). (54) We thank Dr. Monroe E. Wall, Research Triangle Institute, Dur-
(47) J .  C. Collins, W. W. Hess, and F. J .  Frank, Tetrahedron Lett., 3363 ham, N. C., for helpful discussion in this matter.

(1968). (55) W. F . Johns, J .  Org. Chem., 29, 2545 (1964).
(43) There is some question about the stereochemistry at C-25 in this (56) (a) M. E. Wall and H. A. Walens, J .  Amer. Chem. Soc., 80, 1984

case. Woodward37 claims that the product is a mixture of the 25R and (1958); (b) M. E. Wall, H. A. Walens. and F. T. Tyson. J .  Org. Chem.. 26,
25S species. Inversion of the original stereochemistry could occur under 5054 (1961).
acidic37 or basic conditions (abstraction of the proton at C-25). Thin (57) Though we could have passed directly from 37 to 41,«b it is fortunate
layer chromatography did show a major and minor product but no attempt that we did not since 39 provided a mass spectrum7»  ,b both quantitatively
was made to separate them since the next step, acid cyclization, should give and qualitatively different from that of 1. In addition, micro thin layer
the same product or product mixture from either compound. chromatography (see the Experimental Section) gave an easy differentiation

(49) (a) C. Djerassi, O. Halpern, G. R. Pettit, and G. H. Thomas, J .  between 1 and 39 (as well as 42) which afforccd a quick solution to the stereo-
Orff. Chem., 24, 1 (1959). (b) Note that I I I  in Woodward’s mechanism37 is chemistry of 43 and 44.
the protenated form of the aldehyde 32. The mechanism for this cycliza- (58) Reference 53, pp 5661 and 5664.
tion is thus given in reference 37, starting with I I I ,  and reading to the left. (59) D. L. Klass, M. Fieser, and L. F . Fieser, J .  Amer. Chem. Soc., 77,

(50) L. Tok4s, G. Jones, and C. Djerassi, J .  Amer. Chem. Soc. 90 , 5465 3829 (1955).
(1968) C. Djerassi and D. H. Williams, J .  Chem. Soc., 4046 (1963).

(51) C. Djerassi and M. A. Kielczewski, Steroids, 2, 125 (1963). (61) (a) E. Dunn and P. Robson, J .  Chromatogr., 17, 501 (1965); (b)
(52) References 5b,e. We wish to express our gratitude to Dr. Yuzo P. J .  Stevens, ibid., 36, 253 (1968).

Nakagawa, Shionogi and Co., Osaka, Japan, for a sample of this material. (62) M. E. Wall and S. Serota, ./. Amer. Chem. Soc., 78, 1747 (19o6).
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Scheme II
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H H H

39 40 41

/  „„ A  CftDD .0  CH,DH ^ 0
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H H H
42 43 44

\   ̂ ^ : T- '  V s - - ' -

< r T
45, R = 0  ' H

S—| OH .OH
46,  R = < J  50,R1= < h 1R 2= < h

47, R=D2 51, Rx =<T ; Ry=<f
Q 'H 'H

p \  /  \  .OAc
f  I------52, R i= <  ; R , - 0

.OAc
48, R = 0  54,R !=< h ;Ri=D2
49, R = H2 h

55,R,=<C ;R,=D,. ''FI
steroidal sapogenins with oxygen functionalities in
almost all positions of the basic skeleton. Thus, 56, R, -  0; R>- D2
3/3-acetoxy-(25fi!)-5a-spirostan-15-one (52), derivable63a 57, R, -  H2; R, -  D2
from digallogenin (50)63 through the acetate 51, led,
after appropriate deuterodesulfurization of its thio- C -ll label 49, is direct base exchange21 of the ketone 52.
ketal 53, to the 15,15-dideuterio-3/3-acetate 54. Re- In fact, such an experiment showed (by mass spectro-
duction of 54 with lithium aluminum hydride followed metric analysis),8a that the rate of exchange at C-14 is
by conventional steps (55 —► 56 57) gave 15,15-dideu- greater than at C-16 which would allow the selective
terio-(2o/i)-5a-spirostan (57). production of either label by proper use of time and

Since isotopic labeling of C-18 seemed to be accessible deuterated (for exchange) or nondeuterated (for back
only through total synthesis and, hence, was not exchange) reagents. However, earlier studies in our
considered worthwhile, we were left with three un- laboratory64 have shown that the C /D  cis ring juncture
labeled positions (C-14, C-16, and C-17) close to the (14/3H) is more stable and the aforementioned exchange,
spiroketal system. An obvious approach to C-14 and therefcre, gives a 14/3-di analog. The situation would
C-16, analogous to the method of preparation of the not pose a problem except that attempted formation of

(63) (a) E . Bianchi, F . Girardi, F . Diaz, R. Sandoval, and M. Gonzales, (64) C. Djerassi, T . T . Grossnickle, and L. B . High, J .  Amer. Chem. Soc.,
Ann. Chim. (Rome), 53, 1761 (1963); also see Chem. Abstr., 60, 12370/ 78 ,3 1 6 6 (1 9 5 6 ); C. Djerassi, L. B. High, J .  Fried, and E. F. Sabo, ibid., 77,
(1964); (b) R . Tschesche and G. Wulff, Chem. Ber., 94, 2019 (1961). 3673 (1955).

2578 J .  O rg. C hem ., V ol. 3 5 , N o . 8 ,1 9 7 0  Faul, Failli, and D jerassi



the corresponding 15-thioketal in the 14/3 series using acid hydrolysis,27’50 gave 14-deuterio-(25R)-5a,140-
the identical procedure employed in the preparation of spirostan (66) of acceptable isotopic purity.
53 led to decomposition of the spiroketal side chain. The introduction of the remaining C-16 and C-17

Labeling at C-14 was effected through the inter- labels starts, in both cases, from the natural product
mediacy of 12,13-seco-30-acetoxy-(25fl)-5a-spirost-13- kryptogenin (67). Sondheimer and collaborators have
en-12-one (58, “ lumihecogenin acetate”) 20b'c'65 which already reported11 the selective reduction of the C-16

carbonyl group to the 160-alcohol 68 (shown to exist as 
the 16,22-hemiketal)70 with sodium borohydride in 

0  _ 2-propanol and subsequent acid cyclization to diosgenin
|| 'l  \ (36, R =  CH3). Repetition of this sequence using

P H  °  deuterated reagents (sodium borodeuteride, 2-propanol-
f |__ J __v OD) afforded 69 and 70, which, after catalytic hydro-

genation of the 5,6 double bond, Jones oxidation,22 and
__)  Huang-Minlon reduction gave 16-deuterio-(25/f)-5a-

jj spirostan (71, 73%  d\, 26%  d2, the extra deuterium being
58 at C-23). The corresponding 20R  compound 72 was

„ prepared in the same manner53 as the unlabeled species

L x h V -  ”
J T I J  1

H .OAc .H  I fie
59, Rt =<; ; R2 =<T 1 .___ ),-

'H 'OH
.O H  .H  JL JL  J  H

60’ R’ - < „  !R- - < oh
61,^=0:112=0 67 

^ ° \  H0\  M

I  ' ' r
I T  —► K P \ 4 ) H

P R  P R
f  T  y *  y

h h
H 68, R = H 70, R = D

62, R = H2 69, R = D 71, R = D, no unsaturation or
0 —| oxygenation in rings A, B

63, R = /  _

------1 H
J J R2 72,020 isomer of 71

H
64, R! = H,: R, = H Kryptogenin (67) also appeared to be the most

0—, suitable starting material for labeling C-17. Ex-
65, R, = (  ;R, = H

o —
hydrogenated products arise due to diimide formation known68 to occur

66, R i =  H 2; R 2 =  D under the strongly basic reaction conditions.
(67) The proof that the ethylene ketal of 63 and 66 is at C-3 and not at 

C-12 will not be detailed here. The nmr spectrum of both the 0 - 3 ^  and 
. . , . C-12 ethylene ketal [Z. Pelah, D. H. Williams, H. Budzikiewicz, and C.

was transformed according to published2015'0 procedures Djeras3i, j . Amer. Chem. soc., 86, 3722 (iogd 1 of (25R)-5a-sPiro9tan were
to 33-aCetOXy-(25R)-5a-SpiroSt-14-en-12a-ol (59). Sue- run and showed unequivocally that 63 and 66 are substituted as shown.

cessive lithium aluminum hydride reduction to the diol ” . “  Bhact Pnd
60, Jones oxidation22 to the diketone 61, and Huang- D. H. Williams, ‘‘Applications of nmr Spectroscopy in Organic Chemistry-
Minion reduction afforded (25R)-5a-SpirOSt-14-ene Illustrations from the steroid Field,” Holden-Day, Inc., San Francisco,

(62)66 which, upon deuteroboration with subsequent CB(M) W ^ IL F ^ rfo rm e d  initial small-scale studies on the sequence 59 -
60 —► 61 but large-scale work on the sequence 59 —► 62 was done by Dr. Erich 
C. Blossey in our laboratory in connection with another problem during

(65) We express our gratitude to Dr. Peter Blacon, University of his 1968 summer sabbatical leave from Rollins College, Winter Park, Fla.
Strathclyde, for a generous supply of this substance. (69) E . J .  Corey, W. L. Mock, and D. J .  Pasto, Tetrahedron Lett., 347

(66) Of the side products 63-66,67 the 3-ethylene ketals were surely (1961).
formed during the first of two successive runs of the Huang-Minlon reduction (70) St. Kaufmann and G. Rosenkranz, J .  Amer. Chem. Soc., 70, 3502
in which ethylene glycol instead of diglyme was used as solvent.68 The (1948); F . C. Uhle, ibid., 83, 1460 (1961).
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change at positions 15, 17, 20, and 23 of kryptogenin Experimental Section73
(67) followed by cyclization, as above, with undeu- Bromination of (25fl)-Sa-Spirostan>«*.-Bromine (324 mg) in 
terated reagents and subsequent acid back-exchange of benzene (3 . 5  ml) was added quickly to a solution of (25R)-5a-
deuterium at C-20 and C-23 should yield a 15,15,17- spirostan (1, 403 mg)74 in benzene (50 ml) through which dry
trideuterio analog. In point of fact, that was the hydrogen bromide gas had been slowly bubbled for 5-10 sec
accomplished scheme except that the initial exchange
could be done only with acetic acid-OD on the ell afforded 516 mg of an orange solid, separated by Rtlc twice 
acetate of 67. Exchange of kryptogenin with strong with benzene (30)-n-hexane (70) to give three bands, average
base ( e .g .,  NaOH) gives fesogenin (73)4 and with hy- R i 0 .52 ,0 .41,0 .32 (band width ca . 0.08 on same scale).
drochloric acid in methanol, bethogenin (74).4 , A h, ê gheSt £ f f ia1’. recy stall-:zed from acet°ne- affô d23,23-dibromo-(25i?)-5a-spirostan (5, 99 mg): needles, mp 174- 

178.5° dec. A  second Rtlc [three times, benzene (15%)-ii-hexane 
(85%)] and two recrystallizations from acetone gave the analyti- 

22 / -0  /OH cal sample: needles; mp 185.5-186° (vac); ir“ ( practically
1 | [ identical with that of 23,23-dibromosapogenins in the literature;75

[a]D —100° (c0.755). (See Tables I and II I  for nmr data.)
I T  C H 5  A n al. Calcd for C2,H„Br20 2: C, 58.07; II , 7.58; Br, 28.62;

------- mol wt, 558.44. Found: C, 57.86; II, 7.57; Br, 28.39; mol
| I A wt, 556, 558, 560 (“ triplet” from a Br2, mass spec.).

pj0 The middle band ( IIi 0.41) was identified as 23fl-bromo-(251?)-
5a-spirostanI6f'76 (6 , 69 mg): needles; mp 224-226° dec (acetone,

73 change of form from 215-217°) (lit,1** mp 215-217° and mp 225-
,'Ov 226°); 1168, 1090, 1071, 1040, 1018, 985, 971, 962, 910, 884,

N -------\  854,710,691,665 cm -1; [a]M-*°D -9 5 °  (c 0.970) (lit. 161 -8 7 .4 ° ) .
1 o  ^  A n a l. Calcd for C27H,3B r0 2: C, 67.62; H, 9.04; Br, 16.66;

| p . mol wt, 479.53. Found: C, 67.54; H, 9.01; Br, 16.48; mol
J L / , ------ ■ 3 wt, 478, 480 (“doublet” from Br, mass spec.).

| 1 The lower band (lit 0.32) yielded 23S-bromo-(2S77)-Sa-
“  spirostan16f’76 (7, 132 mg): needles; mp 196.5-197° with decom-

HO position (vac) (lit.1«' 193-194°); p“ r 1175,1054, 1010, 1002, 944,
74 914, 893, 862, 763, 730, 659 cm“1; [«]2«-3°n -5 2 .4 °  (c 0.667)

(lit.1«' -6 4 .3 ° ) .
A n al. Calcd for C27H)3B r0 2: C, 67.62; H, 9.04; Br, 16.66;

r a  mol wt, 479.53. Found: C, 67.61; II, 8.89; Br, 16.68; mol
T h u s, exchange of kryptogenin d iace ta te  in  refluxing wt> 478> 4 g 0  rdoublet>. from Bl,  mass spec0.

ace tic  acid-O D  followed b y  selectiv e  reduction of th e  The original procedure, 23 modified to include fast addition
C -16  ketone to  the corresponding alcohol, basic  hyd roly- of the bromine and ice-water cuench after five min, affords a
sis of the acetates, and acid cyclization gave 15,15,17- quantitative yield of a 1 : 1  mixture of 6  and 7.
trideuterio - (25R) - spirost- 5 - en - 3/3 - ol (75). T h e  un- (25Ah5u-Spirost-23-ene (8 ) ^ T °  a stirred solution a N,

satu ratio n  and oxygenation m  rings A and B  w as re- mmol) in dry benzene (25 ml) and DM SO (18.7 ml) was added
moved as described above in the preparation of the C-16 '_____
label to give 15,15,17-trideuterio-(25I2)-5a-spirostan
(76) of poor isotopic purity which, however, proved block cxcept for those labeled ..vac- which were run in sealed, evacuated
Satisfactory for mass spcctromctric purposes.18a tubes. The infrared spectra were determined in chloroform, unless other

wise noted, on a Perkin-EImer 421 grating spectrophotometer using sodium 
chloride cavity cells. Optical rotations, optical rotatory dispersion measure
ments, (Durrum-JASCO Model ORD-5 spectropolarimeter) and circular 

. 0  dichroism measurements (Durrum spectropolarimeter with CD attach-
s,,'v_____ \ _____________  ment) were determined, unless othersise noted, in chloroform by or under

I D  i  \  direction of Mrs. R . Records. Nmr spectra (see Table I) were determined
by Dr. Lois Durham and associates, notably Drs. M. Bramwell and T . 
Nishida. The mass spectra18* were measure:! by Mr. R. G. Ross and Dr. 

/  i 'T» Nuffield employing an A .E.I. MS-9 spectrometer (see ref 18a for
' .L u  details) Analytical thin layer chromatography [Atlc] was performed using

n  u  microslides coated by dipping in chloroform /silica gel slurry; these were
75 5-en-30-ol developed by spraying with 2%  ceric sulfate in 2 N  sulfuric acid followed by

’ ^  . heat charring. Preparative thin layer [Ptlc] used a 1-mm-thick silica gel
76, n o  unsatui atio n  Ol layer, the sample application method of Monteiro [H. J .  Monteiro, J .

O xygen ation  in  1'ingS A, B Chromaiogr., 18, 594 (1965)] and defection by “hot wire” [a simplified
version of that of J .  L. Bloomer and W. R . Eder, ibid., 34, 548 
(1968)] and ultraviolet light. Solvent mixtures are given in parts per hun
dred. When repetition thin layer (Rtlc) was used, the number (N) of times 

In summary, the present work describes, for the first the plate was run is denoted by N X. Silver nitrate plates61 (10% of weight 
j *___ ___ j  p i . __ • i i r  r 11 of silica gel) were detected by a thin strip of ceric sulfate solution which wastime, procedures for extensive isotopic labeling of those heated by proximity t0 the hot wSre. In all cases, silica HF-254 (e . Merck
positions of the steroidal sapogenin skeleton which AG, Darmstadt) was used. All microaaalysea were by Messrs. E. Meier and

differentiate it from the conventional steroids on which J
i  • , . ■, ,  i ■, ,  , (74) J .  Romo, M. Romero, C. Djerassi, and G. Rosenkranz, J .  Amer.

so m uch isotopic labeling has alread y been  accom - Chem. soc., 7 3 , 1528 (1951).
plished in our laboratory.50'72 Virtually all of these (75) Compare with M. E . Wall and H. W. Jones, ibid., 79, 3222 (1957). 

procedures lend themselves to introduction not only of A v A A bandF A 43c” / l0 ,'our* 'j  - - .  . . . . .  (76) Because of Atlc, we feel that cur twe 23-monobromospirostans are
d e u t e r i u m  b u t  a ls o  o l  t r i t i u m  b y  s u b s t i t u t i n g  t h e  ap- the most pure yet described. A private communication from Dr. J .  C. 
p r o p r i a t e  r e a g e n t s .  Knight (see reference 16f), now at Arizona State University, Tempe, as

well as samples kindly sent by him, indicate (Atlc) that their sample of the 
23S-bromide is contaminated with the 23R ; the latter is less soluble and, 
thus, would be precipitated first in a fractional crystallization. Our ex-

(71) Other reagents which we investigated were AcOD -D Br, KH COr- perience, in opposition to literature reports,76 has been that the 23R isomer
D2O—EtOD , KHCOi—D2O—MeOD, D1PO4—DCI/D2O, DC1—D2O—(CH«)2 will isomerize in solution, with a trace of acid, to the 238 isomer but that
CHOD. the reverse does not occur. Melting points are not a good criterion of

(72) L. Tok^s and C. Djerassi, J .  Amer. Chem. Sor., 91, 5017 (1969). purity.16*
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potassium i-butoxide (245 mg, 2.18 mmol, ca . 0.05 M  solution T able I II
in base). After 90 min, the reaction was quenched by adding c T,
water, 1ml 10% (aqueous) HC1, and ether. E ffects of Substituents in R ings D, E , and F  upon the

The usual procedure gave a quantitative yield of (25E)-5a- ositions of the Methyl Signals in (2o/?)-5qt-Spirostans
spirost-23-ene (8 ): flakes; mp 176.5-177.5° [chloroform (or ether) '------------------- Shift value, ppma------------------- s
-methanol); rma* 1650 (C = C ), 1174, 1076, 980, 921, 878, 859 ' Substituent 19 H 18 H 21 H 27 h Compd
cm '1; W 25-2°d -6 5 .9 °  (c 1.001). A146 0 .04  0.28 0.06 0.01 62

A n a l.  Calcd for C27IR 2O2: C, 81.35; H, 10.62; mol wt, 14/S1I —0.04 0.21 0.02 0.01 64
398.61. Found: C, 81.03; H, 10.52; mol wt, 398 (mass 15/3-OH6 0 .03 ' 0 .25 ' 0 .00  0.02 50
sPec-)- . . , 15 keto6 0 .0 0* 0.00d 0.06 0 .0 0  52

5a-Spirost-24-ene (9).—A solution of equal amounts of the 23- ¿20(21) _0 01 — 0 09 0 02 42
monobromides, 6 and 7, (2.07 gm, 4.32 mmol), plus potassium 9 n , n n 9  nn
i-butoxide (1.93 gm, 17.28 mmol, solution 0.35 M in base) in 9 i r ‘ ' I  t  ' 0 0 2 2 4
dry benzene (30 ml) and DMSO (20 ml) was initially stirred 0/c-Cn3 0.01 0.17 0.18 0.00 39
under nitrogen at 54° for 90 min after which the temperature 20/f-acetyI —0.02 0.23 0.40' 0.00 40
was slowly raised to 90°. After 13 hr, the dark red solution 208-OH —0.02 0.16 0.40 0.02 41
was extracted with ether-10% HCl-water giving 1.5 g of a A23 0.01 0.04 —0.03 0.10 8

yellow oil. Column chromatography on Florisil (1:100) using 23/f-Br* 0.00 0.04 0.22 0.03 6

increasing concentrations of benzene in n-hexane afforded (10- 23<S-Br6 0.01 0 12 0 08 0 04 7
20% benzene) 5<*-spirost-24-ene (9, 762 mg, 4a% ): needles, 23 23-Br,/ 0 00 0 23 0 27 0 06 5
spars, or fine dusters; mp 191.5-192° (vac, chloroform-meth- 23E,24ff-epoxy 0.01 0.07 -0.01 0.27 10
anol); rmax (no C=C shows), 1175, 1159, 1068, 1009, 999, 977, 2 3S 24S enoxv 0 01 0 09 0 04 0 2 2  11
896,887,870 cm-1; [«]d -88.8° (c 1.002). P y U U 1  0 4  2 2  1 1

A n a l . Calcd for C27IR2O2: C, 81.35; H, 10.62; mol wt, 23E-OH6 0.00 0.02 0.15 0.02 14
398.61. Found: C, 81.14; H, 10.47; mol wt, 398 (mass 23S-OIT> 0.01 0.04 - 0 .0 1  0.04 15
spec.). 23 keto 0.00 0.01 - 0 .0 3  0.15 20

5a-Spirost-24-ene (9) from (25A)-5a-Spirost-23-ene (8 ).— A246 0 .00 0.02 0.05 0 .82 ' 9
(25E)-5a-Spirost-23-ene (8 , 7.6 mg, 0.019 mmol) and potassium 24S,25E-epoxy 0 .0 0  0 .0 0  0 .0 0  0.50« 12

f-butoxide (9.2 mg, 4.3 molar excess) were slurried in dry DMSO 24E,25S-epoxy —0.01 —0.01 —0.01 0 5 9 '  13
(3 ml) and stirred at 107° in a nitrogen atmosphere. After 17 24S-OII 0 01 0 01 0 02 0 15 16
min, Atlc [benzene (70%) n-hexane (30%)] showed complete 24E-OH 0 00 0 00 0 00 0 09 17
conversion to 5«-spirost-24-ene (9). Extraction with ether- 0 . , ,j*i i ■ u  c . ■ u 24—keto 0.00 0.00 0 .00 0.30 21very dilute HCl-water gave a quantitative yield of the trisub-
stituted olefin 9 whose structure was confirmed by mass spec- 2o8-OH 0 .00 0.01 0.06 0 .33 ' 18
trometry.18“ 25.R-OH 0.00 0 .00 0.01 0 .51 ' 19

Epoxidation of (25/£)-5a-Spirost-23-ene (8 ).—An approximately 25-di 0 .00 0 .00 0.00 —0.01 ' 26
equimolar mixture of 23S-bromo(25E )-5<x-spirostan (7) and 0 Positive number indicates a downfield shift. Values are
(25A)-5a-spirost-23-ene (8 , 500 mg, 1.26 mmol) was dissolved rounded to nearest hundredth ppm. Base values are the reso-
in chloroform (16.8 ml) to which was added 522 mg of m-chloro- nances of (25E)-5a-spirostan (1 ) (5): 0.799 (19 H); 0.765 (18 H);
perbenzoic acid (min: 85% pure, 2.58 mmol; solution ca . 0.15 0.956 (21 H); ~0.776 (27 II). 6 Compare with the values given
M  in peracid). After stirring in the dark at room temperature in reference 16e. 'A fter subtracting the value due to the 3/3-
for 79 hr, extraction with ether-carbonate afforded a semicrystal- hydroxy group (see reference 16e). d After subtracting the
line solid (1.11 gm) separated by Rtlc [five times, benzene (70% )- value due to the 3/3-acetoxy group (see reference 16e). '  Singlet.
71-hexane (30%)] to give (before crystallization) the bromide 7 f  By direct measurement, not from addition of values from 6 and
(567 mg), a trace of the starting olefin 8 and the two epoxides: 7.
23/i!,24A-epoxy-(25S)-5a-spirostan (10, higher R i isomer, 215 
mg, 41% ): needles and clusters: mp 203-206° (chloroform-
methanol); Fma* 1157, 1068, 1040, 999 , 971, 356, 880 , 866, Lithium Aluminum Hydride Reduction of the Epoxide 10.— 
820 cm-1. 23E,24iS-Epoxy-(25)S)-5ci-spirostan (10, 62 mg) and lithium

A n a l. Calcd for C27H420 3: C, 78.21; H, 10.21; mol wt, aluminum hydride (134 mg) were stirred for 24 hr in refluxing
414.61. Found: C, 78.29; H, 10.04; mol wt, 414 (mass TH F and the excess reagent decomposed with 1% (aqueous)
spec.). HC1, followed by isolation of the product with ether affording

23iS,24/S-Epoxy-(25/S)-5a:-spirostan (11, lower Ri isomer, 136 66 mg homogeneous material. Recrystallization from et-her-
mg): spars; mp 187-191° (ether-methanol); »wx 1161, 1124, methanol gave (25E)-5a-spirostan-23E-ol (14): mp 191-196°;
1065,1031,994,977,958,933,880,886,840 cm-1. rmsx 3584 (-OH), 1172, 1095, 1043, 1002, 975, 962, 939,904,

A n a l .  Calcd for C27IR 2O3: C, 78.21; H, 10.21; mol wt, 861cm -1.
414.61. Found: C, 78.22; H, 10.22; mol wt, 414 (mass A n a l. Calcd for C27H440 3: mol wt, 416.62. Found: mol
spec.). wt, 416 (massspec.).

Epoxidation of 5o:-Spirost-24-ene (9).—A solution of the olefin Lithium Aluminum Hydride Reduction of Epoxides 11, 12,
9 (1.146 g, 2.88 mmol) and ra-chloroperbenzoic acid (1.17 g, and 13.—Similar reduction of epoxide 11 (26 mg) gave, after
2 mclar excess) in chloroform (20 ml, 0.30 M  in peracid, diluted Rtlc [four times, EtOAc (10%)-n-hexane (90%), trace of pyri-
to 40 ml, 0.15 M , after 1 hr) was stirred at room temperature dine], the following alcohols. (25S)-5a-spirostan-24/f-ol (17, 
in the dark for 24 hr and then treated as above. Careful column 13 mg): spars; mp 208.5-209.5° (vac, methylene chloride-
chromatography (activity I I I  alumina, n-hexane through 50% methanol); rmax 3490 (-OH, internal H bonding with ring-E
benzene) gave the two epoxides. 24S,25R-epoxy-(25fi)-5a- oxygen), 1170, 1128, 1072, 1052, 1031, 1014, 990, 962, 918,
spirostan 12, 494 mg, 41.5% , from n-hexane fractions only): 876,850 cm-1; [a]25-4°d —79.6° (c 1.002).
needles; mp 242-244° (vac, chloroform-methar.ol); vmB.i 1240, A n a l. Calcd for C27H«0 3 : C, 77.83; H, 10.65; mol wt,
1170 ,1110 ,1071 ,1 0 4 0 ,1 0 1 0 ,9 7 0 ,8 9 8 ,8 7 3 ,8 3 9  cm-1; [a]26-2°D 416.62. Found: C, 78.12; H, 10.56; mol wt, 416 (mass
-7 8 .6 °  ( c l .005). spec.).

A n a l. Calcd for C27IL 2O3: C, 78.21; H, _0.21; mol wt, (25/?)-5a-Spirostan-23S-ol (15, 4 mg before recry.stallization):
414.61. Found: C, 77.92; H, 10.11; mol wt, 414 (mass very fine needles; mp 163-168 (ether-methanol); 3560
spec.). (-OH), 1087, 1056, 1017, 996, 986, 956, 937, 909, 890, 855

24A,25S-Epoxy-(25S)-5a-spirostan ( 1 3 , 3 5 3  mg, 29.6%, cm-1,
fractions 10% through 50% benzene in n -hexane): flakes; mp A n a l. Calcd for CnH^Cb: mol wt, 416.62. Found: mol
242-245° (vac, methylene chloride-ethanol or neat methanol); wt, 416 (mass spec.).
j»max 1240, 1170, 1125, 1058, 1044, 1003, 970, 909, 877, 860, 248,25E-Epoxy-(25B)-5a-spirostan (12, 303 mg) gave only
813cm -1; [a] 26-7° d - 69.6° (c 1.004). (25S)-5a-spirostan-25-ol (18, 264 mg crude yield, 8 6 .8 % ):

A n a l. Calcd for C27H420 3: C, 78.21; H, 10.21; mol wt, needles or plates; mp 172^  (vac, methanol); rmax 3575 (-OH),
414.61. Found: C, 78.18; H, 10.12; mol wt, 414 (mass 1170, 1102, 1075, 1050, 1037, 973, 964, 933, 8 8 6 , 844 cm-1;
spec.). [a]28-2°d -7 3 .7 °  (c 1.002).
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A n a l. Calcd for C27H(.,03: C, 77.83; H, 10.65; mol wt, gave the d2 derivative (2 2 , di 9% , d2 85%, <f3 6 % ) . 83 A solution
416.62. Found: C, 77.69; H, 10.57; mol wt, 416 (mass of (25fl)-5a-spirostan ( 1 , 303 mg)74 in AcOD (50 ml) was re-
spec.). fluxed for 168 hr, poured into ether, neutralized with sodium

Reduction of 24R,25S-epoxy-(25jS)-5o!-spirostan (13, 244 mg), hydroxide and treated as above. Recrystallization (ether-
afforded, after column chromatography (activity I I  alumina methanol), Ptle [EtOAc (15%)-n-hexane (85% )], sublimation
1:125, 50-50 benzene-n-hexane to neat benzene), (2 5 S )-5 a -  [110°, 3 X  10_s mm] and another recrystallization gave the
spirostan-24/i-ol (17, 112 mg before crystallization, 45.7% , see do derivative (23, 80 mg, mp 173.5-175°, di 14%, d 2 45%,
physical constants above) and (25/?)-5a-spirostan-25-ol (19, 91 da 41% ) which, upon reflux in acetic acid-OH for 1 hr gave 2 0 -
mg before crystallization, 38.0% ): flakes; mp 174-177° (meth- d1-(25ff)-5a-spirostan (24): d0 24%, d, 75%, d2 1% ; mp 172-
anol); rmax 3592 (-OH), 1171, 1133, 1058, 1028, 1017, 959, 917, 175° (ether-methanol); rma3t 1257, 1235, 1151, 1055, 1010, 978,
8 6 8 , 843 cm“1; [a]M-4°D -7 4 .0 °  (c 0.986). 910, 890, 860 cm "1.

A n a l. Calcd for C rJR Fh: C, 77.83; H, 10.65; mol wt, Reduction of 23,S’-Bromo-(25R )-5a-spirostan (7) with Zinc
416.62. Found: C, 77.42; H, 10.50; mol wt, 416 (mass spec.). and Ethanol-OD.—A vigorously stirred mixture of the equatorial

(25R )-5a-Spirostan-23-one (20).— Jones reagent77 (0.1 ml, bromide 7 (201 mg) and dried zinc powder (808 mg) in ethanol-
degassed with nitrogen) was added, in a nitrogen atmosphere, to a OD79 (50 ml) was refluxed under nitrogen for 4 days and allowed
stirred ice-cold solution of the 2372-alcohol 14 (55 mg) in acetone to cool over a 12-hr period. The usual treatment provided
(50 ml, KMnCh distilled). After 20 min, the reaction was 23{-di-(25If)-5a-spirostan (25): mp 172-175° (ether-methanol);
quenched with 2-propanol and the product isolated with ether. do 7%, di 93% ; rma* 1255, 1233, 1171, 1087, 1027, 978, 955, 892,
Ptlc purification [benzene, trace pyridine] and two crystalliza- 8 6 6 , 856, 818 cm-1.
tions from methylene chloride-methanol yielded (2 5 R )-5 a -  Reduction of 23,23-Dibromo-i25/i)-5«-spirostan (5) with Zinc 
spirostan-23-one (20): flakes; mp 196-198.5; rmajc 1730 (C = 0 ) , and Ethanol-OD.—A mixture of the dibromide 5 (33 mg) and
1117, 1046, 1021 1001, 957, 912, 859, 850 cm -'; ORD (c 0.070, zinc dust (264 mg) in ethanol-OD79 (16.5 ml) was refluxed for 3.5
dioxane), [o+so —43°; [a] 330 +472°; [a]28o- .282 — 1127°; [a] 265 days and treated as above. Ptlc [benzene] and then Rtlc
— 1042°; [a]24o —1212°; [a]27-3°D —43° (c 0.070, dioxane, dif- [three times, benzene (50%)-n-hexane (50%)] afforded 23,23-
ferent determination from ORD). ¿2-(2572)-5a-spirostan (22, 8  mg): mp 171-174° (ether-meth-

A n a l. Calcd for C27H420 3: C, 78.21; II, 10.21; mol wt, anol): do 4% , di 52%, d2 44%. Side products were not inves-
414.61. Found: C, 78.04; H, 10.12; mol wt, 414 (mass spec.). tigated.

In the same manner, the 23£-alcohol 15 (4 mg) was oxidized 24F,25R-d2-(25R)-5a-Spirostan (26).—5a-Spirost-24-ene (9, 
to the ketone 20 which was identified as the material described 30.5 mg), tris(triphenylphospho[rhodium chloride42 (72.1 mg) and 
above by an identical infrared spectrum. a magnetic stir bar were placed in an atmospheric hydrogenation

(25>S)-5«-Spirostan-24-one (2 1 ).—A similar Jones oxidation77 flask and the system flushed well with deuterium gas. Acetone
of (25iS)-5a-spirostan-247J-ol (17,13 mg) gave (25S)-5a-spirostan- (10 ml) was introduced and the solution stirred with intermittent
24-one (2 1 ): needles and spars; mp 209-212° (methylene chlo- bubbling of deuterium through the clear, dark red liquid. After
ride-methanol); rm„  1716 (C = 0 ) , 1155, 1054, 990, 954, 876 an initial few hours of stirring, a tan precipitate appeared which
cm-1; ORD (c 0.104, dioxane), [a] 539 —76.8°; [a]3i2 —797°, eventually turned black. After 4 days, Atlc [benzene (70% )—
trough; [a]305-303 —701°, shoulder; [a] 274 + 384°, peak; [<*]24o ra-hexane (30%)] showed quantitative conversion to the satura-
+  134°; [a] !6 >,d —59° (c 0.104, dioxane, different determination ted nucleus. The mixture was filtered, the solvent evaporated
from O RD); [a] 24 S°D —73.9° (c 1.001, CHC13). in  vacno, and the residue purified by Ptlc (benzene) to give, after

A n a l. Calcd for C27H420 3: C, 78.21; H, 10.21; mol wt, crystallization, 24S,25R-d2-(25R)-5a-spirostan (26, 12.5 mg):
414.61. Found: C, 78.28; H, 10.20; mol wt, 414 (mass mp 170-172.4° (ether-methanol); d2 97%, d3 3% .
spec.). 24£-di-(25/? )-5a-Spirostan (28).—Similar homogeneous re-

Lithium Aluminum Hydride Reduction of 24-Ketone (21).— ducticn of (25R )-5a-spirost-23-ene (8 , 20.0 mg) gave 23J,241-
Reduction in TH F (3. 6 6  hr) of (25S)-5a-spirostan-24-one (21, d2-(25ffi)-5a-Spirostan (27, 6  mg, mp 171-173.6°; d\ 2% , d2
ca . 14 mg) and purification by Ptlc [EtOAc (15%)-benzene 97%, d 3 1%) which was refluxed in acetic acid-OH (2 ml) for
(85%)] yielded mostly alcohol 17 (infrared and nmr comparison) 1 hr giving, after two recrystallizations from ether-methanol,
together with a few mg of (25S)-5a-spirostan-24S-ol (16): gmal 24£-+-(25R)-5«-spirostan (28): mp 170-173°; d, 98%, d 2 2% .
3590 (-OH), 1730 (trace of carbonyl), 1150, 1101, 1021, 978, (20S,22E25R)-5a-Furostan-26-ol (29).— (25E)-5a-Spirostan (1,
957, 875 cm-1; for nmr see Table I. Calcd for C27H44 0 3: 203 mg)74 was hydrogenated in a Paar shaker at 32 psi for 71
mol wt, 416.62. Found: mol wt, 416 (mass spec.). hr over platinum dioxide (106 mg) in glacial acetic acid (40 ml) ac-

Acid-Catalyzed Exchange of (25/f )-5a-Spirostan ( 1 ). A. tivated with 60% perchloric acid (5 drops). After filtration and
Deuterium Chloride78-Ethanol-OD ,79—A solution of (25R )-  extraction with ether-NaOH, the residue (224 mg) was subjected
5a-spirostan (1, 100 mg)74 and 9.2 N  DC1-D20  (0.5 ml) in ethanol- to basic hydrolysis and purified by Ptlc [EtOAc (30%)-benzene
OD (50 ml) was refluxed for 1 hr and then allowed to stand at (70%), trace of pyridine] to give a 95% yield of (2 0 S ,2 2 £ ,2 5 R -
room temperature for 4 hr.80 D20  quenching of one-half the 5a-furostan-26-ol (29): mp 95-96° (sublimed); > w  3620 (-OH,
solution and extraction with ether-bicarbonate gave 23,23-d2- free), 3415 (-OH, polymeric), 1163, 1094, 1033 (broad), 962
(25E)-5a-spirostan (22, 37 mg, 74%, after crystallization): cm '; the normal sapogenin bands14b'c are entirely gone; [<*]27-2°d
mp 172-174° (ether-methanol); d, 4% , d2 90%, d3 6 % ; 81 rmax + 5 °  (c 0.718 dioxane).
1273,1172,1124,1096 ,1067 ,1025 ,998 ,969 ,906 ,865 ,821  cm -1. A n al. Calcd for C27H460 2: C, 80.54; H, 11.52; mol wt, 
The rest of the solution was refluxed for an additional 13 hr. 402.64. Found: C, 80.21; H, 11.27; mol wt, 402 (mass
Treatment as above gave an 8 8 % recovery of 20,23,23-d3- spec.).
(25S)-5a-spirostan (23), d2 51%, d3 49% ; all “d3” at C-20.18* 26+  -(20S,22(,25/?)-5a-Furostan-26-al (32).— Jones77 oxida-

B. Acetic Acid-OD.8!— (25S)-5a-Spirostan (1, 51 mg)74 wras tion of 145 mg of the alcohol 29 afforded (20S,22£,25.ft)-5a-
refluxed in acetic acid-OD (6  ml) for 1 hr, cooled, and half of the furostan-26-oic acid (30) which was not further purified but re
solution was poured into water. Treatment as in part A (above) duced directly with lithium aluminum deuteride in TH F. The

resulting 26,26-+-(20S,22(,25/?)-5a-furostan-26-ol (31, 126 mg) 
was also used directly. Collins reagent (252 mg, 0.98 mmol) 47

(77) C. Djerassi, R. R. Engle, and A. Bowers. J .  Org Chem 21 1547 T  dry me‘hylen® chloride (10 ml) was added to a Solution of the
(19 5 6). ' ’ deuterated alcohol 31 (56 mg, 0.14 mmol) in the same solvent

(78) Deuterium chloride, 9.2 N  in D ,o , was prepared by slow addition (® an  ̂ stirred under nitrogen for 35 min. After filtration
of DjO to freshly distilled phosphorous oxychloride (POClj) with collection through silica (5% H20 )  to remove the reagent, the oxidation was
of evolved DCl in d 20 . repeated, as above, with 505 mg reagent giving a clear oil shown

(79) A. Streitwieser, Jr ., L. Verbit, and P. Stang, J . Org. Chem., 29, 3706 by Atlc [EtOAc (10%)-benzene (90%}] to be a two component
(1?am V , , , mixture, 48 the main species of which was 26-di-(20S,22£,25.R)-
very slowTomZd w i T t h a t T r e t x .  eXChimge “  ^  temperature is 5a-toostan-26-al^32 33 mg), (mixture) 2058 (strong CD)

(81) All values are calculated from data taken directly from the mass ^   ̂ Cm ’
spectrum and are corrected for natural abundance of 13C, 2H, and 180 .  ______________

(82) Prepared in 4-mol quantity according to G. Binsch and J .  D. Roberts,
J .  Amer. Chem. Soc., 87, 5157 (1965), by adding acetic anhydride (distilled (83) The other half of the solution was evaporated directly. The product
rom sodium) to an equimolar amount of D2O: 99.1%  AcOD; rest is un- showed the same isotopic composition, confirming that water does not

reacted anhydride with a trace of D20 ;  -O D  99.9%  (nmr). adversely effect the label.
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26f-di-(25fl)-Sa-Spirostan (33).—The deuterated aldehyde (257i)-5a-Spirostan 12-Ethylene Thioketal (46 ;.- The 12-ketone
32 (30 mg) was refluxed for 3 hr in absolute ethanol (20 ml) con- 45 (71 mg) was dissolved in ethanedithiol, to which was added
taining concentrated HC1 (2  ml). After standing for 16 hr one drop of 60% perchloric acid, 59 and stirred for 4.5 hr after
at room temperature, ether-carbonate extraction gave a quan- which a little methanol was added. Extraction with ether-5 %
titative yield of the cyclized sapogenin 33. Further purification KOH gave, after crystallization, (25/i)-5«-spirostan 12-ethylene
by Ptlc [benzene] and two crystallizations [ether-methanol] thioketal (46, 41 mg, 49% ): very fine spars; double reproducible
gave 26£-deuterio-(25/f)-5a-spirostan (33): mp 160-162.5°; mp 197-201.5 and 203-204 (ether-methanol); m̂ax (no carbonyl)
do 2% , di 97%, d2 1% ; rmax 1200,1152, 1063, 1044, 1021, 974, 961, 1157, 1094, 1067, 1048, 1005, 979, 961, 918, 894, 857 cm "1;
912, 879 cm-1; nmr integral CH-16 vs. CHD-26 = 1.0/0.9. [a]27-3°D —34.3° (c 0.992).

27-di-(25/f)-Spirost-5-en-3/J-ol (36, 27-di-diosgenin).—Iso- A n a l . Calcd for C29H460 2S2: mol wt, 490.79. Found:
narthogenin-27-monotosylate52 (35, 21 mg, prepared from 12.5 mol wt, 490 (mass spec.).
mg of the diol 3452) was reduced with lithium aluminum deuteride 12,12-d2-(2572)-5a-Spirostan (47).—Deuterio Raney nickel
in TH F. The usual treatment and Rtlc [twice, EtOAc (20% )- (prepared from 1.5 g of Raney nickel catalyst powder)60'84 in
benzene (80%)] to remove some diol, 34, gave 27-di-(25ff)-spirost- ethanol-OD79 (40 ml) was added to the ethylene thioketal 46
5-en-3/3-ol (36): do 1%, d4 90%, d2 8 % ; d3 1%. (10 mg) and the mixture was refluxed under nitrogen for 17 hr

Isomerization at C-20.63 (20/f,25/f)-5a-Spirostan (39).— after which it was Altered and the solvent evaporated in  v acn n .
Using Wall’s procedure, 63 (25if)-5o:-spirostan (1, 2.3 gm)74 was The residue, a white solid, was crystallized from ether-methanol
converted to the following mixture (crystallized yields), separated giving crystalline material (6  mg, mp 170-172°) which was
by Rtlc [twice, EtOAc (7%)-n-hexane (93%), trace of pyridine]; further purified on silver nitrate Ptlc61 [benzene (50%)-n-hexane
Starting material, 1 (15 mg, Rt 0.75). (20/f,25/f)-5a-spirostan (50%)] giving 12,12-+-(25/f )-5«-spirostan (47, 2 mg, analytical
(39, 674 mg, iff 0.63): needles; mp 158-164°, 160-165° (ether- sample); mp 171-173.5° (ether-methanol); do 4% , df 44%, d2

methanol), [lit.62 mp 155-160°]; 1150,1060, 1032, 999, 951, 49%, d3 3% . (Infrared essentially the same as that of 1 .)
914 ,886,849 cm -1; [a]26°D - 5 7 °  (c 1.057) [lit.62 -  54° (dioxane, l l , l l -d 2-(25if)5a-Spirostan (49).— (25if)-5a-Spirostan-12-one
25°)]. (45, 10 mg) , 62 dissolved in a nitrogen atmosphere in a solution

A n a l . Calcd for C27H440 2: C, 80.94; II, 11.07; mol wt, composed of methanol-OD79 (10 ml), D 20  (5 ml), and sodium {c a .
400.62. Found: 0 ,8 0 .9 0 ; H, 11.27; mol wt, 400 (mass spec.). 200 mg) was refluxed for 27 hr and extracted with ether-water.

2 0 - Acetyl- ( 2 0 if ,25i f )-5 «-spirostan (40, 307 mg, iff 0.50): The residue, after Ptlc [EtOAc (15%)-benzene (85% )], was
clusters; mp 220-223.5°; rmai 1700 (C = 0 ) , 1154, 1140, 1059 crystallized from acetone to give an analytical sample of 1 1 , 1 1 -
1038, 1005, 981, 960, 920, 896, 874, 860 cm“1; CD (c 2.78, d2-f25if)-5«-spirostan-12-one (48): mp 196-198.5° (lit .62 193-
dioxane), [0]320 = 0°; [0]2so =  —830°; [0]24O = 0°; [a]27-9°D 199°); di 3% , d2 95%, d3 2% . As in the preparation of 46, the
— 77° (c 1.128). filtrate from this material was converted, in quantitative yield,

A n a l . Calcd for C29IU6O3: mol wt, 442.66. Found: mol to 11,ll-d2-(25if)-5a-spirostan-12-one 1 2 -ethylene thioketal. This
wt, 442 (mass spec.). residue was dissolved in ethanol (15 ml) to which was added W-2

(205,25if)-5a-Spirostan-20-ol (41, 24 mg, iff 0.35) was identi- Raney nickel (c a . 200 mg). After refluxing for 10.5 hr and
fled by infrared and mass spectral comparison with the same standing overnight, the reaction was filtered, the solvent evap-
compound produced in an established way63'56 (see below). orated in  v acu o , and the residue purified on silver nitrate Ptlc60 '84

(25if)-5a:-Furost-20(22)-en-26-yl acetate (37).64—To a re- [benzene], then Rtlc [twice, benzene (50%)-n-hexane (50%)] to
fluxing solution of (25if)-5a-spirostan (1, 202 mg)74 dissolved in a give ll,l l-c i2-(25if)-5a-spirostan (49, ether-methanol): Arlc
1:1 mixture (10 ml) of pyridine-acetic anhydride was added, in a [benzene (70%)]-n-hexane (30% )], do 1%, d\ 8 %, d2 91%.
nitrogen atmosphere, methylamine hydrochloride (340 mg, re- 3/3-Acetoxy-(25if)-5a-spirostan-15-one 15-Ethylene Thioketal 
crystallized from absolute ethanol and dried) and reflux continued (53).—The 15-oxo-3/J-acetate 52 (118 mg)63 was converted, as
for 4.5 hr. The solvents were evaporated in  v acu o  and the re- described for 46, to 3/3-acetoxy-(25if)-5a-spirostan-15-one 15-
maining dark red sludge taken up in methylene chloride which ethylene thioketal (53, 118 mg, 8 6 % ): needles; mp 254-256°
was washed with brine and water, dried (M gS04), and evaporated (ether-methanol); y“ ,' 1728 (C = 0 , acetate), 1178, 1145, 1129,
in  v a cu o . Ptlc [EtOAc (5%)-benzene (95%) plus 2  drops of 1108, 1054, 1024, 977, 952, 907, 893, 862; 790, 737, 721, 687,
pyridine-100 ml solution] afforded a trace of the starting mate- 659, 604 (C-S); [a]26-6°D —92.8° (c 0.973).
rial 1  together with (25ii-5a-furost-20(22)-en-26-yl acetate (37) A n a l . Calcd for 0 3,H4gS20 4: C, 67.84; H, 8.82; S, 11.68;
which could not be crystallized but which was sublimed (117°, mol wt, 548.82. Found: C, 67.79; H, 8.79; S, 11.74; mol
1 X 10-5  mm): mp 69-71° (change of form from powder to wt, 548 (mass spec.).
microcrystals, mp 79°); rmax 1727 (C = 0 ) , 1693 (C = C ),14d 15,15-d2-(257f)-5a-Spirostan (57).—The thioketal 53 (79 mg)
1243, 1032, cm-1; [a] 26-2°d + 20 (c 0.175, dioxane) . 91 was converted to 3/3-acetoxy-15,15-fi2-(25if )-5 a-spirostan (54,

A n a l . Calcd for C29H4603: mol wt, 442.66. Found: mol structure confirmed by spectral comparisons14')  using the same
wt, 442 (mass spec.). procedure as for the preparation of 47. Lithium aluminum hy-

Saponification of 37 gave (25if)-5o:-furost-20(22)-en-26-ol dride reduction of 54 (58 mg) in ether to the alcohol 55 and Jones
(38), »„ax 1685 cm- 1  (C = C ),14d no spiroketal peaks (38 is very oxidation77 of 33 mg of this material gave the corresponding ke-
acid sensitive.) tone 56 which showed a large amount of olefinic impurity. Wolff-

A n a l . Calcd for C27H440 2: mol wt, 400.62. Found: mol Kishner reduction, 60 silver nitrate Ptlc61'73 (benzene), and crys-
wt, 400 [mass spec., which also shows a trace of impurity at tallization from ether-methanol gave 15,15-d2-(25ff)-5o!-spirostan
M+ -  14 (386)]. (57): mp 168-172.5°; d, 34%, d2 59%, d3 7% .

(20S,25if )-5a-Spirostan-20-ol (41).—Using Wall’s procedure, 6611 Base-Catalyzed Exchange of 3|3-Acetoxy-(25/f hSre-spirostan-lS-
^Ofl^S/fl-Sa-spirostan (39, 562 mg) was converted to (20S, one (52).—In a typical exchange, 179 mg 52 in 50 ml of methanol-
25 If)-5a-spirostan-20-ol (41, 185 mg): flakes; mp 186-188° OD79 with 1.2 gm cf sodium was refluxed for 39 hr and then ex-
(ether-metbanol); rmax 3480 (-OH), 1151, 1064, 1015, 999, 988, traded with ether-brine-water. The residue was purified by
916, 870 cm“1; [a]25-4°D - 8 0 °  (c 0.946). Rtlc [four times, EtOAc (20%)-benzene (80%) with 2 drops of

A n a l .  Calcd for C27H440 3: C, 77.83; H, 10.65; mol wt, pyridine-100 ml solvent] and sublimed 135-140° (10—6 mm), to
416.62. Found: C, 77.90; H, 10.63; mol wt, 416 (mass spec.). give 3/3-hydroxy-14,16-d2-(25/f )-5a,14/3-spirostan-15-one (134 mg):

(25ff)-5a-Spirost-20-ene (42).—Following known procedure, 56 mp 186-189.5° (lit.63 181-183°). The position and amount of
the alcohol 41 (250 mg) was dehydrated to (25if-5o:-spirost-20- exchange can be obtained from consideration of several peaks in
ene (42, 107 mg, crystals): fine needles, mp 166-168° (ether- the mass spectra18“ of the exchange products (Table IV).
methanol); rmax 3084, 1818, 1667 (C = C ); 1159, 1063, 1039, (257f)-5a-Spirost-14-ene-3/3,12o:-diol (60).—The acetate 5920'
1018, 986, 966, 922, 902, 864 cm“1; [a] 24-8°d - 9 0 °  (c 0.992). (1.18 gm) was reduced by refluxing 1 hr in dry ether (250 ml) with

A n a l . Calcd for C27H420 2: C, 81.35; H, 10.62; mol wt, lithium aluminum hydride (1 g). The usual procedure gave
398.61. Found: C, 81.37; H, 10.60; mol wt, 398 (mass (2 5 R )-5 «-spirost- 14-ene-3/3,12a-diol (60): large flat prisms;
spec.). no distinct melting point (two separate preparations), softens

21- di-(25If)-5a-Spirostan (44).—As in the preparation of and goes clear over range 100-125°; vmix 3600 (-OH), 3050 and
compound 26, the olefin 42 (20 mg) was homogeneously reduced42 1640 (C = C ), 1155, 1122, 1098, 1058, 1032, 1008, 975, 956, 915,
to 20;21-d2-(207f,25If)-5a-spirostan (43, +  26%, d2 6 8 % , d , 6 % 893, 858 cm“1; H 25-7°d + 59.2° (c 1.004).
(mp 158-162° from ether-methanol) which was isomerized58 in ------------------
refluxing 1% HCl-ethanol (3  m l) to 21-di-(25/f)-5a-SpiroStan (84) D. H. Williams, J .  M. Wilson, H. Budzikiewicz, and C. Djerassi,
(44), 98% d i. J .  Amer. Chem. Soc., 8 f, 2091 (1963).
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Table IV 24 mg) in dry THF (30 ml). After an additional 13 min, the gen-
Exchange time ,----Molecular ion“----. ,--- C-16----, eration was repeated. The ice bath was removed after 1 hr total

Sample hr do di d, is do di do time and the solution stirred at room temperature for 11 hr.
1 0.5 (EtOD'i 1» 57 26 71 29 The reactioni w as then cooledl to -81° (Dry Ice-acetone), pro-
o 1 o k /F*nn' Q w r>A o aq 0 7  pionic acid (1.5 ml, freshly distilled) added carefully, and the

' j ' solution stirred for 1 hr. Upon return to room temperature, the
3 3J (JvleUD) 4 95 1 1 1 THF was evaporated in  v a cu o , more propionic acid (10 ml)
“ Includes, of course, both C-14 and C-16 labels. The incor- added, and the solution heated at 108-114° for 10 hr at which

poration may actually be better than calculated. See E. Lund, time it was extracted with ether-5% NaOH to give a mixture, a
H. Budzikiewicz, J. M. Wilson, and C. Djerassi, J .  A m er. C hem . small part of which, by Atle [20% silver nitrate, benzene (50%)-
S o c . ,  85, 1528 (1963). b 4% of “d„-1” species. n-hexane (50%)], appeared to be the desired 14-deuterated analog

of 1 . Purification by Rtle [twice, benzene (50%)]-n-hexane 
(50%)] and again on a plate made by addition of 0.3% (w/w) 
rhodamine 6 -G to the silica gel HF [four times, benzene (50%)- 

Anal. Calcd for C27H420 4: C, 75.31; H, 9.83; mol wt, n-hexane (50%), uv detection] gave 14-di-(25ff)-5a,148-spirostan
430.61. Found: C, 75.00; H, 10.07; mol wt, 430 (mass (6 6 ), identified as the 14̂ } isomer by comparison of the nmr and
spec.). of the quantitative aspects of the mass spectrum:18“ 1138,

(25fi)-5«-Spirost-14-ene-3,12-dione (61).—Jones oxidation” 1074,1050,1012,979,964,918,897,861 cm-1; % 14%, d, 79%,
of 60 gave a quantitative yield of (25/i )-5«-spirost-14-ene-3,12- d27%.
dione (61), the analytical sample from ether-n-hexane: very 16-di-(257?)-5a-Spirostan (71).—Under an atmosphere of ar-
fine spars: mp 209.5-213 or 212-214.5 (both with decomposition, gon, sodium borodeuteride (50 mg) was added to kryptogenin
depends on heating rate); y“ ; 3058 and 1642 (C=C), 1710 (C=0), . (67, 131 mg) dissolved in 2-propanol-OD (30 ml). The flask
1178, 1117, 1061, 1042, 1010, 978, 958, 948, 919, 898, 860, 851 was stoppered and the solution stirred for 19 hr giving, in part,
cm-1; ORD (c 0.125, dioxane), [a]6oo +64°; [a+89 +64°; the deuterated triol 69 which was not isolated. [That the
[a]3i6 +1890° (peak); [a]3i0 +1695°; [a] 306 +1780° (peak); cycl zed product 70 was isolated after acid treatment is evidence
[a]3oo +1056° (shoulder); [a] 2S6 +992° (shoulder); [or] 275 +40°; for the existence of 69.] After addition of a saturated solution
[a]250 +1728°; [a]!,°d +100° (c 1.040). of HC1 gas in deuterium oxide85 (2 ml) and 20 min stirring, the

A n a l. Calcd for C27HS80 4: C, 76.02; H, 8.98; mol wt, product was isolated with ether11 and purified by Rtlc [twice
426.57. Found: C, 76.11; H, 9.27; mol wt, 426 (mass spec). EtOAc (30%)-benzene (70%)] giving 74 mg (ether-methanol)

Huang-Minlon Reduction of (25fi)-5«-Spirost-14-ene-3,12- of 15-di-(25/f)-spirost-5-en-3/3-ol (74) d, 71%, d2 28%, d3 1%.
dione (61).—Initially, 68 the dione 61 (467 mg) was dissolved in This material (73 mg) was hydrogenated (Paar) at 49 psi for 4.5
ethyleneglycol (2 0  ml), anhydrous hydrazine (2  ml), and n-butyl hr in absolute ethanol ( 1 0 0  ml) over platinum dioxide (69 mg)
alcohol (10 ml) and distilled for 1 hr, removing material up to a and the resulting 3+ol deoxvgenated in the sequence Jones
boiling point of 120°. The mixture was cooled and potassium oxidation,” Wolff-Kishner reduction (see preparation of 62,
hydroxide (2 g) added. Distillation was again started until second run) to give 16-di-(25.ffi)-5a-spirostan (71, 10 mg):
reaching 130° with subsequent reflux at that temperature for 4 mp 171-173.5° (ether-methanol), d, 73%, d2 26%, d3 1%;
hr. Acid treatment gave a yellow oil (500 mg) containing three vmBX 1237, 1154, 1068, 1044, 1000, 972, 912, 885, 857 cm-1,
major components, none of whose Rt matched the starting ma- 16-di-(20.R,25.R)-5a-Spirostan (72).— 16-di-(25.R)-5a-Spirostan
ferial. The residue was dissolved in absolute ethanol (20 ml), (71, 15 mg) was isomerized, as in the preparation66 of 39, to
diethylene glycol (50 ml), and anhydrous hydrazine (5 ml) and give a small amount of starting material together with 16-da-
refluxed (103°) for 3 hr in an argon atmosphere. Upon cooling, (20A,25/i')-5«-spirostan (72): mp 156-163062; d„ 21%, di 71%,
potassium hydroxide (5.55 g) was added and the solution dis- ¿2 8 %.
tilled until the temperature reached 210°. Reflux (4 hr), acid 15,15,17-d3-(25ft)-5a-Spirostan (90).—Kryptogenin diacetate4 

work-up (pH 1 ), and Ptlc (EtOAc (5%)-benzene (95%) trace (67, as the diacetate, 1.00 gm) was refluxed for two consecutive
pyridine] gave two 2-component mixtures. The one of greater 113-hr periods in acetic acid-OD to give an incorporation of d2 6 %,
Ri, after Rtlc [seven times, benzene (30%)-n-hexane (70%)] d3 2 1 %, dA 33%, dt, 25%, de 1 0 %, d, (?) 4 %,, dk (?) 1 % , mp 148-
and silver nitrate Ptlc61-73 [benzene (50%)-a-hexane (50%)], 149.5° (ether) (lit. 4 152-153). This material (475 mg) was re
gave the following analytical samples. duced in a manner analogous to the preparation of 71, but using

(25/i‘)-5«-Spirost-14-ene (62, Rt 0.40): plates; mp 116- sodium borohydride and 2-propanol-OH. Saponification to the
ID.5 (ether—methanol); 3055 and 1645 (C=C), 1174, 3/i, 16/1,27-triol with 10% sodium hydroxide, cyclization11 with 6  N
1156, 1133, 1056, 1004, 975, 957, 918, 894, 861 cm-1; [a]26-4°D HC1 (20 ml), ether11 isolation and Rtlc [twice, EtOAc (30%)-
ca. —30° (c 0.069). benzene (70%)] gave the 15,15,17-d3-(25E)-5a-spirost-5-en-3/3-ol

Anal. Calcd for C2,H4202: C, 81.35; H, 10.62; mol wt, (75): mp 192-198° (lit.86 204-207°); d„5%, dl 26%, d2 29%, d3
398.61. Found: C, 81.31; H, 10.57; mol wt, 398 (mass 22% dt 11%, d5, 6 %, de 1 %.
sPec-)- . The deuterated 5-en-3/3-ol 75 was converted to the saturated,

(25K)-5a, 14+Spirostan (64, R{ 0.54). needles; mp 131—132 deoxygenated species (82 mg) by the series 69 hr hydrogenation 
(ether-methanol); »»max 1170, 1076, 1054, 1013, 980, 958, 942, (Paar, 46 psi, ethanol, equal weight Pt02), Jones oxidation,”
919, 902, 862 cm 1 ̂ (different from the 14a analog, 1, by direct WolF-Kishner reduction (see preparation of 62, second part),
comparison), [a]264D—41 (c0.201). Finally, 48 mg of the resulting material were refluxed in 1 %

Anal. Calcd for C27H4402: mol wt, 400.62. Found: mol ethanolic HC1 for 70 hr and isolated with ether-carbonate afford-
wt, 400 (mass spec.). ing, 15,15,17-d3-(251?)-5a-spirostan (76): d„ 10%, d1 30%,

The second pair, after silver nitrate Ptlc61'73 [EtOAc (1 0 %)- d2 31%, d3 2 1 %, dt 6 %, d5 2 %. 
benzene (90%)] gave (25i?)-5a-spirost-14-ene 3-ethylene ketal
(63): rectangular plates; mp 150.5-153.5 (ether-methanol); Registry N o .— 1, 5012-14-6; 5, 24744-26-1; 6,
"■»« 3050 and 1640 (C=C), 1170, 1151, 1128, 1089, 1056, 1 0 0 1 , 4988-84-5; 7, 4947-69-7; 8, 24744-29-4- 9, 24744-30-7-
970,940,914,906,887,857 cm *; [a] 26 s°d +32° (c 0.497). 20 24744-31-8- 11 21711 3° Q- 12 24744 33 0- 13*

Anal. Calcd for C29H4404: C, 76.27; H, 9.71; mol wt, I f l f i  o ’ 13’
456.64. Found: C, 76.12; H, 9.63; mol wt, 456 (mass spec.). 24744-34-1; 14, 24744-35-2; 15, 24744-36-3; 16,

(25/f )-5«, 14/3-Spirostan 3-ethylene ketal (65): needles; mp 24744-37-4; 17,24744-38-5; 18,24744-39-6; 19,24744-
173-176.5° (ether-methanol); vmax 1168, 1149, 1089, 1070,1051, 40-9; 20,24744-41-0; 21,24744-42-1' 22,5380-66-5'

*«  T % ' * ' c ' + h WH “ iZ n ' " f  h  23. 24744-44-3; 24, 24744-45-4 ; 25,24744-46-5; 2 6 ,
458M F o i l C t t ' H ° ’ w . m  ™i w( l58mt S  24744-48-7; 28,24744-49-8; 29,24744-
spec.). 50-1; 32, 24744-51-2; 33, 24744-52-3; 37, 24744-53-4;

14-di-(25tf)-5a,14/3-Spirostan (66).—Deuterioborane,6» gen- 38, 24744-54-5; 39, 24799-49-3; 40, 24799-50-6; 41,
erated27 by the addition of sodium borodeuteride (161 mg) in 
dry diglyme (10 ml) to a stirred solution of boron trifluoride „  „
etherate (1.43 gm, freshly distilled) in dry diglyme (10 ml), was ( > 2 “ ouk‘ be“  U3ed he"e „since ‘he acidic, solution Produced
bubbled, m an argon atmosphere over a period of 17 min, into a spec. fragmentation»» > y
stirred and cooled solution of (257?)-5a-spirost-14-ene (62, ca. (86) Merck Index, 7th ed, P 378.
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24742-73-2; 42,24742-74-3 ; 43,24742-75-4. 46,24742- 24742-83-4; 62,24742-84-5; 63,24799-51-7; 64,24742-
76-5; 47, 24742-77-6; 50, 6877-35-6; 52, 24742-79-8; 85-6; 65, 24742-86-7; 66, 24742-87-8; 67, 468-99-5;
53 , 24742-80-1; 57, 24742-81-2; 60, 24742-82-3; 61, 71,24742-89-0.

Terpenoids. LX V II .1 Chem ical Studies of M arine Invertebrates.
VII.2 Interrelation of Seychellogenin and Lanosterol through

Lanostane-3/3,11/3,18-triol3

P. R o ller ,4“ B . T ursch,413 and C arl D jera ssi

D epartm ent o f  C hem istry, S tan ford  U niversity, S tan ford , C a lifo rn ia  94305  

R eceived  D ecem ber 18, 1969

Seychellogenin (9 ) and lanosterol (10) were chem ically correlated  through a common interm ediate, lanostane- 
3/3,11/3,18-trio l (21). Seychellogenin was reduced to  the trio l 11, whose 3 ,18-d iacetate  (12) was dehydrated and 
then  hydrogenated to  give a m ixture of C -20 epimers of IS . Subsequent chromium trioxide oxidation to  the en e- 
dione 16, followed by zinc reduction to  17 and rem oval of the C -7 functionality , gave ll-oxolanostane-3/3,18-diol 
d iacetate (20) and its C -20 epimer 19. R edu ction of 20 provided the desired trio l 21. Lead te traaceta te-iod in e  
oxidation of 1 l/3-hydroxylanostan-3/3-yl acetate  (22) and im m ediate reduction w ith lith iu m  alum inum  hydride 
yielded the 11/3,18 ether 24 and the 11/3,19 ether 25. T h e  form er was oxidized to  the lactone 27 and then reduced 
to  the trio l 21, w hich was identical w ith the product of natural origin. T h e 11/3,19 ether (25) was converted to  
lanostane-3/3,ll/3,19-triol (37) which could be correlated  w ith the known ll/3,19-cyclolanostane-3/3,lla-diol 3- 
a ceta te  (23).

In recent years a number of triterpenoid saponins of I |
toxic nature have been isolated from many species of
sea cucumbers in the family Hololhuroidea of the phy- ___ H

lum Echinodermata. The first successful structural - I I  J  R
work was accomplished on the saponin mixture from 1 ^ 1  l l '
the Cuvier glands of the Caribbean species A dinopyga  HO

agassizi.b Acid hydrolysis of the mixture yielded /  \H
monosaccharides, sulfuric acid, and a mixture of tri- 1, R = O H
terpenoid aglycones, among them 22,25-oxidoholo- 2 , R = H

thurinogenin (1) and its deoxy analog 2. In the ^
saponin, an aglycone was found to be bound directly to j j
a chain of four monosaccharides and to a sulfate ester.
Enzymatic hydrolysis studies6 have also led to some ---------OH

interesting speculations about the true nature of the
triterpenoid portion when attached to the monosac- I I I
charide chain and the sulfate ester residue.

Chemical studies by our group established the struc- / ' '
ture of yet another aglycone, griseogenin (3), as an 4, R , R '=  double bond
acid hydrolysis product from the body walls of the 5, R  = H, R = OH

Brazilian sea cucumber H alodeim a grisea L .7 Struc- 
tures 4 and 5 for the two sapogenins stichopogenin A2
and stichopogenin A4 from the Far Eastern sea cucum- ____ F 'R "
ber Stichopus japonicus were assigned mainly on the _ | '
basis of spectral evidence.8

Thus all sea cucumber aglycones appear to possess a nnA / k /
similar lanostane skeleton with structural variations in / \H
the side chain. Chemical and spectroscopic evidence 3 r r' = oh; R " = H
all pointed to the correctness of the postulated struc- 6. R, R ' = H; R " = OH

7, R, R ' =  H; R "  =  OMe
(1) For part L X V I, see P. Roller and C. Djerassi, J .  Chem. Soc. C, 1089 R = Q H  • R ' =  H; R "  =  OMe

(1970). 9 R, R', R "  =  H; seychellogenin
(2) For part VI, see B. Tursch, R . Cloetens, and C. Djerassi, Tetrahedron 3

Lett., 467 (1970). 21
(3) Financial assistance from the National Institutes of Health Grant No. jg , •* 24

GM-06840 is gratefully acknowledged. H 3C
(4) (a) Taken in part from the Ph.D . Thesis of P. R ., Stanford University, 19 20 TT \

1969; (b) Postdoctoral research associate, on leave from the Free University H 3C fn [ n  ^
of Brussels, Brussels, Belgium. Jl i .  ✓

(5) J .  D . Chanley, T . Mezzetti, and H. Sobotka, Tetrahedron, 22, 1857 \ ] (
G966). b  1 tJ

(6) J. D. Chanley and C. Rossi, ib id ., 25, 1897, 1911 (1969). 32
(7) B . Tursch, I. S. deSouza Guimaraes, B . Gilbert, R . T . Aplin, A. M. / \ “

Duffield, and C. Djerassi, ibid., 23, 761 (1967). CH3
(8) G. B . Elyakov, T . A. Kuznetsova, A. K . Dzizenko, and Yu. N. Elkin, IQ Ja n o s tc r o l

Tetrahedron Lett., 1151 (1969).
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tures, which, however, remained to be proved through bond isomers;15 separation of the two major olefins,
a direct chemical correlation with lanosterol itself. 13 and 14, was achieved in approximate yields of 35%
Such occasion arose in our continuing study of marine each. The more polar a20(2U isomer 13 was char-
toxins when we isolated2,9 several new aglycones on acterized by broad singlets at 4.75 and 4.87 ppm in the
acid hydrolysis of the saponins of the Indian Ocean sea nmr spectrum corresponding to the two olefinic protons
cucumber Bohadschia koellikeri, namely koellikerigenin on C-21. In the case of the less polar A20<22> olefin 14,
(6), ternaygenin (7), and praslinogenin (8) from the the vinylic methyl group (C-21) appeared as a broad
body walls, and seychellogenin (9) from the Cuvier three-proton singlet at 1.65 ppm.
glands. All were structurally related. Catalytic hydrogenation of either olefin 13 or 14 in

Seychellogenin (9), C30H46O3, revealed the presence of ethyl acetate over platinum oxide gave a mixture of
a five-membered lactone ring (1755 cm-1), one tertiary C-20 epimers 15 without affecting the skeletal unsatura-
methyl group on an oxygen-bearing carbon (6 1.40, tion, as attested by its ultraviolet spectrum, Amax 235,
CH3-21), six additional methyl groups, one equatorial 242, and 251 nm. It is appropriate to remark at this
secondary hydroxyl group (5 3.23, CH-3) which could stage that, while the dehydrogenation step leading to
be acetylated (5 4.5), two vinylic protons (3 5.25 and olefins 13 and 14 destroyed the asymmetric center on
5.56, CH-7 and CH-11), and a heteroannular diene C-20, subsequent hydrogenation produced an approxi-
(,\rnax 237, 244, 252 nm; e 11,000, 12,000, and 8000) mately equal mixture of C-20 epimers, one of which had
commensurate with such a chromophore when con- to possess the same configuration as lanosterol.
tained in the fused-ring system of agnosterol.10 The The epimeric mixture 15 on oxidation with chromium 
remaining four degrees of unsaturation are satisfied by trioxide in acetic acid yielded the expected ene-dione
structure 9, containing four fused carbocyclic rings. 16, with an ultraviolet absorption, Amax 271 nm (e 7080),
Thus, seychellogenin appears to be the simplest possible characteristic for such a chromophore.12 Zinc reduc-
holothurinogenin, being devoid of substituents on the tion of the unsaturated diketone 16 in refluxing acetic
side chain and lacking the hydroxyl group on C-17. acid gave in good yield the saturated diketone 17. The

Seychellogenin was therefore chosen as the most con- two C-20 epimeric components could be barely dis-
venient aglycone for an attempted chemical correlation tinguished on silica gel chromatoplates, and separation
with lanosterol (10), both because of its relative abun- was not attempted at this stage. Removal of the 7-
dance in the particular species and because of its suit- keto function was achieved by conversion to the 7-
able structure. When compared with 24,25-dihydro- ethylene thioketal 18 followed by Raney Nickel desul-
lanosterol, the most distinguishing feature of seychel- furization in refluxing ethanol. The product could be
logenin appeared to be its functionalized character at well separated into two components by preparative tic.
carbon atoms 18 and 20. Our approach called for the The less polar isomer was assigned the 1 l-oxo-20-epi-
derivation of a common intermediate from both sey- lanostane-3/3,18-diol diacetate (19) structure while the
chellogenin and lanosterol using unambiguous chemical more polar isomer corresponded to the natural epimer,
steps. Such an intermediate was obtained by removal 1 l-oxolanostane-3/S, 18-diol diacetate (20) as shown by
of functionality of C-20n in a suitable derivative of its eventual correlation with lanosterol. The spectral
seychellogenin as well as the conversion of its skeletal data were in agreement with the assigned structures in
unsaturation to an 11-hydroxy derivative. At the that both epimers showed the expected infrared car-
same time lanosterol could be converted to an 11- bonyl band at 1737 cm-1 corresponding to the two ester
hydroxy intermediate according to established meth- functions and a low frequency band at 1700 cm -1 as-
ods12,13 and subsequent application of one of the intra- signed to the C -ll carbonyl substituent.16 The two-
molecular hydrogen abstraction reactions14 on the latter proton singlet at 4.00-4.02 ppm in the nmr spectrum of
resulted in the introduction of functionality on C-18. both epimers corresponded to the 18-acetoxymethylene
The preparation of such a 3,11,18-trifunctionalized protons and the two singlets at 1.13 and 1.08 ppm were
derivative from both sources is detailed below. assigned to methyls 19 and 32.17 Furthermore, the

Seychellogenin (9) on lithium aluminum hydride re- spectra of both epimers exhibited an interesting pair of
duction in tetrahydrofuran gave the triol 11, which on doublets at 2.45 and at 2.65 ppm, each integrating for
acetylation under the usual conditions furnished the one proton (J  =  14 Hz). While in the well-studied
triol 3,18-diacetate 12 (Scheme I). Both substances case of 5«-androstan-ll-one18 the 12« and 12/3 protons
were acid sensitive and their formulation is consonant appeared indistinguishable (A2 singlet) at 2.27 ppm, the
with their spectral data. 18-acetoxy substituent in our case introduces sufficient

Dehydration of the triol diacetate 12 with phos- molecular asymmetry to differentiate the C-12 axial
phorus oxychloride in pyridine gave a mixture of double- and equatorial protons. Also, a broad low field dou

blet i[J — 14 Hz), centered at 2.85 ppm, was tentatively
(9) For preliminary communication, see P. Roller, C. Djerasai, R . Cloe- assigned to the C -l equatorial proton. Molecular

tens, and B . Tursch, J .  A m er. Chem. S oc., 91, 4918 (1969). models show that this 7-hydrogen atom lies in the
(10) A. I. Scott, "Interpretation of the Ultraviolet Spectra of Natural nodal plane of the C -ll Carbonyl grOUD. Such Para-
(11) The plan of removal of the C-18 functionality from a derivative of m & g llC tlC  shifts h clV 6 cUHplG p rG C G d cn t i l l  th .6  lltG F ci-

seychellogenin was abandoned after preliminary work on the preparation
and ^he reductive removal of the 18-tosylate, -iodide, and hydrazone deriva
tives indicated undue difficulties: see R . Cloetens, Ph.D . Thesis, Brussels, (15) J .  S. Mills, J .  Chem . S oc., 2196 (1956).
1969. (16) C. N. R . Rao, “Chemical Applications of Infrared Spectroscopy,”

(12) W. Voser, M. Montavon, H. H. Gunthard, O. Jeger, and L. Ruzicka, Academic Press, New York, N. Y ., 1963, p 433.
Helv. Chim . A cta, 33, 1893 (1950). (17) F . Hemmert, B . Lacoume, J .  Levisalles, and G. R . Pettit, B u ll. Soc.

(13) J .  F . McGhie, M. K . Pradhan, and J . F . Calvalla, J .  Chem . S oc ., 3176 C him . Fr., 976 (1966); F . Hemmert. A. Lablanche-Combier, B . Lacoume,
(1952). and J .  Levisalles, ib id ., 982 (1966).

(14) K . Heusler and J .  Kalvoda, Angew. Chem ., In t . E d . E n gl., 525 (18) D. H. Williams, N. S. Bhacca, and C. Djerassi, J .  A m er. Chem . Soc.,
(1964). 85, 2810 (1963).
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ture.1619 The principal mass spectral fragment (m/e methyl group. Radical-type reactions involving
361) from the two epimeric ketones 19 and 20 can be intramolecular attack by an 11-oxy radical on a suit-
rationalized in exact analogy to the well-studied case of ably located nonactivated carbon have been advanta-
5a-androstan-ll-one.20 geously utilized in recent years to synthesize C-18 and/

Lithium aluminum hydride reduction cf the more orC-19 substituted steroids.14-21 - 2 However, in the case
polar ll-keto-3,18-diacetate 20 gave on sublimation of the lanostane derivatives, both the photocyclization
the sought after lanostane-3/3,11 /3, 18-triol (21), mp 228- of the 11-ketolanostane23,24 and the isomerization of the
229°. The spectral data are in full agreement with the 11/3-nitrite25-2® yielded exclusively C-19 substituted
structural assignment and will be detailed later. products, which were not useful for our synthetic ob-

The conversion of lanosterol to a 3,11,18-function-
alized derivative was performed next. 11/3-Hydroxy- (21) R. H. Hesse in "Advances in Free-Radical Chemistry," Vol. I l l ,

lanostan-3/3-yl acetate (22) was selected as the starting GA A T A Ed ' AA mic Pre,sA w I° rk' A A ,‘A  w , M
matenal and was prepared from lanosterol according to G. S. Hammond, and J. N. Pitts, Ed., Academic Press, New York, N. Y .,
the method of Voser, et a l .12 Several methods were 1964-

• j  j  r ,1 p ,• t  ,• r .1 n  1 o  „  1 (23) R . Imhof, W. Graf, H. Wehrli, and K. Schaffner, Chem. Commun.,considered for the functionalization of the L-18 angular 852 (1969)
(24) E . Altenburger, H. Wehrli, and K. Schaffner, Helv. Chim. Acta, 48,

(19) N. S. Bhacca and D. H. Williams, “Applications of NM R Spec- 704 (1965).
troscopy in Organic Chemistry, Illustrations from the Steroid Field,” (25) D. H. R. Barton, D. Kumari, P. Wetzel, L. J .  Danks, and J .  F .
Holden-Day, San Francisco, Calif., 1964, p 66. McGhie, J .  Chem. Soc. C, 332 (1969).

(20) D. H. Williams, J .  M . Wilson, H. Budzikiewicz, and C. Djerassi, (26) D. H. R . Barton, R. P. Budhiraja, and J .  F. McGhie, ibid., 336
J .  Amer. Chem. Soc., 85, 2091 (1963). (1969).
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jectives. Our choice of the proper reagent was lead 3/3-ol (24) and 1 1/3, 19-epoxylanostan-3/3-ol (25) in 32
tetraacetate. Oxidations with this reagent on 11/3- and 8%  overall yields, respectively. Acetylation of 24
hydroxy steroids have been reported27 to give mainly followed by oxidation of the acetate 26 with chromium
the 11-keto derivative (54%) and in addition small trioxide in acetic acid gave the corresponding lactone
quantities of the 11/3,19, 11(3,18, and 1/3,11a ethers. 27 in 35% yield. On the other hand, the oxidation of
The Swiss group also found28 that in the presence of ll/3,19-epoxylanostan-3/3-yl acetate (28) resulted in
iodine the above reaction produces a complex mixture formation of acidic material formulated as 29. The
of presumably ethers, a-iodo ethers, and hemiacetals in latter on esterification with diazomethane gave 3/3-
which C-18 and C-19 were attacked to about equal acetoxy-ll-oxolanostan-19-oic acid methyl ester (30).
extent and after silver acetate oxidation the corre- Aside from the analytical data, spectrocsopic informa-
sponding ethers and hemiacetals were isolated in 5- 10% tion was available to support the structural assign-
yields each. ments.

In our envisaged synthetic sequence, it seemed The oxo acid 29, obtained by chromium trioxide 
advantageous to reduce the products of multiple attack, oxidation of the 11/3,19-epoxy acetate 28, exhibited no
such as iodo ethers, to ethers and the overoxidized com- lactone absorption around 1760 cm-1 in the infrared
ponents, such as hemiacetals, to polar triols im- spectrum in chloroform, thus excluding the presence of
mediately after lead tetraacetate-iodine treatment. a eyenzed form such as 31. Furthermore, the presence
Thus, refluxing 1 l/3-hydroxylanostan-3/3-yl acetate (22) of an intense band at 1708%  assigned to the 11-keto
with lead tetraacetate and iodine in cyclohexane-ace- function,16 confirms the observation that in fact the
tic acid under illumination followed by lithium alu- oxo acid 29 is entirely in the open form in solution,
minum hydride reduction gave a mixture that could be See Scheme II.
easily separated into an ether-containing fraction and The nmr spectra of the 11(3,18-ether alcohol 24, its 
into more polar fractions containing mixtures of polyols. acetate 26, and its 3-keto derivative 32 exhibit a two-
Preparative tic of the ether-containing fraction gave proton singlet at 3.63-3.67 ppm, attributable to the
two components identified as 11/3,18-epoxylanostan- methylene protons on C-18. By comparison, the

analogous protons of 11/3,18-epoxy-5a-pregnane-3/3,20/3-
(2,) K. Ileusler, J. Kalvoda, G. Anner, and A. Wettstein, Helv. Chim. diol d ia ce ta te  (33) h av e  been  fou n d 27 to  a p p e a r non- 

Acte, 4 6 ,  352 (1963). . . . .  . 11 ,
(28) J. Kalvoda, k . Heusier, g . Anner, and a . Wettstein, ibid., 46, 618 e q u iv alen t, illu stra tin g  th e  effect of th e  n earb y  2 0 -  

<1963>- a c e ta te  grou p. O n th e  o th e r h and , th e  C -1 9  m eth y len e
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Figure 1 .—Mass spectrum of ll/3,18-epoxylanostan-3/3-ol (24).
Figure 2.—Mass spectrum of ll/3,19-epoxylanostan-3/3-ol (25).

CH3 CH3 low HHd quartet (at 2.61 ppm) has been found earlier29
q___Ac0\^H Ac0\ L h f°r the 10-equatorial proton of a steroidal 19,20-lactone,

___  (k ___  and its position was verified by double and triple reso
ld I__________________ nance techniques. The 11a protons in the 110,19-

epoxylanostanes 25 and 28, as well as in the analogous 
. A y s y l  H H steroidal ether 34, appear as multiplets at 4.13 and 4.25

i‘" ; C Ó ppm, respectively.
33 34 The mass spectra (Figures 1 and 2) of the above

lanostane ethers deserve some comment. Interest-
protons of the 110,19-ether alcohol 25 and of its acetate “ gly’ bo*h tb? fj^ b -e th e r  alcohol 24 and its acetate
28 appeared each as a pair of doublets centered at 3.82 26’ as wel1 f the 3df t0 I ™ * 1™ 32’ sh°w the moleT
and 3.64 ppm ( J  =  8 Hz). In addition, the lower lar 10?  aS base P® f- N° significant change ™ o h ;
field doublet is further split ( J  =  1.5 Hz) into doublets ferved “  the spectrum of the hydroxy compound at
probably by coupling with the 40-methyl protons. In I«w.voltage (12 and 15 eV). All three 11,18-ether
contrast to such spatial dissymmetry in these 110,19- derivatives show a loss of 33 mass units corresponding
lanostane ethers, the 19-methylene protons of the ster- 5° the c+ombmed loss of methyl and water. A possible
oid analog 34 are reported to be equivalent. It is diagnostic fragment for the 110,18 ethers, correspond-
worthy of note that an almost diagnostic sharp doublet f g to the,loss f  112 ™  units, could be formulated,
( J  =  8 Hz) appears for the 110,18 ethers 24, 26, and 32 f° r exa“ Ple as frag™en .a for *he 3;hydroxy df lvatlv«

, , 0 „ 01 , r , v . ■ j  1 1 1 o i o 24, resulting from the elimination of the side chain andand 18,110-lactone 27 as welf as for the steroidal 110,18 ’ , , , , „  .
,, , ,  , r  x j?« n a i o  * • i i , appropriate metastable peaks were observed for thisether 33 and an earlier reported28 110,18-steroidal lac- .f. „ , . ,. , , , . ,,

tone centered at 4 27-4 30 m m  for ethers and at 4 SO- transition. Such fragmentation is not observed in theuUHc. bell bel t/UL <X u fit.« I tt.Ov UUill 1U1 cldltjlu tlilll <X> u fit. OU i ' l l  1 1 o 1 a , i —, i * i  , , -  — i i, no r, i, . i t .1 j  i i j  i case of the 110,19 ether 25 and its acetate 28. Also,4.93 ppm for the lactones. Indeed, molecular models .. ,, r,„ , ... . , .u j w j i  i d i - o i l  xi i . J i o o  concomitant elimination of the 30 substituent and loss show a dihedral angle ol 45 between the 11a and 120 . .  , . . . , . x . / / r jx , x. ?  -x , I , .  of the side chain lead to a fragment b (m e 313) foundprotons, and therefore it may be reasonable to assign . , xi , , 0 xi , ? , -  . \ /, : ,i, , -, r  x x m. j- in both the 110,18-ether alcohol 24 and its acetate 26,the observed spin coupling to these protons. Ihe di- . , xt. i -jx j  x l -rr x ooo c x while m the 3-keto compound only the loss of the side hedral angle was estimated to be 75 to 83 for proton , . , , ,  k , -, „ ,, . . .„  „ j  10 xu u • r f i  chain (M — 113) was observed. One of the possiblepairs 11a,9a and 11a,12a on the basis of molecular . , , . , , ,, , j  j- i r  ■ x j  -xu formulations for a significant fragment (m e 194), corn-models, and accordingly no coupling is associated with . , 8 „  , D °  • j  • x j  u rxu t xu- A- xu oo  x i x mon to all the above 11,18 ethers, is depicted by for-them. In this connection the 30-acetoxylanostane- . , ¡. V. . 0 . y  • .
10 1 , 0 , x AM , U X x x  mula c. The loss of one C-18 hydrogen is proposed on18,110-lactone (27) also shows a one-proton quartet x, u • ixu x n u  ; D,o f  • , ■

x j x o c o  i t  c t r  r 1 0 c the basis of the spectrum of the 18,18-dideuteno denva-
centered at 2.52 ppm ( 7 ^  =  6 Hz, =  2.5 ^  Qur ^  mechanism oyides for a fully
Hz) and assigned to the C-12 (/3) equatorial proton.  ̂ ^
The latter is obviously coupled with the 11a proton in (29) N Bhaĉ  M E Wolff, and R. Kwok> j, Amer, Chem, Soc„ 84> 4976 
agreement with the above-cited observations. Such a (1962).
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conjugated radical ion and its direct formation from the respects with the lithium aluminum hydride reduction 
respective molecular ions of the various derivatives is product of the oxo-aeid ester 30.
indicated by the presence of proper metastable ions. In conclusion, the successful interconversion of 
Lastly, an ion of mass 249, observed in the spectra of all seychellogenin and lanosterol establishes the complete
11,18 ethers, could be formulated as fragment d, but no structure of the marine sapogenin and its stereochem-
further evidence indicates its mode of formation or its istry at every position but C-20. It is safe to assume,
structural formulation (Scheme III). therefore, that all other holothurinogenins with hy-

In contrast to the relatively simple mass spectra of droxyl groups at C-17 (l ,6 3 3,7 4 ,8 5,8 8 ,9) are also based
the 11,18 ethers, the isomeric 11,19 ethers undergo on a lanostane skeleton,
very extensive fragmentation. Characteristically ring-
D fragmentation processes resulting in loss of 155, 154, Experimental Section
and 140 mass units are prevalent. Fragmentation
modes arising from ring D cleavages have been studied30 Melting points were measured on a Kofler hot-stage micro-
• __ , 4. scope and are uncorrected. All rotations were determined using
m detail m our laboratory. chloroform as solvent. Infrared spectra were obtained using

1 0  complete our synthetic scheme, the 3/3-acetoxy- Perkin-Elmer infracord or Model 421 recording spectrophotom-
lanostane-18,ll/3-lactone (27) was reduced with lithium eters. Ultraviolet spectra were measured in 95% ethanol on a
aluminum hydride to yield lanostane-3/3 11/3 18-triol Cary-14 recording spectrophotometer. Nuclear magnetic res-
(21), which proved to be identical with the triol derived °”  ,(T r) sPectra ™>re recorded on a Varian T-60, A-60,

r , i or HA-100 spectrometer under the supervision of Dr. L. J .
. c cum ber aglyc°ne seychellogenin (9) on Durham. In all cases deuterioehloroform was employed as 

the basis of mixture melting point, rotation, and solvent and tetramethylsilane (5 0.00 ppm) as internal reference,
identity of all spectral characteristics. The visually most intense signal in the methyl region (8 0.5—1.5)

Although the chemical and spectroscopic properties is u?derlined in the presentation of data. Microanalyses were
tv.;™ ,. ____ i t. , , 0 , n  r  carried out by Messrs. E . Meier and J .  Consul. Mass spectra

of the minor lead tetraacetate product 11/3,19-epoxy- (70 eV) wereX in e d  by Dr. A. M . Duffield, Mr. R . Ross, and
lanostan-o/3-ol (25), were consistent with its structure, Mr. R. T. Conover with an AEI MS-9 mass spectrometer and in
unambiguous chemical proof appeared to be in order. some instances with an Atlas CH-4 mass spectrometer, both
A suitable material was the known23 11/3,19-cyclo- equipped with a direct inlet system. Column chromatographies
lanostane-3/3, lla-diol 3-acetate (23) whose structure were performed using Davison 60-200 mesh silica gel. Analytical
had been p r o v e d -  pnambigdously by chemical cor- o*n
relation With cycloartenol (35 ). Thus lead tetraacetate these plates either by exposure to iodine vapor or by spraying 
oxidation of the cyclobutanol 23 yielded the known23 with ceric sulfate solution (2% in 2 N  sulfuric acid) followed by
3/3,19-dihydroxylanostan-ll-one 3-acetate (36) which brief heatinS on a hot Plate- Materials were located on the
by lithium aluminum hydride reduction gave lanostane- PreParative silica gel plates by iodine vapor or, alternatively by 
Q o , , a , n , ■ , fn, • i • i . , vertical spotting of ceric sulfate solution, followed by activation
o p ,llp ,1 9 -tn o l (37 ). I  his triol was identical in all of the strip with hot wire from above.

Seychellogenin (9).—The isolation, acid hydrolysis of the 
(30) L. Tdk6s, G. Jones, and C. Djerassi, J .  Amer. Chem. Soc., 90, 5465 crude saponins, and the purification of seychellogenin have been 

I1968)- described previously. 9'11 Physical properties of seychellogenin:
(31) s. Corsano and G. Nicita, Ric. Sci., 37, 351 (1967). mp (after sublimation) 234-238°; [a] 26d -  7 °  (c 1.6 ); ir(CHCU)
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3300 (OH) and 1755 cm- 1  (lactone C = 0 ) ;  uv max 237 nm sh (1.1% ethyl acetate-benzene, developed twice). The less polar
(e 11,000), 244 (12,000), and 252 nm sh (8200); nmr 5 0.83 +  isomer, 3(3,18-diacetoxylanosta-7,9(11),20(22)-triene (14) (R ;
0.90 +  0.92 +  1.01 +  1.11 (CH3-19, -26, -27, -30, -31, -32), 0.65, 28 mg, 30% ), was crystallized from dichloromethane-
1.40 (CH3-2 1 ), 2.55 (broad d, 2, CH2-12), 3.23 (m, 1, CH-3), methanol: mp 120-122°; [«]26d + 18° (c 0.9); ir (CHC13) 17S5
5.25 and 5.62 (m, 1 each, CH-7 and CH-11); mass spectrum (rel and 1255 cm-1; uv max 235 nm (e 11,700), 242 (13,900), and 251
intensity) m /e  456 (20, M +  2, probably dihydro contaminant), (9000); nmr 5 0.81 +  0.87 +  0.90 +  0.92 +  0.95 +
454 (100, M+), 441 (5), 439 (5), 421 (48), 411 (6 ), 395.33055 (62, 1.00 (CH3-19, -26, -27, -30, -31, -32), 1.65 (s, half width = 3
C28H,30  requires 395.33137), 393 (11), 377.32070 (18, C28H„ Hz, 3, CH3-21), 1.88 (s, 3, CH3OCO-I8 ), 2.03 (s, 3, CH3OCO-3),
requires 377.32081), 368.27022 (34, C25H360 2 requires 368.27152), AB quartet at 3.76 and 3.50 (1 each, J  = 1 1  Hz, CH2-18), 4.50
367.26405 (8 8 , C+Ha+h requires 367.26369), 283 (15), and 43 (m, 1, CH-3) 5.15-5.55 (broad m, 3, CH-7, CH-11, and CH-22);
(100). mass spectrum (rel intensity) m /e  524 (27, M +), 509 (5, M —

A n a l. Calcd for C30H46O3: mol wt, 454.34404. Found: CH3), 464 [52, M — AcOH), 451 (90, M — CH2OAc), 449 [63,
mol wt (mass spectrometry), 454.34468. M — (CH2OAc +  AcOH)], 411 (26), 407 (15), 391 (40), 389

Seychellogenin 3/3-Acetate.—Seychellogenin (9, 100 mg) was (41), 355 (18), 35 (16), 315 (76), 313 (95), 312 (25), 255 (50), 
acetylated with 1:1 acetic acid-pyridine (6  ml) at room tern- 69 (100), and 43 (224, base peak).
perature overnight. After the usual work-up seychellogenin A n a l. Calcd for C34H520 4: mol wt, 524. Found: mol wt
3/S-acetate was obtained: mp 214-217° (from acetone-ethanol); (mass spectrometry), 524.
[a]24D + 21° (c 0.9); ir (KBr) 1763 (lactone C = 0 ) ,  1736 (ester The more polar olefin, 3/3,18-diacetoxylanosta-7,9(11),20(21)- 
C = 0 ) ,  1650 and 1240 cm“1; uv max 237 nm sh (e 11,500), 244 triene (13) (Rs 0.53, 34 mg, 37%), was crystallized from chloro-
(12,700), and 252 sh (9100); nmr S 0.83 +  9.91 +  0.95 +  0.98 form-methanol: mp 130-131°; [«]25d + 28° (c 0.5); ir (CHC13)
+  1.01 +  1.13 (CHs-19, -26, -27, -30, -31, -32), 1.40 (s, 3, 1735, 1650, 893 (C =C H 2), and 1250 cm“ 1 uv max 235 nm (e
CH3-21), 2.05 (s, 3, OCOCH3), 2.5 (broad d, 2, CH2-12), 4.5 12,100), 242 (14,200) and 251 (9300); nmr 5 0.83 +  0.88 +
(m, 1, CH-3), 5.2 and 5.5 (m, 1 , each CH-7 and CH-1 1 ); mass 0.93 +  0.95 +  1.01 (CH3-19, -26, -27, -30, -31, -32), 1.88 (s, 3,
spectrum m /e  (rel intensity) 498 (18, M +  2, dihydro impurity), CH3OCO-I8 ), 2.04 (s, 3, CH3OCO-3), AB quartet at 3.85 and
496 (100, M+), 481 (3, M -  CH3), 453 [6 , M -  (CH3 +  H20 ) [ ,  3.50 (1 each, J  =  11 Hz, CH2-18), 4.55 (m, 1, CH-3), 4.80
437 [83, M -  (C 02 +  CH3)], 463 (9, M -  AcOH), 421 [74, (broad d, 2, J  = 5 Hz, CH2-21), 5.45 (broad m, 2, CH-7 and
M — (AcOH +  CH3)[, 393 (11), 377 [23, M — (CH3 +  C 0 2 CH-1 1 ); mass spectrum (rel intensity) m /e  524 (34, M +),
+  AcOH)], 368 (38), 367 (98, ring-A fragmentation), 325 [15, 509 (7), 464 (61), 451 (90), 449 (6 8 ), 411 (53), 407 (16), 391 (36),
M -  (C 02 +  CH3 +  side chain)], and 43 (96). 389 (47), 379 (15), 355 (22), 351 (18), 315 (31), 313 (61), 312

A n a l. Calcd for C32H480 4: C, 77.38; H, 9.74. Found: (35), 255 (37), 69 (100), and 43 (242, base peak).
C, 77.21; H ,9 .75 . A n a l. Calcd for C34H520 4: mol wt, 524.38654. Found:

Lithium Aluminum Hydride Reduction of Seychellogenin (9). molwt (mass spectrometry), 524.38714.
—Seychellogenin (130 mg) was reduced with lithium aluminum Catalytic Hydrogenation of the A20(21) Olefin 13. The olefin 13
hydride (200 mg) in tetrahydrofuran (20 ml) at reflux temperature (127 mg) in ethyl acetate (25 ml) was hydrogenated with 120 mg
over a period of 4 hr. After work-up with saturated sodium of platinum oxide at room temperature for 4 hr giving the C-20
sulfate solution, the triol 11 was crystallized from chloroform- epimeric mixture 15: mp 97-105°; [<*]27d + 43° (c 1.2); ir
methanol: mp 172-173° (transition at 161-170°); Iq:]24d + 47° (KBr) 1738 and 1240 cm-1; uv max 235 nm (t 10,500), 242
(c 0.6); ir (CHC13) 3620 (sharp), 3390 (broad), and 1050 cm“1; (12,300), and 251 (8100); nmr & 0.82 +  0.88 +  0.90 +  0.93
uv max 236, 243, and 252 nm; nmr 5 1.31 +  1.25 +  0.98 +  +  0.96 (CH3-19, -21, -26, -27, -30, -31, -32), 1.98 (s, 3, CH3OCO-
0.92 +  0.87 +  0.83 (CH3-19, -2 1 , -26, -27, -30, -31, -32), 3 .1 - 18), 2.04 (s, 3, CH3OCO-3), 3.75 (broad s, 2 , half width =  3 Hz,
3.5 (to, CH2-18 and CH-3), 5.4 (to, CH-7 and CH-1 1 ); mass CH2-18), 4.5 (m, 1, CH-3), and 5.4 (broad m, ~ 1 .5 , CH-7 and
spectrum (rel intensity) m /e  458 (1, M +), 440 (10, M — H20 ) ,  CH-1 1 ); mass spectrum (rel intensity) m /e  528 (1 2 , M '+, dihydro
425 [9, M -  (H20  +  CH3)], 422 [19, M -  (H20  +  H20 ) ] ,  compound], 526 (13, M+), 468 (12, M ' -  AcOH), 466 (46, M
409 [100, M -  (H20  +  CH2OH)], 407 [19, M -  (H20  +  H20  -  AcOH), 453 (34), 451 (12), 411 (7), 393 [100, M -  (AcOH
+  CH3)[, and 355 (10, M -  C6H13 side chain). +  CH2OAc)], 391 (27), 353 (38), 297 (38), 257 (65), 171 (39),

A n a 1. Calcd for C30H5o03: mol wt, 458. Found: mol wt 145 (40), 69 (64) and 43 (145).
(mass spectrometry), 458. A n a l. Calcd for C34H540 4: mol wt, 526. Found: mol wt

Acetylation of the Triol 11.— The triol 11 (140 mg) was acetyl- (mass spectrometry), 526. 
ated in a 1:1 mixture of pyridine-acetic anhydride (16 ml) at Catalytic Hydrogenation of the a20<22) Olefin 14.—Hydrogena-
room temperature overnight. After the usual work-up and pre- tion of the olefin 14 (18 mg) in ethyl acetate (15 ml) with 25 ml
parative tic (silica gel HF, 10% ethyl acetate-benzene, R f 0.4) of platinum oxide at room temperature for 24 hr yielded the di-
the triol diacetate 12 (110 mg) could be crystallized from benzene- acetate 15 (18 mg), identical with that reported above on the basis
hexane (containing a trace of pyridine): mp 139-144°; [»]26d of mass spectral, ultraviolet, and thin layer chromatographic
+ 67° (c 1.3); ir (KBr) 3550 (sharp), 3490 (broad), 1737, 1375, comparison.
and 1240 cm“1; uv max 235 nm (e 13,400), 243 (15,400), and Chromium Trioxide Oxidation of 3/3,18-Diacetoxy-20£-lanosta- 
252 (10,200); nmr 5 0.83 +  0.88 +  0.92 +  0.95 +  1.02 (18, 7,9(ll)-diene (15).—The diene 15 (120 mg) in acetic acid (1 ml)
CH3-19, -26, -27, -30, -31, -32), 1.32 (s, 3, CH3-21), 2.02 (s, was treated with chromium trioxide solution (200 mg, in 1 ml
6 , OCOCH3), AB quartet at 4.20 and 3.79 (1 each, J  =  11 Hz, 8 :2  acetic acid-water) at 60° over a period of 1 hr. The mix-
CH2-18), 4.54 (m, 1, CH-3), 5.2-5.7 (broad, m, 2, CH-7 and ture was allowed to stand at room temperature for a further
CH-11); mass spectrum (rel intensity) m /e  542 (1, M +), 524 2  hr and then poured onto ice (2 0 0  ml) and extracted with ether.
(18), 509 [7, M — (H20  +  CH3)], 482 (7, M — AcOH), 464 The product (140 mg) resulting after removal of solvent was puri-
[35, M — (H20  +  AcOH)], 451 [70, M — (H20  +  CH2OAc)], fied by tic (silica gel HF, 5%  ethyl acetate-benzene, developed
449 [48, M — (H20  +  AcOH +  CH3)], 411 (20), 407 [14, M three times). The uv-active fraction ( R f  0.55, 55 mg, 45%)
— (AcOH +  CH2OAc +  H20 )] , 397 [30, M — (AcOH +  C6Hi3)], was identified as 3/3,18-diacetoxy-20£-lanost-8-ene-7,ll-dione
389 [20, M -  (2AcOH +  H20  +  CH3)], 69 (10), and 43 (235, (16): mp 105-109° (diethyl ether-methanol); [«]27d + 82°
base peak). (c 1.0) ir (KBr) 1736, 1671, and 1240 cm“1; uv max 271 nm (e

A n a l. Calcd for C^H^Os: C, 75.23; H, 10.03. Found: 7080); nmr 5 0.81 +  0.90 +  0.93 +  1.20 +  1.28 (CH3-19,
C, 75.30; H, 10.03. -21, -26, -27, -30, -31, -32), 2.03 and 2.00 (s, 3, each, CH3OCO-3

Reduction of seychellogenin (9) with lithium aluminum deu- and -18), coalescing AB quartet at 3.92 and 3.98 (2, CH2-18)
teride followed by acetylation gave the corresponding Ci8-di- and 4.53 (q, 1, J  = 6.5 and 9 Hz, CH-3); mass spectrum (rel
deuterio derivative, the spectrum of which exhibited the following intensity) m /e  556 (100, M +), 528 (2), 514 (13), 496 (93, M —
peaks: m/e 544 (1, M+), 526 (26), 511 (5), 484 (20), 466 (20), AcOH), 481 (14), 468 (9), 436 (10), 384 (14), 383 (13), 287 (20),
465 (23), 451 (100), 449 (2), 437 (16), 413 (19), 409 (17), 401 187 (22), 121 (20), and 43 (75).
(26), 399 (62), 391 (25), and 43 (183, base peak). A n a l. Calcd for C34H520 6: mol wt, 556. Found: mo, wt

Dehydration of 3/3,18-Diacetoxy-20+hydroxylanosta-7,9(11)- (mass spectrometry), 556.
diene (12).—The triol diacetate 12 (94 mg) in pyridine (18 ml) Zinc-Acetic Acid Reduction of Ene-Dione 16.— Zinc dust (200 
was treated with phosphorus oxychloride15 (3 ml) at room tem- mg) was added to a solution of the ene-dione 16 (53 mg) in re- 
perature for 1 day. After the excess reagent was destroyed fluxing glacial acetic acid ( 1 0  ml) over a period of 30 min. After
with water, ether extraction gave a mixture of products which refluxing for 5 hr, the reaction mixture was poured onto ice and
were separated on silver nitrate impregnated silica gel HF plates extracted with ether. Purification of the product by tic (silica
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gel HF, 5%  ethyl acetate-benzene, developed three times) gave Mixture melting point (227-229°), comparison of the physical 
a C-20 epimeric mixture of 7,11 diketone 17 (41 mg, 77%) as data, and identical tic behavior {R i 0.40, silica gel H F, 4 :1
an amorphic solid: [<*]26d + 36° (c 1.1); ir (KBr) 1735, 1704, hexane-acetone, developed three times) established its identity
and 1240 cm-1; nmr 8 0.82 +  0.85 +  0.92 (CH3-21, -26, -27, with the triol 2 1  derived fromlanosterol.
-30, -31), 1.24 and 1.32 (s, 3 each, CH3-19 and -32), 2.04 (s, 6 , Lead Tetraacetate-Iodine-Lithium Aluminum Hydride Reac- 
CH3OCO-3 and -18), 4.05 (t, 2, CH-218), 4.53 (q, 1, J  =  6.5 tion on 1 l/J-Hydroxylanostan-3/J-yl Acetate (2 2 ).33— Lead tetra-
and 9 Hz, CH-3); mass spectrum (rel intensity) m /e  558 (100, acetate (3.0 g), glacial acetic acid (40 ml), and iodine (1.5 g)
M +), 516 (4), 498 (10), 485 (10), 483 (11), 456 (25), 455 (7), in cyclohexane (dry) (80 ml), was stirred for 10 min at room tern-
423 (15), 385 (5), 357 (5), 303 (5), 275 (7), 251 (5), 219 (7), 207 perature. A cyclohexane solution (150 ml) of 11/3-hydroxylano-
(6 ), 191 (14), 121 (23), and 43 (56). stan-3/3-yl acetate (22)12 (3.0 g, mp 215-216°) was added and the

A n a l. Calcd for C34H540e: mol wt, 588. Found: mol wt reaction mixture irradiated and kept at reflux temperature by
(mass spectrometry), 558. means of a 500-W tungsten lamp. After 10 hr, additional lead

Preparation of 7-Ethylene Thioketal 18.—The diketone 17 tetraacetate (2.0 g) arid iodine (1.0 g) were added, and the addi-
(40 mg) in ethanedithiol (70 drops) and boron trifluoride-ether- tion of lead tetraacetate (2.0 g) was repeated after 10 hr more,
ate (25 drops) was stirred for 2  hr at room temperature, the In 6  hr the reaction mixture was cooled, diluted with cyclohexane
mixture diluted with benzene, and washed with aqueous sodium (500 ml), and washed successively with sodium thiosulfate solu-
hydroxide solution (4% ) followed by saturated sodium chloride tion (10%, 3 X 100 ml), saturated sodium bicarbonate solution,
solution. Evaporation of the solvent yielded a yellow gum (45 and saturated sodium chloride solution. Brief drying over an-
mg), which, on thin layer chromatoplates (silica gel H F, 2%  hydrous magnesium sulfate and evaporation of the solvent under
ethyl acetate-benzene, developed twice) indicated very little reduced pressure yielded a pale yellow gum (4.25 g). This oxida-
starting material and two distinct major components with R i tion mixture was reduced with lithium aluminum hydride (5.0 g)
values 0.41 and 0.27 assigned to the C-20 epimeric mixture of in ether (150 ml) at reflux temperature for 10 hr. After work-up
3,18-diacetoxy-20+lanostane-7,ll-dione 7-ethylene thioketals with saturated sodium sulfate solution, the amorphous residue
(18): nmr (on crude mixture in pyridine) 8 0.83 +  0.90 (2.70 g) was chromatographed over silica gel [300 g, pretreated
+  0.96 (CHs-21, -26, -27, -30, 31), 1.26 (s, 3, CH3-19), 1.50 with 15% water, eluent hexane-acetone (6 : 1 )]. The initial
(s, 3, CH3-32), 2 .0 2  and 2.08 (s, 3 each, CH3OCO-3, and -18), fractions (1.30 g) contained a mixture of two compounds and the
3.27 (s, 4, -SCH 2CH2S -) and 4.2-4.9 (broad m, 3, CH2-I8  and subsequent fractions contained up to 12 components on the basis
CH-3). of analytical tic (silica gel HF, 4 :1  hexane-acetone, developed

A n a l. Calcd for C36H58O5S2: mol wt 634. Found: mol twice). Preparative tic (silica gel H F, 9 :1  hexane-acetone,
wt (mass spectrometry), 634. four times) on the initial fractions yielded two ethers (R i 0.42

Raney Nickel Desulfurization of 7-Ethylene Thioketal 18.— and 0.30).
Excess Raney nickel32 was added to a solution (diethyl ether- (1 ) 110,18-Epoxylanostan-3/S-ol (24) (R t 0.42, 870 mg, 32% ): 
ethanol, 2 :3 , 20 ml) of the crude 7-ethylene thioketal 18 (40mg). mp 196-197° (from methanol-chloroform); [«]24d + 81° (c
After 4-hr refluxing additional Raney nickel was added and re- 1.2); ir (KBr) 3410 and 1020 cm-1; nmr 8 0.73 +  0.82 +  0.86
fluxing was continued for 24 hr. The reaction mixture was fil- +  0.88 +  0.95 +  1.02 (CH3-19, 2 1 , -26, -27, -30, -31, -32), 3.18
tered through celite and on evaporation of the solvent, a pale (q, 1, J  =  6.5 and 9 Hz, CH-3), 3.63 (s, 2, CH2-18), and 4.27
yellow gum resulted (44 mg). Preparative tic (silica gel HF, (d,/na ,i2p = 6 H z,C H -ll); for mass spectrum, see Figure 1.
2%  ethyl acetate-benzene, developed three times) yielded two A n a l. Calcd for C3oH5202 -V2CH3OH: C, 79.50; H, 11.81. 
well-separated components (fit 0.44 and 0.29). Found: C, 79.60; 11,11.69.

The less polar component, 3(3,18-diacetoxy-20-epilanostan-ll- (2) ll/3,19-Epoxylanostan-3(3-ol (25) (R, 0.30, 223 mg, 8 % ): 
one (19) (R i 0.44, 10.3 mg, 27% ), was crystallized from acetone- mp 174-175° (from chloroform-methanol); [ a ] 27D + 55° ( c
hexane: mp 140.5-143°; [qt]27d + 38° (c 1.1); ir (KBr) 1737, 1 .1 ); ir (KBr) 3440, 1040, and 1010 cm“1; nmr 8 0.61 +  0.68
1700, 1240, and 1030 cm -1; nmr 8 0.83 +  0.84 +  0.87 +  0.88 +  0.81 +  0.86 +  0.91 +  0.91 (CHr 18, -2 1 , -26, -27, -30, -31,
+  1.08 +  1.13 (CH3-19, -21, -26, -27, -30, -31, -32), 203 (s, -32), 3.26 (q, 1, J  =  5.5 and 9 Hz, CH-3), AB quartet at 3.82
6 , CHsOCO-3 and -18), AB quartet at 2.67 and 2.46 (1 each, and 3.64 (doublet, 1 each, / = 8 Hz, 3.82 is pair of narrow dou-
J  =  14 Hz, CH2-I2 ), broad doublet centered at 2.8 (1, CH +1), blets, J  — 1.5 Hz) and 4.13 (m, 1, CH-1 1 ); for mass spectrum,
4.00 (s, 2, CH2- I 8 ), 4.47 (s, 1, CH-3); mass spectrum (rel in- see Figure 2.
tensity) m /e  544 (18, M+), 502 (1 ), 484 (48), 471 (20), 442 (8 ), A n a l. Calcd for CmHjjCV. C, 81.02; H, 11.79. Found:
441 (11), 411 (1 1 ), 399 (12), 361 (100), 348 (13), 301 (14), 275 C, 80.85; H, 11.69.
(11), 263 (29), 193 (17), 135 (33), and 43 (69). lld,18-Epoxylanostan-3-one (32).— 1 l/3,18-Epoxylanostan-3(3-

A n a l. Calcd for C34H56C>5: mol wt, 544.41275. Found: ol (24) (30 mg) was treated with a pyridine (1 ml) solution of
mol wt (mass spectrometry), 544.41228. chromium trioxide (30 mg) at room temperature for 5 hr. After

The more polar component, 3j3,18-diacetoxylanostan-ll-one the usual work-up, the ketone 32 was crystallized from acetone-
(20) {R t 0.29, 13.4 mg, 34%), was crystallized from ether-hexane: methanol: mp 116-117°; [qt]24d + 78° (c 1.4); ir (KBr) 1705
mp 130-131°; [<*]26d + 53° (c 1.4); ir (KBr) 1735, 1700, 1240, (C = 0 ), 1030, and 1020 cm -'; nmr 8 0.82 +  0.88 +  0.91 +  1.04
and 1025 cm *; nmr 8 0.83 +  0.84 +  0.87 +  0.89 (CH3-21, (CH3-21, -26, -27, -30, -31, -32), 1.16 (s, 3, CH3-19), 3.67 (s, 2,
-26, -27, -30, -31), 1.08 and 1.13 (s, 3, each, CH3-32, -19), 2.03 CH2-18), 4.28 (d, 1 , J u a .n p  = 6  Hz); mass spectrum (rel in-
(CH3OCO-3 and -18) a pair of doublets at 2.45 and 2.65 (d, tensity) m /e  442 (84, M+), 427 (23), 424 (2 ), 411 (1 0 ), 409 (23,
1 each, / = 14 Hz, CH2-12), 2.85 (broad d, 1, CH +1) 4.02 4 2 7  409, m* 392.5), 397 (7), 357 (7, 442 357, m* 288.5),
(broad s, 2 , CH2-I 8 ), 4.47 (m, 1 , CH-3); mass spectrum (rel 330 (24, 4 4 2 ^  330, m* 246.2), 329 (14), 311 (1 0 ), 299 (7), 249
intensity) m /e  544 (25, M+), 502 (2), 484 (40), 471 (20), 442 (12), 194 (23, 442 — 194, m* 85.2), 193 (14), and 43 (100).
(8 ), 441 (10), 411 (9), 399 (10), 361 (1 0 0 ), 348 ( 1 1 ), 301 (8 ), 275 A n a l. Calcd for C30H6„O2: C, 81.39; H, 11.38. Found:
(8 ), 263 (35), 175 (14), 135 (30), and 43 (53). C, 81.30; H, 11.40.

A n a l. Calcd for C34H560 5: mol wt, 544.41275. Found: 2,2-Dideuterio-ll,18-epoxylanostan-3-one.— The ketone 32
mol wt (mass spectrometry), 544.41228. ( 1 0  mg) was stirred in an aliquot of sodium (100 mg), deuterium

Lithium Aluminum Hydride Reduction of 3/3,18-Diacetoxy- oxide (1 ml), and dioxane (2 ml). After 1 day the solvent evap-
anostan- l l - ° ne (2 0 ). The 11 ketone 2 0  was reduced with excess orated under reduced pressure and the exchange repeated with

lithium aluminum hydride in tetrahydrofuran (4 ml) at reflux deuterium oxide (1 ml) and dioxane (2 ml) for an additional day.
temperature overnight. After work-up with saturated sodium Then the solvent was again evaporated, deuterium oxide (3 ml)
oono^f ®°̂ utl011> the triol 2 1  (14 mg) was obt.ainedj mp 228- was added, and the solution was extracted with chloroform. The
i n »  / sublimation at 2 X 10 5jnm , approx 170°); [<*]26d product was purified by tic (silica gel HF, 5%  ethyl acetate- 

. i t . 1 „ lr 3 4 1 0  anf* 1 0 3 0  cm 1; nmr 8 0 ,8 2  +  0'®° +  benzene, developed twice, Rf 0.4) and crystallized from methanol-
0.97 (CHs-21, -26, -27, -30, -31, -32), 1.18 (s, 3, CH3-19), 3.25 chlorcform: mp 114-116°; approximate isotopic distribution
(m, 1 , CH-3), 3.7 (m, 2, CH2- I 8 ), 4.26 (m, 1 , CH-1 1 ); mass 1 % <f(j 9 % dlt and 90% d2; mass spectrum (rel intensity) m /e
spectrum (rel intensity) m /e  444 (18, M — H20 ) , 429 (20), 414 ___________
(37), 413 (15), 411 (26), 399 (18), 395, 393, 381 (10), 301 (8 8 ),
283 (21), 220 (23), and 193 (100 base peak). (33) emP*°yed a modification of the procedure of Barton and CO-

workers (ref 26), who recorded the isolation of 11/3,19-epoxy lanostan-3/3-ol
---------------------- (25), mp 177-182°, [o]d + 5 2 ° , and its 3-acetate (28), mp 162-165°, [« ]d

+  61°. Identity of our product was established by direct comparison in
(32) A. A. Pavlic and H. Adkins, J . Amer. Chem. Soc., 68, 1471 (1946). Professor Barton's laboratory.
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444 (100, M +), 429 (29), 413 (14), 411 (30), 399 (9), 359 (7), chloroform-methanol: mp 165-166°; [»]26d + 62° (c 1 2)- ir
332 (29), 331 (17), 313 (12), 249 (16), 194 (27), 193 (17), and 43 (KBr) 1737, 1245, and 1020 cm "1; nmr 8 0.70 +  0.81 +  0.84
(46)- +  0.90 (CH3-18, -21, -26, -27, -30, -31, -32), 2.03 (s, 3, CH3-

110.18- Epoxy lanostan-30-yl Acetate (26).—The 3-hydroxy OCO-3), AB quartet at 3.65 and 3.83 (1 each, J  = 8  Hz, CH2-19),
11,18 ether 24 was acetylated in 1:1 pyridine-acetic anhydride 4.13 (m, 1, CH-1 1 ), 4.53 (m, 1 , CH-3); mass spectrum (rel
at room temperature overnight. The product, 110,18-epoxy- intensity) m /e  486 (29, M+), 471 (3), 455 (32), 426 (18), 411
lanostan-30-yl acetate (26), was crystallized from chloroform- (7), 396 (33), 395 (27), 381 (8 ), 373 (6 ), 346 (43), 332 (50), 
methanol: mp 185.5-186.5°; [a]2io + 89° (c 1.2); ir (KBr) 331 (20), 315 (29), 303 (37), 301 (31), 286 (28), 273 (33), 263
1735, 1240, and 1020 cm“1; nmr 8 0.81 +  0.82 +  0.87 +  0.89 (43), 255 (72), 243 (53), 207 (38), 203 (48), 95 (100), and 43
+  10.5 (CH3-I 9 , -2 1 , -26, -27, -30, -31, -32), 2 .0 2  (s, 3, CH3- (97).
OCO-3), 3.65 (s, 2, CH2-18), 4.27 (d, 1 , J n a ,np = 6  Hz, CH-1 1 ), A n al. Calcd for C32HM0 3: C, 78.96; H, 11.18. Found:
4.5 (m, 1 , CH-3); mass spectrum (rel intensity) m /e  486 (100, C, 78.86; H,11.34.
M +), 741 (41), 468 (5), 455 (12), 453 (20, 471 -*■ 453, m* 436), Chromium Trioxide Oxidation of 110,19-Epoxylanostan-30-yl 
426 (10), 411 (43, 471 411, m* 359), 401 (5, 486 - *  401 m* Acetate (28).—The ether 28 (35 mg) in acetic acid (1 ml) was
330), 393 (33, 471 -*• 393, m* 328), 383 (11), 374 (26, 486 — treated with chromium trioxide (20 mg in 1 ml of 80% aqueous 
374, m* 288), 313 (20), 249 (14), 194 (32, 486—► 194, m* 77.4), acetic acid) at room temperature for 4 hr. The excess reagent
193 (18), and 43 (100). was decomposed with 2-propanol and the resulting 30-aeetoxy-ll-

A n a l. Calcd for C^H^Oa: C, 78.96; H, 11.18. Found: oxolanostan-19-oic acid (29) was isolated by preparative tic
C, 78.73; H, 10.96. (silica gel H F, 4 :1  hexane-acetone, developed twice, Rt 0.3,

30-Acetoxylanostane-18,1 1 0 -lactone (27).—The ether 26 (2 0 0  18 mg): mp 185-188° (from chloroform-acetone); ir (CHCls)
mg) in acetic acid (1 m l)’was treated with chromium trioxide 3540, 2900-3300 (broad), 1730, 1708 (11 ketone), and 1250 cm“1;
solution (180 mg, in 2 ml of 80% aqueous acetic acid) at room mass spectrum (rel intensity) m /e  516 (5, M+), 498 (7, M -
temperature for 5 hr. After the usual work-up, preparative H20 ) ,  472 (2), 456 (80, M -  AcOH), 438 (23, M -  (AcOH +
tic (silica gel H F, 5 :1  hexane-acetone) provided the starting H20 )] , 410 [100, M -  (AcOH +  C 0 2H2)], 395 (10), 393 (16),
material 110,18-epoxylanostan-30-yl acetate (26) ( Rt 0.70, 70 377 (7), and 95 (6 8 ).
mg), mp 185.5-186.5, and 30-acetoxylanostane-18,1 1 0 -lactone A n a l. Calcd for C32H620 6: mol wt, 516. Found: mol wt
(27) (Rt 0.59, 47 mg, 35% ): mp 222-222.5° (from chloroform- (mass spectrometry), 516.
acetone); [a]24D + 73° (c 1.3); ir (KBr) 1762 (five-membered The above acid was further characterized by converting it to 
lactone), 1736 (acetate), 1240 and 1030 cm-1; nmr S 0.79 +  the methyl ester 30 with diazomethane in ether: mp 140-142°
0.83 +  0.85 +  0.87 +  0.89 +  0.93 +  1.03 (CH3-19, -21, -26, -27, (from ether); [a]25D + 74° (c 0.5); ir (CHC13) 1735-1700 and
-30, -31, -32), 2.04 (s, 3, CHsOCO-3), 2.52 (q, 1 , J  = 6  and 12.5 1240 cm-1; nmr 5 0.72 +  0.80 +  0.85 +  0.90 +  1.04 (CH3-18,
Hz, CH-1 2 0 ), 4.47 (q, 1, J  = 6.5 and 9 Hz, CH-3), 4.93 (d, 1 , -21, -26, -27, -30, -31, -32), 2.04 (s, 3, CH3OCO-3), 3.70 (s, 3̂
Ju a .it ff  = 6  Hz, CH-11); nmr (C6D6) 5 0.69 +  0.85 +  0.88 +  COOCH3-19); mass spectrum (rel intensity) m /e  530 (11, M +),
0. 95 +  0.97 (CH3-19, -21, -26, -27, -30, -31, -32), 1.75 (s, 3, 512 (17, M -  H20 ) ,  498 (4), 470 (8 , M -  AcOH), 456 [60,
CH3OCO-3 ), 2.27 (q, 1, J  =  6  and 12.5 Hz, CH-120), 4.26 (d, M -  (C 02Me +  CH3)[, 438 (20), 410 (64), 393 (89), 392 (28),
1, Jn a .u B  = 6  Hz, CH-1 1 ), 4.58 (q, 1 , J  =  6.5 and 9 Hz, CH-3); 377 (8 ), and 303 (12).
mass spectrum (rel intensity) m /e  500 (32, M +), 485 (26), 482 A n a l. Calcd for C^H^Os: mol wt, 530.397. Found: mol
(3), 455 (8 ), 440 (22), 425 (39), 397 (12), 385 (7), 371 (15), 347 wt (mass spectrometry), 530.392.
(48), 343 (58), 327 (7), 311 (8 ), 288 (32), 287 (29), 283 (26), Lithium Aluminum Hydride Reduction of 30-Acetoxy-ll-oxo- 
237 (22), 193 (25), 176 (28), 135 (39), and 43 (100). lanostane-19-carboxylic Acid Methyl Ester 30.—The ester 30

A n a l. Calcd for C32H520 4: C, 76.75; H, 10.47. Found: (25 mg) was reduced with lithium aluminum hydride in tetra-
C, 76.91; H, 10.27. hydrofuran at reflux temperature for 5 hr. After the usual work-

Lanostane-30,110,18-triol (2 1 ).—The lactone 27 (35 mg) was up with saturated sodium sulfate solution, preparative tic (silica
reduced with excess lithium aluminum hydride in tetrahydrofuran gel HF, 4 : 1  hexane-acetone, three times) gave lanostane-30,110,-
(3 ml) at room temperature overnight. Work-up with saturated 19-triol (37) (15 mg, R{ 0.23): mp 237-238°; [<*]26d + 41°
sodium sulfate solution gave lanostane-30,110,18-triol (2 1 ) (32 (c 0.9); ir (KBr) 3390 and 1030 c m '1. Mixture melting point
mg): mp 227-229° (after sublimation at 2 X 10-5  mm, c a . determination (mp 237-238°) and comparison of its specific ro-
170°); [or]27n + 43° (c 1.1); ir (KBr) 3410 and 1035 cm-1; nmr tation and ir spectrum, as well as its identical tic behavior (in
5 0.82 +  0.90 +  0.97 (CH3-21, -26, -27, -30, -31, -32), 1.18 the above system), confirmed its identity with lanostane-30,110,-
(s, 3, CH3-I9 ), 3.25 (m, 1 , CH-3), 3.70 (q poor, 2, CH2-18), 19-triol (37) characterized below.
4.26 (m, 1 , CH-11), 3.70 +  2.20 +  1.69 (all three singlets ex- Lanostane-30,118 ,19-triol (37).—30-Acetoxy-lanostan-19-ol-
change in D20 ,  HO-3, -11, -18); mass spectrum (rel intensity) 11-one23 (36) (53 mg, mp 163-165°; [a]26n + 5 4 ° ; lit.23mp 157-
m /e  444 (11), 429 (9), 414 (43), 413 (13), 411 (10), 399 (16), 395, 158°, [<*]n + 53°, nmr identical) was reduced with lithium alu-
393, 381 (6 ), 301.2537 (85, C2iH330  requires 301.2531), 283.2471 minum hydride in tetrahydrofuran (4 ml). After the usual
(15, C2iH3i requires 283.2426), 2 2 0  (23), and 193.1944 (1 0 0 , work-up and purification (same as above) lanostane-3 0 ,1 1 0 ,1 9 -
Cl4l l 2r,requires 193.1956). triol (37) (21 mg) was isolated: mp 237-239° (from chloroform-

A n a l. Calcd for CaoH64Os: C, 77.87; H, 11.76. Found: methanol); [a] “n + 43° (c 0.5); ir (KBr) 3390 and 1030 cm-1;
C, 77.69; H, 11.59. nmr 0.79 +  0.91 +  1.00 +  1.02 (CH3-18, -21, -26, -27, -30, -31,

30-Acetoxylanostane-18,110-lactone (27) was reduced in a -32), 3.27 (broad m, 1 , CH-3), 3,82 (s, 2 , CH2-19), 4.20 (narrow
similar manner with lithium aluminum deuteride giving 18,18- m, 1, CH-11); mass spectrum spectrum (rel intensity) m /e
dideuteriolanostane-30,110,18-triol: mass spectrum (rel in- 462 ( 1 , M +), 444 (17), 426 (55), 414 (100), 413 (48), 411 (20),
tensity) m /e  446 (8 , M -  H20 ) ,  431 (8 ), 414 (48), 413 (18), 399 399 (64), 396 (32), 395 (2 2 ), 381 (26), 353 (7), and 239 (10).
(13), 395 (9), 301 (83), 283 (15), 220 (20), 193 (100, base peak), A n a l. Calcd for CjsHwCVVjCHaOH: C. 76.51; H, 11.79. 
and 43 (73). Found: C, 76.61; H, 11.80.

The (above 18,18-dideuteriolanostane-30,110,18-triol was 
stirred with p-toluenesulfonyl chloride34 in pyridine at room
temperature overnight and the crude product was treated with R egistry  No.' 9 , 2 4 0 4 1 -6 8 -7 ; 9  3/3-acetate, 24041-  
sodium naphthalide35 in tetrahydrofuran. Preparative tic 7 0 -1 ; 1 1 ,2 5 1 1 6 -5 8 -9 ; 1 2 ,2 5 1 1 6 -5 9 -0 ; 1 3 ,2 4 0 4 1 -7 3 -4 ;
(silica gel HF, 4 :1  hexane-acetone, R, 0.40) gave a small yield 14) 25116 -61 -4 ; 1 5 ,C -2 0  ( R ) ,  24 0 4 1 -7 5 -6 ; 15, C -20  (S),
f̂ |1 ^,l^-d^e^terio-110,18-epm£ylanostan-30-ol: mass spectrum 24 0 4 1 -7 4 -5 ; 16, C -20  ( R ) ,  2404 1 -8 1 -4 ; 16, C -20  (S ),

(rel intensity) m /e  446 (100 M+), 431 (26), 413 (32), 381 (6 ), ’ -  ’ r  on ) +  ’
361 (4 ), 3 3 4  (16), 315 (1 2 ), 251 (1 2 ), 195 (25), and 193 (1 2 ). 24041 -76 -7 , 17, C -20  ( R ) ,  2 o l 16 -64 -7 , 17, C -20  (S ) ,

113.19- Epoxylanostan-30-yl Acetate (28).—The 30 alcohol 25 25 1 5 8 -1 8 -3 ; 18, C -20  (R ) ,  25 1 5 8 -1 9 -4 ; 18, C -20  (S),
was acetylated in 1 : 1  pyridine-acetic anhydride at room tem- 2515 8 -2 0 -7 ; 1 9 ,2 4 0 4 1 -7 7 -8 ; 2 0 ,2 4 0 4 1 -7 8 -9 ; 2 1 ,2 4 0 4 1 -
peramre overnight. The acetate 28 was crystallized from 79_0 ; 2 4 ,2 5 1 1 6 -6 7 -0 ; 2 5 ,2 2 4 1 7 -9 4 -3 ; 2 6 ,2 5 1 1 6 -6 8 -1 ;
------------------ 2 7 , 2 4 0 4 1 -80 -3 : 2 8 , 2 2 4 1 7 -93 -2 ; 2 9 , 25 1 1 6 -7 1 -6 ; 30 ,

(34) r . A. Lewis, o. Korpiue, and k . Misiow, j . Amer. Chem. Soc.. 90, 2 5 1 1 6 -72 -7 ; 3 2 , 2511 6 -7 3 -8 ; 32  (2,2-d id eu terio), 25116-
4847 (1968). '  ’ .  > v > />

(35) W. D. Closson, P. Wriede, and S. Bank, ib id .. 88, 1581 (1966). 74-9  ; 3 7 , 25UO-/D-U.
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Various steroidal secondary and tertiary alcohols were treated with methyl(carboxysulfamoyl)triethylam- 
monium hydroxide inner salt (1 ), to afford olefins. In most cases, the nature of the alcohol group (secondary, 
tertiary, homoallylic), its configuration, and the environment are the primary factors governing the course of the 
reaction. While tertiary alcohols seem to react under milder conditions, they are also subject to rearrangements.
The compatibility of a saturated ketone, a ,0-unsaturated ketone, aromatic ring, triple bond, acetate, and bis- 
methylenedioxy function with the reagent and the mild reaction conditions (low temperature, neutral medium), 
the satisfactory yields which were often obtained, as well as the unexpected nature of some products, make it an 
attractive technique for introduction of double bonds into the steroid molecule.

Recently, Burgess, et a l .,2 reported the preparation of CH:), 75%  5a-androst-2-en-17-one (4) was obtained 
methyl(carboxysulfamoyl)triethylammonium hydrox- (see Table I).
ide inner salt (1) and showed3 1 to be a useful reagent Similarly, 3/3-hydroxy-5a-androstan-17-one (5) and 
for the dehydration of simple alcohols. The authors cholestanol 6 afforded the A2 steroids 4 and 7 in 52 and
have also shown that the reaction is at least for 63%  yield, respectively. The reasonable yield ob-
secondary alcohols a stereospecific cis elimination of tained in these dehydrations indicates that the 17-keto
first order, which proceeds via an ion-pair mechanism group is compatible with the elimination reaction of 2
and follows Saytzeff’s rule.3 and 5. Moreover, no A3 steroid could be isolated at

We wish to report the application of this elimination the end of the reaction, 
reaction to secondary and tertiary steroidal alcohols. T_ie alcohol group in cholesterol 8 proved to be less 
It is shown that the inner salt 1 is a useful dehydration amenable to dehydration under the above conditions,
agent which gives rise to a variety of olefins whose yield since 40%  of starting material 8 was recovered along
and structure depend essentially on the nature of the with a 27%  yield of cholesta-3,5-diene (9) (Table I).
starting steroidal alcohols. The A2'6-diene, which may have been formed, could

q conceivably have rearranged to the isomeric A3'5-diene
y _ + (9) during the isolation procedure.

CH3—O—C—N—S02—N(C2H5)3 When the elimination reaction was performed with
1 11/3,17a,21-trihydroxy-17:20,20:21-bismethylenedioxy-

The course of the reaction of 3a-hydroxy-5a-andro- pregn-4-ene-3,20-dione (10), the A9lU)-pregnene (11) 
stan-17-one (2) with the N-sulfonylamine inner salt 1, )vas f°rme(i in 96%  yield. This is remarkable because 
in anhydrous benzene solution at room temperature, shows that there is no competing reaction between the 
was followed by thin layer chromatography (tic). inner salt 1 and either the conjugated A4-3 ketone or 
When there was no alcohol 2 left but only a more the bismethylenedioxy grouping.
polar product, the solution was neutralized and ex- The A9(u) steroid 11 results presumably from intra- 
tracted, yielding a compound presumed to be the ester molecular hydrogen transfer of the hydrogen atom at
3a which decomposed on heating at 90° in  vacuo by a ^-9 to a cation formed at C -ll, followed by proton ex

traction.4
0  0  The formation of the A9(11) steroid 11 in high yield
jj ]1 is particularly important because of the potential use

CH3 0  this reaction for further introduction of substituents
| ------  —*■ at C-9 and C -ll, known to increase the biological ac-

02s I j  tivity, e.g., in the corticoid series.
In contrast to the 11/3-hydroxy compound 10, reac- 

H tion of lla-hydroxypregn-4-ene-3,20-dione (12) with
3a Q 1 only afforded 9%  A9lll)-pregnene (13). It may

O | be that steric factors make the course of the elimination
II 1

Q J J  Q __0  .. i ____ I (4) The suggested mechanism 10 -*■ A —► B —► C —*-11 also explains why
** ^ no A11 '^elimination compound could be detected.

I 9OoS i H —
h  ch3o—0 —C—N—S02—O

3b .  -  / - + £ £ }  -  
cyclic intramolecular hydrogen transfer (see 3b). Be- L-VV
sides sulfur trioxide and methyl carbamate (NH2COO- A

o
I-

(1) Author to whom inquiries may be addressed: Syntex, S. A., Apartado CH/X'N SO, B }
IQ-802, Mexico 10, D. F., Mexico.

(2) G. M. Atkins, Jr., and A. M. Burgess, J .  Amer. Chem. Soc., 90, 4744 +(C ^ P- | (
does). 11

(3) E. M. Burgess, E. A. Taylor, and H. P. Penton, Jr., 159th National j HJj | /L  J
Meeting of the American Chemical Society, Houston, Texas, Feb 1970,
Abstracts, No. ORGN-105. B C
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T a b l e  I

P r o d u c t s  a n d  Y i e l d s  o f  C o m p o u n d s  F o r m e d  b y  D e h y d r a t i o n  o f  S t e r o i d a l  A l c o h o l s

Yields,
Steroidal alcohols Steroidal olefins formed %

3a-Hydroxy-5a-androstan-17-one (2 ) 5<*-Androst-2-en-17-one (4) 75
3/3 Hydroxy-5«-androstan-17-one (5) 5a-Androst-2-en-17-one (4) 52
3/3-Hydroxy-5a-cholestane (6 ) 5a-Cholest-2-ene (7) 63
3/3-Hydroxy-cholest-5-ene (8 ) Cholesta-3,5-diene (9) 27
11/3,17a,21-Trihydroxy-17:20,20:21- 17a,21-Dihydroxy-17:20,20:21-bismethylenedioxy- 96

bismethylenedioxypregn-4-ene-3,20-dione (10) pregna-4,9(ll)-diene-3,20-dione (11)
lla-Hydroxypregn-4-ene-3,20-dione ( 1 2 ) Pregna-4,9(ll)-diene-3,20-dione (13) 9

17a-Pregna-4,9(ll)-diene-3,20-dione (14) 2

3/3,17/3-Dihydroxy-3a-ethynyl-5a-androstane 3-Ethynyl-17/S-hydroxy-5a:-androst-2-ene 25
17-acetate (15) acetate (16)

3,17/3-D i hydroxy-17 a-ethyny lestra-1,3,5 (10)- 3-Hydroxy-17-ethynylestra-l,3,5(10),16-tetraene 61
triene 3-methyl ether (17) 3-methyl ether (18)

3-Hydroxy-l 7 a-ethynyl-17/3- methyl- 18-norestra- 11
1,3,5(10), 13-tetraene 3-methyl ether (19)

2a,17a-Dimethyl-17/S-hydroxy-5a-androstari-3- 2-Methyl-7-methylene-5a-aadrostan-3-one (21) 74
one (2 0 ) 2a,17,17-Trimethyl-18-nor-5a-androst-13- 10

en-3-one (22)

reaction different in the case of 11a and 11/3 alcohols 25%  A2-androstene 16, besides 50%  of recovered
10 and 12. In any event, the dramatic difference in starting material 15.
yields of 11 and 13 is surprising, since the formation of Dehydration of 3,17/3-dihydroxy-17a-ethynylestra- 
an intermediary 11/3 ester4 of 10 should be subjected to l,3,5(10)-triene 3-methyl ether (17) under the same
more steric hindrance by the 18- and 19-methyl groups, reaction conditions provided as major product the
as veil as the bismethylenedioxy grouping than in the A16-elimination compound 18 (61% ), along with 3-
case of the lla-hydroxypregnene (12). hydroxy-17a-ethynyl-17/3-m ethyl-18-norestra-l,3,5-

Worth noting also is the formation of 2%  17a- (10), 13-tetraene 3-methyl ether (19) (11%) which
pregna-4,9(ll)-diene-3,20-dione (14) during this reac- could be separated by tic. Similarly, 2a, 17a-dimethyl-
tion. The 17a configuration of the methyl ketone is 17/3-hydroxy-5a-androstan-3-one (20) afforded the
based on the chemical shift of the C-18 methyl reso- Al7(20)-elimination product 21 (74% yield) and the re-
nance (Table II).5’6 arranged 17,17-dimethyl compound 22 (10%) (see

Attempts to dehydrate some secondary 17/3-hy- Table I). The rearranged products, 19 and 22, pre-
droxy steroids led to a complex mixture of substances sumably result from methyl migration after formation
which could not be separated and in which no compound of a carbonium ion at C-17.
was observed in yields exceeding 10%. It is of interest to note that in the case of dehydra-

Steroidal tertiary alcohols were also submitted to tion of compounds 15 and 17 the inner salt 1 does not
treatment with the N-sulfonyl amine inner salt 1. seem to have reacted either with the ethynyl group, or
Reaction of the steroidal alcohols, 15,17, and 20, with 1 the acetate of 15, or the aromatic ring of 17. T his
in anhydrous benzene at room temperature was fol- emphasizes the applicability of the elimination reaction
lowed by tic. In these cases, only less polar products to numerous polyfunctional molecules. Worth noting
were formed. The organic solution was washed with also is the good yield in which the methylene compound
water, dried, and concentrated under reduced pressure 21 was formed. In the present case, Saytzeff’s rule was
to afford directly the elimination compounds. No not followed. In any event, this constitutes a new
sulfonyl esters were detected which seems to indicate method of introducing an exo-methylene group at C-17
that they are decomposed in situ at room temperature. with potential use in the elaboration of the pregnane

Under these reaction conditions, 3/3,17/3-dihydroxy- and corticoid side chains.
3a-ethynyl-5a-androstane 17-acetate (15) provided

Exp erim ental Section7

(5) A. D. Cross and P. Crabby, J .  Amer. Chem. Soc., 8 6 , 1221 (1964); The physical properties and appropriate references of steroidal
(b) J .  Romo, L. Rodriguez-Hahn, P. Joseph-Nathan, M. Martinez, and P. olefins are listed in Table I I .
c rabbi, Bull. Soc. Chim. Fr. 1276 (1964); (c) x . S Bhacca and D. h Typical Procedure. Reaction of the Secondary Alcohol 2
W, hams Applications of N M R Spectroscopy ,n Organic Chemistry, w ith  th e  In n e r  S a lt  ! . _ T o  a  solution of 1 g of 2 in 50 ml of
Holden-Day, Inc., San Francisco, Calif., 1964. - , ,  _

(6) The partial inversion of configuration at C-17 is attributed to the anhydrous benzene, 6.5 g of salt 1* was slowly added. The
formation of an enolate of type A. During work-up, A leads to the anion B  mixture was stirred for 2  hr at room temperature, the reaction

+ (7) Microanalyses were done by Dr. A. Bernhardt, Max Planck Institut,
N(C2H5)3 C = 0  Mülheim, Germany. Melting points were determined in capillary tubes

{
n ^  ^ | — ► 13 -f 14 with a Mel-Temp apparatus; they are corrected. Optical rotations were

\  | z i T ^ l  taken between 16 and 22° with a 1-dm tube at sodium d light in chloroform

J____ I HNCO.CH 1 J____ l solution. Infrared spectra were taken with a Perkin-Elmer Model 21, NaCl
^  " \r prism. Ultraviolet absorption spectra were obtained with a Beckman

A spectrophotometer, Model DU, in ethanol solution. Nuclear magnetic
resonance spectra were recorded with a Varian A-60 spectrometer, for 5 -8  % 

which gets protonated at C-17 from both sides. A recent experiment has (w/v) solutions in deuteriochloroform containing tetramethylsilane (TM S)
shown that dehydration of ll/3-hydroxypregn-4-ene-3,20-dione with the as internal reference. Resonance frequencies are quoted as parts per million
same reagent gives an identical mixture of 13 (four parts) and 14 (one part). downfield from TM S. Coupling constants are accurate to ± 0 .5  Hz.
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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 i e s  o f  S t e r o i d a l  O l e f i n s  

------------Uv-----------.

Steroidal olefins Mp, °C [<*]d, deg (nm) t Nmr, ppm Ref

5a-Androst-2-en-17-one (4) 105-106 +136 0.77 (18 H), 0 .87  (19 H), 5 .6  a
(2 H, 3 H)

5a-Cholest-2-ene (7) 73-74 + 6 8  5 .6  (2 H, 3 H) b
Cholesta-3,5-diene (9) 77-78 -1 1 0  236 7,940 5 .65 (m, 3 H, 4 H, 5 H ) c
17«,21-Dihydroxy-17:20,20 :21- 222-223 - 2 1  240 16,600 0 .8  (18 H), 1.33 (19 H), 3.96 d

bismethylenedioxypregna-4,9(ll)- (21 H), 4 . 6 6 , 5.06, 5 .2 , 5.56
diene-3,20-dione (11) (BMD), 5 .5  (t, ./ = 3 Hz, 1 1  II),

5.73 (4 H)
Pregna-4,9( 1 1  )-diene-3,20-dione 118-119 +143 240 15,900 0.67 (18 H), 1.4 (19 H), 2 .17 e

(13) (acetone) (21 H), 5 .56 (t, T = 3 Hz, 11 H),
5.75 (4 H)

17a-Pregna-4,9(11 )-diene-3,20- 175-176 ± 0  238 14,000 0.90 (18 II), 1.31 (19 H), 2 . 1 2  /
dione (14) (21 H), 5.61 (t, J  =  2 Hz, 11 H),

5.76 (4 H)
3-Ethynyl-17/S-hydroxy-5a- 93-94 + 62  224 12,600 0.80 (18 H), 0.81 (19 H), 2 .03 g

androst-2-ene acetate (16) (OAc), 2 .8  (acetylenic H),
6 .0  (d, J  = 12 Hz, 2 H)

3-Hydroxy-17-ethynylestra-l,3,5- 153-154 + 6 6  226 17,400 0.82 (18 H), 2 .98 (2 1 -acetylenic h
(10),16-tetraene 3-methyl ether 278 1,820 II), 3.67 (0-CH„), 6.05 (16 H),
(18) 287 1,700 6 . 8  (ni, aromatic H)

3-Hydroxy-17a-ethynyl-17+methyl 108-109 ± 0  278 2,040 1.29 (17 Me), 2.14 (21-acetylenic i
18-norestra-1,3,5(10),13-tetraene 287 1,860 H), 3.72 (0-C H 3), 6.91
3-methyl ether (19) (m, aromatic H)

2a-Methyl-17-methylene-5a- 142-143 + 45  0 .8  (18 H), 1.03 (d, / = 4 Hz, 2 Me),
androstan-3-one (21) 1.09 (T9 II), 4 63 (d, ./ = 2  Hz,

C = CH2)
2a,17,17-Trimethyl-18-nor-5a- 129-130 ± 0  0 .97 (17-pem-di-Me), 1.05 (d, J  =  3 Hz,

androst-13-en-3-one (22) 2 Me), 1.09 (19 H)
* Reference 8 . b A. Fürst and PI. A. Plattner, Helv. C him . A cta, 28, 275 (1949). c J .  C. Eck, R. L. van Peursem, and E . W. Hollings

worth, J . A m er. C hem . S oc., 61, 171 (1939); F. S. Spring and G. Swain, J .  Chem . S oc., 83 (1941). d L. H. Knox, E . Velarde, S. Berger,
D. Cuadriello, and A. D. Cross, J .  Org. C hem ., 29, 2187 (1964). e G. Rosenkranz, O. Mancera, and P. Sondheimer, J .  A m er. Chem . Soc., 
76, 2227 (1954); H. Reimann, E . P. Oliveto, R. Neri, M. Eisler, and P. Perlman, ib id ., 82, 2308 (1960). f  A n al. Caled for C+HsCb: 
C, 80.73; H, 9.03. Found: C, 80.65; H, 8.90. Mass spectrum: m /e  312 (M +), 297 (M — CH3). « Unpublished result from L. H. 
Knox, R. Grezemkovsky, and P. Crabbé, (Syntex, S.A.): mp 93-94°; [a]D +  62°; Am„  224 nm (e 13,200); rmax 1730 cm-1. A n al. 
Caled for C23H32O2: C, 81.13; H, 9.47. Found: C, 80.74; H, 9.33. h P. Crabbé, P. Anderson, and E . Verlarde, J .  A m er. Chem . S oc.,
90, 2998 (1968). * Unpublished result from E. Velarde and P. Crabbé, (Syntex, S.A.): mp 108-109°; [a]D ± 0 ° ;  Xma* 278, 287 nm
(e 2000, 1900). A n al. Caled for C2,H „0: C, 86.25; H, 8.27. Found: C, 85.63; H, 8.46.

being followed by tic. The benzene solution was washed with Further elution with hexane-ether (95:5) afforded 700 mg
5%  hydrogen chloride and then with water. After distillation of crystalline 21 (mp 134-135°) of which the analytical sample
of the solvent, the amorphous material obtained was heated was prepared by recrystallization from methanol: mp 142-143°;
under reduced pressure at 90° for 2 hr giving 1 g of product [o ] d  + 4 5 ° ; 1710, 1660, 885 cm- 1  (see Table I I ) ;  m /e  300
which was chromatographed over Florisil. Elution with hexane- (M+), 285 (M+ — CH3).
ether (95:5) afforded 680 mg of crystalline 4 (mp 100-104°) A n a l. Caled for C21II32O: C, 83.94; H, 10.73; O, 5.32. 
(see Table I I ) . 8 '  Found: C, 84.12; H, 10.68; 0 , 5.30.

Typical Procedure. Dehydration of the Tertiary Alcohol
2 0  with the Inner Salt 1.—To a solution of 1 g of 2 0  in 20 ml Reiristrv No —4 963 7 5  7 - 7  570 72 O- Q 7 4 7  QOO-
of anhydrous benzene, 2.7 g of salt 1* was added. The reaction , , , ,  1 o 7U" , 4  9,747-90-0 ,
mixture was stirred at room temperature for 2 hr. The benzene 4777-o9-o; 13, l/o52-16-3; 14, 24742-95-8; 16,
solution was washed with water until neutral, then dried over 24799-53-9; 18, 23640-47-3; 19, 24742-97-0; 21,
anhydrous sodium sulfate, and concentrated in  vacuo. The 24742-98-1; 22,1971-61-5. 
crystalline product was chromatographed over Florisil.

Elution with hexane-ether (96:4) provided 1 0 0  mg of the 18- . ,
nor steroid 2 2  (mp 127-128°), which was purified by recrystal- Acknowledgment. We express our sincere gratitude 
lization from methanol to afford the analytical sample: mp to Dr. E . M. Burgess, Georgia Institute of Technology,
129-130 ; [a]d ± 0 ° ;  1710,1445 cm - 1  (seeTableII). for informing us of his observations and results prior to
c S o -  HÍ0d 6?r C2iH32° : C’ 83'94’ H’ 10'73' Found: publication and for providing us with the carbethoxy-
—— '—-— 1 ' ' sulfamoyl chloride. We thank Syntex, S.A., for a

(8) (a) R. E, Marker, O. Kamm, D. M. Jones, and L. W. Mixon, J .  generOUS gift of Steroids, Dr. A. Guzmán, Dr. P. Ortiz
Amer. Chem. Soc., 59, 1363 (1937); (b) J .  Iriarte, G. Rosenkranz, and F . i . n  i tl/t  tt tt  i j  r  i_ i r  i
Sondheimer, J .  Org. Chem., 20, 542 (1955); (e) v. Prelog, L. Rtuicka, p! de Montellano, and Miss E. Velarde for helpful sug-
Meister, and P. Wieland, Hdv. Chim. Acta, 28, 618 (1945). g e s t i jU S .
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Synthetic access to the two stereoisomeric classes of bicyclie eremophilone-type sesquiterpenes has been gained 
through the lithium-ammonia reduction of the methoxymethyl enol ether of ethyl 8/3,8a£-dimethyl-l-oxo- 
l,2,3,4,6,7,8,8a-octahydro-2-naphthoate (5). This reaction affords directly the less stable axial ester (11), 
ethyl 8/318ai3-dimethyl-l,2,3,4,6,7,8,Sa-octahydro-2/3-naphthoate, which was converted into (±)-eremoligenol 
and (± )-eremophilene. (± )-Valerianol and (± /-valencene were obtained from the epimeric equatorial ester (12).

In recent years the number of naturally occurring q OH
sesqukerpenoids having the nonisoprenoid decalin nu- I I I  1 I '
cleus of eremophilone has grown from a few rare ex- t 2
amples to a major group of natural products.3 Among
the bicarbocyclic members of this group, there exist two 5 6
major subclasses which are distinguished by the rela
tive stereochemistry between the C-7 substituent and Although there are a number of different chemical 
the cis vicinal methyl groups. The biogenetically procedures available for the reduction of a ketone car-
simplest members with a cis relationship between each bonyl to a methylene group, the proximity of the ester
of the three nuclear substituents are eremoligenol l 4 and function in a /3-keto ester can present serious complica-
eremophilene 2.5 In the trans series the structures 3 tions. The harsh alkaline conditions of the Wolff-
and 4 correspond to the natural sesquiterpenes valeri- Kishner reduction would very likely lead to either (or
anol 36'' and valencene 4 .8 both) hydrolysis of the ester group12 and decarboxyla-

HQ | . . . tion or “acid” cleavage products.13 The Clemmensen
method14 was not suitable to present case for fear of 

+ ^ j acid-catalyzed rearrangement or double-bond migra-
tion. Although the hydrogenolysis of the dithio ethvl- 

(->1 (—)-2 ene ketal has been used successfully for the reduction of
/3-keto esters,15 this approach is not feasible with 5 be- 

j 1 Jl i ! cause the sterically hindered environment of the ketone
precludes ketal formation.9* 0

With the knowledge that a,/3-unsaturated acids may 
(+>3 (+)_4 be reduced to saturated acids by means of metal-am

monia solutions,11 we considered that an enol derivative 
In a previous investigation9 we have described a 0f a /3-keto ester might undergo a double reduction to a

synthesis of the bicyclic /3-keto esters, 5 and 6. The saturated ester under these conditions. That is, the
former substance, having the annular methyl groups in enolate anion intermediate (A) in such a reduction
a cis orientation, appeared to offer a simp.e synthetic should eliminate the enol oxygen to form the a,/3-un
entry into either or both of these two stereoisomeric saturated ester. The latter would be subject to a sec-
classes of sesquiterpenes. The principal obstacle to ond reduction leading to the saturated ester upon
this approach was the conversion of tha relatively quenching of the reaction with a proton donor,
hindered ketone group in the /3-keto ester 5 to a methy
lene group. In this paper we describe a new and direct q-
method for effecting this reductive transformation RO CO,Et RO V-OEt -Rcr H CO.Et 
which has enabled the stereoselective total synthesis of \ = /  h—4—<f *" V = / *"
the four sesquiterpenoids 1-4 in racemic form.1011 ' '  ' ' '

(A)
(1) Taken in part from Ph.D. Thesis of J .  E. Shaw. O r
(2) National Science Foundation Trainee, 1965-1969. \   pj (X ^ E t
(3) For recent reviews see A. R . Pinder, P erfu m . Essent. Oil R ec., 59, 280, Tt \  J7  OEt Tr \  / TT

645 (1968). H  H H
(4) H. Ishii, T . Tozyo, and H. Minato, J .  Chem . S oc., C, 1545 (1966).
(5) J .  Krepinsky, O. Motl, L. Dolejs, L. Novotny, V. Herout, and R . B.

Bates, Tetrahedron Lett., 3315 (1968); J .  HochmannovA and V. Herout, synthesis of (±)-valencene since natural nootkatone has been converted into
Collect Czech. Chem . C om m un., 29, 2369 (1964); E . Piers and R. J .  Keziere, valencene.8b See also J .  A. Marshall and R. A. Ruden, T etrahedron  Lett.,
Tetrahedron Lett., 583 (1968). 1239 (1970).

(6) G. Jommi, J .  Krepinsky, V. Herout, and F. Sorm, Collect. Czech. (12) C f. D. Todd, Org. R eact., 4, 378 (1948).
Chem. Com m un., 34, 593 (1969). (13) The "acid” cleavage of /3-diketones under Wolff-Kishner conditions

(7) Also referred to as kusunol: H. Hikino, N. Suzuki, and T . Takemoto, has been reported: H. Stetter and W. Dierichs, Chem . B er., 85, 290, 1061
Chem . P harm . B u ll. (Tokyo), 16, 832 (1968). (1952); 86, 693 (1953;; H. Stetter and E . Klauke, ib id ., 86, 513 (1953).

(8) (a) G. L. K . Hunter and W. B . Brogden, J .  F ood  S ci., 30, (1965); (14) A. Afonso, J .  A m er. Chem . S oc., 90, 7375 (1968).
(b) W. D. MacLeod, Jr ., Tetrahedron  Lett., 4779 (1965). (15) (a) G. Stork and J .  W. Schulenberg, ib id ., 84, 284 (1962); (b) T. A.

(9) (a) R . M. Coates and J .  E . Shaw, Chem . Com m un. 47 (1968); (b) Spencer, T . D. Weaver, R . M. Villarica, R . J .  Friary, J .  Posler, and M. A.
ib id ., 515 (1968); (c) J .  A m er. Chem . S oc., accepted for publication. Schwartz, J .  Org. Chem ., 33, 712 (1968); (c) K . Mori and M. Matsui,

(10) A part of this research has appeared as a preliminary communication: Tetrahedron, 24, 3095 (1968).
R . M. Coates and J .  E . Shaw, Tetrahedron Lett., 5405 (1963). (16) G. E . Arth, G. J .  Poos, R . M. Lukes, F . M. Robinson, W. F . Johns,

(11) The recently announced synthesis of nootkatone [M. Pesaro, G. M. Feurer, and L. H. Sarett, J .  A m er. Chem . S oc., 76, 1715 (1954); F . Sond-
Bozzato, and P. Schudel, Chem . Com m un., 1152 (1968)], constitutes a total heimer, W. McCrae, and W. G. Salmond, ib id ., 91, 1228 (1969).
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The conversion of 3-ethoxy-2-cyclohexenone to cyclo- O-alkylated product.23 We decided, therefore, to ex-
hexanone with lithium in liquid ammonia17 provides amine the alkylation of the enolate anion of 5 with
recent precedent for this sequence of reactions with an chloromethyl methyl ether. Hexamethylphosphor-
enol ether of a /3 diketone.18 The Birch reduction of amide was selected as solvent since this medium has
trimethylgallic acid to 3,5-dimethoxy-l,4-dihydro- been found to give high percentages of O-alkylation. 22o~f
benzoic acid must also involve elimination of alkoxide.19 The sodium salt of /3-keto ester 5 was formed by initial 

The reaction was first tested with the methyl enol reaction with sodium hydride in hexamethylphosphor-
ether 7a, previously prepared from 6 by treatment with amide at room temperature. Addition of chloromethyl
diazomethane.9bc Addition of 7 in ether solution to a methyl ether gave rise to the methoxymethyl enol ether
50%  excess ( i .e . , 6 equiv) of lithium in liquid ammonia 10a (rmax 1710 and 1605 cm-1) to the complete exclu-
afforded the octalin ester 8 in 67%  yield after quenching sion of the C-alkylated isomer. The nmr chemical
with ammonium chloride. That the carbethoxy group shift for the methylene protons of the methoxymethyl
of 8 is cis (axial) to the quaternary methyl group was group (AB system centered at r 5.18; Ai>Ab =  30 Hz,
established by sodium ethoxide catalyzed equilibration J ab =  6.0 Hz) is consistent only with the O-alkylated
to a more stable isomer 9 (equatorial). This conclu- product.
sion is confirmed by the difference in the chemical shift The crude enol ether 10a was submitted to reduction 
for the angular methyl group in the nmr spectra of 8 with lithium in liquid ammonia and the octalin ester 11
( t  9.01) and 9 (r 8.87). The downfield shift is consis- was obtained in 60%  overall yield. Once again the
tent with literature data for similar pairs of axial and less stable isomer was formed preferentially since equil-
equatorial esters.16b'20 The formation of the less stable ibration produced the epimeric ester 12. The nmr
axial isomer 8 is presumably the result of a kinetically signal for the angular methyl group in 11 (r 9.18) is
controlled protonation of the ester enolate anion (8A) shifted upheld with respect to 12 (r 9.05). The meth-
from the less hindered equatorial direction.21 oxymethyl enol ether of /3-keto ester 6 was also prepared

by reaction of the sodium salt with chloromethyl methyl 
OR | ether in hexamethylphosphoramide. Reduction of the

EtO C I JL EtO,C I X  crude enol ether (7b) with excess lithium in liquid am-
2 T i l  __*. y j ]  monia gave ester 8 in 61% overall yield from 6.

Since acylation of /3-keto esters affords mainly O- 
7a, R = CH3 8  acyl derivatives,24 we also prepared the enol acetate
b, R = CH,OCH3 derivative (10b) of /3-keto ester 6. Treatment of the

s / '  | sodium enolate with acetyl chloride in 1,2-dimethoxy-
i O-  ethane produced exclusive O-acetylation to give 10b in

Et0 2Cv EtO"'4x good yield. The infrared spectrum of 10b shows ab-
T T J ^  sorption bands at 1770, 1715, and 1630 cm-1 represent-

\ V I  \  ing the enol acetate carbonyl, the conjugated ester car-
9 ___A bor.yl, and the conjugated double bond, respectively.

I Reduction of unpurihed 10b with lithium in liquid am-
gA CHl monia provided ester 11 iri 34%  overall yield from 5, a

yield inferior to that obtained from reduction of the 
The application of this reduction method to the /3- methoxymethyl enol ether 10a. 

keto ester 5 having the natural cis stereochemistry re
quired first conversion to an enol ether derivative. 9^ >
Since methylation with diazomethane proved to be Et02C v ^ k K C
impractically slow, we turn to alkylation of the enolate 5 — >- I T ]  —**
anion. Although alkylation in dipolar aprotic solvents
has been found to give increased proportions of O- 10a, R = CH2OCH3
alkylation from the ambident enolate anion of /3-keto b, R = Ac
esters,22 even under optimum conditions the usual EtOC I I v n  1 I
alkylating reagents afford considerable quantities of 2
C-alkylation as well. However, Simonsen and Storey I J L  J
have reported that the sodium salt of ethyl acetoacetate U 12
reacts with chloromethyl methyl ether to yield only the | j

(17) D. S. W att, J .  M. McKenna, and T . A. Spencer, J .  Orff. Chem ., 32, / i \ j  (Hb)-3
2674 (1967). '

(18) See also, M . Vandewalle and F . Compernolle, Bull. Soc. C him . Belg., J
76, 43 (1967). ▼ I ,  I

(19) W. J .  Gensler, C. D. Gatsonis, and Q. A. Ahmed, J .  Org. Chem ., 33, (¿ ) * 2  (+ )-4
2968 (1968), and references cited therein. I l l

(20) E . Wenkert, A. Afonso, P. Beak, R . W. J .  Carney, P. W. Jeffs, and
J . D. McChesney, ib id ., 30, 713 (1965). 13

(21) For a case of similar stereoselectivity, see W. G. Dauben and R. M.
Coates, J .  A m er. Chem . S oc., 86, 2490 (1964).

(22) (a) G. Brieger and W. M. Pelletier, T etrahedron  Lett.. 3555 (1965); Treatment of ester 11 with eXCeSSm ethyllithium in
<b? f’ t Rhoads and r . w. Hasbrouck, Tetrahedron, m, 3557 1966); (c) ether gave ( ±  )-eremoligenol (1) in 81%  yield. The
(c) A. L. Kurz, I .  P. Beletskaya, A. Macias, and O. A. Reutov, Tetrahedron  u •
Lett.. 3679 (1968); (d) W. J .  Le Noble and J .  E . Puerta, ib id ., 1097 (1966);
(e) A. L. Kurtz, I .  P . Beletskaya, A. Macias, and S. S. Yafit, J .  Org. Chem . (23. J .  L. Simonsen and R. Storey, J .  Chem. Soc., 2106 (1909).
U S S R , 4, 1327 (1968); (f) W. J . Le Noble and H. F . Morris, J .  Org. Chem ., (24) J .  P. Ferris, B . G. Wright, and C. C. Crawford, J .  Org. C hem ., SO,
34, 1969 (1969). 2367 11965).
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infrared and nmr spectra of the synthetic eremoligenol The transformation of 5 and 6 to esters 11 and 8, 
are identical with those of naturally occurring ( - ) -  respectively, indicates that the lithium-ammonia re-
eremoligenol.4 25 The nmr spectrum of ( ±  )-eremolige- duction of methoxymethyl enol ethers can serve as an
nol in chloroform-d shows the two methyl groups ad- effective method for selective removal of the ketone
jacent to the hydroxyl group as a six-proton singlet at group in a /3-keto ester. In addition, the generation of
r 8.87. In pyridine these two methyl groups are shifted the less stable, axial stereoisomer permits the synthesis
downfield to t 8.71. The effect of pyridine on the of either ester epimer. The scope of this two-step
chemical shifts of protons adjacent to hydroxyl groups sequence has been examined with a series of simple 0-
has been studied previously.26 keto esters; the results of this investigation will be

Dehydration of the synthetic eremoligenol with presented in a separate paper.30 
thionyl chloride in pyridine4 gave (±)-eremophilene
(2) and its double bond isomer 13 in a 2 :1  ratio. The ^ ,,
infrared and nmr (100 MHz) spectra of the synthetic xpenm en ec on
eremophilene are identical with those of an authentic Methoxymethyl Enol Ether (10a) of Ethyl 8/3,8a/3-Dimethyl-i- 
sample, ( — )-eremophilene.s'27 The glpc retention oxo-l,2,3,4,6,7,8,8a-octahydro-2-naphthoate (5).—To a stirred

times of the synthetic and authentic eremophilene were in mteTal od an d "? Info" Sy^ttm efhylpL 'spío"
also identical on two different columns. The nmr and amide at 5° under nitrogen was added a solution of 5.00 g (20.0
infrared spectral data obtained for the double-bond mmol) of /3-keto ester 5“ in 20 ml of hexamethylphosphoramide.
isomer 13 are in agreement with those reported for 13 The mixture was stirred for 1.0 hr at room temperature. The
derived from naturally occurring (+)-valerianol (3).6 solution was then cooled to 5°, and 1.93 g (24.0 mmol) of chloro-

rrr____  , • , , , 1  n -V - methyl methyl ether was added. After stirring for 2 . 0  hr at room
• reaction of ester 12 With excess methylllthium temperature, the solution was cooled to 0° and poured into 50
in ether furnished (±)-valerianol (3) in 84%  yield. ml of ice-cold saturated sodium bicarbonate solution. The sodium
The infrared and nmr spectra of the synthetic valerianol bicarbonate solution was diluted with 50 ml of water and was
are identical with those of an authentic sample of ( + ) -  t*len extracted two 100-ml portions of petroleum ether (bp 
yak-knolM .» The glpc retention times of the syn-
tnet-C and authentic valerianol were also identical on evaporated under reduced pressure to give a yellow oil. Evapora-
two different columns. Although the nmr spectrum of tion under reduced pressure gave 5.70 g of a yellow oil which was
( ±  )-valerianol is very similar to that of ( ±  )-eremolig- used f°r the lithium-ammonia reduction step without further
enol the infrared spectra of these two isomers are easily purification. Glpc analysis (column A, 183°, 200 ml/mm) of

r  the crude oil revealed a single peak. An analytical sample of
distinguished. enol ether 10a was obtained by preparative glpc (column B ,

Dehydration of the synthetic valerianol with thionyl 190°): ir 1710 (C = 0 ) and 1605 (conjugated double bond)
chloride in pyridine6'7 gave ( ±  )-valencene (4) along cm-1; nmr t 4.63 (m, 1 H), 5.18 (AB, d, a»Ab = 30 Hz, 7 Ab =
with the double-bond isomer 13 in a 3 :1  ratio. The 5'E1«í<íufrtetJo ,5 a 6-53 ŝ’
infrared spectrum of synthetic valencene is identical ISyigíoup^is hidden^ b yS ’rso ^ tio íaW  8 .7 4  a n d T s?^
with that of naturally occurring (+)-valencene.6'8a- 9 A n a l. Caled for C„H260 <; C, 69.36; H, 8.90. Found: C, 
The chemical shifts in the nmr spectrum of synthetic 69.51; H, 8.81.
valencene are the same as those reported for ( + ) -  Ethyl 8 /3 ,8a/3-Dimethyl-l,2 ,3 ,4 ,6 ,7 ,8 ,8 a-octahydro-2 /9-naphtho-
valencene except for the secondary methyl group which *te fro”  f^ u c tio n o f the Methoxymethyl Enol Ether 10a-

J 11 x , 1 , i .  J  1T A 1. 1 A solution of 5.70 g of the crude enol ether 10a in 105 ml of ether
IS a doublet centered at r  9 .1 0 . This doublet has been was rapidly added to a magnetically stirred, dark blue solution
previously reported at r  9 .0 5 .6 The refractive index of of 750 mg (0.108 g-atom) of lithium in 330 ml of anhydrous
the synthetic valencene is the same as that reported for ammonia under argon. Powdered Dry Ice was used to cool the
(+)-valencene.6>8a The infrared and nmr spectra of reaction flask while the addition was made. After stirring for
/  . \  ̂ i• . • 11 j -nr , r  ,i 12 mm at the liquid ammonia boiling point ( — 33 ), the reaction
(±)-valencene are distinctly different from the cor- flask was again c400ledwith powderedDry Ice for 10min, and then
responding spectra of (±)-eremophilene. 30 g of ammonium chloride was added essentially all at once to

The syntheses of ( ±)-eremoligenol (1), (±)-erem o- quench. The blue color of the solution actually faded 2 min be-
philene (2), (±)-valerianol (3), and ( ±)-valencene (4) for quenching. After 250 ml of ether was added, the Dry Ice-
provide a rigorous proof of the structure and stereo- ^«propyl alcohol condenser was replaced with a sodium hydroxide 
\  ® ^ , it drying tube. The mixture was allowed to stand at room tern-
chemistry of these sesquiterpenes. I he total syntheses perature until the ammonia had evaporated. The mixture was
of valerianol and valencene also constitute the total then filtered, and the inorganic salts were crushed and washed
syntheses of other eremophilane sesquiterpenes since ----------------
(+)-valerianol has been previously converted to (30) r . m . Coates and j . e . Shaw, j . Org. c h em .. s s , 2601 ( 1970).
nootkatone and a-vetivone,6'7 and (+)-ValeilCene has (31) A11” «1« " *  P°int* were determined in open capillary tubes and are

. j  .  uncorrected. Infrared spectra were taken with a Perkin-Elmer Model 137
also been converted to nootkatone.8 or Model 521 spectrometer in carbon tetrachloride solution unless otherwise

specified and were calibrated with the polystyrene band at 1603 cm -1. 
Proton magnetic resonance spectra were determined with a Varían Associates

(25) Copies of the infrared (film) and nmr (CDC1* and pyridine) spectra Model A-60A or A-56-60 spectrometer using tetramethylsilane as an internal
of ( —)-eremoligenol were furnished by Dr. H. Ishii (Shionogi Research standard. A Varían Associates Model HA-100 spectrometer was used where
Laboratory, Shionogi and Company, Ltd., Fukushima-ku, Osaka, Japan), indicated. All nmr spectra were determined in carbon tetrachloride solution 
to whom we are most grateful. unless otherwise specified. Mass spectra were determined on an Atlas CH4

(26) P. V. Demarco, E . Farkas, D. Doddrell, B. L. Mylari, and E. Wen- mass spectrometer. Microanalyses were determined in the University of
kert, / .  A m er. Chem. S oc., 90, 5480 (1968). Illinois microanalytical laboratory. Gas chromatography (glpc) was per-

(27) This sample of ( — )-eremophilene was generously donated by Profes- formed on a Wilkens Aerograph A-90-P instrument employing helium as the
sor V. Herout (Czechoslovak Academy of Science, Institute of Organic carrier gas. The following columns were used: a 5 ft X  0.25 in. column of
Chemistry and Biochemistry, Flemingovo Nam. 2, Prague, Czechoslovakia). 20%  SE-30 on 60—80 mesh Chromosorb W (column A), a 6 ft X  x/ t  in.

(28) We wish to thank Professor G. Jommi (Institute of Organic Chemis- column of 20% SE-30 on 60-80 mesh Chromosorb W (column B), a 5 ft
try, University of Milano, Milano, Italy) and Dr. H. Hikino (Pharmaceutical X 0.25 in. column of 3%  SE-30 on 60-80 mesh Chromosorb W (column C),
Institute, Tohoku School of Medicine, Kitu-4-bancho, Sendai, Japan) for a 6 ft X  0.25 in. column of 15% Carbowax 20M on 60-80 mesh Chromosorb
samples of ( +  )-valerianol. W  (column D), a 6 ft X  Vs in. column of 15% Carbowax 20M on 60-80

(29) An infrared spectrum of (-p)-valencene was kindly provided by mesh Chromosorb W (column E), and a 5 ft X  0.25 in. column of 15% FFA P
Professor V. Herout. on 60-80 mesh Chromosorb W (column F).
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three times with ether. The ether solution was then evaporated time gave 78 mg (28%) of (±)-eremophilene (2 ) as a colorless
under reduced pressure to give 4.65 g of a slightly yellow oil. oil. The synthetic eremophilene was identified by comparison
Glpc analysis (column B , 165°, 200 ml/min) of this oil revealed of its infrared and 100-MHz nmr spectra with those of an au-
that there was essentially only one volatile component. Chro- thentic sample of ( —)-eremophilene.5’27 Glpc retention times
matography of the crude product on 80 g of Woelm neutral alu- (column A, 118°, 200 ml/min, and co.umn F , 118°, 125 ml/min)
mina (activity I I )  and elution with 0-10%  ether in petroleum of t ie  synthetic and authentic samples were also identical,
ether (bp 30-60°) gave 2.85 g (60% from /S-keto ester 5) of ester Preparative glpc of the minor component gave 38 mg (14%) of
11 as a colorless oil. An analytical sample was obtained by the double bond isomer 13 as a colorless oil which gave infrared
preparative glpc (column B , 165°): n“ d 1.4905; ir 1729 (C = 0 ) , and nmr spectral data in agreement with those reported for 13.' 
1460, 1375, 1200, 1176, 1100, 1063, and 1045 cm“1; nmr r 4.73 Ethyl 8/3,8a/3-Dimethyl-l,2,3,4,6,7,8,8a-octahydro-2a-naphtho- 
(m, 1 H), 5.90 (quartet, 2 H, J  — 7.0 Hz), 8.74 (t, 3 II, J  = 7.0 ate (.2 ).—To a solution of sodium ethoxide prepared from 1.90 g
Hz), 9.12 (d, 3 II, J  =  6.0 Hz), and 9.18 (s, 3 H). (0.082 g-atom) of sodium and 100 ml of absolute ethanol was

Anal. Calcd for Ci5H2<0 2: C, 76.23; H, 10.24. Found: C, added a solution of 1.40 g (6.00 mmol) of ester 1 1  in 10 ml of
76.22; H, 10.18. absolute ethanol. After refluxing for 45 min under nitrogen, the

Ethyl 8>3,8a/3-Dimethyl-l-acetoxy-3,4,6,7,8a-hexahydro-2-naph- solution was cooled and poured into ice cold water, and the basic
thoate (10b).—Toastirred mixture of 354mg(8.83mmol)ofa60% aqueous solution was washed with water, dried with sodium sul-
dispersion of sodium hydride in mineral oil and 27 ml of 1 ,2 - fate, and evaporated to give 1.26 g of a yellow oil. The crude
dimethoxyethane at 0° under nitrogen was added dropwise over oil was chromatographed on 40 g of Woelm neutral alumina
a period of 20 min a solution of 2.00 g (8.00 mmol) of/3-keto ester (activity II ) . Elution with 0-10%  ether in petroleum ether
5 in 5 ml of 1,2-dimethoxyethane. After stirring an additional 20 (bp 30-60°) gave 988 mg (71%) of ester 12 as a colorless oil:
min at room temperature, 754 mg (9.60 mmol) of acetyl chloride ir 1731 (C = 0 ) , 1457, 1375, 1307, 1177, 1163, and 1034 cm-1;
was added, and the solution was then stirred at room temperature nmr r 4.72 (m, 1 H), 5.96 (quartet, 2 H, J  — 7.0 Hz), 8.78
for 30 min. The solution was then cooled and poured into 50 (t, 3 H, J  = 7.0 Hz), 9.05 (s, 3 H), and 9.09 (d, 3 H, J  = ~ 6

ml of an ice-cold saturated sodium bicarbonate solution. The Hz). The nmr spectrum indicated that no ester 11 was present
petroleum ether (bp 30-60°) extract was washed with water in th 3 product. An analytical sample was obtained by prepara- 
until neutral, dried with sodium sulfate, and evaporated to give tive glpc (column B, 155°).
2.38 g of enol acetate 1 0 b which was used without any further Anal. Calcd for C15H24O2: C, 76.23; H, 10.24. Found: C,
purification. An analytical sample was obtained by preparative 76.27; H, 10.07.
glpc (column B , 188°): ir 1770 (C = 0 ) , 1715 (C = 0 ) , and 1629 (±)-Valerianol (3).—Methyllithium was prepared by adding
(conjugated double bond) c m '1; nmr t  4.58 (m, 1 H), 5.94 3.62 g (25.5 mmol) of methyl iodide to 0.354 g (0.0510 g-atom)
(quartet, 2 H, J  = 7.0 Hz), 7.89 (s, 3 H), 8.78 (t, 3 H, J  = 7.0 of sn ail lithium pieces in 21 ml of anhydrous ether under argon
Hz), 8 .8 8  (s, 3 H), and 8.89 (d, 3 H, J  =  ~ 6  Hz). at su :h a rate that there was only very mild refluxing of the ether.

Anal. Calcd for C17H24O4: C, 69.84; H, 8.27. Found: C, After the addition was completed, the solution was stirred an
69.63; H, 8.32. additional 0.5 hr. To the stirred methyllithium solution under

Ester 11 from Reduction of the Enol Acetate 10b.—To a argon was slowly added a solution of 600 mg (2.54 mmol) of ester
stirred solution of 300 mg (0.0432 g-atom) of lithium in 132 ml of 12 in 3 ml of ether. After stirring for 2.5 hr at room temperature,
anhydrous ammonia under argon was added a solution of 2.38 g the solution was cooled in ice water and poured into an ice-cold
of the crude enol acetate 1 0 b in 42 ml of ether. After stirring solut on of 3 g of ammonium chloride in 45 ml of water. The
for 35 min, the solution was cooled for 10 min in powdered Dry petroleum ether (bp 30-60°) extract was washed with water until
Ice, and then 1 2  g of ammonium chloride was added, and the neutral, dried with sodium sulfate, and evaporated to give 595
Dry Ice-isopropyl alcohol condenser was replaced with a sodium mg of a slightly yellow oil which was chromatographed on 15 g
hydroxide drying tube. The mixture was allowed to stand at of Woelm neutral alumina (activity I I I ) . Elution with 25%
room temperature until the ammonia had evaporated. The ether in petroleum ether (bp 30-60°) gave 472 mg (84%) of ( ± ) -
mixture was then filtered, and the inorganic salts were washed valer anol (3) as a colorless viscous oil. Alternatively, the alcohol
with more ether. The ether solution was then evaporated to give coulc be purified by preparative glpc (column B, 156°). The
1.80 g of a yellow oil which was chromatographed on 55 g of synthetic valerianol was identified by comparison of its infrared 
Woelm neutral alumina (activity II ) . Elution with 0-10%  ether (film 1 and nmr (CDCI3) spectra with those of an authentic sample 
in petroleum ether (bp 30-60°) gave 640 mg (34% from /3-keto of (—)-valerianol provided by Dr. G. Jommi.6 28 In the nmr
ester 5) of ester 11 as a colorless oil which had infrared and nmr spectrum of the synthetic valerianol the absorption at r 8.65 is
spectra identical with those previously reported. due to the hydroxyl proton since it disappears upon addition of

(±)-Eremoligenol (1 ).—Methyllithium was prepared by add- D20 .  The infrared spectrum of the synthetic valerianol also
ing 3.62 g (25.5 mmol) of methyl iodide to 0.354 g (0.0510 g- appeared to be identical with that of a sample of ( +  )-valerianol
atom) of small lithium pieces in 21 ml of anhydrous ether under provided by Dr. H. Hikino;7 28 however, there were some minor
argon at such a rate that there was only very mild refluxing of impurities in this authentic sample. The glpc retention times
the ether. After the addition was completed, the solution was (column A, 148°, 150 ml/min, and column D, 164°, 125 ml/min)
stirred an additional 0.5 hr. To the stirred methyl lithium solu- of the synthetic and two authentic samples were also identical,
tion under argon was slowly added a solution of 600 mg (2.54 ( ±  )-Valencene (4).—To a solution of 300 mg (1.35 mmol) of
mmol) of ester 11 in 3 ml of ether. After stirring for 2.5 hr at ( ±  )-valerianol in 1 .8  ml of pyridine was added 300 mg (2.5 mmol) 
room temperature, the solution was cooled in ice water and poured of th onyl chloride. After stirring for 12 min at 0°, the solution
into an ice-cold solution of 3 g of ammonium chloride in 45 ml of was poured into 12 ml of ice water. The petroleum ether (bp
water. The petroleum ether (bp 30-60°) extract was washed 30-60°) extract was washed with 10% concentrated hydrochloric
with water until neutral, dried with sodium sulfate, and evapo- acid, saturated sodium bicarbonate, and water, dried with sodium
rated to give 570 mg of a slightly yellow oil which was then sulfa'e, and evaporated to give 278 mg of a yellow oil. Glpc
chromatographed on 15 g of Woelm neutral alumina (activity analysis (column A, 152°, 100 ml/min) of the oil revealed that
I I I ) . Elution with 25% ether in petroleum ether (bp 30-60°) it was a 3:1 mixture of two compounds. Preparative glpc
gave 457 mg (81%) of (±)-eremoligenol ( 1 ) as a colorless viscous (column A, 152°) of the major component which had the shorter
oil. Alternatively, the alcohol could be purified by preparative retention time gave 1 2 1  mg (44%) of ( ±  )-valencene (4 ) as a color-
glpc (column A, 157°). The infrared (film) and nmr (CDC13 or less oil; n20!) 1.5070 (lit.7 ’9 n2°d 1.5073, 1.5075). The infrared
pyridine) spectra of the synthetic eremoligenol were identical spectrum of the synthetic valencene appeared to be identical
with the corresponding spectra of authentic ( — j-eremoligenol. 1 ' 25 with the infrared spectrum of (-(- )-valencene published by Hunter

(±)-Eremophilene (2 ).—To a solution of 300 mg (1.35 mmol) and Brogden8® and a spectrum of ( + )-valencene.6’ 29 The chemical
° f  (^  )-eremoligenol ( 1 ) in 1 .8  ml of pyridine at 0 ° was added 300 shifts of the nmr (CDCI3) spectrum of the synthetic valencene are
m 8  (2.5 mmol) of thionyl chloride. 4 After stirring for 15 min at the same as those reported for valencene derived from (+ ) -
0 , the solution was poured into ice-cold water. The ether ex- valer anol except for the secondary methyl group which is a
tract was washed with 10% concentrated hydrochloric acid, doub et centered at r 9.10. This doublet has been previously
saturated sodium bicarbonate, and water, dried with sodium reported at t 9.05.6 Preparative glpc of the minor component
sulfate, and evaporated to give 270 mg of a yellow oil. Glpc gave 37 mg (14%) of the double-bond isomer 13 as a colorless
analysis (column A, 136°, 200 ml/min) of the oil revealed that it oil which gave infrared and nmr spectral data in agreement with
was a 2:1 mixture of two compounds. Preparative glpc (column reported values.6

B , 128°) of the major component which had the shorter retention Methoxymethyl Enol Ether (7b) of Ethyl 8a ,8a/3-Dimethyl-l-
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oxo-l,2,3,4,6,7,8,8a-octahydro-2-naphthoate (6 ).—The procedure obtained. Glpc analysis (column A, 166°, 200 ml/min) revealed
was identical with that described for the methoxymethyl enol that there was essentially only one peak. Purification of the oil
ether 1 0 a. Reaction of 5.00 g (20.0 mmol) of/3-keto ester 6 9 gave by preparative glpc (column B , 167°) gave 210 mg (67%) of
5.60 g of the crude methoxymethyl enol ether as a yellow oil. ester 8  which was found to be identical with that obtained
This material was used in the lithium-ammonia reduction step above.
without further purification. Glpc analysis (column A, 178°, Ethyl 8 a ,8a/3-Dimethyl-l,2,3,4,6,7,8 ,8a-octahydro-2a-naphtho-
200 ml/min) of the crude product revealed a single peak. The ate (9).—To a solution of sodium ethoxide prepared from 280 mg 
infrared spectrum of the crude enol ether showed bands at 1710 (0.012 g-atom) of sodium and 17 ml of absolute ethanol was
(C = 0 )  and 1610 (conjugated double bond) cm-1. added a solution of 200 mg (0.85 mmol) of ester 8  in 3 ml of

Ethyl 8of,8a/3-Dimethyl-l,2,3,4,6,7,8,8a-octahydro-2/3-naphtho- ethanol. After refluxing for 1.25 hr under nitrogen, the solution 
ate (8 ) by Reduction of Methoxymethyl Enol Ether 7b.—The was cooled and poured into ice-cold water, and the resulting
procedure was idential with that described for the reduction of basic aqueous solution was extracted with petroleum ether (bp
the methoxymethyl enol ether 10a. Reduction of 5.60 g of the 30-60°). The petroleum ether extract was washed with water, 
crude methoxymethyl enol ether 7b with 750 mg (0.108 g-atom) dried with sodium sulfate, and evaporated to give 202 mg of a
of lithium gave 4.76 g of a yellow oil which showed a single peak yellow oil. Preparative glpc (column B , 162°) of the oil gave
on glpc analysis (column A, 163°, 200 ml/min). Chromatog- 65 mg (33%) of ester 9 as a colorless oil: ir 1730 cm - 1  nmr 
raphy of the crude product on 80 g of Woelm neutral alumina r 4.70 (m, 1 H), 5.96 (quartet, 2 H, J  =  7.0 Hz), 8.79 (t, 3 H,
(activity I I )  and elution with 10% ether in petroleum ether (bp J  =  7.0 Hz), 8 .8 8  (s, 3 H), and 9.07 (d, 3 H, J  =  6.5 Hz).
30-60°) gave 2.86 g (61% from /3-keto ester 6 ) of ester 8  as a The glpc and nmr data showed that no ester 8  remained after
colorless oil. An analytical sample was obtained by preparative equilibration.
glpc (column B , 168°): n®D 1.4907; ir 1729 (C = 0 ) , 1193, and A n a l. Calcd for Ci5H240 2: C, 76.23; H, 10.24. Found: C, 
1041cm-1; nmr r 4.68 (m, 1 H), 5.88 (quartet, 2 H ,/ = 7.0 Hz), 76.02; H, 10.27.
8.73 (t, 3 H, J  =  7.0 Hz), 9.01 (s, 3 H), and 9.07 (d, 3 H, J  = ~ 7
Hz). Registry No.— (±)-Eremoligenol, 22343-25-5; ( ± ) -

A n a l. Calcd for CI5H240 2: C, 76.23; H, 10.24. Found: C, eremophilene, 22343-24-4; (±)-valerianol, 24741-63-7;

76Ester 8 ’by°Reduction of the Methyl Enol Ether 7a .—The proce- £  T ? '  nn
dure was similar to that used in the reduction of methoxymethyl 07-e>, 9,24744-08-9, 10a, 24744-09-0; 10b, 24744-10-3;
enol ether 10a. A solution of 350 mg (1.33 mmol) of the methyl 11, 22343-27-7; 12, 24744-12-5.
enol ether 7a9 was added with stirring to a dark blue solution of
50 mg (0.0072 g-atom) of lithium in 2 2  ml of anhydrous ammonia Acknowledgment.— We wish to thank the National
under argon. The solution was stirred for 1 . 0  hr at the liquid Institutes of Health for partial support of this research,
ammonia boiling point and was then cooled in powdered Dry Ice W e are tefu l to  th e  National Science Foundation for
before quenching with 2.0 g of ammonium chloride. After . .. 0  . 1 • . T -n a  i p
addition of 25 ml of ether, evaporation of the ammonia, filtration, pioviding a traineeship to J. E . S. and funds used in
and evaporation of the ether, 312 mg of a slightly yellow oil was the purchase of the 100-MHz nmr spectrometer.
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Methoxymethylation of a series of /3-keto esters in hexamethylphosphoramide gave, with one exception, high 
proportions (96-100%) of O-alkylation. The reduction of the enol ethers with lithium in liquid ammonia fur
nished the corresponding saturated esters in variable overall yields (23-61%). This new method for reducing 
the ketone group of a /3-keto ester is apparently most efficient with relatively hindered compounds.

We have recently described a new synthetic proce- In order to explore the generality of this method, we 
dure for the reduction of a /3-keto ester to a saturated have applied the two-step sequence to a series of cyclic
ester.3 The method consists of first conversion to the and acyclic /3-keto esters. The results of this investiga-
methoxymethyl enol ether by alkylation of the sodium tion are summarized in Table I.
salt of the /3-keto ester with chloromethyl methyl ether In all cases except ethyl 2-ra-butylacetoacetate (15), 
in hexamethylphosphoramide. The enol ether without the reaction of the sodium enolate with chloromethyl
purification is then subjected to reaction with lithium methyl ether produced essentially exclusive O-alkyla-
in liquid ammonia which effects a “double” reduction tion. When less polar aprotic solvents were used in
to the saturated ester. stead of hexamethylphosphoramide, the amount of

O-alkylated product decreased. In hexamethylphos- 
9  phoramide the relative percentages of O- and C-alkyla-

x X - .C 0 2Et i. NaH-HMPA^ tion for 2-carbethoxycyelohexanone (5) were 97 and
2. ch3och2ci 3%, respectively, but in 1,2-dimethoxyethane the cor-

responding values were 75 and 25%. In dimethyl 
CH30CH20 L; H H sulfoxide there was 90r%  O-alkylation and 10% C-

^ A -^ C 0 2Et ^ C / C 0 2Et alkylation. The effect of the alkylating agent in pro-
3 'V\ J VH moting O-alkylation can be seen by comparison with

___________ results reported by other workers.4 Alkylation of the
<1) Taken in part from Ph.D. Thesis of J .  E . S„ University of Illinois, Sodium enolate of ethyl acetoacetate (11) in hexa-

XJrbana, 1969.
(2) National Science Foundation Trainee, 1965-1969.
(3) R . M. Coates and J .  E . Shaw, J .  Org. Chern., 35, 2597 (1970); see also (4) A. L. Km% I. P. Beletskaya, A. Macias, and O. A. Reutov, Tetra-

Tetrahedron Lett., 5405 (1968). hedron Lett., 3679 (1968).
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T a b l e  I ethsrs provides some support for a irans geometry in the
P r e p a r a t io n  and  R e d u c t io n  o f  M e t h o x y m e t h y l  acyclic enol ethers. In the nmr spectra of the C-

E n o l  E t h e r s  o f  V a r io u s  3 -k e t o  E s t e r s  alkylated isomers from 5 and 15, the methylene groups
Methoxymethyl enoi bonded to the methoxy groups appear as AB doublets

„ „ . t eth; r: ° /cJ f io R; ducti, r  at higher field centered at r 6.44 ( J AB =  9 Hz, Afab =
0 13 Hz) and r  6.37 ( J AB =  9.5 Hz, Ai<ab =  6.5 Hz), re-

l i j i  co2Et l i . c o 2Et spectively. The nonequivalence of the two geminal
f  T  J  100/0'’ C JL J  protons can be attributed to the asymmetric molecular

^  , 2(60)4 environment.
0H Reduction of the methoxymethyl enol ethers of the

lij^ rO jE t j ,  cô Et various /3-keto esters with excess lithium in liquid am-
f  J  loo/o* C jL J  monia gave the products and yields shown in Table I.

3 The ester products listed were essentially the only com-
0 pounds found upon glpc analysis of the somewhat

X .C 0 2Et viscous crude products. Since the weights of the crude
f  J  97/3 (82) products corresponded to the theoretical amount, the

5 6(43) remainder of the material must have been relatively
0 nonvolatile substance. Dimeric or polymeric materials
1 co Et ^ .c o .F .t  could be formed by coupling of anion radical interme-

[ J  2 96/4 (79) i T  diatss or by acylation of anion radicals with other ester
+  molecules.6’7 In the cases of the enol ethers of the

7 8 -40/  bicyclic /3-keto esters 1 and 3, steric hindrance might
9  ̂ suppress such intermolecular reactions thus accounting
Jk,co2Et g_ y3 ^ Y C0-Et for the higher yields of the reduced esters.

—  9 Lithium-ammonia reduction of ethyl cinnamate
0 " gave an 18% yield of ethyl hydrocinnamate (14). This

^X^co.Et 100/0 (84) ^ X / co.,Et is close to the 23%  yield of ethyl hydrocinnamate ob-
n 12(39) tained by lithium-ammonia reduction of the methoxy-

o ^ ^ co ,E t methyl enol ether of ethyl benzoylacetate (13) and
/1%/COEt 98/2 Ph indicated that the enol ether leaving group (-OCH2-

Ph 13 14 (23) OCH3) was not responsible to any great extent for the
o coEt low yield of ester product. However, lithium-am-

J y T O i t  69/31 monia reduction of (rons-cinnamic acid gave a 65%
■ ‘ J n-Bu yield of hydrocinnamic acid.8 This difference in yields
«  16 (40) could be due to ehmination of intermolecular acylation

« From the /3-keto ester. 6 For details see reference in footnote in the reduction of the acid or alternatively the repres-
3. «trans to cis isomer ratio, 70:30. d Yield in this case from sion of coupling between the doubly charged diamon
the methoxymethyl enol ether. radical intermediates from cinnamic acid. When the

methoxymethyl enol ether of 2-carbethoxycyclohexa- 
methylphosphoramide with ethyl chloride at room none was reduced in the presence of one equivalent of
temperature has been reported to give 60 and 40%  of (-butyl alcohol in hopes of decreasing the amount of
the O- and C-alkylation products respectively. As intermolecular side reactions, “overreduction” occurred
shown in Table I, alkylation of ethyl acetoacetate with to give primary alcohol in addition to the normal ester
chloromethyl methyl ether gave only the O-alkylated product. Apparently the (-butyl alcohol protonates
product.6 the enolate anion of the ester, and then the ester can

The infrared spectra of the various methoxymethyl be further reduced with excess lithium to the primary 
enol ethers show bands at approximately 1715 and 1635 alcohol. The combined yield of alcohol and ester was 
cm-1 for the conjugated ester carbonyl and conjugated approximately the same as the yield of the ester in the 
double bond, respectively. In the case of the acyclic absence of (-butyl alcohol. Primary alcohol was also 
enol ethers there is the possibility of a s  and irons iso- produced if too much lithium was used in the reduc-
merism about the double bond. However, the nmr tions The alcohol is probably formed when the reac-
spectra indicate that only one isomer is present in each tion is quenched with ammonium chloride.9 
case. This isomer may be the trans if chelation to the In the reduction of the methoxymethyl enol ether of 
sodium ion in the enolate anion is an important stabi- ethyl 2-carbethoxy-4-(-butylcyclohexanone (7), glpc
lizing factor. The nmr spectra of the methoxymethyl analysis of the crude product revealed that the relative
enol ethers of 2-carbethoxycyclohexanone (5), 2-carb- percentages of irons and ds ethyl 3-(-butylcyclohexane-
ethoxy-4-i-butylcyclohexanone (7), and 2-carbethoxy- carboxylate (8) were 70 and 30%, respectively. Evi-
cyclopentanone (9) show the methylene group bonded
to the two oxygen atoms as singlets at r  5.13, 5.13, and (6) Cf. R . G. Carlson and R. G. Blecke, Chem. Commun., 93 (1969).
5.02, respectively. The enol ethers of ethyl aceto- (7) The possibility that ester was being lost owing to reaction with ammo-

i i /i « \ ,v  i v  t i i / i  e>\ i n i i - .  nia after quenching with ammonium chloride was eliminated by the observa-
acetate (11), ethyl benzoylacetate (15), and ethyl 2-n- tion thtt ethyl „yclohexanecarboxylate could be completely recovered after
butylacetoacetate (13) show two-proton, singlets at it was added in ether to a solution of ammonia and ammonium chloride.
T 5.02, 4.89, and 5.01, respectively. The similarity of This result that Prior hydrolysis of the enol ether ester to the

. , • i i T i  ♦ i j i  xi v  i , .  ,  acid then reduction might improve the yields. We have not had the op-
these chemical shilts m both the cyclic and acychc enol portunity to investigate this possibility.

(9) D. S. W att, J .  M. McKenna, and T . A. Spencer, J .  Org. Chem., 32.
(5) See also J .  L. Simonsen and R . Storey, J .  Chem. Soc., 2106 (1909). 2674 (1967).
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dence that the major isomer had the carbethoxy group and poured into 50 ml of ice-cold saturated sodium bicarbonate
axial and trans to the equatorial (-butyl group was solution. The sodium bicarbonate solution was diluted with 50

. . .  , , .... ,. . . .  ml of water and was then extracted with two 1 0 0  ml-portions of
obtained by equilibration with sodium ethoxide in ether. T he ether solution was washed three times with 40-50-ml
ethanol to a mixture consisting of 25%  trans and 75%  portions of water, dried with sodium sulfate, and evaporated
CIS  ethyl 3-f-butylcyclohexanecarboxylate. The pre- under reduced pressure to give a yellow liquid. The liquid was
dominance of the trans (axial) ester in the reduction mixed with 25 ml of petroleum ether (bp 30-60°) and was dried
product mixture indicates a significant preference for a second timefiw!fnh S0? T  sulf,ate' Evaporation under reduced
1 . . ° ^  pressure gave 6.60 g of the crude methoxymethyl enol ether as a
equatorial protonation even in the absence ol an oppos- yellow liquid which was used for the lithium-ammonia reduction
ing axial substituent as in the bicyclic esters. This step without further purification. Glpc analysis (column B,
result contrasts with the absence of selectivity found in 145°. 200 ml/min) of the crude product revealed that it consisted
the protonation of the enolate anion of 4-f-butylacetyl- °( of the methoxymethyl enol ether and 3%  of the C- 

. , . . .  . .  , ,  . . .  ,, alkylated isomer and that the actual yield of the enol ether was
cyclohexane with acetic acid,10 but is comparable with the 82% An anaytical sample of the c-alkylated isomer which had
selectivity (60-65%  equatorial protonation) observed the shorter retention time was obtained by preparative glpc
in the ketonization of the enol of 4-phenylacetylcyclo- (column B, 1 3 7 ° ) .  The infrared spectrum shows bands at 1715
hexane with ammonium chloride as proton donor.11 ( C = 0 )  and 174 0  ( C = 0 )  cm *. The nmr spectrum has absorp-

It should be pointed out that other enol derivatives of 8.74 (t, 3 H, / = 7.0 Hz). The methylene) group bonded to the
0-keto esters Will undergo this reduction in lithium— methoxy group appears as an AB system centered at r 6.44
ammonia solutions. The enol acetate of the bicyclic { J ab = 9.0 Hz, Apab = 13 Hz).
/3-keto ester 1 was reduced to the same octalin ester (2) A n a l. Calcd for CnH180 4: C, 61.66; H, 8.47. Found: C, 
but in substantially lower yield (34% overall).3 The 61.57; H, 8.25.
methyl enol ether of 3 was converted to ester 4 in 67%  also obtained by preparative glpc (column B, 137°); n“D 1.4777;
yield,3 an efficiency comparable to that obtained with ¡r 1 7 1 5  (C = 0 )  and 1635 (conjugated C = C ) cm "1; nmr r 5.13
the methoxymethyl analog. Since the preparation of (s, 2  H), 5.92 (quartet, 2  H, J  =  7.0 Hz), 6.61 (s, 3 H), and 8.75
methyl (or other alkyl) enol ethers is more likely to be (t, 3 H / = 7.0 Hz).
complicated by C-alkylation,12 the use of the methoxy- 51*75° h  8 33 or 11 18 ’ ’ ’ oun ' ’
methyl enol ether appears to be preferable. When the above reaction was performed in the same manner

The range in the overall yields (23 to 61%) of the except that 1,2-dimethoxyethane or dimethyl sulfoxide was used
saturated esters in the two-step sequence is evidently as the solvent instead of hexamethylphosphoramide, the amount
due mostly to the variations in the lithium-ammonia incre™  In E 2 -dimethoxyethane there was

, 25% C-alkylation and 75% O-alkylation. In dimethyl sulfoxide
reduction step. Since the yields are best with the there was 1 0 % C-alkylation and 90% O-alkylation. 
hindered /3-keto esters, the method should provide a Reduction of 2 -Carbethoxycyclohexanone Methoxymethyl Enol 
useful complement to existing chemical procedures.13 Ether.—A solution of 1.10 g of the crude methoxymethyl enol
In addition the generation of the less stable ester epimer ether in 26 ml of ether was rapidly added to a magnetically
, r , 1 , n , c , . -„„i stirred, dark blue solution of 250 mg (0.036 g-atom) of lithium(e.g., from 1 and 3) may be of stereochemical advantage. in 8 2  ml of anhydrous ammonia UIfdevr agro°. Powdered Dry

Ice was used to cool the reaction flask while this addition was 
tr • f 1 q .  _ i 4 made. After stirring for 12 min at the liquid ammonia boiling
JSxpenmenta o  C point ( — 33°), the solution was cooled for 6  min with powdered

2 -Carbethoxycyclohexanone Methoxymethyl Enol Ether.—To Dry Ice, and then 7.5 g of ammonium chloride was added essen-
a cooled mixture of 1.32 g (33.0 mmol) of 60% dispersion of tially all at once to quench. The blue color of the solution ac-
sodium hydride in mineral oil and 90 ml of dry hexamethyl- tually faded 2 mm before quenching. After 60 ml of ether was
phosphoramide under nitrogen was added a solution of 5.10 g added, the Dry Ice-isopropyl alcohol condenser was replaced
(30 0 mmol) of 2 -carbethoxycyclohexanone (5) in 10 ml of hexa- with a sodium hydroxide drying tube. The mixture was allowed
methylphosphoramide. The solution was stirred for 1.0 hr at to stand at room temperature until the ammonia had evaporated,
room temperature. The solution was then cooled, and 2.90 g The mixture was then filtered, and the inorganic salts were
(36.0 mmol) of chloromethyl methyl ether was added with stir- crushed and washed three times with ether. The ether solution
ring. After 2.0 hr at room temperature the solution was cooled was then evaporated to give 940 mg of a slightly yellow liquid.

Glpc analysis (column B , 100°, 150 ml/min) of this liquid revealed 
that there was essentially only one volatile compound. This

(10) H. O. House and T . M. Bare, J .  Org. C hem ., 33, 943 (1968). compound was collected by preparative glpc (column B , 105°)
(11) H. E . Zimmerman and P. S. Mariano, J .  .4me-. Chem. Soc., 90, 6091 an d  w as fou n d  to  b e  id e n tic a l to  e th y l cy c lo h e x a n e ca rb o x y la te

(1968). ___ _ (6 )  b y  com p arison  o f in fra re d  an d  n m r sp e c tra  an d  g lp c re te n tio n
(12) G. Brieger and w. M. Pelletier, Tetrahedron  Lett., 3d55 (1965); times. The actual yield of ethyl cyclohexanecarboxylate was

W. J .  le Noble and J .  E . Puerta, ib id ., 1087 (1966); S. J .  Rhoads and R. W. i , : i  t u„ oo i Tn„ /41 or from fl-keto ester 5 )  bv glnc 
Hasbrouch, Tetrahedron, 22, 3557 (1966); W. J. le Noble and H. F. Morris, determined to be 321J  /o J * “ * J  ̂
j .  Org. Chem ., 34, 1969 (1964); A. L. Kurta, I. P. Beletskaya, A. Macias, (column B , 107 200 ml/min) using ethyl pheny lacetate as an
andS S Yafit, J .  Org. Chem . U SSR , 4, 1327 (1968); S. J .  Rhoads and R. W. internal standard. A second reduction of the crude enol ether
Holder, Tetrahedron, 25, 5443 (1969). under the same conditions gave a 46%  overall yield of 6 .

(13) (a) Clemmenson reduction: A. Afonso, J . A m er. Chem. Soc., 90,7375 2 -C a rb eth o x y cy c lo p en ta n o n e  IV Iethoxym ethyl E n o l E th e r .
(1968).' (b) Thioketal desulfurization: G. Stork and J . W. Schulenberg, Reaction15 of 4.68 g (30.0 mmol) of 2-carbethoxycyclopentanone 
ib id ., 84, 284 (1962); T . A. Spencer, T . D. Weaver, R . M. ViUarica, R . J. (g) gave 5 .20 g of the crude methoxymethyl enol ether as a
Friary, J .  Posler, and M. A. Schwartz, J .  Org. Chem ., 33, 712 (1968); K . yellow liquid. This material was used for the lithium-ammonia
Mori and M. Matsui, Tetrahedron, 24 ,3095 (1968). reduction step without further purification. Glpc analysis

(14) Infrared spectra were recorded with a Perkin-Elmer Model 137 or m l/ m in ) of the crude product revealed
Model 521 spectrometer. Carbon tetrachloride solutions were used unless (.colum n , ’ ( ' , , v  , Qn7
otherwise specified and were calibrated with the polystyrene band at 1603 t h a t  i t  con sisted  o f 9 7 %  of th e  m e th o x y m e th y l en o l e th e r  an d  3 %
cm -1. Nmr spectra were determined in carbon tetrachloride solution with a o f th e  C -a lk y la te d  isom er an d  t h a t  th e  a c tu a l y ie ld  Of th e  enol
Varian Associates Model A-60A or A-56-60 spectrometer using tetramethyl- e th e r  Was 9 2 % .  T h e  C -a lk y la te d  iso m er w h ich  h a d  th e  sh o rte r
silane as an internal standard. Microanalyses were determined in the Uni- r e te n tio n  t im e  w as o b ta in e d  as a  Colorless liqu id  b y  p re p a ra tiv e
versity of Illinois microanalytical laboratory. Gas chromatography (glpc) gfp C (co lu m n  B ,  1 3 3 ° )  an d  w as ch a ra cte riz e d  o n ly  b y  i t s  in fra re d
was performed on a Wilkens Aerograph.A-90-P instrument employing helium Sp ectru m  w h ich  show s b a n d s a t  175 5  ( C = 0 )  an d  1 7 3 0  (C = = 0 )
as the carrier gas. The following columns were used: a 5 ft X  0.25 in.
column of 20%  SE-30 on 60-80 mesh Chromosorb W (column A), a 6 ft X  j  ,  .. , , .. ,

in. column of 20%  SE-30 on 60-80 mesh Chromosorb W (column B), a (15) The detailed procedure described for the preparation (or reduction)
5 ft X  0.25 in. column of 3%  SE-30 on 60-80 mesh Chromosorb W (column of the methoxymethyl enol ether of 2-carbethoxycyclohexanone was fol-

lowed.
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cm-1. An analytical sample of the methoxymethyl enol ether possible owing to decomposition under the glpc conditions. The 
was obtained by preparative glpc (column B , 133°): nMd infrared spectrum (film) of the crude product shows bands at
1.4767; ir (film) bands at 1715 (C = 0 )  and 1635 (conjugated 1715 (C = 0 )  and 1625 (conjugated C = C ) cm“1. The nmr spec-
C = C ) cm-1; nmr t 5.02 (s, 2 H), 5.92 (quartet, 2 H , J  =  7.0 trum shows absorptions at r 4.40 (s, 1 H), 4.89 (s, 2 H), 5.89
Hz), 6.57 (s, 3 H), and 8.76 (t, 3 H, / = 7.0 Hz). (quartet, 2 H, J  =  7.0 Hz), 6.49 (s, 3 H), and 8.73 (t, 3 H,

A n a l. Calcd for ChoH^Ch: C, 59.98; H, 8.05. Found: C, J  =  7.0 Hz).
60.08; H, 7.98. Reduction of Ethyl Benzoylacetate Methoxymethyl Enol

Reduction of 2 -Carbethoxycyclopentanone Methoxymethyl Ether.—Reduction15 of 1.21 g of the crude methoxymethyl enol
Enol E th er—Reduction15 of 1.02 g of the crude methoxymethyl ether with 250 mg (0.036 g-atom) of lithium gave 958 mg of a
enol ether with 250 mg (0.036 g-atom) of lithium gave 766 mg of viscc us yellow liquid which contained only one volatile component
a slightly yellow liquid which contained essentially only one on g.pc analysis (column B , 121°, 150 ml/min). This material
volatile compound on glpc analysis (column B , 93°, 200 ml/min). was collected by preparative glpc (column B , 129°) and was
This material was collected by preparative glpc (column B , shown to be identical to ethyl hvdrocinnamate (14) by comparison
93°) and was shown to be identical to ethyl cyclopentanecar- of infrared and nmr spectra. The actual yield of 14 was de-
boxylate (10) by comparison of infrared spectra and glpc reten- termined to be 196 mg (22% from 13) by glpc (column B , 121°,
tion times. The actual yield of 1 0  was determined to be 177 mg 150 ml/min) using ethyl phenvlacetate as an internal standard.
(25%) from 9 by glpc (column B , 93°, 200 ml/min) using ethyl A second reduction of the crude enol ether by the same procedure,
cyclohexanecarboxylate as an internal standard. A second re- except that 210 mg of lithium was used, gave a 23% overall
duction of the crude enol ether by the same procedure except yield of ethyl hydrocinnamate. When 190 mg of lithium was
that 210 mg of lithium was used gave a 11% overall yield of 10. used, the overall yield was 19%.
When 275 mg of lithium was used, some ethyl cyclopentane- Ethyl 2-re-Butylacetoacetate Methoxymethyl Enol Ether.—
carboxylate was reduced to the primary alcohol, and the combined Reaction15 of 5.58 g (30.0 mmol) of ethyl 2-n-butylacetoacetate
overall yield of ester and alcohol was 24% . (15) gave 7.21 g of a yellow liquid. Glpc analysis (column A,

2 -Carbethoxy-4 -i-butylcyclohexanone Methoxymethyl Enol 140°, 200 ml/min) of the crude product revealed that it consisted
Ether.—Reaction15 of 6.78 g (30.0 mmol) of 2-carbethoxy-4-i- of 69% the methoxymethyl enol ether and 31%  the C-
butylcyclohexanone (7) gave 8.35 g of the crude methoxymethyl alkylated isomer. An analytical sample of the C-alkylated isomer
enol ether as a yellow liquid. This material was used for the which had the shorter retention time was obtained by preparative
lithium-ammonia reduction step without further purification. glpc (column B , 152°): ir (film) 1740 (C = 0 )  and 1715 (C = 0 )
Glpc analysis (column B, 183°, 200 ml/min) of the crude product cm- -; r 5.85 (quartet, 2 H, J  = 7.0 Hz), AB system
revealed that it consisted of 96%  of the methoxymethyl enol centered at 6.37 (-OCHA)-, J a b  =  9-5 Hz, A pab =  6.5 Hz),
ether and 4%  of the C-alkylated isomer and that the actual yield 6.70 (s, 3 H), 7.92 (s, 3 H), 8.73 (t, 3 H, J  =  7.0 Hz), and 9.08
of the enol ether was 79%. The C-alkylated isomer which had (t, 3 H, «7 =  ~ 6  Hz).
the shorter retention time was obtained as a colorless liquid by A n a l. Calcd for CYIR-Ah: C, 62.58; H, 9.63. Found: C,
preparative glpc (column B , 183°) and was characterized only 62.90; H, 9.57.
by its infrared spectrum which shows bands at 1730 (C = 0 )  and An analytical sample of the methoxymethyl enol ether was
1705 (C = 0 )  cm-1. An analytical sample of the methoxymethyl also obtained by preparative glpc: n20d 1.4567; ir (film) 1710
enol ether was obtained by preparative glpc (column B , 183°): (C = 0 )  and 1630 (conjugated C = C ) cm-1; nmr t 5.01 (s, 2 H),
n wD 1.4772; ir (film) 1715 ( 6 = 0 )  and 1635 (conjugated C = C ) 5.90 (quartet, 2 H, J  = 7.0 Hz), 6.59 (s, 3 H), 7.68 (s, 3 H),
cm-1; nmr r 5.13 (s, 2 H), 5.90 (quartet, 2 H, J  =  7.0 Hz), 8.73 (t, 3 H, J  = 7.0 Hz), and 9.09 (t, 3 H, / = ~ 6  Hz).
6.60 (s, 3 H), 8.74 (t, 3 H, J  = 7.0 Hz), and 9.07 (s, 9 H). A n a l. Calcd for C,2H220 4: C, 62.58; H, 9.63. Found: C,

A n a l. Calcd for C15H26O4: C, 66.64; H, 9.69. Found: C, 62.75; H, 9.65.
6 6 .6 6 ; H, 9.84. An attempt to purify the enol ether by distillation using a

Reduction of 2-Carbethoxy-4-i-butylcyclohexanone Methoxy- Vigreux column was only partially successful. Column chro-
methyl Enol Ether.—Reduction15 of 1.38 g of the crude methoxy- matography on Woelm neutral alumina (activity I I )  and elution
methyl enol ether with 240 mg (0.035 g-atom) of lithium gave with 0-2%  ether in petroleum ether (bp 30-60°) gave the pure
1.23 g of a slightly yellow liquid. Glpc analysis (column A, methoxymethyl enol ether.
138°, 200 ml/min) revealed that it consisted of 30% ethyl c is-  Reduction of Ethyl 2-n-Butylacetoacetate Methoxymethyl Enol
3-i-butylcyclohexanecarboxylate (cis-8 ) and 70% ethyl trans-3- Ether.—Reduction15 of 1.15 g (5.00 mmol) of the purified me-
i-butylcyclohexanecarboxylate (trans-8 ). An analytical sample thoxymethyl enol ether with 250 mg (0.036g-atom)of lithium gave
of the trans isomer which had the shorter retention time was 862 mg of a yellow liquid which contained essentially only one
obtained by preparative glpc (column B , 133°): râ D 1.4522; volatile compound as shown by glpc analysis (column B , 112°,
ir (film) 1735 (C = 0 ) , 1200, 1180, 1160, 1145, and 1035 cm-1; 120 ml/min). This compound was collected by preparative glpc
nmr r 5.91 (quartet, 2 H, / =  7.0 Hz), 8.76 (t, 3 H, J  = 7.0 (column B , 108°) and found to be identical with ethyl 2-ethyl-
Hz), and 9.14 (s, 9 H). hexanoate (16) by comparison of infrared and nmr spectra. The

A n a l. Calcd for C13H24O2: C, 73.54; H, 11.39. Found: C, actual yield of (16) was determined by glpc (column B , 112°,
73.24; H, 11.22. 120 ml/min) to be 40% based on the enol ether. When the

An analytical sample of the cis  isomer was also obtained by methoxymethyl enol ether was reduced with 275 mg of lithium
preparative glpc: n20D 1.4535; ir (film) bands at 1735 (C = 0 ) , by the same procedure, some ethyl 2-ethylhexanoate was reduced
1190, 1155, and 1040 cm-1; nmr r 5.95 (quartet, 2 II, ./ = 7.0 to the primary alcohol, and the combined yield of ester and
Hz), 8.77 (t, 3 H, J  = 7.0 Hz), and 9.11 (s, 9 H). alcohol was 43% .

A n a l. Calcd for C13H24O2: C, 73.54; H, 11.39. Found: C, Ethyl Acetoacetate Methoxymethyl Enol Ether.—Reaction15 

73.88; H, 11.42. of 3.30 g (30.0 mmol) of ethyl acetoacetate (11) gave 5.34 g of
The combined actual yield of the cis  and trans esters was the crude methoxymethyl enol ether as a yellow liquid. This

determined to be 424 mg (40% from 7) by glpc (column B, 133°, material was used for the lithium-ammonia reduction step with-
200 ml/min) using diethyl phthalate as an internal standard. out further purification. Glpc analysis (column B , 114°, 120
When 200 mg (0.94 mmol) of the 70:30 mixture of trans and c is  ml/min) of the liquid revealed that it consisted of only the
esters was refluxed for 35 min with a solution of sodium ethoxide methoxymethyl enol ether and that the yield of the enol ether 
prepared from 300 mg (0.013 g-atom) of sodium and 20 ml of was 84% . An analytical sample of this material was obtained
absolute ethanol, the relative amounts of the cis  and trans esters by preparative glpc (column B , 114°): n20D 1.4522; ir (film)
changed to 75 and 25% , respectively. Further heating at reflux 1715 (C = 0 )  and 1630 (conjugated C = C ) cm-1; nmr r 4.85 (s,
did not change these percentages. 1  H), 5.02 (s, 2 H), 5.94 (quartet, 2 H, / = 7.0 Hz), 6.58 (s,

Ethyl Benzoylacetate Methoxymethyl Enol Ether.—Reaction15 3 H) 7.72 (s, 3 H), and 8.76 (t, 3 H, J  = 7.0 Hz),
of 5.76 g (30.0 mmol) of ethyl benzoylacetate 13 gave 7.24 g of A n a l. Calcd for CsH^Ch: C, 55.16; H, 8.10. Found: C,
the crude methoxymethyl enol ether as a yellow liquid. This 55.20; H, 8.07.
material was used for the lithium-ammonia reduction step with- Reduction of Ethyl Acetoacetate Methoxymethyl Enol Ether.—
out further purification. Glpc analysis (column C, 160°, 150 The procedure was exactly the same as that described for the
ml/min) of the crude product revealed that it consisted of 98% reduction of 2-carbethoxycyclohexanone methoxymethyl enol
the methoxymethyl enol ether and 2 % an unidentified com- ether except the ether solution was not evaporated in the work-up
pound which was probably the C-alkylated isomer. Purification procedure. The crude methoxymethyl enol ether (890 mg) was
of the enol ether by preparative glpc (column A, 168°) was not reduced with 250 mg (0.036 g-atom) of lithium. After filtration

26 0 4  J .  Org. Chem., Vol. 35, No. 8,1970 Coates and Shaw



to remove the inorganic salts the ether solution was analyzed by acidified with 10% concentrated hydrochloric acid. The ether
glpc (column C, 64°, 120 ml/min) was found to contain essentially extract was washed with water, dried with sodium sulfate, and
only one volatile compound. This compound was later collected evaporated to give 743 mg of a viscous oil. Glpc analysis
by preparative glpc (column B , 73°) and was shown to be identi- (column C, 142°, 120 ml/min) of the oil revealed that only hydro-
cal tc ethyl butyrate by comparison of glpc retention times and cinnamic acid was present and that the actual yield of the acid
infrared spectra. The actual yield of ethyl butyrate (12) in the was 65% . Crystallization of the oil in petroleum ether (bp 30-
ether solution was determined to be 225 mg (39% from 11) by 60°) and recrystallization from the same solvent gave 390 mg
glpc (column C, 64°, 120 ml/min) using mesitylene as an internal (52% ) of hydrocinnamic acid, mp 46-48° (lit.16 mp 48°). The
standard. A second yield determination was made by glpc on infrared spectrum was identical with that of authentic hydro-
the residual liquid (1.20 g) remaining after the ether was distilled cinnamic acid.
off through a Vigreux column at atmospheric pressure. The
overall yield was found to be 35% . Registry No.— 2-Carbethoxycyclohexanone methoxy-

Reduction of Ethyl Cinnamate.—Reduction« of 880 mg (5.00 methyl enol ether, 25096-42-8: 2-carbethoxycyclopen- 
mmol) of ethyl cmnamate with 114 mg (0.016 g-atom) of lithium i 1 o ^c\aa ao
gave 983 mg of a viscous yellow liquid which contained only one *anol*e methoxymethyl enol ether, 2o096-43-9;
volatJe compound as shown by glpc (column B , 121°, 150 ml/ 2-carbethoxy-4-t-butylcyclohexanone methoxymethyl
min). This compound was found to be identical with ethyl hydro- enol ether, 25096-44-0; ethyl benzoylacetate methoxy-
cinnamate (14) by comparison of infrared and nmr spectra. methyl enol ether, 25096-45-1; ethyl 2-n-butyl-
The actual yield of the ester was determined to be 18% by glpc acetoacetate methoxymethyl enol ether, 25095 -46 -
(column B , 121°, 150 ml/min) using ethyl phenylacetate as an 0 , ,  * , , , J  , ,  J
internal standard. A second reduction by the same procedure ethyl acetoacetate methoxymethyl enol ether, 2o096-
except that 128 mg of lithium was used gave a 16% yield of ethyl 47-3; c is-8 ,25096-48-4; trans-8,25096-49-5. 
hydrocinnamate.

Reduction of frares-Cinnamic Add.—A solution of 740 mg (5.0 Acknowledgments.-—W e thank the National Sci-
mmol) of frans-cinnamie acid in 26 ml of ether was added with ence Foundation for support in the form of a trainee
stirring to a solution of 148 mg (0.021 g-atom) of lithium in 82 ship to  j .  E  g. and th e  Nati0nal Institutes of Health
ml o: anhydrous ammonia under argon. The solution was r  a  • i - a. 
stirred for 15 min at the liquid ammonia boiling point and was 40r hnancial assistance.
then cooled 5 min with powdered Dry Ice before quenching with (I6) R L Shriner R c  Fuson_ and D Y Curtin_ „The Systematic 
7.5 g of ammonium chloride. After addition of 60 ml of ether Identification of Organic Compounds,” Wiley, New York, N .Y., 1964, p 
and evaporation of the ammonia, the reaction mixture was 3 1 2 .

Isolation and Structure of Two New Germacranolides1 
from Polymnia uvedalia (L.) L.

W erner Herz and S. V. B hat

D epartm ent o f  C hem istry, T h e F lo r id a  State U niversity, T a llah assee , F lo r id a  32306  

R eceived  F ebru a ry  13, 1970

Examination of several collections of P o ly m n ia  uvedalia  (L.) L. yielded varying quantities of two new highly- 
oxygenated germacranolides uvedalin (la) and polydalin (Id) which were correlated. Experiments and spec
troscopic studies which led to the determination of their structure are described. P . laevigata  Beadle gave the 
eudesmanolide ivalin. The flavone artemetin was isolated from P . can aden sis L . ,  which contained only small 
amounts of sesquiterpene lactones.

As part of our general study of sub tribe M elam podi- Uvedalin (la), C23H28O9, mp 131-3°, [a]o + 1 2 .8°, 
inae, tribe Heliantheae, family Compositae,2 we have was a conjugated 7-lactone (ir bands at 1765 and 1665
investigated North American representatives of the cm-1, with strong uv end absorption). The nmr spec-
genus Polym nia which is endemic to the Western trum (Table I) exhibited the typical two doublets (Ha
Hemisphere.3 The isolation and structure determina- and Hb) of partial structure A whose presence was con-
tion of two new highly oxygenated germacranolides firmed by facile formation of a pyrazoline (2a) and by
from Polym nia uvedalia (L.) L. is reported herewith. controlled sodium borohydride reduction to a dihydro 

Collections of P . uvedalia from Rabun County, Ga., derivative 3a in whose nmr spectrum the signals of Ha
Leon County, Fla., and W. Ya. furnished two crystalline and Hb were replaced by a new methyl doublet. Spin-
sesquiterpene lactones whose relative yield varied decoupling experiments involving Ha and Hb established
somewhat with location4 and which were named uveda- the location of the Hc multiplet at 2.8 ppm; this in
lin and polydalin. turn was coupled to two doublets of doublets at 5.00

and 6.55 ppm, one of which represented the Ha reso-
(1) Supported in part by grants from the National Science Foundation I13J1C6

(GB-6413) and the U. S. Public Health Service (RG-05814). ,  j  . r  j  i_i a. a. a. a.' 1
(2) The original impetus for these studies is given by W. Herz, S. V. T n G  O tllG r QOUDlGt Ol QOUDlGtS W RS t e n t a t i v e l y  &S-

Bhat, and a . l . Hail, j . Org. chem ., 35, mo (1970). signed to hydrogen (H„) under one of three ester func-
ufiJes) m0S‘ reC6Dt reVi6W °f thU EenUS iS by J' R‘ WeUS' Brittonia’ 17' tions whose presence was indicated by the consump-

(4) Although the three previously described*’6 varieties of P. uvedalia tj
are nc> longer recognized,6 the variation in lactone content might be due to q  Hf
the existence of separate chemical races. Material from both West Virginia Vs> ^  \  ^  | H j
and Georgia would have keyed out as var. uvedalia although differing con- Gl ^(Y
sistently in lactone content, while material from Florida, which chemically /  I H e - Q ___C = C ---- CHy
resemoled the collection from Georgia, would have been assigned to var. H c jl  ---- C > ^ 1 ^  3 I I
floridona .* This problem is receiving further attention from Dr. J .  R . Wells. / \  | (j  jj

(5) S. F . Blake, Rhodora, 19, 46 (1917). H a H b Hg H c 11 *
(6) J .  R . Wells, ibid., 71, 786 (1969). We are indebted to Dr. Wells for g  Q

authenticating the collections and for valuable correspondence. ^
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tion of 3.9 equiv of alkali on hydrolysis and by ir bands Treatment of uvedalin with hydrochloric acid in 
at 1740, 1725, and 1710 cm-1. The multiplicity of Hd dioxane resulted in addition of the elements of hydrogen 
and He permitted further expansion to B. chloride. In the nmr spectrum the conversion of la  to

The presence, in the nmr spectra of uvedalin and all the product lb was attended by the shift of a one-proton 
of its derivatives, of a sharp three-proton singlet near 2 quartet from 2.99 to 4.16, the shift of a methyl doublet
ppm suggested that one of the ester groups was an from 1.14 to 1.49, the shift of a methyl singlet from 1.44
acetate.7 A second ester function was probably associ- to 1.29, and the appearance of an -OH resonance at 3.27
ated with a carbomethoxy group (three-proton signal ppm (disappears on deuterium exchange, ir band at
near 3.8 ppm which disappeared on basic hydrolysis). 3525 cm-1). That the new hydroxyl group was ter-
Lastly, if uvedalin were a sesquiterpene lactone as tiary was indicated by the nmr spectrum and the failure
seemed likely, its empirical formula required a five- of lb to undergo oxidation with Jones reagent. These
carbon acid as the third ester component. observations could be accommodated by assuming the

Catalytic hydrogenation of la  with Pd-C  yielded presence of D as the five-carbon ester side chain. This
tetrahydrouvedalin (4a). The transformation of la  to was conclusively established by hydrolysis experiments
4a involved, in addition to reduction of the exocyclic to be described subsequently and by double resonance
methylene group, saturation of the system C (ir band at experiments which showed that the methyl doublet at
1675 cm-1) as evidenced by disappearance from the 1.14 ppm (H7) was coupled to the quartet at 2.99 ppm
nmr spectrum of a narrowly split vinyl methyl (Hd).
resonance and its replacement by a new methyl doublet. Uvedalin on treatment with sulfuric acid in aqueous 
The vinyl proton associated with this system (Hx) had acetone gave a diol lc. Jones oxidation of this sub
its signal at 4.85 ppm, broadened by coupling to the stance followed by separation of two isomers gave pure
vinyl methyl group and coupled in turn (A BX system) Id, identical in all respects with natural polydalin 
to some other proton (Hy). Further evidence for C C23H28O10, mp 181-183°, [a]D + 8 .4 ° . The spectral 
was the conversion of la  and 3a to epoxides 5a and 6a. changes were consonant with the conclusion that poly

dalin differed from uvedalin only in containing the side 
chain E  instead of D.

V t y  T T t f -
0E‘k  0K- k 1 f >  f • L  ^

c o 2C H 3 c o *c h 3 c h j C H — c a— ç — 0—  c h 3c — ç — ç —0 I T  " ç
5a 6 a \  /  ]* Il I I prv puW  0  0  OH 0  C02CH3

In the nmr spectra of these substances the methyl signal D e  F
appeared as a sharp singlet and the resonance of the
vinyl proton (Hx) had moved upfield to near 2.7 ppm. The foregoing evidence in favor of partial structures

. . . . . . . . . .  ...... . A, C, and D and the presence of an acetate function
methyl ketone signal. accounted for seven of the nine oxygen atoms present in



la. Since the uv spectra of 3a and 4a still showed The problem of assigning the acetate and a-methyl- 
strong end absorption, thus indicating the presence in a,/3-epoxybutyrate groups to C-5 and C-6 remained and
uvedalin of a second chromophore (ir bands in la  at was solved in the following manner. After attempts at
1710 and 1625, in 3a at 1720 and 1630, in 4a at 1720 and selective hydrolysis of la, Id, 4a, or 5a had resulted in
1645 cm-1)» it was deduced that the carbomethoxy complex mixtures or remained unsuccessful, it was
group which accounted for the remaining two oxygen reasoned that in accord with previous experience9 selec-
atoms was conjugated and associated with the signal of tive hydrolysis of a pyruvate function in the presence of
a low field proton near 7 ppm whose chemical shift re- an acetate might be achieved. Hence, tetrahydro-
quired it to be vinylic and attached to the j3 position. polydalin (3b)10 was converted by periodate oxidation
In support of this hypothesis, hydrogenation of la  with to the pyruvate 3c which had relevant nmr signals at
platinum oxide furnished a hexahydro derivative 7a 5.43 (d, H-5) and 6.26 (dd, H-6).

Treatment of 3c with potassium carbonate at room 
| temperature for 2.5 hr effected complete hydrolysis to

\  the diol 3d (H-5 signal at 3.85, H-6 signal at 4.37 ppm)
l s^ s J . s y == L . L y ' 5 which gave a positive periodate test for the presence of

/  | T j  I T  a vicinal glycol function and was further characterized
KlOR, 0 as the diacetate 3e (H-5 signal at 5.36, H-6 signal at

C 0 2CH3 6.15 ppm). However, when exposure of 3c to sodium
7a 8 bicarbonate was limited to 15 min, selective hydrolysis

occurred with formation of the monoacetate 3f. In the 
which was transparent in the uv. The conversion of nmr spectrum of this substance the signals of H-5 and
la  to 7a was accompanied by disappearance of the 7- H’ 6 were superimposed near 5.3 ppm which clearly
ppm signal in the nmr, the disappearance of the re- demonstrated that hydrogen on carbon carrying the
maining double-bond frequency, and the shift of the acetate function of uvedalin or polydalin was responsi-
1710 band to 1740 cm-1 in the ir. ble for the doublet near 5.3 ppm and identical with H-5.

Spin-decoupling experiments at 90 MHz8 eventually Hence the gross structures of uvedalin and polydalin
permitted expansion of partial structure B to G. Ir- were those shown in formulas la  and Id.
radiation at the frequency of H-6 (He of B) affected the Hydrolysis of 3c by refluxing methanolic potassium 
signal of H-7 (Hc) and collapsed the doublet of H-5 (Hf carbonate for 3 hr followed by acidification resulted in a
or Hg) at 5.4 ppm to a sharp singlet. Conversely, ir- dilactone whose formulation as 8 was in keeping with
radiation at the frequency of H-5 collapsed the H-6 the spectroscopic evidence [uv maximum at 249 nm; ir
resonance but indicated no observable allylic coupling bands at 1778, 1760, 1655, and 1650 (sh); fornmrspec-
of H-5 to the low field vinyl signal near 7 ppm (H-3). tram see Table I]. Its formation established the pres-
Irradiation of H-3 affected signals in the methylene ence of a carbomethoxy group chemically and proved
region, hence the grouping F  was present. that its location was 7  to the oxygen function on

Since the signals of H-8 (Hd) and H-9 (Hf or Hg) C-6. 
overlapped in the nmr spectrum of la  the 90 MHz nmr As concerns stereochemistry, it is assumed that the 
spectrum of 6a was studied. Irradiation of the H-7 absolute configuration of the C -ll side chain is ¡3 as in
multiplet (Hc) at 2.1 ppm collapsed a doublet of dou- a11 other sesquiterpene lactones of established stereo-
blets at 6.3 (H-6 =  He) to a doublet and converted the chemistry. An attempt to distinguish between cis and
triplet of H-8 at 4.14 ppm (Hd) to a doublet. In turn, trans stereochemistry of the 9,10 double bond on the
irradiation of H-8 simplified the signal of H-7 and col- basis NOE’s was not satisfactory.11 Moreover, al-
lapsed a doublet at 2.57 ppm to a singlet. Since this though it was possible to convert 3d to an acetonide 3g,
doublet originated in proton Hx of partial formula C inspection of molecular models showed that this infor-
(vide swpra), Hy of C was identified as Hd of B. If it is mation and knowledge of coupling constants obtained
borne in mind that H-5 (now identified as Hg of B) is by inspection of Table I and from spin-decoupling ex-
only coupled to one proton, i.e., H-6, and that the periments was not sufficient to determine the stereo-
empirical formula requires the presence of an additional chemistry at C-5 and C-6.14
methylene group, only one combination of B, C, and the On the other hand, the strongly negative Cotton 
methylene group is possible, i.e., that represented by G. effect exhibited by la  (Xmlx 225 nm, 6 —1810) sug-
This formula also explains the observation that H-9 of gested cis fusion of the 7-lactone ring, if a recently
la  is not only coupled vicinally to H-8 (J  =  10.3 Hz) formulated empirical rule relating to the sign of the
and allylically to the C-10 methyl group ( J  ~  0.6 Hz), lactone Cotton effect to the nature of the lactone ring
but that there exists another allylic coupling (J  =  0.8 
Hz) to one of the protons on C -l. „

(9) V/. Herz and M. V. Lakshmikantham, Tetrahedron, 1711 (1965).
(10) Treatment of Id with sodium borohydride reduced not only the

CH3 exocyclic double bond conjugated with the lactone, but also the keto group
o f  the side chain. The resulting gummy material was apparently a mixture 

f  * I \ = 0  of C-3' epimers (nmr spectrum).
(11) Although NOE’s involving H-9 or H -l and the C-10 methyl group

O R  I H have been used successfully for this purpose,12-13 no useful results could be
*0 R 2 obtained in the present instance, apparently due to sample difficulties.

m  P U  (12) ^  **erz» P* S. Subramaniam, P. S. Santhanam, K . Aota, and A. L.
U J 2U I 3 Hall> j  Qrg chem ., 35, 1453 (1970).

G (13) -£• Takeda, I .  Horibe, M. Teraoka, and H. Minato, Chem. Commun.,
______________  940 (1968); J .  Chem. Soc. C, 1491 (1969).

(14) Unfortunately it was not possible to determine unambiguously 
(8) e are grateful to the National Science Foundation for a grant which J e j in Sg which might have aided in establishing the relative stereochemistry

permitted purchase of a Bruker 90-MHz nmr spectrometer. at these centers. 1
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junction15 were applicable. From the molecular model material which yielded 2.5 g of pure polydalin. Fractions 61-63
of uvedalin with H - 8  a  formation of a pyrazoline would gave a gum showing a major spot. This was recrystallized from
then be predicted to occur predominantly by attack of n,°f af cryfstalline saturated ^cyclic alcohol
,. f, ,  ,, - j  n j- .i  £ mp 275-278 . All other fractions were gums showing several

diazomethane from the a  side, regardless ol the configu- spots.
ration at C -5 or C -6 . The resulting pyrazoline 2a (C).—Extraction of 2.8 kg of P . u vedalia , collected by Mr. R.
would be expected to display a curve of negative sign.16 Lazor on Aug 11 in Rabun County, Ga. (Lazor No. 3783), in the
This was indeed observed (Xmax 316  nm, 6 —490 0 ). usuf* manner gave 1 0  g of crude gum which on chromatography,

rj j • 7 • i t) 77 r • i i • j  i i  85 described in section J3, 9.fforded 2.5 c of crude polvdftlin 2 nd
P o l y m m a  l a e v ig a t a  B e a d l e  furmshed considerable in the earlier fractions a spot corresponding to uvedalin. 

quantities of lvalin (10), a eudesmanolide previously Uvedalin (la ): mp 131-133°; H 24d + 12.8° (c 4.69); ir bands
at 1765, 1740, 1725, 1710, 1665, and 1625 cm "1; uv Xma* 210 

q OH q nm (e 14,300); CD curve (1 cm cell) Xmax 255 nm (8 —1810).
\ = n  '  __ The 90-MHz nmr spectrum and all coupling constants determined

// = u  I y C = 0  by double irradiation are listed in Table I I . 21

° Rl OR, °  T able II
C02CH: 90-MHz Spectrum of Uvedalin

9a 10 Ppm Hz
H-la,b 2.1-2 .8  (c) / la-9 = 0.8“

isolated only from certain I v a  species.17'18 P o i y m n i a  H-2 a,b 2 .1 - 2 .8  (c) ,/ 2a,3 =  7.6, ./2b,a = 9 .6

c a n a d e n s i s  L .  contained a small amount of a sesqui- H-3 6.99 (c)
terpene lactone mixture; the only substance isolated H-5 5.40 (d) J 5,6 = 8.4
in crystalline form was artemetin (5-hydroxy-3,4',5',6,7- 6.64 (dd) Je ,7 = 1.4
pentamethoxyflavone).19 The implications of these H"7 2-77 -m) = 84
findings will be discussed elsewhere. H“8 510 '7s'9 = 103

H-9 4.96 (dbr) J 9.c-io m.  ~  0.6
C-10 Me 2.01

Experimental Section20 H-l3ci.„id 5.71 (d) J i .n - a ,  = 3.1
_ . . .  i n ,  ■ , . . .  t-> ■ j  i . H-13transoid 6.25 (d) Jr.U-lrant = 3.4Extraction of P oly m m a  u vedalia . (A).—Dried and ground q_2 ' jy[e j  4 g

leaves of P oiy m n ia  u vedalia  (L.) L ., wt 4.5 kg, collected by Dr. T _
J .  R . Wells on Aug 26, 1966, in Calhoun Co., W. Va., 3.1 miles X I , 1 6  ^  a ■Jy.i’- iu  -  5.4
from the Gilmer-Calhoun Co. line (voucher specimen on deposit ’  3 ,0 1

in herbarium of the Cranbrook Institute of Science, Bloomfield Acetate 2.01
Hills, Mich.) was extracted with chloroform and worked up in ° Values of all coupling constants were confirmed by double
the usual manner. 16 The crude gum, wt 34 g, was chromato- irradiation or indor experiments, 
graphed over 1 . 1  kg of silicic acid (Mallinckrodt, 100 mesh),
1000-ml fractions being collected in the following order; 1-6 A n al. Calcd for C23H280 9: C, 61.60; H, 6.29; O, 32.11.
(benzene), 7-18 (benzene-chloroform, 4 :1 ), 19-32 (benzene- Found: C, 61.36- H 6.31- O 32.15.
chloroform, 1 : 1 ), 33-52 (benzene-chloroform, 1:4), 53-62 Pure polydalin (Id) melted at 181-183° and had [a]21d + 8 .4 ° 
(chloroform), 63-71 (chloroform-ether, 19:1), 72-77 (chloro- (c5.36); ir bands at 1765,1735,1725,1710, 1670, and 1628 cm
form-methanol, 19:1), 78-80 (chloroform-methanol, 9 :1 ). uv end absorption (« 27, 100 at 202 nm), CD curve (1 cm cell)
Fractions 23-32 eluted a gum which showed a major spot on Xmax 253, 310 nm (8 -  1740, -6 9 4 ) ;  positive iodoform test,
tic. Rechromatography over 300 g of silicic acid gave 8.0 g of A n a l. Calcd for C23H28O10: C, 59.48; H, 6.08; O, 34.45.
crude uvedalin on elution with benzene-chloroform (1:1) which Found: C, 59.50; H, 5.98; O 34.97.
on recrystallization from ethyl acetate-hexane gave 4.5 g of pure Reactions of la! (A).—A solution of 100 mg of la  in 2 ml of 
material. Fractions 50-55 gave a gum showing a major spot. methanol and 2 ml of 1 N  sodium hydroxide was heated on the
Rechromatography over 100 g of silicic acid gave 1.58 g of crude water bath for 15 min, evaporated to dryness at reduced pressure
polydalin in the chloroform fractions. Recrystallization from and the residue titrated with 0.1 N  hydrochloric acid. This
ethyl acetate gave 0.6 g of pure material. Fractions 59-71 indicated that 3.9 mol equiv of base had been consumed,
eluted a gum which showed two major overlapping spots on tic. (B).—A solution of 100 mg of la  in 20 ml of ether was allowed
The lactones responsible for the spots could not be separated to stand with 5 ml of ethereal diazomethane at 5° for 3 days,
satisfactorily and polymerized rapidly. All other fractions gave The pyrazoline 2 a which had separated was recrystallized from
gums showing several spots. Repetition of the extraction with ethyl acetate: yield 95 mg, mp 166-168° dec, CD curve XmM 316
P . uvedalia  collected at the same spot on Aug 1 , 1969, gave nm (8 —4900).
approximately the same results. A n a l. Calcd for C24H39N20 9:’ 0 ,5 8 .7 7 ; H, 6.16; N, 5.71.

(B).—Ground P .  u vedalia , collected by Mr. R . Lazor on July Found: C, 59.29; H, 6.30; N, 5.78.
12, 1969, in Leon County, Fla. (Lazor No. 3744 on deposit in her- Dihydrouvedalin (3 a).—To a solution of 0.228 g of la  in 10 ml
barium of Florida State University), wt 10.9 kg, was extracted 0f methanol was added with stirring 0.190 g of sodium boro-
in the usual manner. The crude gum, wt 35 g, was chromato- hydride in 5 ml of methanol at 0°. Stirring was continued for 1

graphed over 1 kg of silicic acid, 800-ml fractions being collected hr, the solution was acidified, evaporated at reduced pressure,
in the following order: 1 - 1 0  (benzene), 1 1 - 2 0  (benzene-chloro- diluted with 1 0  ml of water, and extracted with chloroform,
form 2 :1), 21-30 (benzene-chloroform 1 :2), 31-50 (chloroform), The washed and dried extract was evaporated and the residue
51-63 (chloroform—methanol 19:1), 61-74 (chloroform-methanol was repeatedly recrystallized from ethyl acetate-hexane. Pure
9 :1). Fractions 21-24 contained several spots one of which 3 a; yield 0.09 g; mp 183-186°; [a] 26d -3 5 .2 °  (c 2.98); ir bands
corresponded to uvedalin. Fractions 32-35 eluted semicrystalline 1780, 1760, 1735, 1720, 1675, and 1630 cm“1; Xmal 206 nm (e
-----------------  11,300).

(15) T. G. Waddell, W. Stocklin, and T . Geissman, Tetrahedron Lett., A n a l. Calcd for C23H30O9: C, 61.32; H, 6.71; O, 31.96.
1313 (1969). Found: C, 61.75; H, 6.26; O, 31.73.

(16) G. Snatzke, Riechst, Aromen, Ktirperpfiegem., 19, 98 (1969); M. Tetrahydrouvedalin (4a).—A solution of 0.147 g of la  in 25
Suchy, L. Dolejs, V. Herout, F . Sorm, G. Snatzke, and J .  Himmelreich, ml 0f ethyl acetate was reduced at atmospheric pressure with
c °Uect Czech. Chem Commun., Si, 229 (1969) prereduced 10% Pd-C. Hydrogen uptake ceased after absorp-

(17) W. Herz and G. Hogenauer, J .  Org. Chem.., 27, 905 (1962). . . . . - ,  , r™ i . . n . ,
(18) W. Herz, H. Chikamatsu, N. Viswanathan, and V. Sndarsanam, tl0 n  o f 2  m o 1  e(lU1V of hydrogen. The product Was recrystallized

tbid., 32, 682 (1967). ---------------------
(19) Y. Mazur and A. Meisels, Bull. Res. Counc. Isr., 5A, 67 (1955); (21) Chemical shifts differed slightly from the values obtained at 60

Z. Cekan and V. Herout, Collect Czech. Chem. Commun., 21, 79 (1956). MHz (Table I) owing to small calibration errors. The spin-decoupling ex-
(20) Experimental conditions specified in ref 2 apply. periments were carried out by Mr. A. L. Hall.

Two New Germacranolides from P o iy m n ia  uvedalia (L.) L. J .  Org. C hem ., V ol. 3 5 , N o . 8 ,1 9 7 0  2609



from ethyl acetate-hexane. Pure 4a, yield 0.085 g, had mp in the manner described earlier for la. The product, purified by
185-187°; ir bands at 1775, 1760, 1740, 1720, and 1645 cm-1; preparative tic, was a gum which could not be crystallized and
uv Xm»x 205 nm (e 10, 100). had ir bands at 3520, 1772, 1732, 1715, 1670, and 1630 cm-1.

A n a l. Calcd for C 23H 32O 9 : C, 61.05; H, 7.13; 0 ,3 1 .8 2 .  Preparation of 3c.—A mixture of 0.51 g of 3b, 20 ml of metha-
Found: C, 60.93; H, 6.95; O, 32.08. nol, 10 ml of water and 0.319 g of sodium metaperiodate was

Uvedalin Epoxide (5a).—A solution of 100 mg of la  in 4 ml of stirred at room temperature for 4.5 hr, evaporated in  vacuo,
dry chloroform was allowed to stand with 100 mg of m-chloro- diluted with water and extracted with chloroform. The washed
perbenzoic acid overnight at 0°. The reaction mixture was and dried extract was evaporated and the residue was recrystal-
washed in the usual fashion, dried and evaporated and the residue lized three times from ethyl acetate-hexane to give 0 . 2 1  g of pure
recrvstallized from acetone-petroleum ether. The pure product, 3c: rip 195-197°; [a]23n —41.7 (c 1.2); ir bands at 1770, 1765,
yield 54 mg, had mp 218-220°; ir bands at 1765, 1755, 1732, 1740, 1720, 1672, and 1630 cm -1; uvXmax220 nm (t 9100), end
1715, 1665, and 1632 cm-1. absorption t 16, 600 at 200 nm.

A n d .  Calcd for CaHaAo: C, 59.48; H, 6.08; O, 34.45. A n al. Calcd for C21H260 9: C, 59.71; H, 6.20; 0 ,  34.09.
Found: C, 59.21; H, 61.31; O, 34.32. Found: C, 60.12; H, 6.01; O. 33.80.

An isomeric epoxide 9a was prepared as follows. A mixture of Hydrolysis of 3c. (A ).—A solution of 0.03 g of 3c ar.d 0.03 g
0.3 g of la, 10 ml of tetrahydrofuran, 2 . 1  g of potassium carbo- of NaHCCb in 10 ml of 80% aqueous methanol was stirred in a
nate, and2.5 ml of water was stirred overnight. The solvents were nitrogen atmosphere for 15 min, acidified, evaporated m  vacuo,
removed in  vacuo and 5 ml of water was added. Unreacted la , diluted with 5 ml of water and extracted with chloroform. The
wt 0.21 g, was recovered by extraction with chloroform. The washed and dried extract was evaporated and the residue purified
aqueous layer was acidified and extracted with chloroform. The by preparative tic. The product 3f, wt 0.0287, was a gum which
washed and dried extract was evaporated and the residue was cound not be crystallized and had ir bands at 3400, 1765, 1730,
recrystallized from ethyl acetate-hexane to yield 60 mg of 9a 1710, 1670, and 1622 cm-1.
which had mp 158-161° (depressed on admixture of 5a); [<*]24d A n a l. Calcd for CisFEiCb: C, 61.35; H, 6 .8 6 ; O, 31.78.
+  11.5° (c 4.36); ir bands at 1795, 1755, 1740, 1720, 1670, and Found: C, 60.97; H, 7.15; O, 31.74.
1630 cm-1. (B)—Repetition of the above experiment with 0.15 g of 3c

A n a l. Calcd for C23H280 i»: C, 59.48; H, 6.08; O, 34.45. and 0.15 g of potassium carbonate for 2.5 hr gave, after the usual 
Found: C, 59.12; H, 6.24; 0 ,  34.62. work-up, a solid which was recrystallized from ethyl acetate-

Dihydrouvedalin Epoxide (6 a).—Epoxidation of 0.1 g of 3a hexane. The product 3d, wt 76 mg, had mp 168-170°; ir bands 
with m-chloroperbenzoic acid in the manner described in the at 3520, 3360, 1765, 1690, 1670, and 1628 cm-1; uv Xmax (220
previous section gave after recrystallization from acetone- nm) (< 7100) and end absorption (e 14, 400 at 202 nm).
petroleum ether, 8 6  mg of 6 a which had mp 213-215°, [<*]25d A n d .  Calcd for CisHmO«: C, 61.92; H, 7.15: O, 30.93.
-7 3 .6 °  (c 1.97). Fount: C, 62.35; H, 6 .8 8 ; O, 30.91.

A n a l. Calcd for C23H30O10: C, 59.22; H, 6.48. Found: C, Acetylation of 50 mg of 3d in the usual fashion (acetic anhy-
59.20; H, 6.38. dride pyridine) and recrystallization of the product from ethyl

Preparation of lb and le .—A solution of 0.33 g of la, 4 ml of acetate-hexane furnished 45 mg of diacetate 3e: mp 204-206°;
dioxan and 0.5 ml of dilute (1:1) HC1 was kept overnight with [«] 24d —40.6°; ir bands at 1775,1745, 1735,1720, 1670, and 1630 
stirring, evaporated at reduced pressure, diluted with water and cm-1.
extracted with chloroform. The washed and dried extracts were A n a l. Calcd for C2oH280 8: C, 60.90; H, 6.64; O, 32.45.
evaporated. The residue was purified by preparative tic and Found: C, 60.68; H, 6.55; O, 32.69.
recrystallized from ethyl acetate-hexane. There was obtained The acetonide 3 g was prepared from 3d by the anhydrous cupric
0.23" g of lb which had mp 177-179°; ir bands at 3525, 1765, sulfate-acetone method and had mp 176-178° after recrystalliza-
1750, 1735, 1710, 1670, and 1628 cm“'; uv end absorption (e tion from ethyl acetate (end absorption e 20,000 at 203 11m). I t
22,400 at 203 nm). was not analyzed, but the nmr spectrum (Table I)  verified its

Anal. Calcd for CwHsOgCl: C, 57.03; H, 6.32; Cl, 7.33. structure.
Found: C, 57.46; H, 6.04; Cl, 7.55. (C).—The previous experiment was repeated by refluxing 0.03

Reaction of 0.1 g of uvedalin with 0.2 ml of dilute HBr (1:1) g of 3c and 0.03 g of potassium carbonate in 10 ml of aqueous
in the same manner gave, after recrystallization from ethyl ace- methanol for 3 hr. After acidification, the usual work-up gave
tate, 60 mg of le  which had mp 174-176°; ir bands at 3522,1763, a residue which was recrystallized from ethyl acetate to give 8 :
1750, 1732, 1715, 1668, and 1628 cm“1. mp 246-248°; ir bands at 1778, 1760, 1655, and 1650 cm“1; uv

A n a l. Calcd for C23H290 9Br: C, 52.17; H, 5.48; Br, 15.10. xmax 249 nm (e 6200) and end absorption (e 2000 at 201 nm).
Found: C, 52.53; H, 5.73; Br, 15.04. A n a l. Calcd for C.sH.sO.: C, 69.22; H, 6.22; O, 24.59.

Conversion of Uvedalin to Polydalin.—A solution of 0.15 g of Found: C, 69.38; H, 6.59; 0 ,2 4 .4 5 . 
la  in 5 ml of acetone and 1 ml of water containing 4 drops of Extraction of P oly m n ia  laevigata.—Dried and ground leaves of 
concentrated sulfuric acid was kept at room temperature for 24 P .  laevigata  Beadle, wt 3.6 kg, collected by Dr. J .  R . Wells on
hr, evaporated at reduced pressure and extracted with chloro- July 1. 1967, 2 miles southeast of Monteagle, Tenn., and in July
form. The washed and dried extract was evaporated and the 1966 3.5 miles southeast of Monteagle (voucher on deposit in
residue was chromatographed over silica gel to give 0.12 g of Cranbrook Institute of Science), were extracted with chloroform
starting material and 0.03 g of lc  as a gum which had ir bands at in the usual fashion. The crude gum, wt 36 g, was chromato-
3540 (broad), 1765, 1745, 1735, 1718, 1670, and 1628 cm-1. graphed over 350 g of silicic acid, 1000-ml fractions being collected

A solution of 0.02 g of lc in 4 ml of acetone and a few drops of in the following order: fractions 1-30 benzene, 31-45 benzene-
Jones reagent was stirred for 0.5 hr at 0°. Excess reagent was chloroform (1:1), 46-64 chloroform, 65-70 chloroform-ether
destroyed by addition of methanol and the solvents were removed (9:1), 71-76 chloroform-methanol (9:1), 77-79 chloroform-
in  vacuo. The residue was extracted with chloroform. The methanol (1:1). Fractions 38-54 gave 15 g of solid which was
washed and dried extract was evaporated and the residue (two recrystallized from ethyl acetate to give 10.5 g of pure ivalin,
spots on tic) was subjected to preparative tic. The more polar mp 130-132°, identified by comparison with authentic material. 18

fraction was recrystallized from ethyl acetate-hexane to give 8  The other fractions contained gummy mixtures (tic) which could
mg of material, mp 180-182°, identical in all respects (mixture not be separated satisfactorily by recaromatography. la  and
melting point, ir, and nmr) with naturally occurring polydalin id were absent.
(Id). Extraction of P oly m n ia  can ad en sis .—Dried and ground leaves

A n a l. Calcd for C+H^Oio: C, 59.48; H, 6.08; O, 34.45. of P . can aden sis  L ., wt 3.3 kg, collected by Dr. J .  R . Wells in
Found: C, 59.30; H, 6.02; O, 34.59. Aug 1966 and July 1967 in a ravine along a limestone talus

Hexahydrouvedalin (7a).—A solution of 0.403 g of la  in 25 ml slope at the junction of Hayden Run Road and Scioto River,
of acetic acid was reduced overnight at atmospheric pressure Franklin County, Ohio (vouchers on deposit at Cranbrook
with prereduced platinum oxide catalyst until hydrogen absorp- Institute of Science), was extracted in the usual fashion with chloro-
tion ceased (2.9 mol equiv). The product, wt 0.40 g, was a form. The crude gum, wt 15 g, was chromatographed over 400
gum which could not be crystallized and had [<*]2Sd + 15 .0° (c g of silicic acid, 500 ml fractions being collected in the following
5.0); ir bands at 1775, 1760, and 1740 cm-1; weak uv end absorp- order: fractions 1-6 benzene, 7-15 benzene-chloroform (2:1),
tion (e 360 at 203 nm). 16-24 benzene-chloroform (1:2), 25-30 chloroform, 31-35

Tetrahydropolydalin (3b).—A solution of 0.386 g of Id in 25 chlorofcrm-methanol (19:1), 36-40 chloroform-methanol (9:1).
ml of methanol was reduced with 0.354 g of sodium borohydride Fractions 22-23 which were semicrystalline were recrystallized
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repeatedly from ethanol to give 18 mg of pure artemetin: mp tion with plant material collected in July 1969 at the same loea-
162-163°; mol wt (by mass spectrometry) 388; nmr signals 7.22 tion gave the same results.
(d) and 6.97 (d) ( J  =  9.2, H-6 ' and H-5' respectively), 7.70 . , n „ .
(H-2'), 6.48 (H-8 ), 3.96, 3 .9 4 , 3.92, and 3 . 8 8  ppm ( 4  methoxyls); Registry No.— la, 24694-79-9; lb, 24694-80-2; lc, 
and gave the color reaction previously reported for artemetin. 24694-81-3; Id, 24728-11-8; le, 24694-82-4; 2a,
The mixture melting point with an authentic sample22 was not 24728-12-9; 3a, 24728-13-0; 3b, 24806-56-2; 3c, 24694-
depressed. The methyl ether had mp 156-157°, mixture melting 3 3 . 5 . 3(1 24694-84-6; 3e, 24694-85-7; 3f, 24694-86-8;
point with an authentic sample22 undepressed. All other frac- _ A Anna A A on c\ «- oo a

tions were gums showing several spots. Repetition of the extrac- 3g, 24728-14-1; 4a, 24694-87-9; 5a, 24694-88-0; 6 a, 
_______ _ 24694-89-1; 7a, 24694-90-4; 8 , 24694-91-5; 9a, 24694-

(22; tv . Herz, j . Org. chem ., 26, 3014 (1961). 92-6. artemetin, 479-90-3.
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D epartm ent o f  C hem istry, T h e F lo r id a  State U niversity, T a llah assee , F lo r id a  32306
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A group of interesting sesquiterpene dilactones has been isolated from some H ym enoxys species. Floribundin
(3) and vermeerin (2), the latter previously found in South African G eigeria  species, were isolated from the 
southwestern U. S. stock poison H . rich a rd so n ii and the South American H . an them oides. H . an them oides also 
yielded anthemoidin and themoidin which are dihydro derivatives of 2 and 3, respectively. H . green ei gave 3 
and the dilactone greenein (6 ). Separate collections of H . odorata  afforded either a lactone glucoside hymenoxy- 
nin (14a) or the pseudoguaianolide glucoside paucin (13a) and a lactone lactal hymenolide (8 a) which could 
be correlated with hymenoxynin and floribundin. Structures, stereochemistry, and conformations for all 
compounds were derived by chemical methods and extensive application of nmr techniques.

As a consequence of the discovery of a group of bio- of interest. Knowledge of their sesquiterpene lactone 
genetically “ abnorm al” sesquiterpene lactones, the so- content could conceivably contribute to a b etter under
called pseudoguaianolides, in some Helenium  species,5 standing of phylogenetic relationships within the group, 
the genera Helenium  and Gaillardia, the la tter adjoining M oreover several representatives such as Hymenoxys 
Helenium, in the taxonomic scheme of Compositae odorata D C. and H. richardsonii (Hook) Ckll. var. fiori-
(tribe Helenieae, subtribe Heleniinae), have received bunda (pingue bitterweed) are well-known stock poisons
careful scrutiny.6,7 In  general, elaboration of pseudo- of the American southw est;12 it  seemed possible th at 
guaianolides seems characteristic of these two genera, sesquiterpene lactones might be responsible for their ac- 
although some exceptions have been noted.6,8 tiv ity . W e have therefore embarked on a study of this

While Helenieae is thought by many to be a rather genus. In  the following we report the results of our
artificial assemblage not deserving of tribal statu s,11 initial study ofLour Hymenoxys species. W ork on other
certain natural subdivisions exist. F or example, it  is species is continuing.13 
generally agreed th a t the genus Hymenoxys is closely
allied to Helenium  and Gaillardia. Accordingly, chem- R esults
ical examination of Hymenoxys species appeared to be

Table I  lists species included in the present investiga-
(1) Supported in part by a grant from the u. s. Public Health Service tion and the crystalline sesquiterpene lactones isolated

(GM-05814).
(2) Previous paper on Sesquiterpene Lactones: W. Herz and S. V. Bhat, B ,

J  Org Chem 35 2605 (1970). (12) J .  M. Kingsbury, “Poisonous Plants of the United States and
’ (3) To whom correspondence should be addressed. Canada,” Prentice-Hall, Englewood Cliffs, N. J . ,  1964.

(4) On leave of absence at Florida State University, 1967-1968. (131 While our work was in progress, two other groups reported on
(5) W. Herz. W. A. Rohde, K. Rabindran, P. Jayaraman, and N. Vis- constituents of certain Hymenoxys species. Thomas and M abry» isolated

wanathan, J .  Amer. Chem. Soc., 84, 3857 (1962); W. Herz, A. Romo de a number of flavonoids from H. scaposa  DC. whereas Romo and coworkers
Vivar, J .  Romo, and N. Viswanathan, ibid., 85, 19 (1963). obtained a new pseudoguaianolide odoratin (i) from a San Luis Potosí

(6) For reviews of work through 1966, see W. Herz, “Pseudoguaianolides 
in Compositae, Recent Advances in Phytochemistry,” T . J .  Mabry, R. E.
Alston, and V. C. Runeckles, Ed., Appleton-Century-Croft, New York, / ^ j \
N. Y ., 1968, p 220; J .  Romo and A. Romo de Vivar, “ The Pseudoguaiano-
lides, Progress in the Chemistry of Natural Products,” L Zechmeister, Ed. j
Springer Verlag, Vienna, Vol. 25, 1967, p 90. OH

(7) For the most recent paper on Helenium  species, see W. Herz, P. S. j
Subramaniam, and N. Dennis, J .  Org. Chem., 34, 2915 (1969).

(8) To these exceptions must now be added pulchellins B , C, E , and F
from Western races of G. pulchella Foug. Recent work« has shown these collection of H. odorata. Because we encountered different sesquiterpene
sesquiterpene lactones to be eudesmanolides rather than pseudoguaianolides lactones in collections of H. odorata from two separate ocaht.es (vide infra,
as ori inall su osed ■« Table I), the difference between the results reported by the Mexican workers
as °grlE^ aYy033“.P0P“ eN DenniSi Herz, and T . j .  Mabry, J .  Org. Chem., and by us is not particuarly surprising. Moreover, odoratin appears to be a

_ /1Q7m possible precursor of the substances isolated by us {vide in fra).
(10) W. Herz and S. Inayama, Tetrahedron, 20, 341 (1964); W. Herz and (14) M. B . Thomas andIT. J .  Mabry, J .  Org. Cftem., 32, 3254 (1967);

S. K. Roy, Phytochemistry, 6, 661 (1969). Tetrahedron, 3675 (1968); Phytochemistry, 7, 787 (1968).
(11) A. Cronquist, Amer. Midi. Natur., 63, 478 (1955); O. Solbrig, J . (15) A. Ortega, A. Romo de Vivar, and J .  Romo, Can. J .  Chem., 46,

Arnold Arboretum, 44, 436 (1963). 1538 ,1968>-
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from them. In addition, the flavone hispidulin ( l ) 16 3 ,  stereoisomeric with that of vermeerin, was based on
was found in H. odorata and H. richardsonii. the detailed analysis of its nmr spectrum (Tables II and

III) which immediately revealed the characteristic two 
doublets of the exocyclic methylene group at 6.28 ( J  =  

/PSV oh o 2.5 Hz) and 5.60 ppm (,/ =  2.2 Hz). Frequency-swept
J d j T  I  y - v  decoupling experiments showed that the splitting was,

CHsO ^ i^ ij as usual, caused by coupling to an allylic proton (com-
^ plex multiplet at 3.21 ppm) which was in turn coupled

vicinally to a proton of type -O -C H , the latter forming 
a symmetrical octet with degenerate central lines at 

f) j. 4.78 ppm (partial formula A).
b j __ Decoupling and tickling experiments showed that
^  \  O s /  v T ' " ' v  H-7 of A was coupled to two other protons which were

0 ^ /  \ responsible for two quartets in the high-field region, at
CH3 1.37 (./i =  15.5, ./2 =  3.5 Hz) and at 1.92 ppm (Jj =

3 ' 4a methyl a 3 15.5, J 2 =  13.2 Hz). Because of the chemical shifts,
b methyl (3 these protons had to be attached to sp3-type carbon

atoms which do not carry any functional group, and 
.  H T  H ! because of the splitting constants, they had to be gem-

inai.
0 y  0 Unambiguous assignment of the environment of H-8

of A was difficult because the distribution of signals in 
qjj 0 if the high field region was unsuitable. However, the

5a methyl 0 6 shape of the H-8 multiplet indicated the presence of
b, methyl a couplings (3.7 and 11.7 Hz) to two protons in the re-

t maining part of the molecule. Now it could be as-
yL sumed that the larger one of these interactions (11.7)

[ \  o was vicinal, but the magnitude of the smaller one (3.7
O 'Y''' v _/  V Hz) does not exclude the presence of an anomalous a - a

II j t )  interaction of the type *J. Hence A could be extended
CH:, to B or C.

7

H I^  80 —  CH2 o — CH— CH 0
Vermeerin and Floribundin.—Two very similar com- ^ \ __Q 9 V "  \ __Q I 9 y \ __Q

pounds whose ir spectra indicated the presence of an / x /  __i __ * / k y  __i ___® / V / '
a,/3-unsaturated 7-lactone (1766, 1670 and 1757, 1656 h7 II j 2 Ì  | 2 I
cm-1, respectively) and that of a 5-lactone (1729 and A B  C
1727 cm-1, respectively) were isolated from H. richard-
somi. Analysis of the nmr spectrum of the first sub- The nature of the 5_lactone ring was derived b con.  
stance (Table II) and other physical proper ties which sideri other features of the nmr spectrum. The low-
wfil not be discussed m detail suggested that it might be field ion contained, in addition to the signals of H-8
identical with vermeerin, a sesquiterpene dilactone from and H_13 a t ical AB system at 4 .15 and 3 .83 ppm
Geigena aspera; Harv »  and Geigena africana  G r.es- { J  =  n  Q Hz) which couM be ascribed to two
(Compositae, tribe Inuleae) to which formula 2 (devoid tons of the _0 -C H  type. The occurrence of this sys- 
of stereochemistry) has been assigned. Direct com- tem in the floribundin spectrum can be due only to a
panson with an authentic sample of vermeerin fragment -CO-OCH2- C -  which comprises part of the
e s a  is e l e n i y, six-membered lactone ring. The low-field doublet ex-

The gross structure of floribundin22* shown in formula hiblted a larger line width than the high. field doublet, in
dicating that a further long-range coupling was present. 

C16) W. H e -  and Y  Sumi, J  Org. Chem., 29 3438 (1964) I t  has been B y  means of tickling experiments it W a s  established
shown recently17 that the structure previously18 attributed to dinatin is /  °  r
erroneous and that dinatin is identical with hispidulin. A synthesis of t f l& t  tllG  10Ilg -r< U lg 6  C O U p llIlg  W ES QUG t o  t l l 6  p r o t o n s  o f  E
hispidulin (dinatin) has been recorded.» tertiary methyl group at 1.08 ppm. Hence partial

(17) D. K. Bharadwaj, S. Neelakantan, and T . R . Seshadri, In d ian  J .  r  __ 1 T\ u  l  ‘aì. r  at_ f i aCkem., 4,173 (1966). formulR D could be written for the 5-lEctone ring.
(is) s. Rangaswami and E . v. Rao, Proc. In dian  Acad. Sci., Sect, a , 64, The nmr spectrum of floribundin contains a separate 

p ,  , ,  ,  v p p  .  „  v .  . .  . .  .  one-proton quartet at 2.84 ppm ( / i  =  5.75, J 2 =  18.75
Chem., s, 131 (1967). hlz, ii-2 e) coupled (tickling experiments) to two other

(20) c. Rimington and g. c. s. Roets, Onderstepoort j . v a .  s d .  Anim. protons. One of these (H-2b) formed a quartet at 2.14
(21) L. A.( p. Anderson, W. T . de Rock, K. G. R . Pachler, and C. V. D. =  =  ^ Z) '  SeCOn<l  ( H - l )  a  C o m p le x

Brink, Tetrahedron, 23, 4153 (1967). We are grateful to Dr. de Kock for
sending us an authentic sample. (22a) Note Added in P roof.— After submission of this manuscript, we

(22) Vermeerin is the dilactone of the physiologically active vermene acid learned -,hat a compound with properties similar to those of floribundin had
whose occurrence in Geigeria species causes “vomiting disease” among sheep been isolated from Psxlostrophe cooperi (Gray) Greene in the laboratory of 
in South Africa.21 The symptoms are apparently similar to those produced Professor T . A. Geissman and assigned the same structure. This work has
in livestock browsing on H. richardsonii in the U. S .12 I t  is logical to assume since been published, L. B . de Silva and T . A. Geissman, Phytochem., in press,
that vermeerin and its congeners, or their precursors, are also responsible for Direct comparison of floribundin and psilotropin in the laboratory of Pro- 
the toxicity of this species. fessor T . J .  Mabry established their identity.

2612 J .  O rg. C h em ., V oi. 3 5 , N o . 8 ,1 9 7 0  Herz, Aota, Holub, and Samek



SX< X<X 0 , ?X\ n
H H H H V N )  G

■n p  n
When the spectra of floribundin and greenein are 

compared (Tables II and III), it becomes apparent that 
multiplet hidden in the high-field region near about the chemical shifts of H-7 and H-8, as well as their
1.66 ppm. The high absolute value of J 2 indicated vicinal and long-range couplings, are practically identi-
that H-2a and H-2b were geminal protons on a sp3- cal. This coincidence supports the conclusion that the
hybridized carbon bonded to a sp2-hybridized carbon configuration and conformation of ring B and the y-
atom (a-T r  interaction, enhancement of geminal cou- lactone ring in floribundin and greenein are the same.
pling23). The latter must be the carbonyl group of the On the other hand, H-6a and H-6b of greenein, which
5-lactone ring. Since J x of H-2b also arose through can be identified through their vicinal coupling con-
coupling of H-2b to H -l, partial formula D could be stants with H-7, are considerably more deshielded, the
expanded to E. former by 65 Hz. This deshielding effect relative to 3

The only other clearly visible signal in the spectrum can be explained in terms of formula 6, but not in terms
of floribundin was that of a secondary methyl group. of G. Contrariwise, in a compound of formula G, one
Combination of B or C with E then led to two alternative would expect a significant change in the chemical shifts
formulas 3 and F  which differ in the location of the of H-10 or of the C-10 methyl group, depending on the
secondary methyl group. The former is clearly pre- configuration at C-10, relative to that found in 3, a
ferred on biogenetic grounds. situation which, as can be seen from Table II, does not

Derivation of partial formula C and therefore that prevail. Hence 6 is an appropriate expression for
of F, was based on the consideration that the smaller greenein.
coupling exhibited by H-8 (3.7 Hz) might possibly be Hydrogenation of 6 afforded a dihydro derivative 7 
due to an anomalous long-range interaction. However, different from 4a, 4b, 5a, and 5b. Paucity of material
the existence of an a - a  interaction in F  with a value as prevented further chemical work, 
high as 3.7 Hz would be quite improbable. Formula H ym enolide.— This substance 8a had ir bands corre-
F  could be definitely excluded on the basis of spin de- sponding to the presence of a hydroxyl (3570, 3445
coupling experiments which showed that H-8 did not c m -1) and an a,/3-unsaturated -y-lactone group (1750,
interact with the methine proton of the fragment -C H - 1660 cm-1) ; its nmr spectrum (see Experimental Sec-
CH3. Hence floribundin possesses structure 3 (exclu- tion) exhibited signals characteristic of partial formula
sive of stereochemistry). A, an ethoxyl group and two additional protons of type

Anthemoidin and T hem oidin.— Catalytic hydrogena- H -CO, one a singlet at 4.38 and one a doublet of dou-
tion of vermeerin afforded a mixture of reduction prod- blets at 5.11 ppm.
ucts. The major product, dihydrovermeerin A  (4a ), Conversion of hymenolide to an acetate 8b, a reac- 
mp 128°, [a] — 25.7°, was stable to base and was also tion which confirmed the presence of a hydroxyl group,
obtained in quantitative yield by sodium amalgam- was accompanied by a downfield shift of the doublet of
acetic acid reduction of vermeerin. A  minor isomer, doublets to 6.08 ppm. These unusual high paramag-
dihydrovermeerin B  (4b), was identical with anthemoi- netic shifts are characteristic of a hemiacetal hydrogen24
din. Catalytic hydrogenation or sodium amalgam which, because of the multiplicity of its signal, has to
reduction of floribundin gave only one crystalline di- adjoin a methylene group.
hydro derivative (5a) which was identical with themoi- Confirmation for the presence of such a hemiacetal 
din. linkage in hymenolide was provided by chromium tri-

G reenein.— The infrared spectrum of greenein (bands oxide-pyridine oxidation of 8a  to a dilactone 9  and by
at 1770, 1735, and 1660 cm “ 1) also suggested the pres- pyrolysis of 8b to an anhydro derivative 10. The nmr
ence of partial structure A  and a 5-lactone group. De- spectrum of the latter (Tables II and III) exhibited
tailed analysis of the nmr spectrum of greenein (Tables signals typical of the grouping -C H 7— C H ^ C H « — 0 -,
II and III) and frequency-swept decoupling experi- where Ha at 6.08, H<j at 4.70, H y at 2.07 ppm, Ja,p =
ments showed that the constitution of greenein differed
from that of 2 and 3 m the location of the fragment (24) C o m p a re  w ith  th e  va lues o f H -6  in  th e  enm ein  d e r iv a t iv e s  iia  (5 ,38),

—CO—O— of the six-membered lactone ring. iib (4.72), and  i ic  (8.15 p p m ) .2«

In addition to signals associated with B, the low- 0
field region of the spectrum contained, at 4.13-4.62 | I—
ppm, signals of two protons of the type -O -C H - which 9
had to be assigned to the fragment -C 0 -0 -C H 2-
However, the appearance of this multiplet indicated X X / X r
that the protons of the methylene group in this frag- ) H
ment were coupled vicinally to at least two other pro- ' b r- ch
tons. Hence two alternative formulae were possible, c! r = Ac
6 (exclusive of stereochemistry) and G. (25) T Kubota, T Matsuura, T. Tsutsui, s. Uyeo, M. TaUahash!, H.

I r ie ,  A . N u m a ta , T .  O k a m o to , M .  N a ts u m e , Y .  K a w azoe , K .  Sudo, T .  Ike d a ,

(23) L .  M .  J a c k m a n  a n d  S. S. S te rn h e ll, “ A p p lic a t io n s  o f N u c le a r M a g -  M . T om oed a, S. K a n a to m o , T .  K osuge, and  K .  A d a c h i, Tetrahedron Lett., 
n e tic  Resonance in  O rg a n ic  C h e m is try ,”  2 n d  ed, P e rg a m o n  Press, 1968. 1243 (1964).
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6.35, J a,y =  2 .65 , and J ^ y =  1.6 H z (chem ical shifts A, a  m ethyl singlet, a  deshielded m ethyl doublet a t 1.34,
and coupling constants verified by spin decoupling ) . 26 an  aceta te  singlet, and three hydroxyl protons which
H ence hymenolide contains p artial form ula H . disappeared after deuterium  exchange.

\  y  T h e presence of three hydroxyl groups was confirmed
CH—CH2—CH—O—• CH—CH,—CH—O—CH—C— by conversion to  a triacetate . T reatm en t with dilute

/  OH ^  OH OCH CH acetic a c ‘d afforded arom atin  (12) of known stru ctu re

H I „  , CH,OR,
H ! | H !

Exposure of dehydrohymenolide 9  to dilute acid re- A— 0

suited in hydrolysis of the ethoxyl group; treatm en t of _ V - 0  (0 R 2 V ; c “ ! V - 0

the product 1 1  with ethanolic HC1 reconstituted 9. f \ — R30 ^— \ H /
This behavior, and the nm r sp ectra  of 9 and 11 were 0  If 3 OR 0  T  ^
consonant with the presence of the grouping

12 13a, R1 =  Ac,R 2, Rj,R 4 =  H
^ b, Rj, Rg, R4 =  H; R3 = Ac

—O—CH-----— C—C c> Ri> R* R3 =  H; R, =  Ac
[ I d, Rj, R>, R3, R4 = Ac

OCH2CH3 C
. . . .  . .  , . and stereochem istry . 27 T he facile elimination reaction

which, because of the presence of a lactone group in and the deshieldi of the C . 1 0  m ethyl group suggested
hymenolide and its empirical formula, must be com- that the carbohydrate moiety was attached to g f 2 and
bined with H into partial structure I. Hence hy- obabl „  to the sesquiterpene nucleus,
menohde must be 8a, the nature of the seven-membered A t this point a rep0rt26 appeared on the isolation from
ring and its combination with I being established by twQ BaU ieg (tribe Helenieae) of a sesquiterpene
spin-decoupling experiments on 10 (Tables II and III) glucoside in for which formula 13a or 13b was 
in the manner described for flonbundin. posed. The rties of paucin and our substance

Chemical evidence for the formulation of hymenolide from R odoraia were sufficiently similar to warrant a
as 8a  was provided as follows. T reatm en t of the lactol direct com parison which established identity  of our
1 1  which is presum ably m  equilibrium with the aide- m aterial wRh in
hydo acid, with N a B H 4 in m ethanol resulted in form a- T he earlier assi n t 2 8  of the a ce ty l group to C -2 ' 
tion of flonbundin and them oidm . H ence, the configu- Qr c _4 , of the glucoge m oiety was based on the observa_
ration of hymenolide a t  C -1 , C -5, C -7, C- , an is tion th a t paucin consumed only 1  mol equiv of H I 0 4

the same as th a t of flonbundin. when oxidized with a twofold m olar excess of the re-
H | ( agent. H ow ever, exam ination of the 100-M H z spec-

q L _  tra m  of paucin revealed three doublets which cor-
0  4 j L  l/ ' I  __v V - 0  responded to the three hydroxyl groups a t  4 .64 , 4 .81 ,

O v /  and 4 .95  ppm ( J  =  4 .0 , 3 .8 , and 4.S H z) because they
CH3CH26  h CH3CH20  | | v >  disappeared on deuterium  exchange. Form ulae 13a

8a R = H 9 and 13b would require two doublets and one triplet,
b. R = Ac H ence we prefer stru ctu re 13c for paucin . 29 T he res-

. | onance of the anom eric hydrogen w as displayed as a
I doublet a t  4 .37  (J  =  7 .0  H z ) ; the large coupling con-

H j H ! stan t confirmed th a t the glycoside m oiety in paucin
/ L" v  ' " ' v  was /3.

I V - 0  q . .  V ° v  H ym enoxym n.—T he polarity  and empirical formula
0  V " ' | ° f  the crystalline m aterial from  the C oahuila collection

CH CHO T 0  OH II of H . odorata suggested th a t it, too, was a glycoside but
2 11 its ir (one 7 -lactone band a t  1770 cm “ 1) and nm r spec

trum  (Experim ental Section) showed th a t the sesqui- 
t terpene lactone nucleus differed from  th a t of paucin.

3  + 5 M ore specifically, the presence of two m ethyl doublets
ml . . , r , c 1 . , ,  , and one m ethvl singlet required satu ration  of the exo-

P au crn .— T he em pirical form ula ot a  highly polar ,, . 0  t , . . u. . .  ,, a  , ,  11 f tt j  . ■ cyclic methylene group. D euterium  exchange resubstance from  the N . M . collection of H . odorata. its ir J 0 ‘ c . , , . 0  ,
, , , , ,  ,. .  , , , suited in the disappearance of four hydroxyl protons

spectrum  (strong hydroxyl absorption a  ^-unsaturated and m ade eyident Qne H _ CQ ginglet a t 4 ^  ()ne H _ c 0

lactone a t 1741 and 1668, acetate  a t  1729 and 1263 and doublet a t  4  4 7  ( j  =  7 . 5  H z ) , 30 one H -C O  multiplet
cyclopentanone a t  1713 c m " 1) and its nm r spectrum  &t 4  7Q associated w ith H _ 8  and a lethora of signals
(see Experim ental Section) which exhibited com plex c ondi to  eight H -C O  protons in the region 
five-piroton absorption ch aracteristic of - O - C H -  sug- 3  2 _ 4  Q A cetylation  to  a te traace ty l derivative
gested the possibility th a t  a  glycoside of a sesquiterpene confirmed the nce of four hydroxyl groups; the  
lactone had been isolated. T h e nm r spectrum  also
displayed doublets a t  6 .16  and 5 .1 4  ppm (exocyclic (27) J. R o m o , P . Joseph N a th a n , a n d  F . D ia z , Tetrahedron, 79 , 20 (1964).

m ethylene group) and after deuterium  exchange, a  « .  <i9 «9>.
m ultiplet &t 4 .78  ppm  cn ^ractenstic of pBiFtl^l formulB» W e  w ish  to  th a n k  P ro fessor G eissm an fo r  an  a u th e n tic  sam ple  o f p a u c in .

(29) O b s e rv a tio n  o f th e  H -6 ' resonance in  th e  n m r sp e c tru m  o f 13d 
w h ic h  w o u ld  have  reso lved th e  a m b ig u ity  was n o t  possib le  o w in g  to  over- 

(26) F o r  a n u m b e r o f le a d in g  references, see W . H e rz , P . S. S u b ra m a n ia m , la p p in g  o f th e  signals.
P . S. S a n th a n a m , K .  A o ta , a n d  A . L .  H a ll,  J. Org. Chem., 35, 1453 (1970). (30) L a te r  assigned to  H -4  a n d  H - l ' ,  re sp e c tive ly .
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accompanying downfield shift of five protons indicated A t the outset, it was logical to assume that the C-7 
the presence of one primary hydroxyl, three secondary side chain, as in almost all sesquiterpene lactones of
hydroxyls and apparently three ether hydrogens in natural origin, was equatorial and /3, and that H -l was
addition to the three protons responsible for signals a, C-5 methyl /3, and C-10 methyl a, as in all other
in the region of 4.3-4.7 ppm. pseudoguaianolides and modified pseudoguaianol-

On methanolysis with concentrated hydrochloric ides from Helenium and Gaillardia species. This sup-
acid at room temperature hymenoxynin afforded a position was strongly reinforced by the discovery that
methyl ether C i6H260 4  (15a, nmr spectrum) and glucose pauein was a derivative of aromatin (12) and possessed
which was isolated as the osazone, thus establishing the postulated stereochemistry at C -l, C-5, C-7, and
that hymenoxynin was an O-glucoside in which the C-10. Furthermore, the gross structure of hymenolide
glucose moiety was attached to the hemiacetal linkage and hymenoxynin suggested that these constituents of
of a sesquiterpene lactone. The nmr spectrum of 15a chemical varieties of H. odorata were formed by biologi-
had the usual H- 8  H -CO  multiplet at 4.77, a sharp sin- cal oxidation of odoratin, 13 a compound of known stereo-
glet at 4.04, whose chemical shift and appearance was chemistry which had been isolated previously15 from a
reminiscent of H-4 in hymenolide, and two broad sig- different collection of H. odorata.31 On this basis,
nals (one proton each) at 3.70 and 2.93 ppm probably vermeerin and floribundin would have structures 2 or 3
associated with CH 20. Analogously, treatment of and would be C -8  epimers.
hymenoxynin with ethanolic hydrochloric acid af- Concrete support for these expressions and evidence 
forded the ethoxy derivative 15b and hydrolysis of for the absolute configuration at C - 8  was provided by a
hymenoxynin with hydrochloric acid in aqueous ace- detailed analysis of the nmr spectra which will now be
tone yielded a lactol 15c. discussed. 32

Hymenoxynin could be correlated with hymenolide Verm eerin and Floribundin.— The results of our 
in the following manner. Hydrogenation of anhydro- analysis (first order) of spectra obtained at 100 M Hz are
hymenolide (1 1 ) with platinum oxide in ethanol af- summarized in Tables II and III. Our analysis of
forded dihydroisoanhydrohymenolide (16) and a tetra- vermeerin corresponds in the main to an interpretation
hydro derivative which was identical in all respects with published previously. 21 However, the South African
the hymenoxynin derivative 15b. Since the configura- authors incorrectly characterized the multiplets of
tion of hymenolide had been established, as will be H -l. H-2a, and H-2b as an A B X  system. The 100-
discussed subsequently, the remaining uncertainties M Hz spectrum (CDC13) displays at ca. 2.06 ppm a
in the structure of hymenoxynin were the configuration quartet which only partially represents the H -l multi-
at C - l l  and the configuration of the C - l ' anomeric plet since H -l, being further coupled to H-10, cannot
carbon atom. give rise to an X  quartet. The distance between the

In the nmr spectrum of hymenoxynin, the signal of outer lines of this “ quartet” is about 13.5 Hz, which
the anomeric proton was observed at 4.47 ppm with a corresponds to the |JAx +  <7AB| referred to by Anderson
large coupling constant (J = 7.5 Hz) characteristic of and coworkers. 21 In view of the relative chemical
¿rans-diaxial coupling to H-2'. Hence, the glycosidic shifts of H -l, H-2a, and H-2b, and considering the
linkage of hymenoxynin was 3 and hymenoxynin could coupling H-l,H-10, the quartet must be the A B C  end
be expressed as (14a), where the configuration at C - l l  of a larger spin system which includes H-9a and H-9b
remains to be established. as well and cannot be analyzed exactly because of vir

tual coupling and because of the fact that all multiplets 
H i coincide with the multiplets due to other protons.

Line identification by means of tickling experiments 
P ‘ y— O — >- [ \  o showed that the lower field proton H-2a possess first-

ROCH, 0nv ^ order splittings »S'2a,2b =  17.6 and Sii2a =  5.6 Hz and the
J_o 6 j > j x )  higher field proton H-2b *S'2a,2b =  17.6 and »S']i2b ~

/ qR \ /  < 11.5 Hz. Comparison with the 220-MHz spectrum
N[ 1/  sH 15a, R = CH3 which provides first-order splittings S2a,2b = 18.3, »Sli2a

[ b, R=CH3CH* _  5_4; and »81,2b =  12.6 Hz actually indicates that the
0R c,  R = H system still interacts strongly at 100 MHz. These

14a, R = H first-order splittings clearly indicate the presence of
b, R = Ac one iarge anci one smaller vicinal interaction; assuming

that both of them have the same sign, the correct cou- 
pling constants which would result from an exact analysis

J. )  ‘ O  (31) U n fo r tu n a te ly  a tte m p ts  to  in v e s tig a te  th e  t ra n s fo rm a tio n  o f o d o ra -
V ' H A  ■ * “  1 1  t in  (i, fo o tn o te  13), g en ero us ly  s u p p lie d  b y  D r .  R o m o  de V iv a r ,  in to  h y m e n o -

j j  Hde o r one ° *  th e  d ih y d ro v e rm e e rin s  o r  d ih y d ro f lo r ib u n d in s  fo u n d e re d  on  th e
O C H 2C H 3  | p a u c ity  o f a v a ila b le  s ta r t in g  m a te ria l.  O x id a t io n  b y  severa l m e th o d s  re-

j g  su ite d  in  a com plex m ix tu re  o f p ro d u c ts . H y m e n o lid e  w h ic h  is th e  e th y l
h e m ia ce ta l o f th e  d ia ld e h y d e  p roduce d  b y  g ly c o l c leavage o f o d o ra t in  is  q u ite  
p o ss ib ly  an  a r te fa c t p roduce d  fro m  th e  d ia ld e h y d e  o r fro m  a g lyco s id e  corre - 

,  . . sp o n d in g  to  8a b y  re a c tio n  w ith  e th a n o l u n d e r th e  s l ig h t ly  a c id  c o n d itio n s
Stereochem istry. The compounds listed in Table I e m ployed  d u r in g  th e  lead ace ta te  p re c ip ita t io n  stage.

could not, with the exception of paucin, be correlated (32) The reoent g e n e ra liz a tio n »  th a t  th e  s ign  o f th e  la c to n e  C o tto n  e ffe c t
__ ¡ i i  . 1  1 . m  , 1 * .  a o f a sesqu ite rpene la c to n e  w h ic h  in co rp o ra te s  p a r t ia l  s t ru c tu re  A  can be used

er Substances of known stereochemistry. As a fo r  ass.gnm ent o f a b so lu te  c o n fig u ra tio n  is n o t  a p p lic a b le  to  th e  d ila c to n e s

consequence, assignment of configuration to the various lis te d  in  T a b le  I  because o f th e  su p e rp o s itio n  o f tw o  C o tto n  e ffects  in  th e

asymmetric centers had to depend on more circumstan- reg‘°° *“ q"eŝ f>n:J „ a , „  , _ . m , ,
, .  ,  . ,  (33) T .  G . W a d d e ll, W . S to c k lin , a n d  T .  A . G eissm an, Tetrahedron Lett..
tial evidence. 1313 pgeg).
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must fulfill the conditions </i,2a ^  *Si,2a und J t :2b ^  a line joining H-2 a and H-2 b be perpendicular to the
tSx,2b (high-field approximation for an A B X  system). plane of the conjugated system as in M.
In the 220-MHz spectrum the H -l resonance was seen Moreover, in 2  and 3, one of the H-4 protons is cou- 
as degenerate octet whose exact analysis was not possi- pled to the C-5 methyl group, 39 obviously a coupling of 
ble because of virtual line broadening. 34 The approxi- the W-type, which requires that the C -H  and C -C H 3 

mate first-order splittings were Si (corresponding to bonds be antiparallel. 23 Hence the fragment C - 4  

<A,io) = 8.4 Hz, S 2 (corresponding to Ji,2a) = 5.9 Hz, and C-5 can be represented approximately by projection 
S3 (corresponding to J li2b) = 12.9 Hz. N.

In view of these and our other results, the following In principle, part structures L  and N could be accom- 
conclusions can be reached about the stereochemistry modated in the half-chair or the half-boat form but
of vermeerin and floribundin. We will first consider the requirement for hyperconjugative interaction im-
the six-membered lactone ring of vermeerin and flori- posed by M  is realized in the half-chair form only,
bundin. In the half-boat form the dihedral angles which the

X -R ay and ir studies have demonstrated that the car- H -C-2 bonds make with the plane of the conjugated
bonyl stretching frequency of a 5-lactone in the half- CO -O  system would not be equal as required by M
chair form J lies in the range 1730-1750 and that it is but would differ considerably from each other the
higher, approximately 1758-1765 c m -1, for the half- pseudoequatorial bond lying approximately in the
boat form K . 36 The utility of this rule has been dem- plane. Measurements of the solvent effect (Table IV)
onstrated recently in the case of some iridolactones. 36 further demonstrate that there is little difference in
Since the ir spectra of vermeerin and floribundin show the position of H-2a and H-2b with respect to the plane
rc 0  = 1729 and 1727 cm "1, respectively, it can be as- of the 5-lactone group since values of the solvent shift
sumed that the 5-lactone ring of both compounds pos- A = 5CDci, -  ¿c,d, for H-2a and H-2b are practically
sesses the “ half-chair” conformation. Support for this identical. Moreover, there is no significant difference
is found in the detailed analysis of the nmr spectra. between the A values for H-2 and H-4 of vermeerin

on the one hand and floribundin on the other. This 
| indicates that vermeerin and floribundin form collision

I complexes with approximately the same geometry.
\A q>-_Cq__/  —0— CO— These observations clearly support the conclusion
'  \  2/ \  \ 5 , /  that the 5-lactone ring is in the half-chair conformation

I | and that the configuration of asymmetric centers C -l
I and C-5 is the same in both compounds. Combina-

J K tion of these requirements with L  and N leads to ex
pression 0  for the 5-lactone ring in which H -l and C-5 

In the spectra of 2 and 3, J i i2a and J 12b are nearly methyl are trans. 40

the same and chemical shifts of H-2a and H-2b are in
the same order. From the magnitude of the J’s it ^
follows that the relative configuration of the fragment | 3

C-2, C -l can be expressed approximately by the New- h41 U
man projection L. V a_ _ qN==qq__/  2‘

Hu  \ T V „

Cl0" u Q ( C5 - © ^ b = 0 -  Cl" ^ ( C6 o Hi
H2r Y ^ c 3 HiC ^ y

Hx ' CH3
L N We now proceed to consider the stereochemistry of

the 7 -lactone ring. A  solution to this problem could 
be based, in principle, on the magnitude of the vicinal 

Both compounds exhibit a rather large geminal interaction of the bridgehead protons, although it is
coupling constant2J 2a.2b = |18-19| Hz. Since the pro- possible to distinguish unequivocally between cis and
tons :n question are attached to sp3, not spq hybridized trans fusion only when conformational rigidity imposes
carbon atoms, the large value must have its origin in characteristic differences of dihedral angles approxi-
hyperconjugative enhancement, by <t-tt interactions, mately in the sense of formulas P and Q 42 which are
of the order of Jr ~  6-7 H z . 23' 37 Such a value of JT shown below,
requires, according to theoretical calculations, 38 that

(39) T h e  lo w -fie ld  d o u b le t o f H -4 a  had  a 1 H z  la rg e r lin e  w id th  th a n  th e
(34) H - l  is  p a r t  o f  a r e la t iv e ly  s t ro n g ly  in te ra c t in g  sys te m  in v o lv in g  h ig h -fie ld  d o u b le t o f H -4 b ; th e  presence o f lon g -ra n g e  co u p lin g  to  th e

H -2 a , H -2 b , H - l ,  H -1 0 , H -9 a , a n d  H - 9 b , ; hence th e  m u lt ip le t  c o u ln  in c lu d e  m e th y l g ro u p  was es tab lishe d  b y  t ic k l in g  e xpe rim ents .
c o m b in a t io n  lin e s  o r  w in g s , a n d  th e  ex is te n ce  o f t ru e  <r-a  lo n g  ra n g e  in te r -  (40) U n fo r tu n a te ly ,  i t  was n o t  possib le  to  deduce th e  re la t iv e  c o n f ig u ra t io n
a c tio n s  co u ld  n o t  be  exc lud ed . o f H - l  a n d  C -5  m e th y l d ire c t ly  fro m  th e  n m r  s p e c tru m . T h e  presence o f

(35) K .  K .  C heung, K .  H .  O ve rto n , a n d  G . A . S im , Chem. Commun., 634 *Ji,u w h ic h  m ig h t have served to  c o n firm  th e  trans re la tio n s h ip  c o u ld  n o t be
(1965). estab lished. H o w e ve r, absence of lo n g -ra n g e  co u p lin g  o f th is  ty p e  is n o t

(36) K .  S isido, K .  In o m a ta , T .  K a g e ya m a , a n d  K .  U t im o to ,  J. Org. a s u ffic ie n t c r ite r io n  fo r  d e c id in g  a g a in s t a ira n s -r in g  fu s io n  since a V  in te r -
Chem., 33, 3149 (1968). a c tio n  o f th e  a n g u la r ty p e  can be s ig n if ic a n tly  in flu e n ce d  b y  th e  c o n fo rm a -

(37) M e th a n e , J =  | l2 .4 | H z , serves as reference. t io n  o f th e  m o lecu le  as a w h o le .41
(38) V B  m e th o d , M .  B a rf ie ld  a n d  D .  M .  G ra n t,  J. Amer. Chem. Soe., 85 , (41) N .  S. Bhacca, J. E . G u rs t, a nd  D . H .  W illia m s , J. Amer. Chem. Soc.,

1899 (1963); M O  m e th o d , J . A . P o p le  a n d  A . A . B o th n e r-B y , J. Chem. Phys., 87, 302 (1965).
42, 1339 (1965). (42) J. T .  P in h e y  a n d  S. S ternheU, Anst. J. Chem., 18, 543 (1965).
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T able IV
Solvent Shifts of Vermeerin  and F loribundin“

H-2a H-2b H-4a H-4b H-7 H-8 H-14 H-15 H-13a H-13b
2 0 .5 0  0 .5 2  0 .7 5  0 .6 7  0 .8 9  0 .8 4  0 .6 6  0 .7 0  0 .1 2  0 .6 5
3 0 .5 0  0 .5 6  0 .7 3  0 .6 3  0 .9 0  0 .7 0  0 .6 4  0 .6 5  0 .1 1  0 .61

“ Shifts expressed in A =  J0dci3 — <5ceDs; values are based on centers of multiplets; measured on Varian HA-100 using hexamethyl- 
disiloxane as internal standard.

H h H incomplete with respect to the vicinal couplings H-9,
I  ̂ \ H-10 which could not be estimated owing to superposi-

|\N tion of signals. In solving the conformational prob-
( j T J  yC= 0  lem of the seven-membered ring, the following addi-

'  ^  —  C = 0  tional data are of importance.
H I (1) Coupling J i  i0: The magnitude of Ji,i0 deter-

tr an s  c is  mines the relative configuration at C-1,C-10; hence,
3j H H > 10 Hz 3J  h,h i  8-9 Hz if the configuration of H -l is established, the configura-

p q tion at C-10 is known. In the case of floribundin,
Ji,io =  11.4 Hz and the diaxial relationship of H -l and 

This situation usually exists in the case of those H-10 shown in R  can be deduced. In the case of ver-
systems where a y-lactone ring is fused onto a six- me3rill) j 110 =  8.4 Hz, a value which unfortunately
membered ring. When, however, the 7-lactone is does not permit an unequivocal decision as to the nature
attached to a ring containing more than six carbon 0f H-l,H -10 relationship, although it seems highly
atoms, greater flexibility can be expected, and the dif- unlikely that the stereochemistry at C-10 is different
ference in coupling constants may not be particularly from that in floribundin
significant.43 . (2) Couplings J 6,7 and J 8,9: Table III clearly indi-

Table III indicates that the J 7,s s m vermeerin and cates the presence of one diaxial coupling around the
floribundin are not sufficiently different to warrant bonds C-6,C-7 and C-8,C-9 of both compounds, as
immediate application of the above rule. Neverthe- illustrated in S and T 48
less, comparative studies on a large group of analogous
7-lactones with well-defined stereochemistry, the de- Hi» I1?
tailed discussion of which will be published elsewhere,44 C2N J L xC5 C5\ l ^ / H 6b C10\ I / H 9b
have shown that the rule 0 <  <S 7,8 (c i s ) <  8-9  <  ¿>7, 8 [ \ )  ( V ' j
( t r a n s )  for the first-order values of ./7,8 appears to be __
generally applicable, especially if both isomers are ^  9 8 r  Cji 7 H
available for comparison. Therefore, we assume that 1 s‘

the fusion of the 7-lactone ring in vermeerin is t r a n s  R S T
and in floribundin c i s .  T ,m, • , , , . ,  . If we assume a half-chair conformation for the 8 -This assumption is further supported by considering , . . , , - • r , , ... ,,,, •, A , ,, . . . .  tt 10 5 lactone ring and a trails fusion of the 8-lactone with thethe magnitude 01 the allyhc couplings of H-13a and 7 , , , .u  iql -o. t it  T, , , . j  . , • seven-membered nng (O) as deduced previously, aH-13b with H-7. It has been found, by analyzing a ,. .. , , , , , *  , ., , c . n ., , limited number ol possible arrangements contaimng alarge number of naturally occurring sesquiterpene lac- . , , , r  . , . &. . &
tones of well-defined stereochemistry containing six-, «s- or ¿rans-7-lactone-nng fusion exists. These are sum-
seven-, and ten-membered rings, that 4J cis < 3 and mt n ê 111 a . ,e ’ , „ „
4 T s  ,  T, 45 m  r  ?• Let us consider first the floribundin molecule. Two
J  trans ^  3 Hz.45 I  he application of this rule to the , , .  , ,  . . .  ,, . . .  ,

case at hand (Table II) again suggests that vermeerin “ f ’ 3 an<? 3a> “  eXPr(f  T
is the t r a n s -  and floribundin the as-fused isomer. chemistry, can be written for each of which there exists

w ;,i „ , „ , , , , ,  , , ■ , e ,, , only one suitable conformation. In the case or 3, this isWith a knowledge of the stereochemistry of the two ,, r ,. . . .  ,, „  . ’
* in  -i j .  , . 1  i the conformation containing the Li 9 (or Og) boat formlactone rings in vermeerin and floribundin, it should be , , . & . v__„„-i, •___■ ■ i , , I ,.  i .i , ,. r  of the seven-membered ring; in the case of 3a, it is thepossible m principle to establish the relative configura- , . - „

tion of all asymmetric centers, using Dreiding models £  cl}a!r form' fB ° th conformations are m accord with 
and the data of Tables II and III. However, models he da a P a n t e d  up to this point A distinction be- 
do not necessarily reflect the actual geometry of the tween the two would be possible if the vicina couplings
molecules in question.« Secondly, the data obtained ™ d+ C°fU estimated. The
from first-order analysis of the nmr spectra do not Cl b° at fo™  ° /  3 ™ ldc be Pfferred if one assumes that
always represent the true coupling constants and are repulsion due to the C-5 methyl group exerts a dominant

influence. Its model indicates that it contains only
(43) For example, in compounds of the santonin series, SJ t rant = 11-12 two 1,3-diaxial interactions, CH3 ■*---- *■ H-2a and

and >jcis = 8 Hz. On the other hand, in isophotosantoinic acid lactone CHj -«—  ̂H-10, whereas the Ci chair of 3b also contains
j 6,7 = 7.8 Hz.« the repulsion CH3 — ► H-7. On the other hand, the

(44) Z. Samek, in preparation. Because first-order values can be used Ci chair form of 3a Contains Only One trailSannular H H
"  ¡ateraotion of importance, H-9 ( e n d c )  —  H-6 (e«<io),

(45) Z. Samek, Tetrahedron Lett., 671 (1970).
(46) For example, in the case of bromohelenalin, significant differences (48) It should be noted that the internal shifts between “pseudoaxial"

between the structure determined by X-ray analysis47 and the model were and “pseudoequatorialM protons on both bonds of floribundin have opposite 
found. signs when compared with corresponding internal shifts in the vermeerin

(47) M. T. Emerson, C. N. Caughlan, and W. Herz, Tetrahedron Lett., spectrum.
621 (1964); Mazhar-ul-Haque and C. N. Caughlan, J .  Chem. Soc. B, 956 (49) The symbol Cn refers to the atom lying in the plane of symmetry
(1969). of the nondistorted boat or chair form of the cycloheptane ring.
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T able V
C o n f o r m a t io n s  o f  V e r m e e k i n  a n d  F l o r i b u n d i n

C i  b o a t“  C i c h a ir6 Cs chair® Ca cha ir**1*
F ra g m e n t l a ,  5/3, 7 H -a , 8 H -a  l a ,  5/3, 7H-/3, 8H-/3 la ,  5(i, 7R-/3, 8 H -a  l a ,  5/3, 7 H -a , 3H-/3

™ :y:
H ,

CH,

C4-C 5

c S f c .
H ,

H . H

Cî 6C Cu c* A A rs S A 118 Cst^ - h
Cs-Ci c / f ^ C a  G B ^ fN u  c > T  Hs

H7 H6 Hg 5 H?

C, 0  H? 3 H, 0  Ha

T  A ^  ¥
Cr_c, ^  ^  y  Ac

Hs H 9 H a H ,

H 10

c - c ' Csw Ci '  CsA c c2 /
Cŝ CHj

H i H,

« Flexible, slightly folded. b Fixed by nonbonded interactions; seven-membered ring possesses normal, nondistorted conformation 
of “free” cycloheptane ring. c Flexible, interconvertible by twisting with C 6 chair which is excluded for steric reasons. d Fixed by 
transannular interaction of Hi and H2. e Twisted C8 boat or C6 flattened boat excluded by couplings He-Hr. 1 Conformation identical 
with that given in preceding column.

whereas in the C x boat of 3 there are the repulsions H -l supported by the CD  curves of their pyrazolines. In-
«— ►  H-7, H-8 and H-6 -«— *- H-10, H-9 (endo) to be spection of the models shows that formation of a py-
considered. razoline by reaction of floribundin (3) with diazo-

, methane should occur predominantly, if not exclusively,
q ^  0 from the a side to give 17. On the basis of a recently

V Y \  Y l  V -0  deduced relationship51 between the absolute configura-
H Jl tion of such pyrazolines and the sign of their Cotton

1 'lI ^ O  effect in the 330-nm region, one would expect a strongly
positive C D  curve for 17. This was indeed observed

2a 3a ( [ 0 ]3i9 =  1 1 ,8 0 0 ).
For vermeerin there are also only two possibilities The negative C D  curve of the pyrazoline of ver- 

with suitable conformations of the seven-membered ring, meerin ([0]324.6 = — 10,000) indicates configuration 18,
the C 5 chair form containing a pseudoequatorial C-10 formed by approach from the 8 side. Inspection of the
methyl group and the relative stereochemistry of 2a, model suggests that the 8 face of 2 (in the conformation
and the C 9 chair form with the relative stereochemistry deduced previously) is probably more accessible, but
of 2,50 but in the C 5 chair form of 2a the substituents not so unambiguously so, as the a face of 3.
on the C-8,C-9 bond are eclipsed which contradicts the i H ,
observed splittings corresponding to Js,9a and / s,9b 0 V i_^
(Table III). Moreover, in this form the substituents V--0
on C-8,C-9 are staggered. This would result in strong Jl

puckering of the 7 -lactone ring and affect 'he resonance jY n  0

stabilization adversely. Hence the C 9 chair of formula \_^ _/
2 is preferred. The decreased dihedral angles between 17 lg
H -l and H-10 in this conformation explain the smaller
value of Ji 10 in vermeerin. H ym enolide.— Comparison of the nmr spectrum

The configurations of vermeerin and floribundin (Tables II  and III) of anhydrohymenolide (10) with the
which have been deduced in the foregoing sections are spectrum of floribundin suggested that the two com

pounds, and therefore hymenolide also, possessed the 
(50) A s  n o te d  p re v io u s ly , th e  m a g n itu d e  o f in  v e rm e e rin  does n o t  same stereochemistry at the common asymmetric cen-

p e rm it  u n e q u iv o c a l d e te rm in a tio n  o f th e  c o n f ig u ra t io n  a t  C -10. H o w e v e r, 
le a v in g  aside b io g e n e tic  a rg u m e n ts , co m p a riso n  of D re id in g  m odels o f 2 a n d
2a  w ith  m odels o f th e ir  C -10  ep im ers in d ic a te s  th a t  th e  0 c o n f ig u ra tio n  o f (51) G . Sn a tzke , Riechst., Aromen, Korperpflegem., 19, 98 (1969);
th e  C -1 0  m e th y l g ro u p  indu ces  re p u ls io n s  w h ic h  m akes th is  c o n f ig u ra t io n  M .  S u chy, L .  D o le js , V . H e ro u t, V . S orm , G . Sn a tzke , a n d  J . H im m e lre ic h , 
in h e re n tly  less p ro b a b le . Collect. Czech. Chem. Commun., 34, 229 (1969).
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ters C -l, C-5, C-7, C-8, and C-10. This was verified by The problem of solving the configuration of anthem- 
the chemical correlation of 10 with themoidin (vide oidin at C - l l  relative to C-7 was solved by determining
supra). the magnitude of the coupling constant J 7,u.42 53 The

The probable configuration of 10 at C-4 could be relative magnitudes of J 7,u for 4 a  (12.7 Hz) and 4b
deduced by taking into consideration the long-range (7.5 Hz) indicated that H-7 and H - ll  are cis in
couplings exhibited by the signal of H-4. Decoupling anthemoidin (4b) and trans in its C - l l  epimer (4a).
experiments revealed the absence of H-4,H-15 cou- The situation is not so simple in the case of themoidin
pling, but it could be clearly demonstrated that J 3ji ^  0. and its C - l l  epimer. We find J 7.11 for themoidin in the
In order to account for this long-range coupling by the range of 8-9 Hz, an intermediate value (possibly due to
W  path, H-4 should be pseudoequatorial as in U (six- greater flexibility of the a s-7 -lactone ring) which per-
membered ring, a half-boat) or in V  (six-membered mits no clear decision regarding the steric relationship
ring, a half-chair). Because of the presence of tor- between H-7 and H -ll. Moreover, the value of J 7,n
sional strain in U, V  (with H-4/3) seemed more prob- for 11-epithemoidin could not be determined accurately
able than U. This inference was also in accord with owing to overlapping of signals.
the indication that the S-lactone ring of 9 is probably in An alternative method for establishing the configura- 
the half-boat form (ir band of 5 lactone superimposed on tion at C - l l  is based on the rule54 that 3J chj.h for A ,B
ir band of y  lactone at 1756 cm-1), possibly because trans < 3J ch3,h for A ,B  cis (structure I), which ap-
this allows the ethoxy group to occupy a pseudoequa- parently holds when the ring is five membered or
torial position when the anomerie effect is minimized by smaller. The rule seems to be applicable to y-
introduction of the carbonyl group at C-3. lactones.66 Comparison of the H -ll, H-13 coupling

Och .ch CH constants of anthemoidin (6 .6  Hz) and its C - l l  epimer
HC „  I n  (7.5 Hz) leads to the same conclusion as before, i.e.,

3 x v^''•'x_ iNy^ S 'n/  ^  H-7 and H - ll  cis for 4b and trans for 4 a , but, while
L A J - C l  Ju ,13 for themoidin was 7.3 Hz, the overlap, in the nmr

spectrum of 11-epithemoidin, of the H-13 doublet and 
C6 OCH2CH3 the H - 6  multiplet interfered with the determination of

U V J 11 ,i366 and the application of the above method to de-
„ , . termining the C - l l  stereochemistry of themoidin.

1 he appearance of the H-3 signal of hymenolide as a
doublet of doublets with J 2a,3 =  10.0 and J 2bi3 =  2.5 |
Hz (10.0 and 3.0 Hz in the case of 8 b) indicated that the H ~~C— (g)
C-3 hydroxyl group was equatorial and 0. Hence, / \ 1  | /// \ |
both oxygen functions on the hemiacetal ring of hy- N - J / ' C — ®
menolide are in the stable orientation, the C-3 hydroxyl \  I \
group equatorial (0) and the C-4 ethoxy group axial and CH;J ®  ®
a (anomerie effect) as in 8a. Furthermore, although H,H cis H,H tra n s
the method of correlation of hymenoxynin with 8 a  A, B eclipsed A, B not eclipsed

aHowed for possible epimerization of hymenoxynin at Tentative assignment of formula 5a to themoidin and 
C-4, the relative constancy in the chemical shift of H-4 5b to n.epithemoidin is based on the relative chemical
and the presumed greater stability of an «-oriented shift of H. n  in the two compounds. On the basis of
f’f e a , 1 a argue m avor o eproposiion  a discussion of the conformation of saturated 7 -lactones
that the configuration of hymenoxynin at C-4 is the b Narayanan and Venkatasubramaniam63 we suggest
same as that of hymenolide, as depicted m 14a. that H. n  is not affected significantiy  by  the stereo-

1 1 r SPT 7  f  mdn chemistry of the lactone ring per se and that its chemi-cated that the o-lactone ring (ir band at 1735 cm-1) 1 c , . a , , ,,
• ,, .• , , . i cal shift should therefore be influenced primarily by the

was in the hall-chair form. Conformational analysis of ( n i 1  , , ,, i .. , relative position of H - ll  with respect to the shielding
the system in the manner described for vermeenn and effectg produced b the nearest anisotropic groupS)
floribundm was unfortunately not possible because the the bonds C-A,C-7 and C-7,C-B and the lactone group!

dpf-M-minpd0T  ' 1'1°’ +n + f°u r v,™ ,1 6 However, it would be difficult to assess the separate
¡  “  i  •6’ t°  lmp0 otant,  \° eStabllShing tbe contributions of these groups to the chemical shift of H- nature ol the ring junction in 2 and 3, was necessarily 17 & . ,, . ,
absent. However, the close correspondence of the nmr l 1 and * 7 ™  an °  pn°n V ^ o n  of the sign of
spectra of greenein, 3 and 1 0  (see Tables II  and III), “  S h -.U'8 "  granting the above argument,
indicated that the conformation of the seven-membered +v. r* * . , . • , , ., ,
ring and the 7 -l.ctone ring was probably the same. ,  J E  th,e llteatU re,doeS “ * ” ntaln, m“ 3rk d e t,? ? |

Anthemoidin and T h em o id ta .-A „ih em o id in  (4b) Z e h l  w  T  S?“ ( of.  »■ ‘ h P « “
and themoidin (Sa) »ere identified as dihydro der va- f ,  T  I  0 "' T ' u '  v , "  "  '
tives of vermeenn and floribundin, respeetively. Two C“  brought to bear ° "  the Ptoblem !T!l h k  V I>
other dihydro derivatives were also encountered, 11-
epianthemoidin (dihydrovermeerin A, 4 a ) and 11- 3 3% ° ww*^*™* &nd N* K’ Venkafcaaubramaniam' J- 0r<>- Chem-
epithemoidin (5b) . 52 (54) J . W o lin s k y , T .  G ibson , D .  C h a n , a n d  H .  W o lf ,  Tetrahedron, 21,

1247 (1965).
(52) 4a was th e  o n ly  c o m p o u n d  iso la te d  w h e n  ve rm e e rin  was reduced  w ith  (55) Z . Sam ek, m a n u s c r ip t in  p re p a ra tio n . A c c u ra te  m e a su re m e n t is

s o d iu m  a m a lg a m -a c e tic  a c id . I t  was s ta b le  to  base, as expected. C o n - necessary since th e  d iffe ren ce  in  G u ,n  co u p lin g  co n s ta n ts  w i th in  a set o f
s e q u e n tly , we were so m ew h at pu zz le d  to  n n d  t h a t  th e m o id in , is o la te d  in  ep im ers is  g e n e ra lly  sm all.
e xce lle n t y ie ld  b y  so d iu m  am a lg a m  re d u c tio n  o f f lo r ib u n d in , was isom erized  (56) I n  m e a su rin g  in o o k  spec tra  of H -1 3 , s igna ls  o f H -7  a n d  H - l l  change
b y  base t re a tm e n t  to  a C - l l  e p im e r 6b. O b v io u s ly , in  th is  in s ta n ce , c a ta ly t ic  in te n s it ie s  s ince H -7  a n d  H - l l  o ve rla p  a lso a n d  th e  e s t im a tio n  o f | |* J u ,u  +
and so d iu m  a m a lg a m  re d u c tio n  a ffo rd e d  th e  less s ta b le  C - l l  e p im e r. 1Jn,i becomes excee d ing ly  d if f ic u lt.
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T able Y I (Barr No. 68363, on deposit in herbarium of Florida State Uni-
Chemical Shifts of H -ll  versity) weighed 685 g. A 280-g portion was chromatographed

over 2.6 kg of silicic acid in the usual way. Fractions 1-8  (Bz, B z- 
Compd S te re o ch e m is try  sH-u“ Chlf 1 :2 ) gave 7.0 g of gum and fractions 9-38  (Bz-Chlf 1 :2  to

“ -Santonin 11-6/3, H -7a, H-ll/3 2 . a6 Chlf) gave 23.6 g of crude vermeerin. Fractions 39-60  (Chlf to
/3-Santonin H-6/9, H -7a, H -l la  2 .7 6 6 Chlf-MeOH 9 3 :7 ) gave 121 g of a gum which contained several
6-ejn-a-Santonin H-6a, H -7a, H-ll/3 2 .5 5 !l compounds including apparently some floribundin (tic). Succes-
6-epi-/3-Santonin H-6 a, H -7«, H -ll  a  2 .9 2 b sive elution with Chlf-MeOH (9 3 :7 , fractions 61-62) gave 90 g
11-ejn-Anthemoidin H -7«, H-8/3, H -ll/3 2 22' of gummy mixture. Efforts to separate the constituents of these
Anthemoidin H -7«, H-8/3, H -l l«  2 .6 0 ' fractions are under way Fractions 63-67  (Chlf-MeOH 9 3 :7 )

gave a yellow solid which on recrystallization afforded 2.47 g of 
° Ppm. Reference 42. c This work. hispidulin. Further elution with methanol gave a gummy

mixture.
ports the above assumption and leads to the tentative Pyrazoline of Vermeerin—Vermeerin, wt 136 mg, in 40 ml of 
rule SH-n (H -7,H -ll cis) >  5H-u (H -7,H -ll trans)V On anhydrous ether and 1 ml of methanol was mixed with excess

r> • , j  , diazomethane in ether and left m the refrigerator for 4 days,
this basis, themoidin (5H-n 2.92) is represented by Evaporation at reduced pressure afforded 142 mg of solid which
formula 5a and its C - l l  epimer (5h -ii 2.2) by 5b. was recrystallized from ethyl acetate. The product had mp

125-126° dec, ir bands at 1776 and 1730 cm -1, CD curve (c 0 .7  
H m g/30 ml), [0]324-5 —10,000.

\ U O  A n al. Calcd for C ,6H22N20 4: C, 62.73; H ,7 .2 4 . Found: C,
f B 'W O  62.73; H, 7.34.

q Pyrazoline of Floribundin.— Treatment of 220 mg of floribundin
A j j  / \  with diazomethane in the manner described in the previous

CH3 H paragraph gave 243 mg of crude pyrazoline. Recrystallization
W  from ethyl acetate-chloroform yielded colorless needles which

had mp 134-135° dec, ir bands at 1775 and 1735 cm -1, CD curve 
(c 1.18 m g/25 ml), [0]3i9 + 11 ,800 .

Experimental Section^ A n al. Calcd for C H 22N 2 O 4 : C, 62.73; H , , .2-1 ; N , 9.14.
y  Found: C, 63.27; H, 7.07; N , 8 .80.

Extraction of Hymenoxys richardsonii (Hook) Ckll. var. Reduction of Vermeerin. (A).— A solution of 601 mg of
floribunda  (Gray) Parker.— Above-ground material, wt 2.7 kg, vermeerin in 10 ml of acetic acid was reduced in a hydrogen
collected by Dr. B . H . Braun in July 1962, in the vicinity of atmosphere with 71 mg of platinum oxide for 1.5 hr, and was
Boulder, Colo., was extracted with chloroform in the usual filtered and evaporated. The residue was taken up in dichloro-
fashion.69 The crude gum was chromatographed over 600 g of methane, washed and evaporated, and the crude product, wt
silicic acid, 800-ml fractions being collected. Fractions 1-15 (Bz, 0 .6  g, chromatographed over 120 g of silica gel, 80-ml fractions
Bz-Chlf 3 :1 )  eluted 2.4 g of oil, fractions 16-17 (Bz-Chlf 2 :1 )  being collected. Fractions 1-10 (Bz-ether 1 7 :3 ) eluted nothing,
eluted 1.35 g of gum, and fractions 18-21 (Bz-Chlf 2 :1 )  eluted fractions 11-89 (same eluent) afforded 382 mg of solid dihydro-
7.4 g of crystalline material. Recrystallization from Chlf-ether vermeerin A (4a) which was recrystallized from acetone-ether
afforded vermeerin (2), mp 145-146°, [a]D —67.1° (c 0 .394), and then had mp 128°, [«]d —25.7° (c 0 .247); ir bands at
which had ir bands of 1766, 1729, and 1670 cm -1 , identical in all 1774 and 1732 cm -1; mol wt 266 (mass spectrometry). It was
respects with authentic vermeerin. Vermeerin was not affected recovered unchanged after heating for 1 hr with sodium methoxide
bv treatment with hot acetic acid or boron trifluoride etherate. in methanol and subsequent acidification.

A n al. Calcd for C ,5H20O4: C, 68.16; H, 7 .63 ; O, 24.21. A nal. Calcd for C ,5H220 4: C, 67.65; H , 8 .33 ; O, 24.03.
Found: C, 68.08; H, 7 .57 ; O, 24.50. Found: C, 67.79; H, 8 .38 ; O, 23.67.

Fractions 22-34  (Bz-Chlf 2 :1  and 1: 1)  yielded 6.6  g of crys- Continued elution with Bz-ether (1 7 :3 ) gave, in fractions 9 0 -
talline material. Recrystallization from acetone-ether afforded 137, 45 mg of a solid mixture of dihydrovermeerin A and B and 
floribundin (3) which had mp 143°; [o]d + 8 4 .0 °  (c 0 .319); a third substance C, and, in fractions 138-220, 150 mg of a mix -
ir bands at 1757, 1727, and 1656 cm -1 ; uv absorption Ama* 212.5 ture of dihydrovermeerin B  and the third substance C, which
nm (c8300). was rechromatographed over 40 g of silica gel (40-ml fractions

A n al. Calcd for Ci5H20O4: C, 68.16; H , 7 .63 ; O, 24.21. eluent Bz-ether 4 :1 ) .  Fractions 121-145 eluted 86 mg of di-
Found: C , 68.19; H , 7 .81 ; O, 24.69. hydrovermeerin B  (4b) which was recrystallized from acetone-

Fractions 76-82 (Bz-Chlf 1 :3 )  afforded 0.85 g of yellow solid. ether and had mp 213-214°. Direct comparison established
Recrystallization from dioxane-ethyl acetate gave hispidulin (1) identity with anthemoidin from Hymenoxys anthemoides.
mp 290-293°, identical in all respects with authentic material Fractions 180-235 eluted 62 mg of the third substance which was
from Am brosia h isp ida. Further elution with Bz-Chlf or more recrystallized from acetone-ether and had mp 177-179°, ir
polar solvents gave 25.1 g of gummy mixtures (tic) which could bands at 1767 and 1735 cm -1, mol wt 266 (mass spectrometry),
not be separated satisfactorily. Because of the small quantity available, the nmr spectrum could

The crude gum from 25 kg of H . richardsonii var. floribunda, not be determined. We are unable to account for the formation
collected by M r. R . J .  Barr on July 17, 1968, 10 miles southeast of a third substance but the small amount available prevented
of Springerville, Apache County, Ariz., at 7500-ft elevation further investigation of the apparent discrepancy.
-------------------  A nal. Calcd for CisH220 4: C, 67.65; H, 8 .33. Found: C,

(57) Z . Sam ek a n d  W . H e rz , u n p u b lis h e d  w o rk . T h e  v a l id i ty  o f th is  ru le  6 7 .7 8 ;  H ,  8 .2 7 .
is p re s e n tly  u n d e r in v e s t ig a t io n ; th e  re su lts  a d ii be th e  su b je c t o f a fu tn re  ( B ) . — T o  a  s o lu t io n  o f  1 0 0  m g  o f  v e r m e e r in  in  7  m l  o f  e t h a n o l

c o m m u n ic a tio n . a n d  0 .1  m l  o f  a c e t ic  a c id  w a s  a d d e d  i n  s m a l l  p o r t i o n s  2 .5  g  o f
(58) M e lt in g  p o in ts  a re  u n co rre c te d . R o ta t io n s  were ru n  in  m e th a n o l 3 %  s o d iu m  a m a lg a m .  A f t e r  3  h r ,  t h e  m i x t u r e  w a s  s e p a r a te d  f r o m

unless o th e rw ise  specified, u lt ra v io le t  sp e ctra  in  9 5 %  e tn a n o l on  a C a ry  , , ......... . j  • rp,
M o d e l re co rd in g  s p e c tro p h o to m e te r, in fra re d  sp e c tra  in  c h lo ro fo rm  unless mercury, filtered, and evaporated m  vacuo The residue was
otherw ise  specified on  a P e rk in -E lm e r  M o d e l 257 g ra t in g  s p e c tro m e te r, C D  taken up in chloroform, washed, dried, and evaporated. lhe
curves in  m e th a n o l on a Jasco O R D /U V -5  re c o rd in g  sp e c tro m e te r, m ass residue, wt 0.1 g, melted at 123—124° after recrystallization from
spectra  on  a N u c lid e  1 2-in . m e d iu m  re s o lu tio n  mass sp e ctro m e te r, a nd  ro u -  acetone-ether and was identical with dihydrovermeerin A in all
t in e  n m r spectra  on a V a r ia n  A -6 0  s p e c tro m e te r in  d e u te r io c h lo ro fo rm  so lu - respects
t io n  w i th  te tra m e th y ls ila n e  s e rv in g  as in te rn a l s ta n d a rd . A n a lyses were Reduction of Floribundin. (A).—A solution of 2.0 g of fiori-
p e rfo rm e d  in  th e  In s t i tu te  o f O rg a m c C h e m is try  a n d  B io c h e m is try  o f th e  ___ . .  . j  -, i r  ,•  - ,  i
C ze chos lovak  A ca d e m y o f Sciences o r b y  D r .  F . Pascher, B o n n , G e rm a n y . bundin in 130 ml of ethanol and 1 ml of acetic acid was stirred
S ilic ic  ac id  was M a ll in c k ro d t  100 m esh; p e tro le u m  e th e r was lo w  b o il in g  with 57 g of 3%  sodium amalgam for 3 hr and worked up as
(3 0 -6 0 ° ) .  C h ro m a to g ra p h ic  f ra c t io n s  were ro u t in e ly  m o n ito re d  a n d  described in the preceding paragraph. The crude product, wt 2.0
p ro d u c ts  were checked fo r  p u r i t y  b y  t ic  on  m icro s lid e s  coated w i th  s ilic a  g  ^ w o  major spots on tic), was recrystallized from acetone-ether
gel G. S pots were de te c te d  b y  s p ra y in g  w ith  c o n c e n tra te d  s u lfu r ic  a c id  to ■ l  jg { a dihydroderivative [dihydrofloribundin A (5)]
fo llo w e d  b y  h e a tin g . T h e  fo llo w in g  a b b re v ia tio n s  are  used fo r  c h ro m a to -  . . . , , , . , , .  , • „  , ,1
g ra p h ic  se p a ra tio n s : B z , benzene; C h lf,  c h lo ro fo rm ; M e O H , m e th a n o l. which had mp 213 and was identical in all respects with themoi-

(59) W . H e rz  and  G . H ò genaue r, J. Org. Chem., 27, 905 (1962). din isolated from H . anthciiioidcs. The mother liquors contained
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a mixture of themoidin and other products which could not be Rechromatography of the gum from fractions 53-56 over 60
separated satisfactorily by chromatography. g of silicic acid gave, in the fraction eluted with benzene-wet

(B ).— Catalytic hydrogenation of 70 mg of floribundin in 40 ether (1 9 :1 ), a solid which was recrystallized from acetone-ether
ml of acetic acid with 100 mg of platinum oxide at 30 lb /in .2 and to give 220 mg of greenein (6 ): mp 169-171°; ir bands at 1770,
work-up in the usual way gave a single spot on tic. Recrystalliza- 1735, and 1660 cm -1. Rechromatography over silicic acid and
tion from acetone-ether yielded 53 mg of themoidin, mp 212- elution with Bz-Chlf (3 :1 )  raised the melting point to 175-
214°. Similarly, hydrogenation of 55 mg of floribundin (ethanol, 176°, [a]d  + 1 1 4 °  (c 0.2845).
palladium on charcoal) gave a gum (single spot on tic) which was A nal. Calcd for C isHmO,: C, 68.16; H, 7.63. Found: C,
chromatographed over 12 g of silicic acid. Elution with benzene- 68.09; H , 7.59.
wet ether (1 9 :1 ) afforded a solid (single spot on tic) which after Rechromatography of the gum from fractions 63-74  over 170 g
recrystallization gave 43 mg of themoidin, mp 214-215°. of silicic acid gave in the fraction eluted with benzene-wet ether

A nal. Calcd for C15H22O4: C, 67.65; H, 8 .33 ; O, 24.03. (7 :3 ) , a solid which was recrystallized from acetone-ether to give
Found: C, 67.56; H, 8 .30; O, 24.62. 180 mg of floribundin, mp 142-144°, identical in all respects

11-Epithemoidin (5b).—A solution of 0.5 g of themoidin in 5 with the material isolated from H . richardsonii var. floribunda.
ml of methanol containing 0.05 g of sodium was heated for 1 hr, Rechromatography of the gum from fraction 75-82 over 60 g of
cooled, diluted with water, acidified with dilute sulfuric acid, and silicic acid gave, in the fraction eluted with benzene-wet ether
extracted with chloroform. The washed and dried organic layer (100 :3), a gum which partially solidified on trituration with
was evaporated and the residual solid (1 :3  mixture of 5a and 5b) ether-hexane (1 :1 ) . Recrystallization from acetone-ether
was purified by preparative tic (silica gel-ether). Recrystalliza- afforded 15 mg of an unknown solid, mp 244-246° after recrystal-
tion from acetone-ether afforded 0.28 g of 11-epithemoidin which lizaton from acetone-ether.
had mp 146-147°; [a]o + 5 4 .1 °  (CHCI3, c 1.02); ir bands at Hydrogenation of Greenein.—A solution of 40 mg of greenein
1762 and 1732 cm -1; nmr signals at 4.36 m (H-8 ), 3.92 (AB in 25 ml of ethanol was hydrogenated at 30 lb /in .2 with 50 mg of
system, line separation 11.5 Hz, H-4a and H-4b), 1.31 d ( J  =  7.5 palladium on charcoal. The usual work-up gave a gum which
Hz), and 1.08 d ( J  =  7.5 Hz, C-10 and C -ll  methyl), and 1.08 was chromatographed over 10 g of silicic acid. Elution with
ppm (C-5 methyl). benzene-wet ether (1 9 :1 ) gave a solid which was recrystallized

A n al. Calcd for C15H22O4: C, 67.65; H, 8 .33; O, 24.03. from acetone-ether-hexane and had mp 103-105°; ir bands at
Found: C, 68.32; H, 8 .02; 0 ,  23.94. 1770 and 1735 cm -1; nmr signals a 4.7 m (H-8 ), 4.35 m (2

Extraction of Hymenoxys anthemoides (Juss.) Cass.— Above- protons, H-3), 1.30 (C-5 methyl), and 1.15 d (C-10 and C -ll
ground material, wt 3.6 kg, collected by M r. P . R . Legnami methyls).
and M r. A. R . Cuezzo on Dec 23, 1965, 4 miles from Santa Rosa A nal. Calcd for C15H22O4: C, 67.65; H, 8.33. Found: C,
at the junction of the road to Bella Vista and on Oct 24, 1966, 68.06; H, 8.55.
at kilometer 42 along the road from Santa Rosa to Leales, Depart- Extraction of Hymenoxys odorala  DC. (A).— Above-ground 
ment of Leales, Tucuman Province, Argentina (Legnami and material, wt 3.6 kg, collected by M r. J .  L . Strother in July 1965
Cuezzo No. 5502 and 5595 on deposit in herbarium of Instituto on Route 54, 17 miles south of Saltillo, Coahuila, Mexico (Stro-
Miguel Lillo, Tucuman, Argentina), was extracted in the usual ther No. 451 on deposit in herbarium of University of Texas at
manner. The crude gum, wt 64 g, was taken up in 100 ml of Austin), was extracted with chloroform in the usual manner,
benzene and chromatographed over 800 g of silicic acid, 800-ml The crude gum, wt 69 g, was taken up in 100 ml of benzene and
fractions being collected. Fractions 1-35 (Bz or Bz-Chlf 3 :1 )  chromatographed over 900 g of silicic acid (800-ml fractions),
eluted nothing and 4.6 g of oil. Fractions 36-45 (Bz-Chlf 3 :1 )  Fractions 1-26 (Bz to Bz-Chlf 3 :1 )  eluted nothing. Fractions
eluted 7.5 g of solid material which after recrystallization from 27-247 (Bz-Chlf 3 :1  to Chlf-MeOH 9 7 :3 ) gave 47.5 g of gum. 
acetone-ether melted at 145-146° and was identified as vermeerin. Fractions 246-250 (Chlf-MeOH 9 7 :3 ) eluted 1.85 g of solid
Fractions 46-58 (Bz-Chlf 3 :1 )  gave 5.1 g of solid which after material. Recrystallization from acetone afforded 1.2 g of
recrystallization melted at 143° and was identified as floribundin. hymenoxynin as colorless needles: mp 125-128°; [<*]d —37.6°
Fractions 59-70 (Bz-Chlf 3 :1 )  eluted 2.95 g of a mixture of (pyridine, c 0 .93); ir bands at 3420 (very strong) and 1770 cm -1;
anthemoidin and themoidin {vide in fra ). Fractions 71-142 nmr signals (100 MHz, CDCI3-DMSO-d6 +  DOAC) 4.70 m 
(Bz-Chlf 2: 1,  1: 1,  1 :2 , and 1 :3 ) gave 4.8 g of gum. Fractions (H-8 ), 4.47 d ( J  =  7.5 Hz, a-anomeric H of glucose), 4.35
143-169 (Chlf) eluted a trace of gum. Fractions 170-234 (Chlf- (H -4), 3 .2 -4 .05  m (8 H, H-2, H -2', H -3', H -4', H -5 ', and
MeOH 99 :1  to MeOH) eluted 7.35 g of gum. H-6 ' of glucose residue), 1.11 d ( /  =  6.5 Hz), and 1.05 d { J  =  6

Rechromatography of the material from fractions 59-70 over Hz, C-10 and C -ll  methyls), 0.99 ppm (C-5 methyl).
100 g of silicic acid (5-ml fractions of benzene containing in- A nal. Calcd for C2iH340 9-H20 : C, 56.24; H, 8 .09; 0 ,3 5 .6 7 .  
creasing proportions of ether) gave in fractions 43-75 (Bz-ether Found: C, 56.21; H, 8 .06; O, 35.99.
5 :1 )  50 mg of anthemoidin which had mp 220-221° after re- (B).— Above-ground material, wt 22.5 kg, collected by M r.
crystallization from chloroform-ether; [a]i> —115.5° (c 0 .139); R . J .  Barr on June 16-23, 1968, 1 mile east of Rodeo, Hidalgo
ir bands at 1780 and 1735 cm -1; mol wt 266 (mass spectrometry). County, N. M . (Barr No. 68307 on deposit in herbarium of
It  was subsequently shown to be identical with dihydrover- Florida State University), was extracted in the usual manner,
meerin B . The yield of crude gum was 450 g. A 250-g portion was taken up

A nal. Calcd for C15H22O4: C, 67.65; H, 8.33. Found: C, in benzene and chromatographed over 2.5 kg of silicic acid
67.68; H, 8 .38. (800-ml fractions). Fractions 1-29 (Bz and Bz-Chlf) eluted 15.6

Fractions 76-82 (5 :1 )  eluted nothing, fractions 83-139 (5 :1 )  g of oily material. Fractions 30-85 (Bz-Chlf 2 :1  and 1: 1)  gave
eluted 170 mg of mixture, fractions 140-159 (5 :1 )  eluted 25 mg 65 g of gum containing hymenolide {vide in fra ) . Further elution
of themoidin which had mp 219-220° (decreasing to 213-214° with Bz-Chlf 1:1 to Chlf-MeOH 9 7 :3  (fractions 86-142) gave
on storage) after recrystallization from acetone-ether; [<*]d  120 g of gum. Fractions 143-150 (Chlf-MeOH 9 7 :3 )  gave a
+ 6 1 .8 °  (CHCL, c 0 .55); mol wt 266; ir bands 1767 and 1731 yellow solid which was recrystallized from dioxane-ethyl acetate
cm "1. This substance was subsequently shown to be identical to give yellow needles, mp 290-293° dec, wt 0.298, which were
with dihydrofloribundin. identified as hispidulin by comparison with authentic material

A nal. Calcd for C15H22O4: C, 67.65; H, 8 .33; O, 24.03. and conversion to hispidulin triacetate, mp 16S-1700. Fractions
Found: C, 67.61; H, 8 .27 ; O, 23.76. 151-163 (Chlf-MeOH 9 :1 )  gave 58 g of gum. Further elution

Extraction of Hymenoxys greenei (Ckll.) Rydb.— Above-ground with the same solvent (fractions 164-166) gave solid material,
plant, wt 3.1 kg, collected by D r. H. F .  L . Rock on July 5 ,1960 , wt 3.2 g, which was recrystallized from methanol and then
on Arizona State Route 65, 42 miles south of Winslow (Rock melted at 177-179°: [«]d + 6 4 .4 °  (pyridine, c 0 .9 ); ir bands at
No. 1104, on deposit in herbarium of Vanderbilt University) was 3600-3200 (hydroxyl), 1750, 1660 (conjugated 7 -lactone), 1738
extracted in the usual manner, yield of crude gum 65 g. A (cyclopentanone), and 1720 cm -1 (acetate); nmr signals (100
45-g portion was chromatographed over 450 g of aluminum (500- M Hz, CDCl3-DMSO-d6) 6.16 d { J  =  2.5  Hz) and 5.14 d { J  =
ml fractions), but none of the eluates gave solid. The gummy 2.0 Hz, exocyclic methylene), 4.95 d (4 .0), 4.81 d { J  =  3.8 Hz),
material eluted with Bz, Bz-Chlf, and Chlf (wt 22 g) was re- and 4.64 d { J  =  4.0 Hz, hydroxyl protons in glucose residue,
chromatographed over 450 g of silicic acid (1000-ml fractions). disappeared on exchange with deuterioacetic acid), 4.37 { J  =
None of the fractions crystallized, and only the material from 7.0 Hz, H -l), 3.50 (2 protons, CH2OAc), 2.03 (acetate), 1.34 d
fractions 53—56 (Bz—Chlf 1 :3 )  and 63-74 (Bz-Chlf 1 :3 ) and { J  =  6 Hz, C-10 methyl), and 0.94 ppm (C-5 methyl). This
75-82 (Bz-Chlf 1 :3 )  appeared to be reasonably homogeneous substance was identified as paucin by direct comparison with an
(tic). authentic sample and by its reactions {vide in fra ). Further elu-
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tion (Chlf-MeOH 9 :1  to MeOH) provided 6.8  g of gummy exocyelic methylene), 5.23 (H -4), 4.81 m (H-8 ), 1.09 d ( J  =  7 
material. Hz, C-10 methyl), and 1.03 ppm (C-5 methyl).

Rechromatography of the gum from fractions 30-85 over 800 A n al. Calcd for C i5H20O6: C, 64.27; H , 7 .19; O, 28.54. 
g of silica gel (800-ml fractions) provided in fractions 1-30 (Bz Found; C, 63.93; H, 7 .16; O, 28.84.
to Bz-Chlf 1 0 :3 ) 13.8 g of gummy mixture; continued elution NaBH, Reduction of 11.—A solution of 370 mg of 11 in 3 ml 
(Bz-Chlf 10 :3  to Bz-Chlf 1 : 1, fractions 31-77) gave solid. of methanol was allowed to stand overnight with an excess of
Recrystallizationfrom ethylacetatefurnished7.3gof hymenolide NaBH4, diluted with water, acidified with dilute HC1 solution,
(8a) which had mp 136-138°; [<*]d  —48.6° (CHC13, c 1 .4 ); and extracted with ethyl acetate. The washed and dried extract
ir bands at 3570, 3445, 1750, and 1660 cm -1; nmr signals at was evaporated at reduced pressure and the residue recrystallized
6.31 d ( /  =  2.5 Hz) and 5.60 ( J  =  2.0 Hz, exocyclic methylene from acetone. The first crop consisted of 86 mg of themoidin
conjugated with lactone), 5.11 d br, sharpens to dd (J i  =  10.0, (dihydrofloribundin, 5a), mp 212-214°, which was identical in
J i  =  2.5 Hz) on addition of D20  (H -3), 4.38 d (7.5, disappears all respects with an authentic sample. The material in the mother
on exchange, —OH), 4.31 (H -4), 4 .1 -3 .3  c (nonequivalent liquors was recrystallized from ethyl acetate. This afforded 63
CH3CH20 ,  confirmed by spin decoupling at 90 M Hz), 1.25 mg of floribundin, mp 142-143°, which was identical in all
t ( J  =  7.0 Hz, CH3-C H 20 ) ,  1.09 d { J  =  7.0 Hz, C-10 methyl), respects with an authentic sample.
and 1.05 ppm (C-5 methyl). Reactions of Paucin. (A).— A solution of 70 mg of paucin in

A nal. Calcd for CnH2605: C, 65.78; H, 8 .44; O, 25.78. 1 ml of absolute pyridine and 0.5 ml of acetic anhydride was
Found: C, 65.77; H, 8 .61; O, 25.84. allowed to stand at room temperature overnight, diluted with

Further elution gave 38.4 g of gummy mixture. water, and extracted with ethyl acetate. The washed and dried
Anhydrohymenolide (10).—Acetylation of 126 mg of hymeno- extracts were evaporated and the residual solid, wt 98 mg, was

lide with pyridine-acetic anhydride afforded a gum (8b) which recrystallized from methanol. Triacetylpaucin had mp 240-
could not be induced to crystallize: ir bands at 1760 (double 242° (lit. 241-243°); [a]d  + 3 8 .8 °  (pyridine, c 0 .8 ); ir bands at
strength, lactone and acetate) and 1220 cm -1; nmr signals at 1755 (very strong); 1224 nmr signals at 6.37 (J  = 2.5  Hz) and
6.26 d ( J  = 2.5 Hz) and 5.57 d ( J  =  2 Hz, exocyclic methylene), 5.78 ( J  =  2 Hz, exocyclic methylene), 5 .5 -3 .8  c (9 protons),
6.08 dd ( J i =  10, J 2 =  2 Hz, H-3), 4.77 m (H-8 ), 4.31 (H -4), 2 .12, 2.07, 2.03 (acetates), 1.20 d ( /  =  6 .0H z, C-lOmethyl), and
3 .3-4 .2  c (2 protons, -O CH 2CH3), 2.10 (acetate), 1.28 t  ( J  =  0.98 ppm (C-5 methyl).
7.0 Hz, -O CH 2CH3), 1.10 d ( J  =  5.3 Hz, C-10 methyl), and (B).— A mixture of 0.3 g of paucin, 5 ml of acetic acid, and
1.07 ppm (C-5 methyl). 5 ml of water was refluxed for 5 hr until all starting material

The above substance, wt 810 mg, was heated at 190-200° in a had disappeared (tic); the mixture was cooled, diluted with
nitrogen atmosphere for 1.5 hr. The solid product 10, yield 695 water, and extracted with ethyl acetate. The washed and dried
mg, was recrystallized from petroleum ether-ether and then extract was evaporated and the gummy residue, wt 223 mg, was
melted at 8 2 -83°: [a]n —146.4° (CHC13, c 1.195); ir bands chromatographed over 10 g of silica gel. Benzene (2 fractions,
at 1762 (7-lactone) and 1662 cm -1 (strong, two double bonds). 40 ml each) eluted a trace of gum; fractions 3 -5  (benzene-ethyl

Anal. Calcd for CnH240 4: C, 69.84; H, 8 .27; 0 ,  21.89. acetate, 1 0 :1 ) eluted 110 mg of solid which was recrystallized
Found: C, 69.83; H , 8 .23; O, 22.07. from ethyl acetate, mp 160-162° (lit. mp 159-160°). Mixture

Hydrogenation of Anhydrohymenolide.— A solution of 110 mg melting point and ir and nmr spectrum identified this substance 
of 10 was hydrogenated with 60 mg of P t 0 2 at room temperature as aromatin (12) .27
for 6 hr. Filtration followed by evaporation in  vacuo gave a gum Tetraacetylhymenoxynin (14b).—Acetylation of 68 mg of
which was chromatographed over 12 g of silica gel (40-ml frac- hymenoxin with 1 ml of absolute pyridine and 0.5 ml of acetic
tions). Fractions 1-14 (petroleum ether-Bz 1:1 and Bz) yielded anhydride at room temperature overnight followed by dilution
a trace of gum. Fractions 15-25 (Bz-Chlf 5 :1  to 2: 1)  gave 50 wuth water and extraction with ethyl acetate yielded, after wash
ing of solid material (single spot on tic) which after recrystalliza- ing and drying of the organic extract and evaporation in  vacuo,
tion from petroleum ether melted at 73-75° and was identical in 113 mg of solid tetraacetate. The product was recrystallized
all respects with 15b from hydrolysis of hymenoxynin with from ethyl acetate and had mp 176-177°; [a ]D + 1 5 .6 °  (CHClj,
ethanolic HC1. Further elution with Bz-Chlf 2 :1  and 1:1 gave c 0 .96); nmr signals (100 MHz, CDC13), 5.13 c (3 superimposed
42 mg of solid 16 (single spot on tic) which was recrystallized protons, -CHOAc), 4.79 d  ( J  =  7  Hz, H2, a-anomeric proton)
from ethyl acetate-petroleum ether and had mp 154.5-156°; superimposed on 4.7 c (2 protons, H-8 and-C H O A c), 4.20 (H-4)
[a]d  —121.2 ° (CHC13, c 0 .85); ir bands at 1738 and 1661 cm -1; superimposed on 4 .3 -4 .0  c (2 protons), 3.95 and 3.86 m (2
nmr signals at 5.00 m (H-8 ), 4.28 (H -4), 3.67 c (4 protons, H-3 protons, H-3), 2.08, 2.03, 2.03, 2.00 (4 acetates), 1.14 d  ( J  = 7
and CH3CH20 - ) ,  1.85 br (C -ll methyl), 1.24 t  ( J  =  7  Hz, Hz), and 1.07 d ( J  =  7  Hz, C-10 and C -ll  methyls), 1.00 ppm
CH3CH20 - ) ,  0.93 (C-5 methyl), and 0.90 d ( J  =  6 Hz, C-10 (C-5 methyl).
methyl). Hydrolysis of Hymenoxynin. (A).— A mixture of 200 mg of

A nal. Calcd for CnII260 4: C, 69.36; H, 8 .90; O, 21.74. hymenoxynin, 2 ml of methanol, and 1 ml of concentrated HC1
Found: C, 69.30; H, 8 .72 ; 0 ,2 1 .6 3 .  was allowed to stand at room temperature overnight, diluted with

Dehydrochymenolide (9).—A solution of 263 mg of hymenolide water, and extracted with ethyl acetate. Evaporation of the
in 1.5 ml of pyridine was added to 245 mg of C r0 3 in 1 ml of washed and dried extract furnished 110 mg of 15a which was
pyridine, set aside at room temperature overnight, diluted with recrystallized from ether-petroleum ether and had mp 113-
water, and extracted with ethyl acetate. The organic layer after 114°; [or] d —83.5° (CHC13, c 0 .635); ir bands 2828 (methoxyl),
washing and drying furnished 234 mg of solid material which was 3.70 and 2.93 m (H -3), 1.14 d ( /  =  6 Hz) and 1.10 ( J  =  5.5
recrystallized from ethyl acetate and had mp 178-181°; [a]D Hz, C-10 and C -ll  methyl), 1.07 ppm (C-5 methyl).
— 56.2° (c 0.925, CHC13); ir bands at 1756 and 1661 cm -1; A nal. Calcd for CuH2t0 4: C, 68.55; H, 8 .63 ; O, 22.83. 
nmr signals at 6.32 d ( J  =  2.5 Hz) and 5.60 d ( J  =  2.0 Hz, Found: C, 68.43; H, 8 .95; O, 23.17.
exocyclic methylene group), 4.78 m (H-8 ), 4.78 (H-4), 3 .4 -4 .2  The aqueous layer from the hydrolysis was concentrated to
m (2 protons, CH3CH20 - ) ,  1.28 t  ( J  =  7 Hz, CH3CH20 - ) ,  20 ml at reduced pressure, neutralized with 0.2 g of C aC 03,
1.10 d ( J  =  6 Hz, C-10 methyl), and 1.05 ppm (C-5 methyl). filtered, and evaporated at reduced pressure. The residue, wt

A nal. Calcd for Ci7H24Os: C, 66.21; H, 7 .84; 0 ,  25.94 . 0.18 g, was mixed with 0.2 g of phenylhydrazine hydrochloride,
Found: C, 66.40; H, 7 .88; 0 ,  25.82. 0.3 g of sodium acetate, and 2 ml of water, heated on the water

Oxidation of 305 mg of hymenolide in 2 ml of acetone with bath for 10 min, cooled, and filtered. The yellow product was
6 ml of Jones reagent at room temperature and work-up in the recrystallized from methanol and identified as glucosazone, mp
usual fashion gave, in the neutral fraction, 97 mg of 9, mp 178- 210-211°, by comparison with an authentic sample prepared
181°. The acid fraction afforded 83 mg of deethyldehydro- from D-(+)-glucose in the usual manner.
hymenolide (11), mp 145-146° (vide in fra ). Hydrolysis of 115 mg of the acetal 15a with 1 ml of acetone-

Deethyldehydrohymenolide (11).— A solution of 87 mg of 8a water (4 :1 )  and 0.5 ml of concentrated HC1 at room temperature 
in 1.5 ml of acetone-water (4 : 1 ) and 0.5  ml of concentrated for 2 days, dilution with water, extraction with ethyl acetate,
HC1 was allowed to stand at room temperature for 5 hr, diluted and processing of the organic extract in the usual way resulted in
with water, and extracted with ethyl acetate. Evaporation of 120 mg of a crude lactol 15c. Recrystallization from acetone
the washed and dried extract afforded 80 mg of 11 which was furnished 86 mg of which had mp 318-320° dec; [a]n -1 1 8 .4 °
recrystallized from ethyl acetate and melted at 145-146°: (CHC13, c 0 .38); ir bands at 3490, and 1762 cm “1; nmr signals
[a]n —2.7° (c 0.74, CHC13); ir bands at 1753a and 1660 cm “1; at 4.85 m (H-8 ), 4.51 (H-4), 3.75 and 2.95 m (H -3), 1.16 (C-5
nmr signals at 6.33 d ( J  =  2.5 Hz) and 5.68 d ( J  = 2 Hz, methyl), 1.14 d and 1.11 d (./ =  6.0 Hz, C-10 and C -ll methyls).
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(B ).— Hydrolysis of 128 mg of hymenoxynin in the manner A n al. Calcd for CnH^O,: C, 68.69; H , 9 .52; 0 ,  21.59. 
described in the previous section using ethanolie HC1 and work-up Found: C, 68.80; H, 9 .45; 0 ,2 1 .6 6 .
in the usual fashion furnished, after recrystallization from petro- Registry N o . - 2 ,  16983-23-6 ; 3, 2 5 0 6 2 -2 2 -0 ; 4a,
leum ether, the ethoxy derivative 15b which had mp 78-75 ; nA n „u n r  n a n  nr o e o cn co  on a ck  o.-nuo
[a] d - 9 4 .1 °  (CHCIs, c 0.85); nmr signals at 4.77 m (H -8), 2 5 0 d2-24 -2 ; 4b, 25062-25-3 ; 5a, 2 5 0 6 2 -2 6 -4 , 5 b ,25062 -
4.12  (H -4), 3 .35 -4  c (3 protons, H-3a and CH3CH20 - ) ,  3 .0  m 2 7 -5 ; 6, 25080 -56 -2 ; 7, 25062 -28 -6 ; 8a, 2 5 0 6 2 -2 9 -7 ;
(H-3b), 1.22 t ( J  =  7 Hz, CH3CH20 - ) ,  1.15 ( J  =  5 H z,) and gb, 25062 -30 -0 ; 9, 25062 -31 -1 ; 10, 2 5 0 62 -32 -2 ; 11,
1.08 d ( J  =  5.5 Hz, C-10 and C -ll methyl), and 1.06 ppm 2 5 0 3 2 -3 3 -3 ; 14a, 25062 -34 -4 ; 14b, 25062 -3 5 -5 ; 15a,

" m K S L . ™  M  fa .11 respect, with the 1 »  pol.r 1 15b, 25062-37.7, 15c, W » « |  16,
material obtained by hydrogenation of anhydrohymenolide (10). 25030-57-3, 17, 25062-23-1, 18, 25062-402.
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The two major steroidal alkaloids, solafloridine and solaccngestidine, isolable from Solanum. congestiflorum  
have been synthesized from solasodine. In the conversion acetylsolasodine is reduced to 3-acetyltetrahydro- 
solasodine, converted to the N-carbobenzoxy derivative, and oxidized to the 3-acetyl-16-oxo-N-earbobenzoxy 
compound. Sodium-propanol reduction affords the desired 16« epimer, dihydrosolafloridine, convertible to 
solafloridine by dehydrohalogenation of the N-chloro derivative. Thioketalization of the 3-acetyl-16-oxo-N- 
carbobenzoxy compound followed by Raney nickel reduction yields dihydrosolacongestidine acetate.

In a recent publication,2 the isolation and structure erties (melting point, mixture melting point, ir) with
proof of the steroidal alkaloids, solacongestidine (I) and tha7 obtained from the reduction of the natural product,
solafloridine (II), from Solanum congestiflorum were re- The pathway outlined above, we believe, is an improve-
ported. Owing to the time-consuming, laborious pro- ment over the published partial synthetic procedure8
cedure involved in isolation and poor yield of the alka- since the stereochemistry at C-20 and C-25 is unaffected
loids from the plant, an alternate source was sought for throughout these reactions. The yield of the N-car-
these compounds when a demand for more alkamine, bobenzoxy compound (VII) is diminished somewhat by
particularly solafloridine (II), arose for other projects. the formation of a by-product assigned the structure

Starting from solasodine3 (III), a readily available X II either formed by the interaction of V I with some
steroidal alkaloid having the correct stereochemical con- phosgene liberated during the reaction or ring closure of
figuration, the conversion was achieved in the following the debenzyloxy product of V II with the C i6-O H  func-
manner. O-acetylsolasodine4 (IV) prepared from the tion.9 The structure of X II  was confirmed by its syn-
reaction of solasodine (III) with acetic acid containing thesis from the reaction of V I with phosgene. It should
p-toluenesulfonic acid was reduced with sodium boro- be noted in passing that the sodium borohydride re
hydride to O-acetyldihydrosolasodine (V) and in turn duction of the 16-oxo compound V III afforded only the
reduced catalytically (Pd-C) to O-acetyltetrahydro- 16/3-hydroxy isomer, VII, as expected.
solasodine5 (VI). Conversion of V I to the N-carbo- Finally dihydrosolafloridine (IX) was converted to 
benzoxy-3-acetyl derivative (VII) with carbobenzoxy solafloridine (II) by dehydrohalogenation of the N-
chloride and oxidation with Kiliani’s reagent6 in acetone chloro compound in the manner reported by Schreiber
to the 16-oxo compound (VIII) followed by reduction and Adam.8
with sodium-2-propanol afforded the 16a-hydroxyl The N-carbobenzoxy-16-oxo compound (VIII) served 
bearing dihydrosolafloridine2 (IX) in good yields. A  as a convenient starting point for the preparation of di
somewhat lesser yield was obtained by reduction with hydrosolacongestidine acetate (XI). This was accom- 
lithium-ammonia. This was accounted for by the re- plished by thioketalization of V III with ethanedithiol 
covery of considerable deacetylated starting material, which yielded the crystalline thioketal X . Desulfuriza- 
V U Ia.7 Compound IX , thus prepared, agreed in prop- tion of the thioketal moiety with Raney nickel led to

concomitant elimination of the N-carbobenzoxy func- 
_ _ ......  , ................ „ tion to afford the desired dihydrosolacongestidine ace-

(1) V is it in g  S c ie n tis ts : G . K u sa n o  (1 9 6 9 -p re se n t) a nd  N .  A im i (1 9 6 8 - , / - r T . ~  , ., . . , . .
1 9 6 9 ) . ta te2 (X I). Compound X I  exhibited properties

(2) Y .  Sato, H .  K a n e ko , E . B ia n c h i, a nd  H . K a ta o k a , J . Org. Chem., 34, (m elting point, m ixture m elting point, ir, maSS SpeC-

15« ) ( i T a  genera l re v ie w , see K .  S ch re ib e r in  " T h e  A lk a lo id s ,”  V o l. X ,  trUm) indistinguishable from  those derived from  Sola-
R . H . F . M a n ske , E d ., A ca d e m ic  Press, N e w  Y o rk ,  N .  Y . ,  1968, C h a p te r  1. COngeStidine. T h e  Compound like dihydrosolafloridine

(4) W e  are  in d e b te d  to  D r .  J . A . B e is le r o f th is  la b o ra to ry  fo r  w o rk in g  o u t
th is  procedu re . H . R o che lm eyer, Arch. Pharm. (W e in h e im ), 277, 329 (8) K .  S ch re ib e r a nd  G . A d a m , Justus Liebigs Ann. Chem., 666 , 176
(1939), re p o r t  m p  1 9 3 -1 9 4 °. (1963).

(5) C o m p o u n d  V I  can a lso be  p re p a re d  in  so m ew h at reduced  y ie ld s  b y  (9) I t  was suggested b y  one o f th e  referees th a t  fo rm a tio n  o f X I I  co u ld
th e  d ire c t c a ta ly t ic  re d u c tio n  (P tO r -H A c )  o f O -ace ty lso la sod ine  ( IV ) .  h a v e  re su lted  fro m  th e  a t ta c k  o f 1 6 ^ -O H  on th e  c a rb o n y l fu n c t io n  o f th e

(6) H . K i l ia n i,  Ber., 46, 676 (1913). A  s o lu tio n  o f 53 g o f c h ro m iu m  ca rb o b e n zo xy  g ro u p  o f V I I  fo llo w e d  b y  loss o f th e  b e n z y io x y  io n . H o w e ve r,
t r io x id e  a n d  80 g o f co n ce n tra te d  s u lfu r ic  a c id  in  400 g o f w a te r  was used. w e had observed th a t  in  th e  re p e a t runs , v ig o ro u s  a g ita t io n  o r  s t ir r in g  o f th e

(7) I n  tw o  ru n s  th e  y ie ld  o f th e  d e a ce ty la te d  s ta r t in g  m a te ria l,  V i l l a ,  was re a c tio n  fla sk  re su lte d  in  n e g lig ib le  y ie ld s  o f X I I .  Hence, i t  was th o u g h t
a p p ro x im a te ly  th e  same. P e rha ps th e  in s o lu b i l i ty  o f th e  c o m p o u n d  p re v e n ts  th a t  :n  th e  e a rlie r runs, d ue  to  in s u ff ic ie n t a g ita t io n  o f th e  im m is c ib le  phase,
i t s  fu r th e r  p a r t ic ip a t io n  in  th e  re a c tio n . W e in te n d  to  s tu d y  th is  re a c tio n  n e u tra liz a t io n  was in co m p le te , a n d  th e  re s u lt in g  lo c a l a c id ic  c o n d itio n s  le d
fu r th e r .  to  p r io r  d e b e n z y lo x y la tio n .
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E xperim ental S ection11
\  \ _____

J T  p \ .  ” 7 "  \  O-Acetylsolasodine (IV).— p-Toluenesulfonic acid (12.73 g)
was added portionwise to a solution of solasodine (11.95 g, 0.029

I J ____ 1 mol) in 650 ml of acetic acid while stirring at room temperature.
After 2 hr a further batch of p-TsOH (4.25 g) was aided to the 

I I reaction mixture and allowed to stand for 50 hr. The reaction
product was then poured into a 1%  NaCl solution (3 1.). After 

H standing overnight the precipitate was filtered, dissolved in
I (solacongestidine) R =  H CHCb, and washed successively with 2 %  NaOH solution and

II (solafloridine), R =  OH watfer;  The C1Ĥ l31^ r4aCtryi » ded ‘T o ^acetate: mp 189-190 4; [a]MD —112.7 (c 1.81, CHC13); it
(CHCU) 3400 (N H ), 1726 cm “1 ( C = 0 ) .

I A n al. Calcd for C29H45N 03 : C , 76 .44 ; H , 9 .95 ; N , 3 .07.
Found: C , 76.51; H , 9 .65 ; N , 3 .10.

I O-Acetyldihydrosolasodine (V).— O-Acetylsolasodine (10.586
^q_ q . g, 0.023 mol) was dissolved in 550 ml of M eOH-CH2Cl2 (5 :1 )

/ K . O '  and to the solution was added 3 .84 g (0.1 mol) of N aBH , while
| j  cooling. After stirring for 1 hr, ice water was added to the re-

action mixture and the aqueous phase extracted twice with CH2- 
j J Cl2. After removal of the solvent from the combined extracts,

A c O ^ ^ ^ +\ ^  the residue crystallized as leaflets (9.251 g) from ethyl acetate:
H mp 211 .5 -213°; M 20d - 6 7 .1 3 °  (c 1.08, CHCI3); ir (Nujol)

XII 3280 (NH, OH), 1734 ( C = 0 ) .
R' A nal. Calcd for C29H „N 03 : C , 76.10; H , 10.35; N , 3.06.
| Found: C, 75.76; H , 10.22; N, 3 .28.

jsj The mother liquor yielded a second crop (0.230 g) of V and
v  \  starting material, IV  (0.267 g), upon chromatography on silica

I  k  s eI-O-Acetyltetrahydrosolasodine (VI).— To a suspension of 1.20 g
I ____ | of prereduced P d-C  (10% ) catalyst in 400 ml of acetic acid was

added a solution of V (9.12 g, 0 .02 mol) in 100 ml of acetic acid.
I , J  After the absorption of 520 ml of hydrogen in 10 hr, the uptake

virtually ceased, but the hydrogenation was continued for another 
t 10 hr. The catalyst was then removed by filtration and the

III, (solasodine), R =  R =  H filtrate was poured into 2 1. of a 2%  NaCl solution.
IV, R =  Ac, R' =  H After standing overnight the precipitate was filtered, washed

p " with water, and dissolved in methanol. Sufficient 5%  NaHCOs
| solution was added to the methanol until the solution was basic

jvj and the compound was taken up in ethyl acetate. Concentration
\  of the solvent afforded 8.460 g of needles: mp 184-185°; [«]20d

1 \  N —15.0° (c 1 .02 , CHCI3); ir (CHCI3) broad band centered at
^ v / V ^ R '  3100 (OH, NH), 1725 cm “1 ( C = 0 ) .
I f  A n al. Calcd for C29H49N 0 3: C , 75.77; H , 10.74; N, 3 .05.

Found: C, 75.58; H, 10.82; N , 3 .37 .
I 5 J N-Carbobenzoxy-O-acetyltetrahydrosolasodine (VII).— O-Ace-

RO —^ ^ '  tyltetrahydrosolasodine (V I, 1.3792 g, 0.032 mol) was dissolved in
150 ml of benzene by warming. After cooling to room tempera-

V (a5), R =  Ac; R' =  R" =  H ture 70 ml of N aH C 03 (5% ) solution and 1 g (0.6 mol) of carbo-
H benzoxy chloride were added successively to the reaction mixture

OH with occasional shaking. After 4  hr another 0.5-g batch of
VI (C5a), R =  Ac;R' =  ..  ̂ *, R" — H carbobenzoxychloride was added to the reaction mixture and

H allowed to stand overnight. The benzene layer was separated,
VTT „  _  . R, _ / 0 H  R,/= phn* washed repeatedly with water, dried (Na2S 0 4), and concentrated
VII fCsa;, K — AC; K * to dryness. The residue upon chromatography on a silicic acid

_ _  ^  column and elution with benzene-ethyl acetate (10 : 1 ) yielded a
VIII (C5a), R — Ac, K — 0 ;R  — CbO colorless syrup (1.5 g) which was resubmitted to silicic acid

Villa (C o) R =  H-R' =  O R" =  CbO chromatography. The benzene-ethyl acetate (2 :1 )  eluate
° ’ ’ ’ crystallized as needles (0.9096 g) from n-hexane-benzene (1 0 :1 ):

IX (P « iR  =  H' R' _ , r " _ u  mp 127-129°; [a] 2)d —12.9° (c 1.95, CHCI3); ir (Nujol) 3498
( ’ (OH), 1738 ( C = 0 ) ,  1677 (N C = 0 ) ,  1251 cm ' 1 (COC).

g —. A nal. Calcd for C31H55N 0 5: C , 74 .83 ; H, 9 .34; N , 2 .36.
X (Ci«),R =  Ac; R, = (  ;R "  =  CbO Found: C , 74.83; H , 9 .09 ; N , 2 .46.

g _ J  In  the above reaction considerable amount of insoluble matter
' collects a t the organic and aqueous interphase. This was col-

XI (C5a), R = A c ;R '=  H2; R =H  lected and crystallized from methanol as needles, X I I  (235 mg):
rn n ti  r  u  mp 312-315° with partial sublimation at 280-290°; [a]20d

C b O - - 1 3 8 .9 °  (c 0 .83, CH Ch); ir (Nujol) 1731 ( C = 0 ) ,  1692
O ____________

( I X )  is convertible to  th e azom ethine, solacongestidine (U) Melting point9 were determined on a Kofler hot stage and are un.
(I ) , in th e m anner described ab ove.10 co rre c te d . M ic ro a n a lyse s  were p e rfo rm e d  b y  th e  M ic ro a n a ly t ic a l Services

Thus th e conversion of solasodine to  these alkaloids U n i t  o f th is  la b o ra to ry .  In fra re d  spectra  w ere  o b ta in e d  w ith  a M o d e l 421
p- i T x -  i  < ___ „ r  i T  A P e rk in -E lm e r  s p e c tro p h o to m e te r. O p tic a l ro ta tio n s  w ere  o b ta in e d  in  a

n o t Only offers ad d itio n al p roo f fo r th e  co rrectn ess  Ol th e  l_ d m  tu b e  w ith  a  M o d e l 141 P e rk in -E lm e r  p o la r im e te r. N m r  sp e ctra  were

ascrib ed  s te re o ch e m istry  an d  s tru c tu re  of th ese  co m - d e te rm in e d  on  th e  M o d e l A -6 0  V a ria n  Associates sp e c tro m e te r, us in g  CDC1*

p ounds b u t also d em o n stra te s  th e  u tility  of solasodine as as so lv e n t w i th  te tra m e th y ls ila n e  as in te rn a l s ta n d a rd  a n d  described  in  5 
r  # . J" . , .  va lue s  (T M S , 0 .0  p p m ). T h e  m ass spectra  m  these e xp e rim e n ts  have  been
a  Convenient s ta rtin g  m a te ria l to r  th e ir  p re p a ra tio n . m easured w ith  a H i ta c h i P e rk in -E lm e r  R M U -7  sp e c tro m e te r. T ic  p la tes

were p recoa ted  w ith  s ilica  gel G  a n d  purchase d  fro m  A n a lte c h , In c .,  W il-  

(10) K .  S ch re ib e r a n d  G. A d a m , Tetrahedron, 20 , 1707 (1964). m in g to n , D e l.
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( 0 C = 0 ) ;  mass spectrum 485 (M +, C3oH,70 (N ), 344, 329, 276, Further elution of the above chromatogram with ethyl acetate- 
274, 269. methanol (2 0 :1 ) yielded the desired dihydrosolafloridine (IX ,

A n al. Calcd for C30H47NO4: C, 74.18; H, 9 .75 ; N, 2 .88 . 117.8 mg), identical in every respect with the sample obtained by
Found: C, 74.33; H, 9 .75 ; N , 3 .15. procedure A.

Synthesis of Compound XII.— To a solution of O-acetyltetra- Sodium Borohydride Reduction of VIII.— Compound V III  
hydrosolasodine (VI, 195 mg) in 20 ml of ethyl acetate was added (110.5 mg) was dissolved in 10 ml of a solution of M eOH-CH2Cl2
20 ml of 5%  NaHCOs solution; the mixture was shaken. To the (5 :1 )  by warming. After cooling to room temperature, N aB II(
mixture was then added 2 ml (0.534 g) of a phosgene-benzene (108 9 mg) was added with stirring to the solution and allowed
solution with vigorous agitation. After standing overnight, the to stand for 30 min. The reaction mixture was then poured into
volatile components were removed in  vaauo and the residue 50 ml of 5%  N aH C 03 solution and extracted with ethyl acetate,
crystallized from methanol as needles (57.5 mg), mp > 3 0 0 ° . The residue obtained from the extract was chromatographed on
The compound exhibited an ir spectrum identical with the spec- silica gel. The benzene-ethyl acetate (1 0 :1 ) eluate gave colorless
trum of X II  isolated above. need.es (90 mg) after crystallization from hexane-benzene

N-Carbobenzoxy-O-acetyl-16-dehydrotetrahydrosolasodine (1 0 :1 ), mp 125-127°. The compound exhibited properties
(VIII).— Kiliani’s chromic acid reagent (1 ml, 0.0125 mol) was indistinguishable from authentic V II.
added to a solution of VII (0.7897 g, 0.0013 mol) in 25 ml of Preparation of Solafloridine (II).— The conversion of dihydro
acetone while stirring at 0 ° . Following the addition of the oxi- solafloridine (IX ) to solafloridine (II) was carried out essentially
dant, the stirring was continued overnight at room temperature. in the manner described by Schreiber and Adam .8 Compound
Methanol (10 ml) and NaHCOs solution (20 ml, 5% ) were then IX  (223.5 mg) was dissolved in 25 ml of CH2CI2 by warming,
added to the reaction mixture and extracted with CHC13. The After the solution was cooled in an ice-salt water bath, the N-
residue, after removal of the CHCI3 , was submitted to chro- chlorosuccinimide (158.3 mg) in 10 ml of CH2CI2 was added to it
matography on a silica gel column. The benzene-ethyl acetate and 'he mixture allowed to stand for 1 hr. Removal of the sol-
(100 :1 ) eluate yielded lumpy crystals (564 mg) after crystalliza- vent and chromatography of the residue on a silica gel column
tion from benzene-ra-hexane (1 0 :1 ): mp 156-158°; [c* ]20d afforded the N-chlorodihydrosolafloridine (benzene-ethyl acetate
— 83.3° (c 1.59, CHCI3 ); ir (CHCI3 ) 1734 (five-membered-ring eluate, 1 : 1) which crystallized as needles from ethanol (222 mg),
ketone +  acetyl), 1687 cm -1 (NCO). mp 254-256° (lit.8 mp ca. 280° dec).

A nal. Calcd for C37H 53NO5: C, 75.09; H, 9 .03; N , 2 .37 . A n al. Calcd for C27H46NO2CI: C, 71.73; H, 10.26: N , 3 .09.
Found: C, 75.14; H, 9 .08 ; N , 2 .46. Found: C, 71.57; H, 10.50; N , 3.00.

Dihydrosolafloridine (IX). Procedure A.— Compound V III To a solution of sodium methylate prepared from the inter -
(506 mg) dissolved in 0 ml of 2-propanol was added dropwise, in action of 70 ml of absolute methanol and 700 mg of sodium was
the span of 10 min, to 15 ml of boiling toluene containing 0.7 g added 401 mg of the above prepared N-chlorodihydro compound
of sodium metal. After the addition the mixture was refluxed and refluxed for 2 hr in a N2 atmosphere. The methanol was then
for 3 hr. When cool, a 2 J V HC1 (100 ml) solution was added to removed in  vacuo and water was added to the residue. The ethyl
the reaction mixture. This resulted in the collection of some in- acetate extract after chromatography on alumina ar.d elution
soluble matter between the organic and aqueous interphase. with ethyl acetate yielded needles after two recrystallizations
After its removal, the acidic solution was made alkaline with from ethyl acetate (79.8 mg): mp 163-164°; [a ] 20d  116.0°
NaOH (aqueous) and extracted with ethyl acetate. The pre- (c 0 .63, CHCI3 ) [lit.8 mp 168-170°; [a]20u 114.8° (c 0 .248)].
cipitate and the dried extract were combined and chromato- The properties (melting point, mixture melting point, and ir) of
graphed on alumina. The ethyl acetate-methanol (1 0 :1 ) eluate the compound were in agreement with a specimen of solaflori-
gave needles (355 mg) after crystallization from methanol. dine2 obtained from the natural source.
Tic of the acetyl derivative indicated the presence of a small N-Carbobenzoxy-O-acetyl-16-dehydrotetrahydrosolasodine
amount of the 16/S-isomeric tetrahydrosolasodine.12 Recrystal- Ethylene Dithioketal (X ).— Ethanedithiol (0 .4  ml) and B F 3
lization of IX  from methanol afforded needles: mp 280-284°; ether ate (0.4 ml) were added to a HAc (5 ml) solution of the ketone
[a]MD 24.6° (c 0.37, CHC13); ir (Nujol) broad band, centered at V III (176 mg), and the reaction mixture was kept at room
3300 (OH, N H ), 1050 cm -1 (CO). temperature for 3 hr with stirring. The reaction product after

A n al. Calcd for C27H47NO2: C, 77.64; H, 11.34; N , 3 .35 . the usual work-up was obtained as a syrup which was submitted
Found: C, 77.70; H, 11.05; N, 3.26. to chromatography over silica gel. The desired thioketal X  was

The compound was indistinguishable from the product ob- eluted with benzene-chloroform (3 :7 ) and crystallized from etha-
tained by the reduction of solafloridine (II). nol-acetone ( 1: 1)  as needles: mp 144-146°; ir (Nujol) 1250,

Procedure B .— Compound V III (319.5 mg) was dissolved in 5 1740 (OAc), 1700 cm -1 (NCbO).
ml of tetrahydrofuran and added to a solution of 100 mg of A n al. Calcd for C3t,H57N 04S2: C , 70.13; H, 8 .60 ; N, 2 .10 .
lithium in 10 ml of liquid ammonia. After 5 min, 10 ml of Found: C, 70.41; H , 8 .57; N, 2.13.
absolute ethanol was added dropwise to the reactants. The Dihydrosolacongestidine Acetate (X I).— The thioketal X  (38 
mixture stood overnight at room temperature. W ater was then mg) was dissolved in absolute ethanol (10 ml) and a large excess 
added to the reaction mixture and the resulting precipitate was of Raney nickel13 suspended in ethanol was added to it. After
filtered. The filtrate was extracted with ethyl acetate and evapo- the mixture was refluxed for 2 hr, the catalyst was filtered off
rated to dryness. The precipitate and the residue were combined and washed with chloroform. The combined catalyst washings
and submitted to chromatography on alumina. Elution with and the filtrate yielded 19 mg of a residue which when crystallized
ethyl acetate and crystallization from the same solvent afforded from ether gave needles of mp 212-215°. The compound, X I ,
needles, mp 193-195° (110 mg). Elemental analysis and spec- exhibited properties (melting point, mixture melting point, and
tra  showed it to be the deacetylated product of V III, i .e . ,  N - ir) which were in agreement with dihydrosolacongestidine
carbobenzoxy-16-dehydrotetrahydrosolasodine (V illa ). V illa  aceta'e2 derived from solacongestidine of natural origin,
possesses the following characteristics: [ a ] 20D —86.3° (c 0.87,
CHCI3 ); ir (Nujol) 3498 (OH), 1737 (five-membered-ringketone), R egistry N o .— II, 2385-18-4; III, 126-17-0; IV, 
1680 (NCbO), 750 cm ' 1 (monosubstituted benzene); nmr 6159-99-5; V, 24694-69-7; VI, 24694-70-0; V II,
(CIr C1i ) .S C lA9 H ’ s, \ 3 -6 7  ( 1  H ’ 24694-71-1; V III, 24694-72-2; V illa ,  24694-73-3;
m, C3 H ), o .lo  (2 H, OCH2Ph), 7.38 (5 H , s, Ar H s). t v - 0A&7A 7 A A. Y  ¡3 . v j  IQqvA ^A n*

A nal. Calcd for C35H 5.NO,: C, 76.46; H, 9 .35 ; N, 2.55. 24674-74-4, X , 24694-70-5, X I, 19374-54-0,
Found- C 76.72- H 9.32- N 2 62 X II, 24694-77-7; N-ehlorodihydrosolaflondine, 24694-
________  78-8.

(12) L .  H .  B rig g s  a n d  R .  H . L o cke r, J. Chem. Soc., 3020 (1950). (13) N o . 28 fro m  W . R . G race a n d  C o ., B a lt im o re , M d .
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The autoxidation of cholesterol in air is shown to proceed both via the previously recognized photoinduced 
singlet oxygen attack on the A/B-ring system to give the well-known sequence of autoxidation products of 
cholesterol, and also by a biradical oxygen attack resulting in the formation of cholesterol 20a- and 25-hydroper
oxides and their putative degradation products cholest-5-ene-3/3,25-diol, eholest-5-ene-3|8,20a-diol, chol-5-en-3/S-ol, 
pregn-5-ene-3;8,20a-diol, pregn-o-en-3/S-ol, 3/S-hydroxypregn-5-en-20-one, androst-5-ene-3(3,178-diol, androst-5- 
en-3/3-ol, and 3S-hydroxyandrost-5-en-17-one.

As a phase of our interests in the autoxidation and autoxidation products, and chol-5-en-3/S-ol (7a) from
metabolism of cholesterol,2 we examined several large air-aged cholesterol. The identities of the seven known
batches of commercial cholesterol for autoxidation steroids cholest-5-ene-3/3,20a-diol (6a), pregn-5-ene-
products. The commonly encountered cholesterol 3/3,20a-diol (9a), pregn-5-en-3/3-ol (8a), 3/3-hydroxy-
autoxidation products 3/3-hydroxycholest-5-en-7-one, pregn-5-en-20-one (10a), androst-5-ene-3/3,17/3-diol
cholesta- 3,5- dien-7 - one, cholest - 5 - ene - 3/3,7« - diol, (12a), androst-5-en-3/3-ol (11a), and 3/3-hydroxyandrost-
c h o l e s t - 5 - e n e - 3 / 3 , 7 | 3 - d i o l ,  and 5a-cholestane-3/3,5,6/3-triol 5-en-17-one (13a) were established by direct compari-
were isolated or confidently detected.3 We have sons of the steroid recovered from air-aged cholesterol
established for the first time the presence in air-aged with an authentic sample.
cholesterol of the putative primary product of the The structure of the cholane derivative 7a, surmised 
photoinduced singlet oxygen attack on cholesterol, from chromatographic and color-test behavior, infrared
3/3-hydroxy-5a-cholest-6-ene 5-hydroperoxide ( la ) ,4 and absorption spectra, and formation of a monoacetate
its rearrangement product, 3/3-hydroxycholest-5-ene 7b, was confirmed by synthesis. Chol-5-ene-3/3,24-diol
7a-hydroperoxide (2a),4d'5 from which are derived the (7c) was selectively converted to the 24-mono-p-
several secondary autoxidation products mentioned toluenesulfonate (7d) which was reduced by lithium
above.3d Although titration and chromatographic aluminum hydride to the required 24-deoxy steroid
data2*'6 suggest the presence of sterol hydroperoxides in chol-5-en-3/3-ol, identical with the suspected sample
air-aged cholesterol, their specific presence in such obtained from air-aged cholesterol,
samples has not previously been demonstrated.7 The structure of 3/3-hydroxycholest-5-ene 25-hydro-

In addition to these autoxidation products and peroxide (3a), that sterol hydroperoxide isolated from 
cholest-5-ene-3/3,25-diol (4a),9 we have isolated and air-aged cholesterol in best yield (0.1-1%), was estab-
characterized several new sterol hydroperoxides, seven lished by elemental analysis, formation of a diacetate
known steroids not previously recognized as cholesterol 3b,10 reduction by sodium borohydride to the known

................. ....  cholest-5-ene-3/S,25-diol (4a), positive peroxide color
(1) a) P a p e r V I I  o f th e  series “ S te ro l M e ta b o lis m . P a per V I :  L .  L .  ,  . „ j  , •  ,  , . r\ rr

S m ith  a n d  R . E . G o u ro n , Water Res., 3, 141 (1969). (b ) P resen ted in  p a r t  t e s t s ,  a n d  i n f r a r e d  a b s o r p t i o n  S l l O W in g  tW O  S t r o n g  U n

a t  th e  5 th  In te rn a t io n a l S ym p o s iu m  on  th e  C h e m is try  o f N a tu ra l P ro d u c ts , S t r e t c h i n g  b a n d s  a t  3 6 2 0  a n d  3 5 6 0  C m “ 1 c h a r a c t e r i s t i c

L o n d o n , J u ly  8 -1 3 . 1968 A b s tra c ts , p  360 a nd  be fo re  th e  156 th  N a tio n a l f  f l y ,  h y d r 0 X v l  a n d  h y d r o p e T O X y l  g T O U p S , r e s p e c t i v e l y .
M e e tin g  o f th e  A m e ric a n  C h e m ica l S o c ie ty , A t la n t ic  C i ty ,  N. J ., Sept 8 -1 3 , J  ~ ,  *1. ’ l L r r i  j
1968, O R G N  58. (c) S u p p o rte d  f in a n c ia lly  b y  a g ra n t fro m  th e  U .  S. P r o t o n  S p e c t r a  O f  t h e  d i a c e t a t e  3t) S n O W in g  t h e  O26- a n d

P u b lic  H e a lth  S ervice ( H E - 1 0 1 6 O). C 27 - m e t h y l  p r o t o n s  a s  a  s i x - p r o t o n  s i n g l e t  a t  1 . 2 8  p p m ,

B . R e yn o ld s , J. Chromatogr., 27, 187 (1967); (b ) J . E . v a n  L ie r  a nd  L .  L .  d e s h i e l d e d  0 . 4 1  p p m  b y  t h e  2 5 - p e r a c e t 0 X y l  g r o u p ,

S m ith , Biochemistry, 6, 3269 (1967); (c) J . E . v a n  L ie r  a nd  L .  L . S m ith , C o m p l e t e  t h e  p r o o f .  ^

Anal. Biochem., 24, 419 (1968). A  second sterol hydroperoxide 3/3-hydroxycholest-5-
(3) F o r a re v ie w  o f s te ro ids  fo rm e d  fro m  cho le ste ro l b y  a u to x id a tio n  see i  • i  . j

(a) s. B e rg s tro m , Ark. Kemi, Mineral.. Geoi, i 6A,  N o . io, i ( 1 9 4 2 ) ;  (b ) ene 20a-hydroperoxide (5a) was similarly identified,
S. B e rg s tro m  a nd  B . Sam uelsson in  “ A u to x id a tio n  a nd  A n t io x id a n ts ,"  w i t h  f o r m a t i o n  o f  a  d i a c e t a t e  5b a n d  S o d i u m  b o r o h y d t i d e

V o l. 1. W . o .  L u n d b e rg , E d „  In te rsc ie n ce  P u b lish e rs  N e w  Y o rk  N  Y  reduction to the known cholest-5-ene-3/3,20a-diol (6a), 
1961, p p  2 3 3 -2 4 8 ; (c) L .  F . F iese r a nd  M . F iese r "S te ro id s ,”  R e in h o ld  . . . , .  ,
P u b lis h in g  C o rp ., N e w  Y o rk ,  n . y „  1 9 5 9 , p p  2 3 3 - 2 3 7 ; id )  p . B ia d o n  in  positive peroxide color tests, characteristic absorption 
“ C h o les te ro l, C h e m is try , B io c h e m is try , a nd  P a th o lo g y ,”  R. P. C ook, E d ., at 3620 and 3560 Cm-1, and proton Spectra Supporting

' Z & Z Z ' J Z r Z Z * or, Liebigs the assigned structure. The C 18- and Cn-methyl group
Ann. chem., 603, 46 ( 1 9 5 7 ) ;  (b ) g . o .  Schenck a n d  o . -A .  N e u m d iie r , ibid., proton signals in the diacetate 5b were singlets de-
618, 1 9 4  ( 1 9 5 8 ) ;  (c) a . N ic k o n  a n d  j . f . B a g ii, j . Amer. chem. Soc., 83, shielded 0.18 and 0.41 ppm, respectively, by the 20a-
1498 (1961); (d ) E .  C asp i, J . B . G re lg , P . J . R a u m , a n d  K .  R . V a rm a , „ „ r n .,p t „ v v l  o - r n i i n  12
Tetrahedron Lett., 3829 (1968). p e r a C e t O X y i  g r o u p .  _

(5 ) (a) g . o. Schenck, o.-A. N e u m u iie r , a n d  w. E is fe id , Angew. chem., 70, Other, as yet unidentified, sterol hydroperoxides X i,
5 9 5  0 9 5 8 ) ;  (b ) g . o. Schenck, o.-A. N e u m u iie r, a n d  w. E is fe id , Justus v  and X 3 have been isolated and partially charac-
LiebigsAnn. Chem., 618 , 202 (1958); (c) B . L y th g o e  a nd  S. T n p p e t t ,  J . v  • ,  , , • • i  ,
Chem. Soc., 4 7 1  ( 1 9 5 9 ) . tenzed. The structure of X j, isolated in poor yield

(6) (a) j . a . F io r i t i  and  r . j . S im s, j. Amer. o il Chem. Soc.. 44, 221 (0.002%) and separated from 3a only with difficulty, as
(1 9 6 7 '; (b ) F . N e u w a ld  a n d  K . - E .  F e tt in g , Pharm. Ztg., 108, 1490 (1963);
(c) C . H o rv a th ,  J. Chromatogr., 22, 52 (1966).

(7) S te ro l h y d ro p e ro x id e s  have  been d e m o n s tra te d  c h ro m a to g ra p h ic a lly  (10) T e r t ia ry  h y d ro p e ro x id e s  are  re a d ily  a c e ty la te d  in  d is t in c t io n  to
in  ir ra d ia te d  eggs»“  a nd  in  fo rm a lin iz e d  h u m a n  bra in»b as a r t ifa c ts .  A  te r t ia r y  a lcoh o ls ; cf. E . L . S h ap iro , T .  L e g a tt ,  a n d  E . P . O liv e to , Tetra-
s tig m a s te ro l h yd ro p e ro x id e  has been iso la te d  fro m  c h e s tn u t leaves u n d e r hedron Lett., 663 (1964).
c o n d itio n s  w h ich  suggest th a t  s te ro l h y d ro p e ro x id e s  m a y  occur in  n a tu re .86 (11) C o m p a re  desh ie ld in g  o f 0 .56 p p m  in  4b b y  th e  2 5 -a c e to x y l g ro u p

(8) (a) L .  A c k e r and  H . G rave , Fette, Seifen, Anstrichm., 66, 1009 (1 9 6 3 ); w h ic h  a lso reduces th e  n o rm a l d o u b le t c h a ra c te r o f th e  C jt-  a n d  C « -m e th y l
(b ) J . E . v a n  L ie r  a nd  L .  L . S m ith , Tex. Rep. Biol. Med., 27, 167 (1969); p ro to n  s ig n a l in  ch o le s te ro l to  a s in g le t.
(c) F . G . F isch e r an d  H . M a g e r lin , Justus Liebigs Ann. Chem., 636, 88 (1960). (12) C o m p a re  desh ie ld in g  o f 0.13 and  0.30  p p m , re sp e c tive ly , b y  th e

(9) (a) L .  F . F ieser, W .-Y .  H u a n g , a n d  B . K .  B h a tta c h a ry y a , J. Org. 2 0 a -h y d ro x y l g ro u p  in  cho lest 5-ene-30,2O<»-diol; cf. A . M ija re s , D . I .
Chem , 22, 1380 (1957); (b ) A . L .  J . B e c k w ith , Proc. Chem. Soc., 194 (1958). C a rg ill,  J . A . G lasel, a n d  S. L ie b e rm a n , J. Org. Chem., 32, 810 (1967).
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, i I carbon atoms. In the same manner postulated for the
decomposition of the 7 a-hydroperoxide of cholesterol 

J  J  to give 7a- and 7/3-hydroxy- and 7-oxo derivatives,3d so
1 j  f  f  T  J f  the decomposition of the 2 0 a- and 25-hydroperoxides

might be predicted to yield related tertiary alcohol and 
0R degraded ketone derivatives.

r - rH 2k r  = hH The 3/3,25-diol 4a already recognized as an autoxida-
’ -  -  tion product of cholesterol9 must be derived from the

: J> 0R 2 25-hydroperoxide 3a. Homolysis of the peroxide
f'' "1 f  A oxygen-oxygen bond and combination of the 25-alkoxy

J /  radical thereby produced with a hydrogen radical
f I f J  JT would afford the 3/3,25-diol. A  similar argument may

be advanced to account for the presence of the 3/3,20a- 
^  Ri_H -R 2 -n H  r R i_ n .R 2 _ n W dio1 6a in air-aged cholesterol, by homolysis of the
b’ R1 = Ac; R2 = OAc b,’ R1 = Ac; R2 = OAc 20a-hydroperoxide oxygen-oxygen bond and combina-

4a R1 = R2’= h 6a’, R1 = R2 = H tion with a hydrogen radical.
b, R1 =R2 = Ac b, R1 = Ac; R2= H The degraded steroids 7a, 8a, 9a, 10a, 11a, and 12a
c, R1 = Ac;R2 = H may be derived from the 20a- and 25-hydroperoxides

| fjA  -»R° 5a and 3a b y  ch aracteristic  bond cleavage reactions
/  involving radical intermediates. Thus, the 25-alkoxy

1 1 J  I. I radical obtained from the 25-hydroperoxide 3a by
| | CH,R2 | jy homolysis, on /3 scission of the C 25-C 26 bond, might yield

3/3-hydroxy-27-norcholest-5-en-25-one, a product not 
7a R' =  R2 =  H 8a R1 =  R2 =  H detected in air-aged cholesterol in our studies despite a
b’ ri = Ac; R2 = H b, RI=Ac;R2=H search for it. However,/3 scission of the C 24- C 25 bond
c, R' = H;R2 = OH 9a, R1 = H; R2 = OH leading to a cholene 24 radical could then result by
d, R1=H;R2 =  OTs b, R1 =  Ac; R2 =  OAc combination with a hydrogen radical in the formation

\ of chol-5-en-3/3-ol, which product was indeed isolated
^^2 from air-aged cholesterol.

j  J [ j In the case of the 20a-hydroperoxide 5a, /3 scission of
the C 20- C 22 bond in the 20a-alkoxy radical derived from  

^ J k J k ^ J  i. J 5a by homolysis should result in formation of the 20
R0  R'O ketone 10a, which product was isolated in our experi-

10a, R=H 11a, R1 = R2 = H mems. The presence of the 17 ketone 13a in air-aged
fc, R = Ac h, R| = h°R^-OH cholesterol may be accounted for by a similar sequence

b R1 = Ac-R2"= OAc °f  radical reactions on a postulated cholesterol H a -
hydroperoxide not isolated in our present work. 14

/ \ ___Scission of the C 17- C 20 bond of the 2 0 a-alkoxy radical
I I \ derived from the 20a-hydroperoxide 5a would give a

[ 17 radical which on combination with a hydrogen
radical would lead to androst-5-en-3/3-ol, and with a 

13 R _H  hydroxyl radical would give the 3/3,17/3-diol 12a.
b R = Ac Both androstane derivatives were found in air-aged

cholesterol. The similarly related pregnanes 8a and 
a cholesterol hydroperoxide was supported by high 9a may be viewed as originating from the 25-alkoxy
resolution mass measurement, positive peroxide color radical initially formed from the 25-hydroperoxide 3a,
tests, strong absorption at 3620 and 3560 cm-1, and with a 1,5 migration of a 22 hydrogen via a cyclic
sodium borohydride reduction to a new sterol diol not transition state to yield a 25-hydroxy 2 2  radical which
as yet identified. However, this sterol diol is not undergoes scission of the C20- C 22 bond to yield a preg-
identical with the recently prepared cholest-5-ene- nane 20 radical and the fragment 2-methylpent-4-en-
3/3,17a-diol13 or with 20-isocholest-5-ene-3/3,20/3-diol, 12 2-ol. The 20 radical would afford pregn-5-en-3/3-ol on
thus ruling out prospective 17a- or 20-iso-20/3-hydro- combination with a hydrogen radical, the 3/3,20a-diol
peroxide structures for X j. Amounts of the other 9a on combination with a hydroxyl radical. Notably,
sterol hydroperoxides X 2 and X 3 obtained were in- no pregn-5 -ene-3 /3,2 0 /3-diol was detected in our search
adequate for further chemical studies. of air-aged cholesterol. Accordingly, the 20-radical

The presently observed autoxidation of cholesterol obtained on scission of the C 2G-C22 bond retains con-
in the side chain is in clear distinction to previously figuration long enough for stereospecific recombination
described photoinduced singlet oxygen oxidation of with hydroxyl radicals to give 9a. In support of this
cholesterol in the A /B  ring system. Formation of formulation we have detected by gas chromatography
the tertiary hydroperoxides 5a and 3a suggests that the and mass spectrometry the postulated fragment 2-
autoxidative process involved is that of biradical 
oxygen attack at the preferred tertiary 2 0 a- and 25-

(14) C o occurren ce o f pregnane 17« -h yd ro p e ro x id e s  and re la te d  17 
ketones d e rive d  th e re fro m  has been n o te d ; cf. W . P . S ch ne ider and  D .  A , 

(13) N .  K .  C h a u d h u r i,  R . N ich o lso n , a nd  M . G u t,  A b s tra c ts  o f P apers, A y e r, Proceedings o f th e  2 nd  In te rn a t io n a l Congress on  S te ro id  H o rm o n e s .
158 th  N a tio n a l M e e tin g  o f th e  A m e ric a n  C h e m ica l S o cie ty , N e w  Y o rk ,  M ila n ,  M a y  2 3 -2 8 , 1966, E x c e rp ta  M e d ic a  F o u n d a tio n , A m s te rd a m , 1967,
N .  Y . ,  S e p t 7 -1 2 , 1969. p p  254-260.
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! by Wilson Laboratories, Chicago, 111.), obtained as 10-g samples
in unopened original brown glass vials sealed with cork and wax 

| j 1 at manufacture, thus of an authenticated age of 20 years.
,— x  s '  Other commercial lots were used for additional isolation work to
| i j | secure larger amounts of products. Highly purified cholesterol

heated as a thin layer in an oven in the dark at 100° for 7 days 
O—OH afforded accelerated formation of the sterol hydroperoxides and

the characteristic degradation products. The hydroperoxides 
3® 3a and Sa and associated degradation products could be detected

j in such pure cholesterol after 2 days of heating. At this point
▼ thin layer chromatograms of air-heated cholesterol resembled in

1 _ detail the chromatograms of naturally air-aged cholesterol.17
S  ______ ,— Prolonged heating led to increased difficulties in fractionation and
I I I  \ s  to lower yields of the sterol hydroperoxides. The best hydro-

^ ^  peroxide yields were obtained after heating pure cholesterol for
I J  5 -7  days with recrystallization of the oxidized batch from metha-

Y  _ nol and recovery of the oxidation products in the methanol mother
j \  I liquor. The pure cholesterol was again subjected to heating for

\  5-7 da7s and recrystallization from methanol. The methanol
I J  J  mother liquors from five such 5-7-day heating periods were com-

s ' ^ y S ^ s '  s  bined for fractionation. Yields of the hydroperoxides 3a and 5a 
J_ I varied in these heating experiments between 0.001 and 0 .1% ,

with the 25-hydroperoxide 3a predominating over 5a and other 
OH hydroperoxides by a 10- 100-fold factor, 

ii Fractionation Procedure.— Batches of air-aged cholesterol
. (10-1000  g) were repeatedly recrystallized from methanol so as

/  to give cholesterol and methanol mother liquors containing the
autoxidation products. Exposure to light and air was minimized 

\ 3 during all phases of fractionation, and thin layer chromato-
graphic monitoring at each step suggested that the composition

p ' ------- (  of autoxidation products was not altered appreciably. The
jl __ JL JL J .oh autoxidation products were partitioned between methanol-

8® ■*—  [ — *■ hexane to remove apolar material (19%  by weight, containing
cholesta-3,5-dien-7-one) and diethyl ether-0.1 N  sodium hy- 

HO droxide solution to remove acidic material (16%  by weight).
iii The thoroughly washed and dried ether solution was evaporated

„ , - , , ■ , , , under vacuum to vield a mobile oil enriched in autoxidation
methvlpent-4-en-2-ol in odorous material condensed products of our interest.
from air-aged cholesterol. Chromatography on silica gel using benzene-ethyl acetate

The presence of androstane, pregnane, and cholane gave select fractions containing la , 3a, 5a, X i, 4a, 6a, 7a, 8a, 9a,
derivatives in air-aged cholesterol has not been noted 10a> l l a > 12a> and l3 a < free from polar sterols (2b, etc.) but still
heretofore. Examination of commercial cholesterol of G a in in g  cholesterol. Fractional crystallization from benzene

recen t m an u factu re  or of purified cholesterol fo r these
derivatives was without success. The controlled “ t - i ( E
production of th e  hydroperoxides 3a and 5a in  high- on Sephadex L H -2 0 16b (P h a rm a c ia  F in e  C h em ica ls  In c .,  U p p sa la ) were

p u ritv  cholesterol heated  in  air can  be observed chro- co n d u cte d  as described elsewhere in  d e ta il.  C h ro m a to g ra p h ic  b e h a v io r  fo r
^  i j .1 •, , s te ro id s  is  g ive n  in  th e  o rd e r: th in  la y e r m o b il i ty  in  b e n z e n e -e th y l a ce ta te
matographically, and the concomitant formation of the (3 ;2 )  as values w ith  cho le s te ro l as u n i t  m o b il i ty ;  co lo r response to  5 0 %

degraded steroids may also be observed in such samples. s u lfu r ic  a c id , in  parentheses; re la tiv e  re te n tio n  t im e s  (rx ) on  3 %  Q F -1  and

We regard these observations as strong evidence that ° n  s e -so , w ith  cho le ste ro l se rv in g  as u n i ty
® °  , .  (16) (a) J. E . v a n  L ie r  a nd  L . L . S m ith , J. Chromatogr., 36, 7 (1968);

the degraded androstane, pregnane, and cholane (b ) j .  e . v a n  L ie r  and l . l . S m ith , ibid., 4 1 , 3 7  (1969).

d erivatives iso lated  from  air-aged cholesterol be derived (17) V e ry  com plex th in  la y e r ch ro m a to g ra m s re s u lt,“ .»« S te ro l h y d ro -

to m  the 20a- and 25-hydroperoxides 5« an d3a formed
in tu rn  b y  b irad ical a tta c k  of tr ip le t oxygen on choles- io d id e -s ta rc h  and  fe rro u s  th io c y a n a te  co lo r te s ts  fo r  pe ro x id e s .18 C o lo r

tero l in th e  solid s ta te  responses to  5 0 %  s u lfu r ic  a c id  were n o t s u ff ic ie n tly  d is t in c t iv e  fo r  c o n fid e n t
re c o g n itio n  o f th e  h y d ro p e ro x id e s  in  m ix tu re s . A s  an  a d ju n c t  m eans o f 
re c o g n itio n  o f s te ro l h yd ro p e ro x id e s  on  th in  la y e r c h ro m a to g ra m s a 2 -1 0 -/ig  

17 • - 1 C A r f i n r i 15 sam ple o f m ixe d  stero ls was s p o tte d  as usua l, a n d  5 fd o f a fre s h ly  p re p a re d
i s x p e n m e m a i  O c C  O j  %  s o lu tio n  o f sod iu m  b o ro h y d rid e  in  m e th a n o l was c a re fu lly  s p o tte d  d ire c t ly

„ i j  o ve r th e  sam ple spo t. A f te r  th e  m e th a n o l e v a p o ra te d  th e  c h ro m a to p la te
Cholesterol Samples: .-In it ia l  isolation work was done with a was irrigated as usual with benzenMthyl acetate (3.2) and visuaiized with

lot of cholesterol distributed by Pfanstiehl Laboratories, Wauke- 5 0 %  s u lfu r ic  ac id . C a re fu l co m p a riso n  o f th e  b o ro h y d rid e  reduced ch ro -
gan, 111. (lot 1669, mp 147—148 at time of manufacture in 1947 m a to g ra m s vs. th e  same sam ple  n o t  reduced before  ir r ig a t io n  p e rm itte d
------ ------------------- - re c o g n it io n  o f a change in  m o b il i ty  a nd  o f co lo r-te s t response fo r  th e  s te ro l

(15 ) M e lt in g  p o in ts  were ta k e n  o n  a c a lib ra te d  K o fle r  b lo c k  u n d e r  hyd ro p e ro x id e s , whose m o b ilit ie s  a fte r  re d u c tio n  m a tch e d  id e n tic a l ly  those
m ic ro sco p ic  m a g n if ic a tio n . O p tic a l ro ta tio n s  were o b ta in e d  on 0 .5 -1  %  so lu - o f th e  k n o w n  h y d ro x y la te d  ch o le s te ro l re ference sam ples. A lth o u g h  th e
t io n s  in  c h lo ro fo rm . In fra re d  a b s o rp tio n  spectra  were recorded o ve r th e  s te ro l h y d ro p e ro x id e s  Sa, Sa, X i,  and  X .  are  n o t w e ll reso lved fro m  one
range  o f 400 -4 0 0 0  c m -1 w ith  a  P e rk in -E lm e r  M o d e l 337 s p e c tro p h o to m e te r a n o th e r on  a d s o rp tio n  m ode th in  la y e r ch ro m a to g ra m s, th e  reduced d e riv a -
e q u ip p e d  w ith  a bea m  condenser, us in g  1,5 -m m -d ia m e te r p o ta ss iu m  b ro m id e  tiv e s  4a a n d  6a and  th e  a lco h o l d e riv e d  fro m  X i  are  re a d ily  reso lved th e re b y ,
d isks  o r as 0.003 M  s o lu tio n s  in  ca rb o n  te tra c h lo r id e  (1 -m m  p a th ) . P ro to n  th u s  p e rm it t in g  d ire c t t h in  la y e r c h ro m a to g ra p h ic  an a lys is  o f th e  co m p o s itio n
spectra  were recorded  o n  1 5 %  s o lu tio n s  in  d e u te r io c h lo ro fo rm  u s in g  a V a r ia n  o f a g ive n  m ix tu re  c f  s te ro l h yd ro p e ro x id e s  c o n ta in in g  3a, Sa, a n d  X i .
In s tru m e n ts  M o d e l A -6 0 A  sp e c tro m e te r. C h e m ica l s h ifts  were reco rd e d  in  T h in  la y e r c h ro m a to g ra p h ic  m o b il i t y  a n d  c o lo r  response to  s u lfu r ic  acid
p a rts  p e r m ill io n  d o w n fie ld  f ro m  a n  in te rn a l re ference o f te tra m e th y ls ila n e . ch a ra c te rize  th e  h y d ro p e ro x id e s  a n d  th e ir  respective  b o ro h y d rid e  re d u c tio n
H ig h -re s o lu tio n  m ass sp e c tra  w ere  o b ta in e d  on  a C E C  M o d e l 21-110B  mass p ro d u c ts  as fo llo w s : la ,  0.59 (g re e n -b lu e ); 2a, 0 .64 (g re e n -b lu e ); 3a, 0.84
s p e c tro m e te r, m e d iu m -re s o lu tio n  mass spectra  on  a n  L K B -9 0 0 0  m ass (b ro w n -re d ) ; Sa, 0.93 (g ra y -b ro w n ) , X i ,  0.95 (g ra y -b ro w n ) , X , ,  0 .82 (g ra y -
s p e c tro m e te r. E le m e n ta l ana lyses were p e rfo rm e d  b y  th e  H u ffm a n  L a b o ra -  b ro w n );  X», 0.62 (b ro w n -re d ); l b ,  0.35 (s k y  b lu e ); 2 b , 0.22 (s k y  b lu e ),
to rie s , W h e a tr id g e , C o lo . choieat-5-ene-3/3,7(J-diol, 0.27 (sky  b lu e ); 4a, 0.57 (p u rp le -b lu e ); 6a, 0.88

A sce n d in g  th in  la y e r  c h ro m a to g ra p h y  was co n d u cte d  w ith  b e n ze n e - (g re e n -b lu e ); X i  a lcoh o l, 0.77 (re d -b ro w n ); X ,  a lcoh o l, 0 .74 (g re e n -b lu e ), 
e th y l a ce ta te  (3 :2 )  on  s ilica  ge l H F 231 c h ro m a to p la te s  us ing  te ch n iq u e s  X i  a lcoh o l, 0.24 (g ra y -b ro w n ).
p re v io u s ly  described .“  V is u a liz a tio n  o f s te ro ids  was b y  m eans o f 5 0 %  (18) D . W a ld i in  “ T h in -L a y e r  C h ro m a to g ra p h y , A  L a b o ra to ry  H a n d -
aqueous s u lfu r ic  ac id  s p ra y . Gas c h ro m a to g ra p h y  was cond ucted  on 3 %  b o o k ,”  E . S ta h l, E d ., S p rin g e r-V e rla g , B e rlin ,  1965, p p  483-502.
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removed cholesterol and afforded 6 g of 4a (from 1 kg of air-aged Androst-S-en-3/3-ol (11a).— The first-eluted alcohol 11a was
cholesterol). Rechromatography of the benzene mother liquors recromatographed on 3%  QF-1 and identified by spectral and
of silica gel with benzene-ethyl acetate gave a more mobile chromatographic data: 5™,' 3400, 1620, 1050 cm -1; R c  0.98
fraction containing the steroids of our interest and a more polar (magenta); r? 0 .21 , 0 .10 ; identical in these properties with
fraction containing the 5a-hydroperoxide la , 4a, 9a, and 12a. authentic 11a, mp 130-134° (lit.20 mp 131°), prepared by lithium

3(3-Hydroxy-5a-cholest-6-ene 5-Hydroperoxide (la) and 3/3- aluminum hydride reduction of 3/3-acetoxyandrost-5-en-17/3-ol 
Hydroxycholest-5-ene 7a-Hydroperoxide (2a).— The more polar p-toluenesulfonate.
sterol fraction was shown to contain la  by thin layer chromatog- Acetylation of 11a with acetic anhydride-pyridine in the usual
raphy, both by direct observation and by the borohydride reduc- fashion with purification by preparative gas chromatography,
tion procedure. Gas chromatography showed cracking patterns gave the monoacetate, crystallized from chloroform to give pure
characteristic of authentic la  (peaks at it  0.53 and 0.47 on 3%  l ib , mp 8 9-92°, not depressed on admixture with authentic l ib ,
Q F-1). The fraction was chromatographed on Sephadex LH -20 mp 90-92° (lit.20 mp 9 1 -9 3 °); 1730, 1620, 1240, 1030 cm -1 ;
in neat methylene chloride, but the hydroperoxide recovered was R c  1.55 (magenta); rT 0.31, 0 .16 ; identical in these properties
2a, recrystallized from hexane-diethyl ether, mp 154—158° dec with authentic l ib .
(lit. mp 154° dec,5a 154-155° dec,50154-156.5° dec,5b 154^156°4d); Pregn-5-en-3(3-ol (8a).— The middle component resolved on
I'm« 3400, 1620, 1050 cm -1, different from spectra of la . Gas 3%  QF-1 gas chromatographic columns of mixtures of 11a, 8a,
chromatography gave a decomposition pattern characteristic and 7a was the alcohol 8a, crystallized from diethyl ether;
of authentic 2a (rr 0.47 and 4 .70 , due to 3/3-hydroxycholest-5- 3400, 1620, 1050 cm -1; R c 0.96 (magenta); it 0 .31 , 0 .21 ;
en-7-one). Authentic la  [mp 149-151° dec (lit. mp 142° dec,43 identical in these properties with authentic 8a, mp 135-136°
148-149° dec,4b 145-148° dec,5b 149 .5 -150 .5°,40 147-149°4d); (lit 20 mp 134-136°), prepared by lithium aluminum hydride

3400, 3200, 1620, 1040, 1020 cm -1] subjected to similar reduction of the 20<*-p-toluenesulfonate 3/3-acetate diester of 9a.
chromatography was completely isomerized to 2a, mp 154-158°. Acetylation of 8a isolated from air-aged cholesterol with acetic

Chromatography on Sephadex LH-20.— The more mobile anhydride-pyridine in the usual manner, followed by purification
fraction containing autoxidation products of our interest was by preparative gas chromatography and recrystallization from
chromatographed with methylene chloride-acetone (9 :1 )  on chloroform, gave the 3/3-monoaeetate 8b, mp 147-148°, not
Sephadex LH -20,15b a key procedure in the resolution of the depressed on admixture with authentic 8b, mp 148-150° (lit.20
hydroperoxides. Group fractions obtained in order were (A) mp 147-150°); ¡ £ r 1730, 1620, 1240, 1030 cm -1; R c 1.56 (ma-
cholesterol, monohydroxy steroids (7a, 8a, 11a), and hydroxy genta); rT 0.52, 0 .29 ; identical in these properties with authentic
ketones (10a, 13a), together with the 3/3,20a-diol 6a; (B) the 8b.
polar diol fraction (4a, 9a, 12a); and (C) the substantially Chol-5-en-3/3-ol (7a). (A) From Air-Aged Cholesterol.— The
retarded hydroperoxide fraction (3a, 5a, X i, X 2, X 3). third component effluxed from the preparative gas chromatogram

After fractional crystallization of more cholesterol from the A of the mixture of 11a, 8a, and 7a was 7a, crystallized from diethyl
fraction the material was subjected to Girard T  separation.19 ether, mp 120-125°, depressed from gas chromatography;
From the ketonic fraction after preparative thin layer chromatog- 3400, 1620, 1060, 1040 cm -1; R c 1.00 (magenta); rT 0 .62 , 0.47;
raphy using benzene-ethyl acetate (3 :2 )  there was isolated the identical in these properties with authentic 7a prepared under
two ketones, 10a and 13a. (B) below.

33-Hydroxypregn-5-en-20-one (10a).— Material from the more (B) From 3/3-Acetoxychol-5-enic Acid.—A solution of 2 g of
mobile band from the preparative thin layer chromatogram was 3/3-aeetoxychol-5-enic acid in diethyl ether was refluxed overnight
eluted with methanol-chloroform (1 : 2 ) and recrystallized from with excess lithium aluminum hydride. The mixture was poured
hexane-diethyl ether to give 10a, 12 mg, mp 191-192°, not de- onto ice, acidified with 50%  hydrochloric acid, and extracted
pressed on admixture with an authentic sample (lit.20 mp 188- twice with 100-ml portions of diethyl ether. The pooled ether
194°); 3420, 1690, 1620, 1060 cm -1; R c  0 .74 (red-orange); extracts were washed with water, dried over anhydrous sodium
rT 0.97, 0 .33 ; identical in these properties with authentic 10a. sulfate, and evaporated under vacuum. Crystallization of the 

Acetylation with acetic anhydride-pyridine in the usual manner residue from ethyl acetate gave 1.2 g of the 3/3,24-diol 7c, mp
gave the monoacetate 10b, mp 145.0-145.5°, not depressed on 194-196° (lit.20 mp 193-195°). A solution of 10 g of 7c in 25 ml
admixture with authentic 10b (lit.20 mp 145-150°); ¡v „  1720, of dry pyridine at 0° was treated with 5 g of p-toluenesulfonyl
1690, 1620, 1240, 1030 cm -1 ; R c  1.42 (red-orange); it 1.50, chloride. The progress of the reaction was monitored by thin
0.49; identical in all respects with authentic 10b. layer chromatography and the reaction was terminated by pour-

3¡3-Hydroxyandrost-5-en-l7-one (13a).— The more polar com- ing into ice when about half complete. The precipitate obtained
ponent from the Girard ketonic fraction eluted from the thin was filtered, washed with water, dried under vacuum, and re
layer chromatoplate with methanol-chloroform (1 :2) was re- dissolved in diethyl ether. Without separating the 3/3,24-diol 7c
covered by preparative gas chromatography. Only a very small and the 24-mono-p-toluenesulfonate 7d, the reaction mixture was
amount of this sample could be obtained, mp 125° (lit.20 mp refluxed overnight with excess lithium aluminum hydride and
145-150°), and further purification to a satisfactory melting worked up in the manner described above, yielding a mixture of
point could not be achieved. Authentic 13a subjected to prepara- 7a and 7c. After chromatography on silica gel using hexane-
tive gas chromatography on 3%  QF-1 in the same manner likewise diethyl ether (7 :3 ) , there was obtained 160 mg of pure 7a, mp
exhibited the characteristic, depressed melting point. Identity of 127-130°; ¡ w  3400, 1620, 1060, 1040 cm “1; R c 1.00 (magenta);
the sample was assured on other criteria: 3420, 1740, 1730, rT 0.62, 0 .47.
1620 ,1060 c m -1; R c 0.65 (purple red); rT 0.75, 0 .2 1 ; identical A nal. Calcd for C2(H,0O (344.56): C, 83.66; H , 11.70.
in these properties with authentic 13a. Found: C, 83.60; H , 11.83.

Acetylation of the material with acetic anhydride-pyridine in Chol-5-en-3/3-ol 3/3-Acetate (7b). (A) From Air-Aged Choles-
the usual manner gave a product recovered by gas chromatog- terol.— The sample of 7a recovered from air-aged cholesterol was
raphy and crystallized from chloroform, identified as the mono- acetylated with acetic anhydride-pyridine in the usual manner
acetate 13b, mp 165-1(0° (lit.20 mp 168—172°); 1730, 1740, to give the monoacetate 7b, recrystallized from chloroform, mp
1745, 1620, 1240, 1020 cm -1; R c  1.26 (purple-red); r^ 1.16, 125-128°, not depressed on admixture with authentic 7b;
0.30; identical in these properties with authentic 13b. 1725, 1620, 1250, 1040 cm “1; R c  1.57 (magenta); rT 1.16, 0 .70 ;

The Girard nonketonic fraction was chromatographed on a identical in all respects with authentic 7b.
2-mm thick silica gel P F 25( chromatoplate to resolve the alcohols (B) From Synthesis.—Acetylation of 7a derived by synthesis 
7a, 8a, and 11a with mobility of cholesterol from the diol 6a. with acetic anhydride in the usual fashion gave an acetylated
The mixed alcohols were eluted together and resolved by gas product which after chromatography on silica gel was recrystal-
chromatography on 3%  Q F-1, giving chromatographically pure lized from methanol, yielding 40 mg of pure 7b, mp 127-129°;
preparations but with melting points some 5 -1 0 ° below those of ¡w,' 1725, 1620, 1250, 1040 cm“1; Rc 1.57 (magenta); rT 1.16,’
authentic samples. 0 .70.

A n al. Calcd for C26H ,20 2 (386.60): C, 80.77; H , 10.95.
Found: C , 80.86; H, 10.78.

(19) J. J . Schneider, J. Biol. Chem ., 183, 3 6 5  (1 9 5 0 ) ;  194, 3 3 7  (1 9 5 2 ) .  Cholest-5-ene-3/3,20a:-diol ( 6 a ) .  (A) From Air-Aged Choles-
(20) M e lt in g  p o in ts  o f w e ll-k n o w n  s te ro ids  are ta k e n  fro m  th e  com pen- te r o 1 '— The second, less mobile band on the preparative thin

d iu m , J. Jacques, H . K a g a n , G . O urisson, “ Selected C o n sta n ts , O p tic a l layer chromatogram of the nonketone fraction from which 11a,
R o ta to ry  P o w er. Ia .  S te ro id s ,’ ’ V o l. 14 o f “ T ab les  o f C o n s ta n ts  a n d  N u -  8a, and 7a had been isolated gave the 3(3,20a:-diol 6a on rechro-
m e ric a l D a ta ,”  S. A lla rd , E d ., P e rg a m o n  Press, O x fo rd , 1965. matography, crystallized from hexane-ethyl acetate; 3400,
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1620 .1060  cm -1; R c  0.03 (green-blue); rr 2 .09 , 1.56; identical A nal. Calcd for C31H 50O5 (502.73): C, 74.06; H, 10.03. 
in these properties with authentic 6a. A sample of the 20a- Found: C, 74.11; H , 10.29.
hydroperoxide 5a reduced in methanol with sodium borohydride Proton spectra of 3b included signals at (6 in ppm) 0.70 (3 H, 
also gave the 30,2Oa-diol 6a, identified by spectral and chro- Cis protons), 0.93 (d, J  =  5 Hz, 3 H, C2i protons), 1.05 (3 H,
matographic properties with authentic 6a. Cis protons), 1.28 (6 H , C26 and C27 protons), 2.05 (3 H, 30-

Acetylation of 6a derived from air-aged cholesterol and of 6a acetoxyl protons), 2.08 (3 H , 25-peracetoxyl protons), 4.63 (m,
derived by borohydride reduction of 5a with acetic anhydride- W '/i =  25 Hz, 1 H , 3a proton), 5 .36 (d, J  =  4  Hz, 1 H , C6-
pyridine in the usual manner gave the 30-monoacetate 6b, purified vinyl proton). For comparison cholest-5-ene-30,25-diol 30,25-
by gas chromatography, mp 153-157°, not depressed on admix- diacetate (4b): 0.69 (3 H, Ci8 protons), 0.95 (d, J  — 5 Hz, 3 H,
ture with authentic 6b (lit.20 mp 156-157°); 5^,(3570, 1720,1620, C2i protons), 1.32 (3 H, Ci9 protons), 1.43 (6 H , and C27
1260 ,1030  cm -1; R c  1.40 (green-blue); rT 3.00, 2 .21 ; identical protons), 1.95 (S H , 25-acetoxyl protons), 2.02 (3 H, 30-acetoxyl
in all respects with authentic 6b. protons), 4.63 (m, W i/2 =  25 Hz, 1 H , 3a proton), 5.35 (d, J  =  4

Chclest-5-ene-30,25-diol (4a).— The diol fraction (B ) from the Hz, 1 H, C«-vinyl proton); and cholesterol acetate: 0.70 (3 H,
Sephadex LH -20 column contained 4a, 9a, and 12a together with Cis protons), 0.87 (d, J  =  7 Hz, 6 H , C26 and C27 protons), 0.91
unidentified components. Fractional crystallization of the mix- (d, J  =  6 Hz, C2i protons), 1.04 (3 H, C13 protons), 2.03 (3 H, 
ture from ethyl acetate gave 4a, mp 172-176°, not depressed on 30-acetoxyl protons), 4.60 (m, W y 2 =  25 Hz, 1 H , 3a proton),
admixture with authentic 4a (lit.20 mp 172-183°); f™,' 3330, 5.38 (d, J  =  4 Hz, 1 H, C6-vinyl proton).
1620 .1060  cm -1; R c 0.57 (purple-blue); rT 2.38, 1.64; identical 30-Hydroxycholest-5-ene 20a-Hydroperoxide (5a).—The
in these properties with authentic 4a. The total yield of 4a from mother liquor containing 5a, X t, X 2, and X 3 after isolation of 3a
this and other fractions was 15 g/kg of air-aged cholesterol. was chromatographed on silica gel and then on Sephadex LH-20

Reduction of 3a (50 mg) in methanol by sodium borohydride using neat methylene chloride. From the appropriate fractions
gave 4a (28 mg), mp 180 .5-181.5°, not depressed on admixture 5a was recovered by crystallization (80 mg), and rechromatog-
with authentic 4a, identical by spectral and chromatographic raphy of the mother liquor afforded 40 mg of 5a (120 mg/kg of
comparison with authentic 4a . air-aged cholesterol), mp 146 .0-149 .5°; [a]D —66 ° (c 0 .714);

Acetylation of 10 mg of 4a from air-aged cholesterol with acetic >w  3400, 1630, 1050 cm -1; 3620, 3560 cm -1; R c  0.93
anhydride-pyridine in the usual manner gave the 30-monoacetate (gray-brown).
4c, mp 139-140°, not depressed on admixture with authentic 4c A n al. Calcd for C27H460 3 (418.63): C, 77.46; H, 11.07.
(lit.20 mp 138-142°); 3450, 1730, 1620, 1250, 1030 cm -1; Found: C, 77.67; H , 10.99.
R c  1.11 (purple-red); rT 3.82, 2 .32 ; identical in all respects with 30-Acetoxychclest-5-ene 20a-Hydroperoxide 20a-Acetate (5b).
authentic 4c. A sample of 4c, mp 139-140°, derived from 3a, was —Acetylation of 5a with acetic anhydride-pyridine in the usual
similarly identified by spectral and chromatographic data. fashion gave the diacetate 5b, chromatographed on silica gel and

Pregn-5-ene-30,2Oa-diol (9a).— The mother liquor remaining recrystallized from methanol, 30 mg, mp 7 5 -8 0 °; [ a ]D  - 0 .3 °
after crystallization of 4a was chromatographed on Sephadex (c 0 .556); vmxx 1770, 1720, 1630, 1250, 1190, 1030 cm 1; R c  1.52
LH-20 and the fractions containing 9a still contaminated with (gray-brown). A characteristic decomposition pattern was ob-
4a were resolved on thin layer chromatoplates using benzene- tained on gas chromatography of 5b.
ethyl acetate (3 :2 ) , thus yielding 9a, 8 mg, crystallized from A n a l .  Calcd for CsiHsoOs (502.71): C, 74.06; H, 0.03.
ethyl acetate, mp 183-184°, not depressed on admixture with Found: C, 73.80; H , 10.10.
authentic 9a (lit.20 mp 177-184°); 3400, 1620, 1050 cm -1; Proton spectra (i in ppm) of 5b included 0.88 (3 H, C ,8
R c  0.41 (red-purple); rT 0 .72, 0 .38; identical in all respects with protons), 0.89 (d, J  =  6 Hz, 6 H, C26 and C27 protons), 1.03 (3 H,
authentic 9a. Ch protons), 1.32 (3 H, C2i protons), 2.01 (3 H, 20a-peracetoxyl

Acetylation of 9a with acetic anhydride-pyridine in the usual protons), 2 .04 (3 H, 30-acetoxyl protons), 4.60 (1 H, 3a proton),
manner gave the diacetate 9b, purified by additional thin layer 5.38 (1 H, Ca-vinyl proton).
and gas chromatographv, mp 143—144°, not depressed on admix- Unidentified Cholesterol Hydroperoxide (Xi). After elution
ture with an authentic"sample of 9b (lit.20 mp 142-147°); of the 20a-hydroperoxide 5a from the second Sephadex LH-20
1730, 1620, 1250, 1030 cm -1; R c 1.44 (red-purple); rT 1.74, chromatographic column a small fraction containing X i contami-
0 .74; identical in all respects with authentic 9b. nated with 3a and 5a was recovered. Continued elution of the

Androst-5-ene-30,170-diol (12a).— The 30,170-diol 12a was column gave more 3a (300 mg). Rechromatography of the mixed
eluted after 9a from the Sephadex LH -20 column of the diol hydroperoxide fractions on Sephadex LH -20 and on silica gel,
fraction (B ). After thin layer chromatography and recrystalliza- using a 0 -5 %  linear gradient of ethyl acetate in benzene, gave
tion from ethyl acetate and from hexane-ethyl acetate the pure fractions of X , free from 3a and 5a. After recrystallization of the
sample was obtained, ir.p 178-179°, not depressed on admixture hydroperoxide from benzene-ethyl acetate there was obtained
with authentic 12a (lit.20 mp 174-184); 3400, 1620, 1050 30 mg of pure Xi free from 3a and 5a, mp 160-164°; 3400,
cm -1; R c  0.41 (red-purple); rx 0 .4 4 ,0 .2 2 ; identical in all respects 1630 ,1050  cm ';  Pmax‘ 3620, 3560 cm ' ;  Rc 0.95 (gray-brown);
with authentic 12a. it gave a characteristic decomposition pattern on gas chromatog-

Acetylation of 12a with acetic anhydride in the usual manner raphy. ^  tt _
gave the 30,170-diacetate 12b, mp 158 .0-159.5°, not depressed A nal. Calcd for C27H 460 3: M , 418.3446. Found: M ,
on admixture with authentic 12b (lit.20 mp 156-158°); f™,' 17.30, 418.3473. _ .
1620 1250 1040 cm -1; R c  1-32 (red-purple); tt 1.13, 0 .45 ; Acetylation o: 15 mg of X i with acetic anhydride-pyridine at 
identical in’all respects with authentic 12b . room temperature overnight in the usual manner afforded a prod-

30-Hydroxycholest-5-ene 25-Hydroperoxide (3a).— The re- uct wnich migrated as a single component on thin layer chromato-
tarded hydroperoxide fraction (C) from the key Sephadex LH -20 grams (R c  1.50) but which was resolved into two steryl acetate
chromatographic column contained 3a, 5a, X i, X 2, and X 3. components on gas chromatography: X ,-a , 68 % , rT, 4.75 , 2 .43;
Crystallization of the hydroperoxide fraction from ethyl acetate Xi-b, 32% , rT 4.28, 2.16 not worked on further,
afforded 1.2 g of 3a (from 1 kg of aged cholesterol), mp 157-158°; A sample of mixed hydroperoxides enriched in X , was reduced
[a]n - 3 9 ° (c 0 .94 ); ? £  3400, 3270 (shoulder), 3180 (shoulder), at room temperature as a methanol solution with excess sodium
630, 1050 cm -1; iw ' 3620 (hydroxyl), 3560 (hydroperoxyl) borohydide for 15 min The reduced product was purified by

’ o  ’ , ,  preparative thin layer chromatography, and the crude reduced
cm R c  0.84 (brown-red) product was crystallized from benzene, mp 176-179°; 3400,

A n a l .  Calcd for C27H 460 3 (418.63), C, 77.46, H , 11.07. i 620, 1050, 1020 cm -1 ; R c 0.77 (red-brown) rT 2.18, 1 .8 6 .
Found: C , 77 .36 ; H, 11.22. 2-Methylpent-4-en-2-ol.— A ten-year old 1-kg sample of air-

30-Acetoxycholest-5-ene 25-Hydroperoxide 25-Acetate (3b).— aged cholesterol in a 5-1. flask was subjected to vacuum for 5
A solution of 80 mg of 3a in 3 ml of dry pyridine—acetic anhydride days. An odorous volatile fraction (2 ml/kg) collected in a cold
(2 :1 ) was held overnight at room temperature. The solution ( — 50 °) trap was shown to be a mixture of low-molecular-weight
was p o u re d  into ice water, and the mixture was extracted several components by gas chromatography on a 500 ft X  0.03 in.
times with chloroform. The chloroform solution was evaporated diameter metal capillary column coated with SF-96 silicone oil,
under vacuum and the residue was crystallized from methanol, using helium as a carrier at 15 ml/min and column temperature
yielding 76 mg of 3b, mp 9 4 .2 -9 6 .3 ° ; [a ]D  —40° (c 0 .936); 20°. Selected effluent peaks were analyzed in the L K B  Model
f™' 1770, 1720, 1630, 1250, 1190, 1040 cm -1; R c  1.52 (brown- 9000 mass spectrometer, the total ion current being plotted to
red). A characteristic decomposition pattern was obtained on gas give an elution curve. That peak recognized as 2-methylpent-4-
chromatography of 3b. en-2-ol also contained 2-methylpentan-2-ol, as recognized by
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additional gas chromatography on Poropak Q columns (at 230°). 23653-01-2; 5b, 23653-02-3; 6a, 516-72-3; 6b, 7484-20-
Mass spectral analysis of the mixed alcohol fraction gave ions o; 7a, 5255-15-2; 7b, 23653-06-7; 8a, 2862-58-0; 8b,
consistent with the structures of the two components, thus ions oAnn vn n . n m  ~.i\ a . n v ,  i n t o  An n . i n «  u c m .
at m/e 85 (M -  CH3)+, 59 (C ,H ,0 )U  43 (C3H7)+, and 31 (CH30 ) + 3090-79-7 9a, 901-56-4 ’
associated with 2-methylpent-4-en-2-ol and ions at 87 (M — 10b, 1778-02-5, 11a, 1476 b4-8, l ib , 13067 4 4 - 2 ,  12a,
CH3)+, 69 (C5H9)+, 59 (C3H70 )+ , 45 (C2H 50 ) \  43 (C3H7)+, and 521-17-5; 12b, 2099-26-5; 13a, 53-43-0; 13b ,853-23-6.
31 (CH30 ) + associated with 2-methylpentan-2-ol.

Mass spectra of the reference alcohols (Aldrich Chemical Co. Acknowledgment. The authors are grateful to Dr.
Inc., Milwaukee, W is.) are given for comparison (with per Marcel Gut, Worcester Foundation for Experimental
cents in parentheses): 2-methylpent-4-en-2-ol m /e  85 (5), 83 Biology, Dr. J.W . A. Meiier, Gaubius Institute, Leyden,
(3), 59 (100), 55 (8 ), 43 (82), 41 (42), 39 (55), 31 (35), 29 (9), , tT ’ q t ipbprman Columbia Universitv Colleee of
27 (24); 2-methylpentan-2-ol 87 (21), 85 (3), 69 (7), 59 (94), U r ' b - Lieberm an, Columbia University co llege oi
45 (37), 43 (100), 41 (30), 39 (28), 31 (20), 29 (15), 27 (38). Physicians and Surgeons, for reference sterol samples,

and to Dr. J. A. McClosky, Baylor University School of
Registry N o.— Cholesterol, 57-S8-5; 3a, 23652-97-3; Medicine, and Dr. J. Oro and Mr. W. S. Updegrove,

3b, 23652-98-4; 4a, 2140-46-7; 4c, 10525-22-1; 5a, University of Houston, for mass spectral data.

A Study of Am ine-Catalyzed Epim erization of 2/3-M ethylcholestan-3-one1
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The epimerization of 2/S-methylcholestan-3-one (1) to 2a-methylcholestan-3-one (2) in dioxane solution at 
45° in the presence of an excess of various amines has been followed by optical rotation measurements. The 
results contrast with those previously found for the conversions 3 5 and 4 -*■ 5; piperidine was about as
eatalytically effective as pyrrolidine and hexamethylenimine, and the unhindered tertiary amine quinuclidine 
was only slightly less effective. These observations suggest that nucleophilic catalysis is less important in the 
conversion 1 -*• 2, presumably because the 2/3-methyl group inhibits enamine formation.

The primary question one seeks to answer in any H H
investigation of the mechanism of an amine-catalyzed
carbonyl compound reaction is whether the amine acts I. — *■  ■*—
as a general base to remove a proton directly (as in path patĥ Â r Cr^/ — N:#5//
A  below), or as a nucleophile to form an enamine which !
can react analogously to the enolate anion and then be \  rn
reconverted to the carbonyl compound by hydrolysis —  N: H"'
(path B). Although the latter pathway was proposed '
m any years ag o ,2’3 system atic  studies of th is  ty p e  o f b

catalysis have appeared only within the last decade.4-7 path b\
Most of these studies were presumably inspired by the \ \ \
increasing evidence of nucleophilic catalysis by amines ' ' '  ^ll
in certain biochemical reactions.8

Much of this evidence comes from trapping sub- ^ q î ~ ^  <
strate-enzyme imine intermediates by borohydride 1
reduction.9 However, these experiments do not prove
that the imine is necessarily an intermediate and do not fectiveness. Kinetic investigations of model sys-
provide quantitative information about catalytic ef- terns2-7 designed to elucidate these matters by com-

, ,,, , „ parison of th e  ca ta ly tic  ra te  constan ts fo r d ifferen t
(1) T h is  research was presented a t  th e  F i f th  C a rib b e a n  C h e m ica l S y m - . ,  , .  . . . . .

p o s iu m , U n iv e rs ity  o f th e  W e st In d ie s , C ave H i l l ,  B a rba dos, Ja n  1969. E H llD G S  h a v e  l& r g G lJ '  r e l i e d  OD. r e l a t i v e  i n a c t i v i t y  O I

(2) k . j . Pedersen, j . Phys. chem. 38, 5 5 9  ( 1 9 3 4 ) . tertiary amines3 and other deviations from the Br0n-
sted « « J *  law* «  criteria for nucleophilic catalysis, 

and w. a. Jones, j. Amer. chem. Soc., 63,3283 (1941). This paper describes our investigation of the epi-
(4) j. Hme, f. e . Rogers, and r . e. Notari, 90, 3279 (1968), and merization of 2/3-methylcholestan-3-one (1) to 2a- 

prevtous p̂ aperŝ n th.̂ 3 sen«.  ̂ ^  a A yasn.kov Ukr Khim methylcholestan-3-one (2). This reaction was selected
Zh„ 36, 55 (1969), a n d  p re v io u s  papers in  th is  series. These e x te n s ive  i n  O r d e r  t o  p r o v i d e  a  C o n t r a s t  t o  O U r  p r e v i o u s  S t u d y 10 o f

re p o rts  b y  Y a s n ik o v  a nd  cow orke rs  c o n ta in  m a n y  a rg u a b le  m e ch a n is tic  t b e  a l d o l  C O n d e n S a t i o n - k e t o l  d e h y d r a t i o n  S e q u e n c e
suggestions. D iscuss ion  o f these papers has been p ro m ise d  b y  H m e  [J . . , . ,  .  1 .
H in e . B . C . M e n o n , J. H .  Jensen, a n d  J . M u ld e rs , J. Amer. Chem. Soc., 88, 3 ►  4 “♦  5, 111 W h i c h  I H lC lG O p l l l i iC  C a ta ly S IS  W a S  i n f e r r e d

3367 (1966) ]. not only from the relative inefficiency of tertiary amines,
(7) g . e. L ie n h a rd  a n d  T -C .  W a n g , ibid., 90, 3 7 8 1  ( 1 9 6 8 ) .  but also from a comparison of the rates of reactions
(8) See W . P . Jencks, “ C a ta ly s is  in  C h e m is try  a n d  E n z y m o lo g y ,”  M e -  C a t a l y z e d  b y  t h e  t h r e e  C y c l i c  S e c o n d a r y  a m i n e s  p y r -

G ra w -H iii,  N e w  Y o rk ,  n . y ., 1969, c h a p te r  2 , espe cia lly  p p  116-146, f o r  rolidine, piperidine, and hexamethylenimine. These
a re v ie w  a n d  specific  references. . a x i  i

(9) F o r  e xam ple : (a) s. W a rre n , b . Z e m e r, a n d  f . h. W e sth e im e r, am ines are of sim ilar base stren g th  and s te n c  bulk , and
Biochemistry, 6 , 817  (1 9 6 6 ) ;  (b) j . c .  Speck, j r . ,  p. t . R o w le y , a n d  b . l . th e ir  k in etic  b asic ity  w ith  resp ect to  a given w eak car-
H o re c k e r, J. Amer. Chem. Soc., 85, 1012 (1963), a n d  B . L . H o re c k e r, T .
C heng, E .  G ra z i, C . Y .  L a i,  P . R o w le y , and  O. T ch o la , Fed. Proc., 21, 1023
(1962); (c) D . P o rts m o u th , A . C . S to o lm ille r , a nd  R . H .  Abeles, J. Biol. (10) T .  A . Spencer, H .  S. N ee l, T .  W . F le c h tn e r, a n d  R . A . Z a y le , Tetra-
Chem., 242, 2751 (1967). hedron Lett., 3889 (1965).
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bon acid (such as a ketone) should be similar. They sence only removal of the 2a proton and reprotonation
differ, however, in the ease with which they will form from the /? side.16
enamines.11 It is less easy to make an atom of a six- The same seven amines were used as in the previous 
membered ring trigonal than an atom of a five- or studies:10 the three discussed above, plus morpholine
seven-membered ring, as has been shown in several (similar in structure, but a weaker base), n-butylamine
differing kinds of reactions.12 Formation of an imin- (a primary amine), triethylamine (a tertiary amine),
ium ion en route to an enamine (as in path B) will thus and quinuclidine (an unhindered tertiary amine). The
be least favorable with a six-membered-ring catalyst, same solvent, dioxane, was also chosen. This is con-
and piperidine would be expected to be the least effec- venient from the standpoint of solubility of substrate,
tive catalyst of the three amines, as observed in our but has the disadvantage that the relative base
earlier studies.10 strengths of the amines are uncertain. It is not safe to

assume that the relationships among p A a’s determined 
in water will hold in other solvents.17 It would be mean- 
ingless to attempt to construct a Br0nsted plot, for 

A  example, unless the base strengths of the amines in
f y I H x dioxane were determined. However, the similarity in

structure of many of the amines used in this study 
probably minimizes differences among them in the 

j 0 2 dependence of base strength upon medium.
s “ The required substrate, 2/3-methylcholestan-3-one

0 (1), can be readily prepared in large quantity by a syn-
|| II thetic sequence developed by Nickon and DiGiorgio.18

/ \  -"'U\  j  J / \  The epimerization of 1 to 2 was followed by measure-
1 J. J 1 J. J  ment of the accompanying change in optical rotation.

0 0 OH 0 Solutions of 1 in dioxane were indefinitely stable with-
3 4 5 out added amine. Relatively large concentrations of

amine were necessary to effect the conversion of 1 to 2
TT . . . . , , ,, , at conveniently measurable rates, even at 45°. In the
However, before a conclusion was reached that a ce of amines the optical rotation of solutions of 1,

minimum in rate constant for piperidine is diagnostic of measured at 365 (where the difference in rotation 
nucleophilic catalysis it was desirable to show that a between 1 and 2 is much j than at 589 } de_
reaction which would not be expected to be nucleo- creased until it corresponded to a mixture 0f ca. 90%
phihcally catalyzed did not show such a minimum. A  2 and 1Q% p  in those cases where the reaction was
reaction involving proton abstraction from the 2 posi- followed that far_ Evaporation of such a product mix.
tion of a carbonyl compound bearing a 2 substituent ture (from a pvrroiidine.catalyzed epimerization) af- 
seemed appropriate for this study, since a sizable 2 forded g9% crude and 22% 2 .
substituent will tend to impede nucleophilic addition to Good pseuco.first_order kinetic plots were obtained 
the carbonyl group more than it will proton abstrac- using the observed final rotation or the value caiculated
tl0Tn- , , , , , . ,  for 90% epimerization in reactions which were too slow

In a study very relevant to our choice of a system, t() be followed to compietion. A  typical plot is shown 
Malhotra and Johnson have presented convincing evi- ^  F , j  It was not determined whether the ap- 
dence that the proton in the 2 position of 2-methyl- imately 9 ;1 mixture of 2 and x represented an
cyclohexanone was not detectably removed during ilibrium mixture.i9 If this were the case, the rate
treatment with pyrrolidine which effected substantial congtants discussed below are the sum of the rate for
deuterium incorporation at the 6 positions.11 Although : _  2 and the smaller rate for 2 1.20 In view 0f the
such data are not available for other amines, and despite uncertainties involved and the relatively small poten-
the fact that Gurowitz has shown10 that amines other ^  correction for the rate of 2 -> 1, no adjustment of
than pyrrolidine do not to the same degree avoid forma
tion of 2-methyl-A ’ -enamines, use of a 2-methyl ke- (16) [, assumea in  th is  s tu d y  th a t  a l l  am ines  have  a p p ro x im a te ly  th e

tone as substrate should at least eliminate the previously sam e ratio fo r  a ve. 8 d e p ro to n a tio n  o r re p ro to n a tio n  o f a g iv e n  species, 

observed”  unusually effective catalysis by pyrrolidine.
t h e r e f o r e  c h o s e  t o  s t u d y  t h e  e p i m e r i z a t i o n  o f  1 ,  J .  Amer. Chem. Soc., 83, 4623 (1 9 6 1 )], w h ic h  is fa v o ra b le  fo r  re m o v a l o f th e  

w h i c h  i s  a  r e l a t i v e l y  s i m p l e  r e a c t i o n  i n v o l v i n g  i n  e s -  p ro to n  via th e  s te re o e le c tro n ica lly  fa v o re d  p a th w a y  [see re f 14 a n d  F .
Johnson, Chem. Rev., 68, 375 (1968), fo r  p e r t in e n t  d iscussions o f th e  s u b tle tie s  
o f a v e ry  c lose ly  ana logous s itu a t io n ] .

(11) Q u a n t ita t iv e  com parisons  o f th e  fa c i l i t y  o f v a r io u s  am ines fo r  (17) See F . M . M e n g e r a n d  J. H . S m ith , J. Amer. Chem. Soc., 91, 5346
ena m ine  fo rm a tio n  are  la c k in g , b u t  th e  assertion  th a t  p y r ro lid in e , p ip e rid in e , (1969), fo r  co n s id e rtio n  o f th e  im p o rta n c e  of th e  e ffec t o f s o lv e n t on  base
a n d  h e x a m e th y le n im in e  d if fe r  is  s u b s ta n tia te d  b y  th e  d iscussion  a n d  ex- s tre n g th  in  k in e t ic  stud ies.
p e r im e n ta l p rocedu res g iv e n  b y  (a) G . S to rk , A . B r iz z o la ra , H . Lan desm an, (18) J . D iG io rg io ,  P h .D .  D is s e rta tio n , Jo h n s  H o p k in s  U n iv e rs ity ,  1960.
J . S zm uszkovicz, a n d  R . T e rre ll,  J. Amer. Chem. Soc., 85, 207 (19 6 3 ); (b ) (19) A . N ic k o n  a n d  J . D iG io rg io  (re f 18) have  d e te rm in e d  th a t  th e  e q u i-
A . A . B r iz z o la ra , J r .,  P h .D . D is s e rta tio n , C o lu m b ia  U n iv e rs ity ,  1960. l ib r iu m  co m p o s itio n  o f these ep im ers in  c h lo ro fo rm  c o n ta in in g  h y d ro g e n

(12) H .  C . B ro w n , J. Org. Chem., 22, 439 (19 5 7 ); H .  C . B ro w n , J. Chem. c h lo r id e  a t  ro o m  te m p e ra tu re  is ca. 9 6 %  2 a n d  4 %  1. T h u s  a 9 :1  m ix tu re
Soc., 1248 (19 5 6 ); H . C . B ro w n , J . H . B re w s te r, a n d  H . Schecter, J. Amer. is  n o t  un reasonable  fo r  th e  e q u ilib r iu m  c o m p o s it io n  in  d io xa n e  c o n ta in in g
Chem. Soc., 76 , 467 (1954). These ideas were f ir s t  a p p lie d  to  ena m ine  fo rm a -  am ines a t  4 5 ° . H o w e ve r, e x p e rim e n ta l d e te rm in a tio n  o f th e  e q u il ib r iu m
t io n  b y  G . S to rk , et al.lu  c o m p o s it io n  o f 1 a n d  2 u n d e r these c o n d itio n s  m ig h t n o t be s tra ig h tfo rw a rd

(13, (a) W . P . Jencks, re f 8, p  96 ; (b ) also, i t  can  be in fe rre d  fro m  ex- o w in g  to  th e  presence a t  e q u il ib r iu m  o f som e ena m in e  o r c a rb in o la m in e
p e r im e n ta l procedures g ive n  in  re f 11a a n d  l i b  th a t  th e  o v e ra ll ra te  o f species o f d iffe re n t ro ta tio n .
ena m ine  fo rm a t io n  fro m  2 -m e th y lc y c io h e x a n o n e  is  s low er th a n  f ro m  c y c lo - (20) F o r  d iscussions o f th e  k in e tic s  o f f irs t-o rd e r  re v e rs ib le  reac tions , a n d
hexancne. d e r iv a t io n  o f th e  expression fcobsd =  ^forward +  kreverBe, see P . Jencks,

(14) S. K .  M a lh o tra  a n d  F . Johnson, Tetrahedron Lett., 4027 (1965). re f 8, p  586; A . A . F ro s t a n d  R .  G . Pearson, “ K in e tic s  a n d  M e c h a n is m ,"
(15) W . D .  G u ro w itz  a n d  M .  A . Joseph, ibid., 4433 (1965). W ile y , 2 n d  ed, N e w  Y o rk ,  N .  Y . ,  1961, p  185.
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3 0 0  ------------- 1-------------- 1-------------- 1-------------- 1--------------  T able 11
S. Comparison of Amine Catalysis of Conversions

TV 1 -*• 2, 3 - »  5, and 4 5

2 0 0  -  x t  -  , > r 2' 3 r 5 “ 4 r 5 “
A m in e  I're l K iel I‘ rel

TV Pyrrolidine 2 .5  120 1000
1 5 0  "  >1 “ Piperidine 1 .0  1 1

_  Hexamethylenimine 0 .4 4  5 15
O  TV n-Butylamine 1.1 50 50

I 1 0 0  -  -  Morpholine 0 .044  0 .4  1
+- Quinuclidine 0 .1  0 .0 3  0 .02

8  Triethylamine 0 .001  0 .0 0 5  0 .0 2
“ See ref 2.

gQ _ ck _ 1. Quinuclidine, the unhindered tertiary amine, does
Aa not differ markedly from the secondary and primary

cv amines in catalytic effectiveness. The low epimeriza-
N. tion rate with triethylamine can be ascribed to steric

3 0 ---------- 1---------- 1---------- 1---------- 1------ j -* hindrance to proton abstraction.21 Most significantly
0  3  6  9  12  15 for our purposes, there is no minimum in the rate of

Ti me (sec  X I0“2 ) epimerization of 1 with piperidine, compared with pyrro-
, o i  . .. , lidine and hexamethylenimine. The rate constants for

rotation at 365 of a solution of 2/3-methylcholestan-3-one these three homologs simply decrease slightly as the
(1) (2.3 X  10-2 M ) in dioxane containing pyrrolidine (5.7 M ) ring becomes larger.
at 45°. These contrasts between amine catalysis of 1 —►  2 and

the earlier results10 can be explained, as discussed 
the observed rates has been made in the following dis- above, on the basis of steric hindrance to the formation 
cussion. of the appropriate enamine from 1, making nucleo-

In Table I are shown the specific second-order rate philic catalysis less important relative to direct proton
constants (fc2) obtained by dividing fc0bs<i by the appro- abstraction. These results lend validity to the use of a
priate amine concentration. In the case of pyrrolidine comparison of catalytic effectiveness vs. amine ring
the concentration of amine was varied 60-fold from 0.1 size as a criterion for nucleophilic catalysis. Further
to 6.0 M. Over this concentration range for pyr- studies of amine catalysis, using this and other criteria,
rolidine increased about threefold. Although from our are in progress.22 
data we cannot exclude a small incursion of a catalytic
term  g reater th an  first order in am ine, i t  seem s reason- -c. • , ,
able that this increase is due instead to the changing Experimental Section
nature of the medium, which contains ca. 1%  amine at 2/3-Methylcholestan-3-one ( l ) .— The preparation of 2/3-methyl-
0.1 M, as opposed to ca. 50% amine at 6 M. cholestan-3-one (1) was carried out by the procedures described

by DiGiorgio.18 Cholestan-3-one was converted to 2-hydroxy- 
methylenecholestan-3-one, which was reduced with lithium 

T able I aluminum hydride to 2-methylenecholestan-3/3-ol (48% ). Re-
E ffectiveness of Amines in Catalyzing the E pimerization arrangement of 2-methyleneeholestan-3/3-ol in ethyl acetate

of 1 to 2 in D ioxane Solution at 45° solution in the presence of palladium on carbon in a hydrogen
A m in e  k x 10» atmosphere afforded 96%  2/3-methylcholestan-3-one (1),  mp

A m in e  S tru c tu re  pK.“ c o n (Af-!**-• ) 83 -8 6 °. When the reaction was run without hydrogen the re-
„  . . . .  .„ TT , . TTT „„ arrangement did not take place. Recrystallization of 1 from
Pyrrolidine (CH.W JH 11.32 5 .7  25 ether-methanol raised this to mp 99 .5-100° (lit.'8 mp 9 8 -9 9 ° ;
Piperidine (CH2)6NH 11 .20  6 .6  10 lit.24m p9 6 -9 7 °); ir (K B r)5.83 M; [a] sor"0,46 + 4 7 0 ° ; MS,”" ” -45
Hexamethylen- + 1 1 8 ° ; (lit.18 [«]f8”c“'25 + 1 2 2 ° ; lit .24 [«]™ C" M + 86 °).

imine (CHh^NH 11.10  5 .3  4 .4  2a-Methylcholestan-3-one (2 ).— Preparation of 2 was ac-
n-Butylamine CH3CH2CH2CH2NH 10.61 7 .2  11 complished by epimerization of 1, both with sulfuric acid and
Morpholine 0 (C E 2CH2)2NH 8 .3 6  6 .2  0 .4 4  with pyrrolidine as catalyst. A solution of 0.566 g (1.4 X  10 “3
Quinuclidine HC(CH2CH2)3N 10.95 0 .2 5  1 .0  mol) of 1 in a mixture of 45 ml of 95%  ethanol and 1.5 ml of
Triethylamine (CH3CH2)3N 10.75 3 .5  0 .0 1  20%  aqueous sulfuric acid was refluxed for 4 hr. The mixture

rpi rr , ... , , . . .  . was partitioned between ether and water, and the ether layer
° The s are llteratl,re values for a(lueous solutlon at 25 • was dried and evaporated to afford 0.426 g of 2, mp 108-112°.

Repeated recrystallization from methanol raised this to mp 
Accordingly, it is important to compare rate con- 116.5-117° (lit.18 mp 119 .5-120 .5°; lit .24 mp 119-120°): ir 

stants obtained at approximately the same concentra- --------------
tion of catalyst. This is done in Table I with the ex- (21) For a general dLscussion of steric h in d ra n c e  to  gen era l base c a ta ly s is

. • r  v  r * i  1 . an(* references, see (a) F . C o v itz  a n d  F . H . W e s th e im e r, J. Amer. Chem. Soc.,
ception O I quinuclidine, whicn W 3.S run only 3 .t  much. 85, 1773 (1963). F o r  exam ples o f re la t iv e  ine ffec tive ness  o f t r ie th y la m in e

lower amine concentration. The value of for qui- in re a c tio n s  in v o lv in g  a b s tra c tio n  o f a w e a k ly  a c id ic  p ro to n , see (a) J . H in e ,

nuclidine thus is almost certainly somewhat lower than '!' n' p°Vston' ^ p 5”30 fl965); (b]
.  _ hi. K .  re d o r ,  ibid., 89, 4479 (1967); (c) J . W e in s to ck , R . G . Pearson, a n d

i t  should be tor com parison w ith  th e  o th er ra te  con- f . g . B o rd w e u , ibid., 78, 3 4 7 3  ( 1 9 5 6 ).

stants. (22) ®ee’ T .  S in n e r a n d  T .  A . Spencer, A b s tra c t  P -116 , 155 th

In Table II these relative rates are compared with ^ 1968̂ “* °f ^  Americ8n Chemical S°ciety' San Franci5c°' Calif"
those previously rep orted  for th e  conversions 3 —► 5 and (23) M e lt in g  p o in ts  are  u n co rre c te d . In fra re d  sp e ctra  w ere  d e te rm in e d

^  5 . 10 C learly  d ifferent trend s appear T h e re  is ° n a ^ e r^ n " ^ m er M o d e l 137 sp e c tro p h o to m e te r. S pecific  ro ta tio n s  lis te d
v , 1  . . . . . . . .  fo r  p u re  substances are  th e  average  va lu e  fro m  tw o  separa te  d e te rm in a tio n s .
leSS difference am ong th e  am ines in  th e  epim erization of (24) Y .  M a z u r  a n d  F . Sondheim er, J. Amer. Chem. Soc., 80, 5220 (1949).
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(K B r) 5-84 y ; [a]4™ "'’45 + 1 1 8 ° ; [a]5“s' “” ' 45 + 2 8 °  (lit.18 inserted into the thermostated polarimeter. Good pseudo-
l«]SeC1 25 + 3 6 ° ;  lit .24 [a]s^cl3,25 +  3 2°). This material showed first-order kinetic plots were obtained in all cases, for over 80%
one spot upon tic on silica gel using 3 :2  ether-benzene. reaction in some cases. Many of the reactions were too slow

Preparative epimerization of 2 was also accomplished by allow- to be followed conveniently to completion, and kinetic data
ing a mixture of 0.083 g (2.1 X  10-4 mol) of 1, 3.62 g (0.051 mol) were obtained for as little as 20%  conversion,
of pyrrolidine, and,6.2  ml of dioxane to stand at 45°. After 60 The linear pseudo-first-order plots of log (a , — ct„) (specific 
min (c a . 8 X  <»/,), the optical rotation corresponded to a mixture rotation at time t minus specific rotation at the completion of re-
of 89%  2 and 11%  1. No further change in rotation was observed action) vs. time were used to determine U/, for the reactions and
for 54 hr. The mixture was evaporated to dryness in  vacuo, af- k ,,  the specific second-order rate constants (in sec-1 M _1) were
fording 0.077 g (89% ) of yellowish solid, mp 92-103°. Three calculated by use of the expression k 2 =  k ohsA/ [amine] =  0 .693 /
recrystallizations from methanol afforded 0.019 g (22% ) of 2, [ii/,] [amine]. In those cases where was not observedexperi-
mp 115-116.5°, which had an ir spectrum identical with that of mentally, it was calculated using the assumption that a  would
the material prepared by acid-catalyzed epimerization. correspond to 90%  conversion of 1 to 2 . This method gave

Other Materials.— All amines except quinuclidine were pur- linear pseudo-first-order plots. As noted in the discussion if
chased from the Aldrich Chemical Company and were redistilled the at 90%  conversion corresponds to the equilibrium composi-
twice from barium oxide, the last time directly before use. tion of 1 and 2 under the prevailing conditions, then the fe’s
Purity of each amine was checked by vpc once, but not routinely. derived are equal to the sum of the forward and reverse reaction
Quinuclidine was prepared by reduction of 3-quinuclidone rate constants.20
(derived from Aldrich 3-quinuclidone hydrochloride) by the All amines except quinuclidine and triethylamine were rim at 
Huang-Minlon procedure,25 with a . careful work-up to avoid several concentrations,and gave somewhat larger rate constants
evaporation of the product, and was purified by sublimation at at higher amine concentrations as the proportion of amine in
aspirator pressure at 70°. The sublimed material had mp 155- the mixture increased.
158° (sealed tube) (lit.26 mp 158°). Matheson Coleman and
Bell spectroquality reagent dioxane was used as supplied from Acknowledgment. The authors are indebted to 
freshly opened bottles. Professor Alex Nickon for providing details of the prep-

Kinetic Measurements.— The conversion 1 —  2 was moni- aration of 1. Considerable earlier experimentation by 
tored by following the change m optical rotation of solution of 1 tv*- tt a j  j  a tv/t tp t t n r  J
in dioxane on a Perkin-Elmer Model 141 automatic digital H ] A ' B u d d > J r :> an d  M r ' K , J - L - Wasserman on
readout polarimeter. Temperature was controlled by a Haake *^e epimerization ot 2/3-acetoxycholestan-3-one served
water circulating thermostating unit at 45 .0 °. The polarimeter both to demonstrate the need for a better substrate and
cell used was 1 decimeter in length with a volume of 0.85 ml. to familiarize U S with the techniques used in the optical
Polarized light of 365-mM wavelength was chosen because the rotation kinetics study. We are particularly grateful
difference between the rotations of 1 and 2 is greater at this , t,_ r  T-  T , x r n - , , . „
wavelength than at the other, longer wavelengths available with W. ofessor K . L. Williamson and his colleagues at 
the polarimeter. Mount Holyoke College, who graciously allowed us

Solutions of l in dioxane at 45° showed no change in rotation unlimited access to their polarimeter and afforded
on standing for several hours. In many cases, mixing of amine patient guidance in its use. Financial support was
with the dioxane solution of 1 was done at room temperature and p rov id ed  b y  p H g  Research Grant AM 11815, from the
not on materials preheated to 45 , but the mixtures were quickly . . T . . .  , „ . . . .  , _ .
________ National Institute of Arthritis and Metabolic Diseases.

(25) H u a n g -M in lo n , J. Amer. Chem. Soc., 71, 3301 (1949). _  ,
(26) J. M e isenhe im er, Justus Liebigs Ann. Chem., 420, 190 (1920). I x C g l S t r y  JHO* l j  1 4 5 2 8 - T O - O j  2 ,  2 0 9 / - 7 8 - 1 .
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The synthesis of l-(/3-n-ribofuranosyl)urazole (3), l-(2-deoxy-/3-D-ribofuranosyl)urazole (14), and l-(2-deoxy- 
/3-D-ribofuranosyl)-2-methylurazole (13) has been accomplished via the trimethylsilyl derivatives of urazole and
1-methylurazole. The synthesis of the corresponding nucleoside related to cytidine, 3-amino-l-(/S-D-ribo- 
furanosyl)-l,2,+triazolin-5-one (26), was accomplished in a lengthy procedure involving 3-bromo-5-nitro-l,2,4- 
triazole in the fusion process. Evidence in support of the site of glycosylation has been presented. The reaction 
mechanism involved in the various glycosylation procedures of the 1,2,4-triazole ring has been discussed.

The nucleoside antibiotic showdomycin, isolated from O 0
cultures of Streptomyces showdoensis,3 has been shown HN' X H2N_C Nv
by these laboratories4 to possess structure 1. Another Q I /> ’ 'AG ''hI
antibiotic, pyrazomycin, has been shown5 to possess the HO— -̂------ -

(1) S u p p o rte d  in  p a r t  b y  a N A S A  T ra in e e s h ip  to  J. T .  W itk o w s k i.  H O C H j / ' ^  1 IO (  f \ . — —
(2) IC N  N u c le ic  A c id  Research In s t i tu te ,  2727 C a m p u s D r iv e , I rv in e ,  N

C a lif.  92664.
(3) H . N is h im u ra , M .  M a y a m a , Y .  K o m a ts u , H . K a to , N .  S h im ao ka , a nd  I I I »

Y .  T a n a k a , / .  Antibiot., 17A , 148 (1964). HO OH HO OH
(4) K .  R . D a rn a ll,  L .  B . T ow nsend , a n d  R . K .  R o b in s , Proc. Nat. Acad. .  2

Sci. U. S., 57, 548 (1967). '

(5) R . H . W illia m s , K .  G e rro n  M . H o ehn , M .  G o rm a n  a n d  D . C . D e - n u c l e o s i d e  S t r u c t u r e  2 .  I t  i s  t h u s  q u i t e  d e a r  t h a t  n U -
L o n g , A b s tra c ts , 158 th  N a tio n a l M e e tin g  o f th e  A m e ric a n  C h e m ica l s o c ie ty ,  . ,  ,  „ r  . . .
N e w  Y o rk ,  n . Y .,  S e p t 1969, N o . m i c r  38. cleoside derivatives of five-membered heterocyclic rings
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are of considerable interest as compounds of potent lated product 6 with 6 prepared by an unambiguous
biological activity. The only known synthetic dériva- route. For this purpose 4-methylurazole,14 which
tives of this type described in the chemical literature could form only a single N-nucleoside, was silylated and
are nucleoside derivatives of imidazoles.6-8 the trimethylsilyl derivative was treated with 2,3 ,5-

The biological activity of the antibiotic 5-azacytidine tri-O-benzoyl-D-ribofuranosyl bromide in acetonitrile
has been reviewed9 and a new synthesis was recently (Scheme I). The product obtained gave correct ele-
reported from our laboratories.10 Thus the insertion
of an additional nitrogen atom into the pyrimidine ring Scheme I
in place of C5 in the case of cytidine does indeed result in 0  0
a compound with unusual biological properties. I __ 1

In the present studies an -N H - has been substituted NH CH’ ) NH
for C s and C 6 of the naturally occurring pyrimidine 0 = ^ N/ 0=k'N/
nucleosides. The fact that the five-membered ring in BzOCH; BzOCH,/0\ ^
showdomycin results in an antibiotic which specifically Lq
inhibits uridine monophosphate kinase and uridine ^ 4 ------^  I------f
phosphorylase11 is strong suggestion that these 1,2,4- BzO OBz BzO OBz
triazole nucleoside analogs will resemble the natural 4  \  5
pyrimidine nucleosides in various biochemical systems. \  |

Another feature of compounds such as l-(/3-D-ribo- \  ’’
furanosyl)-l,2,4-triazolidine-3,5-dione (3) is the fact CH3 / \  CH3
that 3 also strongly resembles pseudouridine. Com- I /  \  I
pound 3 exhibits two -N H - functions in structural sim- 9  9
ilarity to pseudouridine. Pseudouridine is of current

o  o  c h 3— o - Â n 'N  o = ^ n /N

hn\ ,  hn^ nh B « y o  I 3 . 0 0 1 / 0 .

0==V  ° = ^ J  ^ K v j ___y A

H O C H j / ° \  H O C H ^ -° \  B z 0  0Bz B z 0  0Bz

O  O  7 B .-C ,,C O  6
H O  O H  H O  O H  o  0

3 pseudouridine II J
HN '   GH,— N

interest as a minor component of various ¿-RNA’s and 0 = ^  / " 3 0 = 1 /
has recently been isolated as a major product from the 0  N —► t n N ■*—  5
culture filtrates of S tr ep to v e r t ic il l iu m  la d a k a n u s .12 R 0 C 1 R O C H ^ '

The first goal of the presently described work was the l \ j  \ / \  r \ j
chemical synthesis of l-(3-D-ribofuranosyl)urazole (3). i I I T
The trimethylsilyl derivative of urazole was prepared 0  0B 0B
from urazole and hexamethyldisilazane according to the 8 . R  = C 0H ,C O  9 . R  = C (lH ,C 0

general method of W ittenburg.13 Treatm ent of the 11. R  = H  10. R  =  H

trimethylsilyl derivative of urazole with 2,3,5-tri-O-
benzoyl-D-ribofuranosyl bromide in acetonitrile at room mental analysis and pmr spectrum for 4-m ethyl-l-(2,3,-
temperature provided a single nucleoside, product 4, in 5-tri-0-benzoyl-/?-D -ribofuranosyl)-l,2,4-triazolidine-
84 %  yield. Elemental analysis of 4 was consistent 3,5-dione (S). Méthylation of 5 with diazomethane
with the structure l-(2,3,5-tri-0-benzoyl-/3-D-ribofura- provided an 0-m ethyl derivative 6 as shown by
nosyl)urazole (4). I t  was possible that 4 was an N -4 elemental analysis and the pmr signal a t 8 3.81, which is
ribosyl derivative or an O-glycoside. The assignment indicative of an O-methyl rather than an N-methyl
of the site of glycosylation in the 1,2,4-triazole ring group. The assignment of the signal a t 8 3.81 to an
proved to be rather difficult. Since this ring system O-methyl group is supported by comparison of the pmr
does not exhibit an absorption maximum in the uv spec- spectrum of 6 with the spectra of 5 and 8, which exhibit
trum  above 214 him, the typically classical procedures signals for the N-4 and N-2 methyl groups a t 8 3 .03 and
could not be used. The actual structure 4  was estab- 3.18, respectively. Since the structure of the 4-methyl-
lished by méthylation of the blocked nucleoside 4 with urazole derivative 5 was established by synthesis, the
diazomethane and by further comparison of the methy- product from the méthylation of 5 was 3-m ethoxy-4-

inethyl-l-(2,3,5-tri-0-benzoyl-/8-D-ribofuranosyl-l ,2 ,4 -  
Soc., 90 ,2661 (1968). • triazoIm-5-one (6), which was shown to be identical

(7) r. j. Rousseau, r . K. Robins, and L. B. Townsend, j. Heterocyci. with the major product from the méthylation of the 
CA, f 11 G967). urazole nucleoside 4 by rigorous comparison of ir and

(9) l . j. Hanka, j . s. Evans, D . j. Mason, and a . D ie ts , Antimicrob. Ag. Pmr spectra and mixture melting point. A small amount
chemother.. 619 (1966). of a second product 7 was isolated by column chromatog-

(11) ™ Eh Z  fr ° m the méthylation of 4. The pmr spectrum,
1605 (1968). which showed signals for two O-methyl groups a t 8 3.84

(12) R. J. Suhadolnik, private communication.
(13) E. Wittenburg, Z. Chem., 4, 303 (1964). (14) J. C. Stickler and W. H. Pirkle, J .  Grg. Chem., 31, 3444 (1966).
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and 4.06, established this compound as 3,5-dimethoxy- with the values18 for the anomeric proton of 2'-deoxy-
l-(2,3,5-tri-0-benzoyly3-D-ribofuranosyl)-l,2,4-triazole a-D-ribofuranosyl nucleosides (a quartet with «/Hr of
(7). Formation of this dimethoxy derivative conclu- 3.1 ±  0.4 Hz and 7.2 ±  0.3 Hz with a peak width of
sively demonstrated that the product 4 from the gly- 10.4 ±  0.4 Hz). On this basis the anomeric configura-
cosylation of the trimethylsilyl derivative of urazole is tion of 13 was assigned as 8- The 2'-deoxyuridine
not an O-glycoside. analog 14 was similarly prepared from a mixture of the

The pmr spectrum of the methylated product, 3- trimethylsilyl derivative of urazole and 2-deoxy-3,5-di- 
m ethoxv-4-m ethyl-l-(2,3,5-tri-0-benzoyl-d-D -ribo- O-p-toluoyl-D-en/^ro-pentosyl chloride, which was 
furanosvl)-l,2,4-trizolin-5-one (6), exhibited a signal for heated in vacuo at 110° to give a 67%  yield of the
the anomeric proton at 8 6.25 with a coupling constant blocked nucleoside. Treatment with methanolic am-
of less than 1 Hz, which established15 the ¡3 configura- monia provided l-(2-deoxy-/3-D-ribofuranosyl)urazole
tion for l-(jS-D-ribofuranosyl)urazole (3). Debenzoyla- or l-(2-deoxy-/3-n-ery</iro-pentofuranosyl)-l,2,4-tri-
tion of 4 with methanolic ammonia provided l-(d-D- azolidine-3,5-dione (14). The pmr spectrum of 14
ribofnranosyl-l,2,4-triazolidine-3,5-dione (3), 1-(/3-d- exhibited a poorly resolved multiplet with a peak width
ribof aranosyl)urazole, a structural analog of uridine. of 14 Hz for the anomeric proton. This peak width is

The trimethylsilyl derivative of 1-methylurazole16 on consistent with the 8 configuration18 for 14 and this as-
treatment with 2,3,5-tri-O-benzoyl-D-ribofuranosyl bro- signment, as well as the site of glycosylation of 14, was
mide in acetonitrile at room temperature provided a further confirmed by methylation of the p-toluoyl deriv-
crystalline-blocked nucleoside in 77%  yield. Elemen- atives of 13 and 14 with methyl iodide and potassium
tal analysis and the pmr spectrum of the product were carbonate in dimethylformamide, which in each case
consistent with the structure 2-methyl-l-(2,3,5-tri-0- provided the same product, 1 -(2-deoxy-3,5-di-O-p-
benzoyl-/S-D-ribofuranosyl)urazole (8 ), but, as in the case toluoyl-/8-D-en/flwo-pentofuranosyl)-2,4-dim ethyl-l,2,4-
of urazole, glycosylation at either N -l or N-4 is possible. triazolidine-3,5-dione.
Methylation of 8 with methyl iodide and potassium Attempts to extend the silylation and alkylation pro
carbonate in dimethylformamide provided 9 with two cedure to the cytosine analog, 3-amino-l,2,4-triazolin-
nonequivalent N-methyl groups as shown by the pmr 5-one,19 were unsuccessful. Reaction of the trimethyl-
spectrum. Debenzoylation of 9 with sodium meth- silyl derivative of 3-amino-l,2,4-triazolin-5-one with
oxide in methanol afforded a crystalline compound 2,3,5-tri-O-benzoyl-D-ribofuranosyl bromide resulted in
2,4-dimethyl-l-(/3-D-ribofuranosyl)urazole (10). The formation of intractable products. These results ap-
structure of 10 was established by rigorous comparison peared to be largely due to dehydrohalogenation of the
with the same product (10) obtained by similar meth- blocked bromo sugar. This type of elimination reac-
ylatbn of 4-methyl-l-(2,3,5-tri-0-benzoyl-/3-D-ribo- tion is often ooserved with nitrogen heterocycles which
furanosyl)-l,2,4-triazolidine-3,5-dione (5) followed by possess basic substituents,
debenzoylation with sodium methoxide in methanol.
Signals for two N-methyl groups were observed in the 0 O
pmr spectrum of 10 at 8 3.03 and 3.23. The nucleoside
obtained by glycosylation of the trimethylsilyl deriva- NR — *— *■  HI5 'NR,
five of 1-methylurazole is thus established as 2-methyl- 0= ^ n ' 0= ^N
1- (2,3,5-tri-O-benzoyl-/3-d -ribofuranosyl)-1,2,4-triazo- H R2O CH _/® \
lidine-3,5-dione (8). Debenzoylation of 8 with Ri = CH3
m ethanolic am m onia provided 2-m ethyl-l-(/3-D -ribo- Ri = H \ | -----
furanosyl)-l,2,4-triazolidine-3,5-dione (11). O

The thymidine analog 13 was obtained by fusion of I
the trimethylsilyl derivative of 1-methylurazole with
2- deoxy-3,5-di-O -p- toluoyl - d - erythro - pentosyl chlo- 12.■ Ri = p-CH,C()H,CO, R, = CHa
ride17 in vacuo at 110°. A  crystalline product was ob- 13> R-2 = H,Ri =CH3
tained in 41%  yield which had an elemental analysis in 14> R> = H, R, = H
agreement with that required for l-(2-deoxy-3,5-di-0-
p-toluoyl- D-en/f/iro-pentofuranosyl) -2 - mcthylurazole In an effort, to study other procedures for glycosyla- 
(12). The blocking groups were removed from 12 with tion of the 1,2,4-triazole ring, the parent compound,
methanolic ammonia to afford a crystalline product 1,2,4-triazole, was employed. The trimethylsilyl de-
l-(2-deoxy-/3-D-ribofuranosyl)-2-methylurazole (13). rivative of 1,2,4-triazole treated in acetonitrile with
The pmr spectrum of 13 exhibited a pseudotriplet cen- 2,3,5-tri-O-benzoyl-D-ribofuranosyl bromide gave, after
tered at 8 5.87 (D20) (one proton) with a peak width of column chromatography, a 54% yield of blocked nu-
14.2 Hz and an apparent splitting constant of 7.1 Hz. cleoside. Deblocking with sodium methoxide gave a
This is in agreement with the values reported18 for the 90% yield of l-(d-D-ribofuranosyl)-l,2,4-triazole (15).
anomeric protons of several 2'-deoxy-jS-D-ribofuranosyl The structure of 15 was readily apparent since two 
nucleosides (peak width of 13.0 ± 1 Hz and an apparent singlets were observed in the pmr spectrum (8 8.06 and
splitting constant of 6.5 ±  0.5 Hz) but not in agreement 8.80). This was proof of the site of glycosylation since

the pmr spectrum of the isomeric 4-(/3-n-ribofuranosyl)-
(15) R . U . L e m ie u x  a n d  D .  R . L in e b a c k , Annu. Rev. Biochem., 32, 155 l,2 ,4 -triaZ o le ,: exhibits a  singlet for th e  C 3 and C 5 p r O -

(i963i. tons due to  sym m etry.
(16) F . A rn d t ,  L .  Loew e, a nd  A . T a r la n -A k o n , Rev. Fac. Sci. XJniv.

Istanbul, 13A , 127 (19 4 8 ); Chem. Abstr., 42, 8190 (1948).
(17) M .  H o ffe r , Chem. Ber., 93, 2777 (1960). (19) G . I .  C h ip e n , R . P . B o k a ld e r, and  V . Y a . G rin s h te in , Chem. Hetero-
(18) M . J. R o b in s  a n d  R . K .  R o b in s , J. Amer. Chem. Soc., 87, 4934 cyd. Compounds (USSR), 2, 79 (1966).

(1965 >. (20) J. T .  W itk o w s k i a nd  R . K .  R o b in s , to  be  p u b lish e d .
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3-Nitro-l,2,4-tr:azole21,22 was prepared for the present during deuterium into aromatic compounds.-8 The 
study by oxidation of 3-amino-l,2,4-triazole with per- pmr spectrum of the product obtained from deamina- 
trifluoroacetic acid.23 3-Nitro-l,2,4-triazole (16) is tion was identical with the spectrum of l-(/3-n-ribo-
of interest in its own right since it may be considered an furanosyl)-l ,2,4-triazole (15) except that the intensity
aza derivative of the antibiotic azomycin24 25 (2-nitro- of the signal for the aromatic proton (3-H) at 5 8.06
imidazole). In view of the success of the fusion reac- (DMSO-d6) was reduced by 73%. Exchange of the
tion with 2-nitroimidazole to yield l-(/3-D-ribofura-' ring protons with D 20 had not occurred as shown by
nosyl)-2-nitroimidazole7 the direct fusion of 3-nitro- control experiments in which only slight exchange of the
1.2.4- triazole (16) with l-0-acetyl-2,3,5-tri-0-benzoyl- proton in the 5 position was noted after a prolonged
/3-D-ribofuranose was investigated. A t 190° for 30 time.
min in the absence of catalyst, an 88%  yield of crystal- These results demonstrated th at the ammo group had 
line 3-nitro-1 -(2 ,3 ,5-tri-O-benzoyl-/3-D-ribofuranosyl)- occupied the 3 position and support the structure of 19
1.2.4- triazole (17) was obtained. The 8  configuration as 3-amino-l-(/3-D-ribofuranosyl)-l ,2,4-triazole. The
of 1 7  was assigned on the basis of the coupling constant nucleoside obtained by fusion of 3-nitro-l ,2,4-triazole
of the anomeric proton ( J r , 2- =  1.2 H z).15 Assign- is therefore 3-nitro-l-(2,3,5-tri-O-benzoyl-0-D-ribofura-
ment of the site of glycosylation was next studied. nosyl)-l,2,4-triazole (17). The structure 19 is based

When 17 was debenzoylated with sodium methoxide on the assignment of the downfield proton in 15 a t 8 8.80
in methanol and the resulting 3-nitro-l-(/3-D-ribofura- as H5, adjacent to the site of glycosylation. The elec-
nosyl)-l,2,4-triazole (18) reduced with hydrazine,26 an tronegative effect of the sugar causes the expected de

shielding of the adjacent proton approximately 0.6 ppm 
N° 2  over that of H5 as determined in l-m ethyl-l,2,4-tri-

^  azole.29
y N Bromination of 3-nitro-l ,2,4-triazole in the presence

r/ , of sodium hydroxide gave 3-bromo-5-nitro-l,2,4-tri-
H O C H j/ °\ ^  azole (20). The fusion of 20 with 1,2,3,5-tetra-O-

acetyl-/3-D-ribofuranose proved highly successful to
]------\ afford 93%  yield of a single crystalline product 21.

HO OH Use of l-0-acetyl-2,3,o-tri-0-benzoyl-/3-D-ribofuranose
18 in the fusion procedure with 20 provided 22. The site

of glycosylation was established when 22 was subjected 
\ to catalytic hydrogenation with palladium on carbon.

N ^ n  N ^ n  Reduction of the nriro group and simultaneous debro-
H-P02 ruination occurred to yield 3-am ino-l-(2,3,5-tri-0-ben-

H O C H ./°\  NaNo/ H O C H ,/° \  zoyl-/3-D-ribofuranosyl)-l,2 ,4-triazole (23). Deben-
\  zoylation of 23 with sodium methoxide in methanol

afforded 3-am ino-l-(/3-D -ribofuranosyl)-l, 2 ,4-triazole 
HO OH HO OH (19) identical in all respects with 19 previously pre-

19 15 NO, NO,

88%  yield of 3-amino-l-(/3-D-ribofuranosyl)-l,2,4-tri- NA . y A
azole (19) was obtained. Reductive deamination of 19 Br_J^  ^  RO— ^
with nitrous acid in the presence of hypophosphorous 19 ^ ^ —  N —  ̂ N
acid afforded l-(d-D-ribofuranosyl)-l,2 ,4-triazole (15). ROCHo/ H O C R /

Since the deaminated product 15 was a 1-substituted | \ j  r \ i
1.2.4- triazole, the 3-amino-l,2,4-triazole nucleoside 1 I I I
(19) could not be substituted at position 4. However, 0R 0Ii
deamination of either .3-amino-1 - (/3-n-ribofuranosyl) - 21, R = CH3CO 24. R = CH ,
1.2.4- triazole or 5-amino-l-(/3-D-ribofuranosyl)-l,2,4- 22, R = C6H;CO 25, R = C,H,CH,
triazole would provide l-(/3-D-ribofuranosyl)-l,2,4- i
triazole (15), since the 3 and 5  positions are equivalent ’
in the unsubstituted 1,2,4-triazole. To distinguish NR,
between these two possible structures, the deamination 1
of 19 was repeated in D 20  with hypophosphorous acid _ j  NH
which had been equilibrated with D 20 .27 This pro-
cedure is a modification of a method reported for intro- H O C R / 0 \ ŝ

(21) L .  I .  B a g a l, M .  S. Peuzner, and  V . A . P o p yre u , Khim. Geterosikl.
Soedin., Sb. 1: Azot. Geterosikl., 180 (1 9 6 7 ); Chem. Abstr., 70, 778761 j j q  q j j

(1969).
(22) A . J . B ro w n e , Ausi. J. Chem., 22 , 2251 (1969). 2 6
(23) W . D . E m m o n s  a n d  A . F . F e rr is , J. Amer. Chem. Soc., 75, 4623

(1953) . pared v ia  reduction of 18. The structure of the nucleo-
(24) K . M .e d a , T .  O ^ t o  a n d  FU U m ezaw a, J. An«6,<><. SA 182 (1 9 5 3 ). ^  b t  i  d  b y  f u s i o n  Q f  3-brOmO-5-nitrO-l,2,4-tri-
(25) A . G . B e am a n, W . T a u tz ,  T .  G a b rie l, a n d  R . D u s c h in s k y , J. Amer. w J 7 7

Chem. Soc., 87, 389 (1965).
(26) C . F . K ro g e r, R . M ie th c h e n , H .  F ra n k , M .  S iem er, a n d  S. P ilz ,

Chem. Ber., 102, 755 (1966). (28) E . R . A le x a n d e r a n d  R . E . B u rg e , J r .,  J. Amer. Chem. Soc., 72, 3100
(27) A . F . R ekasheva  a n d  G . P . M ik lu k h in ,  J. Gen. Chem. USSR, 24 , 95 (1950).

(1954) . (29) G . B . B a r lin  a nd  T .  J. B a tte rh a m , J. Chem. Soc., B, 516 (1967).
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azole is thus assigned as 5-bromo-3-nitro-l-(2,3,5-tri- solvent was removed. Coevaporation of the residue with ethanol 
0-acetyl-/3-D-ribofuranosyl)-l,2,4-triazole (21). 1 2 g (56% ) of 3 analytically pure: mp 163-165°; [«PD

When deacetylation oi 21 was attempted with sodium i'_H ) 
methoxide in methanol at room temperature, the bromo A nal. Calcd for C7H„N3Oa: C, 36.05; H , 4 .76; N, 18.02. 
group was rapidly displaced. The product obtained in Found: C, 36.11; H, 4 .85; N , 17.80.
69% yield was 5-methoxy-3-nitro-l-(/8-D-ribofuranosyl)- 2-Methyl-l-(2,3,5tri-0-benzoyl-/3-D-ribofuranosyl)-l,2,4-tri-
1 9  azolidine-3,5-dione (8 ).-—A solution of 2,3,5-tri-O-benzoyl-D-

’ ’ 1 . . ribofuranosyl bromide from 25.2 g (0.050 mol) of l-O-acetyl-2,3,5-
In. order to obtain an oxo substituent in the 5 position tri-0-benzoyl-/?-D-ribofuranose in acetonitrile (250 ml) was added

of the 1,2,4-triazole nucleoside (26), displacement of the to the trimethylsilyl derivative prepared from 6.3 g (0.055 mol) of
5-bromo group of 21 with concomitant deacetylation was 1-methylurazole.16 After 3 days at room temperature the sol-
effected with sodium benzyloxide in benzyl alcohol at vent was removed, ethanol was added to the residue, and the

, , » r, i i „ solution was evaporated to a syrup. The syrup was dissolved
room temperature. After column chromatography of in cUoroform and appiied to a gilica gei column (4.0  X  50 cm)
the crude reaction mixture to remove benzyl acetate packed in chloroform. The column was eluted with chloroform
and excess benzyl alcohol, a 40% yield of 5-benzyloxy- (1.5 1.) and 100-ml fractions were taken. Fractions 8-14  were
3-nitro-l-(d-D-ribofuranosyl)-l,2,4-triazole (25) was ob- combined and evaporated to dryness. The residue was crystal-
4. 4 a n  4 l 4- i i* (> ,i •, i lized from methanol to provide 21.5 g (77% ) of 8, mp 150-152°.
tamed. Catalytic reduction of the mtro group and A nal Calcd for S .6 2 .2 5 ;  H , 4.50; N, 7.51.
sim u ltan eou s h yd rogen olysis of th e  b enzyl e th e r w ith  Found: C, 62.51; H, 4 .52; N, 7.44.
palladium on carbon in the presence of hydrogen af- 2-Methyl- l-(/3-i>-ribof uranosyl)-1,2 ,4-triazolidine-3,5-dione
forded the cytidine analog, 3-amino-l-(/3-D-ribofura- (H ).— A solution of 8 (11.2 g) in methanol (200 ml) saturated
nosyl)-l,2,4-triazolin-5-one (26). at °° wit£ ammcrda was kept at room temperature for 3 days in a

Attempts to utilize 3-nitro-l,2,4-triazolm-5-onew via crystallized from ethanol to give 3.5  g of 11. The filtrate was
trimethylsilylation and alkylation in the synthesis of evaporated to dryness. W ater (30 ml) was added to the residue,
26 were unsuccessful. It would appear from these and and the mixture was extracted with ethyl acetate (three 20-ml
related studies in the pyrimidine ring30,31 that electron- portions). The aqueous solution was evaporated to dryness,

withdrawing substituents hinder direct glycosylation Q g g (total yied> 9(f%) of 11; mp i80- i 82°; M 2»d -12.3°
by reducing the electron density of the pyrimidine type (c y .0> water); pmr (D20 )  s 3.25 (s, 3 , 2-CH3), 5.47 (d, 1, JW  =
nitrogen to the point where alkylation by the Ci of the 6.0 Hz, l '-H ).
sugar does not readily occur. The fusion reaction, on A nal. Calcd for C8Hi3N3Oa: C, 38.87; H, 5.30: N, 17.00.
the other hand, is favored by electron-withdrawing Foun.d:1Ur u ’ 16T8» -nr „. , . 4-Methyl-1-(2,3 ,5-tn-0-benzoyl-(3-D-ribofuranosyl)-1,2,4-tn-
su b stitu en ts since i t  is th e  triazo le  anion  w hich  is azolidine-3,5-dicne (5).— The preparation of 5 was accom-
alk ylated . plished as for 4  to give 46% , mp 178-181°. Recrystallization

of the product from ethyl acetate-ethanol provided pure material,
mp 182-184°.

Experimental Section A nal. Calcd for C29H25N30 9: C, 62.25; H, 4 .50; N, 7.51.
,  , , ,  „• , , Found: C, 62.12; H, 4 .52; N, 7.32.

Detection of components on SilicAR 7 G F (Mallmckrodt) and 3-Methoxy-4-methyl-l-(2,3,5-tri-0-benzoyl-/î-D-ribofuranosyl)-
alumma H F 254 (Brmkmann) was by ultraviolet light and by a i )2,4-triazolin-5-one (6). Method 1.— Excess diazomethane in
10% sulfuric acid in ethanol spray followed by heating under an dimethoxyethane34 was added to a solution of 5 (1.1 g) in di-
infrared lamp. Alumina suitable for chromatographic absorption methoxyethane, and the solution was kept at room temperature
was obtained from Merck and Co. for 12 hr. After removal of the solvent, the product was crystal-

Trimethylsilyl derivatives of the 1 2,4-tnazoles were prepared lized frommethanol to give 0.6 g (53% ) of 6, mp 162-163°. 
by the general procedure of Wittenburg.13 The 1,2,4-tnazoles Method 2 .— Méthylation of 4 (3.0 g) by the procedure of
were heated under reflux m an excess of hexamethyldisilazane method i above afforded 1.7 g (54% ) of 6: mp 162-163°; pmr
with a catalytic quantity of ammonium sulfate under anhydrous , CDC13) 5 3.08 (s, 3, 4-CH3), 3.81 (s, 3, 3-0-C H 3), 6.25 (s, 1,
conditions until complete solution was achieved and evolution 2, <  l Hz l'-H ).
of ammonia ceased. The excess hexamethyldisilazane was 'A nal. Calcd for C30H27N3O9: C, 62.82; H, 4 .75; N, 7.33.
removed by distillation under diminished pressure and the residue Found- C 62 62- H 4.65- N 7.15.
(oil or crystalline solid) was used directly without further purifi- 3 ,5-Dimethoxy-l-(2’,3,5-tri-0-benzoyli3-D-ribofuranosyl)-l,2,4-
cation unless otherwise specified.  ̂ . . . . .  triazole (7).— The filtrate from the méthylation of 4 was

l-(2,3,5-Tri-0-benzoyl-(3-D-ribofuranosyl)-l,2,4-tnazolidine- evaporated to dryness, and the residue was dissolved in benzene
3,5-dione (4). A solution of 2,3,5-tri-O-benzoyl-D-ribofuranosyl and applied to an alumina column (2.0 X  25 cm) packed in
bromide32 from 20.2 g (0.040 mol) of l-O-acetyl-2,3 ,o-tri-O- benzene. The column was eluted with benzene (500 ml), and
benz3yl-/3-D-ribofuranose in acetonitrile (250 ml) was added to 50-ml fractions were taken. Fraction 4 was evaporated to dry-
the "rimethylsilyl derivative prepared from 4.4 g (0.044 mol) ness, and the residue was crystallized from methanol to give
of urazole33 and the resulting solution was kept for 3 days at 0#1 g of 7: mp H 6-1170; pmr (CDC13) 5 3.84 (s, 3, 3-0-CH 3),
room temperature. After removal of the solvent, ethanol was 4.06 ppm (s, 3 , 5-0-C H 3).
added to the residue and the crystalline 4 separated to yield 18.3 A n al. Calcd for C3oH27N30 9: C, 62.82; H, 4 .75; N, 7.33.
g (84% ), mp 202-204°. Recrystallization of the product from Found: C, 62.89; H, 4 .62; N ,7 .1 8 .
ethyl acetate-ethanol provided pure material, mp 203-205°. 2 ,4-Dimethyl-l-(/3-D-ribofuranosyl)-1,2,4-triazolidine-3,5-dione

A nal. Calcd for C28H23N30 9: C, 61.65; H, 4 .25; N , 7 .70. ( jo).— Methyl iodide (0.35 g, 2.5 mmol) and potassium carbonate
Found: C, 61.55; H, 3 .95 ; N, 7 .66. (0.38 g, 2.8 mmol) were added to a solution of 5 (1.4 g, 2.5 mmol)

l-(£-D-Ribofuranosyl)urazole or l-(/3-D-Ribofuranosyl)-1,2,4- -n dimethyif0rmamide (5 ml). The mixture was stirred at room
triazolidme-3,5-dione (3). -A solution of 4 (5.0 g) in methanol temperature for 10 hr, then poured into chloroform (150 ml).
(100 ml) saturated at 0° with ammonia was kept at room tem- solution was filtered, and the filtrate was evaporated to
Pera:ure for 3 days in a pressure bottle. After removal of the dryness. Chloroform (30 ml) was added to the residue, and the
solvent, water (30 ml) was added and the mixture was extracted mixture was extracted with water. The chloroform solution
with ethyl acetate (three 25-ml portions). Dowex 50 (H) was was dr;ed over anhydrous magnesium sulfate and filtered. A
added to the solution to pH 3, the solution was filtered, and the small amount of 5 was removed by chromatography of this solu-
-------------------  tion on an alumina column (1.5 X  35 cm) packed in chloroform.

(3C) M . W . W in k le y  a nd  R . K. R o b in s , J . Orff. Chem., 33, 2822 (1968). rpke c0]umn wag eluted with chloroform (250 ml), and 25-ml
(31) M .  W . W in k le y  a nd  R . K .  R o b in s , J. Chem. Soc. C, 791 (1969). _______________ _
(32) J . D . Stevens, R . K .  Ness, a n d  H .  G . F le tc h e r, J r .,  J. Org. Chem., 33,

1806 (1968) (34) T .  A . K h ^va ja  a nd  R . K .  R o b in s , J. Amer. Chem. Soc., 88, 3640

(33) P . G . G o rd o n  a nd  L .  F . A u d r ie th ,  ibid., 20, 603 (1955). (1966).
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fractions were collected. Fractions 3-7 were combined and extracted with water. The chloroform solution was dried over
evaporated to give 1.3 g of a homogeneous syrup. This material anhydrous magnesium sulfate and filtered. The filtrate was
was debenzoylated by refluxing in methanol (25 ml) containing evaporated to dryness, and the product was crystallized from
sodium methoxide (0.10 g) for 45 min. The solution was neu- ether and cyclohexane to provide0.39 g (81%), mp 98-100°. 
tralized with Dowex 50 (H), filtered, and evaporated to dryness. Method 2.—Methyl iodide (0.14 g, 1.0 mmol) and potassium
The product was crystallized from ethanol-ethyl acetate to give carbonate (0.15 g, 1.1 mmol) were added to a solution of 12
0.4 g (66%) of 10, mp 115-117°. (0.47 g, 1.0 mmol) in dimethylformamide (4 ml), and the mix-

Method 2.—Méthylation of 8 (2.8 g) by the procedure of ture was stirred at room temperature for 12 hr. The product
method 1 above provided 0.8 g (61%) of 10: mp 115-117°; was obtained exactly as in method 1 to give 0.41 g (85%) of
[ a ] 2Sd —17.1 (c 1.0, water); pmr (D20 )  S 3.03 (s, 3, 4-CH3), product: mp 98-100°; pmr (CDCls) S 3.05 (s, 3, 4-CH3), 3.18
3.23 (s, 3 , 1-CH3), 5.44 (d, 1, J v ,v = 6.0 Hz, l'-H ). (s, 3, 2-CH3), 5.97 (t, 1, J v - v . v  =  7.0 Hz, H,.).

A n a l .  Calcd for C9H15N30 6: C, 41.38; H, 5 .79 ; N, 16.09. A n a l . Calcd for C^H^NaO,: C, 62.36; H, 5 .65 ; N , 8 .73. 
Found: C, 41.18; H ; 5 .77 ; N, 16.03. Found: C, 62.60; H, 5 .62; N, 8 .82.

l-(2-Deoxy-3,5-di-0-p-toluoyl-/3-D-en/tfiro-pentofuranosyl)-2- 3-Nitro-l,2,4-triazole (16).— 3-Amino-l,2,4-triazole (25.2 g)
methyl-1,2 ,4-triazolidine-3,5-dione (12).— A mixture of 2-de- was added in portions to a solution of 90%  hydrogen peroxide
oxy-3,5-di-0-p-toluoyl-D-cryiAro-pentosyl chloride17 (7.8 g, 0.020 (32.4 ml) in trifluoroacetic acid (120 ml) maintained at 0 -1 0 ° .
mol) and the trime thy lsilyl derivative prepared from 2 .5  g (0.022 The resulting solution was gradually warmed to 70°, then main-
mol) of 1-methylurazcle was heated in  v acu o  (c a . 14 mm) in an oil tained at 70-80° by intermittent cooling for 4 hr. The solution
bath at 110° for 15 min. The residue was dissolved in ethyl was kept overnight at 0 °, and the crystalline product was col-
acetate (50 ml), and the solution was washed with aqueous lected to give 9.8 g of 16. The filtrate was evaporated to an
sodium hydrogen carbonate and water. After drying over oily residue which was triturated with ethyl acetate. The re-
anhydrous magnesium sulfate, the ethyl acetate solution was suiting solid material was collected and extracted with ethyl
filtered, and the filtrate was evaporated to dryness. The product acetate in a Soxhlet extractor. The ethyl acetate solution pro-
was crystallized from methanol to provide 3.8 g (41% ) of 12, vided an additional 5.5 g of 16 (total yield, 45% ). Recrystal-
mp 166-168°. lization of the product from ethanol provided pure material with

A n a l . Calcd for C24H26N30 7: C, 61.66; H, 5 .39; N, 8 .99. mp 213-215° dec. The compound exhibited uv bands at AS,",1
Found: C, 61.97; H. 5 .36; N, 8.77. 245 mM («4610), 215 (5600); 291 mM («5870), 230 (2570).

1 -(2-Deoxy-/S-D-en/tàro-pentofuranosyl)-2-methyl-1,2 ,4-triazoli- A n a l . Calcd for C2H2N40 2: C, 21.06; H , 1.77; N, 49.12.
dine-3,5-dione (13).— A solution of 12 (2.6 g) was deblocked Found: C, 20.80; H, 1.84; N , 49.35.
with methanolic ammonia as in the case of (14) to give a 3-Bromo-5-nitro-1,2,4-triazole (20).— A solution of 3-nitro- 
product which was recrystallized from ethanol to yield 0.9 g 1,2,4-triazole (16) (5.7 g, 0.050 mol), sodium hydroxide (2.0 g,
(70% ) of 13: mp 166-167°; [a ]30D + 1 7 .6  (c 1.0, water); pmr 0.050 mol), and bromine (3.0 ml) in water (25 ml) was heated
(D20 ) ;  5 3.23 (s, 3 , 2-CH3), 5.87 (t, 1, =  7.1 Hz, l '-H ). at 80° until the bromination was complete (15-20 hr) as shown

A n a l .  Calcd for CsHI3N30 5: C, 41.56; H, 5.67; N, 18.18. by tic (SilicAR 7G F, ethyl acetate developer). The solution
Found: C, 41.34; H, 5 .72; N, 17.99. was cooled, acidified to pH 3 with dilute hydrochloric acid, and

l-(2-Deoxy-3,5-di-0-jD-toluoyl-/3-D-en/i/iro-pentofuranosyl)-l,2,- extracted with ethyl acetate (four 50-ml portions). The ethyl
4-triazolidine-3,5-dione.— A mixture of 2-deoxy-3,5-di-0-p- acetate solution was dried over anhydrous magnesium sulfate,
toluoyl-D-eryi/iro-pentosyl chloride (11.7 g, 0.030 mol) and the filtered, and evaporated to dryness. The product was crystal-
trimethylsilyl derivative prepared from 3.3 g (0.33 mol) of urazole lized from ethyl acetate and benzene to provide 8.6  g (89% ) of
was heated in  vacu a  [ c a . 14 mm) in an oil bath at 110° for 30 min. 20 with mp 157-159°. The compound exhibited uv bands at
The residue was dissolved in ethyl acetate and ethanol, the solu- A°»x' 262 mp (e 3950); A"“x"  301 mp («5980), 231 (3820).
tion was filtered, and the filtrate was evaporated to dryness. A n a l . Calcd for C2HBrN40 2: 6 ,1 2 .4 5 ;  H, 0.52; B r, 41.41;
Crystallization of the product from ethyl acetate and ethanol N , 29.03. Found: 6 ,1 2 .3 4 ;  H, 0 .56; Br, 41.03; N, 28.84. 
provided 7.5 g of the desired product. The filtrate was evapo- 5-Bromo-3-nitro-l-(2,3,5-tri-0-acetyl-/3-D-ribofuranosyl)-
rated to dryness, anc the residue was dissolved in chloroform 1,2,4-triazole (21).— 3-Bromo-5-nitro-l,2,4-triazole (20 ) (5.8 g,
and applied to a silica gel column (3.0 X  55 cm) packed in chloro- 0.030 mol) and l,2,3,5-tetra-0-acetyl-/S-D-ribofuranose (9.5 g,
form. The column was eluted with chloroform (3 1.), chloro- 0.030 mol) were thoroughly mixed in a mortar, then heated
form-ethyl acetate (9 5 :5 , 1 1.), and chloroform-ethyl acetate in  vacu o  ( c a . 14 mm) in an oil bath at 150° for 30 min. The
(9 0 :1 0 ,5 1 .) ;  and 200-ml fractions were taken. Fractions 24-44  residue was dissolved in ether and cyclohexane and seeded to
were combined and evaporated to dryness, and the residue was give 12.6 g (93% ) of 21 with mp 8 8-90°. Recrystallization
crystallized from ethyl acetate and ethanol to give an additional of the product from ether and cyclohexane provided pure material
1.8 g. The total yield was 67% . Recrystallization of the prod- with mp 9 0-92°. Seed crystals were obtained by chromatog-
uct from ethyl acetate and ethanol provided pure l- (2-deoxy- raphy on silica gel with benzene-ethyl acetate (9 : 1).
3,5-di-0-p-toluoyl-/3-D-en/ilwo-pentofuranosyl)urazole: mp 219- A n a l . Calcd for Ci3Hi6BrN40 9: C, 34.60; H, 3 .35 ; B r,
221°; pmr (DMSO-d6) 56.07 (t, 1 , / r _2.,2„ =  7 .0H z, l '-H ). 17.71; N, 12.42. Found: C, 34.36; H, 3 .41; B r, 17.62;

A n a l . Calcd for CS3H23N30 7: C, 60.92; H, 5 .11; N , 9 .27. N , 12.37.
Found: C, 60.66; H ,5 .14; N, 9.14. 5-Methoxy-3-nitro-l-(/3-D-ribofuranosyl)-1,2,4-triazole (24).—

1-(2-Deoxy-/3-D-ribofuranosyl)urazole or l-(2-Deoxy-/3-D- 5-Bromo-3-nitro-l-(2,3,5-tri-O-acetyl-,3-i>-ribofuranosyl)-1,2,4-
«ry+ro-pentofuranosyl)-l,2,4-triazolidine-3,5-dione (14).—A solu- triazole (21 ) (9.0 g, 0.020 mol) was added to a solution of sodium
tion of the blocked nucleoside (2.0 g) in methanol (50 ml) satu- (0.58 g, 0.025 mol) dissolved in methanol (50 ml), and the result-
rated at 0° with ammonia was kept at room temperature for 3 ing solution was stirred at room temperature for 2.5 hr. After
days in a pressure bo tale. After removal of the solvent, water neutralization with Dowex 50 (H), the solution was filtered, and
(20 ml) was added to the residue, and the mixture was extracted the filtrate was evaporated to dryness. The residue was dis-
with ethyl acetate (three 15-ml portions). The aqueous solution solved in methanol, silica gel (20 g) was added to the solution,
was evaporated to dryness, and the product was crystallized and the mixture was evaporated to dryness. The silica gel
from ethanol to give 0.53 g (55%) of 14: mp 208-210° dec; mixture was added to a dry-packed silica gel column (2.5 X  25
t“ i 27d —3.3° (c 1.0, water); pmr (DMSO-d«) S 5.61 (m, 1, fine cm), and the column was eluted with chloroform (0.5 1.), ethyl
width 14 Hz, l'-H ).  ̂ acetate-chloroform (1:1, 0.5 1.), and ethyl acetate (1 1.). Frac-

A n a l . Calcd for C7HiiN30 3: C, .38.71; H, 5.11; N, 19.35. tions of 200 ml were collected, and fractions 4-7 were combined
Found: C, 38.47; H, 5.07; N, 19.38. and evaporated to dryness. Ôrvstallization of the product from

l-(2-Deoxy-3,5-di-0-p-toluoyM-D-erj/<fero-pentofuranosyl)-2,4- ethyl acetate provided 3.8 g (69%) of 24: mp 126-127°; [«)30d

dimethyl-1,2,4-triazolidine-3,5-dione. Method 1.— Methyl io- -5 6 .6 °  (c 1.0, water); pmr (D20 )  i  4.17 (s, 3, 0-CH3), 5.80
dide (0.28 g, 2.0 mmol) and the potassium carbonate (0.30 g, (d, 1, =  3.5 Hz, l'-H ).
2.2 mmol) were addec to a solution of l-(2-deoxy-3,5-di-0-p- A n a l . Calcd for Ci,Hi2N40 7: C, 34.78; H, 4 .38; N , 20.29. 
toluoyl-^-D-erj/lliro-pentofuranosyl)-1 ,2 ,4 - triazolidine-3 ,5 -dione Found: C, 34.73; H, 4 .57; N, 20.18.
(0.45 g, 1.0 mmol) in dimethylformamide (4 ml), and the mixture 5-Benzyloxy-3-nitro-l-(/3-D-ribofuranosyl)-l,2,4-triazole (25).
was stirred at room temperature for 12 hr. The mixture was — A solution of 21 (4.5 g, 0.010 mol) in dry 1,2-dimethoxy-
then poured into chloroform (150 ml) with stirring, the solution ethane (15 ml) was added to a  solution of sodium (0.34 g, 0.015
was filtered, and the filtrate was evaporated to dryness. Chloro- mol) dissolved in benzyl alcohol (15 ml), and the mixture was
form (20 ml) was added to the residue, and the mixture was stirred at room temperature for 3 hr. After neutralization with
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Dowex 50 (H ), the solution was filtered. Silica gel (25 g) was Method 2.— 3-Nitro-l-(/3-D-ribofuranosyl)-l,2,4-triazole (18) 
added to the filtrate, and the mixture was evaporated to dryness. (1.2 g) and 85%  hydrazine (5.0 ml) were heated on a steam bath
The silica gel mixture was added to a dry-packed silica gel column until evolution of nitrogen ceased (ca. 20 min). The solution
(3.0 X  30 cm ). The column was eluted with chloroform (1 1.) was evaporated to dryness, and the product was crystallized
which removed benzyl alcohol and benzyl acetate, followed by from ethanol to yield 0.95 g (88% ) of 19: mp 145-146°; [a]“ d
chloroform-ethyl acetate (1 :1 , 0.5 1.) and ethyl acetate (1.5 1.); —52.4 (c 0.98, water); pmr (DMSO-d6-D,0) 5 5.62 (d, 1,
and 2C0-ml fractions were taken. Fractions 6-11  were combined J v .v  =  4 .0  Hz, l '-H ), 8.29 (s, 1, 5-H ).
and evaporated to dryness, and the product was crystallized A n a l . Calcd for (^HuNA),: C, 38.89; H, 5 .59 ; N , 25.92.
from ethanol-benzene to give 1.4 g (40% ) of 25 with mp 106- Found: C, 38.75; H, 5 .69 ; N, 25.82.
108°. l-(2,3,5-Tri-0-benzoyl-/3-D-ribofuranosyl )-l ,2 ,4-triazole.—A

A n a l . Calcd for ChHuN40 - :  C, 47.73; H, 4.58; N , 15.90. solution of 1-trimethylsilyl-l,2 ,4-triazole36 (3.1 g, 0.022 mol)
Found: C, 47.85; H , 4 .49; N , 15.77. and 2 ,3 ,5-tri-O-benzoyl-D-ribofuranosyl bromide prepared from 1-

3-Amino-l-(j3-D-ribofuranosyl)-l,2,4-triazolm-5-one (26).— A 0-acetyl-2,3,5-tri-0-benzoyl-/S-D-ribofuranose (10.1 g, 0.020 mol)
solution of 25 (0.50 g) in ethanol and 10%  palladium-on-carbon in acetonitrile (50 ml) was kept for 4  days at room temperature,
catalyst (0.10 g) was shaken on a Parr hydrogenation apparatus The solvent was removed and the residue was dissolved in chloro-
at 45 psi for 3 hr at room temperature. The catalyst was re- form (30 ml). The chloroform solution was washed with dilute
moved by filtration through CeUte, and the filtrate was evapo- aqueous sodium hydrogen carbonate and water. After drying
rated to dryness. The residue was dissolved in methanol, and over anhydrous magnesium sulfate, the chloroform solution was
silica gel (5.0 g) was added to the solution. The mixture was filtered, and the volume was reduced to approximately 15 ml.
evaporated to dryness, and the silica gel mixture was added to a This solution was applied to a silica gel column (3.5 X  60 cm)
dry-packed silica gel column (2 X  20 cm ). The column was packed in chloroform. The column was eluted with chloroform
eluted with chloroform (0.2 1.), chloroform-ethyl acetate (1: 1,  (2 1.), and 200-ml fractions were taken. Fractions 5 -8  were
0.2 1.), ethyl acetate (0.2 1.), ethyl acetate-methanol (95:5, combined and evaporated to dryness, and the product was
0.5 1.), and ethyl acetate-methanol (90 :10 , 1 1.); 100-ml frac- crystallized from ethanol to provide 5.6 g (54% ) of l-(2,3,5-tri-
tions were collected. Fractions 12-15 were combined and 0-benzoyl-/3-D-ribofuranosyl)-l,2 ,4-triazole with mp 103-105°.
evaporated to dryness. The product was crystallized from A n a l . Calcd for C2SH23N3O7: C, 65.49; H, 4 .51; N, 8.18. 
methanol and ethanol to give 0.19 g (58% ) of 26: mp 167-169° Found: C, 65.54; H , 4 .45; N, 8.11.
dec; [a]27D —91.0° (c 1.0, water). l-(/3-n-Ribofuranosyl)-l,2 ,4-triazole (15). Method 1.— Asolu-

A n a l . Calcd for C7H12N4O5: C, 36.21; H, 5 .21; N, 24.13. tion of 1 -(2 ,3 ,5-tri-0-benzoyl-f3-D-ribofuranosyl)-1 ,2 ,4-triazole
Found: C, 36.25; H .5 .2 2 ; N , 23.89. (5.1 g) in methanol (30 ml) containing sodium methoxide (0.10

3-Amino-l-(2,3,5-tri-0-benzoyl-/3-D-ribofuranosyl)-l,2,4- g) was refluxed for 45 min. The solution was neutralized with
triazole (23).— 3-Bromo-5-nitro-l,2 ,4-triazole (20 ) (1.9 g, 0.010 Dowex 50 (H) and filtered, and the solvent was removed. The
mol) and l-0-acetyl-2,3,5-tri-0-benzoyl-/3-D-ribofuranose (5.0 g, product was crystallized from methanol and ethyl acetate to give
0.010 mol) were thoroughly mixed in a mortar, then heated 1.8 g (90% ) of 15: mp 143-145°; [0:]%  —57.0° (c 1.0, water);
in  vacu o  (c a . 14 mm) in an oil bath at 150° for 30 min. The pmr (DMSO-<A) S 5.85 (s, 1, J v . r  =  3.7 Hz, l '-H ), 8.06 (s, 1 ,
residue was dissolved in ethyl acetate and evaporated to dryness. 3-H ), 8.80 (s, 1 ,5-H ).
This syrup, crude 5-bromo-3-nitro-l-(2,3,5-tri-0-benozyl-/3-D- A n a l . Calcd :or CaHiiNsO,: C, 41.79; H, 5 .51 ; N, 20.89.
ribofuranosyl)-l,2 ,4-triazole (22 ), was dissolved in ethyl acetate- Found: C, 41.54; H ,5 .5 9 ; N, 20.93.
ethanol (1 :1 ,5 0  ml). Sodium acetate (0.9 g) and 10% palladium- Method 2.— A solution of sodium nitrite (0.15 g, 2.2 mmol)
on-carbon catalyst (1.0 g) were added to the solution and the mix- in water (3 ml) was added dropwise with stirring to a solution
ture was shaken on a Parr hydrogenation apparatus at 40 psi for of 3-amino-l-(/3-D-ribofuranosyl)-l,2 ,4-triazole (19) (0.43 g,
3 hr a" room temperature. The catalyst was removed by filtration 2.0 mmol) and 50%  hypophosphorous acid (0.30 g) in water
through Celite, and the filtrate was evaporated to dryness. (5 ml) at room temperature. After 30 min the solution was
W ater (30 ml) was added to the residue, and the mixture was evaporated to dryness. Methanol and silica gel (2.0 g) were
extracted with ethyl acetate (three 50-ml portions). The ethyl added to the residue, and the mixture was evaporated to dryness,
acetate solution was dried over anhydrous magnesium sulfate, The silica gel mixture was added to a dry-packed silica gel column
filtered, and evaporated to dryness. Crystallization of the (1.5 X  20 cm), and the column was eluted with chloroform
product from ethanol provided 3.5 g (60% ) of 23, mp 124r-126°. (0.1 1.), ethyl acetate-chloroform (1: 1,  0.2 1.) and ethyl acetate

A n a l . Calcd for C2,H 2(N ,0 7: C, 63.63; H , 4 .58; N, 10.60. (0.2 1.); 50-ml fractions were taken. Fractions 8 and 9 were
Found: C, 63.82; H ,4 .4 9 ; N, 10.48. evaporated to dryness, and the residue was crystallized from

3-Nitro-1-(2,3,5-tri-0-benzoyl-/3-D-ribofuranosyl)-l,2,4- methanol and ethyl acetate to give 0.18 g (45% ) of 15.
triazole (17).— 3-N itro-l,2 ,4-triazole (16) (2.3 g, 0.020 mol) and Method 2 was repeated with 50%  IVhypophosphorous acid
l-0-acetyl-2,3,5-tri-0-benzoyl-|8-D-ribofuranose (10.1 g, 0.020 in D20  and with D20  in place of water. The 50%, D3—hypophos-
mol) were thoroughly mixed in a mortar, then heated in  v acu o  phorous acid solution was prepared as follows. The water was
(c a . 14 mm) in an oil bath at 190° with magnetic stirring for 30 removed from 50%  hypophosphorous acid in  v acu o , D20  was
min. After cooling the reaction mixture, the product was crystal- added, and the evaporation was repeated. Sufficient D20  was
lized from ethyl acetate and ethanol to yield 9.8 g (88% ) of 17, then added to make an approximately 50%  D3-hypophosphorous
mp 153-155°. Recrystallization of the product from ethyl acid solution. The pmr spectrum of the product obtained was
acetate and ethanol provided pure material: mp 155-156°; identical with that of 15 except that the signal for the 3-H at S
pmr <DMSO-d6) S 6 .84 (d, 1, =  1.2 Hz, l '-H ), 9.18 (s, 1, 8.06 integrated for 0.27 proton.
5-H).

H ’ 3 '97; N ’ 10'°3 ' Registry No.-3 ,  2 4 8 0 6 -8 3 -5 ; 4, 2 4 8 5 4 -6 2 -4 ; 5,
3-Nitro-i-(/3-D-ribofurano”syl)-l,2,4-triazole (18).— A solution 2 4 8 0 6 -8 4 -6 ; 6 , 2 4 8 0 6 -8 5 -7 ; 7 , 2 4 8 0 6 -8 6 -8 ; 8 , 2 4 8 0 6 -

of 17 (11.2 g) was refluxed in methanol (50 ml) containing sodium 8 7 -9 ;  10 , 2 4 8 0 6 -8 8 -0 ; 11, 2 4 8 0 6 -8 9 -1 ; 12, 2 4 8 0 6 -
methoxide (0.10 g) for 45 min. The solution was neutralized 9Q_4 ; 1 3 ,2 4 8 0 6 -9 1 - 5 ;  1 4 ,2 4 8 0 6 - 9 2 - 6 ;  1 5 ,2 4 8 0 6 - 9 3 - 7 ;
with Dowex 50 (H) and filtered, and the solvent was removed 1 6 ,2 4 8 0 7 - 5 5 - 4 ;  1 7 ,2 4 8 0 6 - 9 4 - 8 ;  1 8 ,2 4 8 0 6 - 9 5 - 9 ;  19,
The product was crystallized from 2-propanol to give 4.0 g (82% ) ’ 94807 56 5- 21 94,806-97-1- 23
of 18, mp 135-137°. Recrystallization of the product from 2- 2 4 8 0 6 -9 6 -0  , 2 0 , 24807-D b -o , 2 1 , 2 4 S U b -y /-l , 2 4 ,
propanol provided pure material: mp 138-140°; [a]28d —24.1° 24806 -98 -2 ; 24, 24806 -99 -3 ; 25, 2 4 8 07 -00 -9 , 26,
(c 1.0, water); pmr (D20 )  5 6.09 (d, 1, J y .v  =  3.0 Hz, l '-H ), 24807 -0 1 -0 ; l-(2-deoxy-3,5-di-0-p-toluoyl-/3-D-en/tfiro-
8.82 is, 1 , 5-H ). p entofu ran osyl)-l,2 ,4-triazolid in e-3 ,5-d ione, 24807-02-

Found! c S r i S N ^ ^ 34 '151 H ’ 4 ‘09; N ’ 76 ’ I !
3-Amino-l-(/3-D-ribofuranosyl)-l,2,4-triazole (19). Method 1. anosyl) - 2 ,4  - dimethyl - 1,2,4 - tnazolidine o,5 dione,

— A solution of 23 in methanol (30 ml) saturated with ammonia 24807-03-2; l-(2,3,5-tri-0-benzoyl-/3-D-ribofuranosyl)-
at 0C was kept at room temperature for 3 days in a pressure 1,2,4-triazole, 24807-04-3.
bottle. The solvent was removed, and the product was crystal
lized from methanol and ethyl acetate to give 0.35 g (85% ) of
19 with m p  145-146°. (35) L .  B ir k o fe r  P . R ic h te r ,  a n d  A . R i t te r ,  Chem. Ber., 93, 2804 (1960).
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The reaction of i-butylbenzene with phosphorus trichloride in the presence of aluminum chloride gives p-l- 
butylphenyl-i-butylphosphinic acid after hydrolysis of the phosphinyl chloride, which is a reaction intermediate.
Small amounts of phenyl-i-butylphosphinic acid were isolated in some of the reactions. The mass spectra of 
these compounds were examined.

T h e  re a c tio n  b etw een  ¿-butylbenzene an d  phosp h oru s n o t a lw ays s a tis fa c to ry  fo r th e  syn th esis  of p hosp h on ic  
trich lo rid e  in  th e  p resen ce of a lu m in um  chloride, fol- a c id s . 3 
low ed b y  tre a tm e n t w ith  chlorine, an d  th e n  w ith
eth an o l, an d  th e n  w ith  aqueous h y d ro ch lo ric  acid , is E x p e rim e n ta l S e ctio n

re p o rte d  to  give a  m ix tu re  of p -f-b utylp h enylph osp honic M aterials.-Phosphorus trichloride (B and A) was redistilled-
acid  (I)  an d  d i-p -i-b utylph enylph osp hin ic acid  ( I I ) .  and aluminum chloride (B and A) was sublimed in  vacuo, t-
T h e  ov erall yields w ere low b ecau se  of isolation  an d  Butylbenzene (M CB) was shown by glc to contain < 0 .1 %  ben-
purification  problem s. zene-

W e  a tte m p te d  to  follow th e  original p roced u re  given  Reaction Conditions.-The first experiment was done following
i i >r i a ,  ,  , .  ,  f  . , t  T  t t  the original procedure 01 Kosolapoff,3 with PCI3 (2/0 g), AICI3
b y  K osolap off b u t w ere u nab le to  isolate  e ith e r I  o r I I  (45 g )f an(j ¿-butylbenzene (67 g). The materials were refluxed
an d  o b tain ed  p -f-b u tylp h en yl-i-b u tylp h osp h in ic acid  for 4  hr and the volatiles, including PCI3, were distilled off.
( I l l )  in  c a .  2 0 %  yield  (b ased  on i-b u tylb en zen e) w h ich  1,1 ,2 ,2-Tetrachloroethane (200 ml) was then added and the solu-
w e assu m e w as form ed  b y  re actio n s b etw een  an  a ry l bon was saturated with chlorine. Ethanol (146 ml) was added
group, a ¿-butyl cation or isobutene, and a trivalent dropwise at 15° giving amounts of HC1 gas. The mixture was
6 F J  9 . , . treated with ice and then concentrated HC1. The organic layer
phosphorus compound. A possible reaction scheme IS was washed with water and saturated salt solution and dried
shown in Scheme I. (In Schemes I and II  possible over anhydrous MgS04. The solvent was then evaporated to
addition complexes between ¿-butylbenzene and alu- give an oil which solidified on standing. According to the
minum and phosphorus chloride are not shown, and original procedure, the esters of the phosphonic and phosphinic
,, , ,, c , ■ _ tc , acids should have been sufficiently volatile to be distilled mthese schemes therefore represent oversimplified mm- rocu0> but we obtained no distilIa4  and therefore refluxed the
im u m  d escrip tion s.) nonvolatile material with concentrated HC1, as described.3 A

I n  ad d itio n  to  I I I  a  sm all a m o u n t of p h en yl-f-b u tyl- white solid, sparingly soluble in cold H20 , was obtained. Extrac-
phosphinic acid  (IV ) w as som etim es form ed, e ith e r b y  tion of this solid with hot water and subsequent evaporation of
d ealk y latio n  o f one of th e  p re cu rso rs  of I I I  o r  b y  a  re a c -  ,watf r Savfe a ' ? uch ^ te r several recrystal-

A i r  i j  n i a* lizations from 5 0 :5 0  H 2G -EtO H  had mp 154r-156°. This solid
ti° n  o f benzene, g e n erated  fo r exam p le  b y  d ealk y la tio n  was shown to be phenyl-i-butylphosphinic acid (IV ).
o f ¿-butylbenzene. T h e  m axim u m  a m o u n t found w as The bulk of the material was not extracted into hot water but
c a .  5 %  of th a t  of I I I .  A  possible re a c tio n  sequ ence is was recrystallized several times from a 50 :5 0  H20 -E tO H  solu-
show n in  S ch em e I I .  T h e  p a rtic u la r  seq u en ces of re -  bon giving solid white crystalline needles, mp 208-209°. This
ontinnsi qhnwn in Sehpmps T and TT a re  assum ed • p a  th e  solld was shown to be P-f-butylphenyl-i-butylphosphimc acida c tio n s  show n m  sch e m e s  l  a n a  l i  a re  a s .m m e a e .g r., th e  (III)> obtained in 20%  yield. Considerable amounts of ma-
d ealk y latio n  could follow  an  in itial re a c tio n  w ith  P C h - terial were probably lost in the recrystallizations.

R e a c tio n s  b etw een  triv a le n t p h osp h oru s an d  e le c tro - Neither of these acids had the properties of p-i-butylphenyl-
philes4 an d  d ealk y latio n s of alk y  ¡ben zen es b y  L ew is phosphonic acid (mp 199-200°) or di-p-i-butylphenylphosphinic
acid s5 a re  w ell know n. T h e re  a p p eared  to  be no role acid (mp 211-212  ).3 .
. , , • , ,  , .  1 , 1  ,, The reaction was repeated on half the original scale omitting
fo r chlorin e in th ese  re a ctio n s  an d  th erefo re  w e re -  the addition of cHorine and the refluxing with concentrated HC1.
p e a te d  th e  exp erim en ts  o m ittin g  th e  ad d itio n  o f ch lo - The initial product formed after removal of the volatile materials
rin e, follow ed b y  e th an o l an d  acid  h yd roly sis , as in  was an oil which solidified on standing, yielding the white solid V,
K osolap off’s origin al p ro ce d u re , 3 an d  w e iso lated  th e  14 g (23%  yield). Recrystallization from petroleum ether gave
p hosp h in yl chlorid e (V ) w h ich  w as su b seq u en tly  h y - P-^butylphenyl-i-butylphosphinyl chloride (mp 1 1 ^ 1 1 8 ° ) . I t
j  1 j  • ,, r  , , ,  - i  TTT was identified by comparison of its 60-MHz nmr spectrum with
d roiy zed  in  alkali to  th e  acid  ITT. that of material prepared from the phosphinic acid and thionyl

T h e  re a c tio n  w h ich  w e o b serve  p rov id es a  sim ple chloride,7 and by chloride analysis. Hydrolysis of the crude 
single-step  p ro ced u re  for th e  syn th esis  of a lk y lary lp h o s- chloride in alkali gave much less phenyl-i-butylphosphinic acid
phinic ac id s , 3'6'7 a lth o u g h  th e  scope of th e  re a c tio n  n eeds (IV ) than,in th,e original experiment, and the major product was
I , , , Ti , ,  , , ,  • • 1 j  p-i-butylphenyl-i-butylphosphimc acid (III). In another prep-
to  be exp lored . I t  seem s th a t  th e  origin al p roced u re  ^ratio^  f t o ,  Was used without sublimation and the same phos-
using p h osp h oru s trich lo rid e  an d  alu m in u m  chlorid e is phinic acids were formed. The isolation of the chloride V de

pends on the extent of hydrolysis during isolation, and the forma-
(1) Support of this work by the National Institute of Arthritis and bon 0f the acid IV depends fortuitously upon the reaction condi-

Metabolic Diseases of the U3PHS is gratefully acknowledged. tions, e.g ., upon the extent to which the AlCfi catalyzes the de-
(2) To whom inquiries should be addressed. alkylation relative to the Friedel-Crafts reaction.
(3) G. M .  K o so la p o ff, J .  Amer. Chem. Soc., 76, 3 2 2 2  (1954). j n  order to determine the possibility that phenyl-i-butylphos-
(4 ) R. F. Hudson, "Structure and Mechanisms in Organo-Phosphorus. phinic acid (IV ) was formed by a loss of a i-butyl group from a

c hemistr^''Academic Press, New York, N. Y„ 1965 Chapter 4 p-f-butylphenyl-i-butylphosphinyl derivative, we heated 5 g of
New York N°y "' 1954?” 96.y c °“ Pound9' VoL IIIA' Else™ r' i n  with A1C1, (8 g) and PCh (50 ml) for 2 hr under reflux, but
" (6) G. O. Doak and’ L. D. Freedman, J .  Amer. Chem. Soc., 73, 5658 found none of the a« d IV . This experiment suggests that alkyl 
(1951). cleavage precedes formation of the acid II I .

(7 ) T .  H .  Siddall and C. A . Prohaska, j&id., 84, 2 5 0 2  (1962). Evidence for Structure.— p-i-Butylphenyl-i-butylphosphinic
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acid (III), mp 208-209°, is a monobasic acid (molecular weight Scheme I
by neutralization 252). A n al. Calcd for Ci4H230 2P : C, 66 .1 -
H, 9 .1 ; P , 12.2. Found: C, 6 6 .6 ; H , 8 .6 ; P , 12.3. AICI=,

The mass spectrum has a parent peak P  =  254, and the nmr i-BuPh i-Bu +  PhAlClT
spectrnm in CDC13 (60 MHz) gave a doublet, 8 0 .90 and 1.16 AIC| r.— n
(9, J  =  16 H z), 1.31 (9), a multiplet, 8 7.58 (9), and a singlet, i-BuPh +  PC13 :— V t-Bu— <f )>— PC12 +  HC1
8 12.10 (1). (The relative areas are shown in parentheses.) \— /
The latter peak is that of the ionizable hydrogen and disappears //— v, ¡.Bu+ fi— ^ +
on treatment with D20  in CH3CN. The infrared spectrum (Nu- i-Bu— f  J — PC12 -------► i-Bu— \ y— PC12
jol mull or K B r pellet) showed peaks at 9 .0 , 11.5-12.5 ¡i which ' =  \ = /  |
are characteristic of 1,4-disubstituted phenyl compounds .8 i-Bu

Phenyl-i-butylphosphinic acid (IV ), mp 154-156°, is a mono
basic acid. A nal. Calcd for Ci0H i5O2P : C, 60.6; H, 7 .7 ; H!°
P , 15.7. Found: C, 60 .6 ; H, 7 .8 ; P , 15.9. The nmr spec- O ' O
trum in CDCls (60 MHz) gave a doublet, 8 0.90 and 1.17 (9), r,— x || H0 r—* 11
multiplet, 8 7.57 (5), and a singlet, 8 11.6 (1 ). (The relative i-Bu— f  y— P — OH k -  i-Bu— \ — p — Cl
areas are shown in parentheses.) The latter peak is that of the \ = /  | \ = /  |
ionizable hydrogen and disappears after treatment with D20 .  i-Bu i-Bu
The proton phosphorus nmr coupling is well established from ]j- y
work on compounds containing alkyl groups attached to phos
phorus.79 Siddall and Prohaska have studied the nmr of IV
and its chloride and report a coupling constant J  =  15.7 Hz for Scheme II
the acid and J  = 17.7 Hz for the chloride.7 (They reported r,—  ̂ A!C13 f/ — ^ ¡.Bu+
no other physical properties for these compounds.) \ +  PC13 -------► V \ — PCI, ------ *-

Thephosphinylchloride V had mp 116-118° (found Cl, 12.9%  \ = /  \ — /
by Ag titration; calcd Cl, 13 .0% ). The mass spectrum has
parent peaks P  =  272 (“ Cl) and P  =  274 ("C l). The nmr spec- 0  0
trum (60 MHz in CCh) is very similar to that of III and the f/  \  + H=° f/ \  II H20 r,— x ||
peaks were a doublet 8 1.06 and 1.36 (9), 1.35 (9), and a multiplet, (  )  *" C J — P— Cl — x' y — P— OH
8 7.5 (4). A coupling constant J  =  17 Hz was found in agree- \ = /  | \ = /  | \ = = / j
ment with the results of Siddall and Prohaska.7 i-Bu i-Bu

The mass spectra (MS 902, 70 eV) of these compounds IV
are quite different from the spectra observed by Haake and 
his coworkers for diarylphosphinic acids10 and related compounds,
in that there is no evidence for VI or ions derived from it. and 254 -►  198, respectively. In agreement with the

Ph Ph results of Haake and coworkers,10 we find a large M  +  1
\  /  peak and a large peak which could be formed by loss of

isobutene from the molecular ion. Existing evidence 
O suggests that isobutene is lost from the ¿-butyl group
VI attached to phosphorus; a ¿-butyl cation could also be

lost from the P +  1 ion. This reaction is also observed 
Results with phenyl-f-butylphosphinic acid. These reactions

in the ion source are analogous to the reverse reaction 
Mass Spectra.— The principal peaks of the mass of attack of the ¿-butyl cation upon a trivalent phos-

spectrum of p-i-butylphenyl-(-butylphosphinic acid, phorus compound in the synthesis of these phosphinic
with their sizes relative to the base peak 198 are 256 acids. Scheme III accounts for the mass spectrum.

Scheme III

ch3 r  T  ^  ?H+
) 6 ~ C m >~ C(CH3)j ^  (CH3)3C— Q > — p - c (c h 3)3

CH3 _  OH OH OH
m /e  239 m /e  254 m /e  225

-(CH3)2C = C H j -(CH3)2C = C H 2

CH 0H+ 0H+ |i)H+

/ 6 _ l  “  (CH3) C - Q - I  P— C(CH3)3

CH° OH OH OH
m /e  183 m /e  198 m /e  199

(2), 255 (21), 254 (33), 239 (9), 199 (19), 198 (100), 197 The principal peaks of the mass spectrum of phenyl-
(8), and 183 (40%). There are metastable ions at 169 ¿-butylphosphinic acid with their sizes relative to the
and 154 which correspond to the transition 198 -*■  183 base peak 142 are 200 (0.3), 199 (3), 198 (13), 183

(1.2), 143 (6), and 141 (3%). The metastable ion at 
I « «  corresponds to the transition 198 -  142. Scheme

(9) D . F ia t ,  M .  H a lm a n n , L . K u g e l, a n d  J. R euben, J. Chem. Soc., 3837 IV  aCCOUntS for the observed Spectrum.
„ TT , „  , „  , „  _ u . , n ret „  The nmr soectra and these mass spectra, together

(10) P . H a a ke , M .  J . F rearson , a n d  C. E . D ie b e rt, J. Org. Chem., 34, ~ . 1 J O
<88 ( 1 9 6 8 ) .  with the results of Haake and his coworkers on the mass
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Scheme IV Scheme V»

•0 + 0H + '0 + +OH
¡1 +H- II f/ ^  II -(CH3).C = C H , „  // \  |

Ph— P— C(CH3)3 — -  Ph— P— C(CH3)3 (CH3)3C— (  >— PC(CH3)3 ---------------*- (CH3)3C (  ) P:

/  OH OH Cl X ,  Cl
/  m/e 198 m/e 199 m/e 272(274) ^ " C‘ m/e 216(218)

/  Uri ¿u

/  I  I ' “ " “ ’ (CH,},C—  / \ — P:  '  \ 0H

r  x  ?h ” / e u 3  »/«v cx>i
1 ~  p» - f  ! - « .  CH, ' “ ' ¿ 1

\ OH OH „ „  +0H m/e 201(203)
\  m/e 142 \  r ~ \  I!
\  o+ / C “ “ C J /  P;

^  I . CH3
Ph P C(CH3)2 ni/e 166

OH ° The mass numbers in parenthesis denote the ion containing
m/e 183 HC1.

. . ,  stable ions are observed at 189, 187 with abroad peak
spectra of diarylphosphimc acids,10 confirm that we &t 17Lg and correspond to the transitions 218 —  203,
isolated arylalkylphosphmic acids and not the com- 216 201 and 272 —  216, and 274 ^  218, respectively.
pounds originally reported.3 Scheme Y  illustrates this pattern.

The principal peaks of the mass spectrum of p-t-
butylphenyW-butylphosphinyl chloride with sizes rela- Registry No.— III, 25097-42-1; IV, 4923-86-8; Y, 
tive to the base peak 216 are 274 (11), 272 (30), 218 25097-44-3; aluminum chloride, 7446-70-0; i-butyl-
(43), 203 (24), 201 (83), 181 (6), and 166 (4%). Meta- benzene, 98-06-5; phosphorus trichloride, 7719-12-2.

Conform ation of th e Sodium Salts of 4-Phenylbutyric Acid 
and co-Phenyloetanoic Acid in Aqueous Solution

J ohn F. Sebastian1 and M ila Ti

Department o f  Chemistry, M iam i University, Oxford, Ohio 45056 

Received October 83, 1969

The conformations of the sodium salts listed in the title have been investigated in deuterium oxide by nuclear 
magnetic resonance spectroscopy. The conformation of 4-phenylbutyric acid sodium salt has been found to 
exist in the anti form with respect to the 0, y  carbon-carbon bond. The data do not permit the establishment of 
a unique conformation for sodium w-phenyloctanoate, but possible conformations are delineated.

The nature and extent of the intermolecular and the ity of micelles.6’7'12-15 However, the conformations
intramolecular interaction of two or more apolar of the molecular constituents of micelles have received
moieties in water continues to be a subject of extensive relatively little attention. It  has been fairly well estab-
and lively investigation.2-11 The elucidation of these lished in a number of cases that at concentrations below
interactions is crucial to an understanding of molecular the critical micelle concentration (cmc), intermolecular
conformations and reaction mechanisms in aqueous so- association can occur.616 We have initiated a study of
lution. M-phenylalkylcarboxylic acid salts in aqueous solution

Over the past few years many investigators have ex- with the goal of obtaining information regarding the
amined the nature, structure, and the effect on reactiv- conformations of the anions at concentrations below

the cmc. Our approach makes use of the phenyl ring
( I ) T o  w h o m  in q u ir ie s  sh o u ld  be sent. a s  a  conformational probe. The magnetic anisotropy
(2 > w. K a u z m a n n , Advan. Protein chem., 14, i ( 1 9 5 9 ) .  arising from the ring current of the phenyl ring will
O ) g . N e m e th y  a nd  h . a . Scheraga, j . Phys. chem 66 , 1 7 7 3  ( 1 9 6 2 ) . affect the chemical shifts of any protons located in the
(4) I .  M .  K lo tz ,  Fed. Proc., Fed. Amer. Soc. Exp. Biol., 24, S u p p l. 15, ~

S-24 (1965).
(5) H . In o u e  a nd  T .  N a ka g a w a , J. Phys. Chem., 70, 1108 (1966).
(6) P . M u k e r je e , ibid., 69, 2821 (1965). (12) R . H a que , J. Phys. Chem., 72. 3056 (1968).
(7) N .  M u lle r  and  R . H . B irk h a h n ,  ibid., 71, 957 (1967). (13) R . B . D u n la p  and E . H .  Cordes, J. Amer. Chem. Soc., 90, 4395 (1968),
(8) R . H . C o n ra d  and  L .  B ra n d , Biochemistry, 7, 777 (1968). a nd  references c ite d  th e re in .
(9) D . M .  C ro th e rs  a nd  D . I .  R a tn e r,  ibid., 7, 1823 (1968). (14) L .  R . R o m ste d  a n d  E . H . Cordes, ibid., 90, 4404 (1968).
(10) D . S. O la n d e r a nd  A . H o ltz e r, J. Amer. Chem. Soc., 90, 4549 (1 9 6 8 ). (15) F . M . M e n g e r and  C . E . P o rtn o y , ibid., 90, 1875 (1968).
( I I )  M .  P . Schw eizer, A . D . B ro o m , P . O. P . T s ’O, and  D . P . H o llis , (16) P . M u k e rje e , K .  J . M yse ls , a nd  C . I .  D u lin ,  J. Phys. Chem., 62,

ibid., 90, 1042 (1968). 1390 (1958).
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T able I
Chemical S hifts of the Acids in D euterium  Oxid e  and Carbon T etrachloride

,------— — --------------------------------- C h e m ic a l s h ifts , p p m a— ------------------------------------------- ■

C o m p d  S o lv e n t (p D )  C o ncn , M b — C e ll , — C H iC tH s  — C H 2— —CHi -  C H *

Propionic acid D2O (1.6) 1 .4  X  10_ 1  2 40 1.08
D20  (9.8) 6  X 10-> 2.17 1.04
CCU 0 2 .34 ' 1.14=

4-Phenylbutyric acid D2O (9.0) 1 X  10- 1  7.34 2.65 2 .20 1.93
D 2O (9.4) 6  X  10'> 7.33 2.64 2.21 1.91
DaO (9.8) 2 X 10~ 2 7.34
CC14 0 7 .15 ' 2 .67 ' 2 .32 ' 2 .07 '

Octanoic acid D20  (8.9) I X  10_I 2.16 ~ 1 .3  0.85
D20  (9.1) 6  X 1 0 -‘ 2.17 ~ 1 .3  0.85
D 2O (9.5) 2 X  10"> 2.15 ~ 1 .3  0.84
CC14 0 2 .32 ~ 1 .3  0.89

o)-Phenyloctanoic acid D20  (8.5) 1 X 10_ 1  7 .05 2.43 2.15 ~ 1 .3
D20  (8 . 6 ) 6  X  10- 2 7.11 2.47 2.14 ~ 1 .3
D20  (9 .2) 2 X  1 0 -‘ 7.31 2.64 2.12 ~ 1 .3
CCb 0 7 .11 ' 2.57 ' 2 .30 ' ~ 1 .4

» Based on first-order analysis and estimated to be reproducible to ±  0.02 ppm. TM S and DSS were used as internal references in 
CCI4 and D20 , respectively. 6 Zero values correspond to infinite dilution. '  Value obtained from a plot of concentration vs. chemical 
shift extrapolated to infinite dilution.

vicinity of the ring.17'18 If intramolecular hydrophobic Results
(or hydrotactoid) forces are strong enough the « - The chemical. shift data for the various acids and 
phenylalkyl moiety of a sodium co-phenylalkylcarbox- ^  sodium ^  ^  c a  and ^  are summarized in
ylate may assume a conformation in which the distance TaWe j  p  ionic acid which has a relatively simple
between the phenyl ring and the carbon atom a  to the nmr t wag chosen as the model compound for 
carboxylate group is less than the theoretical distance of determini the effect of solvent (CC 14 and D 20 ) and
maximum extension . 8 lw o nmr methods have been ~  , • , , -r. „P „1____. 4.. _______________, , , rrn £ 4. pD on the chenucal shift of the protons a  to the car-
employed to examine this possibility. Ih e  first ap- fi , T , r , ■ „ __ ■__■ . .  , . .F , ,, . , .  . , , ,  , , . ,. , boxyl group. In addition, propiomc acid shoufd ex-
proach (method 1) involves the determination of the hibit (in the nmr at room temperature) no conforma-
nuclear magnetic resonance spectra of the co-phenyl- ch ^  solvent is varied. Klevens has
alkylcarboxyhe acids (specifically 4-phenylbutyric acid determined the critical micelle concentration of a 
and ^-phenyloctanoic acid) at infinite dilution in CC14 number Qf assium salts of ali hatic carboxylic
where, since hydrophobic bonding is not possible, the ^  19 Afc 2 - 0 ^  cmc of the C6 carboxylate was 1.55
hydrocarbon moiety wifi assume a more or less ex- 0 . 0 9 8  M  for the C,„ salt, and 0.0255 M  for the C12
tenced conformation.8 The spectra are then compared, ^  These data su t  that the concentrations listed
w^h respect to the chemica shifts of the methylene in Table j  for the sodium salts of propionic acid and 4-
protons (especially the protons «  to the carboxyl he lbut ric and octanoic acid in D 20  are below the 
group), wi h the spectra of the sodium salts o the acids miceUe concentrations of the respective salts,
m D 2°  A correction to the proton chemical shift re- evidence bearin Qn ^  int is ovided by
suiting from salt formation is estimated by noting the the chemical shift of the aromatic protons of the phenyl-
effect of converting propionic acid to its sodium salt on substituted salts. The chemical shift of the phenyl
the a-proton resonances. Now if the «-methylene pro- protons Qf in D20  at a concentration
tons are indeed located m the near vicinity (6 -8  A or of 2 x  1Q- 2 M  (pD 9 2) was 7.31 ppm (Table I), which
less, of either the shielding or deshielding regions of the shifted 0.20 ppm upfield (to 7.11 ppm) when the salt
phenyl ring, then the observed chemical-shift differ- concentration was increased to 6 X  10“ 2 M  (pD 8.6).
ence ASccl-D jO for the phenyl-substituted acid and its Similar phemd proton shifts (with respect to direction
sodium salt should be significantly different ( >  0.1 ppm) and magndude) have been observed for a series of u -
from A5 ccl-D iOj the shift difference for propionic acid phenylalkyltrimethylammonium bromides when the
and its sodium salt. If the protons lie in or very near cmc wag reacbed upon increasing the bromide concen-
the region where the diamagnetic and paramagnetic t r a t i o n .20 T le  chemical shift of the phenyl protons of
effects exactly cancel one another or if the protons are 4-phenylbutyrate in D20  showed virtually no change
fart ier than 6 -8  A from the phenyl ring, then one would over the concentration range of 1 X  10_1 to 2 X  10 ~2 M
expect a shift difference (AoCcu- d5o -  A5'Cci. - d;o) of (Table I). However, the chemical shift of the phenyl
0.0 ± 0 . 1  ppm. Method 2 is based on the direct com- protons of w-phenyloctanoate a t the lowest concentra-
parison of the phenylalkylcarboxylic acid salts in D 20  ticm (2 X  10“2 M ,  D 20 )  examined and the shift of the
with sodium propionate. Assuming that sodium pro- aromatic protons of 4-phenylbutyrate a t all concentra-
pionate is a good choice for a reference compound, this bons measured, in D20 ,  yielded essentially the same
method should yield shift data similar to method 1 data. vaiues (7.31 ppm for w-phenyloctanoate and 7.34 ppm

for 4-phenylbutyrate, Table I). These results indicate

(17) C . E . John son , J r .,  a n d  F . A . B o v e y , J. Chem. Phys., 29, 1012 (1958).
(18) J . W . E m s le y , J . F eeney a n d  L .  H . S u tc lif fe , “ H ig h  R e s o lu tio n  (19) H . B . E le ve n s , J. Phys. Chem., 52, 130 (1948).

N u c le a r  M a g n e tic  Resonance S p e c tro sco p y ,”  V o l. 1, P e rg a m o n  Press, (20) H .  In o u e  and  T .  N a k a g a v a , ibid., 70, 1108 (1966), a n d  references

N e w  Y o rk ,  N .  Y . ,  1965, p  595. c ite d  th e re in .
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that 2 X  10 ~2 M  sodium ai-phenyloctanoate in D 20  average error between the shifts observed by Johnson
and 2 X  10~2 to 1 X  10“ 1 M  sodium 4-phenylbutyrate and Bovey17 for various phenyl derivatives and the cal-
are below their respective critical micelle concentrations culated values was 0.07 ppm (the actual error values
under the conditions studied. ranged from 0.01 to 0.15 ppm). Hence, the observed

shift for the a  protons of sodium 4-phenylbutyrate 
D iscussion ( — 0.04 to —0.06 ppm) rules out only conformer IV as a

significant contributor to the preferred conformation of 
Consider first the preferred conformation of sodium sodium 4-phenylbutyrate. Since conformer IV  allows

4-phenylbutyrate in D 20 .  Conformers I -IV  represent the maximum apolar interaction possible (as deter-
limiting conformations of this acid salt as determined mined from C PK  models), it is concluded that hydro-
from Corey-Pauling-Koltum  (CPK ) molecular models phobic (or hydrotactoid) forces are not the predominant

forces determining the conformation of sodium 4- 
r-~\ phenylbutyrate.

H h ” ( O /  The observed chemical shift of the (3 protons of 4-
£  phenylbutyric acid in CC14 (at infinite dilution) minus

7  7 'N h the chemical shift of the salt in D 20  (6 X  10 _2 M )  yields
©  /  ' H 'H a difference of 0.16 ppm (see Table I). From  the
° 2C H ° 2 C h H data listed for propionic acid in Table I the effect of

I  ® salt formation on the j3-proton resonances is estimated

f  H y\ to be 0.10 ppm. Therefore, the observed shift due to
(Om  the phenyl’s influence on the /3 protons is approximately

f  0.06 ppm. The predicted shift (from the Johnson-
\ ------- C Bovey tables) due to the phenyl’s influence of the j3

\  \ h h/  *  \^h protons in conformer I (and III) is estimated to be
h c °2 H H 0.065 ppm; the predicted shift of the /3 protons in con-

jjj; U  former II is —0.380 ppm. Therefore, the /3-proton
data exclude conformer II. Clearly, the shift data pre- 

and consideration of the calculated effect of the relative sented so far exclude conformers II and IV  as significant
orientation of the phenyl ring, with respect to the ali- contributes to the average conformation of sodium 4-
phatic protons, on the chemical shifts of the a  and /3 phenylbutyrate. These data do not exclude I, I II , or
protons. Another possibility is that two or more con- I III. However, C PK  models indicate that there is
formers may be in equilibrium with one another. The considerable steric interaction between the carboxylate
shift of the a-proton resonance resulting from the mag- carbon atom and the benzylic protons in conformer III .
netic anisotropy of the phenyl ring is estimated (from The models also suggest the possibility of steric inhibi-
the data presented in Tables II  and III) to be —0.04 to tion to solvation of the carboxyate moiety for this con

former. I t  is therefore concluded that conformer I 
T a b l e  II best represents the preferred conformation of sodium

« -P roton S h ift s  R e l a t iv e  to S odium  P ro pio n a te“ 4-phenylbutyrate.
shift,6 The shifts of the a  protons of co-phenyloctanoic acid

C o m p d  C o ncn , m  p D  p p m  determined by methods 1 and 2 are 0.01 and 0.05 ppm,
4-Phenylbutyric acid 6 X 10_! 9 .8  —0.04 respectively. If octanoic acid is used as the model com-
Octanoie acid 2 x  10 2 9 .5  + 0 .0 2  pound in method 2, the shift obtained is + 0 .0 3  ppm.
ai-Phenyloctanoic acid 2  x  1 0 ~ 2 9 .2  + 0 .0 5  Figure 1 shows the ± 0.10 ppm limits which define that
“ Concentration 6 X 10 2 M, pD 9.8, DSS internal reference. region of space the a  protons may occupy, with respect

sodium propionate. to the center of the phenyl ring, and still yield shifts con
sistent with the observed data. Unfortunately, the ex- 

T a b l e  I I I  tended form of the acid salt and a conformation which
a-PROTON S h if t s  (A5CcU_D!o) o f  t h e  Acids allows the «  Protons to approach to within 2.9 A of the

C o m pd S o lve n t (PD )  C o n cn , M »  A i0 c u - D 2o 6 phenyl ring (determined from Corey-Paulm g-Ivoltun
Propionic acid CC1, 0 models) are both consistent with the observed shifts and

D2o  (9.8) 6  X 10~ 2 + 0  17 consequently, within the limits previously delineated,
4-Phenylbutyric acid CCh 0 no concrete conclusions regarding the major conformers

D20  (9.4) 6  X  10“ 2 + 0 .1 1  of this acid salt can be supplied.
Octanoic acid CC14 0  The use of sodium 4,4-dimethyl 4-silapentane-l-sul-

D20  (9.5) 2 x  10-2 +0.17 fonate (DSS) as an internal standard in aqueous solu-
w-Phenyloctanoic acid CCh 0  tions containing aromatic solutes and/or micelles has

D20  (9.2) 2 x  10 2 +0.18 been criticized.20 21 However, 4-phenylbutyric acid in
“ Zero values correspond to infinite dilution. 6 In parts per D 20  showed virtuallv no change in the phenyl proton

million; individual chemical shifts were taken from Table I. , , ■ r. ,, , ,. ,
Positive Sign indicates an upheld shift. chemical shift over the concentration range of 1 X  10“ 1

M  to 2 X  10 2 M  (Table I). The studies21 which dem-

- 0 .0 6  ppm. For conformer I, the Johnson-Bovey onstrated ,that ^  d)SS siSnal f uld be sh’fted ,in
tables18 predict that the phenyl ring should cause a  aq7 eof  soIutlon b-v tbe P^sence of aromatic solutes in
shift of the a  protons of -  0.144 ppm; for II, a shift of I ± ed an solute concentration of 0.8 M  and a
- 0 .1 5 3  ppm; for III , a shift of - 0 .0 3 5  ppm; and DSS concentration of 1 .5-3 .0  wt % . The salt concen-
finally, for IV, a shift of 1.46 ppm is calculated. The (2 1 ) E . S. H a n d  a n d  T .  C o hen , J. Amer. Chem. Soc., 87 , 1 3 3  ( 1 9 6 5 ).



_  __ octanoic acid sodium salt (Table I) upon dilution is op-
»■ —  posite to that expected if DSS complexed with the car-

" "  boxylate salt. All of these considerations suggest that
• the chemical shifts listed in Table I are real and do not

\ reflect a perturbation of the DSS resonance position.
5 \ +0,10 \

Z I*' \
4 I ^ Expenmental Section

J  S '  \ Proton magnetic resonance spectra were obtained on a Jeolco
3 /  /  C-60H nmr spectrometer operating at 60 MHz with an ambient

/ s '  \ probe temperature of approximately 29°. Tetramethylsilane
2 ______   ̂ (TM S) was used as an internal reference in carbon tetrachloride

solutions and sodium 4,4-dimethyl 4-silapentane-l-sulfonate 
\  \ (DSS) was used as an internal reference in D20  solutions. Chem-

1  ̂ ical shifts were found to be reproducible to within ± 0 . 0 2  ppm.
 ̂ Chemical shifts were estimated by first-order analyses and are

..-------{------ j ------ a------ j -------1------ j-------j-------1-------j------ believed to be accurate to <0.1 ppm. The D20  solutions were
¡¡j 0.2 M  in NaCl. The listed pD values are the readings obtained

directly from the pH meter.
Figurel.—T h e +0.10-, 0.00-, and — 0.10-ppm isoshielding lines Materials.—Solvents and internal reference compounds were

about a phenyl ring. Z is the axis perpendicular to the phenyl obtained from Nuclear Magnetic Resonance Specialties, Inc.
nuclear plane and passing through the center of the ring, and p is Propionic acid (Baker Analyzed reagent), 4-phenylbutyric acid
the axis perpendicular to Z and passing through the center (Eastman), and oj-phenyloctancic acid (Pfaltz and Bauer) were
of the phenyl ring. The dotted line represents the maximum used without further purification. Octanoic acid (Matheson
possible distance of the a  protons of sodium w-phenyloctanoate Coleman and Bell) was distilled under reduced pressure, bp 83-
from the center of the phenyl ring. The origin is at the center of 85° (0.25 mm),
the phenyl ring. The point on the graph represents the distance
of closest approach of the a protons to the phenyl ring. Registry N o.—4-Phenylbutyric acid sodium salt,

1716-12-7; sodium w-phenyloctanoate, 24867-14-9.
trations listed in Table I are considerably lower than
0.8 M ;  the DSS internal reference constituted no more Acknowledgment.— W e gratefully acknowledge sup-
than 1%  by weight of the D20  solutions used (Table I). port by grants from the Research Corporation and the 
The cownfield shift of the phenyl protons of co-phenyl- Miami University Research Committee.
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An efficient, apparently general synthesis of 2-alkylindenones is described. This procedure is dependent on 
the Friedel-Crafts acylation of a-alkyl-d-aryl-d-chloropropionyl chlorides (5) to furnish 2-alkyl-3-chloroindanones
(6), dehydrochlorination of which affords the 2-alkylindenones (7). The method is also applicable to the prepara
tion of indenone 7a. The requisite acid chlorides 5 are prepared by the action of thionyl chloride on /3-aryl- 
hydracrylic acids 4, the esters of which are available conveniently by application of the Reformatsky procedure 
to the appropriate benzaldehyde 1 and a-bromo ester 2. Selected examples of the reaction of the indenone 
system with electrophilic and nucleophilic reagents are presented. Isomerization of the alkylindenone system 
into the 2-alkylideneindanone system was noted to a small extent under certain conditions.

In the course of another investigation, we required a indanone with dimethylamine is reported to give
procedure for the synthesis of 2-alkylindenones. Sev- 2-butyl-3-dimethylaminoindanone, apparently via
eral methods for their preparation have been reported, Michael addition of the amine onto the intermediate
but none appeared to be uniformly general. Among 2-butylindenone.la Cyclization of as-cinnamic acids is
the potential procedures, dehydrobromination of 2- a second procedure that has been studied.3 This
alkyl-2-bromoindanones, available by bromination of method appears limited in th at the trans isomer results
the corresponding 2-alkylindanones, has been studied from most syntheses, and conversion into the required
most extensively. Despite the apparent general nature cis isomer is not uniformly successful.2'4
of this sequence for the preparation of 2-methyl- Two additional methods for the preparation of 2- 
indenones,1 its applicability to the synthesis of higher alkylindenones have received limited attention. Vils-
homologs is questionable. Thus, dehydrobromination meier-Haack formylation of an acetophenone is re-
of 2-ethyl-2-bromoindanone affords a mixture of 2- ported to give a 3-amino-l-chloroindene, which was
ethylindenone and 2-ethylideneindanone, the latter converted into a 2-methylindenone in two stages.5 The
predominating.2 Y et, treatm ent of 2-bromo-2-butyl- general utility of this procedure has not been ascer-

(1) (a) S A llis s o n  J . B t lc h i,  a n d  W . M ic h a e lis , Helv. Chim. Acta, 49, (3) (a) R . S to e rm e r a nd  G. V o h t,  Justus Liebigs Ann. Chem., 409, 36
891 (1 9 6 6 )' (b ) J  G . T o p lis s  a n d  L .  M .  K o n z e lm a n , J. Pharm. Sci., 57, 737 (19 1 5 ); (b ) S. G oszczynsk i a n d  E . Sa lw m ska , Zesz. Nauk. PoUtech. Slask.,
(1968) Chem"  2 4 ' 235 <196 4); Chem■ Abstr-  63 ' 114156 (1 9 6 5 )'
1 (2) H . 0 .  House, V . P a ra g a m ia n , R . S. R o , a n d  D .  J . W lu k a , J. Amer. (4) H .  O. H ouse a nd  J. K .  La rso n , J. Org. Chem., 33, 448 (1968).
Chem Soc 82 1452 ( I9 6 0 ).  (5) K . B o d e n d o rf and  R . M a y e r, Chem. Ber., 98, 3565 (1965).
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tained. Secondly, bromination of /3-(indanon-2-yl)- much as a Reformatsky condensation of ethyl a-bromo-
propionic acid with N-bromosuccinimide (NBS) and phenylacetate with benzaldehyde failed to give the
subsequent dehydrobromination is reported to af- required ester. No effort was made to purify the
ford 15%  /3-(indenon-2-yl) propionic acid and 36%  hydracrylic acids 4  because, with the exception of 4 a ,
lactone of /3- ( 2 -hydroxyindanon-2 -yl)propionic acid . 2 they are known to be diastereomeric mixtures, 8'9 and
It is uncertain whether the latter product results from each diastereomer would serve the present purpose,
lactonization of the former product or of an alkylidene- Treatm ent of the acids 4  with thionyl chloride in the
indanone derivative or is merely the product of intra- presence of a catalytic amount of dimethylformamide10

molecular displacement of halide from an initial 2- afforded the requisite /3-aryl-/3-chloropropionyl chlo-
bromoindanone. In this connection, N BS bromination rides 5.
of indanone is reported to be nonspecific, although de- Acylation of these substances in methylene chloride 
hydrobromination of the mixed bromides does con- was effected with aluminum chloride at 25-40° for 1 0 -
stitute a synthesis of indenone.6 180 min; the resulting 3-haloindanones 6 were con-

Finally, two other methods for the preparation of the verted into the desired indenones 7 by treatm ent with
parent substance which could serve for the synthesis of pyridine at 70 -9 0 ° . In the instance of indenone 7a,
2 -alkyl derivatives should be noted. The earlier pro- this dehydrohalogenation was effected with collidine in
cedure is based on the hydrolysis of the condensation ether at room temperature .6 The more vigorous con-
product derived from indene and p-nitrosodimethyl- ditions failed, apparently as a result of the instability of
aniline but suffers from low yield.7 The second 7a. The efficiency of the present indenone synthesis is
method, which is dependent on pyrolysis of 2-acetoxy- indicated by the generally good overall yield of 7 and by
indanone, requires special equipment and proceeds in the fact that intermediates 4 -6  were utilized without
only 8 %  overall yield from indanone.6 purification. In general, the recorded yields were

These reports suggested that dehydrohalogenation of realized in the initial preparation, and no effort was
a 2-alkyl-3-haloindanone might offer the greatest po- made to ascertain optimum conditions. Moreover, the
tential for a general 2-alkylindenone synthesis. Ac- present procedure is not restricted to the preparation of
cordingly, we have investigated an alternative prepara- 2 -alkylindenones, as demonstrated by the preparation
tion of the former substances and their dehydrohalo- of indenone 7a. However, application of this method
genation to give indenones. In contrast to the previous to the preparation of 2-phenylindenone from a,/3-di
studies, 2 6  the present approach to the required 3- phenylhydracrylic acid8 failed. I t  may be noted that
haloindanones was predicated on an intramolecular the conversion of the acid halides 5 into the haloinda-
Friedel-Crafts acylation of an appropriate /3-aryl-/3- nones 6 is subject to the usual substituent effects. 11

chloropropionyl chloride 5 (see Scheme I ) . Thus, halide 5g afforded 71%  5-methoxyindenone
7g and 13%  7-methoxyindenone 7h, after dehydro- 

Scheme I chlorination of the intermediate 2-alkyl-3-chloroinda-
nones.

R,—f— | + RCHCOAHo —*■ Because we required a 5-hydroxvindenone for our
I concurrent study, the preparation of this system from

l Bl 5-methoxyindenone 7g was studied intensively. The
2  results further reflect the susceptibility of the indenone

a COOR COC1 system to electrophilic6 and nucleophilic1 attack.
I __„ R —(— |1 I __Thus, ether cleavage of 7g with aluminum chloride in

C "̂C\  ' ^  toluene is accompanied by alkylation of the solvent to
| Rl | furnish indanone 12, characterized as an aryloxy-
OH Cl acetic acid. This result illustrates the susceptibility of

3,R = Et 5  the indenone system to attack by the electrophilic
4, R = H aluminum chloride, yielding carbonium ion 10 which

q q alkylates the solvent (see Scheme II). Attempted
| R II ether cleavage of 7g by sodium iodide-hydrogen bro-

r r V  1 1 mide in acetic acid gave 2-ethvl-5-hydroxyindanone ( 1 1 )
2 ^  ™ presumably by reduction of the 3-iodo compound.

C1 This result is indicative of the sensitivity of the
6  7 indenone system to nucleophilic attack. The latter

The a-alkyl-/3-arylhydracrylic esters (3 ), which gen- property is also evident in the alkylation of hydroxy-
erally were prepared in good yield by a Reformatsky indenone 8 (prepared as described below) with chloro-
condensation of the appropriate benzaldehyde ( 1 ) and acetic acid; the only isolable product was the dimeric 
a-bromo ester (2), proved to be suitable precursors for substance 9.
this purpose. Alkaline hydrolysis of esters 3  gave the Finally, treatm ent of 2-butylindenone (7e) with di- 
hydracrylic acids 4. However, a,/3-diphenylhydra- methylamine gave 73%  indanone 13. The hydro-
crylic acid was prepared directly from phenylacetic chloride of 13 has properties in excellent accord with
acid and benzaldehyde by the Ivanov procedure, 8 inas- those reported for that derived by reaction of dimethyl-

(6) C . S. M a rv e l a n d  C . W . H in m a n , J. Amer. Chem. Soc., 76, 5435 (9) L . C a n o n ica  a nd  F . P e lizzon i, Gazz. Chim. Ital., 84, 553 (1954) ;
(1954). Chem. Abstr., 50, 879g (1956).

(7) R . S to e rm e r a n d  E . A s b ra n d , Chem. Ber., 64, 2796 (1931). (10) H .  H .  Bosshard , R . M o ry ,  M .  S ch m id , a nd  H .  Z o llin g e r, Helv.
(8) (a ) D .  Iv a n o v  a nd  N .  N ic o lo ff,  BuU. Soc. Chim., 51, 1325 (19 3 2 ); Chim. Acta, 42, 1653 (1959).

(b ) H .  E . Z im m e rm a n  ar.d  M .  D .  T ra x le r ,  J. Amer. Chem. Soc., 79, 1920 (11) (a) W . S. Johnson, Org. React., 2, 125 (1 9 4 4 ); (b ) V . A s k a m  a nd
(19 5 7 ). W . H .  L in n e ll,  J. Chem. Soc., 2435 (1954).
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S cheme II Finally, we would indicate two instances of the isom-
q erization of an alkylindenone into an alkylidene-
| C indanone. These isomerizations are noteworthy be-

2 ° 0  cause House and his collaborators2 failed to effect de-
c2H5 tectable isomerization of 2-ethvlindenone into 2-ethyl- 

H02CCH20  II ideneindanone with 7 -collidine at 175°. The first such
isomerization was encountered in the preparation of
2-ethyl-5-hydrcxyindenone (8 ), which eventually was 

0  y  effected by the action of aluminum chloride on 2 -ethyl-
5-methoxyindenone (7g) or 3-chloro-2-ethyl-5-meth- 

\ if || oxyindanone (6g) in tetrachloroethane. This synthesis
of 8 also afforded 2%  ethylidene derivative 15 (see

8  Scheme III) . Treatm ent of the sodium salt of 8  with

t
I S cheme III
0  T 0A1C13 1 0

j O l j  -  r c r ®  r p r *  -

7g 10 6g

x A “  x A “  A r ^ "  *
H ( T ^  X H 4CH3(p) I____________________

II 12 j  J

c A “  -  c A “  „ x A “ x A ” '
^ n(ch3)2 y ?

7e 13 CH2COoH ch2co2h
16 17

amine with 2 -bromo-2 -butylindanone.la These results |
suggest that the latter preparation of 13 indeed pro- 0  0

ceeds v ia  an indenone intermediate and that the II II
dehydrobromination of 2 -alkyl-2 -bromoindanones may A A A A  __v A A p A
constitute a 2 -alkylindenone synthesis of greater po- ------
tential than indicated by the work of House and his 9
co workers. 2 18 CH2C02Et

Normal formation of carbonyl derivatives was ob- lg
served, but in the instance of indenone 7a, unusual re
activity of the derivative was noted. On reaction with
semicarbazide hydrochloride, 7a  furnished a product sodium bromoacetate in diglyme results in a similar
possessing a melting point of 236-245° in reasonable isomerization. The alkylated material, which was
agreement with the recorded .7 However, recrystalliza- isolated in low yield, consisted of an approximately 13: 1
tion of this material from dilute methanol was accom- mixture of the ethylindenone 16 and the ethylidene-
panied by a sharp drop in the melting point to 208-212°. indanone 17. The latter substance was identical with
Consideration of the combustion analysis and the mass that prepared independently from 5-hydroxyindanone
spectrum of the resulting material indicated it to be a (18 ). Alkylation of 18 with ethyl chloroacetate gave
mixture of the semicarbazones of 7a  and 3-methoxy- the oxyacetic ester 19, which on treatm ent with base
indanone. In particular, the mass spectrum was char- and acetaldehyde afforded the ethylidene derivative 17.
acterized by ions at m / e  219 and 187; however, the Physical Prop erties.— As noted previously, 2’6 the 
absence of a metastable ion for the 219 to 187 transition infrared spectra of the various indenones 7 are char-
suggested that the m / e  187 ion was a molecular ion. acterized by sharp carbonyl stretching bands at ap-
Indeed, tic of this material indicated it to be a mixture proximately 5.85 ju and C = C  stretching bands at 6.25 m-
of two substances; however, the limited solubility of The ultraviolet spectrum of indenone (7a) is charac-
these materials precluded their separation by chro- terized by intense absorption maxima at 233 and 238
matographic techniques. This result is unique in that uom in addition to the long wavelength (318 m^) maxi-
it represents an example of the Michael addition of a mum previously reported (see Table I ) . 6 A 2-alkyl
nucleophile to a ketonic derivative of an a,/3-un- substituent results in a bathochromic shift of 2 -5  mp. in
saturated ketone. the short wavelength maxima. Further substitution
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by a 6-alkyl croup causes an additional bathochromic Model 21 spectrophotometer, and the ultraviolet spectra were 
• n , ' rpi -+• irif oric2ifv  nf measured in methanol solution with a Cary Model 11 recordingshift m  these maxima. The position and intensity of spectrophotometer. Nmr spectra were determined in deuterio-

the 318-mM maximum in  the spectrum ol 7a is large y  chloroform, except where noted otherwise, on a Varian A-60
unaffected by alkyl groups in the 2  and 6  positions. In spectrometer using tetramethylsilane as an internal standard,
the instance of the 5-oxygenated indenones 7g-i and 8, The mass spectrum was determined on a A EI MS-9 spectrom-
resonance interaction of the 5 substituent with the eter- All evaporations were carried out at reduced pressure.

. , • i ¡ i i  r „ _ r  The petroleum ether used was that fraction boiling at dO-oO .
carbonyl group causes a bathochromic shift of each preparation of the Ethyl «-Alkyl-fl-arylhydracrylates O b -  
maximum and a coalescence of the two lower maxima. The general procedure described previously12 was used for the
In the absence of an oxygen function at C-6, the inten- preparation of these esters, the characterization of which is given
sity of the short wavelength maximum is diminished in Table I I .  In one experiment, attempted distillation of crude
,n d  th at of the longer absorption is enhanced. How- j g  S 8 - S ?
ever, the presence of an additional methoxy group at (0 85 mm). n2sD j .5 6 8 7 ; uv max 2 3 1 , 290, 308 mM U 14,800,
C-6 largely negates these effects on the extinction coef- 16,200,15,700); ir 5.85, 6.12, 6.23, 8 . 0 2  M.

Anal. Calcd for C,(H18Ot: C, 67.18; H, 7.25. Found: C, 
6 6 .8 6 ; H, 7.14.

1  able i  In a second experiment the crude ester obtained by removal of
U ltraviolet S pectra of I ndenone and the extraction solvent partially crystallized. This mixture was

S ubstituted  I ndenones triturated with ether and filtered to give white crystals of ethyl
q /3-(3,4-dimethoxyphenyl)-a-methylhydracrylate (3h). This ma
ll terial was recrystallized from ether-petroleum ether to give white

crystals, mp 95-97°. This substance most likely is a pure dia- 
— f .  || |f stereomer and its characterization is given in Table I I .  For the

preparation of indenone 7i, the crude diastereomeric mixture was 
used. The absence of einnamate esters in the products of Table 

Compd Ri Ri '  Xm"1' “ p 0) ' I  was indicated by their ir (no strong absorption at 6.24 m) and
7a H H 233 (36900) 238 (37400) 318 (1820) uv spectra.
7b Me H 238 (38600) 243 (43600) 317 (1370) Preparation of the Indenones (7).— The following experiments
7c E t H 235 (40000) 242 (46100) 318 (1270) illustrate the general procedure. A solution of 12.6 g (50.0
7 d ¿-Pr H 236 (40600) 242 (47100) 318 (1200) mmol) of ethyl a-ethyl-^-(3 -methoxyphenyl)hydracrylate (3g)
7 e Bu H 235 (39100) 241 (42800) 320 (1120) and 8 -4 2  S (150 mmol) of potassium hydroxide in 140 ml of
7f E t 6 -i-Pr 240 (38400) 245 (41600) 316 (4100) methanol and 20 ml of water was allowed to stand at room

7g E t 5-MeO 218 (12800) 260 (30500) 332 (3950) “̂ ng white m l  wasVeated lu cce T s 'e "  whh IM
8  E t 5-HO 218 (11300) 260 (26300) 333 (3300) mj 0f Water, 50 ml of cracked ice, 120 ml of 10:1 ether-hexane,
7i Me 5,6-MeO 261 (38600) 330 (2040) an(j  gg 0f 4  jy HC1. The phases were separated, and the
7h E t 7-MeO 235 (32400) 365 (4140) aqueous phase was extracted with additional ether. The com

bined organic extracts were washed with water, dried, and 
~ „ ,, , . . .  , j  evaporated at room temperature to give 11.3 g (100%) of a-
ficients. A 7-methoxy substituent causes a red shift ethyWS-methoxyphenyllhydracrylic acid as a colorless syrup,
of 47 m/z in the long wavelength absorption, but the This mixture of diastereoisomers was used for the subsequent
position of the short maximum is unaffected, although a stages without attempted purification; the ir and uv spectra
coalescence of the two maxima of the parent substance of this product indicated no formation of the corresponding cin-

is observed. The effect of this substituent on the ex- " “ red s o l u t i o n  o {  1 2 . -  m l  ( 2 0 . 6  g >  0 . 1 7 3  mol) of thionyl
tinction coefficients parallels that of a 0  methoxy group. chloride and 0.15 g (2 . 0  mmol) of dimethylformamide in 40 ml

The nmr spectrum of indenone (7a) shows two single- of methylene chloride was added to a solution of 16.14 g (0.072
proton doublets (J  =  5 .5  Hz) at 5 7.52 and 5.83, which mol) of the above hydracrylic acid in 60 ml of methylene chloride
are ascribed to C-3 and C-2, respectively. The C-3 over 30 min. The reaction mixture was stirred an additional 30

n , 1  c 1 m ,, i • < • r o  nun at room temperature and then heated at reflux for 15 mm.
resonance of the 5- and 7-methoxy derivatives of 2- Evaporation at r^om temperature gave crude /3-chloro-a-ethyl-
ethylmdenone IS apparent at 8 6.90. This resonance /3-(3-methoxyphenyl)propionyl chloride. In the absence of di-
appears as a sharp triplet (</ =  2.0 Hz) in the spectrum methylformamide catalysis, the acid derived from ester 3d was
of the latter substance as a result of allyhc coupling only partially converted into the corresponding 0 -chloropropionyl
with the methylene portion of the alkyl substituent. chloride. , ,

In a pilot experiment the above acid chloride was converted 
Comparison of the C-3 resonance with that seen m  the into an ami(je by treating an ether solution of the compound with
spectrum of the 5-rnethoxy derivative suggests that the anhydrous ammonia at 0° for 1 min. After treatment with water
C-3 proton may also be subject to long range coupling and washing with saturated NaHCOs, the ether solution was
with C-7 ( J 3 ,7  S  1 H z). However, this coupling is only dried and evaporated. The crude chloroamide was recrystallized
w eaklv evident in th e  snectrm n of 5 6 - d im e t W v  9 from hexane-ethyl acetate giving white needles: mp 130-132°;weakly evident in the spectrum ol 0 ,b dimethoxy ¿- uv max 2 7 8  mfi (e 2 2 0 0 ); ir 2 _98j 3 .15( 3 .4 2 , 6 .0 4 , 6 . 2 5  M.
methyhndenone (7i). The spectra of the remaining AnaL  Calcd for C,2HI6C1N02: 0,59.62; H, 6.67; 01,14.67; 
indenones are not particularly informative because the N, 5.80. Found: 0,59.36; H, 6.79; 01,14.57; N, 5.87.
C-3 resonance is obscured by the aryl proton resonances. To a stirred solution of the above /3-chloro acid chloride in 150

ml of methylene chloride was added 19.3 g (0.080 mol) of anhy
drous aluminum chloride powder at room temperature. After 

Experim ental Section the vigorous initial reaction had subsided the dark brown solution
was allowed to stand at room temperature for 10 min. The re- 

General.—All melting points and boiling points are un- action mixture was treated with ice, and the product was ex-
corrected. The melting points were determined in open capillary tracted with ether. The extract was washed with water and
tubes on a Mel-Temp apparatus. In the instance of that com- saturated NaHCOs, dried, and evaporated. The resulting crude
pound melting below ambient temperature, a vessel containing 3-chloro-2-ethyl-5-methoxyindanone (13.68 g; Xma* 266, 287 mM;
a sample of the substance was inserted in a cooling bath; the precipitate with alcoholic silver nitrate) was dissolved in 50 ml
temperature of the bath was allowed to equilibrate with ambient of pyridine and stirred at 70° for 30 min. Treatment of the
temperature, and the melting range of the substance was cooled reaction mixture with ether gave a precipitate. The mix-
recorded by a thermometer immersed in the sample. Infrared ------------------
spectra were determined in pressed K Br disks on a Perkin-Elmer ( 1 2 ) R . L . S h rin e r, Org. Bead., 1 , 1  ( 1 9 4 2 ).
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T able I I
E thyl o!-Alkyl-/9-arylhydracrylate3 

OH

R,— CHCHC02Et 

Ri
M o le c u la r  --------C a lcd , % ------- * ✓-------F o u n d , % -------%

C o ra p d  R i R 2 Y ie ld ,  %  B p  (m m ), °C  n “ D fo rm u la  C  H  C  H

3a H H 90 99 (0.15)“ 1.5085 CnHI40 3 68.02 7.27 67.89 7.22
3b Me H 75 109-110 (0.50)* 1.5007 C,2H160 3 69.21 7.74 69.09 7.50
3c E t H 6 6  120-122 (0.20)' 1.4991' C«Hi30 3 70.24 8.16 70.45 8.11
3d i-Pr II 70 110(0.15)'' 1.4996 Ci4H20O3 71.16 8.53 70.95 8.33
3e Bu H 79 122 (0.25) 1.4914 Ci5H220 3 71.97 8 . 8 6  71.87 8.74
3f E t 4-i-Pr 65 127-128 (0.55) 1.4964 C1SH240 3 72.69 9 .15 72.57 9.00
3g E t 3-MeO 6 6  148-150 (0.35) 1.5060 Ci4H20O4 66.64 7.99 66.64 7.93
3h Me 3,4-MeO 30 Mp 95-97 C„H20O5 62.67 7.51 62.86 7.40

° Described previously without characterization by V. N. Andrievskii, J .  Russ. Phys. Chem. Soc., 40, 1635 (1908). b Described with
out characterization by G. Dain, ibid., 28, 593 (1896). '  L it . 8 bp 143-144° (3 mm), rA6D 1.525. d L it . 8 bp 132° (3 mm).

T able I I I  
I ndenones

«-CiV
Y ie ld , R e c ry s tn  M o le c u la r  .— C a lcd , % —. .— F o u n d , % — ,

C o m p d  R i R 2 %<• s o lv e n t B p  (m m ), °C  M p ,  °C  n “ D fo lm u la  C  H  C  H

7a H H 49 7.5-77 (1 .5 )6 1.59856 C9H60  83.10 4 .66 82.87 4.75
7b Me H 71 Ether-pet ether 45-47' Ci0HsO 83.31 5.59 82.99 5.56
7c E t H 53 74 .5-75 .0  (0 .25)d 9-10 1.5716 C„Hi0O 83.51 6.37 83.15 6.37
7d t-Pr H 62 84-86 (1.10) 1.5582 C12H120 '
7e Bu H 81 Pet ether 96-100 (0.65) 35-36 Ci3H „0 83.83 7.58 83.83 7.51
7f E t 6 -f-Pr 69 96-99 (0.15) 1.5522 C14G,60  83.96 8.05 84.11 8.03
7g E t 5-MeO 71 Pet ether 37-38 Ci2Hi20 2 76.57 6 .43 76.35 6.39
7h E t 7-MeO 13 Pet ether 46-47 CI2H120 2 76.57 6.43 76.36 6 . 4 4

7i Me 5,6-MeO 46 Ether-pet ether 84-85' C12Hi20 3 70.57 5.92 70.36 5.85
“ Based on material of analytical purity obtained from the corresponding ethyl /3-aryl-a-substitued hydracrylate (Table II). 6 Lit .6 

bp 61-63° (0.9 mm), w20d 1.5981; lit..7 bp 69-70° (0.35 mm). '  L it.3* mp 47.0-47.5°. ” d H. O. House and D. J. Reif, J .  Amer. Chem. 
Soc., 79, 6491 (1957), bp 140-150° (10 mm). '  Satisfactory combustion analyses were unobtainable because of instability and so the 
physical constants may be in doubt. See Table IV for characterization as the semicarbazone. > L it.1* mp 85-86°.

ture was treated with 2 N  HC1 and the organic phase was washed cracked ice. The product was extracted with ether, and the
successively with water, saturated NallCOs, and water. The extract was washed successively with 2 N  HC1 and water. Acidic
ether solution was dried and evaporated to give 11.52 g (85% ) of material was extracted into 1.2 N  NaOH and retrieved by acidifi-
a mixture of 2-ethyl-5-methoxyindenone (7g) and 2-ethyl-7- cation with 4 N  HC1 and ether extraction. The extract was
methoxyindenone (7h). These substances could not be sepa- washed with water, dried, and evaporated to give a gum which 
rated by distillation under reduced pressure. crystallized on hexane trituration. Recrystallization from iso-

A 1-g sample was subjected to column chromatography on propyl alcohol-hexane gave 1.75 g of white crystals: mp 146-
diatomaceous silica using the system heptane-methoxyethanol 148°; concentration of the mother liquor and further crystalliza-
(1 :1 ) . 13 The fraction eluted at peak hold-back volume 2.5 tion gave a total yield of 2.60 g (31% ); uv max 222, 271, 297
(Vm/Vs = 1.83) was evaporated to give 833 mg of 2-ethyl-5- (sh) my (t 16,900, 11,100, 8500); ir 3.08, 3.38, 5.95, 6.29 y.
methoxyindenone (7g) as yellow crystals. The fraction eluted An aryloxyacetic acid derivative was prepared and recrystallized
at peak hold-back volume 3.1 was evaporated to give 152 mg of from acetone-hexane: mp 161.5-163°; uv max 220, 268, 295
2-ethyl-7-methoxyindenone (7h) as yellow crystals. The char- m/r (« 22,500, 14,900, 9600); ir 5.75, 5.87 y; nmr 6 7.70 (d, 1,
acterization of these substances is given in Table I I I .  J  = 7.0 Hz, C-7), 7.14 (s, 4, H of p-tolyl ring), 7.08 (m, 1, C-6 ),

Since the above experiments demonstrated the feasibility of 6.61 (broad s, 1, C-4), 4.73 (s, 2, -OCH2- ) ,  4.20 (d, 1 , J  =  5.0
the present synthetic approach for the preparation of indenones, Hz, C-3), 2.50 (m, 1, C-2), 2.26 (s, 3, aryl CH3), 1.70 (m, 2,
the intermediates required for the preparation of 7a-f and 7i 2, CH2CH3), 1.17 (t, 3, J  = 7.0 Hz, CH2CH3). 
were not purified prior to their further use. Anal. Calcd for C2oH200 4: C, 74.06; H, 6.21. Found: C,

2-Ethyl-5-hydroxy-3-p-tolylindan-l-one (12).—To a stirred 74.15; H, 6.26.
solution of /3-chloro-a-ethyl-/S-(3-methoxyphenyl)propionyl chlo- Reaction of 2-Ethyl-5-methoxyindenone (7g) with Sodium
ride [prepared by the above procedure from 6.77 g (30 mmol) of Iodide-Hydrogen Bromide in Acetic Acid.—A mixture of 0.47 g
hydracrylic acid 4g] in 60 ml of dry methylene chloride at 0° was (2.5 mmol) of 2-ethyl-5-methoxyindenone (7g) and 1.50 g (10
added 10 g (75 mmol) of aluminum chloride over 1  min. Follow- mmol) of sodium iodide in 10 ml of 15% HBr in acetic acid was
ing the addition, the reaction mixture was stirred for 15 min. heated at reflux for 17 hr under argon. The dark reaction mixture
The solvent was evaporated at room temperature, and the result- was treated with water and extracted with ether. The extract
ing red residue was treated with 75 ml of toluene. The mixture was washed successively with water, 10% sodium thiosulfate
was refluxed with stirring for 3 min and poured onto 300 ml of solution, and water. The aqueous phase from a partition of the

extract with 1.2 N  NaOH was acidified with 4 N  HC1 and ex- 
<13> F7 .V°°m̂ te ?es?ription °f t t i s  te c h n iq u e  as deve loped b y  M r  C. with ether. The washed and dried extract was evapo-

P id a cks  o f these la b o ra to rie s , see M .  J. W eiss, R . E . Schaub, G. R . A lle n , t i t  f
J r .,  J . F .  P o le tto , C . P id acks , R . B .  C o n ro w , a n d  C . J . C oscia, Tetrahedron, rated to give 0 .2 o  g of crude phenolic material. Crystallization 
20, 3 5 7  (1964). from benzene-hexane gave 107 mg (24% ) of yellow-brown crys-
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T a ble  IV
I ndenone D erivatives

< A tr'
M o le c u la r  ✓---------------C a lcd , % --------------- * -— ------------F o u n d , % -----------------«

In d e n o n e  R i R j  X “  M p ,  °C *  fo rm u la  C  H  N  C  H  N

7 b Me H S 189-19 V Ci,HnN,0 65.67 5.51 20.88 65.65 5.79 20.53
7 c E t H S lSS-lSS* Ci2H,3N30  66.95 6.09 19.52 66.97 6.11 19.80
7c E t H DNP 247-248

dec' - 7

7 d i-pr H S 171-173 Ci3H,5N30  68.10 6.59 18 33 68.11 6.56 18.26
7e Bu H S 134-136 C„H17N30  69.11 7.04 17.27 68.70 6 .97 17.27
7 f E t 6 -i-Pr S 173-175 C15H19N30  70.00 7.74 16.63 69.88 7.53 16.39
7 g E t 5 -MeO S 162-164 C13Hi5N30 2 63.66 6.16 17.13 63.64 6.49 16.84
7 h E t 7 -MeO S 171-173 Ci3H15N30 2 63.66 6.16 17.13 63.32 6.13 17.05
7 i Me 5,6-MeO S 209-211 Ci3Hi5N30 3 59.76 5.79 16.01 60.03 5.83 16.01
7 i Me 5,6-MeO O 157-159» C12H13N 0 3 6.39 6 .28

« S = semicarbazone; DNP = 2,4-dinitrophenylhydrazone; O = oxime. b All compound were recrystallized from dilute methanol 
unless specified otherwise. c L it.3* mp 192-193°. d L it.3* mp 181°. • From acetic acid. > H. O. House and D. J .  Reif, J . Amer. 
Chem. Soc., 79, 6491 (1957), mp 247-248°. » L it .3 mp 165°.

tals, mp 142-144°. An analytical sample of 2-ethyl-5-hydroxy-l- Semicarbazones.— These derivatives were prepared by the
indanone was obtained by sublimation at 0.01 mm (bath, 130°): usual technique14 and their characterization is given in Table IV .
mp 143-145°; uv max 224, 269, 290, 296 mp (e 11,300, 10,900, The uv spectra of the semicarbazones of 7b-f were characterized
9350, 9350); ir 2 .4 5 , 3.18, 5.98, 6.20, 6.27 p; nmr (DMSO-de) by maxima at 235-240 mp (e 16,600-18,600), 250-252 (14,200- 
5 7.51 (d, 1 , / = 10 Hz, C-7), 6.90 (s, 1 , C-4 ), 6.84 (m, 1, C-6 ), 15,800), 288-290 (13,600-14,800), 316-317 (12,800-14,000), and
3.04 (d, 1 , J  =  8  Hz, C-3), 2.78 (d, 1 , J  =  4 Hz, C-3), 2.50 (m, 323-325 (11,700-12,600); for semicarbazone of 7g uv max 245
1, C-2), 1.67 (m, 2, CH2), 0.88 (t, 3, J  = 7 Hz, CH3). mp (e 17,600), 290 (18,880), 332 (15,900); for semicarbazone of

Anal. Calcd for CuHI20 2: C, 74.98; H, 6 .8 6 . Found: C, 7h uv max 207 mp (e 29,000), 239 (15,200), 288 (sh) (15,900), 291
74.98; H, 7.15. (16,290), 345 (9580); for semicarbazone of 7i uv max 255 mp

Reaction of 2-Ethyl-5-hydroxyindenone with Chloroacetic (e 19,600), 296 (26,400,, 328 (14,400), 338 (12,900).
Acid.—A solution of 2.8 g (16 mmol) of 2-ethyl-5-hydroxy- In the instance of indenone 7a, 500 mg of the ketone gave
indenone, 1.7 g (18 mmol) of chloroacetic acid, and 1.4 g (35 470 mg (65%) of yellow crystals: mp 236-245° dec (lit .7 240-250°
mmol) of sodium hydroxide in 50 ml of water was heated at ca. dec) (on recrystallizaticn of the solid from dilute methanol, the
100° for 6  hr. During the reaction 0.3 g (3 mmol) of additional melting point dropped to 208-212° dec); mass spectrum (70 
chloroacetic acid and 1.5 ml of 2.5 N  NaOH were added. The eV) m /e  219, 204, 187, 161, 145, 144, 120,115, 90; nmr (DMSO-
reaction mixture was cooled, treated with 15 ml of 4 N  HC1, de) 8 10.8 (s, 1, NH), 9.50 (s, 1, NH), 8.0-7.0 (m, 10), 6.85
and extracted with ether. The extract was washed with water, (broad s, 2, NH2), 6.54 (broad s, 2, NH2), 4.96 (m, 1, X  H of
dried, and evaporated. The red residue was chromatographed A BX system), 3.33 (s, 3, OCH3), 3.00, 2.85 (m, 2, AB H’s of
on a column of silica gel. Elution with benzene progressively A BX system).
enriched in ether gave impure starting material, (ca. 50% ) Anal. Calcd for (CioH9N30 ) 2 -CH3OH: C, 62.05; H, 5.46; 
followed by a yellow solid (350 mg) which was recrystallized from N, 20.68. Found: C, 62.10; H, 5.50; N, 20.56. 
acetone-hexane to give [2-ethyl-3-(2-ethyl-5-hydroxy-l-oxo-6- 2-Ethyl-5-hydroxyindenone (8 ).—To a solution of crude 3- 
indenyl)-l-(oxo-5-indenyl)-l-oxo-5-indanyloxy]acetic acid (9) as chloro-2-ethyl-5-methoxyindan-l-one (18.8 g, 84 mmol) in 250
an orange powder: mp 142-147°; uv max 222, 265, 295 (sh), cc of tetrachloroethane was added 26.7 g (200 mmol) of powdered
335 mp (e 20,300, 40,000, 9100, 2400); ir 2.96, 3.40, 5.75, 6.19 aluminum chloride over 3 min with stirring. The resulting mix-
p; nmr (DMSO-d6) 8 7.64 (d, 1, J  = 8  Hz, C-7), 7.20 (s, 1, C-3'), ture was stirred and heated at 1 1 0 ° for 20 min and poured onto
7.02 (q, 1 , J  = 2 and 8  Hz, C-6 ), 6.97 (s, 1 , C-7'), 6 . 6 6  (broad 300 g of ice and 60 cc of concentrated HC1. The product was
s, 2, C-4 and C-4'), 4.73 (s, 2, OCH2CO), 4.44 (d, 1, J  =  4 extracted with ether, and the extract was washed with half-
Hz, C-3), 2.50 (m, 1, C-2), 2.16 (q, 2, J  = 7 Hz, CH2CH3'), saturated NaCl. Acidic material was extracted into 0.5 N  NaOH
2.08 (s, 6 , acetone), 1.73 (m, 2, CH2CH3), 1.10 (t, 3, J  =  7 Hz, and recovered by acidification with 4 N  HC1 and ether extraction.
CH2CH3'), 0.97 (t, 3, J  =  7 Hz, CH2CH3). The extract was washed with water, dried, and evaporated.

Anal. Calcd for C24H2206 C3H60 :  C, 69.81; H, 6.08. The resulting semicrystalline product was chromatographed on
Found: 69.80; H, 6.24. 250 g of silica gel and eluted with benzene successively enriched

2-Butyl-3-dimethylaminoindanone (13) Hydrochloride.—A so- in ether. The total yield of crude product obtained in this way
lution of 2.05 g (11 mmol) of 2-butylindenone (7e) in 100 ml of was 87% .
ethanol that had been saturated with dimethylamine at 0° was An analytical sample was prepared by column chromatography
heated at reflux for 18 hr. The solvent was removed, and the on diatomaceous silica using a heptane-ethyl acetate-methanol-
residue was distributed between ether and 2 N  hydrochloric acid. water (70 :30 :15 :6 ) system. The fraction eluted at peak hold-
The acid solution was chilled and rendered alkaline by addition back volume 1.1 (Vm/Vs = 2.65) was recrystallized from ace-
of KOH pellets. The resulting mixture was extracted with tone-hexane to give orange crystals: mp 155-156.5°; uv max
ether, and the dried solution was evaporated to give 1.82 g of 218, 260, 333 mp (e 11,300, 26,300, 3300); ir 3.04, 5.92, 6.24 p;
liquid. This material was dissolved in ether, and a solution of nmr (CDCl3-DMSO-d6) 8 8.90 (broad s, 1, OH), 7.16 (q, 1 ,
hydrogen chloride in isopropyl alcohol was added dropwise until J  = 2 and 6  Hz, C-7), 6.91 (broad s, 1, C-3), 6.49 (d, 1 ,./ = 2 
precipitation ceased; filtration gave 1.93 g (65%) of the hydro- Hz, C-4), 6.46 (q, 1 , J  = 2 and 6  Hz, C-6 ), 2.24 (q, 2, J  = 7
chloride of 13: white crystals, mp 140-141° (lit.1* mp 136-138°) Hz, CH2), 1.10 (t, 3, J  =  7 Hz, CH3).
(recrystallization from isopropyl alcohol-ether failed to alter the Anal. Calcd for CnHi0O2: C, 75.84; H, 5.79. Found: C, 
melting point); uv max 206,242,289 mp (« 29,200,13,000, 1210); 75.51; H, 5.86.
ir 3.90, 4.15, 5.80, 6.19, 6.24 p; nmr 5 13.0 (broad, 1, N+H), The fraction eluted at peak hold-back volume 3.9 yielded
8.60 (m, 1 , C-7), 7.80 (m, 3, aryl H), 5.06 (d, 1, C-3), 3.26 (m, 2-ethylidine-5-hydroxyindan-l-one (15) as off-white crystals on 
C-2), 2.87 [broad s, N(CH3)2] . evaporation and recrystallization from acetone-hexane: mp

A nal. Calcd for C^HnNO HC1: C, 67.27; H, 8.28; Cl, ------------------
13.23; N, 5.23. Found: C, 66.90; H, 8.29; Cl, 13.04; N, (14) L. F. Fieser and M. Fieser, "Reagents for Organic Synthesis,” John
5.19. Wiley A  Sons, Inc., N e w  Y o rk ,  N .  Y . ,  1967, p  1000.
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219-222°; uv max 245, 265,290,315 ijim (« 10,100,10,100,12,000 added, and stirring was continued for 2 hr. The solution was
16,000); ir 2.93, 3.25, 5.93, 6.10, 6.23, 6.35 m; nmr (DMSO-d6) poured into ice water and extracted with ether. The dried solu-
7.57 (d, 1, J  = 8 Hz, C-7), 6.89 (d, 1, J  =  2 Hz, C-4), 6.85 tion was evaporated to give an oil that was triturated with hep-
(q, 1, J  = 2 and 8 Hz, C-6), 6.63 (q, 1, J  =  7 Hz, CH3CH), tane. The resulting solid was crystallized from ethyl acetate-
3.56 (broad s, 2, CII2), 1.90 (d, 3, J  = 7 Hz, CH3). heptane to give 13.50 g (43%) of crystals: mp 61.5-63.0°; uv

A n a l .  Calcd for CuH10O2: C, 75.84; H, 5.79. Found: C, max 221, 264, 287, 293 mM (« 14,600, 14,500, 9150, 8800); ir
75.96; H, 6.07. 5 .71 ,5 .88 , 6 .19 ,6 .28 m-

Similar treatment of indenone methyl ether 7g afforded crude A n a l .  Calcd for Ci3HMOt : C, 66.65; H, 6.02. Found: C,
8 from which 15 was isolated as above in low yield. 66.94; H, 6.28.

Alkylation of 2-Ethyl-5-hydroxyindenone (8) with Bromoacetic (2-Ethylideneindanon-5-yl)oxyacetic Acid (17).—A solution of
Acid.—Sodium bromoacetate was prepared by treating 1.39 g 9.00 g (39.6 mmol) of ethyl (indanon-5-yl)oxyacetate (19) and 
(10.0 mmol) of bromoacetic acid with 4 ml of 2.5 M  sodium hy- 2.16 g (40.5 mmol) of sodium methoxide in 60 ml of methanol
droxide and removing the solvent. The sodium salt of 2-ethyl- was stirred for 10 min, at which time a solid separated. A solu-
5-hydroxyindenone (8) was prepared similarly from 0.88 g (5.0 tion of 3.10 g (70 mmol) of acetaldehyde in 5 ml of methanol was
mmol) of 8 and 2 ml of 2.5 M  sodium hydroxide. A solution of added dropwise, and the mixture was stirred at ambient tempera-
the sodium phenolate in 30 ml of diglyme was added over 2 hr to ture for 1 hr and then poured into water. The aqueous solution
a stirred and heated (steam bath) suspension of the sodium was extracted with ether and then acidified with HC1. This
bromoacetate in 30 ml of diglyme. The mixture was allowed to solution was extracted with ether, and the dried extracts were
stand at room temperature for approximately 16 hr and was then evaporated to give a solid that was recrystallized from methanol
heated at 130° for 15 min. The cooled mixture was treated with to give 3.50 g (39%) of solid, mp 182-184°. The sample was
40 ml of saturated sodium bicarbonate solution and extracted further purified by partition with ether and saturated N aIIC03,
with three 40-ml portions of ether. The aqueous phase was evaporation of the ether phase, and recrystallization from metha-
acidified with 4 N  HC1 and extracted with ether. These ethereal nol: mp 179-182°; uv max 238, 285, 308 him (« 9300, 16,600,
extracts were washed with saline, dried, and evaporated. Evapo- 17,700); ir 3.50, 4.00, 5.73, 5.92, 6.15, 6.26 m.' nmr (DMSO-de)
ration (final pressure ~ 0 .5  mm) gave 700 mg of yellow crystals. & 7.66 (d, 1, / = 9 Hz, C-7), 7.08 (d, 1, / = 2 Hz, C-4), 7.00
This material was recrystallized from methanol to give 113 mg (dd, 1, J,.n = 2 Hz, J 6,7 = 9 Hz, C-6), 6.70 (q, 1, J  = 7 Hz,
(10%) of (2-ethylindenon-5-yl)oxyacetic acid (16) as yellow crys- CH3CH), 4.82 (s, 2, OCH2), 3.58 (s, 2, 3-CH2), 1.86 (d, 3, 
tals, mp 164-166°. An additional recrystallization from metha- J  — 7 Hz, CHCH3).
nol gave yellow crystals: mp 167-169°; uv max 218, 258, 300 A n a l .  Calcd for Ci3Hi20<: C, 67.23; H, 5.21. Found: C,
mM(e 8700, 22,600, 2400); ir 3.43, 5 .75 ,5 .87, 6.18 m; (DMSO-d6) 66.91; H, 5.40.
« 7.27 (d, \ , J  = 8 Hz, C-7), 7.21 (s, 1, C-3), 6.73 (d, 1, / = 2 „  . „  „„ „ „ t
Hz, C-4 ), 6.59 (q, 1, J«., = 2 Hz, J , .7 = 8 Hz, C-6), 4.72 (s, 2, Registry No.—3a, 5764-8o-2; 3b, 24744-96-0 ; 3c, 
OCHj), 2.20 (q, 2, J  =  7 Hz, CH2CH3), 1.08 (t, 3, J  =  7 Hz, 24744-97-6; 3d, 24744-98-7; 3e, 24744-99-8; 3f,
CH2CH3). 24745-00-4; 3g, 24745-01-5 ; 3h, 24745-02-6; 7a, 480-
6 7A13CLH C5al42d f°r Cl3Hl2° ‘ : C> 67'23; H’ 5,21 • Found: C’ 90-0; 7b, 5728-95-0; semicarbazone of 7b, 24741-67-1;

The combined methanol filtrates were concentrated and cooled ^C, 24741-68-2, semicarbazone of 7c, 24741-69-3, 7d,
to give 125 mg of solid, mp 158-163°. Tic in an ethyl acetate- 24799-55-1; semicarbazone of 7d, 24741-70-6; 7e,
heptane-acetic acid (50 :5 :2 ) system revealed two substances. 24741-71-7; semicarbazone of 7e, 24741-72-8; 7f,
This material was subjected to column chromatography on dia- 24741-73-9' semicarbazone of 7f 94741-74-0' 7g

« j  %  ib
evaporated to give 33 mg (13% total) of 16, mp 169—171°. 24741 77-3, semicarbazone of 7h, —4741-78-4, 7i,

The fraction eluted at peak hold-back volume 15 was evapo- 4900-43-0; semicarbazone of 7i, 24741-80-8; oxime of
rated to give a residue that was recrystallized from methanol to 7 ^ 4900-48-5 8 , 24741-82-0; 9, 24741-83-1; 1 2 ,
give 20 mg (1%) of (2-ethylideneindanon-5-yl)o^acetic acid (17) 24741-84-2; hydrochloride of 13, 24741-85-3; 15,
as white crystals, mp 179-182°. This material was identical in A . i  on  -  oo c
all respects with that described below. 24741-86-4; 16, 24741-87-5; 17, 24741-88-6; 19,

Ethyl (Indanon-5-yl)oxyacetate (19).1S—To a stirred, ice- 24741-89-7; ethyl 3,4-dimethoxy-a-methylcmnamate,
cooled solution of 20.0 g (0.135 mol) of 5-hydroxyindanone (18)16 5415-49-6; 2-ethyl-5-hydroxy-l-indanone, 24741-91-1 ;
in 65 ml of dimethylformamide was added in small increments aryloxyacetic acid derivative of 12, 24766-63-0.
6.40 g (0.16 mol) of a 60.2%  sodium hydride in mineral oil
dispersion; stirring was continued for 60 min after completion Acknowledgment.— W e are indebted to Messrs,
of the addition. Ethyl chloroacetate (18.4 g, 0.15 mol) was ^  M. Brancone, W . Fulmor, and C. Pidacks, and their
----------------  associates for the microanalyses, spectral data, and

(15) T h is  e x p e rim e n t was p e rfo rm e d  b y  D r .  R . M  Sheeley liquid-liquid Partition Column chromatography, re-
(16) W. A . Johnson, J . M .  A n derson , and  W . E . S helberg, J. Amer. Chem. ^  ~

Soc., 66, 218 (1944), a n d  references c ite d  th e re in . S p e c t lV ( ? ly .
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Hydroboration of 3- and 4-methyl- and 3- and 4-i-butylme'Lylenecyclohexanes yielded, after oxidation, pre
dominantly the axial-equatorial disubstituted cyclohexanes. Similar results were obtained when dichloro- 
borane was used as the hydroborating agent. Dicyclohexylborane gave equal amounts of axial and equatorial 
products.

The addition of nucleophiles to unhindered cyclo- obtained after oxidation of the products of hydrobora-
hexanones yields predominantly the more stable equa- tion, is recorded in Table I.
torial alcohols, whereas axial isomers are obtained in The products of the reactions were analyzed by glpc 
the reaction of hindered cyclohexanones.2 These addi- and compared with samples of the alcohols I l ia , I llb ,
tions, and particularly hydride reductions, were dis- IVa, IVb, Va, Vb, V ia, and VIb th at were prepared by
cussed on the basis of empirical rules3 named “product reduction of the methyl- or f-butylcyclohexanecarboxy-
development control” and “steric approach control.” lie acids.
Explanations of the stereochemistry of these reactions The less stable product was formed preferentially in 
based on pure steric approach considerations4 or on the reaction of diborane with the compounds la , lb ,
eclipsing effects6 were also advanced. Recent kinetic 11a, and lib . The steric course of hydroboration was
work6 had shown that hydride reductions yielding the therefore different from the stereochemistry of the re-
more stable equatorial alcohol predominantly, and duction of cyclohexanones,7 as well as were their kinet-
previously assumed to be determined by the stability of ics.7'8 These results showed that the stability of the
the products, are in fact kinetically controlled. isomers did not determine the composition of the prod-

Methylenecyclohexanes have a structure similar to uct of hydroboration and kinetic effect were apparently
that of cyclohexanones. Reduction of the latter com- more important. The approach of diborane to the
pounds with diborane was shown7 to give a similar dis- double bond was easier from the equatorial side, where-
tribution of isomeric cyclohexanols to th at found in the as the axial approach is generally preferred during the
product of their reaction with metal hydrides. How- diborane or metal hydride reduction of unhindered cy-
ever, the mechanism of this reduction7 is different from clohexanones.
th at of hydrogenation,8 the last reaction being first order Possible reasons for the difference in approach in
in diborane,8 whereas the reduction is three-halves order hydroboration and reduction, despite the fact th at both
in diborane. I t  was therefore of interest to compare the reactions are kinetically controlled,7'8 are the difference
stereochemistry of the reduction of cyclohexanones with in the corresponding transition states10 of the distances
that of the hydroboration of methylenecyclohexanes. of the attacking molecules from the axial hydrogens
The stereochemistry of the hydroboration of the exo- on the carbons at positions 2 and 6 or 3 and 5, respec-
cyclic olefins 3-methyl- (la) and 4-methylmethylenecy- tively (difference in steric interaction4), or from the
clohexanes (H a) and 3-i-butyl- (lb) and 4-i-butylmeth- C -H  bonds a t the positions 2 and 6 (eclipsing effects5),
ylenecyclohexanes (lib ) was studied to this effect. I t  seems, however, that different torsion effects derived

from different points of attack by diborane in the hy- 
CH2 CH2. CH2OH CH2OH CH,OH CH2OH droboration and reduction play an important role in
JL Y n  the determination of their steric course. During the

[ j f J  f 1 ( 1  I I  I I  reductions of cyclohexanones it is the ring carbon that
s  ^ "R  yy jy is attacked by diborane and the angle of torsion be-

R R tween the C - 0  bond and the two equatorial C -H  bonds
j II III iy  v  VI on the neighboring carbons diminishes and is close to

a  R=CH zero in ^ e  transition state of an equatorial a ttack 11
j,’r  = C(CH3)3 (that gives the axial alcohol). This transition state

is therefore less favorable than th at for axial a ttack  in 
These compounds were prepared by the method of reduction, where this angle of torsion increases to a 
Corey9 from the corresponding cyclohexanones. more staggered conformation. On the other side,

The distribution of the isomeric alcohols III-V I, hydroboration proceeds by a four-center transition
state in which the boron-carbon link is more developed 

_ . , . „  _ t- v. v ™ „ .  TT . than the forming carbon-hydrogen bond.512 The
1967. boron atom begins to attach  itself to the exocychc car-

(2) For a review see A. V. Kamernitzky and A. A. Akhrem, Tetrahedron, bon in the transition State of the hydroboration of
'V rw .Tnauben, g . j . F o n ke a , a nd  d . s .  N o yce , j .  A m r r .  chem. Soc, methylenecyclohexanes, and the ring carbon retains 
78,2579 (1956). its original trigonal geometry without appreciable

(4) j . c. Richer, j . Org. Chem., 30 , 324 (1965). change in torsion angles. Torsion effects should there-
(5) M. Cherest and H. Felkin, Tetrahedron Lett., 2205, (1968). £ j . . . , v , xl , , ,, ,
(6) j . Klein, e . Dunkeibium, e . l . Eiiei, and y . Senda, ibid., 6127 fore discriminate very slightly between the two possible

(1968).
(7) J. Klein and E. Dunkeibium, Tetrahedron, 23, 205 (1967). •
(8) J . Klein, E. Dunkeibium, and M. Wolff, J. Organometal. Chem., 7, (10) J . A. Marshall and R. D. Caroll, ibid., 30, 2748 (1965).

377 (1967). (11) P. von R. Schleyer, J. Amer. Chem. Soc., 89, 699, 701 (1967).
(9) R. Greenwald, M. Chaykovsky, and E. J . Corey, J .  Org. Chem., 28, (12) H. C. Brown, “Hydroboration,” W. A. Benjamin, New York, N. Y.,

1128 (1963). 1962.
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T a b l e  I discussion assumes a structure of the methylenecyclo-
P r o d u c t s  o f  H y d r o b o r a t i o n » o f  hexane part of the transition state of hydroboration

M e t h y l e n e c y c l o h e x a n e s  that is essentially similar to that of the olefin. This
s ta r t in g  H y d ro b o ra tio n  Y ie ld ,  %, % d s  in  % trans in  structure is supported by the strong steric interference 
m a te ria 1 a g e n t o f  a lcoh o ls  p ro d u c t p ro d u c t during hydroboration of cyclohexenes having an axial

t t  i °rane 76 3/ I l ia  63 I t a  methyl at the 4 position,16-19 and even of an axial hy-
lb  Diborane 78 33 I llb  67 IVb drogen gemmai to a ¿-butyl group at this position.19
l ib  Diborane 75 68 Vb 32 VIb
la  Dicyclohexylborane 58 431' I l ia  42b IVa a!a 3 a°\
Ha Dicyclohexylborane 62 42c Va 45c Via __^
la  Dichloroborane 68 34 I l ia  66 IVa
Ha Dichloroborane 66 68 Va 32 Via —/  equatorial attack
° In THF. 6 15% additional product was formed. c 13% YU

additional product was formed.
Only chair conformations of methylenecyclohexanes 

modes of attack during hydroboration. A similar were considered in agreement with the nmr spectrum
picture is obtained, when the formation of a complex8'13 of the parent compound.20'21
between borane and the olefin is the rate-determining A similar analysis of the direction of attack  of cyclo
step. However, torsion interactions alone could ex- hexyl radicals in terms of torsion interactions was pub-
plain statistical distribution of the two products, but lished recently 22
not the predominant formation of the axial isomer dur- The ratio of the two isomers formed during the stud- 
ing hydroboration and an additional effect is neces- ied hydroboration reactions were not identical for all
sarily present to account for this result. I t  seems to us compounds, and the small differences in this ratio can
that the concept of Zimmerman14 on the favored pro- be rationalized in terms of the relative proportions of
tonation of exocyclic enols from the equatorial side can various chair conformations in which the starting mate-
be applied in our case, and the protonation is a good rials exist and the interference of axial substituents in
model for reactions where torsion effects are small owing the 3 position to hydrocarbon d s  to them 1619
to a small degree of bond formation in the transition I t  is interesting th at dichloroborane gave similar 
state and where steric interactions have a predominant ratios of isomers to those formed in the reaction with
influence. Equatorial approach of diborane is from diborane, but dicyclohexylborane gave almost equal
the outside of the fold formed by the exocyclic methyl- amounts of the two isomeric products. The bulk of
ene and the ring V II, whereas the axial attack is from the hydroborating agent23 appears to have an effect
the inside of the fold and is the more hindered of the in this case, and this effect m ay be due to the interac-
two. The shift of the attacking reagent from the ring tion with the substituents on the carbons at positions
carbon toward the exocyclic carbon increases even more 2 and 6. However, this evidence is not clear-cut, since
the difference in the energies of the two transition states the yield in this reaction is lower than in the previous
in favor of the equatorial a ttack 15 owing to steric inter- reactions and, in addition, a third compound was formed,
action of the reagent with the ring hydrogens. This Its structure was not established, but it might be

an isomer formed by addition, elimination, and a fur- 
(13) a . s tre itw ie s e r, J r .,  L .  V e rb it ,  a n d  R .  B i t t m a n , . /.  Org. Chem., 3 2 , ther addition of dicyclohexylborane. Since the Gliminn- 

1 5 3 0  (1967). tion reaction could proceed with different rates from
/ i f a ™ , * .  " 4 P- S- *1“  two C ran es “  the first step, the

(15) A  referee suggested a d if fe re n t e x p la n a tio n  fo r  th e  s te re o c h e m is try  fin&l COITipOSltlOIl of trh.6 prod.UCt> might IlOt reflect the
o f these h y d ro b o ra tio n s : “ W h e n  th e  reagen t approaches th e  te rm in a l StGI*ÌC COUFSe of the initial re&Ctioil.
carbon, th e  h y d ro g e n  a to m s  a tta c h e d  to  th e  ca rb o n  a re  pushed o u t o f th e  
p la n e  w h ile  l i t t le  change occurs in  th e  p la n a r  g e o m e try  of th e  in n e r ca rbon .
O f th e  tw o  possib le  approaches sh o w n  be lo w , m o le c u la r m odels suggest a.«
th a t  I  is  m ore  fa v o re d  b y  0 .2 -0 . 6  k c a l/m o l because non bo n d e d  h y d ro g e n  X p c  C 8.1 O c C l  O H
repu ls ions betw e en  H a a nd  H c in  I  a re  s m a lle r  th a n  th o se  b e tw e e n  n , i t  1 4  , ,  1 1 1
H „  a n d  H b in  I I . ”  W e t h in k  th a t  th is  e x p la n a tio n  is n o t  c o rre c t 3-Methylcyclohexanone and 4-methylcyclohexanone were

commercial products (rluka). 3-2-Butylcyclohexanone24 and 
g  j j  4-i-butylcyclohexanone26 were prepared by published methods.

j j  . \ >  a 3-Methylmethvlenecyclohexane (la).—NaH, 4.8 g of a 50%
He tt '?A  a Ll s ' ""Ha suspension in mineral oil, was washed with dry pentane. Di-
[ / c methyl sulfoxide (DMSO) (50 ml) was then added and the mix-

/ j f  Y '/  ture was heated for 1 hr at 70°9 and then cooled in an ice bath,
Hb X  and a solution of 35.7 g of methyltriphenylphosphonium bromide26

I “ •> in 100 ml of DMSO was added dropwise. The red solution so
j  j j  formed was stirred for 15 min at room temperature; then 11 g

of 3-methylcyclchexanone was added dropwise over 15 min.
fo r  several reasons. I t  does n o t  c o n fo rm  to  w h a t we k n o w  on th e  ________________
tra n s it io n  s ta te  o f th e  h y d ro b o ra t io n  re a c tio n , w h ich  has a s tru c tu re  s im ila r
to  th a t  o f th e  s ta r t in g  o le fin  as sh o w n  b y  a p close to  zero (h y d ro b o ra t io n  o f (17) M .  N u ss im , Y .  M a z u r ,  a nd  F . S o ndheim er, ibid., 29, 1120 (1964).
s u b s titu te d  s tyren es8) and  th e  in te rfe re n c e  o f a x ia l s u b s titu e n ts  d u r in g  (18) G . Z w e ife l a n d  H .  C . B ro w n , J. Amer. Chem. Soc., 86, 393 (1964).
h y d ro b o ra t io n  o f cyc lohexenes . 16 E v e n  a ssum ing  th e  tra n s it io n  s ta tes  I  a n d  (19) D .  J. P a sto  a nd  F . M .  K le in ,  J. Org. Chem., 33, 1468 (1968).
I I  proposed b y  th e  referee, th e  re p u ls iv e  in te ra c t io n  b e tw e e n  H a a n d  th e  (20) J . T .  G erig , J. Amer. Chem. Soc., 90, 1065 (1968).
e q u a to r ia l h yd ro g e n s  in  p o s itio n s  2 a n d  6  in  I  w i l l  be g re a te r th a n  betw e en  (21) F . R . Jensen a nd  B . H . B e ck , ibid., 90, 1066 (1968).
H a a n d  H b  o r H c in  I  a nd  I I ,  re sp e c tive ly . I t  seems a lso th a t  these in te r -  (22) F . R . Jensen L . H . G ale, a nd  J . E .  R odgers, ibid., 90, 5793 (1968).
a c tio n s  are  ra th e r  o f a t t ra c t iv e  th a n  o f re p u ls ive  n a tu re . O u r v ie w  is  th a t  (23) H . C . B ro w n  a n d  G . Z w e ife l, ibid., 82, 3222 (19 6 0 ); 83, 1241 (19 6 1 ).
i t  is  th e  d ib o ra n e  w h ic h  in te r fe re s  d if fe re n t ly  w i th  th e  r in g  a t  its  b o th  sides (24) J . S icher, F . Sipos, a n d  M .  T ic h y ,  Collect. Czech. Chem. Commuti.,
and n o t  th e  hyd ro g e n s o f th e  m e th y le n e  g ro u p . 27, 2907 (1962).

(16) J . K le in ,  E . D u n k e lb lu m , a n d  D .  A v ra h a m i, J. Org. Chem., 32, 935 (25) M .  T ic h y ,  F . S ipos, a nd  J . S ich er, ibid., 26, 847 (1961).
(1967). (26) A . M a e rc k e r, Org. Read., 14, 1270 (1965).
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The mixture was stirred for an additional hour and the product with 10-ml portions of ether. The combined ethereal solutions
wa= distilled directly from this solution at 58° (25 mm). Re- were washed with water, aqueous KOH, and then again with
distillation gave 8.4 g (77%) of pure la : bp 118° ; ir (liquid water. Distillation gave 0.6 g of I lia , bp 110° (20 mm). 
film) 890 cm-1 (C =C H 2) I d a similar manner we prepared iraras-3-methylcyclohexyl-

Anal. Calcd for C8H„: C, 87.27; H, 12.73. Found: methanol (IVa) (contaminated with the cis isomer), bp 110“
C 87 55* H 12.90. (20 mm); cis-4-methylcyclohexylmethanoi32’36 (Va), bp 100

'4 -Methylmethylenecyclohexane. 27—Similar treatment of 4- and (15 mm), and its trans isomer32-26 (Via), bp 108° (20 mm); 
methvlcyclohexanone gave Ha: 78% yield; bp 120°; ir (liquid andcis-4-i-butylcyclohexylmethanol32(Vb),mp56° (ethanol80%), 
film) 890 cm-1 (C =C H 2). and its irons isomer36 (VIb), bp 130° (20 mm).

3 -i-Butylmethylenecyclohexane (lb) was prepared analogously. cis-3-i-Butylcyclohexylmethanol (Illb ).—-To a stirred solution
in 63% yield from 3-i-butylcyclohexanone. However, the of 0 . 2  g of cis-3-i-butylcyclohexanecarboxyhc acid in 5 ml of TH F
product was not distilled directly from the reaction mixture, was added dropwise 3 ml of a 2.5 M  solution of borane in TH F.
but water (1 1.) and pentane (250 ml) were added, and the The solution was stirred for 2 hr and 3 ml of water was added,
mixture was stirred for 15 min and filtered from the precipitate. then the solution was stirred for 1 hr, the layers were separated,
The layers were separated, the aqueous layer was extracted twice the aqueous layer was extracted three times with 10-ml portions
with pentane and the combined pentane solutions were washed of ether, and the combined ether layers were washed twice with
twice with a saturated aqueous solution of NaCl and filtered 10 ml of saturated sodiumbicarbonate solution, dried over mag-
through a column containing 25 g of alumina. The solvent was nesium sulfate, and distilled, giving 130 mg of I llb , bp 130
removed and the residue was distilled giving lb : 63% yield; (20 mm).
bp 78° (15 mm); ir (liquidfilm) 886 cm“1 (C =C H 2). Hydroboration Reactions.—A solution of 0.1 mol of the olefin

Anal. Calcd for CnH2„0: C, 86.84; H, 13.15. Found: in 100 ml of TH F was added dropwise to a cooled solution of
C 86 71- H 12.98. 0.25 mol of borane in TH F. The reaction mixture was stirred

Vi-Butylmethylenecyclohexane (lib ).—Similar treatment of 1 hr at 0°, then 2 hr at room temperature. Excess diborane was
4-i-butylcyclohexanone gave lib : 65% yield; bp 90° (25 mm);28-29 decomposed by dropwise addition of water (100 ml). A 3  N
ir (liquidfilm) 888 cm-1 (C =C H 2). solution of NaOH (100 ml) was then added, followed bv dropwise

3 -Methylcyclohexanecarboxylic acids were prepared by known addition of 30% H20 2 (100 ml). The reaction mixture was
procedures.30 The cis acid (mp 28°) was obtained pure, but stirred for 1 hr at room temperature and K 2C 03 (20 g) was then
the trans was contaminated with the cis product. added. The layers were separated, the aqueous solution was

C7's-4 -Methylcyclohexanecarboxylic acid had mp 28° (lit.31-32 extracted three times with 100 ml of ether, and the combined 
28-30°). The trans isomer was obtained after equilibration organic layers were washed with water, dried over magnesium 
of the mixture of isomers33 and had mp 109° [lit.31-32110°]. sulfate, then distilled, and analyzed by glpc.

cfs-3 -Z-Butylcyclohexanecarboxylic Acid. 31— Dehydration of 3- In the dichloroborane reactions, only 0.1 mol of this hydro-
f-butylcyclohexaneonecyanhydrine34 followed by acid hydrolysis boration agent was used for each 0.1 mol of olefin. Dichloro-
of the "nitrite and hydrogenation of the formed unsaturated borane was prepared by dissolution of 0.1 mol of BC13 in 20 ml
carboxylic acid gave, after equilibration and two recristalizations of TH F at 0° followed by addition of 0.05 mol of a solution of
from hexane, the pure acid, mp 95° [lit.31 95°]. The trans borane in TH F. This solution was left at 0° for 10 hr before
isomer was not isolated pure but was contaminated with the use.
cis acid. Dicyclohexylborane was prepared by addition of 10 g (V3

ci's-4 -i-Butylcyclohexanecarboxylic acid, mp 117°, and its mol) of cyclohexene to 26 ml of 2.5 M  solution of borane in THF
trans isomer, mp 175°, were separated by thiourea.33-36 (7« mol). The solution was left for 16 hr at room temperature

cis-3-Methylcyclohexylmethanol (Ilia).—A solution of 1 g of before use.
m-3-methylcyclohexanecarboxylic acid in 10 ml of dry ether Gas chromatography of the methylenecyclohexanes was carried
was added dropwise to 0.5 g of LiAlH, in 20 ml of dry ether. out on a 3 m X 7s in. column of Porapak Q. The products of
The reaction mixture was refluxed for 1 hr; the excess hydride hydroboration were analyzed on a 3 m X  0.25 in. column of
was decomposed with water then 4 N  H2S 0 4, and extracted twice 10% Ucon Polar on Chromosorb P  at 140°, or on 4 m X 0.25
-----------------  in. column of 10% polyneopentyl glycol succinate or Chromosorb

(27) J . F . Sauvage, R . H .  B a ke r, a n d  A . S. H ussey, J. Amer. Chem. Soc.. p  i 7 0 ° .  T h e  k e to n e s  I  a n d  I I  w e r e  u s e d  a s  i n t e r n a l  s t a n d a r d s

8^ ° (ir > -  , , , T O T! V, i n  ni «• in the reaction mixture for quantitative determination of yields.
(28) R .  G . C a rlso n  a n d  N .  S. B e hn, J. Org. Chem.., 32, 1363 (19 6 7 ). , .  , , ,  - j j - 4. i i . j -
(29) B. Cross a n d  G. H . W h ith a m ., J. Chem. Soc., 3892 (1960). T h e  y le ld s  ° f  the reactions were also determined directly by dis-
(30) L .  H .  D a rlin g , A . K .  M a c b e th , and  J . A . M ills ,  ibid., 1364 (1953). filiation of the products. The analyses of the obtained mixtures
(31) M . T ic h y , J . Jonas, a n d  J . S icher, Collect. Czech. Chem. Commun., 24, of isomers were in agreement with their formulas.

3434 (1959).
(32) H .  V a n  B e k k u m , A . A . B . K le is , A . A . M ass ie r, D .  M e d e m a , P . E . R e g i s t r y  N o.— la , 3101-50-6; lb, 24452-96-8; Ila ,

2808-80-2; l ib , 13204-73-0; I l ia , 24453-33-6; I l lb ,
(34) L .  M a n d a y , J. Chem. Soc., 1413 (1964). 24453-34-7.
(35) H . V a n  B e k k u m , P . E . V erkade, a n d  B . M . W e p s te r, Proc. Kon.

Ned. Akad. Wetensch. Ser, B62, N o . 3, 147 (19 5 9 ); B64 , 161 (1961). (36) N . M o r i ,  Bull. Chem. Soc. Jap., 34, 1299 (1961).
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Addition of acetic acid to CTido-6-methylbicyelo [3.1.0] hexane gives nearly equal amounts of methylcyclopentyl 
acetate and as-2-methylcyclohexyl acetate. Addition of acetic acid-O-d gave methylcyclopentyl acetate con
taining 1% ¿ 2  labeled species as determined by mass spectral analysis. The di content of the cis-2-methyl- 
cyclohexyl acetate produced in the same reaction was assumed to be the same. The stereoselectivity of acetate 
formation in the cleavage of the bond common to both rings is reflected in the 47:2  ratio of cis-/irans-2-methyl- 
cyclohexyl acetate. These results are compared with earlier studies of the acid-promoted opening of exo-6- 
methylbicyclo[3.1.0]hexane. The mechanistic rationale for these results is discussed in terms of bond-protonated 
or carbon-bridged intermediates.

Stereoselectivity in the acid-promoted addition of nance (nmr) spectra. No detectable peaks correspond-
acetie acid across the internal strained bond of bicyclo- ing to the retention times of ethylidenecyclopentane,
[n.1.0] alkanes has been observed for ezo-7-methyl- 3-ethylcyclopentene, vinylcyclopentane, or unconverted
bicyclo [4.1.0 [heptane (1, n = 4) and exo-6-methyl- 6-endo-methylbicyclo [3.1.0 [hexane could be found in
bicyclo[3.1.0[hexane (1, n = 3).2 Respectively, trans- the chromatograms.
2-methylcycloheptyl (2, n = 4) and irans-2-methyl- The mixture of acetates was not analyzed directly but 
cyclohexyl (2, n = 3) acetates were by far the predom- was converted, by lithium aluminum hydride hydro
inant acetates produced in the internal mode of cleavage. genolysis, to a mixture of alcohols which was more

readily separated by glpc than the mixture of acetates. 
\ + V The alcohol mixture consisted of methylcyclopentyl-

CHg^j/~CH3 H, HOAc.̂  CH£~- '̂"'CH3 carbinol, cis-2- methylcyclohexanol, trans-2 -methyl-
n \ n p-OAc cyclohexanol, cis-2-ethylcyclopentanol, and trans-2-

H ethylcyclopentanol in the relative percentages given in
CH CH Table I. Methylcyclopentylcarbinol and as-2-meth-
\ 3 H+ H0A 3 ylcyclohexanol, the two major alcohols, were separated

-----’ H°  ~ by preparative glpc and identified by comparative ir.
^  c The ring-opening solvolysis of endo-6-methylbicyclo-n H [3.1.0 [hexane was repeated using 0.09 N deuteriosulfuric
3  4  acid in acetic acid-O-d solution. The deuterated

~~ ~~ acids were used primarily to ascertain the degree of
In order to learn whether internal cleavage is truly reversible protonation prior to cyclopropyl bond

stereoselective or not, the acid-promoted addition of cleavage and the extent of olefin to acetate conversion,
acetic acid to e?ido-6-methylbicyclo [3.1.0 [hexane (3), Glpc analyses showed the distribution of acetates
has been studied. Should cleavage of the internal bond (alcohols) and olefins as given in the second row of
of 3 and resulting acetate formation again occur with Table I. The mixture of alcohols was oxidized to a
inversion, czs-2-methylcyclohexyl acetate (4) would be mixture of ketones which consisted of two major
expected. components as revealed by glpc. These were separated

and identified as methylcyclopentyl ketone and 2- 
Results methylcyclohexanone by comparative glpc and mass

The treatment of endo-6-methylbicyclo [3.1.0 [hexane sP®ctf ' 1-Methylcyclohexanol clearly distinguish-
with 0.09 N sulfuric acid in glacial acetic acid at 47° for ab eJ ro“  tbeJket° f s ^  chromatography could
26 hr gave a product mixture containing 11% olefins £ot be detected 111 the chromatogram of the mixture of 
and 89% acetates as determined by gas-liquid partition ketones. ,, ,
chromatography (glpc). Further glpc analysis of the T+he isotopic distribution of the labeled methycyclo- 
olefin mixture demonstrated the1 presence of 1-methyl- Pentylcarbmol was 17% d0 82% and 1% d, and was 
cyclohexene, 1-ethylcyclopentene, and 3-methylcyclo- f sumed to be ^  same for labeled m-2-methycyclo-
hexene in the relative percentages given in Table I. hexano1- Tbe iattKer was no lsolated *or sP f tral
These olefins were identified by gas chromatographic ls° toPlc analysis because of anticipated difficulty in
retention times using two different columns. In  obtaining a meaningful isotopic analysis when M+ -  1
addition 1-methylcyclohexene, the predominant olefin, bf +omes, ^gmficantly large relative to  a low intensity

,• , , ' M+ peak, as is frequently the case for cyclohexanols.was isolated by preparative glpc and identified by , .,H .. J , ,, , , J , , . , „,. ■ i s , , m • „„„„ The isotopic cistnbution of methylcyclopentyl ketonecomparative infrared (ir) and nuclear magnetic reso- M oorv , w  .1 v ' & was 16% do, 83% dh and 1% d2 before, and 17% d0,
(1) (a) Paper V I I I  in a series dealing with carbon-carbon bond fission in 83% d\, and 0% d'l after Sodium methoxide—methanol

cyclopropanes, (b) Acknowledgment is made to the donors of the Petro- exchange. For 2-methylcyclohexanone, the distlibu-
to the National Science Foundation for support of this work. Acknowledg- tion WRS 19%) do, 80%) d\, and. 1 /(: d'2  before, and 20 /() do,
ment is also made to the National Science Foundation for assistance in the 80%  d\, and 0 %  d 2 after exchange.
purchase of the mass spectrometer used in this study. A further test of the kinetic control of acetate forma-

(2 ) R .  T .  L a L o n d e  a n d  M .  A . T o b ia s , J. Amer. Chem. Soc., 86, 4068 . (1 . . . .  a i i i
(1964). tion was the observation that neither methylcyclo-
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Table I
P roduct D is t r ib u t io n  from  endo- and ero-6-MBTHYLBicYCLO [3.1.0] h e x a n e  on A cid-P rom oted  A c e t o l y sis» 

-------------------------- A ce ta te s  (a lcoho ls ), 10 0 % ------------------------■>

A c O ^ .  .  ----------------------------O le fins, 10 0 % -----------------------------

6  ¿r0“ o r
R e a c ta n t %  irons as trans %  ' ------"  ' ------'  ^

3b 39 48  2 1 4 7  2 11 0 14 80  7
3« 36 49 2 1 46 2  14 0  17 77 7
1 (n  =  S y  30 52 2 7  2  37 20  1 27 55 18

« The accuracy of the distributions is qualified by the lack of control experiments to determine the degree of fractionation of olefins 
and acetates occurring in work-up. b Glacial acetic acid, 0.09 N sulfuric acid, 4 7 ° , 26 hr. c Acetic acid-O-d, 0.09 AT deuteriosulfuric acid, 
4 7 ° , 26 hr. d Reference 2.

pentylcarbinyl acetate nor os-2-methylcyclohexyl ace- The observed stereospecificity of acetate formation in 
tate  is isomerized on treatm ent with 0.09 N sulfuric internal bond cleavage clearly is inconsistent with a
acid in glacial acetic acid at 47°. mechanism involving equilibrating 2-methylcyclohexyl

The reactivities of two of the olefins produced from 3 carbonium ions (Scheme I). If equilibrating 2-methyl-
were assessed. Treatm ent of 1-methylcyclohexene cyclohexyl carbonium ions, 5 and 6 had been involved,
with 0.09 N sulfuric acid in acetic acid at 47° for 26 hr both 6-methylbicycloalkanes would have furnished the
resulted in a 6%  conversion to 1-methylcyclohexyl same mixture of acetates,
acetate. Similar treatm ent of 3-methylcyclohexene
for 52 hr resulted in less than 5%  conversion to acetates S c h e m e  I
which consisted of 1%  methylcyclopentylcarbinyl CH3N-H
acetate, 17%  2-methylcyclohexyl acetate, and 82%
3-methylcyclohexyl acetate. The relative amounts of \  v  \ ?\
these acetates and their identities is based on mass '-----'  '--------
spectral analysis of the mixture of alcohols, obtained on — CH3
lithium aluminum hydride hydrogenolysis of the ace- | H+ H+
tates, and mass and infrared spectral and gas chromato- \  I
graphic analysis of the corresponding mixture of ketones. CH3

Discussion

The product analyses as summarized in Table I reveal 6 H
that internal bond rupture in 3 gives c is -  and t r a n s -2- • —
methyl cyclohexyl acetate in a ratio of 4 7 :2 . The k NV k 2  ki
results of earlier work with the isomeric 6-ezo-methyl- 1 >4 J,
bicyclo[3.1.0]hexane (1, n  =  3) are also summarized in ^  CH3
Table I and show a somewhat lower degree of stereo-
specificity, the ratio of tr a n s  to c is  acetate being 37: 2 .  X r ^ V c H ,

The results of the ancillary experiments indicate that H OAc Ac0 J
acetates are formed directly by addition of acetic acid
across the internal bond of 3. Thus the absence of . . .  , , ,i i , , r ,, Other variations of a secondary carbonium ion1-methyicyclohexvl acetate formation as well as ,. , , ,  , , . . , , J .
__ i„ 1 . * , , . . . .  . . , rationale would also be inconsistent with results. Anmultiple deuterium labeling show that acetates are not , . ,, , , , , .
c ___. __ __ ....  , , j . . . .  . . .  , a  unsymmetncally solvated carbonium ion (5), oneformed competitively by addition to the olefins pro- • . • . i , • . . .  . . . . .  ■) % ,.

. T iu i  i i / 1 r  .••. , ., m  which the solvent is associated with the side of theduced. l  he low level ol olefin reactivity, relative to the • ., ,, ,, , , ,  . . .
bicycloalkane 3, is also demonstrated. Less than 10%  ? ng ° Pp0Slt,e t  P° SSlbly
of 1- and 3-methylcyclohexene are converted to acetates for stereoselectivity but such a carbonium ion would
under conditions which completely transform 3 to lf& °n C°llapSe ^  °  tbe/™ns’ the a s  isomer, 
acetate. Finally, the demonstrated stability of the two Assuming symmetrical solvation of the carbomum ion
major acetates, m-2-methylcyclohexyl acetate and 4 5’ a ? ght Predominance of the as acetate could be
methylcyclopentylcarbinyl acetate, shows that the eXpe4C ed on of the nearly fourfold prefer-
acetate distribution represents largely the products enc? J for equatorial (k}) overaxial (k2) attack of a chair
generated directly in the ring cleavage step. Relevant CyC oheXyl f rbonT  Yf Reasonably the estimated
confirmatory evidence comes from an earlier observa- Preferfenc" «r. equatorial solvolysis would be even less
tion. When ring cleavage of bicyclo[3.1.0]hexane was +than foU+rf(dd in of 5  because of the obstruction
carried out in 0.07 N sulfuric acid at 47°, the distribu- to equat^ ial f tack by tbe adJacent ,axial 
tion of acetates remained constant for reaction periods gr0?P/ fThe ,°bse5Ved f«r over trans
of 0.5, 1.0, 41, and 61 hr.3 When cleavage of bicyclo- formation from 3 is 47:2, a ratio much m excess
[4.1.0]heptane was carried out under the same condi- of what could be expected from equatona solvent attack
tions, the acetate distribution remained constant for °J 5\ Moreover shou d the principal pathway to
reaction periods of 0.5, 1.0, 24 and 86 hr.3 2-methylcyclohexyi acetates involve a carbomum ion

(4) J . A . B era tm  a n d  P . R e y n o ld s -W a rn h o ff, ibid., 86, 595 (1964).
(3) R . T .  L a L o n d e  and  L . S. F o rn e y , J. Amer. Chem. Soc., 85, 3767 (1963). (5) A . S tre itw e ia e r a n d  C . E . C o ve rd a le , ibid., 81, 4275 (1959).
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intermediate, then solvolysis of 1 (n =  3) occurring specificity in 2-methylcyclohexyl acetate formation
with preferential equatorial attack of carbonium ion 6  could not be accounted for by the reverse rearrange-
would be expected to give a trans to cis  ratio of nearly ment, i .e ., a ring expansion-carbonium ion route,
four, but the observed ratio is 3 7 :2 . Nevertheless, The three features of the acetate distribution which 
while a carbonium ion pathway does not appear to be must be accounted for are stereospecificity, the
the major one, it cannot be dismissed altogether. The disproportionately large extent of internal bond
formation of some frans-2 -methylcyclohexyl acetate rupture, and the preference for the formation of methyl-
from 3 and m -2-m ethylcyclohexyl acetate from 1 (n  =  cyclopentylcarbinyl acetate resulting from the external
3) suggests the involvement of a carbonium ion process mode of rupture. Possibly one way to account for
competing to a minor degree with a more stereospecific these reactivity characteristics is by nucleophilic solvent
one- attack  of bond-protonated intermediates as postulated

Besides stereospecificity, there are two other features earlier2' 3' 12' 13 and depicted in Scheme II. According
of the ring opening of 3 which should be considered in to this interpretation, the ratio of the two predominating
attempting to formulate a mechanistic rationale. One
of these is the distribution of acetates resulting from S cheme II
internal and external modes of bond rupture. In the CH
case of 3, 50%  of the acetates arise from external bond 0Ac
cleavage and 50%  arise from internal cleavage. B y  ^ ______*  I— " —i—
comparison, the exo-methyl isomer 1 (n =  3) produces /  H
39%  of the acetates by internal bond rupture and 61%  j j _ -d -----/
by external rupture. \  CH

The other feature of the acetate distribution to be ^  3 '~y — H
considered is the disparity of acetates arising from two
possible modes of external cleavage. As the data in H ^  ^pOAc
Table I illustrates, methylcyclopentylcarbinyl acetate y P  H H
formation far exceeds the formation of 2 -ethylcyclo- H
pentyl acetate. Possibly the predominance of methyl
cyclopentylcarbinyl acetate formation might be at- acetates would, for the most part, reflect the populations
tributed to a relatively larger number of low energy °f  externally and internally protonated intermediates,
pathways leading to this type of product. Conceivably terms of the bond-protonated species, the greater
one such additional pathway could involve a carbonium degree of internal rupture in 3 can be attributed to the
ion-ring contraction route. However, this route to greater strain of the internal bond in 3, relative to that
cyclopentylcarbinyl acetate does not seem likely on the °f  1 (n  ~  3), which results from the crowding of methyl
basis of known structural requirements for ring con- ant  ̂ trimethylene ring hydrogens. The direct relation-
traction. Goering6 has pointed out that ring contraction s^ip between the extent of internal cleavage and strain
is involved in the dehydration of equatorial cyclo- has already been noted in connection with earlier
hexanols if C2 is substituted with ( 1 ) two alkyl groups, work . 14 F or example, bicyclo[2.1.0]pentane, which
(2 ) an alkyl group and a hydroxyl group, (3 ) a hydroxyl possesses a severely strained internal bond, 15 undergoes
group, or (4) a phenyl group. Evidently a single alkyl only internal bond cleavage . 3 In  contrast the ratio of
substituent is insufficient for contraction. There are total acetates produced by internal and external bond
numerous other examples which illustrate th at the rupture in exo-methylbicyclo [4.1.0 jheptane, 1 (n  =  4),
potential leaving group must be trans coplanar to the is 3 2 :6 8 ,2 a value close to the statistical ratio of 3 3 :6 7 .
migrating carbon atom. Acetolysis of iraws-2-phenyl- An explanation to account for the preference for 
cyclohexyl tosylate produces 40%  ring-contracted methylcyclopentylcarbinyl acetate formation in the
product but less than 2 %  of this type of product results external mode of cleavage m ay lie in the greater ac-
from the acetolysis of cfs-2 -phenylcyclohexyl acetate .7 cessibility of C6 than Ci to an approaching nucleophile.
No ring contractions have been observed in the acetoly- -A-11 examination of a model of 3 and 1 (n  =  3) shows
sis of either cfs -o r ¿rar?s-2 -alkylcyclohexyl tosylates , 8 9 that hydrogens lying beneath the trimethylene ring
although deamination of frans-2 -methylcyclohexyl (C 2, C3, and C4) make backside approach a t the bridge-
amine in aqueous acetic acid gives about 7 %  ring- head positions more difficult than the same mode of 
contracted olefin10 and 1 0 %  ring-contracted alcohol. approach to C6.
The bicyclo[w. 1.0 jalkanes possess neither the substitu- Alternatively, carbon-bridged intermediates, as de- 
ent nor stereochemical requirement for contraction , 11 picted in Scheme III , possibly might be used to explain
and therefore the ring contraction route to methyl- the formation of methylcyclopentylcarbinyl and cis-2 -
cyclopentylcarbinyl acetate seems remote. In  con- methylcyclohexyl acetates, although the role of such
nection with the consideration of rearrangement routes intermediates has been discounted in the deamination
to products, it should be mentioned that the stereo- ° f  propyl amines and in the addition of sulfuric acid to

cyclopropane. 16 To the extent that such intermediates
(6) E .  L. G o e rin g , R . L. Reeves, a n d  H . H .  E sp y , X. Amer. Chem. Sac., are g y r a t e d  from 1 (w =  3) and 3 (Scheme III)  in the

78, 4926 (1956).
(7) S. A . R o m a n  a n d  W . D .  C losson, ibid., 91, 1701 (1968).
(8) H . L . G o e rin g  a nd  R . L .  Reeves, ibid., 78, 4831 (1956). (12) R . T . L a L o n d e  a n d  M .  A . T o b ia s , J. Amer. Chem. Soc., 85, 3771
(9) W . H iic k e l a n d  C . M .  Jenn ew ien , Justus Liebigs Ann. Chem., 683, (1963).

100 (1965). (13) F o r  o th e r references, see C . J . C o llin s , Chem. Rev., 69, 541 (1969).
(10) W . H u c k e l and  M . H a n a c k , Angew. Chem., Int. Ed. Engl., 6 , 534 (14) R . T .  L a L o n d e  a n d  L . S. F o rn e y , J. Org. Chem., 29, 2911 (1964).

(1967). (15) R . B . T u rn e r ,  P. G oebel, B . J . M a llo n , W . v o n  E . D o e rin g , J . F .
(11) I n  th e  b ic y c lo  [n .l.O Ja lkanes, th e  p o te n t ia l le a v in g  g ro u p , a s tra in e d  C o b u rn , J r .,  a nd  M .  P o m e ra n tz , J . Amer. Chem. Soc., 90, 4315 (1968).

ca rb o n —ca rb o n  b o n d , is  cis to  th e  m ig ra tin g  ca rb o n  a to m . (16) F o r  a re v ie w  see th e  source g iv e n  in  re f 13.
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Scheme I I I  distilled giving 12.5 g (83.5%) of erdo-6-hydroxymethylbicyclo-
. [3.1.0]hexane: nap 86-87° (12 mm), reported20 79-85° (9 mm);
y> ir 3300 (OH), 2950 (CH), 1025 cm“1 (CO); nmr 6.41 (s, 1_,

CH ,^-H  D20  exchangeable and concentration dependent, OH), 6.55
CH3 'X 'H , A  A A (d, 2, / = 1.8 Hz, CH2OH), 7.S-9.3 (m, 9 H); 3,5-dinitro-
.— -/■ / H > /  i' '  —> / T h =  [ r  3 benzoate mp 103-104° (from EtOH), reported20 102.5-103.8°.

H \ S  ^O A c endo-6-Hydroxymethylbicyclo[3.1.0]hexane, 11 g (0.10 mol),
H /a \  ° * c was added to 7 g (0.085 mol) of aluminum isopropoxide. The

' b\ stirred mixture was heated at 95° until all the isopropyl alcohol
^ had distilled. Twenty grams of freshly distilled anisaldehyde

was added and the mixture was maintained at 120° and 10 mm
L_J  for 1 hr in a distillation apparatus. The 7 g of colorless liquid

which distilled was then redistilled giving 5 g (47% ) of bicyclo- 
> [3.1.0]hexane-6-carboxaldehyde: bp 63-65° (10 mm); ir 3130,
\b 3090, 2990 (CH), 1703 (C H = 0 ), 1210, 1100, 935 cm -1; nmr

H CH H^Lch,  /  H ^ C H 3 t 0.55 (d, \ , J  =  5.2 Hz, C H = 0 ), 7.7-8.7 (m, 9 H ). The alde-
yC  *  3 /  A  (/ 'V 'C H 3 hyde was stored at Dry Ice temperature since it was unstable at

/ —1 / ——> /  LJ-,. ‘ H — [  L  room temperature.
—iC'H H0Ac 0 " V  s—^O A c Bicyclo[3.1.0]hexane-6-carboxaldehyde, 5.5 g (0.05 mol), 6.5

/a g of 85% hydrazine hydrate, and 0.2 ml of glacial acetic acid were
j_(n*3) / heated at 120° in a distillation apparatus until water no longer

distilled. To the distillation residue was added 0.5 g of pow
dered sodium hydroxide in 2 ml of triethylene glycol. The result-

slow step of a tw o-step sequence, equal am ounts of jng mixture was maintained at 160c for 1 hr. During this time
m eth y lcyclo p en ty lcarb in y l and 2-m eth y lcycloh exy l ace- 3.5 ml of hydrocarbon distilled. Glpc (8 ft X  0.25 in., 4%
ta te s  should be form ed, b u t actu a l am ounts of th e  squalane on Celite, 80°) showed exo- and erwio-6-methylbicyclo-
tw o a ce ta te  typ es produced from  1 (n  =  3) and 3 could [3.1.0]hexane present in the ratio of 1 :7  Preparative-scale glpc

, „ , ; , r  /  , . , ,  , gave exo-6-methylbicyclo [3.1.0] hexane (1, n =  3)2 and endo-6-
also reflect th e  facto rs  of re la tiv e  stra in  re lief and methylbicyclo[3.1.0]hexane (3): ir 3000, 2930, 2860,1450,1390,
selectiv e  o b stru ctio n  to  nucleophilic so lvent a tta ck , 1330 cm-1; nmr t 7.9-S.9 (m, 8 H), 9.0-9.2 (m, 4 II).
even though th e  second step  be th e  fa ste r of th e  tw o. Anal. Calcd for C,Hi2: C, 87.42; H, 12.58. Found: C, 
S in ce  th e  im portance of th e  re lief of s tra in  and th e  87.65; H, 12.70.
selective obstru ction  to  nucleonhilic a tta ck  cannot he B ’ From c ycloPentene. Ethylidene Iodide, and Diethyl selectiv e  o b stru ctio n  to  nucleophilic a tta c k  can n o t De Zinc __ According t0 the procedure cf Nishimura, Kawabate, and
assessed, th e  influence of these tw o facto rs m  alterin g  Furukawa,21 9.4 ml of ethylidene iodide (0.1 mol) was added
th e  p rodu ct d istrib u tion  from  carbon-bridged ions can- dropwise over a period of 1 hr to a mixture of 3.4 g (0.05 mol) of
n o t be know n. C onsequently , a  d istin ction  betw een cyclopentene, 6.0 ml (0.006 mol) of diethylzinc, and 25 ml of
carbon-brid ged  and bond -protonated  m echanism s can- hexane under nitrogen. The resulting mixture was heated to

, , , , , , . reflux for 2 hr, cooled, and poured cautiously into a stirred mix-
n o t be m ade on th e  basis of th e  p rodu ct analysis re- ture of 25 ml of 1% aQueousFHc l  and 20 ml of ether. The aque-
ported  here. ous layer was extracted several times with ether. The combined

extracts were washed successively with water, 5%  aqueous 
. NaHC03, and saturated brine, and dried (MgSO,). The ethe-

Expenm ental S e ctio n  real extract was concentrated and then distilled giving 1.6 g of
o . , . . , , „ . „,w rriA/ro hydrocarbon, bp 120-132° (1 atm). Glpc analysis (5 ft X
Spectra were obtained as follows: nmr, m C C 1 ,2 %  TM S ^ 2- . 2Q% SpP30 75o} showed the of components

(r 10) using a Vanan A-60A spectrometer; ir, in CCh using a ^  the ratio/0of 2 :3 . The tw0 hydr<fcarbons were separated by
Perkin-Elmer 137 spectrometer; mass using a Hitachi Perkm- ative scale chromatography. The minor component
S r L a t u m  ?65P°e°TOeV r *  " identified by comparative ir as the cxo-6-methyl isomer;

-pf , i  °  J *  * , , . , , va x the major component displayed the same ir and nmr charac-hdemental analyses were determined by Galbraith Labora- , • .. ,, __ , f f i  A , c ___ ,1 1 ♦ ____ a~„^u„a
tories, Knoxville, Tenn. Melting points are uncorrected and “  the Sample °f the e^o-6-methyl isomer described in
were determined on a Mel-Temp apparatus Glpc analyses Pao pening of emfo-6-Methylbicyclo[3.1.0]hexane. A. With
were obtained on a Vanan Aerograph Model 200 using helium as TT j  A .. . . ,  a i j  i a u a * *  nor».i . , au i - i -  . i 6  H2S 0 4 and Acetic Acid.—A sealed glass tube containing 0.80 gthe carrier gas and the columns indicated. /c 0 , c ,, 1U. i £  i mu ca _  c newn / r „ 1  \ +• -a a a £ a- u (8.3 mmol) of endo-6 -methylbicyclo[3.1.0 hexane, 50 mg of 96%Materials.—Acetic acid-O-a was prepared from acetic anhy- ttoa  a n   ̂ i r i • i *.• -j  • a • a a4 oAr,;A~ a rv Tk t » c?rv y a £ tvt i a r f  H2SO4, and 11.0 ml of glacial acetic acid was maintained at 47dnde and D20 .  The D2S 0 4 was purchased from Merck and Co. r oc u th, a* - a a a -u aT 4.A i t\/t au i i u aiT i i . i i • , o a, for 26 hr. The reaction mixture was processed as describedLtd. 1-Methylcyclohexene, methylcyclopentylcarbmol, 2-meth- 3 .  , .  mannpr was obtainpd i - .4  „ of vellow oil.
ylcyclohexanone, and methylcyclopentyl ketone were purchased • . T,,.  ̂ ^  ,Ak„ Aij  • L • 1 A a c  a ■ a ir It 10, 1370, 1240, and 1130 cm 1. This oil contained 11% hy-
, o f, , C 1 , ermt'f  ompany an pur e . c t s -  an drocarbon, 89% acetate, and some residual ether as determined
¿rares-2-methylcyclohexanol were prepared by the method of , 'vn 0 . ■
Eliel and Lukach.12 All other olefins and cycloalkanols used as byAglpĈ 8 f t  X  0 ;2° J a a r • ♦ - on
authentic comparison samples were prepared earlier10 by well- ,A }  -50-g sample of the above-desenbed produc tnuxture in 20 
known procedures 1111 of anhydrous ether was added to 0.5 g of LiAlH, m 20 ml of

M __ , , ,  , ______ . . .  . _  _  _ . , ether, and the resulting mixture was heated to reflux for 2 hr and
T t  r i l  T  y pooled- Cold water and then 25 ml of 5 N  H2SO( were addedI3.1.0jnexane-enrfo-o-carboxylic Acid.— The title acid was pre- , ,, n j -  a i  . * j  -a l  au

pared by the method of Meinwald, Labana, and Chada,10 mp 83- “ d the aq^ ° u3 laye,r +Was immed>ately extracted w,th ether.
84°. A 15.5-g sample of the acid (0.12 mol) in 100 ml of anhy- ? be combined ether solutions were washed successively with H20 ,

r̂oo nAA„A a a c c  m  Vc is t T-AixT • b% aqueous NaHC0 3 , and saturated brine, and dried (MgSO*).drous ether was added dropwise to 5.6 g (0.15 mol) of L 1AIH4 in rpi « u f au au au  * \ j - *-n a* au u
250 ml of ether. After heating to reflux for 5 hr, the mixture was T1ie9 bulkvof the ethar was removed by careful distillation through
cooled, water was added cautiously, and 100 ml of 4 AT H2SO( was \ “ "“ f V,gre.UX columf  to. gIva 1 "3 5 g  ,of yelloW fwhlchf Y “
added to dissolve the salts. The aqueous layer was extracted ad,ded to a,colunan contaimng 20 g of alumina. Elution of the
with ether. The combined extracts were washed successively C°lufT  with pentane and subsequent careful removal of the sol-
wi+K n7ofnr ca? MnTiPA   i a i i i *  j  au vent by distillation left 150 mg of a colorless mixture of olefins.with water, 5%  aqueous NaHC03, and saturated bnne, and then r* a \ -a u  au  a au  a u  i j   ̂ e
j  - „ j  a r-p, ,1  „  i  a a a a j  j  Continued elution with ether and then methanol and removal ofdried (MgbCh). The ethereal extract was concentrated and a u i a  i i *  - a r i u ithe solvent gave 1.1 g of a colorless mixture of alcohols.

m\ TT T T?r 1 JO  A T I u r  ̂ cnoo The first glpc analysis of olefins (10 ft X  0.25 in., 30%  silver
(17) E . L .  E lie l a n d  C . A . L u k a c h , J. Amer. Chem. Soc., 79 , 5986 (1957).
(18) M .  T o b ia s , P h .D .  Thesis , S ta te  U n iv e rs ity  Co llege o f F o re s try ,  S yra -

cuse, N .  Y . ,  1965. (20) K .  B . W ib e rg  a n d  A . J . Ashe, I I I ,  ibid., 90, 63 (1968).
(19) J . M e in w a ld , S. S. La b a n a , a n d  M .  S. C h a d h a , J. Amer. Chem. Soc., (21) J. N is h im u ra , N .  K a w a b a ta , a n d  J . F u ru k a w a , Tetrahedron, 25, 2647

85 , 583 (1963). (1969).
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nitrate-triethylene glycol on firebrick, 45°) showed the presence ml of ice water and 25 ml of ether. The aqueous layer was ex-
of peaks at 6.9 (80%), 7.6 (7% ), and 10.8 min (14% ). The re- tracted with ether. The combined ethereal extracts were washed
tention time of these three peaks in the order given corresponded with water, 5%  aqueous NaHCOs, and saturated brine, and dried
to 1-methylcyclohexene, 1-ethylcyclopentene, and 3-methyl- (M gS04). Concentration of the extract gave 0.33 g of yellow
cyclopentene. There was no detectable amounts of ethylidene- liquid which consisted of only the original two ketones as deter-
cyclopentane (7.3 min), 3-ethylcyclopentene (13.4 min), and mined by glpc. Separation of the mixture by glpc (conditions
vinylcyclopentane (14.2 min). The second glpc analysis (10 as above) gave methylcyclopentyl ketone [mass spectrum m /e
ft X 0.25 in., 4%  squalane on Celite, 65°) showed peaks which (%  relative intensity) 113 (67) (17% do, 83% dt, and 0%  d2), 98
corresponded to 3-methylcyclohexene (7.1 min), 1-ethylcyclo- (20), 72 (48), 71 (71), 70 (100), 43 (80)] and 2-methylcyclo-
pentene (8.1 min), and 1-methylcyclohexene (9.6 min). The hexanone [mass spectrum m /e  113 (83) (20% do, 80% du and 0%
major peak (80%) at 9.6 min was separated by preparative glpc d2), 98 (15), 85 (38), 70 (72), 69 (97), 68 (100), 57 (43), 56 (46),
(10 ft X 0.25 in., 4%  squalane on Celite), and its ir and nmr 55 (46), 44 (30), 43 (32)].
spectra were identical with those of a purified sample of 1-methyl- Treatment of Methylcyclopentylcarbinyl and cis-2-Methylcy-
cyclohexene. There was no detectable endo-6-methylbicyclo- dohexyl Acetate with Acetic Acid and H2SO(.—Methyl cyclopen-
[3.1.0]hexane (11 min). tylcarbinyl acetate, 428 mg, 66 mg of concentrated H2S 0 4,

Glpc (11 ft X  0.25 in., 17% triethylene glycol on Celite, 75°) and 12 ml of glacial acetic acid were heated at 46° in a sealed glass 
analysis of the mixture of alcohols obtained from the LiAlH, tube for 26 hr. Thereafter the mixture was processed in the
reduction showed the presence of at least five components: 17.9 same manner as described for the acetolysis of 3 above. Analysis
(2% ), 25.4 (47%), 28.3 (48% ), 30.0 (2% ), and 31.6 min (1% ). of the crude acetate by glpc (8 ft X 0.25 in., 20% Se-30, 80°)
These retention times in the order listed correspond to cis-2- showed the presence of a trace (< 1% ) of olefin in addition to
ethylcyclopentanol, m-2-methylcyclohexanol, methylcyclopen- acetate. Separation of the ester fraction by glpc gave material
tylcarfcinol, irans-2-methyleyclohexanol, and (rans-2-ethyl- whose ir was the same as methylcyclopentylcarbinyl acetate and
cyclopentanol. The two major components were separated by showed no bands in the regions 10.0-10.3 or 11.0 p as shown by
preparative glpc. The ir of the material whose retention time cis- and ¿rans-2-methylcyclohexyl acetates. The nmr was
was 25.4 min (47%) was identical with the ir of cis-2-methyl- identical with that of starting acetate.
cyclohexanol. The ir of the material with the retention time of cfs-2-Methylcyclohexyl acetate, 400 mg, 25 mg of H2S 0 4, and
28.3 min (48%) was identical with an ir of cyclopentylmethyl- 5.5 ml of glacial acetic acid were kept in a sealed glass tube at
carbinol. 47° for 26 hr. The reaction mixture was processed in the eus-

B . With D2S 0 4 and Deuterioacetic Acid.—A sealed glass tomary manner3 to give 620 mg of clear liquid containing some
tube containing 0.41 g (4.2 mmol) of emfo-6-methylbicyclo[3.1.0]- ether. This liquid was treated with LiAlH, in the customary
hexane, 25 mg of concentrated D2S 0 4, and 6.5 ml of acetic acid-d manner to give 580 mg of alcohol showing only one peak on glpc
was kept at 47° for 26 hr and then processed as described earlier.3 analysis (triethylene glycol) and whose ir was identical with that
Glpc analysis (8 ft X  0.25 in., Se-30, 75°) showed 86% acetate of as-2-methylcyclohexanol.
and 14% hydrocarbons. Treatment of 1- and 3-Methylcyclohexene with H2S 0 4-Acetic

The mixture of acetate and olefins in ether was converted by Acid.— 1-Methylcyclohexene, 420 mg, 25 mg of concentrated
LiAlH, in the manner described in part A to a mixture of alcohols H2S 0 4, and 5.5 ml of glacial acetic acid were heated at 47° in a
and olefins (0.68 g) containing some ether. Glpc analysis of sealed glass tube for 26 hr. Processing the reaction mixture in
the olefins (10 ft X 0.25 in., 4%  squalane on Celite, 45% ) showed the customary manner3 gave 550 mg of a light yellow liquid
three peaks: 9.0 (77%), 7.7 (17%), and 7.0 min (7% ). These which consisted of 94% olefin and 6%  acetate as determined by
peaks in the order listed correspond to 1-methylcyclohexene, 1- glpc (Se-30). Olefin and acetate (ir, 5.74 m) components were
ethylcyclopentene, and 3-methylcyclohexene. separated by preparative glpc. The nmr and ir of the olefin

The glpc analysis of alcohols showed the presence of five com- and the ir of the alcohol were identical with the corresponding
ponents: 17.5 (2% ), 24.8 (46% ), 28.1 (49%), 29.8 (2% ), and spectra of starting 1-methylcyclohexene and 1-methylcyclohexyl
31.3 nrin (71%). The retention times in the order given cor- acetate, respectively.
respond to cis-2-ethylcyclopentanol, cis-2-methylcyclohexanol, 3-Methylcyclohexene, 1 g, 50 mg of concentrated H2S 0 4, and
methylcyclopentylcarbinol, irans-2-methylcyclohexanol, and 11 ml of acetic acid were heated at 48° for 52 hr in a sealed glass
frans-2-ethylcyclopentanol. Methyl cyclopentylcarbinol was tube. The reaction mixture was processed in the customary
separated by glpc: mass spectrum m /e  115 (17% do, 82% d4, and manner3 to give 1.5 g of a mixture containing 5%  acetate, 95%
1% d2).22 olefin, and some residual ether. This mixture was treated with

A cooled solution containing 420 mg of chromic anhydride 620 LiAlH4 in ether in the customary manner to afford, after glpc
mg of 96% sulfuric acid in 5 ml of water was added dropwise to separation (5 ft X 0.25 in., 15% Carbowax 20M, 130°), 25.2
0.65 g of the mixture of alcohols in acetone. The mixture was mg of a mixture of alcohols: mass spectrum m /e  (%  relative 
stirred 30 min and immediately thereafter mixed with 25 ml of intensity) 114 (4), 96 (65), 81 (60), 71 (100), 68 (28), 57 (50), 55
ice water and 25 ml of ether. The aqueous layer was extracted (38), 45 (20). To a cooled solution of 24.2 mg of the mixture of
with ether. The combined ethereal extract was washed with H20 , alcohols in 2.5 ml of acetone was added dropwise a solution of
5%  NaHC03, and saturated brine, and dried (M gS04). Con- 15.4 mg of chromic anhydride and 30.2 mg of concentrated
centration of the extract gave 0.52 g of yellow liquid which con- H2S 0 4 in four micro drops of water. The reaction mixture was
sisted of equal amounts of methylcyclopentyl ketone (4.3 min) stirred for 20 min, concentrated at the rotary evaporator, and
and 2-methylcyclohexanone (5.5 min) as determined by glpc mixed with 5 ml of ether and 25 ml of water. The aqueous layer
(10 ft X 0.25 in., triethylene glycol, 125°). Peaks could not be was extracted with ether, the combined ether extract was washed
found at 6.1 and 9.8 min, the retention times of 3-methylcyclo- with water, 5%  aqueous NaHCOs, dried, and concentrated giving
hexancne and 1-methylcyclohexanol, respectively. Separation 19.6 mg of a mixture of 1% methylcyclopentyl ketone, 17% 2-
of a small quantity of the ketone mixture by preparative glpc methylcyclohexanone, and 82% 3-methylcyclohexanone as de-
gave methylcyclopentyl ketone, mass spectrum m /e  113 (16% termined by glpc (5 ft X 0.25 in., 15% Carbowax 20M, 103°):
do, 83% du and 1% do), and 2-methylcyclohexanone, mass spec- ir 5.84 m; mass spectrum m /e  (%  relative intensity) 112 (31), 97
trum m /e  113 (19% do, 80%  di, and 1 % d/). (12), 94 (7), 84 (8), 71 (11), 69 (100), 68 (19), 56 (50), 55 (35),

The remaining mixture of ketones, 0.41 g, 2 ml of MeOH, and 43 (14). Mass spectrum of individual components [m/e (relative
0.35 g of NaOMe in a sealed glass tube was kept at 25° for 8 days. intensity)]: 3-methylcyclohexanone 112 (28), 97 (12), 94 (7),
Under these conditions 80-90%  of any a-deuterium would have 84 (5), 69 (100), 38 (10), 56 (48), 55 (29), 43 (8); 2-methylcyclo-
been exchanged.23 The contents of the tube were poured into 25 hexanone 112 (44), 97 (29), 84 (29), 69 (48), 68 (100), 56 (58),

55 (49), 43 (13); methylcyclopentyl ketone 112 (25), 97 (10), 
84 (3), 71 (54), 69 (78), 56 (1), 55 (5), 43 (100).

(22) Is o to p ic  d is t r ib u t io n s  w ere  c a lc u la te d  b y  th e  m e th o d  o f K .  B ie m & n n ’
“ M ass S p e c tro m e try ,”  M c G ra w -H il l ,  N e w  Y o rk ,  N .  Y . ,  1962, p p  224—

(23) unpublished results, j-y Ding. R egistry  No. 3 , 24903-99-9.
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12,13-Benzo-lO-bromo[ 10] metacyclophane (4c) has been prepared and chemical transformations of the de
rived Grignard reagent (5a) and the corresponding aryllithium reagent (5b) are described. The Grignard func
tion in 5a is quite hindered, but reacts normally with mineral acids, deuterium oxide, and benzaldehyde; however, 
reduction occurs with acetone-ds, acetaldehyde, and presumably with other enoli/able ketones. Reaction of the 
Grignard reagent 5a with carbon dioxide is quite slow, and, with oxygen, transannular reactions occur. The 
ultraviolet spectrum of ketones 8 and 9 suggests that lack of coplanarity of carbonyl group with the aromatic 
ring results in considerable change in wavelength of absorption.

W e have recently2,4 described synthesis of the 1,3- closely in the shielding cone of the aromatic ring. The 
bridged naphthalenes 3a-3c and 4a by procedures sum- metacyclophane 4c reacted readily with magnesium in
marized in eq 1. The lower practical limit of m  (in 1) tetrahydrofuran to give the corresponding Grignard

..— ^  reagent 5a or with n-butyllithium in hexane to give the
f ^ jr-----¡T 'Tc h ) 2C«Ĥ gcxs >̂c h ) corresponding aryllithium derivative 5b. B y  con-

2 m /  2 m trast, the analog 3c did not react4 w ith  magnesium even
j 2 when an entrainm ent agent was added.

Reactions of 5. A. W ith  Acids.— The G rignard 
- hx reagent 5a reacted in  a normal manner w ith  d ilu te  hy

drochloric acid to give 6 in  quantita tive  yie ld  and w ith  
CH2— CH2 D 20  to  give 7 in  74% yie ld  (75% deuterium  incorpora-

(i) ch2— ch2

r  iurrHY u  c h — ch2 L J F t y y

3’X=C1 \ i
4 , x  =  Br |cH2) J  -------  6 (2)
a, n = 2 ( )
b, n = 4 \ /  CHS— CH2

6 CH2 1  /
C’ n= 5a, M = MgBr n20 or r ^ V ' X - D

in this synthesis was found to be six, and the aromatic b, M -  Li d3cccd3 L JlY \ Y l
ring containing the methylene bridge in 3a and 4a was |
observed to be highly strained and reactive. The q j2
present work was directed to a study of the chemical 7
behavior of the analogous 1,3-bridged aromatic system,
12,13-benzo-16-bromo[10]metacyclophane (4c). tion by nmr). When the Grignard reagent 5a reacted

Preparation of 4c.-— 12,13-Benzo-16-bromo[10]meta- with acetone-d6 the metacyclophane 7 was obtained
cyclophane (4c) was prepared in 80%  yield by (85%  yield, 70%  deuterium incorporation) together
reaction of 1 (m =  10) with two equivalents of potas- with only trace amounts of other materials which could
sium f-butoxide and bromoform, essentially as pre- have been addition products. Similarly, the reaction
viously described for the preparation of 3c.2 The nmr 0 f 5b with mineral acid gave 6 in 99%  yield,
spectrum of 4c, which showed characteristic broad and The nmr spectrum of 6 is in sharp contrast to th at of 
complex methylene absorption at r  6 .00-10 .27  and the bromo derivative 4c. The rather simple spectrum
which was analogous to that reported for 3c, established for the former (see Experim ental Section) shows that
the fact that the methylene bridge is tightly packed conformational averaging is occurring and th at the
over the face of the aromatic system to which it is bridge methylenes pass rapidly to the opposite face of
attached and tha~ the methylene bridge cannot pass the aromatic ring.
over the halogen to the other face of the arom atic sys- The position of deuterium in 7 was evident by its nmr 
tern ( i .e . ,  the molecule is asymmetric and exists as a d l spectrum, which showed almost complete disappearance
p air).2 The very high field absorption of 4c near r  of hydrogen in the arom atic region a t r  2.76. This
10.27 was expected by analogy with 3 a 2 (near r  11.0) absorption for the hydrogen a t position 16 in 6 corre-
since the bridging atoms are held closely over the face sponds to absorption a t r  3.06 for the 2-hydrogen in
of the benzene ring, and, as a consequence, are held 1,3-dimethylnaphthalene4 which is also upheld, and

(1) Supported by the National Seience Foundation, Grants GP-6169X which similarity exhibits no Ortho Coupling as predicted
and gp-11918. for "he 1,3-dialkylnaphthalene structure.

(2) For the preceding article in this series, see w.E. Parham, D.R. John- g  w ith Benzaldehyde and with Acetaldehyde.—
son, C. T. Hughes, M. K. Meilahn, and J. K. Rinehart, J .  Org. Chem., 35, T. . . . . , .. .. r
1048 (1970). At was of interest to note that reaction ot 5a with excess

(3) Taken in large part from the thesis of Richard W. Davenport, The benzaldehyde proceeded d irectly  to  the ketone 8 (63%
U“ t ŷ i ! Z ^ u 9K. Rinehart, j . A m tr. CKem. Soc.. 89, 5668 Although oxidation of magnesium salts o f
(1967). alcohols by hydride transfer w th  aldehydes is well
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known, the ketone 8 rather than the corresponding In one experiment the acid 1 la  was obtained from 5a  
alcohol was unexpected in view of the steric demands in in 48%  yield, together with 6 (20% ) and an unidentified 
this system. CH _ CH

CH,— CH, ^s. 1 /
I / O  ’ e co, f  X T/y -C O O R  ...

__r  H 5 [  l C ^
5a +  (excess) C6H,CH=0 — ► T JJ(CH2) J ~  0 5

^ ^ \ > H 2 CH2
11a, R = H

8 2 b, R = CH3

CH hydrocarbon (see Experim ental Section), by bubbling
] 0  dry carbon dioxide (generated from D ry Ice) through

c6hschq the Grignard reagent for 6 hr. The ester l ib  was pre-
CHj * 's 'C6H5 pared from the acid 11a;  however, preparation of the
I CH3 acid by this procedure could not be repeated. The

r^ Y f***)— MgBr ___  major products from such reactions were subsequently
V ^ - C H ,  ch3 shown to be 6 ( ~ 2 2 % ), 15 ( ~ 1 8 % ), and 16 (~ 4 2 % ).

I Cq0H Attem pts to prepare the acid 11a from 5a using > 9 9 %
co. i / W  pure commercial carbon dioxide were generally unsuc-

cessful.
10 3 Reaction of the lithium reagent 5b with solid D ry Ice

also gave 6 (89%  yield); however, reaction of 5b with 
Rekker and N auta5 have investigated steric effects in carbon dioxide generated from D ry Ice gave the acid

the ultraviolet spectrum of substituted benzophenones, 1 la  in 18%  yield, or with high purity commercial carbon
and have shown th at ortho substituents prevent co- dioxide the acid 11a in 38%  yield. These results were
planarity of the carbonyl group with the benzene nuclei. reproducible.
These steric effects cause only small changes in the D. With Oxygen.—In a number of reactions of 
wavelength and somewhat larger decreases in the the type described in section C, the Grignard reagent
absorption intensity. B y analogy, the uv spectrum of was completely reacted but only small quantities of 6 or
8 [Xmax 232 m/x ( t  66,100), 250 (sh) (22,600), 276 (sh) acid 11a were formed. I t  was concluded that the
(8240) and 320 (sh) (595) ] was expected to be similar to Girgnard reagent 5a was reacting selectively with small
that of 2-benzoylnaphthalene6 [Xmax 254 m/x (31,600), concentrations of oxygen present as an impurity in the
285 (11,500), and 335 (2400)]. In view of the great carbon dioxide. This conclusion was confirmed by a
difference noted, 2-benzoyl-l,3-dimethylnaphthalene study of the reaction of 5a with oxygen.
(9) was prepared (eq 3) as a model. The uv spectrum Oxygen was bubbled through a solution of the 
of 9  (see Experim ental Section) was in good agreement Grignard reagent in tetrahydrofuran for 2 hr (tic analy-
with -hat of 8. The ortho substituents in both of these sis indicated the reaction was complete within 30 min),
ketones undoubtedly prevent coplanarity of the naph- The products isolated and characterized were the meta-
thalene ring and the carbonyl groups, and unlike pre- cyclophane 6 (42% ), the «-hydroxy ketone 15 (16% ),
vious reports for related hindered benzophenones, lack and a mixture of isomeric alcohols 16 (34% ) formed by
of coplanarity of the carbonyl group with the arom atic transannular reaction (eq 5). These results compare
ring results in considerable change in wavelength of 5a + 0
absorption. 2

There was no evidence for the formation of addition ________________ |_____________
products when 5a was treated with acetaldehyde; ex- j
tensive enolization occurred, as evidenced by the isola-
tion of 6 (64%  yield). 1

These results, coupled with those described for reac- P CH__C}j -
tion of 5a with acetone-d6, established that functional- S '  - I l /  "
ity at C -16 in 5 could be introduced by organometallic [_ CH— OH qqii
addition reactions to carbonyl groups provided that no | I] 1 H J  [
enolizable hydrogen was present in the carbonyl func-
t i ° n - 1 6 , m  +  n =  9  \ u

C. With Carbon Dioxide.—Reaction of 5a with L 2
crushed D ry Ice, under conditions which gave excellent 14
yields (73% ) of the model compound 10, gave only the [O] .
metacyclophane 6 (96% ). While the result was sur- 1 (5)
prising, the Grignard reagent is highly hindered and
prefers to react with water, inevitably present on D ry .-(CH.tr^v CH,— CH,
Ice, rather than carbon dioxide, even though the latter (  C = 0
is present in large excess. J  \

(5 ) E .  F . R e k k e r  a n d  W . T h .  N a u ta , Red. Trav. Chim. Pays-Bas, 73 , 969
(19 5 4 ); Spectrochim. Acta, 8, 348 (1957). 1 7 , 171 - f-  71 =  9  p u

(6) L .  L in g ,  “ A b s o rp tio n  S p e ctra  in  th e  U lt r a v io le t  a n d  V is ib le  R e g io n ,”  2
A ca d e m ic  Press, N e w  Y o rk ,  N .  Y . ,  1961. 15
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with yield of 22% , 18% , and 42%  6, 15, and 16, re- ylene chain. This conclusion is consistent with exam-
spectively, when the Grignard reagent 5a was treated ination of models which show hydrogen at C-3 and C-8
with carbon dioxide generated from D ry Ice. in close proximity to functionality at C-16.

The structure of the hydroxy ketone 15 was not es- The mechanism of the transannular reaction of 5a 
tablished unequivocally, but was assigned on the basis leading to 16 is not known. I t  does not appear th at the
of its composition; comparison of its ultraviolet Grignard reagent undergoes appreciable exchange in
spectrum with th at of 18 ;7 its infrared spectrum which the absence of oxygen as shown in 5a 19 (eq 6), since
showed strongly hydrogen bonded OH at 3520 cm -1  the Grignard reagent behaves normally in its reactions

with acids and acetone-do. The details of the mech- 
anism are under further examination and will be re- 
ported subsequently.

^ 1 8  /C H , /C H 2
CH, / CH* CH2 > H —  MgBr

characteristic of a-hydroxy ketones;8 and its nmr | X /  I
spectrum .9 The hydroxy ketone 15 is assumed to be Y ' q —H (6)
derived from the expected hydroperoxide 14 (eq 5) and, I JI(CH,)J ” I J^ H 2)J
while arylhydroperoxides do not normally lead to such
products, the effective rearrangement of 14 to 15 is
logical for such a strained system .10 5a 2 219

The mixture of alcohols 16 was obtained as an oil that 
was partially crystallized to give one pure isomer of 16
(11%  overall yield from 5 a ). The ir and nmr spectra of Experimental Section
the mixture of alcohols were essentially identical with Qlpc geparations were performed 0H a Beckman Model GC-4
those o f th e  pure isom er, w hich suggested th a t  th e  m ix- or Varían-Aerograph Model 90-P instrument. All ultraviolet
ture contained only isomers of 16. The alcohols could spectra were determined in 95% ethanol. Petroleum ether used,
n o t be resolved b y  t ic ;  how ever, oxid ation  o f th e  m ix- unless otherwise specified, had bp 60-70°.
ture with Jones reagent gave a  mixture of ketones in l2,l3-Benzo-l6-bromo[l0]metacyclophane (4).—-Decahydro-
ncrrt • i_- i i_ j  J  , , ,  mi - j  cyclododec[6]mdene (0.0532 mol) was treated with Oromoform
79%  yield  w hich showed four spots on  tic . T h e  ir and (g>106 mol) and potassium ¿-butoxide (0.256 mol) in anhydrous
nmr spectra of this mixture suggested th at only isomers benzene (200 ml, 20 min at 0°) by a procedure similar to that
of the ketone 17 (eq 5) were present. The principal described2-4 for related syntheses with chloroform. Chro-
isomeric ketone was isolated in 26%  yield from the matography (alumina, petroleum ether as eluent) of the oil gave
isomeric alcohols and in 89%  yield from the pure isomer ?;0426 %o1 (8,0d%  yield) of 4c (mP ° l which was P £ ified,  _  , , . /u J  K (from ethanol) to give pure 4c: mp 63-64.5 ; uv max 232 m^
of 16. Iro m  these data it was concluded th at the aleo- (sh) (e 68,800), 237 (77,300), 268 (sh) (3960), 278 (5280), 287
hols 16 consisted of at least four isomers (the OH groups (5650), 298 (sh) (3960), and 320 (339); nmr (CC14) r 1.90-2.76
a t different positions on the methylene bridge) one of (m> 4.8, aromatic H) and 6.00-10.27 (very complex, 20.2, CH2);
which comprised a minimum of 55%  of the mixture. ma®3 spectrum m /e  344 (caled 344).

rp , , ,  , ,  • i . m  j  ■ j c  A n a l .  Caled for C20H25Br: C, 69.56; H, 7.30. Found: C,
1  he uv spectrum of the major ketone 17 derived from 6 9  5 6 - H 7  3 3  

the major alcohol 16 showed typical naphthalene ab- l2,Í3-Benzo[lO]metacyclophane (6). 1. From 5a.—A mix- 
sorption similar to the metacyclophane 6. The nmr ture of 4c (0.273 g, 0.792 mol) and magnesium (0.108 g, 0.00444
spectrum of this ketone showed for the methylene pro- g-atom) was heated at the reflux temperature under nitrogen for
tons T 6 .42-6 .68  (2 protons), 6 .88-7 .38  (4 protons), V* in"  2° %, n oo a  c r  /io f  \ tt • ai i a *  m* AW-DMCS, 200 ) showed that all 4c was consumed. The
and 7 .6 8 -9 .5 5  (12 protons).  ̂Using the data of Tiers cooled mixture was hydrolyzed with aqueous hydrochloric acid
and standard chemical shifts it was concluded th at only (10%, 10 ml), the resulting mixture was extracted with ether,
when the carbonyl group is at C3 or C8 (Ci, C2, C 9, and and the ether was dried (MgSO<). The oil (0.202 g, 96%  yield)
Cio being eliminated by the nmr spectrum of the major obtained by concentration of the ether was shown to be -1 0 0 %

i i .  i . -11 • , , pure 6 by glpc analysis using n-docosane as an internal standard,
alcohol 16) on the chain will there be six protons ab- £ ure 6 S ta in ed  as a solid, mp 38-39°, by recrystallization
sorbing in the region of r  6 .4  7.6 as experimentally ob- of the oil from petroleum ether, bp 30-60°, at —78°, and showed
served. Thus, it was concluded that the major trans- uv max 225 mn (sh) (e 60,600), 231 (85,200), 278 (sh) (5290), 285
annular alcohol derived by reaction of 5a with oxygen (5650), 293 (sh) (4440), and 322 (363); nmr (CC14) t 1.96-2.72

has the hydroxyl function at either C 3 or C8 of the meth- ^  T o L ^ H c C H o S o 7¿  W  = 7 * Sí/benzylíc
CH2), and 7.97-9.33 (m, 16.2, CH2); mass spectrum m /e  266

(7) R. D . Campbell and N. H. Cromwell, J . Amer. Chem. S oc., 79, 3456 (caled 266).
<19fP ; T . A nal. Caled for C2l)H26: C, 90.16; H, 9.84. Found: C,

(8) L . Joris and P. von R. Schleyer, ibid., 90, 4599 (1968). 90 29' H 9 96
M i l 58 SUmT rir d ?n perim- r .  The 2. ’Fro m 'sb '.-A  solution of 4c (0.565 g, 1.64 mmol) in an-allylic protons in 15 are noneqmvalent owing to the asymmetnc center at Ce: v i  r ® ,
one of the allylic protona la deahlelded by the adjacent carbonyl group; hydrous hexane (10 ml) was added Over a period of 10 min to a
consequently, the allylic protons have widely different chemical shifts. solution of n-butylllthium (3.3 ml of 1.5 m n-butyillthium m

(10) The conversion of one aromatic ring carbon atom from sp2 to sp’ hexane, 4.9 mmol, threefold excess) in anhydrous hexane (5 ml)
relieves strain. The enhanced reactivity of strained systems of this type maintained under a nitrogen atmosphere. The mixture was
toward electrophilic reagents has already been noted and discussed in ref 2. heated at reflux for 5.5 hr when glpc (see 1, above) showed com-
Rather obvious reaction paths from the conversion of 14 to 15 can be formu- píete absence of 4c. The mixture was treated as in 1, above, to
latm i r  V r> t - t . .. XT , ™ . give 0.396 g (91%, 98%  corrected for amount used for analysis)(11) tx. V. D. Tiers, Characteristic Nuclear Magnetic Resonance of Dure 6
(NMR) ‘Shielding Values’ (Spectral Positions) for Hydrogen in Organic 1 0 1 Ó12 nm * 1 t. /n\ 1 -i? a
Structures,” Minnesota Mining and Manufacturing Company, St. Paul, ml_ 12,13-Benzo[ 10]metacyclophane- 16-d (7). 1. From 4c.—
Minnesota, 1958. This assignment is tentative since the data of Tiers are lh e  Pr°cedure was essential as described for 6 from 4c except
gathered from saturated acyclic systems and may not be applicable to 17. thftt 3 drops of 1,2-dibrom06tha-116 WHS Hdded RS H C8.rrÍGr Hlld HI1
For example, this treatment ignores possible transannular shielding or 8-hr reflux period was required for Complete reaction of 4c. The
deshielding effects which possibly could be important in this system. mixture was treated with deuterium oxide (1 ml) stirred over-
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night and then treated with aqueous acid and processed as above. 274 (sh) (5230), 280 (5610), 290 (sh) (4250), 307 (sh) (697), 315
The oil was chromatographed on alumina (Woelm neutral, (sh) (557), and 321 (583); ir (Nujol) 3250-2200 cm-1 (OH) and
activity I ,  20 g, petroleum ether was used as eluent). The cyclo- 1700 (C = 0 ) ; nmr (CDCh) r  —0.20 (broad s, 1.2, -OH), 1.83-
phane 7 was obtained pure (by glpc) as an oil (74% yield) that 2.81 (m, 5.1, aromatic H), 7.23 (s, 2.8, 1 CH3) and 7.43 (s, 3.0,
was recrystallized to mp 38.5-39.5°. The infrared spectrum of 3-C II3).
7 was essentially identical with that of 6 but absorption at 772 Anal. Calcd for Ci3Hi20 2: C, 77.98; H, 6.04. Found: C,
cm-1 was considerably less intense. Pure 7 showed uv max 225 77.98; H, 6.15.
mu (sh) (e 61,700), 231 (93,400), 276 (sh) (5410), 286 (5630), 292 Methyl l,3-dimethyl-2-naphthoate (from 10 and diazomethane) 
(sh) (4720), and 323 (412); nmr (CCh) r 1.96-2.79 (m, 5.25, showed mp 51-52° (from methanol-water); uv max 227 mu
indicating 75% deuterium incorporation, aromatic H), 6.91 (t, (e 69,600), 272 (5020), 281 (5540), 293 (sh) (4060), and 323 (753);
2 .0 ,/ =  7.0 Hz, benzylicCH2), 7.20 (t, 2.0, J  =  7 0 Hz, benzylic ir (Nujol) 1732 cm-1 (C = 0 ) .
CH2), and 7.97-9.33 (m, 17.3, CH2). Anal. Calcd for Ci4H140 2: C, 78.48; H, 6.59. Found: C,

2. From Acetone-(f6-—The procedure was essentially the same 78.26; H, 6.81.
as that described above. Acetone-d6 (1 g, Stohler Isotope Chemi- 12,13-Benzo-16-carboxy[10]metacyclophane (11a).—The Gri- 
cal Cc.) was added and the mixture was stirred at room tempera- gnard reagent was prepared as described for the preparation of
ture overnight prior to processing. The resulting oil was puri- 6 [1,2-dibromoethane was used as a carrier and about 6 hr was
fied by preparative tic (alumina PF 254, petroleum ether). Two generally required for complete conversion (glpc) of 4c]. The
bands (Rt 0.8 and 0.0) were separated and eluted with chloro- Grignard reagent was treated as follows.
form. The deuterated cyclophane 7 (Ri = 0.8) solidified (mp (a) With Crushed Dry Ice.—Such reaction gave only the re- 
36-38.5°, 84.5%  yield) and was further purified by recrystalliza- duced cyclophane 6 (~ 9 6 %  yield).
tion (petroleum ether, bp 30-60°, a t —78°) to mp 38.5-39.5° and (b) With Carbon Bioxide Generated from Bry Ice.—In 
was identical with 7 prepared above, mass spectrum analyses these experiments the carbon dioxide was dried by passing suc-
indicated 70% deuterium incorporation. cessively through columns (2 ft X  1.5 in.) of calcium chloride

The other band (Ri 0.0) was shown by tic (silica gel HF 254, Tel-Tale® (a silica gel desiccant, Davison Chemical Co.) and
benzene) to contain at least six components and was not further molecular sieves (Linde 13X) and then bubbled through the
processed. Grignard mixture for 6 hr. Chromatography of the mixture of

12,13-Benzo-16-benzoyl[10]metacyclophane (8).—A mixture products obtained by conventional means on silica gel using
containing 4c (0.620 g, 1.80 mmol), magnesium (0.120 g, 0.00494 petroleum ether-acetone as eluent gave (1) reduced metaeyclo-
g-atom), and 1,2-dibromoethane (4 drops) in tetrahydrofuran was phane 6 (0.092 g, 19.8% yield), (2) a hydrocarbon (0.07 g crude,
heated at reflux for 6 hr [until 4c completely reacted (by mp 113-140°, petroleum ether-2% acetone), and (3) the acid
tic)] and freshly distilled benzaldehyde (0.912 g, 8.6 mmol) was 11a (0.26 g, 48% yield, mp 213-214°, petroleum ether-10% ace-
added all at once. The resulting stirred mixture was allowed to tone). Attempts to repeat this experiment failed,
cool to room temperature and was then stirred overnight and The unknown hydrocarbon showed mp 147-149° (from ace- 
finally for 2 hr at the reflux temperature. The dry oil obtained tone); uv max 231 mu («l*m 2620), 237 (sh) (1550), 276 (sh) (173),
by processing the mixture in a conventional manner was chro- 287 (205), 298 (sh) (153), and 322 (12.8); nmr (CC14) r 2.00-3.00
matographed on alumina (40 g, petroleum ether). There was (m, aromatic H), and 6.07-9.76 (complex, CH2), CH2/aro-
obtained cyclophane 6 (25.2% yield) and the ketone 8 as an oil matic = 3.96; mass spectrum m /e  (rel intensity) 264 (16), 282
(0.422 g ,  64% yield) which melted at 78.5-84° after crystalliza- (100), 566 (1.8).
tion from ethanol-water. The solid ketone was rechromato- Anal. Found: C, 89.98; H, 9.90.
graphed and the product was recrystallized from acetone-water Acid 11a showed mp 213.5-215.5° (from ethanol-water); 
to give pure 8: mp 85.5-88.5°; uv max 232 mu (e66,100), 250 uv max 234 mu (e 81,300), 286 (5210), and 325 (511); ir (KBr)
(sh) (22600), 276 (sh) (8240), and 320 (sh) (595); ir (KBr) 1665 3600-2150 cm "1 (OH), 1678 (C = 0 ) , 1455 and 1440 (CH2), 1286
cm-1 (C = 0 ) , 743 and 698 (ortho and monosubstituted benzene); and 1262 (aryl C = 0  stretch), and 750 (ortho substituted ben- 
ir (CCh) 1678 cm“1 (C = 0 ) ; nmr (CCh) r 1.88-3.00 (m, 9.9, zene); nmr (CDCh) r 0.47 (broads, 0.9-COOH), 1.67-2.67 (m, 
aromatic H) and 6.38-10.47 (complex, 20.1, CH2). 5.0, aromatic H) and 6.06-10.50 (very complex, 21.0 CH2).

Anal. Calcd for C27H30O: C, 87.52; H, 8.16. Found: C, Anal. Calcd for C2,H260 2: C, 81.25; H, 8.44. Found: C,
87.43; H, 8.18. 81.43; H, 8.55.

2-Bromo-1,3-dimethylnaphthalene was prepared from 2,3- The methyl ester l ib  (from 11a and diazomethane) showed
dimethylindene4 essentially as described for 4c. The crude ma- mp 112.0-113.0° (from methanol-water); uv max 233 mu (« 
terial was chromatographed on alumina (petroleum ether) and 67,300), 283 (5210), and 325 (635); ir (K Br) 1730 cm-1 (C = 0 ) . 
was obtained as a liquid: bp 92-93° (0.10 mm); 75% yield; Anal. Calcd for C22H280 2: C, 81.44; H, 8.70. Found: C,
n“ D 1.6494; uv max 232 mu (log t 4.93), 245 (sh) (3.44), 266 81.49; H, 8.99.
(sh) (3.60), 275 (3.73), 285 (3.76), 296 (3.58), 319 (sh) (2.37), (c) Isolation of 15 and 16.—An experiment using 4c (2.00 g,
324 (sh) (2.37); nmr (CC14) r  2.18-2.93 (m, 5, aromatic H), 5.80 mmol) was conducted essentially as described in (b), above,
7.42 (s, 3, C II3), 7.61 (s, 3, CH3). except the carbon dioxide was pretreated through columns of

Anal. Calcd for Ci'jHnBr: C, 61.30; H, 4.72, Br, 33.99. only calcium chloride and molecular seives (Linde 4A). The
Found: C, 61.52; H, 4.75; Br, 33.78. crude product obtained subsequent to neutralization with sul-

2-Benzoyl-l,3-dimethylnaphthalene (9) was prepared from the furic acid and extraction with chloroform, was chromatographed
Grignard reagent obtained from 2-bromo-l,3-dimethylnaph- over silica gel (50 g). Elution of the column with petroleum
thalene and benzaldehyde by a procedure similar to that described ethergave6 (0.334 g, 21.6%  yield). The next fraction (0.112g),
above for 8. The crude ketone was obtained by chromatography eluted with petroleum ether-2% acetone, contained at least four
asayellowoil(13.2%yield)thatsolidified,m p 101.5-106.5° (one components (tic) and was not processed further,
spot by tic on alumina H F 254, petroleum ether, Ri 0.15). The a-hydroxy ketone 15 (0.303 g, 17.5%, eluted with pe-
Recrystallization of the crude ketone from ethanol gave pure 9: troleum ether —4%  acetone) showed one spot (Rt 0.50) on
mp 109.5-110.5°; uv max 227 mu (« 74,700), 250 (21,000), 280 tic (silica gel HF 254, petroleum ether-10% acetone-1% acetic
(sh) (7800), 292 (sh) (5380), and 320 (sh) (742); ir (CC14) 1774 acid) and showed the following: mp 143-144.5° (from ethanol-
cm -‘ (C = 0 ) ; nmr (CDC13) r 1.67-2.87 (m, 10.3, aromatic H), water); uv max 242 mM (e 15,900) and 317 (9500); ir (CCh) 3520
7.53 (s, 2.9, CH3), and 7.73 (s, 2.8, CH3). cm“1 (OH), 1671 cm "1 (C = 0 ) ; nmr (CDCh) r  2.27-3.07 (m,

Anal. Calcd for Ci„H160 :  C, 87.68; H, 6.17. Found: C, 5.2, aromatic H and C = C —H), 6.23 (s, 0.9, OH), 6.80-7.30
87.86; H, 6.05. (m, 1.1, allylic H), 7.63-9.67 (m, 18.8, allylic H and CH2);

l,3-Dunethyl-2-naphthoic Acid (10).—The Grignard reagent mass spectrum m /e  298 (calcd mol wt 298). 
was prepared under a nitrogen atmosphere from 2-bromo-l,3- A nal. Calcd for C2oH230 2: C, 80.50; H, 8.78. Found: C, 
dimethylnaphthalene (10.6 g, 0.045 mol) in anhydrous ether, 80.44; H, 8.96.
magnesium (1.20 g, 0.0494 g-atom) and 1,2-dibromoethane (5 The alcohols 16 (0.690 g, 42.4%  yield, eluted with petroleum 
drops). The reagent was added to a slurry of Dry Ice in ether. ether-6% acetone) showed only one spot on tic (silica gel HF 254,
The resulting mixture was treated with 20% sulfuric acid (20 petroleum ether (bp 60-70°) —20%  acetone-1% acetic acid,
ml), and the resulting mixture was extracted with ether. The Ri = 0.35). The isomeric alcohols 16 were dissolved in petro-
crude acid 10 (7.23 g, 72.6% yield) was obtained from the dry leum ether and allowed to stand at - 2 0 °  for several days. The
ether (MgSO«) extract. The pure acid (5.62 g, 62.3%  yield, mp principal isomeric alcohol 16 crystallized and showed mp 114-
147.5-148.5° from toluene), showed uv max 227 mu (e 66,400), 115°; uv max 22c mu (sh) (t 64,600), 231 (96,100), 278 (sh) (5570),
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285 (4890), 292 (sh) (4820), 308 (sh) (751), and 322 (455); ir In a duplicate experiment the yield of 15 was 9%  and the yield
(Nujol) 3415 cm-1 (broad OH) and 735 (ortho substituted ben- of 16 was 37%.
zene); nmr (CDC13) r 1.93-2.96 (m, 5.8, aromatic H), 6 .36- Oxidation of 16. (a)—The pure isomer of 16 (0.180 g, 0.639
7.43 (m, 4.9, benzylic CH2 and -CHOH), and 7.77-9.53 (m, 15.3, mmol, mp 111.5-113.0°) in reagent grade acetone was oxidized
CH2 and OH); mass spectrum m /e  282 (calcd mol wt 282). with Jones reagent12 (0.7 ml of 1 M  solution prepared from 35 g

Anal. Calcd for C20H26O: C, 85.06; H, 9.28. Found: C, of chromic acid, 250 ml of water and 30.5 ml of concentrated sul-
85.03; H, 9.37. furic acid) added dropwise over a period of 5 min. Analysis of

The spectra of the crude alcohol and the isolated pure isomeric the crude white ketone (mp 122-125°, 0.160 g, 89.5% yield) by-
alcohol were essentially identical and suggested that the former tic (silica gel HF 254, petroleum ether-5% ethyl acetate) indi-
contained only isomers of 16. cated that a single product (R i 0.38) was present. The pure

The hydroxy ketone 15, the alcohols 16 and acid 11a ( -10%) ketone showed mp 125-126° (from ethanol); uv max 230 ma (e
were obtained when commercial carbon dioxide (99.8%, J .  T . 77,800), 277 (sh) (5590), 282 (6000), 291 (sh) (4840,1, 308 (sh)
Baker Chemical Co.) was employed. (698) and 323 (652); ir (Nujol) 1708 cm-1 (C = 0 ) ; nmr (CDCls)

Preferred Procedure for 11a.—The acid 11a (mp 202-208°, r 1.77-3.15 (m, 5.9, aromatic H) and 6.42-9.55 (m, 18.1, CH2);
38%  yield) was prepared reproducible from the aryl lithium the methylene protons (t 6.42-9.55) consisted of a series of
derivative prepared from 4c (1.00 g, 2.90 mmol), n-butyllithium multiplets with principal absorption as follows, 6.42-6.68 (1.8),
(10 ml, 1.5 M  in hexane, ~ 1 5  mmol) in anhydrous hexane (50 6.88-7.38 (3.7), and 7.88-9.55 (11-7); mass spectrum m /e  280
ml) at reflux (~ 6  hr until tic confirmed the absence of 4c). The (calcd mol wt 280).
solution was cooled to —78° and carbon dioxide (99.8% , J .  T . Anal. Calcd for C2<,H240 :  C, 85.67; H, 8.63. Found: C, 
Baker Chemical Co.) was passed over the surf ace for 3.5 hr. The 85.82; H ,8 .76.
mixture was allowed to warm to room temperature and carbon (b)—The oxidation was repeated as described above but using
dioxide was passed through the solution for 41 hr. The acid 11a the mixture of isomeric alcohols of 16. The ir spectrum of the
is not soluble in alkali. Water was added to the mixture which product was essentially identical with the product described in
was then extracted with chloroform (white solid that separated (a), above; the nmr spectrum was quite similar with the excep-
was kept in solution by addition of more chloroform). The com- tion of a multiplet at t 6.68-6.88 and a multiplet at 7.90 that are
bined organic layer was washed with water. The oil obtained absent in the spectrum of the ketone described above. Re- 
from the dried (MgSO<) extract partially solidified. The mixture crystallization of this mixture (petroleum ether, bp 30-68° at
was titurated with cold (0°) petroleum ether to give acid 11a —20°) gave the principal product (mp 122-123.5°, mixture
(0.340 g, 38%  yield; mp 202-208°, mp 213.5-214° from ethanol- melting point with ketone in (a), mp 125-126°, was 122-125°). 
water). The mother liquor gave a mixture of ketone (mp 64r-82°); analy-

Reactions of 5a with Oxygen.—The Grignard reagent 5a, pre- sis by tic (silica gel HF 254, petroleum ether-5% ethyl acetate)
pared from 4c (0.500 g, 1.45 mmol) as described above, in tetra- suggested that four isomeric ketones were formed by oxidation of
hydrofuran (50 ml) was cooled to room temperature and oxygen 16.
(Air Reduction Co.), dried by passing through a column of CaCl2, 
was bubbled through the mixture for 2 hr. Analysis (tic, silica
gel HF 254, petroleum ether-10% acetone) showed alcohol 16 Registry No.— 4c, 25097-45-4; 6 , 25097-46-5; 7,
(R , 0.16), hydroxy ketone 15 (R, 0.44), and reduced cyclo- 25097-47-6; 8 , 25097-48-7; 9 , 25097-49-8; 10, 25097- 
phane (Rt 0.78). The crude mixture obtained subsequent to 01-n07 o . < u  ocna7  r,o q. 9 rnQ7 ro
hydrolysis (H2SO<, 15%, 10 ml, 20 min), extraction (ether, 15 5U_1> l l a > ¿5U 9/-51-2, l i b ,  Z0U97-02-3,1 5 ,
ml), washing (H20 ), and drying (MgSO,) was purified by prepara- 4 ; bromo-l,3-dimethylnaphthalene, 25097-54-5; methyl
tive tic (silica gel P F  254, petroleum ether-10% acetone). The l,3-dimethyl-2-napthoate, 25097-55-6.
products (yields) were reduced cyclophane 6 (—42% yield), 
unchanged 4c (~ 18% ), unidentified mixture (0.04 g), hydroxy-
ketone 15 (0.06 g, 15% yield; mp 125-131°, mp 142-143° from (12) J. M e in w a ld , J . C ra n d a ll a nd  W. E. H y m a n s , Org. Syn., 45, 77 
ethanol-water), and alcohols 16 (0.130 g, 34.4% ). (1966).
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Several 5-substituted bicyclo[3.1.0]hexane-l-carboxylie acids have been prepared and characterized. Di
methyl bicyclo[3.1.0]hexane-l,5-dicarboxylate (3) was prepared by a 1,3 elimination of hydrogen bromide from 
dimethyl l-bromocyclohexane-l,3-dicarboxylate (8) in 85% yield. From bicyclic diester 3, by standard reaction 
sequences, bicyclo[3.1.0]hexane-l,5-dicarboxylicacid (9) and 5-carbomethoxy- (10), 5-bromo- (12), 5-carboxamido-
(14), and 5-cyanobicyclo[3.1.0]hexane-l-carboxylic acid (16) were prepared. Bieyclo[3.1.0]hexane-l-carboxylic 
acid (19) was prepared by a 1,3 elimination of the elements of p-toluenesulfonic acid from methyl 3-tosyloxy- 
cyclohexane-l-carboxylate (17) and subsequent hydrolysis.

Useful methods have been reported for the prepara- which were required for p ifa studies as well as solvolytic
tion of bicyclic, bridgehead substituted carboxylic studies on derivatives of the 1-carbinols.
acids.2-6 This paper presents the syntheses of certain The key to the synthesis of the bicyclohexanecar-
5-substituted bicvclo[3.1.0]hexane-l-carboxylic acids boxylic acids was the preparation of dimethyl bicyclo-

[3.1.0]hexane-l,5-dicarboxylate (3). Prinzbach, et a l ,,6
( 1 ) (a) F o r  pa p e r V I I I  in  th is  series, see R . N .  M c D o n a ld  an d  G . E .  D a v is ,  h a V 6  reP°rted the Synthesis of 3  by a photochemical

J. Org. Chem., 34, 1916 (1969). (b ) N a tio n a l D e fense E d u c a tio n  A c t  TOUte. W e employed SOme slight modifications to
T ra in e e , 1 9 6 8 - 1 9 7 0 . Prinzbach’s procedure to allow preparation of larger

(2) J . D .  R o b e rts , W . T .  M o re la n d , a n d  W . F ra ze r, J. Amer. Chem. Soc., , • r , • * T « j .
75, 6 3 7  (1 9 5 3 ) . q u an tities  o f m aterial. Irrad ia tio n  o f a  sam ple o f di

es) F . W . B a k e r  a n d  L .  M .  S to ck , J. Org. Chem., 32, 3344 (1967).
(4) C . F . W ilc o x  a n d  J. S. M c In ty r e ,  ib id ., SO, 777 (1965). (6) H . P rin zb a ch , H . H a g e m a n n , J . H a rte n s te in , a n d  R . K itz in g ,  Chem.
(5 ) C . F . W ilc o x  a n d  C . L e u ng , ibid., 33, 877 (1968). Ber., 98, 2201 (1965).
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methyl cyclohexa-l,3-diene-l,4-dicarboxylate (1) with From  3 were produced 5-bromo- (12), 5-cyano- (16), 
a Hanovia Type L, 450-W  lamp in ether for 5 hr pro- 5-carbomethoxy- (10), 5-carboxamido- (14), and bi- 

rn  ph  cyclo[3.1.0]hexane-l,5-dicarboxylic acid (9) by stan-
V~2 3 V"2 3 V“2 3 dard routes2- 5 as outlined in Scheme II.

Q  sr ( \ 0CH C X c
T C°2CH3 c°2CH3 co2h  co2h
C02CH3 2 3 I  T

1 f \ l  ( 1- lequivKOH 1. KQH  ̂ | \ j

duced crude photo diester 2 in 40%  yield after distilla- k' s- ^ x C02CHi % H 2 H C02H
tion. Hydrogenation of 2 over 5%  P d -C  produced 3. 10 \   ̂ 9
Analysis of crude 3 by glpc showed the presence of sev- Br2 \  2 GC0 Et
eral minor components. HgO \

Although 3 was available by this route, considera- ‘ \
tions of the time involved and small quantities of 3 ? r i 2 i
produced per run suggested that an alternate synthesis r^ v i  i^ v i  roci / y i
of 3 be developed. Using the analogies of Nelson and I \l I \J *" L J X
M ortimer7 and Wiberg8 of using an intramolecular ^ ^ ' '" C 0 2CH: V' / ^ C 0 2CH3 C02CH3
anionic displacement reaction in the preparation of 11 13 15
[n .1 .0] systems, a new synthetic route to 3 was devised i. koh i. koh i- koh

according to the reaction sequence in Scheme I. R e- 2.h+ , 2H+ |2- h+

Br CONH2 CN
S cheme I  j j i

co2ch 3 co2ch3 [ Y  C l
I  I  ^ • " 'N x)2h ^ " x o 2h ^ x o 2h

(C )\  J i l —  C l  lle g K - ° ^  12 ' 14 16
^ n ;o2ch3 Pd c ^ ^ co2ch3 2 H+

4 Diester 3 could be saponified completely to diacid 9
Co2H COC1 or partially to half-ester 10. B y a Hundsdiecker reac-
7 tion 10 was converted to 11 which was hydrolyzed to

U h  soci2 ( j  Br?| bromo-acid 12. Half-ester 10 was converted to amide
r „  *” 13 which was then dehydrated to cyano ester 15. Es-

2 3 2 3 ters 13 and 15 were hydrolyzed to their respective acids,
5 6  14 and 16.

Br COC1 Br C02CH3 M ethyl bicyclo [3.1.0 ]hexane-l-carboxylate (18) was
\ /  prepared by the method of Nelson and M ortimer7 with

| |  CH,0H>- [ j  K ' u >• 3 the minor modification of using the c is  and tr a n s  tosyl-
\ x k Co2cH3 \ ^ N x >2CH3 ate 17 in the 1,3-elimination reaction. Basic hydrolysis

7 8 of 18 gave bicyclo[3.1.0]hexane-l-carboxylic acid (19).

C02CH, co2ch 3 co2h
duction of dimethyl isophthalate produced 4 in a c i s /  /L .
tr a n s  ratio of 69: 31,  as analyzed by glpc. Partial T jl K° 'Bu->- C ' n » f  N
saponification of diester 4, formation of the half-acid 2
chloride 6, a-bromination of 6, and esterification of the 17 18 19
product acid chloride 7 produced dimethyl 1-bromo-
cyclohexane-l,3-dicarboxylate (8). .

Treatm ent of 8 with a strong base led to formation of Experimental Section
3 by an intramolecular anionic displacement reaction. Dimethyl Bicyclo[3.1.0]hex-2-ene-l,5-dicarboxylate (2).—The 
Reaction of 8 with sodium hydride in refluxing glyme title compound was prepared by a modification of the procedure
for 6 hr produced 3 and a mixture of other ester prod- given by Prinzbach and coworkers.6 In a usual irradiation ap-
■ « .  Using sodium hydride a d  n f m h c  b e n - e
for 24 hr, 3 was produced in crude yield of 5U 5o /o -  ( l )10 in 600 ml of anhydrous ether was irradiated for 5 hr. with a
The nmr spectrum of the distillate also showed small Hanovia 450-W lamp (Type L) in a quartz immersion well. The
amounts of other ester impurities. However, addi- temperature of the solution was kept between—10 and 5° during
tion Of 1 equiv of potassium i-butoxide in ¿-butyl the irradiation by means of an isopropyl alcohol-Dry Ice bath 

i i _ i j . o - g U i . i i  u i j  ,  /or. a /  \ u;„u I t  was necessary to wipe the irradiation well clean of polymeralcohol to 8 m ¿-butyl alcohol produced 3 (85% ) in high
purity. Diester 3 so obtained was identical in all (9) A l l  m e lt in g  p r in ts  ivere  d e te rm in e d  on  a K o fle r  h o t  s tage a n d  are

respects with the diester produced by Prinzbach6 and corre c ted . B o ilin g  p o in ts  are  u n co rre c te d . In fra re d  a n d  n m r  spectra

represents an independent synthesis and structu P t ro m e te r .  G as c h ro m a to g ra p h ic  ana lyses w ere  p e rfo rm e d  u s in g  a F  &  M

of this bicyclic diester. M o d e l 500, te m p e ra tu re  p ro g ra m m e d , gas c h ro m a to g ra p h . M ic ro a n a ly s e s
w ere  done b y  G a lb ra ith  L a b o ra to rie s . M ass sp e c tra  w ere  d e te rm in e d  on  an

(7) N .  A . N e lso n  a n d  G . A . M o r t im e r ,  J. Org. Chem., 22, 1146 (1957). M S -9  mass sp e c tro m e te r.
(8) K .  W ib e rg , G . L a m p m a n , R . C iu la , D .  C o n n o r, P . S ch e rtle r, a n d  J . (10) J . K a u e r, R . B enson, a n d  G . P a rsh a ll, J. Org. Chem., SO, 1431

L a v a n is h , Tetrahedron, 21, 2749 (1965). (1965).
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every 1.5 hr. Concentration of the irradiation solution and Solvent and excess bromine were removed by flash evaporation
subsequent short-path distillation [90-100° (0.005 mm)] of the and the yellowish residue was short-path distilled [100° (0.1 mm)]
remaining viscous, yellow oil produced 1.60 g (40% ) of crude producing 43.0 g of a colorless liquid, crude 7: lr (thin film)
diester 2 . The ir and nmr spectra were identical with those re- 1810 and 1740 cm 1 (C = 0 ) ; nmr (CCU, TM S internal) r 6.33
ported by Prinzbach.6 (s, 3, OCH3) and 6.9-8.6 [m, (with characteristic sharp peaks at

Dimethyl Bicyclo[3.1.0]hexane-l,5-dicarboxylate (3).—In a 7.89, 8.14, and 8.33), 9]. 
semimicrohydrogenation apparatus, 3.16 g (16.1 mmol) of crude The crude bromination product, 7, was then added dropwise to
2  was hydrogenated in 15 ml of ethanol with 0.3 g of 5%  Pd-C 100 ml of dry methanol with stirring at 0 . The solvent was
and one atmosphere of hydrogen. The reduction product was removed after stirring for 1 hr and crystals formed upon stand-
short-path distilled [65-70° (0 . 0 1  mm)] yielding 2.99 g (94% ) of ing. After two recrystallizations from methanol-water and
a light, colorless liquid. Glpc analysis of the crude mixture on a sublimation [80° (0.01 mm)], 23.0 g (54% from 31.0 g of 6 ) ôf
10% Carbowax on Caromosorb P column showed at least eight bromo diester 8  was obtained: mp 73.5—74.5 ; ir (K Br) 1725
components. The major component (>80% ) was collected. Its cm - 1  (C = 0 ) ; nmr (CCh, TM S internal) r 6.36 (s, 3, OCH3),
ir and nmr spectra were identical with those reported for 3.6 6.22 (s, 3, OCH3) and 6.9-S.9 [m (characteristic sharp peaks at

Reduction of Dimethyl Isophthalate.—To a solution of 10.0 8.05, 8.13, and 8.28), 9]; mass spectrum (70 eV, direct insert)
g (51.6 mmol) of dimethyl isophthalate (Baker Chemical Co.) in M + at m /e 278 and 280; mol wt 282 ±  2%  (calcd 279.2).11 
85 ml of dry methanol in a glass liner contained in a 150 ml Anal. Calcd for CuHuOiBr: C, 43.03; H, 5.42. Found, 
capacity Magna Dash autoclave was added three spatula tips full C, 42.82; H, 5.38.
of 5%  Pd-C catalyst. Hydrogen was pressured into the auto- Dimethyl Bicyclo[3.1.0]hexane-l,5-dicarboxylate (3) Produced
clave to 1600 psi and it was heated to 100° for 48 hr. Pressure by the 1,3-Elimination Reaction. To 47.2 g (0.169 mol) of
loss after cooling was approximately 400 psi. The catalyst was bromo diester 8  dissolved in 200 ml of dry ¿-butyl alcohol was
removed by filtration through a thin layer of filter cell and the added dropwise a solution of potassium ¿-butoxide in ¿-butyl
solvent was removed by flash evaporation. The product from alcohol [prepared from 7.0 g (0.179 g-atom) of potassium in 200
four 10.0-g runs was combined and short-path distilled [85° (0.01 ml of dry ¿-butyl alcohol] over a 30-min period. During the addi-
mm)] producing 41.3 g (99.2%) of colorless diester 4. The ir tion a white precipitate formed and the mixture became thicker
and nmr spectra agreed with the assigned structures, and the as the addition of base was continued. The mixture was allowed
nmr spectrum indicated two different methyl ester singlets corre- to stir 20 min after the addition of base was complete. The pre-
sponding to the cis ar.d trans isomers. cipitate was removed by suction filtration and the filtrate con-

Separation of the cis and trans Isomers of Dimethyl Cyclo- centrated to a volume of about 60 ml by flash evaporation,
hexane-1,3-dicarboxylate (4).—Glpc analysis of the cis/trans More precipitate formed when 200 ml of ether was added to the
mixture reported above on a 8  ft X 0.25 in. 10% Carbowax on residue. After removal of precipitate and solvent, the liquid
Chromosorb P (conditions: column temperature, 215°; helium residue was short-path distilled [100° (0.1 mm)] yielding 27.8
gas flow, 60 ml/min) gave two peaks with retention times of 3.7 g (85.6%) of 3. Gplc analysis using the same column and con-
and 4.5 min. Integrations of the peak areas gave relative ditions used for the analysis of 3 formed by the photochemical
amounts of approximately 31 and 69% , respectively. Samples route showed only one peak with a retention time the same as
of both peaks were collected at a lower column temperature. The that of 3 isolated previously. The ir and nmr spectra of these
product with a retention time of 3.7 min gave an nmr spectrum samples were identical. The mass spectrum (70 eV, heated inlet)
CCU, TM S internal) exhibiting absorption at r 6.38 (s, 3, showed M + at m /e  198.
OCH3), 7.2-7.6 (m, 2), and 7.9-8.5 [m (with characteristic sharp Anal. Calcd for CioH140<: C, 60.59; H ,7 .12 . Found: C,
peaks at r 8.03, 8.13, and 8.93), 8 ]. The product with a reten- 60.72; H, 7.15.
tion time of 4.5 min gave an nmr spectrum (CCU, TM S internal) Bicydo[3.1.0]hexane-l,5-dicarboxylic Acid (9).— The title
exhibiting absorption at r 6.40 (s, 3, OCH3) and 7.6-S.9 [broad compound was prepared by the procedure given by Prinzbach.6 

multiplet (with characteristic sharp peaks at r  7.22, 7.92, 8.13, Diacid 9 was isolated in 33% yield, sublimed in a sealed melting 
and 8.70), 10]. On the basis of the greater complexity of the point tube at 220-225° and decomposed at 236-237° (lit .6 sub-
multiplet from the ring hydrogens in the nmr spectrum of the limed 220-230°). The ir and nmr spectra agreed with those re
second peak relative to the first peak, we have assigned the trans ported. 5

configuration to the first peak and the cis configuration to the Anal. Calcd for C6IUoO<: C, 56.47; H, 5.92. Found: C,
second peak. 56.74; H ,6 .02.

Methyl Hydrogen Cyclohexane-1,3-dicarboxylate (5).—To a Methyl Hydrogen Bicyclo[3.1.0]hexane-l,5-dicarboxylate
solution of 39.0 g (0.195 mol) of cis- and trans-4 in 50 ml of (10).—To 39.81 g (0.207 mol) of diester 3 in 100 ml of dry meth-
absolute methanol, 144 ml of a 1.36 N  potassium hydroxide (0.196 anol was added dropwise a solution of 12.7 g (0.207 mol) of po-
mol) solution in absolute methanol was added dropwise over a 4 tassium hydroxide dissolved in 100 ml of dry methanol over a 2-
hr period. The mixture was heated under reflux for 24 hr and hr period. A slight yellow color formed immediately and re-
the methanol removed by flash evaporation. The residue was mained throughout the reaction. After stirring at room tem-
diluted with 100 ml of water and extracted with ether to remove perature for 24 hr and heating under reflux for an additional 3 hr,
unreacted starting material. The aqueous layer was acidified the solvent was removed by flash evaporation and crystallization
to pH 2-3 and extracted continuously with ether for 20 hr. occurred upon standing. To the crystals was added 150 ml of
The extract was dried (M gS04), filtered, and concentrated by water and unreacted starting material was extracted with three
rotary evaporation leaving a viscous, colorless liquid, crude 75-ml portions of ether (6.3 g of 3). The aqueous layer was
monoester 5. Diacid impurity was removed by dissolving crude acidified to pH 2 and continuously extracted with ether for 24 hr.
5 in carbon tetrachloride and filtering off the insoluble diacid. The extract was dried (M gS04), concentrated, and the residue was
Monoester 5 was usually not purified further: ir (liquid film) short-path distilled [130-145° (0.005 mm)] yielding 25.0 g
1720 (broad C = 0 )  and 2500-3400 cm - 1  (acid OH); nmr (CC14, (67.8% ) of a viscous liquid, crude 10, which solidified upon
TM S external) r —1.0 (s, 1, C 0 2H), 6.39 (s, 3, OCH3), and standing. From the distillation pot, 1.15 g of diacid was ob-
7.5-8.8 (m, 10, ring protons). tained after recrystallizing the residue from ethyl acetate. An

3-Carbomethoxycyclohexane-l-carbonyl Chloride (6 ).—Crude analytical sample of 1 0  was obtained after several recrystalliza-
monoester 5 was dissolved in 30 ml of dry benzene. Tothissolu- tions from cyclohexane and sublimation: mp 76.0-77.5°; ir
tion was added 40 ml of thionyl chloride and 4 drops of D M F. (CCU) 2500-3500 (acid OH), and 1700 and 1730 (C = 0 )  cm-1;
The mixture was stirred at room temperature for 2 hr and then nmr (CCfi, TM S internal) r 6.35 (s, 3, OCH3), 7.3-9.0 [m (with
at 50° for one hr until the evolution of gas had ceased. Solvent characteristic sharp peaks at t 7.93, 8.05, 8.75, and 8.84), 8 ],
and excess thionyl chloride were removed by flash evaporation and —1.1 (s, 1, acid proton); mass spectra (70 eV, heated inlet)
leaving a yellow liquid which was short-path distilled [80° (0.01 M + at m /e  184.
mm)] yielding 28.0 g (70% from 39.0 g of 4) of colorless acid Anal. Calcd for C9Hi20 4: C, 58.69; H, 6.57. Found: C,
chloride-ester 6 : ir (thin film) 1730 and 1790 cm - 1  (C = 0 ) ; 58.67; H ,6 .75 .
nmr (CC1,, TM S internal): r 6.35 (s, 3, OCH3) and 7.2-8.3 [m Methyl 5-Bromobicyclo[3.1.0]hexane-l-carboxylate (11).—
(with a characteristic sharp peak at t 8.31), 10]. The procedure for a similar Hunsdiecker reaction was followed. 11

Dimethyl 1-Bromocyclohexane-l,3-dicarboxylate (8).—To a ------------------
Solution Of 31.0 g (0.152 mol) of acid chloride ester 6  in 30 ml of (I1) Molecular weight determined on Mechrolab osmometer, Model
CC14 was added 9.0 ml (0.16 mol) of bromine. The mixture was 3 0 1 a.
heated under reflux for 8 hr until evolution of gas had ceased. (12) J. S. Meek and D. T. Osuga, Org. Syn., 43, 9 (1963).
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A solution of 2.0g  ( 1 1  mmol) of half-acid 1 0  and 1.0 ml (19 mmol) ing 0.64 g (71% ) of cyano ester 15: ir (thin film) 2200 (C = N ),
of bromine in 20 ml of bromotrichloromethane (distilled from 1725 (C = 0 ) , and 1048 cm - 1  (cyclopropyl CH2); nmr (CCU, TMS
P2O5) was added dropwise over a 2  hr period to a stirred sus- internal) t 6.27 (s, 3, OCH3) and 7.4-8.9 [m (characteristic sharp
pension of 1.5 g (7 mmol) of red mercuric oxide in 10 ml of bromo- peaks at 7.75, 8.08, 8.17, 8 .6 6 , and 8.75), 8 ]; mass spectrum (70
trichloromethane in a flask maintained at 35-40°. Stirring was eV, heated inlet) M + at m / e  165.
continued until evolution of gas had ceased. Tic (silica gel, A n a l .  Calcd for C9H11O2N: C, 65.44; H, 6.71. Found: 
CIICI3 ' of the reaction mixture showed two spots, starting ma- C, 65.54; H ,6 .74.
terial and product. An additional 1.0 g (4.6 mmol) of mercuric 5-Cyanobicyclo[3.1.0]hexane-1-carboxylic Acid (16).—Cyano-
oxide was added and evolution of gas increased until the bromine ester 15 was hydrolyzed in the usual manner as described in the
color had disappeared. Tic showed the reaction to be essentially preparation of 1 2 . The product was recrystallized from a mix-
complete. The mixture was filtered, concentrated by flash ture of ether-hexane giving 0.49 g (84%) of white crystalline 16.
evaporation of solvent, diluted with ether, and filtered again. The acid was further purified by recrystallization and sublimation
The final filtrate was concentrated and the residue was short- [80° (0.01 mm)]: mp 117.0-118.5°; ir (Fluorolube mull) 2300-
path distilled [70° (0.1 mm)] producing 1.15 g (48%) of 1 1 : ir 3300 (acid O—H), 2250 (C = N ), 1700 (C = 0 )  and 1040 cm - 1

(thin film) 1730 (C = 0 ) , 1144 (C—O), and 1020 cm - 1  (cyclo- (cyclopropyl CH2); nmr (CC1() TM S internal) r —2.2 (s, 1, acid
propyl-CH2); nmr (CCh, TM S internal) r 6.29 (s, 3, OCH3) proton) and 7.3-8.S [m (characteristic sharp peaks at t 7.93,
and 7.4-8.8 [m (with characteristic sharp peaks at 7.75, 8.07, 7.97, 8.61, and 8.70), 8 ].
8.18, 8.63, and 8.75), 8 ] ; mass spectrum (70 eV, heated inlet) A n a l .  Calcd for C8H90 2N: C, 63.57; H, 6.00; N, 9.27. 
M + at m / e  218 and 220. Found: C, 63.51; H .5 .99 ; N ,9 .17.

A n a l .  Calcd for C8Hu0 2Br: C, 43.86; H, 5.06. Found: Methyl Bicyclo[3.1.0]hexane-l-carboxylate (18).—To a solu-
C, 43.75; H ,5 .18. tion of 4.03 g (24.5 mmol) of methyl 3-hydroxycyclohexane-l-

5-Bromobicyclo[3.1.0]hexane 1-carboxylic Acid (12).—A sam- carboxylate7 in 40 ml of pyridine (freshly distilled from BaO)
pie of bromoester 11 (1.15 g; 5.25 mmol) was saponified by a was added 5.2 g (26.5 mmol) of sublimed p-toluenesulfonyl
similar procedure to that described in the preparation of 9 except chloride. The mixture was stirred for 15 hr at room temperature
that 6.30 meq of base was employed. The crystalline residue after which time a large amount of white pyridine hydrochloride
from solvent evaporation was recrystallized twice from cyclo- had formed. Ice-ccld 2 N  sulfuric acid (50 ml) was added and
hexane and sublimed at [80° (0.01 mm)] yielding 0.56 g (52% ) the aqueous solution was then extracted with two 100-ml portions
of bromo acid 12: mp 144.5-145.5°; ir (Fluorolube mull) 1700 of ether. The combined ether extracts were washed with cold
(C = 0 ) , 2500-3200 (acid O—H), and 1048 cm - 1  (cyclopropyl- acid solution until the aqueous wash was acid to litmus paper.
C II2); nmr (CCl«, TM S internal) t —2.3 (s, 1 , acid proton) and The ether extract was dried (MgSO() and concentrated to yield
7..3-8 .8  [m (characteristic sharp peaks 7.58, 7.72, 8.03, 8.58, and a slightly yellow, viscous liquid from which excess p-toluenesul-
8 .6 8 ), 8 ]. fonyl chloride was removed by sublimation at 40° (0.1 mm).

A n a l .  Calcd for CjH90 2Br: C, 41.00; H, 4.42. Found: The product, 17, remained as a viscous liquid (7.05 g, 90% ):
C, 41.16; H, 4.42. ir (thin film) 2900 (C— H), 1725 (C = 0 ) , 1190 and 1178 cm “ 1

Methyl 5-Carboxamidobicyclo[3.1.0]hexane-l-carboxylate (OTs); nmr (CCU, TM S internal) r 2.26, 2.39, 2.70, and 2.84
(13).—A solution of 5.00 g (27.4 mmol) of half-ester 10 and 2.7 g (aromatic A2B 2 pattern, 4), 5.1-5.9 (m, 1), 6.42 (s, 3, OCH3),
(28 mmol) of triethylamine in 50 ml of chloroform was cooled in 7.56 (s, 3, CH3), and 7 .6 -3 .8  (m, 9).
an ice bath and 2.98 g (28 mmol) of ethylchloroformate was added To a solution cf 7.05 g (22.8 mmol) of 17 in 30 ml of ¿-butyl 
rapidly with stirring. After 15 min anhydrous ammonia was alcohol was added dropwise 40 ml of a ¿-butyl alcohol solution
bubbled through the mixture for 1.5 hr. The mixture was of potassium ¿-butoxide [prepared from 1.0 g (25 mg-atoms) of
allowed to stand for 2 hr, filtered, and removal of the solvent left potassium metal in 40 ml of ¿-butyl alcohol]. A white precipi-
a yellowish oil. The residue was eluted fairly rapidly through 60 tate formed immediately upon addition. The mixture was
g of alumina (neutral, activity I I )  with chloroform until tic (silica stirred for 15 min after addition was complete. The mixture was
gel) showed that the product had ceased coming off the column. filtered after addition of 50 ml of benzene. The filtrate was
The eluant was concentrated and the residue crystallized upon diluted with 150 ml of ether and washed with three 70-ml portions
standing. The crude amide ester 13 was recrystallized from a of distilled water. The organic layer was dried (MgSCh) and
mixture of benzene-hexane yielding 4.1 g (82%) of white, crystal- concentrated to a low volume by flash evaporation. The residue 
line 13 mp 85.0-86.5°; ir (Fluorolube mull) 3300 and 3120 was short-path distilled [60° (0.5 mm)] producing 2.275 g (71%)
(N—H), 1720 (ester C = 0 ) ,  and 1660 cm - 1  (amide C = 0 ) ;  nmr of colorless ester 18: ir (thin film) 2900 (C—H), 1728 (C = 0 ) ,
(CCh, TM S internal) r 3.4-3.7 (m, 2, NH2), 6.35 (s, 3, OCH3), 1145 (C—O), and 1040 cm“ 1 (cyclopropyl CH2); nmr spectrum
and 7.5-8.9 [m (characteristic sharp peaks at 7.95, 8.12, 8 .2 2 , (CCh, TM S internal) r 6.43 (s, 3, OCH3), 7.7-8.S (m, 6 ), 8 .6 -
8.78, and 8.87), 8 [ ; mass spectrum (70 eV, direct insert) M + 9.0 (m, 2 ), and 9.15-9.40 (m, 1 ); mass spectrum (70 eV, heated
at m / e  183. inlet) M+ at m / e  140.

A n a l .  Calcd for CoHnOsN: C, 59.00; H, 7.15. Found: Bicyclo[3.1.0]hexane-1-carboxylic Acid (19).— The saponifica-
C, 59.15; H, 7.08. tion of 18 was carried out in a similar manner to that described

5-Carboxamidobicyclo[3.1.0]hexane-1-carboxylic Acid (14).— for the preparation of 12. From 1.0 g (7.14 mmol) of 18, there
The ester function of 13 was hydrolyzed in the usual manner as was obtained 0.785 g (87% ) of 19 as a colorless liquid after short-
described in the preparation of 12. Crude 14 was recrystallized path distillation [100° (0.01 mm)]: ir (thin film) 2600-3300 (acid
from 1-propanol-ether yielding 0.49 g (53% from 1.0 g of 13) of O— H), 1680 (C = 0 ) , and 1045 cm - 1  (cyclopropyl CH2); nmr
white, crystalline 14. Amide acid 14 was further purified by (CC14, TM S internal) t —2.8 (s, 1, acid proton), 7.7-8.8 [m,
sublimation [160° (0.1 mm)], another recrvstallization, and re- (characteristic sharp peak at r 8.16), 8 ], and 9.05-9.30 (m, 1). 
sublimation: mp 189.0-190.5°; ir (Fluorolube mull) 3200 and A n a l .  Calcd for C-Hi0O2: C, 66.65; H, 7.99. Found: C,
3300 (N—H), 2200-3000 (acid O—H), 1725 (acid C = 0 ) ,  1640 66.59; H, 7.91.
(amide C = 0 ) , and 1045 cm-1 (cycloprbpyl CH2).

A n a l .  Calcd for CsHnChN: C, 56.80; H, 6 .0 0 ; N, 8.28. -n • 4 iw c onnnn on c . 9 5 f\on AH Q- *7
Found- C 56 70- H 6  4 8 - N 8.23. Registry N o.—5 , 2o 090-39-o ; 6, 2 d090-4U -s , 7 ,

Methyl 5-Cyanobicyclo[3.1.0]hexane-l-carboxylate (15).—A 25090-41-9; 8 , 25090-42-0; 10, 25090-43-1, 11, 25090-
solution of 1 . 0  g (5.52 mmol) of amide ester 13, 1.5 ml (16 mmol) 44-2; 12, 2509*3-45-3; 1 3 ,25090-46 -4 ; 14 ,25090-47 -5 ;
of freshly distilled phosphorus oxychloride, and 2 0  ml of ethylene 15 ,2 5 0 9 0 -4 8 -6 ; 1 6 ,2 5 0 9 0 -4 9 -7 ; 1 7 ,2 5 0 9 0 -5 0 -0 ; 18,
dichloride was heated to 70° for 20 min with evolution of gas n-non 5 1  1 • i o ' 95000-59-9
subsiding during that time. The mixture was diluted with ’ ’
chloroform and eluted rapidly through an alumina column (40 g
of neutral, activity I I I )  with chloroform. Heat was given off as Acknowledgment.— The authors are grateful for the
the solution passed down the column. Two 70-ml fractions were r t  of th is  research by the National Science
collected, combined, and concentrated by evaporation of solvent. ^  /r»r> >701 o\
The liquid residue was short-path distilled [75° (0.1 mm)] produc- ro u n d a tio n  (\ jrr-/oio).
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A new ring expansion procedure is described. Various ethylidenecycloalkanes were smoothly and easily 
converted to the halohydrins which in turn were simply transformed to the magnesium salts. The latter were 
decomposed to the ring enlarged 2-methyl ketones in good yields and high purity.

The utility of the carbocyclic ring expansion reactions c is  (or can attain the c is  alignment in nonrigid systems) 
in organic synthesis is undeniable. Fortunately, or- to effect the rearrangement. The Ir a n s  isomer leads to 
ganic chemistry does furnish a variety of excellent extensive decomposition, thus, precluding an epoxide 
methods1 to effect ring enlargements. The method to interpretation for the reaction and leaving, as plausible, 
be outlined herein, although entailing no new reaction a pinacol-type mechanism (eq 3). 
nor reaction type for a ring expansion offers synthetic q

simplicity for its appeal and merit. Me. OMgCl |
Two preliminary manuscripts2,3 have demonstrated ° (3)

that the decomposition of the magnesium salts of the I v J J - ----- I'jj I v J J ------ 1
appropriate halohydrins unfolded a new procedure for
ring expansion (eq 1). An additional preliminary re- This manuscript extends the synthetic utility of the

ring enlargement procedure and further tests the ob- 
Bl servations of Geissman and Akawie.5

/ "  ' ' \ / 0Mg CiHjA ^ c = 0

(QH2)„ C *■ (CH2)n I (1) Results and Discussion
CH V ------

/  \ pjj 2-Methylcycloalkanones from Ethylidenecyclo-
Br _ alkanes.—The halohydrins, 1, necessary for the ring

n = 4,5,6, and 7 expansion were easily prepared by the treatment of the
, , , . , . . ethylidenecycloalkanes with N-bromosuccinimide and

sult4a revealed that the magnesium salt_ of 1-bromo- water ftt room temperature. The halohydrins, 1 (»  =
methyl-1 -cyclohexanol did not yield the ring expanded ^ an(j 5 ) were purified and characterized, the remaining
ketone, cycloheptanone, but instead produced cyclo-
hexanecarboxaldehyde. Lastly, the decomposition of ^ ----- OH
the magnesium salt of 9-chloro-l-m ethyl-l-decalol (CH,)„ C ^
( - 0 - H  and -C l c is )  offers a new stereoselective method V /  ^  n'ch
for the introduction of an angular methyl group.4b XCH,
These results were in accord with the conclusions of j
Geissman and Akawie5 who extensively studied the n - 4  Sard 6

reaction producing ketones v ia  the decomposition of -  > > *
the magnesium salts of halohydrins. They observed one was used directly without purification. The halo-
that primary halides do not rearrange unless a good hydrins w'ere converted to the magnesium salts (Gri-
migrating group is involved and that secondary and gnard reagent) and subsequently decomposed producing 
tertiary halides do rearrange regardless of the migrating the 2 -methylcycloalkanones, 2 , in good yields (eq 4). 
group (eq 2). From  their stereochemical studies they
concluded that the halo and hydroxyl groups must be --------x  0 — MgBr ^  ^ C = 0

HM Y Y n (CH2)n C / Br ^  (CH2)„ I (4)
i MgXf  f  V ^ X CH A

CH3— C-------CH2 (CH3)2CH— CH \ Hj Me
(La epoxide) 2Lrl;

(2) n =  4,5, and 6

OMrrX x  0  The results are presented in Table I. After distillation
j | || of the products, 2 , a polymeric residue remained, most

CH3 C CH2 — ► CH3— C— CH2Ph probably due to the decomposition of unreacted halo-
ph hydrin, 1 .

___________ The structural assignments for the ketones, 2, were
(1) For an excellent recent review, see C. D . Gutsche and D . Redmore, baSed 011 the infrared Spectra, the nmr Spectra, and the

“Carbocyclic Ring Expansion Reactions,” Academic Press, New York, 2,4-dinitrophenylhydraZOneS. The purity of each ke-
n. y „ 1968. tone was determined by vapor phase chromatography

(3) a . j . Sisti, Tetrahedron l m .. 5 2 , 5327 (1967). revealing that each ketone was no less than 92%  pure.
(4) (a) a . j. Sisti, j . Org. chem., S3, 3953 (1968); (b) a . j . Sisti and The m ajor impurity in each instance was the isomeric

A (irTel T e “ „ ^ d  r! i26i S  7. Amer. Chem. S o ,. 7 3 , 1993 carbonyl compound, 3 (vpc analysis). The ketone, 3,
(195D. was aiso detected, in each case, from the nmr spectra

2 6 7 0  J .  Org. Chem., Vol. 35, No. 8,1970 SlSTI



Table I 3-Methyl[3.2.1.]bicyclooctanone-2 from 2-Ethyl-
Results of the Decomposition of the Magnesium Salts of 1 idenenorbomane. —A broad spectrum of reaction types

% yield of involving alkyl migrations toward incipient electron-
Compd i ketone 2 2,4-dnp mp, °c (lit.) cm-. deficient centers in the norbornyl system (ring ex-

4 65 (63)“ 137-1381 1705 pansion) have been studied. All reactions involving
6 ^  migrations to nitrogen’ and carbon* conspicuously
_ l  prefer methylene migration (less substituted, C-2-C-3

migration (more eubetitnted, C - l-
melting point observed. « G. L. Closs and L. E. Closs, J .  A m e r . C-2 bond). Each of the above proceeds as indicated
C h em . S o c ., 83, 599 (1961). d A. C. Cope and G. L. Woo, despite the generation of a relatively unfavorable boat
i b id . ,  85, 3601 (1963). transition state. Only the Baeyer-Villiger reaction

with 2-norbornanone9 is electronically controlled (C -l-  
0  C-2 bond migration). Sauers9 has put forth an expla-

_C—C— 7ch ) nation for these apparent anomalies in the norbornyl
3 '  n system by proposing a third factor. The latter arises

2 from the consideration of the torsional strain produced
n = 4 5 and 6 by nonbonded interactions between the eclipsed groups,

on C-2 and the hydrogens on C-3. Thus, the migra-
, i • i i  t -7 n o a ,i i , • . . tion of the C-2-C-3 bond produces a considerable easing
(sharp singlet at r 7.9-8.0 methyl group adjacent to a of the nonbonded interactions. However, the migra 
carbonyl group). Authentic samples of 3 (» =  4 and tion of the C- i - C-2 bond would entail less rJ ief
5) were shown to have the same retention time vpc) as of strain because unfavorable interactions between C-2 
the minor contaminant from the reaction product. The and ^  brid head h d are considerably iess> 
origin of the production of 3 warrants a brief comment. since the dihedral les inv^lved are about u J d 7 9 0 ;
Two reasonable paths are immediately apparent: first, The ri expansion procedure described herein was
the production of small amounts of the isomeric ha o- succegsfulI tried on the norbornyl sysfcem and the re.
hydrins, 4 (from the reaction of the ethyhdenecyclo- suJts substantiated Sauers’ new proposition. A pre-

^ ^  Br .--------------- 0  viously communicated result,3 namely, the decomposi-
(CH2)n c ' '  Me (CH2)„ o '\  tion of the magnesium salt of 2-(a-bromobenzyl)-2-
" V . " y  x ch V ___ y  \ q_H norbornanol, (8), yielded exclusively 3-phenyl [3.2.1 ]-

bicyclooctanone-2 (9) (eq 6) which results from the

4 5 iphCH*MEcl,
n = 4,5, and 6 2 NBS_CCI‘

alkanes with N BS and water), whose magnesium salts
would yield 3 upon decomposition v ia  a  hydride shift; . / Br K
second, the formation of small amounts of the epoxides, 1. >-M gBr  ̂ ^
5, from the decomposition of the magnesium salt of 1, /^ L  / )  Ph 2 C”Hs,A \
followed by a breakdown to 3. OH Ph

10-Methyl-9-phenanthrol from 9-Ethylidenefluorene. 8 9
- T h e  halo hydrin, 6, necessary to accomplish the ring migration of the less substituted C -2-C -3 bond19 and
expansion was prepared by the new procedure of Dalton6 from the formation 0f a boat transition state. The
(eq 5.i. I t  was subsequently converted to the magne- present work on 2-ethylidenenorbornane entailed its
smm salt and decomposed to yield 10-methyl-9-phen- conversi0n to the halohydrin,11 10 (N BS-H 20  method),
anthrol (7), in good yield (eq 5). The structure of the wbich when converted to the magnesium salt and de-

.  ^  ^ ______v composed produced only 3-methyl [3.2.1 jbicycloocta-
none-2 (11) (eq 7). Similarly, this compound was pro- 

h,o,(trace) 6 61 duced from the migration of the less substituted, C -2-
HO CH C-3 bond, which would also involve a boat transition

H C ^Br state. The structure indicated for 11 was assigned on
.  the basis of elemental analysis, the infrared spectrum,O

J K 3 J  (7) R . C . E ld e rf ie ld  a n d  E . T .  L os in , J. Org. Chem., 26, 1703 (1 9 6 1 );
/ c \  C . L .  A rcu s , R . E . M a rk s , a nd  R . V it te r la in ,  Chem. Ind. (L o n d o n ),  1193

[ Q I  1  (5) (1960).
(8) R . R . Sauers a n d  R . J . T u c k e r, J. Org. Chem., 28, 876 (1 9 6 3 ); J . 

1 B erson and  D . W illn e r ,  J. Amer. Chem. Soc., 84, 675 (1962).
OH (9) R . R . Sauers and  J. A . Be is le r, J. Org. Chem., 29, 210 (1964).
y  (10) W h e n  th e  sequence o u tlin e d  in  eq 6 was p u rs u e d  w i th  2 -m e th y l-

cyc lo p e n ta n o n e , th e  expected p repon dera nce  o f th e  p ro d u c t re s u lt in g  f ro m

latter compound, 7, was confirmed by its infrared spec- £
trum, melting point, and conversion to a known denva- results o f M r .  G eorge R u sch ).

(11) T h e  in d ic a te d  s te re ochem ica l ass ign m en t fo r  th e  h a lo h y d r in ,  10, 
was based on th e  fo llo w in g  ra tio n a le : th e  a p p ro a ch  o f th e  reagen t, N B S , 
to  th e  2 -e th y lid e n e n o rb o rn a n e  to  p ro d u ce  th e  b ro m o n iu m  io n  [see E . E .  V a n  

(6) D . R . D a lto n , V . P . D u t ta ,  a n d  D .  C . Jones, J. Amer. Chem. Soc., 90, T e m e le n  a nd  K . B . Sharpless, Tetrahedron Lett., 2655 (1 9 6 7 )], sh o u ld  be 
5498 (1968). exo; th u s , th e  w a te r  w i l l  a t ta c k  fro m  th e  endo p o s it io n .
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For 1 (n = 6): ir spectrum (film) 3425 cm-1 ( - 0 —H); nmr 
K ,  k /  (CCh) t 5.6-6.0 (q, one hydrogen).

J  NBS -̂CH l .  >— M gB r^ 2-(l-Bromoethyl)-2-norbomanol (10) was prepared by the
/ " T  y 'T  'g  2. CjHj, a procedure presented above except that 12.2 g (0.10 mol) of 2-

~~~/ OH ethylidenenorbornane (Chemical Samples Co.) was employed.
The resultant halohydrin was used without purification: ir spec- 
trum (film) 3450 cm-1 ( - 0 —H); nmr (CC1<) t  5.5-6.0 (m, one 

. hydrogen).
V\ 9-(l-Bromoethyl-9-fluorenol (6) was prepared with 19.2 g (0.10

I \ ~~~— n\ mol) of 9-ethylidenefluorene (Aldrich Chemical Co.), 200 ml of
V ' DMSO, 2.8 ml of water, and 35 g (0.20 mol) of N-bromosuccin-

imide according to the method described by Dalton.6 The halo- 
.. hydrin was not purified but was used directly: ir spectrum (film)

3450 cm-1 ( - 0 —H); nmr (CCh) t 5 .6-6.0 (q, one hydrogen).
All the halohydrins gave immediate precipitates with alcoholic

and nmr analysis. The migration of the more sub- 2-Methylcycloalkanones (2) were prepared by the dropwise 
stituted carbon atom (C -l-C -2  migration in 10) would addition of an equivalent amount of isopropylmagnesium bro-
result in the production of 2-methyl [3.2.l]bicyclo- mide in ether to a cooled benzene (300 ml anhydrous) solution of
octanone-3 and not 11 as indicated (eq 7). The former the halohydrin, l (0.10 mol). After the dropwise addition of

was discarded on the basis of nmr studies. The mr and subsequently decomposed (NH4C1). The separated organic
in carbon tetrachloride revealed a multiplet at t  7 .3 —7.4  portion was washed successively with water, 10% sodium bi-
assigned to the bridgehead hydrogen a  to a carbonyl carbonate solution, and water, and then dried (MgSO*). The
group, and a mubiplet a t r  7 .5 -7 .6  assigned to the solvent was removed under vacuum (rotary evaporator) and the

bridgehead hydrogen. The previous signal assign- ^ 2 ^  = 1 ) :  bp 50-52“ (10-15 mm) (lit.» 163“) (65% ); ir
ments were based upon the following observations. spectrum (film) 1705 cm-1 (C = 0 ) , ir spectrum (film) of an au-
Bicyclo [3.2.1 ]octanone-2 in carbon tetrachloride ex- thentic sample of 2-methylcyclohexanone was identical with the
hibits signals at t  7.3, multiplet corresponding to the preceding ir; nmr (CC14) sharp -  8.9-9.0 [d ,-C (= 0)C (H )C H 3],
bridgehead hydrogen a  to a carbonyl group, and r  7.5 r 8-0 (small sharp s, H3C C = 0 ) ;  vpc (20% Carbowax, 150 ,
multiple, corresponding to the bridgehead hydrogen,
and the following signals reported for 9, r  7.25 multi- tention time as the minor component, 3 (n = 4).
plet corresponding to the bridgehead hydrogen a  to a For 2 (n = 5): bp 53-55° (7-8 mm) (lit.15 183°) (60% ); ir
carbonyl group, and r  7.50 multiplet corresponding to spectrum (film) 1700 cm-1 (C = 0 ) ; nmr (CCh) r 9 .0 -9 .l (sharp
the bridgehead hydrogen. Additional support for the [ n8,0.{s“ ail s,hfrp s’ ^, , , . r  , .  . , r , , • (20% Carbowax, 150 , 40 psi) showed two peaks 93% 2 (n =  5)
structural assignment was obtained from deuterium and 7% 3 (n = 5)> an al/ hentic samplei methyl cyciohexyl ke-
exchange studies. T h e  b icyclic  ketone, 11, w as sub- tone, had the same retention time as the impurity, 3 (n =  5).
jected to a treatm ent with trifluoroacetic acid-d (10%  For 2 (n = 6): bp 51-52° (0.9 mm) (lit.16 86-87° (12 mm)
solution) for 24 hr at 100°. The nmr spectral analysis (61%); irspectrum (film) 1695 cm_1(C = 0); nmr (CCh)r 8.9-9.0
revealed that essentially one hydrogen was exchanged ^T0  >C AT 8-\° vSma!l fharp \ Hq9 o7 'oT ° ^ ’,,, . . 1 ° .  , vpc (20% Carbowax, 200°, 40 psi) showed two peaks 92% 2 (n =
(the isomeric bicyclic ketone, 2-methyl [3.2.1]bicyclo- 6) and 8%  3 (n =  6). The latter structural assignment (methyl- 
octanone-3, should have exchanged three hydrogens). cycloheptyl ketone) was based on comparison with the preceding

Lastly, it is apparent that all the results herein sub- verified assignments, 
stantiate the conclusion of Geissman and Akawie5 that 9-Methyl-lO-phenanthrol (7). The halohydrin, 6, was dis- 

, , v j  , ,  e , ,  • ,• solved in anhydrous benzene (300 ml) and treated with an
secondary halides rearrange regardless of the migrating equivalent aJ )unt (0.io mol) of isopropylmagnesium bromide
group and indicate th e  Sim plicity  of th e  conversion of in ether as described above except that the reflux time was cur-
exocyclic ethylidene com pounds to  th e  corresponding tailed to 5 hr. The residue was recrystallized from methanol
ring enlarged 2-m eth y l ketones. water, yielding 13 g (62%): mp 122-124° (lit.17 mp 125°); ir

spectrum (CHC13) 3580 cm-1 ( -0 —H). The acetate had mp 
148-149° (lit.17150-151°).

Experimental Section12 3-Methyl[3.2.l]bicyclooctanone-2 (11).—The halohydrin, 10,
was dissolved in 200 ml of anhydrous benzene to which was added 

l-(l-Bromoethyl)-l-:ycloalkanols (1) were prepared from the an equivalent of isopropylmagnesium bromide in ether (0.10
appropriate ethylidenecycloalkanes (Columbia Organic Chemi- mol) as previously described above except that the reflux period
cals Co.) (0.15-0.25 mol), an equivalent amount of N-bromo- was for 2 hr. The residue was distilled, bp 59-61° (2.4 mm),
succinimide, and 100-150 ml of water according to a procedure yielding 9 g (65%) of a colorless oil: ir spectrum (film) 1710 cm-1
previously described.13 The halohydrins, 1, were purified by (C = 0 ) ; nmr (CC14) r 7.3-7.4 (m, bridgehead hydrogen a to a
distillation except for 1 (n = 6) which was used without purifica- carbonyl group), r 8.9-9.1 [d, -C (= 0)C (H )C H 3] ; vpc (20%
Hon. Carbowax, 200°, 40 psi) showed the compound to be no less than

The halohydrin, 1 (n =  4): bp 40-41° (0.4 mm) (70% ); ir 95% pure,
spectrum (film) 3450 cm -1 ( -0 —H); nmr (CCh) r 5.7-6.1 (q, Anal. Calcd for C0H„O: C, 78.82; H, 10.21. Found: C, 
one hydrogen). 78.89; H, 10.34.

Anal. Calcd for C7Hi3BrO: C, 43.54; H, 6.78. Found: The 2,4-dinitrophenylhydrazone had a melting point of 144-
C, 43.30; H, 6.50. 145.5° (ethanol).

For 1 (n =  5): bp 45-45° (0.1 mm) (67% ); ir spectrum Anal. Calcd for C15H18N ,04: C, 56.59; H, 5.70; N, 17.60. 
(film) 3500 cm“1 ( - 0 —H); nmr (CCh) t  5.7-6.1 (q, one hydro- Found: C, 56.55; H, 5.64; N, 17.58. 
gen).

Anal. Calcd for C8Hi6BrO: C, 46.38; H, 7.25. Found: ------------------
C, 46.15; H, 7.05.

(14) R . L . S h rin e r, R . C . Fuson, a n d  D . Y . C u r t in ,  “ T h e  S y s te m a tic
— -------- --------------  Id e n t if ic a t io n  o f O rg a n ic  C o m p o u n d s ,”  W ile y , N e w  Y o rk ,  N . Y . ,  1964,

p  362.
(12) A l l  m e lt in g  p o in ts  a re  un co rre c te d . In fra re d  spectra  were d e te r-  (15) G . L. Closs a n d  L. E . Close, J .  A m er. Chem . S oc., 83, 599 (1961).

m in e d  w ith  a P e rk in -E lm e r  S p e ctra co rd  in fra re d  s p e c tro p h o to m e te r. T h e  (16) A . C . Cope a n d  G . L. W oo, ibid., 85, 3601 (1963).
n m r  sp e c tra  w ere  d e te rm in e d  w ith  a  V a ria n  A -6 0  in s tru m e n t.  (17) J . W . C o ok, J . Jack , J . D .  L o u d o n , G . L . B u c h a n a n , a n d  J . M a c -

(13) C . O. Guss a n d  R . R o se n th a l, J .  A m er. Chem . S oc., 77, 2549 (1955). M il la n ,  J .  Chem . Soc., 1397 (1951).
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Before sealing a tube there was inserted 1 g of compound 11, spectrum it was concluded that essentially one hydrogen was ex- 
and 2 ml of trifluoroacetic acid-d (10% solution). The tube was changed, 
placed in an oil bath for 24 hr at 100°, after which the contents
were made basic by pouring into 10% sodium carbonate solution i /„ ornnn o < a , /
followed by extraction with ether. After drying (MgSO<) and . ^  7  -  FA 5° 9 0 ' 34- ° ; 1 (n  =  5 ) ’
removing the ether, the nmr spectrum of the residue was taken. 2509 0 -3 5 -1 ; 1 (ra — 6), 2509 0 -3 6 -2 ; 11, 25111 -12 -0 ;
Upon comparison of the area, r 7.3-8.2, with the undeuterated 11 2 ,4 -D N P , 25111-13-1 .

Exalted n-7r* Transitions for Substituted Phenylacetones
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As the alkyl group in 1-phenylcyclopropyl alkyl ketones was changed in the series Me, E t, t-Pr, f-Bu, strong 
absorption due to conjugation of the phenyl group with the cyclopropane ring appeared. This conjugation pro
duced absorption tailings which led to false exaltations in the n -x * region, A method is presented which aids 
in detection of such cases. The stronger acetyl-cyclopropane conj ugation is suggested only for the methyl ketone 
and a value of 2 kcal appeared suitable. Although a'-alkylation of «-phenylacetones did not increase the ketonic 
absorption, «-alkylation appeared to do so and the possible reasons for this are discussed. The addition of meth- 
yllithium to diphenylacetic acids is not a satisfactory synthesis of diphenylacetones.

The fact th a t a-phenylacetone showed an increase of (69 .4 ). In  an effort to  obtain further support for this
extinction coefficient (« 150, E tO H ) in the n-7r* region interpretation., there has been prepared a series of
(2 8 0 -2 9 0  mil) has received various interpretations. ketones with larger alkyl groups. These were expected
Cookson1 originally proposed th a t such exaltations to  show increasing exaltations of the ketonic absorption
arose m ost significantly when the plane of the carbonyl due to  adoption of conform ation lb  (9 0 -9 0 ° ) .  The
group faced the plane of the benzene ring (9 =  \p — num erical d ata  of Table I I I  (Experim ental Section)
90° as in F igure lb ). In  con trast, it  was proposed seem to  support such a result. Sought in the following
som ew hat la te r2 th a t there was involvem ent of the paragraph, however, is a  num erical m ethod of deducing
n electrons of oxygen. This leads, a t least b y  th e  the correctness of such a  conclusion. Such a m ethod
LC A O  m ethod, to  a prediction th a t  the oxygen should would be of use with literature reports which usually
nearer the /3,y unsaturation  for m axim um  exaltation . give only spectral values. W hen com plete spectra are
Still la te r,3 a  com puter program , which calculated angu- a t  hand, visual exam ination often suffices for estim ation
lar populations as a  function of hydrogen-hydrogen of the existence of a tailings contribution to  the n -x *
repulsions and then evaluated  several proposals for region. F o r this reason, com plete sp ectra  are given
explaining exaltations, supported the Cookson view. in Figure 2 for the four 1-acyl-l-phenylcyclopropanes.
T he best equation (not stated  explicitly in ref 3) was This figure suggests th a t true exaltations of the n -x *
e =  30  +  8 1 0  sin2 9 sin2 \p, wherein e is the observed region are n ot obtained in the three new cases. R ath er,
extinction coefficient of an unstrained a-phenyl ketone extinction coefficients in both th e  benzenoid and car-
in ethanol solution and the angles are  those defined in bonyl portions of the spectra are elevated b y tailings of
Figure 1. Of the ketones exam ined, only 1 -ace ty l-l- strong absorption in the 200-220-m|x region. Absorp-
phenylcyelopropane proved to  be an exception. T h e tion in this region increased as R  of R C O - was changed
present paper deals w ith the source of this difficulty and in the series M e, E t ,  f-P r, ¿-Bu. This is due to  increas-
sets forth  additional factors concerning application of ing conjugation of the phenyl group with the cyclo-
the Cookson proposal. propane ring. Thus, it  is proposed th a t the conform a

tion of the m ethyl ketone lies tow ard  th a t  with angles 
, . \p =  180°, 6 =  9 0 °  (Ac in the bisected stru ctu re), while

D iscussion of esu  s th a t for the ¿-butyl ketone lies heaviest tow ard th a t
The com puter program  gave no recognition to  th e  with angles i/' =  90° =  2 7 0 ° , 0 =  0 °  (P h in th e  bisected  

fa c t th a t the acetyl group and the cyclopropane ring stru ctu re). T h e sm all bathochrom ic shift of the ke-
show conjugation in the bisected stru ctu re  (\p =  0 °  or tonic band of the m ethyl ketone supports the form er
1 8 0 °). Such conjugation for cyclopropanecarboxalde- interpretation. T he increased absorption shown by
hyde was estim ated to  be in excess of 2 kcal b y B a r-  th e  four ketones in the 200-npi region is interpreted as
tell.4® Such a conjugation term  was inserted using the being due to  increased phenyl-cyclopropane conjuga-
simple expression4b E  =  - 2 . 0  cos2 \p and found to  yield tion .6 This proposal of an angular dependence seems
acceptable results. G reater or lesser values of the a t  variance with the conclusion of E a stm a n 6 who ob-
m axim um  conjugation energy were less satisfacto ry : served little  difference in the log t plots for compounds
0  kcal («caicd 2 1 3 .5 ), 1 (1 0 2 .9 ), 1.5 (87 .7 ), 2 .0  (76 .7 ), 2 .5  of fixed geom etry. I t  m ust be recalled, however, th a t

the angular departures from  the bisected structure
(1) R . C . C ookson a n d  N .  S. W a r iy a r ,  J. Chem. Soc.f 2302 (1956).
(2) H . L a b h a r t  a n d  G . W a g n ie re , Helv. Chim. Acta, 42, 2219 (1959).
(3) S. M a c K e n z ie , S. F . M a rso ce i, a n d  H .  C . L a m p e , J. Org. Chem., 30, (5) S. G . Beech, J. H .  T u rn b u ll,  a n d  W . W ilso n , ibid., 4686 (1952),

3 3 2 8 (1 9 6 5 ) re p o rte d  lo r  l-m e th y l-2 -p h e n y lc y c lo p ro p a n e  va lue s  o f 230 m /i (« > 2 5 0 0 ),

(4) (a) L .  S. B a rte ll,  B . L .  C a rro ll,  a n d  J. P . G illo ry ,  Tetrahedron Lett., 705 254 (1000), a n d  275 (320, E tO H ) .  T h e  ene rgy o f th e  p h e n y l-c y c lo p ro p a n e
(1964;. (b ) A s im ila r  e q u a tio n  was used to  express th e  c o n ju g a tio n  ene rgy o f c o n ju g a tio n  was g iv e n  as 1.4 k c a l b y  G . L .  C loss a n d  H .  B .  K lin g e r,  J.
tw is te d  ace tophe nones: E . A . B ra u d e  a n d  F . S o ndheim er, J. Chem. Soc., Amer. Chem. Soc., 87 , 3265 (1965).
3 7 5 4 , 1 9 5 5 ) (6) A . L .  G o o d m a n  a n d  R . H . E a s tm a n , ibid., 86, 908 (1964).
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Z th at the data of the present paper is not at variance
\ TJ Z" with that of Eastm an. The apparent difference lies
| j ? j ..Y mainly in the fact that the four ketones of the present
! /  X' j \ ! work all have the same monosubstituted phenyl group

Xy \ s '  — r f c H S l  /  and the small bathochromic shifts resulting from in-
X ^ creased phenyl-cyclopropane conjugation are more

y y  I ! \ /  i ' easily seen.
CH3- y === = 0  \ ¡ch3 | Measurement of spectra in both cyclohexane and

/  ' ! ethanol has been helpful in detection of other cases
+ = o° e =0° i =90° 9 = 90° wherein spurious elevations of the n-7r* transition might

la lb arise. A  term A is defined as ê tOH — fceiiir Eor any
Figure 1.—In structure la all carbon atoms lie in the X Y  plane. ketone, two values are easily obtainable, A260 and A29o-

Positive angles are defined as counterclockwise departures from The former, the solvent response of e in the benzenoid
this reference position, each axis of rotation being viewed from region, is theoretically always zero and hence becomes 
the group toward the origin of axes. Structure lb shows the pro- ugeful for criticism of the latter.
posed position which leads to the maximum exaltation of the ... . . . . , . ,
n-ir* transition. Amo <  A29o >  0.— The positive value of A29o is typical

of n—ir* transitions exalted by reason of an accompany-
_____ ________^ _________ «00 ing charge-transfer transition around 200 m/i. The

P * I I lower value of A26o gives assurance that the problem of
\ A tailings is minor. The majority of the ketones in Table
\ f\ J L. I show such behavior.

A26o >  A290 >  0.— If the charge-transfer absorption is 
at a longer than usual wavelength, tailings from such 
may cause spurious elevations. Such is the case for 

n bis(l-phenylcyclopentyl) ketone and probably for
J  V -  w  benzobicyclo [2 .2 .2joctenones.

/ \ A26o ^ 0 ^ A29o>—-The inference here is that any exal-
J  \ \  tation seen is not caused by the polar transitions de-

\ /  l\J \ \  scribed above. D ata for the 1-phenylcyclopropyl alkyl
ill \ ketones, where the alkyl group is E t , i-P r, or ¿-Bu, fit in

/ | I 1 V this group.
J  I \ \  x. A26o >  0 >  A29o-—-This special case, seen in Table I

~ I N  U  \  - 2 0 0  onjy for l-hydroxy-l,l-diphenyl-2-propanone, is as-
N /  /  \\ V \  sumed to arise when the polar solvent disrupts strongly

\ /  U n . \ a conformation preferred in cyclohexane because of
\\ \  \ hydrogen bonding. This might be seen for all a -
u \ \ hydroxy-a-phenylalkanones and study of this point is
l\ \ \ underway.
'A. \ \ D ata for ketones having spectral values in the first

\\ \ \ -  100 group were analyzed by the computer program which
Vs. \ \ calculated, as a function of atomic repulsions, a 13 X

\ \ \  \ 25 m atrix of mole fractions, representing the popula-
\  \ s  \ tions at the possible angular positions. Also as before,

\ each mole fraction was multiplied by sin2 d sin2 \p and the
\ \ \ sum represented as 2  sin2 9 sin2 <p in Table I. Values

\ \  V of this summation were not calculated for ethyl, iso-
213 ^ ^ --------1-X.X N i propyl, or ¿-butyl ketones. The programs, requiring

A , »'/*. optimum fitting of the higher alkyl group at each angu-
„ TTW . , . , lar position, are prohibitively complex. I t  is worthy of

ketones (curves are, in ascending order at 260 mu, for R  =  n ote, how ever, th a t  such a  su b stitu tion  on an  a -
Me, E t, t-Pr, i-Bu). phenyl ketone norm ally has lit t le  e ffect on e for ketones

with exalted n-7r* transitions. Three pairs of ketones

shown by 2 , 3 , and 4  are comparatively small in terms “  J f  aIs°  X  a, ,ower. f
of cos' #. Moreover, inspection of the spectra of E ast- solvent ensitiyity (%  A,« -  100W <biok) for

the higher ketone of each pair. Also of lower per cent
,, \~7 solvent sensitivity are cycloalkanones and polyphenyl-

acetones. This observation forced reexamination of 
L i  I data for triphenylacetone in cyclohexane, a solvent in

4 which the ketone is only slightly soluble. Change of
_ 2g0 o 2 « from 261s to 297 resulted. Values for eCtH„, not

„ ~~ 10 °° «EtOH as in the previous study, are plotted in Figure 3
cos- 6=0.82 0.97 1.00

man in the region of 230 m/i shows that the values of e (7) Seen earlier for phenylacetone and ethyl benzyl ketone by D. Biquard, 
are highest for 2 and 3 , somewhat less for 4 , and defi- Bull\ s °c' Chim- Fr- 1941, 5S-«i+rvUr 1^  ̂ L. l i • ii p p i  , (8) S. MacKenzie, S. F. Marsocci, and P. R. Santurri, J .  Org. Chem., 28,
mtely lower for phenylcyclopropane. I t  is therefore felt 7 i 7 (i9 6 3>.
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T able  I
K etones L isted  in Order  of P e r  Cent Change of e„_,* on Change of S olvent

C o m pd

n o - K e to n e  R e g is try  no . 2 “  A1!06 As» %  Am '  T a il in g s

Bis( 1-phenylcyclopentyl) ketone 275 186 53 Strong
1 1-Acetyl-1-phenyl cyclopropane^ 0.033 40 25 33 Yes
2 l-Acetyl-l-phenylcyclobutane'1 3972-67-6 0.384 56 103 29 No
3 Phenylacetone8 0.184 20 42 28 No
4 l-Acetyl-l-phenylcyelohexanei 0.310 42 84 27 No
5 l-Acetyl-l-phenylcyclopentaned 0.283 32 72 25 No
6 3-Methyl-3-phenyl-2-butanone 0.189 23 46 24 No
7 Dimethyl l,2,3,4-tetrahydro-9-oxo-

l,4-ethanoanthracene-7,8-exodicar-
boxylate/ 25097-80-7 0.562 105 23 Pre

sumed
3-Phenyl-2-butanone 28 48 22 No
1-Propionyl-l-phenylcyclohexane 15 63 19 No
2,4-Dimethyl-2-phenyl-3-pentanone 20 34 17 No
1- Propionyl-l-phenyl cyclopentane 10 43 14 No
2- Methyl-2-phenyl cyclohexanone® 14 14
2.2.3- Trimethyl-5-phenylbicyclo[3.2.0]-

hepten-3-one-64 —47 100 13
8 1,1> l-Triphenyl-2-propanone 0.61 23 40 12 Uncer

tain
1.2.2.3- Tetramethyl-5-phenylbicy clo-

[3.2.0] hepten-3-one-6* 44 45 10
9 l,l-Diphenyl-2-propanone' 0.40 21 20 9 No

10 3,3-Diphenyl-2-butanone 0.48 40 17 5 No
11 2,2-Diphenyl cydopentanone 0.647 —17 13 4 No

1-Pivalyl-l-phenylcyclopropane —35 —28 —13 Yes
1-Propionyl-l-phenylcyclopropane —20 — 20 — 21 Yes
1-Isobutyryl-l-phenylcyclopropane —55 —61 —39 Yes
l-Hydroxy-l,l-diphenyl-2-propanone +142 —129 —38 Yes

° The first column is 2  sin2 6 sin2 <p calculated by computer. For each angular setting, the value of sin2 9 sin2 xp is multiplied by the 
mole fraction of ketone in that conformation, the mole fraction being based on calculated repulsion energies. 6 The term A is eEtOH 
— «cbhi2 at the wavelength indicated. 'T h e  term % A29o = 100A29o/eEtOH. ‘'Reference 3. 'Reference 8. / Reference 1. 
® Reference 13. h D. E. Bays and R . C. Cookson, J .  Chem. S o c . B, 226 (1967).

against computer calculated values of 2  sin2 6 sin2
Two lines are shown. The upper line has points for JQ  Y  Q /
a-phenyl ketones which have at least one a-alkyl group. 300 -  9 q ~
On the lower line are points for ketones without this o /  j j
feature. To explain this situation, two arguments >*> -  ^ /©
can be advanced. Firstly, it can be assumed that the 6  5  0 © /  / /
repulsion equations in the computer program do not *<» _ Y  9 ^
correctly treat the forces between the rotors and an /  /  “
alkyl group on the same carbon. The computer pro- y  _
gram provides no flexibility or fitting of such groups. /  /
If this first explanation is correct, compounds with 100 _ / / ®  -
fixed ketone groups should have data falling on the Y Y  3
lower hne. This seems to be the case for 2,2-diphenyl- w Y Y
cydopentanone.9 F or compounds with the benzobi- J
cyclo [2.2.2Joctenone skeleton, data are inconclusive. i i i i i i
Those for the compound of Cookson1 (Table I) seem to -i •> •* •«
he closer to the upper line but for the parent compound s  gin2 g sin2 ^
was reported10 297 mu (313, hexane) which would fall „ . , , ,  . , c _ - , „ • 2
approximately between the two lines. However, the l-acetyl-l-phenylcyclopropane, (2) 1-acetyl-l-phenylcyclo-
increased substitution of the phenyl ring and the tail- butane, (3) phenylacetone, (4) l-acetyl-l-phenylcyclohexane,
ings problem make these cases of questionable rele- (5) 1-acetyl-l-phenylcyclopentane, (6) 2-methyl-2-phenyl-3-
vance. The value of S sin2 0 sin2 i> for cyclohexanone butanone, (7) a benzobicyclo[3.2.0]octenone (see Table I) (8)
with an axial phenyl (0.183 for ^  fixed at 120 ) is too tanone, ( l l )  2,2-diphenylcyclopentanoie.
small to provide a clear decision between the two lines
nor are spectral data altogether uniform.11 A second tendency 0f the phenyl group to interact with the ke- 
explanation for the existence of two lines proposes th at tone group.i2 This m ay result from a iight decrease of 
an «-alkyl group on an a-phenylketone increases the ^he bond angle between Ph and Ac or from an inductive

(9 ) O b ta in e d  th ro u g h  th e  c o u rte s y  o f R .  T .  C o n le y , Red. Trav. Chim. effect. This explanation Suggests th at the Value of
Pays Bus, 81, 198 (1962).

(10) K .  K ita h o n o k i a n d  Y .  T a k a n o , Tetrahedron Lett., 24, 1597 (1963). (12) W h e n  such a m e th y l g ro u p  is d ire c t ly  on  th e  d on or, as in  c e rta in
(11) R . C . C o o kso n  a n d  J . H u d e c , J. Chem. Soc., 1962, 429. 0 ,7 -u n s a tu ra te d  ketones, e xa lta tio n s  are  increased . 1

E xa lted  n -ir*  T ra n sitio n s fo r  S u bst it u ted  P henylacetones J . O rg. C h em ., V o l. 35 , N o . 8 ,1 9 7 0  2675



S  sin2 d sin2 p  for 2.2-diphenylcyclopentanone is errone- C—1OH +  MeLi -*■
ous owing to the programming of the cyclopentane ring X  O
as planar. Puckering of the ring would lower the value 5

toward that for the cyclohexane system. If, following CH3
this accomodation, the remaining values of 2  sin2 d __  I _TT , m iv
sin2 p are increased 15% for each alkyl group, a toler- Ph^ Ac + Ph2C -C M e 2 +  Ph2C - 6 - C H 2 + Ph2CHX
ably good agreement with linear behavior is obtained X  X  OH X
(plot not shown). Evidence favorable to this explana- 6 7 8 9
tion exists. For example, 2-methyl-2-phenylcyclo- ketone continuation products cleavage
hexanone has a value of e (100, EtOH)13 almost as high a, X  = H
as that for a cyclohexanone with a fixed axial phenyl,14 c ’ X  -  OMe
this in spite of the fact that the main conformation x  = OH
should be equatorial phenyl and axial methyl. In a m

,  .  , • i  ,------------------D ia m o n  fo rm a t io n ,  % ------------------»second example, a steroid which had an equatorial 6 7 + 8 9

methyl in addition to an axial phenyl had the higher S3 67
amplitude of its rotatory dispersion curve11 although 1 0 0

values of the extinction coefficients had the reversed 46 20 Trace
order. This explanation led to reexamination of cer
tain ketones useful in the present work. Values of
« (150, 160, EtOH) quoted15 for 3-phenyl- and 3- Experimental Section
methyl-3-phenyl-2-butanone have been revised upward ... .  , . , ,  , . .. ./non V u/Vttn j  , , r „ ,. , i 0 , , „ All ketones were examined by nmr spectroscopy using a Vanan
(226, 193, EtOH) and that for 3,3-diphenyl-2-butanone A-60 apparatus. Elementary analyses were performed by Micro-
(410, hexane)16 revised downward (307, C6H12; 324, Analysis, Inc., Wilmington, Del. Ultraviolet spectra were taken
EtOH). The new data have been used in the tables of solutions in 95% ethanol and purified cyclohexane with a
and in Figure 3. Which of the two explanations repre- Beckman DK-2 apparatus which was also used in the previous

sents the major factor is not, at present, known but P ^ w t e t o n  ™  described in Table I I .  Certain others were
this uncertainty should not lead, in our view, to the prepared following literature directions: 1-phenylcyclopropyl
abandonment of the Cookson proposal. Other new ethyl ketone,20 l-phenylcyclopentyl ethyl ketone,20 3-phenyl-2-
evidence in favor of it can, after all, be cited. Ob- butanone,21 3-methyl-3-phenyl-2-butanone22 and 3,3-diphenyl-2-
served16 for 2-keto-2,3-paracyclophane were bands at butanone.23 The latter three ketones were regenerated from

'  222 (15,300), 275 (380), and 307 (197) and for 2-keto- T S .'ed “  -ph»7oydTp“ w
2,4-paracyclophane bands at 217 (13,100) and 285 ketone25 in yields of 16% (f-PrMgBr) and 21.5%  (f-BuMgCl).
(709). According to models, the latter compound can No volatile ketones could be isolated in these cases or with 1-
achieve a conformation near that shown by Figure lb cyano-l-phenylcyclohexane26 and these reagents.
(90-90°) and the n -ir *  band is strong. The former 2 ,2 -Diphenylpropanoic Acid, 5 b - T o  0 85 mol of methyl- 

, ,  , ,  ,  c  i_  j  i_  a  lithium was added with stirring 0.30 mol of diphenylacetic acid,
compound has a stronger charge-transfer band but a ga The solution became orange. The excess lithium wire was 
weaker n-ir* band. The angle \p for the ketone group removed and there was added 0.70 mol of methyl iodide. The
must be greater than 90° and is probably nearer to solution was refluxed 3 hr and allowed to stand overnight. I t
120-150°. Consequently, the theory based on partici- was P°ured lnto water and the ether layer separated and dried.
nation  of the n electrons of nxvo-en which calls for th e  Evaporation gave a white solid (0.35 g), tetraphenylethane.patron OI tn e  n electrons ot oxygen, w inch calls tor th e  Acidification of the aqueous layer gave crude 5b (49.2 g, 77% ).
greatest charge-transfer absorption, at angular positions i t  was recrystallized from 2 :1  ethanol-water. The final yield 
near 90-90° and the greatest n-7r* absorption at posi- of colorless acid, mp 177-178°,27 was 34.5 g or 53% . When
tions near 60-60°, may be wrong on both counts. methyl iodide was not added, diphenylacetic acid could be re-

The search for a synthesis of certain substituted di- P°UrinS 6ther ^  addify'
phenylacetones led to study of the addition of organo- mg iTyTmxy-lXdiphenyl-2-propanone, 6 d .-T o  1500 ml of
lithium compounds to acids, a useful synthesis of Ice- ether containing 0.975 mol of methyllithium was added a solution
tones pioneered by Gilman17 and surveyed further by of 41.4 g (0.18 mol) of benzilic acid, 5d, in 500 ml of ether. The
Tegner.18 The method has been employed for syn- color, momentarily gray, changed quickly to purple. The solu-
thesis of monophenylacetones.3■18■19 It has now been bon .^as allowed to stand overnight. I t  was poured onto ice.

i . • , ,, , . Acidification of the water layer gave no 5d. Evaporation of the
found that the reaction is not generally applicable to ether layer gave 41.1 g of liquid residue which was distilled under
diphenylacetic acids. The yields indicated above re- reduced pressure (0.1 mm). Although little change of boiling
fleet the composition of the neutral fraction and hence point was seen, three fractions were collected: bp 130° (18.3 g),
are based on acid consumed. In the case of benzilic 130° (7.9 g), and slightly above 130° (3.0 g). The third fraction
acid, the purity of the ketone could be increased by use ---------------
of inverse addition but in the other cases this change did „ ... . .  „ , _.. . .
not alter the product composition. (1959).

(21) C . M .  S u te r a nd  A . W . W e ston , J. A m er. Chem . S oc., 64, 535 
(1942).

(13) P . C o la rd , I .  E lp h im o ff-F e lk in ,  a nd  M . V e rr ie r , Bull. Soc. Chtm . F r ., (22) W . D .  K u m le r ,  L . A . 3 t ra it ,  a n d  E . L .  A lp e n , ib id ., 72 , 1463, 4558
516 (1961). (1950).

(14) F o r  2 ,2 -d ip h e n y lo yc .o h e xa n o n e  125 was re p o rte d  ( E tO H ) :  W . B . (23) K .  S is ido  a n d  H . N o z a k i, ib id ., 70 , 776 (1948).
B e n n e t and  A . B u rg e r, J .  A m er. Chem . Soc., 76, 84 (1954). (24) C . H .  T i l io rd ,  M .  G . V a n  C am pen, a n d  R . S. S h e lto n , ib id ., 69, 2902

(15) E x tra c te d  fro m  sm all-sca le  g raphs  b y  th e  a u th o rs  o f re f 1. (1947).
(16) D . J. C ra m  and  R . C . Hegeson, J. A m er. Chem . S oc., 88, 3515 (25) W h ile  th is  w o rk  was in  progress, a d e ta ile d  s tu d y  o f th is  k e to n e  was

(1966). re p o rte d : J. W . W il t ,  H. P h ilip ,  a n d  D . G . S h u lte n o ve r, J. Org. C hem ., 33,
(17) H . G ilm a n  a n d  P. R . V a n  Ess, ibid., 65, 1258 (1933). 1666 (1968).
(18) C . T eg ner, A cta Chem. S can d ., 6, 782 (1952). (26) A .  W . W e s to n , J. A m er. Chem . Soc., 68, 2345 (1946).
(19) K .  M is lo w  a n d  C . L .  H a m erm esh , J. A m er. Chem . S oc., 77, 1590 (27) D .  E . B a te m e n  a n d  C. S. M a rv e l,  ib id ., 49, 2914 (1927), re p o rte d

(1955). 1 7 3 -1 7 4 °.
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T a b l e  I I

K e t o n e s  f r o m  N i t r i l e s  a n d  R M gX
--------------- C a lcd , % ----------------,-------------------------- F o u n d , % --------------- •.

(C H 2) n- iC P h C O R  R e g is try  no. Y ie ld ,  %  B p  o r m p  (m m ), ° C  C  H  N  C  H  N

n  =  3, R  =  E t  56 a
Semicarbazone 25097-58-9 164-165 67 .50  7 .4 0  18 .16  67 .43  7 .4 4  17 .97

n  =  3, R  =  ¿-Pr 40 62-64  (0 .1 )  82 .9 3  8 .5 6  8 3 .1 0  8 .35
Semicarbazone 25097-59-0 194-195 68 .5 4  7 .7 0  17 .13  68 .60  7 .6 7  16.99

n =  3, R  =  t-Bu  20 70-72 (0 .1 )  83 .12  8 .9 7  82 .79  8 .9 6
n =  6 , R  =  E t  69 91-92 (0 .1 )  83 .29  9 .3 2  83 .2 0  9 .1 9
Me2CPhCOi-Pr° 25097-60-3 32 80-82 (0 .1 )  82 .05  9 .5 3  82 .1 8  9 .3 8
° Reference 20. b Did not form a semicarbazone.

T a b l e  III
S p e c t r a l  V a l u e s  f o r  P h e n y l a t e d  A c e t o n e s  a n d  C y c l o a l k a n o n  e s “

K e to n e  R e g is try  no. C sH u  9 5 %  E tO H

(CH2)„- iCPhCOR
n  =  3, R  =  Me6 1007-71-2 260 (205) 288 (50) 260 (245) 289 (75)

R  = E t  25097-62-5 259 (296) 285 (114) 259 (276) 285 (94)
R =  ¿-Pr 25097-63-6 261 (366) 285 (216) 260 (311) 285 (155)
R  =  f-Bu 25097-64-7 267 (396) 285 (238) 266 (361) 285 (210)

n =  5, R  =  Me1 4046-09-7 260 (220) 296 (220) 260 (252) 291 (292)
R  =  E t  17206-41-6 261 (239) 295 (268) 260 (249) 292 (311)

n  =  6 , R  =  Me6 3183-57-1 260 (208) 298 (230) 260 (250) 290 (314)
R  =  E t  2886-61-5 258 (225) 294 (274) 259 (240) 293 (337)

Bis(l-phenylcyclopentyl) 15811-02-6 261 (515) 295 (164) 261 (790) 290 (350)
223 (18000) 225 (13800)

A cC H ^h' 103-79-7 260 (235) 289 (108) 258 (255) 283 (150)
AcCH(Ph)M e 769-59-5 258 (210) 289 (177) 258 (238) 283 (226)
AcC(Ph)M e2 770-85-4 261 (211) 292 (147) 258 (234) 285 (193)
¿-PrCOC(Ph)Me2 25097-60-3 260 (215) 295 (164) 258 (235 ) 292 (198)
Ph2CHAcc 781-35-1 260 (485) 292 (210) 260 (506) 287 (230)
Ph2CMeAc 2575-20-4 260 (460) 298 (307) 260 (500) 292 (324)
Ph2C(OH)Ac 4571-02-2 259 (355) 284 (468) 258 (497) 290 (339)"
PhsCAc 795-36-8 261 (912) 300 (297) 260 (935) 295 (337)
2,2-Diphenylcyclopentanone 15324-42-2 260 (582) 305 (288) 259 (565) 305 (301)

° Values are wavelength in m/i and, in parentheses, molar extinction coefficient at maxima. Certain literature values are used without 
alteration and reference is accordingly made. b Reference 3. c Reference 8 . d Quite close to the value for an ethanol solution given in 
ref 13.

solidified after a few days. The solid was recrystallized three 0.069 mol of 5d gave 7.1 g of recovered 5d and 6.1 g of a pale
times from cyclohexane to give colorless crystals, mp 9 1 -9 2 °, yellow oil, bp 130° (0.1 mm). Spectral examination suggested
0.5 g, with an nmr spectrum with four bands: 7.2 (10 complex), that this oil contained no glycol but did contain some benzo-
2.70 (1 s), 2.08 (1 s), and 1.20 (6 s). The melting point reported phenone. The oil gave the oxime as before, but this yellowed in
for l,l-diphenyl-2-methylpropanediol-l,2 is 9 1 -9 2 ° .28 Nmr air.
analysis of fraction 1 using the upheld bands for methyl hydrogens Addition of Methyllithium Solution to Diphenylmethoxyacetic
indicated that the ratio of ketone to glycol was about 3 :1 .  The Acid, 5c.— No difference was seen between forward and inverse
ratio for fraction 2 was 2 :1 .  These two fractions were combined addition. Methyllithium (0.122 mol) was added to 0.06 mol of
and refluxed 14 hr with hydroxylamine hydrochloride (8.0 g) and 5c. There was obtained 8.0 g of recovered 5c and 2.9 g of a
sodium acetate trihydrate (15.7 g) in 200 ml of 50%  ethanol. pale yellow oil which contained about 40%  1,1-diphenylethanol,
About 50%  of the solvent was removed by distillation. The 35%  methyl benzhydryl ether, and up to 35%  benzophenone.
crude residue (23 g), obtained slowly by cooling, was recrystal- The first two compounds were isolated by chromatography
lized from 500 ml of ligroin. The crystals weighed 9.6 g. These followed by crystallization.
were recrystallized from 250 ml of 60%  ethanol. The yield of Addition of 2 ,2-Diphenylpropanoic Acid to Methyllithium.— A 
pure oxime, mp 165° (lit.29 159-160°), was 8.2 g. In contrast to solution of 0.136 mol of MeLi was added to 0.068 mol of 5b. 
the oxime prepared by inverse addition described below, it did There was obtained 10.2 g of recovered 5b and 2.8 g of a yellow
not yellow slightly in air. The oxime was mixed with 250 ml of oil. Analysis of the nmr spectrum suggested that this oil was
water and 3.5 g of pyruvic acid and refluxed 5 hr. The cooled comprised of 57%  1 ,1-diphenylethane, 22%  3,3-diphenyl-2-
solution was extracted with ether which was washed with sodium methyl-2-butanol, and 11%  3,3-diphenyl-2-methyl-l-butene.
bicarbonate solution, dried, and evaporated. Vacuum distilla- A portion of the 1 ,1-diphenylethane was isolated by chromatog-
tion gave 3.9 g of ketone which soon solidified. Crystallization raphy. Neither continuation product was isolated,
from ligroin gave massive crystals, mp 64-65° (lit.30 63 .5 °).
The nmr spectrum had three bands: 7.02 (10 s), 4.60 (1 s), and
1.83 (3 s). Inverse addition of 0.206 mol of methyllithium to Registry No.-— l,2,2,3-Tetram ethyl-5-phenylbicyclo-
----------------  [3.2.0 ]hepten-3-one-6, 25097-81-8 ; 2-methyl-2-phenyl-

(28) H . M e e rw e in , Justus Liebigs Ann. Chem.., 396, 200 (1913). C y c l o h e x a n o n e ,  17206-54-1; 2,2,3-trimethyl-5-phenyl-
(29) T .  I .  T e m n ik o v a , J. Gen. Chem. USSR, 15, 514 (1945). i  r o  o  rv ‘ T_ x o  a o r A A 7  7 0  o
(30) C . L .  S tevens a n d  C . T .  L e n k , J. Org. Chem., 19, 538 (1954). b lC y C I O  [ 3 . 2 . 0 ^ h e p t e n - 3 - O I i e - b ,  2 5 0 9 7 - / 3 - 3 .
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Chem istry of Ylides. X X . Triphenylarsonium  Phenacylide

A . W il l ia m  J o h n so n  a n d  H a n s  S c h u b e r t  

Chemistry Department, University o f  North D akota, Grand Forks, North D akota 58201

Received Ja n u a ry  6, 1970

Triphenylarsonium phenacylide (I) has been prepared by two routes, and its chemical properties have been 
studied, it undergoes hydrolysis, thermal decomposition, O-alkylation, and C- or O-acylation. Reaction with 
carbonyl compounds normally affords olefins by ylide attack on the carbonyl carbon but with a^-unsaturated car
bonyl compounds a Michael addition occurs affording cyclopropanes.

Although the first arsonium ylide appears to have indicating a significant contribution of the enolate
been prepared in 19021 but not assigned its correct structure I I I  and accounting for some of the stability of
structure until 1950,2 no more than 11 references were the ylide. The nuclear magnetic resonance (nmr)
cited in the most recent (1966) review of arsenic ylide spectrum showed 20 aryl protons a t 5 7 .2 -8 .1  and the
chemistry . 3 B y  now approximately 16 different arso- single methine proton at 8 4 .75. The methine absorp-
nium ylides have been prepared but only about half tion was quite broad unless the sample and the solvent
have been isolated. As was pointed out in 1966,3 and were especially dry, probably owing to proton exchange,
as remains true today, very little is known of the general Recently we reported such exchange for the analogous
chemistry and physical properties of arsonium ylides. phosphonium ylide. 7

This is in contrast with the large amount of information The ylide I was stable to the atmosphere. However,
available for ylides of sulfur and phosphorus. warming the ylide in aqueous ethanol led to hydrolysis

Interest in the chemistry of the ylides of arsenic to triphenylarsine oxide and acetophenone, a cleavage
continues because, based on the meager information typical of phosphonium ylides. 3 Treatm ent of a solu-
presently available, arsenic seems to lie between sulfur tion of the ylide with oxygen over extended periods of
and phosphorus in its effect on the properties of ylides. time resulted in no reaction but treatm ent with ozone
A study of arsenic ylide chemistry may discover unique resulted in oxidative cleavage to triphenylarsine oxide
chemical or physical properties and/or shed light on the and phenyl glyoxal. Accordingly, the ylide seemed to
mechanism of reactions of phosphorus or sulfur ylides, show a sensitivity to hydrolysis and oxidation virtually
both of which results would have recognized importance identical with that shown by triphenylphosphonium
in preparative organic chemistry. phenacylide. 8

This report relates some of the general chemistry of The thermal stability of the ylide I was investigated.
triphenylarsonium phenacylide (I), a stable, isolable Heating the pure ylide to 200° led to decomposition
arsenic ylide. I t  lays the base for further detailed with triphenylarsine being the only identifiable product.
studies of such ylides and their reactions. The ylide could be recovered unchanged after extended

heating in benzene solution but on heating in toluene
Results and Discussion solution, with or without the presence of copper sulfate,

„  , . ,. . , . , , . , , a  high yield of t r a n s - l , 2 ,3-tribenzoylcyclopropane (IV)Quatermzation of triphenylarsine with phenacyl , , • , , . , ,  , , ,  . , T • v
. a  , i ,, f  , . . i, tt and triphenylarsine could be obtained. In  this be-bromide afforded the known3 4  arsonium salt II. , . . .  • T •. , . ..  .,, , ,  . . .  ... ,. ., . ,  . , havior the arsonium ylide I was identical with the
1  reatm ent of this salt with sodium ethoxide in benzene , , ,  • , , ,-a  , , ,,

„  , , , , , j  a  i . .i analogous sulfomum phenacylide9 but different from the
effected the proton abstraction and afforded the , , . . . . . ., .. r  T /• , » 00  -n • , phosphonium phenacylide which was stable to thesecrystalline ylide I  of mp 172-173 . Prior reports . . . .  1
quoted melting points ranging from 154 to 183°.2'6'6 C0™ 1 10ns' t  . . .  ..A, . . .  j .  i , . l o  account for the decomposition we propose theI  he ylide 1  also could be prepared by acyiating tn - , . ,  , , . , , • , • ,, , . . i v i  , i , i  •, , ylide commenced to dissociate v ia  a carbenoid m ter-phenylarsomum methylide with benzoyl chloride, ben- .. . , . , . . .  ,, , , ,  ., ,
1 ■ “ , , ,i i i  . m ediatew hichquicklyw asattackedbyanothernucleo-
zoic anhydride, or ethyl benzoate. . . . .  i r /b i. tn m. . . •’ J philic ylide molecule (Scheme I). The resulting betaine

+ -  would eliminate triphenylarsine to afford 1,2-dibenzoyl-
+ _ Ph3As CHCOC6H3 ethene (V). Michael addition of additional ylide I  to

PhjAs CH,COC6H; Br b̂asê  I the olefin V would afford the observed product IV. In
II i c6h cox t  a seParafe experiment the latter reaction was found to

Ph3As=CH2 — *" 7 proceed rapidly and quantitatively. However, an
2'Base + y X T  attem pt to trap the olefin V with 2,5-diphenylisobenzo-

PhjAs c H= C \ c  furan in a decomposition reaction failed.
6 5 An alternative mechanism which must be considered

is shown in Scheme II. This proposal involves es- 
The carbonyl absorption for the ylide salt I I  was a t sentially a chain reaction with a minute amount of

1660 cm - 1  whereas that for the ylide was at 1570 cm -1 , ylide saH II  formed from any source, perhaps even by
, , . , .  , „ reaction of traces of w ater with ylide, serving as the

(1) A .  M ic h a e lis , Justus Liebtgs Ann. Chem., 321, 174 (1902). * . . ,
(2 ) f . K ro h n k e , Chem. Ber., 8 3 , 2 9 1  ( 1 9 5 0 ) .  chain-carrying agent. This mechanism was shown to
(3 ) A . W m . Johnson, “ Y l id  C h e m is try ,”  A ca d e m ic  Press, N e w  Y o rk  

a n d  L o n d o n , 1966, p p  288 -29 9 .
(4) G . Aksnes a n d  J. Songstad, Acta Chem. Scand., 18, 655 (1964). (7) F . J . R a n d a ll a n d  A . W m . Johnson, Tetrahedron Lett., 2841 (1968).
(5) N .  A . N e sm e ya n o v , V . V . P ra v d in a , and  O. A . R e u to v , DoJcl. Akad. (8) F . R a m ire z , R . B . M it r a ,  a n d  N .  B . D esa i, J. Amer. Chem. Soc., 82,

NaukSSSR , 155, 1364 (1964). 5763 (1960).
(6) N .  A . N e sm e ya n o v, V . V . P ra v d in a , a n d  O. A . R e u to v , I z v .  Akad. (9) P a p e r X I X  in  th is  series: A . W . John son  and  R . T .  A m e l, J .  Org

Nauk SSSR, 1474 (1965). Chem., 34, 1240 (1969).
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Scheme I Benzoylation of the ylide I with benzoyl bromide
effected an O-acylation affording the enol benzoate 

*  3 s gHCOC6H5 J” ~CHCOCcHn V III. The structure of V III was proven by its ir
+ + I spectrum (Vco 1745 cm -1), the nmr spectrum showing a

Ph3As CHCOC6H3 Ph3As CHCOC6H5 methine proton (5 6.45 ppm), and by isomerization of
1 | V III to the C-benzoylated product V II in the presence

ACOC6H5 | of sodium acetate. This rearrangement probably
 ̂  ̂ C H GOCH=CHCOC H involves conversion of a kinetically controlled product

— COC6H5 6 v  6 5  V III to the thermodynamically controlled product V II
IV as was reported for the triphenylphosphonium phenac-

ylide system . 12

[ CH COC H "1 One of our major interests in exploring arsonium
+ | 2 6 5 ylide chemistry is to ascertain how such ylides react

PhsAsCHCOCeHs J  with carbonyl compounds. Phosphonium ylides have
I j long been known to afford olefins in such reactions
t (W ittig Reaction), presumably v ia  a betaine adduct X

IV c 1 y  j j  intermediate . 13 Sulfonium ylides have been shown to
afford epoxides under similar conditions, presumably 

be possible by the observation th at reaction of the ylide v ia  a similar intermediate . 14 Based on the few reports15

I with phenacyl bromide or with the conjugate acid of to date on their reaction in which either olefin, epoxide,
the ylide did afford the cyclopropane IV. There or both are formed upon reaction with carbonyl com-
appears to be no simple means, perhaps other than a pounds, arsonium ylides seem intermediate in character 
kinetic study, of distinguishing between the two possible between phosphonium and sulfonium ylides. Prepara- 
meehanisms. 10 tory to exploring this unique position in depth, we have

The nucleophilic character of the ylide I  was demon- observed that triphenylarsonium phenacylide (I) reacts 
strated by its undergoing an alkylation. Reaction with p-nitrobenzaldehyde to form exclusively the ole-
with ethyl iodide afforded the O-ethyl product VI, the finic product, irans-p-nitrobenzalacetophenenone (IX ) ,
structure of which was proven by ir and nmr spectra and triphenylarsine oxide in high yield with no evidence 
and by hydrolysis to triphenylphenacylarsonium iodide. of the formation of an epoxide or an arsine.
This result is identical with the O-alkylation found for n Np „
the phosphonium phenacylide11 but contrasts with the Ph3As=CHCOC6H5 ?  2* 6 4 IX  6 5

C-alkylation we reported for the sulfonium phenacylide.9

Furthermore, it contrasts with the apparent C-alkyla- +  *" "*~
tion of I by phenacyl bormide as postulated in the p-02NC6H4Cri0 Ph3AsO
preceding paragraph. The results to date indicate that stabilized arsonium

^OC2H5 ylides, such as the phenacylide, carbomethoxymethyl-
I +  C2H5I — >  Ph3As—CH=C I -  ide,15b fluorenylide, 150 and cyclopentadienylide,15e af-

\  ford only olefinic products upon reaction with carbonyl
v  eHs compounds. The nonstabilized arsonium ylides, such

as the methyl;de16a and ethylide, 161 afforded almost 
The ylide I also underwent acylation, the course of exclusively epoxides (or products resulting from their

which depended on the reagent used. Reaction with rearrangement). However, a semistabilized arsonium
benzoic anhydride afforded dibenzoylmethylenetri- ylide, the benzylide,15d has afforded approximately
phenylarsenane (V II), presumably v ia  initial C-benzo- equimolar amounts of epoxide and olefin. Clearly, the
ylation followed by proton abstraction from the new nature of the carbanion fragment of the arsonium ylide
arsonium salt. The dibenzoylmethyltriphenylarso- is having a major influence on the course of the reaction.

I t  is reasonable to suppose a two-step mechanism 
Ph As= c r "  ^  (Scheme III )  is involved in the reactions of phosphonium,

(chco) o 3 ^COCjR sulfonium, and arsonium ylides with carbonyl com-
I 6 = yjj pounds. Therefore, since the product-determining step
f . must be the second step in such a mechanism, the nature
t  '^ d H 0coBr j 0Ac of the carbanion substituent must be affecting th at step

m  Nj. in an important manner.
ph __c h = c -/ O C O C 6 H 5  N o evidence is available to indicate how the carb-

3 x c.H- Br~ anion substituent in arsonium ylides affects the distribu-
Yjp tion between path a and path b in Scheme III . I t  is

conceivable that the “normal” path is b since triphenyl- 
nium salt would be the most acidic species present and arsine is not an especially strong oxygen scavenger as is 
could suffer loss of a proton to the benzoate ion or to

1 * 1  t  i_ * i_ i  r  „ ^ -4  (12) P . A . C h o p a rd , R . J. G . Searle, a n d  F . H .  D e v it t ,  ibid., 30, 1015 (1965).ylide I, thereby affording the new, highly stabilized J18) Reference3,pp 1 3 2 - 1 9 2 .

ylide V II. Similar behavior was observed using acetic d 4 )  R e ference 3 , PP S04-366.

anhydride, benzoylacetylmethylenetriphenylarsenane <15> <a) M-c -Henry and G- Witu®'J -Amer- Chf-m- s»c., 82, 563 (i960);
J  1 (b) Y .  T .  H u a n g , W . Y .  T in g , a n d  H . S. C heng, Acta Chim. Sinica, 31, 37

bemg the product. (1965); (c) A . W m . Johnson, J. Org. Chem., 25, 183 (1 9 6 0 ); (d ) A . W . Jo h n -
son a nd  J. O. M a r t in ,  Chem. Ind. (L o n d o n ), 1726 (19 6 5 ); (e) D .  L lo y d  and  

(10) C . G . S w a in  an d  E . R . T h o rn to n ,  J. Amer. Chem. Soc., 83, 4033 (1961). M .  I .  C . S inger, ibid.. 510 (1967). ( f)  A . M a c c io n i a n d  M . Secei, Chem. Abstr.,
(11) ? .  R a m ire z  a n d  S. D e rs h o w itz , J. Org. Chem., 22, 41 (1957). 63, 5674 (1965).
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Scheme III  matography of the residue on alumina afforded 0.11 g (100% ) of
crude ¿rans-1,2 ,3-tribenzoyl cyclopropane (IV) which crystallized

__ + r  "I ^ C = C ^  +  X — 0  from benzene-heptane as colorless needles, mp 215° (lit.16 mp
y N  X  \  __  + ^  x  215°), vco 1665 cm -1, and was proven identical with an authentic

__ ^ / S' A sample by admixture melting point and comparison of infrared
__n -  -i1 spectra.

\ p _ 0  /  ^ c _ c %  +  X  A solution of 0.42 g (1 mmol) of ylide I and 0.24 g (1 mmol) of
/  y  \ /  dibenzoylethylene in 20 ml of benzene was stirred for 24 hr at

0  room temperature. Evaporation of the solvent and chromatog-

triphenylphosphine. However, with the presence of a of the residue 011 alumina afforded a quantltative yieW °f
conjugating group on one of the carbon atoms of the To a stirred soiutior. of 0.6  g (3 mmol) of phenacyl bromide in 
betaine X , sufficient stabilization may be provided for 30 ml of benzene was added 0.85 g (2 mmol) of ylide I. A pre-
the incipient double bond in the transition state for cipitate began to form immediately and after 10 hr a total of 0.6
path a to increase the ratio of path a product to path b g of ylide salt II was obtained Chromatography o f the^filtrate
r  . , , , T , . . 11 , r  , ■ afforded 0.12 g of IV. Repetition cf the reaction, but using the
product. W e are exploring the nature of this reaction ylide galt n  irf place of the phenacyl bromide, again afforded the
further. cyclopropane derivative IV.

Alkylation of Ylide I with Ethyl Iodide.— A solution of 1.3 
P vn^rimentnl Portion g (3 mmol) of ylide I and 3 ml of ethyl iodide in 20 ml of methyl-

^ ene chloride was heated under reflux for 10 hr. Addition of ether
Triphenylarsonium Phenacylide (I).—A homogeneous solution afforded 1.3 g (75% ) of crude /3-(a-ethoxy)styryltriphenylar-

of 6.1 g (20 mmol) of triphenylarsine and 4 .4  g (22 mmol) of sonium iodide (VI) which was recrystallized from chloroform-
phenacyl bromide in 30 ml of benzene was heated under reflux for ether as a colorless powder, mp 159—160 , vc-c 1590 cm , with
4 hr. The resulting precipitate of 6.2 g (56% ) of phenacyltri- nmr absorption in CDC13 at S 7 .5 -7 .8  (area 20, aromatic multi-
phenylarsonium bromide (II) was removed by filtration and a plet), 5.78 (area 1, methine singlet), 3.66 (area 2, methylene
sample was recrystallized from chloroform-benzene to mp 185° quartet, J  = 7 cps), 0.66 (area 3 .1 , methyl triplet, J  =  7 cps).
(lit.4 mp 186°): vco 1660 cm “1; nmr absorption at 5 6.45  (area Use of a higher boiling solvent, such as benzene or toluene, in
2 .0 , methylene singlet) and 7 .3- 8.3 (area 20 .7 , aromatic multi- the alkylation also afforded some of the desired alkylation product
plety, VI but it was contaminated with considerable thermal decom-

To a solution of 0.9 g (2 mmol) of methyltriphenylarsonium position product IV.
iodide (prepared from methyl iodide and triphenylarsine) in 40 A nal. Calcd for CisFfieAsIO: C, 57.95; H, 4 .52; I , 21.87. 
ml of benzene was added 10 mmol of potassium f-butoxide. After Found: C, 57.86; H, 4 .65; 1 ,2 1 .9 4 .
stirring for 10 min 0.3 g (2 mmol) of ethyl benzoate was added Hydrolysis of 0 .4  g (0.7 mmol) of the alkylation product VI 
to the yellow solution. After stirring for 1 hr the excess butoxide by warming in 20 ml of ethanol containing 5 ml of 47%  hydriodic
was decomposed with ethanol, and the reaction was flooded with acid afforded 0.3 g (80% ) of phenacyltriphenylarsonium iodide,
water and then acicified with hydrobromic acid. Extraction mp 140°.
with chloroform and then evaporation of this solvent afforded 0.5 Acylation of Ylide I. A. With Benzoyl Bromide.- Addi-
g (50% ) of crude arsonium salt II which showed mp 180-182° tion of 0.2 g (1.1 mmol) of benzoyl bromide to 0 .4  g (1 mmol) of
after one crystallization. ylide I in 10 ml of benzene resulted in the formation of an im-

To a slurry of 11 g (22 mmol) of II in 100 ml of dry benzene mediate precipitate (0.4 g, 70% ) of the enol benzoate V III.
containing 0.5 ml of absolute ethanol was added 5 g of sodium Crystallization from acetonitrile-ether gave colorless micro
hydride in mineral cil (50%  slurry). After stirring overnight crystals, mp 179-180°, vco 1745 cm -1, vc-c 1620 cm-1, with nmr
most of the solid material had dissolved and the solution had be- absorption in CDCU at 8 7.3-8.1 (aromatic multiplet) and 6.45
come a deep yellow color. The remaining precipitate was re- (methine singlet). Warming the benzoate with 1 g of sodium
moved by filtration after which the filtrate was diluted with acetate in chloroform solution afforded 0.25 g of dibenzoyl-
hexane to precipitate 9 g (95% ) of the ylide I. The ylide was methylenetriphenylarsenane (V II), mp 208-210°, shown to be
recrystallized from benzene-hexane as pale yellow microcrystals: identical with an authentic sample by admixture melting point
mp 172-173° (lit.2 mp 182-183°; lit.5 mp 154r-156°; lit.6 mp 167- and a comparison of infrared spectra.
169°); vco 1570 cm -1; nmr absorption in alumina-dried CUC13 B. With Benzoic Anhydride.— A mixture of 0.85 g (2 mmol) 
at 8 4.75 (area 1, methine singlet of half-width 1 cps) and 7 .2 -  of ylide I and 0.45 g (2 mmol) of benzoic anhydride in 20 ml of
8.1 (area 20.2, aromatic multiplet). The methine singlet for a benzene was stirred overnight. Evaporation of the solvent af-
twice-recrystallized sample had a half-width of 4 cps unless the forded an oil which crystallized from ether. Recrystallization
CDCh first was shaken with alumina. from benzene-heptane gave 0.5 g (50% ) of dibenzoylmethylene-

Warming a solution of 0.85 g of ylide I in 10 ml of aqueous triphenylarsenane (V II), mp 208-210°, vco 1520 cm-1, no ali-
ethanol and then extraction with chloroform left no organic phatic protons were visible in the nmr spectrum. A similar
matter in the aqueous phase. Evaporation of the chloroform reaction with acetic anhydride gave benzoylacetylmethylene-
and extraction of the oily residue with pentane afforded a solution triphenylarsenane, mp 174°, vco 1520 cm -1, with nmr absorption
of acetophenone as identified by infrared comparison with an in CDCla at 5 7 .2 -7 .8 (area 20.2, aromatic multiplet) and 1.80
authentic sample. The pentane-insoluble material was identi- (area 3 .0, methyl singlet).
fied as triphenylarsine oxide by infrared spectral comparison Reaction of Ylide I with p-Nitrobenzaldehyde.— A solution
with an authentic sample. of 0.85 g (2 mmol) of ylide I with 0.3 g (2 mmol) of p-nitro-

Ozonolysis of 0.85 g (2 mmol) of ylide I in 40 ml of methylene benzaldehyde in 20 ml of benzene was stirred overnight during
chloride at —70° led to the loss of the yellow color. The solvent which time a yellow precipitate appeared. The precipitate was
was evaporated and a 2,4-dinitrophenylhydrazone was prepared removed and the filtrate was chromatographed on alumina to
in ethanolic solution. The red derivative crystallized from afford additional yellow substance. The combined yellow prod-
dimethylformamide-nitromethane, mp 292-294°, and appeared ucts were crystallized from ethanol to afford 0.5 g (90% ) of p-
to be the bis-2,4-dinitrophenylhydrazone of phenyl glyoxal. nitrobenzalacetophenone (IX ), mp 164r-165° (lit.17 mp 160-161°).

A nal. Calcd for <%„HI40 8N8: C, 48.59; H, 2 .85 ; N, 22.66. „  T 0iinA, n „ - 0 . nA. 0  , .
Found: C, 48.66; H, 2 .9 4 ; N , 22.30. Registry No.— I, 2490 4 -0 6 -1 ; V I, 2 4 9 0 4 -0 7 -2 , b is-

After the preparation of the derivative, triphenylarsine oxide (2,4-dinitrophenylhydrazone) of phenyl glyoxal, 48 8 1 -  
was isolated from the filtrate by chromatography on alumina and 22-5. 
was identified by melting point (197-198°) and comparison of its
infrared spectrum with that of an authentic sample. Acknowledgment.1—Acknowledgment is m ade to

Thermolysis of Ylide I.— A solution of 4.2 g (l mmol) of ylide th e  donors of the Petroleum  R esearch  Fun d , adm in-
I in 20 ml Of toluene was heated under reflux for 2 days. During is tered  b y  the A m erican Chem ical S o c ie ty ,'fo r  the
this time samples were withdrawn, and it was noted that the , j, . . .  ,
ylide carbonyl absorption at 1570 cm -1 gradually disappeared as a support 01 tnis resea- CD.
new carbonyl absorption at 1670 cm -1 gradually appeared and (is; G . M a ie r ,  Chem. Ber., 98, 6 1 1  (1962).
increased in intensity. Evaporation of the solvent and chro- ( 1 7 ; W . B la c k  a n d  R . E . L u tz ,  J. Amer. Chem. Soc., 75 , 5990 (1953).
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Applications of Nuclear Quadrupole Resonance to  Organic 
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Chlorination of octachlorofulvalene (1) proceeds rapidly at room temperature to give two new CioClio isomers: 
decachloro-2,.>-dihydrofulvalene (6) and decachloro-l,2'-dihydrofulvalene (7) in 40 and 15-20%  yields, re
spectively. The structures of these compounds are deduced from their “ Cl nuclear quadrupole resonance (nqr), 
their ultraviolet spectra, and their chemistry. 6 and 7 rearrange upon hearing or under the influence of Lewis 
acid catalysts to a complex mixture of three other CioClio isomers 3, 4, and 5. The same isomeric mixture is 
obtained under similar conditions from decachloro-l,l'-dihydrofulvalene (2 ). Structures for 3-5 are proposed 
on the basis of their nqr and ultraviolet spectra and chemical evidence. Both 6 and 7 also undergo further 
chlorination: 6 adds chlorine in the absence of light to give a new CioClu (50% ) and a new CioClu (25% ) for 
which the structures 11 and 10, respectively, are suggested; 7, on the other hand, gives the known CioClu, 13, 
upon photolytic chlorination.

R ecen t studies in these laboratories115 on various Som e tw isting or stretching of the 1 , 1 ' double bond due
polychlorinated hydrocarbons led to  a convenient prep- to  steric repulsions between chlorines in the 2 and 5 '
aration of octachlorofulvalene2 (1) in large quantities and 5 and 2 ' positions would be expected to  occur in
(Scheme I  shows the chlorination of octachloroful- either 6 or 8, giving rise to  the observed bathochrom ic
valene and reactions of CioClio isom ers.) In  the hope shift4 com pared with hexachlorofulvene.
th a t octachlorofulvalene would exhibit interesting prop- T he m ost convincing evidence for the stru ctu re pro- 
erties which m ight be ch aracteristic of fulvalenes in posed for 6 com es from  its 35C1 nuclear quadrupole
general, we have undertaken a  study of the chem istry resonance (nqr) spectrum  (Table I and Figure 2 ), which
of 1. This is the first in a  series of papers dealing w ith shows only four types of chlorines.5 A  com parison of
th a t chem istry and is concerned with the chlorination of this spectrum  with th a t of I, a  model for the fulvenoid
1. half of structure 6, allows assignm ent of the peaks a t

Chlorination.— 1 reacts v ery  readily with chlorine a t  36 .41 and 37 .90  M H z to  the chlorines a t  positions 2',
room  tem perature in chloroform  solution. T he reac- 3 ',  4 ',  and 5 '. The resonance a t  37 .14  M H z in the
tion is com plete within 1 .5 -2  hr, as is evidenced b y  the spectrum  of 6 is com parable w ith the corresponding low-
change in color of the solution from  blue to  wine red. frequency resonances in the sp ectra  of 1 ,2 ,3 ,3 ,5 ,5-h exa-
A t least two new com pounds 6 and 7, both CioClio iso- chlorocyclopenten-4-one (14) and octachlorocyclopen-
m ers, are  formed in this reaction  in 4 0  and 1 5 -2 0 %  tene (15) (models for the chlorinated half of 6 ). This
yields respectively. H ow ever, there are eight different \ / \ , ,
CioClio isomers (2 -9 )  which could conceivably arise from  
chlorination of 1.

14 15 16
V \  \ /  \ resonance, therefore, can be ascribed to  the vinylic

'  '  chlorines a t positions 3 and 4. Finally, the resonances
8 9 at 38 .88  and 39 .14  M H z m ay be assigned to  the geminal

Com pound 6 is a  deep violet solid, melting a t  1 8 3 -  chlorines a t  positions 2 and 5 by com parison with the
184°. T he electronic spectrum  of this compound im - corresponding absorptions in the spectrum  of 14. In
m ediately indicates a  stru ctu re  containing the 1 ,2 ,3 ,4 - con trast, l,2 ,4 ,4 .5 ,5-h exach lorocyclop en ten-3-on e (16),
tetrachlorofulvenoid m oiety, such as 6 or 8 (com pare a  model for stru ctu re 8, shows a  v ery  com plicated spec-
the sp ectra  of 6 and hexachlorofulvene,3 Figure 1). tru m  in both *he vinylic and gem inal chlorine regions.

Thus 6 m ust have the decachloro-2,5-dihydrofulvalene2
(1) (a) P re v io u s  pa p e r in  th is  series: A . R oed ig , R . H e lm , R . W e st a n d  , .

R . M . S m ith , Tetrahedron Lett., 2137 (1969). (b ) R . W e st a nd  D . C . F . S t r u c t u r e .
L a w , u n p u b lis h e d  w o rk ; D .  C . F . L a w , P h .D . Thesis, T h e  U n iv e rs ity  o f T h e  H l f r £ ir 0 Q .  S p C C tT U IT l o f  6  f u r t h e r  S u p p o r t s  t h l S

W isco n s in , 1 9 6 6 . structural assignment w ith  olefinic bands at 1656 (un-
(2) T h e  IU P A C  nam e fo r  1 is  2 ,2 , ,3 ,3 / ,4 ,4 ',5 ,5 /-o c ta c h lo ro b ic y c lo p e n ta -  . ,  ,  u i  u  j \ ____ i  _____ 1 /  • ,

d ie n y lid e n e . T o  fa c il i ta te  d is tin g u is h in g  am o n g  th e  n u m erous  CioClio isom ers Conjugated double bond) and 1¿)54 CHI (conjugated
presented here w ith o u t  us in g  cum bersom e IU P A C  n o m e n c la tu re , y e t  w i th o u t  double bond) . The form er band SeeiUS especially in-
re s o rtin g  to  a n o n d e s c rip t ta g  such as a m e ltin g  p o in t,  we are de scrib in g  these consistent with the alternative Structure 8. In  addi-
isom ers as fu lv a le n e  d e r iv a tiv e s  a n d  re ta in in g  th e  nam e fu lv a le n e  in  p re f-  . , o o c  tr*  m  o-\ i  *
erence to  b icy c lo p e n ta d ie n y lid e n e . T h e  p o s itio n s  o f s a tu ra tio n  in  th e  tion 6  S h o W S  an intense 771 /6 Z o o  ( O 5 O I 5  )  p 6 R K  i n  its
CioClio isom ers are designated u s in g  th e  accep ted n u m b e rin g  system . maSS Spectrum (Table I I ) ,  which Supports the proposed

*  1 bicyclopentyl carbon skeleton.
*'J V j /  I3 J  ir  J
J -—/ l \ — * (4 ) T h is  ty p e  o f phe nom enon  is responsib le  fo r  th e  la rg e  b a th o c h ro m ic

s h if ts  e x h ib ite d  b y  1 and  o c ta b ro m o fu lv a le n e : R . W e st a nd  P. T .  K w ito w s k i,
T h u s , 5 -(l,2 ,3 ,3 ,5 ,5 -h e x a c h lo ro c y c lo p e n te n -4 -y lid e n e )- l,2 ,3 ,4 - te tra c h lo ro -  J. Amer. Chem. Sor„, 90, 4697 (1968). 

cyc lo p e n ta d ie n e  (6 ) is des ig na ted  d e ca ch lo ro -2 ,5 -d ih y d ro fu lv a le n e ; 1 -(1 ,3 ,- (5) C h lo rin e s  w h ic h  are s y m m e tr ic a lly  e q u iv a le n t in  a g iv e n  m olecu le
4 ,5 ,5 -p e n ta c h lo ro c y c lo p e n ta d ie n -2 - y l)  -2 ,3 ,4 ,5 ,5 -p e n ta c h lo ro c y c lo p e n ta d ie n e  o fte n  a p p e a r as d o u b le ts  w ith  s p lit t in g s  o f 1 0 -600  k H z  due to  a s y m m e tric
(4 ) is  d e s ig na ted  de ca ch lo ro -2 ,3 '-d ih y d ro fu lv a le n e , etc . A lth o u g h  th is  p a c k in g  in  th e  c ry s ta l la t t ic e . F o r  th e  fu n d a m e n ta ls  o f n q r  spectroscopy,
sys te m  d iffe rs  fro m  th a t  used b y  som e a u th o rs  (e.g., see re f 15), we fee l th a t  see G . S em in  a n d  E . I .  F e d in  in  V . I .  G o l d a n s k ii,  T h e  M o ssb a u e r E ffe c t
i t  is  s ig n if ic a n tly  easier fo r  th e  reader to  rem e m be r. a n d  I t s  A p p lic a tio n s  in  C h e m is try ,”  C o n s u lta n ts  B u re a u , N e w  Y o rk ,  N . Y .,

(3) A . R o ed ig , Justus Liebigs Ann. Chem., 569, 161 (1950). 1964, p p  68-119 .
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S c h e m e  I  f  / \ / +

y W +  ■ -  X t y C  ~ i (  , (I>
C|0 CI|4<M.RI69*> |_ \ b\ l \  J

i2 '? c r

|C’2-h" 1----------------------p -------------------1 18a

Y % / ] tcV— + Y V a  + ' T / x j T  t°  8) appears fairly general for polychlorinated fulvenes9
/ 3 7  \ 3 F '  r\  ̂ ' r v  5 i '  and cyclopentadienes10 and may be due to steric hin-

snci2 2H2o v----------------------- v------- — ---------------7 drance by the neighboring gem-dichloride group in  the
acetone -------- ---------------- interm ediate ion (or radical) to  further a tta ck  by chlo-

c'2, CHC'3  + ^ C / \ X  Isom erization of 6  and 7 .— B o th  6  and 7 undergo
\ ^  \ / f '  I '  facile rearrangem ent when heated to  slightly above their

' ci2  ICHCI3  \  m elting points or when treated  with alum inum chloride
I---------^---------- j \ p 2. h» jn chloroform  solution a t  room  tem p eratu re. Because

n V y l M U  c ,2  h# \  the therm al and Lewis acid catalyzed isom erizations of
T y / T  +  X K X -  * ' 3  decachloro-1 , 1  '-dihydrofulvalene (2 ) were recently  re-
' I s,0 0 A || A ported by W eil11 to  give a  m ixture of two new C ioCIjo

t Cl 2  n______ 1 isomers, whose stru ctu res would have an obvious bear
ing on the stru ctu res of 6  and 7, we undertook a stu d y of 
these reaction s . 12 D uring this study a third  C 10CI10 iso- 

T he stru ctu re of 6  is confirmed by its isom erization to  m er (5) was isolated from this m ixture.
5 and by its chlorination, which are discussed below. N ot unexpectedly, the m ixtures of C 10CI10 isomers

T he other product, 7, obtained from  chlorination of 1 obtained from  the isom erizations of 2 , 6 , and 7 are  iden-
is a  tan  to  light yellow solid, mp 1 2 7 -1 2 8 ° . T he nqr tica l (by infrared), indicating th a t  com plete equilibra-
spectrum  of 7 (Table I  and Figure 2) establishes the tion has occurred (eq 2 ). This observation is confirmed
presence of a  single te rtia ry  (C -l)  chlorine (39 .75  M H z; by the rearrangem ent of 3 , 4 , and 5 to  the sam e m ixture
cf. the spectrum  of 2  which shows tw o such high-fre- and by the constancy in com position of the m ixture
quency resonances), which narrows the field of possible upon prolonged heating. Sem iquantitative infrared
stru ctu res to  7 and 9. T he rem ainder of the nqr spec- analysis shows th a t, a t  equilibrium, the three isomers
tru m  (ratio  of vinylic to  gem inal chlorines =  7 :2 )  and (3 —S) are present in the proportions 3 5 -4 5 % : 4 5 - 5 5 % :
other spectral d a ta  for this compound are also consistent 5 -1 5 %  ( 3 :4 :5 ) .  
w ith both stru ctu res 7 and 9. In  the infrared olefinic
bands are observed a t  1618, 1607, and 1568 cm -1 , 2 — >■  3  4 5 *  7 (2)
similar to  those shown by 2 in this region (1598 and . . .
1568 cm -1 ) . 1 Furtherm ore, the ultraviolet spectrum  Compound 3 , isolated by dissolving the reaction  m ix- 
of 7 (Table I I I )  is similar to  th a t of hexachlorocyclo- ture in acetic acid and chilling11 or by tritu ration  and
pentadiene,6 which confirms the presence of tw o isolated recrystallization from  acetonitrile, is a  light yellow
polychlorocyclopentadienyl fragm ents in 7. Finally, solid (m p 110 -1 1 1  ) . The ultraviolet spectrum  of 3
the m ass sp ectra of 2 and 7 (Table I I )  are nearly identi- (Table I I I )  indicates a  stru ctu re with separated,
cal above m /e  230. T h a t these tw o compounds should interacting, polychlorocyclopentadienyl fragm ents
have similar propensities tow ard fragm entation and (e-&” 2> whose rings probably in teract in a  face-to-
dechlorination would be expected from  either of the âce rnanner, has similar electronic absorptions Table
proposed structures. I I I ) .1 H ow ever, the nqr spectrum  of this compound

The choice between the decachloro-1,2,-dihydroful- (Table 1 and F iSure 3 ) im m ediately rules out stru ctu res
valene2 (7) and the decachloro-1,3 '-dihydrofulvalene2 ^ and ® from  consideration. N ot only is a  stru ctu re
(9) stru ctu res rests on the isom erization of this com - containing tw o {/em-dichloride groups indicated, b u t the
pound to  5 (vide in fra ) . sim plicity of the spectrum  (showing only three kinds of

The form ation of 6 and 7 in this reaction  m ay be vinylic chlorines) also excludes the unsym m etrical
rationalized in the following w ay. E xten d ed  H M O  stru ctu re 4. B o th  sp ectra  seem com parible only with
calculations7 on 1 show th a t  position 2 is the m ost sus- decachloro-3,3'-dihydrofulvalene2 stru ctu re  (3 ),
ceptible to  electrophilic a tta ck  (assuming an ionic p ath - which contains only cross-conjugation, 
w ay, which seems reasonable under the reaction  condi- Com pound 5 is a  bright yellow solid m elting a t  1 1 3 -  
tions). A tta ck  by chlorine then gives rise to  cation  18a, > which like 4  is isolated from  the reaction  m ixture
followed by nucleophilic a tta ck  by chloride ion (pre- by  ch rom atograp h y.10-12 A lthough the ultraviolet
dieted8 to  occu r predom inantly a t  positions 3, 5  and 1 ')  spectrum  of 5 (Table I I I )  shows m ore conjugation th an
a t positions 5 and 1 ' to  give the observed products (eq
■̂)* T he lack of 1,2 addition of chlorine (leading here (9 ) Hexachlorofulvene, for example, undergoes predominantly 1,4-

c h lo r in a tio n  u n d e r a v a r ie ty  o f c o n d itio n s : C h  a t  200° a n d  P C I5 in  CC1< a t  
2 5 ° ;  b u b b lin g  C I2 th ro u g h  a  s o lu tio n  o f th e  fu lv e n e  a t  ro o m  te m p e ra tu re ,

(6) E . T .  M cB e e , J . D .  Id o l,  J r .,  a n d  C . W . R o b e rts , J. Amer. Chem. Soc., how ever, has no  e ffec t a t  a ll.*
77 , 4375 (1955). (10) V . M a rk ,  persona l co m m u n ic a tio n .

(7) R . W e s t a n d  R . M . S m ith , u n p u b lis h e d  resu lts , T h e  U n iv e rs ity  o f (11) E . D .  W e il,  U . S. P a te n t 3,219,710 (N o v . 23, 1 96 5); Chem. Abstr., 64,
W isco n s in . 3377 (1966).

(8) S. S tre itw ie se r, J r .,  a n d  J . I .  B ra u m a n , “ S u p p le m e n ta l T a b le s  o f (12) V . M a rk  and  E . D .  W e il have  a lso s tu d ie d  these re a rra n g e m e n ts  in
M o le c u la r  O rb ita l C a lc u la tio n s ,”  V o l. I ,  P e rga m on Press, O x fo rd , 1965, p  d e ta il to  d e te rm in e  p ro d u c t s tru c tu re s , o b ta in in g  re s u lts  in  g oo d  a g re e m e n t
41. w i th  o u rs : V . M a rk  a n d  E . D .  W e il, J. Org. Chem., in  press.
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T a b l e  I

36C1 N u c l e a r  Q u a d r u p o l e  R e s o n a n c e  S p e c t r a  o f  S e l e c t e d  C h l o r o c a r b o n s

T e rtia ry
chlorine

Com pd T , ° K  V in y lic  chlorine resonances“  Gem inal chlorine resonances“  resonances“

1 2986 36 .1 7  (4),° 37 .19  (2), 37 .37  (2)
77d 36 .6 4  (4), 37 .7 3  (2), 37 .8 4  (2)

2 298 36 .34 , 36 .69 , 37 .04 , 37 .22  (8 complex«) 38 .9 4  (1), 3 9 .4 0  (1)
77 3 7 .1 2 ,3 7 .2 0 ,3 7 .4 0 ,3 7 .5 6 ,3 7 .8 4 ,  39 .35  (1), 3 9 .7 5  (1)

38 .1 0  (8 complex)
3 298 36 .21  (2), 36 .5 2  (2), 36 .73  (2) 38 .6 7  (2), 39 .06  (2)

77«* 36 .7 7  (2), 37 .0 2  (2), 37 .35  (2) 39 .18  (2), 39 .56  (2)
4 298 3 6 .3 0  (1), 36 .4 8  (1), 36 .66  (2), 38 .47  (3 triplet«), 38 .85  (1)

36 .79  (1), 36 .8 8  (1)
77d 36 .8 2  (1), 37 .01  (1), 37 .09  (1), 37 .19  (1), 38.91  (1), 38 .97  (1), 39 .03  (1), 39 .31  (1)

37 .2 3  (1), 37 .4 2  (1)
5 298 36 .1  (2), 3 6 .4  (1), 3 6 .6  (2), 3 6 .8  (1) 3 8 .3  (2 doublet«), 3 8 .9  (1), 3 9 .5  (1)

77d 36 .6 5  (1), 36 .9 2  (1), 37 .17  (2), 37 .22  (1), 38 .7 0  (1), 38 .79  (1), 39 .49  (1), 4 0 .0 0  (1)
37 .2 6  (1)

6 298 36 .41  (2 doublet), 37 .1 4  (2 doublet), 38 .8 8  (2 doublet), 39 .14  (2 doublet)
37 .9 0  (2 doublet)

77d 3 6 .8 6 ,3 6 .9 3  (2); 3 7 .5 2 ,3 7 .5 9  (2); 3 9 .2 2 ,3 9 .3 9  (2); 3 9 .4 9 ,3 9 .5 9  (2)
38.21, 38.45 (2)

7 298 36 .1 0  (4 triplet), 36 .56  (3 doublet) 39 .0 3  (2) 39 .75  (1)
77 37 .02  (4 triplet), 37 .41  (3 doublet) 39 .77  (2) 40 .3 7  (1)

11 298 3 7 .4  (2), 3 7 .5  (2 ) 3 9 .0 -3 9 .6  (8 complex)
14 298 37 .05  (2) 38 .07  (2), 38 .42  (2)

77 37 .8 3  (2) 39 .2 7  (2), 39 .62  (2)
15 298 36 .6 5  (1), 37 .18  (1) 38 .72 , 39 .01 , 39 .4 , 40 .3 6  (6 complex)

77 37 .51  (1), 38 .01  (1) ' 39 .4 5  (1), 39 .7 0  (1), 39 .85  (1), 40 .0 7  (1),
4 0 .2 8  (1), 41 .2 5  (1)

16 77 37 .3 3  (1); 37 .75 , 38 .1 2  (1) 39 .2 3  (1), 39 .56  (1); 4 0 .2 -4 0 .4  (2 complex)
17 77d 36 .40 , 36 .43 , 36 .5 0  (2 complex); 38 .2 9  (1), 38 .33  (1)

36.84, 36 .90 , 37 .0 4  (4 complex)
C6C16 771 36 .95  (2 ), 37 .2 8  (1 ), 37 .45  (1 ) 38.81  (1 ), 39 .08  (1)

“ Resonant frequencies measured in MHz. 6 All room temperature and some low temperature spectra were obtained on the Wilks 
NQR-1; frequencies are accurate to ± 0 .1 0  MHz. «Numbers in parentheses indicate relative number of chlorines. d Spectra ob
tained on Decca Radar spectrometer; frequencies accurate to ± 0 .0 1  MHz. «Complex, relative areas under and/or positions of peaks 
uncertain; doublet, frequency measured at center of two closely spaced peaks; triplet, frequency measured at center of three closely 
spaced peaks. > Hexachlorocyclopentadiene: H. O. Hooper and P. J .  Bray, J .  Chem. Phys., 33, 334 (1960).

T a b l e  I I

M a s s  S p e c t r a  o f  CioCho I s o m e r s

---------------------------------- --------------------------------------R ela tive  intensities“  o f high mass fragments— — -------------------------------------------------------------------- >
C o m p d  C io C lio -+ C io C ls -+ C io C le -+ C ioC h- + C s C l« -+ C bC15 +

2 < 1 %  11 .3 %  2 4 .4 %  2 0 .6 %  1 0 .1 %  100 .0%
3 < 1 %  5 0 .8 %  9 7 .3 %  7 6 .2 %  2 .5 %  100 .0%
4 < 1 %  7 0 .0 %  100 .0%  4 8 .2 %  13 .5 %  7 5 .4 %
5 < 1 %  1 .4 %  2 .9 %  1 .9 %  1 2 .0 %  100 .0%
6 < 1 %  4 .1 %  5 .5 %  4 .1 %  1 5 .1 %  100 .0%
7 < 1 %  13 .5 %  3 0 .2 %  2 2 .6 %  6 .5 %  100 .0%

« Only the intensities of the first peak (lowest m /e)  in each cluster are compared.

T a b l e  III that 5 also contains the four double bonds in conjuga-
U l t r a v io l e t  S p e c t r a  o f  S e l e c t e d  C h l o r o c a r b o n s  tion. In the case of 5 steric repulsions undoubtedly
Com pd Xma*. n m  (log o  cause the two rings to be significantly canted, causing

2“ 330 (3.47), 280 (3.32) the observed hypsochromic shift.
3 328 (3 .3 9 ), 274 (3 .76 )
4 319 (3 .6 0 ), 228 (sh) Q  9J /
5 355 (3 .4 4 ), 234 (3 .8 6 ) C V A  Y ^ C l
6 512 (2 .3 6 ), 302 (4 .2 7 ), 227 (sh) C o L / — \J c i
7 324 (3 .5 7 ), 228 (sh) / \  q

17« 380 (3 .9 8 ), 292 (3 .3 2 ) H Cl
aCle* 323 (3 .1 7 ) 17

“ Reference 1. b Hexachlorocyclopentadiene.6
T he nqr spectrum  of decachloro-2,2'-dihydroful- 

is present in 2, 3, 4, and 7, it is inconsistent w ith stru c- valene2 (5) (Table I and Figure 3) showing a ratio  of
tu res 6 and 8, which contain  the tetrachlorofulvenoid six vinylic to  four gem inal chlorines, also lends support
m oiety. Sim ilar low energy absorption is observed in to  the proposed stru ctu re. T he large num ber of gem-
17,1 where th e  highest Amax is seen a t  380  nm , indicating inal chlorine resonances a t  first appears anom alous,
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5.0|-----------------------------------------------------T h e nqr spectrum  of 4 , a  beige to  nearly colorless
solid (mp 8 1 - 8 2 ° ) ,  is quite com plex, showing ten  sep- 

\ arate  absorptions (ratio  of vinylic to  gem inal chlorines
\ =  6 :4 )  a t  — 196°. This is good evidence in support of

4 0 - 1  r x  the unsym m etrical decachloro-2,3 '-dihydrofulvalene 2

J 1 Ij « stru ctu re  for this com pound. On the other hand, the
\  \Jj s u ltraviolet spectrum  of 4  (Table I I I )  is v ery  deceiving,
N'  l since it  is nearly identical w ith th a t  shown by 7.

1 0  \ M odels of 4, how ever, indicate th a t the 2, 5 , 2 ' ,  and
^ 3 0 -  l 5 ' positions suffer severe steric repulsions in an y  con-
-J  \  ^  figuration which even approaches cop lan arity  of the

\\ /  s\  rings, so th a t  substantial tw isting of the 1 ,T  bond m ust
Y  occur and effectively isolate the rings.

2 . 0  -  \ /  \  Also consistent with the proposed stru ctu res are  the
\ \  m ass sp ectra  of 3 - 5  (Table I I ) .  All three com pounds

\ give intense C 5C15+ (m /e  235) peaks, w hich is indicative
\ of the bicyclopentyl carbon skeleton. [This fa c t has

1 0 ______ l______ l______ l______ i  ̂ been substantiated  by the chlorination and ca ta ly tic
2 0 0  4 0 0  6 0 0  hydrogenation of these com pounds1 0 - 1 2  to  the know n 13

WAVELENGTH Cnm) C i0Cli4 (mp 169°) (13) and bicyclopentyl, respectively .]
Figure 1.—Electronic spectra of 6  (— ) and hexachlorofulvene In  addition, 3 and 4  exhibit a  definite propensity to -

........... ^in °yclohexarie solution. w ard dechlorination, as opposed to  fragm entation  to
!_____ _̂___________ |____________ i_____________t____________  C 5CI5 T  Such behavior seems inconsistent w ith an

1 1 1  j ‘ altern ative stru ctu re (9 ). in view of the m ass spectral
1  ill ill j  I |||. behavior of 2 and 7 (vide supra).

j f ^ I f M j f  the isom erizations of decachloro-2,5-dihydroful- 
|| If \y II |" valene (6 ) and decachloro-l,2'-dihydrofulvalene (7) are

,____________ j____________ ;_____________,____________  followed m ore closely, the stru ctu res of these tw o com -
4 i 1 ¡1 111 1 pounds can  be related  to  each other and to  th a t  of 5.

| || I | i|||i ill i| ||| If 6  is treated  w ith excess alum inum  chloride in chloro-
form  solution for a  short period of tim e (2 -5  m in ; 1 0 -  

|! ' i l l  H|' I II 1 24  h r are required for isom erization to  the equilibrium
,____________ ,____________ ,____________ ,____________  m ixture) and the reaction  is hydrolyzed im m ediately,

a ! 1 1 1 11 . '  1 a  nearly q u an titative yield ( > 9 0 % , by infrared) of 5

ML 1 .1 1 1| |,j| l| Ij results. If 7  is treated  sim ilarly, infrared absorption
1 bands due to  5 grow in over those of th e  startin g  m ate-

||! I I |l I" I rial in preference to  bands due to  3 and 4. W e feel th a t
6  and 7, then, give rise to  a com m on interm ediate  

6 1 1 1  | |  (cation  18b), which is hydrolyzed exclusively to  5 (eq 3 ).

1_____________ 1_____________ j_____________ 1_____________  _ * aicu 5
7 I I I I I II I < \ ^

. _____ 1______________ 1______________ ,______________ 1______________  X  ! h2o
36 37 38 39 40 A ! U 3v I

FREQUENCY (MHz) T ' q -| +
Figure 2.— Nuclear quadrupole resonance spectra of 3-7. \  \  -

Fine structure accompanying each resonance is due solely to the 3  A10*3» ' [ , )  K ~ \  __ *
detection system and has no chemical significance.5 ^ T ^ ~ / NSi-L

since 5 (hke 3) is a  sym m etric stru ctu re . H ow ever, 19 A 1 C 1 T

an y tw isting of the 1 , 1 '  bond induces an inherent non- 2 0

equivalence to  chlorines 2 a (2 'a ) and 2/3(2’(3), causing
first-order splitting; further splitting, how ever, m ust (The reaction  of 7 is n ot so clean as th a t  of 6 , how ever,
be ascribed to  asym m etry  in the crystal la ttice . 5 since th e form er compound has tw o nonequivalent sites

a t  which ionization can  occur.) 5, as expected , slowly 
(2 '0 ) ci Cl ( 2 »  regenerates 18b upon treatm en t w ith alum inum  chlo-

\ /  ride. T he reaction  is sluggish, how ever, and is com -
m c .  /  || phcated  b y  some rearrangem ent, possibly via an  in ter-

// , \  m ediate in which the m igrating chlorine is only w eakly

/ o  \  p i  (13) E . T .  M cB e e , J . D .  Id o l,  J r .,  a n d  C . W . R o b e rts , U .  S. P a te n t
U1 2,911,448 (N o v . 3, 195 9); Chem. Abstr., 64, 4527 (1960).
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bound to  the alum inum  chloride.14 3, on the other becom es am biguous, since the contribution of the nu-
hand, shows no tendency to  form  initially the green merous steric factors involved here are unknown. How-
solution of 18b, but instead rearranges rapidly via the ever, the nqr sp ectrum  of this compound (Table I)
bronze com plex 19 and eventually gives w hat is prob- shows a  closely spaced doublet in the vinylic chlorine
ably the violet cation  20  in equilibrium w ith 18b. H y- region, which seems consistent only with the m ore sym -
drolysis of this m ixture of cations (the end p roduct of m etrical stru ctu re  11 (c/. th e  sp ectra  of 14 and 16,
all the aluminum chloride catalyzed rearrangem ents) Table I ) . This stru ctu re , it m ust be noted, is consis- 
leads to  th e  observed m ixture of 3 , 4  and 5. ten t w ith the proposed stru ctu re of the startin g  m ate-

The form ation of decachloro-2,2'-dihydrofulvalene rial 6  (since 8 would be expected  to  give rise to  11 under
(5) [instead of th e  2 ,3 ' isom er (4) which is predicted on the relatively mild reaction  conditions) and with the
steric and electronic8 grounds to  be m ore favorable] observed predom inance of 1 ,4- over 1,2-chlorination of 
upon hydrolysis of 18b appears to  be kinetically con- the fulvene system  (vide supra).
trolled b y  the extended conjugation present in 5 .10 T he m ass spectrum  of 11 indicates the unrearranged  
This is ra th er interesting, since cation  18a (which has carbon skeleton to  be present, showing m ajor peaks at
a  different, and probably m ore closely associated, coun- m /e  40 0  (CioCls-+), m /e  330  (C ioC k -+) , and m /e  260
terion) leads to  6 and 7 in a  reaction  which is also (CioCLr +) and a base peak a t  m /e  235  (C 6C16+). The
kine'ically  controlled. chlorination of 11 under mild conditions to  13, which is

A  puzzling question concerning these isom erizations known to  have the bicyclopentyl skeleton,13’18 also con-
is the relative ratios of the three isomers present a t  firms this point.
equilibrium. As can  be seen from  the stru ctu res of the F ro m  the chloroform  solution obtained in the chlori- 
compounds obtained, no individual facto r controls the nation of 6 one can  isolate 10, a  white solid C 10CI14 (mp
isomer distribution. Although 3 suffers least from  1 8 6 -1 8 7 ° ) . This compound shows only one ultraviolet
steric repulsions (the gem-dichloride groups are a t  the absorption [230 nm  (log e 4 .28 ) ] whose position and in-
“ outside” of the m olecule), it  lacks appreciable conju- tensity  are  consistent w ith tw o isolated double bonds,
gation. On the other hand, 5 contains a fair am ount of Prelim inary considerations indicate th a t stru ctu re 10 is
conjugation, but suffers seriously from  steric in terac- correct for this com pound, since (1) it is com patible with
tions. A  happy medium  betw een these opposing the fact th a t 11 does n ot chlorinate to  10 under any
factors appears to  be reached in 4 .15 conditions, (2) it  is consistent w ith the stru ctu re of 6

Chlorination of 6  and 7 .—T h e chlorination of 6 pro- and could be formed via the less favorable 22, and (3)
ceeds w ith relative ease in the absence of light a t  room  it contains two heptachlorocyclopentenyl fragm ents,
tem perature in chloroform  solution to  give tw o new which is consistent w ith the resistance of the la tte r  sys-
chlorocarbons, 10 and 11, in 2 0 -2 5 %  and 5 0 %  yields, tem  to  further chlorination.19 H ow ever, this stru ctu re,
respectively (see Schem e I ) . 11, which precipitates like th a t of 11, m ust be considered only ten tativ e ,
from  the reaction  m ixture as a  white solid C i0Cli2 (mp T h e chlorination of 7 under light-induced conditions 
2 2 7 -2 2 8 ° ) ,  shows only a  shoulder a t  265  nm  (log e leads to  13, although the interm ediate C i0Cli2 is not
~ 3 .6 )  in th e  u ltraviolet above 240  nm . This evidence isolated here as it was in the case of 6. This reaction  is
excludes stru ctu res having the tetrachlorofulvenoid or also consistent with the stru ctu re assigned to  7. D eca-
even the polychlorocyclopentadienyl fragm ent of 6 still chloro-l,l'-d ih ydrofu lvalen e (2) chlorinates under
in tac t (both have Xmax > 3 0 0  n m ). N o t so easily ex- identical conditions to  give 12,6 which has a  condensed  
eluded, how ever, are stru ctu res 21 and 22. carbon skeleton,20 by m eans of proposed m echanism  4.

21 22 \  /

A  com parison of the u ltraviolet spectrum  of o cta - ___________
chloro-1 ,3 ,5-hexatriene P w  2 6 0 -2 6 5  nm  (shoulder, (ig) The formation of 13 {rom u  under relatively mild conditions in-
log € ^ 3 .8 5 ) 16] With that of this compound oners evi- dica tes th a t  these tw o  com poun ds m a y  be  s t ru c tu ra lly  re la te d . H o w e ve r,

dence against structure 21 , which would be expected to th e  fa c t th a t  13 occurs as th e  p ro d u c t o f so m a n y  o f these re a c tio n s  in d ic a te s
• i  „  1 „ 1 1 ___ f h a  c n r r p Q n o T i d i n f f  th a t  i t  also m ig h t be th e  th e rm o d y n a m ic  s in k  fo r  a series o f la b ile  C io C lugive rise to  a  bathochrom ic shift over the corresponding ;aomers Unfortunately no data is arailabie a t  p resen t to  h e lp  so lve  th is

absorption of its acyclic an alog .17 In  choosing betw een p ro b le m , so th a t  i,  a l ik e ly  s tru c tu re  fo r  th is  c o m p o u n d , m u s t be consid ere d

stru ctu res 11 and 22 , how ever, the ultraviolet evidence t e n ta t iv e  a t best.

. .........................................  ' 1V r(1 4 ) S im ila r  co m p le x  fo rm a t io n  fo llo w e d  b y  io n iz a tio n , g iv in g  rise  to  a  7 \ —
series o f c o lo r  changes, occurs in  th e  re a c tio n  o f h e xa ch lo ro cyc lo p e n ta d ie n e  / \  A
w ith  A lC l i :  P . T .  K w ito w s k i,  P h .D .  Thesis , T h e  U n iv e rs ity  o f W isco n s in , i

1966. . ( 1 9 ) J . A . K r i t in s k y  a n d  R . W . B o s t, J. Amer. Chem. Soc., 69, 1918
(1 5 i T h is  p ro d u c t d is t r ib u t io n  is to  be  co n tra s te d  w i th  th a t  o b ta in e d  m  ( 1 9 4 7 ) 

th e  th e rm a l is o m e riz a tio n  o f l , l '- d ih y d r o fu lv a le n e ,  th e  h y d ro c a rb o n  a n a lo g  • v  M a rk  has suggested th e  s t ru c tu re  i i  fo r  co m p o u n d  12. H o w e ve r,
o f 2 . I n  th a t  case th e  o n ly  p ro d u c t w h ic h  is  iso la te d  is 2,2 '-d ih y d ro fu lv a le n e , & m echan ism  ana logous to  th a t  g iv e n  here m u s t be p o s tu la te d  fo r  th e  fo rm a -
th e  a na log  o f 5, a n d  c o n ju g a tiv e  e ffects  can be in v o k e d  e x c lu s iv e ly  to  ae- .. ^  fo  th a t  o u r  a rg u m e n t re m a in s  unch anged . See re f 12.
c o u n t fo r  th e  p ro d u c t ra t io :  E . H e d a ya , D .  W . M c N e il,  P . Schissel, a n d
D . J . M c A d o o , J. Amer. Chem. Soc., 90, 5284 (1968).

(16» A . R o ed ig , G . Voss a n d  E . K u c h in k e , Justus Liebigs Ann. Chem., .— /  \ —

580, 24 (1953). V A
(17) R .  B . W o o d w a rd , J. Amer. Chem. Soc., 63, 1123 (19 4 1 ); 64 , 72, 76

(1942). “
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Now 3. 4  and 5 cannot undergo this type of condensa- in 375 ml of refluxing acetone, over a period of 20-25 min with
9„rl in f a n t  Ha n n fH .12 oVr.rn) 7  rannot, d o constant, vigorous stirring. The reaction mixture became green

tio n  an d , m  fa c t , d o  n o t * {vide su p ra ) 7 c a n n o t a o  almost immediately. After an additional 5-10  min of refluxing,
th is  e ith er w ith  a n y  facility  (eq 5 ) ,  b u t s tru c tu re  9  (th e  the contents of the flask were cooled to room temperature, and

stirring was stopped. Decantation of the reaction solution 
Y  uncovered 12.0 g (56.5% ) of octachlorofulvalene, which was

Y  V  /  x  [ Y  I washed with small portions of acetone and air-dried. Recrystal-7 Cl- Yk\/ / |f y , —Y  lization from hexane with activated charcoal yielded 1 as shiny,
\ metallic-blue prisms (7.7 g, 36 .1% ), mp 200° dec (lit.122 200°

v. \  A  /  /  dec). 1 is stored most conveniently at room temperature in a
V"'~----------/  vacuum desiccator, as it appears to undergo slow oxidation in

the air.
altern ative to  7) presum ably could (eq 6 ). Stnce M

____  a / form was added. Chlorine was admitted at a moderate rate
(C / <V Y  / (1-3  cc/sec) to the solution at room temperature via a gas dis-

C] /  V - Z  \  /  C1 persion tube while the solution was vigorously stirred. After
9 — ► ]?• f —\  — *■ — *■ 12 (6 ) 1 .5 -2  hr the color of the solution had changed from deep blue

J Y .  to wine red, at which time chlorine admission was stopped.
'  '  ' J\  The solvent was blown off under nitrogen over a period of 24 hr,

' '  leaving a black, gummy solid. Recrystallization of this solid
from 1400 ml of acetone (four crops) gave 8.7 g (37 .5% ) of deca- 

com p ou n d s 7  an d  9  a re  n o t av ailab le , h ow ever, th e ir  chloro-2,5-dihydrofulvalene (6 ). A second recrystallization from
re la tiv e  b eh av io r in  th is  re a c tio n  is u n k n ow n ; fu rth e r- hexane yielded a pure sample of 6 as violet prisms, mp 183-184°.
m o re , th e  stab ilities  of th e  s ta rtin g  m a te ria ls  to  th e  re - A n al. Caled for CioCho: C, 25.30; H , 0 .00 ; Cl, 74.70.
a c tio n  con d ition s a re  q u estion ab le, so th a t  th e  ab o v e  Found: C, 24.90; H 0.05; Cl, 75.01. Although the mass

. . ,. %  spectrum of 6 shows no molecular ion peak (m /e  470), it
a rg u m e n t IS only in d icativ e . does show a fairly intense peak at m /e  400. Caled intensities

In  c o n tra s t  to  th e  facile electrop h ilic  ad d itio n  of ch lo - for 8 C l:23 M +  2 ,2 6 1 % ; M +  4 ,2 9 8 % ; M +  6 ,1 9 4 % ; M +  8
rin e to  octach lo ro fu lv alen e , th is  com p ou n d  also exh ibits 79 .3% . Observed intensities: M -f  2, 255% ; M +  4, 278%
in te re stin g  e lectron -d eficien t p rop erties . T h e se  p ro p - P  + . 6 > 174% ; M +  8 , 85.5% . Other important fragments

erties will be the subj ect of further com m unications on ^ ^ 2 7 6  ^ ^ 8 ^ 1 2 0 3  ( £ ) !  H 90 (m), To93 (m), 990 (sfi
the chem istry of I. 944 (m)) 875 (m)j 845 (w), 806 (s), 757 (m), 726 (w), 680 (m),

and 671 c m '' (m ). Uv: X%TK'“ “  512 nm (log <= 2 .36), 302 
_  . nm (4.27), and 227 nm (shoulder).
Experimental Section The filtrate remaining after recrystallization of 6 was taken to

Decachloro-1,1 '-dihydrofulvalene (2 ) was prepared from diyness and the remaining solid was recrystallized from acetoni-
commercial grade hexachlorocyclopentadiene according to the T\e . wl, ®c0 c aJ’coa • w° °  s a s w®7*(
method of McBee and coworkers,3 mp 122-123° (lit.3 122-122.5°). obtained: 3.0 g (13% . of decachloro-1,2 -dihydrofulvalene 7)

The infrared spectra of pure solids were obtained on a Perkin- ji? ®'|® n®® ®S’ .mppi 7 , %  %  Y  r^ o r, zn°r tt ( P
Elmer 237 spectrometer as mulls with mineral oil (Nujol) be- &  25 :30’ H%  ; ’ 7  P P  > ' ¡ k
tween sodium chloride disks. Ultraviolet spectra were taken , ? m£tós spec rum o s ows a sma > u

r , „  , , , ,  ,. , , . , ■ o , ,  visible, molecular ion peak at m /e  470. Ihe first peakon a Cary Model 14 recording spectrophotometer m 2-cm and/or , ’ . . , , * , , a  , ,
0  5 mm miartz cells usina- Snectroera.de cvclohexane as solvent of malor intensity, however, occurs at m/e 400. Caled
u l T o t S e i i c S  E s  spectrT^wte^ 6 ^  oÍ the f°r 3 <%u -M +  2> 264/?>  M .+  4’
C EC  21-103C spectrometer, equipped with heated inlet, and the ^  +  8 , 79 .3% . Observed inten^ties: M +  2 252% ;
A EI MS-902 high resolution mass spectrometer. Elemental f  f i n í  ? ’ !  ilnn r t  Zoo's r T  ,
analyses were performed by Galbraith Laboratories, Knoxville, m > J®°Z s \ nvn / m )’nr Y l ’J  f  \  Y J  , Y oT  J J  (m), 1007 (m), 970 (w), 954 (w), 940 (m), 846 (m), 800 (s),

Preliminary nqr spectra were run on the Wilks NQR-1 com- ^25 (m) 719 (m), 670 (s), and 658 c m -  (s). U v: X S T “
mercial spectrometer with superregenerative oscillating detector, 32Y , m • ° Y  ’^1 Z "  -o S ,  r ! '  , ,  , ,
using a Hewlett-Packard Model 524B electronic counter to Chlorination of 6.-Decachloro-2,5-dihydrofulvalene (6 ), 2.0o 
measure frequencies. Wherever the center of the envelope due f  chlorinated in 150 ml chloroform at room
to a single peak was obvious, the frequency at that point was temperature. Vigorous stirring was maintained, and the reac-
measured with an accuracy of ± 0 .1 0  MHz. In cases where Y u  Y f ®  W8f- Shle'íÍeZ ' T Z Z  wlth ^ UmmUI?  foll% A/  f  
the center was not obvious owing to overlapping peaks, the fre- 24 hr 4h® ref ct!ont ® y6 ° W’ Y  Y
quency of the approximate center of that group of peaks was Precipitate had formed. The solution was reduced to half-
measured to the same degree of accuracy. A number of low volumf,' ar'.d th® solid was filtered off,1 .1 5  g (50% ) of 11 Re
temperature spectra were run on the Decca Radar commercial crystallization from chloroform with decolorizing charcoal pro-
spectrometer with superregenerative oscillating detector and duced 11 as n®edl®fV 227Y 2 3 ' Ar/ aL
side band suppressor (which facilitated the location of individual on e ^ 7 ^ ’ u Found. C,
peaks); these spectra are noted in Table I . The spectra which 2K 91; H , 0 .06 ; Cl, 78.19. 11 showed a small molecular
are reproduced in this paper were obtained on the Wilks NQR-1A 1° n p P r P P ’ Y  Wfin  ^ a®m®nY 1° I)_cY S,t+,S
commercial spectrometer. Samples that were solid at room m ( e (CioCln ), m /e  470 (CioCho- ), m /e  435 (Ci0Cl9 ),
temperature were slowly recrystallized from pentane to afford 4he drst P.eakr of0majoi  P
crystals as large as possible; sample sizes varied from 0 .5 -3 .0  g. sltlesJ l°r ® p F  2 %2,dl 11 ’ .Z 4 +  4 ,- .9 8 % ; M
Liquid samples were slowly cooled to —20 or —80° before Z  IZ '3 1 j 7 =oe777"
immersion in liquid nitrogen for low temperature spectra. Com- ? ’ 254^ i ’ . « Í Y  28ftY 0;  7 7  P a ’í  T íos / ’
mercial grade octachlorocyclopentene and 1,2 ,4 ,4 ,5 ,5-hexachloro- 7 ; 4933 Z 27  ) 4123 Y 4943
cyclopenten-3-one were used for nqr analysis, but 1 ,2 ,3 ,3 ,5 ,5 - (s), 1000 (m), 928 (m), 886 (m),^87Í (s), 775 (s), 740 (m ), 724
hexachlorocyclopenten-4-one was prepared by the method of (m), and 645 cm (s). Uv: 265 nm (shoulder, log «3.61).
M cBee eta l  21 mp 87-89° (lit 219 1-92°) Taking the reaction solution to dryness yielded a colorless oil

Octachlorofulvalene ( l ) .1— A  solution’of 12 g of tin(II) chlo- th at- upon standing, solidified to give 0.6 g (23% ) of 10 . Re
ride dihydrate (0.053 mol) in 75 ml acetone was added dropwise crystallization from acemne led to 10 as fluffy white needles,
to decachloro-1,1 '-dihydrofulvalene8 (25 g, 0.053 mol), dissolved * ^ na *̂ Caled for C10CI14: C, 19.79; H, 0 .00 ;

(22) V . M a rk ,  Tetrahedron Lett., 333 (1961).
(21) E . T .  M cB e e , D .  L .  C ra in , R . D .  C ra in , L .  R . B e lo h la v , a n d  H . P . (23) J . H .  B e yn o n , "M a s s  S p e c tro m e try  and  I t s  A p p lic a t io n s  to  O rg a n ic

B ra e n d lin ,  J. Amer. Chem. Soc., 84, 3557 (1962). C h e m is try ,"  E lse v ie r, A m s te rd a m , 1960, p  298.
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Cl, 80.21. Found: C, 19.65; H, 0 .00; Cl, 80.62. Ir : oxidation and proceeds much more rapidly above the melting
1622 (m), 1573 (m), 1228 (m), 1180 (s), 1143 (m), 110 point of 6 ); and 7, 10-20 hr. The infrared spectra of the oils

(w), 1354 (m), 1025 (m), 950 (w), 900 (m), 877 (m), 849 (m), obtained from these reactions were literally superimposable
823 (m ), 806 (w), 760 (s), 750 (s), 712 (w), 688 (m), and 663 upon one another and upon that obtained from the thermal
cm - 1 (m ). U v: X”acJoh" a°s 230 nm (log e 4 .24). rearrangement of 2.

Chlorination of 7.— A solution of 0.93 g (2.0 mmol) of deca- Aluminum Chloride Catalyzed Rearrangement of C10Cli0 
ehloro-l,2'-dihydrofulvalene (7) in 125 ml of carbon tetrachloride Isomers.— Samples (0 .5 -1 .0  g) of 2 , 3, 5, 6 , and 7 were stirred
was chlorinated using a gas dispersion tube for 20 hr. The reac- with 0 .25-0 .50  g of anhydrous aluminum chloride (~ 1 .7 5  mol
tion flask was irradiated during the reaction with a mercury AlCl3)/mol of substrate) in 10-20 ml of chloroform at room
vapor lamp, and a reflux condensor was utilized to minimize temperature for varying lengths of time: 2 , 12-16 hr;28 3 ,
solvent loss. Upon completion of the reaction the solvent and 3 -6  hr; 5, 3-6  hr; 6 , 16-24 hr; and 7, 3 -7  hr. The mixtures
excess chlorine were evaporated, and a colorless oil, which sub- were hydrolyzed by addition of 25-50 ml of water. The organic
sequently solidified, was obtained, 13 (1.25 g, > 100% ). Re- layers were diluted with chloroform, separated, washed with
crystallization of this solid from pentane gave 0.90 g (75% ) of water, and dried over anhydrous calcium chloride. Removing
13 as colorless needles, mp 166-167° (lit.13 168-169°). The the solvent on a rotary evaporator produced oils similar to those
infrared spectrum of this compound was superimposable upon obtained in the thermal isomerizations. The infrared spectra
that of 13 prepared by chlorination of 3,11 and a mixture of these of these oils were superimposable upon one another and upon
compounds showed no melting point depression. those obtained in the thermal rearangements.

Chlorination of 11. A. In the Absence of Light.— A suspen- Aluminum Chloride Catalyzed Rearrangement of 6 at Short 
sion of 0.55 g of 11 (1.0 mmol) in 150 ml of chloroform was Reaction Times.— Decachloro-2,5-dihydrofulvalene (6) (1.35 g, 
stirred vigorously for 48 hr, while chlorine was admitted via  2 .8  mmol) and anhydrous aluminum chloride (0.65 g, 4 .7  mmol)
gas dispersion tube. The reaction flask was covered to exclude were stirred vigorously in 10-15 ml of chloroform at room tem-
light. The solvent then was reduced to one-fourth of its original perature. After 2 -5  min, the color of the solution had changed
volume, and the existing precipitate was isolated and air-dried from violet to yellow to deep green. When the green color had
to give0.45 g (82% )of unchanged 11, asshown by infrared.24 persisted for 1 min, 10-15 ml water was added with stirring.

B. In Diffuse Room Light.— 11 (0.50 g, 0.9 mmol) was placed The organic layer was diluted with chloroform, washed with
in 150 ml of chloroform, and this suspension was chlorinated water, and dried over anhydrous calcium chloride. Evaporation
for 24 hr. In this case, light from the room was allowed to of the solvent led to a viscous oil which solidified upon trituration
enter the reaction flask, although no ultraviolet irradiation was with acetonitrile to give 1.30 g (96% ) of decachloro-2,2 '-dihydro-
used. A clear, yellow solution resulted, which, after solvent fulvalene (5). The crude product was recrystallized from acetoni-
removal, gave crystals of 13. These crystals were washed with trile to give 0.75 g (60% ) of 5 as bright yellow clusters, mp 113-
acetor.e and isolated to give 0.2 g (32% ) of 13. Recrystallization 114°. A n al. C-alcd for CioClio: C, 25.30, H, 0 .00 ; Cl,
from pentane gave 13 as colorless needles, mp 162-166° (lit.18 74.70. Found: C, 25.13; H , 0 .10 ; Cl, 74.50. The mass
168-169°). This product was shown to be identical by infrared spectrum of 5 shows no appreciable peaks above m/e  420, but
spectroscopy and mixture melting point with 13 prepared by exhibits an intease peak at m/e 400. Calcd intensities for 8
chlorination of 3.11 C l:23 M +  2, 261% ; M +  4 , 298% ; M +  6 , 194% ; M +

Thermal Rearrangement of 2 .11,11— Decachloro-1,1'-dihydro- 8 , 79 .3% . Observed intensities: M +  2, 254% ; M +  4,
fulvalene (2 ), 15.0 g (0.032 mol), was placed in a pyrex tube 287% ; M +  6 ,1 8 3 % ; M +  8 , 79 .2% . Ir: 1600 (s), 1543
that was flushed with nitrogen and kept under a positive nitrogen (m), 1277 (w), 1230 (s), 1175 (w), 1156 (s), 992 (w), 965 (m ), 902
pressure during the entire reaction. The tube was heated at (m), 805 (s), 725 (m), 699 (m), and 662 cm -1 (m). U v: X^i01'“"““
128-130° for 40 hr with an oil bath. At this point the yellow 355 nm (log e 3.44) and 234 nm (3.86). This compound was
oil that had formed showed no signs of starting material, as shown by infrared and mixed melting point to be identical with
evidenced by the disappearance of bands at 1568 and 1250 cm -1 5 obtained in low yield from the equilibrium mixture of CioClio
in the infrared. This oil, after cooling, was partially dissolved isomers.
in 35 ml glacial acetic acid, and the resulting suspension was Aluminum Chloride Catalyzed Rearrangement of 7 at Short
cooled for 3 -4  hr in a refrigerator. The precipitate that had Reaction Times.— 0.4 g (0.8 mmol) of decachloro-l,2'-dihydro-
formed was filtered off and air-dried to give 5.30 g (34% ) of fulvalene (7) was dissolved in 5 ml chloroform, and 0.2 g (1.4
decachloro-3,3'-dihydrofulvalene (3). Recrystallization from mmol) of anhydrous aluminum chloride was added. After
acetonitrile produced small, light yellow plates of 3, mp 109- stirring this suspension vigorously for 4 -6  min at room tempera-
1100 (lit.11 110-111°). The infrared and ultraviolet spectra of ture, the color became dark yellow, then green. Hydrolytic
this compound were identical with those reported in the litera- work-up, as before, led to an oil whose infrared spectrum showed
ture .11’12 mainly bands due to the starting material. Also present, how-

The acetic acid filtrate, after isolation of 3, was diluted with ever, were new bands at 1543, 1277, 992 and 699 cm -1 ; these
150 ml of water, causing the chlorocarbon layer to oil out. The bands are unique for 5 and were superimposable upon the cor-
organic materials were extracted into dichloromethane, and this responding peaks in the infrared spectrum of pure 5. Noticeably
solution was washed with water and dried over anhydrous cal- less intense, on the other hand, were bands at 1645-1640, 1303-
cium chloride. Evaporation of the solvent led to an oil, which 1299 and 1030 cm -1, which are unique for 3 and 4.
was placed on a 3.5 ft X  3A in. column of neutral aluminum
oxide and eluted with pentane. Initial fractions, analyzed by Registry No.—1, 24807-57-6; 2, 24807-58-7; 3,
infrared, contained significant amounts of 3, whereas middle 24807-59-8; 4,24807-60-1; 5,24807-61-2; 6, 24807-05-
fractions were composed mostly of decachloro-2 3'-dihydro- . 7,24807-06-5; 10,24807-07-6; 11,24854-63-5; 14,
fulvalene (4). The final fractions, on the other hand, were pre- f)AQr\r7 HQ 7 . ic  ccq AH n* i f t  9ASH7 i n i  - 1 7  94807 11
dominantly decachloro-2,2'-dihydrofulvalene (5). The inter- 24807-08-7; 15,559-40-0, 16,24807-10-1, 17,24807-11-
mediate fractions were resubjected to chromatography (aluminum 2 ; hexachlorocyclopentadiene, 77 -47-4 .
oxide-pentane) to give 0.5 g (3 .3% ) of pure 4 as a nearly color
less powder, mp 80-81 .5° (lit.1181-82°). The infrared spectrum Acknowledgment.’— T h e authors thank the N ational
of this compound was identical with that of a pure sample of In stitu tes of H ealth  for their generous financial support
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samples of 3, 5, 6, and 7 were placed in Pyrex tubes and heated V ictor M ark for informing us of his results and for m any
at 130-140° until constant infrared spectra were obtained. The helpful ideas during the later stages of this work, and to
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Vapor-phase pyrolysis of nopinone in the range 460-600° yields 7-methylocta-l,6-dien-3-one (1), 4-isopropenyl- 
cyclohexanone (3), and cis- and irons-2-methyl-3-isopropenylcyclopentanone (4 and 5). In the same temperature 
range, dienone 1 gives 4 and 5, and 4 and 5 interconvert. The attempted photocyclization of dienone I was not 
successful. The details and mechanisms of these reactions are discussed.

In  the course of studies on photochem ical ring sm all am ount of cyclohexanone 3. A t this tem p eratu re
closures,1 2 we required 7-m eth ylocta-l,6-d ien -3-on e (1) 3 underw ent only 10%  transform ation m ainly to  the
as a potential precursor of the b icyclo[3 .1 .1]h ep tan e isomeric cyclopentanones. E v en  a t  7 4 0 °  less than
nucleus w ith the usual terpene substitution p attern . half of 3 was converted to  products. T he m ajor
Since vapor-phase pyrolysis of 0-pinene has been reaction of 4  and 5 was interconversion, and a t  7 4 0 °  the
reported to  yield predom inately /3-m yrcene,3 the sam e 1 :6  ratio  of 4  and 5 was obtained from  either
pyrolysis of nopinone (2) was exam ined as a syn th etic isomer,
route to  1. In  fact, vapor-phase therm olysis of
bicyclic ketone 2 using a flow unit a t  4 6 0 -6 0 0 °  and 0  0
reduced pressure did result in the desired acyclic JL
ketone. H ow ever, the synthetic utility  of this process N M  —
w as diminished by the observation th a t substantial \ l /
quantities of three additional m aterials were found in 2 8
the pyrolysis product. These were identified as \
4-isopropenylcyclohexanone (3 ), cfs-2-m ethyl-3-isopro-
penylcyclopentanone (4 ), and <rans-2-m ethyl-3-iso- V ii

propenylcyclopentanone (5). T he relative proportions
of the products was a function of both the temperature I \ 1 . 1
and the rate of passage through the thermal zone, but a
typical run at 600° gave 3 9 %  1, 27%  3 , 14%  4 , 8 %  5, X a" '
and 11%  total of a number of unidentified minor prod- 3 / /
ucts. Conditions were not achieved which caused 0  O
substantial conversion of 1 to 2 without the concurrent II II
formation of large amounts of the other products. ^ l l

T he mass sp ectra of each of the pyrolysis products -------
display a m olecular ion a t  m /e  138 dem onstrating their 1 |
isomeric relationship to  nopinone. T he spectral prop- 4  5
erties of these compounds which are detailed in the ^
Exp erim ental Section fully support the assigned struc-
tures. Carbonyl absorption in the ir was particu larly  . ■____ I
instructive in differentiating am ong cyclopentanone, T
cyclohexanone, and conjugated acyclic ketone func- U
tions. D istinction between epimeric cylcopentanones
4  and 5 was based on the chem ical shifts of the m ethyl mi n , . . . .  , . _ ,
group a ttach ed  to C 2. These values are 5 0 .82  and ^  the™ a ion of nopinone finds close
0 .95  for 4  and 5, respectively, and reveal a significant “ ^ o g y “  the Py r° ^ lc. behavior+ 0 ^ e  related hydro- 
high field shift for 4. This is in accord with the m olecu- f arb° n ™  wbl.ch 18 v e r t e d  to  ,3-myrcene and
lar geom etry of 4 which positions the satu rated  m ethyl leSSer 9 uantlties of bm ° ne* e and 4-isopropenylm ethyl-
group in the shielding zone above the plane of the c y c l o h e x a n e  3 A  diradical m echanism  has been
isopropenyl double bond.1 * Chem ical confirm ation of suSgested/ or the hydrocarbon isom erization, and the
this assignment is provided by base isom erization which fPPropriate modification is an a ttra c tiv e  explanation for
generates a m ixture from  either epim er in which the the origin of acyclic d ien on el and cyclohexanone 3 m  the
trans compound predom inates. pyrolysis of 2. This description is also in accord  w ith

Exam ination  of the behavior of the pyrolysis products ° tb er obseiZ atlons ‘ he therm al reaction  of cyclo-
to  the reaction conditions afforded insight into the hf . ™ e3:° T he pyrolysis of tricyclic com pound 6
n atu re of the therm al transform ations of 2. A t 5 7 0 °  wblch gives bicyclic ketone 7 is especially relevan t as an
acyclic dienone 1 was substantially  (7 0 % ) converted to  “ a m p , f  which hydrogen atom  ab straction  interrupts
the isomeric cyclopentanones 4  and 5 along w ith a ‘ he cyclobutane fission process.6

(1) (a) S u p p o rte d  b y  th e  P u b lic  H e a lth  S e rv ice  (G ra n t  G M  12860). (b ) [ 1 ^ 1  ___
A lf re d  P . S lo an  Research F e llo w , 1968-1970. J. si \ j  j  j

(2 ) J . K .  C ra n d a ll and  C . F . M a y e r ,  J. Amer. Chem. Soc., 89, 4374 (1967).
(3) D .  V . B a n th ro p e  a n d  D .  W h it ta k e r ,  Quart. Rev. (L o n d o n ), 20, 373 6  7

(1966). ________________

(4) D . W . M a th ie s o n , ‘ N u c le a r M a g n e tic  Resonance fo r  O rg a n ic  C h e m - (5) H .  M .  F re y , Advan. Phys. Org. Chem., 4 , 147 (1966).
is ts ,”  A ca d e m ic  Press, N e w  Y o rk ,  N .  Y „  1967, p  110. (6) C . H .  H e a th c o c k  a n d  B . E . R a tc lif fe ,  J. Org. Chem., 33, 3650 (1968).
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C leavage of the indicated cyclobutane bond of E xperim ental Section
nopinone yields diradical 8 , the m ost stable such species _ , , . ,
derivable from  2 O ther modes of bond homolysis
m ust sacrifice either the a-k eto  radical7 or the te rtia ry  with tetramethylsilane as internal standard. Mass spectra were
radical site, and this fact is apparently  reflected in the determined using an A EI MS-9 mass spectrometer at 70 eV.
transition sta te  energies for the alternate reaction  Gas-liquid partition chromatography (glpc) was carried out on a
pathw ays. D iradical 8  can  subsequently cleave 7 “ Aer?gr i Se.ries 1200 chromatographi (analytical, flame
J7 I i i  i p xi 1 a t  t» -, . , f  . , , _ ionization detector) using an 8 ft X  Vs in. 15% Carbowax 20M
the central bond of the 1,4-diradlcal m oiety to  yield 1, on 60-80 Chromosorb W  column and on an Aerograph A-90P-3
or it can undergo intram olecular disporportionation b y  chromatograph (preparative) using a 10 ft X  3A in. 30%  X F-1150  
a 1,5-hydrogen atom  transfer to  produce cyclohexanone on 45-60 Chromosorb W or a 10 ft x  Vs in. 30%  FFA P  on 60-80
3. T he la tte r  could also arise b y  a 1,7-hydrogen shift Chromosorb W column. Percentage composition data were

,, i r - .  . , , -  estimated by integrated peak areas. Analyses were performed
give the enol of 3 as an  interm ediate. Such a 1,7 by Midwest Microlab, Inc.

transfer apparently operates in the case of /3-pinene.3 General Pyrolysis Procedure.— The vapor-phase pyrolysis
T h e conversion of 1 to  cyclopentanones is closely apparatus consisted of a horizontal Pyrex or fused-quartz tube,

analogous to  the known therm al rearrangem ent of 3 ,7 - 10-mm i.d ., inserted through an E . H . Sargent and Co. tube fur-
dimethyl-1,6-octadiene (9) to the isomeric 1,2-di- “ a,ce 1™ mm m length. The Pyrex tube was packed with_Pyrex

, i o • A ' ’ hehces, 0.2o-in. o.d. The quartz tube was used unpacked or
methyl-3-isopropenylcyclopentanes (10) and related wag packed with quartz chips 1 mm thick, other dimensions
examples.8 These transformations are intramolecular variant. Samples were placed in a flask attached at one end of
versions of the ene reaction which appears to occur by a the tube and the vapors were condensed in a Dry Ice trap at the
concerted cycloaddition m echanism  in those instances other end' A pressure of less than 1 mm was maintained by a 

r , a vacuum pump attached at the trap. I  he throughput could be
where this point has been exam ined. increased by heating the sample with an infrared lamp.

I i Nopinone (2 ).— A modification of the ozonolysis method of
1 s  Conia and Leriverend14 was used. The output from a Welsbach

[ || [ Model T-408 ozonator was bubbled through a solution of 25 g of
L " *" I------- L x  /3-pinene and 30 ml of pyridine in 150 ml of methylene chloride at

|| I —78° for 6 hr. The brown solution was purged with oxygen for
^  30 min, allowed to warm to room temperature, and washed with

9 four 50-ml portions of 10% hydrochloric acid. After washing
with water, the solution was dried and concentrated, and the 

The interconversion of cyclopentanones 4 and 5 may residue was distilled to give 11.2 g (44% ) of 2: bp 55-60° (2 mm);
in volve h o m o ly tic  c leav ag e  of th e  C 2- C 3 bond of th e  “ 5 ® ? ’ nmr 5 2.2 (m, 8 ), 1.31 (s, 3 ), an 0.81 (s ,3 ) .

. r . Pyrolysis of Nopmone.— A 5-g sample of nopinone was passed
cyclopentane ring to  give diradical 11, which can  under- through the packed quartz tube at 600° in 4 hr with the aid of the
go reclosure to  either epimer. On the other hand, the infrared lamp. Glpc assay indicated that the 4.53 g (90% ) of
presence of a trace  of dienone 1 am ong the pyrolysis yellow liquid collected in the trap consisted of 39%  7-methyl-
products from  each of these suggests the alternate, and octa-1,6-dien-3-one (1), 27%  4-isopropenylcyclohexanone (3),

, . ., ??. . . , . 14% cis- and 8 % iro»s-2-methyl-3-isopropenylcyclopentanone
p erh aps m o re  likely , possib ility  of in terco n v ersio n  (4 " nd 5)> and 11%  total of other products. The four major
through 1 by a com bination of ene and reverse ene products were isolated by preparative glpc (X F-1150).
reactions. Octadienone 1 displayed ir (CCk) 5.94, 6.18, 10 .1 , and 10.4

A ttem pts to  reverse photochem ically the 2 to  1 nmr 5 6.2  (m, 2, C H = C H 2), 5 .7  (m, 1, C H = C H 2), 5.07 (m, 1,
con version  w ere w ith o u t success A v a r ie tv  of d ire ct C = C H ), 2.3 (m, 4), and 1.60 (broad s, 6 ); mass spectrum m /econversion were w ithout success. A  v ariety  oi d irect (relative intensitv) 138 (14), 83 (85), 70 (35), 69 (35), 68 (33),
o r sensitized  irra d ia tio n  exp erim en ts  did n o t yield  67 (33), 55 (100),"41 (75), 27 (54).
volatile products, although transform ation of 1 to  A n a l.  Calcd for C9H140 :  C, 78.21; H, 10.21. Found:
polym er was observed. Sim ilar resistance to  photo- C, 78.14; H, 10.18.
cyclization has been found for the paren t 1,6-heptadien- , OycDh^anone 3 showed ir 5.82, 6.07, and 11.2 n; nmr s 4 74 
o j  r  .  0 „ , , . • m -D * - j  (m, 2, CH3C = C H 2), 2.1 (m, 9), and 1.74 (t, 3, J  =  1 Hz,
3-one and for 1 ,3 ,6 -h ep tatn en e .1» R ecen t evidence Ch 3C = C H 2); mass spectrum m /e  138 (34), 110 (20), 81 (43), 68
suggests th a t 1,6-dienes should preferentially cyclize to  (100), 55 (54), 41 (48).
b icy c lo [3 .2 .0 ]h ep tan e skeletons ra th e r  th a n  th e  desired A n a l.  Calcd for C9HuO: C, 78.21; H , 10.21. Found:
b icyclo  [3.1.1 [h e p ta n e s ,11 alth ou gh  th e  la t te r  h as b een  C, 77.86; H, 10.10.
observed when th e  1 fi diene is re s tric te d  in e-eome- irans-2-Methyl-3-isopropenylcyclopentanone (5) had ir (CCh)observed when the 1 ,0  diene is restricted  m  geome 5  75j 6 07> and n  2 m; nmr 5 4.80 (m, 2, CH3C = C H 2), 2.1 (m,
tr y  b y  a  m ed iu m -rin g  e n v iro n m e n t.12 N on eth eless, 6)> 1 7 3  (t> 3> j  =  i Hz, CH3C = C H 2), and 0.95 (d, 3, /  =  6
n eith er m ode of cy cliz a tio n  h a s  been  ob served  in  th e  H z); mass spectrum m /e  138 (84), 123 (22), 96 (53), 82 (79), 81
present studies, suggesting th a t 1,6-dienes are, in (86), 67 (100), 55 (43), 41 (65).

general, less prone to cycloaddition than 1,5-dienes.13 C TOM- H W  u ” ° 9Hl40: H’ 10'21'
(7) T h e re  appears to  be som e q u e s tio n  a b o u t th e  a m o u n t o f s ta b il iz a t io n  cis-2-Methyl-3-isopropenylcyclopentanone (4) was obtained in

offered b y  a c a rb o n y l g ro u p  a d ja c e n t to  a ra d ic a l cen te r, b u t  a n  a c y l g ro u p  is 85%  purity as a mixture with 5: ir 5 .74, 6.06, and 11.2 nmr
p ro b a b ly  e q u iv a le n t t o  a n  a lk y l  s u b s t itu e n t a t  th e  m in im u m . See re f 5, p  5 4.82 (m, 1, CH sC=CH 2), 4.70 (m, 1, CH3C = C H 2), 2.82 (broad
176- quartet, 1, J  =  7 Hz, CHCH3), 2.1 (m, 5 ), 1.69 (m, 3, CH3C = -

(8) W . D . H u n ts m a n , V . C . S o lom on, a nd  D . E ros , J .  Amer. Chem. Soc., an(j q.82 (d, 3, J  =  7 Hz, CHCH3). Further purification
G . w . „ .  „ d D . b .  e f c r t e d  b y  „ I p c ,  . p p a r e n t t y  b , o . ™  o t  c o „ v . » o n

ibid., 88, 187 (1966); R . K .  H i l l  a n d  M . R a b in o v itz ,  ibid., 86, 965 (1 9 6 4 ); o f  4 t o  5 o n  t h e  g lp c  C o lu m n .
H . M .  R . H o ffm a n n , Angew. Chem., Int. Ed. Engl., 8 , 556 (1969). A n a l.  Calcd for C9Hi40 : C, 78.21; H, 10.21. Found. C,

(10) U n p u b lis h e d  resu lts , J . K. C ra n d a ll.  78.01; H, 10.08.
(11) R . S rin iva sa n  a n d  K .  H . C a rlo u g h , J .  Amer. Chem. Soc., 89, 4932 Pyrolysis of 1, 3, 4 , and 5.— Approximately 15-mg samples of

(1 9 6 7 ) ; M . B ro w n , J .  Org. Chem., 33, 162 (1968); L .  C ro m b ie , R . P o n s fo rd , octadienone 1 (95% ), cyclohexanone 3, and cyclopentanones 4
A . Shani, B . Y a g n it in s k y , a n d  R . M e c h o u la m , Tetrahedron Lett., 5771 (85%  purity) and 5 were passed through the unpacked quartz
(1 9 6 8 ) ; J . R . S ch effer and  M .  C . L u n g le , ibid., 845 (1969); J. W . S ta n k o rb  t u ^ g  g g 0  a n d  7 4 0 ° ,  p r o d u c t  m ix t u r e s  w e r e  e x -
a nd  K .  C o n ro w , ibid., 2395 (1969). _______________ [

(12) C . H .  H e a th c o c k  a nd  R .  A . B a dger, Chem. Commun., 1510 (1968).
(13) F . T .  B o n d , H . L . Jones, a n d  L . Seerbo, Tetrahedron Lett., 4685 (14) J. M .  C o n ia  a n d  P . L e riv e re n d , C. R. Acad. Sci., Paris, 250, 1078

(1965). See also W . L . D il l in g ,  Chem. Rev., 69, 845 (1969); 6 6 ,3 7 3  (1966). (1960).
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amined by glpc analysis. The significant data are summarized 92%  trans- and 8 %  cis-cyclopentanone. Similar treatment of an
below. At 570° these four compounds were essentially the only 85%  pure sample of 4 led to a product mixture indicated to be
constituents of the product mixtures. At 740° as much as 50%  8 3 % 5 a n d l7 % 4 .
of the product mixtures consisted of unidentified materials. Py- Irradiation of 7-Methylocta-l,6-dien-3-one (1).— A solution of
rolysis of dienone 1 at 570° gave 70%  conversion to a 3 :2 :1  mix- 11 mg of 1 in 1.0 ml of purified hexane in a quartz test tube was
ture of 5 :4 :3 . At the same temperature, 3 gave only 10% con- degassed by bubbling prepurified nitrogen through the solution
version, mainly to 4 and 5. Even at 740° less than half of 3 was for 1 min with a pipet and sealed with a rubber serum cap.
rearranged (unidentified components taken into account), pri- This solution was irradiated in a Rayonet reactor with a bank of
marily to 4 and 5. About 30%  of the cfs-cyclopentanone (4) sixteen 2537-A bulbs for 1 hr. Glpc analysis indicated no change
was converted to the traras-cyclopentanone (5) at 570°. At the in the sample. Further irradiation with 3000-A lamps for 4 hr
same temperature, about 15%  conversion of 5 to 4 was obtained. caused formation of a white solid on the wall of the tube, but glpc
These were essentially the only products at this temperature. assay failed to reveal any volatile products.
At 740°, both 4 and 5 led to a mixture containing a 6 :1 ratio of Another 10-mg sample of 1 in 5 ml of purified benzene in a
5 :4  as about 75%  of the mixture. There were traces of dienone 10-ml Pyrex flask was degassed as above. Acetone (2 drops)
1 and cyclohexanone 3 in these products. was added and the solution was irradiated at 3000 A for 17 hr.

Base-Catalyzed Interconversion of Cyclopentanones 4 and 5. Glpc examination again disclosed no volatile products.
About 10 mg of sodium metal was dissolved in 5 ml of dry meth
anol and 20 mg of the irans-cyclopentanone was added. The P p trictrv  N n — 1 9 4 0 0 1  9 4  4 - ?  9 4 0 0 1 9 5  5- 1
solution was heated to reflux for 17 hr, diluted with water, and n7  ,  S )m n-) no o ’ ’
extracted with pentane. The product was shown by glpc to be 22460 -53 -3 ; 4, 2 4 9 0 3 -9 7 -7 ; 5, 24903-98-8.

The Allylic Rearrangem ent of 3,3,3-Trichloro-l-propenyl Ketones

A k ir a  T a k e d a  and  S adao  T s u b o i

Department o f  Synthetics Chemistry, the School o f  Engineering, Okayam a University, Okayama. J a p a n  700

Received November 17, 1969

The anionotropic allylic rearrangement of 3,3,3-trichloro-l-propenyl methyl ketone (la) and 3,3,3-trichloro-l- 
propenyl phenyl ketone (lb ) has been investigated. I t  afforded l,3,3-trichloro-2-propenyl methyl ketone (2a) 
and l,3,3-trichloro-2-propenyl phenyl ketone (2b), respectively. The isomerization was catalyzed by various 
solids, e.g.. silica gel, alumina, acid clay, cobaltous oxide, cupric oxide, ferric oxide, and iron and copper powder but 
not by metal oxides of more ionic character, e.g. calcium oxide, magnesium oxide. The rearranged products pri
marily reacted with nucleophiles as a-chloro ketones. Diethylamine and triethylamine, however, catalyzed the 
prototropic rearrangement of 2a and 2b to give 1,3,3-trichloro-l-propenyl methyl ketone (10a) and 1,3,3-tri- 
chloro-l-propenyl phenyl ketone (10b). The intermediate diethylamine salt of 2b (12) was isolated as a white 
powder and characterized. The transformation of 12 to 10b was complete within a few days when kept at room 
temperature.

Allylic rearrangem ents of l,l,l-trich loro -2-p rop en es chloro-2-propenyl phenyl ketone (2b) and discusses 
have been reported b y  several authors. T he isomer- their structures and chem ical properties, 
ization of l,l,l-trich loro -2-m eth yl-2-p rop en e to  1 ,1 ,3- The substrate la  was heated on a b ath  a t  1 2 0 -1 8 0 °  in 
trichloro-2-m ethyl-l-propene has been studied b y the presence of solid m aterials as ca ta lyst and distilled
Kundiger, et a l.1 T he reaction m ight be catalyzed by under a reduced pressure (2 0 -3 0  m m ) in order to  in-
such m aterials as silica gel, thionyl chloride, antim ony vestigate their eifect on the present transform ation,
pentachloride, and alkaline soft glass powder, or pro- Strongly ionic substances such as calcium  oxide, m ag-
ceed pyrolitically. H exachloropropene-l-14C was isom- nesium oxide, and sodium chloride did not catalyze the
erized by heating a t 120° for several hours and by the reaction. On the other hand, the presence of less ionic
chrom atographical treatm en t on silica gel.2 W e have m aterials such as cobaltous oxide, cupric oxide, and
recently found th a t l-acyl-3 ,3 ,3-trich loro-l-p rop en es ferric oxide catalyzed the reaction considerably w ith the
(1) also undergo the allylic rearrangem ent by the action p artial form ation of resinous products. Silica gel was
of solid supports of glpc to  form  l-acy l-l,3 ,3 -trich lo ro - m ost em inent in the catalytic action am ong solid sup-
2-propenes (2). The a  hydrogen in 2 is highly acti- ports used. A  small am ount of 3 ,4-b is(2 ',2 '-d ich loro -
vated  by the influence of adjacent groups so th a t they vinyl)-3-chloro-2,5-hexanedione (3) was usually pro-
are subject to  further chem ical change. duced as a by-product. A  possible m echanism  of the

form ation of 3 is ten tatively  given as shown in eq 1.
C13C— CH =CH —C—R  — >  CloC=CH—CHC1—C—R r

II II (Cl
O O '-‘I

la, R =  CH3 2a, R  = CH3 C1,C=CH— CH— C— CH,
b, R = C6H5 b, R  = CcHs " A ||

\ 0  C12C=CH — CH—  COCH3
2a  \ -HC1 |

This paper describes the ca ta ly tic  transform ation of ----- -»■ |
3,3 ,3-trich loro-l-p ropen yl m ethyl ketone ( la )  and 3 ,3 ,3 - ^  J  C12C=CH  CC1 COCH3
trichloro-l-propenyl phenyl ketone (lb ) to  1 ,3 ,3 -tri- C1,C=CH—C = C —CH3 3
chloro-2-propenyl m ethyl ketone (2a) and 1 ,3 ,3 -tri- J

C o
(1 ) (a) D .  G . K u n d ig e r  a n d  K .  H .  G ro m a n , J . Amer. Chem. Soc., 75, 1744 J-J

(1 9 5 3 ); (b ) D .  G . K u n d ig e r  a n d  H .  N .  H a n e y , ibid., 76, 615 (1954).
(2) C . H .  S h u fo rd , J r.,  D .  L .  W e st, a n d  H .  W . D a v is , ibid., 76, 5803

<1954). ( D

2690 J .  Org. Chem., Vol. 85, No. 8, 1970 T akeda and T suboi



The isomerization has occurred also in the presence of 
iron and copper powder. The transformation of lb
with the presence of silica gel was conducted at higher \
temperatures (170-220°) successfully. \

The structures of 2a and 2b were elucidated by ir and C ~ \  \ / 3
nmr data and elemental analyses. The ir absorption of / \ 1 /
2a at 1730 cm -1 is consistent for isolated 0 = 0  indi- \A \ \ f  \
eating that the conjugation of C = C  and C = 0  has dis- \j 1 \ \ \ l
appeared as a result of the rearrangement. In  the ir I I
spectrum of la  absorptions due to v ( 0 = 0 ,  cisoid) and \ y
v ( C = 0 ,  transoid) are observed at 1700 and 1676 cm -1 , \
respectively.3 I /\

The nmr spectrum of 2a is decidedly different from \ /  '—̂ /  \ 1 \
that of la . While la , measured in deuteriochloroform, 1 /  \ J  \ \ \
exhibits a singlet a t t 7 .60 (3, methyl protons) and an >7 \ \ \ s '
AB quartet with centers at r  2.94 and 3.43 (2, vinyl pro- 2 1 V \
tons, J  =  14 H z), 2a exhibits a singlet a t r  7.68 (3, I \ /
methyl protons), a doublet at r  3.96 (1, vinyl proton, \ j f
J  =  9 H z), and a doublet at r  5.08 (1, methine proton, \ \ /  \ J
J  =  9 Hz). When la  was treated with copper powder V  \
at 120-180° white crystals melting at 71 -73° were ob- v
tained in 23%  yield along with the isomerized product
(2a, 10% ). Spectral data and elemental analyses indi- , , , (
cate that this compound is 2,5-dim ethyl-3,4-bis(2',2'- 1700 1600 1500 1700 1600 1500
dichlorovinyl)furan (5) as is evidenced by the fact that Wave numbe? cm-1
2a also gives 5 on the treatm ent with copper powder in
the absence of solvent. I t  is therefore postulated that Figure 1. -The shifts in absorption bands of the amine salt
the cvelization to 5 proceeds v ia  3,4-bis(2',2'-dichloro- (12) with time: a ) a few minutes after the formation, (2) 2

_ i , T, . , „ , hr: (3) 2 days, (4) 2 weeks,
vinyh-i^-hexanedione (4) (Scheme I). Actually, when

Scheme II
Scheme I _  +

CC12=CHCHC0CH3 2a *■ [ a c = C H - c c i - c —CH31 NH(C2H5)3

i .  -  2.  —  I \  L J
cci2= chchcoch3 \  9

4 \  1Ih^o, \  f
f  \  C12HC-CH=CC1— c—  ch3

CCl2= C lh  .CH=CC12 thioureE \  ||

Y Y  \  l0 0
ch3 o^ ch3 \  10a

5 CC12=C H  -OH \
\ CH___C - CH \  ch3cochco2c2hs

1 | 3 ci~ V
2a or la  was treated with copper powder in xylene, the x
intermediate (4) was produced in 35%  yield. The Y  CH3C0CHC02C2H5
cyclization of 4 to the furan (5) was realized also by the CH C0CHCH=CC1
treatm ent with concentrated sulfuric acid. U v absorp- g 7
tion bands of 5 reveals the existence of the conjugated
carbon-carbon double bond and furan ring [Xma* 219 2-amino-4-methyl-4-hydroxy-5-(2',2'-dichlorovinyl)thi-
mM (« 19,500) and 267 (18,000) ]. The nmr spectrum azoline hydrochloride (6) with thiourea and 3-car-
of 5 is very simple, r  3.56 (2, singlet) and r  7.82 (6, b e th o xy -4 -(2 , ,2 , -dichlorovinyl)-2,5-hexanedione (7)
singlet) in deuteriochloroform indicating its symmet- with ethyl sodioacetoacetate, whereas the reaction of
rical structure as regards the ring. Furthermore, its 2a with triethylamine (8) in ether solution resulted in
furan ring resisted the hydrolysis with diluted sulfunc the formati0n of 1,3,3-trichloro-l-propenyl methyl
acid.4 The increased stability of this compound might ketone (10a) in 62%  yield.
be attributable to the conjugation of two 2 ,,2 ,-dichloro- I t  should be noted that in the ir spectra of 10a the 
vinyl groups with the furan ring. The present reaction absorption due to v ( C = 0 )  is observed only at 1700 c m "1
may thus be an useful method for obtaining sym m etn- which is indicative 0f the cisoid structure. I t  is pre-
cally substituted furan derivatives. sumed that the repulsive force between chlorine and

To investigate the reactivity of the rearranged prod- carbonyl oxygen of 10a caused the disappearance of the
uct (2a) as an a-chloro ketone, it was allowed to react transoid structure.
with several nucleophiles (Scheme II). I t  afforded The mechanism of the transformation of 2 to 10 may

(3) R. D. Campbell and N. H. Cromwell, J .  Amer. Chem. Soc., 79, 3456 be postulated as follows. The a-methine proton in 2 is
(1957). acidic enough to transfer to and protonate 8. The

(4) The ring opening of furan derivatives is usually achieved by refluxing tertiarv ammonium salt (9) produced intermediately is
with 10% sulfuric acid (D. M. Young and C. H. F. Allen, "Organic Syn- J  i n  mi i_ • i
theses,’ Cou. Voi. ii, Wiley, New York, n. Y„ 1943, p 220). then transformed to 10 gradually. Ih e  above postula-
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Scheme III

2b rC l2C = C H — CC1— C— C6Hs CUC=CH — CC 1=C— C6H5 -« -5- C12C— CH =CC1— C— C sH sI- NH2(C2H 5)2

|0 ¿ 1  (O
12

I
y

C12HC— CH =CC1— C— C6H5 +  N H (C2H5)2

A
10b

tion has b een  evidenced b y  the fact that, in the reaction repeated two times more afforded a product of at least 95%
of 1 ,3,3-trichloro-2-propenyl phenyl ketone (2b) with P“ " * -  19-6 8 bp 90-91° (19 mm). After distilling
..  , ,  ,  . , ,  fi • u  i x j  off a small amount or by-product (3, 1 g, see the next section)

diethylamine (11 ), the amine salt (12) was isolated as at 76° (15 mm), an analytical sample of the product was collected
white crystals in 6 2 %  yield. Infrared absorption band at 79-80° (12 mm) by fractional distillation using spinning-band
of 12 originally observed at 1700 cm -1 ( C = 0 ,  Nujol) column with the theoretical plate number of 70: ?i27d 1.4951.
has shifted to 1670 cm -1 in 1 day indicating that 12 has A nal. Oalcd for C5H 5C130 : C, 32.04; H, 2.69. Found: C,

undergone the transformation to 10b partly while being 31 •8| 4̂ i2s( ? ; 2 ndichiorovinyl)-3-chloro-2)5-hexanedione ( 3 ) . -
kept at room temperature (see rigure 1). lh e  dis- Analytical sample of the low-boiling fraction obtained in the
tillation of 12 also gave 10b in 38%  yield. The y  proton above experiment was preparatively isolated by gas chromato-
of 10b is mobile since the diethyl amine salt (12) was graph: ir (liquid) 1721 and 1698 ( C = 0 )  and 1595 cm -1 (C = C ).
reproduced on addition of 11 to 10b (Scheme III ) . Calcd for C10H9CI5O2: C, 35.49; H, 2 .68 . Found:

0 , 05.485 14,2.81.
l,3,3-Trichloro-2-propenyl Phenyl Ketone (2b).— From a mix- 

Experimental Section Hire 89 g (0.357 mol) of lb and 90 g of silica gel, 35.4 g (40% )
of a liquid distilling at 145-146° (5 mm) was obtained by the 

Melting points and boiling points are uncorrected. Elemental same treatment as described in the foregoing experiment of la:
analyses were carried out by M r. Eiichiro Amano of our labora- n 27D 1.5752; ir (liquid) 1690 ( C = 0 )  and 1618 cm -1 (C = C ).
tory. Analytical determinations by glpc were performed on A ra l.  Calcd for C;0H7Cl3O: C, 48.13; H, 2.83. Found:
Hitachi K-53 model gas chromatograph (3-mm o.d. X  1 m, 10%  C, 48.41; H, 3.03.
Apiezon Grease L on Chromosorb W ), and preparative isola- 3,4-Bis(2',2'-dichlorovinyl)-2,5-hexanedione (4). (a) From
tions by glpc were performed on Yanagimoto GCG-550T model 3,3,3-Trichloro-l-propenyl Methyl Ketone (la ) .— Copper powder
gas chromatograph (3 mm o.d. X  2.25 m, 10%  Apiezon Grease (6.6  g, 0.104 g-atom) was suspended in a solution of la  (10.0 g,
L on Chromosorb W ). We are indebted to Dr. Akira Suzuki and 0.053 mol) in 30 ml of xylene. The mixture was heated under
M r. Sigezo Simokawa, both of Hokkaido University, Sapporo, reflux on an oil bath for 1 hr. After filtration, removal of xylene,
Japan, for nmr measurements. Microanalyses and spectral and recovery of la  (0.3 g, 3% ) at 95-98° (20 mm), 3 .0  g (37% ) of
measurements of liquids were performed on samples collected by afraction distilling at 132-137° (20 mm) was collected: ir (liquid)
glpc. 1 7 2 5 ( 0 = 0 )  and 1620 cm“1 (C = C ).

Commercial grade materials were purchased and used as cata- A nal. Calcd for C ioH i0C140 2: C, 39.51; H, 3 .32. Found:
lysts in the transformation without purification. 3,3,3-Tri- C, 39.70; H ,3 .3 0 .
chloro-l-propenyl methyl ketone (la) was prepared in 80%  yield (b.i From l,3,3-Trichloro-2-propenyl Methyl Ketone (2a).— A
by the method of Salkind5“ by treating chloralaeetone6b with con- solution of 2a (2.1 g ,  0.011 mol; in 6 ml of xylene suspended with
centrated sulfuric acid: bp 95-100° (20 mm); mp 25-26° [lit.6a copper powder (1.4 g, 0.022 g-atom) was refluxed for 1 hr. After
bp 93-94° (20 mm), mp 2 5-26°]; ir (liquid) 1700 (cisoid C = 0 ) ,  filtration and removal of the solvent, a fraction distilling at 100-
1676 (transoid C = 0 ) ,  1630 (C = C ) and 737 cm -1 (C— Cl); 120° (5 mm) was collected, yield 0.8 g. Analysis by glpc indi-
nmr (CDC13) r  2.94, 3.43 (q, 2, J  =  14 Hz, -C H = C H — C = 0 ) ,  cated that this fraction consisted of roughly equal portions of 4
and 7.60 (s, 3). 3,3,3-Trichloro-l-propenyl phenyl ketone (lb) and 5.
was prepared similar to the manners described in the literature:60 2,5-Dimethyl-3,4-bis(2',2'-dichlorovinyl)furan (5).— In 10 ml 
yield 81% ; mp 98-99° (lit.50 mp 100°); ir (Nujol) 1652 ( C = 0 ) ,  of concentrated sulfuric acid, 1.2 g (0.004 mol) of 4 was dissolved.
1625 (C = C ), 1595 (benzene C = C ) and 740 cm -1 (C— Cl). After being kept at room temperature for 5 min the solution was

General Procedure for the Catalytic Transformation of la .— poured onto cracked ice. The organic layer was extracted with
A mixture of equal amounts of la  and the catalyst was heated on ether several times and the extracts were dried over N a2S 0 4.
a bath at 120-180° and distilled under diminished pressure (20- Removal of the solvent gave a deep yellow solid. Recrystalliza-
30 mm). The distribution of la  and 2a in the distillate was de- tions of the crude product from petroleum ether (bp 5 0-70°)
termined by the measurement of infrared absorbances at 1730 yielded 0.5 g (44% ) of white crystals: mp 7 1-73°; bp 120° (2
cm -1 ( C = 0 )  for 2a and at 737 cm -1 (C— Cl) for la , respectively. mm); ir (Nujol) 1603 (C = C ) and 1584 cm -1 (furan C = C ); uv
The effects of solid materials on the transformation are as fol- max (98%  C2H 5OH) 219 (e 19,500) and 267 (18,000); nmr
lows [substances, amounts of distillate (% ), contents of 2a (% ) (CDC13) 7-3 .56 (s, 2), and 7.82 (s, 6).
in distillate6“] : CuO, 16, 99; Fe, 16, 89; Cu, 33, 87; CoO, 33, A nal. Calcd for C10H8Cl4O: C, 42.00; H, 2 .82. Found:
89; FeO, 23, 73; silica gel, 72, 58; alumina, 50, 73; acid clay, C, 41.95; H, 2.90.
93, 45; Celite 535, 93, 26; MgO, 90, 13; CaO, 93, 0 ; Na2C 0 3, Transformation of la  to 5 by the Action of Copper.— A mixture 
80, 0 ; FeS,6b 0, 0 ; PbO, 93, 5 ; NaCl, 86, 0 ; SOCl2,60 52, 73; of 19.7 g (0.105 mol) of la  and 20 g (0.315 g-atom) of copper 
HCl,6d 76, 34. powder was heated in  vacuo at 90-110° at reflux. Heating was

1,3,3-Trichloro-2-propenyl Methyl Ketone (2a).— A mixture of continued for 3 hr. The mixture was fractionally distilled to give
50 g of la  and 50 g of silica gel on one treatment as above yielded 2.0 g (10% ) of 2a and a fraction which distilled at 120° (2 mm)
35.9 g of crude product of ca . 58%  purity. Similar treatment and solidified immediately as white crystals, mp 7 1-73°. This
____________  proved to be 5 by ir spectroscopy, yield 3.5 g (23% ). The ir

, , c i i ' j  t tj „ „„ ................. spectrum of this product was superimposable with that of 5.(5) (a) I. S a lk in d , J .  Russ. Phys. Chem. Soc., 30. 906 (1898); (b) H. e a • , • r ...
G a u lt  and  G . M e n n ic k e r., C. R. Acad. Sci., Paris. 229, 1239 (1949); (c) u v, Z  ^  (
W. K o en igs , Chem. Ber.. 25, 795 (1892). w&te. (1 ml), 10% sulfuric acid j[O.o ml), and 0.5 g (0.0017 mol)

(6) (a) T h e  re m a in d e r was m a in ly  la. (b) P o ly m e riz a t io n  has occurred . * was heated under reflux for 50 hr. On cooling 0 .4  g of white
(c) T e n  g ram s of la was re flu xe d  fo r  20 h r  w i th  30 m l o f th io n y l c h lo r id e  u n - Crystals separated, mp / 1— 7 3 °  (from C2H5OH). No other
d e r n itro g e n  gas. (d ) W b h  c o n tin u o u s  s tre a m  o f d r y  h yd ro g e n  c h lo r id e  la product was detected in an appreciable amount. I t  did not show
was hea ted  a t  1 0 0 - 1 10° fo r  15 h r. depression o f  mixture melting point with 5 .
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2- Amino-4-methyl 4-hydroxy-5-(2 ',2 '-dichlorovinyl)thiazoline 1,3,3-Trichloro-l-propenyl Phenyl Ketone (10b).— A solution
Hydrochloride (6 ).— To a solution of 0.8 g (0.011 mol) of thiourea of 3 g (0.012 mol) of 2b in 5 ml of ether was added with ice cooling
in 22 ml of ethanol was added 1.8 g (0.010 mol) of 2a dropwise at to 3.7 g (0.037 mol) of 8 dissolved in 10 ml of anhydrous ether.
30-40°. The mixture was allowed to stand overnight. Re- The reaction mixture was kept cold for 30 min and then washed
moval of the solvent left a red-brown powder which on recrystal- thoroughly with water. Removal of the solvent left a yellow
lization from 80%  ethanol gave 1.33 g (50% ) of brown crystals. liquid which on distillation gave 1.5 g (50% ) of a yellow oil, bp
It showed one spot on tic and became colorless after several 128-131° (2 mm). Microanalyses and spectral measurements
recrystallizations from 80%  C2H jOH: mp 192° dec: ir (Nujol) were performed on samples collected by column chromatography
3400 (OH), 2730 and 2600 (NH+), 1650 (C = C ), and 1610 cm - 1 (silica gel, hexane): n24D 1.5768; ir (liquid) 1670 ( C = 0 ) ,  1618
(NH2). (C = C ), and 1595 cm ”1 (benzene C = C ).

A nal. Calcd for C6H0C13N2OS: C, 27.34; H, 3.44. Found: A n al. Calcd for C i„H,C130 :  C, 48.13; H, 2.83. Found:
C, 27.49; H, 3.59. C, 47.91; H, 2.75.

3- Carbethoxy-4-(2',2'-dichlorovinyl)-2,5-hexanedione (7).—  Addition Product of Diethylamine with 2b (12).— To a solution
Sodium (0.9 g, 0.039 g-atom) was dissolved in 13 ml of absolute of diethylamine (1.1 g, 0.015 mol) in 2 ml of anhydrous ether, 
ethano.. Ethyl acetoacetate (4.9 g, 0.038 mol) was added to this 2b (1.0 g, 0.004 mol) dissolved in 2 ml of ether was added drop-
solution. At reflux temperature, 7 g (0.037 mol) of 2a was wise with ice cooling. A brown precipitate was separated im-
dropped into the mixture and refluxing was continued for 1 hr. mediately. I t  was gathered by filtration and washed thoroughly
The sodium chloride precipitate was removed by filtration. with anhydrous ether on filter paper and air-dried, giving 0.8
After evaporation of the solvent and recovery of 2a (1.5 g, 21% ), g (62% ) of the crude product: mp 50° dec; ir (Nujol) 2480
an oil distilling at 133-135° (2.5 mm) was obtained: y ie ld in g  and 2350 (NH+), 1700 ( C = 0 ,  very weak), 1640 (C = C ), and
(11% ); n25D 1.4860; ir (liquid) 1730 (ester C = 0 ) ,  1710 and 1610 cm”1 (benzene C = C ). Because of rapid decomposition
1684 ( C = 0 ) ,  1648 cm ”1 (C = C ). this product could not be purified for analysis, and so its physical

A nal. Calcd for CnHuCl20 4 : C, 46.99; H, 5 .02. Found: constants may be in doubt.
C, 46.87; H, 4.77. Shift of ir absorption bands in C = 0  region with time is graphed

1,3,3-Trichloro-l-propenyl Methyl Ketone (10a).— A solution on Figure 1 in the text,
of 2.2 g (0.022 mol) of triethylamine in 3 ml of anhydrous ether I t  is insoluble in water, acetone, tetrahydrofuran, and ether,
was added dropwise to a solution of 4 g (0.021 mol) of 2a in 5 ml of but soluble in benzene and chloroform, and very soluble in 
anhydrous ether cooled in an ice bath. After standing overnight ethanol, 
it was nitrated to remove a trace of a brown precipitate. I t  was 
washed several times -with water and dried with N a2S 0 4. Distil
lation gave a fraction of oil boiling at 90-91° (15 mm): yield2.5g
(63% ) n ” D 1-5049; ir (liquid) 1700 ( C = 0 ) ,  and 1615 cm ” 1 R egistry N o .— la , 1 5 5 2 -2 6 -7 ; lb , 2 1 1 0 0 -6 6 -3 ; 2a, 
^ = C ) ;  UV max (cyclohexane) 239 mM 0  9720), 322 (39); nmr 2 4 8 8 6 -7 6 -8 ; 2b, 2 4 8 8 6 -7 7 -9 ; 3 , 2 4 8 8 6 -7 8 -0 ; 4 , 2 4 8 8 6 -

j E .  ^ a l i i  loV c i i c t o :  C 32 o £ ’ H , 2.69. Found: 7 9 -1 ;  5 , 2 4 8 8 5 -8 0 -4 ; 6 , 2 4 8 8 6 -8 1 -5 ; 7 , 2 4 8 8 6 -8 2 -6 ;
0 ,3 2 .0 2 ; H, 2 .90. 10a, 2 4 8 8 6 -8 3 -7 ; 10b, 2 4 8 8 6 -8 4 -8 ; 1 2 ,2 4 8 8 6 - 8 5 - 9 .
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Benzil reacts with certain nucleophiles (phenoxide, i-butoxide, and hydroxide) in N,N-dimeuhylformamide to 
yield, in each case, benzoin benzoate (3) and the corresponding benzoylated nucleophile. p-Methoxybenzil 
reacts with sodium phenoxide to form p-methoxybenzoin anisate (5) and phenyl benzoate.

Perhaps the best known reaction  of benzil with a nu- dim ethyl sulfoxide (DMSO) a t room  tem perature. A
cleophile is th a t with hydroxide ion in which rearrange- reaction occurs a t higher tem peratures, although the
m ent occurs giving the conjugate base of benzilic acid .2 products obtained do not incorporate phenoxide.6’7
Alkoxides are less successful in effecting the corre- Phenoxide ion functions as a base to  generate dimsyl
sponding benzilic ester rearrangem ent except for those ion, which then reacts with benzil to form  3-benzoyl-2,
which have little or no tendency to  transfer hydride ion. 4,5-triphenylfuran (1), c i s - a , /3-dibenzoylstyrene (2),
Thus, f-butoxide ion and m ethoxide ion react w ith benzoic acid, and benzilic acid,
benzil in alcoholic or benzene solution to  yield the cor
responding benzilic ester, w hereas alkoxides containing Ph^  ^ COPh ^__^==CH__C0Ph
m ore labile a hydrogens (e.g., ethoxide and isoprop- Jl .... j
oxide) lead to  reduction p rod u cts.3 I t  is reported th a t Ph 0  ph cOPh
the reaction between benzil and i-butoxide ion in di- l 2
ethyl ether results in the form ation of benzilic acid .4
Phenoxide ion fails to  react with benzil in alcoholic or T he present investigation was initiated to  further 
benzene solution, presum ably owing to  insufficient basic- confirm the necessity of DMSO to  the form ation of the
itv  on the p art of the nucleophile.4,5 products in the above reaction. In  this respect the be-

Phenoxide ion and benzil are likewise u nreactive in havior of phenoxide ion tow ard benzil has been ob
served in a num ber of solvents. In  the ethereal sol-

S  S S L > . » .  vents, dim ethoxyethane and diglyme, no reaction is en-
(3) W . von  E. Doering and R. S. U rban, J .  A m e r .  C hem . S oc., 78, 5938

(1956) (6) J . C . Tris ler, C . 3 . Aaron, J. L . Frye, and J . Y . Park, J . O rg . C hem .,

(4) G. A . Swan, J .  C h e m . S oc., 1408 (1948). 33,1077 (1968).
(5) F . H . Westheimer, J .  A m e r .  C hem . S oc., 58, 2209 (1936). (7) J . C . Tris le r, J. K . D o ty , and J . M . Robinson, ib id . ,  34, 3421 (1969).
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countered even after extended periods at elevated T hat these reactants undergo the benzilic acid rear- 
temperatures. However, in N,N-dimethylformamide rangement under a variety of conditions is well docu-
(D M F), a reaction occurs which results in the forma- mented.2 The results of the reaction in D M F are given
tion of benzoin benzoate (3) and phenyl benzoate (4) in in Table I. 
near quantitative yields (eq 1).

T able I
2Bz2 +  PhO >  Ph CO CH Ph +  Ph C 0 2 Ph (1) R eaction of B enzil with Sodium Hydroxide in D M F

OBz Y ie ld  o f
a Y ie ld  o f P h iC O H C O jH ,

T e m p , ° C  Y ie ld  o f 3, % “  P h C O ,H , % °  %<*

U n lik e th e  re a c tio n  in  D M S O  w h ere h e a tin g  fo r e x - _ 1 3  49 51 5
ten d ed  p eriods is a  n e cessary  con d itio n ,6 th is  re a c tio n  0 35 48 14
o ccu rs  v e ry  rap id ly  a t  o r below  ro om  te m p e ra tu re . 34 7 15 41
S to ich io m e try  w as established  b y  th e  f a c t  th a t  m a x - “ Percentage yields are based on Bz2 employed in a 2 :1  mol 
im u m  yields ( > 9 0 % )  a re  ob tain ed  a t  a  b en zil-so d iu m  ratio with sodium hydroxide, 
p hen oxid e m ol ra tio  of < 2 : 1  (yields b ased  on  benzil).
Also, uv measurements have demonstrated that with T hat both the benzilic acid rearrangement and the 
the employment of a 4 :1  mol ratio of benzil-sodium reaction leading to 3 and benzoic acid have occurred is
phenoxide, one-half the benzil remains after complete evident from a consideration of the data. Further-
reaction more, it is apparent that a lowering of temperature

The reaction of p-methoxybenzil with sodium phen- causes a greater retardation in the rate of the rearrange-
oxide in D M F results in the formation of p-methoxy- ment reaction. I t  is also observed that at the lowest re
benzoin anisate (5) and phenyl benzoate (eq 2) although action temperature, the quantities of 3 and benzoic acid

are essentially the same, whereas at higher temperatures 
R DM̂  the ratio is decreased. This effect probably reflects the

e 22 * ' saponification of 3 at the higher temperatures. Indeed
p-Me - | _j_ ph__c o 2Ph (2) 3 is saponified with hydroxide in D M F at 0° to roughly

0 2CPh—OMe-p the extent predicted from Table I.
5 The nature and extent of D M F involvement in this

the reaction appears slower and the yields are some- uni(lue reaction of beTnTzil and nucleophile is uncertain
what lower. The mechanistic significance of the di- at the present time However, it is interesting to spec-
rectional influence by the p-methoxyl group is under in- ulate ,that the attack on benzil is nucleophilic in nature
vestigation and will be the subject of a future report. and that an alternate path to those “alkox.de -benzil

An explanation of these data invoking a solvent effect reactions previously established becomes possible in
where the nucleophilicity of phenoxide ion is greatly en- D M F - , Furthermore the influence of D M F must ac-
hanced in D M F 8 is untenable since similar results would commodate the attack of the weaker nucleophile, phen-
then be predicted in DMSO where the reaction fails to 0Xlde 10n> whlch 18 m Seneral nonreactive toward the
occur.6 Thus, it is indicated that the role of D M F is substrate in other solvent systems. .
more subtle than a bulk medium effect. Argument for . extension of the present study to include other
a specific solvent effect is strengthened by the obser- benzil-nucleophile reactions as well as an attem pt to  
vation that the reaction occurs with no decrease in yield §ain knowledge concerning the unique solvent effect is
in a DMSO solution containing 22%  D M F. currently underway. This first report has defined a

Should benzil react directly with an “alkoxide” type most unusual D M F alteration m the reaction path of
reagent, the expected product is that resulting from a certain benzil-nucleophile reactions. Also, for the first
benzilic ester3 (or acid2) rearrangement. However, in- hme a direct reaction between benzil and phenoxide ion 
stead of rearrangement (of the above-mentioned type), bas apparently been encountered, 
cleavage of the central C -C  bond in one benzil molecule
has occurred while the other benzil carbon skeleton re- Experimental Section9
mains intact. These considerations led us to investi-
o-ntp w h eth er re actio n s betw een henzil and certa in  oth p r Starting Materials.— Benzil was reagent grade material reg a te  w h eth er re actio n s betw een benzil a n a  ce rta in  o tn e r crystauized from ethanol, mp 94-95°. ¿-Butyl alcohol was dis-
nucleophiles are similarly influenced by D lvlr. tilled from potassium metal. N,N-Dimethylformamide (D M F)

In this respect a reaction has been observed between and dimethyl sulfoxide (DMSO) were distilled from calcium hy-
benzil and sodium i-butoxide in D M F to form 3 and t- dride at reduced pressure (~20 mm). Other materials were
butyl benzoate (6) (eq 3). The yields have generally ejther P^pared by established procedures or were commercially

obtained in general as reagent grade materials which were used 
DMF without further purification.

2Bz2 + i-BuO“ — >■ 3 + Ph— C 0 2— f-Bu (3) Reaction of Benzil with Sodium Phenoxide in DM F.— Benzil
25 ° 6 (4.20 g, 20 mmol) was treated with sodium phenoxide10 (1.16 g,

10 mmol) in 60 ml of D M F under a dry nitrogen atmosphere, 
been around 50% . These results are of special interest After stirring at room temperature for 35 min, the mixture was
since in other solvent systems different products are en- poured into ice water, acidified and extracted with ethyl ether.

, , . . .. . , £ . , a i - i  . j. i 1 he ethereal solution was extracted with bicarbonate followed by
countered; benzilic acid forms in ether w hile f-butyl aqueous sodium hydroxide (2 .5 % ), washed with water, and dried
benzilate is the product in benzene or f-butyl alcohol.3 over calcium chloride. The solution was then evaporated to a

A genuine test of the “D M F  effect” should be pro- ... ... . . , , , , . , . , ,
vided by the reaction between benzil and hydroxide ion. o u t  b y  G a lb ra ith  L a b o ra to rie s , K n o x v ille ,  T e n n . In fra re d  spectra  were

o b ta in e d  us ing  th e  N u jo l m u ll te ch n iq u e . T h e  n m r sp e ctra  were d e te rm in e d  
(8) F o r  a d iscussion o f d ip o la r  a p ro t ic  s o lv e n t effects on  a n io n ic  reac tions , in  D C C ls  a t 60 M e  us in g  S i(C Hs)4 as an  in te rn a l s ta n d a rd , 

see A . J . P a rk e r, Quart. Rev. (L o n d o n ), 16, 163 (1962). (10) N .  K o rn b lu m  a nd  A . P . L u r ie , J. Amer. Chem. Soc., 81 , 2705 (1959).
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20-30-ml volume after which a small quantity of petroleum ether water, dried over calcium chloride, and evaporated to ~ 1 0  ml.
(bp 30-60°) was added to induce crystallization. The cooled sys- Petroleum ether was added and heat w as applied until dissolution
tem was filtered to yield 2.70 g of benzoin benzoate (3), mp 123- was complete after which the solution was cooled in an ice bath. 
124° (lit.11 mp 124-125°). The filtrate was evaporated and the After crystallization was complete, filtration afforded 0.67 g of
residue was triturated with petroleum ether to obtain crude 3, mp 123-124°. Mixture melting point with an authentic sam-
phenyl benzoate (4) which was recrystallized from petroleum pie showed no depression.
ether :o  afford 0.81 g of the purified material, mp 67.5-69° (lit.12 The mother licuor was evaporated, the residue dissolved in 10
mp 6 9°). Product identification was realized in each case from ml of benzene, and the resulting solution was placed on a de-
mixture melting point and infrared data. activated column of alumina (50 g of Alcoa F-20 alumina and 1

The combined filtrates were evaporated, and the residue was ml of 10% aqueous acetic acid). Elution with petroleum ether
dissolved in 10 ml of benzene and introduced onto a deactivated resulted in the recovery of 0.74 g of benzil. Elution with 90 :10
column of alumina (50 g of Alcoa F-20 alumina and 2 ml of 10%  petroleum ether-ether afforded an additional 0.10 g of 3 , mp 123-
aqueous acetic acid). An additional 0.83 g of 4 , mp 67 .5 -69°, 124° (total yield of 3, 49% ).
wras e.uted with petroleum ether (total yield of 4, 83% ). Un- The bicarbonate solution was acidified and extracted with
reacted benzil (0 .20g) was eluted with 9 5 :5  petroleum ether-ethyl ether. The ethereal solution was washed with water, dried over
ether. Elution with 80 :2 0  petroleum ether-ethyl ether yielded calcium chloride and evaporated. Sublimation of the residue
0.14 g of additional 3 , mp 124-125° (from ether-petroleum ether). gave 0.31 g of benzoic acid, mp 121-122° (50.8%  yield), and 0.11
Total yield of 3 was 90% . g of benzilic acid, mp 148-149° (from ether-hexane).

The bicarbonate wash from the initial ether extract was acidi- Reaction of p-Methoxybenzil with Sodium Phenoxide in
fied and extracted with ether. The ethereal solution was washed DM F.— Sodium phenoxide (0.30 g, 2.6 mmol) and p-methoxy-
with water, dried over calcium chloride, and evaporated to afford benzil16 (1.2 g, 5.0 mmol) were stirred in 30 ml of D M F at room
0.18 g of acid residue. Sublimation resulted in 0.11 g of benzoic temperature for 12 hr under a dry nitrogen atmosphere. The
acid, mp 121- 122°. reaction mixture was worked up as previously described.

Very similar results were obtained where the reaction was con- Sublimation of the acid portion afforded only a trace of p-
ducted a t —10° in D M F or at room temperature in a 22%  D M F - methoxybenzoic (anisic) acid, mp 182-184° (ether-petroleum
DMSO solution. ether). Mixture melting point with an authentic sample showed

Reaction of Benzil with Sodium /-Butoxide in DM F.— Sodium no depression.
hydride13 (1.17 g, 27 mmol) was treated with ¿-butyl alcohol (1.90 The neutral portion was obtained as an orange oil which was
g, 25.7 mmol) in 70 ml of D M F. The system was stirred until dissolved in 10 ml of benzene and introduced onto an alumina
the evolution of hydrogen gas had ceased. A solution of benzil column (50 g of Alcoa F-20 alumina deactivated with 2 ml of
(10.5 g, 50 mmol) in 30 ml of D M F was introduced under a dry 10%  aqueous acetic acid). Elution with petroleum ether yielded
nitrogen atmosphere. After stirring at room temperature for 1 0.31 g (63%  yield) of phenyl benzoate (4), mp 67-68° (from
hr, the contents were poured into ice water, acidified, and ex- petroleum ether). Mixture melting point with an authentic
traded with bicarbonate, washed with water, dried over calcium sample showed no depression. Further elution with petroleum
chloride, and evaporated to ~ 2 0  ml. Dilution with petroleum ether resulted in a trace of phenyl anisate, mp 72-73° (identified
ether followed by cooling in an ice bath resulted in the crystalliza- by mixture melting point). Elution with 87 :13  solvent mixture
tion of a white solid. Filtration and recrystallization from afforded 0.15 g of p-methoxybenzil, mp 5 5-56°. Elution with
ethanol afforded 3.96 g of 3 , mp 123-124°. Theethanolic mother ether produced a brown oil.
liquor was concentrated to yield 0.30 g of benzoin, mp 134-135°. The oil was dissolved in a small quantity of ether, cooled in an
Mixture melting point with an authentic sample in each case ice bath, and diluted with petroleum ether. The container was
showed no depression. scratched with a glass rod to induce crystallization. Filtration

The mother liquor from the initial filtration was evaporated yielded 0.28 g (30%  yield) of p-methoxybenzoin anisate (5), mp
and distilled to give 2.40 g (54%  yield) of f-butyl benzoate (6 ), bp 91-92°. The infrared spectrum showed carbonyl absorption at
81° ( ~ 4  mm) [lit.14 bp 213° dec and 94° (10 mm)]. The in- 5.86 and 5.96  ̂ The nmr spectrum showed two 3 H singlets
frared spectrum was identical with that of an authentic sample. (methoxyl) at 5 3.73 and 3.77, a 1 H singlet at 5 7.07 (meth-

The residue (from distillation) was dissolved in 10 ml of benzene inyl), a 5 H multiple! at 5 7 .2 -7 .7  (phenyl), and four 2 H doublets
and placed on a deactivated column of alumina (100 g of Alcoa (J  ^  9.0 cps) at 8 6.83, 6.97, 8 .00, and 8.08 (two anisyl groups).
F-20 alumina and 4 ml of 10%  aqueous HOAc). A red oil was A nal. Calcd for C23H20O5: C, 73.43; H, 5 .32. Found: C, 
obtained by elution with petroleum ether which yielded 2.10 g of 73.25; H, 5.39.
benzil on trituration with ethanol. Further elution with 9 7 :3  The mother liquor was evaporated; the residue was dissolved
petroleum ether-ethyl ether afforded 0.16 g of additional 3, mp in 5 ml of benzene and rechromatographed. Only a brown oil,
123-124° (total yield of 3 , 51% ). 0.37 g, was recovered. Attempts to resolve the oil were unsuc-

The bicarbonate solution was acidified and extracted with cessful. However, the infrared spectrum was identical with that
ether. The ethereal layer was washed with water, dried over of 5.
calcium chloride, and evaporated. The residue was sublimed An authentic sample of p-methoxybenzoin anisate was pre-
to yield 0.77 g of benzoic acid, mp 119-121° and 0.25 g of benzilic pared by acylatingp-methoxybenzoin16 with anisyl chloride under
acid, mp 148-149° (from ether-hexane). Schotten-Baumann conditions.16 Mixture melting point with 5

Reaction of Benzil with Sodium Hydroxide in DM F.— Benzil showed no depression. Infrared and nmr spectra were identical
was treated with sodium hydroxide in D M F at room tempera- for the two samples,
ture, 0 and —13°. The results are summarized in Table I . .
A typical procedure is given below. Registry No.' Benzil, 1 3 4 -8 1 -6 , sodium phenoxide,

Sodium hydroxide was generated by the reaction of water (0.10 1 3 9 -0 2 -6 ; sodium f-butoxide, 8 6 5 -4 8 -5 ;  sodium hy-
g, 5.5 mmol) and sodium hydride13 (0.25 g, 5 .8  mmol) in 55 ml of droxide, 1 3 1 0 -7 3 -2 ; p-methoxybenzil, 2 2 7 1 1 -2 1 -3 ; 5,
D M F. After the evolution of hydrogen gas had ceased, the 2 4 8 6 6 -7 1 -5  
system was cooled in an ice bath to —13°. A solution of benzil
(2.10 g, 10 mmol) in 5 ml of D M F was added to the cooled sus- Acknowledgment.— W e  a re  g ra te fu l to  M essrs. C .
pension. The resulting system was stirred vigorously for 1 hr, g  A  an d  R  E  G reen  a t  L o u isia n a  S ta te  U n iv e r-  
poured into ice water, acidified, and extracted with ether, lh e . . , , ,  ^  Q
ethereal solution was extracted with bicarbonate, washed with S1t>y fo r ob tain in g  th e  n m r sp e c tra . i\lr. r>en o ta g e
____________  helped in th e  p re p a ra tio n  of som e of th e  s ta rtin g  m a 

in) N . Z in in ,  Justus Liebigs Ann. Chem., 104, 116 (1857). te ria ls .
(12) O. D o b n e r, »6td., 210, 246 (1881).
(13) Q u a n t ity  o f s o d iu m  h y d r id e  re fe rs  to  a 5 6 %  b y  w e ig h t suspension  in  (15) C . R . K in n e y , J. Amer. Chem. Soc., 51, 1595 (1929).

m in e ra l o il.  I n  each ins tance , m in e ra l o il was rem o ved  b y  w a sh ing  w ith  (16) R . L . S h rin e r, R . C . Fuson, a n d  D .  Y . C u r t in ,  T h e  S y s te m a tic
p e tro le u m  e ther. Id e n t if ic a tio n  o f O rg a n ic  C o m p o u n d s ,”  5 th  ed, W ile y , N e w  Y o rk ,  N .  Y .,

(14) M . P fa n n l, Monatsh. Chem., 32, 509 (1911). 1964, p  114.
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Constants of 6-Amino Derivatives and Anion 
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Basic dissociation constants have been determined for the mono- and diprotonation of 2,4,6-triaminopyrimidine 
and several of its 5-substituted and 2-, 6-, and 4,6-N-substituted amino derivatives. The three overlapping 
dissociation constants for the 5-(o-aminophenylthio) analog were also obtained. Most of the dissociation 
constants for the second proton fall in the range of 10~2 to 10, and in a number of cases the slopes of the Hammett 
plots deviate significantly from 1. Furthermore, dissociation constants measured in sulfuric acid are appreciably 
different from those in hydrochloric acid, and Bunnett <f> values are appreciably higher in the former solvent.
I t  is postulated that ion-pair formation with large anions stabilizes the diprotonated species. The pKi and p K 2 
values for the 5-substituted triamino derivatives are linearly related to the pK ,  values of the diamino analogs.
However, the effect of N-substitution on pAi is quite different from that on p K i  for the triamino compounds.
Steric and solvation factors seem to be involved.

During a study of the acid-catalyzed cyclization of perchloric acids in the case of 1, and in sulfuric and
2,4,6-triamino-5-(o-aminophenylthio)pyrimidinestol,3- hydrochloric acids with 3 and 9. All other pK *  values 
diazaphenothiazines,3 it became important to know were measured in hydrochloric acid only, 
the pK & values representing the association of the first, The ultraviolet spectra of 2,4,6-triaminopyrimidine 
second, and third protons on the intermediate, py- are depicted in Figure 1. Curves 5 and 6, for the di-
rimidines. This a t first appeared to be a rather for- protonated species in hydrochloric and sulfuric acids,
midable problem, since the three pK & values not only respectively, show differing degrees of solvation shifts,
overlapped, but extended into the moderately strong which result in isosbestic loss in both the low and high 
acid region, where there was some doubt that the pro- wavelength region. Consequently, small vertical and
tonation followed the H am m ett acidity function. lateral corrections for the isosbestic shift were made at
Model pyrimidines, including 2,4,6-triaminopyrimidine the low wavelength minimum at 222 nm and small
and a number of 5-substituted and 2-, 6-, and 4,6-N - lateral corrections at the high wavelength maximum at
substituted derivatives, were therefore chosen for 277 nm. Measurements were made at these two points
detailed studies of the first and second protonation.4 only, to minimize the errors resulting from correcting or 
The main purpose of this paper is to describe the prop- reading from a steep slope. All of the compounds
erties of these compounds in mild to moderately strong presented this problem to varying degrees. Figure 2
acid (pH 2 to H a —3). An analysis of substituent presents one of the more difficult cases, with curve 5
effects upon the first and second dissociation con- showing a lateral isosbestic shift a t 211 nm, a vertical
stants is also presented. shift a t 254 nm, and only small species differences in the

high wavelength region. The required correction was 
Results only 2 .5%  at 220 nm, however, since the difference in

. . . extinction coefficients between the mono- and di-
T h e  p y r i m i d i n e s  s t u d i e d ,  a n d  t h e i r  f i r s t  a n d  s e c o n d  p r o t o n a t e d  s p e c ie s  a t  t h i s  w a v e l e n g t h  i s  v e r y  l a r g e ,  

d i s s o c i a t i o n  c o n s t a n t s  a n d  u l t r a v i o l e t  a b s o r p t i o n  s p e c -  T h i s  w a s  t h e  o n l y  r e g i o n  u s e d  f o r  m e a s u r e m e n t s  w i t h  

t r a ,  a r e  l i s t e d  i n  T a b l e  I .  T h e  d i s s o c i a t i o n  c o n s t a n t s  ^ i s  p a r t i c u l a r  c o m p o u n d

(AO for the symmetrical 2,4 ,6 -triaminopyrimidines are Curves 3  and 4  0f F igure l , obtained at almost 
corrected by a statistical factor of 2 , since there is an identical pH valueg in hydrochloric and sulfuric acids,
equal probability of protonation on the equivalent ring respeCtively, illustrate that 2 ,4 ,6 -triaminopyrimidine is
atoms, N 1 and N 3, but only one possibility for proton protonated to a considerably greater extent in the
loss (Paper I of this series discusses the protonation latter acid at pH L L  Figure 2  (curves 2 and 3) shows
at NS which is the most basic nitrogen of 2,4-diammo- similar phenomena with the 5-phenylthio analog,
pyiimidme.) Similarly, the A 2 values for these com- Measurements were made in increments of approxi-
pounds are corrected by a statistical factor of 0.5. All mately 0  2 5  to 0  3  l h  units for each pyrimidine, and
pAa values were determined by spectrophotometric ieast-squares plots computed for the H am m ett acidity
m“  • . . .  function (Ho)5 vs. log I ,  where /  =  [BH 22+ ]/[B H + ],

The second protonation of these pyrimidines was This is illustrated for 1( 3 , S and 9  in F igUre 3 . The
found to occur in the moderately strong acid region Iin although straight, are not parallel, and, in all
Measurements were made in sulfuric, hydrochloric, and three cases gtudied; those measured in sulfuric acid

indicate a higher pAa than in hydrochloric acid. The
(1) (a) P resen ted in  p a r t  a t  th e  Second In te rn a t io n a l Congress o f H e te - i  t a .i t  v  a  i  • m  v  i  t  t

ro c y c lic  C h e m is try , M o n tp e llie r ,  F rance , 1969. (b ) P a r t  I :  B . R o th  a n d  S 1 0 p 6 S  0 1  t h e  l l l lG S  a r e  l i s t e d  i n  T a b l e  I .  I n  O n e  e x p e i * l -

j . z. strelitz, j . Org. chem., 34, 821 (1969). ment with 1 in hydrochloric acid, all solutions less than
i 2) AfterJ ™ V ’ 197?,’-al dr<T  c°rra8r™dence to author at new company 0 .4 M  were made up to a constant chloride concentra-

(3 ) B . R o th , A b s tra c ts , 144 th  N a tio n a l M e e tin g  o f th e  A m e ric a n  C h e m ic a l tlOn OI 0.4 NL W i t h .  Sodium chloride. In this Case, the
S o c ie ty , Los Angeles, C a lif. ,  1963; p u b lic a tio n  in  p re p a ra tio n . pK 2 of 1 Was raised to 1.41 ±  0.09. This Value is

(4 ) T h e  n o ta t io n  used here fo r  p X i  is fo r  th e  e q u il ib r iu m  B  +  H  + B H  +; 
pKz is  used fo r  B H + 4* E + «=* B H 22+. C o m p o u n d  4 gains th re e  p ro to n s ,
a n d  p re s u m a b ly  th e  o th e r bases can becom e tr ip ro to n a te d  o r even te tra -  (5) L .  P . H a m m e tt a nd  A . J. D e y ru p , J. Amer. Chem. Soc., 54, 2721
p ro to n a te d  in  s tro n g  a c id ; hence th e  reversa l o f th e  usua l c o n v e n tio n . (1932).
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‘  X  1 0 - ’ -______________________________________________ __ __________________  L o g / .

' iN ^tts*sM̂ V| \  \V, Figure 3.— Hammett plots of acidity vs. log ([BH 22+]/[B H +])
, 1 , , , , , ,  V . , for 2,4,6-triaminopyrimidine (la  and lb ); 2,4-diamino-6-piper-

“ » 2«  2» 210 300 idylpyrimidine (2a and 2b); 2,4,6-triamino-5-phenylthiopyrimi-
x, nm. dine (3a and 3b); 2,4,6-triamino-5-bromopyrimidine (4b).

Dotted lines (la -3 a ) represent sulfuric acid solutions; solid lines 
Figure 1.—Ultraviolet absorption spectra of 2,4,6-triamino- (lb -4b ) represent hydrochloric acid, 

pyrimidine: (1) as neutral species (pH 12), (2) as monocation 
(pH 4), (3) a t pH 1.10 in hydrochloric acid, (4) at pH 1.09 in sul
furic acid, (5) as dication ( f f 0 =  - 2 )  in hydrochloric acid, (6) as T able II
dication (H 0 =  —2 ) in sulfuric acid. E ffect of Monoanions on Diprotonation of 1

/---------------%  d ip ro to n a t io n --------------- >
c X  1 0 "*. A n io n  p H  2.10 p H  1.55

i|--------------------------------------------------------------------------------------------- I -  12 36
I Br~ 8  28
j CD 8  27

« - 5
!
| cant, but the difference between iodide and bromide ion

3s- !l is significant at pH 1.55.
\ f/S \  In the pH 7 region, divalent anions, such as H P 0 42_,

Ajj J y \ \  increase pA'i to an extent greater than can be accounted
10 'i f /  \| for by the ionic strength. F or example, the concentra-

¡1 \| tionpK i for 1 was found to be 6.97 in a phosphate buffer
«- !i i  (m =  0.16), but was 6 .7 8 -6 .SI in a phosphate buffer of

1  ¡i =  0.016, to which was added 0.36 M  sodium chloride,
U \l sodium bromide, or sodium perchlorate. The phos-

l  phate buffer did not affect the isosbestic points in the
\\ 4 S ~ \ .  manner described in paper I of this series.2
\\ / ^ ¡ ^ . \  Figure 4 illustrates the ultraviolet absorption spectra
\\ \ \  of 4 as the neutral and tricationic species, as well as at

N —"  \  \  three intermediate points. Since the three pK & values
10 ‘ y K—y/  \ \  overlap slightly, the separation of isosbestic points is

v_-- \ \  incomplete. I t  was possible to calculate the pA’a
s _ \  \  values for each equilibrium at an isosbestic point for the

\ \ .  next equilibrium, however, as indicated in Table I,
\ A v  footnotes j ,  k ,  and m , and illustrated by arrows in

-------1------iff----- 1----- fit------1----- jfi----- 1----- do-----1— Fi gure 4. The second and third dissociation constants
x, nm. were also calculated at 217.5 nm (the low-wavelength

Figure 2.—Ultraviolet absorption spectra of 2 ,4 ,6-triamiuo-5- maximum for curve 2, Figure 4) by use of the Tham er
phenj'lthiopyrimidine: ( l )  as monocation (pH 3 ), (2 ) at pH 1.09 equation.6 These results checked very closely with
in hydrochloric acid, (3) a t pH 1.09 in sulfuric acid, (4) at Ho = those obtained by the first method. Since these are
- 1  in sulfuric acid, (5) as dication (H„ = - 3 )  in sulfuric acid. macroconstants and do not represent protonation of a

specific nitrogen, no statistical corrections were applied.
still considerably lower than that in sulfuric acid,
despite the higher ionic strengths of the solutions. Discussion

The effect of monoanions of different size on the . . .  „  ......... ___ , .  0 .
of 1 was determined by swamping dilute hydrochloric The Pynmidine Equilibrium B H + <=± BH 22+ .-S in c e  
acid solutions with sodium iodide, bromide, or chloride the diprotonation of the triammopyrinudines extends
(10 X  [HC1]), respectively. Results are shown in into the moderately strong acid region, where the acidity
Table II. A t pH 2.10, the differences are not signifi- (6) B . R o th  a nd  J. F . B u n n e tt,  J. Amir. Chem. Soc.. 87, 334 (1963).
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T a b l e

D is s o c ia t io n  C o n s t a n t s  a n d  U l t r a v i o l e t  A b s o r p t i o n

T h e rm o d y n a m ic  
p Ki (2 0 °)

C o m p d  ,---------------------------------- P y r im id in e  s u b s titu e n ts ----------------------------------- - A c id  fro m  PK, f ro m  m id p o in t  Slope,
no 2 4 g 6 fo r  pKt B u n n e t t  p lo ts® '6 o f H a m m e tt p lo ts 6 H a m m e tt  p lo t

1« N H , N H , N H , HC1 1 .31 ± 0 . 0U  1.31 ±  0.02» - 0 .9 6 8  ±  0 .023
H ,S 04 1 .72  ±  0 .0 3  1 .69  ±  0 .0 6  - 0 .8 8 1  ±  0 .039
HC104 1 .46  ±  0 .0 8  - 1 . 0 8  ± 0 . 0 5

2» N H , N H , C2H6 N H 2 HC1 1 .55  ±  0 .0 2  1 .55  ±  0 .0 4  - 0 .9 9 2  ± 0 .0 4 1

3< N H , NH2 SCsHs NH2 HC1 0 .0 8  ±  0 .0 3  0 .2 4  ±  0 .01  - 1 . 2 0  ± 0 .0 1 9
H ,S 04 0 .49  ±  0 .0 8  0 .5 2  ±  0 .0 7  - 1 . 0 5  ± 0 .0 6 9

4i N H , NH2 SCsH4NH,(2) N H 2 HC1 - 0 . 5 3  ±  0 .0 4  - 0 .5 5  ±  0.04>' - 0 .9 8 3  ±  0 .036

5> NH2 N H , Br N H , HC1 - 0 . 3 0  ±  0 .0 3  - 0 .2 1  ±  0 .0 3  - 1 . 0 8  ± 0 .0 3 6

6' N H , N H , Cl NH , HC1 - 0 . 3 5  ±  0 .0 2  - 0 . 2 6  ±  0 .0 2  - 1 . 0 9  ±  0 .014

7" NH2 NH2 NHCHs HC1 1 .0 5  ±  0 .0 4  1 .0 4  ±  0 .0 5  - 0 .9 8 6  ±  0.041

8" N H , NH , N (CH 3), HC1 0 .6 8  ±  0 .0 3  0 .6 9  ±  0 .0 2  - 1 . 0 6  ± 0 . 0 0 3

9" N H , NH , N (C H ,)n  HC1 0 .5 8  ±  0 .0 4  0 .61  ±  0 .0 5  - 1 . 0 6  ± 0 . 0 5 1
1------------1 H2S 0 4 0 .8 5  ±  0 .0 3  0 .8 4  ±  0 .0 5  - 0 .9 6 7  ±  0 .041

10- N H 2 NH , N (C H ,C H ,),0  HC1 - 0 . 3 5  ±  0 .0 2  - 0 . 1 4  ±  0 .003  - 1 . 2 5  ± 0 . 0 0 7

1H N H , N (CH 3), N (CH 3), HC1 0 .8 0  ±  0 .0 5  0 .82  ±  0 .1 0  - 1 . 2 2  ± 0 . 0 7 7

12* N H , N (C H ,)n  N (CH ,)4-, HC1 1 .67  ±  0 .0 7  1 .67  ±  0 .0 6  - 1 . 0 9  ± 0 .0 5 2
i________i i------- I— I

13* N (CH ,)5-, NH , NH , HC1 0 .8 6  ±  0 .0 3  0 .8 6  ±  0 .0 3  - 1 .0 1  ± 0 .0 4 1
i I

14* N H , NH , CH,C6H5 NH ,

15» N H , NH , CeH4Cl(4) NH ,

16» N H , NH , NHCHO NH ,

17« N H , NH , N = N C 6H5 NH,

18« N H , NH , N = N C 6H4C1(4) NH ,

19r NH , NH , NO, NH , 3

3 J . F . Bunnett and F . P. Olsen, Can. J .  Chem., 44,1899 (1966). b p if, taken as midpoint of Hammett plots, where log I  =  0. Rigor
ously, this is the thermodynamic pK„ value only when the slope is unity. In cases of marked deviation, such as 3a and 10, the Bunnett 
plots give the more accurate constant, in the absence of a new acidity function. Midpoints were calculated from the plot of log I  =  
A Ho +  C, w here/ =  [BH ,2+]/[B H +], A  is the slope, C is the intercept at Ho =  0, and p lf, =  —C /A . D ata for the points were chosen 
between log /  =  ± 1 .  The number of points (n ) and acid concentrations which are listed are the number of points and acid concen
trations falling in this range. Statistical corrections of 0.5 are applied to. K  values for symmetrical derivatives. « Statistical 
corrections of 2 are applied to K  values for the symmetrical pyrimidines. The limits recorded are the total range of values from calcula
tions at ca. 10 wavelengths. d Observed endpoints in HC1 solutions. Small medium shifts occurred in Xmai. * Reference 2. 1 Standard 
deviations. » Calculated from standard deviations of A /B  in Hammett plots. * P . B . Russell and G. H. Hitchings, J .  Amer. Chem.
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Spectra o r  2,4,6-T riaminopyrimidine Derivatives

'---------------------------------------------- U l t ra v io le t  a b s o rp tio n  spectra -------------------------------------- — — s
A c id  concn T he rm odyna m ic®  ,---------N e u tra l species---------, ,---------M o n o c a tio n --------- , ,---------D ic a t io n d----------,

* a n range. M PAl (20°) XmaI € x  10-' Xmax , X 10-' XmaI e x  10-•

0 .2 4  ±  0 .1 3  6 0 .0 2 6 -0 .6  6 .7 2  ±  0 .0 P  209 35 .2  214 2 9 .2  277 2 6 .7
0 .8 3  ±  0 .3 2  7 0 .0 0 6 -0 .2 5  237 .5  sh 4 .0 1  272 18.2

4 0 .0 1 -0 .3  267 .5  11.80
0 .2 2  ±  0 .29  4 0 .0 1 -0 .4 1  6 .8 4  ±  0 .0 2  237 .5  sh 5 .51  2.15.5 2 3 .5  245 4 .6 0

27 4 .5  11 .6  240 sh 4 .6 0  285 2 5 .0
280 .5  17 .2

- 0 .9 1  ±  0 .1 4  7 0 .2 -1 .5  5 .6 6  ±  0 .0 6  247 .5  17 .0  218 3 5 .6  241 13.2
- 0 . 1 6  ±  0 .3 4  6 0 .1 -1 .6  265 14 .9  243 16 3 273 18.5

271 15 .5
0 .6 5  ±  0 .0 8  7 0 .4 -4 .2  2 .5 9  ±  0.05* 214 .5  5 8 .0  215 4 8 .4  248! 14.2

5 .9 5  ±  0 .0 5 m 247 .5  15.1 245 .1  1 4 .3  273 19.4
260-265 sh 12 .9  271 14.2

- 0 . 1 8  ±  0 .19  6 0 .4 -4 .2  5 .1 7  ±  0 .0 2  234 sh 6 .7 5  216 2 3 .9  252 5 .3 0
274 .5  9 .0 5  245 sh 4 .3 9  289 2 0 .0

282 14 .5
- 0 . 2 7  ±  0 .0 5  5 0 .4 -2 .9  5 .1 5  ±  0 .0 2  235 sh 5 .3 0  215 2 3 .4  24 7 .5  4 .3 5

274 9 .4 0  24 2 .5  sh 4 .2 0  288 2 1 .0
232 14.5

- 0 . 0 4  ±  0 .4 0  6 0 .0 3 -0 .6 0  7 .21  ±  0 .0 3  213 3 5 .8  217 .5  2 6 .0  280 2 9 .0
270 13 .3  274 2 0 .2

- 0 .2 9  ±  0 .2 6  6 0 .0 3 -0 .7 9  7 .21  ±  0 .0 3  217 .5  2 9 .4  223 2 0 .0  285 2 9 .0
275 14 .6  279 21 .9

- 0 .4 7  ±  0 .2 8  8 0 .0 2 6 -1 .0  7 .2 0  ±  0 .0 3  220 2 7 .8  229 20 .1  290 3 1 .4
0 .18  ±  0 .11  7 0 .0 1 -0 .5  277 16 .5  282 24 .4

- 1 .0 6  ±  0 .1 4  5 0 .2 -1 .5  6 .7 3  ±  0 .0 4  219 2 9 .4  231 2 2 .3  291 32 .9
275 .5  16 .5  281 2 4 .8

- 0 .9 9  ±  0 .4 4  7 0 .1 -1 .0  7 .1 8  ±  0 .0 2  228 3 6 .5  230 2 3 .4  297 3 0 .8
279 16 .9  286 24 .9

- 0 .5 5  ±  1 .1  4 0 .0 1 -0 .3  7 .5 6  ±  0 .0 2  230 .2  3 7 .5  232 .5  2 6 .7  29 7 .5  3 9 .2
281 2 2 .0  288 .2  3 1 .8

- 0 .0 1 9  ±  0 .1 3  5 0 .1 -1 .0  6 .7 8  ±  0 .0 3  247 .5  11.9 227 .5  3 0 .8  24 7 .5  7 .3 5
275 9 .0 0  247 .5  sh 7 .4 0  280 2 4 .2

280 .5  15 .0
6 .5 5  ±  0 .0 2  23 7 .5  sh 8 .1 2  242 .5  sh 6 .42

273 11 .4  278 .5  16 .8
6 .1 9  ±  0 .0 4  271 14 .4  215 .5  33.1

276 18 .4
5 .7 3  ±  0 .0 3  23 3 .5  sh 6 .71  215 2 8 .8

267 10 .8  272 16 .3
4 .9 7  ±  0 .0 4  248 14 .9  215 2 2 .0

255 sh 14 .3  232 .5  sh 14.9
375 2 3 .8  257 .5  9 .6 5
397 .5  sh 17 .5  285 sh 5 .9 5

364 2 2 .5
395 sh 12 .3

4 .9 1  ±  0 .0 5  252 1 8 .5  215 24 .1
257 .5  sh 16 .9  235 sh 17.1
381 2 8 .7  25 7 .5  sh 11.1
405 sh 2 2 .7  28 2 .5  sh 4 .21

369 .5  2 7 .8
397 .5  sh 17 9

3 .2 2  ±  0 .0 4  230 sh 1 7 .7  214 4 4 .0
335 3 6 .0  235 sh 3 1 .3

322 2 7 .6

Soc., 74, 3443 (1952). *' Reference 3. > pK s. pif» values overlapped slightly; calculation was made from data at 232.5 and 276 nm,
crossover points for the next equilibrium. No statistical corrections were applied to dissociation constants for this compound. * pK t. 
Calculation from data at 265 and 295 nm, which are isosbestic points for the equilibrium BH + B, and also a region of very small 
change for the equilibrium B H 33+ «=* BH 22+. 1 Trication. m p K i.  Calculation from data at 276 nm, which is an isosbestic point for
the next equilibrium. » B . Roth, J .  M . Smith, and M . Hultquist, J .  Am er. Chem. Soc., 72, 1914 (1950). » Prepared by Paul Stenbuck
in these laboratories, mp 280-282°; see also British Patent 712,595 (1954). » W . Traube, Ber., 37, 4544 (1904). “ These compounds 
were kindly donated by Drs. A. M. Triggle and D. J .  Triggle of the State University of New York at Buffalo, Buffalo, N. Y . See
J . Hampshire, P . Hebborn, A. M. Triggle, D. J . Triggle, and S. Vickers, J .  M ed. Chem., 8, 745 (1965). r S. Gabriel, Ber., 34, 3362 
(1901).
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« x 1 0 of the plots, <t>, is a parameter which expresses the re- 
1 " sponse of the equilibrium to changing acid concentra-

f \  tion, and may be interpreted in terms of hydration
A changes. The more positive the 4> value, the greater is

50 - A  the hydration of SH + relative to S, according to the
L  A hydration hypothesis.

/  l A comparison of the pA 2 values of Table I, calculated
« - / I  by the Bunnett vs. the H am m ett method, shows them to

/  \ be the same, within experimental error, except for the
J  /  \\ few cases where the slope definitely deviates from 1.

30 - J \  j 3 A The Bunnett equation values are considered to be the
v\_-VN f  thermodynamic constants for the pyrimidines.

\ A B y definition, a thermodynamic pK a value is a con-
20 - j  stant, which is not dependent on the medium. This

\\ presents an anomaly when we are faced with the data
\ on 1, 3, and 9, which show the thermodynamic pA 2

,o- ^  values to be higher by 0.2 to 0 .4  pH units in sulfuric
\ o y \  than in hydrochloric acid, and to be intermediate in the

’ one case with perchloric acid. This phenomenon is not
1 , 1 . 1 , 1 . 1 —  restricted to the moderately strong acid region, where

Zt" 'u'“ the activity of water is less than 1. Much of the data
x’ nm' was collected in solutions above pH 1, where the pH

Figure 4.—Ultraviolet absorption spectra of 2,4,6-triamino-5- values can be determined by direct measurement,
(o-aminophenylthiolpyrimihine: (1) as neutral species (pH 12), This jg iHustrated in Figure 1. Solutions 3 and 4 had
(2) at pH 4.02 (0.01 N  acetate), (3) at pH 1.09 (m hydrochloric , , , Tt i • i , ,L i*«?
acid), (4) at Ho = -0 .2 0  (l N  hydrochloric acid), (5) at ff„ = - 3  almost identical pH values; it is clear that they differ 
(hydrochloric acid). considerably in their degree of protonation, however.

This was also true of solutions at pH 1 .5 -1 .6  with and 
of the solutions cannot be measured with the hydrogen without added salts. It could be argued th at the
electrode, the use of an acidity function approach is sulfuric and hydrochloric end points (curves 5 and 6)
indicated for the measurement of pK t . The H am m ett are sllShtly different, and that the medium corrections
acidity function, H 0,6 which is defined as may have been erroneous, which will change the p A a

values slightly. This is quite beside the main point, 
Ho = — log a s - T b/ /bh+ = pHBh+ — log [BH+]/[B] (1) however. The difference in 3 and 4 suggests that

is the measure of the capability of a solution to transfer th® two substrates are actually different from each
a proton to a n eu tra l  base B , to form its conjugate acid, ° f er> whlch can J * 8* be explained by different degrees
BH +. H am m ett envisaged a second acidity function, ° 1Ion, pam ng ° f the diprotonated pyrimidine with 
H +, for monocation-dication equilibria.? This func- ch ° nde f nd blusulfate Stronger ion pairing
tion has not received extensive study, but, over certain Wlth the;  larSer bl,sulfate J011 (and with sulfate diamon
ranges of sulfuric acid concentration, a parallelism with Pre™nt to a sn?a11, ext«nt) would contribute to greater
Ho has been found.8.9 Failure of certain bases to stabilization 0f the diprotonated species Evidence
adhere exactly to the H 0 scale was found to be unrelated for this was also supplied by the fact that slight isosbestic
to a particular charge type.1» I t  therefore seemed shifts occurred m sulfuric acid in the pH 1 .5 -2 A region
reasonable to compare log I  with H 0 in our case. B y  d the strength was not ke!:)t constant. Evidence
definition (eq 1), the slope of such a plot should be 1. for stabilization of the monoprotonated species by
The results of Table I indicate that this is usually, but H P 0 42- - H 2P 0 r  anions at pH 7 was also indicated by
not invariably, the case with the pyrimidines tested. an ^crease in pK ,  greater than could be accounted for
Figure 3 illustrates this point. Although no deviations by increased ionic strength.
are large, they are significant in a few cases, and the Previous evidence for ion pairing in aqueous solution 
resultant pA 2 values calculated from e q l are inaccurate. was obtained with diaminopynmidines in phosphate

Bunnett and Olsen11 have devised a method for the buffers at PH 7•* Evidence for increased ion pairing as
calculation of the thermodynamic pA a for any base, a function of monoamon size was obtained from the
regardless of the aridity function it follows. Use of the nmr sPectra of 2,4-diaminopyrimidine hydrochloride,
single acidity function H 0 in the equation bromide, and iodide salts in dimethyl sulfoxide solu

tion.12 In the present series, iodide ion contributed 
log ([SH+]/[S]) +  Ho -  <t>(H0 +  log [H+]) +  p K s s + (2) more to stabilization of the dication than did bromide

gives linear plots from which the desired p _Ksh + values or cEl nricl0. Paul and Long have described similar
can be obtained. Results by this method were found to sab effects wbb p-nitroaniline and other bases, as a
agree well with the literature data obtained by the function of anion size.13
acidity function method, using a wide variety of sub- Most of the <f> values presented in Table I  have a high 
strates (S) which are not H am m ett bases.11 The slope standard error. This is to be expected at the low

acidity of most of these experiments, since the expres-
(7) L .  H a m m e tt,  "P h y s ic a l O rg a n ic  C h e m is try ,”  M c G ra w -H ill B o o k

C o ., In c .,  N e w  Y o rk ,  N .  Y . ,  1940, C h a p te r  I X .  (12) B . R o th , S. H u r lb e rt ,  J . S tre litz , and  G . H .  H itc h in g s , A b s tra c ts ,
(8) T .  G . B o n n e r a nd  J. C . L o c k h a rt,  J. Chem. Soc., 264 (1957). 152nd N a tio n a l M e e tin g  o f th e  A m e ric a n  C h e m ica l S o c ie ty , N e w  Y o rk ,
(9) L .  M ic h a e iis  a nd  S. G ra n ic k , J. Amer. Chem. Soc., 64, 1861 (1942). N .  Y . ,  1966, to  be pub lished .
(10) R . L . Reeves, ibid., 88, 2240 (1966). (13) M .  A . P a u l and  F . A . L on g , Chem. Rev., 67, 1 (1957), a n d  references
(11) See T a b le  I ,  fo o tn o te  a. th e re in .
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Sion (H o  +  log [H + ]) of eq 2 approaches, and is some- PXl valllea. 2 ,4 ,6 - tr ia m in o -5 -s u b s titu te d  p y ra m id in e s .

times equal to, zero. Since the margin of error in J
known H 0 values is relatively large,13 it is evident that 7 _ Mew / '
such errors will cause a large scatter in the points in a « / *
this situation. In spite of this difficulty, the differences >*'cH;,c4hs

in the <f> values of Table I are sufficiently great to make X ch ci
it possible to draw some reasonable conclusions about 6" /
them. y

The <j> values for the equilibria in hydrochloric acid y '
all fall in the range of + 0 .2  to —1.1. In general, the -5 - n* nc.h.cu/ ct Br
values become more negative with increasing alkylation
of amino groups, or with the introduction of bulky 5 y '
substituents. This would be expected on the basis of y '
the hydration hypothesis. Since the </> values are not " y '
all substantially equal, it follows that this set of bases 
does not follow a common acidity function, as was also
concluded on the basis of the H am m ett plots. The <f> — 3------------2-------------J------------J------------=------------J—
values in sulfuric acid are all about 0 .6 -0 .7  units higher
j r  - i l l ! *  • i i i  i  i  i *  P ^ i  va lue s , 2 ,4 -d ia m in o -5 -s u b s titu te d  p y r im id in e s .than, those in hydrochloric acid. B y the hydration
hypothesis, this would imply relatively greater hydra- Figure 5.— Comparison of 5-substituent effects on the dissociation
tion of the diprotonated species in sulfuric acid.' We constants of 2,4,6-triamino- vs. 2,4-diaminopyrimidines.

have already concluded that greater solvation occurs in
the form of ion pairing with bisulfate ion. These T a b l e  I I I

hypotheses are probably not mutually exclusive. C o m p a r is o n  o p  ApX, a n d  ApA'2 V a l u e s  f o r

The Effect of 5 Substituents on pAA—Figure 5 is a 2 , 4 , 6 - T r i a m i n o p y r i m i d i n e  D e r i v a t i v e s

plot comparing the p K i  values of the 2,4,6-triamino-5- S u b s titu e n t a p k , a?k ,

substituted pyrimidines with those of their 2,4-diamino- A. pAa (2,4,6-Triamino-5-substituted Pyrimidine) —
5-substituted counterparts.2 A good linear relation- pA„ (Compound l)
ship is observed. A least-squares computation for the C2H5 0 .1 2  0 .24
8 substituents shown by solid circles on the graph gives SC6H5 —1.06  —1.23
the relationship Br —1.55  - 1 .6 1

Cl - 1 . 5 7  - 1 .6 6
pAXri =  1.30 +  0.720piLDi (3)

. B. pAa [2+Diamino-6-(substituted amino)pyrimidine] —
The 95%  confidence limits for the slope and intercept pKa (Compound l)
are, respectively, ± 0 .0 6 2  and ± 0 .3 6 7 ; s =  0.105 and r NHCH3 0 .4 9  —0.26
=  0.996. Since the diaminopyrimidines (paper I) N (CH 3)2 0 .4 9  - 0 .6 3
obey the relationship N (CH 2)n  0 .4 8  —0.73

pA+i =  7.32 -  6.96(0.738<r/+  0.262ffR-) (4) N (CH 2CH2)20  0 .01  - 1 .6 6

the triaminopyrimidine constants can be calculated C. pAa [2-Amino-4,6-bis(substituted amino)pyr:midine] — 
directly if a  is known. Stated in words, the polar (Compound l)
effect of 5 substituents is less for the triaminopyrimidines
by a factor of 0.72. _ 0 8 4  ° ' 36

Relative Effects of Substituents on p K i  and pK%.- p>. pk * [2-(Substituted amino)-4 ,6-diaminopyrimidine] —
Table III  shows ApAa values for several groups of p # a (Compound l)
triaminopyrimidine derivatives. In series A, a com- N(CH2)5-, 0 .0 6  —0 .4 5
parison of Ap/+ and ApA\> for the 5-substituted deriva- 1-----------1
tives shows the differences to be very nearly equal for
the four compounds studied. In other words, the derivative (a  =  0.065, pAr =  7.21) would give a point
substituent effect in the moderately strong acid region which falls way above the line. In other words, it is a
is very nearly the same as it is a t neutrality. This is stronger base than is expected from X 1 protonation,
not true of the N-substituted derivatives, however, Since this substituent has a greater electron-donating
regardless of whether or not they are symmetrical. capacity than does N H 2, protonation to give I la  and

Series B, the 6 -(substituted amino)pyrimidines, shows the p-quinonoid canonical form lib  is indicated. The
the 6-methylamino, dimethylamino, and piperidino protonation site for the less basic 6-morpholinopyrimi-
derivatives to be stronger bases than 1 by about 0.5 pH dine is less certain. On steric grounds, N 3 is favored,
units in the pA , region. Such pyrimidines can be See Scheme I.
expected to protonate at N 3 rather than N 1, on both In the pK i  region, the 2,+diamino-6-(substituted  
steric and electronic grounds. In contrast, other 2,4- amino)pyrimidines are all w e a k e r  bases than the parent
diamino-6-substituted pyrimidines protonate at N*.lb compound, and a progressive base weakening occurs in
An indication that the protonation site is actually going from mono- to dialkylation. The large changes
different is obtained from Figure 5 of paper I , lb which in ultraviolet spectra on diprotonation (see Table I and
shows a very close correlation of 6-substituted pyrimi- Figures 1 and 2 ; indicate that the second proton also
dine pAa values with a a  constant which is almost goes on a ring nitrogen (N 1), to give I l ia , Of the
purely inductive. The data for the 6-dimethvlamino possible canonical forms, IH b—e, those most li vely would

Protonation of 2,4-Diaminopyrimidines J. Org. Chem., Vol. 85, No. 8, 1970 2701
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H ri r l + + r l +  ri
lib Illb n lc Hid Hie

have their charges widely separated. Since N 1 is symmetrical in a medium where it is strongly solvated,
o r th o  to the 6-substituted amino group, the data suggest if the 2-piperidino group is restricted in its rotation,
steric hindrance to diprotonation with increasing bulk. In this case, pK 2 for 13 is 0.56, and ApX2 is 0 .75 ; these
In the pyridine series, orth o  substitution by isopropyl values are almost the same as those for 9. The 2-piperi-
and ¿-butyl groups resulted in steric hindrance to dinopyrimidine has a less negative 0  value, however; so 
protonation, but an ethyl group did not.14 In contrast the question remains unresolved, 
to ethyl, a methylamino group can be solvated, however.
A comparison of the four ApA2 values with the 0  Experimental Section
parameters is of interest, i  he latter are, in sequence,
— 0.04, —0.20, —0.47, and —1.06. This is suggestive pifa Determinations.—1The pKi values were determined accord-
of a linear correlation, and, in fact, a least-squares inf  to procedures described in paper I of this series * In the
computation gives a correlation coefficient of 0.994 ( t  £ydrochl* ric acids were those of Paul and Long.13 The scale of
— 3.9, S — 0.059, and the slope is 0.72 ±  0.11). Yates and Wai was used for perchloric acid.16 Dilute acids above
These results are no doubt fortuitous, but it is reason- pH 1.1 were made up to a constant ionic strength of 0.1 by adding
able to assume that the decreasing ease of protonation the necessary increments of the sodium salts of the corresponding
is at least partially related to differences in solvation as acic!s; J n the absence of f lts’ sl|fM. shift®in the low wavelength
, . , . . . , . . isosbestic points occurred in sulfuric acid as the pH changed,
hydrophobic groups are introduced. Considerably The second pK a of sulfuric acid was calculated as 2 in preparing
more data would be required to separate the various such solutions. Normally 15 to 18 spectra were carried out in the
factors involved. pK ,  range to make certain of the end points and isosbestic shifts,

The C series, consisting of the 4 ,6-bis(dimethylamino) and to °htain sufficient data for Hammett plots in the proper

and pyrrolidino derivatives, shows a rather dramatic i m p o u n d s  .-M o s t  0f the compounds were freshly prepared
difference in the two compounds. The latter is not for this and related studies. Purification was accomplished by
only a considerably stronger base in the P-Ka region, but recrystallization, and finally by sublimation in many cases. A
remains a stronger base than 1 at pK 2. The C -N  bond few old flle samples from the Wellcome Research Laboratories
angles here are such as to greatly decrease the steric were rePunfied before use.

effect. The 0  value is also less negative by 0.44 unit in Acknow ledgm ent.-The authors are deeply indebted
e a er case. . to Professor J . F . Bunnett for many helpful suggestions.
I  he 2-pipendmopyrimidine (series D) has a pAi -rv • . ..  ^  ^  . A x ,-5  ^i , , , r  , c ,  , ,, Discussions with Professors C. A. Bunton and E . Grun-value very close to that ot 1, and thus it is a weaker base , ,  , , . ., , , „ T .,, ,, a  ■ i rp, ■ , , , wald were also most Iruittul. We are very appreciativethan the 6-pipendino analog, th is is not unexpected, r ,, , , .  , y-, TT tt-5  i • ,,, . , , „ ,, ot the vigorous supoort which Dr. G. H. Hitchings hassince there appears to be only a very small o r th o  reso- , . 11 &

nance-stabilizing effect from the 2 position. In the pA2 glVen to tluS pr0gram-
region however, it is a stronger base than the 6 isomer. Registry N o . - l ,  1004-38-2; 2 ,24867-19-4 ; 3 ,2 4 8 6 7 -  
Smce the steric effect at N 1 would appear to be the same 20_7; 4> 4 9 4 0 . 9 4 . 7 ; 5 , 24867-22-9; 6 , 24867-23-0; 7,
from the 2 and 6 positions, another explanation would 24867-24-1; 8 ,24867-25-2 ; 9 ,24867-26-3 ; 10,24867-27-4 ;
seem necessary The pAa values for this compound n  24867-28-5; 12, 24867-29-6; 13, 24867-30-9; 14,
were corrected for the symmetry of the pyrimidine, and 24867. 31. 0 15 2486 7 -3 2 -l; 16, 24867-33-2; 17, 2227-
it is very possible that the molecule is actually not 25-0- 18 2878-02-6* 19 94867-36-5

(14) H .  C . B ro w n  a nd  X .  R . M ih m ,  J. Amer. Chem. Soc., 77, 1723 (1955). (15) K .  Y a te s  and  H .  W a i, ibid., 86, 5408 (1964).
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The Schm idt Reaction of «-Aralkyl-Substituted Carboxylic Acids1

R . M. P a lm ere2“ and R . T . C onley211

Department o f  Chemistry, Seton H all University, South Orange, New Jersey  07079, 
and Wright State University, Dayton, Ohio 4 5 4S P

Received October 6, 1969

When 2-phenyl-2-methylhexanoic acid (1) was treated with sodium azide in polyphosphoric acid (ppa), the 
products of the reaction were aniline (2), 2-hexanone (3), 2-phenyl-l-hexene (4), ¿rans-2-phenyl-2-hexene (5), 
ci's-2-phenyl-2-hexene (6), and low polymeric material. In order to gain some insight into the route by which 
aniline was formed, a series of a-di- and trisubstituted acids were examined and found to yield varying amounts 
of aniline. 2-p-Tolyl-2-methylhexanoic acid was reacted to yield p-toluidine. The results of these experiments 
indicate the first step of the reaction to be decarboxylation to an aralkyl cation. In order to substantiate this 
proposal, the expected intermediates from a “Normal” Schmidt reaction of 1 were prepared by independent 
syntheses and subjected to rearrangement conditions: the acyl azide 7, the isocyanate 8, and the amine 9, were 
examined. All of the projected intermediates failed to give aniline on treatment with ppa without azide present, 
the mechanism is described.

The transformation of carboxylic acids to amines v ia  ppa, the products of the reaction were aniline (2), 2-
the Schmidt reaction3 (i.e., hydrazoic acid in sulfuric hexanone (3), three isomeric phenyl-substituted hex-
acid) has been a useful synthetic tool.4 enes (4 -6 ), and a low polymeric m aterial.11 None of

The most intriguing example of the anamalous be- the isomeric hexenes described by Arcus6 were ob- 
havior of a carboxylic acid was reported by Arcus and served. Furthermore, the products obtained from
coworkers.6 2-Phenyl-2-methylhexanoic acid upon acid 1 under these reaction conditions without sodium
treatm ent with sodium azide in sulfuric acid gave aniline azide present were the three isomeric phenyl-substituted
(55% ). They proposed that in the presence of sulfuric olefins (4 -6 ) and polymeric material. Since styrene
acid 2-phenvl-2-methylhexanoic acid (1) was protonated and substituted styrenes have been shown to polymer-
to form the dihydroxycarbonium ion which attacked ize in both ppa12 and concentrated acid13'14 it was neces-
the nitrogen of hydrazoic acid. This intermediate loses sary to show that the olefins formed were polymerized
a molecule of nitrogen with the subsequent migration of under the reaction conditions. The three isomeric
phenyl to the remaining electron deficient nitrogen to phenyl-substituted hexenes prepared independently
form phenyl isocyanate and the isomeric hexenes. The ( i .e . , the dehydration of 2-phenyl-2-hexanol) were polym-
phenyl isocyanate then decomposes to the observed erized in ppa. The results (Table I) show that the
aniline. However, certain anomalies such as fragmen- polymeric materials were derived from the phenyl-
tation6 7 and isomerization8 of certain acids in sulfuric hexenes.15 In addition treatm ent of the polymeric
acid have limited the usefulness of this reaction. product with sodium azide in ppa did not produce

W ith the ever growing popularity of ppa as a medium aniline, 
for rearrangements9 and since it has been reported as a
good solvent for the Schmidt reaction of spiro ketones,10 T a b l e  I
ppa was used in this study. P r o d u c t s  O b t a i n e d  f r o m  t h e  T r e a t m e n t

In order to clarify the reaction pathway for the ap- o f  t h e  T h r e e  O l e f i n s  w i t h  P p a

parent phenyl migration reported by Arcus and co-
workers5 and to investigate the fragmentation of acids p h e n y i-

under Schmidt conditions, ( i .e ., strong acid media), it 2-
was of interest to determine the fate of the possible P o lym e r,

intermediates (the acyl azide, the isocyanate, the amine, R e a c ta n t %  %  %  %
and the olefins) in the Schmidt reaction of acids with or
without azide present. 2-Phenyl-l-

hexene (4) None 1 .7  None 9 8 .3
_ .  . , _  ,, frans-2-Phenyl-
Discussion and Results 2-hexene (5) None 5 .4  None 9 4 .6

When 2-phenyl-2-methylhexanoic acid (1) was heated cis-2-Phenyl- 
at 50° with the equivalent of sodium azide for 8 hr in 2-hexene (6) 1.3 3.2 34.3“ 61.2

a Interestingly ct.s-2-phenyl-2-hexene (6) is slowest to react
(1) Presen ted in  p a r t  a t  th e  F ir s t  M id d le  A t la n t ic  R e g io n a l M e e tin g  o f a n d  is  i n  g o o d  a g r e e m e n t  w i t h  T a b le  III. A S t u d y  o f  t h e  r a te s  o f

th e  A m e ric a n  C h e m ica l S o c ie ty , P h ila d e lp h ia , P a ., Feb  1966. p o ly m e r i z a t io n  w o u ld  b e  n e c e s s a ry  t o  e x p la in  w i i y  a l l  t h r e e
(2) (a) A b s tra c te d  fro m  th e  P h .D . Thesis  o f R . M . P a lm ere , S e ton H a l l  o le f in s  a re  n o t  o b s e r v e d  w i t h  c o m p o u n d  5.

U n iv e rs ity ,  1966. (b ) T o  w h o m  in q u ir ie s  sh o u ld  be addressed a t  W r ig h t  ________________
S ta te  U n iv e rs ity .

(3) P . A . S. S m ith , “ M o le c u la r  R e a rra n g e m e n ts ,”  V o l. I ,  1st ed, P . de  (10) R . T .  C o n le y  and B . E . N o w a k , J. Org. Chem., 26, 692 (1961).
M a y o , E d ., In te rsc ie n ce , J o h n  W ile y  &  Sons, In c .,  N e w  Y o rk ,  N .  Y . ,  1963, (11) W h ile  i t  is  co n ve n ie n t to  consid er th e  lo w  p o ly m e ric  m a te r ia l as one
p p  4 8 3 -5 6 7  and  references th e re in . co m p o n e n t, i t  was show n b y  v p c  to  c o n ta in  a t  least th re e  co m p o n e n ts

(4) R . B . W a g n e r a n d  H .  D .  Z oo k, “ S y n th e t ic  O rg a n ic  C h e m is try , ”  (h a v in g  lo n g  re te n tio n  tim e s) w h ic h  w ere  tra p p e d  and  fo u n d  to  h a ve  v i r tu a l ly
Jo h n  W ile y  &  Sons, In c .,  N e w  Y o rk ,  N .  Y . ,  1953, p p  677-678. id e n tic a l i r  sp e c tra  (and q u ite  s im ila r  to  th a t  o f p o ly s ty re n e ) d if fe r in g  o n ly  in

(5) C . L . A rcu s , J. K e n y o n , a n d  S. L e v in , J. Chem. Soc., 407 (1951). th e  re la t iv e  in te n s ity  of v a rio u s  a b so rp tio n s .
(6) C . S chuerch, J r .,  a nd  E . H . H u n tre ss , J. Amer. Chem. Soc., 71, 2233 (12) L . A . P a q u e tte  and  T .  A . P h illip s , ibid., 30, 3883 (1965).

( 1 9 4 9 ; .  (13) W . E . M c E w e n , M .  G ill i la n d ,  and  B . I .  S p a rr, J. Amer. Chem. Soc.,
(7) C . Schuerch, J r .,  a n d  E . H . H u n tre ss , ibid., 71, 2238 (1949). 72, 3212 (1950).
(8) A . L u n d re n , ibid., 82, 3228 (1960). (14) M .  T .  Rosen, J. Org. Chem., 18, 1701 (1953).
(9) (a) H .  R . S n yder, C . T .  E ls to n , a nd  D .  B .  K e llo m , ibid., 78, 2014 (15) E s ta b lish e d  b y  i r  sp e c tra l co m p a riso n  o f th e  p o ly m e rs  o b ta in e d  fro m

(19 5 3 ); (b ) H .  R . S n yd e r and  C . T .  E ls to n , ibid., 76, 3039 (1954). th e  o le fin  p o ly m e riz a t io n  w ith  those fro m  th e  S c h m id t re a c tio n .
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I t  would appear that on heating the acid 1 with so- Table III
dium azide in ppa, that there are at least two competing Reaction of the Three Isomeric Olefins with
reactions taking place: the first, the addition of azide Sodium Azide in Ppa at d0°
to the acid (footnote a, Table IV) ; secondly, the de- u n re a c te d

carboxylation of the acid to give olefins which undergo 01efin m%ne' 0 y% er' ° e%“'
polymerization. 2-Phenyl-1-hexene (4) 53.4 45.0 1.2«

The effect of the preheating time on the products of trans.2-Phenyl-2-hexene (5) 43.7 46.0 4.6
the Schmidt reaction in ppa (i.e., time of heating before cis-2-Phenyl-2-hexene (6 ) 12.9 51.7 35.4«
the sodium azide was added) was varied. These results « includes isomeric olefins, 
are shown in Table II.

via decarboxylation was phosphorylated, it should be 
Table II possible to prepare this intermediate from the corre-

Effect of T ime at 50° on 2-Phenyl-2-methylhexanoic sponding 2-phenyl-2-hexanol. This alcohol should give
Acid with and/or without Sodium Azide the intermediate which could either eliminate to form

P re- T im e  w ith  the olefins or be att acked by azide to give the aralkyl
h e a tin g  so d iu m  is o m e rie  azide12' 17-19 required for the rearrangement to aniline
tl”re' aẑ e’ °le%ns’ Polymer Amhne, an(j  ketone. When 2-phenyl-2-hexanol was treated

8 io .8 7 9 . 7  with sodium azide in ppa, only 29%  aniline was ob-
8 4 1 2 . 6  7 7 . 4  0 .3“ tained indicating a competitive polymerization occur-
4 8 17.1 67.7 0.6“ ring in this case compared with the results during

8 6 . 2  34.6 57.7“’c Schmidt reaction of the acid (1). Since diphenyl
12 7 -6 33 3 54.05“ methyl alcohol, when treated in sulfuric acid with so-

« Isolated as aniline hydrochloride. b Isolated as benzanilide- dium azide, gave aniline, 20 and the azide of triphenvl-
‘ Interestingly, as the concentration of azide was increased under carbinol can be isolated from sulfuric acid , 21 it would
the reaction conditions noted, the yield of aniline was propor- ,, , ,, r -, r
tionatel greater appear that the stability of the azide formed from the

cation is the controlling factor in this type of rearrange-
. . , , , . . , v j  , • m ui ment. W ith these data in mind, it was decided to studyAs can be clearly seen by examining the data in 1 able . n i L r  -j  mu • xuTT . • i j  r «1 • j  i i a series of aralkylcarboxylic acids, ih e  groups m theI I , the maximum yield of aniline and polymer are de- . ..  17 . , . , , , , • ,, • , , c

7 . xi x x x- c *j  •it j  ex position were varied m order to determine the yield of
pendent upon the contact time of acid with azide. 1 function of structure These results are

Although Arcus and coworkers0 proposed a phenyl summarized in Tab]e I y  and indicate the limitations of
migration to produce an isocyanate intermediate, we , . .  T . , ,, ■ c
„  b  , . ,, , r  , ,, , ,, , this process. In only two cases was the amine fromthought that perhaps an alternate pathway was also ,, , , .. - ,. .f , , ,. , , ,  normal rearrangement obtained, rhenylacetic acidfeasible; namely, the reaction may have occurred by an , , , , ... . ,  ." , , ,
, T , . ’ , , ,, , j u t  u gave only benzylamme (no aniline could be detected),N + insertion analogous to that proposed by Lansbury , „ , ,, . ,, , ,

,, r v • j  , , , u •• and 2-phenylhexanoic acid gave 49 .2%  the expectedand Colson16 for hindered ketones or by a cationic in- r c, , ■/.
, . . .  j u o u  i j t t t  Rf 1-ph en ylp en tvlam in elro m th eA orm arb ch m id treac-termediate as proposed by Schuerch and Huntress6 tor 1 ,, Aa a • . , . , ,
a-trisubstituted alkyl acids. tl0Ii f  WeU aS

When 2-p-tolyl-2-methylhexanoic acid was treated cyclohexanecarboxyhc acid gave o4% aniline and 46%  
with sodium azide under the reaction conditions, p- recovered acid. None of the expected amine, 1 -phenyl-
toluidine (73%) was obtained. This experiment elim- ° ox) a™17ie>' ' ah e ec e .
inated the possibility of an N+ insertion mechanism. +. Assuming tha the mechanism of the Schmidt reac-
I t  is reasonable to assume that the first step of the reac- ^ on of acids to I0™  ammes Paf ” els that ,of +the
tion involves the formation of carbonium ion capable of C”  rearrangement, then any of the normal inter-
transformation to olefin and to polymer. The attack mediates <*•*’ az)de’ focyanate, or amine) could be 
of azide on this intermediate would be expected to form al)  intermediate in the formation of aniline. These
aniline and ketone since it has been shown12. 17- 19 that intermediates, the acyl azide (7), the isocyanate (8 ),
hvdrazoic acid adds to olefins in the presence of sul- and the am,I(lc W  (prepared wo a modification of the
f • • j  . ■ i „„;j „„ ..-u:„u u„ Curtius reaction23), were treated with ppa with andfune acid to give aralkyl azides which rearrange to ke- . . . .  *T , ,
tones and amines without azide present ( I  able V ). I  rom the amount of
°Since the observed products were aniline and a ketone anil1me, Produced it must be concluded that the a-

as well as olefins, it was necessary to show that the three a.ra,¥  acids ai?  decarboxylated prior to cation forma-
olefins obtained from decarboxylation of 1 would add tlon \n PPa rather than rearrangement to any of the
azide under Schmidt conditions to give aniline (2) and expected intermediates as depicted in the sequence of
2-hexanone (3). The product distributions from these step» in Scheme .
studies are shown in Table I I I .  From these data it
seems realistic to propose that aniline arises from the Experimental Section
reaction of azide with the cation, and that this reaction , . , , .
competes with the olefin formation and polymerization obtamed \ . ilh a Beckman IR-10 grating spectrophotometer, 
processes. Moreover, if the carbonium ion produced The nmr spectra were determined on a Varian A-60A in deuterio-

(16) P . T .  L a n s b u ry  a n d  J . G . C o lson, J. Amer. Chem. Soc., 84, 4167 (20) C . L . A rc u s  a n d  R . J. M es ley , Chem. Ind. (L o n d o n ), 701 (1951).
(1962). (21) (a) J . D .  Senior, J. Amer. Chem. Soc., 38, 2718 (1916). (b ) S. M .

(17) Y .  Y u k a w a  a nd  K .  T a n a k a , Mem. Inst. Sci. Ind. Res., Osaka Unit., E g e  and  K .  W . S h erk, ibid., 75, 354 (1953). (c) R . F . T ie tz  a n d  W . E .
14, 205 (1 9 5 7 ); Chem. Aistr., 52, 2795g (1958). M c E w e n , ibid., 77, 4007 (1955). (d ) J . H .  B o rp s  a n d  F . C . C o n te r, ibid.,

(18) D .  R . N ie lso n  a n d  W . E . M c E w e n , J. Amer. Chem. Soc, 76, 4042 77, 3287 (1955); 78, 325 (1956). (e) J . C . W a te r, ibid., 80, 2328 (1958).
(1954). (22) M .  S. N e w m a n  a nd  H . L .  G ild e n h o rn , ibid., 70, 317 (1948).

(19) L .  P . K u h n  a nd  J . D i  D o m in o , ibid., 72, 5777 (1950). (23) J . W e in s to c k , J. Org. Chem., 26, 3511 (1961).
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Scheme I
Summary op Reaction Steps in the Formation of Aniline prom 2-Phenyl-2-methylhexanoic Acid
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T able IV
Reaction of «-Substituted Phenylacetic Acids with Sodium Azide at 50°

Ri
\  N a N s

R — C6H5— C— C O O H -------->  products
/  p p a

r 2
R e covered N o rm a l

R e g is try  a c id , O le fin , P o ly m e r, a m ine , A n ilin e ,
R  R i R 2 no. %  %  %  %  %

H H H 103-82-2 32.3 None None 67.7 None
H H C4H9 24716-09̂ 4 None None 2.3 49.2 46.4
H H C6Hs 117-34-0 95.1 None None None 4.0
H CH3 C6H5 5558-66-7 87.1 None None None 12.9
H C6H5 C6H6 595-91-5 98.0 None None None None
H -CH2-(CH2)3-CH2-  1135-67-7 46.0 None None None 54.0
H CH3 C4H9 2955-41-1 0.01“ 6 3 34.6 None 57.7b
CH3 CH3 C4H9 24716-14-1 None 4 9 21.0 None 73.3'

“ Ir shows a small amount of azide present. b Isolated as the hydrochloride. ' p-Toluidine.

Table V nitrile on Chromosorb P, programmed from 60-220° at 20°/min
Treatment of Possible Schmidt Intermediates of with a helium flow rate of 60 cm3/min; preparative vpc employ-
2-Phenyl-2-methylhexanoic Acid in Ppa with and Wilkens “ auto-prep” using 20 ft by 3/s m. sdicone rubber on

„ . Chromosorb W with a helium flow rate of 200 cm’/min, 185
without Sodium Azide . ., ,isothermal.

S o d iu m  Acids and Esters.— The general procedure of Kenyon, Meyers,
azlde' Time’ Ta“ p’ Arnhne, and Hauser24 was employed for the synthesis of the following esters

omp e q m v  r  o and acids; unless otherwise noted, the vpc of each compound
Acyl azide . . .“ 8 50 None •' indicated only one component. The ir spectrum was in agree-

1 8 50 25.7 ment with the structure.
Isocyanate . . .“ 8 50 None6'“ Ethyl 2-phenylhexanoate (81 %):25 bp 103-105° (2 mm) [lit.24

1 8 50 44.4 74-76° (0.1 mm)]. A n a l .  Calcd for CJ4H20O2: C, 76.32; H,
Amine 1 8 50 None* 9.15. Found: 0,76.35; H.9.21.

“ One equivalent of azide is consumed to form the intermediate; n.f*M  (̂p-toiyO-propionate (81%): ¿P 116-118° (10 mm)
therefore, these reactions were carried out without added azide. ^ f , Q121 V  Vo 7^  H S9Q * ’ *
fcNone (less than 0.1%). 'Products were olefins and polymer. H 8̂ 39. '(75%): b 132_135o (4
d Only starting amine was isolated. 1 *  3 J

chloroform or carbon tetrachloride and are referred internally to (24) W . G . K e n y o n , R . E . M e ye rs , a n d  C . R . H a user, J. O rg . Chem., 28,
tetramethylsilane. Vpc was performed on a F & M Model 720 3 1 0 8  (1963).
gas chromatograph as follows: 6  ft by 0.25 in. 10% silicone gum (25) P e r ce n t y ie ld  o f p ro d u c t o b ta in e d .
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mm) [lit.26 122-125° (4.5 mm )]. A nal. Calcd forC, 5 H220 2: 62-64° (0.05 mm); n nn 1.5021; ir 2250 cm -' ( N = C = 0  stretch-
C, 76.87; H, 9 .46. Found: 0 ,7 6 .7 2 ; H, 9 .42. ing frequency); vpc (silicone gum nbrile) showed only one com-

Ethyl 2-(p-tolyl)-2 -methylhexanoate (59% ): bp 132-134° ponent.
(2.5 mm). A n al. Calcd for C16H24O2: C, 77.33; H , 9 .74 . The 2-phenyl-2-methylhexyl isocyanate (4.53 g) was refluxed 
Found: C ,7 7 .1 9 ; H, 9.82. with 30 ml of 20%  aqueous hydrochloric acid for 16 hr. The

2-Phenylhexanoic acid (80% ): bp 181-183° (20 mm) [lit.24 clear solution was cooled, extracted with ether, and the aqueous
173-178° (19 m m )]. A n al. Calcd for Ci2H i602 : 0 ,7 4 .4 4 ;  H , portion was evaporated at reduced pressure. The residual semi-
8.39 Found: C, 74.51; H, 8 .32. solid crystallized from ethyl acetate-ether, mp 133-141°.

2-Phenyl-2-methylhexanoic acid (89% ): bp 154^156° (4 Recrystallization from ethylacetate-ether gave 2.21 g, mp 
mm) [lit.27 155° (4 mm)]. A nal. Calcd for CisHigCh: C, 141-143° (lit.8 144-147°), of the 2-phenyl-2-hexylamine hydro-
75.69; H ,8 .7 9 . Found: 0 ,7 5 .5 8 ; H, 8 .81. chloride. A nal. Calcd for C12H20NCI: C, 67.45; H , 9 .37;

2- (p-Tolyl)-2-methylhexanoic acid (45% ): bp 148-150° (1.0 N, 6.57; 0 1 ,1 6 .6 1 . Found: 0 ,6 7 .5 1 ;  H, 9 .41 ; N, 6 .61 ; Cl,
mm). A nal. Calcd for C14H20O2: 0 ,7 6 .3 2 ;  H, 9 .15. Found: 16.73.
C, 76.43; H, 9 .04. The amine hydrochloride was converted to the free amine with

2,2-Diphenylpropior.ic acid (86% ): mp 173-174° (lit.28 173- sodium hydroxide, 2-phenyl-2-hexylamine, bp 110-112° (2 mm) 
174°]. [lit.8 127° (18 mm), lit .30 76-80° (0.6-1 .Omm)].

1- Phenylcyclohexanecarboxylic acid was prepared by the pro- The N-benzoyl derivative was prepared, 2-benzamido-2-
cedure of Case29 to give 8 .5%  desired product: mp 121- 122° phenylhexane, mp 146-147° (lit.8’30146-147°).
(lit .29 123°). The N-acetyl derivative had mp 110-111° (lit.30110-111°).

2- Phenyl-2-hexanol was prepared from re-butyl magnesium Schmidt Reactions.— All reactions were carried out in 17-
bromide and acetophenone as described by Conant and Carlson27 20 :1  weight ratio of ppa to reactant. A typical reaction pro-
(60% ): bp 129-131 ° (4 mm) [lit.27’30129-130° (4 m m )]. cedure is described. A summary of the data is found in Tables I

Olefin Synthesis.— The three isomeric phenyl-substituted to Y .
hexenes, 2-phenyl-l-hexene (4), irares-2-phenyl-2-hexene (5), 2-Phenyl-2-methylhexanoic Acid.— To a solution of 2.07 g 
and a s -2-phenyl-2-hexene (6 ), were prepared by the dehydration (0.01 mol) of 2 -phenyl-2-methylhexanoic acid in 40 g of ppa
of 2-phenyl-2-hexanol as described by Mohan and Conley.30 gently stirred at 50° was added 0.650 g (0.01 mol) of-sodium
Each olefin was obtained by preparative vpc. The elemental azide maintaining the temperature at 50°. The mixture was
analysis and refractive indices of each olefin were in good agree- gently stirred for 8 hr (gas evolution). The flask was removed
ment with authentic samples obtained from A. G. Mohan,30 also, from the bath, filled with crushed ice, and stirred until the aque-
the vpc retention time, ir, and nmr spectra were identical. ous ppa could be poured into a separatory funnel. The mixture

Amines and Related Compounds.— Table V I summarizes the was extracted three times with 50-ml portions of methylene chlo-
products isolated by a modified Curtius23 rearrangement of the ride to remove any unreacted acid and neutral products. The
corresponding acids. The following general procedure was used methylene chloride extracts were combined and washed succes-
for the synthesis of amines. sivelv with 10%  sodium hydroxide solution and water. The ex

tracts were dried (M gS04), filtered, and evaporated under re- 
T a b l e  V I duced pressure to give 1.78 g of crude oil. The crude oil was

B p  (obsd) B p  ( l i t )  analyzed by vpc (silicone gum nitrile). Six components were
C o m p d  °C  (m m ) ' "C  (m m ) trapped and characterized as follows.

. . .  . , . , . . .  First Component.— R e te n tio n tim e l.3 m in (4 7 .7 % ),31identi-
1- Ammo-l-phenyipentane 11&-111 (12 110 (12)» fied as 2-hexanone by comparison of its ir spectrum and retention
2- Phenyl-2-hexyhsocyanate 62 64 (0 .5 )  time with that of an authentic sample; the 2,4-dinitronhenylhy-
2-Amino-2-phenylhexane 110-112 (2) 127 (18)*- drazone, mp 106° (aqueous-alcohol) (lit.32 1 06°), no depression
1,1-Diphenylethylamine 141-143 (4) 140-142 (4)c upon admixture with an authentic sample; the semicarbazone,
1-Phenylcyclohexylamine 84-86 (1 .0  ) 84-89 ( 1 .0)d mp 122-124° (lit.32 1 22°).

* Krugmann and Co., British Patent 813,524 (M ay 21, 1951). Second Component. Retention time 3.2 min (5 .1% ), char- 
b See ref 5. c A. W. Weston and K . E . Hamilton, Jr ., Abbott acterized as frares-2-phenyl-2-hexene by spectral comparison (ir
Laboratories, U. S. Patent 2,801,072 (Nov 18, 1958); Chem. and r_mr) with an authentic sample.
Abstr., 53, 72169 (1959). d Parke, Davis & Co., British Patent Third Component.— Retention time 3.6 min (0 .3% ), char-
853,775 (Nov 9, 1960). acterized as 2-phenyl-l-hexene from its retention time and peak

enhancement with an authentic sample.
o t>u 10  ,, ,, • ■ , „ „ on Fourth Component.— Retention time 4.0 min (0 .9% ), char-
2-Phenyl-2-methy hexanoic acid (5.9 g 0.29 mol) was sus- acterized M cls_2-phenyl-2-hexene from its retention time and

pended m o ml of water and acetone was added to form a solution. k enhancement with an authentic sample.
The solution was cooled to 0 and 3^4 g 0.033 mol) of tr,ethyl- Fifth Component .-R eten tion  time 7.0 min (0 .5% ), unidenti-
amine in 65 ml of acetone was added, followed by 4.17 g (0.037 ^ecj v /0 ,i
mol) of ethyl chloroformate in 15 ml of acetone. The solution o Q 0 a a i • /ojx- j  i oa 4 i ao ci J J V  bixth Component.— lietention times 8.3 and 9.1 mm (34.5%was stirred an additional 30 mm at 0 after the addition was com- r  ,____ __i _________T__• ____ , . , , ri, • 1 x-i *. j  q j • • j  /ci qi-t r\ (\ao • in i r . total,, were-identified as polymeric materials by their retention
pleted. Sodium az.de (2.87 g 0.043 mol) in 10 ml of water was times and ir tral ider£ t;  with polymeric products from the
added dropwise, maintaining the temperature at 0 . After the poiymerization of the olefins in ppa.
addition was completed the mixture was stirred for 1 hr, was rf, u . .j • i • \ A , x j  ’ The sodium hydroxide extract was acidified with hydrochloricpoured into ice water, and was extracted with ether. The ether • A a ™ i ui -j  m, J ,, ,

j  • j  on  \ j  x r xt- xi- , . acid and extracted with methylene chloride. The methyleneportion was dried (M gs04) and most of the ether was removed at 1 i u j -,i , J a ■ a /tut &r\ \ ± ■,
reduced pressure. Since acyl azides are known to decompose in v n n n tn a-'^  19  evap? rat®d
violently with heat and shock, some of the ether solvent was al- " j °  1Te ° mg (° ' ° 1% ) °f 2-phenyl-2-methylhexano,c acid
lowed to remain. The infrared spectra of 2-phenyl-2-methyl- ldef fied h/  lts “  spectrum The aqueous ppa portion was
hexanoic acid azide showed a characteristic azide band at 2150 “ ade alkalm<;  Wltk S° lld Sodl+Um kydr0X‘deo W^ e add.lnS ,,Ce
(N3 str) and 1725 cm -1 ( C = 0  str). ?hlps to — am the temperature below 2o°. The basic solu-

The solution of acyl azide was diluted with 25 ml of dry toluene ™ th I  ? f  ̂  WT
and the residual ether was removed in vacuo. The solution of ^ as  ̂ rn? 6rj  r .f i r  4 ®̂ ®’Pora ® lr}  va^ °  
acyl azide in toluene was added dropwise to a hot flask equipped glVe ., ?  °, cru e 01 /  pc ana ysls[ 0 crude oil (silicone
with an efficient condenser. After the evolution of nitrogen had i  & ^  c° mP° nent’ retent(10^ tlme 3 ‘2 mm
ceased (1 hr) the crude product was examined by vpc (93% iso- ^ 7 '7 % ), identified as aniline by comparison of its ir spectrum, 
cyanate). The 2-phe.iyl-2-methylhexyl isocyanate distilled at tlme’ and ®nhancement of the peak with an authentic

(26) W . G . K e n y o n , E . M .  K a ise r, a nd  C . R .  H auser, J. Org. Chem., 30,

2937 (1965). (31) T h e  y ie ld  o f c o m p o n e n t in  a ll cases is based u p o n  a m o u n t o f cru d e
(27) J . B . C o n a n t a n d  B . H . C a rlso n , J. Amer. Chem. Soc., 54, 4048 iso la ted  a nd  th e  re la t iv e  abu ndance  o f th e  c o m p o n e n t o b ta in e d  f ro m  th e

(1932). v p c  peak area.
(28) M . T .  B a te m a n , ibzd., 49, 2917 (1927). (32) R . L .  S h rin e r, R . C . Fuso n , a nd  D .  Y .  C u r t in ,  “ T h e  S y s te m a tic
(29) F . H . Case, ibid., 56, 715 (1934). Id e n t if ic a tio n  o f O rg a n ic  C o m p o u n d s ,”  4 th  ed, J o h n  W ile y  &  Sons, In c .,
(30) A . G . M o h a n  a nd  R . T .  C o n le y , J. Org. Chem., 34, 3259 (1969). N e w  Y o rk ,  N .  Y . ,  p 316.

2706 J. Org. Chem., Vol. 35, No. 8, 1970 Palmere and Conley



Denvatization of the crude oil by dissolution in anhydrous Registry No.— Ethyl 2-(p-tolyl)-2-methylhexanoate,
24716-15-2; 2-phenyl-2-hexylisocyanate, 24716-16-3.

Mixture melting point determination gave no depression.
In a second identical experiment the aniline (54%) was iso- Acknowledgment.— The authors wish to thank J .

latea ana characterized as its benzamlide derivative. The oil A,. . r ,, 0 , T , .
described above was treated with benzoyl chloride in pyridine to Alicino of the Squibb Institute for Medical Research m
give 1.07 g, mp 161-163° (lit.33 163°). New Brunswick, N. J ., for his aid in recording the

„  ... t _ . _ j , T « . j elemental analysis data, and to Dr. P. L . Valint for a
(33) 1. H e ilb ro n , D ic t io n a ry  o f O rg a n ic  C o m po unds, V o l. I ,  O x fo rd  ^

U n iv e rs ity  Press, 1 9 5 3 . sample of 1-phenv Icy clohexanecar boxy lie acid.
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The proton nmr spectra of a number of arylmethyl derivatives ArCfhX, where ArH is an alternant aromatic hy
drocarbon, have been measured. The differences in chemical shift of the methylene protons appear to be due 
primarily to ring current effects rather than hyperconjugation.

Since the early days of nmr spectroscopy, much atten- ter of the H ammett plots. I t  is also possible that the
tion has been paid to the factors affecting the chemical effects of substituents on ring current could roughly
shifts of protons attached to atoms in aromatic rings.3’4 follow the Hammett relation; this possibility cannot be
As a result of extensive experimental and theoretical excluded on the basis of their results since these re
studies, a reasonably consistent picture of such chemical ferred only to one ring system.
shifts has emerged. This satisfactory situation does If, on the other hand, hyperconjugation in compounds 
not, however, extend to side-chain protons in, e .g ., of the type ArCH3 is important, one would expect it to
methyl derivatives of such systems, and there has been vary with the nature of the aryl group. The variations
controversy in such cases concerning the possible role observed by Ouellette and van Leuwen6 could then have
of hyperconjugation. been due to this rather than to magnetic shielding, the

Fraser and his collaborators5 measured the nmr spec- correspondence with the latter being due to coicidence.
tra of a number of para-disubstituted benzene deriv- As a rough measure of the conjugation between Ar and
atives X C 6H 4CH2Y  and correlated the chemical shifts CH3 in ArCH3, one may take the corresponding inter-
of the methylene protons using the H am m ett relation; action between Ar and CH2 in the odd AH (alternant
they concluded from these correlations that the differ- hydrocarbon) ArCH2; this in turn is given approxi-
ences were due to the effect of the substituent X  on mately by the NBM O (nonbonding MO) coefficient ( a or)
hyperconjugative interactions between methylene and a t the position in Ar adjacent to methylene.8
the ring. On the other hand, Ouellette and van Leu- Figure 1 shows a plot of the chemical shifts reported 
wen6 interpreted the chemical shifts of methyl in mono- by Ouellette and van Leuwen6 against a OT; there is
methyl derivatives of benzene, naphthalene, anthra- clearly a reasonable linear relation between the two
cene, phenanthrene, and benzo[a]anthracene in terms quantities and the scatter could well be due to the
of diamagnetic shielding of the methyl protons by aro- crudity of this procedure for estimating the hypercon-
matic ring currents; they did not consider the possible jugative interactions in A rC IL. Only four points
role of hyperconjugation, and the monomethyl deriv- deviate significantly from the line and these are all
atives of benzo[c]phenanthrene showed deviations for compounds where the methyl is severely hindered,
which they attributed to interference with ring currents viz ., 4-methylpnenanthrene (A), l-methylbenz[a]anthra-
due to nonplanarity of the molecule. cene (B ), 12-methylbenz[o]anthracene (C), and 1-

The work of Fraser, et a l . , b is not conclusive because methylbenzo[c]phenanthrene (D). There is evidence
substituents containing heteroatoms can exert long- that steric compression may lead to significant chemical
range magnetic shielding effects;7 the correlation with shifts.9
the H am m ett relation could therefore have been for- I t  is particularly striking that the points for the 
tuitons, particularly in view of the small number of remaining five methylbenzo[c]phenanthrenes behave 
compounds studied in some of their series and the scat- normally in the plot of Figure 1; Ouellette and van

Leuwen6 were forced to neglect them since the ob-
( 1 ) T h is  w o rk  was s u p p o rte d  b y  th e  M r  F o rce  O ffice  o f S c ie n tif ic  Research, served chemical shifts deviated from their relation

G ra n t N o . a f - a f o s r - 1050-67. c a l c u l a t e d  o n  t h e  b a s i s  o f  m a g n e t i c  s h i e l d i n g  b y  r i n g

(2 ) N A S A  T ra in e e , 1965-1968. , .. currents. They attributed the discrepancy to the
(3) J . A . Pop le , W . G . Schneider, a n d  H . J. B e rn s te in , H ig h  R e s o lu t io n  .  ~ . r  u

N u c le a r M a g n e tic  Resonance,”  M c G ra w -H il l  B o o k  Co., In c .,  N e w  Y o rk ,  k n O W I l  I l O I i p l a n a n t y  0 1  b e i lZ O  [C J p h e i i a n t h r e n e , t  ,

n . y ., 1 9 5 9 . h o w e v e r ,  s e e m s  u n c o n v i n c i n g  s i n c e  t h e  a n g u l a r  d i s -

(4) .W .E m s le y ,  J . F eeney a n d  L .  H  R a t i o n  N u -  t o r t i o n s  Q f  t h e  i n d i v i d u a l  t i n g S  a r e  tO O  S m a l l  t o  i n -
clear M a g n e tic  Resonance S p ectroscopy, V o l. I ,  P e rga m on Press, O x fo rd , . ,  . , i  , , i  ,
1965. fluence the ir MO s significantly, since the total stram

(5) R . R . Fraser, C . R e yes-Z am a ra , a nd  R . B . S w ing le , Can. J. Chem., . ,
46 1595 (1968). (8) See M - J - S- D e w a r- “ T h e  M o le c u la r  O rb ita l T h e o ry  o f O rg a n ic  C h e m -

(6) R . J . O u e lle tte  a nd  B . G . va n  L eu w en, J. Org. Chem... 34, 62 (1969). is t r y , ”  M c G ra w -H il l  B o o k  C o ., In c .,  N e w  Y o rk ,  N .  Y „  1969.
(7) See M . J. S. D e w a r a n d  Y .  T a k e u c h i, J. Amer. Chem. Soc., 89 , 390 (9) See e.g., F . A . D a v is  a n d  M . J. S. D e w a r, J. Amer. Chem. Soc., 90, 3511

(1967), a nd  references c ite d  th e re . (1968), a nd  references c ite d  the re .
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T able I
Chemical Shifts'1 of Side-Chain P rotons in ArCH2X  Systems

.-------------------------------------------------------------------------- X------------------------------ ----- -------------- ------—------------------- .
,-----------O H 6----------- , ,-----------C l------------ ------------B r ----------- . ,----------- 1----------- . ,-----------O T S ----------- - ------------H ------------

A r  r  A<*» t A $ r  t A<£ r  A<£ r  A<£

Phenyl (a) 5 .3 7  0 .0 0  5 .4 5 ' 0 .0 0  5 .5 7  0 .0 0  5 .5 8  0 .0 0  4 .9 2  0 .0 0  7 .6 8  0 .0 0
2-Naphthyl (b) 5 .1 8  0 .19  5 .2 7  0 .1 8  5 .3 8  0 .1 9  5 .4 2  0 .1 6  4 .7 7  0 .1 5  7 .5 4  0 .1 4
2- Phenanthryl (c) 5 .1 2  0 .25  5 .2 7  0 .1 8  5 .3 1  0 .2 6  4 .7 2  0 .2 0  7 .4 5 *  0 .2 3
3- Phenanthryl (d) 5 .0 7  0 .3 0  5 .2 8  0 .2 9  4 .6 5  0 .2 7  7 .40*  0 .2 8
3-Perylenyl (e) 4 .9 6  0 .4 le 7 .4 2  0 .2 6
2-Pyrenyl (f) 4 .8 8  0 .49  4 .5 2  0 .4 0  7 .1 8  0 .5 0
1-Naphthyl (g) 4 .8 8  0 .4 9  4 .9 7  0 .4 8  5 .0 7  0 .5 0  5 .1 3  0 .4 5  4 .4 7  0 .4 5  7 .3 2  0 .3 6
9-Phenanthryl (h) 4 .8 3  0 .5 4  5 .0 3  0 .5 4  4 .4 3  0 .4 9  7 .31* 0 .37
1-Anthryl (i) 4 .7 4  0 .63  4 .9 0  0 .67
1-Pyrenyl (j) 4 .6 7  0 .7 0  4 .8 2  0 .7 5  7.20-' 0 .4 8
9-Anthryl (k) 4 .3 7  1 .00  4 .4 2  1 .03  4 .5 3  1 .04  7 .0 3 ' 0 .65
“ Chemical shifts relative to TM S; concentration 30 mg/0.3 ml in DCCL unless otherwise specified; spectra measured with Varian 

A-60A. b Concentration =  2.78 X  10“4 mol in 0.3 ml of CDCfi +  0.2 ml of acetone-ds. c The Sadtler Standard Spectra, Sadtler Re
search Laboratories, Philadelphia, Pa. * K. D. Bartle and J . A. S. Smith, Spectrochim Acta, 23A, 1689 (1967). • Very dilute; spec
trum measured on Varian HA-100. 1 Measured in CS2: E . Clar, B. A. McAndrews, and M. Zander, Tetrahedron, 23, 985 (1967).

I 1 1 1 1 1 | 1 r  I---- 1-------- 1— 3-Hydroxymethylperylene.—3-Formylperylene (20 g) was
08-  _ added to a stirred solution of sodium borohydride (0.15 g) in

\ .  tetrahydrofuran (100 ml) and the mixture refluxed for 2 hr. Half
1  ' X  the solvent was distilled and the residue poured onto a mixture

' V ,  ® " o f  crushed ice (300 g) and concentrated hydrochloric acid (300
0  x l  g  ml). The resulting solid was collected and crystallized several

f o r -  ¿¡D t x  q 0  _ times from benzene, giving 3-hydroxymethylperylene as a pale
£ O _ o  yellow powder, mp 175° dec.
S O < 5\ o  A nal. Calcd for C21H14O: C, 89.34; H, 5 .00. Found:
o ‘ 0  g X  0  - C, 89.11; H, 5.19.
g q \ .  The remaining compounds were prepared according to methods

06-  j,. described in the literature. Their melting points and other
>. O physical properties agreed with those previously recorded. Full

N o  details will be found in a thesis by one of us.12

0  N.
, , Results and Discussion0.51----- 1--------1----- 1--------1___ I_____ I____I____ I____I____ I ^ I____ 1__O 10 20 30 40 50 60

chemical shift relative 10 toluene (Hz ot 60 mhz) Table I  lists the chemical shifts for the side-chain
... , D] , , , . , ,... , ,, ., . , . protons for the compounds investigated by us. Forfigure 1.— Plot of chemical shifts of the methvl protons in , v  . . X TT , , ; ,

ArCHs v s. NBMO coefficients (aor) at the methylene carbon in each group X  in ArCHoX, the first column gives the
ArCH2. chemical shift of the side-chain protons on the r  scale

while the second column shows their values (A*) rela- 
energy seems to be only about 7 keal/m ol, 10 and since ^'ve benzyl derivative, PhCH2X . The chemical
similar strain effects occur in A, B, and C, the points shifts for the methyl derivatives (X  =  H ) show a rea-
which followed the relation derived by Ouellette and sonable correspondence w ith  those of Ouellette and van
van Leuwen. Their results therefore certainly do not Leu wen, given tha t they used a different solvent
establish unequivocally that the variations in chemical
shift of the methyl groups in A rC Ii3 are due to magnetic . ™be mos  ̂ interesting feature of the data in Table I  
shielding rather than hyperconjugation. " 1S the remarkable constancy of the values from series

In  the course of another investigation11 we had occa- to series for a &iven “ T 1 group. For the two most ex-
sion to prepare a number of compounds of the type tensive series, the arylmethyl bromides and the aryl-
A rC II,X  where A rH  is an alternant aromatic hvdro- carbinols, the A^ values are almost identical even
carbon. As has been pointed out previously, 8 the use though the spectra were obtained in different solvents,
of such groups avoids complications due to polar ef- ^  further conclusion is that although the A^ values
fects since alternant hydrocarbons are nonpolar; any are reasonably constant for a given aryl in the A rC H 2X
differences in chemical shifts between different mem- ^  ^  ^  series, they are consistently smaller in the
bers of a given series of compounds A rC H 2X , X  being A rC H 3 series; thus A0 ranges from 0 for benzyl bromide
constant, must therefore be due solely to the effects of to 1 0 4  PPm for 9-anthrylmethyl bromide, whereas the
ring currents and/or of hvperconiugation. corresponding change in the methyl series amounts to

only10.65 ppm.
. . One obvious explanation of these results would be

Experimental Section based on the magnetic shielding effect of aromatic ring
Elemental analyses were carried out by Galbraith Laboratories, currents; indeed, the chemical shifts in  Table I  run

Knoxville, Tenn. Melting points were determined with a approximately' parallel to those observed4 for protons
Thomas-Hoover melting point apparatus and are uncorrected, attached to corresponding positions in the ring The

except in cases indicated where a Varian HA-100 spectrometer ™ St ° f C0UrSe be due essentially to the magnetic
was used. effects ot ring currents since there can be no resonance

_ , _ , T, , , „ interactions between such a hydrogen atom and the
(10) M .  J. S. D e w a r a nd  C. de L la n o , J. Amer. Chem. Soc., 91, 789 (1969). 0

(11) M .  D . B e n tle y  a n d  M . J. S. D e w a r, w o rk  in  course o f p u b lic a tio n . (12) M . D . B e n tle y , P h .D . D is s e rta tio n , T h e  U n iv e rs ity  o f Texas, 1968.
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ring. It is, however, difficult to explain on this basis I I q /
the difference between arylmethyl derivatives ArCH2X  /
(X  H) and the corresponding arylmethanes, for the /
magnetic environment of the side-chain protons is 525 /
very much the same in both cases. /

We thought at first that this discrepancy might be / q
due to hyperconjugation, the side-chain protons being /
deshielded by the resulting transfer of charge from the /
side-chain protons to the ring. This effect should of A /
course depend critically on the dihedral angle of the V /
CH bond in the side chain relative to the ring, and = P  □
steric effects could well lead to a greater net interaction » /  Q
in compounds of the type ArCH2X  (X  ^  H) than in S 4 75 _ /
ArCH3. An explanation in terms of hyperconjugation § °  /
also seemed to be supported by the linearity of a plot 5 q /
(Figure 2; points o) of our chemical shifts against /
corresponding reactivity numbers (c/. Figure 1). How- /
ever, our calculations of the possible effects of ring cur- /  _
rent indicated that our results might also be explained /
in terms of magnetic shielding (cf. ref 6) ; so we devised /
a crucial experiment to distinguish between the two O/
hypotheses. /_______ I___________ |____________

Calculations of the magnetic shielding of the methy- 0 5 0 6 Gor 0,7 08
lene protons in 2-hydroxymethylpyrene (I) and 3-
hydroxyperylene (II), using the Johnson-Bovey ta- Figure 2. Plot of vs. am for arylmethylcarbinols.
bles-3 together with the procedure of Jonathan, Gordon,
and Dailey,14 indicated that the methylene protons in I ution, and extrapolation to infinite dilution in one typi- 
should be much more deshielded than those in benzyl ca  ̂ case (9-bromomethylphenananthrene) led to a 
alcohol (III), while the methylene protons in II should change in chemical shift of only 4.5 Hz. Likewise the
be deshielded to almost the same extent as those in change in chemical shift for toluene in chloroform-d on
a-hydroxymethylnaphthalene (IV). On the other passing from 6% solution to infinite dilution is only 
hand the NBMO coefficients aor corresponding to I 1-8 Hz.15 Changes of this magnitude are far too small
and IV are identical, whereas that for II is much t°  account for the differences in Table I. Moreover
smaller than that for IV. If then hyperconjugation is in the Â  values for the bromides and carbinols were al- 
fact the dominant factor, the methylene protons in I most identical, although the former were measured in 
and III should have similar chemical shifts, while the 6%  w/w solution in chloroform-d while the latter were 
methylene protons in II should appear well downfield measured at constant molar concentration in a different 
of those in IV. Conversely, if magnetic shielding pre- solvent (acetone-de-chloroform-d). It seems unlikely 
dominates, the signal for the methylene protons in I that this could have been due to a coincidence, 
should appear downfield from th at‘for III, while the Closer examination of Table I shows that the dif- 
signals for II and IV should be almost identical. In ferences in between ArCH2X  and ArCH3 are grea er
this case the point for I should deviate to the right of the more hindered the aryl group. Thus t e di er-
the line in Figure 2, and the point for II to the left. ences are negligible for groups of £"nap _ Y VPe
Furthermore, the conclusions reached in this way Wlth both positions ortho to the side chain free, are
are not made ambiguous by steric effects. large for groups of a-naphthyl type wi one or o

position blocked by an adjacent ring, and are very large
CH,OH CILOH for 9-anthryl where both ortho positions are blocked.
I, Ji This suggests very strongly that the differences are

f l T l  conformational in origin, the group X  in ArCH2X  being
CH2OH CH,OH obstructed by adjacent peri hydrogens. Steric ef-

I I J  I T  T ‘ ] fects of this kind could influence the side-chain chemical
I I I  i Y l  shifts, regardless of whether they are due primarily to

hyperconjugation or the effects of aromatic ring cur-
I II III IV rents.

The steric origin of these differences was further sup- 
The points for I (□) and I I  (a ) are also plotted m porte(j by studies of the nmr spectra at low tempera-

Figure 1; it will be seen that they deviate markedly from tureg Thug the methylene protons of 1-naphthyl-
the line and in the directions to be expected if the chem- methyl bromide in acetone-Freon-11 showed a down-
ical shifts are indeed due primarily to magnetic shielding shift  0f 24 Hz on cooling from 40 to - 1 0 0 ° ,  while
rather than hyperconjugation. the corresponding protons in 2-naphthylmethyl bromide

I t  is of course possible that some or all of these ef- showed only a 12-Hz downfield shift over the same tem-
fects might be functions of the solvent; this, however, peratUre range. This result incidentally indicates that
seems unlikely.6 All the spectra, except those of the gteric eftects that force the group X  in ArCH2X  out of
carbinols, were measured in fairly dilute (6% w/w) sol

d i )  C. E . Johnson and F. A. Bovey, J .  Chem. Phys., 29, 1012 (1958). (15) K. D. Bartle and J .  A. S. Smith, Spedrochim. Acta, 23A, 1689
(14) N. Jonathan, S. Gordon, and B. P. Dailey, ibid., 36, 2443 (1962). (1967).
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the plane of the ring shift the methylene signal down- tributed the variations in p to steric effects, the group X
field, and that similar steric effects are present even in restricting rotation about the C6H4-C H 2 bond,
compounds of “¡8-naphthyl” type. These conclusions were, however, based on somewhat

An attempt was made to calculate the effect of such inadequate data, the number of compounds of a given
noncoplanarity on the shielding due to ring current by type often being small and the linearity of the Hammett
using the Johnson-Bovey tables13 and the procedure of plots far from convincing. It is perhaps significant that
Jonathan, Gordon, and Dailey,14 In the case of the no such effect was observed in the present work in any
arylmethanes, it was assumed that the methyl groups of the systems studied, although the range of chemical
rotate freely, while in ArCH2X  (X  ^  H) only confor- shifts was much greater (1 vs. 0.2 ppm) than in the cases
mations ranging from those with the C -C -X  plane per- reported by Fraser, et al., and although the possible
pendicular to the plane of the ring to those with the steric effects in many of our compounds were much
C -C -X  plane parallel to the plane of the ring, with X  greater. We suspect that the small differences ob-
trans to the peri hydrogen, were considered. The served by Fraser, ei al., may well have been due to
results are shown in Table III. intermolecular association, particularly in cases where

highly polar substituents were present. Fraser, et ah, 
T a b l e  I I I  do not seem to have extrapolated their results to in-

V a l u e s  o f  S i d e - C h a in  P r o t o n s  in  ArY  S y s t e m s  finite dilution, and of course solvent effects, and ef-
,--------- c h 2x ----- -— . fects of association, would be relatively much more im-

Y’ CHs' A/,e*pti portant in the systems studied by them since the sub-
Ar ^ C!llcd A*eIptl A*c“,c<1 (X = 0H) stituent chemical shifts were so small.

Phenyl 0.00 0.00 0 .00 0.00
2-Naphthyl 0.24 0.14 0.17 0.19 R egistry No.-—3-Hydroxy met hylperylene, 24471-30-
l-Naphthyl 0.45 0.36 0.50 0.49 5. Table I— a (X  = OH), 100-51-6; a (X  = Cl),
9-Anthryl 1.05 0.65 1.06 1 .0 0  100-44-7; a (X  = Br), 100-39-0; a (X  =  I), 620-05-3;

a (X  =  OTs), 1024-41-5; a (X  =  H), 108-88-3; 
The calculations clearly do not account for the dif- b (X  =  OH), 1592-38-7; b (X  =  Cl), 2506-41-4; 

ferences between ArCH3 and ArCH2X ; however, it b (X  =  Br), 939-26-4; b (X  =  I), 24515-49-9; b (X  =
could well be that our procedure is simply too crude, OTs), 24471-37-2; b (X  =  H), 91-57-6; c (X  =  OH),
assuming as it does that there is no interaction between 2606-54-4; c (X  =  Cl), 885-21-2; c (X  =  Br), 2417-
X  and an ortho hydrogen. The constancy of the 66-5; c (X  =  OTs), 24471-41-8; c (X  =  H), 2531-84-2;
values for different derivatives ArCH2X  is certainly d (X  =  OH), 22863-78-1; d (X  =  Br), 24471-44-1;
easier to explain if the effect is due to magnetic shielding, d (X  =  OTs), 24471-45-2; d (X  =  H), 832-71-3;
since hyperconjugation should be influenced by the e (X  =  OH), 24471-30-5; e fX  =  H), 24471-47-4;
nature of the group X . f (X  =  OH), 24471-48-5; f (X  =  OTs), 19127-77-6;

As mentioned above, similar arguments have been f (X  =  H), 3442-78-2; g (X  =  OH), 4780-79-4; g (X  =
used by Fraser, ei a h ,5 to account for the chemical Cl), 86-52-2; g (X  = Br), 3163-27-7; g (X  =  I),
shifts of the methylene protons in para-disubstituted 24471-54-3; g (X  =  OTs), 5751-30-4; g (X  =  H),
benzenes, X -C 6H4-C H 2Y . They analyzed their re- 90-12-0; h (X  = OH), 4707-72-6; h (X  =  Br), 24471-
suits in terms of the Hammett relation, obtaining values 57-6, h (X  =  OTs), 24471-58-7; h (X  =  H), 833-20-5; 
of p for different groups Y  ranging fro m —0.02 t o -0 .2  i (X  =  OH), 22863-81-6; i (X  =  Br), 24463-14-7;
ppm/o-. The variations in p did not show any correla- j (X  =  OH), 24463-15-8; j (X  =  Br), 2595-90-6;
tion with the electronegativity of the atom in Y  adjacent j (X  =  H), 2381-21-7; k (X  =  OH), 1468-95-7;
to the benzyl group, but seemed to correlate roughly k (X  =  Cl), 24463-19-2; k (X  =  Br), 2417-77-8;
with the size of that atom; Fraser, el ah, accordingly at- k (X  =  H), 779-02-2.
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Effects of Central and Term inal Groups on N em atic Mesophase Stability1
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Sixteen liquid crystalline p-phenylene esters of hydroquinone and para-substituted phenyl esters of terephthalic 
acid have been synthesized. Most of them exhibit very broad nematic ranges and high transition temperatures.
The effects of structural changes on mesophase stability are also discussed.

Since nematic liquid crystals2 are being used as sol- (50 ml) was added to a solution of dry pyridine (50 ml) and p-al-
vents for nmr,3 esr,4 uv,6 and gas chromatography6’7 koxybenzoyl chloride (0.09 m). The mixture was stirred at
studies, there is a need for suitable mesomorphic sub- ^ “ .temperature for 24 hr and then acidified with dilute hydro-

’ . , . j  F chloric acid. Tne precipitate was filtered off, washed with
stances with wide mesomorphic temperature ranges and water, and slurried for 4  hr in 500 ml of 5 % sodium bicarbonate
favorable glass-forming tendencies. We were also in- solution. The solution was then filtered and the solid ester was
terested in the effect of changing the central and ter- recrystallized from a suitable solvent. The properties of the
minal groups in a mesomorphic molecule on the stability pure products are presented in Table I.

. . ,. , para-Substituted Phenols.—The p-n-hexyl- and ra-heptyl-
Ot its nematic mesophase. _ _ . phenols were prepared by the method of Klarmann, et a l.n The

One way of getting wider nematic ranges is to mix two two synthesized phenols exhibited the following melting points:
miscible mesomorphic components with approximately p-n-hexyloxyphenol, mp 46-48° (lit.10 48°); p-ra-heptyloxyphenol,
the same mesophase-isotropic transition points. In mp 52-58° (lit.10 60°). All other p-alkoxyphenols and p-fluoro-,

, ,i V , i . ■ , • p-mtro-, p-chloro-, and p-carbethoxyphenols were obtained corn-
m ost cases the solid-m esophase tran sitio n  p o in t is mercially
lowered, while the mesophase-isotropic point varies para-Substituted Phenyl Esters of Terephthalic Acid (II).—* 
only slightly. The p-phenylene esters of the p-alkoxy- Typically, a solution of p-alkoxyphenol (0.042 m), terephthaloyl
benzoic acids (I)8 were suitable for both our purposes dichloride (0.014 m), and 100  ml of dry pyridine were stirred for
since they exhibit long mesophases and since the ter- 24 hr at room temperature. The solution was then acidified with

, °  , .. i-c  j  -rTr dilute hydrochloric acid, and the precipitate was filtered off,
minal and central groups can be easily modified. We washed with ethanol, and recrystallized from a suitable solvent,
have accordingly made a number of new compounds of The properties of the pure products are presented in Table II .
this type and studied their ability to form mesophases, Phase Diagrams.—Mixtures of the two components in known 
both alone and as mixtures with I. The modifications proportions were prepared by fusion and rapid cooling The

, . _ ., , i , . T transition temperatures of the sample were then obtained both
made w ere inversion of the carboxylate groups in I, with a polarizing microscope and with a capillary melting point
giving II, and substitution of various terminal groups in apparatus. The transitions reported are the temperatures at
place of alkoxyl. which solid or mesophase have completely disappeared. In the

phase diagrams, □ denotes the solid - *  nematic transition and 
O denotes the nematic -*• isotropic transition. The results are 

Experimental Section tabulated in Table I I I .
„ . . . „  . . ,  , , , Melting Points.—Transition temperatures were determined

para-Substituted Benzoic A cid s.-E thyl p-hydroxybenzoate ^  witg a Thomas-Hoover capillary melting point apparatus 
was converted to ethyl p-alkoxybenzoate with the appropriate d with a Leitz 0 r tholux I I  polarizing microscope fitted with a
alkyl halide, and the esters were saponified to the corresponding heatinggtftge_ AUmeltingpoints are corrected.
acids Dy the method of Gray and Jones. The transition points Analyses.—Elemental microanalyses were performed by Alfred
agreed well with those of Gray and Jones. The p-fluoro-, Bernhardt Micro analytical Laboratories and Galbraith Labora- 
p-rntro-, and p-chlorobenzoic acids were obtained commercially tones 
and the p-carbethoxybenzoic acid was obtained from Dr. J .  P .
Sehroeder, University of North Carolina at Greensboro. The
preparation of the l,4-bicyclo[2.2.2]octylene esters of p-n-hexyl- Results and Discussion
oxy- (III) and p-n-octyloxy- (IV) benzoic acids and the trans-
1 ,4-cyclohexylene ester of p-n-hexyloxybenzoic acid (V) have The p-phenylene esters of the para-substituted ben-
been reported elsewhere.10 _ zoic aci(is provide an excellent system for the study of

para-Substituted Benzoyl Chlorides.—The acid chlorides were structural effects on mesophase stability because they 
prepared from the acids by treatment with thionyl chloride. The ^  1 oxrainm
excess thionyl chloride was flashed off to give, as the residue, the are so versatile. We have already used this system 
acid chloride. to study the role of benzene rings on mesophase

p-Phenylene Esters of para-Substituted Benzoic Acids (I).— stability, and we have now extended these investiga-
Typically, a solution of hydroquinone (0.03 m) and dry pyridine tions to  th e  ro;e 0f the terminal groups and the effect of

(1) This work was supported by the U. S. Air Force Office of Scientific inverting the Central Carboxyls
Research through Grant No. AF-AFOSR-iOoO-67. Tw o hom ologous series of esters were prepared , l .e .,

(2) G . W. Gray, "Molecular Structure and Properties of Liquid Crystals," the p-phenylene bis-p-alkoXybenZOateS (I with X  =
r * .  “ <i  th e  d i-p -a to x y p h e n y l terep h th alates

and G. Englert, Phys. Rev. Lett., 11, 462 (1963); L. C. Snyder and E . W. (II with X  =  W-alkoXy). All these Compounds Showed
Anderson, j . A m er. Chem . Soc., 86,5023 (1964); j. c. Rowell, w. d. Phillips, nematic mesoDhases ;12 the nematic —►  liquid transition
L. R. Melby, and M . Panar, J .  Chem. P hys. 43, 3442 (1965). 1 ’

(4) S. H. Glarum and J .  H. Marshall, ibid., 46, 55 (1967); A. Carrington „, . . . .  9QS
and G. R . Luckhurst, M ol. P hys., 8, 401 (1964). (11) E . Klarmann, L. W. Gatyas, and V. A. Shternov, . bed.. 64, 298

(5) E . Sackmann, S. Meiboom, and L. C. Snyder, J .  A m er. Chem. Soc., 90, (1932).
3567 (1968) (12) saw no inc*icat*on °* smectic phases under the polarizing micro-

(6) 'a) M J  S. Dewar and J .  P. Sehroeder, ibid., 86, 5235 (1964); (b) scope; however, Dr. J .  L. Fergson has told us that he has defected enantio-
J  Org. Chem ., 30, 3485 (1965). tr°P ;<= smectic-nematic transitions in Ig  and Ih, and monotropic one m If,

(7) H. Kelker, Z. A nal. Chem ., 198, 254 (1963).. using DTA. Since our primary concern was with the stabilises of nematic
(8) M J  S Dewar and J .  P. Sehroeder, J .  Org. Chem ., 30, 2296 (1965). mesophases and, since DTA equipment is not available here, we are reporting
(9) 3  W Gray and B . Jones, J .  Chem . Soc., 4179 (1953). our results in their original form. Since the smectic-nematic transition
(10) M. J .  S. Dewar and R . S. Goldberg, J .  A m er. Chem . S oc., 92, 1582 in If  is monotropic, it seems very unlikely that any of the lower esters show

(1970) stable smectic phases.
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T a b l e  I
L iq u i d  C r y s t a l l i n e  j j - P h e n y l e n e  E s t e r s  o f  po t o - S u b s t i t u t e d  B e n z o ic  A c id s

N ematic 

liquid
Recrystn Yield, Mp, transition, -̂-------------- % C---------------- * '----------------% H *

Compd no. R  or X  solvent % °C °C Calcd Found Calod Found

0  0

A. K 0 - © - C - 0 - @ - 0 - l ! - @ - 0 R

la  CH3 Dioxane 80 213».6 297» 69.84 69.90 4.79 4.85
lb  C2H5 EtOAc 33 226 287 70.93 70.75 5.46 5.46
Ic R-C3H7 EtOAc 47.2 175 249 71.87 71.51 6.03 6.11
Id n-C,H9 EtOAc 57 153* 241* 72.71 72.44 6 .54 6.53
Ie Ji-CeHu Hexane 63 121.5 ' 211 74.10 74.18 7.39 7.48
If n-C7H15 Hexane 55 121 198/ 74.70 74.91 7.74 7.82
Ig n-CsHn Hexane 63.9 118 192 75.23 75.15 8.07 8.09
Ih n-Ci„H21 Hexane 48.7  122 178 76.15 76.30 8.62 8.63

O 0

Ii Cl EtOAc 65.9 226 246 62.04 61.79 3.12 3.02
Ij C 02E t EtOAc 48.0  203 242 67.53 67.37 4 .80 4.92
Ik N 0 2 Dioxane 67.5 260 266 58.83 58.62 2 .96 3.12
II P EtOAc 68.3 210» 67.80 67.89 3.39 3.60

0 Obtained from Dr. J .  P. Schroeder, University of North Carolina at Greensboro. b Lit. 222,® 212° [K. Nakazawa, S. Matsuura, and
S. Baba, J .  Pharm. Soc. Ja p ., 74, 498 (1954)]. »Lit.® 300°. * Lit.® 156°. • Lit.® 253°. > Dr. J .  P. Schroeder has confirmed these
values which differ from those of ref 8 . »No mesophase.

T a b l e  I I

L iq u i d  C r y s t a l l i n e  p a ra -S u B S T iT U T E D  P h e n y l  E s t e r s  o f  T e r e p h t h a l i c  A c id s

Nematic

liquid
Compd Recrystn Yield, Mp, transition, --------------- %  C---------------- % ------------- % H---------------- *

no. R  or X  solvent % °C °C Calcd Found Calcd Found

0 0

A. R O ^ - O - I ^ J - O ^ O R

Ha CH3 Dioxane 57.5 205 277 69.84 69.70 4.79 4.74
lib  C2H5 EtOAc 62.3 216 266.5 70.93 71.02 5.46 5.58
l ie  ra-C3H7 EtOAc 70.0  198 238 71.87 72.08 6.03 6.17
lid  n-C4H9 EtOAc 58.6 183 229 72.71 72.51 6.54 6.61
l ie  ra-CeHu EtOAc 52.7 161 201 74.10 73.94 7.39 7.31
I lf  71-C7H15 EtOAc 49 .0  153 188 74.70 74.58 7.74 7.63

0  0

Ilg  Cl EtOAc 69.0  195 226 62.04 62.28 3.12 3.17
Ilh  C 02E t EtOAc 85.6 191 235 67.53 67.65 4 .80  4 .72
I li  N 0 2 DMSO-H20  39.4 242» 58.83 58.76 2.96 3.05
I l j  F  EtOAc 57.5 226® 67.80 67.77 3.39 3.54

» Monotropic nematic mesophase at 227°. 3 No mesophase.

temperatures are plotted as a function of chain length should be affected in at least four different ways.13
in Figures 1 and 2. I t  will be seen that in each case the First, the alkyl group will act as a diluent, increasing
points lie on two different curves, one for alkyl groups the mean separation between molecules and so likewise
with an even number of carbon atoms, the other for the separation between them; this will in turn reduce
those with an odd number. In each case the curve for the anisotropy of the intermolecular forces and so make
even alkyl groups is the higher, and the curves for the the mesophase less stable. Secondly, the increase in
p-phenylene esters (I) both lie higher than the corre- size of the polar terminal groups will likewise reduce the
sponding ones for the p-alkoxyphenyl terephthalates attractions between them. Thirdly, the increase in
(II), implying that for each pair of analogs the isomer I length of the molecule will lead to an increase in its
forms the more stable mesophase. geometrical anisotropy. Fourthly, the overall polar-

As the alkyl chain in a compound of this type is 
lengthened, the stability of the nematic mesophase (13) g . w . Gray, Moi. cryst., 1 , 33 (1966).
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T a b l e  III
S o l id - M e s o p h a s e  ( T o p ) a n d  N e m a t ic - I s o t r o p ic  ( B o t t o m ) T e m p e r a t u r e s  f o r  B in a r y  S y s t e m s '*

/------Eutectic------%
/—Components—s ,------------------------------------------------------------------ Mol %, component A------------------------------------------------------------------ ■> Mol Temp,
A B  0 10 20 30 40 50 60 70 80 90 100 % of A °C

la Ila  205 203 199 195 190 188 195 201 205 211 213 184
4 7 .3

277 279 281 283 285 287 289 291 293 295 297 286
lb lib  216 213 210 205 200 196 205 212 218 223 226 194

48.0
266.5 268.5 270.5 272.5 274.5 276.5 279 281 283 285 287 276

Ic lie  198 196 192 185 177 167 159 163 167 171 173.5 157
56.9

238 239 240 241 242 243 244 245 246 247 248 244
Id lid  183 181 178 175 172 165 155 144 145 152 153 137

73.8
229 230 231.5 233 234 235 236 237 238.5 240 241 238

Ie lie  161 159 156 152 147 141 135 126 117 119 121.5 113
84.1

201 202 203 204 205 206 207 208 209 210 211 209.5
If Ilf  153 151 150 148 145 140 131.5 124 115 117 121 112

82.3
188 189 190 191 192 193 194 195 196 197 198 196

Ii Ilg 195 193 189 180 183 193 201 209 216 221 226 174
33.3

226 228 230 232 234 236 238 240 242 244 246 232.5
Ila I l j 226 224 220 216 207 202 203 204 204.5 205 205 201

45.4
215 226 236 246 256 .5  267 277 221

la  II 210 207 202 196 188 192 201 207 210 212 213 182
43.5

209 217 227 237 247 257 267 277 287 297 241
III V 122 121 119 115 107 111 123 131 136 139 141 102

44.6
136 140 145 149.5 155 160.5 166 171.5 177 183.5 190.5 157

IV  Ig  118 117 115 1 1 0 .5  104 95 99 102 1 0 4 .5  108 119 92
52.7

192 190 188 185.5 183.5 181.5 176 177 175 173 171 181
» The melting points of the pure compounds are direct experimental values; the other temperatures were read from phase diagrams.

izability should increase with increasing molecular size. sponding methoxy derivatives (Figures 3 and 4). In
The first two factors should lead to a decrease in meso- each case, the nematic —► liquid transition lines were
phase stability with increasing size of alkyl, the latter accurately linear; so the transition temperatures can be
two to an increase. In the present case, however, the deduced with reasonable confidence. Table IV corn-
last two factors should be relatively unimportant since pares the transition temperature for compounds I and
n-alkyl groups are flexible and only weakly polarizable; II with various terminal groups,
this explains why the nematic —► liquid transition tem
perature decreases with increasing size of the alkyl T a b l e  IV
group. N e m a t ic  —► L iq u id  T r a n s it io n  T e m p e r a t u r e s  (°C)

The stability of the mesophase should be greater, the x  =
greater the lateral adhesion of the rod-shaped molecules Compel OMe f  ci cooEt n o ,

in question; this in turn should be greater, the greater I 297 199 246 242 266
the polarity and/or polarizability of the central parts of II 277 774 226 23° 227
the rod-shaped molecule. In the p-phenylene p-alkoxy-
benzoates (I) there is mutual conjugation between the It will be seen that the isomers of series I again have 
alkoxy and carboxy groups; this should increase the higher transition temperatures than those of series II;
polarity of the carbonyl oxygen and so help to stabilize this can also be rationalized in the terms indicated
the mesophase. In the p-alkoxyphenyl terephthalates above. Thus mutual conjugation between an electron-
(II) such mutual conjugation is lacking: this could releasing terminal group and the central carboxyl should
explain why, in each pair of isomers, I has the higher stabilize the mesophase in the case of I but have little
transition temperature. effect on II, whereas electron-withdrawing groups

We next extended our studies to analogous com- should have little effect on I but selectively destabilize
pounds I and II in which the terminal alkoxy groups the mesophase in II, for, in the latter case, mutual con-
were replaced by nitro-, ehloro-, fluoro-, and ethoxycar- jugation between the substituent and the oxj gen atom
bonyl. All these formed mesophases except the fluoro para  to it should make the latter positive and so reduce
derivatives; here the virtual nematic —► liquid transi- the resonance interactions between it and carbonyl,
tion temperatures were found by extrapolation10 from The net effect will be to make the carbonyl group less
phase diagrams for binary mixtures with the corre- polar, and the arguments given above suggest that this
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P  Figure 3.— The phase diagram for the system of p-phenvlene-di-p-
anisic ester (A) and p-phenylenedi-p-fluorobenzoie ester.

Figure 1.—Phase transition temperatures for the system of the
p-phenylene esters of p-alkoxybenzoic acid. -.nn _________ouu J j ] j | | i |

300i---------- 1---------- ]---------- 1---------- j---------- 1----------

■| \ \  E 2 1 0 -  Z tl □ ~U
S. \ \  ^ 2 0 1 --------------
g 2 1 0 ^ /  \  -  /

X  1 8 0 - /
\  > 3  174«■

180-

___ 1___ 1___ 1___ 1___ 1___ 1___ ' ' l
2 0  4 0  60 80 1Q0

_____ I______!______|______I______, Mole %A
rCH3 C2H5 n C3H7 n C4H9 n C6H13 n C7H15 Figure 4.— The phase diagram for the system of di-p-methoxy-

R phenyl terephthalate (A) and di-p-fl iorophenyl terephthalate.
Figure 2.—Phase transition temperatures for the system of the

p-alkoxyphenyl esters of terephthalic acid. groups as well as that of the central ones; in the case of
— E  substituents, the net polarity of the terminal group 

should lead to destabilization of the mesophase. Note depends on two opposing factors, i.e., the polarity of the
that the difference in transition temperature between I <r bond (which makes the terminal group negative) and
and II is the same for the three — E  substituents (MeO, conjugation with the ring (which makes it positive).
F , Cl), but much less for COOEt and much more for In the case of a strongly — E  group, one might expect
NO». Ethoxycarbonyl is a weakly + E  substituent the net charge on the terminal group to be positive
which will probably have little effect on II ; here the owing to the mesomeric interaction. In this case the
transition temperatures for I and II are quite similar. net charge should be less for fluorine or chlorine than
However, the very powerful + E  nitro group should methoxyl since fluorine and chlorine are more electro-
have a very large effect on I I ; the difference in transi- negative than oxygen and exert smaller — E  effects,
tion temperature is therefore about double the value for The fact that chlorine lowers the transition temperature
MeO, Cl, or F . less than.fluorine can also be rationalized on this basis,

The relative effects of the groups can also be rational- for chlorine has so little tendency to form w bonds that
ized in similar terms. The mesophase stability would the net polarity of CC1 (here C8+ — Cl8 -) may be
be expected to depend on the polarity of the terminal greater than that of CF (where the a  and 7r polarities
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may almost cancel). The transition temperatures for 300i------1------\----- [------1----- ]----- 1------1-----1— ^
X  = Cl or F  in I or II are therefore lower than for X  =  -—<0— G>-C)
MeO. On the other hand ethoxycarbonyl is a bulky o— &
group with relatively low + E  activity; such a group !j> °
should tend to lower the transition temperature for 270 ”
geometrical reasons. The nitro group is a very polar
group with strong + E  activity; in the case of I, where
+ E  activity is irrelevant, the polarity of nitro leads to a p
relatively large transition temperature. However, in 'Z 240 _
the case of II, the + E  activity of nitro leads to strong =
mutual conjugation with the para  oxygen and so brings 2
about a large decrease in the transition temperature.

These arguments suggest that the polarity of the £
groups concerned is the dominant factor; however,
polarizability may also play a role. Thus, chlorine is r f'
more polarizable than fluorine; this could account for ]8 4 i  ^ -
the fact that chlorine has the smaller destabilizing effect 
on the mesophase.

Mixed Liquid Crystals.—When an unsymmetrical
molecule is dissolved in a nematic liquid crystal, it ----- 1___ l___ I___ I___ I___ i i i i
tends to orient itself in the unsymmetrical environment; 20 40 60 80 100
for this reason liquid crystals offer interesting possibil- M°le %A
ities as solvents for spectroscopic studies,  ̂in particular Figure 5.—The, phase diagram for system of the p-phenylenedi-p-
by nmr.3 In order to extend this technique to other anisic ester (A) and di-p-methoxyphenyl terephthalate.
fields of spectroscopy, it would be desirable to have a
liquid crystalline medium that could be supercooled to suaded to form glasses since they supercool readily;
a glass; it would also be advantageous to have as solvent thus the nematic —► liquid transition of II (X  =  NO2)
some material which retained liquid crystallinity over a could be observed quite easily in supercooled II, 15°
wide temperature range. One obvious way of achieving below the melting point. Glasses of this kind could be
this is to use eutectic mixtures of materials forming very useful in spectroscopy (c/. ref 5); unfortunately,
liquid crystals, for, if the molecules in question are none of the systems studied could be converted to
similar in shape, the nematic -► liquid transition line is glasses even by very rapid quenching in liquid nitrogen,
usually straight and the temperature range of the ne
matic form consequently greater for the eutectic mix- Registry No.’—la, 1962-76-1; lb, 24706-93-2; Ic, 
ture than for either component. 24704-16-3; Id, 1818-98-0; Ie, 1818-99-1; If, 1819-00-7;

The isomers I and II obviously provide a very favor- Ig, 24706-96-5; Ih, 24704-18-5; Ii, 5411-00-7; Ij,
able example for this purpose and we have accordingly 1819-02-9; Ik, 24706-98-7; 11,24706-99-8; Ha, 24707-
studied a number of binary systems of this type (Table 00-4; lib , 24761-13-5; lie , 24704-20-9; lid , 24707-01-5;
III); a typical example is shown in Figure 5. Mix- He, 24707-02-5; Ilf, 24728-02-7; Ilg, 24707-03-7; Ilh,
tures of this kind show relatively long mesophases and 24707-04-8; Hi, 3838-05-9; IIj, 24707-06-0; III, 24707-
they have the further advantage over materials such as 07-1; IV, 24707-08-2; V, 24704-21-0.
anils or azoxy compounds of being thermally and chem
ically stable. Such mixtures may prove of value in glpc Acknowledgment—We are grateful to Dr. J. L.
for the separation of position isomers.6 Ferguson for telling us his unpublished observations of

We hoped that mixtures of our esters might be per- smectic phases in If, Ig, and Ih.
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Reductions with M etal-A m m onia Combinations. II. 
M onothioacetals and M onothioketals. A Synthesis of Alkoxy M ercaptansla

E rnest L . E l ie l  and T err en ce  W . D o y le11*'

Department o f Chemistry, University o f Notre Dame, Notre Dame, Indiana 46556 

Received August 28, 1969

The reduction of oxathiolanes and oxathianes with metal-liquid ammonia combinations gives rise to 0-  and
7 -alkoxy mercaptans. Twenty-six cases have been studied: yields are good for all oxathianes and most oxathio
lanes (exeeot those with very simple 2-alkyl groups) when the metal is calcium.

In previous papers2 the hydrogenolysis of mono- lane to 2-isopropylthio-3-hydroxypropyl mercaptan.9
thioacetals and monothioketals by “mixed hydride”3 While this work was in progress,10 Brown, Iqbal, and
(lithium aluminum hydride-aluminum chloride in a Owen11 reported the selective reduction of a number
1 :4  ratio) in ether solution was described.4 Reduction of other 1,3-dithiolanes to /3-mercaptoethyl sulfides
of 1,3-oxathiolanes and 1,3-oxathianes leads to 0-hy- and the selective reduction of 2,2-dimethyl-<rnns-4,5-
droxyethyl and y-hydroxypropyl sulfides, respectively2* cyclohexano-l,3-oxathiolane to fraRS-2-isopropoxycyclo-
(eq 1), while 2-tetrahydrofuranyl and 2-tetrahydropy- hexanethiol. In contrast, Pinder and Smith have

found the reduction of 2-phenyl-2-methyl-l,3-oxathio- 
■n p ,o—i lane with sodium in liquid ammonia to give ethyl-
>HS<CH,>.0H V  7ch,)„ i  benzene.12

R' S_J Scope
R \

CHOfCIU.SH (1) We have found that metal -ammonia reduction of 
5 1,3-oxathiolanes and 1,3-oxathianes (ethylene and tri-

" = " 01 methylene monothioketals and -acetals) is a fairly
general preparative method for /3- and y-alkoxy mer- 

ranyl thioethers yield 5-hydroxybutyl and «-hydroxy- captans as it involves selective cleavage of the acetal
pentyl sulfides, respectively.2b The reaction involves C-S bond (eq 1). The 1,3-oxathiolanes were reduced
selective cleavage of the C -0  bond. both with calcium and sodium in liquid ammonia;

It is evident that selective cleavage of the C-S the compounds reduced and the yields of reduction
bond of 1,3-oxathiolanes and 1,3-oxathianes (eq 1) products obtained are shown in Tables I and II, re-
would provide a convenient route to/3-alkoxyethyl and spectively. Table I also includes the properties of
y-alkoxypropyl mercaptans, respectively. The use of the products. The data for the reduction of 1,3-
metal-ammonia solutions to cleave C-S bonds seemed oxathianes are summarized in Table I I I ; this reduction
promising in this regard, since it has long been known proceeds more slowly than that of the oxathiolanes.
in the literature5 as being of great importance in the The starting materials used in this study were pre
removal of S-protective groups, especially in peptide pared from the corresponding aldehydes and ketones 
synthesis.6 and appropriate hydroxy mercaptan in the presence

There are several reports in the literature regarding of an acid catalyst.ia’13 3-Hydroxypropyl mercaptan
treatment of dithiolanes with metal-ammonia solutions. was prepared by the method of Clinton and coworkers.14
For the most part such treatment leads to complete In Table Y  (see Experimental Section) are listed all new
desulfurization7 or to more complicated reactions.8 starting materials prepared in the present investigation.
Miles and Owen, however, have reported the selective Configurational assignments to the diastereoisomeric
cleavage of 2,2-dimethyl-4-hydroxymethyl-l,3-dithio- monothioketals obtained in this work have been dis-

„ . cussed elsewhere,2a'1E'16 as have the nmr spectra of a
(1) (a) E. L. Eliel and T . E . Hoover, J .  Org. Chem ., 24, 938 (1959), is i f  ,i  at • i v  . . m  i i -tr 17 t->

considered paper I in this series; (b) from the Ph.D. Dissertation of T . W. n u m b e r  Ol t h e  O X a th lo lcH ie S  l i s t e d  in  T a b l e  V. K e -
Doyle, University of Notre Dame, 1966; (c) Charles Bernard McCanna d u c t i o n  p r o d u c t s  W e r e  c h a r a c t e r i z e d  by i r  a n d  n m r

F t T V ) 9E  L 9| L .  L. a . Pilate, and V. G. Badding. J .  .4 ™ , C W  S o ,,  ’ S° m e  ° f  t h e m  ( T a t l e  ^  ^  k l l0 W n  COm '
84, 2377 (1962) ; (b) E. L Eliel, B. E . Nowak, and R. A. Daignault. J .  Org. p o u n d s . 18
Chem .. 30,2448 (1965). In accord with the report cf Pinder and Smith.12

(3) E . L. Eliel, Rec. Chem. Progr., 22, 129 (1961); M. N. Rerick in ___ i __r/_ 1 9  4- U* l  * o u  t
“Reduction,” R. L. Augustine, Ed., Marcel Dekker, Inc., New York, N. Y ., We e *0UnC* th a t  1,3-OXathlolaneS C a r r y in g  2-phenyl
1968. Chapter 1.

(4) See also B. E. Leggetter and R. K. Brown, Can. J .  Chem., 41, 2671 (9 ) L. W. C. Miles and L. N. Owen, J .  Chem . Soc., 2938 (1950).
(1963). (10) Preliminary communication: E . L. Eliel, T . W. Doyle, R . A.

(5) F. E . Williams and E. Gebauer-Fuelnegg, J .  A m er. Chem . Soc., 53, Daignault, and B. C. Newman, J .  A m er. Chem . Soc., 88, 1828 (1966).
352 (1931); R. C. Krug and S. Tocker, J .  Org. Chem ., 20, 1 (1955); W. E . (11) E . D. Brown, S. M. Iqbal, and L. N. Owen, J .  Chem . Soc., C, 415
Truce, D. P. Tate, and D. N. Burdge, J .  A m er. Chem. Soc., 82, 2872 (1960); (1966).
W. E. Truce and J .  J .  Breiter, ib id ., 84, 1621 (1962). (12) A. R. Pinder and H. 3mith, ib id ., 113 (1954).

(6) R. H. Sifferd and V. du Vigneaud, J .  B io l Chem ., 108, 753 (1935); (13) E . J .  Salmi, Ber., 71B, 1803 (1938).
V. du Vigneaud, C. Ressler, J .  M. Swan, C. W. Roberts, and P. G. Katsoyan- (14) R. O. Clinton, C. M. Suter, S. C. Laskowski, M. Jackman, and W.
nis. J .  A m er. Chem. Soc., 76, 3115 (1954). Huber, J .  A m er. Chem. S oc., 67, 594 (1945).

(7) L. A. Stocken, J .  Chem . Soc., 592 (1947); R . E. Ireland, T . I . Wrigley, (15) E . L. Eliel, E. W. Della, and M. Rogic, J .  Org. Chem ., 30, 855 (1965).
and W. G. Young, J .  A m er. Chem. S oc., 80, 4604 (1958); N. S. Crossley (16) M. P. Mertes, ib id ., 28, 2320 (1963);i.M . P. Mertes. H. K. Lee.
and H. B. Henbest, J .  Chem. Soc., 4413 (1960); R. D. Stolow and M. M. and R. L. Schowen, ib id ., 34. 2080 (1969).
Bonaventura, Tetrahedron Lett., 95 (1964). (17) D. J .  Pasto, F . M. Klein, and T . W. Doyle, J .  A m er. Chem . S oc., 89,

(8) Q. F . Soper, W. E . Buting, J .  E . Cochran, and A. Pohland, J .  A m er. 4368 (1967).
Chem. Soc., 76, 4109 (1954); A. Schonberg, E . Petersen, and H. Kaltschmitt, (18) M. F . Shostakovskv, E . N. Prilezhaeva, and E . S. Shapiro, B u ll.
B er., 66B, 233 (1933). A cad. S ci. U SSR , Div. Chem. S ci., 325 (1953); 235, 245 (1954).
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* °  na o £
M 2 5n0 ~ c ©>-< N (jj -H

_  00 t* t*< 00 00 00 tH iO (N CO lO CO 00 *** ,2 ^£  O O T ^ t - O O r - ( r H r ^ C O ( M C D C O  05 T-H _T o ^
1 ’S O rH f -  O rH rH rH H COCO O O tHI O r-t rH rH rH rH tH rH r-t
v O ̂

. *  08 ©^ <N §
¿ g oo

— „ CO CO O - t> 05 CD CO 00 CO (N H „ CO CO S  «2. O »O O CO H (N (M CO CO 00 CO . »O CO ^
o ! t> rH CO ! CO 05 05 rH CO N GO N I lO CO *© «£ &HKo b  i©> COCO IQ 1C 1.0 CO CD CD © Ifl CO CO H © —

8 Q "  g_q COh : • cc
r? — CO CO (M COCOCO CO N IN lO H rH O ^I>- CO 05 I>- <M (M CO H CO iO >D CO CO ^  ^  rH

3 CO H lO CO 05 05 i—I CO t-» 00 t'- *C CO 2 ̂  QU HO coco 1C lO lO CO COCOCOIO CO CO 53 h  °
Q s© O ^

1 * 1  
© d QPfH H H

(M rH O CO O O <M <N ^  o  00 © O CM 03 w S *2- 00O © © © N © h  CO CO CO (N © © 05 . j  ^® Tt< tH iOCOt+Ht̂ t̂ ^  lO © (N N 00 CO 00 Lsi* T}< Tjl Tfl lO tH TH Tt< TfH Tfl IQ ID Tfl Tfi T*H T̂  ~  ^  Q
H H i—l 1—1 rH i—I rH i—| rH iH iH iH tH tH H rH W *2 *2

^ IOCO
s n
Z  rrt «
0 0> lO ^
1 S' p.S »-. • -S ft-Q
^ "a S  s  So oo . g f  s
2 I  ~  3  S  «  o  “  T s i - SH rH rH CO . O C T* H-1
P 0 O' *©> r H C O  O' . CQOS^CN . <M C »
o - co ls  n  O N I 2  H 00 ^  I ^  © GO O o,p 5* i o $ S 2 ' ’-<cDioC^t^ »o S - S ^ ^ o p  >7 c 0 '3 W I l l ' l l  - I I  I c  rvjrS h  ID HOCOCOC50  (Mr-OOTiHTti GO o  ? 05r̂lO N CD O © © N N uo © O O © CO t> O
M ^  ^  «4- 05 +»
g C
fe IH io ”M  ̂ ’H uo

j P  f T3 U a -r u. U. CO' ’"d
3 5 J o  : ^ ^ OCOS 2 S S S 3 S  : §  : g
Eh g •S1'  ^2 M rb=>r  T3 rt w'Na ^ c oo5 5 B .  8 gCQ«>X 7 S O H O O ^ © ^ 00( NO © 0 © H 05NCO o  CO rH hfl CM Tf (N N N N © O I> © O © CO © 00 C5 GO CO r—< g _C

9  H  S J ~
"  - « s i

c • -|
o GO 05 N HfMCO ‘O Til CO r- GO 00 o C) -*f «
z  >, i0 C0 0 5 rH(MC0 i0 ^ C0 t^G0 O ^  rZ5_ § 0 §
P  h> ,  I I I  I I I  I I I I I I ■  ̂ © -S2 . S o  05 050 0 0 0  0 0 0 0 0 rH rH • H .Fs 05 05 CO © © © CO COCOCOCO q>C ® CO CD rH rH iH rH iH H rH rH H CO «g O N ^g Ph Tjl tJHO O O O  O O O O O  tH ^  .2 4̂  C M0 N 15r3 '» -3H S ® £  S

.-§ g ^ s  
2

®HW §
^ a w K w  g s w i s w  , -p ,« ^  a '-3 _,■* ®
«  M W W f f i W W o o o o  9 o o o o l t ^ | ' S g &  S S .2 r t . c c

w ¡3 i  i

H M ^  <M _2 pH rP 05 rp © rp H • H C
■ 3 w « O K b ®  i i ’g i ' S  # ■sM =Q oOO M C J ^ P ^ r d O r d O - S O r S o S . ^ M

«  „ B Q  2 „ x q q U g 7 E 7 g = £  = g

o S B o ¿ q o S 9 8  S o l d o  S  3  3  3  ^ i r i

.2 °  co oV ® L?>3 -H I
© 2 g §  o co §

H ^ V  © c  © o o 2 2  d,rt n §. © ° p  p  o c  ' o ' o S S  ^ °  ^  S
•c .2 5 ® t3 & S I  « „  ̂ o o £ £ •^o js ,31) J3 ® ©5 H rP r* I ^ © *7* r-H r—< f-( ¿¡£ r—« • . rHH> +3 © C P CO *— m H C fi >1 >-j H H -H3
a 1 .2 ¿ a  ■§ S g H f

| . 2  § 1 ^ 1  S « ^ 2 # § § g ! ^ ^ g | § | § > .  g. I  ,  cc
I s  I  I  2^ *1  S 5  1 5  o | g g s i  § £  § 5  5  o ^ .  gS ® §  S i ' a S t f ' j  S 3 3 o . S ” a d ^ a  a c i f n  s f n  s i  t§ “ S 2 S

j 3 g § « 2 S » « i 8 3 g 5 o C r t ^ | ‘0 » ‘0 ®ffl  W .2 f*
t °  1 - § |  g W J  g S S j j .  o - S Q j l i .  g . f s « “- a « ^  J.  ^

C ccPh^ O O co m 4< •* 7 ° 6 5 .
W l> O

R eductions with Metal-A mmonia Combinations J ,  Org. C h e m V o l .  3 5 , N o , 8 , 1 9 7 0  2717



T a b l e  II
R e d u c t io n  o f  1 ,3 -O x a t h io l a n e s  w it h  S o d iu m  in  A m m o n ia

Product,
Starting material, '--------------------R'KCHOCH'CIh'HH ■ ■----------------- , '--------- Yield, %°--------- *

ethylene monothioketal of 11/ R Anal Isold
2,4-Dimethyl-3-pentanone (CHshCH (CH^CH 62 51
2-Oetanone6 ii-CeHs CH3 49 41
Cyclopentanone -CH 2CH2C E 2CH2CH2-  25 17
Cyclohexanone1' -C H 2CH2CH2CH2CH2CH2-  55 43
3,3,5-Trimethylcyclohexanone* 3,3,5-Trimethylcyclohexyl /3-mercaptoethyl ether/ 64d 36
4-f-Butylcyclohexanonei> 4-i-Butylcyclohexyl /3-mercaptoethyl ether* 82d 70
4-f-Butylcyclohexanonei' 4-i-Butylcyclohexyl /3-mercaptoethyl ether® 44* 35

“ First column gives analytical yields determined by iodine titration. Second column gives yield of compound isolated. 6 Reference 
2a. * Reference 16. d From S-axial isomer. * From O-axial isomer. / cis isomer. » trans isomer.

T a b l e  I I I
R e d u c t io n  o f  1 ,3 -O x a t h ia n e s  w it h  C a l c iu m  in  A m m on ia

Starting materials,
trimethylene mono- Product,
thioacetal or mono- R'RCHOCHiCHaCĤ SH Registry ,---- Yield, % a---- . /—Carbon, %—» /—Hydrogen, %—»

thioketal of R' R no. Anal Isold Bpi, °C (mm) n20d Calcd Found Calcd Found
Isobutyraldehyde (CH3)2CH H 24699-76-1 69 66  78 (21) 1.4505 56.73 56.90 10.88 11.18
Pinacolone (CH3)3C CH3 24699-77-2 96 89 60 (2 .7) 1.4505 61.33 61.12 11.44 11.18
Cyclopentanone -CH 2CH2CH2CH2-  24699-78-3 98 85 98-99 (14) 1.4833 59.98 60.21 10.07 10.14
Cyclohexanone6 -CH 2CH2CH2CH2CH2-  24699-79-4 90 70 72.5 (0.85) 1.4869 62.04 62.10 10.41 10.34
4-i-Butylcyclo- 4-i-Butylcyclohexyl- 84-90i  . . . /

hexanone* 0(CH 2)3SH
4-i-Butylcyclo- 4-i-Butylcyclohexyl- 24-52* . . .  >

hexanone* 0(C H 2)3SH
4-i-Butylcyclo- 4-i-Butylcyclohexyl- 24699-80-7 78® 61 98-100 (0.3) 1.4859 67.77 67.80 11.37 11.33

hexanone* 0 (CH2)3SH
• First column gives analytical yields determined by iodine titration. Second column gives yield of compounds isolated. 6 Reference 

2a. * Reference 15. d from S-axial isomer. * From O-axial isomer. / Compound not isolated. 9 From synthetic mixture (55% 
O-axial isomer, 45% S-axial isomer) using sodium as the metal.

substituents are cleaved completely to the correspond- S c h e m e  I
ing alkylbenzenes. The reduction of allyl and benzyl .—N ^
ethers with metal-ammonia solutions has long been 9  (CH,)n S (CH2)„
known in the literature,19 thus any /3-mercaptoethyl J— s / J — O
benzyl ethers, CeHsCHROCHoCIRS- , initially pro- I —̂ 7  I — y
duced by the reduction might well be expected to be L s—-—' [ /  '
cleaved further to the hydrocarbon and /8-mercapto- (CH3)3C (CH3)3C
ethanol. + +

While the reduction of monosubstituted 1,3-oxa- 
thiolanes generally leads to poor yields of mercaptan, 2e 2e
2-benzyl-l,3-oxathiolane is an exception. Similarly, I. L
‘2-benzyl-2-methyl-l,3-oxathiolane gives mercaptan in ’’
better yield than might be expected on purely steric 0(CH2)„S“ f )
grounds. This may be ascribed to an inductive electron 1 _̂_ J
withdrawal by the benzyl group which enhances the .—x/ sO(CH,),1S-
electron affinity of the oxathiolane and thus facilitates A — J  / / — —/
its reduction. (CH3)3C— "  (CH:)3C

Stereochemistry and Reaction Mechanism.—The 1
reduction of oxathiolanes and oxathianes presumably I J
proceeds by the transfer of two electrons, probably
stagewise, and addition of a proton from ammonia 0(CH,)nS-  H
at the carbon20 (cf. Scheme I). There may be an
intermediate radical anion with the anionic center either -----y  H 0(CH2)„S
at the sulfur or at the carbon, and protonation of this ,CH. ,CH. c  ¿ s  " -V
anion radical may precede transfer of the second elec- 3 3 33
tron.20 In this connection it is of interest that re- * This reaction probably proceeds via RiC-0(CII,)„S- or R;CO(CH2)„S".
duction of the diastereoisomeric oxathiolanes and Probation And interconversion of stereoisomers) may, alternatively, occur . at the radical-amon stage.
oxathianes derived from 4-^butylcyclohexanone15 is
strongly though not completely stereoconvergent (Ta- , ,, , , . , . , .  . .
ble IV) with the more stable equatorial f i-  or y-hy- d i e t h y l  sulfide being by far the predominant prod-

J uct, regardless of the configuration of the starting
(19) H. Smith, “Organic Reactions in Liquid Ammonia,” Interscience material. This Suggests that the rate of interCOn-
(20) E.O., R. Gerdii and e . a. c. Lucken, j . Chem. Boo.. 2857, 5444 version of the intermediate dianions or amon radicals

(1963); 3916 (1964), and references there cited. (Scheme I) is somewhat more rapid than protonation;
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however, the fact that stereoconvergence is not com- T a b l e  IV
plete, i.e., that a slightly larger proportion of equatorial S t e r e o c h e m i s t r y  o f  R e d u c t io n  o f

(trans) ether is obtained from the S-axial monothio- l-OxA-4-THiA-8-i-BUTYLSPiRo [4.5] d e c a n e s  (I, I I )  a n d

ketals than from the S-equatorial ones (Table IV) l-OxA-4-THiA-9-i-BUTYLSPmo[5.5]uNDECANEs (III, IV)
shows that the rates of equilibration and protonation w i t h  C a l c iu m  o r  S o d iu m  i n  L iq u i d  A m m o n ia

must be of similar magnitude. It is also noteworthy
(Table IV) that product yields are consistently lower  ̂ \  0 " \
when the starting material is 0  axial, which suggests _ _ 0
that development of the initially axial carbanion (di- / f~~~^—/
carbanion or anion radical) is less facile than formation ^   ̂c  1 /  c __Z'"
of the initially equatorial ion. Predominant formation 3 j II
of the equatorial products from the largely equilibrated
carbanion intermediates is in keeping with what is S/ ~'N
observed in other reactions involving six-membered I J i |
rings;21-23 the reasons are probably kinetic (i.e., de- A ^ x P s ^
pendent on rate of proton approach) rather than /rtr
thermodynamic.23 '■ 3l3̂  » 313

The configuration of the starting materials I-IV  
had been previously assigned16 and rests on firm OCH,CH2SH
grounds (nmr data, oxidation rates) for I and II and j
on somewhat less firm ones (nmr data only) for III and
IV. Similarly the stereochemistry of the products V _____/
and VI was unequivocally established by Raney nickel (CH+C— ^
hydrogenolysis to the known24 cis- and fraws-4-i-butyl- V
cyclohexyl ethyl ethers, whereas the assignment for
VII and VIII rests on analogy only. A -^ T ^ O C H 2CH2SH

The low yield of /3-alkoxy mercaptans from aldehydes (CH) C—
and the less branched ketones (Table I) was found 3 VI
to be due, at least in part, to a side reaction leading OCH.CH.CHSH
to alcohol, hydrogen sulfide, and ethylene. Formation !
of alcohol (and sometimes also a small amount of 
ketone) was evident from the infrared spectrum. The 
side reaction was studied in some detail for the ethylene (CH )3C
monothioacetal derived from heptaldehyde; ?i-heptyl VI1
alcohol (identified by boiling point, refractive index, CH CH SH
and infrared spectrum), ethylene (identified mass spec- 2 2
trometrically as constituting 9 0 + %  of the off-gas), (CH+C
and hydrogen sulfide (identified by odor and by forma-
tion of lead sufide) were found to be present. A ✓----- Isomer distribution®------»
reasonable reaction course is shown in eq 2. The Substrate Yield, % Metal % da % trans

used RO(CHz)nSH used (V or V II) (VI or V III)

0-CH2 I6 83-89 Ca 1.9-3.0 97.0-98.1
Rrf/  I ‘ 2a~, I 75-82 Na 2.5 97.5

\ _ l  IP  47-61 Ca 3 .5 -1 0 .4  89.6-96 .5
S C H 2 I P  44-46 Na 3 .8 -4 .8  95 .2-96 .2

s -  + CH2=CH2 + RCHO RCH.O- (2) ^  £ £  £  ¡ ¡ ¿ „ . 6  84A-93.2
I I I ,  IV / 80 Ca 6.5 93.5

alcohol product presumably results from further re- «By gas chromatography of the products or, in the case of I  
duction of aldehyde; it was shown independently and II, the ethyl ethers derived from V and V I by desulfurization,
that a carbonyl compound (+f-butyl cyclohexanone) 6 Average of six runs. c Average of five runs. d Average of two
is reduced under the conditions of the reaction (see runs‘ ' Average of three runs. '  1:1 mixture.

ref 23). The products shown in eq 2 are derived cleavage of the ring, has been reported,
directly from the monothioacetal rather than from : ’ „ , T . . .  ?  Q u ,r,, ,, , D m r o o u o u o n  i it was found that 2-n-hexyIoxathiolane is unaitected by
thealkoxy mercaptan, R C H .O C H ,C M H , formed from «  thus ,> e cl reacticn in our
It, for pyclohexyloxyethyl mercaptan was unaffected issociated with reduction ar.d cannot
by sodium in liquid ammonia. Our proposed mech- , , . J J
anism for the side reaction as well as the mercaptan ^edutius o e presence o ase. , , i-
n , - a i ,  tt While we do not have a complete understandingforming reaction is shown in scheme II. „ , , , , .. „ ,

Although attack of organolithium compounds both t ie coun erP V  0 re uc 10 ^
at the 2 position25’28 and at the 4 position27 of dioxo-

(25) P. S. Wharton, G. A. Hiegel, and S. Ramastvami, ibid., 29, 2441 
(1964); K. D. Berlin, B . S. Rathore, and M. Peterson, ibid., 30, 226 (1965);

(21) E . L. Eliel and Y. Senda, Tetrahedron, in press. T . L. V. Ulbricht, J .  Chem. Soc., 6649 (1965).
(22) J .  C. Richer, J .  Org. Chem., 30, 324 (1965). (26) 1,3-Oxathiolanes are also reported to undergo such a reaction:
(23) Cf. J .  W. Huffmann and J .  T . Charles, J .  Amer. Chem. Soc., 90, personal communication from D. Seebach.

6486 (1968); D. A. H. Taylor, Chem. Commun., 476 (1969). (27) C. H. Heathcock, J .  E . Ellis, and R . A. Badger, J .  Heterocycl. Chem.,
(24) E . L. Eliel and S. Krishnamurthy, J .  Org. Chem., 30, 848 (1965). 6, 139 (1969).
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S c h e m e  I I

2e~ R/\r—-— ACHOH

R \  /°71 R' v
/C = 0  + MS-  + ch2= ch2

Y ~ M+

E'x °] &  I X 0]  x IK 'g— R 'S— ^
III

Y ‘\
^  R /CHOCH,CHoS”M+

R ^ - m+ r /
IX

anisms (Scheme II), the following additional findings to cleavage, vs. two-electron transfer, producing re- 
are of interest. duetion,20 without invoking ion-pair formation cannot

(1) The effectiveness of metals in reduction is Ca >  readily account for the effects of variation in metal,
Li >  Na >  K. The consistently lesser yields obtained solvent, and substrate structure on mercaptan yields
by sodium compared with calcium are seen by com- which we have observed.
parison of Table II with Table I ; more extensive It was earlier noted that oxathiolanes with a 2- 
studies with cyclohexanone ethylene monothioketal benzyl substituent give an unusually high yield of
showed a drop in analytical yield from 69 ±  3%  reduction product (Table I), and this was ascribed
(Ca) to 62 ±  1% (Li) to 48 ±  7%  (Na) to 38 ±  to the inductive effect of the phenyl group. An al-
2%  (K). Addition of CaCl2 in reduction with Na temative explanation, namely that an abstraction of
does not effect the yield, but addition of K Br in the benzylic hydrogen by base, followed by formation
reduction with Ca lowers the yield by about 25%. of an enol ether and subsequent reduction of that ether

(2) Optimum concentration of metal is about 0.35 N. (ec 3), might be involved, could be ruled out on two 
Increase to 0.70 N  with Ca had little effect on mer
captan yield but increasing [Na] above 1 A  or below
0.1 A  led to a 10-15%  drop.

(3) The addition of proton-donor (i-BuOH, EtOH) 2' X
cosolvents is not helpful; if anything, it tends to ?
lower the yield slightly. Added ether lowers the yield c  ^ 0 —i
considerably. * 5 V  —► C6H5CH=COCH2CH2S~ -^ ->

(4) Use of MeNH-2 and EtN H 2 with Li gave lower CH/| 'a_ l I NHj
yields than NH3. CH3

(5) The yields are much better for oxathianes (which c  p.Qq CHCH
cannot undergo the cleavage shown in eq 2) than ° | O
for oxathiolanes, suggesting that the cleavage is re- “SCH2CH,0
sponsible for the low yield of mercaptans in some
of the cases shown in Table I.

(6) More branched structures (Table I, bottom half) counts. First of all, /3-ethoxystyrene, PhC H =C H O Et,
give better yields of mercaptan than less branched chosen as a model for the proposed intermediate enol 
ones (Table I, top entries). ether, was found to yield ethylbenzene rather than

We tentatively suggest that formation of a radical /3-phenethyl ethyl ether, PhCH2CH2OEt, when treated
ion pair (X , Scheme II) is responsible for the com- with calcium in liquid ammonia (even though the
peting cleavage reaction. It would appear28'29 that latter ether is stable to this combination). Secondly,
the ease of ion-pair formation is Iv+ >  N a+ >  L i+ when all the hydrogens on the carbons at C-2 in 2-
which explains why K favors cleavage most. Lowering methyl-2-benzyloxathiolane (eq 3) were replaced by
the dielectric constant of the solvent (NIL-ether vs. deuterium by preparing the oxathiolane from PhCD2-
NH3 alone, MeNH2, or EtN H 2 vs. NH3) favors cleavage, CCCD3 and reduction was carried out, the product,
as is required by this explanation; so does the addition PhOD2CH(CD3)OCLI2CH2SH, had acquired no hydro-
of the strongly pairing K+ in reduction with Ca. gen at the benzyl (or methyl) position, as shown by
Branching may interfere sterically with ion-pair forma- nmr spectroscopy. Equation 3 would require replace-
tion, thus favoring reduction over cleavage. An al- ment of one of the benzylic deuterium atoms by hy-
ternative explanation of one-electron transfer, leading drogen in the reduction.

Several new compounds prepared in conjunction with
(28) T . E . Hogen-Esch and J .  Smid, J .  A m er. Chem . Soc., 88 , 318 (1966). _,a_, j  i i , r , • j  t x j

We could find no data on Ca. t h l '  s t u d Y  b u t  not heretofore mentioned are listed
(29) See also t . s. Das, Advan. Chem. PhVs., i, 303 (1962). at jhe end of the Experimental Section.
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T a b l e  V

S t a r t i n g  M a t e r i a l s “

Ethylene ketal or Registry Yield, ,------Carbon, %------ . .------Hydrogen, %------*
monothioacetal of no. % Bp, °C (mm) n20d Calcd Found Calcd Found

Isobutyraldéhyde* 17643-70-8 79 166-168 (745) 1.4783
Trimethylacetaldehyde 17643-69-5 83 59.5 (13) 1.4754 57.51 57.66 9 .65 1 0 .0 0

Phenylacetaldehyde 24699-49-8 74 1 1 1  (1 .5 ) 1.5705 66.65 66.84 6.71 6.63
3- Methyl-2-butanone 16047-98-6 73 64-65 (11) 1.4783 67.61 67.80 9.65 9.65
4- Methyl-2-pentanone 21-87-9 73 51-51.5 (3) 1.4740 59.98 60.11 10.07 10.11
Pinacolone 17642-77-2 75 75-77 (15) . . .»  59.98 60.13 10.07 9.69
2,4-Dimethyl-3-pentanone 16047-99-7 50 57 .1-57 .5  (1 .9) 1 .4822d 62.02 61.88 10.41 10.41
Cyriopentanone 176-38-5 89 29.5 (0.2) 1.5097' 58.31 58.52 8.39 8.43
3,3 5-Trimethylcyclo-

hexanone 24699-55-6 70 64-70 (0.3) . . J  . . . “
Phenylacetone 17642-77-2 72 94 (0.7) 1.5590 68.02 68.12 7.27 6.98
1 -Fhenylpentadeuterio-

propanone'* 24699-57-8 87 83-85 (0 .2) 1.5572
4-Fhenyl-2-butanone 17642-78-3 85 100-102 (0.45) 1.5480 69.21 69.43 7.74 7.93

Trimethylene acetal 
or monothioketal of

Isobutyraldéhyde 24699-59-0 49 74-75 (13) 1.4871 57.51 57.74 9.65 9.65
Pinacolone 24699-60-3 20 49-49.5 (0.5) 1.4935 62.04 62.30 10.41 10.71
Cyelopentanone 24699-61-4 54 81 .5-82 .6  (4) 1.5205 60.74 60.54 8.72 8.73
° Materials earlier prepared in this laboratory (ref 2a, 15) are not listed. b F. Kipnis and J .  Ornfelt, J .  Amer. Chem. Soc., 71, 3555 

(1949), report bp 29° (2.5 mm). The nmr spectrum confirmed the assigned structure. c Solidifies to a glass, softening point 40-42°. 
d n nd. • n2Sd. 1 Separated, by column chromatography on Alcoa F-20 alumina, into an isomer of bp 60-61° (0.25 mm), nwd 1.4992, 
and one of bp 84° (10.9 mm), w20d 1.5004. Nmr spectra were compatible with the assigned structures. g Reference 16 reports bp 118- 
131 ° ( 19 mm); both isomers are described. h The nmr spectrum of the oxathiolane was identical with that of the derivative from phenyl
acetone except for the near absence of the methyl and benzyl (CH2) resonances at 1.45 and 2.98 ppm (downfield from TM S). Extent 
of deuteration as estimated from nmr spectrum: 90% at C D 2, 92% at C D 3.

Experimental Section Reduction of 2-i-Butyl-2-methyl-l,3-oxathiane.—The reduction
of 2 -f-butyl-2-m3thyl-l,3 -oxathiane is described in some detail. 

All boiling points are uncorrected. Infrared spectra were Other reductions of oxathianes were effected similarly. Yields
recorded on a Perkin-Elmer infracord instrument. Gas chro- and properties of reduction products are listed in Table I I I .
matograms were obtained on a F  & M Scientific Co. Model 810 To 120 ml of liquid ammonia contained in a 300-ml, three-
research chromatograph. Nuclear magnetic resonance spectra necked flask, fitted in the usual manner, was added 1 g (0.025
were recorded with a Varian Associates Model V-4311 HR-60 g-atom) of calcium turnings. When the metal had dissolved
spectrometer at 60 Me by M r. D . Schifferl. Complete ir and (after ca. 5 min) a solution of 2.08 g (0.012 mol) of 2-i-butyl-2-
nmr spectra are recorded in the Ph.D . Thesis of T . W . Doyle methyl-1,3-oxatbiane in 12 ml of ether was added dropwise to
(1966) available on interlibrary loan from the University of the blue solution over a period of 2 min. When addition was
Notre Dame library. Elemental analyses were performed by complete the blue solution was stirred for 1 hr. At the end of
either Midwest Microlab, Indianapolis, Ind., or Schwarzkopf this time the excess calcium was decomposed by the addition of
Microanalytical Laboratory, Woodside, N. Y . small amounts of solid ammonium chloride. The reaction mix-

Starting Materials.—The preparation of the starting materials ture was then worked up in the usual manner to yield 2.15 g of
used in this investigation was carried out according to the method an oil. A small aliquot of this oil was removed and titrated for
of Eliel, Pilato, and Badding.2“ The properties of all new start- mercaptan content with iodine;30 the yield of mercaptan was
ing materials are listed in Table V. Known starting materials 96% . The remaining oil (1.95 g) was distilled to yield 1.70 g
agreed in their physical properties with samples previously pre- (89%) of 7 -mercaptopropyl 3,3-dimethyl-2-butyl ether, bp 60°
pared and described in the literature. (2.7 mm) (see Table I I I ) . The infrared and nmr spectra were

Reductions.—The reduction of phenylacetone ethylene mono- compatible with the assigned structure,
thioketal has been described previously in detail.10 Other oxa- Stereochemistry.—The reductions of the diastereoisomeric 1,3-
thiolane reductions were effected similarly. Yields and proper- oxathiolane and 1,3-oxathianes derived from 4-f-butylcyclo-
ties of reduction products are listed in T ables I and I I . Analytical hexanone were carried out in the usual manner. Af ter work-up
yields of mercaptan were determined by iodine titration .30 the per cent yield of mercaptan was determined iodometrically

Reduction of the Ethylene Monothioketal of 1-Phenylpenta- for each reaction. The isomer composition of the products was
deuteriopropanone with Calcium in Ammonia.—The reduction of determined by glpc analysis.
the ethylene monothioketal of 1-phenylpentadeuteriopropanone In the case of the products from the reduction of the diastereo-
(3.88 g, 0.02 mol) with calcium (1 g, 0.025 g-atom) in liquid isomeric 1 ,3 -oxathiolanes the analysis was either carried out
ammonia (250 ml) was carried out in the usual fashion. The directly on the f-mercaptoethyl 4-1-butylcyclohexyl ethers or the
usual work-up procedure gave 3.86 g of an oil. A small aliquot mercaptans were first desulfurized with Raney nickel (see below)
of this oil was removed and titrated for mercaptan content with to give the corresponding ethyl ethers which W'ere then analyzed
iodine30; the yield of mercaptan was 98% . The remaining oil by glpc. The mercaptans were analyzed on a 9-ft 20%  Carbo-
(3.30 g) was distilled to yield 3.24 g (94% ) of the desired mer- wax 20M on 42-60 firebrick column at 200° and a flow rate of
captan, bp 82° (0.2 mm), n20d 1.5250. The nmr spectrum of the 7 3  ml/min. The ethers were analyzed on the same column at
compound showed 1.27 H (compared with 4 in the indeuterated 150°. The products from the reduction of the diastereoisomeric
compound) at 0.84-1.52 ppm and 2.18 H (compared with 4) at 1,3-oxathianes were analyzed directly by glpc on a 9-ft 20%
2.23-2.90 ppm. If three of the four high-field hydrogens of the Carbow'ax 20M on 42-60 firebrick column at 215° and a flow rate
undeuterated compound are assigned to the CH3 group and two 0f 7 5  ml/min. The results of these experiments are summarized
of the four low-field ones to the PhCH2 group, this indicates in Table IV.
labeling in the benzylic position to be 91%  complete and deu- Raney Nickel Desulfurization of /3-Mercaptoethyl 4-i-Butyl-
terium labeling in the methyl position to be 91%  complete cyclohexyl Ether.— Raney nickel (5 g, W-2 grade commercial)
(which is approximately the amount of labeling in the starting was washed once with acetone, once w'ith ethanol, and three
material). times with ether (very carefully!). The 0.5 g of the oil recovered
-----------------  from the metal-ammonia reduction of the oxathiolane was dis-

(30) D. P. Harnish and D. S. Tarbell, Anal. Chem., 21, 968 (1949). solved in 25 ml of ether and added to the nickel. The mixture
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was refluxed for 20 min, cooled, and decanted from the nickel A n il. Calcd for CnifoO: C, 77.58; H, 13.02. Found: C,
which was washed with three 10-ml portions of ether. The 77.86; H, 13.40.
combined ethereal extracts were dried over magnesium sulfate irons-4-i-Butylcyclohexyl propyl ether was obtained analogously
and concentrated. The oil was then taken up in 2 ml of hexane from irans-4-i-butylcyclohexanol and propionic anhydride, fol-
and chromatographed on alumina (5-10 g, Alcoa F-20) with lowed by reduction. The ether boiled at 112-114° (10 mm),
hexane to remove alcohol and ketone (produced in the metal- nwd 1.4476.
ammonia reduction). The eluent was concentrated and analyzed Anal. Calcd for Ci3H260 : C, 78.72; H, 13.21. Found: C,
by glpc on a 9-ft 20% Carbowax 20M on firebrick column at 79.13; H, 13.20.
150°. trans,irans-4-f-Butylcyclohexyloxyethyl Disulfide.— trans-4-t-

cis-3,3 ,5-Trimethylcyclohexyl Ethyl Ether.—cis-3,3,5-Tri- Butylcyclohexyloxyethyl mercaptan of 98%  stereoisomeric
methylcyclohexanol31 (20 g) was converted to its acetate by purity (Table IV) (0.95 g, 4.5 mmol) in 8 ml of 5%  NaOH solu-
treatment with acetic anhydride (50 ml) and pyridine (10 g) (4 tion was treated with 0.5 ml of 30% hydrogen peroxide. Excess
hr heating on steam bath). The acetate (23 g, 89% ) boiled at peroxide was destroyed with solid sodium metabisulfite and the
72° (3.5 mm), « “d 1.4392. product was extracted three times with a 20-ml portion of ether.

Anal. Calcd for C11H20O2: C, 71.69; H, 10.94. Found: C, Drying and concentration yielded 0.92 g (97%) white solid, 
72.07; H, 11.19. recrystallized from ethanol to give white plates, mp 51.5-52°.

Reduction was carried out by the method of Pettit and co- Anal. Calcd for C2(H460 2S2: C, 66.92; H, 10.77; S, 14.89.
workers32 starting with 4.92 g of the acetate in 120 ml of Found: C, 67.16; H, 10.76; S, 14.77.
boron trifluoride etherate which was added to 2.28 g of LiAlH4 (5-Chloroethyl benzyl sulfide was prepared from 40 g (0.25 mol)
in 60 ml of ether. Reaction was effected with cooling for 90 of /3-nydroxyethyl benzyl sulfide2“ and 120 ml of concentrated 
min followed by 1 -hr reflux. After decomposition with 10% hydrochloric acid by refluxing (with a gas trap) for 4 hr. The
sodium hydroxide the ether layer was concentrated, chromato- mixture was poured into 200  ml of water, the organic layer
graphed over Alcoa F-20 alumina with hexane and concentrated separated, and the aqueous layer was twice extracted with 100-ml
again to give upon distillation 2.5 g (55%) of cfs-3,3,5-trimethyl- portions of ether. The combined organic product was washed
cyclohexyl ethyl ether, bp 77-80° (20 mm). Repetition of the once with water and once with concentrated aqueous NaCl, dried,
chromatography yielded pure material, bp 48-49° (3.5 mm), and concentrated to give after distillation 33 g (75% ) of 0-
n20d 1.4350. chloroethyl benzyl sulfide, bp 91.5° (0.6 mm), n20n 1.5682.

Anal. Calcd for CuH220 :  C, 77.58; H, 13.02. Found: C, A ral. Calcd for C3H„C1S: C, 57.89; H, 5.93; Cl, 18.99. 
77.64; H, 13.05. Found: C, 58.44; H, 6.00; Cl, 18.86.

trans-3,3,5-Trimethylcyclohexyl ethyl ether was synthesized
analogously from the trans alcohol.31 The acetate, bp 60-60.5° Registry N o .— cfs-3,3,5-Trimethylcyclohexyl ethyl 
(2 mm), » » D 1.4399 was obtained in 82% yield. ether, 24691-15-4; CTS-3,3,5-trimethylcyclohexanol (ace-
7 2 4 ) ? H,Cl i l d5f°r CuH20° 2: c >71-69; H > 10-94‘ Found: c > tate), 24691-16-5; ireros-3,3,5-trimethylcyclohexyl ethyl

The ether was obtained in 6 8 % yield, bp 74-75° (20 mm), ether, 24691-17-6; ()'ati,s-3,3,5-trimethylcyclohexanol
nwd 1.4338. (acetate), 24691-18-7; irans-4-i-butylcyclohexyl propyl
-------------  ether, 24691-19-8; frans,irans-4-f-butylcyclohexyloxy-

S  a. *Green, t . ^  KaemR ffilL  M. 24691-20-1; ,3-chloroethyl benzyl sul-
Piatak, ibid., 26, 1685 (1961). fide, 4332-51-8.

Arom atic N itration by Silver N itrate Im pregnated Silicic Acid 
in the Presence of Carbon Tetrachloride

John E. Gordon

Department o f Chemistry, Kent State University, Kent, Ohio 

Received September £3, 1969

Carbon tetrachloride reacts rapidly with excess silver nitrate impregnated silicic acid at room temperature 
to produce carbon dioxide and a nitrating agent. With carbon tetrachloride in excess, phosgene and the nitrating 
agent are formed. Aromatic compounds are nitrated by this system under column-chromatographic or batch 
conditions. A reaction sequence involving trichloromethyl nitrate, phosgene, nitryl chloride, carbonyl nitrate, 
and dinitrogen pentoxide is proposed.

While chromatographing trans-stilbene on AgN 03-  hr; the products were not examined. We were thus 
silicic acid, we attempted to elute with carbon tetra- interested to attempt identification of the reactions
chloride. The result was complete destruction of the involved,
stilbene with formation of some 4,4'-dinitrostilbene.1
We have observed nitration of several other aromatic Results
compounds under these conditions, but none of these c _ , . , • , ... , . . ,;• ,, , static batch experiments with benzene and amsolereactions occurs m the absence of carbon tetrachlo- „„„ ____• , • . .■ j ,o r i v  , , • ,, , are summarized in Table I. The basic experimentalride.1'2 Carbon tetrachloride is generally considered ./ e „  . ; t c,, , •, •, . • , , ,. , T, results drawn from there and the Experimental Sectioninert to silver nitrate m homogeneous solution.3 Pe- f i, , n  M , 1 . , . y ;, , T- i r, , , , , , ,. follow. (1) Neither benzene nor amsole is nitrated
trenko-Ivritschenko and Opotsky4 reported 3% reaction , * „t  • •, , , , Dr, o A7- •, , ■ A  , / "  o • by AgJN03-silicic acid alone (expt 8, 18). Both arewith 0.2 N silver nitrate in 95% ethanol at 90° in 12 J .  • . • . • , ,  , . F.r  .’ ! , .

nitrated in high yield by AgN03-sihcic acid in the pres-
(1) j . e . Gordon, j . chromatogr., 48, 532 (1970). ence of CC14 (expt 16, 17). (2) The nitration reac-
(2) E. Wenkert, D. J. Watts, and L. L. Davis [Chem. Commun., 1317 ;nvolvps «necificnllv Acr+ NO -  CPI anrl fl,o(1969)], have recently reported nitration of phenols by AgNOt-ailicic acid UOn involves Specifically Ag , i\IU3 , CC14, and the

alone. This appears to depend upon the presence of the acidic OH group. SillClC a.ClQ SUXiaCG (GXpt 6, 8, 9 J ref 4). (3) The Illtra-
(3) See, e.g„  r. l. shriner, r. c. Fuaon, and d. y . Curtin, "The Sys- tion reaction is independent of illumination and the

Sons, Inc, New York, n. Y„ 1956, P 136 s. presence of air (expt 3, 4, 11, 12). (4) Phosgene is
(4) p. Petrenko-Kritsohenko and v. Opotsky, Ber., 89, 2131 (1926). formed in quantity. Two independent determinations

2722 J .  Org. C h em ., V ol. 3 5 , N o . 8 , 1 9 7 0  Gordon



T a b l e  I

N it r a t io n  o f  B e n z e n e  a n d  A n is o l e

/—Reaction time, hr—
CCU +  Yield, mmol of

CeH6, CeHsOCEh, CCI4, AgNOa, Other CCli +  AgN03 Limiting6 ArNOa/mmol of
Expt mmol mmol mmol mmol Solvent“ conditions AgNOa 4* ArH reagent limiting reagent

1  2 .74 c 4 .26 CCL, 2 .8  2 .8  AgN03 0.042
2 2.74 c 4.70«* CC14-C 6H14 2 .8  2 .8  AgNOs 0.060 ±  0.005d
3 2.74 c 4 .6  CCU-CeHu Bubbled N2 2 . 8  2 .8  AgN03 0.14
4 2.74 c 4 .6  CC14-C 6Hi4 Bubbled air 2 .8  2 .8  AgNOa 0.14
5 220 c 4 .39 CC14-C 6H6 3 .5  3 .5  AgN03 0 .0
6  2 .74 0 4 .72 CHC13 1 1  1 1  AgN03 0 .0
7 2.74 c 4 .71 CC14-CHC13 22 22  AgNOa 0 .0

8 c 0 4 .49 CsH6 24 AgN03 0 .0

9 2.74 c 5 .92 CC14-C 6H14 NaN03l not 24 24 AgNOa 0 .0
AgN03

10 2.74 c 4.70« CCL,-C6H14 24 24 AgN03 0.41 ±  0.02«
11 2.74 c 4.79 CC14-C6Hi4 48 48 AgNOa 0.48
12 2.74 c 5.04 CC14-C 6H14 Dark 48 48 AgNOa 0.51
13 2.74 c 2.63 CC14-C6H„ 91 91 AgNOa 0.51
14 2.74 c 4 .02 CC14-C 6H14 97 97 AgN03 0.47
15 2.74 c 5.01 CC14-C 6Hi4 90 90 AgN03 0.52
16 2.68 c 6.12 CC14-C 6H14 144 144 C6H6 1.01
17 2.25 c 4 .68  CC14-C 6Hi4 21 21 C6H3OCH3 0 .7 1 '
18 2.82 0 5.34 C6Hi4 70 70 AgN03 0 .0
19 9.1 0.975 6.49 C.Hu 1.2 58 CC14 0.38
20 9 .1  0.975 5.86 C6H14 1 .0  18 CC14 0 .25
21 9 .1  0.975 5.83 C6Hi4 5 .0  18 CC14 0.71
22 9 .1  0.975 5.92 C6Hi4 10 18 CCU 0.20
23 9 .1  0.975 12.8 C6Hu 5 .0  18 CCU 1.32»
“ Volume ratios of mixed solvents: CCU-C«Hu, 1 :2 ; CC14-C 6H6, 1 : 1 ; CCU-CHCU, 1:1. b Based on eq 1  or 2 . «Large excess.

dMean of two experiments. «Mean of three experiments. 'Isom er composition: 21% ortho, 79% para. «Isomer composition: 
2 0 % ortho, 80% para.

yielded 0.27 and 0.24 mol COCl2/mol of AgNOs (CCI4 nitrobenzene production from 0.48 to 0.02 mol/mol of 
in excess). Phosgene production is complete in 2 hr. AgN 03.
(5) Dinitrogen tetroxide appears in the A gN 03-
silicic acid-CCh reaction mixture after a few hours in Discussion
the absence, but not in the presence of aromatic sub- . , 0 • ., ■ , , , ,, •, , , ,  , , • , ,. . We believe that eq 1 and 2 give the simplest descnp-
strate. (6) Mass spectrometnc observation of the , ,, , • , ■ , , A .•__* Mr, -i- • •, , ■ . , , . tion of these reactions which is capable of rationalizingAgJN(J3-silicic acid-LCh reaction mixture reveals only „ e ., , ,, , , • ,1? 1 • ■ all of the observations. When the observed mtro-phosgene, LCh, and traces of C 0 2 when CC14 is in ex
cess, but, when CC14 is in deficiency, C 0 2 is present in CC14 +  2 AgNOs +  ArH =
quantity. (7) No chlorobenzene could be detected 2AgCl +  COCU +  ArNCh +  HN03 (l)
in the AgN 03-silicic acid-CCl4-C6H6 reaction product. ccli 4 AgN0 3 +  2ArII
(8) With AgN03 as the limiting reagent, the A rN 02 4 3 “ 4AgC1 +  2ArN02 +  C 0 2 +  2HN03 (2 )
yield levels off after 48 hr (room temperature) at a
limiting A rN 02:AgN03 ratio of 0.50 ±  0.02 (expt 2, benzene production in presence of excess CC14 (0.50 ±
10, 11, 13-15). (9) The stoichiometry with respect 0.02 mol/mol of AgN 03) is corrected for the slow nitra-
to CCI4 could not be accurately determined owing to tion of benzene by the nitric acid formed according to
the slowness of the A gN 03-C C l4 reaction when CCI4 eq 1 and 2, the net yield becomes 85-90%  of the theo-
is limiting, so that decomposition of the nitrating agent retical yield for these processes. The formation of
becomes competitive. Also, inhibition of the AgN 03-  0.25 mol COCl2/mol A gN 03 implies parallel occurrence
CCI4 reaction by ArH (see 12 below) was so severe with of eq 1 and 2, i.e., competition between CCI4 and COCl2
CCI4 in deficiency that reasonable yields could be ob- for the available AgN 03 such that some COCl2 remains
tained only by allowing the AgN0 3-C C l4 reaction to when the AgN 03 is exhausted. When CCI4 is the
proceed for some hours, using a large excess of A gN 03-  limiting reagent, eq 2 should apply alone. The diffi-
silicic acid, then adding excess ArH. The A rN 02 culties in establishing the stoichiometry under these
yield passes through a maximum as the CCl4-AgN03 conditions have been described. Correcting the maxi
reaction time increases (expt 20-22), and the maximum mum A rN 02:CCl4 ratio observed (1.32) for nitration
A rN 02:CCl4 ratio observed is 1.32 (expt 23). (10) by the nitric acid formed according to eq 2 gives a
The nitrating agent cannot be eluted from AgN 03-  net value of 1.0. Since we know that the nitrating
silicic acid with CCI4. (11) The ortho/para ratio in agent is decomposing with time and that side-reaction
the nitration of anisole is 0.25 with CC14 in excess or products are formed in the nitration step, the experi-
deficiency (expt 17, 23). (12) Aromatic substrates mental results require a A rN 02:CCl4 stoichiometry
inhibit the CCl4-A gN 03-silicic acid reaction (expt 5, > 1 :1 .
expt 19 vs. 21; see Experimental Section.) (13) Sub- The detailed course of reactions 1 and 2 has not been 
stitution of alumina for silicic acid in expt 11 reduces rigorously established. However, both can be ac-
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counted for by individual steps which are in accord with neously by homogeneous and heterogeneous paths; 
our observations and for which reasonable precedents are Agl is a good surface catalyst and the reaction is auto-
available. The sum of eq 3-8 is eq 2 ; eq 1 is the sum catalytic.15 Inhibition of the CCl4-A gN 03 reaction

... by benzene is difficult to account for in homogeneous
CCh +  AgN03 >  CCI3ONO2 +  AgCl (3) so k  tion becauge th e  form ation  con stan t for C 6H 6 ■

CCI3ONO2 — > COCh +  NO2CI (4) Ag~ is small.16 However, if Ag+ adsorbed on an ini-
NO2CI +  AgNOs — > N2O5 +  AgCl (5) tiaUy small amount of A gC F is the active reagent, this

m ight be susceptible to  m ore com plete com plexation  
COCh +  2AgN03 — >■ 2AgCl +  C0 (0 N0 2)2 (6 ) b y  C 6H 6. T h e  com paratively  poor p erform ance of

C0 (0 N0 2) 2 __>  C 0 2 +  N2O5 (7) AgNO*-alumina may stem from a smaller surface area.
W e have given elsewhere som e exam ples of n itra tio n s 

2 ArH +  2 N2O5 >- 2ArN02 +  2 HN0 3 (8 ) b y  C C l4-A g N 0 3-s ilic ic  acid under chrom atographic

of eq 3 -5  and half of eq 8. The trichloromethyl nitrate conditions.1 Should this system ever be used to de-
of eq 3 is not known, but trichloromethyl perchlorate Jberatdy mtrate small samples, limitations ot solu-
can be prepared from CC14 and solid AgC104 in the pres- bd% 111 CCb would be, encountered with many com-
ence of AgCl, and it decomposes to phosgene.5 Tri- Pounds> 8ince mo8t other solvents except saturated 
chloromethanol is unknown; it decomposes to phosgene ^yc-ocar 011s reac \u e reagen . We mvesti- 
and HCl.6 Equation 5 is a known reaction.7 Acyl gated 6 pof lblll*yu,of titrating 2,4-dimtrophenol,
chlorides react with AgN 03 to give acyl nitrates in wblch 18 P001^  sol’̂ le  m carbon tetrach onde, by
analogy with eq 6.« The acyl nitrates undergo facile 8bmng a, susPensIon Wlth CCl4-A gN 03-sihcic acid,
thermal disproportionation to N20 5 and carboxylic Tbls Produced a clean reaction mixture and 4 9 %
anhydride in analogy with eq 7 .8 Dinitrogen pentoxide acid br. at ro° m. temperature, along with
is known to nitrate benzene instantly in CC14 solution 45%  c o v e re d  starting material, 
at 20°; in nitration by benzoyl nitrate, N20 5 is the actual
nitrating agent.9 Dinitrogen pentoxide also decomposes Experimental Section
thermally to N 0 2-N 20 4 +  0 2 in the gas phase and in so- .  , ... ., . . . .  , , , General.—All reactions were conducted at 24 ±  2 . Product
lu tion  With a half-life  of a  few hours a t  room  tem pera- ana;yseS) except where otherwise stated, were via gas chroma-
ture.10 tography using silicone QF-1 columns (20% on acid-washed

Anisole is nitrated by N205 (or by 2 A rC 00N 02 <=* Chrcmosorb W) in a F & M 700 instrument with a thermal con-
(A rC 0)20  +  N2Oe9) predominantly in the ortho posi- ducwity detector. Peak areas from duplicate 20-/d samples
tion , w hereas th e  C C l4-A g N 0 3-s ilic ic  acid  reagent gives ^ ere planimetrically compared with those from standard solu-
., ’ , . f  . .  tions prepared from Fisher Certified Reagent or Eastman White
th e  predom inance of para  n itra tio n  ch aracteristic  of Label materials and chromatographed before and after the un-
n itron ium  ion n itra tio n s . 11 H ow ever, i t  has been show n known. Linearity of detector response was verified over the
th a t the second-order n itra tion  b y  m olecular N 2O5 in  concentration range employed. Nitrobenzene was chromato-
CC14 is replaced in th e  presence of H N O 3 b y  higher fpfn wai ^  1 w ’ ^  nitroaniso ês at 200  • T ^e analyhcal preei-
order processes catalyzed  b y  H N O , and involving sol- were determined by hot stage microscopy and
vated  m tronium  ion as th e  n itratin g  agen t . 12 T h ere  are uncorrected. Mass spectra were measured on a GEC-AEI
is physical evidence th a t  drying a t  120-180° rem oves MS-12 instrument. Infrared and electronic spectra were recorded
all of the adsorbed w ater from  the silicic acid surface , 13 on Perkin-Elmer Model 337 and 202 instruments,
b u t trea tm en t of such m aterial w ith  d ichlorodim ethyl- " “ " J *  ^pregnated Silicic Acid and Aluminum Oxide.

Silane produces hydrolysis products of (C H 3) 2S lC l2. 13 at 150°), 56.1 g, was slurried with 160 ml of methanol and added
In  view of th is and because the dried A g N 0 3-s ilic ic  to a solution of 14.00 g of silver nitrate in 60 ml of 50% aqueous
acid sam ples used in th is w ork were n ot handled in a methanol. The resulting slurry was evaporated at 40-55° and
stric tly  anhydrous atm osphere, i t  is m ost likely  th a t  1 5  i ,?IT 111 a rotai'y evaporator to yield a white powder which

some hydrolysis of N20 6 occurs; the orientation pattern Z V L I t T e fc h t 'a t"iSfFTusTbrfme me, m M ^ T esu h in g
observed is therefore reasonable. samples thus contained 1.24 mmol of AgN03/g. Material which

The origin of the surface catalysis of eq 3 is of some was dried to constant weight at 120° possessed the same
interest. This is very likely catalysis by AgCl. The chemical properties. Impregnated alumina was prepared in the
reaction of CC14 with solid AgC104 requires initiation sai% way> using Merck acid-washed chromatographic alumina
, nl . e r rm  4 .. , ¿ 1 1  and a nominal lo wt % loading rather than the above 2 0 % ;
by a small amount of HCl. Also, it has recently been the dried product contained 0.932 mmol of AgN0 3/g. 
shown that the familiar reaction 9 proceeds simulta- Observations on CCL—AgNO-Silicic Acid Mixtures.— (a) A

riTTT_LAiNjn_Lvrn , AT , „Am ... 50 :llS sample of AgNOs-silicic acid was covered with CCL;
C2H5I +  AgiSIU3 +  FL2O > C2H5OH +  Agl +  HNU3 (9) after 1 hr it was frozen, evacuated, and allow'ed to warm until

a vapor pressure of ca. 10~4 Torr resulted. The vapor was then
(5) L. Birckenbaeh and J .  Goubeau, Naiurwissenschaften, 18, 530 (1930); observed mass spectrometrically, using an exciting potential

B<7r36£B’otk8 <1! 3i )V  1 , p u r , „  r„  of 72 eV. After subtracting the lines due to CCL, the following(6) K. Elbs and K. Kratz, J .  Prakt. Chem., 55 [2], 502 (1897). i j  , ■ i
(7) Odet and Vignon, C. R. Acad. Sci., Paris. 69 [II], 1142 (1869). ‘X,® ablmdanCe) 36 (2o), 38 (10),
(8) F. Francis, Ber., 39, 3798 (1906). 4 4  C2), 63 (100), 64 (1.2), 60  (36), 93 (9.3), 100 (5.4), 102 (1.1).
(9) V. Gold, E . D. Hughes, and C. K. Ingold, J .  Chem. Soc., 2467 (1950). 4  ?1Tlllar experiment using CCL adsorbed on an excess of AgN03-
(10) F. Daniels and E . H. Johnston, J .  Amer. Chem. Soc., 43, 53 (1921); silicic acid gave the following spectrum; 30 (2.6), 35 (4.9), 36

H. Eyring and F. Daniels, ibid., 52, 1472 (1930). (0.5), 37 (1.4), 38 (0.1), 44 (100), 45 (2.4), 46 (1.1), 63 (18),
(11) P. B. D. de la Mare, and J .  H. Ridd, “Aromatic Substitution.

Nitration, and Halogenadon,” Butterworth and Co. (Publishers) Ltd., ----------------------
London, 1959, p 51 ff.

(12) V. Gold, E . D. Hughes, C. K . Ingold, and G. H. Williams, J .  Chem. (15) J .  M. Austin, O. D. E .-S. Ibrahim, and M. Spiro, J .  Chem. Soc. B ,
Soc., 2452 (1950). 669 1969).

(13) J .  J .  Wren, J .  Chromatogr., 4, 173 (1960); G. J .  \ oung, J .  Colloid (13) L. J .  Andrews and R. M . Keefer, “Molecular Complexes in Organic
Sci., 13, 67 (1958). Chemistry,” Holden-Day, San Francisco, Calif., 1964, p 90 ff.

(14) K . H. Ebert, Monatsh. Chem., 88, 275 (1957). (17) K . Fajans and K. von Beckerath, Z. Physik. Chem., 97, 47 (1921).
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65 (5.0), 69 (0.4), 70 (0.6), 72 (0.5), 98 (0.4), 100 (0.1), 121 Nitration of Anisóle (Expt 17-23).—Nitration with excess CCh 
*̂ (expt 17) was dene as in the preceding paragraph, substituting

(b) A tightly stoppered sample of AgNOs-silicic acid covered anisóle for benzene. Nitration with CCh as limiting reagent
with CCh was allowed to stand for 24 hr. A 1 ml sample of the (expt 19-23) was done by adding 10-20 ml of hexane to the dry,
liquid phase was transferred to a 10 -cm path length fused-quartz 5-10-g AgN03—silicic acid sample, injecting 100  /til (150 mg, 0 .9 7 5
cell. The uv-visible spectra were recorded using a slit-cell mmol) of CCh, and stirring magnetically for the specified time
geometry which placed only the vapor above the CCh solution (Table I). Anisóle (1 .0  ml, 990 mg, 9.1 mmol) was injected and
m the light path. The observed spectrum, consisting of ca. 40 the mixture was stirred for 1  hi-, then allowed to stand for 17
narrow lines superimposed on broad maxima centered near 340 hr; work-up was as in the preceding paragraph. The o- and
and 400 m/x, was that reported for NO2-N 2O4.18 p-nitroanisole peaks in the gas chromatogram were ~ 75%

(c) A 3.868-g (4.80 mmol AgN03) sample of AgN03-silicic resolved, and the isomer ratio was calculated by integration in
acid was placed in a small chromatographic column arranged to comparison with standard mixtures.
deliver effluent into a solution containing 15 ml of CCh and 1 .6  Nitration by HNO3—Silicic Acid.—To a slurry of 3.18 g of dry 
ml of aniline. Flow of carbon tetrachloride through the column (130-140° overnight) silicic acid in 10  ml of hexane-CCh (2 : 1 )
was begun, and within 2 min a white precipitate appeared in the was added 50 A (7 3  mg, 1.28 mmol) of white, fuming nitric acid,
magnetically stirred receiver solution. Three fractions were The mixture was stirred magnetically for 5  min, and 125 ,ul
collected using fresh aniline-CCh solutions: effluent volumes in (107 mg, 1.37 mmol) of benzene was added. The mixture
ml (flow times in min) 30 (20), 30 (35), and 65 (110). Each frac- was worked up and analyzed as in the reaction with CCh after
tion was filtered, and the white solid was washed with water and 48 (96) hr to give 0.15 (0.17) mmol, 11 (13%), of nitrobenzene,
dried, yielding 230, 34, and 15 mg of carbanilide respectively Application of this procedure to 6.67 g of silicic acid, 16.5 
(total 279 mg, 1.32 mmol, 0.274 mmol COCh/mmol AgN03). ml of hexane, 73 mg (0.96 mmol) of nitric acid, and 1.0 ml (9.1
The combined material was recrystallized (78% recovery) from mmol) of anisóle gave, after 18 hr, 0.29 mmol (31 %) of nitro-
ethanol, mp 243.5-244°, mmp [with authentic carbanilide (mp anisóles.
243.5-244°)] 243-243.5°. If the elution is conducted with 10% Nitration of 2,4-Dinitrophenol.—A suspension of £00 mg (2.72
of benzene in the CCh, very little phosgene is produced. mmol) of 2,4-dinitrophenol (mp 112.5-113.5°) in 15 ml of CCh

(d) In a similar experiment benzene replaced the aniline of was vigorously stirred with 4.687 g (5.81 mmol AgNOs) of AgN03-
experiment c. The effluent was stirred for 48 hr; analysis by silicic acid for 24 hr. The suspension was filtered and the solid
glpc revealed no nitrobenzene. was washed with ether and methanol. The residue from evapora-

(e) A 2.336-g (2.89 mmol AgNOs) sample of AgN03-silicic tion of the filtrate was dissolved in 25 ml of methylene chloride
acid was covered with CCh in a vessel connected to a vacuum and extracted with 150 ml of pH 4 .4  citrate buffer. The buffer
line by way of a small trap cooled in liquid N2. Over a period was washed with three 25-ml portions of methylene chloride and
of 2.5 hr, all of the volatile material was slowly distilled into the the combined organic phases were evaporated to 223 mg (1.21
trap. The trapped material was warmed to ~  —50° and 11 ml mmol, 45%) of recovered 2,4-dinitrophenol. The aqueous phase
of a solution prepared by dissolving 5.07 g of NaOH in 50 ml of was acidified with 8 ml of sulfuric acid and extracted with four
water was added. The mixture was allowed to come to room 25-ml portions of methylene chloride which gave on evaporation
temperature, the phases were equilibrated and separated, and 306 mg (1.33 mmol, 49% ) of picric acid, mp 120-122°, mmp
a water wash of the CCh phase was added to the aqueous phase [with authentic material (mp 121-122.5°)] 1 2 1 - 1 2 2 °; the in-
which was then acidified with nitric acid. Gravimetric determina- frared spectra were identical.
tion of Cl-  then produced 0.234 g (1.38 mmol) of silver chloride
corresponding t° 0.69 mmol of COCI, or 0.24 mmoi of COCl2/mmol Registry N o.-Benzene, 71-43-2; anisóle, 100-66-3;

Nitration of Benzene (Expt 1-16).—To the freshly dried silver nitrate, 7761-88-8, carbon tetrachloride, 56-23- 
AgN03-silicic acid (or alumina) sample (weight in Table I)  was 5. 
added 10 ml of CCh-hexane (1 :2). After 1-15 min, 250 /xl
(214 mg, 2.74 mmol) of benzene was injected and the mixture Acknowledgment.—This work was supported in part 
was agitated and allowed to stand for the specified time. I t  was , t^ x c u ¿ t t - - x a  w  i x t > ,

then transferred to a small chromatography column and eluted £ y  a Kent State University Summer Faculty Research
with ether to provide one or two (depending on the amount of Fellowship. The writer thanks Mr. it. A. Champa for
silicic acid used) 25.0-ml product solutions which were analyzed the mass spectra. Financial assistance of the National
by gas chromatography. Science Foundation in acquiring the mass spectrometer

(18) T . C. Hall, Jr ., and F . E . Blaoet, J .  Chem. Phys., 20, 1745 (1952). ÍS gratefully acknowledged.
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Various bicyclo[2.2.1]heptyl, bicyclo[2.2.2]octyl, and bicyclo[3.2.1]octyl substrates, particularly alco
hols and olefins, have been subjected to careful study of their fragment ions occurring in the high-resolution 
mass spectrometer. The olefins undergo retro-Diels-Alder cleavage as the principal mode of fragmentation. An 
internal retro-Diels-Alder1» fragmentation appears to take place in the [3.2.1]omene ion -which does not ac
commodate a normal class D fragmentation. All the alcohols, including the bridgehead cases, undergo dehydra
tion via the formation of an intermediate carbonium ion, which then experiences extensive scrambling of the 
hydrogen (and deuterium) atoms on the skeleton before completing elimination of the elements of water. The 
resulting olefin ion then suffers a retro-Diels-Alder fragmentation, but this route is shown to be vitiated as a 
means of locating the deuterium on the skeleton and tracing the course of rearrangement reactions in solution 
thereby. It is demonstrated, however, that the m /e 57 peak may be applied for this purpose since it is produced 
in all bicyclic alcohol cases without rearrangement of the skeleton in the mass spectrometer. The manner in 
which m /e 57 (and m/e 58 in deuterated cases) arises through fragmentation, the method of locating H and D in 
bicyclic models, and its use in tracing the course of solvolytic rearrangements are discussed in detail.

Recent studies of carbonium ion rearrangements of problem and no attempt was made to study epimeric 
bicyclo [3.2.1 ]-2-octanol and bicyclo[2.2.2]-2-octanol differences of this nature.
sulfonate esters and analogous derivatives111 required Retro-Diels-Alder Fragmentations.—This type of 
application of the mass spectrometer as a means of mechanism is know to operate in cyclohexenes. Bie-
following the course of reaction. Since more informa- mann4 * * * refers to this as a “class D” mechanism and lists
tion was needed concerning the fragmentation patterns two requirements for the operation of the fragmen-
of bicyclic alcohols, a study was undertaken of the elec- tation mode: (1) the presence of a cyclic olefin or sim-
tron-impact fragmentation of 1, 2, and 3 alcohols, the ilar system, and (2) the absence of other bonds which
olefins derivable therefrom, and related compounds. might cleave with particular ease via certain stated

mechanisms. Since bicyclo [2.2.1 ]-2-heptene (4) and 
bicyclo[2.2.2]-2-octene (5) could be prepared via Diels- 

71. . J  8 Alder reactions, and since the normal (X  =  H) alcohols
5  ̂ r 1 and 2 could dehydrate under mass spectral circum-

/  A J L  /  /% ( /  stances to form these olefins, it was assumed that evi-
6 ' 2| ■x 6 1 OH dence for a retro-Diels-Alder reaction might be found

OH X x  n in the mass spectra of 1,2,4,  and 5.
1 2 3 The peaks corresponding to this “class D ” mechanism

X = hydrogen (normal) or deuterium actually constitute the major fragment ions of the mass
spectra of 4 and 5 (see Figure 1). This observation 
holes for the spectra obtained at 15 V as well as those

In each instance the occurrence of H20  elimination obtained at the conventional 70 V. Metastable tran-
producing an olefin ion was confirmed by the observa- siticn peaks representing these fragmentations were ob-
tion of a metastable peak in the mass spectrum. Two served at m/e 46.3 in the spectrum of 4 and at m /e  59.5
general fragmentation paths were observable, one orig- in the spectrum of 5.
inating from the parent alcohol and directed by the The (normal) alcohols 1 and 2 also show evidence of 
oxygen containing fragment, the other stemming from the retro-Diels-Alder fragmentation. The peaks anal-
the olefin and directed by the double bond. ogous to those in the spectra of 4 and 5, although not

the major peaks of the spectra (see Figures 2 and 3), are 
Results and Discussion still very intense, 20.1% for the m /e  66 peak in (normal)

„  . „ .  . . . , , . 1 and 79.0%  for the m /e  80 peak in (normal) 2. In
Molecular lo n s.-T h e  parent peaks of the alcohols additi these alcohols also dl ]ay metastable transi-

1, 2, 3) were a ways readily perceived They ranged tion ks at m /e  46.5 in the case of (normal) j and 
from a low o 1.7% for 1 to a high of 21 5%  for 3. m /g  5Q 4 in the ,spectrum of (normal) 2 A metastable 
As expected, the corresponding olefins exhibited more k at m /e  60 2 in the spectrum of the deuterated
intense molecular ion peaks; e.g 14.7% for bicyclo- ( x  =  D) 2 confirm this fragmentation. This results
[2.2.2loctene iw. 7.1%  for the alcohol 2 Other m- from the transition 109 ^  gl +  28.
vestigators have shown*-* that in the case of monocyclic (Jn the other handj no metastable peak was detected 
alcohols the molecular ion is more intense in the case of in the mass spectrum of the [3 .9 .!] (normal) alcohol 3

equatorial hydroxyl than axial. Such differences, how- (gee R  4) which could be correlated with fragmen.
ever, though significant m a relative sense, do not ap- tation vm & «class D „ pathway. This is attributable to
pear to be large on an absolute scale. From a practical the absence of structural accommodation for the retro-
viewpoint, this did not seem to otter a solution to our

(4) K. Biemann, “ Mass Spectrometry, Organic Chemical Applications,”
(1) (a) H. Kwart and K. King, Chem. Rev., 68, 415 (1968). (b) H. McGraw-Hill Book Co., Inc., N. Y ., 1962. See also, for furtner illustra-

Kwart and J .  L. Irvine, J .  A m er. Chem. Soc., 91, 541 (1969). tions of t.he RDA fragmentation in bicyclic compounds, T . Gato, et al.,
(2) K. Biemann and J .  Seibl, ibid., 81, 3149 (1959). Tetrahedron, 22, 2213 (1966). and W. C. Steele, B . H. Jennings, G. L. Botyos,
(3) D. R. Dimmel and J . Wolinsky, J .  Org. Chem ., 32, 410, 2735 (1967). and G. O. Dudek, J .  Org. Chem ., 30, 2886 (1965).
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Figure 1*—Mass spectra: (a) bicyelo[2.2.1]-2-heptene (4), (b) i i l l  I 128
bicyclo[2.2.2]-2-octene (5). 18 III! III,, 111. ||||i ||| ||| ‘ 'j1

94 Figure 3.—’Mass spectra: (a) bicyclo[2.2.2]-2-octanol (2, X =
H); (b) bicyclo[2.2.2]-2-octanol-2-d (2, X = D); (c) bicyclo- 

(<” 66 79 [2.2.2]-2-octanol-3,3-̂ 2 (7).
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ee 96 readily under far less energetic circumstances than pre-
1 d 1 68 vail in the mass spectrometer (as illustrated below).

57 80 -h2o
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Figure 2.—Mass spectra: (a) bicyclo[2.2.1]-2-heptanol, endo J  \
(1, X  = H); (b) bicyclo[2.2.1]-2-heptanol, exo; (c) bicyclo- \\
[2.2.1]-2-hep tanol-2-d, endo (1, X = D); (d) bicyclo[2.2.1]-2-
heptanol-3,3-d2, endo (6). VV

Diels-Alder reactions.6 However, a major peak Dehydration.—The major peak in the spectra of the 
(98.7%) was recorded at m /e  80 whose constitution was bicyclic alcohols 1 and 2 and their deuterated analogs
established to be C6H8+ (through high-resolution mass [s ¿ ue to the loss of water. In the mass spectrum of
determination). This could arise as a result of frag- the [3.2.1] alcohol, 3 (X  =  H), the peak due to the loss
mentation via an internal retro-Diels-Alder,5 a well 0f a moie 0f H20 , although not the major peak of the
characterized electrocyclic rearrangement proceeding spectrum, is still very intense (32.6% ). Metastable

(5) See, for a full diecussion of this reaction, ref la. transition peaks establish this fragmentation as due to

Mass Spectral F ragmentation Patterns in B icyclic Alcohols J .  Org. C hem ., V ol. 3 5 , N o . 8 , 1 9 7 0  2727



dehydration, since the 18 mass units are lost as a single (as pointed out earlier) are very evident in the spectra 
group. of the (normal) alcohols 1 and 2 . In the case of 7, the

The loss of water has been demonstrated to occur to m /e  80, representing the expulsion of CD2= C H 2 from
varying extents in the spectra of monocyclic alcohols, the base m /e  110, is significantly more intense than
ranging from approximately 10%  in cyclopentanol to m /e  81 and 82 (corresponding, respectively, to the ex-
50%  in cyclohexanol. Dehydration by way of aide- pulsion of C H D =C H 2 and CH2= C H 2). Conse-
hyde intermediates, which have been shown to fragment quently, the structure 9 can be assigned as the pre-
with subsequent elimination of water, has been sug- ponderant olefin (ion) resulting from dehydration of 7.
gested6 as one possible mechanistic course. However, Its formation could be readily accomplished in two suc-
this path is not functional in any of the bicyclic alcohols cessive steps involving C— H bond breaking in the in-
under study here. No evidence could be found to con- termediate carbonium ion 7a (illustrated below).
firm the fragmentation of a formyl group from the
parent ion. H D f j ,  q

In the case of cyclohexanol, the source of the hy-
drogen which coupled with the hydroxyl group (com- 7 -  A S /  D ^  ^ / h d
prising the water eliminated) was proven7 to be dis- m/e 110 H
tributed around the ring with the exception of the Ci. J
The failure of the hydroxyl-bearing carbon to yield its 7a '
other hydrogen to form the water eliminated has been retr° Dieis-
confirmed by our studies. In the spectra (c), Figure 2, J Aider
of alcohol 1 (X  = D) and (b), Figure 3, of 2 (X  =  D) D D
there is no evidence for the loss of 19 mass units, which \ ^ \  + ' ' i f
could occur if this atom were involved, (HDO in these IT
cases). m/e 80

The source of the second hydrogen could have been
the C3 if the analogy to an a,¿¡-elimination reaction in A concomitant path of more than equal likelihood 
solution is fulfilled. The resulting olefin (for example, producing expulsion of CD2= C H 2 from the interme-
the bicyclo [2.2.1] heptene ion) could then give rise to a diate carbonium ion 7a is the result of very facile rear-
retro-Diels-Alder fragmentation route, as discussed in rangement to the [3.2.1] ion (or its nonclassical equiv-
the previous section of this report. alent). As indicated earlier, the occurrence of an in-

However, when endo bicyclo [2.2.l]-2-heptanol-3,3- ternal retro-Diels-Alder5 is a highly probable fragmen-
dt, 6, suffers fragmentation, as is evident from the tation mode, which in the present instance can also ac-
spectrum (d), Figure 2, the m /e  96 (the base peak) is count for the observed results (illustrated below),
more than ten times as intense as m /e  95, indicating

k k  - A
OH OH

6 7 „
/ A  / D D 7

that little or no a, ¡3 elimination of deuterium has taken \  p *
place. This confirms an observation briefly reported (5 / A *
earlier.8 Moreover, we have found a nearly identical ' ^  \ _____/
result in the case of fragmentation of the corresponding j m/e no
[2.2.2]bicyclic alcohol 7, where the base peak (m /e 110) 
is actually more than twenty times as intense as the
peak (m /e  109) corresponding to HDO elimination. + J k

Clearly, the loss of hydroxyl from the parent ion in H H
each case (6 and 7) has resulted in a carbonium ion in
whose structure hydrogen and deuterium positions have The mechanism is supported by the fragmentation 
become extensively scrambled^ Presumably this has pattern of the monodeuterio alcohol (2, X  =  D) (see
occurred through very rapid C - C  bond shifting and spectrum b, Figure 3) where the ratio of m /e  109/80 is
hydride migrations such as are characteristic of the nearly identical with the ratio of m /e  1 10/8 0  in the spec-
similarly structured carbonium 10ns in solution. Ulti- trum of 7. Furthermore, the ratio of m /e  80/79 is al-
mately these carbonium 10ns must lose hydrogen and be most the same for the deuterated alcohols 2 (X  =  D)
converted to the olefin> 10ns 8 and 9. This is demanded and 7 but is significailtly different for the undeuterated 
by the retro-Diels-Alder products of fragmentation of bicyclooctanol shown in spectrum a, Figure 3.
8 and 9 namely, the formation of cyclopentadiene (m /e  Unfortunately, it is not possible to trace with the
66) and cyclohexadiene (m /e  80) 10ns (respectively) same d of confidence (as in 7) the course of rear- 
through expulsion of a neutral ethylene fragment, which rangement in the correSp0nding carbonium ion inter-

16) j . a. Gilpin and f . w. McLafferty, Anai. Chem., 29,990 (1957). mediate formed from 6. The cyclopentadiene ion
(7) p. Natalis, Bull. Soc. Roy. s d . Liege, 3i, 790e (1962). See also c. g. (CsH3+) derived from alcohols is accompanied by a

MacDonaid, J. S. Shannon, and G. Sugowdz, Tetrahedron Lett., 13, 807 gtrong (C6H7) + peak and both of these appear to eX-
(8) "W. Benz and K. Biemann, J .  Amer. Chem. Soc., 86, 2375 (1964). perience extensive protonation (to m /e  67 and 68, re-
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spectively; see Figure 2) in contrast to the same ion Formation of m /e  57 peak.—Another mode of sta- 
(m /e  66) arising from the bicycloheptene directly (see bilizing the odd-electron molecular ion of an alcohol
spectrum a, Figure 1). It will be seen, nevertheless, (supposedly formed by expulsion of a nonbonding elec-
that the m /e  66 derived from 6 is of slightly greater in- tron of an oxygen atom) is through rupture of the C2-C 3
tensity than m /e  67 and 68, whereas the converse is true bond with subsequent decomposition to an m /e  57 ion
of the undeuterated norborneols in Figure 2 (spectra and a hydrocarbon radical. High resolution mass mea-
a and c). This would suggest that hydride migra- surements on the bicyclic alcohols studied in this in-
tion in the carbonium ion derived from 6 through loss of vestigation established that the fragment ion of mass 57
hydroxyl is somewhat more facile. That is to say, this has the composition (C3H50 ) +, probably a resonance
carbonium has a sufficiently greater lifetime than that stabilized ion of the form [CH2=CH CH O H ]+. This
arising from 7, allowing for a greater extent of hydride is in accord with a conclusion reported earlier7’9 for
migrations and producing 8, a more extensively cyclohexanol andcyclopentanol.
scrambled structure than 9 (as is shown below in clas- Although m /e  57 is not the major peak of any of the 
sical ion notation). bicyclo alcohols studied here, it is quite intense, com

prising 28.6%  in 1, 22.7% in 2, and 43.9%  in 3. These 
are shifted to m /e  58 in the deuterated analogs with 

jj D similar peak intensities for corresponding substrates,
n —~— (i.e., where W =  D replaces X  =  H). Dimmel and

migration Wolinsky3 have reported m /e  57 as the ninth most in-

I tense peak in the spectra of both endo- and exo-norbor-
I nanol.

* D D Appropriate labeling of the [2.2.1] and [2.2.2] al-
k ¡C cohols established that the initial fragmentation steps

’n the formation of m/e 57 from these alcohols involves 
the rupture of the C2-C 3 bond. Thus, deuteration of 

+ + the hydroxyl-bearing carbon in each case shifted the
|_H I-h peaks to m /e  58, but complete deuteration of the a  (C3)
' carbon produced no shift of m/ e  57.

-j Additional evidence bearing on the course of frag-
N. D mentation are the metastable peaks at m /e  38.9 (cal-

culated 39.1) in the spectrum of the bicyclic alcohol 2 
D ' (X  =  H), and at m /e  39.9 (calculated 40.1) of deu-

L v J terated 2 (X  =  D). Calculations indicate further that
® these could be the result of fragmentations which yield
jretro Dieis-Aider peaks at m /e  57 and 58, respectively (illustrated below).

D D

0 / \  8 3 — >- 57 +  26 (m* - 3 9 .1 )
+  CD2=C H 2 +  Y j  +  ch2= ch2

m/e66  m/e 68 84 — ^  5g +  2% (m* - 4 0 .1 )

A parallel observation of the relative lifetimes of these , r, • • • , ,. , • -r c 4.1. • This would require that there be a prior fragmentationcarboruum ions m solution and the sigmhcance of this „ i f  ., ^t , • , . • • ,, . n j ,  splitting off 43 mass units. Evidence for this occur-factor in determining the occurrence of C-G and G-H 1 6 , . .  , , , ,  . . ., , ■ i . i i  rence can be found m metastable peaks present m thebond migrations have been previously discussed.1 , „  , ,  TT , , ,  G.
Finally, the case of the bridgehead diol 10 will serve sPectraof 2 (both X  =  H an d X  = D).

as an illustration of the generality of dehydration, even
where a ,8 elimination of the elements of water is most 126 — >■ 84 +  43 (m* observed 54.7, calculated 54.7)
unlikely because the resultant ion would possess the
highly strained bridgehead double bond. Nonetheless, m  84 +  43 (m. observed 55.6> caicuiated 55.6)

On tbe basis of these lines of evidence the most likely 
/  y *  y X y y  + H2°  fragmentation path (2a -*■ 2f) which can be proposed for

the bicyclooctanols is that displayed in Scheme I where 
encircled H traces the hydrogen retained in m /e  57.

An analogous fragmentation route (la  —► le) can be 
a prominent P — 18 peak is noted in the spectrum (b, plotted for formation of m /e  57 from the bicyclohep-
Figure 4) of 10. Similarly the ion product of subse- tanol 1 (see Scheme II) where encircled H traces the
quent retro-Diels-Alder cleavage in the form of the hydrogen retained in m /e  57.
relatively intense peak (24%) at m /e  96 is identifiable An alternative route leading from lb - *  lg (Scheme 
by high resolution mass determination as (0 ^ 8 0 )+ , n rupture 0f the C2-C 3 bond is one of the
and its deprotonated satellite (m /e  95, 21% ). These 
data can (once again) be reconciled with the occurrence

.  ,  ,  .  ,  . „  . . 1 C , ■ C  (9) H. Budzikiewicz, C. Djerassi, and D. H. Williams, Interpretation
of hydride migration following the tormation OI the Mass Spectra cf Organic Compounds,” Holden-Day, Inc., San Francisco,
(unstable) bridgehead ion through loss of hydroxyl. Cain., 1964.
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2b 2c

r^H> X  . /\  / ¿ i  + - *  / ? i L  +
, ..'Wf// 4 >  , ^  ^ y = 0 H  ^  x = 0H

X" i  f
2d 2e + r  [ XA N = 0H overall

(H ) cleavage
/ \  , III , 7=UH over»., \  W  X

+  "I X  cleavage ^ X f u  m/e 57 ®(43 mass \£V OH L.
units) m/e 57 H

*- J  S c h e m e  I I I

strongest competitors for fragmentation of the parent C  ) | X
(along with the dehydration mechanism previously ~CHs
considered). The m /e  67, one of the most intense 2> X ^ _ + H
peaks aside from P — 18 in the spectra of all the alcohols X  s - f ~
in Figure 2, has been shown by high-resolution mass w  kil/
determination to be the pure hydrocarbon ion (C5H7) lb If
The fact that this peak is equally intense in the spectra i—^
of all the bicyclo[2.2.1]heptanols, both deuterated and )
nondeuterated [1 (X  =  H), 1 (X  =  D), and 6] may be © X  m/e 67
cited as strong evidence supporting this mechanistic j  /  __y +
proposal. It will also be recognized (see following sec- X o H  H
tion of this report) as one of the factors vitiating the ap- X  + / ® ' C = 0
plication of the retro-Diels-Alder cleavage for locating X  ©>
deuterium on the norbornyl skeleton via the m /e  ratio g
66:67.

The complete generality of this overall cleavage can be followed in certain cases by examination of some
course in bicyclic alcohol fragmentations leading to m /e  0f the fragment ions in the mass spectrum. For ex-
57 is to be perceived in the spectrum of the bridgehead ample, Cristol and coworkers10 have demonstrated that
diol 10. In all other (mono) alcohols studied the m / e  the retro-Diels-Alder decomposition of dehydronor-
57 retains the charge [because it has the electronegative bornyl acetates provides a way of determining the lo-
oxygen in its (C3HsO)+ structure] while losing neutral cation-of deuterium on the skeleton of this class of bi
hydrocarbon fragments in the final cleavage steps. In cyclic derivatives. Essentially the method consists of
the diol 10, however, we observe that the second (hy- a comparison of the intensities of m /e  66 and 67 peaks
droxyl) oxygen tends to stabilize the iomc charge, with for estimating the extent of deuterium migration into
the consequence that both cleavage fragments can be that parfc of the mo]ecule which acquires the cyclopen-
readily identified as intense peaks, the m/e 57 peak is tadienyl ion structure in fragment ation of the parent ion.
22% and the m /e  85, identified as (C5H 90 )  +, is the most We have attempted to apply this approach to (sat- 
intense (base) peak in the mass spectrum (b), Figure 4. urated bicyclic) norbornyl derivatives which would
The following (Scheme IV) appears to be the most at- underg0 elimination of H X  in the spectrometer. Since
tractive way of accounting for this result, m consonance, fragmentation of the (P -  H X) peak to retro-Diels-
as well, with the fragmentation patterns of the other Alder products is a common occurrence, it seemed likely
bicyclic alcohols considered in these studies. that a method of deuterium tracing analogous to that

Applications to Deuterium Analysis in Atom-Bridged used for dehydronorbornyl derivatives could be ap-
Compounds.—The migration of deuterium and re-
arrangement of the carbon skeleton which might be (10) s. Cristol, R. A SdQchez, and T. c . Merrill, y. 0r,. Cw .  31, 
associated with Wagner-Meenvem rearrangements 2738 (1966).
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Scheme IV“

(X)|-1/>H r ' l OH f ® L 0H

(x ) A  (x ) H0+ . Z S
H0+ H of

1

intramolecular
charge transfer ^

[ M r 1 between H ' ” | f

H O - { ]  -  „ o A J  .  “ ’•••• • I „ « A - l  -  h/ t®

m/e 85 H 0  t ®  H+ C ®  m/e 57

“ (X ) denotes three equivalent ways in which this fragmentation would occur.

plicable. However (as has been shown earlier in this sample deuterated at C2 the acetate product was puri-
article), the loss of HOH in the bicyclic alcohols studied fied by glc methods and saponified, and the pure [2.2.2]
was not a simple a ,¡3 elimination. Instead, a deep alcohol recovered in which some of the deuterium had
seated rearrangement (in the intermediate carbonium migrated from C2. The measured ratio of this product
ion) of the hydrogen (and deuterium) atoms of the was 0.28. This result calculates as 
skeleton attended the loss of hydroxyl. This circum- ■- 0 28 ->
stance clearly obviated the use of any fragment ion 2 |_7 7 _  0.22J  = 6% D migration
which did not contain hydroxyl for purposes of locating
deuterium atoms on the skeleton of any saturated bi- Experimental Section
cyclic derivative, particularly the alcohols. Further
more, as shown in the previous section of this report, the Technique.-The mass spectra of most of the compounds were

I * r ,, a u j j - obtained on a Consolidated Electrodynamics Corp. instrument,
m /e  67 peak arises also from one of the most abundant Model 21-103-C. Most of the high-resolution fragment ion
ions in the spectra of norbornyl alcohols independently mass determinations were carried out with a Model 1 1ft instru-
of deuteration in the C2 and C3 positions. This must ment. Sample introduction was effected by means of a 350°
surely be the most decisive reason why the retro-Diels- capacity heated inlet accessory unit. Sufficient volatility of all
Alder cleavage cannot be applied for structure tracing ^ ? les used was real,zed at mlet temperatures m the range of

in saturated norbornyl derivatives. The spectra were obtained usually employing nominal 70-eV
Clearly, then, the only fragment peak which could be ionizing energies except as noted for low voltage spectra where

used reliably for such trace analysis is one containing 15-eV ionizing energies were used. The ionizing current could
the hydroxyl (thereby avoiding the rearrangements for
stemming from loss of hydroxyl). The m /e tu :o8 ratio furnishing the bicyclo[2.2.2]octanol samples (2, X  = H and
fulfills this specification, both for the bicyclo [2.2,1] and X  = D). The samples of 6 and 7, the bicyclic alcohols dideu-
- [2.2.2 ] alcohols. The substitution of deuterium for the terated at C3, were kindly prepared by Dr. Norbert Kucharczyk
hydrogen on C2 in each case shifts the bulk of this peak from the corresponding ketones by three successive base-catalyzed
x / r o  rnu -c u  „ f  __at TV exch a n g es in  d io xa n e-D g O  m ed ia , fo llo w e d  b y  lith iu m  a lu m in u m
to m/e 58. Thus, if, as a result of reaction, the D IS hydride reduction to the alcohol, and purification of the product
“scrambled” out of the C2 or C6 positions, this event can by famii;ar methods. The samples of 1 (X  = It and X  = D)
be readily detected in all rearrangements of norbor- were prepared by reduction of the norbornanone using lithium
nanol derivatives (where the product can be converted aluminum hydride or deuteride, respectively, adapting the
to .  norbomanol sample for mass spectral analysis). J g - J f  * H ' h Z  

However, in applying this analysis to rearrange- tures of the alcohols and the positions of deuteration, where
ments of bicyclo [2 .2 . 2  Joctanol derivatives1 a statistical possible, were always confirmed by nmr and ir analysis,
correction of two must be made for the equivalence of The samples of bicyclo[2.2.l]-2-heptene (4) and bicyclo[2.2.2]- 
the C6 and C, positions in fragmentation. This can be 2-octene (5) were obtained from Chemical Samples Co Colum-

6 „  bus, Ohio, and were recommended to be greater than 99% purity.
readily seen in  th e  follow ing illu strativ e  com putation. The sample of bicyclo[2.2.2]-1,8-octanediol was kindly furnished
H ere the m /e  5 7 :5 8  ra tio  in  a nondeuterated  sam ple (¡rl pure form) by Dr. James Kauer. Mass spectra were taken
corresponds to  1 0 0 %  m igration  of th e  deuterium  from  on these samples as received.
Cp while the same measured ratio of 57:58 intensities in . , /Y  _  m  aq7_q(i q • i Of =  TT)
the known deuterated, alcohol would represent no , x  _  m  ¿« T s .io .o  2 (X  =  D ’
deuterium migration from C2. Thus, the nondeu- _  m  ’ fifino-48-2• 4 408-66-8- 5'
terated sample of 2 (=  100% D loss) showed a 7.7 (m /e  '  ’ 10503 34 1- V  24867 10-5' 10 ’ 1867-11-
r. ^  in asampie of 2 , depterated only at
C2 (=  0%  D loss), the measured ratio was 0.22. In a ’ y - F
typical acetolysis of the brosylate derivative of the pi) w. g. Brown, OrQ. React., 6,469 (i9si>.
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The M echanism  of Diphenylketene Cycloaddition to  a Carbodiimide1
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Diphenylketene undergoes a 1,2-cycloaddition reaction with diisopropylearbodiimide in high yield to produce 
the imino-/5-laetam. Quenching the reaction mixture with water results in the formation of N-diphenylacetyl- 
N,N '-diisopropylurea, diphenylacetic acid, and diisopropylurea as well as the normal adduct. When the cycload
dition is run in liquid sulfur dioxide as the solvent, a near-quantitative yield of l,l-dioxo-2-(N-isopropylimino)-3- 
isopropyl-5,5-diphenylthiazolidine-4-one is produced. These results are interpreted to suggest a two-step process 
via a dipolar intermediate in which the second ring closing step is the slow step.

W e have recently  reported  the 1,2 cycloaddition of and diisopropylurea as expected and none of th e  urea 
various types of ketenes w ith carbodiim ides to  produce I I I .
imino-/3-lactams.2 A lthough th e  cycloaddition of T h e  reaction  of d iphenylketene and diisopropylcarbo-
ketenes across the C = N  double bond has been know n diim ide was also effected em ploying liquid sulfur di- 
fo r m any years, the cycloaddition w ith carbodiim ides oxide as the solvent. A  near q u an tita tiv e  yield of 1 ,1- 
has only recently  appeared, and no reports have been d io xo -2 -(N -iso p ro p y lim in o )-3 -iso p ro p y l-5 ,5 -d ip h en y l-
m ade on th e  m echanism  of th is reactio n .3'4 H ow ever, thiazolidine-4-one (IV ) was obtained . T h e  hyd roly- 
several recent com m unications have indicated  th a t
keten e and d iphenylketene undergo cycloaddition across „ „  __  __ __ __
th e  C = N  double bond of im ines through a tw o-step 6 5 2 N R *"
process involving a dipolar in term ed iate .5“ 7 T h ese  r  __ __ -.
tw o-step pathw ays are of course in co n trast to  keten e 6 5 - i 0  (QHAC C==0
cycloadditions to olefins, w hich are well established  to  r__ N = C __N__ R R__ N = c __-N__ R
be concerted .8“ 13 L H Q |

W e now wish to  report evidence fo r a polar tw o-step  . I \
process involving a d ipolar in term ediate in  th e  cyclo- /  0  0  \  so,
addition of diphenylketene and diisopropylcarbodi- /  II II \
imide. A  prelim inary report of th is w ork has ap - J  (QH5)2CH C N C NHR ^
p eared .14 ^

(C6H5)2C— C = 0  (C6H5),C— C = 0
Results I I  / \

R— N = C — N— R j  H*° S 0 2 N— R
D ip henylketene reacts sm oothly w ith diisopropyl- n  -SOi \  /

carbodiim ide in  benzene a t  room  tem peratu re to  pro- £
duce th e  imino-/3-iactam ( I I )  in 9 0 %  yield .2'14 T h e  11
quenching of the above reaction  m ixture a fte r  4  m in |
w ith  w ater results in th e  form ation  of a  1 2 %  yield  of R
N -d iphen ylacety l-N jN '-d iisoprop ylu rea ( I I I ) ,  in  addi- IV
tion  to  th e  norm al adduct ( I I ) ,  d iphenylacetic acid, and R = isopropyl
diisopropylurea. A  control experim ent proved th a t  
I I I  could n ot be produced from  I I  under the reaction
conditions. A second control experim ent was also S1S IV  produced a q u an tita tiv e  yield of I I I  w ith the
necessary to  show th a t I I I  was n o t th e  result of a  reac- ôss ° f  su^ ur dioxide. A  control experim ent revealed
tion  involving the hydrolysis product of d iphenylketene IV  could n ot be produced from  I I  under th e  reac-
(diphenylacetic acid) and diisopropylcarbodim ide. ^ on conditions.
T hu s, the reaction  of d iphenylacetic acid and diisopro
pylearbodiim ide produced d iphenylacetic anhydride Discussion

, .. . T h e  i s o l a t i o n  o f  I I I  a n d  I V  f r o m  t h e  r e s p e c t i v e  r e a c -
(1) Support of this investigation by the Robert A. Welch Foundation and ,• • , , , . . _

a National Science Foundation Grant (GP-7386) is gratefully acknowldged. tion m ixtures RS described RDOVG IS Certainly n o t COI1-
(2) W. T. Brady, E. D. Dorsey, and F. H. Parry, III, J .  Org. Chem ., 34, sisten t w ith a COIlCGrtGd 1,2 Cycloaddition. ThGSG

(3) R. N. Lacey, “ The Chemistry of Alkenes,”  S. Patai, Ed., Interscience products are how ever ind icative th a t  th is reaction  pro-
Pubiishers, inc.. New York, n . y „ 1964 , p 12 0 7 . ceeds via a dipolar in term ed iate ; i.e., th e  1,4-dipolar

(4) r . Hull, j . chem. Soc. c, 1 15 4  (1967). i n t e r m e d i a t e  i s  t r a p p e d  b v  t h e  a d d i t i o n  o f  w a t e r  o r  w h e n
(5) A. Gomes and M. M. JouIli6, Chem. Com m un., 935 (1967). r__ j  • t  i r  - i
(6) H. B. Kagan and J. L. Luche, Tetrahedron  Lett., 3093 (1968). IOrmGd 111 liquid Sulfur dlOXldG.
(7) R. Huisgen, B. A. Davis, and M. Morikawa, Angew. Chem ., In t. E d . T h is  iso lation  of SUch a largG aillOUIlt ( 1 2 % )  of I I  aild

Et )  T. j 'K atz^ m d  R. Dessau, j . ame,  chem. Soc, 8 5, 2 17 2  (196 3). a  near-q u antitativ e : yield of I I I  suggests th e  d ipolar
(9) R. Huisgen, L. Feiler, and G. Binsch, Angew. Chem ., In t. E d . E n gl., 3, Hlt/G-HlGCliaLG IS rGiatlVGiy long hVGd. ThG first StGp of

753 (1964). th e  cycloaddition m ust be faster th an  th e  second step

4309° a 9J6o(; : Martin’ W' V' G°°dlett’ aad R' B u r p i J ' ° Ta' ° hem" 3° ’ fo r euch a larSe am ount of th e  in term ediate to  build up. 
(id  w. t . Brady and h . r . o ’Neai, ib id .. 3 2 , 612 (1967). A nother in teresting  possibility  for th is cycloaddition
(12) w. t . Brady and h . r . o ’Neai, ib id ., 3 2 , 2704 (1967). reaction  is th a t the principle canonical form  of th e  in ter-
(13) J .  A. Baldwin and J. A. Kapecki, J .  A m er. Chem. S oc., 91, 3106 v r  ai_ t  2 . . .  . ,

(1969). m e d i a t e  is  V  r a t h e r  t h a n  I .  E l e c t r o s t a t i c  c o n s i d e r a -
(14) W. T . Brady and E. D. Dorsey, Chem . Com m un., 1638 (1968). tionS WOUld d i c t a t e  t h e  s h a p e  RS i n d i c a t e d .  R i n g  d o -
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(C6H5) ,C = C — 5  (CfiH -),C =C — 0  yield and the substituted urea I I I  in 1 2 % yield: mp 131-132°;
! + | |  ir 3300 cm 1 (N-H) and 1705 cm“ 1 and 1760 cm" 1 (C = 0 ) ;

R— N— C = N — R R— N C = N  R nmr (CC1<) 5 1 1 3  'doublet 6 H), 1.3 (doublet 6 H), 3.8 (multi
plet 1 H), 4.3 (rr.ultiplet 1 H), 5.15 (singlet 1 H), and 7.2 (multi- 

V VI p le t llH ).
Anal. Calcd for C2,H26N20 2: C, 74.5; H, 7.75; N, 8.28. 

sure could occur to yield VI which could be the trapped Found: C, 74.4; H, 7.82; N, 8.23.
intermediate, and VI could bleed to the /3-lactam II. Treatment of Diphenylacetic Acid with Diisopropylcarbo-
We looked for VI by spectral, thin layer chroma- denude (Control). To a solution containing 6.4 g (0.003 mol)
tography, and isolation techniques but found no evi-
dence suggesting this material was formed. Although brownish yellow with the slight evolution of heat. The solution
this alternative pathway is perhaps possible, we prefer was quenched with 20 ml of water after 5 min and the mixture
a dipolar species such as I stirred for 30 min. The solvent was evaporated and the residue

It was mentioned above that most ketene cycloaddi- “ ,ed “  chloroform Diphenylacetic acid was removed
,• x i c  n x i_i- i_ j  x i_ x i trom 'be chloroform solution by extraction with a dilute sodium
tions to olefins are well established to be concerted hydroxide solution. Evaporation of the chloroform solution
processes. Since the system being reported is a two- yielded only diisopropylurea and a small amount of diphenyl-
step process, the change in mechanism is probably due acetic anhydride. There was no indication N-diphenylacetyl-
to an enhanced stabilization of the intermediate: i.e .,  N,N-dnsopropy.urea had been produced.

the charges can be adequately stabilized by sub- in S u ita  Dioride (IV).-To H o lu te n  o f T H T o ^ m T / o f
stltuents. diisopropylcarbodiimide in 125 ml of liquid sulfur dioxide at

— 78° was added 1 1  g (0.057 mol) of diphenylketene. The 
solution was allowed to warm to a gentle reflux at about 

Experimental Section —10°. After 1 hr, the solvent was removed with an aspirator
to yield 20  g (90%) of l,l-dioxo-2-(N-isopropylimino)-3-iso- 

Benzene was dried by refluxing and distilling from sodium. propyl-5,5-diphenylthiazolidin-4-one (IV): mp 119-122° (gas
Isobutyronitrile was dried with 4A molecular sieve. Diphenyl- liberated at melting point); attempts to recrystallize IV resulted
ketene was prepared by the dehydrochlorination of diphenyl- in the loss of sulfur dioxide; ir (CCh) 1710 (C = 0 ) , 1695 (C—N),
acetyl chloride.15 1305 cm- 1  (S02); nmr (CC1() S 1 . 1  (complex set of doublets,

3,3-Diphenyl-l-isopropyl-4-isopropyliminoazetidin-2-one (II). Jnn  = 6  cps, 12 H), 3.7 (multiple! 1 H), 5.0 (multiplet 1 H),
—A solution containing 6.4 g (0.033 mol) of diphenylketene and 7.3 (multiplet 10 H); mass spectrum parent peak 384,
and 4.2 g (0.033 mol) of diisopropylcarbodiimide in 100  ml of p-64 (loss of S 0 2).
benzene was allowed to stand at room temperature for 2 hr. Anal. Calcd for C2iH2(N2S0 3 : C, 65.6; H, 6.3; N, 7.3. 
Upon removal of the solvent and recrystallization of the solid Found: C ,65.1 ; H ,7 .0 ; N, 7.1.
residue from ether, I I  was obtained in 8 8 % yield: mp 108.5- Hydrolysis of l,l-Dioxo-2-(N-isopropylimino)-3-isopropyl-5,5- 
109.5°; ir 1810 (C = 0 )  and 1690 cm -1  (C = N ); nmr (CC14) diphenylthiazolidin-4-one (IV).—A solution of 2 g of IV in 200
0.80 (d, 6  H), 1.45 (d, 6  H), 3.66 (m, 1 H), 4.03 (m, 1 H), and ml of ether was treated with 20 ml of water. The mixture be-
7.3 (m, 10 H). came warm with the evolution of sulfur dioxide. The mixture

Anal. Calcd for C2iH24N20 :  C, 78.7; H, 7.56; N, 8.75. was warmed on a steam bath until the evolution of sulfur dioxide
Found: C ,79.0 ; 11,7.58; N, 8.74. ceased. The ether layer was separated and evaporated yielding

N-Diphenylacetyl-N,N'-diisopropylurea (III).—A solution con- 1.7 g (97%) of N-diphenylacetyl-N,N'-diisopropylurea (III),
taining 6.4 g (0.033 mol) of diphenylketene in 50 ml of benzene (For characterization see Experimental Section for I I I  above), 
was added to a solution of 4.2 g (0.033 mol) of diisopropyl- Treatment of l-Isopropyl-4-isopropylimino-3,3-diphenylazeti-
carbodiimide in 50 ml of benzene. This reaction mixture was din-2-one (H) with Sulfur Dioxide.—A 0.1-g portion of II  in
quenched with 25 ml of water after 4 min. The solvent and 10 ml of liquid sulfur dioxide was allowed to stand at —78° for
water were evaporated on a rotatory evaporator; the residue was 24 hr. The solvent evaporated as the reaction vessel was
dissolved in chloroform. This solution was extracted with a allowed to warm to room temperature. An ir spectrum of the
dilute sodium hydroxide solution. Acidification of the basic residue was identical with that of I I . Thin layer chromato-
extract resulted in the crystallization of diphenylacetic acid graphy revealed only one component which had the same Ri value
(47%). The chloroform containing the cycloadduct was as II.
evaporated and the residue dissolved in ether. The solution 
was fractionally crystallized to yield the d-lactam II  in 40% .
___________ Registry No.—Diphenylketene, 525-06-4; II, 20452-

(i5) h . staudinger, Ber., 44,1819 (1911). 64-6 ; 111, 21420-67-7 ; I V ,  24867- 12-7 .
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Benzophenone hydrazone was photolyzed at 2537 and 3000 A in the presence and absence of air. The re
action is very inefficient with a quantum yield for the disappearance of starting material <0.01. Diphenyl- 
methane is the major photoproduct with benzophenone, benzophenone imine, and benzophenone azine being 
formed in minor amounts. Triplet sensitization studies indicate that reaction occurs from the singlet state. 
Mechanisms for the formation of all photoproducts are discussed. Evidence for photooxidation as the principal 
process in air-exposed photolyses is presented.

Although the photochemistry of carbonyl compounds were unsuccessful, owing to the inefficiency of the re- 
has been extensively investigated, it is only recently action. During the time required for 5% of the hy-
that much attention has been given to the photochem- drazone to disappear, essentially all of the ferrioxalate
istry of compounds containing the C-N  double bond.1-4 reacted. The quantum yield of reaction is therefore
One such account has reported that irradiation under considerably less than 0.01.
nitrogen of benzophenone hydrazone in methanol The results of Table I indicate that the major photo- 
through a vycor filter using a 450-W Hanovia high- product is diphenylmethane. The remaining products,
pressure mercury lamp resulted in substantial con- benzophenone, benzophenone imine, and benzcphenone 
version to diphenylmethane (25%) and benzophenone azine all photolyze at 2537 A; none, however, yields 
(33%) after 2 hr o: irradiation.6 Since our experience diphenylmethane as a photoproduct.7 In order to 
with this compound has been quite different, both determine the excited state of the hydrazone responsible
in regard to reaction efficiency and product ratios, for this product, a sensitized reaction using triphenylene
we wish to report the results of an extensive investiga- as triplet sensitizer was run at 3500 A. Benzcphenone
tion of the photochemistry of this molecule under hydrazone is transparent at this wavelength,
various reaction conditions. Samples of 10:1 triphenylene:benzophenone hydra

zone (0.05 M : 0.005 M) in benzene were degassed 
Results and Discussion and allowed to stand 24 hr prior to irradiation to rule

_  .. _ „ , . ,. r n n out dark reactions. Aliquots were taken every 2 hr,Reaction Conditions.—Samples consisting of 0.2 , 0 . , c n , ,, , ,
, r i J  ^ T r  i , and after 24 hr of exposure, less than half of the hy-mmol of hydrazone in 10 ml of solvent were irradiated m , , ., » . drazone remained, while sensitizer concentration had

quartz tubes at 2o3, A and in Pyrex at 3000 A. The not diminished. However, no products could be ob-
light source was a Rayonet chamber reactor equipped served b v and column chromatography yielded
with a merry-go-round. All solvents were thoroughly Qn, tars in addltion to sensitizer and starting mate-
dried before use. Samples were degassed to less than m L  A control samoIe without sensitizer had not re-
iO -4 mm m four to five freeze-thaw cycles. After acted after 48 hr of irradiation. Moreover, triplet
standing for 5 days, unirradiated samples showed no e transfer wag confirmed b the fact that, at
reaction. All product identities were confirmed by conC;entrations where triphenylene was absorbing es-
mdependent synthesis and comparison of spectral data sentiall all of the light benzophenone hvdrazone
with collected samples. , , + . . quenched triphenylene phosphorescence' (EPA,

Products. The products of the degassed photolysis 77oR) gince diphenvlmethane is photochemically star
of benzophenone hydrazone at 2537 A in methanol, n- ble under the sensitized reaction conditions, it was
hexane, and benzene are listed in Table I. Percentage concluded from the above that singlet hydrazone is
compositions were obtained by vpc analysis using the excited-state intermediate responsible for the forma-
sym-tetraphenylethane as an internal standard. Photol- Hon of diphenylmethane.
yses at 3000 A resulted in the same products in the The mechanism of diphenylmethane formation has 
same relative proportions; however, owing to the lower been described as a photochemical Wolff-Kishner re
source intensity the reaction was much slower at duction involving an initial hydrogen migration to
this wavelength.6 With the concentration of hydra- form the azo compound, followed by loss of nitrogen 
zone used, essentially all incident light was absorbed and radical recombination.6 
at both wavelengths. Attempts to determine the
quantum yield for the disappearance of hydrazone ^

r  - l a .  i • , ^ 6 ^ 5  J2^  IN IN H2  ( W tlS  M-z-tl H = iN  H  ---------- >using potassium iernoxalate actmometry at 2o37 A radical
recombn

(1) M. Fischer, Tetrahedron Lett., 5273 (1966). (CeH s^CH ^ 4" N 2
(2) R. W. Binkley, J .  Org. Chem ., 33, 2311 (1968).

e . s. H uyser.m  s. h . Wang a n d u . t . short, !6 !d .,33,4323  (1968). Since it wras of interest to us to determine whether
(4) A. Fadwa, W. Bergmark, and D. Pashayan, J .  A m er. Chem . Soc., 91, •, .

2653 (1969). reduction was an entirely intramolecular process,
(5) R. W. Binkley, Tetrahedron Lett., 1893 (1969).
(6) Roughly one-fourth of the starting material reacted in 48 hr in n- (7) The photochemistry of benzophenone imine has been studied by E . S .

hexane; 12 hr was required for the same per cent reaction in benzene and Huyser.® Degassed photolyses of benzophenone azine under the outlined
methanol. reaction conditions resulted only in unreacted starting material and tars.
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T a b l e  I
D e g a s s e d  P h o to  l y s e s  o f  B e n z o p h e n o n e  H y d r a z o n e  a t  2537 A

---------------------- -------------------------------Products, % a 'b-------------------------------------------------------- .
Time, i;C.Hj ):CN!C-

Solvent hr (CiHs)jCH j (CsHs)2CO (CtHi)jCNH (C,H»)2 (CsIIsijCNNII, Total

Methanol 4 1 .2  Trace Trace 0 .8  98 All
12 4 .0  Trace Trace 4 .0  7 1 .2  7 9 .2
24 7 .6  0 .7  1 .5  1 .8  5 4 .7  6 6 .4
48 15 .9  1 .1  2 .4  1 .5  4 2 .9  6 3 .8

Benzene 4  100 All
12 1 .7  Trace 1 .1  1 .9  8 2 .5  8 7 .2
24 2 .7  Trace 1 .3  1 .6  5 9 .0  6 4 .6
48 6 .5  1 .0  2 .9  1 .8  4 1 .9  54 .1

re-Hexane 4 1 .2  5 .4  3 0 3 .1  8 7 .3  All
8 3 .1  7 .9  5 .1  9 .2  7 4 .7  All

12 4 .4  7 .0  4 .0  6 .2  4 7 .3  68 .9
20 8 .4  6 .2  3 .8  6 .0  18 .4  4 2 .8
24 10 .2  5 .6  2 .8  1 .8  13 .1  33 .5

“ Eased on vpc analysis. b Values are accurate to ± 1 0 % .

T a b l e  II
N o n d e g a s s e d  P h oto  l y s e s  o f  B e n z o p h e n o n e  H y d r a z o n e  a t  2537 A

,--------------------------------------------------------------------- Products, % °----------------------------------------------------------------------,
Time, (C.HOr- (C.HiirCNiC- (CeHDj- (CiHi)*-

Solvent hr (C6Hs)2CH2 (C„Hs)2CO (C»HS)2CNH CHOCHj (C.Hs). CN2CH2 CNNH, Total

Methanol 4 Trace 9 .5  Trace 1 .6  7 .4  9 .9  59 .4  8 7 .8
8 0 .6  8 .3  Trace 2 .2  14 .0  10 .5  4 1 .4  7 7 .0

12 1 .6  7 .4  1 .6  3 .0  18 .4  6 .0  2 6 .7  6 4 .7
Benzene 4 0 .8  8 .8  4 .1  5 .8  7 6 .2  9 5 .7

8 1 .4  10 .9  4 .2  10 .4  5 4 .9  8 1 .8
12 2 .5  1 1 .0  4 .2  12 .2  4 7 .6  7 7 .5

n-Hexane 4 1 .3  2 3 .4  9 .4  16 .2  4 6 .0  9 6 .3
8 6 .6  2 4 .0  7 .1  8 .3  6 .2  52 .2

“ = 1 0 %  accuracy.

or whether hydrogen abstraction from solvent was One would a„so expect to find benzonitrile; however, 
involved, the reaction was run in 99.5%  hexadeuterio- this product was not observed.
benzene. Product analysis was achieved by high res- Azine could also be formed by condensation of benzo- 
olution mass spectroscopy of a sample whose vpc phenone with starting material. Benzophenone can
retention time corresponded to diphenylmethane. The result from the hydrolysis of imine, azine, or starting
P — 1 peak for pure diphenylmethane (m /e  168) material, or from direct photooxidation of the latter
is calculated to be approximately 15% the intensity by residual traces of oxygen in solution. The
of the parent ion.8 Sample analysis resulted in a second process was felt to be significant when solutions
relative intensity of 43% , indicating the presence of were not sufficiently degassed. This conclusion was
mor.odeuterated diphenylmethane. No evidence for based upon the previously reported high yield of ben-
the dideuterated compound was found since the peak zophenone from this photolysis5 and upon our notice-
at m /e  170 was of the expected intensity for a com- ably higher yields of azine and benzophenone in n-hex-
bination of the P +  2 peak of diphenylmethane and ane (Table I) which is difficult to degas effectively,
the P +  1 peak of the monodeuterated product. These Therefore, in an effort to verify or eliminate some
results indicate that hydrogen abstraction from solvent of the possible reaction routes to these products, non-
is competitive with radical recombination in the sec- degassed samples were photolyzed. Results are sum-
ond stage of the reaction. No attempt was made marized in Table II.
to determine the fate of the phenyl radicals which Photooxidation.—The increased yields of benzophen-
would be generated by hydrogen abstraction. one listed in Table II are felt to be almost entirely due

Benzophenone, benzophenone imine, and benzo- to photooxidation of starting material. This conclu-
phenone azine can result from several competing re- sion is based upon the following evidence. (1) Photol-
action mechanisms. Benzophenone imine and azine ysis of nondegassed benzophenone azine solutions under
can both be formed by initial cleavage of the N -N  conditions identical with those used for benzophenone
bond, followed by radical recombination or hydrogen hydrazone produced no benzophenone. A slight
abstraction from either solvent or starting material. amount of decomposition occurred in methanol, the

azine completely disappeared with only polymer forma- 
(C6H6)2C=N—NH2 — (C6H5)oC=N-  +  NH2 tion in 24 hr in n-hexane and no reaction occurred

radical recombn /  \ h abstraction jn benzene. These results are completely consistent
J  with the data in Table II for benzophenone azine.

(CfiHs)2C=N—N=C(C6H5)2 +  H2NH2 (C6H5)2C=NH +  NH3 (2) Use of solvents not subjected to further drying
---------------- „ . gave no change in product ratios, thus eliminating

(8) R. I. Reed, "Applications of Mass Spectrometry to Organic Chemis- ,  . .
try,” Academic Press, New York, n . Y „ 1966. P i9. hydrolysis as a significant process.
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Condensation of benzophenone with starting ma- S c h e m e  I
terial readily explains the increase in benzophenone A i r - E x p o s e d  P h o t o l y s is  o f  B e n z o p h e n o n e  H y d r a z o n e

azine. Somewhat surprising, however, was the ob- in  M e t h a n o l

served increase in the rate of formation of diphenyl-
m ethane and benzophenone im ine in  b o th  n-hexane A. Primary reactions
and benzene re lativ e  to  th a t  observed in degassed (C6H5)2G =N  NH2 h\
samples. In addition, two new products, benzhydryl ' ° [(CSH5)2CHN=NH] — >■ (C6H3)2CH2 +  N2

methyl ether and benzophenone azine with formalde-
hyde, were iso lated  from  th e  m ethanol photolysis. ;2) (C6H5)2C = N —NH2 — (C6H5)2C = N - +

A careful consideration of the above data led to NH2 — >- (C6HS)2C = N —N = C (C 6H3)2 +
the conclusion that all of these results could be ex- H»NNH2 +  (C6H5)2C =N H  +  NH3

plained by hydrogen abstraction by excited benzo- h, o,
phenone and subsequent hydrogen transfer to various (C«H5)2C = N  NH2 [(C6H5)2C = N  NH2] * >
species in solution in a process analogous to that (C6H6)2C = 0  +  H20  +  N2

observed by Padwa, et al., in the photoreduction of . n_n V.
aryl N-alkylimines.4 In order to test this hypothesis, a ' 6 5 2 6 5 2
benzene solution containing 10:1 benzophenone: hy- g Secondary reactions
drazone (mole per cent) was photolyzed at 3500 A. ;s) [(C6H3)2C =0]* +  CHsOH__ >
After 3 hr, less than 15% hydrazone remained (vpc (C6I-I5)2COH +HCHOH
analysis). As had been expected, azine was the major .
product; however, diphenylmethane (7%) was also ¿ 7!? H , (CeH5)sCH __
present. These two products, together with unre- H H0H (C6H3)2C = N - _
acted ketone and hydrazone, quantitatively accounted ' * ^ 2 p^ njh xHOHn*
for starting material. To rule out possible sensitiza- 6 5 2 1
tion by azine, an azine: hydrazone mixture was photo- 7 ) (C6H3)2C=N—NH2 +  HCHO
lyzed under the sam e conditions and a t  3130 A. No (C6H3)2C = N —N = C II2 +  IPO
reaction occurred. The possibility of direct sensitiza- hy
tion  b y  benzophenone had been previously elim inated  '8 ) (C6H3)2C = 0  +  (CSH3)2C = N —NH2— >•
by the results of triphenylene sensitization. (C6H5)2C = N —N = C (C 6H5)2 +  H20

Schem e I  outlines th e  proposed reaction  sequence .9 ) [(C6H5)2C = 0 ]*  +  (C6H3)2C = N —NH2 — =►
for th e  air-exposed photolysis of benzophenone h y - (C6H5)2COH +  (C6H3)2C—N =N H
drazone in m ethanol. S tep s 1 and 2  are  th e  photo- TT . a xt attt TT, a tt ,
processes observed m  degassed solutions and, owing to
their low quantum efficiency, are considered subordinate (11) (C6H3)2C—N =N H  +  [(C6H3)2C = 0 ] * — >-
to steps 3 and 4 in air-exposed solutions. Steps 5-12 (C6H3)2COH +  (C6H5)2CN2

list the possible routes for hydrogen abstraction and v
transfer. Step 5 is likely to predominate in methanol, (12  ̂ (C6HskCN2 CHj0^
with step 9 being more significant in solvents where (C6H3)2CHOCH3 + (C6H3)2C = N —N = C (C 6H5)2 +  N2

hydrogen abstraction is more difficult. This view is
supported by the increase in the rate of diphenyl- .
methane formation in n-hexane and benzene. The elusion is based upon the observed slower rate of
fact that such an increase is not observed in methanol formation and larger yield of diphenylmethane in de-
is explained by the presence of more kinetically favor- gassed solutions, and the fact that, although benzo-
able reaction paths, such as step 7. phenone is present in degassed methanol, the amount

Hydrogen transfer from benzhydroxyl radical to ( ~ 1 % )  must be considered insufficient for significant
the imino radical, step 6 is felt to be the reason for HSht absorption, since no benzhydryl methyl ether
the observed increase in benzophenone imine. Al- or benzophenone azine with formaldehyde Avas ob-
though reaction between any two of the four radicals served. If, however oxygen is not scrupulously ex
in step 6 is theoretically possible, the fact that benz- cluded from the system, the principal result will be
hydrylidenebenzhydrylamine9 is not formed in anv photooxidation of starting material to benzophenone
observable amount is attributed to the low efficiency with subsequent hydrogen abstraction and transfer
of imino radical formation (Table II). by the latter.

The presence of benzhydryl methyl ether can only 
be explained by the mechanism outline in steps 9, Experimental Section
11, and 12. Both the ether and benzophenone azine
a r e  k n o w n  t o  r e s u l t  f r o m  p h o t o l y s i s  o f  d i p h e n y l d i a z o -  . G e n e r a l — A ll m eltin g  p o in ts  are  u n co rrected  and  w e re  de-

, ,  10 n  term in ed  u sin g  a  M e l- I e m p  a p p a ra tu s . In fra re d  sp e c tra  w ere
m ij y a n e ' . o b ta in ed  u sin g  a  B e c k m a n  I R -4  in stru m e n t. L iq u id  sam p les

We conclude from the above that, although it is were run as neat films and solids were run in liquid cells with
extremely inefficient, “true” photolysis of benzophenone carbon tetrachloride as solvent. Nmr spectra were recorded on
hydrazone does occur and results primarily in a Wolff- a ^anan HR-60 spectrometer in deutero chloroform with tetra-
Kishner type red „ c t i»  to diphenytaethaoe. TM , coo- S M S !

Columbus, Ohio. All commercial chemicals used were Matheson
(9) See reference in footnote 7. Coleman and Bell products, and all solvents were Spectrograde.
(10) h . Staudinger, E. Anthes, and F. Pfenninger, Ber., « ,  1936 (1916). T h e  1 it te r  w ere  d ried  b y  th e  fo llo w in g  m eth o d s: (1 )  b en zen e
(11) W. Kirmse, L. Horner, and H. Hoffmann, Justus Liebigs Ann. Was a llo w ed  to  s ta n d  o v e r  so d iu m  fo r a t  le a s t 24 h r b e fo re  USe,

Chem., 614, 19 (1958). (2) n -h ex an e  w a s  p laced  o v er m o lecu lar s ie v e , (3) m eth a n o l w a s
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distilled over magnesium according to the procedure of Fieser,12 lected samples had characteristic bands at 3.1 and 6.4 (NH) and
and (4) deuteriobenzene was distilled and dried over molecular 6.25 n (C = N ).
sieve. Benzhydryl methyl ether, prepared according to the method

Benzophenone Hydrazone.—The extraction thimble of a of Welch and Smith,15 had bp 129-130° (2 mm) [lit.15 bp 153.2- 
Soxhlet extractor was filled with 20 g of molecular sieve; 9.1 g 153.5 (14.5 mm)]. The infrared spectrum was identical with
(0.050 mol) of benzophenone and 8.8 g (0.176 mol) of 99-100%  that of the photoproduct ether, showing strong CO absorption
hydrazine hydrate were refluxed overnight (16-24 hr). The hot at 9.1 y.
alcoholic solution was filtered, and evaporation of solvent yielded Benzophenone azine with formaldehyde was prepared by a
7.2 g (73%) of crude product, mp 90-94°. After one recrystal- procedure similar to that used for starting material. Refluxing
lization from ethanol, the product melted at 98-99° (lit.13 mp 0.8 g (0.004 mol) of benzophenone hydrazone with 0.25 g (0.008
97-98°). formula wt) of paraformaldehyde in 20 ml of methanol in a

Photolysis of Benzophenone Hydrazone.—Samples consisting Soxhlet extractor (molecular sieve) for 3 hr resulted in a quantita- 
of 0.2 mmol of hydrazone in 10 ml of solvent were irradiated in a tive yield of benzophenone azine with formaldehyde, bp 97-98°
Rayonet chamber^reactor equipped with a “merry-go-round,” (0.03 mm), ir3 .34 and 3.42 (CH2), and 5.98 and 6.25 n (C = N ).
at 2537 and 3000 A. Degassed samples were evacuated to 10“5-  The nmr resonance peak for the methylene group was not ob-
10~4 mm in four to five freeze-thaw cycles on a high-vacuum line, served and was fell to be part of the phenyl multiplet at 5 7-8,
and helium was pumped through the samples for 5 min after the since no other peaks were present in the spectrum,
final cycle. Sample tubes were sealed with a high-vacuum Quantum Yield Studies.—A 0.006 M solution of potassium
stopcock. Aliquots were periodically withdrawn for vpc analysis ferrioxalate, prepared according to the method of Calvert and
through a side arm equipped with serum cap. Analyses were Pitts,16 and a 0.002 M degassed solution of benzophenone hydra-
carried out on a Varian Model 1200 flame ionization gas chro- zone in methanol were simultaneously irradiated for 2 hr through
matograph using a 5 ft X  V s  in. column packed with 3%  SE-30 a 2540 A band-pass filter using a 450-W Hanovia high-pressure 
on 100/120 Varaport 30. Samples for product identification were mercury lamp. During this time, < 5%  of the hydrazone and 
collected by column chromatography on Florisil and by prepara- >95%  of the ferrioxalate reacted, and it was therefore impossible
tive vpc on a Varian Model 700 using a 10 ft X  3/s in. 10% SE-30 to accurately determine the reaction quantum yield by this
on 30-60 Chromosorb W column. technique.

Diphenylmethane and benzophenone were identified by com- Sensitization Studies.—All sensitized reactions were carried
parison of vpc retention times and ir and nmr spectra with those out with a 10:1 concentration ratio of sensitizer:hydrazone.
of commercial samples. Benzene solutions of triphenylene and hydrazone were degassed

Benzophenone azine was prepared according to the procedure of to <5 X 10-5 mm and illo-wed to stand 24 hr prior to irradiation.
Szmant and McGinnis, mp 163-164° (lit.13 mp 164°). A mixture Photolyses at 3500 A were run in a Rayonet reactor. Azine-
melting point with a sample of photoproduct collected by column hydrazone mixtures were photolyzed using the Hanovia lamp
chromatography showed no depression, and the infrared spectra wjtj1 a 3 1 3 0 -A bind-pass filter,
of the samples were identical.

Benzophenone imine was prepared from the Grignard reaction Registry No.— Benzophenone hydrazone, 5350-57-2.
of phenyl bromide and benzonitrile,14 bp 85-86° (0.2 mm)
llit.14 bp 127° (3.5 mm)]. Infrared spectra of prepared and col- Acknowledgment.—The authors wish to thank Dr.
---------------  Roger Foltz, Battelle Memorial Institute, Columbus,

(12) L. F . Fieser, “Experiments in Organic Chemistry,” D. C. Heath and O h lO , f o r  h is  m a S S  S p e c t r a l  a n a ly s e s .
Co., Boston, Mass., 1957, p 289.

(13) H. H. Szmant and C. McGinnis, J .  Amer. Chem. Soc., 72, 2890 (15) C. M. Welch and H. A. Smith, /. Amer. Chem. Soc., 72, 4748 (1950).
(1950). (16) J .  G. Calvert and J .  N. Pitts, Jr ., “Photochemistry,” John Wiley &

(14) P. L. Pickard and T. L. Tolbert, J .  Org. Chem., 26, 4886 (1961). Sons, Inc., New York N. Y ., 1966, p 785.
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Irradiation of 2-methyl-, benzyl-, neopentyl-, and i-butylthiophenes leads to their irreversible transformation to 
the corresponding 3-substituted derivatives. Yields vary from 8 to 27%. 2,5-Di-f-butylthiophene rearranges 
irreversibly to 2,4-di-i-butylthiophene which compound is remarkably staole under the reaction conditions.
Irradiation of 2,2'-dithienyl leads to 2,3'-dithienyl and a small amount of benzo [6] thiophene. 2,3'-Dithienyl 
affords 3,3'-dithienyl and benzo[6]thiophene as major products. o,5'-D:deuterio-2,2'-dithienyl gives 5,5 - 
dideuterio-2,3'-dithienyl upon irradiation while 2',5-dideuterio-2,3'-dithienyl gives 2,5'-dideuterio-3,3'-dithienyl 
and 4,7 '-dideuteriobenzo[6]thiophene. A valence bond isomerization reaction is proposed to account for the 
results.

We reported previously that aryl thiophenes transpose tenence of structural integrity in the migrating sub
ring atoms upon irradiation.2 For 2-arylthiophenes stituent.
these valence bond isomerizations are characterized Experiments with arylalkyl-disubstituted thiophenes 
both by an irreversible interchange of the 2- and 3- indicated that the aryl group migrates in preference to
carbon atoms of the thiophene ring (eq 1) and main- the alkyl greup.3 In this paper we show that simple

alkylthiophenes may also rearrange, although usually
l —»3 y  ir r \  r in somewhat lower yield. Moreover, we find that

5% *" 5% Jh  (b heteroaromatic substituted thiophenes (i.e., dithienyls)
__________  s 2 Ar S undergo photochemical interconversion.

(1) Paper V III : R . M . Kellogg and H. Wynberg, Tetrahedron Lett.,
5895 (1968). ,

(2) H. Wynberg, R . M. Kellogg, H. van Driel, and G. E . Beekhuis, (3) H. Wynberg, G. E . Beekhuis, H. van Driel, and R . M. Kellogg,
J .  Amer. Chem. Soc., 89, 3501 (1967), for a summary. 89, 3498 (1967).
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Results Irradiation of 2,3,-dithienyl (6a) leads to 3,3'-di-
rr,,. , ... ,, , , . - . i n  thienyl (7a) and benzo [5] thiophene (8a) as the majorThiophenes with alkyl substituents in the 2 position , , ... , w ̂  ̂ ,. products with a trace amount of 2,2 -dithienyl (5a) (eqrearrange upon irradiation to give the corresponding

3-substituted isomers (eq 2). The yields given are

f \  f X  (2) ether
v ^ r (2) 6

„  * 2  a ,R  =  H
a, R — CH3 8~9% 1

b, R = CH2C6H5 15%
c, R = CH2C(CH3)3 10% Sv R
d, R = C(CH3)3 27% R— {  )

rj i  + cjn + 5 (s)
based on consumed starting material; intractable x s x
solids account for the balance of products. Irradiation ^
of the 3-substituted isomers 2a-d led to their decomposi- _
tion; no isomeric products could be detected. '

Rearrangement of 2,5-di-i-butylthiophene (3) took ° 7a 4'5 °̂ ~8a trace ■ a
place to give 2,4-di-i-butylthiophene (4) (eq 3). Re-

5). Yields are abnormally low owing to the excessive
_N  irradiation time used in the preparative experiment.

^_L_ - Y  ). A When 2',5-dideuterio-2,3'-dithienyl (6b) was irradiated,
s ether S the major products were 2,5'-dideuterio-3,3'-dithienyl
3 4 (7b) (co. 90% this isomer) and 4,7-dideuteriobenzo [b }-

thiophene (8b) (ca. 80% this isomer) plus a trace quan-
. . . .  , . , . .... . . . . .  tity of 2 ,2 '-dithienyl. The nmr spectrum of 8a was

markably, 4 under a variety of conditions, ailed to solved usi the pubiished complete analysis of the
rearrange and moreover, seemed to be unusually stable benzo [5 jthiophene spectrum as a guide.*
to irradiation (see Experimental Section). Neither 3,3'-dithier_yl (7a) nor any of its deuterated

ome sigmcan eviaionsm  e aviorwereo serve  ̂ isomers gave any photochemical reaction other than
W1, ,  , e9 A  S‘ , ia 0 " 1 *eny • decomposition. Considerable care must be exercised
yielded 2,3 -dithieny (6a) as the major product with in h&ndIi deuterated isomers of 7a as well as other
trace amounts of 3,3 -dithienyl (7a) and benzo[6]thio- deuterated dithienvls since thev have a nronensitv to
phene (8a) (eq 4). Irradiation of 5b, wherein deute- f  f  thienyls , ]  f , P P , .ty “H ? lose deuterium under extremely mild acid-catalyzed

conditions leading to erroneous interpretations of nmr 
r — n . 3 — R ■ a» spectra.9 This problem is especially pronounced with

s S ether 2,2'-dideuterio-3,3'-dii:hienyl.
5 Some brief investigations of the effects of solvents on

a, R = H th e  photochem ical reactions of th e  d ith ienyls were made.
b, R = D Low yields precluded determination of the quantum

.S yields of products but the quantum yield for disappear-
R 1  \ \  // ance of starting material in various solvents could be

/  \ „  + [/ \ + r  J ¡1 (4) measured. Qualitatively, the rate of consumption of
S N j 2,2'-and 2,3'-dithienyl increased in the following order:

6 7 8 ethanol <  ether < cyclohexane (see Table I below).
29% (6 a) trace (7a) trace (8a)

rium has been substituted for hydrogen at the 5,5'- Table I
position,4 led to the same products The rearranged Qtjantum Y ields por Disappearance OF
product 6b was identified as 5,5'-dideuteno-2,3'-dl- Dithienyls in Various Solvents
thienyl. The spectral properties of all deuterated com
pounds6 are given in detail in the Experimental Section. Dithienyl Solvent *d
Owing to the low yield the products 7b and 8b could not 2 ,2 ' Ether 0.07
be isolated. The recovered starting material 5b had 2>2' Ethanol < 0 .0 1

not been observably isomerized.7 2>2' Cyclohexane 0.10
2,3' Ether 0.07

(4) The results with the dithienyls were discussed at the Second IUPAC 2,3' Ethanol 0.05
Symposium on Photochemistry, Enschede, The Netherlands, July 1967; 2,3' Cyclohexane 0 09
the use of deuterium in eluciation of rearrangement paths in arylthiophenes , , ,  -p,., n 19
has been described previously.® The methods used in the syntheses of the ’ 7 U. 1/
deuterated dithienyls have been published separately.6 3,3 Cyclohexane 0.16

(5) R. M. Kellogg and H. Wynberg, J .  Amer. Chem. Soc ., 89, 3495 ______________
(1967).

(6) R . M. Kellogg, A. P. Schaap, E . T. Harper, and H. Wynberg, J .  (8) K . Takahashi, I . Ito, and Y. Matsuki, Bull. Chem. Soc. J a p .,
Org. Chem., 33, 2902 (1968). 39> 2316 (1966).

(7) Observable scrambling of the deuterium label in starting material (9) R . M. Kellogg, A. P. Schaap, and H. Wynberg, J .  Org. Chem., 34, 343
does occur when 2-pentadeuteriophenyl-5-deuteriothiophene is irradiated.6 (1969).



In ethanol solution, 2,2'-dithienyl was so stable that its Noteworthy is the observation that thiophene, when 
rate of disappearance could scarcely be observed even irradiated (unsensitized) in the gas phase, yields ethyl
using long irradiation periods. ene, allene, methylacetylene, carbon disulfide, vinyl-

acetylene, and polymeric material. Cyclopropene, a 
Discussion likely product from thiodecarbonylation of cyclopro-

T „ i* , r  .. , penylthioaldehyde, is conspicuously absent.12 On theIn an earlier publication2 we suggested that the ir- T i „„ . , ,
i t 0 o i,i • r other hand, cyclopropene is one of the major products

« 0,  o, fu-

Shi;n eX^fnf 6<̂  StTUt  Two departures from the expected rearrangement pat-
tures (10) (eq 6 ).1» Our sentiments lay with 10 which tern deServe comment.12 First, the rearrangement of

-, 2 ,5 '-dideuterio-2,3 '-dithienyl (6b) to chiefly 4,7-dideu-
'/j— j/j]3 teriobenzo [b (thiophene (8b) (in addition to the 3,3 '-di-

5\ g Jt\ R —*■ 5|^Kr —>- 5̂  >3 thienyl 7b) must involve an involved recombination of
' ® ® atoms. A possible mechanism, not involving hydrogen

R = aryl, methyl 9 (deuterium) shifts, is shown in eq 7. A different route
/•butyl, neopentyl or (g)
benzyl, 2-thienyl, _.S. D T /Sv_-'D \ ^ S

—  g f ,

+
10 (?)

D
we felt was an excited- rather than a ground-state inter- f̂ jy.
mediate. We later observed that various dienes caused J [ J  ■*—  f ^ J j
inhibition of the 2-phenyl to 3-phenylthiophene rear- y t b
rangement, led to quenching of 2-phenylthiophene D
fluorescence, and added photochemically to 2-phenyl
thiophene.1 All these reactions were shown to involve must be followed in the formation of benzo[f>]thiophene
an excited singlet state of 2-phenylthiophene. from 2,2 -dithienyl, but the small amount formed and

The rearrangements described in this paper com- absence of labeling data prevent speculation regarding
plement previously accumulated data on arylthiophenes origin. This product does appear, however, simul-
and illustrate the ubiquity of these thiophene rear- taneously with 2,3 -dithienyl indicating it not to be a
rangements.11 The irreversibility of rearrangement, secondary irradiation product of the latter compound,
retention of structural integrity of the migrating sub- ^  second anomaly is the absence of rearrangement of 
stituent, and failure to isolate intermediates are trade- 2,4-di-i-butylthiophene. Were rearrangement to take
marks of thiophene photorearrangements. Unfortu- place, the thus far unknown 3,■Fdi-i-butylthiophene (11)
nately, the present results allow no choice between in- , ,
termediates 9 and 10. This choice may be academic, 
however, since 9 and 10 could easily be two equivalent
graphic representations of the same excited-state inter- R
mediate.

(10) A number of reports of photochemically induced valence bond Isom- Would be formed. It is tempting to Suppose that a
erizations have appeared recently. The following list is representative—  Sufficiently high barrier is met in passing to this neceS-
(a) pyrazine to pyrimidine: F. Lahmani and N. Ivanoff, Tetrahedron Lett., garilv highly Strained System14 that the intermediate
3913 (1967); (b) isothiazole to thiazole: J .  P. Catteau, A. LaBlanche- . ,  ,  ,  .  , , , .  , __• 1 „ 1 1 - i i ,
Combier, and A. Pollet, Chem. Commun., 1018 (1969); (c) imidazoles: H. Simply drops back to starting material and does SO W ith
Tiefenthaier, w. Dörscheln, h. Goth, and H. Schmidt, Heiv. ch im . Acta, so, efficiency. The rearrangements to the respective 3,4-
2244 (1967); (d) imidazoles and pyrazoles: P. Beak, J .  L Miesel, and W. d i SUb s t i t u t e d  t h i o p h e n e s  p r o c e e d  w i t h  2 ,4 - d i p h e n y l -
R. Messer, Tetrahedron Lett., 5315 (1967); (e) 1,3,5-tn-f-butylbenzene m , . 0  •. -m i •
solution: i .  e . Den Besten, l . Kaplan, and k . e . Wiizbach, j . Amer. Chem. t h i o p h e n e 15 a n d  4 - m e t h y l - 2 - p h e n y l t n i o p n e n e ; h e r e ,
Soc., 90, 5868 (1968); (f) 1,3,5-benzene-dä in gas phase: K . E . Wiizbach, h o w e v e r ,  m u c h  S m a l l e r  gTOUpS a r e  i n v o lv e d .
A. L. Harkness, and L. Kaplan, ibid., 90, 1116 (1968); (g) references, 
through early 1967 are given in ref 2. Stable ring-opened intermediates
have been obtained in some cases; (h) poly-<-butylfurans in solution: E. E . T?'v~ni»rirnpnta1
van Tamelen and T. H. Whitesides, J .  Amer. Chem. Soc., 90, 3894 (1968); J * x p e n m 6 U U U  o tr u u u i

(i) azirine intermediates from 3,5-diphenylisoxazole: B. Singh and E . F . N 1  m a£ n e tic  reso n an ce (n m r) sp e ctra  w ere  ta k e n  on  a
UUman, ibid., 89, 6911 (1967), and E . F . Uüman and B. Singh, ibid., 88 , 1844 (N u clear m a g n e tic  reso n an ce ( j  J J  .
(1966) ; (i) for further isoxazole reactions see M. Kojima and M . Maeda, V a r .a n  A -60 in stru m e n t m  th e  s p eck led  s o lv e n t u sin g  te tr a m e th y l
Tetrahedron Lett., 2379, 1969; (k) ring-opening has been postulated in gas Silane (TM S) as in te rn a l s ta n d a rd . Ir spec
phase irradiations of furans: R. Srinivasan, J .  Amer. Chem. Soc., 89, 1758 Perkin-Elmer 257 instrument. Analytical gas-liquid chroma-
(1967) ; (1) R . Srinivasan, ibid., 89 , 4812 (1967); (m) H. Hiraoka and R . tography (glpc.) was Carried out on a F  & M Model 810 gas
Srinivasan, ibid., 90, 2720 (1968); (n) ring-opening is also observed in ----------------------
dihydrofurans: P. Scribe, M. R. Monot, and J .  Wieman, Tetrahedron Lett., (12) H. A. Weibe and J . Heicklen, Can. J .  Chem., 47, 2965 (1969).
5157 (1967); (o) D. W. Boykin, Jr ., and R. E. Lutz, J .  Amer. Chem. Soc., 86, (13) An interesting deviation has been reported. Irradiation of either 2-
5046 (1964) or 3-methylthiophene in primary amines gives pyrroles in unreported yield.

(11) To be on completely safe ground, one would have to identify the The mechanism is unclear: A. Couture and A. LaBlanche-Combier, Chem.
position of every carbon atom after rearrangement in each example and to Commun., 524, 1969. ,. , ,
establish that the migrating substituent never departs from the carbon atom (14) For a leading reference on the structure and strain of 0-di-i-buty 1
to which it is bound in the starting material. The point of diminishing re- heteroaromatics, see G. J .  Visser, A. Vos, Ae. de Groot, and H. Wynbe g,
turns is quickly reached in such research, however, and we are inclined to J .  Amer. Chem. Soc. 90, 3253 (1968). . . . .
accept results established with arylthiophenes as articles of faith for the (15) H. Wynberg, H. van Dnel, R . M . Kellogg, and J .  Buter, ibid., 89,
present examples. 3487 (1967).
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chromatograph equipped with hydrogen flame detectors. Pre- Irradiation of 2-neopentylthiophene was carried out with a
parative separations were done on a Wilkens A-700 Autoprep total of 1.80 g (0.0117 mol) as a 6.5 X 10-3 M  solution in ether
or on a F  & M 775 Prepmaster. using a Rayonet reactor equipped with 2540 A lamps. After 6

Irradiations were carried out with lamps previously described. hr 75% of the starting material had disappeared. The remainder
Compounds cited without reference were prepared by standard, consisted of 32% 3-neopentylthiophene and 68% 2-neopentyl-
published procedures. In particular, the syntheses of the deu- thiophene. The 3-neopentylthiophene was collected by prepara-
terated dithienyls used in this study have been described earlier.9 tive glpc (Carbowax 20M, 7 ft, 90°): nmr (C3D60 )  S 0.90 (s, 9,

2- Benzylthiophene16'* was prepared by Wolff-Kishner reduction (CH3)3C), 2.53 [s, (broad), 2, Clio] and 7.1-7.5 (m, 3, ring
of 2-benzoylthiophene! 6b'17' 18 protons); uv (96% C2H5OH) 235 my* (extinction not mea-

3- Benzylthiophene was prepared by the di-i-butyl peroxide sured because of lack of material). The mass spectrum of the
induced addition of toluene to maleic anhydride to give a- isolated photoproduct showed the same cracking pattern as that
benzylsuccinic anhydride which was treated with P4S7 to give of 2-neopentylthiophene but with some variations in relative
3-benzyl thiophene: bp 152° (44 mm), n mD 1.5929 [lit.20'21 bp abundances. These data identify the photoproduct as 3-neo-
135-137° (17 mm); n 20o  1.5928]; and nmr (C3D60 )  S 3.88 (s, 2, pentylthiophene.
CH2) and 7.0-7.5 (m, 8, aromatic). A dark tar formed during irradiation that, after removal of the

2-Neopentylthiophene was prepared by allowing thiophene solvent, became solid after standing for several days. This
(6.4 g, 0.08 mol) in benzene (80 ml) to react with pivaloyl chloride material was soluble in ether and acetone and had mp 70-80°.
(10 g, 0.08 mol) in the presence of SnCh (20.8 g, 0.08 mol).22 I t  resisted further characterization.
After several hours of standing the reaction mixture was poured Irradiation of 2-f-butylthiophene was carried out with a total
into H2O; the benzene layer was separated and was washed with of 3.10 g (0.0221 mol) as a 10~2 M solution in ether using a Rayo-
H20  and thereafter was dried over MgSO<. Removal of the net reactor equipped with 2540 A lamps. After 7 hr 45%  of the
benzene and distillation gave 8.75 g (62%) of ¿-butyl-2-thienyl starting material had disappeared and the remainder consisted
ketone, bp 115° (13 mm), n md 1.5303. A single ¿-butyl peak at of 23% 3-f-butylthiophene and 77% 2-f-butylthiophene. The
5 1.37 in the nmr spectrum established that only the 2-isomer had 3-f-butylthiophene was isolated by preparative glpc (Carbowax
been formed. Wolff-Kishner reduction of the ketone gave 2- 20M, 8 ft, 132°) and was identified from its nmr spectrum in
neopentylthiophene: bp 185-186 (atm); n20d 1.4945; nmr CC1<.
(C3D60 )  S 0.94 [s, 9, (CH3)3C], 2.72 (s, 2, CH2), 7.0-7.5 (m, 3, Irradiation of 2,5-di-f-butylthiophene was carried out with 
thienyl protons); uv (96% ethanol) \mxx 236 (e 8050). 1.14 g (0.0058 mol) in 10-2 M ether solution using a Rayonet

Anal. Calcd for C9Hi4S: C, 70.07; H, 9.14; S, 20.78. reactcr equipped with 2540 A lamps. The optimum irradiation
Found: C, 70.14; H, 9.15; S, 20.54. time was 18 hr after which time 66% of the starting material

2-/-3utyithiophene, 3-f-butylthiophene, and 2,5-di-f-butyl- had disappeared and the remainder consisted of 53% 2,4-di-f-
thiophene were obtained by either distillation with a spinning- butylthiophene and 47% 2,o-di-f-butylthiophene. The 2,4-
band column or by preparative glpc on mixtures obtained from di-i-butyl thiophene was isolated by preparative glpc (Carbowax
the f-butylation of thiophene.24 20M, 8 ft, 140°) and was identified from its nmr spectrum in CC1,.

2,4-Di-i-butylthiophene was obtained by allowing a 20-g mix- Irradiation of 2,4-di-i-butylthiophene was done in a variety of
ture of 2,5- and 2,4-di-i-butylthiophene24 to stand for 16 hr (with solvents and with several different lamps. Usually after about
occasional shaking) in 75-100 ml 96% H2SO,. Work-up and 12 hr the solutions became slightly yellow and after 24 hr usually
distillation gave 2,4-di-i-butylthiophene: bp 221-223° (atm); ca. 50% of the starting material had been destroyed. In no case
w20b 1.4903 [lit.24 bp 220° (atm); a20D 1.4916]; nmr (C3D$0) S were any detectable amounts of new products seen. Irradiations
1.37 [s, 9, (CH3)3C], 1.27 [s, 9, (CH3)3C], 6.68 (d, 1, J  = 1.5 at 0° ind 50° failed to give significantly different results.
Hz, ring proton), 6.61 (d, 1, J  =  1.5 Hz, ring proton). Irradiation of 3-methyl, benzyl, neopentyl, and ¿-butylthio-

Irradiation of 2-methylthiophene was carried out with a total phenes led only to their destruction. No new products could be
of 7.2 g (0.073 mol) as a 10-2 M  solution in ether using a Rayonet observed by glpc during the course of the irradiations,
reactor equipped with 2540 A lamps. After 9 hr 25% of the start- Irradiation of 2 ,2 '-dithienyl was carried out with 0.60 g (0.0036 
ing material was consumed and the remaining material consisted mol) in 500 ml of ether using a Hanau Q-700 lamp. The reaction
of 3% 3-methylthiophene and 97% 2-methylthiophene. Prepara- mixture was irradiated 6 hr and the lamp was cleaned of deposit
tive glpc (Carbowax 20M, 8 ft, 103°) allowed the isolation of after £ hr. Glpc analysis (DEG3, 6 ft, 190°) indicated the mix-
3-methylthiophene which was identified from its nmr spectrum. ture to consist of 2,2'-dithienyl (260 mg), 2 ,3 '-dithienyl (100

Irradiation of 2-benzylthiophene was carried out with 2.66 g mg), £ ,3 '-dithienyl (ca. 10-15 mg), and benzo[6]thiophene (ca. 5
(0.0153 mol) as a 5.8 X 10-3 M  solution in ether using a high mg). One minor compound of short retention time was not
pressure Hg lamp. After 8 hr 50% of the starting material had identified. The above products were isolated by preparative
been consumed and the remaining material consisted of 30% glpc (Carbowax 20M, 7 ft, 180°) and were identified from their
3-benzylthiophene and 70% 2-benzylthiophene. Preparative uv and ir spectra.
glpc (Carbowax 20M, 8 ft, 176°) was only partially successful Irradiation of 2 ,3 '-dithienyl was carried out with 1.0 g (0.0060
resulting in enrichment of the 3-benzylthiophene fraction. The mol) in 500 ml of benzene using a Hanau Q-700 lamp. Irradiation
nmr and ir spectra of this mixture were identical with those of an was carried out for 90 hr with cleaning every 24 hr (reactions
authentic mixture of 2-benzyl- and 3-benzylthiophene of the proceeded slower in benzene owing to competitive light absorp-
same composition. tion). Glpc (DEGS, 6 ft, 190°) showed the reaction mixture to
-----------------  consist of_ 2,3 '-dithienyl (100 mg), 3 ,3 '-dithienyl (65 mg),

(16) (a) p. Truitt, E. H. Holst, and G. Sammons, J. Org. Chem., 22, 1107 benzo [5] thiophene (ca. 40 mg), and 2,2'-dithienyl (trace). The
(1957). (b) W. Minnis, “Organic Syntheses,” Coll. Vol. II , Wiley, New above compounds were isolated by preparative glpc (Carbowax
York, N. Y ., 1943, 520. 20M, 7 ft, 180°) and were identified from their uv and ir spectra.

(17) The procedure described by steinkopf18 for the preparation of 2- Irradiation of 3 ,3 '-dithienyl was carried out in various solvents
benzylthiophene involving the zinc chloride catalyzed addition of benzyl- with different lamps and at different concentrations but in no
alcohol to thiophene gives a 2 :1  mixture of 2-benzyl and 3-benzylthiophenes case could any isomeric compounds be detected The onlv
as shown by glpc (Carbowax 20M, 6 ft, 175»), This problem seems not to observable reaction was slow decomposition of the 3,3 '-dithienyl,
have been appreciated by several more recent workers.19“- “ ,  . . . .

(18) W. Steinkopf and W. Hanske, Justus Liebigs Ann. Chem., 641, 238 . . .  ^  °f COndltlonS °n irradiation of 2,3 - and 3,3 -dl-
(1939). thienyl was investigated. In general, irradiations in benzene

(19) (a) G. h . Jeffery, R. Parker, and A. I. Vogel, J . Chem. Soc., 570 solution using a low pressure Hg lamp went slower than in
(1961); (b) J .  J .  G. Cadogan, D. H. Hey, and W. A. Sanderson, ibid., 3205 ether solution but the same products were formed. Irradiation
(1960). (c) K. Takahashi, T. Sone, Y . Matsuki, and G. Hazato, Bull. Chem. of either 2,2'- or 2,3'-dithienyl at 3500 A in benzene solution led
Soc. Jap., 36, 108 (1963). to neither isomerization nor disappearance of starting material.

(20) H. Schecter and H C Barker j .  Org. Chem 21, 1473 (1956). Addition of benzophenone to these solutions under the same ir-
46f  (1963) "  ’ RecL Tmv- Chlm■ PayS~Bas' “ • radiation conditions led to very slow destruction of the dithienyls

(22) An'alternative synthesis of i-butyl-2-thienyl ketone involving the 110 isomerization was observed; the benzophenone was un-
exhaustive methylation of 2-acetylthiophene with methyl iodide in the a-uectea. poth 2,2 - and 2,3 -dl.hienyls were unchanged when
presence of KOH gave poorer yields and required more strenuous conditions irradiated in acetone using a Pyrex filter. During some irradia-
than those reported for an analogous reaction on acetophenone.23 tions in ether solution using an S-81 lamp, considerable amounts

(23) J. U. Nef, Justus Liebigs Ann. Chem., 310, 316 (1900). of finely divided glass wool were added to increase the surface
(24) H. Wynberg and U. E. Wiersum, J . Org. Chem., 30, 1058 (1965). area; ~his seemed to neither help nor hinder isomerization.
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Irradiation of 5,5 -dideuterio-2 ,2 '-dithienyl was carried out [6]thiophene. After subtracting impurity peaks two sets of 
with 3.93 g (0.0234 mol) in 3.6 1. of ether using a Hanau Q-700 doublets, J  ~  3 .6  Hz and J  =  5.1 Hz, could (with imagination)
lamp. The irradiation was carried out for 4—5 hr with 600 ml be distinguished. This dubious assignment would indicate the
batches and the lamp was cleaned of deposit after 2 hr. The presence of 3 ,5 '-dideuterio-2,2 '-dithienyl.
combined irradiation solutions consisting of ca. 2 7 %  2,3'-isomer The isolated benzo[6] thiophene was > 99%  pure as estimated 
and 73%  2,2  isomer plus traces of 3,3'-isomer and benzo[6jthio- by glpc. The i.mr (OC1,)  consisted of a series of peaks located
phene were filtered of solid deposit, were evaporated to dryness, between 6 7.48 and 7.12 from which two sets of doublets at S 7.22
and the solid residue was chromatographed over a short A120 3 ( J  =  5.4 Hz) and 7.35 ( J  =  5.4 Hz) [reported8 for 3 and 2
column using benzene as eluent. Preparative glpc (Carbowax protons, J  =  5.5 Hz at S 7.22 and 7.35 respectively] could be
20M, 6 ft, 155°) was carried out allowing the isolation of 2 ,2 '- resolved as well as a broad singlet at ca. S 7.22 [reported8 for
dithienyl, 2,3'-dithienyl, and traces of benzo[6]thiophene and 5 proton, 7.26 and 6-proton; 7 .24]. In addition, a weak set of
3,3 -dithienyl (not enough for nmr spectra). The recovered 2 ,2 '- peaks ranging from 5 7.73 to 8.03 were present; assuming a total
isomer had nmr spectra in CCh and C3D6O essentially identical of 4 protons in the molecule these peaks accounted for less than
with those of 5,5'-dideuterio-2,2'-dithienyl.9 Within an accuracy one proton. This spectrum is consistent with that expected for
limit of 5%  neither deuterium scrambling nor deuterium loss 4 ,7-dideuteriobenzo[6] thiophene in which the 5,6-protons have
took place. The recovered 2,3'-isomer (after subtracting peaks collapsed to a singlet. Integration ratios indicate about ca. 80%
for 14% contamination of 2,2'-isomer) had nmr (C3D60 )  S this isomer plus ca. 20%  unidentified isomer(s).
7.37 [d (deuterium broadened), 1 , /  =  1.2 Hz, 4 '-H ], 7.55 (d, Irradiation of 2,2'-dideuterio-3,3'-dithienyl and 2 ,2 ',5 ,5 '- 
1, J  = 1-2 Hz, 2 '-H ), 7.03 [d (deuterium broadened), 1 , J  =  3.6 tetradeuterio-3,3 '-dithienyl in 6 .1 0 " 2 M  ether solution led to
Hz, 4-H ], and 7.20 (d, 1, J  =  3 .6  Hz, 3-H ); (CCh) 7.20 [m considerable decomposition. The recovered compounds showed
(poorly resolved), 2, 2 ',4 '-H ], 6.89 [d (deuterium broadened), minor differences in their nmr spectra that were not readily
<7 — 3.8 Hz, 4 H ], and 7.07 (d, 1, J  — 3 .8  Hz, 3 H). These data interpretable.
are consistent with the spectra expected for 5,5'-dideuterio-2,3'- Solvent effects on dithienyl irradiations were determined using
dithienyl. Within the accuracy limits, integration ratios in- a Rayonet reactor equipped with 2537 A lamps. A quartz vessel 
dicated no loss of deuterium. with a screw type stirrer was used. Light intensities were de-

Irradiation of 2,5'-dideuterio-2,3'-dithienyl was carried out termined by using o-nitrobenzaldehyde in alcohol solution as an
with the same amounts and under the same conditions described actinometer;25 a quantum yield of 0.5  was taken for the isomeriza-
for 5,5'-dideuterio-2,2'-dithienyl. The crude irradiation product, tion to o-nitrobenzaldehyde acid. The average light intensity
as determined by glpc (DEGS, 6 ft, 160°), consisted of 7%  absorped by the contents of the flask was 1.7 ±  0 .1 .1021 quanta/
benzo[6]thiophene, 2%  2,2'-dithienyl, 79%  2,3'-dithienyl, and hr. The quantum yields for disappearance of 2 ,2 '- and 2,3 '-
12% 3 ,3 '-dithienyl. Preparative glpc (Carbowax, 6 ft, 175°) dithienyl in various solvents are summarized in Table I.
allowed separation into the individual components. The re
covered 2,3'-isomer was greater than 99%  pure as estimated by
glpc. Its nmr spectrum in both C3D60  and CCh closely resembled Registry No.—2-Methylthiophene, 554-14-3; 2-ben- 
those of the starting material. Some minor differences were zylthiophene, 13132-15-5; 2-neopentylthiophene, 4891-
noted, particularly m the region where absorption for the 3- r i  *1 ’ . , . , ’ r .  '  r  ,. ’ .
substituted ring would be expected; no interpretation was possi- 2 9 -0 ,  2 -t-b u tyith lop h en e, 1 0 8 9 -7 8 -7 , 2,<j-dl-c-butyl-
ble, however. The recovered 3 ,3 '-isomer was 7% contaminated thiophene, 1689-77-6; 2 ,2 ,-dithienyl, 492-97-7; 2 ,3 /-
with the 2,3'-isomer and had (after subtacting impurity absorp- dithienyl, 2404-89-9; 5,5'-dideuterio-2,2'-dithenyl,
tions) nmr (CCh) » 7.22 (s, all protons); (C3D60 )  7.59 (d, 1.00, 18592-88-6; 2 ',5 -d id e u te rio -2 ,3 '-d ith ie n y l, 18592-89-7.
J  = 1.4 Hz, 2-proton) and 7.43 [s (broad), 3.25, 3 ,4 ' ,5 -protons].
Very weak absorptions were seen around the 6 7.59 doublet.
These spectra are consistent with those expected for ca. 90% (25) P  A  L e ig h to n  a nd  F  A  L u c y , j ,  Chem. Phys.. 2 , 756 ( 1 9 3 4 ) ;  J . N .

2 ,5 '-dideuteno-3,3 '-dithienyl with ca. 10% unknown isomers.9 P it ts  Jr t j  K. S. W an, and  E . A . S ch uck, J. Amer. Chem. Soc., 86, 3606
The recovered amount of 2,2'-isOmer was not pure and con- (1964); R . M . K e llo g g , M . B . G roen, a n d  H .  W y n b e rg , J. Org. Chem., 32,

sisted of ca. 60%  2,2'-isomer, 33%  2,3'-isomer, and 7%  benzo- 3093 (1967).
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The reaction of trifluorovinyllithium with hexafluoro- and syn-dichlorotetrafluoroacetone and trifluoroacetyl 
chloride has given the corresponding tertiary alcohols. The trifluorovinyl carbinols are thermally stable and 
do not rearrange under acid or basic conditions; their acetates rearrange. They react with SF, and PC15 to 
give rearranged products. Methanol adds across the carbon-carbon double bond to give the corresponding 
ether.

Knunyants2 and his associates have reported that the with C F 2= C F C 1  for 18 hr at 175°; I was recovered  
reaction of trifluorovinylmagnesium bromide with quantitatively.
acetaldehyde, acetone, and benzaldehyde leads to a -  Attem pts were m ace to cause the rearrangement of 
fluoro-a,d-unsaturated acid fluorides; they postulated II by refluxing in 60%  aqueous sulfuric for 36 hr and by
a mechanism for this reaction as follows. subjection to 95%  sulfuric acid for 2 weeks but only

starting material was recovered. I t  might be presumed 
that, since the oxygen atom of the carbinol furnishes 

]| electrons to the difluoromethylene moiety of the tri-
CFi=CFMgBr +  RCR' — >• fluorovinyl group, rearrangement would be favored by

R R converting the alcohol to its sodium salt. However,
I , -p n __I , this was not the case since no reaction occurred when II

' 2— j >  2 was refluxed with 20%  aqueous sodium hydroxide.
OH These unusual thermal stabilities and resistance to

I1' O rearrangement led us to study other chemical properties 
R— C - C F C F  of I and II.

These carbinols, along with (C F2= C F ) 2C (O H )C F3
(III) were made by the reaction of trifluorovinyllithium 

Subsequent reports3 from our laboratory have shown with C F 2CO CF3, ”C F2C 1C 0CF2C1, and C F 3COCl in
that these rearrangements usually occur during the yields of 75% , 65% , and 85% , respectively. Unsuc-
purification step and that it is possible to trap the car- cessful attem pts were made to produce the trifluoro-
binol. Thus, the reaction product of trifluorovinyl- vinyllithium reagent by the reaction of trifluoroethylene
lithium and benzaldehyde when treated with 2-naph- with butyllithium in hexane as ether, which is usually 
thyl isocyanate gave the corresponding urethan in used, is difficult to remove. The failure of this proton
53%  yield. Some carbinols can be isolated in the pure exchange reaction suggests that the butyllithium hex-
state and caused to rearrange in the presence of acids; amers which are known to exist in the commercial hy- 
trifluoromethylcyclohexanol has been found to fall into droca.rbon solvents are too unreactive for this proton
this category. exchange and must be broken down by ether.

We now wish to report that the carbinols I and II  The acetates of I and II  were prepared and were
found to rearrange at 450° but not at 400°. The best 

CF3 CF2CI synthetic route to the acetates was v ia  the reaction of
I I  ̂ acetyl chloride with the unhydrolyzed lithium salts

CF2= C F —C—CFS CF2= C F —C—CF2C1 obtained from trifluorovinyllithium and the carbonyl
OH OH compound. Using this procedure, the acetates of I and

I II II were obtained in yields of 70%  and 74% , respec
tively. The products from the rearrangement of the

, , , . ,  acetate of I were acetyl fluoride and perfluoro-2-methyl-
are extremely resistant to either thermal or acid-cata- 2_but3noyl fluoride (50%  yield;. The acetate of „
yzed rearrangem ent When I and II were passed g ave4-chloro-3-(chlorodifluoromethyl)-2,4,4-trifluoro-2-

through a tube heated to oOO , they were recovered un- ?  , , a • , ,  —w , ,  , ,,
u j  , , T h r , ,  oo-o r , 0 , butenoyl fluoride in 73%  yield. The products from thechanged, and even when I was heated to 22o for 40 hr , ■ , , . ,  „ . .  j- ,, .

& , T 1 1- . ■ , , p y ro ly ses  w ere identified  as acid  fluorides fro m  th e ir
i t  w as re co v e re d  u n ch an g ed . In  ad d ition  to  d em on - • ,  , . ,  , ,  , , , , . . .

x x- xi. x x<t? n  1 v i \  xxtt x m tra re d  s p e c tra  and th e n  co n v e rte d  to  es te rs  -which
s tra tm g  th a t  L I  2= L r  L  (OF 3)2OH does n o t re a rra n g e  a s  , . ■ , , , , , . . .
j  n r  n i w n u  \ rver 1 »  ■ . , v e r e  ch a ra cte riz e d  b y elem en tal an alysis  an d  19F  n m rd oes L I 2= L I  L ( L H 3)2u H , th is  la t te r  e xp erim en t also * t,  , ,  4, r  l, , ,  ,
, x, * xu j  j  , 1 ■ , .  sp e c tra . P re su m a b ly  th e  re a c tio n  follow s th e  m ech -

show s th a t  th e  com p ou n d  d oes n o t dim erize, a  re a c tio n  ■ x i x j x r ~ x u  x ?
u x • x- c j  , ■ ■ am sm  p o stu la te d 4 for th e  re a rra n g e m e n t of C F i> = C F C -

c h a r a c te n s tic  01 m a n y  com p ou n ds con tain in g  th e  L F 2=  /r\ur\ u- u • a  n 4 a  , ,  ,
C F group. Similarly, no cyclobutane other than the f  ? ,ch Slves 2-fluoro-3-tnfluoromethyI-
,. 0  u‘x • j  u r , x , 2-butenoyl fluoride.

d im er of L I 2= C T ’L1 w as o b tain ed  w hen I w as h e a te d  u  , x j  xu x u -n ,.  ,Barna5 has reported that phenyltnfluoromethyl-
chlorodifluoromethyl carbinol reacts rapidly with alco-

u. s. s. R„ July 21-25,1969. holic p otassiu m  h yd roxid e to  give 2 -p h e n y l-2 ,3 ,3 ,3 -
(2) R. N. Sterlin, R. D. Yatsenko, and I. L. Knunyants, Khim Nauka

Prom., 3, 540 (1958); Chem. Abstr., 53, 4195 (1959). (4) F. G. Drakesmith, R. D. Richardson, O. J. Stewart, and P. Tarrant,
(3) P. Tarrant, P. Johncock, and J. Savory, J .  Org. Chem., 28, 839 ib id ., 35, 286 (1968).

(1963). (5) F. M. Barna, Aust. J. Chem., 21, 1089 (1968).
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tetrafluoropropionic acid quantitatively. He postu- pentaduoro-3-chbro-2-propanol to give perfluoro-a- 
lated the following mechanism. methylstyrene and its dichloride.

CF Cp When II  was treated with PC15 the reaction proceeded
i' | 3 slowly, presumably because of the low nucleophilicity

a C— CFvCl __v — c — cf2Q __  ̂ of the alcohol; however, the lithium salt of II  reacted
| | rapidly to give a rearranged product in 58%  yield.

0  0 _  Since the reaction of hydroxy compounds with PC15 is
0 P3 known to involve an intermediate phosphite ester, the
j following mechanism is postulated.

a C— CFC1 , f-
V  +  F —  CF2C1

CF3 f 3C 0  CF2= C F — C— OLi + PC15 — ►
! I II '

a C— CFC10 HP C—  C— OH CF2C1 CF2C1F kJ r \i
v  cf2= c f— c— cf2ci

I t  was felt that II  might undergo a similar rearrange- \  I \
ment to C F 2= C F - C F ( C F 2C 1)C02H. When the reac-
tion was carried out an inseparable mixture of two ^
compounds resulted. These were complex products „ r / r „  rn  3
which were not identified although the 19F  nmr spec- 2 2 2 3
trum  was indicative of small ring compounds or com- This result is similar to that reported by D ear and Gil-
pounds with a C H F group. On the basis of the reac- bert7 who found that H C = C — C (C F 2C1)20 H  gave a
tions described below it appears more likely that the diene when treated with PC1S v ia  the postulated allene 
latter type of compound was obtained. intermediate.

The reaction was repeated with C F 2= C F C (C F 3)2OH, 
and the products were readily identified. Thus when CF2C1
I was refluxed for 24 hr with methanolic potassium __ I__
hydroxide, a 13%  yield of methyl 3-hydroxy-3-tri- HC=C C CF2U +  PC15 >
fluoromethyl-2,4,4,4-tetrafluorobutanoate was formed. OH
When heating was carried out for a shorter period, the
alcohol adduct, 4-m ethoxy-3-trifluorom ethyl-l,l,l,3,4,- CF,C1
4-hexafluoro-2-butanol was obtained. Obviously this I__rFr) p H r> i= r= r/  2 __
latter product is transformed to the former upon pro- i i \ CF Cl
longed treatm ent with base. The products can be ¿j q  2

accounted for by the addition of alcohol across the 
double bond and subsequent reaction of the fluoro ethers I
to give the ester. The formation of ethers and esters c *3 CF2C1
from the reaction of alcohols and compounds containing I__
the difluoromethylene group is well known. CHC1=CC1 C=CF2

1 3-Dichloropropanes, when treated with zinc gives The of j  and gulfur tetrafluoride gave per.
cyclopropanes. An experiment was earned out to de- fluoro. 2. methyl. 2. butene, presumably by a cyclic in-

^  obtain ,edfflfro“  termediate as shown.C F 2= C F C (C F 2C1)20 H ; however, it appears difficult
to effect cyclization as attem pts to close the ring by the Cp3 CP3

use of zinc in 2-propanol failed. The fact that the j gp /  \ |
zinc reacted was shown by the formation of C F 2= C F C -  CF2= C F — C— CF3 CF2= C F — C CF3 *■
(C F2C1)(CF2H )0 H  in 44%  yield. The nmr spec- I \
trum of this compound shows a broad singlet at r  6.0 0H F ^  y P J
and a triplet at 3.84 ( J  =  57 cps), in a ratio of 1 :1  indie- SF2
ative of the OH and isolated C F 2H group. Infrared, Cp3
mass, and 19F  nmr spectra also confirmed the assigned j
structure. CF3CF=C— CF3 +  SOF2

Kaufman and Braun6 reported that phosphorus
pentachloride reacts with 2-pentafluorophenyl-l,l,l,3,3- This type intermediate has been postulated for reac

tions of SF4 with acetylenic alcohols containing C F 3 
CF2C1 groups;7 however, the reaction with I required much

/v .  I higher temperatures and longer reaction time.
( f g p C - O H  +  PGS —

c f 3 Experimental Section8,
I 3 ^
| __ | Preparation of Tnfluorovinyllithium in H exane-Ether and Its

— C=CF2 , bw b— C— CF2C1 Reaction with Hexafluoroacetone: The Preparation of 2-Tri-
[v G J  Lvw J | fluoromethylperfluoro-3-buten-2-ol (I).— In a 500-ml flask with

_______________  (7) R . E . A . D e a r a n d  E . E . G ilb e r t,  ibid., 33, 819 (1968).

(6) M , H .  K a u fm a n  a n d  J. P . B ra u n , J. Org. Chem., 31, 3090 (1966). (8) A n a lyses w e re  b y  P e n in s u la r Chem R esearch, In c .,  G a in e sv ille , F la .
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nitrogen sweep and magnetic stirrer, butyllithium (0.2 mol) in 130 mixture was stirred for 72 hr. The flask was connected to a trap 
ml of hexane and 40 ml of ether was cooled to —78° in a Dry cooled in Dry Ice-acetone, evacuated, and the volatile liquid
Ice-acetone bath and trifluoroethylene (20 g, 0.25 mol) condensed was transferred. The residue was poured into 75 ml of water and
into the solution. The reaction mixture was stirred for 2 hr and the lower layer was separated, dried over Drierite and distilled
hexafluoroacetone (38 g, 0.23 mol), previously condensed in a to give II (4.8 g) and l-chloro-2-difluoromethyl-l,1,3,4,4-
cold trap, was distilled into the reaction mixture. The mixture pentafluoro-3-buten-2-ol (IV ), 6.2 g (44% ): bp 73-75° (180 mm); 
was allowed to warm slowly to room temperature, (a) The n32D 1.3540; ir 2 .8  (m), 3 .0  (m), 3.32 (w) and 5.65 (s) n', ‘H nm r
reaction mixture was hydrolyzed with 20 ml of water and 20 ml of triplet at r  3.84 (J  =  57 cps), broad singlet r 6 .0  with areas in
concentrated hydrochloric acid. The organic layer was separated, the ratio 1 :1 ; the 19F  nmr spectrum was consistent with this 
dried and distilled to give C F2= C F C (C F 3)2OH (I), 24 g con- structure; mass spectrum peaks at 246 (M ) (1 Cl), 195 (M —
taining twenty per cent ether (40% ), bp 8 0 -8 5 °. Ten grams of C F2II) (1 Cl), and 161 (¡VI — C F 2C1).
the crude product was dissolved in 50 ml of ten per cent sodium Preparation of 2-Acetoxy-2-trifluoromethylperfluorobutene-3
hydroxide. The solution was boiled for 5 min, cooled and acidi- (V).— (a) Alcohol I (18.6 g, 0.075 mol) was added to acetyl
fled with concentrated hydrochloric acid. The alcohol layer was chloride (25 g, 0.32 mol) containing 2.0 g of sodium acetate and
dried over Drierite and distilled to give 6 g of pure sample: bp the mixture was refluxed for 72 hr. The reaction mixture was
8 3 -8 5 °; n u D 1.3002. (Drakesmith, et. ah ,4 reported bp 86°, n24d hydrolyzed with 50 ml of water, the organic layer separated and
1.3000.) (b) The reaction mixture was hydrolyzed with 40 ml washed with 50 ml water, 50 ml of 10% sodium hydroxide solu-
of 15% sodium hydroxide. The aqueous layer was separated, tion, another 50 ml of water, and dried over CaSO,. The basic
acidified with hydrochloric acid and dried over Drierite. Distilla- extract was acidified to give 8 g of unreacted alcohol. The dried
tion gave I, 27-32 g (54-65% ), bp 8 0-85°, containing 5 -10%  product was distilled to give V, 6.4 g (48% ): bp 102-104°;
ether, (c) The solvent from a duplicate of the above reaction n24D 1.3186; 'H nmr sharp singlet at r  7 .92; ir 3.40 (m) and
was removed under an aspirator vacuum with a heat lamp. The 5 .67-7  (s) ii; mass spectrum base peak at 43 (COCH3) and
residue was hydrolyzed with 25 ml of concentrated hydrochloric peaks at 290 (M ), 231 (M — COCH3), and 221 (M — C F 3). 
acid and the alcohol layer separated and dried. Distillation gave A nal. Calcd for C7II3Fti02: C, 28.97; H, 1.04. Found: C,
I, 35-37 g (71-75% ), bp 8 3-85°, containing less than 5%  ether. 29.11; II, 1 .12 .

l-Chloro-2-chlorodifluoromethyl-l,l,3,4,4-pentafluoro-3- (b) To lithium chips (1.2 g, 0.17 g-atom) in 50 ml of ether under
buten-2-ol (II).— To the lithium reagent from butyllithium an argon atmosphere I (12.4 g, 0.05 mol) was added. The re- 
(0.2 mol) and trifluoroethylene (20 g, 0.25 mol) was added drop- action was left to stir under argon for 24 hr. Excess lithium was
wise 1,3-dichlorotetrafluoroacetone (44 g, 0.22 mol) in 30 ml of removed with tweezers, and acetyl chloride (10 g, 0.13 mol) was
ether, precooled in a dropping funnel containing Dry Ice-acetone added slowly. The reaction mixture was stirred for 2 hr and
mixture. The bright yellow solution was allowed to warm wrnrked up as in (a). No alcohol was recovered. Distillation 
slowly, (a) The mixture was hydrolyzed with 20 ml of water and yielced 11.3 g of acetate (78% ). (c) To the lithium reagent from
20 ml of concentrated hydrochloric acid. The organic layer was butyllithium (0.2 mol in 130 ml of hexane plus 40 ml of ether)
separated, dried and distilled to give C F2= C F C (C F 2C1)20 H , and trifluoroethylene (20 g, 0.25 mol), hexafluoroacetone (0.33
II , 28 g (50% ) containing 15% ether, bp 118-123°. A sample of g, 0.2 mol) was added. When the solution warmed to room
II was purified by7 preparative glpc to give pure II : bp 120°; temperature, the solvent was removed under reduced pressure
n 23D 1.3666; ir 2.95 (m), 5.65 (m) and 13.65 (s) 'H nmr (aspirator). Acetyl chloride (25 g, 0.32 mol) was added to the 
broad singlet at r  4 .5 ; mass spectrum 280 (M ) (2 Cl), 198 (M — syrupy residue. The vigorous reaction was stirred for 4 hr and
C F2C1) (1 Cl), 85 (C F2C1), and 81 (C F2= C F ) .  worked up as in (a). Distillation yielded 43 g (74% ) of acetate.

A nal. Calcd for C 5H C I2F 7O : C, 21.43; H , 0 .36. Found: 74%  yield.
C, 21.28; 1 1 ,0 .5 1 . Preparation of 2-Acetoxy-l-chloro-2-chlorodifluoromethyl-3,4,4-

(b) The reaction mixture was then subjected to hydrolysis trifluoro-3-butene (VI).— (a) Alcohol II (20 g, 0.071 mol),
with 40 ml of 15% sodium hydroxide. The aqueous layer was sodium acetate (1 g), and acetyl chloride (25 g, 0.32 mol) wTere
separated and acidified with concentrated hydrochloric acid. refluxed for 72 hr. The mixture was poured into ice water and the
The alcohol layer was separated and dried over Drierite. Distilla- organic layer was separated, crashed twice with 25 ml of 10%
tion gave II , 32-36  g (57-65% ), bp 118-122°, with 5-10%  ether. sodium hydroxide and dried over calcium chloride. Distillation

Perfluoro-3-methyl-l,4-pentadien-3-ol.— Trifluoroacetyl chlo- gave C F2= C F — C (C F2Cl)2OAc (V I): 18.5 g (81% ); bp 155-
ride (13.2 g, 0.1 mol) was added to a flask containing the lithium 157°, ra22D 1.3773; ir 3.35 (vs), 5.65 (m), and 5.70 (m) ¿1; ‘H
reagent from butyllithium (0.2  mol) and trifluoroethylene (0.2  nmr sharp singlet at r  8 .01 ; mass spectrum base peak at 43
mol) a t —78°. The reaction mixture was allowed to warm slowly (COCH3) and 287 (M — CC1) (1 Cl), 263 (M — COCII3) (2 
to room temperature. The solvent was removed under reduced Cl), and 273 (M — C F2C1).
pressure and the residue hydrolyzed -with hydrochloric acid. A nal. Calcd for C7HjCi2F 70 2: C, 26.00; H , 0 .91 ; F , 41.28. 
The organic layer was separated, dried and distilled to give Found: C, 25.86; H, 1.06; F , 41.44.
(C F2= C F ) 2C (C F3)OH (22 g, 85% ): bp 9 1 °; n 26D 1.3351; ir Reactions of Perfluorovinylcarbinols with Phosphorus Penta-
2.9 (m), 5.65 (vs), 7.55 (s), 7.95 (m), 8.3 (m), 8.8  (m), 9.35 (m), chloride.— Alcohol II (14.0 g, 0.05 mol) and phosphorus penta-
10.6 (m) 11.19 (m), and 13.6 (m) m; lH nmr spectrum had a chloride (10.5 g, 0.05 mol) were refluxed for 24 hr with stirring,
broad singlet centered at r  4 .7 ; mass spectrum 260 (M ), 241 The reaction mixture was hydrolyzed by pouring it over 100 g of
(M — F ), 191 (M — C F3), and 69 (C F3). crushed ice. The organic layer was separated, washed with 25 ml

A nal. Calcd for CeHF90 :  C, 27.69; H, 0 .38. Found: C, of water, 40 ml of 15% sodium hydroxide solution, and 20 ml of
27.47; H, 0 .52. water, and was dried over calcium chloride. The basic extract

Attempted Reaction of II with Sulfuric Acid.— In a glass tube, was acidified to give 5.5 g of II . Distillation of the product gave
II (3.0 g, 0.011 mol) was sealed with 95%  sulfuric acid (0.5 g, l,4-cichloro-2-chlorodifluoromethyl-l ,1 ,3 ,4 ,4-pentafluorobutene-
0.002 mol) and allowed to stand at room temperature for 2 weeks. 2, (X III ) , 6.2 g (58% ): bp 112-113°; n23n 1.3676; ir 5.90 (m),
The insoluble sulfuric acid was removed with a transfer pipet 6.05 (m), 9.55 (vs), 10.91 (s), 11.7 (s), and 12.65 (s) M; mass
and the alcohol transferred to a trap under vacuum. No residue spectrum 298 (M ) (3 Cl) 279 (M — F ) (3 Cl), 263 (M — Cl)
remained. No product other than II appeared on the glpc. (2 Cl), 213 (M — C F2C1) (2 Cl) and no peak at 81 (C F2= C F ) .

Attempted Reaction of II with Aqueous Sulfuric Acid .— Alcohol A ra l.  Calcd for CoC1jF 7: C, 20 .02 . Found: C, 19.91.
II (8.0 g, 0.029 mol) was refluxed with 20 ml of 60%  aqueous Reaction of the Lithium Salt of I with Phosphorus Pentachlo- 
sulfuric acid for 36 hr. The lower alcohol layer was separated ride.— Crude (90% ) lithium salt of I from reaction of trifluoro-
and dried. Transfer of the alcohol under vacuum gave 7.6 g of vinyl lithium with hexafluoroacetone (14 g, 0.85 mol) was placed 
recovered alcohol but no residue. No peak except II appeared in a 50-ml flask with phosphorus pentachloride (14 g, 0.07 mol),
in the glpc. _ _ A vigorous reaction began immediately. The flask -was connected

Reaction of II with Aqueous Sodium Hydroxide.— A solution to a trap coolea in Dry Ice-acetone. After the reaction subsided,
of II (6.0 g, 0.022 mol) in 10 ml of 20%  sodium hydroxide was the ‘ rap contained essentially pure 4-chloro-2-trifluoromethyl-
refluxed for 18 hr. Acidification yielded II (5.2 g). No residue 1 ,1 ,1 ,3 ,4 ,4-hexafluorobutene-2, 4 .4  g (33% ): bp 53- 5 5 °; n 2iD
remained on vacuum transfer and no reaction product could be < 1 .3000 ; ir 2.98 (s), 7.45 (s), 10.0 (s), 10.3 (s) and 12.1 (s )M. 
detected on the glpc. A n al. Calcd for CSC1F9: C, 22.51. Found: C , 22.21.

Reaction of II with Zinc Dust in 2-Propanol.— Alcohol II (20 g, Thermal Reactions of Perfluorovinylcarbinols. Attempted 
0.07 mol) was added to a rapidly stirred mixture of zinc dust Pyrolysis of I.— Alcohol I (6.0 g ,  0.024 mol) was added dropwise
(17 g, 0.26 g-atom) in 20 ml of refluxing 2-propanol. Therefluxing under nitrogen to a glass-packed column heated to 550°. The
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trap contained 5.5 g of brown liquid which showed only I on the singlet at r 6 .00 ; 19F  nmr spectrum was consistent with this
fdpc. structure; mass spectrum base peak at 59 (CH3OCO) and peaks

Attempted Pyrolysis of II.— Alcohol II (6.5 g, 0.023 mol) was at 239 (M -  F ). 227 [M -  CH30 ] ,  199 (M -  CH3OCO), and
added dropwise to the glass packed column under nitrogen heated 189 (M — C F3).
to 475°. The yellow liquid recovered left an infinitessimal residue A n al. Calcd for C6H5F 70 3: C, 27.91; II, 1.94. Found: C,
on removal of the volatile liquid which the glpc showed to be only 28.39; H, 2.21.
II (6.1 g). . . .  (b) In 20 ml of absolute methanol, compound I (10.0 g, 0.04

Attempted Dimerization of I.— Alcohol I (6.0 g, 0.024 mol) mol) was refluxed for 18 hr with potassium hydroxide (7 g, 0.1
was sealed in a thick-walled glass tube and heated to 225° for mol). The mixture was acidified with gaseous hydrogen chloride
40 hr. The liquid remained colorless and showed no reaction and the methanol distilled off. Purification on preparative glpc
products on the glpc. I t  left no residue on distillation and 5.9 g gave 4-methoxy-2-trifluoromethyl-l,l,l,3,4,4-hexafluoro-2-buta-
of I were recovered. nol (X V I), 2.2 g (19% ): bp 76° (100 mm); n 2in 1.1316; ir

Pyrolysis of 2-Acetoxy-2-trifluoromethylperfluorobutene-2.—  2.82 (s), 3.32 (m), 14.0 (vs), and 14.65 (vs) M; pmr had a doublet
Acetate V (20.0 g, 0.69 mol) was pyrolyzed at 450°. After at r  5.32 ( / H-« f =  45 cps, / H-|9f =  11 cps) a broad singlet at t
three pa-sses 15.5 g of material were found in the two traps. 6.07 and a sharp singlet at r  6.52 in the ratio 1 :1 :3 ;  19F  nmr
Distillation gave a mixture of acetyl fluoride, 6.0 g, bp 20 -6 0 °; spectrum was consistent with this structure; mass spectum had
5.5 g (43.8% ) of periluoro-3-methyl-2-butenoyl fluoride, V III, a base peak at 81 (CH3OCF2) and peaks at 261 (M -  F )  and 191
bp 6 3 -6 3 °; and 4 .7  g of residue (85%  V by vpc). The two low (M — F -C F 3).
boiling fractions were combined, added to 10 ml of absolute A nal. Calcd for C6H5F 90 2: C ,2 5 .6 1 ; H , 1.79. Found: C,
ethanol and allowed to stand overnight . The mixture was washed 25.75; H ,1 .7 9 .
with 50 ml of water, 20 ml of 5%  sodium hydroxide, and 15 ml of Reaction of the Lithium Salt of I with Potassium Methoxide in
water. Drying over CaCl2 and distillation gave 6.2 g of (44.3% ) Methanol.—Potassium metal (8.0 g, 0 .2  mol) was dissolved in 50
ethylperfluoro-3-methyl-2-butenoate (X ): bp 108°; n23d 1.3286; ml of absolute methanol under nitrogen and crude lithium salt of
pmr of X  showed a quartet a t r  5.47 ( J  =  7 cps) and (triplet t I (25 g, 0.1 mol) (from the reaction trifluorovinyllithium and
8.60 ( J  — 7 cps), the areas being in the ratio 2 :3 ;  ir 3 .3 -3 .4  hexafluoroacetone) was added. A vigorous reaction began im-
(m), 5.78 (s), 5.98 (s), 10.0 (s), 10.75 (s), 11.70 (s), 13.65 (s) mediately and the refluxing solution was left to stir for 12 hr.
and 14.71 (s) mass spectrum 254 (M ), 239 (M — CH3), Acidification with 95%  sulfuric acid, and distillation gave X V I,
209 (M — C2H20 )  and 69 (C F3). 6.5 g (25% ), and 11 g of a mixture of X V  with a third product

A nal. Calcd for C7H5F70 2: C, 33.08; H, 1.97. Found: C, inseparable by glpc or distillation.
33.32; H, 2 .17. Reaction of II with Potassium Hydroxide in Methanol.— In

Pyrolysis of 2-Acetoxy-l-chloro-2-chlorodifiuoromethyl-3,4,4- 40 ml of absolute methanol, II (20.0 g, 0.071 mol) and potassium
trifluoro-3-butene (VI).—Acetate (VI) (30.0 g, 0.094 mol) was hydroxide (14 g, 0 .2  mol) were refluxed for 6 hr. Potassium
pyrolyzed at 550°. After one pass, conversion was approximately fluoride (4.9 g, 0.081 mol) precipitated. The solution was
90% . Distillation of material in the taps gave acetyl fluoride, acidified with gaseous hydrogen chloride. Addition of 20 ml of
4.2 g (80% ), and 4-ehloro-3-ehlorodifluoromethyl-2,4,5-trifluoro- water gave a lower layer which when dried and distilled gave a
2-butenoyl fluoride (IX ), 16.5 g (73%,): bp 95-97°, ra23D 1.3650; liquid, 5.5 g: bp 100-102° (mm) (this was a mixture of two
ir 5.45 (m), 6.02 (m), 7.60 (s), 9.55 (s), and 11.5 (s) n. For compounds or isomers inseparable by glpc); pmr spectrum showed
further characterization I X  was converted to the ethyl ester. a complex group of peaks between r  5.0 and 6.5 ; the 19F  nmr
Compound I X  (8,0 g, 0.031 mol) was dissolved in 20 ml of ab- spectrum suggested the presence of a small ring or a CFH  group;
solute ethanol and allowed to stand overnight. Distillation gave ir spectrum 2.91 (s), 3.36 (m), 2.91 (s), 3.36 (m), 5.8 (s), 10.0
ethyl 4-chloro-3-chlorodifluoromethyl-2,4,4-trifluoro-2-butenoate (s), and 13.45 (s)/r; mass spectrum with an ionizing voltage of 10
(X I) , 4 .0  g (45% ): bp 95-97° (85 mm); n u d 1.3911; ir eV had peaks at 207, 209, 292, 293, 294, and 295.
3.43 (w), 3.45 (w), 5.70 (s), and 6.00 (s) m; pmr (quartet r

fh7 2 .'/f =2 73 CPS) and (tripl6t 8 '65 3 = 7 CPS)’ With areaS in R egistry N o.— I, 15052-92-3; II, 25055-22-5; ( C F ^
A nal. Calcd for C7ll6Cl2F 50 2: C, 29.27; H, 1.74. Found: C, C F)»C (C F3)OH, 25055-23-6; IV, 25055-24-7; V,

29.59; H , 1.78. 25055-25-8; VI, 25080-61-9; V III, 24499-79-4; IX ,
Reaction of I with Methanolic Potassium Hydroxide.— (a) In 25055-27-0; X , 24449-44-3; X I ,  25055-29-2; X I I I ,

20 ml of absolute methanol, I (10.0 g, 0.04 mol) was refluxed for 25055-30-5; X V . 25055-31-6; X V I, 25055-32-7; 4-
24 hr with potassium hydroxide (7.0 g, 0.1 mol). A gelatinous . .  „ , .n a  , , o
solid precipitated. The reaction mixture was acidified with 25 ml chloro-2-tnfluoromethyl-l,l,l,3,4,4-hexafluorobutene-2,
of concentrated hydrochloric acid and 20 ml of water, and the 25055-33-8. 
lower layer separated and dried. Separation on preparative
glpc gave methyl 3-hydroxy-3-trifluoromethyl-2,4 ,4 ,4-tetrafluoro- Acknowledgm ent.— We gratefully acknowledge sup-
butanoate (X V ), 1.4 g (13 .5% ): bp 160 ; n ud 1.3416; ir 2.9 , - . i , -vr j.- i o ■ tt j  j.-
(vs), 3.34 (m), 5.8 (s), 6.2 (m ), 10.45 (vs) and 14.3 (vs) „ ; pmr P o rt of th is  research by the National Science Foundation
doublet at r 4.78 (J  = 46 cps), broad singlet at r 5 and a sharp (G rantC P-8942).
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Electronic Effects in Elim ination Reactions. VI. Bim olecular 
Elim inations from  l-Aryl-2-propyl and 2-Aryl-1-propyl Tosylates and Brom ides1
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A kinetic study of the bimolecular, base-promoted elimina-ior. reactions of the a -  and /3-rr.ethyl-substituted 
/S-phenylethj'l tosylates and bromides is reported. The reactions were conducted in potassium i-butoxide in 
i-butyl alcohol and sodium ethoxide in ethanol. These compounds are shown tc develop less carbanion char
acter in the transition states of their elimination reactions than in those of /S-phenylethyl tosylates and bromides.
The p values and i-butoxide:ethoxide rate ratios show that the decrease in carbanion character is greatest for re
actions of the a-methyl compounds.

The flexibility of the structure of bimolecular elimina- have complemented these earlier findings for /3-phenyl- 
tion transition states is well documented.5 Between ethyl compounds.
the extreme anionic, E lcB , and cationic E l eliminations There have been fewer investigations of substituted 
reside the bimolecular concerted E2 processes whose /3-phenylethyl compounds. The deuterium kinetic
transition states vary across a mechanism spectrum as isotope effect for elimination of l-phenyl-2-methyl-2-
shown schematically below. The position of a transi- chbropropane in methoxide-methanol has been mea

sured,10 and the low value of f e n / ^ D  has been postulated 
B— H b—H t° reflect the small amount of C-H bond breaking in the

\., ^  _\c_ c__ \.,_^  transition state. On the other hand, /ch/Gj  determined
/ /  \  / /  \ by Shiner and Smith11 for 2-phenyl-l-bromopropane

x x in sodium ethoxide-ethanol is larger than the theoretical
ElcB-like central E2 El-like maximum value,12 and it has been proposed that the

high value is a result of quantum-mechanical tunneling, 
tion state on this spectrum is determined by the relative I n this paper we report on rates, solvent effects, and 
amounts of C-H and C -X  bond breaking and C-C Hammett correlations of a variety of methyl-substi-
double-bond character. These in turn are dependent tuted /3-phenylethyl compounds. Our intention was to
upon the nature of the leaving group, X , the base, B, determine to what extent such substitution would be
the substituents on the molecule, the base strength, and reflected in detectable and predictable changes in
the solvent medium.50  ̂ transition state structure, and to give added tests to

Extensive mechanistic studies of E2 reactions have several different methods for measuring subtle changes
been conducted on /3-phenylethyl compounds using as in mechanism, 
leaving groups halides, p-toluenesulfonate (tosylate), 
dimethyl sulfide, and trimethylamine.6'7 The overall
effect of a 2-aryl substituent is to shift the mechanism esults and D iscussion
toward one of more carbanion character but with the l n earlier studies13 we have shown that t r a n s - 2- 
retention of a single, concerted transition state. The phenylcyclopentyl tosylate undergoes a remarkably
degree of carbanion character, as shown by Hammett rapid, bimolecular s u n  elimination reaction in f-butox-
o-p correlations, increases as the leaving group becomes ide-i-butyl alcohol solution. Making use of Hammett
more electronegative and as /3-hydrogen acidity in- a - p  relationships, we proposed that coplanar s y n

creases. Kinetic isotope effects for both the proton8a eliminations were in general more ElcB-like than
and various leaving groups,8b'° and rate studies in D20 9 coplanar a n t i  eliminations. In drawing these conclu

sions we used the extensive work on elimination from
(1) P a r t  V : C . H . D e P u y , G . F . M o rr is ,  J. S. S m ith , and R . J . S m a t, a i i  -i i  , , , r ru  t

j . Amer. chem . Sac.. 8 7 , 2 4 2 1  ( 1 9 6 5 ) .  T h is  w o rk  was su p p o rte d  in  p a r t  b y  /3-pnenylethyl compounds as a standard. The cyclic
th e  P e tro le u m  Research F u n d  o f th e  A m e ric a n  C h e m ica l S o c ie ty . G ra te -  S y s t e m s  S t u d i e d ,  h o w e v e r ,  W e r e  n e c e s s a r i l y  a l k y l a t e d

fu i a ckn n w ie d g m e n t is  m ade to  th e  d o n o rs  o f said fu n d s . 0-phenylethyl systems, and few studies of the effect of
(2) U n iv e rs ity  o f C o lo ra d o .  ̂ 7 .
(3) T a k e n  in  p a r t  f ro m  th e  P h .D . theses o f D . L .  S to rm , Io w a  S ta te  U n i-  a l K y l  S U D S t l t u e n t S  O n  E 2  e l i m i n a t i o n s  h a v e  b e e n  r e -

v e rs ity ,  1966, a n d  j . t . F re y , io w a  s ta te  U n iv e rs ity ,  1964. ported. We therefore decided to see how important
« *  - « controlling « . . .

p a r t  f ro m  th e  P h .D . thes is  o f c. g . N a y lo r ,  U n iv e rs ity  o f C o lo ra d o , 1968. geometry m acyclic E2 reactions. In Tables I—IV the
(5) (a) D .  B a n th o rp e , “ E lim in a t io n  R e a c tio n s ,”  E lse v ie r P u b lis h in g  C o ., rateS of E2 reaction of /3-phenylethyl tOSylateS and

M c G ra w -H il l  B o o k  Co., in c . ,  N e w  Y o rk ,  n . Y „  1962, c h a p te r  vni; bromides substituted with an a - or a ,3-methyl group are
(c) j . f . B u n n e tt,  Angew. ch em .,in t. Ed. Engl., i, 2 2 5  (1962). reported for both £-butoxide—f-butyl alcohol and ethox-

HMDrcP?; a"dpD- AZ r' ide-ethanol solution. In Table V Hammett correla-
( i 9 6 0 ). tions and activation parameters are reported, and in

(7) W . H . Saunders, C . B . G ib b o n s, a nd  R . A . W illia m s , ibid., 80, 4099 
(1958), a nd  e a rlie r papers.

(8) (a) W . H . Saunders a nd  D .  H .  E d iso n , ibid., 82, 138 (19 6 0 ); (b ) W . ( I I )  J . F . B u n n e tt,  G . T .  D a v is , a n d  H . T a n id a , ibid., 84, 1606 (1962).
H .  Saunders, A . F . C o c k e rill,  S. ASperger, L . K la s in c , a nd  D . S te fa n o v ic , (11) V . J . S h in e r a nd  M .  L . S m ith , ibid., 83, 593 (1961).
ibid., 88, 848 (1966); (c) G . A yre s , A . N .  B o u rn s , and  V . A . V yas, Can. J. (12) K .  B . W ib e rg , Chem Rev., 56, 713 (1955).
Chem., 41, 1759 (1963). (1 3 ) (a ) C . H . D e P u y , R . D . T h u rn ,  a nd  G . F . M o rr is ,  J. Amer. Chem.

(9) L . J. S te ffa  a nd  E . R . T h o rn to n , J. Amer. Chem. Soc., 85, 2680 (1963); Soc., 84, 1314 (1962); (b ) C . H .  D e P u y , G . F . M o rr is ,  J . S. S m ith , a nd  R . J.
E . R . T h o rn to n , ibid., 89, 2915 (1967). S m at, ibid., 87, 2421 (1965).
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T a b l e  I T a b l e  I I I

R a te  C onstants fo r  E lim in ation  from  1-Ar y l -2 -p r o py l  R a te  C onstants fo r  E lim in a tio n s from  2-A r y l-1 -pro py l

T o sy la t es  and B r o m id e s , Y-C6H4CH2CH(CH3)-X, in  T o sy la t es  and B r o m id es , Y-C6H4CZ(CH3)CH^X, in

P otassium  ¿-Bu t o x id e - I - B u t y l  Alcohol S olution  P otassium  ¿-B u t o x id e-Z-Bu t y l  A lcohol S olution

i - A r y l -  O le fin6
i- P ™ -  fcEJ X  104“  y ie ld ,
Pen <u X  Y  Z  T e m p , °C  1. m o l“ ' s e e " '  %

X Y T e m p , °C l.'moA sec"  * % '  0 T s  H 49 •8 2 .1 4  ± 0 . 0 3 '  92
OTs H 10 0 9 32 ±  0 10' qc H 2 9 .8  0 .3 4  ±  0 .01  93
OTs H 30 o 2 39 ±  0 03 ° Ts P_C1 H 4 9 ' 8 7 .0 6  ± 0 . 1 0  100
OTs p-Cl M 0  2 1 ±  0 2  ° TS m' B r H 49 8 17-80 ±  0 .5 0  96
OTs m-Br 5 ^  S  o t  S '8 97 ° Ts m‘B r D 49 8 2 .8 3  ±  0 , ! 2  90
OTs p-CH3 5 0 .0  4 .5 6  ± 0 . 1 1  98 B  49 8 9 98 ±  9 91 90
OT« n OPLT cfi n i . . .  OTs p-CH3 D 4 9 .8  O.lo ±  0 .01  64
OTs p-OCHa 5 0 .0  2 .7 4 ±  0 . ° 4 0 T s p.0CH3 H 4 9 .8  0 .6 6  ±  0 .01  80

Br “-Cl ¡ 0  0  17 7  ±  3 Br P-H «  49.8 41.10 ±1.00 100

S  Z c k  s o :« 0 2l t t J o .9  ioo7 b:: ^  2  2 : 5  n i Z i l . l l  X
OTs /3-Phenylethyl 50 .0 0  110d 100 Br m' Br B  49 8 201 .00  ±  4 .0 0  98
Br ,-Phenylethyl 50 .00  369< 100 £ ^  g 2 1 ^ 0  S 0 S Z
° Determined spectrophotometrically. b Determined by gas -d c u  ^  o o iq n m QQ

chromatography. The 1-aryl-l-propenes were approximately „  „ OOTI T-T 49 80 14 70 ±  0 70 96
5%  c is  and 95%  tra n s . The remaining product was 3-aryl-l- Bl p-OCH3 H 49 .8 0  14.70 ±  0 .7 0  96
propene. 'A verage deviation from the mean of two or more “ Determined titrimetrically. 6 Determined spectrophoto-
runs. d Reference 6b. metrically. c Average deviation from the mean of two or more

runs.

T a b l e  II effect of th e  m eth y l, a lth ou gh  s te ric  effects m a y  also
R ate  C onstants fo r  E lim in ation  from  1-Ar y l-2 -p r o py l  p lay  a  ro le .15
T o sy la t es  and B r o m id e s , Y-C6H4CH2CH(CH3)-X, in In ethoxide-ethanol the rate effect of a methyl group

S odium  E t h o x id e- E thanol S olution  is more interesting. We have pointed out previously13
i -A i-y i-  th a t  a  shift from  f-b u toxid e /-b u ty l alcoh ol to  e th o x id e -

pem T ethanol has the effect of moving the transition state in
T e m p , fcE2 x io4“ y ie ld ,  the E l  direction, since the base strength decreases and

x Y °c l. moi-4sec-‘ % the ionizing power of the medium increases. Attach-
®Ts H 5 0 -9 3 .4 2  ±  0 .0 9 ' 81 m en t of a  /3-m ethyl group still d ecreases  th e  ra te  (b y  a

H_. 89 9 9 '42 ̂  992 factor of 5 for the tosylate and 1.2 for the bromide) butOTs p-Cl oO.O 9 .8 5  ± 0 . 2 6  ,,  , , , J  ,, , .on n , AO , „ attachment of an a-methvi group increases the E2 rate
OTs m-Br 50 0 16 4 ±  0 4 93 slightly in both cases, these results are at least con-
OTs p-CH3 5 0 .0  2 87 ±  0 06 80 sistent with the view that the greater ionizing power of
OTs p-OCH3 5 0 .0  2 .3 2  ± 0 . 1 0  th e  eth an o l can , in th e  case of se co n d ary  b u t n ot p rim ary
OTs p-O C H3 3 0 .0  0 .2 8  ±  0.01  to s y la te s  an d  brom ides, ov erco m e th e  in d u ctiv e  effect of
Br H 50.0 19.2 ±  0.4 a methyl group.
Br H 3 0 .0  2 .5 5  ±  0 .0 4  For the tosylates, Hammett correlations and rate

P-Cl 5 0 .0  8 5 .4  ±  2 .0  ra tio s  in  i-b u to x id e -e th o x id e , as sum m arized  in T a b le
Br m-Br 50.0 155. ±  5 97 VI, also show a consistent pattern. In all cases the p

Br ?9 ’9 2 0 .9  ±  0.6^ v alu e  is larg er in th e  stro n g er base, less ionizing solven t.
' T-r.?3 , a. , rn '! ^ ' L i 0 '05 99 From  the p values alone one would say that substitution

Br ¿¡-Phenylethyl 50.0 34.2  ̂ 100 of an alkyl group moves the transition state in the E l
„ T. , . , , , , ! • „  h , direction, and the i-butoxide: cthoxide rate ratios“ Determined spectrophotometrically. “ Determined by gas ’ . , . . „

chromatography. 3-Aryl-1-propene and ethyl ether were the support this conclusion, although the latter effects
other products. The 1-aryl-l-propenes were approximately could also be accounted for by involving steric effects.
90%  tran s and 10%  c is . ‘ Average deviation from the mean of The rate ratios and p values among the bromides
two or more runs. d Reference 6b. (Table VI) do not show such a perfect correspondence,

but the general trend is correct. The usefulness of the 
Table VI some of these data are compared with litera- solvent rate ratio is perhaps increased if one notes that
ture values for related compounds. 4be tertiary' bromide, C6H5CH2C(CH3)2Br reacts 7

Looking first at the data for elimination in f-butoxide, times f a s t e r  in ethoxide-ethanol than it does in i-butox-
we see that substitution of /3-phenylethyl by either an a -  ide-f-butyl alcohol.lfi The p values for the bromides in
or a /3-methyl group decreases the E2 rate for both Table VI are greater in the less basic, better solvating
tosylates and bromides. For the a-CH3 group the medium ethoxide-ethanol than in f-butoxide-i-butyl
decrease is a factor of 6 and 2, respectively,14 and for the alcohol. This trend is opposite to that expected on the
/3-CH3 group the decrease is a factor of 25 and 5. basis of medium effects“ and that observed among the
These rate decreases are most likely due to an inductive tosylates. This anomaly is perhaps best explained by

the greater ability of bromide, relative to tosylate, to
(14) T h e  /3 -p h e n y le th y l ra tes m u s t be  d iv id e d  b y  tw o  to  g ive  ra tes p e r (15) P . V e era vagu , R . T .  A rn o ld , a nd  E . W . E ig e n m a n n , J . Amer. Chem.

h y d ro g e n  a to m , since trans o le fin  is  th e  n e a rly  exc lus ive  p ro d u c t fro m  1- Soc., 86, 3072 (1964). 
p h e n y l-2 -p ro p y l to s y la te  a n d  b ro m id e . (16) J . T .  F re y , u n p u b lis h e d  results.
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T able IV
R ate Constants for E liminations from 2-Aryl-1-propyl T osylates and B romides, Y-C6H iCZ(CH3)CH2- X ,  in

Sodium E thoxide- E thanol Solution

fcEl x  10*“
X  Y  Z  T e m p , CC 1. m o l“ 1 sec-1 O lefin*1 y ie ld , %

OTs p-H H 4 9 .8  0 .5 6  ±  0 .0 2 ' 64
OTs p-H H 2 9 .8  0 .054  ±  0 .002  71
OTs p-Cl H 4 9 .8  1 .35 ± 0 . 0 1  64
OTs m-Br H 4 9 .8  2 .6 4  ±  0 .0 2  75
OTs m-Br D 4 9 .8  0 .5 6  ±  0 .0 4  44
OTs p-CH3 H 4 9 .8  0 .2 7  ±  0 .01  41
OTs p-CH3 D 4 9 .8  0 .066  ± 0 .0 0 1  15
OTs p-OCH3 H 4 9 .8  0 .2 8  ±  0 .01  28
B r p-H H 4 9 .8  14.50 ±  0 .5 0  100
B r p-H H 2 9 .8  1 .58  ± 0 . 0 2  100
Br p-Cl H 4 9 .8  58 .00  ±  0 .1 0  97
B r m-Br H 4 9 .8  112.00 ± 1 . 0 0  100
Br m-Br D 4 9 .8  15.90 ± 0 . 1  95
Br p-CH3 H 4 9 .8  9 .3 4  ±  0 .4 7  100
Br p-CH3 H 4 9 .8  1 .47  ± 0 . 0 1  94
Br p-OCHs D 4 9 .8  8 .32  ±  0 .0 6  100

“ Determined titrimetrically. b Determined spectrophotometrieally. 0 Average deviation from the mean of two or more runs.

T able V
Hammett Correlations and E nthalpies and E ntropies of Activation fcr  E liminations from

(3-Phenylethyl- X  Compounds

AS4=, ca l
C o m p o u n d  X  B a s e -s o lv e n t p,a a t  50° A f f t ' ,  kca l m o l-1 m o l-1 d e g -1

a-CHs OTs i-BuOK-f-BuOH 1.88  ± 0 . 0 3  12 .6  - 3 3
a-CHa OTs EtO N a-EtO H  1.33 ± 0 . 0 7  19 .7  - 1 3
a-CHa B r i-BuOK-i-BuOH 1 .3 7  ± 0 . 0 3
a -CHa Br EtO N a-EtO H  1.84  ± 0 . 1 1  19 .0  - 1 2
(3-CH3 OTs i-BuOK-f-BuOH 2 .1 8  ± 0 . 0 3  17.2 - 2 2
fi-CH, OTs EtO N a-EtO H  1.81 ± 0 .0 2 * ’ 2 2 .0  - 9
/3-CH3 Br i-BuOK-i-BuOH 1.75  ± 0 . 0 2  15 .0  - 2 3
d-CH3 B r EtO N a-EtO H  2 .0 6  ±  0 .056 20 .9  - 6

° Calculated by the method of least squares. b Omitting p-methoxy.

T able VI during a period of 2 hr. The reaction was stirred at room tem-
H ammett Correlations and î-B utoxide- E thoxide peiature for 12 hr. After addition of water and extraction with

R ate R atios for E liminations from ^ her * e ° rgamc solutio"- wa® waf,hec witd ™ ter “ d dried’ and
2-Phfnyl-Sttbstittttfd T osyt \tfs NT 50° the S3lvent was removed- Distillation of the residue gave 70 -

_ 80%  yield of the arylacetone. Phenylacetone had bp 120-122°
P 9 „  ^ XT (30 nim), lit.19 109-112° (24 mm); p-chlorophenylacetone had

Compound f-BuOH) EtOH) *E. (EtONa) bp 163-165° (20 mm), lit.20 80-85° (0.4 mm); m-bromophenyl-
Tosylates acetone had bp 95-97° (0.2 mm); p-methylphenylacetone had

2-Phenylethyl 3 .3 9 0'6 2 .2 7 0'6 2 2 .0  bp 7C-71°, lit.21 92-94° (3.0 mm); and p-methoxyphenylaeetone
2-Phenyl-l-propyl 2 .1 8  1 .81 3 .9  had bp 147-148° (22 mm), lit.22 92-94° (3.0 mm).
1- Phenyl-2-propyl 1 .88  1 .32  2 .7  l-Aryl-2-propanols.— These alcohols were prepared by lithium
cfs-2-Phenylcyelopentyl 1 .48“ 0 .9 9 “ 1 .2  aluminum hydride reduction of the corresponding arylacetones.

Bromides ^  solution of 0.09 mol of the arylacetone in 100 ml of anhydrous
2- Phenvlethyl 2 OS“'1 2 14 11 0 etdler was added dropwise to a stirred solution of 0.06 mol of

i ,  1 „ ' nR „ lithium aluminum hydride in 50 ml of anhydrous ether. The
2-Rneny -I-propy i  /o  ¿. Ub i .8 reaction was stirred for 5 hr at room temperature and quenched
l-Phenyl-2-propyl 1 .37  1 .8 4  o.O by addition of wet ether. After acidification and extraction with
“ From ref 6b. b Measured at 30°. '  From ref 13c. ether, the organic layer was dried and the solvent removed.

The residue was distilled to give about 90%  yield of the l-aryl-2-
disperse the incipient negative charge at the benzyl ?noPan°}' 1"Phenyl-2-propanol had bp 127-128° (15 mm), lit.23

i • i i + -  , i , i  i l i t , h • 92 (2.0 mm); l-(p-chlorophenyl)-2-propanol had bp 94-95°
ca rb o n  m  p oorly  so lv atin g  ¿-butyl alcoh ol b y  allow ing ((U  ^  i_(p-methyiphenPyi).2-propanol had bP 66-67° (0.4
m o re  double-bond fo rm atio n  in th e  tra n s itio n  s ta te .6b mm), lit.20 97° (2 mm); and l-(p-methoxyphenyl)-2-propanol

had bp 158-161° (15 mm), lit.23 121° (3 mm).
. ,  . -  . yj 2-Arylpropenes.— «-Methylstyrene was purchased from Aldrich

E x p e rim e n ta l s e c t io n  ' Chemical. The remaining 2-arylpropenes were prepared by de-
Arylacetones.— The arylacetones were prepared from the hydration of the coiresponding i.-aryl-i.-propanols.24 The

corresponding arylacetic acids and methyllithium.18 A 0.9 M
solution of methyllithium in anhydrous ether was added slowly Son,9 Inc TewVoA^N Y 1943 J m i11’ A' H' Blatt' Ed" J °hn W‘'ey &
to a stirred solution of the arylacetic acid in anhydrous ether (26 j s / 'c h ia v a r e l l i , ' G. S e tt im i, a a d  H . M . A lve s , Gazz. Chim. liai.. 87,
-------------------  109 (1957).

(17) M e lt in g  and  b o il in g  p o in ts  a re  un co rre c te d . A n a lyses were p e r- (21) T .  I .  T e m n ik o v a  a nd  V . I .  V eks le i, Zh. Obshch. Khim., 19, 171 (1947).
fo rm e d  b y  D r .  A . B e rn h a rd t o f th e  M a x -P la n c k  In s t i tu te  and  Spang M ic ro -  (22) A .  Buzas a nd  C . D u fo r ,  Bull. Soc. Chim. Fr., 139 (1950).
a n a ly tic a l L a b o ra to ry ,  A n n  A rb o r,  M ic h .  U l t r a v io le t  spectra  were d e te r- (23) V . R . L ik k te r o v  a nd  V . S. E t l is ,  Zh. Obshch. Khim., 27, 2867 (1957).
m in e d  on C a ry  M o d e l 14 a nd  B e ckm a n  D K -2 A  sp e c tro p h o to m e te rs . (24) “ O rg a n ic  R e a c tio n s ,”  C o ll.  V o l. I l l ,  E . C . H o rn in g , E d .,  J o h n  W ile y

(18) C . T a e g n e r, Acta Chem. Scand., 6, 782 (1952). & Sons, In c .,  N e w  Y o rk ,  N .  Y ..  1955, p 204.
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alcohol, 0 .1 -1 .0  mol, was dripped slowly into a flask heated at 2-(p-Methoxyphenyl)-l-propanol p-toluenesulfonate had mp 
220° containing a powdered mixture of 6.0 g of potassium acid 37-39°, lit.29 34-35°. A nal. Calcd for C,-H20O4S: C, 63.73;
sulfate, 0.05 g of catechol, and 0.05 g of picric acid. W ater and H, 6.29; S, 10.01. Found: C, 63.55; H, 6.23; S 9.93'.
the 2-arylpropene were removed from the flask as they were Bromides.— These compounds were prepared by treating the
formed by distillation at 50 mm through a 10-cm, glass-bead corresponding p-toluenesulfonates with lithium bromide in
fractionating column. The distillate was extracted with ether, acetone solution. A solution of 0.02 mol of the p-toluenesulfonate
and the ether solution was dried and evaporated. The 2-aryl- and 0.06 mol of anhydrous lithium bromide in 40 ml of anhydrous
propenes were purified by distillation and obtained in 61-77%  acetone was stirred at room temperature for 3 days. The result-
yield. 2-p-Chlorophenylpropene had bp 43-45° (1.5 mm), ing inhomogeneous mixture was poured into 100 ml of water and
lit.25 78-80° (8 mm); 2-TO-bromophenylpropene had bp 54-56° extracted with ether. The ether solution was dried and evapo-
(0.8 mm), lit.25 68-72° (2 mm); 2-p-methylphenylpropene had rated. The residual bromide was purified by distillation and
bp 48-49° (3.5 mm), lit.26 76-78° (19 mm); and 2-p-methoxy- obtained in yields of 85-95% . l-Phenyl-2-bromopropane had
phenylpropene had bp 61-62° (1.4 mm), lit.25 63-66° (0.5 mm). bp 46-47° (0.1 mm); l-(p-chlorophenyl)-2-bromopropane had

2-Aryl- 1-propanols.— These alcohols were prepared by hydro- bp 80-81° (0.5 mm); l-(m-bromophenyl)-2-bromcpropane had
boration of the corresponding 2-arylpropenes using a modification bp 90-91° (0.5 mm); l-(p-methylphenyl)-2-bromcpropane had
of Brown’s procedure.27 A solution of 0.17 mol of the 2-aryl- bp 63-64° (0.3 mm); 2-phenyl-l-bromopropane had bp 50-54°
propene and 0.13 mol of sodium borohydride in 75 ml of bis(2- (0.2 mm); 2-(p-chlorophenyl)-l-bromopropane had bp 72-74°
ethoxyethyl) ether was cooled to 0 ° under a nitrogen atmosphere. (0.3 mm); 2-(ri-bromophenyl)-l-bromopropane had bp 85-86°
To this stirred solution was slowly added 0.17 mol of boron (0.3 mm); 2-deuterio-2-(ra-bromophenyl)-l-bromopropane had
trifluoride etherate. The reaction was stirred at room tempera- bp 90-91° (0.8 mm); 2-(p-methylphenyl)-l-bromcpropane had
ture :or 1 hr followed by the careful addition of 50 ml of 6 M  bp 55-57° (0.2 mm); 2-deuterio-2-(p-methylpheryl)-l-bromo-
sodium hydroxide at 0 ° . With continued cooling 50 ml of 30%  propane had bp 69-70° (0.5 mm); 2-(p-methcxyphenyl)-l-
hydrogen peroxide was added dropwise and the reaction was bromopropane had bp 82-83° (0.3 mm); 2-phenyl-l-bromo-3-
stirred for 1 hr at room temperature. The reaction was worked butene had bp 55-56° (0.9 mm).
up in the usual way, and the 2-aryl-l-propanols were purified by Anhydrous Ethanol.— Absolute ethanol was refluxed with
distihation to give 85-98%  yields. 2-Phenyl-l-propanol had sodium and diethyl phthalate and distilled according to the
bp 94-96° (3.5 mm); 2-(p-chlorophenyl)-l-propanol had bp method of Manske32 to remove residual water.
109-112° (0.3 mm); 2-(m-bromophenyl)-l-propanol had bp 92° Anhydrous ¿-Butyl Alcohol.— Commercial ¿-butyl alcohol
(0.4 mm); 2-(p-methylphenyl)-l-propanol had bp 80° (0.4 mm), (Eastman Kodak White Label) was fractionally distilled, a
lit.28 102° (5 mm); and 2-(p-methoxyphenyl)-l-propanol had bp sharp center fraction boiling 82-82 .5° (630 mm) being taken.
95° (0.5 mm), lit.29 80° (0.15 mm). This sample was then distilled twice from sodium.

2-Deuterio-2-aryl-l-propanols.— These were prepared by a Potassium.— Potassium metal was purified by repeated fusion
modification of Sondheimer’s procedure.30 2-Deuterio-2-(m- in heptane. The lighter impurities floated to the surface and
bromophenyll-l-propanol had bp 103-106° (0.3 mm) and 2- were skimmed off.
deuterio-2-(p-methylphenyl)-l-propanol had bp 86-90° (0.3 Second-Order Elimination Reactions.— A solution 0.02-0.06
mm). Their nmr spectra indicated that they were greater than M  in base was prepared according to the following procedure. 
95%  deuterated in the 2-position. The bromide or p-toluenesulfonate (0.002-0.006 mol) was weighed

p-Toluenesulfonates.— These were prepared by Tipson’s into a 100-ml volumetric flask. I t  was dissolved in the desired
procedure,31 purified by crystallization from ether-pentane, and amount of alcohol at room temperature and diluted to 100 ml with
dried in vacuo. 0 .2 -0 .3  M  base solution. After shaking thoroughly 10-ml ali-

l-Phenyl-2-propyl p-toluenesulfonate had mp 93 .5 -9 5 °. A nal. quots of the solution were pipetted at room temperature into
Calcd for CisHigOaS: C, 66.18; H, 6 .25; S, 11.07. Found: C, 20-ml Pyrex ampoules which were then immediately immersed in
66.14; H, 6 .14; S, 10.91. ice-water and sealed. The solution in the ampoules was then

l-(p-Chlorophenyl)-2-propyl p-toluenesulfonate had mp 7 9 .5 - equilibrated to reaction temperature.
80 .5°. A nal. Calcd for C16H17CIO3S: C, 59.16; H, 5 .28; Cl, The kinetics were measured by breaking open an ampoule,
10.92; S, 9.87. Found: C, 59.25; H, 5 .31; Cl, 11.00; S, 9 .99 . quenching the contents in ice-cold ethanol and titrating the un- 

l-(p-Bromophenyl)-2-propyl p-toluenesulfonate had mp 5 7 - reacted base with standard hydrochloric acid.
58°. A nal. Calcd for CisHnBrO.iS: C, 52.04; H, 4.64; B r, For the faster elimination reactions (fa >  10-2) the kinetics
21.64; S, 8 .68 . Found: C, 52.08; H ,4 .6 3 ; B r, 21.62; S, 8.81. were measured directly from the 100-ml flask. In these cases the

l-(p-Methylphenyl)-2-propyl p-toluenesulfonate had mp 4 9 -  solution of substrate in alcohol was equilibrated to reaction tem-
50°. A nal. Calcd for C17H20O3S: C, 67.08; H, 6.62; S, 10.53. perature and then diluted to 100 ml with base solution which had
Found: C, 67.17; H , 6.69; S, 10.49. also been equilibrated to reaction temperature. The solution

1- (p-Methoxyphenyl)-2-propyl p-toluenesulfonate had mp 7 7 - was thoroughly shaken and requilibrated. The kinetics were
78°. A nal. Calcd for C17H20O4S: C, 63.73; 1 1 ,6 .2 9 ; S, 10.01. measured by withdrawing 10-ml aliquots from the solution,
Found: C, 63.76; H, 6 .39; S, 10.01. quenching, and titrating.

2- Phenyl-l-propyl p-toluenesulfonate had mp 5 0-50 .5° . A nal. Reaction rates measured using the two different methods
Calcd for C,6H 180 3S: C, 66.18; H, 6.25; S, 11.07. Found: C, agreed within 5% .
66.33; H, 6 .10; S, 11.21. Substrate concentrations were determined accurately by mea-

2-(p-Chlorophenyl)-l-propyl p-toluenesulfonate had mp 6 4 .5 - suring the zero and infinity point base concentrations.
65°. A nal. Calcd for C16H 17CIO3S: C, 59.16; H, 5.28; S, The rates were calculated from each experimental point using
9.87. Found: C, 59.46; H, 5 .46; S, 10.06. the integrated form of the second-order rate equation. All

2-(m-Bromophenyl)-l-propyl p-toluenesulfonate had mp 6 0 .5 - necessary thermal expansion corrections were used. The rates
61°. A nal. Calcd for CieHnBrChS: C, 52.04; H , 4 .64 ; S, were all cleanly second order.
8 .68 . Found: C, 52.22; H , 4 .77 ; S, 8.80. The yields of olefins were determined by measuring the ultra-

2-Deuterio-2-(ra-bromophenyl)-l-propyl p-toluenesulfonate had violet absorption of the last aliquot after the proper amount of 
mp 6 2-63°. dilution in 95% ethanol.

2-1 p-Methylphenyl)-1-propyl p-toluenesulfonate had mp 4 2 .5 - Pseudo-First-Order Elimination Reactions.—A solution ap-
43°. A nal. Calcd for CnH20O3S: C, 67.08; H, 6 .62; S, 10.53. proximately 0.01 M  in the desired substrate and 0.1 M  in the
Found: C, 67.35; H, 6 .71; S, 10.72. base was prepared by adding the base solution, equilibrated at

2-Deuterio-2-(p-methylphenyl)-1-propyl p-toluenesulfonate had the reaction temperature, to an accurately weighed sample of 
mp 39-40°. the substrate in 50-ml volumetric flask. The flask was immersed
-------------------  immediately in the constant-temperature bath and periodically

(25) D . S e ym o u r and  K .  B . W o lfs tirn ,  J. Amer. Chem. Sac.. 70, 1177 ^  g u b s t r a te  had all dissolved.

( 1 (2 6 ) ' G . B . B a ch m a n  a nd  H . M .  H e ilm a n , ibid., 70, 1772 (1948). Aliquots (5 ml) were then withdrawn at appropriate intervals
(27) H .  C . B ro w n  and G . Z w e ife l, ibid., 82, 4708 (1960). and quenched by draining into ice-cold 9o /a ethanol, lne&e
(28) S. M u c k h e r je e , J. Indian Chem. Soc., 24, 341 (1947). solutions were immediately diluted to the proper concentrations
(29) S. W in s te in  and  A. H . F a in b e rg , J .  Amer. Chem. Soc., 80, 459 (1958). for ultraviolet analysis.
(30) W . W o lfe , M .  N u ss in , Y .  M a z e ir , a n d  F . S o ndhe im er, J. Org. Chem.,

24, 1034 (1959); F . S o n d h e im e r a nd  M .  N u ss in , ibid., 26, 630 (1961).
(31) R . S. T ip so n , ibid., 9, 235 (1944). (32) R . H . M a n ske , J .  Amer. Chem. Soc.. 53, 1106 (1931).
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All the reactions were carried out under pseudo-first-order R egistry  N o.— Table I ( X  =  OTs, Y  =  H ), 14135-  
conditions and the rate constants were calculated by the use of 7 1 -8 ' Table I (X  =  OTs n-Cl) 2 3 4 3 0 -3 1 -1 ' Table I
the equation (X  L  OTs, m -Br), 2 3 4 30 -32 -2 ; Table I ( X  =  OTs, p-

2.303 , A a  -  Ao C H 3), 2 3 4 3 0 -3 3 -3 ; Table I ( X  =  OTs, p-OCH3), 8 9 8 -
kl -  ~ T  logA„ -  A t 9 5 -3 : Table I (X  =  Br, H ), 2 1 1 4 -3 9 -8 ; Table I ( X  =

B r, p-Cl), 23430-36-6; Table I (X  =  Br, m -Br), 23430- 
wherein is the measured infinity absorption, A 0 is the absorb- ' 37-7 Table I ( X  =  Br, p-CH3), 2114-40-1; Table I (X  
ance at t =  0 , and A , is the absorbance at time t. Second-order _  Q-pg ß-phenylethvl) 4455-09-8' Table I ( X  =  B r

r . , r S " l , " b S i o t « S „ diTidi" ‘ -  * * * ^ , j £ * + ,  T a b te  i n  (X  =  O T », Y  = ’
The reported rate constants from both the titrimetric and V **■» "  — •“ ■)> 23430-41-3, Table III  ( X  — OTs, p-Cl,

spectrophotometric runs were calculated on an IBM  7044 eompu- H ), 23465-00-1 ; T a b le  III  ( X  =  O T s, m-Br, H ), 23430-
ter using the method of least squares. In most cases duplicate 42-4: T a b le  I I I  (X  =  O T s, m -Br, D ), 23430-43-5;
runs were measured. Table III  (X  =  OTs, p -C H 3, H ), 23430-44-6; Table I I I

Ultraviolet Spectra of 1-Aryl-1-propenes and 2-Arylpropenes.—  v p „ „ . , 2  . /  7 . rp , . TTT’ ,Y  _
Molar extinction coefficients measured in 95%  ethanol were the b*- A lls , p -U r l3, L )), z54d U -4o -/ , 1 able 111 (A. U i s ,
following: 1-phenyl-l-propene, 18,600 (248 m/i); l-(4-chloro- p-OCH3, H ), 23430-46-8; Table I I I  ( X  =  Br, H , H ),
phenyl)-l-propene, 24,500 (255 mM); l-(3-bromophenyl)-l- 1459-00-3; Table I I I  X  =  B r, p-Cl, H ), 23430-48-0;
propene, 20,900 (253 mM); l-(4-methoxyphenyl)-l-propene, Table III  (X  =  Br, m-Br, H ), 23430-49-1 ; Table I I I  (X
22,400 (258 m/i); 2-phenylpropene, 11,400 (243 m y); 2-(4- g  m -Br Df 2 3 4 3 0 -5 0 -4 -  Table TTT (X  — B r n  C,H
ehloropheny 1 )propane, 15,700 (248 mM): 2-(3-bromophenyl)- , .  ™ £  K- ’ m u ,  ttW y  _  u  o n "
propene, 10,700 (245 mji); 2-(4-methylphenyl)propene, 13,700 A ), 2 3 4 3 0 -5 1 -5 , l a b i e  111 (X  — Br, p -C rl3, D ), 23430-
(248 m^); and 2-(4-methoxyphenyl)propene, 16,200 (257 m y). 52-6: Table I I I  ( X  =  Br, p-OCH3, H ), 23430-53-7.
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The four isomeric 3-phenyl-2-norbornyl p-toluenesulfonates were subjected to elimination in order to study 
the effect of geometry on the rate. The relative rates in potassium f-butoxide-l-buryl alcohol at 50° for the four 
modes of elimination are exo-syn {exo-ß hydrogen-syra e\im ina,ticn)/exo-anti/endo-syn/endo~anti =  100 :3 .1 :
0.12:0.21. The rate differences are ascribed to a combination of dihedral angle, erado-hydrogen removal, and 
endo leaving group effects. The Hammett p values for exo-syn  and exo-an ti are both much larger than that for 
an arah'-coplanar elimination. These results imply that syn elimination has an inherently greater demand for 
carbanion character than anti elimination, and that noncoplanar geometry increases the electronic requirements 
of anti elimination.

The usually preferred stereochemistry for bimolecular transition state. A quantum mechanical argument has
elimination is an anh'-coplanar relationship between the been presented by Eliel, et a l ,,9 to show that sy n -
acidic hydrogen and the leaving group,5 but s y n  path- coplanar elimination should be less favorable than a n t i-
ways have been shown to compete effectively with a n t i  coplanar elimination, aside from all other factors such
elimination in certain rigid cyclic systems,6 and occa- as steric and electrostatic repulsions, 
sionally in flexible cyclic and acyclic systems.7 I t  was The present study of 3-phenyl-2-norbornyl tosylates 
theorized6 that the rate of elimination is maximized as is an extension of earlier work6 on the mechanisms of
the dihedral angle between leaving group and acidic sy n  and a n t i  eliminations of the 2-phenylcyclopentyl
hydrogen approaches 180 (a n t i  coplanar) and 0 tosylates, which gave the first direct comparison of
( sy n  coplanar). Hines has given a semitheoretical electronic requirements for sy n  and a n t i  eliminations in
justification for this concept based on the “principle of a j8-phenylethyl system. The norbornyl system has the
least motion involving a mechanical model of the E 2  advantage of a better defined geometry in which the

dihedral angles are accurately known. Cyclopentyl 
0 )  P a n  v A c m n e P u y  D . L . s t o r m  J . T .  F r e y a n d G .  c .  N a y lo r .  derivatives are more flexible, so the ground-state

J. Org. Chem., 35, 2746 (1970). T h is  w o rk  was s u p p o rte d  in  p a r t  b y  th e  , . , .  °
P e tro le u m  R esearch F u n d  o f th e  A m e ric a n  C h e m ica l S o c ie ty . G ra te fu l g G O IT _ G try  IS  I l O t  I lG C G S S R r i ly  t l l G  SRIT1G RS t f l R t  f o r  t l l G  

a c k n o w le d g m e n t is  m ade to  th e  don ors  o f said fu n d s . e l i m i n a t i o n  t r a n s i t i o n  S t a t e .
(2) T o  w h o m  correspondence sh o u ld  be addressed a t  th e  U n iv e rs ity  o f 

C o lo ra d o .
(3) N S F  S u m m e r Research P a rt ic ip a n t ,  1966; N I H  P re d o c to ra l F e llo w , R e s u l t s

1966-1968. T a k e n  in  p a r t  f ro m  th e  P h .D . thes is  o f C . G . N . ,  U n iv e rs ity

o f C o lo ra d o , 1968. The preparation of the four isomeric 3-phenyl-2-
1965. Tak6n "  Par‘ fr°m ‘he Ph D' theSi” °f ' ' A' B" Io"'a S‘ate Univeraity' norbornyl tosylates was recently reported by Klein-

(5) D . V . B a n th o rp e , “ E lim in a t io n  R e a c tio n s ,”  E ls e v ie r P u b lis h in g  C o ., felter.10 The same synthetic route to endo-3-phenyl-
A m s te rd a m , 1963.

(6) C . H .  D e P u y , G . F . M o rr is ,  J. S. S m ith , a n d  R . J . S m at, J. Amer. (9) 3 .  L .  E lie l,  N .  L .  A ll in g e r ,  S. J .  A n g y a l,  a n d  G . A . M o rr is o n , “ C o n -
Chem. Soc., 87, 2421 (1965). fo rm a tio n a l A n a ly s is ,”  J o h n  W ile y  &  Sons, In c .,  N e w  Y o rk ,  N .  Y . 1965

(7) J . S ich er, M .  H a v e l, a n d  M .  S voboda, Tetrahedron Lett., 4269 (1968), p 4 8 3 .

a n d  e arher papers. (10) D .  C . K le in fe lte r ,  J. Org. Che-n., 32, 840 (19 6 7 ); D .  C . K le in fe lte r ,
(8) J . H m e , J. Amer. Chem. Soc., 88, 5525 (1966). T .  E . D y e , J. E . M a llo ry ,  a nd  E . S. T re n t ,  ibid., 37, 1734 (1967).
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T able I
E l im in a t io n  R a t e  D a ta  f o r  3 -A b y l -2 - n o r b o r n y l  T o s y l a t e s  a t  5 0 °

------------------------------- X  104 (1. m o l-1 sec-1) - ------------------------------------- ^
o m p o u n d  Z f -B u O K - i- B u O H  %  e lim in a t io n  E tO N a - E tO H  %  e lim n

k exo-syn
H  1 5 .7 0  ± 1 . 5 0 “ 100

A H  2 . 3 4  ±  0 .0 5  ( 3 0 ° )  100
Ph— Z P -C I Í3 7 .0 6  ±  0 .4 2  100

p -C l 8 3 . 7  ±  0 . 4  100  1 . 4 5  4 8
m -C l 2 5 5  ±  12 100  2 . 3 7  74

exo-anti
H  ° - 4 8 2  ±  0 .0 1 7  9 2  0 .0 8 8  ±  0 .0 0 5  62

B  / ^ / ^ O T s  P -C H 3 0 .1 8 5  ±  0 .0 0 4  68
> h_ z  P -C l 1 .8 2  ±  0 .2 3  100*

to-C1 3 .6 9  ± 0 . 1 5  100

C / ¿ T / ^ O T s endo-syn
^  0 .0 1 9 5  ±  0 .0 0 0 5  9 4  ±  4

H

^ P ' - ' ^ - O T s  endo-anti
D 0 .0 3 3 5  ±  0 .0 0 2 0  55  ±  3 (Base =  0 .4 0 0  M )

H 0 .0 3 3 4  ±  0 .0 0 3 2  7 9  ±  2  (B a s e  =  0 .9 1 5  M )

“ Average deviation from the mean of two or more runs. 6 Assumed.

exo-2-norbornano 1 was used in the present work; factor in ¿-butyl alcohol as in acetic acid (128), a
oxidation of this alcohol to the corresponding ketone first-order rate constant for the solvolysis of D in
was achieved with dimethyl sulfoxide and dicyclo- ¿-butyl alcohol can be estimated f t  =  1 X  10“7 sec“ 1
hexylcarbodiimides.11 This procedure yielded an epi- at 60°, >—- 0.5 X  10-7 at 50°). The pseudo-first-order
meric mixture of 3-phenylnorbornanones, which was rate constant for D at 50°, 0.40 M  ¿-butoxide, is 12.6 X
then reduced to a mixture of isomeric alcohols. This 10-7 sec-1 . Therefore about 4 %  of the substrate is
mixture was partially separable by crystallization and estimated to be reacting by an E 1 -S n 1 pathway (2%  at
chromatography. (A sample of the least plentiful 0.915 M  base), assuming all the olefin product arises
isomer, exo-3-phenyl-exo-2-norbornanol, was kindly from an E 2  reaction. Second-order 1,3 elimination is
supplied by Professor Kleinfelter.) also probably occurring.12 Until product analyses and

In Table I are given the measured second-order rate more accurate kinetic data are gathered, little more can
constants of the four isomeric tosylates. Included are be said about the non-E2 processes, 
data for phenyl-substituted tosylates of isomers A and endo-Norbornyl tosylates solvolyze much more

slowly than exo-tosylates;13 so isomers B  and C do not 
These tosylates gave good second-order kinetics and undergo E 1 -S n 1 processes during elimination, but

100%  elimination in most cases in i-butoxide-f-butyl they are subject to 1,3 elimination and direct displace-
alcohol. Because of the small quantities of isomers C ment reactions.12 Vpc analysis of the reaction mixture
and D available and their very slow rates, the rate of B  revealed a product of shorter retention time than
constants are more uncertain. Percentages of elimina- 2-phenylnorbornene which is assumed to be phenyl-
tion were calculated from ultraviolet absorbance nortricyclene. No peak of longer retention time was
infinity values and the measured extinction coefficients observed, so apparently no ether was formed. The few
of the arylnorbornenes. Although the infinity samples per cent nonolefin product from C was not identified,
did r.ot discolor, polymerization of the 2-arylnorbornene Table II  compares the phenylnorbornyl elimination 
products was possible because of the long time required data with those of 2-phenylcyclopentyl6 and 2-phenyl- 
for completion of the reactions. Thus the reported cyclobutyl14 tosylates. Included are p values calculated 
percentages are best regarded as minimum values. from the data in Table I.

Tosylate D gave the same but a higher olefin 
yield with higher base concentration. This is evidence Discussion
for competition from a first-order ionization reaction.
Simple calculations based on known data suggest that ^  the cyclopentane ring were planar, the dihedral 
D can undergo processes other than 1,2 elimination. anSle for iran*-2-phenylcyclopentyl tosylate would be 
Nickon12 measured the solvolysis rate of exo-norbornyl B and that for t h e m  isomer would be 120 . However, 
tosylate in ¿-butyl alcohol at 60° ( h  =  1.3 X  10 ~5 sec-1) eclipsing effects force the ring out of planarity;15 so that
while Kleinfelter13 solvolyzed isomer D and ex o -  the two dihedral angles being considered are greater
norbornyl tosylate in acetic acid. Assuming the ex o -  than 0 and 120 . Thus sy n  elimination is rendered 
phenyl group decreases the solvolysis rate by the same iess favorable, while the a n t i  pathway becomes more

favorable. (Models suggest that the c is  isomer can
(11) K .  E . P f itz n e r  and  J. G . M o ffa t t ,  J. Amer. Chem. S oc., 87, 5661

(1965). (14) C . H . D e P n y  a nd  C. H . H e n d ric k s o n , u n p u b lis h e d  w o rk .
(12) A . N ic k o n  a n d  N . H . W e rs tiu k , ib id ., 89, 3915 (1967). (15) E . L . E lie l,  N . L .  A ll in g e r, S. J . A n g y a l, a nd  G . A . M o rr is o n , “ C o n -
(13) D .  C . K le in fe lte r ,  E . S. T re n t ,  J . E . M a llo ry ,  a nd  T .  E . D y e , ibid., fo rm a tio n a l A n a lys is ," ' Jo h n  W ile y  & Sons, In c .,  N e w  Y o rk ,  N .  Y .,  1965,

88, 5350 (1966). p 200.
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T able I I

syn'.anti R ate R atios and p Values at 50°
C o m p o u n d  M o d e  syn'.anti i - B u O K - i- B u O H  p E tO N a - E tO H  p

A exo-syn  1 5 .7  3 .1 2  ±  0 .0 5  1.0° 2 . 1'
3 0 .7

B  exo-anti 0 .482 2 .5 6  ±  0 .01  0 .087
C endo-syn  0 .0195

0 .5 8
D endo-anti 0 .0334

.  OTs1

< / 1 .  sVn  2 .9  2 .7 6
7 h  » . 1 0

.. H1
MV] anti 2 9 .1  1 .48  2 4 .2  0 .99

7 ^  OTs 
Ph

H6

< £ > ] syn 5 .1 0  2 .9 0
T ot,

. 0 .39
Hs

p r L 0Ts anti 13 .0  2 .1 8  1 .16  1 .26

“ Reference 6. b Reference 14. c Calculated from a plot of two points.

achieve a dihedral angle approaching 180° with little in the cyclopentyl compounds being 0.10.17 In ac-
strain. In fact as-2-phenylcyclopentyl tosylate, with cordance with predictions we see that the change in ratio
low p values and high rates in the two base-solvent from 0.10 to 30 is due to a combination of two factors, a
media used, appears to exhibit behavior normal for an fivefold in c r e a s e  in the rate of sy n  elimination, and a 60-
a,/3-dialkyl-/3-phenylethyl tosylate,1 which presumably fold d e c r e a s e  in the rate of a n t i  elimination. These
would undergo anfe'-coplanar elimination and show E l-  changes are in the expected order if, in the norbornyl
like behavior. system, the sy n  elimination is more coplanar and the

Cyclobutane is puckered 25-30° out of planarity;16 so a n t i  elimination is less coplanar, the latter being rigidly
dihedral angles are close to 30° and 150° for c is  and constrained to a 120° geometry. Acceleration of
tra n s  substituents, respectively. That these angles are elimination due to endo-steric interactions in compound
closer to 0° and 120° than those in cyclopentane is B is obviously not a significant factor,
reflected in the larger sy n '.a n ti rate ratio. The sy n  The Hammett p values are also in accord with expec- 
rate is faster than that in the cyclopentyl system even tations (Table II). We have shown previously6 that 
though a more highly strained olefin is being formed. sy n  eliminations are more ElcB-like than a n t i  elimina- 
and the a n t i  rate is slower. tions; their p values are relatively high. So, too, p for

The norbornane ring system is more rigid than the sy n  elimination from the norbornyl tosylates is high,
cyclobutyl or cyclopentyl system, so that the dihedral More enlightening is the high p value for a n t i  elimina-
angles between hydrogen and leaving groups should be tion from the norbornyl compounds. If we examine a
very close to 0° and 120° for sy n  and a n t i  elimination, series of compounds 2-aryl-cyclopentyl tosylate, 2-
respectively. Torsional effects may prevent exact aryl-cyclobutyl tosylate, and ewlo-2-aryl-ewIo-nor-
eclipsing, but the deviation is expected to be small. bornyl tosylate in which the attainment of an a n t i-co-
We, therefore, felt that in isomer A we would have very planar transition state becomes progressively more
nearly the best possible model for a sy n  elimination, difficult, we find a steady increase in the p value for
and in isomer B a similarly good example of a nonco- a n t i  elimination, the values being 1.48, 2.18, and 2.56,
planar a n t i  elimination. By comparing isomer C and respectively. Presumably these results indicate that,
D where these angles are equally well determined, with as the a n t i  elimination deviates from exact coplanarity,
A and B we hoped to be able to separate various steric more carbanionic character is needed in the transition
factors from conformational effects. In this we were state to drive off the leaving group. However, the
only partly successiul. _ rate of a n t i  elimination is much less sensitive to devi-

The elimination rates from isomers A and B were ations from coplanarity than is the rate of sy n  elimi-
fully in accord with predictions made on the basis of the nation.
earlier hypotheses.6 In the first place the en d o -phenyl Our studies of the e n d o - s y n  and e n d o - a n t i  elimina-
exo-tosylate (A) undergoes a bimolecular sy n  elimina- tions (compounds C and D) were hampered by syn-
tion with i-butoxide-i-butyl alcohol 30 times more thetic difficulties, and by the much lower rates of elim-
rapidly than its isomer  ̂en d o -phenyl endo-tosylate (B) ination of the compounds, which allowed other reac-
undergoes a n t i  elimination under the same conditions. tions pathways to compete. Both sy n  and a n t i  rates
This is by far the largest s y n .a n t i  ratio observed in the dropped, probably reflecting the lesser accessibility of
/S-phenylethyl tosylate system, the corresponding ratio

(17) I t  sh o u ld  be reca lled  th a t  th e  c o rre sp o n d in g  ra t io  in  th e  c y c lo h e x y l 
(16) J . D .  R o b e rts  a n d  M .  C . Caserio, “ M o d e rn  O rg a n ic  C h e m is tr y / ’ sys te m  is  < 0 .0 0 0 1 , p re s u m a b ly  because a  b o a t fo rm  w o u ld  be re q u ire d  fo r  a 

W . A . B e n ja m in  In c .,  N e w  Y o rk ,  N .  Y . ,  1967, p  91. co p la n a r syn e lim in a t io n .6
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th e  en d o  h yd rogen , b u t th e  sy n  r a te  d rop p ed  m o re  th a n  bp 99-100° (0.45 mm), 78.3%  yield; 2-p-chlorophenylnorbornene,
th e  a n t i  ra te . N ev e rth e le ss , th e  s y n :a n t i  ra tio  (0 .6) bp 106-110° (0.9 mm), mp 5 5-57°, 73%  yield,
is larg er th a n  th a t  fo r a n y  to s y la te  sy s te m  so far in - 0 ™f/̂ - A ryl-cxo-2-norbornanols —2-Phenylbicyclo[2 .2 .l]hept- 

A ,* r n  v  • .. 2-ene, 27.0 g (0.159 mol), and sodium borohydride, 3 .2  g (0.085
v e s tig a te d  w ith  th e  excep tio n  of th e  ex o  eh m in atio n s mol), were dissolved in 150 ml of diglyme. To this solution of 13.0
in th is  sam e sy s te m . g (0.092 mol) of boron trifluoride etherate in 40 ml of diglyme

O rd in arily  it  is n o t possib le to  ob serve  sy n  elim in a- was added over a period of 1 hr. The solution was chilled in an
tions of to s v la te s  in  sodium  eth oxid e-eth an ol solu tion . ice bath and stirred for 2 additional hr. W ater (20 ml) was
S ince sy n  e lim in ation s are  E lc B - l ik e , th e ir  ra te s  a re  added cautiously, followed by 40 ml of 3 M  sodium hydroxide

i .  . , , ,, . ,  , and 40 ml of 30%  hydrogen peroxide solution. This mixture was
d ecreased  b th e  u se of a  w eak  b a se  like eth oxid e, an d  stirred for 1 hr and was then poured into ice-water. The organic
th e  p o lar m ed iu m  p ro m o te s  com p etin g  solvolysis re a c -  material was extracted with ether and the ether solution was
tion s. B e c a u s e  of th e  ra p id ity  of e x o - s y n  elim in ation , dried and distilled to yield 21.8 g of alcohol, bp 111-113° (0.7
h ow ever, w e w ere ab le to  ob serve  sy n  E 2  e lim in ation s m ,n-1’ 73%  y’eld. Nmr analysis indicated that the hydroxyl
in a c tiv a te d  arv l sv ste m s W e  h a v e  nnintod nro group was excluslvely in the exo position: emfo-3-p-methyl-m  a c t iv a te a  a ry i s j  stem s, w e  n a v e  p oin ted  o u t p re - phenyl-ea»-2-norbomanol, bp 130-133° (0.7  mm), mp 81 .5-82°,
viousiy  th e  possible m e ch an istic  significance of ¿-BuO  : 77%  yield; endo-3-m-chlorophenyl-exo-2-norbornanol, bp 153—
E tO ~  r a te  ra tio s . F o r  th is  syn  elim in ation  th is  ra tio  159° (0.9 mm), mp 75 .5 -76°, 66 % yield; mdo-3-p-chlorophenyl-
is 5C -100, w hile fo r th e  corresp on d in g  e x o - a n t i  elim - exo-2-norbornanol, bp 124-129° (0.5 mm), 55%  yield.
¿nation it  is on ly  5, an d  in  co p lan ar a n t i  elim in ation s 3-Phenyl-2-norbomanone --T o  dimethyl sulfoxide (100 ml, 
it can b e en nsiderahlv less th an  1 distilled from calcium hydride under aspirator pressure) in a dry
it  can  De con sid erab ly  less th a n  1 . _ flask was added 14 g of 100%  phosphoric acid and 31.2 g Of 3-

T h e  d a ta  g a th e re d  b y  L e B e l18 on th e  elim in ation  phenyl-2-norbornal in 100 ml of dry ether. When dicyclohexyl-
re a ctio n s  of 2 ,3 -d ih alo n o rb o rn en es show  q u a lita tiv e ly  carbodiimide (100 g, Aldrich Chemical Co.) in 50 ml of ether
th e  sam e d epen d ence of re la tiv e  r a te  on d ihed ral an gle was added> a precipitate began forming and the mixture became
an d  p ro to n  accessib ility . L e B e l con clu ded  th a t  th e  warm. After stirring 6 hr the solution was filtered to remove the

, .  , , i -n-, t» vi mi dicyclohexylurea. To the filtrate was added 25 g of oxalic acid
m ech anism s a re  co n ce rte d  an d  E lc B - l ik e . T h e  p re se n t jn 70 ml of methanol, and the mixture was again filtered. The
resu lts , b y  allow ing q u a n tita tiv e  com p arison s w ith  solution was washed with aqueous sodium bicarbonate and water,
O ther cy c lic  an d  n o n cy clic  /3-p h enylethyl s y s te m s, then dried. Solvent removal and vacuum distillation gave 25 g
stre n g th e n  an d  exten d  th ese  con clu sions. of the ketone (75% ): nmr20 s 1 .3 -1 .9  (m, 6 ), 2 .5 -2 .9  (2 m, 2),

3.32 (d, 1), 7.2 (s, 5). endo-3 H appears at 2.93 in epimerized 
ketone mixture.

Experimental Section Li the same manner the three phenyl-substituted ketones were
prepared: 3-(p-methylphenyl)-2-norbornanone, bp 120-130° 

Melting points and boiling points are uncorrected. Vapor (0.4 mm); nmr 8 1.1-2 .0  (m, 6 ), 2.23 (s, 3), 2 .4 -2 .8  (m, 2), 2.88
phase chromatographic analyses were performed on an Aerograph (d, 0 .4 ), 3.25 (d, 0 .6 ), 7 .0  (s, 4 ). The two fractional peaks rep-
200 or an F  & M 700 instrument. Nmr spectra were measured resent the endo and exo epimeric benzylic protons, respectively,
on a Varian A-60 or A 60A spectrometer; chemical shifts are 3-(p-Chlorophenyl)-2-norbornanone had mp 6 5-66°; nmr 8

reported in parts per million from internal standard tetramethyl- 1 .3-2 .2  (m, 6 ), 2 .6 -3 .0  (2 m, 2), 3.33 (d, 1), 7.2 (s, 4 ). 3-(m-
silane in 8 units. Spectra descriptions are as follows: peak mul- Chlorophenyl)-2-norbornanone had nmr 8 1 .0-2 .0  (m, 6 ), 2 .3 -3 .0
tiplicity— s (singlet), d (doublet), t  (triplet), q (quartet), m (m, 2), 3.25 (d, 1 ), 7.1 (m, 4). m<fo-3-Phenyl-mdo-2-norbornanol
(multiplet); peak areas— n (n protons). Ultraviolet spectra were was obtained from the ketone by lithium aluminum hydride re
measured on a Beckman model DK-2A or Coleman-Hitachi 124 duction in the manner previously described. Crystallization
spectrometer. Elemental analyses were performed by the Weiler from petroleum ether gave alcohol with mp 69-70° (lit.21 71°);
and Strauss Analytical Laboratory, Oxford, England, Dr. A. nmr 8 1 .2-2 .1  (m, 7), 2.4 (broad s, 2), 3 .0  (q, 1), 7.25 (s, 5 ).
Bernhardt of the Max-Planck-Institute, Miilheim, Germany, and ea»-3-Phenyl-mdo-2-norbomanol.— The mother liquor above
Huffmann Laboratories, Wheatridge, Colo. contained three isomeric alcohols by vpc analysis (Carbowax

Preparation and Purification of Materials. Preparation of 2- 20 M column at 210°) as well as some ketone and 2-phenyl-
Phenvlbicyclo[2.2.11heptyl Compounds. 2-Arylnorbornenes.—  norbornene. Dry column chromatography over alumina (Alcoa,
To an ether solution of phenyllithium prepared from 5.0 g type F-20) using petroleum ether with increasing amounts of
(0.721 g-atom) of lithium and 93.0 g (0.592 mol) of bromobenzene ether eluted the components in the following order: 2-phenyl-
was added an ether solution of 50.0 g (0.454 mol) of 2-norbor- norbornene, 3-phenyl-2-norbornenone, di-mdo- and di-exo-3-
nanone (Aldrich Chemical Co.) at a rate sufficient to maintain phenyl-2-norbornanol, and exo-3-phenyl-eredo-2-norbornanol.
gentle reflux. The solution was allowed to stir for 2 hr and water The two cis isomers could not be separated. The last isomer was
was added slowly to remove excess phenyllithium and hydrolyze converted into its tosylate without further purification or
the salts. The aqueous phase was separated and extracted analysis.
three times with portions of fresh ether. The combined ether endo-3-(p-Methylphenyl)-CTnfo-2-norbornanol was ^obtained
solutions were dried over MgSO, and most of the ether was from the ketone as described above: mp 109-109.5 ; nmr 8
removed by atmospheric distillation. Approximately 0.1 g of 0 .9 -1 .9  (m, 7), 1 .9 -2 .2  (2 m, 2), 2.24 (s, 3), 2.84 (2 d, 1),
p-toluenesulfonic acid was added and the contents of the flask 4.06 (2 d, 1), 7.0 (s, 4).
were heated vigorously to promote dehydration. The water endo-3-(p-Chlorophenyl)-en<fo-2-norbornanol and cndo-?>-(m-
formed in the dehydration was removed by azeotropic distillation chlorophenyl)-endo-2-norbornanol were obtained from their
with benzene and the residue was distilled to yield 56.4 g (0.331 corresponding ketones as described above. One major product
mol) of olefin, bp 79-81° (0.7  mm), lit.19 bp 124-128° (17 mm) was obtained in each case, indicating that the ketones were only
73%  yield. Vpc analysis showed the olefin to be about 98%  slightly epimerized: nmr of p-chloro alcohol, 8 1 .2-2.0 (m, 7),
pure, the remainder being a peak of shorter retention time, pre- 2.4 (broad s, 2), 3.0 (2 d, 1), 4.25 (2 d, 1), 7.2 (s, 4 ), nmr of
sumably phenylnortricyclene. m-chloro alcoho., 8 0 .9 -1 .8 (m, 7), 2.3 (broad s, 1), 2.84 (broad

The p-methylphenyl compound was made by the same pro- s, 1.5), 3 .0  (d, 0 .5 ), 4 .3  (2 d, 1), 7 .2  (m, 4). 
cedure using p-bromo toluene. The wi-chlorophenyl and p- Tosylates. The tosylate esters of the arylnorbornanols were
chlorophenyl compounds were made by the same procedure prepared by the method of Tipson.22 Nmr data below include
using Grignard reagents: 2-p-methylphenylnorbornene, bp only the chemical shifts and multiplicity of the 3 -and 2-hydrogens,
89-9C° (0.3 mm), 73.4%  yield; 2-m-chlorophenylnorbornene, respectively.

mdo-3-(X-Phenyl)-exo-2-iiorbomanol Tosylates.— The com- 
pound with X  =  H had mp 86-86.5° (reported 94 -9 5 ° ) ,13 nmr 8

(18) N .  A . Le B e l, P . D .  B e irn e , E . R . K a rg e r, J . C . Pow ers, a n d  P . M .  -»■------------------------
S u b ra m a n ia n , J. Amer. Chem. Soc., 85, 3199 (1963); N .  A . L e B e l, P . D .  (20) C . J . C o llin s , Z . K .  Cheem a, R . G . W e r th , a nd  B . M . B e n ja m in ,
B e irne , a nd  P . M . S u b ra m a n ia n , ibid., 86, 4144 (1964). J . Amer. Chem. Soc., 86, 4913 (1964).

(19) D .  C . K le in fe lte r  and P . v o n  R . Sch leyer, J. Org. Chem., 26, 3740 (21) B . M .  B e n ja m in  a nd  C . J . C o llin s , ibid., 88, 1556 (1966).
(1961). (22) R . S. T ip s o n , J. Org. Chem., 9 , 235 (1944).
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3.02 (t), 4 .6  (broad d). A nal. Calcd for C20H22O3S: C, 70.15; the measured extinction coefficients: 2-phenylnorbornene, e
H, 6.48. Found: C, 70.11; H, 6.64. 14,800 at Xma!1 262.5 mM (lit.19 e 10,715 at Amai 262.5); 2-p-

The compound with X  =  p-CH3 had mp 86.5-87 .5°, nmr S 3.05 methylphenylnorbornene, c 15,600 at Xmax 264.5 mu (lit.19 e
(t), 4 .6  (d). A nal. Calcd for C21H24O3S: C, 70.75; H, 6.79. 12,023 at 264.0); 2-p-cblorophenylnorbornene, e 18,800 at Xmax
Found: C, 70.39; H , 6.08. 267.5 m/j (lit.19 e 15,490 at 267.0); 2-m-chlorophenylnorbornene,

The compound with X  =  p-Cl had mp 108.5-109°, nmr S t 14,100 at Amax 265.0 my.
2.94 (t), 4.43 (d). A nal. Calcd for C20H21O3SCI: C, 63.72;
H, 5.62. Found: C, 63.94; H, 5.50.

The compound with X  =  m-Cl had mp 87 .5-88 .5°, nmr 5 3.00 Registry No.'— A (Z =  H ) , 23430-74-2; A (Z =  p -  
(t), 4 .5  (broad s). A nal. Calcd for C2oH 210 3SC1: C, 63.72; C H 3), 23430-75-3; A (Z =  p-Cl, 23430-76-4; A (Z =
H, 5.62 Found: C 63.44; H, 5.81 m -C l), 23430-77-5; B  (Z =  H ), 10472-58-9; B  (Z =  p -

mdo-3-(X-Phenyl)-mdo-2-norbomanol Tosylates.— The com- o w n  7Q 7- Tt ( 7  -  P I oqaqo on n- V. ( 7  -
pound with X  =  H had mp 113-114° (reported 111-112°),13 ¿O V A l-C d-t, B  {¿j — p -L l , 2d4dU-8U-U, t i  (¿1 —
nmr s 3.12 (2 d), 5.1 (2 d). A nal. Calcd for CMH220 3S: C, m-Cl), 23430-81-1; C, 23430-82-2; D, 10472-63-6;
70 .16 ; H, 6 .48. Found: C, 70.29; H, 6.65. 2-p-methylphenylnorbornene, 23430-54-8; 2-m-chloro-
„ c,°mP X ,= o9- 1n ' i 0 ’̂ mTT! phenylnorbornene, 23465-01-2; 2-p-chlorophenylnor-
3.03 (2 d), 5.0 (2 d). A nal. Calcd for C2iH2403S: C, 70.77; H , , oo^oo cn n j  o ii i t .  t o
6  79 Found- C 71 13- H 7 00 bornene, 23430-55-9; e?iao-3-p-methylphenyl-ea:o-2-

The compound with X  = p-Cl had mp 123°, nmr 5 3.18 (2 d), norbornanol, 23430-84-4; encfc-3-m-chlorophenyl-ea;o-
5.02 (2 d). A nal. Calcd for C2oH2i0 3SCl: C, 63.7; H, 5.62. 2-norbornanol, 23430-85-5; enrio-3-p-chlorophenyl-
Found: C, 63.6; H, 5.68. e:ro-2-norbornanol, 23430-86-6; 3-(p-methylphenyl)-2-
,0^ e w l t  ̂?■ = ha(̂ ™p bnr̂ n 7 3 'i f  norbornanone, 23465-02-3; 3-(p-chlorophenyl)-2-nor-(2 d), 5.06 (2 d). Anal. Calcd for C20H2iO3SC1: C, 63.7; H, ’ „  „  ’ , , . „ ,
5 .62; S, 8.50. Found: C, 63.6; H, 5 .60; S, 8.40. bornanone, 23430-56-0; 3-(m-chlorophenyl)-2-norborn-

exo-3-(X-Phenyl)-endo-2-norbomanol Tosylate.— The com- anone, 23430-57-1; e?ido-(3-p-methylphenyl)-e?Mio-2-
pound with X  =  H had mp 99-100° (reported 9 6 -9 7 °),13 nmr 5 norbornanol, 23430-87-7.
2.52 [q(?)l, 4.82 (t). A nal. Calcd for C2oH220 3S: C, 70.16;
H, 6.48. Found: C, 69.6; H, 6.23.

ezo-3-Phenyl-ea;o-2-norbomyl tosylate was prepared from the Acknowledgments.— The authors thank Professor
° '  »• 0  B e t t e r  io , generously supplying ^ im p o rta n t

Kinetic Procedures.—Kinetic analyses were performed as compound and Professor N . A. LeBel for helpful dlS- 
described previously.1 Olefin product yields were calculated from cussions.
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Early and sparse accounts of the type II process in simple aliphatic carboxylic acids and amides have been 
scrutinized experimentally and conceptually. Little of a photochemical nature is known about these important 
classes of compounds, owing primarily to experimental problems. We have found the early work on these sys
tems to be incomplete and possibly misleading, and thus present the results of our own study of products, quan
tum yields, and spectroscopy of the above compounds. The type II  process does take place, from a high-lying 
probably n ,r*  state, in butyric and valeric acid. In the case of the amides, in contrast to a previous report, ir
radiation at 254 nm causes virtually no reaction of unsubstituted propionamide, butyramide, and valeramide.
However, the N,N-dimethyl derivatives do decompose, via the type I process, relatively efficiently via an unspeci
fied electronic state.

The type II  photochemical elimination reaction has and butylene for the C5 and C6 amides, respectively,
often been demonstrated to occur readily during the Despite the fact that more “ethylene” was obtained
photolysis of such carbonyl compounds as aldehydes, from propionamide than from butyramide and that
ketones, keto acids, and certain esters; however, evi- none of the unsaturated gases was identified, the
dence for this reaction occurring with aliphatic carbox- authors suggested that evidence for type II  elimination
ylic acids and amides is less conclusive. Indeed, very existed. On the other hand Volman3 found no photo
little about the latter processes is known, owing both to decomposition of aliphatic amides in water at 25°.
experimental difficulty and poor understanding of the At 92° he found that the quantum yields for the forma
relevant spectroscopic states. tion of ammonia from acetamide, propionamide, and

Booth and Norrish2 examined the gaseous products butyramide were 0.16, 0.023, and 0.029, respectively,
from the photolysis of the aliphatic amides propion- He examined only the gaseous products of the photo
amide (C3), butyramide (C4), valeramide (C 5), and degradation, but records no evidence for the formation
hexanomide (C6) dissolved in dioxane or hexane. of ethylene from any of the amides.
They obtained some unsaturated hydrocarbon gas, The gaseous products from the photolysis of butyric 
which was established as ethylene (insoluble in con- acid dissolved in isooctane or water were determined by
centrated sulfuric acid but soluble in fuming sulfuric Borrell and Norrish . 4 They found that ethylene was a
acid) for the C3 and C4 amides, and inferred as propylene

(3) D .  H . V o lm a n , J. Amer. Chem. Soc., 63, 2000 (1941).
(1) A lf re d  P . S lo a n  F e llo w , 1967-1970. (4) P . B o rre ll a nd  R . G . W . N o rr is h , Proc. Roy. Soc., Ser. A, 262, 19
(2) G . H . B o o th  a n d  R . G . W .  N o rr is h , J. Chem. Soc., 188 (1952). (1961).
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major product from n-butyric acid but not from iso- Utilizing this method of actinometry, the quantum  
butyric acid, and that, whereas the production of other yields for the disappearance of acid (<f> loss) and forma-
gaseous products was temperature dependent, suggest- tion of acetic acid (<t> acid) in dioxane as solvent were
ing a radical mechanism (type I reaction), the amount determined; the values are given in Table I. The
of ethylene formed was independent of temperature.
B y analogy with similar results obtained with ketones T able I
and esters they concluded that the ethylene resulted P hotolysis of Acids in D ioxane Irradiated at 48°
from the type I I  elimination reaction. Their proposed with 2 5 3 .7  nm
reactions were C oncen-

A c id  tra tio n ,®  M  <S» loss6 $  a c id c

(type I )  C3H7 COOH — C3H7 CO• -f • OH Propionic 2 .8  0 .19  0 .0 0
Butyric 1 .75  0 .1 6  0 .05

hv Valeric 1 .7 5  0 .1 6  0 .0 8
(type II ) C3H7 COOH — *- C2H4 +  CH3COOH “ Concentration required to give an absorbance of 0.56 in 1-em

cell at 253.7 nm. b Quantum yield for acid loss. c Quantum 
In the above investigation no attem pt was made to yield for acetic acid formation, 
isolate and estimate the acetic acid, the other product
in the type I I  reaction. values for acetic acid formation include a small correc-

The purpose of the present investigation was to re- tion factor for the degradation of the acetic acid formed;
examine the photolysis of aliphatic acids and amides this was determined by irradiating a solution of pre
paying particular attention to the nongaseous products pionic acid (from which it had previously been shown no
formed. As a secondary (and unfulfilled) hope, some acetic acid formed) containing 5%  acetic acid. Very
understanding of the natures of the excited states was little acetic a,cid photolysis occurs since it has a much
also sought. lower extinction coefficient at 253.7 nm compared with

the other acids and having such a low concentration, it 
absorbs very little of the energy available. Similar re- 

Results and Discussion suits to those shown in Table I were obtained with ace-
Photolysis of Acids.— Irradiation a t 253.7 nm of tonitrile as solvent, but the quantum yields were less ac-

propionic, butyric, and valeric acids dissolved in curate owing to discoloration of the solvent after sev-
dioxane or acetonitrile produced significant loss of eral hours irradiation.
starting material. One of the major products, apart . e. ls°laflcn of acetic acid from butyric and valeric 
from gaseous products, from butyric and valeric acids acids is evidence that type II  elimination does take
was acetic acid; no trace of acetic acid was detected place during photolysis of these acids. The results of
in the product mixture from propionic acid. Borrell and A orrish,4 based only on evolved gases, have

Irradiation was carried out in a Rayonnet irradiator no'v been mU(jb more firmly substantiated. The higher
containing sixteen mercury resonance lamps. Ac- value of <f> acid for valeric acid compared with butyric
curate quantum yield determinations in this system acid 1S t °  be exPected since it has been shown6 that sec-
presents a number of difficulties: the large output of ondary hydrogens are more readily extracted from the
the lamps rapidly exhausts the conventional acti- 7  carbon than are primary hydrogens,
nometer solutions, no convenient filter systems are Excitation of Acids by Energy Transfer.' Since the 
available, and cylindrical sample tubes are employed. absorbance at 253.7 nm of aliphatic acids in solution is
Furthermore, irradiation at 253.7 nm is into the edges so (< 0 .3 ), the possibility of sensitizing the photoly-
of the absorption bands of the acids where the extinc- s*s b^ m tra- and mtermolecular energy transfer from
tion coefficients are quite small (< 0 .3 ), and, to use benzene, which absorbs relatively strongly at this
concentrations at which loss of starting material can be wavelength, was investigated. 4-Phenylbutync and
accurately determined, actinometer solutions with 5-phenylvaleric acids dissolved in cyclohexane were ir-
absorbances less than 1.0 are required. Some of these radiated and examined for the formation of acetic acid
difficulties have been overcome (a) by using as the styrene acetic acid, and allyl benzene, respectively,
actinometer chloracetic acid which has an absorption Loss of starting materia was also monitored. These
curve at 253.7 nm similar in shape to the substances materials showed small loss of starting material, but
under investigation, (b) by ensuring that the initial apparently intramolecular energy transfer failed (as also
absorbance a t 253.7 nm (as determined on a nonscanning indicated by emission measurements v id e  in fr a )  since
Carey 16 spectrophotometer) of all solutions, including ™  acetlc acld or othf  expected degradation products of
the actinometer solutions, were identical (0.56 for 1-cm tbe starting materials were detected. Cursory spectral
cells), (c) by restricting irradiation times to ensure no observation indicated that photolysis is restricted to the
more than 10%  loss of starting material, and (d) by ber'zerie rmh\ Intermolecular energy transfer was also
bringing the temperature of all solutions to that of the ineffective Irradiation of butyric and valeric acids in
irradiator (48°), which had been run for at least 1 hr to bcnzen)! sol^ n  yie,ded 110 loss of starting material,
reach a stable temperature. F or irradiations longer even after 24 hr of continuous irradiation. However,
than 2 hr it was found necessary to replace the acti- the benf ne solutions became quite yellow, as did the
nometer solutions every 2 hr. The value of 0.52 for the P^re solvent control sample, indicating considerable
quantum yield for chloride ion formation at 48° was photodegradation of benzene with formation of poly-
obtained from the work of Smith, Leighton, and Leigh- mabf f  b «m . these results it is apparent,

5 th erefo re , th a t  p h otolysis  oi c a rb o x y lic  acid s ca n n o t be
sensitized by energy transfer from the benzene ring.

(5) R . N .  S m ith , P . A . L e ig h to n , a n d  W . G . L e ig h to n , J. Amer. Chem.
Soc., 61, 2299 (1939). (6) P . J- W a g n e r and  G . S. H a m m o n d , ibid., 87, 4009 (1965).
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Apparently the triplet energy of the carboxyl group is pected if the type II elimination had occurred. To  
higher than that of benzene. eliminate the possibility that some N,N-dimethylacet-

Phosphorescence Spectra.’—An examination of the amide had been produced, but was itself immediately
phosphorescence spectra, at 77°K, of a series of phenyl photolvzed, equal amounts of N,N-dimethylacetamide
derivatives of acids dissolved in EPA gave spectra (equivalent to 5% conversion of the butyramide by the
which were simply those of perturbed benzene phos- type II process) were added to solutions, of equal ab-
phorescence, the perturbation decreasing as the carbon sorbance, of the N,N-dimethyl derivatives of propion-
chain length increased. Spectra very similar to that amide and butyramide. There was a just perceptible,
obtained from propyl benzene were recorded for 4- but equal, loss of the acetamide derivative in each case,
phenylbutyric and 5-phenylvaleric acids. indicating that no N,N-dimethylacetamide had been

O ther Products.-—It was noted that irrespective of produced from the butyramide by the type II elim-
the reagent being photolyzed in spectroquality cyclo- ination reaction.
hexane, the same major product was isolated by The absence of evidence for type II elimination
vapor phase chromatography after photolysis for 15-24 indicates that the photolysis of N,N-dimethylamides
hr periods; this product was ultimately identified as proceeds by a type I reaction with breakdown of the
bicyclohexyl. Subsequently, it was found that ir- C-N bond as follows 
radiation of the pure Spectrograde solvent also pro
duced bicyclohexyl but in small yields compared with ^
that obtained with the more highly absorbing solutions. RCON(CH3)2 > R  -  CO +  -N(CH3)2
This product is undoubtedly formed by the extraction R- + CO
of hydrogen from the cyclohexane.

In most of these investigations using prolonged irra- with the alkyl and dimethylamine radicals interacting
diation with a bank of 253.7-nm lamps, the stability of in a variety of ways. The complexity of the photolysis
the solvents has presented difficulties. Degradation procuct mixture indicated that some of the likely pho-
products from the solvents have altered the absorbance tolysis products such as tetramethyl hydrazine and di-
of the solutions and have complicated the vapor phase methyl propylamine (which we detected in the pho-
chromatographic analyses of the photolysis products. tolysis of N,N-dimethylbutyramide) underwent subse-
Of the solvents used, benzene degrades quite rapidly, quent photolysis. Reasons for the greater stability to
acetonitrile and cyclohexane to a limited extent, photochemical degradation of the unsubstituted amides
whereas dioxane appeared relatively stable. relative to the N,N-dimethyl derivatives are not ap-

Photolysis of Amides.-—Even after prolonged ir- parent at present,
radiation (in excess of 24 hr) at 253.7 mn, no loss of It is surprising to find that whereas aliphatic acids
amide nor the presence of any photochemical degrada- undergo type II photochemical elimination, the cor-
tion product could be detected in solutions of acet- responding amides or N,N-disubstituted amides do not.
amide, propionamide, butyramide, and valeramide dis- One possible explanation may be that amide absorption
solved in dioxane or acetonitrile. This result is in is due to a “charge-transfer” transition, as proposed by
conflict with the report of Norrish2 in the days prior Neilsen and Schellman,7 whereas acids have no such
gas chromatography. It is apparent, therefore, that transition (leading to a corresponding excited state) but
these amides are quite resistant to photolysis at 48° rather are excited n -*■ it*. However, much more in-
in these solvents, in accordance with Volman’s work3 formation than is presently available about the excited
which showed that amides were resistant to photolysis states of the carboxyl and amide groups will be required
in water at 25° but some photodecomposition occurred before a satisfactory explanation for this apparent
at temperatures in excess of 50°. anomaly can be reached.

When solutions of the N,N-dimethyl derivatives of 
acetamide, propionamide and butyramide were photo- Experimental Section
lyzed m cyclohexane (0.04-0.05 M) and dioxane (0.16-
0.20 M )  significant loss of amide was detected. The Chemicals.—All materials were commercially available. The
quantum  yields recorded are given in Table I I . acid!: N N-dimethylamides and chloracetic acid were purified

by distillation, the amides by recrystallization from acetone- 
hexane and the phenyl derivatives of the acids from hexane. The 
solvents, dioxane, acetonitrile, benzene, and cyclohexane, were 

T able II Matheson Coleman and Bell Spectrograde, used without further
P hotolysis of N ,N-D imethylamides I rradiated with purification.

253 7 nm at 48° Spectra.—Absorption spectra were recorded on a Perkin-Elmer
202 spectrophotometer. Absorbances at 253.7 nm were mea- 

' T  —*  loss, re a g e n t • sured on a Carey 1 6  spectrophotometer. Emission spectra were
taken with an Aminco-Bowman spectrofluorometer.

N,N-Dimethylacet amide 0 .1 2  0 .1 0  Irradiation.— Samples (5 ml) were degassed and sealed in 15-
N,N-Dimethylpropionamide 0 .1 6  0 .1 2  mm quartz tubes and supported on a revolving tube holder inside
N,N-Dimethylbutyramide- 0 .1 5  0 .1 2  a Rayonnet irradiator containing 16 253.7-nm Westinghouse

Sterilamp G 8T5 tubes.
Ac'inometry.—After the lamps had been running for 1 hr to 

. . . allow the irradiator to reach temperature equilibrium, the
Examination by gas chromatography of the solutions actinometer solution, 5 ml of 0.5 M  chloracetic acid (absorbance

after photolysis indicated a complex mixture of prod- 0.56 at 253.7 nm), in a 15-mm quartz tube was inserted, together
Ucts, all in very low concentrations. A careful ex- ^le preheated degassed samples, into the rotating tube
amination of the products from the photolysis of N,N- holder' For irradiations lon¡?er than 2 hr the actinometer tubes 
dimethylbutyramide revealed no trace of N,N-di- ---------------
methylacetamide, certainly one of the products ex- (7) e . b . N e ilsen  a nd  j . a . S ch e iim an , j .  Phy$. ckem., 7 1 , 3 9 1 4  (1967).
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were replaced each 2 hr. The chloride ion formed was estimated acetamide, 127-19-5; N,N-dimethylpropionamide 758- 
bV n ^ t o f ^ rf c T / i^ r erCUriCnitrate-81 ♦ . , , , 96-3; N,N-dimethyllbutyramide, 760-79-2.Analysis of Products.— All nongaseous products were detected j  j  >
by gas chromatography, using a y 4-in. column packed with 5%
FFAP on ChromosorbW, and compared with authentic samples. Acknowledgments.—The authors are indebted to

Registry No.— Propionic acid, 79-09-4 ; butyric M r- Bruce Ccchrane for technical assistance, and to
acid, 107-92-6; valeric acid, 109-52-4; N,N-dimethyl- the u - s - Army Research Office (Durham), the Na

tional Science Foundation, and the Petroluem Re-
(8) “ S ta n d a rd  M e th o d s  fo r  th e  E x a m in a tio n  o f W a te r  and  W a te rw a s te ,”  ___ , r  tp___j  c i t  * • r p i  • i  ci • j r

1 2 th  ed. A m e ric a n  P u b lic  H e a lth  A sso c ia tio n , N e w  Y o rk ,  N .  Y „  1965, p SearCh Fund ° f the American Chemical Society for 
87. financial assistance.
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Pyrolyses of 1-ethoxyvinyl 2-benzoylbenzoate (5), 1-ethoxyvinyl 6-methyl-2-benzoylbenzoate (6), 1-ethoxy- 
vinvl 3-methyl-2-benzoylbenzoate (7), and 1-ethoxyvinyl 3,6-dimethyl-2-ber_zoylbenzoate (8) have been studied.
Qualitative studies show that the methyl group in the 6 position facilitates the rearrangement to lactone ester 
whereas a methyl group in the 3 position hinders the rearrangement. An explanation for the facts is presented.

The idea th at bicyclic mechanisms might be involved arrangement of ethoxyvinyl 2-benzoylbenzoate (5), 
in organic reactions arose from the facts that the rate of ethoxyvinyl 6-methyl-2-benzoylbenzoate (6), and eth- 
alkaline hydrolysis of methyl 6-methyl-2-benzoyl- oxyvinyl 3,6-dimethyl-2-benzoylbenzoate (8) to the
benzoate (1) is greater than that of methyl 2-benzoyl- corresponding lactone esters 5Le , 6 l e , and 8 Le  have
benzoate2 (2) and the rate of acid-catalyzed esterifica
tion of 6-methyl-2-benzoylbenzoie acid (3) is greater
than th at of 2-benzoylbenzoic acid3 (4). These facts C "v i\  CHCHOOCCH 0
were explained by assuming th at attack  of the reagent HCHV P ^  V” 0  J ' \ 2/  ^ ^ = 0
in question took place mainly a t  the ketonic group — *■
rather than a t the carbonyl group of the carboxyl c<ft T O T  | O  |
function.

n ? Rl 5,R = R ,= H ‘5le

i  - °  J t S i S  £
« r W  8 ,R .R ,.C H ,

1 R CH R been determined qualitatively. As the rate of re-
2 R-H - R a r r a n g e m e n t  o: 6 was greater than that for 5, 7, and 8,
3, R = CH3- R, = H the steric assistance noted in alkaline hydrolysis2 and
4 r = H;R1 = h acidic esterification3 is also of importance in the intra

molecular [3.2.1 ]-bicyclic rearrangement. However,
B y synthesizing compounds which had functions a t the presence cf a methyl group in the 3 position in

Ri which could lead to intramolecular cyclization, compounds 7 and 8 retards the bicyclic path strongly,
reactions were found to occur on pyrolysis in which J n the case of 7 rearrangement to 7Le  did not occur,
groups ended up preferentially on the ketonic carbonyl Instead, a t the temperature of 200-220° needed for
carbon rather than the carboxylic carbon. The pyrolysis, only the normal-pseudo anhydride of 3-meth-
mechanisms by which these reactions occur have been yl-2-benzoylbenzoic acid was formed. Since pyrolysis
termed bicyclic mechanisms.4 of 8 gives mainly 8 l e > another example of the favorable

In previous work, no study of steric effects on the rate effect of a methyl group in the 6 position is provided as
of reactions proceeding by bicyclic mechanisms was it overcomes the unfavorable effect of the methyl group
made. In this paper the relative rate of thermal re- at the 3 position.

(1) T h is  research was su p p o rte d  in  p a r t  b y  G ra n t 5552 o f T h e  N a t io n a l T h e  f a v o r a b l e  e f f e c t  o f  t h e  6 - m e t h y l  g r o u p  i n  t h e

Science F o u n d a tio n  a n d  b y  G ra n t  D A -A R O -D -3 i- i2 4 -G 8 4 6  fro m  th e  u. s. r e a r r a n g e m e n t s  o f  6 a n d  8 r e l a t i v e  t o  5 a n d  7, r e s p e c -

A r m y  Research O ffice, D u rh a m , n . c .  t i v e l y ,  i s  p r o b a b l y  d u e  t o  t w o  f a c t o r s :  ( a )  t h e  s t e r i c
(2) M . S. N e w m a n  a n d  S. H is h id a , J. Amer. Chem. Soc., 84, 3582 (1962). . ,  ,  • ,  , , i  1 1
(3) M . S. N e w m a n  a nd  C . C o u rd u v e lis , J .  Org. Chem.. SO, 1795 (1965). e f f e c t  o f  t h e  6 - m e t h y l  g r o u p  w h i c h  k e e p s  t h e  C a r b o x y l
(4) A b ic y c lic  m echanism  is defined  as an  in tra m o le c u la r  c y c lic  m echan ism  function from COplanarity with the ring (raising the

in  w h ich  th e  a to m s  in v o lv e d  in  change of b o n d in g  are  n o t in  a co n tin u o u s  e n e r a ; v  0f the ground state for the rearrangement) and
cha in . I n  c y c lic  m echanism s th e  a to m s  in v o lv e d  fo rm  a c o n tin u o u s  c h a in . 0  . .  i  a / i  • a U
F o r  exam ples o f [3 .2 .1 ]-, [3 .3 .1 ]-, and  [4 .2 . 2  ]-b ic y c lic  m echanism s, s e e th e  (b) tll6 relief of Strain in the prOQUCt (lowering the
fo llo w in g  a rtic le s  and  references th e re in : (a) M . S. N e w m a n  a n d  C . C o u r-  energy of the transition State). The adverse effect of

(b)M S' N~ ' S Mladeno- the 3-methyl group probably acts mainly by increasing
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the energy of the transition state due to conventional whereas the corresponding methylene hydrogens in 7 le  
steric hindrance to  addition to a carbonyl group. and 8 le appear as an AB quartet.

The requisite 2-benzoylbenzoic acids were prepared 
by known methods (see Experim ental Section). The Experimental Section9
mixture of 6-methyl-2-benzoylbenzoic acid (6a) and
3-methvl-2-benzoylbenzoic acid (7 A) obtained by the 3-Carbethoxymethyl-3-phenylphthalide (5LE).— Pure 1-

Friedel-Crafts condensation of 3-methylphthaIic anhy-
dride with benzene was separated in part into the two tained in 92% yield. On pyrolysis at 200° for 30 min 5le was
pure acids by fractional recrystallization. B y  heating produced exclusively. Crystallization from benzene-hexane
a mixture of 6A and 7A in 100%  sulfuric acid solution at yielded colorless crystals, mp 95-96°, in over 90% yield.
70° the mixture was converted in high yield to almost 0 r- allowing a solution of 2.0 g of S in 50 ml of methylene chlo- 

6 ride containing a few drops of boron trmuonde etherate to stand
pule oA. for 12 hr at room temperature pure 5le was produced in 85%

The ethoxyvm yl esters, 5 -8 , prepared as described,48’7 yield.10
were heated neat in carefully cleaned flasks to give the l-Ethoxyvinyl 6-Methyl-2-benzoylbenzoate (6).— The prepara- 
results listed in Table I .  Previously, thermal re- tions of the ethoxyvinyl esters were carried out as described.4“
arrangement of the mixed anhydride of methyl carbonic Using 6-methyl-2-benzoylbe_nzoic acid0 yields of 61-81% pure

and o-benzoylbenzoic acids was shown to occur uni- 0 C E 2CH3), 7.47 (s, 3 H, ArCH3), 6 .55 -6 .00  (m, 4 H , OCH2CH 3,
molecularly.8 We assume that the analogous thermal O C = C H 2 the dd of O C = C H 2 is not distinguishable from the
rearrangement of the ethoxyvinyl esters is also uni- quartet of OCH2CH3), 2 .85-2 .12  (m, 8 H , ArH ).
molecular. A n al. Calcd for CisHisO,: C, 73 .5 ; H , 5 .9 . Found: C,

73.2 : H , 5 .7.
3-Carbethoxymethyl-7-methyl-3-phenylphthalide (6l e ).— On 

T able  I pyrolysis of 1.0 g of 6 at 160° for 1 hr and trituration of the cooled
P yro lyses of E thoxyvinyl E ster s  mixture with ether, there was obtained 0.15 g of a solid, mp

T e m p  L a c to n e -  184-186°, and an oily remainder. Recrystallization from ben-
C o m p d  °c° ester1 A n h y d r id e ' zene-ligroin yielded the pure II,./'-anhydride: mp 186-187°;

nmr 7.63 (s, 3 H, ArCH3), 7.46 (s, 3 H , ArCH3), 2 .8 8 -2 .28  (m, 
/  5 16 H , A rH ). The different methyl signals rule out n,n- and

O 0^c^OC=CH2 //,//-anhydrides.
e I , on on M A n al. Calcd for C30H22O6: C , 77 .7 ; H, 4 .8 . Found: C,
5 W J L  180 > 90  None 77.7, 77 .9 ; H , 4 .8 ,5 .1 .

K J J  Bulb-to-bulb distillation of the oil [air bath at 170-175° (0.002
mmd yielded 0.8 g (80% ) of an oil. Redistillation with little loss 

/  2lis afforded oily 6 le : nmr 9.01 (t, 3 H, /  =  7.5 Hz, OCH2CH 3),
0% ^ O C = C H 2 7.30 (s, 3 H , ArCH3), 6.60 (s, H , CH2CO), 6.10 (q, 2 H , J  =

II I „„ 7.5 Hz, OCH2CH3), 2 .90-2 .33  (m, 8 H, ArH ).
6 150 80 10 ArlaL  Calcd for CuH 180 4: C, 73 .5 ; H, 5 .9 . Found: C,

K J  73.5 ; H , 6 .2 .
Alkaline hydrolysis yielded 3-carboxymethyl-7-methyl-3-phen- 

ylphthalide: mp 169-170°; nmr (acetone-de), 7.31 (s, 3 H, 
O„c^ 0C=CH2 ArCHs), 6.40 (s, 2 H, CH2CO), 2 .68 -2 .32  (m, 8 H , A rH ), 2.30

II | (s, 1 H disappears on adding D20 ,  COOH), in high yield.
7 C‘HsC' y ^ 5> i 200,i > 90  A n al. Calcd for CnHuOu C , 72 .3 ; H , 5 .0 . Found: C,

J O  72.1; H, 4.8.
l-3thoxyvinyl 3-Methyl-2-benzoylbenzoate (7).— By treatment 

OQjHj of 4 .8  g of 3-methyl-2-benzoylbenzoic acid5 with ethoxyacetylene4“
/_  there was obtained 5.9 g (95% ) of colorless 7, mp 98 -1 0 1 °.

0 N ^ - C I L  Recrystallization from benzene-hexane with little loss yielded
8 c0hA  J l  XHj 200 85 8 e 7: ™p 101-102°; nmr 8.83 (t, 3 H , /  =  7.5 Hz, OCH2CH3),

" T T  7-89 (s> 3 H ’ ArCH3)> 6 -57- 6 -13 (m > 4 H > o c h 2c h 3, o c = c h 2,
the dd of O C = C H 2 is not distinguishable from the quartet of 
OCH2CH3), 3 .00-2 .18  (m, 8 H, ArH).

“ Temperature needed for 1 hr of pyrolysis to cause a minimum A n al. Calcd for Ci9H 180 4: C, 73.5; H , 5 .8 . Found: C,
of 95%  disappearance of starting vinyl ester. b Per cent isolated 73.7 ; H 5 .6 .
as lactone-ester. c Isolated yields of n,//-anhydrides.4“ d Pyroly- After treatment of 1.8 g of 7 in methylene chloride with boron
sis of 7 for 2 hr yielded only the n,//-anhydride. • The structure trifluoride ethereate as described above9 for 5, the methylene
of this anhydride is uncertain (see Experimental Section). chloride was removed on a rotary evaporator. By crystallization

of the residue from benzene-hexane there was isolated 0.6 g 
m, , „ _ , „  , _ , _  (45% ) of the n,/-anhydride, mp 165-168°. A recrystallized
The rearrangements of 5 and 7 to 5LE and 7LE was sample melted at 168_ 169o. nmr 8.08 (s> 3 H , ArCH3), 7.92 (s,

m ark ed ly  c a ta ly z e d  b y  b oron  fluoride e th e ra te . P re -  3 H : ArCHs), 2 .78-2 .28  (m, 16 H, A rH ). On alkaline hydrolysis
sumably these acid-catalyzed rearrangements also 3-methyl-2-benzoylbenzoic acid5 was obtained.
occur b y  a [3.3.1 ]-bicyclic mechanism. Additional _A nal. Calcd for C3oH220 5: C, 77.7; H , 4 .8 . Found: C,

examples of boron fluoride catalyzed bicyclic rearrange- bulb-to-bulb distillation [bath temperature 165-170°
ments are to be presented m the near future. (0.031 mm)] there was obtained 0.43 g (24% ) of 7 as a pale yellow

Interestingly the a  hydrogens of the acetic ester oil: nmr 9.10 (t, 3 H, J  =  7.0 Hz, OCH2CH3), 7.83 (s, 3 H ,
grouping in 6 lE (and of the corresponding acetic acid

• \  ■ i  i i i  nr\ t  • i i (9- A l l  m e ltin g  p o in ts  a n d  b o il in g  p o in ts  a re  u n co rre c te d . A n a lyses  w ere
g r o u p i n g )  a p p e a r  a s  a  S i n g l e t  o n  t h e  6 0 - l M c  i n s t r u m e n t  done b y  G a lb ra ith  M ic ro a n a ly t ic a l L a b o ra to rie s , K n o x v ille ,  T e n n . A l l

flasks used fo r  p y ro ly s is  e xp e rim e n ts  were steam ed fo r  30 m in  a n d  d rie d
(5) M .  S. N e w m a n  a nd  C. D .  M c C le a ry , J. Amer. Chem. Soc., 63, 1542 be fo re  use. T h e  e th o xya ce ty le n e  used (F a rc h a n  L a b o ra to rie s , W illo u g h b y ,

(1941)- O h io ) was re d is tille d  a nd  sto re d  in  am poules in  th e  co ld  ch a m b e r o f a re-
(6) F o r  an  e x p la n a tio n , see M .  S. N e w m a n  a nd  K .  G . Ih rm a n , ibid., 80, fr ig e ra to r  u n t i l  used. W h e n  pu re , e th o xya ce ty le n e  can be s to re d  th u s  fo r

3652 (1958). lo n g  periods. N m r  spectra  were ta k e n  in  C D C1* a nd  are  expressed in  r
(7) H .  H .  W asserm a n and  P . S. W h a r to n , ibid., 82, 661 (1960). re la t iv e  to  (C H j)< S i, 10.0.
(8) M .  S. N e w m a n  a n d  L . K .  L a la , J. Org. Chem., 32, 3225 (1967). (10) D .  C ohen a nd  G . E . P a tte n d e n , J. Chem. Soc. C, 2314 (1967).
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ArCHj), 6 .40-5 .92  (m, 4 H , CH2CO, OCH3CH3, thedd of CH2C 0  products (0.05 mm) yielded a liquid which was redistilled to 
is not distinguishable from the quartet of OCH2CH3), 2 .78-2 .10  yield 4.1 g (85% ) of 8LE as a pale yeUow oil which distilled (two-
(m, 8 H, ArH ). bulb system) with the heating bath at 185-190° (0.0014 mm)-

A nal. Calcd for C,9H,80 4: C, 73.5; H, 5 .8 . Found: C, nmr 9.05 (t, 3 H, J  =  7.0 Hz, OCH2CH3), 7.88, 7.30 (each s
73.9; H, .5.9. 3 H , ArCH3), 6.38 (dd, 2 H, /  =  14.8 Hz, CH2CO), 6.11 (q̂

On pyrolysis of 0.80 g of 7 at 200° for 2 hr there was obtained 2 H, /  =  7.0 Hz, OCH2CH3), 2.70 (each s, 7 H, ArH).
0.6 g (97% ) of n,^-anhydride, mp and mmp (with above an- A n al. Calcd for C20H20O4: C, 74.1; H, 6 .2 . Found- C
hydride) 168-169°. 7 3 .9 ; H, 6 .3.

1-Ethcxyvinyl 3,6-Dimethyl-2-benzoylbei.zoate (8).— Treat- 3-Carboxymethyl-4,7-dimethyl-3-phenylphthalide.—On hy-
ment of 3,6-dimethyl-2-benzoylbenzoic acid11 as described4“ drolysis with barium hydroxide, 2 .0  g of 8LE yielded 1.4 g (89% )
yielded 8, mp 73-75° in almost quantitative yield. Recrystal- of colorless needles (from chloroform-benzene) of acid: mp
lization from ether-petroleum ether (bp 30 -6 0 °) gave with little 155 .0-155 .5°; nmr (acetone-d,), 7 .84, 7.31 (each s, 3 H each,
loss colorless 8: mp 7 4 .5 -7 5 .5 ° ; nmr 8.77 (t, 3 H, J  =  7.5 Hz, ArCH3), 6.24 (dd, J  =  15.0 Hz, CH2CO), 2.63 (s, 1 H, disappears
OCH2CH3), 7.89, 7.49 (each s, 3 H, ArCH3), 6.53 (dd, 2 H, on addition of D20 ,  COOH), 2.58 (s, 7 H, ArH).
J  =  0.5 Hz, -CH2), 6.30 (q, 2 H, J  =  7.5 Hz, OCH2CH3), A n al. Calcd ror C i3H i30 4: C, 73.0; H, 5 .4 . Found: C
2.88-2 .10  (m, 7 H , ArH ). 73 .0 ; H, 5 .5 .

A n al. Calcd for C2oH200 4: C , 74.1; H, 6.2. Found: C, Pyrolysis Experiments, Table I.— The esters 5-8 were heated 
73.9; H, 6.2 . in flasks which had been steamed out for 30 min and dried.

3-Carboethoxymethyl-4,7-dimethyl-3-phenylphthalide (8LE).— Disappearance of nmr bands in the r  6 .33-6 .48  region (ehar- 
Pyrolysis of 4.68 g of 8 at 220-230° for 1 hr yielded a mixture acteristic of the vinyl hydrogens) was taken as a measure of
which on trituration afforded 0.55 (8% ) of solid, mp 255-260°. completion of reaction.
After two recrystallizations from benzene-petroleum ether a
solid, mp 278-280°, was obtained with little loss. Because of R egistry  N o . - 5 ,  6158-56-1; 5 LE, 6158-57-2; 6,
limited solubility no nmr was run. We are uncertain of the struc- Ar. n ,  , , • , c,Annr>At a % -
ture of this anhydride. 24766-40-3 ; 6 anhydride, 24766-41-4 ; 6 LE, 24766-42-5 ;

A nal. Calcd for C32H260 5: C, 78.3; H , 5 .3 . Found: C, 7, 24766-43-6; 7 anhydride, 24766-44-7; 8 , 24766-45-8; 
78.6; H, 5.7. 8 l e , 24766-46-9; 3-carboxymethyl-7-methyl-3-phenyl-

Bulb-to-bulb distillation of the remainder of the pyrolysis phthalide, 24766-47-0; 3-carboxymethyl-4,7-dimethyl-
(11) M . S. N e w m a n  a nd  B . T .  L o rd  J. Amer. Chem. Soc. 66, 733 (1944). 3-phenylphthalide, 24766-48-1.
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Concurrent rearrangement of N-nitro-N-methylaniline and p-fluoro-N-nitro(15N)-N-methylamline yielded 
p-nitro-N-methylaniline containing a considerable excess of 15N. This indication of intermolecularity in the 
nitramine rearrangement was strengthened by the exclusion of other possible pathways for the formation of p- 
nitro(15N)-N-methylaniline. I t  was found that the yields of nitroanilines were reduced and the nitro-group ex
change was eliminated in the presence of reducing agents, suggesting that they intercept the species involved in 
the intermolecular process. These results are readily interpreted in terms of a previously proposed mechanism.

M ost mechanisms for the nitramine rearrangement an easily nitratable substance added to the reaction
are based upon the need to account for the intramolecu- medium. Thus, the acid-catalyzed rearrangement of
larity of the reaction. A varied series of studies 2,4,6-tribromc-N-nitroaniline in the presence of either
support the assumption of intramolecularity. Re- acetanilide or 2,4-dichloroaniline failed to produce
arrangement of N-nitroaniline in 85%  sulfuric acid at nitroacetanilide or 2,4-dichloro-6-nitroaniline.6 Sim-
10° yielded only 0 - and p-nitroanilines while nitration ilarly, it was found that when N,4-dinitro-N-methyl-
of aniline under similar conditions gave chiefly the aniline was converted to 2,4-dinitro-N-methylaniline in
m eta  and -para  isomers.4 5 If the nitramine dissociated the presence of xylene or phenol, no nitroxylenes or
into aniline and nitronium ion during the rearrange- nitrophenols were formed and no p-nitro-N-methyl-
ment, then the product should have been identical to aniline (from loss of a nitro group) could be detected,
that from direct nitration. Thus, no substance that could nitrate acetanilide,

A number of investigators have shown that a nitro 2,4-dichloroaniline, p-xylene, or phenol existed during
group is not transferred from rearranging nitramine to these rearrangements. However, the behavior of

N , 2 , 4 - t r i n i t r o - N - m e t h y l a n i l i n e 6 i s  s o m e w h a t  p a r a -  

(1) P re v io u s  papers in  th is  series: (a) W . N . W h ite ,  D . L a zd in s , a n d  d o x i c a l .  I n  8 0 %  S u l f u r i c  a c i d ,  t h i s  C o m p o u n d  y i e l d e d  
H . S. W h ite , J .  Amer. Chem. Soc., 8 6 , 1517 (19 6 4 ); (b ) W . N .  W h ite ,  C . , _ j  q  a n j.„ •  •A „ r . ] \ t  r v io + h i r l c m iU n p
H a th a w a y , a n d  D . H u s to n , J. Org. Chem., 36, 737 (19 7 0 ); (c) W . N .  W h ite  e x p e c t e d  p r o d u c t ,  2 , 4 , 6 - t n m t r O - N - m e t h y l a  e ,

and j . r . K iin k ,  ibid., s s , 965 (1970); (d ) w .  n . w h i te ,  j . t . G o ld e n , a n d  b u t in o th e r acid  m ed ia, such  a s  d ilu te  h y d ro ch lo ric
d . Lazd ins, ibid., s s , 2048 (1970); (e) w .  n . w h i te  a n d  h . s. w h ite ,  ibid., a c i(j an(j a c e tic -s u lfu r ic  acid  m ix tu re s , th e  d e n itra tio n

3B’(2)8 p a r t  o f° th is  w o rk  has oeen re p o rte d  in  a p re lim in a ry  fo rm : W . N .  product, 2,4-dinitrO-N-methylaniline, W 8 6  obtained
w h ite ,  j . r . K i in k ,  d . La zd in s , c. H a th a w a y , j . t . G o lden , and  h , s. Furthermore, when the rearrangement was conducted
W h ite , j . Amer Chem. Soc.. 83 2 0 2 4  (1961). i n  sulfuric acid in the presence of p-xylene, 2-nitro-l,4-

(3) T h is  w o rk  was su p p o rte d  b y  G ra n ts  G -7345 a n d  G P -1970  fro m  th e  . AT , 1  i »i-
N a tio n a l Science F o u n d a tio n . xylene and 2,4-dinitro-N-methylaniline were isolated

(4) A . F . H o lle m a n , J . C . H a rto g s , a n d  T .  va n  de r L in d e n , Ber., 44, 704 
(1911).

(5) E . D . H ughes and G . T .  Jones, J . Chem. Soc., 2678 (1950). (6) K . J. P , O rto n , Chem. News, 106, 236 (1912),
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along with the usual rearrangement product. This can be interpreted on the basis of this mechanism,
evidence might suggest that rearrangement was Only ortho- and para-substituted products would be
occurring by dissociation of the substrate into nitro- formed since significant odd-electron density in the
nium ion and 2,4-dinitro-N-methylaniline followed by anilinium radical occurs only at these positions. Nitra-
reaction of these species to form the isomerization tion of easily nitratable foreign substances would not
product. Other easily nitratable substances could also be expected unless the caged radicals dissociate and a
then react with the nitronium ion. Weak acids would reducing agent is present to reduce nitrogen dioxide to
be of insufficient strength to affect the renitration. nitrcus acid. The latter may then cause nitration
However, this interpretation is apparently incorrect. through nitrosation or it may disproportionate to
I t  was found impossible to nitrate 2,4-dinitro-N- nitric acid. The perplexing results with N-2,4-tri-
methylaniline in 80% sulfuric acid, while p-xylene was nitre-N-methylaniline become understandable in terms
converted to 2,3-dinitro-l,4-xylene. In addition, al- of this mechanism. The rearrangement of this com-
though nitration of phenol in 80% sulfuric acid gave pound may be largely intermolecular. In the absence
nitrophenol, the latter product was not obtained when of a reducing agent the dissociated radicals recombine
the trinitro compound was rearranged in the same to form a rearrangement product. However, in the
medium in the presence of phenol even though 2,4- presence of a reductant the normal reaction is
dinitro-N-methylaniline, the denitration product, was diverted: denitration product and nitrous acid are
formed from the nitramine. formed from the nitramine. Phenol, if present, will be

Additional evidence supporting an intramolecular nitrosated and the resulting compound will be polym-
course for the rearrangement was obtained by rearrang- erized by the strong acid. Nitration of xylene may
ing N-nitroaniline7 and N-nitro-N-methyl-1-naphthyl- also occur through nitrosation. Product incorporation
amine8 in the presence of 16N-labeled nitric acid and of I5N from 15N-labeled nitrous or nitric acid in the
15N-labeled potasssium nitrite. In no case was an medium would not be expected since the oxidation
appreciable excess of 15N detected in the nitrated state of the nitrogen in the rearrangement intermediate
products indicating that the nitramine nitro group did is different.
not become equilibrated with the pool of nitric or These considerations make it seem likely that the 
nitrous acid in the medium. nitramine rearrangement may have an intermolecular

In spite of this overwhelming evidence for the component in those cases where dissociation of the
intramolecularity of the nitramine rearrangement, there caged radicals occurs at a rate similar to or faster than
are some bothersome unexplained discrepancies such as rebonding of the radicals in the cage to form the
the above-described reactions of N,2,4-trinitro-N- intermediates leading to nitrated products,
methylaniline. Recently reported studies of the effect If the aromatic nitramine rearrangement is, in part, 
of reducing agents on the rearrangement of N-nitro-N- intermolecular, then crossover of a nitro group from one
methylanilinele can be most reasonably interpreted on molecule to another should occur. An attempt to
the basis of the following mechanism (Chart I) which detect this exchange was made by concurrently re
involves an intermolecular pathway as a side reaction. arranging N-nitro-N-meth3daniline and p-fluoro-N-
All of the above quoted evidence for intramolecularity nitro(16N)-N-methylaniline.

Chakt j Results and Discussion
Me Rearrangement of a mixture of p-fluoro-N-nitro-

Me j (16N)-N-methylanilineandN-nitro-N-methylanilinedid,
I + HA A~ + Ph— N— N02 in fact, result in an excess of 16N  in a product from the

Ph N N02 | unlabeled nitramine (Table I). This indicates that
the nitro groups from the two nitramines became 

I mixed in solution and returned indiscriminately to the
two different aniline moieties. Thus, the nitramine 

T̂jTTT̂r + f  Me "I rearrangement is at least partially intermolecular.a iNfiMe |
■*—[  Ph— N t +  .NO,

no2 M " no2 I Table 1
H L H j  cage i®N Contents of R earrangement“ P roducts of

y/ ^  M ixed  N itramines

10< M  101 M
NHMe NHMe / ~ ~\ *0* V p-FCcHi- p-1 iOC i 1,- % UN in p-OiNCsHiNHMe

Me PhNMeNOi NMeNuOj6 OH Found Calcd
L J  .. J  I 5 .6 4  4 .41  0 .0 0  2 .9  3 .1

0 2N ^ ^  0,N/ P ' ^  Ph— N t +  N02 2 .4 8  4 .41  0 .0 0  4 .5  4 .2
H I 5 .15  4 .42  25.50 0 .4 C 0 .4 C

H “ HC104 =  0.511 M, NsiClOi =  0.500 M, H S 03NH2 =  0.05 M,
je- e- 40.0°. 6 13.6%  I5N. c Natural abundance of 15N is 0.4% .

PhNHMe NOV .__________ ' I  he per cent of 15N expected in the p-mtro-N-
(7) s. Brownstein, c. a. Bunton, and e . d. Hughes, j . chem . Sac., 4354 methylaniline may be calculated from the following

(1958); d. v. Banthorpe, e. d. Hughes, and d. l . h. Williams, M d., 5349 pieces of information: (1) the molarity of each nitra-
(8) D. V. Banthorpe, J. A. Thomas, and D. L. H. Williams, ibid., 6135 mille “  the mixtUre, (2) the per Cent of 15N in each Of

0965). these compounds, (3) the rearrangement rates of each
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nitramine, (4) the degree of intermolecularity in the arrangement conditions. Direct transfer of a nitro
reaction of each nitramine, and (5) the percentage of group from p-fluoro-N-nitro-N-methylaniline to N-
each nitrated product formed. The first of these methylaniline orN-nitro-N-methylaniline is excluded by
pieces of data was obtained during the preparation of the finding that nitro-group exchange was eliminated in
the solution. The second was available from the direct the concurrent rearrangements when a reducing agent
determination of the I6N contents of the nitramines. was added. The latter should not affect a direct
The rate of reaction of N-nitro-N-methylaniline under transfer process. Thus, the only course for crossover
the conditions of the concurrent rearrangement was of nitro groups is that implied in the mechanism in
1.5 X 10~3 sec-1 or almost identical with the rearrange- Chart I.
ment rate of p-fluoro-N-nitro-N-methylaniline (1.6 X The rearrangement of N-nitro-N-methylaniline and 
10 -3 sec-1) under similar circumstances (Table II). p-fluoro-N-nitro-N-methylaniline and probably other
To simplify the calculations these rates were assumed aromatic nitramines are, therefore, partially inter-
to be identical. molecular and partially intramolecular. Direct col-

Xable n  lapse of the caged radicals (formed by N-N bond
N itramine R earrangement» P roducts and R ates c le a v a g e  in th e  origin al n itram in e) is th e  so u rce  of th e

1Q) M in tra m o le cu la r com p on en t of th e  re a c tio n  w hile dis-
p-hocsH,- ioi kl ,— products—  ̂ so cia tio n  an d  la te r  re co m b in a tio n  of th ese  sam e rad icals

compound oh (sec-i) % 2 %4 resu lts  in  th e  in te rm o le cu la r p o rtio n  of th e  re a rra n g e -
PnNMeNOj 0 .0 0  1 .5  49 31 m en t.

2 .2 0  1 .5  42 19
p-FC6H4N M eN 02 0 .0 0  1 .6  78 ^  x , _  .

2 20 i 6 47 Experimental Section
” EC10< =  0.511 M, NaClOi =  0.500 M, HSO3NH2 =  0.05 M , p-Fluoro-N-nitro(I5N)-N-methylanilme.— A finely ground mix-

40 0. ture of 1.584 g of potassium nitrate-15N, 4.0 g of copper powder,
and 4.0 g of sodium hydroxide was placed in a test tube and

It was shown in previous workle that a fraction of the at 360 for 1 ilr ^hile tbe teft tube ^as .slo)vly. rotated.
■ , ■ . T i i i - , , ,  i • After cooling, tne contents of the tube were leached with about

n itra m in e  re a rra n g e m e n t could  be d iv erted  b y  red u cin g 10 mi of water. The solution was filtered through a sintered
agents and that this portion of the reaction corresponds glass disk. The filtrate was held at 0° while 25%  sulfuric acid
to an intermolecular component of the process: dis- solution (about 15 ml) was added to neutralize it. The neutral
sociated free radicals capable of reduction are formed. nitrite solution was poured over a frozen solution of 1.75 g of

„1___ i i , - i i  , , , r p-fluoroaniline in 12 ml of 15% sulfuric acid solution. The clear
T h u s, it  should be possible to  d eterm in e  th e  e x te n t of £olution> which resulted when the mixture was warmed to 0 °,
in te rm o le cu la rity  b y  finding th e  a m o u n t of re a rra n g e - was allowed to stand in an ice bath for 15 min. A solution of 32
m en" w hich  can  be d iv e rte d  in th e  p resen ce of a  red u cin g  g of potassium hydroxide and 96 g of potassium ferricyanide in
agent. Rearrangement of N-nitro-N-methylaniline 360 1111 of water was added, and the mixture was stirred for 24
and p-fluoro-N-nitro-N-methylaniline were carried out hr at r0°m) temf  (a,!,ure; J* Zas thf  fiu 6red “ id the/ ilt1rat!, , r , , , was washed with 100 mi of ether and subsequently neutralized
m the presence and absence of hydroqumone (a re- with acetic acid. The neutral solution was extracted with four
ductant). The results are listed in Table II and show 100-ml portions of ether. The combined ether extracts were
that 39% of the acid-catalyzed reaction of N-nitro-N- washed with 40 ml of water and then mixed with 20 ml of water
methylaniline is intermolecular and 53% of the reaction and evaporated at 40°. The resulting oily suspension of nitra
te  .a "\t • i "\t , ,  , • . , , mine in water was rendered homogeneous by addition of aof p-fluoro-N-mtro-N-methylandme is intermo ecular. solution of 40 g of potassium bicarbgonate in 140 ml of water.
r urthermore, 39% of all of the p-nitro-N-methylamhne Alkylation with methyl sulfate was carried out as described
formed must arise from an intermolecular pathway. previously.9 The product was crystallized from petroleum ether

The above information was used to obtain calculated (bP 3 0-60°) yielding 0.59 g of white crystals, mp 68-69° (lit.10
values in Table I. There is excellent agreement be- mP 6̂ ~ 6V  . ... ^ . A KO
tween the experimental and calculated data. Since the (lit.10 mp 3 8 .5 -3 9 .5 °), was available from previous investigations.9 
assumptions involved in making the computations are p-Fluoro-N-nitro-N-methylaniline.— This substance, mp 68 .6-
derived from the mechanism in Chart I, the close 69 .1°, was also available from earlier studies.10 
correspondence of these results indicates the essential Concurrent Rearrangement of N-Nitro-N-methylaniline and

correctness of this reaction scheme. It is apparent £ ropriate q u an t,itie s  0f the two nitramines in 10.0 ml of dioxane
from Table I that no crossover occurs in the presence of was quantitatively transferred to a thermostated (40.0 ± 0 .2 °)
hydroquinone. This is in accord with the proposed solution of 500 0 ml of 1.022 M perchloric acid, 61.28 g (0.500
mechanism since reducing agents destroy the dissociated m°l) °f sodium perchlorate, 5.0 g of sulfamic acid, and about 450
radicals and eliminate the intermolecular portion of the
rearrangement. was and kept at 40.0 ±  0.2° for 90 min. The solution

Other possible pathways for formation of labeled was allowed to cool and the pH was adjusted to about 8.5 with
p-nitro-N-methylaniline were excluded by experimental sodium hydroxide. The rearrangement product was then
investigation. Chromatography of the reaction product extracted with four 100-ml portions of ether, and the combined
- n -vr , ,  , , , ether solutions were evaporated. The residue was taken up m
from p-fluoro-lSi -mtro-N-methylamlme and spectra- 3 ml of carbon tetrachloride and chromatographed on a 26 x
photometric analysis of the eluate showed that less 170 mm column of activity grade II neutral alumina using 300 ml
than 0.16% p-nitro-N-methylaniline is formed from of 1 : 1  diethyl ether-petroleum ether (bp 3 0-60°) as developer,
the fluoro compound. This amount would increase the The ortho isomers moved down the column in a single band and
»N content of all of the p-nitro-N-methylamline formed
b y on ly  0 .1 % . I t  w as found th a t  n itro u s an d  n itric  The column was extruded and the zone containing the para
acids (’which might be formed from the labeled nitr- —------------  „ „ ,
amine) did not convert N-methylamlme or N-mtro-N- and D Lazdins 0 0rg Chim, 26i 4124 (1961). 
methylaniline into p-nitro-N-methylaniline under re- (io) e . Bamberger, Ber., 27, 379 (1894).
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isomer was cut out and extracted with 120 ml of ether. The procedure described above was utilized with p-fluoro-N-nitro-N-
residue obtained by evaporation of the ether solution was re- methylaniline alone being added to the reaction mixture. The
crystallized twice from petroleum ether (bp 3 0-60°) to give chromatographic eluate containing the ortho isomer was evapo-
yellow crystals, mp 148-14.9° (lit.10 mp 150-151°). The mixture rated, and the residue was diluted with 95%  ethanol to a con-
melting point of this substance with an equal quantity of au- centration convenient to measure. The column was extruded and
thentic p-nitro-N-methylaniline was 149-150°. The chromato- the central portion which should contain any p-nitro-N-methyl-
graphic behavior of the reaction product was also identical with aniline formed was cut out and extracted with ether. The residue
that of p-nitro-N-methylaniline. from evaporation of the ether solution was also dissolved in a

Determination of Nitrogen-15 Content.— Kjeldahl digestion of convenient amount of 95%  ethanol. The absorbances of these
the sample converted it into ammonia which was oxidized to two ethanol solutions at 370, 390, 410, and 430 mp. were de
nitrogen by hypobromite. The nitrogen was analyzed by mass termined. By comparing these with the absorbances of standard
spectrometry.11 In the Kjeldahl procedure, excess glucose was solutions of 2-nitro-4-fluoro-N-methylaniline and p-nitro-N-
added to the potassium sulfate-sulfuric acid digestion mixture, methylaniline in 95%  ethanol, it was possible to compute the yields
and it was cooled to 0° before addition of the sample to avoid of these two compounds from the rearrangement: 77.2 ±  0 .7%
the loss of nitrogen oxides. Titration of an aliquot of the distil- of the former and 0.16 ±  0 .10%  of the latter,
late indicated that conversion of organically bound nitrogen to A synthetic mixture containing 1.31%  p-nitro-N-methylaniline 
ammonia was complete in each case. Methylamine was shown and 98.69%  2-nitro-4-fluoro-N-methylaniline was subjected to
to be absent by gas chromatography. the same rearrangement conditions, separated chromato-

The ammonium ion in the distillate was converted into nitrogen graphically, and analyzed spectrophotometrically. The assay
by oxidation with sodium hypobromite which contained 0 .1%  indicated that the mixture consisted of 1.37 ±  0 .1%  p-nitro-N-
sodium iodide. The nitrogen was then analyzed by mass spec- methylaniline and 94.3 ±  0 .4%  of 2-nitro-4-fluoro-N-methyl-
trometry. aniline.

Spectrophotometric Analysis of the Rearrangement Products of Reaction of N-Methylaniline with Nitrous Acid and Nitric 
N-Nitro-N-methylaniline and p-Fluoro-N-nitro-N-methylaniline. Acid.— A 1.00-ml aliquot of 0.10 M  sodium nitrite solution was
— The previously described procedure18'" was utilized. However, added to a thermostated (40.0 ±  0 .2 °) solution of 25.0 ml of
the reaction mixtures were made up somewhat differently:25.0 1.022 M  perchloric acid, 3.061 g (0.025 mol) of sodium perchlo-
ml of 1.022 M  perchloric acid, 3.061 g (0.025 mol) of sodium rated, 2.00 ml of 0.025 M  N-methylaniline, and about 20 ml of
perchlorate, 0.25 g of sulfamic acid, and about 20 ml of water was water. Enough water at 40° was added to bring the volume to
thermostated at 40.0 0.2° before the addition of 2.0 ml of a 50.0 ml, and the mixture was shaken and then kept at 40.0 ±
dioxane solution of the sample and enough water to bring the 0 .2° for 90 min. The solution was cooled and a 5.0-ml aliquot
volume to 50.0 ml. The presence of sulfamic acid in the reaction was heated with 5.0 ml of 5%  ammonium sulfamate solution and
mixture obviated the necessity of heating aliquots of the latter then analyzed for o- and p-nitro-N-methylaniline as previously
with sulfamic acid solution before diluting with buffer. described.18 Not more than 0.21 ±  0 .11%  of the ortho isomer and

Kinetic Measurements.— Rate constants for rearrangement of 0.14 ±  0 .09%  of the p ara  isomer were detected, 
the two nitramines were determined spectrophotometrically.lb'° Substitution of 0.10 M  sodium nitrate solution for the sodium
The reaction mixtures were made up as described in the previous nitrite resulted in not more than 0.16 ±  0 .08%  of the ortho
paragraph. isomer and 0.08 ±  0 .10%  of the p ara  isomer.

Chromatographic Analysis of Rearrangement Product of
p-Fluoro-N-nitro-methylaniline.— The concurrent rearrangement R egistry  No.— p-Fluoro-N-nitro(15N)-N-methylani-

. line, 24454-09-9; N-nitro-N-methylaniline, 7119-
(11) D. R itte n b e rg  in  D. W. W ils o n , A. O. C . N ie r ,  a n d  S. P . R ie m a n n , 09  n . ^ AT *j. at ¿r i »v nrr* i

“ P re p a ra t io n  a n d  M e a s u re m e n t o f Is o to p ic  T ra c e rs ,”  J . W . E d w a rd s , A n n  p- U O  0 - i N l - n i t r O - J N l - r n . e t h y l a n i l i n e ,  655-56-1 j  p-
A rb o r ,  M ic h . ,  1 9 4 8 , p 3 i .  nitro-N-methylaniline, 100-15-2.
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Fluorenone-2,7-dicarboxylic acid (X II )  and fluorenone-2-carboxylic acid (X V I) and-4-carboxylic acid (X IX )  
have been nitrated to give 4,5-dinitrofluorenone-2,7-dicarboxylic acid (Va), 4,5,7-trinitrofluorenone-2-carboxylic 
acid (X V II), and 2,5,7-trinitrofluorenone-4-carboxylic acid (X X ), respectively. Reaction of these acids, or the 
corresponding methyl esters, with malononitrile in the presence of piperidine gave the 9-dicyanomethylene 
derivatives. These compounds, which represent a new class of functionalized electron acceptors, readily formed 
charge-transfer complexes with aromatic hydrocarbons and aromatic monoamines. With N ,N ,N ',N '-tetra- 
methyl-p-phenylenediamine, the radical anions and cations were formed exclusively. By use of simple molecular 
orbital theory, it was shown that these compounds have acceptor strengths similar to chloranil.

Charge-transfer complexes have been studied by donor polymer-acceptor monomer complexes.2 Inter-
many workers from various viewpoints. Their re- actions between polymers containing donor substit-
search has been described in several reviews.1 Until uents with polymers containing acceptor groups were
recently, this work was limited to the interactions of recently reported for the first time.3 The donor poly-
monomeric electron donors and electron acceptors. Be- mers were prepared from aryliminodiethanols and the
cause of active interest in preparing practical organic acceptor polymers from nitrated isophthalic and tereph-
semiconductors, these studies were extended to include thalic acids. We found, however, that, while the donors

( i )  (a) L .  J. A n d re w s  and  R . M .  K e e fe r, “ M o le c u la r  C om plexes in  (2) (a) W . S lough, Trans. Faraday Soc. 158, 2360 (1962); B r i t is h  P a te n t
O rg a m c C h e im s try , H o ld e n -D a y , In c .,  San F ra n c isco , C a lif. ,  1964. (b ) 1,009,331 (N o v  10, 1965). (b ) J. H . B u p in s k i and  K .  D .  K o p p le , Science,
E . M .  K o so w e r, Progr. Phys. Org. Chem., 8, 81 (1965). (c) F . E . G u tm a n n  146, 1038 (19 6 4 ); U . S. P a te n t 3,346,444 (O c t 10 1967)

“ d J J . f V L y 0 “ ; ‘ '0 rB an icS em iC O nduC t0 ra"  J o h n W ile y & S o n s ' I n c - ' N e w  <3> <a> T - Su lzberg  and R . J . C o tte r , Macromolecules, 1, 554 (1968).
Y o rk , N . Y „  1967. (b ) iM d __ 2 , 14g ( 1969)t (o) Chem Bng N m ^ 4g (5 4 )_ 2g (186g)
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were electron rich and readily formed strong charge mediate is presented in Scheme I. Several methods
transfer complexes, the acceptor polymers only formed were evaluated to diacetylate fluorene to X I . Adding
weak complexes. acetyl chloride to a solution of fluorene and aluminum

In order to prepare more powerful acceptor polymers, chloride in either carbon disulfide6 or in methylene
a species of much higher electron affinity than the chloride was one variation. The reverse method of
nitrated phthalic acids should be constructed. Fur- adding aluminum chloride to the other reactants was
ther, since one goal was the synthesis of tough, soluble, also tried. The purest product was obtained by adding
and well-defined polymers, research was concentrated a 1,2-dichlorethane solution of the acetic anhydride-
on condensation polymers.3 aluminum chloride complex to a solution of fluorene in

A functional group that has been studied extensively 1,2-dichloroethane.6 Subsequent heating and work-up 
to prepare acceptors of high electron affinity is the di- gave 60%  yields of pure X I .
cyanomethylene group.4 Some compounds, such as The use of sodium dichromate to oxidize X I  to X I I  
tetracyanoethylene (I ) ,4a tetracyanoquinodimethane was attempted but it gave poor yields (< 3 0 % ) because
(II ) ,43 2-dicyanomethylene 1,3-indanedione ( I I I ) ,4c of the difficulty in separating X I I  from the resulting
and 9-dicyanomethylene-2,4,7-trinitrofluorene (IV ),4d’e chromium salts.7 While sodium hypochlorite prepared
are readily prepared and have been characterized as in  s itu  gave < 2 0 %  yields of X I I ,  commercially avail
being excellent electron acceptors. Therefore, we chose able “Clorox” solutions gave 95%  yields.
IV as a model on which to base our synthetic studies of Conversion of X I I  to the diacid chloride (X III )  was 
new, functionalized electron acceptors. performed routinely using an excess of thionyl chloride

This paper reports the synthesis and study of a series and N,N-dimethylformamide as catalyst.7 While the 
of functionalized fluorene acceptors (V -IX ) for use in keto diester (X IV ) was prepared from either X I I  or 
the synthesis of condensation polymers. X I I I ,  reaction of X I I  with methanol and sulfuric acid

was preferred.7 The infrared spectra of compounds 
NC% ^CN NO _ / ==\ _  X I I -X I V  are discussed below.

; c = c \ ........................„ ; c n _ r c x ™  The nitration of X I I  to yield Va was accomplished
NC CN NC CN with a combination of fuming nitric acid and fuming

1 11 sulfuric acid. A similar procedure was used to convert
NC cn fluorenone to 2,4,5,7-tetranitrofluorenone.8 Since the

\  /  yields of Va were as high as 70% , alternate methods
0  9  were not tried. Esterification of acid Va to Vc was

cN N02 done routinely with methanol-sulfuric acid.
[ | | ) = C /  [  JJ____I ]  The conversion of the various substituted 9-fluo-

^CN renones (Va, Ve, X I I ,  and X IV ) to the corresponding 9-
0  N02 di cyanomethylene derivatives was carried out by two
ni IV procedures. First, the compounds were slurried in

j r  methanol and malononitrile, piperidine was added,
| and then the reaction mixture was heated under reflux.4a

/ \  Even though the reaction appears to occur hetero-
_ J  \ __ Ì  \ _ _ R geneously, the reactants and products must possess

1 \ = /  \ _____ /  1 slight solubility in methanol.
\ /  The second method for converting fluorenones to

^  their dicyanomethylene derivatives used dimethyl sulf-
V, X = 0; Ri = R4 = COY and R2 = R3 = N02 oxidefas the reaction medium. The starting materials

.CN were dissolved in this solvent and the solution was
VI, X = CŜ  ; R4 = R4 = COY and R2 = R3 = H heated to 1 2 0 -1 3 0 ° . Since the products were very

CN soluble in dimethyl sulfoxide, cooling in an ice bath was
.CN needed to precipitate them.

v n ,X  = Cv  ; R4 = R4 = COY and Rj = R:, = NO, Finally, V ila  was converted to V ile  with thionyl
CN chloride without the use of D M F. The latter com-

/C N  plexes with V ila  and V ile  and was difficult to remove.
VUI, X = Cx  ; Rj = COY and R? = R3 = R, = N02 The procedures used to synthesize the two series of

CN fluorene mono carboxylic acids are presented in Scheme
/C N  j j  Since these methods are very similar to those de-

IX,X = Cx  ; R, = COY and R, = R:) = R, = N02 scribed above for the preparation of the fluorene-2,7-
,Ĉ TT „ .  N dicarboxyhc acid acceptors, only the procedural differ-

and Y .s (a) OH, (b) Cl, and (c) OCH3 ences J  be ^  T J use crude x y

for conversion to X V I probably accounts for the low 
Results and Discussion yield (21% ) th at was attained. The synthesis of X V I

was previously reported by the sodium dichromate oxi-
Synthesis.—The synthesis of acceptors based on

fluOrenOne-2,7-dicarboXylic acid (X II )  as a key in ter- (5) K .  D z ie w o n s k i a n d  J. S ch nayder, Bull. Int. Acad. Pol. Sci. Lett. Cl.
Math. Natur., 529 (1930).

(4) :a) R . E . M e rr if ie ld  a n d  W . D .  P h illip s ,  J. Amer. Chem. Soc., 80, (6) M . M . D a sh e n sk ii a nd  E . M . Sham is, Ukr. Khim Zh.. 30 (9 ), 938
2778 (1958). (b ) L . R . M e lb y , R . J. H a rd e r, W . R . H e rt le r ,  W . M a h le r ,  (1964).
R . E . Benson, and  W . E . M o c h e l, ibid., 84, 3374 (1962). (o) S. C h a tte r je e , (7) (a) K .  D z ie v /o n sk i, S t. K u z d ro l,  a n d  J . M a y e r ,  Bull. Int. Acad. Pol.
Science, 167, 314 (1967). (d ) H . D .  H a rtz le r ,  U . S. P a te n t 3,226,388 (D ee  Sci. Lett. Cl. Math. Natur., 348 (1934). (b ) N .  Is h ik o w a  and  T .  O zawa,
28, 1935) to  D u  P o n t, (e) T .  K .  M u k h e r je e  a n d  L. A . Levasseur, J. Yùki Odsei Kogaku Kyokai Shi, 17, 553 (1959); C/iem. Abstr., 64, 5 4 0 /(1 9 6 0 ).
Org. Chem., 30, 644 (1965). (8) M .  S. N e w m a n  a n d  H . Boden, Org. Syn., 42, 95 (1962).
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S ch em e  I
F l u o r e n e-2 ,7 -d ic a r bo x y lic  A cid  A cceptors

0

/ ~ X — -----fCĤ '° — ► H3COC— — COCH3 c i o c ^ 5 ^ > c o c ,
1,2-dichloroethane _rT , rTTX

x  XI XIII

"Clorox”, z '  CHjOH,
aqueous NaOH s ' S O C l  pyridine

/  dmf

0  0

VIa 1 S oh/  HOOC— ^ y -C O O H  -f| °H > CH,02C— ^ — C02CH,
piperidine W x n  ~  ‘ _  XIV _

fuming HNOj, CH.fCN̂ ,
j tt on piperidine,eoncd H2SO( £Hj0H

IT . CH:1OH x T ITT
Vc —  Va VIc

CH,(CN),, CH,(CN)j,
CHjOH, CHjOH,
piperidine piperidine

VIIc Vila S0C'2 > Vllb'

dation of X V .9 Nitration of X V I to X V II  proceeded the crude N ,N ,N ',N'-tetramethylfluorenone-2,7-dicar-
in high yield (85% ) because of the solubility of X V I in boxamide (X X I I I ) .  This compound had a sharp
sulfuric acid. The subsequent conversions to X V III
and V IIIc  and to V illa  and V U Ib were performed as 0
discussed above. Again, the nitration, esterification, II
dicyanomethylations and acid chloride formations were / \
carried out in a similar manner to those discussed above. h N0C—  \ 7— CONH2

Infrared Spectra.— In the initial synthesis of the 2 \ = /  \ = /
keto diester X IV , a single very strong carbonyl absorp- XXII
tion band was observed a t 5.81 n  (see Table I) . 0

Table I  __ r—/  \ —x  
Carbonyl Stretching B ands op D isubstittjted (CH3)zNOC ( ) ( ) CON(CH3)2

F luorenone Derivatives v v m
a a III

C o m p d  C a rb o n y l bands and  com m e nts , p

X II  5.79, 5 .85, 5 .90 , and 5.95 (equal . , , , _ co  , , ,
intensities) ketone band a t  5 .82  ¡x and a te r tia ry  am ide carb on y l

X iii  5.73 (sharp) band a t 6 .14 ju. This provided the conclusive proof of
5 .82 (shoulder) the position of the ketone carbonyl band in X IV .

X IV  5.81 (very sharp) Charge-Transfer Complexes and Spectra. A. With
X X I I  5.90 (6.05, very broad) Aromatic Hydrocarbons.-—As a means of determining

X X II I  5.82 (sharp, ketone band) the electron acceptor characteristics of the various
6.14 (tertiary amide band) fluorene compounds, a study of their complexes with

aromatic hydrocarbons, aromatic monoamines, and 
Though X I V  is a known compound some questions aromatic diamines was undertaken,
arose as to its structure.73 The infrared spectra of two The acceptor strength of compounds can be deter- 
precursors (X II  and X I I I )  seemed consistent with their mined by a method described by Dewar and co
structures, but for confirmatory evidence fluorenone-2,- workers.10 The method is based on simple molecular
7-dicarboxamide (X X I I )  was prepared from X I I I  and orbital theory which states that the spectrum of a
ammonia.73 Unfortunately, the keto group was com- charge-transfer complex arises from an electronic tran-
pletely masked by being hydrogen bonded and one very sition from the highest occupied molecular orbital of the
broad carbonyl band appeared at 5 .90-6 .05  n . Fin- donor to the lowest vacant molecular orbital of the ac-
ally, the reaction of dimethylamine and X I I I  gave cep tor. Simply, if the acceptor is kept constant in a

(9) G . R ievesoh l, J r . ,  a n d  F . E . R a y , “ O rg a n ic  S yn theses,”  C o ll.  V o l. I l l ,  (10) (a) M . J . S. D e w a r a n d  A . R . L e p le y , J. Amer. Chem. Soc., 83, 4560
W ile y ,  N e w  Y o rk ,  N . Y .,  1955, p  420. (1961); (b ) M .  J . S. D e w a r a nd  H . Rogers, ibid., 84, 395 (1962).
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Scheme II
F l u o r e n e  M o n o c a b b o x y l i c  A c id  A c c e p t o r s

A. Fluorene-2-carboxylic Acid
0

ir (CH,(mO / T X  /  \  2v, r,TI "Clorox" f f ~ \
X ---------- VIV------*  y - \ J - C0CH» " aqueous N’aOH * ( _ W _ V C00H

1,2-dichloroethane '---- '  '---- '
XV XVI

fuming HN01r 
coned HjSOq

0  0

VIIIc ° 2N~ C O 2 CH3 * o2n ^ > > > cooh
piperidine v” ™\ / '==\

o2n  no . o2n  no2
X  Villa XVII

v im , - S0C1̂  VTTT . CH.,(CN)2
VUIb Villa cHjOH,

piperidine

B. Fluorene-4-carboxyIic Acid

0

02N_C = / w ^ n°2 ~S ! >: > IXc
\ 1 piperidine

o2n  co2ch3
XXI

CHjOH,
HjSO,

0  0

.fuming HN0j \ _ / ~ \ _ n0  n ! 'rX , IXa g2Ek T TVU
\ _ /  W  coned H2SO, - \ _ / V  /  W - CH.OH, 1X3 IXb

/  \ 1 piperidine
COOH 0 2N COOH

X IX  XX

series of complexes with different donors one derives the By plotting 1 /X (frequency of the charge-transfer ab- 
expression sorption) against the molecular orbital coefficient (n)

p , _  and determining the y  intercepts for each compound, the
relative acceptor abilities shown in Table I I I  were ob- 

where AE  is the energy of the charge-transfer transition, tained. The data indicates that the four dicyano-
¡3 is the resonance integral, and n is the coefficient of d- methylene fluorenes (IV, V ile, VIIIc, and IX c) are of

Since AE  is proportional to spectral frequency, a plot approximately equal acceptor strength, falling between
of the observed charge transfer frequency against cal- TCNE and TN p . They appear to be quite similar in 
culated n values11 of the donors gives a straight line. acceptor strength to chloranil.
Further, the y  intercept of the line represents the energy B. With Aromatic Monoamines. As model corn- 
level of the acceptor’s lowest vacant molecular orbital pounds for donor polymers,3 dibenzoates X X IV  and
(n value for acceptor) and a comparison of these values XX\ were prepared. The charge transfer spectra 
for various acceptors leads to a list of relative strengths.

The charge-transfer spectral absorption maxima of 0  0
compounds Vc, Vic, V ile, VIIIc, and IX c with a group h 5C6COCH2CII2NCH2CH2OCC6H5
of donor hydrocarbons are given in table 11. Also in- j
eluded are the published values for IV, 2,4,7-trinitro- Ar
fluorenone (TNF), and tetracyanoethylene (TCNE). XXIV, Ar = phenyl

X X V , Ar =  p-anisyl

(ii) c. a. Couison and r . Daudei, “Dictionary of values of Molecular Qf ^ese amines with several acceptors were determined
Constants,” 2nd ed, Centre de Chemie TMoriqui de France, Paris. France, ^  ^  ^  ^  jy  Thege ^  c()nfirm the
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T a b l e  I I

C h a r g e - T r a n s f e r  S p e c t r a  f o r  H y d r o c a r b o n - A c c e p t o r  C o m p l e x e s “

D o n o r  nb I V '  V c  V ic  V i l e  V I I I c  I X c  T N F <i T O N E "

Fluorene 0 .635  523 . . . »  450 517 537 525 425 . .A
Anthracene 0 .414  662 500 540 662 685 670 541 740
3,4-Benzopyrene 0.371 726 570 580 718 725 730 590 820
1,2,5,6-Dibenzanthracene 0 .473  . .  J  500 515 . .  J  . . J  590 . . J  635
Perylene 0 .347  745 600 610 790 790 785 620 920
Pyrene 0 .445  650 500 535 644 670 645 520 720
Phenanthrene 0 .605  500 . . . s 431 497 504 517 435 540
1.2- Benzanthracene 0 .452  640 . . , g . . . »  620 650 623 522 748
1.2- Benzoperylene 0 .439  675 . . . 9 . . 695 670 693 570 812
Triphenylene 0 .684  508 . . . 0 . .» 508 535 533 425 570
Acenaphthylene 0 .637  550 . . 4 8 7  530 487 415 502

“ Spectra of donors with acceptors run in 1,1,2,2-tetrachlorethane solution on a Cary 14 spectrophotometer. Data are presented in 
millimicrons (m/r). 6 The n values describe the donor ability of the aromatic hydrocarbons. These are calculated (lit.11) and the 
lower numbers indicate larger t  electron availability. c See reference 4e. d D ata for T N F from reference 4e. * D ata for TO N E from
reference 10b. 1 Several of the complexes of 1,2,5,6-dibenzanthracene were too insoluble and no spectral data was obtained. g Vc
and V ic gave complexes which absorbed at low wavelengths with weak intensities and a further study was not made. h Not reported.

T a b l e  III T a b l e  IV
R e l a t i v e  S t r e n g t h s  o f  C h a r g e - T r a n s f e r  A c c e p t o r s  C h a r g e - T r a n s f e r  S p e c t r a  o f

C o m p d  ne T E R T IA R Y  A M IN E -A C C E P T O R  C O M P L E X E S “

TCN E° —0.11  '—A m in e  m onom ers—s /----- A m in e  p o ly m e rs-----
V II o - 0 . 2 0  A c c e p to r  X X I V  X X V  . .A  . . . '  . . . d
iv  - o ' 21 v i l e  662 800 640 760 800
Chloranil4 —0 .2 2  V ic 530 620 530 600 630
IX c  - 0 . 2 5  v c < 500  500
V IIIc - 0 . 2 6  DDQ 940 >1050
T N F c —0 .3 0  Chloranil 670 795 535 735 740
V ic —0 .3 8  “ Spectra run in 1,1,2,2-tetrachloroethane on a Cary 14.
Vc —0 .4 0  Spectrophotometric data are presented in m/x. 4 Poly(phenyl-
1 3 5-Trinitrobenzened —0 46 iminodiethanol-bisphenol A carbonate). '  Poly(p-anisylimino-

“ See M .J .  S. Dewar and H. Rogers, J .  Amer. Chem. Soc., 84, diettanol-bisphenol A carbonate). “ Poly(2-fluorenyliminodi-
395 (1962). b Calculated from data of G. Briegleb, “Elek- ethanol-bisphenol A carbonate).
tronen-Donator-Acceptor-Komplexe,” Springer-Verlag, Berlin
1961. '  See A. R. Lepley, J .  Amer. Chem. Soc., 84, 3577 (1962). Further, it shows th at V ile  is not so strong an acceptor
dSee S. Chatterjee, J .  Chem. Soc. B, 1170 (1967). 'J u s t  as n  as 2,3-dichloro-o,6-dicyano-p-benzoquinone (DDQ) but,
values represent donor abilities of electron rich systems, —n  values „ „  • i u  • , • , , , , ,1  -i
are a measure of ease of electron acceptor strength. The better as previously shown, it IS about equal to chloranil. 
the acceptor, the higher its n  value. c - with Donor Polym ers.—The charge-transfer

spectra of several donor polymer-acceptor monomer
previous evidence that the order of acceptor strength is mixtures are given in Table IV. The predicted order 
as follows 01 donor ability is demonstrated, i.e.

NC CN

\  > C H , - ( > N (  > o <

/  \  2-fluorenylimino p-anisylimino phenylimino

H3C02C— /  \ — ( ) — C02CH3 >
\ = J  Of further interest is the comparison of the data for the

02N NO, monomeric and polymeric amines. Using the same ac-
yijc ’ ceptor (V ile), the monomeric phenylimino and p -

anisylimino compounds absorb a t  higher wavelengths, 
NC\̂  / " N 662 and 800 mp, as compared with 640 and 760 m/n for

C the polymeric species. W ith chloranil, this effect is
I equally pronounced. The same is true, although to a

.— S  \ — , lesser degree, with acceptor V ic. These data indicate
HjCOjC— /  \ — /  \ — CO,CH3 >  t h a t  the acceptors form complexes of lower spectral tran-

\==/ sition energy with the monomeric donors than with
Vic less the mobile, donor polymer chains.

D. With Aromatic Diamines. Radical-Ion F orm a- 
M tion. —It  was shown above (Table IV) that the complex

between V ile  and X X I V  absorbed at 662 m/i. The 
/ /  \  / /  ^  addition of a p-methoxyl group in the donor caused

3 2 \ /  V_/  COzCHj the spectral maximum to shift to 800 m/i or a change of
\ /  138 m/i. If the more powerful dimethylamino group

02N N02 was used, an even longer wavelength absorption would
Vc be anticipated. In Table V is the data obtained from
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T able V paper was done to keep it alkaline (pH > 10). Adding small
Visible  Spectra of increments of sodium hydroxide ensured its basicity. After 4

TM PD with Acceptors“,b ^r’ solid was left floating in the solution and the reaction
A c c e p to r w  m .  C o m m e n ts  mixture was filtered to give 3.5 g of recovered 2,7-diacetylfluo-

rene- After the excess sodium hypochlorite in the filtrate was
o/u Furitied I M r l )  destroyed with sodium hyposulfite, concentrated hydrochloric acid
620 Very weak owing to radical was added to obtain a pH of 3. The resulting yellow solid was

cation via air oxidation collected, boiled in water for 0.5 hr, collected, and dried at 100°
V IIIc 567 Strong peaks (radical cation) (1 mm). The yield of fluorenone-2,7-dicarboxylie acid was 77.2

620 g (94.7% ) and the conversion was 99.4% . I t  appeared to melt
745 Radical anion ' with decomposition at 4000 (reported 407 ° ) ,6

IX c  570 Strong peaks (radical cation) Fluorenone-Zy-dicarboxyUc Acid Chloride (XIII) - A  mixture
02Q °* 2.0 g (6.6  X 10 mol) of fluorenone-2,7-dicarboxylic acid,
7 - n „  . 25 ml of thionyl chloride and 1 ml of N,N-dimethylformamide

TV V z  Radical anion was refluxed fcr 18 hr. After stripping the solvent, there was
IV 740 No amme used; acceptor +  1.5 g (70% ) of solid. Recrystallization from toluene gave the

L il -»■ radical anion acid chloride, mp 197-199° (lit.7b mp 198-200°).
" Spectra run in 1,1,2,2-tetrachloroethane on a Cary 14 spectro- Dimethyl Fluorenone-2,7-dicarboxylate (XIV).— A slurry of 

photometer. b The reported absorptions for the TM PD  cation- 19 g (3.8 X  10-2 mol) of fluorenone-2,7-dicarboxylic acid in
radical are 570 and 620 m#i (see reference 12). c See reference 4e. ^00 ml of methanol and 20 ml of concentrated sulfuric acid was

refluxed for 2C hr. The resulting yellow solid was collected,
. . trrTT washed with water and dried. The dimethylfluorenone-2,7-

IlUXing V I l ic  an d  I X c  W ith N ,N ,N  ,N  - te tra m e th y l-p -  dicarboxylate, which was recrystallized from acetic acid and
p hen ylen ed iam ine (T M P D ) . T h e  m ixtu res  e a ch  h a v e  melted at 217-218° a it.7» mp 218°), was obtained in 85%  yield
th re e  a b so rp tio n  p eaks a t  w avelen gth s below  th o se  p re - ®•*' nmr ^ Fs COOH) 8 8.30 (doublet of doublet, 2, J  =
viou sly  discussed. T h e  5 7 0 -  an d  6 2 0 -m M p eaks a re  di- Jf)4 2an?  8 '2, ? A a r 1“ 3 . and, 68 positfions)- 

j i ii *i , it  i .• f  muTTATA ' d> z > J  ~  1-4 Hz, aromatic protons in 1 and 8 positions), 7.62
re c tly  a ttrib u ta b le  to  th e  ra d ica l c a tio n  of T M P D . (d, 2, J  =  8.2  Hz, aromatic protons in 4 and 5 positions), and

4.15 (s, 6 ,-O C H 3).
pfp H3C CH3 A n al. Calcd for CnHi20 5: C, 68.92; H, 4 .08; O, 27.00.

+N_ / ~ \ _ Nf ^  XN_ / _ V _ X  Found: C, 68.99; H, 4 .00 ; N, 27.01.
y  \ /  1 \. y  \ /  " i  The diester was also prepared from fluorenone-2,7-dicarboxylic

H3c  CH3 H3C CH acid chloride> methanol and pyridine. The infrared spectrum
3 showed only a single sharp carbonyl band at 5.81 

The absc,? ti„nS in the 740-750-m„ region are assigned
to  th e  ra d ica l an ion  oi th e  a -d icy a n o m e th y le n e  fluorene acid in 40 ml of concentrated sulfuric acid, which was a deep red, 
species .46 was added dropwise over a 10-min period to a refluxing mixture

(85°) of 65 ml of fuming nitric acid and 40 ml of concentrated 
NC CN sulfuric acid. A mixture of 45 ml of fuming nitric acid and 55 ml

' q of concentrated sulfuric acid was added dropwise over a 4.5-hr
| period. The reaction, which was cooled to room temperature

A. and stirred overnight, was poured onto 1 1. of ice water to give a
/  \  pale yellow solid. I t  was collected, water washed and dried at

n„N— ( /  \ — i  \ — ► 79° (4 mm). The 4,5-dinitrofluorenone-2,7-dicarboxylic acid
2 \ /  \ /  2 3 (5.2 g, 72% ) had a melting range of 285-294° dec.

\ /  A nal. Calcd for Ci6H6N20 9: C, 50.29; H, 1.69; N, 7.82;
0 2N N 02 0 ,4 0 .2 0 .  Found: C, 48.44; H, 2 .23 ; N, 8 .77; 0 , 40.58.

Dimethyl 4,5-Dinitrofluorenone-2,7-dicarboxylate (Vc).— A 
\  /  mixture of 3.0 g (8.4 X  10~3 mol) of 4,5-dinitrofluorenone-2,7-

C - dicarboxylic acid, 61 ml of concentrated sulfuric acid and 60 ml
[ of methanol was heated at reflux for 18 hr. The solution was

y \ .  cooled, the solid filtered, washed with water and dried to give
A C ^  2.1 g (66% ) of Vc. After recrystallization from toluene-

0 2N (  ) (  y — C02CH3 ethanol it melted at 252-255°: nmr (C F3COOH) 8 9.92 (d, 2,
'= \ y = ' J  =  1.4 Hz, aromatic protons in 3 and 6 positions), 9.80 (d, 2,

o n  no  J  =  1.4 Hz, aromatic protons in 1 and 8  positions) and 4.37 (s,
6 , -O CH 3).

A nal. Calcd for CnHi0N2O9: C, 52.86; H, 2 .61; N, 7.25; 
0 ,3 7 .2 8 . Found: C, 52.30; H, 2 .54 ; N, 8.16; O, 37.20. 

■experim ental S ectio n  9-Dicyanomethylenefluorene-2,7-dicarboxylic Acid (Via).— A

2,7-Diacetylfluorene ( X I ) .-T o  an ice-cooled mixture of 400 g 2 7 , g (d X  ™ l)  of fluorenone-2 7-dicarboxylic acid
(3 mol) of aluminum chloride and 500 ml of anhydrous 1,2- and 250, nd of methano1 was heated to reflux. Malonomtrde 
dichloroethane, acetic anhydride (153 g; 1.5 mol) was added 3 X  10" !  fmol> and 2 droPs of PjPendine were added,
dropwise with stirring. The addition time was 1.5 hr. The slurry turned from yellow to orange during 17 hr at reflux,
gray-green solution was added dropwise to 73 g (0.44 mol) of The, reactl° n ,mlxt" re 'was„ 1c9°°^ d  0and the solid filtered^ The
fluorene in 500 ml of 1,2-dichloroethane at 25°. After the Produc ’ whlch melted at 312- 316 ’ was collected ln 68% yleld
addition, the reaction mixture was refluxed for 1.5 hr while 500 „  co Qfi „  „
ml of 1,2-dichloroethane was distilled off. After pouring onto _ -4 ” “ „ Calcd ,for i  3  A %  3  8b;
ice-HCl, the aqueous phase was decanted. The remainder was ° ’ 20 -23̂  FoUv  C > 6 d4f ; H ’ 2 '88; N - <?’ 17 f f '  n n  ,; o 1 c u J * i 1 ■ , 1 1 j  1 , v Dimethyl-9-dicyanomethylenefluorene-2,7-dicarboxylate (Vic),aissolved m 2 1. of hot acetone, cooled in the cold room and the ,, J ,n 3 0 „ j .  , , , A . v / m -* i\
solid collected. The 2,7-diacetylfluorene (77 g) which melted -D im eth y  fluprenone-2,7-dicarboxylate (3.0 g, 1 X 10 mo ) 
«4 no nu 5 ^ i d  1090) i . • j  • • u  and 250 ml o: methanol were heated to reflux. Maiononitrileat 178-9 (lit.6 mp 181-183 ) was obtained in 62% yield. /n n 0 irv_, . -j- , , , ,__  ̂ 0 S __i: a • j  /vtt y a • 4 f  ̂ (2.0 g, 3 X 10 2 mol) and 2 drops of piperidine was added andFluorenone-2,7-dicarboxylic Acid (XII).'— A mixture o f 7 6 g  , f \  ^  4- - 4  i j/n o __ n  c o n j-  , ,n A i e *> /c nco/ heating continued for 1 hr. lh e  reaction mixture was cooled,(0.3 mol) of 2,7-diacetylfluorene, 3 1. of Clorox (5.25% ,, & A 1V j  r 4 -4 -ij- i .4 \ j  f j .  1 1  V 4 1 the orange so.id collected and recrystallized trom acetomtnle-sodium hypochlorite), and 15 g of sodium hydroxide was heated ,5 n - ,~Any\ c a 4 __ i+; __ +
slowly to about 65°. The reaction, which became exothermic, d.methylformamide to g.ve 2.5 g (74%) of product melting at 

i 4 u i ono t) * j  * 4 4 • f m i i- I, u  275-8 . An infrared spectrum had a cyano band at 4 .48/i. was kept below 80 . Periodic testing of the solution with pH ^  ^  fQr c> ¿9 .77; H> 3 .51; N> 8 .14;

E lectron Acceptors Derived from Fluorenecarboxylic Acids J. Org. Chem., Vol. 35, No. 8, 1970 2767

(12) R. Foster and T. J. Thomson, Trans. Faraday Soc., 58, 860 (1962). 0,18.58. Found: C, 69.59; H, 3.63; N, 8.05; 0,18.89.



Dimethyl 9-dicyanomethylenefluorene-2,7-dicarboxylate was 4,5,7-Trinitro-9-dicyanomethylenefhiorene-2-carboxylic Acid
also prepared in 76%  yield by using dimethyl sulfoxide as solvent (VIII).— To a refluxing mixture of 7.0 g (1.7 X  10_z mol) of
at 130° for 18 hr. Unlike the methanol procedure, the product 4,5,7-trinitrofluorenone-2-carboxylic acid and 200 ml of dry
was soluble in the solvent and ice bath cooling was required to methanol, 2.2 g (3.4 X  10~2 mol) of malononitrile and 3 drops
obtain the product. This procedure was more useful for larger of piperidine were added. After 24 hr, the solution was cooled
quantities than the above method. to room temperature and filtered to afford 4.7 g (60% ) of orange

4.5- Dinitro-9-dicyanomethylenefluorene-2,7-dicarboxylic Acid 4,5,7-trinitro-9-dicyanomethylenefluorene-2-carboxylic acid, mp
(V ila).— After a mixture of 14.4 g (4 X  10-2 mol) of 4,5-dinitro- 307-310°.
fluorenone-2,7-dicarboxylic acid and 400 ml of methanol was A nal. Calcd for CnHsNsCh: C, 50.14; H, 1.24; N, 17.19;
heated to reflux, 8.0 g (0.12 mol) of malononitrile and 8 drops O, 31.43. Found: C, 49.98; H, 1.58; N, 16.93; O, 31.51. 
of piperidine were added. After 1.5 hr at reflux, the solution 4,5,7-Trinitro-9-dicyanomethylenefluorene-2-carboxylic Acid
was cooled in the cold room and 5.4 g (33% ) of an orange solid Chloride (VUIb).— A mixture of 1.0 g (2.4 X  10~3 mol) of 4 ,5,7-
was collected, mp 345°. trinitro-9-dicyanomethylenefluorene-2-carboxylic acid and 25 ml

A nal. Calcd for Ci8H6N40 8: C, 53.22; H , 1.49; N, 13.79; of thionyl chloride was refluxed for 18 hr. The excess thionyl
0 ,3 1 .5 0 .  Found: 0 ,5 3 .1 9 ; H, 1.55; N, 13.81; 0 ,3 1 .3 8 .  chloride was removed under reduced pressure and the residue

4.5- Dmitro-9-dicyanomethylenefluorene-2,7-dicarboxylic Acid was recrystallized from toluene to give 0.2 g (20% ) of a solid
Chloride (Vllb).— 4,5-Dinitro-9-dicyanomethylenefluorene-2,7- melting a t292-300°.
dicarboxylic acid (1.6 g; 5 X  10 -3 mol) and 25 ml of thionyl A nal. Calcd for Ci7H4ClN50 7: C, 47.97; H, 0 .95; Cl, 8 .33; 
chloride were heated at reflux for 5 hr. The excess thionyl N, 16.45; O, 26.31. Found: C, 50.50; H, 1.47; Cl, 6.46;
chloride was removed by distillation and the residue recrystallized N, 16.40; O, 25.25.
from toluene to give 1.5 g (84% ) of diacid chloride, mp 262-264°. Even though the analysis isn’t  too good, it is noted that at

A n al. Calcd for C18H4CI2N4O6: C, 48.79; H, 0 .91; Cl, least 80%  of the theroetical amount of chlorine is present. The
15.99; N, 12.64; 0 ,2 1 .6 6 .  Found: C, 48.75; H, 1.22; Cl, high carbon and hydrogen values, as well as the other low values,
15.73; N , 12.48; O, 21.76. can be explained on the basis of tightly complexed toluene in the

Dimethyl 4 ,5-Dinitro-9-dicyanomethylenefluorene-2,7-dicar- final product,
boxylate (Vile).— Dimethyl 4,5-dinitrofluorenone-2,7-dicarboxy- Methyl 4,5,7-Trinitro-9-dicyanomethylenefluorene-2-carboxyl-
late (3.0 g; 7.8 X  10-3 mol) and 200 ml of methanol were heated ate (VIIIc).— To a mixture of methyl 4,5,7-trinitrofluorenone-2-
to reflux. Malononitrile (1.4 g, 2.1 X  10 -2 mol) and 3 drops carboxylate (1.0 g; 2.7 X  10~s mol) and 75 ml of methanol at
of piperidine were added and the solution changed from orange reflux, 0 .4  g (3 X  10-3 mol) of malononitrile and 1 drop of piperi-
to red-purple. After refluxing for 2 days, the solution was cooled dine were added. After 4 hr, the solution was concentrated to
and the deep orange solid collected. The dimethyl 4,5-dinitro- 0.5 the volume and cooled overnight in the cold room. Filtration
9-dicyanomethylenefluorene-2,7-dicarboxylate (1.8 g, 53% ) afforded 0.85 g (66% ) of methyl 4,5,7-trinitro-9-dicyanomethy-
melted at 280-2810 on recrystallization from acetonitrile. lenefluorene-2-carboxylate melting at 269-273°.

A n al. Calcd for C20H i0N4O8: C, 55.31; H, 2 .32; N , 12.90; A nal. Calcd for C18H7N50 8: C, 51.32; H, 1.68; N, 16.62;
0 ,2 9 .4 7 .  Found: C, 55.19; H, 2 .36; N, 12.89; O, 29.30. 0 ,3 0 .3 8 . Found: C, 51.04; H, 1.78; N, 16.54; O, 30.48.

2-Acetylfluorene (XV).— To an ice-cooled mixture of 135 g 2,5.7-Trinitrofluorenone-4-carboxylic Acid (XX).— By a pro- 
(1 mol) of aluminum chloride and 200 ml of anhydrous 1,2- cedure analogous to the preparation of 4 ,5 ,7-trinitrofluorenone-2- 
dichloroethane, acetic anhydride (51 g, 0.5 mol) was added carboxylic acid, there was obtained 8.5 g (59% ) of 2 ,5 ,7-trinitro-
dropwise with stirring. The addition time was 1 hr. The fluorenone-4-earboxylic acid from fluorenone-4-carboxylic acid,
gray-green solution was added dropwise to 83 g (0.5 mol) of The compound melted at 256-61°.
fluorene in 150 ml of 1,2-dichloroethane at 25°. After the A nal. Calcd for C,4H 5N30 9: C, 46.81; H , 1.40; N , 11.70; 
addition, the reaction mixture was refluxed for 1.5 hr while 200 O, 40.08. Found: C, 46.03; H, 1.90; N , 11.31; O, 40.80.
ml of 1,2-dichloroethane was distilled off. The solution was Methyl 2,5,7-Trinitrofluorenone-4-carboxylate (XXI).— This
poured onto ice-HCl and then warmed on the steam bath to compound was prepared in the same way as methyl 4,5,7-
remove the 1,2-dichloroethane. The resulting solid weighed trinitrofluorenone-2-carbox3date from 2,5,7-trinitrofluorenone-4-
104 g (100 ^  yield) and was oxidized without further purification carboxylic acid. It melted at 183-184° and was obtained in
to fluorenone-2-earboxylic acid. 22%  yield (0.9  g).

mF.;1UOr? w e' 2^ aro OXy!iCmAcid ™iXtU!:? ° j  ,1° 4 f  A«ai. Calcd for C15H7N 30 9: C, 48.27; II, 1.89; N, 11.26;
(0 ’5 mo1) ° j crude 2-acetylfluorene, 3 1. of Clorox, and 15 g of 0  3 8 ^ 8 . Found; C> 48 .31; H , 2 .20; N, 11.16; O, 38.58.
sodium hydroxide were treated as described above for the pre- . . .  ~ . , .. .
paration of fluorenone-2,7-dicarboxylic acid. There was ob- ,TY2<S'7-Tnmt^ dlcy^omefhylenefluorene-^-cwbo^hc Acid
tained 24 g (21% ) of fluorenone-2-carboxylic acid, mp ~ 3 3 5 °C  K a ) - - To a reflu™ S  " r e  of 4A g (1.1 X  10" 2 mol) o 2,5,7- 
( l i t7b 340°) trimtrofiuorenone-4-carboxylic acid and 200 ml of methanol,

4,5,7-Trinitrofluorenone-2-carboxylic Acid (X V II).-A  solution 1 '5 g (2 ‘? *  10 " !  malotno“  a" d 3 droPs of P yrid in e
of 10 g (4 X  10- 2 mol) of fluorenone-2-carboxylic acid in 80 ml were add?d ; ,  After refluxing for 24 hr the solution was coded
of concentrated sulfuric acid, which was red in color, was added lrJ a"  f  bath andl the orange solid collected. The 2.0 g (40% )
dropwise over a 10 minute period to a refluxing mixture (85°) of 2,5,7-trimtro-9-d.cyanomethylenefluorene-4-carboxylic add 
of 130 ml of fuming nitric acid and 80 ml of concentrated sulfuric me e a ' TT „ „  rr.
acid. A mixture of 90 ml of fuming nitric acid and 110 ml of A nal. Calcd for CrjHsNtOs: C, 50.14; H, 1.24; N, 17.19;
concentrated sulfuric acid was added dropwise over a 4.5 hr 0 ,3 1 .4 3 . Found. C, 50.02; H, 1.84; N, 17.09; 0 ,3 1 .2 0 .
period. After cooling to room temperature, the reaction mixture 2,5,7-Trinitro-9-dicyanomethylenefluorene-4-carboxylic Acid
was stirred overnight, poured onto 1.5 1. of ice water and the Chloride (IXb). A mixture of 1.0 g (2.4 X  10~2 mol) of 2 ,5 ,7-
yellow solid collected. After washing with a 5%  sodium bi- trimtro-9-dicyanomethylenefluorene-4-carboxylic acid and 25 ml
carbonate solution and water, the solid was dried overnight at thionyl chloride was refluxed for 18 hr. The excess thionyl
90 ° in  vacuo. This afforded 12.2 g (85% ) of 4 ,5 ,7-trinitrofluoren- chloride was removed under reduced pressure and the residue
one-2-carboxylic acid melting at 267-275°. recrystallized from toluene to give a low yield « 10% ) of a solid

A n al. Calcd for C14H5N30 9: C, 46.81; H, 1.40; N, 11.70; melting at 293-294°.
0 ,4 0 .0 9 . Found: ,C , 46.79; H, 1.76; N, 11.61; 0 ,3 9 .8 0 .  A nal. Calcd for C„H4C1N50 7: C, 49.97; H, 0 .95; Cl, 8.33;

Methyl 4,5,7-Trinitrofluorenone-2-carboxylate (XVIII).— A N , 16.45; O, 26.31. Found: C, 48.50; II, 1.26; Cl, 7.84;
mixture of 4.0 g (1 .1X  10-2 mol) of 4,5,7-trinitrofluorenone-2- N , 16.47; 0 ,2 5 .3 2 .
carboxylic acid, 200 ml of dry methanol and 5 ml of concentrated Methyl 2,5,7-Trinitro-9-dicyanomethylenefluorene-4-carboxyl- 
sulfuric acid was refluxed for 24 hr. The solution was cooled to ate (IXc).— Malononitrile (0.2 g, 3 X  10-3 mol) and 1 drop
afford 2.8 g (68% ) of the yellow, crystalline methyl 4,5 ,7- of piperidine were added to a refluxing mixture of 0.5 g (1.3 X
trinitrofluorenone-2-carboxylate: mp 175-8°; nmr (DMSO-de) 10-s mol) of methyl 2,5,7-trinitrofluorene-4-carboxylate and 50
S 8.97 (d, 1, J  =  2.2 Hz, aromatic proton in 6 position), 8.72 ml of dry methanol. After 4 hr, the mixture was concentrated
(d, 1, J  =  2.2 Hz, aromatic proton in 8 position), 8.67 (d, 1, to 0.5 the volume and cooled overnight in the cold room. Filtra-
J  =  1.6 Hz, aromatic proton in 3 position), 8.51 (d, 1, J  =  1.6 tion gave 0.40 g (57% ) of methyl 2,5,7-trinitro-9-dicyanomethy-
Hz, aromatic proton in 1 position), and 4.02 (s, 3, -O C II3). lenefluorene-4-carboxylate melting at 285-7°.

A nal. Calcd for CI5H7N30 9: C, 48.27; H, 1.89; N , 11.26; A nal. Calcd for C18N7N50 8: C, 51.32; H, 1.68; N, 16.62;
0 ,3 8 .5 8 .  Found: C, 48.27; N , 1.83; N, 11.26; O, 38.73 . 0 ,3 0 .3 8 . Found: C, 51.25; H, 1.80; N, 16.22; O, 30.73.
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Phenyhminodiethanol Dibenzoate (XXIV).— A mixture of 9.1 g neutralized with sodium hydroxide and finally sublimed. It  
(5 X 10~2 mol) of phenyliminodiethanol (Matheson Coleman melted at 5 0 °.12
and E e l l 15.5 g (0.12 mol) of benzoyl chloride and 50 ml of The synthesis of the fluorene acceptors (V c-IX c) are described 
pyridine was heated to 50° for 3 hr. The reaction mixture was above. Chloranil was obtained from M CB and recrystallized
poured onto ice water; the solid was collected and recrystallized from benzene, mp 287°. DDQ was obtained from Aldrich
from 400 ml of methanol to give 17.2 g (88% ) of phenylimino- Chemical Company and recrystallized from chloroform, mp 201°.
diethanol dibenzoate, mp 71.5° (lit.13 77°). Spectra.— All measurements were made with a Cary 14

A n d .  Calcd for CmH jjNO*: C, 74.02; H, 5 .95; N , 3 .59 ; spectrophotometer using 1,1,2,2-tetrachloroethane of Spectro- 
0 ,1 6 .4 3 . Found: C, 74.06; H ,6 .0 9 ; N , 3 .62; 0 ,1 6 .1 8 . grade quality as solvent.

p-Anisyliminodiethanol Dibenzoate (XXV).—A mixture of p-
anisyliminodiethanol (10.6 g, 5 X  10“2 mol), benzoyl chloride „  . , , T „  Ojloo_ ot o xr on r Trr
(15.5 g; 0.12 mol) and 50 ml of pyridine gave p-anisylimino- Registry No. Va, 24867-37-6, Vc, 24929-23-5; V ia, 
diethanol dibenzoate by the same procedure used for X V II. 24867-38-7; V ic, 24867-39-8; V ila , 24867-40-1; V llb , 
One crystallization gave 10.6 g (50% ) of X V III, mp 62 .4°. 24867-41-2; V ile , 24867-42-3; V illa , 24867-43-4;

C#lcd !or P i / 1;®8-, E ’ P ° !a E ’ 3‘34: V U Ib, 24867-44-5; V IIIc, 24867-45-6; IX a , 24867-46-

Charge-Transfer Complexes. Materials .-T h e  aromatic hy- 7 ’ I F ’J F E t l F  E ’ E F r l^ ' ’ F V  ’ F F
drocarbons (Table II) were used as received from the Aldrich 24-6; X V II, 24929-25-7; XV TII, 24867-49-0; X X ,  
Chemical Company. The syntheses of the aromatic mono- 24929-26-8; X X I ,  24867-50-3; X X IV , 24867-51-4;
amines are described above while the preparation of the phenyl- X X V  24867-52-5. 
iminoiiethanol polymers was previously described.3b TM PD  
was obtained from Matheson Coleman and Bell (M CB),
converted to the dihydrochloride, recrystallized from 2-propanol, Acknowledgment. The authors wish to acknowledge

ATT _ 7. ^  ̂ „ j the skilled technical assistance of Mr. Peter J . Degen in
(13) B . C . M e  K u s ic k , R . E .  H e c k e rt, T .  L . C a irn s , D . D .  C o ffm a n , and  . °

h . f . M o w e r, j .  Amer. Chem. Soc. so, 2806 ( 1 9 5 8 ) .  v a rio u s asp ects  of th e  exp erim en tal p rogram .
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Equilibrium constants of 5.3 X  10-2, 2.5 X 10 “E, and 1.9 X  10“4 M ~l have been determined for the addition 
of hydrogen peroxide, water, and methanol to acetone. These equilibrium constants and values from the litera
ture for hydroxylamine, hydrogen cyanide, and bisulfite ions give a satisfactory linear logarithmic plot against 
the 7 of Sander and Jencks.

In connection with a study of the basicity of various time (about 1 hr) the first pmr measurements were
nucleophilic reagents toward carbon,2 equilibrium con- made. The subsequent, slower, acid-catalyzed reac-
stants for the addition of hydrogen peroxide, water, and tion is thought to consist of the formation of 2,2-bis-
methanol to acetone were needed. These constants (hydroperoxy)propane, as shown in eq 2. In addition,
were determined by proton magnetic resonance (pmr)
m e asu rem en ts. Me2CO +  2H20 2 —  Me2C(OOH)2 (2)

Results various other peroxide derivatives of acetone3 were
. probably being formed to at least some extent. This

The addition of hydrogen peroxide to aqueous solu- interpretation of our results is consistent with the chem-
tions of acetone gave rise to a new pmr peak at about r  ^  ghiftg to be expected for the monohydroperoxy and
8 .64  in addition to the acetone peak at about 7 .8 4  ppm. bishydroperoxy products shown in eq 1 and 2. The
The area of this new peak relative to that of the acetone ngw , abgorbg 0 80 ppm upfield from acet0ne. The 
peak grew over a period of hours, especially at high methv, ks for paraldehyde and acetaldehyde di-
concentrations of hydrogen peroxide and acetone. This ethy] acetal appear 0 80 and 0 .88 ppm, respectively, up
growth was more rapid when the solutions were made field from the methyl peak of acetaldehyde.4 Since
0.001 M  in perchloric acid but became unobservable a hvdroperoxy group has essentially the same effect as a
in the presence of 0.1 M  sodium acetate. B y  analogy byd group on the chemical shift of a 3  proton,3 the
to the fact that hemiacetal formation is both acid and monQ_ and bishydroperoxy compounds would be ex
base catalyzed and is fairly rapid in neutral solutions, d tQ haye about the game chemiCal shift. That
whereas acetal formation is only acid catalyzed, we thig ig the cage ig further supported by the observation
assumed that equilibrium in the addition of hydrogen ^  bp degcribed jater in this paper that the pmr peaks
peroxide to acetone had already been established by the

Me2CO +  H 20 2 — Me2COOH (1) <3) Cf■ N-A- Milas and A-Golubovi£'ibid-  81- 6461 (1959)' and referenoes
t l is te d  th e re in .

( Att  (4) N .  S. B h acca, L . F . Johnson, a nd  J . N .  S h oo le ry , " H ig h  R e s o lu tio n
N M R  S p ectra  C a ta lo g ,"  V o l. 1, V a ria n  Associates, P a lo  A lto ,  C a lif. ,  1962,

-------------------------  N o . 6, 143; N .  S. Bhacca, D .  P . H o llis , L . F . Johnson, a nd  E . A . P ie r, “ H ig h

( i ;  (a) T h is  in v e s t ig a t io n  was s u p p o rte d  in  p a r t  b y  G ra n t G P -7629  fro m  R e s o lu tio n  N M R  S p ectra  C a ta lo g ,”  V o l. 2, V a ria n  Associates, P a lo  A lto ,

th e  N a tio n a l Science F o u n d a tio n , (b ) T h e  O h io  S ta te  U n iv e rs ity ,  (c) N S F  C a lif. ,  1963, no. 474. , ,, T
tt j  j  a t . , -r, .. . , f k\  w  D W l lk  A  L  A llre d . B . A . K o v e n , a n d  J. A . M a rs h a ll,  J. Chem.U n d e rg ra d u a te  Research P a rt ic ip a n t ,  sum m e r, 1964. lo ;  vv. u. v> u k , aa. u . aahicu ,

(2) J . H in e  a nd  R . D . W e im a r, J r . J. Amer. Chem. Soc., 87, 3387 (1965). Soc. B, 565 (1969).
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for the hydrate and the methyl hemiacetal of acetone assumptions on which the calculation of K '  was based
are 0 .7 S ppm upheld from that for acetone. I t  is there- are correct, then K  must equal 2K '  since K  refers to
fore not surprising that the formation of the bishydro- hydrogen peroxide, which has two peroxy OH groups 
peroxide is not accompanied by the formation of a new that can add. Thus the assumption th at K '  is a con- 
pmr peak but merely by the growth (with some broad- stant leads to the value 0.050 M _ 1  for K ,  a value only
ening, however) of the peak attributed to the mono- 1 0 % smaller than the one calculated with the complete
hydroperoxide. If reaction 1  is the only process that is neglect of reaction 4.
occurring to a significant extent, its equilibrium con- The values of K  calculated from data on solutions 
stant ( K )  may be calculated from eq 3, where [H20 2]o containing no sodium acetate usually increased with

l  __ j  time, and after 24 hr, values as large as 0.5 M - 1  were
K  = /([H 20 2]„ -  /[M e2CO]„) (3) ob ta in ed .

When the pmr spectra oi aqueous solutions containing 
and [Me2CO]o are the concentrations of hydrogen per- about 20%  acetone by volume were run at high ampli- 
oxide and acetone originally added, a n d /is  equal to the tude on a 60-M Hz instrument, a peak was noted about
area of the peak at about r  8.65 divided by the sum of 4 7  Hz (o.78 ppm) upheld from the principal acetone
the areas of the peaks at 8.65 and 7.85 ppm. Values of peak. This peak was considerably smaller than the 13C
K  calculated from measurements on solutions 0.1 M  in satellite peaks, 65 Hz on either side of the acetone peak,
sodium acetate are listed in Table I. X o  clear trends There was no matching peak 0.78 ppm downheld from

acetone, and the peak was also observed in the pmr 
Table 1  spectrum of 2 0 %  solutions of acetone in deuterium

E q u i l i b r i u m  i n  the A d d i t i o n  o f  H y d r o g e n  P e r o x i d e  oxide. For the reasons described in discussing the
t o  A c e t o n e  i n  A q u e o u s  S o l u t i o n  at 3 5 ° “  hydrogen peroxide adducts of acetone, this chemical

[Me-.coio, [mOiio, _ ; shift is plausible for acetone hydrate (2,2-propanediol).
J ir, A , Mon n . . f ’ M _ A0f  ’ N We therefore utilized the fact that the spectrum of an
. 4g l 89 0 044 0 020  aldehyde hydrate may be fused with that of the cor-
4 u  2  5 2  0 069 0 030 responding aldehyde in aqueous solution by the addi-
5  4 8  2.52 0.070 0.030 tion of acid to speed the hvdration-dehydration reac-
2.74 3.15 0.047 0.022 tions.7 In the presence of 0.0001 M  perchloric acid the
5.48 3.15 0.042 0.020 acetone hydrate peak could no longer be detected.

Av 0.056 ±  0.011 0.025 ±  0.004 To be sure that the difference between the acetone
a Solutions contained 0.1 M  sodium acetate to prevent reaction peak and the peak we were attributing to the hydrate

2. Each equilibrium constant is the average of two to four was a chemical shift rather than some sort of coupling,
measurements. the pmr spectra of 20%  solutions of acetone in protium

. . . , oxide and deuterium oxide were run on a 100-M Hz
accompany changes in concentrations of acetone and spectrometer. The new peak was now found on the
hydrogen peroxide, perhaps because of the fairly large other side of the upfield uC satellite of acetone, 78 H z
experimental uncertainty in the values of K .  (0.78 ppm) upfield from acetone.

The conditions that sufficed to establish equilibrium In order to determine the equilibrium constant for 
in reaction 1 might also bring about equilibrium in the hydration; the area of the peak due to acetone hydrate
addition of the hydroperoxy group of the product of was compared with that of the nearby >3C satellite,
reaction 1 to another molecule of acetone as shown in whose area was assumed to be 0 .55%  that of the acetone
eq 4- We have no convincing evidence as to whether peak (The natural abundance of i .c  is L 1 % .)

Me2COOH +  Me2CO Me2COOCMe2 (4) Measurements on the 60-M Hz spectra of 20%  solutions
gave 0.15 ±  0 .07%  as the extent of hydration of the 
acetone, but measurements at 100 MHz gave 0.11 ±  

reaction 4 is taking place or not, but its probable effect 0 .03%  in protium oxide and 0.0S in one set of measure-
on our determination of K  may be estimated as follows. ments in deuterium oxide solution. The values at 100
Let us assume that the oxygen-bound hydroxy group in MHz are based on larger and more reproducible peaks
Me2C(OH)OOH has the same tendency to add to ace- and are therefore believed to be more reliable. The
tone that such a group in hydrogen peroxide does, equilibrium constant for hydration in 80%  protium
neglecting statistical effects.6 Then we m ay define an oxide corresponds to 0.14 ±  0 .04%  hydration in 100%
equilibrium constant for the addition of oxygen-bound protium oxide.
hydroxy groups to acetone as shown in eq 5. In eq 5, The pmr spectrum of a 28 vol %  solution of acetone in

[Me2C (0H )00-] _ methanol was found to contain a peak 0.78 ppm upfield
K ' =  [Me2CO] [-OOH] (5) from acetone. F or reasons of the type described in

r n n x n  ■ .. , ,. . consideration of addition of w ater and hydrogen per-
[-OOH] is the concentration, in equivalents per liter- oxide to acetone, this k was attributed to the h(Tmi_
of oxygen-bound hydroxy groups and [Me2C ( 0 H ) 0 0 - ]  acetaL Its area was 0 .59 ±  0.07 that of the nearby “ C
s that of peroxy-complexed acetone. In terms of the satelkte of acetone, and therefore the equilibrium con-

symbols used m eq 3, K  may be calculated as shown m stant for the addition of methanol to acetone is (19 ±
eq 6' Values of K  are also given in Table I. If the 2 ) X  1 0 M ~ K  When about 1.2 vol %  of acetone was

_  ________ 1 — / ________ dissolved in methanol and ultraviolet measurements
/(2[H20 2]o — /[Me2CO]0) were made quickly at 25°, the absorbance at 2700 A

~ was found to decrease rapidly (half-life about 15 sec).
(6) I n  v ie w  o f th e  p o s s ib ility  o f s te ric  effects, th is  a ssu m p tio n  seems to

g ive  a reasonable m a x im u m  fo r  th e  p ro b a b le  im p o rta n c e  o f re a c tio n  4. (7) Cf. J . H in e  a nd  J. G . H o u s to n , J. Org. Chem., 30, 1328 (1965).
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Extrapolation of measured absorbance values to zero ------- 1------- \------- 1------- 1------- 1------- j------- 1------j——
time gave 0 .44  ±  0 .10%  as the extent of the decrease, /
corresponding to an equilibrium constant of (18 ±  4) X  2 -  /  *
10“s M ~ \  /

Discussion /

The equilibrium constants for addition to acetone ® f
obtained in this study are listed in Table I I ; also listed /

log K - /
T able II

E quilibrium Constants for Addition to Acetone“ ” 2  * /
A d d e n d  K, M -1 yb

H20  2 .5  X  1 0 - '  - 3 . 5 8  “  /
MeOH”1 1 .9  X  10-4 - 2 . 2 2
H20 24 5 .3  X  10“ 2 - 0 . 6 4  - 4  -  /
H2NOH/.» 1 .0  1 .24  - X
H CN ' 14 2 .4 4  /  i i [ i i i I l
H S C V ' 1 .5  X  102 4 .0 2  - 2  0 2 4

“ In aqueous solution at 35° unless otherwise noted. b From  •
ref 8. 'A t  33°. ‘‘ In methanol. "A n average of the two
equally plausible values, 0.056 and 0.050 M~\  is listed. > W. P . Figure 1 —Log-log plot of equilibrium constants for addition 
Jencks, J .  Amer. Chem. Soc., 81, 475 (1959). » At 25°. h D. P . to acetone at 35° vs. those for addition to pyridine-4-carboxalde-
Evans and J . R. Young, J .  Chem. Soc., 1310 (1954). * Extrap- hyde at 25°.
olated from data of ref 9 at 0, 20, and 30°.

1 ° . 12 However, the measurements in dioxane were 
are values determined by other investigators. Sander made by the method of Wheeler, 13 in which an acid
and Jencks have measured equilibrium constants for a catalyst was used, and Kubler and coworkers have
number of additions to aldehydes and have suggested shown that under the conditions used, the disap-
the parameter 7  as a measure of the ability of a reagent pearance of aldehyde or ketone is due largely to the
to add to a carbonyl group .8 Numerical values of 7  formation of an acetal rather than a hemiacetal. 1415

were obtained from the defining equation Therefore, we think that our value for methanol is more
reliable. The fact that the point for methanol falls 

yhx = log J^ BX somewhat below the line in Figure 1 m ay be due to a
MeNH! solvent effect or to steric hindrance. We believe that

where X Hx  and X MeNHj are equilibrium constants for the number o: compounds studied is not enough to show
the addition of the reagent in question and methylamine whether there are certain categories of reagents that
to pyridine-4-carboxaldehyde in w ater at 25°. In Fig- give deviations from a plot of log K  vs. 7 , as was found
ure 1 is a plot of the values of log K  from Table II  vs. 7 . to be the case for formaldehyde. 8 

The K  value for addition of hydrogen peroxide was
divided by a statistical factor of two in accord with the Experimental Section 16

practice of Sander and Jencks. The points give fairly
good agreement with the least-squares line shown. Addition of Hydrogen Peroxide. Reagent acetone and

T h e  Slope of th is  line (0.93) w ould  be 0.96 fo r d a ta  a t  the ^ tter being determined by refractive index measurements and
25° if all th e  en trop ies of ad d itio n  w ere id en tica l. T h e  by permanganate titration with satisfactory agreement. Pmr
a c tu a l d ev ia tio n  of th e  p o in ts  fro m  a  s tra ig h t line m a y  peak areas were measured by electronic integration. Each of the
be sm aller th a n  th a t  show n. T h e  p o in t fo r bisulfite, equilibrium constants in Table I is the result of two to four
w hich  is low , w as ta k e n  from  th e  d a ta  of G u b a re v a ,9 measurements made at various times between 1 and 48 hr after
w hose equilibrium  c o n sta n t lo r  b enzaldehyde is s ta te d  stant to drift was noted.
by Sousa and M argerum 10 to be too low (by a factor of Ultraviolet measurements at about 2700 A on about 1 M  
more than fivefold) because of dissociation of the adduct aqueous solutions of acetone and hydrogen peroxide using cells
during titration of the bisulfite ions. Since the bisul- w/ th 1;mm Pa^  lengths showed that the absorbance was smaller

than that which would be expected from the amounts of acetone 
fite ad d itio n  com p ou n d  of a ce to n e  d issociates a b o u t and hydrogen peroxide that had been added. This difference
h alf as fa s t as th e  one d erived  from  b en z a ld e h y d e ,11 th e  between observed and “ expected” absorbance was larger in solu-
rep o rted  K  fo r a ce to n e 9 m a y  also be to o  low , b u t p rob - tions 0.001 M  in perchloric acid than in solutions 0.001 M  in
ab ly  b y  a  sm aller fa c to r  th a n  th a t  found for b en zald e- sodium bicarbonate. The fact that the absorbance of the hydro-

h y d e .10 T h e  p o in t fo r h y d ro x y la m in e  is to o  high, b u t f ^ P  q{ ^  ^  game strengPth complicated the quantitative.
th is is th e  on ly  p o in t n o t d eterm in ed  a t  3 5  ±  2  an d  it  
w ould p ro b ab ly  be low er a t  t h a t  te m p e ra tu re .

T h e  equilibrium  c o n sta n t w e h a v e  ob served  fo r th e  ()2> J - M- Jones and M- L- Bender, j . Amer. chem. soc., 82, 6322 (i960)
,  ,  -1 , , • l i  u  f  (13) O. H . W heele r, ibid., 79, 4191 (1957).

ad d ition  of m eth an o l to  a ce to n e  is sm aller b y  a  fa c to r  of (14) D G> Kubler and L E> Sweeney, j . Org. Chem., 25, :4 3 7  (i960),
ab o u t 800 th a n  th e  v a lu e  rep o rte d  in  d ioxan e a t  26 ±  (15) j . m . Beii, d . g . Kubler, p. Sartweii, and r . g . zepp, ibid., 30,

4284 (1965).
(8) E . G . S a nder a n d  W . P . Jencks, J. Amer. Chem. Soc., 90, 6154 (1968). (16) P m r  spectra  w ere  ru n  us in g  V a r ia n  spectrom e te rs , a M o d e l A -6 0
(9) M .  A . G u b a re va , Zh. Obshch. Khim., 17, 2259 (1947); Chem. Abstr., w i th  a p ro b e  te m p e ra tu re  o f 35 ±  1° a n d  a M o d e l H A -1 0 0  w ith  a probe

42 4320g (1948). te m p e ra tu re  o f a b o u t 3 3 °. C h e m ic a l s h if ts  are  g ive n  re la t iv e  to  e x te rn a l
(1C) J. D . Sousa a nd  J. D .  M a rg e ru m , J. Amer. Chem. Soc., 82, 3013 T M S , a n d  th e ir  a b so lu te  va lue s are  th e re fo re  n o t  v e ry  re lia b le . U l t ra -

(1960) v io le t  m easurem ents were m ade us in g  a C a ry  sp e c tro p h o to m e te r, M o d e l 14

(X I)  D . A . B la c k a d d e r a n d  C . H in sh e lw o o d , J. Chem. Soc., 2720 (1958). a t  25 ±  1°.
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interpretation of the uv data, however, and this possible method absorbance of 1.467 in the reference cell. The observed ab-
for measuring the equilibrium constant was abandoned. sorbance decreased from 0.808 at 16 sec to an equilibrium value

Hydration of Acetone.— The pmr spectra of 20 and 30 vol %  of 0.803. Extrapolation to zero time gave a value of 0.813.
solutions of acetone in water were determined at 60 M Hz. A t This change of 0.010 in a total absorbance of 2.280 corresponds to
high amplitude a peak was observed 0.78 ppm upheld from 0 .44% . When small amounts of hydrochloric acid were added,
acetone. This peak, whose size was not much larger than that much larger decreases in absorbance were observed, 
of the background noise in the case of the noisier spectra, was
shown, by changing the spin rate, not to be a spinning side-band. Registry No.— Hydrogen peroxide, 7722-84-1 ; water 
Its area and that of the nearby 13C satellite of acetone were 7732-18-5; methanol, 67-56-1 : acetone, 67-64-1. 
determined by counting squares. The spectra at 100 Hz were
run 9-10  times and the results were averaged using a computer Acknowledgment.— We are indebted to Mr. Steven
of average transients; then the whole process was repeated. t j  ?  , . , ,  , , 1AA
Two other spectra were run using very slow sweep, very small Williams tor making the pmr measurements at 100
response, and very large spectrum amplitude. MHz, to Dr. Donald G. Kubler for valuable discussions

Addition of Methanol .— Pmr measurements at 60 MHz on of our results, and to the National Science Foundation
solutions of acetone in methanol were made in a manner analo- for grants that aided  in  the purchase of the nmr spec-
gous to that used for the aqueous solutions. In a typical uv . , , , , ,
measurement, 0.035 ml of acetone was added to 3.0 ml of metha- trometers and the ultraviolet-visible spectrophotometer, 
nol and absorbance measurements were made as quickly as whose purchase was also made possible by a generous 
possible at 2760 A using an equilibrated ketone solution with an grant from the Charles F. Kettering Foundation.

Effects of Fluorine Substitution upon Glyeidyl 
Ether-D ibutylam ine Reaction Rates
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N aval Research Laboratory, Washington, D. C. 20390 

Received Ja n u a ry  15, 1970

Two series of fluorine-substituted glyeidyl ethers have been synthesized, and their rates of reaction with di- 
butylamine in i-amyl alcohol have been measured by means of gas chromatography'. The reaction was found 
to be second order, with dibutylamine attacking the terminal position of the epoxide ring in all cases. Fluo- 
rinated substituents generally decreased the reaction rates within each series with one outstanding exception.
Rate constants and Arrhenius parameters are presented for each of the reactions studied.

l,2-Epoxy-3-phenoxypropane (la ), or phenyl gly- In order to determine the effects responsible for the 
cidyl ether,1 is three to four times more reactive toward reactivity of this type of compound, it is of interest to
nucleophilic attack by amines in alcohol than either measure the influence of variations in the R  group of 4
styrene oxide (2) or allylbenzene oxide (3 ).2 I t  has upon the epoxide-amine reaction rate. Although pre-

vious workers have studied the effects of solvents and 
/  \  the use of various nucleophiles on the rate of cleavage

a 0  — CH2— CH— CH, :h — CH2 of the epoxide ring,6,6 in each investigation only a single
| | glyeidyl ether was used. A comparison of the reaction

rates of different glyeidyl ethers under identical condi- 
la 2 tions has not to our knowledge been made.

0  We have prepared two series of fluorine-containing
„ „  /  glyeidyl ethers, of general structure 1 and 5, in order to

a CrL2OH Cri2

\ J  f .  0
3 OCH2CH—  CHz X — \ / j —  (j1— OCH2CH—  c h 2

been suggested3’4 that this increased reactivity is char- ^  J CF3
acteristic of all epoxides of the glyeidyl ether type J 4
represented by structure 4. la, R = R ,= R 3 = R4 = H 5a, Ki = R2 = H;X = H

b, R, = R 3 =  R, =  H; R, =  CF3 b. =  CF3; R2 =  H; X =  H
0  c, R1= R 2 =  R3 =  R., =  F  c, R1 =  R2 =  CF3;X  =  H

R— O— CH2CH— CH2 d, Rx =  R, =  F; X =  F
4

___________ determine the effect of increasing fluorine substitution
m Til.. " i ■ , ,  , , upon the rates of ring opening of these epoxides. Com-(1; 1 he term glyeidyl 13 used to denote the following structure. j  r  -  ,

pounds oi type 5 represent a new class of nuoro-sub- 
o stituted glyeidyl ethers. The present paper describes

ch ch—ch the preparation of these compounds, and presents
kinetic data comparing the rates of epoxide-dibutyl-

(2) N . B . C h a p m a n , N . S. Isaacs, a n d  R . E .  P a rk e r, J. Chem. Soc., 1925 amine reaction, in f-amyl alcohol, for the glvcidvl
(1959). ethers above.

(3) S. O. G reenlee, “ T h io x y a lk a n o ic  A c id s  a nd  E p o x y  C u rin g  A g e n ts ,”

p a p e r p resen ted  to  th e  A m e r ic a n  C h e m ic a l S o c ie ty  D iv is io n  o f O rg a n ic  (5) L . Shechte r, J . W y n s tra , a nd  R . P . T u r k jy ,  Ind. Eng. Chem., 48, 94
C o a tin g s  & P la s tics  S ection , M in n e a p lis , M in n . ,  A p r i l  1969. (1956).

(4) W . J . P a tte rs o n  a nd  N .  B ilo w , J. Polym. Sci., Part A, 7, 1089 (1969). (6) S h e ch te r a n d  J. W y n s tra , ibid., 48, 86 (1956).
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T able I
P hysical Data for F luoro-Substituted Glycidyl E thers“'1

O
/ \ „

---------------- Nmr spectrum**’® (R-O -C H r-C H — CH2)-------------------- n
Yield, Bp, °C a b c

Compd % c (10.0 mm) n“ d Haromatic Ha Hb H0

lb 88 110 1.4676 7.10 (4) 4.16 3.18 2.76
3.89 2.60

lc 67 99 1.4552 6.79 (1) 4.41 3.26 2.77
4.09 2.59

5a 65 104 1.4371 7.56 (2) 3.82 3.15 2.75
7.46 (3) 3.57 2.60

5b 78 108 1.4095 7.92 (1) 3.91 3.20 2.78
7.68 (3) 3.57 2.63

5c 62 97 1.3901 8.16 (2) 3.99 3.25 2.84
8.03 (1) 3.53 2.67

5d 38 111 1.4074 3.63 3.18 2.78
2.51

“ Satisfactory analytical data were obtained for all compounds in this table. 6 Epoxy equivalent weights were determined, using 
1 N pyridine hydrochloride in pyridine, for all compounds except 5d, and are within 1.5% of the theoretical value. c Per cent conversion 
from corresponding hydroxy compound. d Ppm downfield from tetramethylsilane in CCh solution. ‘ Listing of dual signals for Ha or 
H„ indicates chemical nonequivalence of the geminal protons.

Scheme I  Scheme I I

f  X *  0

n  i «  r r i “011 JT1 + cf.JU f, ^ 21*
U  + O'.-C-CF. ------* C J  CF, C F . ^ ' B r

c f3

f ’ O f j l

O.C—OH /  \  NaOH ™ „rr
1^1 + CH—CH— CH2C1 ------ *- CF3 C—OH

' CF3 excess
CF3 0
I /  \  pp 0

a c—OCH,CH— CH2 Y*3 / \
j >L excess CH—CH—CH2C1

CF3 n  C73 --------- NaOH------------^

C F / ' ^ C - O H
Discussion and Results

Synthesis of Glycidyl Ethers.-—We have found that Cp
arylbis(trifluoromethyl)carbinols react with excess j
epichlorohydrin in much the same manner as do phe- i f * !  CF3 0
nols.7 This reaction is a convenient new means for ob-  ̂ I /  \
taining 2,3-epoxy-l-propoxy compounds, or glycidyl CF) ? OCH2CH CH2
ethers, which contain fluorocarbon. The acidic car- ¿p
binol intermediates may be obtained via direct, AICI3-
catalyzed condensation of aromatic hydrocarbons with Nature of the Reaction.—The reaction between a 
hexafluoroacetone8 (Scheme I), or by means of aromatic secondary amine and an unsymmetrical epoxide com-
Grignard reagents (Scheme II). We have found pound may proceed via two different pathways, depend-
fluoroalkyl-substituted aromatics to be unreactive to- ing upon which of the epoxide-ring carbons is attacked, 
ward hexafluoroacetone in the presence of A1C13, pre
sumably owing to ring deactivation by electronegative
substituents. Therefore, the alternate synthesis via Terminal !
the Grignard reagent was employed for compounds O /  a t *■ RCH—CH2NR'2
5b-d. R_ ĉ J>CH j _ HNR, /  3 C "normal isomer”

Table I contains physical properties and yields for the 2 2 N.
four new glycidyl ethers of type 5 prepared by this \---------► rqh— CH2OH
method. Also included are compounds lb and lc, I
which were prepared from the corresponding phenols 2
and epichlorohydrin by the method of Kelly, et al.7 "abnormal isomer”

(7) P. B . Kelly, A. J .  Landau, and C. D. Marshall, J .  Appl. Polym. Sri.,
6, 431 (1962). Terminal attack, leading to the formation of a sec-

(8) B. S. Farah, E . E . Gilbert, and J .  P. Sibilia, J .  Org. Chem., 30, 998 , , , . , ,  7 i , . i L „ rntr
(196£) ondary alcohol, is the exclusive or predominant pathway
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18 -  18 -

t  .q 16 -  .o,O0CH2CH-CH2 _/ /V?vrC-0-CH2CH CH2 * y
/ / *  ^  14 -  CF3 ' 3 '°' /  L  J  FF3 '  s'/  /  _ y  — " \i#r̂-rC-0-CH;,CH-CH2 /  3 /  /

I  \  i  r , U « J  /  \ y  s
I " -  y y \ s ^  " ° 7f v r' ■ /  y S y y - y§ y y '  y \  y  § Fy M ^ CH - y \

io - y y  yc^ysocHzcH-cHz »- f \ cf5 /  y y
y y y  30  \ /  y y y y \  ?F* -y y y  y y  \ /  y y - ^ cf,.^v<.c-o-ch2ch-ch2

s -  y y y  8_ / y y * ^  M CF3
y y ' * '  Fyî C°CH2CH-CH2 / y ^ y ^ '  CF3

i iF i i i i i i \£r \  ___ I____ i____ l____ i____ i____ i____ i i0 I 2 3 4 5 °  1 2 3 4 5TIME (HOURS) TIME (HOURS)
Figure 1.—Reaction of dibut.ylamine with glycidyl ethers of Figure 2.—-Reaction of dibutylamine with glycidyl ethers of 

type 1 in ¿-amyl alcohol (T = 60°), using equimolar amounts of type 5 in /-amyl alcohol (T = 60°), using equimolar amounts
reactants. Reciprocal concentration of the glycidyl ether is of reactants. Reciprocal concentration of the glycidyl ether is
plotted as a function of time. plotted as a function of time.

followed by nearly all nucleophiles under neutral or epoxide ring in neutral or basic media proceeds accord-
basic conditions.9-11 This is due primarily to the ing to second-order kineiics,12’13 all of the glycidyl
steric hindrance exerted by the R  group on the more ethers, la -c  and 5a-d, follow a second-order rate law in
substituted ring carbon atom. The product corre- their reactions with dibutylamine. Using equal initial
sponding to terminal attack is commonly labeled the concentrations of amine and glycidyl ether in ¿-amyl
“normal isomer,” because of the overwhelming ten- alcohol, and plotting the reciprocal of the glycidyl ether
dency for this mode of reaction. Previous workers2 concentration as a function of time, we obtained good
have shown that phenyl glycidyl ether and piperidine straight lines for each system at three different reaction
conform to the trend, reacting in ethanol to give greater temperatures (Figures 1 and 2). This linear behavior
than 99%  normal isomer. is characteristic of second-order reactions. Concen-

Our kinetic data were obtained by treating various 
glycidyl ethers with dibutylamine, using ¿-amyl alcohol = — fatTCn
as a solvent. Because dibutylamine is even more hin
dered than is piperidine, a negligible yield of abnormal for ( 'K = Cb
isomers is expected under the reaction conditions em- dCq. = _ 2
ployed. Investigation of the products of each of the
glycidyl ether-dibutylamine reactions supported this l
prediction. Glpc analysis of the reaction mixtures at CA ~~ ~~ ̂  ( 'k"
various column temperatures indicated only a single, . , • , , ■ , , , ,i , . , ■ j  , trations were determined as a function of time by ana-sharp product peak m each case. These products were , - J ,•, l-c  , , ,, ■ x xi_ j - lyzmg aliquots of the reaction solution in the gas chro-ldentmed by their nmr spectra as the corresponding „ . -r , . A i

i ■ ,  t? ■ x i c< x- \ G • matograph, and measuring integrated peak areas as per-normal isomers (see Experim ental Section). No evi- . t  ™ ■ „  %
. „ i f  „  t  .V u l -  -I, ,  i centages ol initial areas. This technique allows fordence ot formation of the abnormal isomer could be de- , . • x- j? xi. x r  , x x

x x j  ■ xi. x t. ■ r , x ,  x determination ot the amounts ot each reactant re-tected, using these techniques, for any of the systems. „  • • . . .  „  x
For this reason, and in light of the above discussion, we mam!ng ** a? y time; , ™te measurements
have considered terminal attack to be the exclusive were based only upon the glycidyl ether concentrations,
reaction pathway for the kinetic studies reported. The whldl ^  detfe™med more accurately owing to
formation of trace amounts of abnormal isomer, al- ^m p ete isolation of the gas chromatographic peak It
though not rigorously excluded, would have a negligible WaS dear fr°™ tbe measurement of the
effect on our rate measurements. “  concentration that a 1 :1  reaction was taking

i ° lySiS 1  dhe ? ° K ide ri^  bY P Predicted Effect of Fluorinated Substituents.-Be-solvent molecules has been ruled out by previous rxi , , .
studies. It has been shown2 that ethanol does not CaUSe of the semnd-order appearance o thesyeactions,
attack phenyl glycidyl ether in neutral solution, and xt seems clear that the mechanism is Sn2 with dibutyl-
even refluxing in the presence of phenoxide anion led to ai“ ,ne the te™ m al carbon of the epoxy ring
only 2%  reaction between ethanol and phenyl glycidyl “  rate-determining step. This slow step may then 
ether.9 10 11 Our work was carried out using hindered ¿- Je  followed by rapid proton transfer, probably via the
amyl alcohol at 60° or less; so it is not surprising that  ̂ rcX  ̂10 S0 Ven 
no sign of alcoholysis was found. O

Order of the Reaction.—As anticipated by various _OCH2 CH—CH2 +  R2"NH 5l°'>
studies, which show that nucleophilic attack on an O-  OH

(9) E . L. Eliel, “Steric Effects in Organic Chemistry,” M. S. Newman, p i  HOW C l /  f ' U m d  "  faSj  n i n r u j  i -11 ( '  TI -\Tr> n
Ed., Wiley, New York, N. Y„ 1956, pp 106-114. K  U O H jO H — O H 2— N K ,  >  R  O C H 2C H  C H 2 N R 2

(10) S. Winstein and R. B. Henderson, Heterocycl. Compounds, 1, 22
(195°)- (12) R. E . Parker and N. S. Isaacs, Chem. Rev., 59, 737 (1959).

(11) G. L. Brode and J . Wynstra, J .  Polym. Sci., Part A, 4, 1045 (1966). (13) N. S. Isaacs and R. E . Parker, J .  Chem. Soc., 3497 (1959).



It has been inferred2 from this mechanism that the T able III
sharp increase in reactivity of phenyl glycidyl ether Arrhenius P arameters

(la) compared with styrene oxide (2) or l,2-epoxy-3 Compd £'a. kcu/moi Log a as+,“ eu
phenylpropane (3) in ethanol is due to polarization of la 11.0 ±  l 4.2 ±  0.5 -42  ±  3
the bonds in structure 6a as in 6b. The overall effect of lb 11.2 ±  l 4.3 ±  0.5 -41 ±  3

Q 0 lc 10.4 ± 1 3.6 ±0 .5  -44 ± 3
/  \  y  \ 5a 1C.5 ± 1 3.7 ±0 .5  -44 ± 3

R—CH—CH2 — CH!<— CH2* + 5b 10.9 ± 0.6 3.9 ± 0.3 -43 ± 2
5c 11.4 ± 1  4.2 ± 0.5 -42 ± 3

6a 6b 5d 9.3 ± 1  3.2 ± 0.5 -46 ± 3
polarizing the epoxy ring in this fashion is to facilitate T “ ActlvatIon p^ameter, calculated at 300°K according to J. E. 
f, ,. , , • ,, i r xi i Leffler and E. Grunwald, “Rates and Equilibria of Organic
the reaction by enhancing the approach of the nucleo- Reactions," Wiley New York, N. Y., 1963, p 71. 
philic am ine . 2’ 14 I t  was felt th a t the greater electro
negativity of phenoxymethy 1 vs.  phenyl or benzyl acti- groups of compounds must be attributed to electronic 
vated the epoxide ring, thereby causing its increased effects caused by substituents on the arom atic ring, or
reactivity. I f  we extend this reasoning to the intro- t 0  steric considerations involving the glycidyl ether
duction of fluorine into the arom atic nucleus of la , the oxygen, rather than the epoxide ring itself,
subsequent increase in electronegativity of th at part of The unexpected behavior of fluorine-substituted 
the molecule is expected to produce an epoxide even compounds led us to consider an alternative to the
more reactive than la  itself. Tetrafluorophenoxy, for simple inductive explanation for the highly reactive
example, being more electron withdrawing than phe- nature of glycidyl ethers in the Sn2 reactions discussed,
noxy, should cause tetrafluorophenyl glycidyl ether The assumption of activation of the epoxide ring v i a  a
(lc ) to react with nucleophiles faster than does phenyl simple inductive effect is inconsistent with the observed
glycidyl ether ( la ) . This argument also pertains to deactivating influence of fluorinated substituents in
compounds of type 5, in which increased fluorine sub- compounds la - c  and 5a-c . Therefore, we suggest that
stitu .ion on the arom atic nucleus should coincide with ap least part of the activation caused by the glycidyl
increasing rate constants.  ̂ _ ether oxygen may be due to its ability to hydrogen bond

Observed Effect of Fluorinated Substituents.— F or with the attacking amine as in 7 . 15

both series of analogous compounds the surprising
finding of our kinetic studies is th at increased fluorine O
substitution on the arom atic ring slows the rate of R 0 Qj p__(qj— q .
epoxide ring opening in all cases bu t one. T he actual I 2 " __\ i i r
decrease in reactivity is substantial, in view of the fact Hx  \ ^  2
that the substituents are quite distant from the site of H_/ N\
attack. R' R' r' r'

As seen in Figures 1 and 2 , and in Table I I ,  rate con- 7  8

stants tend to decrease rather than increase as fluo-
Association of this type between the amino hydrogen 

T able II and the ether oxygen would enhance the approach of the
M easured R ate Constants amine, and place it in a favorable position for attacking

i0 , k:c l0 , kj 10, k, the epoxide ring. In the six-membered-ring interm e-
C cm pd (T = 4i°) ( T  = s i0) (T  = so0) diate (8 ) which results from term inal a ttack  the ether

la 2.96 5.28 8.15 oxygen might also stabilize the transition state by de
lb 2.72 4.87 7.59 localizing the positive charge on the nitrogen during
lc 2.41 3.83 6.00 formation of the C-N bond. This mechanism is con

sistent with the absence of the abnormal isomer, which 
5a 2.68 4.88 7.03 would require a five- rather than six-membered-ring
^  j interm ediate for its formation. Fluorine or fluoro-

4  _ 8  7 ' 7 1  l i  14 carbon substituents on the R  group of 8  are expected to
ini mol- 1  see" 1 decrease the electron density around the glycidyl ether

oxygen, and consequently reduce its ability to  associate
J  , . . .  , , ,  , . „ J  .  with the amino hvdrogen. Formation of a complexrmat?d substituents are added to la  and 5a. Only _ , , ,  ,  , , r +. •j - j  , , 1  ,• , . i x  - x such as 8 should, therefore, be less favored. It thiscompound od exhibits the predicted acceleration in its\ xi i v. x i • u n xu a effect outweigns the activation of the epoxide ring due toreaction with dibutvlamme. For all other compounds, . . ,  . . , ., , , , . ^

x,  ■ ■■ ,• -x -xu- u , u;„u polarization (as in 6b), it would account for the de-there is a decrease in reactivity within each series which 1 , , ,•, ,  ,. i x xu i v • . creasing rate constants corresponding to increasing
,s roughly proportional to the degree of fluo ne ub- fluorin(f content in compounds laPc and 5 a-c .
s itution. Arrhenius parameters for the reac ions Compound 5d, our most heavily fluorinated epoxide,
studied are given in Table III. As can be seen activa- ano^ alous to the trend of deactivation by fluorine
t,on energies, and entropies are quite similar in all cases. gubstitution and in fact is the most reactive of all the 

Mechanistic Considerations.-The steric situation in eth’ers studied. Only this compound, of the
the vicinity of the epoxide ring is identical for each of « ^  re lcts faster than phenyl glycidyl ether,
the compounds of type 1, as it is for those of type 5. R  spems unlike]y that the inductive effect of the fluo- 
Therefore, differences m reactivity within the two

(15) It  has been suggested that the reactions of epoxy resins of the glycidyl 
(14) C. N. Hinshelwood, K. J .  Laidler, and E. W. Timm, J .  Chem. Soc., ether type with amine curing agents are accelerated by this mechanism. 

848 (1938 [A. L. Cupples, H. Lee, and 13. G. Stoffey, Advan. Chem. Ser., 92, 1 < 3 (19/0)].
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rine in this case should suddenly activate the epoxide to trace impurities. The glycidyl ethers used showed no traces 
ring, since the trend established in all other cases is to-
ward deactivation. A study OI the molecular model OI benzotrifluoride, 41 g (0.18 mol), magnesium turnings, 4 . 5  g
compound 5d suggests one possible explanation for its (0.19 g-atom), precleaned with dilute hydrochloric acid and dried,
anomalous behavior. Owing to the steric hindrance of and 1 0 0  ml of anhydrous ether were placed into a 1 0 0 -ml, four-
the two ortho fluorine atoms, the (/em-trifluoromethyl necked resin kettle equipped with a magnetic Stirrer, gas inlet

, , , , , , tube and a Dry Ice-acetone retux condenser protected from the
groups in this molecule appear to be somev hat con- atmosphere by a drying tube. Prior to reactant addition, the
strained perpendicular to the aromatic ring. The pre- kettle was heated with a heat lamp and purged with dry nitrogen, 
ferred orientation appears to be that shown, in which When the flask contents were gently heated, the reaction started
the glycidyl ether oxygen is found to be very close to and proceeded smoothly for 0.5 hr to yield a dark brown solution.

r ■> n * „ t+ o Hexaduoroacetone, 22 ml (0.19 mol), was condensed into a trapone of the ortho fluorine atoms. It appears that a . .. , ’ , . . ., a^  from a cylinder, and then allowed to distil over into the resin
kettle above the liquid surface at such a rate to maintain gentle

O reflux at the Dry Ice condenser. The addition required 1.5 hr
/  \ during which the Grignard solution was stirred vigorously.

CH2CH CH2 Excess 2 N hydrochloric acid was used to decompose the mag-
Qp a*13 q J  nesium salt after the reactant solution had stirred overnight.

3vy /  'H\ f  Additional ether was added, and the ethereal solution was sepa-
I I —p/ rated, washed twice with water and once with saturated sodium

FN 1  F \ chloride solution, and dried over anhydrous sodium sulfate. The
|| R’ solvent was evaporated under reduced pressure, and the residue

was fractionated through a 6-in., vacuum-jacketed Vigreux 
F T  F column. The fraction boiling at 89° (44 mm) was collected as a

p clear, colorless liquid, 36 g (63% overall yield based on starting
g bromide). The product was alkali soluble, and the nmr spectrum

in carbon tetrachloride displayed signals at 5 8.02 (s, 1, Ar-H),
7.70 (m, 3, Ar-H), and 3.40 (s, 1, O-H). The infrared spectrum 

complex such as 8 could be formed not only through Fad a sharp hydroxyl peak at 3600 cm 1 and a broad one between
association of the ammo hydrogen with the glycidyl 2-[3,5-Di(trifluoromethyl)phenyl]hexafluoro-2-propanoL-This 
ether oxygen, but also with the ortho fluorine atoms as compound was prepared via the Grignard reaction in essentially
in 9. Of the compounds studied, then, 5d seems to be the same manner as the preceding intermediate, except that a
unique for two reasons: (1) the rotation of the gem- mixture of ether and tetrahydrofuran was required as solvent,
trifluoromethyl groups may be hindered by adjacent Magnesium could not easily be induced to react With 3,5-di(tri-
n . i n • . / nuorometnyl)bromobenzene in dry ether alone. A 60-g (0.205
fluorine substituents,^ and (2) fluorine atoms (on the mol) sample of the bromide gave an overall yield of 54.3 g (70%)
benzene ring) are positioned such that association with 0f the desired product: bp 85-90° (40 mm); nmr 5 8.20 (s, 2,
the amino hydrogen might lead to a favorable geometry Ar-H), 8.03 (s, 1, Ar-H), 3.79 (s, 1, O-H). The infrared spec-
for attack on the epoxide ring. One or both of these trum contained a sharp hydroxyl peak at 3610 cm-1.
f a c t o r s  m a v  h e  r e s n n n s ih le  fo r  t h e  a n o m a lo u s  h e h a v io r  2-(Pentafluorophenyl)hexafluoro-2-propanol.—This perfluo-
l a c t o r s  m ay  b e  r e s p o n s ib le  l o r  t h e  a n o m a lo u s  b e h a v io r  rinated  alcohol was synthesized v ia  th e  readily produced Grignard
of this compound, bynthesis of compounds closely reagent of pentafluorophenyl bromide in dry ether. In this case,
related to 5d is in progress, in order to determine the the reaction between the Grignard reagent and hexaflucroacetone
basic requirements for enhanced reactivity in fluoro- appeared to be unusually sluggish, and it was necessary to heat
substituted elvcidvl ethers the ethereal solution nearly to boiling in order to achieve a

moderately rapid reaction. From 50 g (0.20 mol) of bromide was 
obtained 45 g (64% overall yield) of the alcohol, bp 167-170° 

Experimental Section (760 mm). The infrared spectrum had a sharp hydroxyl band at
3620 cm-1.

Nuclear magnetic resonance spectra were obtained at 24° as Preparation of Glycidyl Ethers.—All of the glycidyl ethers were
10-20% solutions in CC14 on a Varian HA-100 spectrometer, prepared in essentially the same manner. The procedure for
using tetramethylsilane as an internal standard. Infrared spectra preparation of the glycidyl ether of 2-(3-trifluoromethylphenyl)-
were run as smears of the neat liquids between salt plates on a hexafluoro-2-propanol (5b) is typical.
Perkin-Elmer Model 457 grating spectrophotometer. All Into a 2-1., three-necked, round-bottom flask equipped with a
glycidyl ethers were fractionated on a Nester-Faust auto annular reflux condenser, dropping funnel and stirrer were placed 195 g
Teflon spinning-band still (10.0 mm) prior to use in kinetic ex- (0.65 mol) of 2-(3-trifluoromethylphenyl)hexafluoro-2-propanol,
periments. Analytical samples of the glycidyl ethers were used 500 g epichlorohydrin (5.4 mol), 600 ml acetone and 70 ml water,
for all kinetic runs. Elemental analyses were performed at the Into the dropping funnel was placed a 20% aqueous solution of
Schwarzkopf Laboratories, N. Y. sodium hydroxide containing 28.0 g (0.70 mol) of the alkali.

Materials.—Phenyl glycidyl ether was purchased from the The flask contents were stirred and heated to reflux. One-sixth 
Shell Chemical Company, and purified by distillation through the of the sodium hydroxide solution was added slowly, and reflux
column described above. Starting materials including 2,3,5,6 - was continued 15 min before another one-sixth portion was
tetrafluorophenol, 3-trifluoromethylphenol, 3-bromobenzotrifluo- added. This was repeated until five-sixths of the alkal: had been
ride, 3,5-di(trifluoromethyl)bromobenzene, hexafluoroacetone, added, and, after the fifth reflux period, the aqueous layer was
and pentafluorophenyl bromide were obtained from Peninsular drawn off and discarded. Then, reflux was resumed and the
ChemResearch Co., and used as received. 2-Phenyl-2-hydroxy- remaining alkali solution was added. After 15 min, the aqueous
hexafluoropropane was prepared from benzene and hexafluoro- layer was again withdrawn. Most of the acetone and epichloro-
acetone according to published procedure.8 hydrin was distilled at atmospheric pressure, and the remaining

The dibutylamine used for kinetic studies was purified by solution was decanted from a residual precipitate of sodium chlo-
careful distillation through a 3-ft, helices-packed column. A ride. The solution was then diluted with 300 ml of ether,
single fraction, bp 158-159° (760 mm), was used for all runs. This ethereal solution was washed once with water and twice
Distillation of the /-amyl alcohol w'as carried out on the same with saturated aqueous sodium chloride. After it was dried over
column, and the central fractions, bp 101.0-101.5° (760 mm), anhydrous sodium sulfate, the solution was filtered, and the
were combined for use. After purification, neither the amine nor ether was removed on a rotary evaporator. The resulting product
the alcohol solvent showed any traces of impurity in the gas solution was vacuum distilled through a 6-in. Vigreux column
chromatograph. All runs were made using materials from the and a fraction boiling at 120° (13 mm) was collected; 180 g
same batch of amine, and from the same batch of solvent, to (78%) of 2-(3-trifluoromethylphenyl)hexafluoro-2-propyl glycidyl
ensure further against variations in t he relative reaction rates due ether were obtained. This was redistilled through the Nester-
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Faust spinning-band column to yield 151 g of analytically pure column packed with 30% Ucon 50 HB 2000 on 42-60 mesh 
product (Table I). firebrick was used for analytical and preparative work.

Rate Measurements. Gas chromatographic analyses were Glpc analysis of the reaction mixtures indicated a single, sharp 
performed using a Beckman GC-2A gas chromatograph, equipped product peak for each of the reactions. After purification by
with a 10-in. recorder and Disc integrator, and containing a 2 preparative glpc, these products were characterized by their
ft X 0.25 in. column of 30% silicone 550 on 42-60 mesh firebrick. nmr spectra as the “normal” isomers (products of terminal attack
Concentrations were obtained as a function of time by comparing by the amine on the epoxide ring). No trace of the second (ab-
the integrated area of a reactant peak at time t with the area of normal) isomer rould be found in anv of the systems. In each 
that peak at time ¿0. Since the U peak corresponded to a known case, the ratio of -he nmr integral of the N-C-H vs. O-C-H
initial concentration, the actual concentration at time t was protons was 2 : 1 , corresponding to that required for the normal
found from the ratio of peak areas. isomer.

In atypical run, 2 . 0 0  X 10-4mol of glycidyl ether and 2 . 0 0  X Since all products are identical on the amino side of the glycidyl 
1 0  4 mol of dibutylamine were weighed into a 1 0 -ml volumetric ether oxygen, the features of interest in their spectra are ex
flask, and enough ¿-amyl alcohol was added to bring the total tremely similar. These features are illustrated by the following
volume to exactly 1 0  ml.16' 17 The solution was then immediately example.
transferred to a round-bottom flask equipped with a magnetic Adduct of Dibutylamine and Glycidyl Ether lc.—The reaction
stirrer ar.d a self-sealing rubber septum cap. The flask was product had a retention time of 2.5 min at 35 psig, T = 200°, on
capped and placed in a constant temperature bath, which was the column described above. Its nmr spectrum showed maxima
maintained at the reaction temperature ±0.05°. The h reading at 5 6.73 (triplet of triplets, 1, Ar-H), 4.18 (d, 2, 0-CH2) 3.83
was then taken by piercing the septum cap with a syringe and (m, 1 , CHOU), 3.60 (s, 1, O-H), 2.52 (m, 6 , N-CH2), 1.36
withdrawing a 10.0-id aliquot, which was injected directly into (m, 8 , C-CH2), 0.93 (t, 6 , CH3).
the gas chromatograph for analysis. Subsequent 10.0-M1 samples The infrared spectrum showed absorptions at 3440 cm“ 1

were withdrawn at various times and analyzed in an identical (hydroxyl); 2900, 1460 (C-H): 1640, 1540, and 1490 (aromatic);
manner. Variation in the height of the sharp ¿-amyl alcohol 1175 (Ar-O-R); and 1100 (C-F, alcoholic C-O).
peak, which served as an internal standard, was generally less
than 1% during a run, and never more than 2.5%. All reactions TJpm'ctr-ir Wn_la 199 60 1 - 1 4 . ccc ak k. n
were followed to at least 60% completion. ’ _ ’ , ’

Each of the reactions was run at three different temperatures 25Uoo-10-4; 5a, 25Uoo-ll-5, 5b, 25056-12-6; 5c, 25056-
(41.0, 51 0 , and 60.0°) using initial concentrations of 0 . 2 0 0  M 13-7; 5d, 25080-58-4; 2-(3-trifluoromethylphenyl)-
in ¿-amyl alcohol for each reactant. All of the 60° reactions were hexafluoro-2-propanol, 25056-14-8; 2- [3,5-di(trifluoro-
run in duplicate. Rate constants were reproducible to within 1% methyl) phenyl ]hexafluoro-2-propanol, 25056-15-9; 2-
in most cases, and to within 3% m the least favorable case. / , a ,\i n n i L  a

Product Analysis.—Product investigation was done by glpc (pentafluorophenyl)hexailuoro-2-propanol, 13732-52-0;
analysis of the infinite-time kinetic samples. A 6 ft X 0.25 in. adduct of dibutylamine and glycidyl ether lc, 25056-
— - — —  . . . 17-1.(16) In an unpublished study involving neat solutions of dibutylamine and 
the glycidyl ethers above, we have shown that the error introduced by allow
ing the reactants to be in contact during weighing is about 0 .1% . This Acknowledgment.—We wish to thank Mr. C. F.
8lii ‘ 7 °h hr  been !gn.°red in our . ft. . f. Poranski and Dr. W. B. Moniz for running the nmr(1/) Initial concentrations were corrected for the expansion of the solution °
upon heating from room temperature to reaction temperature. SpOCtra.

Ozonation of Amines. IV . 1 D i-t-butylam ine
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Results of a thorough study of the ozonation of a secondary amine, di-t-butylamine, are reported for the first 
time. The major final products from ozonation in chloroform are 2-methyl-2-nitropropane, di-t-butylammonium 
chloride, and various derivatives of the ¿-butyl group lost in formation of the nitro compound. In contrast to 
the ozonation of ¿-butylamine, the ozonate anion radical is not produced initially, but di-t-butyl nitroxide is. To 
explain these results a new (fourth) fate of the amine-ozone adduct is proposed.

The first paper of this series2 initiated a systematic ion radical (III) and the ozonate anion radical (IV, eq
study of the ozonation of primary, secondary, and 3), followed by reactions of these. Paper I I3 reported
tertiary aliphatic amines in which the alkyl groups are the results of ozonation of tri-n-butylamine, a tertiary
varied as to whether they are primary, secondary, or amine with primary alkyl groups, for which the major
tertiary. A working hypothesis was presented in the competitive fates of the amine-ozone adduct (I) were
preceding papers1-3 as a rationale for the reactions amine oxide formation (eq 2) and side-chain oxidation,
found both by us and others to occur during the ozona- Paper IIP  discussed the ozonation of ¿-butylamine, a
tion of amines. This involved the formation of an ini- primary amine having a tertiary alkyl group, for which
tial amine-ozone adduct (I, eq 1) followed by three the major fates oi I were those of eq 2 and 3.
fates thereof: (a) loss of molecular oxygen with forma- ry
tion of an amine oxide (II, eq 2) or further reaction jysj: + o==0— 6: —*■ r3n— 0 —0 — Q: (1)
products thereof; (b) an intramolecular side-chain j
oxidation; (c) homolytic dissociation to a nitrogen cat- ^

(1) Part I I I :  P . S. Bailey and J .  E . Keller, J .  Org. Chem., 33, 2680 R3N 0~O— 0  ► R3N O + 02 (2 )
(1968). t

(2) P. S. Bailey, J .  E . Keller, D. A. Mitchard, and H. M . White in “Oxi- ^
dation of Organic Compounds. I l l , ” Advances in Chemistry Series, + — + ..  . .  r.
No. 77, American Chemical Society, Washington, D. C., 1968, pp 58-64. R3N O 0 O * > R3N' "O O O- (3)

(3) P. S. Bailey, D. A. Mitchard, and A. Y . Khashab, J .  Org. Chem., 33, ▼ t jj
2675 (1968;. 1 1V
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The present paper deals with the first detailed study Since, however, a major product from ozonation of both
of the ozonation of a secondary amine, di-i-butylamine amines in chloroform was the corresponding ammonium
(VII), although one particular aspect of the ozonation chloride, one would initially assume that the mecha-
of several aromatic and alicyclic secondary amines has nisms leading to the salt were the same in each case,
previously been reported.4a In addition, the present For di-i-butylamine (VII), by analogy to /-butyl-
paper presents a low-temperature epr study of the ozo- amine,1 this would involve eq 1-5, the summation of
nation of both i-butylamine and di-i-butylamine. which produces eq 6. The odor of phosgene (VI) was

The ozonations of di-i-butylamine were carried out strong in the reaction mixture, and it was shown in-
in chloroform at —60 to —65°, methylene chloride at dependency that, whereas i-butylamine and phosgene
— 75°, and carbon tetrachloride at —20°, usually with react to give ¿-butyl isocyanate and/or N,N'-di-i-butyl-
nitrogen as a carrier. Typical experiments are shown urea1, no urea was produced when di-i-butylamine and
in Table I. As was true also in the case of ¿-butyl- phosgene were mixed.
amine,1 the experiments in chloroform are easier to The assumption that the mechanisms leading to salt 
interpret and will be discussed first.4b The ratio of formation were the same for the ozonations of i-butyl-
ozone (with nitrogen carrier, expt 1-3) to amine react- amine1 and di-i-butylamine was shown to be invalid by
ing was approximately equal to 2, regardless of whether low-temperature epr studies. Ozonation of ¿-butyl-
excess ozone was employed or whether that used was amine in pentane at —120° gave immediately a red
insufficient to react with all of the starting amine. solution. An epr spectrum of the solution gave a
Likewise the yields of products were approximately the strong signal for the ozonate anion radical (IV) in the
same in either case. This indicates that any interme- form of a singlet with a g value of 2.0107.6 Further
diate products reacted almost as quickly as they were ozonation produced a red precipitate which, by analogy
formed. The major products were 2-methyl-2-nitro- to the ozonation of ammonia,5 must have been ¿-butyl-
propane (X ), di-i-butylammonium chloride (Vab), i- ammonium ozonate. The singlet for the ozonate anion
butyl alcohol (X T , acetone, and molecular oxygen. radical was also observed during ozonation of i-butyl-
In addition, traces of di-i-butyl peroxide, ¿-butyl chlo- amine in methylene chloride at - 9 0 ° .  It decayed
ride, isobutylene, and di-i-butyl nitroxide (VIII) were rapidly, however. Thus, the nitrogen cation radical-
found. The sum of the yields of ¿-butyl alcohol, ace- ozonate anion radical (eq 3) route to ¿-butylammonium
tone, di-i-butyl peroxide, ¿-butyl chloride, and isobutyl- chloride during ozonation of ¿-butylamine in chlorinated
ene was equal to 85-90%  of the 2-methyl-2-nitropro- solvents1 was confirmed. In contrast, however, epr
pane yield, thus accounting for most of the ¿-butyl group spectra taken during the ozonation of di-i-butylamine
lost in the formation of the nitro compound. For each in pentane at -1 2 0 ° , in Freon 11 (dichlorcdifluoro-
millimole of ozone which reacted during the ozonation, methane) at -1 1 5 ° , and in methylene chloride at - 9 0 °
approximately 0.7 mmol of molecular oxygen was showed no signal whatsoever for the ozonate anion
evolved. _ _ radical (IV). Instead, the characteristic triplet for

The reactions involved in the ozonation of di-i-butyl- di-i-butyl nitroxide6,7 (VIII) immediately and strongly
amine (VII) are obviously more complex than those appeared. In order to make certain that the signal for
occuring during the ozonation of ¿-butylamine.1 the ozonate anion radical (IV) could be observed if

. + + present, a mixture of i-butylamine and di-f-butylamine
¿-Bu2NH + CHC1., - *■ M5u,NH2 + -CC13 (4) was ozonized in pentane at —120°, and the reaction was

HI' Va monitored by epr spectroscopy. Signals for both the
Cl ozonate anion radical and di-i-butyl nitroxide were

■ p - o - a  + -  o T o - xCN I r*~ strongly present. This clearly shows that the amine-
"  X. 13 * | C “ ozone adduct fate depicted by eq 3 does not occur to any

V Cl detectable extent with di-i-butylamine. It also
__ r strongly suggests that di-i-butyl nitroxide (VIII) is a

+  C1,C O + (L (5) primary product of the ozonation of di-i-butylamine
^  ^  (VI_). Evidence for the intermediacy of nitroxide

¿-Bu,NH + o3 + CHC1 __► radicals in the ozonation of secondary amines has also
yjj 3 been reported by Razumovskii, et a l.i& Working with

+ _ certain aromatic and alicyclic amines, they reported
f-Bu2NH2Cl + C12C = 0  + 02 (6) high yields of the nitroxides in some cases.

Vab VI In order to account for these facts, a fourth fate of
:-----------  the amine-ozone adduct (I) is proposed. This is illus-

Rozantsev, and g . e . Zaikov, Proc. Acad. sd. u s s r , Chem. Sect., 183, trated by eq t followed by eq 8 and 9. If diese are
1 0 8 6 ( 19 6 8 ). (b) a  possible question concerns the  reaction of ozone w ith  combined with eq 1 , an overall equation is obtained
cWoroform in  the  absence of added substrate. In  our earlier paper* we (eq 10) which describes the OZOnatioil of di-i-butyl-
snowed th a t ozone reacts w ith  ch loroform  much more s low ly than  w ith  t- r . , .. .
buty lam ine  under comparable conditions and th a t essentially no hydrogen a m ln e  l n  Chloroform to the Corresponding ammonium 
chloride is produced b y  the  reaction. Experience has shown th a t solvents Salt and di-t-butyl nitroxide, etc. 
reactive tow ard ozone m ay be used in  ozonations w ith o u t themselves reacting 
appreciably, provided the  substance being ozonized is more reactive than  the
solvent; see P. S. Bailey, Chem. Rev., 68, 925 (1958). For example, meth- (5) I. J .  Solomon, K . Hattori, A. J .  Kacmarek, G. M . Platz, and M. J .
anol is an excellent ozonolysis solvent, even though alone it is very reactive Klein, J .  Amer. Chem. Soc., 84, 34 (1962), report a g value of 2.0119.
toward ozone. In the ozonation of i-butylamine* chloroform was used as an (6) A. K. Hoffmann, A. M. Feldman, E . Gelblum, and W. 3 . Hodgson,
effective trap for the nitrogen cation radical, just as methanol is used as a ibid., 86, 639 (1964).
trap for the Criegee zwitterion. In the present work with di-i-butylamine, (7) Superimposed on the nitroxide triplet was also a less intense triplet
the ammonium chloride product is not ascribed to reaction of ozone with with a splitting constant equal to that reported for the 2-methyl-2-nitro-
chloroform, since it also was obtained in similar yield from ozonation in propane anion radical; see A. K. Hoffman, W. G. Hodgson, D. L. Maricle, 
carbon tetrachloride. The latter does not react appreciably with ozone. and W. H. Jura, ibid., 86, 631 (1964).
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a g 1 “ ¿ I *+ '“o ^ 0 0 C 0 ^ > 0 0 R h S2i-Bu,NH,Cl + 2l-Bu2N— 0 + 6? «  <n n ^ «, © £  w, g ■§
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2C12C=0 + HOH + 20,(10) 5 " | ^ S f2 B S °0 j  ©1 A
vi [ a  ¿ ¿ d - d  7 - 1 1 ^ 3
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The reactions of eq 7 provide a route both to the ^

ammonium cation (Va) and to di-i-butyl nitroxide g ¿-2 ^  6 x
(VIII) as an initial product. The driving force would 3 + ?  ^ T ft § V —
be the formation of the stable nitroxide via a transition £ 5 s ® ^  J g g - C o
state which involves both the amine-ozone adduct and £ 1 e o  — — o  © ^ ® ̂
a second amine molecule. The oxygen anion radical M 4 § § ~-g
(IX ) is well known and readily formed.8 Its attack on gj Q «= 10 ^ co a  o> °o ’•§ §>'§?’
the solvent is a logical route to the chloride anion (Vb) ^ § , 65 10 50 50 ^ g .-s i  .
moieoy of di-i-butylammonium chloride (Vab), as g § 2  t a j  —- g l
shown in eq 8. The fact that the yield of ammonium 2 MS'g
salt vm  very little less with carbon tetrachloride solvent 2 f 2  ^  3 H |
(expt 6) than with chloroform and about the same as J  ^ ^  h | §  T
with methylene chloride (expt 5) is in agreement with ^ '© 1 ® ̂
this mechanism. This was not true with i-butylamine, § © -= '* ®
where the route to salt, after the formation of the ion ~ g § S "
radicals (eq 3), was more complicated in carbon tetra- 0 - J
chloride than in chloroform or methylene chloride.1 | — <n o> 00 «3 S ^  ^ J  "3

The oxygen anion radical (IX ) could also be the ¡5 <m <n — -  <n  ̂^  _ 4 g
cause of the formation of trace amounts of the 2-methyl- f -o -  o  ® g S »
2-mtropropane anion radical,7 through release o t a n  n l " 3 §  S
electron to a nitroalkane (X ) molecule which had been jj « « J  * tb-S
produced from ozonation of di-i-butyl nitroxide (VIII), = 1  •= § ’§
as described below. Epr spectra taken during the 1 1  m ^ o  s  o  !  o  ■a | i  | “
ozonation of di-i-butyl nitroxide alone (in absence of l 5 ¿ ¿ « ¿ » 2 * 10
di-i-tutylamine) show no signal for the nitroalkane _ § .= -g 2 ¿3
anion radical. _ I - I c § S 3 coeS2 S i i | ' ® r

In the accompanying paper9 the results of ozonation gg
of di-i-butyl nitroxide (VIII) are discussed. Equation s g J  jg *3.2
11 portrays reasonably well the stoichiometry of the J  jf g  «  g  g  g  «  g 3  | 7.2  g
reaction. The fact that the products are essentially 4 d N (M lC IM H '—1 -h Ĵ ° § g
the same as those obtained from ozonation of di-i-butyl- I ” ® ® | S 1
amine provides added evidence for the intermediacy of g to 10 10 *0
di-i-butyl nitroxide (VIII) in the ozonation of di-i- „ r^ r̂ r̂ cl - _ s o o o o ’" § | ' ^ -

butylamine (V II). !  1 1 1 1  §  6  I ' § 2 1  !
Equation 12 is a combination of eq 10 and 11. It ° o o o o o o  | 2 -2 J* g

does not portray exactly the stoichiometry of the ozo- s £ c |  |
nation of di-i-butylamine, since Table I shows that 2- © Z: B 'i -i

~p CJ —
(8) D. L. Maricle and W. G. Hodgson, Anal. Chem., 37, 1562 (1965). ¿3 0 s§ ^ g  3
(9) P. S. Bailey and J .  E . KeUer, J .  Org. Chem., 35, 2782 (1970). »  f t
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methvl-2-nitropropane (X) is always produced in larger ozone with methanol and formaldehyde, which cer 
amounts than di-i-butylammonium chloride (Yab). tainly should occur, at least in expt 1 and 2 wnere he
There must be some other, relatively minor, reaction ozonation was carried essentially to completion. In
occurring which yields 2-methyl-2-nitropropane during expt 3 (Table I) the ozonation was not carried to com-
ozonation of di-i-butylamine (VII) without going pletion and the ozone/amme ratio was equal to the
through di-i-butyl nitroxide (VIII) as an intermediate. value described by eq 17. The minor products, di-i-
We suggest that this involves the amine oxide fate of butyl peroxide, ¿-butyl chloride, and isobutylene most
the initial amine-ozone adduct (eq 2). Rearrangement likely arose from ozonation of i-butyl hydroperoxide1»
of the amine oxide (X II) of di-i-butylamine to di-i- (eq 15) and/or action of chlorine (eq 11) or traces ot
butylhydroxylamine (X III, eq 13) followed by ozona- hydrogen chloride on di-i-butyl nitroxide.9-11
tion of X II I  can logically give the nitro compound (X ) Another possible route to the mtrobutane (X ) not 
plus ¿-butyl hydroperoxide (XIV ), eq 14). Ozonation involving di-i-butyl nitroxide (VIII) is represented by
of i-butyl hydroperoxide is known to give i-butyl alcohol eq 18 and 19. This is thought to be less likely than
as the major product (eq 15), although small amounts the route represented by eq 14 and 15, however, be-
of acetone, di-i-butyl peroxide, and i-butyl chloride are cause the blue color of the nitrosobutane (XV II) was
also obtained.10 Combination of eq 1, 2, 13, 14, and 15 never evident during the ozonation. In contrast, the
gives eq 16 as a representation of the overall reaction nitrosoalkane color was strongly present during ozona-
involving di-i-butylhydroxylamine as an intermediate. tion of i-butylamine.1
This combined with eq 12 gives eq 17, which in most
details depicts accurately the stoichiometry of the ozo- t-BuN O^-O— 0 — ► 0, + i-Bu,N— 0 (18).
nation of di-i-butylamine, especially the ratios of salt, '  | |
nitroalkane, i-butyl alcohol, and acetone. OH OH

XV XVI
4 f-Bu2N—0 + 80:l + 2CHC13 —> i-Bu

vm i-Bu—N^O —»• i-BuOH + i-BuN=0
4i-BuN0( + 2i-BuOH + 2(CB,).,C=0 + Cl2 + /I XI XVII

OH
X XI XVI

2C12C=0 + CH30H + H2C=0 + 602 (11) i-BuN02 + 02 (19)
8i-Bu2NH + 1403 + 6CHCI3 —>► X

4f-Bu2NH2Cl +  4i-BuN02 + 2i-BuOH + j n an attem pt to test the validity of reactions such as
2(CH3)2C = 0  +  6C12C = 0  •+ Cl2 +  CH3OH + those of eq 14, 15, IS , and 19, di-i-butylhydroxylamine

(X III) was synthesized and ozonized. The results, 
H2C=0 + 2H20 + 10O2 (12) wj1ich are reported in the accompanying paper,9' were

H inconclusive owing to the great ease with which the
| .. hydroxylamine (X III) was converted to di-i-butyl

i-Bu2N 0 —*■ f-Bu2N0H (13) nitroxide (VIII) by means of oxygen, during the ordi-
XIII nary scale reaction, probably via reaction 20. Even

during transfer to the ozonation vessel, the red color of
i-Bu2NOH + 03 —*■ di-i-butyl nitroxide appeared in the freshly distilled

XIII hydroxylamine. The color deepened during the
ozonation, and the nitroxide was an isolable product at 

| ~  the end of the ozonation. Even though ozone-nitrogen
i-Bu—N-r-0—0 — 0 —► f-BuN02 + i-BuOOH (14) rather than ozone-oxygen was employed, molecular

r  . /  X XIV oxygen would be present throughout the ozonation,
i-Bu '*— • from reacti0ns 11,15, and/or 18 and 19. The hydroxyl-

i-BuOOH + 03 —*- i-BuOH + 202 (15) amine (X III) appears to be more reactive toward oxy-
XIV XI gen than toward ozone and, when in excess, would be

i-Bu2NH + 3O3 — f-BuN02 .+ i-BuOH + 302 (16) expected to react with oxygen rather than ozone.
VII x XI Thus, we believe that considerable amounts of the

hydroxylamine was converted to the nitroxide, causing 
9i-Bu,NH + 170;, + 6CHC1, * the products of ozonation of the hydroxylamine, and

4i-Bu,NH.,Cl + 5i-BuN0., + 3i-BuOH + ratios thereof to be simikr to those obtained by ozona-
tion of the nitroxide (VIII). The situation would be 

2(CH;,)2C = 0  + 6CLC=0 + CL + qUite different, however, during ozonation of di-i-butyl-
CH OH + H,C= 0  + 2 HOH + 130., (17) amine (VIII) when the hydroxylamine (X III) is a

minor intermediate. There ozone would always be in 
One discrepancy in eq 17, however, is that the ratio excess both to the hydroxylamine and oxygen, and re- 

of ozone reacting to amine reacting is too low (e/. expt actions such as 14 and 15 or 18 and 19 should be pre-
1-2, Table I). This could result from the fact that the dominant. Another possible reaction of the hydroxy-
equation does not take into account the reactions of amine with ozone is shown by eq 21. Evidence that 10

(10) D. Barnard, G. R . McSweeney, and J .  F. Smith, Tetrahedron Lett., (11) (a) A. K. Hoffmann and A. T . Henderson, J . Amer. Chem. Soc., 83,
No. 14, 1 (I960). 4671 (1961); (b) A. M. Feldman, private communication.
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ozone does not convert the hydroxylamine (X III) to nitrosopropane10 (XVII) were prepared by known literature 
the nitroxide (V III), however, was obtained by follow- procedures.
mg the ozonation, by epr, m methylene chloride at and procedureS; using ozone-oxygen or ozone-nitrogen and the
— 90° in a small-scale reaction. As ozone—nitrogen method for determining molecular oxygen yields are described
was passed into the reaction mixture, the nitroxide in earlier papers.15 A Beckman IR-5A double-beam spectro-
signal decreased in intensity or disappeared. Further- photometer was employed for infrared measurements.
more, eq 21 does not satisfy the stoichiometry of the Assoi'ciates V-4502 spectrometer equipped with a Varian field
di-i-butylamine ozonation which requires a route to the dial an(j a 9_in. magnet using a modulation frequency of 100
nitrobutane not involving the nitroxide (VIII). kcps. The spectra were taken while bubbling an ozone-nitrogen

stream (see above) into a special reactor made by sealing off a 
X1I] 25-cm length of 5-mm Pyrex tubing, blowing a bubble midway

¿-Bu2N—OH + 02 —»■ f-Bu.N—0 + HOO ----*■ to prevent the sample from being blown out, and equipping it
YjU with a gas inlet tube made by pulling 7-mm glass tubing to

capillary size and of such length that the tip came within 1 cm 
VIII + HOOH (20) °f the bottom of the reaction tube. For reactions in solvents 

with a high dielectric constant (methylene chloride), the lower 
+ ^  f \  part of the reaction tube was only 3 mm in diameter. The re-

¿-Bu2N—0—O—O —*- ¿-Bu2N—0 + 02 + OH (21) action mixture consisted of a 1:10 by volume mixture of the
——|— yjjj amine in pentane, Freon 11 (CCI2F2), or methylene chloride;

OH enought to fill 5 cm of the reaction tube was employed. Ozona-
Xy tions were carried out at —120° (pentane, Freon 11) and —90°

(methylene chloride), and the epr spectra recorded.
. . . . . .  . . . Glpc determinations were made with a Varian Aerograph 1520B

When dl-f-butylamine was ozonized in chloroform chromatograph equipped with flame ionization detectors and a
with ozone-oxygen (expt 4, Table I) rather than with Beckman recorder and integrator. A 10-ft, y8-in. column of 20%
ozone-nitrogen, a slightly lower ratio of ozone to amine Carbowax 20 M on acid-washed Chromosorb G was used. For
reacting, higher yields of 2-methyl-2-nitropropane (X ) determinations of isobutene, acetone, «-butyl alcohol, ¿-butyl

, , , ° . , /VTX 1 l • u  r j * a u a i chloride, 2-methyl-2-mtrosopropane, and di-/-butyl peroxide, a
and ¿-butyl alcohol (X I) and a lower yield of dl-f-butyl- temperature of 75° and a flow rate of 20 ml/min was used; ben-
ammonium chloride (Vab) were obtained. To say the zene was the internal standard for runs in chloroform, whereas
least, this is further evidence against the nitrogen cation toluene was used for the methylene chloride run. Di-f-butyl
radical route to the ammonium salt (eq 3 -5 ); the pres- nitroxide and di-f-butylhydroxylamine were determined at 95 or

r , , «. . ,, „„1 . ,• n  110° and 2-methyl-2-nitropropane at 125 with p-xylene as the
ence of oxygen does not affect the salt yield appreciably internal standard* all other conditions remaining the same.
during ozonation of ¿-butylaminG in chlorinated sol- Ozonation of /-Butylamine. (A) Epr Studies. —Solutions of 
Vents. A possible explanation is a competition between ¿-butylamine in methylene chloride and in pentane were ozonized
the reactions of eq 7 and 22, in which oxygen is com- at —90 and —120°, respectively, and epr spectra were taken

during the ozonations as described above. The characteristic 
singlet for the ozor.ate anion radical, with a g value of 2.1017,5 

>0 /X _ a. n inn- immediately appeared. No other radical was observable. When
¿-BuoN 0 0 O *" ¿-BuolN U + H(JU + (), (¿¿, ozonation was discontinued with the methylene chloride reaction

~T mixture, the singlet rapidly disappeared. When the ozonation
1:1 + in methylene chloride was carried out at —78°, a five-line epr

. j . , spectrum was observed. The outer lines were 15.5 G from the
peting With unreacted amine lor the hydrogen ol the center line (which was larger than the others), and the two inner
amine-ozone adduct. The slightly lower ozone to lines were 10.5 G from the center line. After the sample had
amine ratio could be due to reaction of the minor di- remained at room temperature for 1 day, only a triplet with lines
¿-butylhydroxylamine (X III) intermediate with mo- of equal intensity and splittings of 15.5 G was observed The
. J .. i 1 j- i five-line spectrum tneref ore consisted of two triplets. 1 he triplet
lecular oxygen rather than ozone, as already discussed with a splitting constant of 15.5 G was identified as that of di-t- 
(eq 20). butyl nitroxide by comparison of its spectrum with that of an

A final observation is that higher yields of 2-methyl- authentic sample.6'11“'17 The other triplet, which had a half-life
2-nitropropane (X) and ¿-butyl alcohol (X I) and a of about 70 min at room temperature, was not identified. Similar
, • IJ C J- 1 i) . 1 • 1 , * i nT ,N results were obtained from ozonation of ¿-butylamine in carbon
lower yield of di-f-butylammomum chloride (Vab) were tetrachloride at -20°. From ozonation of ¿-butylamine in
obtained from ozonation of di-f-butylamine in methy- isobutane at -78°, however, two overlapping triplets were
lene chloride, expt 5, compared with ozonation in observed, one for di-«-butyl nitroxide with the splitting of 15.5 G
chloroform. It is possible that this reflects a lower aud the other, thought to be for the 2-methyl-2-nitropropane

r it i ii ■ i ill anion radical, with a splitting of 26.4 G.17 When the reactionsusceptibility of methylene chloride than chloroform to mixture wag ; , lowed t0P comeg t0 room temperature, the signal
nucleophilic attack by the oxygen anion radical (eq o). f,,r nitropropane anion radical disappeared, and four new lines

emerged with two on each side of the center peak, 8 and 24 G 
. . from it. These were not identified.

Experimental Section (U) Ozonation of ¿-butylamine in methylene chloride at —95°
. . . rv , , , , ., ., ,,,,,,, ____i . gave a reddish solution which faded rapidly. Upon ozonation inMaterials.—Di-«-butyl nitroxide (VIII) was prepared by the at _ 120% however, the red color deepened as the ozona-

procedure of Hoffmann et al ‘ bp 58 (11mm). Di-i-butylamme J progressed, and a red precipitate formed. When the tem-
(VII) was made by reduction of di-«-butyl mtrox.de by the Plregwas albwed to rise to -90°, the red precipitate and
general iron-hydrochloric acid method of Johnson and Degering12 F
f°2= u.inn°n °f nitl%COT8°-UndS:/B46t%lhydld’ lbP 119<>’13 Ozonahon of Di-i-butylamine (VH). (A) Epr Studies.-n“n U4100; nmr peak at r 8 85 d.-t-Buty hydroxylammomum Epr gpectra of sdutions o£ di-i-butylamine in methylene chloride
chloride (mp 17o ) and di-t-butylhydroxylamine (XIj!) were t _ goo preon at - 1 1 5 °, and pentane at -120° all showed 
made by sodium reduction of di-<-butyl nitroxide, as described 
previously.6 2-Methyl-2-nitropropane14 (X) and 2-methyl-2-
---------------------- (15) W. D. Emmons, ibid., 79, 6522 (1957).

(12) K. Johnson and E . F . Degering, J .  Amer. Chem. Soc.. 61, 3194 (1939). (16) A. M. Reader, P. S. Bailey, and H. M. White, J .  Org. Chem.. 30,
(13) F. Klages and H. Sitz, Ber., 92, 2606 (1959). (1965), and references therein.
(14) N. Kornblum, R . J .  Clutter, and W. J .  Jones, J .  Amer. Chem. Soc., (17) A. K. Hoffman, W. G. Hodgson, and W. H. Jura, J .  Amer. Chem.

78, 4003 (1956). Soc-  83> 4675 (19611; see also references in footnote 7.
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weak signals for the di-i-butyl nitroxide radical (VIII). As soon products were by glpc (see above). Di-f-butylammonium chloride
as ozone was passed into the solutions, by the technique already was determined by evaporation of an aliquot of the reaction mix-
described the signals greatly increased. Shortly thereafter ture to dryness and weighing the vacuum-dried residue. It was
signals for the 2-methyl-2-nitrobutane anion radical17 also ap- identified by comparison of its lr spectrum (Nujol mull) with that
peared (see description under f-butylamine ozonation above) of an authentic sample; the ir spectrum also showed the absence
very weakly in the methylene chloride reaction mixture but of of di-i-butyl hydroxylammonium chloride. The results are shown
moderate intensity in the other two solutions. No signal for the in Table I (expt 1). In another experiment the ozonation was
ozonate anion radical was observed in any of these reaction not carried to completion. The di-i-butylammomum chloride
mixtures. However, when a 1:4 mixture of i-butyalmine and was extracted from the reaction mixture with water and deter-
di-i-butylamine in pentane was ozonized at —120° by the above mined by titration for chloride with standard silver nitiate solu- 
technique, a strong signal for the ozonate anion radical6 (see tion. Ethereal hydrogen chloride was then added to the organic
description under ozonation of i-butylamine, above) immediately layer; evaporation and determination of the residue by weighing
appeared along with a weaker signal for the di-i-butyl nitroxide gave the yield of unreacted di-i-butylamine. 
radical. i-Butylamine appears to be more reactive toward ozone Reactions of i-Butylamine and Di-i-butylamine with Phosgene
than di-i-butylamine. Ozonation of di-i-butyl nitroxide in in Chloroform at-65°.—Phosgene was passed into a solution of
pentane at -120° resulted in a decrease in the nitroxide triplet, 0.5 ml of i-butylamine in 8 ml of chloroform at -65° for several
but no formation of the 2-methyl-2-nitropropane anion radical minutes. An ir spectrum of the reaction mixture showed a strong
signal. Epr spectra of solutions of di-i-butylhydroxylamine in isocyanate peak (2270 cm“1) but no urea peak. Addition of t-
methylene chloride, pentane, and Freon 11 at -90° all showed butylamine to the reaction mixture at room temperature elimi-
signals for the di-i-butyl nitroxide radical (VIII). When ozone- nated the isocyanate peak and gave rise to a strong urea carbonyl
nitrogen was introduced into the solution, the signal weakened peak (1630 cm-1). Passage of phosgene into a chloroform solu-
in intensity or disappeared (in case of CH2C12). tion of di-i-butylamine under the same conditions gave no ap-

(B) Product Determination.—In a typical experiment, a preciable reaction, as indicated by ir spectra, 
solution of 2.36 mmol of di-i-butylamine (VII) in 15 ml of chloro
form was ozonized at -60° with an ozone-nitrogen stream con- Registry No.—VII, 21981-37-3. 
taining 6.5 mmol of ozone. The amount of ozone reacting was
determined by titrating the iodide trap and subtracting the Acknowledgment.—This work was supported by
amount found there from the total amount of ozone employed. tg from the National Science Foundation (GP-
A cold trap following the reaction vessel in the reaction tram ° . , ,, i u rr___ i ir  mol
contained no products after the ozonation. The reaction mixture 7351) and the Robert A. Welch Foundation (F-042),
g a v e  a positive iodide test for peroxide but a negative lead tetra- for which the authors are very grateful. The epr in
acetate test for hydroperoxide.18 Determinations of the liquid strument was made available to the Chemistry Depart-

(18) R . Criegee, H. Pilz, and H. Flygare, Ber., 72, 1799 (1939). ment through NSF Grant GP-2090.
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Ozonation of di-i-butyl nitroxide occurs with ease giving 2-methyl-2-nitropropane and tri-i-butyl nitroxide as 
the major initial products. Ozonation of tri-i-butyl nitroxide gives 2-methyl-2-nitropropane, i-butyl alcohol, and 
acetone as major products. Minor products of the ozonations are 2-methyl-2-nitrosopropane, isobutene, di-i- 
butyl peroxide, and (in chloroform solution) '-butyl chloride and di-f-butylhydroxylammonium chloride. Reac
tion mechanisms are proposed, involving initial electrophilic ozone attacks on the nitroxides.

In earlier papers we have reported the detection of hydroxylamine oxide and formed by attack of (-butyl
the stable radical di-i-butyl nitroxide2 among the radicals upon the initially formed 2-methyl-2-nitro-
products of ozonation of ¿-butylamine1,3 and di-i- propane anion radical (eq 3); the ¿-butyl radicals arose
butylamine.1 The present paper deals largely with a from decomposition of the nitroalkane anion radical
study of the ozonation of this interesting stable radical, (eq 2). The other source involved attack of ¿-butyl
but also discusses briefly the source of the material in radicals on 2-methyl-2-nitrosopropane (eq 5). Either
the above mentioned ozonations. or both of these routes could also be the source of di-

Di-i-butyl nitroxide appears to be only a minor by- ¿-butylnitroxide during ozonation of ¿-butylamine. A 
product in the ozonation of ¿-butylamine;1,3 although it major product is 2-methyl-2-nitropropane3 (I), and it 
was detected by epr in ozonations carried out at —78°
or higher, the only radical signal observed during -03 +  i-BuN02— >■ 03 +  i-BuN02~ (1)
ozonations carried out at —90° or below was that for I 11
the ozonate anion radical.1 Other products obtained i-BuN02J' __>f-Bu- + N02_ (2)
in trace amounts from ozonation of ¿-butylamine in XI
chloroform were ¿-butyl alcohol, acetone, and iso- H0H
butane.3 Two sources of di-f-butyl nitroxide during i-Bu- +  /-BuN(Vv—> i-Bu2N02~ — >■ 
the reaction between sodium metal and 2-methyl-2- II
nitropropane (I) have been suggeted.2 One involves i-Bu2N—O + -OH + OH- (3)
hydrolysis of a salt, thought to be sodium di-(-butyl- HI

(1) For paper IV of this series, see P. S. Bailey, J .  E . Keller, and T .  P. ¿ -B 11N H 2 ----->■ ¿ -B ll• +  *N H 2 (4 )
Carter, Jr ., J .  Org. Chem., 35, 2777 (1970). +

(2) A. K . Hoffmann, A. M. Feldman, E . Gelblum, and W. G. Hodgson, _  -  u _  • a  ,
J .  Amer. Chem. Sac.. 86, 639 (1964). +  ¿ - B u N = 0 :  ----- >- (-B u 2N — O (5 )

(3) P. S. Bailey and J . E . Keller, J .  Org. Chem., 33, 2680 (1968). IV III
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could conceivably be converted to the corresponding 2-OC(CH3)3 — > 2(CH3):C = 0  -f 2-CH3 (11)
anion radical (II) by the ozonate anion radical (eq 1). VII
Water is a minor product of the ozonation of ¿-butyl- o ntr  ̂ onu aa _ or„ r ^ , ,,n TT . . , - f  z u 2 — ^ z o ±i 3»j u - — >> zu±i3U - u 2 (1Z)
amine.3 However, a major intermediate in the ozona-
tion of ¿-butylamine is 2-methyl-2-nitrosopropane3 (IV). 2CH30- — >• CH3OH +  H2C = 0  (13)
The source of ¿-butyl radicals necessary to convert it to
di^-butyl nitroxide (eq 5) could either be as described 4(-Bu2N—0 +  8C3 +  2CHCI3 >
above, or else decomposition of the ¿-butylamine cation 4(-BuN02 +  2i-BuOH +  2(CH3)2C=0 +
radical (eq 4). The occurrence of trace amounts of 2C12C=0 + Cl2 + CH3OH -f H2C=0 + 602 (14)
acetone, ¿-butyl alcohol, and isobutane among the prod- .
ucts of ozonation of ¿-butylamine3 is also indicative of Since di-i-butyl nitroxide (III) is very reactive to- 
the production of ¿-butyl radicals during the ozonation, ™ard oz° ne’ whlch “ J^m agnetic, we suggest that m
although the first two of these could also arise from ozo- b̂e initial reaction III behaves as a nucleophile (eq 6)
nation of di^-butyl nitroxide, as will be seen. rather than a radical, just as do amines. Interaction

Di-<-butyl nitroxide (III) was shown to be an initial of the mtroxide-ozone adduct (V) with another mole-
product in the ozonation of di-f-butylamine.1 Similar cule the nitroxide should give 3-methyl-3-mtropro-
nitroxides have also been reported to be not only initial, Pane, the major product of the ozonation, and tn4-
but also major products of ozonation of certain aromatic buD mtroxide (V I). Di-f-butvl nitroxide is known to
and alicyclic secondary amines.4 Because of this it was a vigorous free-radical scavenger; its reaction with
most important to study the ozonation of di-i-butyl radlcal8 t o glve ^^-¿-butyl nitroxide occurs with
nitroxide and to compare the results with those of the Sreat ease‘! Evidence that VI is an initial product of
ozonation of di-i-butylamine.1 the ozonaium  is that the yield decreased significantly

The ozonation of di-f-butyl nitroxide was carried out as the amount ° f ozone employed increased (c/ ex pen-
in chloroform at - 6 5 ° ,  carbon tetrachloride at - 2 0 ° ,  ments l > 2’ and 4~6)- The tnf but>d nitroxide (VI)
and toluene at - 7 8 °  with an ozone-nitrogen stream 18 clult,e reactive toward ozone although not so reactive
containing 1.0 to 2.2 mol equiv of ozone. The results a8 18 d^;butyl nitroxide (III). Ozonation of the tri-
are shown in Table I. The major product in all cases M mtyl mtroxide (VI) in a separate experiment gave the
was 2-methvl-2-nitropropane (I). Only in those cases 8ame Products as obtained from ozonation of di-i-butyl
where the ozonation was not carried out to completion mtroxide, as predicted by eq 8-11. Due to the greater
(all of the di-f-butyl nitroxide used) was any 2-methyl- ^activity of the di-i-butyl mtroxide (III), however,
2-nitrosopropane (IV) a product. The ¿-butyl group onlV weak ePr for 111 werf  detected 111 tbe
lost in the formation of the nitroalkane (I) was found in Jure. Reaction 10 has previously been suggested by
the products largely in the forms of ¿-butyl alcohol Vadogan, e a l .
(VIII), acetone (IX ), and tri-i-butyl nitroxide (VI). The major reaction course for ozonation of di-i-butyl 
The latter was detected, however, only in those cases mtroxide gives no explanation for the minor produc e
where ozonation was not carried to completion. Minor 2-mtroso-2-methylpropane (IV) di-i-butylhydroxyl-
products were di-i-butyl peroxide, isobutene, ¿-butyl ammonium chloride isobutene, ¿-I a t , 1 chloride, and di
chloride, and di-i-butylhydroxylammonium chloride; ^ u ty l  peroxide^ The latter one probably arises from a
the last two, of course, were obtained only from ozona- mm° r fate °1  *he ¿ butoxV radicals. obtamed ,in
tions in chloroform and/or carbon tetrachloride. reaction 8 The others appear to arise at least largely,

•nr , a 10 „ a  t i .  from attack of either chlorine (from eq 10) or hydrogenWe suggest eq 6-13 as a description of the route to , .  . .  . . . .  . v ,, , , ,
,, . , , r ,. r itt  • , 1__ f____ chlonce (possibly from some ozone attack  on chloro-the major products from ozonation of III m chloroform ;  . J ,. rp, „ „„„

, ,. J a  , , ,, , „„„ „■ form) on the smarting di-i-butyl mtroxide. these aresolution. Summed togetht* tnese give eq 14. ,, ' , , , °  , ,. 6 „ , 0the products reported from such interactions,6 as has
:0 —0 —0-.~ been confirmed in our laboratory. This is, certainly,

, k ft ft __ . , n I, ft the most reasonable route to di-i-butylhydroxylam-
i-Bu2N—0  +  . 0 - 0 - 0 .  ¿-Bu2N O • (6 ) chlork[e R  ig likely> however th at there are

v alternative routes to the other minor products, since
^  they are also obtained from ozonation of III in carbon
0 — 0 —0  tetrachloride; carbon tetrachloride is not appreciably

¿-BuN—0- +  III — >- 0 2 +  i-BuN02 +  ¿-Bu2N—O—¿-Bu (7) attacked by ozone and reaction 9, of course, is specific 
^  ■■ for chloroform. This is especially true 01 isobutene,
1- Bu which is also obtained from the ozonation of III in
V I VI toluene. It is possible that the ¿-butyl radical released

i-BuiN—O—¿-Bu +  0 3 — >■ in reaction 7 has some degree of freedom. It so, it
VI iT) ¿'X could extract chlorine from the medium, to give ¿-butyl

0 —0  chloride, or lose a hydrogen (perhaps to ¿-butoxy radi-
¿-Bu2NO—¿-Bu— > III +  -O—¿-Bu + 0 2 (8) cals) to produce isobutene. A possible alternative

VII route to 2-methyl-2-nitrosopropane (IV) is shown
■ o—¿-Bu +  CHC13 — >■ ¿-BuOH +  -CCI, (9) by eq 15, in competition with reaction 7 The t- 

Yjj y in  butyl alcohol obtained in carbon tetrachloride solution
n , or, o AAiv-1 ^ could arise by abstraction of hydrogen by ¿-butoxy
Z ’ L'Ols +  ZU2 ------ >■ Z ’ UUUL/l3---->■

2CI,C=0 +  Cl2 +  Oo (10) (5) j  J G Cadogan, D. H. Hey, and P. G. Hibbert, J .  Chem. Sac., 3939
----------------------------------------------------------------------------------------------------------------------------  (1965).

(4) S. D. Razumovskii, A. L. Buchachenko, A. B. Shapiro, E . G. Rozan- (6) (a) A. K. Hofmann and A. T. Henderson, J .  Amer. Chem. Soc.. 83,
tsev, and G. E . Zaikov, Proc. Acad. Set. USSR, Chem. Sect., 183, 1086 (1968). 4671 (1961); (b) A. M. Feldman, private communication.
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-S o  i ? S  S o ®  1 °  radicals from various sources, including ¿-butyl and
•*- S S2- g ■» 'S -g methoxy radicals.

1 <ri »  m w  »  n  S S i£  §
2  a .  *

^ N N © C >C ^ H h g .U.
6? £ - ® S 2 i'~ ''-2 .S.S£.feo.bbMI +1 n1‘ ̂  H H «  N • • «  00 CO ® .3 S , T3 Jr^ ^ 0Z 2 oi oi to h • ‘ “Joi-# ,^^-gS i-Bu—N / —>-
a «  « « ^ « g 4  8  § M Q-

t  ® a) i t-Bu J
00 ^ W O g ^

5  »3 r̂- o '’ 3) oD co n o a ■ĵ *© ° »* ¿'Bu N=0: + ¿-Bu—0* + 02 (15)Ä § Oo «(NHOOOCO * * V ' ̂ n —" . ......................jo^ oPha O O O-HOO-IOJ.^^. .-1 , 2  ®
-- g g  „ 2  £  ■- 2 o  2  n i l  Experiment 9 of Table I shows the results of ozona-
« o g  : $2 g  : : §  °  “  -o a s   ̂ tion of di-i-butylhydroxylamine rather than of di-i-
~ a o’ o  o' o  o' I ^  -  butyl nitroxide (III). The products are the same as

co S'?? g ® | S those obtained from ozonation of di-i-butyl nitroxide,
1  ~ ~  ^  qq oo ^ I  ® although the proportions are different. As discussed
S a 2  : : T : ^ 2  ' 3 >« -a O ^ in the preceding paper, these results are hard to inter-

^  §* 8 &*£’§ pret, but are> at êast Pal'tia% i due to oxidation of the
jt?  g  ST 2  £  o  S' g 1  x % .■§ hydroxylamine to the nitroxide by molecular oxygen.S £ ^  a o-t ßS 2 o ^ jo co ' ' a 2 t̂ *oo§ ° a °. : ^ «j :

3 M a °  o o  0 0 0  °? 5 g Experimental Section
q —— —. E. 2' s 4
§ öS ®  ̂ n 2  2 iC2 g §o2 Materials.—Tri-i-butyl nitroxide (VI) was prepared by the pro-
g | | *  : o re '; ' ;  o o n 2 g ^ £ ~ cedure of Hoffmann, et al,2 bp 85° (11 mm). The sources of the
K  ̂j T 5! • T  ̂  T ¿q o. ° '« . other materials were described in the accompanying paper.1

£ °  °  0 0 0  * p-j o 2  General Equipment and Procedures.—The ozonation, epr,
m 'SSCg S o  S if co o' m ’£» e5 o glpc, and ir equipment and procedures were adequately described
5  o — £2, S  SS ... zl S- G- |s .3 -g ‘I3 .■§ 111 the accompanying paper. 1 In the glpc procedure, tri-i-butyl
— o S 2 • 9  ® — o I | » 3 f  nitroxide (VI) was determined under the same conditions as was
?  ” a o ' ” S - ' S o o ^ f e § |  di-i-butyl nitroxide (III) . 1
z B ^ j§ P-d 03 is Ozonation of ©{-¿-butyl Nitroxide (III).—The ozonations were

M s S' § lj  ̂ |j .(£ carried out exactly as described for di-i-butylamine in the ac-
3 S + z  L ’S ® 2- Ci t  o d- -3 g  ̂» £  companying paper.1 Glpc determinations were carried out as
" § ^ o ,S ¿J •“ described above and in the accompanying paper.1 The di-f-

~ o o o o  o  — ^ g < . butylhydroxylammonium chloride was determined by evapora
te o 3  ^  g g, £ . 1  tion of the reaction mixture to dryness and weighing the vacuum
j II S- ^ oo- _S ' ®<b'3 "2 'S dried residue; it was identified by comparison of its infrared spec-
Ü a g -  ^ X IT trum with that of an authentic sample. The results are shown
6  2 ^ S = o §  : : CO - S - g f a s l  in Table I.
J* o °  — °  °  °  °  £ 3 ^ Ozonation of tri-i-tutyl nitroxide (VI) was carried out as de-
p scribed for III, above, except that the ozone absorption was

® g  S  S  -  -- o g  ?  ” 3  g  ̂ slower (some ozone passed into the trap, throughout); the glpc
° m a S ■# n in : Io« :© , 3 ^ 3  determinations were performed qualitatively. The productsa> , a ' O i > ( N O . - c o a > ^ - g o i - 3 ^ :  , ,  . ,  c  , , . , i  g .z ~ “ 3  ■ ■ ■ • ■ • 0 p,rS o were the same as those obtained from ozonation of di-i-butyl
- ^ ü i o a § mtroxide.
< y g oo o ■„ S' O 8 o. In another experiment a microozonation of VI in pentane at
o ;52.''.".52.fc£..S®)ölöfi —120° was monitored by epr.7 The di-i-butyl nitroxide triplet
O | S ^ T - T : •Tt! lg CE! ö £ ' 8 o °  was Present at the beginning of the ozonation but decreased in

, ” M ” ” WN ®S| size and remained weak as ozone was introduced; this indicates
x ?  “ n >o in h n o m in ■2,5 „ that di-i-butyl nitroxide is a product of the ozonation, but is more
o| reactive than tri-i-butyl nitroxide.

,  , J  w j u o o o S ooio « I  o 'l -  Ozonation of Di-i-butylhydroxylamine.—The ozonation was
vilrit-iviiri d ri uj co 1 I 'S 'S 2 complicated by the ease with which the hydroxylamine was oxi-

g a * ^ ' § c o'o.2 dized to di-i-butyl mtroxide. It was necessary to purify the
°  ? j « . - f l i o o oa oo i o  hydroxylamine immediately prior to use by washing with cold

1 a Oioi-ioiooioio» pentane on a Büchner funnel. The solid was quickly dried under
f-g"iS =lOM,:!,c'3co- lo° ! 2 U * | 2 vacuum and was weighed and added to the solvent which had

Sri 3 h h previously been purged with nitrogen for several hours. Oxygen
a a u .2 §j-5  ̂ was completely purged from the sihca gel column contaimng the
ö | ( « 0 3 o o o 2 o o o  £ o 2 S i  ozone before the reaction vessel was placed in the gas stream.

|-S Even then, the pale red color of the nitroxide was present in the
J  3 « 2^ reaction mixture and increased during the ozonation. During

determination of products the color deepened due to conversion 
o|^, of unreacted amine to nitroxide. The results are shown in Table

I> experiment 9. In another experiment a microozonation in 
VOOOOOU^j_sO methylene chloride at —90° was monitored by epr.7 The signal
“ O O O O O O O b O ' ^ o i . S ^  ôr di-̂ 'butyl nitroxide was present before the ozonation but

g -a | § T, disappeared shortly after ozone was introduced. This indicates
S jS1 to if j~, that the nitroxide is not a product of reaction of ozone with di-
° o >2 d. f-butylhydroxylamine.

jz! d■** Lj O O  Ö __________a “ 7  SX H^C0^i0ON00 02 e  ̂ O ^ o
® 3̂ o ">j w (7) See technique described in accompanying paper.1
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Reaction of Di-f-butyl Nitroxide (III) with Hydrogen Chloride Registry No.—Ill, 2406-25-9: di-f-butylhydroxyl-
anti Chlorine. A solution of 0.1 g of di-i-butyl nitroxide in 2.5 amine 10531-39-2; VI, 4432-73-9. 
ml of chloroform was treated with gaseous hydrogen chloride at ’ ’
— 65,° after which the reaction mixture was taken out of the cool
ing bath. The color of the reaction mixture turned from red to
green to blue. A qualitative glpc determination of products, as Acknowledgment.' This work was supported by
described for the ozonation experiments, showed isobutene, t- grants from the National Science Foundation (GP- 
butyl chloride, and 2-methyl-2-nitrosopropane. Evaporation 7351) aTKi the Robert A. Welch Foundation (F-042),
of the solution left a solid which was identified as di-f-butyl- c . , .„1 ■ u .1   .1        , m,  ,
hydroxylammonium chloride by its ir spectrum. Similar results f?r auth° rS are very grateful. They also
were obtained upon similar treatment of di-f-butyl nitroxide with thank ivlr. ihomas P. Garter, Jr., tor carrying out two 
chlorine. of the ozonations.
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The addition of dinitrogen trioxide is shown to proceed selectively at the bicyclic double bond of dicyclo- 
pentadiene. Simple adduct formation without transannular reaction occurs with 1,5-cyclooctadiene; however, 
norbornadiene undergoes considerable transannular addition to give nortricyclene derivatives. Reduction of 
the adducts leads to hydroxylamino oxime derivatives and diamines. The course of addition of nitrogen oxides 
is interpreted by a free-radical pathway.

The reaction of olefins with dinitrogen trioxide or that time, and consequently the structure proposed for
with a mixture of nitrogen oxides to form 1:1  adducts is the adduct was incorrect. Examination of the nmr
a classical technique of introducing two vicinal carbon- spectrum reveals that one double bond manifested as a
nitrogen bonds into an olefinic system.2a The adducts, singlet at 8 5.0 ppm (in CDCI3) is present. Cyclopen-
known as pseudonitrosites, are usually 2-nitronitroso tene exhibits a singlet at 8 5.7 ppm, whereas the bicyclic
dimers I which can be thermally rearranged to the more double bond in norbornene and in dicyclopentadiene is
soluble a-nitroximes II, and subsequently reduced to observed as an unsymmetrical triplet at 8 6.0 ppm. The
vicinal diamines III. The addition of dinitrogen tri- singlet character and relative upfield position of the
oxide is believed to involve reversible attack of nitrogen olefinic signal would suggest a cyclopentenyl rather
dioxide on olefin with the formation of a free-radical than a norbornenyl double bond. Furthermore, the
intermediate containing a carbon-nitrogen bond which presence of a bicyclic double bond affects the chemical
can combine with nitric oxide and dimerize, resulting shift of the bridge protons; the 7s and 7a protons in nor-
in the adduct l .2b’° bornene and dicyclopentadiene show absorption pat-

RCH=CHR' +  NO2__ RCHCHR'NCh terns in the area of 5 1-1.5 ppm, whereas the spectrum
■ of the pseudonitrosite possesses no signals in this re-

I no gion. A competition experiment involving a mixture
* of norbornene and cyclopentene with a limited quan-

RCCHR'N02 <—  (RCHNOCHR'NChh tity of nitrogen oxides results in almost exclusive con-
Jjqjj j sumption of the norbornene and formation of norbor-

n  nene pseudonitrosite4 rather than the cyclopentene
derivative, indicating that a norbornenyl bicyclic double 

\  bond is intrinsically more reactive toward nitrogen
oxides than is a cyclopentene system.

jjj  2 I t is likely that the products are derived chiefly from
exo-cis addition as in the case of norbornene,4 but in

It was of interest to determine whether the formation this case there is less certainty. There are two exo-cis
of these adducts from cyclic, nonconjugated dienes addition products for dicyclopentadiene IV and IVa,
occurs selectively and whether transannular reactions differing in the position of "the double bond, and at least
take place. Dicyclopentadiene, 4-vinylcyclohexene-l, three types of dimers possible: dimers of IV and IVa,
1,5-cyclooctadiene, and norbornadiene were selected ancj the mixed dimer of IV and IVa, as well as cis-
as cases for study. The results are in no disagreement arid ¿ran.s-nitroso dimer forms, i.e., geometric isomers
with a free-radical mechanism and are interpreted ac- cjs an(j trans with respect to the nitrogen-nitrogen
cordingly. bond. Isomerization to the nitroxime affords a prod-

Dicyclopentadiene-N20 3.-Dicyclopentadiene was re- uct whose nmr spectrum reveals a doublet of area 1
ported to form a pseudonitrosite in 1908 ;3 however, at 5 4.8 ppm, attributable to the highly shielded proton
the structure of dicyclopentadiene was unknown at attached to the carbon atom bearing the nitro group.

(1) Department of Chemistry, East Tennessee State University, Johnson The 2-CPS COUplfilg reflected also in the signal assigned
c ity , Tenn. to the 7-anti bridge hydrogen at 5 1.8 ppm suggests

(2) (a) H. Wieland, J u s tu s  L ie b ig s  A n n .  C h e m .. 424, 71 (1920); (b) H. 1 ) ^  3  p r o t o n  h e s  in  a n  e n d o  p o s i t i o n ,  a S  i n  t h e  C a se
Schechter, R ec. C hem . P ro g r .,  25, 55 (1964); (c) M. L. Scheinbaum, A m e r .  » , • , ___L rrvi *4. , , ^ „ . - „ x  Klr/AUr
c h e m . Soc. P e tro l,  c h e m ., P re p r . ,  1 3 , 1 9 3  ( i 9 6 S). ° f  norbornene nitroxime. - The nitroxime most likely

(3) (a) H. Wieland and H. Stenzel, Justus L ie b ig s  A n n .  C h e m ., 360, 299
(1908); (b) A. Rule, J .  C hem . S oc., 93, 1508 (1908). (4) M. L .  Scheinbaum, J . O rg . C hem ., 33, 2586 (1968).
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consists of a mixture of Y  and Va with the nitro group vinyl double bond. Since there is no change in the
predominately in the exo position. Hydrogenation in nature of unreacted starting material during the course
the presence of palladium-carbon catalyst affords a of reaction, there is little reason to anticipate alter-
single product, the hydroxylamino oxime VI. At- ation in the position of the ring double bond,
tempts to effect catalytic reduction to the diamine were The dinitrogen trioxide adduct of vinylcyclohexane 
unsuccessful, probably owing to steric hindrance to the (VIII) was prepared and characterized. The nmr spec-
approach of hydrogen. trum resembles that of propylene pseudonitrosite2b

with an ABC portion of an A BC X pattern for protons 
K attached to nitrogen bearing carbon atoms. Reduc-

tion of this derivative with lithium aluminum hydride 
\  results in loss of nitrogen to give the same amine, 2-

j | eyclohexylethylamine (IX ), as obtained by high pres-
^  ̂ sure, Raney nickel catalyzed hydrogenation of VII at

02N |\ 02N K C J  + NA ~ 5*

^  ( c / - )  -  c r - -  -
I l X  ̂ K\ + VIII

° 2 75°. The pseudonitrosite VIII is isomerized to the
° iN\ \  nitroxime X  on treatment with refluxing dioxane. Hy-

■ | I I drogenation of X  with palladium-on-carbon catalyst
‘— -* ‘----- affords the same hydroxyamino oxime X I  as obtained

Va V from similar catalytic reduction of VII. Lithium
i---------------- -----------------i aluminum hydride reduction or Raney nickel catalyzed,

| • high-pressure hydrogenation of either X  or X I  affords
H the vicinal diamine X II . Since the reaction of N20 3

HON with vinylcyclohexane is straightforward, the match-
ing of reduction products confirms the structure of VII 

¡1 as stemming from addition to the vinyl double bond.
N I

-----  NOH NOH
VI ^ J L / N 0 2 ^ i ^ / N H O H

v i i i  — ^ I I  — *  M  ■*—  v i i
The selectivity of addition of nitrogen oxides to the .

bicyclic double bond of dicyclopentadiene is not par- X * NH, /  XI
ticularly remarkable in that preference for this site is I.
observed in the reactions of dicyclopentadiene with a f ' l
variety of reagents.6 What is significant is that dicy-
clopentadiene-dinitrogen trioxide monoadduct is read- XII
ily obtained in high yield. Pseudonitrosites and other
types of nitroso dimers are ordinarily poorly soluble Selectivity of free-radical reactions toward the vinyl 
species, so that monoadducts rapidly crystallize out of double bond of 4-vinylcyelohexene has been reported
solution and are probably less prone to react at the for a variety of reagents;6 however, polar reagents often
free double bond to form diadducts in their crystalline attack preferentially at the cyclohexene bond.7 That
form than is an olefin in solution. the selective isolation of VII in the case of nitrogen oxide

4-V inylcyclohexene-N 20 3.—Addition of dinitrogen addition is not attributable to any special intrinsic
trioxide to 4-vinylcyclohexene results in a low yield of reactivity of vinyl groups as opposed to cyclohexene
adduct that readily rearranges to the nitroxime. The double bonds is borne out by competition experiments,
nmr spectrum of the latter possesses signals correspond- Cyclohexene is consumed about three times more rapidly
ing to two olefinie protons and two nitromethylene pro- than vinylcyclohexane, and 4-vinylcyclohexene reacts
tons; vinyl absorption is absent. The spectrum is in at a rate intermediate between the two. Probably,
accord with structure VII derived from addition to the mostly ring attack does occur with 4-vinylcyciohexene-

1, but crystallization of the vinyl adduct is preferred.

a  NOH This is attributable either to slow rates of recrystalliza-
^  l. ether, o  ̂^ tion of the ring derivatives or to their susceptibility to

+ n203 2 d‘<:>’ianG, i0° > (  J  undergo secondary reactions leading to soluble prod-
ucts, such as nitro olefins, nitro ketones, nitro nitrites,

vn
----------------------  (6) R. H. Fish, H. G. Kuivila, and I . J .  Tyminski, ibid., 89, 5861 (1967).

(5) P. Wilder Jr ., C. F . Culberson, and G. T . Youngblood, J . Amer. (7) R . H. Perry, Jr ., and B . G. Cornan, Artier. Chem. Soc. Div. Petrol.
Chem. Soc., 81, 655 (1959). Chem., Prepr., 12, D5 (1967).
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or dinitro compounds. The dimer which actually does can be reduced by lithium aluminum hydride or catalyt- 
crystallize, that derived from addition to the vinyl ically to a mixture of cis- and irans-l,2-diaminocyclo- 
group, is obtained in only 11% yield. octanes (X V III).

l,5-Cyclooctadiene-N20 3.— 1,5-Cyclooctadiene is
known to form a monoadduct with dinitrogen trioxide.8 /— v,NOH / — v .N OH ,— \ ,NOH
Nmr examination of the crude product indicates that j| j — ► | | -<—  (  (
one double bond is retained. No isomerization of \  / x Nq \  \  A x j.tq
unreacted diene is observed during the course of reac- XIV 2 XVI| 2
tion, suggesting that the position of the double bond is .
unchanged in the adduct X III . Isomerization of 1,5- I
cyclooctadiene pseudonitrosite does not occur readily; / — \
exposure of the pseudonitrosite to refluxing dioxane re- f T 2
suits in partial recovery of the starting material along \  /
with decomposition and tar formation. Isomeriza- XVIII
tion is best carried out in alcoholic solution in the pres
ence of catalytic quantities of a transition metal salt, Although free-radical addition reactions of 1,5- 
such as zinc chloride. The zinc ion probably coor- cyclooctadiene leading to bicyclo[3.3.0]octane deriv-
dinates with the nitroso group, rendering the adjacent atives have been reported for a variety of reagents,
proton more activated toward rearrangement. The only simple 1,2 adducts were observed in the addition
technique also works for rearranging other stubborn 0f thiolacetic acid, thiolbenzoic acid, and benzenethiol
nitroso compounds, e.g., cyclohexene pseudonitrosite un- to 1,5-cyclooctadiene.9 The following explanation
dergoes rearrangement to 2-nitrocyclohexanone oxime. was used to rationalize the absence of transannular

product in low-temperature addition of trimethyl tin
‘ACR.CHNOh —  R2CHNO S I  R2CHN—ZnCh hydride^9 In the absence of a good radical donor, the

|i intermediate radical X I X  can undergo rearrangement
0  to the bicyclic radical X X  resulting in formation of
1 transannular product. If a good B donor is present,
y such as a thiol, simple 1,2 addition to give X X I  occurs

-ZnCij more rapidly than formation of X X . This concept of

¿H A

The nitroxime derived from X III  exhibits nmr signals \  X  /
for two olefinic protons as well as nitromethine and A / *
oxime protons. The spectrum is in accord with struc- / = \  •__ /  XX
ture X IV ; no evidence of transannular reaction is ob- [ I + A- __ > ( |
served. \ __/  L J ab or b

(oa-oc ’ r“ ¿5
xm  xiv xxi

Lithium aluminum hydride reduction of X II I  occurs free-radical addition to 1,5-cyclooctadiene turns out 
with loss of a nitrogen functionality to give the unsat- to be applicable in the present case where AB is dini-
urated amine XV , which can be further reduced to cy- trogen trioxide. The radical donor B is nitric oxide,
clooctylamine. a well-known free-radical trapping agent which is in

relatively high concentration under the reaction condi-

a NH2 tions. Consequently, only the 1,2-addition product is
obtained. The activation energy required to rearrange 
X I X  to X X  when A =  N 0 2 is evidently too high rela- 

XV tive to the lifetime of X I X  in the presence of nitric
oxide. Transannular reaction has not been reported 

Hydrogenation of the nitroxime X IV  with palladized for free-radical additions to dicyclopentadiene or 4-
carbon catalysis affords 2-hydroxylaminocyclooctanone vinylcyclohexene-1, and was not observed with dini-
oxime (XV I). The same derivative is formed by simi- trogen trioxide.
lar reduction of 2-nitrocyclooctanone oxime (X V II)8 Norbomadiene-N203.—Norbornadiene reacts with
which is derived from cyclooctene through dinitrogen nitrogen oxides to form a tan-colored N20 3 adduct which 
trioxide addition and isomerization. The preparation undergoes considerable decomposition to tarry products 
of X V I from either X V  or X V II confirms the nmr as- on attempted rearrangement or recrystallization in hot
signment of X II I  as a simple 1,2 adduct rather than a solvents. Nmr examination of the adduct indicates
transannular product. The hydroxylamino oxime X V I that olefinic absorption is only 30-40%  as strong as

expected for simple N20 3 addition to one double bond;
(8) D. Klamann, W. Koser, P. Weyerstahl, and M. Fligge, C h e m . B e r . ,

98 1831 (1965). (9) J* M. Locke and E. W. Ducke, C h e m .  C o m m u n . ,  151 (1965).
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app aren tly  considerable transannular reaction  to  sa t- tion from methanol favored one particular isomer. Crystals with
urated products takes place. mP 171° were obtained: nmr (¿s-acetone) s 5.7 (s, 2, CH==CH),

Hiffh-nressure hvdroeenation with Ranev nickel 4 - 8  ^  ^ = 2  Hz’ en(k>-CHN0 2) 2-3.5 (m, 8 ) and 1.7 ppm (m,mgn pressure nyarogenation witn Raney mcKei i, j  = 2  Hz, fine splitting, C, H; ir (CHCh), 3600 (OH),
converts the crude adduct to a tarry m ixture which on 1800 (C=N), and 1560 cm- 1  (NO2). Anal. Calcd for C10H12-
distillation affords a m ixture of diamines. V pc in- N20 3: C, 57.68; H, 5.81; N, 13.46. Found: C, 57.48; H,
spection reveals two m ajor components in a ratio of 5-78; N> 13.74.
3:2,  and nmr examination of the crystalline dihydro- . Norb°rnene vs. Cyclopentene.-The reaction of a mixture of
, , . , . 1 • j ji 1 • . , 1 0-1 mol of norbornene and 0.1 mol of cyclopentene in 50 ml of

chlorides indicates that these diamines are trans- and ether with a 2 : 1  NO -air stream at 0 ° was followed by with-
exo-cis-Z,5-diam inonortricyclene ( X X I I  and X X I I I ) .  drawing samples of the reaction mixture at 25-min intervals and
Separation of the two isomers is achieved by conversion examining them on an Aerograph 1520B gas chromatogram with
to the diacetam ides. T he diacetam ide of the m ajor a DC-200 column at 1 0 0 °. The ratios of norbornene/cyclo-
■ yvtt : ...... i i ]  , i ii i c -w-v trr pentene tabulated below indicate that norbornene was consumedisomer X X I I  is more soluble than th a t of X X I I I  so * . a much higher rate than cyclopentene.
th a t the la tter can be fractionally crystallized. I  allure
to  form  a cyclic urea on treatm en t of the diamine m ix- X™.e’ I? m , , , 25 50 80 105. , , . . Ratio of norbornene/cyclopentene 1.0 0 .9o 0 .75 0 .3  0.05
ture with phosgene suggests th a t the cis-endo isomer
is not present. After 1.75 hr the mixture was filtered; the product was washed

with ether to give 5.2 g of product, mp 94-98°. A 1:1 mixture 
. o f  the product with cyclopentene-pseudonitrosite20 showed a 

\ V depressed melting point (88-91°); a similar mixture melting
/  \  / \  study with pure norbornene-pseudonitrosite revealed no de-

—-----A A-----A pression. The infrared spectrum of the product was identical
with that of the norbornene derivative4 and different from the

„ _________Nrr ii xr_________ xju spectrum of cyclopentene-pseudonitrosite.
"  I 2 2 1 2 l,2-Dihydro-9-hydroximino-10-hydroxylamiiiodicyclopenta-

NHo H H H diene (VI).—A solution of 20.8 g (0.1 mol) of dicyclopentadiene
jtjqj XXIII nitroxime in 600 ml of absolute ethanol along with 1 g of 5%

...  “ Pd-on-carbon catalyst was hydrogenated on a Parr apparatus,
T ransannular reaction is m ore favored in the case of consuming 0.3 mol of H2 after 8 hr. The catalyst was filtered and 
, ,• ,r ■ ,i . j- , - t the solvent was evaporated to afford essentially quantitative

norbornadiene than m  th a t of 1,5-cyclooctadiene. T he yield (19 g) of hydroxylamino oxime (VI). Recrystallization
form ation of nortricyclene addition products is gener- from 95% ethanol afforded white crystals: mp 163°; nmr (CD3-
ally encountered in free-radical reactions of norborna- OD) 5 4.5 (s, 3, exchanged with D20), 3.2 (d, 2 , ,/ = 2  Hz, 
diene.10 T he radical interm ediate X X I V  formed bv endo-Ci0HN), and 1-3 ppm (m, 1 2 ). Anal. Calcd for CioHi6N20 2:
either endo or exo a tta ck  of nitrogen dioxide is geom etri- m 3 4  2°’ H’ 8‘22, N’ 14'28' Found. C.61.46, H, 7.99; N,
cally well set up for conversion to a tricyclic radical 4-Vinylcyclohexene-i Nitroxime (VII).—A stirred solution of 
X X V  which combines with nitric oxide to form a 3,5- 108 g (1 mol) of 4-vinvlcyelohexene-l dissolved in 600 ml of a
disubstituted nortricyclene. 1 : 1  mixture of ether-pentane at —10° was treated with a mixed

stream of 1 0 : 1  nitric oxide-air until brown nitrogen dioxide gas 
. was observed above the surface of the reaction mixture. The

Jjv NQ k precipitate was filtered, washed with ether, and dried to give
__i*. / [  _>- 19.4 g (11% yield) of a mixture of pseudonitrosite and nitroxime.

/ j Z  ~y The crude product was refluxed 1 hr in dioxane solution under 
cysr o2N—*** nitrogen and evaporated. The crude nitroxime was triturated

with ether, filtered, and recrystallized from methylene chloride- 
XAX pentane to obtain crystals: mp 121°; ir (CHC13) 3600 (OH),

1800 (C=N), and 1560 cm- 1  (N02); nmr (¿6-acetone) S 5.2 (s, 2 ,
Pyiwrimotihl „ CH=CH), 4.8 (s, 2, CH2N02), 1.6 ppm (m, 7), and one ex-
itxpenmeniai section changeable proton signal whose chemical shift varies with con-

Ir spectra were taken on a Beckman IR-5; nmr spectra with a centra tion. Anal. Calcd for C8Hi2N203: C, 52.16; H, 6.57;
Varian A-60, using TMS as internal reference. Melting points ’ Found: C, 52.65; H, 6.65; N, 14-85.
are uncorrected. Elemental analyses and molecular weight . iny eye ohexane Pseudonitrosite (VIII). The pseudonitrosite 
determinations were performed by Galbraith Laboratories. vinylcyclohexane, prepared in the manner as described for

Dicyclopentadiene Pseudonitrosite (IV and IVa).—A stirred 4- vmylcyclohexene-1, was obtained in 8 % yield: mp 151° from 
solution of 132 g ( 1  mol) of dicyclopentadiene in 500 ml of 1 : 1  methylene chloride-pentane; ir (CHC13) 1560 cm 1 (NOj) with
pentane-ether solution at 0° was treated with a stream of 2:1 no hydroxyl absorption; nmr (CDC13) 5 5.8 (m, 1 , CHNO),
nitric oxide-air until unabsorbed, brown nitrogen dioxide could ,' Jy’ ~ ^  frz’ V. 44 ®z’ CHANO2), 4.5 (q, 1, Tab =
be observed above the surface of the reaction mixture. The prod- e 1 e n  I a CHbN02), and 1-2 ppm (m, 11). Anal.
uct was filtered, washed with ether, and dried to give 170 g (82% Calcd for C8HhN203: C, 51.60; H, 7.58; N, 15.04. Found: C, 
yield) of crude adduct. Two recrystallizations from methylene 7.56; N, 15.08.
chloride-pentane afforded white crystals: mp 151-154°- Competition Studies with Vinylcyclohexane, 4-Vinylcyclo-
nmr (CDCb) 8 5.8 (m, 2 , J  = Hz, fine splitting, CHN), 5.0 (m’ h“ «ie-l, and Cyclohexene.—Ethereal solutions containing
2, CH=CH), 2-3.5 fm, 7), and 1.7 ppm (m 1 /  = 2 Hz vinylcyclohexane and 4-vinylcyclohexene-l, vinylcyclohexane,
fine splitting C, H). Anal. Calcd for CioHi,N20,: C, 57.68; and cyclohexene and 4-vinyleyclohexene-l and cyclohexene, each 
H, 5.81; N, 13.46. Found: C, 57.65- H 6.00- N 13.36 ' 4 7  with respect to each olefin, were treated with 2:1 nitric

Dicyclopentadiene Nitroxime (V and’̂ Va)’.—A suspension of 20 oxide-air mixture at -15°. The change in concentration of
g of recrystallized dicyclopentadiene pseudonitrosite in 250 ml of olefin was followed by vpc examination, using an SE-30 column,
dioxane was refluxed several hours under nitrogen. The pseudo- an AerograPh 1 5 2 0  instrument, and cyclohexane as internal
nitrosite dissolved to form a blue solution which became yellow reference. Response factors were determined empirically from
on completion of the isomerization. Removal of the solvent by . mltlal untreated solutions. The introduction of nitrogen
evaporation and trituration with ether afforded a solid which was oxld.es was camed out at a slow rate, so that the concentrations
filtered and washed with 1 : 1  ether-pentane. The crude nitroxime of nitrogen oxides are assumed to be constant and the rate first
(18 g, 90% yield) of recrystallization from methylene chloride- order with respect to olefin. The ratio of rate constants were
pentane gave pale yellow crystals, mp 129-132°. Recrystalliza- calculated by the formula

(10) (a) T . V. VanAuken and E . A. Rick, Tetrahedron Lett., 22, 2709 _  log  {C p /C t)
(1968); (b) G. N. Sauserand A. L. Logothetis, J .  Org. Chem., 33, 2330 (1968). K v lo g  (Vo/V t )
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where K c = rate constant for cyclohexene, K v = rate constant Calcd for C8H12N203: C, 52 16; H, 6.57; N, 15.21; mol wt, 
for vinyleyclohexane, Co = molarity of cyclohexene at t  = 0, 184.2. Found: C, 52.23; H, 6.38; N, 15.26; mol wt, 185.
Ct = molarity of cyclohexene at t, Vo = molarity of vinylcyclo- 5-Aminocyclooctene-l (XV}.—Finely powdered 1,5-cycloocta-
hexane at t = 0, Vt = molarity of vinyleyclohexane at t. On diene pseudonitrosite (XIII) (18.4 g, 0.1 mol) was cautiously
this basis cyclohexene was found to be consumed at a rate 2.9 ± introduced to a stirred mixture of 600 ml of absolute ether and
0.4 times as fast as vinyleyclohexane, and 1.4 ± 0.1 times as 15.1 g (0.4 mol) of lithium aluminum hydride under nitrogen
fast as 4-vinylcyclohexene-l. The latter was consumed at a rate nitrogen atmosphere at such rate as to maintain gentle reflux of
2.0 ± 0.2 times that of vinyleyclohexane. ether. The reaction was stirred an additional 16 hr under nitro-

l-Amino-2-cyclohexylethane (IX).—A solution of 25 g (0.135 gen after introduction of the pseudonitrosite was complete,
mol) of nitroxime VII in 600 ml of absolute ethanol along with 2 g Excess hydride was decomposed by careful dropwise introduction
of Raney nickel was hydrogenated at 75° and 1500 psi for 3 of the mixture to a stirred slurry of 1 kg of sodium sulfate, 250
days. The catalyst was filtered, solvent was evaporated, and ml of water, and 200.ml of ether under nitrogen at such rate as
residue was distilled providing 5 g (27% yield) of distillate to maintain mild reflux of ether. The ethereal layer was de-
boilng at 130-148° (0.5 mm), which was converted to a crystal- canted and treated with hydrogen chloride to provide 6.8 g
line hydrochloride: mp 258° (from 95% ethanol); nmr (D20) (42%) of crystalline hydrochloride: mp 218° (from ethanol-
5 3.0 (t, 2, CH2N) and 1-2 ppm (m, 13). Anal. Calcd for C8H8- ether); nmr (D20) 6 5.8 (m, 2, CH=CH), 3.3 (m, 1, CHN)
NCI: C, 57.63; H, 10.80; N, 8.90; Cl, 22.52. Found: C, and 1-2.5 ppm (m, 10). Anal. Calcd for C8Hi6NC1: C, 59.43;
58.58: H, 11.01; 11,8.56; Cl, 21.90. The same hydrochloride 11,9.98; N, 8.67; Cl, 21.93. Found: C, 59.50; 11,9.85; N,
could be obtained from the reduction of vinyleyclohexane pseudo- 8.72; Cl, 21.77. Hydrogenation of an alcoholic solution of XV
nitrosite (VIII) with excess lithium aluminum hydride in ether. with 5% palladized carbon affords cyclooctylamine hydro- 

Vinylcyclohexane Nitroxime (X).—Refluxing a solution of 4 g chloride, 
of vinyleyclohexane pseudonitrosite (VIII) in 50 ml of dioxane 2-Hydroxylaminocyclooctanone Oxime (XVI).—A solution of 
under nitrogen for 8 hr, followed by evaporation of solvent af- 12.2 g (0.066 mol) of nitroxime XIV in 250 ml of absolute ethanol
forded a quantitative yield of the nitroxime X. Recrystallization along with 0.5 g of 5% Pd-C catalyst was hydrogenated in a
from methylene chloride-pentane gave crystals: mp 133°; Parr apparatus at ambient temperature until 3 equiv of hydrogen
ir (CHCb 3600 (OH), 1800 (C=N) and 1560 cm-1 (N02); nmr (0.1 mol) was consumed. The catalyst was separated by filtra-
(d6-acetone) 5 5.2 (s, 2, CH2N02), 1-2 ppm (m, 11) and one- tion and the solvent was removed to give pink oil which on
proton absorption with concentration dependent chemical shift. trituration with chloroform provided 7 g (65%) of white crystals,
Anal. Calcd for C8HhN20 3 : C, 51.60; H, 7.58; N, 15.04. mp 148° (from 95% ethanol). The identical substance was ob-)
Found: C, 51.60; H, 7.63; N, 14.98. tainedincomparableyieldbysimilarreductionof nitroxime (XVII)

1-Hydroxylamino-2-cyclohexyl-2-hydroximinoethane (XI).— using 2 equiv of hydrogen: ir (KBr) 3500-2500 (OH and NH)
A solution of either 9.3 g (0.05 mol) of nitroxime X or 9.2 g and 1640 cm-1 (C=N); nmr (d6-DMSO) S 3.3 (t, 1, CHN) and
(0.05 mol) of nitroxime VII dissolved in 250 ml of absolute 1.12-2.5 ppm (m, 12). Anal. Calcd for C8Hi6N202: C, 55.79;
alcohol along with 1 g of 5% palladium-on-carbon catalyst was H, 9.36; N, 16.27; mol wt, 172. Found: C, 55.72; H, 9.54; 
hydrogenated on a Parr apparatus at 1-2 atm and ambient tern- N, 16.27; mol wt, 167.
perature. Two equivalents of hydrogen were consumed with 1,2-Diaminocyclooctane (XVIII).—A solution of 5.0 g (0.029 
VIII and 3 equiv with VII. The catalyst was filtered, solvent mol) of hydroxylaminooxime XVI in 200 ml of absolute ethanol
was evaporated, and the product was triturated with ether to along with 1 g of Raney nickel was placed in a high-pressure re
give 6 g (70%) of white crystals: mp 112° from methylene chlo- actor and charged with hydrogen at 1500 psi. Th mixture was
ride-ether; ir 3600 (OH), 330 (broad, NH), and 1650 cm-1 agitated 72 hr at 75°. The catalyst was removed by filtration
(C=N); nmr (CDCR) 5 6.8 (m, 3, exchanged with D20), 3.8 and the solvent was evaporated. Distillation of the residue
(s, 2, -CH2N), and 1-2 ppm (m, 11). Anal. Calcd for C8Hi6- afforded 2.1 g (£0%) of colorless oil, bp 65-75° (0.1 mm) which
N202: C, 55.79; II, 9.36; N, 16.27; mol wt, 172. Found: C, was converted to a hygroscopic dihydrochloride: mo 215° (from
55.79: H, 8.91; N, 16.25; mol wt, 153. ethanol); nmr (D20) S 3.7 (m, 2, CHN) and 1.5-2.3 ppm (m,

l-Cyclohexyl-l,2-diaminoethane (XII).—A solution of 6.0 g 12). Anal. Calcd for C8H20N2C12: C, 44.67; H, 9.S7; N, 13.03;
(0.035 mol) of hydroxylamino oxime XI dissolved in ether was Cl, 32.88. Found: C, 45.19; H, 9.59; N, 12.88; Cl, 31.64.
added dropwise to a solution of 8 g of lithium aluminum hydride Conversion to the dibenzamide with benzoyl chloride and 2 N
in 500 ml of anhydrous ether with stirring under a nitrogen NaOH solution afforded a white solid, mp 286-288° (from ethyl
stream at such rate as to maintain a gently reflux of ether. acetate) Anal. Calcd for C22H26N202: C, 75.40; H, 7.48;
After 12 hr the reaction mixture was introduced dropwise to a N, 7.99. Found: C, 74.72; H, 7.60; N, 7.82.
stirred, icecooled suspension of 0.5 kg of sodium sulfate, 250 ml Formation of the diacetamide afforded crystals: mp 160-170°; 
of distilled water, and 300 ml of ether under nitrogen. After the sublimed at 140° (0.05 mm); nmr (D20) S 3.5-4 (m, 2, CHN), 
refluxing of ether ceased, the inorganic salt was filtered and 1.7 (s, 6, CH3), and 1.5 ppm [m, 12, (CH2)6]. Anal. Calcd for
washed with additional ether. The ethereal filtrate was dried Ci2H22N202: C, 63.68; H, 10.54; N, 12.38. Found: C, 63.62;
(Na2S04) and evaporated affording 3.7 g (74%) of colorless oil H, 10.23; N, 12.35.
XII. Treatment with excess anhydrous hydrogen chloride in 3,5-Diaminonortricyclene (XXII and XXIII).—A solution of 9.2 
ether gave the crystalline dihydrochloride, mp 268° (from al- g (0.1 mol) of freshly distilled norbornadiene in 500 ml of anhy-
cohol l. The identical product was obtained by similar reduction drous ether was treated at —15° with a stream of 2:1 nitric
of X with lithium aluminum hydride or by Raney nickel catalyzed oxide-air until the presence of brown nitrogen dioxide was ob-
hydregenation of either X or XI in alcohol solution at 1500 psi served above the surface of the reaction mixture. The light tan
and 75°: nmr (D20) 5 3.4 (m, 3, -CH~CH2N) and 1-2 ppm (m, solid precipitate was filtered, washed with ether, and dried to
11). Anal. Calcd for C8H20N2C12: C, 44.66; H, 9.37; N, 13.02; give 13.4 g (81%) adduct, mp 117-121°; roughly 60-70% of
Cl, 32.88. Found: C, 45.20; H, 9.58; N, 12.64; Cl, 31.79. the adduct consisted of saturated, presumably nortricyclene

1,5-Cyclooctadiene Nitroxime.—The pseudonitrosites of 1,5- derivative, as indicated by nmr .(d6-aeetone) S 4-6 (m, 2.3) and
cyclooctadiene (XIII) and cyclooctene, and cyclooctene nitroxime 1.5-3 ppm (m, 5.3). Anal. Calcd for CvH8N20;: C, 50.00;
(XVII) were prepared according to Klamann, et alA The follow- H, 4.80; N, 16.66, mol wt, 168.2. Found: C, 50.09; 11,4.76;
ing procedure proved successful to isomerize XIII to the corre- N, 16.77; mol wt, 170. The substance was unstable affording res-
sponcing nitroxime XIV. A mixture of 46 g (0.25 mol) of 1,5- inous products when treated with hot solvents. Treatment of 10 g
cycloetadiene pseudonitrosite (XIII) and 5 g of anhydrous zinc (0.06 mol) of the adduct wbh 300 ml of absolute ethanol, 1 g
chloride dissolved in 1 1. of absolute ethanol was refluxed under of Raney nickel, and hydrogen at 1500 psi and 75° for 24 hr
nitrogen for 1 hr, cooled, treated with 2 1. of aqueous saturated afforded 8 g of oil on filtration and evaporation. Distillation gave
ammonium chloride solution, and extracted with methylene 3 g (40%) of colorless oil, bp 75-85° (0.4 mm); vpc examina-
chloride. The methylene chloride extract was diluted with an tion with a Carbowax 20M-KOH column at 150° showed two
equal volume of ether, washed several times with ammonium major components in a 3:2 ratio.
chloride solution, dried over sodium sulfate, and evaporated to Conversion to the dihydrochloride provided white crystals:
give an oil which on trituration with methylene chloride gave mp 300° (from 95% ethanol); nmr (D20) S 3.85 (m, 0.67,
33 g (70%) of white crystals: mp 138-140° (from 95% ethanol); endo-CHN), 3.6 (m, 1.33, ezo-CHN), 2.5 (m, 1, C4H), and 1.9
ir (CHCI3) 3550 (OH), 1790 (C=N), and 1550 cm-1 (N02); ppm (m, 5), corresponding to a 2:1 mixture of trans-cis isomers,
nmr (d-6-acetone) S 5.7 (m, 2, CH=CH), 5.2 (m, 1, CHN02), Anal. Calcd for C7Hi4N2C12: C, 42.65; H, 7.16; N, 22; Cl,
2.3 ppm (m, 8) and (s, 1, OH) of varying chemical shift. Anal. 35.99. Found: C, 42.61; H, 7.21; N, 14.06; Cl, 35.98.
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Conversion to the dibenzamide gave crystals, mp 286° (from 24695-06-5; VI, 24695-07-6; VII, 24711-06-6; VIII,
methylene chloride). Anal. Ceded for• C2,H10N2O2: C 75.88; 24711-07-7; IX , 4442-S5-7; IX  hydrochloride. 5471-
H, 6.07; N, 8.43. Found: C, 76.15; H, 6.38; N, 8.1o. Y 0 4 7 1 1  in o. yt 0 1 7 1 1  1 1  o ■ vtt jConversion to the diacetamide with acetic anhydride and tri- 5o-6, X , 247 - 0-^, X  , ^47 - -3, X II  dlhydro-
ethylamine in ether afforded white precipitate: mp 220-225°; chloride, 24704-32-3; XIV , 24711-12-4; X V  hydro-
nmr in accord with 70% tram-30% cis mixture. Anal. Calcd chloride, 24711-13-5; XV I, 10573-58-7; X V III, 24704-
for C„H16N202: C, 63.44; H, 7.74; N, 13.45. Found: C, 33.4 . X V III hydrochloride, 24704-34-5; X V III dibenz-
6« 4!,; A 7/ 88: ?*, 13-34‘ o7RfieCoayiSotal] r tl0n fr°m methan01 amide, 24711-15-7; X V III diacetamide, 24711-16-8;afforded white crystals: mp 278-281 , the cis-exo isomer; nmr ’ n.„A_ _ ’ VVTT V 1 , 1 4 - 1  ^ _ 7
(2:1 D2O-CD3OD) s 3.7 (m, 2, eredo-CHN), 2.2 (m, 1, C,-H), X X II , 2469o-08-7; X X I I  dihydrochloride, 24694-ol-7;
2.0 (s, 6, CH3), and 1.5 ppm (m, 5). Recrystallization of the X X I I  dibenzamide, 24695-10-1; X X I I  diacetamide,
second crop from methanol gave the tram isomer: mp 226-227°; 24694-52-8; X X III , 24694-09-8; X X I I I  dihydro-
nmr (D20) <s 4.0 (m, 1, exo-CHN) 3.7 (m l endo-CHN), 2.1 chloride, 24694-53-9; X X H I dibenzamide, 24694-54-0;

1, C.-H), 2.02 (s, 3, CH,), 2.01 (s, 3, CH,), and 1.5 ppm (m, x x m  diacetamide, 24694-55-1.

Registry No.—Dinitrogen trioxide, 10544-73-7; IV, Acknowledgment.—The author is indebted to Mr. 
24695-03-2; IVa, 24695-04-3; V, 24695-05-4; Va, J. J. Porcelli for experimental assistance.
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1,2-Nitroximes obtained from the isomerization of olefin-dinitrogen trioxide adducts are selectively reduced 
with palladized carbon to afford 1,2-hydroxylamino oximes. The latter class of compounds can be reduced to 
vicinal diamines, oxidized to 1,2-dioximes, form stable chelates with mercuric salts, and undergo a novel acid- 
catalyzed autocondensation to pyrazine N,N-dioxides.

The reaction of dinitrogen trioxide with olefins affords from either the saturated nitroxime Vb, derived from
I, 2-nitronitroso dimers, commonly referred to as pseudo- cyclooctene, or the unsaturated derivative, 1,5-cyclo-
nitrosites I .2 These adducts can be converted to the octadiene nitroxime, with the consumption of 2 or 3
more soluble isomers, the corresponding 1,2-nitroximes mol of hydrogen, respectively. Similarly, IIIc can
II .2’3 The latter undergo a general, selective hydro- be obtained from either lie  or from the unsaturated
genation to 1,2-hydroxylamino oximes III in the pres- nitroxime derived from 4-vinylcyclohexene-l.3 The
ence of a palladized carbon catalyst. The derivatives cyclohexene derivative IVa (n =  4) is identical with
are readily isolated as the acetic acid salts which can that prepared from the reaction of hydroxylamine with
be smoothly converted back to free hydroxylamino the nitrosyl chloride adduct of cyclohexene Via in =
oximes. Thus, the nitroxime derived from N20 3 4).4 Owing to the mechanistic differences in orienta-
addition to cis- or frans-butene-2 is converted to Ilia , tion between nitrosyl chloride and dinitrogen trioxide
and a-nitroacetophenone oxime (II lb) derived from additions to olefins, different hydroxylamino oximes
styrene is converted to Illb  in over 90% yield. would be expected, starting with unsymmetrical ole

fins from the two synthetic approaches.
N2O1

RCH=CHR' —>- /RCH—CHR'N — >- ^
( I I )  I —NO, ( —NHOH [ ]—Cl
V NO N02 / 2 (CH2)„ 2!s* (CH2)„ (CH.),,

1 I J=NOH l y=NOH 1 1—NO
2H2 v - y

RCCHR'N02 — RCCHR'NHOH v n = 4 IV VI
II II INOH NOH n= 6

II III
a, R = R = CH3 The 1,2-hydroxylamino oxime derivatives possess a
b, R = CsHs; R = H pair of vicinal carbon-nitrogen bonds which can be

reduced to diamines. Dither lithium aluminum hy
dride or Raney nickel catalyzed hydrogenation con- 

Two equivalents of hydrogen are consumed to re- verts IVb to the corresponding wc-diamine, namely
duce the nitro group, and olefinic double bonds present 1,2-diaminocyclooctane. The hydroxylamino group
in the nitroxime also undergo reduction. Thus, the is susceptible to oxidation, and in the case of the styrene
same hydroxylamino oxime IVb (n — 6) is obtained derivative Illb , treatment; with ferric chloride affords

the 1,2-dioxime of phenylglyoxal. Similarly, the bu- 
CBy Tennartment *  chemistry' East Tennessee State Univereity’ Johnson tene-2 derivative V ila is converted to dimethylglyox-

(2) (a) h . wieiand, Justus Liebigs Ann. Chem.. 424, 71 (1920); Ber., 36, ime, but in other cases oxidation by ferric chloride pro-
2558 (1903). (b) D. Klamann, W. Koser, P. Weyerstahl, and M. Fligge,
Chem. Ber., 98, 1831 (1965). (c) M. L. Scheinbaum, Amer. Chem. Soc.
Div. Petrol. Chem., Prepr., 13, 193 (1968). (4) L. B. Volodarskii and Yu. G. Putsykin, J .  Org. Chem. USSR, 3, 1642

(3) M. L. Scheinbaum, J .  Org. Chem., 35, 2785 (1970). (1967).
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ceeds further, sometimes regenerating the nitroxime. 3-Nitrobutan-2-one oxime (Ha), an oil, identical in properties 
Reaction of Illb  with mercuric chloride affords a stable wddl that described by Klamann, et al.,'lh nmr (in CC14) 8 5.2 
2 :1  chelate. CHN° 2)> 1-9 (5>3, CH3), and 1.8 ppm (d, 3, CH,)( was

obtained (over 90%) from the pseudonitrosite of cis- or trans- 
Ha or butene-2. a-Nitroacetophenone oxime1“ (lib), mp 91° (from

RCH---- CHR'------ >■ RCH—CHR' ether-hexane), nmr (CDC13) 8 7.5 (m, 5, C„H6) and 5.7 ppm
| I LiAlH< | | (s, 2, CH2), was cbtained in over 90% yield from styrene pseudo-
NOH NHOH NH2 NH2 nitrosite. 2-Nitrocyclohexanone oxime (IVa), oil, was obtained

\FeClj from cyclohexer.e pseudonitrosite. Conversion to the 2,4-
dinitrophenylhydrazone of 2-nitrocyclohexanone, mp 154°, 
occurred in over 90% yield. Calcd for C12H!3N5 0 6: C,

RC— CR' 44.71; H, 4.07; N, 21.71. Found: C, 44.60; H, 4.28; N,
■NTraxT llirarr 21.01. The nitroximes obtained exhibited the following ir bands
NOHNOH (CHCls): 3550 (OH), -1790 (C=N), and 1550 cm“1

Acid-catalyzed condensation with carbonyl com-
pounds has been reported to result in the formation of of Z “ kein°2o0 mlof S u t e ^ ^ d l d ^ ^ t h  SfgTf
imidazole oxide derivatives. A related acid-catalyzed 5% palladium on carbon catalyst was hydrogenated in a Parr
autocondensation occurs when hydroxylarnino oximes apparatus at ambient temperature until 0.1 mol of hydrogen was
are treated with concentrated sulfuric acid. The reac- consumed. The catalyst was filtered and the solvent was
tion may involve elimination of hydroxylamine along evaP°rated t0 ta®ord,cr,ude hydroxylarnino oximes which could. , . P either be crystallized directly by trituration with methylene
With accompanying oxidation. The major product IS chloride or treated with acetic acid and ether to give the crystal-
the pyrazine N,N-dioxide derivative. Thus, the cy- line acetic acid salts, which could be readily regenerated to the
clohexene derivative IVa affords octahydrophenazine free hydroxylarnino oximes. The following derivatives were
N,N-dioxide (Vila, n — 4) in 30%  yield. The nmr of obtained.X7t t __ ± • __ lx- ix  r i , to n /riTT r\ \ o-xlyaroxylaminobutan-2-one oxime (Ilia) was obtained fromV ila contains multiplets of equal area at 5 2.9 (C H 2C = )  IIa iny 90%y yield: mp 7go (from „ethylene chloride-ether);
and 1.9 ppm (C H 2C H 2C = ) .  Reaction of the N,N- ir (CHC13) 3600 (OH) and 3300 cm“1 (NH); nmr (CDaOD) 8
dioxide with selenium affords phenazine in poor yield. 3.3 (q, 1, CHN), 1.6 (s, 3, CH3), and 0.9 ppm (d, J  = 7 Hz,
In like manner, IVb is converted to the corresponding 3, CH3). Anal. Calcd for C4Hi0N2O2: C, 40.66; H, 8.53; N,
pyrazine N,N-dioxide (Vllb, n  =  6) in 50%  yield on J j J  Wt H8' F°und: C’ 40'50; H’ 8'54; N’ 23'95
treatment with sulfuric acid. The nmr spectrum of a-Hydroxylaminoacetophenone oxime (Illb) was obtained from 
V llb has three equal area multiplets at 8 2.9 (C H 2C = ) ,  lib in 90% yield: mp 128° (from 95% alcohol); nmr (CDjOD)
1.9 (C H ,C H 2C = ) ,  and 1.5 ppm (C H 2C H 2C H 2C = ) -  * 7-5 (m, j, C„H5) and 4.1 pom (s, 2, CHS). Anal. Calcd for

C8H,oN202: C, 57.82; H, 6.37; N, 16.86. Found: C, 57.98; 
O H, 6.11; N, 16.82.

n + 2-Hydroxylaminocyclohexanone oxime (IVa) from Va in
I 90% yield, mp 100° (from 95% ethanol), was identical in prop-

C=NOH erties with a sample prepared by the method of Volodarskii and
(CHZ)„ | —*■ (CH2)n[ I] (CH2)„ Putsykin.4 Anal. Calcd for C6Hi2N202: C, 49.98; H, 9.39;

| CHNHOH N, 19.43; mol wt 144. Found: C.49.85; H, 8.25; N, 19.32;
J I mol wt, 147. The preparations of IVb and IIIc have previously

Vv | been described.2
IV n = 4 0 Ferric Chloride Oxidation.—A solution of 0.01 mol (1.66 g) of

VTT a-hydroxylaminoacetophenone oxime (Illb) and 0.01 mol (2.71
11 ~ _  g) of FeCl3 • 6H20 in 100 ml of ethanol was filtered and evaporated

a’ 11 to give a dark oil which was dissolved in 1:1 methylene chloride-
h n ~ 6 ether, washed with saturated aqueous ammonium chloride solu

tion, dried (Na2S04), and evaporated to give 0.4 g (25% yield) 
of the dioxime of phenylglyoxal: mp 147° (from ether-hexane); 

Experimental Section nmr (CDsCN) 8 8.2 (s, 1, CH=N) and 7.2 ppm (m, 5, C6H6).
T , , . TT3E Anal. Calcd for C8H8N202: C, 58.53; H, 4.91; N, 17.07;Infrared spectra were taken on a Beckman IR-5, nmr spectra mol wt 164. Found: C 5Sa8 h 4.65 N 16.73; mol wt> 170.

with a Vanan A-60 using TMS as internal reference. Melting In the same manner 3-hydroxylaminobutan-2-one oxime
points are uncorrected. Elemental analyses were carried out by (IIIa) was converted to dimethylglyoxime in 42% yield: mp

a rai a oratories. 243° (from hexane); nmr (¿„-acetone) 8 1.4 ppm (s, CH3).
DimtrogenTrioxide Adducts .-Adducts of olefins and N203 AnaL Calcd for c4h8N202 C, 41.37; H, 6.94; N, 24.13.

were obtained by treating ethereal solutions of olefin at —20 to Found- C 41 S3- H 1 14• N 23 75
0° with a 2:1 stream of nitric oxide-air until unabsorbed, brown preparation of the HgCl2 Complex of Vllb (C8H10N,O2)2.HgCl2. 
nitrogen dioxide gas was observed at the surface of the reaction _ A mixture o{ j 66 (0 01 mol) of «-hydroxylaminoaceto-
m’xture. P̂seudomtros;tes ofthe following olefins were obtained: phenone oxime (mb)> 2.72 g (0.01 mol) of mercuric chloride,

'29%)’ ? £ Ĉ '0heXr  (8%),2° 4-vinylcyclohexene-l and 100 ml of absolute ethanol was stirred under nitrogen at
1 ° stJ r,ence (SOVo),110 cyclohexene (47%),21- cyclooctene ambient temperature for 12 hr and evaporated to give a purple-

(27%), and 1,5-cyclooctadiene (83%). _ _ tinged solid which on extraction and crystallization from ether-
Preparation of Nitroximes. A mixture of 0.2o mol of olefin- tane afforded () 7 (23%) 0f white crystals: mp 192°; nmr

dinitrogen trioxide adduct, 5.0 g anhydrous zinc chloride, and 1 (CD3CN-D20) a 7.6-7.1 (m, 5, C„H5) and 4.6 ppm (s, 2, CH2).
1 of absoiute ethano or methane was refluxed under nitrogen. AnaL Calcd for C16H20N4O4HgCl2: 0,31.82; H, 3.33; N,
The addict dissolved to form a blue solution which changed to q 2 g- Cl 11 74- Hg 33 22 Found- C 31 68- H 3 26-
green and finally yellow as the nitroso monomer was converted ^ 9" 18 • "d 11 281 Hg 29
to nitroxime. Completion of the isomerization required about preparation of Pyrazine N,N-Dioxides.—A finely powdered
an hour and was indicated by disappearance of the green color. sample of 15 g ,0.075 mol) of the acetic acid salt of 2-hydroxyl-
The mixture was cooled, treated with 2 1. of saturated aqueous aminocyclohexanone oxime (IVa) was introduced in small
ammonium chloride solution and extracted several times with portions at a time to 10 ml of concentrated sulfuric acid
methylene chloride. The extracts were washed with saturated  ̂  ̂ at 03 with mechanical stirring. The slurry was
sodium chloride solution, dried (sodium sulfate), and evaporated gradually warmed to ambient temperature and allowed to stir 
to give high yields of nitroximes. for 24 hr. The crude reaction mixture was poured into ice, made

(5) L. B. Volodarskii and G. A. Kutikova, Tetrahedron Lett., No. 9, 1065 basic with 2 N NaOH solution to pH 8-9, and extracted several
(1968). times with ethyl acetate at 0°. The extracts were washed with
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saturated NaCl solution, dried (NasSOO, and evaporated to give Treatment of Vila (0.5 g) with 0.5 g of selenium at 350° under
4.9 g of yellow oil which on trituration with ether gave pale yellow nitrogen for several hours gave a condensate which on extraction
crystals of octahydrophenazine N,N-dioxide (Vila) (30% yield). with methylene chloride and evaporation provided 50 mg of
Recrystallization from methylene chloride-pentane afforded orange oil. Vacuum distillation of this residue in a Kugelrohr
white crystals: mp 230°; ir (CHC13), 3000, 1720 (w), 1580 (w), tube afforded 5 mg of sublimate which was identical in mixture
1470, 1360, 1340, and 1100 cm-1 (s); nmr (CDCI3) & 2.9 (m, 8, melting point and vpc properties with phenazine.
CH2C=) and 1.9 ppm (m, 8, CH2). Anal. Calcd for C12HI6N202: . TT w , TT, „. ,
C, 65.43; H, 7.32; N, 12.72; mol wt, 220. Found: C, 64.76; Registry No.—Ha, 2.56/-33-1; lib , 21205-24-3;
H, 7.13; N, 12.70; mol wt, 250. Ilia , 24707-22-0; Illb , 24707-24-2; IVa, 13757-09-0;

In like manner, Vllb was prepared in 50% yield from 2- V ila, 24716-05-0; Vllb, 24716-06-1; 2-nitrocyclo-
hydroxylaminocyclooctane oxime (IVb).2 White crystals, mp hexanone (2,4-dinitrophenylhydrazone), 10269-95-1;
(CIICbT3000mi7301(w), itio P14n6t0a,nie340W(s)!iS^and 1100 phenylglyoxal (dioxime), 4589-97-3; dimethylglyoxime, 
cm“1 (s); nmr (CDCb) « 3.2 (m, 8, CH2C=C), 1.9 (m, 8, 95-45-4.
CH2), and 1.5 ppm (m, 8, CH2). Anal. Calcd for Ci6H24N202: . . , , , , r T
C, 69.53; H, 8.75; N, 10.14; mol wt, 276. Found: C, 69.67; Acknowledgment.-The author is indebted to Mr. J.
H, 8.83; N, 10.04; mol wt, 295. J. Porcelli for experimental assistance.

A rom atic N-Oxides. VI. Anhydro Base Interm ediate  
and the Rate-Controlling Step in the Reaction of

4-Alkylpyridine N-Oxide with Acid Anhydrides1

V incent J . T ra yn elis2“ and Sr . Ann I mmaculata Gallagher, I.H .M .2b 

Department of Chemistry, University of Notre Dame, Notre Dame, Indiana ¿6556 
Received December 10, 1969

Evidence for the first step of the reaction of 4-alkylpyridine N-oxides with acid anhydrides was obtained by 
isolation of l-acetoxy-4-methylpyridinium and l-acetoxy-4-benzylpyridinium perchlorates and their conversion 
by triethylamine in acetonitrile to the corresponding rearranged esters. The reaction of l-acetoxy-4-benzyl- 
pyridinium perchlorate (1) and triethylamine was also examined spectroscopically and provided uv evidence for 
the intermediate anhydro base, l-acetoxy-4-benzal-l,4-dihydropyridine (2), whose absorption spectrum re
sembled l-methyl-4-benzal-l,4-dihydropyridine. The absence of deuterium exchange in the reaction of 1-acetoxy-
4-(a,a-dideuteriobenzyl)pyridinium perchlorate with sodium acetate in acetic acid-acetonitrile and the depen
dence of the conversion of 1 to 2 on base strength support the assignment of this step as rate controlling.

The generally accepted mechanism for the reaction of r
4-alkylpyridine N-oxides and acid anhydrides has been !
reviewed in several places.1'3 In this report we offer CH2
evidence in support of the formation of the 1-acyloxy- | 9
4-alkylpyridinium cation (1) in step 1 , of the anhydro- [O j  + R/—c—0—CR' — 
base intermediate (2), and of the rate-controlling step 2.

The isolation of cation 1 was accomplished as the !
perchlorate salt from the reaction of 4-methyl- and 4- 0
benzylpyridine N-oxides and acetic anhydride in the R R
presence of perchloric acid. Structural assignments for ^  I
these salts were based on elemental analysis, a 1 2 11
characteristic carbonyl frequency (1825-1830 cm~
and the reaction of these salts with triethylamine in (v_JJ + RCO. ► RC02H + 1 1
acetonitrile to produce the esters; 4-pyridylmethyl 1ji+, N
acetate (3, R  =  H, R/ =  CH3) and 3-acetoxy-4-methyl- 0 q
pyridine (4, R  =  H, R ' =  CH3) (both esters identified I |
spectroscopically) from l-acetoxy-4-methylpyridinium C
(1, R  = H, R ' =  CH3) perchlorate, and phenyl-4-py- R' o  R/
ridylmethyl acetate (3, R  =  C6H5, R ' =  CH3) from 1 /  2
l-acetoxy-4-benzylpyridinium (1, R  = C6H5, R ' =  /
CH3) perchlorate. Identification of phenyl-4-pyridyl- ?  9  R f
methyl acetate was achieved by comparison with an CHOCR' CH 0
authentic sample, saponification of the ester to the I | 2 II
known phenyl-4-pyridylmethanol,6 and isolation of the [Oil +

(1) For paper V in this series see V. J .  Traynelis and Sr. A. I. Gallagher, _
J . Amer. Chem. Soc., 87, 5710 (1965). ** ’

(2) (a) Department of Chemistry, West Virginia University, Morgan
town, W. Va. (b) Abstracted from the Ph.D. dissertation of A. I. G., r  .  . „ . . ,  * j *  a t  • i i

(3) V. J .  Traynelis in “Mechanisms of Molecular Migrations,” Vol. 2, B. S. ester trom the reaction OI 4-benzylpyriaine JN-OXlde and
Thyagarajan, Ed., Interscience Publishers, New York, N. Y ., 1969, pp 31-37. acetic anhydride. These Conversions of the perchlorate

(® v  “ X X Z Z Z X i ' S b  (19 6 4 ). saIts of 1 by triethylamine in acetonitrile to the same
(6) a . e . Tschitschibabin, c h e m .  B e r . ,  3 7 , 1 3 7 1  (19 0 4 ). esters as obtained from the corresponding 4-alkylpy-
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Table I
Reaction of I-Acetoxy-4-benzylpyridinium Perchlorate and Base 

0

C^CH,— OCCH3 + :B —* C^CH—<^0N + C6H5CH2- ^ Q n+—0“

ClOr 11 OAc IV
i m

.--------- % yield—-------.
I ,  mol C H jC N , ml Base I I ,  mol CHaCN, m l T im e Tem p, °C Procedure I I  IV

0.012“ 100 EtaN 0.012“ 100 1 hr 0 A 60
0.018 75 Et3N 0.018 25 <5 min* 0 B 26

25 min6’“ 0 B 40
0.012 37 (0 )  0.012 5 2.25 hr* 0 B 54

S r
0.012« 20 NaOAc 0.012« 10 15 min 87 C 0 93
0 014̂  25 NaOAc 0.014/ 13 1 hr 87 D 32 24
0.012« 20 NaOAc 0.012« 10 1.33 hr 87 D 38
0.017" 25 NaOAc 0.017" 10 3 hr 87 D 50 6

“ Reactants were precooled to 0° and added simultaneously to the reaction flask. b Data taken from one reaction, one-half was pro
cessed immediately after addition (<5 min), the other half after 25 min. « This reaction was followed by ir and visible spectroscopy 
and is reported in the Experimental Section. d Progress of the reaction was followed by ir; the 1-acetoxy carbonyl at 1825 cm-1 
slowly disappeared while the ester carbonyl at 1739 cm-1 appeared and increased. The reaction was quenched when the 1825 cm-1 
absorption was absent. «Acetic acid (10 ml) was added to the 1-acetoxy salt while sodium acetate was dissolved in 14 ml of acetic acid. 
/ Same as e except the acetic acid volumes were 13 and 15 ml, respectively. " Same as e except the acetic acid volumes were 10 and 
25 ml.

ridine N-oxide acetic anhydride reaction led to the con- CH3) in the first two aliquots would be approximately
elusions that cation 1 is a reasonable intermediate in 4 X  10_4 molar. This concentration of anhydro base
this reaction and that rearrangement to ester products compared to the concentration of reactants (0.18 M)
requires the action of base on 1. reflects a 0.2%  conversion to the intermediate anhydro

A spectral study of the reaction of l-acetoxy-4-ben- base 2. Thus the low conversion to anhydro base along
zylpyridinium perchlorate and triethylamine in aceto- with the constant concentration is suggestive of a
nitrile provided information regarding the intermediacy steady-state situation. Aliquots also taken upon mix-
of the anhydro base 2. The model system used which ing, after 10 and 25 min were subjected to infrared
corresponded to 2 was the known l-methyl-4-benzal- spectral measurements and showed that the first spec-
1,4-dihydropyridine (5, R  =  Cdds), prepared in  situ by trum after mixing had a more intense band for
the reaction of l-methyl-4-benzylpyridinium metho- >C-OOCCH3 (1739 cm“ 1) than ^ N+-OOCCH3 (1825
sulfate in acetonitrile and aqueous NaOH. cm -1). Spectra taken after 10 and 25 min showed con-

The uv-visible spectrum of 5, R  =  C6H6, in CH3C N - tinued increase in intensity of the 1739-cm“ 1 band with
H20 , 90:10 (v /v), showed an absorption maximum at a concurrent decrease in the 1825-cm“ 1 band. The in-
370 m/i (357 m/i in anhydrous CH3CN) which reached frared spectra clearly demonstrate the rapid conversion

of the cation 1 (R =  C6H5, R ' =  CH3) to phenyl- 
R R 4-pyridylmethyl acetate, while the appearance of a
I I chromophore with Xmax 352 mu upon mixing the re-
I 2 actants and eventual disappearance of this band sup-

0 k .  CH CN 0 k  ports an anhydro base 2 for the intermediate leading[Qj NaoH> I J to ester products. Additional evidence in support of
N+ Yjr the anhydro base intermediate has been reported
^  3 4 I recently by Oae7 employing the lepidine N-oxide

3 3 benzoyl chloride reaction and deuterium labeling; how
ever, the major products in this reaction had the

. , ., . „ , / , o nnn • benzoate in the C-3 position rather than attached tomaximum intensity in 2 hr (e 18,900 assuming . ,  , ■ ,, ,, , . , ,, , 1 j  L _ • r , , , the side-chain methyl group,
complete conversion of salt to anhydro base 5 in 2 hr). Application of the above approach to detect the pres
and then began to decay When a precoo ed solution ence of anh drQ base in the reaction of i_acetoxy-4- 
of equimolar amounts of 1-acetoxy-Tbenzylpyndmmm meth j idinium perchlcrate and triethylamine was 
perchlorate m CH3CN and triethylamine in CH3CN unguccessful The reaction of 1 ,4-dimethylpyridinium 
were mixed at 0 a band appeared rapidly at 352 m^ methosulfate and base slowly produced an absorption 
absorbance (4780) and remained constant for at least maximum at 31Q which slowiy disappeared; how- 

10 m mahsorbance 0.775)but by2o mm had decreased ^  ^  reaction of 1.acetoxy.4_methylpyridinium
markedly (absorbance 0.145) If one assumes that the hlorate and triethylainine showed no absorption in
molar extinction coefficient for l-acetoxy-4-benzal-l,4- 31Q_ r :Qn but revealed the disappearance of the
dffiydropjn-ffiine 2, B =  CeH5, R  =  CH3) is compa- band x 0 254 (N.acetoxy cation) and the ap- 
rable to that of l-methyl-4-benzal-l,4-dihydropyridine rance of abs tion maxima at 276 and 265 mM cor
and tnat these solutions obey Beer s Law, the concen
tration of the acetoxy anhydro base (2, R  =  C e H s ,  R ' =  (7) S. Oae, S. Tam agaki, and S. Kozuka, T e t r a h e d r o n  L e t t . ,  1513 (1966).
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responding to a mixture of 4-pyridylmethyl acetate and 9.05% ) and the N-oxide 6 (Found: 21.80 atom %  ex-
3-acetoxy-4-methylpyridine. cess deuterium) formed from 7 by hydrolysis. Also

A study of the reaction of l-acetoxy-4-benzylpyridin- the nmr spectrum of ester 8 showed no absorption in the 
ium perchlorate with a variety of bases is summarized region of the benzylic proton.
in Table I. These results show the need for base to The absence of deuterium exchange in the above ex- 
promote the conversion of cation 1 to ester products periments requires that the rate of conversion of an-
via anhydro base 2. In the reactions performed with hydrobase 2 to products 3 and 4 is more rapid than the
sodium acetate in acetonitrile-acetic acid the nature of protonation of 2 to regenerate the cation 1. The rapid 
the reactants is less certain since the cation 1 (R =  conversion of 1 (R =  C6H3, R ' =  CH3) by triethyl-
C6H5) can react with acetate ion to generate acetic amine to ester 3 (R =  C6H5, R ' =  CH3) and the low
anhydride and 4-benzylpyridine N-oxide. These con- concentration of anhydrobase 2 (R =  C6H6, R ' =  CH3) . 
ditions thus represent the standard N-oxide acetic an- (what appears to be a steady-state concentration) gen-
hydride reactants in acetonitrile-acetic acid solution erated in this reaction both point to a more rapid dis-
with sodium perchlorate. appearance of 2 in contrast to its formation from 1.

Oae and coworkers8 have previously presented sup- These exchange experiments are consistent with the
port for step 2 as rate determining by their deuterium assignment of step 2 as rate controlling and thus lend
kinetic isotope effect study which gave a value of further support to this mechanism.
K h/K-d =  4.6 at 30° for the reaction of 4-picoline N- The above spectral observation of the anhydrobase 2 
oxide and acetic anhydride. Additional support for intermediate in the 4-alkylpyridine N-oxide system is
step 2 as rate controlling was obtained from deuterium in contrast to similar attempts to detect the anhydro-
exchange studies similar to those reported for the 2- base in the 2-alkylpyridine studies. This may be ra-
benzylpyridine N-oxide system.5 4 -(a,a-Dideuterio- tionalized by considering that the rearrangement reac-
benzyl)pyridine N-oxide (6) was prepared by an ex- tion in the 4 system appears to be slower than in the
change reaction of 4-benzylpyridine N-oxide in deu- 2-system. Thus the generation of anhydro base 2
terium oxide catalyzed by triethylamine. The replace- reaches a concentration limit that permits its observa-
ment of the two a,a-benzyl hydrogens by deuterium tion. The remaining question in the 4-alkylpyridine
was complete (Calcd: 18.18 atom %  excess deuterium. N-oxide system is the nature of the rearrangement of
Found: 21.00%) and the nmr spectrum showed the anhydrobase 2 to ester products 3 and 4. This will be
absence of proton resonance in the region of the benzyl discussed in the subsequent paper. > 
hydrogens. The excess deuterium incorporated into
the molecule involves the p artial exchange with the Experimental Section« :
a-hydrogens oi the pyridine ring. Ih e  deuterated
N-oxide 6 was converted to l-acetoxy-4-( a ,a-dideuter- 4-Benzylpyridine N-oxide [mp 104-105° (lit.11 mp 151°);
iobenzyl)pyridinium perchlorate (7). When 7 was nmr (CDCl3) r 6.03 (s, 2, -CH2C6H5), 2.98 (d, J  = 7.4 Hz,

' partially hidden under the phenyl multiplet, /3-hydrogens on
_ pyridine ring), 2.76 (sharp peak of multiplet, phenyl hydrogens,
V6™5 total intensity of 2.98 and 2.76 peaks is 7), 1.95 (d, 2, J  = 7.4
I Hz, «-hydrogens in pyridine); uv max (CH3CN) 281 mp (e
V̂ 2 18,900)] was prepared by oxidation of 4-benzylpyridinels by the
JL procedure of Hands and Katritzky.11

rr'V| i a o HC10‘) Phenyl-4-pyridylmethyl Acetate.—A solution of 1.9 g (0.01
C2 mol) of phenyl-4-pyridylmethanol, mp 125° (lit.6 mp 126°),

I + prepared by a photochemical reduction of 4-benzylpyridine in
I alkaline isopropyl alcohol, and 1.53 g (0.015 mol) of acetic anhy-
— dride was heated for 2 hr. After the acetic acid and excess acetic

® anhydride were removed in vacuo, distillation of the residue gave
q r* u  0 CH 1-7 g (75%) of phenyl-4-pyridylmethyl acetate: bp 137-139°
I II |6 5 (0.75 mm); n2»D 1.5617; nmr (CDC13) t 7.94 (s, 3 ,-OOCCHs),

CDOCCH CD 3.18 (s, 1, C6H6CHOAc), 2.74 (m, 7, phenyl hydrogens and the
| 2 /3-hydrogens in pyridine), 1.55 (d, 2, a hydrogens in pyridine); 

uv max (CH3CN) 256 mM (« 2410), 264 (sh).
> mi + mi AnaL Calcd for C»HI3N02: C, 73.99; H, 5.76. Found:

H°Ac 0,73.97; H, 5.69.
|+ CHSCN 1 + A picrate which was extremely light sensitive was prepared
q 8 I an(j recrystallization from ethanol gave an analytical sample,
| U" mp 124-125°.

q 6 Anal. Calcd for Ĉ HisN.Os: C, 52.64; H, 3.53. Found:
/ \  C,52.94; H, 3.94.

H3C 0 Reaction of 4-Benzylpyridine N-Oxide and Acetic Anhydride.-—
7 A solution of 4-benzylpyridine N-oxide (9.26 g, 0.05 mol) in

acetic acid (25 ml) was added over a 2-hr period to refluxing 
treated with sodium acetate in the presence of acetic acetic anhydride (10.5 g, 0.102 mol) under nitrogen. Distillation 
acid and acetonitrile under conditions which led to

+ _____ J.: r m  v i  t  a r  r  (10) The microanalysis were carried out by Midwest Microlab, Inc-
app Oximately 50% reaction (see Table I, entry 5, for Indianapolis, Ind., or Schwarzkopf Microanalytical Laboratory, Woodside,
Conditions and results with undeuterated compounds), N. A., while the deuterium analysis were performed by J .  Nemeth, Urbana,
no deuterium loss was found in the rearranged ester 8 Infrared spectra were determined on a Perkm-Elmer Infracord spectro-

1 d .  *7  « n  4 Crf , . „  , photometer, the uv-visible spectra were recorded on a Bausch and Lomb
(^ R lC C l. / .b y  atom /Q  OXCGSS C lG lltG riU m . round. Spectronic 505 instrument and the nmr spectra were determined by D.

Schifferl or W. E . Hunter with a Varian Associates 60 Me high resolution
(8) S. Oae, S. Tamagaki, T . Negoro, K . Ogino, and S. Kozuka, Tetrahedron nmr spectrometer Model V-4300B.

Lett., 917 (1968). (11 ) A. R. Hands and A. R . Katritzky, J .  Chem. Soc., 1754 (1958).
(9) Sr. A. I. Gallagher, I .  H. M., B . A. Lalinsky, and C. M. Cuper, J .  (12) The authors wish to thank Dr. F. A. Cislak, Reilly Tar and Chemical

Org. Chem. 35, 1175 (1970). Co., Indianapolis, Ind., for a generous gift of 4-benzylpyridine.
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of the reaction mixture gave 8.44 g (75%) of phenyl-4-pyridyl- ium methosulfate in acetonitrile was mixed with 0.25 ml of 10%
methyl acetate, bp 164-166° (3.75 mm), n20o 1.5618. The infra- sodium hydroxide solution and diluted to 10 ml with acetonitrile
red spectrum of the ester was identical with that of the authentic to give a solution 1.12 X 10“4 M  in 1,4-dimethylpyridinium
sample. methosulfate. The uv spectrum recorded immediately upon

The ester was saponified with KOH in water and gave phenyl- preparation of the above solution was identical with that of 1,4-
4-pyridylmethanol (80% yield), mp 121-122°. A mixture dimethylpyridimum methosulfate in acetonitrile. After 0.5 hr
melting point with an authentic sample was not depressed. a broad absorption began tc appear at about 300 mp and de-

1,4-pimethylpyridmium Methosulfate.—Dimethyl sulfate (6.8 veloped into an intense absoprtion maximum at 310 m̂ . This
g, 0.054 mol) in anhydrous ether (5 ml) was added slowly to a band began to decrease with the appearance of other absorption
stirred solution of 4-methylpyridine (5.0 g, 0.054 mol) in anhy- bands at longer wavelengths. After 15 hr the 310-m/u band had
drous ether (5 ml). The initial white emulsion slowly solidified essentially disappeared.
and gave 11.0 g (96%) of 1,4-dimethylpyridinium methosulfate D. l-Acetoxy-4-methylpyridinium Perchlorate.—A cold solu- 
as very hygroscopic white solid. Recrystallization from dry tion of l-acetoxy-4-methylpyridinium perchlorate and triethyl-
acetonitrile-ether gave an analytical sample: mp 66-69° (sealed amine (1 X 10-■ M in each reactant) in acetonitrile was observed
tube): uv max (CH3CN) 255 mjt (e4500), 260 and 262 (sh). spectroscopically. The absorption band due to the salt (An,,,*

Anal. Calcd for C8H13N04S: C, 43.82; H, 5.98. Found: 254 m/r) slowly disappeared; however, no band appeared in the
C, 43 56; H,6.33. _ 310-m/i region. The final uv curve showed absorption maxima

l-Methyl-4-benzylpyridinium Methosulfate.—Using the above at 276 and 265 mp. which corresponded to a mixture of 4-pyridyl-
procedure 4-benzylpyridine (5.0 g., 0.03 mol) and dimethyl methyl acetate and 3-acetoxy-4-methylpyridine. The ir of the
sulfate (3.7 g,. 0.03 mol) in 10 ml ether gave 7.8 g (90%) of reaction mixture had the carbonyl stretching frequency at 1739
l-methyl-4-benzylpyridinium methosulfate as a clear oil which cm-1.
could not be induced to crystallize: uv max (CH3CN) 254 mp Reaction of l-Acetoxy-4-benzylpyridinium Perchlorate with 
(£5450), 261 (sh). _ Base.—A solution of the base in acetonitrile was added rapidly

l-Acetoxy-4-methylpyridinium perchlorate [mp 84-86° (sealed to a solution of l-acetoxy-4-benzylpyridinium perchlorate in
tube) (lit.4 84.5-86°); ir (CH3CN) 1831 cm-1 ()> N+-OOCCH3); acetonitrile and subjected to the conditions in Table I. The
uv max (CH3CN) 254 mp (£4800), 261, 275 (sh)] was prepared in reaction mixture was processed by one of the following proce-
72% yield according to the procedure of Muth and Darlak.4 dures. (a) The reaction mixture was concentrated, in vacuo,

l-Acetoxy-4-benzylpyridinium Perchlorate.—The reaction of to one-half volume, diluted with water and extracted with ether.
4-benzylpyridine N-oxide (3.7 g, 0.02 mol) in acetic acid (10 ml) After the extract was dried and the solvent removed, the residue
and acetic anhydride (25 ml) with perchloric acid (0.5 M, 40 ml) was identified as phenyl-4-pyridylmethyl acetate by comparison
gave 5.7 g (87%) of l-acetoxy-4-benzylpyridinium perchlorate: of its infrared spectrum with that of an authentic sample. The
mp 116-141°; uv max (CH3CN) 253 mp (e 6200), 275 mp (sh); picrate, mp 121-122°, was prepared and a mixture melting point
ir (Nujol mull) 1825 cm-1 (^N+-OOCCH3. An analytical sample, with an authentic sample was not depressed, (b) The reaction
mp 140-141°, was obtained by recrystallization from CH3CN- mixture was poured into water, extracted with chloroform, and
ether. the extract was washed with saturated sodium bicarbonate, dried

Anal. Calcd for ChHuCINOj: C, 51.31; H, 4.31. Found: and the solvent was removed. The residue was chromatographed
C, 51.52; H.4.55. on Florisil (25 g/g of residue). Elution with benzene-chloroform

Reaction of Pyridinium Salts with Base, Spectral Study. (90-10) gave phenyl-4-pyridylmethyl acetate while 4-benzyl-
A. l-Methyl-4-benzylpyridinium Methosulfate.—A solution of pyridine N-oxide was eluted with a chloroform-methanol (90-10)
l-methyl-4-benzylpyridinium methosulfate (0.05 ml of 0.01 M  solution. The ester was identified as in method a and the re-
sol13 14 in CH3CN) and 1 ml of 10% NaOH was diluted to 10 ml covered N-oxide identified by melting point and a mixture
with acetonitrile (5 X 10-5 M  in l-methyl-4-benzylpyridinium melting point with an authentic sample, (c) The reaction mix-
methasulfate) and the uv-visible spectrum observed over several ture was quenched in ice and basified with solid sodium bicarbon-
hr. An absorption maximum appeared shortly at 370 mp, ate. The alkaline solution was extracted with chloroform, the
reached a maximum intensity after 2 hr, then began to decay. extract dried and solvent removed. The residue was identified
Assuming complete conversion to l-methyl-4-benzal-l,4-dihydro- as 4-benzylpyridine N-oxide. (d) Same procedure as in c except
pyridine in 2 hr, the molar extinction coefficient has the value the aqueous layer was made strongly alkaline and the chloroform
£ 18,900 [lit.13 A®““ 350 mp (e 8900); Xma* 388 mp (e 7950)]. extract was processed as in (b).

Addition of 10% NaOH to an aqueous solution of 1-methyl Deuterium Label Experiments. 4-(a,or-Dideuteriobenzyl)-
4-benzylpyridinium methosulfate gave a red-brown oil14 which pyridine N-Oxide.—Using the procedure of Traynelis and Pacini6
was extracted into acetonitrile and showed an absorption maxi- a 91% yield of recrystallized (ethyl acetate Skelly B) 4-(a,a-
mum at 370 mp. After removal of the solvent, the brown od dideuteriobenzyl)pyridine, mp 105-107° (sealed tube), nmr
was dried, redissolved in acetonitrile and showed an absorption (CDC13) r 2.97 (d, J  = 7.2 Hz) as part of a multiplet with a
maximum at 357 mp. sharp peak at 2.78 (total intensity 7, 0 hydrogens of pyridine

B. l-Acetoxy-4-benzylpyridinium Perchlorate—A solution of and phenyl hydrogens), 1.94 (d, 2, J  = 7.2 Hz, a hydrogens
triethylamine (1.85 g, 0.0183 mol) in acetonitrile (25 ml) cooled in pyridine), was obtained. The region of the benzylic hydrogens
to 0° was added rapidly to a stirred solution of l-acetoxy-4- r 6.03 was completely blank.
benzylpyridinium perchlorate (6.00 g, 0.0183 mol) in acetonitrile Anal. Calcd for Ci2H9D20:15 C, 76.97; H, 5.92; D, 18.18 
(75 ml) precooled to 0°. Aliquots were removed immediately atom % excess. Found: C, 76.41; H, 6.10; D, 21.00 atom 
upon mixing, 10 and 25 min after addition and the ir and uv- % excess.
visible spectra recorded for each aliquot. The uv-visible spectra l-Acetoxy-4-(a,a-dideuteriobenzyl)pyridinium Perchlorate.—
were measured on solutions prepared by diluting a 1-ml aliquot Employing the procedure described earlier, 6.3 g (89%) of 1-
to 10 ml of solution with acetonitrile. The ir spectrum taken aeetoxy-4-(a,a-dideuteriobenzyl)pyridinium perchlorate, mp 143-
of the aliquot removed immediately upon mixing showed a sharp 144°, was obtained from the reaction of 4-(a,a-dideuteriobenzyl)-
decrease in the N-acetoxy carbonyl band at 1825 cm“1 and the pyridine N-oxide (4.00 g, 0.024 mol) in acetic acid (10 ml) and
appearance of the ester product carbonyl band at 1739 cm-1. acetic anhydride (25 ml) with perchloric acid (48 ml, 0.5 M) .
After 25 min of reaction time the 1825-cm_1 band was very small. The ir had a carbonyl absorption at 1825 cm-1.
The uv-visible spectrum of the aliquot taken immediately upon Reaction of 1 -Acetoxy-4-(a ,a-dideuteriobenzyl )pyridinium Per-
mixing had an absorption maximum A™„3CN 352 mp (absorbance chlorate and Sodium Acetate in the Presence of Acetic Acid.— 
0.780) which showed no change in Am»* or absorbance value Sodium acetate (1.38 g, 0.C17 mol) in acetic acid (25 ml) and
after 10 min (0.775) but after 25 min the Am»* had an absorbance acetonitrile (10 ml) was added rapidly to a stirred solution of
of 0.145. Product isolation and identification will be reported l-acetoxy-4-(«,a-dideuteriobenzyl)pyridinium perchlorate (5.50 
in a later section. g , 0.017 mol) and the mixture was refluxed 1 hr. The reaction

C. 1,4-Dimethylpyridinium Methosulfate.—An aliquot (0.1 was processed according to procedure B described for the un-
ml) from a 1.12 X 10“2 molar absolution of 1,4-dimethylpyridin- deuterated salt. Column chromatography gave upon elution

(13) L. C. Anderson and N. V. Seeger, J .  Amer. Chem. Sac., 71, 343 (15) The % H was calculated using the formula weight of the deuterated
(1949). The extinction coefficients listed above were estimated from the molecule and the number of hydrogen atoms X 1.008 of the undeuterated
curve reported in the literature. molecule. The conversion factor for regular water was used for the com-

(14) H. Decker, Chem. Ber., 38, 2493 (1905). bustion water collected in the absorption tube.
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with benzene-chloroform (90-10) 0.99 g (26%) of phenyl-(4- Anal. Calcd for C12H9D2NO:15 C, 76.97; H, 5.92; D, 
pyridyl)-l-deuteriomethyl acetate: n20d 1.5621; nmr (CDCb) 18.18 atom % excess. Found: C, 76.58; H, 6.03; D, 21.80
r 7.94 (s, 3, acetate methyl protons), a hint of a peak at 3.15 atom % excess.
(benzylic proton), 2.82 (doublet) partially hidden under the 
multiplet with a sharp peak at 2.73 (total intensity 7, /3 protons
in pyridine and phenyl protonŝ  1.47 (d 2, a protons in pjmdine). Registry No.-Phenyl-4-pyridylmethyI acetate, 

Anal. Calcd for CuH^DMV16 C, 73.67; H, 5.74; D, 1Q Z , , , J , 7, , J , , . ’
7.69 atom % excess. Found: C, 74.03; H, 5.85; N, 9.05 24929-18-8; phenyl-4-pyndylmethyl acetate pic-
atom % excess. rate, 24866-72-6; 1,4-dimethylpyridinium methosul-

Continued elution with chloroform-methanol (90-10) gave fate, 24866-73-7; l-acetoxy-4-benzylpyridinium per-
°-80 g &>%) o£, ^ r ; diileuteri,°be'izyl)p.yrltd: r  N? xlde: chlorate, 24866-74-8; 4-(a,a-dideuteriobenzyl)pyri-mp 103-1 Oo ; nmr (CDC13) identical with that of the authentic AT nAotsi: n u i / a • j  n i j asample. A sample was recrystallized from ethyl acetate for dme I\-oxide, 24866-7o-9, phenyl-(4-pyridyl)-l-deuter-
analysis, mp 105-106°. iomethyl acetate, 24866-76-0.

Photochem istry of U nsaturated Nitrogen Containing Compounds.
VII. Photolysis of Phenylhydrazones1

R oger W. B inkley

Department of Chemistry, Cleveland State University, Cleveland, Ohio 4^115 

Received March 23, 1970

The photochemistry of benzaldehyde phenylhydrazone (1), benzophenone hydrazone (2), benzaldehyde di- 
phenylhydrazone (3), benzophenone phenylhydrazone (4), and benzophenone diphenylhydrazone (5) has been 
investigated. The products formed from these irradiations indicate that hydrazones are capable of two types 
of reaction. First, the nitrogen-nitrogen bond of the hydrazone system may be cleaved in a process which 
results in the formation of an amine and an imine (isolated in most cases as the corresponding aldehyde or ke
tone). In cases where the hydrazone is derived from an aldehyde, this same reaction pathway also produces a 
nitrile. The second type of reaction, observed only for benzaldehyde phenylhydrazone (1) and benzophenone 
hydrazone (2), is one which reduces the hydrazone system to a hydrocarbon; hence, this latter reaction type is a 
photochemical analog of the Wolff-Kishner reduction Possible mechanisms for these two reaction processes are 
proposed and discussed.

As a part of a continuing study of the photochem- trans isomerization;8 however, in no case was a general
istry of unsaturated systems containing nitrogen,2 the study of the photochemistry of this compound con-
light-induced reactions of a series of five hydrazones ducted. Thus, in order to establish and extend the
(1-5) have been investigated. Interest in these mole- knowledge of the photochemical reactions of hydrazones
cules was stimulated by recent findings arising from as well as to compare hydrazone (7) and azine (6) photo-
the photochemistry of a related group of compounds, chemistry, the following results from the photolyses of
the azines (6). Several studies during the past few hydrazone systems 1-5 are reported.
years3-5 have indicated that the photolysis of azines
leads either to cleavage of the nitrogen-nitrogen bond Results
in the azine system, the major reaction pathway, or ,
complete loss of nitrogen from the molecule, a minor Vycor-filtered irradiation of a methanol solution of 
process. The structural similarity between the azine benzaldehyde phenylhydrazone (1) under nitrogen
(6) and hydrazone (7) systems suggested a possible produced upon solvent removal a reddish-brown oil.
similarity in their photochemical reaction. Chromatography on Flonsil separated the reaction

mixture into five fractions, one of which was unreacted 
\  /  \  starting material. The other four were diphenyl-

,C=N N = c C=N N— methane (14%), benzonitrile (8%), benzaldehyde
6 7 (15% ), and aniline (17%). [The identity of the photo-

Of the five compounds studied, only benzaldehyde C6H5CH=NNHC6H5 — >
phenylhydrazone (1) has been mentioned previously in 1 ciloh

the chemical literature as a reactant in light-initiated (C6H5)2CH2 +  CBH5C=N +  C6H6NH2 +  CTTCHO
processes. In these earlier reports the interest in 1
centered around the observation that it is photochro- products in this and subsequent reactions was estab-
mic6’7 and that it may undergo a photochemical a s -  fished in each case by comparison of the spectral prop

erties (ir, nmr, uv) of the photoproducts with those of 
i228)(î 70)>aPer VI See J 1 Sarklsian and R-w-Bmkley'J - 0t°- Chem- 35’ independently obtained samples; where possible, mix-

(2) Part of this work has been reported in a preliminary form; see R. W. ture melting point C o m p a r is o n s  W e r e  also made. ] The
Binkley, Tetrahedron Lett., 1893 (1969). r e m a i n d e r  o f  t h e  r e a c t i o n  m i x t u r e  s t a y e d  a s  a  d a r k

(4 ) l  (i79 6 5 )8.42 (1955)’ brown band a t the to P of the chrom atography column.
(5) r. w. Binkley, j . o -g. chem., 33, 2311 (1968). Elution with several different solvents failed to move
(6) G. Wettermark and A. King, Photochem. Photobiol., 4, 417 (1965).
(7) M. Padoa and T . Minganti, Atti. Accad. Naz. Lincex., Mem., Cl. Sci. (8) G. Condorelli and L. L. Costanzo, Boll. Sedute Accad. Gioenia Sci.

F is. Mat. Natur. Sez. 2a, 22, 500 (1914). Natur. Catania, 8 [4], 753 (1969).
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this material. The course of reaction was not markedly phenylamine11 was detected in the reaction mixture,
altered by conducting the photolyses in the nonhydrox- Similar Vycor-filtered irradiation of benzophenone
ylic solvent benzene. Unfiltered irradiation of benzal- phenylhydrazone (4) in methanol resulted in the isola-
dehyde phenylhydrazone (1) in methanol produced a tion of benzophenone (19%) and aniline (17%) while
reaction whose product yields were similar to, although benzophenone diphenylhydrazone (5) led to benzo-
generally lower than, those from the Vycor-filtered phenone (43%) and carbazole (76%).
irradiation. Photolysis of a methanol solution of 1 h
through a Pyrex filter resulted in a gradual disappear- (C6H5)2C=NNHC6H5 — —>■ (C6H5)2C=0 +  C6H6NH2
ance of starting material with benzaldehyde and aniline 4 cmoH
being the only products isolated. Benzaldehyde phe- .
nylhydrazone (1), as well as the other hydrazones (C6H5)2C=NN(C£H5)2 — (C6H5)2C = 0  + [ Q f  [ ( Y l  
studied, were subjected to the reaction conditions in 5 3
the absence of light and found to be stable. H

The photolysis of benzophenone hydrazone (2) in Discussion
methanol under nitrogen through a Vycor filter pro
duced, in addition to unreacted starting material, Since one of the goals cf the present study is a corn- 
three products: benzophenone (34% ), benzophenone parison between azine and hydrazone photochemistry,
imine (21%), and diphenylmethane (16%). The total a logical place to begin discussion of the experimental
yield of benzophenone and benzophenone imine was findings from this work is with the similarities which
constant; however, the relative amounts of these two exist between the photochemical reactions of these two
products fluctuated considerably. The yields men- systems. The major reaction pathway recorded for

the various aldazines which already have been investi- 
(C6Hs>C=NNH2 "> gated begins with nitrogen-nitrogen bond cleavage in

2 chjOh the azine system and ends with the formation of a ni-
(C6H5)2C=0 +  (C6H5)2C=NH +  (C6Hs)2CH2 trile and an imine3-6 (Scheme I). The imine, in at

least one case, hydrolyzes readily to the corresponding 
tioned for this reaction represent the highest percentage aldehyde
of benzophenone imine obtained. If the reaction mix- Each of the five hydrazones investigated undergoes 
ture was allowed to stand overnight before work-up, no a photochemical reaction which is similar to the azine
benzophenone imine was isolated. An independently decomposition pictured in Scheme I. A ketone and an
synthesized sample of benzophenone imine9 reverted amine result from ketone hydrazone photolyses while an
upon standing overnight to benzophenone.10 As with aldehyde, an amine, and a nitrile form when aldehyde
the irradiation of benzaldehyde phenylhydrazone (1), hydrazones are irradiated. The carbonyl compounds
unfiltered photolysis of benzophenone hydrazone (2) isolated from these reactions appear to result from
yielded essentially the same result as the Vycor-filtered hydrolysis during isolation of imines formed during
irradiation, although the yield of diphenylmethane de- photochemical reaction. This proposed C = N  to C = 0
creased slightly. Photolysis of a mixture of hydrazine conversion is supported by the fact that benzophenone
and benzophenone did not produce any of the reactions imine can be isolated frcm the irradiation of benzo-
found from irradiation of benzophenone hydrazone (2). phenone hydrazone (2) when the reaction is quickly
The only process observed in this mixed photolysis was analyzed; however, the imine thus isolated is converted
a photoreduction reaction leading to benzpinacol. to benzophenone simply upon standing in the air. A

Two different sets of reaction conditions had detect- iess rapj<-] work-up of the benzophenone hydrazone (2)
able effect upon the yield of diphenylmethane from ir- reaction mixture results only in isolation of benzo-
radiation of benzophenone hydrazone (2). The first phenone with no imine being detected. Benzaldimine,
of these consisted of conducting the photolyses of 2 in the imine anticipated from photolyses of hydrazones 1
benzene where the yield of diphenylmethane increased and 3 hag previously been shown to hydrolyze to benz-
to 39%. Unfortunately, the diphenylmethane formed aldehyde under the chromatographic conditions.6
during irradiation in benzene was difficult to separate The simj]anty  in product identity from azine and hy-
from other hydrocarbon material which resulted from drazone photolyses suggests a similarity in reaction
photochemical reactions of benzene itself. The second course.
set of conditions which altered the yield of diphenyl- Shown in Scheme II is a mechanistic proposal for the 
methane from photolysis of 2 resulted when sodium formation of aniline, benzaldehyde, and benzonitrile
hydroxide was added to the usual Vycor-filtered reac- from the photolysis of benzaldehyde phenylhydrazone
tion in methanol. This modification increased the di- ^  similar process is assumed to be operative in
phenylmethane yield to 31%. the formation of the corresponding products from pho-

Vycor-filtered irradiation of benzaldehyde diphenyl- tolyses of the other four hydrazones (2-5). To the
hydrazone (3), the third in this series of hydrazones extent that these two mechanisms (Schemes I and II)
studied, resulted in formation of benzonitrile (30%) and are correct, the most important photochemical reaction
carbazole (56%). Iso di- or triphenylmethane or di- jn both hydrazone and azine photochemistry is a nitro-

.. gen-nitrogen bond cleavage. The fact that this type
CGH5CH=NN(C6H5)2 ——-*■ C6H6C=N + [ ( ) ]  j ( j ]  of reaction is observed in the photochemistry of both 

3 ° CH3°H ° hydrazones and azines suggests that in other types of
H compounds which contain a nitrogen-nitrogen single

(11) Diphenylamine is converted photochemically to carbazole: see
(9) P. L. Pickard and T. L. Tolbert, J .  Org. Chem., 26, 4886 (1961). K . Grellmann, G. M. Sherman, and H. Linschitz, J .  Amer. Chem. Soc.,
(10) A. Lachman, Org. Syn., 10, 28 (1930). 85, 1882 (1963).
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bond, photochem ical cleavage of such a bond should be proposed m echanism  is the decomposition of the azo 
an expected p rocess.12 compound (8), producing diphenylm ethane and nitro-

I t  is worthwhile to com pare the photochem ical reac- gen. This la tter step is a characteristic reaction for azo
tions of azines and hydrazones with their corresponding system s of this ty p e .17
therm al reactions since the nitrogen-nitrogen bond Since only two of the five hydrazones studied ex
scission process observed photochem ically also appears perienced the photochem ical W olff-Ivishner reduction,
to be im p ortan t in therm al decompositions. F ro m  it is clear th a t definite requirem ents m ust be m et by a
pyrolysis of aldazines, nitriles are form ed13 while sim ilar hydrazone system  in order for this reaction to take

3oo° place. I t  is less certain , however, exactly  w hat these
C6H5C H =N N =CH C 6H5 >■  C6H5C = N  +  other products requirem ents a re ; in fact, one area of continuing inves-

c  H rir= N N T ir it tigation of hydrazone photochem istry is concerned with
6 5  i 6 5 determining, in general, which type of hydrazone will

- , n i I v n  , J , undergo this photochem ical red u ction .18 F ro m  the
6 5 +  6 5 H2 +  Other products flve system s studied it appears th a t one feature which is

reaction of aldehyde phenylhydrazones results in both necessary for this reaction to  occu r is the presence of a t
nitrile and amine fo rm atio n ;14 thus, from  the point of least one hydrogen atom  on the term inal nitrogen of the
view of product identity , a  clear sim ilarity exists be- hydrazone system ; however, this clearly is not the only
tween the therm al and photochem ical reactions of these requirem ent since benzophenone phenylhydrazone (4)
system s. This sim ilarity suggests th a t, in the case of contains such a hydrogen but does n ot undergo the
azines and hydrazones, form ation of an electronically light-induced reaction.
excited sta te  m ay  lead, in p art, to  the sam e reaction  Although mention has been made of the advantage  
pathw ay arrived a t during therm al reactio n .15 of the photochem ical W olff-K ishner reaction  over its

T he second typ e of reaction  encountered in the pho- nonphotochem ical cou n terp art, two possible disad-
tolysis of hydrazones is one which has no analogy either vantages also should be noted. T he first of these is
in azine photochem istry or in the simple therm al reac- th a t the photochem ical hydrazone to  hydrocarbon con-
tion of hydrazones; however, there is analogy to this version occurs in fairly low yield ; in fact, the best yield
process in base-catalyzed hydrazone decomposition. for this reaction, obtained for the photochem ical con-
This second reaction  type is one which converts benzal- version of benzophenone hydrazone (2) to  diphenyl-
dehyde phenylhydrazone (1) and benzophenone hy- m ethane in benzene, was slightly less than  4 0 % . The
drazone (2) into diphenylm ethane. Form ation  of di- second u n certainty  concerning the photochem ical
phenylm ethane represents a  reaction  similar to the W olff-K ishner reduction relates to the generality of
well-known W olff-K ishner reduction of hydrazones to  this process, since as was m entioned in the preceding
hydrocarbons in the presence of strong base. This paragraph, this reaction  has been observed for only two
photochem ical W olff-K ishner reduction potentially hydrazones a t present.
has a distinct advantage over its nonphotochem ical In  conclusion, then, it appears th a t the form ation of 
cou n terp art in th a t the photochem ical reaction  is run several different types of products from  the photolysis
under quite mild conditions (room  tem perature in of hydrazones is understandable in term s of two basic
neutral solution) ; hence, for compounds which are reaction  pathw ays. T he first of these is a fragm enta-
sensitive to  the conditions of the norm al W olff-K ishner tion of th e  hydrazone system  into an imine, an amine,
reduction, the photochem ical reaction  offers an a ttra e - and a nitrile while the second reaction  type brings about
tive possible altern ative. a  hydrazone to  hydrocarbon conversion. T he la tte r

A possible m echanism  for the photochem ical W olff- of these two reactions, a  photochem ical W olff-K ishner
Kishner reduction is given in Schem e I I I .  T h e first reduction, is a potentially useful synthetic process, 
step in this reaction sequence is a  light-induced transfer
of a  hydrogen atom  from  the term inal nitrogen of the Fvnprimprtoi
hydrazone system  to  the hydrazone carbon. Sim ilar
photochem ical 1 -3  hydrogen m igrations are known to  Vycor-Filtered Irradiation of Benzaldehyde Phenylhydrazone 
occur in related  sy s te m s «  T he second step in the

(12) Several reactions, involving other types of systems, in which photo- with a 450-W Hanovia high-pressure quartz mercury-vapor lamp 
chemical nitrogen—nitrogen bond cleavage reaction has occurred have been which had been lowered into a water-cooled quartz immersion
reported: for example, K. Akiba, I. Fukawa, K. Mashita, and N. Inanoto, well. Prepurified nitrogen was passed through the solution for
Tetrahedron Lett., 2859 (1968); V, Snieckus, Chem. Commun., 831 (1969); 1.0 hr prior to irradiation and a slow stream of nitrogen was
P. Flowerday and M. J .  Perkins, J .  Amer. Chem. Soc., 91, 1036 (1969). continued during photolysis. A Vycor filter was placed between
It  is important to note that while photochemical cleavage of a nitrogen- th e  re a o tj on  mixture and the light source.
nitrogen single bond promises to be a frequently occurring process, some A fte r  2  Q h ^  golvent wag removed by distillation in  VO.CUO
systems which are capable of such behavior exist but do not react in this , , „ _ 0 , , . , , , . ,
way. E . J .  Volker and J .  A. Moore, J .  Org. C h em .. 34, 3639 (1969); B . bel?Y 3 5  - leavlnS a red-brown sohd and producing a distillate
Singh, J .  A m er . C h em . S o c ., 91, 3671 (1969); S. N. Ege, C h em . C o m m u n ., which was transparent in the uv region. The residual solid was
759 (1968). chromatographed on an 80 X 2.5 cm Florisil column slurry packed

(is) H. E. Zimmerman and S. Somasekhara, J .  A m e r . C h em . S o c ., 87, in 1:9 ether-hexane; 60-ml fractions were collected. The column
5865 (1960). -was eluted as follows: 0.5 1. of hexane, 0.5 1. of 1:49 ether-

0 4 ) w. D. Crow and R. K. Solly, Ausi. J . C h em ., 19, 2119 (1966). hexane, 0.5 1. of 1:24 ether-hexane, 0.5 1. of 1:12 ether-hexane,
(15) While a similarity in reaction products may suggest a similarity in 0 -5  j  o f 1 ; 6  e-her-hexane, 0.5 1. of 1:3 ether-hexane, 0.5 1. of

mechanism between photochemical and thermal reaction, much more 1 ; 1 ether-hexane, and 0.5 1. of ether.
evidence is necessary to establish such a proposal. In fact, the work of 
Crow and Solly (ref 14) has led them to postulate a quite different mecha-
nism for òhe thermal decomposition of hydrazones than that proposed here (17) E . M. Kosower, P. C. Huang, and T. Tsuji, J . Amer. Chem. Soc., 91,
for their photochemical reaction. 2325 (1969).

(16) (a) M. J .  Jorgenson, J .  Amer. Chem. Soc., 91, 6432 (1969); (b) (IS) R. W. Binkley and A. S. Eushner, Abstracts, 158th National Meeting
M. J .  Jorgenson, Chem. Commun., 137 (1965); (c) M. J .  Jorgenson and L. of the American Chemical Society, New York, N. Y „ Sept 1969, ORGN 15. 
Grundel. Tetrahedron Lett., 4991 (1968). (19) E . Fischer, Ber., 9, 887 (1876).
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Fractions 8-11 yielded 35 mg (0.21 mmol, 14%) of diphenyl- and isolation conditions as described in the Vycor-filtered irradia-
methane, identical in ir and nmr spectra with an authentic tion in methanol except that the lamp was not turned on. Un
sample20 of diphenylmethane. Fractions 20-24 gave 5 mg of a reacted starting material was recovered quantitatively,
deep red solid which was not further characterized. Fractions Vycor-Filtered Irradiation of Benzaldehyde Diphenylhydrazone 
33-36 afforded 23 mg (0.22 mmol, 15%) of benzaldehyde, identi- (3) in Methanol.—Benzaldehyde diphenylhydrazone24 (271.1
cal in ir and uv spectra with an authentic sample20 and forming, mg, 0.995 mmol) was irradiated in the same way as described for
according to the method of Shriner, Fuson, and Curtin,21 benzal- the Vycor-filtered irradiation of benzaldehyde phenylhydrazone
dehyde semicarbazone, mp 219-222° (lit.22 mp 222°). Fractions in methanol. The chromatography procedure was also the same.
37 and 38 produced 12 mg (0.12 mmol, 8%) of benzonitrile, The first 27 fractions contained no material. Fractions 28-36 
identical in ir and uv spectra with a known sample of benzo- yielded 92 mg (0.56 mmol, 56%) of carbazole, mp 244° (lit.26
nitrile.20 Fractions 42-50 gave 147 mg of yellow solid, mp mp 238°). The photochemically produced carbazole was
140-149°, recrystallized from ethanol-water to give 137 mg identical in ir spectrum and showed no mixture melting point
(0.698 mmol) of yellow crystalline benzaldehyde phenylhydrazone depression with an authentic sample.20 Fractions 38-41 afforded
(1), mp 154-155° (lit.19 mp 153°). Fractions 52-56 afforded 23 31 mg (0.30 mmol, 30%) of benzonitrile, identified by ir spec-
mg (0.25 mm) of yellow oil identical in ir spectrum with a known troscopy.
sample of aniline20 and forming, upon reaction with benzoyl Stability Test of Benzaldehyde Diphenylhydrazone (3) under 
chloride, benzanilide, mp 160° (lit.23 mp 163°). Reaction and Isolation Conditions.—Benzaldehyde diphenyl-

Pyrex-Filtered Irradiation of Benzaldehyde Phenylhydrazone hydrazone (3) was subjected to the same reaction and isolation
(1) in Methanol.—Benzaldehyde Phenylhydrazone (221 mg, conditions as described in the Vycor-filtered irradiation in metha-
1.12 mmol) was irradiated under exactly the same conditions as nol except that the lamp was net turned on. Unreacted starting
described for the Vycor-filtered irradiation in methanol except material was recovered quantitatively.
that a Pyrex filter was placed between the lamp and the reaction Vycor-Filtered Irradiation of Benzophenone Phenylhydrazone
mixture and the irradiation time was increased to 22.0 hr. The (4) in Methanol.—Benzophenone phenylhydrazone26 (504.4 mg,
chromatographic procedure was also the same as that described 1.85 mmol) was irradiated in the same manner as that described
above. for the Vycor-filtered irradiation of benzalaldehyde pheaylhydra-

The first 20 fractions contained no material. Fractions 21-24 zone (1) in methanol except that the irradiation time was 4.0 hr.
gave 7 mg of a deep red solid, which was shown by tic analysis The chromatographic procedure was the same as in the previous
to contain at least two compounds. This red material was not experiments.
further characterized. Fractions 37-38 afforded 7 mg (0.07 Fractions 1-15 contained no material. Fractions 16-23 yielded 
mmol, 19%) of benzaldehyde, identified by ir spectroscopy. 194 mg of unreacted benzophenone phenylhydrazone (4), mp
Fractions 39-47 yielded 156 mg (0.79 mmol) of benzaldehyde, 132-135° (lit.26 mp 137°). Fractions 30-35 afforded 23 mg
phenylhydrazone (1), mp 150-154°. Fractions 50-55 gave a (0.27 mmol, 19%) of benzophenone, identified by ir spectroscopy,
trace (less than 2 mg) of material which had the same uv spec- Fractions 50-55 afforded 23 mg (0.24 mmol, 17%) of aniline,
trum as aniline. identified by ir spectroscopy.

Direct Irradiation of Benzaldehyde Phenylhydrazone (1) in Stability Test of Benzophenone Phenylhydrazone (4) under 
Methanol—Benzaldehyde phenylhydrazone (483.4 mg, 2.46 Reaction and Isolation Conditions.—Benzophenone phenyl-
mmol) was irradiated under the same conditions as the Vycor- hydrazone was subjected to the same reaction and isolation con-
filtered irradiation of 1 except that no filter was used and the ir- ditions as described in the Vycor-filtered irradiation of benzalde-
radiation time was reduced to 1.0 hr. The chromatographic hyde phenylhydrazone (1) in methanol except that the lamp was
procedure was the same as that described above. not turned on. Unreacted starting material was recovered

Fractions 6-10 gave 25 mg (0.15 mmol, 11%) of diphenyl- quantitatively, 
methane, identified by ir spectroscopy. Fractions 17-21 gave 3 Vycor-Filtered Irradiation of Benzophenone Diphenylhydrazone 
mg of red solid which was not identified. Fractions 30-32 pro- (5) in Methanol—Benzophenone diphenylhydrazone27 (359.6
duced 10 mg (0.09 mmol, 7%) of benzaldehyde, identified by ir mg, 1.03 mmol) was irradiated in the same manner as described
and uv spectroscopy. Fractions 33 and 34 afforded 10 mg (0.09 for the Vycor-filtered irradiation of benzaldehyde phenylhydra-
mmol, 7%) of benzonitrile, identified by ir and uv spectroscopy. zone (1) in methanol. The chromatographic procedure was also
Fractions 38-48 gave 280 mg of yellow-brown solid, mp 131- the same.
139 , recrystallized from ethanol-water to give 264 mg (1.34 The first 18 fractions contained no material. Fractions 19-21 
mmol) of benzaldehyde phenylhydrazone, mp 154°. Fractions gave 7 mg of unreacted benzophenone diphenylhydrazone, mp
50-52 yielded 9 mg (0.09 mmol, 7%) of aniline, identified by ir 139-145° (lit.27 mp 145°). Fractions 30-35 yielded 130 mg (0.78
spectroscopy. _ _ mmol, 76%) of carbazole, mp 240-244°, identical in ir spectrum

Vycor-Filtered Irradiation of Benzaldehyde Phenylhydrazone with an independent sample. Fractions 36-42 afforded 80 mg
(1) in Benzene.- Benzaldehyde phenylhydrazone (3.964 mg, (0.44 mmol, 43%) of benzophenone, identified by ir spectroscopy.
2.02 mmol) was irradiated under the same conditions as in the Stability Test of Benzophenone Diphenylhydrazone (5) under 
Vycor-filtered irradiation in methanol except that benzene was Reaction and Isolation Conditions.—Benzophenone diphenyl-
used as the reaction solvent. The chromatographic procedure was hydrazone was subjected to the same reaction and isolation con-
also the same. ditions as described in the Vycor-filtered irradiation of benzalde-

Fractions 7-14 afforded 93.2 mg of colorless oil which appeared hyde phenylhydrazone (1) in methanol except that the lamp was
by ir spectroscopy to be impure diphenylmethane. These frac- not turned on. Unreacted starting material was recovered
tions were rechromatographed (see below). Fractions 22-25 quantitatively.
gave 5 mg of a deep red solid which was not examined further. Vycor-Filtered Irradiation of 3enzophenone Hydrazone (2) in
Fractions 35-40 yielded 16 mg (0.16 mmol, 12%) of benzalde- Methanol.—Benzophenone hydrazone20 (385.2 mg, 1.97 mmol)
hyde, identified by ir spectroscopy. Fractions 42-49 gave 254 was irradiated in the same manner as described for the Vycor-
mg (1.29 mmol) of benzaldehyde phenylhydrazone, mp 150—155°. filtered irradiation of benzaldehyde phenylhydrazone (1) in
Fractions 55-60 produced 9 mg (0.09 mmol, 7%) of aniline, methanol except that the irradiation time was 4.0 hr. Thechro-
identified by ir spectroscopy. matographic procedure was the same as in the previous experi-

Rechromatography of fractions 7-14 from the above chroma- ments. 
tography column in the same manner on silicic acid gave 17 mg Fractions 8-11 yielded 28 mg (0.17 mmol, 26%) of diphenyl- 
(0.10 mmol, 14%) of diphenylmethane, identified by ir spectros- methane, identified by ir and nmr spectra. Fractions 34r-38
C°ci’uM-flai 011S ¿i,0' gave ^  mg (0-22 mmol, 34%) of benzophenone, identified byStability Test of Benzaldehyde Phenylhydrazone (1) under comparison of the ir and uv spectra. Fractions 43-48 gave 24
Reaction and Isolation Conditions. Benzaldehyde phenylhydra- mg (0.13 mmol, 21%) of benzophenone imine, identical in ir
zone (216.2 mg, 1.10 mmol) was subjected to the same reaction spectrum with that of an independently prepared sample9 and
-------------  decomposing to benzophenone upon standing in the air. Frac-

(20) Aldrich Chemical Co., Inc., Milwaukee, Wis. 53210. ______________
(21) R. L. Shriner, R . C. Fuson, and D. Y . Curtin, “The Systematic

Identification of Organic Compounds,” Wiley, New York, N. Y ., 1956, (24) E. Fischer, ibid., 190, 179 (1878).
pp 218, 283. (25) C. Graebe and C. Glaser, B e r . ,  5, 12 (1872).

(22) J .  Thiele, Justus Liebigs Ann. Chem., 270, 34 (1892). (26) M. Pickel, Justus Liebigs Ann. Chem., 232, 228 (1886)
(23) H. Hubner, ibid., 208, 291 (1881). (27) W. Schlenk and E . Bergmann, ibid., 463, 311 (1928)
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tions 50-59 gave 260 mg (1.17 mmol) of unreacted benzophenone gave 39 mg (0.23 mmol, 39%) of diphenylmethane, identified by 
hydrazone, mp 95-96° (lit.28 mp 98°). ir spectroscopy, in fractions 5-8.

Direct Irradiation of Benzophenone Hydrazone (2) in Metha- Vycor-Filtered Irradiation of Benzophenone Hydrazone (2) in 
nol.—Benzophenone hydrazone (476 mg, 2.46 mmol) was ir- Methanol Containing Sodium Hydroxide—Benzophenone hy-
radiated in the same manner as described for the Vycor-filtered drazone (398 mg, 2.03 mmol) and sodium hydroxide (20 mg, 0.50
irradiation of benzaldehyde phenylhydrazone (1) in methanol mmol) were irradiated in the same manner as described for the
except that no filter was used and the irradiation time was ex- Vycor-filtered irradiation of 1 in methanol. The chromato-
tended to 4.0 hr. The chromatographic procedure was the same graphic analysis of the reaction mixture was also conducted in the
as in the previous experiments. same manner.

Fractions 7-10 yielded 28 mg (0.17 mmol, 16%) of diphenyl- Fractions 6-8 afforded 53 mg (0.32 mmol, 31%) of diphenyl
methane, identified by ir and nmr spectroscopy. Fractions 35-39 methane, identified by ir spectroscopy. Fractions 29-31 gave
gave 33 mg (0.18 mmol, 17%) of benzophenone, identified by ir 9 mg (0.05 mmol, 5%) of benzophenone, identified by ir spec-
spectroscopy. Fractions 45-51 gave 83 mg (0.46 mmol, 44%) troscopy. Fractions 33-39 produced 89 mg (0.49 mmol, 48%)
of benzophenone imine, identified by ir spectroscopy and by of benzophenone imine, identified by ir spectroscopy and by
spontaneous conversion to benzophenone upon standing. Frac- conversion to benzophenone upon standing. Fractions 42-52
tions 52-59 produced 273 mg (1.39 mmol) of unreacted benzo- gave 197 mg of unreacted benzophenone hydrazone (2), mp
phenone hydrazone, mp 94-97°. 90-94°.

Vycor-Filtered Irradiation of Benzophenone Hydrazone (2) in Pyrex-Filtered Irradiation of Benzophenone and Hydrazine in 
Benzene.—Benzophenone hydrazone (339.1 mg, 1.73 mmol) was Benzene .—Benzophenone (180 mg, 1.00 mmol) and hydrazine
irradiated in the same manner as described for the Vycor-filtered (128 mg, 4.00 mmol) were irradiated in the same manner as
irradiation of benzaldehyde phenylhydrazone (1) in methanol described for the Pvrex-filtered irradiation of 1 except that ben-
except that benzene was the reaction solvent and the irradiation zene was the solvent. The ir spectrum of the crude reaction mix
time was extended to 4.0 hr. The chromatographic procedure ture was the same as that of benzopinacol.
was the same as in the previous experiments.

Fractions 5-10 gave 69 mg of material whose ir spectrum in- Registry No.-—1, 588-64-7; 2, 5350-57-2; 3, 966-88-1;
dicated it to be impure diphenylmethane. These fractions were 4, 574-61-8; 5,3746-21-2. 
rechromatographed (see following paragraph). Fractions 29-34
afforded 56 mg (0.31 mmol, 45%) of benzophenone, identified by Acknowledgment.-—The many helpful comments and
ir spectroscopy. Fractions 43-50 produced 204 mg (1.04 mmol) discussions with Dr. Thomas R. Oakes concerning this
of unreacted benzophenone hydrazone, mp 92-94°. work are greatly appreciated. Also, the author grate-Rechromatography of fractions o-10 under the same conditions - ,, . °  , /  ’ . , ®.
__________  fully acknowledges the support of the National Science

(2 8 ) t . C u r t iu s  a n d  e . R a u te r b e r g ,  j . Prakt. chem ., 4 4  (2 ], 1 9 4  ( 1 8 9 1 ). Foundation (GP 16664) for this research.

Reactions of Ketones and Related Compounds with Solid 
Supported Phosphoric Acid Catalyst. IV. Rearrangem ent 

Studies of T rim ethylacetaldehyde-l-14C and 3-M ethyl-2-butanone-2-14CI

M itsuo Oka and Arthur F ry

Department of Chemistry, University of Arkansas, Fayetteville, Arkansas 72701 
Received, December 22, 1969

Solid supported phosphoric acid (SSPA) treatment of trimethylacetaldehyde-l-14C at 230° gives 3-methyl-2- 
butanone-2-14C (4) and no 3-methyl-2-butanone-3-14C (5); no oxygen-function rearrangement takes place.
Further SSPA treatment of 4 did not result in rearrangement to 5. These and related experiments where oxygen- 
function rearrangement does take place are rationalized in terms of relative stabilities of proposed carbonium ion 
intermediates.

Solid supported phosphoric acid (SSPA) is an effec- the SSPA-catalyzed rearrangement of trimethylacetal- 
tive catalyst for the rearrangement of aldehydes and dehyde to 3-methyl-2-butanone. 
ketones to isomeric ketones.2 In agreement with pre
vious work,3 trimethylacetaldehyde was found2 to re- C O  C O  C O
arrange quantitatively to 3-methyl-2-butanone. C—C—*C—H SSF>V c —C—*C_C and/or C—*C—C—C

Since the 2-pentanone formed from 3-pentanone-3- I 3 ? 4 5
14C (1) by SSPA treatment had all of the carbon-14 c

0 q Trimethylacetaldehyde-1-14C (3), synthesized by the
|| SSPA || method of Brown and Tsukamoto,5 was passed once

C—C—*C—C—C — >■ C—C—*C—C—C through a SSPA column2 at 230°, and the resulting 3-
1 2 methyl-2-butanone-X-I4C was degraded to isopropyl

acetate by m-chloroperbenzoic acid oxidation. Deriva- 
labe. in the 3 position,4 it was of interest to see if a sim- tives of the acid and alcohol parts of the ester were
ilar oxygen-function rearrangement would take place in prepared and assayed for radio activity. The results of

these experiments are shown in Table I.
(1) S u p p o r te d  b y  U .  S . A t o m ic  E n e r g y  C o m m is s io n  C o n t r a c t  A T - ( 4 0 - l ) -  S i n C e  a 1 1  ° f t h e  radioactivity W R S  found in the RCet-

3 2 3 4 . P a p e r  h i  in  t h is  se rie s: f . j u g e  a n d  a . F r y ,  j . Org. chem ., 3 5 , 1 8 7 6  a n i l i d e  a n d  n o n e  i n  t h e  i s o p r o p y l  d e r i v a t i v e ,  i t  i s  c l e a r  

( 1 9 7 0 ‘ - t h a t  o x y g e n - f u n c t i o n  r e a r r a n g e m e n t  d o e s  n o t  t a k e
(2) W . H .  C o r k e r n  a n d  A .  F r y ,  J .  Amer. Chem. Soc., 89, 58 8 8  ( 1 9 6 7 ) .  . . . . . r • x i i  , u  i i
(3) s .  n . D a n i lo v  a n d  e . d . V e n u s - D a n iio v a ,  Ber., 5 9 B ,  3 7 7  ( 1 9 2 6 ) ;  p l a c e  d u r i n g  t h e  c o n v e r s i o n  o f  t r i m e t h y l a c e t a l d e h y d e

H . H o p ff  C .  D .  N e n it z e s c u ,  D .  A .  Is a c e s c u , a n d  I .  P .  C a n t u n ia r i ,  ibid., t o  3 - m e t h y l - 2 - b l l t a i l O I i e ,  l .€ . j  3 — ►  4  a n d  I K ) t  5.
6 9 B , 2 2 4 4  (19 3 6 ).

(4) A .  F r y  a n d  W . H . C o r k e r n ,  J .  Amer. Chem. Soc., 89, 5 8 9 4  ( 1 9 6 7 ) .  (5 ) H . C .  B r o w n  a n d  A .  T s u k a m o to ,  ibid., 83, 4 5 4 9  ( 1 9 6 1 ) .
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T able I
Activity Results (Millicurie/Mole) foe the SSPA Rearrangement of T rimethylacetaldehyde-1-14C

to 3-Methyl-2-butanone-X-14C
Expt Trimethylacetaldehyde-l-uCa 3-MethyI-2-butanone-A-14Ca Acetanilide Isopropyl 3,5-dinitrobenzoate

1 0.0087 ±  0.00005 Not determined 0.0086 ±  0.00003 0.000R
2 0.364 ±  0.001 0.365 ± 0.005 0.365 ±  0.001 0.0008 ±  0.00007

“ The activities of the aldehyde and ketone were determined on the semicarbazone derivatives. b Indistinguishable from the counting 
rate for blank samples.

T able II
Activity R esults (Millicurie/Mole) Obtained by R epeated Passage over SSPA Catalyst at 230° of the 

3-Methyl-2-butanone F ormed from Trimethylacetaldehyde-1-14C
No. of passes Recovered Removed for

over SSPA material, ml degradation, ml Acetanilide Isopropyl 3,5-dinitrobenzoate

0“ 32
1 28 6 0.206 ±  0.001 0.0004 ±  0.0001
2 20
3 20 5 0.205 ± 0.001 0.0005 ±  0.0001
4 13
5 13
6 13 5 0.206 ±  0.001 0.001 ± 0.0001
7 7
8 7
9 5 5 0.206 ± 0.001 0.001 ±  0.0001

“ The radioactivity of trimethylacetaldehyde-l-14C used was 0.206 ±0.001 mCi/mol, and 3-methyl-2-butanone obtained after one pass 
was 0.206 ± 0.001 mCi/mol. The activities of the aldehyde and ketone were determined on the semicarbazone derivatives.

The possibility that the first formed 3-methyl-2- version of a tertiary carbonium ion (3° R +) to a sec-
butanone-2-I4C (4) might undergo oxygen-function re- ondary carbonium ion (2° R+) while 6 8 represents
arrangement (equilibration of 4 and 5) upon longer ex- the energetically more favorable conversion of a 3 °R +
posure to the SSPA catalyst was then checked with the to a highly stabilized ketone conjugate acid,
results shown in Table II. The lack of oxygen-function rearrangement in 4, its

Again, all of the radioactivity remains in the car- presence4 in 1 -*■ 2, and its presence7 in the sulfuric acid
bonyl group; 4 does not equilibrate with 5; oxygen- catalyzed rearrangement of 3,3-dimethyl-2-butanone-
function rearrangement is not observed, in sharp con- 2-14C (9) to 3,3-dimethyl-2-butanone-3-14C (10) may be
trast to the formation of 2 from 1. The possibility that C O  O C
4 would form 5 at the higher temperature (340° com- | n H;i0l ¡i i
pared with 230°) used4 in the conversion of 1 to 2 could C—C—*C—C ------ > C—C—*C—C
not be checked because such branched-chain compounds q <L,
decompose readily at the higher temperature.2 9 10

The most likely path for the rearrangement of 3 to 4 ,. . . . . . . . .  ,  . „
may be depicted as follows,« the critical question being ratlonahzed m a similar fashion. In 1 -  2, the process
the relative rate of hydrogen migration (6 -  8) W. correspondmg to the energetically unfavorable 3 R+
oxygen-function rearrangement (here depicted as OH 6 2 . R  7 evolves interconversion of two energeti-
migration for simplicity) ( 6 - 7 ) .  It may be noted Cally Similar 2 R+> 11 12> whlle in 9 10>the C01"
that 6 -*■ 7 involves the energetically unfavorable con- OH

_ c - c —*c—c—c — — c—c—*c—c—c
H+ l i e -  OH

3 —  c C *C H —  n 12

0 responding step involves interconversion of two ener-
C OH C getically identical 3° R +, 13 —■ 14.
i i . OH~ I + nxr r,C—C—*C—H * ---- ► c—C—*C—H 9 ? H 9
+ |  | |  i I OH— +

¿ HO C C—C—*C—C------ > C—C—*C—C
6 7 C HO t
i  1 13

C OH 5
_jr+ | | Experimental Section

^ <_____  Q__ Q________ 0
| + Trimethylacetaldehyde-l-14C (3).—Trimethylacetic acid-l-14C
p was prepared by carbonation of i-butylmagnesium chloride with

g carbon-14 dioxide by standard methods. The acid was converted
to the acid chloride by exchange with benzoyl chloride,8 and then 
to trimethylacetaldehyde-l-14C, bp 72-74° (730 mm) [lit.5 bp

(6) In this and the follov.ing formulations, the ions are shown as open car- -------------------
bonium ions without specific discussion at this time of the accompanying (7) K. Bhatia and A. Fry, J .  Org. Chern., 34, 806 (1969).
solvation, counterions, etc. (8) H. C. Brown, J .  Amer. Chem. Soc., 60, 1325 (1938).
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73-75° (740 mm)], semicarbazone mp 190° (lit.9 mp 191°) by were carried out as described previously4-7 except that the more
the method of Brown and Tsukamoto.5 The radiochemical stable, commercially available m-chloroperbenzoic acid was used
purity of 3 is adequately demonstrated by the agreement in the instead of perbenzoic acid. The isopropyl acetate was purified
radioactivity values for 3 and 4 and by the excellent activity by distillation, bp 88° (740 mm) (lit.11 bp 91°), and identified by
balances in the degradation products of 3 and 4 as shown in glpc and nmr comparison with an authentic sample. A careful
Tables I and II. search (glpc analysis) was made for the isomeric ester, methyl

Rearrangement of Trimethylacetaldehyde-l-14C and Treatment isobutyrate, but none was found. Acetanilide, mp 113.5°
of 3-Methyl-2-butanone-2-14C (4) with SSPA.—Preparation of (lit.12 mp 114°), and isopropyl 3,5-dinitrobenzoate, mp 122°,
the SSPA catalyst and the general experimental procedure have (lit.13 mp 122°), were obtained from the degradation,
been described previously.2 A column temperature of 230° was Radioactivity Measurements.—The semicarbazones of 3 and 4 
used, and, after one pass of 10 ml of 3 over the catalyst, the 8.7 ml and the acetanilide and isopropyl 3,5-dinitrobenzoate derivatives
of liquid recovered was shown by glpc and nmr analysis to be of the degradation products of 4 were assayed for carbon-14
free of 3 and to consist entirely of 3-methyl-2-butanone, semi- content using a Beckman LS100 liquid scintillation counter, and
carbazone mp 113° (lit.10 mp 114°). A 32-ml sample of 3 and the external standard ratio method.14 The results of the activity
the products from its rearrangement were passed repeatedly over determinations are given in Tables I and II. The indicated errors
the SSPA catalyst at 230°. Samples of the material recovered are average deviations of three or more measurements of the
from passes one, three, six, and nine (Table II) were subjected same sample,
to glpc and nmr analysis, and were degraded to check for oxygen-
function rearrangement of the 3-methyl-2-butanone produced in -N T» 1  n i i c i  l O  r  a  n A A  r  A 1 A nthe first pass. Small amounts of impurities were detected in the Registry No.- 3 ,  24454-13-5; 4, 24454-14-6. 
later fractions, but these were removed in the work-up and
degradation procedures. (11) R. Shriner, R. Fuson, and D. Curtin, “The Systematic Identification

Degradation of 3-Methyl-2-butanone-2-14C (4).—Oxidation of of Organic Compounds,” 4th ed, John Wiley & Sons, Inc., New York, N. Y.,
4 to isopropyl acetate and derivative preparation from the ester 1956> p 302- 
  (12) Reference 11, p 276.

(9) S. I .  Heilbron, Ed., “Dictionary of Organic Compounds,” 4th ed, (13) Reference I I ,  p 280.
Oxford University Press, New York, N. Y ., 1965, p 1214. (14) For full details of this procedure, see B. W. Palmer, Ph.D. Disserta-

(10) Reference 9, p 2144. tion, University of Arkansas, Fayetteville, Ark., 1970.

Reaction of 2-(A3-Cyclopentenyl)ethyl Bromide with T ri-n -butyltin  
Hydride. Cyclization to Norbornane1

J ames W. W ilt , Steph en  N. M assie , and R ose B. Da bek

Department of Chemistry, Loyola University of Chicago, Chicago, Illinois 60626 
Received January 28, 1970

The reduction of 2-(A3-cyclopentenyl)ethyl bromide (1) with tri-ra-butyltin hydride proceeds with some cycliza
tion to norbornane (3). At 130° with dilute hydride the cyclization is appreciable. The cyclization process is 
discussed in terms of purportedly delocalized intermediates in the analogous cationic process. The conclusion is 
reached that successful cyclization of 2-(A3-cyclopentenyl)ethyl substrates does not necessarily indicate delo
calized intermediates. Rather, a favorable geometry in the transition state for both cationic and radical (but not 
the anionic) processes rationalizes the data.

The so-called “ tt route” (1) to the 2-norbomyl and comparable to eq 1. In line with our interest in possi-
related cations is well documented.2 The ring closure ble nonclassical radicals,6 we studied the 2-(A3-cyclo-

pentenyl) ethyl radical (1 •) to seek ring-closed products.

h). Results and Discussion

^ ' + 2-(A3-Cyclopentenyl)ethyl bromide (1) was prepared
. . . from the corresponding tosylate by treatment with

observed in spite of the considerable steric strain m- Uthium bromide in dry acetone (eq 2). The synthetic 
volved (estimated3 at 9-19 kcal mol *) has been taken2b 
as evidence for the special stability associated with the
2-norbornyl cation, a stability commonly attributed to [j \—coOH LlA1H<->- f"~\—CH2OH 1TsC1>
its supposed nonclassical nature. 2 KCN

Although ring closure of carbon radicals is likewise __. 0+ LiA]H
well documented,4 we have found no such study extant |P \—CH2CN —-—*■ jf J —CH2COOH -------i>

(1) Taken from the M.S. Thesis of S. N. M., Loyola University of Chicago, ___

19(2) (a; R . G. Lawton, J .  Amer. Chem. Soc., 83, 2399 (1961); (b) P. D. | f^ > — CH2CH2OH 2 LiBr * [T J)—'CH2CH2Br (2)
Bartlett and S. Bank, ibid., 83, 2591 (1961); (c) P. D. Bartlett, S. Bank, R.
J .  Crawford, and G. H. Schmid, ibid., 87, 1288 (1965); (d) H. L. Goering I
and W. D. Closson, ibid., 83, 3511 (1961); (e) S. Winatein and P. Carter,
ibid., 83 ,4485 (1961). 1 1

(3) Bartlett and Bank2*> give the strain energy of the norbornyl ring as SeqU G IlC e p r o c e e d e d  frO IIl O -C y C iO p e ilte iie -l-C a rD O X y llC
“about 19” kcal mol“1 and quote a privately communicated estimate from a c |d  a n d  U t i l iz e d  k n o w n  p r o c e d u r e s  ( s e e  E x p e r i m e n t a l
H. J .  Dauben, Jr ., as 9.49 kcal mol-1. From heat of combustion data, 18.5 . T,  - j  ,  „  t w
kcai moi-1 appears most reliable: a . f . Bedford, a . e . Beezer, c .  t . Morti- Section). Bromide 1 so prepared was characterized bj
mer, and H. D. Springall, J .  Chem. Soc., 3823 (1963).

(4) For recent references, cf. (a) D. L. Stmble, A. L. J .  Beckwith, and . ooin T w
G. E. Green, Tetrahedron Lett., 3701 (1968); (b) M. Julia and M. Maumy, (5) J .  W. Wilt and A. A. Levin, J .  Org. Chem., 27, 2319 ( 96 ), . .
Bull. Soc. Chim. Fr„  4, 1603 (1968). Wilt, G. Gutman, W. J .  Ranus, fr ., and A. R . Zrgman, ,bid„  32, 893 (1967).
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Table I From the data in the Table, kc/ k t =  19 X  10-3 at 130°,
Reaction of l with Tri-ti-butyltin Hydride® whereas at 93 this ratio is understandably smaller,

,— Product composition^“— . 7.3 X  10-3. An Arrhenius treatment of these ratios
4-Ethyicycio- Norbomane indicates that the cyelization of 1 • to 3 • has an energy

BuiSnH, .1/ Temp, °c pentene (2) (3) barrier col. 7.6 kcal mol-1 above that for the transfer
® ^   ̂ process leading to 2. Carlsson and Ingold12 have found
0'025 g3 80 20 rate constants of 105-106 M ~ x sec-1 for chain transfer
0 100 130e 82 18 with organotin hydrides at 25° (a calculated energy
0'050 130 75 25 barrier of 6.8-8.2 kcal mol-1) ; so the barrier involved in
0.025 130 59 41 the cyelization of 1- to 3- is ca. 14-16 kcal mol-1 .

» Bromide l was in threefold excess in all runs. b Only traces While we have no direct evidence on the overall en-
at most of norbornane were formed at 40° (AIBN initiated) at thalpy change associated with this ring closure, we
the three concentrations of Bu3SnH used. c The conversions judge it to be modestly exothermic. An approximate
allowed were small (ca. 10-20%) so as to simplify the kinetics calculationi3 gave A // =  — 9 kcal mol-1.
(see Text) and to prevent loss of 2 through addition of Bu3bnH. , ,
Several runs were made at each temperature and the percentages Such a cyelization in spite of the strain involved might 
are ±1 % .  d AIBN initiated. • Di-i-butyl peroxide initiated. be viewed as evidence for unusual stability in 3 •, as has

been the claim for the analogous cationic process.2b 
combustion analysis and consonant spectra.6 To pro- No available evidence supports this view, however,
duce 1-, we chose the excellent process developed by Indeed, the consensus is that 3- is a classical radical
Kuivila, viz., reduction with tri-n-butyltin hydride.7 devoid of extraordinary stabilization via 1, 6-tr or other

The reduction of 1 was patterned after the study by electronic delocalization.14 We therefore conclude that
Walling, et al.,* of 6-bromo-l-hexene. The results are cyelization of 2-(A3-cyclopentenyl)ethyl substrates to
gathered in the Table I. norbornyl products does not per se require nonclassi-

Clearly, the “ it route” to ring closure occurs in the cality in the cyclized intermediate.15 
radical case also.9 The most economical10 pathway An explanation for the cyelization centers on the 
from 1 to products is given in eq 3. With the low mechanism proposed by Struble, et a l . , 4  namely, an in

teraction of the radical center with the w* orbital of the 
A A double bond along a line vertical with one of the oiefinic

1 Bu-Sn' y BujSnH> carbon atoms (5). Such a vertical bond-forming path
- B U jS n B r  \  * *  \

1- 2

j*“ (3)

3 - 3  ^

conversions allowed in this work, one may consider that
[BusSnH] ^  constant. Following an approach used helps to explain the curious fact4 that such cyclizations
in similar situations,11 one may then derive eq 4. preferentially form five-membered rather than the ther

modynamically preferred six-membered ring products 
a "I even at the expense of a primary radical intermediate.

In the case of 1 • such a path (6) could involve a transi- 
tion state (i or i' equally) utilizing vertical bond forma-

_______________ k j  1 tion or possibly the symmetric one (ii) also shown which
. ~ y 1 * [BujSnH] ’ does not. Interestingly, the analogous cyelization of

the 2-(A3-cyclopentenyl)ethyl anion does not occur.6 
Simple molecular orbital calculations16 indicate that a 

- -1 tricentric transition state involving two or three elec-
---------------  trons is favored when triangular (as would be ii). With

(6) E . A. Hill, R . J .  Thiessen, A. Doughty, and R. Miller, J .  Org. Chem^
34, 3681 (1969), reported this without analysis. Their sample was prepared
from the corresponding alcohol and phosphorus tribromide in pyridine and (12) D. J .  Carlsson and K. U. Ingold, ibid., 90, 1055 (1968). We used a
contained some impurities, among them norbornyl bromide (~ 5 % ). Our frequency factor of 1011 M ~l sec-1 to calculate the energy of activation,
material showed no contamination (glpc and spectra). Otherwise their re- Eact-
ported properties and spectra for 1 agree with ours (see Experimental Sec- (13) Modeled after the calculation of Hill, et al., for the anionic case.8
tion). However, the radical cyelization involves formation of a 2° radical, esti-

(7) H. G. Kuivila, L. W. Menapace, and C. R. Warner, J .  Amer. Chem. mated as ca. 3.5 kcal mol-1 more stable than a 1° radical; so instead of
Soc., 84, 3584 (1962); L. W. Menapace and H. G. Kuivila, ibid., 86, 3047 AH =  —2.8 kcal mol-1 as in the carbanion,6 we obtain a value of —8.8 kcal
(1964); H. G. Kuivila, Accounts Chem. Res., 1, 1299 (1968). mol-1 for the radical. Otherwise, the treatment is the same.

(8) C. Walling, J .  H. Cooley, A. A. Ponaras, and E . J .  Racah, J .  Amer. (14) Cf. D. I. Davies and S. J .  Cristol, “ Advances in Free-Radical Chem-
Chem. Soc., 88, 536 (1966). istry,” Vol. I , G. H. Williams, Ed., Elek-Academic Press, London, 1965,

(9) An ionic cyelization of 1 via catalysis by tri-n-butyltin bromide is im- Chapter 5.
probable (it did not occur at 40°). Indeed, such a complication has been (15) I t  should be mentioned that radicals do not always cyclize. Certain
sought and found absent in a sensitive substrate system by Kuivila.7 strained radicals undergo ring opening [J. W. W ilt, L. L. Maravetz, and

(10) A “concerted cyelization” of 1 directly to 3 has not been included. J .  F . Zawadzki, J .  Org. Chem., 31, 3018 (1966)], or fail to close [N. O. Brace,
Though Walling, et aZ.,8 suggested such a step, Struble, et al,* found it to be ibid., 32, 2711 (1967)].
absent in work somewhat related to the present. (16) Cf. W. A. Pryor, "Free Radicals," McGraw-Hill, New York, N. Y .,

(11) F . H. Seubold, Jr ., J .  Amer. Chem. Soc., 75, 2532 (1953). 1966, pp 266-267 and references therein.
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four electrons, a linear transition state is favored. One A3-Cyclopentenylacetic Acid.—The nitrile was hydrolyzed to 
may view the cationic and radical cyclization of 2-(A 3- acid as described for a related case23 with alcoholic potassium

hydroxide. The crude acid was used directly in the next step. 
Acid-catalyzed alcoholysis of the nitrile to the ethyl ester caused 
partial isomerization of the A3 double bond to the A2 position and 

A is not recommended.
v 2-(A3-Cyclopentenyl)ethancl.— Reduction of the above acid

\  \  to the alcohol was achieved with hthium aluminum hydride in
’ the usual way: 80% ; bp 85-87° (15 mm); j nea‘ 5.62 s ( -C H =

1* C H -), 4 .9  s (-O H ), 3.58 t  (-C H 2CH2OH), 2 .4 -1 .7  m (other
r  -, H ’s); X"“ ' 3 .0 , 9.4 (-C H 2OH), 3 .3 ,6 .2 ,1 4 .5  (~ C H = C H -); lit.2"

\ /\ bp 82-85° (15 mm). The tosylate was obtained from the alcohol,
t )  tosyl chloride, and pyridine as a crude oil. Analysis by nmr indi-

cated a purity cf 89% , the remainder being pyridine. By this 
y Y  method Bartlett, et a l. ,  obtained a crude tosylate of 88.7%

\ ' /  \ 1 /  purity .20
\ p )  ( W  \ - )  ( + /  f\ 2-(A3-Cyclopentenyl)ethyl Bromide (1).—Dry acetone was

(T) 77) 77) ( - )  /V distilled from potassium permanganate and potassium carbonate.
The above tosylate (38.3 g, 0.144 mol) and lithium bromide (36 

1 l> — > / /  > s (6) g) were refluxed in this acetcne (1400 ml) protected from mois-
v \  /  ture. Magnetic stirring prevented serious bumping. The ace-
VV V----------- /  tone was removed on a rotary evaporator and the residual oil

was taken up in ether. The ether material was washed well with 
/  (+Y7) ^ 8  water and brine and dried. Distillation afforded 1 as a colorless
\ r ^ K~Jr > J  oil that was best stored over anhydrous potassium carbonate:

M ---- > -{ 16.8 g, 67% ; bp 71-72° (15 mm); n wd 1.4988; d204 1.3066;
^  ^  5.63 s ( -C H = C H -), 3.30 t (-C H 2CH2B r), 2 .7 -1 .7  m (other

ii H ’s); XnMt 3.3, 3 .4, 6 .2 , 6 .9 , 7 .4 , 7 .9, 8 .2, 14.5; lit.e for less pure
material, bp 68-70° (15 mm), n23d 1.4967, essentiaLy same spec
tra. Analysis by glpc, ir, and nmr indicated no eze-2-norbomyl 
bromide in our sample.

cyclcpentenyl)ethyl substrates as examples of the first A nal. Calcd for C ,H „B r: C, 48.02; H, 6 .33. Found: C, 
cases, while the absence of cyclization in the anionic 47.91; H .6 .4 4 .
instance illustrates the last, as a linear arrangement of 4-Ethylcyclopentene (2).—2-(A3-Cyclopentenyl)ethyl tosylate 

the three centers involved is stericall, impossible. X t f d S . 2
glpc using 15% Carbowax 20M on Chromosorb A, 5 ft X  8/s in,

T T norim pntal Cpcfinn 120° (rearrangement occurred > 1 5 0 °): i " » 15.58 s ( -C H = C II-) ,
J tx p e n m e n ia i o e c u o n  2 .2 m (other ring H ’s), 1.4 broad q further split (-C H 2CH3),

Melting and boiling points are uncorrected. Combustion 0.9 distorted t j -C H 2CH3, the spectrum illustrates virtual cou-
analyses were performed by the microanalytical laboratories of pling); Xneal 3 .¿6 , 3 .51, 6 .2 , 6 .85, 7.25, 10.75, 14.5, inter alia
the Universal Oil Products Co., Des Plaines, 111. Gas-liquid par- (identical with that published20).
tition chromatography (glpc) was carried out on F  & M Model Norbornane (3). Norbornadiene (freshly distiLed) was hy-
720 and Varian Autoprep A-700 instruments. Infrared, nmr drogenated over palladium on charcoal at 50 psig to produce 3.
and mass spectra were determined on Beckman IR-5A, Varian The nmr spectrum was free from olefinic contamination and the
A-60A and Consolidated Engineering Type 21-103C instruments. mass spectrum agreed with a published spectrum .21

3-Cyclopentene-l-carboxylic Acid.— The acid was prepared Reactions of 1 with Tri-jj-butyltin Hydride. Tri-re-butyltin
from diethyl 2-vinylcyclopropane-l,l-dicarboxylate by the hydride [BTH , bp 73-75 (1 mm)] was prepared as reported.22
method of Schmid and Wolkoff:17 bp 75-77° (2.2 mm) [lit.18 Azobisisobutyronitrile (AIBN ) was recrystallized from methanol,
bp 83-85° (2 mm )]; 5“°*H 2.13 s (COOH), 5.64 s ( -C H = C H -), mp 100-102°. Di-i-butyl peroxide (D T B P) was freshly dis-
3.1 m (> C H -), 2 .7  distorted d (-C H 2- ) ;  X"0“1 3 .0 -4 .2 , 5.9 tlUed, bp 51° (60 mm). Solutions of 1, BTH , initiator (AIBN
(COOH) 6 2 14 5 (-C H = C H -) . or D T B P) were made in benzene in a 3 0 :1 0 :1  ratio in the con-

A3-Cyclopentenylcarbinol.— The above acid was reduced to the centrations given in Table I . The benzene was distilled from
oily carbinol with lithium aluminum hydride19 in 95%  crude sodium spheres. The solutions in ampoules were degassed by
yield: 5™' 5.61 s ( -C H = C H -), 5.13 t  (-OH, slow exchange), four freeze-thaw cycles and sealed. After a heating period, the
3 44 m (-C H 2OH) 2 .2 -2 .0  m (other H ’s); XMat 3.0, 9 .3 , 9.6 contents were analyzed by glpc (Apieson L , 5 0 -5 5 °). The reac-
(-C H 2OH), 3 .3 , 6 .2 , 14.9 ( -C H = C H -). The crude carbinol tion at 40° (AIBN used) required 48 hr to show the desired con-
was converted to the tosylate in the usual way with tosyl chloride version to products (10-20% ), while at 93 (AIBN again used)
in pyridine: 90% ; mp 3 0 -3 1 .5 ° ; X”“ ‘ 7 .35, 8 .4 , 8.5 (-O S 02- ) .  2°  hr was sufficient. The study at 130 (D TBP used) needed

A nal. Calcd for C13H160 3S: C, 61.88; H, 6 .39. Found: only 15 hr. The composition of the product (2 +  3 no other
C 61 7 0 ’ H 6 36 products) was determined by glpc using calibration data from

A3-Cyclopentenylacetonitrile.— The tosylate above (107 g) was known mixtures. A larger scale run at 130° allowed the isola-
refluxed for 16 hr in 90%  aqueous ethanol with potassium cyanide tlon of 3 as a pure product, identical via ir, nmr, and mass spectra
(53.6 g). The material was poured into water and extracted with ^ d  glpc behavior with an authentic sample. Several runs were
ether. Upon processing the ether extracts, the nitrile was ob- made at each temperature and concentration. The data, at 93
tained as a sweet-smelling oil: 38.1 g, 86% ; bp 91-93° (30 mm); and 130° were closely duplicable ( ± 1 % ) ,  whereas at 40 the
n20D 1.4988' d mt 0.9453; 6“cat 5.65 s ( -C H = C H -), 2 .8 -1 .7  m production of 3 was always just in trace amounts. Attempts to
(all other H ’s)- Xnoa* 4 45 (CN) " ' determine such small amounts quantitatively were not made.

A nal. Calcd for C7H 9N : C, 78.46; H, 8 .46. Found: C,
78.40; H , 8 .53. „  . „  „ A . ,

Registry No.— 3-Cyclopentene-l-carboxylic acid,
7686-77-3; A3-cyclopentenylcarbinol, 25125-21-7; A3-

(17) G . H .  S ch m id  a n d  A . W . W o lk o ff,  J. Org. Chem., 32, 254 (1967).
T h is  m e th o d  in vo lve s , in  p a r t ,  th e  p y r o ly t ic  re a rra n g e m e n t o f th e  c y c lo p ro 
pane d ie s te r a t  4 0 0 -4 2 5 ° to  A3-c y c lo p e n te n e - l, l-d ic a rb o x y lic  ester. W e
fo u n d  a t  425— 460° th a t  th e  cyc lo p e n te n e  p ro d u c t was accom pan ied  b y  som e (20) S. P inchas, J . S h a b ta i, J . H e riin g , and  E . G il-A v ,  j . Inst. Petrol.,
d ie th y l 2 -b u te n y lid e n e m a lo n a te  (1 5 % ). D e ta ils  of th is  aspect o f th e  w o rk  L o n d o n , 45, 311 (1959,. ^
are  a v a ila b le  u p o n  request. (21) A m e ric a n  P e tro le u m  In s t i tu te ,  P ro je c t 44, “ M ass S p e c tra l D a ta ,”

(18) K .  C . M u rd o c k  and  R . B . A n g ie r, ibid., 27, 2395 (1962). V o l V , Se ria l N o . 1466.
(19) J. M e in w a ld , P . G . Gassm an, and  J. K .  C ra n d a ll,  ibid., 27, 3366 (22) H . G . K u m la  a nd  O. F . Be um e l, J. Amer. Chem. Soc., 83, 1246

(1962). (1961).
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cyclopentenylcarbinol tosylate, 25125-22-8; A3-cyclo- Acknowledgment.— W e thank the staffs of the micro-
pentenylacetonitrile, 21860-24-2; 2-(A3-cyclopentenyl)- analytical and spectral laboratories of the Universal
ethanol, 766-01-8; 1, 25125-25-1; 2 , 3742-38-9; 3 ,  Oil Products Co. for their cooperation and technical
279-23-2; tri-n-butyltin hydride, 688-73-3. assistance.

___ N o t e s _______________
N itro g en -15  M ag n etic  R eso n an ce  in conjunction with the N—C—C -H  couplings, have

W ftrn s p n n v  X  A ngular been used to estimate the geometrical dependence of
S p ectrosco p y. A . A n g u lar the vicinal N_H couplings. These couplings are much
D ependence o f V icinal lsN -H  easier to measure with 15N because 15N (I  =  l/ 2) has

C oupling C o n stan ts  in  A m ino A cid s12 no quadrupole moment ana a slightly larger magneto-
gyric ratio than 14N (see Figure 1).

R o b e r t  L .  L i g h t e r  a n d  J o h n  D .  R o b e r t s

R + 3  R
Contribution No. 3987 from  the Gales and  u , , I v u  - n n r  I u  , , 1  r n n

Crellin Laboratories o f  Chemistry, C alifornia ' 3 x 3 ' s d v ' '
Institute o f  Technology, Pasadena, C alifornia 91109 TI Tl

Ha mb Ha Hb Ha | hb

Received February 10, 1970 COO NH3 Hx
3a 3b 3c

In contrast to the extensive investigations of the TP , , ,, . ,. . , . _ ,
j  , c ■ ■ , , , j , If we denote the fractional populations of 3 a - c  bydependence of vicinal proton-proton and proton- . .. , , , , ,
fluorine coupling constants on dihedral angle, relatively P*> Pi» an p c, respec iv.. y , an r a n s  an g a u c  e 
r , , , j  c ■ ■ i proton-proton coupling constants by J „ H, respec-little is known about the angular dependence of vicinal , K , , b .. , , g ’. ,
proton-nitrogen couplings in saturated systems. The tlv e} y > ^ *
principal reasons for this are experimental difficulties eq an . i r e  "non e ge a pa +  Vb +  P c  

associated with the quadrupole-induced relaxation of / BX = p J tH +  (pb +  (1)
14N and the relatively small magnitudes of 14N -H  cou- T ,
pling constants. However, Terui, Aono, and Tori3 / ax = ^  +  ^  +  Pb/t (2)
have recently demonstrated a geometrical dependence — U the populations are given by 
of the vicinal 14N -H  coupling in compounds of types j 3X _ / h
1 and 2 for dihedral angles of 0, 60, and 120°. More = J ,h _  j u  ^

Hs. -crp .  /  Pb — I B _  J  H H )

3 ^ C H v — 1 — v — v (5)| ^  Pc — 1 Pa Pb (5)

1 From  eq 6 and 7, the t r a n s  and g a u c h e  vicinal 15N -H

k  +Rl ./nb = (p. +  Pb)/eK +  Pc/,N (6)
1 2 J na = PaJtN +  Vb)J gN (7)

recently, Bothner-By and Cox4 have reported values ./BN = _  p»-7nb (8)
of g a u c h e  and tr a n s  14N -H  coupling constants derived pc ?a
from aliphatic isocyanides, which agree well with those j t.v = 7 xb(1 — p.) — J na_(p »_+  Pb)
determined by Terui and coworkers. Vc ~  p‘

In connection with other studies, we have deter- coupling constants are then given by eq 8 and 9. Eval-
mined the proton magnetic resonance (pmr) chemical uation of these expressions requires a knowledge of
shifts and coupling constants for a series of loX-en- j u  and ,/Kn. Pachler5 has suggested 13.6 and 2.6 Hz,
riched amino acids. The H -C -C -H  couplings in these respectively, on the basis of a variety of experiments,
spectra have been used to estimate the populations of These values have been discussed and supported by
the staggered rotational isomers 3 a - 3 c 5 9 and these, Cavanaugh7 and will be used in the subsequent dis-

(1) P a r t  I X :  W . B rem ser, J . I .  K ro s c h w itz , a nd  J . D . R o b e rts , J . Amer. C l lS S lO n .

Chem. Soc., 9i, 6189 (1969). The experimental data on which the calculations are
(2) S u p p o rte d  b y  th e  P u b lic  H e a lth  S ervice , G ra n t  N o . 11072, fro m  th e  i  j  • • r p  1 1  t  • 1 v - n  j

D iv is io n  o f G enera l M e d ic a l Sciences a nd  b y  th e  N a tio n a l Science F o u n d a - b a S e d  a r e  S 1 V e n  111 T a b l e  L  C h e m i c a l  s h i f t s  a n d  C O U -
t io n . pling constants were assigned on the assumption that

(3) Y .  T e ru i,  K .  A o no , a n d  K .  T o r i,  J. Amer. Chem. Soc., 90, 1069 (1968).
(4) A . A . B o th n e r-B y  a nd  R . H .  C ox, J. Phys. Chem., 73, 1830 (1969). (7) J. R . C a vanaugh , J. Amer. Chem. Soc., 89, 1558 (1 9 6 7 ); 90, 4533
(5) K .  G . R . P a ch le r, Spectrochim. Acta, 19, 2085 (19 6 3 ); 20, 581 (1964). (1968).
(6) H . O gura , Y .  A ra ta . a nd  S. F u jiw a ra ,  J. Mol. Spectrosc., 23, 76 (8) F . T a d d e i a nd  L . P ra t t ,  J. Chtm. Soc., 1553 (1963).

(1967). (9 ) R . B . M a r t in  a nd  R . M a th u r ,  J. Amer. Chem. Soc., 87, 1065 (1965).
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A  A  j  \ J  \  J. \  J  \  A  a  A n g u l a r  D e p e n d e n c e  o f  V i c i n a l

fttM+r n/  L. , S f F  V > /  N i t r o g e n - P r o t o n  C o u p l i n g  C o n s t a n t s

A n g le ,
deg J nh.° Hz J nh,6 Hz 7nh,c Hz

i io Hr t * Reference 3, 6 Reference 4. '  This work.

Figure 1.—Methylene region of phenylalanine. Upper trace
is from the ordinary 14N material, while the lower trace cor- error limits span the experimental value. Thus, the
responds to the 16N-labeled material. The spectra were mea- ___ , ■ . „ •______, f  • j
sured at or near the isoelectric points and at different power and P  . . ?  . . ,  N
gain settings. shifts  is n o t c ritica l to  th e  d e riv a tio n  of J  t an d  J  gN.

In Table II, . / tN and 7gN are compared with those 
T a b l e  I  already reported.11 Although the numerical agreement

P r o t o n - P r o t o n  a n d  P r o t o n - N i t r o g e n  is far from perfect, it is perhaps better than one might
C o u p l i n g  C o n s t a n t s  o f  A m i n o  A c id s -  expect, given the large differences in the structures of

A m in o  a c id  C o ncn , m  j Ax h Jvxb J * a 6 * b ‘  the compounds from which the values are derived. In
Alanine (3, R  = H ) 0 .4 3  7 .0 ' 3 . 1.3 any case, the trends are such that, if we assume all of
Phenylalanine (3, the / NH values have the same sign, the couplings define

R  = C6H 5) 0 .0 8  4 .7 C 7 .9 ' 3 .4 d 2 .9 d a fairly shallow and somewhat skewed Karplus-type
Aspartic acid (3, correlation between dihedral angle and coupling con-

R  =  COOH) 0 .0 5  3 . l d 8 .1 d 3 .0 ' 3 .0 ' stant. The minimum in the curve is uncertain but
° Measured at ambient probe temperatures, ~ 3 5 °  for alanine, appears to be between 80 and 120°.

~ 1 9 °  for phenylalanine and aspartic acid. b In hertz. '  ± 0 .1 .  
d ± 0 .2 . « ± 0 .3

Experimental Section

rotamer 3a , with the tr a n s  arrangement of the large R  Enriched alanine and phenylalanine were obtained from Bio- 

and c o o -  groups, is p r e d o m i n a n t .I n  accord with “  “ 'S d  S L f o ' i  1 ? « ™  2
the above equations, the rotational isomer populations ambient probe temperatures on Varian HA-60, A 56/60, and
for phenylalanine are pa =  0.48, p\, =  0.19, and p c =  HR-22012 spectrometers. Chemical shifts were measured by
0.33 from which we can derive the g a u c h e  and tr a n s  direct counting of the sweep oscillator frequency (for the HA-60)
15N -H  couplings as ,7L,N =  1.8 ±  0.8 Hz and , / tN =  or by the usual audio side-band calibration method (for the

5.1 =  1.2 Hz. The large probable errors are a conse- ' v
quence of the small difference between p a and p c- Registry N o.— 3 (R  =  H ), 56-41-7; 3 (R  =  Ph),

Support for the derived values of 7 gN and J tN can be 63-91-2; 3 (R  =  CO2H ), 56-84-8. 
obtained in two ways. (1) Because alanine (3, R  =  (U) The reported values for IiN- were corrected by 7.<N./7 uh. = 0.713 for
H) has no preferred staggered conformation, the mea- this purpose.
sured vicinal 15N—H coupling constant must be a (12) The H R -2 2 0  was purchased w i th  th e  a id  o f N a tio n a l Science F o u n d a -

weighted average of the tr a n s  and g a u c h e  coupling tl0n Grant No' GP 8450'
constants, namely ------------------------

J nh.®ic = | (2 /gN +  / t N) (10) C h arg e-T ran sfer E n ergies o f B en zylic
C om pounds w ith  T e tra cy a n o e th y le n e .

Substitution of the above values gives =  2.9 C on ven ien t M eth o d  to  E s tim a te  th e  «r* V alues
Hz, in excellent agreement with the experimental value
of 3.1 H z.10 (2) Using eq 3 -5 , the relative conforma- H i d e k i  S a k u r a i 1

tional populations of aspartic acid are p & =  0.50,
p h =  0.05, and p c =  0.45. These, in conjunction with Department o f  Synthetic Chemistry, Kyoto University,
equations 6 -7 , give calculated values of J na  and J n b  Sakyo-ku, Kyoto 606, Ja p a n

as 3.5 ±  0.7 and 3.3 ±  1.5 Hz, which are in satisfactory Received December 29, 1969
agreement with the measured values.

The above treatm ent assumes that 3 a  is the domi- Much literature on the charge-transfer complex has 
nant conformation. If this is not assumed, and the arisen in the past decade both from experimental and
assignments are reversed, then the alternative values theoretical point of view.2 A simple molecular orbital
of J gN =  2.2 Hz and . / tN =  5.8 Hz result, which are treatm ent based on the perturbation theory has been
within the probable error of the values derived above. applied successfully to the charge-transfer spectra of
Using these, a reasonable N -H  coupling constant is alternant and nonalternant hydrocarbons,' where the
derived for alanine, and values within the error limits
of those given above are obtained for aspartic acid. (I) Department of Chemistry, Faculty of Science, Tohoku University,
Similarly, reversal of the aspartic acid assignments sPringer-
allows calculation of values for J NA and J  n b  whose veriag, Berlin, i96i.

(3) M .  J . S. D e w a r and  A . R . L e p le y , J. Amer. Chem. Soc., 83, 4560 

(10) T h e  co rre sp o n d in g  re la t io n s h ip  sh o u ld  h o ld  fo r  th e  v ic in a l p r o to n -  (1961); A . R . L e p le y , t bid., 84, 3577 (19 6 2 ); K .  F u k u i,  A . Im a m u ra , T .
p ro to n  co u p lin g  c o n s ta n t, b u t  s u b s t itu t io n  fo r  Jt*  and  JKS g ives 6.27 H z ,4 Yo nezaw a, and  C . N a g a ta , Bull. Chem. Soc. Jap., 34, 1 ( ’ ’

com pared w i th  th e  e x p e rim e n ta l v a lu e  o f 7 .0 H z  (T a b le  I ) .  33 (1962).

Notes J. Org. Chem., Vol. 35, No. 8, 1970 2807



-------------------------------------------------------------------yi turbation theory using only inductive effect models. 5

3. 5 -  q S  Therefore, in simple benzylic compounds, PhCH 2X ,
/  the charge-transfer energies can be related to parameters

/  of inductive effect of X C H 2, i . e . ,  a * x ch2, 6 since in simple
3, 4 " /  LCAO of PhCH 2X  only the atomic orbital a t the point

of X C H 2 attachm ent should be effected appreciably.
-  3. 3 _ /  The present findings demonstrate not only the va-
" /  hdity of using the inductive effect models to explain the

r s /9  charge-transfer spectra of simple hydrocarbons, but
| 3, 2 O f *  also potential utility of the relationship to evaluate
| 'C r the u *  value of X C H 2 group.
I  3 t _ q /  I t  should be noted, however, that there are apparent

’ X  exceptions to the present relationship, for example,
| /  benzyltrimethylsilane (o-*Me3siCH2 =  —0.26) afforded
5 3-° “ r f  two well-resolved charge-transfer maxima a t 491

and 415 nm as reported recently by Bock and A lt ,7 

i 9  _ /  but the data deviated considerably from the above
S \  i i i i i i equation.

L£_J ' 1 1-------- 1—  Recently, Traylor, et a l . , 8 have measured charge-
" °- 4 ° ' 0 ° ' 4 ° ' 8 1-2 1-6 2~° <r * transfer absorptions in complexes of T C N E  with sub-

Figure 1.—-Relationship between charge-transfer energies of stituted benzenes in dichloromethane. They have 
PhCH jX and <r* of CH2X . treated the data in a somewhat different manner,

namely, in connection with the ability of substituents 
energy required for the charge-transfer is simply re- to stabilize carbonium ions The charge-transfer
lated to the energy of the electronic transition from frequencies for the compounds, CellsY (1  — Me, PhC-
the highest occupied molecular orbital of the donor ONH, MeO, M eCONH), correlate satisfactorily, al-
hydrocarbons into the lowest unoccupied molecular though not perfectly, with a v+ . They have also shown
orbital of an interacting acceptor molecule. that the benzyl-metal bonds such as in PhCH 2SiMe3

Now a number of charge-transfer spectra of x  com- an<t  PhCH 2H gCH 2Ph are highly hyperconjugated if a
plexes of benzvlic compounds have been measured with positive charge is in the ring and that the charge-
tetracyanoethylene (T C N E) in dichloromethane at an transfer frequencies for these compounds are also corre-
ambient temperature, the results being listed in T a- lated with o>+.
k]e j  However, the ionization energies or charge-transfer

frequencies m ay be treated by the H am m ett equation 
only in the case that the substituent causes rather a 

ABLE small perturbation on the benzene ring . 8 Actually,
Charge-Transfer E nergies of Travlor has measured the charge-transfer frequencies

B“ m , c  Co“ po™ “  W,T"  of various benzyl-X (X  not a hyperconjugative) with
“" S s r " '  ■ 7 '  T C N E  and has plotted them against a , . 9

(CbCHPh) 98-87-3 355 3 .4 9  1 .9 4  In summary, the relationship found in the present
NCCHaPh 140-29-4 369 3 .3 6  1 .30  investigation will be useful to estimate <r* values in the
CICHjPh 100-44-7 383 3 .2 4  1 .05  range of —0.2 ~  + 2 .0 . Applications of this relation-
BrCHjPh 100-39-0 384 3 .2 3  1 .00  ship will be reported later.
CH3C 0 2CH2Ph 140-11-4 385 3 .2 2  0 .8 6
PhOCH2Ph 946-80-5 390 3 .1 8  0 .8 5  „  ..
C2H 50 2CCH2Ph 101-97-3 388 3 .2 0  0 .7 1  Experimental Section
HOCH2Ph 100-51-6 393 3 .1 5  0 .5 5 5  Materials.— Benzylic compounds purchased or prepared by
CH3OCH2Ph 538-86-3 390 3 .1 7  0 .5 2  known procedures were purified by distillation, purities being
ClCH2CH2Ph 622-24-2 400 3 .1 0  0 .3 8 5  checked by glpc. TCN E was obtained from Eastm an Organic
CH3Ph 108-88-3 415 2 .9 9  0 Chemicals and was used without further purification.
CH3CH2Ph 100-41-4 417 2 97 — 0 1 Spectra.— Charge-transfer spectra were run on a Shimadzu
n-C  H Ph 104-51-8 419 2 96 — 0 13 Model SV-50A automatic recording spectrophotometer using
•nxiTJv no 00 o ion o  nc n ,n  10-mm quartz cell. Dichloromethane was used as the solvent
7 3 7 1  * ' throughout the experiment, concentrations of T C N E and benzylic

compounds being kept at 10- 4- 10~3 and 10_2- 10-1 mol/1 ., 
, , . . . _ . respectively. The solutions were made up and mixed immediately

lh e  values ol charge-transfer energies (Act in eV) before measurement. These solutions decolorized fairly rapidly,
are plotted against <7 * as shown in Figure 1. A good but were stable enough to record the charge-transfer maxima two
linear relationship was obtained. or three times.

E r r  (e V )  =  0  2 5 4 c r*  4 -  2 9 9 a  (r  =  0 9 9 1 1  (5) See, fo r  m ore  so p h is tica te d  tre a tm e n t,  R . L . F lu r r y ,  J r .,  J. Phys.
'  Chem., 69, 1927 (1965); S. Iw a ta , J . T a n a k a , a nd  S. N a g a k u ra , J. Amer.

Chem. Soc., 88, 894 (1966); A . R . L e p le y  a n d  C. C . T h o m p so n , J r .,  ibid.,

Lepley4 has demonstrated that the charge-transfer 89’ 5523 (1967)-
.  ,  , .  . r . , , (6) R . W . T a f t ,  J r .,  “ S te ric  E ffe c ts  in  O rg a n ic  C h e m is try , M .  S. N e w m a n ,

spectra ot the x  complexes ot a number ol methyl-sub- Ed John WiIey and Sons Inc New Y o rk ,  n . y „  i 9 6 5 , c h a p te r  1 3 . 

stituted benzenes and naphthalenes with T C N E  can (7) H .  B o c k  a nd  H .  A lt ,  Chem. Commun., 1299 (1967); Angew. Chem., 

be reasonably explained in terms of the first-order per- 79,,„934 (1?,67)', . TI T „ „J ’  (8) W . H a n s te in , H .  J. B e rw in , a n d  T .  G . T ra y lo r ,  J. Amer. Chem. Soc.,
92, 829 (1970).

(4) A . R . L e p le y , J. Amer. Chem. Soc., 86, 2545 (1964). (9) T .  G . T ra y lo r ,  p r iv a te  co m m u n ic a tio n .
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R egistry N o .— Tetracyanoethylene, 670-54-2. methanol, and ether which provided for a rapid sep-
. , , , J ,  , J aration of the initial reduction products from the foam-

Acknowledgment. The author is grateful to Pro- j reaction n ixtu re . B  this means alone and without
fessor T. G Traylor for making his results available additional alkali a 66%  yield of 2a was obtained; in the
prior to publication and for helpful discussions. presence Qf sodium hydroxide the recovery 0f this base

________________  rose to 89% . The dihydro base 2a was also the main
product from reductions in the more concentrated so- 

T h e Sodium  B o ro hy d ride R ed u ctio n s o f  dium cyanide solutions, and only in a moderately basic
In d oly leth ylp yrid in iu m  B ro m id es. cyanide solution (partial neutralization with acid)

„  , _ . , . . did the nitrile form in appreciable amount in the reac-
H exahydrom doloquinolxzm es tion m ixture. N ot unexpectedly, 2a was readily con-

verted into 3a (94% ) in a similar cyanide solution.
ry and . . eisler j n contrast with the results obtained with the iso-

, T , ,  . . . . . . .  . . .  quinolinium  s a lt, th e  w a te r -m e th a n o l-e th e r  m ix tu reN ational Institute o f Arthritis ana M etabolic D iseases, , , . , . . .  . ,. . , . , . .
N ation a l Institu tes 0}  H ea lth , B eth esd a , M ary lan d  20014  d id  n o t  p r e v e n t  re d u c tio n  o f  t h e  p y r id im u m  b ro m id e  lb

into its tetrahydro base in 78%  yield; no quinolizine 
R eceived  D ecem ber 1 6 ,1 9 6 9  was obtained. The reduction of lb in sodium hydroxide

followed by acid ring closure gave the hydrochloride
Sodium borohydride under ordinary conditions has of 4b in 40%  yield, and this was increased to 50%  by

not proved useful for the reduction of l-(2-indol-3- the cyanide technique. Here noncrystalline products
ylethyl)pyridinium and the corresponding isoquinolin- precluded assessment of the 2 3 interchange, but
ium salts to the dihydro bases 2, intermediates for the the ir absorption spectra indicated that this mixture 
synthesis of the quinolizines 4 .1-4 The reduction to was present in the crude oil. 
the tetrahydro bases which characterized this reagent 
was observed to a lesser extent with lithium aluminum
hydride1-6 and with lithium tri-f-butoxyaluminum i l  J  f + NaBH< T fl J  j,
hydride.3 The results presented in this note show that f  1  ^  [f
control over the sodium borohydride reduction can be k ^ /R ' \ ^ R '
easily gained by using the alklai method of Panouse6 R /  R
together with the rapid removal of products from the 1 H+ . /  2
reaction site. In addition, conversion of the dihydro- 7 /  -cn|I-oh
pyridines into nitriles in the reaction medium proved f  ^
to be convenient and was usually desirable.78

The advantages of using a nitrile in a sequence in- J
volving a 1,2-dihydropyridine lie in its stability rela- H | J  ̂ q J
tive to the parent diene and in the ease with which the V ^ R '
nitrile reverts to the diene under basic and acidic con- ^ ^
ditions. Its  availability, however, may be limited by 4 3
the alkalinity of the parent sodium cyanide reduction H H H H
system which m ay in itself be high enough to make the a R R'(Benz3) = - C = C  C = C -
2 -ç i  3 eq uilib riu m  fa v o r  th e  diene. L o w erin g  th e  al- b R =  R' =  H
k a lin ity  of th e  cy an id e  so lu tio n  shifts th e  eq uilib riu m  c R=H R' =  Me
to w a rd  th e  n itrile , b u t w h e th e r th e re  is an  a cco m p a n y - _  ’ _  e
ing in cre a se  in  lia b ility  to  fu rth e r re d u ctio n  is n o t p res- d, R -  H; R -  Et
e n tly  know n. P re v io u s  in v estig atio n s h a v e  show n th a t  e, R = R ' =  Me
an n élatio n s of th e  dienes req u ire  acid  con d itio n s, an d  f, R =  Me;R' =  H
in th e  p resen t w ork  th e  n itriles  read ily  lo st h y d ro g en
cyanide in hot acid with closure to the quinolizine salts. Among the variables to which little attention was 
Much milder conditions effect this ring closure when given, but which made necessary a standardization of 
the dihydropyridine system is involved, so that the synthetic procedure, are two which deserve special
yield of quinolizine from a reduction mixture contain- mention. The first of these is the alcohol used to dilute 
ing both 2 and 3 can in itself give no information on tde aqUeous solutions. W hether its contribution to
the relative amounts of the precursors. pke product yield stems from its role as a solvent or

A constant factor in all reductions and one of great whether it also functions as a moderating nucleophile 
importance is the two-phase liquid mixture of water, a matter of conjecture. The second is the manner

in which the acid annélation is conducted. Minor
$  faj R Pa  EMtfiReidR°BbiR s a e r ' , " m .'L a^ow'kf v  orff. CHem., variations in solvent anc acid sometimes had a marked

22, 1376 (1957); (b) r . c. Eiderfleid and B. a . Fischer, ibid.. 23, 949 effect on the yield of quinolizine salt. JNo attem pt.w as
(1958;. made to identify a cause, but care was taken to duplicate
s ®  84,' 3732 a 962R: A' Massy-Westropp' and R' ^  ^ conditions where comparisons were made.

(4) j .’ w. Huffman, ibid., so, 5193 (1958). Acid-induced elimination of hydrogen cyanide from
(5) (a) d . r . Liijegren and K. t . P o tts , j . Org. chem., 27, 377 (1962); reiated cvanotetrahydropyridines has been observed

(b) K. T. P o tts  and D. R. Liljegren, ibid., 28, 3066 (196.3). , ,  , • f  in tn  m n il ,
(6) (a) j . j . Panouse, Bull. Soc. chim. Fr„ d , 60 (1953); (b) J. J. to  b e  fo llo w e d  b y  a  s h if t  o f  th e  d o u b le  b o n d  in to  c o n ]u

Panouse, Thèse de Doctorate ès Sciences, Paris, 1952. gation with the azomethilie linkage. This isomerization
(7) (a) e . m . Fry, j . Org. chem., 29, 1647 (1964); (b) e . M. Fry, proved useful in controlling steric requirements of

ibid., 28, 1869 (1963). *
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s u b stitu te d  m eth an ob en zazo cin es (b en zo m orp h an s ) 7bi8 (log «) 290.5 (3.69), 282 (3.74), 276 s (3.72), 229 (3 .86); xm«n
an d  m ig h t rea so n a b ly  b y  e x p e cte d  h ere , b u t n m r e x a m - «) ^88 (3-66) 245 (3.14) [lit.2“‘ W  (log <) 291 (3.68), 283
■ .. J .  , , \  . , , (3.74), 275 s (3 .71); Xmin (log e) 288 (3.65), 2 4 4(2 .95 ) .
¡n a tio n  of th e  su ita b ly  su b stitu te d  e x a m p le s 4 c -e  show ed A naL  Calcd for C15H1SN2: C, 79.60; H, 8 .02 ; N , 12.18.
th e  double bon d  to  be in  its  origin al p osition . A d d i- Found: C, 79.19; H , 8.16; N, 12.60.
tio n a l evid en ce  fo r th e  p ositio n  of th e  double bon d  w as In a duplicate experiment, a solution of the crude product in 
p ro v id ed  in  all cases b y  a  stro n g  b an d  in  th e  m ass sp ec- acid save no 4b. 
tru m  fo r «he d ih y d r o -^ a r b o lin e  ion. „ / e  1 7 0 . resu ltin g

from  a rev erse  D iels  A id er re a ctio n . mg 0f sodium borohydride in 0.5 ml of 2.1 N  sodium hydroxide
was added 0.5 ml of methanol and 2 ml of ether. The addition of 

_  . . „ . 200 mg of lb resulted in a vigorous gas evolution and consumption
xpenmen a ec ion of the solid was complete in 5 min. The product obtained from a

Analyses and mass and nmr spectra were performed by the “ “ Ple of.the ®ther f*1“ 4*“  sh<f  edj 1 br° ad- si ron§ b“ d in the
Analytical Services Section of this laboratory, William C. Alford, 6 1  "  region (diene) of the infrared. The ether solution Was
Chief. Uv spectra were obtained by a Beckman DB-G grating separated and extracted with 1 ml of 3 N  hydrochloric acid. The
spectrophotometer; ir spectra by a Perkin-Elmer Infracord yellow gum which formed began to yield crystallme material in
Model 137B; nmr spectra by a Yarian 60-Mc spectrometer with 1 5 “ m; and after D5 hr the w a^solid  was removed and triturated
tetramethylsilane internal standard, and mass spectra by a £with a cobo to yleld. 68 mf  (39j % U ’{ s a l t .  Recrystallization
Hitachi Perkin-Elmer RM U-7 mass spectrometer. Melting from alcohol containing a drop of U V  hydrochloric acid gave a
points are uncorrected; when reported as “vac mp,” melting product melting at 275-292 In ad up licaterun  the ether solu-
points were taken in evacuated capillary tubes made from Kimble tl0J  sbaken w‘ h.1 of 3 ,A 95%  etbanolle hydrochloric acid
disnosahle A nets and the salt was obtained in only 23 % yield.

1Spyridinlum and isoquinolinium bromides (1) were made by ^  Calcd for C16H nClN?: C l,13 .60  Found: 0 1 ,1 3 .4 0 . 
heating a small excess of base with tryptophyl bromide at 50° for J he Y™  de°°mPosed m sodlum hydroxide containing a 
about 5 hr or by letting the mixture stand at room temperature lt]t]le alcfoho1 a» d base was recovered from ether Recrys- 
for several days. The finely divided crystalline state used in the talllzed fr° “ ^ a n ° v ( ^  ):
reductions was obtained by continuously scratching the test tube plcJ :ate mp 8 yu ( it. mp 8 oo xr v m  t? j  n
sides during the cooling of a hot concentrated solution. Yields ° al°d for C^Hi6^ : C, 80.32; N , 7 .19. Found: C,
are based on tryptophyl bromide. 80.17, 11,7.39.

2- (2-Indol-3-ylethyl)isoquinolinium bromide (la) was obtained Medlanol-Water-Sodium Cyanide. 1,4,6,7,12,12b-
in 80%  yield, mp 207-215°. After recrystallization from al- Hexahydroindolo[2,3-a]quinolizine Hydrochloride (4b).—Sodi-
cohol it melted at 215-217° (lit.4 mp 211-212°). um borohydride, 30 mg, was dissolved in a solution of 0.20 g of so-

1 -(2-Indol-3-ylethyl)pyridinium bromide (lb ) was obtained in dium cyanide in 0.6 ml of water. To this was added 0.5 ml of
a yield of 83%  after recrystallization from aqueous alcohol, mp methanol and 2 ml of ether, lb, .200 mg, was added and the
230-232° (lit.3 mp 231-233°). foaming mixture was stirred until the salt disappeared in about 10

3- Methyl-l-(2-indol-3-ylethyl)pyridinium bromide (1c) was re- min' The ether solution was then separated and distilled to a
covered in 78%  yield after recrystallization from alcohol. I t  sma11 volume and the residual methanol was removed under re
melted at 204-206°. duced pressure. The crude product showed a nitrile band at 4 .5

A n al. Calcd for C16H „BrN 2: C, 60.57; H, 5 .40 ; N , 8 .83. M and the absorption was less intense than that observed in
Found: C, 60.66; H, 5.29; N, 8 .96. ' ' the B experiment above. The oil was redissolved in a small vol-

3- Ethyl-l-(2-indol-3-ylethyl)pyridinium bromide (Id) was ob- ume of ether and triturated with 1 ml of 3 N  hydrochloric acid,
tained in 70%  yield after recrystallization from methanol-ace- In an 80 ° bath the mixture lost ether and hydrogen cyanide (so-
tone. I t  melted at 154-156° (lit.3 mp 137-140°). dium picrate vapor test). Crystal formation began in about 10

A nal. Calcd for Ci7H19BrN 2: C, 61.64; H, 5 .79 ; B r, 24.12. min, and after 35 min the material was filtered and then triturated
Found: C, 61.35; H, 5 .91; B r, 23.94. ’ ’ with alcohol for a recovery of 90 mg (52% ). Identification with

3 ,4-Dimethyl-l-(2-indol-3-ylethyl)pyridinium bromide (le ) was th® above described salt 4b hydrochloride was made by comparison
obtained in 92%  yield before purification. Recrystallized from of infrared spectra and by conversion to the base, 
water it sintered at 175°, resolidified, and melted at 220°. In another experiment, an attempted ring closure in a dilute
Recrystallized from alcohol it melted at 215-222°. alcohol solution of lower acidity gave a very poor result.

A nal. Calcd for Cr H19BrN 2: C, 61.64; H, 5 .78 ; N , 8.46. 3-Methyl-l,4,6,7,12,12b-hexahydroindolo[2,3-a]quinolizine
Found: C, 61.44; H ,5 .9 8 ; N, 8.23. (4c).— The hydrochloride was obtained from lc in 53%  yield

4- Methyl-2(2-indol-3-ylethyl)pyridinium bromide (If) was re- using the amounts and procedure described for lb under pro-
covered in 88% yield, mp 197-200°. Recrystallized from al- cedure C above. Recrystallized from alcohol containing 1 N
cohol it melted 199-201 ° . hydrochloric acid, it melted at 290-295°.

A n al. Calcd for Ci,H„BrN„: C, 60.57; H, 5 .40; N, 8 .83. A nal. Calcd for CI6HWC1N2: Cl, 12.90. Found: Cl 12.6. 
Found: C ,60.58; H ,5 .4 7 ; N ,8 .6 5 . The salt was decomposed by aqueous sodium carbonate-alcohol

Reductions of lb . A. In Methanol-Water. l-(2-Indol-3- and the base was recovered from ether. I t  was recrystallized
ylethyl)-l,2,5,6-tetrahydropyridine.— To a solution of 0.10 g of from alcohol: vac mp 174-176°; mass spectrum m /e  238
sodium borohydride in 1 ml of water was added 1 ml of methanol (M+) 170; nmr (CDC13) Me 1.7 (3 H ), olefinic CH 5.5 ppm (1
and 4 ml of ether. The addition of 0.40 g of lb gave a vigorously H ).
effervescing mixture which was stirred and intermittently cooled. A nal. Calcd for Ci6HI8N2: C, 80.63; H, 7 .61; N , 11.76. 
The solid was consumed in about 10 min. The ether solution Found' C 80.21- H 7 42- N 12 11
was separated and the crystalline product was recovered and con- 3-Ethyl-l’,4,6,7,i2,12b-hexahydroindol0 [2,3-a]quinolizine (4d).
Vef + °  6 picrate’ . f  , ’ mp Adter re" —The hydrochloride was obtained in 49%  yield by the cyanide
crystalhzation from alcohol it melted at 173-175° (lit.3 mp 173- method. The base melted at i 47_148o (lit.«b mp 146-148°);

n  a, __ „„ TT , „ „  mass spectrum m /e  252 (M +) 170; nmr ethyl CH3, triplet, 1.05
A na . Ca cd fo rC 2IH2,N60 , :  C 55.38; H, 4 .65; N, 15.38. (3 H ), olefinic CH 5.5 ppm (1 H ).

Found: C, 55.46; H, 4 .90; N, 15.53. ’ „  ,  . .. .
Recovery of the base from the picrate with lithium hydroxide- . ^ c yano-3,4-dimethyl-l-i2-mdol-3-ylethyl)-l ,2 5 ,6-tetrahy-

ether gave material melting at 117-122°. The same base, mp dr° Pynd ,ne (3^ ! i  Was ,reduC®d “  the
117-122°, was obtained in 35% yield by following the published des™ bed for lb under tbef W ™ * *  procedure C above,
procedure.- After recrystallization from alcohol-petroleum Approximately 1 hr was required for consumption the *o id.

n n  109 0 /r i  2r ico i rqo • m lA. After separation, the ether solution was triturated with 0.2 ml ofether, it melted at 119-123 (lit.2* mp 152-153 , similar melting o at- v j  • -a on. -i v • r r i . ir  A •■nf.  3 iv  hydrochloric acid. The oil which formed crystallized in apoints were reported m subsequent papers) 3-5b mass spectrum f , j■ivyr+ ooft. /n n c i  > • i attt o A ti u\ • j  Tj i-t ri ttn few minutes. After decanting the ether, the product was washedM + 22b, nmr (ODCl3; md-NH 8.4 (1 H), ind-a-H 7.0 (1 H), , . r . . ,  6  T, • C , /a<-raov\n i l  c o    'o „ 4. • 4-u i x with water to remove a little gum. I t  weighed 0.11 g (67.6% ),olehmc Oil 5.8 ppm *,2 H ); uv spectrum m  ethanol Xmax mp 16qo

-------------------  A nal. Calcd for C18H22C1N3: C, 68.45; H, 7 .03; N , 13.30.
(8) R . L .  P e rry  and  N . F . A lb e rtso n , J. Med. Chem„ 10, 1184 (1967). Found: C , 68.55; H, 7 .25; N, 12.91.
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The salt was decomposed in alcoholic sodium bicarbonate solu- added and the effervescing mixture was stirred. Consumption
tion and the base was recovered as an oil from ether. Nmr spec- of the salt was complete in 5 min. The product, 98 mg (63%)
trum (CDC13) showed ind-NH 8.2 , ind-a-H 6.95 ppm. mp 137-146°, was recovered from the ether solution in the usual

2 ,3-Dimethyl-l,4 ,6 ,7 ,12,12b-hexahydroindolo[2,3-a] quinoli- manner. Its identity as 2a was established by means of an in-
zine (4e).— 3e hydrochloride, 0.43 g, suspended in 4.3 ml of 1 frared spectrum. The alcoholic filtrate yielded 11 mg (6 % ) of
N  hydrochloric acid was held on steam for 1 hr during which time the crystalline nitrile. B . When the reduction was run in a
hydrogen cyanide was evolved and cottony crystals replaced the solution less concentrated in sodium cyanide (0.2  g of sodium
original salt. The suspension was chilled and 0.35 g (89% ) of cyanide, 0.5 ml of water, 0.5 ml of methanol) the same products
salt was recovered. I t  was recrystallized from water, mp 295°. were isolated in 50%  and 24%  yields, respectively. C. To an

A nal. Calcdfor C17H21CIN2: Cl, 12.28. Found: Cl, 12.25. ice-cold partial solution of 0.2 g of sodium cyanide in 0.3 ml of
The salt was decomposed in sodium bicarbonate solution con- water was carefully added 0.3 ml of 6 N  hydrochloric acid,

taining alcohol and the base was recovered from ether. Recry- Sodium borohydride, 30 mg, was then dissolved in the still alka-
stallized from alcohol it had vac mp 192-193°, with a slight sinter line solution and this was followed by the addition of 0.5 ml of
at 93°; mass spectrum m/e 252 (M+) 170; nmr (CDCls) Me 1 .68 methanol and 2 ml of ether. Reduction of 200 mg of la gave
ppm (6 H ). 110 mg (65% ) of the nitrile, mp 94r-106°. The noncrystalline

A nal. Calcd for CnH2oN2: C, 80.91; H, 7.99. Found: C, residue yielded 42 mg (15% )of the picrate of 2-(2-indol-3-ylethyl)-
81.10; H ,7 .7 3 ; loss on drying, 3 .34. 1,2,3,4-tetrahydroisoquinoline. No 2a could be isolated. D.

6-Cyano-4-methyl-l-(2-indol-3-ylethyl)-l,2,5,6-tetrahydropyr- 2a, 77 mg, was stirred with a sodium cyanide-hydrogen cyanide
idine (3f).— If, 200 mg, was reduced as described for lb under solution made as above. The solid became gummy in 30 min
procedure C above. After a reaction time of 30 min, the ether and then resolidified on continued trituration. Recovery gave
was separated and distilled to a small volume, and the remaining 80 mg (94% ), mp 95-105°. Identity with the other nitrile
solvent was removed under reduced pressure to yield crystalline samples was established by its ir (Nujol) spectrum. Reerys-
material which was triturated with petroleum ether and filtered, tallization from alcohol gave a product melting at 108-110°.
0.15 g, mp 93-120°. After several recrystallizations from alco- A nal. Calcd for C2oH i9N3: C, 79.70; H, 6 .35; N, 13.94. 
hoi, it melted at 128-130°. Found: C, 79.49; H, 6 .33; N, 13.70.

A nal. Calcd for CnHuNj-VjHjO: C, 74.42; H, 7 .34; N , The hydrochloride separated as finely divided crystals when
15.32. Found: C, 74.19; H ,6 .8 4 ; N , 15.62. the base was added to 3 Ar alcoholic (95% ) hydrochloric acid.

2-Methyl-l,4,6,7,12,12b-hexahydroindolo[2,3-o]quinolizine A nal. Calcd for C2oH2oCIN3: Cl, 10.48. Found: Cl, 10.83. 
(4f).— The hydrochloride was obtained from a like preparation 5,7,8,13,13b, 14-Hexahydrobenzo[3]indolo[2,3-a]quinolizine
after the crude crystalline cyano product was converted in the (4a).— A. The hydrochloride from 60 mg of nitrile 3a was ob-
usual manner. The salt weighed 0.112 g (65% ) and darkened tained crystalline in 0.5 ml of 3 N  alcoholic (95% ) hydrochloric
without melting at 310° (hot stage). acid. The suspension was diluted with an equal volume of

A nal. Calcd for Ci6H i9C1N2: Cl, 12.90. Found: Cl, 12.64. water and held on the steam bath for 5 min. The solid became
The salt was decomposed in aqueous sodium hydroxide-alcohol less dense and the vapor was positive to the picrate test for hydro-

and the base was recovered with ether. Recrystallized from gen cyanide. After washing with alcohol 55 mg (89% ) of salt
n-hexar.e-ether it melted at 121-123° (gas). After heating at was obtained. B . 2a, 111 mg, was added portionwise with
80° under reduced pressure for 45 min to remove solvent, it stirring to 2 ml of 2 .4  N  ethanolic (95% ) hydrochloric acid to give
melted at 149-151°; mass spectrum 111/ e 238 (M +) 170. a solution which began to deposit crystals in 5 min. Recovery

A nal. Calcd for Ci6H i8N2: C, 80.63; H, 7 .61; N, 11.76. after 1 hr gave 90 mg (71% ) of the salt. Identity of material
Found: C, 80.69; H , 7 .73; N , 12.02. from the two sources was established by ir spectra (Nujol). The

Reductions of la . A. In Methanol-Water. 2-(2-Indol-3- salt melted at 290° (lit.1 mp 287-288°). C. Ether solutions
ylethyl)-l,2-dihydroisoquinoline (2a).— A solution of 30 mg of containing mixtures of 2a and 3a (from sodium borohydride re
sodium borohydride in 0.5 ml of water was mixed with 0.5 ml of ductions in cyanide solutions) were extracted with 3 N  aqueous
methanol and 2 .0  ml of ether. To this was added 200 mg of la hydrochloric acid to yield oils which crystallized to give the salt
and the vigorously foaming mixture was stirred until the reaction in 60-65%  yields.
ended in 3 min with exhaustion of the hydride. The ether layer The base was recovered crystalline from ether-alcohol after
was separated and 11 mg of la  was recovered. After concentra- decomposing the salt in scdium carbonate solution containing
tion of the ether solution crystallization took place and 98 mg alcohol. It had vac mp 197-200°, air mp 192-195° (lit.1 mp
(66% ) was recovered from a cold alcohol suspension, vac mp 136- 188-189°); mass spectrum ra /e  274 (M +) 170.
144°. After recrystallization from alcohol it showed vac mp
148-151°; ir spectrum (Nujol) 6.18 (strong), 6.40 m (medium); R egistry  N o.— Sodium borohydride, 1694 0 -6 6 -2 ; l c ,  
nmr spectrum iCD C L) ind-NH 7.8 (1 H ), jnd-«-H 6.9 olefinic 24 7 1 6 -2 3 -2 ; Id , 24 7 1 6 -2 4 -3 ; l e ,  2 4 7 1 6 -2 5 -4 ; If,
CH, AB doublets ( /  =  7.8 Hz) 6.1 (1 H ), 5 .2  ppm (1 H ), and ' .  f  . , , Q , , ,  1N 0 r a  , i j
UV spectrum (ethanol) X™* (log e) 334 (3.96), 291 (3.84), 24716-26-o j l - (2 -m d o l-3 -y le th y l)- l ,2 ,o ,6 - te tra h y d ro -
283 (3.83), 276 sh (3 .79 ), 229 (4.15); xmin (log t) 301 (3.70), 287 pyridine, 2 4 7 1 6 -27 -6 ; 2a , 24 7 1 6 -2 8 -7 ; 3 a , 24716 -29 -8 ;
(3.81), 255 (3.63) [lit.4 mp 100° for unpurified product; X™* 3e-H C l, 24716 -30 -1 ; 3f, 24 7 1 6 -3 1 -2 ; 4b HC1, 24716-
(log e) 336 (3.83), 293 (3.85), 284 (3.88), 278 sh (3.87), 221 3 2 _3 ;  4c> 2471 6 -3 3 -4 ; 4c HC1, 24 7 1 6 -3 4 -5 ; 4 e , 24716-

(4 Arml.. Calcd for C i9H 18N2: C, 83.18; H, 6.61. Found: C, 3o‘ 6 i 4e HC1, 2 4 7 1 6 -3 6 -7 ; 4f, 24 7 1 6 -3 7 -8 ; 4f HC1,
83.34; H , 6 .37 . 24716-38-9 .

2-(2-Indol-3-ylethyl)-l,2,3,4-tetrahydroisoquinoline.— The
noncrystalline product from the alcohol wash was converted to a
picrate, 40 mg (15% ), mp 161-169°. Purified from alcohol it _ . .  .
melted at 170-173° (lit.4 mp 170-171°). I t  was converted to the B ip h e n y le n e  In s e r t io n  P r o d u c ts ,
base with lithium hydroxide and recovered from ether. After D ib e n z o se le n o p h e n e  a n d
recrystallization from alcohol, it melted at 118-120° (lit.4 mp
121-122°) D ip h e n y ld ib e n z o s ta n n o le

B. In Methanol-Water-Sodium Hydroxide. 2-(2-Indol-3- 
ylethyl)-l,2-dihydroisoquinoline (2a).— By the procedure de- J ames M. Gaidis
tailed for lb , 200 mg of la  was subjected to reduction in methano-
Hc sodium hydroxide I t  was consumed in 2 min The ether ^  ^  Chgmical c  Eastern Research Laboratory,
was distilled to a small volume and the residual solvent was re- W ayland, M assachusetts 01778
moved under reduced pressure. The crystalline residue was 
filtered from cold alcohol, 129 mg (83% ), vac mp 152-154°. A
second crop of 10 mg brought the total recovery of 2a to 89% . Received Ju ly  15, 1969

C. In Methanol-Water-Sodium Cyanide. 3-Cyano-2-(2-in-
dol-3 -ylethyl)-l,2 ,3 ,4 -tetrahydroisoquinoline (3a).—A. Sodium ^  con vertion al approach to the chem istry of bi-
borohydride 30 mg, was dissolved in a solution of 0.2 g of sodium , Y involving svnthesis and characterization  of 
cyanide in 0.3 ml of water. Methanol, 0.5 ml, was added and p cn y ic  °  , u , .
the solution was layered with 2 ml of ether, la, 200 mg, was ring-substituted derivatives, has revealed a w ealth of
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detail ab ou t this hyd rocarbon .1-3 U ntil recently, a  Unlike V I, the species represented by V II  and V II I
chem istry  directly involving the central ring w as both allow a 1,8-disubstituted biphenylene to yield
thought n ot to exist.4 T h e  unique feature of this a 1,5-disubstituted dibenzoselenophene. Likewise,
hydrocarbon, its strained four-m em bered ring, is only quenching V II  or V II I  could give a rearranged bi
now receiving a full m easure of a tten tio n .4-8

Som e observations we m ade are especially germ ane H  H  fO
to  the chem istry of the inner ring. If selenium and — V  N— . / x Z v  — V
biphenylene are refluxed together a t ca. 2 7 5 °  for 22 hr, ( C j ) — \ 0 /  [ O l _
dibenzoselenophene (I I )  is formed (1 4 %  based on s ta rt-  '— '  '— '  1
ing m aterials; ca. 7 5 %  recovery of biphenylene). R eac- VI VII VIII
tion for longer tim es leads to  extensive tarring  and
decreased yields of dibenzoselenophene (I I ) , apparently phenylene. T he observed fragm entation of I to pro-
b y  its further reaction  with the ring-opened diradical duce benzyne4 argues for the intervention of V II  or
I . V II I  if only as higher energy interm ediates.

a / T U X / z U X  se Experimental Section

\— /  >— /  The booling point of biphenylene was determined to be 275 ±
ii 5 °  by capillary microtechnique. Specified quantités of reagents
| in ordinary nmr tubes were heated at this tem perature for the

/— ; ;— y indicated times in an electrically heated aluminum block (Gallen-
( (  — ( (  kamp melting point apparatus).

_ v r L / V rV  J  Dibenzoselenophene (II).— Biphenylene (0 .001 mol, 0 .1 5 2  g)
j and selenium powder (0 .200  g, 2.5-fold excess) were refluxed for

22 h r. T he reaction mass was extracted  w ith T H F  (0 .148  g 
f f Y |  | ( n  recovered, mp 1 0 5 -1 1 0 °)  and examined by vpc, tic , and nm r. Re- 

tention tim e, R i values (ligroin, benzene), and nmr spectrum 18’1* 
° e were identical w ith those of authentic dibenzoselenophene. The
II product identification was confirmed by melting point and

m ixture melting point. The yield was 14%  based on starting  
(f V[ r? VI m aterials, and 7 5 %  biphenylene was recovered.

W hen a similar reaction was allowed to  proceed for 65 hr, 
y  n\̂  considerable darkening was noted, and T H F  extraction  yielded

Ph pj, only 60 mg of m aterial. The relative am ount of dibenzoseleno-
j j j  phene was now only 5 %  of the biphenylene present (integration

by n m r), and tic  showed the presence of four slower moving 
spots. E ven  when the reaction was allowed to  proceed for only 

R eaction  of (P h 2Sn)59 with biphenylene led to several 40 h r> extensive tarring occurred, 
new p ro d u ct, in low yield. T he q u an tity  of m aterial
available d id  not perm it isolation of the separate prod- were refluxed for 42 h r. The m aterial soluble in T H F  was ex-
u cts, but thin layer chrom atography showed a product tracted  and dried (0 .250  g ). T ic and nmr showed the presence
with the sam e R [  value as authentic diphenyldibenzo- of unreacted biphenylene (0.105 g by comparison with an added
stannole ( I I I ) 9’10 upon elution with each of 13 different reference). The extracted  prodirct was spotted on E astm an  chro-

i , mi , i  , -i m agram  bi(J2 tic sheets and devleoped with each of the 13 solvents
solvents. The m ass spectrum  of the product showed (see Table I).
peaks attrib u tab le to  I I I .  This m aterial is not present Vpc spectra likewise indicated the presence of III. On S E -30
in the pyrolysis products of (Ph2Sn)6 or P h 4Sn. Owing (3 ft  x  Vs in ., 2 5 0 °) , the T H F  extract showed a small peak
to lack of startin g  m aterials, optim um  conditions for i00, 0-5% of total) with the retention tim e (20 min) of the di-
this reaction were n ot determined. oréof °fng ^  T ®  ° w Î v  anc\ °n T - 1•T-.. , , . , . (12 f t  X  0 .2 5  in ., 250 ), the stannole peak (17 m m ) and six

B ip h e n y le n e  g a v e  n o  in s e r tio n  p r o d u c ts  u p o n  p y r o ly -  others were observed. There was only one other peak (which
sis with T e ,11 P h 3P ,12 or S 0 2 (1 a tm ), and m ost of the was of roughly equal size) within 5 min of the stannole peak on
biphenylene was recovered. Insertion of S 0 2 would either column. Diphenyldibenzostannole was not eluted from  a
have provided a route to dibenzothiophenes from  bi- caihowax column (12 ft X  0.25 in., 250°) after 45 min.
p h en y to es (the d irect route from  elem ent*! sulfur „  J
closed, only black ta r  is obtam ed ) .  for (III minus H )+ and (III minus phenyl)"1"; other peaks in-

R epresentation of the reactive interm ediate as I  is dicated the presence of Ph6Sn2+ and higher molecular weight
n ot intended to  distinguish between V I, V II , and V III . diphenyltin polymers.

Attempted Insertion of Triphenylphosphine.— Biphenylene
(1) K. Iqbal and R. c. Wilson, J .  Chem. Soc. C, 1690 (1967). (° -001 mol> ° ' 152 s )  and triphenylphsphine (0 .002  mol, 0 .5 4 2  g)
(2) A. J. Boulton, J. B. Chadwick, C. R. Harrison, and J. F. W. McOmie, were refluxed for 30 hr. A t the end of th at tim e, biphenylene

ibid., c ,  328 (1968), and earlier papers. (0 .13  g) was removed by sublimation, and the remaining product
(3) M. P. Cava and M. J. Mitchell, “Cyclobutadiene and Related Com- showed only PI13P  and a trace of PI13PO (identified by m ixture

pounds,” Academic Press, New York, N. Y., 1967, especially Chapters 10 melting point and mass spectrom etry).
and 11- Attempted Insertion of Tellurium.— Biphenylene (0 .001  mol,

S  r( ~ri?dT n andJ PT’ ^  Rabide\u’ J - 0r°- C hem 33’ 451 (1968>- 0 .152  g) and tellurium (0.0023 mol, 0 .2 8 4  g) were refluxed for(5) JJ. 1. Lmdow and L. Friedman, / .  Amer. Chem. Soc., 89, 1271 (1967). n o r .  /n____  , ni. m irn  • u -  n ove.. , - T, \ , r, . „ » .  2 8 h r . i  he reaction mass was extracted  with T H F , yielding 0 .2 7 6(6) J. K. Fawcett and J. Trotter, Acta Crystallogr., 20, 87 (1966). r m /• 1 ui i , » , „ , , ,  , , 6  ,
(7) H. P. Figeys, Chem. Commun., 495 (1967). S of T e (insoluble) and 0 .1 4 0  g of soluble product (biphenylene,
(8) A. J. Jones and D. M. Grant, ibid., 1670 (1968). mP 1 0 8 -1 1 0 ° ) . No new compounds could be detected in the
(9) Kindly supplied by F. Johnson of this laboratory. recovered biphenylene by tic  or nm r.
(10) F. Johnson, assigned to Dow Chemical Co., U. S. Patent 3,234,239 --------------------

(Feb 8, 1966). (13) N. M. Cullinane, N. M. E. Morgan, and C. A. S. Plummer, Rec.
(11) D. Hellwinkel and G, Faberback, Justus Liebigs Ann. Chem., 712, Trav. Chim. Pays-Bas, 66, 627 (1937).

1 (1968). (14) j. 1VI. Gaidis, Ph.D. Thesis, University of Wisconsin, June 1967,
(12) G. Wittig and A. Maercker, Chem. Ber., 97, 747 (1964). pp 128-129, 230.
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T able I 2 or 3 by the oxidation of a carbodiimide and the reverse
solvent ,— Rt, product— , Kg, in Resolution problem of removal of oxygen from a diaziridinone,

0 with conversion to a carbodiimide.
0 .1 6 ,0 .3 4  0 .1 6  oo Peracid Oxidation of Carbodiimide.— R e a ctio n  of di-

ch3 n r  , cy cloh exylcarb od iim id e w ith  ca rb o x y lic  acid s and h y -
( j T j "  0 .1 3 ,0 .4 0  0 .1 3  too drogen  p eroxid e (eq  1) o r w ith  a  carb o x y lic  acid  and a

p e rca rb o x y lic  acid  (eq  2 ) affords d iacy l p eroxid es in 
Ligroin (bp 60 -8 0 °) 0 .0 7 ,0 .1 5 ,0 .2 1 ,  0 .1 5  Good good yield . 3 R e a c tio n  of d icy clo h exy lcarb o d iim id e

0 .2 6 ,0 .4 1  with a peracid afforded the urea and diacyl peroxide in
CCl4 °'o44°(?590 31' ° ^  °° moderate yield along with a residue which could not
CC1jF-CC1F2 (Freon 113) 0 .2 0 , 0 .5 1  0 .2 0  Good be characterized (eq 3 ) .3

CH3 0 .6 2 -0 .7 9  0 .6 8  Partial 2RN CN R +  2 R 'C 0 2H +  H20 2 — *■
R 'C 0 2— 0 2C R ' +  2RNHCONHR (1)

0 .5 3 -0 .7 0  0 .5 8  Partial
2RN CN R +  R'CO aH +  R "C O sH — >

0 .4 5 -0 .6 9  0 .5 6  Partial R 'C 0 2 0 2C R " +  2RNHCONHR (2)

^  RN CN R +  R'COaH — >
CHCla 0 .7 0  0 .7 0  Poor R'COj— 0 2C R ' +  RNHCONHR +  “residue” (3)
(CH2C1)2 0 .5 8 -0 .6 8  0 .6 5  Poor
CH3CCI3 0 .6 4  0 .6 4  Poor , .  , , , . . .  . ,  , .  . , . ,
c  H 0 57_0 6g 0 59 p00r Use of a more hindered carbodiimide, di-E-butyicar-

6 q bodiimide, and m-chlorcperbenzoic acid in methylene
/  \  chloride has resulted in the isolation of di-i-butyldiaz-

CH2-CHCH3 0 6 2 -0 .7 8  0 .6 5  Poor iridinone (la ) in 20%  yield. The yield of la  was ap-

Attempted Insertion of S 0 2.— Biphenylene (0.001 mol, 0.151 g) CH3C6
was refluxed under a slow stream of SO2 for 41 hr. There was a ¿-Bu NCN ¿-Bu +  m-Cl C6H4CO3H ^ f a (^d%) (4)
slight gain in weight (0.001 g vs. the theoretical 0.064 g), and
the reaction product upon thin layer chromatography showed .
two new products in very low yield, but neither was the desired proximately uhe same when the reaction was carried 
sulfone, and the products were not characterized. out in a vigorously stirred two-phase system of meth-

Registry N o.— Biphenylene, 259-79-0; II, 244-95-1; yIene. chlonde and a phosphate buffer. When the
III 5381 63 5 reaction was carried out m carbon tetrachloride and

’ ’ monitored continuously by ir, diaziridinone bands
------------------------  (1880 cm -1) built up immediately.

The major possibilities for diaziridinone formation 
D iaziridinones. V .1 R ed u ctio n  by are summarize(j in Scheme I. The generation of car-

P h o sp h ite  to  C arbodiim ide an d  P eracid
O xidation  o f C arbodiim ide to  D iazirid in on elb Ssheme I

(R = ¿-butyl, Ar=m-ClCcH1)
F rederick D. Greene, W. R. Bergmark,

and J. F. Pazos RNCNR
+  ----------- ► [ArCCbH +  3)

Department o f  Chemistry, M assachusetts Institute o f  ArC03H
Technology, Cambridge, M assachusetts 02139  | \

Received August 28, 1969 T RNHC=NR 1 'V
I X

P rev io u s p ap ers h a v e  d escribed  th e  syn th esis  an d  0  — *  [ArCO.H +  2]
some reactions of diaziridinones ( l ) . la-2 Considera- ^__q q ^  I
tion of possible valence isomers 2 and 3 of 1 led to a ’
synthesis of 1 by reaction of RNO with R N C .la W e ArCO.H + 1
consider here the possibility of preparation of 1 v ia

q boxylic acid in the reactions of Scheme I and the greater
|| reactivity of R C 0 2H in comparison with R C 0 3H
C o o_ toward carbodiimide3 provide additional paths for

/ \  / \  T . .  .  reaction accounting for the complexities in eq 3 (R  =
R— N---- N— R R— N------C=N — R R—N = C = N  R cyclohexyl) and for the low yield of la  in eq 4.

1 2  3 Phosphite Reduction of Diaziridinone.— The possi-
la. R = i-butyl bility of formation of 1 v ia  2 or 3, indicated above and

’______  in the reaction of RNO with R N C ,lB raises the question
„ of the reversible formation of 2 or 3 from 1. Phenyl

(1) (a) P a r t  I V :  F . D .  G reene a n d  J . F . Pazos, J. Org. Chem., 34, 2269 . • u  * u  ^
(1969). (b) Financial support from the National Science Foundation (Grant lSOCVanate, & SpeCieS Which appears to trap a
No. G P -5527) is gratefully acknowledged.

(2) (a) F . D . G reene, J . C . S to w e ll, a nd  W . R . B e rg m a rk , J. Org. Chem., (3) F . D . G reene and  J . K a za n , ibid., 28, 2168 (1963).
34, 2254 (1969); (b ) F . D .  G reene, W . R . B e rg m a rk , a n d  J. G . P a c ific i, (4) R . F . H u d so n  “ S tru c tu re  a n d  M e c h a n is m  in  O rg a n o -P h o s p h o ru s
ibid., 34 2263 (1969). C h e m is try ,”  A ca dem ic  Press, N e w  Y o rk ,  N .  Y . ,  1965.
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m e d ia te  (con sid ered  to  be 3 ) in  th e  R N O  +  R N C  re a c - In this way, the mixture was thoroughly emulsified. The mix
t io n ,la does n o t re a c t  w ith  1 u n d er m o d e ra te  con ditions, ture was cooled to ° °  a“d di-t-butylcarbodiimide (1.06 g, 6.85

„„i.; ,i , , • , • r ■, . mmol) m 10 ml of CH2C12 was added over a period of 15 min.su g gestive  th a t  1 is n o t m  facile reversible  equilibrium  r™ .. • . ., , . .. . .. . , ,, .The reaction mixture was then stirred without the ice bath for
W ith 3 . In  view  OI th e  affinity  of phosp h oru s co m - another 25 min. The CH2C12 layer was separated, dried (K 2CO3),
p ou n d s fo r o x y g e n , 4 re a c tio n  w ith  1 w as exam in ed . and evaporated. The residue was trap-to-trap distilled affording

T riv a le n t p h osp h oru s com p ou n ds effect th e  d e o x y - 0.539 g. Analysis by glpc showed 2.27 mmol of carbodiimide and
g en atio n  of d i-f-bu tyld iazirid inon e ( la ) .  T rip h e n y l- l.OT_mjnol^of^diaziridinone la (24%  yield calculated from carbo-

phosphine re a c ts  w ith  la  to  give d i-f-b u tylcarb od iim id e "Reaction T fT a  with Triphenylphosphine.-A solution Of tri- 
(4 4 % )  an d  trip h en ylp h osp h in e oxide. R e a c tio n  of la  phenylphosphine (4.62 g, 17.6 mmol) and la  (3.0  g, 17.6 mmol)
w ith  tr ie th y l p h o sp h ite  affords d i-f-b u tylcarb od iim id e in 20 ml of benzene was heated at reflux for 37 hr. Filtration
(9 0 % )  an d  ¿-bu tyl iso cy a n a te  (4 % ) .  A n alysis a f te r  afforded 0.82 g of triphenylphosphine oxide, mp 156-158° (lit.9

K * «  i r edf“ nsidera“ y " T j  8(2 0 % ) .  I h e  buildup of iso cy a n a te  exclu d es th e  fo r- mmol, 45% ) and unchanged la (3.7 mmol, 20% ). Column 
m a tio n  of p h o sp h a te  an d  carb od iim id e b y  d ire c t o x y - chromatography of the filtrate afforded additional triphenyl-
gen  tra n sfe r  from  1 or 2  o r 3  to  th e  p hosp h ite . phosphine oxide [2.2  g, total (see above) 3.02 g, 10.6 mmol,

75%] and 0.66 g of unchanged triphenylphosphine (0.66 g, 2.5  
mmol, 14% ). A third component, eluted in low yield, could not 
be obtained in pure form.

0  Reaction of Di-f-butyldiaziridinone (la) with Triethyl Phos-
A phite.—A solution of 1.78 g (10.7 mmol) of triethyl phosphite

4- (EtO)3P — *■ RNCO +  (EtO^PNR and 1.05 g (6.20 mmol) of la 2 was sealed in a glass tube and heated
! ,5 j at 100° for 50 hr. The resulting solution was homogeneous, clear,
I and colorless. Analysis by ir showed no diaziridinone but ¿-butyl

RNCNR +  (EtO)3PO isocyanate (2250 cm -1) and carbodiimide (2095, 2115 cm -1).
Glpc analysis showed four components: ¿-butyl isocyanate,
triethyl phosphite, di-t-butylcarbodiimide, and triethyl phos-

__ , , ,  j, ,. r . , , phate10 with yields of 0.27 mmol (4 .4% ), 5.11 mmol, 5.64 mmol
T h e  resu lts  su ggest th e  fo rm atio n  of iso cy a n a te  an d  (91% ), and 6.4  mmol (100% ), respectively. The yields were

p nosp n m im id e by re a ctio n  of 1 (o r a  v a le n ce  isom er of 1) determined by internal standardization using two independent
w ith  p h osp h ite , u ltim a te ly  follow ed b y  th e  reco m b in a- standard solutions as checks. When 4.38 g (26.4 mmol) of
tio n  of iso cy a n a te  an d  phosphinim ide an d  fo rm a tio n  of of triethyl phosphite and 3.00 g (17.6 mmol) of la were sealed
p h o sp h ate  an d  carb od iim id e (e .g ., v ia  4 ) .5 T h e  p rep - in a tube and,h?ated at 1000 for l 0 h(> ? 6 % ° f the diaziridinone

r  ^ was consumed (by lr). The yields of the other products (glpc) 
were ¿-butyl isocyanate, 3.00 mmol (22 .4% ); di-l-butylcarbodi- 

NR 0  imide, 7.55 mmol (56 .5% ); triethyl phosphate, 8.15 mmol
A ll (60 .8% ); triethyl phosphite, 7.70 mmol (yields are based on the

/ n. diaziridinine consumed).

R— JN O R— N N— R In another experiment a solution of 2.92 g (17.6 mmol) of
\  /  \  /  triethyl phosphite and 3.00 g (17.6 mmol) of la  was heated at

E, P , 60-100°. At an early stage of the reaction the carbodiimide and
3 isocyanate bands were of about equal intensity; in the later

4  5 stages the intensity ratio heavily favored the carbodiimide.
Attempted Reaction of Sodium Diethyl ¿-Butylamidophosphate

- « » “ o f “ ' o - r o u n f - } £ *  — 3
G xi3, K  Gi) b y re a ctio n  OI I d s  w ith  RJN H C O N  H i t  methoxyethane (distilled from sodium and benzophenone ketyl), 
an d  its  th e rm a l d ecom p osition  to  R N C O  an d  R N P C I3 prepared61" from diethyl ¿-butylamidophosphate (Aldrich Chemical 
w ith  fu rth e r con version , in p a r t , to  R N C N R  an d  P O C I3 Co-) and sodium hydride as base, under dry nitrogen, was added 
h as been  described  6 O-50 g, 8.80 mmol) of la  in 10 ml of dimethoxyethane.

No change (ir) was observed after 1 hr at room temperature and 
„  . . _ . 6.5 hr at 75°. To ascertain the activity of the amidophosphate
Experimental Section anjon after this treatment, 0.20 ml (174 mg, 1.75 mmol) of ¿-butyl

Reaction of m-Chloroperbenzoic Acid with Di-l-butylcarbodi- isocyanate was added and the solution was heated at 75° for
imide.—The m-chloroperbenzoic acid was prepared by washing I® min.6b Complete conversion to di-l-butylcarbodiimide was
the commercial product with a phosphate buffer7 until it was clearly indicated by the complete disappearance of the 2250-cm~l
99%  pure by titration. To a solution of di-f-butylcarbodiimide6b's isocyanate band and the appearance of the characteristic 2100-
(2.02 g, 0.013 mol) in 40 ml of CH2C12 at - 1 5 °  was added a cm.~' doublet of di-l-butylcarbodiimide of appropriate intensity,
solution of m-chloroperbenzoic acid (2.26 g, 0.013 mol) in 30 T ?lis resulting mixture was heated an additional 40 hr at reflux
ml of CH2C12. The reaction mixture was stirred overnight and with no change detected.
allowed to come to 25°. The filtrate was evaporated and the Attempted Reaction of Phenyl Isocyanate with Di-f-butyldi- 
residue was trap-to-trap distilled. Glpc2 and ir analysis indicated aziridinone (la ).—Phenyl isocyanate (0.381 g, 3.204 mmol) and
a mixture of unchanged carbodiimide (2.2 mmol) and di^- di-1-butyldiaziridinone (0.422 g, 2.484 mmol) were mixed and an
butyldiaziridinone la (20%  based on carbodiimide consumed). aliquot was sealed in a capillary tube. The tube was heated to 

Reaction of Di-t-butylcarbodiimide with m-Chloroperbenzoic 100° for 5.5 hr. Comparison of ir before and after heating in- 
Acid in the Presence of a Buffered Solution.—A solution of 1.242 dicated no reaction had taken place, 
g (7.2 mmol) of m-chloroperbenzoic acid (98.4% ) in 30 ml of 
CH2C12 was vigorously stirred with 25 ml of a phosphate buffer
(1.28 M  in K 2HPO(, 0 .7  M  in K H 2PO<) by means of a vibrator. Registry N o .— la , 1 9 6 5 6 -7 4 -7 ; m -ch lorop erb en zoic
____________  acid , 9 3 7 -1 4 -4 ; d i-f-bu tylcarb od iim id e, 6 9 1 -2 4 -7 ; t r i -

e th y l phosphite, 1 2 2 -5 2 -1 .
(5) (a) J . J. M o n a g le , T .  W . C a m p b e ll, a n d  H , F . M cS h a n e , J r .,  J. Amer.

Chem. Soc.. 84, 4288 (1962); (b ) W . S. W a d s w o rth , J r,,  a nd  W . D .  E m m o n s,
J. Org. Chem.. 29 , 2816 (1964). (9 ) F .  C h a lle n g e r a nd  V. K .  W ilso n , J. Chem. Soc., 209 (1927).

(6) H .  U lr ic h  a n d  A . A . R . S a yigh , ibid., 30, 2779 (1965). (10) P re p a re d  b y  th e  m e th o d  o f A . J. B u rn  a n d  J . I .  G . C a dogan , Chem.
(7) N .  N .  S ch w a rtz  a nd  J . H . B lu m b e rg s , ibid., 29, 1976 (1964). Ind. (L o n d o n ), 736 (1963), b p  1 1 4 -11 9° (25 m m ) [D . P . E va n s , W . C .
(8) E . S c h m id t a n d  M .  Seefelder, Justus Liebigs Ann. Chem., 571, 83 D a v ie s , and  W . J . Jones, J. Chem. Soc., 1310 (1930), g ive  b p  215° (760

(1951). m m )].
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S y n th e s is  o f  2 ,3 '-B ip y r r o le . D e n itro s a tio n  zinc in acetic acid, we were able to obtain 2-(2,4-di-
in  th e  K n o r r  P y rro le  S y n th e s is 1 ethoxycarbonyl-5-m ethylpyrrol-3-yl)-3,5-dim ethyl-4-

e th o x y ca rb o n y lp y rro le  (4) in  a  low yield  (6 % ) .  I d -

Albert  J. Castro, D onald D. Giannini, and terestingly a number of years ago, Knorr and Lange7
W illiam F .  Gr een l ee2 reported obtaining better pyrrole yields in several

examples starring with aminoacetophenone hydro-
D epartnent o f Chemistry, San  J o s e  Slate College, San Jo s e ,  chloride instead of v ia  the in  s itu  reduction of nitroso-

C aliforn ia 95114. acetophenone, as in the usual procedure.
Because of the poor yield obtained in the otherwise 

Received October 2 7 ,1 9 6 9  successful Knorr synthesis of 4 we were led to investi
gate the possibility of improvement of these results

The 2,2'-bipyrrolylpyrrolylmethene metabolite, pro- through a better understanding of the influence of
digiosm, has been widely investigated as a possible reaction conditions on yield. W e have found, when the
antimicrobial agent and has shown some antifungal3 synthesis is attempted in a helium atmosphere instead
and antimalarial4 activity. In a consideration of the 0f the usual ambient laboratory conditions, that none
influence of structure on activity, it was of interest to 0f 4 is formed and instead the denitrosation8 product,
initiate a study directed at the synthesis and antimi- ethyl 3-oxo-3-(3,5-dimethyl-4-ethoxycarbonylpyrrol-2-
crobial evaluation of congeneric 2 ,3 '-bipyrrolylpyrrolyl- yl)propanoate (5), is obtained in a high yield (92% ).
methenes. In  this communication we describe the These surprising results prompted a similar comparison
synthesis of a 2,3'-bipyrrole and unexpected results in 0f the Knorr pyrrole synthesis with ethyl nitroso-
the frequently employed Knorr pyrrole synthesis. benzoylacetate (6) and ethyl acetoacetate. Again,

In contrast with the numerous syntheses of 2 ,2 '-  under ordinary laboratory conditions the expected
bipyrroles,5 only one synthesis of a 2,3'-bipyrrole has 2,4-diethoxycarbonyl-5-m ethyl-3-phenylpyrrole (7)
been reported.6 In this earlier work the condensation resulted, but, when the reaction was carried out in a
of ethyl 2-amino-3-oxo-3-(3,4-dim ethylpyrrol-2-yl)- helium atmosphere, ethyl cinnamate (8), the product
propanoate hydrochloride with ethyl acetoacetate (1) from denitrosation, reduction, and dehydration of
in the presence of sodium acetate and potassium acetate ethyl nitrosobenzoylacetate, was the major product, and
is described as yielding 2-(2-carboxy-4-ethoxycarbonyl- none of 7 was detected. Finally, the zinc dust in
5-metnylpyrrol-3-yl)-3,5-dimethylpyrrole. The con- acetic acid reduction of a mixture of ethyl nitrosoaceto-
densation in this case is seen to be accompanied by acetate (9) and ethyl acetoacetate is a standard proce-
hydrolysis of one of the ester groupings. An attem pt dure for the synthesis of 2,4-diethoxycarbonyl-3,5-
by us to extend this procedure to the reaction of ethyl dimethylpyrrole (K norr’s pyrrole 10).9 However,
2-amino-3-oxo-3-(3,5-dimethyl-4-ethoxycarbonylpvrrol- when ethyl nitrosoacetoacetate alone is treated with
2-yl)propanoate hydrochloride (2) and ethyl acetoace- zinc dust in acetic acid under conditions comparable to
tate was unsuccessful. Nevertheless, from the reaction those used in the standard synthetic procedure for 10,
of ethyl 2-nitroso-3-oxo-3-(3,5-dimethyl-4-ethoxycar- but employing an atmosphere of argon, K norr’s pyrrole
bonylpyrrol-2-yl)propanoate (3), ethyl acetoacetate, and (13% ) is formed directly reflecting denitrosation of

some of the starting nitroso derivative. Moreover, a 
EtQ c  Me C02Et small amount of the denitrosated product, ethyl

2 \ \—/  acetoacetate (3 .9% ), was also isolated from the reaction.
/ — Me Zn, h o a c  The importance of the atmosphere (presumably oxygen)

(l I ^ ^ on the success of the Knorr pyrrole synthesis in the
/  \  ¿H h examples reported herein is clear and it appears likely

Me 0  /  Et that this may be a general phenomenon. The experi-
1 3 2 mental evaluation of its scope and the role of the

m  TO F t a tm o sp h e re  is p lan n ed  fo r in v estig atio n .
e\__/  2 The nitrosation of ethyl 3-oxo-3-(3,5-dim ethyl-4-
/  \  ethoxycarbonylpyrrol-2-yl) propanoate (11) led to two

EtOC products in a ratio of ca . 1 :1 . These are evidently the
2 \_/  | oximino and nitroso derivatives,10 with the latter show-

t  H ing an ir absorption band a t 8.28 n  corresponding to a
Me^Xj^/^COjEt dimer.10d We were able to isolate the oximino deriva-

I tive in an analytically pure form. Upon standing in
H ethyl acetate, it isomerized to yield a mixture like

4  that initially obtained frcm the nitrosation reaction.

(1) W e  are  g ra te fu l fo r  a generous g ra n t fro m  th e  M e rc k  S h a rp  and  D o h m e
Research L a b o ra to rie s , D iv is io n  o f M e rc k  a nd  C o ., In c .,  w h ic h  was o f a id  (7) L .  K n o r r  and  H . Lange, Ber., 35, 2998 (1902).
in  th is  in v e s tig a tio n . W e  are  a lso pleased to  a ckno w ledg e  th e  h e lp  o f T .  (8) E . So lom on, U . S. P a te n t 2,591,735; Chem. Abstr., 46, 6800e (1952),
H a rd y , D .  M .  M o u ra d , a nd  L .  F . W e n d t w ith  c e rta in  phases o f th e  e x p e ri-  has described th e  s-.annous c h lo r id e  re d u c tio n  of 2 ,4 -d im e th y l-2 -n itro s o -3 -  
m e n ta l w o rk . oxopentane d im e r to  d iis o p ro p y l k e to n e  and  h yd ra z in e . A lso , see R . S.

(2) N a tio n a l Science F o u n d a tio n  U n d e rg ra d u a te  Research P a r t ic ip a n t .  P ra t t ,  U . S. P a te n t 2,683,078; Chem. Abstr., 48, 13179c (1954).
(3) A . J . C a s tro , G . R . G ale, G . E . M eans, a n d  G . T e r tz a k ia n , J. Med. (9) H . F ischer, “ O rga n ic  Syntheses,”  C o ll.  V o l. I I ,  J o h n  W ile y  &  Sons,

Chem., 10, 29 (1967). In c .,  N e w  Y o rk ,  N . Y „  1943, p 202.
(4) A . J . C a s tro , Nature, 213, 903 (1967). (10) C . S. Coe a nd  T . F . D o u m a n i, J. Amer. Chem. Soc., 70, 1516 (1948);
(5) F o r  a l is t  o f references, see A . E r m i l i  a n d  A . J. C a stro , J. Heterocycl. (b ) H . T .  J . C h ilto n  a n d  B . G . G ow en lock, J. Chem. Soc., 3232 (1953); (c)

Chem., 3 , 621 (1966). H .  T . J. C h ilto n  and  B . G . G ow en lock , ibid., 3174 (1954); (d ) E . M u lle r
(6) H . H o n d o  and  S. O hno, J. Pharm. Soc. Jap., 71 , 693 (1951); Chem. and  H .  M e tzg e r, Chem. Ber., 88, 185 (1955); (e) E . M u lle r ,  D . F ries, and

Abstr., 46, 8086a (1952). H .  M e tz g e r, ibid., 83, 1891 (1955).
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Experimental Section11 A nal. Caled for C2oH26N206: C, 61.52; H, 6 .71 ; N, 7 .17.

i^ eton es. Ethyl 3-oxo-3-(3,5-dimethyl-4-eth0xycarbonylpyr- 2,4-Diethoxycarbonyl-5-methyl-3-phenylpyrrole (7 ) .-E s s e n -
rol-2-yl)-propanoate(11) | and ethyl benzoylacetate1* were syn- tiall the procedure used for the synthesis of the bipyrrole was
thesized as described in the literature. The ethyl acetoacetate followed using 2 .2 g of ethyl nitrosobenzoylacetate, 1.3 g of
was a redistilled commercial product. ethyl acetoacetate, 30 ml of glacial acetic acid, and 2.0  g of zinc

Nitroso Ketones. The general procedure of Barltrop and co- dust. The reaction mixture was held at 100-110“ for 45 min in
workers14 using isoamyl nitrite and hydrogen chloride with the thig synthesis. The product, mp 124-126“, isolated directly
ketone was followed. A minor variation m the present work was from the reaction mixtur6) wei hed 2 .0 g (6 7 % ). A sample
the use of tetrahydrofuran as the so vent instead of ethyl ether recryStallized from cyclohexane-benzene and three times from
Ethyl nitrosoacetoacetate (9 (29-43% ) showed bp 122-125“ 95%  ethyl aloohol melted at 127.0 -1 2 8 .0 “ (lit.1* 117-119“).
(2.6—3.0 mm) n o  1.4562 (lit n  d L 4557); ethyl nitroso- A n al Caled for C ,,H 19N 0 5: C, 67.76; H, 6 .36 ; N , 4 .65 .
benzoylacetate (6), mp 119-120 (ht. *1 2 0 -1 2 1 “) Found; c  67 _87; H 6 .43; N 4 .5 9 .

The mtrosation of ethyl 3-oxo-3-(3 5-dimethyl-4-ethoxycar- Denitrosation of Nitroso Ketones, (a) Ethyl Nitrosoaceto- 
™  7 i r T t  (11i  led 0 f 1 (3)f m acetate (9).— Fifty grams of zinc dust was added portionwise

u A t  'm r n  vV w  which was found by to a stirred solution of 12 3 of the nitroso derivative in 200 ml
tic SilicAR TLC-7G , 5%  methanol-95% chloroform) to be a of glacial acetic acid. Durf  this period the temperature was 
ca. 1 :1  mixture of two components. When the slower moving held to a maximum of 70 “ and, after all of the zinc had been added, 
component was allowed to stand m ethyl acetate for 18 hr, it the mixture was stirred and refluxed {or j h r. xh e reaction
was found that two components having the same R , values as tem was maintained in an atmosphere of argon during the
those in the original mixture were again present. The isolation entire ation. The white solid th£t  separated, 2 .4  g (13% ),
of the component with the higher R , by fraction crystallization when the reaction mixture was poured into water, was shown to
was unsuccessful, but the component with the lower /if was be 2 ,4-dimethyl-3,5-diethoxycarbonylpyrrole (10) by its mp
obtained from ether m this way. The crystalline white solid 132_ 134o an£ a com ^ son  of its Lfrared spec-
melted at 146-148 dec. . _  ,, . x A ™ /A 7 r i i i f n  u  \t a  n  10 tt r n a trum with that ot an authentic sample. I  he aqueous phase fromA n al. Caled for CnHig^Oe: C, 54.18: Ii, 5 .84 : N, 9 .02. i „ x a + v a a- u• , xFn nd- P  y  no. tj k 7 0 . tnt o qc which 10 had separated was neutralized with sodium bicarbonate

m, x\  f  A * d  /  x* u a u  4* an d  e x tra c te d  w ith  e th e r . A fte r  d ry in g  th e  e x t r a c t  w ith  m ag-ih e lr (K Br) for the higher R( fraction showed absorption __•___lf . _ i ,1 , , . 51 A . 0 nn / t ATt j\ - ha 1 -a r • , n r nesium sulfate and evaporating the solvent, an oil remained,
bands at 2.99 (pyrrole NH) ^ 4  (side chain ester C = 0 ) ,  5 95 xhis was showtl b P analvf is (Carbowax 20M ) to contain 
ring ester C = 0 )  6.18 (keto C = 0 ) ,  8 28 m (nitroso dimer);™ ethyl acetoacetate (1) (3 .9 % ).'

the lower f t  fraction 2 J 7  (oximmo OH) 3 .07(p yrro le  N H ), (b) Ethyl Nitrosobenzoylacetate (6).- A  mixture of 1.1 g of
al  ̂ e? eF p __A , i7 nn^ es er )> • ( e o the n^j-ogo compound and 0.65 g of ethyl acetoacetate in 45 ml

l°xlalm0 —  >■ of glaciai acetic acid was treated with 15.3 of zinc dust as in the
Ethyl 2-Ammo-3-oxo-3-(3,5-dimethyl-4-ethoxycarbonylpyrrol- r,recedine exneriment However in this case the reaction mix2-yl)propanoate Hydrochloride (2).— A solution of 3.1 g of the Preceding experiment. However m this case the reaction mix

■ . ,  , , . j  , ,, „ 6 „ ;  ture was held at 70 for 10 min after addition of all of the zinc
mix me o ame rom e m rosa ion o e y ' ox° ‘ and was not heated further. Also, the reaction was conducted
o w 6 ?>. i 6 i ° ^ .car l >J rr01 cA  Pv°ua u°a t , i ln- ° -j11 °  ln an atmosphere of helium. The work-up was the same as in

^ lv o f  T - o n ,  hydrochloric acid was the above example and 0.76 g of an oil was obtained. Vpcanalysis
shaken with 0.3 g of o%  pallad,um-on-charcoal catalyst in an (dieth lene j j succinate) shawed the pregence of foP r con;
atmsophere of hydrogen (initial pressure 42 psig) m a Burgess- nent/  Ethyl cinnamate (8), the major component, and ethyl
P a «  hydrogenator Hydrogenation stopped with the uptake of acetoacetate were identified by “ spiking.”  The cinnamate ester
41%  of the amount of hydrogen calculated for the nitroso deriva-  ̂ i „ a • a a u • r •, • ... A o ___  i c , i , £ n , , . vi * j * . n was also isolated and identified by comparison of its it spectrum
tive. Removal of the catalyst followed by crystallization of the with that of an authentic samplJ
solid product from a mixture of absolute ethanol and ethyl ether, (c) Ethyl 2-Nitroso-3-oxo 3-(3,5-dimethyl-4-ethoxycarbonyl-
containing hydrogen chloride, gave the amine hydrochloride 2. o *• • /  .
ttt,__ u a a. a. a. j  j. Anno pyrrol-2-yl)propanoate (3).— The reaction was earned out as in
When heated this compound starts to decompose at ca. 188 . '„„Z  i - r n  r a o i  r + u i  + a +7 n^„A n  u  r<T\T n  ro xr c o c  at o î the above example using 5.0 g of 3, 2.1 g of ethyl acetoacetate,A nal, oaled for CUH21CIN2O5: C, o0.52: H, 6 .26; N, 8 .41 . inn i c 1 • , B j -.0 c r • j  . * x-Found* P  Q7 ■ FT 1Q- -nt q cq 100ml of glacial acetic acid, and 13.5 g of zinc dust. A reaction

9 a rnoihnnmarUnn i * ’ + u i i a 9 c a• temperaturd of 100-110° was used. The bulk of the solvent was
2-(2 ,4-Diethoxycarbonyl-5-methylpyrrol-3-yl)-3,5-dimethyl-4- evanorated at reduced nressur- the remaining acetic acid wasethoxycarbonylpyrrole (4).— Following the literature description evaporated at reduced pressun, the remaining acetic^acid was

fnr. _  i d  w  f - o  c xi. i neutralized with aqueous sodium bicarbonate, and the crudetor the synthesis of Knorr s pyrrole,9 a solution of o.O g of ethyl , . . ^  ̂ , xi. ^  ,o o o /o  x a- i i  i - .1 i i i o i n product was extracted with ethyl ether. Column enromatog-2-mtroso-3 - oxo - 3- (3,5 - dimethyl - 4 - ethoxy carbonylpyrrol-2 -yl)- , /a .r  A1o >7 xu i N 6
propanoate (11) and 2.1 g of ethyl acetoacetate in 100 ml of ™phy (SilicAR CC-7 ethyl acetate-hexane) yielded 4.17 g
glacial acetic acid was treated with 5.0 g of zinc dust. The (^ % ) ° f ethyl boxu-3- ^  ^
mixture was stirred and heated to 70 “ for 50 min, and the crude yDpropanoate d  ), mp 143 (lit.1* 140.5-142 ) having an ir
product was isolated as described in the literature reference. sPeotrum ,dentlcal wlth that of an authentic sample.
Column chromatography of the crude reaction product (SilicAR R e g istry  N o .__2 2 4 7 4 4 -7 1 -6 ' 3  2 4 7 4 4 -7 2 -7 ' 4
CC-7, ethyl acetate-hexane, 1 :1 ), decolorizationof the chromato- oat/M 7 9  a- 7  qhiu i q r . n oa t̂aa 7 t n  ’ ’
graph fraction with Norit in 95%  ethyl alcohol, and crystalliza- “ ' ‘ 6 ~°> /> 0 0 0 1  Id O, y , 2 4 /4 4 -fb -U .
tion from the same solvent gave 0.40 g (6% ) of the bipyrrole (18) S. C usm ano a nd  V . S prio , Gc.zz. Chim. Ital., 82, 567 (1952); Chem.
(4), mp 168 .0-168 .5“. The nmr spectrum for this compound Abstr., 48, 3960e (1954).

shows the following: ethyl CH3, 5 1.25 (pentuplet, relative in- __________________
tensity 9 ); ring CH3, 2 .04, 2.49, 2.53 (singlets, 3 each); ethyl

? ? A h ) 23 (multiplet’ 6 ); pyrrole N H ’ 8 '65 ’ 9 '91 (broad singlets’ S e le c t iv e  P h o t o c o u p l i n g  o f

------------------- P e r f lu o r o d ia c y l  F lu o r i d e s
( 1 1 ) M e lt in g  p o in ts  were d e te rm in e d  w ith  a F ishe r-Johns a p p a ra tu s  a n d

are u n co rre c te d ; i r  spectra, B e ckm a n  IR - 5 ;  n m r  s p e c tru m , V a ria n  H A -  R. A. M lT S C H , P. H. O G D E N , A N D  A. H. ST O SK O P F
100, in  C D C la  us in g  th e  T M S  lo c k  s ig n a l; v p c , M o d e l A -1 0 0 -C  a nd  A -700
A e rog rap hs, W ilk e n s  In s tru m e n t C o ., us ing  co lum ns fro m  th e  sam e com - „*1 t a „  xk rt * 7 ~n 1. t r  x -
p a n y. E le m e n ta l analyses are  b y  th e  B e rke le y  A n a ly t ic a l L a b o ra to ry .  Contribution N 0. 562 from  the Central Research Laboratories,

( 1 2 ) A . E r m il i ,  A . J. C a stro , a nd  P . A . W e s tfa ll,  J. Org. Chem.. 30, 399 C°., O t. Paul, M innesota 55119 
(1965).

(13) S. M . M c E lv a in  a nd  K .  H . W eber, Org. Syn.. 23, 35 (1943). Received October 15, 1969
(14) J. A . B a r ltro p , A . J. Johnson, a nd  C. D . M e a k in s , J. Chem. Soc., 18

18( 1 5 )9 M .  m . J o u ilie , s . N a s fa y , and  l . R y p s ta t ,  j . Org. chem.. s i ,  1 3 5 8  P h o t o l y s i s  o f  m o n o f u n c t i o n a l  p e r f l u o r o a c y l  f l u o r i d e s  

(1956). h a s  b e e n  d e s c r i b e d  a s  a  r o u t e  t o  n o n f u n c t i o n a l  f l u o r o -

i ’ ®1 ^ . o l® . f n d  A ' . A ' n ,aU’ B e r- 3 6 ’ 3612 0 9 0 3 ).  c a r b o n s 1 a n d  f l u o r o c a r b o n  e t h e r s . 2 H o w e v e r ,  i r r a d i a -
(17) R . M . S ilv e rs te in  and  G . C . Bassler, “ S p e c tro m e tr ic  Id e n t if ic a t io n  

o f O rg a n ic  C o m p o u n d s ,”  2 nd  ed, Jo h n  W ile y  &  Sons, In c .,  N e w  Y o rk ,  (1) J. F . H a rr is , J r .,  J. Org. Chem., 30, 2182 (1965).
N .  Y . ,  1967, p  97. (2) B r it is h  P a te n t 1,038,365; G e rm a n  P a te n t 1,249,247.
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Table I
P hotolysis of P erfluorodiacyl F luorides

C o n ve rs io n
D ia c y l f lu o r id e  P ro d u c t (y ie ld ,  % )

O FC (CF2)3CFO O FC (CF2),C F O  78 (62)
O FC (CF2),CFO O FC (CF2)i2CFO 76 (41)
OFCCF2C F2OCF2C F2CFO O FC (CF2C F2OCF2C F2)2CFO 72 (62)
O FC (CF2C F2OCF2C F2)2CFO OFCKCFiCFiOCFoCF^CFO* 53 (41)
OFCCF2OCF2CFO O FC (CF2OCF2)2CFO 52 (35)

° An 11%  yield of O FC (C F2)9CFO was also isolated. 6 Photolysis carried out at reduced pressure (100 mm).

tion of perfluoroglutaryl fluoride produced an insep- I t
arable, solid reaction product presumed to be a mixture U
of long-chain polyacyl fluorides.1 I t  is the object of I
this paper to describe a technique wherein fluorocarbon jj
diacyl fluorides are photolyzed under controlled condi
tions to produce good yields of higher molecular weight J
diacyl fluorides. As will be shown, further telomeriza- Tj
tion and other side reactions are substantially avoided
by controlling the residence time of the desired products fi-  />
in the photolysis zone. Since oxalyl fluoride is known v~7
to generate the fluoroformyl radical on photolysis, it is II
also important to remove the volatile by-products so - II 4—[ 1
that fluoroformyl radical recombination is minimized j V]_t '
and maximum photolytic efficiency maintained. V, I] j !

0  0  0  0  \  j !  |
11. ii II ji \  c s  !

2FC flfC F 2FCKi- +  2 -C F  | 8  IjJj

o  o  o o

F C (« ,)2(If  F ( !c F  \  P i n

These requirements can be achieved conveniently \ w
in a continuous process by utilizing the apparatus shown V R
in Figure 1 which relies upon differences in volatility L  H  bjr
between the starting materials and the products. The M  P
technique affords good yields of the desired products J
and is readily adaptable to the conversion of pound ^ '
quantities of starting diacyl fluorides. _  . . .

rnl . , ,  o  n i j -  i Figure 1.—Photodimerization reactor.
I  he p rocess con sists  of refluxin g a  flu orocarb on  d iacy l

fluoride, with or without a suitable codistilling solvent,
into the photoreactor zone where the liquid phase is fluoroformyl radical, the by-products of the reaction are
photolyzed and then returned to the flask. During the generally higher boiling materials which are probably
course of the reaction, the higher diacyl fluoride pro- branched and result from the addition of perfluoro-
duced, hereinafter referred to as “dimer,” is returned alkyl radicals to the oxygen of an acyl fluoride group.1,3
to the flask and remains therein while the starting m ate- 111 but one example, the reactions shown in Table 
rial continues to reflux and is recycled to the photolysis I were carried out at atmospheric pressure since the
chamber. In general, the residence time is determined volatilities of the starting fluorocarbon diacyl fluorides
empirically and the return tube leading from the photo- were sufficient to permit convenient vaporization,
lysis chamber to the Vigreux column is made with Since the photoreactor zone had a holdup volume of
appropriate dimensions to accomplish the desired resi- about 40 cc, codistilling inert fluorocarbon solvents were
dence time. I t  is necessary to increase gradually the used in reactions employing limited amounts of start-
temperature of the flask in order to ensure vaporization lnS materials. The use of fluorocarbon solvents m the
of the progressively decreasing amount of starting photodimerization of perfluorodiacyl fluorides resulted
material. Thus, the extent of reaction can be followed ln UP to 97%  conversions of starting material into
by monitoring the pot temperature or more exactly by dimerized products. The good conversions to the de
vapor phase chromatographic analysis of aliquots with- sired products and minimal amounts of higher homo-
drawn from the flask. The uncondensed by-products 1°§S attest to the effectiveness of using volatility dif-
of the reaction, primarily oxalyl fluoride and minor ferences to control residence time in the photo ysis
amounts of carbonyl fluoride and carbon dioxide, are zone.
removed effectively from the system by volatilization. I t  was difficult to achieve a satisfactory yie o

The conversions to linear, dimer products (50-80% ) O FC (C F 2O CF2)2CFO from the photolysis of O FC C F2-
indicate that the predominant reaction is radical-radical (3) The nature of the high bciling product8 has been s tu d ie d  in  d e ta il 

combination. Other than those derived from the a nd  w i l l  be  re p o rte d  in  a fo rth c o m in g  p a p e r b y  D r .  J . R . T h ro c k m o rto n .
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O C F2CFO because of condenser losses. The condenser boiling products remained in the flask. The process was con-
was required to return starting material (bp 38°) to the tinuously carried out in this manner at atmospheric pressure, the
system yet not condense oxalyl fluoride by-product (bp ^eating bath being maintained about 50° higher than the pot
no\ a  j* c - i i  v , • i i -j.1 ^  temperature to facilitate boiling. After the reaction was com-
6 ) .  batisiactory yields were obtained only with care- plete, the liquids in the flask and photoreactor were combined 
ful temperature control while employing four 15-watt, and separated by distillation.
low-pressure ultraviolet lamps rather than a 450-w att Photolysis of OFC(CF2)3C FO — A sample of perfluoroglutaryl
medium-pressure unit. A  low yield of O F C ( C F 2-  fluoride (236 g, 0 .97 mol) was placed in a 250-cc flask containing a

n , , , • , magnetic stirring bar and the flask attached to the photoreactor
O C F 2) 3C F O  was also obtained. as sshown in Figlfre x. A t refiux, the initial pot and head temper-

I t  was found convenient to carry out the photolysis atures were 48 and 43°, respectively. After 68 hr of photolysis,
of O F C ( C F 2C F 2O C F 2C F 2) 2C F O  under reduced pressure the pot temperature had risen to 109° and the head temperature
to effect adequate boil-up rates of the starting material. to 4®°- Distillation of the product mixture afforded 118 g (78%
The use of vacuum also facilitated the removal of the conversion, 62%  yield) of perilnorooctanedioyl fluoride, bp 70°
, , ... , , . i i n  (155 mm), identified by spectral comparisons with an authentic
low boiling uncondensed by-products, e . g oxalyl nuo- sample. Perfluoroundecanedioyl fluoride, amounting to 19.2 g
ride, and as a consequence, substantially reduced the (14%  conversion, 11%  yield), was obtained as a higher boiling
required photolysis time necessary to achieve good fraction, bp 89° (30 mm).
conversions. Conventional pressure-reducing means /nPh°tolysis °f OFC(CF2)6CFO.—-In this experiment, 110.4 g

» ,, , j  , (0.28 mol) of perfiuorooctanedioyl fluoride was photolyzed in a
were connected to the top of the condenser and, to similar m'aJ ,  The flask (6/ cc) was heated ovemight to
en su re a  sm o o th  o p eratio n  u n d er red u ced  p ressu re , a  maintain 110° material flowing through the photolysis chamber,
b a lla st o r v a c u u m  surge ch a m b e r w as in co rp o ra te d  When the pot temperature reached 170°, the reaction was
in to  th e  sy ste m . A v a c u u m  of 100 m m  w as ach iev ed  terminated and the contents of die flask and photolysis chamber
easily and although the boil-up rate was somewhat less wf +e c? mbmed/  . Distillation of the combined liquid yielded 50 g
j, . , ,  r  of starting material in the foreent [bp 70 (155 m m )], 15 g of an
than m  other reactions, the preparation of O F C ( C F 2-  intermediate cut, and 40 g (76%  conversion, 41%  yield) of the 
C F 2O C F 2C F 2) 4C F O  proceeded smoothly. desired perfluorotetradecanedioyl fluoride, O FC (CF2)i2CFO, bp

Two derivatives of the above diacyl fluoride were 110-113° (20 mm). The structure was confirmed by l9F  nuclear
also prepared in the course of this investigation. Reac- magnetic resonance and infrared spectroscopy.
■ • nr j  j  j -  - j  -n, Hydrolysis of the diacyl fluoride yielded perfluorotetradecane-
tion with ammonia m ether afforded the diamide. De- dioi(f  ^  H 0 2C(C F2)I2C 0 2H, a colorless solid, mp 185-188°
hydration of the diamide to the corresponding per- (lit.6 mp 191-193°).
flu oroeth er d in itrile  w as acco m p lish ed  b y  co a tin g  a n  A nal. Calcd for Ci4F 24H 20 4: C, 24.35; F , 66.1; H, 0 .3 ;

mol wt, 690; neutral equiv, 345. Found: C, 24 .5 ; F ,  64.9; 
NHi H, 0 .5 ; mol wt, 649; neutral equiv, 328.

O FC (CF2C F2OCF2C F2)4CFO — >  Photolysis of OFCCF2CF2OCF2CF2CFO.— Following the pro-
O O cedure outlined above, 1250 g (4.03 mol) of perfluorooxydipro-
y II PsO« pionyl fluoride,6 OFCCF2C F2OCF2C F2CFO, was heated in a

H2N C(C F2C F20 C F 2C F2)4CNH2 — >■ flask, previously purged with nitrogen, to maintain a steady
N = C (C F 2C F2OCF2C F2)4C = N  flow of condensate through the photolysis chamber. Reaction

was continued for 100 hr at which time the pot temperature was 
etheral solution of the diamide on P 2Os, evaporating 146.5° and the head temperature was 8 8 °. Distillation of the 
the ether and heating the resulting P 20 6-am ide mixture combined flask and photolysis chamber contents produced 78 g 
4 o o n o  it,, • u  c j - -a -i r ,, , , of unreacted starting material and 658 g (72%  conversion, 62.5%
to 2 2 °  . The yield of dimtnle for the two steps was yieW) of the desir{£  producti 0 FC (C F2C F2OCF2C F2)2CFO, bp
b 3 /o - 88° (100 mm). The structure was confirmed by 19F  nuclear

magnetic resonance and infrared and mass spectroscopy.
•p • , , n After reaction of the diacyl fluoride with excess methanol in the

P presence of sodium fluoride, distillation afforded the correspond-
Infrared spectra were measured on a Perkin-Elmer Model 21 *n§ dimethyl ester, CH30 2C (C F2CF20 C F 2C F2)2C 0 2CH3, bp 98

double beam instrument using NaCl plates. The vpc unit used (2 mm).
for monitoring the reactions was an F  & M Model 500 gas chroma- A nal. Calcd for Ci2Fi6Hs06: C, 26.1; F , 55.3. Found: G,
tograph employing a 12 ft X 8/s in. column packed with 33%  FS- 2 6 d ; f * 55 '3 ' _  _  _ _  „  %
1265 (fluorosilicone) on Chrome P . Nuclear magnetic resonance Photolysis of 0 FC(CF2CF2 0 CF2CF2)2CF0 . A sample of OFC- 
measurements were made with a Varian V-4300-2 instrument (CF2CF2OCF2C F2)2CFO (167.7 g, 0.318 mol) was placed in the
operating at 40.0 Me and utilizing an internal standard of CFCh reactor shown in Figure 1. The apparatus was modified by
for the determination of chemical shifts. The values reported in connecting a 1-1. ballast or surge chamber to the top of the con-
Table II are 4>* values4 at a dilution of 10-25% . Trifluoroacetic denser through vacuum tubing in order to carry out the process
acid is 0 *7 6 .5  on this scale. under a reduced pressure (100 mm). The flask was heated to

Diacyl fluoride starting materials were prepared from the cor- about 90 and the head temperature was maintained at about
responding diacyl chlorides by treatment with potassium fluoride. 79°- During 5 hr of photolysis, the pot temperature was raised

General Photolysis Procedure.— All of the reactions were to about 190° to maintain constant boil-up. The liquid con-
carried out in essentially the same manner, using the apparatus tents of the flask and photolysis chamber were combined and dis-
shown in Figure 1 or larger variations thereof. tilled to yield 40.4 g (in three fractions) of the starting material

The perfluorodiacyl fluoride starting material was heated with and 61 -5 S (53%  conversion, 41%  yield) of the desired product,
magnetic stirring in the flask until it refluxed vigorously through O FC (CF2CF2OCF2C F2)4CFO, bp 87—90 (0.9 mm). The
the Vigreux column. The vapors were condensed in the upright structure was confirmed by 19F  nuclear magnetic_ resonance, in-
condenser and dripped into the photoreactor zone. The photo- frared and mass spectroscopy and elemental analysis,
reactor consisted of a water-cooled T 60—50 jointed quartz immer- A n al. Calcd for C^F^O,-;: C, 22 .6 ; F , 67.4. Found: C,
sion cell (20 X 80 X 2 mm), a photolysis chamber with a hold-up 22.7; F , 67.0.
volume of about 40 cc, a wound 36 in. length of V s  in. polytetra- Reaction of the diacyl fluoride (191 g, 0.199 mol) with excess 
fluoroethylene cord placed as a distributor in the top of the cell, ammonia in diethyl ether afforded 161 g (85% ) of the diamide
and a Hanovia 450-watt ultraviolet immersion lamp. Aluminum after filtration to remove NH4F  and evaporation of the ether
foil was wrapped around the reactor to act as a reflector. The filtrate,
photolyzed reaction mixture was carried from the bottom of the -------------------
photoreactor into the Vigreux column from which the unreacted (5) I. L. Knunyants, C. Y. Li, and V. V. Shokina, Izv. Akad. Nauk
starting material was vaporized and recycled while the higher SSSR, Otd. Khim. Nauk, 1462 (1961).
--------------------------  (6) B r i t is h  P a te n t 858,671; V . Y a  K a z a k o v , R . A . D z e rz h in s k o y a , V . I .

(4) G . F il ip o v ic h  a n d  G . V . D . T ie rs , J .  Phys. Chem., 63, 761 (1959). T s im b a lis t ,  a n d  E . A . S h ish k in , Zh. 0 rshch. Khim., 36, 1807 (1966).
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T able II
19F  N uclear M agnetic R esonance Spectra

F o rm u la  R e g is try  no. Grroup 4,*
a b

O FCCF2C F2CF2CFO 678-78-4  CFO - 2 4 .1
C F2 (a) 118.2

» b C F2 (b) 123.7
OF CC F2(C F2)4C F2CFO 24647-09-4  CFO - 2 4 . 2

C F2 (a) 118.1
a b c C F2 (b) 122.1

OFCCF2CF2(CF2)6CF2CF2CFO 24647-10-7 CFO - 2 4 .0
C F 2 (a) 118.4
C F2 (b) 122.4

a b o C F2 (c) 121 .7
H 0 2CC F2C F2(C F2)6C F2C F2C 0 2H 24647—11—8 C F2 (a) 118 .8

C F2 (b) 122.6
a b 0 CF2 ( c) 121.6

OFCCF2CF2 (CF2 )8CF2CF2CFO 24647-12-9 CFO - 2 4 .0
C F2 (a) 118.6
C F2 (b) 122.7

a b c CF2 (c) 121.9
H02CCF2CF2(CF2)8CF2CF2C02H 2822-93-7 CF2 (a) 119.2

C F2 (b) 122 .9
a b C F2 (c) 121 .8

OFCCF2CF2OCF2C F2CFO 1428-40-6 CFO - 2 3 . 6
C F2 (a) 121.6

a b 0 d C F2 (b) 8 5 .7
(OFCCF2C F2OCF2C F2)2 24647-14-1 CFO - 2 3 . 6

C F2 (a) 121.5
C F2 (b) 8 6 .0
C F2 (c) 8 3 .3

a b C d CF2(d) 125.9
(CH30 2CCF2C F20 C F 2C F2)2 24689-55-2 C F2 (a) 122.2

CF2 (b) 8 5 .7
C F2 (c) 8 3 .3

a b c d C F2 (d) 125.9
0 F C C F 2C F20 [C F 2C F2C F2C F20 ] 3CF2C F2C F 0  24647-15-2  CFO - 2 3 . 6

C F2 (a) 121.2
C F2 (b) 8 5 .4
C F2 (c) 8 3 .0
C F2 (d) 125 .5

o  o
II a b c d ||

H2NC CF2CF20(C F 2CF2CF2CF20 ) 3CF2CF2CNH2 24647-16-3 CF2 (a) 122.7
CF2 (b) 8 5 .0
C F2 (c) 83 .2

,  b c d C F2 (d) 126 .0
N CCF2C F20 (C F 2C F2C F2CF20 ) 3C F2C F2CN 23790-63-8  C F2 (a) 109.0

C F2 (b) 8 7 .3
C F2 (c) 8 3 .5
C F j(d ) 126 .0

O FCCF2OCF2CFO 21297-64-3  CFO - 1 3 . 3
a b CF2 76.7

OFCCF2OCF2CF2OCF2CFO 24647-19-6 CFO - 1 3 . 3
C F2 (a) 7 7 .0

a b C F2 (b) 8 8 .2
CH30 2CCF2OCF2CF2OCF2C 0 2CH3 24647-20-9 C F2 (a) 7 7 .9

a b c C F2 (b) 8 8 .8
(0 F C C F 20 C F 2C F2)20  24689-56-3  CFO - 1 3 . 2

C F2 (a) 7 7 .2
C F2 (b) 8 8 .5
CF2 (c) 8 8 .8

The diamide (161 g, 0.169 mol) was dissolved in 500 cc of ether 408 g of perfluorotributylamine solvent was photolyzed following
and poured onto 100 g of P 20 3. The slurry was dried in a rotat- the general procedure outlined above, using a 1-1. flask and re-
ing evaporator and heated to 220° for 2 hr. Upon application duced pressure (100 mm). The initial pot and head tempera-
of a vacuum to the flask, the colorless liquid dinitrile distilled tures were 97 and 91°, respectively. After 54 hr of photolysis,
into the collection flask. Redistillation afforded 144.5 g (75% ) the temperatures had risen to 136 and 113°, respectively. Dis-
of N = C (C F 2C F2OCF2C F2)4C = N , bp 125° (10 mm). The in- filiation of the combined flask and photolysis chamber contents
frared spectrum shows the nitrile absorption at 4.42 /u. produced a forecut containing unreacted starting material and

Photolysis of OFC(CF2CF2OCF2CF2)2CFO in Solvent—A solvent and a 413.2 g fraction (48.1%  yield) of the desired
mixture of 944 g (1.79 mol) of O FC (CF2C F2OCF2C F2)2CFO and product, O FC (CF2C F2OCF2CF2)4CFO.
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Photolysis of OFCCF2OCF2CFO.’—A mixture of 390 g (1.85 I n  an attempt at developing a  new synthetic route to 
mol) of perfluorooxydiacetyl fluoride, bp 38°, and 2197 g of this system, we have found that a  tetrahydrofuran so- 
FC-788 were photolyzed in a larger unit than that described , n . , , .  j .  , t v  i - j  /0 \ a - .v ,v
above. Ultraviolet light was supplied by four 15-watt low- lutlon of llthium diphenylphosphlde (2) reacts With the
pressure mercury lamps (2537 A ). The reactor temperature dimethyl and diethyl acetals of chloroacetaldehyde (3)
was maintained at about 30° during the 10 days of the run. to give the corresponding acetal of diphenylphosphino-
The yield of O FC (CF2OCF2)2CFO, bp 82°, was 101 g (52%  con- acetaldehyde (4 ) (eq 1).
version).

Reaction of the diacyl fluoride with methanol at 0° in the . THF
presence of excess sodium fluoride produced the corresponding Ph2PLi +  C1CH2C H (0 R )2 >■ Ph2PCH 2CH(OR)2 +  LiCl (1)
dimethyl ester, CH30 2C (C F20 C F 2)2C 0 2CH3, bp 123.5° (50 2 3 4
mm). R  =  Me E t

A n al. Calcd for C8F 8H60 6: C, 27 .5 ; F ,  43 .5 ; H, 1 .7;
mol wt, 350. Found: C, 27.5; F , 43 .6 ; H, 1 .8 ; mol wt, 339 Upon reaction of 4  with hydrogen bromide in boiling 
(in acetone). glacial acetic acid, the new 2,5-dialkoxy-l,4-diphos-

A cknow ledgm ent.—The authors wish to express their phoniacyclohexane dibromide (5) could be isolated
gratitude to Dr. J. J. McBrady for infrared and 19F nmr (ecl 2)- 
spectra, to M. S. Kulver for mass spectra, and to Mr.
P. B. Olson for elemental analysis. ph ph f

XT \  /  H
(7 ) T h e  a u th o rs  are  in d e b te d  to  D r .  W . B . Isaacson a n d  D r .  S. T .  T in g  •

fo r  c a r ry in g  o u t th is  e x p e rim e n t in  a w ip e d -film  p h o to re a o to r. T h e  de- 2Ph PCH CH(OR) ____ ► p 2 Br~
s c r ip tio n  o f th is  new  p h o to re a c to r  has been p u b lis h e d  in  Ind. Eng. Chem., 2 2 2 HOAc
Fundam., 9 , 171 (1970). 4

(8) A  p e rflu o ro c a rb o n  in e r t  l iq u id ,  b p  5 0 -5 2 ° , so ld  b y  th e  3 M  C o m p a n y , /
S t.  P a u l, M in n .  |_ Ph Ph

__________________  5 (2)

R =  Me, Et
The Synthesis of

2,5-Dialkoxy-l,4-diphosphoniaeyclohexane Salts1 No mono- (6) or di- (la) unsaturated heterocycles
were isolated.

K eith  C. H ansen2 and Connie H. W right

"  Ph Ph 1 2+ [  Ph Ph T +
Department o f  Chemistry, L am ar State College o f  j j  N ? /

Technology, Beaumont, Texas 77705 2B r_  |j |j 2Br~

Adam M . A guiar, Cary J . M orrow,3 /  Y  n  /  Y ,
AND R . M . T urkel L Ph Ph J L Ph Ph J

6 la
Department o f  Chemistry, Newcomb College,

Tulane University, New Orleans, Lou isiana  70118 It is surprising that under these conditions no l a  is
isolated since this could occur via the aldehyde, the acet- 

N orman S. B hacca ylene, or even the dealcoholization of 5. Dealcoholiza
tion of isolated 5 to la  was attempted employing boron 

Department o f  Chemistry, Lou isiana  State trifluoride etherate with no success. At present the
University, Baton Rouge, Lou isiana  70803 stability of 5 to Lewis acids is not clear. It may in

volve interaction of the unshared pair of electrons on the 
Received. Ju n e  26, 1969 oxygen with the positive phosphorus.

A new organophosphorus heterocycle, 1,4-diphos- The possibility that the compound which we have des- 
phoniacyclohexadiene-2,5 (1), of both theoretical and ignated 5b is actually the hemiacetal phosphine hydro-
biological interest has been reported recently.4“9

rH% / \ / r  M  /ohT,ApXh 2X" N«
L R ^  Ml J  7

1
--------------- bromide (7) has been eliminated by ir spectrophoto-

(1 ) T a k e n  in  p a r t  f ro m  th e  d is s e rta tio n  o f K .  C . H ansen, T u la n e  U n i-  metry. The ir Spectrum of 5b Contains no band between
™ i 906I v „ , -r , tt • ■, i oes , ofiT 2000 and 2500 cm-1. It has been shown that phosphine(2) N A S A  F e llo w  a t  T u la n e  U n iv e rs ity ,  1964-1967. . f

(3) n a s a  F e llo w , 1 9 6 6-1 967 ; n d e a  F e llo w , 1 9 6 7-1 969 ; n s f  F e llo w , hydrobromides exhibit a fairly intense peak in this re-
1969- 1970. gion.6 Furthermore, there was no change in the nmr

a967)guiar’ K' C' Hansen’ and G' S' Reddy' Amer' Chem' S0C" spectrum of a CDC13 solution of 5b upon treatment with
(5) A . M .  A g u ia r  a n d  K .  C . H ansen, ibid., 89, 4235 (1967). D20 . It is known that the proton of a phosphine hy-
(6) a . m . A g u ia r , j. r. s. ire ia n ,  g . w. P re je a n , j . p. Jo h n , and c. j . drobromide undergoes rapid exchange with D20  under

M o rro w , J. Org. Chem., 34, 2681 (1969). , . .  . 6
(7) A . M .  A g u ia r , J . R . Ire ia n ,  C . J. M o rro w , J . P . Jo h n , a n d  G . W . t h e s e  C o n d i t i o n s .

P re je a n , ibid.. 34, 2684 (1969). The structure of compound 5b was unequivocally
jd 34 4024 0̂9*69) °' W' Preiea"' J' R' S' Irelan’ C’ J' M°rr°w’ determined with the aid of its 100-MHz spectrum. The 

(9) r . M a je s te  a nd  l. m . T re fo n a s , j . Heterocyd. Chem.. 6,269 (1969). complex downfield nmr pattern centered at i.90 ppm
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• I
(g) Solvent: TFA j

\c> (f)Ph Ph , , 100 MHz spectrum
H jj  \  /  (e)  (b) ! : |

(g) H 3C ^ \  H  (c) j ;

H/( d ) H - c  + r H(d)c  (a) | ‘ I

^  Ph P h (f) H ! i

h i  (g) (c) i

\ \  ^  ♦
. I (e) v t V \ N

iN  T - i A | f i
8.00 7.50 6.06 4.50 4.08 3.67 3.02 •SB

PPM from T M 5

Figure 1.

representing 20 protons is ascribed to the hydrogen Experimental Section
atoms of the four phenyl rings. The (6 H) triplet a t Diphenylphosphinoacetaldehyde Dimethyl Acetal (4a).— 
5 =  0.58 and the almost identical (4 H) multiplets a t Lithium diphenvlphosphide (made from 0.1 mol of diphenyl-
5 =  3.02 and 3.67 are assigned to the methyl and non- phosphinous chloride and excess lithium) in tetrahydrofuran
equivalent methylene protons, respectively, of the (T H F) was added slowly to a stirred T H F solution of 12.5 g 

j. /-i r> i /-i r  mi • i r (0.1 mol) of chloroacetaldehyde dimethyl acetal. An immediate,
ethoxy groups at C-2 and C-5. The nonequivalence of mildly exotherm:c reaction ensued with the decolorization of the
the methylene protons and the unusually high-field lithium diphenylphosphide. The reaction mixture was stirred 
chemical shift of the methyl protons is attributed to the for 0.5 hr at room temperature. The T H F was stripped off at 
anisotropic effects of the phenyl groups located on the reduced pressure and the residue was vacuum distilled yielding
phosphorus atoms. The slightly broadened doublet 20^  g (74% ) of a colorless liquid, bp 138-139° (0^2 mm).

tt \ r i i i . /rv tt \ x ?  a rvo /i i i j  n  • <i Nmr data for this compound, obtained in ODCI3 solution at
(16 Hz) of doublets (9 Hz) a t 5 — 4.08 (labeled D in the 60 m jjz , were in good accord with this structure, 
nmr spectrum) and a doubled (5 Hz) triplet (16 Hz) at
S =  4.50 (labeled E ) representing two protons each are _ _ ^
assigned to the two nonequivalent methylene hydrogen complex _________■■ ~ ___________
atoms at C-3 and C-6. The 16-Hz splitting in the two pattern pj- J  = o Hz -7 = 6 Hz OCH
resonances is due to the mutual geminal coupling be- centered ' 2  T(jj  ̂ " -TT-W3 25)
tween the two protons. The other large couplings of 9 at 7.25 /  ^2 42) (4 25)\)CH
and 16 Hz observed in the D and E  resonances, respec
tively, are due to the spin interactions of the two pro- _  , , , . . , ,, . ,  , . ., , , , . . ,. , , ml The above phosphine was characterized as the oxide by treat-
tons with the phosphorus nuclei in the molecule. he m entof an acetone solution with 3%  hydrogen peroxide. Evapo-
small splittings of approximately 1.0 and 5.0 Hz present ration of the acetone yielded an oil which crystallized upon drying,
in the D and E  absorptions are caused by the coupling mp 111° (from cyclohexane). The ir spectrum showed strong 
of these two protons with the vicinal methine protons at phosphoryl absorption at 1180 a i r 1.
n n  j  n  -  u - u  + „„„ lr,K„l„n A n al. Calcd for C16H 19O3P : C , 66.20; H , 6 .0 0 ; P , 10.68.C-2 and C-o, which resonate at 5 =  6.06 and are labeled _  , „ ec „  “ „ D in ’

’ , , , ,  , , Found: C , 66.3o; H , b.63; F ,  10.o3.
F  in the spectrum. This was confirmed when the broad The nmr spe;trum 0f this compound, obtained in CDCb
doublet (20 Hz) of doublets (5 Hz) at 5 =  6.06 was ir- solution at 60 MHz, was in good accord with this structure,
radiated in the frequency sweep mode of the 100-MHz
spectrometer and the decoupled resonances of D and E  J  =  5.5 Hz
at 5 =  4.08 and 4.50, respectively, were examined (see complex /  -  ~ ~ '
Figure 1). The magnitude of these spin couplings pattern pj,^ ^ — -—s /OCH,
designated an equatorial orientation for F . The large aT? 55 CH^(3.22)
coupling of 20 Hz observed in the resonance at 5 =  6.06 Ph 0  (2-68) (4.86) OGH:l
is due to the spin interaction of H -2 and H-5 with those
of the phosphorus nuclei. B y  analogy, the proton The phosphine was further characterized as the benzyl bromide 
labeled E  is assigned an equatorial configuration from salt by reaction at room temperature with 1 equiv of benzyl 

the magnitude of the PH  coupling (16 Hz) seen in the ® ’ “ P
resonance at 5 =  4.50. This assignment is in harmony A naL  Calcd for C23H 26B r0 2P : C, 62.06; H, 5 .84 . Calcd for 
with the observation that equatorial protons usually C23H26B r0 2P  H20 ;  C, 59.65; H , 6 .04 . Found: C, 60.00,
resonate downfield from their geminal axial neighbors. 59.97; H , 6 .06, 5 .92.
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Nmr data for this compound, obtained in CDCI3 solution at 60 The nmr data for this compound, obtained in CDCI3 solution
M Hz, were in good accord with this structure. at 60 MHz, were in good accord with this structure.

J  =  5.5 Hz __________ J  =  5.5 Hz_________  J  =  7.0 Hz

COmpleX pn f J  =  13.0 Hz "  J  =5.5 Hz 1 _  comPlex Ph. f J  =  12-5 Hz J  =  5.5 Hz ]  OCH— CH3
pattern -------- ■---------- , , --------------------- ,  /0CH3 pattern V ---------------------T . , .
centered R r - -----------------CH2— ------------- CH (3.25) centered ^ ----------------CH  nonequivalent
at 7.7 P i /  (3-73) ( 4 . 3 8 ) ^  at 7.7 * *  ^

J  =  15 H z '"  CH,------------------------ Ph j  _  145 H z / > p  H ______________Ph (a56> a -00>
(4.78) (7.15 broad signal) (7.10 broad signal)

2 ,5-Dimethoxy-1,1,4,4-tetraphenyl-1,4-diphosphoniacyclohex- 2 ,5-Diethoxy-l, 1,4,4-tetraphenyldiphosphonia-l,4-cyclohexane
ane Dibromide (5a).— Diphenylphosphinoacetaldehyde dimethyl Dibromide (5b).— Diphenylphosphinoacetaldehyde diethyl ace- 
acetal (12.0 g, 0.047 mol) was dissolved in 200 ml of glacial acetic t 8l (20 g, 0.066 mol) was dissolved in 150 ml of glacial acetic 
acid and this solution was brought to reflux. Hydrogen bromide ac'd and hydrogen bromide was passed slowly through the solu-
was then passed slowly through the refluxing solution for 1 hr. b ° n at reflux for 2 hr and the solution allowed to stand at room
The acetic acid was stripped off under reduced pressure and the temperature for 12 hr. The acetic acid was stripped off at re
residue was triturated with acetone yielding 9.1 g (50% ) of a duced pressure and the residue was triturated with acetone yield-
white solid, mp 208-210° dec (from acetonitrile-methanol). ing 13.5 g (61% ) of 5b,mp 208-210° (fromacetonitrile-methanol).

A n al. Calcdfor C3oH32B r20 2P 4: C, 55.77; H , 4 .95 ; B r, 24.70. A n al. Calcd for C32H36Br20 2P2-H20 : C , 55 .49 ; H .5 .4 9 ;  
Calcd for C3oH32Br20 2P<-H20 : C, 54.26; H , 5 .12 ; B r, 24.06. B r, 23.12. Found: C, 55.61; H , 5 .68 ; B r, 23.16.
Found: C, 53.66; H , 4 .94 ; B r, 24.50. The infrared spectrum of a potassium bromide disk of 5b

The dibromide was' converted into a dipicrate by the meta- showed absorptions at 6 .98, 9 .00, and 10.04 n which are typical
thetical reaction with sodium picrate in methanol yielding a of aryl phosphonium salts. Strong absorption was also observed
yellow solid, mp 160° (from acetonitrile). Sodium fusion of a at 9.40 y assigned to a carbon-to-oxygen single bond stretching
sample of the picrate gave a negative analysis for bromine. frequency.

A n al. Calcd for C, 53.53; H , 3 .82 ; N , 8 .91. Picrate of 5b.— A sample of 5b in methanol was mixed with
Found: C, 52.56, 53 .3 ; H , 3 .39 , 3 .89 ; N, 8 .72 , 8 .88 . an aqueous solution of sodium picrate and the immediate pre-

Diphenylphosphinoacetaldehyde Diethyl Acetal (4b).— A tetra- cipitation of a yellow solid resulted, mp 182-183° dec (from aceto-
hydrofuran solution of 0.1 mol of lithium diphenylphosphide was nitrile).
added slowly with stirring over a period of 30 min to a solution A n al. Calcd for C«H 40NeOieP2: C, 54.43; H , 4 .12 ; N , 8 .65 ; 
of 15.3 g (0.1 mol) of chloroacetaldehyde diethyl acetal (Aldrich) B r, 0 .00 . Found: C, 53.91; H , 3 .73 ; N , 8 .01 ; B r, 0 .00. 
in 100 ml of tetrahydrofuran. The reaction was not very exo- Fluoroborate Salt of 5b.— A warm aqueous solution of 5b and 
thermic and rather slow. The reaction mixture was stirred for an aqueous solution of sodium fluoroborate were mixed and a 
30 min at room temperature. The tetrahydrofuran was stripped white solid immediately precipitated, mp 260-262° (from ethyl 
off and the residue was vacuum distilled, yielding 20.8 g (69% ) acetate-methanol). The nmr spectrum of a trifluoroacetic acid 
of 4b, bp 163-165° (1.5 mm). solution of the fluoroborate salt was identical with that of the

The infrared spectrum of a chloroform solution of 4b showed bromide, 
no phosphoryl absorption between 8.0 and 9 .0  y. _  . . - T . „„ _ . , . „„

The nmr data for this compound, obtained in CDCI3 solution Registry No. 4a, 24744-62-5, 4a (oxide), 24744-63- 
at 60 M Hz, were in good accord with this structure. 6 ; 4a (benzyl bromide salt), 24744-64-7; 4b, 24744-65-

8 ; 4b (oxide), 24744-66-9: 4b (benzyl bromide salt), 
J  =  5.5 Hz J  =  7.0 Hz 24744-67-0; 5a, 24744-68-1; 5a (dipicrate), 24744-69-2;

, --------------------------------------  n riT ^ T H  5b» 24744-70-5; 5b (picrate), 24799-52-8; 5b (fluoro-
Cr° " / ! . e/ p h . w  <7 — 0 Hz J  — 6.0Hz j  / /  CH3 b o ra te )> 24806-55-1.

centered / P 5 /  -C H  nonequivalent Acknowledgment.— We wish to acknowledge the

a t 7 '25 ’ ’ uCH2— CH3 National Science Foundation for Grant GP-7117, the
centered (1.10) National Institutes of Health for Grant G M  A I 16828,
at (3.50) the Petroleum Research Fund administered by the

American Chemical Society for Grant 2326-Al,4, 
The above phosphine was characterized as the oxide by reaction an(J th e  Robert A. Welch Foundation Grant V  314 

of an acetone solution with 3%  hydrogen peroxide in acetone. / j  , T7- ^  u  \ r i
An exothermic reaction was noted, and evaporation of the solvent (made to K - C. H.) for supporting this work, 
yielded a white crystalline solid, mp 101° (from hexane-cyclo
hexane).

A n al. Calcd for C 13TI23O3P : C, 67 .92 ; H , 7 .23 ; P , 9 .74 . lq_  . .  ,  .
Found: C , 67.83; H , 7 .01 ; P , 9 .59 . F  N u c le a r  M a g n e tic  R e s o n a n c e

The nmr spectrum of this compound, obtained in CDCl, S p e c tr a  o f  S o m e  T rif lu o ro a c e ta n ilid e s
solution at 60 M Hz, was m  good accord with this structure.

H. W . J ohnson, J r ., and Y . I wata1
J  =  5.5 Hz J  =  7.0 Hz

complex ^  \ '— — '
nnttpvn nu J  =  110 Hz J  =  55  Hz OCH2----- CH3 Department o f  Chemistry, University o f  C alifornia,
pauern Ph ----------X--------- fZ. /  f  Riverside, C alifornia 92502
centered P ------------------- CH~ CH nonequivalent

a t/.5 5  pb q (2.73) ^ ^ "^ O C H ___CH Received November 3 ,1 9 6 9

(3.50) (0.97)
We have become interested in the transmission of 

The phosphine was further characterized as the benzylphos- electronic activation effects through the amide link
phonium bromide by reaction with excess benzyl bromide in from groups attached to the nitrogen atom to a reac-
benzene at reflux fo ri hr. The solid precipitate was recrystallized tive site on a carbon atom attached to the carbonyl
from ethyl acetate-methanol, mp 199-201°.

A n al. Calcd for C2sH3oBr02l>- C, 63 .42 ; H , 6 .34 ; B r, 16.91; (1) NDEA Fellow, 1967-1968. Support from the Research Committee
P , 6 .55 . Found: C, 63.56; H , 6 .48 ; B r, 17.12; P , 6 .53 . of the University of California is gratefully acknowledged.
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g ro u p .2 In  ad d itio n  to  th e  s tu d y  of ra te  effects, i t  w as acetan ilid es is su b sta n tia lly  low er th a n  th a t  rep o rted
th o u g h t d esirable to  exam in e n on k in etic  m e a su rem en ts  fro m  re a c tio n  k in e tics ,2 P re su m a b ly  th is  difference
of electro n ic  effects in th e  am ides. reflects  grou nd  s ta te  vs. tra n sitio n  s ta te  sen sitiv ity  to

E ig h t 4 -su b stitu te d  triflu o roacetan ilid es w ere p re - su b stitu e n t changes, 
p ared  b y  re a c tio n  of th e  aniline w ith  triflu o ro acetic
an h yd rid e. T h e  ch em ical sh ift of th e  fluorine re so n an ce  Experimental Section
w as m easu red  in  te tra h y d ro fu ra n  so lv en t (5 %  con cern  _  . . . .  , .
tra tio n ) . t  ¡H U  M H z  w ith  trif lu o ro acetic  acid  as e x - “ " = 5
te m a l  s ta n d a rd . Proton nmr spectra showed the usual pair of doublets ( J ab S= 9

T h e  re su lts  a re  show n in  T a b le  I . T h e  to ta l  sp read  Hz) for the aromatic protons in a para-disubstituted benzene,
and infrared spectra were consistent with the acetanilide struc- 
ture. Melting point data fellow: 4 ' substituent (reported melt- 

T able 1 ing point, deg): -O CH 3, 113.5-114 (U 2 .5 -1 1 5 );8 -CH„, 110-
19F  Chemical Shift of 4 -X -T rifluoroacetanilides 111 (111-112);8 -H , 88-89 (88 .5-90);8 -C l, 123-124 (123-

Chemical 124.5);8 - B r ,9 125.5-126; - C 0 2C2H5,9 127.5-128.5; -CO C U 3,9
4 substituent Registry no. a shift8 160.5—161; 'SO.. 151.5—152.5 (151.5—153).8

OCH3 332-34-3 —0 78 110 5 Nmr spectra were measured in a Varian Associates HR
,-itt 850-96-9 —0 31 107 3 spectrometer at 56.4 Me at instrument temperature 35°; the

3 404.94  0 0 1 0 ' 4 instrument was equipped with the Varian superstabilizer.
£“ "u u iuo' Frequency measurements were made by the audio side-band

24568-11-4 0 .1 5  104 .3  technique. Trifluoroacetic acid was used as the external standard
Cl 404-25-1 0 .1 1  104 .0  and the trifluoroacetanilides were 2.1 X  10-2 M  solutions in
COCH3 24568-13-6 0 .5 0  104 .2  analytical reagent grade anhydrous tetrahydrofuran. The
C 0 2C2H 5 24568-14-7 0 .4 8  103 .0  chemical shift of p-nitrotrifluoroacetanilide was measured as a
NO. 404-27-3 0 .7 9  100 .7  function of concentration from 20 to 5%  in T H F; the fluorine

“ Reference 5. 8 In Hz upfield from external trifluoroacetic resonance position changed 1 Hz in this concentration range, 
acid, 0.021 M  in tetrahydrofuran, 56.4 MHz. I n ®om® determinations p-mtrotrifluoroacetanihde was used as an

internal standard; no appreciable difference between the internal 
and external standards was noted. Reproducibility (at least 

of ch em ical shifts is less th a n  0 .2  p p m . T h is  v a lu e  three measurements on each compound and ten measurements on 
, , , , , , , r u a 0 0  the p-mtro derivative) was ± 0 .2  Hz.

should be co n tra s te d  w ith  th e  ran g e  of a b o u t 2 0  p p m  ___ ________
ob tain ed  b y  G u to w sk y 3 an d  T a f t 4 for su b stitu te d  fluoro- (8> E- J - Bourne, S. H. Henry, C. E. M. Tatlow, and J. C. Tatlow, J

benzenes an d  th e  ran g e  of a b o u t 2  p p m  o b tain ed  fo r C"™'slTisf let oty mi ̂ analysis ± 0.3%) for this compound for c , h , and
b enzotriflu orides.3 N o  m e a su rem en ts  h a v e  b een  re - N were obtained from C. F. Geiger, 312 Yale St., Ontario, Calif. Melting
p o rte d  fo r triflu o roacetop h en o n es. T h e  p re se n t re - points are uncorrected and were measured with a Thomas Unitemp bath.

suits in d ica te  a  v e ry  su b sta n tia l com p ression  of th e  __________________
ch em ical sh ift ran ge in  going from  fluorobenzenes to
triflu oroacetan ilid es. W ith in  th is  n arro w  ran ge, h ow - S t u d ie s  o n  t h e  A n t i m i c r o b i a l  S u b s t a n c e s  o f
ever, th e  19F  ch em ical shifts of th e  acetan ilid es c o rre la te  S p o n g e s . I V . la'b S t r u c t u r e  o f  a
w ell w ith  B ro w n ’s <j + su b stitu e n t c o n sta n ts .6 T h e  . .
ch em ical shift fo r 4 -a ce ty ltriflu o ro a ce ta n ilid e  is sub- B r o m i n e - C o n t a i n i n g  C o m p o u n d  f r o m  a
sta n tia lly  rem o v ed  fro m  th e  b est line, an d  th e  v a lu e  fo r M a r i n e  S p o n g e
th e  4 -eh loro  com p ou n d  show s m in o r d e v ia tio n ; th ese
d eviation s h a v e  th e ir  p arallels  in  m e a su rem en ts  in  th e  G. M. S h a r m a , B. Vig,2 a n d  P. R. B u r k h o l d e r

flu orob enzen es.3 p fo r th is  se t of d a ta  m a y  be defined;
p =  (a  — a o ) /(a 0o-+) ,  w h ere  a  is th e  ch em ical shift o f Lam ont-Doherty Geological Observatory, Columbia University,
su b stitu te d  com p ou n d  in  H z upfield from  e x te rn a l tr i -  P alisades, New York 10964
flu oroacetic  acid , a 0 is th e  ch em ical shift of triflu o ro- _  . , T ,nrtn

. i , , • * 1 -ii ,1 Received January 27, 1970
acetan ilid e, an d  a + is th e  co n sta n t a sso cia ted  w ith  th e
su b stitu e n t.5 T h e  v alu e  o b tain ed  is —0 .0 5 8  ±  0 .0 0 3 , . . -  . , . , , , ,
n o t including th e  a c e ty l v a lu e , o r - 0 . 0 5 4  ±  0 .0 0 6 , in - F r o “  a  m arin e sponge V e r o n g ia  f i s t u l a n s  an d  re la te d  

i j - .i . i  i sp ecies3 w e isolated  fo u r com p ou n d s: A , m p 1 9 5  ;
eluding th e  a c e ty l  v a lu e . . B m p  1 9 1 ° ;  C , m p  1 3 2 c ; a n d  D , m p  1 3 7 ° . T h e s t r u c -

I t  is c le a r  th a t  w ith in  th e  sm all ran ge of ch em ical > 1 ’ . 1 ’ , . 1 , n _ 0 ,
shifts rep o rted  a  n on in d u ctive  su b stitu e n t effect is tu re  a n d  syn th esis  of com p ou n d  A, m p  1 9 5  , h au m g  a
being o l ie r v e d . S e v e ra l e x p lan atio n s su ch  a s  reso- b ro a d  a n tjb a c te n a l s p e c tru m , w as re p o rte d  m  a  re c e n t

s S7 , . j ___ tbn p a p e r . 4 A  com p arison  of th e  lr , n m r, an d  m ass s p e c tra
n ance * o r p o larizab ility  could  a d e q u a te ly  exp lain  th e  . . .  , , . . ,  tt . ,  . , , . r o

L J  J  a rpi a- ■ PA „reh .ciol „f of com p ou n d  C , m o lecu lar fo rm u la  G29H 50O, m p 1 3 2  ,ob served  d a ta . T h e  efficiency of tran sm ission  of e lec- F „„ _  . . .  ., t  .1
, . «. a - al iqtw , • , , -c, f a m U  20d - 3 8 . 7 ,  w ith  th o se  of fl-sitosterol5 rev ealed  th e m
tro m c effects in  th e  19F  n m r ch e m ica l shifts of triflu o ro- } r

to  be id en tical.
(2) H. W. Johnson, Jr„ and M. Schweizer, J .  Org. Chem., 26, 3666 (1961): NOW We Wish to  re p o rt th e  evid en ce  lead in g to  StrUC-

H. W. Johnson, Jr., E. Ngo, R. C. Stafford, and Y. Iwata, Abstracts, 158th ,  fQr com p ou n d  B , m p 1 9 1 ° . T h is  Com pound WaS

^e^t°^69±Noi.il()RiGNh3i^ IJi.r^wnJohnson,aju,°Ee N̂gô eand^v^A.^Pena', an aly zed  fo r C ;„H13N 0 4B r 2 a n d  show ed in frared  b and s
J. Org. Chem., 34, 3271 (1969).

(3) H. S. Gutowsky, D. W. McCall, B. R. McGarvey, and L. H. Meyer, (1) (a) For part III in this series, see G. M. Sharma. B. Vig, and P. R.
J .  Amer. Chem. Soc., 74, 4809 (1952). Burkholder, Trans. Drugs Sea Symp., J .  Ocean Technol., 119 (1968); (b)

(4) R. W. Taft, ibid., 79, 1045 (1956); R. W. Taft, E. Price, I. R. Fox, Lamont-Doherty Geological Observatory Contribution No. 1479.
I. C. Lewis, K. K.’ Andersen, and G. T. Davis, ibid., 86, 3146 (1963). (2) Postdoctoral research associate, 1967-1969.

(5) Y. Okamoto and H. C. Brown, J .  Org. Chem., 22, 285 (1957). (3) G. M. Sharma and P. R. Burkholder, J .  Antibiot. (Tokyo), Ser. A, 20,
(6) L. Pauling, “The Nature of the Chemical Bond,” 3rd ed, Cornell 200 (1967).

University Press, Ithaca, N. Y„ 1960, p 281. (4) G. M. Sharma and P. R. Burkholder, Tetrahedron Lett., 4147 (1967)
(7) P. Haake, W. B. Miller, and T. A. Tyssee, J .  Amer. Chem. Soc., 86, (5) A pure sample of /3-sitosterol was provided by Professor Maxwell S.

3577 (1964). Doty, University of Hawaii.
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H3co  oCH3 Hydrolysis of B  with sulfuric acid in ethanol pro-
Br Br duced three compounds having mp 195°, 192°, and

| I ‘ 121°. The compound with mp 195° was confirmed to
HaSÔ  be dienone 2  by comparison with an authentic sample. 4

^ 2?  ^H Eton> The other two products with mp 192° and 121° were
¿ _ q assigned structures 3 and 4, respectively, on the basis of
j spectral data. Further confirmation of these struc-

H2N tures was obtained by their direct synthesis. Com-
I pounds 3 and 4  were synthesized by treating 4-hydroxy-

0  q O 3,5-dibromophenyl acetic acid 5a and its ethyl ester 5b
| !j | with nitric acid . 46  I t  was later discovered th at B

__ Br Br— f S i — Br Br— [ f | i — Br could be quantitatively converted into 2 by heating
I I  U  with 70%  acetic acid for 2 hr. Form ation of dienone

H +  h c r ^ O H  4 - h2C/ X s ‘OH 2  from the compound B  on acid hydrolysis supports the
2 1 2 1 | assignment of structure 1  for the latter.
0 = 0  C = 0  C = 0  On catalytic hydrogenation 1 absorbed 5.5 mol of
| I I hydrogen to furnish a mixture of products from which

HN HO OC2H5 only one compound, mp 137°, could be obtained in an
2  3  4  analytically pure state. On the basis of spectroscopic

qH evidence (ir, nmr, and mass spectra) we have assigned
1 structure 6  for this compound.

Br— ( , * 1— Br
l  J  OCH3

hnq3) R - O C H s T

EiC\ Q Q
T ' oh  T

I h2c  ch2
RO | !

5a R = H c ° N H 2 CONH,
bi R = C2H5 6 7

" O "I 0
| II Since the total hydrogenation product showed aro-

Br— ( i | i — Br Br— 1| | ] — Br m atic absorption in the uv at 275 and 285 m/x, the pres-
I I J I  hoh I I J  ence of the expected product p-methoxyphenylacetam-

H h,C'/̂ ><s OH ide 7 in the mixture wTas indicated, but this compound
‘ j could not be isolated in the pure state.
C = 0  C = 0  The nuclear magnetic resonance spectrum 7 of B  is
1 1 fully in accord with the proposed structure 1. In  the

- R 0  -* R 0  nmr spectrum of the dienone 2  and of its acetyl deriva-
0  tive 8, the protons attached to the amide nitrogen were

|i || found to resonate4 a t ca . 2 .97 ppm instead of the ex-
Br_ f/ UvN— Br Br  Br pected values of 8  to 5 ppm. The marked excess shield-

11 I) | \ ing of the amide protons in 2  and 8  may be explained on
„  q/ X q i? H C r v f H  the basis of the folded conformation 9. In this con-

’ i X  'I
1 H3C | c — NHo

h2n  h3co  /  ,,
o in H2C ,__
8 ' Y > 0

R < y \ s s /
> B r

(K B r) a t 3420, 3375, 3315, 1698, 1640 cm -1 , indicating 9

the presence of hydroxyl group, amide function, and
double bonds. The mass spectrum of this compound formation, the amide group will not only be in the
exhibited three weak molecular ion peaks a t m / e  3 7 3 , shielding zone of the dienone ring but m ay also be pre-
371, 369, in the relative intensity ratio of 1 : 2 : 1 , con- vented from making intermolecular hydrogen bonds,
firming the presence of two bromine atoms and the Both these effects acting in concert may shift the amide
molecular weight corresponding to the formula stated resonance to the observed high-field position,
above. Other prominent ions containing two bromine The amide group in the acetate of 1 also exhibits the
atoms occurred at m / e  3 4 2 ,3 4 0 ,3 3 8  (M  -  OCH3) ; 324, unusual chemical shift (3.25 ppm) although no dienone
322, 320 [(M -  OCH3) -  H 20 ] ;  315, 313, 311 (M  -  58, moiety is present. I t  would seem, therefore, that the
loss of CHjjCONHj). The presence of two methoxyl acetoxy group may also play a significant role in the
groups in the molecule was confirmed by functional group shielding of the amide protons. Single crystal X -ray
anaiysis Formation of a mono-O-acetyl derivative (6) e . M u lle r ,  a . s h ic k , a nd  k . ScheSier, Chem. Ber., 9 2 , 4 7 4  ( 1 9 5 9 ) .

indicated the presence of a single hydroxyl group. (7) S p e c tra l d a ta  are recorded in  th e  E x p e rim e n ta l S e ction .
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diffraction analyses of these compounds are being per- removed under reduced pressure, and the residue crystallized
formed to check the validity of the above interpreta- from water to afford pure 5a (10 g): mp 195-196°; uv max
tions. (MeOH) 282 mM (« 2700) and 287 (2600); ir (K B r) 3350 (broad

. , ,  , „ . , , - OH), 1650 cm -1 (—C = 0 ) ;  nmr 8 9 (broad OH), 7.5 (s, 2 H
As jhe compounds 1 and 2 were isolated from the aromatic protons), and 3.64 (s, 2 H , CH2— C = 0 ) .

sponge b y  e x tra c tio n  w ith  m eth an o l, th e  p ossib ility  w as A n al. Calcd for C8H60 3Br2: C, 30.96; H , 1 .93 ; Br, 51.61. 
con sid ered  th a t  th e  fo rm er com p ou n d  m ig h t h a v e  b een  Found: C, 31.01; H, 2 .1 ; B r, 51.53.
obtained from the latter during isolation procedure Preparation of Ethyl 4-Hydroxy-3,5-dibromophenylacetate
H ow ev er, failu re  to  c o n v e rt 2 in to  1 b y  re a c tin g  w ith  f * * *  W&S prepar! d by refltuxingt (Kusi^g Dear! anc|, r i i ^ ® btark apparatus to remove water) a mixture of 5a (2 g), ethanol
methanol under various conditions supports the view (50 ml), benzene (125 ml), and concentrated sulfuric acid (0.5 
that 1 is indeed a naturally occurring compound. R e- ml) for 8 hr. The reaction mixture was cooled and diluted with
action of 2 with methyl orthoformate also failed to water. The benzene layer was washed with sodium carbonate
produce the acetal 1. solution, dried, and evaporated to give ester 4, 1.98 g 196%).

Two crystallizations from hexane gave an analytical sample, mp 
105°.

Experimental Section A n a l .  Calcd for CioHi0OsBr2: C ,3 3 .9 0 ; H , 2 .80 ; B r, 45.19.
Found: C, 38.81; H, 2 .90; B r, 45.33.

Melting points were determined on a Fisher-Johns melting Synthesis of Dienones 3 and 4.— A mixture of concentrated 
point apparatus. Ultraviolet spectra were determined on a nitric acid and glacial acetic acid (1 :9  v /v )  was cooled to 10° 
Beckman Model DK2A recording spectrophotometer and infra- and used for the syntheses of dienones 3 and 4 as described 
red spectra on a Model 337 Perkin-Elmer spectrophotometer; below.
nuclear magnetic resonance spectra were determined on a Yarian A measured volume (2.1 ml) of the nitric acid-acetic acid 
A-60A spectrometer in deuterated acetone (unless otherwise mixture was added to a stirred solution of 5a (330 mg) in glacial
stated) using tetramethylsilane as internal standard. Micro- acetic acid (3 ml) at 10°. After stirring for 3 hr, the nitric
analyses were performed by Alfred Bernhardt Mikroanalytisches acid was neutralized by adding sodium bicarbonate (600 mg),
Laboratorium im Max-Planck-Institut fur Kohlenforschung, 433 and the solvent was stripped off the reaction mixture under
Mulheim (Ruhr), West Germany. reduced pressure. The residue was suspended in water (10 ml)

Isolation of 1 .— The isolation of 1 from sponge Verongia and extracted with ethyl acetate. The ethyl acetate extract
Jistularis has been described in a previous paper.3 The molecular was dried and evaporated to give a brown residue (250 mg),
formula CioH15NChBr2 reported in that publication is now re- Chromatography of this material on silica gel and elution with 
vised to CioHiaNOiBri on the basis of more accurate combustion ether-benzene mixture (1 :4 )  gave pure dienone 3 (180 mg),
analysis of a sample prepared by crystallizing three times from Crystallization from ethyl acetate gave a white solid: mp 195-
ethyl acetate to afford colorless prisms: mp 191°; ir (K B r) 196°; uv max (MeOH) 255 npi (« 8600); ir (Nujol) 3475 (OH),
3420, 3375, 3315, 1698 (amide C==0), 1640 cm “1; nmr 8 6.75 1700 (carboxylic C = 0 ) ,  1670, 1600 cm -1 (dienone C = 0 ) ;
(a singlet over a very broad amide resonance, 4 H, amide and nmr 5 7.6 (s, 2 H, olefinic protons), 6.0 (broad, 2 H, exchanges
olefinic protons, after addition of D20 ,  2 II), 5.75 (s, 1 H, OH), with D20 ) ,  and 2.88 (s, 2 H, -C H 2— C 0 2H ).
3.04 and 3.06 (two singlets, 6 H , two OCH3), and 2.56 (s, 2 H , A nal. Calcd for C8H60 43 r 2: C, 29 .4 ; H, 1.84; N r, 49.08. 
CH2— CQNH2). Found: C, 29.61; H, 1.98; B r, 49.38.

A nal. Calcd for Ci0Hi3NO4Br2: C, 32.34; H, 3 .5 ; N, 3 .77 ; The dienone 4 was synthesized in 76%  yield by reacting 5b 
Br, 43.12; OCH3, 16.71. Found: C, 32.18; H, 3 .65; N , 3 .79 ; with nitric acid-acetic acid mixture in the manner described 
OCH3, 16.54. above. The ethyl acetate extract was evaporated to give a

Acetylation of 1.— Acetic anhydride (0.5 ml) was added to a residue which was crystallized from hexane to afford pure 4 
solution of 1 (100 mg) in anhydrous pyridine. After 12 hr at 20°, as colorless needles: mp 121°; uv max (MeOH) 253 mju (e 8632);
the reaction mixture was worked up to give, after three crystal- ir (Nujol) 3460 (OH), 1720 (ester C = 0 ) ,  and 1680 cm -1 (dienone
lizations from ethyl acetate, fine colorless needles (60 mg): C = 0 ) ;  nmr (CDC13) 5 7.42 (s, 2 H, olefinic protons), 4.24 (quar-
mp 184°; ir (K Br) 3460 (NH2 of amide group), 1720 (ester tet, 2 H, O— CH2 CH3), 2.78 (s, 2 H, CH2— C = 0 ) ,  and 1.28 (t,
C = 0 ) ,  and 1698 cm -1 (amide C = 0 ) ;  nmr 8 7.1 (s, 2 H, olefinic 3 H , O— CH2-CH3).
protons), 3.15 and 3.25 (two singlets, 8 H , two OCH3 and A nal. Calcd for CioHioOiBr2: C, 33.9; H, 2 .82; B r, 45.19. 
CONH2, after addition of D20 ,  6 H ), 2.92 (s, 2 H, CH2— CO), Found: C, 33.81; H, 2 .90; B r, 45.33.
and 2.05 (s, 3 H, CH3COO). Actually the CONH2 resonance Catalytic Hydrogenation of 1 .— A mixture of 1 (556 mg),
was found to shift between 2.95 and 3.2 ppm. sodium acetate (400 mg), and 10%  Pd-C  (80 mg) in methanol

Hydrolysis of 1 with Sulfuric Acid.— To a solution of 1 (1.05 (50 ml) was hydrogenated. After 1.5 hr the absorption of the
g) in ethanol (10.0 ml) was added 10%  sulfuric acid (40 ml), hydrogen had stopped and approximately 5 mol equiv of hydro-
and the reaction mixture was heated on a boiling water bath for gen had been consumed. The reaction mixture was filtered and
1 hr. The solution was cooled and 6 ml of 28%  ammonium evaporated to give a white residue. W ater was added to the
hydroxide solution was added. Approximately half the solvent residue and the aqueous suspension was extracted with ethyl
was removed under reduced pressure and the remaining solution acetate. The ethyl acetate extract was dried and evaporated
was extracted three times with ethyl acetate. The ethyl acetate to give a mixture (280 mg) which could not be separated into
extract after drying and evaporation gave a semisolid residue its components by column chromatography or preparative tic.
(800 mg) which was chromatographed over silica gel. Continu- Since the total hydrogenation product showed uv absorption
ous elution with ether-benzene mixture ratio (1 :4 )  first gave the at 275 and 285 my., the presence of p-methoxyphenylacetamide
ester 4 (38 mg, mp 121°) and then the acid 3 (295 mg, mp 195- 7 was indicated.
196°). The structure of these compounds was established by The hydrogenation product was heated with benzene (4 ml)
synthesis from ethyl 4-hydroxy-3,5-dibromophenylaeetate 5b and the insoluble material was collected by suction. The in- 
and the corresponding acid 5a. Elemental analysis and spectral soluble compound was crystallized four times from ethyl acetate
data are given later (Synthesis of Dienones 3 and 4). to give 6 (25 mg): mp 137°; uv max (MeOH) only end absorp-

Further eluting the column with ethyl acetate gave dienone tion; ir (K Br) 3525, 3310 (OH, CONH2), 3000, 2950 (methyl- 
2 , mp 195°, identical with authentic4 2 . enes), and 1675 cm -1 (amide C = 0 ) ;  nmr (CDCla) 8 6.15

Hydrolysis of 1 with Dilute Acetic Acid.— A solution of 1 (broad, 2 H , CONH2), 3.75 (m, 1 H ), 3 .4  (s, 3 H, OCH3), 2 .4
(1.036 g) in acetic acid (14 ml) and water (7 ml) was heated (s> 2 H, CH2 CO), 1.7 (broad envelope, 9 H, methylenes of
for 2 hr on a boiling water bath. The solvent was removed under cyclohexane and OH); mass spectrum (70 eV) m/e 187 (M +)
reduced pressure and the residue crystallized from ethyl acetate is n° t  observed, 169 (M — 18), 153,122 (150 — OCH3). 
or water to give dienone 2 (600 mg), mp 195°. A nal. Calcd for CsHnOsN: C, 57.75; H, 9 .09 ; N, 7.48.

Preparation of 4-Hydroxy-3,5-dibromophenylacetic Acid (5a). Found: C, 57.66; H ,9 .0 4 ; N ,7 .5 3 .
— A solution of p-hydroxyphenylacetic acid (7.6 g) in glacial Attempted Synthesis of 1 from 2.— (a) The dienone 2 (100 mg)
acetic acid (250 ml) was stirred mechanically and bromine was dissolved in anhydrous methanol (10 ml), and the solution 
(16.5 g) dissolved in 5 ml of acetic acid was added dropwise was kept at room temperature for 2 days. Examination of the
over a period of 30 min. The bromination was allowed to uv and nmr spectra indicated the absence of 1 in the reaction
proceed at room temperature for 72 hr. The solvent was then mixture.
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(b) To a solution of dienone 2 (100 mg) in anhydrous methanol, ing to eq 1. Use of any higher alkyl groups, including
a catalytic amount of p-toluenesulfonic acid (10 mg) was added Cyclopropyl, resulted in H X  elimination from the alkyl
and the reaction mixture refluxed for 24 hr. Removal of solvent , i n i • , • i i i i *
gave 105 mg of a material which was dissolved in ethyl acetate h ah d e an d  y lelded alkylammotriphenylphosphomum
and washed with water. The ethyl acetate extract was dried halides according to eq 3.
and evaporated to give _a semisolid (100 mg). Uv and nmr Ph3P = N R  +  R 'X  [P b P -N H R ] +X~ +  olefin« (3)
spectra of this material indicated the absence of 1. The nmr v
spectrum instead indicated the presence of dienone 10. Chro- R ' =  any C3 and higher alkyl; X  =  I
matography over silica gel gave pure 10 (25 mg, liquid) on elution
with ether-benzene mixture (1 :4 ) . Further eluting the column Alkylammotriphenylphosphomum halides needed for 
with ethyl acetate gave the starting material, dienone 4. the preparation of I were obtained by treating tri-

For combustion analysis the solid acetyl derivative of 10 was phenyldibromophosphorane with the corresponding
prepared. The acetyl derivative was crystallized horn hexane alk  lam in e in  th e  presence of triethylam ine.^3 De-
to give colorless needles: mp 140 ; uv max (MeOH) 258 m/n " ; . „ , , ■ „
(e8420). hydrohalogenation of these phosphomum salts was

A n al. Calcd for CnHuOsBrj: C, 34.55; H, 2 .61 ; B r, easily accomplished by treatm ent with sodium amidfe in
41.88. Found: C ,3 4 .7 4 ; H , 2 .59; B r, 41.50. liquid ammonia.2a The resulting triphenylphosphine-

.(c) T|ie dienone 2 was treated with methyl orthoformate cycloalkylimines were very sensitive to moisture and
using the conditions reported m literature.8 Spectroscopic , . . .  , ,  .
identification of the reaction product failed to reveal the presence were used without further purification for the subse- 
of acetal l .  quent syntheses. These were carried out according to

No.— 1, 24742-01-6; 1 (acetate), 24742- X T ’S “ *?? !
02-7; 3, 24742-03-8; 4, 24744-57-8 ; 5a, 24744-58-9; compounds are compiled in Table I ^
5b, 24744-59-0; 0 ,24744-60-3 ; 10 (acetate), 24744-61-4. Ag  , he dialkylJ L ophosphonium iodides obtained

Acknowledgment.'— This work has been supported in could be hydrolyzed as shown in eq 2. The mixed
part by National Institutes of Health Grant GM -11735 secondary amines were formed in good yields and were
and in part by Sea Grant Project GH-16. characterized as hemioxalates. Pertinent data are

„ reported in Table II.
(8) L .  F . F e ise r a nd  M .  F e ise r in  “ R eagents  fo r  O rg a n ic  S y n th e s is ,’ T  , . ,  ,  ,  , ,  ,  ,  . .  .

J o h n  W ile y  a nd  Sons, In c .,  N e w  Y o rk ,  N .  Y . ,  1967, p p  1206— 1207. C O H C iU S lO H  i t  C<W1 DC S u 8X 6C l L i lS / t  R l K y l  R Q C l l t lO n

to triphenylalkylphosphinimines, to give after hydroly-
------------------------  sis mixed secondary amines, is limited to addition of

methyl and ethyl groups.
S y n th e s is  o f  S e c o n d a ry  A m in e s  via

T rip h e n y lp h o s p h in im in e s  Experimental Section

H ans Zimmek, M adhusudan J ayawant,1 and P aul Gutsch1 Melting points are uncorrected. Microanalysis was performed
by A. Bernhardt, Mikroanalytisches Laboratorium im M ax- 

_ . . Planck-Institut, Miilheim/Ruhr, Germany, and by Galbraith
Department o f  Chemistry, University o f  Cincinnati, Laboratories, Knoxville, Tenn.

Cincinnati, Ohio 45221 Cycloalkylaminotriphenylphosphonium Bromides.— To an ice-
cooled suspension of triphenyldibromophosphorane (0.1 mol) 

Received October 10, 1969 in benzene was slowly added a solution of triethylamine (0.1
mol) and the appropriate cycloalkylamine (0.1 mol) in 50 ml of

In continuation of our investigation utilizing tri- dry benzene. The reaction was stirred for 3 hr before filtering 
. , , . . . .  , , ?  . , . The collected precipitate was washed with ether and tiien with

phenylphosphmimmes (I) as tools in organic and mor- ice water. After drying it was dissolved  in 100 mi of chloro_
ganic synthesis,2a 0 we investigated further the use of form, treated with Norit, and filtered. Excess anhydrous ether
I  in the preparation of mixed secondary amines. Our (200 ml) was added to the chloroform solution and the precipi-
attention was mainlv directed toward (a) the synthesis tated bromide was filtered off. The mother liquors yielded a
of secondary amines containing a cycloalkyl group and f  co,nd c,roP 0Ii refrigerating overnight. The cycloalkylamino-

. ,, , tnphenylphosphomum bromides were recrystallized from chloro-
(b) establishing the scope and limitations of this method form-ether to give analytically pure samples, 
for the preparation of such amines. The synthesis Cyclopropylaminotriphenylphosphoniumbromide: yield 82% ; 
followed the sequence of reactions of eq 1 and 2 . mp 204°. A nal. Calcd for C2iH2iBrN P: C ,6 3 .3 l ;  H, 5 .31 ;

N, 3.52. Found: C, 63.10, H, 5 .34; N, 3.50.
PhjP-N R  < > Ph3P = N R  +  R ' X ___>  Cyclopentylaminotriphenylphosphonium bromide: yield 89% ;

tp, „  -vrpT>M+ Y _ /.\ mP 188°. A n al. Calcd for C2sH25B rN P: C, 64.79; H, 5 .91 ;
[EhsE-JNKK j A (1) N, 3 .29. Found: C, 65.27; H, 5 .96; N, 3.35.

HsO Cycloheptylaminotriphenylphosphonium bromide: yield 85% ;
[Ph3P N R R '] + X - - ^ P h 3P = 0  +  H N R R '+ X - (2) mp 194-195°. A n al. Calcd for C25H29B rN P: C, 66.07; H,

R  =  Me, E t, n-Pr, f-Pr, i-Bu, f-Bu, 1-Adamantyl 6 -43: N *3 -0 8 - Found: C, 66.14; H, 6 .22; N, 3 .24.
R ' =  Me E t- X  =  I Cl Br Adamantylaminotriphenylphosphonium Bromide: yield 79% ;

’ ’ ’ ’ _ mp 261-263°. A nal. Calcd for C28H31BrN P: N , 6 .30 .
No difficulties were encountered in preparing the Found: N , 6.32. 

corresponding I with R  =  cyclopropyl, -pentyl, -hexyl, Triphenylphosphinecycloalkylimines.—To a stirred suspen-
-heptyl, and adamantyl. However, again as reported ®ion °f the appropriate cycloalkylaminotriphenylphosphonium 

. oQ r Tx/r t i ta.lT i l l  i i i  i bromide (0.05 mol) m anhydrous ammonia was added 2.2 g of
previously,211 only M el and E tI  could be added accord- sodium amide (0 .055 mol) and the resulting mixture was stirred

^ . „  . . , . . for 1 hr in a Dry Ice-acetone bath. Ammonia was then evapo-
(1) M . J a y a w a n t,  P h .D . T h e s is , U n iv e rs ity  o f C in c in n a t i,  C in c in n a t i,  , j  u  u  t , ,  ,• •m,' 16A7 4 p r  1 1 mm , rated by removing the cold bath and continuing the stirring.O h io , 1967, a n d  P . G u ts c h , 1970, re s p e c t iv e ly .  , r ,  . . ® „  , , , ,  G
(2) (a) H .  Z im m e r a nd  G . S in gh , J. Org. Chew... 28, 483 (19 6 3 ); (b ) H .  The solld remaining in the flask was extracted repeatedly with

Z im m e r a n d  G . S ingh, Angew. Chew... int. Ed. Engl., 2 , 395 (19 6 3 ); (c) H .  anhydrous ether. Evaporation of the combined extracts gave
Z im m e r a n d  G . S ingh, J. Org. Chern., 29, 3412 (1964). (d ) T h e  o le fins  the desired phosphinimines which were recrystallized from anhy-
were q u a li ta t iv e ly  id e n tif ie d  b y  d e c o lo riz a tio n  o f b ro m in e -w a te r  reagen t. _______________
T h e  s to ic h io m e try  a n d  e xa ct m echan ism  o f th e  o le fin  fo rm in g  re a c tio n  are
p re s e n tly  b e in g  in v e s tig a te d . (3) L .  H o rn e r  a n d  H . H o ffm a n n , Angew. Chem., 68, 473 (1956).
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T able I
r h +

[(C6H 6)3P = N R  +  R T  — >- (C ,H 6)3P— N"7  I-«
\

R  _
C o m P¿ M p ,6 Y ie ld ,  ,----------- C, % ----------- . ,----------- H ,  % ----------- . ,-----------N ,  % ----------- .

n <>- R  R '  F o rm u la  M o l w t  ° C  %  C a le d  F o u n d  C a led  F o u n d  C a led  F o u n d

1 P > — CH3 C22H23IN P 459 .29  211-212 8 5 .7  57 .51  57 .47  5 .0 5  5 .0 6  3 .0 5  3 0 .4

• l >  C2H6 C23H25IN P 473 .32  234-235 7 8 .2  58 .3 4  57 .69  5 .3 2  5 .1 9  2 .9 6  3 .01

3 CH3 C2,H2,IN P 487 .35  234-235 8 7 .5  59 .16  59 .05  5 .5 9  5 .6 0  2 .8 7  3 .01

4 C2H5 C25H29IN P 501 .37  183-184 7 5 .6  59 .84  59 .2 3  5 .8 3  5 .6 6  2 .7 9  3 .06

5 / / ~  CH3 C25H29IN P  501 .37  248-249 7 8 .2  59 .84  59 .98  5 .8 3  5 .5 4  2 .7 9  2 .7 8

6 r — / /~ "  C2Hs C26H31IN P 515 .42  186-187 7 0 .0  60 .59  60.91 6 .0 6  5 .8 4  2 .7 2  2 .8 4

7 CH3 C W M N P  515 .42  237-238 7 5 .4  60 .5 9  60 .01  6 .0 6  6 .1 3  2 .7 2  2 .91

8 / ^ y  C2H6 C« IImINP 529 .44  201-202 6 8 .3  61 .2 5  61 .2 5  6 .2 8  6 .1 4  2 .6 4  2 .2 0

9 CH3 C29H 33IN P 553 .46  271-272 9 5 .5  62 .95  63 .03  5 .9 7  6 .3 5  2 .5 4  2 .59

0 Crystallized from CHCl3-ether. b Melting points are uncorrected.

T able II
R~| +

+ /  1. a lc o h o lic  K O H
(C.H 6)3P — N I - ------------------------------- [RR'NHj] +[OOC— COOH]-

\  2. a n h y d ro u s  (C O O H )a
R '_

C o m p d  Y ie ld ,“  M p ,6 .-----------C , % ----------- . ------------H ,  % ----------- . ,----------- N ,  % ----------- ,
no. R  R '  F o rm u la  M o l w t  %  °C  C a led F o u n d  C a led  F o u n d  C a led  F o u n d

1 P > — CH3 CsHuNO, 161.16 7 6 .3  110-111 44 .71  44 .7 7  6 .8 8  7 .1 2  8 .6 9  8 .74

2 \ ^ > ~  C2H6 CtH isNO, 175.18 7 4 .0  169-170 47 .9 9  48 .0 4  7 .4 8  7 .61  8 .0 0  8 .11

3 CH3 CgHisNO* 189.21 6 8 .7  1 1 9 .5 -1 2 0 .5  50 .7 3  50 .6 5  7 .9 9  8 .1 7  7 .4 0  7 .4 0

4 j— - P  C2H5 C9H i,N 0 4 203 .23  7 1 .8  137-138 53 .19  53 .06  8 .4 3  8 .3 8  6 .8 9  7 .1 0

5 CH3 C9HnNO< 203 .23  6 5 .5  1 0 7 .5 -1 0 8 .5  53 .19  53 .0 3  8 .4 3  8 .1 7  6 .8 9  7 .0 0

6 Ç — y  C2Hs CioH isNO, 217 .26  6 8 .6  161-162 55 .2 8  55 .64  8 .8 2  8 .4 2  6 .4 5  6 .4 4

'  £ $  CH3 CioHisNOr 217 .26  6 7 .0  157-158 55 .2 3  55 .38  8 .8 2  8 .8 4  6 .4 5  6 .4 4

C2Hs CiiH2,N 0 4' 231 .29  6 9 .4  1 7 1 .5 -1 7 2 .5  57 .12  56 .92  9 .1 5  8 .8 9  6 .0 6  6 .3 0

9 CH3 C2<H«,N2( V  4 29 .58  8 2 .0  221 (d) 67 .1 0  67 .25  9 .5 6  9 .6 0  6 .5 3  6 .4 4
L \ y ~  X  ‘/ j  H 20

0 Crystallized from ethanol—ether. 6 Melting points are uncorrected. e Crystallized from 95%  ethanol as hemihydrate. d Crystal- 
lized as [RR 'N H 2)2+[OOCCOO]2- - V 2 H20
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drous hexane. I t  is mandatory to keep an inert and dry at- surprisingly little attention 3 Recently4 we established
mosphere over solutions or solids during reactions, isolations, that. 1,2-dithienylethenes and 2-styrylthiophene, in
and crystallization. contrast to stilbene,5 failed to undergo photochemical
purification. The crude phosphinimines could be stored over dimerization. I t  seemed of interest to see it the re-
KOH pellets in a vacuum desiccator without appreciable decom- placement of a phenyl by a thienyl ring in chalcone
position. would also prevent dimerization. An additional moti-

N-Methylcyclyalkylaminotriphenylphosphonium Iodides (Ta- vation wag provided by the fact that dimerization

5 hoSphine0cycl3 kyliiine ( H  g) an !T ir.T o fT eth y lP iod id e  would yield cyclobutanes substituted with thiophene
were refluxed in an inert atmosphere for 3 hr. To the solution, rings. This in turn would open the way to the syn-
after cooling, was added sufficient anhydrous ether, whereupon thesis of unusual cyclobutanes.6
a pale yellow precipitate was deposited. Purification was done
by crystallization from chloroform-ether. Yields based on R c It
starting phosphinimine were usually high (Table I ) . e “ul s

, ,  The heterocyclic chalcones 1 -3  were readily prepared
analogously except that 15 ml of anhydrous ¿-butyl alcohol b y  the condensation of the appropriate aldehydes and 
was used as solvent. ketones as described in literature.7

N-Methylcycloalkyl- and N-Ethylcycloalkylammonium Hemi- Concentrated solutions (ca . 35%  w t/vol) in chloro-
oxalates. Hydrolysis of N-Methylcycloalkyl- and N-Ethylcy- forrn were irradiated in ordinary micro test tubes for 20

hr using 350 me (“d art light") lamps. In addition to 
triphenylphosphonium iodide (ca. 0.0055-0.007 mol) and 30 ml large amounts of resinous material, insoluble in ethanol,
of 2 %  alcoholic potassium hydroxide solution was sealed under colorless soluble compounds which turned out to be the
an inert atmosphere in a Jena glass pressure bottle and was cyclodimers 5 -8  were also formed. 3-Phenyl-1-(2-
heated on a steam bath for 3 hr The bottle then was chilled thienyI)_2-pr0pen-l-one (1) under the given conditions
and carefully opened. The reaction mixture which contained " ' * ,.F  ^ , “ D .  „ . .
the free amine was saturated with NaCl and was extracted with afforded the dimer 5 in 1 0 /p yield, mp 1 - .8 -1 - .J .5  (from
ether. After combining all ether extracts and drying them over ethanol). Similarly, l-phenyl-3-(2-thienyl)-2-propen-
anhydrous sodium sulfate, they were filtered slowly with stirring 1-one (2) gave the cyclobutane derivative 6, mp 132-
into a solution of 2 g of anhydrous oxalic acid in 75 ml of dry 1 3 4 o /frQm gthanol) in 6 -10%  yield; l,3-di-2-thienyl-
ether. The white precipitate of hemioxalate which immediately _ - /<%\ r • i_ j  • • u  • a r
formed was collected, washed with anhydrous ether, and finally 2-propen- 1-one (3) furnished m 4%  yield a mixture of
purified by recrystallization from ethanol-ether. dimers 7 and 8, mp 124-134 (from ethanol), in a ratio

of about 10:1.  The dimeric structure of the com- 
R egistry  N o.— Cyclopropylaminotriphenylphospho- pounds was revealed by elemental analysis in combina-

nium bromide, 24571-65-1; cyclopentylaminotriphenyl- tion with molecular weight determinations (osmometric
phosphonium bromide, 24571-66-2; cycloheptylamino- in carbon tetrachloride) and by the spectroscopic prop-
triphenylphosphonium bromide, 24571-67-3; ada- erties. In order to elucidate the stereochemistry of the
mantylaminotriphenylphosphonium bromide, 24571-68- dimers the experiments cf Stobbe1'2 were repeated.
4; Table I— 1, 24571-69-5; 2, 24571-70-8; 3 , 24571- Irradiation of a concentrated solution of 1,3-diphenyl-
71-9;  4 , 24571-72-0; 5 , 24571-73-1; 6 , 24571-74-2; 2-propen-l-one (chalcone, 4) in chloroform in small
7, 24571-75-3; 8 , 24571-76-4; 9 , 24571-77-5; Table quartz tubes for 20 hr afforded in 6%  yield the dimer 9,
II— 1, 24571-78-6; 2, 24571-79-7; 3 , 24571-80-0; 4 , mp 125-126.5° (from ethanol, lit.2 124-125°). The
24571-81-1; 5 ,24571-82 -2 ; 6 ,24 5 7 1 -8 3 -3 ; 7 ,2 4571-84 - reaction was incomplete, however, since considerable
4 ; 8 ,24571-85-5 ; 9 ,24571-86-6 . starting material remained (as a c is - t r a n s  mixture) and

no resinous polymer was found. When ordinary glass 
Acknow ledgm ent.— Partial financial support of this tubes were used, another dimer was formed in extremely

research through the U. S. Army Research Office, low yield upon irradiation of a solution of chalcone for
Grant D A-ARO -D-31-124-G 122, and the National 20 hr. Almost all of the starting material was still
Institutes of Health, G rant C Y -5841, is gratefully present as a c is - t r a n s  mixture. This dimer 10 (mp
acknowledged. 234-236°) was also reported by Stobbe. The dimeriza

tions of 1 and 4 have also been carried out in the pres- 
ence of iodine, taking longer irradiation times (ca. 48  
hr). The yields were improved considerably by this 

P h o to d im e r iz a tio n  o f  S o m e  procedure; 1 gave a 22%  yield of 5, while 4  furnished
T h io p h e n e  A n a lo g s  o f  C h a lc o n e  the dimer 9 in 28%  yield (Scheme I ) .

H a n s  W y n b e r g , M. B. G r o e n , Discussion
a n d  R i c h a r d  M. K e l l o g g

On inspection of the mass spectra of the photodimers 
Department o f  Organic Chemistry, The University 5 and 6, it was found that the fragmentation pattern

Bloemsingel, 10, Groningen, The Netherlands was compatible only with a head-to-head structure.
(3) W e  n o te d  o n ly  th e  d im e r iz a t io n  o f n itro ch a lco n e s : I .  Tan asescu  a n d  

Received September 15, 1969 F . H u dosan , Acad. Repub. Pop. Rom., Bui. Stiint., Sect. Stiir.te Technice
Chim., 5, 37 (1 9 5 3 ); Chem. Abstr., 50, 14628 (1956); Rev. Ckim., Acad.

. Repub. Pop. Rom., 1 (2 ), 39 (1 9 5 6 ); Chem. Abstr., 52, 2817 (1958).
Since the early work of Stobbe1,2 concerning the (4) R . M . K e llo g g , M . B . G roen, a n d  H . W y n b e rg , J. Org. Chem., 32,

photodimerization of chalcone (benzalacetophenone) 3093 (1967)-
i  . i  . x x  a i  (5) G . C ia m ic ia n  and  P. S ilbe r, Ber., 35, 4128 (1902).

and some of its derivatives, this reaction has attracted (6) Another ro u te  t0  c yc lo b u ta n e s  w i t h th ie n y l s u b s titu e n ts  is  th e  s o lid -

s ta te  ir ra d ia t io n  o f 0 - (2 - th ie n y l)a c ry lic  a c id : M .  L a h a v  a n d  G . M .  J .
(1) H . S to b b e  a nd  A . Hensel, Ber., 59, 2254 (1926). S c h m id t, J. Chem. Soc. B, 239 (1967).
(2) H . S tobbe  a nd  K .  B re m e r, J. Prakt. Chem., 123 [2 ], 1 (1929). (7) C . W e ijg a n d  a nd  F . S tro b e lt,  Ber., 68, 1839 (1935).
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S c h e m e  I The nmr spectra of 5 and 6  showed two symmetrically
COC„H3S arranged multiplets, characteristic for an A A 'B B '

H 0  _____I system, which requires either a plane or a twofold axis
/  \  I__ __II Ji~ \  h» C ,H rA , ,  j  of symmetry in the molecule. The products formed
\ /  I 1/ 6 7  from 3 had an additional small broad singlet, the inte-

H I gration ratio multiplets: singlet being about 10:1.  The
1 COC„H3S nmr an(j mass spectral data leave for the major products

5 two equally possible structures as depicted in A and B  
COC H below. Two other structures, namely with both aroyl

V 9  i---------- J COAr Ar

x c,H,ŝy y d  ¿7».
2 COC6H5 I I

c  COAr COAr
6  a  b

COC4H3S
______ I groups c is  to the adjacent aryl groups, although in

h  7  principle possible, are very unlikely.
C4H3S / c4H3S J  The photodimer 9 formed from chalcone has been

--------- [ shown by independent synthesis8 to have the C2 sym-
COC H S metric head-to-head structure A. Its nmr spectrum

H O  7  showed exactly the same pattern as the compounds 5,
f~ \ _  I__ II _ f ~ \  b* 6 , and 7. Moreover, the low field parts of the

C 9 C *" + multiplets of 9 and 6, caused by the protons adjacent to
j{ C4H3S the aroyl groups, have almost equal chemical shifts.
3 c m  / -------- 7\ The same is true for the high-field parts of 9 and 5

C4H3 J  / COc4h3S ? caused by the protons adjacent to the aryl groups.
 ̂ ( These facts suggest strongly th at 5, 6 , and 7 have the

C4h3S same stereochemical configuration as the chalcone dimer
g 9, although strictly spoken the structure B  cannot be

ruled out completely. The structure of the minor 
COC6H5 product, 8, is not at all certain. We propose, however,

a------ j  a structure similar to that of the second chalcone dimer
|/c6H5 /  10, which is consistent with our findings that both 8  and
*— —/  1 0  show singlets for the cyclobutane protons in the nmr

H 0  h, s '  COC6H5 spectrum. We believe that the addition of iodine to
0  \  I__  II f f  ^  <400  m? 9  the reaction mixture causes a suppression of the tr a n s  to
\ /  C==9 C \___/  l, c is  isomerization. This, in turn, inhibits polymeriza-

H >40o9S^ 9 *  tion of the c is  form of the starting material.
4  “ J--------1 Although the reactions described in this paper can be

C6H5C0J  / q q q  h expected to proceed v ia  triplets, we have not done ex-
*------- (  6 5 periments to prove or disprove this. The dependence

q H of the product formation in the case of chalcone itself on
6 5 the reaction conditions and especially on the wavelength

10 suggests that the actual mechanism is quite complex.

One of the main fragments of 5 is the stilbene positive Experimental Section
ion ( m / e  192). We were not able to get a mass spec- T h e  irra d ia tio n  ex p erim en ts  w ere ca rrie d  o u t in  a  R a y o n e t  
trum of the product formed from 3, since it decomposed r e a c tor equ ip p ed  w ith  3 5 0  ( “ d a rk  l ig h t” ) la m p s. N m r
in the inlet system to the monomer 3. Nmr data are sp e c tra  w ere ta k e n  w ith  a  V a r ia n  A -6 0  in s tru m e n t u sin g  te tr a -
summarized in Table I. m eth y ls ila n e  ( T M S )  as a n  in te rn a l s ta n d a rd . M e ltin g  p o in ts

w ere d eterm in ed  w ith  a  K o H e r  h o t-s ta g e  a p p a ra tu s  an d  are  u n 
co rre c te d . M a s s  sp e c tra  w ere ta k e n  w ith  an  A E I  M S -9 0 2

T a b l e  I  in s tru m e n t.
t r a n s , ira n s ,i)-0 7 is -l,2 -D ip h e n y l-3 ,4 -d i-2 -th e n o y lcy c lo b u ta n e  (5). 

N m r  S p e c t r a  o f  t h e  D im e r s  ^ ^  so lu tio n  o f 7  g  o f 1 in  2 0  m l o f ch lo rofo rm  w as irra d ia te d
,------C h e m ica l s h if ts  o f cyc lo b u ta n e  p ro to n s “ ------ - f o r  2 0  h r  in  o rd in a ry  m icro  te s t  tu b e s . T h e  so lv e n t w as ev ap o -

C o m p d  M u lt ip le t  A  M u l i t p le t  B  S in g le t ra te d  an d  th e  resid u e w as tr e a te d  w ith  h o t e th a n o l. T h e  e th a n o l
5  5 . 6 0  5 . 9 4  so lu tio n  w as d e ca n te d  lea v in g  a  resin ou s resid u e . T h is  p roced u re
6  5 . 4 7  5 .8 2  w as re p e a te d  tw ice . O n  sta n d in g  fo r se v era l d a y s , a  co lorless
7  5  6 2  5  82  p re c ip ita te  w as fo rm e d  w h ich  w as re cry s ta lliz e d  fro m  e th a n o l,
a ' ’ 5 3 !  T h e  y ie ld  of S w as 0 .7  g  ( 1 0 % ) ,  m p 1 2 8 - 1 2 9 .5 ° .  T h e  m ass sp e c-
n -  oo -  Q7 tru m  show ed p eak s a t  m / e  4 2 8 , 4 1 0 , 3 1 7 ,  2 1 4 , an d  1 8 0 .
I  5 3 8  A n a l .  C a lcd  fo r C 26H 20O2S 2: C , 7 2 .8 7 ;  H , 4 .7 1 ;  S ,  1 4 .9 6 ;

10  . . 0  m ol w t , 4 2 8 .6 .  F o u n d : O , 7 2 .7 4 ,  7 2 .8 9 ;  H , 4 .7 3 ,  4 .5 0 ;  S ,
° A ll sp e ctra l are  re co rd ed  in  C D C 13, so lu tio n  w ith  T M S  as a n  1 4 .9 0 ,  1 5 .2 2 ; m ol w t (o sm ), 4 2 5 .0 ,  4 2 7 .9 .

in te rn a l s ta n d a rd . C h e m ica l sh ifts  a re  g iv en  in  p a r ts  per m illio n  ---------- !-----------
O il th e  r  sca le  ^8) p. A d le r, Tnesis, R o s to ck , 1938; Chem. Zentralbl., I ,  363 (1941).
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B.—To a solution of 18 g of 1 in 60 ml of chloroform, a crystal The dropwise addition of the endo isomer of 3 (re = 1)
of iodine (0 2 g) was added and the solution was irradiated for o n to  a  colu m n  of glass b eads a t  3 0 o °  u n d e r h elium  gas  
48 hr. Work-up as described above gave 4.0 e; (22%) of product, a  , , . . , .mp 127-128.5° f  now gives a crude pyrolysate whose nmr spectrum is

trans,trans ,trans - 1,2 - Dibenzoyl - 3,4 - di - 2 - thenoylcyclobutane identical with that of 4  (ft = 1 ). The exo isomer of 3
(6 )  .— A solution of 8 g of 2 in 20 ml of chloroform was irradiated (ft =  1 ) rem ain s u n ch an g ed  a t  te m p e ra tu re s  a s  h igh  as
for 20 hr. The same procedure as in the previous experiments 4 0 0 °  suggesting th a t  th e  re a c tio n  is n o t p ro ceed in g  in  a

E S  * r se the initial cleavage of the
to 48 hr. The product was obtained in 10%  yield, mp 130-132°. cyclopropyl bond. The necessity for the proximity of
The mass spectrum showed peaks at m /e  4 2 8 ,4 1 0 ,3 2 3 ,2 1 4 , and the carbonyl group and a y  hydrogen has been demon-
192- strated in a similar bicyclic system where initial thermal

A n il.  Calcd for CjJhoOjS,: C, 72.87; H , 4 .71 ; S, 14.96; rearrangement to a cycloalkenyl acetaldehyde is pos-
14.82,14.95; mol wt (osm), 416.9, 424.1. tulated.4 The thermal instability of endo-3 (re = 1, 2)

im n s,tarns,trans-1,2-Di-2-thienyl-3,4-di-2-thenoylcyclobutane may account for its absence and the presence of 4 (re =
(7) and frans,ds,ira?is-i,3-Di-2-thienyl-2,4-di-2-thenoylcyclobu- 1,2) among the products of the thermal rearrangement 
tane (8).—A solution of 8 g of 3 in 25 ml of chloroform upon ir- 0f tbe cyclobutene epoxides, 5 (re = 1, 2).3

» “ m  “ p tf™ ,eS .° o f ,* p tr th ,”  " t 8; .  The irradiation of a 1% ethereal solution of 3a (n = 
The mass spectrum showed only peaks with m /e  of 220. 1) wlth 3000 A  light gives 4  (ft. — 1) in ca . 30 / q yield.

A n al. Calcd for C22H16O2S4: C, 59.97; H , 3 .67 ; S, 29.11; S im ilar irra d ia tio n  of exo-3 (re =  1) g ives a  com p lex
mol wt, 440.6. Found: C, 60.14, 59.99; H , 3 .57 , 3 .70 ; S, m ix tu re  of p ro d u cts  w hich  does n o t co n ta in  sign ifican t
29.04, 28.90; mol wt (osm), 437.4, 431.7. am o u n ts  of 4  (re =  1 ). In itia l ru p tu re  of th e  cy c lo -

¿rans,irares,irares-l,2-Dibenzoyl-3,4-diphenylcyclobutane (9).—  . . . v . , . ' . , . .  J  .
A solution of 17 g of 4 in 50 ml of chloroform was irradiated insmall P r°P y l  bon d  w ould give a  com m on  in te rm e d ia te . A n
quartz tubes for 20 hr. Work-up in the usual way afforded 1.0 g in tra m o le cu la r 7  h y d rog en  a b stra ctio n  (N o rrish  “ ty p e
(6 % ) of product, mp 125-126.5° (lit.2 124-125°). B y prolonging I I ” ) , lead in g to  th e  fo rm atio n  of 4 , ca n  o n ly  o c c u r  in
the irradiation time and adding a crystal of iodine, the yield of th e  en d o  isorn er. I t  ap p ears t h a t  th is  p a th w a y  is
9 could be improved to 28% . r , , ■, , ,

trans,cis,irans-l,3-Dibenzoyl-2,4-diphenylcyclobutane (10).-—A fa v o re d  w hen possible,
solution of 7 g of 4 in 20 ml of chloroform was irradiated in ordi
nary micro test tubes for 20 hr. After evaporation of the solvent,
a yellow oil was obtained consisting mainly of starting material 0  >H .OH
(cis-trans mixture). Ethanol was added and, on standing, start- — (/  (\   — ► — *■ N. ^
ing material crystallized. I t  was removed by filtration. From  ^
the mother liquor 10 mg (0.15% ) of 10 crystallized eventually, j 2
mp 234-236° (lit.2 225-226°).

Registry N o—5, 24825-03-4; 6, 24825-04-5; 7,
24825-05-6; 8, 24825-06-7; 9, 24825-07-8; 10, 24825- ¡¡X U  ± +  H

° 8 -9 - 0 = ^  6 - c fl
1 , 5 - H y d r o g e n  M i g r a t i o n s  i n  B i c y c l i c  ____  / ____ _

C a r b o x a l d e h y d e s  ( C H 2)n \  ( C H 2) ^ ^

I — *  (Ch £ ~ \
David L. Garin \ V

H ip 4
Department o f  Chemistry, University o f  M issouri at St. Louis, _

St. Louis, M issouri 63121 a

Received Jan u ary  23, 1970 (CHA^^j^> CHO

3 5Cyclopropyl ketones have been reported to undergo 
thermal and photochemical rearrangements to homo-
allylic  k eton es (1 2 ) . 1-2 W e  h a v e  o b served  t h a t  Experimental Section6
an alogous re a ctio n s  o ccu r in  b icy clic  carb o x a ld e h y d e s , Bicyclic Carboxaldehydes ( m ) . - T h e  endo  isomers of 3 (n =
3  (ft — 1, 2 ) ,  w h ere 1,5-hydrogen, m ig ra tio n  is possible, 2 ) were synthesized by known procedures.6-7 The exo isomers
lead ing to  <52-cy clo a lk e n y l ace ta ld e h y d e s, 4 (re =  1, 2 ) . of 3 (n =  1, 2 ) were synthesized by epimerization of the endo

In je c tio n  of th e  e n d o  isom ers of 3 (re =  1, 2 )  in to  a  isomers.7 The aldehydic protons of the exo and endo isomers
v a p o r  p h ase  ch ro m a to g ra p h  (v p c) a t  1 9 0 °  w ith  th e  have different chemical shifts irl their nmr sPectra P r i d i n g  a
in je ctio n  p o rt  h e a te d  to  2 3 0 °  p rod u ces a  single v o la tile  -------------------
C o m p o u n d  identified as the corresponding cycloalkenyl (4) F . B ic k e lh a u p t, W . L . D e G ra a f, a n d  G . W . K lu m p p , Chem. Commun., 

acetaldehyde, 4  (re = 1, 2).3 The exo isomers are inert 53 (1968)-
(5) A  P e rk in -E lm e r  R -2 0  sp e c tro m e te r was used fo r  n m r m easurem ents  

u n a e r  t n e s e  c o n d i t i o n s .  in  C D C li us in g  T M S  as in te rn a l s ta n d a rd . W ilk e n s  A -7 0 0  (A u to p re p )

in s tru m e n ts  were used fo r  v p c  analyses a n d  sepa ra tions  u t i l iz in g  s ilico n e  g u m
(1) R . M .  R o b e rts , R . G . L a n d o lt ,  R . N . G reene, a n d  E . W . H e ye r, J. ru b b e r (S E -30) a n d  f lu o ro s ilico n e  (Q F -1) as s ta tio n a ry  phase m a te ria ls .

Amer. Chem. Soc., 89, 1404 (1967). T h is  a r t ic le  c o n ta in s  an  e xce lle n t d is - (6) r . t . L a L o n d e  and  M .  A . T o b ia s , J. Amer. Chem. Soc., 86, 4068
cussion  o f and  le a d in g  references to  th e  th e rm a l re a rra n g e m e n t o f c y c lo - (1964); D .  L .  G a r in ,  P h .D . Thesis, Io w a  S ta te  U n iv e rs ity ,  Am es, Io w a , 
p ro p y l ketones, carboxa ld ehydes, a n d  c a rb o x y la te  esters. 1964.

(2) W . G . D a u b e n , L .  S ch u tte , a n d  R .  E . W o lf ,  J. Org. Chem., 34, 1849 (7 ) d . L .  G a rin , A b s tra c ts , 149 th  N a tio n a l M e e tin g  o f th e  A m e ric a n
(1969). C h e m ica l S o cie ty , H o u s to n , Texas, 1970, O rg n  137 (s u b m itte d  fo r  p u b lic a -

(3) D .  L .  G a rin , ibid., 34, 2355 (1969). t i on ).
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rapid determination of purity The aldehydes were readily pounds by treatm ent with dilute aqueous base. In  
oxidized to the known carboxylic acids for conclusive identifi- rp i i t i- j. j  u r a p n  •
cation via mixture melting point determinations.» T a J le '1 a re  Iisted a  n u m b er of examples of this reaction

Vpc Results.— The injection of up to 50 M1 of 3 (n = 1 , 2 ) an d  th e  recrystallized yields of the products.3- 6 Crude
into the vpc at 190° with an injection port temperature of 230° yields were generally 10 to 15%  higher, and the crude
resulted in apparently quantitative rearrangment of the endo products were quite clean, impurities being soluble in
isomers to 4 (n =  1 2 ) without affecting the ^ ™ e r s  » Typi- th e  b asic  aque0us phase. Identification of products
cal retention times (min) for a 20 ft X  3/s in. 30%  QF-1 column j  u i . i t i , ;  ,. ,
under a helium gas flow rate of 100 cc/min were: exo-3 (n =  1 ), w as m a(*e elemental analyses and spectral (ir and 
18; 4 (n =  1 ), 12 ; exo-3 (n =  2 ), 28; 4 (n =  2 ), 17. Samples n m r) an d  melting point comparison with authentic
were collected from the vpc and subjected to spectral analysis. samples prepared by oxidation of the corresponding a -
The exo isomers were shown to be unchanged while the nmr and chloro sulfides.7,8
infrared spectra (CHCb) of 4 (n =  1, 2 ) were identical with that i ir a tt
of authentic material.3 i n  on ly  one case , th a t  of th e  ¿-bu tyl sulfoxide l i e ,  w as

Pyrolysis Results.— The dropwise addition of the endo isomer a  relatively poor yield obtained. P art of the starting
of 3 (n =  1) onto a 9 in. column of glass beads in a temperature material was converted into unidentified base-soluble
controlled oven at 240° under helium gas flow and flushing with products under all conditions explored. The use of
ether gives a crude Pyrolysate containing 25%  of 4 (» =  1) and organ ic solvents such as dioxane, tetrahvdrofuran,
75%  of starting material determined by integration of the aide- , lr • .  , . . ’
hydic protons at s 9.85 (t) and 9.55 (d), respectively. A t 300°, dimethyl sulfoxide, and dimethylformamide in conjunc-
the nmr spectrum of the crude pyrolysate is identical with that of tion with the aqueous base for the hydrolysis of la —c led
4 (n =  1 ). The exo isomer of 3 (n =  1 ) remains unchanged at uniformly to lower yields of I la -c . Milder conditions
temperatures as high as 400° determined by nmr analysis of the were necessary with the benzyl derivatives Ie-f, as

^PhotoThemkal R earrangem ents.-A  solution of 60 mg of i Te,a tin g  ^  ^  s ty re n e  fro m  th e  ch lo rom eth y l sulfone
endo-3 (n  =  1 ) in 7 ml of ether was irradiated with 3000 A light -*--*-* a  Ivam berg J3acklurid re a c tio n  an d  to  u nid enti- 
in a quartz tube in a Rayonet reactor for 5 hr. Some polymeric fied p rod u cts  fro m  th e  sulfoxide l i e .  
material had formed on the sides of the tube. The ether was
removed in  vacuo and CDCfi added to the residue (54 mg). Cl Cl Cl Cl
Comparison of the nmr spectrum of this material with that of 0H_ | j j
4 {n =  1) allowed an estimation of ca. 30%  of 4 (n =  1) in the I --- <- RSfOX^C— CHOH — >- RSfCR^C— C— OH
crude mixture from integration of the aldehydic and olefinic ~ |
protons against the total proton count in the nmr spectrum of !P a jlj jlj
the crude reaction mixture. Similar irradiation of 65 mg of I jp c
exo-3 (n =  1) in 7 ml of ether gave a product mixture whose nmr *
spectrum showed that more than 90%  of the starting material Cl |oHT
had reacted but there were no olefinic absorptions. | 4

RS(0)1_2C = C  Cl Cl
Registry No.— en d o -3  (n =  1), 4729-42-4; en d o -3 (n I |

=  2 ) ,  24874-09-7. mb R S fO ^ C — C— 0 "
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I II OH~ _ II
(8) J . M e in w a ld , S. S. La b a n a , a n d  M .  S. C h a d h a , J .  Amer. Chem. Soe., RS(0),_:C------C------H > R S(0)1_2CH2C1 +  HCOH

85, 582 (19 6 3 ); J . A . B e rson  a n d  E . S. H a n d , ibid., 86, 1978 (1964). T h e  | - JJ
a u th o r  is  in d e b te d  to  P ro fessor B e rson  fo r  a n  a u th e n tic  sam ple  o f b ic y c lo -  p j
[4 .1 .0 ]h e p ta n -7 -e n d o -ca rb o xy lic  a c id . j y

(9) N o  o th e r peaks are  observed in  th e  c h ro m a to g ra m  b u t  p re p a ra t iv e
co lle c tio n  fro m  th e  v p c  re su lts  in  8 0 -9 0 %  re co ve ry . T h is  loss, due to  in 
com p le te  tra p p in g  o f th e  e fflu e n t, is  n o t u nu sua l. TllG chemistry of /3-chlorOVinyl SlllfoilGS h3-S beGIX GX-

tensively investigated and reaction with various nu- 
cleophiles (RO “, RS~, R S 0 2- , R 2NH) leads to /3-sub-

C h lo ro m e th y l S u lfo x id e s  a n d  S u lfo n e s  ^ utedA viny1 sulfoaes7 /ith displacement of chloride 3,6
lhus, it is reasonable to postulate that the initial step 

f r o m  1 ,2 -D ich Io ro v in y l S u lfo xid es jn the present reaction is nucleophilic attack  by hy-
a n d  S u lfo n e s  droxide to give the carbanion I l ia , which can be con

verted to the aldehyde IV either by direct elimination 
Melancthon S. Brown of chloride to give the tautomeric enol I llb , or by pro

tonation to give IIIc  followed by elimination of HC1 
Ortho Division, Chevron Chem ical Company, through H id . The aldehyde would be highly suscep-

Richmond, C aliforn ia 048O4 tible to attack by hydroxide followed by cleavage to give
formic acid and the a-sulfinyl or sulfonyl anion which

Received Ja n u a ry  28, 1970
(3) E . A y c a , Fac. Scz. Univ. Istanbul, Ser. C, 22, 371 (1 9 5 7 ); Chem.

There has been considerable recent interest in the pre- H j Backer, et ai„ Rec. T-av. CMm. Pays-Bas, 7 2 , 813 (1953); chem.
paration and chemistry of a-chloro sulfoxides1 and in Abstr. , « ,  nssst (1955).
the chemistry of sulfoxides in general.2 We report ®  F - G - B o rd w e U a n d  G - D - C o oper, j . Amer. Chem. Soc., 7 3 , 5 1 8 7  

here the facile preparation of a-chloro sulfoxides and  ̂ ^  j. Metivier, u. s. Patent 2,793,234 (1957). 
sulfones from the corresponding 1,2-dichlorovinyl com- (7) h. B o hm e , Ber., 69, ieio ; i9 3 6 ) .

(8) I n  agreem ent w i th  D u rs t ,10 w e f in d  th a t  m -ch lo ro p e rb e n zo ic  ac id

( 1 ) (a) R . N .  L e o p p k y  a nd  D .  C . K .  C hang, Tetrahedron Lett., 5415 o x id a tio n , us in g  c h lo ro fo rm  o r m e th y le n e  c h lo r id e  as s o lve n t, g ives exce llen t 

(1 9 6 3 ); (b ) M .  H o jo  and  Z. Y o s h id a  J. Amer. Chem. Soc., 90, 4496 (19 6 8 ); y ie ld s  o f th e  su lfcx ides .
(c) T .  D u rs t,  ibid., 91, 1034 (1969). (9) F . M o n ta n a r i a n d  A . N e g rin i, Gazz. Chim. Ital., 87, 1068 (1957);

(2) C . R . ’ Johnson* and J . R . S h arp , “ T h e  C h e m is try  o f S u lfo x id e s ,”  Chem. Abstr., 52, 9987*? (1958). L . M a io l i  a n d  G . M o d e n a , ibid., 89, 854
I n t r a  Science Research F o u n d a tio n , S a n ta  M o n ic a , C a lif. ,  1969. (1959); Chem. Abstr., 54, 22451i (1960).
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T able I
Cl Cl
I I O H -

R— S(0)„— C = C — H — >- R—S(0)„—  CH2C1
HaO

I II
.----------- References------- — .

R e a c tio n  S ta r t in g
C o m p d  R  n  c o n d itio n s  M p ,  °C  %  y ie ld  P ro d u c t  m a te r ia l

I la  p-CH3C6H4-  1 3 hr, reflux 60-62  81 3 6
Hb p-CHsCsH«- 2 4 hr, reflux 80-82 79 3 6
He (CH3)3C - 1 0.5 hr, reflux 73-75 48 4
lid  (CHj)aC- 2 4 hr, reflux 83-85 81 4 4
lie  CeHsCHr- 1 44 hr, ambient 64-67 78 6
Ilf CeHsCHj- 2 48 hr, ambient 97-99 77 5 6

w ould b e rap id ly  p ro to n a te d  to  give th e  b ase-stab le  final V: mp 109-111°; nmr (CDC13) s 2.25 (s, 3, C(O)CHs),
n rod u et I I  S u ch  cleavages of fl-keto sulfones a re  well 3 -90 (s- 2 - S(0 )CH2), 7 -53 (m- 4 > C1-C6H 4(0 )S -) . A n al. Calcdp ro d u ct i l .  touch cleavages or p Keto suirones a re  w en for c 9H9C102S: S, 14.75; Cl, 16.35. Found: S, 14.40; Cl,
d ocu m en ted . 16.56.

T h e  ald ehydes IV  h a v e  n o t been  ob served  b y  us, even
in basic and acidic extracts of reactions terminated Registry No.— Ila', 24824-93-9; lib , 7569-26-8; lie ,
when greater than 50%  of starting material I remains. 24824-95-1; lid , 24824-96-2; lie , 24824-97-3; Ilf, 
However, Backer4 reported the preparation of the t- 5335-44-4; V, 17530-95-9. 
butylsulfonylaldehyde IVd by acid cleavage of the cor
responding dimethyl acetal and its ready basic hy
drolysis to the chloromethyl sulfone lid . There ap- C o n ju g ated  Epoxy C om p o u n d s,
pears to be no report of the basic cleavage of/3-keto sul-
foxides, although the reaction is essentially the reverse U n u su al R in g  C o n tra c tio n  o
of the synthetic method developed by Corey10 11 and t r a n s -2 ,3 ,5 ,6 -D ie p o x y -2 ,5 -d i- t-b u ty l- l ,4 -
Russell12 for their preparation from a sulfinyl carbanion b en zoq u in o n e u p o n  R e a ctio n
and an ester. W e found that the /3-keto sulfoxide V . . .  ,
was cleaved in 93%  yield to the known methyl sulfoxide " 1 ‘ 1 “ “
V I13 by refluxing with 5%  sodium hydroxide for 18 hr. H arold W . M oore and M ichael W. Grayston

Q 0  0  Department o f  Chemistry, University o f  C alifornia,

c i - 0 - I - c h 24 - c h 3 c i- ^ - s - c h 3 Irvme’ Callfornia m
y  y j  Received December IS, 1969

Compounds containing functional groups having 
Experimental Section partial sp2 character which are specifically oriented in

Hydrolysis of Dichlorovinyl Sulfoxides and Sulfones.—The close proximity around a small carbon framework are of
appropriate starting material/.6 5 g, was added to 100 ml of 5%  potential interest in regard to unusual spectral and 

S S ”  “ S S  properties. Reported here is a„.investigation
given in Table I. The products were isolated by extraction with leading to such a system, i . e ., the tn - and tetraepoxid.es, 
chloroform and purified by recrystallization from a benzene- 2 and 3, respectively. These compounds are obtained
hexane mixture. Direct comparison of physical properties was from the reaction of irans-2,3,5,6-diepoxy-2,5-di-f-
made in each case with authentic samples prepared according to butyl-l,4-benzoquinone (1) l ~* with either diazomethane 
the literature or as indicated below to substantiate the structure , .  . /,  . .  , t.  ,. , . . .  ,, ¡,
of the products. or sulfomum methylides. Reaction of 1 with the former

Preparation of Sulfoxides lie, lie , and V.— To a solution of the re a g e n t also resu lts , in  ad d itio n  to  ep oxid atio n , in  an
corresponding sulfide (0.1 mol) in 250 ml of chloroform cooled u nu su al rin g co n tra c tio n  to  th e  k eton e  (4 ) . T h is  resu lt,
in an ice bath was added as a solid over l hr m-chloroperbenzoic to  ou r know ledge, co n stitu te s  th e  first su ch  re a rra n g e -
acid (0.1 mol). The solution was left at room temperature for ,, , , „„  • , _
24 hr, filtered to remove precipitated m-chlorobenzoic acid, m e n t s o l v i n g  d iazom eth an e an d  suggests an  in te r-
washed with saturated NaHCCb solution and water, dried (Mg estm g  a re a  fo r sub seq u ent in vestig ation s u tilizin g sim -
SO<), and concentrated, and the product recrystallized from p ier ep o x y  k eton es.
benzene-hexane to give the following in yields above 80% . Reaction of an ethanolic solution of 1 with excess
, ILr  /-S ’ f  n,mr I P P ? 3}  5 P 3i l  v ’ 9/  Ĉ<?3o p 7 i’ 4P ,5 fresh ly  distilled  e th ereal d iazo m eth an e4 resu lted  in  th e  (q, 2, CH2C1). A n al. Calcd for C5H UC10S: S, 20.71; Cl, . f. . .. . . , ,  . , ,
22.95. Found: S 20.60- Cl 23.05. evo lu tio n  of n itro g e n ; fo rm a tio n  of th e  org an ic  p ro d u cts

H e: mp 6 4-67°; nmr (CDCls)« 4.36 (m, 4 , -C H 2S (0)C H 2C1), w as con ven ien tly  m o n ito red  b y  g lc ,5 show ing th e
7.36 (s, 5, C6H 5). A n al. Calcd for C8H9C10S: S, 16.95; Cl, grad u al fo rm atio n  of th e  triep oxid e 2  w h ich  subse-
18.82. Found: S, 16.72; Cl, 18.68. q u en tly  d isap peared  w ith  th e  syn ch ro n o u s fo rm a tio n  of

(10) (a) A . O tto ,  J. Prakt. Chem., 36, 401 (1888). (b ) M .  O h ta , ei al„ (1) H .  W . M o o re , J. Org. Chem., 32, 1996 (1967).
J. Pham. Soc. Jap., 69, 43 (19 4 9 ); Chem. Abstr., 44, 1485c (1950). (c) (2) F . R . H e w g illa n d  S. L . Lee, J. Chem. Soc. C, 1549 (1968).
J . J . L o o k e r, J. Org. Chem., 31, 2714 (1966). (3) D .  H . W illia m s , J. R o n a yn e , H . W . M o o re , a n d  H . R . S he ldon, J.

(11) E . J. C o re y  a nd  M .  C h a y k o v s k y , J . Amer. Chem. Soc., 86, 1639 Org. Chem., 33, 998 (1968).
(1964). (4) J . A . M o o re  a n d  D . E . Reed, Org. Syn., 41, 16 (1961).

(12) H .  D . B e cker, G . J. M ik o l,  a n d  G . A . R u sse ll, ibid., 88, 3410 (1963). (5) A n a lys is  was ca rrie d  o u t is o th e rm a lly  a t  190° on  6 f t  X  l /< in .  S E -
(13) A . C e rn ia n i a n d  G . M o d e n a , Gazz. Chim. Ital., 89, 843 (19 5 9 ); Chem. 3 0 /C h ro m o s o rb  W  co lum ns. T h e rm a l c o n d u c t iv ity  a nd  fla m e  io n iz a tio n

Abstr., 54, 2 2 4 4 6 i (1960). were used as th e  m eth ods  o f d e te c tio n .
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the tetraepoxide 3 and the ring contracted ketone 4. 2 with deuterated diazomethane. The mass spectrum
Termination of the reaction at the appropriate time showed the same three major peaks as those reported
gave the triepoxide (2) in 61%  yield, while after com- above for the proteated isomer. The only major differ-
plete reaction the only products were 3 and 4 in a ratio ence is the molecular ion peak at m / e  282 and the M — 15
of 8 :2 ,  respectively. T h at the triepoxide 2 is a pre- peak at m/e 267.
cursor to compounds 3  and 4  was shown by subjecting The yield of the ring contracted ketone 4  ranges from
it to the reaction conditions and observing the forma- 1.2 to 32.2%  depending upon the solvent. The fol-
tion of the products, 3 and 4, in the same (8 :2 )  relative lowing relative ratios o: 3 to 4 are illustrative of this
ratio. solvent dependence: ether 9 9 : 1 ,  ethanolic ether 8 :2 ,

Critical structural data for compounds 2, 3, and 4 aqueous methanolic ether 7 : 3 ,  lithium bromide meth-
follow. Compound 2 : mp 111-114° ;  ir (Nujol) 1693 anol (1 :1  lithium bromide to substrate) 6 .2 :3.8.7

0  The stereochemistry of the new compounds reported
/ \  here are not proved in an unambiguous way. I t  is as-

( C = 0 ) ,  900-950  cm -1 (C- C ); nmr (CCh) 5 0.99 [s, 9, sumed, and substantiated partially by experiments, that
C(CH 3)3], 1.05 [s, 9, C (C H 3)3], 2.63 [s, 1, CH ], 3.30 (s, 1 attack of diazomethane proceeds from the least hin-
CH ), 3.14 (AB, 2, J  =  4.5 cps, CH2) ;  mass spectrum dered side of the molecule, he., the side opposite the t-
M + 266. Compound 3 : mp 114-115°;  ir (Nujol) butyl groups.8 Since the triepoxide 2 is a precursor to

O the tetraepoxide 3 , and the nmr spectrum of 3  shows
„ „ „  \ „ , r , 0 n  the molecule to be completely symmetrical, the stereo-
^9, ^ o v k /Aia /i t  ’ T 0r  n m  r pxr i chemistries as represented by formulas 2 and 3 are most(C H ,),], 2.75 (AB, 4, J  =  6.8 cps, CH 2), 3.36 [s, 2, CH] ;  rpa„„nflhlp
mass spectrum AI+ 280. Compound 4 , mp 1 0 5 -107°; Consistent with the above steric control argument is

y  the fact that the reaction of 1 with either dimethyloxo-
ir (Nujol) 1739 ( 0 = 0 ) ,  947, 900 c m " 1 (C— C ); nmr sulfonium methylide or dimethylsulfonium methylide
(CeHs) (220 M e)6 S 0.92 [s, 9, C (C H 3)3], 0.99 [s, 9, C- also give exclusively compounds 2 and 3. However, it is
(CH*),], 2.82 (AB, 2, J  =  5 cps, CH2), 3.52 (s, 1, C H ), interesting to note that these ylide reactions give no
3.86 (AB, 2, J  =  17 cps, CH 2), 4.61 (s, 1, CH) (in carbon trace of the ring contracted ketone 4 .
tetrachloride these peaks appear, respectively, a t 5 0 .97 The stereochemistry of 4  is predicted on the basis of
1.12, 3.00, 3.51, 3.78, and 4 .4 2 ); mass spectrum M + the mechanism presented in Scheme II, assuming a con- 
280. The mass spectrum of 4  is relatively simple
showing only three peaks with relative abundance Sc h e m e  II
greater than 15%  in the mass range above m /e 57.
These peaks appear at m / e  180 (23% ), 222 (41% ), and ii / ?  i.'., / J
207 (100% ) and are rationalized in accordance with (ch3)3 r /  CHzN2 (CH3>3ĉ f |/C.
structure 4  as shown in Scheme I. A sample of 4  in / X / ' C ( C H 3)3---------- *  o ' / X J /  ''C(CH3)3
w hich  th e  m eth y len e  group a  to  th e  ca rb o n y l w as d eu - 0
terated was obtained from the reaction of the triepoxide ! / °

j ,  e # CH* ̂

Sc h e m e  I CĤ (CH3)3 CH2N2

0+ I 0 + ^He-lotCHJa
O— V.  Ill O - ^ l  I  nI

y P " Y i  .
m /e 280(1%) m/e 265(1/,) ° " \ /  C(CHs>3

-co -CO Y  .  ¥
- ch2o - ch,0 ch* /  CHz

I ~  4 (CHs)3? /

O O °
m /e 222 (A\%) m/e 207 (100%) 4 ,

\ - ch2= c= o
\m* 146 -------------------

X  (7) These resu lts  are  in  agreem ent w i th  p re v io u s  o b se rva tio n s  conce rn in g
th e  in flu e n ce  o f a c id ic  so lve n ts  on e p o x id a tio n  and  h o m o lo g a tio n , i.e., as th e  

C 12H 20O  a c id i ty  o f th e  re a c tio n  m e d iu m  increases, e p o x id a tio n  is re ta rd e d  a n d  h o m o -
m /e 180(23%) lo g a tio n  is enhanced. L . F . F iese r a n d  M . F ieser, “ R eagen ts  fo r  O rg a n ic

S yn th e s is ,”  W ile y , N e w  Y o rk ,  N .  Y . ,  1967.
-------------------------  (8) D r ie d in g  m odels show  th a t  th e  d ie p o x id e  1 can e x is t in  tw o  degenerate

(6) T h e  a u th o rs  are  g ra te fu l to  th e  C a lifo rn ia  In s t i tu te  o f T e c h n o lo g y  fo r  c o n fo rm a tio n s , and  th a t  one o f th e  c a rb o n y l g ro u p s  is a lw a y s  less s te r ic a lly
th e  220 M e  n m r sp e c tru m  a n d  to  th e  N a tio n a l Science F o u n d a tio n  fo r  m a k - h in d e re d  on th e  side o pp os ite  th e  b u lk y  a lk y l g ro u p , th e  o th e r c a rb o n y l
in g  th is  in s tru m e n t a v a ila b le  fo r  re g io n a l use. b e in g  co p la n a r w i th  th e  a lk y l s u b s titu e n t.
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certed  ring contraction . N ote th a t the epoxide oxygen epoxide showed at least 96%  deuterium incorporation at one of
which is involved in this ring contraction  reaction  is the exocyclic epoxy methylenes. The mass spectrum of the ketone

one on the sam e side as the m ethylene of the diazo- Reaction o{ trans_2 >3 >5 >6_D iepoxy-2 ,5-di-i-butyl-1,4 -benzo- 
m ethane adduct, thus leading to the cis ring junction in  quinone (l )  with Dimethylsulfonium Methylide.— To a cold,
4. One would predict on the basis of a concerted ring freshly prepared DMSO solution of dimethylsulfonium methylide10
con traction  th a t rearrangem ent would be m uch less was added 2.523 g of finely powdered diepoxide l as a DMSO
favorable, if possible a t  all, for those epoxy ketones in slurry. The reaction solution was allowed to w arm ™  room

,, ’ , . ,F  . , ., temperature and then poured into 500 ml of water. The white
which the diazom ethane attack s from  the side opposite precipitate (1.917 g, 68 .5 %  yield) was collected and shown to be
the epoxide function. Such system s are currently  the tetraepoxide 3 by mixture melting point, and comparison of
under investigation and the results along with those ob- its ir and nmr spectra to those of an authentic sample. Glc
tained concerning the coniugative influences of the analysis of the crude product showed only  the tetraepoxide 3.

•j  fu n ctio n s on th e  sn ectra l and ch em ical nrnn Reaction of trans-2 ,3 ,5,6-Diepoxy-2,5-di-i-butyl-l ,4-benzoqui-
ep oxiae  fu n ctio n s on th e  s p e c tra l an d  ch em ical p rop  none with Dimethyloxosulfonium Methylide .— The reaction of the
erties of com p ou n ds such  as 1, 2 , an d  3 will be rep o rte d  diepoxide 1 with dimethyloxosulfonium methylide10 was carried
in a  sub seq u ent com m u n icatio n . out in a manner analogous to that described above with dimethyl

sulfonium methylide. The product was again shown to be only 
the tetraepoxide 3 by glc, mixture melting point, and its ir and 

Experimental Section nmr spectra.

Reaction of tram -2,3 ,5 ,6-diepoxy-2,5-di-i-butyl-l,4-benzoqui- p pln-- t_  i r u 7 U 7 8  5 - ?  Q1 1 • a
none (1) with Ethereal Diazom ethane.-Excess freshly distilled 1U47b' 7 8 ' 5 ' 2 > 2 4 9 0 3 - 9 1 - l ,  3 ,
ethereal diazomethane was added to a solution of 0.318 g (0.00126 24903-92-2  ; 4 ,  24903 -93 -3 ; diazom ethane, 334-88-3 .
mol) of the diepoxide 1 in 50 ml of anhydrous diethyl ether.
Nitrogen slowly evolved and the reaction course was followed by Acknowledgm ent. — T he authors are grateful to  the
glc which showed the progressive appearance of the triepoxide 2 N ational Science Foundation for p artial financial
followed by its disappearance and the formation of the tetra- SUpp0rt (G P 8706) of this work. W e also express ap-
epoxide 3 and the ketone 4. After 24 hr the solvent was removed t ™  i P t , - ,
in  vacuo leaving 0.339 g of a white crystalline product. Glc W eciation to  D r. Jean-C laude G ram am  for helpful 
analysis of this solid showed it to be a mixture of the tetraepoxide discussions.
3 and the ketone 4 in a ratio of 98 .8 :1 .2 , respectively. Recrystal
lization of this solid from ethanol gave the pure tetrapoxide 3, mp (10  ̂ E - J - Corey and M- C h a y k o v s k y , ibid., 87, 1 3 5 7 ,13 55  (1965).

114-115°.
A nal. Calcd for C16H2(0 4: C, 68.55; H, 8 .63. Found: C,

68.52; H, 8.65.
The ring contracted ketone 4 was isolated and purified by A p p lic a tio n s  o f  R a r e  E a r t h  N u c le a r

preparative glc, mp lO o-l07 . M a g n e tic  R e s o n a n c e  S h if t  R e a g e n ts .
A nal. Calcd for Ci6H240 4: C, 68.55; H, 8.63. Found: C,

68.43; H, 8.49. I I . 1 T h e  A s s ig n m e n t o f  th e  M e th y l
Reaction of the diepoxide 1 with ethereal diazomethane in sol- n  . . • D r  ,

vents of varying acidity changed the ratio of the products 3 and . P r o t o n  M a g n e tic  R e s o n a n c e s  o f  d - C a m p h o r
4.

To a solution of 0.278 g (0.0011 mol) of the diepoxide 1 in 100 C. C. H inckley
ml of absolute ethanol was added excess ethereal diazomethane.
Concentration of the reaction solution after nitrogen evolution Department o f  Chemistry, Southern Illinois
ceased gave 0.292 g (0.0010 mol) of a white crystalline solid. University, Carbondale, Illin o is 62901
Gas chromatographic analysis of this product showed it to be a 
mixture of 3 and 4 in a ratio of 79.9 to 20.1, respectively.

Reaction of 0.439 g (0.0017 mol) of 1 in 10 ml of water and 100 Received Ja n u a ry  23, 1970
ml of absolute methanol with excess etheral diazomethane gave
0.464 g (0.0017 mol) of a white solid. This solid was shown by W hen the dipyridine adducts of trisdipivalom eth- 
gas chromatographic analysis to be a mixture of 3 and 4 in a ratio anato rare earth  ch elates,2 M (D P M )3 • 2py, are dissolved
of 71.7 to 28.3, respectively. ■ , , , v i i j -  • .

Reaction of 0.387 g (0.0015 mol) of l in a solution of 100 ml of ln  <(arb on  tetrachloride the molecules dissociate ac-
absolute methanol and 0.133 g (0.0015 mol) of lithium bromide cording to equations of the type
with excess ethereal diazomethane gave 0.407 g (0.0015 mol) of a ___
white crystalline solid. This solid was isolated by concentration M (D PM )3-2py — M (D PM )3-py +  py (1)
of the reaction mixture followed by repeated washing of the pre- lu m P M i M m p iu i -L (e>\
cipitate with water to remove all traces of lithium bromide. '  3 ' '  1 M T- Py 1 ;

r r t * ’ * ba5icTripoxide 2.— Reaction of the diepoxide 1 with diazomethane group IS ad d ed  to  th e  ab ove solution, asso cia tion s W ith
was carried out according to the method described above. The th e  m e ta l com p lexes m a y  o c c u r  of th e  ty p e
reaction was worked up when the triepoxide 2 was at its maximum
concentration (61% ) as evidenced by glc (approximately 6 hr). M (D PM )3-py +  B v M (D PM )3-pyB (3)
Itecrystallization several times from ethanol gave the pure tri
epoxide 2 , mp 111-114°. C on tact shifts in the pm r spectrum  of B  are a conse-

Anal. Calcd for Ci5H220 4: C, 67.68; H, 8 .27. Found: C, quence of this association if M  is p aram agnetic. T h e
67^6o; H , 8.33. p hen om enon  of c o n ta c t  shifts h as b een  k now n  an d

Reaction of the Triepoxide 2 with Deuterated Diazometh- , ,■ , r , ,, , c  ,,
ane.— Deuterated diazomethane was prepared in a solvent sys- stu d led  fo r m a n y  y earS’ aS haS th e . re q u ire m e n t fo r th e
tern of tetrahydrofuran, D20 ,  and phenol-O-d.9 One hundred o b serv atio n  of n arro w  n m r ab so rp tion s m  p a ra m a g n e tic
milligrams of the triepoxide 2 was added to this solution and was system s, eq 4 , w h ere  T e is th e  e le ctro n ic  re la x a tio n
allowed to react for 12 hr. The solvent was then removed and
the product dried in vacuo. Gas chromatographic analysis of the 1
product showed only the tetraepoxide 3 and the ketone 4 in ap- T, >  a
proximately a ratio of 9 8 :2 , respectively. The products were ____________
separated by preparative glc. The nmr spectrum of the tetra-
--------------------------  (1) P a r t  I :  C . C . H in c k le y , J. Amer. Chem. Soc., 91, 5160 (1969).

(9) D .  W . T h o m a s  and  K . B ie m a n n , J. Amer. Chem. Soc., 87, 5447 (1965). (2) D ip iv a lo m e th a n e , H D P M ,  is 2 ,2 ,6 ,6 - te tra m e th y lh e p ta n e -3 ,5 -d io n e .
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time and a  is the coupling constant between the elec- the pmr spectra of organic molecules with amine and
tronic and nuclear moments.3 Frequently the condition hydroxyl functional groups through association with
for narrow nmr absorptions (eq 4) is not met. This is E u (D P M )3-2py. Compounds having a functional
commonly the case for complexes of short transition groupings less basic than amines and alcohols, such as
series metals, many of which have electronic relaxation esters, carbonyls, ether linkages, sulfides, sulfoxides,
times long enough for epr spectra to be observed in and others, generally associate with the metal complex
liquid solutions. In contrast, paramagnetic rare earth to a lesser degree. These findings suggest that the
complexes (with the exception of gadolinium) are char- compound, E u (D P M )3-2py, and others with similar
acterized by relatively short electron relaxation times4 magnetic and chemical properties would be useful in
and solvent nmr resonances of rare earth complex solu- pmr spectral analysis. Specifically, the sensitive dis-
tions are typically not seriously broadened. Four tance dependence of the pseudocontact shift should in-
paramagnetic members (Pr, Nd, Sm, Eu) of the series dicate relative distances of protons from coordinating
of rare earth compounds M (D P M )3-2py exhibit pmr groups and allow assignment of resonance lines on this
spectra in solution which indicates that the condition of basis. A typical application would include the follow-
eq 4 is met for those compounds. Additionally, the ing steps. (1) Pm r spectra of the organic compound B
pmr spectrum of the europium member of the series is dissolved in carbon tetrachloride are recorded after
silent in the spectral region in which the pmr absorp- successive dropwise additions of E u (D P M )3-2py solu
tions of most organic compounds are found. Therefore, tion and the field position of the nmr lines are plotted as
E u (D P M )3-2py exhibits a combination of chemical a function of metal concentrations. A concentration
(eq 3) and magnetic properties which make it well study is not necessary in principle as the paramagnetic
suited for use as a probe in the pmr study of a wide shifts measured for a single metal concentration are
variety of organic compounds. Though E u (D P M )3- sufficient, but since the shifts produced may be substan-
2py appears to be unique in the above series, this com- tial, this procedure may help keep track of the reso-
bination of properties should be relatively common for nances and allows finer control over the shifts induced,
rare earth compounds. (2) A molecular model cf the compound is constructed

Recently,1 a study was reported of contact shifts and distances, R ,  from the center of the metal ion (ionic
produced in the pmr spectrum of cholesterol through radius of E u 3+ =  0.950 A) at the point of coordination to
association with E u (D P M )3 • 2py in carbon tetrachloride the various protons are measured. Resonances of pro
solution. Among other things it was found that sub- tons closest to the coordinated metal ion will be shifted
stantial paramagnetic shifts could be induced in the the most and assignments are made accordingly. Since
pmr spectrum of cholesterol without serious broadening the pseudocontact interaction dominates the observed
effects and that the shifts produced were predominantly shifts in aliphatic systems, many ambiguities may be
the result of pseudocontact interactions5 (equation 5). resolved by plotting the measured shifts for the partic

ular metal concentration chosen vs. 1 / R 3.
_  J , 9 i  + 0 i  +  9 z )  IV _ 1 _ 1 \  ( c o g 3 x  — l) — d-Camphor was chosen to demonstrate the above

H i R >3 L\ 2 ‘ 2 /  1 technique with the aim of confirming the methyl reso
ld _  ) sjn 2 x  ■ cos 2ii 1 (5) nance assignments. Knmler, Shoolery, and Brutcher7
2 1 reported initial assignments in 1958 and Tori, Hama-

shima, and Takamizawa - proposed assignments in 1964 
The study of cholesterol and studies of other com- of r  9.02 for the C (10) methyl and 9.08 and 9.15 for the
pounds6 using E u (D P M )3-2py further indicate that the C(9) and C(8) methyls respectively in chloroform,
pseudocontact shifts induced are dominated by the Connolly and McCrindle9 found apparently anomalous
distance parameter, R  (eq 4). Magnitudes of the ob- solvent shifts for d-camphor and in 1965 reassigned the
served contact shifts depend upon the relative concen- resonances by deuterium substitution experiments,
tration of the metal complex, which indicates a rapid These corrected assignments are r  9.02 for the C(9)
chemical exchange between associated and unassociated methyl, 9.08 for C(10),  and 9.15 for C(8) and relieve the
B, and the equilibrium constant for the association (eq solvent shifts of anomolv.
3) as well as the distance, R ,  from the metal ion to the p mr spectra of d-camphor (Figure 1) were taken with 
proton in the metal chelate-organic substrate complex. a Varian HA100 pmr spectrometer and the field posi-
Association constants, as reflected in observed contact tions of the methyl resonances were plotted as a func-
shift magnitudes, correlate well with the basicity of the t ion 0f Eu(D PM )*-2py concentration (Figure 2). A
coordinating groups. Shifts of several hundred cycles, molecular model (scale: 1 inch/A) of d-camphor was
without appreciable broadening, have been obtained in constructed and approximate metal ion-methyl group

distances were measured (Table I).
(3) R e ce n t rev iew s in c lu d e  (a) M .  Base, Progr. Nud. Magn. Resonance 

Spectrosc., 4, 335 (19 6 9 ); (b ) D .  R . E a to n , “ P h y s ic a l M e th o d s  in  A d v a n c e d
In o rg a n ic  C h e m is try , ”  H . A . D .  H i l l  a nd  P. D a y , E d ., In te rsc ie n ce , N e w  T A B L E  I

Y o rk , N .  Y . ,  1968, p  462. A P P R O X IM A T E  M x T A I^ - M e T H Y L  D IS T A N C E S
(4) A . C a rr in g to n  and  A . D .  M c L a c h la n , “ In tro d u c t io n  to  M a g n e tic

Resonance,”  H a rp e r a nd  R o w , N e w  Y o rk ,  N . Y . ,  1967, p 173. M e th y l  g ro u p  R
(5) T h is  e q u a tio n  is an  exam ple  ta k e n  fro m  G . N .  L a  M a r ,  W . D e W . C(8 ) 5 .2 5

H o rro cks , a nd  L . C . A lle n , J. Chem. Phys., 41, 2126 (1964), fo r  s h ifts , C(9) 7 .0
AH, p roduce d  in  th e  resonance o f t h e i t h  p ro to n  in  a m e ta l co m p le x  h a v in g  C Y lO ')  4  5
a to ta l ly  a n is o tro p ic  ^ -fa c to r.  R j  is  th e  d is ta n ce  fro m  th e  m e ta l to  th e  ; t h  '
proton a nd  X j  a n d  ilj  are angles ta k e n  fro m  th e  s y m m e try  axes o f th e  com -
p lex. T h e  d e r iv a t io n  o f th is  e q u a tio n  in c lu d e s  a ssum ptions  a p p ro p ria te  (7) W . D . K u m le r, J. N .  S choo lery, a n d  F .  V . B ru tc h e r,  J r .,  J. Amer.
to  s h o rt t ra n s it io n  series m e ta ls  a n d  is n o t d ire c t ly  a p p lica b le  to  ra re  e a r th  Chem. Soc., 80, 2533 (1958).
com plexes. H o w e ve r, th e  R p a ra m e te riz a tio n  is a p p ro p ria te  a nd  e q u a tio n s  (8) K .  T o r i,  Y .  H a m ash im a, and  A . T a k a m iz a w a , Chem. Pharm.
fo r  ra re  e a rth  com plexes are  u n d e r s tu d y . Bull., 12, 924 (1964).

(6) C . C . H in c k le y , u n p u b lis h e d  research. (9) J . D . C o n n o lly  a n d  R . M c C rin d le , Chem. Ind. (London), 379 (1969).
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_. , _  x , , , , ,  ,, , metal in the complex. In such cases all ambiguities
assignments are indicated by number according to the accom- may not be removed. However, the use of rare earth  
panying diagram. induced contact shifts in pmr spectral analysis11 should

be applicable to studies of a wide variety of compounds 
and is simple enough to be routinely applied.12

Bonding between the metal ion and the carbonyl 
group of d-camphor is expected to involve the non- Experimental Section
bonding electron pairs of the oxygen which places the .. , „  . . , ,
metal ion m the plane defined by the carbonyl (DP M )3 was prepared by the method of Eisentrant and Sievers“
group and the two adjacent ring carbons. Considera- and the dipyridine adduct obtained by recrystallization from
tion of steric interference suggests that the C -O -E u  pyridine.
bond is bent away from the 10 methyl group. The Pmr Spectra. Pmr spectra were obtained using a Varian
C -O -E u  bond angle is unknown but should be between " f 1.?0 nmr '^ tro m e te r -  To 50 drops of a 0.2  M d - camphor

o -P' solution m carbon tetrachloride in an nmr sample tube, 5 drops
120 and 180 . Metal ion—methyl distances to the 8  0f XMS internal standard was added. Spectra were recorded
and 9  methyl groups are insensitive to the C -O -E u  and line positions measured after successive dropwise additions
angle in that portion of the plane. °f 0.1 M  Eu(D PM )3-2py in carbon tetrachloride.

Figure 2 shows that each methyl resonance is effected 
by the contact shift to a different degree and assign- .
ments are made accordingly (Figure 1). The 10 methyl ReS J S f L  E u(D PM )3'2py, 24189-43-3; ¿-cam -
group will be closest to the metal ion in the complex and poor, 4o4-4y-3. 
is therefore assigned the resonance at 0.86 ppm which
undergoes the greatest shift. The resonance at 0.83 Acknow ledgm ent-Conversations with Dr. C. Y .
p p m  is sh itted  b y  an  in te rm e d ia te  a m o u n t an d  is as - -**■ (  Tir • Tt • j  i •. i j. ! mi • • t ± rc i Meyers ot bouthern Illinois Umversity and his re
signed to the 8 methyl, th e  remaining, least anected u , u 1 c i t\ a n/r& , -  n r  • • i x  ̂ xi i search group were extremely helplul. Dr. A. M.resonance, a t 0.95 ppm is assigned to the 9 methyl l4. • i • j  j  • , , v , , c, . , . \  xi x t p xi x i -  M alte graciously provided important literature reter-which is furthest removed from the metal ion on , :  1, ^i xr • u a i b av m  ences unknown to the author. 1 he Varian HA 100 nmr
coordination. These assignments are the same as „ . , i j  «.i m • i * ,,, x i i n , w n . ,, , spectrometer was purchased with the aid of a grant
those reported by Connolly and McCrmdle when the t  AT , £  • t? j  -•, K j. J  1 i  , . , ,  1 1  • j  from the JN ational Science h  oundation.solvent change from chloroform to carbon tetrachloride
is taken into account.10

d-Camphor is a rigid structure of relatively low base /in D . . ,. .  ̂ .
r  a  i l l  i  (11) R e c e n t stud ies us in g  C o2+ com plexes in  a s im ila r  c o n te x t are : (a )

strength. Comparable studies with alcohols and c .  C . M c D o n a ld  a nd  w. D . P h illip s , Biochem. Biophys. Res. Commun., 35,

amines yield shifts of a greater order of magnitude. 43 (1 9 0 9 ) ;  (b) w. a. Szarek, e . Deat, t . b . Grindley, and m . c .
When the subject molecule, B , is flexible SO that there is {12) Sanders and W ill ia m s »  h iv e  sh o w n  th a t  th e  c h e la te  E u (D P M )a  

substantial internal rotation in the metal chelate- p ro d u ce s  s h if ts  a p p ro x im a te ly  fo u r  t im e s  la rg e r th a n  th e  d ip y r id in e  ad-

organic substrate complex, resonances are shifted by duct’ and have suggested a d d it io n a l a p p lic a tio n s . T h e ir  s tu d ie s  sh o w  th a t

increments appropriate to the a v erag e  distance from the (13) j .  K  M  Sander8 a n d  D  H . w n u a m s , chem. c » m » n „  d t , 422
(1970).

(14) K .  J . E is e n tra n t a nd  R . E . Sievers, J. Amer. Chem. Soc., 87, 5254
(10) J . D .  C o n n o lly  a nd  R . M c C r in d le , J. Chem. Soc. C, 1613 (1966). (1965).
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Sulfilimines and Sulfenam ides Derived OCH3 and the Cl groups on an inline double bond are in
from  N- Chlorobenzim idates s-/n  anc* antl configuration. Assignments were made

, 0 ij. tvt > , based on extension of the generalization for ethvlenes
and Sulfur Nueleophiles (C = C ) where it is known that protons cis (syn) t o  an

. t p  electronegative group appear further downfield than
nthony . apa trans(anti). Compound 1 was a 9 :1  mixture of syn

Union Carbide Corporation, Research and  (S 3 ’8 5  P p m ) an d  ° n t i  3 6 5  P p m ) isom erS ' H e a tin S 1
Development Department, Technical Center, qj

South Charleston, West V irginia 25303 ,— ^  __ qj ___

Received Ja n u a ry  12, 1970 '—  V'OCH3 \ — /  "''OCH3
1 (syn) 1 (anti)

N-Haloimidates were first prepared in 1896 by
Stieglitz1 through the chlorination of ethyl benzimidate for 40 min at 100° produced an equilibrium mixture at
hydrochloride with cold, aqueous sodium hypochlorite 7.5 :2 .5  of syn to anti isomers, respectively. Corn-
solution. Subsequently, additional examples of N- pound 2 was a 8.7 :1 .3  mixture of syn (S 3.87 ppm) and
chloro- and N-bromoimidates were reported2“ 4 using anff (5 3.72 ppm), isomers, respectively. In the present
the same general synthetic procedure. Direct halo- work no separation of the isomeric products was at-
genation of the free basic imidate esters with bromine,8 tempted. Further analytical data supporting the as-
iodine,8 and ¿-butyl hypochloride6 have also been de- signed structures are presented in the Experimental
scribed. Additionally, Stieglitz has reported2'7 an Section.
elegant synthesis of N-haloimidates by treating N- Methyl N-chlorobenzimidate (1) reacted readily 
chlcrobenzamides with diazomethane. with methyl sulfide giving S,S-dimethyl-N-benzoyl-

The N-haloimidates prepared were not well character- sulfilimine, 3 (72%), and methyl chloride and thus
ized structurally by present-day standards and their furnishing a fifth general route to dialkylsulfilimines.16
chemistry was not widely studied. The early workers .— , N__ C1
devoted their efforts to a study of syn-anti isomeriza- R—( C j ) — + (CH3)2S —*•
tion of the N-haloimino group of these compounds.2’3 '— ' 0CH3
Russian workers found that N-dialkoxyphosphinyl- 1,R = H
imidates8 9 could be prepared from the reaction of N- 2,R=CH30
chlorobenzimidates with trialkyl phosphites while the 0
use of triaryl phosphites and triaryl phosphines in place /'P=\  H ^CH3
of the alkyl derivative gave instead, N-acyl phosphor- R 'Orv C N =S^CH +
imides.10-15 More recently, a-aminocarboxylic esters 3
were produced from base-catalyzed rearrangement of 3, R = H
N-chlorimidates containing a hydrogen.6 This paper 4, R=CH30
describes the condensation of sulfides and mercaptans Similarly compound 2 gave S,S-dimethyI-N-(p-me-
wffh N-chlorobenzimidatcs thoxybenzoyl)sulfilimine (4) in 65%  yield. The reac-

Methyl N-chlorobenzimidate (1) and methyl N- tions were exothermic when the starting materials were
chloro-p-methoxybenzimidate (2) were most conven- mixed ftt room temperature and methyl chloride was

T S ?  PmPw  m  hyP° u Pn°C+edure liberated. The extent of reaction was followed by
of Stieglitz1 from their corresponding benzimidate hy- meth j chloride evolution as the mixtures were finally
drochloride salts m 80 and 70%  yield, respectively. heated to lete -jhe reaction. The sulfiiimine

Because compounds of type 1 and 2 were poorly ductg were water goIubl colorlegs solidg and ingen_
identified by the early workers, some effort was de- gitiye to h drol is at room temperature. Boiling water
voted to establish further their structural identity. cauged ;al h drol ig to the benzamide. Assign-
Both N-chloro compounds (1 and 2) were shown by nmr ment of 8tructure8 was based on elemental analysis and
spectroscopy to be a mixture of isomers in which the infrared and nmr gpectral data The structure 0f 3 was

further characterized by the formation and analysis of
(1) J .  Stieglitz, Amer. Chem. J „  18, 751 (1896). i t s  h y d r o c h l o r i d e  S a l t .
(2) J .  Stieglitz and R . B. Earle, ibid., 30, 399 (1903).
(3) W. S. Hilpert, ibid., 40, 150 (1908). O
(4) J .  Houben and E . Schmidt, Ber., 46, 3616 (1913). /---- s. j|
(5) H. S. Wheeler and P. T . Walden, Amer. Chem. J . ,  19, 129 (1897). (Cj)  C  N = S ( C H 3) 2 ►̂
(6) H. E . Baumgarten, H. E . Dirks, J .  M. Petersen, and R. L. Zey, J . y "—̂ /

Org. Chem., 31, 3708 (1966).
(7) J .  Stieglitz and E . E . Slosson, Ber.. 1613 (1901). O O
(8) G. I .  D e rk a c h , A . M . Lepesa, a n d  A . V . K irs a n o v , J. Gen. Chem. /7~s\ II -  +  jjq ] A Z T \  || +  —

USSR. 32, 167 (1962). ( O ) — C _ N — "  ( O )  C— N— S(CH3)2C1
(9) K. A. Petrov, A. A. Neimysheva, M. G. Fomenko, L. M. Chemushe- \-----/  \___ /  H

vicb, and A. D. Kuntsevich, ibid., 31, 516 (1961).
(10) G. I. Derkach, E . S. Gubnitskaya, V. A. Shokol, and A. V. Kirsanov, W h e n  W -O rO pyl S u lf id e  W aS e m p l o y e d  in  p l a c e  o f

OU* G ^ e r S ;  E . S. Gubnitskaya, V. A. Shokol, and A. V. Kirsanov, methyl Sulfide, Under identical reaction Conditions, the
ibid., 32, 1874 (1962). ,

(12) G. I . Derkach, E . S. Gubnitskaya, L. J .  Samarai, and V. A. Shokol, (16) Synthesis of sulfilimines are described m the following references:
ibid  33 557 (1963) (*0 C. R. Johnsan and J .  J .  Rigau, J .  Org. Chem., 33, 4340 (1968); (b) L.

(-3) G I  Derkach G. K . Fedorova, and E. S. Gubnitskaya, ibid., 33, Horner and A. Christmann, Chem. Ber., 96, 3S8 (1963); (c) C. King, J .  Org.
1017 (1963) Chem., 28, 352 :i960); (d) D. S. Tarbell and C. Weaver, J . Amer. Chem.

(14) G. 1. Derkach and L. J .  Samarai, ibid., 34, 1161 (1964). Soc., 63, 2939 (1941); (e) F . G. Mann and W. J .  Pope. J .  Chem. Soc., Ml,
(15) G. I. Derkach and E . S. Gubnitskaya, ibid., 35, 1009 (1965). 1052 (1922); (f) F . G. Mann, ibid., 958 (1932).
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sulfilimines were not obtained. Instead C-S bond Although nitrene intermediates cannot be entirely 
cleavage resulted to give sulfenamides 5 and 6 and excluded, the probability of their involvement is not
methyl chloride in quantitative yield. The structure favorable since reaction products of these species were
of solid sulfenamides was confirmed by elemental not found by either thermolysis of 1 and 2 in cyclo
analysis and infrared and nmr spectral data. hexene17-19 or treatment of mixtures of 1 and 2 in

cyclohexene with dimethyl sulfide. Between the two 
1 ° r 2 + (CH3CH2CH,)»S *• remaining pathways (a and b), there is no absolute way

O of distinguishing one over the other. It is of interest
Jl__ __ __ that the reaction mixtures exhibited an increase in

\ w /  H 2 2 3 + CH3C1 viscosity immediately after mixing the sulfide and N-
5 R = H chlorobenzimidates and that the sulfides were not
6,R= CH30 boiled out of the reaction mixtures during heating.

A mechanism involving prior formation of a N- 
An attempt to prepare authentic 5 from the reaction chlorobenzamide from the N-ehlorobenzimidate in a

of n-propyl mercaptan and 1 gave, instead, the oxida- Chapman-type rearrangement with subsequent a-  '
tion product, n-propyl disulfide, and by-product methyl elimination processes appears unlikely in view of the
benzimidate hydrochloride as the only identified prod- N__C]
ucts, each in about 55% yield. On the other hand, a „
rapid and exothermic reaction occurred when phenyl \ ^ /  dCH3 
mercaptan was used in place of the alkyl mercaptan. .— , 0
Thus, N-benzoylbenzenesulfenamide (7) was obtained \ 0 ) — aaulfur , sulfilimine
in 60% yield. '  ^ nucleophile

1 + O ) -SH “ *\— /  overall low temperatures of the reactions described here
0  and the stability of the N-chlorobenzimidates toward

__N__+ CH C1 high temperatures as seen in the nmr study.
'cry  H v rv  3 Formation of the sulfenamide from phenyl mercaptan

7 and 1 could have involved rearrangement of the unusual
sulfilimine (10). This compound is representative of 

Attempts to employ an aromatic sulfide in place of an unknown class of compounds and it could well be 
the alkyl sulfides in reactions leading to products similar postulated that in such structural circumstances a
to 3 and 4 were unsuccessful. Instead, reaction of 1 tendency toward molecular rearrangement for the
with diphenyl sulfide at temperatures up to 193° gave sulfur atom to exist in its more stable divalent would 
N-benzoyl-N'-phenylurea as the only isolable product prevail, 
in very low yield while at room temperature only methyl
benzimidate hydrochloride was identified. n-Propyl j + H,CI,
disulfide reacted with 1 with explosive violence. Heat- x r l /
ing a mixture of 1 and elemental sulfur also caused a 0 0
sudden uncontrollable violent reaction. Both of these / r ~ \  H ® _yC=^\
reactions gave product mixtures which were not com- \ w /  c  *" \ W / c  £j s \ w /
pletely separated and identified. x ~ /

Detailed mechanisms for the formation of sulfilimines 10 7
are not clear. One can postulate (a) an initial salt .
formation (9) which then loses methyl chloride to give mechanism of C-S bond cleavage when n-propyl
product or (b) a concerted process involving product sulfide was employed in the reaction is unclear, and the
formation with simultaneous loss of methyl chloride and âte fragmented propyl group has not been es-
(c) formation of a nitrene intermediate. tabhshed. However, propane and propylene deriva

tives were not found (by mass spectrometry) in the
1 + S(CH3)2 -A* gaseous product.

+
/p -7 \  c ^ n ~ S (C H 3)2 / P S \ _  Experimental Section

'— ' ^ — CH3f c i  \ ~ J C\ N Methyl Benzimidate Hydrochloride.— The procedure employed
O-̂ -CH * 5 -  was basically that of Pinner.20 21 Extreme care was taken to

“  3 J  maintain anhydrous conditions for the preparation and handling
® l heat this compound. Dry gaseous hydrogen chloride (58.5 g, 1.6

’  mol) was bubbled into a mixture of benzonitrile (154.5 g, 1.5
3 +  CH3CI mol) and anhydrous methanol (57.7 g, 1.8  mol) during about 4

(CH3)2S. br while the reaction temperature was maintaind at —5 to 0 ° .
___ When the addition was complete, the reaction mixture was held

/V~~\\ v)) b at 0° for 3 days. The crystallized product was filtered quickly

'----- 6) CH3 (17) D. Saika and D. Swern, J .  Org. Chem., S3, 4548 (1968).
(18) R. J .  Cotter and W. F . Beach, ibid., 29, 751 (1964).

— (19) D. S. Breslow, E . I . Edwards, R . Leone, and P. von E . Schleyer,
c (J  J .  Amer. Chem. Soc., 90, 7097 (1968).

1 ----------► \ C j ) ----c ^ .  (CHa)2S> O (20) R . Roger and D. G. Neilson, Chem. Rev., 61, 179 (1961).
~CH3C1 \___ /  (21) A. Pinner, “Die Imidoather und ihre Derivate,” Oppenheim, Berlin,

* -  J  1892.
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in a nitrogen atmosphere, washed thoroughly with ether, and A n al. Calcd for C9HuNOS: C, 59.64; H, 6 .12; N, 7.73; 
dried in a vacuum desiccator over sodium hydroxide pellets to S, 17.69. Found: C, 60.37; H, 6 .20 ; N, 7 .77 ; S, 17.65 ' 
yield 163.5 g (64% ) of pure salt, mp 103.5-104° (gas evolution) S.S-Dimethyl-N-benzoylsulfiliimne Hydrochloride.— The hy-
(lit.22 mp 105°). Crystallization from chloroform-benzene did drochloride was prepared by saturating a solution of 2.5 g (0.014  
not change the melting point. mol) of S,S-dimethyl-N-benzoyIsulfilimine in 50 ml of benzene

Methyl N-Chlorobenzimidate (1).— The chlorination procedure with hydrogen chloride gas at ambient temperature. The re
employed was a modification of that of Stieglitz.1 To a freshly action mixture was allowed to stand for 2 hr and then filtered,
prepared solution of sodium hypochlorite [prepared by adding The white product was washed with two 20-ml portions of ether
gaseous chlorine (218 g, 3.08 mol) to a solution of sodium hydrox- and dried to yield 2.52 g (84% ), mp 180-182°. Recrystallization
ide (176 g, 4 .4  mol) in 1055 g of water a t 0°] was added 300 ml of from ethanol afforded 2.14 g (71% ), mp 180-182°; ir 3 .30 -3  80
1,1,2-trichloro-l,2,2-trifluoroethane (UCON-113). To the re- (salt), 5.88 ( C = 0 ) ,  and 7.05 ¡x (N==S); nmr (D20 )  5 3 50 (s' 6
suiting mixture was added portionwise 150 g (0.88 mol) of crude H, (CH3)2S < ), 4.85 (s, 1 H, = N < TT), and 7.83 ppm (m, 5 H
methyl benzimidate hydrochloride over 20 min while keeping the aromatic). 11
reaction temperature at 0 -5 ° . When the addition was complete, A nal. Calcd for C9H,2C1N0S: C, 49 .63 ; H, 5 .55 ; Cl, 16.28- 
the reaction mixture was stirred at 0 -5 °  for 10 min, the layers N, 6 .43 ; S, 14.72. Found: C, 49 .93 ; H, 5 .57 ; Cl, 16.12; n ’
were separated, and the aqueous layer was extracted three 6 .53 ; S, 14.40.
times with 50-ml portions of UCON-113. The combined UCON- Reaction of Methyl N-Chlorobenzimidate with n-Propyl Sul- 
113 extracts were dried over anhydrous MgSCh for 1 hr, filtered, fide.— re-Propyl sulfide (11.8 g, 0.1 mol) was added to 17.0 g
and evaporated to give a colorless oil. Distillation afforded 121 g (0.1 mol) of methyl N-chlorobenzimidate over a period of 20 min
(81% ) of colorless product 1, bp 118-120° (15.0 mm). while maintaining the temperature at 25 -3 0 °. There was a

A nal. Calcd for CgHgCINO: C, 56.65; H, 4 .75 ; Cl, 20.90; strong exotherm of reaction, and during this time methyl chloride
N, 8.26. Found: C, 56.70; H, 4 .64 ; Cl, 21.90; N, 8 .25. (identified by mass spectrometry) commenced to be liberated

Tne infrared absorption spectrum revealed bands at 6.15 and was collected over water. The mixture was stirred and grad-
(C = N ) and 9.68 y (0 -C H 3). The nmr spectrum (CDC13) ually heated to 134° until (about 4 hr) 1 mol of methyl chloride
exhibited two singlets in a 9 :1  ratio at 8 3.85 and 3.65 ppm, per mol of starting N-chloro compound had been collected. After
respectively, attributed to the methyl protons, and a multiplet cooling the reaction mixture, the crude N-benzoyl-l-propanesul-
centered at 8 7.34 ppm for the phenyl ring protons. Raising the fenamide (5, 19.3 g, 100% ) was extracted with four 500-ml
temperature from 25 to 70° altered the methyl proton ratio of portions of boiling petroleum ether (63-75°) to yield 6.0 g (36% ).
the low-field to high-field singlets to 8 .5 :1 .5 , respectively. A An analytical sample was prepared by crystallization from ben-
7 -5 :2 .5  equilibrium mixture of the 3.85 to 3.65 ppm singlets, zene-cyclohexane: mp 7 0 -7 3 °; ir 3.01 (N -H ), 6.0 ( C = 0 ) ,  and
respectively, was obtained after 40 min at 100°. 7 .9  y  (S-CH 2); nmr (CDC13) 8 0 .98 (t, 2 H, SCH2CH2- ) ,  1.63

Methyl p-Methoxybenzimidate Hydrochloride.— The prepara- (sextet, 2 H, -C H 2CH2CH3), 2.78 (t, 3 H , -C H 2CH3), 7.39 (m,
tion of this hydrochloride was carried out by the same procedure 3 H , aromatic), 7.60 (s, 1 H, -N H -) , and 7.84 ppm (m, 2 H,
as described for the preparation of methyl benzimidate hydro- aromatic).
chloride. From 199.7 g (1.5 mol) of anisonitrile, 57.7 g (1.8 mol) A nal. Calcd for C10H 13NOS: C .6 1 .5 1 ; H, 6 .71; N, 7.17.
of anhydrous methanol, and 58.5 g (1.6 mol) of hydrogen chloride Found: C, 61.83; H, 6 .61 ; N , 7.44.
there was obtained 263 g (87% ) of crude, dried white crystalline Reaction of Diphenyl Sulfide with Methyl N-Chlorobenzimi- 
product. This material was used without purification in the date.— A mixture of 5.7 g (0.031 mol) of diphenyl sulfide and 8.45
subsequent chlorinations. g (0.05 mol) cf methyl N-chlorobenzimidate was slowly heated

Methyl N-Chloro-p-methoxybenzimidate (2).— To a 2.8 to 3.0 to a maximum temperature of 193° during 7 hr. A total of 350
M  solution of sodium hypochlorite [prepared by adding 70 g ml of methyl chloride was collected. The black tarry-appearing
(2.0 mol) of chlorine to a solution of 80 g (2 mol) of sodium hy- reaction mixture was filtered and a black solid was collected,
droxide in 250 g of water while keeping the temperature at 0 -5°] washed with 20 ml of a 1 :1  mixture of benzene-cyclohexane, and
was added 300 ml of UCON-113, and gradually 263 g (1.30 mol) dried to yield 0.40 g (6 .7% ), mp 183-190° dec. ‘The crude gray
of crude methyl p-methoxybenzimidate hydrochloride during 15 product was purified by two recrystallizations from benzene to
min while maintaining the temperature at 0 -5 ° . The resulting yield 0.10 g (1.7% ) of N-benzoyi-N'-phenylurea, mp 197-199°
mixture was stirred for 30 min after the addition of the salt was dec. The ir and nmr spectra were identical with that of an
complete, the layers were separated, and the aqueous layer was authentic sample of the urea product.
extracted with three 50-ml portions of UCON-113. The com- Reaction of Methyl N-Chlorobenzimidate with Benzenethiol.—  
bined h CON-113 extracts were dried over anhydrous M gS04 for Benzenethiol (5.51 g, 0.05 mol) was added dropwise to a solution
1 hr. filtered, and evaporated to give a crude colorles oil. Distilla- of 8.45 g (0.05 mol) of methyl N-chlorobenzimidate in 5 ml of
tion gave 178.5 g (69% ) of product, bp 94 .5-107° (0.025-0 .050 benzene during 1 hr with cooling to maintain the temperature at
mm). Redistillation afforded 137.2 g (53% ) of pure product: 25-30°. The resulting reaction mixture was then slowly heated
bp 95 .5-99° (0 .18-0 .20  mm); ir 6.18 (conjugated C = N ) and to 81° in 3 hr. During this time 670 ml (60% ) of methyl chloride
9.67 n (Q-CH3); nmr (CDC13) 8 7.63 (m, 2 H, aromatic), 6.87 was collected. The solid brown residue product was washed with
(m, 2 H, aromatic), 3.72 (s, 3 H, CH3OCeH4), and two singlets three 15-ml portions of cold benzene and dried to yield 6.9 g
at 3.87 and 3.72 ppm (3 H ) from the syn and anti forms in an (60% ) of white N-benzoylbenzenesulfenamide (7), mp 87-90°.
87.4 to 12.6 ratio, respectively, at 25°. An analytical sample was prepared by recrystallization from

A nal. Calcd for C9H i9C1N02: C, 54.15; H , 5 .05; Cl, 17.76; benzene to yield 5.5 g (48% ), mp 95 -9 7 °: ir 3.05 (N -H ), 6.00
N, 7.02. Found: C, 54.44; H, 5 .27 ; Cl, 17.57; N, 7 .00. ( C = 0 ) ,  6.74 (N -H ), 9.10 (S-C 6H 5), and 9.67 M (S-C 6H5); nmr

S,S-Dimethyl-N-benzoylsulfilimine (3).— Methyl N-chloro- (CDC13) S 8.06 (s, 1 H , -N H -), 7.86 (m, 2 H, aromatic), and
benzimidate (17.0 g, 0.1 mol) was added dropwise to a stirred 7.32 ppm (m, 8 H, aromatic).
solution of 6.21 g (0.1 mol) of methyl sulfide in 10 ml of benzene A nal. Calcd for C i3H hNOS: C, 68.10; H , 4 .84 ; N, 6.11;
while keeping the temperature at 3 0 -3 5 °. When the addition S, 13.98. Found: C, 68.35; H , 5 .04 ; N, 6 .41 ; S, 13.20. 
was complete, the mixture was heated to 75° during 2 hr. The S,S-Dimethyl-N-(p-Methoxybenzoyl)sulfilimine (4).— Methyl
next day additional methyl sulfide (2.7 g, 0.044 mol) was added sulfide (6.83 g, 0.11 mol) was added dropwise to 20.0 g (0.10
and the reaction mixture was heated at 55° for 1 hr. During this mol) of methyl N-chloro-p-methoxybenzimidate wdth stirring,
time 1520 ml (68% ) of methyl chloride was collected and identi- The addition was complete in 10 min and during this time the
fied oy mass spectrometry. The solvent and excess methyl sulfide temperature rose from 25 zo 35° and 60 ml of methyl chloride
were evaporated by means of a stream of nitrogen gas, the crude was collected. The mixture was slowly heated to 64° during 4.5
white product was washed successively with 20 ml of petroleum hr. After cooling, 10 ml of benzene and an additional 0.62 g
ether and 20 ml of benzene, and dried to yield 13.0 g (72% ), mp (0.01 mol) of methyl sulfide was introduced, and the reaction
106.5-108.5°. Recrystallization from benzene raised the melting mixture was heated for 4 hr at 85-88° until gas evolution was
point to 107 .5-108 .5°; ir (K B r) 6.25, 6.67 (aromatic C = C ), complete. The solid product was washed successively with 20
6.44 ( C = 0 ) ,  7.50 (N = S ), and 7.66 y (S-CH 3); nmr (CDC13) ml of petroleum ether (63-75°) and two 30-ml portions of diethyl
8 2.62 (s, 6 H , (CH3)2S < ), 7.33 (m, 3 H, aromatic), and 8.06 ether and dried to yield 13.76 g (65% ), mp 8 7 -9 2 °. Recrystal-
ppm (m, 2 H, aromatic). lization from benzene gave 12.30 g (58% ), mp 8 7 .5 -92°. An
-------------------  analytical sample was prepared by two recrystallizations from

(22) M. J .  Hunter and M. S. Ludwig, J .  Amer. Chem. Soc., 84, 3491 benzene, mp 95—99 . ir (K B r) 3.o0 ( 0 —CH3), 6.23 (C 0 ) ,
(1962). 6 .30, 6.46, 6.54, 6.62, 6.75 (aromatic C = C ), 7.50 (N = S ),
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8.04 (0 -C 6H4), 9 .60, and 9.80 n (0 -C H 3); nmr (CDC13) S 2.73 reaction would be expected to proceed readily. On the
(s, 6 H ,= S (C H 3)2, 3.82 (s, 3 H ,-O C H 3), 6.85 (d, 2 H, aromatic), one h an(j the valence shell electrons of selenium are

* nA naL  CaTcdVr C ^ o S '  C, 56.85; H , 6 .20 ; N , 6 .63; h iShI,Y polarizjdlle 6 u
S, 15.18. Found: C, 56.54; H , 5 .92 ; N, 6 .70 ; S, 14.86. species;6’7 on the other hand sulfur m a disulfide bridge

N-(j>-Methoxybenzoyl)-l-propanesulfenamide (6).—n-Propyl is capable of using the empty 3d orbitals in the transi-
sulfide (5.91 g, 0.05 mol) was added to 10 g (0.05 mol) of methyl tion state, facilitating nucleophilic scission of S-S
N-chloro-p-methoxybenzimidate during 10 min. There was bonds.4 Added interest in this type of reaction
only very slight exotherm of reaction (2 rise) and no gas evolved , . . . . .
under these conditions. The resultant reaction mixture was stemmed from a possible general application of this
slowly heated to 135° during 3.5 hr and maintained at 135-137° method for the synthesis of thiolselenenates, par-
temperature for 2.0 hr. During this time the theoretical quantity ticularly those which are aliphatic and acyclic in na-
(1120 ml) of methyl chloride (identified by mass spectrometry) ture; it appears that the first compound of this type,
had been collected. The reaction product was filtered to give a i -amino-3-selena-4-thiatetradecane, was prepared
tacky, pale yellow solid which was washed with cyclohexane and
dried to yield 11.30 g (100% ). This product was extracted with on ly re ce n tly .
five 400-ml portions of boiling petroleum ether (6 3 -75°). The In this study 2-naphthylsulfenylthiocyanate (2),9 a 
yellow insoluble amorphous residue was discarded and the ex- relatively stable compound among the labile sulfenyl-
tracts were allowed to stand for 2 days. The crystallized product thiocyanates, was allowed to react with the selenolate
was collected by filtration and dried to yield 3.45 g (31% ), mp . AT , 7 , , .
8 6 .5 -8 9 ° . An analytical sample was prepared by recrystalliza- of N-carbobenzoxy-L-selenocysteme diphenylmethyl 
tion of 0.5 g from 200 ml of petroleum ether (63 -75°); yield ester ( l ) ;10 the thiolselenenate (3) was isolated in mod-
0.43 g; mp 9 2 -9 3 .5 ° ; ir (K Br) 3.05 (N-H), 3.52 (0-CH3), erate yield following chromatographic separation from
6.08 (amide C = 0), 6.24, 6.36, and 6.66  n (aromatic C=C); the diselenide (4) and disulfide (5) (Scheme I). In
-CH2Ch!ch3), 2TO (t, 3 h’, -CH2CH3),)3.82 (s, 3 H,’ CH3- independent experiments it was noticed that 2 is rather
O C J1 ,-), 6.89 (m, 2 H, aromatic), 7.45 (s, 1 H, -NH-), and labile in an alkaline medium giving rise to the disulfide
7.82 ppm (m, 2 H, aromatic). 5 ;  since it  w as fe lt  th a t  th e  m o d e ra te  yield  of 3  m a y

Anal. Calcd for CuHi5N 0 2S: C, 58.64; H, 6 .71 ; N, 6.22. have been associated with the lability of the substrate
Found; C, 58.62; H, 6 .74 ; N , 6 .42. 2, experiments were repeated using increasing amounts

_  . , ~  , 0 0 0 0 0  ¿O C 1 o o co o  a i k of 2 (up to 3 mol equiv). The fact that neither theRegistry No.— 1 sun, 23632-48-6; 1 anti, 23632-47-5; . , , v/,  ,, , ,
2 s y n ,  24978-55-0 ; 2 anti, 25024j)24i; 3, 19397-91-2; JJ«“  ° f 3 t h i , °f 3 4 . * 7
3 (HC1), 24978-57-2; 4, 25024-03-7 ; 5, 24978-58-3; 6, fhat *■>« moierate yield of product could be due to an

y  _c -o/i 7 Ooe ,7 J o  intrinsic instability of 3, a possibility in line with earlier
2 4 9 /8 - 0 9 - 4 ;  7 , 2 d 8 4 /-d d -8 . o b serv atio n s w ith  th io lse len en ates .811

In order to eliminate definitively possible interference
---------------------- by a base-labile substrate, 2 was replaced with the more

stable sulfenyl sulfite (Bunte salt); pure unsymmetrical 
tvt i i_.,. c  • • r m  ic.i i. disulfides have been prepared in weaklv alkaline reac-

_ tion media using sulfenyl sulfites.“  However, when
Selenolate. Synthesis and Some the anion 1 treated with sodium S-benzvlthicsulfate

Properties of Acyclic Thiolselenenates1,2 (6)13 the desired thiolselenenate (7) was isolated only in
somewhat higher yield (Scheme II). This again 

J. Roy, I. L. Schwartz, and Roderich Walter pointed to an instability of the thiolselenenate.
Further semiquantitative studies with 3 and 7 in- 

Department of Physiology, The Mount Sinai volving solvent variation per se showed that dispro-
Medical and Graduate Schools, The City portionation takes place, the rate depending in first

and The Medical Research Center, Brookhaven approximation on the polarity of the solvent. Es-
National Laboratory, Upton, New York 11973 sentially, instantaneous disproportionation of 3 and 7

occurs in basic media and a rapid disproportionation 
Received January 27,1970 also takes place in acidic media as illustrated by the

attempt to decarbobenzoxylate 3 which resulted in 
Various types of compounds possessing a sulfur- L-selenocystine. From these and other findings8,11 it

sulfur bond, e.g. diaryl disulfides (ArSSAr), dialkyl di- appears that aliphatic acyclic thiolselenenates are ex
sulfides (RSSR), sulfenyl thiocyanates (RSSCN), sul- ceedingly reactive molecules, while cyclic thiolselen-
fenyl sulfites (RSSCVJ, and sulfenyl thiosulfates (RS- enates are generally more stable,14“ 16 although excep-
8*0 ,-), are susceptible to nucleophilic attack.3 The
ionic scission of sulfur-sulfur bonds by nucleophilic (5) G. Bergson, Ark. Kemi, 13, l l  (19S8).
agents has been repeatedly investigated and, on the (6) c - G- s" ain and c - B- S“011, Amer- Chem- Soc- 75,141 (1953)-
i • j. t • .• , j -  , •  i o o  (7) G. E . K. Branch and M. Calvin, “The Theory of Organic Chemistry,”basis of kinetic studies, appears to involve an on2 New York N Y 1941 423
mechanism.4 (8) D. L. Klayman, J .  Org. Chem., 30 , 2454 (1965).

This paper describes the scission of disulfides by (9) R- G- Hiakey and M- A- HarP°ld' Tetrahedron, *3, 3923 (1967).
, ,  . » . .  . , . .  r (10) J .  Roy, Wolfgang Gordon, I. L. Schwartz, and R. Walter, J .  Org.

selenolate. As an a  p rion  consideration, this type ot chem., ss, 510  (1970).
(11) G. Bergson and G. Nordstrom, Ark. Kem i, 17, 569 (1961).
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MeOH = methanol, EtsO =  diethyl ether, EtOAc = ethyl acetate. 88, 1331 (1966).

(3) A. J .  Parker and N. Kharasch, Chem. Rev., 59, 583 (1959). (16) R. Walter, First American Peptide Symposium at Yale University,
(4) O. Foss, “Organic Sulfur Compounds,” Vol. I, Pergamon Press, Conn., Aug 1968; B. Weinstein, Ed., “ Chemistry and Biochemistry,

London, 1961, p 83. Marcel Dekker, New York, N. Y ., 1970, p 467.

2840 J .  O rg. C hem ., V ol. 3 5 , N o . 8 , 1 9 7 0  Notes



S c h e m e  I

CH2S e S ^ t j0

r—» ZNHCHCOOCHPh2

/
CH2Se s — SCN /  /  CH 'Se- \

ZNHCHCOOCHPh2 +  — L------->- \ZNHCHCOOCHPh2/2

1 ' 2  \ 4

1 ( c o l
5

S c h e m e  II spots, Zahn’s reagent20 positive (the one spot with the higher j?f
4  value was later found to correspond to 3, see below; the Rt

/  *" value of the other spot was identical with that of authentic 4 )10
t CH2Se— SCHjPh and one Zahn’s reagent negative spot (a pronounced white spot

| with an Ri value corresponding to authentic 5) were detected.

ZNHCHCOOCHPh2 Compound 3 was eluted from a silica gel G column with CeH6
_ containing 1 .5%  EtOAc and crystallized from EtOAc-M eOH in

clusters of fine needles: yield 0.5 g (24% ); mp 8 5 .5 -86 .5°; 
M 3»-6d - 7 5 .0 °  (2%  in D M F).

(C6H5CH2S- )2 A n a l .  Calcd for C3,H2sNO,SSe: C, 65 .2 ; H , 4 .66 ; N, 2.24.
8 Found: C, 65 .2 ; H, 4 .66 ; N , 2.22.

N-Carbobeazoxy-Se-(benzylthio)-L-selenocysteine Diphenyl- 
. methyl Ester (7).— Sodium hydrogen selenide was prepared from

tions are encountered. It thiolselenenates occur m  sodium (0.107 g) dissolved in absolute EtO H  (5 ml). Under hy-
living organisms, their high reactivity would dictate drogen atmosphere N-carbobenzoxy-O-tosyl-n-serine diphenyl- 
that their existence would be transient. Hence, one methyl ester (1.86 g) in degassed D M F (5 ml) was added and
would expect to find thiolselenenates to be involved in sti, ™ g. wf s continued for 0.5 hr. Base (0.17 g of NaOH dis-

, , .. , ,  , ,  , solved m 1 ml of degassed water) was added, followed by sodium
catalytic processes rather than as a permanent com- s-benzylthiosulfate (6 )»  (2.26 g) in 3 ml of degassed water. The
ponsnt of protein structures. reaction mixture, after stirring under hydrogen for 3 hr, was

diluted with EtOAc (80 ml) and washed with four 25-ml portions 
of water. The organic layer was separated and dried, and the 

Experimental Section17 18 solvent was removed under reduced pressure. The resulting oil
N-Carbobenzoxy-Se-(naphthyl-2-thio)-L-selenocysteine Di- f as chromatographed on a  silica gel G column and three

phenylmethyl Ester (3).— Sodium (0.107 g) was dissolved in fractions were collected. The first fraction eluted with C6H,
EtOH (5 ml); the resulting solution was degassed and all sub- containing 1%  EtOAc, yielded upon evaporation a solid which
sequent steps were performed under hydrogen atmosphere. To the after crystallization from 95%  EtO H  was identified as benzyl
solution, saturated with hydrogen selenide gas, N-carbobenzoxy- disulfide (8 ), 0.5 g, mp 69-70 (lit. mp 69-70 ). The second
O-tosyl-L-serine diphenylmethyl ester10 (1.86 g) dissolved in 5 ml fractl° "  elut« i  wlth CoH° containing 2%  EtOAc, also gave a
of degassed D M F was added. The reaction mixture was stirred crystalline solid upon evaporation of solvent. Recrystallization
for an additional 0.5 hr and NaOH (0.17 g) dissolved in 1 ml of ¡™“ jan [ m  36%  yleld (0 ’7 g)> mp
degassed water was then added, immediately followed by 2- 7 °  ’ ® n  m  „ TT , _ n on
naphthylsulfenyl thiocyanate (2 )° (1.8 g) in degassed D M F (5 ^  A nf '  6 3 '° : H ’ 4 '95! N ’ 2-37'
ml). The reaction was exothermic and the mixture turned dark hound: 0 ,  63 .0 , 11, 5 .08 , JN , A 32. _ r t .
and solid separated. Stirring was continued for 3 hr, and the re- . J The third fraction eluted with CeH6 containing 3%  EtOAc was
action mixture was subsequently diluted with EtOAc (80 ml) and identified as bis (diphenylmethyl bis(N-carbobenzoxy) L-seleno-
shaken thoroughly with water (30 ml); at this stage 0.4 g of Cy“ eJ 4) a f t e r ^ m
2-naphthyl disulfide, mp 138-139° (lit.8 mp 139-140°), which was yield, 0.85 g, mp 101-102 .lit. mp 101 102 ), in addition the
insoluble in both the aqueous and organic phases, was isolated ir spectra taken m K B r were supenmposa e.
by filtration. From the filtrate the aqueous layer was separated . ^ S e £ S £ eliST n  g) u
and the organic layer was washed with three 25-ml portions of AcOH (1 ml) and 4 A H Br in AcOH 1 ml) was added while
water, dried, and evaporated to dryness under vacuum. The re- st™ -  After 15 mm the reaction mixture was diluted with 
sidual semisolid was dissolved in a minimum volume of boiling anhydrous E  2O . 111 ) an c 1 e > al1 e ,so a °
EtO Ac; on standing a second batch of 2-naphthyl disulfide ^  and washed wlth, a ,sm^  volume of cold anhydrous
separated as crystalline yellow solid to yield 0.5  g, mp 138.5- E  2<?; Th<; solld was suspended with 2 ml of water and the m-
139.5°. The filtrate, after separation of this solid, was then evap- s° lubje material was collected by filtration (this mater al was

, j  j  j  4.1. * 4 . 1  identified bv melting point and ir as 2-naphthyl disulfide), lheorated under vacuum and the viscous mass was tested on silica j L *  K r «11™  crAiA1 n  11 ■ ♦!, 1 + 4. /i-n  /„\ pH of the filtrate was adjusted to 5 whereupon a yellow solid
gel G tic in the solvent system E tO A c:C 6H6 (1 .9 , v /v ) . Two ^  was collJ ted by filtration) washed with a small

(17) G. Bergson, Ark. Kem i, 19, 75 (1962). volume of water, and dried in  v acu o  over P 20 5 to yield 0.05 g
(18) All melting points were determined with a Thomas-Hoover capillary (75% ). On the basis of melting point, Superimposable ir, and

melting point apparatus and are corrected. The infrared spectra were specific optical rotation the material Was identified as L-selenO-
recorded on a Perkin-Elmer 457 infrared spectrophotometer in pressed Cystine 10
disks of K B r at a concentration of 0 .3% . The optical rotations were de
termined with a Carl Zeiss photoelectric precision polarimeter (0.005°). ----------------------.
The elementary analyses were carried out by Galbraith Laboratories,
Knoxville Tenn. (20) H. Zahn and E . Rexroth, Z. Anal. Chem., 148, 181 (1955).

(IS) D. Theodoropouios, I. L. Schwartz, and R . Walter, Biochemistry, 6, (21) "D ictionary of Organic Compounds,” Vol. 2, Oxford University Press,
3927 (1967). New York, N. Y ., 1965, p 904.
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R e g istry  N o .— 3 ,2 4 9 7 8 - 1 3 - 0 ;  7 ,2 4 9 7 8 -1 4 -1 .
140?-

A ck n o w le d g m e n t.— T h e  a u th o rs  are  th a n k fu l to  M rs . \ ° experiment 4
In g rid  M in tz  fo r te ch n ica l assistan ce . 1 2 0 o experiment 5
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lys gly phe pro ser gin gly glu olo gly

O ccasion ally  d uring th e  use of M errifield  solid-phase amino acid added

p ep tid e syn th esis  from  seem in gly  sim ple sy n th eses, „  , .  , . . . ,
s tep s o ccu r w h ere p a r t  of th e  p ep tid e ch ain  stop s grow - F lSure 1-G ra p h ica l interpretation of experiments 1, 4, and 5.

in g .2-5  W e e n co u n tered  such  a  ste p  a t  g lu tam in e
during th e  syn th esis  of th e  p ep tid e H 2N -S e r-A rg -P h e - h istid ine w as p a r tly  dissolved in  D M F  fo r th e  coupling. 
G ly -S e r -T r p -G ly -A la -G lu -G ly -G ln -S e r -P ro -P h e -G ly -  I t  ap p ears  th a t  while deblocking w ith  triflu o ro a ce tic  
L y s -C O O H .6 A lth o u g h  th e  use of triflu o ro a ce tic  a c id 2 a c id ca n  ov erco m e m a n y  of th e  ch a in -te rm in a tio n  
an d  double cou plin gs4 in tw o  d ifferen t so lven ts im - p rob lem s in  p ep tid e syn th esis, th e  com b in ation  of d e 
p ra v e d  ou r syn th esis  som ew h at, th e  use of a  m ixed  b lockin g w ith  triflu o ro acetic  acid  an d  cou plin g w ith
so lv en t sy s te m  of m eth ylen e chloride an d  d im eth y l- D C C I  in  D M F  an d  m eth ylen e chlorid e m ig h t p rov e  
fo rm am id e (D M F )  g av e  th e  b e st re su lts  fo r ou r p ep - m o re  s a tis fa c to ry , 
tid e . W e  in te rp re t th is  to  m ean  t h a t  ou r s te p  w as
cau sed  b v  a  te r t ia r y  s tru c tu re  p ecu liar to  th is  p ep tid e , „  . , „ .

, , , ,  , • i , . , Experimental Section
an d  w e su g g e st th a t  th is  so lv en t sy s te m  m a y  be
gen erally  useful fo r p rob lem s of th is  ty p e . Dry chloromethylated copolystyrene-2 %  divinylbenzene (20

T a b le  I  show s th e  resu lts  of se v e ra l e x p erim en ts  using 8 ) (Biorad Beads S-X -2, 200-400 mesh, capacity l . l  milli- 
■ x t  j  i.i i • i. v , j  equiv/g) was mixed with 20 mir. of both triethylamme and e.N-

a  v a r ie ty  of deblocking ag en ts , coupling re a g e n ts , an d  carbobenzoxy-a ,N-i-butoxylysine in 80 ml of ethanol. The mix-
re a c tio n  tim es. E a c h  e xp erim en t w as ru n  in  trip lica te . ture was refluxed for 46 hr. The resin was washed in ethanol,
F ig u re  1 is a  g rap h ic  in te rp re ta tio n  of T a b le  I . O nly methylene chloride, water and methanol and then dried. The
th e  first five resid ues, H O O C -L y s-G ly -P h e -P ro -S e r- resin contained 0.2  mmol of blocked lysine per gram of resin.
N H 2, could be co m p lete ly  coupled  using m eth y len e  The following cycle of deprotection, neutralization, and coupling

. . . .  , r . . -j •. . . was carried out on 1 g of resin with a total solution volume of 10
chlorid e as th e  so lv en t fo r d icy clo carb o d n m id e ( D C C I ) , mi for each residue added: (1) three washes with the deprotecting
even  w hen triflu o ro acetic  acid  in m eth ylen e chloride solvent-acetic acid, propionic acid, or methylene chloride; (2 )
w as used  fo r deblocking. O nly 7 0 %  of th e  s ix th  am in o 30 min of reacting with the deprotecting agent— acetic acid and
acid , g lu tam in e, could be ad d ed  as an  a c tiv e  e s te r  in 1 M HC1, propionic acid and 0 .8  M HC1, both with 1%  by volume
D M F  w ithin  6  h r. H ow ev er, if 1 .5  M  of u re a  w as mercaptoethand, or 50%  trifluoroacetic.acidm 50%  methylene 

. .  . ’ , , chloride with 5%  by volume mercaptoethanol;7 (3) three washes
ad d ed  to  DiVLr, g lu tam in e could be ad ded  to  an  e x te n t  with the deprotecting solvent— acetic acid, propionic acid, or 
of 9 0 %  a f te r  6 h r and th e  re a c tio n  w as co m p lete  a fte r  methylene chloride; (4) two washes with ethanol; (5) three
24  hr. If  D M F  (V , b y  vo lu m e) w as ad d ed  to  th e  washes with chloroform; (6 ) neutralization for 10 min with a
D C C I-m e th y le n e  chloride couplings an d  allow ed to  mixture of 12.5%  by volume of triethylamme and 87%  by volume 

. o  i i x  ■ j  /oxi_\ i t of chloroform; (7) three washed with chloroform; (8 ) three
r e a c t  6  h r, glycine (7 th ) , g lu ta m ic  acid  (8 th ) and a la - waghes with methyl chloride if DCCI coupling or three washes
nine (9 th ) could  be cou pled  com p lete ly . If  on ly  D C C I -  with D M F if active ester coupling; (9 ) the coupling step de
m eth ylen e chloride w as u sed , ju s t 5 0 %  of th e  ch ain  pended upon the experiment and the amino acid being added as
con tin u ed  to  grow . K n ow in g th is, am ino acids 6  shown in Table I. I t  consists of one of the following procedures:
th ro u g h  13 w ere cou p led  using D M F  while it  w as n o t (A) addition of 5 ml of methylene chloride containing 2.2  mmol

j. , .  .. „ . of blocked ammo acid and equilibration for 10 mm, (Jo) addition
n e ce ssa ry  for th e  coupling of th e  rem ain in g th re e  am ino 0f 5 mi 0f a solution of D M F and methylene chloride (60 :40 )  
acid s. containing 2.2  mmol of blocked amino acid with 10 min of equili-

I t  should be m en tion ed  th a t  M errifield , 2 w hile show - bration time, or (C) addition of 10 ml of D M F containing 1.5 M
ing th e  usefulness of triflu o ro acetic  acid , a c tu a lly  used  urea with 4  mmo1 of the active of glutamine; (10) addition
D C C I  w ith  D M F  and m eth ylen e chlorid e as so lven ts f *  D„CC* (f  g; If CI/,4,0 0 .“ 1 of methylene chloride) 

. . .  . . . J . . . followed by 2 ml of methylene chloride. This step is not per-
in ad din g histidine w hile m ak in g b rad yk in m , since formed for active ester additions. Coupling times are given in

Table I.
(1) The Salk institute for Biological Studies, La Jolla, Calif. Periodically, 8 mg of deblocked peptide resin was dried and
(2) R. B. Merrifield, Recent Progr. Horm. Res., 23, 460 (1967). hydrolyzed with 1 ml of concentrated HC1 and 1 ml of propionic
(3) J. M. Stewart and J. D. Young, “Solid Phase Peptide Synthesis,” acid for 2 hr at 130° in a sealed tube.8 From preliminary results,

Freeman, New York, N. Y., 1969.
(4) Private communication from Dr. Robert Colescott.
(5) Unpublished results of Professor A. B. Robinson while making por- (7) Mercaptoethanol is unstable in trifluoroacetic acid and another

tions of cytochrome c. reducing agent is more advisable. Unpublished observations of J. Sharp
(6) This peptide was made for Dr. E. Eylar at The Salk Institute for and F. Westall.

Biological Studies, La Jolla Calif. (8) Unpublished procedure of J. Scotchler and R. Losier.
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it appears that all peptide bonds are routinely hydrolyzed. these conditions. Sodium 2-propanenitronate on the
Amino acid analysis was performed with a Beckman amino acid other hand yielded only the coupling product, 2,3-
analyzer Which has an estimated accuracy of 5% . dimethyl-2,3-dinitrobutane, as reported by F re e m a n .*

Registry No.—DM F, 68-12-2; methylene chloride,
7 5 -0 9 -2 . Experimental Section

Acknowledgment. This work was supported by Caution. Explosion shielding and remote manipulation are
National Science Foundation Grant BG -7033X and required for the N2F 4 reaction and for product isolation.
National Institutes of Health Grant HD-01262 to l.l-Dinitrobutyl-N'-fluorodiimide N-Oxide. A Fischer-Porter
Professor M. D. Kamen, and National Institutes of aerosol tube containing a solution of 14.8 g (0.10  mol) of 1 ,1-
tt ixi , n ivf in „ no , -r- - t -T7- i xxt dimtrobutane and 0.10 mol of sodium methoxide in. 45 ml of
Health Grant GM-10928 to Professor J. Kraut. W e methanol was evacuated at liquid nitrogen temperature and filled
are especially grateful to Professor M. D. Kamen whose with nitrogen several times. The tube was charged with 0.2
continuing support and encouragement over several mol of tetrafluorohydrazine and the mixture was stirred for 20 hr
years has made our peptide synthesis laboratory possi- at ambient temperature. The excess tetrafluorohydrazine was
, , removed and most of the solvent was removed under vacuum.

■ Methylene chloride (50 ml) was added and the solution was
__________________  filtered and distilled to give 6.5 g of liquid, bp 46° (0.35 mm),

which contained some l,l-dinitrobutane. Chromatography with 
S nthesis of a 2 X  38 cm column of neutral active alumina and methylene

J  chloride resulted in retention o: the l,l-dinitrobutane on the
a,a-D initro-N '-fluorodiim ide N -Oxides1 column as a bright yellow complex. Distillation of the eluent

gave 1.3 g (6.2%  yield) of l,l-dinitro-l-butyl-N'-fluorodiimide 
-j-. T, N-oxide, bp 34-35° (0.15 mm).
wurt tfA ra A naL  Calcd for CjH7N(F06. c> 22 .86 ; H , 3 .33 ; N, 26 .7 ;

F ,  9 .05. Found: C, 23.20; H , 3.17; N, 26.63; F , 9 .0 .
Environmental Systems Division, Aerojet-General Corporation, The proton nmr spectrum consisted of a triplet ( J  =  3 Hz) at

Azusa, C alifornia 91702 S 1.12 for CH3) a multiplet at 5 1.9 for CH3CH2, and a triplet
( J  =  8 Hz) at S 3.12 for the other methylene. The fluorine 

Received February 17 ,1970  spectrum consisted of a broadened singlet at —125 ppm from
external trifluoroacetic acid. The infrared spectrum consisted 

ci c a  . , -\T • , , , of bands at 3.42 (m), 3.53 (m), 6 .4  (vs), 6.9 (m), 7.01 (m), 7.3
S yn th eses  of N  -fluorodiim ide N -oxid es h a v e  been  re - (m)> 7.54  (s); 9.05  (w), 10.8 w ) .  11.7 (m), 12.4 (m), and 13.2 M

ported by reactions of tetrafluorohydrazine2-6 or di- (m).

?  Registry No.—l,l-Dinitrobutyl-N'-fluoridiimide N-
R— NO +  H N F2 — >  R— N = N F  +  H F oxide, 2 4 9 0 3 -8 9 -7 .

^  (8) J .  P. Freeman, Inorg. Chlm. Acta Rev., 1, 65 (1967).

R— NO +  -N F2 — >- R— N = N F  +  [F - ] __________________

fluoramine3'7 with nitroso compounds. Pseudoni-
troles gave a-nitro-N'-fluorodiimide N-oxides,8 7 but R adical Anions Produced by Electrochem ical 
a, a-dinitro-N '-fluorodiimide N-oxides have not been Reduction of 1,3 D iketones1
prepared directly; a,a-dinitro nitroso compounds are
unknown. R c  BuCHTA AND D H Evans

In the present work, l,l-dinitrobutyl-N'-fluorodi-
imide N-oxide was isolated from the reaction of the SO- Department o f  Chemistry, University o f  W isconsin, M adison, 
dium salt of 1,1-dinitrobutane with tetrafluorohydrazine W isconsin 53706
in methanol. The product was identified by analysis,
and ir and nmr spectra. Most significantly, the 19F  Received February 17 ,1970
signal, —125 ppm from trifluoroacetic acid, was in the
region reported for other N'-fluorodiimide N-oxides. The half-life of radicals obtained by electrolysis of 
The mechanism for this reaction may involve 1,1-di- enolized 1,3 diketones is short because of rapid coupling
nitro-l-nitrosobutane as a transient intermediate. The reactions.2 In DMSO as solvent, the reduction of the
nitrosating agent may be nitrous acid resulting from the enolate anion of a 1,3 diketone causes decomposition
Neff reaction of the starting material; 1,1-dinitrobutane via cleavage reactions.2b This latter fact appears to be
was also formed. An acid source is the abstraction of inconsistent with one aspect of the pioneering work of
hydrogen from the solvent to give difluoramine which is Bauld and coworkers on the electron spin resonance 
readily dehydrofluorinated. (esr) spectra of dianion radicals.3-6 These workers

Preliminary work on this reaction was done with the reported6 esr data for the dianion radical formed by the
salt of 1,1-dinitroethane, but the product was such a electrochemical reduction of the dibenzoylmethide ion
sensitive explosive that characterization could not be in DM F. On the basis of our observations of the elec-
completed. The salt of nitroform did not react under trochemical behavior of 1,3 diketones, we suggest that

(1) This work was supported by the Office of Naval Research. (1) This work was supported by Grant No. GP-8350, National Science
(2) J .  W. Frazer, B. E . Holder, and E . F . Worden, J .  Inorg. Nucl. Chem., Foundation. Support for computing was provided by the National Science

24, 45 (1962). Foundation and the Wisconsin Alumni Research Foundation.
(3) T . E . Stevens and J .  P. Freeman, J .  Org. Chem., 29, 2279 (1964). (2) (a) R . C. Buchta and D. H. Evans, Anal. Chem., 40, 2181 (1968);
(4) I. L. Knunyants, B . L. Dyatkin, and R . A. Becker, Dokl. Akad, N auk  (b) R . C. Buchta, Ph.D. Thesis, University of Wisconsin, 1969.

SSSR, 170, 337 (1966). (3) N. L. Bauld, J .  Amer. Chem. Soc., 86, 2305 (1964).
(5) A. N. Medvedev, K . N. Smirnov, S. S. Dubov, and V. A. Ginsburg, (4) N. L. Bauld and M. S. Brown, ibid., 87, 4390 (1965).

Zh. Obshch. Khim ., 38, 2462 (1968). (5) N. L. Bauld and J .  Zoeller, Tetrahedron Lett., 885 (1967).
(6) S. F . Reed, Jr ., J . Org. Chem., 32, 3869 (1967). (6) N. L. Bauld and M. S. Brown J .  Amer. Chem. Soc., 89, 5413, 5417
(7) K. Baum, ibid., 34, 2049 (1969). (1967).
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the spectrum obtained by Bauld and Brown6 is actually i
that of the radical anion of l-phenyl-l,2-propanedione I i l l  II
rather than the dianion radical of dibenzoylmethane. A ftfl Ml ILftlW

In Figure 1 the experimental spectrum (B) obtained I M l  M  ! V W\1V W
from electrochemical reduction of dibenzoylmethide in || 1 ! f •'
DM F and the simulated spectrum (A) based on antici
pated splitting constants for dibenzoylmethane dianion I .
radical are reproduced from the original paper.6 Also b . j J | . n  J j  j . l  , .
included is a simulated spectrum for the anion radical j j | W  U
of l-phenyl-l,2-propanedione using published sphtting Iff •
constants.‘ ’7's In spite of the relatively large line i
widths (.ca. 0.2 gauss) the excellent agreement between . I r, i ,
the experimental spectrum (B) and the spectrum sim- c aA A O  A WMl
ulated for the l-phenyl-l,2-propanedione radical anion j j  aH J
(C) suggests that an unexpected reaction sequence is " | 2G
leading to the formation of the 1,2-diketone during 1 1
electrochemical reduction of dibenzoylmethide. Figure 1 — A. Computer simulated esr spectrum for the

In DMSO as solvent, several experiments demon- dianion radical of dibenzoylmethide.6 B. Experimental esr
strate that the reduction of dibenzoylmethide is not a h m v « bp el"ctrochfmical '•eduction of dibenzoyl-
simple one electron process yielding the dianion radical. radical anion of l-phenyl-l,2-t>ropanedione.
(1) Controlled potential coulometry at a potential
cathodic of the half-wave potential of dibenzoylmethide , , , ... . ,, . .  x . ,  il
(E w. =  -2 .2 5  V vs. see, 0.1 M  tetra-n-butylam- by cleavage of dibenzoylmethide reacted further to
monium perchlorate in DMSO) resulted in a prolonged pr° dufC,e l-phenyl-l,2-propanedione radical anion which
electrolysis with a total uptake of 3 -4  electrons per gavfe the sPect™ ^ in FlSure 1B - This reassignment
dibenzoylmethide ion. (2) Cyclic voltammetric ex- Pertains °n]y to the spectrum reported fromt electro-
periments indicated that the product of the reduction of che“ “ al redu1ctl‘f  of dibenzoylmethide in DM F. The
dibenzoylmethide decomposed with a half-life of the O ially reso lv ed  spectra obtained by chemical reduc-
order of 0.1 second. (3) Room temperature electro- tl0,n “  ° ther *olv™L) T . ^  y  due t0 the diam° n
chemical reduction of dibenozylmethide in a cell in the ra lca as ongina y s a e .

. . .  ., , , Cleavage reactions are frequently encountered duringesr spectrometer microwave cavity produced aceto- ,, , , , . , , °, , • m  u j  i-..- the electrochemical reduction of 1,3-diketones. lo rphenone radical anion. I  he observed splitting con- , _ , .  „ ,.. , , j  c °  example 2-f-butyl-l,3-diohenyl-l,3-propanedione is re-stants were identical with those reported for aceto- , , J ; n j  , ,. ,i ,• i • . i 0 r  ,, Q duced (Ay, =  —1.80 V vs. see; controlled potentialphenone radical anion in 1,2-dimethoxyethane.9 i . • . , , ’ . , , . . ,,rr.. , , , • , , , . , , coulometnc ?i-value = 1.1 equivalents/mol) to thethe mechamsm by winch acetophenone is produced , . . „ „ ,, , , , , , , ,, 1 r  j . . radical anion of 3,3-dimethyl-l-phenyl-l-butanone (hveis not known though either cleavage of the diamon . , , . , J .T  . . . , .  , ,‘ ,,. , .. 1f , r , nonequivalent ring protons with splitting constants otradical itself or cleavage ol the dibenzoylmethide cata- „ ,, , non , , ,, , ,  , , j  j  . i . i -  v i i  6.40, 4.2o, 3.54, 1.10 and 0.82 gauss; two equivalentlyzed by bases generated during electrolysis seems likely. ,y , ’ , , r , 01T f . i , • methylene protons with splitting constant ol 4.21In any case, the production of acetophenone during the \ , , c f, , ,., . , . A i , ,v , , ,  , , i gauss). Other products ol the cleavage reaction were
electrolysis provides a clue to the source ol the 1-phenyl- °  identified
1,2-propanedione radical anion detected by Bauld and . . , ,. , , , ,  ,• i ■Brown 6 A 1,3-diketone giving a relatively stable radical anion

T A . . i . , , , i , i ,. , ,. „ is2,2-dimethvl-l,3-diphenyl-l,3-propanedione. Itsrad-In the original study7 ol the electrolytic reduction ol . , . - , i . , „ , , ,• ,, , ■ -nvn/rf? , , ■ , ical anion may be produced by controlled potentialacetophenone in D M F  an esr spectrum was obtained , ,. J , - n , n nri, • , , , , . . , , ,, . , reduction (E i/2 =  — l . f8 V vs. see; n-value = 0.90which proved to be inconsistent with the expected • , . , ,\ ., , , , , ,. i . equivalents/mol). The spectrum was in agreementsplitting constants lor acetophenone radical anion. ... , q, / ■ . c , • , ,rfi • - i t . -  . i , . ,  , .c  ,o with the following assignment ol splitting constants.1 he species causing this spectrum wras later identified8 . . , . f  , , \ „ ,,y. ,,, j .  i j ? , , .  i i o  j  • six equivalent protons (ovtho and vclvcl), 2.30 gauss; tenas the radical anion ol l-phenyl-l,2-propanedione. . , , ' , \ , „rp,- , j  j . i .  i t  u j u  equivalent protons (meta and methyl), U.5U gauss.Ihis unexpected product has only been observed when ' , , ; , . Tm  roT • i,k„„Tvori? • j  , . T iSArcin j- u. The radical slowly decomposes in DMbO yieldingDM F is used as solvent. In DMSO or dimethoxy- . , . , , , -j  i -c a ■,, i ., , , j- i • ■ i j  isobutyrophenone which may be identihed in the elec-ethane only the acetophenone radical anion is formed. . , S , .. , , “ , . 7;, ,, A,,
It has been suggested6 that in DM F the dianion of tro ysis solution by polarography (Ay, =  - 2 . ° 3  V ^  

, , , . . , , t ., see) and by its esr soectrum obtained by furtheracetophenone may abstract a carbonyl group from the , , . . , , ,  , - .... *
i + mu■ • • . . -.i +u u +• q .1 . electrolysis of the above solution, the spectrum wassolvent. I his is consistent with the observation9 that .. q ... ■ ,, /• •,, j . , i i i. i i o j- • u identical with tnat obtained using authentic lsobutyro-the radical amon ot l-phenyl-l,2-propanedione is ob- , , . . , r , ........  0, . j  , , , ,. , j  i u- phenone (sphtting constant for a-proton: ca. 2.5tamed only at potentials on the second polarographic 1 1 . b \ i . u ,., atii gauss. Very broad lines (0.4 gauss) are probably
u ’ a j  a  i. . i j .  i j  j  caused by unresolved methyl proton splittings].
V e find that acetophenone radical anion is produced The congumed fn Phe formation of aceto-

during reduction of dibenzoylmethide in DM F just as ^  electrolysis of dibenzoylmethide
it is in DMSO We suggest that under the conditions P ^  « solyent Th)s wag demonstrated by
ernployed by Bauld and Brown« for the electrolysis of ^A cquisition of the esr spectrum of the radical anion
dibenzoylmethide in DM F, the acetophenone produced Qf d3_a4cetophenone duringP reduction of undeuterated

(7) p. h . R ie g e r and g . k . F ra e n ke i, j . chem. phys., 3 7 , 2 8 1 1  ( 1 9 6 2 ) .  dibenzoylmethide in d r  DMSO. The splitting con
es) g . a . Russell, e . t . s tro m , e . r . T a ia ty ,  a nd  s. a . W e in e r, j . Amer. stant f0r the three methyl deuterons was 1.04 gauss and
(9 ; n . s te in b e rg e r a nd  g . k . F ra e n ke i, j . chem. Phys., « 0 , 7 2 3  (1 9 6 4 ) .  t h e  r i n g  p r o t o n  s p l i t t i n g s  w e r e  u n a f f e c t e d  b y  t h e  d e u -
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terium substitution. No deuterium-hydrogen ex- yields propionic acid. When olefins larger than ethyl-
change was detectable by nmr in a solution of dibenzoyl- ene are reacted, the products consist of large amounts
methide and tetra-n-butylammonium perchlorate in of branched isomers, in addition to the desired linear 
de-DMSO indicating that no deuteration occurs prior to product, i.e. 
electrolysis.

Spectra may be obtained by electrolysis of dibenzoyl- R C H = C H 2 +  CO +  CH3OH — >- 
methane in TH F at —60° or by electrolysis of diben- O O
zoylmethane in DMSO containing 0.1 M  tetra-n-butyl- RCH2CH2COCH3 +  RCH (CH 3)COCH3
ammonium dibenzoylmethide at room temperature.
These spectra are different than any so far reported for Furthermo these reactions are all carried out
this system (benzil,1 acetophenone, 1-phenyl-l,2-pro- temperatures above 150=, and a variety of other side
panedione6) but unambiguous analyses ot the spectra ,
! . , .. ■ j  tn c -i. . x reactions including polymerization, isomerization, andhave not been attained. Definite assignment must . . .  °   ̂ ,, d , , ■

°  reduction can compete with the carbonylation.
aw ai ur er s u ies now in progress. Recent reports describe successful olefin carbonyla

tion under relatively mild conditions which can avoid 
Experimental Section many of these competing reactions. Both palla-

A Sargent Model X V  polarograph with a Sargent IR  compensa- dium2,3 and platinum4 complexes were found to be cata-
tor was used with a three electrode polarographic cell.2“ The lytically active below 100°. However, none of these
reference electrode was an aqueous saturated calomel electrode. systems, as described, offers the combination of excellent
The potentiostat for controlled potential coulometry was a ieldg and a high degree of product linearity. While 
Wenkmg Model 61 RS. The working electrode in the controlled J  J „ 6 . , ,  , , , ,
potential electrolysis cell2“ was a 30 cm2 mercury pool. Cyclic systems for the formation of highly linear aldehydes
voltammetric instrumentation was of conventional10 design. or alcohols7 from a olefins are known, the purpose of
The working electrode for cyclic voltammetry was a hanging this note is to describe a catalyst system that will effect
mercury drop electrode (Model E410, Brinkmann Instruments) rapid conversion of a  olefins to highly linear acids or
used in the polarographic cell mentioned above, lh e esr spec- .
trometer was a Varian E -3 . A Varian electrolytic cell was used esters.
for generation of radicals in the microwave cavity. The com- Jenner and Lindsey4 found that a platinum salt—tin
puter program for simulation of esr spectra was similar to that salt couple catalyzed the formation of esters from ole- 
employed by Stone and Maki.11 fins at relatively low temperatures. However, their
„ .» “ iT h V ii « m ' T  was limited to olefins with ta *  than six carbon
Tetra-n-butylammonium perchlorate (Matheson) was used as atoms, and very high pressures (^ 8 0 0  1000 atm) With 
received except for the cyclic voltammetric studies where it was long reaction times (usually 10—16 hr) were necessitated, 
recrystallized from ethyl acetate and vacuum dried. The di- Additionally, propylene, the only straight chain, a
benzoyimethide ion was prepared as its tetra-n-butylammonium m onoolefin reported, gave a product mixture containing
salt.2a The 2-£-butyl-l,3-diphenyl-l,3-propanedione was pre- /  , r , ,  , , ,
pared by a procedure analogous to the reported synthesis of approximately equal amounts of methyl n-butyrate
3-f-butyl-2,4-pentanedione:12 mp 124.5-125°; nmr (CCl,) 5 and methyl isobutyrate.
1.15 (s, 9, CH3), 5.22 (s, 1, methine), 7.38 (m, 6, aromatic), By utilizing a solvent such as acetone, methyl iso-
7-92 (m, 4 aromatic). A n d . Calcd for C ^ o O .:  C, 81.40; butyl ketone or 1,2-dimethoxyethane, and carefully
H, 7.19. Found: C, 81.59; H, 7.23. The 2,2-dimethyl-l,3- f  „■ ., J
diphenyl-1,3-propanedione was prepared as described previ- controlling the reaction conditions, it has now been
ously:13 mp 97 .5-98° (99°);13 nmr (CDC13) s 1.67 (s, 6, CH3), found that a H2PtCl6-SnCl2 couple will catalyze car-
7.33 (m, 6, aromatic), 7.85 (m, 4, aromatic). bonylation of olefins such as dodecene-1, in the presence

(10) w. l. Underkofler and i. sham, Anal, chem ., 36,1778 (1963). of methanol, to highly linear (—85%) esters in 1 hr at
d i )  e . w. stone and a . h . Maki, j .  chem . Phys., 3 8 , 1999 (1963). 200 atm. The system has also been extended to acid
(12) p. B d d t and i l  Mdnzer, Teiraftedron z,eii" 3599 (i9 6 6). synthesis under essentially the same conditions, by

substituting water for the methanol. A typical reac-
-----------------------  tion was carried out at 90° and 3000 psig of CO, with

1 mol %  of H2PtCl6 and 5 mol %  of SnCl2 as catalyst, 
Production of Linear Acids or Esters by the and acetone as solvent. Dodecene-1 conversion was

P latinum -T in-C atalyzed  Carbonylation 100% and product yield approximately 80%  regardless
of a  Olefins °f whether H20  or methanol was utilized in the reac

tion. A small amount of olefin reduction occurred
L. J . K e h o e  a n d  R. A. S c h e l l  (2-4%  of the olefin), but isomerization of the a  olefin

to internal olefins (mostly the 2-isomer) was the only 
Research Laboratories, Ethyl Corporation, major competing reaction. The acid (or ester) product

Fem dale, M ichigan 48220 was composed of approximately 85%  of the straight
chain isomer and 15% branched isomers. A mass spec- 

Received February 19, 1970 tral study showed that 80%  of the branched product
was the 2-methyl isomer.

The carbonylation reaction of olefins in the presence
of metal carbonyls or carbonyl precursors to form acids (2 ) K. Bittler, N. V. Kutepow, D. Neubauer, and H.ReU, Angew. Chem., 
or esters was developed by Reppe and his coworkers.1 in t. Ed. E n gl, 7, 329 (1968).
For example, the reaction of ethylene with CO and ®  J. Tsuji. Accounts chem. Res., 2 1 4 4  (1 9 6 9 ).

. J  • i t  1 i (4) E . Jenner and R. V. Lmdsev. Jr., U.S. Patent 2,876,254 (1959), Du-
water m the presence of nickel salts or nickel carbonyl pont.

(5) R . Pruett and J .  Smith, J .  Orj. Chem., 34, 327 (1969).
(1) For extensive reviews of this work see: (a) C. W. Bird, Chem. Rev., (6) D. Evans, J .  A. Osborn, and G. Wilkinson, J .  Chem. Soc. A, 3133

62, 283 (1962); (b) Ya. T . Eidus and K. Puzitakii, Russ. Chem. Rev., 33, (1968).
438 (1964). (7) L. Slaugh and R. Mullineaux, J .  Organometal. Chem., 13, 469 (1968).

2846 J .  Org. C hem ., V ol. 3 5 , N o . 8 , 1 9 7 0  Notes



T a b l e  I

C a r b o n y l a t io n  o p  O l e f in s

Amt, Time,
Reaction Olefin mmol H source hr % conversion0 % yield6 % linearity

I Propylene 250 CH3OH 2 80 100 67
II  1-Hexene 250 GRsOH 1 98 85 83

III 1-Hexene 250 II20  2 93 88 83
IV 1-Dodecene 268 CH3OH 1 100 76 83
V 1-Dodecene 268 H20  2 100 74 86

VI 1-Tetradecene 268 CH3OH 1 98 81 82
VII Dodecenesc 268 H 20  5 5 Mixture of products

V III 3-Heptene 250 CH3OH 2 10 Mixture of products
IX  2-Ethyl-1-hexene 250 CH3OH 5 86 22 Compd l d

+
9 other alcohols

X  1,7-Octadiene 250 CH3OH 2 100 64 diester 71
35 mono

ester 66
X I  1-Dodecene +  268 CH3OH 2 06 88 65

dodecenes' 268

0 Conversion (v iav pc) =  moles of olefin consumed/mole of olefin charged. 6 Yield (via vpc) = moles of product/mole of olefin con
sumed. c Randomized dodecenes, see Experimental Section. d Compound 1, CH3(CH2)sC(OH)(Et)CH3.

The results of the reaction of a number of olefins with The H2PtCl6-SnCl2 couple has shown reactivity as a 
acetone as a solvent are summarized in Table I. The hydrogenation catalyst.8'9 In the carbonylation work
reaction rates for ester formation tended to be faster it offers the same advantage of ease of catalyst forma-
than those for acid formation, and thus the shorter tion. Several other platinum compounds were found
reaction times for the former. The carbonylation to catalyze carbonylation in the presence of SnCl2,
catalyzed by the platinum-tin catalyst appears to be however only K 2PtCl6 gave a rate of reaction compar-
general for hydrocarbon a olefins which contain hydro- able to H2PtCl6. The related palladium complex
gen on the 2-carbon atom. Reactions I-V I demon- K 2PdCl6 showed very little catalytic activity. Rather
straf e the high yields and excellent linearity that can be surprisingly, (Ph3P )2PtCl2 gave only a trace of products
achieved with this system, propylene being the only with added SnCl2. This is a catalyst that Bailar and
a  olefin that gave a product with linearity of less than Itatani used so successfully in selective olefin hydro-
80%. genation work.10

Internal olefins, however, were relatively inert to While the mechanism of the reaction is not completely 
carbonylation under these conditions. Both 3-heptene understood, several comments are made here to aid in
and a mixture of randomized dodecenes gave very low the understanding of this catalyst system. Neither
conversions, and a mixture of products. The lower H2PtCl6 nor SnCl2 function individually. Previous
reactivity of the internal olefins suggested that it might work utilizing a H2PtCl6-SnCl2 catalyst system for
be possible to react selectively a  olefins from a mixture olefin hydrogenation has noted this same phenome-
of isomers. Indeed, with a 50 :50  mixture of 1-dodecene non.8 Formation of a Pt-SnCl3 complex apparently
and random dodecene, approximately 50% of the olefin occurs. The SnCl3_ ligand, a strong ir acceptor and a
was carbonylated after 2 hours. However, the product mild a donor, modifies the platinum metal atom and
linearity was less than expected. The attempted reac- enhances coordination of hydride or of olefin, thus
tion of 2-ethyl-l-hexene was interesting, for when an triggering catalysis. The maximum rate of olefin
ethyl group was substituted for the hydrogen on the carbonylation occurs for molar Sn:Pt ratios of 5 or
2-carbon of 1-hexene, olefin isomerization and hydra- greater. This is in contrast to Pietropaclo and co-
tion in typical Markovnikov fashion became the almost workers11 finding that the rate of ethylene absorption
exclusive reaction. Protonation of the 1-carbon by on PtClp-  promoted by SnCl3_ was highest for Sn:Pt
chloroplatinic acid to give the tertiary carbonium ion is ratios lower than 5. However, similar to our findings,
apparently much more rapid than carbonylation with Bailar and Itatani10 noted higher reaction rates with
this olefin. Sn: P t ratios higher than 5 in their olefin hydrogenation

The reaction with 1,7-octadiene indicates that the work, 
platinum-tin carbonylation system is applicable to It was found that water activates the K2PtCl6- 
terminal dienes, but the product distribution and lin- SnCl2 catalyst. In the ester syntheses this water re-
earity are complicated by the presence of the second quirement was usually satisfied by the water of hydra-
double bond. The product mix was about 2 :1  diester tion present on the SnCl2-2H20 . Under completely
to unsaturated monoester. In both products the anhydrous conditions however, no reaction occurred,
linearity dropped to near 70%  from the 85% level
found with monoolefins. A second problem was that ^  Chem Soc 38 1691 (1963)
the remaining double bond in the monoester was isom- (9) E . Frankel, E. Emken, H. Itatani, and J .  C. Bailar, J .  Org. Chem., 32,
erized internally, indicating that any further carbonyl- 1447 (1967).
a t i o n  o f  t h e  r e m a i n i n g  o le f in  c o u ld  y i e l d  o n ly  b r a n c h e d  (11) R  p iet r0paoio, m . Graziani, and u . Beiiuco, in o rg. Chem., 8, 1506 

p r o d u c t) .  (1969).
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For example, an attempted ester preparation using Carbowax 1540 gave a good separation of the isomerized olefins.
KoPtCle and anhydrous SnCl2 with dimethoxyethane Authentic samples of the linear products were available for use

i , j  , v -1 ,1 .• as standards. In e  individual products were trapped as theysolvent gave no product, while the same reaction re- emerged from the chromatograf h and were identified by mass
peated with water added gave the desired carbonyla- spectrometric and nmr analysis. The acid products were esteri-
tion. Apparently a platinum hydride, which is a pre- fied by B F 3-methanol reagent and analyzed as the methyl esters,
sumed intermediate in the catalysis, was formed by Catalysis by Other Platinum Group Catalysts.— The typical 
the interaction with water. This is another example procedure for ester formation was repeated with several platinum 

. . . .  ,. ,  , , .  I , - ,  .  , compounds substituted for H2PtCl3-6H20 .  A reaction utilizing
of the formation of platinum hydrides from water, a 0 .8 g (2.5 mmol) of PtCl, gave a 78%  yield (100%  conversion) 
reaction which has been noted previously.12 of ester after 6 hr, 0 .7  g (2.5 mmol) of PtCl2 gave a 95%  yield

(30%  conversion) after 6 hr, 1.2 g (2.5 mmol) of K 2PtCl6 gave 
a 76%  yield (100%  conversion) after 1 hr, 2.0 g (2.5 mmol) of 

Experimental Section (Ph3P )2PtCl2 gave a trace of ester after 6 hr, and 1 g (2.5 mmol)
M aterial.— (Ph3P )2PtCl2 was prepared by the reported of K 2PdCl6 gave aTrace.of ester after 2 hr.

method.13 Randomized dodecene was prepared by refluxing . Changmg ,the S n :P t Ratio . - T h e  typical procedure for acid
1-dodecene with PdCl2 for 16 hr. Vpc analysis of this random " f ,n ^ hen rePeact®‘l usmg i .7  g ((7.5 mmol) of SnCl2-2H20  
mixture showed 1-isomer =  2% , 2-isomer =  30% , 3-isomer =  f " : P  =  3) ^ 2 =  n  35% tconv^ s,on) of whl «
24% , 4-isomer =  9% , other isomers =  34% . All other materials g (2°  mmol) ° f SnCl2-2H20  (S n :P t -  8) gave a 70%  yield
were best commercial grade used as purchased. (100%  conversion) of acid

Typical Procedure for Acid Formation . - A  600 ml Magnedrive ,  Sokents ° ther Tha,n Acetone . - T h e  procedure for ester
autoclave (Autoclave Engineers) was charged with 45 g (268 formation was repeated with three solvents methyl isobutyl
mmol) of 1-dodecene, 9 g (500 mmol) of water, 150 ml of acetone, ketone, U-dimethoxyethane, and tetrahydrofuran, substituted
1.3 g (2.5 mmol) of H2PtCl6-6H20 ,  and 2.8 g (12.5 mmol) of for acetone. No major difference in reactivity;was noted.
SnCl2-2H20 .  The autoclave was sealed, flushed with carbon , ect 0 y a êr on <-'atalytlc Activity of K2PtCl6. The pro
monoxide, and finally pressured to about 2000 psig with carbon c?d,urJe for ester formation was repeated utilizing 45 g (268 mmol)
monoxide. Stirring was begun and the autoclave was quickly of dodecene-1 ,3 2  g (1 mol) of methanol, loO ml of 1,2-dimethoxy
heated to 90° and the pressure then adjusted to 3000 psi with ethane, 1.2 g ( - . .5 mmol) of K 2.  tCl«, and 2.3 g (12.5 mmol) of
more carbon monoxide. Reaction times were 1 or 2 hr depend- anhydrous SnCl2. Careful vpc analysis of the product mixture
ing on the rate of pressure drop. f°™ d no esters. This procedure was then repeated with 1.8 g

Typical Procedure for Ester Formation.— This procedure was Q0®, of water adde(L VPC analysis indicated a 72%
identical with that for acid synthesis, with 32g (1 mol) of methanol yle ^ conversion) of ester.

SUAnlivsi fT  Prat r̂' ts TV, t A f , . • , Registry No.— Propylene, 115-07-1; 1-hexene, 592-Analysis of Products.— The ester products were determined a °  , , n o  ai a 1 i  n o o
by vpc analysis of the recovered solutions. A Perkin-Elmer 41-o, l-doaecene, 112-41-4; 1-tetradecene, 1120-36-1;
Model 9000 instrument was used. A 10 ft column packed with 2-ethyl-l-hexene, 1632-16-2; 1,7-octadiene, 3710-30-3.
Carbowax 20M an Diatoport S was found to be suitable for .
analysis of the esters. A 150 ft capillary column coated with Acknowledgment., The authors wish to express their
--------------- gratitude to Dr. Michael Dubeck for his stimulating in-
(1968) H' Clark' K R' DiX°n’ aDd W' J' JaC°bs' Chem' C°mmUn" 548 terest and helpful suggestions during the course of this

(13) J. C. B a ila r and H . Ita ta n i, I n o r g .  C hem ., 4, 1618 (1965). W O rk .
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19 CHLOROPHENOLS—All There Are!
f.

Many insecticides, herbicides and medicinals are derived from chlorophenols 
—  it would, in fact, be hard to think of a single class of compounds that has yielded 
more useful derivatives. Now Aldrich is proud to be the first company to offer aM 
the isomers. Some* are available in ton-lots; the preparations of all could be 
scaled up to tons if the demand warrants it. Many derivatives (2,3-dichloroanisole, 
for instance) are available in bulk. Please ask.
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