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F i l l  y o u r s e l f  i n  o n  r e a g e n t s . . .

’ E v e r y  o n e  o f  th e  r e a g e n ts  h e r e  is  n ew . R e c e n t ly  s y n t h e s iz e d  in  o u r  la b o r a to r ie s , o n e  o r  m o r e  o f  th e m  c o u ld  b e  th e
r e a g e n t y o u 'v e  b e e n  lo o k in g  fo r . :

F o r  d e t e r m i n a t i o n  O f  s e r u m  W e also offer some new reagents with only a few com - I
a l b u m i n .  ments. If
o-[(p -H ydroxyphenyl)azo]benzoic A d d  F o r  synthesis of difluorocarbene: Lithium  Trifluorace-
( E astman 10614) (also known as H A B A ) ( E astman 10953).

_ H A B A  dye binds with serum albumin in phosphate F o r  preparing t-B O C -am in o acids: te rt-B u ty l 2 ,4,5-
buffer a t pH  6.2 to 6.4 to form a colored complex with Trichlorophenyl Carbonate ( E astman 10914). |

P absorbance a t 485nm . The reaction follows B eer’s law F o r  N-blocking of amino acids: Benzyl p-N itrophenyl g
'*! over a wide range of concentrations. [ C lin .  C h im .  Carbonate ( E astman 10942).
- A c t a ,  1 2 ,  532 (1 9 6 5 )] . F o r  cleaving N -protective phthaloyl groups in protein

F o r  p h o s p h o r y l a t i o n .  synthesis: H ydrazine A cetate ( E astman 11019).
■ ^ , t-m , . ^ i  o For selective formvlation of terminal amine group of ;'!
:! ( Ê stm! n  iy0964)°SP D l( cyclohexylamlne S alt> ornithine and lysing: p-N itrophenyl F o rm ate  ( E astman

:J M onophosphate esters of nucleotides are readily pre- F o f otection of hydroxyi and am ine groups in syn-
ii pared by using 2-cyanoethy phosphate d i( cyclohexyl- thesis of glycerides, steroids, and nucleosides: 2,2 ,2- I
f: amlne ®alp -  F ° r, example thyrm dm e-3 -phosphate is Trichioroethyl Chloroform ate ( E astman 11050). '?
a prepared from 5 -0-tntylthym idine bv condensation, . . . . .  . . .  n

followed by acid hydrolysis, then mild alkaline hy- F o r  Preparation of BhO C am m o acids userul in solid-
drolysis. [/.A .C .S ., 8 3 , 159 (1 9 6 1 )] . Sim ilarly, steroid Ph,ase peptide synthesis: Benzhydryl Azidoform ate

j j 21 -phosphate esters are synthesized by using 2-cyan o- ( E astman 11059). ^  j-.j
; ethyl phosphate. [ J .A .C .S . ,  85, 1118 (1 9 6 3 )] . G LC  derivatizing reagent: B oron  Fluoride (1 4 %  in
! i _ _ Propanol) ( E astman A 10980).

F o r  r e d u c t i o n  o f  p o l y c y c l i c  Dye iasef; biological stain (C .I .# 4 5 1 6 0 ) , T L C  visuali-
C | * - * i n o n e s .  zation reagent: Rhodamine 6G ( E astman 10724). |

7 Aluminum Cyclohexoxide (1M  in Cyclohexanol) T itran t for non-aqueous titrim etry : T etrab u tylam -
( E astman A 10941) monium Hydroxide T itran t [0.1M  in benzine-methanol

■ Polycyclic quinones are converted to hydrocarbons un- ( 9 :1 ) ]  ( E astman A 10934).
der reflux with alum inum  cyclohexoxide; pentacene- _________________________________________________________

■ 6,13-quinone yields pure pentacene. The starting qui- _  . . ■
none is readily prepared from phthalaldehyde and F o r  protem  synthesis: Tw enty N -blocked amino

.  1,4-cyclohexanedione. [T e t r a h e d r o n  L e t t e r s ,  N o. 1, 5 acldf. al° n? W* h/ , nT u f r  ° £  othf T ef S
(1960)1  are Fsted ln K odak Publication J J -1 6 1 . S u p p le 

m e n t a l  L i s t  o f  R e a g e n t s  f o r  P r o t e in  S y n t h e s is  a n d  
F o r  r e d u c t i o n ,  d e b r o m ¡ n a t i o n ,  S t r u c t u r e  D e t e r m in a t io n .  U se the coupon below

I  a n d  s y n t h e s i s  o f  c y c l o p r o p a n e s .  to  order your copy.
Zinc-Copper Couple ( E astman 11122) ii
Phthalide is prepared from phthalim ice in 70%  yield All of these new chem icals are available from the 

i by using zinc-copper couple in aqueous alkali, followed E astm an  Organic Chemicals dealer nearest you. F o r a
by acidification and crystallization. [Org. Syn., Coll. copy of the E astman Organic Chemicals C atalog L ist f.
Vol. 2, 526 (1 9 4 3 )] . 1,4-D ibrom o-l-phenylpropane is 4 5 : listing more than 6,000 reagents, and to receive

P debrominated with a m ixture of zinc-copper couple and periodic supplements to it autom atically, simply com -
dim ethylformam ide to yield cyclopropylbenzene. [Org. plete and return the coupon.
S y n .,  44 , 30 (1 9 6 4 )] . A number of cyclopropanes are B& A  N O R T H -S T R O N G
prepared by the Sim m ons-Sm ith reaction of olefins and _  _ _ _  P

P methylene iodide with zinc-copper couple. [ / .  O rg. P
C h e m ., 24, 1825 (1 9 5 9 ) and J. A m . C h e m . S o c .,  80, F IS H E R  S A R G E N T -W E L C H
5323 (1 9 5 8 )] . H O W E  & F R E N C H  W IL L

Dept. 412L  !
J Eastman Organic Chemicals |

H Eastman Kodak Company, Rochester, N.Y. 14650 j |'

■ □  Send JJ -1 , “EASTMAN Organic Chemicals” catalog J  r,
I-! □  Send JJ -1 6 1 , “Protein Reagents Supplement” |

n Name |
Address I

i  I
p State Zip !'■



the journal of Organic Chemistry
Published, monthly by the A m erican  C hem ical Society at 20th and  N ortham pton Streets, E aston , Pennsylvania 

E D IT O R -IN -C H IE F : F R E D E R I C K  D . G R E E N E
Department o f  Chemistry, Massachusetts Institute o f  Technology, Cambridge, M assachusetts 02139

S E N IO R  E D IT O R S

Gl e n n  A . B erchtold  W e r n e r  H er z  J am es A . M oore A l e x  N ickon
Massachusetts Institute o f  Technology F lorida  State University University o f  Delaware Joh n s  H opkins University

Cambridge, Massachusetts Tallahassee, F lo r ida  Newark, Delaware Baltimore, M aryland

A S S IS T A N T  E D IT O R : T heodora W . Gr e e n e  

B O A R D  O F  E D IT O R S

D ouglas E . A pp l e q u is t  G erhard  L . Closs E a r l  S. H u y s e r  H oward E .  Simmons

M yron  L . B en d e r  A l e x a n d e r  D . C ross R o b er t  E . I rela n d  D avid J .  T r e c k e r

R onald C . D . B r eslo w  Ch a r les  H . D e P u y  F r ed er ic k  R . J e n s en  E d w in  F .  U llman

Arnold  B rossi J ack  J .  F o x  W illia m  E . M cE w e n  E dgar W . W arn h o ff

J o seph  F .  B u n n e t t  J ack  H in e  G eo r g e  A . Ola h  K e n n e t h  B . W ib e r g

M ic h a el  P .  C ava R ichard  L . H inman  S. W illia m  P e l l e t ie r  H oward E . Zimmerman

E X -O F F I C I O  M E M B E R S : G eo r g e  H . C olem an , W ayne state  University

NORMAN A . L e B e L, W ayne State University (Secretary o f  the Division o f  Organic Chemistry o f  the American Chemical Society)

F O R E IG N  E D IT O R S : R o b er t  R obinson , n o  Piccadilly, London, w .i.

P . KARRER, Zurich

M A N A G E R , E D IT O R IA L  P R O D U C T IO N : Ch a r les  R . B ertsch

Editorial Production Office, American Chemical Society, 20th and Northampton Sts., Easton, Pennsylvania 18042

© C o p y rig h t, 1970, by the Am erican Chemical Society. N .W ., W ashington, D . C . 20036. Such notification should 
Published m onthly by the Am erican Chemical Society a t  include both  old and new addresses and postal Z IP  num ber,

20th  and N ortham pton S ts., E asto n , P a . 18042. Second- if any. Please send an old address label, if possible. Allow
class postage paid a t  E asto n , P a . 4  weeks for change.

Production Staff: M anager, Editorial Production, New subscriptions and renewals are entered to  begin
Ch a r les  R . B er tsc h ; Production E d ito r, E il e e n  S eg a l ; with the first issue of the current volume. Should issues of 
Assistant E d ito r, F er n  S. J ackson ; Editorial A ssistant, the current volume be out of print a t  the tim e the subscrip-
A n d rew  J .  D ’Am el io . tion order is received, the pro ra ta  value of such issues will

Advertising Office: Reinhold Publishing Corporation, be refunded to  the subscriber.
600 Sum mer S t., Stam ford, Conn. 06904 Subscriptions should be renewed prom ptly, to  avoid a

T h e Am erican Chemical Society and the Editors of T he  break in your series. Orders should be sent to  the Sub-
Jou rn a l o f  Organic Chemistry  assume no responsibility for scription Service D epartm ent, Am erican Chemical Society,
the statem ents and opinions advanced by contributors. 1155 Sixteenth S t . , N .W ., W ashington, D . C . 20036.
_  . T .  , .  Subscription rates for 1970: $16 .00  per volume to  m em -
B u sm e ss  a n d  S u b sc rip tio n  I n fo rm a tio n  bers of ^  A C g and $32 .00 per volum e to  all others. Add

Correspondence concerning business m atters should be $4 .50 per subscription for C anada and countries belonging 
sent to  the Subscription Service D epartm ent, Am erican to  the P ostal Union, and $5 .50  for all other countries.
Chemical Society, 1155 Sixteenth S t., N .W ., W ashington, Single copies for current year: $4 .00 . Postage, single
D . C . 20036. copies: to  C anada and countries in the Pan-A m erican

Claims for missing numbers will not be allowed (1) if re- Union, $0 .15 ; all other countries, $0 .20 . R ates  for back
ceivei more than  60  days from date of issue plus tim e issues from Volume 20  to  date are available from the Special
normally required for postal delivery of journal and claim ; Issues Sales D epartm ent, 1155 Sixteenth S t., N .W ., W ash-
(2) if loss was due to  failure to  notify th e Subscription ington, D . C . 20036.
Service D epartm ent of a  change of address; or (3) if  the This publication and the other A CS periodical publications
reason for the claim is th a t a  copy is “ missing from files.”  are now available on microfilm. F o r  inform ation write to

Change of address: N otify Subscription Service D e- M IC R O F IL M , Special Issues Sales D epartm ent, 1155 Six-
partm ent, American Chemical Society, 1155 Sixteenth S t., teenth  S t., N .W ., W ashington, D . C . 20036.

N otice to Authors appears in  Ja n u a ry , A pril, Ju ly , and October issues 

A M E R IC A N  C H E M IC A L  S O C IE T Y  P U B L IC A T IO N S
1155 Sixteenth St., N .W ., W ashington, D. C. 20036

R ichard L . K en yo n  J o seph  H . K u n e y  D avid E . Gu s h e e
Director o f  Publications Director o f  Business Operations Publication M anager, Journals

Director o f  Publications Research

1A



2 A The Journal o f  Organic Chemistry

P U T  T H E  T R I  S I L  F A M I L Y  

T O  W O R K  I N  Y O U R  L A B

resolved by sHylation of^arn- ^ ^ £ g l 

We have just published a 60

that is a gold mine of inform a- B jB i.  ~ ¿ v im l .. B B H w H L a **\ i  *; \r
tion^on si I y lation and other

ods, references, data on re-
agents and accessories with « H M
current prices.

S h y ^ . h -  'kJ-'w  »'"'̂ a ..__
vt;:' MB, ^  ^  |

D  PIERCE CHEMICAL COMPANY
P.O. Box 117 Rockford, Illino is  61105 U.S.A.

PH ONE 81 5 / 9 6 8 -0 7 4 7  TW X 910 - 631-3419



T H E JOURNAL OF O r g a n i c  C h e m is t r y

V o l u m e  35, N u m b e r  4 A p r i l  1970

D . W. H . MacDowell and 871 T he Chem istry of Indenothiophenes. II .
Alfred T. J effries 4H -Indeno [1,2-6 [thiophene and 8H -Indeno[l,2-c]thiophene

J ackson B . Hester, J r . 875 Azepinoindoles. IV . 1 ,2,3,4,5,10-H exahydroazepino [3,4-6 [indole
and 1,2,3,4,5,10-H exahydroazepino [2,3-6 [indole

F red B . Stocker, J ames L . K urtz, 883 T he M annich R eaction  of Imidazoles 
Byron L . Gilman, and David A. F orsyth

P aul B . W oller and 888 1,3-D ipolar Cycloaddition R eactions of the G eom etrical Isom ers of 
Norman H. Cromwell Some M ethyl 1-Alkyl-2- (p-biphenyl) -3-aziridinecarboxylates

George Zw eifel  and J oseph P lamondon 898 H ydroboration of Dihydropyrans and Dihydrofurans

J o se f  P ith a  903 Tautom erism  of 2-Ethoxy-4-pyrim idinone

L eo A. P aquette, R obert W . Houser, 905 Cycloaddition Reactions of Thiete 1,1-D ioxides. T h e Preparation of 
and Melvin R osen 2-Thiabicyclo [2.2.0 [hexane D erivatives

W illiam R. Moore and 908 T h e R eaction  of 6,6-D ibrom obicyclo [3.1.0 [hexane with  
W illiam R . Moser M ethyllithium . Efficient Trapping of

1,2-Cyclohexadiene by Styrene

P ietro Bucci, Giorgio L ippi, and 913 Configurational Study of Some 9-Substituted
B runo Macchia 3-O xabicyclo [3.3.1 [nonanes by N uclear M agnetic Resonance

N . B . Chapman, S. Sotheeswaran, 917 T he Preparation of 4-Substituted 1-M ethoxycarbonylbicyclo [2.2.2 ]- 
and K. J. T oyne octanes, Substituted 1-Phenylbieyclo [2.2.2 [octanes, 4-Substituted

1-p-Nitrophenylbicyclo [2.2.2 [octanes, and 1,4-D isubstituted  
B icyclo [2.2.2 [octanes

Bruce B. J arvis 924 Free-R ad ical Additions to
Dibenzotricyclo [3 .3 .0 .0 2’8 ]-3,6-octadiene

J osephine D . R eadio and R obert A. F alk 927  Conform ational Studies of Perfluoro-2-halo-l,2-oxazetidines
Using N uclear M agnetic Resonance Spectroscopy

R obert F iller , Y . S. Rao, 930 Polyfluoroaryl /3-Dicarbonyl Compounds 
Aija B iezais, F rederick N . Miller , 

and Victor D . B eaucaire

E lizabeth S. L o and S. W . Osborn 935 Liquid Fluorocarbon from Hexafluoropropene by
an E lectrical D ischarge Process

Daniel F . B ender, 939 A Nonlinear H am m ett P lot. Substituent Effects in the Substitution  
T huduma T hippeswamy, and and Elim ination-R earrangem ent R eactions of

W illiam L . R ellahan l,l-D iaryl-2-brom oethenes with Potassium  t-Butoxide
in an A protic Solvent

S egvi Sumer F riedrich, L . J. Andrews, 944 Hydrogen A tom  A bstraction from Substituted  
and R . M . K eefer  Diphenylm ethanes by Brom ine Atoms

H. J . Shine and R. D . Goodin 949 Charge-Transfer Interaction  between
Tetracyanoethylene and Pyridines

W . M . Schubert, R ichard B . Murphy, 951 Deuterium  Isotope Effects in the Principal Electronic Transition  
ANd J anis R obins of Nitrobenzene and Aniline and T heir p-Alkyl D erivatives

R e x  Y . T ien and Paul I . Abell 956 K inetics and Stereochem istry of the G as-Phase
Addition of H B r to M ethyl-Substituted Allenes

Gen K oga and J .-P . Anselme 960 N -N itrenes. I X .  The R eaction  of 1,1-D ibenzylhydrazine
Anions with Tosyl Azide, Oxygen, and N itrous Oxide

W illia m  N . W hite and J oel R . K link 965 T h e A cid-Catalyzed N itram ine R earrangem ent. IV . T he Influence
of A rom atic Ring Substitutents on R earrangem ent R a te

David M . Gale 970 M echanistic Aspects of the Photochem istry of U nsaturated  Nitriles

J .  R . H azen  973 M ethoxonium  Ions in Solvolysis. Neighboring A cetal Participation

Donald D . R oberts and 978 Cyclopropylcarbinyl p-Toluenesulfonate Solvolysis. IV .
T homas M . Watson Correlation with Cholesteryl T osylat e .Sohlolyris. I M e s-----------------

O A / 1
d A  v itH fojR  fm jQ Y iy 'ifh tfP ’)?  j

? ? fi-8- ? 5 l i



I  H ig h  i m r i t Y  N A ilE  s o l v e n t s  I  
I  a v a i l a l d e  f o r  i m m e d i a t e  d e l i v e r y  I  
I  a t  | i r i e e s  t o  f i t  y o u r  b u d g e t !  I

! Compound PurityA tom % D  Many other NMR solvents,
| ---------- ;------ ;-------------------------------------------------- deuterated compounds, as well as , W m

■  i __Acetic Acld-d4_______________ 99 5_______  C13, N15, and O18 labeled compounds | 8 |
| Acetone-d6 99.5 are also available from stock or 1

■  ! Acetonitrile-da 99̂ 5 can be synthesized to order. Data \ H
W m  ; — --------------------- ----------------------------------------- - sheets and prices on request. [ m m .
fm a ' Benzene-d6 99.5 _  . ,  , ,  „  . ; fHH
mmi --------------------------- — — ------------------------------- -—  Call us First for Lowest Prices! apps
W m \ Cyclohexane-dia 99.0 , t „  x. l H |------------------------------------------------- —  --------- ---- Isomet Corporation ■)

Deuterium Oxide-d2 99.75 433 Commercial Avenue
i Pyridine-d5 9 9 0  Palisades Park, N.J. i H j

■  j — — 7 — ----------------------------------- —-----------------  (201)944-4100 ! H
■ H  Methanol-d4 99.0 ° mam

| Sulfuric Acid-d2 99.0

| Toluene-ds__________________ 99.0 Hh

J Trifluoroacetic Acid-d:________ 99.0________ 3N/I



F illmore F reeman, J ay B . Brant, 982 Perm anganate Oxidations. I I I . K inetics and 
Norman B . Hester, Albert A. K amego, M echanisms of the Oxidation of Furfurals

Marc L . Kasner, in Alkaline M edia
T homas C. McL aughlin, and 

E dward W . P aull

J ames M . Anderson and J ay K . Kochi 986 Silver(II) Complexes in O xidative D ecarboxylation of Acids

Michael E . Kurz and Maria P ellegrini 990 Electrophilic Properties of Benzoyloxy Radicals

Hideki Sakurai, Akira Hosomi, and 993 A bstraction of M ethyl Hydrogen of Substituted  
Makoto Kumada Anisoles by i-B u toxy Radicals

R ichard G. Parker and J ohn D . R oberts 996 N uclear M agnetic Resonance Spectroscopy.
13C Spectra of Indole and M ethylindoles

Donald C. Dittmer and 999 Diazo Alkane Adducts of Thiete Sulfone (Thiacyclobutene  
R obert Glassman 1,1-D ioxide) in Synthesis of Thiabicyclopentane Dioxides,

Pyrazoles, and Tetrahydrothiophene Sulfones

J ohn L . K ice and R olf S. Gabrielsen 1004 The T herm al Decomposition of Benzenediazo
Sulfones. I . M ethyl Benzenediazo Sulfone

J ohn L . K ice and R olf S. Gabrielsen 1010 T h e T herm al Decomposition of Benzenediazo
Sulfones. I I . Benzyl Benzenediazo Sulfone

J ohn T anaka and Alan R isch 1015 T h e R eaction  of Diborane and Bistriphenylm ethyl Disulfide
to  Give a  Carbon-Sulfur Bond Cleavage

T . H . Siddall, I I I ,  and W . E . Stewart 1019 Proton  M agnetic Resonance Studies of R otational Isomerism
around the 2-Propyl-N itrogen  Bond in Some Thionamides

R ichard A. B artsch 1023 Elim inations from 2-B u tyl Halides Induced by Halide Ions
in Dimethylform amide an a Dim ethyl Sulfoxide

William A. Mosher and Steffen  P iesch 1026 R eactions of 2-A cyl-l,3-indandiones with Aliphatic Diamines

S. B ien and D . Ovadia 1028 In ter- and Intram olecular Cyclization of Bisdiazo K etones.
T he Form ation  of the Novel
3 ,3 '-Spirobi(bicyclo[3.1.0]kexane)-2,2'-dione System

E . C . Ashby and Simon H . Y u 1034 Organometallic R eaction M echanisms. IV . T h e M echanism
of K etone Reduction by Aluminum Alkyls

M . R o ss  J ohnson and B ruce R ickborn 1041 Sodium Borohydride Reduction of Conjugated Aldehydes and Ketones

L ewis F . Hatch and Mohamed S. Matar 1046 T he R eaction  between 2,5-D im ethyl-2,4-hexadiene
and Chlorine. irons-2,5-D ichloro-2,5-dim ethyl-3-hexene 
and 4,5-D ichloro-2,5-dim ethyl-2-hexene

W illiam E . Parham, 1048 1,3-B ridged A rom atic Systems. V.
Douglas R . J ohnson, Strained A rom atic Systems

Charles T . Hughes, Marcus K . Meilahn, 
and J .  K ent R inehart

J .  D . Surmatis, A. Walser, 1053 A Study on the Condensation  
J .  Gibas, and R . T hommen of M esityl Oxide with A cetoacetic E ste r

R alph J .  DePasquale and Martin Vogel 1057 Base-Induced Reactions of Phenacyl Chloride

B . B erkoz, G. S. L ewis, 1060 M ethylenation of U nsaturated Ketones. V III .  
and J .  A. E dwards R eaction  of A1’4-, A1-4’6-, and A4-6-3-K eto

Steroids with Phenyl (trichloromethyl) m ercury

Seymour D . L evine 1064 Steroidal /3-Lactams

L  H  Klemm, C . E . K lopfenstein, 1069 A lum ina-Catalyzed Reactions of H ydroxyarenes and
and J. Shabtai H ydroarom atic Ketones. IV. Products and M echanism

of R eaction  of 2-N aphthol with M ethanol

J .  Shabtai, L . H . Klemm, 1075 Alum ina-Catalyzed Reactions of H ydroxyarenes and
and D . R . T aylor H ydroarom atic Ketones. V. M echanism of Reduction ol

1-Tetralones to  1 ,2 -Dihydronaphthalenes by M eans of M ethanol

Irving L istowsky, Gad Avigad, 1080 Conform ational Equilibria and Stereochemical 
and Sasha E nglard Relationships among Carboxylic Acids

R aymond A. Walsh and A. T . B ottini 1086 Reactions of l-H alo-2-m ethyl-2-alkoxy- and -3-alkylaminopropenes
with Potassium  f-Butoxide in T etrahydrofuran

J ohn F .  W . K eana and Choung U . K im 1093 Synthetic Interm ediates Potentially Useful for the Synthesis
of T etrodotoxin  and D erivatives. I I . R eaction  ot 
D iazom ethane with Some Shikimic Acid D erivatives

E  H . E schinasi 1097 A New Synthesis of Rosoxides. cis- and
trans-2- (2-M ethyl-l-prop en-l-yl) -4-m ethyltetrahydropyran

A. Brossi, G. Grethe, S. T eitel, 1100 Cherylline, a  4 -P h en y l-l,2 ,3 ,4 -tetrahydroisoquinoline Alkaloid
W. C . W ildman, and D. T. B ailey

Vol. 85, No. 4, April 1970 5A



T H E  P E R F E C T  C O M B I N A T I O N  

A T  A  S P E C I A L  P R I C E !

Do you think you' students would love you more if we charged 
; less for our organic chemistry course? Say $3.60 less?

We have been told the combination of the short Roberts and 
Caserio text, plus the student supplement, plus the molecular 
models, represents the best package of teaching material avail
able for any course enrolling pre-medical, pre-dental, pre-engi- ij
neering, and biology majors.

In fact, over 130,000 students have used one of the two verisons 
of the Roberts/Ceserio text. The combination in the Supplement 
of answers to the problems in the text, and an additional special 
group of problems with solutions, has made the Supplement 
equally as popular as MODERN ORGANIC CHEMISTRY.

So, here's our 1970 anti-inflation offer: your students may pur
chase MODERN ORGANIC CHEMISTRY (Roberts & Caserio), the 
SUPPLEMENT FOR MODERN ORGANIC CHEMISTRY (Roberts &
Caserio), plus a set of the HGS MOLECULAR STRUCTURE 
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-¡AM, j

m
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The Chem istry of Indenothiophenes. II. 4H -Indeno[I,2-b]thiophene
and 8H -Indeno[l,2-c]thiophene

D. W. H. MacD owell and Alfred  T . J e f f r ie s1

D epartm ent o f  C hem istry, W est V irg in ia  U niversity, M organtow n, W est V irg in ia  26506

R eceived A ugust 6, 1969

The syntheses of 4H-indeno[ 1,2-6]thiophene (2) and 8H-indeno[l,2-c]thiophene (3) are described. Upon 
metalation with n-butyllithium and treatment with Dry Ice, the former yields exclusively 4H-indeno[ 1,2-6] thio- 
phene-4-carboxylic acid (13), while the latter gives 8H-indeno[l,2-c]thiophene-8-earboxylic acid (14, 38%), 8H- 
indeno[l,2-c]thiophene-l-carboxylic acid (15, 14%), and 8H-indeno[l,2-c]thiophene-3-earboxylic acid (16, 48%).
These results are discussed in terms of the mode of fusion of the thiophene nuclius and direct bridging between 
the benzene and thiophene rings.

An earlier paper2 concerning the chemistry of indeno- Synthesis of 4H-Indeno [1,2-6 jthiophene (2).'—Initial
thiophenes described the synthesis and metalation of attempts to synthesize 2 via the phosphorus penta-
8H-indeno [2,1-5 Jthiophene (1). In  this paper we wish sulfide ring closure of 2-formylmethyl-l-indanone di-
to report the syntheses and metalative properties of methyl acetal were unfruitful. Since reaction of the
4H-indeno [1,2-6Jthiophene (2) and 8H-indeno[l,2-cJ- pyrrolidine enamine of 1-indanone with bromoacetal-
thiophene (3). dehyde dimethyl acetal gave, depending on the vigor

of the reaction conditions, either unchanged enamine 
— IT  'll or ! - illdanone< this approach was abandoned. The

y y L — IL— !l -----u y y j ------Us/ actual synthetic sequence used to prepare 2 is shown in
1 2  3 Scheme I.

Interest in these and similar systems has been stimu- Scheme I
lated by recent reports of studies dealing with competi- f ^ Y 1 a. N ' S  1Cu . 1 ^ 1 — r S
tive metalation between hydrogen atoms attached to L IL + 1!___ U 2.k o h  L I L  ----- !1
thiophene rings and those in methylene groups, attached G02CH3 3.h3o+ ^ C 0 2H
to thiophene rings.3 7

Janssen and DeJong3b have reported the metalation of h S0C1;
three cyclopentadithiophenes,4 4, 5, and 6, in both ether 2 SnC1

Q 2 0  0 2 i! d  0 2 0  • 0 ^ 6
o

and cyclohexylamine solution, using n-butyllithium and 8
lithium cyclohexylamide as base. A study of the ultra
violet spectra of these anions led to the conclusion that Modification of the procedure of Chow and co- 
the negative charge resides in the central ring of each workers6 using Ullmann coupling of methyl o-iodoben-
system. However, compounds derived from these zoat,e and 2-iodothiophene gave a mixture from which
anions have not yet been reported to verify these assign- methyl 2-thienylbenzoate was obtained. Saponification 
ments. of this methyl ester afforded o-2-thienylbenzoic acid (7)

(1) n d e a  Fellow, 1967- 1969. in an overall yield of 32% . Cyclization of 7 was accom-
(2) d . w. h . MacDowell and t . b . Patrick, j . Org. chem ., 32, 2441 plished via the acid chloride using stannic chloride to

(19®p- . .  , „ ,, 17„„ give 4H-indeno[l,2-6]thiophen-4-one (8) in 78%  yield.
(3) (a) O. Meth-Cohn and S. Gronowitz, Acio Chem. Scand., 20, 1733 iU  i i 2- r  a  £C j  j  ^ ■ a o m

(1966); (b) M. J. Janssen and J .  DeJong, Rec. Trav. Chim. Pays-Bas, 86, Ŵ olff“KisllIlGr rGUllCtlOH 01 8  ailOTClGCl 2 111 OO / q yiGlQ. 
1246 (1967); (c) J .  Skramstad, Acta Chem. Scand., 23, 703 (1969).

(4) A. Kraak, A. W. Wiersema, P. Jordens, and H. Wynberg, Tetrahedron, (5) A. W. Chow, N. M. Hall, J .  R . E . Hoover, M. M. Dolan, and R . J.
24, 3331 (1968). Ferlauto, J ,  Med. Chem., 9, 551 (1966).
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The reduced compound 2 is a white, crystalline solid minum hydride and aluminum chloride to reduce 1,2,4,6- 
with a strong odor resembling that of fluorene. tetram ethyl-7II-cyclopenta [l,2-c:3,4-c']dithiophen-7-

Synthesis of 8H-Indeno[l,2-c]thiophene (3).—Pre- one to l,3,4,6-tetram ethyl-7H-cyclopenta[l,2-c:3,4-c']-
liminary attempts to form this system by utilizing the dithiophene in 92%  yield. However, reduction of 12
Hinsberg condensation of diethyl thiodiglyeolate with under the same conditions produced only 30-40%  3
indan-l,2,3-trione following the procedure of Wynberg6 after purification by column chromatography. Fur- 
were unsuccessful, and afforded only recovered indan- ther elution with more polar solvents produced a quan-
1,2,3-trione and thiodiglycolic acid. The successful tity  of resinous material, the identity of which was not
synthesis of 3 is outlined in Scheme II . further investigated. Lowering the relative amounts of

lithium aluminum hydride to aluminum chloride10 pro- 
Scheme II duced a 55:45 mixture of 3 and the corresponding

3r. alcohol (by nmr). I t  is noteworthy that both 2- and
1. n-BuLi (-70°) 3-benzoylthiophene are reduced to the corresponding
2. cyclohexanone' ------U G  benzyl compounds in greater than 90%  yields under the

Br 3. TsOH-c h reflux 9 same conditions that produced the mixture of alcohol
and 3 from 12.

reflux chioranii Metalation Experiments.— I t  was previously re-
..xylene ported2 that metalation of 1 with n-butyllithium in

jjq q Br ether solution occurred exclusively at the methylene
i„-Bun(-70°) bridge; no metalarion on the thiophene ring was de-

C L v S "Vco 1 11 lw s tected. Treatment of 2 with slightly more than 1
^ 3 h o+ 10 equiv of ethereal n-butyllithium followed by carbona-

tion, work-up as in the case of l ,2 and examination of
1. soci2 the nmr spectrum of the crude product revealed an
2. aici3 aromatic absorption at r 2.0-3.0 and a singlet for the

methine proton at r 5.20. The absence of any absorp-
y tion at t 5.20-10.0 indicated that metalation had oc-

___ curred exclusively at the methylene bridge of 2.

G - o  - S ' 3 ;  _  s

-  ^  Q r V }
Halogen-metal interchange in 3,4-dibromothiophene 3- H30+ ^  ^

provided the best method of obtaining the precursor 13
acid, 3-phenylthiophene-4-carboxylic acid (11). Treat
ment of 4-bromo-3-thienyllithium with cyclohexanone
at - 7 0 °  afforded the corresponding cyclohexanol, . Tne nmr spectrum of the crude product ob amed by 
which was dehydrated by means of p-toluenesulfonic 8!™ lar treatment of 3 with 1 equiv of ethereal n-butyl- 
acid in refluxing benzene to yield 3-bromo-4-(l-cyclo- ,thl'lm ollo'v"^ b/  work-up as described for 2 revealed 
hexenyl)thiophene (9) in 86%  yield. Dehydrogenation band* at r aromatic), 5.17 (s)
of 9 with chioranii in refluxing xylene for 10 hr provided f*08 and 6f ( sh  0 n  thf  baf  of Previous work,2
optimum conditions for the preparation of 3-bromo-4- tbe at Tri5 Q17 ™ g n e d  to the methine hydrogen
phenylthiophene (10). In contrast to work reported 8H-mdeno[l 2-c]thiophene-8-carboxyhe acid (14).
by Szmuszkovicz7 and Gronowitz,* it was found that the The smf le£t a t r  b'08 “  assif  the methylene hydro
use of benzene or chlorobenzene as a solvent in this ° / .  8H-mdeno[l,2-c]thiophene-l-carboxyhc acid
dehydrogenation was unsatisfactory. The bromide (IS), which are shifted downfield owmg to the inductive
obtained in this manner had a dark red color, and care- effect of tb® neighboring carboxyl group. The multi-
ful purification by sublimation or column chromatog- l j et at/  ] ' 25 and 4he sl̂  ct ^  rJ - 28 are assigned to
raphy over alumina was necessary to ensure good re- tbe Cl hydrogen and methylene hydrogens respectively
suits in the conversion into 11. Halogen-metal ex- ° f the 8H-indeno[l,2-c]thiophene-3-carboxylic acid
change in 10 at - 7 0 ° ,  followed by carbonation, gave (. 16}; The relative amounts of these products formed
yields of 3-phenylthiophene-4-carboxylic acid (11) of m the metalation-carbonation reaction are 38%  1 4 ,14%
76-84% . Ring closure of 11 via the acid chloride pro- 1S>. and 48%  16 Thf e ™ lues were determined by
ceeded under the influence of aluminum chloride in weighing the paper under the curves traced out m the
carbon disulfide solution for 24 hr to produce 8H-indeno- recording of the nmr spectrum, and are the average of
[ 1,2-c ]thiophen-8-one (12) in 82-91%  yield. Wolff- three experiments.
Kishner reduction of 12 produced 3 in 60%  yield. 8H- . Tbe acid was 1S0,lated m Pui;e form through frac-
Indeno [1,2-c ]thiophene (3) is a white, crystalline solid t lonal crystallization of a mixture of acids from benzene-
possessing an odor resembling that of fluorene. Grono- hexane. The assignment of the C4 hydrogen at r 1.25
witz9 has reported the use of a mixture of lithium alu- 18 based 011 an, examination of molecular models. The

proximity of the neighboring carboxyl group to the C4
(6) H. Wynberg and H. J .  Kooreman, J .  Amer. Chem. Soc., 87, 1739 hydrogen allows it to exert a negative anisotropic ef-

<1®7)S)L. F . Fieser and J .  Szmuszkovicz. ibid., 70, 3352 (1948); J .  Szmusz- fe C t, 011 t h e  C ‘  h y d r o g e n ,  C a u s in g  it to a b s o r b  at l o w e r
kovicz and e . j . Modest, ibid., 72, 571 (1950). field than the other aromatic hydrogens. This assign-

(8) S. Gronowitz and N. Gjos, Acta Chem. Scand., 21, 2823 (1967).
(9) S. Gronowitz, J .  E . Skramstad and B . Eriksson, Ark. Kem i, 28, 99 (10) R . F . Nystrom and C. R . A. Berger, J .  Amer. Chem. Soc., 80, 2896

(1967). (1958).
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ment was confirmed by examination of the nmr spec- T able I
tram of fluorene-4-carboxylic acid (17), whose spectrum r  (c h ,) Caicd Pxaa
reveals a multiplet at r  1.50 of the same character as Fluorene 6.19 25
the C4 hydrogen in 16. 1 6 . 2 0  24

2 6 .39  25
H C02H 3 6 .30 27

° Reference 12.CY Yj
~ s e q u e n t l y ,  it is not unexpected to find that metalation 
+  of 1 and 2 occurs exclusively at their respective methy-

lene bridges. However, the p X a value calculated for 3 
suggests that the hydrogens on its methylene bridge 

3 i-n-BuU f Y r ' s  are somew^a  ̂ êss acidic than those in 1 and 2 and is in
2. co, ------U ,/ qualitative agreement with the observed lower degree
3. H,o+ IS of metalation of the methylene bridge of 3.

+

f ^ Y ^ Y ^ S  Experimental Section13
4H-Indeno [ 1,2 -6 ] thiophen-4-one (8 ).—To a three-necked, 500- 

I COH ml flask, fitted with a calcium chloride drying tube and con-
(H ) 3 taining o-(2-thienyl)benzoic acid6 (7, 13.97 g, 0.0685 mol) dis-

j .  solved in dry benzene (140 ml) and dry N,N-dimethylformamide
(3.5 ml) was added thionyl chloride (7.0 ml). The solution was 
heated at reflux for 2  hr and cooled, and the benzene evaporated. 
The brown residue was kept under nitrogen and was freed from

; jj____ fl J  the last traces of thionyl chloride by treatment with four suc-
cessive portions of dry benzene, followed by evaporation of each 

I 1 portion of benzene. Final evaporation of the benzene left the
(H ) C02H acid chloride as a brown oil, ir (neat) 1770 cm - 1  (acid chloride

17 ° = 0 ) .
A solution of the acid chloride obtained above in dry benzene 

(100 ml) was added to a three-necked, 500-ml flask protected by a 
Discussion calcium chloride drying tube and cooled to —2 °. A solution of

stannic chloride (9.8 ml) in dry benzene (40 ml) was added at 
The differences in metalative properties of 1, 2, and such a rate as to keep the temperature at 4°. After addition 

3 mav be rationalized in the following manner: The was completed, the dark inixture was stirred for 10 min at 4°
o our. -j  - i  i i r o ou u -j  • „ i and for a further 10 mxn without external cooling.3a-3b bridge m l  and the 8a-8b bridge in 2, respectively, The dark mixture was poured onto a s]urry 0f ice (400 ml) and
along with the b fusion of the thiophene ring, convey to 1  M  hydrochloric acid (200 ml) and was stirred well. The layers
these molecules a formal similarity to fluorene and in- were separated and the aqueous layer was extracted with ben-
dene. Thus an anion generated at the methylene zene ln three portions. The benzene solution was
bridge in 1 and 2 is delocalized extensively, which causes w* h water’f!;hre\tlmes ^ 1 M hydr°xWI, ,  °  , ,  , , , , , (75 ml), three times with water, and twice with brine, dried
the methylene hydrogens to become more acidic than (MgSOO, and concentrated to leave 9.84 g (78%) of orange solid,
those on the a  position of the thiophene ring. How- mp 99-101°. Sublimation at 95-97° (0 .6 - 1 . 1  mm) afforded an
ever, c fusion of the thiophene ring in 3 causes con- analytical sample: mp 101° (lit . 14 mp 99°); uv max (95%
siderable loss of delocalization for the anion formed at S S 5? ? 2 io55 "T  n (i6j'500), 264 (39,600), and 294 (5850); ir
,, ,, , , . , , , ... ., , . , J  (KBr) 1710 cm“1 (ketone C = 0); nmr (CDCla)t 2.2-3.1 (m, 6,the methylene bridge when compared with that in 1 and CnH6OS)
2. This is indicated by the formation of substantial A n a l. Caicd for CnH6OS: C, 70.94; H, 3.25; S, 17.22. 
amounts of additional products, 15 and 16, upon car- Found: C, 70.78; H, 3.31; S, 17.22.
bonation of the metalation product of 3. Furthermore, 4H-Indeno[ 1 ,2 -6 ]thiophene (2 ). 4H-Indeno[l,2-6]thiophen-4-
it allows the « „p h en e  C , hydrogen to become slightly K l T
more acidic than the methylene hydrogen and provides mi) at 4 5 ° (oii-bath temperture) in a three-necked, 1 0 0 -ml flask
an excellent example of the less extensive electron de- fitted with a condenser arranged for downward distillation,
localization across the 3,4 bond in thiophene11 com- The mixture was heated to 195° over a 1 -hr period and main-
pared with that in the 2,3 bond. tained at\ this temperature for 0 5 hr. The reaction mixture

nr,, . , . . .  was cooled, water (2 0  ml) was added, and the mixture was dis-
These results are in qualitative agreement with the tilled. This procedure was repeated until 80 ml of distillate had

p X a values calculated for the methylene bridge hydro- collected. The distillate was extracted with three portions of
gens of 1, 2, and fluorene by simple Hiickel molecular ether. The combined ether solutions were washed twice with
orbital theory.12 See Table I. water and twice with brine, dried (M gS04), and concentrated to

T h o  form al rpsem blance of 1 and 2 to  fluorpnp ia rp- leave 3 2 0  mg (6S%) of white solid’ mp 66~68°' An analyticall n e  lo .m a l resem Olance ot 1  an a  2  to  fluorene is re sampie was obtained by sublimation at 60-65° (1 . 0  mm): mp
fleeted in the comparable calculated p X a values. Con- 68-69°; uv max (95% C2H6OH) 225 mM (« 6640), 232 (5800),

265 (sh, 8760), 238 (16,300), 299 (16,200), and 304 (11,900); ir
(1 1 ) 3. Gronowitz in "Organosulfur Chemistry,” John Wiley & Sons, (KBr) 750 Cm“1; nmr (CDCI3) r 2.4-3.0 (m, 6 , Ci0H6S) and 6.39

Inc., New York, N. Y„ 1967, p 124. (s, 2, d b C H iC Jh S ) .
(12) T. B. Patrick, Ph.D . Dissertation, West Virginia University, Mor- ---------------------

gantown, 1967. The pK & values are based on the ir energy differences be- (13) All temperature readings are uncorrected. Elemental analyses were
tween the anion and its conjugate acid as outlined in A. Streitwieser, Jr ., performed by Galbraith Laboratories, Knoxville, Tenn. Nuclear magnetic
“ Molecular Orbital Theory for Organic Chemists,” John Wiley & Sons, Inc., resonance spectra were recorded on a Varian HA-60 spectrometer using
New York, N. Y ., 1961, Chapter 14. These values were calculated using tetramethylsilane as an internal standard (r 10) and solvents as specified,
simple Hiickel zero-order approximations on an IB M  7040 computer. The ultraviolet spectra were determined in 95%  ethanol on a Bausch and
The only sulfur parameters used were h(s) =  1.0 /3Cc, hc(s) =  0.1 /3Cc, and Lomb 505 spectrophotometer. Infrared spectra were recorded on a Perkin- 
Kc-s =  0.7 SCc following R . Zahradnik, Ad van, Heterocycl. Chem., 5 ,5 8  Elmer Model 137 spectrometer.
(1965). (14) Y. Poirier and N. Lozac’h, Bull. Soc. Chim. Fr., 1062 (1966).
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A n a l. Calcd for CuH8S: C, 76.69; H, 4.68; S, 18.62. from benzene) was dissolved in refluxing anhydrous xylene (380 
Found: C, 76.89; 4.58; S, 18.70. ml)containedinathree-necked,l-l.flaskunderanhydrouscondi-

4H-Indeno[l,2-b]thiophene-4-carboxylic Acid (13).—A 250-ml, tions. After addition of a solution of 3-bromo-4-(l-cyclohex-
three-necked flask fitted with a reflux condenser, calcium chlo- enyl)thiophene (9, 32.0 g, 0.132 mol) over a 5-min period, the
ride drying tube, and pressure-equalizing addition funnel was reaction mixture was heated under reflux for 10 hr (caution,
flame dried under nitrogen. To a solution of 2 (0.500 g, 2.90 acidic fumes). The dark red solution was cooled below room
mmol) (homogeneous by tic) dissolved in anhydrous ether (30 ml) temperature in an ice bath, which resulted in the formation of a
and contained in this flask was added ethereal 0.92 M  n-butyl- voluminous amount of solid. The solid was separated by filtra-
lithium15 (3.3 ml, 3.04 mmol). The resulting solution was then tion and the filter cake was washed with small portions of cold
refluxed for 30 min, during which time it changed from yellow to xylene. The filtrate was washed with 20-ml portions of 2 M
orange-red in color. Refluxing was stopped and the reaction sodium hydroxide until the washings were clear (eight washings
was quenched by adding ca . 10 g of freshly chipped Dry Ice. are required), twice with water, and twice with brine, dried
Several minutes after the vigorous reaction had subsided, water (MgSCh), and concentrated to give 31.2 g of red solid which was
(25 ml) was added and the layers were separated. The aqueous dissolved in a minimum amount of benzene and chromatographed
layer was washed with three portions of ether and the combined on a 4.45 cm X 48 cm column containing 640 g of unactivated
ether washings were back washed with one portion of water. Alcoa F-S0 alumina. The column was eluted with 6 1. of hexane.
The combined aqueous portions were cooled, acidified with 1 M  Concentration of eluent left 23.0 g (72%) of white solid, inp 62-
hydrochloric acid (7 ml), and extracted with three portions of 68°. Recrystallization from methanol afforded an analytical
ether. The ether solutions were washed with two portions of sample: mp 69-70°; nmr (CDCla) r  2.65 (s, 5, C6H5), 2.73 (d,
water and two portions of brine, dried (MgSO<), and evaporated 1, J  = 3.5 Hz), and 2.85 (d, 1, .7 = 3.5 Hz),
to leave 0.329 g (53%) of acid. A n a l. Calcd for CioHrBrS: C, 50.22; H, 2.95; Br, 33.42;

Evaporation of the neutral ether layer left 0.209 g of unchanged S, 13.14. Found: C, 50.09; H, 2.95; Br, 33.57; S, 13.27. 
starting material. 4-Phenylthiophene-3-carboxylic Acid (11).—To a three-

An analytical sample of the acid was obtained by recrystalliza- necked, 100-ml flask under an atmosphere of dry nitrogen was
tion from benzene: mp 212-213°; ir (KBr) 1690 cm-1 (acid added ethereal 2.11 M  n-butyllithium (10.9 ml, 0.023 mol).
C = 0 ) ;  nmr (acetone-d6) r 2.2-3.0 (m, 6, CioH6S), 3.6 (broad This solution was cooled to —70° and 3-bromo-4-phenylthio-
mound, 1, C 0 2H), and 5.24 (s, 1, methine). phene (10, 5.0 g, 0.021 mol) in anhydrous ether (35 ml) was

A n a l. Calcd for Ci2Ha0 2S: C, 66.65; H, 3.73; S, 14.83. added over a 5-min period. The mixture was allowed to stir for
Found: C, 66.32; H, 3.65; S, 15.03. 10 min at —70° before a large excess of Dry Ice was added

Methyl 4H-Indeno[l,2-6]thiophene-4-carboxylate.—An ethe- cautiously through Gooch tubing. The mixture was allowed to
real solution of diazomethane (9 ml, 0.107 g, 2.54 mmol) pre- warm to room temperature and water (35 ml) was added. The
pared from p-toluenesulfonylmethylnitrosamide was added to aqueous layer was separated and was washed twice with ether.
4H-indeno[ 1,2-6] thiophene-4-carboxylic acid (13, 0.254 g, 1.23 The combined ether layers were washed once with water. The
mmol) dissolved in ether (25 ml). After nitrogen evolution had combined aqueous layers were cooled and acidified with 1 M
ceased, the solution was allowed to stand for 30 min and was hydrochloric acid (28 ml, pH 2). The precipitated acid was
diluted with an additional volume of ether (25 ml). The ether filtered, washed with mail portions of cold water, and dried to
solution was washed with three 10-ml portions of dilute sodium give 3.6 g (84% ) of white solid, mp 203-206°.
hydroxide, three times with water, and twice with brine, dried Recrystallization from methanol offered an analytical sample,
(MgSO(), and concentrated to leave 0.237 g (84%) of green oil mp 206-208°. In subsequent runs more satisfactory recrystal-
which solidified on standing. Sublimation at 70-73° (0.10-0.15 lization from benzene occurred: ir (KBr) 1675 cm-1 (acid C==0);
mm) followed by careful recrystallization from hexane afforded nmr (DMSO-de) t 1.78 (d, \, J  =  3.5 Hz, H-2), 2.57 (d, 1, J  =
an analytical sample: mp 72.5-73°; ir (KBr) 1725 cm-1 (ester 3.50 Hz, H-5), and 2.63 (s, 5, C6H5).
C = 0 ) ;  nmr (CDC13) r  2.25-2.40 (m, 6, Ci0H6S), 5.30 (s, 1, A n a l. Calcd for CnH80 2S: C, 64.69; H, 3.95; S, 15.70.
methine), and 6.27 (s, 3, OCH3). Found: C, 64.46; H, 4.07; S, 15.98.

A n a l. Calcd for Ci3Hio0 2S: C, 67.80; H, 4.38; S, 13.96. 8H-Indeno[l,2-c]thiophen-8-one (12).—To a hot suspension 
Found: C, 67.97; H, 4.52; S, 13.83. of 4-phenylthiophene-3-carboxylic acid (11, 12.6 g, 0.0616 mol)

3-Bromo-4-(l-cyclohexenyl)thiophene (9).—An ethereal solu- in dry benzene (164 ml) was added thionyl chloride (5.05 ml),
tion of 1.5 M  ra-butyllitliium (226 ml, 0.338 mol) was added to a The mixture was allowed to reflux for 2 hr, during which time
three-necked, 1-1. flask, fitted with a calcium chloride drying tube, the white suspension dissolved to give a pale yellow solution,
which had been flame dried under nitrogen. The solution was Removal of benzene left the crude acid chloride, which was treated
cooled to —70° and a solution of 3,4-dibromothiophene (75.0 g, in a manner identical with that used to prepare the acid chloride
0.310 mol) in anhydrous ether (90 ml) was added over an 8-min of 7, ir (neat) 1770 cm-1 (acid chloride C = 0 ) .
period. After the solution had been stirred for 7 min, a solution A solution of the crude acid chloride obtained above in reagent
of freshly distilled cyclohexanone (30.4 g, 0.310 mol) in anhydrous carbon disulfide (100 ml) was added over a 5-min period to a sus- 
ether (55 ml) was added rapidly. The resulting mixture was pension of aluminum chloride (18.75 g, 0.141 mol) and reagent
allowed to stir at —70° for 10 min and then for another 10 hr after carbon disulfide (240 ml) contained in a three-necked, 1-1. flask
removal of the cooling bath. under anhydrous conditions. The resulting browm mixture was

The yellow ethereal solution was cooled below room tempera- heated under reflux for 24 hr and was then cooled and poured
ture and was acidified with 2 M  hydrochloric acid (225 ml). The onto a mixture of 1 M  hydrochloric acid (75 ml) and ice with
ether layer was washed with water (100 ml), saturated sodium stirring. The carbon disulfide layer was separated and evap-
bicarbonate solution (100 ml), twice with water, and twice with orated, and the residue was dissolved in ether. The aqueous
brine and dried (MgSO<). phase was extracted twice with ether. The combined ether lay-

Concentration left the crude alcohol, which was dissolved in ers were washed once with water and twice with brine, dried,
benzene (100 ml) and dehydrated by refluxing it for 3 hr with a (MgSO<), and concentrated to leave 8.9 g (91% ) of yellow solid,
catalytic amount of p-toluenesulfonic acid. The benzene solu- mp 83-90°.
tion was cooled, diluted with an equal volume of ether (emulsion An analytical sample was prepared by recrystallization from
prevention), washed twice with water and twice with brine, ethanol followed by sublimation at 80° (0.1 mm): mp 90-90.5°;
dried (MgSCh), and distilled to give 64.7 g (86%) of product: uv max (95% C2H6OH) 256 m/r (sh, e 48,000) and 263.5 (60,900);
bp 87-97° (0.2 mm); n*D  1.6011; nmr (CDC13) r  2.80 (d, 1, J  ir (KBr) 1720 cm-1 (ketone C = 0 ) ;  nmr (CDC13) r  2.35 (d, 1,
= 4 Hz, H-2), 3.0 (d, 1, J  = 4 Hz, H-5), 4.05-4.20 (m, 1, vinyl), J  = 2 Hz, H -l), 2.99 (d, 1, J  = 2 Hz, H-3), and 2.5-2.9 (m, 4,
7.60-7.90 (m, 4 allylic CH2), and 8.17-8.40 (m, 4, aliphatic C6H4).
CH2). A n a l. Calcd for CnH6OS: C, 70.94; H, 3.25; S, 17.22.

A n a l. Calcd for CioHnBrS: C, 49.40; H, 4.56; Br, 32.87; Found: C, 70.71; H, 3.14; S, 17.46.
S , 13.18. Found: C, 49.52; H, 4.59; Br, 32.86; S, 13.35. 8H-Indeno[l,2-c]thiophene (3).—The apparatus was as-

3-Bromo-4-phenylthiophene (10).—2,3,5,6-Tetrachlorobenzo- sembled as described for 2 with a three-necked, 500-ml flask,
quinone (66.6 g, 0.271 mol, purified by one recrystallization 8H-Indeno[l,2-c]thiophen-8-one (12, 5.13 g, 0.0276 mol), potas-
-----------------  sium hydroxide (5.13 g), 95% hydrazine (10.25 ml), and diethy-

(15) The n-butyllithium used in these carbonation reactions was analyzed lene glycol (51 ml) were mixed at 45 (oil-bath temperature),
by the double-titration method: H. Gilman and R . Jones, Org. Reactions, 6, Over a 30-min period the mixture was heated to 200° which was
339 (1951). maintained for 45 min. The mixture was cooled, water (100-
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ml portions) was added, and the mixture was distilled until 800 portions of water and two portions of brine, dried (MgSOj),
ml of distillate had been collected. The distillate was extracted and evaporated to leave 0.28 g (45%) of acidic material,
with three portions of ether. The ether extracts were washed The neutral ether solution was evaporated to yield 0.10 g of 
three times with water and twice with brine, dried (MgSCb), and unchanged starting material.
concentrated to leave 2.85 g (60%) of tan solid, mp 88-92°. An analytical sample of 16 was obtained by recrystallization
This solid was dissolved in a minimum amount of benzene and from benzene-hexane of a sample obtained in a similar experi-
chromatographed on a 1.58 X 28.5 cm column packed with ment: mp 209-210° dec; ir (KBr) 1640 cm - 1  (acid C = 0 ) ;
unactivated Alcoa F-20 alumina. Elution with 1  1. of hexane nmr (acetone-d) r 1.25 (m, 1, H-4), 2.20-2.65 (m, 4, CioH4S),
followed by concentration left 2.06 g of white solid, mp 90-92°. and 6.30 (s, 2, C6H3CH2C4HS).
Recrystallization of a small sample from methanol afforded an A n a l. Calcd for Ci2H80 2S: C, 66.65; H, 3.73; S, 14.83. 
analytical sample: mp 92-93°; uv max (95% C2H6OH) 230 Found: C, 66.79; H, 3.78; S, 14.68.
m/i (e 5630), 238 (8300), 264.5 (16,000), 273 (16,700) 280 (sh, Fluorene-4-carboxylic Acid (17).—Fluorenone-4-carboxylic 
7100), 287 (8,600), and 299 (13,410); nmr (CDCls) r 2.30-3.05 acid (5 g) was reduced in the manner described by Weisburger
(m, 6 , Ck>H6S) and 6.30 (s, 2, CsIhCHaCJljS). and Weisburger:16 yield 57% ; mp 192-193° (lit .16 mp 191-

Ana'. Calcd for CnHsS: C, 76.69; H, 4.68; S, 18.62. 192°); ir (KBr) 1680 cm “ 1 (acid C = 0 ) ;  nmr (CDCls) r - 3 .2
Found: C, 76.53; H, 4.62; S, 18.78. (s, 1, C 0 2H), 1.5 (m, 1, H-4), 2.0-2.7 (m, 6 , Ci2H6), and 6.10 (s,

8H-Indeno[l,2-c]thiophene-3-carboxylic Acid (16).—A 100- Ci2H6CH2). 
ml, three-necked flask fitted with a calcium chloride drying tube, A n a l. Calcd for C14H10O2: C, 79.61; H, 4.77. Found: C, 
reflux condenser, and pressure-equalizing addition funnel was 79.82; H, 4.83. 
flame dried under a stream of nitrogen. To a solution of 3
(0.50 g, 2.90 mmol, homogeneous by tic) dissolved in anhydrous Registry No.— 2, 7260-71-1; 3 , 7260-70-0; 8 , 5706- 
ether (30 ml) was added ethereal 1.26 M  n-butyllithium16 (2.30 0 8 _1 ; 9 23062-40-0; 10, 23062-41-1; 11, 23062-42-2;
ml, 2.90 mmol). The solution turned dark red immediately o o n a n  ao o  n  oonco a a a m  i t  i ± oonco
upon addition of the n-butyllithium and was refluxed for 30 min. 12> 23062-43-3; 13, 23062-44-4; 13 methyl ester, 23062-
Refluxing was stopped and the reaction was quenched with ca . 45-5; 16, 23062-46-6; 17, 6954-55-8.
10 g of freshly chipped Dry Ice. Several minutes after the
vigorous reaction had subsided, water (2 0  ml) was added and the Acknowledgment.1— The authors wish to thank Mr.
layers were separated. The aqueous layer was washed with Robert Smith, Mr. Donald Wieland, and Kiyoshi
four portions of ether and the ether solutions were back washed Yamauchi for recording the nmr spectra,
with one portion of water. The aqueous layers were combined,
cooled, acidified with 1 M  hydrochloric acid, and extracted with (16) E. K . Weisburger and J. H. Weisburger, J .  Org. Chem., 20, 1396
three portions of ether. The ether solution was washed with two (1955).

Azepinoindoles. IV . 1 l,2,3,4,5,10-Hexahydroazepino[3,4-b]indole  
and 1,2,3,4,5,10-Hexahydroazepino[2,3-b]indole

J ackson B . H ester , J r .

R esearch  L abora tor ies  o f  T he U p joh n  C om pany, K a la m az oo , M ich igan  j9 0 0 1  

R eceived  A ugust 11, 1969

The selective preparation of both 3,4,5,10-tetrahydroazepino[3,4-6]indol-l(2H)-one (5) and 3,4,5,10-tetrahydro- 
azepino[2,3-6]indol-2(lH)-one (14) from 1,2,3,4-tetrahydrocarbazol-l-one v ia  the Beckmann rearrangement is 
described. Rapid air oxidation of the initial product derived from the lithium aluminum hydride reduction of 14 
gave 2,3,4,5-tetrahydroazepino[2,3-6]indol-5a(lH)-ol (17). The proof of structure 17 and some of its interest
ing chemistry is discussed.

Recently,2 we reported the selective preparation polyphosphorie acid.5 Positive identification of 5
of 3,4,5,6-tetrahydroazopino [4,3-5 ]indol-l(2H)-one and was supplied by its characteristic uv spectrum and by
3,4,5,6-tetrahydroazepino [3,2-6]indol-2(lH)-one via the its lithium aluminum hydride reduction to 6, which
Beckmann rearrangements of the oxime and tosyloxy had previously been reported in the literature6 and
oxime of l,2,3,4-tetrahydrocarbazol-4-one with poly- had an nmr singlet at S 4.00 for the C -l protons,
phosphoric acid and deactivated alumina, respectively. Alkylation of 5 with triethyloxonium fluoroborate7 gave
Concurrent with this study we investigated the prepara- the expected imino ether 11, which reacted with amines
tion and chemistry of 3,4,5,10-tetrahydroazepino[3,4- to give amidines such as 12 and 13.8
5]indol-l(2H)-one (5) and 3,4,5,10-tetrahydroazepino- Since it was apparent that in polyphosphorie acid, 
[2,3-5 ]indol-2(lH)-one (14). The latter investigation analogous to cur previous results,2 oxime 7 was under-
is the subject of the present discussion. going a facile isomerization to 3 prior to Beckmann

The reaction of 1,2,3,4-tetrahydrocarbazol-l-one ( l ) 3 rearrangement, we employed the method of Craig and 
with hydroxylamine (Chart I) gave a mixture of oximes Naik9 for the preparation of 14. Oximes 3 and 7 were
3 and 7 which could be separated by silica gel chroma- converted into the corresponding tosyloxy derivatives
tography. Both oximes underwent a facile rearrange- 4 and 8 with p-toluenesulfonyl chloride in pyridine, 
ment in polyphosphorie acid to give the same lactam Rearrangement of 4 with neutral alumina, which had
5 in 73-85%  yield.4 This compound 5 was also been deactivated with 1% water, gave 5 in 81%  yield,
obtained by the reaction of 1 with sodium azide in The analogous rearrangement of 8 on alumina which

had been deactivated with 0.5%  water gave the iso-
CD Part I I I :  J .  B . Hester, Jr ., J .  Org. Chem., 32, 4095 (1967).
(2) J .  B . Hester, Jr ., ibid., 32, 3804 (1967).
(3) S. Coffee, Bee. Trav. Chim. Pays-Bas, 42, 528 (1923). (5) N. J .  Doorenbos and R. E . Havranek, J .  Org. Chem., 30, 2474 (1965).
(4) H .-J. Teuber, D. Cornelius, and U. Wolcke, Justus Liebigs Ann. (6) S. Morosawa, Bull. Soc. Chem. J a p .,  33, 1113 (1960).

Chem., 696, 116 (1966), have reported the preparation of 5 by the Beckmann (7) H. Meerwein, Org. Syn., 46, 113 (1966).
rearrangement of 1 oxime in polyphosphorie acid under conditions similar to (8) R . E . Benson and T . L. Cairns, J . Amer. Chem. Soc., 70, 2115 (1948).
ours. (9) J .  C. Craig and A. R . Naik, ibid., 84, 3410 (1962).
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Chart I  Chart II

° r ?  ° 7 ?  C Y ? "  o J o  ( x p

R0 R' R R' R R'
1 , R =  H 3 ,R = H 5 ,R  = 0  17, R = OH;R' =  H 25,R  = H;R' = Ac 31, R = Et; R '=  Ac
2, R — CH3 4, R = />C,H7S 0 2 6 ,R  =  H2 2 0 R  = R' = H 26, R = Et; R '= Ac 32, R = Ac; R' = Ac

a
_ _ / \  21 R = OAc; R' =  H 27, R = Ac; R' =  Ac 33, R =  CH3;R '=  Ac

ii J L i  I  ) 22 R =  OAc; R' = Ac 28, R =  Ac; R '= Et

f Y  23 R = OH; R' = Et 29, R =  CH3;R '=  Et
H NOR' H R 24, R =  H; R' = Et 30, R = CH3; R '=  Ac

7, R = H; R' =  H 11, R = OEt OH OR
8 ,R  = H ;R' = p-C7H7S02 12, R = NHCH2CH2NEt2 ------ V  \ ------ /  \

9,R-CH,;R'-H = k A A j i /  A V v - /
10, R = CH3; R' = p-C7H7S02 \__ / | I !

Ac Et CH3

x )  34 35,R=HN ^ N -A , 36, R =  Ac
I | ^R'

R H C-3 equatorial proton. When the C-2 protons were
14, R = H; R' = 0  replaced by deuterium, the assigned nmr peaks were
15, R = H;R' = H2 absent.13 Confirmation of structure 17 was accom-
16, R = CH3; R'= 0  plished by an X -ray crystallographic study14 of 17

hydrobromide using the heavy atom method with 
least-squares refinement of the initial trial structure, 

meric lactam 14, uncontaminated by 5, in 25% yield. The final R  factor was 0.169.
In this reaction, the low yield of 14 compared with Support for the view that 17 was formed by air 
that of 5 and the necessity of using a more active oxidation of an initially formed amine 15 was provided 
alumina catalyst for the rearrangement of 8 than for by the isolation of a stable hydrochloride salt 20 and 
4 are consistent with the view2,10 that aryl migration acetamide 2516a from the reactions of the lithium
in this case is more difficult than alkyl migration. The aluminum hydride reduction product of 14 with
probable explanation for this phenomenon assumes hydrogen chloride and acetic anhydride, respectively,
that a highly strained intermediate would be required before exposure to air. Assignment of structure 20
for aryl migration; however, the electronic interaction rather than the double-bond tautomer (1 ,2,3,4,5,10-
of the oxime with the indole nucleus is undoubtedly a hexahydroazepino [2,3-6]indole hydrochloride) to the
contributing factor.  ̂ hydrochloride was based on the ir spectrum which

Lithium aluminum hydride reduction of 14 followed had the characteristic C = N +  band at 1680 cm-1 and
by isolation of the product by crystallization from analogy to a similar product obtained from 3-methyl-
methanol resulted in a 71%  yield of the alcohol 17 2-piperidinoindole.11'16b
(Chart II). Strong  ̂ support for structure  ̂17 was The reaction of 17 with acetic anhydride in pyridine 
provided by the similarity of its uv absorption with yielded a mixture of the mono- and diacetyl derivatives 
, ^  anal°gous product [Xmax (EtOH) 224 mp 21 and 22, which was separated by silica gel ehromatog-
(« -.0,000), 280 (13,800), 289 (13,500), and 317 (6600)] raphy. Structure 21 was supported by the ester band 
obtained by air oxidation of 3-methyl-2-piperidino- at 1750 cm -1 in the ir, the C-methyl peak at S 2.10
indole. The presence of an alcohol function was jn the nmr, and peaks in the mass spectrum corre-
suggested by the ir and mass spectra. Compound 17 sponding to the loss of CH3CO (m/e 201), CH3COO 
formed stable, crystalline salts with both hydrochloric (m/e 185), and CH3OOH (m/e  184) from the molecular 
and hydrobromic acids. The nmr spectrum of these ion (m/ e 244); peaks in the mass spectrum corre-
salts was interesting m that the C-2 protons were sponding to loss of 17 or 18 mass units from the molec-
!itr0IlgT;y < eŜ .lie t^  ^  system and formed uiar ion were not observed. Compound 22 had ir
the AB portion of an A B X Y  spin system.12 For the bands at 1745 and 1670 cm- i  for the ester and amide
hydrochloride assignment of the axial configuration functions. In the mass spectrum the major fragmen
to the downfield (S 4.12) proton was based on its
apparent ( J  =  10 Hz) coupling with the C-3 axial d 3 ) These and subsequent nmr assignments are consistent with the molec- 

. 4-U -  r '  o _____ j - 1 j, , , - _ ,  - ular configuration in which the azepine ring assumes a chair conformation
P  oton, the C-2 equatorial proton was found at S 3.49 w ithN -l and C-2, -5a and -10a approximately coplanar. Support for this
and had an apparent coupling ( J  =  5 Hz) with the conformation in solution is provided by the uv spectrum, which suggests a

high degree of v-orbital overlap in the amidine system; in the crystalline 
, hydrobromide salt this conformation was demonstrated by X -ray diffrac-
(10) See R . Huisgen, J .  W itte, and I. Ugi, Chem. Ber., 90, 1844 (1957); tion studies.

P . A. S. Smith in "Molecular Rearrangements,” Part I, P. de Mayo, Ed., (14) D. J .  Duchamp, unpublished results.
Interscience Publishers, Inc., New York, N. Y ., 1963, Chapter 8. (15) (a) Contrast this result to the work of J .  Kebr'.e and K. Hoffmann,

(11) T . Hmo, M. Nakagawa, T . Wakatsuki, K . Ogawa, and S. Yamada, Helv. Chim. Acta, 39, 116 (1956), which suggests that the reaction of 2-
Tetrahedron, 23, 1441 (1967). aminoindole with acetic anhydride to give l-acetyl-2-acetamldoindole oc-

(12) The chemical shifts presented for this discussion are based on first- curs via initial acylation of the indole nitrogen, (b) See A. R . Katritzky
order approximations. and J ,  M. Lagowski, Advan. Heterocycl, Chem., 2, 23 (1963).

876 Hester The Journal of Organic Chemistry



tation corresponded to loss of ketene (m/e  244) from 6:5 . The exchangeable hydroxyl protons were repre-
the molecular ion (m/e  286) with further fragmentation sented by singlets at 5 3.83 and 8 3.48. This interpre
being similar to that of 21; minor peaks of m /e  226 and tation was justified by the clean, acid-catalyzed conver-
227 corresponded to loss of CH3COOH and CH3COO sion of 31 into 26 in 78%  yield.
from the molecular ion. The nmr spectrum of 22 had Assignment of structure 32 was based on the uv 
singlets at 5 2.59 and 2.08 which were assigned to the spectrum, which suggested an oxindole-type chromo
amide and ester acetyl groups, respectively. In phore, the ir spectrum, which had OH and amide
addition this spectrum offered an interesting example carbonyl absorption, and the mass spectrum, which
of the strong deshielding exerted by an amide on the had peaks corresponding to the successive loss of
adjacent equatorial proton.2,16 The quartet at 8 4.95 water (m/e  270) and two molecules of ketene (m/e  229
was assigned to the C-2 equatorial proton based on its and 186) from the molecular ion (m/e  288). The nmr
apparent coupling ( J  =  7 Hz) with the C-3 equatorial spectrum had singlets at 8 6.69 and 5.98 with an area
proton; the quartet at 5 3.21 had an apparent coupling ratio of 5 :2 , which were assigned to the C-lOa proton,
( J  =  10 Hz) with the C-3 axial proton and was thus and thus indicated that this material was also a mixture
assigned to the C-2 axial proton. Both C-2 proton of cis and trans isomers. Singlets at 8 2.03 and 2.18
absorptions had the expected geminal coupling con- were assigned to the acetamide moieties of the major
stant ( J  =  —15 Hz). This assignment was supported isomer. Assignment of the downfield multiplet, 8
by a spin-decoupling experiment. Substitution of 8.17, to the C-9 aromatic proton was based on the
deuterium for the C-2 protons of 22 to give 18 was reported deshielding of the ortho proton by the amide
effected by acylating the product 19 derived from the carbonyl of orf/io-monosubstituted N-phenylamides.17
lithium aluminum deuteride reduction of 14. The The acid-catalyzed dehydration of 32 gave the new
nmr peaks assigned to the C-2 protons of 22 were diacetyl indole 27 in 92%  yield. Support for structure
absent in the spectrum of 18. 27 was derived from spectral data and from its facile

Brief treatment with 1 equiv of sodium hydroxide conversion into 25 with sodium in ethanol, 
in ethanol at ambient temperature converted 22 into the Compound 34 was an isomer of 31 which had an 
original alcohol 17. Lithium aluminum hydride reduc- oxindole chromophore in the uv spectrum and bands
tion of 22 gave a mixture of 17 and a new alcohol 23. corresponding to OH and amide carbonyl absorption
The latter compound 23 was also obtained in 75%  in the ir spectrum. In the mass spectrum the major
yield from the lithium aluminum hydride reduction of fragmentation pathway was represented by peaks at
25. The uv spectrum of 23 was similar to that of 17; m/e 245 and 203 which corresponded to successive loss
the presence of the hydroxyl and ethyl moieties was of ethyl and ketene from the molecular ion (m/e  274).
demonstrated by the nmr and mass spectra. Minor peaks at m/e 259 and 256 corresponded to loss

Catalytic hydrogenation of 21 with a palladium of methyl and water from the molecular ion. The nmr
catalyst in acetic anhydride gave 25 as the only isolable spectrum confirmed the presence of N-ethyl and N-
product. An explanation for this transformation acetyl groups; it had a sharp singlet at 8 4.85 for the
assumes either (a) initial reduction of the amidine C-lOa proton and a broad singlet at 5 3.3 for the
double bond followed by elimination of acetic acid and exchangeable hydroxyl proton. There was no indica-
acylation of the resulting amine 15 or (b) hydrogenolysis tion of an isomer mixture, as had been observed for 31
of the acetoxy moiety to give 15, which could subse- and 32. The low-field multiplet at 8 8.21, assigned
quently undergo acylation by the acetic anhydride. to the C-9 proton, supported the N-10 acetamide
This transformation thus offers strong chemical assignment. Acid-catalyzed dehydration of 34 gave
support for the gross structure of oxidation product 17. the noncrystalline indole 28, which had an ir (CHC13)

Catalytic hydrogenation of 17 in acetic anhydride band at 1685 cm-1 for the amide carbonyl but no
with a palladium catalyst gave a complex mixture of absorption attributable to a hydroxyl group. Further
products from which four crystalline materials, 26, 31, characterization of this compound was not attempted.
32, and 34, were isolated by silica gel chromatography. Ethanolysis of 28 with sodium ethoxide in ethanol
Compound 26 was characterized by its typical indole followed by isolation of the product by crystallization
chromophore in the uv, the amide band at 1675 cm-1 , from methanol-ethyl acetate gave the alcohol 23,
and the absence of NH and OH absorption in the ir presumably by air oxidation of the initially formed
and the characteristic N -E t and CH3(C = 0 )N  absorp- product. Acidification of 28 with anhydrous hydrogen
tions in the nmr. The nmr hextet at 8 4.73, assigned chloride followed by crystallization of the salt from
to the C-2 equatorial proton, was characteristic of the methanol-ethyl acetate gave 24. This compound
deshielding effect of an adjacent amide and thus had the characteristic C = N + absorption at 1675 cm-1
established the location of the acetamide function (N -l). in the ir; in the nmr spectrum the C-5a proton was

The alcohol 31 was characterized by its OH and represented by a quartet at 8 4.17.
amide carbonyl bands in the ir, its typical indoline The facile autoxidations of 15 and its N -l alkyl 
chromophore in the uv, and the peak at m /e  256 in derivatives (viz. 25(28) -*■ 23) and the unusual behavior
the mass spectrum, which represented loss of water of the oxidation product 17 toward catalytic hydro-
from the molecular ion (m /e  274). The nmr demon- genation in acetic anhydride made it of interest to
strated that 31 was a mixture of cis and trans epimers. investigate the effect of alkylation at N-10 on these
In particular the C-lOa proton was represented by two reactions. For this purpose 1 was alkylated with
singlets at 8 6.09 and 5.34 which had an area ratio of

(17) (a) R . F . C. Brown, L. Radom, S. Sternhell, and I. D. Rae, Can.
(16) Numerous examples of this effect have now been reported, e.g., (a) J .  Chem., 46, 2577 (1968); (b) M. Zanger, W. W. Simons, and A. R. Gen

i i .  Paulsen and K. Todt, Chem. Ber., 100, 3385 (1967); (b) R . A. Johnson, naro, J .  Org. Chem , S3, 3673 (1968); (c) A. Ribera and M. Rico, Tetrahedron
J .  Org. Chem., 33, 3627 (1968); (c) D. M. Lynch and W. Cole, ibid., 31, 3337 Lett., 535 (1968); (d) K . Nagarajan, M. D. Nair, and P. M. Pillai, Tetra-
(1966). hedron, 23, 1683 (1967).
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dimethyl sulfate to give 2, which was subsequently to other known samples,2’19 the reaction proceeds via
converted into the oxime 9 18 and tosyloxy oxime 10. a radical mechanism, initiated by homolytic cleavage
Beckmann rearrangement of 10 on neutral alumina of the N -H  bond of the amine. The resulting allylic
which had been deactivated with 0.4%  water gave a radical could react with oxygen or hydroperoxide
23%  yield of 16, which was uncontaminated by the radical at C-5a to give a hydroperoxide intermediate,
isomeric lactam. Lithium aluminum hydride reduction Further reaction of this hydroperoxide with a second
of 16 followed by the usual work-up in air gave a 71%  molecule of the amine (viz., 15) would give the observed
yield of the autoxidation product 35. Support for product, 17. Support for this mechanism is derived
structure 35 wTas obtained from the ir spectrum, which from the fact that the N.N'-dialkyl derivative 29 is
had bands at 3180 and 1665 cm-1 for OH and C = N , stable to this type of autoxidation.
respectively, and the nmr spectrum, which had a A mechanistic interpretation of the products obtained 
broad singlet at 5 5.82 for the exchangeable hydroxyl from the catalytic reduction of 17 and 35 in acetic
proton and quartets at 5 3.39 and 4.14, assigned to the anhydride is illustrated in Scheme I for compound 17.
C-2 equatorial and axial protons, respectively.

Catalytic reduction of 35 in acetic anhydride with a Scheme I
10% palladium on carbon catalyst gave a mixture of OH
four compounds, 29, 30, 33, and 36, which was separated / — x ^  /■—A
by chromatography. Compound 29 was an oil which | |] \ __* | | \
had no NH or OH absorption in the ir spectrum; it was
characterized as its crystalline hydrochloride salt. | I H |
Support for structure 29 was provided by the mass H .. H H
spectrum, which had peaks at m /e  213 and 199 corre- 17 s '  A
sponding to loss of methyl and ethyl radicals from the OH ___
molecular ion of the free base (m/e  228) and by the I / —- ,  PH~\
nmr spectrum of the salt, which had peaks attributable I n  ] )  __*■ \ |f [ )/-CH;y
to the N-methyl and N-ethyl groups. The ir spectrum ------ /
of the hydrochloride had a strong band at 1640 cm-1 I H | | H
(C = N + ) and no absorption attributable to +NH, H Ac /  H
which suggests that salt formation occurs by protona- B C
tion at C-5a rather than on nitrogen. It should also
be noted that 29, a 1,10-dialkyl derivative of 15, was \ 9^__
relatively stable to autoxidation and could be handled ------ f v  ^  ------] \
in air without appreciable degradation.

Structure 33 was suggested by the high-resolution | b | |
mass spectrum, which had a peak at m /e  242.1429 H Ac Et
corresponding to loss of water from the molecular ion D 34
(m/e  260.1514). The hydroxyl and amide assignments 
were supported by ir bands at 3280 and 1615 cm-1 ;
the indoline chromophore appeared in the uv spectrum. CH,  ̂X ) OH
The nmr spectrum had a pair of singlets at 8 5.85 and ------\ \  ------\ \
5.20 with an area ratio of 8 .5 :6  which wrere assigned y
to the C-lOa proton; the N-methyl and acetamide ‘ ^ *| 9
moieties were also represented by pairs of singlets jj Et Ac
which suggested that 33 was a mixture of cis and trans E 31
isomers. This view was confirmed by the facile,
acid-catalyzed conversion of 33 into the indole 30, w „ „ , , ,  , , ,  , ,., .  , , ■; , , ,, , , ,. We suggest that the reaction is initiated by reductionwhich had also been isolated from the hydrogenation „ j  m u  i , ■ • , • ,c , e ,, , ,, , of the amidme double bond to give a cis-trans mixturemixture. Support for the latter structure (30) was * r  , ,, ,, . , , , . i . , , , i • °f alcohols (A). Acylation of A can then occur atderived from the typical indole chromophore m the • _,__ ,i , , T i u, ,, ... , , 1 either or both nitrogens monoacylation at N -l woulduv spectrum, the peak corresponding to loss of LH 3CO • „ r, T *u- , ,, , , , , , . ,
(m/e  199) from the molecular ion (m /e  242) in the g VCB' In ^ is  case, when the hydroxyl and acetamide
mass spectrum, the amide band at 1670 c m -  in the ir F ° uPs+are CTS to each ° ther Junction) an

, , ., ^  ,, , , AT interaction can occur to give the oxazolidme mter-spectrum, and the C-methyl and N-methyl singlets __ , n  T , .  , , . . ,. . , ,„ ,, , , . ,. , , ,  ,, „ mediate L . this type of interaction is general foras well as the characteristic hextet at 5 4.56 for the C-2 „  , , , • • ■ , ... r ,. ., molecules containing similarly positioned functional
equatorial proton in the nmr spectrum. groups29 and hag b(Jcn specifically fnvoked to explain the

Assignment of structure 36 was based on the ester ?T A , , c ,. , „ .
a n  tvt u a t I'vAn a iCT- , • • N ->  U acyl-transfer reaction.21 Of importance to thisand C = N  bands at 1740 and 167o cm-1 m the ir i- , • • ,, c , ,■ r „  , ,. , , ,, „  discussion is the fact that the formation of C wouldspectrum, the characteristic uv chromophore, the C- , , ,, , , ... ,. . ,, . ,
,i i i AT ,, , • , , . . o nA j  o i o ■ ii. destroy the resonance stabilization of the amidemethyl and N-methyl singlets at 5 2.04 and 3.13 in the „ a u  n ... , ., , , , . , . „„„ function and wrouid thus make it susceptible to cata-nmr spectrum, and the molecular ion at m e  2o8.1369 nA , , ,  ,, j  ,• ,.• u- u i w . lytic reduction. Precedent for the reduction of Cin the high-resolution mass spectrum.

With regard to the autoxidation of 15 and its N- (19) (a) H. I. X . Mager and W. B . Bevends, Rec. Trav. Chim. Pays-Bas, 
monoalkylated derivatives, we suggest that, analogous M’ 1329 (1065>- (b) See A. G. Davies, “Organic Peroxides,” Butterworth

~ and Co. Ltd., London, 1961, p 27-31.
(20) T . C. Bruice and S. J .  Benkovic, “Bioorganic Mechanisms,” Vol. I ,

(18) V. I .  Shvedov, L. B . Altukhova, E . K . Komissarora, and A. N. Gre- W. A. 3enjamin, Inc., New York, N. Y ., 1966, Chapter 1. 
nev, Chem. Heterocycl. Compounds, 1, 241 (1965). (21) E . E . vanTamelen, J .  Amer. Chem. Soc., 73, 5773 (1951).
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to  oxazolidine D m ay be found in  th e  ca ta ly tic  reduc- A stirred mixture of 7 (9.95 g, 0.0497 mol) and polyphosphoric
tion  of rhetsinine to  rh etsin e,22 w hich undoubtedly acid (300 g) was heated under N2 at 110-120° for 10 min, cooled,
_  j u  c • -i • . , , , ,• and poured into a mixture of crushed ice and water. The resulting
proceeds b y  w ay of a  sim ilar in term ed iate ; ca ta ly tic  solidPwas collected by filtration, washed with water, dried, and
reduction of oxazolidm es such as D to  am m o alcohols recrystallized from CH2Cl2-MeOH to give 7.22 g (72.5% ) of 5,
has been  rep orted .23 In  th is case th e  red uction  of D mp 222-228°. An analytical sample was obtained: mp 228-
followed b y  acy latio n  of th e  rem aining nitrogen would 2200 dit-4 mp 224-227°]; uv (EtOH) end absorption, xma* 229

give 34 , w hich, if th is m echanism  is correct, m u st have ^ d  I f i S i m - (17’250) ’' "  327° ’ ^  (NH)’
the stereochem istry  shown. M on oacy lation  of A  a t  ^ A n a l.  Cklcd for C12H12N20 :  C, 71.98; H, 6.04; N, 13.99. 
N -10  follow ed b y  th e  acy l-a lco h o l in teractio n  ju s t  Found: 0 ,7 1 .7 2 ; H, 6.22; N, 13.96.
described would give th e  oxazolidine in term ediate E . B .—In the manner described in A, the reaction of compound
In  th is case, how ever, form ation  of th e  oxazolidine  ̂ (14.1 g, 0.°704 mol) with polyphosphoric acid (424 g) gave

would n ot be d ictated  b y  th e  stereochem istry  of th e  c  l i  s U W  mkture of l (6.5 g, 0.0351 mol) in polyphos- 
rm g ju n ctio n ; b o th  isom ers could be form ed. R ed u c- ph0ric acid (200 g) was warmed to 50-60° and treated during20
tio n  of E  could thus lead to  a m ixture of th e  c i s  and min with sodium azide (2.97 g, 0.0457 mol). Heating was con-
irons isomers of 31, w hich was th e  observed resu lt. tinued for 3 hr, after which the mixture was poured into ice-
B o th  d iacety latio n  of A  and m o noacety lation  of c i s -B  watf  • The product was extracted with CH2C12; the extract was

J  , . , , , , „ , , washed with water, dried (MgSCh), and concentrated. Ohro-
could give 32 , w hich would therefore  be expected to  be matography of the residue on silica gel (500 g) with EtOAc gave
a c i s - t r a n s  m ixture. T h e  observed predom inance of 1.73 g of recovered l , mp 168-169.5° (lit.3 mp 169-170°), and
one isom er in  th is case suggests th a t  th e  la tte r  route 1-47 g (21%) of 5, mp 222-230°.
m ay be m ore im p ortant. In  view  of th e  observed D.—A solution of 3 (10.0 g, 0.05 mol) in pyridine (250 ml) was

, ,  j - . i  r • i i i  cooled in an ice bath, treated with n-toluenesullonyl chloride
facile d ehyd ration  of th e  C -5a  alcohols, i t  is probable (10>5 g> 0 .0552 mol)> and aUowed to stand at ambienttemperature
th a t th e  indoles (v iz . , 26) obtained  from  th e  hydro- for 1 8  hr. I t  was then treated with water and concentrated
genation reaction  m ixtures are th e  resu lt of dehydra- in  vacuo. The resulting crystalline product was collected by
tio n  of th e  corresponding alcohol e ith er during th e  filtration, washed with water, and dried to give 17.3 g of 4, mp
reaction  or during th e  w ork-up procedure. 132“13f  de%  A s° luf 0.n of 4 (^ s ) i n  bcnzenewas adsorbed

°  ^ ^  on a column of neutral alumina (600 g) which had been deacti
vated with 1 % water. The column was treated successively with

Fxnerim entfll S e c tio n 24 benzene (1 1.), 50% benzene-50% CHC13 (2 1.), and CHC13 (1.5
■E/Xpenmemai s e c tio n  L ) . the produot was eluted with 20% MeOH-80% CHC1S and

syn -3 ,4-Dihydrocarbazol-1 (2H)-one Oxime (3) and a n ti-3 ,■i -  crystallized from CH2Cl2-MeOH to give 3.01 g, mp 228-229.5°,
Dihydrocarbazol-1 (2H)-one Oxime (7).—A mixture of 1 (330.0 and 1.21 g, mp 220-224°, of 5. In these experiments 5 was
g, 1.783 mol), hydroxylamine hydrochloride (187 g), NaOAc identified at least by ir (CHC1S) comparison with the authentic
(242 g), EtOH (6.5 1.), and water (1.62 1.) was refluxed under N2 sample. The melting-point discrepancies were due to the ap-
for 7 hr, cooled, and allowed to stand at ambient temperature pearance of two polymorphic crystalline forms, 
for 18 hr. Concentration of the solution in  vacuo  gave a solid l,2,3,4,5,10-Hexahydroazepino[3,4-b]indole (6). Compound
residue which was collected by filtration, washed with water, and 5 (2.00 g, 0.01 mol) was added under N2 to a stirred, ice-cold
dried. Chromatography of this solid on silica gel (16 kg) with suspension of LiAlH4 (2.0 g) in tetrahydrofuran (150 ml). The
30% EtO Ac-70 % Skeliysolve B  separated the isomers. The resulting mixture was warmed to ambient temperature during
first material eluted from the column was crystallized from ether- 5 hr and refluxed for 10.75 hr. I t  was then cooled in an ice bath
Skeliysolve B to give 157.4 g of 7, mp 134-143°. An analytical and treated successively with water (2 ml), 15% NaOH (2 ml),
sample was obtained: mp 129-136°; uv (EtOH) Amax 205 m y  and water (6 ml). This mixture was filtered and the filtrate was
(e 22,900), 244 (13,750), 304 (22,850), and 311 (inflection, concentrated to give a solid which was recrystallized from MeOH-
22,300); ir (Nujol) 3440, 3320, 3200 (NH and OH), and 1630 EtOAc to yield 1.35 g (72.5%) of 6, mp 212-214°. An analytical
cm-1 (C—N). sample was obtained: mp 212.5-214.5°; uv (EtOH) Xmai 225

A n a l. Calcd for C,2H12N20 :  C, 71.98; H, 6.04; N, 13.99. (e 33,850), 284 (7500), 291 (6900), and 276 (inflection,
Found: C, 72.24; H, 6.19; N, 14.16. 6650); nmr [(CD3)2NCDO] 5 4.00 (s, 2, C -l).

The second material eluted from the column was crystallized A n a l. Calcd for Ci2Hi4N2: C, 77.38; H, 7.o8; N, 15.04.
from EtOAc-Skellysolve B  to give 145 g of 3, mp 155-165°. Found: C, 76.98; H, 7.84; N, 14.96.
An analytical sample was obtained: mp 175.5-176.5°; uv l-Ethoxy-3,4 ,5 ,10-tetrahydroazepino[3,4-6]indole (11). A so-
(EtOH) Xmax 206 m,u (e 21,650), 244 (16,600), 306 (21,750), and Etion of triethyloxonium fluoroborate, prepared from boron
313 (inflection, 21,350); ir (Nujol) 3460, 3420, 3120, 3010 trifluoride etherate (4.06 ml) and epichlorohydrm (1.88 ml), in
(NH and OH), and 1635 cm-1 (C = N ). CH2C12 (10 ml), was added to a stirred suspension of 5 (3.00 g,

A n a l. Calcd for C12H12N20 :  C, 71.98; H, 6.04; N, 13.99. 0.015 mol) in CH2C12 (250 ml) at 10-15°. This mixture was
Found: C 71.58’ H 5 .98’ N 14.12. allowed to stand at ambient temperature for 18 hr and the solid

3,4,5,10-Tetrahydroazepino[3',4-6]indol-1 (2H)-one (5). A.— complex was collected by filtration and treated with cold, dilute
K 2CO3. The product was extracted with CH2C12; the extract

-----------------  was washed with water, dried (K2C 03), and concentrated.
(22; I . J .  Pachter and G. Suld, J .  Org. Chem., 25, 1680 (1960). Crystallization of the residue from EtOAc-Skellysolve B  gave
(23) (a) E . Gil-Av, J .  Amer. Chem. Soc., 74, 1346 (1952); (b) A. C. Cope 1-65 g (48.3%) of 11: mp 122.5-124 ; UV (EtOH) Am»* ~08 my

and E .  M. Hancock, jMd., 64, 1503 (1942); (c) M . Senkus, ibid., 67, 1515 (e 20,750), 231 (24,500), and 300 (17,950); ir (Nujol) 3130,
(1945). 3070 (NH), and 1650 cm - 1 (C = N ).

(24) Melting points were taken in capillary tubes and are corrected. Ul- A n a l. Calcd for Cj,4Hi6N20 :  C, 73.65; H, 7.06; N, 12.27. 
traviolet spectra were determined on a Cary Model 14 spectrophotometer, Found* C 73.85’ H 7.27’ N 12.26.
ir spectra on a Perkin-Elmer Model 421 spectrophotometer, mass spectra at j  j  r2-(Diethylamino)ethyi] aminoS-3 ,4 ,5 ,10-tetrahydroazepino-
70 eV on an Atlas Model CH-4 spectrometer, high-resolution mass spectra [3 4 i ]indole (12) . - A  mixture of 11 (4.56 g, 0.02 mol), N,N- 
on a Consolidated Electronics Model 21-110 spectrometer, and nmr spectra •l.*  _ J, , _ v ,/ . . N . , 1 r • /OAA \
on a Varian Model A-60A spectrometer. Nmr peaks are recorded in parts dlethylethylenediamme (14 g), p-toluenesulfonlC acid (800 mg),
per million downfield from tetramethylsilane. In general, only those nmr and benzene (200 ml) was lenuxed under N 2 ior 15 hr. During
peaks which are either necessary for the structure proof or are readily assign- the inital stages of the reaction the ethanol—water azeotrope was
able to a specific proton or group of protons are reported; the integrated distilled from the mixture through a small, helix-packed column,
spectra are, however, in all cases in agreement with the assigned structures. The cooled reaction mixture was poured into water and the
Skeliysolve B  is a commercial hexane, bp 60-70°, made by Skelly Oil Co., product was extracted with ether. The ether extract was washed
Kansas City, Mo. Darco G-60 is an activated carbon prepared by Atlas with water and brinei dried (K2C 0 3), and concentrated. Cl’ys-
am m ical Industries Inc. Wilmington 99 Del. Celite is a filter aid manu- ^  of the residue from EtOAc-Skellysolve B yielded 4.37
factored by Johns-Manville, New York, N. Y . The alumina used for chro- ,  , r o j  n oao 1 M £ i ao 1 0 7 7 0 / )
matography was obtained from M. Woelm, Eschwege, Germany, and the g, mp 143.5-14p°, and 0.848 g, mp 141 5-143.5 (87.7% ), of
silica gel from E . Merck AG, Darmstadt, Germany. 12. An analytical sample was obtained, mp 144.5 145.5 ,
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uv (EtOH) Xma* 207 mM (<= 22,850), 238 (21,100), and 307.5 (5700), 278 (5550), 299 (4200), and 293 (inflection, 4150);
(20,450). ir (Nujol) 3170, 3060,3010 (NH and OH) and 1685 cm "1 (C =N +);

A n a l. Calcd for C18H2eN4: C, 72.44; H, 8.78; N, 18.78. nmr (D20 )  5 4.12 (q, 1, J aem ^  - 1 4  Hz, /a,a ^  10 Hz, C-2
Found: C, 72.45; H, 9.00; N, 18.61. axial) and 3.49 (q, 1, J gem =  - 1 4  Hz, J e .„ =  5 Hz, C-2

3,4,5,10-Tetrahydro-l-piperidinoazepino[3,4-&]indole Hydro- equatorial), 
chloride Dihydrate (13).— Compound 11 (5.75 g, 0.0252 mol) was A n a l. Calcd for Ci2HI6C1N20 :  C, 60.37; H, 6.33; Cl, 14.86; 
added to a cold, stirred mixture of sulfuric acid (0.63 ml) and N, 11.74. Found: C, 80.44; H, 6.63; Cl, 15.00; N, 11.52. 
piperidine (63 ml) and the resulting mixture was refluxed under The hydrobromide of 17 was prepared by acidifying a metha-
N2 for 36 hr and poured into ice—water. The resulting mixture nolic solution of 17 with methanolic hydrogenbromide. The
was treated with 1.5 ml of 50% aqueous NaOIl and extracted salt was crystallized from MeOH-EtOAc, mp 205.5-206.5° dec.
with ether; the ether extract was washed with brine, dried (K2- A n a l. Calcd for Ci2H16BrN20 :  C, 50.89; H, 5.34; Br,
C 03), and concentrated. The residue was chromatographed on 28.22; N, 9.90. Found: C, 50.82; H, 5.47; Br, 28.23; n [
silica gel (1.1 kg); the product was eluted with 2%  acetic acid- 10.14.
methanol as the acetic acid salt. A solution of this material in l-Acetyl-l,2,3,4,5,10-hexahydroazepmo[2,3-b]indole (25). A. 
water was made alkaline with 50% aqueous NaOH, and the solid —Compound 14 (5.05 g, 0.0252 mol) was added under N2 to an
which precipitated was collected by filtration, washed with ice-ccld, stirred suspension of LiAlH4 (5.0 g) in tetrahydrofuran
water, and dried. A suspension of this material in EtOAc was (350 ml). The resulting mixture was refluxed for 18 hr, cooled 
acidified with methanolic hydrogen chloride. The resulting salt in an ice bath, and treated successively with water (5 ml), 15%
was recrystallized from water to give 2.04 g, mp 225-237° aqueous NaOH (5 ml), and water (15 ml). This mixture was
(softeningat 136°), and0.285g,m p230-239° (softeningat 130°), stirred under N2 for 1 hr and filtered. The filtrate was treated
of 13. An analytical sample was obtained: mp 150-153° dec; with pyridine (100 ml) and acetic anhydride (10 ml) and con- 
uv (EtOH) Xmol 208 upt (e 25,750), 241 (15,340), and 315 (20,750). centrated to a volume of 100 ml in  vacuo. This solution was

A n a l. Calcd for Ci7H2iN3-HC1-2H20 :  C, 60.08; H, 7.71; treated with additional acetic anhydride (10 ml), kept under N2
N, 12.36; Cl, 10.43; H20 ,  10.60. Found: C, 60.46; H, 7.83; at ambient temperature for 18 hr, and concentrated in  vacuo.
N, 12.43; Cl, 10.53; H20 ,  10.46.  ̂ The residue was stirred with water for several hours, and the

3,4,5,10-Tetrahydroazepuio[2,3-6]indol-2(lH)-one (14).—A so- crystalline product was collected by filtration, washed with
lution of 7 (157.4 g, 0.788 mol) in pyridine (3.5 1.) was cooled in water, dried, and recrystallized from EtOAc to give 1.55 g
an ice bath under N2 and treated with p-toluenesulfonyl chloride (26.9%) of 25, mp 194.5-196.5°. A small second crop, 0.121 g,
(172 g). This mixture was kept at ambient temperature for 18 mp 193.5—194.5°, was obtained by concentrating the mother
hr and poured into ice-water. The resulting crystalline product liquor. An analytical sample was obtained: mp 193°; uv
was collected by filtration, washed with water, dried, and re- (EtOH) X.™* 223 mM (e 37,050), 285 (8800), 289.5 (8400), and
crystallized from benzene to give 258.2 g of 8, mp 165.5-167° dec. 275 (inflection, 9350); ir (Nujol) 3180 (NH) and 1640 cm -1
A solution of this material in benzene was absorbed on a column (C = 0 ) ; mass spectrum m / e  (rel intensity) 228 (100), 186
of neutral alumina (16 kg) which had been deactivated with 0.5%  (65.7), 185 (64.5), 158 (17.8), 157 (35.3), and 130 (28); nmr
water. The column was then treated successively with benzene [(CD3).SO] d 1.72 (m, 4, C-3,4), 1.98 (s, 3, CH3CO), 2.74 (m,
(20 1.), 20%  CHCl3-80%  benzene (28 1.), and CHC13 (63 1.). 2, C-5), 3.65 (m, 2, C-2), 7.25 (m, 4, C-6-9), and 11.2 (s, 1, NH).
During this procedure some unreacted 8 was eluted from the A n a l. Calcd for ChH16N20 :  C, 73.65; H, 7.06; N, 12.27. 
column. The product was eluted from the column with mixtures Found: C, 73.39; H, 7.14; N, 12.37.
of MeOH (20-40%) and CHC13; it was crystallized from CH2C12-  B .—A mixture of 21 (1.00 g, 4.09 mmol), 10% palladium on
MeOH to give 39.6 g (2o.2%) of 14, mp 200-206° dec. The carbon (0.5 g), and acetic anhydride (100 ml) was hydrogenated
analytical sample was crystallized from MeOH-EtOAc: mp at an intial pressure of 30 psi for 8 hr and filtered through Celite.
205.5-206.5°; uv (EtOH) end absorption, Xmax 321 m/x (e 28,400) The filtrate was concentrated in  vacuo. A solution of the residue
and 299 (13,850) and inflections at 218 (21,550), 273 (7100), and in xylene was concentrated in  vacuo to remove last traces of acetic
285, (11,000); ir (Nujol) 3410, 3370, 3270, 3170 (NH), and 1680 anhydride. This residue was crystallized from EtOAc to give
cm -1 (C = 0 ) ; nmr [(CD3)2NCDO] 5 2.1 (m, 2, C-4) and 2.7 0.362 g of 25, mp 192-193.5°.
(m, 4, C-3, C-5); mass spectrum m /e  (rel intensity) 200 (100) C —Compound 27 (81 mg, 0.30 mmol) was added under N2
and 145 (90.7). to a solution of sodium (10 mg) in absolute ethanol (3 ml). The

A n a l. Calcd for Ci2Hi2N20 :  C, 71.98; H, 6.04; N, 13.99. resulting solution was stirred for 44 min at ambient temperature 
Found: C, 71.90; H, 5.61; N, 14.28. and poured into water. Thesolidproduetwascollectedbyfiltra-

2,3,4,5-Tetrahydroazepmo[2,3-6]indol-5a(lH)-ol (17). A.— tion, washed with water, dried, and recrystallized from EtOAc
Compound 14 (12.7 g, 0.0634 mol) was added under N2 to an ice- to give 53 mg (77%) of 25, mp 192-193.5°.
cold, stirred suspension of LiAlH4 (13 g) in tetrahydrofuran (1300 The products from B  and C were identified by mixture melting 
ml). The resulting mixture was refluxed for 15 hr, cooled in an point and ir, uv, and nmr comparison with the authentic sample, 
ice bath, and treated successively with water (13 ml), 15% l,2,3,4,5,5a-Hexahydrcazepmo[2,3-6]indoleHydrochloride (20). 
aqueous NaOH (13 ml), and water (39 ml). This mixture was —Compound 14 (1.00 g, 5.00 mmol) was added under N2 to an
stirred for a few minutes and filtered. The filtrate was concen- ice-cold, stirred suspension of LiAlH4 (1.0 g) in tetrahydrofuran
trated in  vacuo. A solution of the residue in MeOH was stored (100 ml). The resulting mixture was refluxed for 18 hr, cooled 
at 0 for 2 days and crystallized to give 4.80 g, mp 252.5—253.5° in an ice bath, and treated successively with water (1 ml), 15%
dec, 2.99 g, mp 248.5-250°-dec, and 1.30 g, mp 247-248.5° dec aqueous NaOH (1 ml), and water (3 ml). This mixture was
(70.8% ), of 17. An analytical sample was obtained: mp 255- filtered into a flask containing methanolic hydrogen chloride. 
259.5°; uv (EtOH) X â* 223 mp (e 23,060), 280 (10,030), 290 The resulting solution was concentrated in  vacuo. A solution of
(9270), and 319 (4300); ir (Nujol) 3270, 3230, 3180, 3120 (NH the residue in water was decolorized with Darco G-60 and con-
and OH), and 1640 cm 1 (C = N ); mass spectrum m /e  (rel centrated in  vacuo. Water was removed from the resulting ma-
mtensity)^202 (100), 185 (7), 173 (44), 146 (13), and 145 (12); terial by the addition of absolute ethanol twice with concentration
pAa (60/o EtOH) 6^9. after each addition. The resulting crystalline product was

A n a l. Calcd for Ci2Hi4N20 :  C, 71.26; H, 6.98; N, 13.85. recrystallized from EtOH-EtOAc and then from MeOH-EtOAc 
Found: C, 70 82; H, 6.99; N, 13.64. to give 0.362 g (32.5%) of 20, mp 254-257° dec. An analytical

B —A stirred mixture of 22 (100 mg, 0.350 mmol) and absolute sample was obtained: mp 253.5-255.5°; uv (EtOH) Xmas 215
ml)’ Under N2’ WaS treated with °-320 1111 of 1113 (£ 18,000) and 273 (10,150) and inflections at 265 (9550),

N  NaOH^ and the resulting solution was kept at ambient tempera- 269 (9900), and 280 (7400); ir (Nujol) 3000, 2780, 2720 (NH),
ture for 50 min and poured into ice water. This mixture was and 1680 cm“1 (C = N +); nmr (D20 )  S 3.68 (m 2 C-2) and
extracted with CH2C12. The extract was dried (K2C 03) and con- 7.38 (m, 4, C-6-9).
centrated in  vacuo. Crystallization of the residue from MeOH A n a l. Calcd for Ci2H16C1N2: C, 64.71; H, 6.79; Cl, 15.92; 
gave 28 mg of 17, mp 250.5-254.5° dec. Recrystallization N, 12.58. Found: C, 64.65; H, 6.90; Cl, 16.08; N, 12.54. 
from MeOH gave material, mp 252-253.5° dec, which was l-Acetyl-2,3,4,5-tetrahydroazepino[2,3-&]indol-5a(lH)-ol Ace-
ldentical with authentic 17 by comparison of their and uv spectra. tate Ester (2 2 ) and 2,3,4,5-Tetrahydroazepino[2,3-6]indol-5a-

The hydrochloride of 17 was prepared by acidifying a solution (lH)-ol Acetate Ester (21).—A stirred mixture of 17 (1.02 g, 5.05
of 17 in MeOH with methanolic hydrogen chloride. The ana- mmol), acetic anhydride (3 ml), and pyridine (50 ml) was’ kept
lyrical sample was crystallized from MeOH: mp 229.5-230.5° at ambient temperature in the dark under N2 for 18 hr and con-
dec; uv (EtOH) Xmax 221 m/j. (e 19,650), 224 (19,700), 269 centrated in  vacuo. A solution of the residue in xylene was
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concentrated in  vacuo to remove last traces of pyridine and acetic 250-252° dec, and 0.100 g, mp 248.5-251.5° dec (75.2% ), of
anhydride. The residue was chromatographed on silica gel 23. The analytical sample was crystallized from methanol:
(50 g). The first compound was eluted with 40% EtOAc-60% mp 251.5-252.5° dec; uv (EtOH) end absorption, \max 224 m/i
cyclohexane and was crystallized from EtOAc-Skellysolve B  to (e 21,400), 282 (11,400), 291 (11,150), and 320 (5370); ir (Nujol)
give 0.377 g (26.1%) of 22, mp 127.5-128.5°. An analytical 3120 (OH) and 1615 cm-1 (C = N ); mass spectrum m /e  (rel
sample was obtained: mp 127.5-129°; uv (CH2C12) Xma* ~  230 m/i intensity) 230 (100), 213 (51), 202 (23), 174 (41), and 146 (20);
(t 20,100), 287 (8310), 297 (9720), and 309 (9410); ir (Nujol) 1745 nmr (C6D8N) S 1.10 (t, 3, J  =  7 Hz, CH3CH2N), 2.96 (q, 1,
[CH3(C = 0 )0 ]  and 1670 cm-1 [CH3(C = 0 )N ]; mass spectrum J gem S  14 Hz, J e,a =  5 Hz, C-2 equatorial), 3.65 (q, 2,
m /e  (rel intensity) 286 (51), 244 (100), 227 (1.7), 226 (2.4), J  =  7  Hz, CH3CH2N), 4.64 (q, 1, J gem =  —14 Hz, /a,a =  10
201 (63), 185 (50), 184 (32), and 157 (24); nmr (CDCls) S 2.07 Hz, C-2 axial), and 8.72 (s, 1, OH).
[s, 3, C H „(C =0)0], 2.58 [s, 3, C H ,(C = 0)N ], 3.21 (q, 1, A n a l. Calcd for CuH18N20 :  C, 73.01; H, 7.88; N, 12.17. 
J  gem =  15 Hz, J  a,a 9* 10 Hz, C-2 axial), 4.95 (q, 1, S i Found: C, 73.08; H, 7.67; N, 12.20.
— 15 Hz, Je.e =  7 Hz, C-2 equatorial), and 7.25 (m, 4, C-6-9). B .—A solution of 34 (100 mg,0.365 mmol)and p-toluenesulfonic

A n a l. Calcd for Ci6H,8N20 3: C, 67.11; H, 6.34; N, 9.78. acid (10 mg) in benzene (10 ml) was refluxed under nitrogen for 
Found: C, 67.29; H, 6.79; N, 9.57. 1.5 hr. The cooled solution was washed with water, dried (Mg-

The second compound was eluted from the column with 50%  SO<), and concentrated in  vacuo to give a noncrystalline oil. A
pyridine-50% EtOAc and was crystallized from CH2Cl2-EtOAc solution of this cil in absolute ethanol (1 ml) was added under N2
to give 0.308 g (25%) of 21, mp 172-173° dec. An analytical to a stirred solution of sodium (17 mg) in ethanol (2 ml), and
sample was obtained: mp 176° dec; uv (CH2C12) Xmax 282 m/i the resulting solution was kept at ambient temperature for 35
(e 10,200), 292 (9190), and 320 (3990); ir (Nujol) 1750 [CH3- min and poured into water. This mixture was extracted with
(C = 0 )0 ] , and 1650 cm-1 (C = N ); mass spectrum m /e  (rel in- CH2C12. The extract was dried (MgSO<) and concentrated,
tensity) 244 (78), 201 (100), 185 (95), 184 (54), and 157 (88); Crystallization of the residue from MeOH-EtOAc gave 43 mg
nmr [CDC13 +  (CD3)CDO] 5 2.10 [s, 3, CH3( C = 0 )0 ] . (51%) of 23, mp 245-251° dec. This material was identical with

A n a l. Calcd for CuHi6N20 2: C, 68.83; H, 6.60; N, 11.47. the authentic sample by ir and uv comparison.
Found: C, 68.16; H, 6.67; N, 11.43. C.—Compound 22 was added, under N2, to an ice-cold, stirred

2,2-Dideuterio-2,3,4,5-tetrahydroazepmo[2,3-b]indol-5a(lH)-ol suspension of L:A1H4 (300 mg) in tetrahydrofuran (30 ml) and
(19) Hydrochloride.—Compound 14 (1.18 g, 5.90 mmol) was the mixture was refluxed for 18 hr, cooled in an ice bath, and
added under N2 to an ice-cold, stirred suspension of LiAlDx treated successively with water (0.3 ml), 15% aqueous NaOH
(1.0 g) in tetrahydrofuran (100 ml) and the resulting mixture (0.3 ml), and water (0.9 ml). This mixture was filtered and the
was refluxed for 10 hr, allowed to stand at ambient temperature filtrate was concentrated in  vacuo. The residue was chromato-
for 18 hr, cooled in an ice bath, and treated successively with graphed on silica gel (15 g) with 2%  E t2N H-3%  MeOH-95%
water (1.0 ml), 15% aqueous NaOH (1.0 ml), and water (3 ml). EtOAc. The first compound eluted from the column was crys-
This mixture was stirred for a few minutes and filtered. The tallized from MeOH-EtOAc to give 23, mp 252.5-253.5° dec,
filtrate was concentrated in  vacuo. The residue was dissolved which was identical with the authentic sample by comparison of 
in MeOH and allowed to crystallize during 18 hr to give 0.867 g the ir (Nujol) ar_d uv spectra. The second compound eluted from
(72%) of 19, mp 246-250° dec. A sample of this material was the column was crystallized from MeOH to give 17, mp 248.5-
suspended in MeOH and acidified with methanolic hydrogen 251.5° dec, which was identical with the authentic sample by
chloride. The salt was crystallized from MeOH-EtOAc to give comparison of the ir and uv spectra.
19 hydrochloride: mp 231-232.5°; uv (EtOH) Xmax 221 m/i l-Acetyl-10-ethyl-l,2,3,4,5,10-hexahydroazepino[2,3-b]indole
(e 20,900), 224 (20,950), 278 (7150), and 290 (5850) and inflec- (26), 10-AcetyL-l-ethyl-2,3,4,5,10,10a-hexahydroazepmo[2,3-b]-
tions at 272 (6350) and 305 (3800); ir (Nujol) 3180, 3060, 3020 indol-5a(lH)-ol (34), l-Acetyl-10-ethyl-2,3,4,5,10,10a-hexahy-
(OH and N+H) and 1690 cm-1 (C = N +); mass spectrum m /e  droazepino[2,3-b]indol-5a(lH)-ol (31), and l,10-Diacetyl-2,3,4,-
(rel intensity) 204 (85), 187 (7), 175 (19), 174 (14), 173 (16), 147 5,10,10a-hexahydroazepino[2,3-b]indol-5a(lH)-ol (32).—A mix-
(12), 146 (18), 145 (23), 103 (61), 90 (42), 85 (48), 57 (50), 43 tureof 17 (7.00 g, 0.0346 mol), 10% palladium on carbon (3.5 g),
(83), 42 (74), 41 (100), and 29 (100); nmr (D20 )  S 1.2-2.45 (m, and acetic anhydride (700 ml) was hydrogenated at an initial pres-
6, C-3-5), and 7.22 (m, 4, C-6-9). sure of 30 psi for 8 hr and allowed to stand under hydrogen for an

A n a l. Calcd for Ci»Hi3D2C1N20 :  C, 59.88; H, 5.44; D, additional 16 hr. I t  was then filtered through Celite and the
1.66. Found: C, 59.77; H, 5.26; D, 1.61. filtrate was concentrated in  vacuo. A solution of the residue in

l-Acetyl-2,2-dideuterio-2,3,4,5-tetrahydroazepmo[2,3-b]indol- xylene was concentrated in  vacuo  to remove last traces of acetic
5a-(lH)-ol Acetate Ester (18).—Compound 19 (0.759 g, 3.72 anhydride; the residual oil was chromatographed on silica gel
mmol) was added to a stirred solution of acetic anhydride (3 ml) (400 g). Compounds 26 and 34 were eluted with 30%  EtOAc-
in pyridine (50 ml) and the resulting mixture was kept in the 70% Skellysolve B  and compounds 31 and 32 were eluted with
dark under N2 for 17 hr and concentrated in  vacuo. A solution EtOAc. The first compound eluted from the column was crys-
of the residue in xylene was concentrated to dryness to remove last tallized from EtOAc-SkellysolveB to give 0.658 g, mp 141-142.5°,
traces of pyridine. A solution of this residue in benzene was 0.183 g, mp 140-142°, and 0.053 g, mp 138.5-140.5° (10.8% ),
washed successively with ice-cold, dilute NaHCOa and water, 0f 26. An analytical sample was obtained: mp 140.5-141.5°;
dried (MgSOi), and concentrated in  vacuo. The residue was uv (EtOH) Xmax 226 m/t (e 39,750), 284 (9230), 293 (7870), and
chromatographed on silica gel (50 g) with 40% EtOAc-60% 278 (inflection, 8520); ir (Nujol) 1675 cm-1 (C = 0 ) ;  mass
cyclohexane. The first compound eluted from the column was spectrum m /e  (rel intensity) 256 (100), 241 (3.2), 288 (4.1),
crystallized from EtOAc-Skellysolve B  to give 0.157 g, mp 126- 227 (2.6), 214 (35), and 213 (60); nmr (CDC13) 5 1.29 (t, 3,
127.5°, and 0.031 g, mp 121-127°, of 18. An analytical sample J  =  7 Hz, CH3CH,N), 1.91 [s, 3, CH3(C = 0 )N ], 4.06 (octet,
was obtained: mp 120.5-121.5°; uv (CHiCb) Xmax 288 m/i (e 2, J  = 7 and 2.5 Hz, CH3CH2N), 4.73 (sextet, 1, J gem =  —13
8100), 297 (9550), and 308 (9150); ir (Nujol) 1745 [CH3(C = 0 )-  Hz, ^  3 Hz, C-2 equatorial), and 7.34 (m, 4, C-
O], and 1675 cm-1 [CH3(C = 0 )N ]; mass spectrum m /e  (rel 6-9).
intensity) 288 (42), 246 (100), 203 (57), 187 (42), 185 (30), and A n a l. Calcd for Ci6H20N2O: C, 74.96; H, 7.86. Found: C, 
159 (18); nmr (CDCls) 51.14-2.5 (m, 6, C-3-5), 2.08 [s, 3, 74.89; H, 7.83.
CHs(C = 0 )0 ] ,  2.59 [s, 3, CH3(C = 0)N ], and 7.22 (m, 4, The second compound eluted from the column was crystallized
C-6-9). from EtOAc-Skellysolve B  to give 2.30 g, mp 162.5-164°, and

A n a l. Calcd for CieHi6D2N20 3: C, 66.65; H, 6.98. Found: 0.185 g ,  mp 161.5-162.5° (26.2% ), of 34. The analytical sample
C, 66.94; H, 6.72. was crystallized from EtOAc: mp 164-165°; uv (EtOH) end

l-Ethyl-2,3,4,5-tetrahydroazepino[2,3-b]indol-5a(lH)-ol (23). absorption, Xmax 248 m u  (e 13,900) and inflections at 278 (2460) 
A.—Compound 25 (0.500 g, 2.19 mmol) was added under N2 to and 286 (1685); ir (Nujol) 3330 (OH) and 1650 cm 1 [CH3(C = 0 )-  
an ice-cold, stirred suspension of LiAlHi (0.500 g) in tetrahydro- N ]; mass spectrum m /e  (rel intensity) 274 (74), 259 (13), 257
furar. (50 ml). The resulting mixture was refluxed for 17 hr, (8), 256 (11), 245 (100), 231 (10), 203 (44), 186 (11), 185 (18),
cooled in an ice bath, and treated successively with water (0.5 146 (25), 120 (26), and 112 (24); nmr (CDC13) 5 0.91 (t, 3,
ml) 15% aqueous NaOH (0.5 ml), and water 1.5 ml. The J  =  7 Hz, CH3CH2N), 2.08 [s, 3, CH3(C = 0 )N ], 2.54 (q, 2,
mixture was stirred for a few minutes and filtered. The filtrate J  = 7 Hz, CH3CH2N), 3.3 (br s, 1, OH), 4.87 (s, 1, C-lOa), 7.22
was concentrated under reduced pressure. The residue was dis- (m, 3, C-6-8), and 8.2 (m, 1, C-9).
solved in MeOH, filtered to remove a small amount of flocculent A n a l. Calcd for Ci3H22N20 2: 0 ,7 0 .0 4 ; H, 8.08; N, 10.21. 
solid, and crystallized from MeOH-EtOAc to give 0.279 g, mp Found: C, 69.98; H, 8.21; N, 10.19.
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The third compound eluted from the column was crystallized 3,4-Dihydro-9-methylcarbazol-l(2H)-one Oxime p-Toluene-
from EtOAc-Skellysolve B  to give 0.261 g, mp 124-125°, and sulfcnate (10).—A solution of 9 (112.2 g, 0.524 mol) and p-
0 . 094 g, mp 117.5-119° (3.74% ), of 31. An analytical sample was toluenesulfonyl chloride (198 g, 1.05 mol) in pyridine ( 6  1.) was
obtained: mp 111.5-112.5°; uv (EtOH) Xmax 208 npi (e 34,200), prepared at 0°, stored under N2 at ambient temperature in the
251 (13,840), and 309 (2670); ir (Nujol) 3310 (OH) and 1620 dark for 98 hr, and poured into ice-water (12 1.). This mixture
cm - 1  (C = 0 ) ; mass spectrum m /e  (rel intensity) 274 (9.1), was stirred for ca . 1 hr and the crystalline product was collected
256 (100), 215 (54), 214 (60), 213 (85), 185 (13.6), 174 (11.9), by filtration, washed with water, dried, and recrystallized from
160 (7.2), 158 (7.8), 146 (8.7), 144 (9.1), and 130 (9.1); nmr EtOAc-Skellysolve B  to give 161.8 g (84.1%) of 1 0 , mp 119.5-
(CDC13) 25 S 1.13, 1.10 (t, 3, J  =  7 Hz, CH3CH2N), 2.19, 2.26 121.5°. An analytical sample was obtained: mp 120-121.5°;
[s, 3, CH3(C = 0 )N ], 2.92-3.54 (m, 2, CH3CH2N), 3.48, 3.83 (s, uv (EtOH) end absorption, Xma* 207 m p  (e 29,600), 226 (26,350),
1, OH), 6.09, and 5.34 (s, 1, C-lOa). . and 310 (26,050), and inflections at 243 (16,700), 274 (3450), and

A n a l. Calcd for CwHijNiOj: C, 70.04; H, 8.08; N, 10.21. 345 (6500).
Found: C, 70.12; H, 8.22; N, 10.31. A n al. Calcd for C2cH20N2O3S: C, 65.19; H, 5.47; N, 7.60;

The fourth compound eluted from the column was crystallized S, 8.70. Found: C, 65.15; H, 5.39; N, 7.64; S, 8.53. 
from MeOH-EtOAc to give 2.58 g (25.8%) of 32, mp 199- 3,4,5,10-Tetrahydro-10-methylazepino[2,3-b]indol-2(lH)-one
201°. An analytical sample was obtained: mp 200-201°; (16).—A solution of 10 (153.7 g, 0.417 mol) in benzene (1.5 1.)
uv (EtOH) end absorption, Xma% 246 mp  (e 14,150), 278 (2040), was adsorbed on a column of neutral alumina (15 kg) which had
and 287 (1600); ir (Nujol) 3370 (OH) and 1645 cm- 1  (C = 0 ) ; been deactivated with 0.4%  water. The column was developed
mass spectrum m/e (rel intensity) 288 (4.6), 270 (28), 228 (1 0 0 ), with 32 1. of benzene and eluted with 1 0  1. of CHC13 followed by
and 186 (53); nmr [(CD3)2SO] 26 5 2.03 [s, 3, CH3(C = 0 )N ], 25 1. of 20% MeOH-80% CHC13. The combined product was
2.18 [s, 3, CH3(C = 0 )N ], 3.57 (br d, 1, / =  —16 Hz, C-2 chromatographed on silica gel (4.5 kg) with 60% EtOAc-40%
equatorial), 5.75 [5.89] (s, 1, OH), 6.69 [5.98] (s, 1, C-lOa), 7.28 cyclohexane. The product obtained from this column was dis-
(m, 3, C-6 - 8 ), and 8.17 (m, 1, C-9). solved in MeOH-EtOAc, decolorized with Dareo G-60, and crys-

A n a l. Calcd for Ci6H20N2O3: C, 66.64; H, 6.99; N, 9.72. tallized from EtOAc to give 20.6 g (23.1%) of 16, mp 189-191°.
Found: C, 66.31; H, 6.96; N, 9.55. An analytical sample was obtained: mp 193-194.5°; uv (EtOH)

l-Acetyl-10-ethyl-l,2,3,4,5,10-hexahydroazepino[2,3-b]indole Xmilx 232 m  ̂ (e 30,500) and 297 (13,800) and inflections at 211
(26).—A stirred mixture of 31 (81 mg, 0.295 mmol), p-toluene- (29,250) and 292 (12,700); ir (Nujol) 3200, 3110 (NH), and
sulfonic acid (5 mg), and benzene (10 ml) was warmed under N2 1670 cm- 1  (C = 0 ) ; nmr [(CD3)2SO] 5 3.6 (s, 3, CH3N), 7.21
to 80° during 20 min, cooled, and poured into ice water. This (m, 4, C-6-9), and 9.7 (s, 1, NH).
mixture was extracted with ether. The extract was dried (Mg- A n a l. Calcd for Ci3H,4N20 :  C, 72.87; H, 6.59; N, 13.08. 
SO4) and concentrated in  vacuo. Crystallization of the residue Found: C, 72.89; H, 6.58; N, 13.22.
from EtOAc-Skellysolve B  gave 59 mg (78%) of 26, mp 140- 3 ,4 ,5 , 1 0 -Tetrahydro-1 0 -methylazepino[2 ,3 -b]indol-5 a(2 H)-ol
141°. The mixture melting point with authentic 26 was un- (35).—Compound 16 (17.7 g ,  0.0824 mol) was added under N2 to
depressed. I t  was identical with the authentic sample by com- an ice-cold, stirred suspension of LiAlH4 (18 g) in tetrahydrofuran.
parison of the ir and nmr spectra. The resulting mixture was refluxed for 18 hr, cooled in an ice

l-Ethyl-l,2,3,4,5,5a-hexahydroazepino[2,3-b]indole Hydrochlo- bath, and treated successively with water (18 ml), 15% aqueous 
ride (24).—A mixture of 34 (250 mg), p-toluenesulfonic acid NaOH (18 ml), and water (54 ml). This mixture was stirred
(20 mg), and benzene (25 ml) was refluxed under N2 for 1.5 hr. for 1.5 hr and filtered. The filtrate was concentrated under
The resulting solution was cooled, washed with cold water, reduced pressure. An EtOAc solution of the residue was allowed
dried (M gS04), and concentrated in  vacuo. The residue was dis- to stand at ambient temperature for 3 hr and was then cooled in
solved in petroleum ether, filtered through a little silica gel, and an ice bath and acidified with methanolic hydrogen chloride,
concentrated; no crystalline material was obtained. The oil was The precipitate was collected by filtration and dried to give 14.7 
acidified with ethereal hydrogen chloride and the resulting salt g (70.6%) of 35 hydrochloride, mp 268-269°. An analytical
was crystallized from MeOH-EtOAc to give 94 mg of 24, mp 226- sample was obtained: mp 264.5-265°; uv (EtOH) Xmas 219
228° dec. An analytical sample was obtained: mp 226.5- m/i (e 20,550), 271 (5930), 278 (5810), 296 (4120) and 222
228° dec; uv (EtOH) Xmax 216 m̂ t (* 18,640) and 274 (12,720) (inflection, 20,000); ir (Nujol) 3120, 3000 (OH and N+H), and
and inflections at 265 (10,640), 269 (11,760), and 283 (10,550); 1675 cm - 1  (C = N +); mass spectrum m/e (rel intensity) 216 (100),
ir (Nujol) 2620 (N+H) and 1675 cm“ 1 (C =N +); nmr (D20 )  5 199 (7.1), 188 (69), and 160 (34); nmr (DsO) S 3.64 (s, 3, CH3N),
1.30 (t, 3, J  =  7 Hz, CH3CH2N), 3.59 (q, 2, J  = 7 Hz, CH3- 3.82 (q, 1, / S* - 1 3  and 4 Hz, C-2 equatorial), 4.40 (q, 1,
CH2N), ca . 3.71 (m, 2, C-2), 4.17 (q, 1, / S  12 and 3 Hz, C-5a), J  S  - 1 3  and 10 Hz, C-2 axial), and 7.60 (m, 4, C-6-9).
and 7.24 (m, 4, C-6-9). A n a l. Calcd for Ci3H„ClN20 : C, 61.77; H, 6.78; Cl, 14.03;

A n a l. Calcd for Ci4H,9C1N2: C, 67.05; H, 7.64; Cl, 14.14; N, 11.09. Found: C, 61.69; H, 6.91; Cl, 14.05; N, 11.12; 
N, 11.17. Found: C, 66.59; H, 7.70; Cl, 13.86; N, 10.96. H20 ,  <0.1.

l,10-Diacetyl-l,2,3,4,5,10-hexahydroazepino[2,3-b]mdole (27). A solution of 35 hydrochloride in water was cooled in an ice
—A mixture of 32 (200 mg, 0.694 mmol), p-toluenesulfonic acid bath, made alkaline with NaOH, and extracted with ether. The
(20 mg), and benzene (30 ml) was refluxed under N2 for 30 min. extract was washed with brine, dried (K 2C 03), and concentrated
The cooled solution was washed with water and brine, dried (Mg- in  vacuo. The residue was crystallized from EtOAc to give 35:
S 0 4), and concentrated in  vacuo. Crystallization of the residue mp 129-133°; uv (EtOH) Xma* 217 m p  (e 24,050), 277 (13,650),
from ether gave 172 mg (91.7%) of 27, mp 112-115.5°. An and 302 (inflection, 2700); ir (Nujol) 3180 (OH) and 1665 cm- 1

analytical sample was obtained: mp 113.5-115.5°; uv (EtOH) (C = N ); nmr [(CD3)2SO] 5 3.00 (s, 3, CH3N), 3.39 (q, 1, J  =
end absorption, Xmax 243 m p  (e 15,950), 273 (10,150), 293 (7000), —12.5 and 4 Hz, C-2 equatorial), 4.14 (q, 1 , J  =  —12.5 and
and 302 (6450); ir (Nujol) 1705, 1695, and 1675 cm ' 1 (C = 0 ) ; 10.5, C-2 axial), 5.82 (s, 1, OH), and ca . 6.91 (m, 4, C-6-9).
mass spectrum m /e  (rel intensity) 270 (37), 228 (100), 186 (53), A n a l. Calcd for Cu.HieNoO: C, 72.19; H. 7.46; N, 12.95. 
ad 185 (33); nmr (CDClj) S 1.90 [s, 3, CH3(C = 0 )-N -1 ], 2.50 Found: C, 71.83; H, 7.78; N, 12.75.
[s, 3, CH3(C =O )-N -10], 4.69 (sextet, 1, J eem =  —13 Hz, J e,e =  l-Ethyl-l,2,3,4,5,10-hexahydro-10-methylazepino[2,3-b]indole
3 Hz, C-2 equatorial), 7.39 (m, 3, C-6 - 8 ), and 8.42 (m, 1, C-9). (29) Hydrochloride, l-Acetyl-l,2,3,4,5,10-hexahydro-10-methyl-

A n a l. Calcd for Ci6H,8N20 2: C, 71.09; H, 6.71; N, 10.36. azepino[2,3-6]indole (30), 3 ,4 ,5 ,1 0 -Tetrahydro-1 0 -methylaze-
Found: C, 70.98; H, 6.58; N, 10.54. pino[2,3-b]mdol-5a(2H)-ol Acetate Ester (36), and 1-Acetyl-

3,4-Dihydro-9-methylcarbazol-l(2H)-one Oxime (9).—A mix- 2,3,4,5,10,10a-hexahydro-10-methylazepino[2,3-b]indol-5a(lH)-
ture of 2 18 (112.2 g, 0.563 mol), hydroxylamine hydrochloride ol (33).—A mixture of 35 (5.00 g, 0.0231 mol), 10% palladium-on-
(59.4 g), anhydrous sodium acetate (76.6 g), water (510 ml), and carbon catalyst (2.5 g), and acetic anhydride (500 ml) was
ethanol (2100 ml) was refluxed under N2 for 18 hr and cooled in hydrogenated at an initial pressure of 30 psi for 8  hr and allowed
an ice bath. The crystalline product was collected by filtration, to stand under hydrogen without shaking for an additional 16 hr.
washed with water, and dried to give 106.3 g (87.9%) of 9, The catalyst was removed by filtration through Celite, the solid
mp 183-185° (lit. 18 mp 185-186°). was washed with EtOAc, and the combined filtrate was concen-
-----------------  tratei in  vacuo. The residue was dissolved in xylene and con-

(25) This material was a mixture of two isomers; the two sets of peaks are centrated to remove last traces of acetic anhydride. This residue
indicated. was chromatographed on silica gel (250 g). The first two com-

(26) This materia] was a mixture of isomers; peaks assigned to the minor pounds were eluted from the column with 30% EtOAc—70%
isomer are in brackets. cyclohexane. A solution of the first compound in EtOAc was
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acidif-ed with methanolic hydrogen chloride and the salt was 2.68, 2.72 (s, 3, CH3N), 5.85, 5.20 (s, 1, C-lOa), and 6.89 (m, 
crystallized from EtOH-EtOAc to give 1.12 g, mp 211-212° 4, C-6-9).
dec, and 0.344 g, mp 207.5-5-208.5° dec (23.9% ), of 29 hydro- A n a l. Calcd for Ci5H20N2O2: C, 69.20; H, 7.74; N, 10.76. 
chloride. An analytical sample was obtained: mp 209-210° Found: C, 68.96; H, 7.86; N, 10.71.
dec; uv (EtOH) Xmax 219 m/i (e 17,700), 276 (8550), 283 (8700), l-Acetyl-l,2,3,4,5,10-hexahydro-10-methylazepino[2,3-6]indole 
and 293 (inflection, 7650); ir (Nujol) 1640 cm-1 (C = N +); (30).—A solution of 33 in benzene was treated with a few crystals
mass spectrum m./e (rel intensity) 228 (100), 213 (6.5), 200 (34), of ¡o-toluenesulfcnic acid, stirred at ambient temperature under
199 (34), and 171 (16); nmr [(CD3)2S 0 -D 20] S 1.42 (t, 3 , J  =  7 N2 for 30 min, and poured into water. This mixture was ex-
Hz, CH3CH2N), 3.69 (s, 3, CH3N), 3.87 (q, 2, / = 7 Hz, CH3- tracted with ether; the extract was washed with water, dried
CH2N), and 7.39 (m, 4, C-6-9). (K2C 03), and concentrated. Crystallization of the residue from

A n a l. Calcd for Ci5H2iClN2: C, 68.03; H, 7.99; Cl, 13.39; E t20-Skellysolve B  gave 30, mp 126.5-127.5°. This material
N, 1C.58. Found: C, 67.73; H, 7.89; Cl, 13.46; N, 10.10. was identical to the authentic sample by mixture melting point

The second compound eluted from the column was crystallized and ir and uv comparison, 
from EtOAc-Skellysolve B to give 1.42 g (25.4%) of 30, mp 
130-132.5°. The analytical sample was crystallized from EtO H -
Skellysolve B : mp 125-125.5°; uv (EtOH) Xmax 226 mM (e Registry No.—3, 23240-49-5; 5, 14384-39-5; 6,
40,000), 285 (9290), 293 (8100), and 279 (inflection, 8560); ir 23240-51-9; 7, 23240-52-0; 10, 23240-53-1; 11, 23240-
(Nujol) 1670 cm 1 (C=0); mass spectrum m /e  (rel intensity) 5 4 0 . 1 9  9 3 0 4 0  r .x q . 1 3  bvHmnblnrirlp 9294-0 56 4-
242 (100), and 199 (77); nmr [(CD3)2SO] 5 1.81 [s, 3, CH3- bydrocMonde 23240 56-4,
(C = 0)N ], 3.59 (s, 3, CH3N), 4.56 (sextet, 1,,/  ^  - 1 3  and 3 14> 23240-57-5, 15, 23240-58-6; 16, 23240-59-7; 17,
Hz, C-2 equatorial), and 7.31 (m, 4, C-6-9). 23240-60-0; 17 hydrochloride, 23240-61-1; 17 hydro-

Further elution of the column with EtOAc gave a mixture of bromide, 23240-62-2; 1 8 ,23240-63-3; 19 hydrochloride,
two additional compounds which was rechromatographed on 23240-64-4; 2 0  hydrochloride, 23240-65-5; 2 1 , 23240- 
silica gel (150 g) with 2%  E t3N -23%  cyclohexane-75 % EtOAc. 0 0 0 0 1  on n u j  . , • ,

The first compound eluted from this column was crystallized 6 6 -6 ; 22, 23240-67-7; 23, 23231-29-0; 24 hydrochloride,
from EtOAc-Skellysolve B  to give 0.408 g (6.87%) of 36, mp 23231-00-7; 25, 23231-01-8; 26, 23231-02-9; 27,
108.5-110°. An analytical sample was obtained: mp 105-108°; 23231-03-0; 29 hydrochloride, 23231-04-1; 30,23231-
uv (EtOH) Xmax 217 mM (e 23,430), 277 (15,070), and 311 (2450); 05-2; 31, 23263-76-5; 32, 23231-06-3; 33, 23231-07-
ir (Nujol) 1740 [CH3(C = 0 )0 ]  and 1675 cm 1 (C = N ); mass 4  34 23240-68-8; 35, 23231-08-5; 35 hydrochloride,
spectrum (high resolution) m/e 258.1369; nmr (CDC13) « 2.04 0 0 0 0 1  nn n ->* 0 0 0 0 1  i n n  ^
[s, 3, CH3(C = 0 )0 ] ,  3.13 (s, 3, CH3N), 3.72 (m, 2, C-2), and ¿3231 -09 -b ; 36, 23231-10-9 .
6.91 (m, 4, C-6-9).

A n a l. Calcd for Ci6HlsN20 2: C, 69.74; H, 7.02; N, 10.85. . , , , ,
Found: C, 69.61; H, 7.04; N, 10.36. Acknowledgments— I h e  author is in d ebted  to D r.

The second compound eluted from the column was crystallized A. A. F o rist and his associates for p h ysical and an alyti-
from EtOAc-Skellysolve B  (Darco) to give 0.169 g (2.81%) of cal d ata. In  particular th e author is grateful to D r.
33, mp 139-141° An analytical sample was obtained: mp 141.5- M . G rostic for helpful discussions w ith  regard to  the

306 (2625); ir (Nujol) 3280 (OH), and 1615 cm“1 (C = 0 ) ; mas,s sPe ctra > A . M a c K e lla r  for special nmr
mass spectrum (high resolution) m /e  260.1514 (M+) and 242.1429 studies, and “ 0  D r. D . J. D u ch am p  for carrying out
(M+ — IS); nmr (CDC13)27 s 2.18, 2.23 [s, 3, CH3(C = 0 )N ], th e X -r a y  crystallographic stu d y. T h e  author is also

(27) This material was a mixture of two isomers; the more intense peaks in debted to M r. D . B . H ooker and M r. J. R . Greene
are listed first. for laboratory assistance.

The M annich Reaction of Imidazoles
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In the Mannich reaction of imidazoles, the ring is shown to be reactive at the four possible sites, the 1, 2, 4, and 
5 positions. Only N-substituted imidazole Mannich bases are formed in acidic media. Both N-substituted and 
C-substituted products are formed in basic media. The process of N substitution is reversible in base, while C 
substitution is irreversible, resulting in the accumulation of C-substituted products over time in basic media.
The 1 position is most reactive, with the 4 and 5 positions more reactive than the 2 position. Imidazoles having 
substituents at the 1 position do not react in the Mannich reaction. A mechanism is proposed which explains the 
behavior of the imidazole ring in the Mannich reaction.

T h e  chem istry of im idazoles has considerable signifi- P a rt of th e rationale for stu d yin g th e  M a n n ich  re- 

cance ow ing to  th e occurrence of this ring system  in action of im idazoles grew  o u t of our findings on the
various biologically im portant com pounds. Som e 4- related facile base-catalyzed  cyclizatio n  of histam ine
d isu bstitu ted am in om ethyl im idazoles prepared b y  

Turner, H uebner, and S cholz2 in  a  m ultistep process

were shown to  h a ve  antihistam inic action, w hile others N -w ^ \  N ^ ^ \
im itated  histam ine. I t  w as of interest to s tu d y  th e /  J | +  ArCHO — >- V  I  ■ — *-
M an n ich  reaction as a one-step m ethod of introducing is r  NH2 tst N = C H A r
am inom ethyl groups on to  th e im idazole ring. H

(1) (a) To whom all inquiries should be addressed, (b) This work was A
supported in part by the Public Health Service, National Institute of General II J j t̂
Medical Sciences, Grant GM 10612-06.

(2) R . A. Turner, C. F . Huebner, and C. R . Scholz, J .  Amer. Chem. Soc., I
71,2801 (1949). A r
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T a b l e  I
N - S u b s t it t t t e d  M a n n ic h  B a s e s “

J h
N^\ / R
k s N _ CH2- N < Ri

------------- Nmr chemical shifts*1-------------.
CH2 Yield,“ Bp (mm) or

Registry no. R  R i Ra 2 proton 4 proton 5 proton protons % mp, °C

23230-39-9 CH3 CH, H 7 .60 7.15 7.04 4 .68 82 9 5 (1 .5 )“
23230-40-2 CH3 C6H6CH2 H 7.45 7.04 6.94 4.71 94 73 .5-75 '
23230-41-3 C6H5CH2 C6H5CH2 H 7 .40 7.12 6.94 4 .78  90 67-68'
23230-42-4 N -R R ! = piperidino H 7.54 7.08 6.98 4 .70 70 f - h
23230-43-5 N -R R , =  morpholino H 7.45 7 .04 6.96 4 .64 84 69-71''*'
23230-44-6 j  H 7.45 7.02 6.92 4 .64  62 159-60*
23230-45-7 N -R R , =  piperidino CH3 . . .  6 .80 6.80 4.43 84 /, l, m
23230-46-8 j  CH3 . . .  6 .84  6.84 4 .47 74 135.5-137'

“ Satisfactory analytical data (± 0 .3 % ) were obtained for these compounds (Ed.). h Shift values (6 0) were determined in CDC13 
with tetramethylsilane as an internal reference. '  Crude yield. d n n o  1.4950. '  Recrystallized from ligroin. f  Separated by falling- 
film molecular distillation at 1.5 mm. » Pot temperature 97.2° (1-propanol). h n 2ar> 1.5206. ’ Hygroscopic. » Piperazino-l,4-bis 
compound. * Recrystallized from benzene. * Pot temperature 80.1° (benzene). m n nd 1.5155.

Schifi bases.3 The cyclization step is catalyzed by We now report that the Mannich reaction is success- 
base. fui at all four possible positions of the imidazole ring,

Imidazole, 2-ethylimidazole, and 2-methyl-4,5-di- and we describe factors affecting the orientation of 
phenylimidazole were initially reported as unreactive substitution on the ring, 
under normal Mannich reaction conditions by Bachman
and Heisey4 in 1946. Benzimidazole was reported to Results
give Mannich bases substituted on the 1 position as .
shown Imidazoles unsubstituted at the 1 position readily

undergo the Mannich reaction under conventional con- 
q ditions. The classical, acidic conditions favor the

aNx || formation of N-substituted imidazole Mannich bases
/  + HCH + HN(C2H5) *- (see Table I). These compounds were identified as

H N-substituted Mannich based primarily by nmr
N studies. The structural assignments were made on

I i f  \  the basis of the singlet peak, owing to the methylene
hydrogens of the substituted aminomethyl group, which 

\  appeared at ca. S 4.7 in each nmr spectrum. The
CH2N(C2H5)2 observed chemical shift is in good agreement with a 

theoretical value of S 4.77 for the methylene hydrogens 
Imidazole itself has four possible sites of reaction, in a 1-substituted product, calculated by using shielding

the 1, 2, 4, and 5 positions. Heath, Lawson, and constants7 and a spectrum of 1-benzylimidazole, and
Rimington,5 in 1951, reported substitution on the 5(4) the observed shift is considerably different from the
position of the imidazole ring in the Mannich reaction predicted value of 8 3.58 for C-substituted Mannich
on 2-mercapto-4(5)-methylimidazole. No proof of the bases. The assignments are further supported by the
site of the substitution was offered for the product. In absence of an imino hydrogen peak and by the 1 :1
1952, Kato, Morkawa, and Suzuki6 reported the re- ratio of the methylene peak area to the peak area of
action of imidazole and 4(5)-methylimidazole in the the 4 - and 5-position imidazole hydrogens.
Mannich reaction with dimethylamine, giving a 4(5)- Examination of nmr spectra of some crude 2-methyl- 
substituted product. imidazole Mannich reaction mixtures produced in basic

media indicated resonances expected of C substitution 
0 CH and peak area ratios consistent with a mixture com-

*N_\  M /  ‘ __  ̂ posed of mono-, di-, and trisubstitution products.
\ N/  \  By conducting reactions in basic conditions, using

H CH-3 various alkyl-substituted imidazoles, the imidazole ring
CH is shown to be reactive in the Mannich reaction at all

N /  yCH3 four available positions. Some representative C-sub-
\ — ch2— N stituted Mannich bases have been isolated which illus-

'N ' \ trate substitution at each position. (See Table II.)
H 3 The assignments of structures of the C-substituted prod-

(3) F. Stocker, M. Fordice, J .  Larson, and J .  Thorstenson, J .  Org. Chem., (7) R . M. Silveretein and G. C. Bassler, “Spectrometric Identification of
S I, 2380 (1966). Organic Compounds,” 2nd ed, John Wiley & Sons, Inc., New York, N. Y .,

(4) G. B . Bachman and L. V. Heisey, J .  Amer. Chem. Soc., 68, 2496 1963, p 141.
(1946). (8) This value was indicated by shielding-constant calculations and was

(5) H. Heath, A. Lawson, and C. Rimington, J .  Chem. Soc., 2217 (1961). experimentally verified after synthesis of 4 -(diethylaminomethyl)imidazole
(6) T . Kato, T . Morkawa, and Y . Suzuki, J . Pharm . Soc. Ja p .,  72, 1177 from 4(5)-hydroxymethylimidazole by the method of Turner, Huebner, and

(1952). Scholz.2
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T able II
C-SUBSTITUTED IMIDAZOLE MANNICH BA SES“

Methylene
Imidazole Registry no. Substituent groups Mp, °C hydrogens6

2-Methyl- 23230-47-9 l,4,5-Tris(N-piperidinomethyl) 92-93 4.59,3.53,3.41
2-Methyl- 23230-48-0 4,5-Bis(N-piperidinomethyl) 149-150 3.43,3.43
2-Methyl- 23230-49-1 4(5)-(N-Piperidinomethyl) 204-207“ 3.52
4,5-Dimethyl- 23230-50-4 2-(N-Diethylaminomethyl) 112-113.5 3.54
2,4(5)-Dimethyl- 23230-51-5 5(4)-(N-Diethylaminomethyl) 75-77 3.48

° Satisfactory analyses (±0.3%) were obtained for all compounds (Ed.). b Nmr shift values (5 0) of aminomethylene hydrogens of 
substituent groups were determined in CDC13 using tetramethylsilane as an internal reference. « Melting point of dipicrate.

ucts were made by analysis of their nmr spectra and A systematic study was made of the effect of pH on 
particularly the presence of methylene proton resonance the position or substitution on the imidazole ring in the 
in the 8 3.4-3.7 region. Table II shows the key amino- Mannich reaction. Diethylamine was used as the
methylene shift values from the nmr spectra. amine reagent and three imidazole compounds were

There are six possible products of a Mannich reaction used: imidazole, 2-methylimidazole, and 2,4-dimethyl-
between 2-methylimidazole, piperidine, and formal- imidazole. Six reactions over a range of pH were run
dehyde. Three of these products have been isolated with each imidazole compound. No significant change
and purified: 2-methyl-l-(N-piperidinomethyl)imid- in pH was observed during the reaction. Table III
azole (I), 2-methyl-l,4,5-tris(N-piperidinomethyl)imid- summarizes the results of this study in terms of per cent
azole (II), and 2-methyl-4,5-bis(N-piperidinomethyl)- substitution on the carbon positions out of the total
imidazole (III). A fourth compound, 2-methyl-4(5)- amount of substitution. The data were obtained from
(N-piperidinomethyl)imidazole (IV), was isolated, but nmr spectra by comparing the areas of methylene hy-
it failed to crystallize as the free base, thus making it nec- drogen peaks owing to C substitution and N substitu-
essary to form a derivative, the dipicrate, and crystal- tion.
lize it in the salt form.

Table III“

O Per Cent C Substitution vs. pH
pH  (± 0 .3 7 )  1 .0 0  5 .0 0  7 .0 0  9 .0 0  1 1 .0 0  1 2 .0 0

Qpj Imidazole 0 0 8 16 23 29
_/ 2 2-Methylimidazole 0 0 0 44 94 94

a  2,4-Dimethylimidazole 0 0 18 91 94 91
CH3' ^ n' ' C H 2 / . “ 24 hr allowed for reaction.

I X )
CH3 I 2 I t  is evident from the pH study that only nitrogen-

- /  __  N site substitution of the imidazole ring occurs in the
■ n— CH2— N )  | |  acidic pH range. In basic reaction media, C substitu-

\ t i o n  reaches significant proportions within the 24 hr 
I II allowed for reaction; nmr spectra of the products show

the carbon positions to be the most substituted, except

O in the case of imidazole itself, in which 1 substitution
still predominates. The statistical factor of the num- 

(j([2 j /  \ ber of available sites apparently is not a significant fac-
CH__Y  ' / NV ^CH% \__ /  tor; imidazole showed the least amount of C substitu-

3 Njj Av CH3—A  jf tion, although it has a 3 :1  ratio of available carbon to
H N nitrogen sites. The 4 and 5 positions are more reactive

V__/  than the 2 position, but experiments with 4,5-dimethyl-
m IV imidazole indicate that, when the 4 and 5 positions are

blocked, the 2 position is reactive and follows the same 
The purification of C-substituted Mannich bases is general pattern of increased reactivity in basic media, 

difficult, chiefly because of the formation of multiple The formation, in basic conditions, of N-substituted 
reaction products having similar physical and chemical imidazole Mannich products is a readily reversible
properties. The simple N-substituted products are less process. A sample of 2-methyl-l-(N-piperidinomethyl)- 
associated and therefore more volatile than the other imidazole in aqueous solution at pH 11.9 underwent 
products and therefore they could sometimes be isolated reversal to reactants and reacted again until ca. 50%
by ordinary vacuum distillation or falling-film molec- of the aminomethyl groups were substituted on the 4
ular distillation. Elution chromatography using an and 5 positions within a 24-hr period. It could not be
alumina column and a benzene-chloroform eluent ef- determined with certainty whether N-substituted prod-
fected the separation of some of the C-substituted prod- ucts reverse in acid, although change in site of sub-
ucts. Because of the difficulty of product separation, stitution or loss of substitution owing to such reversal
the Mannich reaction of imidazoles is most useful in was discovered to be less than 5%  in 24 hr at pH 0.7.
the preparation of N-substituted Mannich bases, which The formation of C-substituted imidazole Mannich
can be isolated by distillation procedures, and for bases is an irreversible process in basic conditions. A
imidazoles that have a limited number of available sites, sample of 4-diethylaminomethylimidazole in aqueous
which restricts the number of reaction products. solution at pH 11.8 for 24 hr showed no change of sub-
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stitution site and no loss of substitution. This combi- reaction between the amine and formaldehyde, with
nation of irreversible C substitution and reversible N the active hydrogen compound. Assuming the mecha-
substitution in basic conditions results in an accumula- nistic steps of Cummings and Shelton in forming the
tion of C-substituted products and a decrease in N aminomethyl intermediates, we propose the following
substitution over a period of time. A time study fol- processes for the final step in the mechanisms of the
lowing the progress of the Mannich reaction of diethyl- Mannich reaction of imidazoles, in explanation of the
amine with formaldehyde and 2-methylimidazole, at behavior of the imidazole ring in the reaction.10
pH 12.3 using nmr analysis, indicated that the nitrogen In acid, eq 1 is proposed, 
position is the most reactive position in basic as well as
acidic media, but C substitution reaches substantial pro- XH2N(^
portions owing to the steady accumulation at the carbon N / T \  +
positions as the reversal of N substitution provides reac- €  \ +  ch2= N /  \ +r  — *
tants. The formation of C-substituted products is not ^ p
due to an internal-shift mechanism, because complete + /
loss of aminomethyl groups is seen during N-substitu- ""
tion reversal when a volatile amine is used. f ~  \ (1)

The percentages of carbon- vs. nitrogen-site substitu- 
tion can easily be determined from the nmr spectra of H
reaction mixtures but the information obtainable from In ba 2 and 3 are proposed. 
the spectra is neither sufficient nor accurate enough in
most cases to determine the percentages of the actual (+ OH- )
compounds contained in the mixtures. Several com- N N
binations of variously substituted Mannich bases and f ~  \ +  f ~  \ + H0CH /  %
unreacted imidazole could account for the observed 2 \  T
peaks and integration ratios. The exact percentages H ^  -  CHN^"
reported in the pH study using diethylamine cannot ^  \
be extended to reactions involving other amines, al- hochjn̂ / '  (2)
though the trend of high pH favoring C-substituted £  ^
products is generally applicable. H ^NCH,

Experiments carried out on 1-alkyl-substituted imid- /N C H ^ N  V N  V -N
azoles indicate that the 1 position of the imidazole ring ^  /  \ N/  \ N/
must be unsubstituted for the Mannich reaction to be _ -  H
successful. Mannich reactions were attempted in both 1 (+ qh~)
acidic and basic media on 1-methylimidazole, 1-benzyl- (3)
imidazole, l-benzyl-2-methylimidazole, and 1,2-dimeth- T . .  .
ylimidazole. In all cases, the imidazole compound was , In af llc media> the experimental evidence indicates 
recovered unreacted that substltutlon occurs only at the 1 position. In the

Kato’s6 procedure in the Mannich reaction of imid- Proposed mechanism (eq 1), the cationic imine reacts at
azole with dimethylamine in acidic media was repeated the electron-rich basic nitrogen site of the neutral imid-
and a 1-substituted product was obtained instead of the azole molecule which is in equilibrium with the proto-
4(5)-substituted product he reported. The nmr spec- aatc;d imidazole m acid. As shown experimentally, the
trum of the crude reaction mixture indicated N substi- dnal f  eP of mtrogen-site substitution in acid may be
tution, with no peaks that could be attributed to the sll£htly reversible, with reversa requiring a free ammo
resonance of methylene protons of a C-substituted prod- group and a protonated imidazole ring,
uct. Moreover, we were unable to prepare the picrate . Experimental observations showing that the 1 posi- 
he reported, thereby casting some doubt on the forma- l̂on 0 die imidazole ring must be unsubstituted for the
tion of a 4 (5)-substituted Mannich base in his procedure. Mamuch reaction to be successful imply that the imid-
However, we suggest that a C-substituted product may azole anion, resulting from the loss of the imino proton,
have been obtained if the reaction products were 1S. dl° reactive species m the Mannich reaction mecha-
to remain long enough in conditions favoring reversal of nism wmch results in carbon-site substitution. No
N-substituted products and formation of C-substituted reaction occurs when formation of the anion is prohib-
products ited by substitution on the 1 position. If the imidazole

anion is required for the mechanism of C substitution, 
Discussion C substitution would be expected to occur only in basic

media, as is reported in this paper. In base, the reac- 
Cummings and Shelton9 postulated from their kinetic tion (eq 2) between the aminomethylol intermediate

study of cyclohexanone in the Mannich reaction that and the imidazole anion, which results in N substitu-
the reaction in basic media involves the condensation tion, is a reversible step, whereas C substitution (eq 3)
of a carbanion, derived from the active hydrogen com- is irreversible. As observed experimentally, in base the
pound, with an aminomethylol, R2NCH2OH, formed nitrogen position is substituted first, then C substitution
from the amine and formaldehyde. In acidic media, occurs slowly as the N-substitution reversal supplies
they suggested that the reaction involves the reaction the imidazole anion. In the mechanistic scheme we
of a carbonium ion, R 2NCH2+ <-> R 2NCH2, derived from propose, the equilibrium of eq 2 would be forced to the
the aminomethylol or methylene bisamme formed in (10) A referee has suggested that, instead of the methylolamine itself, the

_ imonium cation available from the reversible dissociation of the methylol-
(9) T . F. Cummings and J .  R . Shelton, J . Org. Chem., 25, 419 (1960). amine might be the intermediate functioning in basic media.

886 Stocker, Kurtz, Gilman, and F orsyth The Journal of Organic Chemistry



left with increasing base strength, thereby increasing and concentrated to give 8.22 g (92%) of a pale yellow liquid
the proportion of C substitution. Thus, in base, N which was purified by repeated treatment on a falling-film molecu-
substitution is favored kinetically while C substitution com-
ls favored thermodynamically. pound was isolated from the crude product obtained by the

nonacidic reaction process followed by extraction procedures by 
. elution chromatography with an alumina column. A 60%

Experimental section CHCl3-benzene solvent was used for elution, which on concen-
n ____ , , , , . , T , tration yielded a yellow semisolid. Recrystallization from ligroinGeneral.—All nmr spectra were determined on a Jeolco , .  &

C-60HL or a Varian A-60A spectrometer using CDCla as a solvent gaVV yethy\t5-bi^N -pV eLm om ethyl)im idazole.-ThiS com- 
with tetramethylsilane as an internal reference. Melting points i , ;  , £ A , ,, , , . ,, , •\/r. i , rN -At. t u 1 • pound was eluted from the same column as the above trisub-are corrected. Microanalyses were by Galbraith Laboratories, ... . , n trm uT rr  rr« rrn , j  , - . . ,  i tvT • -j* stituted product m later fractions of the 60% CHCl3-benzeneInc., Knoxville, Tenn. The crude products of imidazole Mannich , , r™-  ̂ i . u j  , ,,. n -i rm , solvent. Thm la y e r  chromatography was used to follow thereactions are typicallv pale yellow syrups. The 1-substituted c i . • r . i  j  ,, T . , , \c 1 1 j-  amw  m v  £i progress of the elution chromatography. The product was iso-Manmch bases were punned by vacuum distillation, fallmg-nim „ • t j  ,i  1V .. J ,  m i i  T\ j  j- lated as a yellow semisolid which was recrystallized from ben-
distillation, or recrystall.zation (see Table I) depending on the K ^ to lve H ht llow crystals> mp 149-150°.
specific properties of the product. Thermal decomposition is a 2-Methyl-4(5)-(N-piperidinomethyl)im idazole.-For this com-
serious factor during distillation of the liquid products if the j  xi. i j  j  . o • r o, , j  °  n j ,  j - i / v n o j i r  pound the general procedure was altered to use 2 equiv of 2-temperature and pressure are allowed to exceed 100 and 1.5 mm. r  ,, v . , °  . .• .i i x-x* f xv j  x u x-x x j  at • r methylimidazole. After CHC13 extraction, the CHC13 solutionAfter separation from other products, C-substituted Mannich u j  -xi. ti r\ x n ,r ,, *  j  u x it x- \  r  i was washed with H20  to remove excess 2-methylimidazole.bases were purified by recrystallization from ligrom or benzene- mL n x x j  x i • , jr  . /rrvT t • j  • xi, • i i .  u *T r The yellow syrup was concentrated, taken up m benzene, andligrom. (Ih e  ligrom used m this work has a boiling range of u u j  i • i j  xu j  x i x jcc >tco \ r r  u i j  x- r xx- absorbed on an alumina column, and the products were eluted66-75 .) Given below are descriptions of representative re- , crtrr? u i x r™- , i x j.. r .i r c -t u x-x x j  j  n  u x-x x j  by a 60% CHC.3-benzene solvent. This compound was elutedactions of the formation of a 1-substituted and a G-substituted . j  j - u x-x * j  i , tin. x r -i jrr<i , j  r - i x -  f , L n  after the above tn- and disubstituted products. When it failedMannich base. The separate procedures for isolation of the C- x __x n- x t t u  -x x j  • x xu j - • xu x-x x j  j x t  xt j  - x • to crystallize as the free base, it was converted into the dipicrate,
subsfituted pr^ucte from the crude mixtures are givem which was recrystallized from 95% EtOH, mp 204-207°.
v ™ y 5(4)-(N-Diethylammomethyl)-2,4(5)-dimethyUmidazole.-
tion cf 0.99 g (0.0135 mol) of (CsHshNH and 1.64 g (0.020 mol) Following the eeneral reaction and extraction procedures the of 37%, formalin in 10 ml of H20 ,  1.30 g (0.0135 mol) of 4,5- hollowing the general reaction and extraction procedures, the
j-  , • , r, i . ’ j j  j  j  ■ 7, dipicrate was formed and recrystallized from 95% EtOH several
dimethyhmidazole in 10 m of H20  was added dropwise with 1 9 5 - 1 9 7 °. The product was freed from the picrate
stirring over 0.5 hr Reaction was allowed to continue for 48 and gubl^ ed under vacuunf at 100= to give white crystals, mp 
hr at room temperature without further stirring. The mixture ^,-_yyo
was made distinctly alkaline with a 20%  KOH solution and the Genera, Reaction ^ o c e A v x e  of pH Experiment .-Precooled 6
organic material was salted out with R 2C 03 and extracted with , r l j r „ , - , , , % n , c . . ,  ,, , 6 rr., rirrm , N  HC1 was adced to a solution of 0.010 mol of the imidazole
three 10-ml portions of CHC13. The CHC13 extracts were compound and 0 .73 g (0.010 mol) of diethylamine in 3 ml of
com me , ne ( 2 3 ), an concen ra e 0 §,vc ■ 8 0 a h 20  until the desired pH was reached. The 37% formalin
yellow, semicrystallme syrup. The syrup was taken up in 10 22 0 015 n o i) w asp0ured into the solution with stirring,
ml of absolute EtOH and combined with 1 10 g of HC1 in dry and rea(jtion wag allowed continue for 24 hr at room tempera.
EtOH, and the dihydrochloride was crystallized by addition of , -xt x c xt x- • r™ • , j  j-  x- xixi. rm, j M j  vi - j / o , j  \ ture without further stirring. The mixture was made distinctly
ether The dihydrochloride (mp 214-217 uncorrected) was alkaline KOH solution and was extracted with four
recrystallized twice from EtOH-ether, and then the base was A , ___ An r i rpu« nTjr«ir j u  j j v  r xt att ix -  j  x x j  -xt rNTT/-u 4-mi portions of GHG13. I  he GHGi3 extracts were combined and freed by addition of NaOH solution and extracted with CHC13. , . , , Tr \ j  x • j - x i xt~- tvt - i _i_ x it j  f t  • xi. dried (K2C 03), and a nmr spectrum was run immediately on theThe free Mannich base was recrystallized from ligrom, then n y rn ]  i +*
sublimed under vacuum at 1 0 0 ° to give white needles, mp 1 1 2 -  3 so u ion.
113.5°, yield 0.98 g (40%).

2-Methyl-l-(N-piperidinomethyl)imidazole.—To a solution of R eg istry  N o .— 2 -(N -D ie th y la m in o m e th y l)-4 ,5 -d i-
4.10 g (0.05 mol) of 2-methylimidazole and 4 25 g (0.05 mol) of m ethylim idazole dihydrochloride, 23263-75-4 . 
pipendme in 15 ml of H20  was added, with cooling, 8.4 ml 
(0.10 mol) of 12 N  HC1. The 37% formalin (4.86 g, 0.06 mol)
was poured into the solution and the mixture was stirred for l  hr. Acknowledgment.— We are indebted to Dr. James D.
Reaction was allowed to continue for 24 hr at room temperature White, Harvard University, for helpful discussions in
Without further stirring The mixture was made distinctly connection with this work, and to Research Corpora-
alkaline with a 20% KOH solution, and the organic material was i xt xr p , • , r  •
salted out with K 2C 03 and extracted with three 25-ml portions tion, Isew York, is .  Y ., for a grant in support of this
of CHC13. The CHC13 extracts were combined, dried (K2C 03), research.
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1,3-Dipolar Cycloaddition Reactions of th e Geom etrical 
Isomers of Some M ethyl l-A lkyl-2-(p-biphenyl)-3-aziridinecarboxylates1

P a u l  B .  W o l l e r 2 a n d  N o r m a n  H .  C r o m w e l l 8 

A very L aboratory  o f  C hem istry, U niversity o f  N ebraska , L in coln , N ebraska  68508  

R eceived A ugust 14, 1969

The cis  and trans forms of methyl l-cyclohexyl-2-(p-biphenyl)-3-aziridinecarboxylate and methyl 1-isopropyl- 
2-(p-biphenyl)-3-aziridinecarboxylate react stereospecifically with activated alkenes and dimethyl acetylene- 
dicarboxylate in refluxing benzene to produce pyrrolidines and A3-pyrrolines, respectively. The base-catalyzed 
tautomerization of the A3-pyrrolines to A2-pyrrolines and the extremely facile epimerization of the kinetically 
favored H2,H5-<roras-A3-pyrrolines to the thermodynamically more stable H^Hs-cis isomers in methanol, chloro
form, or refluxing benzene are described and a possible explanation of these results is presented. In benzene at 
80° the aziridine esters equilibrate to a mixture containing 68-70%  cis-aziridine and 30-32% corresponding 
trans isomer.

In a previous publication4 we reported the ther- of the primary amine with methyl a-bromo-p-phenyl- 
molysis of methyl cis- and methyl /rans-l-cyclohexyl- cinnamate in benzene. Stereochemical assignment of
2-(p-biphenyl)-3-aziridinecarboxylate (la,b) in reflux- the cis and trans isomers are consonant with pmr,
ing benzene and methanol. The products of these ir, and uv spectral data'2 (Table I).
cleavage reactions were believed to arise via a 1,3- COCH
dipolar intermediate (azomethine ylide) resulting from ArCH C. 2 3 + 15RNH C‘H3
heterolytic scission of the C-C bond of the aziridine 
ring.6 When aziridines la  and lb were heated to Ar = p-C6H5C6H4
80° in a benzene solution containing dimethyl fumarate, R R
trimethyl l-cyclohexyl-5-(p-biphenyl)pyrrolidine-2,3,- V j
4-tricarboxylate (3a) was produced in good yield. Re- N Nv
ports of similar 1,3-dipolar cycloaddition reactions of ' 2 3 + __—v '' 2 2
aziridines with activated alkenes and alkynes have L i  L L
appeared in the literature.6-10 H H Ar

We now wish to report in detail the reaction of CIS trans
two pairs of c i s  -irans-aziridine esters ( la ,b  and 2a ,b ) la, R —C6Hn lb, R = C„Hn
with several activated olefins and with one activated 2a, R -  i-C,H7 2b, R =
alkyne, the thermal equilibration of these aziridines Jr al benzene solutions of equimolar quantities
and the sa lent features of the >H nmr spectra of of ^  aziridine and the olefin were heated at reflux
the cycloaddition products. Stereochemical assign- for 24_4g hr After evaporation of the solvent the
ment of the cycloadducts was made on the basis of cmde material was chromatographed to yield sub-
Pmr spectroscopy : the observed coupling constants stituted M mes  (Chart I).
are consistent with the Karplus correlation.11

R
Results

N
The aziridine esters la,b and 2a,b employed in this Ar^. /  \ ^ CQ2CH, + \ c _ c /

study were synthesized by reaction of a 15-fold excess i  !
B  B  T3

(1) (a) Presented in part by N. H. Cromwell at the Second International H
Congress of Heterocyclic Chemistry, Montpellier, France, July 1969. j
(b) This work was supported in part by an A C S-P R F Graduate Fellowship Ar ,N. CĈ CHq
held by P. B . W. and in part by a U. S. Public Health Service Grant \ /
CA-02931. y C  | I

(2) Petroleum Research Foundation Fellow, 1968-1969. ^  \ j
(3) To whom inquiries should be addressed. “  / \ n
(4) P. B . Woller and N. H. Cromwell, J .  Heterocycl. Chem., 5, 579 (1968).
(5) For other examples of aziridine rearrangements involving C -C  bond In this manner both la  and lb afforded the pyrro-

scission of the aziridine ring see (a) G m  Coleman and G. P. Waugh Proc. ^  3 a  b  and 4a,b when treated with dimethyl 
Iow a State Acad. Set., 40, 115 (1933); 49, 286 (1942); Chem. Abstr., 29, 1 3 .
2527 (1935); 37, 5707 (1943); (b) a . Padwa and w . Eisenhardt, Chem. f u m a r a t e  a n d  d i m e t h y l  m a l e a t e ,  r e s p e c t i v e l y .  T h e
Commun., 7, 380 (1968); (c) s . v . Zovota, g . v . Loza, and m . y . Lukina, s t e r e o c h e m i c a l  r e la t i o n s h i p  o f  t h e  p r o t o n s  a t  C 4 a n d
Izv. Akad. N auk SSSR, Ser. K him ., 432 (1967); Chem. Abstr., 67, 21278 r*  ’ ; i i ___ ______ i i ^
(1967) ; (d) b . k . Campbell and k . n . Campbell, j . Org. chem ., 9, 178 m  t h e s e  a d d u c t s  i s  r e a d i l y  a s c e r t a i n e d  b y  a n  e x -
( 1944). a m i n a t i o n  o f  t h e  p m r  s p e c t r a .  I n  b o t h  3a a n d  4a

(6) (a) H. W. Heine and R . E . Peavy, Tetrahedron Lett., 3123 (1965); o n e  Qf m e t h o X y C a r b o n y l  p r o t o n  r e s o n a n c e  s i g n a l s
(b) H. W. Heine, R . E . Peavy, and A. J .  Durbetaki, J .  Org. Chem., 31, 3924 , J  t •  ̂ n i i n  c  ±i
(1966); (c) H. W. Heine, A. B . Smith, I I I ,  and J .  D. Bower, ibid., 33, 1097 appears at 0.6 ppm higher field than those OI the
(1968) ; (d) h . w. Heine and r . Henzei, ¿Md„ 34, 171 (1969). remaining two (5 3.6-4.0). An inspection of models

lb> «■** °» ly .,he f e t h y l t h e  c < / u° -
(8) (a) R. Huisgen, W. Scheer, G. Szemies, and H. Huber, Tetrahedron S t l t l i e n t  C a n  b e  O r ie n t e d  i n  t h e  s h i e l d i n g  CO ne OI t h e

Lett., 397 (1966); (b) R . Huisgen, W. Scheer, and H. Huber, J .  Amer. Chem. p h e n y l  nU C leU S, a n d  t h i s  C a n  OCCUr O n ly  w l ie i l  t h e

^ 9 ) 8 Tl!efuthor6s7L d l y  thank Dr. J .  A. Deyrup, University of Florida, for C4 a n d  CS S u b s t i t u e n t s  a r e  ds .  The o b s e r v e d  C o u p lin g s
sending us a preprint of a paper submitted for publication. of 8.3—9.5 Hz a r e  i n  g o o d  a g r e e m e n t  w i t h  r e p o r t e d

(10) (a) F . Texier and R. Carrier, Tetrahedron Lett., 823 (1969); (b)
S. Oida and E . Ohki, Chem. Pharm. Bull. (Tokyo), 16, 764 (1968); (c) J .  W. (11) M. Karplus, J .  Chem. Phys., 30, 11 (1959).
Lown, R . K . Smalley, and G. Dallas, Chem. Commun., 1543 (1968). (12) A. E . Pohland, R . D. Badger, and N. H. Cromwell, ibid., 4369 (1969).
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Table I
Spectral Data op Methyl 1-Cyclohexyl-2-(p-biphenyl)-3-aziridinecarboxylate, cis (la) and trans (lb)

----------------------- Nmr (CDCB)---------------------- ■> ,-------------- IrY C _ O c m -i-------------- , ,----------- Uv (CHaOH)----------- ,
Compd H2, 8 Ha, 8 J ,  Hz CCU Nujol X, mjz e

la 2.88 2.49 7.0 1757, 1730 1747 257 23,900
lb 3.26 2.73 2.5 1734 1727 257 26,600

Chart 1 to be trans in these isomers. The pertinent chemical
CcHn C6H„ shifts and coupling constants (Table II) are consonant

C H A C  | CH302C | with the assigned stereochemistry.
Ch o  c  H H Ar The cfs-azir:dine la  and fumaronitrile afforded two

> < f  n isomeric adducts which were assigned the gross struc-
r 3 2 H ture m ethyl l~c.ycl°hexyl-5-(p-bipheny])-3,4-dicyano-

H CO CH H CO CH pyrrolidine-2-carboxylate (5a,b). Adducts 3a and 5a
3a 3b 2 both exhibited unexpectedly large trans vicinal coupling

constants for C3H and C4H (A,4 =  11.0-11.5 Hz). 
96Hu C6H,, These values were confirmed by deuterium labeling,
jlj jJj spin-decoupling experiments, and computer simula-

CH30 2C ^ X ^  tion.13 Presumably in 3a and 5a steric repulsion be-
CH.O.C^X J  Lx ^ h tween the substituents at C2 and C3 and at C4 and C5

distorts the skeleton in such a manner as to cause 
CrfAC C02CH3 CH302C C02CH, the C3H -C 4H angle to increase to well above 120°.

4a 4b Attainment of this particular conformation is aided
Cgh„ c6Hu by relief of eclipsing of the protons and substituents
| ] at C2 and C5 with those at C3 and C4, respectively.14

CHOC H H Ar ^ie ^ A ran s  3b and 5b, the steric interactions are
2 ^ > X y N H 'X X  H X /  ' minimized and trans vicinal couplings in these com-
H Ar CH302C H pounds are restored to their normal magnitude.11

jY j /  N-Phenylmaleimide was found to react with the cis-
5a 5b aziridines la  and 2a in refluxing benzene to produce

the isomeric adducts 6a,b and 7a,b, respectively. 
?6H" 9eH" Cycloadducts of the same stereochemistry were obtained

j(- from la  when it was allowed to react with maleimide
H\ X C N  H X / H  CH3° 2C\ X ^ N  H \ X Ar and maleic anhydride.

CH/):!c y N J V ^ A r  H/ S j y s H In contrast to the reaction of the (rans-aziridine
/  \ /  \ lb with the maleate and fumarate esters, this same

H CN H CN aziridine, on reacting with N-phenylmaleimide afforded,
5c 5d in addition :o  6a and 6b, two additional products

R R which were found to be isomeric with 6a,b. Only
I I one of the two new isomers could be obtained as a

CF O C H H Ar pure compound and was assigned the all-czs stereo-
2 9^><Ca prr n chemistry (6c). The fourth isomer was believed to

* 1 2 H have the H 2,H3-(rans-H3,H4-ds-H4,H6-irans configura-
0 = < 9  ^ > = 0  0 = < r  "^>=0 tion (6d). The pmr spectrum of cycloadduct 6c did

not exhibit the expected doublets for C2 H and Cs H, 
6 a, R = C6Hu; X = NPh 6 b,R = CcHn; X = NPh but rather a series of three evenly spaced resonance
7a R = ¿-C,H7; X = NPh 7b R = ¿-C3H7; X = NPh signals was observed for each proton with the outer
8 a! R = CcH„; X = NH 8 b, R = C6H„; X = NH two signals of greater intensity than the center signal.
9 a,R = Cr,H„;X = 0 9b, R = C6H,,;X = 0 This type of splitting pattern is attributed to virtual

coupling16 arising from the fact that the chemical 
A ?  shifts of C3 H and C4 H are nearly identical.
jJj jlj The reaction of lb with fumaronitrile was followed

Hs x ^  C H A C ^ W jf 'h\ a Ai' by pmr spectroscopy and found to give a mixture
CH n c ^ X J  L X ^ A r H n J I / ^ H  °f four isomeric adducts. The pmr spectrum of the

X ^  crude material exhibited four distinct methyl ester
0=X T  0=X .  y ^ ^ 0  resonance signals, two of which had chemical shifts

A x ^  ^ X ^  identical with those resonances in 5a and 5b, respec-
6c, R = CtHn; X = NPh 6d, R = C6Hn; X = NPh tively. The products from this reaction could not

. _ TI _ TI be separated by the conventional means but, by analogy
Ar — p-L6H5CGH4

values for n\ vicinal counlimrs in nvrrolidines Bb On (13) A- A- Bothner-By and A- CasteUano- LA0CN 3' Pr°8ram nl- Quan-P  o  P y   ̂ * turn Chemistry Program Exchange, Indiana University, Bloomington, Ind.,
the other hand, adducts 3b and 4b exhibit three distinct i968.
signals for the methoxycarbonyl protons in the range S (14) A similar result has been observed in 2,3-disubstituted indoles:

-I. , , / t  \ £ c  n  J o n  t t _ see C. Lagercrantz and M. Yhland, Acta Chem. Scand., 16, 1799 (1963);
3.6-4.0; coupling constants ( J 4f5) of 5.7 and 3.9 Hz A. a. Bothner-By, Advan. Magn. Resonance, 1, 205 (1965).
for 3b and 4b, respectively, indicate C4 H and C3 H (is) j . i . Musher and e . j . Corey, Tetrahedron, is, 791 (toes).
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T able I I
C hemical Sh ifts and Coupling Constants of M eth in e P rotons“

------------------------------ 5, ppm from (CHs)jSi----------------------------- , ,---------------------------------J ,  Hz--------------------------------- .
Adduct Hs H3 H4 H5 1/3,3 J  3,3 J t ,  &

3a 4.50 3.95 4.13 4.89 6.9 11.5  9.5
3b 4.57 3.55* 3.70* 4.91 1.0 . , . 4 5 .7
4a 4.63 3.39 3.88 5.00 3.5 9.0 8.3
4b 4.28 3.53 3.16 5.07 6.3 10.0 3.9
Sa 4.43 3.50 4.25 4.89 6.5 11.0  9.4
5b 4.44 3.46 3.24 4.81 0.8 3.0 6 . 6

6 a 4.63 3.29 3.80 5 .11  0.0 8.0 9.5
6 b 4.53 3.77 3.32 4.92 8.7 10.0 5.4
6 c 4 .11 3.504 3.65* 4.56 7.6 ..  , 4 8 . 8

7a 4.63 3.33 3.83 5.03 0.0 8.4 9.8
7b 4.53 3.75 3.36 4.85 8.7 10.3 5.4
8 a 4.45 3.10 3.58 4.98 0.0 8.0 9.6
8 b 4.49 3.70 3.26 4.86 8 . 8  10.0 5.4
9a 4.59 3.48 3.88 5.13 0.0 8.7 9.6
9b 4.44 ...»  ...»  4.80 8.3 ..  .<= 5.0

10a 5 .17  . . .  . . .  5.60 . . .  J M = 7.0
10b 4.81 . . .  . . .  5.31 . . .  J 2.5 = 4.6
Ha 5.15  . . .  . . .  5.5S . . .  / 2. 5 = 7.0
lib  4.81 . . .  . . .  5.31 . . .  J 2,-o = 4.5
13a . . .  . . .  3.73 5.0C . . .  . . .  5.4
13b . . .  . . .  3.70 4.93 . . .  . . .  6.0
14a . . .  . . .  4.43 5.26 . . .  . . .  13.0
14b . . .  . . .  4.39 5.19 . . .  . . .  13.4

“ Pmr spectra were determined at ca. 35° on a Varian Associates Model A-60 spectrometer as deuteriochloroform solutions with 
tetramethylsilane as internal standard (5 0.0); decoupling experiments were performed on a Varian Associates Model A-60D spectrom
eter equipped with a Model V-6058A field sweep spin decoupler. 4 Chemical shifts of H3 and H4 were nearly identical, giving rise to 
complex multiplets; coupling constants were not determined. c Resonance signals for H3 and Hi were masked by those of 9a.

to lb and N-phenylmaleimide, were assigned the S cheme I
structures 5a-5d. CH302C C02CH3

The adducts obtained from reaction of 2 molar Jab = 7.0Hz H \ /
equiv of dimethyl acetylenedicarboxylate and 1 mol 3'
equiv of aziridines la,b and 2a,b in refluxing benzene CH302C ' ' ^ \
were assigned the gross structure trimethyl l-alkyl-5- ?
(p-biphenyl)-A3-pyrroline-2,3,4-tricarboxylate (10a, b, j,
R  =  C6Hn; Ila,b, R =  f-C3H7) (Scheme I). The pmr ^ i0a,R = C6Hu
spectra of these compounds are unusual in that C2 H and / s '  llaR=i-C3H-
C5 H exhibit long-range coupling constants in the range la.2a ----------- ----------- 'V /  ’ n w r  tr
4 5-7 0 Hz 16 lb, 2b ------------*---------- S  Ar — p-C6H5CcH4 CHC|j

’  CFa0 2C -C = C -C 0 2C H A  rou n d s
Evidence for the A3-pyrroline structure was obtained \  t 3 '

from the variety of reactions and rearrangements these X a 250
compounds undergo (Scheme II). Thus oxidation of 
10b and lib  with chloranil in boiling xylene produced
the corresponding trimethyl l-alkyl-5-(p-biphenyl)- R
pyrrole-2,3,4-tricarboxylates 12a and 12b. In methanol I * *
containing a catalytic amount of sodium methoxide, CH 02CX > Ar
10b and lib  were tautomerized to a mixture of the
H4,H5-frans trimethyl l-alkyl-5-(p-biphenyl)-A2-pyrro- Ja,b=45Hz a / ===\ b
line-2,3,4-tricarboxylate (13a, R = C6Hu; 13b, R =  CHAC C02CH3
z-C3H7) and the corresponding H4,H5-cfs isomer (14a,
R = CeHn; 14b, R =  t-Call?). The structure and 10b, R = CcH,,
stereochemistry of compounds 13a,b and 14a,b were lib, R = ¿-C3H-
assigned on the basis of pmr spectroscopy. Just as in Ar = p-C6H5C6H4
the case of adducts 3a and 4a, the methoxycarbonyl
protons at C3 in 14a and 14b are shielded by ca. 0.8 spectively, are also in support of the assigned stereo-
ppm relative to the remaining methyl ester resonance chemistry. Deuterium was incorporated at C4 in 13a,b
Si5“ als i V ^ 1 Furthermore, the chemical and 14a b when the tautomerization was conducted
shitts ot C4H and C3H m 14a,b and 13a,b are as ex- in methanol-di. Aluminum oxide (Woelm, neutral,
pected for the anisotropic effects exerted by the aryl activity grade I) induced isomerization of 10b and
and methoxycarbonyl groups on these protons in the n b  to 14a and 14b, respectively.
two configurations. The observed coupling constants The reaction conditions had a pronounced effect 
( J 4,5) ot O.4-6.0 and 13.0 Hz, in 13a,b and 14a,b, re- 0n the proportions of 10a (or 11a) and 10b (or lib )

(16) Long-range couplings of similar magnitude have been observed in produced in the reaction of aziridines la,b (or 2a,b)
As-pyrroiines by Huisgen and Deyrup (ref 9). with 2 molar equiv of dimethyl acetylenedicarboxylate
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S cheme I I  

R

■ y ^CH302C ' '^ \ = = / ^ ' 'A r

c h 3o 2c  c o 2c h 3

10b, lib

CHjONâ  ̂ ^S'\A120J ^
I ^^CH,OH(D) |

chloranil

CH3Q2C - ^ D) g X ^  + 14a,b CHAC

CH30 2C C02CH3 N “ 1 Xoranil CH302C C02CH3
13a, b 14a, b

| e/a,b= 13.0 Hz

CH30 2C— — Ar

c h 3o 2c  c o 2c h 3

12a, b

R = C6Hn, ¿-C3H7
Ar = p-C6H5CcH4

in refluxing benzene. Thus, after a 24-hr period of and lb in an ether-methanol-di mixture containing a 
reflux, aziridine 2b and dimethyl acetylenedicarboxylate catalytic amount of sodium methoxide were refluxed 
afforded a mixture of 11a (50-60% ) and lib  (40-50% ) for 3 days. The respective isomers were recovered 
at which time ca. 75%  of the aziridine had been con- unchanged and without deuterium exchange at C3. 
sumed. The corresponding cfs-aziridine 2a under
identical reaction conditions also produced a mixture Discussion
of the H 2,H3-frans A3-pyrroline 11a (30-35% ) and the , . . . . . .
H 2,H3-m  A3-pyrroline lib  (65-70% ) with greater than ^11 of the aforementioned reactions of aziridines 
90%  of the aziridine having reacted. la ’b ,and 2a'b wlt l activated alkenes and dimethyl

Shorter periods of reflux (10-12 hr) resulted in an acetylenedicarboxylate conform to the concept of 1,3- 
increase in the amount of 11a, while only lib  could dipolar cycloaddition reactions as proposed by Hms-
be detected by pmr spectroscopy when the period of §en- Tbe thermal Pr0<fss of rmS cleavage of azin-
reflux was increased to 48 hr. Column chromatog- dines involves stereospecific, conrotatory ring opening8b
raphy (silica gel or Florisil) of a mixture of 11a (80%) Thus aziridines la  and lb would be expected to yield
and lib  (20%) resulted in isolation of only lib  (80%). the azomethineylides 15a and 15b respectively (Scheme
It was noted that, if chloroform or methanol solutions } U \ Tbe ybdes can either equilibrate and ring close
of the crude reaction mixtures containing both 11a back to the azindines (path A)8b'9 or, in the presence
and lib  were allowed to stand for 10-24 hr at room an unsaturnted substrate, undergo stereospecific
temperature, the sole detectable isomer was lib . In reaction to form five-membered-ring heterocycles (path 
me-hanol-di, the same mixture of 11a and lib  afforded B > " ‘  Mof\  such reactions are known to be stereo-
the H5,H5-m  A3-pyrrohne lib  as a mixture of the specific and hence concerted.1̂  The results obtained
deuterium-labeled and -unlabeled products. A pure fr° m reaction of azindines la  and lb with the fumarate
sample of lib  was recovered unchanged and without a? d maleate esters alone confirm that these reactions
deuterium exchange after standing for 24 hr at room also proceed stereospecificalA.
temperature in methanol-^. These results seem to , The cycloaddition to dipolarophiles competes with
suggest that the H 2,H6-franS-A3-pyrrolines 10a and 11a the equilibration process In the present investigation
are readily epimerized to the corresponding H2,H6-m  not e^en dimethyl acetylenedicarboxylate was reactive
isomers 10b and lib , respectively, and that the epimeri- enough to supress the equilibration of the cis and
zation occurs more rapidly in ‘polar solvents. As a ^ a z i r i d i n e s .  The fumarate and maleate esters
result, we have been unable to obtain pure samples we,re fou,nd to b e  W6f  ref cU^ \ , whlle fumarom- 
of 10a or 11a and thus to establish whether or not ^rile, maleimide, and N-phenylmaleimide were of about
the presence of unreacted aziridine or dimethyl acety- the same reactivity as the acetylene ester,
lenedicarboxylate catalyzes the isomerization. Orientation phenomena in 1,3-dipolar cycloaddition

The thermal equilibration of aziridines la and lb reactions have been discussed as an interplay of stenc
at 80° in benzene-^ was followed by pmr spectroscopy, and electronic factors.™.« In most instances the 1,3
and at equilibrium the mixture consisted of 38%  dipole reacted with unsymmetrically bonded dipolaro-
tVCIYIS and 62%  cis isomer. These same aziridines (17) (a) r, Huisgen, Angew. Chem., Intern. Ed. Engl., 2, 565 (1963); 
were not epimerized by strong base. Solutions of la  (b) tW., 2,633 ;i963); (c) r. Huisgen, j . Org. chem ., 33, 2291 (1968).
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T able I I I
I somer D istribution  in Cycloaddition R eactions

/------------------- Aziridine------------------- n Dipolarophile Adduct“ (% )
R  Configuration

CeHn cis Dimethyl fumarate6 3a (70), 3b (30)
C6Hu trans Dimethyl fumarate6 3a (50), 3b (50)
CeHn cis Dimethyl maleate11 4a (75), 4b (25)
C6Hh trans Dimethyl maleate' 4a (77), 4b (23)
C6IIii cis N-Phenyl maleimide" 6a (33), 6b (67)
C 6Hu trans N-Phenyl maleimide' 6a (35), 6b (10), 6c (40), 6d (15)
¿-C3H, cis N-Phenyl maleimide1’ 7a (35), 7b (65)
C6Hii cis Fumaronitrile' 5a (50), 5b (50)
C6Hh trans Fumaronitrile' 5a (20), 5b (20), 5c (30), 5d (30)
CeHn cis Maleimide' 8a (50), 8b (50)
CeHn cis Maleic anhydride' 9a (70), 9b (30)

0 Per cent of isomer formed in reaction. b Based on total product isolated. '  By electronic integration of appropriate resonance 
signals in the pmr spectrum of the cude reaction mixture.

« q  leading to the transition state. It is interesting to
/  note that, with the exception of N-phenylmaleimide,

* O / f k  ' aziridine la  and the remaining dipolarophiles employed
Ph produced mainly that isomer in which the C4 and C5

substituents are cis. The reverse was observed with
H V °  and N-phenylmaleimide (Table III). On the other
H c6Hu—Nr ' -! /  A^H hand, the corresponding irans-aziridine lb reacted with

A ^ o  N-phenylmaleimide to afford the all-cis cycloadduct
0  ^  / /yTSsH be in major amount. Conrotatory ring opening of
Ar ( j  Ar O the irans-aziridines would be expected to proceed in

a b such a manner as to minimize any steric compression
Figure 1. of the ring substituents during the rotation process.

Thus one might expect exclusive formation of ylide
, . ■ I , ,  , 15b from either la  or 2a. Figure 1 indicates the ori-phues which contained heteroatoms or which were , ; . . , 0 .. , °

of the alkene or alkyne series. Moreover, kinetic e? atl? n ° f t h ® >3 dlP.ole and the dipolarophile (N-
studies17b have amply demonstrated the influence of P jen y lm aW d e) required for formation of 6c and
steric factors on the rates of these cycloaddition re- 6d respectively. Approach of the two components
actions. In the present investigation, each of the as shown m Figure la  would be expected to be severely
azomethine ylides would be expected to produce two hlndered as a rf ult of ecll* T g r  T  ^  S®
adducts corresponding to two orientations of the 1,3 methoxycarbonyl groups of the 1 3  dipole with the
dipole and the dipolarophile in the activated complex f 0UpS ° f dipolarophile. Further non-

bonded interactions exist between the N-aryl and N-
alkyl groups in the two components, implying that 

S cheme III formation of 6d would be favored. However, the ori-
R' R' entation depicted in Figure la  is more like that pro-
I I posed for the Diels-Alder reaction, in which there

Ar^ ^R y R is maximum overlap of the 7r orbitals in the two com-
~~ ponents.18

’ ig()0 80o| The situation with the m-aziridine is further com-
\ ' plicated by the fact that ring opening may proceed

R, R, by either clockwise or counterclockwise rotation of
| I the substituents. Morevoer, until it can be demon-

.N + ^ .r -path A- __sN t^ /R  strated that the product distribution in these reactions
I ~ ' ' '  " '  is kinetically controlled, any attempt to explain these

Ar results in accordance with established concepts171*'0 is
15a 15b premature.

The isolation of A3-pyrrolines from reaction of aziri- 
path b|rc—CR RC=cR|pathB dines la,b and 2a,b vrith dimethyl acetylenedicarboxy-

late is in accordance with the results of other 
?  ?  workers6'81*'9’10a but is in contrast to the results reported
N jij by Padwa and Hamilton,71* in which cis- and trans-1-

^ \ _ > R  cyclohexyl-2-phenyl-3-benzoylaziridine reacted with
t / '  \  dimethyl acetylenedicarboxylate in refluxing benzene

/  \ /  \ and were reported to produce dimethyl 1-cyclohexyl-
R R R R 2-phenyl-o-benzoyl-A2-pyrroline-3,4-dicarboxylate and

R/ = CH ¡.q jj, dimethyl l-cyclohexyl-2-phenyl-5-benzoyl-pyrrole-3,4-
R = CH,02C dicarboxylate. The same dipolarophile, when heated

Ar = p-C6H5CGH4 (18) Woodward and x  Katz, Tetrahedron, 5, 70 (1959).
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to 78-100° with the respective cis and trans forms a catalytic amount of concentrated H2S04 gave the crystalline
of some l-aryl-2-carbonyl-substituted aZiridines8b'9 produCt (90%): mp 150-151°: pin* (CDC1.,) o 3.81 (s, 3 H 

„  , , TT TT . J . . methoxy), 6.48 (d, 1 H, J  = 16.6 Hz, a-vmyl), 7.2-7.7 (m, 9
afforaed H2,H¡-trans and H^Hs-cts A-pyrrohnes, re- H, aromatic), and 7.77 (d, 1 H, J  — 16.6 Hz, (3-vinyl); ir (CC14) 
spectively. The N-aryl-A3-pyrrolines were found to vc_0 1 7 2 5  cm -1; uv (CH3OH) 308 («29,000).
be stable under the reaction conditions. Anal. Calcd for C i6H140 2: C, 80.64; H, 5.92. Found: C,

These results lend support to our proposal that 80f f ; 5-80i.t „ . , . , ,, .
the N-alkyl-A3-pyrrolines . 0 ,  and H a ate conaider.bly J f f i ’ i S T i K S i Z S S
less stable than the N-phenyi-A3-pyrrolmes in that cinnamate in carbon tetrachloride: pmr (CDC1S) s 3.90 (s, 3
the former compounds readily undergo epimerization H, methoxy), 4.90 and 5.46 (two d, 1 H each, J  = 12.4 Hz,
to the corresponding H2,H6-m  isomers 10b and lib , C2H and C,H, respectively), and 7.1-7.8 (m, 9 H, aromatic);

respectively. The epimerization of the H „H erons ir for
isomer 10a m refluxing benzene does not appear to Found: C, 48.53; H, 3.52; Br, 40.30.
proceed by reversal of 10a to the aziridine and the Methyl «-Bromo-p-phenylcinnamate (cis and trans).— De-
dipolarophile with subsequent recombination, for, when hydrohalogenaticn of the dibromo ester with N-methylpiperidine
a benzene solution of 10a, 10b, and methyl m -l-cyclo- in refluxing benzene for 24 hr gave the desired a-bromo-a,5-
i i o j  o / u- n n o  • __unsaturated ester as a mixture of the cis and trans isomers.hexyl - 2-ch - 2 - (p-biphenyl) - 3 - azindmecarboxylate (lc) The ^  igomer gaye the following data; mp 128-129°;
was refluxed for 24 hr, pmr spectroscopy revealed pmr (CDCl3)a 3.83 (s, 3 H, methoxy), 7.1-8.0 (m, 9 H, aromatic),
that the sole adduct 10b contained no deuterium at and 8.25 (s, 1 H, vinyl); ir (CC14) vc-o, 1721 and 1734 cm-1;
C 5 . Presumably an important factor in the epimeriza- h  (Nujol) yc-o, 1725 cm-1; uv (CH3OH) Xmax 312 m^ (e 29,000).

tion is the basicity of the A3-pyrroline nitrogen atom. „  Ana.1;  ^ alnVA°r w °r os’ f«'59’ H’ 4'13; Br’ 25’19' 
However, until suitable evidence is available, specula- The a -g jsomer g av e  the following data: mp 65-66°; pmr 
tion concerning the mechanistic question of whether (CDC13) s 3.75 (s, 3 H, methoxy) and 7.2-7.6 (m, 10 H, aromatic
the epimerization proceeds by an intermolecular or and /3-vinyl proton); ir (KBr) yC_o 1723 cm -1; ir (CC14) 1733 
bv an intramolecular process must be postponed. cm~b UV̂ CH3? H^X““  ! e3 ’6T?0^ r

While the  ̂H2,H6-(rans A -pyrrohnes 10a and 11a B Aziridine Esters. Methyl l-Cyclohexyl-2-ip-biphenyl)-3- 
are the kinetically favored products, molecular models aziridinecarboxylate (cis and trans) (la ,b ).— A solution of 
indicate that the corresponding H2,H3-cis isomers 10b inros-methyl <x-bromo-p-phenyleinnamate (10 g, 3.15 mmol) in 
and lib  could possibly derive their apparent thermo- dry benzene (10 ml) containing cyclohexylamine (4.67 g, 47.2
dyn am ic sta b ility  from  relief of nonbonded in teraction s mm+o1) was s“  f° r 4 8  hr+at ro° m temperature. The reaction

J . AT ii i j  ,, , , n  mixture was diluted with ether, the precipitated amine salt was
b etw een  th e  N -a lk y l group and th e  sub stituen ts a t O 2 collected, and the solvent was evaporated under reduced pressure, 
and C 5. A  sim ilar exp lanation  can  b e in voked  to  The excess amine was removed under high vacuum with gentle
explain, a t lea st in  p art, th e  greater s ta b ility  o f th e  heating (ca. 40°) and the residue was diluted with low-boiling pe
r n  form s of som e l-alkyl-2 ,3-d ib en zoylazirid in es , 19 troleum ether (bp 30-60°). The solid material was extracted twice 
, ,, , n , r, i * • j* 12 i9 „ j  1 with hot petroleum ether and the remaining solid was recrystal-
1 - a lk y l - 2-aryl - 3- aro yla zm d m es , 1 2 ,19 and m eth yl 1- ^  fromP thig same solvent to afford 0 . 5  |  of pure meth/i
alkyl-2-aryl-3-aziridmecarboxylates relative  ̂ to the i-cyclohexyl-2-(p-biphenyl)-3-aziridinecarboxylate (la): mp
corresponding trans isomers and is the subject of a 122-124°; pmr (CDC13) s 1.0-2.0 (m, 11 H, cyclohexyl), 2.49 
forthcoming publication. and 2.88 (two d, 1 H each, J  — 7.0 Hz, C3 H and C2 H, respec

tively), 3.45 (s, 3 H, methoxy), and 7.2-7.7 (m, 9 H, aromatic); 
ir (CC14) vc-o 1752 and 1730 c u r 1; ir (Nujol) 1747 cm -1; 

Experimental Section uv (CH3OH) xmax 257 mu (e 23,900).
Anal. Calcd for C22H26N 02: C, 78.77; H, 7.51; N, 4.18; 

Melting points were determined by the capillary method and moi wt, 335.43. Found: C, 78.84; H, 7.63; N, 4.16; mol wt,
are uncorrected. Elemental analyses were performed by Micro- 3 3 5  (mass spectrum).
Tech Laboratories, Skokie, 111. The infrared spectra were de- The combined petroleum ether extracts were evaporated and
termined on Perkin-Elmer Model 237 and Perkin-Elmer Model the remaining oil was diluted with methanol. Cooling produced
2 1  instruments as solutions (carbon tetrachloride, chloroform), a crystalline solid which was recrystallized twice from methanol
potassium bromide disks, or neat. Ultraviolet spectra were to give 0.31 g of pure methyl ¿raras-l-cyclohexyl-2-(p-biphenyl)-3-
obtained with a Cary Model 11 or a Cary Model 14 instrument aziridinecarboxylate (lb ): mp 94-95°; pmr (CDC13) 5 1.0-2.0
employing methanol solutions. The 60-MHz nmr spectra were and 2.2-2.5 (two m, 11 H, cyclohexyl methylenes and methine,
determined on a Varian A-60 spectrometer and the chemical shifts respectively), 2.73 (d, l H , /  = 2.5 Hz, C3 H), 3.26 (br s, 1 H,
are reported in parts per million (S) relative to internal tetra- C 2 H), 3.71 (s, 3 H, methoxy), and 7.2-7.7 (m, 9 H, aromatic);
methylsilane (S 0.0). Mass spectral analyses were determined on ir (CC14) »c_o 1734 cm -1; ir (Nujol) 1727 cm-1; uv (CH3OH)
a Hitachi Perkin-Elmer RMU-6 D spectrometer operating at Xmax 257 m̂ i (e 26,600).
80 eV. _ Anal. Found: C, 78.60; H, 7.60; N , 4.21; mol wt, 335

Synthesis of cis- and imns-Methyl l-Alkyl-2-(p-biphenyl)-3- (mass spectrum), 
aziridinecarboxylates. A. Preparation of Methyl a-Bromo-p- Methyl l-Isopropyl-2-(p-biphenyl)-3-aziridinecarboxylate (cis
phenylcinnamate. irans-p-Phenylcinnamic Acid.— Condensation and trans) (2a,b).— A solution of the /rans-a-bromo-aA-unsatu-
of p-phenylbenzaldehyde (mp 57-58°, Kent Chemicals Ltd., rated ester (2.0 g, 6.3 mmol) dissolved in benzene (20 ml) was
Vancouver, Canada) with malonic acid according to the method treated with a 15-fold excess (5.57 g, 94.5 mmol) of isopropyl-
of Koo, et al.,n  afforded p-phenylcinnamic acid, mp 223-224° amine. After being stirred for 48 hr at room temperature, the
(lit. 22 mp 224-225°), in 97% yield. reaction mixture was diluted with ether, the amine salt was

irons-Methyl p-Phenylcinnamate.— Esterification of p-phenyl- removed, and the solution was evaporated to dryness. The
cinnamic acid in a refluxing benzene-methanol mixture containing residue was recrystallized from methanol and two successive

__________ crops of pure methyl irans-l-isopropyl-2-(p-biphenyl)-3-aziridine-
(19) (a) R. E. Lutz and A. B . Turner, J .  Org. Chem., S3, 516 (1968); carboxylate (2b), mp 122-124°, were obtained totaling 0.80 g:

(b) A B . Turner, J .  Irving, and J .  B . Bush, Jr ., J .  Amer. Chem. Soc . , 87, pmr (CDC13) S 1.03 and 1.12 (two d, 6  H, J  = 9.4 Hz, isopropyl
1050 (1965); (c) F. A. L. Anet and J .  M. Osyany, ibid., 89, 352 (1967), methyls), 2.73 (d, J  = 2.5 Hz), 3.25 (br s), and 2.7-3.4 (m)
footnote6 . ( 3  h , C 3 H, C 2 H, and isopropyl methine, respectively), 3.71

(2 0) P .B .  Weller and N .H . Cromwell, unpublished results. (s 3 H methoxv), and 7.2-7.7 (m, 9 H, aromatic); ir (CC14)
(21) J .  Koo, et al„ in “ Organic Syntheses,” Coll. Vol. IV , N. Rabjohn, Ed., d3- d j ( K R r  1725  c m - 1.

John vViley & Sons, Inc., New York, N. Y ., 1963, p 327. r n  L J  f e r  P  TT NTT • C  7 7  26 - H  7  17- N  4  74
(2 2 ) V. Skvarchenko, D. Tsybikova, and R. Levina, Zh. Obshch. Khim ., Anal. Calcd for C i9H2iN 02. C, 77.26, H, 7.17, JN, 4.74.

3 1  1819 (1 9 6 1 ). Found: C, 77.49; id, 7.zou, JN, 4./o.
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Evaporation of the methanol filtrate yielded an oil which was 2,5-d2-5-(p-biphenyl)-pyrrolidine-2,3,4-tricarbcxylate (3a'), mp
diluted with petroleum ether. Cooling produced 0.48 g of pure 147-148°, was produced by reaction of the deuterium-labeled
methyl cis-l-isopropyl-2-(p-biphenyl)-3,-aziridinecarboxylate aziridine ester lc and dimethyl fumarate in refluxing benzene:
(2a): mp 88-90°; pmr (CDC13) 8 1.20 (d, /  = 5.4 Hz) and 1.66 pmr (CDC1») 8 1.3-2.1 and 2.3-2.8 (two m, 11 H, cyclohexyl
(m, 7 H, isopropyl methyls and methine, respectively), 2.44 methylenes and methine, respectively), 3.11, 3.66, and 3.67
and 2.86 (two d, 1 H each, J  = 7.0 Hz, C2 H and C3 H, respec- (three s, 3 H each, three methoxy groups), 3.95 and 4.13 (two
tively), 3.40 (s, 3 H, methoxy), and 7.1-7.6 (m, 9 H, aromatic); d, 1 H each, J  = 11.5 Hz, C3 H and C4 H), and 7.1-7.9 (m, 9 H,
ir (CC14) yc_o 1727 and 1753 cm-1; ir (KBr) 1750 cm-1. aromatic).

Anal. Found: C, 77.22; H, 7.19; N, 4.78. Methyl cis-l-Cyclohexyl-2-di-2-(p-biphenyl)-3-aziridinecar-
C. Deuterium-Labeled Aziridine Esters. Preparation of Methyl boxylate (le ) and Dimethyl Fumarate.— Reaction of equimolar

a-Bromo-d-di-p-phenylcinnamate.— p-Phenylbenzaldehyde-di, mp quantities of le and dimethyl fumarate in refluxing benzene
57-58°, was prepared in a manner analogous to that described afforded trimethyl l-cyclohexyl-5-di-5-(p-biphenyl)pyrrolidine-
for benzaldehyde-di.23 Subsequent condensation with malonie 2,3,4-triearboxylate: mp 147-148°; pmr (CDCls) 8 1.3-2.1 and
acid, esterification, bromination, and dehydrohalogenation as 2.3-2.8 (two m, 11 H, cyclohexyl methylenes and methine,
previously described afforded frans-methyl a-bromo-j3-di-p-phe- respectively), 3.11, 3.66, and 3.67 (three s, 3 H each, three
nylcinnamate, mp 129-130°. methoxy groups), 3.99-4.35 (m, 2 H, C3 H and C4 H), 4.50 (d,

Methyl l-Cyclohexyl-2-(p-biphenyl)-2-di-3-aziridinecarboxylate 1 H, J  =  6.9 Hz, C2 E ), and 7.1-7.9 (m, 9 H, aromatic).
(as and trans) (lc ,d ).— These compounds were prepared by re- Computer simulation of the pmr spectrum of this adduct and
action of frans-methyl a-bromo-d-di-p-phenylcinnamate with a spin-decoupling experiments permitted assignment of chemical
15-fold excess of cyclohexylamine in benzene. The products shifts of 5 3.95 and 4.13 for C3 H and C4 H, respectively, 
were isolated as described for the synthesis of la  and lb. The Methyl irons-l-Cyclohexyl-2-(p-biphenyl)-3-aziridinecarboxy-
ring-proton spectra of the deuterium-labeled aziridines lc  and Id late (lb ) and Dimethyl Fumarate.— The fraras-aziridine ester lb
consisted of singlets at 8 2.88 and 2.73 for the cis (lc ) and trans and dimethyl fumarate in refluxing benzene (48 hr) reacted to
(Id) forms, respectively, and confirmed the previous chemical- give 44% crystalline pyrrolidine 3a and 45% isomeric adduct 3b. 
shift assignments of the ring protons in la  and lb . Methyl ws-l-Cyclohexyl-2-(p-biphenyl)-3-aziridinecarboxylate

Methyl l-Cyclohexyl-2,3-d2-2-ip-biphenyl)-3-aziridinecarbox- (la ) and Dimethyl Maleate.— Refluxing a benzene (10 ml) solu-
ylate (cis and trans) (le ,f).— Reaction of cyclohexylamine-N-d224 tion of the cis aziridine ester la  (335 mg, 1.0 mmol) and dimethyl
with the deuterium-labeled a-bromo-a,/3-unsaturated ester as maleate (144 mg, 1.0 mmol) for 24 hr gave, after removal of the
described for the synthesis of la and lb produced the deuterium- solvent, a pale yellow oil. Column chromatography (Florisil,
labeled aziridine esters le and If. The ring-proton spectra of 50 g) of the crude material afforded 320 mg (67%) of a colorless
these compounds indicated >90% deuterium labeling at C2 and C3. oil from early 3% ether-benzene fractions after initial elution of

1,3-Dipolar Cycloaddition Reactions with Activated Olefins. small amounts of unreacted aziridine and dimethyl maleate with
General Procedure.— Equimolar quantities of the aziridine and benzene (1 1.). The oil was diluted with a small amount of
the dipolarophile were refluxed in dry benzene for 24r-48 hr, methanol and cooled to yield white granules of H2,H3-ira?is-H3,H4-
after which time the solution was filtered. In all cases, evapora- cis-H4,H5-cts trimethyl l-cyclohexyl-5-(p-biphenyl)pyrrolidine-
tion of the solvent under reduced pressure afforded a pale yellow 2,3,4-triearboxylate (4a): mp 92-93°; pmr (CDC1S) 8 0.7-2.2
to yellow oil which was chromatographed on silica gel, alumina, and 2.3-2.8 (two m, 11 H, cyclohexyl methylenes and methine,
or Florisil. respectively), 3.15 (s, 3 H, methoxy of C4 substituent), 3.39 (d of

Methyl m-l-Cyclohexyl-2-(p-biphenyl)-3-aziridinecarboxylate d, 1 H, J  = 9.0, 3.5 Hz, C3 H), 3.67 and 3.76 (two s, 3 H each,
(la ) and Dimethyl Fumarate.— A sample (335 mg, 1.0 mmol) of two methoxy groups), 3.88 (d of d, 1 H, /  = 9.0, 8.3 Hz, C4 H),
the aziridine ester la  and diethyl fumarate (144 mg, 1.0 mmol) 4.63 (d, 1 H, /  = 3.5 Hz, C2 H), 5.00 (d, 1 H, J  = 8.3 Hz,
in benzene (10 ml) was refluxed for 24 hr, cooled to room tem- C6 H), and 7.3-7.8 (m, 9 H, aromatic); ir (KBr) TO-o 1725,1730,
perature, and filtered. The pale yellow oil obtained after re- and 1735 cm“1.
moval of the solvent was diluted with methanol and cooled to Anal. Calcd for C23H33N 06: C, 70.12; H, 6.94; N, 2.92; 
afford 310 mg (63%) of H2,H3-eis-H3,H4-trans-H4,H6-CTS tri- mol wt, 479.55. Found: C, 70.10; H, 6.90; N, 2.90; mol wt]
methyl l-cyclohexyl-5-(p-biphenyl)pyrrolidine-2,3,4-tricarboxy- 479 (mass spectrum).
late (3a) as a crystalline solid: mp 146-148°; pmr (CDC13) 8 Further elution with ether gave 105 mg (22%) of a crystalline
1.3-2.1 and 2.3-2.8 (two m, 11 H, cyclohexyl methylenes and solid which was recrystallized from methanol and identified as
methine, respectively), 3.11 (s, 3 H, methoxy of C4 substituent), H2,H3-m-H3,H4-cis-H4,H5-ircms trimethyl l-cyclohexyl-5-(p-bi-
3.66 and 3.67 (two s, 3 H each, two methoxy groups), 3.99-4.35 phenyl)pvrrolidine-2,3,4-tricarboxylate (4b): mp 122-124°;
(m, 2 H, C3 H and C4 H), 4.50 (d of d, 1 H, J  = 6.9, 0.6 Hz, pmr (CI)C13) 5 0.8—2.0 and 2.2—2.7 (two m, 11 H, cyclohexyl
C3 H), 4.89 (br d, 1 H, J  = 9.5 Hz, C 5 H), and 7.1-7.9 (m, 9 H, methylenes and methine, respectively), 3.16 (d of d 1 H
aromatic); ir (KBr) „c_o 1730 and 1744 cm“ 1. J  = 3.9, 10.0 Hz, C4 H), 3.53 (d of d, 1 H, J  = 10 0 6 3 Hz

Anal. Calcd for C28H33N 06: C, 70.12; H, 6.94; N, 2.92; C3 H), 3.67, 3.73, and 3.75 (three s, 3 II each, three’methoxy
mol wt, 479.55. Found: C, 70.06; H, 6.93; N, 3.04; mol wt, groups), 4.28 (d, 1 H, J  = 6.3 Hz, C2 II), 5.07 (d 1 H J  = 3 9
479 (mass spectrum). . Hz, C5 H), and 7.3-7.S (m, 9 H, aromatic); ir (KBr) rc-o

The methanol nitrate was evaporated to dryness and the resid- 1742 cm-1, 
ual oil was chromatographed on a column of Florisil (13 g). Anal. Found: C, 70.18; H, 6.93; N, 3.02; mol wt, 479 
Elution with benzene (500 ml) and then with 3%  ether—benzene (mass spectrum).
(300 ml) gave small amounts of unreacted aziridine ester la and The reaction was repeated in refluxing toluene and the per-
dimethyl fumarate in the benzene fractions. The ether-benzene centages of 4a and 4b were determined to be 83:17, respectively
eluents contained 125 mg (26%) of a colorless oil which resisted by pmr spectroscopy.
all attempts to induce crystallization. This material was recog- Methyl ¿r<ms-l-Cycbhexyl-2-(p-biphenyl)-3-aziridmecarboxy-
mzed as being isomeric with the crystalline pyrrolidine 3a and late (lb ) and Dimethyl Maleate.— Reaction of theirans-aziridine
assigned the structure H2,H3-;£?Yi7is-H3,H4-iirci7i$-H4,H5-£ra7is tri- ester lb and dimethyl maleate in refluxing benzene (48 hr)
methyl l-cyclohexyl-5-(p-biphenyl)pyrrolidine-2,3,4-tricarboxy- produced 70 and 21%  4a and 4b, respectively
late (3b) on the basis of spectral data: pmr (CDC13) 8 0.6-2.3 Methyl cis-l-Cyciohexyl-2-(p-biphenyl)-3-aziridinecarboxylate
and 2.4-3.0 (two_m, 11 H, cyclohexyl methylenes and methine, (la ) and Fumaronitrile.— A sample (335 mg, 1.0 mmol) of the
respectively), 3.55-3.70 (m, 2 H, C3 H and C4 H), 3.77 and 4.00 ds-aziridine was dissolved in benzene (10 ml) containing fumaro-

ow n  a®6, '2ret 0̂ X y ^  (d’ j  {  = 1 •« Hz> nitrile (78 mg, 1.0 mmol) and the resulting solution was refluxed 
C2 H), 4.91 (br d, 1 H, J  5.7 Hz, C6 H), and 7.3-7.8 (m, 9 H, for 24 hr. The oil remaining after evaporation of the solvent
aromatic); ir (OU4) vc-o 1743 cm ; mol wt, 479 (mass spec- was chromatographed on a column of Florisil (50 g) and initially

• , „  , . , „ „ , ,, . .  eluted with benzene (503 ml) to afford small amounts of the two
Methyl as-l-Cyclohexyl-2,3-d2-2-(p-biphenyl)-3-azmdinecar- reactants. Subsequent elution with 2%  ether-benzene afforded 

boxylate (lc ) and Dimethyl Fumarate .-Trim ethyl 1-cyclohexyl- 360 mg of a colorless oil. Crystalline material was obtained by
diluting the oil with ether and addition of pentane until turbid.

(23) D. Seebach, R. W. Erickson, and G. Singh, J .  Org. Chem., 31, 4303 'i lia  crystalline solid analyzed correctly for the gross structure
(1966). methyl l-cyclohexyl-3,4-dicyano-5-(p-biphenyl)pyrrolidine-2-car-

(24) D. B . Denney and M. A. Greenbaum, J . im er. Chem. Soc., 79, 3701 boxylate. The pmr spectrum of this material indicated a mixture
(19S7)- of two isomers in a ratio of at. 1 :1 .
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Anal. Calcd for C 26H27N 30 2: C, 75.52; H, 6.58; N, 10.16. elution with a 3% ether-benzene mixture (1.5 1.) gave a mixture 
Found: C, 75.33; H, 6.56; N, 10.29. of two isomeric adducts. Recrystaflizationfromaminimal amount

A pure sample of H2,H3-CTs-H3,H4-irams-H4,H5-cfs methyl 1- of ether gave 300 mg (29%) of crystalline material, mp 205-207°, 
cyclohexyl-3 ,4-dicyano-5-(p-biphenyl)pyrrolidine-2-earboxylate which was assigned the structure of H2,H3-as-H3,H4-«'s-H4,H5- 
(5a), mp 138-141°, was obtained by column chromatography of cis methyl l-cyclohexyl-5-(p-biphenyl)pyrrolidine-2-carboxylate 
the mixture on alumina and elution with benzene: pir.r (CDC13) N-phenyl-3,4-dicarboximide (6 c): pmr (CDC13) 8 0.7-2 . 1  and
8 0.7-2.0 and 2.1-2.8 (two m, 11 H, cyclohexyl methylenes and 2.2-3.0 (two m, 11 H, cyclohexyl methylenes and methine,
methine, respectively), 3.50 (d of d, 1 H, 7  = 6.5, 11.0 Hz, respectively), 3.5-3.7 (m, 2  H, C 3 H and C 4 H), 3.83 (s, 3 H,
C3 H), 3.85 (s, 3 H, methoxy), 4.25 (d of d, 1 H, 7  = 9.4, 11.0 methoxy), 4.11 and 4.56 (two m, 1  H each, C 2 H and C3 H, re-
Hz, 4.43 (d, 1 H, 7  — 6.5 Hz, C 2 H), 4.89 (d, 1  H ,7  = 9.4 Hz, spectively) (these assignments and couplings of 7.6 and 8 . 8  Hz,
C 6 H), and 7.3-7.7 (m, 9 H, aromatic); ir (KBr) xc»n 2252 respectively, were verified by spin-decoupling experiments) and
cm-1; xc-o 1735 cm-1. 6.8-7.8 (m, 14 H, . aromatic); ir (KBr) xc-o 1715 and 1760

The second product was assigned the structure H2,H3-inms- cm-1.
H3,H4-frares-H4,H5-irims methyl l-cyclohexyl-3,4-dicyano-5-(p- Anal. Found: C, 75.43; H, 6.28; N, 5.60. 
biphenyl)pyrrolidine-2 -carboxylate (5b) on the basis of pmr spec- The ether filtrate was reduced in volume and diluted with
tral data. This product could not be isolated without con- pentane. Cooling afforded 90 mg (9%) of 6b. The column was
tamination of 5a and apparently decomposed during chromatog- washed with ethyl acetate (250 ml) to give only trace amounts of
raphy of the crude material on alumina: pmr (CDC13) 5 0.7- material.
2 . 0  and 2 .1 - 2 . 8  (two m, 1 1  H, cyclohexyl methylenes and methine, When the experiment was repeated and monitored by pmr
respectively), 3.24 (d of d, 1 H, J  = 6 .6 , 3.0 Hz, C3 H), 3.46 spectroscopy as described for the reaction of la  with fumaro- 
(d of d, 1 H, J  = 3.0, 0.8 Hz, C 3 H), 3.78 (s, 3 H, methoxy), nitrile, a fourth methyl ester resonance signal was observed which
4.44 (d, 1 H, 7  = 0.8 Hz, C2 H), 4.81 (d, 1 H, J  = 6 . 6  Hz, did not correspond to the signals for 6a-6c and was ascribed to the
C 5 H), and 7.3-7.7 (m, 9 H, aromatic). presence of 6d. The percentages of the four isomeric adducts

The reaction was repeated and monitored by pmr spectroscopy. 6a-6d were estimated to be 25:10:40:15, respectively.
A solution of the cfs-aziridine ester la  (167 mg, 0.5 mmol) and Methyl as-l-Cyclohexyl-2-(p-biphenyl)-3-aziridmecarboxylate
the dipolarophile (39 mg, 0.5 mmol) in benzene-ds (0.3 ml) was (la ) and Maleimide.— A solution of aziridine la (167 mg, 0.5
transferred to an nmr tube, and the tube was sealed and placed mmol) and maleimide (49 mg, 0.5 mmol) in benzene (5 ml) was
in an oil bath maintained at 80 ±  1°. A t 8 -hr intervals the re- refluxed for 24 hr and the solvent was evaporated. The residue
action mixture was examined by pmr spectroscopy. After 32 hr, was recrystallized from methanol-chloroform (1:1, v/v) to afford
all aziridine had been consumed and 5a and 5b were present in 8 6  mg (40%) of H2,H3-ircros-H3,H4-cfs-H4,H5-CTS methyl 1-cyclo
equal amounts. The methyl ester resonance signals for 5a and hexyl-2-(p-biphenyl)pyrrolidine-2-carboxylate 3,4-dicarboximide
5b were located at 8 3.53 and 3.56, respectively. (8a), mp 211-212°. The analytical sample, recrystallized from

Methyl irans-l-Cyclohexyl-2-(p-biphenyl)-3-aziridinecarbox- methanol, was found to contain water of crystallization: pmr
ylate fib) and Fumaronitrile.— The reaction of the frons-aziridine (CDC13) 8 0.7-2.0 and 2.3-2.8 (two m, 11 H, cyclohexyl methyl-
ester lb with fumaronitrile in benzene at 81° was monitored as enes and methine, respectively), 3.10 (d, 1 H, 7  = 8.0 Hz, C3 H),
described for reaction of la with fumaronitrile. After 48 hr, 3.58 (d of d, 1 H : 7  = 9 .8 , 8 . 0  Hz, C 4 H), 3.73 (s, 3 H, methoxy),
the reaction mixture was examined by pmr spectroscopy. Four 4.45 (s, 1 H, C 2 H), 4.98 (d, 1 H, J  = 9.8 Hz, C 5 H), and 7.1-7.7
distinct methvl ester resonance signals were observed at 3 3.53 (m, 10 H, aromatic and NH); ir (KBr) xnh 3400 cm-1; xc-o
(5a, 20%), 3.56 (5b, 20%), 3.58 (5c, 30%), and 3.61 (5d, 30%). 1720 and 1780 cm -1.

Methyl eis-l-Cyclohexyl-2-(p-biphenyl)-3-aziridinecarboxylate Anal. Calcd for C 2oH28N 20 4 -H20: 0 ,6 9 .3 1; H, 6.71; N,
(la ) and N-Phenylmaleimide.— A sample (335 mg, 1.0 mmol) of 6.22. Found: 0,69.41; H, 6.63; N, 6.11. 
the cis-aziridine ester la  and N-phenylmaleimide (173 mg, 1.0 Evaporation of the filtrate afforded a colorless oil which was
mmol) in benzene (10 ml) was refluxed for 24 hr and the crude chromatographed on a column of silica gel (5 g). Initial elution
reaction mixture was chromatographed on a column of Florisil wdh benzene (200 ml) gave small amounts of unreacted starting
(50 g). Initial elution with benzene (500 ml) gave small amounts materials. H2,E 3-cfs-H3,H4-ci's-H4,H6-irans methyl 1-cyclohexyl-
of unreacted aziridine and dipolarophile while a colorless solid 5-(p-biphenyl)pyrrolidine-2-carboxylate 3,4-dicarboximide (8b)
was obtained .upon further elution with benzene (500 ml) and was obtained as" a crystalline solid" (75 mg, 35%), mp 220-221°,
3% ether-benzene (250 ml). This material was recrystallized from 4 %  ethyl acetate-benzene fractions: pmr (CDCls) 8 0.7-
from methanol to give 300 mg (59%) of pure H2,H3-c?'s-H3,H4- 2 . 0  and 2 .1-2.7 (two m, 11 H, cyclohexyl methylenes and
cfs-H,,H6-irans methyl l-cyclohexyl-5-(p-biphenyl)pyrrolidine- methine, respectively), 3.26 (d of d, 1 H, 7  = 10.0, 5.4 Hz,
2-carboxylate N-phenyl-3,4-dicarboximide (6b): mp 191-192°; c< H )( 3  7 0  (d 0f d, /  = 8 .8 , 10.0 Hz) and 3.71 (s, 4 H, C3 H and
pmr (CDCln) 8 0.8-2.0 and 2.2-2.9 (two m, 11 H, cyclohexyl methoxy), 4.49 (d, 1 H, 7  = 8 . 8  Hz, C 2 H), 4.86 (d, 1 H, 7  =
methylenes and methine, respectively), 3.32 (d of d, 1 H, J  = 5 . 4  Hz, C5 H), and 7.2-7.8 (m, 10 H, aromatic and NH); ir(KBr)
10.0, 5.4 Hz, C4 H), 3.66 (s, 3 H, methoxy), 3.70 (d of d, 1 H, yNH 3 4 5 0  cm- i; V0_ 0  1 7 0 1 , 1742, and 1779 cm"1.
J  = 8.7, 10.0 Hz, C3 H), 4.53 (d, 1 H, /  = 8.7 Hz  ̂ C2 H), 4.92 Caicd for C26H28N204: C, 72.20; H, 6.53; N, 6.48.
(d, 1 H, J  = 5.4 Hz, C6 H), and 7.1-7.7 (m, 14 H, aromatic); Found: Cj 72.61; H, 6.63; N, 6.37.
ir (KBr) xc-o 1790 and 1725 cm 1 „  The adducts 8a and 8b were found to be present in equal

Anal. Calcd for C32H32N20 4. C, 75.57, H, 6.34, N, 5.5 . amounte as determined from the pmr spectrum of the crude 
Found: C, 7o.55; H, 6.35; N, 5.65. reaction mixture.

Further elution with 3%  ether-benzene afforded a colorless Methyl as-l-Cyclohexyl-2-(p-biphenyl)-3-aziridmecarboxylate
oil which was crystallized by the addition o^entane Recrystal- ( u )  Anhydride .-Refluxing a benzene (5 ml) solution
lization from an ether pentane mixture gave 150 mg (30%) f the cig azirjd:ne la (167 mg, 0.5 mmol) and maleic anhydride
sohd material, mp 150-151 which was assigned the structure * th g mmoi) {J  24 hrgand evaporation of the solvent af- 
of H2 H3-fm»S-H3,H4-CTS-H4,H3-a S methyl l-cyclohexyl-5- p-bi- , vel/ow oiL Crystalline material, mp 159-180°,

i ^ T c D C n s '  0 8 T o  and 2 2  2T ftw o ’ m 1 1 was obtained by dilution with ether and addition of pentane (6a) pmr (CDC13) 8 0.8 2.0 and 2.2 2.8 (two m, 11 H, eye o turbid_ aepeated recrystallization did not improve the
hexyl metl^lenes and methine, respectively), 3.29 (d, 1 H ,/  melting point. The infrared spectrum (KBr) exhibited prom-

8 0 Hz’ C  H) ¿ 63%  1 ¿ “ c  hT  5 11 (d 1 H 7 = 9 5 Hz’ merit carbonyl absorptions at 1722, 1785, and 1866 c m '1. Ele-8.0 Hz, C. H), 4.63 (s, 1 H  U  H), 5.11 (d,, 1 M, J fl.5 z, mental analysis 0f the solid was consonant with the molecular
’ an- ? 7 '° -7 -7 14 H’ aromatlc)’ ir (KB^  vc~° 1770 d formula C26H27N 05. Pmr spectral data indicated the presence

1750 cm • o f tw o  isomeric compounds, the structures of which were assigned

Methyl trans-1 -Cycloheicyl’2 -(p-biphenyl)-3-azmdinecarbox- “

S e Z S b “  0*n,g“ o ~  S ,n dN -rh “ J  U j M .  3 ^ - r b o .y lg .n b y d r id e  (». .»d 
maleimide (346 mg, 2.0 mmol) was refluxed for 48 hr. Evapora- Anal. Calcd for C2eH2,N 05 C 72.02, H, 6.28, JN, 3.23.
tion of the solvent afforded a pale yellow oil which was chro- Found: 0,72.01, l i ,b .d i, « ,3 .23. .
mategraphed on Florisil (70 g). Elution with benzene (1.5 1.) Compound 9a gave the following data, pmr (ClJOb) «
gave small amounts « 1 0 % )  of unreacted starting materials in 0.7-2.1 and 2.2-2.S (two m, cyclohexyl methylenes and methine,
early fractions and 300 mg (29%) of 6a in later fractions. Further respectively), 3.48 (d, 7  = 8.7 Hz, Cs H), 3.76 (s, methoxy),
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3.88 (d of d, J  = 9.8, 8.7 Hz, C4II), 4.59 (s, C2 H), 5.13 (d, J  = Oxidation of H2,H5-cfs Trimethyl l-Cyclohexyl-5-(p-biphenyl)-
9 . 6  Hz, C5 H), and 7.2-7.8 (m, aromatic). A3-pyrroline-2,3,4-tricarboxylate (10b).—A solution of 10b

Compound 9b gave the following data: pmr (CDC13) S 3.73 (238 mg, 0.5 mmol) and chloranil (246 mg, 1.0 mmol) in xylene
(s, methoxy), 4.44 (d, J  = 8.3 Hz, C2H), and 4.80 (d, J  = 5.0 (15 ml) was refluxed for 6  hr. The cooled sclution was diluted
Hz, C5H). with ether (50 ml), and washed successively with three 20-ml

Electronic integration of the appropriate resonance signals in portions of 4% aqueous sodium hydroxide solution containing
the pmr spectrum of the crude material indicated 70% 9a and 1% sodium bisulfite and then with water. The organic layer
30% 9b was dried (anhydrous MgS04) and the solvent was evaporated.

° Methyl CiS-l-Isopropyl-2-(p-biphenyl)-3-aziridinecarboxylate The residue was reciystallized from methancl to afford 75 mg
(2a) and N-Phenylmaleimide.—A solution of the cis aziridine (31%) of trimethyl l-cyclohexyl-5-(p-biphenyl)pyrrole-2,3,4-
2 a (295 mg, 1.0 mmol) and N-phenylmaleimide (173 mg, 1.0 tricarboxylate (1 2 a): mp 1 <6-178 ; pmr (CDCI3) S 0.8 -2 .5
mmol) was refluxed in 10 ml of benzene for 24 hr. Evaporation (“ > 1 0  H- cyclohexyl methylene) 3 6 6 , 3.83 and 3.91 (three s
of the solvent gave a pale yellow oil which was chromatographed 3  H, each, three methoxy groups), 3.8-4.6 (m, 1 H, cyclohexyl
on Florisil (40 g) and eluted as previously described for reaction methine), and 7.3-7.8 (9 H, aromatic), lr (KBr) pc=o 1705,
of la with N-phenylmaleimide. The first eluted product (260 1 7 3 0 , ~ ~ „„ __ rj c ^  -kt *
mg, 55%) was recrystallized from methanol and assigned the Anot. (-'mcd *or̂ 28̂ 29̂ ;C6: O, 70.72, H, 6.15; N, 2.95.
structure R^liz-cis-H^Ki-cis-IUMs-trans methyl 1-isopropyl-5- F°^ .j , F ’ , r  * u , - , . . .(p-biphenyl)pyrrolidine-2-carboxylate N-phenyl-3,4-dicarboxi- Oxidation of H4,H5-os Trimethyl l-Cyclohexyl-5-(p-biphenyl)-
mide (7 b): mp 185-187°; pmr (CDCU)'i 0.81 and 1 . 1 1  (two d, A3-pyrrolme-2,3,4-tricarboxylate (14a).-A sample (119 mg,
6  H, /  = 7.0 Hz, two methyls), 2.95 (m, 1 H, isopropyl methine), ° ' 2 6  mf o1) ofr14a was oxidized with chloranil as described for
3.36 (d of d, 1 H, /  = 5.4,10.3 Hz, C, H), 3.65 (s, 3 H, methoxy), the oxidation of 1 0 b to afford 24 mg (20%) of 1 2 a.
3.75 (d of d, 1 H, J  = 8.7, 10.3 Hz, C4 H), 4.53 (d, 1 H, J  = Base-Catalyzed Isomerization of H2,H6-m Tnmethyl 1-Cyclo-
8.7 Hz, C2 H), 4.85 (d, 1 H, J  = 5.4 Hz, C6 H), and 7.2-7.S (m, hex7 l-5 -(P-biphenyl)-A3-pyrroline-2 ,3 ,4 -tricarboxylate (10b).—
14 H, aromatic); ir (KBr) rco 1705,1725, and 1775 cm“1. A samPle .(238 ° - 5  of, 10b m methanol (10 ml) was

Anal. Calcd for C2DH28N204: C, 74.34; H, 6.02; N, 5.98. treated ™th sodium methoxide (5 mg). A deep yellow color 
■c j . n 1 0 . tr cm . h cm developed immediately and the solution was allowed to stand

Tr tt . tttt • tt tt • .a , . • i c / u* for 24 hr at room temperature, after which time the solvent wasH2,Ha-irans-HsHi-os- IE,Ii5- as  methyl l -isopropyl-5-(p-bi- ated under re/ uced pressure. The residue was diluted
phenyl )py rrolidine - 2 - earboxylate N - phenyl - 3,4 - dicaxboximide with eth washed with water> and dried (anhydrous MgS04).
(7a) was obtained from 3% ether-benzene fractions. Reciystal- The brfght Uow oil which remained after evaporation of the
hzation from methanol afforded 140 mg (30%) of pure 7a: mp , t was ohromatoaraDhed on a column of silica eel (15 al171-172°; pmr (CDC13) S 0.81 and 1.16 (two d, 3H, /  = 7.0 solvent was chromatographed on a column ot silica gel (io g).

‘ i N o mw 1 xj • i ,/• n o oo A small amount (10 mg) of a bright yellow material was elutedHz isopropyl methyls), 3.021 (m 1 H, isopropyl methine) 3.33 with % eth j acetate4enzene (500 ml), and a colorless oil was
V  Ut’-  l  f  r \ <  l  &  l  methoxy), T83 (two d, obtained ̂  elution wlth 2% ethyl aeetate-benzene. Crystal-

’ ' ’ ‘ ’ , ‘ ,  ' ,  ’ TT ’ 2 i ( lization was induced by dilution with ether and then addition ofJ  ~ 7.1-7.8  (m, 14 H, aromatic); ir (KBr) pentane untu CooUng produced ^  crygtals
rc o 1710,1725,1770 cm  ̂ (175 mg, 74%) of H4,H5-irans trimethyl l-cyclohexyl-5-(P-

Anal. round. O, 74.14, H, 6.22, iN, 5.94. biphenyl)-A2-pyrroline-2,3,4-tricarboxylate (13a): mp 130-131°;
Electronic integration of the pmr spectrum of the crude pmr (CDCla) 5 0 .8-2 . 2  and 2.8-3.3 (two m, 1 1  H, cyclohexyl

material indicated the percentages of 7a and 7b to be 35.65, methylenes and methine, respectively), 3.63 (s, 3 H, methoxy),
respectively. 3 . 7 3  (d> 1  H, J  = 5.4 Hz, C4 H), 3.76 and 3.96 (two s, 3 H each,

Dipolar Cycloaddition Reactions with Dimethyl Acetylene- two methoxy groups), 5.00 (d, 1 H, J  = 5.4 Hz, C5 H), and
dicarboxylate. General Procedure.—Benzene solutions of 1 7.2-7.8  (m, 9 H, aromatic); ir (KBr) vc-o 1730 and 1745 cm-1,
molar equiv of the aziridine ester and 2  molar equiv of dimethyl „c_c 1685 and 1600 cm-1.
acetylenediearboxylate were refluxed for varying periods of ~Anal. Calcd for C28H31N06: C, 70.42; H, 6.54; N, 2.93. 
time, the solvents were removed under reduced pressure, and the Found: C, 70.63; H, 8.62; N, 2.88.
residue was examined by pmr spectroscopy. The products The experiment was repeated in methanol-ii, as solvent and
were isolated by column chromatography on silica gel or Florisil. the ether extracts were washed with D20 during work-up.

Methyl c7s-l-Cyclohexyl-2 -(p-biphenyl)-3 -aziridinecarboxylate The pmr spectrum of the crystalline solid, mp 130-131°, ob-
(la) with Dimethyl Acetylenedicarboxylate.—A solution of this tained upon column chromatography of the crude material was
aziridine (335 mg, 1.0 mmol) and the dipolarophile 284 mg, 2.0 identical with that of 13a, with the exception that the high-field
mmol) was refluxed in benzene (10 ml) for 24 hr. The solvent doublet ascribed to C4 H was absent and the resonance signal
was removed and the residue was chromatographed on silica for C5 H appeared as a slightly broadened singlet at 8 5.00.
gel (40 g). The column was eluted successively with 50% Oxidation of H4,H5-imiis Trimethyl l-Cyclohexyl-5-(p-biphenyl)- 
petroleum ether-benzene (250 ml), benzene (500 ml), and 1% A2-pyrroline-2,3,4-tricarboxylate (13a).—A solution of 13a
ethyl acetate-benzene (500 ml). The benzene and ethyl acetate- (238 mg, 0.5 mmol) was oxidized with chloranil (246 mg, 1.0
benzene fractions contained the excess dimethyl acetylenedi- mmol) in refluxing xylene. After 10 hr, the product was iso-
carboxylate. Further elution with ethyl acetate-benzene mix- lated as described for oxidation of 10b to 12a to afford 50 mg
tures (1:49, 500 ml; 3:97,500 ml; 2:48, 500ml)afforded380mg (21%)ofl2a.
(80%) of a pale yellow oil. This material could not be obtained Methyl inms-l-Cyclohexyl-2-(P-biphenyl)-3-aziridinecarboxyl-
in a crystalline form and was assigned the structure H2,H5- ate (lb) and Dimethyl Acetylenedicarboxylate.—A sample
cis trimethyl l-cyclohexyl-5-(p-biphenyl)-A3-pyrroline-2,3,4-tri- (335 mg, 1.0 mmol) of the ¿rons-aziridine ester lb and the di
carboxylate (10b) on the basis of spectral and chemical evidence polarophile (284 mg, 2.0 mmol) in benzene (10 ml) was heated
cited below: pmr (CDC13) S 0.8-2.8 and 2.3-2.8 (two m, 11 H, to reflux, during which time the solution developed a deep red
cyclohexyl methylenes and methine, respectively), 3.55, 3.68, color. The reaction mixture was refluxed for 30 hr and worked
and 3.80 (three s, 3 H each, three methoxy groups), 4.81 and up according to the procedure described for the reaction of the
5.31 (two d, 1 H each, J  = 4.6 Hz, C2 H and C5 H, respectively), cis aziridine la and dimethyl acetylenedicarboxylate to afford
and 7.2-7.7 (m, 9 H, aromatic); ir (neat) rc_o 1726 and 1742 360 mg (75%) of a pale yellow oil. The pmr spectrum of this
cm-1, vc-c, 1670 cm-1. material was identical with that of H2,H5-cis trimethyl 1 -cyclo-

When this material was chromatographed on alumina (Woelm, hexyl-5-(P-biphenyl)-A3-pyrroline-2,3,4-tricarboxylate (10b). 
neutral, activity grade I) and eluted with ethyl acetate, a bright The experiment was repeated with the period of reflux de
yellow oil was obtained. This material resisted all attempts to creased to 20 hr. Examination of the crude material by pmr
induce crystallization. The pmr spectrum indicated the structure spectroscopy indicated the presence of 10b and a second adduct
of H4,H6-as trimethyl l-cyclohexyl-5-(p-biphenyl)-A2-pyrroline- which was recognized as being isomeric with 10b. The second
2,3,4-tricarboxylate (14a): pmr (CDC13) 5 0.8-2.0 and 2.8-3.2 product was assigned the structure H2,H5-/rans trimethyl 1-
(two m, 11 H, cyclohexyl methylenes and methine, respectively), cyclohexyl-5-(P-biphenyl)-A3-pyrroline-2,3,4-tricarboxylate(10a).
3.09 (s, 3 H, methoxy of C4 substituent), 3.81 and 4.00 (two s, The pyrroline ring proton spectrum of 1 0 a consisted of two
3 H each, two methoxy groups), 4.43 and 5.26 (two d, 1 H each, doublets located at 5 5.17 (C2 H) and 5.60 (C5 H) with / 2,5 =
J  = 13.0 Hz, C4 H and C5 H, respectively), and 7.3-7.9 (m, 9 H, 7.0 Hz. Electronic integration indicated the ratio of 1 0 a to
aromatic); ir (neat) vc-o 1745 cm-1, vo-c 1680 and 1580 cm-1. 1 0 b to be 3:1 (40%); ca. 60% of the aziridine had been con-
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sumed. After an additional 28-hr period of reflux, the ratio Oxidation of H;,H6-cts Trimethyl l-Isopropyl-S-(p-biphenyl)-
of 10a to 10b was 1:3 and 80% of the aziridine had reacted. A3-pyrroline-2,3,4-:ricarboxylate (lib).—A sample (546 mg,
None o: the isomeric eis-aziridine la could be detected at either 1.25 mmol) of lib was oxidized with chloranil in boiling xylene
time. Repetition of this experiment with equimolar quantities as previously described for the oxidation of 10b. After work-up,
of the two reactants produced nearly identical results. the crude material was recrystallized from methanol to afford

Attempted Isolation of H2,Hb-trans Trimethyl l-Cyclohexyl-5- 200 mg (37%) of trimethyl l-isopropyl-5-(p-biphenyl)pyrrole-
(p-biphenyl)-A3-pyrroline-2 ,3,4-tricarboxylate (10a).—A solution 2,3,4-tricarboxylate (14b): mp 171-173°; pmr (CDC13) & 1.45, 
of aziridine lb (335 mg, 1.0 mmol) and dimethyl acetylenedi- (d, 6  H, J  = 7.3 Hz, isopropyl methyls), 3.59, 3.86, and 3.95
carboxylate (142 mg, 1.0 mmol) in benzene (10 ml) was refluxed (three s, 3 H each, methoxy groups), 4.70 (m, 1 H, isopropyl
for 24 hr. The residue which remained after evaporation of the methine), and 7.3-7.S (m, 9 H, aromatic); ir (KBr) vc-o 1720 
solvent was examined by pmr spectroscopy and found to consist cm- 1  (broad).
of nearly equal amounts of 1 0 a and 1 0 b. Column chromatog- Anal. Calcd for C25H25NO6: C, 68.95; H, 5.79; N, 3.22. 
raphy of this material on silica gel and elution as described for Pound: C, 69.11; H, 5.91; N, 3.19.
the reaction of la and dimethyl acetylenedi carboxylate afforded Base-Catalyzed Isomerization of H2,H5-ci.s Trimethyl 1-Iso-
150 mg (45%) of aziridine lb and 200 mg (42%) of 10b. None propyl-5-(p-biphenyl)-A3-pyrroline-2,3,4-tricarboxylate (lib).—
of the isomeric A3-pyrroline 10a could be detected in any of the Treatment of a sample of lib (300 mg,*0.68 mmol) in methanol
ethyl acetate-benzene fractions or in the ethyl acetate washings. (10 ml) with sodium methoxide (5 mg) resulted in the develop-

Methyl m-l-Isopropyl-2-(p-biphenyl)-3-aziridinecarboxylate ment of a deep yellow color upon addition of the base. After
(2a) and Dimethyl Acetylenedicarboxylate.—A solution of this 6  hr at room temperature, the reaction was worked up as previ-
aziridire (590 mg, 2.0 mmol) and the dipolarophile (568 mg, ously described for the isomerization of 1 0 b to 13a. The crude
4.0 mmol) was refluxed for 24 hr in benzene. Evaporation of material was examined by pmr spectroscopy and found to be a
the solvent afforded a yellow oil which was chromatographed on mixture of two isomeric products. The isomer present in major
silica gel (80 g) as described for the reaction of aziridine la with amount (90%) was assigned the structure Ri,H¡-trans trimethyl
dimethyl acetylenedicarboxylate to afford 700 mg (80%) of a l-isopropyl-5-(p-biphenyl)-A2-pyrroline-2,3,4-tricarboxylate(13b).
pale yellow oil. This material could not be obtained in a crystal- The epimeric compound, H4,H6-ra's trimethyl l-isopropyl-5-
line form and was assigned the structure H2,H6-cis trimethyl- (p-biphenyl)-A2-pyrroline-2,3,4-tricarboxylate (14b), was present
l-isopropyl-5-(p-biphenyl)-A3-pyrroline-2,3,4-tricarboxylate (lib) to the extent of 10%.
on the basis of spectral data: pmr (CDCI3) 5 0.99 and 1.02 Compound 13b gave the following data: pmr (CDCI3) S
(two d, 6 H, J  = 6.5 Hz, isopropyl methyls), 3.10 (m, 1 H, 0.93 and 1.24 (two d, 6  II, ./ = 6.5 Hz, isopropyl methyls),
isopropyl methine), 3.59, 3.74, and 3.83 (three s, 3 H each, 3.33-3.80 and 3.63 (m and s, 4 H, isopropyl methine and methoxy
three methoxy groups), 4.81 and 5.31 (two d, 1  H each, J  = group), 3.73 (d, 1 H, J  = 6.0 Hz, C4 H), 3.76 and 3.96 (two s,
4.5 Hz, C2 H and C5 H, respectively), and 7.4-7.8  (m, 9 H, 3H each, two methoxy), 4.93 (d, 1 H, J  = 6.0 Hz, C6 H), and
aromatic); ir (neat) vc-o 1724 and 1739 cm-1, vc-c 1667 cm-1. 7.3-7.S (m, 9 H, aromatic).

Repetition of the experiment and examination of the crude Compound 14b gave the following data: pmr (CDCI3) 5 1.00
material by pmr spectroscopy indicated a mixture of lib and a and j ,2 0  (two d, 6  H, J  = 6.5 Hz, two methyls), 3.13 (s, 1 H,
second isomeric product which was assigned the structure H2,H6- methyl of C4 substituent), 3.33-3.80 (m, 1 H, isopropyl methine),
trans trimethyl l-isopropyl-5-(p-biphenyl)-A3-pyrroline-2,3,4-tri- 3 . 7 5  and 3 . 9 6  (two s, 3 H each, two methoxy groups), 4.39 and
carboxylate (1 1 a). The ring-proton spectrum of 1 1 a consisted 5 . 1 9  (two d, 1 H, /  = 13.4 Hz, C4 H and C6 H, respectively),
of two doublets (J = 4.6 Hz) located at 6 5.15 (C2 H) and 5.58 and 7 .3 -7 .8 (m, 9 H, aromatic).
(C6 H). The isomeric adducts were formed in a ratio of 11a to These products were not characterized further,
lib of 2:3 and in a combined yield of ca. 90%. This ratio was ThermalEpimerization of H2,H¡-trans Trimethyl 1-Cyclohexyl-
not appreciably altered when the experiment was conducted 5-(.p-biphenyl)-A3-pyrroline-2,3,4-tricarboxylate (10a) to 10b
with the rigorous exclusion of light during the period of reflux in the presence of Methyl cis-l-Cyclohexyl-2-4-2-(p-biphenyl)-
and evaporation of the solvent. In contrast, shorter periods of 3-aziridinecarboxylate (lc).—A benzene (10 ml) solution of
reflux (10-12 hr) produced a ratio of 11a to lib of 4:1 while aziridine ester la (252 mg, 0.75 mmol) and dimethyl acetylene-
prolonged refluxing (48 hr) afforded only lib. dicarboxylate (105 mg, 0.75 mmol) was refluxed for 24 hr. The

Methyl trans-l-Isopropyl-2-(p-biphenyl)-3-aziridmecarboxy- reaction mixture was cooled to room temperature and the deu-
late[(2b) and Dimethyl Acetylenedicarboxylate.—A solution of terium-labeled aziridine lc (167 mg, 0.5 mmol) was added,
this aziridine (295 mg, 1.0 mmol) and the dipolarophile (284 mg, The resuiting solution was refluxed for an additional 24 hr, the
2.0 mmol) in benzene (10 ml) was refluxed for 24 hr and the solvent was evaporated, and the residue was examined by pmr
solvent was removed under reduced pressure. Examination of spectroscopy. The crude material was found to be a mixture
the residue by pmr spectroscopy indicated a ratio of 11a to lib of lc and 10b. No detectable amount of deuterium was incor-
of 3:2 and ca. 25% of aziridine 2b as yet unreacted. porated in 10b

Epimerization of H 2lHHranS Trimethyl l-Isopropyl-5-(p-bi- xhermal gt H H6.cis Trimethyl 1 -Isopropyl-5-(p-
phenyD-A -Pyrroline-2,3,4-Tncarboxylate (11a) to lib.-A biphenyl)-A3-pyrroline-2,3,4-tricarboxylate (llb).-A sample
mixture of 11a and lib was produced by the reaction of the as- * '  b 0 mmol) of llb in toluene (20 ml) was refluxed for
aziridine 2a (590 mg 2.0 mmol) with dimethyl acetylenedicar- ^  ^  ^  ^  s()lvent was evaporated. Examination of the
boxylate (568 mg, 4.0 mmol) m refluxing benzene (20 ml) for 20 residue spectroscopy indicated the presence of lib (95%)
hr. The reaction mixture was divided into three equal portions ^  Bb None of the isomeric H2,H6-m A3-pyrroline 11a
and treated as described below. >. i p̂tppfpd

Method A. In Chloroform.—After evaporation of the solvent 1 Ovrlnhexvl 7 Infrom two of the samples the residues were each diluted with Attempted Epimerization of Methyl l-Cycl^exyl-2-^
deuteriochloroform (0.5 ml) and examined by pmr spectroscopy S S d l J . - A  solution of the cfs-aziridine ester la
The isomenc A3-pyrrolmes 11a and lib were m a mtio of lla S methanol-4 (10 ml) containing sodium
to lib of 1:1. The pmr spectrum was again determined after | , was refluxed for 24 hr. The solvent was
an 18-hr time lapse, during which time one sample was placed ^  ̂  ure> diluted with d2o, and extracted
\1}3 e , 7 «  6 v ei 7 1 LexpoSed fT r?ito  lib was with ether. The ether extracts were dried (anhydrous MgS04)lighting and diffuse sunlight Conversion of Ha into lib was conoentrated to give an oil which smelled of cyclohexyl-
neariy quanritative m both instances at room temperature. amine ^  ^  gpectrum of this oil indioated the absence of

Method B In Methanol-4- The residue remmmng a e f)f the acridine esters la and lb. Concentration of the
evaporation of the solvent from the third sample was diluted QhUQrî i nnnlimr nrndncpd mo- of a
, 2  (2.0 ml) After 10 h, ,t room to p .» .™  “ ^ ^ “ mp '

»»«»* ™  mrtler reduced pme.um end the mrdue .tent,.; „„pi. of p-ph=njlb.o„ld.hyd,
was examined by pmr spectroscopy (CDC13). IN one ot the “J , •
H2,H5-irares A3-pyrroline 11a could be detected and the epimeric showed no depression. ,
H2,H6-as product lib was present as a mixture of deuterium- Identical results were obtained upon treatment of the trans-
labeled and -unlabeled compounds. No loss of deuterium aziridine ester lb as described for la. n
from the labeled product was observed after 24 hr in methanol. Method B (Refluxing Ether). A sample (110 mg, 0.33 mmo )
A pure sample of lib in methanol-di did not exchange deuterium of the czs-aziridine ester la and sodium methoxide (5 mg) in 25
during a 24-hr period at room temperature. ml of an ether-methanol-ch mixture (4:1, v/v) was refluxed or
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24  hr. T h e solvent was then evaporated, and the residue was Registry No.— la , 1 9 4 7 4 - 2 7 - 2 ;  lb, 2 3 2 1 4 - 2 0 - 2 ;  
diluted w ith D 20  and extracted  w ith ether. T h e dried (anhy- 2a, 2 3 2 1 4 - 2 1 - 3 ;  2b, 2 3 2 1 4 - 2 2 - 4 ;  3a, 2 3 2 1 4 - 2 3 - 5 ;
drous M gSO ,) ether ex tracts were evaporated and the residue ,  ’ 0 0 0 1  , f. , ,  n o o ,  , Q-  l  . o o o r o  n o  c
(95 m g) was examined by pm r spectroscopy. T h e sole product 3a , 2 3 2 1 4 - 2 4 - 6 ;  3b, 2 3 2 1 4 - 2 5 - 7 ;  4a, 2 3 2 6 3 - 6 8 - 5 ;
was the starting  aziridine la w ith no detectable incorporation 4b, 2 3 2 1 4 - 2 6 - 8 ;  5a, 2 3 2 6 3 - 6 9 - 6 ;  5b, 2 3 2 1 4 - 2 7 - 9 ;
of deuterium . 6a, 2 3 2 6 3 - 7 0 - 9 ;  6b, 2 3 2 1 4 - 2 8 - 0 ;  6c, 2 3 2 6 3 - 7 1 - 0 ;

The corresponding frans-aziridine ester was recovered un- 7a> 23214-29-1' 7b, 23263-72-1' 8a, 23214-30-4' 8b,
changed and without deuterium exchange when subjected to 23263-73-2' 9a, 23214-31-5; 9b, 23214-32-6' 10a,
identical reaction conditions. ’ „ , . _. ’ ’ oor)1 , oc  A ’

Thermal Equilibration of Methyl l-Cyclohexyl~2-(p-biphenyl)- 23214-33-7; 10D, 23214-34-8, 11a, 23214-35-y; llD,
3-aziridinecarboxylates (la and lb).—A solution of the cis- 23214-36-0; 12a, 23230-36-6; 13a, 23214-37-1; 13b,
aziridine ester (167 mg, 0.5 mmol) in benzene-* (0.3 ml) was 23214-38-2; 14a, 23263-74-3; 14b, 23214-39-3; trans- 
transferred to an nmr tube and the tube'was sealed and placed methyl p-phenylcinnamate, 22837-75-8; methyl 2,3-
in a constant-temperature bath maintained at 80 =fc 0.2 . At ,.i o / u* i\ • x Oooon n
8-hr intervals the pmr spectrum was determined. After 40 hr, dibromo-3-(p-biphenyl)propionate, 23230-37-7; m-
the percentages of la and lb were determined as 68:32, respec- methyl a-bromo-p-phenylcmnamate, 23214-40-6; trans-
tively, by electronic integration. These percentages were not methyl a-bromo-p-phenylcinnamate, 23214-41-7;
altered after an additional 16 hr at 80°. methyl «-bromo-/3-di-p-phenylcinnamate (trans), 23214-
the same equilibrium  m ixture after being heated  to 80° for 72 4 2 *S ; trimethyl l-cyclohexyl-S-cWp-biphenyljpyrrol-
hr in b e n z e n e -* . idine-2,3,4-tricarboxylate, 2 3 2 3 0 - 3 8 -8 .

Hydroboration of Dihydropyrans and Dihydrofurans

G e o r g e  Z w e i f e l  a n d  J o s e p h  P l a m o n d o n

Department of Chemistry, University of California, Davis, California 95616 
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The hydroborations of A2-dihydropyran, A3-dihydropyran, 2-ethoxy-3,4-dihydropyran, 2,3-dihydrofuran, 2,5- 
dihydrofuran, and 2-methyl-4,5-dihydrofuran with diborane and with disiamylborane[bis(3-methyl-2-butyl)- 
borane] have been investigated. Except in the case of As-dihydropyran, the hetero oxygens direct the addition 
of boron nearly exclusively to the /3 positions. Oxidation of the intermediate /3-organoboranes with alkaline 
hydrogen peroxide affords the corresponding /3-hydroxy derivatives in better than 70% yields. Addition of 
boron trifluoride to the /3-organoboranes derived from the heterocyclic olefins results in /? elimination to give, after 
hydrolysis, the corresponding acyclic unsaturated alcohols in 70-90% yields. Hydroboration of dihydropyrans 
and dihydrofurans with excess diborane followed by oxidation produces mixtures of acyclic diols.

In connection with our pursuit of certain synthetic 2-ethoxycyclohexanol. Finally, Brown and Sharp have
objectives, we were confronted with the problem of recently shown that the hydroboration of isobutenyl
developing simple, high-yield syntheses of 3-hydroxy- ethyl ether results in the sterically unfavorable addition
tetrahydropyrans and 3-hydroxytetrahydrofurans. of at least 88%  of the boron to the hindered tertiary
We had previously synthesized 3-hydroxytetrahydro- carbon.4 
pyran; however, it was obtained in only a modest yield
and required a four-step synthesis starting with dihy- Results and Discussi0n
dropyran.1 Thus we were prompted to examine the Hydroboration of Dihydropyrans and Dihydrofurans.
hydrations of dihydropyrans and dihydrofurans via — The reaction of A2-dihydropyran with borane (BHS)
thehydroboration-oxidationreaction. in a 3 :1  ratio in tetrahydrofuran solution at 0° pro-

Various research groups have observed marked direc- ceeded rapidly to the trialkylborane stage. To assess
tive effects by alkoxy groups in the hydroboration of the direction of addition of BH  to the double bond, the
vinyl ethers. Thus Mikhailov and Shchegoleva re- trialkylborane was oxidized with alkaline hydrogen per-
ported that the hydroboration of ethyl vinyl ether pro- oxide. Gas-liquid partition chromatography (glpc)
duces tris(2-ethoxyethy 1)borane in 67% yield.2 Like- revealed the formation of a single alcohol, 3-hydroxy-
wise, Pasto and Gumbo found that enol ethers undergo tetrahydropyran, in 86%  yield. No evidence was ob-
hydroboration predominantly at their 0 positions.8 
jS-Ethoxystyrene gives, after hydroboration followed by
oxidation of the intermediate organoborane, a 75%  3[ 1 [ JT Na°H> 3[ J
yield of 2-ethoxy-1-phenylethanol. Ethoxycyclohexene ^Cr Nr H2°2 ^ cr
is converted by the same reaction sequence into trans-

tained for the formation of any 2-hydroxytetrahydro- 
CH3 pyran. It is possible, however, that a small amount of

CIK  , \ RW r-H ecu nr  w th e  boron m a y  h a ve  added to  th e 2 Position  of the
c h / L LtlUL^  +  u43yu42uuH5 pyran ring, but that the «-boron intermediate is un-

3 B stable under the reaction conditions.
/  \  The hydroboration of 2-ethoxy-3,4-dihydropyran in

tetrahydrofuran solvent was quite slow at 0°. How-
Zweifel, Tetrahedron, 7 , io (1959). ever, if the hydi oboration was canied out at 2o foi

(2) b . m . Mikhailov and t . a . Shchegoleva, izv. Akad. Nauk s s s r , 546 3 hr, analysis for residual hydride indicated that the
(1959).

(3) D. J .  Pasto and C. C. Cumbo, J .  Amer. Chem. Soc., 86, 4343 (1964). (4) H. C. Brown and R . L. Sharp, ibid., 90, 2915 (1968).
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T able I
Alcohols Derived from Hydroboration-Oxidation of Dihydropyrans and Dihydrofurans

Reacn Reacn
Olefin temp, °C time, hr Alcohol Yield, %a

A2-Dihydropyran 0 4 3-Hydroxytetrahydropyran 86
A3-Dihydropyran 25 2 3-Hydroxytetrahydropyran 55

4-Hydroxytetrahydropyran 30
2-Ethoxy-3,4-dihydropyran 25 3 2-Ethoxy-5-hydroxytetrahydropyran 706
2,3-Dihydrofuran 0 2 3-Hydroxytetrahydrofuran 78
2,5-Dihydrofuran 0 2 3-Hydroxytetrahydrofuran 84
2-Methyl-4,5-dihydrofuran 0 2 irans-2-Methyl-3-hydroxytetrahydrofuran 80

“ Yield by glpc examination. b Yield by isolation.

olefin was completely converted into the trialkylborane. Hydroboration of the 2,3- and 2,5-dihydrofurans
Oxidation of the organoborane produced a 72 :28  mix- with diborane at 0° proceeded readily to the trialkyl- 
ture of isomeric 2-ethoxy-5-hydroxytetrahydropyrans, borane stage. Oxidation of the trialkylborane derived 
which was isolated in 70% yield. Increasing the steric from 2,3-dihydrofuran gave an 78%  yield of 3-hydroxy-

tetrahydrofuran, pointing again to the strong directive

a \ '''g jjo « influence of a vinyl ether oxygen. Hydroboration of
'/BH> ' l l  ' l l  the symmetrically substituted double bond of 2,5-

N A /\ Af, it v , A n „ „  dihydrofuran followed by oxidation afforded an 84%
W ° 25 ° C?Hs a,_ tm°ns mi° C*  yield of 3-hydroxytetrahydrofuran.

Finally, addition of diborane to 2-methyl-4,5-dihy- 
requirements of the hydroborating agent altered the drofuran, which resulted in the formation of the trialkyl- 
cis/trans ratio only slightly. Thus hydroboration of borane, gave after oxidation an 80%  yield of trans-3-
the olefin with disiamylborane |bis(3-methyl-2-butyl)- hydroxy-2-methyltetrahydrofuran. The assignment of
borane] and subsequent oxidation gave a 92% yield
(glpc) of an 80 :20  mixture of 2-ethoxy-5-hydroxytetra- jP**
hydro pyrans. C ~S— CH ( > - C H

The methoxy group in 2-methoxytetrahydropyran v 07  3 2' s'Ct 3
has been reported to occupy the axial rather than the
equatorial position (anomeric effect).6 Assuming that the trans configuration to the alcohol is based on the
the ethoxy group in 2-ethoxy-3,4-dihydropyran ex- well established facts that the BH addition proceeds in
hibits a similar conformational preference, and that the a cis manner and that oxidation of the B -C  bond occurs
activated complex for the hydroboration reaction re- with retention of configuration.
sembles the reactants in structure and energy,6 the A summary of the experimental results obtained from 
frans-2-ethoxy-5-hydroxytetrahydropyran should be the hydroborations of the oxygen-containing hetero- 
the isomer which is formed preferentially.7 cyclic olefins is shown in Table I.

It should be pointed out here that the hydroboration- 
3 b ----H oxidation of a./3-unsaturated dihydropyrans and dihy-

_j_____ Q drofurans containing alkoxy groups adjacent to the ring
W ' \ N i /  oxygens provides a novel approach to the synthesis of

["H  deoxy sugars. Unsaturated lactones, such as crotono-
OC2H5 lactone and the a -  and /3-angelicalactones, may also

serve as precursors for deoxy derivatives, since the lac- 
The effect of the ring oxygen on the direction of BH tone function is reduced by dialkylboranes to the cor- 

addition is markedly attenuated -with A3-dihydropyran. responding hydroxy aldehyde.9
Thus hydroboration of this olefin with diborane fol
lowed by oxidation gave a 55%  yield of 3-hydroxytetra- R2B HO
hydropyran and a 30%  yield of 4-hydroxytetrahydro- r.—, ,2R2bh >— i [0] )— \
pyran. It is noteworthy that the analogous acyclic
allyl ether, crotyl ethyl ether, yields on treatment °  ^ 3 OH
with diborane 84%  /3-ethoxyalkvlborane derivative.8 Relative Reactivity Studies.—In determining the 
Both of these observations must result as a consequence reaction stoichiometries in the hydroborations of the
of the electron-withdrawing inductive effect of the al- dihydropyrans and dihydrofurans, we noticed major
koxy substituent, since the oxygens in these systems are differences in their reactivities toward diborane.
not able to affect the electron distribution by mesomeric t 0 gather more information about the effects of olefin
interaction with the double bonds. structure on the rates of hydroboration, a number of

O* dihydropyrans and dihydrofurans, as well as their cor-
CH3CH==CHCH2OC2H5 responding carbocyclic analogs, were subjected to com-

u petition experiments using disiamylborane. In a typi-
(5) C. B . Anderson and D. T. Sepp, Chem. Irul. (London), 2054 (1964); C a l example, 25 mmol of A2-dihydrOPyran and 25 mmol

j .  Org. chem ., 32, 607 (1967). of cyclohexene were treated at 25 with 26 mmol of
(6) j . Klein, e . Dunkeibium, and d . Avrahami, ibid., 32, 935 (1967). disiamylborane. After completion of the hydrobora-
(7) A slight preference for the addition of boron trans to a methoxy group . .  , ,  ____-i __ £ „

was also observed in the hydroborations of 3- and 4-methoxycyclohexene; tlOn, the reaction mixture WaS analyzed by glpc for 
D. J .  Pasto and J .  Hickman, J .  Amer. Chem. Soc., 90, 4445 (1968).

(8) H. C. Brown and R . M. Gallivan, ibid., 90, 2906 (1968). (9) H. C. Brown and D. B. Bigley, ibid., 83, 486 (1961).
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T a b l e  II of diborane was utilized in the hydroboration step.
C o m p e t it io n s  o f  V a r io u s  H e t e r o c y c l ic  a n d  T o investigate the nature of the reactions leading to the

C a r b o c y c l ic  O l e f in s  f o r  D is ia m y l b o r a n e  formation of diols, A2-dihydropyran was hydroborated
Ratio of olefins under various conditions. The experimental results 

nifi . t Rea0° Reac“ , reaoied„  are shown in Table III.Olefin pair temp, °C time, hr (normalized)

H  O  0 2 54:46 Table III
r i  j 90-10 E ffect of Adding Additional Bohane“ at 25° to the
S r  ' Trialkylborane Derived from Hydroboration

O
o f  A2- D ih y d r o p y r a n

0 1 98:2 Addi- .--------Oxidation products, %]:------- ,

,J u Hydro- tional Reacn 3-Hydroxy-
j— A /—  ̂ borating added time, tetrahydro- >-------Pentanediol------,
Nq/ — CH3 —CH3 0  2  9 4 : 6  agent borane hr pyran 1,4- 1,5-

 ̂ BHs None 2 83 4 5

O  0  25 2 53:47 BH, 1  f5 27 »
0  24 31 27 36

O ^ v .  24c 36 20 33
I J__new. 25 2 58:42 RsBH“1 None 24 89 Trace Trace

u V  2 5 RiBH^ 24 83 < 2  <3
BHs 1 72 10 14

24 49 14 23
unreacted olefins using cyclohexane as an internal stan- a The additional borane (25 mmol) in tetrahydrofuran solution 
dard. The results of these experiments are summarized was added to 8.3 mmol of the trialkylborane in tetrahydrofuran.
in Table II. b Yield by glpc analysis. c Diborane (33 mmol of BH3) was

Inspection of the data reveals several interesting added in one portion to 25 mmol of the olefin. d R2BH = disi- 

features. 2,5-Dihydrofuran reacts with disiamylborane amy orane'
at a rate comparable with that of cyclopentene. How- . . . .  . . . . ,.
ever, the vinyl ether, 2,3-dihydrofuran, exhibits a A possible mechanism for formation of the diols can 
marked rate enhancement as compared with the 2,5-di- be envisaged as proceeding vm a BH 3-catalyzed elimma- 
hydro derivative or with its carbocvclic analog, although This produces the unsaturated derivative «
the steric environments for attack by disiamylborane whl?b is  subsequently rehydroborated to afford, after 
should be quite similar for all three olefins. oxidation, the observed diols.

hW h hW h ĥ °  ~ H  -  0  ^  O H  a “ ■
Hi H • HI H H l H  Y O '1

BHs -¿H , B
It has been suggested that the four-center10 or ir-com- ' /  \

plexlike11 activated complexes for the hydroboration of
olefins have structures resembling the starting mate- Evidence in support of the proposed function of BH 3 
rials.6 Electron donation by resonance from oxygeninto [n ^ e  elimination step comes from the observation that
the double bond1- would explain both the favored elec- g-organoborane does not undergo elimination in the
trophilic attack by disiamylborane at the C-3 of 2,3- presence of added disiamylborane (Table II). Disiam- 
dihydrofuran and its enhanced reactivity. _ ylborane exists as a dimer in tetrahydrofuran solution,14

It must be pointed out that, although A2-dihydro- an(j hence cannot coordinate with the ring oxygen of
pyran reacts with disiamylborane to give the /3-organo- the pyran ring. That a trans elimination should be the
borane in 90% yield, it does not show rate enhancement ¡preferred reaction path is suggested by the arrangement
when compared with cyclohexene. Besides the in- of the departing groups, the boron moiety and oxygen,
creased steric hindrance factors, reduced mesomeric with the boron being in an equatorial position,
interaction of the nonbonded pair of electrons on oxygen In exploring this reaction in more detail, it became 
with the double bond in the less planar dihydropyran apparent that the postulated unsaturated boron deriv- 
may be responsible for the decreased reactivity of this ative> H2C =C H (C H 2)2CH2O B<, could not be the
°̂ ebn- . . .  . sole precursor for the observed diols. To simulate the

Formation of Acyclic Diols from Hydroboration of rehydroboration step, 25 mmol of 4-penten-l-ol in tetra-
A2-Dihydropyran. It was observed that the 3-hy- hydrofuran was added to 25 mmol of BH 3 at 25°. Oxi-
droxytetrahydropyrans and 3-hydroxytetrahydrofu- dation of the reaction mixture and glpc analysis re-
rans, produced from hydroborations of the appropriate vealed the formation in 86%  yield of a 12:88 mixture of
olefins with diborane in a 3 :1  ratio followed by oxida- 1 ,4- and l,5-pentanediol.16 This ratio is markedly dif-
tion, were obtained along with 5-10%  yields of acyclic ferent from the 43 :57  ratio observed in the hydrobora-
diols. Moreover, it was noticed that the amount of ^ on 0f A2-dihydropyran with excess diborane (Table
diols produced increased significantly when an excess

(13) The reaction may involve the intermediacy of a cationic boron species
(10) H. C. Brown and G. Zweifel, J .  Amer. Chem. Soc., 83, 2544 (1961). which is stabilized by solvation with the electron-donating solvent tetra-
(11) A. Streitwieser, L. Verbit, and R . Bittman, J .  Org. Chem., 32, 1530 hydrefuran ( > B +T H F ).8

(1967). (14) H. C. Brown and G. J. Klender, Inorg. Chem., 1, 204 (1962).
(12) Htickel molecular orbital calculations on enol ethers predict the (15) Hydroboration of 3-buten-l-ol with diborane followed by oxidation

greatest electron density at the /3 carbon: A. Hassner, R . E. Barnett, P. yielded a 15:85 mixture of 1,3- and 1,4-butanediol: H. C. Brown and M. K.
Catsoulacos, and S. H. Wilen, J .  Amer. Chem. Soc., 91, 2632 (1969). Unni, J .  Amer. Chem. Soc., 90, 2902 (1968).
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III). Consequently, at least part of the 1,4 diol must It should be noted that boron trifluoride acts catalyt- 
have arisen via an alternate route. ically, since a 1 :10  ratio of B F 3 to olefin afforded a 50%

Possible mechanisms which could account for forma- yield of 4-penten-l-ol. Consequently, the hydrobora
tion of the extra 1,4 diol are cleavage of the tetrahydro- tion of olefins containing functional groups that are
pyran ring by diborane16 and/or intramolecular transfer prone to undergo elimination must be carried out with
of hydride from boron to C-2.17 In the latter case a diborane which is free of boron trifluoride.19
redistribution reaction would have to precede the trans- The catalytic role of boron trifluoride in these reac- 
fer reaction. tions can be depicted as facilitating the breaking of the

carbon-oxygen bond, and resultant loss of boron, by 
/ _ g /  coordination with the oxygen. Based on stereoelec-

a  __  ̂ tronic considerations, one would predict, as mentioned
3 earlier, that the elimination should proceed in a trans

-  ■ ■ manner. This prediction was confirmed by the obser-
BHs BB;i vation that cis-5-d-4-penten-l-ol was obtained after

{ work-up from the /?-organoborane derived from hydro-
boration of A2-dihydropyran with deuterioborane

1,4-pentanediol -J21 ^  ^  j j
CH3 TT

i —  f Y
A  h<j d^ h

/ \ D
The results in Table III also indicate that the elimi-

nation-rehydroboration reaction proceeds at a much (BD8). Also, hydroboration of 2-methyl-4,5-dihydro-
slower pace when diborane is added to the organoborane furan with diborane, followed by subsequent addition of
derived from A2-dihydropyran and disiamylborane. It boron trifluoride, afforded only iran.s-3-penten-l-ol.
is conceivable that the bulky siamyl groups hinder
coordination of tetrahydrofuran with boron, which b C h
should facilitate the trans elimination.13'18 y—  ̂ ^ bh /— ( “H L BFj |

Routes to Unsaturated Alcohols via Hydroboration of VqA—CH3 ^ A^H 2 ^  Hqh2C
Dihydropyrans and Dihydrofurans.— The use of a Lewis CH3
acid which does not react with double bonds should
permit the synthesis of unsaturated alcohols from It was pointed out in the preceding discussion that 
dihydropyrans and dihydrofurans via the hydrobora- the reaction of A2-dihydropyran with excess diborane
tion-elimination sequence postulated earlier. Pasto affords a 43:57 mixture of 1,4- and 1,5-diols, whereas
and Snyder have reported that /3-ethoxyorganoboranes hydroboration of 4-penten-l-ol gives a 12:88 distribu-
undergo trans elimination in the presence of boron tri- tion. Therefore, a combination of the hydroboration—
fluoride.17 elimination-rehydroboration sequence should convert

Addition of boron trifluoride etherate to the/3-organo- A2-dihydropyran mainly into 1,5-pentanediol. Treat-
boranes derived from hydroboration of A2-dihydro- ment of A2-dihydropyran with the stoichiometric
pyran, 2,3- and 2,5-dihydrofuran, and 2-methyl-4,5- amount of diborane, followed by addition of boron tri-
dihydrofuran with diborane resulted in formation of the fluoride etherate and rehydroboration of the unsatu-
corresponding unsaturated alcohols as predicted. The rated intermediate with diborane, yielded after oxidation
experimental results are summarized in Table IV. 72%  1,5-pentanediol and only 9%  1,4 isomer.

This 11:89 distribution of 1,4- to 1,5-diols is similar to
TT, the ratio of diols obtained from the hydroboration of

T a b l e  IV , , i ,. ,, , _ _  4-penten-l-ol.
U n s a t u r a t e d  A l c o h o l s  O b t a in e d  b y  A d d it io n  o f

E t h e r a t e  a t  25° t o  t h e  T r ia l k y l b o r a n e s  in  .
T e t r a h y d r o f u r a n  S o l u t io n  D e r iv e d  f r o m  Experimental Section

H y d r o b o r a t io n  o f  A2- D ih y d r o p y r a n  a n d  Materials.—Tetrahydrofuran, diglyme, and boron trifluoride
V a r io u s  D ih y d r o f u r a n s  etherate were purified as described previously.20 Sodium boro-

Ratio Reaen hydride (98% pure) and lithium deuteride (98% D) were ob-
Organoborane of BFa: time, Yield, tained from Metal Hydrides, Inc. Diborane was generated
derived from olefin hr Product % “ from boron trifluoride etherate and sodium borohydride,19 and

A^-Dihydropyran . . .  12 3-Hydroxytetrahydropyran 81 w as bubbled through a solution of sodium borohydride in diglyme
4-Penten-l-ol o before being passed into freshly distilled tetrahydrofuran. Like-

1:10 12 3-Hydroxytetrahydropyran 36 wise, diborane-d6, prepared as described previously,20 was bubbled
. . .  5? through a suspension of lithium deuteride in diglyme before being

4-Penten-i-ol 81 passed into tetrahydrofuran. The preparation of disiamylborane
2,5-Dihydrofuran 1:1 2 3-Buten-l-ol 71 in tetrahydrofuran has been previously described.21
2,3-Dihydrofuran 1:1 2 3-Buten-l-ol 70 Commercial samples of A2-dihydropyran (Matheson Coleman
¿M eth yl-4,5-dihydrofuran l : l l i™ns-3-Penten-l-ol 88 and Bell), 2-ethoxy-4,5-dihydrofuran (K &  K ), 2,5-dihydrofuran

« Yields by glpc analysis. (Aldrich), and 2-methyl-4,5-dihydrofuran (Aldrich) were puri-

(16) J. Kollonitsch, J .  Amer. Chem. Soc., 83, 1515 (1961). (19) To ensure the absence of traces of boron trifluoride, which could
(17) D. J .  Pasto and S. R . Snyder, J .  Org. Chem., 31, 2777 (1966). catalyze the elimination reaction, the diborane generated from B F i etherate
(18) A similar explanation was offered by Brown and Knights regarding and NaBHi was bubbled through a solution of NaBHi in diglyme before

the greater stability of the trans ¡3 adducts derived from hydroboration of 3- being passed into freshly distilled tetrahydrofuran. 
cyclopentene derivatives with disiamylborane: H. C. Brown and E . F. (20) G. Zweifel and H. Arzoumanian, ibid., 89, 291 (1967).
Knights, J .  Amer. Chem. Soc., 90, 4439 (1968). (21) G. Zweifel, K. Nagase, and H. C. Brown, ibid., 84, 190 (1962).

V o l . 8 5 , N o . 4 , A p ril  1970  Hydroboration of D ihydropyrans and D ihydrofurans 901



fied before use by fractional distillation. A3-Dihydropyran22 The experimental results are summarized in Table II.
and 2,3-dihydrofuran23 were prepared according to published pro- Elimination Reactions with Diborane.— In a typical experi-
cedures. ment, 4.17 ml of a 2.0 M solution of borane in tetrahydrofuran

Stoichiometry and Product Studies.— In a typical experiment, (25 mequiv of hydride) was added to 2.3 g (27.5 mmol) of A2-
4.4 ml of a 2.0 M solution of borane in tetrahydrofuran (26.4 dihydropyran in 5 ml of tetrahydrofuran at 25°. After the mix-
mequiv of hydride) was added to 2.1 g (25 mmol) of A2-dihydro- ture had been stirred fcr 2 hr at this temperature, an additional
pyran in 20 ml of tetrahydrofuran at 25°. After the reaction 12.5 ml of a 2.0 Af solution of borane (25 mequiv) in tetrahydro-
mixture had been stirred for a given period of time, 1 :1  glycerol- furan was added. The reaction mixture was maintained at
water was added and the hydrogen evolved was measured volu- 25° for 24 hr before being oxidized with alkaline hydrogen per-
metrieally with a gas buret. The organoborane was oxidized at oxide (5 ml of 3 N  sodium hydroxide and 3 ml of 30% hydrogen
30-50° by adding 5 ml of 3 V  sodium hydroxide, followed by peroxide). The yields of 3-hydroxytetrahydropyran and of the
dropwise addition of 3 ml of 30% hydrogen peroxide. The pentanediols were determined by glpc using internal standards
reaction mixture was saturated with potassium carbonate as references. The experimental results are summarized in
(KiCOa-lViHjO), and the organic layer formed was separated. Table III.
The aqueous phase was extracted twice with ether, and the com- Elimination Reactions with Boron Trifluoride.— In a typical
bined organic layers were dried (MgS04). The yields of 3- experiment, 27.5 mmol of A2-dihydropyran was converted into
hydroxytetrahydropyran, 1,4-pentanediol, and 1,5-pentanediol the organoborane as described above. To this was added 28
were determined by glpc using internal standards as references. mmol of boron trifluoride etherate. The reaction mixture was
The experimental results are summarized in Table I. stirred at 25° for 12 hr; then enough 3 N  sodium hydroxide was

3-Hydroxytetrahydropyran.— To 8.4 g (0.10 mol) of A2-di- added to make the mixture basic. The organoborane was oxi-
hydropyran in 60 ml of tetrahydrofuran was added 17.5 ml of a dized at 30-50° by adding 3 ml of 30% hydrogen peroxide and the
2.0 M  solution of borane in tetrahydrofuran (0.105 equiv of products formed were analyzed by glpc. The reaction time and
hydride) at 0-5°. After the reaction mixture had been stirred amount of boron trifluoride etherate added were varied in in-
at 0° for 3 hr, the temperature was raised to 25° and the mixture dividual experiments. The results of these investigations are
was stirred at this temperature for an additional 2 hr. The summarized in Table IV.
organoborane formed was oxidized at 30-50° by adding 18 ml of 4-Penten-l-ol.— To 9.2 g (0.11 mol) of A2-dihydropyran in 60
3 N  sodium hydroxide followed by dropwise addition of 12 ml of ml of tetrahydrofuran was added 13.1 ml of a 2.55 M solution of
30% hydrogen peroxide. After the reaction mixture had been borane in tetrahydrofuran (0.10 equiv of hydride) at 0-5°. The
stirred for 1 hr at room temperature, sodium chloride was added reaction mixture was maintained at 0-5° for 3 hr and then at 25°
and the upper phase formed was separated. The aqueous phase for 2 hr. To the organoborane formed was added 0.110 mol of
was extracted with ether and the combined extracts were dried boron trifluoride etherate. The reaction mixture was stirred at
(MgSO<). Distillation yielded 7.1 g (70%) of 3-hydroxytetra- 25° for 24 hr, made basic by adding 3 N  sodium hydroxide, and
hydropyran, bp 90° (21 mm), n21 d 1.4572. The 3,5-dinitro- saturated with sodium chloride. Distillation yielded 5.1 g (60%)
benzoate derivative was obtained, mp 133-134° [lit.1 bp 92-95° of 4-penten-l-ol, bp 70° (52 mm), n2ID 1.4288 [lit.24 bp 76° (60
(12-15 mm), n21D 1.4571]. mm), raaoD 1.4299]. The 3,5-dinitrobenzoate derivative was ob-

2-Ethoxy-5-hydroxytetrahydropyran.— To 12.8 g (0.10 mol) of tained, mp 44-45° (lit.25 mp 44-45°).
2-ethoxy-3,4-dihydropyran in 60 ml of tetrahydrofuran was Hydroboration of A2-Dihydropyran with BD3 Followed by Addi- 
added 18.5 ml of a 1.9 M solution of borane in tetrahydrofuran tion of Boron Trifluoride Etherate.— To 2.3 g (27.5 mmol) of A2-
(0.105 equiv of hydride) at 25°. After the reaction mixture dihydropyran in 20 ml of tetrahydrofuran was added at 0° 6.4
had been stirred at room temperature for 5 hr, the organoborane ml of a 1.3 Af solution of deuterioborane (25 mequiv of deuteride)
formed was oxidized at 30-50° by adding 15 ml of 3 N  sodium in tetrahydrofuran. The solution was stirred for 2 hr at 0-5°
hydroxide and 12 ml of 30% hydrogen peroxide. After the mix- and for an additional one hr at 25°. The reaction mixture was
ture had been stirred for 1 hr, the aqueous phase was saturated then treated with 28 mmol of boron trifluoride etherate, stirred
with potassium carbonate (K2CO3 • IV jHjO) and the organic layer at 25° for 24 hr, made basic by adding 3 N  sodium hydroxide,
formed was separated. The aqueous phase was extracted twice and saturated with potassium carbonate. The organic layer
with 35-ml portions of tetrahydrofuran, and the combined ex- was separated, dried (MgS04), filtered, and distilled to give
tracts were dried (MgS04). Distillation gave 10.2 g (70%) of 2- cis-5-d-4-penten-l-ol, bp 68° (35 mm), S?£s 5.16 (d, 1, /  = 11
ethoxy-5-hydroxytetrahydropyran, bp 64-66° (1 mm), n22D Hz, cis D H C = C H ) and 6.07 ppm (m, 1, cis D H C = C H ).
1.4505. 1  5-Pentanediol.— In a 125-ml flask was placed 2.31 g (27.5

Anal. Calcd for C7Hi40 3: C, 57.49; H, 9.65. Found: C, mmol) of A2-dihydropyran in 5 ml of tetrahydrofuran. Hydro-
57.42; H, 9.70. boration was achieved by dropwise addition of 4.2 ml of a 2.0 M

ira?is-2-Methyl-3-hydroxytetrahydrofuran.— To 2.1 g (25 solution of borane (25 mequiv of hydride) in tetrahydrofuran.
mmol) of 2-methyl-4,5-dihydrofuran in 20 ml of tetrahydrofuran The solution was stirred for 2 hr at room temperature treated
was added 3.6 ml of a 2.42 M solution of borane in tetrahydro- with 28 mmol of boron trifluoride etherate, and stirred for 12 hr
furan (26.4 mequiv of hydride) at 0°. After the mixture had at 25°. After having been diluted with 25 ml of tetrahydro-
been stirred at this temperature for 2 hr, it was oxidized by adding furan followed by the addition of 4.2 ml of a 2.0 M solution of
5 ml of 3 N  sodium hydroxide and 3 ml of 30% hydrogen per- borane (25 mequiv of hydride) in tetrahydrofuran, the reaction
oxide and was extracted repeatedly with ether. Distillation mixture was stirred for 1 hr at 25°. The organoborane formed
yielded 1.4 g (55%) of i«ms-2-methyl-3-hydroxytetrahydro- was oxidized at 30—40° by adding 5 ml of 3 N  sodium hydroxide
furan, bp 91 (21 mm), ri22i> 1.4420. The 3,5-dinitrobenzoate followed by dropwise addition of 3 ml of 30% hydrogen peroxide,
derivative was obtained, mp 113-114°. The reaction mixture was stirred for an additional 1 hr and then

Anal. Calcd for C 12H12N 2O7 : C, 48.65; H, 4.08; N , 9.46. saturated with potassium carbonate (K2C (V  IV 2H2O), and the
Found: C, 48.54; H, 4.14; N, 9.36. organic phase was separated and dried (MgS04). Analysis by

Competitive Hydroboration Experiments. In a typical experi- glpc on a silicone-sorb:.tol column revealed the formation of
ment, 2.10 g (25 mmol) of A2-dihydropyran, 2.05 g (25 mmol) of 72% 1,5-pentanediol and 9% 1,4-pentanediol. 
cyclohexene, and 1.76 g (21 mmol) of cyclohexane in 5 ml of
tetrahydrofuran were placed in a 100-ml flask. To this mixture „  . , „  „  TT 1 , . , ,
was added 22 ml of a 1.2 M solution of disiamylborane in tetra- Registry No. 3-Hydroxytetranydro pyran, 19752- 
hydrofuran (26.4 mequiv of hydride) at 25°. Aliquots were re- 84-2; 2-ethoxy-5-hydroxytetrahydropyran, 23062-30-8;
moved after 0.5, 1.0, and 2.0 hr, quenched in an ice-cooled mix- ¿rafts-2-methyl-3-hydroxytetrahydrofuran, 23061-82-7;
ture containing 3 N  sodium hydroxide and »-pentane and an- irans-2-methyl-3-hydroxytetrahydrofuran 3,5-dinitro-
alyzed by glpc for remaining olefins by using the cyclohexane as oonci oo o • c j  . 1 i ooapi 0 1  n
an internal standard. benzoate, 23061-83-8; as-5-d-4-penten-l-ol, 23061-84-9.

(22) J .  Cologne and R . Boisde, Bull. Soc. Chim. Fr., 824 (1956). (24) M. S. Kharasch and C. F. Fuchs, J .  Org. Chem., 9, 359 (1944).
(23) R. Paul, M. Fluehaire, and G. Collardeau, ibid., 668 (1950). (25) H. P. Thomas and C. L. Wilson, J .  Amer. Chem. Soc., 73, 4803 (1951).
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Tautom erism  of 2-Ethoxy-4-pyrim idinone
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The fine structure of 2-ethoxy-4-pyrimidinone was studied by comparing its ultraviolet spectrum with that of 
its N-alkyl derivative. In aqueous solution, both o- (la) and p-quinonoid (2a) forms are equally represented. In 
chloroform the ortho form predominates; this conclusion is further supported by the value of the stretching vibra
tion of the NH bond.

The tautomeric equilibria involving o- and p-quino- to l-ethyl-5,6-dihydrouracil. Partial hydrogenation of
noid forms (e.g., la  and 2a, respectively) are generally the vinyl compound then gave l-ethyl-2-ethoxy-4-
less one-sided than other tautomeric equilibria in het- pyrimidinone (2b) with uv maxima at 256 and 225 xnp.
erocycles. In this work 2-ethoxy-4-pyrimidinone ( la -  Comparison of uv spectra of lb and 2b confirms the ob-
2a) was studied, and the results together with data servation that o-quinonoid compounds adsorb11 at
from the literature are used for a modification of Ma- longer wavelengths than the para  isomers,
son’s rule1'2 covering rNH frequencies in similar com
pounds. The tautomerism of 2-ethoxy-4-pyrimidinone 0 o
has been previously studied briefly by Shugar and Fox3 Jl^  ..11
and by Waring and Katritzky;4 the compound is clearly f] n-R f| N
in the oxo form4 and the value of fnh in chloroform4'5 I I I I
indicates the predominance of the form la  by applica-
tion of Mason’s rule. r

Derivatives with fixed and unequivocal o- and p- , a R=H 2 a R=H
quinonoid structures were required for this study. The b' r=ch3 b, fhcjHs
unsubstituted la-2a, by reaction with diazomethane in c R=2',3-0-isopropyiidene
ether, gave 2-ethoxy-3-methyl-4-pyrimidinone (lb), the -1-M-nbofuranosit
structure of which was established by hydrolysis to Q Q
3-methyluracil. 2-Ethoxy-4-methoxypyrimidine is an-
other product of the reaction; the structure follows ' nh
from the methylation by methyl iodide, which gives II ; jj
1- methyl-4-methoxy-2-pyrimidinone by the Hilbert- V n̂ R  \ n̂ N(CH3)2
Johnson reaction.6 So-called cyclouridines are com- l
pounds of type 2, but apparently caution is necessary, H
as strains in these heterocycles change the uv spectrum 3 a-R=3Cfb 4
considerably. Thus 0 2:5 ' cyclo derivatives of uridine blR N*CH3'Z
have one band,7’8 at ca. 237 mp; 0 2:2 ' derivatives have
two bands,9,10 at ca. 250 and 225 m/i. These strains
should be lower in 0 2-alkyluridine derivatives. These j'ri—<(T
absorb9 10 at ca. 250 and 230 mp. In our study we used / /
2 ,,3'-0-isopropylidine-02-ethyluridine (2c). We also
tried to prepare simpler derivatives of type 2, starting
directly from the unsubstituted la-2a. Alkylations 5
under different conditions did not give the desired
derivative, but led to substitution on the oxygen atom Uv spectra of la-2a, lb, and 2c in chloroform12 (Fig- 
followed by nitrogen alkylation to give derivatives of ure f) show clearly that the o-quinonoid form la  pre-
2- pyrimidinone; other products were of the o-quinonoid dominates over 2a. In the ir spectrum (same solvent),
type 1. Eventually we found that vinylation of l a -  la -2a  has fnh as a singlet at 3387 cm 1, indicating that
2a with vinyl acetate, catalyzed by mercuric acetate onb  one form is present; \ariation of temperature
and sulfuric acid, gives l-vinyl-2-ethoxy-4-pyrimidin- (20-55°) failed to bring about the appearance of any
one. The structure of this compound was established new band which could be attributed to 2a. The situa-
by hvdrogenation and hydrolysis, which ultimately led tion in neutral aqueous solutions is quite different.

Compound la -2a  displays a large spectral shift from 
273 mp. in chloroform to 258 mp  in water solution; com- 

P9% A' KatrUzky aDd L' M’ La8°W8ki’ Heter°CVCl'Ckem" 339 parison of the spectra in Figure 2 shows that both forms
(2) s. f . Mason, j.chem.Soc., 4874(1957). la  and 2a are now present. Graphical matching (sys-
(3) D. Shugar and J .  J .  Fox, Biochim. Biophys. Acta, 9, 199 (1952), tem j  a n (J  2, a and b) Suggests approximately equal
(4) A. R . Katritzky and A. J .  Waring, J .  Chem. Soc., 1540 (1962). .  ̂ - 1 o i i  x x • , , •
(5) The value of vNh in the present paper is different by 42 cm-1 from the proportions of la  and 2a; the tautomeric Constant IS

published* one. then ca. 1; if the temperature is raised the proportion
(6) G. E . Hilbert and T . B. Johnson, J .  Amer. Chem. Soc., 52, 2001 jncreaseS. The apparent explanation of this SOl-
(7) All spectral data given in this paper correspond to neutral forms. Vent dependence of the tautomeric equilibrium lies in
(8) D. M. Brown, A. R . Todd, and S. Varadarajan, J .  Chem. Soc., 868

(1957). (11) J .  A. Berson, J .  Amer. Chem. Soc., 75, 3521 (1953).
(9) D. M. Brown, A. R. Todd, and S. Varadarajan, ibid ., 2388 (1956). (12) All data on chloroform solutions were measured under dilutions where
(10) J .  J .  Fox and I. Wempen, Tetrahedron Lett., 643 (1965). intermolecular association is negligible, as checked by ir.
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, . , . . .  r , r p i  I. Figure 2.—Ultraviolet spectra of neutral molecules in aqueous
VV A V t Lt IN b I f1, HIp buffer; each curve is labeled by formula numbers.

Figure 1.—Ultraviolet spectra in chloroform solution; each curve
is labeled by the corresponding formula number. only known exception to the rule. This unusual de

crease could be explained by the proximity of the colin-
the different solvation energies; the more polar form ear lone eIf tro*  Pair to the NH bond> as illustrated in
2a is favored in the more polar solvent. structure 5; such a geometrical arrangement is known»

Our observations on the la -2a  tautomeric system to lower vnh considerably (10 30 cm )• In contrast,
both in water and nonpolar solvents are comparable tbe sinu1lar 3b absorbsi as Predicted by the rule;
with similar results13- 16 with 2-amino-4-pyrimidinone; the ,only 1° ne e]le(;tron Pair tbe exocyclic mtrogen is
the situation apparently is not changed by the differ- conjugated with the ring and so, being m the perpendic-
ence in substitution of position 2. On the other hand, ¿ arf rather tha'\1CobTnf f Lr p0JSltl0n’ d°eS n0t deCreaS6
the low energetic difference between the ortho and para  b̂e ire9uency °f the NH bond, 
forms enables changes, similar to those induced by sol
vent, to be effected also by a proper ring substitution. Experimental Section
Thus, in 3a and 3b the ortho form would have the hydro- Melting points were determined on a hot stage and are not 
gen atom in the 3 position, which has a lower electron corrected. Uv spectra were measured with a Cary 14 spectro-
density and therefore a higher acidity in 6-aza analogs photometer. For aqueous solution, phosphate buffers and
of pyrimidines; in both cases the para  forms are pre- 10-mm cells were used; chloroform spectra were measured using
dominant 16-18 spectro quality solvent and 2-mm cells. The temperature

. . . dependence of uv spectra was recorded on a Gilford Model 2400
For the Study OI o-p-qurnonoid tautomensms m recording spectrophotometer. Infrared spectra were measured

nonpolar solutions, a useful rule was formulated by with a Beckman IR-12 spectrophotometer. For identification
Mason.1'2 He observed rNH of 0-quinonoid forms to be purposes the potassium bromide technique was used. Stretching
generally lower (3360-3420 cm-1) than pNH of p- vibrations of NH bonis were studied in chloroform solutions

•jr M u r o „ „ I . a ■ as concentrations of co. 1 mg/ml; 10-mm Infrasn cells with ther-
qumonoid forms (3415-3445 cm l). 2-Ethoxy-4-pynm- mostated jackets were used.
idinone has zanh && 3387 cm 1, indicating that only 2-Etho^^-pyriimdmone.—For spectral study the compound21
the ortho form la  is present in chloroform solutions and was recrystallized six times from water; the ir spectrum remained
at 20-50°, the conditions under which the spectra were constant after the second recrystallization,
measured Reaction of 2-Ethoxy-4-pyrimidinone with Diazomethane.—

T, . . , , ,, , , , , 2-Ethoxy-4-pyrimidinone (1 g) was dissolved in 50 ml of dry
It is interesting to note that compounds la, 3b, and tetrahydrofuran; an excess of diazomethane in ether was then

4 have yNH values in accordance with the rule (3387, added and the solution was left for 4 days at 5°. The solvent
3445, and 3405 cm-1, respectively19), while the value was dien evaporated in vacuo, the resulting crystals were dis-
for 3a is clearly too low16'17 (3401 cm-1) and forms the solved ln ether, and the solution was extracted with 1 N  NaOH.

The ethereal solution was dried with magnesium sulfate and
(13) H. Morita and S. Nagakura, Theor. Chim. Acta, ll, 279 (1968). evaporated; a mixture of crystals and oil resulted. The crystals
(14) C. Helene and P. Douzou, Compt. Rend., 2S9,4387,4853 (1964). were purified by three recrystallizations from cyclohexane,
(15) D. J. Brown and T. Teitei, Aust. J. Chem.., 18,559 (1965). followed by sublimation in vacuo (0.05 mm). The final yield
(16) J. Jonas and J. Gut, Collect. Czech. Chem. Commun., 27, 1886 (1962). was 190 ITLg (15%), mp 59—60°.
(17) M. Horak and J. Gut, ibid., 28,3392(1963). Anal. Calcd for C,H10N2O2: C,54.53; H, 6.54; N, 18.17.
(18) J. Pitha, P. Fiedler, and J. Gut, ibid., 31, 1964 (1966). Found: C 54.57' H 6 56' N 18 11
(19) The spectrum oi compound 4 was measured in chloroform solution; ------------- ’ ’ ‘

variation of temperature (20-50°) failed to cause appearance of a new band (20) J. Pitha and S. Vasickova, Collect. Czech. Chem. Commun., 30, 1792
corresponding to the other tautomeric form. The value for 3b was published (1965).
previously.18 (21) G. E. Hilbert and E. F. Jansen, J. Amer. Chem. Soc., 57, 552 (1935).
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This substance is 2-ethoxy-3-methyl-4-pyrimidinone, as its tral properties indicated that l-ethyl-2-ethoxy-4-pyrimidinone 
hydrolysis (1 N hydrochloric acid, 1 hr boiling) gave 3-methyl- was the main component, but further purification was difficult,
uracil; the identity was established by paper chromatography Attempted separation of impurities by extraction with alkali
and ir spectra. The mother liquor from the recrystallizations gave low yields, apparently owing to hydrolysis. Gas-liquid
from cyclohexane were evaporated, dissolved in ligroin, and left partition chromatography separation requires a high temperature
at 0° overnight. The crystals which formed were separated, (200°, Hewlett-Packard 700 laboratory chromatograph, 10%
the liquid was evaporated, the residue was distilled in vacuo (80° silicon fluid S-96 column), causing a partial isomerization. Fi-
bath temperature, 1 0  mm); and 1 2 0  mg of oily distillate resulted, nally, a pure compound was obtained through fractional vacuum
which remained as a liquid even after long standing at room sublimation. A t 0.1-mm pressure and 65° (bath temperature)
temperature. the sublimed fractions were monitored by disappearance of the

Anal. Calcd for C 7H 10N 2O2: N , 18.17. Found: N, 17.88. ir band at 1680 cm-1, which represents an impurity subliming
This substance is apparently 2-ethoxy-4-methoxypyrimidine, before the desired compound. Fractions not having this absorp-

as reaction with excess methyl iodide at room temperature gave tion (60%), mp 94-97°, were recrystallized from tetrahydrofuran
l-methyl-4-methoxy-2-pyrimidinone. The identity of the prod- and resublimed, mp 99.5-100°; these operations did not change
uct was established by the ir spectrum. the ir spectrum.

Preparation of l-Vinyl-2-ethoxy-4-pyrimidinone.— A solution Anal. Calcd for C 8H12N 2O2: N, 16.66. Found: N , 16.50. 
of 0.1 ml of concentrated sulfuric acid in 2 ml of ethyl acetate was Hydrogenation and Hydrolysis of l-Vinyl-2-ethoxy-4-pyrimi- 
added to a suspension of 0.5 g of mercuric acetate in 250 ml of dinone.— The vinyl compound was hydrogenated in the same
vinyl acetate in a pressure flask. A clear solution resulted; way as in the previous experiment. The residue after evapora-
1.5 g of 2-ethoxy-4-pyrimidinone was then added. Nitrogen tion was dissolved in 10 ml of 1 N hydrochloric acid and left
was bubbled through the solution and kept in a 50° bath for 2 overnight. The solution was evaporated and the residue was
days. Dry sodium acetate was then added, and the solution resublimed in vacuo (0.05 mm), yielding 70 mg of white crystals,
was stirred for 10 min and filtered. The filtrate was evaporated mp 130-140°, apparently a mixture. This product was dis-
in vacuo and the residue was dissolved in chloroform. Thechloro- solved in 80 ml of water, 40 mg of catalyst (5% Rh on A120 )3

form solution was extracted five times with cold 1 N NaOH; was added, and the solution was hydrogenated in the same way
the emulsion formed was separated by centrifugation. After as described earlier. After filtration, the solution was evapo-
drying, the chloroform fraction was evaporated in vacuo; yellow rated and the resulting crystals were sublimed in vacuo, giving
crystals and an oil remained. The crystals were first recrystal- 50 mg of sublimate which, according to the ir spectrum, is
lized from carbon tetrachloride and then from a large volume identical with l-ethyl-5,6-dihydrouracil.
of cyclohexane, and sublimed in vacuo (0.05 mm). White

Zyn ^ L T *  w T *  (20° Registry N o .- lb , 20541-38-2; 2b, 23220-30-6;(0.05 M  phosphate buffer, pH 7) 266 npi (t 12,800) and 240 (side , , 6  3 ,, ’ . . . .  ’  „  . .
band, 10,400); xmi„ 222HIM. 2-ethoxy-4-methoxypyrimidme, 23220-28-2; 1-vmyl-

Anal. Calcd for CgHnJLCh: C, 57.82; H, 6.07; N, 16.86. 2-ethoxy-4-pyrim idinone, 23220-29-3.
Found: C, 57.81; H, 6.05; N , 16.88.

Hydrogenation of l-VmyI-2-ethoxy-4-pyrimidinone. The vinyl A cknnw ledfrm ent -—T h is  w ork  w as m ad e  nnssihle
compound (150 mg) was dissolved in 15 ml of ethanol and 15 ml ® P
of water, 75 mg of catalyst (5%  Pd on carbon) was added, and th rough  th e kind  in terest and su p p ort OI D r. Cr. L .
the solution was hydrogenated at room temperature and atmo- E ichhorn . F u rth er, I  w ould  like to th a n k  D r. D . M .
spheric pressure. After 70 min, hydrogen corresponding approxi- B ro w n  and D r. D . J. B ro w n  for sam ples 2c and 4, respec-
mately to one double bond had been consumed. The mixture t iy e ly  and D r  J. J  B u tzo w , D r. J. J. F o x , D r. P. J.
was then filtered with Celite and the solution was evaporated, 7 i rx n  tt -n 1 • r , ,,
yielding crystals, mp 81-93° after recrystallization from a small K ru eger, and D r. C . H . R obin son  for com m ents on th e
volume of carbon tetrachloride and vacuum sublimation. Spec- manuscript.

Cycloaddition Reactions of Thiete 1,1-Dioxides. The Preparation  
of 2-Thiabicyclo[2.2.0]hexane Derivatives1

Leo A. P aquette, R obert W. Houser,2 and M elvin  R osen 

Department of Chemistry, The Ohio State University, Columbus, Ohio 43210 

Received September 16, 1969

The reaction of thiete 1,1-dioxide and its 2,2-dimethyl derivative with typical enamines, ynamines, and dien- 
amines has been studied. Cycloaddition resulted in the examples reported to give derivatives of the previously 
unknown 2-thiabicyclo[2.2.0]hexane system and of 7-thiabicyclo[4.2.0]oct-3-ene. Such condensations provide 
a ready synthetic entry to such molecules. The nmr spectra of the adducts are discussed.

In contrast with the recent surge of interest in bicy- by Corey and Streith4 in 1964. 1-Azabicyclo [2.2.0]-
clo [2.2.0 Jhexane chemistry,3 little attention has been hexane (2) is recognized at this time only as a transitory
paid to monoheteroatomic analogs of this strained intermediate.8 Several 2-oxabicyclo[2.2.0]hexanes,
bicyclic ring system. The only successful synthesis of such as 34 and 4,6 are recognized to result from
a 2-azabicyclo [2.2.0 ]hexane derivative (1) was reported cH:,

a ;r  g q  ca y da?
^CHa 3 4

1 2  ---------------
______________  (4) E . J .  Corey and J .  Streith, J .  Amer. Chem. Soc., 86, 950 (1964).

(1) Unsaturated Heterocyclic Systems. L X V III. For the previous (5) C. A. Grob and V. Krasnobajew, Heir. Chim. Acta. 47, 2145 (1964);
paper in this series, see L. A. Paquette, T. Kakihana, and J .  F . Hansen, I .  N. Nazarov, N. S. Postakov, N. N. Mikhelva, and N. A. Tradkina, J .
Tetrahedron Lett., in press. Gen. Chem. USSR. 29, 2573 (1959); V. Prelog, E . Cerkovnikov, and G.

(2) NDEA Fellow, 1967-present. Ustricev, Justus Jieb igs Ann. Chem., 636, 37 (1938).
(3) K. B . Wiberg, Advan. Alicycl. Chem., 2, 185 (1968). (6) R. Srinivasan, J .  Amer. Chem. Soc., 82, 775 (1960).
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certain intramolecular photochemical cycloaddi- C2H5 C2H5
tions.7 X N/

With the twofold objective of preparing simple de- r— , I
rivatives of the unknown 2-thiabicyclo [2.2.0jhexane | + £j *
system and of exploring further the cycloadditive pro- _ 2
pensity of thiete 1,1-dioxides, we have briefly investi- ' j
gated the reactions of 5 and 12 with a number of dif- CH3
ferent types of electron-rich olefins. It  was anticipated 9
that the proven dienophilic capability of thiete 1,1- CH3 CH3
dioxides8 would be increasingly evident in such conden- ^ — 7S\  h„o+ /—
sations. / — /  J  * A — (  /

Enamines.-—When thiete 1,1-dioxide (5) and 2- (C2H5),N''/  ^ S 0 2 Cr ^ ^ S 0 2
methyl-l-dimethylamino-l-propene (6) were refluxed 10 11
in benzene solution for 24 hr, the 1:1 crystalline adduct
7 was obtained in 60%  yield. That this substance was exhibited principal infrared peaks in chloroform solution

at 1785 (C = 0 ) ,  1332, and 1145 cm-1 (S 0 2). In its 
CH3 CH3 ch3 nmr spectrum (CDCls), the methyl group is seen as a

(,,_j 3 doublet (J  =  7.5 Hz) at 5 1.37 and Hi appears at S 5.68
[j 1 + || _ *  J 1 —> as a quartet of triplets ( J 1>4 =  7.0 Hz; J = 3.0 Hz;

s°2 C S° 2 J  1,3 =  1.0 Hz); the complex multiplet ascribed to the
5 (CH3)2N H (CH3)2 N>H two remaining a-sulfonyl protons is centered at 8 4.42,

6 whereas the complex patterns due to H4 and Hj, are
CH.. CH3 seen at 8 3.40 and 3.90, respectively. The stereo-

\— T v  ch,i 7|---- T v  chemical assignment of the 5-methyl group in 11 derives
( 3)2 s /| J  j  *■ (CH3)3Nv W  J  principally from the strong exo preference anticipated

^ S 0 2 I .S02 from this substituent under the equilibrating conditions
H 7 H 3 employed and from the nmr coupling constants, but

depends further upon recognition of the fact that there 
. . exists a very close spectral correlation with 14 (see

a 2-thiabicyclo[2.2.0]hexane derivative was clearly below) in which an endo-5-methyl group is considered 
revealed by its nmr spectrum. Thus, in addition to y unlikely because of prohibitive steric crowding, 
the two six-proton singlets at 8 1.20 and 2.10 due to the Ynamine 9 also underwent 2 +  2 cycloaddition to 
methyl groups bonded to Cs and nitrogen, respectively, 2,2-dimethylthiete 1,1-dioxide (12). Acid hydrolysis 
there was seen a multiplet at 2 17-2.47 assigned to the of the intermediate enamine 13 led in this instance (43%

4 pro on, a ou e ( z) centered at 3.00 due overall yield) to keto sulfone 14 which likewise exhibited
to H6, and a second multiplet at 3.87-4.42 ascribed to
the three a-sulfonyl protons. Alternative structures CH3 CH
for this product can be eliminated since they would b e ____ CH3 \ — h3o+
expected to exhibit either vinyl absorption or fewer |  + 9 —* /  /  y\ ”
a-sulfonyl protons. 2 (C2H5)2NX> > S 0 2 3

The exo orientation of the dimethylamino group in 13
7 was assigned initially on the basis of the customary CH CH
minimization of nonbonded steric interactions expected 3-y —- iv CH3 Bj !s 3sv— 7 .̂ .CH:1
in the transition state for CiC6 bond formation. Sub- J  j  Hv / L - v  /N
stantiation of this assignment is seen in the magnitude / r ' i '  ■
of the H iH6 coupling constant (6 Hz) which is convinc- H HO
ingly accommodated by the existing dihedral angle.6’7® 14 15

Although 7 readily afforded a methiodide (8), at
tempts to degrade this quaternary salt under a variety an intense cyclobutanone carbonyl stretching mode at 
of Hofmann elimination conditions failed to yield a 1795 cm_1- As expected, the nmr spectrum of 14 
characterizable product. was considerably simplified relative to that of 11 be-

Ynamines.’—A similar condensation of 5 with diethyl- cause of the presence of the gem-dimethyl groups at
1-propynylamine (9) in refluxing benzene led in this in- (sharp singlets at 5 1.62 and 1.72). Thus, whereas
stance to the unsaturated 2-thiabicyclo[2.2.0[hexane both Hx ( / 14 =  7.0 Hz; J lfi =  2.5 Hz) and H4 (J ii4 =  
derivative 10. However, this cycloaddition product 7 -9 Hz ; =  4.5 Hz) appear as doublets of doublets
was not characterized per se because of its instability at $ 5-47 and 2.53, respectively, H5 is seen as a pair of
in air. Instead, the residual enamine moiety in 10 overlapping quartets centered at 8 3.80 and the 5-
was hydrolyzed in acid and keto sulfone 11 could be iso- methyl substituent as an upheld doublet (5 1.23; ./  =  
lated consistently in 45%  overall yield. This substance 7 Hz) .

Diborane reduction of the carbonyl group in 14
(7) For other examples of intramolecular bicyclic oxetane formation, see proceeded readily and in high yield to give eildo hydroxy

(a) H. Morrison, J .  Amer. Chem. Soc., 87, 932 (1965); (b) N. C. Yang, M. s i l l f o n p  1 5  T h p  I q t t p r  r l is n la v p r l  a t m m r  h v r lr n Y v l
Nussim, and D. R. Coulson, Tetrahedron Lett., 1525 (1965); (c) J .  K . Crandall SU U O ne ID . i  n e  l a t t e r  d i s p l a y e d  S t r o n g  U y d rO X y i
and c .  f . Mayer, j . Org. Chem., s i ,  2814 (1969). absorption in the infrared at 3450 cm“ 1 and an nmr spec-

(8) (a) d . c. Dittmer and m . e . Christy, j . Amer. chem . Soc., 84, 399 trum in full agreement with the assigned structure (see
(1962); (b) D. C. Dittmer and N. Takashina, Tetrahedron Lett., 3809 (1964); TT' * 4. l o  j." \ m i • i i i i 1
(e) L. A. Paquette, j . Org. chem ., so, 629 (1965); (d) l . a . Paquette and Experimental Section). This secondary alcohol proved
t . r . Phillips, ibid., 30,3883 (1965). to be labile to bases, e.g., aluminum isopropoxide, etc.,
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even under mild conditions. For example, upon stand- 1145 cm“ 1 (SO»); i?5s18 1 - 2 0  [s, 6  H, C(CH,),], 2 . 1 0  [s, 6  H,
ing overnight at room temperature in the presence of N(CHS)2], 2.17-2.47 (m, H4), 3.00 (d, J  = 6 . 0  Hz, H6), and 3.87-

diborane, 15 undergoes red u ctive  c leavage to 16a. ^ n d . ’ ^hdcd fo f^ H n N 0 2S: C .53 .17 ; H, 8.43; S, 15.77.
ih is  behavior is n ot un expected  since it  derives con- Found: C, 53.43; H, 8.45; S, 15.76.
siderable d riv in g force from  th e relief o f rin g strain  and A methiodide of 7 was prepared in the usual way in 83% yield, 
th e tran sien t in terven tion  of an a -su lfo n y l carbanion. Reerystallization from methanol-ether gave pure 8 , mp 225°
Alcohol 16a was further characterized as its crystalline dec;  . „ . , , „ „  T.T„ „ „ „. „  . 0 . „ _ OA
j. i . , , ,  J Anal. Caled for CioHioINOiS: C ,34.79; H, 5.84; S, 9.29.
rosyiaie lOD. Found: C, 34.86; H, 5.86; S, 8.90.

CH, ea;o-5-Methyl-2-thiabicyclo [2.2.0] hexan-6 -one 2,2-Dioxide (11).
I CH3 — A solution of 8.73 g (0.087 mol) of 5 and 12.0 g (0.107 mol) of

____ qjj diethyl 1-propynylamine (9, Fluka) in 150 ml of dry benzene was
heated at reflux under nitrogen for 24 hr. The benzene was 

— S02 evaporated and the residual red oil was dissolved in 100 ml of 6

16a, R = H AT HC1 and extracted continuously with ether overnight. Evapo-
b R = S0 2C6H4CH3-p ration of the dried ether solution yielded 6.30 g (45%) of 11

which was twice recrystallized from benzene-hexane: mp 75-
D ien am in es.— Preparation of 7-thiabicyclo [4.2.0]- 7$°6K (5 r £ )’ 1332> l 1»8. and 1144 cm-' (SO,);

nnf q oriao vxroo Affon+A/l v» i , i i j  l*, • n t̂ms 1*37 (d, J  — 7.5 Hz, methyl), 3.40 (m, H4)j 3.90 (m, H5),
oct-3-enes was effected by a related cycloaddition of di- 4 42 (m> 2  H), (remaining a-sulfonyl), and 5.68 (q of t, /  = 7.0,
enammes to thiete 1,1-dioxides. 1-Dimethylamino- 3.0, and 1.0 Hz, Hi).
1,3-butadiene (17a) w as su b jected  to  reaction  w ith  b o th  Anal. Calcd for CJLOaS: C, 45.00; H, 5.00; S, 20.02. 
5 and 12 to g iv e  ad du cts 18a and 18b, resp ective ly . Found: C, 44.90; H, 5.08; S, 19.74.

exo-3,3,5-Trimethyl-2-thiabicyclo[2.2.0]hexan-6-one 2,2-Diox- 
R ¿S' R ide (14).— A solution of 7.0 g (0.053 mol) of 2,2-dimethylthiete

I | 1,1-dioxide (12) 10 and 7.0 g (0.063 mol) of 9 in 100 ml of dry
K i| |— — R benzene was refluxed under nitrogen for 48 hr. The benzene was

SO, I * <1 i — so, evaporated and the residual red oil was hydrolyzed as above to
c D _ t r  give 4.23 g (42.5%) of 14: mp 118-119° after two recrystalliza-

lo’ c  — ntj 17a,R' = CH3 Ajrjv tions from benzene-hexane; >wcla 1795 (C = 0 ), 1325, 1170, and
’ -  b,R' = C2H5 r _ h ! 1115 cm" 1 (S02); 1-23 (d, J  = 7.5 Hz), 1.62, 1.72 (s,

3 gem-dimethyl), 2.53 (d of d, /  = 7.0 and 4.5 Hz, H4), 3.80
p p u  p/ 3 n u  (overlapping quartets, H5), and 5.47 (d of d, J  — 7.0 and 2.5

c, K — Lrlj;K — L̂ rir, Hi).

As observed earlier, 12 is more sluggish to react than 5 Fô ;  c° 16 861 °7’ H’ 6  38’ S’ °4’
because of the steric effect generated by the gem-di- exo-3,5,5-Trimethyl-e»(fo-4-hydroxy-2-thiabicyclo[2.2.0]hexane 
methyl functionality on the adjacent sp2 carbon atom 2 ,2 -Dioxide (15).— Into a solution of 2.87 g (0.015 mol) of 14 in
which, in this instance, is a neopentyl center. 1- 2 0 0  ml of anhydrous tetrahydrofuran cooled to 0 ° under nitrogen
Diethylamino-1,3-butadiene (17b) behaved similarly. was introduced gaseous diborane, generated externally by

rpi , r i i  , - i  . . . dropping 15 g (0.11 mol) of boron trifluoride etherate into a
The nmr spectra of adducts 18a-c were in  complete s6 lution 0f J  g ;0 .0 4  mol) of sodium borohydride in 50 ml of

agreem ent With th e  assigned structures. In  th ese diglyme. After completion of the diborane generation (30 min),
exam ples, how ever, it  did n ot p ro v e  possible un equivo- the mixture was stirred for an additional 2 hr at 0°. Dilute hydro-
ca lly  ~ 0  assign stereochem istry  to th e  d ialkylam in o  chloric acid (50 ml) was added cautiously, the tetrahydrofuran
eroun was ev aP°rate(i, and the aqueous layer was continuously extracted
“  T , . overnight with ether. The dried ether solution was evaporated

In  conclusion, th e present research reveals th a t sim - to afford 2 . 1 5  g (75.5%) of 15: mp 54-55.5° (from benzene-
pie cycloaddition reactions of electron-rich olefins to hexane); dj«CIi 3450 (OH), 1312, 1287, 1125, and 1110 cm-1
thiete 1,1-dioxides provide a ready means of preparing (S02); s?Ss13 1-21 (d, /  = 7.0 Hz, 5-methyl), 1.51, 1.53 (s,
derivatives of 2-thiabicyclo [2.2.0Jhexane and 7-thia- gem-dimethyl), 1.82 (t, J  == 7.0 Hz, HO, 2.85 (m, Hs), 3.85

bicyclo [4.2.0 Joctane. However, preliminary studies (“ B’ C a M  for c S S  0^50.53; H, 7.36; S, 16.87.
have also indicated that l,l-di(l-pipendmyl)ethylene, Found: C, 50.51 H, 7.41; S, 16.98.
N,N-dimethyl-2-phenylethynylamine, and N ,N ,N ',N '- Ring Opening of 15.— A 2.50-g sample of 14 was reduced in the 
tetramethyl-l,3-butadiene-l,4-diamine do not react above manner with diborane. The reaction mixture was allowed
with 5 and 12. Therefore, this particular cycloaddition *° ®tir at room temperature overnight. After the same work-up

,. i 1.59 g (63%) of 16a, a viscous oil, was obtained. This material
is not entirely general. was * olecularly distiued at 100° (0.5 mm): r™cl3 3510, 3400

(OH), 1305, 1153, and 1120 cm” 1 (S02); 5?£s'3 0.98 (d, J  = 6.5 
~ . Hz, methyl), 1.54 (s, gem-dimethyl), 2.00 (m, 2 H, H3 and ad-

Expenmental Section jac; nt prô n)> 3 05 (B* 0H), 3A2 (d >  j  =  4 .8 Hz, OCH2), and

Melting points are corrected. The microanalyses were per- .̂83 (AB, J  == 10.0 and 2.5 Hz, a-sulfonyl). 
formed by the Scandinavian Microanalytical Laboratory, Herlev, Thls alcohol was converted into its tosylate (16b) with tosyl
Denmark. The nmr spectra were determined with a Yarian chloride in pyridine at 0 . The crysis me su ona e es er was
A-60 spectrometer using tetramethylsilane as internal standard. obtained as white prisms, mp 12 .5- 5. ( r ome ano ).

5,5-Dimethyl-6-ea;o-dimethylamino-2-thiabicyclo[2.2.0]hexane Anal. Calcd f°r . 0, 52.0 , , . , ,
2,2-Dioxide (7).— A solution of 3.0 g (0.039 mol) of thiete 1,1- Found: C, 52.26, H, 6.58, b, o. •
dioxide (5)9 and 3.9 g (0.039 mol) of 2-methyl-l-dimethylamino- 5-Dimethylammo-7-thiabicyclc>[4.2 0]oct-3-ene 7 7-Dioxide
1-propene (6)10 in 5 ml of dry benzene was refluxed for 24 hr under (18a). A mixture of 6.35 g (0.061 mol) o 5 an . g (  •
a nitrogen atmosphere. Chromatography of the concentrated mol) of l-dimethylammo-l,3-butadiene (17a)" m 10 ml of dry
reaction mixture on neutral alumina afforded, on elution with benzene was left at room temperature under nitrogen for 6 days,
ether-petroleum ether (1:3), 3.5 g (60%) of 7: mp 102-103° The black solution was concentrated m vacuo-and the¡residue was
further recrystallization from ether-petroleum ether did not chromatographed on neutral alumina. Elution with petroleum
improve the melting point); rSS3 1335, 1220, 1210, 1185, and ether-ether (9:1) gave 8.8 g (71.5%) of 18a as a yellow oil.
— ------------ Purification through its hydrochloride salt gave a colorless oil

(9) D. C. Dittmer and M. E . Christy, J .  Org. Chem., 26, 1324 (1961). ______________
(10) W. E . Truce, J .  R . Norell, J .  E . Richman, and J .  P. Walsh, Tetra-

hedronLett., 1677 (1963). (11) Z. Arnold, Collect. Czech. Chem. Comm., 26, 1308 (1960).

Vol . 3 5 , N o . 4 , A p ril  1970  2-Thiabicyclo[2.2.0]hexane Derivatives 907



with no change in spectral properties: vfiiJ 1325, 1200, 1175, 5-Diethylamino-8,8-dimethyl-7-thiabicyclo[4.2.0]oct-3-ene 7,7-
and 1130 cm-1 (SO2); S?m| 1.90-2.83 (m, Hi and H2), 2.20, 2.34 Dioxide (18c).— A mixture of 1.0 g (7.6 mmol) of 12 and 0.94 g
(s, N(CH3)2), 3.33-3.74 and 4.00-4.62 (m, 2 H each, Hs and a- (7.6 mmol) of 1-diethylamino-l,3-butadiene (17b)12 in 5 ml of
sulfonyl), and 5.86 (broad s, 2 H, vinyl). dry xylene was refluxed under nitrogen for 12 hr. The dark re-

A methiodide of 18a was obtained in 78% yield, mp 191° dec action mixture was concentrated and the residue was chro-
(methanol-water). matographed on Florisil. Elution of the column with petroleum

Anal. Calcd for C ioHi8IN 02S: C, 34.99; H, 5.29; N, 4.08. ether containing increasing amounts of ether gave a yellow crys-
Found: C, 34.92; H, 5.35; N, 3.93. talline solid. Recrystallization of this substance from petroleum

5-Dimethylamino-8,8-dimethyl-7-thiabicyclo[4.2.0]oct-3-ene ether afforded 0.4 g (19.5%) of 18c: mp 64°; >w41312, 1165,
7,7-Dioxide (18b).— A mixture of 5.0 g (0.038 mol) of 12 and 1150, and 1110 cm-1 (S02). Approximately one-fourth of the
4.0 g (0.041 mol) of 17a in 10 ml of dry benzene was left at room starting quantity of 12 was recovered.
temperature under nitrogen for 1 week and then refluxed for 2 hr. Anal. Calcd for Ci3H23N 02S: C, 60.66; H, 9.01; N , 5.44; 
The black solution was worked up and chromatographed as above S, 12.46. Found: G,60.39; H, 8.88; N, 5.40; S, 12.36.
to give an oily solid, recrystallization of which from ether-
petroleum ether afforded 1.7 g (19.5%)I of 18a, mp 45-48°. An Registry No.— 7, 23431-18-7; 8 ,2 3 4 3 0 -8 8 -8 ; 11,
analytical sample was prepared through, the hydrochloride salt, oQ/tQn qq o- 1 a oQ/iQn on o • i c oq-iqh qi q. ia«
mp 215° dec (from methanol-ether), and regeneration of the free 10 a’
base: mp 59°; v™* 1315, 1175, 1153, and 1112 cm“1 (S02); 23431-19-8; 16b, 23431-20-1; 18a, 23430-92-4; 18a
a?£s1J 1.40 and 1.65 (s, f/em,-dimethyl), 2.28 (s, N(CH3)2), 2.17 (methiodide), 23430-93-5; 18b, 23430-94-6; 18b
(m, 2 H, H2), 3.65-3.86 (m, H5), 4.25-4.60 (m, H6), and 5.88 (methiodide), 23465-13-6; 18c, 23430-95-7.
(broads, 2 H, vinyl).

Anal. Calcd for C iiHi<>N02S: C, 57.61; H, 8.35; N, 6.10; . , _ + rpi • 1 n j  ■ ,
S, 13.98. Found: C, 57.62; N, 8.42; N, 5.99; S, 13.84. Acknowledgment.—This work was financed in part

A methiodide salt of 18b was prepared, mp 211° dec (methanol- by the National Science Foundation, Grant GP5977, 
water). whom we thank.

Anal. Calcd for Ci2H22IN 02S: C, 38.82; H, 5.97; S, 8.64.
Found: C, 38.62; H, 5.92; S, 8.42. (12) S. Hunig and H. Kahanek, Chem. Ber., 90, 238 (1957).

The Reaction of 6,6-Dibromobicyclo[3.1.0]hexane with M ethyllithium . 
Efficient Trapping of 1,2-Cyclohexadiene by Styrene1

W illiam R. M oore and W illiam R. M oser2 

Department of Chemistry, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139

Received August 8, 1969 .

The reaction of 6,6-dibromobicyclo[3.1.0]hexane (1) with methyllithium in styrene affords a 76% yield of 
exo- and mdo-7-phenylbicyclo[4.2.0]oct-l-ene (8a and 8b) in a ratio of 2.2:1. The structures of 8a and 8b have 
been established by spectral methods, oxidative degradation, and hydrogenation to exo- and mdo-7-phenyI- 
bicyclo[4.2.0]octane, which were synthesized independently. The formation of Sa and 8b is interpreted in terms 
of the generation of 1,2-cyclohexadiene, which adds to styrene to form a singlet biradical that closes to 8a and 8b.

The reaction of 6,6-dibromobicyclo[3.1.0]hexane gives a diallylene 5, which either cyclizes to 7 at “high”
(1) with methyllithium gives no evidence of products temperatures or dimerizes to 6 at low temperatures
derived from carbene 3 (Scheme I). Rather, at —80° (Scheme I). In order to gain insight into the nature of

1,2-cyclohexadiene, we have investigated intercepting it 
Scheme I with various reagents. In this paper we report the

r  I trapping of 4 with styrene and a rigorous proof of the
cHjLî  structures of the adducts.

Br B r  ̂ The reaction of 1 with methyllithium in isobutylene,
1 2 3 4  cyclohexene, and furan under a variety of conditions

___________________ | produced the same products, 6 and 7, observed when
(  \__i  J  J ether was employed as the sole solvent; no evidence for

| /  \  /  \ any “trapping products” was obtained. However,
r A  /  y, '_r 11__ /  addition of methyllithium in ether to a solution of 1 in

5 7 pure styrene at —15° gave, after distillation, a 76%
d s .s y n , ds  yield of a 1 : 1 styrene-C6H8 adduct 8. A small amount
cis,an ti, cis (4-5% ) of 7 was formed and the total distillation resi-

6 due, ca. one-tenth the weight of 8, was found to consist
. . . of 6 (along with small amounts of “trimeric” material3) .

the majoi products are the stereoisomers 6, while in No evidence was found for the formation of any styrene
re uxmg ether diene 7 is formed in good yield.3 We polymer. The product composition was the same with
have intei preted3 these results in terms of the genera- methyllithium made from methyl bromide or methvl
tion o 1,2-cyclohexadiene (4) from either 2 or 3 (or iodide. Dilution of the stvrene in ether lowered the
both) and have suggested that dimerization of 4 first yield of 8 somewhat.

(1) Supported in part by the National Science Foundation (Grant GP- T h e  t r a p p i n g  p r o d u c t  8  W a s  s h o w n  b y  g l p c  t o  b e  a
1306) and the Petroleum Research Fund administered by the American m i x t u r e  o f  t w o  C o m p o u n d s ,  in  a  r a t i o  o f  2 . 2 : 1 .  B a s e d
Chemical Society (Grant 1549-A4). ,  . 1 l i i i

(2) National Institutes of Health Predoctoral Fellow, 1960-1964. 1116 Q6t<lli6Ci e\ ld .en .C 6 p re S P IltG u  b e iO W , t h e  m a jo r
(3) W. R. Moore and W. R. Moser, J .  Amer. Chem. Soc., in press. p r o d u c t  h a s  b e e n  s h o w n  t o  b e  6 X O - 7 - p h e n y lb ie y d o -
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[4.2.0]oct-l-ene ( 8 a )  and the minor product to be endo- S c h e m e  II
7-phenylbicyclo[4.2.0]oct-l-ene ( 8 b ) .  The major prod- H C6H5
uct 8 a  could be isolated in a pure state by spinning- / x L _ f  
band distillation; the minor compound 8 b  was isolated I I I H

H C6H, H H 8a

■ 4  h R  B lH*Pd
C A 3  “ ° H C.H, H H H H

-  8b h ^  i  r j B - c . „ .
by preparative glpc. Elemental analysis and mass ^ 1 #
spectra established that both compounds were Ci4H16. H H 8b
Both showed infrared absorption characteristic of a 9a 9b H pd
moncsubstituted benzene. The nmr spectra estab- H H H C6H5
lished that both compounds have five aromatic and one , BH ^  c h l_ / v f l
olefinic proton. The upheld portions of the spectra I J  - 2 8 ” [  _ J  f 1 \ 'OH
differ: 8a shows four protons in a relatively sharp 2 *
band at 8 2.99 with six protons in a broad band at 8 H H B
0.55-2.3; 8b shows one proton as a triplet of doublets 10 11 12
at 8 3.70 overlapping a complex three-proton pattern a-J
at 8 2.5-3.9 and six protons in a broad band at 8 0 .35 - / —
2.5. These nmr differences serve as a basis for a struc- | )
tural and stereochemical assignment (below), confirmed \  / /
by degradation.

Quantitative hydrogenation of 8 a  over palladium on stereochemistry follows from consideration of the rela- 
carbcn established the presence of one double bond and tive stabilities of these two isomers. An eudo-phenyl
gave a single product 9 a  (no 9 b ) :  Similarly, 8 b  gave a group clearly suffers nonbonded repulsions absent in
single product 9 b  (no 9 a )  upon absorption of 1 mol of the exo isomer. Hence the less stable isomer, 9 b ,  must 
hydrogen. The two compounds, C14Hi8 by analysis have the endo-phenyl configuration, 
and mass spectra, had similar, but different, ir and nmr The hydrogenolysis of alcohol 12 thus proceeded with 
spectra and the same glpc retention times on all col- overall inversion of configuration at C-7. This result
umns employed except Craig polyester succinate. might be due to backside displacement of the proton-
Heating either 9 a  or 9 b  with potassium ¿-butoxide in ated hydroxyl on the catalyst surface, but it is probable
dimethyl sulfoxide4 caused equilibration to a mixture that the alcohol was catalytically dehydrated to 7- 
of the two compounds containing about 90% 9 a ,  estab- phenylbicyclo[4.2.0]oct-7-ene, which was then hydro-
lishing that this isomer is the more stable. A similar genated from the less hindered side, leading to the endo
mixture resulted from treatment of 9 a , b  with potassium configuration for the phenyl group, 
amide in liquid ammonia. The data at this point established the carbon skeleton

The structures 9 a  and 9 b  were established by the 0f s a  and 8 b  but not the position of the double bond,
synthetic sequence outlined in Scheme II. cfs-Bicyclo- A 2.2/1 mixture of 8 a / 8 b  was hydroborated and oxi-
[4.2.0 ]oct-7-ene (10), prepared by photolysis of cis,- dized with chromic acid and the product was treated 
m-l,3-cyclooctadiene,5'6 was hydroborated and oxidized with dilute potassium hydroxide in methanol to ensure
with chromic acid7 to give cfs-bicyclo[4.2.0]octan-7-one that only the more stable cfs-fused bicyclic system was
(II). Ketone 11 prepared in this way was shown to be in hand. Since the resultant ketone 13 (Scheme III) 
identical with the ketone obtained by chromic acid 
oxidation of bicyclo[4.2.Q]octan-7-ol.8 Treatment of
11 with phenyllithium gave an 87%  yield of 7-phenyl- S c h e m e  III
bicyclo [4.2.0]octan-7-ol (12), which appeared to be a q,H5 L BA
single epimer. Since the phenyl group should enter | 2- H*Cr0< j
the molecule from the less hindered side, we assign the —  3- koh—ch,oh
ezo-phenyl configuration to 12. Hydrogenolysis of 8a/8b
12 over palladium on carbon in acetic acid at 60° af- 2.2/1
forded only 9 b .  The fact that base-catalyzed equili- H
bration, which can only affect the configuration at the ^.C6H5
benzylic C-7 position, converts 9 b  into 9 a  establishes [ J | j j
the structure of the latter. The assignment of the  ̂ K0H

jl H H
(4) D. J. Cram, C. A. Kingsbury, and B. Rickborn, J .  Amer. Chem. Soc., ' )  9a/9b

83,3688 (1961). 13
(5) (a) W. G. Dauben and R . L. Cargill, J .  Org. Chem., 27, 1910 (1962).

(b) S. F . Chappell and R . F . Clark, Chem. In d. (London), 1198 (1962).
(c) Both the direct6“ and the photosensitized6b photolyses apparently involve
<ns,irans-l,3-cyclooctadiene. In both systems we observed quick formation gW e d  CarbonYl absorption at 1710 Cm“ 1 Only, the 
of a glpc peak which apparently was this strained olefin. u j  •

(6) (a) W. J. Nebe and G. J. Fonken, J .  Amer. Chem. Soc., 91, 1249 (1969); keto group had to be in the SlX-membered Ting. W OlII
(b) R . s. h . Liu, ibid., 89 , 1 1 2  (1967). Kishner reduction of 13 gave a 2.2/1 mixture of 9 a  and

S  l l t t ? & : 2 £ S £ Z i 3 S m .  » •  *he *  *>*»> “ 9a
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and 9b and narrowed the possible alternate structures S cheme Y
for 8a and 8b to the epimers of 8-phenylbicyclo [4.2.0]- CGH5f
oct-l-ene (14). Based on model compounds, we esti- -A* Cc,H5CH=CH, +

p h  m/e 104

C Y f n  is
1 H 0= 0= 0000,00,00,00,003

H b
14

h ov och, _
mate that both epimers of 14 should show nmr signals c o ,= C = 0  I ] — /  +  ch 00 ,00
for the benzylic proton (at C-8) at ca. S 4 .3 .9 Similarly, /
for 8b we predict a value of ca. 8 3.5 for the benzylic c'u  CcHr’
proton (at C-7), close to the value of 8 3.70 observed. m/e 204 m/e 130
Molecular models show clearly that owing to the puck-

henrvKn nmt j^ ^ e ^ e d  r'ng. the corresponding Further evidence supporting structure 16 rather than
i *  P “ “  es m e s le mg region o e 17 came from deuterium-exchange studies. Keto acid

double bond and consequently must fall upheld from , , • , , •j o m  ■ l f ou rp,- , 15 was created with potassium carbonate in deuteriumthe 8 3.70 signal of 8b. This predication is confirmed . ,  c , , h > , . . __. xn„ + xu - i r  ,, ^  -  , oxide for 17 hr and then washed with water to regen-by the observation that the signal from the C-7 proton , ,, „  u . . t
* qo r„ii • j.1 i u * t o nn / i •*, erate the C 0 2H group, resulting in the incorporation ofof 8a must fall in the band at 8 2.99 (along with the , e ,  , , ■ r  , ,

. . x , \ |0 x j j  j.- ,, an average of 2.6 atoms of deuterium per molecule,other three cyclobutane protons).10 In addition, the rp , , , ,, , , , , , ,  K- ,,n  7 „ f o t  x • i . r j  ii  . , T Treatment of the deuterated 15 with diazomethaneC-7 proton of 8b appears as a triplet of doublets (Ji =  , , , , • , ,
t ~  o tj„ r o~j q vr \ ++ -x  x -xv \ gave keto ester 16, with the same deuterium content.

J i  =  9 Hz, J 3 ^  3 Hz), a pattern consistent with struc- , u , , ,, , ’ , , , .. , ,
ture 8b ( J ets ~  9 Hz, J  lTans -  3 Hz), but totally incon- A ltto“gh be eXch?nge had not qU1fte re&C,hed tb e “  
sistent with structure 14. ‘ f lum for l5/  whlch has three protoif  adf  cent to tt]ie

To conhrm the spectral assignment of the position of ke*C gl\ up (protoiis adJ acent to ^ carboxylate group do
the double bond, we investigated the oxidative degra- not exchange T o V  !  C™ dlt!°ns)’ the °bs]erved 
dation of 8a,b. Ozonation of a 2.2:1  mixture of 8a,b at T l  ^  deuterium per molecule
- 8 0 °  followed by catalytic hydrogenation of the ozon- clea: ly eXclJ des structure 17 which can incorporate a
ide and oxidation of the resultant aldehyde with silver maximum of two atoms of deuterium per molecule, 
oxide afforded keto acid 15 (71%) which was converted
into the keto ester 16 with diazomethane (Scheme IV). Discussion

The formation of the adducts 8a and 8b in high 
S cheme IV yields substantiates our arguments3 for the intermediacy

CH 10 of 1,2-cyclohexadiene. Although small amounts of 6
—s '  0 5 2. h- iM and 7 are formed, styrene clearly is an efficient trap.

U —I 3 Ag 0 ’ The orientation in this addition is similar to that ob-
g served for addition of normal allenes to activated ole-

a’ fins,11 but, because 4 is by no means a normal allene,
0 jj. c H we felt that it was essential to provide unequivocal
' C - / sv / \ ( ; o.h ch,n, fr) evidence for the structures of 8a and 8b.

I—L a " *■ 1U 2 3  Obviously the addition of 4 to styrene, a (2 +  2) cy-
N0 cloaddition, is very fast. A concerted thermal (2 -f-

15 16 2) cycloaddition must be suprafacial-antarafacial
„ (cis-trans) .12 Since 1,2-cyclohexadiene can be looked

—s '  5 I— R upon as simply a badly twisted allene, any addition to
L j —I ==*’ —L ’ it can be regarded as antarafacial. Y et the mode of

14 C6H5 0  dimerization of 4 (see Scheme I and ref 3) suggests that
17 the addition of 4 to styrene is not concerted. We be

lieve that this addition reaction is a two-step process 
Both 15 and 16 show strong carbonyl absorption at involving formation of a biradical intermediate 18
1780 cm- 1 in the infrared, characteristic of cyclobuta- which subsequently closes to both 8a and 8b .13
nones. The mass spectrum of the keto ester estab
lished that it was 16 and not the isomeric keto ester 17 —|
which would result from 14. Major fragments are + \  * L J  L ” 8a + 8b
found at m /e  (rel intensity) 204 (13), 130 (60), and Ph Ph
104 (100). The base peak at m /e  104 represents styrene 18
and supports either structure, but the m /e  204 and
130 peaks can come only from 16 and not from 17 Addition of 4 to styrene to form 18 should occur with 
(Scheme V). the plane of 4 approximately perpendicular to planar

(11) (a) J .  D. Roberts and C. M. Sharts, Org. Reactions, 12, 1 (1962); (b)
(9) The C-8 proton is on a cyclobutane ring, tertiary, allylic, and benzylic D. R. Taylor, Chem. Rev., 67, 317 (1967).

— all features causing a downfield shift. (12; R . Hoffmann and R . B. Woodward, Accounts Chem. Res.. 1, 17
(10) Models also suggest that the preferred rotational conformations of (1968).

the phenyl group will lead to deshielding of the C-7 proton of 8b but shielding (13) Bassd on the relative stabilities of 9a and 9b we assume that 8a is
of the C-7 proton of 8a. more stable than gb
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styrene and oriented to minimize steric repulsions as / \
depicted in Figure 1 (I). If closure follows from this |
conformation, models suggest that there should be at
least a slight preference for formation of 8b [closure t
along b, Figure 1 (I)] over 8a [closure along a, Figure al ~L
1 (I)], but, if the biradical rotates to the sterically _____ a , J
preferred conformation shown in Figure 1 (II), the two r S \  \ j /  H
direct modes of closure are equivalent and give only ^  A\
8a. The fact that 8a does predominate (2 .2 :1), pro- H
vides some, if not compelling, support for the proposed
intermediacy and mode of reaction of 1 8 . H\ ......

Wittig and Fritze14 have reported trapping 1,2- „ —\
cyclohexadiene with 1,3-diphenylisobenzofuran and /  ■' \
isolating a 4 : 1 ratio of adducts 1 9 . Based on infrared ^ ^  C j y f  T s \  /

c b , c f  ' ^

11 ^  HFigure 1.— Cyclization of the proposed biradical formed on 
jjj I addition of 1 ,2 -cyclohexadiene to styrene: I, initial conforma-

C6H5 tion; II, conformation after rotation. Closure in mode a gives
19 8 a, in mode b gives 8 b.

spectra, the major isomer waŝ  assigned the endo con- weak uv absorption (ethanol) at 250 m/( (log e 2.51) which was
figuration. While this addition may be concerted, due to the phenyl group, and the infrared spectrum showed bands
examination of models indicates that if a biradical were which were due to 8 a and 8 b only.
formed in this case, an analysis similar to that above A n a l .  Calcd for CuH«: C, 91.25; H, 8.75. Found: C,
predicts th a t  form ation  of th e endo isom er w ould be i v  ’ ,__ , , . oJT , Distillation through a 90-cm spmmng-band column gave a
lavo reu . pure sample of 8 a and a fraction enriched in 8 b from which 8 b

Finally, we wish to comment on the fact that, in the was obtained by preparative glc (20% EGA, 140°).
reactions which afforded 8a,b, there was no polymeri- Compound 8 a gave the following data: ir (neat) 3070, 3050,
zation of styrene (the solvent). Thus, if 1 8  is an inter- 3020, 1603t n“ r 5 J-/*1
mediate, it cannot be a triplet; triplet 1 8  should be a c _6j c .7> c _8)> and (Kf) 2 .3  (compieX, 6  II, CH2CH2CH2); mass
h igh ly  efficient in itia to r  for polym erization. Since spectrumm/e 184 (M +).
triplet 4  would generate triplet 1 8 , it is clear that 1,2- A n a l .  Calcd for C i4H16: C, 91.25; H, 8.75. Found: C,
cyclchexadiene, as generated from 1 , must be a singlet. 91.34; H, 8.76. „  . . . .

Compound 8 b gave the following data: ir (neat) 3070, 3050, 
3020, 1603, 1498, 765, and 700 cm"1; nmr (CCh) 5 7.32 (sharp,

Experimental Section16 5 H> C(iHrT 5'-4®/br>1 4 H: „"f*
C-7, C-8 , including a triplet of doublets at 3.70, C-7), and 0.4-

exo-7-Phenylbicyclo [4.2 .0 ] oct-l-ene (8 a) and endo-7-Phenyl- 2.5 (complex, 6  H, CH2CH2CH2); mass spectrum m/e 184 (M+). 
bicyclo[4.2.0]oct-l-ene (8 b).— A solution of 65.6 g (0.273 mol) A n a l .  Calcd for C 14H 16: C, 91.25; H, 8.75. Found: C,
of 6,6-dibromobicyclo[3.1.0]hexene3 (1) in 500 ml of styrene was 91.27; H, 8.79.
cooled to —15° and 0.33 mol of 1 M  methyllithium (prepared When the reaction was carried out using equal volumes of
from methyl bromide and lithium) in ether was added dropwise styrene and ether at —40° and methyllithium (made from methyl
with rapid stirring. After 15 min the mixture was warmed to iodide) the ratio 8 a : 8 b was unchanged but the yield decreased,
room temperature and worked up in the usual way. Distilla- exo-7-Phenylbicyclo[4.2.0]octane (9a). Hydrogenation (25°,
tion afforded 36.1 g (74%) of olefins 8 a,b, bp 78° (0.04 mm), ra25D 1 atm) of 98.1 mg of 8 a over 30% palladium on carbon resulted
1.5561, and a residue of 3.9 g. Glpc analysis (5% EGA, 150°) in the rapid uptake of 1 equiv of hydrogen. Short-path distilla-
showed a ratio of 8 a : 8 b of 2.2:1. The distillation forerun tion gave 94.2 mg (95%) of 9a: ir (neat) 3070, 3050, 3020, 1603,
showed 4.6% 7 and the residue (SE-30) was shown to consist of 6  1498, 765, and 700 cm“1; nmr (CCh) S 7.37 (sharp, 5 H, CiHs),
along with small amounts of trimeric3 material. A subsequent 3.55 (complex, 1 H, C-7), and 0.7-3.0 (complex, 12H); mass
run gave a 76% yield of 8 a,b. The 8 a,b mixture showed only spectrum m/e 186 (M+). Glpc on several columns showed only
---------------  9a and no 9b.

(14) G. W ittig and P. Fritze, Angew. Chem., 78, 905 (1966); Justus A n a l .  Calcd for CuHis: C, 90.26, H, 9.74. Found. C,
Liebigs Ann. Chem., 711, 82 (1968). 1-Bromocyclohexene was treated with 90.33; H, 9.69.
potassium i-butoxide in dimethyl sulfoxide in the presence of the isobenzo- Bicyclo[4.2.0]oct-7-ene (10).5a— Photolysis of 70 g of c i s ,c i s -1,3-
furan. The two adducts were formed in 41%  combined yield. cyelooctadiene in 2.9 1. of anhydrous ether using a 500-W Han-

(15) Spectral measurements were determined with the following instru- Qv;a high-pressure mercury arc (quartz probe) for 152 hr afforded
ments: ir. Perkin-Elmer Models 21, 237, and 337 spectrophotometers; 17 g (24%) of 10, bp 129-135°, which was found to be 95% pure
nmr, Varian A-60 spectrometer uy, Cary Model 14 spectrophotometer; TEG-12% C-20 M, 91°). Purification by prepara-
mass spectrum, Consolidated Electrodynamics Model 21-130 mass spec- ? & K  1 n c m
trometer (ionizing potential of 70 eV). Glpc columns were generally 0.5 X  l̂v e  §̂ PC (S-550; 104 ) gave .6 g o pure Wl in a
200 cm and 1.5 x  200 cm (homemade apparatus, thermal conductivity de- nmr spectra identical with those obtained by Uauben and Oar-
tector) or 0.2 X 150 cm and 0.2 X 300 cm (Wilkens A-600 flame ionization) g ill .5a ’16
emplojdng acidic, basic, or neutral Chromosorb P or W and the following I n  the above photolysis as well as in an acetophenone-sensitized
liquid phases: Carbowax 20M (C-20 M ), silicone oil 550 (S-550), silicone reaction, an unidentified peak (with a retention time 1.2 times 
oil 710 (S-710), tetraethylene glycol (TEG ), SE-30 silicone rubber (SE-30), of 1,3-CyclcoCtadiene, TEG-C-20 M, 90°) appeared shortly
ethylene glycol adipate (EGA). Versamid 900 (V-900), silicone nitrile X F - f  h  h oto]vsis began. Its concentration remained co . one-

'XF-rnO) silicone nitrile X E-60 (X E-60), and Craig polyester sue-  ̂ ® J  1,3-cyclooctadiene during the remainder of the 
cinate (CPS). Internal standards were employed using appropriate re- _  ’ J  , , ,  • , i o ~
sponse factors; peak areas were measured with a planimeter. Melting photolysis. This material apparently Was C lS,tran s- 1,3-cyclo-
points are corrected and boiling points are uncorrected. All reactions OCtadiene.6
employing organometallic reagents, active metals, alkoxides, hydrides, ______________
photolysis, pyrolysis, and diborane were conducted under a nitrogen at
mosphere. (16) We wish to thank Professor Dauben for providing spectra.
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Bicyclo[4.2.0]octan-7-one (11).—Olefin 10 (7.3 g, 0.068 mol) 25° (90% of theoretical uptake). Filtration and evaporation of
was treated with a solution of 0.049 mol of diborane17 in 85 ml of the solvent left a colorless oil: ir (neat) 1785, 1710, and 700
tetrahydrofuran at 0°. After addition of water and evaporation cm-1; nmr (CCh) 5 9.67 (1 H, CHO), 7.28 (s, 5 H, C 6H5), 2.59-
of most of the solvent, a solution of 16.5 g of sodium dichromate 3.75 (complex, 4 H, CsHsCHCHiCOCH), 2.32 (br, 2 II), and
and 12 ml of concentrated sulfuric acid in 60 ml of water and 50 1.70 (br, 4 H). The oil was treated with 2.0 g of silver oxide
ml of ether were added. After 8  hr at 25° the usual work-up and 2.0 g of sodium hydroxide in 200 ml of 1 :1  water-ethanol at
gave 5.0 g (60%) of 11, bp 65° (6.5 mm), n 26D 1.4742. The 25° for 8  hr. The basic solution was filtered and washed with
infrared spectrum was identical with that obtained by Cope and ether, affording 0.28 g of neutral material, ir (CCh) 3400 and
Gleason.8 1780 cm- 1  (no other carbonyl band). Acidification of the basic

Oxidation of bicyclo[4.2.0]octan-7-ols in ether with chromic solution and extraction with ether afforded 1.95 g (71% ) of
acid gave an 89% yield of 11 identical in every way with the 2-(3-carboxypropyl)-3-phenylcyclobutanone (15) as a colorless oil,
sample prepared above. ir (CHCh) 1780 and 1710 cm - 1  with a typical carboxyl band in

7-Phenylbicyclo[4.2.0]octan-7-ol (12).— Addition of 28 mmol the 3-n region. This material could not be distilled without de-
of phenyllithium in ether to 2.72 g (21.9 mmol) of 11 in ether at composition. Tic and nmr of 15 and glpc of 16 indicated that
— 80° followed by the usual work-up and short-path distillation 15 was at least 93% pure: ir (CCh) 1785, 1710, 1603, 1498,
(110°, 0.02 mm) gave 3.86 g (87%), n 2id 1.5513, of 12 as a color- and 700 cm"1; nmr (CDC13) S 9.53 (s, 1 H, CO2H), 6.90 (s, 5 11,
less liquid, m25d 1.5513. Glpc (15% V-900 at 220°, 2% EGA at C6H6), 3.03 (s, 2 H, C6H6C H C H C = 0), 1.9-2.83 (complex, 4 H,
180°) showed only a single peak which appeared to be a single t at 2.58, CH2CO, broad band at c a . 2.1, CH2CO2H), and 1.58
compound (based on plate values). Spectral data follow: ir (br, 4 H, CH2CH2). Keto acid 15 was treated with a slight ex-
(neat) 3400 (br), 3070, 3050, 3020, 1603, 1498, 765, and 700 cess of diazomethane in ether. Short-path distillation (0.08
cm"1; nmr (CCh) S 7.50 (5 H, C 6H5) and 0.5-3.0 (complex, 13 H, mm, bath temperature 125°) left no residue and gave 2.05 g of an
OH at 2.20). oil. Glpc analysis (2% EGA) showed one major and three minor

A n a l .  Calcd for C hHisO: C, 83.12; H, 8.97. Found: C, peaks. The major peak (93%) was collected by glpc (10%
83.08; H, 9.21. EGA, 220°) and short-path distilled, giving 2-(3-carbomethoxy-

endo-7-Phenylbicyclo[4.2.0]octane (9b). A. From 12.— propyl)-3-phenylcyclobutanone (16) as a colorless oil: n2!,n
Alcohol 12 (161 mg) was stirred over 30% palladium on carbon 1.5237; ir (CC14) 3070, 3050, 3020, 1785, 1740, 1140, 1175, and
in acetic acid at 58° under 1  atm of hydrogen. Hydrogen uptake 700 cm"1; nmr (CCh) 5 7.29 (s, 5 H, C 6H5), 3.60 (s, 3 H, OCH3),
was fairly rapid (25 min) up to 1 equiv and then became very 3.21 (br s, 2 H, C6H5C H C H C = 0 ), 1.92-3.05 (complex, 4 H,
slow, at which point the mixture was worked up to afford on short- CH2C= 0  and CHaCChOHs), and 1.2-1.96 (br, 4 H, CH2CH2);
path distillation 124 mg (84%) of 9b as a colorless liquid, n 25D mass spectrum m/e (rel intensity), 204 (13), 130 (60), 117 (13),
1.5332. Glpc analysis (CPS at 120°, EGA at 150°, XE-60) 104 (100), 91 (16), 78 (26), 77 (24), no M+ peak,
showed that the compound was pure and contained no 9a. Spec- A n a l .  Calcd for CisHisCh: C, 73.14; H, 7.37. Found: C,
tral data follow: ir (neat) 3070, 3050, 3020, 1603, 1498, 760, 73.21; H, 7.23.
and 700 cm“ 1; nmr (CC14) $ 7.29 (5 H, C 6H6), 3.55 (1 H, br, Keto acid 15 (85 mg) was dissolved in 25 ml of deuterium oxide 
complex, C-7), and 0.5-2.9 (12 H, complex); mass spectrum m/e containing 0.3 g of potassium carbonate. After 18 hr at 25°,
186 (M+). the mixture was acidified with an acetic acid-sodium acetate

A n a l .  Calcd for C uHi8: C, 90.26; H, 9.74. Found: C, buffer. The solution was washed with ether and the ether ex-
90.30; H, 9.69. tract was washed with water. The solvent was evaporated

B. From 8b.— Hydrogenation of 8b over 30% palladium on under reduced pressure, leaving the deuterated keto acid 15.
carbon in ethanol at 25° resulted in the rapid uptake of 1 equiv Nmr analysis indicated a minimum of 2.6 atoms of deuterium per
of hydrogen. Short-path distillation afforded a colorless liquid molecule. Treatment of the deuterated 15 with diazomethane
with glpc retention times (CPS, EGA, XE-60) and an infrared gave deuterated 16, which showed the same deuterium content as
spectrum identical with that of 9b prepared above. No 9a was 15.
formed. Reaction of 1 with Methyllithium in the Presence of Iso-

Equilibration of 9a and 9b.— Hydrocarbon 9b (46 mg) was butylene, Furan, and Cyclohexene.— Addition of methyllithium
heated in a solution of potassium ¿-butoxide (prepared by adding (1 M  in ether) to 1 in 1 :1  isobutylene-ether at —80°, 1:1  cyclo-
40 mg of potassium to anhydrous ¿-butyl alcohol followed by hexene-ether at —80°, and furan (freshly distilled from sodium)
evaporation of the alcohol, ultimately at 0.01 mm for 8  hr) in 2 at —80° followed by the usual work-up and glpc analysis (S-710,
ml of anhydrous dimethyl sulfoxide at 58° for 19 hr. Glpc C-20 M, SE-30) showed no new products and also showed that the
analysis (CPS, 120°, relative retention times 9a, 1.05, 9b, 1.00) product composition was essentially the same3 ( 6  was the major
established that 9a and 9b were present in a ratio of 86:14. The peak) as that observed in the absence of the olefins,
compounds were identified by glpc retention times and infrared Addition of 8  mmol of 1 to 10 ml of 1 M  methyllithium in ether
spectra. and 5 0  ml of isobutylene at —18° gave only products formed in

Hydrocarbon 9a was treated in the same way, but heating was the absence of the olefin. The yield of compound 7 was 21% . 
continued at 58° for 1 0  days. Glpc and infrared analysis estab- Addition of 9  mmol of 1 in 10 ml of ether to 15 ml of 1  M
lished that 9a and 9b were present in a ratio of 90:10. Because methyllithium in 20 ml of cyclohexene at reflux gave a 60% of 7
of the much longer time, 90:10 must be closer to the equilibrium and no new products.
content than 86:14. Isomerization of 8a,b.— High-surface sodium on alumina,

A sample of 8a and 8b (2 .2 : 1 ) was stirred for 12 hr with 0.1 M  which has been utilized for isomerization of methylene cyclo
potassium amide in liquid ammonia. The usual work-up yielded butanes to cyclobutenes, 18 was prepared by shaking molten
a mixture of 8a and 8b with an infrared spectrum nearly identi- sodium ( 1  part) with anhydrous alumina (5 parts, Alcoa grade F)
cal with that of the 90:10 mixture above. at- 200° (0.1 mm). A 60 X 1.2 cm tube was packed with this

Oxidative Hydroboration of 8a and 8b.— A 2.2:1 mixture of sodium-alumina and maintained at 200° while a slow stream of
8a and 8b (75 mg) was hydroborated in tetrahydrofuran with a nitrogen was passed through the tube. Passage of a 2.2:1
50% excess of diborane. 17 After 12 hr, water was added followed mixture of 8a and 8b through the pyrolysis tube gave a 50%
by a 25% excess of chromic acid in water and ether. After 48 recovery of a white solid. Glpc analysis (C-20M, 209°) showed
hr at 25°, work-up yielded a ketone which showed a strong ir four peaks, with relative retention times (per cent composition)
band at 1710 cm " 1 only. This material was stirred with 10% of 0.61 (10), 0.71 (9), 1.00 (5), and 1.20 (76). The material with
potassium hydroxide in methanol at 25 ° for 40 hr. An aliquot relative retention time 1.00 was shown to be starting material.
showed only a 1710-cm 1 ir band. Diethylene glycol (25 ml) The major component was identified as 1,2-diphenylethane by
was added, the methanol was removed by distillation, and 4 ml glpc retention times, melting points, and infrared spectra,
of 6 8 %  aqueous hydrazine was added. The mixture was re
fluxed for 5 hr, the water was removed by distillation, and the Registry No.— 1, 2568-36-7; 8a, 23115-89-1; 8b,
mixture was then refluxed for 43 hr. Work-up and glpc analysis o q a a q  qq  o • fin  o q a a q  Q/i a  nv* oocito o r  i  i  o
established that only 9a and 9b were present in a ratio of 2.2:1. 23068-83-9; 9a, 23068-84-0; 9b, 23068-85-1; 12,

Ozonization of 8a,b.—A 2.2:1 mixture of 8a and 8b (2.2 g) was 23068-86-2; 15,23074-17-1; 16,23074-18-2; methyl-
ozonized in 20 ml of ethyl acetate at —80°. The ozonide was lithium, 917-54-4; 1,2-cyclohexadiene, 14847-23-5; 
hydrogenated in the same solvent over 5% palladium on carbon at styrene, 100-42-5.

(17) H. C. Brown and P. A. Tierney, J .  Amer. Chem. Soc., 80, 1552 (1958). (18) E . Gil-Av and J .  Herling, Tetrahedron Lett., 27 (1961).
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Configurational Study of Some 9-Substituted 3-Oxabicyclo[3.3.1]nonanes by
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Several 9-substituted 3-oxabicyclo[3.3.1]nonanes were synthesized and their configurations and conforma
tions were assigned by nmr spectroscopy.

When 1-phenylcyclohexene was subjected to the Table II
Prins reaction, two diastereoisomeric products were Chemical Shifts and Coupling Constants
obtained.1 I t  was possible to assign to them structures R elative to the 2 and 4 Protons“
1 and 2 by chemical means, which, however, did not compd p  P '  72s,9«
establish their configurations.2 1 5.60(a) 6.20(e) 10.9 . . .  6

2 6.21 6.34 10.9 .....................
Ph OH 3 5.87(e) 6.12(a) 11.2 . . .  b

^  I 4 6.14(a) 6.32(e) 11.4 1.0“
A - X /  0H /  5 5.81(a) 6.34(e) 10.9 . . .  b

^ 6 6 09 6 21 116 .................
0-----'  '  7 6.02 (e) 6.36(a) 10.9 . . .  6

1 2 8 6.12 6.36 11.2 ..................
9  5 .93(a) 6.39(e) 10.9 0.8

An nmr study of the two compounds and of a series of 10 6.03 (e) 6.31 (a) 11.2 . . .  b

analogs appeared as the most promising approach to the 11 6.11(e) 6 .26(a) 10.9 ..................
determination of the configuration and possibly of the “ Chemical shifts (P and r " ,  r '  being less than t" )  were mea- 
conformations of the two rings in the molecule. To sured directly from spectra determined at a sweep width of 500
,, • ,, , . , . n, , , T cps with a scanning time of 500 sec and are expressed in parts per
this purpose, the compounds reported rn Table I  were million; J  values are in cycles per second and were measured
prepared. using a sweep width of 250 cps and the same scanning time.

The letters “a” and “e” in parentheses indicate axial and equa- 
Table I torial protons. b The lines of the axial 2,4 protons after double

resonance on the 1 and 5 protons are appreciably broader with 
B respect to the equatorial ones. No quantitative measurements

, have been made, but the order of magnitude of the coupling is
/ / 5y  R <0.5 cps. c The coupling is between the benzylic proton and the

high-field 2 and 4 protons.
3 i

Compd r r ' Compd r r ' Stereochemical assignments of these compounds
l Ph OH 2  OH Ph could not be made by chemical means, using the tech-
3 Ph H 4 H Ph nique followed by House, e t  a l . , 3 for analogous eom-
5 C6H„ OH 6 OH C6Hh pounds having an N C H 3 group in place of the oxygen
7 CeHn H 8 H CeHn atom

^  || l l ' [ 10 0H H T h e only compound for which a configuration had
been proposed is 10.4 However, such an assignment,

„  . ,  , , , , . . , though plausible, cannot be confirmed by the absence
Compounds 3 and 4 were obtained from 1 and 2, of an 0 H _0  bond in the infrared spectrum of 10, as

respectively, by hydrogenolysis, compounds 5, 6, 7, and admitted by the authors themselves ,4 since the ir
8, from 1, 2, 3, and 4, respectively, by catalytic hydro- tra of g 5 and 6 also show n0 evidence for an
genation of the phenyl to cyclohexyl group in the pres- 0 H _0  bond; but only the free OH bands at 3623 cm“ 1
ence of ihodium on alumina. for g and 10, and at 3619 cm-1 for 5 and 6. On the

Compounds 9 and 10 were prepared by reduction of contrary) in the spectra of 1 and 2 there is a shift of the
3-oxabicyclo[3.3.1]nonan-9-one and separated col- q j j  stretching band toward longer wavelengths at- 
umn chromatography. . tributable to O H -ir bonding.5 Therefore infrared

W e thus have two correlated series of compounds, spectroscopy does not give useful data for solving the
i . e . ,  the series 1, 3, 5, and 7, and the series 2, 4, 6, and 8, nroblem 
besides the two products 9 and 10 and the parent com- ’ _  .
pound 11? Results

(1) g. Lippi and b . Macchia, c u m .  i n d .  (Milan), bo, 697 (1968). T able I I  reports the chemical shifts and, when pres-
(2) The configuration of the substituents at C-9 of 3-oxabicyclo[3.3.1 ]- 6nt, the Coupling Constants relative to the hydrogens at 

nonane is indicated following the convention adopted for the description and
the representation of the steroids [«/. Amer. Chem. Soc., 82, 5577 (I960)]. (3) H. O. House, H. C. Muller, C. G. P itt, and P. P. Wickham, J .  Org.
Using the the C -O -C  bridge as a reference group, the substituent which is Chem., 28, 2407 (1963); H. O. House and W. M. Bryant, I I I ,  ibid ., 30,
oriented on the same side as the oxygen with respect to the general plane of 3634 (1965).
the cyclohexane ring is denoted by p, and the substituent with opposite (4) A. T . Blomquist and J .  Wolinsky, J .  Amer. Chem. Soc., 79, 6025
configuration, i.e., located on the opposite side with respect to the reference (1957).
group, is called a . The hydrogen atoms are indicated with the number of (5) M . Tichy in “Advances in Organic Chemistry. Methods and Re-
the carbon atom to which they are bonded and with the designation “a” suits,” Vol. 5, R. A. Raphael, E . C. Taylor, and H. Wynberg, Ed., Inter-
or “e” according to whether they are axial or equatorial with respect to the science Publishers, Inc., New York, N. Y ., 1965, Chapter 4; B . Macchia, F .
ring to which they belong. Macchia, and L. Mcnti, unpublished data, 1968.
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positions 2 and 4. The assignments of the peaks to the instead, the hydroxyl group is 0, the effect of the lone-
axial or equatorial protons is justified later. Actually, pair electric dipole of oxygen should be much smaller,
all spectra show some couplings between the relevant The effect on protons 1 and 5 is, of course, identical in 
protons and those at position 1 and 5. Such couplings both cases.
have not been directly measured but were systemati- The spectra of compounds 1 and 2 are in good agree- 
cally ehminated by double resonance. ment with these expectations about the effects of the

hydroxyl and the phenyl groups. The signals for 
Discussion protons 1 and 5 are at the same position ( J  =  7.7) in

both spectra, but in the spectrum of 2 they are over- 
The presence of the phenyl substituent in the a or ¡3 lapped by those of two other protons, i.e., axial 6 and 8,

position would be expected to influence differently the for which a deshielding of about 0.5 ppm by the «-hy-
chemical shifts of the methylene protons of the cyclo- droxyl group can be expected.1« The center of gravity
hexane ring, as well as of those in position 2 and 4. In 0j- tpe spectrum of compound 1 is very little shifted,
particular, since the molecules in question are pre- The fact that expectations have been confirmed sug-
sumably rigid, it is possible to estimate with a fair gests that the reduction of hydroxyl group1 has taken
approximation, using Johnson and Bovey tables,6 place with retention of configuration,
the differences between the chemical shifts of the The spectrum of the cyclohexyl protons in 10 has the
various protons for the more probable conformation. center of gravity shifted toward low field with respect
Let us first consider the cyclohexyl ring protons. When b) fdie unsubstituted compound 11, whereas the center
the phenyl group is m the 0  position, the ring protons of gravity of the spectrum of protons 2 and 4 is almost
should be on the average deshielded, and also the unchanged. On the contrary, compound 9 has the
substituent effects should be very similar for the various center of gravity of the CyClohexyl protons almost
protons. On the contrary, the effects of an a-phenyl unchanged, whereas that of protons 2 and 4 is shifted
group will be notably different because of the different toward bw field. Furthermore, two of these protons,
positions of the protons with respect to the benzene namely those at higher M d }  are coupled with the
ring (compare, for example protons 1 and 5 with hydrogen in 9. All this is in full agreement with the
respect to 6, 7, and 8). The expected cyclohexy assignment given for 10 by BlomquistA 
proton spectrum of the a-pheny compounds should Attention should now be paid to the spectra of the 
therefore be more diffuse than that of the /3-pheny four tonSj chemically equivalent in pairs, in posi- 
ones, with the center of gravity strongly shifted tions 2 and 4. The corresponding peaks are isolated
toward low field. If this is true, this would enable us from the other ones and therefore their chemical shifts
to assign configuration to 3 and 4 and would also give and couplings constants with other protons can be
information about l and 2, which are the respective measured easily and accurately. Moreover, in these
starting products Actually, it is not certain that the moleoules smaU long-range couplings are possible,11
hydrogenolysis of the hydroxyl group takes place with which are particularly sensitive to configuration and
retention of configuration; this is the usual course of the conformation. A tentative interpretation is possible if

aney me e y rogeno ysis o eilj y 10 ydroxyl we SUpp0se that the contributions of each substituent to
groups, but apparent exceptions caused by equihbra- the chemical shifta of these protons are additive,
tion of the products under the reaction conditions have First of all> it ig necessary to assign, in each spectrum,

een repor e . . . . .  . ,  . the lines of the AB doublets (sometimes split by “long-
From an examination of the spectra it is evident that ran » couplings) freed through double resonance from

he spectra of compounds 3 and 4 agree with the expec- the effect of the coupling with protons 1 and 5.
tation for the «- and /3-phenyl derivatives, respectively Compounds II, 1, 3, 5, 7, and 9 carry the 9-phenyl or
in fact, the cyclohexyl envelope is much broader m 3  n . [  1 , , • ,, ... ,■ . .  , . ,, 9-cyclohexyl substituents in the « position and thethan m 11 and with the center of gravity practically 1 ,1 , ,, „ ... T, , ,  . , ,„ 1, , , . . ,, . 8 , ■( hydroxyl one m the ¡3 position. It must be pointedunchanged, whereas in 4 there is a clear shift toward , ,  ■, , . , . , 1 ,.low field out that, if we assume a chair-chair conformation,

rp, , , , , , „ which is rather likely on the basis of the results ob-I he nmr spectra of compounds 1 and 2 are comph- , ,, , r, u n a- , . . . 1 , tamed with similar compounds,12 a long-range couplingcated by the effect of the dipole moment of the hydroxyl • , , , , ,, , \ 8 JA  1 ,. 8.• , „ , .J , . , . . . .  „' . ,T J is expected between the a  hydrogen at C-9 and thegroup, which can affect the chemical shifts.9 More- „ f  • , , , n  , ri . , r ,
over, even if the presence of .  OH-v bond indicates a 3 ™ ™ ’ pr0.tO“  a‘  “ d “ ° reo''f rt e“ l
preferential conformation of the hydroxyl gmup, the “ ‘al P f 01* “* 0 3  “ d “* p f  * “uld be 7 “ ,l l h
»eight of such a conformation is obvionsiy not known. “  “ ’“l  ,pr° T o  °  „ n“ ^  , ™
Tfma » K o o « ,™ o iu , « . n , . , ' j  , exclude 11 and 9, all mentioned compounds have the ait  may be assumed that the effect of the hydroxyl group , ... 1 , , ,, c 1 , . , „ , .
will be the same as in cyclohexanols.1» Particularly if P° Sf 10n T  fu f  u ^  f  equatorial 2 and 4 
the hydroxyl group is «, the two axial protons 6 and 8 pr° t0nS ^  not f  ° W ^ g -ran g e  coupling. One
should experience its deshielding action (ca. 0.5 ppm16), C&n ^  & “ S  ° f ^  Pr°0tons/  * ndJ ’ 
whereas the other protons should be less affected If respectively, with the axial protons 8 and 6, this

’ provided a method for the assignments reported in 
. . T Table II. A clear coupling of 0.8 cps is observed in 9,
(6) G. E . Johnson, Jr ., and F. A. Bovey, J .  Chem. Phys., 29, 1012 (1958).
(7) S. Mitsui, Y . Senda, and K. Konno, Chem. Ind. (London), 1354 (1963);

S. Mitsui and Y. Kudo, ibid., 381 (1965), and references cited therein. (11) Reference 10, p 115.
(8) J .  A. Zderic, M. E . C. Rivera, and D. C. Limfin, J .  Amer. Chem. Soc., (12) M. Dobler and J .  D. Dunitz, Helv. Chim. Acta, 47, 695 (1964);

82, 6373 (1960); E . W. Garbiseh, Jr ., J .  Org. Chem., 27, 3363 (1962). W. A. C. Brown, G. Eglinton, J .  Martin, W. Parker, and G. A. Sim, Proc.
(9) P. Bucci, J .  Amer. Chem. Soc., 90, 252 (1968). Chem. Soc., 57 (1964); I, Laszlo, Rec. Trav. Chim. Pays-Bas, 84, 251 (1965);
(10) N. S. Bhacca and. D. H. Williams, “Applications of NM R Spectres- N. W. J .  Pumphrey and M. J .  T . Robinson, Chem. Ind. (London), 1903

copy in Organic Chemistry. Illustrations from the Steroid Field,” Holden- (1963); H. O. House and W. M. Bryant, I I I ,  J .  Org. Chem., 31, 3482 (1966);
Day, Inc., San Francisco, Calif., 1964, p 183. J .  E . Douglass and T . B. Ratliff, ibid., 33, 355 (1968).
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which may be attributed to ./2e,9a and J ie â, since its q  ^"7
value is greater than J 2a,sa, which in general could not \ /
be measured but only observed as a line broadening. \ V ^ 9
The assignments of the protons of 11 is not possible on -------- v  f \
the basis of the single spectrum, since the two chemical ^  \
shifts are very similar (their difference is only 8.7 cps). a
In cyclohexane the axial proton chemical shifts are at 
higher fields, but this consideration is useless here
because of the presence of the oxygen atom and the b  \ I
substitution of two CH axial bonds with the second \ (  0
cycle. Our assignment will therefore be uniquely /  \ rV  I e
based on the best agreement obtained with the addi- /  \  / >  V
tivity of the substituents effects. \  /  \

The a-phenyl group may either assume, with respect \  /
to the rest of the molecule, the position shown in Figure 1.-Conformations of the 9«-benzene ring.
Figure la  (the most probable one, under those stenc
conditions) or rotate freely. In the former case, we We ghaU now consider the series n  2, 4> 6j 8> and 10.
may expect« changes m chemical shift of -0 .1 1  and Mogt interesti is the spectrum of 4. In fact, it is
-0 .1 6  ppm for the equatorial and axial protons near to gible to observe here a clear coupling between the
the oxygen respectively. In the latter case, a good b Hc 9a  proton and two of the protons in 2 and 4.
estimate of the changes is obtained by averaging the trf le resonance (i.e„ by simultaneously irradiating
above values with those obtainable when the plane of ng j and g and proton g) it has been possible to
the benzene ring is orthogonal to the previous position aggi unambi ly such COUpling. On the basis of 
(Figure lb). They are, respectively, - 0  08 and - 0 .1 4  th(; gence cf a long_range coupling, which causes a 
with a mean value of -0 .0 9 5  and - 0  15 If we adopt broadeni of the corresponding peaks, we have as-
for 11 the assignment reported m Table II, one obtains, gi d the ctrum of 10. The changes in chemical
respectively, shifts equal to - 0 .2 4  and - 0 .1 4  ppm. gMft (_ 0 08 and + 0 .05 for equatorial and axial 
The poor agreement may be caused by various factors to ctively) are here not significant and
(substitution of the C H dipole with the C-Ph group, indicate thg gmall effect of the hydroxyl group in the a
differences insolvent interaction, etc.). 1 he significant configuration
fact is, however, that both protons are deshielded by An analysis of the data, carried out on the same basis 
not very different amounts. On the basis of the as- ag that lied to the previous series of compounds, 
signment of the spectrum of 11 we may obtain the contradictory results. In fact, it is not possible,
contributions of cyclohexyl m the a position and of the within reasonable limits 0f error, to establish any 
hydroxyl group in ¡3 position reported in Table III. additivity of substituent effect or to explain the chemi

cal shifts observed when ¡3 phenyl or (3 cyclohexyl are 
present. A possible explanation for this fact is the 

„ iABLE TI ,  „ „  . „  nonvalidity of the assumption of the chair-chair
r°up °S110 . l!i * 24 6 conformation when a bulky substituent is on the side of

Cyclohexyl l  + 0+ 0  -0 + 9  the tetrahydropyrane ring. It may, in fact, be assumed
Hydroxyl (3 —0 33 +0.27 that, owing to the smaller steric requirements of the

oxygen atom with respect to a methylene group,13 the 
boat conformation of the tetrahydropyrane ring is 

By means of these contributions we can calculate the preferred because of its smaller interaction with the
expected shifts for compounds 1 and 5. They are substituent. Such a hypothesis, or at least the pres-
- 0 .4 7  and + 0 .03  (compound 1) and -0 .2 3  and + 0 .1 8  ence of a rapid equilibrium between the two forms, can
(compound 5), respectively, for axial and equatorial explain the broadness of the peaks relative to one of the
protons. The experimental values are —0.66 and two hydrogen types in position 2 and 4 in the cyclo-
+0.C9 (1) and —0.45 and + 0 .23  (5). The agreement hexyl derivatives. Such broadness indicates a much
in order of magnitude and sign is good, especially if we greater coupling with the protons in positions 1 and 5
consider that we have neglected the probably notable than that observed in all other examined spectra. In 
interactions between two geminal substituents (for fact, the band at lower field is ca. 5 cps broad, against
example, the O H -x bond in 1, which is easily observed the usual 2.5-3.5 cps. This fact is not observed in the
in the ir spectra). spectra of the corresponding compounds with the phenyl

The chemical-shift changes induced by the hydroxyl group in the ¡3 position. In this case, assuming a chair-
group (toward low field for the axial protons, smaller chair conformation and a suitable assignment, changes
and toward high field for the equatorial protons) can of —0.12 and + 0.21  are obtained for the chemical
easily be rationalized; in fact, the electric field generated shift of the axial and equatorial protons, respective y,
by the “lone pairs,” directed along the C -H a direction, caused by the phenyl substituent in 4. Such values,
causes a charge shift from the axial hydrogen to the which are found almost unchanged in the spectrum of 2,
carbon atom and, to a lesser extent, from the carbon to are not consistent with the calculated ones, assuming as
the equatorial hydrogen. All assumptions made so far before the free rotation of the phenyl group, i.e., —0.02 
fully agree with the configurations assigned to com- and —0.05 ppm.
pounds 1, 3, 5, 7, and 9, and also with the supposed E L gliej in<j g ^  q Knoeber, j . Amer. Chem. Soc., ss, 5347
chair-chair conformation. (i960).
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T h e  experim ental values, w h ich  are a ctu a lly  n ot 9a-Cyclohexyl-3-oxabicyclo[3.3.1]nonane (7). Reduction of
v e ry  large, m ight be due to changes in th e solvation  of 0-300 of,3. as descnb®d aboJ® &aJe 0-297 s  of 7> wblch was
,, x u crystallized from ethanol, mp 88-90 .
th e oxygen  atom  because of s te n c  hindrance. yAnaL Calcd for C14H240: C, 80.71; H, 11.61. Found: C,

F ro m  th e  previous considerations, th e  assignm ent o f 80.60; H. 11.46.
th e  configurations to th e relevan t com pounds is largely  9/3-Cyclohexyl-3-oxabicyclo [3.3.1] nonane (8).— Hydrogenation
dem onstrated. T h e  configuration of 10 agrees w ith  ol 0.071 g of 4 as above yielded a crude residue which was dis-
that  a lread v assivned 4 Tt is also alm ost certain in solved in Petroleum ether (bp 30-50 ) and chromatographedth a t a lread y  assigned. I t  is also alm ost certain, in  through a 1>0 x  15 cm column of neutral alumina (grade II).
accordan ce w ith  th e results for analogous com pounds Elution with petroleum ether (bp 30-50°) gave 0.046 g of pure
foun d in  th e litera tu re ,12 th a t  th e ch air-ch a ir  conform a- 8 as an oil, n25d 1.49489.
tion is th e  m ost stable, w ith  th e  exception  of the/3-cyclo- Anal. Calcd for C«H240: C, 80.71; H, 11.61. Found: C,
h exy l d erivatives, for w hich  there is som e evidence of a 80.90; H 11.73.

. . .  3-Oxabicyclo [3.3.1] nonan-9a-ol (10).— This compound was
dl erent situation . prepared according to the procedure of Blomquist and Wolinsky,4

mp 205-207° (sealed capillary), ir16 3624 cm-1 (lit.4 mp ca. 
205°'.

Experimental Section14 3-Oxabicyclo [3.3. l]nonan-9-one.— A solution of 1.50 g of 10
9-Phenyl-3-oxabicyclo[3.3.1]nonan-90-ol (1) and 9-phenyl-3- 111 ^0 ml of acetone was treated dropwise with 2.75 ml of Jones 

oxabicyclo[3.3.1]nonan-9o!-ol (2) were obtained1 by the sulfuric reagent,16 left for 3 min at room temperature, diluted with water, 
acid catalyzed reaction of 1-phenylcyclohexene with formaldehyde and extracted with ether. The ether extract was washed with
in acetic acid solution: 1, mp 141-142°, ir15 3608 cm"1; 2, mp 10% aqueous sodium carbonate, dried and evaporated to give
147-148° ir15 3608 cm-1. 1.40 g of the product, which after sublimation melted at 155-

9o;-Phenyl-3-oxabicyclo[3.3.1]nonane (3) and 9/3-phenyl-3-oxa- ^  (lit.4 mp 154-157c). 
bicyclo[3.3.1]nonane (4) were prepared1 by hydrogenolysis with 3-Oxabicyclo[3.3.1]nonan-9/3-ol (9).-—To a mixture of 2.30 g 
Raney nickel of alcohols 1 and 2, respectively: 3, mp 54-55°; (0.10 g-atom) of sodium and 50 ml of boiling toluene was added
4, mp 46-48°. rapidly a solution of 1.40 g (0.01 mol) of 3-oxabicyclo[3.3.1]-

’ 9-Cyclohexyl-3-oxabicyclo[3.3.1 ]nonan-90-ol (5).— A suspen- nonan-9-one in 23 ml of absolute ethanol. The mixture was
sion of 0.300 g (1.37 mmol) of 1 and 0.300 g of 5%  rhodium on refluxed for 1 hr, cooled, and diluted with ether. Evaporation
alumina in 15 ml of water was shaken under hydrogen at room resuking washed and dried solution gave a crude mixture
temperature and atmospheric pressure. When the absorption of alcohols 9 and 10, which was chromatographed through a 1.5 X 
stopped, the mixture was extracted with ether. Evaporation of cm co~umn °f neutral alumina (grade II). Elution with 6:4
the dried ether extract gave 0.302 g of 5, mp 172-174° (from petroleum ether-benzene gave 0.41 g of 10, and further elutions
petroleum ether), ir15 3616 cm-1. with increasing amounts of benzene yielded 0.11 g of a mixture

Anal. Calcd for C 14H24 0 2: C, 74.95; H, 10.78. Found: C , of 9 and 10 and finally  °-37 § of Pure 9- After crystallization
74.92- H 10.69. from petroleum ether (bp 30-50°), 9 melted at 209-210° (sealed

9-Cyclohexyl-3-oxabicyclo [3.3. l]nonan-9a-ol (6).— A suspen- capillary,, ir15 3624 cm
sion of 0.150 g (0.68 mmol) of 2 and 0.150 g of 5%  rhodium on Anal. Calcd for CgHuCh: C, 67.57; H, 9.93. Found: C,
alumina was hydrogenated under the conditions used above. 67.40; H, 9.75.
The residue (0.147 g) was dissolved in petroleum ether and 3-Oxabicyclo[3.3.1]nonane (11). A  sample kindly provided
chromatographed through a 1.0 X 15 cm column of neutral by  blr- WittbecAer,17 after sublimation, melted at 135-
alumina (grade II). Elution with 8.5:1.5 petroleum ether- *38 (sealed capillary) (lit.17 mp 135-138 ).

f b r ^ o 'd ^ ^ i e i S L 0- 1.6’ mp 114° Ifr°m petroIeUm elher Registry N o .- l ,  23328-19-0; 2, 23328-20-3; 3,
Anal. Calcd for Ci4H240 2: C, 74.95; H, 10.78. Found: C, 23328-21-4; 4, 23328-22-5; 5, 23328-23-6; 6, 23328-24-7;

74.85; H, 10.89 . 7, 2332S-25-8; 8, 23328-26-9; 9, 23328-27-0; 10,
.... w —  . . . .  . , W f  , 23328-28-1; 11,280-71-7.(14; Melting points were determined on a Kofier hot stage, unless stated

otherwise, and are uncorrected. Infrared spectra for comparisons between a 1 — i j ___ ___ , m i. • l 4 j  i
compounds were taken with a Perkin-Elmer Model 137 Infracord and those Acknowledgments.— T b l S  W O lk  W 8S S u p p o r t e d  b y  a
for determination of hydroxyl stretching bands with a Perkin-Elmer Model C o n t r ib u t io n  f r o m  t h e  C o n s ig l io  N a z i o n a le  d e l le  
237 grating spectrophotometer. Nuclear magnetic resonance spectra were R i c e r c h e .  T h e  a u t h o r s  W o u ld  l i k e  t o  t h a n k  P r o fe S S O r  
determined on ca. 7%  solutions in chloroform with a Varian DA-60 IL  T> " U T V A / T D
spectrometer using tetramethylsilane as an internal standard. Petroleum -DGrt_ 101 IH tlliy  USGiU.1 CU.SCU.SS10I1S 8iIlCl _L)r. 1M. Jr3 .Il“*
ether refers to the fraction boiling at 40-70°. Magnesium sulfate was used IlO C C hia f o r  h e lp  i n  “h e  e x p e r i m e n t a l  W O rk. 
as the drying agent.

(15) Infrared spectra were determined in dried carbon tetrachloride, (16) R . G. Curtis, I .  Heilbron, E . R . H. Jones, and G. F . Woods, J .  Chem.
using the indene band at 3110 cm “1 as a calibration standard. A quartz Soc., 457 (1953).
cell of 2-cm optical length was employed, and the concentration of the solu- (17) E . L. Wittbecker, H. K . Hall, Jr., and T . W. Campbell, J .  Amer.
tions was ca. 3 X  10- 3 M. Chem. Soc. 82, 1218 (1960).
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The Preparation of 4 -Substituted l-M ethoxycarbonylbicyclo[2.2.2]octanes, 
Substituted l-Phenylbicyclo[2.2.2]octanes, 4 -Substituted

l-p-Nitrophenylbicyclo[2.2.2]octanes, and 1,4-D isubstituted Bicyclo[2.2.2]octanes

N. B. Chapman, S. Sotheeswaran,1 and K. J. T oyne

Chemistry Department, The University, Hull, England 

Received September 8, 1969

The preparation of several 1,4-disubstituted and 1-substituted bicyclo[2.2.2]octanes is described, including the 
following new compounds: 4-X-l-methoxycarbonylbicyclo[2.2.2]octane (X = H, Me, Et, Ph, Br, OH, or 
C02H), 4-X-l-phenylbicyclo[2.2.2]octane (X = H, Me, Et, i-Pr, orPh), 4-X-l-p-nitrophenylbicyclo[2.2.2]octane 
(X = Et, i-Pr, Br, OMe, CN, or C02Me), l-X-bicyclo[2.2.2]octane (X = c-, m-, p-nitrophenyl, p-aminophenyl, 
p-acetamidophenyl, 4-acetamido-3-nitrophenjd, 4-amino-3-nitrophenyl, 2,4-dinitrophenyl, or 4-amino-2-nitro- 
phenyl), l-X-4-Y-bicyclo[2.2.2]octane (X = OH, Y  = t-Pr or isopropenyl; X  = OMe, Y  = isopropenyl; X  =
Br, Y  = isopropenyl). An efficient preparation of dimethyl cyclohexa-l,3-diene-l,4-dicarboxylate is also reported.

In a 1,4-disubstituted bicyclo[2.2.2]octane (1) there 2 in 80% yield: also hydrolysis of the esters was avoided
will be a steric effect at a reaction site, Y , arising from and hence the need to reesterify the product. Ain-

x  binder12 recently reported a convenient six-stage syn-
i thesis of 3 from hydroquinone, and although this syn-

thesis may be better than those described by Kauer, 
M J  et a l.,n Guha and Hazra,13 von Baeyer,14 Smith, et a l.,10

[^ and Baker and Stock,15 even better methods are that
Y reported by Prinzbach, et a l.,16 and the method de-
1 scribed here.

the bulk of the bicyclic system but, apart from any S cheme I
ponderal effect, independent of X , and so changing the pn CHEME
substituent X  will allow the nonconjugative polar ef- I 2 i 2 BrC02Me , e
feet of X  to be studied in suitable reactions. Roberts, r ^ l  r h  r A
etal.,-'3 Holtz and Stock,4'5 Ritchie, ef al.,6'7 and Wilcox, * M  *  I I  *■ M  v
et al.,6'9 have used this system in investigations of polar [^ ¡| / \  T
and solvent effects. We wished to extend previous C02H COzH Br C02Me C02Me
work on the kinetics of alkaline ester hydrolysis to 2a, cis 3
4-substituted 1-methoxycarbonylbicyclo [2.2.2 [octanes, Jrans
and to study electrophilic aromatic substitution in 4- j  2 e i 2 e COMe X
substituted 1-phenylbicyclo [2.2.2 [octanes, so that the ^A sÎ 'C° 2H
nonccnjugative polar effect of the substituent on the L J J L  y°  —* L —* f J j  —v I J J
ortho, meta, and para  positions of the benzene ring could co J ^ c X ) 2H ' j
be examined, steric effects being constant. We now C02Me C02Me C02Me Y
describe the preparation of the compounds required for 4 5 6 7-13
this investigation. 7,X = Y = C02Me 11, X = C02H; Y = OH

The reaction plan outlined in Scheme I was followed, 8, X = C32Me; Y = C02H 12, X = C02Me; Y = OH
despite reports that attempts to synthesise 6 by this 9, X = C02Me; Y = Br 13, X = C02Me; Y = H
sequence had failed.10 The mixed cis- and fraws-cyclo- 10, x  = C02Me; Y = Ph
hexane-1,4-dicarboxylie acid chlorides were brominated
and were then converted into the mixed esters (2). Oxidative bisdecarboxylation of 5 with lead tetra- 
The cis and the trans isomer can easily be separated at acetate had been reported to fail by Humber, et a l.,17
this stage, since the cis isomer is more soluble in meth- and by Smith, et a l.,10 but we found that the reaction
anol. V arious conditions for the dehydrobromination occurs smoothly in dimethyl sulfoxide or dioxane as
of 2 were tried, but, as reported by Smith, et a l.,10 and solvent at room temperature.18 Kauer, et a l.,11 have
Kauer, et a l. ,11 the yields of 3 were variable. By using since found that 5 can be decarboxylated with lead
pyridine as solvent and as base for the dehydrobromi- tetraacetate ir_ refluxing benzene. The Cristol-Firth
nation, the diene 3 was obtained from the mixed esters method of brominative decarboxylation19’20 was ap

plied to 8 with 1,2-dibromoethane as solvent and gave
(1) S. Sotheeswaran, Ph.D. Thesis, University of Hull, England, 1967.

Department of Chemistry, University of Ceylon, Peradeniya, Ceylon. (12) Z. Ainbinder ibid., 33, 2564 (1968).
(2) J .  D. Roberts, W. T. Moreland, and W. Frazer, J .  Amer. Chem. Soc., (13) P . C. Guha and G. D. Hazra, «7. Indian  Inst. Set., 22A, 263 (1939);

75, 637 (1953). Chem. Abstr., 34, 2822 (1940).
(3) J .  D. Roberts and W. T . Moreland, ibid., 75, 2167 (1953). (14) A. von Baeyer, Ann. Chem., 251, 280, 301 (1889).
(4) H. D. Holtz and L. M. Stock, ibid., 86, 5183 (1964). (15) F. W. Baker and L. M. Stock, J .  Org. Chem., 32, 3344 (1967).
(5) H. D. Holtz and L. M. Stock, ibid., 86, 5188 (1964). (16) H. Prinzbach, H. Hagemann, J .  H. Hartenstein, and R . Kitzing,
(6) C. D. Ritchie and E. S. Lewis, ibid., 84, 591 (1962). Chem. Ber., 98, 2201 (1965).
(7) C. D. Ritchie and G. H. Megerle, ibid., 89, 1452 (1967). (17) L. G. Humber, G. Myers, L. Hawkins, and M. Boulerice, Can. J .
(8) C. F . Wilcox and J. S. McIntyre, J .  Org. Chem., 30, 777 (1965). Chem., 42, 2852 (1964).
(9) C. F . Wilcox and C. Leung, J .  Amer. Chem. Soc., 90, 336 (1968). (18) N. B . Chapman. S. Sotheeswaran, and K. J .  Toyne, Chem. Commun.,
(10) G. Smith, C. L. Warren, and W. R . Vaughan, J .  Org. Chem., 28, 3323 214 (1965).

(1963). (19) S. J .  Cristol and W. C. Firth, J .  Org. Chem., 26, 280 (1961).
(11) J .  C. Kauer, R . E. Benson, and G. W. Parshall, ibid., 30, 1431 (1965). (20) F. W. Baker, H. D. Holtz, and L. M . Stock, ibid., 28, 514 (1963).
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S cheme I I

X COCH3 X COCH:] X Y
\ y  V  X (X)CH | I

>  -  f  ‘ >  -  0  -  cV° -  6
CH2 CH2 CH2 CH, Y  y  J
1 I I IT j,nu 0 OH Z

CN CN C02H C02H 1 6  1 7  1 8 - 2 6

14 15
14-17a,X = Me 18, Y = OH;Z = X 23,Y = CN;Z = Ph

b, X = Et 19, Y = OMe; Z = X 24, Y = C02H; Z = X
c, X = Ph 20, Y = Br; Z = X 25, Y = CO,Me; Z = X
d, X = i-Pr 21, Y = Ph;Z = H 26,Y = Ph;Z=X
e, X = isopropenyl 22, Y = Z = Ph

X as above

yields of 9 comparable with those obtained by the Huns- R
diecker reaction,21 but in the latter method unreacted l x
acid was recovered; the Cristol Firth reaction in petro- [ jj
leum ether (bp 60-70°) as solvent failed. ^ V ^ Y

The synthesis of 13 we employed is essentially a j,
modification of the method of Grob, et a l,22 In the 27-35a R = 1-bicyclo [2 2 2]octyl
preparation of 1-diethylaminobutadiene we used a sol- R R = ¿-butyl
vent (ether) of lower boiling point than that used by 27 X = Y = H Z = NO 32 x  = Z = H Y = N02
Grob, et a l., so that the solvent could be removed more 2g, x  = Y = H; Z = NH2 33' x  = Z = N02; Y = H
quickly before the final distillation, and consistent 29, X = Y = H; Z = NHCOCH3 34, X = N02;Y = H;Z=NH2
yields (60-65% ) were obtained, without polymerization 30, X = H; Y = NOz; Z = NHCOCH3 35, X = N02; Y = Z = H
of the product. 31, X = H; Y = N02; Z = NH2

By modifications of the methods of Bruson and Rie- X
ner,23'24 Colonge and Vuillemey,25 and Holtz and Stock,4 I
several 1,4-disubstituted bicyclo[2.2.2]octanes were [ y]
prepared via the 4-substituted 1-hydroxybicyclo [2.2.2]-
octan-3-ones (17) (Scheme II). Holtz and Stock4 re- T
duced the ketones 17a-17c in 30-40%  yields; we studied [| %
the reduction of the carbonyl group of 17c in more de-
tail and we used improved methods to reduce the car- T
bonyl groups in 17a-17e. The Huang-Minlon26 modifi- N° 2
cation of the Wolff-Kishner reduction of 17c give a 20%  37’ y  Z m  m 4« y  -  ' p
yield of 18c, but by using Grob’s27 modification of the 38 X = OMe 6 4l X = CNr
Wolff-Kishner reduction a 40%  yield was obtained.
The yield was further improved by increasing the time
taken for the formation of the hydrazone and by main- The compound 23 was prepared from 20c as described 
taining a slow distillation of hydrazine hydrate during previously.4 However, it proved difficult to isolate
2 hr. The compound 18c was consistently obtained in the product from the complex reaction mixture, and
65-70%  yield by using these conditions, and 70-75%  therefore Friedmann and Schechter’s29 extraction pro
yields of 18a or 18b were obtained. However, only 10 cedure was used.
and 25% yields of 18d and 18e, respectively were ob- The method we describe for the Koch-Haaf car- 
tained, and the use of acidic conditions,27 in the hope of boxylation30 of 20a or 20b is an improvement on the one
increasing the yield of the hydrazone, gave no improve- reported by Holtz and Stock.4 The reaction involves
ment. Further work with 17e revealed that thereduc- the formation of a bridgehead carbonium ion, and al-
tion gave satisfactory yields if the hydrazone was iso- though the formation of the 1-bicyclo[2.2.2]octyl car-
lated, anhydrous conditions were maintained in the bonium ion is more difficult than, for example, the for-
decomposition of the hydrazone, and redistilled hydra- mation of the 1-adamantyl or ¿-butyl carbonium ion,31 *'82
zine hydrate was added to the mixture of pure hydra- the formation of a 1-bicyclo[2.2.2]octyl carbonium ion
zone, potassium hydroxide and diethylene glycol to is still conveniently easy.
ensure a gradual rise in temperature as the hydrazine The Friedel-Crafts alkylation of benzene with 1- 
hydrate distilled off. In this way a 55%  yield of 18e bromoadamantane gave a high yield under mild con-
was obtained. Another method tried for the reduction ditions.33’34 Likewise, we found that alkylations of
of 17e was via the tosylhydrazone according to Cag- benzene with 20a-20d or 9 proceed easily and in good
lioti and Grasselli;28 a 27%  overall yield was obtained.

(28) L. Caglioti and P. Grasselli, ibid. 153 (1964).
(21) R . G. Johnson and R . K . Ingham, Chem. Rev., 56, 219 (1956). (29) L. Friedman and H. Schechter, J .  Org. Chem., 26, 2522 (1961).
(22) C. A. Grob, M. Ohta, E . Renk, and A. Weiss, Helv. Chim. Acta, 41, (30) H. Koch and W. Haaf, Angew. Chem., 72, 628 (1960).

1191 (1958). (31) R . C. Fort and P. von R. Schleyer, Advan. Alicycl. Chem., 283 (1966).
(23) H. A. Bruson and T. W. Riener, J .  Amer. Chem. Soc., 64, 2850 (1942). (32) G. J .  Gleicher and P. von R . Schleyer, J .  Amer. Chem. Soc., 89, 582
(24) H. A. Bruson and T. W. Riener, ibid., 65, 18 (1943). (1967).
(25) J .  Colonge and R . Vuillemey, Bull. Soc. Chim. Fr., 2235 (1961). (33) R . C. Fort and P. von R. Schleyer, Chem. Rev., 64, 277 (1964).
(26) Huang-Minlon, J .  Amer. Chem. Soc., 71, 3301 (1949). (34) H. Stetter, M. Schwarz, and A. Hirschhorn, Chem. Ber., 92, 1629
(27) W. Nagata and H. Itazaki, Chem. Ind. (London), 1194 (1964). (1959).
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yield. For 20a or 20b the reaction with anhydrous chloric acid, and the precipitated acid was reesterified. The 
ferric chloride as catalyst gave almost pure 26a or product was crystallized from petroleum ether (bp 60-80°) to give
26b. The compounds were purified by crystallization f ’ mp J3 parting from 2a the yield was 8.96 g (32%); and

(2 6 a ) or by column chromatography (2 6 b ). For20dthe ' ' Method' 2 . ^ehydrobromination with Methanolic Potas- 
crude product was less pure and purification proved sium Hydroxide at 50-60°.— The method was the same as that 
difficult. With anhydrous aluminium chloride as just described except that the mixture was heated at 50-60° for
catalyst the reaction was faster, and the impurities 3-4 hr; comP°und 3 was produced, mp 75-77°. Starting from
(rn i kct?\ _r„__ + ir  j.- r 2a the yield was 5.60 g (20%); from 2b, 5.32 g (19%).
(ca. 15%) were removed by one crystallization from Method 3. DehydrobromiAation with Pyridine.-The diester 
ethanol. ih e  alkylation of benzene by using 9 or 20c 2 (118 g, 0.33 mol) was heated under reflux with an excess of
and anhydrous aluminium chloride gave 10 or 22 in pure, dry pyridine (150 ml) for 12-15 hr. The mixture was
83 or 78%  yield, respectively, and no by-products were cooled and diluted with water (11.). The precipitate was filtered 
formed in th e rpaotinn off, dried (CaCk) i n  v a c u o ,  and recrystallized from petroleum
lormeam tne reaction ether to give 3: mp 81-83° (lit.“ -“  mp 83-85°,“ 84-85°,“ 83-

j  nitration of 21 to obtain 27a in different media 84°,87 81°). nmr T 2 .9,3 (s, 2 H), 6.21 (s, 6 H), and 7.46 (s, 4 H);
and under different conditions was studied to find the Xmax (EtOH) 309 nm (« 10,950). Starting from 2a the yield was
optimum conditions for the mononitration. In glacial 43 g (66.5%); from 2 b, 59 g (91%).
acetic acid a considerable excess of fuming nitric acid l,4-Dimethoxycarbonylbicyclo[2.2.2]oct-2-ene-5,6-dicarboxylic

w ,s necessary to achieve nitration (see method 2); S C o V S l l  U ' " 2  ™ r
tne use 0 1  longer reaction times or greater amounts of 1 7 0 ° for 1 hr. The mixture was cooled and the gummy solid was
nitric acid gave lower yields of 27a. Addition of 21 recrystallized four times from petroleum ether (bp 100-120°)-
in glacial acetic acid to fuming nitric acid in concentrated xylene (3:1) to give 4 (16.2 g, 55%), mp 181-183° (lit.10 mp
sulfuric acid gave variable results, probably because !9 1 .5 V 7183-185V1 188-188.6°)

of the d ifficu lty  m  controlling th e tem perature. W ith  Acid (5 ) ._ The anhydride 4 (29.4 g, 0.1 mol) was treated with a
a m ixture o f g lacia l acetic  acid  and acetic  an h yd rid e as solution of potassium bicarbonate (20 g, 0.2 mol) in deionized
solven t and a th reefold  excess o f n itric  acid  in sulfuric water (100 ml) and the mixture was heated on a steam bath for 20
acid, a reasonable y ie ld  o f 27a w as ob tain ed  (see m ethod min- l0% Palladium on carbon (2-3 g) was added to the cold
1). In  th e  m ost conven ien t p rep aration  w e used a ce tic  product’ “ d the ®%ture hydrogenated at atmospheric

, , . , , , „ K . pressure. The catalyst was filtered off and the filtrate was
anhydride as so lven t and turning n itric  acid  as n itra tin g  acidified and cooled. The precipitated solid was recrystallized 
agent, a t room  tem p eratu re (see m ethod 3). from water to give 5 (30 g, 95%), mp 166-168° (lit.10 mp 177-

T h e  com pounds 32a and 35a w ere prepared b y  a m odi- 178°,17 190-192°,“  210° dec), 
fication  o f th e  m ethod described b y  W ep ster, el a l,,35 i,4-Dimethoxycarbonylbicyclo[2.2.2]oct-2-ene (6 ).-T his
f__ 4.- £ i , i . i i compound was prepared as described previously.18 On a larger
for the preparation of o- and m-f-butylmtrobenzene. scale 6 was prepareda8 by heating 3 at 165o with ethyiene under

1000 atm pressure in a silver-lined autoclave as reported by 
. , , ~ ,. Kauer.89 The crude product was recrystallized from hexane

Experimental Section to give 6 (67%)> mp 73_75° mp 75_76°).
Melting points and boiling points are uncorrected. Ir spectra 1,4-Dimethoxycarbonylbicyclo[2.2.2]octane (7).--The diester 6

were recorded with a Unicam SP200 instrument. Uv spectra was hydrogenated m methanol with a 10% palladium on carbon
were recorded at 25° with a Unicam SP700 spectrophotometer; “ *£*■ *• “  T J s1t^ ed from hexane to glve 7
the wavelength values quoted refer to maxima and the molecular (90%), mp 98 100 (lit. mp 100 101 ).
extinction coefficients are given in parentheses. Nmr spectra ^ ^  CY' ¥ l] ]°a
were recorded with a Varian HA-100 spectrometer, with tetra- dleater 7 (9'P4 g>, 0’04 m°V ’ Potassium hydroxide (2.24 g 0 04
methylsilane as internal standard and deuteriochloroform as m°P m methanol (42 5 ml) and water (4.25 ml) were heated
solvent. under reflux for 5-7 hr. The mixture was cooled and poured

Cyclohexane-l,4-dicarboxylic A cids.-T he mixture of acids into water, and the product was shaken with ether The organic
was obtained by hydrogenating terephthalic acid in aqueous Phaf e wf  washed \ lth water “ d evaporation
alkali, with a Raney nickel catalyst.86 of the solvent gave the recovered diester 7 (2.6 g). The aqueous

Dimethyl l,4-Dibromocyclohexane-l,4-dicarboxylate (2).—  Phase was heated to dnve °,ff dlssolved, ether and was then acidi-
The above acids (172 g, 1 mol) in redistilled thionyl chloride (450 d®d- Th<] Precipitated acids were washed with chloroform 3 X
ml) were heated under reflux with stirring until the solution be- ®? m!) and the a%leoA? phf f  wf  filtf ed to remo^  any insoluble
came clear (3-4 hr). Bromine (341.0 g, 2.135 mol) was added (hcarboxyhe acid. The chloroform layer was chilled and any
dropwise during 4-6 hr. The mixture was heated under reflux dicarb0xylic acid f hicb f parated WaS filtered f i  filtrate
for 2 days in a dry atmosphere and for the last 24 hr the mixture was dned MgSOi) and the solvent was evaporated The residue
was irradiated with a 100-W tungsten lamp. The excess of was crystallised from benzene to give t̂ he acid 8 (40 g 66% alio w-
bromine and thionyl chloride was distilled off, anhydrous metha- ” Pfin T r m  i o i f \  T J  1
nol (400 ml) was added to the residue cooled in ice, and the 295° 2875 (CH„ CH,), 1720, 1680 (C = 0 ), 1240, and 1080 cm
mixture was heated under reflux for a further 3 hr. Methanol , ,, . , . „  „  ,, „  „  , n
(200 ml) was added to dissolve the dimethyl a S-l,4-dibromo- I n “  H C ” Hlo0<: C> 62.23; H, 7.60. Found: C,
cyclohexane-cis-l,4-dicarboxylate. The residual solid was fil- 62.09, H, 7.59. ... .
tered off and recrystallized from 1:1 methanol-acetone to give f °  ^  -4 g) had a meltlng Pomt
dimethyl frans-l,4-dibromocyclohexane-iraras-l,4-dicarboxylate of 360 370 (it.  mp ) .
(2b), yield 155 g, mp 148-150° (lit.18 mp 150°). ^®rom°-l-®etho ^ c arbonylbxcyclo[2.2.2]octene(9)--The

The methanol was evaporated from the filtrate and the residue acld 8,.<4 f t  0,;018? waf  dlf*olved ln a« f  ne/ °  and
was distilled under reduced pressure [bp 120-128° (2 mm)] to n?utrab?ed (phenolphthalem) with aqueous 1 A  sodium hydrox
give the cis,cis ester 2a, yield 143.9 g, mp 61-63° (lit.18 mP 68°). lde' Silver nitrate (3.4 g, 0.020 mol) m water (5 ml) was added
The overall yield of mixed esters was 83%. dropwise with snrnng, and the gray-white precipitate was

Dimethyl Cyclohexa-l,3-diene-l,4-dicarboxylate (3). Method filte!'ed off and Tn n, i water, acetone and ether The 
1. Dehydrobromination with Cold Methanolic Potassium residue was driedl (CaCl2) rn vacuo for 24 hr and then at 100 unde
Hydroxide.— Compound 2 was dehydrobrominated with ice- high vacuum for 2 days. The yield of silver salt was 4.3 g (71%)
cold potassium hydroxide in 95% aqueous methanol (1:2 w/w) and of recovered acid was . g (  %). 
for 48-50 hr. The mixture was then acidified with dilute hydro-
------------------------------------------------------------------------  (37) R . H. Burnell and W. I. Taylor, ibid., 3636 (1954).

(35) H. J .  B. Biekart, H. B. Dessens, P. E. Verkade, and B . M. Wepster, (38) We thank I. C. I ., Mond Division. England, for carrying out this
Sec. Trcv. Chim. Pays-Bas, 71, 321 (1952). reaction.

(36) R. G. Cooke and A. K. MacBeth, J .  Chem. Soc., 1245 (1939). (39) J .  C. Kauer, Chem. Abstr., 59, 6276$ (1963).
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The dry silver salt (4.3 g, 0.0135 mol) was made into a paste 1-Carboxybicyclo[2.2.2]octane.— The above ester was hy-
with dry petroleum ether (bp 40-60°, 50 ml). Pure, dry bro- drolyzed with ethanolic potassium hydroxide solution. The
mine (2.16 g, 0.0135 mol) was added dropwise to the vigorously acidified solution gave the acid (89%, from acetone), mp 139-
stirred suspension under dry nitrogen. The mixture was stirred 140° (lit.2 mp 140.8-141.3°).
for a further 30 min and was then heated under reflux for 30 min. 1-Methoxycarbonylbxyclo[2.2.2] octane (13).— The above acid
The product was filtered off and the residue was washed with ether. in ether was treated with ethereal diazomethane until the yellow
The filtrate and the ethereal washings were repeatedly washed color persisted. The solvent was evaporated and the residue
with aqueous 1 N sodium carbonate and dried (MgSOs). The was chromatographed on an alumina column (20 X 1.3 cm);
solvent was evaporated and the residue was crystallized from elution with petroleum ether (bp <40°) gave the pure ester,
methanol-water (10:1) to give the ester 9 (2.0 g, 60% based on Evaporation of the solvent from the light petroleum eluates and
the silver salt): mp 75-76°; ir (KC1) 2920, 2850 (CH3, CH2), distillation of the residue gave the ester 13 (57%): bp 54-56°
1719 (C = 0 ), 1252, and 1080 cm-1 (CO). (4 mm); mp 37-39°; ir (CCh) 2940, 2860, 1460, 1438 (CH3,

A n a l .  Calcd for CioHi50 3Br: C, 48.60; H, 6.12; Br, 32.33. CH2i, 1720 (C = 0 ), 1240, and 1065 cm"1 (CO).
Found: C, 48.40; H, 6.06; Br, 32.65. A n a l .  Calcd for C i0H16O2: C, 71.39; H, 9.59. Found: C,

The yield of 8 recovered was 0.45 g (11% ). 71.25; H.9.25.
l-Methoxycarbonyl-4-phenylbicyclo [2.2.2] octane (10).— The 3-Acetvl-l,5-dicyano-3-X-pentanes (14a-14e).— These com-

bromo compound 9 (0.65 g, 0.00263 mol) in dry benzene (25 ml) pounds were prepared by modification of the methods of Bruson
was added during 15 min to a stirred solution of sublimed an- and Riener.23-24 Acrylonitrile (1 mol) was added slowdy to a
hydrous aluminium chloride (1.3 g, 0.00975 mol) in benzene vigorously stirred solution of a ketone (0.5 mol) in ¿-butyl alcohol
(20 ml) at — 10° under dry nitrogen. For 1 hr the temperature (100 g) containing a suitable base. The base, stirring time, and
was kept below 10° and the mixture was stirred vigorously. The temperature used are given, respectively, after the ketone,
temperature was then allowed to rise to room temperature during Butan-2-one (30% methanolic potassium hydroxide, 3 g, 4-6 hr,
1 hr. Stirring was continued overnight and the mixture was 0-5°) gave 14a (67%), mp 66-67° from benzene (lit.23 mp 67°);
heated at 50-60° for 4 hr. The reaction mixture was cooled pentan-2-one (Triton “ B ,”  2 g, 4-6 hr, 10-15°) gave 14b (42%),
and poured into ice-hydrochloric acid, and the product was mp 107-109° from ethanol [lit.23 mp 109°]; 3-phenylpropan-2-one
washed with ether. The ethereal layer was washed with aqueous (Triton “ B ,”  5 g, 3 hr, 20-25°) gave 14c (87%), mp 109° from
sodium carbonate and water and dried (MgS04). The solvent ethanol (lit.23 mp 109-tl0°); 4-methylpentan-2-one (10% meth-
was evaporated to give a brownish solid (0.6 g). The crude solid anolic potassium hydroxide, 2.5 g, 4-6 hr, 0-5°) gave 14d
was dissolved in petroleum ether (bp <40°) and the solution was (10.7%), bp 202-210° (2 mm) [lit.23 bp 200-205° (2 mm)], mp
passed down a column (50 X 2 cm) of alumina. The solute was 98-100° from ethanol (lit.23 mp 101°); mesityl oxide (10%
eluted with petroleum ether-acetone (99:1), and was crystal- methanolic potassium hydroxide to give pH 10-10.5, 18-20 hr,
lized from methanol to give the ester 10 (0.53 g, 83%): mp 20-25°) gave 14e (61%), mp 115-116° from methanol (lit.24 mp
89-91°; ir (KC1) 3020, 1590, 1490 (aromatic) 2900, 2800 (CH3, 116-117°).
CH2), 1705 (C = 0 ), 1240, 1070 (CO), 750, and 695 cm-1 (mono- 3-Acetyl-3-X-pentane-l,5-dicarboxylic Acids (15a-15e).— The 
substituted benzene); nmr r 2.65-2.90 (complex, 5 H), 6.34 (s, compounds 14a-14e were each hydrolyzed with aqueous sodium
3 H), 8.11 (narrow peak, 12 H, TFy2 = 1 . 5  cps). hydroxide, heated with decolorizing charcoal, and then acidified.

A n a l .  Calcd for Ci6H20O2: C, 78.65; H, 8.25. Found: C, The acid precipitated from the cold mixture was filtered off and
78.74; H, 8.00. crystallized from 1,2-dichloroethane to give 15a (71%), mp 122-

l-Carboxy-4-hydroxybicyclo[2.2.2]octane (11).— Compound 123° (lit.23 mp 125°), or from water to give 15b (76%), mp 112—
9 was hydrolyzed with sodium hydroxide by using a method 113° (lit.23 mp 112-113°); 15c (90%), mp 168-170° (lit.23 mp
similar to that described by Roberts, et a l . J  for the hydrolysis of 171-172°); 15d (85%), mp 146-148° (lit.23 mp 148°); and 15e
the ethyl ester. The yield of 11 was 68%, mp 221-223° (lit.2 (80%), mp 128-131° (lit.24 mp 136-137°).
mp 222.9-225°). 4-Acetyl-4-X-cyclohexanones (16a-16e).— These compounds

4-Hydroxy-l-methoxycarbonylbicyclo[2.2.2]octane (12).— The were prepared by a modification of the method described by
acid 11 (1.7 g) in ether was treated with an ethereal solution of Colonge and Vuillemey:25 16a (58%), bp 133-136° (15 mm)
diazomethane until the yellow colour persisted. The ethereal [lit.25 bp 133° (15 mm)]; 16b (72%), bp 140-147° (17 mm)
solution was dried (MgS04) and the ether was evaporated. [lit.25 bp 144° (18 mm)]; 16c (55%), mp 76-77° (lit.25 mp 78°), 
The residue was crystallized three times from hexane to give the bp 163-166° (2 mm) [lit.25 bp 163-165° (2 mm)]. The reaction
ester 12 (51%): mp 61-63°; ir (KC1) 3300 (OH) 2975, 2875 using 15d produced two fractions. The first fraction was 4-
(CH3, CH2), 1720 (C = 0 ), 1240, and 1065 cm-1 (CO). acetyl-4-isopropylcyclohexanone (16d, 40%): bp 108-118° (2

A n a l .  Calcd for Ch>Hi60 3: C, 65.19; H, 8.75. Found: C, mm); ir (KC1) 2950, 2880 (CH3, CH2), 1705, and 1690 cm-1
65.25; H, 8.97; (C = 0 ); nmr r 9.10 (d, 6 H , /  = 6.6 cps) and 7.5-8.5 (m, 12 H).

1-Diethylaminobutadiene.— This compound was prepared A n a l .  Calcd for CnHi80 2: C,72.49; H, 9.96. Found: C, 
(62%) by a modification of the method of Hiinig and Kahanek,40 71.99; H, 10.10.
by using ether instead of benzene as solvent; with benzene as The second fraction was 3-acetyl-3-isopropylpentane-l ,5-
solvent we frequently obtained yields of 20-30%. The diolefin diearboxylic anhydride (2%), bp 194-204° (2 mm), 
had a boiling point of 70-80° (11mm) [lit.40 bp 60-70° (12 mm)]. A tmL  Calcd for C i2HI80 4: C, 63.70; H, 8.02. Found: C,

1-Ethoxy carbonyl-2-diethylaminocyclohex-3-ene.— This com- 64.01; H, 7.99. 
pound was prepared (88%) as described by Hiinig and Kahanek:40 Potassium bicarbonate solution hydrolyzed this product to
bp 85-95° (4.5 mm) [lit.40 bp 80-83° (0.2 mm)]. give 15d.

1-Ethoxycarbonylcyclohexa-l,3-diene {52%, bp 68-78° (4 mm) The reaction using 15e produced an unidentified fraction, bp
[lit.22bp 90-92° (11 mm)]} and l-ethoxycarbonylbicyclo[2.2.2]oct- 120-180° (1 mm), and 4-acetyl-4-isopropenylcyclohexanone
2-ene-5,6-dicarboxylic anhydride [91%, recrystallized three times (16e, 45%): bp 80-83° (1 mm); ir (KC1) 2930, 2900 (CH3, CH2),
from petroleum ether (bp 60-80°)-benzene (3:1), mp 84-85° 1705, 1695 (C = 0 ), 1630, and 910 cm "1 (C = C H 2).
(lit.22 mp 86.5-87°)], were prepared as described by Grob, Ohta, A n a l .  Calcd for CuHi60 2: C, 73.30; H, 8.95. Found: C,
Renk, and Weiss.22 72.85; H, 8.85.

l-Ethoxycarbonylbicyclo[2.2.2]octane-2,3-dicarboxylic Acid.—  When potassium acetate (0.30 mol/1 mol of 15e) was
This compound was prepared from the above anhydride by the added to the reaction mixture, the yield of 16e was 58%. 
method described for the preparation of 5 (92%, from water), mp l-Hydroxy-4-X-bicyclo[2.2.2]octan-3-ones (17a-17e),=~These
143-146° (lit.22 mp 135-147°). compounds were prepared as described by Colonge and Vuille-

l-Ethoxycarbonylbicyclo[2.2.2]oct-2-ene.— This compound was mey:25 17a (85%), bp 143-147° (15 mm) [lit.25 bp 147° (18
prepared as described previously,18 bp 95-99° (10 mm) [lit.22 bp mm)], mp 58-59° (lit.25 mp 60°); 17b (80%), bp 158-160° (15
95-96° (10mm)]. _ mm) [lit.25 bp 157° (16 mm)], mp 49-51° (lit.25 mp 50°); 17c

l-Ethoxycarbonylbicyclo[2.2.2]octane.— The above olefin was (72%), crystallized from ethanol-water (2:1), mp 180-183° 
hydrogenated in ethanol with a 10% palladium on carbon catalyst (lit.25 mp 183°). l-Hydroxy-4-isopropylbicyclo[2.2.2]octan-3-
and the residue was distilled (90%), bp 88-90° (4.5 mm) [lit.22 bp one (17d, 85%) had a melting point of 69-71° from cyclohexane,
75-76° (3 mm)]. ir (KBr) 3300 (OH), 2950, 2850 (CH3, CH2), and 1710 cm“ 1
_________ (O' O).

A n a l .  Calcd for CuH180 2: C, 72.49; H, 9.96. Found: C, 
(40) S. Hiinig and M. Kahanek, Chem.Ber., 90, 238(1957). 72.88; H, 9.67.
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l-Hydroxy-4-isopropenylbicyclo[2.2.2]octan-3-one (17e, 80% ) 62 .5% ): bp 103-110° (8 mm); ir (liquid film) 2950, 2875, 2825
had a melting point of 96-98° from cyclohexane; ir (KC1) 3200 (CH3, CH2). 16S5, 895 (C = C I12), and 1110 cm -1 (CO).
(OH), 2910, 2840 (CH-, CH2), 1700 ( C = 0 ) ,  1630, and 895 cm ' 1 A n al. Calcd for C ,2H M0 :  0 , 7 9 .9 4 ;  H, 11.18. Found:
(C =  CH2). C, 80.28; H, 11.24.

Anal. Calcd for CnH lfi0 2: C, 73.30; H, 8.95. Found: C, l-Bromo-4-X-bicyclo[2.2.2]octanes (20a-20d).— These com-
73.58; H , 9.21. pounds were prepared as described by Holtz and Stock .4 The

l-Hydroxy-4-X-bicyclo[2.2.2]octanes (18a-18e). Method 1.—  bromide 20a (85% ) was sublimed at 80-90° (12 mm) [lit.4 70°
The ketones 17a-17e (0.02 mol) were each heated under reflux (1 mm)], mp 90-93° (lit.4 mp 92 -9 4 °); 20b (85% ) was sublimed
with hydrazine hydrate (25 ml of 98-100%  w /w) for 5 hr; the at 50-60° (12 mm) [lit.4 70° (1 mm )], mp 34-36° (lit.4 mp 34 -
mixture was cooled and potassium hydroxide (0.1 mol) and di- 3 5 °); 20c (90% ) was crystallized from ethanol, mp 107-108°
ethylene glycol (35 ml) were added. The apparatus was then (lit.4 mp 109-110°). The product from 18d was sublimed at
arranged for distillation and the bath temperature was main- 75-80° (5 mm) to give l-bromo-4-isopropylbicyclo[2.2.2]-
tained at 160° for 1 hr and then raised to 220°. Nitrogen was octane (20d, 87% ): mp 3 6 -3 8 ° ; ir (liquid film) 2925, 2850
evolved and the temperature was kept at 220° until the nitrogen (CH3, CH2), and 685 cm -1 (C B r).
evolution ceased (2 hr). The reaction mixture was cooled, A n al. Calcd for CnHiaBr: C, 57.14; H, 8.30; B r, 34.55.
poured into water, and washed with ether; the apparatus was Found: C , 57.19; H, 8.31; Br, 34.10.
washed out with ether, and the distillate was neutralized with 2 N  l-Phenylbicyclo[2.2.2]octane (21). Method 1.— The corn-
hydrochloric acid and shaken with ether. The combined ethereal pound 20c (13.2 g, 0.05 mol) in ethanol (500 ml) was added to a
solutions were washed with 2 N  hydrochloric acid and water and suspension of Raney nickel (15 g) in ethanolic sodium ethoxide
dried (MgSCh). Evaporation of the ether left either a solid, (12 g of sodium in 100 ml of ethanol). The mixture was stirred
18a-18c or 18e, or a liquid, 18d. Compound 18a (70% ) was at room temperature in an atmosphere of hydrogen until the
sublimed at 70-80° (20 mm) [lit.4 70° (25 mm )], mp 98-101° calculated volume was absorbed (9-12 hr). The catalyst was
(lit.4 mp 103-104°); 18b (75% ) was sublimed at 80-90° (2 mm) filtered off, water was added, and the mixture was shaken with
[lit.4 70° (25 mm)], mp 101-103° (lit.4 mp 104.5-106°); 18c ether. The ethereal solutions were washed with water and dried
(69% ) was crystallized from cyclohexane, mp 115-117° (lit.4 (MgSO<). The ether was evaporated and the residue was crystal-
mp 122-123°). The liquid from 17d on distillation at 100-110° lized from ethanol-water (2 :1 )  to give 21 (8 g, 8 6 % ): mp
(1 mm) gave a solid, which was crystallized from cyclohexane 7 8-80°; ir (KC1) 2910, 2825 (CH3, CH2), 1590, 1490 (aromatic),
to give l-hydroxy-4-isopropylbicyclo[2.2.2]octane (18d, 10% ): 755, and 695 cm -1 (monosubstituted benzene); nmr r  2 .65-2 .97
mp 124-127°; ir (KC1) 3250 (OH), 2900, and 2820 cm " 1 (CH3, (complex, 5 H) and 8 .28-8 .47  (br, 13 H ).
CH2). A nal. Calcd for CuHi8: C, 90.26; H, 9 .74. Found: C,

A nal. Calcd for CuH20O: C, 78.51; H, 11.98. Found: 90.23; FI, 9.81.
C, 78.34; H, 11.62. Method 2 .42— The compound 20c (5.3 g, 0.02 mol) in dry tetra-

Compound 18d was also prepared by hydrogenating 18e in hydrofuran (30 ml) and /-butyl alcohol (2.96 g, 0.04 mol) was
methanol with a 10%  palladium-on-carbon catalyst. vigorously stirred under nitrogen, small pieces of lithium (0.694

The solid from 17e gave l-hydroxy-4-isopropenylbicyclo[2.2.2]- g, 0.1 g-atom) were added, and the mixture was heated at 98° for
octane (18e, 25% ): mp 110.9-112° from cyclohexane; ir (KC1) 5 -6  hr. W ater was added to the cold product and the mixture
3280 (OH), 2905, 2810 (CH3, CH2), 1625, and 892 cm -1 ( C =  was kept overnight a t room temperature and then poured into
CH2). water. The precipitated solid was crystallized as in method 1 to

A nal. Calcd for CnHisO: C, 79.46; H, 10.92. Found: C, give 21 (3.27 g, 88% ).
79.31; H, 10.88. ' l,4-Diphenylbicyclo[2.2.2]octane (22).43—This compound was

Method 2 for 18e.— The ketone 17e (1.8 g, 0.01 mol) was prepared from 20c by the alkylation of benzene following the
heated under reflux with hydrazine hydrate (4 ml of 98-100%  method described for the preparation of compound 10 . The
w/w) for 3 hr. The crude hydrazone, mp 128-145°, was pre- hydrocarbon 22 (78%  from ethanol) had a melting point of 210-
cipitated by cooling the reaction product, and showed no carbonyl 211°; ir (KC1) 2950, 2915, 2862 (CH2), 3090, 3060, 3022, 1598,
absorption in its infrared spectrum. This hydrazone (1.55 g, 1498 (aromatic), 1005, 755, and 695 cm ”1 (monosubstituted
0.008 mol), potassium hydroxide (3 g, 0.0535 mol), diethylene benzene); nmr r 2 .51-2 .97  (complex, 10 H) and 8.05 (s, 12 H ).
glycol (17 ml), and hydrazine hydrate (7 ml) were slowly heated A nal. Calcd for CaiH^: C, 91.55; H, 8 .45. Found: C,
and Tie procedure was then as given in method 1: yield 0.73 g, 91.34; H, 8.47.
55% . l-Cyano-4-phenylbicyclo[2.2.2]octane (23).— This compound

Method 3 for 18e.— Compound 17e (0.9 g, 0.005 mol), toluene- was prepared as described by Holtz and Stock .4 The crude reac-
p-sulfonhydrazide (1.4 g, 0.0075 mol), and dry ethanol (40 tion product (from 3.97 g of 20c) was shaken with dimethyl-
mi) were heated under reflux for 4 hr and then cooled. The formamide and then poured into a solution of hydrated ferric
solid was filtered off and recrystallized from ethanol to give chloride (20 g) in concentrated hydrochloric acid (5 ml) and water
l-hydroxy-4-isopropenylbicyclo[2.2.2]octan-3-one toluene-p-sul- (30 ml). The mixture was heated at 60-70° to decompose the
fonylhydrazone (1 g, 57% ): mp 198-200° dec; ir (KC1) 3450 copper complex and then shaken successively with ether and ben-
(NH, OH), 2925, 2850 (CH3, CI12), 1635, 885 (C = C H 2), 1590 zene. The organic layers were washed with dilute hydrochloric
(C = N ), 1330, 1155 ( S = 0 ) ,  and 820 cm ”1 (1,4-disubstituted acid and dried (MgSCh), and the solvents were evaporated to give
benzene). the crude cyanide, mp 120-135°. Glpc analysis showed the pres-

A nal. Calcd for ClsH2<N20 3S: C, 62.04; H , 6 .94; N, 8 .04. ence of the bromide 20c. Chromatography on an acid-washed
Found: C, 62.18; H, 7 .07; N, 8.50. alumina column (60 X  2 cm) and elution with carbon tetra-

The tosyl hydrazone (0.664 g, 0.002 mol) was dissolved in chloride removed the bromide; elution with methanol and
freshly distilled dioxane (25-30 ml), sodium borohydride (2.22 crystallization of the product from ethanol gave 23 (0.85 g,
g, 0.0587 mol) was added, and the mixture was heated under 26 .8 % ), mp 142-143° (lit.4 mp 142-143.5°).
reflux for 8 hr. The mixture was cooled, poured into water, and l-Carboxy-4-phenylbicyclo[2.2.2]octane (24c). This corn-
shaken with ether and the solution was dried (MgSO<). The solid pound was prepared as described by Holtz and Stock,4 mp 289- 
left after evaporation of the ether was crystallized from cyclo- 291° (lit.4 mp 293-294°).
hexane to give 18e (0.15 g, 4 7% ); the overall yield from 17e was l-Carboxy-4-X-bicyclo[2.2.2]octanes (24a or 24b). The com-
27% . pound 20a or 20b (0.05 mol) and concentrated sulfuric acid (350

l-Methoxy-4-X-bicyclo[2.2.2]octanes (19c or 19e).— The alco- ml) were vigorously stirred at room temperature in an atmosphere
hols 18c or 18e were methylated by using the method described of dry nitrogen. Formic acid ( “AnalaR,” 25 ml, 30.5 g,
by Holtz and Stock.4 The product in either case was about 90%  0.663 mol) was added dropwise during 3 -4  hr followed by
pure as indicated by glpc analysis. From 18c chromatographic silver sulfate (15.59 g, 0.05 mol) added portionwise. The mix-
separation on an alumina column (30 X  1.3 cm) and elution with ture was stirred for a further 1 hr, silver bromide was filtered off,
petroleum ether followed by petroleum ether-ether (9 2 :8 ) gave and the filtrate was poured onto ice. The precipitate was filtered
19c (61% ), bp 138-142° (5 mm) [lit.41 bp 121° (0.8 mm)], mp off and washed with ether. The ethereal solution was washed
44-46° (lit.41 mp 44°). From 18e elution with petroleum with 4 N  sodium hydroxide. The alkaline washings were heated
ether gave 4-isopropenyl-l-methoxybicyclo[2.2.2]octane (19e --------------
------------------- (42) P. Bruck, Tetrahedron Lett., 449 (1962).

(41) J. Colonge, P. Francois, and R. Vuillemey, Butt. Soc. C him . F r„  1028 (43) Prepared in the Department of Chemistry, University of Ceylon,
(1966). Peradeniya, Ceylon.
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to remove dissolved ether and acidified. The precipitated acid filtered off, washed free of acid, and crystallized from ethanol to 
was filtered off, heated in methanol with decolorizing charcoal, give 27a (1.46 g, 47% ) : mp 104-106°; ir (KC1) 2898, 2825
and crystallized from methanol-water. The acid 24a (70% ) (CH2), 1510, 1345, 850, 750 (NOj), 3098, 1590 (aromatic), 1100,
had a melting point of 186-188° (lit.4 mp 187-188°,44 184.2- and 850 cm -1 (1,4-disubstituted benzene); nmr r  1.89 (d, 2 H,
186 .0°,45 194-195°); 24b (75% ) had a melting point of 167- J  =  9 cps), 2.56 (d, 2 H, J  =  9 cps), 8.25 (br peak, 13 H, W v% =
169° (lit.4mp 170.5-171°,45 178.5-179.5°). 4 cps); (isooctane) 269.3 nm (e 11,930).

1 -M ethoxycarbonyl-4-X-bicyclo[2.2.2]octanes (25a or 25b).—  A n al. Calcd for C hH„N0 2: C, 72.70; H, 7 .41 ; N, 6.06. 
The acid 24a or 24b was esterified with ethereal diazomethane as Found: C, 72.36; H , 7.50; N, 6.23.
described for 13 and the residue was distilled under reduced Method 2 .46— The hydrocarbon 21 (2.5 g, 0.013 mol) was dis- 
pressure. 1 - Methoxycarbonyl - 4 - methylbicyclo[2.2.2]octane solved in glacial acetic acid (60 ml), and fuming nitric acid (10
(25a, 90% ) was obtained: mp 19.5-20°; bp 62-64° (3 mm); ml, 0.23 mol) was added. The mixture was stirred vigorously
ir (liquid film) 2925, 2860, 1460, 1438 (CH3, CH2), 1720 ( C = 0 ) ,  and heated in an oil bath at 110-115° for 4 hr. The product
1240, and 1065 cm -1 (CO). -was cooled and poured onto ice to give 27a (1.0 g, 32% ), which

A nal. Calcd for CnHi80 2: C, 72.49; H, 9.96. Found: C, was purified as described in method 1 .
72.58; H, 10.00. Method 3 .— The hydrocarbon 21 (0.232 g, 0.00125 mol) was

4-Ethyl-l-methoxycarbonylbicyclo[2.2.2]octane (25b, 95% ) dissolved in acetic anhydride (7.0 ml) and the solution was stirred
was also obtained: bp 119-120° (16 mm); ir (liquid film) 2925, at 25°. Fuming nitric acid (175 ¡A, d 1.5, 0.00396 mol) was
285(b 1460, 1438 (CH3, CH2), 1719 ( C = 0 ) ,  1240, and 1065 slowly added from a micrometer syringe during 15-30 min. The
cm 1 (CO). mixture was stirred for 3 hr, poured into water, and shaken with

A nal. Calcd for CiaHajOü: C, 73.43; H, 10.27. Found: C, ether. The ethereal layer was washed with dilute sodium car-
73.73; H, 10.13. bonate and water and dried (MgSOj). The ether was evaporated

l-Phenyl-4-X-bicyclo[2.2.2]octanes (26a, 26b, or 26d). Method and the solid was crystallized from ethanol to give 27a (0.15 g, 
l . 34— Compound 20a, 20b, or 20d (0.01 mol) in pure, dry benzene 52% ).
(30 ml) was added during 30 min to anhydrous ferric chloride The following 4-substituted l-(p-nitrophenyl)bicyclo[2.2.2]- 
(0.004 mol) in pure, dry benzene (20 ml) at room temperature octanes were prepared from the corresponding 4-substituted 1-
and the mixture was stirred vigorously under dry nitrogen. The phenylbicyclo[2.2.2]octanes by using method 3 described above
bath temperature was slowly raised during the addition and kept at and were crystallized at least four times from ethanol to give the
90-95 for 5-6  hr, and the mixture was then kept at room tern- pure para  isomer. 4-Bromo-l-(p-nitrophenyl)bieyclo[2.2.2]oc-
perature overnight. The product was poured onto ice and hydro- tane (36, 52% ) was obtained: mp 153-155°; ir (KC1) 2950, 2875
chloric acid and washed with ether. The organic layer was (CH2), 1518, 1350, 855, 755 (NO*), 3090, 1600 (aromatic), 825
washed free of acid and dried (MgSO<), and the solvent was (1,4-disubstituted benzene), and 695 cm -1 (CBr).
evaporated. The purities of the residues (26a, 26b, or 26d) A nal. Calcd for CnHI6B rN 0 2: C, 54.19; H, 5 .20 ; Br, 25.75; 
were shown by glpc to be 98, 95, and 85% , respectively, and the N, 4.52. Found: C, 54.25; H, 5.06; Br, 25.91; N, 4 .54 . 
yields were 80, 78, and 74% , respectively. The crude residues 4-Methoxyearbonyl-l-(p-nitrophenyl)bicyclo[2.2.2]octane (37 , 
were chromatographed on an alumina column (23 X  2 cm), and 48% ) was obtained: mp 142-144°; ir (KC1) 2945, 2850 (CH3,
elution with petroleum ether removed contaminating starting CH„), 1518, 1350, 858, 745 (N 0 2), 1718 ( C = 0 ) ,  1240, 1070
material. _ (CO), 1595 (aromatic), and858cm “1 (1,4-disubstitutedbenzene).

I he material from 20a was crystallized five times from ethanol A nal. Calcd for C,6Hi9N0 4: C, 66.42; H, 6 .62; N, 4 .84.
to give 4-methyl-l-phenylbicyclo[2 .2 .2]octane (26a, 21% ): Found: C, 66.26; H ,6 ,66 ; N ,5 .0 1 .

2900, 2825 (CH3, CBW, 1375 (CH3), 3040, 4-Methoxy-l-(p-nitrophenyl)bicyclo[2.2.2]octane (38, 40% )
3005, 1598, 1492, 1458 (aromatic), 758, and 698 cm “1 (monosub- was obtained: mp 51 -5 3 °; ir (KC1) 2950, 2860 (C1I3, CH2),
stituted benzene); nmr r  2 .63-2 .97  (complex, 5 H ), 8 .11-8 .60  1518, 1350, 850, 750 ( X 0 2), 1098 (CO), 3090, 1595 (aromatic),
(symmetrical m, 12 H ), and 9.17 (s, 3 H ). ancl ¿50  cm -1 ( 1,4-disubs tituted benzene).

^alcd for C« n “ : C, 89.94; H, 10.06. Found: C, A nal. Calcd for Ci5H i9N 0 3: C, 68.94; H, 7 .33; N, 5.36.
mu n , 2 ' , . Found: C, 68.73; H, 7.50; N, 5.32.

he ethyl compound (26b) could not be purified by repeated 4-Ethyl-l-(p-nitrophenyl)bicyclo[2.2.2]octane (39 , 51% ) was 
crystallization and the remaining impurities were removed by obtained: mp 53-55°; ir (KC1) 2925, 2875 (CH3,CH2), 1518,
chromatography on a silicic acid (100 mesh) column (18 X  1.5 1350, 850, 750 (N 0 2), 1598 (aromatic), and 850 cm “ 1 (1,4-
cm . Elution with petroleum ether gave 4-ethyl-l-phenylbi- disubs tituted benzene).
989r0[/2n W21°^wnf  mp 36~38 ° ; ir (KC1} 2900- A n c l  Calcd for CI6H21N 0 2: C, 74.10; H, 8.16; N, 5.40.
282o (CHs, CH2), 1380 (CH3), 3035, 3000, 1595, 1495, 1450 Found: C, 74.35; H ,8 .1 5 ; N ,5 .4 2 .
o ^ o ^ n 'w 758’ and698Tm ‘ (monosubstituted benzene); n m rr 4-Isopropyl-l-(p-nitro:)henyl)bicyclo[2.2.2]octane (40, 55% )
c of 7  o , t8t-10“8 -61 (symmetrical m, 12 H ), was obtained: mp 111-113°; ir (KC1) 2930, 2850 (CHS, CH2),
8.81 (q 2 H ) and 9.20 (t, 3 H ). 1518, 1345, 850, 750 (NO,), 1598 (aromatic), and 850 cm “4 (1,4-

”  ' Calcd for Ci6H22: C, 89.65; H, 10.35. Found: C, disubstitutedbenzene).
89.44; H, 10.51. AraaZ. Calcd for C„H23N 0 2: C, 74.69; H, 8 .48 ; N, 5.12.

J.he isopropyl compound 26d was obtained by chromatography Found: C, 74.83; H, 8 .41; N , 5.16. 
on asihcic acid column (20 X  1.3 cm) and elution with petroleum 4-Cyano-l-(p-nitrophenyl)bicycio[2.2.2]octane (41, 47% ) was 
ether followed by crystallization three times from ethanol. 4- obtained: mp 158-160°; ir (KC1) 2950, 2875 (CH2), 2225 (CN ),
Isopropyl-1-phenylbicyclo 2 .2 .2]octane (26d, 1 .3% ) was ob- 1520, 1342, 850, 748 (NO,), 1595 (aromatic), and 850 cm “4 (1,4 -
^ ! r (KC1) 2925, 2850 (C]H3, CH ,), 3038, disubstituted benzene).
3 . ; ° :  t f 98’ 1495( 1445 (aromatic), 750, and 690 cm 1 (monosub- A n al. Calcd for Ci6H i6N20 2: C, 70.29; H, 6 .29; N, 10.93.
stituted benzene); nmr r 2 .61-2 .93  (complex, 5 H ), 8 .12-8 .59  Found: C, 70.17; H, 6.20; N, 11.00.

P« w ? lly overlaPPinë the methine resonance, p-i-Butylnitrobenzene (27b).— This ¿ompound was prepared by 
n i f f  r i i  „  „  rr „ „  nitrating Z-butylbenzene:36.47 mp 28.0° (lit.47 mp 2 8 .4 °) ; bp

89^59 H Hi ind f° r Cl7lÎ2<: 89 -41 ; H < 10-59- Found: C, 130-132° (14 mm) [lit.47 bp 135° (10 mm)] ; nmr r  1.89 (d, 2 H
Thé J J , ! ' ™ !  „1  of , , ,  , , , J  =  9 cps) 2.47 (d, 2 H, /  =  9 cps), and 8.64 (s, 9 H ); Xmax (iso-
The compound 26d (31% , from ethanol) was also prepared by octane) 266.5 nm (« 10,650).

l-(p-Aimnophenyl)bicyclo [2 .2 .2 ]octane (28a) and p-Amino-Z- 
The LdrocaPrbony21b fT 51Oi 2 0 0 n CtanD ^  Iv M ®thod/ • —  butylbenzene (28b).— 10% palladium on carbon (50 mg) was
acetic acid AobmB „ U  n £ ' m Slaclal suspended in water (5 ml), sodium borohydride (0.38 g, 0.01 mol)
was cooled to 0 5° A m iftoU nf f ^  *°]Iut110“ in water (10 ml) was added, 43 and the mixture was kept under an
1 5 0 0384 mon „nd -elf ,rV H  i T o S f  aCld m' j “  ’ ?  atmosphere of nitrogen. A solution of the nitro compound 27a
stirrin f kten nc T h Î  f  (,15, ml> added Wlth 0r 27b (0 -005 mo1) in methanol (75 ml) was added dropwise with
U U h cn U rfw ed  U T f  !  U  i ' The temperature cooling. Stirring was continued for 1-2  hr after the addition waswas then allowed to rise slowly and the mixture was kept at room ____________
temperature for 45 min and then poured onto ice. The solid was T . r________________________________________________________________________ (46) G. W. Gray and D. Lewis, J .  Chem. Soc., 5156 (1961).

, ,  , „„ __________________________  (47) K. L. Nelson and H. C. Brown, J .  Amer. Chem. So?., 73, 5605 (1951). 88S S T Î Î  Æ Æ  (1966)- j * T H cs  G «
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complete. The catalyst was filtered off and washed with ether. l-(2,4-Dinitrophenyl)bicyclo[2.2.2]octane (33a). Method 1.—
The filtrate was poured into water and shaken with ether and the The compound 21 (2.5 g, 0.013 mol) was added to a vigorously 
combined ethereal layers were washed with 2 N  hydrochloric stirred mixture of sulfuric (4 ml, 98% ) and nitric acid (4 ml, d
acid. The aqueous phase was basified with 2 N  sodium hydrox- 1.5, 0.0905 mcl) at 20-30°. The mixture was then kept at
ide to give either a solid (28a) or an oil (28b). The solid was 55-60° for 2 hr, cooled, and poured onto ice. The solid was
filtered off and washed free of alkali to give 28a (90% ): mp 128- filtered off and crystallized from ethanol to give 33a (2.9 g, 78% ):
132°; ir (KC1) 2900, 2825 (CH2), 3375, 3300, 1620, 1250 (N H ,), mp 154-156°; ir (KC1) 2900, 2850 (CH„), 1530, 1350, 741 (NO*),
3025, 1519 (aromatic), and 844 cm -1 (1,4-disubstituted benzene). 3075, 1595 (aromatic), and 840 cm -1 (1,2,4-trisubstituted ben-
Compound 28b was isolated by shaking the final aqueous phase zene).
with ether. The ethereal layer was washed with water; the A nal. Calcd for ChH i6N20 4: C, 60.86; H, 5 .84; N, 10.14. 
solvent was evaporated and the residue was distilled to give 28b Found; C, 60.64; H, 5 .84; N, 10.48.
(95% ), bp 132-138° (28 mm) [lit.35 bp 120-123° (15 m m )]. Method 2.— The hydrocarbon 21 (2.5 g, 0.013 mol) in glacial

l-(p-Acetamidophenyl)bicyclo[2.2.2]octane (29a) and p-Acet- acetic acid (65 ml) was added cautiously to a mixture of fuming
amido-i-butylbenzene (29b).— The amine 28a or 28b (0.010 mol) nitric acid (10 ml, d  1.5, 0.23 mol) in sulfuric acid (15 ml, 98% )
was treated with acetic anhydride (0.011 mol) and acetic acid below 15°. The mixture was stirred for 2 hr below 30° and
(0.011 mol) and the mixture was heated in an oil bath at 160° for worked up as described in method 1 to give 33a (3.1 g, 83% ).
30 min. The hot solution was poured into water and the brown- l-(4-Amino-2-nitrophenyl)bicyclo[2.2.2]octane (34a).— The
ish-white solid was filtered off and crystallized from ethanol- compound 33a (0.55 g, 0.00199 mol), water (5 ml), and ethanol (5
water (1 0 :1 ). Compound 29a (95% ) was obtained: mp 175- ml) were stirred vigorously at 6 0 -70°. A solution of sodium
177°; ir (KC1) 2900, 2850 (CHa, CH2), 3275, 1545, 1280 (N H ), sulfide nonahydrate (0.96 g, 0.0040 mol) and sulfur (0.128 g,
1665 ( C = 0 ) ,  1605 (aromatic), and 838 cm -1 (l,4-disubst,ituted 0.0040 mol) in water (1.5 ml) was added during 20 min. The
benzene). mixture was heated under reflux for 2 hr and then poured into

A nal. Calcd for C i6H2iNO: C, 78.97; H, 8 .70 ; N, 5 .76. water. The solid was filtered off and boiled (five or six times)
Found: C, 78.66; H ,8 .7 1 ; N, 6.07. with an excess cf 2 N  hydrochloric acid, and the hot solution was

Compound 29b (81% ) was obtained, mp 168-171° (lit.35 mp filtered. The combined filtrates were basified with 2 N  aqueous
171-172°). sodium hydroxide and the precipitated solid was filtered off,

l-(4-Acetamido-3-nitrophenyl)bicyclo[2.2.2]octane (30a) and dried, and crystallized from petroleum ether (bp 100-120°) to
4-Acetamido-3-nitro-/-butylbenzene (30b).— The compound 29a give pale yellow needles of 34a (0.32 g, 65% ): mp 129-132°;
or 29b was nitrated by using the method of Wepster, et a l . ,si ir (KC1) 2900, 2850 (CH2), 3450, 3375, 3225, 1638, 1300 (NH2),
for the preparation of 30b, and the product was crystallized from 1530, 1370 (N 0 2), 1610, 1505 (aromatic), 860, and 820 cm -1
ethanol. Compound 30a (95% ) was obtained: mp 130-132°; (1,2,4-trisubstituted benzene).
ir (KC1) 2925, 2850 (CH3, CH?), 3350 (NH), 1515, 1345, 765 A nal. Calcd for ChH 18N20 2: C, 68.27; H, 7 .37; N, 11.37.
(NO;), 1700 ( C = 0 ) ,  1620, 1580 (aromatic), and 850 cm “1 (1 ,3 ,4- Found: C, 68.10; H, 7 .17; N, 11.02.
trisubstituted benzene). l-(o-Nitrophenyl)bicyclo[2.2.2]octane (35a).— The compound

A nal. Calcd for C i6H2oN20 3: C, 66.64; H, 6 .99; N, 9 .72. 34a (1.23 g, 0.305 mol) was dissolved in dry ethanol (4.6 ml)
Found: C, 66.70; H, 6 .87; N, 9.79. and 98%  sulfuric acid (1.47 g, 0.015 mol), and the cooled solution

Compound 30b (95% ) was obtained, mp 104-106° (lit-.34 mp was diazotised at 5 -10° with a solution of sodium nitrite (0.53 g,
107-107.5°). 0.00768 mol) in water (1.0 ml). The mixture was kept for 30

l-(4-Ammo-3-nitrophenyl)bicyclo[2.2.2]octane (31a) and 4- min at —10°, then heated under reflux for 4 -5  hr. The product
Ammo-3-nitro-i-butylbenzene (31b).— The compound 30a or 30b was cooled, poured into water, and shaken with ether. The
(0.02 mol) and sodium methoxide (0.0324 g, 0.0006 mol) in ethereal layer was washed with 10%  aqueous sodium hydroxide
methanol (20 ml) were heated under reflux for 2.5 h r .49 The and water and dried (MgSCh). The ether was evaporated and
mixture was then cooled in the refrigerator and the reddish orange the residue was sublimed at 140-150° (2 mm) and crystallized
crystals which formed were filtered off and recrystallized from from ethanol-water (5 :1 )  to give 35a (0.38 g, 33% ): m p 58-61°;
ethanol. Compound 31a (95% ) was obtained: mp 132-135°; ir (KC1) 2900, 2850 (CH2), 1530, 1375, 843, 745 (N 0 2), 3050
ir (KC1) 2900, 2825 (CH3, CH2), 3450, 3325, 1635, 1245 (NH2), (aromatic), and 775 cm -1 (1,2-disubstituted benzene); nmr t
1518, 1345, 775 (N 0 2), 1590, 1458 (aromatic), and 840 cm “1 2 .43-2 .90  (4 H ) and 8 .04-8 .44  (symmetrical m, 13 H ); X™*
(1,3,4-trisubstituted benzene). (isooctane) 287 8  nm (e 5150).

Anal. Calcd for C14Hi8N 20 2. C, 68.27; H, 7.37; N, 11.37. A nal. Calcd for CuH17N 0 2: C, 72.70; H, 7 .41; N, 6.06.
Found: C, 68.16; H , 7 .42; N, 11.65. Found: C, 72.59; H, 7 .58; N, 6.11.

Compound 31b (93% ) was obtained, mp 104-107° flit.35 mp o-f-Butylnitrobenzene (35b).— This compound was prepared by
106-107°). M r. J .  B . Woods following the procedure of Wepster, et a l . ,3i

l-(m-Nitrophenyl)bicyclo[2.2.2]octane (32a) and m-/-Butyl- bp 128-132° (16 mm) [lit.35 bp 249-250° (761 mm)], nmr r
nitrobenzene (32b).— The amine 31a or 31b was deaminated by 2 .40-2 .85  (4 H) and 8.65 (s, 9 H ). The uv spectrum (isooctane)
using Hodgson and Walker’s method.50 The amine 31a or 31b did not show a maximum from 249.2 to 288.7 nm.
(0.005 mol) in glacial acetic acid (30-40 ml for 31a, and 15-20 ml
for 31b) was added slowly to a solution of sodium nitrite (0.006 Registry No.— 3, 1 6 5 9 -9 5 -6 ; 8, 1 8 7 2 0 -3 5 -9 ; 9, 2 3 0 6 2 -
mol) in sulfuric acid (3.2 ml, 98% ). The mixture was kept be- 5 1 . 3 . 1 0 ,2 3 0 6 2 - 5 2 - 4 ;  1 2 ,2 3 0 6 2 - 5 3 - 5 ;  1 3 ,2 0 6 4 - 0 4 - 2 ;
low 20° during the addition, and ethanol (10-15 ml) was added 16d ’ 2 3 1 0 2 -7 2 -9 ; 16e, 2 3 0 6 2 -5 5 -7 ; 17d, 2 3 0 6 2 -5 6 -8 ;
with cooling. The mixture was then heated under reflux for 4 hr, noni,n , i
cooled, and poured into water. The mixture was shaken with 17e , 23062-57-9; 1 7 e , toluene-p-sulforiylhydrazone,
ether and the ethereal layers were washed with 10% aqueous 23042-25-3; 18d , 23062-58-0; 1 8 e , 23062-59-1, 1 9 e ,
sodium hydroxide and water and dried (M gS04). The ether was 23062-60-4; 2 0 d , 23062-61-5; 2 1 , 23062-62-6; 2 2 ,
evaporated, and for 32a the residue w*as sublimed at 120-130° 23062-63-7' 2 5 a , 23062-64-8; 2 5 b , 23062-65-9; 2 6 a ,
(1.0 mm) to give a solid which was crystallized from ethanol to 23062-66-0| 2 6 b , 23062-67-1 ; 2 6 d , 23102-73-0; 2 7 a ,
give yellow crystals of 32a (53% ): mp 73-76 ; ir (KC1) 2900, oqnfid RQ ?Qa 9 3 0 4 9  1 2 -8 - 30a
2825 (CH2), 1520, 1345, 738 (N 0 2), 3050 (aromatic), 842, 802, 2 3 0 6 2 -6 8 -2  , 2 8 a , 2 3 0 6 2 -6 y -3 , 2 9 a , 2dU42 12  » ,  3 Ua,
and 685 cm -1 (1,3-disubst.ituted benzene); nmr t 1 .81-2 .67  2 3 1 0 2 -7 4 -1 ; 31a, 2 3 0 4 2 -1 3 -9 ; 32a, 2 3 0 4 2 -1 4 -0 ; 33a,
(4 H ) and 8.23 (br peak, 13 H, ¥ ■ / ,  =  5 cps); X™* (isooctane) 2 3 0 4 2 -1 5 -1 ; 34a, 2 3 0 4 2 -1 6 -2 ; 35a, 2 3 0 4 2 -1 7 -3 ; 36,
2 5 9 .2 n m (e7760). „  „ no 2 3 0 4 2 -1 8 -4 ; 37, 2 3 0 4 2 -1 9 -5 ; 38, 2 3 0 4 2 -2 0 -8 ; 39,

Anal. Calcd for CuHnNCb: C, 72.70; H, 7.41; N, 6.06. 23()4 2 -2 1 -9 ; 40, 2 3 0 4 2 -2 2 -0 ; 41, 2 3 0 4 2 -2 3 -1 ; 3 -
Found: 0 ,7 2 .6 9 ;  H, 7.47; JN,b.lO. , „ . ’ , , , ■,

For 32b, the residue was distilled to give 32b (70% ): bp 106- a c e ty l-3 -iso p ro p y lp e n ta n e -l,5 -d ica rb o x y lic  an h y d rid e,
110° (3 mm) [lit.35 bp 136-137° (16 m m )]; nmr r  1.73-2.81 (4 H) 2 3 0 4 2 -2 4 -2 .
and 8.62 (s, 9 H ); Xm05 (isooctane) 257.9 nm (e8870). ,  c  . ,
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The cyclopropane ring in dibenzotricyclo[3.3.0.02'8]-3,6-octadiene (1) is opened by inversion by the trichloro- 
methyl radical in the free-radical addition of bromotrichloromethane to 1. At higher temperatures, thiophenol 
adds ionically to I in the presence or absence of free-radical initiators. Thiophenol also hydrogenates 1 at high 
temperatures, apparently via  a diradical intermediate. I t  is concluded from this study that cyclopropane rings 
are quite unreactive toward free-radical additions.

A number of studies have been devoted to the and closures.13 These free-radical displacements are
chemistry of additions to cyclopropanes. Of particular very difficult at normal sp3-hybridized carbon atoms14
interest is the stereochemistry of these processes. and appear to take place only on highly reactive carbon
Nucleophilic ring openings appear to occur always with centers such as Dewar anthracene15 and cyclopro
inversion,1 whereas electrophilic cyclopropane ring panes.12 The stereochemistry of these openings is
openings may occur with inversion as well as retention. unknown.16 Since the stereochemistry of nucleophilic
Thus, electrophilic ring opening of quadricycloheptane- and electrophilic displacements occur in the opposite
2,3-diearboxylic acid by bromine occurs with inversion sense, i.e., nucleophilic displacements (four-electron
at both carbon atoms of the cyclopropane ring.2 systems) occur preferentially with inversion and electro
positive bromine also opens cyclopropanols with philic displacements (two-electron systems) occur pref-
inversion.3 Protonation (deuteration) of cyclopro- erentially with retention, free-radical displacements
panes takes place with inversion in the case of exo- (three-electron systems) should be very much of in-
tricyclo [3.2.1 .O'-4 Joctane,4 but with retention of con- terest with respect to the stereochemical possibilities.21
figuration in cyclopropanols6 and bicyclobutanes.6
1-Methylnortricyclene is deuterated in acetic acid-di Results and Discussion
catalyzed by sulfuric acid-rf, to give a mixture of
norbornyl acetates in which the deuterium atom is Dibenzotricyclo[3.3.0.02,8]-3,6-octadiene (1) was
62.2% 6-endo (retention) and 37.8% 6-exo (inversion).7 chosen for the study of the stereochemistry of free-
Deuterium bromide in acetic acid-di opens the cyclo- radical cyclopropane ring opening because of the rela-
propane ring of the Diels-Alder adduct of cyclohepta- tive ease of rinS openings in the system22 as well as the
triene-maleic anhydride with retention.8 Theoretical that the stereochemistry of the resulting cis-
calculations9 on the structure of protonated cyclopro- dibenzobicyclo [3.3.0]-2,7-octadiene could be established
panes indicate that the three-membered ring should by pmr spectroscopy.ld'22
undergo electrophilic opening with retention.10 When 1 is allowed to react with reffuxing (105°)

Free-radical ring openings are encountered far less bromotrichloromethane in the presence of benzoyl
often than their ionic counterparts. Indeed, one can peroxide (no reaction in the absence of peroxides), a
find few examples of possible free-radical ring openings12 sinSle product is observed in the pmr spectrum up to ca.

20% reaction. As the reaction proceeds, considerable
(1) (a) j . Meinwaid and j . k . Crandall, j . Amur. chem. Soc., 88, 1 2 9 2  d ark enin g is ob served  an d  b road  m u ltip lets, p resu m ab ly

(1966); (b) S. J. Cristol, J. K. Harrington, and M. S. Singer, ibid., 88, 1529
(1966); (c) S. J. Cristol and B. B. Jarvis, ibid., 88, 3095 (1966); (d) S. J. (13) (a) P. D. Bartlett and L. B. Gortler, J .  Amer. Chem. Soc., 85, 1864
Cristol and B. B. Jarvis, 89, 401, 5885 (1967); (e) P. Boldt and L. Schulz, (1963); (b) L. Kaplan, ibid., 89, 1753 (1967); (c) D. J. M. Ray and D. J.
Tetrahedron Lett., 4351 (1967). Waddington, ibid., 90, 7176 (1968); (d) K. H. Anderson and S. W. Benson,

(2) S. J. Cristol and R. T. LaLonde, J .  Amer. Chem. Soc., 80, 4355 (1958). J .  Chem. Phys., 39, 1673 (1963); (c) L. B. Gortler and M. D. Saltzman,
(3) C. H. DePuy, \V. C. Arney, Jr., and D. H. Gibson, ibid., 90, 1830 J .  Org. Chem., 31, 3821 (1966); (f) J. S. Shapiro and E. S. Swinbourne,

(1968). J . Can. Chem., 46, 1351 (1968); (g) J. S. Shapiro and E. S. Swinbourne, Chem.
(4) R. T. LaLonde, J. Ding, and M. A. Tobias, ibid., 89, 6651 (1967). Common., 465 (1967); (h) L. Kaplan, ibid., 754 (1968); 106 (1969).
(5) (a) A. Nickon, J. L. Lambert, R. O. Williams, and N. H. Werstiuk, (14) C. Walling in "Molecular Rearrangements,” Vol. I, P. de Mayo, Ed.,

ibid., 88, 3354 (1966); (b) C. H. DePuy, F. W. Breitbeil, and K. R. De- Interscience Publishers, Inc., New York, N. Y., 1963, Chapter 7.
Bruin, ibid., 88, 3347 (1966). (1 5 ) D. E. Applequist and R. Searle, J .  Amer. Chem. Soc., 86, 1389 (1964).

(6) (a) K. B. W iberg and G. Szeimies, ibid., 90, 4195 (1968); (b) W. G. (16) Because of the geometry of the molecule, Dewar anthracene is
Dauben, J. H. Smith, and J. Salted, J .  Org. Chem., 34, 261 (1969). forced to undergo ring opening with inversion.15 Highly strained cyclo-

(7) J. H. Hammons, E. K. Probasco, L. A. Sanders, and E. J. Whalen, propanes undergo ring opening with benzyne17 and maleic anhydride18 with
ibid., 33, 4493 (1968). inversion at each carbon center. Although these latter reactions apparently

(8) J. B. Hendrickson and R. K. Boeckman, Jr., J . Amer. Chem. Soc., 91, involve the intermediacy of diradicals,17,18 how much of this radical character
3269 (1969). is inherent in the transition state is not clear. Interestingly, the cyclopro-

(9) H. Fisher, H. Kollnar, H. O. Smith, and K. Miller, Tetrahedron Lett., pane i undergoes nonstereospecific catalytic hydrogenation to give a 50:50
5821 (1968). mixture of cis- and ¿rons-methyldecalins ii and iii,19 but hydrogenation of

(10) MO calculations indicate that edge-protonated and corner-protonated bicyclo[2.1.0]pentanes occurs with retention.20 
cyclopropanes are of comparable energy.11 It might very well be that edge-
protonated cyclopropanes result in opening with retention while corner-pro-
tonated rings lead to opening with inversion. If this is the case, one might r/ 'N|^Ss-| H7’pt0*,
expect subtle changes in steric as well as electronic properties to result in HOAc
changes in the stereochemistry of electrophilic cyclopropane ring openings. . 1

(11) G. Klopman, J . Amer. Chem. Soc., 91, 89 (1969). 1 ii iii
(12) (a) M. S. Kharasch, M. Z. Fineman, and F. R. Mayo, ibid., 61, (17) M. Pomerantz, G. W. Gruber, and R. N. Wilke, ibid., 90, 5040

2139 (1939); (b) D. E. Applequist, G. F. Fanta, and B. W. Henrikson, ibid., (1968).
82, 2368 (1960); (c) C. Walling and P. S. Fredricks, ibid., 84, 3326 (1962); (18) P. G. Gassman, K. T. Mansfield, and T. J. Murphy, ibid., 91, 1684
(d) D. E. Applequist and R. Searle, ibid., 86, 1389 (1964); (e) E. P. Blan- (1969).
chard, Jr., and A. Cairncross, ibid., 88, 487 (1966); (f) R. J. Gritter and T. J. (19) Z. Majerski and P. von R. Schleyer, Tetrahedron Lett., 6195 (1968).
Wallace, J .  Org. Chem., 26, 282 (1961); (g) R. A. Ogg, Jr., and W. J. Priest, (20) M. Jorgenson, ibid., 4577 (1968).
J .  Chem. Phys., 7, 736 (1939); (h) S. W. Benson, ibid., 34, 521 (1961); (21) J. A. Berson, Angew. Chem., Int. Ed. Engl., 7, 779 (1968).
(i) W. von E. Doering and J. F. Coburn, Tetrahedron Lett., 991 (1965). (22) W. Lim, Ph.D. Thesis. University of Colorado, 1967.
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arising from decomposition products, begin appearing chloromethane is irradiated with uv light, the only
in the pmr spectrum. Isolation of the 1:1 adduct of 1 adduct observed arises from the electrophilic addition
and bromotrichloromethane is hampered not only by of bromine across the 2,8 bond.22 
these undesired materials, but the adduct itself is 0
sensitive to such things as protic solvents and column -  || |
chromatography. The most successful manner found j  1 C 3 ] %%jT Br Z(xU % j]
for isolating the adduct was chromatography over 1 3
Florisil (elution with Skellysolve B). The first material j 2
off the column was a dark red oil whose ir and pmr
spectra, because of the nondescript peaks, were sug-
gestive of a polymeric substance. This material was f(^)T B i l  T(Z)] [% )i  / C C yY )J
followed by a light brown oil which when crystal-
lized from n-pcntanc gave ca. a 15-20%  yield of ^  4
anti - 4 - 'richloromethyl - anti - 6 - bromo - cis - dibenzo- 3
bicyclo [3.3.0]-2,7-octadiene (2). When 2 is added 3
to the above reaction mixture at 105°, after a Treatment of 1 with thiophenol at 150° for 1 day 
short time the pmr signals attributable to 2 begin to gives four compounds along with diphenyl disulfide,
disappear. However, in refluxing bromotrichloro- In refluxing thiophenol (170°) the ratio of 5 /6 /7 /8  is
methane (no peroxides added), 2 appears to be stable. phSH
If the reaction is stopped after ca. 15-20%  reaction 1 
time, chromatography over Florisil yields 70% re-
covered 1 and 15% 2 as the only characterizable prod- + f / | f ) l  +
ucts. The structure of 2 is supported by an elemental i  j
analysis and spectral data. The pmr spectrum is ]
most instructive; outside the aromatic region (8 H 5(75%) SPh
from t 2.3-3.0) lie three doublets (1 H each) at 4.74 6(10%)
(J 5e =  5.0 Hz), 5.08 { J 15 =  7.8 Hz), and 5.75 ( J i6 =  3.0
Hz) and a complex multiplet (1 H) from 5.92 to 6.20. i
The complex multiplet at r  5.92-6.20 clearly is due to +
the absorption of the C-5 hydrogen, and the benzhydryl
hydrogen at C -l can be assigned the peak at 5.08, 7(5%) 8(10%)
since, in all of the reported compounds in this system, n . 2 l - 7 The percentage of 8 increases dramatically
this proton is found always in this region and with J u ,from 10% at 15o° to 30% at 170°). The rate and
=  7-8  Hz.1(1,22 The hydrogen a to the bromine atom is duct distribution of these reactions are unaffected
assigned the low field signal at r 4.74, and the proton a  , the presence 0f free-radical initiators or oxygen,
to the trichloromethyl group then would be assigned Also nQ obgervable change in the product distribution 
that signal 1 ppm upfield at 5.75; this is consistent resu]ts when x is treated with thiophenol at 170° in the 
with previous observations23 that the pmr signal for a esence of potassium thiophenoxide (heterogeneous 
proton a  to a bromine atom is found ca. 1 ppm down- reaction). However, the reaction was complete in a
field from a proton a to a trichloromethyl group. few minutes at 110° when a catalytic amount of p-tolu-
Smce the coupling constants for the anti C-4 and C-6 enesu]fonic acid was added. Under these conditions
protons are observed to be > 7  Hzld-22 and the •/ values an g5. 15 mixture of 5 and 6 results; no 7 or 8 is observed,
for the corresponding syn C-4 and C-6 protons are The f of Srjructure for the thio ethers 5-7  is based on
found to be 2-6.4 Hz,1(1,22 clearly the substituents at C-4 tbejr reactions with Raney nickel to give 8 as well as
and C-6 are in the a n t i  configuration. Thus, the ring the pmr spectra 0f the sulfides and the corresponding
has undergone opening by the trichloromethyl radical sulfones (see Experimental Section). The products
with inversion. Although none of the corresponding from thege addition reactions, 5-8, are all stable under
syn-trichloromethyl epimer (3) was observed, con- thg various reaction conditions described above. The
ceivably small amounts of 3 could have been produced thio etbers 5 and 6 are ciearly the result of ionic addi-
but destroyed under the conditions of the reaction. tion of thiophenol across the cyclopropane ring. The
However, it is unlikely that 3 2 under the conditions formati0n of small amounts of 7 can be rationalized in
of the reaction. Whether the stereochemistry observed termg of protonati0n of the ring followed by loss of a
in the opening is characteristic of cyclopropanes in proton to give the olefin 9. Under the reaction condi-
general or whether the anti epimer 2 results because of tiongj Q sbouid easily undergo free-radical addition of
favorable interaction of the aromatic ring in the transi- thiophenol to give 7. This explanation is consistent
tion state leading to the radical 4 is not''clear. The with tbe fact that 7 is observed only at high tempera-
fact that the bromine atom is transferred from bromo- tures, a condition which should favor deprotonation of
trichloromethane to 4 to yield the anfz-bromide 2 the intermediate carbonium ion.24
probably reflects the stereoelectronic requirements of 
the benzylic radical 4 in the chain-transfer step as well
as a definite steric preference for larger groups to (%jJT JK I)J  K v i  i  1C_)J
occupy the anti position.1(1,22 When 1 in bromotri-

9 10
(23) (a) E. Tobler and D. J. Foster, J .  Org. Chem., 29, 2839 (1964); (b) ------------------- _ , , ,  , n .

B. B. Jarvis, ibid., 33, 4075 (1968); (o) C. L. Osborn, T. V. Van Auken, and (24) K. A. Cooper, E. D. Hughes, C. K. Ingold, G. A. Maw, and B. .
D. J. Treeker, J .  Amer. Chem. Soc., 90, 5806 (1968). MacNulty, J .  Chem. Boc., 2049 (1948).

Vol. 35, No. 4 , April 1970 D ibenzotricyclo[3.3.0.02,8]-3,6-octadiene 925



Thiophenol apparently is capable of hydrogenating bromotrichloromethane was held at reflux (105°) under nitrogen.
the cyclopropane ring of 1 since relatively large amounts EveiT  hour 40  cf benzoyl peroxide was added to the mix-

i l / • 7 x ture. The course of the reaction was followed by pmr spectros-
of 8 an d  diphenyl disulfide are  ob served  {vide supra). copy. After x hr the reaction was about 20%  complete and the
ih io ls  a re  excellen t h yd rogen  a to m  don ors to  free pmr spectrum showed only 1 and 2 to be present. [If the solu-
ra d ica ls ; th iop hen ol is p a rticu la rly  effectiv e .26 I t  tion is worked up at this point, careful chromatography (vide
ap p ears th a t  th e  2 ,8  bond of th e  cy clo p ro p an e  ring in 1 inf ra ) yields first 0.7 g of recovered l followed by 0.3 g of 2 .]
u nd ergoes reversib le  hom olysis a t  h igher te m p e ra tu re s  However, as the reaction proceeded the solution got progressively
, • , / , _ x , . , . . , . darker, and the pmr spectrum began to exhibit broadened high field
o g iv e  a  d irad ical (1 0 ) w hich is th en  trap p ed , v ia  multiplets. The reaction was stopped after 6 hr, and the solvent

h yd rog en  a to m  tra n sfe r, b y  th iop hen ol. B a se d  on was removed by rotary evaporation. The resulting dark red oil
p reviou s w ork  of 1 ,2 -d ip h en y lcy clo p ro p an es26,27 th e  was chromatographed over 60 g of Florisil packed in Skellysolve
en ergy  of a c tiv a tio n  fo r such  hom olysis ca n  be exp ected  B * Elution with Skellysolve B first gave a dark red oil whose
to be c a .  30-35 keal/mol, a value which is consistent fmr afnd ir 7 ectra’ because of the nondescript peaks were sugges-

. , . , . - I t  . tive of a polymeric substance. 1 his material was followed by a
w ith  the large increase m the amount of 8 observed with light brown oil which when crystallized from n-pentane gave 400
increasing reaction temperatures. Poorer hydrogen mg (20%) of 2, mp 137-138°.
atom transfer reagents are much less effective at trap- A nal. Calcdfor CiiHi2BrCl3: C, 50.72; H, 3 .01 . Found: C, 
ping the diradical 10. At temperatures below 200°, H’,3'd6' , , ,  . „ . , . ,
fluorene does not reduce 1 after several days. How- under nitrogen, the presence of benzoyl peroxide led to the 
ever, dihydroanthracene gives ca. 5-10%  8 and 9,9',- decomposition of 2.
lOHO'-tetrahydro^jO'-bianthryl after 2 days at 200°. Treatment of 1 with bromotrichloromethane under the influence 
Thus, as expected, dihydroanthracene is much less of a hiSh pressure uv light (Vycor filter) gives, as the major prod-
effective at trapping the diradical 10 than is thiophenol, UCtS> 4>6;dibromo-cfS-dibenzobicyclo[3.3.0] -2,7-octadienes in the
, , . ™ ,. ,, „ 00 r  ’ same ratio as has been observed m the ionic addition of bromine
but is more effective than fluorene.28 Cyclopropanes to i .M
rearrange via 1,2-hydrogen atom shifts in the inter- Addition of Thiophenol to l.—A solution of 2.0 g (9.8  mmol) of 
mediate diradical to propylenes.29 In the case of 1 1 in 10 ml of freshly distilled thiophenol was held at reflux under
this could give rise to 9 which would then result in the nitr°gen for 18 hr. The course of the reaction was followed by
formation of 7. However, heating 1 in refluxing di- 1° («bca gel). The excess thiophenol was removed by distilla- 

, , /i n tion mm an<* the resulting oil was chromatographed over
metnylacetamide (bp 165 ) or n-decane (bp 174 ) for 120 g of silica gel packed in Skellysolve B. Elution with 3%
up to 50 hr gave only recovered starting material. benzene in Skellysolve B  gave 180 mg of diphenyl disulfide fol-
This lack of rearrangement of 1 -*■ 9 appears to be lowed by 600 mg (30% ) of 8, mp 95-96° (lit.37 mp 9 5°). Elution
characteristic of 1,2-diphenylcyclopropanes.26’27 with 5%  benzene in Skellysolve B gave the thio ethers 5, 6, and

rp j , a i -mi • i 1 i j j i  - i '• I  he first fractions were rich m 5 and the latter fractions were 
ea men o With thiophenol or butanethiol rich jn 7 . Successive fractional crystallizations from w-pentane

under the influence of uv light gave no reaction after gave 0.25 g (8 % ) of syra-4-phenylthio-CTs-dibenzobicyclo[3.3.0]-
extended periods of time. Treatment of 1 with 2,7-octadiene (6), mp 113-114°, 1.4 g (46% ) o fanh-4-phenylthio-
n-butanethiol at 100° in the presence of benzoyl «s-dibenzobicyclo[3.3.0]-2,7-octadiene (5), mp 73-74°, and 0.13
peroxide gave recovered 1 along with varying amounts ^^5-phenylthio-m-dibenzobicyclo[3.3.0]-2,7-octadiene

of n-butyl phenyl sulfide. This sulfide could be isolated The pmr spectrum of 5 in carbon tetrachloride shows two over- 
from the reaction of n-butanethiol with benzoyl lapping doublets (1 H each, C -l and C-4 protons) from r  5 .4  to
peroxide in the absence of 1. 5.7 , a complex multiplet (3 H ) from 6.2 to 7 .6 , and a complex

It is clear from these data that 1 and presumably multiplet 03 H)from 2b to 3.1.
• , ., 5  x i A nal. Calcd for C22H18S: C, 84.03; H, 5 .77. Found: C,

cyciop rop an es in gen eral a re  q u ite  u n re a ctiv e  to w ard  83.75; H, 5.91.
free-radical addition reactions. Whereas protonation Oxidation of 300 mg (0.95 mmol) of 5 in 8 ml of dichloro- 
of cyciopropanes appears to be somewhat more facile methane by 500 mg of m-chloroperbenzoic acid gave 320 mg
than protonation of the corresponding olefins 30 free- (97% ) of the corresponding sulfone, mp 161-163°.
radical additions to olefins appears to take place far
m o re  read ily  th a n  th e se  ad ditions to  cy cio p ro p a n e s .31 Hz), a series of complex multiplets (3 H ) from 6.0 to 7 .6 , and a

complex multiplet (13 H ) from 2.2 to 3.0.
„  . | A n al. Calcd for C22H,80 2S: C, 76.27; H, 5 .24 . Found: C,
Experimental Section36 7 6 .07 ; H , 5.28.

Addition of Bromotrichloromethane to l . - A  solution of l.O g tp“ 7  spect,r w  ° fKn o ? / iaA % ntfH achloride shows two

<4 -9 mm° 1) ■“  " d 50 ™”< >•< M  »1  "f
multiplet ®  B )  from 6.8  to 7.1, and a complex multiplet (13 H ) 

(25) R. A. Gregg, D. M. Alderman, and F. R. Mayo, J .  Amer. Chem. Soc., from 2.4 to 3.1.

(̂̂ ffi^^L.^B^Rodewald and C. H. DePuy, Tetrahedron Lett., 2951 (1964). Calcd for C22H18S: C, 84.03; H ,5 .7 7 .  Found: C,
(27) R. J. Crawford and T. R. Lynch, Can. J .  Chem.. 46, 1457 (1968). k . . .  ,
(28) E. c . Kooyman, Discuss. Faraday Soc., io, 163 (1951). oxidation ot 6 under the same conditions as that described for
(29) H. M. Frey and R. Walsh, Chem. Rev., 69, 103 (1969). ® gave the sulfone of 6 (90% ), mp 183-184°. Treatment of this
(30) See, for example, R. T. LaLonde and M. R. Tobias, J .  Amer. Chem. sulfone with 0.5 M  sodium ethoxide in ethanol at room tempera-

Soc. 86, 4068 (1964). ture for 6 hr gave the sulfone of 5 in quantitative yield.
(31) Although cyciopropanes may be protonated more rapidly then anal- The pmr spectrum of the sulfone in chloroform-d shows two

ogous alkenes olefins react far more readily with bromine than do cyclo- doublets (1 H each) at r  4.83 ( J ,s  =  5.8 Hz) and 5.53 (/ ,6 =  6.8
andTases f “V f  H z)< a multiplet (3 H ) from 6.2 to 7.2, and a complexana rsases (ttbAtf Principal). Since olefins are certainly softer” than multinlpt m  TT) frnm 1 Q o n F
cyciopropanes, the olefins should prefer to react with the softer electrophile, t  pl t  t 0 1 t0
bromine. Radicals are believed to be quite “soft”*« and hence should have ------------------
an enhanced reactivity toward olefins compared with cvcloDroDanes t;0_•_ * catv , , , . , .(32) A. J. Gordon, J .  Chem. Educ., 44 461 (1967) Pr°PaDeS' Var.an A-60D nmr spectrometer with tetramethyls.lane (r 10.00) as the

/qo\ -d rj pAf,rsnn aR cqi ' internal standard. J  values reported are ‘ observed” ones. Elemental
(34) R G Pearson and T S ’ t ’ d r ( .968 ' analyses were performed by Dr. Franz J. Kasler, University of Maryland.

? ;  ?:• Songstad, J .  Amer. Chem. Soc., 89, 1827 (1967). (36) E. Ciganek, ibid., 88, 2882 (1966).
u n c o rL S  Proinn8 Wer6 d*termmed °n a apparatus and are (37) W. Baker, J. F. W. McOmie, S. O. Parfitt, and D. A. M, Watkins,uncorrected. Proton magnetic resonance spectra were measured with a / .  Chem. Soc., 4026 (1957).
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A nal. Calcd for C22H18O2S: C, 76.27; H , 5 .24. Found: C, pressure mercury uv lamps did not result in any observable addi-
75.99; H, 5 .34. tion products, When 1 was treated in refluxing n-butanethiol

The pmr spectrum of 7 in carbon tetrachloride shows a singlet with benzoyl peroxide, 1 was recovered unchanged after several
(1 H ) at r  5 .43, a pair of doublets (2 H each, J gem =  16.4 Hz) at days. Chromatography over silica gel did result in the isolation
6.62 and 6.83, and a complex multiplet (13 H ) from 2.5 to 3.1 . of «-butyl phenyl sulfide (eluted with 10%  benzene in Skelly-

A nal. Calcd for C22H,sS: C, 84.03; H, 5 .77. Found: C, solve B ) which proved to be identical (pmr and ir spectra) with
84.00; H, 5 .97. an authentic sample.39 This sulfide could be isolated from a

Oxidation of 7 under the same conditions as that described for solution of n-butanethiol treated with benzoyl peroxide in the 
5 gave the sulfone of 7 (95% ), mp 178-179°. absence of 1.

The pmr spectrum of the sulfone in chloroform-«! shows a singlet Treatments of 1 with Fluorene and Dihydroanthracene.— A
(1 H ) at t 4 .69, a pair of doublets (2 H each, J gem =  17.6 Hz) at mixture of 0.50 g of 1 and 5.0 g of fluorene was sealed in a glass
6.10 and 6.78, and a complex multiplet from 2.0 to 3.0 . tube under nitrogen. The tube was heated at 195-200° in an

A nal. Calcd for C22H 18O2S: C, 76.27; H , 5 .24. Found: C, oil bath for 2 days. The majority of the fluorene was removed by
76.40; H , 5 .29. crystallization from methanol, and a pmr spectrum of the mother

When 1 is treated with thiophenol at 150° for 30 hr, 5, 6, 7, liquor showed only 1 and fluorene to be present. No 8 could be
and 8 were isolated in high yield in the ratio of 7 .5 :1 :0 .5 :1 ,  observed.
respectively. The presence of oxygen, benzoyl peroxide, or This same procedure was employed for 9 ,10-dihydroanthracene,
benzoic acid had no observable effect on the rate or product distri- and a pmr spectrum of the resulting mixture indicated that ca. 
bution of the reaction. The reaction of 1 with thiophenol at 10%  of 1 had been hydrogenated to 8 . This mixture was chro-
110° catalyzed by a trace of p-toluenesulfonic acid proceeded matographed over 60 g of silica gel packed in Skellysolve B .
very rapidly to give 85%  5 and 15%  6; no 7 or 8 was observed. Elution with 3%  benzene in Skellysolve B gave 950 mg of 9,10-
Treatment of 1 (500 mg) with 10 ml of thiophenol in which 60 dihydroanthracene, 45 mg of 8, 400 mg of 1, and 70 mg of 9 ,9 ',-
mg of potassium metal had been dissolved at 170° for 18 hr gave 10,10'-tetrahydrc-9,10-bianthryl, mp 256-258° (lit.40 mp 255°). 
essentially identical results with that observed in the absence of
potassium thiophenoxide. In all these cases, products 5-8 were Registry No.— 1, 2199-28-2; 2 , 23367-54-6; 5 ,
stable to the conditions of the reactions. Attempts to photo- 23265-33-0; 5 sulfone, 23265-34-1; 6, 23265-35-2;
initiate the addition of thiophenol to 1 with either medium or low 6  sulfone 23265-36-3 ; 7, 23288-66-6 ; 7 sulfone, 23265-
pressure mercury uv lamps failed to give any 1 :1  adducts. 07  a

Treatment of thio ethers 5-7 with a 20-fold excess (by weight) ” '

r on!lxing"thano1 for 14 hr gave atl 8°~ Acknowledgment.— Financial support from the do-85%  yield  of hydrocarbon 8 m each case. ,  «  i 1 -r»  ̂ i £ a
Attempted Addition of «-Butanethiol to 1.-T re a tm e n t of 1 nors of th e  Petroleum Research Fund of the American

with «-butanethiol in the presence of either medium or low Chemical Society is gratefully acknowledged.
(38) R. Mozingo, “Organic Syntheses,” Coll. Vol. Ill, John Wiley & (39) G. Modena, Gazz. Chim. Ital., 89, 834 (1959).

Sons, Inc., New York, N. Y . ,  1955, p  181. (40) W. Schlenk and E .  Bergmann, A n n .,  463, 98 (1928).

Conform ational Studies of Perfluoro-2-halo-l,2-oxazetidines  
Using Nuclear M agnetic Resonance Spectroscopy1

J osephine D. R eadio and R obert A. Falk 

Thiokol Chemical Corporation, Reaction Motors Division, D mville, New Jersey  07834

Received M ay 5, 1969

The high-resolution nmr spectra of perfluoro-2-fluoro-l,2-oxazetidine (1) and perfluoro-2-chloro-l,2-oxazetidine 
(2) were obtained over the temperature range 85 to —120°. The observed nonequivalence of geminal fluorines 
was attributed to restricted nitrogen inversion. The temperature dependence of the geminal fluorine-fluorine 
chemical-shift differences indicated equilibrating nonplanar conformers. The conformational free-energy dif
ferences for 1 and 2 were determined to be 900 and 1000 cal/mol, respectively.

The use of nmr spectroscopy to demonstrate the oxazetidine (2) showed AB quartets which were as-
nonplanarity of cyclobutane rings has been reported by signed to the CFjO and C F2N fluorines. The spectrum
Lambert and Roberts.2 These authors observed that of 1 also contained a broad peak owing to the N F
the chemical-shift differences of geminal fluorines in fluorine. The chemical shifts and geminal coupling
certain substituted cyclobutanes showed temperature constants are given in Table I. With the temperature
dependence. This was attributed to an equilibrium varied from 85 t o —120°, the same general pattern was
between the two possible puckered-ring conformations. obtained in the spectra of 1 and 2 with the geminal
We wish to present nmr evidence indicating similar coupling constants remaining essentially unchanged,
nonpianarity in a perfluorooxazetidine ring system. The volatility of the N-halooxazetidines precluded

The room-temperature 19F  nmr spectra of perfluoro- nmr studies above 85°. However, even at this tem-
2-fluoro-l,2-oxazetidine (1) and perfluoro-2-chloro-l,2- perature the quartet structures were clearly visible.

The N F signal in the spectrum of 1 was detectably 
0 ----- NX sharper at lower temperatures.3
\ j The nonequivalence of the geminal fluorines in 1 and
CF2 CF2 2 results either from restricted oxazetidine ring in-
1 .X -F  version or from restricted nitrogen inversion. How-
2’x  = C1 ever, it seems very unlikely that the barrier to ring

(1) This investigation was performed under Contract No. N00019-67-C- inversion Would be Sufficient to slow the ring-interCOn 
0454 for the Naval Air Systems Command, Department of the Navy, Wash-
ington, D. C. 20360, with Mr. John Gurtowski as Project Officer. (3) Measurements of W1/2 (signal width at half-height) indicate a change

(2) J. B. Lambert and J. D. Roberts, J .  Amer. Chem. Soc., 85, 3710 from 47 Hz at -  12C° to 108 Hz at 24» with further broadenmg to 135 Hz at
(1963) 87, 3884 (1965). 85°-
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Table I Table II
Chemical Shifts and Geminal Coupling Constants F luorine-F luorine

FROM THE I9F  NmR SPECTRA OF 1 AND 2“ CHEMICAL-SHIFT DIFFERENCES FOR
j P erfluoro-2-fluoro-1,2-oxazetidine (1)

Assignment 24“ -7 3 “ -115“ Temp, “C Hr.

C F 20  7 8 .4  , 80 .1  7 7 .7  , 7 9 .0  7 7 .4 , 7 8 .5  ^
J f - f , Hz 89 89 90 24 11Z
C F2N 105.Q, 106.9  103 .4 , 107.0  102 .7 , 106 .9  4 1 .
J f - f , H z 140 139 139 J4
N F - 2 5 . 3  - 2 5 .6  - 2 5 . 8  M

— 55 184 74
2 - 7 6  206 68

Assignment 24° —73° —115° _gg 215 66
C F20  7 8 .0 , 8 1 .6  7 7 .4 , 8 1 .2  7 6 .6 , 8 0 .6  _ 9 8  230 60«
J f - f , H z 89 90 90 - 1 2 0  255 52“
C F2N 9 5 .o , 100.2  9 5 .0 , 9 9 .1  9 4 .4 , 9 8 .2  “ Center peaks of quartet not resolved. (d3 — di) calculated
j f - f , Hz 122 123 122 from (d4 -  (h) -  J .
“ Determined chemical shift of each fluorine in parts per million 

with CFC13 as internal standard. Table III
F luorine-F luorine

version process a t 85°. At this temperature a barrier Chemicai^Shift Differences for
of c a . 17 kcal/m ol would be required.4 The barrier to Perfluoro-2-chloro-1,2-oxazetidine (2)
the ring inversion of cyclobutane has been estimated to Temp, °c  ScF2N' Hz 6cF!° ’ Hz

be 0.47 kcal/m ol.6 Consideration of the effects of 7o 277 194
replacing hydrogens by fluorines and substitution of _  254 2Q7
N F  and O in the cyclobutane ring leads to the conclu- _ 247 211
sion that the barrier to ring inversion of a perfluoro- _ 73 232 216
oxazetidine ring should not be appreciably different.6 _ 91 226 219
Hence the observed nonequivalence must arise as a - 1 1 5  214 222
consequence of restricted nitrogen inversion.

Consistent with these results are the recent nmr two conformers which are equilibrating at a rate such
studies of N-haloaziridines,7’8 which demonstrate that that only one AB pattern is observed for each set of
nitrogen inversion is remarkably restricted in the N- geminal fluorines. This equilibrium involves the
chloro and N-bromo compounds. Although there nonplanar conformations, a and b, and is represented as
apparently are no examples of similar behavior by an follows.
N F  substituent,9 equally effective retardation of F
nitrogen inversion by fluorine in small-ring compounds Q
would not be unreasonable. Lee and Orrell10 reported / F\  __„ /  X x
that nitrogen inversion in the related perfluoro-2- cx
methyl-1,2-oxazetidine is essentially frozen at —74°. I F I [
The higher barrier observed for 1 is thus consistent F x
with this fact, since substitution of F  for CF3 would on a ■ b
steric and electrostatic grounds11 lead to a higher la, lb, X  =  F
barrier to nitrogen inversion. 2a, 2b, X  = Cl

The chemical-shift, difference, S,12 for the geminal
fluorines of 1 and 2 showed temperature dependence As a result of the 1,3 fluorine-fluorine and 1,3 fluo- 
and was determined over the range 85 to - 1 2 0 ° .  rine-chlorine interactions in the a conformers, it might 
These values of 5 are given in Tables II and III . The be expected that the b conformers would be the more
fact that the 8 values for the pairs of geminal fluorines stable. The fraction of molecules, p ,  in this latter
in both compounds respond in different and opposite conformation is related to the conformational free- 
manners to change in temperature indicates that a di- energy difference, A G , by the expression 
rect temperature effect is not involved. Instead the p/(l — p )  =  k  =  e - ^ G /B T  (1 )
change of 8 with temperature suggests the presence of . „ „ „ .

This fraction, p ,  of molecules in conformer b is likewise
(4) Assuming a coalescence temperature (T„) of 85“ and 5 ioo Hz, ag* related to 8, since the observed chemical-shift difference

= 17 kcal/mol is calculated using the expression AG* = 4.57 Tc (9.97 +  . » . .
log Tc/8). is simply the weighted average ot the chemicai-shiit

(5) h . e . Simmons and j . k . williams, j . Amer. chem. Soc., 86, 3 2 2 2  differences, and 3k, of the individual conformers.
(1964).

(6) (a) G. V. D. Tiers, Proc. Chem. Soc-., 389 (1960); (b) R. K. Harris 5 =  pS\, +  (1 — p )  Sa or S =  +  p(5b — 5a) (2)
and R. A. Spragg, J .  Chem. Soc., 864 (1968); (c) J. Lee and K. G. Orreil,
Trans. Faraday Soc., as, i6 (1967). Values of p  for those temperatures utilized in the nmr

¡1! iM Bi T " , 'ji item Chem. sac., 9 0 ,5 0 6 ,5 0 8 (1 9 6 8 ). study were calculated using expression 1 with A G
(8) J, M. Lehn and J. Wagner, Chem. Commun., 148 (1968). . , . . ,  _ .  , , , c
(9) (a) Rapid inversion at nitrogen in perfluoro-N-fluoropiperidine was Vailed 111 Units Oi lUU Cai/mOl irom luOO to 400

reported to be occurring even at - 7 4 °.6c (b) Restricted nitrogen inversion cal/m ol. These Values of p 13 Were then plotted VS. the
in an NF2 group has been reported: F. A. Johnson, C. Haney, and T. E.
Stevens, J .  Org. Chem., 32, 466 (1967). (13) With AG = —900 cal/mol, p values at different temperatures are, at

(10) J. Lee and K. G. Orrell, Trans. Faraday Soc., 61, 2342 (1965). 85°, 0.780; 24°, 0.821; 1°, 0.839; -20°, 0.857; -35°, 0.870; -55°, 0.889;
(11) F. A. L. Anet, R. D. Trepka, and D. J. Cram, J .  Amer. Chem. Soc., 89, -76°, 0.909; -85°, 0.912; -98°, 0.930; -120°, 0.953. With AG =

357 (1967). , —1000 cal/mol, p values at different temperatures are, at 75°, 0.809; 24°,
(12) 8 = [(ds -  dip -  J2]V2, where dz and di are the chemical shifts of 0.845; -10°, 0.871; -37°, 0.894; -73°, 0.925; -91°, 0.941; -115°,

peaks 3 and 1 of an AB quartet. 0.960.
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corresponding values of 8 to give a series of curves. 600 ------------------------------ : I
This procedure was followed for both the CF2N and
C F20  fluorines of 1 and 2. In each case the best 500 - ^
linear relationship between 8 and p  was obtained when 400
AG =  —900 ±  100 cal/mol (compound with NF) and
AG =  —1000 ±  100 cal/mol (compound with NCI).14 300 - /
From the slopes of the best straight lines, 8h — 5a and
subsequently values of 5a and 5b for all pairs of fluorines 200 '  M — ’f * *
were determined. These values are given in Table IV. 100 _ 2 ***. /
The relationship between p  and 5 is indicated in Figure ——------**

^  T able IV ^  ' 10° '  /

Conformational Data -200 - f
5ia, Hz 5ib, Hz ¿2a. Hz 62b. Hz ^  J

C F2N - 7 9 8  + 311  + 6 0 4  +  202 "300 " A y r
C F20  +  387 +  35 +  50 + 2 2 9  s /
AG, cal/mol -900 ±  100 -1000 ±  100 ~4UU " /

The determined conformational free-energy dif- /
ferences lend support to the initial assignment of ‘ /
greater stability to conformer b. Such destabilization _700 - /
of conformer a as a consequence of the 1,3-halogen /
interactions is not unreasonable15 with the lesser -800 Ur i r—-i— —(■— -+—-+— i ■ >— ■ —
destabilization m 1 consistent with the smaller size 01 a P b
the fluorine.

The chemical shifts of the geminal fluorines of 1 and 2 FiSure 1--Chemical-shift difference w, conformer population, 

obtained from spectra at several temperatures are
given in Table I. It may be concluded that both members of the CF2N quartet are those which are
fluorines of the CF20  of 1 and 2 are less shielded in broad and essentially structureless. These members
conformer b, since all signals move downfield as the are likewise resolved in —100 spectra (doublet of
temperature is lowered and the proportion of the more doublets). Neither the complex A BM XY pattern of 1
stable conformer increases. The upheld fluorine of the nor A B X Y  pattern of 2 were analyzed, thus the
C F20  group of 1 appears to undergo the greater change vicinal coupling constants are not given,
in chemical shift, while the opposite is the case The assignment of nmr peaks to the CF2N fluorines m 
with the related fluorines of 2. The chemical shift of 1 can be made d assumes that a significant change
the upfield fluorine of the CF2N group of 1 is essentially 111 khe nu clear shielding will be experienced by the
unchanged throughout the temperature range, indicat- fluorine trams and axial to the free electron pair of
ing nearly the same value in both conformers. Relative nitrogen. This assumption is based on the observation
to this stationary fluorine, the other CF,N  fluorine is that the chemical shift of a proton located on a carbon
less shielded in conformer lb  and more shielded in bonded to nitrogen depends on its orientation relative
conformer la. The negative value of Sa for these to the unshared electrons of nitrogen, the imns-axial
fluorines reflects this reversal in the relative signal relationship giving rise to a pionounced up eld shi t.
positions. Both the CF2N fluorines of 2 appear to be The. equatorial proton a s  to the electron pair is es-
less shielded in 2b than in 2a with the upfield fluorine sentially unaffected. Since the CF2N fluorine m  to
undergoing the greater change in chemical shift. N F would become axial and C0Pla* f  Wlth the ^bonded

High-resolution spectra of the CF20  and CF2N “ ta>gen electrons m conformer lb, one might expect
fluorines of 1 and 2 were obtained. The outer members that tbf chemica! shift of this fluorine would be sig-
of the AB quartet observed for the CF20  fluorines of 1 mficantly different m conformer lb  than in la. Only
showed an eight-peak pattern, indicating that these one fluorine of the CF2N group undergoes any de
fluorines are coupled not only with the CF2N fluorines, tectable change in chemical shi t m going rom con-
but also with NF. One of the C F2N fluorines of 1 in its la  tha* being the fluorine which appears as
spectrum at 24° shows apparent coupling with all the resolved downfield portion of the AB quartet,
vicinal fluorines (eight-peak patterns) whereas the Tb!f half “  thus assigned to the fluorine m  to NF,
upfield members of this quartet are very broad, un- while the broad upfie d absorptions are attributed to
resolved peaks. However, at low temperature the tram  fluorine. Although the downfield shi ft of the
( -1 0 0 ° ) ,  each member of the CF2N quartet is clearly «a fluorine m lb  is contrary to the results referenced
resolved into eight peaks. The spectrum of the above for a similarly substituted hydrogen, the absence
N-chloro compound 2 similarly reveals that both of the of change in chemica shift observed for the upfield
CF20  and one of the CF2N fluorines undergo coupling makes the alternative assignment much less
with the adjacent fluorines and are well resolved peaks attractive. ,
(doublet of doublets). In this case, the downfield The apparent relationship between configuration and

peak broadening is the basis for the assignment of the
(14) It is assumed in this treatment that AG is constant over the tempera

ture range studied; hence AS = 0. (16) H. P. Hamlow, S. Okuda, and N. Nakagawa, Tetrahedron Lett.,
(15) Lambert and Roberts2 determined AG = —750 cal/mol as the energy 2553 (1964); J. B. Lambert, R. G. Keske, R. E. Carhart, and A. P. Jovano-

difference for conformers of l,l-difluoro-2,2,3-trichlorocyclobutane. vich, J .  Amer. Chem. Soc., 89, 3761 (1967).
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unresolved peaks in the spectrum of the C F 2N fluorines Experimental Section
of 2 to the fluorine tr a m  to NCI. The downfield shift The Itp nmr gpectra were obtained with a Varian Model V- 
of the CIS C F 2N  fluorine on going from 2a to 2b is 4302B Spectrometer operating at 56.4 MHz. The spectra were
consistent with that observed for the related fluorine in calibrated by the sideband modulation technique using a Hewlett-
1. Lee and Orrell10 have made the same assignment to Packard wide-range oscillator. Chemical shifts and coupling
the C F 2N fluorines of perfluoro-2-methyl-l,2-oxazeti- constants represent the average of at least eight measurements.
1 ■ / . , . . , ~ ao\ mi n • Errors of d=0.1 ppm and ± 1  Hz, respectively, were estimated,

dme  ̂ (spectrum obtained at 74 ). The fluorine p 0r bodl ¡ow. and high-temperature studies, the variable
showing coupling with the C F 3 group (upheld half of temperature accessory supplied by Varian was used. Tempera-
A B  quartet) was assigned c is  to N C F3, while the down- ture measurements were made both before and after recording
field fluorine was observed as a broad, structureless spectra by means of a copper-constantan thermocouple immersed
ab sorn tion  in a tuke Shed with a K el-F oil. The temperature measurements

. . . , .  . , .  . are believed to be accurate to ± 1 ° .
T h e  assign m en t of n m r peaks to  th e  C F 20  fluorines is Xhe chemical-shift differences (Tables II and III) obtained 

som ew h at m ore difficult. H ow ev er, i t  m a y  be argued  from nmr spectra of CFCh solutions of l and 2 were essentially
t h a t  th e  fluorine of th is  grou p, w hich is c is  to  th e  N -h alo  unchanged with the weight per cent of 1 and 2 varied from 25 to
grou p , will exp erien ce a  g re a te r en viro n m en tal ch an ge 5? ;  However, the chemical-shift values were affected sig-

and consequently a more pronounced variation in p erfluoro-2-fluoro-l,2-oxazetidme (1) and perfluoro-2-chloro- 
chemical shift as a result of the 1,3-diaxial interaction in 1,2-oxazetidine (2) were prepared by fluorination and chlorina-
conformer a. On this basis, then, the c is  C F20  fluorine tion, respectively, of perfluoro-l,2-oxazetidme as described pre-
is assigned to the upfield half of the A B  pattern in the viously.17 Both compounds are low-boiling materials, with boiling
spectrum of 1 and to the lower field half in the spectrum points below - 3 0  .

° A  small chemical-shift change was detected for the Registry No.— 1, 21720-81-0; 2, 21720-80-9.

N F of 1 when the sample was cooled from 24 to -1 2 0 °  Acknowledgments,- The authors wish to thank Dr. 
The downfield shift amounted to co: 0.5 ppm (<*>* - 2 5  8 p  D Readio for valuable discussions and D r. J. I.
ppm at - 1 2 0  ). The broadness of the signal made the Musher of Yeshiva University for his helpful sugges-
exact measurements of peak position difficult. Since tions. We alg0 iate the able assistance 0f Mr.
he fraction of conformer lb  would increase by 0.13 over j  Bienvemje in the preparation of the samples,

this temperature range, the change m the N F chemical-
shift in going from la  to lb  would represent ca . 217 Hz. (17) R A.FalkandJ. D. Readio, J.Org.Ghem., 34, 4088 (1969),

P o ly f l u o r o a r y l  / 3 -D ic a r b o n y l C o m p o u n d s 1

R obert F iller ,2 Y . S. R ao, A ija B iezais, Fredrick N. M iller ,3 and V ictor D. B eaucaire3 

Department o f Chemistry, Illinois Institute o f  Technology, Chicago, Illinois 60616 

Received Ju ly  22, 1969

Ethyl pentafluorobenzoylacetate (1) is prepared by oxidation of ethyl 3-hydroxy-3-pentafluorophenyIpropi- 
onate with Jones reagent, or, better, by reaction of pentafluorobenzoyl chloride (4) with diethyl malonate in the 
presence of magnesium ethoxide. Compound 1 exhibits 54%  enolic character as the neat liquid, whereas ethyl 
benzoylacetate possesses 22%  enol. The unsymmetrical 1,3 diketone pentafluorodibenzoylmethane (2) is pre
pared by reaction of the morpholine enamine of acetophenone with (4) or from pentafluoroacetophenone and 
methyl benzoate in the presence of sodium hydride. The symmetrical 1,3 diketone bis(pentafluorobenzoyl)- 
methane (3) has been obtained by three methods, the preferred route being the reaction of 4 with vinyl acetate.

As part of studies aimed at evaluating the effect of Ethyl Pentafluorobenzoylacetate (1).— In our initial 
pentafluorophenyl substitution on the properties and approach to compound 1, pentafluorobenzoyl chloride
chemical behavior of neighboring functional groups in (4) was treated with ethyl acetoacetate in alkaline
organic molecules, we have examined several poly- medium, according to an established procedure for the
fluoroaryl /3-dicarbonyl compounds. In this paper, we preparation of ethyl benzoylacetate.4 Instead of the
report the preparation and some properties of ethyl desired ¡3-keto ester, the sole product isolated was a sub-
pentafluorobenzoylacetate (1) and the 1,3 diketones stance whose elemental composition and infrared and
pentafluorodibenzoylmethane (2) and bis(pentafluoro- proton magnetic resonance spectra were consistent 
benzoyl)methane (3). with compound 5, a substituted chromone (eq 1).

q Compound 5 is formed by intramolecular displace-
|| ment of orth o  fluorine by the intermediate enolate anion.

C6F5C-CH 2C-OC2H5 C6F 5COCH2COC6H5 C6F 5COCH2COC6F 6 Such nucleophilic substitution cannot occur on a non- 
j! halogenated aromatic ring, and the reaction proceeds
O 2 3 by an alternate course, i .e . ,  cleavage of the acetyl group

1 to give the /3-keto ester.
(1) Presented, in part, at the Southeastern Regional Meeting of the S h o rtly  a fte r  Com pletion of th is  WOrk, OUT a tte n tio n

American Chemical Society, Louisville, Ky., Oct 1966, and at the 156th Was d raw n  to  sim ilar ob servatio n s b y  S o v ie t W orkers,5 
National Meeting of the American Chemical Society, Atlantic City, N. J.,
Sept. 1968. (4 ) J, M. Straley and A. C. Adams, “Organic Syntheses,” Coll. Vol. IV,

(2) To whom inquiries should be sent. John Wiley & Sons, Inc., New York, N. Y., 1963, p 415.
(3) Abstracted, in part, from the M.S. thesis of V. D. B., Jan 1966, and (5) N. N. Vorozhtsov, Jr., V. A. Barkhash, A. T. Prudchenko, and T. I.

the Ph.D. thesis of F. N. M., Jan 1967. Khomenko, Zk. Obshch. Khim., 36, 1501 (1965).
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C6F5C0C1 + CH3C0CH2C02C2H5 ---- *- CrOa-HaSOi
5 oh- c 6f 5c h o h c h 2co 2c 2h 5 ----------- >■

4 7
0  1  1 +  C6F 6C 0 2H +  CsFsCOCHa (3)

C6F5C —CHC02C2H5 —*■ Pentafluorodibenzoylmethane (2).—This new un-
| symmetrical 1,3 diketone was obtained in 25%  yield

COCHj J  by reaction of the morpholine enamine of acetophenone
with the acid chloride 4 (eq 4). A better route to 2

,  f  J  "

A  +  C P k ° c «  -

F V r -iL II C6F6COCH2CC6H6
' V ' y  CvC— C02C2H5 ¡U c r  JO»hĉ  c6F6COCH2COC6H5 (4)

*•V°%h, [ Q J
F 2 

5
is the reaction of pentafluoroacetophenone with methyl 

who in subsequent papers6 described two methods for benzoate in the presence of sodium hydride (eq 5), 
the preparation of 1: (a) reaction of the acid chloride
4 with diethyl malonate in the presence of magnesium C6F6COCH3 -— — > C6F6COCH2- —  — >
ethoxide, and (b) condensation of ethyl pentafluoro- dmso ^ ^ COCH COAr
benzoate with ethyl acetate, catalyzed by diisopropyl- 2 Ar i  CH * R = CH
aminomagnesium bromide. We have examined method 3, Ar = C6F6;’ r  = C2H63
a in some detail and confirm the previous observations.
However, we noted that the partial hydrolysis of the a method described recently by Anselme.7 The yield of 
intermediate diester 6 is extremely sensitive to the con- diketone was 60%.
centration and mode of addition of mineral acid. Thus, Bis (pentafluorobenzoyl) methane (3).- This new
when 6 is slowly added to 10% H2S 0 4 (inverse addition) symmetrical 1,3 diketone could not be obtained by the 
and the product is removed by continuous steam dis- enamine route, because all attempts to prepare enamines 
tillation, a 48%  yield of 1 is obtained. In contrast, of pentafluoroacetophenone failed. Instead, there was 
normal addition of 20%  H 2S 0 4 led to complete hydroly- evidence of nucleophilic attack on the fluormated ring, 
sis and decarboxylation to form pentafluoroacetophen- However, three methods of preparation of compound 
one, also in48%  yield (eq 2). 3 were developed: (a) reaction of C6F 6COCH3 with

ethyl pentafluorobenzoate (eq 5) gave a 60% yield; 
mwoch) (b) reaction of pentafluorophenylcopper with malonyl

4 + CH2(C02C2H5)2 —2— ^  dichloride (eq 6) proceeded in a manner analogous to

.C02C2H5 2C6F 6Cu +  ClCOCH2COCl — >  C6F 6COCH2COC6F 5 (6)
C6F 6C -C H ^  3

O C02C2H5 the preparation of other polyhalo diketones, as de
scribed recently by Gilman and coworkers,8 and yields 

. H g0 § 2(w H g0 in this reaction varied from run to run with a maximum
C6F5C0CH2C02C2H5 * '  '  "normal”4 * GFsCOCH, (2) 0f oniy 30%; (c) reaction of vinyl acetate with 4 in

1  addition addition tetrachloroethane solvent in the presence of anhydrous
aluminum chloride gave the desired diketone in 34%  

We also prepared compound 1 by a third method, yield (eq 7) together with a 20%  yield of a by-product, 
oxidation of ethyl 3-hydroxy-3-pentafluorophenylpro-
pionate (7), obtained in 91%  yield by the Reformatsky p„  _ ru n rn ru  <wxxa ^ C 0- ^  1 H+
reaction of pentafluorobenzaldehyde with ethyl bromo- unuLixui3 A[Clj fhuujlh , a|C]̂
acetate. Attempts to oxidize 7 to 1 using K M n04, u '6? 5 0
M n02, CrOs pyridine, or dicyclohexylcarbodiimide in .,
dimethyl sulfoxide were all unsuccessful. However, C6F5CQ^ -co
oxidation with Jones reagent proceeded readily, but CH3C0C1 + ^^CHCHO *■ 3 (7)
without selectivity, to give 1 in only 17% yield after a L 6 5
difficult separation from pentafluorobenzoic acid and c^ co cH sC O C H a  (8). Compound 8 probably arises 
pentafluoroacetophenone (eq 3). from reaotion of vinyl acetate with a mixture 0f 4 and

(6) A. T. Prudchenko, V. A. Barkhash, and N. N. Vorozhtsov, Jr., Izv.
Akad. Nauk SSSR, Ser. Khim., 1798 (1965); see also N. N. Vorozhtsov, Jr., (7) J. P. Anselme, J .  Org. Chem., 32, 3716 (1967).
V. A. Barkhash, A. T. Prudchenko, and G. S. Shchegoleva, Zh. Obshch. (8) S. S. Dua, A. E. Jukes, and H. Gilman, J .  Organometal. Chem., 12, 24
Khim., 35, 1501 (1965). (1968); J. Org. Chem., submitted for publication.
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Figure 1.— Proton magnetic resonance spectrum of ethyl pentafluorobenzoylacetate (1) at 60 MHz. Chemical shifts from 
internal TMS at 37° follow: keto CH3, 77 Hz ( /  =  7 Hz); enol CH3, 82 Hz ( /  = 7 H z); keto CH2, 235 Hz (J  =  1.3 H z); 
keto +  CHj (E t group), 255 Hz ( J  =  1 H z); enol CH, 325 Hz (J  =  1Hz); enol OH, 693 Hz.

acetyl chloride (formed either from vinyl acetate and exhibits only 22% enolic character11 under the same
A1C13 or as a by-product of the main reaction). Similar conditions, and K e =  0.28.
behavior with other aroyl chlorides has been observed.9 The internally hydrogen-bonded enolic form is sta- 
Although the yield of 3 by this latter method is not high, bilized more in lb than in ethyl benzoylacetate because
the ready availability of the starting materials makes of two factors associated with the increased electron-
this the preferred route. attracting ability of the C6F S over the C6H3 group: (a)

Spectral Properties of the 1,3-Dicarbonyl Compounds enhanced acidity of the enol, leading to a stronger hy-
and the Keto/Enol Ratio of Ethyl Pentafluorobenzoyl- drogen bond, and (b) greater resonance stabilization by
acetate.—The infrared spectrum of ethyl pentafluoro- encouraging charge separation,
benzoyl acetate reveals the presence of the intramolecu- 
larly hydrogen-bonded enolic structure (lb), char- u
acterized by strong absorption at 1656 cm-1 (neat ;Oj) "Ok- +Cr
liquid), ascribed to “conjugate chelation” of the ester *  > ^
carbonyl group.10 The presence of a substantial con- C6F5 ''"CH N dQHs C J' f'  ''CM NlC2H5
centration of the keto form (la) is indicated by a band
of medium intensity at 1748 cnT1, associated with a We have shown earlieri2 the remarkable influence of 

ree es ercar ony moie y. neighboring fluorine atoms in altering the keto/enol
H ratios in /3-keto esters. Ethyl 4,4,4-trifluoroacetoace-

Cf' '"O tate exhibits 89% enolic character, whereas ethyl ace-
C6F5C—CH2C-OC2H5 toacetate possesses about 8%  enol (neat liquids).

0 C6Fa CH X'OC2H5 The 1,3 diketones 2, 3, and 8 exist essentially com-
la pletely in the monoenolic form, as determined by titra-

lb tion with sodium methoxide13 and by examination of
t . . .i . , ,   ̂ , .... their pmr spectra. However, the infrared spectra of 2
In order to establish the position ofketo-enol equilib- and 3 merit comment. Dibenzoylmethane, which

num, we examined[the proton magnetic resonance spec- exigtg co letel in the monoenol form. fails to ex-
trum of compound 1 (Figure 1). The percentage of hibit normal conjugated carbonylabsorption. Instead;
enol was determined by comparing the integrated inten- a broad more intenge band in the rangeH1639_ i538 cm- i
s,ty of the vmyhc hydrogen m lb with that 0 the keto ig observedu This shift is ascribfeed to »conjugate
methylene group or of the methyl groups of la  and lb
combined. Compound 1 possesses 54 ±  1% enol as ,,,, , T  ̂ a .. , t> , . „ „, ^ (11) J. L. Burdett and M. T. Rogers, Amer. Chem. Soc., 86, 2105 (1964).
tn 6  HG3.t liquid Qjti rOOIU tGmpGr&turG Billd A e =  1*17• Their results were confirmed by us.
In contrast, the hydrogen analog, ethyl benzoylacetate, (12) R- Filler and s- M- Naqvi, j . or0. chem., 2 6 , 2 5 7 1  (i96i); see also

ref 11.
(13) J. S. Fritz, “Acid-Base Titrations in Non-Aqueous Solvents,” G. F.

(9) A. Sieglitz and 0. Horn, Chem. Ber.. 84, 607 (1951). Smith Chemical Co., Columbus, Ohio, 1952, pp 28, 31.
(10) L. J. Bellamy, "The Infrared-red Spectra of Complex Molecules.” (14) R. S. Rasmussen, D. D. Tunnicliff, and R. R. Brattain, J .  Amer.

2nd ed, John Wiley & Sons, Inc., New York, N. Y., 1958, p 184. Chem. Soc., 71, 1068 (1949).
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chelation,” a resonance effect involving structures A and the conclusion that in 2 there is no carbon-carbon
double bond in con ju g ation  w ith  th e  flu orinated  ring.

JH„ H

?  y +__  ̂ +(j|̂  Y” Experimental Section17

a ' Pentafluorobenzoic Acid.—Pentafluorobromobenzene (39.5 g),
r r dissolved in 100 ml of anhydrous ether was added to 100 ml of n-

A °  butyllithium in hexane solution and the mixture was cooled to
Ar =  Ar' =  C6H5 — 78° and kept under a nitrogen atmosphere. After addition was
Ar =  Ar' =  C6F5 complete, the solution was kept at this temperature for 1 hr.

Carbon dioxide, dried by passing through H2S 0 4, wras passed 
However, compound 3 , in which both phenyl groups through the solution at —78° for 20 min and then for an addi-

n r ?  „1___ i , , tional 1 hr while the solution was allowed to warm to room tem-
a re  rep laced  b y  C 6F 3, show s a  n e a r-n o rm a l ca rb o n y l perature. Then 200 ml of G Ar HC1 was added with vigorous
vibration (lb77 cm ) ,  close to that observed in the stirring and the organic phase was separated. The aqueous
structurally similar fluorinated benzalacetophenone,15 phase was extracted with three 40-ml aliquots of ether and the
C6F5C H = C H (C = 0 )C 6F 6 (1689 cm-1). The strong combined organic extracts were washed with water and dried
electron attraction of the pentafluorophenyl group re- over, The solvent " as stnpped 0,f t0 giv,c a whlt®, *olld’
, ,, . , i , , .  ,, , . mp 100-102 , after recrystallization from hexane-benzene (10 :1 ),

duces “ co n ju g a te  ch e la tio n ” b y  in creasin g th e  double- yield 32 g (93% ).
bond character of the carbonyl group, thus enhancing Pentafluorobenzoyl Chloride (4).— Pentafluorobenzoic acid 
the contribution of structure A and destabilizing struc- (21.0 g) was mixed with 14 g of thionyl chloride and the mixture
ture B. The spectrum of the unsymmetrical diketone was refluxed for 16 hr. Excess reagent was drawn off and the

2  ap p ears to  h a v e  fe a tu re s  com m on  to  b o th  d ib en zoyl- lected ag a slightly yellow oil> bp 35_38o (1>2 mm), yield 18.8 g
m e th a n e  an d  3 . (81% ).

T h e  q u estion  of th e  d irectio n  of en olization  in  co m - Reaction of Ethyl Acetoacetate with Pentafluorobenzoyl Chlo- 
pound 2 has occup ied  us for som e tim e . T h e re  a re  ride-—W ater (13.3 ml), 6.7 ml of petroleum ether (bp 65-70°),
three possibilities, 2a, 2b, or a rapidly equilibrating mix- a?d 5:2 * (°-°4 I?ol{> of iTes^\  b i l l e d  ethyl acetoacetate were
, .  placed m a 100-ml, three-necked, round-bottomed flask, equipped
ture Oi tne two torms. with an efj;cjerd stirrer and two dropping funnels. The mixture

„  was cooled to 5° and 1.6 ml of 33%  sodium hydroxide solution was
q /  -.q  0 " ' %  added. As the temperature was maintained below 10° and the
I || II I pH near 11, the mixture was stirred vigorously while 10 g (0.043

mol) of pentafluorobenzoyl chloride and 7.0 ml of 33%  sodium 
C6F 6 C6H5 q rf 8  C6H5 hydroxide solution were added dropwise simultaneously from

5 44 the two funnels. The addition was complete after 1.5 hr and a
2a 2b yellow-white solid formed. The mixture was allowed to warm

to room temperature over a 1-hr period. The precipitate was 
The infrared data are somewhat ambiguous and do filtered off and washed with petroleum ether. After air drying, 

not permit a decision between 2a or 2b. The ultra- thesolidweighed 11 g,m p 113-114°.
v io le t s p e c tra  [d ib en zoy lm eth an e (A®2H 342 n m ), This white material (5 g) was dissolved in 30 ml of water and 
~ /oacw O /oooMifi j  x • J r i  . „ ,. n  1.0 g of ammonium chloride was added with stirring. After a
3 (3 4 0 ) , 2  (3 3 3 ) ]  do not provide useful information, few mjnutes of stirring at room temperature, a white solid began
even when compared with data for the corresponding to precipitate. After 45 min, the precipitate was filtered and
benzalacetophenones,15 to make a clear choice. dried in  vacuo over Drierite, mp 114-115°. A 1.0-g sample of

The proton magnetic resonance spectra of the dike- tllls compound was heated under reflux with 50 ml of absolute

^ b o n  ietracUorid6 reveals a sharp triplet at j“  ^ d .T h id T 'w ^ T c S f ta l l iz e d  Several
38b rlz ( J  — 1.5 Hz) tor the Vinylic proton in 2, an un- times by dissolving in ethanol and precipitating with water,
resolved multiplet at 386 Hz in 3 , and a singlet at 405 After drying, 0.56 g of the chromone 5, mp 8 9 .8 -90 .1°, was ob-
Hz for = C H  in dibenzoylmethane. These data suggest tamed as white plates: ir (CC14) 1678 (s) and 1730 cm -1 (s);
a similar environment for this proton in 2 and 3 , = C H - (q> CI4,-; ’ 2-47 (s’ CH3''’ and 1-36 (-t' CHa of C2Hs

(C = 0 ) ? eFs- ■ ■ A naL  Calcd for C,3H8F 40 <: C, 51.31; H, 2.63. Found:
The sharp vinylic resonance in 2 indicates that the 0 ,5 1 .7 5 ;  H, 2.93.

compound probably exists in a single form, unless Ethyl Benzoylacetate.—Ethyl benzoylacetate was prepared
equilibration occurs more rapidly than the nmr time according to the procedure described in Organic Syntheses.11

scale. Finally, comparison with the coupling con- dust
stants m the model compounds, C6F 5COCH3 and (3.5 gj 0.058 g-atom) was placed in a flask under a nitrogen 
C6F 5C(OCH3)= C H 2 lead US to the tentative conclusion atmosphere, and 13 g (0.066 mol) of pentafluorobenzaldehyde and
that 2b is the correct structure for the monoenol. This 9-7 g (0.058 mol) of ethyl bromoacetate were mixed and dis-
conclusion is based on the following arguments: (1) f° lved in ™ tun; 2 -5 inl of anhydrous ether and 10 ml of dry
,,  & , &. „ . . ' benzene. This mixture (3 ml) was added to the zmc and the
the coupling constant of the vmylic proton in 2 is similar flagk was heated until reaction started. The remaining solution
to that for the methyl protons in CeFsCOCHs (J  =  was added dropwise at such a rate as to maintain reflux. After
1.7 Hz), suggesting that = C H  and CH3 have a similar addition was complete, the reaction mixture was refluxed for an
relationship to the C6F 5 group, namely, that both are additional 2 hr and left at room temperature overnight. The
1 1 1 . 1 , 1 /r)\ ,1 • ,. , mixture was hydrolyzed with 25 ml of 10%  (v /v ) H2S 0 4, the
b ° ni eS  ° UP’ a  (2 ) th e  Vm y lC W °  °,nl  aq«eous phase was extracted with three 20-ml portions of ether,
in L 6r 5H (O C H 3) — C H 2 are not appreciably coupled and tbe combined extracts were washed with water, sodium
( J  <  1.0 Hz) to the ring fluorine atoms, in support of carbonate solution, and twice with water and then dried over

MgSOi. The solvents were stripped off and the slightly yellow
(15) The chemistry of fluorinated benzalacetophenones will be the subject residual oil crystallized Completely upon cooling and scratching

of a forthcoming paper. to give 15.2 g (91% ) of crude product. White crystals, mp 4 6 -
(16) These intense absorptions are attributed to n —*■ 7r* transitions in the

enols: G. S. Hammond, W. G. Borduin, and G. A. Guter, J .  A m er . Chem.
Soc., 81, 4682 (1959). (17) All melting points and boiling points are uncorrected.
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48°, were obtained after sublimation, ir (CCU) 1718 (s) and 3480 the sole substance isolated was pentafluoroacetophenone, bp 
cm -i  (br). 43-45° (1.2 mm), n“ i> 1.4323, yield 48.2% .

A nal. Calcd for C,iH9F 60 3: C, 46.48; H, 3.19. Found: Bis(pentafluorobenzoyl)methane (3). Anselme’s Method.2—
C, 46.75; H, 3 .53. To a 100-ml, three-necked, round-bottomed flask, equipped with

Ethyl ’ 3-Keto-3-pentafluorophenylpropionate (1).— Ethyl 3- a magnetic stirrer, a condenser to which was attached a drying 
hydroxy-3-pentafluorophenylpropionate (7.0  g) was dissolved in tube and an addition funnel, attached to a diy nitrogen supp y,
200 ml of acetone and treated with 20 ml of Jones reagent (13.4 and a thermometer, was added 1 g of a suspension of sodium
g of CrOs, 11.5 ml of concentrated H?S 0 4/50  ml of solution), hydride (60%  in mineral oil). The flask was cooled in an ice
the temperature not being allowed to exceed 26°. The solution bath and 15 ml of dimethyl sulfoxide was added. The coo mg
was kept at 24-26° for 1.5 hr and then the excess reagent was bath was removed and the mixture was stirred for 30 min. e
destroyed by adding isopropyl alcohol. The resulting dark green temperature was then lowered to 15° and 6.0 g of ethyl Pe1̂ "
mixture was poured into 1500 ml of ice-cooled water and extracted fluorobenzoate was added while the temperature was kept at lo .
with five 150-ml portions of ether. The ether extracts were The temperature was allowed to drop to 5 and 3.2 g of penta-
washed with water until colorless and then dried over M gS04. fluoroacetophenone was added during 30 min. The temperature 
The solvent was stripped off and the residue was fractionated in  was then raised to 35° and the mixture was stirred for 24 h i.
vacuo. The fraction boiling at 85-105° (1 mm) was refraction- The dark reaction mixture was poured in a thin stream into 50 g
ated and yielded the desired product, a colorless oil, bp 89-93° of crushed ice containing 1 ml of 85%  phosphoric acid, with
(0.9 mm), n 23D 1.4594 (lit.6 nD 1.4604). The yield was 1.2 g stirring. The organic layer was extracted with ether and the
(17% ). ether layer was wrashed free of sulfur compounds with bromine

When treated at room temperature for 4 hr or at temperatures water. After repeated washings with water, the ether layer was
exceeding 30° for a shorter time with Jones reagent, the hydroxy dried and distilled to give a red oil. Chromatography over
ester gave as the main product pentafluorobenzoie acid (as deter- alumina and elution with benzene and methanol gave 3 (3.o g,
mined by melting point and mixture melting point determination 60% ); mp 119-120°; copper chelate, green-blue crystals; mp
with an authentic sample). Oxidation below. 12° gave, for vary- 192°; uv X™“ 340 nm; ir (K Br) 1675 (s) and 1630 cm 1 (w),
ing times from 10 min to 2 hr, only unreacted starting material. pmr (CC14, 60 MHz, internal TM S) 386 Hz.
Oxidation at 15-20° for 1 hr gave a mixture of product and A nal. Calcd for C15H2F 10O2: C, 44.55; H, 0.49. Found;
starting material. Oxidation above 20° gave as a by-product C, 44.49; H, 0.51.
varying amounts of pentafluorobenzoie acid. No combination Bis(pentafluorobenzoyl)methane (3). Vinyl Acetate Method,
of time and temperature could be found which gave the keto ester — Anhydrous aluminum chloride (5.3 g) was heated with penta-
as the only oxidation product. The keto ester was always ac- fluorobenzoyl chloride (9.22 g) in 20 ml of tetrachloroethane at
companied by an unidentified by-product, a yellow oil, boiling 45° until the addition compound of AICI3 and the acid chloride
slightly higher than the keto ester, bp 105-110° (1 mm), n24D was formed. Vinyl acetate (3.44 g) was added dropwise at 25
1.4540, and an ir spectrum very similar to that of 1, except for a during 30 min. The mixture was heated at 35° for 24 hr and
pronounced OH absorption band. The separation of those two decomposed with ice-cold, dilute hydrochloric acid. The mixture
compounds required the product to be refractionated at least two was steam distilled to remove the solvent, the residue was ex
times. tracted with ether, the ether extract was dried over Na2S 0 4, and

Ethyl 3-Keto-3-pentafluorophenylpropionate ( l ) .6— Magnesium the ether was evaporated. On distillation at 80° (1 mm), 2 g
(1.7 g, 0.069 g-atom) was covered with 8.9 ml (0.067 mol) of (20% ) of acetyl pentafluorobenzoylmethane (8) was obtained:
absolute ethanol, a 3-ml portion of 10.7 g (0.067 mol) of v (CC14) 1640 (s) and -595 cm -1 (br s; nmr S 2.18 (s, CH3)
freshly distilled diethyl malonate and 0.2 ml of carbon tetra- and 5.90 (5, J  =  1.5 Hz vinyl CH ). The residue was eluted
chloride was added, and the reaction mixture was heated until over alumina with benzene and methanol to give 5.5 g (34% )
reaction started. The remaining diethyl malonate was added of 3, mp 119°.
dropwise, and, after slight cooling, 16 ml of anhydrous ether was Bis(pentafluorobenzoyl)methane (3). Pentafluorophenylcop-
added and the mixture was refluxed for 3 hr, by which time all per Method.— Magnesium (1.25 g) was placed in a dry, three-
of the magnesium had reacted. The solvent was distilled off, 20 necked flask under nitrogen, 3 ml of dry ether and 1 ml of bromo-
ml of dry benzene were added and distilled to remove any excess pentafluorobenzene were added, and the flask was heated until
ethanol, and the remaining syrupy liquid was dissolved in 20 ml reaction started. The remainder of 12.3 g (0.05 mol) of bromo-
of dry ether. Pentafluorobenzoyl chloride (16.0 g, 0.069 mol) pentafluorobenzene, dissolved in 250 ml of dry ether, was added
dissolved in 10 ml of anhydrous ether was added dropwise and the dropwise. The reaction mixture was refluxed gently for 20 min
mixture was heated under reflux for 15 min, cooled, and hy- after addition was complete. Then 5.6 g (0.056 mol) of cuprous
drolyzed by adding 15 ml of water and 8 ml of 20%  sulfuric acid. chloride was added in small portions during 20 min and the
The aqueous phase was extracted with three 15-ml portions of mixture was stirred at room temperature for 2.5 hr. Freshly
ether arid the combined organic phases were washed with water, distilled malonyl dichloride (3.7 g, 0.026 mol) dissolved in 20 ml
a dilute solution of sodium bicarbonate, and water, and dried over of dry ether was added dropwise and the reaction mixture was
M gS04. The solvent was stripped off to leave a dark yellow, left overnight at room temperature. The mixture was hy-
liquid residue. Sulfuric acid (10% , 100 ml) was carefully heated drolyzed with 300 ml of ice-cooled 5 N  IIC1, the aqueous phase
to boiling in a three-necked flask equipped with a dropping funnel was extracted three times with ether, and the combined organic 
and a distillation condenser. The crude diethyl pentafluoro- phase was washed with water, dilute sodium bicarbonate solu-
benzoyl malonate was added to the boiling acid in small portions tion, and water and dried over M gS04. After evaporation of the
during 3 hr. Simultaneously, water was added to maintain the solvent, a residual yellow oil was obtained, which partly crystal-
acid volume, while steam distillate of the product was collected. lized upon cooling. The product crystallized from 15 ml of
Caution had to be taken that reactant and product did not ac- ethanol and was further purified by sublimation at 60° (2 mm)
cumulate in the reaction vessel, or else hydrolysis and decar- to give 2.54 g (31% ) of bis(pentafluorobenzoyl)methane, mp
boxylation would proceed to the stage of pentafluoroaeeto- 116-118°. There was no melting point depression when this
phenone. The steam distillate was saturated with ammonium material was admixed with the samples prepared by the other two
chloride and the oil was extracted with ether; the extracts were methods.
washed with water and dried over M gS04. The solvent was 2,3,4,5.6-Pentafluoroacetophenone.— In a 250-ml, three-
stripped off and the residue was fractionated in  vacuo: bp 9 0 -  necked, round-bottomed flask fitted with an efficient stirrer,
93° (1.2 mm); n nd 1.4590; yield 9.2 g (48% ); ir (neat) 3565 a reflux condenser, and a dropping funnel with a nitrogen inlet
(vw). 1748 (s), 1715 (m), 1656 (vs), and 1635 cm -1 (m ); pmr, see tube were put 3.0 g (0.12 g-atom) of magnesium turnings and 30
Figure 1. Derivatives follow: copper chelate, light green ml of anhydrous ether (dried over sodium). Bromopentafluoro-
crystals, mp 179-181°; 2,4-dinitrophenylhydrazone (from eth- benzene (30 g, 0.12 mol) in 45 ml of dry ether was added during a
anol-water), mp 117-118° (lit.6 mp 118°), formed by allowing 60-min period. After addition was complete, the mixture was
reactants to stand at room temperature for 3 days. If reactants stirred at room temperature for 1 hr. The flask was cooled in
were heated under reflux for 2 hr, the 2,4-dinitrophenylhydrazone ice, the dropping funnel was removed, and 11.7 g (0.064 mol) of
of pentafluoroacetophenone (hydrolysis and decarboxylation), mp anhydrous cadmium chloride (dried at 100°) was added over a 
155-157°, was isolated. 5-min period. The funnel was replaced, the ice bath was re-

When the preparative procedure was modified so that the moved, and the mixture was heated under reflux for 75 min.
crude diethyl pentafluorobenzoyl malonate was mixed with 200 At this point the Gilman test for the presence of Grignard re-
ml of 20%  sulfuric acid and the product was steam distilled, agent was negative. The flask and condenser were arranged for
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distillation and ether was distilled off as stirring was continued room temperature. The reaction mixture was filtered and the
until the residue became very viscous. Anhydrous, thiophene- residue was washed with ether. The organic layers were corn-
free benzene (45 ml) was added, and 15 ml of liquid were re- bined, mixed with 75 ml of 10% hydrochloric acid, and heated
movM by distillation. An additional 45 ml of benzene was under reflux for 4 hr. The aqueous solution was then diluted
a" r e“ .the reflux condenser was replaced. The mixture was with water to a volume of ca. 1 1. and the ether layer was sepa-
refluxed with vigorous stirring for a few minutes and cooled to rated and combined with three 100-ml extracts of the aqueous
", ’ a_  a solution of 8.3 g (0.11 mol) of freshly distilled acetyl layer. The ethereal solution was dried over Na2S 0 4 and evap-
cmonce in 25 ml of dry benzene was added during 2 -3  min. orated in  vacuo to give a red oil which later solidified. Two re-
After addition, the mixture was stirred at room temperature for crystallizations of the oil from methanol gave 1.1 g (25% ) of
18 hr. I t  was then poured into 150 g of crushed ice containing colorless needles: mp 118°; uv X®°H 333 nm (log e 4.28) and
75 ml of 25%  (v /v ) sulfuric acid, and the resulting two-phase 246 (3.82); ir (COh) 1645 (s), 1598 (br s), and 1568 cm “1 (br s);
mixture was stirred for 5 min. The dark brown benzene layer pmr (CC14) 386 Hz (t, J  =  1.5 Hz, vinyl CH ). 
was separated, and the water layer was extracted with two 30-ml A nal. Calcd for Ci5H7F 60 2: C, 57.34; H, 2 .25. Found:
portions of benzene. The combined benzene layers were washed C, 57.23; H, 2 .3 5 .
successively with 45 ml of saturated sodium chloride solution, 45 Pentafluorodibenzoylmethane (2). Anselme’s Method.7—  
ml of saturated sodium bicarbonate solution, 45 ml of water, and This diketone, mp 118°, was prepared in 60%  yield from penta-
25 ml of saturated sodium chloride solution. The benzene layer fluoroacetophenone and methyl benzoate, according to the pro-
was dried over anhydrous sodium sulfate and the benzene was cedure described above for bis(pentafluorobenzoyl)methane. 
removed on a flash evaporator at room temperature. The dark Enol Contents of 1,3 Diketones.—The percentage of enol in 
residue was distilled in  vacuo to give 14.0 g (56% ) of 2 ,3 ,4 ,5 ,6- the following 1,3 diketones was determined by titration with
pentafluoroacetophenone: bp 65-66° (5 mm); pmr S 2.67 (5, standard sodium methoxide solution, according to a known pro-
CHs); 2,4-dinitrophenylhydrazonemp !5 6 - !5 7 ° .  cedure.13 The results follow: C6H6COCH2COC6H5, 100% ;

Dibenzoylmethane. Dibenzoylmethane, mp 77-78°, was pre- C6F 5COCH2COC6H5 (2 ), 93% ; C6F 6COCH2COCH3 (8 ), 100% ; 
pared according to the procedure described by Sieglitz and CeFsCOCHjCOCsFs (3), 98.8% .
Horn.8

Pentafluorodibenzoylmethane (2). Enamine Method.—A Registry N o — 1, 3516-87-8; 2 , 23074-28-4 ; 3,
mixture of 174 g (2.0 mol) of morpholine, 120 g (1.0 mol) of aceto- 9 3 0 7 4 . 9 Q a 99^1 ko k . si AAQ7  n- nnn+nflnnrA
phenone, and 8.6 g (0.05 mol) of p-toluenesulfonic acid in 250 ml 2 3 0 7 4 ;2 9 -5  4 2 2 5 1 -5 0 -5  5, 4 4 8 7 -6 1 -0 ; pentafluoro-
of toluene was heated under reflux for 72 hr. The water which benzoic acid, 602-94-8; ethyl 3-hydroxy-3-pentafluoro-
formed was collected in a Dean-Stark trap and removed from phenylpropionate, 23115-90-4; 2,4-dinitrophenylhydra-
the system. After completion of the reaction, the toluene was zone of pentafluoroacetophenone, 858-82-2; 2,3,4,5,6-
removed in  vacuo and the residue was vacuum distilled to give the pentafluoroacetophenone, 652-29-9.
enamine in low yield. A large amount of viscous tar remained
in the distillation flask. * . , , , . ,

A mixture of 3.22 g (0.014 mol) of pentafluorobenzoyl chloride Acknowledgment.—This research was supported
and 5.3 g (0.028 mol) of a -(4 -morpholino)styrene in 100 ml of dry by  Grant G M -1 2 1 4 6  from the National Institutes of 
dioxane was stirred overnight in a diy nitrogen atmosphere, at Health.

Liquid Fluorocarbon from  Hexafluoropropene 
by an Electrical Discharge Process1“
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A mixture of liquid fluorocarbons derived from C3F 6 was prepared by an electrical discharge process. The 
gas-phase discharge was initiated at 150-800 Torr in concentric quartz tube reactors at 15-60° using field strengths 
of 9-13 kV/mm and alternating current at 1.4 or 10 kc/sec. The liquid discharge product contained substantial 
quantities of linear and branched fluoro alkanes as well as unsaturated (olefinic) fractions. No small-ring com
ponents were found. Carbon numbers of the products were shown to be random rather then multiplets of the 
monomer units. Base-catalyzed reaction of the liquid fluorocarbon with alcohol gave three fractions: (1)
unsaturated ethers, (2) nonreactive fluoro alkanes, and (3) small amounts of perfluoroalkyl carboxylic acids.
One of the sources of the carboxylic acids could be the stable free radicals shown by epr measurement (1021-1 0 17 
spins/cc) to be present in the discharge products. A radical mechanism was suggested in which C3F 6 was frag
mented by the discharge process into reactive radicals which combined with each other and with neutral mole
cules to form higher molecular weight fractions. The fact that many linear alkanes were found indicated that 
difluorocarbene (: C F2) was involved in the chain-extension process. A significant amount of F  radical was also 
postulated to explain the formation of alkanes. Perfluorodienes were suggested as reaction intermediates for the 
presence of many identified olefinic groups. Halogenation of the discharge product proceeded readily with 
elemental fluorine, but not with chlorine or bromine trifluoride.

Reports in the literature concerning electrical dis- tion was made at higher pressures and the electrical
charge of gaseous fluorocarbons2-5 have described only conditions were milder than those of previous workers,
the discharge at low pressure. The present investiga- The products obtained with hexafluoropropene were

predominantly liquids. Instrumental and chemical
„ ,(1) ,(ai Presented >“ part at the 156th National Meeting of the American an alyses  in d icated  th a t  th e  liquid p ro d u ct (h erein  Called
Chemical Society, Atlantic City, N. J., Sept 1968. (b) To whom inquires ,. . ,  x ,, ,,
should be addressed: 102 Maclean Circle, Princeton, N. J. 08540. liquid flu orocarb on ) Contained perflUOrO alk anes as Well

(2) (a) P. B. Weisz, J .  Phys. Chem., 59, 464 (1955); (b) P. B. Weisz, as  U nSaturated  fra c tio n s .2 
et al., 'J. S. Patent 2,676,145 (1954).

(3) J. Goodman, J .  Polym. Sci., 44, 551 (1960). R e s u lts  an d  DlSCUSSion
(4) A. Bradley and J. P. Hammes, J .  Eledrochem. Soc., 110, No. 1, 15 XVebUllb dllU UlbOUSblOIi

rr . . . „ t ,. „ „ , . , „ XI , T Hexafluoropropene was converted into a mixture of(5) Y. Kometam, A. Katsushima, T. Fukui, and K. Nakamura, Japanese - ^
Patent 1 0 ,9 8 9  (1965). gaseous (3-10% ) and liquid fluorocarbons m quantita-
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T able II
mini laca km MM WlMli» «M 11» 1<OT »°_____ £2______™

'  ' ’ ' M ajor Components I dentified» from the
-------- . L ow-B oilino L iquid F luorocarbon6

A f  \ a Structures %c\ \ / U—fcatveta nU pules y'V. —v /  \
Ctll tMcln.M 0,011 J y / .. f  \ W.-C5F 12 6 .1 9

/ \ i-C 6F,2 2 .0 5
» W W W  / ] \ f  n-CsFn 9 .3 1

/  \\ /  / \  /  Vy i-CeF14 2 4 .3 0
\\ /  " (  v  V7 \ (C F3)2C F C F (C F 3)2 17 .75

1) V /  /V >  / \ /  (C F ,),C F (C F i),C F , 6 .9 2
______________  L v / - /  \ J____________  V  .1 (t-C3F ,) 2C F 2 12 .2 0

2 <*’ J 4 s ‘ ’ * ’ “ “ “ “ “ Other C7Fi6 isomers 8 .6 1
Figure 1.— Infrared spectrum of the liquid fluorocarbon from Unidentified (many peaks) 12 .6 7

hexafluoropropene by the electrical discharge process. ■> By mass infrared, and 19F  nmr spectroscopy. 6 This frac
tion (57% ) was collected at 35-150° from the fractional distilla-

. .. ,. , , , • , tion of a liquid fluorocarbon having a viscosity of 1.8 cSt at 20°.
tive yield by passing the monomer through an electrical c ^rea measurement by gas chromatographic analysis, 
discharge cell. The discharge was initiated across

?^ !°8n o T PS f / f 2! ?  t  carbons shoWed that these components were much less
these » - f t  —  ^  ~  ™

thversilied reaction conditions the crude products d ^ t  was found in either the discharge
showed the same general infrared spectrum Figure l  . w Uquid fluorocarbon. The yield of the liquid
Mo ecular weight distribution of the products, however fluorocarbon was quantitative; however, it varied with 
varied, as shown by the fractional electrical ^  j to ’the system within con-
(Tablel). The major components of the gaseous frac- / , , „„„„„„ n; •. v- „ „, , , pi/pr to stant-temperature or constant-pressure limits. Viscos-tion identified by instrumental analyses were F(Ch 2)„h ? 1__ , i f ,  , ,
/  i o o / i  £\ m ?  m ?  c *tt__ p i?  p n  i ty  of th e  p ro d u ct w&s m o re  effected  by te m p e ra tu re

than by apphed voltage (Table III).

were not observed by any of the analytical methods:
CF2= C F 2, c-C3F 6, ' C F *= C F C F = C F 2, CF3CF2- T able III
C F = C F 2, C-C4Fs,7 (CF3)-2C = C F 2, CF3OF. CF3- E ffect  of D ischarge Condition

CFO, CO, F 2,7 SiF4,7 and COF2.7 0N YIELD AND Viscosity of P roduct
Energy- 

input per
TABLE I Mono- mol of

P hysical P roperties of L iquid F luorocarbon P repared  at Temp of mer CsFe
Two D iffer en t  F requencies (1.4 and 10 kc/sec) j^ eetrod e^  prett- O^atmg Power>.  c k” Ev/ ' yield.6 , .at 20°,

7] at 20° P at Inner Outer mm kV (rms) W mol g eSt
Bp, ° c  w t%  cSt ”“D 22° 18 11 260 1 8 .0  499 1182 193 2 .0 5

A. Frequency, 1.4 kc/sec; Energy Input/mol of R eactant 2 i n  260 16 9 353 870 185 1 .99
(kcal/mol), 1320 2Q n  260 15 g 252 784 164 1 .87

— !0 0  10 0 .5 6  < 1 .3  1 .6888  19 1Q 260 14 5 238 835 130 1 .71
100-150 34 1 .01  < 1 .3  1 .7820  g2 36 260 18 0 481 1303 156 4 .0 1
150-200 30 3 .9 6  1 .3132  1 .8730  52 36 260 15-9  363 1257  i 32 3 .6 7
> 2 0 0  17 3 5 .5  1.3262 1.9119 g2 37 260 lg 0 264 992 121 3 .4 6

Gaseous products 9 . . .  . . .  . . .  g3 37 260 14 .5  247 1030 109 3 .1 7

B. Frequency, 10kc/sec; Energy Input/mol of Reactant 27 13 150 18.0 418 1616 118 2.89
(kcal/mol), 3010 27 13 150 16 .5  378 1616 107 2 .8 6

-*1 0 0  6 0 .6 0  < 1 .3  1.5926 28 13 150 15 .0  302 1403 98 2 .7 2
100-150 17 1 .0 5  < 1 .3  1 .6903  28 13 150 14 .0  265 1297 93 2 .2 5
150-200 38 2 .7 7  1.3069 1 .8557  52 37 150 1 8 .0  378 2534 68 8 .2 7
> 200  31 5 5 .4  1 .3254  1 .9186  52 37 150 16 .5  319 2107 69 7 .7 4

Gaseous products 8 . . .  . . .  . . .  52 37 150 1 5 .0  258 1645 72 5 .6 5
52 37 150 1 4 .0  227 1567 66 4 .9

The low-boiling liquids were further fractionated by ° The frequency of all the experiments was set at 1.4 kc/sec. 
, , , n/r r , , i 6 The time for all the experiments was 3.5 hr. The yield is quan-

gas chromatography Many linear and branched al- titative. i e > the amouPt of c 3F6 consumed was the same as the
kanes were separated and identified (Table II)« There gra.myi6ldof Gach. ©xpcriniGiit.
were also many unsaturated fluorocarbons present in
this fraction, as shown by the infrared spectrum. Small The ^  and q 9 fracti0ns of the liquid fluorocarbon 
amounts of perfluorohexene and perfluoroheptene were were co mpared with the dimers and trimers of C3F 6 
identified by mass and infrared spectroscopy. The fact ed in dimethylaniline and methanol.« None of
that most of the larger peaks m the gaseous and low- the isomers ed by that method was found in the
boiling fractions were identified as saturated fluoro- iiquid fluorocarbon of the present process.

(6) S. W. Osborn, E. Broderick, E. L. Kutch, M. Kawahata, and J. C. 11 aSC-CatalvZed re a c tio n  of th e  liquid fluOlOCaibon
Fraser, presented at the 156th National Meeting of the American Chemical w ith  a lcoh ol show ed th e  p resen ce  of th re e  ty p e s  of

ithldT’ Atlanti° ° ity’ N' J” SePt' 1968' Ab8tracts’ P Flu°' 1 (t° be Pub' structures: perfluoro alkanes, perfluoro olefins, and a
(7) Present in the electrical discharge product of tetrafluoroethylene:

E. S. Lo, unpublished data. (8) W. J. Brehm, et al., U. S. Patent 2,918,501 (1959).
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small third fraction. The olefins were isolated as un- to consider reaction paths otherwise unavailable in 
saturated ethers.9’10 The third fraction was identified normal thermal or regular free-radical systems, 
as carboxylic acids. The carboxylic acids can also be The dissociation of C3F 6 to excited free radicals and 
obtained by treating the liquid fluorocarbon with aque- the combination of these radicals with each other and
ous alkali. Since the discharge product showed no with C3F 6 (Scheme I) could account for a number of
OH absorption in its infrared spectrum, the carboxylic
acids must result from the hydrolysis of some precursors Scheme I
in the discharge product. Epr study11 of the liquid Su i t e d  M echanism of R eaction

fluorocarbon indicated the presence of stable fluorocar- for the E lectrical D ischarge P rocess
bon radicals. The electron spin densities range from
1021 to 1017 spins/cc. High spin densities have also A"  Inltlal Reactions
been observed in the radio-frequency discharge with CF3CF=CF2 — >  CF3 +  •CF=CF2
benzene.12 These radicals were known to chemisorb CF3CF=CF2 — >  CF3C=CF2 +  -F
oxygen readily.12'13 Mass spectroscopy of an air- :CF2 +  F
exposed liquid fluorocarbon sample indicated the pres- B. Radical Reactions
ence of SiF4, C 0 2) and oxygen-containing components ,cp  . nf.CF s . ,F /or ,CFll CFhCF,') F».6
such as C4F 7O+ C2F 30 + , and C2F 20 + . Hydrolysis of .cf3
these radicals would be expected to produce carboxylic 'F +  CF2=CFCF3 > (CF3)2CF >- (CF3)3CF“
acids. 2(CF3)2CF — (CF3)2CFCF(CF3)2“.‘

Another precursor of these carboxylic acids may be I ,CF2
oxygen-containing fragments present in the discharge Y
product. The source of oxygen is not clear, but it could (¿-C3F7)2CF2°
be the Pyrex discharge cell, since the cell was slightly (C F3)2C F +  n (:C F 2) +  -F  (or -C F3) — »- (C F3)2C F(C F2)nF <i 
etched after the discharge reaction. 2 • C F = C F 2 — >  C F2= C F C F = C F 2

About 98%  of the unsaturation shown by infrared • C F = C F 2 +  C F3C = C F 2— =► C F2= C F C (C F 3) = C F 2
spectrum could be effectively removed by elemental c  Polymerization
fluorination. Prolonged fluorination, even at higher % v ^
temperature, did not saturate the liquid fluorocarbon ' ôr ' lenes t  m. ' 3 ~  2 >
further. Infrared analyses during the fluorination pro- (containing terminal and internal - C = C - )
cess indicated the presence of a small new peak at 5.3 ¡x a identified; see text. b Alkanes from methane to hexane 
( - F C = 0 ) ,  which appeared at the beginning of fluorina- were individually identified. c Dresdner, et a l, described the
tion and remained at the same intensity until the end of formation of (CF3)2C F C F(C F3)2 by radicals coupling: R. D.

the process. This acyl fluoride peak could result from P,re± f  ̂> F - £.■ T1“ ’ T *  J ' A' J ° UnS’ J ‘ ^  S°C'’
oxygen, chemisorbed by the stable fluorocarbon radi- isolated and identified, 
cals.

Halogénation of the liquid fluorocarbon was sluggish. nentg identified. The fact that many linear al-
Both vapor-phase chlorination1* and bromine trifluoride ka J g were nt suggested the presence of difluoro-
addition reactions succeeded only partially m reducing carbene The j number of branched aikanes
the unsaturatmn present m the liquid fluorocarbon found algQ indicated the gence of the isopropyl radi.

of R eaction .-B oth  ionic2’13 and free- which cculd easily be formed from the fluorine
radical12’10;17 mechanism have been proposed for the radicals and ^  ^  molecules> The larger amounts of
reactions involved in electrical discharge processes. branched alkanes (Table II} further indicated the abun-
The reaction path of the discharge process is not only daQce of the i yl radicals and thus of the fluorine
influenced by applied electrical fields, but also by the radicalg in the lischarge system.
temperature of the gas plasma, which is often much Dienes haye nQt been identified among the gaseous 
higher than the wall temperature of the reactor. The and low.b()ili fractions of the discharge products; 
present study is made at much higher monomer pres- how their nce ag intermediates in the dis- 
sures than those used by previous workers.2 3 The e  m ig congidered ible. The following
interaction of electrons and molecular assembly, there- were identified b i.F  nmr in the liquid fluoro.
fore, is much greater than that encountered m low-pres- 0 r  I
sure discharges. In the present systems, it is possible carbon: CF3C = , (CF3)2C = , CF3C F = , C Fÿ= C F-,

-C F = C (C F 3) - ,  -C F = C F - ,  CFsC F2- ,  (CF3)2C F -,

. .  S i  â . ' " L W™MiJ I T S  *  *• I“ h“  and C F .C F-. Many of these olefMc groups oould
(10) e . s. Lo. u. s. Patent 2,975,163 (1961). result from 1,2 or 1,4 radical addition to the appropriate
(11) Determined by Dr. J. J. Downs and Dr. T. Woodhouse, Midwest diene. Perfluorobutadicne is “polymerized” readily to

Research Institute, Kansas City, Mo. . -, t i  __ iq
(12) D. D. Neiswender, “Chemical Reactions in Electrical Discharges,” & VÎSCOUS licjuid UIld.Gr Similar discharge Conditions.

Advances in Chemistry Series, No. 80, American Chemical Society, The absence of 1,3-dienes among the identified com-
W(i3)irH°N. L °roaZ d  w. Gordy, j . c k em. PHys., 3o, 399 (1959). P01̂  is probably due to their much greater reactivity

(14) By e . Broderick.6 m the discharge system.
(is) j . Morris and a. chariesby, E m . Poiym. j .. s , 177 (1966). Alkanes are not necessarily the ultimate product of

(19556) .M' Burt0n and J' L' Magee’ Chem' Phys" 23’ 2194’ 2195 the present discharge process. Perfluoropropane19
(17) r . r . williams, jr„ j .  Phys. chem ., 63, 776 (1959); 66, 372 (1962), gives a small amount of liquid fluorocarbon after several

and references cited therein. hours of discharge under the same electrical conditions
(18) (a) J. D. Cobine, “Gas Conductors,” McGraw-Hill Book Co., Inc.,

New York, N. Y., 1941, Chapter 9; (b) C. G. Found, Trans. Ilium. Eng.
Soc., 33, 161 (1938). (19) E. S. Lo, unpublished data.
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used to synthesize the liquid fluorocarbon. This exper- in the analyses of fluoro olefins, especially olefins having internal
iment, as well as previous work,2’4 indicates that alkanes trans unsaturation.8 The density of fraction a at 20° was 1.855.
are much more stable than olefins under discharge con- NKmety1f nv0e per cent of the liquid boUed at 93~108° and 5% boiled
dltions. Nevertheless if alkanes remain m  the dis- Fraction b .— The major components in this fraction were the 
charge zone, further dissociation of carbon-carbon and ethers of fluoro olefins,9’10 Typical CH absorption at 2850-2950
carbon-fluorine bonds are likely to occur. cm -1 and strong C = C  absorption at 1650 cm -1 were observed

Some of the groups identified in the liquid fluoro- in ^.e ,ir' s°ine ,of these unsaturated ethers were the result of

carbon may also be explained by an ion ic mechanism, Fraction C. _ A  mino;  component (2 -5% ) was also obtained by 
especially the branched unsaturated olefinic groups. reacting the liquid fluorocarbon with 8%  aqueous KOH solution.
However, none of the products is unequivocally th e  Its neutralization equivalent varied from 350 to 800. A broad
product of an ionic mechanism, as indicated by the absorption at 2750-3500 cm-1 (hydroxy) and a sharp absorption
absence of the dimers and trimers of C 3F 6 prepared by at, 1725 cm l (carbonyl) indicated a carboxylic acid structure.

,1 t » mi • .. ..." , .  , , lh e surface tension of an aquebus solution (0.025% ) of the potas-
the ion ic method.8 There is a possibility that both sium salt of fraction c was 24.4 dynes/citf.
the ionic and the radical mechanisms could exist in an Fluorination of Liquid Fluorocarbon with F2.— Fluorination 
electrical discharge process and that one could be made with elemental F 2 was done in a barricaded cell with a protective
to predominate over the other by changing monomer window and remotely controlled valves.20 For room-temperature
pressure, temperature, and electrical conditions. The fluo™ a tio n ,a  dried glass reactor equipped with a condenser was

i i i  i used. For high-temperature fluonnatiou, a stainless steel or
present study, however, seems to indicate thau higher monel cylinder heated by a remotely controlled thermal tape was
monomer pressures favor the radical mechanism. used instead. A bubbler with Kel-F oil was attached to the exit

side of the condenser to measure the gas flow. Occasional accu
mulation of F 2 in the system often resulted in flame or even explo- 

Experimental Section sion.
„ Liquid fluorocarbon (200 g) was placed in a 500-cc flask. 

The Electrical Discharge C ell.-T h e  electrical discharge cell Nitrogen was passed through the system for 30 min, then F 2 was
used was similar to a Siemens ozomzer and has been described added glowly to the stream. There was u3uall a noticeable
in the literature.2’6 Typical reactions were carried out as follows. exotherm which could be controlled by the F , flow rate. After
The glassware was dried and assembled, then evacuated and re- fluorination with N2- F 2 (1 :1 )  for 2 hr, the amount of F 2 in the gas
filled two times with N2 and then with C3F 6. Hexafluoropropene mixture was increased slowly by gradually turning off the N ,.
was led into the evacuated assembly at the desired pressure. The exotherm still had to be watched closely to prevent flaming
High-voltage electrical power was applied to the reactor. Within or explosion. Fluorination took about 20 hr, and the system
minutes, oil droplets streamed down the reactor wall were col- was then d with nitrogen for i hr before being opened ¡0 air.
lected m the receiver. The yield was quantitative; i .e .,  the loss The yield was 190.5 About 98%  of the unsaturation in the 
of monomer weight from the tank was the same as the weight of infrared spectrum haa been removed; however, a small amount

ep ro uc • of unsaturation persisted. Also a new peak at 5.3 a appeared
To collect the dissolved gaseous components, a small, eyacu- at the beginning of the fluorination period and remained at the 

ated trap kept closed during the discharge process was placed same intensity until the end of the process.
between the pump and the discharge cell. At the end of the Fluorination at higher temperature (120-180°) in a stainless 
1' a 'H°Nr 6 3 6 y .va ve was 0 ° sed’ he trap cooled m steel cylinder shortened the time required for saturation of double 
W , ™  T n w  T tem i GaSe0US C0” P°nentS Were bonds- but also «suited carbon-carbon bond cleavage.

pna yS6S f Z  the T  em WaS T  A - T v  • was more diffioult t0 contro1 the exothermic reaction at higher
n P  fiO W w  T  “  nmr datatwere ° btaT d W1 h VaT n temperature. Often carbonaceous materials were carried into 

h ‘0n- r r spectrometer Gas chromatographic the Kel-F bubbler. For fluorination of the liquid fluorocarbon,
l l r r  Z  f t  a  Nester- F ^ t  Preparatory gas chro- high temperatures did not offer appreciable advantage.

f v  anf r l  C° ll!mnS (°.f,5 ln‘ *  24 were Vapor-Phase Chlorination.11— Liquid fluorocarbon (150 g) 
sorb t  f  f  /  f  ° n f  r0m°" was Placed in a flask connected t o a  gas inlet and a hot tube
run on a TP 2 In/ rared sPeotra ™ re packed with 0.25 in. Berl Saddles. The temperature of the
™ °  w r f  a IR ’2 ePectrophotometer Mass spectre- hot tube was automaticaUy controned at 250°. Chlorine gas
™ e r  a X tlme'° f-fllght mass spec- was bubbled through the liquid fluorocarbon maintained at 100°.

M aterials.— P  erfluoropropene (Thiokol Chemical Corp.) and Uf  , C° IleC,teC1 “  a recTef er at the, ° 1tbeT  e“ d
trifluoroethanol (Pennsalt Chemical Corp.) were of 99 +  %  pu- f u tub? and- f  l1\ , 14%  C1:

f  T , b 0mm!  tri flUOf de r re fr° f  unsaturation still remained.Matheson Scientific, Inc., and were used without further punfi- Reaction of Liquid 51uorocarbon with BrFl in Br2. - T h e  liquid

Reaction of Liquid Fluorocarbon with Trifluoroethanol.- ^ ? ro,cad^ ^ 3dd s) dropped into a solution containing B rF 3

Z m Z S lf J a,5™  r . ? »  “ «u S z r r  r  % Th;  s t  z *  10i NaH,s  “ d
tilled. The distillate contained two immiscible, colorless liquids: rled l)ver MsSO<. O he yidd was Tbe re;
the top layer (CF3CH2OH) and the lower layer (36 g, fraction a). ^  S fluorocalb° n ll(luJd contained  6 .6%  B r. The infrared
The residue also contained two liquid layers and solid inorganic T w 'f  k f  t , UnSaturatlon Peak at 5 ‘8 “ >
salts. The salts were identified as K F  and K 2C 0 3. The yellow but a new peak at 5.35 n was introduced.
lower layer (44 g, fraction b) was the alcohol reaction product.
The brown, alcoholic upper layer was poured into 5%  sulfuric Registry No.—Hexafluoropropene, 116-15-4. 
acid and a small amount of pale yellow liquid (3 g, fraction c) was

P1 f s r t i n f  a tv„. . , Acknowledgments..— T h e  a u th o rs  a re  in d eb ted  toFraction a. th e major components m this fraction were t r ,  t  „ vi • + , , , T
saturated perfluorocarbons. Proton nmr gave no signal, indi- D r ‘ D ' io r th e  instrumental analyses, Mr.
eating the absence of CH groups. The infrared spectrum showed Hutch for the synthesis of the liquid fluorocarbon,
no absorption at 2750-3500 and 1450-2000 cm -1, indicating the and Mr. J . Magazzu for laboratory assistance, 
absence of both CH and C— C, respectively. 19F  nmr, however,

VTf e ™ en 0 i a Sma11 amount of unsaturation owing (20) Fluorine was handled according to the procedures described in the
to ana UF3L =  groups, this discrepancy is common Matheson Gas Data Book, 4th ed, p 237, 1966.
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A Nonlinear H am m ett Plot. Substituent Effects in the Substitution  
and Elim ination-R earrangem ent Reactions of l,l-D iaryl-2-brom oethenes  

with Potassium  t-Butoxide in an Aprotic Solvent1

D aniel F . B ender,2 T huduma T hippeswamy,8 and W illiam L. R ellahan

Department o f  Chemistry, University o f Cincinnati, Cincinnati, Ohio 45220 

Received Ju n e  17, 1969

A series of l,l-diaryl-2-bromoethenes was synthesized and allowed to react with potassium i-butoxide in anhy
drous diglyme at 0°. The substitution products were isolated by solvent extraction and column chromatography 
and identified by nuclear magnetic resonance spectrometry and elemental analysis. The elimination-rearrange
ment products were identified by ultraviolet spectrophotometry. The rate constants for the rearrangements step 
were calculated by the time-ratio method. An increase in electron-withdrawing character of the substituent 
caused the elimination-rearrangement reaction to proceed slower and the substitution reaction to proceed faster.
None of the compounds tested underwent both reactions. The Hammett reaction constant, p, was found to be 
—1.3 for elimination-rearrangement and + 9  for substitution. This produces a nonlinear Hammett plot which is 
concave. An unusually large solvent effect was noted when anhydrous i-butyl alcohol was added to the anhy
drous diglyme. This is tentatively explained in terms of a cage of ¿-butyl alcohol molecules solvating the attack
ing f-butoxide anion, thus altering its character.

A change in the mechanism of a reaction owing to a (Ar)2C~— CH (X)O R >  (Ar)2C = C H O R  +  X -  (2b)

change in the substituents on the substrate is known to elimination of bromide to produce a diaryl alkyl vinyl 
affect the linearity of a Hammett plot, producing a ether.18-18
curve which is concave.4-6 Subtle changes in mecha- An examination of available data concerning sub- 
mism do not affect the sign of the Hammett reaction gtituent effects on the elimination-rearrangement15,17-19
constant, p. Abupt changes in mechanism change the ancj our work on the substitution reactions indicates
sign of p, yielding a minimum in the curve.6 This last that a minimum could be obtained in the Hammett
generalization was based on the mechanistic change plot- The effect of substituents on the elimination-
from acyl oxygen fission to alkyl oxygen fission in the rearrangement reaction and the substitution reaction
solvolysis of substituted ethyl benzoates by 99.9% sul- are described and the combined substituent effects
furic acid as the substituent increases in electron-with- are examined in terms of their effect on the Hammett
drawing character.7 Since both reactions are addition- plot,
elimination reactions, we thought that it would be de
sirable to have two completely different mechanisms Experimental Section
operative to test this generalization. Syntheses. A. l,l-Diaryl-2-bromoethenes.— These were

The reaction of l,l-diaryl-2-haloethenes (Ar2C =  prepared from the aryl bromides and ethyl acetate using pre-
CHX) with alkali-metal alkoxides (M + , OR- ) leads to viously described procedure.20,21 The synthetic procedures and

two entirely different p ro d u ct.'-»  Rearrangement
(re a c tio n  1) p roceed s b y  a  p reeq uilib riu m  p ro to n  a b - large excess (ca. 3 g) of potassium i-butoxide was dissolved in dry 

ki diglyme (see below) in the drybox, filtered, stoppered with a
Ar2C = C H B r +  - 0-2-Bu Ar2C = C B r-  +  HO-f-Bu (la) serum rubber cap, and brought into the room. Co. 1 g of bis- 

kr (p-trifluoromethylphenyl)-2-bromoethene was dissolved in dry
¡., diglyme and injected into the potassium i-butoxide solution at

Ar2C = C B r-  — >■ A rC = C A r +  B r-  (lb) ambient temperature. The reaction was followed roughly by
. . . taking samples with a syringe, quenching with 95%  ethyl alcohol,

s tra c tio n  p rod u cin g a  con figu ratio n ally  stab le  an ion , and examining the ultraviolet spectrum. The reaction appeared 
follow ed b y  re a rra n g e m e n t of th e  a ry l grou p  tra n s  to  to be over after 30 sec but was allowed to continue for several 
th e  b rom ine a to m  w ith  sim u ltan eou s elim in ation  of days.
Brnmirlp tn  nrndneP d inrvlacetv lenp  11,12 The reaction mixture was diluted with water and extracted with
b rom ide, to  p rod u ce d ia ry la ce ty le n e . carbon tetrachloride until n0 fluoresCence was found in the CC14

S u b stitu tio n  (re a c tio n  2) p roceed s b y  ad d ition  of th e  wagh_ The combined c c l4  portions were washed with water,
alkoxide an ion  to  th e  n u m b er 2 ca rb o n  follow ed b y  dried over C aS04, and evaporated. Three crystallizations from

, .  , „  nTIV , _ ___-  „  riTrevinn /o0\ pentane of the orange-red crystals obtained yielded slightly
(Ar)2C = C H X  +  O R - (Ar)2C -C H (X )O R  (2a) £ ellowighrods> mp io3 .5-105°.

------------------- . Proton nuclear magnetic resonance spectroscopy (Varian A-60)
(!) Taien in part from the Ph D. dissertations of T. ^ippeswamy. 1963, ca,,bon tetracUoride showed three sharp peaks with the ex-

and D. E. Bender, 19b7, University of Cincinnati, Cincinnati, Ohio. , . . i: i ACi T,T„y, . ri a o  nnrn•
(2) Career Development Program, IT. S. Department of Health, Educa- pected relative areas, aliphatic, 1.49 ppm vmyl, 6-8 ppm

tion and Welfare, XT. S. Public Health Service, 1964-1966. To whom corre- aromatic, 7.35-7.51 ppm, relative areas, 9 .1 .8 .  The ultraviolet
spondence should be addressed: U. S. Public Health Service, 222 East spectrum (Beckman D B) in 95%  ethyl alcohol showed an absorp-
Central Parkway, Cincinnati, Ohio 45202. tion maximum at 297 nip. and a shoulder at 234 m/z.

(3) Lowenstein-Twitchell Fellow, 1961-1962; Laws Fellow, 1962—1963.
(4) E . H. Jaffe, Chem. Rev., 53, 191 (1953). ------------------- ' T _  /1AKC.
(5) J E. Leffler and E. Grunwald, “ Rates and Equilibria of Organic Reac- (13) E. F. Silversmith and D. Smith, J .  Org. Chem., 23, 427 (1958).

tions,” John Wiley & Sons, Inc., New York, N. Y., 1963, p 187 ff. (14) S. Carra and P. Beltrame, Gazz. Chim. Ital., 89, 2027 (1959).
(6) Ii. B. Wiberg, “Physical Organic Chemistry," John Wiley & Sons, (15) P. Beltrame and S. Carra, 91, 889 (1961).

Inc., New York, N. Y., 1964, pp 407, 408. (16) M. Simonetta and S. Carra, Tetrahedron, Suppl. 2, 19, 467 1962).
(7) D. N. Kershaw and J. A. Leisten, Proc. Chem. Soc., 84 (1960). (17) P. Beltrame and G. Favini, Gazz. Chim. Ital., 93, 757 (1963).
(8) F. Fritsch, Ann., 279, 319 (1894). (18) P. Beltrame and G. Cortili, Bend. Accad. Set. Fis. Mat., Haples, 34,

(9) W. P. Buttenberg, ibid., 279, 324 (1894). 475(1965). . T . . .
(10) H. Wieehell, ibid., 279, 337 (1894). (19) W. M. Jones and R. Damico, J .  Amer. Chem Soc., 85, 2273 (1963).
(11) A. A. Bothner-By, J .  Amer. Chem. Soc.. 77, 3293 (1955). (20) C. F. H. Allen and S. Converse, “Organic Synthesis, Coll. Vol. I,
(12) J. G. Pritchard and A. A. Bothner-By, J .  Phys. Chem., 64, 1271 John Wiley & Sons, Inc., New York, N. Y., 1932, p 22.

(I960) (21) C. F. Koelsch, J .  Amer. Chem. Soc., 54, 2045 (1932).
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T able I
Synthesis and Characterization of Symmetrically Substituted 1,1-D iaryl-2-bromoethenes

Ref to synthetic
Substituent Registry no. procedure Characterization®

H 13249-58-6 b Recrystn from pentane, mp 42° (lit. mp 4 9-50°,t 1*
41-49° <9

p -CH3 7208-11-9 /  Recrystn from pentane and then methanol, mp 55-57°
(lit. mp 55-56°,« 53-54° h~>)

P-OCH3 2132-64-1 b Recrystn from ethanol and then pentane, mp 80-82°
(lit* mp 85°)

p -F  23349-10-2 6, l Bp 138-145° (5 mm). Anal.™ Calcd: C, 57 .0 0 ;
H, 3.07; Br, 2 7 .0 7 ; F , 12.86. Found: C,
57 .6 5 ; H, 3.09; Br, 26.51; F , 12.75

TO-CH3 23349-11-3 /  Bp 145-151° (2 mm) [lit.™ bp 186-191° (10 mm)]
p-Cl 23349-12-4 l, 0 Recrystd from ether and then pentane, mp 71-72°

(lit. mp 71-73°,« 72° p)
ra-F 23349-13-5 b, l Bp 120-125° (3 mm). Anal.™ Calcd: C, 5 7 .0 0 ;

H, 3.07; Br, 2 7 .0 7 ; F , 12.86. Found: C,
5 7 .1 1 ; H, 3 .6 8 ; Br, 27 .0 8 ; F , 12.13

p-CFs 23349-14-6 /  Bp 116-121° (2.5 mm). Anal.™ Calcd: C, 4 8 .6 3 ;
H, 2 .3 0 ; F , 28 .8 5 ; Br, 20 .22 . Found: C,
49 .0 1 ; H, 2 .4 1 ; F , 2 7 .9 4 ; Br, 20 .64

m-CFs 23349-15-7 6 Bp 120-125° (3 mm). A nal>  Calcd: C, 48 .6 3 ;
H, 2 .3 0 ; F , 26 .8 5 ; Br, 20 .22 . Found: C,
49 .0 9 ; H, 2 .3 5 ; F , 28 .6 1 ; Br, 19.95

“ Recrystallizations were carried out several times. 6 Reference 20. 0 E . Hepp, Chem. Ber., 7, 1410 (1874). d G. Wittig and R. 
Kethner, ibid., 69, 2078 (1936). e P. Lipp, ibid., 56, 567 (1923). 1 Reference 21. « D. Y . Curtin and E . W. Flynn, J .  Am er. Chem. 
Soc., 81, 4714 (1959). h F . Bergmann, S. Israelashvili, and D. Gottlieb, J .  Chem. Soc., 2522 (1952). » 0 .  Fischer and L. Castner, J .  
Prakt. Chem., 282, 280 (1910). » R. Anschutz and A. Hilbert, Chem. Ber., 57, 1697 (1924). * E . E . Harris and G. B. Frankforter, J .
Amer. Chem. Soc., 48, 3144 (1926). 1 Bromination-dehydrobromination carried out in CS». m Analysis performed by Mikroanalyti- 
sches Laboratorium, Stablistrasse 25, Brugg, Switzerland. n G. H. Coleman, W. H. Holst, and R. D. Maxwell, J .  Amer. Chem. Soc., 
58, 2310 (1936). 0 Prepared from reaction of 4,4'-dichlorobenzophenone with methylmagnesium iodide, dehydrated to l,l-bis(p- 
chlorophenyl)ethenes by refluxing in 20%  H2S 0 4. p W. Tadros, A. B. Sakla, and Y . Akhookh, J .  Chem. Soc., 2701 (1956).

A n al.22 Calcd: C, 61.85; H, 4 .67; I 1, 29.35. Found: C P a .) on a spatula, depending upon the base concentration range
61.69; H, 4 .80; F , 29.61. desired, were placed in a 250-ml, round-bottomed flask, and ca .

C. 1,1-Bis-im-trifluoromethylphenyljvinyl ¿-Butyl Ether.—  150 ml of diglyme was added. The glass-stoppered flask was
This compound was prepared as above except that the crude swirled and then allowed to sit for ca. 10 min. The solution was
product was chromatographed on a neutral aluminum oxide then filtered under vacuum through glass wool and filter paper,
column with pentane. An impure liquid was obtained which transferred to another 250-ml, round-bottomed flask, and stop-
absorbed at 271 mii. Its nuclear magnetic resonance spectrum pered with a serum rubber cap for transfer into the room. Some
showed sharp peaks at 1.25, 6.65, and 7 .27-7 .48  ppm with ap- nitrogen was introduced through a 20-gauge needle to produce a
proximate area ratios of 9 :1 :8  in addition to smaller aliphatic positive pressure in the base flask and thereby allow withdrawal
and aromatic peaks owing to impurities. The presence of im- of the necessary volume of base. The solution was then ineu-
purities which could not be separated cast a shadow on the sig- bated at 0° for 30 min, and 5-ml portions were withdrawn with a
nificance of elemental analyses and of molar absorptivity deter- syringe and placed in 25-ml volumetric flasks containing water
mination for the kinetic determinations. The molar absorptivity for determination of the base concentration,
was therefore calculated from the infinity kinetic readings, as D. Standardization of Potassium /-Butoxide Solution.—-The 
described below. base solution was titrated conductometrically with standard

Bis-(m-fluorophenyl)acetylene.— Reaction conditions like those hydrochloric acid,
for the p-trifluoromethyl isomer were employed. The crude E . Preparation of l,l-DiaryI-2-bromoethene Solution.— A 
product was chromatographed on silica gel with pentane. Evap- 100-ml stock solution (10 -3 M ) of each bromodiarylethene was
oration of the first 200-ml fraction gave white crystals which prepared with diglyme. (Rigorously maintained anhydrous
melted at 55 .5 -58°. The nuclear magnetic resonance spectrum conditions were used throughout.) Exactly 20 ml of a solution
showed only highly split aromatic protons. The ultraviolet was prepared by diluting ca. 2 ml of stock solution to 28 ml. The
spectrum was characteristic of a diarylacetylene with maxima 20-ml solution was thermostated in the reaction flask for 30 min.
at 299, 290, 271, and 263 m(i. The zero time absorbance was obtained by diluting 5 ml of the

Reagents. A. Diglyme (diethylene glycol dimethyl ether, remaining 8 ml with 5 ml of diglyme followed by a 1 :1 0  dilution 
Ansul ether 141) was twice refluxed over sodium and distilled with 95%  alcohol.
under nitrogen into dried, 500-ml, round-bottomed flasks in Kinetics. A. Kinetic Procedure and Aliquot Sampling.—  
ca. 300-ml aliquots. The flasks were immediately stoppered with Exactly 20 ml of thermostated base solution was added to the
serum rubber caps which were then fastened with copper wire bromoethene solution (see above). C a. 1-ml aliquots were with-
and transferred into a dry box containing an argon atmosphere. drawn and diluted to 10 ml with 95%  alcohol. Absorbances were

’ ¿“Butyl alcohol was distilled into a 100-ml, round-bot- determined at two wavelengths on a Beckman DU spectro-
omed flask which was immediately stoppered with a serum photometer. (Since the ratio of absorption measurements was

rubber cap. Potassium ¿-butoxide was added ca . 10 min before used, extremely accurate aliquots were not needed.) The final
use and the flask was restoppered and swirled to ensure dryness. absorbances were constant for at least 24 hr (a successive reaction
In later experiments the ¿-butyl alcohol was distilled from a solu- has been shown to occur under other conditions23). ¿-Butyl

Potassium ¿-butoxide in ¿-butyl alcohol to ensure dryness alcohol (5% ) was added to the stock base solution to prevent re-
o tiie solvent and eliminate the possibility of the presence of arrangement in the case of the m-fluorophenyl derivative and to
hydroxide 10ns; no difference in the reproducibility of previous study the solvent effect on other derivatives,
kinetic constants was obtained. B . Kinetic Procedure with Alcohol Present.— It was neces-

,71 " rePhration of Potassium ¿-Butoxide Solution.— Scoops of sary to have ¿-butyl alcohol present to prevent rearrangement in
solid potassium ¿-butoxide (M .S.A. Research Corp., Evans City, ____________

/00. . t (23) P. Beltrame, P. L. Beltrame, O. Sighinolfi, and M. Simonetta, J .
(■¿z) Analysis performed by Galbraith, Laboratories, Knoxville, Tenn. Chem. Soc., B, 1103 (1967).
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T able II

K in e t ic  D ata  f o b  t h e  R ea ction  o f  S y m m etric a lly  S u b st it u t e d  1 ,1-D ia b y l -2-b r o m o e th e n es  w ith

P otassium ¿-Butoxide-D iglyme 
A. Substitution in Diglyme

Substituent
Substituent constant a  X 10* ° [B], jli6 fcexp' X 10*« ks X 10* d Avg ks X 10* Std devn

p-Trifluoromethyl 0 .551  2 .0 2  0 .055  9 .5  15 .9
3 .0 9  0 .0 5 7  7 .4  12 .7  13 .8  1 1
3 .7 0  0 .0 5 7  7 .9  13 .8
4 .5 1  0 .0 5 5  8 .5  12 .7

ire-Trifluoromethyl 0 .4 1 5  3 .1 3  0 .1 5 4  4 .3  2 .8
3 .1 3  0 .1 5 4  4 .3  2 .8  2 .9  0 .1
3 .2 2  0 .1 2 5  3 .9  3 .1
3 .6 0  0 .0 6 4  1 .8  2 .8

B . Rearrangement in Diglyme
Substituent

Substituent constant ci X 10* [B], M hexp X 10* * kR X 10*' Avg ifeR X 10* Std devn
m-Fluoro 0 .3 3 7  3 .3 4  0 .179  1 .2  0 .6 9

3 .7 8  0 .0 9 2  0 .4 2  0 .4 2  0 .6 2  0 .1 3
4 .8 0  0 .179  1 .3  0 .7 4

° Ci/ ^  the initial concentration of l,l-diaryl-2-bromoethene in moles per liter. 6 [B], M  is the potassium /-butoxide concentration. 
° k exp' is the pseudo-first-order rate constant for the substitution reaction. d k a is the second-order rate constant for substitution. 
6 kexP is the pseudo-first-order rate constant for the rearrangement reaction, f  fcE is the second-order rate constant for rearrangement.

T able III
K in e t ic  D ata  f o b  t h e  R ea ction  o f  S y m m etric a lly  S u b st it u t e d  1 ,1-D ia r y l -2-b r o m o e th e n es  w ith  

P ota ssiu m  /-Bu t o x id e  in  3 %  «-Bu t y l  Alcohol- D ig l y m e

Substituent
Substituent constant ci X 10* “ [B], Ma kexp' X 10* a ks X 10* “ Avg ks X 10* Std devn

ra-Fluoro 0 .3 3 7  3 .51  0 .119  0 .042  0 .035
3 .5 4  0 .129  0 .051  0 .040  0 .0 3 9  0 .002
3 .6 5  0 .081  0 .033  0.041

m-Trifluoromethyl 0 .4 1 5  3 .5 0  0 .1 1 3  0 .6 9  0 .6 3
3 .7 2  0 .202  2 .6  1 .32  0 .7 7  0 .3 6
4 .2 8  0 .113  0 .4 0  0 .3 7

“ See footnotes to Table II.

the case of the m-fluorophenyl derivative and to study the solvent Results and Discussion
effect of the alcohol with the other derivatives in order to correct
the iw-fluorophenyl value. For this purpose the distilled and Solvent Choice.— In order to reduce the importance

aiC0h0ltTas furth?,r dried by a?ding some potas- 0f the preequilibrium step (reaction la) in the rearrange-
sium ¿-butoxide. Since this procedure probably produced some ____ . , 7  , ,  ) ,  . ,  . . .  '  ,  , ,  , &
hydroxide ions, later kinetic runs were carried out using ¿-butyl ment and to ensure that the identity of the base was
alcohol which had been distilled from a potassium ¿-butoxide- known, an aprotic solvent was desired. This solvent
¿-butyl alcohol solution. However, no change in the reproduci- also had to be able to dissolve the base, potassium t-
bihty of the results resulted. Enough of this solution to make a butoxide. Investigations showed that anhydrous “di-
5%  ¿-butyl alcohol-diglyme base solution was transferred by „ 1v m e ” h ad  th e  neopssarv n ron erties
syringe to the base solution in diglyme before the aliquot of base g  3̂ e „  p e s s a r y  p rop erties .
was withdrawn for titration. Kinetics. Substitution Reaction.1 Tables II and III

C. Kinetic Calculations. Substitution Reaction.— The raw contain the concentrations used and the kinetic results
data obtained consisted of time readings and absorbance readings obtained. An examination of the data indicates that
at two wavelengths, one at the absorption maximum of the start- the reaction is probably overall second order, first order
mg material, which decreases with a decrease of starting material, ■ .  . „ i r> u ™ j
and the other at the absorption maximum of the product, which “  1, l-diaryl-2-bromoethene and probably first order in 
increases with an increase of product. The wavelengths were b ase 111 agreement With previously reported results.13
so close together that there was some overlap; therefore, simul- The rate constants for p-CF3 and TO-CF3 were obtained
taneous equations were needed to find relative concentration data. in anhydrous diglyme at 0 ° ; however, for to-F , rear-

tW0 SeiT f 6 m; Xima’ bUt/ t ther con“ y rangement occurred under these conditions. A “cor-shifting maximum, so that readings were taken on the sides of this , , . . .  .. ,
maximum, thereby contributing to scatter among the points. re c te d  ra te  constant26 for substitution when TO-F
A discussion of this phenomenon can be found in the literature.24 w as used is given.

D. Kinetic Calculations. Elimination-Rearrangement Re- The positive-sloped line in Figure 1 is the Hammett
action.—-The appearance of the diarylacetylene was followed plot using the second-order rate constants for the sub- 
spectrophotometncally at the longest wavelength band (un
substituted, 297 nm; p-methyl, 303.5 m^; p-methoxy, 311 .5 mf i ‘, (26) The preequilibrium of the rearrangement reaction was suppressed by
p-fluoro, 295 m^; m-methyl, 300.8 rn,u; and p-chloro, 307 mp). tlle addition of f-butyl alcohol, which lead to a surprisingly large solvent
The kinetic calculations were based upon the time-ratio method, 26 effect. The correction
with certain assumptions explained in the next section. ks(m -  F) = ka'(m -  F)[fcs(m -  CFa)/fe'(m -  CF3)]

was used, where ka is the second-order rate constant for the reaction in an-
(24) H. H. Jaffe and M. Orchin, “Theory and Application of Ultraviolet hydrous diglyme and ka' is the second-order rate constant for the reaction in

Spectroscopy, ’ John Wiley & Sons, Inc., New York, N. Y., 1962, p 111 £f. anhydrous diglyme containing 3% anhydrous f-butyl alcohol. Hydrogen
(25) A. A. Frost and R. G. Pearson, “Kinetics and Mechanism,” 2nd ed, bonding between the alcohol and the anion is suggested as being responsible

John Wiley & Sons, Inc., New York, N. Y., 1966, p 170 ff. for altering the attacking power of the anion.
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1 1 I 1 1 I I 1 T  closer to + 9  than to + 4 .5  with + 9  itself being the
p-cf3 upper limit.

4.o -  “ f  -  Kinetics. Elimination-Rearrangement Reaction.—
In the only previously reported example of a concave, 

5 _  /  _  nonlinear Hammett plot, the solvolysis of substituted
,+ 3* /  ethyl benzoates, the rate-determining step involves the
-  p-och3 /  b r e a k i n g  of nonidentical carbon-oxygen bonds.7 In
2  30 %  p-ch3 /  “  the reaction of l,l-diaryl-2-halogenoethenes with strong

- j  3 h /  base, the rate-determining step involves the f o r m a t i o n

~ 2.5 -  p-f P.C| / -  of a carbon-carbon bond v s . a carbon-oxygen bond
/  while the same carbon-bromine bond breaks.33 In

zo _  ^ J % + 1  F corrected̂  this case the shape of the nonlinear Hammett plot de-
pends upon which bond is established. In order to get 

/  m-F uncorreetea- the kinetic constant for the step in which the formation
15 r  i i l i i i J  i i ~l of the carbon-carbon bond is rate determining (eq lb)

-o.2 -o.i o.o +o.i +o,2 +o.3 +o.4 +o.5 +0.6 and not have any contribution from the preequilibrium
(eq la), we applied the time-ratio method25 to the ki- 

Figure 1.— Hammett plot for the elimination-rearrangement netic data obtained 
and substitution reactions of l,l-diaryl-2-bromoethenes with A piot 0f log (concentration) v s . time presents a typi- 
potassium¿-butoxidein dry diglymeatO0: k i s  (ks +  k\)/(ka°, +  , ^ .. J ^
it,»), as explained in the discussion. c a l . consecutive reaction curve. The assumption was

made that the initial slope represents that time before 
k T of the preequilibrium (eq la) becomes significant, 

stitution reaction of the three compounds, including the According to this interpretation it is possible to consider
corrected and uncorrected value for the m-fluoro sub- the reaction as two consecutive first-order reactions and
stituent. The Hammett reaction constant (p) is + 9 . thus separate k t of the preequilibrium (eq la) from fci,
A positive value was expected because electron-with- the rate constant for the rearrangement step (eq lb),
drawing groups in the m e t a  or p a r a  position would be However, since the initial slope changed significantly
expected to stabilize the intermediate anion by dispers- after c a .  30%  of the starting material was consumed,
ing the negative charge. The magnitude of the p and the time-ratio method involves data obtained
value is interpreted as evidence that an anionic inter- after 15, 35, and 70% of the starting material is con-
mediate forms in the rate-determining step irom a sumed, it was necessary to extrapolate the initial slope
neutral substrate molecule, making the reaction sensi- line. The validity of extending this line is another as-
tive to electron-withdrawing groups. Large p values sumption. Since most plots of concentration v s .

have been obtained for aromatic nucleophilic substitu- time are somewhat curved, there is error inherent in
tion,27,28 although of the order of + 5 . Even larger, the assumption as well.
though negative, values of p have been reported for A study of the order of the reaction showed that, with 
aromatic electrophilic substitution,29 of the order of a 15-fold excess of base, the reaction was pseudo-first-
— 11. The electrophilic protonation of para-substi- order. The second-order rate constant for 1,1-di-
tuted 1,1-diarylethenes to form 1,1-diarylethyl cations phenyl-2-bromoethene at 0° held constant at 0.01 1.
yields a Hammett reaction constant value of + 8  when mol-1 sec-1 while concentrations of the enthene of 1 X
K  is plotted v s .  a + .  This is equilibrium data and is 10%  5 X  10%  and 7.5 X  10-4 mol/1. were used at
therefore interpreted as a measure of the stability of constant base concentration, and while concentrations
the cation.30 The acid hydration of styrene, which 0f potassium /-butoxide of 0.63 X  10%  1.25 X  10%
yields a Hammett reaction constant of —4, is also an and 3.1 X  10-2 mo./l. were used with a constant con-
equilibrium reaction.31 If the corrected value for the centration of l,l-diphenyl-2-bromoethene. The order
m-fluoro derivative were ignored, the p value would be in potassium /-butoxide has been reported32 as %  when
in the + 5  or + 6  range, however, only two points would /-butyl alcohol was the solvent, rather than one, as
be available to obtain this value. Beltrame-3,32 has we found with anhydrous diglyme as the solvent,
used the additive a  values in the Hammett plot for this The results given in Table IV and plotted as the nega- 
reaction, thereby producing a p value which is regarded tive-sloped line in Figure 1 against Hammett substituent
as a lower limit. Doing so would give a p value of c a .  constants show a p of —1.3. The slope and general
+ 4 .5  m this case. Beltrame also points out that steric magnitude obtained under these conditions agree in
hindrance would prevent coplanarity of the aromatic general with the results of others,15,17-19 as expected
moieties and the ethylenic plane for strong resonance when one examines the electronic demands of the rate-
contribution. We feel that the total effect of both moiet- determining step. Considerations of the nature of these
ties would be closer to the o- than to 2 u  because of this electronic demands in relation to the sign of p have al-
stenc hindrance. Therefore, the “true” value of the ready been presented.15,17-19
reaction constant, if it could be assessed, would be Nonlinear Hammett Plot.—The Hammett plot for 

T _ , „ „ „ the overall reaction over a wide range of substituents(27) J. F. Bunnett and R. F. Snipes, /. Amer. Chem. Soc., 77 ,5422 (1955). i , . ,, , , , ■ m ui tt Tir
(28) A. M. Porto, L. Altieri, A. J. Castro, and J. A. Brieux, J .  Chem. Soc., Cim be drawn Using the data shown m Tables II-IV .

b , 963 (1966). Figure 1 shows that a concave curve with a minimum
(29) H. C. Brown and Y Olramoto J  Amer. Chem. S»c 79 1913 (1957). value exists, The uncorrected point shown in the
(30) N . C. Deno, P. T. Groves, and G. Sames, ibid., 8 1 ,5790 (1959). c , , ' , .
(31) J. Durand, M. Davidson, M. Hellin, and F. Coussemant, Bull. Soc. UgUre does not belong On the Curve but Was obtained 

Chim. Fr., 152 (1966).
(32) P. Beltrame, D. Pitea, and M. Simonetta, J .  Chem . Soc., B , 1108 (33) J. G. Pritchard and A. A. Bothner-By, J .  P hu s. C hem ., 64, 1271

(1967>- (1960).

942 B ender, T hippeswamy, and R ellahan The Journal of Organic Chemistry



T able IV b rom o eth en es w as ad d ed  to  th e  c le a r  so lu tio n  of p o ta s -
K inetic Data for the R eaction of Symmetrically sium  ¿-b u toxid e a t  am b ien t te m p e ra tu re , an  im m ed iate

Substituted 1,1-D iaryl-2-bromoethenes with o ran g e  co lor w as ob served . T h e  co lo r ra p id ly  b ecam e
P otassium ¿-Butoxide-D iglyme» green , th e n  so d ark  t h a t  i t  ap p e a re d  to  b e  b lack  w ith  a

Substituent kexp x  ki x  Avg fci g reen  tin g e  a t  h igh er co n ce n tra tio n s . T h e  sam e o c-
Substituent constant [B], Mb io* ■ 10» x  10» cu rre d  fo r th e  b is-m -triflu oro m eth ylp h en y l d e riv a tiv e .
p-Methoxy - 0 .2 6 8  y  ̂ W h e n  th e  bis-m -fluoro d e riv a tiv e  w as used  to  s y n th e -

0 0149 8 2 5 3 size b is-(m -flu o ro p h en y l)acety len e , th e  co lo r ch an ge
p-Methyl - 0  170 0 0243 1 3 6 0 w as fro m  an  im m ed iate , sh o rt-liv e d  oran g e co lo r to  red ,

q 0197 7 .5  3 . i  4 .6  th e n  b a ck  to  a  m ore  stab le  oran g e. T h ese  resu lts  lead
0.0169  6 .7  3 .4  to  th e  sp ecu latio n  th a t  th e  in te rm e d ia te  an ion  in th e
0 .0259  l . l  5 .9  su b stitu tio n  re a c tio n  is g re e n  in  an h y d rou s d iglym e,

m-Methyl —0.0 6 9  0 .0083  2 .6  1 .5  an d  th e  in term ed iate  an ion  in th e  re a rra n g e m e n t re a c -
0 .0198  5 .6  5 .4  3 .9  tio n  is oran g e in  an h y d rou s d iglym e. I f  th is  p rov es
0 .0165  5 .0  4 .8  c o rre c t , an  in te re stin g  an d  useful “ h an d le” m a y  be

None 0 .0 0 0  0 .0310  6 .6  1 .6  av ailab le  to  d eterm in e th e  k in etic  co n sta n ts  of th e
2 ® 2 ,6  vario u s steps of e ach  re a ctio n .0.0495 1.0 4.5

p-fluoro +0.062 0.0265 5.5 2.0
0.0264 4.7 2.4 2.4 C o n clu sion

p-Chloro + 0 .2 2 7  0• |^27 2 .7  1 .2   ̂  ̂ T h e  re a c tio n  of sy m m e trica lly  su b stitu te d  1 ,1 -d ia ry l-

0 0255 2 1 2 6 2 -b ro m o eth en es w ith  p otassiu m  i-b u to xid e in  an h y d rou s
. . .  ' , , ... ' , ., d iglym e p rod u ces tw o  d ifferent p ro d u cts  as a  fu n ctio n° d, the initial concentration of l,l-diaryl-2-bromoethene, was °  . f  }

1 x  l l -3 mol/1. 6 [B], M is the potassium i-butoxide concentra- °* substituents on the aromatic ring, 
tion. = kexp is the pseudo-first-order rate constant for the elimina- The overall Hammett plot obtained is nonlinear and
tion-rearrangement reaction. d k, is the second-order rate con- concave with a minimum at a c of ca. + 0 .3 . This pro-
stant for the rearrangement step of the elimination-rearrange- vides another example of the type of nonlinear Hammett
ment reaction by the time-ratio method. , , , , , , , , . ,

J p lo t ex p e cte d  w hen an  a b ru p t ch an ge  in m ech an ism  o c-
, . , , . . , , , curs as a result of a change in the substituents on an

as explained above and was included to illustrate where aromatic ri ^  the substrate moiecule.
it appears m relation to the overall graph. Figure 1 The Hammett lot of the substituti0n reaction is
is a plot of log k vs. a ;  however it mathematically repre- inte ted to indicate that a carbailion intermediate
sents a plot of log [(fcs +  * 0 / ( y  +  h ° ) } vs. <r* Since forms in the rate-determining step.
either ks or h  is zero and fcs° is always zero the two The k  solvent effect on the substitution reaction
S ° i i he °UrVe rePre®ents d*ta obi am]ed “  tw° when ¿-butyl alcohol is present has been tentatively 
slightly different ways, the time-ratio method for h  and M ned  in terms of a cage of hydrogen-bonded ¿-butyl
simple kmetic calculations34 for feg, unified by the equa- alcohol molecu]es around the anion wbich alters the 
tion shown above. The substituent constant, <r, was character of the anion. It was assumed, for the pres- 
used rather than additive a values as Beltram e^32 that this iteration can be linearly corrected,
used, for the reasons pointed out above. The fact that substitution occurs at all in aprotic

By-Products of Substitution Reaction.-Chrom ato- golvent ruleg out the necessit of oton addition to the
graphic separation of the extracted material from the intermediate anion followed by elimination of H X.
preparative-scale substitution reaction yielded other Previousl this had been considered a possibility in a
material having various ultraviolet absorption maxima. ¿_butyl alcohol system.i3 The suggested13 mechanism
These by-products were present in very small amounts shown jQ 2a and 2b is most likely occurring under
and were not isolated and characterized They could a tic conditions. This is probably true for the reac-
not be detected by ultraviolet spectrophotometry m tion in the presence 0f ¿-butyl alcohol as well, since the
the kinetic runs, nor in the preparative-scale runs until gi leflt most consistent paths that are available will 
after chromatographic separation owing to concentra- ugually be foUowed despite minor changes in a reac
tion effects. I t  was not known if these resulted from ^ on svs êm 
the room-temperature reaction or from subsequent reac
tions on the chromatographic columns. Their minute Registry No.— ¿-Butoxide anion, 16331-65-0; bis- 
concentrations were considered to have no significant (m-flUorophenyl)acetylene, 23349-16-8; 2,2-bis(p-tri-
efifect on th e  k in etics. _ flu orom eth y lp h en y l)v in yl ¿-b u tyl e th e r, 2 3 3 4 9 -1 7 -9 .

C olor C h an ges.'— A  series of in te re stin g  co lo r ch an ges
o ccu rre d  in  th e  p re p a ra tiv e -sca le  re a ctio n s. W h e n  th e  A ck n ow led g m en t. — W e  w ish  to  th a n k  P ro fe sso r H an s
cle a r solu tion  of l,l-b is -(p -trif iu o ro m e th y lp h e n y l)-2 - H  Ja ffe  for y s helpful su g gestion s co n cern in g  th e

(34) A. A. Frost and R. G. Pearson, J .  Phys. Chem., 64,10 (1960). p re p a ra tio n  of th e  m an u scrip t.
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Hydrogen Atom  Abstraction from Substituted Diphenylmethanes
by Brom ine Atoms
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The relative reactivities of a variety of ortho-, meta-, and para-substituted diphenylmethanes with N-bromo- 
succinimide in refluxing carbon tetrachloride have been determined by competition experiments. The reactivi
ties of diphenylmethanes bearing nucleophilic ortho substituents, e.g., COOCcIis, N 0 2, COSC6H6, OCSCeHs, and 
Cells, are somewhat less than those of their para  isomers, and the rate ratios for reaction of these isomeric pairs 
with bromine atoms are not significantly different from those of pairs in which the substituents are incapable of 
ortho participation. Possible reasons for the failure of the nucleophilic groups to function as intramolecular 
catalysts when located adjacent to the reaction center are discussed. On the basis of a consideration of the mag
nitude of the p value observed for bromine atom abstraction of benzylic hydrogen from meta- and para-substi
tuted diphenylmethanes, it is suggested that the effectiveness of ortho substituents as participants in radical 
processes relates to the degree of polarization at the transition state.

This report is one of a series dealing with the in- million (S) downfield from TM S. Microanalyses were performed
fluence of substrate substituents on the rate of ab- by M*/ Y', ras^ nian and Associates, Berkeley, Calif.

, , .  „ . . . . Materials.— Commercial samples of toluene lEastman Organic
straction of benzylic hydrogen by bromine atoms Chemicals), ethylbenzene, anisole (Matheson Coleman and Bell),
generated from N-bromosuccimmide.1 The current benzyl chloride (Mallinckrodt), diphenylmethane (Aldrich
investigation has been concerned with the influence of Chemical Co., In c.), and N-bromosuccinimide (Arapahoe Chemi-
ring substituents on the rate of conversion of diphenyl- icals- Inc-) were used without further purification. J .  T . Baker
methanes into benzhydryl bromides. The research reaf ent ? rade carbon tetrachloride was used as the reaction

w as s tim u lated  in  p a r t  b y th e  o b serv atio n  th a t  ce r- 0_ an(j p-methoxydiphenylmethane were prepared in 85%  
ta in  n ucleophilic ortho su b stitu en ts  (COOCelK an d  NO2) yield by the reaction of o- and p-benzylphenol (Columbia Organic
fu n ctio n  effectiv ely  as in tra m o le cu la r c a ta ly s ts  in Chemicals), respectively, with a slight excess of dimethyl sulfate
solvolysis rea ctio n s  Of b en zh yd ry l halides. I t  h as in aqueous sodium hydroxide The usual product recovery pro-

J r . ,  x j j j . • 1 x1 x i i  cedures were employed7 to obtain o-methoxydiphenylmethane,
seem ed of in te re st to  d eterm in e w h eth er or n o t th ese  bp 104_ 105o (0 .4 mm) [lit.» b 159-160“ (12 m m )], ***d 1.5800,
an d  o th e r p o te n tia lly  nucleophilic ortho su b stitu en ts  and p-methoxydiphenylmethane, bp 123-123.5° (1 mm) [lit.9
m a y  also p a rtic ip a te  in re a ctio n s  p roceed in g b y  w a y  bp 133-135° ( 4 mm )].
of benzhydryl radical (as contrasted to benzhydryl o-Phenylbenzophenone was prepared from 2-bromobiphenyl
cation) type intermediates.6 Accordingly, a number (K & K  Laboratories) by the procedure of Bradsher.10

. . 2 ,7 , . . . , , 0- and p-benzylbiphenyl11.12 were obtained through the Worn-
of pairs of ortho and 'port a  isomers of appropriately Kishner reduction of o- and p-phenylbenzophenone (para  isomer
substituted diphenylmethanes have been included from Eastman Organic Chemicals), respectively,
among the substrates used in the present study. The The o- and p-benzoyloxydiphenylmethane were synthesized 
relative rates of reaction of the various substrates from the corresponding 0- and p-benzylphenol and benzoyl chlo-

with N-bromosuccinimide in carbon tetrachloride have " ^ “ ^ ^ . S ^ W l o x y d i p h e i v I i n e t h a n e ,  6.3 g of
been determined by means of competition experiments. thiobenzoyl chloride13 was added dropwise to a solution of 7.4 g
In correlating the experimental results the relative of o-tenzylphenol in 30 ml of pyridine as the mixture was stirred,
reactivities of certain meta- and para-substituted di- The reaction mixture was warmed on a steam bath for ca. 2 hr
phenylmethanes have been treated by the Hammett a" d then stlrred at rocJm temperature for an additional 12 hr.

x- j, , . . , . The reaction was earned out under a nitrogen atmosphere, th e
eq u atio n  as a  m eans of assessing th e  e x te n t of p o la n z a - mixture was separated into two layers by the addition of ether
tio n  a t  th e  tra n sitio n  s ta te  of th e  re a ctio n s  in  q u estion . and water. The ether phase was washed successively with dilute

hydrochloric acid and sodium hydroxide solutions and dried over 
. t o -  anhydrous magnesium sulfate. The ether solvent was then

Experimental Section removed, and the residual oil was purified by alumina column
__„„ at n- - x  j u  -i- • x chromatography. A yellow band was removed from the column

Analytical Procedures .-M eltin g  points and boiling points are ■ us3 of*  £  /„-pentane-anhydrous ether mixture. On evapo-
Z Y T  n r !F  x W6re refCOi'ded ° n. a ma" , DB ration of the solvent from the eluent, an orange-yellow oil wasinstrument and infrared spectra were taken with a Perkin-Elmer , , • , u , rA -c  A , ,. . . , „

at a oott) - 4  . xt 1 t obtained which solidified upon standing at room temperature.Model ¿61x6 instrument. Nuclear magnetic resonance spectra r> , ir .. r , Y • 1f . - i , 1 A o____ • \t A • Y tvt j  i a or\ a ' j. Recrystallization of this material from mixed hexanes yielded 4.8
Z Z  % ? J 7 S \  7  v u C Model A-60A instru- (3/ %) of 0-thionbenzoyloxydiphenylmethane as yellow crystals:
ment‘ Nmr pr0t0n cheimcal shlfts are reP°rted m Parts Per mp 86 -8 8 °; visible max (C JL O H ) 435 mM (« 116); ir (Nujol)

m  Two meant +* t 1270 cm“1 (ester C = S ) ; nmr (CC14) 5 3.85 (s, 2, CH2), 7.25(br,(1) Two recent publications are (a) S. S. Friedrich, E. C. Friedrich, L. J. 10 ,.v x 0 , A  a\
Andrews, and R. M. Keefer, J .  Org. Chem., 34, 900 (1969); (b) I. Horman, aroma l̂c)» an(l 8.20 ppm (m, 2, ortho to O o ).
S. S. Friedrich, R. M. Keefer, and L. J. Andrews, ibid., 34, 905 (1969). A.YlQ,l. Calcd for C2OU10OS! C, 78.90j H , 5 .31 , S, 10.53.

(2) A. Singh, L. J. Andrews, and R. M. Keefer, J .  Amer. Chem. Soc., Found: C, 78.64j H, 5.45j S, 10.44.
84,1179 (1962). p-Thionbenzoyloxydiphenylmethane was prepared from 4.9 g

(3) A. D. Mease, M. J. Strauss, I. Horman, L. J. Andrews, and R. M. of p-benzylphenol and 4.3 g of thiobenzoyl chloride by much the
Kê er̂ 6tT"c,90 ,1797' (1968)- same procedure described for the synthesis of the ortho isomer.(4) M. J. Strauss, L. J. Andrews, and R. M. Keefer, ibid., 90, 3473 (1968). -------------------

(5) M. J. Strauss, I. Horman, L. J. Andrews, and R. M. Keefer, J .  Org. (7) A. I. Vogel, “Practical Organic Chemistry,” Longmans, Green and Co.,
Chem., 33, 2194 (1968). London, 1956, p 669.

(6) The influences of neighboring groups on the rates of polar displace- (8) F. Kremers, F. Roth, and E. Tietze, Justus Liebigs Ann. Chem., 442,
ment processes have been subject to extensive investigation, but relatively 239 (1925).
few examples have been reported of homolytic processes which are accelerated (9) R. C. Huston, J . Amer. Chem. Soc., 46, 2775 (1924).
through participation by a group adjacent to the reaction center. Notable (10) C. K. Bradsher, ibid., 66, 45 (1944).
in this connection are the decompositions of certain perbenzoates as in- (11) J. P. Freeman, ibid., £0, 1926 (1958).
vestigated by J. C. Martin and his associates; see T. H. Fisher and J. C. (12) N. G. Rule and W. J. Hickinbottom, J .  Chem. Soc., 2509 (1959).
Martin, J .  Amer. Chem. Soc., 88, 3382 (1966), and preceding papers. (13) H. Staudinger and J. Siegwart, Hdv. Chim. Acta, 3, 824 (1920).
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Purification was accomplished by alumina column chromatog- similar to that employed by Bradsher16 in the synthesis of o- 
raphy. Recrystallization of the crude product from n-hexane bromodiphenylmethane.
yielded 3.0 g (37% ) of p-thionbenzoyloxydiphenylmethane as p-Carbomethoxydiphenylmethane was prepared in 91.5%  yield 
yellow needles: mp 6 7 -6 9 .5 ° ; visible max (C2H 6OH) 435 mju by the sulfuric acid catalyzed reaction of p-benzylbenzoic acid2
(e 118); ir (Nujol) 1270 cm -1 (ester C = S ) ; nmr (CC14) 5 4.00 and methanol: bp 149-150° (1 mm); n23D 1.5746; nmr (CC14)
(s, 2, CH2), 7.25 (br, 12, aromatic), and 8.35 ppm (m, 2, ortho S 3.87 (s, 3, CH3), 4.01 (s, 2, CH2), 7.21 (br, 7, aromatic), and
to C = S ). 7.90 ppm (m, 2, ortho to C = 0 ) .  /

A nal. Calcd for C20H16OS: C, 78.90; H , 5 .31 ; S, 10.53. A n al. Calcd for C15H „ 0 2: C, 79.61; H, 6 .25 . Found: C,
Found: C, 78.74; H , 5 .43 ; S, 10.35. 79.55; H , 6 .39.

o-Bromobenzophenone was obtained from o-bromobenzoyl p-Cyanobenzyl bromide24 was obtained through the light-
chloride by a procedure described previously.14 induced reaction of equimolar quantities of N-bromosuccinimide

o- and p-bromodiphenylmethane15'16 were prepared by reduc- and p-cyanotoluene (Eastman Organic Chemicals) in carbon
tion of o- and p-bromobenzophenone (para  isomer from Aldrich tetrachloride solution. From the product of reaction of p-
Chemical Co., Inc.) in a mixture of 47%  hydriodic acid and red cyanobenzyl bromide and anhydrous aluminum chloride in dry
phosphorus as described elsewhere.16 benzene, p-cyanodiphenylmethane25 was obtained. Alterna-

The preparation of o- and p-benzylbenzoic acid and o- and p- tively, this material was isolated in 76%  yield from the crude
carbophenoxydiphenylmethane has been described previously.2 products obtained by refluxing a mixture of p-benzylbenzamide,25 

To prepare o-thiolcarbophenoxydiphenylmethane, 8 .4  g of thionyl chloride, and dry benzene, 
thionyl chloride was added slowly to a solution of 13.4 g of o- m-Nitrobenzyl bromide18 was prepared through the light-
benzylbenzoic acid2 in 35 ml of dry pyridine. When the reaction induced reaction of equimolar quantities of m-nitrotoluene
mixture had cooled to room temperature, 7.9 g of thiophenol was (Eastman Organic Chemicals) and N-bromosuccinimide. From
added and the mixture was heated on a steam bath for 2.5 hr. products of the Friedel-Crafts reaction of 30 g of m-nitrobenzyl
Approximately 150 ml each of ether and water were added, and bromide and 18.5 g of anhydrous aluminum chloride in 300 ml
the ether layer was washed successively with dilute hydrochloric of benzene, 18.2 g (61.5%  yield) of m-nitrodiphenylmethane was
acid, 3 N  sodium hydroxide, and water. The ether solution was isolated as a yellow liquid: bp 143-144° (0.5 mm); n23n 1.5980;
dried (M gS04) and concentrated. The residual oil crystallized nmr (CC14) S 4.02 (s, 2, CH2), 7.25 (br, 7, aromatic), and 8.95
upon standing at room temperature. Recrystallization of the ppm (br, 2, ortho to N 0 2).
crude product from 110 ml of mixed hexanes provided 13.7 g A n al. Calcd for CiSH nN 02: C , 73.21; H, 5 .21 ; N , 6 .57. 
(71.5% ) of o-thiolcarbophenoxydiphenylmethane as white Found: C, 73.28; H, 5 .18; N, 6.79.
crystals: mp 63 -6 4 °; ir (Nujol) 1680 cm -1 (ester C = 0 ) ;  Competition Experiments.— The particular pair of compounds
nmr (CC14) S 4.19 (s, 2 , CH2), 7.29 (m, 13, aromatic), and 7.84 used in an individual competition reaction were chosen such that
ppm (m, 1, ortho to C = 0 ) .  they were relatively similar in their rates of reaction with N-

A n al. Calcd for C2oH16OS: C, 78.90; H , 5 .31 ; S, 10.53. bromosuccinimide (NBS) and their nmr proton absorption
Found: C, 79.17; H, 5 .24 ; S, 10.56. positions were well separated. For each determination the two

p-Thiolcarbophenoxydiphenylmethane was prepared in 65%  competing compounds were weighed into a 50-ml flask containing
yield from 10.8 g of p-benzylbenzoic acid,2 7.00 g of thionyl a weighed quantity of NBS. This mixture was diluted to ca.
chloride, and 6.5 g of thiophenol in 40 ml of pyridine by much 20-25 ml with carbon tetrachloride, treated with 0.1 g of benzoyl
the same procedure described for the synthesis of the ortho peroxide, stirred vigorously, and heated under reflux (measured
isomer. Recrystallization of the crude product from n-hexane pot temperature 77°) until the brominating agent had disap-
gave 10 g of white crystals: mp 84r-84.5°; ir (Nujol) 1660 cm -1 peared completely from the bottom of the flask (15-30 min), 
(ester C = 0 ) ;  nmr (CC14) 5 3.97 (s, 2 , CH2), 7.24 (br, 12, aro- After the reactions were complete, the cooled mixtures were 
matic), and 7.90 ppm (m, 2, ortho to C = 0 ) .  treated with weighed samples of an appropriate internal stan-

A n al. Calcd for C20H16OS: C, 78.90; H, 5 .31 ; S, 10.53. dard and the amounts of the unreacted starting materials and
Found: C, 78.79; H , 5 .21 ; S, 10.71. their bromides in the liquid portion of the product mixture

o-Nitrodiphenylmethane was prepared from o-nitrobenzyl were determined using a Varian Associates Model A-60A instru-
bromide according to the procedure described previously,3 bp ment as described elsewhere.1» The relative reactivities, kx /kB ,
130-131° (0.4 mm) [lit.3 bp 156-157° (1.3 mm)], w23d 1.5966. of the competing pairs of compounds were calculated using the

p-Nitrodiphenylmethane17 was synthesized by the reaction of usual26 integrated rate equation&a/1cb =  log {A0/At)/\o% (B0/B t) ,
p-nitrobenzyl bromide18 with benzene in the presence of aluminum where A 0 and Bo are the initial and At and B t are the final quanti-
chloride. ties of the compounds competing for the brominating agent.

p-Methyldiphenylmethane was prepared in 91%  yield by the The results of the analyses of the various reaction mixtures are 
Wolff-Kishner reduction of p-methylbenzophenone (Eastman summarized in Table I . The quantities of the substituted di-
Organic Chemicals), bp 96-97° (0.9 mm) [lit.19 bp 144° (16 m m )]. phenylmethane bromination products, ABr and B B r, were

m-Methoxybenzophenone was prepared by the reaction of usually determined directly from the appropriate integrated
m-methoxybenzoyl chloride with benzene in the presence of proton peak areas. In some instances, and always when the
anhydrous aluminum chloride, bp 142-143° (0.2 mm), mp 37-38° bromide products did not have any benzylic or other nonaromatic
[lit.20 bp 342-343° (730 mm), mp 3 7 ° ] . protons, ABr and B B r were calculated as (A0 — At) and (Bo —

m-Methoxydiphenylmethane21 was obtained in low yield B t), respectively. In such cases, and also in those cases in which
(19.5% ) by the Wolff-Kishner reduction of m-methoxybenzo- A t or Bt were calculated as the difference between the amounts
phenone. of starting materials and the products, the numerical values are

p-Fluorodiphenylmethane22 and p-chlorodiphenylmethane23 reported in parentheses,
were prepared in ca . 90%  yield by reduction of p-fluorobenzo- In most of the experiments summarized in Table I , the agree-
phenone (Aldrich Chemical Co., Inc.) and p-ehlorobenzophenone ment between the amounts of bromide products formed, the
(Matheson Coleman and Bell), respectively, in a mixture of amounts of competing substrates consumed, and the quantity of
red phosphorus and 47%  hydriodic acid. The procedure was NBS initially present in the reaction mixture is very good. Nota-
____________  ble among the exceptions are the results of experiments with di-

„ phenylmethanes bearing o-COSC6H 5 and o-OCSC6H 5 substituents.(14, E. Bergmann, J .  Org. Chem., 4, 1 (1939). y
(15) C. K. Bradsher and F. A. Vingiello, ibid., 13, 786 (1948).
(16) J. H. Speer and A. J. Hill, ibid., 2, 139 (1937). R e su lts
(17) A. Baeyer and V. Villiger, Chem. Ber., 37, 605 (1904).
(1 8 ) J. F. Norris, W. Watt, and R. Thomas, J .  Amer. Chem. Soc., 38, J n  T a b le  I I  th e  re la tiv e  re a c tiv itie s  of V arious iS0-

(19) K. V. Auwers and A. Frühling, Justus Liebigs Ann. Chem., 422, 221 m eric  p airs  of OrtllO- a n d  p ara-S U b stitu ted  d ip h en yl-
(1 9 2 1 ). methanes with N-bromosuccinimide are compared. In-

(20) f . triimannand i. Goldberg, Chem. Ber., 3 5 , 2 8 1 3  (1 9 0 2 ). eluded in  th is  ta b u la tio n  a re  kiortho)/k(para) valu es
(21) J. Blackwell and W. Hickinbottom, J .  Chem. Soc., 1405 (1961). , , . , , ,  , ,
(22) G. S. Kolesnikov, V. V. Korshak, and T. V. Smirnova, Izv. AJcad. fo r Several System s 111 WHICH th e  SUDStltuentS a re  

Nauk SSSR, Otd. Khim. Nauk, 1123 (1958); Chem. Abstr., 53, 3136a&
(1959). (24) G. Banse, Chem. Ber., 27, 2169 (1894).

(2S) J. Bernstein, J. S. Roth, and W. T. Miller, Jr., J .  Amer. Chem. Soc., (25) E. Wertheim, J .  Amer. Chem. Soc., 55, 2540 (1933).
70, 2310 (1948). (26) C. Walling, A. L. Rieger, and D. D. Tanner, ibid., 85, 3129 (1963).
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T able I
Competitive B rominations op Some Substituted D iphenylmethanes with N-Bromosuccinimide (CCh, 77°)

CeHeCHaCeHiX Ao, At, Bo, Bt, ABr, BBr, NBS,a Wfctolaene
(A), X  B Registry no. mmol mmol mmol mmol mmol mmol mmol &A/&B (per H)

o-COOCoHs (A), X = o-OCOC.Hi A, 23450-10-4 8.02 4.46 8.02 4.08 (3.56) (3.94) 7.78 0.865 5.54*
B, 23450-11-5

o-COOCeHe A, X  = Br 6.11 2.02 5.89 2.28 (4.09) 3.56 7.64 1.17 5.406
o-COOCeHe A, X = p-COOC.Hs B, 23450-12-6 5.01 2.37 4.49 1.56 (2.64) 2.85 5.65 0.710 5 .56&
P-COOCbHb CsHsCHb B, 108-88-3 7.74 3.78 25.18 (21.96) (3.96) 3.22 7.41 5.18 7.77'
p-COOCeHe CeHsCHe 8.20 4.78 32.59 (29.32) (3.42) 3.27 6.87 5.09 7.64°
p-COOCoHt CeHeCHeCHe«* B, 100-41-4 6.05 3.71 4.25 0.926 2.32 3.31 5.90 0.320 8.06'
o-NOe' CeHsCHe A, 5840-40-4 6.00 2.53 6.28 2.73 (3.47) (3.53) 7.20 1.04 1.56/
o-NOe' CeHeCHe 4.94 2.34 5.77 2.82 (2.60) (2.95) 5.70 1.04 1.56'
p-NOi CeHsCHe A, 1817-77-2 7.25 2.38 6.48 4.34 4.53 (2.14) 7.36 2.78 4.17'
P-NO2 CeHsCHe 7.11 2.46 5.70 3.79 4.55 1.82 6.70 2.61 3.92'
o-OCOCeHs CeHsCHe 7.08 4.46 25.19 (22.68) (2.62) 2.51 5.10 4.35 6 .53c
o-OCOCeHs CeHeCHe 7.89 5.16 33.79 (30.51) (2.73) 3.28 6.08 4.18 6.27“
p-OCOCeHs CeHeCHe A, 23450-15-9 7.02 3.65 24.41 (22.89) (3.37) 1.52 5.00 10.1 15.2'
p-OCOCells CeHsCHe 7.35 3.60 31.59 (29.43) (3.75) 2.16 6.12 10.3 15.5'
p-OCOCeHs CeHsCHe 8.89 5.00 28.43 (26.89) (3.89) 1.54 5.57 10.4 15.6°
p-OCOCeHs CeHsCHeCHe«* 5.97 2.91 6.21 2.05 3.03 (4.16) 7.24 0.646 16.3°
o-OCHa CeHsCHeCHe«* A, 883-90-9 4.80 2.13 4.41 1.91 (2.67) (2.50) 5.80 0.970 24.4«
0-OCH3 CeHsCHeCHe«* 4.44 2.07 5.19 2.21 (2.37) 3.02 6.02 0.897 22.6'
o-OCHa CeHsCHeCHe«* 3.84 1.77 4.71 1.93 (2.07) 2.70 5.40 0.866 21.8'
p-OCHa CeHsCHeCHe«* A, 834-14-0 8.19 4.03 6.79 4.23 4.14 (2.56) 7.55 1.50 37.8°
p-OCHa CeHsCHeCHe«* 7.95 2.92 6.10 3.34 4.84 (2.76) 8.22 1.66 41.9'
p-OCHa CeHsCHeCHe«* 7.26 2.90 5.21 3.04 4.34 2.18 6.79 1.70 42.9'
o-Br CeHaCHa A, 23450-18-2 8.04 5.11 22.39 (19.37) (2.93) 3.02 5.74 3.13 4.70'
o-Br CaHsCHa 15.72 8.31 30.05 (24.39) (7.41) 5.66 13.10 3.01 4.52'
p-Br CeHaCHa A, 2116-36-1 9.03 4.68 33.18 (30.51) (4.33) 2.67 7.05 7.92 11.9'
p-Br CeHaCHa 9.06 4.93 42.90 (39.96) (4.13). 2.94 7.22 8.28 12.4'
p-Br CeHsCHeCHe«* 6.85 3.97 5.53 1.91 2.84 3.65 6.56 0.512 12.9'
0-COSCaHa CeHaCHa A, 23450-20-6 5.29 3.56 5.14 (3.93) (1.73) 1.21 7.69 1.48 2.22»
o-COSCeHs CeHaCHa 4.45 2.46 5.70 (4.23) (1.99) 1.47 7.74 1.98 2.97»
o-COSC.Ha CeHaCHs 6.11 4.09 5.85 4.43 (2.02) (1.42) 7.67 1.45 2.18»
o-COSCeHa CeHsCHeCHe«* 7.92 7.45 5.76 3.38 (0.47) (2.38) 4.72 0.116 2.04'
p-COSCeHa CeHaCHa A, 23450-21-7 7.30 4.32 34.41 (30.76) (2.98) 3.65 6.60 4.60 6.90'
p-COSCeHa CeHaCHa 6.95 3.51 21.68 (18.81) (3.44) 2.87 6.40 4.79 7.19'
p-COSCeHe CeHsCHeCHe«* 6.35 4.60 5.16 1.74 1.82 3.44 5.36 0.296 7.45'
o-OCSCeHs CeHsCHeCHe«* A, 23450-22-8 3.42 2.43 3.56 1.48 (0.99) 2.02 4.84 0.388 9.78'
o-OCSCeHa CeHsCHeCHe«* 4.04 2.90 4.35 1.74 (1.14) 2.26 5.18 0.362 9.11'
p-OCSCeHe CeHaCHa A, 23450-23-9 4.56 2.20 20,10 (18.50) (2.36) 1.60 4.16 8.80 13.2'
p-OCSCeHs CeHsCHeCHe«* 4.65 3.03 3.34 1.53 1.64 1.79 3.93 0.546 13.8'
o-CeHs CeHaCHs A, 606-97-3 6.90 2.75 29.60 (26.86) (4.15) 2.74 6.90 9.40 14.1'
0-CeHs CeHaCHa 6.54 2.74 21.50 (19.55) (3.80) 1.95 5.81 9.21 13.8'
O-CeHa CeHeCHeCHe«* 5.12 2.20 3.92 (0.97) 2.93 2.92 5.95 0.605 15.2'
p-CeHa CeHaCHa A, 613-42-3 7.31 2.70 28.20 (26.71) (4.61) 1.49 6.32 18.0 27.0'
p-CeHa CeHaCHa 7.24 2.72 32.65 (30.76) (4.52) 1.89 6.63 16.3 24.5'
P-CeHa CeHsCHeCHe«* 7.31 3.04 6.34 2.65 4.24 3.78 8.16 1.01 25.4'
p-CHa CeHsCHeCHe«* A, 620-83-7 8.14 4.42 7.16 4.15 3.59* (3.01) 7.44 1.11 28.0'
p-CHa CeHsCHeCHe«* 6.86 3.11 5.82 2.88 3.70* 2.99 7.39 1.12 28.2'
m-OCHa CeHaCHaCHa«* A, 23450-27-3 5.74 2.40 5.76 1.60 3.36 4.13 7.91 0.679 17.1'
m-OCHa CeHaCHaCHa1* 5.80 3.41 6.30 2.94 2.44 3.32 5.95 0.699 17.6'
p-F CeHaCHaCHa«* A, 587-79-1 6.06 2.63 5.95 1.62 3.40 4.38 8.04 0.642 16.2'
P-F CaHaCHaCHa«* 7.32 4.90 6.60 3.46 2.45 3.19 5.79 0.621 15.7'
p-Cl CeHaCHaCHa«* A, 831-81-2 9.26 5.36 7.21 2,48 3.81 (4.73) 8.96 0.514 12.9'
p-Cl CeHaCHaCHa«* 8.00 4.61 7.40 2.63 3.33 4.74 8.25 0.532 13.4'
p-COOCHa CeHaCHaCHa«* A, 23450-30-8 6.89 4.50 4.85 1.31 2.29 3.43 5.97 0.324 8.17'
p-COOCHs CeHaCHaCHa«* 7.04 5.03 4.31 1.54 2.10 (2.77) 4.99 0.326 8.21'
p-CN CeHaCHa A, 23450-31-9 7.02 2.18 5.35 3.71 4.79 1.60 6.62 3.30 4.95'
p-CN CeHaCHa 7.71 2.24 5.15 3.57 5.49 (1.58) 7.41 3.38 5.07'
m-NOa CeHaCHa A, 5840-41-5 7.30 2.41 6.24 3.94 4.93 (2.30) 7.55 2.41 3.62'
m-NOa CeHaCHa 7.35 2.41 5.66 3.61 4.90 (2.05) 7.30 2.47 3 .7 l'
“ Initial N-bromosuccinimide. * Internal standard is ethylbenzene. ' Internal standard is benzyl chloride. «* fcethyibenzene/fctoiuene 

per hydrogen is 25.2 (see ref la ). '  The competition reaction was conducted under irradiation with a 750-W  projection lamp. '  In
ternal standard is anisole. » Internal standard is diphenylmethane. * ABr is the quantity of p-methylbenzhydryl bromide produced. 
A small amount (0.48 mmol) of CeHaCHaCeHaCHaBr is also formed as a result of some bromin&tion at the p-CII3 substituent.

functionally incapable of serving as internal nucleo- N 0 2, COOC6H6, C6H5, OCSC6H5, and COSC6H6. The
philes when located ortho to the reaction center. In observation that in these cases the ortho isomers are
this category are the diphenylmethanes with substituents not substantially more reactive than the para  is taken
such as Br, OCOC6H5,27 and OCH3, for which k{ortho)/ as evidence that nucleophilic groups located ortho to
k(para ) values vary from 0.37 to 0.56. That is, when the methylene group of a diphenylmethane do not,
participation cannot occur the ortho isomer is somewhat in fact, facilitate hydrogen abstraction,
less reactive than the para. This is presumed to be a A possible explanation for the lack of o-COOC6H5 
reflection of steric hindrance by the ortho substituent involvement in this process is based on a consideration
to the approach of a bromine atom in the abstraction of the capacity of the carbonyl oxygen of that sub-
of a hydrogen atom at the reaction center. Values of stituent to release electrons to the reaction center at
k(ortho)/k(para) somewhat less than unity are also the transition state. For purposes of simplification,
observed in those cases in which the substituents are it is assumed that an organic radical (I) is fully de-

(27) Although this substituent is potentially nucleophilic in character, Vel° P ed tW s P haSe ° f th e  reaC ti° n aIld t h a t  th e  ,tW 0
it does not so function in the solvolysis of o-benzoyloxybenzhydryl bromide.2 rillgS of tillBit TRcliCRl 116 p6rp6ndicil] £ir to  GRCll otllGrj
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T able II
R ates R elative to T oluene fob the R eactions of Substituted Diphenylmethanes with N-Beomosuccinimide

&x/&toluene &x/&toluene
C6H6CH2C6H4X, (per H), C6H5CH2C6H4X, (per H),

X  CCU, 77° k(ortho)/k(para) X  CCU, 77° k(ortho)/k(para)
o-OCHa 2 2 .9  o-Br 4 .6 1  n
p-OCHa 4 0 .9  U,f>b p-Br 1 2 ,4

o-C6H6 1 4 .4  o-COOC6H5 5 .5 0
p-C«H5 2 5 .6  p-COOC6H5 7 .8 2

o-OCOCeHs 6 .4 0  o-COSCeHa 2 .3 5
p-OCOC6H 5 1 5 .7  p-COSC6H6 7 .1 8

o-OCSC„H5 9 .4 5  0-NO2 1 .5 6  „
p-OCSCeHs 1 3 .9  p -N 02 4 .0 5

p-CH3 2 8 .1  p-Cl 13 .2
H 1 7 .6 “ p-COOCH3 8 .1 9
m-OCH3 1 7 .4  p-CN 5 .0 1
p-F 1 6 .0  m -N 02 3 .6 7

0 Reference la .

the reasons for the latter assumption are much the the r  electrons of the carbonyl group (III), the it
same as those presented in the earlier discussion of orbital must be rotated through an angle of ca. 90°
o-carbophenoxy participation in the formation of a (so that it overlaps the partially filled orbital at the
diphenylmethyl cation.2 I t is highly unlikely that reaction center). This also may be energetically un-
the nonbonding electrons of carbonyl oxygen are in- likely, since it is accomplished with the sacrifice of
volved in stabilization of the radical. This would conjugation of the carbonyl group with ring A. Much
lead to an energetically unfavorable electronic ar- the same argument can be advanced in accounting
rangement (II), since oxygen does not have low-en- for the lack of evidence for acceleration by the ring

A substituent in the radical bromination of o-nitrodi-
y --------"x  phenylmethane.

/  .------ . The thionbenzoyloxydiphenylmethanes (C6H6CH2C6-
Xx v------'  ^  HiOCSCeHs) and thiolcarbophenoxydiphenylmethanes

/ /  (C6H5CH2C6H4COSC6H5) have been included in this
7  \v study on the premise that, unlike oxygen, sulfur can

\ H readily expand its valence shell to accomodate more
np / V |  • • than eight electrons and that the reactions of the

5 6 \J 1 ortho isomers might, therefore, be subject to intra-
(JIC ^O *<D  molecular catalysis. Although the outcome is negative

s''xx A in both instances, it should be noted that neighboring-
U  group participation in which the sulfur of the o-phenyl-

' __ thio group is involved has been reported to occur in
( T i l t h e  free-radical decomposition of ¿-butyl o-(phenylthio)- 
V y  perbenzoate.6

k  Application of the Hammett p -a  Correlation.—The
structure at the transition state (IV) for bromine atom 

1 abstraction of benzylic hydrogen is considered to re-
III ceive contribution from a, b, and c .28 In situations
™ in which b makes a significant contribution to structure,

HC- O:
¿ 1 XCeH ^RjC— H B r-X C 6 H 4( R ) C H B r : -  X C 6H5(R)C H— B r

f 000# -  A- A- A-

'l a  b c

^  \  IV

H5Cs\  . H5C6 x  separation of a hydrogen atom at the reaction center
HC O: HC O: must have proceeded to a considerable degree.29 Under

^ik^COCoHi J^.COC„H,5 such circumstances p values obtained in a Hammett
f  | f  { correlation of relative substrate reactivities with sub-

stituent constants (<r or <r+) for groups X  should be
II III substantially negative. The p value of —1.38 re-

r , ,  . .  ported for the reactions of ring-substituted toluenes26ergy d orbitals to provide for accommodation 01 nine 1
electrons in its valence shell. Participation by ether
oxygen of the earbophenoxy group can be ruled out »  S T ' ...........
on the same grounds. For effective involvement of 2357(1964).
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o.to---------------1-------------- 1---------------1------------- 1—  A plot of average values (Table II) of log k c emcmc»H.tx/
fcdiphenyimethane (log fcrel) vs. <t is presented in Figure
l .35 In this case the observed p value is —0.97 (cor-

\  relation coefficient r =  0.990 and standard deviation
s -  0.044). The corresponding plot when <r+ values 
are used has a slope (p) of —0.72 (r =  0.973 and s =

0.054). This p value ( —0.97) for the reaction of di- 
phenylmethanes lies between those for the reactions 
of substituted toluenes and ethylbenzenes with bromine 
atoms. Correspondingly, diphenylmethane lies between 
toluene and ethylbenzene in reactivity (fcc.H5CH2C.Hs/ 
fcc«HsCH> — 17.6).la

For benzhydryl chloride alcoholysis, in which the 
degree of polarization at the transition state is un
questionably high, p is of the order of —4 (as based 
on correlation with <r+) .36 Compared with benzhy
dryl halide solvolysis, the reaction of substituted di- 
phenylmethanes toward bromine atoms is accom- 

' panied by a relatively low degree of polarization during
activation. Conceivably extensive polarization is an 
essential ‘feature of processes in which nucleophilic

-0’3?! o---------- ^ ^  ortho substituents have a noticeably favorable effect
on reactivity. In this connection it should be recalled 

° that, there is strong evidence that at the transition
Figure 1.—Logarithms of rates, relative to that for diphenyl- state for the o-phenylthio-assisted thermal decom-

methane, for the reactions of C6H6CH2C6H4X  with N-bromosuc- position of ¿-butyl (o-phenylthio)perbenzoate sigmfi-
cinimide (CC14, 77 °)vs. a values for the substituents X. cantly polar structural character has developed.37

with bromine atoms has been explained in these terms.29 . „  w n  • -„-.i 10q no c
Presumably there is relatively little C -H  rupture at *• *“■•■* No.-N-Bromosuccuunude, 128-08-5.
the transition state for benzylic bromination of the
more reactive cumenes30 (fcceH5CH(CH«)i/fcciH(CH> = Acknowledgment.—The authors are indebted to the
57.5)la and the highly reactive benzyl methyl ethers31 National Science Foundation for a grant in support of
(fcceHECHtOCHs/fcciHsCHs = 159).la For these processes tlvis research,
the p values are small ( — 0.38 and —0.35, respectively).
Ethylbenzenes (kaHecmcm/kceHeCih =  25.2)la and .
allylbenzenes ( W h,c» , ch, ! W h. -  26 .2)»  which
are of intermeidate reactivity exhibit p values ol in- the degree of bond breaking at the transition state in processes involving
termediate magnitude ( —0.6933 a n d —0.76,32 respec- bromine atoms, see ref 3 0  and 3 3 .
, .  i \ 3 4  (35) All values of »except that for p-COOCHs are taken from H. C. Brown
tlV6iy) . • an() y . Okamoto, J . A m er. Chem . S ac., 80, 4979 (1958). The a  value for

p-CCOCHi is from J. Hine, “Physical Organic Chemistry,” 2nd ed, McGraw-
(30) G. J. Gleicher, J .  Org. Chem ., 33, 332 (1968). Hill Book Co., Inc., New York, N. Y„ 1962, p 87.
(31) R. L. Huang and K. H. Lee, J .  Chem . S oc., 5963 (1964). (36) S. Nishida, J . Org. Chem ., 32, 2692 (1967).
(32) M. M. Martin and G. J. Gleicher, J .  Org. Chem ., 28, 3266 (1963). (37) D. L. Tuleen, W. G. Bentrude, and J. C. Martin, J .  A m er. Chem.
(33) R. L. Huang and K. H. Lee, J .  Chem . S oc., C , 935 (1966). S oc., 85, 1938 (1963).
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Charge-Transfer Interaction between Tetracyanoethylene and Pyridines1

H. J . S h in e  and R. D. G oodin2

Department o f  Chemistry, Texas Technological College, Lubbock, Texas 79409 

Received August 14, 1969

The absorption peak at 400 nm sometimes attributed to charge-transfer complexes between tetracyanoethylene 
(TONE) and pyridines is in fact caused by the pentacyanopropenide ion. Broad bands which are formed in the 
region of 340-350 nm when TONE reacts with pyridine, 4-picoline, 3,4-lutidine, and 3,5-lutidine are now attri
buted to charge transfer. The bands become distorted and overshadowed in time by absorption owing to for
mation of the pentacyanopropenide ion and also of the TONE anion radical. Charge transfer between TONE  
and 2-picoline and TONE and 2,6-lutidine could not be detected. The indications are that charge transfer is of 
the n-ir type.

Tetracyanoethylene (TONE) forms charge-transfer The tricyanoethenolate ion exhibited a single band 
complexes with aromatic ir donors, and this type of at 297 nm.10
interaction has been extensively studied.3"~5 Com- Nepras and Zahradnik11 studied the reaction of 
paratively little work, however, has been reported on TONE with pyridine and a series of nitrogen hetero-
TCNE complexes with n-electron donors. In many aromatic donors. These authors stated that the
of the systems using n-electron donors that have been TCNE-pyridine systems yielded a yellow color, erro-
studied, the presence of the TONE anion radical has neously attributed by Merrifield and Phillips to the
been detected by electron spin resonance and optical charge-transfer complex, but Nepras and Zahradnik
spectroscopy. In most of these instances, radical did not identify the species responsible for the color,
formation was attributed to dissociation of the charge- The reaction with pyridine was so rapid that no complex
transfer complex with complete one-electron transfer.6'7 could be detected.
Very few workers, however, have shown conclusive In an esr investigation, Pen’kovskii12 detected the 
evidence for the presence of the corresponding cation presence of the TONE anion radical when TONE
radi' al, necessarily formed by this dissociation. In was dissolved in pyridine. Pen’kovskii attributed this
studies of complexes between TONE and heteroatomic radical-anion formation to one-electron transfer from
donors by spectrophotometric methods, most workers pyridine to TONE.
report reactions which make complex detection difficult. Farcasiu and Nicolau13 have carried out a spectro- 

Pyridine, which may conceivably act either as an photometric study of the molecular complexes formed
n- or Tr-electron donor, was first treated with TONE from TCN E and substituted pyridines in chloroform,
by Merrifield and Phillips8 in 1958. The optical spec- Their donor series included pyridine, 2-picoline, 3-
trum obtained by these workers showed a doublet picoline, 4-picoline, 2,6-lutidine, and 2,4,6-collidine,
at 400 and 421.5 nm which was attributed to the The Xmax for each complex was chosen as the 400-nm
formation of a complex. A Benesi-Hildebrand-type peak of a doublet, and equilibrium constants were
plot cf absorbance data for these maxima gave an calculated from absorbances at this wavelength.
eqi’;’ b ium constant of 12.0 for the complex. Middleton observed that the pentacyanopropenide

Also in 1958, Middleton and coworkers9 published ion is formed in the reaction of TONE with aqueous
their results on the reaction of TCN E with aqueous pyridine, and that this ion absorbs at 393 and 412
pyridin \ They observed the formation of pyridinium nm.9 Therefore, it is probable that the reported com-
1,1,2,8,3-pentacyanopropenide in 81%  yield. The re- plexes of TCN E with pyridine and its derivatives8'13
action was not unique to pyridine, and basic hydrolysis were only observations of the formation of the penta-
of TCN E produced similar salts with several bases cyanopropenide ion.
studied. Hydrolysis in neutral or acidic solution, how- The present paper describes what we consider to 
ever, produced only trieyanoethenol, which was isolated be charge-transfer bands between TCN E and pyridine 
as the tetramethylammonium salt. and TCN E and some methylpyridines.

The optical spectrum of the pentacyanopropenide In an attempt to determine the scource of the TCNE  
ion in water showed a doublet at 393 and 412 nm.9 anion radical which is present in these systems, the

reduction of TCN E was also investigated.
W ater reacts with the TCN E anion radical to form 

CD (a) Taken from the m .s . Thesis of r  d . Goodin, Texas Technoiogi- the tricyanoethenolate ion14 and with TCN E, in the
cal CollegetJune 1969; (b) presented at the 158th National Meeting of the p resen ce  0 f a  b ase , to  fo rm  th e  p en tacy an o p ro p en id e
American Chemical Society, New York, N. Y., Sept 1969; (c) we thank the i . • t  i i ± *4.1 , ~
Directorate of Chemical Sciences, AFOSR, for partial support under Grant 1011. T h e  T C N E  aillOIl ra d ica l also re a c ts  W ith OXygeil
a f -a fo sr -69-1635. to produce both pentacyanopropenide and tricyano-

®  ? AŜ TTuee’..CT6w1969' r, * 4 . v  , m o - ethenolate ions.14 To minimize the interference of
Verlag, Berlin, 1961. these reaction products with complex formation, the

(4) L. J. Andrews and R. M. Keefer, “Molecular Complexes in Organic 
Chemistry,” Holden-Day, Inc., San Francisco, Calif., 1964.

(5) K. Vaiaudevan and V. Ramakrishnan, Rev. Pure Appl. Chem., 17, (10) C. L. Dickinson, D. W. Wiley, and B. C. McKusick, 1  bid., 82, 6932
95 (1967). (1960).

(6) F. E. Stewart, M. Eisner, and W. R. Carper, J .  Chem.. Phys., 44, 2866 (11) M. Nepras and R. Zahradnik, Collect. Czech. Chem. Commun., 29,
(1966). 1555 (1964).

(7) N. S. Isaacs, J .  Chem. Soc., B, 1053 (1966). (12) V. V. Pen’kovskii, Teor. Eksp. Khim., Akad. Nauk Ukr. SSR, 2,
(8) R. E. Merrifield and W. D. Phillips, J .  Amer. Chem. Soc., 80, 2778 282 (1966).

(1958). (13) M. Farcasiu and C. Nicolau, Rev. Roum. Chim., 12, 1209 (1967).
(9) W. J. Middleton, E. L. Little, D. D. Coffmand, and V. A. Engelhardt, (14) O. W. Webster, W. Mahler, and R. E. Benson, J .  Amer. Chem. Soc.,

ibid., 80, 2795 (1958). 84, 3678 (1962).
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. A poured back into A and frozen. Pyridine was distilled into A
f U- 1 ------------------ ) 1-----------------  from one of the reservoirs D . The spectrum was recorded as

TCNE U j '—^  g  s soon as the mixture thawed and came to room temperature.
__J ____  ___  ___  r / ~ \  The solution was immediately poured back into A and refrozen,

and the second stored increment of pyridine was distilled into 
/ /  ^ \ A. This procedure was repeated several times. The same

(p & J technique was used for the picolines and lutidines.
( ( / )  <—i ^ w  A Benesi-Hildebrand plot was made when a well-defined

W  w  W  charge-transfer band was observed and when there was little
-I - distortion of the early spectrum by reaction-product formation.

CH c| J In two cases (2-picoline and 2,6-lutidine) a well-defined band was
2 2  'o not observed. In three cases (4-picoline, 3,4-lutidine, and 3,5-

2 5 pyridine lutidine) only two spectroscopic points could be used because of
Figure 1.— Apparatus for the detection of charge transfer between the accumulation of reaction products by the time of the addition

TONE and pyridine donors. of a third increment of the donor. For this reason the equilibrium
constants calculated remain questionable (Table I) .

re actio n s w ere carried  o u t in  a  sealed  v a cu u m  sy stem  T able I
u n d er an h y d rou s con ditions. Summary of Data for Complexes with TO N E

Equilibrium Extinction
i constant, coefficient,

Experimental bection Donor >—  nm i./moi i./moi cm

Materials.—TONE (Aldrich Chemical Co.) was crystallized Pyridine 342 1 .3  2680
from 1,2-dichloroethane15 and sublimed under vacuum at 90°. 4-Picoline 347 1 .8  2860
The product was stable for months in a stoppered vial. Pyridine 2-Picoline ^>340° 6 6
(Matheson, analyzed reagent grade) and the methylpyridines 3,5-Lutidine 355 1 .8  3120
(Aldrich) were refluxed over calcium hydride for several hours, 3,4-Lutidine 353 1 .6  3250
fractionally distilled from the hydride, and stored over fresh 2 6-Lutidine c
calcium hydride until used. Methylene chloride was refluxed „-o ’ j  i j  n j  i, at j. . ., , , . ,  , . ,  . “ Band was very poorly defined. 6 No attempt was made toover phosphorus pentoxide, distilled from the pentoxide, and , ,  - ,, , „ at u j. r u n  , ,  ■,__ . A , . __ _____ , „ , „ , .. 1 ... , ’ , determine these values. c No charge-transfer band could bestored m a septum-capped flask, from which it was withdrawn by , ,
syringe as needed. detected.

Pyridinium 1,1,2,3,3-pentacyanopropenide and tetramethyl- Results and Discussion
ammonium tricyanoethenolate were prepared by Middleton’s
procedures.® These salts were used for characterizing the anions In itia lly , re actio n s W ere ca rried  o u t w ith  a  10 -m m
spectroscopically. . p a th -le n g th  cell req u irin g sm all co n ce n tra tio n s  of p y r-Potassium Tetracyanoethylemde.16—Potassium cyanide was °  m n , TT, 1 . , “  , ,,
crystallized from water-ethanol to remove carbonate and dried id m e a n d  T O N E . A t  th e se  co n ce n tra tio n s , th e  op -
in a pistol at 95° for 2 hr before use. Acetonitrile was Distilla- t ic a l  s p e c tra  show ed on ly  th e  d ou blet a t  3 9 9  a n d  4 1 8
tion Products anhydrous, septum-capped grade. A vacuum-line n m  c h a ra c te ris tic  of th e  p en tacyan op ro p en id e ion  an d  a  
apparatus was constructed consisting of three chambers, one of b an d  a t  3 0 0  n m  a ttrib u ta b le  to  th e  tricy a n o e th e n o la te  
wnicn was separated from the other two by a smtered-glass Txr , i , v , , -i
disk. Potassium cyanide (2.65 g), some Linde 3A Molecular 10n- , W e  aSSUme th a t  w e w ere Urrlabl(; to  rem o v e  th e
Sieve, and 50 ml of acetonitrile were placed in the first chamber. sm all a m o u n t of w a te r  n ecessary  fo r th e  fo rm a tio n  of
TONE (5.1 g) was placed in the second chamber. The apparatus th ese  ions a t  th e  co n ce n tra tio n s  in  q uestion , 
was connected to the high vacuum line and the acetonitrile was A  cell w ith  a  p a th  len gth  of 0 .1  m m  p e rm itte d  th e
degased by freeze-thaw cycles. The apparatus was sealed uge of con cen tra tio n s  of re a c ta n ts  fa r  h igh er th a n  th a t  
under vacuum with a torch. The suspension of potassium cyanide , , „ , , , ,,
in acetonitrile was cooled to - 5 °  and poured onto the TO N E. ex p e cte d  of u n rem ov ed  w ater, an d  th is  en abled  th e  
The solution bubbled violently and became very dark. After it o b serv atio n  of w h a t w e con sid er to  b e  th e  ch arg e-
had been stirred magnetically for 2 hr the solution was filtered tra n sfe r  b an d s w ith o u t in terferen ce  b y  re a c tio n  p rod -
through the sinter into the third chamber. A bronze solid pre- u cf,s. In cre m e n ts  of d on or did h a v e  to  b e  ad ded

through the Sinter into 5he ^ n f c h i T b ^  V '  solid in the h ow ever, since ab so rb an ces ow ing to  re a ctio n
third chamber was washed several times by distilling fresh solvent p ro d u cts  b egan  to  d is to rt th e  ch a rg e -tra n sfe r b an d s
from, and pouring it back into, the second chamber. Finally, a f te r  c a .  3 0  m in . In  m o st cases, th e  sp e ctru m  ta k e n
the second chamber was frozen in liquid nitrogen, thus drying a fte r  th e  th ird  ad d itio n  of d on or show ed sign ifican t
anH ir + chaif ? n  ^  c,hilmber 0Pen®d ab so rb an ce  ow ing to  re a c tio n -p ro d u ct fo rm a tio n  an d  aand the solid product was bottled under dry helium. The visible , . ,, . °  .. . . . .
and infrared spectra agreed well with those in the literature.1® d ecrease  m  th e  in te n sity  of th e  ch a rg e -tra n sfe r b an d .

Charge-Transfer Spectroscopy.—The reactants were manipu- N o  ch a rg e -tra n sfe r b an d  w as d e te cte d  w ith  2 ,6 -  
lated under vacuum in the apparatus shown in Figure 1. The lu tid in e as d on or, a n d  on ly  w eak  ab so rb a n ce  w ith
solvent reservoir (C), containing a known amount of solvent, was no w ell-defined m axim u m  cou ld  b e  o b served  in  th e
degassed on the vacuum line and attached to the cell chamber o • r  rp r̂-M-n' i  m. ,, c j
(A) above the break seal. The assembly of calibrated pyridine 2 -p ic o lin e -T C N E  sy ste m . T h e  o th e r fo u r d on ors, p y r-
reservoirs (D ) were filled by vacuum distillation from a supply ld m e> 4-p icolin e, 3 ,4 -lu tid in e , an d  3 ,5 -lu tid in e , g av e
of pyridine kept on the vacuum line over calcium hydride. b ro a d  b an d s a t  3 4 0 - 3 5 5  n m . T h e se  b an d s in creased
n’r>ATTrde Atl/ be attached to A contained a known amount of in  in te n sity  as  th e  d on or c o n ce n tra tio n  w as in creased .
numned rW n ’ f  \atUcheA  ̂ f 13 aPParatus was T h e  in te n sity  of th e  b an d s d ecreased  w ith  tim e  an d
pumped down, sealed by torch, and removed from the vacuum • . ,. i . j -  , • T.
line. The system was manipulated so as to empty the TO N E in creasin g re a c tio n -p ro d u ct fo rm atio n . F o r  th is  re a -
into A. Solvent was distilled from C into A via  the break seal. son , s p e c tra  ta k e n  a f te r  ad d itio n  of th e  th ird  in crem en t
The absorption spectrum of the TONE solution was recorded, of d on or show ed low er in tensities fo r th e  ch a rg e -tra n s-
showing no absorbance above 305 nm. The solution was fe r b an d  th a n  w ere exp ected . I n  som e cases  th e  in-

(15) We thank Dr. o. w. Webster for advising the use of this solvent in te n sity  of th e  b an d  a fte r  th e  th ird  in cre m e n t w as
plaiiKi°fw lorobenJzeu !'J , v, low er th a n  th a t  a f te r  th e  second  in crem en t.(16) We are indebted to Dr. O. W. Webster for helpful and generous dis- t> • tt’u  u j  i x. j  u u
cussions on the preparation of this salt. Attempts to prepare the salt by the B e n e si-H ild e b ra n d  p lots  w ere m ad e  on ab so rb an ce  
literature methodu failed. d a ta  ob ta in ed  fro m  th e se  com p lexes w h en ev er a  w ell-
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defined charge-transfer band was observed and when- of the complex bands of the donors which are not
ever there was little distortion of the spectrum owing sterically hindered parallel closely their basicities. Al
to reaction-product formation. Only absorbance data though comparisons of the steric effect and order of
from the first two increments of donor could be used donor strength are not conclusive, these data indicate
because significant amounts of reaction product had that the donors act as n-electron donors toward TONE, 
accumulated by the time the third addition of donor Esr investigations of the TCNE-pyridine systems 
was made. Considering these limitations, the equilib- showed the nine-fine spectrum of the TONE anion
rium constants obtained are questionable. Results for radical, but no evidence was found for any other
the complexes are given in Table I. paramagnetic species. The lack of evidence for the

Although valid comparisons cannot be made from presence of the pyridine cation radical implies that
the equilibrium constants, some qualitative differences the formation of the TCN E anion radical may not 
are evident from the optical spectra. There certainly be due to the dissociation of the charge-transfer com-
appears to be some hindrance to complex formation plex.
by methyl substitution in the positions adjacent to The radical anion is formed in good yields by the
the nitrogen atom, and the effect is more pronounced reaction of TCN E with cyanide ion,14 and this method
with disubstitution than with monosubstitution. Also, was used to synthesize the potassium salt of the anion
if the assumption is made that all of the complexes radical in this laboratory. Since the formation of
have approximately equal extinction coefficients, the both pentacyanopropenide and tricyanoethenolate ions
amount of complexation may be estimated from the in the donor-TCNE systems liberates cyanide ion,
intensity of the charge-transfer band after the initial this ion is very likely responsible for the reduction
addition of donor, since the concentrations of reactants of TCN E to the anion radical. This possibility is
were the same for each system. The initial spectrum supported by our finding that the concentration of
was used, since only small amounts of reaction products radical increased slowly over a period of hours,
had distorted the spectrum and consumed TCN E at
this point. The peaks decreased in intensity in the Registry No.-—TCN E, 670-54-2; pyridine, 110-86-1; 
order 3,4-lutidine >  3,5-lutidine >  4-picoline >  pyr- 4-picofine, 108-89-4; 3,4-lutidine, 583-58-4; 3.5-
idine. Using this method of analysis, the intensities lutidine, 591-22-0.

D euterium  Isotope Effects in th e Principal Electronic Transition  
of Nitrobenzene and Aniline and Their p-Alkyl Derivatives

W. M. Schubert, R ichard B. Murphy, and J anis R obins 

Department o f  Chemistry, University o f  W ashington, Seattle, Washington 98105 

Received September 22, 1969

A study has been made of the effect of p -D vs. p -H, p-CD3 vs. p-C H 3, and p-CH2C(CD3)3 and p-CD2C(CH3)3 
vs. p-CH2C(CH3)3 on the principal electronic transition of nitrobenzene and aniline in the gas phase and in heptane 
solvent. In all but one instance, that of p-neopentylnitrobenzene vs. p-neopentylnitrobenzene—y-d9, deuterium 
substitution shifted the principal band to slightly higher energies. These results are consistent with the polariza
bility-electronegativity treatment of substituent effects.

It has been reported that p-alkyl substituents sub- ;NH2 NH2
stantially lower the energy of the “principal” electronic JL JL
transition of compounds of the type aniline, phenol, || ] -----\ y (B
and anisole, the excitation energy order in the gas l"
phase and in heptane being neopentyl (neop) <  i-Bu, I I
Me <  H .1 It is known that in the principal electronic ^
transition of p-disubstituted benzenes (also known as
the E  band or K  band), there is a migration of elec- “0 ^ +
tronic charge in the long axis of the molecule.2 For i)
p a ra -su b stitu te d  anilines, phenols, an d  anisoles i t  h as .A .  ^  J L
been a m p ly  d e m o n stra te d  b y  so lven t stu d ies th a t  th e  1  J “  | j  (2)
electron migration takes the expected direction, i.e., ' y
away from the heteroatom substituent, toward the ^ ^
para  substituent.3-6 Thus it may be symbolized by IV
eq 1, in which the formulas I and II are understood
to be only approximately representative of ground and excited states.6■' To anyone holding the static view

point that alkyl substituents invariably should act as if
(1) w. m. Schubert, r . b. Murphy, and j . Robins, Tetrahedron, 17,199 electron releasing relative to hydrogen, these results are

(1962).
(2) W. T. Simpson and C. W. Looney, J .  A m er. Chem . Soc., 76, 6293

(1954), and references cited therein. (6) More accurately, dipolar structures of type II are said to contribute
(3) W. M. Schubert and J. M. Craven, ibid., 82, 1357 (1960). to a much greater extent to the excited state than to the ground state.
(4) N. S. Bayliss and L. Hulme, A ust. J .  Chem ., 6, 257 (1953); N. S. (7) For a justification, in quantum mechanical terms, of such a structural

Bayliss and E. G. McRae, J .  P h y s. Chem ., 68, 1002 (1954). depiction of the excitation process see ref 2 and 8.
(5) K. Bowden and E. A. Braude, J .  C hem . Soc., 1068 (1952). (8) W. T. Simpson, J .  A m er. Chem . Soc., 75 , 597 (1953).
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somewhat of a surprise. However, the conclusion that p-Nitrotoluene-a-*.— Nitration of toluene-«-* ( * ,  0 % ; du
under a sufficiently high influx of negativity alkyl «;7%; .* j  ^  fur?ished by Pro^ °„ r
substituents exert a stabilizing effect in the polarizabil- kp ^46° (76 mm); n25-5D 1.5462. The isotopic composition by
ity order has been recently verified by the finding of mass spectral analysis was d0, 0 % ; du  0 .7 % ; * ,  13 .9% ; * ,
Brauman and Blair that the relative gas-phase stabili- 85.4% .
ties of alkoxide ions are neopo" (most stable) >  ¿-BuO-  p-Toluidine-«-*.— The method of Smith,1“ applied to the
^  . ry r\ -  \  ___  ̂ iv/r n -  \  TTH- 9 reduction of 1.1 g of p-nitro toluene-«-^, yielded 0.d7 g of punned
^  t - l  r u  >  A lU  ̂  l  l e u   ̂ >  U p-toluidine-a-*. Mass spectral analysis follows: do, 0 % ; di,

In  th e  p rin cip al e lectron ic tra n sitio n  of m trob en zen e, o .9% ; * ,  15.5% ; d3, 83.6% . 
acetop h en on e, an d  sim ilar com p ou n ds, in w hich th e  Reduction of p-nitrotoluene-«-* by the method of Pietra13 
ele ctro n  m ig ratio n  is in  th e  op p osite  d irectio n , i .e . ,  yielded p-toluidine containing very little deuterium. Mass
a w ay  from  th e  su b stitu e n t (eq  2 ) , a lk yl su b stitu en ts  spectral analysis follows: d„, 93% , * ,  6 % ; *  1 % ; d3, 0%

have the expected effect of lowering the excitation 0f p-methylanisole-a-dg, kindly furnished by Professor K . B .
energy. However, the excitation-energy order in the Wiberg, by mass spectral analysis follows: do, 4 .5 % ; di, 0 .7 % ;
gas phase and in nonpolar solvents is also in the polariz- * ,9 . 8 % ;  d3, 85 .0% .
abihty order, not in the hyperconjugative order: p-Neopentylmtrobenzene-a-d2.— Rrfuction of ethyl benzoate

.  ,-T, % • -c, ^  T?i. ^  ^  U  io -t, (17.3 g) with LiAlD, (3 g) m purified tetrahydrofuran (200 ml)neop <  f-Bu <  t-Pr <  E t <  Me <  H . To account yieldJ  benzyl alcohol a_(h (11.7 g)> bp 100° (13 m m ). The
for the alkyl substituent effect, which IS to lower the benzyl chloride was prepared by refluxing with thionyl chloride,
energy of transitions in which the electron migration is The Grignard reagent was treated with ¿-butyl chloride according
toward the substituent as well as those of the opposite to the method of Berliner16 to yield p-neopentylbenzene-«-*,

T ¡ ‘ ^  Proposed that the substituent respon» was
a  fu n ctio n  of its  p olarizab ility  an d  its  e le c tro n e g a tiv ity  composition by mass spectral analysis follows: do, 1 .9% ;
(re la tiv e  to  th e  m oieties to  w hich i t  is b on d ed  in  ground 24 .7% ; d2, 73 .4% .
and excited states).1 The postulate had earlier been Isobutylene-d8 and ¿-Butyl Chloride-d9.— A mixture of iso-
introduced to account for the effect of p a r a  halogen buty!®n® ^°'23 mo1  ̂ and 30 %  D2S °i-D 20  ^ 8;5!f0 ^

. . . .  , . . . .  ,, , . A .,., , o for 72 hr at room temperature in a sealed tube. After 12 hr
su b stitu en ts , w hich also g a v e  th e  p olarizab ility  o rd er of the mixture was homogeneou8. The solution was cooled to - 8 0 °
excitation energies for both compounds of type I and an(j transferred to a 200-ml, round-bottom flask which was at-
type III .3’11 The failure generally of alkyl substit- tached in series to an efficient water-cooled condenser, a Drierite
uents to respond as apparent electron acceptors rela- tube, a trap cooled in ice, a Dry Ice-acetone trap, and a Drierite
tive to hydrogen in nucleophilic c h e m ic a l  transitions £ub+e: Tfh® i ^ y l e n e  was driven from the solution by gentle

was attributed to the relatively low demand of the ture. Refluxing was continued for 12 hr. The liquid that col-
chemical compared with the electronic transitions. In lected in the Dry Ice-acetone trap was bulb to bulb distilled,
other words, in transitions of lower demand, substituent A total of three equilibrations were run in this manner, yielding
response is qualitatively governed by relative substit- finaLy 6.1 g of deuterated isobutylene. The deuterated iso-

, , , ,. ., butylene was distilled through a Drierite tube into a liquid nitro-
uent electronegativity. gen trap> b̂e en£ry tube of which, at the end of the distillation,

To test the polarizability-electronegativity concept extended just below the surface of the liquid. Anhydrous ferric
and to gain a further insight into the nature of the chloride (0.2 g) was added to the trap. Deuterium chloride,
substituent polarization in the two types of electronic prepared according to the method of Brown,17 was slowly passed
tran sitio n s, th e  effect of p - D , p -C D 3, p -C D 2C (C H 3) 3, into e" i ry ^  and the mixt” e allowed to stand for 30

’ _  . ^  j  mm after the addition was complete. The trap was allowed to
an d  p -G H 2L (O D 3) 3 h as now  been stu d ied . warm to room temperature in order to enable DC1 to escape.

The liquid then was distilled bulb to bulb, washed twice with 
5 ml of water, dried over anhydrous magnesium sulfate, and 

e x p e rim e n ta l s e c tio n  distilled, bp 51°, yield 8.0 g. A comparison of the nuclear
Compounds were purified with great care and thoroughness, magnetic resonance spectrum with that of normal ¿-butyl chloride

to assure constancy of spectra. Vpc purification was followed mdicated that the ¿-butyl chloride-* contained less than 4%
by ca . five low-temperature recrystallizations, usually from protium. , . , , . , , ,
Dentane p-Neopentylmtrobenzene-Y-d9.— The reaction of ¿-butyl chlo-

Nitrobenzene-p-*— The reduction of p-nitrobenzenediazonium ride; *  with ,the reaSent of benzyl chloride, according
sulfate with hypophosphorus acid -*  according to the method of to the Procedure of ref 16 gave p-neopentylbenzene-y-*, which
Hammond yielded nitrobenzene-p-*12 Analysis on the mass was nitrated as above. The isotopic composition of the resulting
spectrometer (Consolidated Engineering Corp., type 21-103) p-neopemylnitrobenzer.e-y-*, by mass spectral analysis, follows:
showed do, 4 % ; di, 96% ; d2 and d3, 0 % . * ,  5 % ; * ,  28% ; * ,  67% .

Aniline-p-d.— The reduction of nitrobenzene-p-d was carried p-Neopentylamlme-Y-d9.-T h e  reduction procedure of: Pietra,»*
out by the method of Pietra13 on the following scale: nitro- aPPlled to ° -9,15 § of P-ueopentylmtrobenzene-T-d9, yielded 0 653
benzene-p-d (1.19 g), hydrazine hydrate (1.8 ml), 5%  Pd on f  ° f purified p-neopentylamline-y-d9. Mass spectral analysis
charcoal (52 mg), and ethyl alcohol (5 ml). Only 5 ml of water follows: do, 6% ; d7, 7% ; * , 2 7 % ;  d9, 60% .
was used in the isolation procedure. The yield of purified Spectral Measurements. Measurements cf gas-phase^ and
aniline-p-d was 0.5 g. Analysis on the mass spectrometer showed solution sj^ctra were made by multirepeated scanning with a
do, 6 % ; du  94% ; d2 and higher, 0 % . Beckman DU instrument as described previously.166-  The

values of Pmax were determined graphically as described pre- 
-------------------  viously.10(5-6 Values of vm&x in heptane also were determined

(9) J. I. Brauman and L. K. Blair, J .  Amer. Chem. Soc., 90, 5636 (1968). from spectral data obtained by means of a Cary Model 14 in-
(10) (a) W. M. Schubert and W. A. Sweeney, ibid., 76, 4625 (1954); strument, run at a slow chart speed with 5 A /l  cm o i  chart

(b) W. M. Schubert and W. A. Sweeney, A Org. Chem., 21, 1 1 9  (1956); paper. Both spectrophotometers were in top condition, the
(c) W. M. Schubert, J. Robins, and J. L. Haun, J .  Amer. Chem. Soc., 79, latter brand new. For spectra on the Cary, the base line was
910 (1957); (d) W. M. Schubert and J. Robins, ibid., 80, 559 (1958); (e) carefully balanced, air vs. air. Solvent vs. solvent showed no
W. M. Schubert, J. Robins, and J. M. Craven, J .  Org. Chem., 24, 943 (1959).

(11) W. M. Schubert, J. M. Craven, H. Steadly, and J. Robins, ibid.,
22, 1285 (1957); W. M. Schubert, J. M. Craven, and H. Steadly, (14) K. R. Wiberg and L. H. Slaugh, J .  Amer. Chem. Soc., 80, 3033 (1958).
J .  Amer. Chem. Soc., 81, 2695 (1959); W. M. Schubert, H. Steadly, and J. (15) L. I. Smith, “Organic Syntheses,” Coll. Vol. II, John Wiley & Sons,
M. Craven, ibid., 82, 1353 (1960). Inc., New York, N. Y., 1943, p 225.

(12) G. S. Hammond and E. Grundemeier, ibid., 71, 2444 (1955). (16) E. Berliner and F. Berliner, J .  Amer. Chem. Soc., 71, 1195 (1949).
(13) S. Pietra, Justus Liebigs Ann. Chem., 45, 850 (1955). (17) H. C. Brown and C. Groat, ibid., 64, 2223 (1942).
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Figure 1.—-Difference spectra for para-substituted nitro- I i , , , i
benzenes, H compound (sample cell) i>s. D compound (blank cell): 22o 230 203 250 260
D ,------ ; CD3, CD2C(CH3)3, ; CH2C(CD3)3, ..............

Figure 2.—Difference spectra for para-substituted anilines, H
deviation from the base line except at X values lower than those compound (sample cell) vs. D compound (blank cell): D , ------ ;
used in the spectral determinations. A special cell holder was q q ___. CD2C(CH3)3, ___; CH2C(CD3)3, .............
constructed to assure precise alignment of the cells each time.

The double-beam instrument was used to determine relative ,
spectra of H and D compounds in heptane. Samples of ca. 5 mg reproducible to ± 2 0  cm or less. Ihe other set 01
were weighed on an analytical balance and diluted to 100 ml, and values was obtained with the Cary Model 14 instrument
these solutions (2-4 X 10 -4 M) were used directly. Hydrogen and and is reproducible to ±  15 cm _1 or less.
corresponding deuterium compounds were of the same molarity 
to an estimated precision of 0.05% . Difference spectra, in which
the solution of hydrogen compound was in the sample cell and I  able 11
that of the deuterium compound in the blank cell, were recorded. Values in Heptane of Kmax (cm-1) foe p-RC8HiX
The maximum slit width, occurring at ca. Xmax, was usually and D ifferences in between D euterium
below 1.0. and Protium Analogs0'6

no2 nh.
R e su lts  VH 39,700 42,740

T h e  general appearance of th e  principal band  sp ectra  VD ~ "H 37 870 I^ ^ O
of th e  p -alkyl n itrobenzenes, anisoles, and anilines has vcli3 _  50’ 4 0  50’ 5 0

been d escribed .1’10“’'1 T a b le  I  lis ts  th e  values of th e  ’’CDs Vcm 3 7  4 1 0  41170J'CHaCCCH«)« o/jttxu
FCDjO(CH8)t — ’'cmciCHjn 30, 30 30, 40

T able I  pcHiCioDjja — ¡'chsc(ch3)s 0, —20 40, 30
Gas-Phase Values of vma.x (cm-1) for p-RC6H4X  ° The first number reported is the average of three to five

and D ifferences in vmax between Deuterium determinations at room temperature made on a Beckman DU,
and P rotium Analogs“ reproducible to ± 2 0  cm-1 or better. 6 The second number

reported is the average of two or three determinations at room 
1 ‘ temperature made on a Cary, Model 14, duplicable to ± 1 5

ph 41,820 43,590 46,510 Cm -1 or better.
vd — pb. 160 150

ĈH! _  v 39’980 42’7?o 4° ’ 130 The plots of Figures 1 and 2 are experimental dif-
«'cH.ctcHa)* 39,490 42,280 44,880 ference spectra of H compound against corresponding D
FCDtC(CH8)8 fCh2C(0H8,i 30 60 . . .  compound. The experimental.definition of Ae is
FCH8C(CD„8 -  «'cHaeccHa), - 3 0  40 . . .  given by eq 3, where A  is absorbance, positive or
° Average of three determinations at 150° on a Beckman DU, negative, that was determined as a function of wave- 

duphcable to ± 20 -30  cm-1. length. The quantity A« is related by eq 4 to «h — em
the true difference between molar absorptivity of H and 

difference in vm&% between deuterium and protium D  compound. Only in the event that the concentra-
analogs in the gas phase, as determined at elevated tion ratio of H to D  compound ([H]/[D]) is exactly
temperatures in a Beckman D U  instrument. The unity is Ae at each wavelength exactly the molar
rmax differences for averages of three determinations for absorptivity difference, en ~  «d- Inherent weighing
each compound were reproducible to ±20-30 cm-1. and volumetric areas impart an unavoidable un-
Table II lists j>max differences obtained in heptane. certainty of 0.05% to the ratio [H]/[D]. Thus, if the
Two sets of values are reported. One set of values was H compound (sample cell) is in slight excess, Ae is
obtained with the Beckman D U  instrument and is algebraically greater than en — «d at all wavelengths.

Vol. 35, No. 4, April 1970 Deuterium I sotope E ffects in E lectronic T ransition 953



If the D  compound (blank cell) is in slight excess, Ae is formal theory and the language and concepts familiar to
algebraically less than eH — €d -18 It can be shown that the physical organic chemist. Indeed, Halevi suggests
for broad, smooth, nearly symmetrical spectral peaks that the physical organic chemist’s approach may be the
of the type being dealt with here, a slight excess of H or more meaningful and productive one in many instances
D compound will shift the whole Ae vs. X curve up or of interpretation of secondary isotope effects,
down without appreciably changing its shape. Thus From the magnitude of the experimental rmax dif- 
the sum of the areas of positive absorption (where Ae >  ferences of Tables I and II, there is not much to choose
0) and negative absorption (where Ae <  0) is practically in the way of deciding where deuterium substitution
unaffected, and the algebraic difference Aemax — Aemi„ has its greatest effect. However, there is a trend
is practically unchanged. In other words, for com- toward greater magnitudes of vn — w in p-CD :i and
pounds whose peaks are smooth and lie close to each p-D compounds than in p-CH2C (C D 3)3. The dif-
other, the effect of a slight excess of, say, the H com- ference spectra of Figures 1 and 2 are more definitive in
pound is to subtract about as much from the intensity this regard. They indicate that for both anilines and
of negative absorption as it adds to the intensity of nitrobenzenes, the magnitude of the band shift takes
positive absorption. Raising or lowering the Ae curve the order C D 3 > D, C D 2C(CH 3)3 >  CH 2C (C D 3)3.21 
does appreciably change the point of intersection with p-D vs. p-H.— The substitution of p-D for p-H leads 
the wavelength axis, however. to a significant increase in the principal electronic

transition energy of both nitrobenzene and aniline in 
Ae =  A / [ H] (3) both the gas phase (Table I )  and in heptane solution

= eH[H] - eD[P] [D] (Table II and Figures 1 and 2). Since the electron
[H] en cd[H] migration is away from the substituent in the excita

tion of nitrobenzene and toward the substituent in the 
Discussion excitation of aniline, the effect is not governed by a

t-, , i „n relative inductive effect, in a fixed direction, between H
xi/xccpt for p-neopentylmtrobenzene-ag, ml tne deute- , ^  mi ,, • , , i .

j  v • . ii • -c , i • , and D. The results are consistent with the electro-num compounds have experimentally significant higher . . . .  . . . .. ..  , ,  ,, rr, •
„ vah]pS than thp porresnondins' hvdrmren com- negativity-polarizability concept,1'11 There is ample 
max , ,, , ,, P g S 1] .r! physical evidence that D is less electronegative than H,

pounds, though the differences are quite small. The j . ,  , , ,  ^ t m . j - i , • +, n CF ■ ’ , 6 , i cn - i  ,i , and that the C -D  bond is less polarizable than the C -Hmaximum observed — vt>, 160 cm l, corresponds to , , ,nVi „  „ r .
,cn , , wm Ui t j T T \  T4- 1 f 1 bond.20® The effect of p-D vs. p-H on the principal460 cal/mol (Tables I and II) . It would, of course, be , ... . ... 1 ,, , ,

, ,  , ,. ,, ,, a l e  transition of aniline corresponds to both the efectro-desirable to be able to measure directly the effect of . . . .  . . .  , .... j  -rr
deuterium on the 0-0* component of the band, which negativity and po.arizabihty order. However, the
would give the energy difference between zero vibra- f ect 011 the Pnnf pal, elf ct+r° mc ° f ,mtr°-
tional levels of ground and excited states. Since the benzene l
intense principal spectral bands are characteristically agreemen wi le iypo esis a w en e r£)nsi ion
smooth, continuous, and nearly bell shaped,1'1» the places a very high elec ron demand on the substituent,
0-0* transition is experimentally inaccessible. How- as xt does here’ a greater polanzabihty (t.e., a greater
ever, Figures 1 and 2 show that deuterium substitution rep ° nse +of d^ a n d )  can overcome the
does shift the entire spectral band envelope, within the re mg e ec 0 a grea er e ec ronega ivi y.
wavelength range of an observable difference spectrum. ie resu s ere are no necessari y  in con ra ic¡ion
Thus the differential absorption (H D compound) to tbe aP farent greater activating effect of D  than H m 

i • r xi • r certain electron-demandino; chemical transitions. Jix-reaches a maximum on one side of the isoabsorptive , . , . , TT / ^\ • j j t a - i ui ii i • • X1 ,, o- amples m which H (or D) is bonded to trigonal carbonwavelength and a minimum on the other side. Since . f  \ , v  J . . ,. , , P , , .
the range of 0-n* transitions that contribute to the m botb  statef ^ clu“  thc ionization of tns-p-deuteno-
spectrum is shifted by substitution of D  for H ,19 the Phenyiniethyl chloride m S02 at 0 , for which KH/KD =
inference is clear that the 0-0* transition is similarly 2 compound has
shifted Kn/Kv = 0.957 ±  0.007),22 and the solvolysis of bis-

In the interpretation of the results obtained, two (f  ̂ tadf  teriophenyDmeithyi chloride in 80% acetone
assumptions will be made. One is that inherent at 25 ’ foi\ wh+lch 7. WhPef^ ese/eac-
electronic effects exerted by substituents are qualita- tJlons are electron demanding of the substituent, the
tively the same for electronic as for chemical transi- demand is not nearly comparable with that m the
tions, though quantitatively different, of course. The PnunciPal elef j or(]C transition of nitrobenzene.^ In
second assumption is that, although secondary deu- other words, the demand may be sufficiently low m the
terium isotope effects “ are vibrational in origin, . . . J “ 1 transitions^ to allow the electronegativity
they can be regarded as genuine substituent effects for dlfference between H and D to predominate in the
all practical purposes.”  The quotation is from p 123 of combined polarizability-electronegativity product,
the review on secondary deuterium isotope effects by
H alev i, w ho develops th e  com m on  grou n d  b etw een  (21) For the para hydrogen through neopentyl derivatives of the nitro

benzenes and anilines, the spectral band retains the same shape and increases
(18) At the cmax of the hydrogen compounds (e ==10,000), Ae could be as only a little in intensity. Therefore, the change with substituent in the in-

much as 50 units greater (excess H compound) or less (excess D compound) tegratei areas of Figure 1 (sum of areas above and below Ae = 0) or Figure
than en — eD. 2 is qualitative measure of the relative magnitude of the X shift produced by

(19) For the spectral data in heptane, at room temperature, it may be D replacing H.
assumed that the ground state largely occupies the zero vibrational level. (22) (a) A. J. Kresge, K. N. Rao, and N. N. Lichtin, Ckem .lnd. (London),
Upper levels of the ground state may be somewhat populated in the gas- 53 (1961); (b) ref 20, p 158.
phase measurements, which were carried out at 150° to avoid adsorption of (23) H. S. Klein and A. Streitwieser, Jr., Chem. Ind. (London), 180
compound on cell windows.10® (1961).

(20) (a) E. A. Halevi, “Physical Organic Chemistry," Interscience Pub- (24) From the effect of para substituents with negative <r+ only, the “re-
lishers, Inc., New York, N. Y., 1963, pp 109—221; (b) pp 114—123. action" constant, p, has been estimated to be —13 ±  1.2.1
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Reactions that result in negativity at or near trigonal esters hydrolyze slower in water than the C D 3 esters
carbon appear generally to be “ activated” by H relative (e.g., AFD*  — AFr ^ = —25 cal/mol for the bromide) . 30

to D, in correspondence with both the electronegativity As the Sn I contribution to hydrolysis increases, i.e., as
and polarizability order. Examples include the ioniza- the electron demand in the transition states increases,
tion of formic acid (¿haA da = 1-0626 or 1.1227) and the ¿hA d increases. Thus the isotope effect for ethyl-a-d2

ionization of pentadeuteriophenol (/cra/^da = 1 .1 2 ) . 23 derivatives is borderline, and that of isopropyl-a-di is
CD3 and CD2C(CH 3)3.— The substitution of a deu- positive (e.g., AFp* — AFK* = 22 for the bromide) . 35

terium in either p-methyl or p-neopentyl raises the With tertiary halides and inorganic esters, /3 D in
energy of both the electron-removing (nitrobenzene) variably has a retarding effect.20'28'36' 37 For example,
and electron-donating transition (aniline). The effect /cr/^d = 1-40 (64 cal/mol per D) in the solvolysis of
is greater in methyl than in neopentyl derivatives, as C D 3CC1(CH 3) 2 in “ 80%”  ethanol at 25°.28 A  some-
shown especially by the H vs. D  difference spectra of what smaller retardation was observed in the hydrolysis 
Figures 1 and 2. However, it is risky to surmise whether of a-deuterio ketals. 38

this is more or less than a statistical difference owing to The general pattern that emerges from the results of 
three a deuteriums compared with two. Shiner has the electron-demanding chemical transitions is that
found a somewhat more than statistical difference, &hA d per deuterium tends to increase as the electron
which he attributes to inhibition of C -H  hyperconjuga- demand on the substituent increases, and has a value
tion, in the solvolysis of C D 3CC1(CH 3) 2 (&rA d = 1-40) less than unity for weakly electron-demanding reactions,
and (CH3)3C C D 2C C 1(CH3)2 (ku/kn = 1.08).28 This is in agreement with the electronegativity-

From the facts that H is more electronegative than D  polarizability hypothesis. 1 ' 11 However, it also agrees
and the C -H  bond is more polarizable than the C -D , 20 with the often advanced argument that inductive elec-
it can be presumed that CH 3 and CH 2C (CH 3)3 are tron release (CD 3 better than CH 3) predominates at low
somewhat more electronegative and polarizable than demands and that C -H  hyperconjugative release (CH3

the corresponding a-D substituents. Thus, as with better than C D 3) predominates at higher electron
p-D compared with p-H, the rmax shift on a-D substitu- demands.
tion corresponds to both the electronegativity and In reactions that place negative charge at the alkyl 
polarizability order for p-methyl and p-neopentyl- substituent, deuterium seems generally to exert a
aniline, but only to the polarizability order for the retarding effect, but the studies are fewer in number. 20

nitrobenzenes. Deuterium substitution in the a position reduces the
In electron-demanding chemical transitions, C D 3 has acidity of carboxylic acids; e.g., KK/Kr> = 1.06 (12 cal/

been found to sometimes have a retarding effect relative mol per D) for (CD 3COOH ) . 20'39 This has been at-
to CH 3, and sometimes an accelerating effect. Deu- tributed to greater inductive electron release by a-CD
terium substitution slightly decreases the rate of than by a-CH substituents, leading to a greater de
solvolysis of p-methylphenyl-l-chloroethane: kp_cnj stabilization of the C D 3CO O - anion. 39 A  larger effect
kpcn, is 1.08 (30 cal/mol per D) in acetic acid at 50° was encountered in the rate of a proton abstraction
and only 1.01 in “80 % ” acetone at 3 8 ° .29 A  greater from C D 3CH 2Ph by lithium cyclohexylamide in
isotcpe effect is found in the a-methyl substituent, cyclohexylamine at 50°, &hA d =  1.11 ±  0 .03 .40 This
which is under greater electron demand: ka.cr,/ also was attributed to greater inductive electron

â-CDj = 1-28 in acetic acid at 5 0 ° .29 Deuterium release by CDs, 40 but the suggestion has been made that
substitution in the a position of para alkyl substituents there may be a contribution by anionoid hyperconjuga-
also reduces solvolysis rates of p-alkylbenzhydryl tion . 20

chloride; e.g., ¿V chsA p-cd, = 1.06 in “80 % ” acetone The fact that in both electron-donating and electron- 
at 0 ° .30 The basicity of acetophenone is greater than demanding electronic transitions the ease of substituent
that of its C D 3 analog, fcsH+Asm = 0.775 ( - 5 1  polarization takes the order alkyl >  deuterioalkyl »
cal/mol per D ) . 31 Aromatic substitution gives varied H >  D requires that any assigned specific mechanism
effects. Nitration of C D 3Ph apparently shows no or mechanisms of the substituent role be one that al-
s gnificant effect; 32-34 e.g., /crA t =  1.002 ± 0.002 per lows the alkyl substituent to respond favorably either
tritium . 32 In the more electron-demanding bromina- to an electron-rich or an electron-poor attached moiety,
tion a retarding effect was observed: kn/ki = 1.046 Thus, if hyperconjugation is of prime importance, it 
± 0 009 per tritium in 85%  acetic acid at 25°. must be cationoid (classical hyperconjugation) at high

T ’he /3-deuterium isotope effect in solvolysis of electron demand and anionoid toward high electron
purely aliphatic halides and inorganic esters also ap- richness. If the effects are largely a consequence of
pears to be demand dependent. M ethyl inorganic unequal sharing of a electrons (inductive effect), then

the unequal sharing must be able to take either direc
tion. If polarization occurs through space (internal 

as illustrate^graphi^Hytn'ref6!^63 re*at*VG *mporlance ol Polarizability, force)> this fe by  definition Operable in either
(26) G. A. Ropp, J .  A m er. Chem . Soc., 82, 4252 (I960). “ d ire c tio n .” 41
(27) R. P. Bell and M. Ballund-Jensen, P roc. Chem . S oc., 307 (1960).
(28) V. J. Shiner, Jr., J .  A m er. Chem . S oc., 76, 1603 (1954).
(29) E. S. Lewis, R. R. Johnson, and G. M. Coppinger, ib id ., 81, 3140 (35) J. A. Llewellyn, R. E. Robertson, and J. M. W. Scott, C an . J .  C hem .,

(1959). 3 8 ,222.
(30) V. J. Shiner, Jr., and C J. Verbanic, ib id .. 79, 373 (1957). (36) E. S. Lewis, T etrahedron , 5, 235 (1949).
(31) E. M. Arnett, T. Cohen, A. A. Bothner-By, R. D. Buschick, and G. (37) V. J. Shiner, Jr., ib id ., 8, 243 (1949).

Sowinsky, Chem . In d . (London), 473 (1961). (38) V. J. Shiner, Jr., and S. Cross, J .  A m er. Chem . S oc., 79, 3559
(32) C. G. Swain, T. E. C. Knee, and A. J. Kresge, J .  A m er. Chem . S oc., (1957).

77, 505 (1957). (39) E. A. Halevi, M. Nussim, and A. Ron, J . Chem . S oc., 866 (1963).
(33) H. Suhr and H. Zollinger, Helv. C him . A cta, 44, 1011 (1961). (40) A. Streitwieser, Jr., and D. E. Van Sickle, J .  A m er. Chem . S oc ., 84,
(34) J. F. Eastham, J. L. Bloomer, and F. M. Hudson, Tetrahedron, 18, 254 (1962).

653 (1962). (41) W. T. Simpson, ib id ., 73, 5363 (1951), and earlier papers.
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p-(CD 3)3CCH 2 .— The effect that 7 -deuterium sub- is transmitted through the bonding electrons, then the
stitution exerts on the principal band of p-neopentyl- effect would be expected to be very small in any event,
nitrobenzene and p-neopentylaniline is the smallest one As regards the effect of 7 -D substitution on chemical 
observed. However, in each successive determination transitions, 7 -d9 neopentyl methanesulfonate hydrolyzes 
on H and D compounds, rmax for neopentylaniline was somewhat slower than the normal compound in w ater:
consistently less than that for its y-d4 derivative. The ks/ku = 1.017.42'43 On the other hand, 7 -d9 may
difference spectrum of Figure 2 shows this even more slightly increase the rate of solvolysis of a-methylneo- 
clearly. For neopentylnitrobenzene in heptane, no pentyl brosylate: fen/^D = 0.979 ±  0.017 in 43%
difference was found in the average of determinations on ethanol at 40°; /ch/^d = 0.986 ±  0.014 in 95% tri-
a Beckman DU, but, in determinations on the Cary fluoroacetic acid at 10° . 44

Model 14 spectrometer, rmaxfor the 7 -d9 derivative was
consistently smaller by a tiny amount. The differential Registry N o.— Nitrobenzene, 98-95-3: aniline, 62-
absorption curve of Figure 1 shows a rather weak maxi- 53-3; nitrobenzene-p-d, 13122-36-6; aniline-p-d,
mum and minimum, but has the shape required for a 13122-28-6; p-nitrotoluene-a-d3, 23346-24-9; p-tolui-
shift to lower energy of the transition of the D com- dine-a-d3, 23346-25-0; p-methylanisole-a-d3, 23346-
pound. 26-1; p-neopentylnitrobenzene-a-d2, 23346-27-2; iso-

In previous articles, it has been pointed out that the butylene-d8, 20762-54-3; ¿-butyl chloride-d9, 918-20-7; 
lowest energy conformation of neopentylbenzenes is p-neopentylnitrobenzene-y-dg, 23346-29-4; p-neopentyl- 
probably one in which a portion of two of the terminal aniline-7 -d9, 23359-82-2. 
methyl groups somewhat overhang one side of the ring
(see also ref 28).10d'e It was suggested that part of Acknowledgment.— The authors thank Dr. R. G. 
the enhanced effectiveness of the p-neopentyl substitu- Minton for preparing and purifying some of the deu-
ent in electronic transitions, both of the type represented terium compounds. Financial support of the Office 
by eq 1 and that represented by eq 2 , may be due to of Ordnance Research, U. S. Army, also is gratefully 
a polarization across space of these terminal methyl acknowledged.
groups (the h v  order in both instances is neop <  ¿-Bu (49J M ,  Blaadmerand R. E Robertson, CoB. ,7. Chem„ 42> 3137 (1964).
CH 3 H ). However, the observed opposite enect OI (43) Decreased branching in the alkyl substituent decreased &h/&D
7  deuterium on the principal band of p-neopentylnitro- in the hydrolysis of alkyl methanesulfonates; for isobutyl-y-d., ta/fc> =
benzene and p-neopentylaniline is difficult to reconcile h. L f!™, /. r. Chem. soc., si, 7746
with this suggestion. If the effect of 7 -D substitution (1969).

Kinetics and Stereochem istry of th e Gas-Phase Addition of 
HBr to  M ethyl-Substituted Allenes

R ex  Y . T ie n  and Pa u l I .  A bell

D epartm ent o f  C hem istry, U niversity o f  R hode Is la n d , K in gston , R hode I s la n d  02881

R eceived J u n e  9, 1969

The kinetics and stereochemistry of the gas-phase, photocatalyzed addition of HBr to allene, methylallene,
1,1-dimethylallene, 1,3-dimethylallene, and tetramethylallene have been investigated. The rate expression is 
the same for all: rate of adduct formation = fc[HBr]70‘/2. Reactivities relative to allene are 1:1.36:1.31:
1.56:1.65 for the compounds as listed. The products, with one minor exception, involve addition of the bromine 
atom to the center carbon of the allenic system.

The free-radical addition of HBr to simple olefins re- rotation through SO0. 4 The question arises as to
action has been investigated in both solution and gas whether this rotation can oocur fast enough so that
phases for many years. The general picture that has this stabilization becomes kinetically important. An
emerged is that the bromine atoms add to that carbon examination of the kinetics of the reaction of allene
of the olefinic bond which will yield the most stable with HBr demonstrated that the initial reaction of the
radical. In the gas-phase reaction, this radical con- bromine atom with the allene is at the center carbon,
tains the energy of the new carbon-bromine bond, and and is apparently irreversible.6 The kinetics does not
may readily dissociate to starting olefin and bromine disclose whether there may be a reversible terminal
atom, or be collisionally deactivated to thermal equilib- carbon attack, but only that all of the product of
rium, whereupon it may abstract a hydrogen from H Br kinetic importance is from reaction at the center carbon,
to give the alkyl bromide product. 1,2 The stereochemistry of free-radical attack on allene

The situation is more complex with cumulative bond and alkyl-substituted allenes has been investigated for 
systems. The addition of a radical or atom to the other radials than bromine atoms. M ethyl radicals,6 

terminal (more electronegative3) carbon of an allene trifluoromethyl radicals,6 and trichloromethyl7 attack
produces a vinyl radical. If addition of a radical takes exclusively at the terminal carbon, while fluorine
place at the center carbon, however, the radical struc
ture can acquire allylic resonance stabilization by (4) e . i . Heiba, j. Org. chem., si, 776 U966).

(5) P. I. Abell and R. S. Anderson, Tetrahedron Lett., 40, 3901 (1964).
(1) R. Field and P. I. Abell, Trans. Faraday Soc., 65, 743 (1969). (6) H. Meunier and P. I. Abell, J .  Phys. Chem., 71, 1430 (1967).
(2) K. T. Wong and D. A. Armstrong, Chem. Commun., 12, 353 (1966). (7) H, Van de Ploeg, J. Knotnerus, and A. Bickel, Rec. Trav. Chim.
(3) B. Pullman, J .  Chim. Phys., 55, 790 (1958). P a y s-B a s , 81, 775 (1962).
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Figure 1.—Rate dependence on HBr concentration at constant
aUene concentration: A, allene (propadiene); B, methylallene ------------------------ '----------- *-----------
(1,2-bu.tadiene); C, 1,1-dimeth.ylallene (3-methyl-1,2-butadiene); 18 22 2 6 30 34
D, 1,3-dimethylallene (2,3-pentadiene); E, tetramethylallene l/T x io3
(2,4-dimethyl-2,3-pentadiene).

Figure 2.—Arrhenius plots for the addition of HBr to allenes: 
, o , t> j. s i titt t i o , A, allene (propadiene); B, methylallene (1,2-butadiene); C, 1,1- 

atome,8 gas-phase Br atoms,6 and PH 2 radicals9 react dî ethylallene (3-methyl-l,2-butadiene); D, 1,3-dimethylallene
at the center carbon. Thiyl radicals,10 trimethyltin (2,3-pentadiene); E, tetramethylallene (2,4-dimethyl-2,3-pen-
radicals,11 and liquid-phase Br atoms12 attack at both tadiene).
sites. Heiba and Haag12 have suggested that attack
at terminal carbons may be reversible for the latter had slopes of unity, indicating a first-order dependence 
radicals, and center-carbon attack irreversible. on HBr concentration (Figure 1).

Investigation of the various methyl-substituted The dependence of rate on light intensity was ob- 
allenes in their reaction with HBr was undertaken in tained by using a calibrated set of Corning 7-54 ultra-
the hope that the relative energetics and stereochemis- violet light filters. Using a variety of conditions of
try  might throw light on the reaction. If the initial temperature, pressure, and ratio of allenes to HBr,
attack by bromine atom on the center carbon is indeed pi0ts of log (relative rate) vs. log (light intensity) gave
irreversible, then the kinetics and thermodynamics will straight lines of slope 0.50 ±  0.04. The experimental
relate to the structure and reactivity of the allylic rat e expression then becomes
radicals thus formed.

rate = fcexptilHBrJ/.’A

Results It is to be noted that this is an initial rate, and not an
The various allenes were allowed to react with hy- integrated rate over a reaction carried nearly to com-

drogen bromide in a cylindrical quartz reaction vessel, pletion. . .
irradiated with a 100-W, medium-pressure mercury arc ^he activation energies were obtained by kinetic runs
lamp. Kinetic rates were determined by the pressure a series of temperatures between 40 and 120 .
drop as followed by a quartz spiral manometer and These are shown in Figure 2 and summarized m Table I. 
optical lever. Products were isolated by gas chroma
tography and identified by retention time and/or T able I
spectral evidence. Activation E nergy of HBr—Allen e  R eactions

The determination of the kinetic rate expression was AE*•,
by measurement of the change in pressure during a -3  43
run at constant temperature. When the concentration i ^Butadiene - 3  44
(pressure) of allene or substituted allene was varied 3-Methyl-1 2-butadiene - i . Y l
from 15 to 75 Torr and the concentration of HBr was 2 3-Pentadiene -4 .0 6
held constant, it was found that the rates did not 2A-Dimethyl-2,3-pentadiene -4 .2 3
change, and therefore the allene did not enter into the
rate expression However, when the concentration of Relative reactivities for the various allenes were 
H Br was varied from 15 to 75 Torr while the allene obtained b competition experiments with allene for a
concentration was held constant, there was a direct Umited amount of HBr Analysis of the products by
corre-ation of rate with pressure of HBr. When log chromatography gave the results shown in Table II.
(HBr pressure) was plotted va. log (reaction rate , a The products of the reactions of the individual allenes 
straight line was obtained for each allene. These plots with HBr were separated by gas chromatography and

(8) C. Baumgardner and K. McDaniel, J .  Amer. Chem. Soc., 91, 1032 identified by nmr and ir spectrOSCOpy. The products
(1969). and relative amounts are given in Table III, and the

uoX gX X  f  Oewtid,’ "e.0 Quiram,' and w. Naegeie, 0r9. spectroscopic data used in structure assignment are 
Chem., 28, 1952 (1963). given ill Table IV.

(ii) h. Kuiviia, w. Rahman, and r. Fish, j . Amer. Chem. Soc., 87,2835 j n general the reactions were very clean and the

<19(12)' e. I. Heiba and w. o. Haag, j. 0 rg. chem., si, 3814 (1966). kinetics very straightforward. The reactions proceeded
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T able II  Discussion
R elative R eactivities of Allenes toward HBr The experimental kinetic rate expression indicates

US that the rate-determining step in the addition of HBr
Aliéné 60° 90° 120° kcai/m’oi to aliénés is the hydrogen abstraction step in the

Propadiene 1.00 1.00 1.00 0.00 scheme below, and., of the various conceivable termina-
(standard) ^

1.2- Butadiene 1.36 1.36 1.35 0.063 H B r— > -H- +  Br-
3-Methyl-l,2- kl

butadiene 1.31 1.31 1.32 —0.037 Br- +  aliéné —— bromoallyl radical
2.3- Pentadiene 1.56 1.55 1.53 0.017 ka
2.4- Dimethyl-2,3- bromoallyl radical +  HBr — >  product +  Br-

pentadiene 1.65 1.66 1.66 0.042
2  bromoallyl radicals — >• dimer

HBr-Am-ene Adducts tion stePs> the radical dimerization shown is the im-
Yieid, ._____ Product distribution------ -- Portant one. The addition of the bromine atom to the

Aliéné % Compd % center carbon is irreversible, and probably has only a
CH2= C = C H 2 98 CH3C =C H 2 100» small, or no, activation energy. Therefore, the process

should be one of trapping bromine atoms almost as 
rapidly as they are formed by photolysis of the HBr, 

CH3 H 98 CHsCH2 H 6.5» and then the more leisurely hydrogen abstraction
'''>c==q/ /  process follows. Because no appreciable concentration

/  \  /  \  of bromine atoms exists at any given instant, the
H H Br H termination steps involving bromine atoms which are

0 jj3 H 83» found in reactions with simple olefins13-15 cannot be
\  /  involved here.

.c = c . If one compares the experimental rate expression
Br c h 3 with that derived from steady-state assumptions

Br H 10.5“ . /feV/b 1A
\  /  rate =  7. A

V---V
/  \  it is apparent that the experimental expression can be

CHS CHs rewritten in the form of an Arrhenius expression
CHs 97 CH, CH3 100“ _ ,\  V / -(A ; -

/ C = c = c h 2 C = C  fcoxptl =  ( ^ ) v V.Ae KT

C m  Br CH3

Thus the experimenal activation energy, AE * ,  of 
CI\  y C H s  9 6  CH3CH2 ^ H 946 Table I is equated with E 2 — E m . It is to be presumed

C = C = C  C=C from many atom additions to olefins that E 2 =  0.
/  \  /  \  Accordingly, AH* =  — E t/2, and the activation energy

r CHs as observed is one-half of the termination activation
CHaCHBr H &  energy. It is somewhat surprising to find activation

w  energies of the order of 6-9 kcal/mol for the dimeriza-
/  \  tion of free radicals, but, when it is recalled that the

H CHs allyl resonance energy is ca. 10 kcal/mol,16 this is not
qjj3 Cjj3 89 Cjj Br Cjj 100?o an unreasonable value. It is unfortunate that the A

\  /  \  I /  factor for the reaction cannot be simplified similarly,
C = C = C  CHC==Cf But, since none of the individual terms in the nonexperi-

CH3/ CHs c h 3/  CHs mental part of the expression above are known, the
“ All products were separated on a 4 - 9 -ft column of 2 0 % experimental A  factor is meaningless, 

dinonyl phthalate on Chromosorb P (60-80 mesh). The retention The differences in reactivities of the various allenes
times for the products are in the order listed. 6 Products were (Table II) must be ascribed to some factor which is not 
SJ h T Î ed °”t 7  of a 20% mixtllre°fr7di-2-ethylhexy1 temperature dependent. The increased reactivity with

increased methyl substitution no doubt reflects the
-orUUKr ■ __  J.-.- j  . , ,. increased hyperconiugative resonance stabilization inrapidly to give monoaddition products, and reaction ,, j .  , °  „

at , f  ■ , . , the corresponding bromoallyl radicals. However, since
times were short. No products involving addition of ■ u n i j - i - * a-
9  rnrai __ u a rr, 6 ,. . the various bromoallyl radical intermediates can onlyZ mol ot HBr were observed. The separation of the , ,  , , , , -, , ,-nrrwhintc. * + „ , 1 , i, • , go on to form products by hydrogen abstraction, theproducts m the tetramethylallene experiments was , \ ,„ j  ,, , 1 j relative reactivity values indicate the ease with whichnot very efficient, and there may be some minor prod- ,, , , J , . , . , , , ,,  , , „ „ „i ,, • i j , , , they are formed and are not related to how they behave
ucts hidden under the single product peak observed. -, J , ,- A11, , .  , ,  , . , • » ,,

Tr, nr,i„ „ „ n j  , ,, ,, after formation. A ll this adds up to implication of theIn only one case was there any product other than
material from center-carbon attack by bromine atoms. d3) p. i. Abeii, Trans. Faraday soc ., 60, 2214 U964>.
The minor product from 1,3-dimethylallene was un- (14) r. j . Field and p. 1. Abeii, M d., 6B, 743 (1969).
expected, but the nmr spectrum leaves little doubt that (1 6 )  D . M . G o ld e n , N . A . G a c , an d  s . w . B e n s o n , j .  Amer. Chem. s o c .
the structure assignment is correct. si, 2136 (1969).
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Table IV
Analytical Data for H B i-A llene Adducts

,--------------------Nmr“--------------------,
Peak position,

ppm, and Peak Concn in
Compd Registry no. coupling constants ratios CCh, % Ir, cm- *

a c 23074-36-4 a, 5 .53 (s) 1 50 3000 s, 1645 s, 1450 s,
CH3CH2 Ha b, 5 .3 4 (b) 1 1425 s, 1360 s, 1320 s,

\  /  c, 2 .44 (q) 2 1278 s, 1250 s, 1149 s,
C = C  d, 1 . 1 2  (t) 3 1120 s, 1070 w, 912 w,

/  \  J a.b = 1.10 cps 850 s
Br Hb J e d  =  7 .0  cps

CHs Ha 3017-68-3 a, 5.67 (q) 1  50 3010 s, 1670 m, 1451 s,
\  /  b, 1.69 (d) 1420 s, 1281 s, 1138 s,

C = C  c, 2.25 (s) 3 1115 s, 980 w, 947 s,
/  \  J a,b = 7.0 cps 852 s

Br CH3
b 3 50 3010 s, 1668 m, 1450 s,

Br Ha 3017-71-8 a, 5.81 (m) 1  1428 s, 1281 s, 1139 s,
\  /  b, 1.70 (d) 1115 s, 997 w, 948 s,

C = C  c, 2 .2 0  (s) 3 851 s
0/  \  Ja,b = 7.0 cps

CHa CH3

b

CH3 CHa 3017-70-7 a, 1.78 (s)b 3 50 3000 s, 1670 s, 1475 s,
\  /  b, 1.85 (s)* 1372 s, 1220 s, 1128 s,

C = C  c, 2.25 (s) 3 1029 s, 981 m, 789 s
/  \  b

Br CHa 3

d c
CEaCH2 Ha 23068-94-2 a, 5.68 (q) 1  50 3002 s, 1660 s, 1450 s,

\  /  b, 1.69 (d) 1371 s, 1300 s, 1120 s,
C = C  c, 2.43 (q) 3 995 w, 927 m, 879 s,

/  \  b d, 1.08 (t) 2 797 s
Br CHa Ja,b = 7 cps

Joid  — 7 CpS

Br
e l d

CEaCH Ha 23068-95-3 a, 5.62 (q) 1  50 3000 s, 1670 s, 1450 s,
\  /  b, 1.69 (d)6 3 1285 s, 1191 m, 1045 s,

C = C  c, 5.73 (m) 1  995 m, 960 s, 893 m,
/  \  d, 4.60 (5) 1 788 s

Hc CHa e, 1.80 (d)6 3
b J a,b = 6.5 cps

J c.d = 4.0 cps 
J d.e = 7.0 cps

d a 23074-38-6 a, 1.74 (s )b 3 50 3020 s, 1650 s, 1452 s,
CHa Br CHa b, 1.84 ( s f  3 1290 s, 1130 s, 1114 s,

\  I /  c, 4.84 (m)6 1 998 m, 957 m, 851 s,
CH—C = C  d, 0.97 (d)6 3 790 s

e /  \  b e, 1.03 (s)6 3
CHa CHa <7a,b =  7 cps

J c.d — 3 CpS 
J c.e =  3 CPS

“ s, singlet; d, doublet; q, quartet; m, multiplet. 6 Overlap.

Arrhenius A factor or entropy term as the most reasona- in the HBr/allene ratio (1:1  to 10:1). This may well
ble explanation for the reactivity differences. The reflect the reversibility of attack at the terminal carbons,
decrease in entropy that must accompany this increase because a more statistical process becomes possible
in relative reactivity probably can be ascribed to in- when the chain-transfer step is rendered more
creased rotational freedom in going from the allene likely.
to the bromoallyl radical. Because of the composite One observes much the same sort of situation with 
nature of the A factor, more detailed speculation is the formation of three products from methylallene. 
fruitless. The temperature dependence of product distribution

The determination of the orientation of addition was (6.5% of nonterminal hydrogen atom abstraction at
unambiguous, with one exception. The attack of the 40°, 9.7%  at 120°) suggests that there is a loss of
bromine atom is effectively on the central carbon of the selectivity with increased temperature. This is not
allenic system. If there is attack on the terminal car- observed with 1,1-dimethylallene, because there is
bons, it is not kinetically important under our reaction never enough loss of selectivity with increased tern-
conditions, but can be invoked as an explanation for perature to produce any detectable nonselective prod-
the small dependence of product distribution on HBr uct. Thus one sees here the expected behavior of free
concentration in the addition of H Br to 1,3-dimethyl- radicals— loss of selectivity with increased temperature,
allene. The ratio of center to terminal carbon attack This behavior is seldom observed with reactions as
drops from 94:6 down to 85:15 with a tenfold increase sensitive to structural alteration as HBr addition.
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Experimental Section to *he reaction system, using hydrogen as the carrier gas, and
either dinonyl phthalate columns or a mixture of di-2 -ethylhexyl 

The hydrogen bromide was CP grade from Matheson Co. sebacate and dime thy lsulfolane. Reaction times were short,
The alienes, except 1,1-dimethylallene, were commercial chemi- usually less than 5 min, and were kept to less than 10% reaction
cals; aliene came from Matheson Co., the others from the Chemi- in the kinetic runs. Product identification was largely by nmr,
cal Samples Co. 1,1-Dimethylallene was prepared by the method using 50% solutions in CCU run in a Yarian A-60 spectrometer,
of Doering17 and Hoffman.18 All compounds were degassed be- All gas-phase runs and reactions were carried out at least in
fore use and dried thoroughly over phosphorus pent oxide. The triplicate, and under a variety of temperatures and pressures,
reaction system was a conventional all-glass apparatus except The yields, relative reactivities, and activation energies are
for the quartz reaction vessel, the quartz spiral Bourdon gauge, reproducible to ca . ± 2 % .
and the quartz medium-pressure mercury arc lamp (GE 100 W).
Gas chromatography was done on -apparatus connected directly Registry No. — Aliene, 463-49-0; methylallene, 590- 

„ „  _ „  . 19-2; 1,1-dimethylallene, 598-25-4; 1,3-dimethylallene,(17) W. von E. Doenng and P. M. LaFamme, Tetrahedron, 2, 75 (1958). ’ ’ J  „
(is) r . HoSman, Mi., 22,521 (1966). 59.1-96-8; tetramethylallene, 1000-87-9.

N-Nitrenes. IX . The Reaction of 1,1-Dibenzylhydrazine 
Anions with Tosyl Azide, Oxygen, and Nitrous Oxide

Gen  K oga and J.-P. A nselm e1
D epartm ent o f  C hem istry, U niversity o f  M assachusetts, B oston , M assachusetts 08116  

R eceived Septem ber 17, 1969

The diazo transfer reaction of tosyl azide to the anion and to the dianion of 1,1-dibenzylhydrazine gives bi
benzyl, benzaldehyde dibenzylhydrazone, and 3,3-dibenzyl-l-tosyltriazene. The effect of temperature, the 
nature of the anion, and the conditions of the reactions, and the mechanisms by which these products are formed, 
are discussed. Evidence for the participation of N-azidodibenzylamine as an intermediate has been adduced.
The reaction of the monoanion of 1 ,1 -dibenzylhydrazine with nitrous oxide and with oxygen results in the forma
tion of the same products (except for the triazene) as are obtained with tosyl azide.

Through the N-nitrene2 intermediate I, moderate and nitrenes from the corresponding diazo alkanes and
success has been achieved in the gross rationalization of azides, N-azides (II) should give N-nitrenes (I) by loss
the products formed in a number of reactions3-8 of elemental nitrogen.
(Scheme I). The sequence of events between the time
the reactants are brought together and the isolation of >C— n= n __> >C: + N2 (1)
the products is a matter of conjecture. The questions _ +
as to whether or not N-nitrenes are involved and their —N—N = N  — >  —N: +  Na (2)
behavior under the reaction conditions being used are Ñ—N = N __>• >N—Ñ- + N2 (3)
still unresolved. - jj X

Scheme I A  major portion of our research effort has been de-
>NNHTos voted to the development of new and mild methods of

preparation of azides. Presumably, these techniques 
IB could be applied to the preparation of N-azides. The

[O] .. [hi formation of azides and diazo alkanes9 by the diazo
>NNH2 >  [>NN] < —  N N = 0  transfer reaction to the anions of the appropriate amine

' derivatives has been reported.10 Diazo alkanes were
|  obtained from the reaction of oxygen and tosyl azide

n Hj, 2 J  Njo„2-  with anions of hydrazones11 and by the azido transfer
| reaction of tosyl azide to ketimine anions.10“

>NIx We are now reporting the results of our investiga
tions of the reactions of the monoanion and of the 

In order to eliminate as many parameters as possible, dianion of 1,1-dibenzylhydrazine with tosyl azide, 
a method which would produce N-nitrenes directly was
needed. B y  analogy with the generation of carbenes Results

(1) To whom all inquiries should be addressed. Fellow of the Alfred p. The monoanion and the dianion of 1 ,1-dibenzylhy-
sioan Foundation. drazine were prepared by addition of the appropriate

(2) In this discussion, it is by no means implied that the involvement of
N-nitrenes as fully developed entities has been proven. (c) Diazo alkanes can formally be considered as N-nitrenes (iii) and can be

(3) For a summary, see C. G. Overberger, J.-P. Anselme, and J. G. Lorn- viewed as arising from N-azidimines (III),
bardino, “Organic Compounds with Nitrogen-Nitrogen Bonds,” The Ron- „
aid Press Co., New York, N. Y„ 1966, p 89. >C=N—Na >  >C=N =N  < ------- >  >C—N =N  -<------>• >C—Ñ—N

(4) C. G. Overberger, M. Valentine, and J.-P. Anselme, J. A m er. Chem.
S o c . ,91,687 (1969). 111 1 11 111

(5) L. A. Carpino, J .  Org. Chem ., 30, 736 (1966), and previous papers. (10) (a) G. Koga and J.-P. Anselme, Chem . C om m un., 446 (1968); (b)
(6) (a) D. M. Lemal, et al., J .  A m er. Chem . S oc., 85, 1944 (1963); (b) J.-P. Anselme and W. Fischer, Tetrahedron, 25, 855 (1969); (c) J.-P. Anselme,

ib id ., 86, 2395 (1964). W. Fischer, and N. Koga, ib id ., 25, 89 (1969).
(7) (a) C. L. Bumgardner, K. J. Martin, and J. P. Freeman, ib id ., 85, (11) (a) W. Fischer and J.-P. Anselme, J .  A m er. Chem . S oc., 89, 5312

97 (1963); (b) C. L. Bumgardner and J. P. Freeman, ib id .x 86, 2233 (1964). (1967); N. Koga and J.-P. Anselme, unpublished results, (b) W. Fischer
(8) D. M. Lemal and T. W. Rave, ib id ., 87, 393 (1965). and J.-P. Anselme, Tetrahedron Lett., 877 (1968).
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T a ble  I
P roducts of the R eaction of Anions of 1,1-D ibenzylhydrazine with  p-T oluenesulfonyl Azide,

N itrous Ox id e , and Oxygen“
Hydrazine
consumed, TosNa

Anion Temp (conditions) mmol Bibenzyl, % Hydrazone,6 % Triazene, % TosNH2,c % recovered, mmo
Mono- Room 18.6 49 30 . . .  33 7 .4
Mono- Low 20.1 23 30 16 37 Traces
Mono- Low«* 19.2 1 1  16 28 35 4 .2
Di- Room 24.6  42 10 . . .  82 Traces
Di-* Low«* >95%  Traces 14 13 83 3 .8
Mono-/'» Room (0 2) 20.1 27 22
Mono- / ’'1 Room (N20 )  10.8 1 2  1 1

“ Percentage yields are corrected for recovered 1,1-dibenzylhydrazine. Thirty millimoles of 1,1-dibenzylhydrazine was used except 
as noted otherwise. An equivalent amount of tosyl azide was used. 6 N,N-Dibenzylbenzalhydrazone; percentage yield based on reac
tion 10. “ Percentage yields are based on the amount of uncovered tosyl azide. d Reverse addition (anion added to tosyl azide). 
'  Twenty millimoles of hydrazine and 40 mmol of tosyl azide were used. 1 See Experimental Section. » Dibenzylamine (19%) and 
benzoic acid (12%) were also isolated. h An unknown compound (0.3 g, mp 92-93.5°) having NH (3225 cm-1) and C = 0  (1690 and 
1650 cm _l) absorptions was also isolated. The results of the elemental analysis suggest the formula C14H14N2O.

T a ble  II
R eaction P roducts of 1,1-D ibenzylhydrazine Anions w ith  T osyl Azide, Oxygen , and N itrous Ox id e“

Hydrazine
Ani°n Temp (conditions) recovered Bibenzyl Hydrazone Triazene T0SNH2 TosNs
Mono- Room 2 .40 1.65 0.85 . . .  1.70 1.45
Mono- Low 2 .10 0.85 0.90 1.20 1.90 Traces
Mono- Low6 2 .30  0.40 0.46 2 .00  1.80 0.25
Di- Room 1.20 1.90 0.35 . . .  4 .20  Traces
Di- Low6 Traces Traces 0.43 0.96 2.85 0.30
Mono- Room“ (O,) 2 .10 1.00 0.66
Mono- Room«1 (N20 )  4 .10  0.25 0.18

“ All weights are in grams; see also footnotes to Table I. 6 Reverse addition (anion added to tosyl azide). “ Other products identi
fied follow: dibenzylamine, 0.77 g; benzoic acid, 0.3 g. d A compound, mp 92-94° (Ci4Hi4N20 ), was also isolated.

amount of n-butyllithium to the hydrazine. Then a S cheme I I
solution of tosyl azide in tetrahydrofuran was added (PhCH2)2NNH +  TosNs — >  [(PhCH2)2NN3]
and the reaction was allowed to proceed. In addition IV '  V
to recovered 1,1-dibenzylhydrazine and tosyl azide and A TobNj * \  _Nj
the expected by-products (tosylamide and nitrogen | BuLl /  X
gas), the following compounds were isolated and PhCH [(PhCH)2NN]
characterized in the various runs: bibenzyl (VIII), 2BuLi \  _ VI 2 "
benzaldehyde dibenzylhydrazone (IX), and 3,3-di- (PhCH2)2NNH2 — >- ^NNH
benzyl-l-tosyltriazene (X). The results are collected PhCH2 1
in Tables I and II along with the data from the reaction V II
of the monoanion of 1,1-dibenzylhydrazine with oxygen products
and with nitrous oxide.

An examination of the data of Table I indicates that 
Discussion the expected fragmentation product bibenzyl (VIII) is

B y  analogy to the reaction of primary amine f?rm+ed in aU Case*> 7 ® ? ° ^  i1\ is notf
anions with tosyl azide, N-azidodibenzylamine (V) lly ^  mam P™duCt' f Th e formation of bibenzyl
may be viewed as the first product of the reaction of the i*®, tbe intcrmedW  of dibenzykmniomtrene (VI
monoanion (IV) of 1,1-dibenzylhydrazine with tosyl had been previously Postulated/-* although direct
azide (Scheme II). Whether or not V  has any real , T, TTT „  f monoanion"] tosN.
existence even as a highly unstable intermediate is not (PhCH2)2NNH2 + BuLi >  ̂ J *■
certain at this time, although the evidence presented PhCH2CH2Ph +  PhCH=NN(CH 2Ph )2 +
later would seem to support such an assumption.12 V III IX
The results of the reaction depicted below, as well as (PhCH2)2N N =N Tos (4 )
those of the dianion V II of dibenzylhydrazine13 with X
tosyl azide, can be most easily rationalized via the
intermediacy of the N-nitrene VI. Similarly, the evidence for this intermediate was still lacking. How-
products of the reaction of IV  with nitrous oxide and ever, recent reports14 as well as the early work
oxygen are also best explained in terms of VI. of Urry, McBride, and coworkers,15 while not proving

(12) Two N-azidamines have been reported previously: (a) H. Bock (14) R. W. Atkinson and C. W. Rees, Chem. Commun., 1230 (1967); C. W.
and K.-L. Kompa, Z. Anorg. Allg. Chem., 332, 238 (1964); (b) N. Wyberg Rees, et al., ibid., 146, 147, 377 (1969).
and A. Gieren, Angew. Chem.,Int. Ed. Engl., 1, 664 (1962). (15) W. R. McBride and H. W. Kruse, J .  Amer. Chem. Soc., 79, 572

(13) The deep red color of the dianion suggests that it exists in a large (1957); W. H. Urry, H. W. Kruse, and W. R. McBride, ibid., 79, 6568
part as the C,N dianion; i.e., the second proton is removed from the a  car- (1957); W. H. Urry, P. Szecsi, C. Ikoku, and D. W. Moore, ibid., 86, 2224
bon. (1964).
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the existence of VI, add credence to its postulation methine inline (X V ) 20 as a tentative intermediate
as the direct source of bibenzyl. despite what they felt were serious reservations. We

The isolation of benzaldehyde dibenzylhydrazone suggest that X V  is, indeed, the intermediate leading
(IX), sometimes in substantial quantities, was un- not only to hydrazones of the type reported by Lemal
expected at first sight. It had never been recognized16 and his group,615 but also to I X . 21 

previously as one of the reaction products of VI. The The third compound isolated in the reactions 
only report of products of a related nature was that of with tosyl azide, 3,3-dibenzyl-l-tosyltriazene (X), is the
Urry and Ikoku , 17 who found the hydrazones X II as one first member of a novel class of compounds, 3,3-di-
of the products of dialkylaminonitrenes (XI). alkyl-l-tosyltriazenes.22 Low temperatures and high

concentration of tosyl azide favored the formation of 
2 (RCH2)2NN:— >- (RCH2)2NN=CHR (5) X , the generation of which can be viewed as arising

XI XII directly from the reaction of the anions with tosyl
R = H, alkyl azide (reaction 9). However, in view of the beneficial

effect of low temperature on its formation and its yield, 
The formation of benzaldehyde dibenzylhydrazone it is more likely that X  was generated from the reaction 

(IX) as a ubiquitous product of our studies18 indicated
that this was a result of major significance in the overall (PhCH2)2NNH +  TosN3 (PhCH2)2NNHNTos 
fate of the dibenzylammomtrene VI. The reaction of -
benzyl benzalhydrazone (XIII) with 1,1-dibenzylhy- (PhCH2)2NN=NTos (7 )
drazine could give IX , since X III  might have been X
formed by the rearrangement of V I .6b’ 19 However,
when X III  was treated with 1,1-dibenzylhydrazine or 0f either N-azidodibenzylamine (V) or dibenzylamino- 
its anion, no IX  could be detected. The formation of nitrene (VI) with tosyl azide.
IX  in other reactions16 further rules out this possibility. The data of Table I also indicate that the total 

Lemal, Menger, and Coates6b had shown that neither percentage yield of V III, IX , and X  amounts to 49-
the azo alkanes (XIV) nor the diaziridines (XVI) could 7 9 % . The notable exception is that of the low-

temperature, reverse-addition reaction of the dianion 
RCH2N=NR' with a 100% excess of tosyl azide. If the dianion V II

XjV is involved, the formation of complex products (as
«S' -v. indicated by the formation of tars) would be expected

RCH2 from the reaction of a second molecule of tosyl azide at
__jj __„ r'n= chr -__*■ r'nhn— CHR (6) the a carbon; it is also the only case in which practically

‘ ' | none of the starting hydrazine could be recovered. 23

\ iNH /* It is evident from our data that the triazene is being
XV formed at the expense of bibenzyl at lower temperature

while the hydrazone yield remains the same. When 
RCF~",NH reverse addition and low temperatures are used, the

\  /  triazene becomes the major product. This could
| indicate that V  (or VI) may have longer lifetime under
R' these conditions. The complete absence of X  in the

Xvi reaction of tosyl azide with V II, at room temperature,
along with the rather high conversion into bibenzyl,

, . , , . ,, , suggest that fragmentation is the preferred route,
be intermediates m the dtazerx-hydrazone rearrange- The followi ffiechanisms are suggested as likely
ment. These authors reluctantly accepted the azo- paths to explain our results.

(16) Reexamination of the literature indicated that indeed hydrazones of (20) In one of its resonance forms, XV could be regarded as a “diimide
types IX and XII had been formed. Busch and Weiss [Ber.< 33, 2701 ylide.”
(1900)] isolated IX by heating 1,1-dibenzylhydrazine in ethanol and acetic
acid. Evidently, air oxidation had occurred to give VI, which then gave IX. R'N=CHR -<__R'N____ CHR
Similarly, the reduction of N-nitrosodibenzylamine also gave IX. In com- I II
plete agreement with the results, Overberger and Marks [ J .  Amer. Chem. 1 _
Soc., 77, 4101 (1955)] isolated a minor product, mp 86-87°, from the oxida
tion of 1,1-dibenzylhydrazine with i-butyl hypochlorite in basic medium; (21) The formation of I x  do(*  not necessarily require XV and could in-
it was assigned the structure of tribenzylhydrazine and formed a picrate, volve nitrene insertion and give IX ; however, the likelihood of VI reacting
mp 140-141°. An authentic sample of IX melts at 86-87° and its picrate with itself’ as shown in the reaction below, is remote,
melts at 137-139°. Subsequently, Overberger, Lombardino, and Hiskey
[J. Amer. Chem. Soc., 80, 3009 (1958)] reported that lithium in liquid am- CH Ph
monia gave, in addition to some bibenzyl, “tribenzylhydrazine.” There | 1

seems to *be little doubt that Overberger and his group indeed obtained IX, 2(PhCH2)2N—N —► Nj-N —► IX + [PhCH2N=NH]
both from the reduction of N-nitrosodibenzylamine and from the reaction of ’ PhCH
1,1-dibenzylhydrazine with i-butyl hypochlorite. Carter and Stevens [J. VI W
Chem. Soc., 1743 (1961) ] isolated substantial amounts of the hydrazones cor- i
responding to IX. Overberger and Marullo [ J .  Amer. Chem. Soc., 83, 1378 N(CH Ph)
(1961)] obtained IX in 65% yield from the oxidation of 1,1-dibenzylhydra- 2 2
zine with potassium bromate in strongly acidic solution.

(17) W. H. Urry and C. Ikoku, Abstracts, 146th National Meeting of the (22) The dimethyl analog has also been prepared and characterized.
American Chemical Society, Denver, Colo., Jan 1964, p 25c. W. H. Urry, The nmr spectra of the 3,3-dialkyl-l-tosyltriazenes exhibited two sharp, well-
A. L. Olsen, E. M. Bens, H. W. Kruse, and C. Ikoku, U. S. Oov. Res. Develop. defined peaks for the a  hydrogens. See G. Koga and J.-P. Anselme, Chem.
Rep., 40, 107 (1965); Chem. Abstr., 64, 14078d (1966). Commun., 894 (1969).

(18) It has also been isolated in other oxidation studies carried out in our (23) The oxidation products of the monoanion with oxygen amounts to
laboratories. These results will be the subject of a future paper. 63% total yield (benzoic acid divided by 2). Nitrous oxide is known to be a

(19) M. Busch and K. Lang, J . Praict. Chem., 144, 291 (1936). much less effective diazo transfer agent.10a
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Formation of N-azidodibenzylamine (V) and/or Upon standing at room temperature, the oil evolved
dibenzylaminonitrene (VI) is depicted in reaction 8. gas; the following day, the band at 2060 cm-1 had

completely disappeared and a 30% yield of bibenzyl
N =N  was obtained. If the reaction mixture, having reached

(PhCH2)2NNH + TosN3 — >- (PhCH2),NN. NTos room temperature, was cooled back to — 50° and tri-
phenylphosphine was added, no significant yield of

x \ bibenzyl was obtained. Presumably, the triphenyl-
-TosNH/ -TosNH\ phosphine reacted with the N-azidodibenzylamine12a

* _N2 \  to form the triphenylphosphine adduct; however,
, , . .  .. __ . . .  s  attempts to isolate it from the complex reaction mix-

(PhCH2)2N-N 3 —  (PhCH2)2N—N tu re  ¿ f e d .

VI The reaction of the monoanion of 1,1-dibenzylhy-

\ -TosN2" /  drazine with nitrous oxide can be visualized as pro-
—n2 /  ceeding through the same steps as when tosyl azide

is used. In the case of oxygen, none of the triazene X  
PhCHx  _ -  can be formed; however, dibenzylamine and benzoic

NNH +  TosN.s — *- PhCH\ NN— NNTos acid were isolated in substantial yields.
PhCHC  The results of the study reported here can be sum-

VII PhCH2 (8 ) marized as follows. Diazo transfer of tosyl azide to

Formation of bibenzyl (VIII) is depicted in reaction the 7 “ ? < :° r d/a“ on> M-dibenzylhydrazine
g gives N-azidodibenzylamine (V), which is moderately

stable at low temperatures. The loss of nitrogen 
(PhCH2)2NN ——>■  PhCH2CH2Ph + N2 (9) fro% V  generates dibenzylaminomtrene (VI), which

can lose mtrogen to give bibenzyl (VIII) or tautomenze 
Formation of benzaldehyde dibenzylhydrazone (IX) to the azomethine imine X V . The reaction of V I

is depicted in reaction 10. (or IX ) with tosyl azide would give 3,3-dibenzyl-l-
CH ph tosyltriazene. Under the strongly basic conditions

\2+ | 2 prevailing in our reaction, benzaldehyde dibenzylhy-
NNH — *■  ^N-NH — ►  IX + [PhCH2NNH2] drazone (IX) is probably formed according to reaction

/S PhCH 10. It is clear, however, that a whole gamut of mech-
_ (10) anisms may be operative, depending upon the condi-
IN-N(CH2Ph)2 | tions under which V I is generated.
A N(CH2Ph)2

„  Experimental Section
Formation of 3,3-dibenzyl-l-tosyltriazene (X) is

depicted in  reaction  11 All melting points are uncorrected. Infrared spectra were
recorded on a Perkin-Elmer Infracord. Analyses were performed 

KPhCH ) NNNTosl - n by the MHW Laboratories, Garden City, Mich. The alkyl-
2 2 -  | 2 lithium compounds were used as received from a-Inorganics,

(PhCH^NN +  TosN3 lift (PhCH2)2NN=NTos Beverly, Mass. The preparation of the anions and all the re-
— ^  *  actions with tosyl azide were carried out under a nitrogen at-

rrpv.ru v mvm__mi t  " i 2 4  ^  mosphere. The compounds obtained were identified by their
[(PhCH2)2JN(JN N)21osj t physical constants and by comparison of their infrared spectra

/f / with those of authentic samples.
(PhCH)NN +  TosN /  2 Dibenzylhydrazine Anion Solution.—n-Butyllithium (30

2)2 3 \  3 / mmol) in hexane was added during the course of 30 min to a
iYPV.ru \ m/v __mv t  solution of 6.4 g (30 mmol) of 1,1-dibenzylhydrazine in 100 ml
L(rhLH2)2X(N INLTos] (1 1 ) 0f tetrahydrofuran under a nitrogen atmosphere with cooling and

efficient stirring. The initially colorless solution turned deep 
The ultimate goal of our program has been to prepare wine red toward the end of the addition. Twice the amount of

N-azidamines (II) as sources of N-nitrenes (I). The n-butyllithium was used with prolonged stirring after the addition
evidence that we have gathered so far suggests that, \° Pr,ePar? the 5|ianion solution' In this case’ the deep red color
indeed, both the N-azidamine V  and the N-nitrene V I Reaction with Nitrous Oxide.—Dibenzylhydrazine monoanion 
are formed in our reactions. Supporting evidence for solution in a 300-ml pressure bottle was stirred at room tempera- 
the formation of V  was obtained from the following ture for 1 2  hr under 20-40-psi pressure of nitrous oxide. The
experiments. After the anion IV  was treated with color of ^ e  reaction mixture turned light tan after the introduc-
, i - j  , CAO ,.1. , , n j  i. tion of nitrous oxide. The reaction mixture was then pouredtosyl azide at - 5 0  , the temperature was allowed to into cold water and extracted with ethei,  The ethereal extract
nse to 0 10 . The solvent was evaporated from an was washed with 1 N hydrochloric acid to separate the basic
aliquot, and infrared spectral examination of the pasty fraction and dried over magnesium sulfate. Evaporation of the
residue showed, in addition to the azide band of tosyl solvent gave a neutral residue which was chromatographed,
azide at 2120 cm -1, a small absorption at 2060 cm -1. ^ b a s i c  fraction was distilled in  vacuo after a conventional

The ratio of the two bands was ca. 3.1.  The bulk Reaction with Tosyl Azide at Room Temperature.— To the
of the reaction mixture was allowed to warm to dibenzylhydrazine anion solution was added dropwise a solution
15° and quenched with ice-water. Extraction with of 5.9 g (30 mmol) of tosyl azide in 2 0  ml of tetrahydrofuran at
ether, followed by washing with dilute hydrochloric room temperature. From the initially light orange solution,

• i , ,. f  ., i , u- u a white solid soon precipitated. After the completion ol the
acid and evaporation of the solvent, gave an oil which addition> the reactif/„ mfxture was stirred for j _ 2  hr at room
showed the same two bands but with the ratio of temperature. The reaction mixture was worked up as previously
the 2120- and 2060-cm“ 1 bands increased to 10:1. described.
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Reaction with Tosyl Azide at Low Temperature.—The hydra- nitrogen atmosphere) from 6.4 g (30 mmol) or hydrazine in 100
zine anion solution was cooled to —50 to ca . —60° in Dry Ice— ml of dry tetrahydrofuran and 13.5 ml of 22% n-butyllithium was
isopropyl alcohol. A solution of 5.9 g (30 mmol) of tosyl azide cooled to - 5 0  to - 6 0 °  in Dry Ice-isopropyl alcohol, and 5.9 g
in 20 ml of tetrahydrofuran was added to the above solution (30 mmol) of tosyl azide in 20 ml of tetrahyarofuran was added
during the course of 1 hr with efficient stirring. The reaction dropwise. After addition was completed, the solution was
mixture became reddish brown and gas began to evolve slowly allowed to warm up gradually to ca . 10 . The initially reddish
and amounted to a total of ca . 15 mmol (350—400 ml) before all brown solution turned milky brown by the formation of a white
of the tosyl azide was added. After the completion of the addi- precipitate. The reaction mixture was poured into ice-
tion, the temperature was allowed to rise slowly to room tern- water and extracted with three 100-ml portions of ether. The
perature. A white solid precipitated at —10°. The total volume combined ethereal extracts were washed successively with water,
of evolved nitrogen amounted to ca . 30—40 mmol (750—800 ml). dilute hydrochloric acid, and water. After having been dried
The reaction mixture was worked up as usual. over magnesium sulfate, the solution was evaporated in  vacuo.

Reaction with Oxygen.—A rapid stream of oxygen was bubbled The residual oil was chromatographed, and after the elution
into the solution of dibenzylhydrazine monoanion for 30 min at of other components, a white solid was obtained from the 1:1
room temperature. The color changed to light brown and to benzene-ether fraction. The compound, mp 79-81°, weighed
reddish brown toward the end of the reaction. There was no 1.20 g after recrystallization from carbon tetrachloride. It was
obvious heat evolution. The reaction mixture was worked up characterized and identified as 3,3-dibenzyl-l-tosyltriazene from
as before, with the exception that the washing with hydrochloric its elemental analysis and infrared and nmr spectra.22
acid was omitted. The aqueous layer, after extraction with A n a l. Calcd for C2iH2iN3S 0 2: C, 66.47; H, 5.58; N, 11.07; 
ether, gave a positive test for peroxide ion. S, 8.45. Found: C, 66.73; H, 5.45; N, 10.96; S, 8.34.

The Chromatographic Separation.—The crude reaction mix- Its_ infrared spectrum, in addition to the expected aromatic
ture, diluted with a small amount of benzene, was adsorbed on and aliphatic bands, exhibited a strong absorption at 1145 and
a column (i.d. 24 mm, length 600 mm) packed with 150 g of 1183 and at 1325 cm "1 (-S 0 2-) .  The benzylic protons appeared
Fisher A540 alumina. The sequence of eluents and main eluates as two sharp singlets at r 4.97 and 5.10.22
therefrom were as follows (Table I I I ) . Spectral Detection of N-Azidodibenzylamine.—The mono-

anion24 of 1,1-dibenzylhydrazine was treated with 1 equiv of 
tosyl azide at —50 and —60° and allowed to warm to 0-10° 

T „ I  as described above. The solvent was evaporated in  vacuo below
AB E room temperature from a small aliquot. The pasty residue was

F raction  E lu en t E lu ate butbling on standing and showed two azide bands at 2120 and
1 Hexane Bibenzyl 2063 cm-1. The former band, ca . three times stronger in intensity
2 Hexane-benzene (1 :1) Tosyl azide than the latter, is due to unreacted tosyl azide. The remaining
3 Benzene Benzaldehyde portion of the reaction mixture was worked up as described before.

dibenzylhydrazone The residual oil showed a much weaker (the ratio of the 2120:
4 Benzene Dibenzylhydrazine 2 0 6 0 -cm-1 bands was ca 10:1) but still discrete N-azide band

in  reiotinrA which disappeared completely after standing overnight. Distii-
,  „  2 , . lation of the residue gave bibenzyl in ca . 30% yield; the small
5 Benzene Dibenzylamine discrepancy with the 23% yield given in Table I  is due to the

(0 2 reaction) different isolation procedures.
6 Benzene-ether (1:1) ChHuN20  compound

(N20  reaction) Registry No.— Tosyl azide, 941-54-8; oxygen, 7782-
7 Benzene-ether (1:1) 3,3-Dibenzyl-l-tosyltriazene 44-7; nitrous oxide, 10024-97-2; IV, 23349-33-9;

V II, 23349-34-0; X , 23349-35-1.

Although there were obtained many minor eluates, including Acknowledgment.' The generous support of this
benzaldehyde, along with above compounds, no effort was made work by the National Institutes of Health under Grant 
to identify them. G M  13689-03 is hereby acknowledged with deep ap-

In the case of the reaction with oxygen, the basic fraction was nreciation 
not separated from the rest of the reaction mixture. ^

3 ,3 -Dibenzyl-l-p-toluenesulfonyltriazene.—A solution of 30 (24) M ethyllithium  was used to  prepare th e monoanion in these experi-
mmol of 1,1-dibenzylhydrazine monoanion (prepared under a ments.

964 K oga and Anselme The Journal of Organic Chemistry



The Acid-Catalyzed N itram ine R earrangem ent. IV. The Influence of 
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The rates of rearrangement of 16 m eta- and pom-substituted N-nitro-N-methylanilines were determined and 
correlated by means of Hammett’s equation. The best fit of the experimental data was obtained when the re
sults were plotted against <r + constants (p = —3.7). The rr-complex and cartwheel mechanisms of the nitramine 
rearrangement are incompatible with these findings. The experimental observations can be interpreted by a 
mechanism in which the rate-determining step is the homolytic scission of the nitrogen-nitrogen bond in the 
protonated nitramine.

Previous investigations in this series1 have demon- and 2,4,N-trinitro-N-methylaniline.5 The former com- 
strated that the acid-catalyzed aromatic nitramine re- pound, being less encumbered with electron-attracting 
arrangement involves reversible protonation of the sub- substituents, rearranges more easily, 
strate followed by a rate-determining unimolecular These fragmentary results are, however, far from 
reaction of the protonated nitramine. Product studies1 being definitive, and much more precise information
suggest that the latter process may be a cleavage of the about the nature of the N -N  bond cleavage should be
N -N  bond in the nitramine to yield a pair of solvent- obtainable from a systematic study of the influence of
caged radicals, which may either recombine to yield aromatic ring substituents on the rate of rearrange-
isomerized products or may dissociate, be reduced, and ment.
form nitrous acid and aromatic amine. Further in
formation about the rate-determining step should be Results and Discussion

Me Me f  Me 1 Products of Rearrangement of Substituted Ni-
I _ |  | tramines.-— Previous investigations in this series1 have

PhNN02 + HA A + PhN+-N02 *- PhN+ -NO, shown that the nitre group migrates only to the ortho
pj jjj and para positions of the aromatic ring and that a small

J cage fraction of the product corresponds to complete loss 
•\ s '  | of the nitre group. This study was more superficial

a NHMe .NHMe Me than the previous ones in that only the major products
x—  r  Y  | 6 of rearrangement were identified and accounted for.

PhNt -l- -N02 However, the results summarized in Tables I and II 
2 H 2 I confirm the previous findings. Thus the principal

+ H product formed upon rearrangement of a nitramine sub-
^ ^ ,N H M e  x^->NHMe | stituted in the para position with an electron-releasing
r  If •*—  J  substituent (MeO, MeS, Me, F, Cl, Br, Ph, and PhO) is

PhNHMe + HN02 the ortho nitroaniline (formed in 55-85% yields in the 
H cases studied). The presence of strongly electron-

available from a study of the influence of aromatic ring Me Me
substituents on the rate of the nitramine rearrangement. j
Since the reaction is subject to specific acid catalysis, +
substituent effects must reflect not only the electronic f jj -h* j jj
requirements of the protonation step, but also those X '^ ^
of the N -N  bond-breaking step.

The effect of structure on the rate of the nitramine ... , . , ... , . ,Tr, ~ , -,T c r . • ,,, • , , . ,. withdrawing substituents (NC, 0 2N, and M eS02) in the
rearrangement was implicit m the results of some kinetic ... ,, • , , *  ,<

, • , , . i mi para  position causes the yield of the ortho mtro corn-studies carried out m the early 1900 s.4 1 he reaction e f ,  , , or AtLrri rro. ■ , . , , , (( 0 , , ,  AT ... J , ,, pound to drop to 25-45%. The nitrated product from
of 2,4-dichioro-N-nitroaniline was 10 times slower than , at -X at A , ... , ■ , , n .,, . . ,. c at •, -r , o- , • , «-bromo-N-nitro-N-methylanilme contained 10-17%
the isomerization of JN-nitroaniline and 25 times slower ■ , at .. , ... i . • , „  „,, ,, , £ . at •, p-mtro-N-methylamhne from bromine atom displace-
than the rearrangement of 2-bromo-4-methyl-N-nitro- , „ .  • . .... . i , . . . .  . ment. A  similar displacement occurred in the p-chioro
aniline, implying that electron-withdrawing groups re- , , , ,, , , en cm. . .  * m ■ n compound only to the extent of 0.2%.tard me reaction, similar effects are apparent m the _,r. ... ~ . -d _, r ,,.  „ r...,. , , . - . at j- -x at xA i *i* Substituent Effects on Rearrangement Rates.— I he
comparative behavior of 4,N-dmitro-N-methylanilme , , x . A r xi. + i ̂ J second-order rate constants for the acid-catalyzed

(1) Previous papers in this series: W. N. White, D. Lazdins, and H. S. Is o m e riz a tio n  o f  16 m&ta- a n d  p u rR -S u b stitu te d  N -n i t r o -
white, j . Amer. chem. Soc., 86, 1517 (1964); w. n . White, c .  Hathaway, N -m e t,h y la.nilin e s  w e re  d e te rm in e d  a n d  a re  l is te d  in

preliminary form: w. n . T a b le  III. T h e s e  r a t e  c o n s ta n ts  c o v e r  a  ra n g e  o f  o v e r
White, J. R. Klink, D. Lazdins, C. Hathaway, J. T. Golden, and H. S. White, a  h a lf -m illio n fo ld . E le c t r o n -d o n a t in g  g ro u p s  in c re a s e
j .  Amer. chem. Soc., 83, 2024 (1961). t h e  r a t e  a n d  e le c tro n -w ith d ra w in g  g ro u p s  slo w  t h e  r e -

(3) This work was supported by Grants G-7345 and GP-1970 from the .. . r  .-i ^
National Science Foundation. a c t io n  in d ic a tin g  t h a t  t h e  fo rw a rd  c o u rs e  o f  th e

(4) K. J. P. Orton, Brit. Assoc. Advan. Set. Rep., 115 (1908); A. E.
Bradfield and K. J. P. Orton, J .  Chem. Soc., 915 (1929). (5) E. D. Hughes and G. T. Jones, ibid., 2678 (1950).
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Table I
2-Nitro-4-X-N-Methylanilines

X Registry no. Yield, % Solvent“ Mp, °C Lit. mp, °C
MeS 23042-45-7 63 MeOH-HsO 64-65 ■ ■-b
MeO 85 MeOH 98-99 97-98'
Me 80 MeOH 84.5-85 84-85“
F  704-05-2 69 MeOH 74.1-74 .6
Cl 55 EtOH 107-108 109-1 HP
Br 62 MeOH 101.9-102.4 101-102“
Ph 85 EtOH 113-114 112*
PhO 23042-47-9 55 Pet. ether 104-105
PhCO 60 PhH-MeOH 210-211 200»'
NC 36 PhH 168.5-169.3 169*
M eS02 25 PhH-MeOH 193.4-193.9 193.5'
0 2N 35 PhH 179-180 176-177'

“ Pet. ether = petroleum ether (bp 65-90°). b A n al. Calcd for CsHioNAfiS: C, 48.47; H, 5.08; N, 14.13. Found: C, 48.461 

H, 5.20; N, 14.20. '  A. M. Simonov and P. A. Uglov, Zh. Obshch. K hirn ., 2 1 , 884 (1951). * L. Gatterman, Chern. B er ., 18, 1487 (1885).
•A n a l. Calcd for C7H7FN 20 2: C, 49.41; H, 4.15; N, 16.47. Found: C, 49.00, 49.41; H, 4.18, 4.21; N, 16.33. '  R. Stoermer and
P. Hoffmann, Chem . B er ., 31, 2523 (1898). » J .  J .  Blanksma, B ee. Trax. C him . P a y s -B a s , 2 1 , 272 (1902). * F. Bell and P. H. Robinson,
J .  C hem . S oc., 1127 (1927). * A n al. Calcd for Ci3H12N20 3: C ,63.93; H, 4.95; N, 11.48. Found: C, 63.74; H, 5.05; N, 11.50.
i J .  van Alphen, R ec. Trav. C him . P a y s -B a s , 49, 383 (1930). * J .  F. Mattaar, ib id ., 41, 24 (1922). 1 E . Scoffone, P. de la Llosa, and M.
Justisz, B u ll. Soc. C him . F r ., 1553 (1959).

rearrangement involves electron depletion at the reac- + +
tion center. PhNHN02 *- PhNH2N02 *■  (l j) n02+

These kinetic results were treated by means of the 
Hammett equation. The best fit of the experimental J,
data was afforded by <r+ constants (correlation coeffi-  ̂NH2
cient = 0.99). The straight-line plot had a slope p —  f^ ? ^ N 0 2+ _ f [ ^ N 0 2
of — 3.7. The correlation coefficients obtained with 
<r and a~ constants were less than 0.92 (representative H N° 2
of a poor to fair fit6) and the points deviated consider- , \ Bio further,  and, compiexes
ably from a straight line. The <r+ constants are defined \ \
by reactions7 in which an electron deficiency is generated o-nitroaniline p-nhroaniline
at the reaction center in such a way that it can be de
localized to the aromatic ring by resonance. The ring. If the process were this simple, a positive p and
requirement of a+ constants for correlation of the ni- a— constants would be required. However, the liber-
tramine rearrangement suggests that the series of steps ated nitronium ion will probably interact with the w
leading from the unprotonated nitramine to the rate- cloud of the aromatic system and reduce its electron
limiting transition state must also involve creation of richness somewhat.
an electron deficiency delocalizable to the aromatic In the cartwheel mechanism, it is supposed that the 
nucleus. The negative reaction constant, p, substan- protonated nitramine isomerizes to a nitritoamine,
tiates the conclusion that the substrate becomes more which then undergoes a Claisen-like rearrangement to
electron deficient as the highest energy transition state an ortho nitrite. A  para nitrite can arise from the latter
is approached. The magnitude of p indicates that by a similar migration. Isomerization of the nitrites
there must be strong interaction between the reaction leads to C-nitro intermediates like those formed in direct
center and the substituent. nitration reactions. Proton loss from these species

These findings are not compatible with the ‘V-com- yields the o- and p-nitroanilines. The effect of sub- 
plex” mechanism8 nor the “ cartwheel” mechanism9 for 
the nitramine rearrangement. In the 7r-complex mech-
anism it is proposed that the protonated nitramine is DUIUMn n‘ +
transformed through a series of alternate <r and -it com- I
plexes into the final products. A  reaction proceeding
by this path would probably be correlated by o- or a~ .
constants and a small value of p. The amino-group j
electrons in the nitramine are not readily available for + + Q
conjugation with the aromatic ring, since they will be . ,
largely delocalized to the highly electron-attracting o-n.troaniline ■*
nitro group. When the nitrogen-nitrogen bond is N(A 0
broken in the transition state for ^-complex formation,
these electrons should be freed for resonance with the j

p-nitroaniline ■*—  ■*—  p a r a  nitrite
(6) H. H. Jaffe, Chem. Rev., 63, 191 (1953).
(7) J. E. Leffler and E. Grunwald, “Rates and Equilibria of Organic , .  , ,  . ,, - 4 ..

Reactions,” John Wiley & Sons, Inc., New York, N. Y., 1963. StltuentS On th is  ov erall p rocess IS IllOre difficult to
(8) M. J. S. Dewar in “Molecular Rearrangements,” Part I, P. de Mayo, predict. Only the protonation step involves a large

Ed Interscience Pubiistars^nc, New York N Y.,1963 Pp 306-313. polarity change, and this should be correlated by a or
(9) S. Brownstem, C. A. Bunton, and E. D. Hughes, J .  Chem . Soc., 4354 ^ J  °  1 , o\ t

(1958). o’ constants and a small negative p  (— 1 to — in
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T able I I
R ates of R earrangement and Product Y ields for m- and p -X-N-nitro-N-methylanilines

Temp, Concn, Concn, No. of
X  °C° M  HClO-i* runs lO 'fo , i l f - i  sec~' 2-N02,c % p-NO,,“1 %

p-MeO 30.00 0.00200 0.00100 5 11800 ±  200 68 ±  2
15.00 0.00200 0.00100 4 2450 ±  100 69 ±  1
0.17 0.0200 0.0100 6 452 ±  3 68 ±  2

p-MeS 30.00 0.00200 0.00100 4 7450 ±  110
15.00 0.00200 0.00100 4 1750 ±  60

0.17 0.0200 0.0100 4 345 ±  4
p-Me 55.00 0.0100 0.00501 4 3660 ±  80 82 ±  1

40.00 0.0200 0.00100 6 820 ±  18 82 ±  4
25.00 0.0200 0.00100 4 139 ±  3 84 ±  1

H 55.00 0.0200 0.0100 6 266 ±  6 46 ±  2 28 ±  2
40.00 0.0200 0.0100 6 34.8 ±  0 .8  48 ±  0 28 ±  1
25.00 0.0802 0.0401 4 4.77 ±  0.04 52 ±  0 28 ±  0

p-F 55.00 0.0200 0.0100 6 233 ±  3 60 ±  1 0
40.00 0.1002 0.0501 4 41.0  ±  0 .5  62 ±  1 0
25.00 0.0401 0.0200 4 6.47 ±  0.04 61 ±  1 0

p-Cl 55.00 0.1002 0.0501 9 157 ±  6 84 ±  2 0 .2  ±  0.1
40.00 0.1002 0.0501 4 28.4  ±  0 .4  80 ±  4 0 .2  ± 0 . 1
25.00 0.1002 0.0501 4 4.47 ± 0 .1 0

P-Br 55.00 0.1002 0.0501 4 128 ±  4 67 ±  1 9 .4  ± 0 . 3
40.00 0.1002 0.0501 4 25.9 ±  0 .8  62 ±  2 12.1 ±  0 .4
25.00 0.1002 0.0501 4 3.81 ±  0.09 56 ±  1 16.7 ± 0 . 1

p-CN 70.00 1.002 0.501 5 12.2 ±  0 .4  43 ±  3
55.00 1.002 0.501 6 1.93 ±  0.05 46 ±  2
40.00 1.002 0.501 4 0.292 ±  0.007 46 ±  2

p-MeS02 85.00 0.501 0.251 4 18.7 ±  0 .3  32 ±  1
70.00 0.501 0.251 6 3 .04 ± 0 .1 7  31 ±  1
55.00 1.002 0.501 4 0.452 ±  0.006 37 ±  1

p-NOs 80.00 1.002 0.501 5 10.1 ± 0 . 1  41 ±  1 1 .0  ± 0 . 1
65.00 1.002 0.501 8 2 .05 ±  0.06 41 ±  1 2 .0  ± 0 . 1
55.00 1.002 0.501 4 0.542 ±  0.009 40 ±  3 0 .5  ± 0 . 5

m-MeO 55.00 0.0401 0.0200 4 458 ±  15
40.00 0.200 0.1002 4 82.8  ± 1 . 2
25.00 1.002 0.501 5 14.7 ± 0 . 8

wi-PhO 55.00 0.1002 0.0401 4 148 ±  8
40.00 0.501 0.200 6 23.9  ± 0 . 3
25.00 1.002 0.501 4 3.32 ±  0.10

m-Me 55.00 0.0401 0.0200 4 672 ±  25
40.00 0.1002 0.0401 5 120 ±  6
25.00 1.002 0.501 4 18.3 ± 0 . 4

m-F 70.00 0.1002 0.0401 4 143 ±  4
55.00 0.501 0.200 4 26.1 ± 0 . 3
40.00 1.002 0.501 4 4 .58 ± 0 .1 6

m-Cl 70.00 0.1002 0.0401 4 103 ±  2
55.00 1.002 0.501 8 18.7 ± 0 . 8
40.00 1.002 0.501 8 2.92 ±  0.05

m-Br 70.00 0.1002 0.0401 4 100 ±  2
55.00 1.002 0.501 5 18.2 ± 0 . 4
40.00 1.002 0.501 6 2.82 ± 0 .0 6

“ Temperature of reaction, ±0 .02°. 6 Ionic strength maintained constant at 1.002 M by addition of NaClCfi. c Per cent of 2-nitro-
4-X-N-methylaniline formed. d Per cent of p-nitro-N-methylaniline formed.

T able I I I  th e  n itram in e-n itrito am in e  isom erization , a  less e lec-
R ate Constants for R earrangement of tro n egativ e  cen ter becom es a tta ch ed  to  th e  am ino n itro -
m- and p-X-N-N itro-N-methylaniline° gen, and thu s th is  process should requ ire <r con stan ts

hvki, io%2, and a positive p. T h e  ortho n itr ite  form ed b y  rearrange-
x  moi-i see-i x  moi-' sec -i m ent has considerable e lectron  deficiency centered  a t

p-MeO 3,060,000* p-Br 2590 th e  tw o positions meta to  th e  am ino group b u t not para
p-MeS 1,840,000* m-PhO 2390 to  T h e  s u b stitu e n t-ra te  d a ta  in d icate  th a t  a  siz-

82,000 to-F  458 ab le  e lectron  deficiency, w hich is delocalized to  th e

! !  TvTn 1q * oqg oco Para (b u t n o t th e  m eia) P osition of th e  aro m atic  ring,»i-MeO 8,280 m-Br 282 fi , , , , . rpi „ n
4 100 CN 29 2 1S developed at the reaction center, th e  c-m tn te-

H 3 * 4 8 0  p-N 02 8 05* C-nitro isomerization should be effected by substituents
p-Cl 2^840 p-MeSOj 5.40* in the reverse manner of their influence on the N-nitro-

“ T = 40.00 ±  0.02°. * Extrapolated from other tempera- N-nitrite change Proton loss from the final inter- 
tures. mediates is not kinetically significant, and thus need

Vol. 35, No. 4, April 1970 T he Acid-Catalyzed N itramine R earrangement 967



not be considered in the prediction or interpretation of hydroxyl group of phenols and from the a carbons of a-
substituent effects. Regardless of what is chosen as the substituted toluenes have been found to give better
rate-determining step in the cartwheel mechanism, it linear plots with c + than with a constants.14 A ll of
is impossible to interpret the observed rate effects of these reactions involve generation of a radical center
substituents in terms of their influence on this and the adjacent to an aromatic ring. Most processes of this
preceding steps. type are correlated by tr+ constants and a negative p.

However, a mechanism involving cleavage of the Thus the substituent-rate data for the nitramine rear-
nitrogen-nitrogen bond in the protonated nitramine rangement should exhibit a similar dependence on <r +
could lead to the observed results. This would be true constants if this process involves homolytic nitrogen-
if this bond broke symmetrically to yield a pair of radi- nitrogen bond breaking in the protonated nitramine.
cals in a solvent cage or if it broke unsymmetrically, Unsymmetrical cleavage of this nitrogen-nitrogen 
both bond electrons becoming associated with the bond so that both electrons became associated with the
nitro group so that the amino nitrogen would be doubly departing nitro group would produce a highly electron-
electron deficient. Homolytic cleavage would produce deficient, dipositive amino nitrogen. Substituents
an aromatic aminium cation radical. The electron would have a very large effect on such a process. Cor-

relation would require a + constants and a large negative 
¥ e I e yalue of p. Reactions in which a single positive charge

PhNN02 + HA A“ + PhN+-N02 — > is developed on the less electronegative a carbon in
^  substituted toluenes have p values of —2.3 to — 4 .7 7.

The observed reaction constant for the nitramine rear- 
¥ e | e rangement (—3.7) is not large enough for a mechanism

PhN- + -N02 or PhN2+:N 02~ in which the nitrogen-nitrogen bond breaks to form an
anilinium dication.

Thus it is likely that the protonated nitramine under
deficiency associated with the nitrogen atom in this goes bond cleavage to form an anilinium cation radical
species could be delocalized to the aromatic ring. Thus and nitrogen dioxide. The transition state for this
it would be expected that correlation of substituent process is undoubtedly a resonance hybrid and partakes
effects on such a process would involve <r+ constants of the character of both modes of nitrogen-nitrogen
and a large negative value of p. This supposition is bond scission described above. The magnitude of the
supported by a number of studies that demonstrate substituent effect suggests that the least ionic structure
that the generation of aromatic aminium cation radicals makes the largest contribution. The mechanism most
is correlated best by <7+constants. Polarographic oxida- compatible with the results of this study is the fol-
tion of primary aromatic amines10 requires <r+ constants lowing.

Me Me " Me Me

PhNN02 +  HA =*=*= A-  + PhN+-NOz — ► PhN+ -N02 PhN2+ :N02-

H I  H
transition state

l
+ Me

a NHMe ^ ^ N H M e  J '
* — \ ■*—  PhNt -no2

NO, M 'N O , I
n  L  -Jcage

^ J f f l M e  ^ ^ N H M e  ^

and large negative values of p (—4.310a and — 6.8 10b) Experimental Section
for fitting the effect of substituents. Oxidation of n a tio n  of m. and p.X-N-Nitro-N-methylaniline.-The 
substituted anilines with. N,I\ -diphenyl-N-picrylhy- substituted N-nitro-N-methylanilines were obtained from the
drazyl11 is correlated by a+ constants and a p o f — 1.5. corresponding substituted anilines. Those aromatic amines
M ethyl proton and nitrogen hyperfine splitting com bearing substituents that do not react with phenyllithium were
stants for substituted N,N-dimethylanilinium cation subjected to alkaline nitration and the resulting nitramines were

4 - i , ,  v i i j . 4 x j. x x  mi methylated with methvl sulfate to prepare15 the title compounds.
radicals12 are linearly related t o .  constants. Ther- Anili ês substituted wlth nitro, cyanof keto, and sulfonyl groups
molyses of ¿-butyl N-arylperoxycarbamates yield aryl- were converted into the corresponding diazonium salt and the
amine radicals13 and are correlated by a+ constants latter was oxidized to the nitramine,16 which was methylated.17
(p =  - 2 .2 ) .  Hydrogen atom abstraction from the The resulting to- and p-X-N-nitro-N-methylanilines were purified

(10) (a) R. W. Taft and I. C. Lewis, J .  Amer. Chem. Soc., 81, 5343 (1959); (14) J. A. Howard and K. U. Ingold, Can. J .  Chem., 41, 1744 (1963);
(b) J. Bacon and R. N. Adams, ibid., 90, 6596 (1968). G . A. Russell and R. C. Williamson, J .  Amer. Chem. Soc., 86, 2357 (1964).

(11) J. C. McGowan, T. Powell, and R. Raw, J .  Chem. Soc., 3103 (1959). (15) W. N. White, E. F. Wolfarth, J. R. Klink, J. Kindig, C. Hathaway,
(12) B. M. Latta and R. W. Taft, J .  Amer. Chem. Soc., 89, 5172 (1967). and D. Lazdins, J .  Org. Chem., 26, 4124 (1961).
(13) E. L. O’Brien, F. M. Beringer, and R. B. Mesrobian, ibid., 81, 1506 (16) E. Bamberger and K. Landsteiner, Chem. Ber., 26, 485 (1893).

(1959). (17) H. J. Backer, Rec. Trav. Chim. Pays-Bas, 31, 142 (1912).
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T able IY
m - and p -X-N -N itro-N-methylanilines

Registry ,-----------------Caled, %----------------- . ------------------Found, %-----------------
X no. Solvent Mp, °C C H N C H N

H 7119-93-9 a  3 6 .6 -3 7 .6J
p-MeS 23042-28-6 c 71 .0 -72 .0  48.47 5.08 14.13 48.65 5.19 14.07
p-MeO 22809-78-5 a  68 .1-69 .1  52.74 5.53 15.38 52.57 5 .77 15.53
p-Me 23042-30-0 d 73.6-74.6* . . .  . . .
p-F 655-56-1 a  68 .6-69.1  49.41 4 .15 16.47 49.18 4.26 16.50
p-Cl 23042-32-2 a  51.9-52.4/
p-Br 23042-33-3 d  84.0-84.9®
p-PA 23042-34-4 h 137.8-138.5 68.40 5.30 12.28 68.60 5.32 12.23
p-PAO 23042-35-5 c 107.5-108.0 63.93 4.95 11.48 64.17 5 .18 11.44
p-PhCO 23042-36-6 c 136.7-137.3 65.59 4.72 10.93 65.98 4 .53 11.15
p-NC 23042-37-7 h  104.1-104.6 54.23 3.99 23.72 54.16 4.17 23.53
p-MeS02 23042-38-8 h  158-159 41.77 4.38 12.17 41.86 4 .39 1 2 . 2 0

p-02N 16698-03-6 i  138.2-139.5'
m-Me 23042-40-2 k  . .  .* 57.83 6 . 0 2  16.87 57.71 6.30 17.04
m -F  23102-81-0 a  24r-25 49.41 4.15 16.47 49.31 4 .28 16.50
m- Cl 23042-41-3 a  48 .5 -49 .2  45.05 3.78 15.01 45.29 3.74 14.99
m-Br 23042-42-4 a  43 .2 -43 .8  36.38 3.05 12.12 36.43 3.29 12.10
m-PhO 23042-43-5 a  44 .0 -44 .5  63.93 4.95 11.48 64.14 4 .87 11.39
m-MeO 23042-44-6 . .  .* . . A 52.74 5.53 15.38 52.90 5.31 14.62

“ Petroleum ether (bp 35-60°). 0 Literature mp 38.5-39.5°: E. Bamberger, Chem . B er ., 27, 359 (1894). c Cyclohexane. d Petro
leum ether (bp 65-90°). ‘ Literature mp 74.5-75.5°: J. Pinnow, Chem . B er ., 30, 833 (1897). 1 Literature mp 48-49°: E . Bam
berger, ib id ., 30, 1248 (1897). « Literature mp 83.5-84.5°: reference in /. h Benzene-cyclohexane. /Benzene. ' Literature mp 
140°: reference in/. * Liquid.

by chromatography on neutral alumina using ether as an eluent acid concentration and temperature. The results of these kinetic
and then by crystallization from a suitable solvent. The appro- investigations are summarized in Table II .
priate data regarding these compounds are summarized in Table Spectrophotometric Determination of Yields of 2 -Nitro-4 -X-N- 
IY . methylanilines from Rearrangement of p-X-N-Nitro-N-methyl-

Isolation of Rearrangement Products of p-X-N-Nitro-N-methyl- anilines.—After completion of the kinetic runs described above,
aniline.—A solution of 1.00 g of the p-X-N-nitro-N-methylaniline a 5.00-ml aliquot of the cooled reaction mixture was transferred
in 50 ml of methanol and 50 ml of concentrated hydrochloric acid to a 10.0-ml volumetric flask and 1.00 ml of 20% ammonium
was refluxed for 2  hr and then allowed to stand for 20 hr at 25°. sulfamate was added. The resulting solution was heated at 100°
The solution was cooled to 0 ° and the solid product was collected for 30 min to destroy nitrous acid and remove N-nitroso groups,
by suction filtration. I t  was purified by chromatography on After cooling, the volume of liquid in the flask was brought to
neutral alumina using benzene as eluent and by crystallization. 10.0 ml by addition of acetic acid (8 .8  Af)-sodium acetate (1.1 M )
Physical constants and crude-yield data are recorded in Table I . buffer. The absorbance of the resulting solution was determined

Kinetic Measurements.—An aliquot of 1.022 M  perchloric acid at five different wavelengths near the visible absorption maxi-
was pipeted into a 50-ml volumetric flask and diluted with mum of the 2-nitro-4-X-N-methylaniline being determined.
1.022 M  sodium perchlorate solution to within 1 cm of the mark. Solutions of the pure 2-nitro-4-X-N-methylanilines in dioxane 
After the flask had stood in a constant-temperature bath for 40 were treated in the same way as described above for solutions of
min, the volume was adjusted to the mark with 1.022 M  sodium the corresponding p-X-N-nitro-N-methylanilines in order to
perchlorate solution. A 1.00-ml aliquot of a nitramine solution obtain extinction coefficients for the rearrangement products,
of accurately known concentration (co. 10~ 2 M )  in dioxane was The concentration of 2-nitro-4-X-N-methylaniline in the reac- 
added, the contents of the flask were mixed immediately, and the tion mixtures was calculated using Beer’s law. Since the absorb-
flask was returned to the thermostatic bath at once. Measured ance was determined at five wavelengths, there were five equa-
samples were withdrawn at appropriate intervals and quickly tions in one unknown (the concentration). The method of least
quenched by rapid addition to a volume of saturated lithium squares was applied to these equations to obtain the best
acetate solution sufficient to neutralize the acid. The absorb- value.
ances of the quenched samples were determined at the wave- Four of the nitramines produced two colored products on
length of maximum extinction in the visible region. The optical rearrangement—varying amounts of p-nitro-Y-methylaniline
density at “infinite” time was approximated from a reaction were formed in the rearrangements of unsubstituted, p-chloro-,
sample taken after 10 half-lives. p-bromo-, and p-nitro-N-nitro-N-methylaniline in addition to

Pseudo-first-order rate constants were calculated from the ex- the expected 2 -nitro compound. The concentration of each
perimental data in the usual way and these were converted into colored substance was obtained by using the equation A  = abc  +
second-order constants by dividing by the constant concentration a'b'c', which has two unknown concentrations. Application
of acid, which was in large excess. The kinetics of rearrangement of the method of least squares to the absorbances measured a
of each nitramine were studied at three different temperatures. five different wavelengths for each sample gave the best values
Two different acid concentrations were used for each temperature, for the concentrations of each of the products,
and at least two runs were made with each compound at a single The results of this analysis are shown in Table I I .
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M echanistic Aspects of the Photochem istry of U nsaturated Nitriles

D avid M. G ale

Contribution N o. 1585 fro m  C entral R esearch  D epartm ent, E x p erim en ta l S tation , E . I .  du  P on t de N em ours an d  C om pan y ,
W ilm ington , D elaw are 19898

R eceived A ugust 21, 1969

Simple unsaturated nitriles [acrylonitrile, crotononitrile, and 2-cyanobutadiene (I)] were shown to undergo 
well-defined photochemical reactions. Mechanistic aspects of these reactions were studied with the aid of quan
titative measurements. The isolation of 1-eyanobicyclobutane (III) as the major product from the photolysis of 
I suggests a diradical intermediate (IV).

This investigation was initiated to determine the is nonreactive.11 No fluorescence or phosphorescence
effect of the nitrile function on the solution photo- was observed for I in dilute ethanol solution a t — 190°.
chemistry of simple olefins and dienes.1 A t the start of These data exclude luminescence as a major path for
our study, only scattered accounts2,3 of photochemistry energy loss.
which might involve nitrile participation had appeared. The mechanism of diene photoisomerization is of 
Recently, examples of triplet-state a,0-unsaturated current theoretical interest,12 as is the mechanism of
nitriles have been reported.4-'6 bicyclobutane13 and cyclobutene14 ring opening. Quan-

Photoisomerization of 2-Cyanobutadiene.— The solu- turn mechanical considerations have amply demon-
tion photochemistry of acyclic 1,3-dienes has been strated their usefulness in this problem,12,13,15 but, thus
studied in detail.7 In general, singlet dienes tend to far, these deal only with concerted processes. Even so,
undergo photocyclization, while triplet dienes tend to it is not clear from these treatments whether the forma-
dimerize. 2-Cyano-l,3-butadiene (I) was irradiated tion of a bicyclobutane from a transoid diene (SiT) is a
in dilute ether solution with 2537-A light. The prod- concertedly allowed process. Moreover, the vast
ucts, 1-cyanocyclobutene (II) and 1-cyanobicyclo- majority7,16 of acyclic dienes photoisomerize to cyclo
butane (III), were isolated by gas chromatography and butenes as their sole product; this presents a paradox
compared with authentic samples prepared by standard when it is recalled that simple acyclic dienes are

largely transoid.7 Although bicyclobutanes may have 
o yCN yPN  been recently17 implicated in acyclic diene photolysis,

— /  2537 A>. | jj +  jj/j the isolation of III as the major product from reaction of
« CN n  III I  is surprising. A reasonable mechanism for its forma-

I (<*. = 0009) (<¿> = 0.029) tion is shown. The formation of III via intermediate

methods.8-10 The bicyclobutane was also indentified Sqt gT  A 7  _jg
via a crystalline diiodide. Quantum yields for the 1 'CN
formation of II  and III (in ether) were determined by IV
crystal violet leucocyanide actinometry at 30°. Mea
surements in other solvents were hampered by the TTr , a ■ ■ > , , T, , r t j , ■ j.- n  IV  supports Srmivasans generalization.12 In eompar-tendency of I to undergo photopolymerization. Re- . ,. , T r ,, , , , ... i i  i i f , . • ,, . , ,, mg the reaction of I with that of the parent butadienepeated large-scale photolysis in ether consistently . 6 , , . , .

„  , • , TTT ,, , , , „  ,, m which bicyclobutane was only a minor product, we
allowed isolation III as the mai or product (usually the , , , . , . TTT x. u.. t ttt /tt i Q. -i i i I. see no reason why concerted ring closure to i l l  shouldratio of III II was 1.5). Similar large-scale results , , , , J , ... ? . . . .  .

u  . , . xt. 5 , x x be favored by substitution of a nitrile group. Awere obtained in 1,2-dichloroethane and carbon tetra- , . ,, . , „ xt • i T ■ x t t

chloride. Attempts to sensitize the photoisomeriza- “ T  ^  °  T  7  ^  t I T “  °  •1 i
tion of I with acetone (E T «  80, 3000 A), triphenylene The closure12,15 of Stc is appealing, but it
(Et = 67, 3500 A), benzophenone (ET = 69; 3500 A), may not be cof ect' Partlculf r T  \be taken 7  
acetophenone (ET = 74, 3500 A), and 9,10-dibromo- assigniag me. f af 1Sm s!nce stereochemical arguments
anthracene (E Tl = 42, ETl «  75; 3500 A) gave es- are not available, and an independent criterion of
sentially no reaction. The inability of triplet sensi- ^ncertedness is lacking, 
tizers to cause photoisomerization tends to exclude the
i • i i c t  j-i p xt i ttt n i (11) One may argue here that the triplet was never formed under the reac-
tnplet oi 1 as the precursor of II and III; the absence tion conditions.
of substantial dimerization suggests that the triplet of I (12> R. Srmivasan, J .  Amer. Chem. Soc., 90, 4498 (1968), and references

cited therein.
(1) A preliminary account of the photodimerization of acrylonitrile has (13) G. L. Closs and P. E. Pfeffer, ibid., 90, 2452 (1968), and references

appeared: R. S. H. Liu and D. M. Gale, J .  Amer. Chem. Soc., 90, 1897 cited therein.
(1968). (14) H. M. Frey, B. M. Pope, and R. F. Skinner, Trans. Faraday Soc., 63,

(2) J. G. Atkinson, D. E. Ayer, G. Buchi, and E. W. Robb, ibid., 85, 2257 1166 (1967); H. M. Frey and R. Walsh, Chem. Rev., 69, 103 (1969).
(1963). (15) H. C. Longuet-Higgins and E. W. Abrahamson, J .  Amer. Chem. Soc.,

(3) J. A. Barltrop and R. Robson, Tetrahedron Lett., 597 (1963); P. De- 87, 2045 (1965). R. B. Woodward and R. Hoffmann, ibid., 87, 395 (1965);
Mayo, R. W. Yip, and S. T. Reid, Proc. Chem. Soc., 54 (1963). Accounts Chem. Res., 1, 17 (1968). K. B. Wiberg, Tetrahedron, 24, 1083

(4) J. Runge and R. Kache, Zeit. Chem., 8, 382 (1968); S. Hosaka and S. (1968). R. Hoffmann, Abstracts, 21st National Organic Symposium of the
Wakamatsu, Tetrahedron Lett., 219 (1968). American Chemical Society, Salt Lake City, Utah, June 1969, p 116; R. B.

(5) W. L. Dilling and R. D. Kroening, ibid., 5101 (1968). Woodward and R. Hoffmann, Angew. Chem., Int. Ed. Engl., 8, 781 (1969).
(6) J. A. Barltrop and H. A. J. Carless, ibid., 3901 (1968). (16) K. J. Crowley, Tetrahedron Lett., 21, 1001 (1965); Proc. Chem. Soc.,
(7) R. Srinivasan, Advan. Photochem., 4, 113 (1966). 245, 334 (1962); 17 (1964).
(8) I am indebted to Dr. H. K. Hall, Jr., for the sample of III9 and to (17) (a) R. E. K. Winter and P. Kalicky, Abstracts of the 156th National

Dr. W. G. Kenyon for the sample of II19 used in this study. Meeting of the American Chemical Society, Atlantic City, N. J., Sept 1968.
(9) H. K. Hall, Jr., U. S. Patent 3,457,194 (1969). ORGN 36. (b) J. A. Barltrop and H. E. Browning, Chem. Comm., 1481
(10) R. Tietz and W. G. Kenyon, U. S. Patent 3,468,861 (1969). (1968).

970 Gale The Journal of Organic Chemistry



Photodimerization of Acrylonitrile.— Acrylonitrile another molecule of acrylonitrile. The Schenk mecha-
photocyclodimerizes1,4,6 to a mixture of cis- and trans- nism does not explain why 1- and 2-acetonaphthone are
1,2-dicyanocyclobutane18 (V and V I, respectively) in ineffective sensitizers or why benzophenone and 9,10-

dibromoanthracene give essentially identical results. 
CN CN CN The preference for head-to-head dimerization is in-

r hv _/  _y  dicative of a diradical intermediate. Successful dimer
sensitizersy  l  + l— l  formation in ethanol and furan as solvents tends to

UN CN exclude a strained isomer of acrylonitrile as the reactive
V VI species. Attempts to observe direct singlet-triplet

absorption for acrylonitrile in ethyl iodide solution 
the presence of triplet sensitizers. Less than 2%  (10-em cell) were unsuccessful. Sensitization by the
1,3-dicyanocyclobutanes19 were detected; these isomers anthracenes probably occurs via their T 2 states.1,21
were shown to be stable to the reaction conditions. An interesting aspect of this study is the unequivocal
Table I summarizes the 1,2-dicyanocyclobutane prod- demonstration of nitrile participation in the excited

state. The quantum yield measurements require that 
T able I acrylonitrile («65 kcal/mol) have a lower triplet

P hotosensitized D imerization of energy than that expected for ethylene (> 80 kcal/mol).
Acrylonitrile (AN)“ cis-trans Isomerization in Crotononitrile.— Crotono-

[an], u Ratio of nitrile undergoes facile photosensitized cis-trans isom-
Sensitizer (Ft) (solvent)“ vi/v6 z<t>c erization. Stationary states were determined for

Xanthone (74) 1 0 (B ) 0 .8  d  high energy sensitizers by approach from both direc-
Acetophenone (74) Neat 0.82e d  tions (Table II) . W ith lower energy sensitizers, such as

1 .8 (F )/  1 .7“
Triphenylene (67) Neat 0.82“ d
Benzophenone (69) Neat 0 .84“ 0.062 T able II

1 0 (B ) 0 .8  Stationary States for Crotononitrile

1.0  (B) 1.3 c is /tran s  ratio at
0 .3  (B) 2.33" Sensitizer equilibrium“
10 (A) 0 .8  Xanthone 1.05
1 .0 (A ) 0 .8  Acetophenone 0.95
0 .9  (P) 1.08“ Benzophenone 0.87

2-Aeetonaphthone (59) Neat None <0.002" Triphenylene 0.97
1 -Acetonaphthone (56) Neat None <0.002" “ Estimated error ±0.05.
9-Fluorenone (51) Neat None“ <0.002"
9,10-Dibromoanthracene Neat 0.82" 0.078 . . , , , /E7 ,,

(DBA) 1 0  (B) 0 .7  1-acetonaphthone, Michler’s ketone (ET = 61), the
l 0 (B) 1 .2  rate of isomerization was much diminished, suggesting
0 .3  (B) 2.33* triplet energies for these isomers in the sixties, in good
10(A ) 0 .7  agreement with the value obtained for acrylonitrile.
1 . 0  (A) 0 .7  Among the lower energy sensitizers, several anomalous
0 . 2  (EA)/ 0.82" results were obtained. Rapid equilibration was ob-
2 .7  (T)/ 1 .8“ served with 2-acetonaphthone (cis/trans ratio, 1.6),

Cu+, Cu2+ possible4 0 .4 (E )  1 .6“ 9,10-dibromoanthracene,and9-methyl-10-bromoanthra-
(9-Fluorenone +  DBA)’ Neat 0.01 cene. The ketone may be catalyzing the isomerization
9-Bromoanthracene Neat 0 .9  0.067 OT'a a radiCal addition mechanism.20 The brominated

acetonitrile (A), ether (E), pyridine (P), furan (F), ethanol (EA), bromine (see Table III) which, in turn, catalyzes the 
or trichloroethylene (T). 6 ~ 1 0 %  error, unless specified. “ Ben-
zophenone-benzhydrol actinometry. Analysis by gc on a silicone T able I I I
gum nitrile column at 175 or 200°. Values are not corrected for
intersystem-crossing efficiency. d Qualitatively similar to benzo- Catalyzed I somerization of Crotononitrile
phene ne. " Large-scale experiment with ir and nmr identification. c is /tran s
f  Other products noted. " Limit of detection. h Saturated with CatalyBt [Crotononitrile] ratio
“CuCl;” quartz apparatus and 2537-1 light used. < 1 .6 7 X 1 0 -*  9 ,1 0 -Dibromoanthracene 0 .6  M  in benzene 1.49
9-fluorenone, 6.67 X 1 0 DBA;  ca . 80% of the light absorbed 9 ,1 0 -Dibromoanthracene 50% in benzene 1.29
by 9-fluorenone. 9 ,1 0 -Dibromoanthracene Neat 1.24

9-Methyl-10-bromoanthracene 0 . 6  M  in benzene 1.49
uct ratios and quantum yields as a function of sensitizer Bromine 0 .6 M in  benzene l .49
and solvent. The product ratio varies with the Bromine 50% in benzene 1.29
medium but not with sensitizer, suggesting the inter- Bromine Neat 1.25
mediacy of triplet acrylonitrile. The almost exclusive
head-to-head dimerization argues against the Schenk20 isomerization.22 This result is in sharp contrast to the
scheme for “ chemical relay”  of energy; a complex of a need to invoke T 2 states of brominated anthracenes21 to
sensitizer, such as benzophenone, and acrylonitrile explain the rapid dimerization of acrylonitrile, 
would likely give rise to 1,3-dinitrile on reaction with

(18) E. C. Coyner and W. S. Hillman, J .  Arner. Chem . S oc., 71, 324 (1949). (21) R. S. H. Liu and J. R. Edman, J . .A m e r . Chem . S oc., 91 1492 (1969)
(19) K. C. Stueben, J .  P o lym . S c i.. 4, 829 (1966). (22) The uncatalyzed thermal eqmhbrat.on of orotonomtn e has been
(20) For a review of this point of view, see R. Steinmetz, Fortsch . Chem . studied in the vapor phase: J. N. Butler and R. D. McAlpine, C an. J .

Forsch ., 7, No. 3, 445 (1967). Chem ., 41 (10), 2487 (1963).
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Experimental Section A total of 1 1 . 8 6  g (80%), mp 82-86° dec, of diiodonitrile was
obtained. Recrystallization from methanol gave an analytical

Photolysis of 2-Cyanobutadiene (I). A 2%  solution of I 23 sample, mp 91-94° dec. The infrared spectrum showed saturated 
in anhydrous ether, saturated with Cu2Cl2, was photolyzed for CH at 3.35 and —C = N  at 4.51 n  and no = C C H S absorption.
5 days ̂ employing a quartz apparatus, cooled with tap water The mass spectrum showed a parent ion at m/e 333 and the
(co. 15°) and equipped with 16 low-pressure mercury lamps/*4 expected fragmentation. The nmr spectrum showed complex 
The most intense wavelength produced by these lamps is 2537 A. absorption at t 5.3 (area 1) and 6.5 (area 4). A n a l. Calcd for
When the photolysis was completed, the reaction mixture was C6H6NI2: C, 18.03; H, 1.51; N, 4.21; I, 76.25. Found: C,
filtered and the ether was removed from the filtrate under reduced 18.15; H, 1.65; N, 4.30; 1,76.14.
pressure (co. 10-20 mm). A sample of the residue, stabilized A 200-mg sample of a mixture of I I I  (three parts) and I I
with hydroquinone, was shown to contain I I I  and I I  by nmr (one part) obtained from the photolysis of I  was dissolved in
comparisons with authentic samples. 25 ml of CC14 and stirred for 17 hr at room temperature with

In another experiment, a 2.9-g sample of I  dissolved in 350 ml 610 mg of iodine (excess). The solvent and most of the unreacted 
of anhydrous ether saturated with Cu2Cl2 was photolyzed for iodine were removed leaving 0.6 g of crude diiodide, which was
131.5 hr. The same work-up procedure led to 2  g of yellow liquid. recrvstallized from methanol (most soluble) to give 95%  pure
Nmr analysis showed that I I I  was formed in about 28.5%  yield 1,3-diiodocyclobutaneearbonitrile (by nmr and ir comparisons
and II  in about 15.5% yield. Short-path distillation of this with an authentic sample), mp 80-84° dec. 
residue led to mixtures of I I I  and I I , isolated in somewhat lower Photodimerization of Acrylonitrile.—In a typical experiment,
yields than determined by nmr. Similar results were obtained 100 mg of recrystallized benzophenone (from ethanol) dissolved
in ether without the Cu2Cl2, in 1,2-dichloroethane, and in CC14 in 100 g of polymer-grade acrylonitrile (which had been further
(lower yield). Thus, the addition of Cu2Cl2 seems to have little purified by washing with 5%  sodium bicarbonate solution and
effect on the process. Both I I  and I I I  could also be isolated by three times with water, dried over magnesium sulfate, passed
gas chromatography (butanediol succinate column). through Al20 3 , and distilled under vacuum through a spinning-

Quantum Yield Determinations.—A 2 X 10~ 4 M  solution of banc, column), in a glass vessel formed from 4-cm Pyrex tubing
crystal violet leucocyanide25’26 in ethanol was used for a standard and cooled to 10° by internal coil, was degassed with Ar and ir-
solution. The molar extinction coefficient of the dye at 5900 A radiated with a bank of 16 germicidal uv lamps coated with a
was taken as 1.1 X  106. A quartz cell (path length, 1 cm; “black light” phosphor for 2 weeks (intensity of light estimated
volume, 3 ml) was separated (5.5 cm) from a low pressure mer- from lamp output was 0.2 einsteins/day absorbed). The solution
cury lamp (“pencil source” ) by a shutter assembly. The in- remained clear except for the last few days when a small amount
tensity of the light source was measured before and after each of polymer formed. The absorbance (1 -cm cell) at 3500 A
determination measuring the change in the absorbance at 5900 A changed from 0.7 to 0 .6  (> 9 9 % absorption at end). The reaction
employing a Cary spectrophotometer (actually the intensity of mixture was concentrated to 6.7 g for gc analysis (butanediol
this source was constant for long periods of time). The quantum succinate at 150°): 33% acrylonitrile, 28% VI (1.9%  yield),
yields for the formation of I I  and I I I  were determined by exposing 33% V (2.2% yield), and two peaks of less than 1  %  each with
0.13 M  (''-'100% absorption of light) ether solutions (no Cu2Cl2; the retention times of cis- and irans-l,3-dicyanocyclobutanes.
degassed with argon) of gc-pure I  to the source for definite time Attempts to collect the dinitrile products by gc were unsuccessful
intervals and analyzing for the concentration of products by gas owing to decomposition. Further concentration for infrared and
chromatography (standard samples employed). Measurements nmr analysis established the presence of the 1,2-dinitriles by
were made at ambient temperature (~ 3 0 °). comparison with spectra of authentic materials (see Table I) .

1,3-Diiodocyclobutanecarbonitrile.—To a 13-g sample of solid Photoisomerization of Crotononitrile.—Stationary states were 
iodine (0.052 mol) mostly dissolved in 100 ml of CC14 was added determined by dissolving sufficient sensitizer in near crotono-
4.6 g (0.058 mol) of I I I  dissolved in 25 ml of CC14. The purple nitrile (both cis  and tra n s) to make the solution “totally ab-
mixture was stirred at room temperature for 16 hr and filtered sorbing,” and irradiating in Pyrex tubes in a “merry-go-round”
to remove 1.7 g of a yellow solid. The filtrate was evaporated apparatus with Dow-Corning 0-52 and 7-60 filters. All of the
to dryness and the residue was crystallized from methanol. data in Tables I I  and I I I  were obtained by starting with both
-----------------  pure isomers. Analyses were made by gc on a silicone gum nitrile

(23) C. S, Marvel and N. O. Brace, J .  A.mer. Chem. Soc., 70, 177 (1948). Column at 150°.
(24) D.M. Gale, U.S. Patent 3,459,647 (1969).
(25) See J. G. Calvert and J. N. Pitts, Jr., “Photochemistry," John Wiley Registry No.— I, 5167-62-4' aCl’vlonitrile 107-13-1'

6  Sons, Inc., New York, N. Y., 1966, p 788. • , ., ., n
(26) I am indebted to Dr. A. MacLachlan for his assistance with these CiS-CrotonOIUtnle, 1190-76-7 J b'CmS-CrotonOnitnle, 627-

measurements. 26-9; 1,3-diiodocycIobutanecarbonitrile, 23264-15-5.
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M ethoxonium  Ions in Solvolysis. Neighboring Acetal Participation

J. R. H azen1
D epartm ent o f  C hem istry, V anderbilt U niversity, N ashville, T enn essee 87203  

R eceived Septem ber 26, 1969

The dimethoxy-1 alcohols 1 (n = 2-4) were synthesized and the corresponding tosylates 2 (n =  2-4) were 
solvolyzed in both methanol and trifluoroethanol to examine the possibility of methoxyl participation by the 
dimethyl acetal functional group. The solvolysis rates were measured and compared with that of n-octyl tosylate 
as a model compound and with that of 5-methoxy-l-pentyl tosylate, which is known to solvolyze with methoxyl 
participation. The 4,4- and 5,5-dimethoxy compounds 2 (n  =  2 and 3) showed rate enhancement of ca. 3900 and 
245, respectively, relative to n-octyl tosylate in trifluoroethanol, indicating that acetal methoxyl participation 
dominates the solvolysis in both cases. Comparison of 5,5-dimethoxy-l-pentyl tosylate and 5-methoxy-l-pentyl 
tosylate showed that the acetal methoxyl group is a much poorer intramolecular nucleophile than the simple 
methyl ether group in both solvents. Product studies of the trifluoroethanolysis of 4,4-dimethoxy-l-butyl and
5,5-dimethoxy-l-pentyl tosylate confirmed the neighboring-group phenomenon in both cases in that the major 
products were the mixed acetals 8  and 9 resulting from 1,4 and 1,5 migration, respectively, of an acetal methoxyl 
group. The kinetic features of the trifluoroethanolysis reactions of 5-methoxy-l-pentyl tosylate and 5,5-dime- 
thoxy-l-pentyl tosylate are discussed in terms of the ion-pair chemistry of the solvolysis intermediates.

Although a large number of functional groups have It was therefore of interest to examine a series of 
been examined for their ability to serve as intramolec- homologous dimethoxy tosylates for evidence for the
ular nucleophiles in solvolytic displacement reactions,2 generality of acetal participation, for elucidation of
conspicuous by its absence is a systematic study of the mechanism, and for a direct comparison with the struc-
neighboring acetal or ketal group. Since participation turally related methoxyalkyl tosylates studied previ-
by the methyl ether oxygen has been exhaustively ously.
studied,3’4 an examination of the dimethyl acetal or
ketal group participation would allow an instructive Results
comparison of the relative nucleophilicities of the me- Syntheses.—The required dimethoxy-1 alcohols 1
thoxy group in the two functional groups. To date only , =  2_4) were prepared from the appropriate cyclic
one example of neighboring ketal participation has acyloins essentially by the method of Saunders and
been reported. Thus backside MeO-45 participation Hurd;8 ag outlined in Scheme I. The acyloins were
has been invoked in the acetolysis of endo-7,7-dime-
thoxy-2-norbornyl tosylate to account for the migration Scheme I
of the methoxyl group to the 2-exo position and con
comitant ketone formation. The corresponding exo 0

ch3 JL .O H  1)Pt<0Â  A oCH3OCh3
ch30 och3 o u k +J (cW T  2)H+-Me0H

X  — X j  -  — 4 , = -

A ^ o r s  ch3o .
/CH(CH2)„CH2OH

0 ch3o
II 1,71 =  2 -4

treated first with lead tetraacetate in methanol and 
then with methanolic sulfuric acid. The resulting acetal 

tosylate, in which methoxyl participation cannot occur, esters 4 were then reduced with lithium aluminum
gives only unrearranged substitution products (the hydride to yield the dimethoxy alcohols 1.
corresponding exo and endo acetates), the ketal function The precursor acyloins were synthesized by known 
remaining intact.6 Several examples of acetal partici- methods. Adipoin (3, n = 4) was readily prepared by
pation have previously been noted in the carbohydrate the hydrolysis of 2-chlorocyclohexanone, which in turn
field.? was synthesized by the chlorination of cyclohexanone.9

The remaining acyloins (3, n = 2, 3) were prepared by
(1) Address correspondence to Division of Natural Science, University , .  acv lo in  Condensation w ith  d ie th y l SUCCUiate an d

of California, Santa Cruz, Calif. 95060. ,• i • n „
(2) b . Capon, Quart. Rev. (London), is, 45 (1964). diethyl glutarate, respectively, employing the recent
(3) S. Winstein, E. Allred, R. Heck, and R. Glick, Tetrahedron, 3, 1 modification with chlorotrimethylsilane.10 12 With

(1(4Ma) E. Allred and S. Winstein, 7. A ™ , Chem. Soc, 89, 3991 (1967); this modification the acyloins were isolated 88 the 12 -
(b) E. Allred and S. Winstein, ibid., 89, 3998 (1967); (c) E. Allred and S. bistrimethylsiloxy-1-Cyclo alkeilCS 0 , (see bcheme 11).
Winstein, ibid., 89, 4 0 0 8  (1967); (d) e . Allred and s. Winstein, ibid., 89, 4 0 1 2  rphe acvloins 3  ( n  =  2, 3) were then generated simply by
(1967) . J

(5) This terminology is explained in ref 3. , « . T r a m. a n* mo a
(6) P. G. Gassman and J. L. Marshall, Tetrahedron Lett., 2429, 2433 (8) C. L. Hurd and W. H. Saunders, Jr., J .  Amer. Chem. Soc., 74, 5324

(1968) (1952).
(7) See e.g., (a) R. U. Lemieux and B. Fraser-Reid, Can. J .  Chem., 42, (9) M. S. Newman, M. D. Farbman, and H. Hipsher “Organic Synthe-

539 (1964); (b) N. A. Hughes and P. R. H. Speakman, J .  Chem. Soc., C, ses,”  C o ll. V o l. IIL John Wiley & Sons, Inc., New York, m Y ., 1955, p 188.
1182 (1967)- (C) C. L. Stevens, R. P. Glinski, K. G. Taylor, P. Blumbergs, (10) U. Schrapler and K. Ruhlmann, Chem. Ber., 97, 1383 (1964).
and F. Sirokman, J .  Amer. Chem. Soc.. 88, 2073 (1966); (d) J. G. Buchanan, (11) J. J. Bloomfield, Tetrahedron Lett., 5 8 7  (1968)
A R. Edgar, and D. G. Large, Chem. Commun., 558 (1969). (12) G. E. Gream and S. Worthley, tind., 3319 (1968).
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Scheme II The 5-methoxy-l-pentyl derivative solvolyzes with
COOEt first-order behavior in methanol, but in trifluoroethanol

(C E 2) f ^  Na,cisi(CH3)3> exhibits behavior typical of the internal return rear-
%X)OEt toluene rangement to methyl tosylate (and tetrahydropyran)

OSi(CH3)3 Na ^ie cyclic methoxonium ion observed previously for
Me0H this system in acetic aeid.4d The rearrangement is

(CH2)„ I — > 3, n =  2,3 kinetically detectable as a downward-drifting rate
Nz constant and a low acid infinity titer in unbuffered

OSi(CH3)3 solvent, and as an upward-drifting rate constant (and a
6 theoretical infinity titer) in sodium trifluoroethoxide

buffered trifluoroethanol.16 However, similar rear
stirring in absolute methanol under a nitrogen atmo- rangement to methyl tosylate does not accompany the 
sphere. trifluoroethanolysis of 5,5-dimethoxy-l-pentyl tosylate,

The tosylates 2 were prepared from the alcohols by since there was observed no drift in the first-order rate 
the sodium hydride method.13 None of the tosylates constant through at least 80% reaction, 
was crystalline; since they proved to be moderately The products from the trifluoroethanolysis of 4,4- 
unstable even in the cold, they were prepared as needed. dimethoxy-l-butyl (2, n = 2) and 5,5-dimethoxy-l-

Kinetic and Product Studies.— The tosylates were pentyl (2, n = 3) tosylates were examined to substantiate
solvolyzed in absolute methanol and in buffered tri- the kinetic evidence for the neighboring-group phe-
fluoroethanol, and their rate constants were deter- nomenon. From the trifluoroethanolysis of 2 (n = 2)
mined titrimetrically. Methanol was a suitable choice, was detected a single major product, formed in 70%
since its use obviated the problem of acetal exchange yield, as estimated by gas chromatography using inter-
and the need to neutralize the acid liberated in the nal standards. This material was isolated by distilla-
solvolysis. Trifluoroethanol, being considerably more tion, purified by preparative gas chromatography, and
ionizing and less nucleophilic than methanol,14 is an identified as the mixed acetal 1,4-dimethoxy-l-tri-
ideal nonacidic solvent, since it allows neighboring- fluoroethoxybutane (8) on the basis of elemental analy-
group participation to predominate over direct solvent
disnlacement. The first-order rate data are summa- CH30 ^ __________  NaOCH2CF3
n z e d m T a b le sIa n d ll. CH 30 ^  cf3ch,oh

T able I 2 ,n  =  2 CH30 ^

Summary of K inetic Data in ^CHCH2CH2CH2OCH3
M ethanol at 59.86 ±  0.05° CF3CH20

8
Compd 106fc, sec-1 Rel rate FkA,a % . .

CH3(CH2)6CH2OTs 0 765 1 0 S1S anc* mfrare(a> nmr> an(l mass spectra. In particular,
(CH30)2CH(CH2)2CH20Ts 5.73 ±  0.05 7.49 ' 87 the nmr spectrum showed two singlets corresponding to
(CH30 )2CH(CH2)3CH20Ts 1.49 ± 0.02 1.95 49 the nonequivalent methoxyl groups. Also the base-
(CH30 )2CH(CH2)4CH20Ts ~ 1 .1 ~ 1 .4 ~30 peak ion in the mass spectrum occurred at m/e 143 and
CH3OCH2(CH2)3CH2OTs 2.08 ± 0.02 2.72 63 was assigned structure a, a typical fragment ion in the

° Calculated from the kinetic data. mass spectra of acetals.17

r  “î
The application of the kinetic rate-enhancement 

criterion for neighboring-group participation requires a Cp
means of estimating the expected value of the rate con- L 3 2
stant in the absence of participation, the observed rate a, m/e 143
constant (fc0bsd) being the sum of the assisted (kA) and
unassisted (kB) rate constants. Similarly, the trifluoroethanolysis of 5,5-dimethoxy-

, - m, i b 1-pentyl tosylate (2, n = 3) gave 1,5-dimethoxy-l-
obad A 8 trifluoroethoxypentane (9) in ca. 25%  yield. The

A  measure of the unassisted portion of the solvolysis structure assignment was again based on the fact that
rates of the dimethoxy-l-alkyl tosylates was taken to be the material showed two distinctly nonequivalent meth- 
the rate of solvolysis of n-octyl tosylate.15 No attempt oxyl singlets in the nmr, and had a base-peak ion at
was made to assess the extent of internal return (1 — m/e 143 owing to ion a in its mass spectrum. The
F) to covalent starting material.

The solvolysis of 5-methoxy-l-pentyl tosylate, which CHaOv. pH p„  nT NaOCH2cF3> 
is dominated by methoxyl participation,411 was also CH30^  2 2 2! 2 8 cf3ch,oh

examined to provide a comparison with the correspond- ^  q
ing 5,5-dimethoxy-l-pentyl system (Tables I and II). 3 ^CHCH2CH2CH2CH2OCH3 +

(13) J. K, Kochi and G. S. Hammond, J .  Amer. Chem. Soc., 75, 3443 CF3CH20 O OCH3
(1953). 9 10

(14) F. L. Scott, Chem. Ind. (London), 224 (1959); V. J. Shiner, Jr., W. -------------------
Dowd, R. D. Fisher, S. R. Hartshorn, M. A. Kessick, L. Milakofsky, and (16} The interesting kinetic features of this system in trifluoroethanol
M. W. Rapp, J .  Amer. Chem. Soc., 91, 4838 (1969). have been reported elsewhere; see J. R. Hazen, Tetrahedron Lett., 1897

(15) The actual choice of which primary alkyl tosylate (n-butyl, n-pentyl, (1969}.
or n-hexyl) to use as a model compound is relatively unimportant, since they (17} H. Budzikiewicz, C. Djerassi, and D. H. Williams, “Interpretation
all aolvolyze at very nearly the same rate (in ethanol and in water); see of Mass Spectra of Organic Compounds,” Holden-Day, Inc., San Francisco, 
P. M. Laughton and R. E. Robertson, Can. J .  Chem ., 33, 1207 (1955). Calif., 1964, pp 52-54.
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T able II
Summary of K inetic Data in T rifluoroethanol at 69.90 ±  0.05°

Compd CFaCIRONa, M k, sec-1 Rel rate FkA,a %
CH3(CH2)6CH2OTs . . .  3 X 1 0 - *  1 . 0

(CH30 ) 2CH(CH2)2CH20 T s 0.0505 1.18 ±  0.02 X 10- 3 3 .9  X  103 1 00
(CH30 ) 2CH(CH2)3CH20 T s 0.0560 7.35 ±  0.10 X 10~6 2 .45 X  10s >99
CH3OCH2(CH2)3CH2OTs 0.0560 2 .04 ±  0.02 X 10" 4 6 .80 X  102 >99

1.59 ±  0.03 X 10“ 4 5 .30 X  102

0 Calculated from the kinetic data.

major product in the trifluoroethanolysis of 2 (n = 3) nitude of the neighboring-group effect in the series of
is 2 -methoxytetrahydropyran (10), identified by com- tosylates is in the expected order in that 2 (n = 2) is
parison of its gas chromatography retention time with more reactive than 2 (n = 3), which in turn is more reac-
that of an authentic sample. tive than 2 (n = 4). This observation is in accordance

with the expectation that formation of the five-mem- 
Discussion bered-ring transition state is the most favorable and

. . . . . .  . , . formation of the seven-membered-ring transition state
There are several a priori considerations with regard ig the ]easfc favorabie.M It is significant to note that

to a comparison of MeO-n participation in the dimeth- 5 _methoxy-l-pentyl tosylate solvolyzes 40% faster than
oxy and simple methoxy compounds. First, a statisti- 5  5 -dimethoxy- 1-pentyl tosylate, indicating that acetal
cal factor of two must be recognized, since either of the methoxyl participation is less favorable than simple
two methoxyl groups of the acetal function can serve as methoxyl participati0n. This observation reflects the

„e neighboring group. Second, it is well known that overriding importance of the inductive or electronic
alkyl substituents on the aliphatic chain serve to en- factor on the nuole0philicity of the acetal methoxyl
hance cyclization reactions. For example, 5-methoxy-l- groups
hexyl brosylate solvolyzes about six times more rapidly Tbe fact that the fcs route represents a large portion of 
than 5-methoxy-l-pentyl brosylate in acetic acid/“ the solvolysis pathway in methanol is undoubtedly due
It is reasonable to assume that the methoxyl group has a tQ itg relatively high nucleophilicity. An ionizing but
stenc bulk which is intermediate between that of methyl weakly nucleophilic solvent would make any participa-
and an ethyl group. The presence of the second meth- tion effects more apparent; since fc8 for primary tosylates
oxyl group may therefore be estimated to increase the ig reduced in a less nucleophilic solvent. Since the
rate of a ring-closure reaction by a factor of roughly usuai acidic solvents are unsuitable, the tosylates were
10-15.2,4a’18 On the basis of this factor and the sta- solvolyzed in trifluoroethanol in the presence of sodium
tistical factor, it might be estimated that the dimethoxy trifluoroethoxide as a buffer to prevent acetal exchange,
compounds would solvolyze some 20-30 times faster The large rate accelerations for tbe tosylates 2 in the 
than the methoxyl compounds. A  third factor, how- cases where n = 2  and 3  relative to «-octyl tosylate
ever, should counterbalance these first two. The elec- (Table II) clearly indicate that methoxyl-assisted ioni-
tron-withdrawing inductive effect of each methoxyl zati0n completely dominates the solvolysis in both cases,
group on the other in the dimethoxy compounds should Furthermore, both compounds solvolyze with good
significantly reduce the ability of the methoxyl oxygen first-order behavior, indicating the absence of any Sn 2
atoms to donate their nonbonded electrons to a neigh- displacement by sodium trifluoroethoxide. On the
boring electron-deficient carbon atom in the solvolysis other handj both n.octyl tosylate and 6 ,6 -dimethoxy-l-
transition state. That is, the methoxyl groups of the bexyj tosylate (2, n — 4) undergo predominant bimolec-
acetal are expected to be much less nucleophilic in intra- ular displacement by the alkoxide and do not follow
molecular displacements than the methyl ether group. first-0rder kinetics. The solvolysis rate of «-octyl
The relative importance of these factors will become tosylate was therefore determined in unbuffered solvent,
apparent from the discussion below. The observation of a substantial contribution from the

It is clear from the data in Table I that the rate en- second-order displacement by alkoxide with 6 ,6 -di-
hanc-ement owing to acetal participation is quite modest methoxy-l-hexyl tosylate in competition with the
in methanol, being only a factor of 7.5 in the case of methoxyl-assisted displacement is consistent with the
4,4-dimethoxy-l-butyl tosylate . 19 However, the mag- fong-recognized fact that participation via seven-mem-

bered ring intermediates is a relatively minor path
os; See, for example, T. C. Bruice and W. C. Bradbury,, J .  Amer. Chem. 2,3 J t  jg a Js0 pertinent to note that the solvolysis

Soc., 37, 4846 (1965); D. S. Bailey, “The Gem-Dialkyl Effect, Organic ■> E r „
Chemistry Seminar, University of Rochester, Rochester, N. Y„ 1967, pp rate of 4,4-dimethoxy-l-butyl tosylate IS iO times laSter
6 0 - 6 8  than that of 5 ,5 -dimethoxy-l-pentyl tosylate (Table

(19) Corrections for the inductive effect of the (CHsO)2CH group have . T i • fnxrrvraVilxr W;+Vi +Lp nhsf'l'Va-
not been applied to any of the data. The inductive effect, though small, I I ) -  T h is  resu lt Com pares fa v o ra b ly  W ith t M  ODSerVa
is not negligible. The <r* value for (CH.OLCH has recently been determined tfon that the Corresponding 4-methoXy-I-butyl System
to be +1.14,» about twice that of the c h »och2 substituent. Using the solVolyzes 14 times more rapidly than the 5-methoxy-l-
reaction constant p* = 1.03 (the value for ethanol3) and <r* [CHi(CH2)„- , , , , mr-o ■ wliir.li onlxrpnt
CH2] = —0.10,3 the inductive rate retardation for the 4,4-dimethoxy com- p e n ty l System at 7 5  in  formiC aCld, ill WnlC
pound (2, n = 2) relative to the unsubstituted compound may be calculated both Compounds Solvolyze exclusively Via methoxyl
to be a factor of co. 1.80. Thus the actual rate enhancement due to MeO-5 n or tfoir)atif,n 3
participation would be 7.5 X 1.80 or 13.5. Similarly, the inductive effect pdlhlLipauu . __ , ■ 1

in the 5,5-dimethoxy analog will produce a rate retardation factor of ca. 1.4, It should again be noted that the apparent neign
indicating that the true neighboring-group rate acceleration for 2 (n = 3) boring-gTOUp rate accelerations of 3900 for 2 (« = 2) 
amounts to a factor of 1.95 X 1.4 or 2.8.

The inductive effects in trifluoroethanol are probably even somewhat
larger since the reaction constant p* is probably larger in this more ionising (20) T. Minamida, Y. Ikeda, K. Uneyama, and S. Oae, Tetrahedron, 24,
solvent. 5293 (1968).

Vol. 35, No. 4, April 1970 Methoxonium I ons in Solvolysis 975



and 245 for 2 (n = 3) (Table II) are approximations, be in a proper position to collapse with either of the 0-
since no corrections have been applied to allow for the methyl groups. Hence, solvent capture of the inter
differences in the inductive effect in n-octyl tosylate mediates 12 and 14 is the favored process, with little or
and the substrates of interest.19 Also no allowance has no methyl tosylate formation. The cyclic ion 11 is
been made for the fact that the solvolyses of n-octyl similarly postulated to give rise to the a-methoxycar-
tosylate and the dimethoxy tosylates were not con- bonium ion 15 prior to solvent capture, 
ducted under conditions of identical ionic strength, The kinetic evidence for the neighboring-group ef- 
since the latter compounds were solvolyzed in the pres- feet was substantiated by the product study. The for-
ence of sodium trifluoroethoxide buffer. However, mation of the rearranged, mixed acetals 8 and 9, respec-
these effects are relatively small (and tend to counter- tively, from 2 (n = 2) and 2 (n = 3) requires the migra-
balance one another), compared with the magnitude tion of a methoxyl group to the carbon initially bearing
of the rate accelerations, and may be neglected without the leaving group in both cases. No unrearranged di-
affecting the validity of the kinetic conclusions. methyl acetal product was detected in the solvolysis of

The domination of the trifluoroethanolyses by meth- either substrate.21 The formation of the mixed acetals
oxyl participation indicates that the initially formed is also consistent with (but does not prove) the inter
intermediates from 2 (n = 2) and 2 (n = 3) are the mediacy of the a-methoxycarbonium ions 14 and 15. 
methoxonium ions 11 and 12, respectively. While it is obvious that methoxyl participation in

the acetals is important, it is less so than in the simple 
/— » methyl ether analogs. The lesser reactivity of the

CH J  L +J  dimethoxy compounds relative to the methoxy com-
3 | CH3° 9 9 pounds clearly indicates that the most important fac-

CH3 ¿ h ¿h tor in determining their relative reactivities is the elec-
jj J2 tronlc factor. Thus although the statistical and steric

factors should make the dimethoxy compounds roughly

A comparison of the kinetic behavior of 5-methoxy- 20~3U0 times more, rea c tj v e  tha*  tbe corresponding
1-pentyl and 5,5-dimethoxy-l-pentyl systems allows methoxy compounds (vide supra), the electron-with-
further mechanistic insight. It is again clear that the drawmg 1f1duct^ e eSê  exerjte1d by eaf  methoxyl
acetal methoxyl groups are considerably less núcleo- f ° uP 0,1 J 6 ot l e r “ S4T !  tban T
philic than the simple methyl ether group, since the balanf s tbese ,factorf  J he fact that 5-methoxy-l-
dimethoxy tosylate reacts nearly three times more slowly t° f Iatei1s ncarlf  tbre® (f nef  ~  re active than
than 5-methoxy-l-pentyl tosylate. Especially inter- 5,5-aimethoxy-l-pentyl tosylate indicates that the
esting is the observation that, while the solvolysis of mtrinsic nucleophihcity of the acetal methoxyl group
5-methoxy-l-pentyl tosylate in buffered trifluoroethanol 18 r<:7 ghly 3 X , M  or Tf:  102 less than that 0f the
is accompanied by internal return rearrangement to simple methoxyl group. It is interesting that.this fac-
methyl tosylate (via the methoxonium ion 13),« no tor is also about the same as the magnitude of the mduc-
such rearrangement occurs from methoxonium ion 12. tlve f ect found f o ,r  the S t a t i o n  of positive charge on
The absence of O-methyl cleavage by the tosylate anion a c“rbon atom with a d-methoxyl group (as m the sol- 
in the solvolysis of the 5,5-dimethoxy system may rea- volysis of 2-methoxycyclohexyl brosylate).22 
sonably be interpreted as being indicative of a rapid
equilibrium between the cylic oxonium ion 12 and the Experimental Section
highly resonance-stabilized a-methoxycarbonium ion , . ^  , , , . ,, ,,  .
14. Sin ce such an  equilibrium  would involve a rapid ml> three-necked flask equipped with mechanical stirrer, con

denser and drying tube, and a dropping funnel with a nitrogen 
inlet tube was placed 180 ml of dry toluene and 14.0 g (0.61 mol)

I + J  =*=fc of freshly cut cubes of sodium. The mixture was heated to reflux
CH30 ''””S'Cr under nitrogen with vigorous stirring to disperse the globules of

melted sodium. Then a solution of 26.2 g (0.15 mol) of diethyl 
CH3 succinate and 70 g (0.644 mol) of chlorotrimethylsilane plus 25

1 2  ml of dry toluene was added dropwise to the refluxing, vigorously
stirred mixture under nitrogen at such a rate as to maintain re- 
fluxing. After the addition of the diester solution (e a . 1.5 hr),

I I refluxing the stirring were continued for an additional 19 hr.
q jj ( y + ^OCH CH Cr ^"OCH The mixture was cooled and filtered, and the filtered salts were

j 4  3 washed with ether. The solvent was removed from the filtrate
under reduced pressure and the residue was distilled to give 23 g 

A onm  ■ .i , • r , 1  • , ,. „  (67% yield) of product, bp 103-107° (25-30 mm), n 28d 1.4292.
® Seom 6 tn e s  of th e  in term ediates as well The nmr spectrum (neat) showed a singlet at t 7.90 (4 H, meth-

as a rapid sh ifting of th e  site  o f th e  electron  deficiency, ylene protons) and a singlet at r 9.82 (18 H, trimethylsiloxy pro-
it  seems unlikely th a t  th e  to sy la te  anion would often  tons)-

4,4-Dimethoxy-l-butanol (1 , n  =  2 ).—To 90 ml of absolute 
i— \ methanol was added dropwise 22.0 g (0.096 mol) of 1,2-bistri-

methylsiloxy-l-cyclobutene under a nitrogen atmosphere. 11 
CH30  O -« After the addition was complete, the solution was stirred for an

CH3 (21) The possibility of acetal participation suggested by J. P. Ward
[Tetrahedron Lett., 3905 (1965)] for 4,4-diethoxy-1-butyl chloride in potas
sium hydroxide-ethylene glycol was not confirmed by the reported product 

/  \ /  V study, since only the unrearranged product 4,4-diethoxy-1-butanol was
formed

3 CH3O OCH3 (22) S. Winstein, E. Grunwald, and L. L. Ingraham, J .  Amer. Chem. Soc.,
70, 821 (1948).
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additional 0.5 hr, followed by the portionwise addition of ca . yellow oil containing 8.5-10.4%  by weight of tosyl chloride as
50 g of lead tetraacetate with occasional external cooling (ice estimated by quantitatively diluting the impure ester in stan-
bath) . 8 About 0.5 hr after the lead tetraacetate addition was dardized sodium trifluoroethoxide in trifluoroethanol and back-
complete, a solution of 18 g of concentrated sulfuric acid in 45 titrating the excess trifluoroethoxide with standardized perchloric
ml of absolute methanol was added dropwise with vigorous stir- acid in ethanol to the bromphenol blue end point. Control
ring and, when the mixture became thick, with manual agitation. experiments showed that this assay method is accurate. The
The reaction mass was allowed to stand for 3 days, after which it refractive indices of the various preparations varied from re26d
was fibered. The filtrate was poured into 150 ml of 30% potas- 1.4979 to n 2°n 1.5008. After correction for the tosyl chloride
sium carbonate solution, and the resulting mixture was immedi- impurity, the tosylate exhibited good first-order kinetic behavior 
ately extracted with a total of 400 ml of ether. The combined and a 99% infinity titer.
extracts were washed with 75 ml of water, dried over sodium sul- 6 ,6 -Dimethoxy-l-hexanol (1, n  = 4).—This alcohol was pre
fate and then 3A molecular sieves, and distilled. The product, pared as described by Saunders and Hurd, bp 65-67° (0.2 mm), 
methyl 4,4-dimethoxybutyrate (4, n  = 2), was collected at 84° w25d 1.4336 [lit. 8 bp 84° (1.0 mm), n wd 1.4358]. The tosylate
(12 mm), n26-5d 1.4140-1.4144 [lit. 23 bp 85.5-86° (13 mm), ra20D (2, n  =  4) was prepared as described above and was isolated as an
1.4171]. The infrared spectrum (liquid film) showed a strong impure, pale yellow oil containing tosyl chloride. Repeated
carbonyl absorption at 1735 cm-1. The yield was 6 .6  g (42% ). sodium bicarbonate washings of an ethereal solution of the ester
The acetal ester was then reduced with lithium aluminum hydride failed to remove the tosyl chloride completely. A sample of
in ether to yield, after base hydrolysis, a 61% yield of 4,4-di- material, n25D 1.5002, contained 8.0%  tosyl chloride. The
methoxy-l-butanol (1, n  =  2), bp 97.5-99.5° (12 mm), presence of tosyl chloride precluded an accurate determination
1.4246. The infrared spectrum (liquid film) showed a hydroxyl in T ablel.
at 3450 cm“1, but no carbonyl absorption. 5-Methoxy-l-pentyl Tosylate (7).—The tosylate was prepared

A n al. Calcd for C6H14O3: 0 ,5 3 .7 1 ; H, 10.52. Found: C, from 5-methoxy-l-pentanol by the usual low-temperature method
53.70; H, 10.67. and was isolated as a clear, colorless oil, n27-5D 1.4990. This

4.4- Dimethoxy-l-butyl Tosylate (2, n  =  2).13—4,4-Dimethoxy- material solvolyzed with well-defined kinetics and liberated the
1-butanol (4.75 g, 0.0355 mol) was stirred and refluxed under theoretical amount of p-toluenesulfonic acid in both methanol and
nitrogen with an equivalent amount of oil-free sodium hydride trifluoroethanol. The nmr and infrared spectra were consistent
in ether for 18 hr. Then, after cooling, 6 . 6  g (0.0346 mol) of with the expected structure.
freshly recrystallized tosyl chloride in ether was added over 0.5 1-Octyl Tosylate.—The ester, prepared in 67% yield from n-
hr. After 9.5 hr in the cold the mixture was centrifuged (3000 octanol (Eastman) by the usual low-temperature method in pyr- 
rpm, 20 min) and the supernatant solution was filtered through a idine, had 1.4878 (lit. 25 n20D 1.4946) and solvolyzed with 
sintered glass disk. The solvent was removed under reduced steady, first-order kinetics.
pressure (the final traces with a vacuum pump) to give 6 .8  g Kinetics.—The kinetic runs were followed titrimetrically by
(6 8 %) of a clear, pale yellow oil, ti25d 1.4911. All attempts to standard techniques, and the rate constants were calculated
induce crystallization failed. However, the infrared spectrum from the first-order rate law. Commercial absolute methanol
showed no hydroxyl absorption, and the material contained no containing ca . 0.04% water was used without further purification,
tosyl chloride (as determined by treatment with 0.0516 M  sodium The titrations for the methanolyses were performed with stan-
trifluoroethoxide in trifluoroethanol and back titration with per- dard aqueous ethanolic sodium carbonate using bromphenol blue
chloric acid in 95% ethanol). The tosylate showed good first- as the indicator. Trifluoroethanol was used as received from
order kinetics and had a 96% infinity titer in both methanol and Matheson Coleman and Bell. Sodium trifluoroethoxide-tri-
trifluoroethanol. fluoroethanol solutions were standardized by titration with per-

A n a l. Calcd for C13H20O5S: C, 54.14; H, 6.99. Found: chloric acid in 95% ethanol, which in turn was standardized
C, 54.14; H, 7.11. against aqueous ethanolic primary standard sodium carbonate.

1 ,2-Bistrimethylsiloxy-l-cyclopentene (6 , n  = 3 ) .—This com- The trifluoroethanolysis kinetics were followed by titration with
pound was prepared as described above for bistrimethylsiloxy- standardized perchloric acid in ethanol to the bromphenol blue
cyclobutene, bp 65° (2 mm) and 88° (9 -1 0  mm), ra25 d 1 .4390  endpoint. A typical rate run is given in Table I I I .
[lit.10 op 93-94° (10-12 mm), n20o 1.4426].

Methyl 5,5-Dimethoxyvalerate (4, n  = 3).—The above-pre- T able III
pared bistrimethylsiloxycyclopentene (34.6 g) was added drop-
wise over 0.5 hr to 160 ml of stirred absolute methanol. After 4 Solvolysis of 0.0374 M  5,5-D imethoxy-1-pen tyl  T osylate 
hr the reaction solution was treated with ca . 80 g of lead tetra- in 0.0507 M  Sodium T rifluoroethoxide in
acetate, portionwise over a 0.5-hr period. After an additional T rifluoroethanol at 69.88 ±  0.02°
1.5 hr, 29.5 g of concentrated sulfuric acid in 75 ml of methanol Time, 0 .0 2 54  M
was aided dropwise with cooling and vigorous agitation. After 2 sec ’ HClCL-EtOH,“ ml [ROTs], M 10“* ,5 sec*‘
days the reaction mixture was filtered, poured into 30% potas- q 3 76 0 0352
sium carbonate solution (from 150 g in 350 ml of water), extracted 0  « 0 1 0  q-.
with 800 ml of ether, washed with a total of 150 ml of water, and ' ' ' _ _ '
dried over sodium sulfate and molecular sieves. The solvent 3,255 3. 95 • '
was then removed and the product was distilled to give 14.5 g 5,170 2 .90 0.0241 7.22
(58%) of pure material, bp 70-72° (2.3 mm), n26D 1.4206. 7,450 2 .60  0.0202 7.46

A n a l. Calcd for C8H160 4: C, 54.53; H, 9.15. Found: C, 9,280 2 .40  0.0176 7.47
54.36; H, 9.06. 12,550 2.12 0.01040 7.35

5.5- Dimethoxy-l-pentanol (1, n  — 3 ).—A solution of 14.5 g 15,400 1.915 0.01135 7.36
of the acetal ester (4, n = 3) in 20 ml of ether was added cau- m ± 035
tiously, dropwise to a stirred suspension of 2.2 g of lithium alum- a ml of aliquot. .  Average =  7.32 ±  0.13.' '
mum hydride m 100 ml of ether over the course of 45 mm. After 
several hours the mixture was hydrolyzed with 2  ml of water,
2 ml of 15% aqueous sodium hydroxide, and 6  ml of water. Trifluoroethanolysis Products from 4,4-Dimethoxy-l-butyl
After filtration and drying over 3A molecular sieves, the solvent Tosylate (2, n  =  2). The tosylate (3.0 g) was diluted with 50
was removed and the product was distilled to give 7.9 g (6 6 % ) of ml of 0.25 M  sodium trifluoroethoxide-trifluoroethanol and
the dimethoxy alcohol, bp 67-69° (0.2 mm), m25-6d 1.4315 [lit. 24 heated at 70° for 115 min. The mixture was cooled, filtered,
bp 57-63° (0.07 mm), n mD 1.4344]. concentrated, and distilled. A single fraction was collected

A n al. Calcd for CsHuCh: C, 56.73; H, 10.88. Found: C, (1.15 g, 51% ), bp 84-87° (20 mm), n 26d 1.3715. This material 
57.07’ H 10.88. consisted of a single component with trace amounts of several

5.5- Dimethoxy-l-pentyl Tosylate (2, n  =  3).—The tosylate was other products as determined by gas chromatography (10 ft X
prepared from the alcohol (1, n  = 3) by the sodium hydride 0.25 in. 20% FFAP on Chromosorb P  column at 125°). An
method as described above. Several preparations of varying re- analytical sample was obtained by preparative gas chroma-
action time, temperature, etc., all gave the tosylate as a pale tography and identified as l,4-dimethoxy-l-triflm>roethoxybutane
------------------ (8 ): n 26d 1.3703; nmr (CDCI3) r 5.40 [t, 1, (CHaO^CH], 6.32

(23) S. Ducher, B /̂ll. Soc. Chim. Fr., 1259 (1959). *
(24=) F. Weygand and H. Leube, Chem. Ber., 89, 1914 (1956). (25) F. Drahowzal and D. Klamann, Monatsh. Chem., 82, 452 (1951).
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(q, 2, J  — 9 Hz, CF3CH2), 6.65 (s, 3, CH3OCH), 6.68 (s, 3, methylene); mass spectrum (70 eV) m/e 143 (base peak); ir 
CH3OCH2), and ca . 8.3 (m, 4, methylene); mass spectrum (70 (neat) 1280 cm-1 (CF3).
eV) ra/e 143 (base peak); ir (neat) 1280 cm- 1  (CF3). A n a l. Caled for C9H17F 3O3: 0 ,  46.95; H, 7.44; F , 24.76.

A n a l. Caled for C8HI5F30 3: C, 44.44; H, 6.99; F, 26.36. Found: C, 46.85; J, 7.51; F, 24.79.
Found: C, 44.14; H, 7.04; F , 26.48. The yield of 9, determined by gas chromatography using an

A better estimate of the yield of 8  was obtained by gas chro- internal standard, was ca . 25% . Although no attempt was
matographic analysis using internal standards. In a typical made to recover the major solvolysis product, it was identified as
experiment the accurately weighed ester (co. 0.4 g) was solvolyzed 2-methoxytetrahydropyran on the basis of its identical gas chro- 
as above, the reaction mixture was cooled, and cyclohexyl acetate matography retention time with that of an authentic sample, 
and n-octyl alcohol were accurately weighed into the reaction _  . __ , _ . _  0 \
mixture. The mixture was vigorously shaken and analyzed .Registry JMo. 1 ( n  — Z ), 2oUoo-o < -o ; ¿ ( n  — Z ),
directly on a 20% FFAP on Chromosorb P column. The yield 23068-88-4 ; 2 ( n  =  3), 23068-89-5; 2 i n  =  4), 23068-
of 8 , determined from the relative peak areas suitably corrected 90-8; 4  ( n  — 3 ) , 23068-91-9; 6  ( n  — 2 ) , 17082-61-0;
for minor differences in detector response, was 70%. 7,23074-20-6 ; 8 ,23074-21-7; 9 ,23074-22-8 ; 1-octyl

Trifluoroethanolysis Products from 5,5-Dimethoxy- 1-pentyl , , , qqq« qk a ^
Tdsylate (2, n — 3).—The tosylate (2.82 g) was diluted with 95 tosylate, ooo0 -o0 -4 .
ml of 0.130 M  sodium trifluoroethoxide-trifluoroethanol and Acknowledgment.—The author gratefully acknowl-
heated at 70 for 14 hr. The mixture was cooled, filtered, and , ,, • , ± c t> £ n  a j i
concentrated. Ether (ca. 35 ml) was added to précipitât; the edges the mtel;est ° f l e s s o r  D S. Tarbell awlfi nail-
remaining salts. The mixture was filtered, concentrated, and Clal support by the National Institutes OÍ Health
distilled. A single high-boiling component was isolated (0.5 g), (Grant AI-08424) and the Petroleum Research Fund
bp 95° (17 mm), «27d 1.3816. This material was further purified 0f the American Chemical Society (Grant 2252-C).
by preparative gas chromatography and identified as 1,5-di- The author ig alg0 indebted to Mr. Charles Wetter and
methoxy-l-trifiuoroethoxypentane (9): nmr (CCh) 5.50 [t, 1, , ... .. T , » , r , ,  . , .11J? , . ,
J  -  ca . 5 Hz, (CHsOkCH], 6.23 (q, 2, J  = 9 Hz, CF3CH2); Mlss Betty Lankford for their skillful assistance m
6.70 (s, 3, CHaOCH), 6.75 (s, 3, CH3OCH2-), and ca . 8.5 (m, 6, obtaining the mass spectra.

Cyclopropylearbinyl p-Toluenesulfonate Solvolysis.
IV. Correlation with Cholesteryl Tosylate Solvolysis Rates

D o n a ld  D . R o b e r t s  a n d  T hom as M . W a t s o n 1

D epartm ent o f  C hem istry, L o u is ia n a  P olytechn ic Institu te, R uston, L o u is ia n a  71H70 

R eceived Septem ber 15, 1969

The solvolysis rates of cholesteryl and cyclopropylearbinyl (3-H) tosylate have been determined in a series of 
solvents of varying ionizing strength. The correlation of the cholesteryl tosylate solvolysis rates with those of
3-H reflects a mechanistic similarity between the two substrates. The solvoiysis rates of 1-p-nitrophenylcyclo- 
propylcarbinyl tosylate (3-NPh) have been determined in acetic acid and ethyl alcohol. The solvolysis of
3-NPh relative to 3-H is retarded by a factor of 10-1. Comparison of the substituent effect upon the solvolytic 
reactivity of 3-H with related compounds supports a transition state with little charge localized at the methinyl 
carbon.

The rates of ionization of p-methoxyneophyl tosyl- The kinetic data are given in Table I. The course 
ate, log in several solvents provide a useful scale of each reaction was followed by titrating the liberated 
of solvent polarity for measuring the response of an p-toluenesulfonic acid. The solvolysis reactions of
anchimerically assisted reaction to solvent variation.2 cyclopropylearbinyl tosylate (3-H) in the aqueous
Earlier work3 revealed that solvolysis rates of cyclo- binary solvents demonstrated the previously re-
propylcarbinyl arenesulfonates, although obeying a ported “internal return” rearrangement,9'10 which
limiting SnI mechanism, are poorly correlated by accounted for 5-15%  of the starting material. The
such a scale. purities of the starting materials were, therefore,

This finding, coupled with more recent observa- checked by methanolysis, where a rearrangement to
tions,4'5 suggests that a substrate subject to homoallylic less reactive tosylates does not occur.10 The solvolysis
rather than phenyl anchimeric assistance would be a rates of cholesteryl tosylate in aqueous dioxane sol-
more suitable model reaction for correlating cyclo- vents obeyed first-order kinetics up to 85%  conversion,
propylcarbinyl arenesulfonate solvolysis rates. with the exception bhat the first 5%  of reaction was

That cholesteryl tosylate solvolyses are assisted by accelerated, 
homoallylic interaction6 has been well established.6,7 All other reactions were strictly first order in p- 
Accordingly, reaction rates of cholesteryl tosylate have toluenesulfonate and furnished, within experimental 
been measured in a solvent series of varying ionizing error, 100% of the theoretical amount of acid present, 
and nucleophilic strength.8

(1) Undergraduate Research Assistant. DÍSCUSSÍOI1
(2) S. G. Smith, A. H. Fainberg, and S. Winstein, J .  Amer. Chem. Soc., , . .  P .. t i , i . i , -i -t

83,618 (1961). The correlation oí the cholesteryl tosylate solvoiysis
(3) D. d . Roberts, j . Org. chem., 2 9 ,294 (1964). ra te s  w ith  th o se  of cyclop ro p y learb in y l to s y la te  resu lts
(4) D. D. Roberts, ibid., 33,2712 (1968). • i- •
(5 ) d . d . Roberts, ibid., 3 4 , 2 8 5  (1969). m  a  dispersion of p oin ts  in to  tw o  a c cu ra te ly  s tra ig h t
(6) s. winstein and E. m . Kosower, j .  Amer. chem. Soc.. 78, 4347 4354 lines (c/. Figure 1) in contrast to scatter diagrams

(1956).
(7) R. A. Sneen, ibid., 80, 3977 (1958). (9 ) M. C. Caserío, W. H. Graham, and J. D. Roberts, Tetrahedron, 11,
(8) A. Streitwieser, Jr., “Solvolytic Displacement Reactions,” McGraw- 171 (1960).

Hill Book Co., Inc., New York, N. Y., 1962, pp 63-65. (10) D. D. Roberts, J .  Org. Chem., SO, 23 (1965).
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T able I I I H p  I I
ki, 10» j

Tosylate Solvent, vol. %a Temp, °C sec-1 2 9
b MeOH 50 31c - 3 . 2 -  /
b MeOH 40 16
b 50% MeOH-EtOH 50 21« /
b 50% MeOH-EtOH 40 11 J
b 75% MeOH-EtOH 50 12
6 EtOH 50 10« ~3 '6 “  /
b EtOH 40 3 .5  i  ^ /
b n-PrOH 50 6 .6 « -  4 9  J
b n-PrOH 40 2 .2  5  J  P |Q
b 80% aq EtOH 50 42 5J  /
b 80% aq EtOH 40 19 6 9  N/
b 85% aq EtOH 50 33 7 0 0
b 90% aq EtOH 50 21« / /  11

6 90% aq EtOH 40 9 .0  / ó
6 AcOHd 50 13.2 - 4 . 4 -  J J  12

6 80% aq dioxane 50 IP  8 P R ,
5 80% aq dioxane 40 3.4« _  / / _
6 85% aq dioxane 50 9.0« / (/
6 90% aq dioxane 50 4.0« J 1

b 90% aq dioxane 40 1.0« g (J ( t ; ¡
b 85% aq Me2CO 50 10 - 4 .4  |0Q . . - 2  8
b 85% aq Me2CO 40 3 .5  cholesteryl tos.
6 90% aq Me2CO 50 5.8« Figure 1.—The linear dependence of log (3-H) on log (choles-
b 90% aq Me2CO 40 1.9 teryl tosylate): 1 , 80% aqueous EtOH; 2 , 85% aqueous EtOH;
e  50% MeOH-EtOH 20 7 .0  3, 90% aqueous EtOH; 4, AcOH; 5, 80% aqueous dioxane; 6 ,
e  75% MeOH-EtOH 20 4 .7  85% aqueous acetone; 7, 85% aqueous dioxane; 8 , 90%  aqueous
e  ra-PrOH 20 2 .2  acetone; 9, 90% aqueous dioxane; 10, methanol; 11, 50:50
e 85% aq EtOH 20 84 methanol-ethanol; 12,25:75 methanol-ethanol; 13, ethanol; 14,
e 90% aq EtOH 20 32 ra-propyl alcohol.
e 80% aq dioxane 2 0  1 1

e 85% aq dioxane 20 7 .0  solvents reflects a  m echanistic sim ilarity  betw een th e
e  90% aq dioxane 2 0  1 .4  tw o su bstrates. T h is  possibility  is strengthened  by
e  85% aq Me2CO 2 ; 9 .0  th e  failure of a  solvent p o larity  scale (log fc¡on) based
e  90% aq Me2CO 20 3.15 upon a com pound know n to  undergo ionization  assisted
/ 50% MeOH-EtOH 20 7 .1  w  neighboring-group p articip ation  to  correlate  w ith
/ 7 5 % MeOH-EtOH 2 0  5 .0  3-H solvolysis rates.
/ 85% aq E to n  20 3 3  io M an y  stru ctures have been  considered fo r th e  cyclo-
f  90% aq EtOH 20 20 0 propylcarbm yl cation  to  accom m odate various modes
/ 80% aq dioxane 2 0  5 .5  of electron  delocalization. Am ong these  are  th e  hom o-
/ 90% aq dioxane 2 0  1 . 4  a lly l1 3 ' 14 (A ), sym m etrical hom oally l1 4 ' 16 or b isected
/ 85% aq Me2CO 2 0  4 .3  form 16 -17 (B ) , and b icyclobu toniu m 18-19 (C ) ions.
/ 90% aq Me2CO 20 2 .4

“ x  vol. %  binary solvent YZ means* volumes of Z plus 100 — x  S+r..,___
volumes of Y. b Cholesteryl. «Duplicate runs. d Taken from j+L-'
data cf S. Winstein and R. Adams, J .  A m er. C hem . S o c ., 70, A B C
838 (1948). «Cyclopropylcarbinyl tosylate. > 1-Phenylcyclo-
propylcarbinyl tosylate. R e ce n tly , 10' 20 i t  was proposed, based  upon solvolytic

behavior, th a t  th e  m ode of electron  delocalization in  
obtained  for b o th  m Y n  and log fcion correlations. T h e  th e  cyclopropylcarbinyl cation  varied  w ith  th e  natu re
dispersion of th e  d ata  in to  m ore th an  one correlation  0f th e  solvent— stru ctu re  A  is favored  in  nucleophilic
line is ty p ica l12 for a  stud y involving several solvent solvents while stru ctu re  C  (or possibly stru ctu re  B )
system s and is in  accord  w ith th e  significantly  different j s favored  in  ionizing solvents. O n th e  other hand,
solvo'.ytic behavior of cyclopropylcarbinyl to sy la te  in  th e  m ode of charge d ispersal in  th e  cholesteryl ion,
th e  tw o solvent series. T h u s, in  th e  ionizing solvents stereoelectron ically  restricted  to  unsym m etrical hom o-
co rre la tio n  line I ,  F igu re 1) significantly  less th an  ally lic delocalization, is insensitive to  m edium  effect,
th e  th eoretica l am ount of acid  liberated  a t  in- T h e  p artition ing  of th e  solvents, therefore, in to  two
fin ity  and AS *  values of c a .  — 2 0  eu are observed, correlation  lines is  in  keeping w ith  th e  solvent-variable
while in  nucleophilic solvents (correlation  line N , F ig -
ure 1) liberation of nearly the theoretical amount (14> s. winstein and e . m . Kosower, ibid., 8 1 , 4 3 9 9  (1 9 5 9 ).
of acid at infinity and AS ̂  values of c a .  —7 eu (1 5 ) C. G. Bergstrom and S. Siega], ibid., 74, 145 (1952).

nhsurvprl (16) C’ V' Rittman' Jr- and A- 0 lal)' Mid., 87, 2998, 5123 (1965).
are OUSOI veu. . . , , (17) R. Hoffmann, Tetrahedron Lett., No. 43, 3819 (1965).

C orrelation  of th e  solvolysis rates of 3 -x l w ith  those },■ ̂ Cox, M. C. Caserío, M. S. Silver, and J. D. Roberts, J .  A m er.

of cholesteryl to sy la te  over such a wide spectrum  of c h em . s»c., 83, 2 7 1 9  (i96i).
(19) For a recent review, see C. D. Ritchie in “Carbonium Ions, G. A.

(11) S. Winstein, E. Grunwald, and H. W. Jones, J .  Amer. Chem. Soc., IS, Olah and Z. R. Schleyer, Ed., Interseienee Publishers, Inc., New York,
2700 (1951). N. Y., 1969.

(12) A. H. Fainberg and S. Winstein, ibid., 79, 1597, 1602, 1608 (1957). (20) D. D. Roberts, J .  Org. Chem., 31, 2000 (1966).
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T able II
Summary of Solvolysis R ates for ^-Substituted 1-Phenylcyclopropylcarbinyl T osylates

para
substituent0 Solvent Concn of salt, M Temp, °C ki, 10s sec-1 b value** A17*=, kcal/mol AS+ eu

H AcOH 30 53.0 21.0 - 4
H AcOH 0.025' 30 84.0 23
H AcOH 0.051* 18 16.3 ' 1.4
CH30  AcOH 25 62.0/ 19.9 - 6

GIRO AcOH 0.025' 25 90.0 18
CH30  AcOH 0.024* 25 62.0  0.0
N 0 2 AcOH 25 1.5 21.9 - 7
N 0 2 AcOH 0.025' 30 5 .1  34
N 0 2 AcOH 0.024* 30 3 .0  4 .4
N 0 2 AcOH 35 4 .9
N 0 2 AcOH 45 16.2
N 0 2 AcOH 55 47.0
N 0 2 EtO II 45 7 .1  19.0 - 1 8
N 0 2 EtOH 50 11,0
N 0 2 EtOH 60 30.0
N 0 2 EtOH 65 43.0

“ Initial concentration 0.020-0.030 M . b Calculated from the equation k t =  k t° [1 +  6 (salt)]; A. H. Fainberg and S. Winstein, J .  
A m er. Chern. Soc., 78, 2763, 2767, 2777, 2780 (1956). '  LiOCfi. * NaOAc. • Taken from data of J .  W. Wilt and . D. Roberts, J .  Org. 
C hem ., 27,3430 (1962). 1 Taken from data of ref 4.

1 1 1 J1 1 The failure of 3-H to respond to 1-ring substitution
1 y in solvolysis reactions has been explained4*6 by a transi-

/ tion-state geometry more closely resembling a homo-
/ -  allylic-hke ion than a bicyclobutonium-like ion. Sup-
z port for this explanation is based on the study of

/ both substituent-4 and leaving-group5 effects. The
40 oj kinetic data given in Table II reveal that p-nitrophenyl

“ 3.8- / / -  substitution at the 1-ring position has a rate-retarding
x  I / Y10 effect of ca. 10_1 on the solvolytic reactivity of 3-H.
id H/ -  The calculated salt orders also summarized in Table

£ I / II  are of the right magnitude21 for an SNl-type reaction.
-4 .2 -  / A i  _ The products of acetolysis of 3-NPh and 3-Ar (1-p-

5rH anisylcyclopropylcarbinyl tosylate) are 1-p-nitrophenyl-
_ P / 12 _ cyclobutyl and 1-p-anisylcyclobutyl acetate, re-

/1  spectively. In order to establish that the initial prod-
-4.6 -  J  A 3 -  ucts of acetolysis are rearranged cyclobutyl esters,

ojn the stabilities of 1-p-anisylcyclopropylcarbinyl and 1-p-
//14 nitrophenylcyelopropylcarbinyl acetate were deter-

gQ i i i l mined in buffered acetic acid containing p-toluene-
-4.4 -2.8 sulfonic acid. Booh cyclopropylcarbinyl esters were

109 choiesteryi fos. stable in the reaction medium for at least 10 half-lives.
Figure 2 .—The linear dependence of log (3 -Ph) on log (choles- th a t  b o th  p -an isy l4 and p-n itrophenyl sub-

teryl tosylate): 1, 80% aqueous EtOH; 2, 85% aqueous EtOH; s titu tio n  a t  th e  1-ring position has only a  sm all effect
3, 90% aqueous EtOH; 4, AcOH; 5, 80% aqueous dioxane; 6 , on th e  solvolytic reactiv ity  of 3 -H  is inconsistent w ith  a
85% aqueous acetone; 8 , 90% aqueous acetone; 9, 90% aqueous solvolysis tran sition  s ta te  w ith  significant charge de-
dioxane; 10, methanol; 11, 50:50 methanol-ethanol; 12 ,25:75 _  4-n* i x. ai r
methanol-ethanol; 13, ethanol; 14, n-propyl alcohol. velopm ent a t  th e  m ethm yl carbon. Fu rtherm ore, from

th eo ry 22 and experim ental evidence, one would p red ict
modes of charge dispersal in the cyclopropylcarbinyl both significant rate enhancement by p-m ethoxy sub
cation stitation and significant rate retardation by p-nitro

Previously,3 it was reported that the solvolysis rates substitution on a phenyl ring, assisting in the dispersal
of 1-phenylcyclopropylcarbinyl tosylate (3-Ph) were ° positive charge in a solvolysis transition state. For
well correlated with log kion in four solvents. The example, the calculated value of k / k 2, the ratio
incorporation of additional solvents in the study, how- ° f f f to ly s is  of the p-methoxy-substituted compound
ever, yielded data which failed to fit this correlation. J° that f®  P-rutro-substituted compound, is 25,000
The correlation of the solvolysis rates of 3-Ph with ,° r ne0Pbyl brosylate and 440,000 for e.xo-2-benznor-
those of choiesteryi tosylate follows the same general ^o m i1 *16 faC.t tjiat _tlie value of
pattern (c/, Figure 2) as that observed for 3-H. The k /k ±or i-pbenylcyclopropylcarbmyl tosylate ace-
poorer fit for the 3-Ph data can be attributed to the (2 1 ) A. H. Fainberg and S. Winstein, J .  Amer. Chem. Soc., 78, 2763, 2767, 
introduction of additional solvation mechanisms by 2777,2780 (1956)-
the phenyl group. Interestingly, in all the ionizing Chem"
solvents, with the exception of acetic acid, the in- (23) E. Heck and S. Winstein, J .  Amer. Chem. Soc., 79, 3432 (1957).
elusion of the phenyl group has a slight rate-retarding (24) H- c . Brown and g . l . Tdtie, ibid., 90, 2 6 8 9  U968).
pffprd- (2 )̂ V. Braddon, G. A. Wiley, J. Dirham, and S. Winstein, ‘ibid., 90,

1901 (1968).
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tolysis is 39, orders of magnitude less than that of mM (« 7900); nmr s 1.16, 1.90 (complex multiplets, 4, cyclo-
the above, related compounds, is consistent with a H^aromatic)^' 2’ ^ = 8 Hz’ aromatic)’ and 8,04 2> *7 = 8
homoallylic-like ion transition-state geometry where A n d ^ S h d  for C10H9NO4: C, 57.97; H, 4.38; N, 6.76.
very little charge is localized at the methinyl carbon Found: C, 58.04; H, 4.45; N, 6.60.
and where rearrangement4 to a cyclobutyl cation is l-p-Nitrophenylcyclopropylcarbinol (3).—A solution of borane 
much faster than capture by sol rent. in tetrahydrofuran (23 ml, 0.5 M )  was added in 10 min to 4.8 g

of 2 . The addition was accompanied by the vigorous evolution 
of a gas. After 30 min at room temperature, the mixture was 

Experimental Section poured into 250 ml of ice and extracted with ether. The com
bined extracts were washed once with 1.0 A" aqueous NaOH and 

Melting points were not corrected for stem exposure and were twice with cold water and dried (NazS04), and after air evapora-
taken on a Mel-Temp apparatus. Infrared spectra were recorded tion of solvent yielded 3.9 g (87%) of crude alcohol, mp 52-54°.
on a Perkin-Elmer Model 21 spectrophotometer; ultraviolet Two recrystallizations from petroleum ether (bp 30-60°)-
spectra were obtained on a Beckman DK-2A spectrophotometer; benzene gave the analytical sample of alcohol 3: mp 55-56°;
and the nmr spectrum was obtained on a Varian HA-100 instru- ir (Nujol) 3300 (OH) and 1023 cm- 1  (primary alcohol CO),
ment with tetramethylsilane as internal reference standard. A n a l. Calcd for CioHnNOs: C, 62.17; H, 5.74; N, 7.25.
An F  & M Model 700 gas chromatograph equipped with a hy- Found: C, 62.25; H, 5.82; N, 7.14.
drogen-flame detector and a 6  ft X 0.125 in. column of 10% 1-p-Nitrophenylcyclopropylcarbinyl p-Toluenesulfonate (3-
Carbowax 20M on Chromosorb W was used for analytical gc NPh).—The tosylate ester was prepared by reaction of 7.5 mol
work. All microanalyses were performed by Galbraith Labora- of the alcohol 3 in 7 ml of pyridine with 9 mmol of tosyl chloride
tories, Inc., Knoxville, Tenn. at 0° over a period of 2 hr. After the usual work-up and re-

Cyclopropylcarbinol was prepared in 84% yield by lithium crystallization from petroleum ether-benzene, 2.0 g (77%) of the 
aluminum hydride reduction of cyclopropanecarboxylic acid, bp tosylate 3-NPh was obtained, mp 69° dec. The sample was 
125° (760 mm) [lit.15 bp 126° (760 mm)]. stable at room temperature for longer than 2 weeks.

1-Phenylcyclopropylcarbinol was prepared in 87% yield by A n a l. Calcd for C17H17NO5S: C, 58.83; H, 4.93; N, 4.03;
lithium aluminum hydride reduction of 1-phenylcyclopropane- S, 9.23. Found: C, 59.10; H, 4.99; N, 3.85; S, 9.44. 
carbonyl chloride, mp 32-33° (lit. 26 mp 32.5-33°). Solvolysis of 1 -p-Anisylcyclopropylcarbinyl Tosylate (3-An).—

Cyclopropylcarbinyl tosylate (3-H) was prepared according to The tosylate 3-An (5 mmol) was solvolyzed in 25 ml of acetic
published procedure.15 The purity, calculated from “infinity” acid (containing 6  mmol of sodium acetate) at 25° for 10 half
titers in methanolysis reactions, was 95%. lives. The mixture was poured into 200 ml of ice-water and

1-Phenylcyclopropylcarbinyl tosylate (3-Ph) was prepared ac- extracted with ether. The combined extracts were washed with
cording to established procedure, 26 mp 52° dec (lit . 26 mp 52° dec). saturated NaHCCb until neutral, dried over Na2S0 4, and filtered,

Chclesteryl tosylate was prepared in 85% yield by the usual and the solvent was removed by rotovaporization. Analysis of
method,27 mp 131-132.5° (lit . 27 mp 131.5-132.5°). the residue by gc revealed a single product peak with a retention

Nitration of 1-Phenylcyclopropylcarboxylic Acid.—To a stirred time different from that of 1-p-anisylcyclopropylcarbinyl acetate
solution of 48 g (0.3 mol) of 1-phenylcyclopropylcarboxylic acid28 (the sample was unstable and upon distillation or prolonged stand-
and 75 ml of acetic anhydride at 25° was added a cold solution of ing set to a tacky, polymeric substance). Analysis by infrared 
62 g (0.92 mol) of 90% nitric acid and 140 ml (1.48 mol) of acetic revealed a strong band at 1728 cm - 1  (ester carbonyl) and a
anhydride at such a rate that the temperature did not rise above medium-intensity band at 945 cm-1. The sample was trans-
25°. After stirring for an additional 1 hr at 25°, the mixture was parent in the 990-960-cm-1 region. 30

poured into 1400 ml of ice-water and the product was extracted 1-Phenylcyclobutyl acetate, as well as the acetolysis products
with benzene. The benzene extract was dried (NaiS04) and of 3-NPh and 3-An, absorbs at 945 cm - 1  and is transparent in 
concentrated, and the residue was allowed to solidify upon a the 990-960-cm-1 region.
watch glass to yield 50 g of crude, nitrated product. Gc analysis Solvolysis of 1 -p-Nitrophenylcyclopropylcarbinyl Tosylate
of a 1-g portion (converted into methyl ester by treatment with (3-NPh).—The tosylate 3-NPh (5 mmol) was solvolyzed in 25
diazomethane) revealed the presence of two major and one minor ml of acetic acid (containing 6  mmol of sodium acetate) at 35°
bands, all with longer retention times than that for methyl 1- for 10 half-lives. Work up as above and analysis by gc and in-
phenylcyclopropylcarboxylate. frared revealed that 1 -p-nitrophenylcyclobutyl acetate was the

Methyl 1 -p-Nitrophenylcyclopropylcarboxylate (1).—The above exclusive product (99%). 
mixture of nitrated acids (49 g) was converted into the corre- Solvents.—The aqueous acetone solvents were prepared from
sponding methyl esters by treatment with diazomethane (c a . conductivity water and acetone purified by distillation from
0.8 mol) in ether. Distillation through a 20 X 1.5 cm glass potassium permanganate. Absolute methanol was prepared by
helix packed column, monitored by gc, yielded 1 0  g of the pure distillation from magnesium turnings, and purified n-propyl
-para ester 1 , mp 86-87°. alcohol was obtained by distillation from aluminum foil and

A n al. Calcd for CnHuNO<: C, 59.72; H, 5.01; N, 6.33. mercuric chloride. Absolute ethanol and dioxane were prepared
Found: C, 59.64; H, 5.09; N, 6.31. according to the methods of Fieser. 31

That the isomer with the longer gc retention time and higher Kinetic experiments were carried out as previously de-
melting point is the para compound is confirmed by the absorp- scribed. 3,10

tion maximum at 280 mM characteristic of p-nitrophenylcyclo- . o o c M c n e o .  o , n o 4 f i QQ4 . ,
propane. 29 Additional definitive evidence for the assigned struc- R eg istry  JNO. 1, ¿oo4o-»o o , 2 , 2oo4o-uy-4, 3 ,
ture is provided by the nmr spectrum of 2. 23349-00-0; 3 -H , 1015-45-8; 3-P h , 1034-83-9; 3 -N P h ,

l-n-Nitrophenylcyclopropylcarboxylic Acid (2).—Methyl 1-p- 23349-01-1; 3-p -an isy l, 16728-04-4; cholesteryl tosy l-
nitrophenylcyclopropylcarboxylate (5.5 g) dissolved in 100 ml of . ,  leo.RK.fi
85% (v/v) aqueous ethanol (0.3 N  in NaOH) was maintained at ’
45° for 3 hr and then poured into 250 ml of ice water, filtered A cknow ledgm ent.— This work was supported in part 
(no detectable quantity of precipitate was observed), and acidified donors 0f the Petroleum Research Fund ad-
with cold, dilute HC1. The precipitated acid was separated and J  . . ~
air dried to yield 5.0 g (96%) of 2 : mp 192-193.5°; x®“  280 ministered by the American Chemical Society. This
-------------- support is gratefully acknowledged.

(26; J. W. Wilt and D. D. Roberts, J .  Org. Chem., 27, 3430 (1962).
(27) E. S. Wallis, E. Fernholz, and F. T. Gephart, J .  Amer. Chem. Soc., (30) 1-Phenyl-, 1-p-anisyl-, and 1-p-nitrophenylcyolopropylcarbmyl

69 137 (1937) acetate absorb in the infrared at 975 cm 1 and are transparent in the 960-
(28‘ A.W. Weston, ibid., 68, 2345 (1946). 930-cm"i region.
(29) R. Ketcham, R. Cavestri, and D. Jambotkar, J .  Org. Chem., 28, (31) L. F. Fieser, “Experiments in Organic Chemistry, 3rd ed, D. C.

2139 (1963) Heath and Co., Boston, Mass., 1957, p 285.
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Perm anganate Oxidations. III. Kinetics and M echanisms of 
the Oxidation of Furfurals in Alkaline Media1-3

F il l m o r e  F r e e m a n , 4 J a y  B . B r a n t , N o rm an  B . H e s t e r , A l b e r t  A . K a m e g o ,
M a r c  L . K a s n e r , T hom as G . M cL a u g h l in , and  E d w ard  W . P a u l l

D epartm ent o f  C hem istry, C a lifo rn ia  Stale College, L on g  B each , C a lifo rn ia  90801  

R eceived M a y  28, 1969

A spectrophotometric stopped-flow kinetic study of the permanganate ion oxidation of furfural (I) and six
5-substituted furfurals at pH 11.5-13.3 reveals that the reaction follows two reaction paths. The minor pathway 
(Scheme I) is independent of hydroxyl ion concentration, and the major mechanism (Scheme II )  is dependent 
on the first power of hydroxide ion concentration. Both reac'ion pathways are first order with respect to the 
concentration of I and permanganate ion. A correlation of the second-order rate constants with Hammett 
o- mefa-substituent constants has been observed for the substituents 5-Me, 5-Et, 5-ra-Bu, H, 5-C1, and 5-Br at 
25° with p = +1.30 (Scheme II). At pH 13.3 (Scheme II), A ll  1= is 10.2 kcal/mol, AS  4= is —22.8 eu, and 
fe/fo is >1.8. Oxygen-18 experiments show that the solvent is the major source of oxygen introduced into I 
via  Scheme II. The kinetic data are consistent with the formation of the hydrate anion of I  followed by a 
hydride anion transfer to permanganate ion in the rate-determining step for the mechanism of Scheme II. It  
is postulated that the mechanism of Scheme I  involves a direct attack of permanganate ion on I to give the 
permanganate ester, which decomposes in a subsequent slow step.

A lthough a few k in etic  studies of th e  perm anganate Owing to  th e  absence of previous k in etic  studies, we 
ion oxidation of a lip hatic and arom atic  aldehydes have have investigated  th e  alkaline perm anganate ion oxida-
been published , 6 - 7  no reports have appeared concerning tio n  of I  spectrop hotom etrically  in a stopped-flow
th e  oxid ation  o f h eterocyclic aldehydes. S ince  th ere  re acto r . 1 ’ 18 A  stud y of th e  effect o f su b stitu en ts on th e
is th e  possibility  o f sim ultaneous a tta c k  a t  th e  furan ra tes of reaction , of k in etic  isotope effects, of a c tiv a tio n
ring and a t th e  carbonyl group, several conflicting p aram eters, and of oxygen-labeling experim ents perm its
reports have appeared concerning th e  perm anganate a fa irly  clear m echanistic p ictu re  to  be presented. Also,
ion oxid ation  of fu rfu ral ( I ) . F o r  exam ple, O b a ta , 8 one of th e  few exam ples o f an  application  o f th e  H am 
using an  excess of oxidant, obtained  m aleic acid  from  m e tt equ ation  to  th e  furan nucleus is discussed . 1 4 - 1 7

th e  alkaline perm anganate oxidation of I .  In  con trast,
W agner and Sim ons9 reported  a greater th an  8 0 %  yield  FVnpri m ental «iertinn
of 2-furoic acid  ( I I )  from  I ,  and G ilm an and W rig h t10 E xperim ental bection
oxidized 5-brom ofurfural ( I I I )  to  th e  corresponding M l melting points are uncorrected and were determined on a

Thomas-Hoover apparatus. Elemental analyses were performed 
0  by Spang Microanalytical Laboratory, Ann Arbor, Mich. Mass

it----- n || spectral analyses were performed by Professor P . C. Ford. 18

3  x  s — C— H +  2Mn04-  +  OH-  — Reagents. —Distilled water was purified by passing through an
0  ion-exchange cartridge (Type R-2, Illinois Water Treatment

I ; X = H Company, Rockford, 111.). Reagent grade sodium nitrate
HI X = Br (Baker) was used to adjust solutions to desired ionic strengths.

q Potassium permanganate stock solutions were prepared from
____  || Acculute standard volumetric solutions. The stock solution

__ I j|__II__ _ , was stored under nitrogen and the absorbancy index of per-
“ ^ ^ ' 2 MnU2 2 H2U (1 ) manganate ion was checked before each set of kinetic runs.

II X = H Sodium hydroxide solutions were prepared from standard con-
’ centrated (Acculute). All solutions were prepared immediately

■ , • , • m, , , T, , before the kinetic runs, and the pH of the solutions were taken as
acid  m  basic m edia. T h e  com plexity  and pH  depen- those measured potentiometrically.
dence of the permanganate ion oxidation of I  are further Potassium permanganate-18!) was prepared by the isotopic 
demonstrated by the observations that I I  is not the exchange reaction between normal permangatate ion (Mallin-
major oxidation product in neutral and acid solu- ckrodt) and water-18!! (Bio-Rad) . 5-19 Isotopic analyses were per-
tion n ,i 2 Presumably the furan rimr is m ore snseenti- formed by thermal decomposition of the sample followed by mass 
, , . , ® P spectrometric analysis of the oxygen formed.6.20 The wi/e
bie to attack than the carbonyl carbon m nonalkahne 34:32 ratio was used to calculate per cent 180. 
media. Furfural (Aldrich) was purified by distillation, bp 91-93° (11

mm).
(1) Part II: F. Freeman, A. Yeramyan, and F. Young, J .  Org. Chem.,

34, 2438 (1969). -------------------
(2) Abstracted in part from the M.S. thesis of E. W. Paull, California (13) K. B. Wiberg and R. D. Geer, ib id ., 87, 5202 (1965); 88, 5827

State College, Long Beach, 1969. (1966).
(3) Presented in part before the Symposium on the Oxidation of Organic (14) The first application of the Hammett law to the furan ring was

Compounds at the American Chemical Society Pacific Conference on Chem- with 2-furoic acids.16 Noyce and Kaiser16 obtained a p value of —7.5 for
istry and Spectroscopy, San Francisco, Calif., Nov 8, 1968. the soivolysis of 5-substituted furylmethylcarbinyl p-nitrobenzoates. We

(4) To whom correspondence should be addressed. express our thanks to Professor Noyce for providing us with a copy of their
(5) K. B. Wiberg and R. Stewart, J .  Amer. Chem. Soc., 77, 1786 (1955). manuscript prior to publication.
(6) R. Stewart and M. M. Mocek, Can. J .  Chem., 41, 1160 (1963). (15) E. Imoto and R. Motoyama, Bull. Naniwa Univ., Ser. A, 2, 127
(7) J. Rocek in “The Chemistry of the Carbonyl Group,” S. Patai, Ed., (1954)

Interscience Publishers, Inc., New York, N. Y., 1966, p 478. (16) D. S. Noyce and G. Y. Kaiser, J .  Org. Chem., 34, 1008 (1969).
(8) Y. Obata, J .  Agr. Chem. Soc. Jap ., 16, 187 (1940); Chem. Abstr., 34, (17) (a) F. Freeman, J .  Chem. Educ., in press, (b) H. Van Bekkum, P.

5840 (1940). E. Verkade, and B. M. Wepster, Rec. Trav. Chim. Pays-Bas, 78, 815
(9) E. C. Wagner and J. K. Simons, J .  Chem. Educ., 13, 265 (1936). (1959) (c) R. W. Taft, J .  Phys. Chem., 64, 1805 (1960).
(10) H. Gilman and G. F. Wright, J .  Amer. Chem. Soc., 62, 1170 (1930). (18) West Coast Technical Service, San Gabriel, Calif.
(11) F. Freeman, unpublished data, 1968. (19) G. L. Zimmerman, Ph.D. Thesis, University of Chicago, 1949.
(12) A. P. Dunlop and F. N. Peters, “The Furans,” Reinhold Publishing (20) T. C. Hoering and J. W. Kennedy, J .  Amer. Chem. Soc., 78, 4829

Corp., New York, N. Y., 1953, pp 385, 494, 496. (1956).
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5 -N it r o f u r f u r a l w a s  p re p a re d  a c c o rd in g  to  th e  m e th o d  of io n iz e d  w a te r  e q u ilib ra te d  in  a w a te r  b a th  a t  2 5 .0 ° , w as r a p id ly
G i lm a n  a n d  W r i g h t ,21 u s in g  5 -n itr o fu r fu ra l d ia ce ta te  (E a s t m a n ) .  a d d e d  250 m l  o f d e io n ize d  w a te r  c o n ta in in g  0 .7 6  g  (0 .0 0 4 8  m o l)
U n d e r  a n  a tm o s p h e re  of n itro g e n , 2 4 .3  g  (0 .1  m o l )  of 5 -n it r o -  o f la b e le d  p o ta s s iu m  p e rm a n g a n a te  (0 .8 3 3 %  180 )  a n d  150 m l of
fu rfu ra l d ia ce ta te  w as re flu xe d  w ith  a  s o lu tio n  of 54 g  (0 .5 6  m o l)  2 N  s o d iu m  h y d ro x id e  (a d d e d  ju s t  p r io r  to  a d d it io n ) .  T h e
of c o n ce n tra te d  s u lfu r ic  a c id  in  108 g  (6 .0  m o l)  o f w a te r  f o r  15 re s u ltin g  s o lu tio n  h a d  a p H  of 1 3 .3 . A f t e r  5 m in  th e  s o lu tio n
m in  w it h  c o n s ta n t s t ir r in g . T h e  e th e r e x tra c t  o f th e  cooled  w a s  q u e n c h e d  w it h  50 m l  of 0 .5  M  s o d iu m  b is u lfite , c o n ce n tra te d
h y d r o ly z e d  p r o d u c t  w a s  w a s h e d  w it h  w a te r , d r ie d  o v e r  N a t S O , ,  s u lfu r ic  a c id  w a s  a d d e d  to  d isso lve  p re c ip ita te d  m an gan ese d i -
a n d  filte re d . T h e  e th e r w a s  re m o v e d  a n d  th e  resid ue  w a s  d is tille d  o x id e , a n d  th e  s o lu tio n  w a s  e x tra c te d  th re e  tim e s  w i t h  7 5 -m l
a t  1 3 2 -1 3 4 °  (11 m m )  to  g iv e  10 g  ( 7 1 % )  of p r o d u c t , m p  3 4 -3 6 °  p o rtio n s  o f b e n ze n e . T h e  e x tra c t  w a s  w a s h e d  w it h  w a te r  a n d
( l i t . 21 m p  3 5 -3 6 ° ) .  e x tra c te d  w it h  4 0  m l  of 0 .5  M  p o ta s s iu m  c a rb o n a te  s o lu tio n .

5 -M e th y lf u r f u r a l w a s  p re p a re d  f ro m  2 -m e t h y lfu r a n  (A ld r i c h )  A c id if ic a t io n  o f th e  b a sic  s o lu tio n  w it h  c o n c e n tra te d  s u lfu ric  a c id
a c c o rd in g  to  th e  m e th o d  of T r a y n e lis ,  e t  a l . , 22 e x c e p t t h a t  a g a v e , a fte r c o o lin g , f ilte r in g , a n d  d r y in g ,  0 .2 4  g  o f 5 -b ro m o fu ro ic
ra tio  o f 2 m o l of D M F  a n d  2  m o l of P O C l 3 to  1 m o l of 2 -m e t h y l -  a c id , m p  1 8 3 -1 8 5 °  ( l i t . 32 m p  1 8 5 -1 8 6 ° ). T h e  180  c o n te n t of th e
fu ra n  w a s  u s e d . D is t i l la t io n  a t  7 8 -8 0 °  (1 6  m m )  [ l i t . 22 b p  7 2 -7 3 °  a c id  w a s a n a ly z e d  a n d  th e  p e r  c e n t tra n s fe r o f o x y g e n  f ro m  p o ta s -
(1 3  m m ) ]  g a v e  88 g ( 7 6 . 1 % )  of p r o d u c t . s iu m  p e rm a n g a n a te  w a s  c a lc u la te d  a c c o rd in g  to  th e  fo rm u la  of

5 -E t h y lf u r f u r a l w a s  p re p a re d  f ro m  2 -e th y lfu r a n , w h ic h  w a s W ib e r g  a n d  S te w a r t :5.33 %  O  f ro m  K M n C h  =  100 [2 ( y  —
p re p a re d  b y  r e d u c tio n 23.24 25 of 2 -a c e ty lfu ra n  ( A ld r i c h ) .  2 - E t h y l -  0 .2 0 4 )/a: —  0 .2 0 4 ] ,  w h e re  y  =  100 [180 / ( 160  +  180 ) ]  a n d  x  =
fu r a n  w a s fo rm y la te d  as d e sc rib e d  a b o v e . D is t i l la t io n  g a ve  11.9  %  180  in  K M n 0 4 =  0 .8 3 3 % .
g  ( 6 4 % )  of p r o d u c t , b p  8 8 -9 0 °  (11 m m )  [ l i t . 22 b p  8 8 -9 0 °  (1 1  K in e t ic  M e t h o d .— A l l  e x p e rim e n ts  w e re  p e rfo rm e d  u n d e r  
m m ) ] . p s e u d o -f irs t -o rd e r c o n d itio n s  u s in g  a la rg e  excess of fu rfu ra l.

5 -Is o b u ty lfu rfu ra l w a s  p re p a re d  f ro m  2 -is o b u ty lfu r a n , w h ic h  B eca use of th e  la rg e  ra te  c o n sta n ts , th e  rates of re a c tio n  w e re  
w as p re p a re d  b y  re d u c tio n  of is o b u ty l f u r y l  k e to n e . I s o b u t y l  d e te rm in e d  b y  fo llo w in g  s p e c tro p h o to m e tric a lly  th e  d is a p p e a r-
f u r y l  k e to n e  w a s  p re p a re d  b y  th e  F r ie d e l -C r a f t s  re a c tio n  o f f u r a n  ance o f p e rm a n g a n a te  io n  (5 2 2  m /t) in  a s to p p e d -flo w  s y s te m .1.13
a n d  is a b u t y r y l  c h lo r id e .24 T h e  ra te  c o n sta n ts , w h ic h  w e re  o b ta in e d  f r o m  p lo ts  of — ln [lo g

I n  a  I T . ,  r o u n d -b o tto m e d  fla sk , 3 8 .8  g  (0 .2 8  m o l)  of is o b u ty l ( T a / T ) \  v s .  t im e , w h e re  is th e  p e r  c e n t tra n s m is sio n  a t  a
f u r y l  x e to n e , 28 m l  (0 .5  m o l)  of 8 5 %  h y d ra z in e  h y d r a t e , 28 g p o in t  ju s t  before c o llo id a l m an gan ese d io x id e  be gins  to  fo rm ,
(0 .7  m o l)  o f s o d iu m  h y d ro x id e , a n d  225 g  (3 .6 4  m o l)  of e th y le n e  w e re  c a lc u la te d  o n  a n  I B M  1620 c o m p u t e r .34 T h e  rates w ere
g ly c o l w e re  h e a te d  fo r  2 .5  h r  u n t i l  th e  v ig o ro u s  e v o lu t io n  o f gas fo llo w e d  u n t i l  th e  rea ctio ns  w e re  7 5 - 9 0 %  c o m p le te , a n d  th e
d im in is h e d . A  tw o -p h a s e  d is tilla te  w a s  o b ta in e d  a fte r d is t illa - ra te  co n sta n ts  w e re  c a lc u la te d  th re e  tim e s  u s in g  th e  d a ta  to  th e
t io n . T h e  aqueous la y e r  w a s  se p a ra te d  a n d  e x tra c te d  tw ic e  w it h  firs t  h a lf -life , to  th e  second h a lf -life , a n d  th e n  to  th e  t h ir d  h a lf -
5 0 -m l p o rtio n s  of e th e r. T h e  c o m b in e d  o rg a n ic  s o lu tio n  w a s  life . I n  th is  m e th o d , a n y  d e v ia t io n  f r o m  lin e a r ity  w a s  re a d ily
d rie d  (N a s S O rf , f ilte re d , a n d  d is tille d  to  g iv e  14 .3  g  ( 4 1 . 2 % )  o f o b s e rve d .
2 -is o b u ty lfu ra n , b p  1 2 6 .5 -1 2 8 °  ( l i t . 24 b p  1 2 3 -1 2 7 ° ). F o r m y la -  
t io n  c f  th e  p r o d u c t  as d e scrib e d  a b o v e  g a v e  1 3 .6  g ( 7 2 % )  of
5 -is o b u ty lfu rfu ra l, b p  1 6 8 -1 7 0 °  (4 0  m m ) .  T h e  2 ,4 -d in it ro p h e n y l -  Results and Discussion
h y d ra z o n e , m p  1 5 0 -1 5 2 ° , w a s  p re p a re d  a n d  a n a ly z e d .

A n a l. C a lc d  fo r  Ci5Hi6N40 5 : C ,  5 4 .2 2 ; H ,  4 .8 5 ; N ,  1 6 .8 6 . T h e  ra te  of oxid ation  o f I  was d eterm ined using an 
F o u n d :  C ,  5 4 .0 5 ; H ,  4 .9 0 ; N ,  1 6 .7 6 . eightfold  range o f fu rfu ral con cen tratio n , a  threefold

5 -n -B u t y lf u r f u r a l w a s  p re p a re d  f ro m  2 -re -b u ty lfu ra n . n-Butyl ran ge of perm anganate ion con cen tratio n , and a seven- 
f u r y l  x e to n e , w h ic h  w a s p re p a re d  b y  th e  F r ie d e l -C r a f t s  re a c tio n  ,. , , r , , ■ , • , /m  u i  t  j
of fu ra n  a n d  n -b u t y r y l  c M o r id e ,24 w a s  re d u c e d  as d e scrib e d  f o  d  o f  hydroxide io n co n ce n tra tio n  (T ab les  I  and
a b o v e 23»24 to  g iv e  2 -n -b u t y lf u r a n ,  b p  1 4 0 -1 4 2 °  ( l i t . 24 b p  1 3 7 -1 3 8 ° ). H )° A plot ot k^  (pseudo-first-order ra te  con stan t) vs.
F o r m y la t io n  g a ve  5 0 .1  g  ( 9 1 % )  of 5 -n -b u t y lf u r f u r a l ,  b p  1 1 7 -1 1 9 °  con cen tration  of I  gives a stra ig h t line th a t  goes
(11 m m ) .  T h e  2 ,4 -d in it ro p h e n y lh y d ra z o n e , m p  1 6 0 -1 6 2 ° , w a s  through th e  origin, ind icating  th e  ra te  of oxid ation  to
a n a ly z e d . h a v e  a  f i r s t - o r d e r  d e p e n d e n c e  o n  f u r f u r a l  c o n c e n t r a t i o n .

A n a l. C a lc d  fo r  C i5 H i6N 40 5: C ,  5 4 .2 2 ; H ,  4 .8 5 ; N ,  1 6 .8 6 . . , , , .  ,  , , , , . ,  . , , .
F o u n d :  C  5 4 .0 0 - H  4 .8 6 - N  1 6 .7 5 . A t  c o n s t a n t  f u r f u r a l  a n d  h y d r o x i d e  i o n  c o n c e n t r a t i o n s ,

5-Chlorofurfurai was prepared, mp 31-33° (lit.26 mp 31.5- the pseudo-first-order rate constant is not altered
33°). appreciably with increasing permanganate ion con-

5 -B r o m o fu r fu r a l w a s  p re p a re d , m p  8 3 -8 5 °  ( l i t . 26’27 m p  8 3 -8 5 ° ) .  c e n t r a t i o n s ,  w h i c h  i n d i c a t e s  a  f i r s t - o r d e r  d e p e n d e n c e
F u r f u r a l-d i  w a s  p re p a re d  m  8 5 %  iso to p ic  p u r i t y  ( p m r )  b y  th e  „ e r m a n v a n a t e  i n n  W i t h  a h ire r-' e x c e s s  o f  I  a n d

R o s e n m u n d  re d u c tio n 28 of 2 -f u ro y l  c h lo r id e .29 A tt e m p t s  to  ° n  p e r m a n g a n a t e  i o n .  W i t n  a  la r g e  e x c e s s  o i  i  a n a

p re p a re  fu rfu ra l-d i  b y  th e  l i t h iu m  d e u te rid e  re d u c tio n  of f u r i l30 hydroxide ion, good first-ord er p lots are obtained , w h i c h

o r  th e  m an gan ese d io x id e  o x id a tio n  o f a , « - d 2-f u r f u r y l  a lc o h o l31 fu rth er d em onstrates th a t  th e  reaction  has a first-order
w e re  un su ccessfu l. dependence on perm anganate ion. A  plot of th e  second-

S in c e  fu rfu ra ls  are e a sily  o x id ize d , th e y  w e re  s to re d  as th e  
b is u lfite  a d d it io n  c o m p o u n d . T h e  o n ly  e x c e p tio n  w as th e  w a te r -
soluble bisulfite addition compound of I. T able 1

O x id a tio n  w ith  P o ta s s iu m  P e rm a n g a n a te -lsO . — A  m o d if ic a tio n  R ate Dependence on F urfural and
of th e  m e th o d  of W ib e r g  a n d  S te w a rt6 w as used to  p re p a re  5 -  P ermanganate Concentrations“
b ro m o fu ro ic  a c id  fo r  m ass s p e c tra l a n a ly s is . I n  a 2-1. flask  f itte d  rr>tr~i „  , b , c

w it h  s tir re r , th e rm o m e te r, a n d  n itro g e n  in le t  f lo w , w h ic h  c o n - [F ” ur“ ' ’ M  ’ 10* M  ’ sec’-> M ~' seo-i
ta in e d  1 .2 8  g  (0 .0 0 7 2  m o l )  o f 5 -b ro m o fu rfu ra l in  750 m l  o f d e - ^  q  20  4  0 0 02 8 0

(21) H . G ilm an and F . W righ t, J .  A m e r .  C h e m . S o c . ,  52, 2550 (1925). 0 .5  O'1 0 .2 0  4 .0  0 .0 4  8 .0
(22) J . T .  Traynelis, J . Miskel, J r ., and J . R . Sawa, J .  O rg . C h e m . ,  22, 2 . 0 1 d  0 .2 0  4 . 0  0 .1 5 9  7 .9

2170 (1957). 4  0 2 rf Q 20 4 . 0  0 .3 4  8 .4
(23) A . K .  Arm itage and H . R . In g, B r i t .  J .  P h a r m a c o l . ,  9, 376 (1954); . „ ~ . 1Q 4.

C h e m .  A b s t r . ,  49, 10918 (1955). 4 - 02 4 U  U i ) 4  1 6
(24) H . G ilm an and N . O . Calloway, J .  A m e r .  C h e m . S o c . ,  55, 4197 4 .0 2  0 .2 0  6 .0  0 .6 0  1 4 .9

(1933). 4 .0 2  0 .2 0  8 .0  0 .5 5  1 3 .7
(25) W . J . Chute and F . W right, J .  O rg . C h e m . ,  10, 541 (1945). 4  02 0 20 1 2 .0  0 .6 5  1 6 .1
(26) Z. N . Nazarova, Z h .  O b s h c h . K h i m . ,  24, 575 (1954); C h e m .  A b s t r . ,  ‘ , -  , ,

49, 6214 (1955). “ X =  522 m/i, m  =  1 .0 M , T  =  2 5 .0 ° . 6 P s e u d o -f irs t -o rd e r  ra te
(27) Z. N . Nazarova, D o k l .  A k a d .  N a u k  U z . S S R ,  N o . 4, 40 (1953); c o n s ta n t. “ S e c o n d -o rd e r ra te  c o n s ta n t =  [fu rfu ra l].

R e f .  Z h . .  K h i m . ,  N o . 39483 (1954); C h e m .  A b s t r . ,  49, 10261 (1955). i f  =  5 .0°.
(28) A . F . Thom pson and N . A . Crom well, J .  A m e r .  C h e m . S o c . ,  60, 1374 ------------------------------

(1939). (32) p - S * and J - v - Waggoner, i b i d . ,  15, 159 (1950).
(29) G. S. Saharia, J .  Set. I n i .  R e s . ,  15B, 69 (1954); C h e m .  A b s t r . ,  50, (33) K . B . W iberg and R . Stewart, J .  A m e r .  C h e m . S o c . ,  78, 1214 (1956).

14705 (1956). (34) Professor K .  B . W iberg’s program for obtaining rate constants for
(30) K . B . W iberg, J .  A m e r .  C h e m .  S o c . ,  76, 5371 (1954). first-order reactions was used: K . B . W iberg, “ Com puter Programming for
(31) E . F . Pratt and J. F . Van de Castle, J .  O rg . C h e m . ,  26, 2973 (1961). Chemists,” W . A . Benjam in, In c ., N e w  Y o rk , 1965, p 168 ff.
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T able I I
R ate Data for the Neutral and B ass-Catalyzed R eactions of 

F urfural and 5-Methyl- and 5-Nitrofurfural“
[OH-], kj,,b k2,c fa,d ih = (.fa -  w /[O H -],'

Substrate pH M  see-1 M -i see-1 M -i  see“1 1.- mol-2 sec-1
V  12.5 0.03 0.18 4 .50 2.70 60.0
V 12.8 0.063 0.26 6 .50 2.70 60.3
V 13.25 0.18 0.54 13.50 2.70 60.0
V 13.3 0.20 0.59 14.75 2.70 60.3
IV® 12.3 0.02 0.14 3.50 2 .60 45.0
IV® 12.5 0.03 0.15 3.75 2.60 38.3
IV® 12.8 0.063 0.20 5.00 2.60 38.1
IV® 13.25 0.18 0.39 9.75 2 .60 39.7
V* 11.5 0.003 0.61 127.6* 47.8 26.6  X 103
V4 11.8 0.006 1.03 215.5* 47.8 27.9 X  10s
V4 12.3 0.02 2.74 573.2* 47.8 26.3 X  103

“ X =  522 mu, T = 25.0°, n = 1.0 M. b Pseudo-first-order rate constant. c Second-order rate constant =  [Furfural], d Inter
cept from plot of fe vs. [OH- ]. * Third-order rate constant which agrees well with the slope from a plot of (A2 — k0) vs. [OH- ] . f [I] =
4.02 X 10-2 M. » [IV] = 4.00 X 10-2 M. 4 [V] =  4.78 X 10-3 M. * T = 14.5°.

order ra te  con stan t (k2 =  ^ / [fu rfu ra l]) vs. hydroxide Scheme II
ion  concentration  gives a stra ig h t line th a t  does n ot go q-
through the origin. Similar plots were obtained with k n---- n |
5-methylfurfuraI (IV) and 5-nitrofurfural (V). This I + OH~ =5=*= ■ LqJ — C— H
implies that there are both zero-order and first-order kt I
terms describing the effect of hydroxyl ion on the rate OH
of reaction. These data suggest the following rate law VI

-d [M n 0 4- ]/di = B___ il ^ ------ x  k:
Ao[furfural] [M n04- ] +  fc3[furfural] [M n04- ] [OH- ] (2) Il II ^ +  M^O.,-  slow"

where k0 (the intercept of a plot of k2 vs. [OH- ]) is the I
rate constant for oxidation of neutral I, IV, or V, and O
ks is the constant for the base-catalyzed reaction.36 ^  n---- n ||
Table II  shows the constancy of h  for I, IV, and V, — C— OH + HMnO/“
respectively. n

A  possible mechanism for the neutral reaction, which 
involves a direct attack of permanganate ion at the ___ 9
carbonyl carbon of I to give the permanganate ester n + HMnO 2~ — J _C_O- + MnOr + HD
V, is shown in Scheme I. The slow step is probably 4 fast ®

SCHEMEl Mn(V) + Mn(VII) 2Mn(VI)
k fast

I + Mn04~ ^k,
O O The mechanism correctly predicts that the rate will be

p |[__I ___ h  | j] II a  linear fu nction  of hydroxide ion con cen tratio n  and
w |V H ¡low* ^ 0 ^ C 0 + Mn0i + 11 that the reaction will be subject to specific hydroxide

o A f no3 ion cataly sis-
Y The observed rate of disappearance of permanganate

ion is the sum of the rates of the neutral (Scheme I) 
3Mn03-  + H20 — — 2Mn02 + MnOT + 20H-  and base-catalyzed (Scheme II) reactions. This means

fast that a plot of (fc2 — k0) vs. hydroxide ion concentration
4,__, ... • , . , , should give a straight line passing through the origin
the decomposition of V  via proton transfer and cleavage if the reaction is first order in hydroxyl ion. Using the
°A ■ e ™anga^pse oxygen on . he rate equation data from Table II shows that this is indeed true for 
derived from this mechanism is eq 3, where Keq denotes j  j y  and y
the equilibrium constant for the formation of V 7 ' q l t , ,, , ,, , ̂ v UIU1 UUTOUUI V. Scheme I suggests that the permanganate ion will

v = fcrilV] = WVq[I] [Mn04- ] (3) be the source of oxygen introduced into I, while Scheme

The mechanism shown in Scheme II, for the base- ?  pTef Ct* ^  the0X^ en wiU comf  from the solvent,
catalyzed reaction, presumably involves a hydride fOTder to determine the sourceof oxygen, 5-bromo-
transfer in the rate-determining step. The rate equa- furfural ™  Z™ T  i , en™hed Potassmm 
tion derived from this mechanism is eq 4, where Keq Permanganate- *0 and then analyzed via mass spec-
is the equilibrium constant for the formation of VI. trometry (Table III) The low value a . pH 13.3 and

the larger value at pH 12.3 support Scheme II. The 
v = AvlVI] [Mn04- ] = fcoH-ifeq[I] [Mn04-] [OH- ] (4) low incorporation of lsO into I, at pH 13.3, could arise

(35) O u t  results in neutral and acid media indicate that fa might also (36) Compound III was selected because 5-bromo-2-furoic acid is less
contain the rate constant for permanganate attack on the furan nucleus.11 water soluble than 2-furoic acid (II).
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Table III '■ 80|----------- ¡7^7
Oxidation of 5-Bromofurfura l with -
Potassium Permanganate-180  at 25° 1.60-

pH % O from MnO«“
13.3 7 .6  * ■
12.3 21.3 9 1.40 ■ p s i.3o

from the slow exchange between permanganate ion and 
solvent. 3 7 - 4 1  120 ’

The enthalpy of activation (10.2 kcal/mol) and the -
entropy of activation (— 22.8 eu) at pH 13.3 for the base- i.oo L_j— ^ -------- 1-------- *--------*--------*-------*—
catalyzed oxidation of I are of the same order of " a 2  " ° 1 0 0 0  0-1 0 2  03
magnitude as the values for the reaction of other anions
\V! 1 1 i permanganate u 12,4s Figur© 1 .—1 II¡unnnitt- plot for fiirfumls &t pH 13.3.

Furfural-di was prepared in 85% isotopic purity v ia
the Rosenmund reduction of furoyl chloride (eq 5) . 28' 29,44 Indeed, V  is immeasurably fast in our stopped-flow

0  system. Statistical treatment47 of the rate data, using
n---- , || pdi_s r-----r, || Hammett <r mefa-substituent values, gives a p value of
1̂  J — c — Cl + D2 ------* 11 J — C— D (5) +1.30 with a correlation coefficient r  of 0.9974 and a

® standard deviation s of 0.0235. Using a  para-substit-
An uncorrected k j j / k D value of 1.8 was observed at uent values, the statistical treatment gives a p of + 1.52
pH 13.3. Although no quantitative significance can be with r  =  0.9766 and s = 0.0706. The excellent correla-
ascribed to this value, the results do support the tion with a -m e ta  values is surprising, since molecular
breaking of a C-H (D ) bond in the rate-determining orbital calculations48 and dipole moment measure-
step (Scheme II). ments49 that the orth o , m e ta , and p a r a  positions of

Table IV  shows a slight increase in reaction rate benzene corresponds to the 3, 4, and 5 positions in 2 -
owing to increased salt concentration, which is ex- substituted thiophenes. Also, Noyce and Kaiser ob-
pected for a reaction between two negative ions. 46 tained an excellent correlation (0.99) by using o  +

para-substituent constants for the 5 position and <r+ 
Table IV mefa-substituent constants for the 4 position in the

K inetic Dependence on Ionic Strength at 25.0°° solvolysis of furylmethylcarbinol derivatives. However,
„ k^,h sec-* it has been noted that 5-substituted 3-furoic acids

0  i  0 . 3 7  correlate equally well with <7 m e ta -  and a  para-substit-
0 .2  0 .4 2  uent constants. 17-60

0 .3  0 .4 3  Although the observed kinetic data support Scheme
0 .5  0 .5 1  II and are consistent with Scheme I, additional kinetic

<* [Furfural] = 4.02 x  10~2 M , [M n042~] = 4.00 x  10“4 M , studies are required to fully elucidate the mechanisms 
pH = 13.3, X = 522 mix. b Pseudo-first-order rate constant. ^he neutral and acid regions. It is also of interest

to note that the kinetics of permanganate ion oxidation 
Since the furan ring is a planar pentagon with sp2- 0f 1  are remarkably similar to the alkaline permanga- 

hybridized carbon atoms and possesses considerable nate i0n oxidation of benzaldehyde.6'60-52 
aromatic character arising from the delocalization of H TTT „  TTr AO
the two paired electrons on the oxygen atom and the k’ 9fi"°!r1 ’t  ^  6 m" "
four carbon tt electrons, one would expect a Hammett 698-63-5; 5-ethylfurfural, 230(4-10-4; 5-c oro-
correlation similar to substituted benzenes. In order furfural, 21o08-19-0; 5-isobutylfurfural, 23 5-88- ,
to test this possibility, for the base-catalyzed mecha- 2,+dimtrophenylhydrazonesol^5-isobutylfurfural, 23074-
nism, several 5-substituted furfurals were prepared 12-6; 5-n-butylfurfural, 2?+74-13-7 2 4-dinitr°p e n y -
and oxidized under identical conditions. Figure 1 hydrazone of 5-n-butylfurfural, 23074-14-8.
shoWS that I is oxidized faster with electron-with- ^  jj Jaffe, Chem . Rev., 53, 191 (1953). (b) One would expect
drawing groups than with electron-releasing groups. the rate-determining step to have a negative P value, since electron-releasing

groups should facilitate a hydride ion transfer (Scheme II). Since the
(37) Exchange between the carboxylate group and hydroxide ion is un- observed rates depend on the equilibrium concentration of VI, it appears

likely because of electrostatic repulsion. However, it has been found that that p̂  in the equation
benzoic acids will undergo slight exchange under drastic conditions, e.g ., 10
days at 100°.38 log(fc/fco)obsd = log (K /K o ) eq  +  log ( k /k o )T&te = *(peq +  prate)

(38) C. A. Bunton, A. E. Comyns, J. Graham, and J. R. Quayle, J . .. . „
C hem  S oc 3817 (1955) is opposite in sign and larger in magnitude than Prate- This has also been

(39) N. F. Hall and O. R. Alexander, J .  A m er. Chem . S oc ., 62, 3455 (1940). observed in the permanganate oxidation of benzaldehyde and in the chromic
(40) G. A. Mills, ib id ., 62, 2833 (1940). a°*d oxidation of alcohols.«
(41) Saturated potassium permanganate solution exchanges slowly with (48) h .  Melander, A r k .K e m t , 11, 397 ( 957).

water at 100“ in neutral solution.** The rate of exchange appears to be only (49) R. Keswam and H Fre.ser J. Amer. Chem S oc., 71,1789 ,1949)
slightly faster in basic solution,* *»'*» which is negligible for this work. (50) On the other hand since the measured relative subst tuent effect

(42) S M. Taylor and J. Halpern, J .  A m er. Chem . S oc., 81, 2933 (1959). (alkyl and halogen) arises from polar effects and electrostatic mtMactions,
43) F. Freeman and A. Yeramyan, T etrahedron  Lett., 4783 (1968). the excellent correlation with <rm„« values is not unexpected. When the

(44) Curiously, attempts to prepare furfural-di v ia  the lithium aluminum data (Me, Et, H, Br, C ) rom t e oxi a ion are corre a e wi <r
deuteride reduction of furil were unsuccessful.*» Although furfuryl alcohol normal ( o para) parameter and the
was oxidized to I by manganese dioxide, the increased bond strength in Br, Cl),17» the P values, r, and S are 1.54 0.988, and 0.013, 1.29, 0.998, and
a a-da-furfuryl alcohol appeared to make the rate of oxidation of the aldehyde 0.012; and 1.47, 0.978, and 0.080, re8Pec lve .
faste" than the rate of oxidation of deuterated alcohol.** (51) Early work in the benzaldehyde-permanganate on -action in-
f (45) F Freeman and A. A. Kamego, unpublished data, 1967. dicated a fractional dependence on hydroxyl ion concentration. Howeve.,

(46) The ionic strength is too high to permit any detailed interpretation more recent studies have shown that this is not the case,
according to the Debyt-HHokd theory. (52) K .  B. Wiberg and F. Freeman, unpublished results.
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Silver(II) Complexes in Oxidative Decarboxylation of Acids
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Silver(II) picolinate, bis(a,a'-bipyridine)silver(II) nitrate, and silver oxide have been employed directly in the 
oxidative decarboxylation of acids. Excellent yields of carbon dioxide, isobutylene, and i-butyl derivatives are 
obtained from pivalic acid by oxidation with all three silver(II) oxidants under a variety of conditions. The t- 
butyl cation is the precursor for the butyl products. The decarboxylation is postulated to occur via two succes
sive 1-equiv processes, in which the oxidation of the carboxylate moiety by silver (II) yields carbon dioxide and an 
alkyl radical followed by further oxidation of the alkyl radical to the cation by a second silver(II) species.

Silver(II) species are among the most powerful oxi- procedure. The silver(II) compound was weighed
dants available for organic chemistry.1-4 In aqueous into a flask which was sealed with a rubber septum
solutions, Ag2+ is viable only in highly acidic media5 and degassed in  v acu o . The carboxylic acid was added
in which it is in equilibrium with Ag3+. Even under with a hypodermic syringe after thorough degassing

2A 2+__^ A + A 3+ to remove oxygen. The reaction mixture was stirred
s g ’ magnetically and decomposed thermally,

these conditions Ag2+ is coordinated with such weakly Oxidative Decarboxylation with Silver(II) Picolin- 
complexing ions as perchlorate.6 Aqueous solutions a te—Decarboxylations with silver(II) picolinate were
of Ag2+ are, moreover, relatively unstable and oxidize carried out in carboxylic acid as solvent to avoid corn-
water to oxygen at room temperature.7 plications from water. The reduction of silver(II)

We found that silver(II) species were formed as proceeded readily at 90° and could be followed visually
metastable intermediates in the silver(I)-catalyzed re- bY t-10 disappearance of the orange silver(II) species
actions of peroxodisulfate ion and were highly effective to tbe colorless silver® picolinate. The reaction times
in the oxidative decarboxylation of acids.8 Several listed on Table I were a qualitative yet reliable measure
stable silver(II) complexes have been reported: silver- of the complete reduction of silver(II).
(II) picolinate (1), bisbipyridinesilver(II) nitrate (2), Carbon dioxide and alkene and alkyl esters were

formed in excellent yields in most cases. Thus pivalic 
, \ / \ acid afforded carbon dioxide, isobutylene, and i-butyl

Ag(o2C—(C Jy )  Ag( IC j\ K  ) j  ) (NO;J), pivalate according to the stoichiometry given in eq
N 1 tv tT 3. Isobutyric, n-butyric, and even acetic acid under-

1 2
(CH3)3CC02H +  2Agn — >- [(CH3)3C02C(CH3)3 +

and silver oxide (AgO). In this paper we sought (CH3)2C=CH2] +  C02 + 2H+ + 2Agl (3)
to determine the effectiveness of these silver(II) com- went decarboxylation in an analogous manner. With
plexes m the direct oxidative decarboxylation of acids. the tion of isobutyric acid, alkanes were generally
The liberation of carbon dioxide and the formation minor ducts. It should be noted that the principal
0 a kyl radicals are diagnostic of the transformation duct from the oxidative decarboxylation of n-
of silver(II) to silver(I) in common with the behavior , , • •, ,, ,c ,, \ . • , ( o butyric acid was the unrearranged n-propyl n-butyrate.of other 1-equiv oxidants.9 -m, • n •  ̂ ... :1 I he isopropyl isomer was only a minor constituent.

-« Oxidative decarboxylation by silver(II) picolinate
RC02H >• R- + C02 + H+ (2) wag acceierated by trifluoroacetic acid and even more

All three silver(II) complexes listed above were so b> Pyridine. Neither of these additives, however,
employed in comparative studies of the oxidative de- significantly affected the stoichiometry of the decar-
carboxylation of pivalic, isobutyric, butyric, and acetic boxylation (Table I). Copper(II) acetate, on the
acids, which served as representative examples. other hand- retarded the decarboxylation induced by

silver(II) picolinate. The addition of as little as 1% 
Results copper(II) acetate [based on silver(II)] increased

the reaction time from 1 hr to >  20 hr. Under these 
Studies of oxidative decarboxylation of acids by conditions, a lk a n e  was the major product, although 

silver(II) complexes were all carried out using a common at higher copper®) concentrations alkene predom-
inated. In the latter cases, the extent of oxidative(1) if or a review of the higher oxidation states of silver, see J. A. McMillan,

Chem. Rev., 62, 65 (1962). decarboxylation was minor, these reactions were not
(2> j . b . Lee and t . g . Clarke, Tetrahedron  Lett., 415 (1967). homogeneous and we are unable to draw any conclu-
W E. Gypm Baottnd S u n r o ,  j . chem. Sac.. 1339 (1960); r . g. R. sions regarding the inhibitory effect of copper (II) on

Bacon and w. j . w. Hanna, ibid., 4692 (1965); r . g. r. Bacon and d. the decarboxylation. The inhomogeneity of the re-
stewart ibid, c, i384 (1966). action may also reflect the otherwise inexplicable ob-

(5) (a) A. A. Noyes, J. L. Hoard, and K. S. Pitzer, J .  A m er. Chem . S oc., „ • , r , , * t r t .
57, 1221 (1935); j . Chem . P h ys., 59 , 1316 (1937); (b) g . a . Rechnitz serva.ion that the relative rates of decarboxylation
and s. b . Zamochnick, Txixntx, ii, 713 ,1645 (1964); 12, 479 (1965). (gross overall) by silver(II) picolinate appeared to

(6) J. B. Kirwin, F. D. Peat, P. J. Proll, and L. H. Sutcliffe, J .  P hys.
Chem .. 67, 1617 (1963). (9) (a) PbIV. j. K_ Kochif j. £>. Bacha, and T. W. Bethea, J .  A m er.

(7) H. N. Po, J. H. Swinehart, and T. L. Allen, In org . C hem ., 7, 244 Chem . S oc., 89, 6538 (1967). (b) CeIV: R. A. Sheldon and J. K. Kochi,
(1968)- ib id ., 90, 6688 (1968). (c) Co111: S. S. Lande and J. K. Kochi, ib id ., 90,

(8) J. M. Anderson and J. K. Kochi, to be published. 5196 (1968).
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T able I
D ecarboxylation of Acids by  Ag(picoLiNATE)2 at 90°“

---------Products, mmol [+ indicates traces (<0.01 mmol)]-------- ,
Additive/ Reacn 2CO2/  RoxV SR“/

Acid Additive Ag11 time, min CO2 Ag11 RH R(-H) Ester Ester alkane CO2

Pivalic . . .  . . .  600 0.53 1.06 0 d 0.34' 0.10/ 0 >100 0.83
TFA 5 120 0.51 1.02 0 0.31 +  0 >100 0.61
CiHsN 5 30 0.48 0.96 +  0.28 +  0 >60 0.59

Isobutyric . . .  . . .  120 0.60 1.20 0.19® 0.136 0.09< 0 1.1 0.68
j . . .  . . .  420 0.50 1.00 0.16 0.12 0.10 0 1.4 0.75

TFA 5 150 0.54 1.08 0.12 0.13 0.11 0 2.0 0.67
CsHtN 5 15 0.52 1.04 0.10 0.14 0.13 0 2.7 0.71

i Cu(OAc)2 1 1440 0.13 0.26 +  0.14 <0.03 0 >40 1.00
n-Butyric . . .  . . .  60 0.52 1.04 0.05“ 0.08* 0.02s 0.27' 7.4 0.81

;  . . .  . . .  120 0.45 0.90 0.05 0.07 0.02 0.17 5 .2 . 0.67
TFA 5 30 0.46 0.92 0.05 0.07 0.02 0.13 4.4 0.59
C5H5N 5 15 0.50 1.00 0.05 0.05 +  0.24 5.8 0.68

3 C u (O A c) 2 1 1440 0.26 0.52 +  0.16 <0.03 0 >33 0.70
Acetic . . .  . . .  60 0.50 1.00 0.09”* . . .  0.43” 0 4.7 1.00

30 0.47 0.94 +  . . .  0.32 0 80 0.68
TFA 5 15 0.47 0.94 +  . . .  0.13 0 >26 0.28
C5H5N 5 15 0.46 0.92 +  . . .  0.38 0 >78 0.83

“ 1.0 mmol oi Ag(picolinate)2 in 10 ml of carboxylic acid. 6 R„x includes alkene and esters. “ 2 R  • includes all products derived from 
alkyl moiety (alkene, alkane, and ester) and represents material balance. d Isobutane. “ Isobutylene. f  (-Butyl pivalate. “ Pro
pane. 6 Propylene. * Isopropyl isobutyrate. > 80°. k Isopropyl «-butyrate. 1 n-Propyl n-butyrate. m Methane. " Methyl ace
tate.

T able II
D ecarboxylation of Acids by  Ag(CioHsN2)2(N03)2 at 60°“

,------------------------------------------------ Products, mmol—----------------------------------------------->
Reacn 2CCV SR-6/

Acid time, min CO2 Agn RH R(-H) ROH Ester CO2

Pivalic“ 20 0.24 0.75 0 0.08* 0.15« 0 0.96
Isobutyric 3 0.33 1.02 0 0.12/ 0.10“ 0.056 0.82
n-Butyric 10 0.28 0 .86 0 0.1H  + “ 0.06* 0.63

“ 0.65 mmol of Ag(CioHsNi)!(NOs)j in 5 ml of 50% aqueous carboxylic acid. 6 SR - includes all products (alkene, alkane, ester, and 
alcohol) derived from alkyl moiety. “0.65 mmol of Ag(CioH8N2)2(N03)2 in 10 ml of pivalic acid-water-DMSO (33:33:33, v/v/v). 
d Isobutylene. * i-Butyl alcohol. 1 Propylene. “ Isopropyl alcohol. 6 Isopropyl isobutyrate. * Isopropyl n-butyrate.

T able I I I
Decarboxylation of Acids by  AgO at 90°“

,----------------------------------- Products, mmol-----------------------------------'
Additive/ Reacn 2 CO2/  Rox6 /  SR •c/

Acid Additive AgO time, hr CO2 AgO RH R(-H) Ester Ester alkane CO2

Pivalic* . . .  . . .  3 1.54 1.00 0 1.10* 0.22/ 0.08* >200 0.91
AgOAc 1 .0  3 1.55 1.01 0 1.08 0.23 0 .08 >200 0.90
TFA 1.0 1 1.43 0.92 0 0.35 0.51 0 .10 >200 0.67
TFA 2 .0  1 1.46 0.96 0 0.31 0.52 0.08 >200 0.62

Isobutyric . . .  . . .  24 0.72 0.48 +  0 .086 0.02* +  >' 20 0.14
TFA 1.0 1 0.78 0.52 +  0.10 0.08 +  36 0 .24

n-Butyric . . .  . . .  24 0.86 0.57 +  0.056 + *  0 10 0.05
AgOAc 1 .0  14 0.34 0.23 +  0.06 +  10 0.18
TFA 1 .0  1 0.65 0.43 +  0.05 +  0 10 0.10
TFA 2 .0  3 0 .85 0.57 +  0.10 +  0 10 0.12

“ 3.0 mmol of AgO in 10 ml of carboxylic acid. 6 R 0I includes alkene and esters. “ SR-includes all products (alkene, alkane, and 
esters) derived from alkyl moiety. d ¿-BuCOOH-HOAc (96:4, w/w). “Isobutylene. 1 ¿-Butyl pivalate. “ (-Butyl acetate. k Pro
pylene. * Isopropyl isobutyrate. > Isopropyl acetate. k Trace amounts of n-propyl n-butyrate, isopropyl n-butyrate, and isopropyl 
acetate.

decrease in the order acetic >  n-butyric >  isobutyric >  The yield of alkane was unimportant (<0.01 mmol), 
pivalic acid.10 It is noteworthy that oxidative decarboxylation of

Oxidative Decarboxylation with Bis(a,a'-bipyridine)- n-butyric acid produced significant amounts of the 
silver(II) Nitrate.— Oxidative decarboxylation of acids rearranged isopropyl alcohol and isopropyl n-butyrate. 
with bis(a,a'-bipyridine)silver(II) was carried out in Oxidative Decarboxylation with Silver Oxide, 
solutions containing 50% by volume aqueous carboxylic Carboxylic acids were decarboxylated with silver oxide 
acid (Table II). W ater was added as a cosolvent to by vigorous stirring in the neat acid at 90° (Table
provide an homogeneous medium. The reduction of III). The silver(I) carboxylate products were not
silver(II) was complete within a few minutes at 60° soluble under these conditions. On heating the reac- 
under these conditions. Excellent yields of carbon tion mixtures, the finely divided black suspension of
dioxide, alkene, alcohol, and ester were obtained ac- silver oxide was gradually replaced by a flocculent white
cording to the stoichiometry given by eq 4. precipitate. Silver(I) carboxylates were readily iso-

RCO2H +  2Agn (bipyridine>22+— >
Ros+ +  CO2 +  H+ +  2AgI(bipyridine)21+ (4) (iQ) Competitive decarboxylations are not alway3 reIiable in hetero-
Rox+ = R (-H ), ROH, RO2CR geneous systems.
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T a ble  IV
E ffect  of Acetonitrile on Oxidative D ecarboxylations with  S ilv er  Ox id e“

Acid CH3CN, /---------------------------- -----—•———Products, mmol--------------------------------------------- .
RCO2H vol. % Reacn time, min CO2 RH R(-H) RNHAc Ester 2 RVCO2

Pivalic 10 15 0 .9 8  0 0 .6 2  0 .11 0 .1 2  0 .8 7
Pivalic 25 15 1.01 0 0 .5 4  0 .19  0 .1 0  0 .8 2
Pivalic 50 15 0 .9 5  0 0 .3 6  0 .31  0 .0 8  0 .7 9
Pivalic 504 720 0 .8 2  0 0 .71  0 . . .  0 .8 6
Isobutyric 25 3' 0 .41  0 0 .0 4  -\-d -f- 0 .1 0
«-Butyric 25 4C 0 .4 2  0 0 .0 3  +  -)- 0 .0 7

“ In solutions containing 2.0 mmol of AgO in 10 ml of solvent at 85°. b N,N-Dimethylacetamide. c 110°. d Trace, <0.01 mmol.

lated by filtration and the procedure could be con- Discussion
veniently employed to prepare these silver(I) salts.

The oxidation of pivalic acid (with 4%  by volume , ‘Sllver Plcolmate’ bis(Kpyndme)stiver nitrate, and 
acetic acid to facilitate handling) by silver oxide af- s!.^er cmde ^present silver(II) complexes of three 
forded high yields of carbon dioxide. Greater than d,fferont structural types. Silver picohnate is a well- 
90% of the ¿-butyl moiety could be accounted for as characterized silver(H) compound in which the silver
isobutylene and f-butyl pivalate. A  small amount ato™ exhibits tram square dsp7 hybridization.^ Bur-
of acetate ester was derived from the acetic acid. stall and Morgan» characterized the silver complex

isolated irom the oxidation of bis(a,a:-bipyndine)- 
(CH3)3CC02H +  2AgO — >- [(CH3)2C = C H 2 +  silver(I) nitrate with peroxodisulfate as the tris(bi-

(CH3)3C 0 2CC(CH2)3] +  C 0 2 + 2AgIOH (5) pyridine)silver(II) nitrate. Analysis of the compound
which we isolated using their procedure indicates that 

Ag'OH + (CH3)3C C 02H — > AgI0 2CC(CH3)3 +  H20  (6) it is the bis(bipyridine)silver(II) nitrate. The latter
is in accord with the coordination number of 4 generally 

Oxidative decarboxylations with silver oxide pro- associated with the silver(II) species.1 It is, moreover,
ceeded significantly faster when acetonitrile was em- consistent with the stoichiometry observed in oxidative
ployed as a cosolvent. The silver(I) carboxylates decarboxylations (cf. Table II). In the crystal lattice
formed soluble complexes in acetonitrile and on com- of silver oxide; the silver atoms occupy two different
plete reduction the reaction mixture consisted of a sitesl6 characteristic of silver©  and silver(III) oxida-
homogeneous solution. In the presence of acetonitrile tion states. Silver oxide does produce silver© ) spe-
an additional product, N-alkylacetamide, was also cies. however, on dissolution in strong mineral acids,
found in yields proportional to the concentration of albeit in low yields 16

CHsCN Despite the diversity of structural types, these silver-
(CH3)3CC02H +  2AgO------> (II) compounds exhibit common oxidizing properties

(CH3)sCNHCOCH3 + C 0 2 + AghO(CHsCN)„ (7) in the decarboxylation of acids. Difficulties with
solubility preclude a detailed comparison of their chem- 

acetonitrile (Table IV). The rate of reduction of ical properties and a quantitative kinetic examination
silver oxide was also accelerated by trifluoroacetic at this time. Certain characteristic features of oxi-
acid. N,N-Dimethylacetamide had little effect and dative decarboxylation by these three silver(II) com-
pyridine a retarding one. plexes are, however, clearly brought out with pivalic

The yields of carbon dioxide from the oxidation acid, 
of isobutyric, «-butyric, and acetic acid by silver oxide The essential stoichiometry of the oxidative decar- 
were not as good as those from pivalic acid. Acids boxylation of pivalic acid by all three silver(II) oxidants
with available a hydrogens are also susceptible to is given by eq 10. One mole of carbon dioxide is
side-chain oxidation which consumes oxidant but does
not lead directly to decarboxylation.11 These pro- (CH3)3C C 02H + 2Agn — >

^  ^  [(CH3)3C+] +  C 0 2 +  H+ +  2Agi (10)

M»+ +  C H C 02H — >  +  C C 0 2H etc. (8 )
/  /  formed from 2 mol of Agn . The fate of the ¿-butyl

cation is dependent on the medium. It gives rise 
cesses may also play a role in these oxidations. The to isobutylene by proton loss and ¿-butyl alcohol or
use of silver oxide was further limited by the rather ¿-butyl ester by solvation in the protic solvents. Fur-
poor material balance between the carbon dioxide thermore, in the presence of acetonitrile, the cation
liberated and the alkyl products produced (Table IV, affords N-alkylacetamide.17
last column). Part of this problem may have been
due to Scavenging of alkyl radicals by the oxygen (12) (a) Oxygen was detected by gas chromatography after completion
produced in the acid-catalyzed decomposition of silver of the reducUon; (W T- p- Dirkse and b . wiers, •/. Eiectrochem . s o c ., 106,
oxide ^ (1959).

(13) E. G. Cox, W. Wardlow, and K. C. Webster, J .  Chem . S oc., 775 
(1936).

4AgO +  4H + ---- >■ 4Ag+ +  O2 +  2H2O (9) (I4) (a) G. T. Morgan and F. H. Burstall, ib id ., 2594 (1930); (b) see also
S. Sugden, ib id ., 161 (1932).

(15) (a) J. A. McMillan, J .  In org . N ucl. Chem., 13, 28 (1960); (b) V. 
Scatturin, P. L. Bellon, and R. Zannetti, R ic . S ci., 30, 1034 (1960); J .

(11) C f. the oxidation of acetic acid with Mnm : R. E. Van der Ploeg Eiectrochem . Soc., 108, 819 (1961).
and E. C. Kooyman, J .  C a ta l, 10, 52 (1968); E. I. Heiba, R. E. Dessau, and (16) D. H. Huchital, N. Sutin, and B. Warnqvist, In org . Chem .. 6, 839
W. J. Koehl, Jr., J .  A m er. Chem . S oc., 91, 138 (1969); 90, 5905 (1968); (1967).
J. B. Bush, Jr., and H. Finkbeiner, ib id ., 90, 5903 (1968). (17) C f. J. K. Kochi and A. Bemis, J .  A m er. Chem. S oc., 90, 4038 (1968).
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------*■ (CH3)2C=CH2 + H+ in such relatively high yields is, rather unique.9 It
h2o may arise directly from solvolysis of an alkylsilver

-------*■ (CH3)3COH + H+ intermediate under these rather poorly ionizing condi-
(CH^C+— RCOjH tions.22

*■ (CH3)3C02CR + H+ RCO2H
CH cn + RC0 H R - +  Agn — *■ [R-A g]2 + --------->  RO.CR +  Ag1 +  H + (16)

" *" [(CH3)3C— N=CCH3] — U
Experimental Section

(CH3)3CNHCOCH3 + (RC02)0 . ;
Materials.— The carboxylic acids were redistilled before use. 

Pivalic acid was generously donated by the Enjay Chemical 
We tentatively suggest18 that oxidative decarboxyla- Co. Pyridine was distilled from barium oxide. Esters was

tion by silver(II) proceeds by two discrete 1-equiv obtained from commercial sources or prepared by esterification
oxidations. First, oxidation of the carboxylate group and redistilled before use.
b y  s ilv e r(I I )  o ccu rs  follow ed b y  fu rth e r o xid ation  o f p to S l
th e  alk yl ra d ica l b y a  second  s i lv e r ( l l )  species (eq acid .13-23 The total silver content was determined by reduction
11 an d  1 3 ). followed by Volhard determination of silver(I).

A nal. Calcd for Ci2Hio04N2Ag: Ag, 30.6. Found: Ag, 30.1.
RCOvH +  Ag11___■*- j j  + 4 - RCO Ag11___>- Silver oxide was prepared by oxidation of silver nitrate with

_ _ _  1 * 1 n n  peroxodisulfate in an alkaline medium.24 The silver(II) content
ItOU2- +  Ag (11) was determined by reduction with an excess of a standard ferrous

j q̂ q 2. ___R . q. c o 2 (12) solution and back titration with standard ceric ammonium sulfate.
The total silver content was also determined gravimetrically 

R- +  Agn — >■ [R+] +  Ag1 (13) by electrodeposition.
A n al. Calcd for AgO: Ag, 87 .1 . Found: Ag, 87.1 (titra- 

rry, , , ,TT. . . ,, tion), 87.5 (electrodeposition).
ih e  metastablllty of aquosilver(II) species in the Bis(a,a'-bipyridine)silver(II) nitrate was prepared in poor 

presence of carboxylic acids and the formation of yields from the oxidation of bis(a,<*'-bipyridine)silver(I) nitrate 
alkyl radicals has been described.8 A  similar role is with ammonium peroxodisulfate.14-26 The melting point (176°)
ascribed to silver(II) complexes in these studies, but “ d solubillty characteristics paralleled those described by
q-i i „ i i i rpi i * ,  rr ■ Morgan and Burstall. Elemental analysis, however, indicated
the rates are no doubt slower. The high efficiency that it was the bisbipyridine complex.
w ith  w hich silver oxid e effects o x id a tiv e  d e ca rb o x y la - A n al. Calcd for Ag(Ci0H8N2)2(NO3)2: C, 44.11; H, 2 .95; 
tio n  ca n  b e fo rm u lated  in  an  an alogou s m an n er. N, 15.44. Calcd for Ag(Ci0H8N2)3(NO3)2: C, 51 .5 ; H , 3 .4 ; N,

16.0. Found: C, 42.5; H, 2 .86; N, 15.3. Further analysis
(CH3)3C C 02H +  AgO — >  (CH3)3C C 0 2Agn0 H  (14) of this complex is in progress. .

6  v Procedure.— The silver(II) compound was weighed into a
(CH3)3C C 02AgII0 H  — =>- (CH3)3C C 02 ■ +  AgrOH etc. (15) long-neck, round-bottom flask and sealed with a gas-tight rubber

septum. The flask was evacuated in  vacuo. A degassed solution 
of the carboxylic acid was added with a hypodermic syringe and 

The formation of alkanes represents indirect evidence the mixture was stirred magnetically. Decarboxylations were
for alkyl radicals as intermediates, although further carried out thermally in a thermostated bath.
work is necessary to establish this point. Yields of „ V e ° frbo11 dl0xide was sampled directly from the reaction

ii c , ,  , , , , .  c . ,. • , . flask and analyzed by gas chromatography (Vanan Aerograph,
alkanes from the decarboxylation of pivalic, isobutync, Porapak Q) using etĥ e as an internal standard. The glseous
n-butync, and acetic acid by silver(II) species are hydrocarbons were analyzed in a similar manner to isomeric
significantly lower than those obtained from decar- analogs as internal standards (15 ft, 30%  Dowtherm on firebrick),
boxylation induced by other metal oxidants such as Calibration curves were prepared by adding known amounts of
cobalt(lll), lead(IV), manganese(III), cerium(IV), g a s e ^ a ^ y s te m  which simulated reaction conditions as closely

and thallium(III).9’19 Esters and alkenes predominate The reaction mixture was diluted with ether, washed with 
as products, and even acetic acid produces high yields water, and extracted with sodium carbonate solution. The esters
of methyl-acetate. We interpret this to indicate that were analyzed by gas chromatography using isomeric esters as
silver(II) complexes carry out efficient oxidation20 of internal standards. Calibration curves were always constructed

,, , , I , , ,  . . ., , . by subjecting known mixtures to the same work-up procedure,
alkyl radicals (eq 13) in a manner similar to the struc- R eaetions carried out in aqueous solution were analyzed directly 
turally related copper(II) species.21 without work-up. The following columns were used in the

Carbonium ions appear to be intermediates in the analyses: 8-ft diethylene glycol succinate at 85°, 6-ftMorflex at
decarboxylation of pivalic acid by silver(II) species. 85°> and 10~ft FRAP at 80° (Varian Aerograph C o.). Oxygen
Similarly, the products from the oxidation of isopropyl p “ ataunraelyzed °n a 6'ft moleoular~sieve 5A column at room tem'
and w-propyl radicals are consistent with the forma
tion of an isopropyl cation. However, the oxidation Registry N o.—  Silver(II) picolinate, 22721-95-5; bis-
of n-butyric acid by silver(II) picolinate afforded n- (a,«'-bipyndine)silver(II) nitrate, 23467-69-8; silver 
propyl n-butyrate when carried out in the neat acid oxide 1301-96-8. 
as solvent. The formation of this unrearranged ester

Acknowledgment.—We wish to thank the National 
(is; Largely by analogy with other oxidants.» Science Foundation for generous financial support
(19) J. K. Kochi and T. W. Bethea, J .  Org. C h e m 33, 75 (1968). th is  Work
(20' Alternatively, the high yields of esters and alkenes can mean that a 

direct 2-equiv oxidation pertains. Such an oxidation can occur v ia  a bi-
nuclear Ag11 species or a Ag111 species: RCO2H — 2e ---- >- R + -f- (22) Analogous alkylcopper species have been postulated in related oxida-
CO2 +  H+. (b) C f. D. Sen, J .  Chem . S oc., A , 1304 (1969). tions with copper(II).21b

(21) (a) J. K. Kochi and R. V. Subramanian, J .  A m er. Chem. Soc., 87, (23) R. G. R. Bacon and W. J. W. Hanna, J .  Chem . S oc., 4962 (1965).
4855 (1965); (b) J. K. Kochi, C. L. Jenkins, and A. Bemis, ib id ., 90, 4616 (24) R. N. Hammer and J. Kleinberg, In org . S yn ., 4, 12 (1953).
(1968); (c) cf. G. W. A. Fowles, R. W. Mathews, and R. A. Walton, J .  (25) Cf. also the kinetics of the formation of bipyridinesilver(II): J. D.
Chem . Soc., A , 1108 (1968). Miller, J . Chem. S oc., A, 1778 (1968).
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Free-radical aromatic substitution by oxy radicals of the type p-XCeHiCCV, where X  =  N 0 2, H, or CII3, 
was carried out with a series of aromatics. The oxy radicals were generated by the copper-catalyzed decomposi
tion of the corresponding peroxide, (p-XC6H4C 0 2)2, at 60°. Yields of aryl benzoates, p-XC6H4C 0 2Ar, ranged 
from co. 20%  with chlorobenzene to ca. 80%  with anisole. Isomer distributions and relative rates of reaction 
were determined. From this data, partial rate factors for substitution by these radicals on anisole, toluene, 
and chlorobenzene were calculated. A plot of these factors vs. c  + substituent constants gave p values of —2.52,
— 1.61, and —1.28 for aromatic substitution by p -02NC6H4C 0 2 , CaH5C 0 2-, and p-CH3C6H4C0 2 •, respectively.
The effect of the para  substituents on the degree of electrophilic character of the benzoyloxy radicals is in keeping 
with their normal electronic influences. A comparison of this system is made to the effect of substituents on 
the polarity of phenyl radicals.

A ro m a tic  su b stitu tio n  re actio n s h a v e  often  p rov en  R C 02. +  ArH IiC (hA rH  . ĉ  RCo 2Ar +  HC1 +  CuCl 
useful m  q u a lita tiv e  an d  q u a n tita tiv e  stu d ies of th e  ta t*
p o la r ch a ra cte ris tics  of free ra d ica ls .2 3 B y  th e ir  re - ^
a c tiv itie s  in  rin g  su b stitu tio n , ca rb o n  rad icals  h a v e  been
show n to  be electrop h ilic, n ucleophilic, o r n e u tra l, (e 9  2 ) . W ith  cu p ric  chloride, fc2 w as show n to  b e m u ch
depending on  th e  n a tu re  of th e  grou ps a tta c h e d  to  th e  fa s te r th a n  k - 1, as evid en ced  b y  th e  co m p lete  lack  of
odd electro n -b earin g  carb on . F o r  exam p le , m e th y l2- ' 1 an  iso to P e effect in  th e  su b stitu tio n  p ro cess . 110 T h u s
an d  cyeloh exyl5 rad ica ls  a re  nucleophilic, w hereas t r i -  ^he a ro m a tic  e s te r p ro d u ct o b tain ed  gives a  fa irly
ch lo ro m eth y l ,6 trip h e n y lm e th y l,3* an d  a p p ro p ria te ly  reliable index of th e  re a c tiv ity  p a tte rn  of th e  ra d ica l
su b stitu te d  p hen yl ra d ica ls21*’7 d isp lay electrop h ilic  to w a rd  th e  a ro m a tic  com p ou n d, m ak in g  th is  sy s te m
ten d en cies to  v a ry in g  e x te n ts . ap pealin g for fu rth e r stu d ies of o x y -ra d ica l b eh av ior.

T h is  sam e tech n iq u e, as well as  o th e r ev id en ce ,8 h as d  be p urpose of th is  w ork w as to  q u a n tita tiv e ly  s tu d y  
been used to  d e m o n stra te  th a t  o x y  rad icals  a re  g en erally  ^he edec;^s <d su b stitu en ts , X ,  on  th e  electrop h ilic
e le ctro p h ilic ;9,10 y e t  little  sy s te m a tic  w ork  on  th e  effect n a tu re  o. b en zo yloxy  rad icals , p -X t-k iR C C V , as gau ged
of v a ry in g  th e  group a tta ch e d  to  th e  o x y -ra d ica l s ite  has by th e ir  su b stitu tio n  re a ctio n s  w ith  a  series of a ro m a tic
been  done. h yd rocarb on s.

R e c e n tly , a  sm o o th  m eth od  of in term o lecu lar free- R e su lts
ra d ica l o xy g e n a tio n  of th e  ty p e  show n in  eq 1 w as

A  series of s u b stitu te d  b enzoyl p eroxid es, (p -X C e lR -  
Cux2 C 0 2) 2, w h ere X  =  N 0 2, H , an d  C H 3, w ere syn th esized

(R C 0 2)2 +  ArH >- R C 0 2Ar +  R C 0 2H (1) an d th e ir  cu p ric  chloride ca ta ly z e d  d eco m p ositio n  w as
R  =  ¿-CjHiO or C6H5 ca rrie d  o u t w ith  tolu en e, chlorobenzene, an d  an isole in

a ce to n itrile  solu tion  p ,p '-D im e th y lb e n z o y l p eroxid e  
d isco v ered . 11 T h e  salien t s te p  of th e  re a c tio n  in volved  w as also allow ed to  re a c t  w ith  acetop h en on e. T h e
ad d itio n  to  th e  rin g  b y  th e  o x y  ra d ic a l12 follow ed b y  yields of th e  corresp on d ing a ry l b en zo ates as  well as
rap id  con version  in to  p ro d u ct b y  a  m e ta l s a lt  o x id a n t th e ir  isom er d istrib u tion s a re  show n in  T a b le  I.

O th e r re a c tio n  p ro d u cts  w ere an alogous to  th ose  
U) W  To whom correspondence should be addressed at Illinois state rep o rte d  in  an  earlier s tu d y 111* an d  a re  a cco u n te d  fo r b y

University; (b) National Science Foundation Undergraduate Summer Re- , t t .. r ., , , ,.
search Participant, 1968. d e ca rb o x y la tio n  of th e  b en zoyloxy  ra d ica l (eq  3)

(2) (a) G. H. Williams, "Homolytic Aromatic Substitution," Pergamon follow ed b y  th e  USUal re actio n s of th e  resu ltin g  p hen yl
Press, New York, N. Y., 1960, Chapter 6; (b) Chapter 4. radir'id ( p a  4—

(3) D. H. Hey in “Advances in Free Radical Chemistry,” Vol. II, G. H. x ^ ’
Williams, Ed., Logos Press, London, 1968, p 47.

(4) Recently, a reexamination has shown that methyl radical is slightly D-XCrHaCOo* ----► p-XCJ-L* +  COo (3)
electrophilic (p = -0 .1 ): W. A. Pryor, U. Tonellato, D. L. Fuller, and
S. Jumonville, J .  Org. C hem ., 34, 2018 (1969).

(5) J. R. Shelton and C. W. Uzelmeier, J .  A m er. Chem . S oc ., 88, 5222 ArH v « Tr a sa\
(1966). P-XC6H4Ar (4)

(6) C. Walling, “Free Radicals in Solution,” John Wiley & Sons, Inc., v n  „  CuCl2 vn  u  n,
New York, N. Y., 1957, p 255. p-AC6ri4‘ ----------- ► p-AC6li4Ci (0)

(7) R. Ito, T. Migita, N. Morikawa, and O. Simamura, T etrahedron, 21, RH ^ TT v  ^
955 (1965). *  +  K* (b)

(8) W. T. Dixon, R. O. C. Norman, and A. L. Buley, J .  Chem . S oc., 3625

(1 (96)4 r . o. c. Norman and j . r . Lindsay Smith in "Oxidases and Related ,T h e  d e ca rb o x y la tio n  re a c tio n  com p eted  m ore  s tro n g ly
Redox Systems,” Vol. I, T. E. King, H. S. Mason, and M. Morrison, Ed., w ith  O xygenation in  th e  Studies w ith  th e  leSS re a c tiv e  
John Wiley & Sons, Inc., New York, N. Y., 1965, p 131.

(10) M. Anbar, D. Meyerstein, and P. Neta, J .  P h y s . C hem ., 70, 2660 (12) Complete scrambling of the labeled oxygen in the aryl benzoate
(1966) . obtained from the system p-xylene-copper chloride-benzoyl peroxide-

ill) (a) M. E. Kurz and P. Kovacic, J .  A m er. Chem . S oc ., 89, 4960 carbonyl-180  [C. G. Reid and P. Kovacic, J .  Org. C hem ., 34, 3308 (1969)]
(1967) ; (b) M. E. Kurz and P. Kovacic, J .  Org. C hem ., 33, 1950 (1968); as well as orientation similarities for the ester from runs with and without
(c) M. E. Kurz, P. Kovacic, A. K. Bose, and I. Kugajevsky, J .  A m er. Chem . added copper salt110 indicated that the free oxy radical and not a radical- 
S oc ., 90, 1818 (1968). metal complex was the most likely attacking entity.
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T a ble  I
Oxygenation  in the System  B enzoyl P ero xid e-C opper  Chloride-A romatic Compound

f---------------------- —-------------- Aryl benzoates-------------------------------------- s
(p-XCetUCChK -̂-------------------Isomer distribution-------------------->

X  Aromatic compd Yield, % b ortho m eta p ara

N 0 2 Toluene 47 58 18 24
N 0 2 Anisole 89 66 < 1  34
N 0 2 Chlorobenzene 17 52 15 33
H Toluene 41 56 19 25
H  Anisole 76 67 < 1  33
H  Chlorobenzene 23 52 16 32
CHS Toluene 38 52 22 26
CH3 Anisole 76 67 < 1  33
CH3 Chlorobenzene 25 47 21 32
CH3 Acetophenone11 d  36 50 14

0 Aromatic compound /benzoyl peroxide/CuCh ratio =  3 0 :1 :0.3, trace of CuCl added, acetonitrile solvent, 60°. b Based on moles of 
product per mole of peroxide consumed. 0 Determined after hydrolysis to the phenols. d Not determined.

T a ble  I I
Relative Rates of Oxygenation with p-X C 6H 4C 0 2 •

(p-XCiHiCOiR, .--------------------------------------ftArHAc«H6“--------------------------------------•
X  Aromatic compd [ArH]/[CeHt] -  1.0 [ArH]/[CeH« = 0.2 Avg

N 0 2 Toluene 4 .2 5  4 .1 9  4 .2 2
N 0 2 Anisole 8 .3 0  8 .6 8  8 .4 9
N 0 2 Chlorobenzene 0 .2 8  0 .3 0  0 .2 9
H  Toluene 2 .5 4  2 .4 0  2 .4 7
H  Anisole 10 .22  10 .33  10 .28
H  Chlorobenzene 0 .4 9 6 0 .5 2  0 .51
CH3 Toluene 2 .0 0  2 .1 6  2 .0 8
CH3 Anisole 13 .56 12 .97  13 .27
CH3 Chlorobenzene 0 .6 4 6 0 .5 8  0 .6 1
CH3 Acetophenone 0 .2 7 !,,<: 0 .3 2 “ 0 .3 0

“ All values are the average of two runs corrected for concentration. The error involved ranged from ± 0 .0 3  to 0.08. 6 [A rH ]/ 
[CsHi] =  0.1. * Determined after hydrolysis to the phenols.

aromatics. Another process, hydrogen abstraction by squares treatment was used to determine the p values 
the benzoyloxy radical, took place to a minor extent.llb (Table IV).
In all cases these side reactions did not adversely affect
the ring substitution process data. T able  TV

To determine the relative rates of oxy-radical sub- Calculated p Values for R ing S ubstitution

stitution, mixtures of aromatics were allowed to com- ,— Brown's“ «•+— . -— Swain’s6 a*-------.
pete for a limited amount of peroxide. Table II sym- Afonin*" ^ fo n Y /"
marizes these results with the same series of hydro- Radical P log f c p log f c

carbons compared with benzene. p-CH3CcH4C 0 2- - 1 . 2 8 ^  0 .0 4 7  - 1 .3 2 - 0 /  o .038
Partial rate factors were determined for the effect of C6H6CO- - 1 . 6 1  0 .0 4 4  - 1 .8 8  0 .0 2 5

substituents upon ring substitution by the three oxy p -0 2N C6H 4C 0 2- - 2 . 5 2 d 0 .0 5 8  - 2 . 7 1 d 0 .1 0 4
radicals (Table III). “ Reference 13. t Reference 14. “ Deviation from calculated

slope. d Corrected values, disregarding log PVocHa- e Used 
F „ -ooch3. 1 Used F m-coch3 and F v-coch3-

T a ble  I I I

P artial R ate F actors (F) for A poor fit to the best straight line was noted for the
p-XCeHiCOi- Attack j0g F p-ocm  value for both the p-nitro- and p-methyl-

Aromatic —  f  for p-xCiiLCOj -  — > benzoyloxy radicals; so this value was not used in these
CH 2 2 g i 4 1  l 3 7  slope computations. We are unable to determine the

qU 3 6  Qg 3  7 0  3  2 4  reason for this anomalous behavior at this time. Both
79-OCH3 17 3 5  20.03 25.4 sots of cr"*" constants gave calculated slopes from which.
m_C\ 0.13 0.25 0.38 the average point deviation was quite small. Slightly
p-Cl 0.57 0.98 1.17 higher negative p values were obtained using Swain’s
m-COCHj . . .  . . .  0.44 values.14
p-COCH, . . .  . . .  0 .2 5  We obtained a much better correlation using cr+

rather than a substituent values, indicating that reso- 
The logarithms of the partial rate factors were plotted nance stabilization of oxy radical-aromatic adduct plays 

against <r+ values (both established13 and recently an important role. ,
revised14 values were used). A computerized least- On the basis of the pa treatment, it can be seen that

the electrophilicity of the oxy radicals lies m the order
(13) (a) J. Hine, “Physical Organic Chemistry/’ 2nd ed, McGraw-Hill P -O 2N C 6H 4OO 2 * ^  G6H 5C/O2 * ^  P -C H 3O 6H 4C O 2 *.

Book Co., inc., New York, n . y ., 1962 , PP 87, 90-, (b) h . c. Brown and These results are consistent with the normal polar
Y\u ) T g. L fir aYdCE. " 4328 U968). effects attributed to the nitro and methyl groups.13»
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As expected from structural considerations, all three benzoyl peroxide, mp 156° (lit.20 mp 156°), was 99.6%  pure,
radicals are appreciably more electron deficient than ^  P.P'dimethylbenzoyl peroxide, mp 139-140° (lit.22 mp

the hydroxyl radical (p 0 .41  ). Only the p -  The aromatic hydrocarbons were checked for purity by vpc
nitrobenzoyloxy radical is more polar than the iso- and used directly.
propyl carbonate radical (p =  — 2 .3 0 16), however. General Reaction.—The procedure used was essentially the

A  comparison with the more thoroughly studied t- same as described earlier,11“ except that the amount of solvent 
butoxy radical indicates that aroyloxy radicals are more
effective in adding to unsaturated systems, whereas each peroxide in the presence of each aromatic compound to 
i-butoxy radicals are more inclined toward hydrogen allow for product isolation and identification upon work-up.
abstraction from donor molecules.6 While there are Reactions were carried out with or without stirring (no difference)
basic differences in structure and in the cleavage re- ln a constant-temperature bath at 60 ±  0.5 . Aliquots were 

, , , ., , ,  , ,  , periodically removed for titration to determine peroxide content,
action that each undergoes, it would appear the greater against a salt-solution blank. The reaction was considered com-
electrophilicity in the radical favors addition reactions plete when all the peroxide was consumed. Total reaction time
compared with hydrogen abstraction. In light of the ranged from 18 hr for p,p'-dimethylbenzoyl peroxide to 23 hr for 
attraction of electrophiles to electron-rich w clouds, z>,p'-dinitrobenzoyl peroxide. For reactions involving the 
w ^ e x p e c t e d  Thus differences in the polarity
of radicals brought about by changes m structure can throughout. Reaction work-up was carried out as before, 
be very important in determining the mode of chain- Products were separated and analyzed by vpc using Varian 
transfer reactions of oxy radicals. Aerograph Models 90-P and Hy-Fi with 20%  SE-30 on 60-80

It is interesting to compare the effect of substituents firebrick columns. The products were compared with authentic
- yv- , .i i i j -  , aryl benzoates (which were synthesized from the appropriate

m this system With their effect on the phenyl radical. phenol and acid chloride in the presence of pyridine or sodium
The p values for aromatic substitution by the p -  hydroxide) by ir spectra and vpc retention time. In a few cases
methylphenyl, phenyl, and p-nitrophenyl radicals, where authentics were not available, the vpc traces were so
respectively, were 0 .03 , 0 .05 , and —0 .8 1 .7 Comparable simi-ar to analogous reactions that identity of the particular

values were also found for abstraction from hydrogen P ^ a U e r T a t e ^ c i i o n s  were carried out for 24 hr for the
donors by these same radicals. • thus the corre- determination of yields, isomer distributions, and relative rates, 
sponding oxy radicals are considerably more sensitive A known amount of the appropriate authentic phenyl benzoate
to substituent effects in the aromatic compound than was added as an internal marker just before reaction work-up to
are the phenyl radicals. This is in line with a recent determine yields. Quantitative determinations of isomer distri- 

. ^  . , or , . xl , i . , .  , butions, relative rates, and product yields were carried out after
report concerning polar effects in the addition to mono- calibration for peak areas with three mixtures containing varying
mers by phenyl and benzoyloxy radicals.19 The p -  amounts of authentic ester products. Competition runs were
methyl substituent has more of an influence on the oxy done in duplicate as well as at two different ratios of benzene to
radical than it does on the phenyl radical, while the substituted benzene suostrate using a large excess of both, 
p-nitro group has a fairly marked effect ou both.

phenones. Quantitative analysis of the phenols was done on a 
TtVnArim Antal ^Action Beckman GC-2A using an SE-30 on firebrick column. Control

** runs done on mixture of the authentic esters indicated that the
Benzoyl peroxide (Lucidol) was recrystallized from chloroform- hydrolysis method was quantitative, 

methanol before use. The substituted peroxides were prepared
from sodium peroxide and the appropriate acid chloride20 and R eg istry  N o . - p - 0 2N C 6H 4C 0 2- , 14337-48-5 ; C 6H 5- 
analyzed for punty by s W a r d  pr° CedureS- ^ - Dl“ tr°- C O , - 1 8 5 4 - 2 8 - 0 ;  p -C H 3C 6H 4C 0 2 ’, 23074-26-2 .

(15) The low selectivity of the hydroxyl radical may be due more to the
very high rate and low activation energy of the reaction (which is almost Acknowledgment.---We are grateful to the National
diffusion controlled) than to a lower electron deficiency (our thanks to Science Foundation Summer Research Program for
Professor Cheves Walling for this suggestion). °

(16) P. Kovacic, c . g . Reid, and m . e . K u r z , Org. chew,., 34, 3302  partial support of this work, and to Professor Cheves
C069). Walling for his advice and the use of his facilities.
(1963). R* F' Bridser and G' A' RUSSeU’ J' dmer' Chfm' Soc" 86, 3754 We wish to thank Dr. Max Taylor for his assistance

(is) w. a . Pryor, j . t . Echols, Jr., and k . Smith, M d ., 88,1 1 8 9  (1966). with the computerized least-squares treatment.
(19) J. C. Bevington and R. Ito, T ran s. F a ra d a y  S oc ., 64, 1329 (1968).
(20) C. C. Price and E. Krebs, Org. S yn ., 23, 65 (1943).
(21) L. S. Silbert and D. Swern, J .  A m er. Chem . S oc., 81, 2364 (1959). (22) A. T. Blomquist and A. J. Buselli, ib id ., 73, 3883 (1951).
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Abstraction of M ethyl Hydrogen of Substituted Anisoles 
by t-Butoxy Radicals1®1
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Relative reactivities of the methyl hydrogens of eight ring-substituted anisoles toward i-butoxy radicals 
were determined in 1,1,2-trichlorotrifluoroethane at 45.0°. Di-i-butyl peroxyoxalate was used as a source of
i-butoxy radicals. One methyl hydrogen of anisole was slightly less' reactive than that of toluene. The 
logarithms of the relative reactivities of anisoles show a good pa  correlation, the p value being —0.41. This 
figure indicates that the transmitting efficiency of polar effects of anisoles toward hydrogen abstraction is rather 
unexpectedly' high compared with that of toluene. An attempt to correlate the reactivities of anisoles and 
toluenes in various reactions was made in terms of transmission of polar effects.

In a previous paper,2 we have indicated that abstrac- expression is valid, the experimental points of the plot
tion o: benzylic hydrogen atoms of substituted toluenes of the resulting ¿-butyl alcohol/acetone ratios against
by ¿-butoxy radicals gives rise to rate data better the initial concentration of each substrate should lie on 
correlated with <r+ parameters than with a .  It follows, a straight line with a slope equal to kjkd. Experiments
therefore, that rates of abstraction of benzylic3 and indicate that this is true. The ¿-butyl alcohol/acetone
phenolic4 hydrogens by electron-seeking radicals are ratios do not depend on the substrate/peroxide ratio but 
generally correlated with a +  parameters. It is very on the concentration of the substrate, 
interesting to compare these results with the facts that The relative reactivities of substrates toward t- 
ionization potentials of substituted benzyl6 and phe- butoxy radicals may be determined by competitive
noxy6 radicals as well as solvolytic rates in benzylic chlorination with ¿-butyl hypochlorite,
systems follow the pcr+ relationship.

We now report relative reactivities of methyl hy- (CH3)3C0C1 > (CH3)3CO- + Cl-
drogens of substituted anisoles toward ¿-butoxy radicals (CH3)3CO- +  R'H — >■  (CH3)3COH +  R1-
in the same reaction conditions for substituted toluenes.2 (CH3)3CO- +  R2H — >■  (CH3)3COH +  R2-
These data are discussed in terms of transmission of . nr. . U1(~,,, a, , , . „ , ,  . R  • +  (OH3J3U U L l---- >■ (U li3)3UU- -f- KdUl
polar effects and comparison ol other pertinent data.

R 2- +  (CH3)3C 0 C 1 — >- (CH3)3CO- +  R 2C1

Results and Discussion Relative rates of abstraction for R 4H and R 2H may
. . . . . .  be measured directly from the R 1C1/R2C1 ratio. This

The relative reactivities of the ¿-butoxy radical method has been accepted widely. However, as pointed
oward hydrogen donors can be measured by the 0ut earlier,2 chlorination by ¿-butyl hypochlorite can

following competition. involve chlorine atoms instead of ¿-butoxy radicals as
/n„  , m tT , „  the chain carrier. This view has been once rejected,9

3 3 ’ +  ' 3 3 ' but quite recently, Walling and McGuinness10 have
(CH3)3CO- k\  (CH3)2CO +  c h 3- recognized properly that ¿-butyl hypochlorite chlorina-

tions actually involve chlorine-atom chains in certain
Thus the ratio of the rate constant, kjkd, can be substrates, especially in compounds having benzylic 

calculated from the ¿-butyl alcohol/acetone ratio by the hydrogens. Therefore, the present method seems at 
equation7 this time to be most reliable to estimate reactivities

[(CH3)sCOH]/[CH3COCH3] = (fca/*d)[RH] to^ rd the ¿-butoxy radicals.
The relative reactivities ot substituted amsoles tor 

B y  comparing the ratios of kjk& for substituted hydrogen abstraction are determined in 1,1,2-trichloro-
anisoles, the relative reactivities of these compounds trifluoroethane (Freon-113) at 45.0° using di^-butyl 
may be obtained. peroxyoxalate11 as the source of ¿-butoxy radicals.

As pointed out by Walling and Wagner8 and by us in Di4-butyl peroxyoxalate was decomposed in excess of
the previous paper,2 the effects of solvents (or reactants substituted anisole of varying concentrations, and ¿-
in the case of neat states) on these competitions could butyl alcohol/acetone ratios were determined by gas 
be quite significant. However, in a common solvent chromatography. The plots of ¿-butyl alcohol/acetone
at high dilution, kd must be kept constant no matter vs. concentration of the substrates gave excellent
how large the solvent effect may be. Thus, if the rate straight lines, as shown in Figure 1. The ratios of

D ,. 1T, .. kjkd were calculated by the method of least squares,(1) (a. Presented in part at the 8th Symposium on Free-Radical Reactions, a/ u tv o ±
Nagoya Japan, Oct 1967, Preprints, p 14. (b) To whom correspondence til© rGSllltS DGlIlg listed. 111 -LRulG 1. PlglirG Z  TGprGSGIltjS
should be addressed: Department of Chemistry, Faculty of Science, th e  relatio n sh ip  b etw een  log (ka/kd) an d  H a m m e tt ’s <J
Tohoku University, Katahira-cho, Sendai, Japan. •» 12

(2) H. Sakurai and A. Hosomi, J .  A m er. Chem . S oc., 89, 458 (1967). VaiUCS.
(3) G . A. Russell and R. C. Williamson, Jr., ib id ., 86, 2357 (1963).
(4) K. U. Ingold, C an. J .  C hem ., 41, 1744, 2816 (1963). (9) D. J. Caisson and K. U. Ingold, ib id ., 89, 4885, 4891 (1967).
(5) A. G. Harrison, P. Kebarle, and F. P. Lossing, J .  A m er. Chem . S oc ., (10) C. Walling and J .  A. McGuinness, Abstracts, 156th National Meeting

83, 777 (1961). of the American Chemical Society, Atlantic City, N. J., Sept 1968, No.
(6) J. M. S. Tait, T. W. Shannon, and A. G. Harrison, ib id ., 84, 4 (1962). ORGN-61; J .  A m er. Chem . S oc., 91, 2053 (1969).
(7) A. L. Williams, E. A. Oberright, and J. W. Brooks, ib id ., 78, 1190 (11) P. D. Bartlett, E. P. Benzing, and R. E. Pincock, ib id ., 82, 1762

(1956). (1960).
(8) C. Walling and P. Wagner, ib id ., 86, 3368 (1964). (12) C. D. Ritchie and W. F. Sager, P rogr. P h y s. Org. C hem ., 2, 334 (1964).
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Figure 1 —Typical examples of i-butyl alcohol/acetone ratios in Figure 2 —Correlation of log (k jk j)  +  1 and a for abstraction
hydrogen abstraction from anisoles in Freon-113 at 45.0°: of methyl hydrogen of substituted anisoles by the i-butoxy radical
—0 —0 —, m-methoxy; p-phenoxy; — A— A—, in Freon-113 at 45.0°.
unsubstituted; —•—•—, rn-chloro; — A— A—, p-eyano.

T able 1 th e  fa c t th a t  ch lorination  o f anisole b y  f-bu ty l hyp o-
R elative R eactivities of One M ethyl ch lorite  chlorom ethyl phenyl ether. “

Hydrogen (fca/Aid) of Substituted Anisoles mi i n  i i nn • j - x +
toward ¿-Butoxy Radicals in F heon-113 at 45.0“ TJ « V value f  amsole 1 99 mdlcates that one

Substituent k / k da methyl hydrogen of unsubstituted amsole is shghtly
_q g  0  2 65 ±  0 026 less reactive than that of unsubstituted toluene Q c j k d

p-CH30  2 59 ±  0 01 =  2.19 in Freon-113).2 However, the transmitting
H 1.99 ±  0.05 efficiency of polar effects of anisole toward hydrogen
»1-CH3O 1.98 ±  0 .0 1  abstraction appears unexpectedly high. Thus the p
p-Cl 1.94 ± 0 . 0 7  value of anisoles ( —0.41) is rather large in absolute
m-CellsO 1.74 ± 0 . 0 4  magnitude compared with those of toluenes ( —0.35
m-Cl 1.44 ±  0.04 with o-4* or —0.40 with a ) 2 in spite of the circumstance

0 .99 ±  0.01 th a t  th e  su b stitu en t-carry in g  benzene ring of th e  form er
“ Fhe kjki value for one aromatic ring hydrogen was estimated js separated by one more atom, oxygen, from the re-

F iteon' 1tv  T  h f  C6H5° CVIf  Z  Cfy!Cl astm°,del actio n  center. I t  is well established  th a t  th e  in terposi-substrates. Results in this table are corrected for the reactivities .. p , , ., ,
of ring hydrogens. b Deviation listed for two or three runs. tio n  of a  m ethylene group decreases th e  p value b y  a

fa cto r o f ca. 2.3 . S u ch  “ superconducting e ffect” of
A s anticip ated , th e  re lativ e  reactiv ities  are correlated  oxygen was observed also in  nm r d a ta .lo

w ith  cr. T h ese  resu lts clearly  d em onstrate  th a t  electron  Now  i t  appears o f in te rest to  com pare p values of
av ailab ility  plays an  im p ortan t role in  determ ining th e  appropriate reactions in  w hich stab iliza tion  of th e  
re la tiv e  ra tes  in  reactions o f th is  ty p e .3 benzylic carbonium  ions plays a cru cial role w ith  th a t

R ecen tly , M u lcah y , T u ck er, W illiam s, and W ilm s- of th e  corresponding reactio n  o f th e  p henoxym ethyl
h u rs t13 have observed th a t  a  phenoxym ethyl rad ical system s under th e  sam e reaction  conditions. T a b le  I I
produced in  th e  gas phase gave benzaldehyde, presum a- lis ts  som e d ata , including th e  present s tu d y , and con-
b ly  b y  a  m echanism  involving sim ultaneous phenyl tairiS also th e  H am m ett correlations observed on  nm r
m igration  and hydrogen-atom  e jectio n . chem ical sh ifts  for anisoles16 and to lu en es.15

F o r  i-b u ty l phenoxyperacetates, only  half-lives o f 
PhOCHi* > O = CHPh +  H- unim olecular decom position were re p o rted ;17 how ever,

H ow ever, th e  m ain fa te  o f phenoxym ethyl radicals in  dat£* fit . sa tisfacto rily  w ith  th e  p *  relationsh ip  and
solution  was revealed to  be dim erization to  give 1 ,2- ^  v a  ue ca lcu lated  b y  th e  m ethod o f least squares,
d iphenoxyethane A lthough th e  m echanism  of th e  decom position of t-

b u ty l phenoxyperacetates have n ot been fu lly  elucidated , 
2PhOCH2 • >■ PhOCH2CH2OPh th e  fa c t th a t  a-alkoxyperalkanoic esters decom posed b y

T h e  la tte r  com pound has been characterized  by
*i i . ,i  j. (14) C. Walling and M. J. Minz, J .  A m er. Chem . S oc ., 89, 1515 (1967).

com p ariso n  of its  p h y sica l p ro p e rtie s  w ith  th o se  of a n  (ie) Sf H> Marcus, W. F. Reynolds, and S. I. Miller, J .  Org. C hem ., 31,
au th en tic  sam ple. T h is  observation  is in  accord  w ith  1872 (1966).

(1C) C. Heathcock, C an. J .  C hem ., 40, 1865 (1962).
(13) M. F. R. Mulcahy, B. G. Tucker, D. J. Williams, and J. R. Wilms- (17) C. Rtlchardt, H. Bock, and I. Rtlchardt, A ngew . C hem ., 78, 267

hurst, A ust. J .  C hem ., 20, 1155 (1967). (196€).
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T a ble  II
Comparison of p Valdes for An isoles and T oluenes in S ome R eactions

Panisole/
No. Reactant Reaction p(<ronr+) Ptoluene Ref
1 4-X -C 6H4OCH3 a  1 6 .2  (cps/<r) b

1 .27
4-X -C 8H4CH3 a  1 2 .8  (cpa/c) c

2 X -C 3H4OCH3 d  0 .4 1  (tr) e, f
1 .17

X -C 3H4CH3 d 0 .3 5  (<r~) Q
3 X -C 6H40 C II2C 0 3C(CH3)3 h 1 .1 8  ((r) i

1 .08
X -C 6H 4CH2C 0 3C(CH3)3 j  1 .09  (<r+) k

4 X -C 6H4O C H = C H 2 l 1 .7  (<r) m
0 .8 4

X-CeH4C H = C H 2 l 2 .0 3  (<r+) n
5 X -C 6H4O C H =C H 2 o 2 .2  (<r) p

0 .6 5
X-CeH4C H = C H 2 q 3 .4 2  (<7+) r

“ Chemical shifts of methyl protons in CC14 at 60 MHz. b C. Heathcock, Can. J .  Chem., 40 ,1865 (1962). c Reference 15. d Hydro
gen abstraction by i-butoxy radicals at 45.0° in Freon-113. • This study. > K . Uneyama, H. Namba, and S. Oae have reported p =  —
0.38 in the reaction of six anisoles with di-i-butyl peroxide at 130° in chlorobenzene: Preprints, 8th Symposium on Free-Radical Reac
tions, Nagoya, Japan, Oct 1967, p 15. 0 Reference 2. h Spontaneous decomposition at 70.5° in ethylbenzene. 4 C. Riichardt, H. 
Bock, and I. Riichardt, Angew. Chem., 78, 267 (1966). ' Spontaneous decomposition at 90.7° in chlorobenzene. * P . D. Bartlett and 
C. Riichardt, J .  Amer. Chem. Soc., 82, 1756 (1960). 1 Cationic copolymerization. m T. Okuyama, I. Matsumura, T. Fueno, and J . 
Furukawa, Preprints, 19th Annual Meeting of the Chemical Society of Japan, Tokyo, April 1966, IV, p 107. n C. G. Overberger, L . H. 
Arond. D. Tanner, J . J .  Taylor, and T . Alfrey, Jr ., J .  Amer. Chem. Soc., 74, 4848 (1952); J . P . Kennedy in “Copolymerization,” G. E . 
Ham, Ed., Interscience Publishers, New York, N. Y ., 1964, p 308. 0 Hydrolysis at 35.0° in 0.2 N  HCl-dioxane (80)-w ater (20). 
p T . Fueno, I. Matsumura, T . Okuyama, and J .  Furukawa, Preprints, 17th Symposium on Organic Reaction Mechamisms, Tokyo, Oct 
1966, p 121. « Hydration at 25.0° in 3.83 M  HC104. >■ W. M. Schubert, B . Lam, and J .  Reefe, J .  Amer. Chem. Soc., 86, 4727 (1964).

a concerted mechanism18 indicates that phenoxy- 1.5 f- "
peracetates also decompose in a concerted fashion like I
phenylperacetates.19 | Y  T>—

PhCH2C 0 3(CH3)3— >  ' ~ ------- -------
[PhCH2..................C 0 2 • • • • OC(CH3)3] — >• products ^  " — >— .______

Ph0C H 2C 0 3C(CH 3)3 — >- |  0 .5  -

[PhOCH2................C 0 2- • • -OC(CH3)3] — ► products |

T h e se  re su lts  d e m o n s tra te  a  m a rk e d  s im ila rity  in  th e  °  0 
p o la r s u b stitu e n t effects b etw een  h o m o ly tic  p rocesses, 0 3 0
su ch  as h y d ro g en  a b s tra c tio n  an d  u n im o lecu lar b on d  Icrtoluenel
b reak in g , an d  a  ca tio n ic  p rocess, su ch  as h y d ra tio n  of Figure 3.— Correlation of p,„iMie/ptoiueae with Ptoluene of some 
olefins. T h e  g ra d u a l ch an ge of p valu es seen  in  T a b le  homolytic and cationic reactions.
I I  o rig in ates  n a tu ra lly  in  th e  difference of ca p a b ility  to

tra u s m it th e  p o ia r effects . . coin cid e v e ry  closely to  th e  v a lu e  corresp on d in g to
T h e  difference in  th e  ca p a b ility  to  tra n s m it th e  p o lar ^  indic a tiv e  of th e  n m r d a ta  to  b e  con cern ed  w ith  

effects b etw een  b enzyl sy ste m s (I )  a n d  p h e n o x y m e th y l i h e  c h a r a c ters  of th e  grou n d  s ta te s , 
sy ste m s ( I I )  re su lts  in  su ch  a  g ra d u a l ch an ge of re la tiv e  S e v e ra l conclusions m a y  b e o b tain ed  from  th e  re la -

r.— a r,— n t io n ; e .g .,  (a ) h yd rog en  a b sta c tio n  b y  f-b u to x y  rad icals
C- y — CH2X  <L )  OCH2X  leads to  less p olar tra n s itio n  s ta te s , (b ) th e  ionic

R R c h a ra c te rs  of th e  tra n s itio n  s ta te s  of d eco m p ositio n
I II o f p e resters  d evelop  m o re  th a n  th o se  of h y d rog en  a b -

, ,. , . . . . .  , . ,. stractions, and (c) the carbonium-ion character of
P values according to increasing ionic characters of the cationic pol >ations is less than that of hydration
tra n s itio n  s ta te .  T h u s , th e  g re a te r  th e  e le ctro n  d em an d  0 jeg ns

at the transition state the smaller should be the 0 ^he results now demonstrate a marked parallelism
Pamsoie/Ptoiuene ( smce . e “ terposition reactiv ities of homolytic with cationic processes on
of an oxygen atom leads to suppression of direct con- thg lar substituent effects. For structural changes of 
jugation between the benzene ring and the electron- the substrates in these reactions, for which the Hammett 
deficient reaction center. The data in Table II  now tion is applicabie, differences in the bond dissocia-
serve to draw a comparison of efficiency to transmit ^  ieg Qf R _x  bondg in question are lesg im.
the polar effects between I and II portant20 than those of ionization potentials of R-

A  plot of (pii/ pi) vs. \n\ is shown in Figure 3. radicaiS- i t  should be emphasized that the pa+ rela-
Very remarkably, a good linear relationship was
o b tain ed . I t  is in te re stin g  to  n o te  th a t  th e  n m r d a ta  (20) m . Szwarc, c . h . Leigh, and a . h . Sehon [J. Chem. Phys., 19, 675

(1951)] have recorded the influence of aromatic substitution on the C-Br
(18) D. R. Dixonand and A. Pajaczkowski, Chem. C om m un337 (1966). bond dissociation energy in benzyl bromides. The magnitude of the effect is
(19) P. D. Bartlett and C. Riichardt, J .  Amer. Chem. S oc., 82 ,1756 (I960). rather comparable with the experimental errors.



tion sh ip  o b served  in  h y d rog en  a b s tra c tio n  re a c tio n s  is 1.5252; d«“  1.0721. m-Phenoxyanisole (23 g, 0.115 mol) was then

con cern ed  w ith  th e  p olar effects of su b stitu e n ts  in  ? ^ par®dQfnrr ^ ; methr yf hCno1 ('l° a E f t  in, . . .. . .  ,  , ,  , v  i- , . . j  . (62 g, 0.395 mol), and potassium hydroxide (22 g, 0.595 mol) in
s ta b iliz a tio n  of th e  b en zy lic  ca rb o n iu m  ions an d  n o t presence of a  catalytic amount of copper powder in 28 .5%
w ith  th e  reso n an ce  s tab iliza tio n  of th e  b enzylic ra d i-  yield: bp 134° (15 mm) [lit.22bp 175° (20 m m )]; n md 1.5798; 
ca ls .21 N o ex tra -d e lo ca liz a tio n  effect of su b stitu e n ts  is <Z!0* 1.1164.
th erefo re  req u ired  to  exp ress th e  re a c tiv itie s  of h y d rog en  m-Chloroanisole. This was prepared from the sodium salt of

. m-chlorophenol (25 g, 0.194 mol) by treating it with dimethyl
a b s tra c tio n  in  b en zylic system s. 8Uifate (31.5 g, 0.25 mol) in water: yield 23.5 g (0.165 mol,

85.1%  yield); bp 85° (27 mm) (lit.25bp 193-194°); n wn 1.5359;
• 1 1737

Experimental Section Procedure for Kinetic Runs.—The reaction mixtures of varying
Materials.— Di-f-butyl peroxyoxalate was prepared by the concentrations (0 .05-0 .20  M ) were made of samples of substi-

method of Bartlett, et a l.n  Freon-113 was commercially available tuted anisole and di-f-butyl peroxyoxalate in Freon-113 which
and was used after distillation. Anisole and three derivatives, were accurately weighed. A reactant ratio of substituted anisole
p-methoxy-, n-chloro-, and p-cyanoanisole, were commercial to di-f-butyl peroxyoxalate of 5 .1  was employed. The reaction
samples and were used after purification by usual way. mixtures were then placed in a glass tube and were degassed by

p-Phenoxyanisole.— This compound was prepared from the repeated freezing and melting under vacuum. The tubes were
potassium salt of p-methoxyphenol and bromobenzene by re- then sealed under vacuum and were immersed m a constant-
fluxing in the presence of copper powder: bp 136° (6 mm) temperature bath kept at 45.0 ±  0.1 for 7.5 hr. fter eing
[lit 22 bp 186° (32 mm)] • n20D 1.5781; d20 1.1201. cooled in a Dry Ice-methanol bath, the tubes were opened and

m-Phenoxyanisole and ?«-Dimethoxybenzene.—To the ethanol the f-butyl alcohol/acetone ratios were determined by glpcon
solution of resorcinol (220 g, 2 .0  mol) and dimethyl sulfate (260 a  column packed with polyethylene glycol 1500 using helium as
g, 2.06 mol) was added aqueous potassium hydroxide (112 g, a carrier gas. The ratios of the rate constant k J k A were calcu-
2.0 mol) with cooling by ice bath. By distillation, m-methoxy- fated from the plots of i-butyl alcohol/acetone vs. concentration
phenol (126 g, 1.02 mol, 51.0%  yield) was obtained: bp 138° °f the substrates by the method of least squares.
(27 mm) (lit.22 bp 240-242°); ri20D 1.5492; d204 1.1490. In addi- Registry NO .-p-Phenoxy anisole, 1655-69-2; p-
tion, m-dimethoxybenzene (38 g, 0.275 mol, 13.8%  yield) was & J  f  _ n _  . , in n  c a  o  ...
obtained: bp 107° (2 7 mm) [lit.24bp 213-213.6° (753 m m )]; nMD methoxyamsole, lo0-78-7; anisole, 1 0 0 -bb-d; m -  
-------------  methoxvanisole, 151-10-0; p-chloroanisole, 623-12-1; rn-

J “ , ™ ;  m  • * « * « * < *  ; • « » » « « * * .  * * * * *
(22) T. R. Lea and R. Robinson, J .  Chem . S oc ., 412 (1926). p-Cyanoanisole, 874-90-8.
(23) W. H. Parkin, J. N. Ray, and R. Robinson, ib id ., 941 (1926).
(24) J. K. Marsh, ib id ., 125, 420 (1924). (25) F. Reverdin and F. Eckhard, Chem . B er ., 32, 2626 (1899).
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The natural-abundance UC nmr spectra of indole, the seven monomethylindoles, and some di- and trimethyl- 
indoles have been determined at 15.1 MHz. The chemical shifts of the ring carbons in these compounds were 
found to range over 50 ppm, and with the aid of complete proton decoupling it was possible to resolve all of the 
carbon resonances. Single-frequency and off-resonance proton-decoupling techniques were employed to assign 
the resonances to specific carbons.

In s tru m e n ta tio n  is now  availab le  fo r re la tiv e ly  ro u - N o  rep o rts  on th e  13C  n m r s p e c tra  of indoles h av e  
tin e  d e term in atio n  of h igh -resolu tion  13C  n m r (cm r) ap p eared  in  th e  lite ra tu re . A s a  p a r t  of o u r con tin u in g
s p e c tra  in  n a tu ra l ab u n d an ce in  organ ic com p o u n d s.2-5 efforts to  m easu re an d  in te rp re t th e  13C  s p e c tra  of o r-
N oise-m o d u lated  p ro to n  decoupling6 is of special u tility  gan ic a ro m a tic  h e te ro cy clic  com p o u n d s,4a th e  ch e m ica l
fo r organ ic s tru c tu ra l  an alysis b ecau se  i t  p e rm its  m e a - shifts of th e  carb on s of indole an d  its  seven  m o n o -
su rem en t of fully p roto n -d ecou p led  s p e c tra  con sistin g  m e th y l d e riv ativ es  h av e  b een  m easu red  a n d  assigned
of sh arp  singlets w hen o th e r nuclei w ith  n on zero  spin  (T a b le  I ) .  F r o m  th ese  d a ta , i t  w as found possible to
a re  e ith e r ab sen t o r u nd ergo rap id  q u ad ru p ole re la x a - com pile a  ta b le  of a d d itiv ity  p a ra m e te rs  (T a b le  I I )
tion . fo r use in  p red ictin g  th e  ch em ical shifts of som e d i- an d

trim e th v l d eriv a tiv e s  w h ich  w ere a v ailab le  fo r co m -
(1) Supported by the National Science Foundation and the Public Health Darison

Service, Research Grant GM-11072-07 from the Division of General Medical .
Scienceg> C a rb o n  s p e c tra  m  w hich  th e  p roto n s w ere  n o t a t

(2) j . b . stothera, QuaH. Rev., i9, 144 (1965). le a st p a rtia lly  d ecoup led  w ere  found to  be u n sa tisfa cto ry
(w w 'Gran.t ''n ' FT \ t  T.'qI « " 86’ 2984 (1964); in  th is  w ork  b ecau se  of th e ir  c o m p le x ity  a n d  th e  long(b) D. K. Dalling and D. M. Grant, ib id ., 89, 6612 (1967). . . . r   ̂ . - t r

(4) (a) f . j . Weigert and j . d . Roberts, ib id ., 89, 2967 (1967); 90, 3543  scan n in g tim es required.™  O ff-reson ance, sm g le-lre -
(1968); F. J. Weigert, Ph.D. Thesis, California Institute of Technology, q u en cy  d ecoup led  S pectra , in  w h ich  th e  Sam ple is ir -

(1968) . (b5 F ' J ' Weigert' M' Wln°kur' and J ' R°bertS’ ihid" 1566 ra d ia te d  stro n g ly  a t  a  freq u en cy  sev eral h u n d red  h e rtz
(5) (a) j . j . Burke and p. c . Lauterbur, iu d . ,  86,1 8 7 0  (1964); (b) r . a . fro m  th e  region  of p ro to n  reson an ce freq u en cies w ere

Friedei and h . l . Retcofsky, ib id ., 85,1 3 0 0  (1963). found to  be v e ry  helpful.7 N o  lon g-ran g e cou plin gs
(6) (a) F. J. Weigert, M. Jautelat, and J. D. Roberts, P roc. N at. A cad . ~

S c i., U. S ., 60, 1152 (1968); (b) F. L. Johnson and M. E. Tate, C an. J .  (7) J. D. Roberts, F. J. Weigert, J. I. Kroschwitz, and H. J. Reich, J .
Chem ., 41 , 63 (1969); (c) R. R. Ernst, J .  Chem . P hys., 45 , 3845 (1966). A m er. Chem . S oc., 92, 1338 (1970).

996 Parker and R oberts The Journal of Organic Chemistry



T able I
T he Chemical S h ifts0 and Assignments for the l3C S pectra of I ndoles

o>
7 H

Compd C-2 C-3 C-4 C-5 C-6 0 7  0 9  0 9  Methyl
Indole 67 .6 3  90 .1 6  71 .5 4  70 .49  72 .5 4  80 .95  6 4 .0 4  56 .65

1- Methyl- 6 3 .4 8  91 .4 8  71 .51  70 .91 73 .0 3  83 .0 2  63 .3 9  55 .2 7  160.71
2- Methyl- 57 .1 0  9 2 .4 0  72 .7 5  71 .70  72 .93  81 .90  62 .9 0  55 .7 0  179.40
3- Methyl- 70 .0 7  81 .3 6  73 .39  70 .5 4  73 .2 0  81 .06  63 .61  55 .4 9  182.95
4- Methyl- 68 .6 2  91 .7 3  62 .5 8  70 .61  72 .6 7  83 .51  64 .11  56 .2 6  171.19
5- Methyl- 67.81  90 .6 9  69 .0 6  6 4 .0 0  72.01 81 .50  63 .6 5  57 .57  171.31
6- Methyl- 68 .4 9  90 .4 8  72 .07  70 .9 4  61 .3 0  81 .2 0  66 .1 5  55 .4 9  171.08
7- Methyl- 68 .0 3  89.81 73 .92  70 .0 8  72 .4 8  71 .93  64 .3 8  56 .42  176.15

1.2- Dimethyl- 54 .7 4  92 .7 8  72 .80  72 .0 8  73 .19  83 .5 8  63 .9 4  55 .7 5  164 .13
180 .55

2.3- Dimethyl- 61 .4 4  85 .9 7  74.41 71 .6 6  73 .51  82 .0 7  6 2 .5 4  56 .55  181.67
184.32

2,7-Dimethyl- 57 .65  91 .8 3  75 .14  71 .13  72 .95  72 .87  6 3 .3 4  5 6 .2 8  176.16
179.40

2,3,5-Trimethyl- 61 .5 8  86 .4 8  70.31 65 .01  74 .6 7  82 .6 0  62 .3 5  58 .21  171.25
181 .66
184 .40

° In parts per million upfield from carbon disulfide.

T able II
T he I ncremental Changes in  Chemical S h ift  of the R ing C arbons in I ndoles upon M ethyl S ubstitution  

Compd C-2 C-3 C-4 C-5 C-6 C-7 C-8 C-9
Indole" 67 .63  90 .1 6  71 .5 4  70 .49  72 .54  80 .9 5  6 4 .0 4  56 .65

1- Methyl- - 4 . 1 5  + 1 .3 2  - 0 . 0 3  + 0 .4 2  + 0 .4 9  + 2 .0 7  - 0 . 6 5  - 1 . 3 8
2- Methyl- - 1 0 .5 3  + 2 .2 4  + 1 .2 1  + 1 .2 1  + 0 .3 9  + 0 .9 5  - 1 . 1 4  - 0 . 9 5
3- Methyl- + 2 .4 4  - 8 . 8 0  + 1 .8 5  + 0 .0 5  + 0 .6 6  + 0 .1 1  - 0 . 4 3  - 1 . 1 6
+M ethyl- + 0 .9 9  + 1 .5 7  - 8 . 9 6  + 0 .1 2  + 0 .1 3  + 2 .5 6  + 0 .0 7  - 0 . 3 9
5- Methyl- + 0 .1 8  + 0 .5 3  - 2 . 4 8  - 6 . 4 9  - 0 . 5 3  + 0 .5 5  - 0 . 4 9  + 0 .9 2
6- Methyl- + 0 .8 6  + 0 .3 2  + 0 .5 3  + 0 .4 5  - 1 1 .2 4  + 0 .2 5  + 2 .1 1  - 1 . 1 6
7- Methyl- + 0 .4 0  - 0 . 3 5  + 2 .3 8  - 0 . 4 1  - 0 . 0 6  - 9 . 0 2  + 0 .3 4  - 0 . 2 3

° Relative to carbon disulfide.

are observed in such spectra and direct 13C -H  couplings ■ |
are reduced to 20-40 Hz while still providing favorable I j!
Overhauser enhancement3'8 of the signal intensity. In 
the indoles we have studied, off-resonance proton de-
coupling yielded fairly clean doublets for the ring car- W \ f ^  VM A/H /
bons bearing a proton and singlets for the quaternary 
carbons. An additional aid in assigning the quaternary
carbons was the observation that the quaternary car- “  i,OOHl ”
bons bearing a methyl group appeared to be slightly Figure 1.— Noise-decoupled, natural-abundance cmr spectrum 
more intense (about 10%) than the carbons at the ring of indole at 15.1 MHz. The field increases to the right and the
junction (C-8 and C-9) farthest right-hand peak (C-3) is 90.16 ppm upfield from CS2.

Exact proton-decoupling frequencies for each carbon
were also an aid in making the chemical-shift assign- singlets to be the quaternary carbons, C-8 and C-9.
ments. Because the protons at C-2, C-3, and C-4 can The low-field singlet at 56.65 ppm was assigned to C-9
be easily assigned in the proton spectra of these in- since carbons adjacent to nitrogen in pyrroles10 and
doles,9 this technique was used exclusively where ap- pyridines11 have been shown to appear at lower field
plicable. than those in a d position. The singlet at 64.04 ppm is

Discussion of Spectra. A. Indole.-— The fully- then assigned to C-8.
proton-decoupled cmr spectrum of indole (Figure 1) con- Because the protons at C-2, C-3, and C-4 can be 
sists of eight nearly equally intense peaks which, with readily assigned in the proton spectrum, single-fre-
narrower sweeps, become six sharp, equally intense, quency decoupling was employed to assign C-2 at
singlets and two smaller, broader singlets. The off- 67.63 ppm, C-3 at 90.16 ppm, and C-4 at 71.54 ppm.
resonance decoupled spectrum showed the broad Three singlets, 70.49, 72.54, and 80.95 ppm, then re

mained unassigned. The identities of the unassigned 
d «  F' Kuhlman and D- M- Grant. J - Amer. C hem . S oc., 90, 7355 singlets were established by comparison with the spec-

(9) (a) M. G. Reinecke, H. W. Johnson, Jr., and J. F. Sebastian, ib id ., 91, (10) T. F. Page, J. T. Alger, and D. M. Grant, J .  A m er. C hem . S oc., 87,
3817 (1969); (b) P. J. Black and M. L. Heffernan, A ust. J .  Chem ., 18, 353 5333 (1965).
(1965). (11) P. C. Lauterbur, A nn. N . Y . A cad. S c i., 70, 841 (1958).
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tra of 5-, 6-, and 7-methylindole. Thus, C-5 appears shift of 2.11 ppm at C-8 which corresponds to the 
at 70.49 ppm in indole, C-6 at 72.54 ppm, and C-7 at para-methyl effect.
80.95 ppm. H. 7-Methylindole.—T h e only significant changes

B. 1-Methylindole.— In the spectrum of 1-methylin- in the chemical shifts in 7-methylindole, relative to
dole, C-2 and C-9 both undergo downfield shifts of indole, occur at C-7, whose resonance is shifted down-
4.15 and 1.38 ppm, respectively, compared with the field by 9.02 ppm, and at C-4, which is upfield by 2.38
corresponding carbons of indole, presumably owing to a ppm as the result of the para effect.
slight difference in polarization of the C -N  a bonding Methyl Groups.— The chemical shifts of the m ethyl
electrons. The chemical shifts of the other carbons groups appear to be typical for their particular environ-
remain essentially unchanged with the exception of ment. Those attached to the five-membered ring,
C-7 which is shifted 2.07 ppm upfield. This shift may with the exception of the N-methyl group, are at
be the result of a steric interaction between the C-7H slightly higher field than those in the six-membered
and 1-methyl group which could cause some steric com- ring and are in agreement with the values found in
pression at C-7.12 An electron-releasing effect from methylpyrroles.10 The methyls attached to the six-
the five-membered ring into the six-membered ring membered ring appear at the same position as those in
on N-methyl substitution seems to be small because toluene, the xylenes, etc.13
there is very little change at the other carbons in the Additive Effects.-— If the chemical shifts of the car- 
six-membered ring as is observed on methylation of bons at each position in the seven monomethylindoles 
anilines. are compared with the chemical shifts of the correspond-

C. 2-Methylindole.-— Substitution of a methyl group ing carbons in indole, the incremental change in chemical
at C-2 causes two large changes in the spectrum, rela- shift at each carbon for each type of methyl substitu
tive to indole. C-2 undergoes a large downfield shift tion can be calculated (Table II) and used to predict
of 10.53 ppm while C-3 shifts upfield by 2.24 ppm. by simple additivity the chemical shifts of indoles con-
Both of these changes are about the same as those taining more than one methyl group. The predicted
found for methyl substitution in alkanes38- and pyrrole, and observed chemical shifts for three dimethylindoles
furan, and thiophene.48 The changes in the chemical and 2,3,5-trimethylindole are shown in Table III. The
shifts of C-4, C-5, C-6, and C-7 are in the upfield direc
tion indicating some electron release into the six-mem- 0bserved ^  Pb “ d Chem1cal Shifts

bered ring upon methyl substitution at carbon in the F0R SoME M ethyl-Substituted  I ndoles

five-membered ring. Both C-8 and C-9 shift slightly 1,2-Dimethylmdole
downfield. _ Carbon Obsvd Predicted Difference“

D. 3-Methylindole.— The spectrum of 3-methyhn- 54 74 52 95 + 1.79
dole is very similar to that of 2-methylindole with the 3 92 .78  93 .72  —0 .9 4
changes in shifts of C-2 and C-3 reversed. C-3 under- 4 72 80 72 .72  + 0 .0 8
goes an 8.80-ppm downfield shift relative to indole, 5 7 2 .og 72 .12  - 0 . 0 4
while C-2 is shifted upfield 2.44 ppm. The upfield 6 73 .19  73 .42  - 0 .2 3
shifts at C-5, C-6, and C-7 are smaller than in the case . 7  83 .58  83 .97  - 0 . 3 9
of 2-methylindole, while C-4 is shifted to even higher 8 63 .95  62 .2 5  + 1 .7 0
field, perhaps owing to a steric interaction between the 9 55 .75  54 .32  + 1 .4 3
hydrogen at C-4 and the methyl group. 2,3-Dimethylindole

E. 4-Methylindole.— The major changes in the 2 ®5'g7 83 6g + 2  37
spectrum of 4-methylindole, relative to indole, are at 74 40 74 60 - 0  20
C-4 and C-7. C-4, as expected, is shifted downfield by 5 71 66 71 75 - 0 .0 9
8.96 ppm upon methyl substitution. The change in 6 73.51  73 .59  - 0 . 0 8
chemical shift at C-7 is almost identical with that ob- 7 §2 + 7  82.01  + 0 .0 7
served between benzene and the para position of tolu- 8 62 .5 4  62 .4 7  + 0 .0 7
ene, 2.56 ppm upfield.12 On this basis, it appears that 9 56 .55 54 .54  + 2 .01
a para effect is operative in the six-membered ring and a 2,7-Dimethylindole
large upfield shift should generally be expected at the 2 57 .65  57 .50  + 0 .1 5
carbon “para” to the one bearing the methyl group. 3 91 .83  92 .05

F. 5-Methylindole.— The indole which deviates 4 75 14 7®*g - 0  16
most from the general pattern is 5-methylindole. The ® 72 95 72 87 + 0  08
downfield shift of the resonance of C-5 is only 6.49 ppm 72 87 72 88 -  0 01
and there is a large, unexplained downfield shift of C-4 8 63 34 63 .2 4  + 0 .1 0
(but not C-6) by 2.48 ppm. The effect at C-5 may be 9 56 28 55 .47  + 0 .8 1
the result of some sort of an electron saturation effect 2,3,5-Trimethylindole
because C-5 is “para” to the nitrogen. A  similar effect 2 61 .58  59 .7 2  +1.86
is evident at C-9 where there is an upfield shift of 0.9 3 86 .48  84 .13  + 2 .3 5
ppm instead of the expected 2  ppm. 4 70.31 72 .12  —1.81

G. 6-Methylindole.— Introduction of a methyl 5 65.01 65 .2 6  - 0 . 2 5
group at C-6 causes reasonably expected changes. 6 74 .67  73 .06

The downfield shift of C-6 is somewhat larger than 7 62 T  61 98 + 0  37
expected, 11.24 ppm, and there is a sizable upfield 58 21 55 46 +2 75

“ Observed chemical shift minus that predicted.(12) H. Spieseeke and W. G. Schneider, J .  Chem. P h y s ., 35, 722, 731 -------------------
(1961). (13) P. C. Lauterbur, J .  A m er. Chem. Soc., 83, 1838 (1961).
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chemical shifts of these four indoles were assigned using about the same magnitude but the resonances at C-4 
techniques described earlier in this paper. and C-6 show rather large unexplained deviations from

The quality of the predictions appear to be good to prediction. These may be connected with the abnor- 
excellent. For 2,7-dimethylindole, the difference be- malities of 5-methylindole itself as discussed above, 
tween the predicted and observed values is only about
0.1 ppm, except at C-9 where the difference is somewhat „  ■ + i q f
greater but still less than 1.0 ppm. This could be ex- xperimen a ec ion
pected to provide a favorable case because the two The indoles used in this study were commercial materials and
methyl groups are not close to one another and their were used without further purification.
mutual interactions should be small. The chemf al shifts were measured using the digital frequency

, , j o o j - , .. , . sweep spectrometer4* with pseudo-random, noise-modulated,
W ith  the 1,2- and 2,3-dimethylindoles, the 1,2- proton decoupling6* as previously described. The samples were

methyl interactions should be roughly the same and as dissolved in dioxane, usually at concentrations of 1.0 g /1 .5  ml
a result the deviations from the predicted shifts should at which it was usually only necessary to average 10 to 15 scans
be about the same. This is apparent from the reso- *° obtain adequate signal-to-noise ratios. Sweep rates of 2- or

r n  „ , • , • , , ,  , , 4-Hz/sec at 5 0 -or 100-Jtiz sweep widths were generally employed,
nance of C-2 which is upheld for both compounds by The peak widths were usually on the order of from 1 to 3 Hz.
2.0 ppm from what is predicted. The C-2 shift may The off-resonance, proton-decoupled spectra usually required
be the result of methyl-methyl repulsions causing slight 30 to 40 time-averaged scans although it was possible in most
lengthening of the 1,2-ring bond in 1,2-dimethylindole cases t0 identify the quaternary carbons after 10 to 15 scans, 
and the 2,3-ring bond in 2,3-dimethylindole.7 There
is also an upheld shift at C-9 for both compounds, pos- Registry No.— Indole, 120-72-9; 1-methylindole, 
sibly because the methyl-methyl repulsions deform 603-76-9; 2-methylindole, 95-20-5; 3-methylindole,
the hve-membered ring with resultant lengthening of 83-34-1; 4-methylindole, 16096-32-5; 5-methylindole,
the 1,9 bond. 614-96-0; 6-methylindole, 3420-02-8; 7-methylindole,

The worst agreement between prediction and experi- 933-67-5; 1,2-dimethylindole, 875-79-6; 2,3-dimethyl- 
ment is seen for 2,3,5-trimethylindole. The previously indole, 91-55-4; 2,7-dimethylindole, 5621-13-6; 2,3,5- 
discussed effects at C-2, C-3, and C-9 are present in trimethylindole, 21296-92-4.

Diazo Alkane Adducts of Thiete Sulfone (Thiacyclobutene
1,1-Dioxide) in Synthesis of Thiabicyclopentane Dioxides,

Pyrazoles, and Tetrahydrothiophene Sulfones1-3

D onald C. D ittmer and R obert Glassman 

Department o f  Chemistry, Bownc H all, Syracuse University, Syracuse, New York 13210

Received August 18, 1969

Diazoalkanes have been added to the double bond of thiete sulfone (thiacyclobutene 1,1-dioxide) to yield 1-o r
2-pyrazolines. Adducts of diphenyldiazomethane or methylphenyldiazomethane lose nitrogen on heating or on 
irradiation with ultraviolet light to give 2-thiabieyclo[2.1.0]pentane 2,2-dioxides. In contrast, the adducts of 
phenyldiazomethane and p-methoxyphenyldiazomethane lose sulfur dioxide to give pyrazoles. A route to 
thiophane (tetrahydrothiophene) sulfones from the thiabicyclopentane sulfones is shown.

Thiete sulfone has a reactive double bond; it and stepwise loss of both nitrogen and sulfur dioxide can
substituted thiete sulfones add anions readily and are be effected from the adducts. Cyclopropanes are
dienophiles in the Diels-Alder reaction.4 1,3-Cyclo- formed by loss of nitrogen from 1-pyrazolines6 and by
additions of diazo alkanes with acyclic5® and cyclic5b loss of sulfur dioxide from certain four-membered cyclic
«jd-unsaturated sulfones are known. Adducts of sulfones (thietane sulfones).7
diazo alkanes with thiete sulfone may be potentially Addition of Diazo Alkanes to Thiete Sulfone.— Thiete
useful intermediates in the synthesis of highly strained sulfone yields crystalline adducts with various diazo
systems (such as bicyclobutanes) if the simultaneous or alkanes. All of the adducts are 1-pyrazolines8 with

the exception of the adduct obtained from ethyl diazo-
(1) This work was aided by Grant 5R01 CA 08250 of the National In- acetate which forms a 2-pyraZOline. Table I lists the

stitutes of Health, for which we are grateful. pyrazolines prepared. Where R  and R ' are different
(2) Reported at the 156th National Meeting of the American Chem- r  J  , . , / , »\ o .•»

ical Society, Atlantic City, N. J., Sept 1968, Abstracts of Papers, Division groups, the Stereochemistry (SyTl,Cl7ltl) of the adducts 
of Organic chemistry, No. 178 . was not determined although it is reasonable to assume

(3) For further details, see R. Glassman, Ph.D. Thesis, Syracuse Uni- 
versity, 1969.

(4) (a) D. C. Dittmer and M. E. Christy, J .  A m er. Chem . S oc., 81, (6) Reviewd by B. Eistert, M. Regitz, G. Heck, and H. Schwall,
399 (1962); R. H, Hasek, P. G. Gott, R. H. Meen, and J. C. Martin, J .  Houben-Weyl, “Methoden der Organischen Chemie, Stickstoffverbindun- 
Org. Chem ., 28, 2496 (1963); D. C. Dittmer and N. Takashina, Tetrahedron  gen I,” Vol. X, part 4, G. Thieme Verlag, Stuttgart, 1968, p 810 ff, and by
Lett., 3809 (1964); R. Hasek, R. H. Meen, and J. C. Martin, J .  Org. Chem ., B. P. Stark and A. J. Duke, “Extrusion Reactions," Pergamon Press,
30, 1495 (1965); L. A. Paquette and T. R. Phillips, ib id ., 3883 (1965); New York, N. Y., 1967, p 118 ff.
G. Opitz and H. Schempp, A nn., 684, 103 (1965); J. N. Wells and F. S. (7) R. M. Dodson and G. Klose, Chem . I n i . ,  (London), 450 (1963);
Abbott, / .  M ed. Chem ., 9, 489 (1966); N. Takashina, unpublished observa- W. E. Truce and J. R. Norell, J . A m er. Chem . Soc , 85, 3236 (1963). Sulfur 
tions. (b) D. C. Dittmer and F. A. Davis, J .  Org. Chem ., 32, 3872 (1967). dioxide and a proton are lost readily from benzothiete sulfone giving possibly

(5) (a> W. E. Parham, F. D. Blake, and D. R. Theissen, ib id ., 27, 2415 a benzocyclopropenium ion as indicated by mass spectrometry.4
(1962); L. I. Smith and H. R. Davis, Jr., ib id ., 15, 824 (1950). (b) H. J. (8) Infrared absorption at 1540 cm"1 and ultraviolet absorption at 335
Backer, N. Dost, and J. Knotnerus, B ee. Trav. C him ., 68, 237 (1949). nm for -N =N -; no absorption for N—H in the infrared.
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Table I situated on a carbon flanked by the azo group and the
Pyrazolines Derived from Thiete Sulfone sulfone group and further supports structure lb  for

and Diazo Alkanes this particular adduct.
r r ' structure The initial adduct of ethyl diazoacetate presumably

H H lb“ tautomerizes to the 2-pyrazoline (lc) because of the
C6H5 H la reactivity of the proton adjacent to the carbethoxy
p-CH3OC6H4 H la group in the 1-pyrazoline.
CHs H la Loss of Nitrogen from Adducts.— When the pyrazo-

D la line obtained from thiete sulfone and diphenyldiazo-
^6,^5 |a methane or phenylmethyldiazomethane is heated at

5 CH* j^0 1303 or irradiated in the presence of benzophenone with
C ¿ 0 0 0  H * lc light from a low pressure mercury lamp at room tem-

“ some la also is formed. perature,9 nitrogen is lost to give the corresponding
[2.1.0]thiabicyelopentane dioxide (2) in about 50%

, , , , ,  , , , . . .  yield. These appear to be the first known thiabicyclo-
that the more bulky group would prefer to be a n h  to pentane deriyativeSj but heterocyclic bicyclopentanes
the sulfone group. , ,  , , , containing oxygen or nitrogen are known or have been

Structure la  is favored for most of the adducts but a nr0nosed 10 
mixture of both la  and lb  is formed from diazomethane P P 
and dimethyldiazomethane. The major adducts (lb) R ^ J J '

----SO2 heat or R \ _ /l  S 02
R\ / R' N J -----1 light, -N," ---- i

E s ° 2 — ¡ s ° 2 /  2'^ i  is ° 2 N 2
+  RR'CNj —►: N.3 or N 3 R =  R' =  C6H5-

J R = C6H5;R' = CH3-
R'Nt)/

la These thiabicyclopentane sulfones show absorption
jj in the infrared at 1295-1300 and 1125-1150 cm-1

___so attributed to the sulfone group and at 1025-1028 and
c2h5oocchn2) n/  2 855-867 cm-1 attributed to the cyclopropane ring.11

___  The mass spectrum of the diphenyl derivative shows
the formation of ions derived from the phenyl groups 

COOC2H5 and ions attributed to (C6H6)2C + and to the parent ion
jc2 5 minus sulfur dioxide. The mass spectrum of the methyl

phenyl derivative shows ions corresponding to a loss of 
from the addition of diazomethane or dimethyldiazo- sulfur dioxide and sulfur dioxide plus a methyl group
methane show very intense peaks in their mass spectra from the parent icn. The abundant ions at m/e 129
corresponding to the loss of [N2CHSO2 ]. Adducts of may be cyclopropenylmethyl, cyclobutenonium, or bi
structure la, on the other hand, exhibit intense ions in cyclobutane cations, or each may be some hybrid of
their mass spectra corresponding to the loss of sulfur the structures shown. The proton nmr spectrum of the
dioxide plus nitrogen. Since the plan for the synthesis
of bicyclobutanes from the adducts calls for extrusion 6 5X  6 5N  / K
of sulfur dioxide and nitrogen from the 1-pyrazolines, \  /  C6jjs_+/ \
the mass spectral data are promising. Scheme I Y  +l------  \  /
illustrates the difference in fragmentation for adducts +
la  and lb.

diphenyl adduct is complex: absorption occurs at S
Scheme I 7.30 (10 aromatic protons), 4.10 (complex multiplet

H -C H 2SO2-), 3.55 (two doublets, cyclopropane proton
yN------gg5 . nearest sulfone group), and 2.75 (triplet of doublets,

Y  __| - j» [(CH3)2C=CHCH2]+ other cyclopropane proton). In the methyl phenyl
m/e 69 compound there is absorption at 8 7.34 (five phenyl

CH:| CHs protons), 4.10 (-CH 2SO2-), 3.92 (cyclopropyl proton
lb adjacent to -SO 2-), 2.60 (remaining cyclopropyl

C6H5 N .C6H5 proton), and 1.74 (CHS).
/ ^ ] — S02 _go2 The diphenylthiabicyclopentane dioxide loses sulfur

_J__| dioxide at high temperatures as well as in the mass
N 2 spectrometer, but products have not been identified.

r  -|+ Whether the thiabicyclopentane derivatives can be
[(C6H5)2C=CHCH=CH2].+ or (C6H5)2— <^> made to yield bicyclobutanes or whether they isomerize

m/e 206 (9 ) Irradiation was done only with the diphenyldiazomethane adduct.
(13) C. D. Hurd and R. E. Christ, J .  Org. Chem ., 1, 142 (1936); G. A. R. 

. . .  . . . .  Kon, L. F. Smith, and J. F. Thorpe, J .  Chem . Soc., 127 , 669 (1925); J.
The a d d u ct lb  of d im eth yld iazo m eth an e show s ab - Bastus and J. Castells, P toc. Chem . Soc., 216 (1062); M. Busch and J.

sorp tion  a t  5 7 .1 8  (com p lex) in  th e  n m r sp e ctru m  w hich  Becker, B er ., 29, 1689 (1S96); F. P. Woerner, H. Reimlinger, and D. R.

is absent in adducts to which structure la  is assigned. lffra-«d Specnfot Complex Molecules,”
This low field absorption is attributed to a proton John Wiley & Sons, Inc., New York, N. Y„ 2nd ed, 1958, p 29.
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analogously to bicyclopentanes12 remains to be de- to the 2-pyrazoline stabilizes the molecule to loss of 
termined. When the diphenylthiabicyclopentane di- nitrogen. The hydrogen transfer, which is shown from 
oxide was treated with Raney nickel, the cyclopropane
ring was opened. C6H5

( C A k - C j 0 ,  - l l J r -  « W X r - Q  2 k J j 0 '  —  r f T j *  —  3
\ r  t t

Loss of Sulfur Dioxide.-— The adduct of thiete sulfone H
and phenyldiazomethane decomposes at 150° with loss a ¿¡radical intermediate, is analogous to that observed
of sulfur dioxide (but not nitrogen) to yield pyrazole 3 jn the loss of nitrogen from the 1-pyrazolines obtained
(52% Ar = C 6H5), whose physical properties are from diazomethane and 1-benzylmercaptocrotonic acid
identical with the physical properties of 3(5)-methyl- nitrile or a-cyanoacrylic acids.14
5(3)-phenylpyrazole which has been prepared pre
viously from benzoylacetone and semicarbazide, hy- SCH2C6H5 SCH2C6H5
drazine, or aminoguanidine.13 If the adduct had ,---------- pm !

— »  c h 3c h = c c n

ArV : H An V N

< Y i ° 2 V \
NN " J 802 n nn /  c h 3 Experimental Section15

H
2 Formation of 1-Pyrazolines. Addition of Diazomethane to

A - r u  v r u n r  u  -  Thiete Sulfone.—Thiete sulfone16 (3.1 g, 0.030 mol) in 400 ml
r 6 5 or P  3 6 4 0f ether was added to 150 ml of an ether solution of diazo-

structure lb, an isomeric pyrazole, 4-methyl-3(5)- mf hane’"  from Diazald (P-toluenesulfonylmethyl-
. . \ . . .  . , , , i  J  , ’ , ,-L . 1 ' mtrosamide, Aldrich, 21.5 g, 0.10 mol). The yellow solution was

phenylpyrazole (4), might have been formed (Scheme iet stand at 0- 5 ° for 4 days. Filtration gave 7-thia-2 ,3-diazabi-
II), although isomerization of lb  to 3 by way of a cyclo[3.2.0]hept-2-ene 7,7-dioxide (3.2 g, 0.0219 mol, 73% ), mp
cyclopropane intermediate cannot be ruled out. None 105-112°. Three recrystallizations from chloroform produced
of 4 is observed. The adduct of thiete sulfone and p -  an analytical sample, mp 1 13-114°.

, ,  i , , A n al. Calcd for C4H6N2O2S: C, 32.88; H, 4 .14 ; N, 19.17;
methoxyphenyidiazomethane decomposes also to a g 2 1 9 1  Found- C 32 79- H 4  18- H 19 04- S 21 87
pyrazole. Ultraviolet spectrum (CHCI3): 328 nm (e 277). Infrared

spectrum (K B r): 3000 (w), 2950 (w), 1540 (w), 1430 (m), 1410 
bCHEME 11 (w), 1325 (s, doublet), 1290 (m), 1235 (m ), 1220 (m ), 1200 (m),

C6H5 C6H5 C6H5 1180 (s), 1135 (s), 1100 (w), 1090 (m), 1035 (w), 980 (s), 940
i j n . I „ „  . (m), 915 (w), 890 (w), 845 (w), 820 (m), 770 (w), 745 (w) cm “1.

y r '— g o  ' The 60-MHz proton nmr spectrum was run in dimethyl sulfox-
| I 2 — >- | I .— ► | I ide-ds: 5 7.16 (complex, 1 H , N = N C H S 0 2), 4.85 (complex, 2

HN------------- HN--------k  HN--------k. H ), 4.40 (complex, 1 H ), 3.85 (quartet, 1 H ), 2.87 (complex,
a CH2- CH3 1 H, H /3 to both N = N  and S 0 2). Mass spectrum :18 m/e 28
| /  (3.72), 29 (10.0), 39 (100), 40 (6.48), 41 (61.8), 42 (16.7), 43

/  (5 .30), 44 (2.84), 45 (3.23), 48 (2.45), 52 (4.12), 53 (51.5), 54
la VsHs (56.0), 55 (17.6), 61 (4.41), 62 (2.50), 63 (4.12), 64 (7.95), 69

1  (11.2), 70 (9.43), 71 (2.35), 72 (5.60), 73 (7.36), 76 (2.11), 82
N ^ ^ j ,  (3 .23), 146 (2.06).

- A ____ II Evaporation of the original filtrate produced more adduct
\  (0.90 g, 0.00616 mol, 20 .5% ), mp 90°. Three recrystallizations

^“ 3 from chloroform gave a mixture (mp 88-92°) of lb (R =  R ' =  H)
3 X  and 6-thia-2,3-diazabicyclo[3.2.0]hept-2-ene 6 ,6-dioxide (la ,

\ s R  =  R ' =  H ). The 60-MHz proton nmr spectrum of the mix-
ture was taken in dimethyl sulfoxide-ife (all absorptions are 

fi S  m r u  • complex): 5 7.16 (1.0 H, lb, N =N C H S 02 ), 5.40 (1.6 H, la ,
N-"1N̂ y  N^iN̂  2 tertiary H «  to N = N ), 4.95 (6.7 H , la  +  lb), 4 .40 (2.8 H , la  +

(14) K.-D. Gundermann and R. Thomas, Chem . B er ., 93, 883 (1960); 
C6H5 bll2' C6H5 C6H5 F. D. Popp and A. Catala, J .  Org. Chem ., 26, 2738 (1961); J. Hamelin, D.

| Vandevin, and R. Carri6, Com-pt. R end ., 260, 3102 (1965).
| (15) Melting points are uncorrected and were obtained on a Fisher-Johns

CeH5 melting block. Infrared spectra were taken on a Perkin-Elmer Model 137
H I infrared spectrophotometer or on a Perkin-Elmer Model 521 grating spectro-

qq photometer. The infrared absorptions are reported as weak (w), medium
II |1 || I | 2 “---- lb (m), strong (s); sh stands for shoulder. Ultraviolet spectra were obtained

J!_____U li-------- 1---- 1 on a Perkin-Elmer Model 202 ultraviolet spectrophotometer. The absorp-
tions are reported in nanometers and the intensity (e) of the absorptions in 

^6^5 0113 6 d liter/mole-centimeter. Proton nuclear magnetic resonance (nmr) spectra
4 were obtained on a Varian Model A-60 nmr spectrometer. Nmr absorptions

are reported in parts per million (ppm) downfield from tetramethylsilane.
mi r i • c  n r____,   ̂ Microanalyses were performed at Galbraith Laboratories, Knoxville, Tenn.
The formation of 3 from la  may proceed V%(X a di- Molecular weight determinations were done by vapor pressure osmometry

radical as shown or v i a  a zwitterion. ■ Tautonaerization in an appropriate solvent. Mass spectra were run at the Department of
Chemistry, Syracuse University, Syracuse, N. Y., on a Perkin-Elmer

(12) M. J. Jorgenson and T. J. Clark, J .  A m er. Chem . S oc., 90, 2188 Hitachi Model RMU-6E single-focusing spectrometer at an ionizing voltage
(1968), and references cited therein. of 20 V using direct inlet, unless otherwise noted. The internal ovens

(13) (a) C. Runti and L. Sindellari, A nn. C him . (Rome), 49, 877 (1969); were kept at 250°, and each sample was heated at the lowest temperature
Chem . A bstr., 64, 4482 (1960). (b) G. N. Pershin, N. A. Novitskaya, A. N. which produced a spectrum.
Kost, and I. I. Grandberg, D okl. A kad . N a u k  S S S R , 123, 200 (1958); (16) D. C. Dittmer and M. E. Christy, J .  Org. Chem .. 26, 1324 (1961).
Chem . A bstr., 63, 3490 (1959). (c) S. C. De and P. C. Rakshit, J .  In d ia n  (17) T. J. DeBoer and J. Backer, Org. S yn., 36, 16 (1956).
Chem . S oc., 13, 509 (1936); Chem . A bstr , 31, 1403 (1937). (18) Per cent of base peak is given in parentheses.
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lb ) ,  3.85 (1.5 H, la  +  lb ) ,  2.87 (1.0 H, lb ,  H 0  to both N = N  (s), 1125 (s), 1105 (m, sh), 1090 (m), 1070 (m), 1025 (w), 990
and S 02). (w), 940 (w), 915 (w), 860 (w), 830 (w), 785 (m ), 765 (w, sh),

Addition of Phenyldiazom ethane to T hiete Sulfone.— Thiete 735 (m) cm “1. The 60-MHz proton nmr spectrum was run in
sulfone (1.0 g, 0.010 mol) in 200 ml of ether was added to 250 dimethyl sulfoxide-de: 8 5.45 (complex, 2 H, C H N = N C H ),
ml of an ether solution of phenyldiazomethane,19 prepared from 4.75 (complex, 2 H ), 4.15 (2 quartets, 1 H ), 1.28 [doublet ( /  =
10.0 g (0.045 mol) of azibenzil,19 and the solution was allowed 8.0 cps), 3 H, CH3] . Mass spectrum (70 V, indirect inlet):18
to stand at 0 -5 °  for 1 day. A white solid was removed by m /e  50 (5.50), 51 (9.26), 52 (7.89), 53 (81.6), 54 (10.9), 55 (15.4),
filtration and recrystallized four times from chloroform to give 56 (2.38), 57 (2.57), 61 (2.02), 62 (4.40), 63 (4.95), 64 (49.5),
4-phenyl-6-thia-2,3-diazabicyclo[3.2.0]hept-2-ene 6 ,6-dioxide ( la , 65 (10.2), 66 (9.90), 67 (100), 68  (89.0), 69 (6.05), 81 (6 .97), 95
R  =  C6H5; R ' =  H ) (1.2 g, 0.0055 mol, 55% ), mp 161-162° (27.8), 96 (33.0), 97 (22.9).
dec. Addition of Phenyldiazom ethane-a-d to T h iete  S u lfon e.— A

A nal. Calcd for CioH10N20 2S: C, 54.06; H, 4 .54 ; N, 12.61; solution of thiete sulfone (1.0 g, 0.01 mol) in 400 ml of ether and
S, 14.40; mol wt, 222. Found: C, 53.89; H , 4 .45 ; N, 12.59; phenyldiazomethane-a-d22 in 125 ml of ether, prepared from
S, 14.14; mol wt (chloroform), 245. 5.6 g (0.025 mol) of azibenzil,19 was let stand at 0 -5 °  for 2 days.

Ultraviolet spectrum: 331 nm (e 315) (C6H6); 331 nm (e 260) Filtration and recrystallization from ether gave 4-deuterio-4-
(CHCh). Infrared spectrum (K B r): 3000 (m), 2950 (w), 1540 phenyl-6-thia-2,3-diazabicyclo[3.2.0]hept-2-ene 6 ,6-dioxide (la ,
(m), 1490 (m), 1450 (m), 1385 (m), 1340 (m, sh), 1310 (s), 1300 R  =  C6H6; R ' =  D ) (1.2 g, 0.0054 mol, 54% ) as a white solid,
(m, sh), 1260 (m), 1250 (m), 1230 (m), 1190 (s), 1170 (s), 1120 mp 136-138° dec. A second recrystallization fiqm ether pro-
(s), 1080 (m), 1070 (m), 1030 (w), 1020 (w), 1000 (w), 985 (w), duced an analytical sample, mp 141-142° dec.
945 (w), 925 (w), 912 (w), 880 (w), 850 (m), 840 (w), 820 (w), A nal. Calcd for CioH9DN20 2S: C .5 3 .9 0 ; H , 4 .97 ; N, 12.58;
795 (w), 750 (m), 740 (s), 715 (m), 695 (s) cm “1. The 60-MHz S, 14.40; mol wt, 223.2. Found: C, 53.78; H, 4 .88 ; N , 12.51;
proton nmr spectrum was taken in dimethyl sulfoxide-d«: 8 7.35 S, 14.56; mol wt (chloroform), 226.
(complex, 5 H, C6HS), 6.47 (triplet, 1 H, C6H5C H N = N -), 5.85 Ultraviolet spectrum (C6H6): 329 nm (e 300). Infrared spec- 
complex, 1 H ), 5.00 (doublet, 1 H), 4.84 (quartet, 1 H ), 4.39 trum (K B r): 3000 (w), 1540 (w), 1490 (w), 1450 (w), 1410 (w),
(complex, 1 H ). Mass spectrum :18 m /e  55 (5.71), 83 (1.47), 1400 (w), 1325 (s, doublet), 1250 (w), 1220 (m), 1210 (m), 1180
91 (2.05), 102 (1.47), 103 (2.45), 104 (2.41), 115 (7.49), 116 (s), 1140 (s), 1120 (m), 1100 (m), 1080 (w), 1050 (w), 1010 (w),
(2.85), 127 (1.43), 128 (4.95), 129 (51.0), 130 (100) 131 (11.0), 935 (w), 895 (w), 825 (w), 805 (w), 785 (w), 755 (m), 735 (m),
158 (1.69), 194 (0.110). 700 (m) cm -1. The 60-MHz proton nmr was taken in dimethyl

Addition of p-M ethoxyphenyldiazom ethane to T hiete  Sulfone. sulfoxide-d6: 8 7.35 (complex, 5 H , CeH6), 5.85 (complex, 1 H ),
—A solution of p-methoxyphenyldiazomethane20 in 100 ml of 4.91 (complex, 1 H ), 4.55 (complex, 1 H ), 4.25 (complex, 1 H ).
ether and thiete sulfone (1.0 g, 0.010 mol) in 250 ml of ether was Mass spectrum (70 V, direct inlet):18 m /e  74 (7.54), 75
let stand at 0 -5 ° for 2 days. A solid was removed by filtration (7.53), 76 (11.8), 77 (29.4), 78 (20.9), 79 (12 .4), 81 (7.20),
and recrystallized three times from methanol to produce an 89 (7.20), 90 (8.84), 91 (39.2), 92 (33.3), 102 (9.80), 103 (12.7),
analytical sample of 4-p-methoxyphenyl-6-thia-2,3-diazabicyclo- 104 (9.16), 105 (8.50), 115 (25-5), 116 (56.9), 117 (11.1), 118
[3.2.0] hept-2-ene 6 ,6-dioxide (la , R  =  p-CH3OC6H4; R ' =  H) (8.50), 124 (8.50), 127 (8.19), 128 (26.4), 129 (50.0), 130 (99.0),
(1.5 g, 0.0060 mol, 60% ) as white crystals, mp 131-133° dec. 131 (100), 132 (13.1), 157 (20.9), 158 (36.3), 159 (16.3), 195

A nal. Calcd for CuH i2N20 3S: C, 52.38; H, 4 .80 ; N, 11.11; (2.29).
S, 12.71; mol wt, 252.2. Found: C, 52.18; H, 4 .68 ; N , 11.14; Addition of D iphenyldiazom ethane to T hiete  S ulfon e.— Di- 
S, 12.65; mol wt (benzene), 268. phenyldiazomethane23 (3.9 g, 0.020 mol), prepared from benzo-

Ultraviolet spectrum: 328 nm (e 348); (CHC13) 330 nm phenone hydrazone (4.9 g, 0.025 mol), was added to thiete sui
te 327) (CH3SOCH3). Infrared spectrum (K B r): 3030 (w), fone (1.0 g, 0.010 mol) in 400 ml of ether. The deep red solution
2950 (w), 2870 (w), 1625 (m), 1600 (w), 1550 (w, sh) ,1525 (m ), was allowed to stand at 0 -5 ° for 10 days. Evaporation of solvent
1465 (w), 1450 (w), 1400 (w), 1340 (m), 1320 (s), 1295 (m, sh), produced a solid which was washed with cold ether and recrystal-
1255 (s), 1230 (m), 1200 (m), 1180 (s), 1140 (m), 1110 (m ), 1075 lized twice from ether togive 4 ,4-diphenyl-6-thia-2,3-diazabicyclo- 
(w), 1030 (m), 960 (w), 943 (w), 860 (m), 840 (m), 812 (m), 800 [3.2.0]hept-2-ene 6 ,6-dioxide ( la ,  R =  R ' =  CeH5) (1.5 g, 0.0050
(w), 785 (w), 775 (m), 745 (m), 730 (w) cm -1. The 60-MHz mol, 50% ), as long white needles, mp 151-152° dec.
proton nmr spectrum was taken in dimethyl sulfoxide-da: 8 7.10 A nal. Calcd for Ci6HuN20 2S: C, 64.42; H, 4 .73 ; N , 9 .39 ;
(complex, 4  H, C JIi) , 6.45 (complex, 1 H , p-CH8OCeH4C H N =  S, 10.73; mol wt 298. Found: C, 64.35; H, 4 .51 ; N, 9 .50 ;
N ), 5.98 (complex, 1 H, H a  to - N = N - ) ,  4.85 (complex, 1 H, S, 10.84; mol wt (chlcroform), 292.
H a  to —S 0 2—), 4.35 (complex, 1 H, H a  to - S 0 2~), 3.77 (singlet, Ultraviolet spectrum (95%  C2H5OH): 341 nm (e 310). In- 
3 H, p-CH3OC6H4- ) ,  3.32 (complex, 1 H, H a  to - S 0 2- ) .  Mass frared spectrum (K B r): 3000 (w), 2930 (w), 1598 (w), 1540 (w),
spectrum :18 m /e  45 (20.7), 55 (2.11), 64 (16.5), 115 (2.11), 1485 (m), 1440 (m), 1398 (w), 1320 (s), 1220 (s), 1200 (s), 1170
117 (11.8), 128 (4.01), 129 (21.1), 130 (5.07), 131 (2.11), 132 (s), 1130 (s), 1110 (m), 1090 (w), 1080 (w), 1050 (w), 1030 (w),
(2.11), 144 (6.34), 145 (17.3), 146 (2.74), 147 (4.85), 158 (2.11), 1000 (w), 990 (w), 980 (w), 930 (m), 920 (w), 900 (w), 892 (m),
159 (43.1), 160 (100), 161 (12.7), 175 (2.11), 188 (5.49), 224 840 (w), 760 (s), 745 (s), 690 (s) cm “1. The 60-MHz proton
(1.49). nmr spectrum was run in dimethyl sulfoxide-di: 8 7.50 (com-

Addition of M ethyldiazom ethane to T hiete  S ulfon e.— A solu- plex. 5 H , C8H5), 7.35 (complex, 5 H , CeR,), 4.18 (complex,
tion of methyldiazomethane21 in 250 ml of ether and thiete sulfone 2 H ), 3.25 (complex, 2 H ). Mass spectrum :18 m /e  64 (24.6),
(3.1 g, 0.030 mol) in 400 ml of ether was let stand at 0 -5 ° for 74 (5.10), 91 (16.7), 115 (1.85), 128 (8.80), 129 (4.54), 165 (1.85),
3 days. Filtration provided 4-methyl-6-thia-2,3-diazabicyclo- 191 (18.1), 192 (4.17), 204 (3.24), 205 (15.3), 206 (100), 207
[3.2.0] hept-2-ene 6 ,6-dioxide (la , R  =  CH3; R ' =  H ) (3.2 g, (19.0), 208 (2.78).
0.020 mol, 67% ), mp 108-118°. Three reerystallizations from Addition of 1-Phenyldiazoethane to T h iete  S ulfon e.— Thiete
methanol produced an analytical sample of long white needles, sulfone (2.1 g, 0.020 mol) in 400 ml of ether was added to 100 ml 
m p 135°. of an ether solution of 1-phenyldiazoethane,24 prepared from

A nal. Calcd for CsHgl^ChS: C, 37.50; H, 5 .04; N, 17.49; acetophenone hydrazone25 (15.0 g, 0.11 mol). The red solution 
S, 19.99; mol wt, 160.1. Found: C, 37.54; H , 5 .10; N, 17.61; was let stand at 0- 5 ° fcr 1 day, and a white solid was removed by
S, 19.74; mol wt (acetone), 162. filtration. Two reerystallizations from methanol produced an

Ultraviolet spectrum (CHC13): 323 nm (e 233). Infrared analytical sample of 4-methyl-4-phenyl-6-thia-2,3-diazabicyclo-
spectrum (K B r): 2990 (m ), 2950 (m), 1550 (w), 1480 (w. sh), ------ .----------
1450 (w), 1400 (m), 1380 (w), 1330 (s), 1310 (s), 1220 (m), 1200 (22) Phenyldiazomethane-a-d was prepared according to the same

procedure for the preparation of phenyldiazomethane19 by use of sodium
(19) P Yates and B. L. Shapiro, J .  Org. Chem ., 23, 759 (1958). deuteroxide (40% solution in D2O) and methanol-d6 (Diaprep, Inc., Atlanta,
(20) p-Methoxyphenyldiazomethane was prepared from anisaldazine Ga.) in place of sodium hydroxide and methanol, respectively.

(10.0 g, 0.0373 mol, Aldrich) and anhydrous hydrazine (7.5 g, 0.23 mol, (23) Diphenyldiazomethane was prepared in (a) 6 hr according to the
Matheson Coleman and Bell) according to the procedure of C. G. Overberger, procedure of L. I. Smith and K. L. Howard, “Organic Syntheses,” Coll.
N. Weinshenker, and J.-P. Anselme, J .  A m er. Chem . Soc., 87, 4123 (1967). Vol. Ill, John Wiley & Sons, Inc., New York, N. Y.. 1955, p 351, or (b)

(21) Methyldiazomethane was prepared from N-ethyl-N-nitro-N-nitroso- 75 min according to the procedure of J. B. Miller, J .  Org. Chem ., 24, 560 
guanidine (16.1 g, 0.10 mol) and potassium hydroxide (22.4 g, 0.40 mol) (1959).
according to the procedure of A. F. McKay, W. L. Ott, G. W. Taylor, M. N. (24) H. Staudinger and A. Gaule, B er ., 49, 1897 (1916).
Buchanan, and J. F. Crooker, C an. J .  R es., 28B, 683 (1950); Chem . A bstr., (25) A. Schonberg, A. E. K. Fateen, and A. E. M. A. Sammour, J .  A m er.
45, 4646 (1951). Chem . Soc., 79, 6020 (1957).
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[3.2.0] hept-2-ene 6 ,6-dioxide (la , R  =  C6H5; R ' = CH3) (3.9 g, (mixture of isomers, distilled) for 2.5 hr. Evaporation of xylene
0.17 mol, 83% ), mp 170° dec. on a rotary evaporator left a brown solid, which was washed with

A nal. Calcd for CnHi2N20 2S: C;, 55.93; H, 5 .12 ; N, 11.86; cold ether and recrystallized from benzene-ether28 to give 5,5-
S, 13.55; mol wt, 236. Found: C, 56.14; H, 5 .13 ; N, 11.97; diphenyl-2-thiabicyclo[2.1.0]pentane 2,2-dioxide (2, R  =  R ' =
S, 13.81; mol wt (chloroform), 225. C6H5) (0.10 g, 0.00039 mol, 50% ) as white crystals, mp 198°.

Ultraviolet spectrum (CHCI3): 251 nm (e 350), 336 (190). Photolysis of 4,4-D iphenyl-6-thia-2,3-diazabicyclo[3.2.0]hept-
Infrared spectrum (K B r): 3000 (w), 1540 (w), 1500 (w), 1465 2-ene 6,6-D ioxide.—A solution of 4,4-diphenyl-6-thia-2,3-diaza- 
(w), 1445 (w), 1410 (w), 1375 (w), 1325 (s, doublet), 1250 (w), bicyclo[3.2.0]hept-2-ene 6 ,6-dioxide ( la ,  R  =  R ' =  CrJU)
1225 (m), 1210 (m), 1190 (s), 1140 (s), 1125 (m ), 1115 (m), 1100 0.0745 g, 0.000250 mol) and benzophenone (0.0455 g, 0.000250
(w), 1090 (m), 1070 (w), 1055 (w), 1040 (w), 1030 (w), 1005 (w), mol) in 250 ml of benzene (distilled from calcium hydride) was
950 (m), 930 (w), 920 (w), 905 (w), 865 (w), 810 (w), 797 (w), irradiated (low pressure mercury lamp) for 3 hr at room tempera-
764 (s), 741 (w), 695 (s) cm -1 . The 60-MHz proton nmr spec- ture. Evaporation of benzene left a white oil, which was re
train was run in dimethyl sulfoxide-d6: S 7.45 (complex, 5 H, crystallized from ether, and then from benzene-ether to yield
CeHs), 4.18 (complex, 1 H, N = N C H ), 3.18 (complex, 3 H, 5,5-diphenyl-2-thiabicyclo[2.1.0]pentane 2,2-dioxide (2, R  =
C H S02CH2), 1.50 (singlet, 3 H, CH3- ) .  Mass spectrum :18 R ' =  C6H6) (0.0300 g, 0.000111 mol, 45 .0% ), mp 198°.
m /e  91 (4.94), 103 (0.988), 104 (1.11), 105 (5.68), 115 (2.10), When the thiabicyclopentane sulfone was heated at 260° 
116 (2.06), 117 (3.46), 118 (1.07), 127 (2.35), 128 (8.40), 129 (under nitrogen in a flask with a cold finger or in a sealed tube),
(100), 130 (14.0), 131 (35.0), 132 (5.18), 141 (1.69), 142 (3.21), a tar was formed. Sulfur dioxide was detected by odor and by
143 (17.3), 144 (51.8), 145 (8.89), 146 (1.15), 147 (0.823), 157 an acidic reaction to wet pH test paper.
(3.34), 158 (0.989), 159 (2.47), 160 (1.98), 161 (2.84), 162 (1.81), A n al. Calcd for Ci6H » 0 2S: C, 71.10; H, 5 .22; S, 11.84; 
172 (0.349), 208 (2.18). mol wt, 270. Found: C .7 1 .2 5 ; H , 5 .28; S, 11.69; mol wt

Addition of D im ethyldiazom ethane to T h iete  Sulfon e.— Di- (chloroform), 262.
methyldiazomethane,24 prepred from acetone hydrazone26 (29 g, Ultraviolet spectrum (CHCI3): 268.5 nm (e 380). Infrared
0.4 mol) and yellow mercuric oxide (102 g, 0.47 mol) in 87 g of spectrum (K Br, Perkin-Elmer 521): 3050 (w), 3010 (w), 2940 
xylene (distilled), was added to thiete sulfone (1.0 g, 0.010 mol) (w), 1600 (w), 1585 (w), 1495 (w), 1450 (m), 1405 (w), 1310 (s),
in 300 ml of ether. The red color disappeared immediately and a 1265 (w), 1220 (s), 1165 (w), 1150 (s), 1105 (w), 1080 (w), 1035
white solid precipitated after a few minutes. The mixture was (w), 1028 (w), 1000 (w), 956 (w), 934 (w), 912 (w), 867 (w),
let stand at 0 -5 °  for 7 days. Evaporation of solvent produced 846 (w), 817 (m), 775 (m), 760 (w), 750 (s), 740 (w), 705 (s),
4 ,4-dimethyl-7-thia-2,3-diazabicyclo[3.2.0]hept-2-ene 7,7-dioxide 690 (m) cm -1. The 60-MHz proton nmr spectrum was run in
( lb ,  R  =  R ' =  CH3) (1.05 g, 0.0060 mol, 60% ). Three re- deuteriochloroform: S 7.40 (complex, 5 H, CeHs), 7.20 (singlet,
crystallizations from ether produced an analytical sample, mp 5 H, CeHs), 4.10 (complex, 2 H, - S 0 2CH2- ) ,  3.55 (quartet, 1 H,
199° dec. cyclopropyl H a  to - S 0 2- ) ,  2.75 (sextet, 1 H, cyclopropyl H /3

A n al. Calcd for CeH10N2O2S: C, 41.38; H, 5 .79; N, 16.09; t o - S 0 2- ) .  Mass spectrum (70 V, direct inlet): m /e 51 (23.1),
S, 18.38; mol wt, 174.2. Found: C, 41.14; H, 5 .79 ; N, 15.91; 63 (12.8), 69 (25.6), 76 (12.8), 77 (23.1), 78 (15.4), 85 (64.1),
S, 18.43; mol wt (methanol), 184. 87 (28.2), 89 (15.4), 91 (61.5), 101 (43.6), 102 (15.4), 103

Ultraviolet spectrum (CHsOH): 330 nm (c 140). Infrared (25.6), 115 (20.5), 116 (15.4), 127 (18.0), 128 (35.9), 129 (25.6), 
spectrum (K B r): 3000 (w), 2950 (w), 2880 (w), 1530 (w), 1470 131 (33.3), 135 (28.2), 137 (12.8), 147 (18.0), 151 (28 .2), 152
(w), 1450 (w), 1405 (m), 1360 (m), 1330 (s), 1255 (w), 1220 (m ), (12.8), 153 (18.0), 163 (15.4), 165 (28.2), 178 (20.5), 179 (12.8),
1195 (s), 1150 (s), 1130 (s), 1055 (m), 1020 (w), 995 (w), 967 (w), 189 (15.4), 190 (15.4), 191 (33.3), 201 (18.0), 202 (18.0), 203
952 (w), 915 (m), 900 (w), 870 (w), 810 (w), 785 (m), 740 (w), (28.2), 204 (25.6), 205 (53.9), 206 (100), 207 (20.5).
720 (w) cm -1. The 60-MHz proton nmr spectrum was run in 5-M ethyl-5-phenyl-2-thiabicyclo [2.1.0] pentane 2,2-D ioxide.—
dimethyl sulfoxide-ds: S 7.18 (complex, 1 H, N = N C H S 02), 4-Methyl-4-phenyl-6-thia-2,3-diazabicyclo[3.2.0]hept-2-ene 6 ,6-
4.10 (comlex, 2 H ,- S 0 2CH2), 2.68 (complex, 1 H , H/3 t o - N = N -  dioxide ( la ,  R =  Cells; R ' =  CH3) (0.472 g, 0.002 mol) was
and —S 02—), 1.55 (singlet, 3 H , CH3- ) ,  1.21 (singlet, 3 H, CH3- ) ,  heated in 20 ml of benzene (distilled) in a sealed tube at 150° for
Mass spectrum :18 m /e  41 (21.9 ), 42 (10.7), 43 (8.15), 53 (5.20), 3 hr. An ultraviolet spectrum of the benzene solution contained
67 (45.6), 68 (10.7), 69 (100), 70 (10.4), 76 (15.9), 81 (4.08), no absorption at 335 nm. Evaporation of benzene left a white
82 (21.9), 83 (9.26), 95 (20.9), 97 (9.64), 100 (8.90), 110 (11.1). oil, which was recrystallized from ether to give 5-methyl-5-

Addition of E thyl D iazoacetate  to T h iete  Sulfone.— A solution phenyl-2-thiabicyclo[2.1.0]pentane 2,2-dioxide (2, R  =  CeH6;
of thiete sulfone (0.52 g, 0.0050 mol) and ethyl diazoacetate27 R ' =  CH3) (0.235 g, 0.00113 mol, 56 .7% ), mp 95-105°. A
(1.7 g, 0.015 mol) was let stand in 30 ml of benzene (distilled) second recrystallization from ether produced an analytical sample,
at room temperature for 4 days. Filtration and concentration of mp 110-111°. Alternatively, the pyrolysis was performed in
the filtrate yielded 4-ethoxycarbonyl-7-thia-2,3-diazabicyclo refluxing xylene (distilled) overnight.
[3.2.0] hept-3-ene 7,7-dioxide (lc , 0.70 g, 0.0032 mol, 64% ), A n al. Calcd for CuHi20 2S: C, 63.45; H, 5 .81; S, 15.37;
mp 130-135°. Two recrystallizations from acetone produced an mol wt, 208.2. Found: C, 63.35; H , 5 .59 ; S, 15.31; mol wt 
analytical sample, mp 149-151°. (benzene), 216.

A n al. Calcd for C7H10N2O4S: C, 38.54; H, 4 .62; N, 12.84; Ultraviolet spectrum (CHCI3): 253 nm (e 167), 259 (210), 
S, 14.67; mol wt, 218.2. Found: C, 38.32; H, 4 .75; N, 12.62; and 265 (170). Infrared spectrum (K Br, Perkin-Elmer 521):
S, 14.36; mol wt (ethanol), 217. 3070 (w), 3005 (w), 2990 (w), 2950 (w), 2920 (w), 1595 (w), 1575

Ultraviolet spectrum (95%  C2HsOH): 229 nm (e 5000). (w), 1490 (m), 1435 (m), 1405 (w), 1375 (w), 1345 (w), 1335 (w),
Infrared spectrum (K B r): 3220 (s), 2970 (m), 2900 (m), 2500 1295 (s), 1265 (m), 1205 (s), 1155 (m ), 1125 (s), 1105 (w), 1055
(w), 2380 (w), 1700 (s), 1480 (w), 1440 (m), 1390 (w), 1365 (m), (w), 1025 (w), 1005 (w), 990 (w), 935 (w), 910 (w), 890 (w), 855
1290 (s), 1230 (w), 1180 (s), 1150 (m), 1100 (m), 1080 (s), 1060 (w), 845 (w), 795 (w), 785 (w), 760 (s), 695 (s) cm A The
(m), 1040 (s), 1010 (m), 945 (w), 885 (w), 875 (w), 845 (s), 805 60-MHz proton nmr spectrum was run in dimethyl sulfoxide-*:
(m), 795 (m), 750 (w) cm -1. The 60-MHz proton nmr spectrum S 7.34 (singlet, 5 H, CeHs), 4.10 (complex, 2 H, C H S02CH2), 3.92
was run in dimethyl sulfoxide-*: t> 8.95 (singlet, broad, 1 H , (complex, 1 H , -C H S 02CH2- ) ,  2.60 (complex, 1 H, cyclopropyl
N H ), 7.74 (singlet, 1 H, -N C H S 02), 4.25 (quartet, 2 H, -O CH 2- H ¡3 to - S 0 2- ) ,  1.74 (singlet, 3 H, CH3). Mass spectrum :18
CH3), 4.02 (broad, 3 H, S 0 2CH2 and N = C C H ), 1.30 (triplet, m /e  64 (6.07), 76 (5.54), 78 (2.50), 91 (3.03), 102 (1.78), 103
3 II, -O CH 2CH3). Mass spectrum :18 m /e  64 (71.8), 80 (10.1), (1.78), 104 (1.78), 105 (11.1), 115 (5.00), 116 (2.32), 117 (2.14),
81 (17.6), 107 (41.5), 108 (26.4), 109 (35.2), 123 (14.5), 125 127 (5.00) 128 (19.8), 129 (100), 130 (13.6), 131 (3.57), 141
(100), 126 (15.7), 139 (20.8), 141 (16.4), 153 (28.9), 154 (47.2), (4.29), 142 (4.11), 143 (18.2), 144 (36.4), 145 (6.80), 208 (2.50).
155 (12.0). Form ation of P yrazo les. Pyrolysis of 4-Phenyl-6-thia-2,3-di-

T hiabicyclopen tan es. 5,5-D iphenyl-2-thiabicyclo [2.1.0] pen- azabicyclo [3.2.0] hept-2-ene 6,6-D ioxide. 4-Phenyl-6-thia-2,3-
tane 2,2-dioxide. Pyrolysis of 4,4-Diphenyl-6-thia-2,3-diaza- diazabicyclo[3.2.0]hept-2-ene 6 ,6-dioxide ( la ,  R  =  C6H 6;
bicyclo[3.2.0]hept-2-ene 6,6-D ioxide.— 4,4-Diphenyl-6-thia-2,3- R ' =  H ) (0.087 g, 0.00039 mol) was heated in a sublimator at
diazabicyclo[3.2.0]hept-2-ene 6 ,6-dioxide (la , R  =  R ' =  C6H S) 150° (3 mm) for 10 min. A white solid sublimed, mp 121-123°;
(0.23 g 0.00077 mol) was refluxed in 20 ml of commercial xylene three more sublimations produced an analytical sample of

‘ _____ 3 (5 )-methyl-5(3)-phenylpyrazole (3, Ar =  C6H5) (0.032 g,

(27) N. E. Searle, “Organic Syntheses," Coll. Vol. IV, John Wiley & (28) A solution was obtained by stirring the solid in refluxing ether and
Sons, Inc., New York, N. Y., 1963, p 424. adding hot benzene dropwise until all the solid dissolved.

Vol. 35, No. 4, April 1970 D iazo Alkane Adducts of T h iete  S ulfone 1003



0.00020 mol, 52% ), mp 124° (lit.13 mp 128, 127, 125-126, and (8.64), 117 (6.55), 145 (39.2), 146 (5.06), 159 (4.76), 173 (66 .0),
127-128°). A picrate was obtained, mp 158° (lit.29 mp 158°). 174 (8.94), 188 (100), 189 (13.4).

A nal. Calcd for C10H10N2: C, 75.92; H, 6 .37; N, 17.71; 5,5-D iphenyl-2-thiabicyclo[2.1.0]pentane 2,2-D ioxide. R e-
mol wt, 158,2. Found: C, 75.96; H, 6 .22 ; N, 17.81; mol wt duction with R an ey N ickel.— A solution of 5,5-diphenyl-2-
(benzene), 165. thiabicyclo[2.1.0]pentane 2,2-dioxide (2, R  =  R ' =  C6H6)

Ultraviolet spectrum: 251 nm (« 15,600) (CH3OH); 248 nm (0.108 g, 0.00040 mol) in 40 ml of warm ethanol was added to a 
(e 9200) (CHCI3). Infrared spectrum (K B r): 3170 (m), 3120 suspension of W -4 Raney nickel,30 prepared from 10 g of nickel-
(m), 3075 (m), 3000 (m), 2920 (m), 2840 (m), 1595 (m), 1580 aluminum alloy (K & K  Laboratories, Jam aica, N . Y .)  in 75 ml
(m), 1520 (m), 1500 (m, doublet), 1465 (m), 1410 (w), 1380 of 95%  ethanol. The mixture was refluxed for 16 hr and the
(w), 1320 (m), 1295 (m), 1275 (m), 1205 (m), 1155 (w), 1130 metal was removed by filtration from the hot solvent. Evapora-
(w), 1100 (w), 1080 (m), 1060 (w), 1030 (m), 1015 (w), 965 (m), tion of ethanol left 3,3-diphenyltetrahydrothiophene 1,1-dioxide
915 (w), 870 (m), 840 (w), 795 (w), 760 (s), 715 (m ), 690 (s) (0.052 g, 0.00019 mol, 47% ) as a white solid, mp 135°. Two
cm -1. The 60MHz proton nmr spectrum was run in deuterio- recrystallizations from ether produced an analytical sample of
chloroform and in carbon tetrachloride: 5 12.66 (CDC13), 13.50 colorless crystals, mp 144-145°.
(CCh) [singlet (CDCI3), broad (CC14), 1 H, -N H -] ; 7.43 (CD- A n al. Calcd for C16Hi60 2S: C, 70.58; H, 5 .92 ; S, 11.75; 
Cl3), 7.40 (CCh) (complex, 5 H , C6H5); 6.24 (CDCI3), 6.15 mol wt, 272.3. Found: C, 70.78; H, 5 .92; S, 11.69; mol wt (
(CCh) (singlet, 1 H , - C = C H -) ;  2.12  (CDCh), 2.15 (CCh) (chloroform), 269.
(singlet, 3 I-I, CH3). Mass spectrum :18 rn/e 55 (1.37), 77 Ultraviolet spectrum (CHCh): 253 nm (e 208), 260 (238), 
(0 .99), 78 (0.76), 81 (0.76), 90 (1.52), 91 (0.46), 102 (0.38), 270 (e 168). Infrared spectrum (K B r): 3010 (w), 2950 (w),
103 (1.75), 104 (0.91), 115 (0.91), 116 (0.61), 117 (2.81), 118 1600 (w), 1490 (m), 1450 (m), 1410 (w), 1400 (w), 1300 (s),
(0 .61), 127 (0.38), 128 (1.37), 129 (1.60), 130 (2.81), 131 (0.53), 1240 (w), 1220 (s), 1180 (w), 1125 (s), 1090 (w), 1070 (w), 1030
143 (2.05), 157 (16.4), 158 (100), 159 (11.6), 160 (0.76). (w), 1005 (w), 980 (w), 955 (w), 915 (w), 910 (w), 875 (w), 860

P yrolysis of 4-p-M ethoxyphenyl-6-thia-2,3-diazabicyclo[3.2.0]- (w), 805 (w), 795 (w), 775 (m), 745 (s), and 700 (s), cm “1.
hept-2-ene 6,6-Dioxide.— 4-p-Methoxyphenyl-6-thia-2,3-diaza- The 60 MHz proton nmr spectrum was run in dimethyl sulfoxide-
bicyclo[3.2.0]hept-2-ene 6 ,6-dioxide ( la ,  R  =  p-CH3OC6H4- ;  d6: 5 7.35 [complex, 10 H, (C6H6)2C -], 3.89 (complex, 4 H,
R ' =  H ) (0.22  g, 0.00089 mol) was heated in a sublimator at CH2SO2CH2), 3.05 (triplet, 2  H , -C H 2CH2SO2- ) .  Mass spectrum
125° (5 mm) for 30 min. A white solid sublimed, mp 108°; (20 V, indirect inlet):18 m /e  91 (9.10), 117 (8.44), 129 (16 .7),
two more sublimations produced an analytical sample of 3(5)- 165 (10.4), 167 (48.9), 168 (6.75), 179 (8.60), 180 (100), 181
methyl-5-(3)-p-methoxyphenylpyrazole (3, Ar =  p-CH30 -  (15.8), 193 (42.1), 194 (6.85), 207 (25.2), 208 (6.24), 272 (9.70).
C6H5) 0.060 g, 0.00032 mol, 36% ), mp 111°.

A n al. Calcd for C11H12N2O: C, 70.19; H, 6 .43; N , 14.88; Registry N o .— Thiete sulfone, 7285-32-7; 7-thia- 
m olw t 188.2 Found: C, 70.40; H, 6 .62; N, 14.87; mol wt 2,3-diazobicyclo[3.2.0]hept-2-erie 7,7-dioxide, 23263-

°Ultraviolet spectrum (CHCh): 261 nm (e 18,600). Infrared 3,3-diphenjdtetrahydrotMophene 1,1-dioxide,
spectrum (K B r): 3100 (m), 3000 (m), 2850 (m), 1620 (w), 1580 23263-97-0; l a  (R  — vyfiHg) R  — H ), 23263-86-7;
(w), 1525 (m), 1460 (m), 1440 (m), 1300 (w, sh), 1275 (m), l a  (R =  p-CHsOCeIR; R ' =  H), 23263-87-8; l a
1250 (s), 1210 (w, sh), 1180 (m), 1160 (m), 1115 (w), 1070 (w), (R =  CH 3; R ' =  H), 23263-88-9; l a  (R =  C 6H6;
?025 TO»0}0 0 880(m)’ 810 (w)> 790 R ' = D), 23263-89-0; la  (R = R ' = C 6H5), 23282-27-1;
(m, sh), 780 (m), 685 (w) cm K The 60-MHz proton nmr spec- - /T> n  u  . D ' n x r\  ooorq no •>.
trum was run in deuteriochloroform: 5 12.07 (singlet, 1 H, N H ), l a  1- — k^lis, I t  — L ll j) , Zozoo yu 6, ID ( i t  i t
7.18 (quartet, 4 H, C6H4), 6.20 (singlet, 1 H, -C = C H ), 3.76 C H 3), 23263-91-4; l c ,  23263-92-5; 2 (R =  R ' =  C 6H6),
(singlet, 3 H, CH30 ) ,  2.20  (singlet, 3 H, CH3C = C ). Mass spec- 23263-93-6; 2 (R =  C 6H6; R ' =  C H S), 23263-94-7;K K s r s -««• * * * « > 3

(29) I. I. Grandberg and A. N. Kost, Zh, Obshch. K h im ., 28, 3071 (1958);
Chem . A bstr., 53, 10188 (1959). (30) A. A. Pavlic and H. Adkins, J .  A m er. Chem . S oc., 68, 1471 (1946).

The Therm al Decomposition of Benzenediazo Sulfones. I.
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The thermal decomposition of methyl benzenediazo sulfone ( lc )  has been investigated in four different sol
vents. In three nonpolar solvents, benzene, cumene, and diphenylmethane, the principal identifiable decomposi
tion products (Table I) are all ones that can be most easily interpreted as arising via a mechanism involving 
initial homolytic dissociation of lc  and free-radical intermediates. The involvement of radical intermediates in 
the decomposition under these conditions is also shown by the results of experiments using a stable free radical 
(2) to scavenge the radicals formed by decomposition of lc . In the polar, aprotic solvent acetonitrile, on the 
other hand, the principal decomposition product, acetanilide, is thought to arise via an initial heterolytic dis
sociation of lc  into a sulfinate and a benzenediazonium ion and reaction of the latter with the solvent in the 
manner shown in eq 10 .

Benzenediazo sulfones (1) are an intriguing and little O
studied class of compounds which can be easily prepared C6H 5N2+ +  R S 0 2- ___C6H5N = N ____ S__R  (1)
by the reaction of a benzenediazonium salt with the salt ° 6 II
of a sulfinic acid (eq 1). Although one reference work2 0

(1) This research was supported by National Science Foundation Grant claims that their thermal decomposition in nonpolar
G ® 9Houben-Weyl, “Methoden der Organischen Chemie,” 4th ed, Vol. Solvents leads to the formation of the Sulfone C 6H6S 0 2R  
9 , Georg Thieme Veriag, Stuttgart, 1955 , p 334 . and nitrogen, a study of the decomposition of phenyl
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T able I

T hermal D ecomposition P roducts of M eth yl B enzenediazo S ulfone in Nonpolar S olvents“
Benzene +

Products, mol/mol of lc Benzene suspended CaO Cumene PhíCHa
S 0 2 0 .1 4  0 .1 4  0 .0 3  0.11
Biphenyl 0 .2 6  0 .3 2
Azobenzene 0 .1 4  0 .0 3
Benzene (Solvent) (Solvent) 0 .2 4  0 .2 3
CHsSOsCeHs 0 .0 7  0 .0 0  0 .0 7  0 .0 0
Bis (methanesulf onyl )-

phenylhydrazine (4a or 4b) 0 .0 5
p-Phenylazobenzene 0 .0 0  0 .0 2
Benzhydryl methyl sulfone . . .  . . .  0 .11
s y m -T  etraphenylethane . . .  . . . .  . . .  0 .0 6 5
0- and p-Phenyldiphenyl

methane . . .  . . .  • • • 0 .0 8
Bicumyl . . .  . . .  0 .1 2

“ All data for 80°, initial concentration of lc , 0 .10-0 .13  M .

benzenediazo sulfone (la, R  = C 6H6) by Overberger material formed in the decomposition, since the acceler-
and Rosenthal3 has shown that this is certainly not true ation could be eliminated by suspending a small amount
for this diazo sulfone at least. In benzene as solvent of calcium oxide in the solvent. We have also observed
they found that the principal products of the thermal (vide infra) a similar but much less pronounced phenom-
decomposition of la  were biphenyl, nitrogen, and ben- enon in the decomposition of lc. Because of this we
zenesulfinic acid, only 5 %  of diphenyl sulfone being determined the nature of the decomposition products
formed. of lc  in benzene for runs both in the presence and ab-

Our own interest in the thermal decomposition of sence of suspended calcium oxide. The results of these
benzenediazo sulfones was first aroused when we hap- and the runs in the other two solvents (no calcium oxide 
pened to prepare benzyl benzenediazo sulfone (lb, R  = was added here) are summarized in Table I. Besides 
C 6H5CH 2) and discovered4 that its decomposition in the reaction products listed, there was formed in all
benzene gave products entirely different from those runs a large amount of intractable, tarry material,
given by la. We felt that our efforts to understand the which, in our hands at least, did not prove amenable to 
complex behavior of the benzyl compound might be chromatographic separation into identifiable com-
materially improved if we had available knowledge ponents. Infrared spectra of the tarry material indi-
about the thermal decomposition of a simpler alkyl cated that it contained NH, sulfonyl, and phenyl 
benzenediazo sulfone (lc, R  = CH 3). Such informa- groups.
tion, for example, would tell us whether all alkyl ben- In benzene we see that the principal identifiable prod- 
zenediazo sulfones behave very differently on thermal uct is biphenyl and that a significant amount of sulfur 
decomposition than their aryl counterparts, or whether, dioxide is also formed. In the absence of suspended
alternatively, there is something special about the de- calcium oxide a good bit of azobenzene is formed, but
composition of lb. the yield of this product drops to almost nothing when

The present paper describes the results of our inves- CaO is present. In cumene and diphenylmethane we
tigation of the thermal decomposition of lc. These find quite large amounts of benzene and significant
show that its behavior is basically similar to that of the amounts of the coupling products from solvent-derived
aryl compound3 la  and that it is the decomposition of radicals— bicumyl and st/m-tetraphenylethane. In di-
the benzyl compound lb  which behaves in an unusual phenylmethane we also find a significant amount of
manner. benzhydryl methyl sulfone, a product which could arise

from coupling of a CH3SO2 ■ radical with a solvent- 
Results derived diphenylmethyl radical, and small amounts of

Products of the Thermal Decomposition of lc  in both 0- and p-C6H6C 6H4CH 2C 6H3, products that would 
Nonpolar Solvents.-Sam ples of methyl benzenediazo result from attack of phenyl radicals on the aromatic 
sulfone (lc) were decomposed at 80° in three different rings of diphenylmethane. . , , . . 5fi

nonpolar solvents benzene, cumene, and diphenyl- cant yjeld from the decompositions of lc  in both benzene
methane. The decompositions were carried out under ^ \ y™ ^ X u g h  not from the decomposition in 
a m-rogen atmosphere, and a slow stream of nitrogen ^  |he esence 0f calcium oxide, is phenyl
was passed through the solution during the decomposi- methanesulfona¿  Another, bis(methanesulfonyl)-
tion m order to remove any sulfur dioxide which might “ m d ra z i isolated fro’m the'  decomposition of
be liberated in the decomposition as rapidly as it was P* presumably results from the addition of

T T t u d y i n g  th e  k in etics  of th e  d ecom p osition  of la, th e  elem en ts of m eth an esu lfin ic ac id  a cro ss  th e  n itro -

Overberger and Rosenthal3 observed that the rate ge^ ^ ^ d^ ^ nDJ CGi¿pOBilion of lc  in Aceto-
tended to accelerate with time and that this accelera- alg0 investigated the decomposition of lc
tion was apparently due to autocatalysis by an acidic J  ^  ^  acet0nitrile at 80°. On

(3) C. G. Overberger and A. J. Rosenthal, J .  A m er. Chem . S oc., 82, 108, chromatographic WOrk-Up, Only One Organic product,

1J(4)"j?<l. Klee and R. s. Gabriel*», d. o .. ct a „ s., loio (1970). acetanilide (0.71 mol/mol of lc), was isolated. Only
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Figure 1.—Plot of log (1 — SCh/SCheo) vs. time for the de- source, and if the scavenger is highly effective at cap-
composition of 0.10  M lc in benzene at 80°: curve A, O, ab- turing aU radical intermediates produced before they
sence of suspended CaO: curve B, •, presence of CaO. , . . , ,

can undergo bimolecular radical termination, then the
disappearance of the scavenger will follow zero-order

0.03 mol of SO2 was evolved. Clearly, in polar, aprotic kinetics and the experimental zero-order rate constant
solvents the decomposition of lc  takes a very different will be equal to the rate of radical production.6 We
course than it does in nonpolar solvents like benzene. have employed this type of technique to measure the

Rate of Decomposition of lc  in Benzene. Because rate of radical production during the decomposition
alkyl benzenediazo sulfones have a weak, but well- 0f i c
defined, absorption maximum in the visible region of The radical scavenger used in the present work was 
the spectrum, we originally hoped to follow the dis- the stable free radical a ,y-bis(biphenylene)-/3-phenyl-
appearance of lc  by observing the change in the visible allyl7 (2), the so-called Koelsch radical. This has been
absorption of the solution with time. However, be- used successfully on several occasions in the past for
cause the solution turns from yellow-orange to a deep this purpose.6 Experiments were carried out in benzene
red during the course of the decomposition, apparently as solvent at temperatures of 55-80° using initial con
owing mainly to the formation of some of the products centrations of lc  and 2 of 5 X 10 ~4 M and 5 X  10 ~5 M,
later isolated as intractable, tarry material, this turns out respectively. As can be seen from Figure 2, the dis
not to be feasible. An alternate approach was ac- appearance of the Koelsch radical follows good zero-
cordingly used. order kinetics under these conditions. The results of

We have seen that some sulfur dioxide (0.14 mol/mol these runs are summarized in Table II. 
of lc) is evolved in the decomposition of lc  in benzene.
The rate at which this gas is evolved can be followed by T able II
sweeping it out of the reaction vessel as it is formed and Decomposition op Methyl Benzenediazo
observing the tune required for the reduction of an Sulfone IN THE Presence of 2 IN Benzene
aliquot of standard iodine solution in a trap attached to [ic] x io*. [2 ] x io* Temp u x 10» k, x io* 
the reaction vessel. Figure 1 shows a plot of log (1 — m m °c Msec-*“ sec-*6’
SO2/SO2») vs. time for the decomposition of a 0.01 M 5.0 0.51 80.0 19 1.9
solution of lc  in benzene at 80° both in the absence 70.0 7.3 0.73
(curve A) and the presence (curve B) of suspended cal- 59.9 1.9 0.19
cium oxide. One sees that suspending CaO in the 54.8 0.86 0.086
solution stops the gradual acceleration of the rate other- “ C is the zero-order rate constant for disappearance of 2. 
wise observed during the decomposition. This accelera- is the first-order rate constant for dissociation of lc into
tion is similar to, although considerably less pronounced r 1Ca S 6S ima 6 y as‘sumins 0 -  2 dlcb 
than, that observed in the decomposition of la .3 c , , , , . ,
The first-order rate constant, fcd, for the disappearance . fThe first-°rder rate constant for dissociation of lc
of lc  at 80° in benzene, as estimated from the slope of f to pairs of sca™ngable free radicals, h, is calculated
curveB  is5  5 X 10~6sec_1 irom zero"°™er rate constant for disappearance of

Rate of Free-Radical Production in the Decomposi- ? ’ 6 that fc, = f ^ l c ] .  Comparing
tion of lc.— A  common procedure for measuring the /e' l <8° + Wlth ^  the overa11 rat(l 0/ disappearance of lc
rate at which free radicals are produced in a given at thlS temPerature> as measured by the rate of evolu-
system is to add a known quantity of some reagent (5) (a) G. S. Hammond, J. N. Sen, and C. E. Boozer, J .  A m er. Chem .
which is known to be extremely effective at scavenging Soc•’ 77’ 3244 TOSS); (b) C. E. H. Baivn and D. Verdin, T ran s. F ara d a y
f r e e  r a d i c a l s  a n d  t h e n  t o  m e a s u r e  t h e  r a t e  a t  w h i e h  t h i s  So C "  B5, 815 (1960): (c ) F .  D. Bartlett and T .  Funahashi, J . A m er. Chem .ree racucais ana tnen to measure tne rate at wmen tins ,s0c„ si, 2596 (1962); (d) w. g. Bentrude and j. c. Martin, ib id ., 84, i56i
radical scavenger is consumed.5'6 If the initial con- (1962).
centrations are chosen such that the concentration of (6) Ia) R-c - L™b, j. g. Pacifid, and i>. w. Ayrea, ibid., si, 3928 (iocs);

• T. n .1 ,i , r ,2 , (b) R. C. Lamb and J. G. Pacifici, ib id ., 86, 914 (1964).
the scavenger is much smaller than that of the radical (7) c. f . Koelsch, ibid., 79, 4439 (1957).
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tion of sulfur dioxide, one sees that k-Jkd = 0.35 (at radical and CH 3S02- (eq 7), since an appreciable
80° in benzene). amount of benzhydryl methyl sulfone (3), 0.11 mol/mol

TV* • lC, was found to be one of the products in that solvent.
D iscu ssio n  ’ r

O
Decomposition of M ethyl Benzenediazo Sulfone ||

(lc) in Nonpolar Solvents. Evidence for Radical (C«Ht)jCH- +  CH3S02- >- (C6H5)2CHSCH3 (7)
Intermediates.'— The experiments using the stable free O
radical 2 as a radical scavenger show that the decom- 3
position of lc  in nonpolar solvents leads to the produc- The fate of most of the C H3S 0 2- radicals formed in 
tion of free-radical intermediates, although the rate of the initial homoIysis of lc shown in eq 2 is not obvious,
radical production, h as measured by these expen- gome resumably desulfonylate (eq 8), thereby ac-
ments seems to be only about 35%  of kd the overall counting for the sulfur dioxide evolved in the deCom-
rate of decomposition of lc  under these conditions position. In diphenylmethane others obviously react

Deferring for the moment discussion of possible rea
sons for this difference between fc¡ and kd, we will first CH3S02- — >■  CH3- + S02 (8)
point out that the principal identifiable decomposition , . _ _,.
products in such solvents are all ones that seem most as shm™  m efl  7 ‘ 0thers P^bably abstract hydrogen
easily accounted for in terms of reactions involving ato“ “  from one source or another, thereby being con-
free-radical intermediates, and we wifi indicate the verted into methanesulfimc acid, CH 3S0 2H. We noted
manner in which we believe they are formed. inu the Results section that the bis(methanesulfonyl)-

Homolytic dissociation of lc  would presumably lead phenylhydrazine formed in the decomposition m ben-
initially to the formation of a CH 3S02- radical and a zene 18 * which “ u W result f+rom th® addl'
CeH£N2- radical (eq 2). Loss of nitrogen from the tion of CH 3S02H across the nitrogen-nitrogenRouble
latter yields a phenyl radical (eq 3). bond of lc. However, what happens to any CH 3S02H

formed under other conditions is not clear. Alkane- 
D sulfinic acids are generally considered9 to be less stable

C6h 5N=NSCH3— >-C6H6N2- +  CH3S02- (2) than their aryl counterparts, and it could be that CH 3-
II S 0 2H once formed would itself decompose under the

® reaction conditions employed. (We did not, however,
CeELNV — >■  C6H5- +  N2 (3) find any methyl methanethiolsulfonate, C H 3S0 2SCH 3,

Phenyl radicals are known« to react with benzene to a product frequently formed on decomposition of the
give biphenyl (eq 4) via a reaction sequence which is acid') Pel¡haPs an>' CHaSO.H formed is simply
initiated by addition of the phenyl radical to the aro- lost dannS tde chromatographic work-up procedure

I normally employed. However, according to the ex-
_ / ==\  further perience of Overberger and Rosenthal3 it should have

CeHj- + C6H6 — *■  5~ A  /  — *■ .— *■  been isolable from the calcium salts recovered from the
H rea° lons decomposition in the presence of suspended CaO if any

/ ==\  /==\  had been there.
\  /  \  /)  ̂ ’ From the infrared spectra of the intractable, tarry 

. . . . . . .  . . residues always found as one of the major components
matic nng. The yield of biphenyl (0.32 mol/mol of lc) the decomposition products of lc  it is clear that at
from the decomposition of lc  m benzene is ca. 70%  of ^  sQme of the original CH3s o 2 groups of lc  are
the amount (0.45 mol/mol of la) formed m the decom- contained therein> although in what form we do not
posiion of la  under the same conditions. know. In general, the large amount and the as yet

Both cumene and diphenylmethane possess hydrogen unknown structures of the compounds in the intrac-
atoms that can be easily abstracted by phenyl radicals table, tarry residue makes it unwarranted to conduct
(eq 5). This presumably accounts for the considerable any further discussion of the origin of the products of

the decomposition of lc  in nonpolar solvents.
CsHsCHMej C«H5CMe2 Possible Origins of the Difference between kd and

C6H6- +  or — >  C6H6 +  or (5) fc¡.— We noted earlier that the apparent rate of radical
(C6h 5)2CH2 (C6H5)2CH- production, k-„ as measured by scavenging experiments

with 2, was only about 35%  of kd, the overall rate 
yield of benzene (0.25 mol/mol of lc) from the decom- 0f disappearance of lc  under the same conditions. A
position in these two solvents. Coupling (eq 6) of the priori, one can suggest three possible causes for this be-

CH3 CH3 havior for further consideration: (1) cage recombination
I I  of some of the initial radical pairs to give products before

2C6H5CMe2 — >■  C6H6C CC6H6 (6a) b̂e radicaj s can diffuse away and be scavenged by 2; (2)
CH3 CH3 induced decomposition of some lc  by attack of radicals

on it, resulting in more than one molecule of lc  disap- 
2(C8H5)2CH- — >- (C6H5)2CHCH(C6H6)2 (6b) pearing for each initial homolytic act represented by eq

cumyl (or diphenylmethyl) radicals produced in eq 5 2; (3) a competing nonradical decomposition pathway,
accounts for the bicumyl (or sym-tetraphenylethane) Of these three, cage recombination is not apparently 
isolated. In diphenylmethane we also apparently have an important source of the difference between k\i and fc¡,
some radical coupling between the solvent-derived since no appreciable yield of any plausible cage recom

es) D. F. DeTar and E. A. J. Long, J .  A m er. Chem . S oe ., 80, 4742 (1958). (9) See ref 2, pp 289-298.
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bination product is found among the products. Al- zonium fluoroborate in acetonitrile also results in the
though it is possible that the phenyl methanesulfonate formation of acetanilide, it seems reasonable to suggest
isolated under certain conditions could arise from oxida- the mechanism shown in eq 9-12 for the decomposition
tion of initially formed phenyl methanesulfinate, and of lc  in acetonitrile. (No specific mechanism is implied
that the latter compound could be the product of a for eq 10.)
cage recombination reaction, i.e.

_ N2 C6H6N2+ +  CH aC=N  — >- CaHsN^CCH, +  N2 (10)
lc  — ^  [C6H5N2- +  CH3S 0 2-] — >

[C 6H 6- +  C H 3S 0 2-] ---- >  CeHsOSCHa +
^  C 6H 6N = C C H a  +  C H 3S 0 2- — >  C 6H 6N = C — C H 3 ( 11)

(!)SCHa
this could only account for a small part of the differ- H 3
ence between kd and /q. O

On the other hand, if attack of different radicals on H
lc  can lead to that complex product mixture which we or I
have isolated only as an intractable, tarry residue, then C6H5N=CCH3 on treatment with > CiiH5̂  CCH3 (12)

clearly induced decomposition of lc  remains a strong OSCH3 M®OHkduurine O
possibility for the source of the difference in rate be- II
tween kd and ftp 0

However, the fact (vide infra) that decomposition of Table I shows that decomposition of lc  in the absence 
lc  in polar aprotic solvents like acetonitrile obviously 0f suspended CaO in benzene, conditions where pre
occurs by a nonradical route and the evidence that, in sumably part of the decomposition involves an acid-
the absence of suspended calcium oxide, part of the catalyzed pathway, gave an appreciable amount of
decomposition in benzene apparently occurs by an acid- azobenzene, while practically no azobenzene was formed
catalyzed, and presumably nonradical, pathway mean in the presence of suspended calcium oxide in that sol-
that one also cannot rule out the third alternative— a Vent. Given the results in acetonitrile, we speculate
competing nonhomolytic pathway— as a potentially that the acid-catalyzed decomposition in benzene may
important source of a significant part of the difference also lead to the formation of the benzenediazonium ion
between kd and k,. from lc, and that this then reacts with the solvent to

The evidence presently at hand is simply not adequate give azobenzene, i.e.
to allow one to decide whether induced decomposition _ /
or the competing nonradical decomposition of lc  is lc H* r cyj_N + SeHs> /  \_N = N_C /  + H+
principally responsible for the fact that ft;/ftd is only benzene = \—ff \—(f
0.35, and for this reason any further speculation on this
point is unjustified. Experimental Section

The important point to stress is that, whatever the Synthesis of lc  .-B en zen ed iazo n iu m  fluoroborate (3.64 g , 19 .1  
origin of the difference between kd and k-v the decompo- m m ol; in 50 m l of w ater was added dropwise to  a  stirred cold
sition of lc  in nonpolar solvents does occur to at least solution of sodium  m ethanesulfinate (2.42 g, 19.1 m m ol) in 40
a sizeable extent via a radical mechanism and that the ml of w ater. T h e  solution was stirred in the ice bath  for an addi-

products and other aspects of the reaction bear a con- tio'lal 15, T ' .  J ^ ncryf a!s Wm°h ^  f°ilned T re fiUeref  ofI. ,  , ,  , ,  . . .  , , , „ , , and washed w ith  1 0 0  m l of cold w ater. I  he yellow  crystals of
siderable resemblance to the behavior of the aryl ben- the diazo sulfone were dissolved in 30 m l of w arm  benzene, and
zenediazo sulfone la  under the same conditions. As the solution w as filtered through anhydrous m agnesium  su lfate,
will be seen in the accompanying paper,4 the behavior of T w o  volum es of hexane were added slow ly to the benzene solu-
the aralkyl benzenediazo sulfone C 6H6CH 2S02N = N P h  tion< and the solution was placed in the refrigerator overnight,
is different from that of either la  or lc. T h e yellow  needles of the diazo sulfone w ere filtered off washed

-T. • ■ • - TUT Al IT» j  • I* /, N With cold hexane, and dried, giving 1.60 g  (46% ) o f m ethyl
Decomposition of M ethyl Benzenediazo Sulfone (lc) benzenediazo sulfone ( lc ) ,  mp 7 3 - 7 4 .5 ° ( lit . 12 m p 7 0 -7 1°). 

in a Polar, Aprotic Solvent, Acetonitrile.— In acetoni- Purification of Solven ts.—R eagent-grade benzene and cumene 
trile the decomposition of lc  takes an entirely different were refluxed over lithium  alum inum  hydride and then frac-
course than it does in nonpolar solvents, and the only tionally distilled through a 60-cm, glass helices packed colum n.
___• j  , ____i • , - i . j  i , , . D iphenylm ethane w as fraction ally  distilled tw ice under vacuu m
organic product which was isolated on chromatographic th£ uglf  a 4 0 . c m  Nester_Faust Sp inning.band colum n. R eagen t
work-up on alumina was acetanilide (0.71 moles/mole grade acetonitrile was refluxed over calcium  oxide for 24 hr, 
of lc). then fraction ally  distilled through a  60-cm, glass helices packed

Ritchie, Saltiel, and Lewis10 have demonstrated that colum n. T h e  distillate was then refluxed over and distilled from
in the polar solvent methanol aryl benzenediazo sulfones Ph*phoras pentoxide through the sam e column

in quilibrium with the corresponding sulfinate and compositions were carried ou t in an apparatus of the typ e
diazomum ions (eq 9). Since Makarova and Nesmey- previously described b y  K ice , Parham , and Sim ons . 13 T h e  de-
anov11 have found that decomposition of benzenedia- sired amount of diazo sulfone was placed in the decom position

flask, the solvent was pipetted in, and th e vessel w as covered 
O w ith  alum inum  foil to prevent any photodecom position of the

_ J  __ ~ _ diazo sulfone. T h e  solution was then deaerated b y  passing a
C 6H 5N JNoCHa ^ ---- CgHsNa +  C H 3SO 2 (9) stream  of nitrogen through it for 1  h r at room tem perature, a fter

^  which the vessel was imm ersed in  a  b ath  k ep t a t 80° and left
there until decom position w as com plete. A  slow stream  of 
nitrogen was passed through the solution during the decom posi-

(10) C. D. Ritchie, J. D. Saltiel, and E. S. Lewis, J .  A m er. Chem . S oc., -------------------
83, 4601 (1961). (12) P. K. Dutt, J .  Chem. S oc., 128, 1463 (1924).

(11) L. G. Makarova and A. N. Nesmeyanov, Izv. A kad . N au k . S S S R , (13) J. L. Kice, F. M. Parham, and R. M. Simons, J .  A m er. Chem . S oc.,
Otd. K h im . N a u k , 1019 (1954); Chem . A bstr., 80, 241a (1965). 82, 834 (1960).
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tion in order to remove sulfur dioxide as it was formed and the butane), mp 117-118° (lit.17 mp 119-120°). Elution with 2 :1  
nitrogen stream was subsequently passed through a trap con- ether-methanol gave some phenyl methanesulfonate. 
taming standard iodine solution where the sulfur dioxide was Decomposition in Diphenylmethane.—At the end of the de- 
absorbed. composition an aliquot was withdrawn and subjected to glpc in

Decomposition in Benzene.— To the final solution from the the same manner as for the decomposition in cumene. The
decomposition was added 1.5 times its volume of hexane, the chromatogram showed two peaks with retention times identical
mixture was cooled, and the crystals which formed were filtered with those of known samples of benzene and diphenylmethane.
off. The crystals were dissolved in benzene, treated with de- The remaining solution was carefully fractionally distilled
colorizing charcoal, and filtered hot, and the benzene was re- under reduced pressure to remove the solvent and other volatiles
moved under reduced pressure. Recrystallization of the residue and the tarry residue was chromatographed on alumina. Elution
from benzene-hexane gave light tan crystals, mp 155-156°. with hexane gave o-phenyldiphenvlmethane, mp 55-56° (lit.18
The spectral properties of the substance are consistent with mp 54 -5 6 °). Elution with 9 5 :5  hexane-benzene gave p-phenyl-
either of the two possible bis(methanesulfonyl)phenylhydrazines diphenylmethane, mp 85-86°, identified by infrared and mixture
(4a and 4b). melting point comparison with a known sample.19 Elution with

80 :2 0  hexane-benzene gave sj/m-tetraphenylethane, mp 210-  
C H5NNHSO2CH3 212°, identical in all respects with a known sample.13 Elution

with 80 :2 0  benzene-ether afforded benzhydryl methyl sulfone 
C6H5NHN(S0 2CH3)2 SO2CH3 (3), mp 129-133°, identical in all respects with a synthetic

4a 4b sample.20
Decomposition in Acetonitrile.— After decomposition was

A nal. Calcd for C8H 12N20 4S2: C, 36.35; H, 4 .58 ; N , 10.60; « ¡ f  “  S n e  w ^ o m s e n t“ ™  rem° Ved * * *
mol wt 264. Found: C, 36.57; H, 4 .49 ; N, 10.68; mol wt, t 0 g P  reffiaining solutk)n evaporated under reduced pressure

, , , , to remove the acetonitrile and the residue was dissolved in a
The hexane-benzene filtrate was evaporated down under re- smaJ] amount of methanoi. Alumina was added to the methanol

duced pressure and the tarry residue was chromatographed on goluti and the methanol was then evaporated. The coated
alumina Elution with pure hexane gave a mixture of biphenyl alumina wag laced Qn the t  of ft regular alumina chromato.
and azobenzene. The amount of azobenzene was determined by column and then ^  column wag eluted with yarious
dissolving this mixture in 95%  ethanol, measuring the optical and solyent mixtures Elution with 8 0 :2 0 benzene-
density at 315 m ,, and calculating the amount of azobenzene ^  afforded acetanilid n 2- l l 3 ° ,  identified by spectral
present from the known extinction coefficient of azobenzene at , . , __ ______ . .  ___• „ , ___. i .i_ , a mL , c i t  r 1 j and mixture melting point comparison with a known sample,
this wavelength.1 The rest of the fraction was assumed to Kinetic of the Decomposition of l c .- T h e  same appara-
consist of biphenyl. Recrystallization of a portion of the fraction and procedure w e d  for the product studies was employed,
gave a pure sample of biphenyl mp 69-71 , mixture melting point The rate of eyolution of sulfur dioxide was fo ld e d  in the manner 
undepressed on admixture with a known sample described by Kice, Parham, and Simons.13

Elution with 2 :1  ether-methanol gave phenyl methanesulfo- Rate q{ /ree_Radical prom otion in the Decomposition of l c . -
nate identified by its melting point 60-61 and its mixture Thg Koelsch radical 2 was d b the method used by
melting point with a known sample.13 The infrared spectra of Koelsch ,  with two siight modifications: (1) 9-benzylidene-
the material isolated from the decomposition and the known fluorene wag d b ^  improyed procedure described by
sample were also identical. . Kice,21 and (2) a ,7 -bis(diphenylene)-/3-phenylallyl alcohol was

Decomposition m Benzene with Suspended Calcium O x id e .-  ^   ̂ method P ed b Nelsen and B artlett.22 The
In the decomposition of lc  in the presence of suspended calcium ^  radi; al was reCrystallized from 95%  ethanol, giving 
oxide (1.8 mol/mol lc) the final solution after the decomposition een 186-188°. The visible spectrum in
was complete was filtered, and the calcium sa te on the filter were at 4gg (e 2 .71 x  104).
washed with small portions of benzene until colorless. After ^  rate which lc  decomposed to give radicals scavenged by
being dried overnight at room temperature the calcium salts wag measured b tbe method of Bartlett and Funahashi* in a
were dissolved m the minimum amount of dilute hydrochloric self. contajned rea' tion celi of the type described by Kice and
acid, and the pH of the solution was adjusted to 6 by the addition p awlowgki 23 In a typical run 2 .0 ml of a solution of 2 in benzene
of socium bicarbonate solution. The solution was then cooled in . , . , , XJ * ,1 i o n nf Qu ,, , u a  was placed m compartment B of the apparatus, and J.U ml 01 a
an ice bath and aqueous benzenediazomum liuoroborate was , a - - . s  _____i i a tv*«, ,  , » „ 1 .. ,, , u , .1 ______„ rnn- solution of lc in benzene was placed in compartment A. Ihe
added. A ye low solution resulted but there was no precipi ate tug was connected to the vacuum Une through D . The
of lc , indicating that there could not have been very much s^ tions in the two compartments were frozen, and the system 
calcium methanesulfinate m the recovered calcium salts wag d d in the usual three times. After the third

The benzene filtrate was evaporated down and the residue was freeze_ “ump-thaw  cycle> ca 400 mm of nitrogen pressure was 
chromatographed on alumina. Elution with hexane gave bi- ^  the cell and the tem was dosed alld discon-
P! f  h ’ T  “ y az° b e n z e n e th e la t te r b e i^  {rom yacuum m _ The golutions in A and B were
eluted with 80 :2 0  hexane-benzene. Elution with 50 50 hexane- ^  to her and the resulti final solution was poured
benzene gave a small amount of a product tentatively identified ceU Q ^  absorbance of the solution in C was then mea
ns p-phenylazobenzene on the bas>s of >ts m rared spectrum and ^  4gQ CeU c  was then immersed in a thermostated
melting point, 148-150 (lit.18 mp 154-155 ). No phenyl balh and withdrawn after a suitable period of time. I t  was
methanesulfonate was found on elution of the column with ether- ^  ^  temperatur6) any bath oil was carefully
methanol. „  ... moo rinsed off the outside of the cell, and the absorbance at 489 mp

Decomposition in C um ene.-A fter the decomposition was ^  remeasured Care was taken t0  ensure that cell C was
complete, an aliquot of the 1 al ways at the same temperature when the absorbance measure-
subjected to glpc on a 15-ft X F-1150  (15%  on firebrick) column. »  were made. The proceBS was repeated a number of times
Ihe chromatogram showed two peaks with retention times identi- Koeisch radical had been consumed. In the absence of

ret6ntl0n ° f kn° Wn SamP lc  the Koelsch radical is indefinitely stable in benzene under the
The remainder of the final solution was carefully fractionally conditions employed, 

distilled under vacuum to remove cumene and other volatiles.
The tarry residue was chromatographed on alumina. Elution Registry No.'— lc, 23265-32-9. 
with hexane gave white crystals, whose infrared spectrum 
indicated that they were bicumyl (2 ,3-dimethyl-2 ,3-diphenyl-

(17) A. Klages, Chem. B er ., 35, 2633 (1902).
' (18) J. P. Freeman, J .  A m er. Chem. S oc., 80, 1926 (1958).

(14: R. M. Silverstein and G. C. Bassler, "Spectrophotometric Identifioa- (19) V. S. Etiis and G. A. Razuvaev Zh..(ObshcA JKMm ■38 1IMS (19M0.
tion of Organic Compounds,” John Wiley & Sons, Inc., New York, N. Y„ (20) M. M, Klenk, C. M. Suter, and S. Archer, J .  A m er. Chem . Soc.. 70,
1963, p 177. 3846 (1948).

(15' B. Helferich and P. Papalambrou, Ju stu s  L ieb ig s  A nn. C hem ., 651, (21) J. L. Kice, »b id .. 80, 348 (1958).
235 fi942) (22> S- F- Nelsen and P. D. Bartlett, ib id ., 88, 143 (1966).

(16) W. F. Little and A. K. Clark, J .  Org. C hem ., 25, 1979 (1960). (23) J. L. Kice and N. E. Pawlowski, ib id ., 86, 4898 (1964).
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The thermal decomposition of benzyl benzenediazo sulfone (lb) has been examined in benzene, cumene, and 
diphenylmethane. In all three solvents the principal final products are sulfur dioxide, benzaldehyde phenyl- 
hydrazone, and N-benzyl benzaldehyde phenylhydrazone (2). The yield of 2 relative to the unsubstituted 
phenylhydrazone is largest in diphenylmethane and much smaller in benzene. Nmr experiments reveal that 
an intermediate is formed during the decomposition in benzene, and examination of the other spectral properties 
of this intermediate compound suggests that it is PhCH2N=NPh. It subsequently isomerizes to benzaldehyde 
phenylhydrazone. Experiments using the Koelsch radical (3) as a radical scavenger suggest that in benzene 
the decomposition of lb involves a chain reaction. Two possible mechanisms for such a process, eq 1 and 2, 
are suggested, but no decision between them is possible at this time. In diphenylmethane the chain length 
appears to be considerably smaller, as suggested by the slower rate of disappearance of lb and the increased 
yields of 2, which is thought to be a chain-termination product

In the course of some other work the interesting com- Table I
pound benzyl benzenediazo sulfone (lb) was prepared. Thermal Decomposition Products of Benzyl
Some preliminary studies2 revealed that its thermal Benzenediazo Sulfone in Nonpolar Solvents“
decomposition in nonpolar solvents took a quite differ- Products, Benzene, Cumene, Diphenyl-
ent course from that which had been observed by Over- (moi/moi of ib) 55“ 80° methane, so°
berger and Rosenthal3 for the decomposition of the Sultur dioxide 0.66 0.57 0.80
analogous phenyl compound la. Since subsequent Benzaldehyde phenyl- 
work4 has shown that the decomposition of methyl xT J  raz.°"e '00 '*
benzenediazo sulfone (lc) behaves in a manner similar phenylhydrazone 0.06 0.12 0.16

O Biphenyl 0.02
Azcbenzene <0.01

C6H5N =N —S—R Toluene 0.00 0.01 0.05
Benzene (solvent) 0.11 0.15

la, Pi = C6Ht, “ Initial concentration of lb, 0.08-0.10 M .
h, R = C6H6CH2 
c, R = CH3

. . . , case  th e  re a ctio n  w as done u n d er a  n itrog en  a tm o sp h ere
to  th a t  of la, th e  d ecom p osition  of th e  b enzyl com p ou n d  an d  a  slow s tre a m  of n itrog en  w as p assed  th ro u g h  th e  
lb  ob viously  also follow s a  d ifferent p a tte rn  th a n  th e  solu tion  d uring th e decomposition to remove sulfur
th e rm a l d ecom p osition  0 sim ple alk yl benzenediazo dioxide ag i t  w ag fo rm ed . T h e  n itrog en  s tre a m  w as
suhones kke lc. In d eed  th e  s tu d y  of th e  d ecom p osition  sub seq u ently  p assed th ro u g h  a  tra p  co n tain in g  a  k n o w n
of lb  w hich  w e re p o rt m  th e  p resen t p a p e r su ggests th a t  a m o u n t of s ta n d a rd  iodine) an d  th e  a m o u n t of sulfur
th e  re a c tio n  is a  ra th e r  com p lex p rocess w h ich  ap p ears  d ioxide bei ¿n e e d  w as d eterm in ed  q u a n tita tiv e ly  
to  possess a  n u m b er of m o st u nu su al fea tu re s . in  th is  w a y . A fte r  d ecom p osition  w as co m p lete  th e

Unfortunate y, even after fair y  extensive study of other ducts were separated and purified by various
the decomposition of lb  we still cannot say that we chromatographic pr0Cedures (see Experimental Sec-
fuUy understand all the facets of the process How- tion)> and their id entity was established by appropriate
ever, since some important parts of the overall picture c arisons witb known samples. The results of the 
seem to be airly well established, and since we plan no varicus duct studies on the decomposition of lb  
further work on the decomposition of lb  or other diazo are shown in Table L Besides the reaction products 
sulfones m the forseeable future, it seems worthwhile gh each decomposition also produced some intrac- 
to report our results at this time, in the hope that they tabl t material that we were unable to separate 
may stimulate others to unravel some of the remaimng chromatographically into identifiable compounds. The
complexities of this most intriguing system. amount of guch tarry material waf, however> signifi_

cantly less than the amount formed in the decomposi- 
Results tion of lc  under the same conditions.4

Products of Decomposition of lb  in Nonpolar Sol- In a11 three solvents the principal products of the 
vents.— Samples of benzyl benzenediazo sulfone (lb) decomposition of lb  are the same, sulfur dioxide and 
were decomposed in three different nonpolar solvents—  benzaldehyde phenylhydrazone (C6H5= N N H C 6H5).
benzene, cumene, and diphenylmethane. The de- Another product formed in every case is N-benzyl benz-
compositions in cumene and diphenylmethane were aldehyde phenylhydrazone (2), its yield being smallest 
carried out at 80 , that in benzene at 55°. In every CeTsN_N_0110,11,

(1) This research supported by National Science Foundation Grant r .H .O .H r
GP-1975. 2 y 1 "

(2) R. H. Engebrecht, Ph.D. Thesis, Oregon State University, 1964.

h 73>(19C60l‘ 0verberger and A- J- Rosentha1’ J - Amer- Chem- Soc-  8a’ 108’ in the solvent where the yield of benzaldehyde phenyl-
(4) j . l . Kice and r . s . Gabrielsen, j . Org. chem ., as, 1004 (1970). h y d r a z o n e  i s  l a r g e s t  a n d  l a r g e s t  i n  t h e  s o l v e n t  w h e r e
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1 1 1  ___________ ^  __________ _ Figure 2.— Decomposition of lb (0.20 M ) in benzene at 55°:

I------- l ^  |----------------- ¡- I-----------------1----------------- r curve A, •, [ lb ]/[lb ]0 determined by following the intensity of
4 6 8 4 6 8 the nmr singlet at r  5.75; curve B, O, log (1 — SCL/SCX) as

f  x. followed by SO2 evolution.

o t o  *!>» t t o *  present in bensaldehyde phenylhydra- 
solution; curve B, 2 hr; curve C, 3 hr; curve D, 4 hr; curve E , 5 zone. In particular, there were no bands present that 
hr; curve F , 8 hr. could be attributed to either a sulfonyl (> S 0 2) or a sul-

finyl (>SO) group. The ultraviolet spectrum showed 
the yield of the hydrazone is smallest. In cumene and an absorption maximum at 335 m/i, but this is not par-
diphenvlmethane significant amounts of benzene (0.11- ticularly informative, since samples removed from the
0.15 mol/mol lb) are formed. Whether this also hap- decomposition after the intermediate has disappeared
pens in benzene as solvent one of course cannot tell. show a maximum at 337 my, and benzaldehyde phenyl-
Some toluene is formed in the decomposition in di- hydrazone also is reported6 to have a maximum close
phenylmethane, much less in the one in cumene, and to this wavelength. The most significant spectral
none that could be detected in the one in benzene. One finding regarding the intermediate came from the visible
of the most interesting facts is that no bicumyl or sym- spectrum of the residue. This showed a weak maxi-
tetraphenylethane were isolated from the decomposi- mum at 405 my which was not present in the spectrum
tions in cumene and diphenylmethane, respectively. of samples removed from the decomposition after the
This is, of course, in striking contrast to the situation in intermediate had disappeared. O’Connor6 has shown
the decomposition of the methyl diazo sulfone lc .4 that compounds of the type R N = N C 6H5 have low-

Formation of an Intermediate During the Decom- intensity (e 128-156) absorption maxima in the 400- 
position of lb  in Benzene.'— The nmr spectrum of lb  407-npi region.
possesses a sharp singlet at r 5.75 owing to the C H 2 Rate of Decomposition of lb  under Various Condi-
protons of the benzyl group. During the decomposition tions.— The rate of the decomposition can be follow ed
of the diazo sulfone in benzene this peak decreases stead- by two different procedures: (1) measurement of the
ily in intensity and eventually disappears completely. decrease with time in the intensity of the nmr peak at 
As it decreases in intensity another sharp singlet begins r 5.75 owing to the methylene protons of the benzyl
to be seen at t 4.92. This new peak increases in in- group of l b ; (2) measurement of the rate at which sulfur
tensity up until the time when the original peak at r  dioxide is evolved from the decomposition.
5.75 has almost vanished and then rapidly disappears The nmr method could be applied only to decomposi- 
itself. Figure 1 shows the appearance of the region tions of fairly concentrated (0.20 M) solutions of lb. In
from r 4.0-6.0 with time for a typical decomposition of benzene at 55° under such conditions, the data for both
a 0.20 M  solution of lb  in benzene at 55°. Comparison nmr and sulfur dioxide evolution experiments when
of the integrated intensity of the signal at r 4.92 at its plotted in a first-order fashion give cuived plots of the
maximum with that of a known amount of an internal type shown in Figure 2. Although the results axe not
standard (cyclohexane) suggests that at its peak the as reproducible from run to run as one would like,
concentration of the intermediate responsible for the it appears that the rate of disappearance of lb  as mea-
singlet at r 4.92 is quite appreciable (0.40 mol/mol of lb  sured by nmr and the rate of formation of sulfur dioxide
originally present, if the signal at r 4.92 is due to a CH 2 are the same. This is consistent with the fact that in
group) frared spectra of the intermediate that forms under such

In a second experiment another 0.20 M solution of conditions (vide supra) showed that it did not apparently
lb  ir_ benzene was heated at 55° until nmr measurements contain either a sulfonyl or a sulfinyl group, 
showed that there was essentially no lb  remaining (as The decomposition of much more dilute (ca. 0.01 ')
indicated by the disappearance of the singlet at r 5.75) solutions of lb  in benzene at 55 was followed by the
and a maximum amount of the intermediate responsible sulfur dioxide evolution method. Under these con
fer the singlet at r 4.92. The solution was then frozen, ditions there is a pronounced induction period o
and the benzene was pumped off under vacuum. In- ca. 2 hr, during which time sulfur dioxide is evolved
frared, visible, and ultraviolet spectra were then taken at only a very slow rate. This is then followed by a
on the residue. (That the intermediate was still present relatively rapid evolution of the gas, which follows
in the residue was shown by redissolving a portion of it reasonably good first-order kinetics (Figure 3, curve A ). 
and examining its nmr spectrum.) The infrared spec- (5) H R Stevens and F. w. Ward, j. chem. Soc., 126,1324 (1924).
trum (in CHC13) showed no important absorption bands (6) R. O’Connor, j. Org. chem., 26, 4375 (i96i).
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composition of lb (0.01 M ) in benzene at 55°: curve A, O, no t,me (min )
added 3: curve B, • , 4  X  10~3 M  added 3.

Figure 4.— Plot of the optical density at 489 mn vs. time for the 
decomposition of lb (1.0 X  10~4 M ) in the presence of 3 (5 X  

We also measured the rate of evolution of sulfur dioxide 10~s M ) in benzene at 60°. 
from a 0.01 M solution of lb  in benzene to which had
been added 0.004 M a,y-bis(biphenylene)-|8-phenyl- Table II
allyl7 (3). This stable free radical is known to be a very Decomposition of lb in the Presence of 3 in Benzene
good reagent for scavenging reactive free radicals.8'9 [ib] x io\ [3]0 x io<. Temp, x 10», h  x io>,
In the presence of 3 (curve B, Figure 3), one sees that M M °c Miee 860 1 b
the “ induction period” prior to rapid evolution of sulfur 1 0  °-50 54 8 1,2 0 60
dioxide is dramatically prolonged. We assume that the ' jj ^  ^
induction period observed in the absence of 3 is the re- 0 12' 6 0
suit of the presence of a small amount of an impurity in 80 0 24  12
either lb  or the solvent which is also an effective in- is the zero.order rate constant for disappearance of 3.
hlbltor of a radical chain reaction. b ¡Ci j3 the first-order rate constant for dissociation of lb into

We also determined the rate of decomposition of radicals, estimated by assuming fc0 =  2fc,[lb], 
lb  (0.08-0.10 M) in cumene and diphenylmethane at
80° by the sulfur dioxide evolution method. Under 0f evolution of S0 2 in the absence of added Koelsch
these conditions the decomposition showed only a radical (curve A, Figure 3), but it is almost exactly
rather short induction period. The apparent first-order equal to the rate constant (0.7 X lO“ 5 sec“ 1) estimated 
rate constant, as measured from the slope of the plot frorn curve b  of Figure 3 from the rate of evolution of
of log (1 -  S02/S02m) vs. time, is, however, much g o 2 from lb  in the presence of added Koelsch radical
smaller than one might have expected, given the slope of at this same temperature. One also finds that k { at
the plot of the data for the decomposition in benzene at 80° in benzene is approximately the same as the rate
55°. Thus the slope after the induction period in constant for the decomposition of lb  in diphenylmethane
curve A  of Figure 3 corresponds to a rate constant of at this temperature, as measured by the S02-evolution
1.1 X 10~4 sec-1 for the decomposition of lb  in benzene method,
at 55°, which is just about the same as the rate con
stant of 1.5 X 10~4 sec-1 calculated from the slope of a Discussion
first-order plot of the data for the decomposition in
diphenylmethane at 80°. Several features of the results suggest that in benzene

Rate of Free-Radical Production in the Decomposi- the decomposition of the benzyl diazo sulfone lb  is a
tion of lb  in Benzene.— This was investigated over the chain reaction. Thus there is the fact that the overall
temperature range of 55-80° using the same scavenging rate of decomposition of lb  under such conditions is
technique employing the Koelsch radical 3 outlined in c a . 20 times faster than the apparent rate of dissociation
detail in the accompanying paper4 on the decomposition of lb  into free radicals, as measured using the Koelsch 
of lc. As was also true in the decomposition of lc, radical as a radical scavenger; i . e . ,  in benzene k ,j for
the disappearance of 3 followed good zero-order ki- lb  = 20/c, for lb. More important is the fact (Figure
netics under conditions where lb  was present in con- 3) that the addition of Koelsch radical results in a
siderable excess over 3. A  typical plot is shown in dramatic decrease in the rate of disappearance of lb,
Figure 4. The results for the various runs are sum- as measured by S02 evolution, fca in the presence of
m arizedinT ablell. Koelsch radical being about equal to k „  rather than

From the zero-order rate constants, /c0, for the dis- 20 times larger, as it is in the absence of added 3. 
appearance of 3 one can calculate k it the first-order rate As shown by the nmr experiment in Figure 1, decom-
constant for the decomposition of lb  into pairs of scav- position of lb  in benzene leads to the formation of ap-
engable free radicals, by assuming that k 0 =  2/cJlb], preciable amounts of an unstable intermediate com-
A t 55° in benzene, fc; is only 6% of the apparent overall pound. This compound decomposes on further heating
rate of decomposition of lb, as determined from the rate of the solution, and, in view of the large amount of it

which is present, must in so doing yield chiefly benzal-
(7) C F. Koelsch, J .  Amer. Chem. Soc., 79. 4439 (1957). yi j -i • v • i-i • i r* i
(8) r. c. Lamb, j. g. Pacific! and p. w. Ayers, ibid., 87, 3 9 2 8  (1965). dehyde phenylhydrazone, which is the principal final
(9) r . c. Lamb and j. g. Pacifici, ibid., 86, 914 (1964). organic product of the decomposition of lb. The un-
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stable intermediate compound has a sharp singlet in Both eq 1 and 2 involve the addition of a free radical 
the nmr at t 4.92. It  also appears to have a weak max- to an N = N  double bond as a key step. Although such
imum in the visible at 405 m̂ i. Both of these observa- additions have received little study, one should note
tions, plus the fact that it presumably goes on chiefly to that the reaction of azobenzene with benzaldehyde in
benzaldehyde phenylhydrazone, are consistent with the presence of ¿-butyl peroxide to produce 1 -benzoyl-
its being formulated as l'-phenyl benzeneazomethane 1 ,2 -diphenylhydrazine is believed13 to involve the addi-
(PhCH2N = N P h ). O’Connor6 has shown that com- tion of a benzoyl radical to the N = N  double bond of
pounds of the structure R N = N P h  have a low-intensity azobenzene, and Pryor and Guard14 have remarked that
absorption maximum (e 128-156) in the 400-407-m/i Ph3C N = N P h  appears to capture free radicals rather
region, and the methylene protons of co-azotoluene effectively and suggested that this is because addition
(PhCH2N = N C H 2Ph) appear as a sharp singlet at of a free radical to the N = N  double bond of a phenylazo 
r  5.15.10 Also l'-phenyl benzeneazomethane is known compound gives rise to a relatively stable free radical,
to isomerize readily to benzaldehyde phenylhydra- > N —  N— Ph. Therefore it is reasonable to suggest that
zone. 11' 12 additions such as those shown in eq la  or 2 b could be

There would seem to be two possible ways that 1'- part 0f the chain decomposition of lb. 
phenyl benzeneazomethane might be formed in a chain- Initiation of the chain decomposition in benzene pre
type decomposition of lb. The first of these (eq 1) in- sumably involves radicals derived from the homolytic
volves addition of a benzyl radical to the N = N  double dissociation of lb  (eq 3). If eq 2  is the correct repre
bond of lb, followed by cleavage of the radical 4 thus sentation of the chain-decomposition sequence, then
formed into l'-phenyl benzeneazomethane, sulfur diox- initiation of individual chains is most reasonably for-
ide, and a benzyl radical; the benzyl radical can then

rnCH2o02N==jN Jrh — >-
O  - S 0 2
|| [PhCH2SOr +  PhN2-]----- >- PhCH2- +  Ph- (3)

PhCH2 • +  PhCH2S— N=N-—Ph — > PhCH2S02N—-N—Ph ~N!
O ¿H2Ph mulated as proceeding by abstraction of a hydrogen

4 (la) atom from lb  by a phenyl radical (eq 2 a, R- = Ph-),  
and their termination would presumable involve cou- 

PhCH2S02N—N—Ph — >  PhCH2- +  S02 +  PhCH2N=NPh pling of radical 7 with a benzyl radical (eq 4), thereby
accounting for the small amount of N-benzyl benzalde
hyde phenylhydrazone also found as a reaction prod- 

add to another molecule of lb. The alternate possi- uct.
bility (eq 2) involves a reaction sequence initiated by CH2Ph
abstraction of one of the hydrogens of the methylene . |
group of lb  (eq 2a). This is followed (eq 2b) by an PhCH=N—N—Ph + PhCH2- >  PhCH=N— N— Ph (4)
intramolecular addition to the N = N  double bond,
which gives 6 . This latter radical loses sulfur dioxide Alternatively, if eq 1 is the correct representation of 
rapidly (eq 2c) to give radical 7, which can continue the the reaction sequence responsible for the chain decom-
chain by abstracting a hydrogen atom from another position, initiation would be via attack of a benzyl radi-
molecule of lb  (eq 2d). This last hydrogen atom cal from eq 3 on lb , in the manner shown in eq la. In

that event it seems most reasonable to assume that 
R- + PhCH2S02N=NPh *- RH + PhCHS02N NPh the phenyl radicals also produced in eq 3 would disap-

<-2a-) pear chiefly by abstracting hydrogen atoms from either 
PhCHS02N=NPh — > Ph-CH— N-N-Ph (2b) PhCH 2N = N P h  or lb, and then to assume that a siz-

\  /  able fraction of the radicals 7, which would result either
S directly or indirectly from this process, would then ter-

qf  minate chains by reacting with benzyl radicals in the
6 manner shown in eq 4.

Either chain-decomposition sequence can therefore 
Ph-CH—N-N-Ph — *■ S02 +  PhCH-N=N-Ph (2c) be satisfactorily reconciled with the behavior of the

\  /  7 decomposition of lb  in benzene. As far as the results
S in the other solvents are concerned, one will recall that

J '  in diphenylmethane the ratio of the yield of N-benzyl
6 benzaldehyde phenylhydrazone to that of benzaldehyde

phenylhydrazone is ca. five times larger than it is in 
7 +  PhCH2S02N=NPh —► benzene, and that the overall rate of disappearance of

— NNHPh lb  is considerably slower in this solvent than in benzene.
PhCHSO N=NPh + and (2d) Both of these results are consistent with the idea that
" ~ " PhCH2N=NPh the chain length for the decomposition of lb  is much

smaller in diphenylmethane. A priori one might have 
transfer to 7  should lead to a mixture of l'-phenyl expected diphenylmethane to have such an effect,
benzeneazomethane and benzaldehyde phenylhydra- since abstraction of one of its hydrogens by either an
zone. initiating or a chain-carrying radical would lead to a

(10) J. P. Freeman, J .  Org. Chem ., 28, 2508 (1963). (13) M. S. Kharasch, M. Zimmerman, W. Zimmt, and W. Nudenberg,
(11) D. Y. Curtin and J. A. Ursprung, ib id ., 21, 1221 (1956). J - Org. Chem ., 18, 1045 (1953).
(12) J. Thiele, Ju stu s  L ieb ig s  A nn . Chem ., 876, 239 (1910). (14) W. A Pryor and H. Guard, J .  A m er. Chem . Soc., 86, 1150 (1964).
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P h jC II  • ra d ica l, w h ich  should be re la tiv e ly  u n re a ctiv e  tate which had formed was filtered off and washed with cold water,
an d  th erefo re  re lu c ta n t to  con tin u e th e  ch ain . T h e  on ly  AftJer d™  the Precipitate was dissolved in 70 ml of benzene,

, ,  . , ,  , i i i and the solution was filtered through some magnesium sulfate.
p rob lem  is th a t  one w ould also e x p e ct as a  resu lt of th is  qq 200 ^  0f hexane was added to the benzene filtrate. After
p rocess to  see v a rio u s  com p ou n ds co n tain in g  a  b en z- the solution had cooled, the bright yellow precipitate which had
h y d ry l group am o n g th e  p ro d u cts  of th e  d eco m p ositio n  formed was filtered off, and the crystals were again recrystallized
of lb  in  d ip h en y lm eth an e. W e  did  n o t iso la te  a n y  from benzene-hexane, yielding 6.0  g (62% ) of benzyl benzene-

such  com p ou n ds, a lth ou gh  i t  is possible th a t  th e y  m ig h t 5 ^  a » ) ? T  ( S o t
h a v e  e ith e r b een  m issed, or, a lte rn a tiv e ly , th a t  m o st form) 1350 (s) and 1145 and 1162 cm -1 (s), all owing to the sulfone 
of th e  P h 2C H  grou ps w ound up in  th e  in tra c ta b le , ta r r y  group.
fra ctio n  th a t  is alw ays p a r t  of th e  p ro d u cts  of th e  d e- A n al. Calcd for C13H12N2O2S: C, 59.98; H, 4 .65 ; N , 10.76; 
oom nnsition of lb  S, 12-3 2 - Found: C ’ 60.38; H - 4 ’64; N ’ 10 '64; S> 12'5 4 ‘

. p ‘ j. , . Purification of Solvents.— These were purified as described in
Another point of some concern is the fact that in an accompanying paper.4

d ip h en y lm eth an e, w here ch ain  d eco m p ositio n  of I b i s  Thermal Decomposition of lb . Product Studies .— The general 
p resu m ab ly  con sid erab ly  rep ressed , th e  yield  of benzene procedure for carrying out the decompositions was the same as
is still on ly  0 .1 5  rn ol/rn ol of lb  d ecom posing. O ne that described for 1c in the accompanying paper,4 as was the
m ig h t h a v e  e x p e cte d  i t  to  be con sid erab ly  higher, a l- ™ thod used for determining the amount of sulfur dioxide

th o u g h  one should c e rta in ly  also n ote  th a t  even  in  th e  Decomposition in Benzene.— After the decomposition was 
d eco m p ositio n  of th e  m e th y l d iazo sulfone ( l c )  in  th is  complete, a small aliquot of the final solution was withdrawn and
so lv en t it  w as on ly  0 .2 5  m o l/m o l of l c ;4 in  th a t  case  subjected to glpe on a 15-ft X F-1150 (15%  on firebrick) column,
th e re  w as p resu m ab ly  less ch ain  (o r  in d u ced ) d eco m - Tbe chromatogram showed benzene (the solvent) to be the only

. . .  r i i  j - lr .1 • , , , volatile component. The remaining solution was evaporated
p osition  of th e  diazo sulfone th a n  in  th e  p resen t s y s te m .4 under reduc(£  pressure t0  remove the solvent> and the residue was
P e rh a p s  in  b o th  cases one h as a  p o rtio n  of th e  d iazo chromatographed on alumina. Elution with hexane gave bi-
sulfone d ecom p osing b y  an  a c id -ca ta ly z e d , n o n ra d ica l phenyl, 0.02 mol/mol of lb . Elution with 80 :20  hexane-benzene
ro u te . C e rta in ly  th e re  w as som e evid en ce  fo r  th is  afforded a very small amount of azobenzene. Elution with
in  th e  d ecom p osition  of l c .4 3 0 -50 hexane-benzenegave N-benzyl benzaldehyde phenyl-

, , , - - ,1 . . . .  hydrazone, mp 108-109 (lit.15 16 mp 111 ), identical m all respects
F r o m  th e  la s t tw o  p a ra g ra p h s  of th e  p reced in g dis- with a known sampie .i6 Elution with pure benzene gave benz-

cussion  i t  should be c le a r  th a t ,  desp ite  th e  fa c t  th a t  aldehyde phenylhydrazone, mp 156-158°, identical in all the
e ith e r eq  1 o r  2  seem  to  offer a  p lausible e x p la n a tio n  fo r usual respects with a known sample.17
th e  rap id , c h a in -ty p e  d ecom p osition  of lb  in  benzene, Decomposition in Cumene. At the end of the decomposition

th e re  „  still a  n u m b er of a sp e cts  of th e  d e co m p o sitio n  iZ S X S S S S t S S Z
of lb , p a rticu la rly  in  o th e r so lven ts, th a t  a re  e ith e r n o t toluene, and cumene.
w ell u n d erstoo d  o r som ew h at difficult to  ratio n alize  The cumene and other volatiles were removed from the re-
w ith  e ith e r of th e  su ggested  m ech an ism s. F o r  th is  mainder of the final solution by vacuum distillation. The dark
reason , a n y  sp ecu latio n  a b o u t w h ich  of th e  tw o , eq  1 f as chromatographed on alumina Elution with 75 :25

o r  2 , is th e  m ore  reason ab le  m ech an ism  fo r  th e  ch ain  and eIution with 20;g0  hexane-benzene afforded benzaldehyde 
d eco m p ositio n  seem s u n w a rra n te d  a t  th is  tim e. N e i- phenylhydrazone. No bicumyl could be found in the hexane
th e r  m a y  in  fa c t  be c o rre c t, a lth ou gh , desp ite  a  g re a t  eluates.
d e a l of th o u g h t, w e h a v e  b een  u n ab le  to  com e u p  w ith  Decomposition in Diphenylmethane. At the end of the de-
a n y  a lte rn a tiv e s  th a t  com e as close to  exp lain in g  all th e  composition an aliquot of the final solutionvas to ^ p o

. .  , . , i r .  analysis using a column temperature of 160 . 1 he chromatogram
e x p e rim e n ta l fa c ts  as do e ith e r eq  1 o r  2 . showed four peaks, three of which had retention times identical

T h e  im p o rta n t p oin t th a t  does seem , h ow ever, to  with those of benzene, toluene and diphenylmethane, respec-
em erge c le a rly  fro m  b o th  th is  s tu d y  an d  th a t  d escrib ed  tively. The identity of the small fourth peak was not determined,
in  th e  a cco m p a n y in g  p a p e r4 is t h a t  th e  th e rm a l d eco m - T he remaining solution was carefully vacuum distilled to re- 

. , .  r i i i u  j -  , move the solvent and other volatiles. Ihe residue was then
p osition  of alk yl benzenediazo sulfones ca n  b e an  e x -  ohromatographed on aiumina in the same manner as for the
tre m e ly  com p lex  p rocess th a t  ce rta in ly  IS w o rth  fu rth e r decompositions in cumene and benzene. The only materials
in v estig atio n . I t  is o u r hope th a t  th is  p re se n ta tio n  eluted which could be identified were N-benzyl benzaldehyde
of ou r ex p e rim e n ta l resu lts  will s tim u la te  o th ers  to  do phenylhydrazone and benzaldehyde phenylhydrazone. In
th e  ad d itio n al definitive w ork  n ece ssa ry  to  estab lish  particular, no sym-tetraphenylethane could be isolated 

. . .  , . , . . . . .  Identification of the Intermediate m the Decomposition of lb
w ith  real c e r ta in ty  ju s t w h a t is going on m ech a n istica lly  -m  Ben z e n e .-P a r t of a 0.20 M  solution of lb in benzene was
m  sy stem s of th is ty p e . placed in an nmr tube and degassed, and the tube was sealed.

The tube was heated at 55° and from time to time the nmr spec- 
j ,  . - c  trum was recorded. The sharp singlet owing to the methylene
E x p e rim e n ta l s e c t io n  group of lb at r  5.75  decreased steadily in intensity and finally

Synthesis of lb .-C ru d e  a-toluenesulfinic acid, 7.1 g, prepared disappeared During this time a sharp singlet began to appear
by the reaction sequence outlined by Kice, Engebrecht, and at r  4 '92 ' Th>s reached a maximum at about the time when the
Pawlowski16 was dissolved in 150 ml of methanol. To this solu- r  5 '76 had completely disappeared and then subsequently
tion was added 5 ml of water and 38.2 g of sodium bicarbonate. ^self disappeared (see Figure 1).
The solution was stirred until evolution of carbon dioxide ceased At same tlme that the nmr experiment was being carried
and filtered, and the filtrate evaporated to dryness under reduced °Vt ’ , tbe remainder ?f the f 20 soutlon, of 111 benzene, 
pressure at room temperature. The sodium a-toluenesulfinate so which had also been degassed, was also heated at 55 . When the
obtained, 6.76 g (38.0 mmol), was dissolved in 40 ml of cold nmr measurements indicated that the maximum amount of the
water. This solution was extracted with one 20-ml portion of intermediate with the singlet at r  4.92 was present heating of
ether, the ether layer was discarded, and the aqueous layer was thls f cond P0l4T  ° ! the solutlon was termmated, the solution
stirred at 0 -5 °  while a solution of 7.25 g (38.0 mmol) of benzene- was frozen’ and tbe benzene ^ as re™ ved from the frozen mix-
diazonium fluoroborate in 250 ml of water was slowly added. ture under reduced Pressure- Part of the residue which remained
Ten minutes after the addition was complete the yellow precipi- -------------------

(15) J. L. Kice, R. H. Engebrecht, and N. E. Pawlowski, J .  A m er. Chem . (16) A. Michaelis, Ju stu s  L iebig s  A nn. Chem ., 252, 266 (1889).
S oc., 87, 4131 (1965). (17) E. G. Cowley and J. R. Partington, J .  Chem  Soc., 1252 (1933).
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was dissolved in chloroform, and the infrared spectrum was Nmr Method.— A ca . 0.20 M  solution of lb in benzene, to 
recorded. A second weighed portion was dissolved in cyclo- which 1 drop of cyclohexane per 1 ml of solution had been added
hexane and the ultraviolet and visible spectra were determined. to serve as an internal proton standard, was transferred to an
A third portion was redissolved in benzene and examined in the nmr tube having a constricted neck. The solution was then
nmr. The singlet at t 4.92 was still present, showing that re- deaerated, and the tube was finally sealed off under ca. 100 mm
moval of the benzene from the original solution did not cause any pressure of prepurified nitrogen. The tube was then transferred
significant destruction of the intermediate. to the thermostated nmr probe and the relative intensities of the

In a separate experiment a 0.20 M  solution of lb in benzene, singlet at t 5.75 and the cyclohexane standard were determined
containing a small but known amount of cyclohexane, was also as a function of time by integration.
examined in the nmr with time in the same fashion as in the Rate of Free-Radical Production in the Decomposition of lb .—  
earlier experiment. The integrated intensity of the singlet at This was followed, using the Koelsch radical7 as the radical count-
r  4.92 was compared with that of the added cyclohexane. ing reagent, in the same way as for the decomposition of lc  in the

Kinetic Study of the Decomposition of lb . Sulfur Dioxide accompanying paper.4 
Evolution Method.— The same apparatus and procedure used
to follow the decomposition of lc 4 was employed. Registry No.— lb , 23264-06-4.

The Reaction of Diborane and Bistriphenylm ethyl Disulfide to  
Give a C arbon-Sulfur Bond Cleavage

J ohn T anaka and Alan R isch

Department o f  Chemistry and M aterials Science Institute, University o f  Connecticut,
Storrs, Connecticut 06268

Received August 6, 1969

Diborane has been found to cleave the carbon-sulfur bond in bistriphenylmethyl disulfide to produce tri- 
phenylmethane, hydrogen, and (HBS)* polymer. Triphenylmethyl mercaptan reacted with diborane in ben
zene solution to yield the identical products. Hydrogen sulfide in benzene solution was found to react with di
borane much more rapidly to form the (HBS)* polymer than previously reported for the vapor-phase reaction.
The (H BS)i polymer prepared by these methods was a white, amorphous solid. No characteristic X -ray  powder 
pattern could be obtained. The infrared spectrum corresponded to that reported in the literature. The 
elemental analysis and hydridic hydrogen determination confirm the stoichiometry. The ion fragments ob
served in the mass spectrum are consistent with the proposed formulation. The broad-line nmr of the solid 
indicated tetrahedral coordination of the boron.

Reactions of boron hydrides with elemental oxygen These were transferred by distillation into the vacuum line as 
were studied soon after the discovery of the boron hy- needed.
I - , ,  , .  , , „ , ,  Diborane.— The diborane was prepared by slowly adding O.o g

drides because of the spontaneous nature of the reac- of godium borohydride to 20 ml of concentrated H2SO„ It  was
tion.1 This was followed by the study of the reactions purified by distilling successively through a - 111° trap and two
with oxygen-containing compounds.2 The study of —126° traps.
the reactions with the analogous sulfur compounds, on Triphenylmethyl Mercaptan. The compound was used as 

the other hand, has lagged. For example, in Stein- “ h t ^  of b la n d e r  and
berg s comprehensive monograph,3 boron-oxygen chem- Mittag, which involves the treatment of triphenylmethyl mer-
istry requires some 800 pages compared with 20 pages captan in alcoholic alkali solution with sulfuryl chloride was
for boron-sulfur chemistry. Recently, however, in- used. The sulfuryl chloride was purified by distilling the practical
tereso in boron-sulfur chemistry has been increasing.4- 6 grade from Matheson Coleman and Bell into glass ampoules.

T i ir i i i  , r . These ampoules were sealed and not reopened until lust prior toIn general, sulfur compounds do not react so fast as ^
their oxygen analogs. Experience in our laboratories The product obtained directly from the synthesis was a crys- 
indicates that many organic disulfides are unreactive talline material, with mp 155-156°. Recrystallization of the di-
with diborane at —65°. Because of the relative sta- sulfide from benzene, toluene-ethanol, and ether-benzene gave
bility of the sulfur-sulfur bond, it was felt that a pref- 1 ° , some decomposition products and low recoveries The

\ • i i i i disulfide used for all of these experiments was, therefore, un-
e ren tia l sulfur—ca rb o n  bond cle a v a g e  m ig h t be ob - recrystallized.
served by properly selecting the carbon group. Fur- Bistriphenylmethyl Tetrasulfide.— The method described by 
therrnore, it was of interest to see whether the sulfur- Nakabayashi and coworkers8 involving the reaction of triphenyl-
sulfur bond might not be a sufficiently weak oxidizing methyl mercaptan with sulfur monochloride was used. The

, , , , . ,  , i - , ■ , ,  , i . ,i  product was recrystallized from chloroform-ethanol,
agent that it could coexist m the same molecule with a * Reaction of Bistriphenylmethyl Disulfide with D ib oran e.-
boron-hydrogen bond. The reaction was carried out in an inverted U tube which could

be sealed off under vacuum and which also contained a break-off 
F v n e rim p n ta l S ectio n  so that it could be opened under vacuum. These tubes varied

P in size. The standard tubes, which were used for most of the
Reagents.— The benzene, toluene, and diethyl ether were experiments, had legs 300 mm long and 18 mm in diameter,

reagent grade solvents stored in glass over calcium hydride. The legs were ca. 80 mm apart. At the top, perpendicular to the
-------------------  plane of the inverted U, a 14/35 through joint with a 3-mm

(1) A. Stock, “Hydrides of Boron and Silicon,” Cornell University Press, extension tube was attached. The volatile Contents of the tube
Ithaca, N. Y„ 1957, p 5A could be removed by breaking this 3-mm tube with a tube

(2) R. M. Adams, ‘Boron, Metallo-Boron Compounds and Boranes, , . . , i „ n o_r\ c „ u:0
Interscience Publishers, Inc., New York, N. Y„ 1964, pp 596-603. breaker. An accurately weighed amount of 0 .3 -0 .5  g of bis-

(3) H. Steinberg, “Orgaoboron Chemistry,” Vol. I, Interscience Pub- ____________
Ushers, Inc., New York, N. Y., 1964.

(4) H. Cragg, Quart. R ept. S u lfu r  Chem ., 3, 1 (1968). (7) D. Vorlander and E. Mittag, Chem . B er ., 46, 3453 (1913).
(5) R. W. Kirk and R. L. Timms, Chem . Com m un., 18 (1967). (8) T. Nakabayashi, J. Tsurugi, and T. Yabuta, J .  Org. Chem ., 29, 1236
(6) B. F. Spielvogel and E, F. Rothgery, i b i d . ,  765 (1966). (1964).
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triphenylmethyl disulfide was put into one arm of the tube along volume to give a calculated pressure of 488 mm at 25°, ignoring
with a glass-covered iron stirrer (c<z. 10 X  3 mm. The tube was solubility effects. In 2 days the white precipitate started to form,
then placed on the vacuum line and evacuated thoroughly. C a. After 9 days the reaction yielded 2.38 mmol of hydrogen and
10 ml of dry benzene was then transferred into this leg by conden- 0.18 mmol of diborane. The white residue gave the infrared
sation of the vapor with liquid nitrogen. Diborane was measured bands for the (H BS)i polymer. Elemental analysis gave the
in the vacuum line and a quantity in excess of an equimolar following results: S, 53.60; B , 23.3 (Calcd: B :S , 1 : 1 . Found:
amount was added. The reaction tube was then opend to the B :S , 1 .28 :1 ).
vacuum while keeping the volatiles frozen with liquid nitrogen. Reaction of Bistriphenylmethyl Tetrasulfide with Diborane.—
The apparatus was then sealed off. The ratio between the volume A reaction of 0.51 mmol of bistriphenylmethyl tetrasulfide with
of the reaction vessel and the amount of the reagents used was 1.63 mmol of diborane was carried out in a benzene solution under
chosen so that the diborane pressure at room temperature would the same conditions as described for the bistriphenylmethyl
fall roughly in the calculated range of 500-700 mm, neglecting disulfide reaction. A precipitate formed in ca . 2 days, and the
solubility or complexing phenomena. On some runs a small original yellow color of the solution changed to colorless in ca. 4
amount of solid failed to go into solution. If solution was not days. The volatle fraction consisted of 1.62 mmol of hydrogen
effected after 2 days, the residue was assumed to be an impurity and 0.4 mmol of diborane. Triphenylmethane and (HBS)* were
and the liquid was carefully decanted to the other arm of the isolated from the residue.
reaction tube. This precipitate when it occurred was a deep Analytical Methods.— The mass spectral data were obtained
red-brown solid which was estimated to be no more than lo r  2 mg. for all the solid samples and some of the gases with an A EI
By the third or fourth day a white precipitate had started to MS-12 single-focusing mass spectrometer operated with a nominal
form. After ca. 1 week, the reaction mixture was opened and resolution of 1000 and an ionizing voltage of 70 eV. Some of the
analyzed. With liquid nitrogen cooling the appropriate arm of hydrogen and hydrogen sulfide qualitative identifications were
the reaction tube, the vessel was opened to the line and the hydro- determined with an A EI MS-10.
gen was tranferred with a Toepler pump and measured. The The quantitative analyses of hydrogen, hydrogen sulfide, and
tube was then allowed to warm, and the benzene solution was diborane were accomplished by standard vacuum-line techniques,
decanted from the precipitate to the opposite leg by swinging Microanalyses of boron and sulfur were carried out by Spang
the apparatus about the 14/35 joint. All the volatiles were then Microanalytical Laboratories, Ann Arbor, Mich,
removed to the vacuum line. By distillation through —63.5 and Nuclear Magnetic Resonance Spectra.— The UB  nmr spectrum,
— 126° traps, the benzene was separated from the excess di- in powdered (HBS)„ was observed at room temperatues using a
borane. Triphenylmethane was the major benzene-soluble, Varian nuclear induction crossed-coil apparatus. The measure-
nonvolatile product. ments were carried out at transmitter frequencies of 16 and 22

Hydrogen was identified by mass spectrometry. Diborane was MHz, corresponding to polarizing fields of ca. 11.8 and 16.2 kG.
characterized by its infrared spectrum. Triphenylmethane was Excellent signal to noise ratios were possible with the high mag-
identified by its melting point, 88-94° (lit. mp 92°), comparisons netic fields obtainable with a 15-in. Varian electromagnet,
of its infrared spectrum with that of a known sample, its char- The transmitter frequency was crystal controlled while the
acteristic behavior in a column chromatogram with alumina and external field was swept through the resonance value. Quartz
Skelly B , and its characteristic mass spectrum. sample tubes were used to eliminate the strong background signals

Purification and Characterization of (H BS)t .— The insoluble arising from boron nuclei in the usual glass sample tubes, 
precipitate formed in the reaction was washed as free of triphenyl
methane as possible by transferring benzene from the vacuum R e s u l t s  and Discussion
line, decanting to the other arm, and reevaporating the solvent
back to repeat the process. Even after three of these wash opera- The ear]y experiments in unsealed systems indicated
tions, the product could not be freed completely from triphenyl- , . , , , . . .
methane. a slow reaction, as evidenced by a gradual increase m

The infrared spectrum of this solid was determined by preparing hydrogen pressure. Triphenylmethane was also sep-
a K B r pellet in an inert atmosphere. The bands were generally arated from these reaction mixtures by column chro-
broad (4000-670 cm “1): 3300-3000 (m), 2450 (s), 1350 (s), matography. This indicated a carbon-sulfur bond
1125 (w), and 975 cm 1 (s) and a strong band that starts at 750 r ip„vno.p ;n t n p par]v  nf f Lp rpqf, t ;nr) T h e  rene
cm “1 and continues off the scale of the instrument. cleavage m the early stages oi the reaction, ih e  reac

X -R ay powder diffraction was carried out in a capillary using tions carried out m the sealed reaction tubes indicated,
a Deybe-Scherrer powder camera. Several determinations on as shown in Table I, a stoichiometry of 1 mol of diborane
products from different runs indicated an amorphous material.

Elemental analysis of a precipitate obtained from the bistri
phenylmethyl disulfide reaction gave the following results: C, T able I
15.24: H, 4 .92 ; S, 54.18; B , 18.18 (Calcd: B : S ,  1: 1.  Molar ratio,
Found: B :S , 0 .9 9 :1 ). The presence of carbon indicates tri- triphenyl-
phenvlmethane impurities. Calcd pres- Molar ratio,a Molar ratio, methane

Reaction of Triphenylmethyl Mercaptan with Diborane.— A Expt 8ure of BaHs Br!Ht “ ed *° Iec”vtrcd• , , • • -< ¿¡I i r j -u j  i or» no- at start, mm C88H3002 added H2 collected CssHaoSa usedreaction mixture containing 1.61 mmol of diborane and 1.02
mmol of triphenylmethyl mercaptan in benzene was placed in the G-l 688 1 . 09 : 1  1 .20 :1
apparatus described for the bistriphenylmethyl disulfide re- G-4 509 0 . 77 : 1  1 . 50 : 1
action. The original yellow color increased in intensity after 2.5 G-5 465 1 . 18 : 1  0 . 855 : 1
hr. After 4 hr the solution became cloudy but was still quite G-6 436 1 . 20 : 1  0 . 839 : 1
yellow. C a. 24 hr later the usual copious white precipitate had G_9 509 1 . 14 : 1  0 934-1
formed and the solution was colorless. Because of the press of G-10 507 1 26' 1 1 0 0 '1
other work, the reaction was not worked up for 20 days. At p , ,  477 1 02-1 1 i n' l  i Rq. i
that time 1.14 mmol of hydrogen were recovered and 0.89 mmol „  1 „ . . .  1 ' ' ' ' ' '
of diborane were collected and identified by its infrared spectrum. 1 . 11 . 1  1.U9.1 1 . 75 . 1
Benzene extraction of the solid residue yielded 0.914 mmol of G-13 486 1 . 12 : 1  1 . 11 :1  1 . 88 : 1
triphenylmethane, which was identified by melting point and “ The amount of diborane used was determined by subtracting
infrared spectrum. The infrared spectrum of the (HBS)* pre- the excess diborane collected from the amount originally used,
cipitate was identical with that obtained from the bis (triphenyl
methyl )disulfide reaction. The (HBS)* precipitate obtained , .  . . .  ,  , - , . , . . . , .. , ,
from a similar reaction gave hydrogen and hydrogen sulfide in a reacting With 1 mol of bistriphenylmethyl disulfide to
molar ratio of 1: 1.18 on hydrolysis. Identification of the gases yield 1 mol of hydrogen and 2 mol of triphenylmethane.
was by mass spectrometry. Elemental analysis gave the follow- The insoluble reaction product was characterized as
ing^results^ S, 44.85; B , 17.18 (Calcd: B: S,  1: 1.  Found: having a hydridic hydrogen and a sulfur atom which

Reaction of Hydrogen Sulfide with D ib oran e.-A  reaction was COuld be easily  hydrolyzed with water to form hydrogen
carried out with 0.74 mmol of diborane and 1.03 mmol of hydro- sulfide. Strangely, hydrolysis with dilute HC1 is very
gen sulfide in benzene using a reaction apparatus of sufficient slow. The reason for this observation has not been
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elucidated. Quantitative studies are summarized in ment in a nitrogen-filled glove bag. The spectra were
Table II. These determinations pointed to the pos- usually run with a source temperature of 200-250°.
sibility that the boron-sulfur product reacts with water The largest peak in the spectrum was at m / e  78, which
to produce hydrogen and hydrogen sulfide in a 1 :1  is the parent peak of the solvent benzene. The m / e  44
molar ratio. The low hydrogen sulfide ratios for the peak was attributed to the ion H BS+ and is the largest
larger samples may be due to incomplete conversion peak in the spectrum except for the m / e  78 peak from
of the sulfur into hydrogen sulfide. benzene and the m/e 32, 33 and 34 peaks which cor

respond to the ions S+, HS+, and H2S+. The m/e 
Table II 131-132 group is essentially due to (BSH)3+ with very

Molar ratio, little contribution from ions where hydrogen has been
wt, mg ms, mmol in, mmol tmms lost. The other B8 and B 2 groupings are overlaps of
172,6 0,32 0,48 1.5:1 patterns from several ions which differ in number of

6,22 6,26 1,2,1 hydrogens. The significant peaks are summarized in
Table III. The normalization is based on m/e 44 and

™ . , TTT. , , . , , includes peaks which are major fragments that cannot
The mass spectra (Table III) were obtained by be assi ed to benzene or hydrogen sumde. In many

transferring the sample to the solid probe of the mstru- cases the boron_suifur peaks could be distinguished
from the carbcn peaks by their mass defeot, many of the 

Table III peaks appearing as doublets or triplets. Assignment
N°peakZed isotope distribution was a ŝo aided by the isotope distribution of the boron-

m /e  height patterns Fragment assignment Containing peaks.
133 2 .0  These results, along with the elemental analysis of
132 10.4 10.4 -*■ (BSH)s+ boron and sulfur, led to the identification of the insolu-
131 7 .8  7 .2  B3S3H2 + ble precipitate as (HBS)* polymer. This substance
130 2 6  1 6  B3S3H+ had been described by Burg and Wagner9 as a product
129 1,3 BsS3 + obtained from a 137-day gas-phase reaction of hydrogen
1 0 2  2 2 . 1  2 2 . 1 -»- B3S2H6+ sulfide and diborane and by Kirk and Timms5 as a
101 16.9 15 b 3S2H4+ high-temperature reaction product of hydrogen sulfide
100 26.0 3 .6  26.0 -»■ B3S2H3+ on boron. The infrared spectrum reported by Kirk
99 24.7 18 B3S2H2+ and Timms agreed with the infrared spectrum obtained
98 13.0 4 .2  24.7  B Ä H + in a K Br pellet on our product except for a weak band
97 6,5 17 BÄ+ at 1125 cm-1  and the final band that drops off scale at
96 2,6 4 ca. 750 cm-1, which were observed in these studies but
9 2  3 . 9  were not reported by Kirk and Timms.
91 6.5 On the basis of these experimental results, the reac-
90 2.6 tion was postulated to proceed by an initial Lewis acid-
89 3.9 B2S2H3+ Lewis base adduct of borane to sulfur, the transfer of
88 28.6 28.6 p- (BSH)2+ hydride from the boro hydride to triphenylmethyl, and
87 38,4 13,2 38.4 -> BÄ H - the loss of hydrogen by an internal redox reaction
86 24.7 1.5 17.8 24,7 p  BaS2 + involving a sulfur-sulfur bond cleavage (eq 1). I t  is
85 7.8 2  10.4
84 0 1.3 BH3
?? f ' l  Ph3CSSCPh3 +  B2H„ — > Ph3OS—SCPha — >-o2 Z. D I

77 d“ 11.6 11.6,-»- H2BS2+ BHa
76 d« 12.7 2 .7 1 12.7 ,-»• BHS2+ 2Ph3CH +  H2BSSBH2 — >- (HBS)* +  H2 (1)
75d° 12.6 2 .9 1 BS2+ quite evident that the sulfur-sulfur bond cannot co-
58 2.6 ' B2SH4+ exist in the same molecule as a boron-hydrogen bond.
57 23.4 23.4 B2SH3+ Because there is still the possibility that the sulfur-
56 24.7 10.9 24.7 -*■ B2SH2+ sulfur bond may be undergoing cleavage before the
55 23.4 1.2 11.5 B2SH+ carbon-sulfur bond, a similar experiment was carried
54 11.7 1.3 B2S+ out with diphenyl disulfide. There appears to be a
47 5 2 slow reaction which is as yet uncharacterized, but it is
46 44.9 HsBS- evident that the sulfur-sulfur bond cleavage is not a
45 87.2 H2BS+ fast initial step.
44 10.0 HBS- On the basis of this mechanism, it was predicted that
43 40.4 BS+ triphenylmethyl mercaptan would also form the (HBS)*
42 5.8 10BS+ polymer (eq 2). This was found to be the case.
24 2.6 B2H2+, C2 +
23 7.8 uB2H + Ph3CSH +  B2H6— > PhsCSH— >
22 14.3 “B2+

13 9.1 “BH2+, CH+ Ph3CSBH2 +H2— >- Ph3CH +  (HBS)* (2)
12 7 8 11BH+ i«BH "** C +X1 14'3 „B+ l’oßq +2 ’ A repetition of Burg and Wagner’s experiment in our
10 g' g XOg +’ reaction vessel in the presence of benzene indicated that
a Low mass. (9) A. B . Burg and R . I .  Wagner, J .  Amer. Chem. Soc., 76, 3307 (1954).
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the (HBS)z polymer could be formed much faster in of first-order quadrupole interaction and were not a
solution than in the gas phase. The reaction in solution splitting of the central line. A small amount of second-
was certainly complete after 9 days. Judging from the order quadrupole broadening was observed in the
appearance of the reaction tube, it may well have been central line. In addition it is believed that the central
complete after 4 days. line is a composite line with two components, reflecting

The infrared spectrum of the (HBS)* polymer from boron atoms at two crystallographically inequivalent
all the reactions was identical. The boron-sulfur sites. From the splitting of the satellites the quadru-
elemental analysis was not so satisfying. The results pole coupling constant eqQ was determined to be ca.
are summarized in Table IV. The high boron content 0.07 MHz.

The UB nuclear quadrupole interaction is a sensitive 
Table IV internal probe of the electron environment of the boron

Ratio, nucleus. The main contribution to the electric field
Reactant Expt no. Boron, % Sulfur, % boron:sulfur gradient is expected to arise from incomplete filling of

Bistriphenylmethyl the 2p orbitals. The atomio quadrupole coupling
disulfide G-9 18.18 54.18 0.99:1 constant for the boron atom has been calculated10 to be

Trip eny met y „ 5.39 MHz from atomic beam experiments. The
Hydrogen sulfide G-20 23.37 53.60 1.29:1 reduction by a factor of ca 100 of the value -of eqQ given
Bistriphenylmethyl m the preceding paragraph compared with the atomic

tetrasulfide G-16 22.60 51.17 1.40:1 value indicated high symmetry in the structural
arrangement of HBS. The small value of eqQ strongly 

very likely reflects loss of hydrogen sulfide by hydroly- favors tetrahedral coordination as opposed to planar
sis. Boron, forming a nonvolatile boric acid or an trigonal sp2 hybrid covalent bonding. The nB quadru-
intermediate, is not lost to the analysis. The low Pole coupling constants of trigonal compounds, with
percentages found for the boron-sulfur analyses of the êw exceptions, have been found to lie in the range of
products obtained from the triphenylmethyl derivatives 2.5-2.8 M Hz.11 These results should be compared with
indicate a triphenyl methane contaminant. This was the tetrahedral borates, in which eqQ was in the range
substantiated not only by the presence of carbon in the of 0.05-0.09 MHz.
sample but also by the triphenylmethane lines in the Another structural possibility that has not been 
X-ray powder pattern and the characteristic triphenyl- ruled out is that involving a double-bond character,
methane peaks in the mass spectrum. which would also greatly decrease the quadrupole

The reaction of diborane with bistriphenylmethyl interaction. The mechanism in this case would be
tetrasulfide has been initiated. Hydrogen, triphenyl- that of boron atoms attracting electrons from neighbor-
methane and (HBS) a, polymer are formed. Pre- ing atoms into the vacant boron orbitals to form double
liminary experiments seem to indicate that all the sulfur bonds which exhibit resonance. Further work is
atoms are converted into (HBS)«, but this remains to be being done on the broad-line nmr spectra of boron
proven. compounds and will be reported by R. J. Snodgrass at a

The (HBS) x polymer did not give evidence of dissolv- later date.
ing in chloroform, benzene, toluene, ether, carbon ~ „  ... .  . .  _ , . , . , ,,. 1C , , • , ’ rp,’ v  Registry No.—Diborane, 19287-45-7; bistnphenyl-disulnde, tnglyme, or dioxane. I he only X -ray ,, , ,. ’' . . .  ’ , ,, ,, ,, , • , , ,  , ., methyl disulfide, lo446-31-8; tnphenvlmethyl mer-powder pattern lines which could be seen were the lines , J o n , , , , , ,
from the triphenylmethane contaminant. After hy- 23264-36-0 ^  blStnphenylmethyl tetrasulfide-
drolysis boric acid lines appeared.

Because an appropriate solvent could not be found Acknowledgments.— We wish to thank Dr. R. J.
for high-resolution nmr studies, only the broad-line Snodgrass for obtaining the broad-line nmr spectra and 
spectrum of the solid was studied. The irB nmr for discussing the results. For help in obtaining the
spectrum consisted of three lines resulting from the mass spectra, we wish to thank Dr. S. R. Smith and
nuclear quadrupole interaction. The nuclear spin of Mr. Oliver Norton. Assistance of the University of
nB is 3/ 2 and thus the three-line spectrum is expected Connecticut Research Foundation is gratefully ac-
from the interaction of the quadrupole moment with knowledged
electric field gradients which exist in the vicinity of a
boron nucleus. The field dependence of the absorption ^  g. Weasel, Phys. Rev., m, isa (1963).
. . .  . .  .. . . . f  ^  .  (H ) P- J- Bray, J .  O. Edwards, J .  G. O’Keefe, V. F . Ross, and I . Tatsuzaki,
indicated, that the two satellite lines were indeed a result j .  chem. Phys., 3 5 , 435 (i96i).
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Proton M agnetic Resonance Studies of Rotational Isomerism  
around th e 2-Propyl-N itrogen Bond in Some Thionamides

T. H. Siddall, III, and W. E. Stewart

S a v a n n a h  R iv er  L a b o r a to r y , E .  I .  d u  P o n t  d e  N e m o u rs  &  C o m p a n y ,
A ik e n ,  S o u th  C a r o l in a  29801

R ece iv ed  J u l y  2 4 , 1 9 6 9

Slow rotation around the 2-propyl-nitrogen bond in five N,N-di-2-propyl thionamides was studied by proton 
magnetic resonance (pmr). The barrier (AF * )  to this rotation in N,N-di-2-propyl thionacetamide is c a . 14 kcal/ 
mol. The pmr signal sets were all assigned to specific rotational isomers and to c is  and tr a n s  2-propyl groups 
within each isomer.

We have previously reported evidence for slow rota- of this equation was used to calculate spectra for exchanging
tion around the sec-alkyl-nitrogen bond in some N,N- carbonyl methyl ^ otps [CHsC(S) singlets]. For exchanging

ii ■. -i i mi . . i . /3-methyl groups (CH3CHCH3, doublets), the signal shapes for
di-sec-alkyl amides.1 This evidence was in some cases tw0 J s *f exchanging singlets were superimposed. For
indirect and in others depended on proton magnetic exchanging methine protons (CH3CHCH3, septets), seven sets of 
resonance (pmr) spectra that were necessarily of poor two exchanging singlets were superimposed. Calculated spectra
quality because of the complex molecules and low tern- were then matched with observed spectra to obtain exchange
peratures required to demonstrate the effect. How- tim,es' J his *  superposition procedure has already been 
1 , 1 . , . used and reported.13 Further details of our application of this
ever, when sulfur replaces oxygen, rotation slows around method here will be rep0rted elsewhere.
the (thio)carbonyl-nitrogen (amide) bond2“ 9 and stiff- Signal shape analysis gave AF *  =  19 kcal/mol at 105° for 
ens r,he amide framework. The more rigid framework the rotational barrier around the amide bond and 14 kcal/mol at
and the larger size of the sulfur atom should work to- —13° for the barrier to 2-propyl rotation,
gether to increase rotational barriers and to make the
effects more readily observable. This paper reports a Results
study of rotation in five N,N-di-2-propyl thionamides, . . .  , ,, „ , /c  „  , ,  r u  n

CH3C(S)N (2-Pr)2 (I), PhCH2C(S)N (2-Pr)2 (II), 2- T )  £
propyl C(S)N (2-P rM III) , CH3CH2C(S)N (2-Pr)2 (IV), protons give one d o Z S  the CH3< ^  ’pro-
and cyclohexyl-C(S)N(2-Pr)2 (V). tPQns ¿ nglet; ¿ d the methine protons one septet>

as would be expected for rapid rotation around all
Experimental Section relevant bonds. Below this temperature, the methine

„ , ,  . , , a n  ... , r ■ , A signals split into two broad sets of signals of equalSpectra were obtained at 60 MHz with a Vanan A-60 and a . °  , . , , , , , a . a  1  ,
Varian HR-60 spectrometer. Decoupling was done by strongly intensity. The expected two doublets for p-methyl 
irradiating the methine protons and observing the methyl doublet protons do not at first appear; the splitting into two
collapse. Complete decoupling was obtained in all cases. Sam- doublets, very closely spaced, is observable only below
pies for signal shape analysis were sealed under nitrogen. 70°. The doufiiet at higher field is very much broader

The thionamides were prepared m the conventional manner“ field. With deuteriotoluene
by treating the corresponding amides in boiling xylene with a WAaAA , , , , ,
100% excess of P2S5. Initial purification was obtained by vacuum as the solvent, separate doublets are observable even 
distillation. Small quantities of unconverted amides usually at 100°. , The near degeneracy of /3-methyl signals is
distilled with the thionamide but were easily removed by crystal- removed in this solvent. However, the signals are
lization of the distilled product. Methylcyclohexane was the reversed— the broadened doublet comes to lower field,
best and most convenient solvent for this purpose. Rure white . xi ± , ■ , , , 1  r mn° iu„L
crystals were obtained, which tended to yellow on standing. As the temperature IS lowered below 100 , the hlgh-
Purity and identity were confirmed by pmr and infrared (ir) field methine set sharpens and can be resolved into the
spectra and by elemental analysis. expected septet. On the other hand, the low-field

Signal shape Analysis.—Signal shape analyses to provide methine set broadens at first as the temperature is
rotational rate data is complicated for these compounds because j d_ A sharp septet is not obtained until ca . -  20°. 
of the necessity for treating exchanging multiplets and because . , p . . .  c  ■ 1 ■An,,i„
two types of rotational processes are involved.1 However, an A t this pom*, the hlgh-field methine signals obvious y
approximate treatment was developed and applied to the simplest consist of tw o  or more septets. The high-field set of
of the molecules studied, CH3C(S)N(2-Pr)2. This treatment is signals is more intense than the low-field septet (ca.
described briefly below. 1 6 ‘ 1)

Signal shape analysis to obtain rotational barriers was based ' „  . ' it,» a  motbid rimiKlpts
on the Gutowsky-Holm equation.11 Nakagawa’s12 formulation Be OW room temperature, the 0-methyl doublets
__________  broaden but finally emerge as four doublets at —20

(I) T . H. S id d a ll ,  I I I ,  a n d  W. E .  S t e w a r t ,  J .  Chem. Phys., 4 8 , 2928 (1968), i n t e n s i t y  3  ■ 1 ' 3 ' 1  ( h ig h  f ie ld  lo w  f i e ld )  f o r

68!2i59A7 u“ ^ '  A' MelCra’ P' mgny' ^  W ' W alter' PhVS' Chem" CDC1S, 1 .5 :1 :1 .5 :1 for C7D8; 1 .3 :1:1.3:1 for CH3OH;
(3) j . Sandstrom, M d., 7i, 2318 (1967). and 1 .411:1.4:1 for deuterioacetone. At the same tem-
(41 R. c. Neuman, Jr ., and l b . Young M d.. es, 2570 (1965). perature the signal for CH3C(S) splits into two signals
(5) G. Isaksson and H. Sandstrom, Acta Chem. Scana.., 21, 1605 (1967;. °  . 4.* 1 +
(6) W. Walter, G. Maerten, and H. Rose, Justus Liebigs Ann. Chem., OI the Same ratlOS IOT the respective SOiVeiltS.

69i, 25 (1960). No further changes in any signals were observed down
(7) G. S o h w e n k e n  a n d  H. R o s s w a y ,  Tetrahedron  L e tt.,  4237 (1967). _ 8 Q O  ^  t e m p e r a t u r e  obtainable without
(8) A. Mannschreck, Angew. Chem., Int. Ed. Engl., 4, 985 (1965). # \  1 p firr^ l (a.
(9) R . C. Neuman, Jr ., D. N. Roark, and V. Jonas, J .  Amer. Chem. Soc., p r e c i p i t a t i o n  i n  a  5 0 :5 0  m i x t u r e  OI GDGis-GT O i3 ( e x -

89, 3412 (1967). cent for soire preferential broadening of the doublet of
(13) R . B . Wagner and H. D. Zook, "Synthetic Organic Chemistry, . .  . ,

John Wiley & Sons, In c ,  New York, N. Y „ 1953. triple intensity at higher field).
( I I )  H. S. Gutowsky and C. H. Holm, J .  Chem. Phys., 26, 1228 (1956) sn iin R si
(12) T . Nakagawa, Bull. Chem. Soc. Ja p .,  39, 1006 (1966). (13) R . Munday and I. O. Sutherland, J .  Chem. Soc., B, 80 (1968).
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-----i---------- 1---------- i----------1---------- 1---------- 1---------- kcal/mol, is normal for rotation around this bond.
Corresponding changes take place in N,N-di-2-propyl 
acetamide, but at ca. 70° lower temperature. An in
crease of 2-6 kcal ir_ the barrier to rotation around the 

in ccijchci, at mi* amide bond is to be expected in going from the amide
to the thionamide.

We interpret the further sequence of changes on down 
Sel to ca. —20° as the slowing of rotation around the

A  CH3CISI' 2-propyl-nitrogen bonds. Two rotational isomers/  \ Methine \ a  .
J  Y« exist on the pmr time scale, .bach isomer is a separate

V w V u  I and distinct molecule with a complete set of signals.
— 11-----------4 -------- — These sets are assigned to the isomers in Table I. One
—  ---------a--------- ¿ --------w— — Jj---------f0----------  isomer (major isomer) is about three times as abundant

PPM as the other (minor) in CDCh, 1.4:1 in CD3C(0 )CD3,
1 .3:1 in CH3COH, and ca. 1 .5 :1  in toluene. Either

-------t--------—i----------1---------- 1---------- t----------1----------  one of these apparent isomers represents the average
of two rapidly interchanging isomers, or one of the three 
expected isomers is missing.1

IN CCIjCHCI2 AT 80° |! I A few spectra of CH3CH2C(S)N(2-Pr)2 (IV) were also
obtained. These closely paralleled those for I. An 
isomer ratio of 3 :1  was obtained at low temperature in 

p CDCI3. The degeneracy of the /3-methyl doublets at
cHjcsi- higher temperature was also observed. Because of this

S"s . close parallel, IV was not investigated further.
,/> f j l  PhCH2C(S)N (2-Pr)2 (II).—The change of the pmr

vfT V J  spectrum of this compound with temperature closely
_ t . ___  . ------------------------------ Jll _________  resembles that of the acetamide (I). The /3-methyl

1______ 1______ 1______ 1 1______ 1______  doublets, however, are well separated at all tempera-
ppm tures. This, in part, may reflect the effect of the aniso

tropic field of the benzene ring. The chief difference
___________ f _______r______ t______ _______ between the compounds is that the isomer abundance

apparently is reversed. The isomer with methine 
signals at low field is now the minor isomer with only one 
third the abundance of the major isomer in CDC13.

L, tA AT w 2-PrC(S)N(2-Pr)2 (III).—This compound exhibits
™s the spectra characteristic of slow, intermediate, and 

/3-M.thyi rapid rotation around the amide bond. No signals are
S"s obtained that could be ascribed to rotational isomerism.

. However, the low-field methine signal set is selectively
,l| m broadened over a wide temperature range (— 10 to

Mein™ seis Jjjjl I 70°) in a manner reminiscent of the oxygen analog at
U-------J - ------J  h------- lower temperature.- The high-field set is sharp

,______ ,______ 1______ /______ /_______,_______J  throughout this range and downward. This behavior
ppm° 20 ° 0 suggests that one isomer (with low-field methine) pre

dominates highly at low temperature, but that a small
---------- i---------- 1---------- 1---------- 1---------- 1---------- ,----------1— amount of a second isomer is present in the region of

intermediate exchange at higher temperature.
Almost precisely the same behavior was obtained in 

in cea, at -j*- preliminary work with cyclohexyl-C(S)N(2-Pr)2 (V).
For that reason V was not investigated in further de- 

„ tail.U A (3-Me\hy\ T i l l  • 1
Si,s Decoupling Experiments.— In both the major and

s*íis" tms minor isomers of I, the low-field methine proton was
¡\ I coupled to the high-field methyl group. The same

1/1 V j W  I I f results were obtained in CDCI3 and in CvD8. The same
i ||l coupling behavior, low methine to high methyl, was ob-

----------------------------------------- J  i—„—J  _____ J  ̂ served for II and III.

70 80 50 40 ppm 10 “  10 0 Discussion

Figure l.—The pmr spectra of CH3C(S)N(2-Pr)2. The behavior of these thionamides can be rationalized
within the framework of hypotheses utilized to explain 

We interpret the changes on coming down to ca. the behavior of related amides.1 The symbolism of the
80° as being due to the slowing of rotation around the previous study1 is repeated here to aid in the discussion,
thiocarbonyl-nitrogen (amide) bond (except for the This symbolism can be visualized with the aid of 
selective broadening of one doublet). The barrier, 19 Figure 2. It is assumed that the angle 6 for the methine
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T able I
P roton Signals“ at —20°

✓--------------------/ 3 -M e th y l-------------------- » ,-------------------- M e t h in e -------------------- * *---------------- R - C ( S ) --------------------

C o m p d & S o lv e n t  M in o r  M a j o r  M in o r  M a jo r  M in o r  M a jo r

CH3C(S)N(2-Pr)2 CDC13 1 .3 2 ,1 .7 6 “ 1.27,“ 1.52 ~ 4 .0 ,“ 4.36 4 .1 2 ,6 .2 1 “ 2.76 2.84
C6D 5CD3 0.73, 1.68“ 0.85,“ 0 .90 ~ 3 .4 ,“ 3.80 3.39, 6.32“ 2.40 2.53
CH3OH 1.27, 1.67 1.20, 1.43 Overlap ~ 4 .1 , 6 .12 2.63 2.72
CD3C(0)CD 3 1.30, 1.70 1.18, 1.47 ~ 4 .0 , 4 .53 4.12, 6 .19  2.65 2.73

PhCH2C(S)N(2-Pr)2 CDC13 1.32,“ 1.46 0 .9 5 ,1 .7 6 “ 6 .2“ 3.83,“4 .3  4 .37  (CH2); only one
signal; 7.34 (com
plex) (aromatic)

70% C ,D 8-  1.07,“ 1.11 0 .5 9 ,1 .7 0 “ 3 .5 3 ,6 .3 “ 3.37,“ 4 .06 4 .24 (CH2); only one
30% CDC13 signal; 7 .2  (com

plex) (aromatic)
2-PrC(S)N(2-Pr)2 CDC13 d  1.23,“ 1.50 4 .1 0 ,6 .3 2 ' 3 .37 (methine) 1.33 (fi-

methyl)
C6D5CD3 0.88,“ 1.08 3 .4 8 ,6 .4 2 “ 3.07 1.33

“ In parts per million from tetramethylsilane. b 100 mg +  0.5 ml of solvent. “ Assigned c is  to sulfur. d No observable minor sets 
for this compound.

proton of a 2-propyl group (a tetrahedron) may assume s
multiples of 60° with respect to the amide frame (a c...R propyl
trigonal plane on the pmr time scale) to produce minima
of rotational energy. Since six such minima exist for •>- H CH3
each 2-propyl group, there are 36 combinations or con- \ .
formations. These can be symbolized as C<Ty, where
the index 1 corresponds to 6 =  30°, 2 to 6 =  90°, etc., s '  ! I
C represents the 2-propyl group cis to sulfur and T, c h 3 n  n  J j > C H 3

trans to sulfur. However, six of these conformations n . \
(where j  — i  +  3) ought to have lower energy than the s d \
rest; jhese six minimize the repulsion between/3-methyl y
groups. Figure 2 represents one of these conforma- c h 3 h

tions. 2- ro i s
The six isomers exist as three dl pairs: CiT 4, C6T 3; propy c,

C2T 5, C5T 2; and C3T 6, C4T i. The spectrometer does R
not respond to the dl distinction within a pair. A max- 0 = 30° 9 - 2io°
imum of three complete signal sets are to be expected. cis 2 - propyl trons 2 -propyl
However, since these isomers are asymmetric molecules, _. „ „ . ^ _
, 1  .  !, 1 , ,. , Figure 2.—Conformation C1T 4.the /3-methyl groups within a 2-propyl radical are non
equivalent and could give separate signals, provided
that interconversion of d and l forms (racemization) is are known to oe very much deshielded.15-20 The trans
slow on the pmr time scale. Similar nonequivalence methine proton, while near the amide plane, is turned
would be expected for all other geminal pairs or other away from and is remote from the amide field, and
appropriate arrays.14 resonates at higher field.

All transitions between the six isomers are accom- IR the solvent toluene, the high-field methine signal 
plished via synchronous (or immediately sequential) °f the major isomer is shifted 0.7 ppm upheld from its
rotation of 2-propyl groups. Rotation of one 2-propyl position in CDCI3, but the low-held methine signal is
group at a time produces one of the 30 remaining high- shifted downheld by 0.11 ppm. This behavior is con-
energy conformations ( j  9  ̂ i  3). Of these 30 the con- sistent with the assignment of the high-held methine
formation(s) that is appropriate might serve as the signal to the trans methine proton.21
transition state between the favored six isomers, the From the decoupling experiments, the high-held 
CtTj with j  =  i  +  3. Rotation into a transition state major doublet (in CDCI3) is assigned to the /3-methyl
does not of itself complete an isomer (or proton site) in- protons of the cis 2-propyl group of the major isomer,
terchange, but must be followed' by rotation of the This doublet is shifted upheld in toluene, but not so
other group. much so as the other (trans) doublet. This, too, is con-

Signal Assignments for I (See Table I).— The C1T4, sistent with the assignment.21 
C 6T 3 dl pair is responsible for the low-held methine For the minor isomer, the low-held /3-methyl doublet 
signal. The cis methine proton for this pair is close to is assigned cis. This doublet shows the smallest shift
the thiocarbonyl group and therefore deep into the (16) H Paulsen and K, Todt, z. Anal. Chem., 23e, 30 (1908), and ref- 
magnetic held that surrounds the amide frame. The erences cited therein to other work by the same authors, 
average value of 6c  in this pair (see Figure 2) may be (16> R - F - c - Brown’ L - Radom; s - stemheii, and 1 . d . Rae [Can. j .

smaller than 30 because the methine proton is smaller (17) R E Carter Acta Chem Scand.t 2i, 75 (1967).
than the /3-methyl groups. This places the methine (is) t . h. sidcau, in, and w. e . Stewart, j . Moi. Spectrosc., 24,290 
protons near the amide plane. Positions both near to (19™' A Riberra and M Rico, Tetraheiron LM„ 535 (1968).
the amide plane and near to the (thio)carbonyl group (20) K. Nagrajan, M. D. Nair, and P. M. Pillai, Tetrahedron, 23, 1683

( 1 9 6 7 ) .

(14 ) T .  H .  S id d a ll ,  I I I ,  J .  Phys. Chem., 7 0 ,  2 2 4 9  ( 1 9 6 6 ). (2 1 )  J . V .  H a t t o n  a n d  R .  E .  R ic h a r d s ,  J .  Mol. Phys., 3 , 2 5 3  (19 6 0 ).
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(almost no shift) of the four doublets. This would be Assignment for H.-—The low-field methine signal set
expected for the cis /3-methyl groups of the C3T6, C4T i is assigned to the cis methine proton CiT 4, C 6T 3 by the
dl pair. For this pair the cis /3-methyl groups are very same arguments as for I. Since the high-field minor
close to the sulfur atom and therefore not affected by doublet is coupled to this methine, it too must be as-
solvent. signed cis in this dl pair. The rest of the assignments

From the decoupling experiments the high-field minor are also the same as for I from the decoupling experi- 
methine signals are assigned cis. This methine proton ments and the effects of toluene. No separate minor 
is close to the amide plane, but remote (in the C3T6, C4T 1 CH2 signal is observed.
pair) from the amide field, while the trans methine pro- Assignment for III.'—There is only one signal set for
ton is deeper in this field. The trans signal is, therefore, this compound and therefore either only one rotational 
found downfield. This signal also has the larger solvent isomer (1 =  C1T 4, C 6T 3) or a rapidly exchanging
shift of the two minor methine signals. mixture of 1 +  2 or 3 that is dominated by 1. The

There is one apparent contradiction in these as- selective signal broadening of the low-field methine
signments. They require that methine protons close signal suggests that there is a mixture at high tempera-
to sulfur have downfield shifts relative to methine pro- ture that approaches pure 1 at low temperature,
tons remote to sulfur, but that /3-methyl signals be up- This picture is, of course, too simple, since now there 
field for /3-methyl groups near to sulfur. We believe is a third 2-propyl group and therefore good reason to
that this contradiction is not real and that it can be believe that a triple designation— C/T^S*—is required,
explained on the basis of whether the proton(s) in ques- where S designates the 2-propyl group that is attached
tion is rotated nearly into the amide plane or well out to the thiocarbonyl group. The resulting array of 216
of this plane. The amide field is deshielding in and near possible isomers leads to all sorts of possible complica
te the amide plane but shielding out of plane.15-20 tions.

As pointed out, for all of the CiT 4, C6T3, C4T i, C3T 6 However, one consideration may still limit the real 
isomers and for both cis and trans positions, the methine situation to the original six likely ground states. If
protons probably lie close to the amide plane— closer the 2-propyl groups are indeed so much interacting as to
than 30°. The minimum energy for all these isomers be interlocked, then specification of the rotational state
requires a distortion from rigid 60° intervals. Such a of one group sets the conformation of the other two;
distortion places the methine protons, with their much thus C4 requires T 4 and Si. The sulfur atom may be
smaller bulk, near the amide plane and the methyl regarded as the spatial buffer that prevents direct inter
groups as much out of this plane as possible. A major action of C (2-propyl) with S (2-propyl).
factor in setting any amide conformation must be the need The close correspondence of chemical shifts for III  
to exclude as much as 'possible from this crowded plane. with the major isomer of I suggests that the dominant

Our assignments also ignore the C2T6, CBT2 dl pair. isomer of III is CiT 4, C6T 3 for the N-2-propyl groups.
We have in our discussion so far proceeded as though Subject to the consideration of the paragraph imme-
this isomer did not exist in significant abundance. diately above, the full designation must be CiT 4Si,
Actually, the two signal sets could be assigned in any C6T 3S6.
of several ways: (A) major (l)-m inor (3); (B) major Future Work.—Further experimental work is re-
(l)-m inor (2) ; or (C) any of a family of combinations quired to adequately test this model of interlocking 
of major (1 +  2 or 3)-minor (2 or 3) (the numbers desig- tetrahedral rotors rotating against a trigonal frame,
nate the dl pair according to the lower C index occurring In particular, it would be desirable to improve isomer
in the pair, i.e., CiT 4, C6T3 =  1). The only straight- signal assignments to establish whether mixtures of 
forward and certain requirement is that 1 make the isomers or a single isomer produced observed signals, 
major contribution to the major signal set. We have W"e have also not attempted to deal with the question 
chosen to exclude B, since the barrier between the d of relative isomer abundance. There are observable
and l isomers within the pair 2 ought to be exception- differences in these abundances, and plausible explana-
ally large. Racemization within this pair would involve tions, but we have not yet enough data to construct a
a maximum transfer of /3-methyl groups across the amide systematics or a theory to predict such abundances,
plane. However, there is no direct evidence for such a „  . A T „ TT „„„„, „
slow racemization. For 1 and 2 pairs only, one methyl oQ^FncpT ^ ° ' ^3264-07-5; II, 23264-08-6; III,
group at a time needs to be transferred across the plane, “ 3
and racemization might be fast, as is observed. Also Acknowledgments.'—We are indebted to J. E . Conner
the effects of toluene seem to exclude B. There is no for experimental assistance and for operating and
obvious argument to exclude C; C might very well have maintaining the A-60 spectrometer. The information
been included in our discussion, but was not, since its contained in this article was developed during the
inclusion would not alter the substance of the discussion course of work under Contract AT (07-2)-1 with the
substantially but would certainly complicate it. U. S. Atomic Energy Commission.
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Elim inations from  2-Butyl Halides Induced by 
Halide Ions in Dimethylform amide and Dimethyl Sulfoxide
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Olefinic products from reactions of 2-butyl halides with lithium halides and tetraalkylammonium fluorides in 
dimethylformamide and dimethyl sulfoxide are reported. For the iodide, bromide, and chloride ion induced 
eliminations, overwhelming Saytzeff orientation, high trans-: cis-2-butene ratios, and low olefin yields are ob
served. Tetra-n-butylammonium fluoride is shown to be an effective agent for dehydrohalogenation of 2-butyl 
iodide and bromide under mild conditions. In fluoride ion promoted eliminations, the percentage of 1-butene is 
dependent upon the halogen leaving group of the 2-butyl halide, increasing in the order iodide < bromide < chlo
ride. The effects of the nature of the halide ion base and the halogen leaving group upon orientation are dis
cussed.

Recent investigations of positional and geometrical Scheme I
orientation1 in base-catalyzed dehydrohalogenations x -
from 2-halo alkanes have given considerable insight 3 dmf ^  DMS0
into the nature of the olefin-forming transition states.2 X
Although a number of base-solvent systems have been X = I, Br, Cl
employed, no information is available concerning halide CH3 H CHS CH3
ion-promoted /3 eliminations from 2-alkyl halides. We CH3CH2CH=CH2 +  C=C +  C=C 
report a study of, orientation in and synthetic utility /  \  /  \
of, eliminations from 2-butyl halides induced by halide H H H
ions in dimethylformamide and dimethyl sulfoxide
with special emphasis upon the relatively unexplored other 2-butyl ualides and lithium halides denotes in
fluoride ion bases. sufficient elimination. For the reported reactions a

Dehydrohalogenations induced by halide ions in negligible contribution from E l  processes was demon-
dipolar aprotic solvents have been reported for cyclo- strated.
hexyl halides,3 tertiary alkyl halides,3b’4 a-halocyclo- Comparison of the relative olefinic proportions ob- 
hexanone5 and cyclopentanone6 derivatives, /3-phen- tained from reactions in dimethylformamide and in
ethyl bromide,7 and f-amyl bromide.3b dimethyl sulfoxide reveals little change in the per cent of

1-butene. However, consistently lower trans-: m -2-bu- 
Results tene ratios are observed in dimethyl sulfoxide. Similar

TT . ,.  . ,  . . . .  , , i /  i \ v a r ia t io n s  h a v e  b e e n  re p o r te d  fo r  r e a c t io n s  o f  2 -b u ty l
U s in g  g a s - l iq u id  p a r t i t io n  c h r o m a to g r a p h y  (g lp c ) ,  ta s s i J  ¿_b u to x id e  in  d im e th y lf o rm a -

th e  r e la t iv e  p ro p o r tio n s  of t h e  t h r e e  is o m e r ic  o lefin s . ,  ,
,  , . J  ,  „ ,  , . , , . ,  , m id e  a n d  d im e th y l  s u lfo x id e .2a
fo rm e d  in  re a c t io n s  o f  2 - b u ty l  io d id e , b ro m id e , a n d  . . .  , .  . ____ • , , ,  „■ i

. . . .  . j .  , ,  A  ■ , , T h e  re la t iv e  a m o u n ts  of i s o m e r ic  b u te n e s  o b ta in e d
ch lo rid e  w ith  h a lid e  io n s  in  d im e th y lfo rm a m id e  a n d  .  , .  .  , ,  • , • 0  , ,

, T\ f r o m  r e a c t io n s  o f  l i th iu m  ch lo r id e  w ith  2 -b u ty l  io d id e
d im e th v l  su lfo x id e  h a v e  b e e n  m e a s u re d  (S c h e m e  1 ) . . , .  , ,  lc . ,  „  . i ____  ,
T - , , ,  . , ,  , ,  , , , . , m  d im e th y lfo rm a m id e  w e re  u n a f fe c te d  b y  s m a ll  a m o u n ts
I n  s e v e ra l  c a s e s , t h e  y ie ld s  o f  b u te n e s  w e re  d e te rm in e d  of *water in the solvent. H o w e v e r , a s o lv e n t

by a standard bromimetric method. mixture of 90%  dimethylformamide-10% water pro-
Reactions of 2-Butyl Halides with Lithium Halides.— , , ,. ,\c , J

T h e  re la t iv e  a m o u n ts  o f  is o m e ric  o lefin s a n d  o lefin  n 0  ic e a  e  °  f  .vpn  2 -h n tv l  h alid p

y ie ld s  fo u n d  in  r e a c t io n s  o f  2 - b u ty l  h a lid e s  w ith  l i th iu m  j w ith  lith iu m  flu o rid e  t h a n  w ith  th e
h a lid e s  m  d im e th y lf o rm a m id e  a n d  d im e th y l  su lfo x id e  ^  h a iid e s . F o r  t h e  c h lo r id e -, b ro m id e - ,
a t  5 0  a re  l is te d  in  T a b le  I .  T h e  a b s e n c e  o f  e n tr ie s  fo r  ^  io d id e _p ro m o te d  e l im in a tio n s  f ro m  a  g iv e n  s u b -

(1) Positional orientation refers to the relative proportions of 1- and 2- S tr a te , t h e  p e r  C ent o f 1 -b u te n e  is  C o n s ta n t  w ith in  eX-
alkenes formed, whereas geometrical orientation compares the relative p eiin ien t& l eiTOr. T h e  O v erw h elm in g  S a y tz e f f  O rie n ta -
amounts of trans- and ris-2-alkene produced. ti0Il observed in reactions of 2-butyl iodide with lithium

(2) (a) R. A. Bartsch, J .  Org. Chem., accepted for publication; (b-d) _ . . . . ,  l • v  l • j.t_ i.
r . a. Bartsch and j . f . Bunnett, j . Amer. chem. Soc., 90, 408 (1968); ch lo r id e , b ro m id e , a n d  io d id e  is  t h e  m o s t  c o m p le te
9 1 , 1376,1382 (1969); (e) h . c .  Brown and r . l . Kiimiseh, ibid., 88,1425  fa v o r in g  o f in te rn a l  o lefin  f o r m a t io n  r e p o r te d  f o r  a n
(1966); (f) D. H. Froemsdorf, M. E. McCain, and W. W. Wilkison, ibid., „ f  „ o « „ W i tn tp r l  a lk n n p  8
87, 3984 (1965); (g) D. L. Griffith, D. L. Meges, and H. C. Brown, Chem. p a c t i o n  Of a  2-SU b StltU tefl a lK an e.
Commun., 90 (1 9 6 8 ); (h) w. h . Saunders, Jr., s. r . Fahrenhoitz, e . a. In all cases, the trans- \ m-2-butene ratios are very
Caress, J. P. Lowe, and M. Schreiber, J .  Amer. Chem. Soc., 87, 3401 (1965). and are similar to those observed in eliminations
( h i t  winstein," ^  2 -b u ty l  b ro m id e  in d u c e d  b y  a lk o x id e  io n s  in
ica Teorica, Rome, Italy, 1965, p 327. d im e th y lf o rm a m id e  a n d  d im e th y l  s u lfo x id e .

(4) d . Eck and j . f . Bunnett, j . Amer. chem. Soc., 9i, 3099 (1969). Tim synthetic utility of these reactions is severely
(5) (a) R. P. Holysz, ibid., 76, 4432 (1953); (b) R. Joly, J. Warnant, G. , ,  , l c  ■ T ronnliA n lim o o

Nomine, and D. Bertin, Bull. Soc. Chim. Fr„ 366 (1958); D. N. Kevill and l im ite d  b y  t h e  low  o lefin  y ie ld s . L o n g e r  r e a c t i o n  t im e s
N. H. Cromwell, J .  Amer. Chem. Soc., 83, 3812 (1961); (d) C. Coppens, D. N. p ro d u c e d  nO y ie ld  e n h a n c e m e n t.
Kevili, and n . Cromwell, j . Org. c h em ., 27,3299 (1962); (e) e . w. Warn- R e a c t io n s  o f  2 - B u ty l  H a U d e s  w ith  T e t r a a lk y la m -
hoff, D. G. Martin, and W. S. Johnson, “Organic Syntheses,” Coll. Vol. IV, “  , . J ? TT . .  , , ,
1963, p 162; (f) V. Delaroff, R. Smolik, M. Bolla, and M, Legrand, Bull. Soc. m o m u m  Flu O fld eS . I  a b le  I I  l is ts  tfie  r e la t iv e  a m o u n ts  
Chim. Fr., 966 (1963); (g) E. J. Corey and A. G. Hortmann, J .  Amer. Chem. .
Soc 87 5736 (1965). (8) Reference 3b reports that the olefin mixture produced from reaction of

(6) N. L. Wender, D. Taub, and H. Kuo, ibid., 82, 5701 (1960). i-amyl bromide with tetra-n-butylammonium chloride in acetone is 99.9%
(7) J. Hayami, N. Ono, and A. Kaji, Tetrahedron Lett., 1385 (1968). SaytzeS product, 3-methyl-2-butene.
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T a b l e  I
Olefinic Products from Reactions of 2-Butyl Halides“ with L ithium Halides in D M F and DMSO at 50.2°

Total butenes, ✓--------------------------- Per cent of total butenes--------------------------- * trans-2-Butene:
X  of 2-B uX  L iX  Solvent yield, % 1-Butene irans-2-Butene cis-2-Butene cts-2-butene

I  LiF6-* DM F 2.0<* 18.9 ± 0 .3 *  63.1 ±  0 .3  18.0 ±  0 .2  3.51 ±  0.03
LiF» DMSO f  19.4 ± 0 . 2  61.5 ±  0 .5  19.1 ±  0 .3  3.23 ±  0 .08
LiCR» DM F 7 .9* 2 .4  ± 0 . 1  78.0 ±  0 .4  19.6 ±  0 .4  3.95 ± 0 .1 2
LiCl6’» DMFft f  2 .4  ± 0 . 1  77.9 ±  0 .6  19.7 ±  0 .7  3 .95 ± 0 .1 7
LiCl6'» DM F; f  2 .2  ± 0 . 1  75.6 ±  0.1 22.2 ± 0 . 1  3 .40 ±  0.01
L iO  DMSO / 2 .6  ± 0 . 1  75.8 ±  0 .3  21.7  ±  0 .3  3 .50 ±  0.07
LiBr6.» DM F / 2 .1  ± 0 . 1  77.6 ±  0 .4  20.3 ±  0 .5  3 .83 ± 0 .1 1
LiBr» DMSO / 3 .3  ±  0 .1  74.4 ±  0 .4  22.3 ±  0 .4  3 .33 ±  0 .07
LiR» DM F / 1.5 ± 0 . 1  76.8 ± 0 . 4  21.6 ±  0 .4  3 .55 ±  0.09
Lil» DMSO / 2 .2  75.2 22.6 3.33

Br LiF» DM F / 29.3 ±  0 .3  55.0 ±  0 .5  15.7 ±  0 .4  3 .50 ± 0 .1 2
LiF» DMSO f  29.5 ±  0 .3  54.2 ±  0 .4  16.3 ±  0 .2  3 .32 ±  0.06
LiCl» DMF f  9 .8  ± 0 . 1  70.1 ±  0 .3  20.1 ±  0 .3  3.48 ±  0.10

Cl LiF*.» DMF f  39.8 ±  0 .2  47.6 ±  0 .3  12.6 ±  0 .2  3 .79 ±  0.05
LiF» DMSO f  40.8 ±  0 .2  45.6 ±  0 .2  13.6 ±  0 .1  3.36 ±  0 .05

“ [RX] = 0.3-0.4 M . 6 Two runs. » Saturated solution. d Reaction time, 10 min. e Standard deviation. 1 Yield not determined. 
»1.0 M . h 98% D M F-2%  II20 . •' 90% D M F-10%  HaO.

T a b l e  I I
Olefinic Products from Reactions of 2-Butyl Halides“ with Tetraalkylammcnium F luorides in DM F at 50.2°

Total butenes, «•----------------------------- Per cent of total butenes----------------------------- , frans-2-Butene:
X  of 2-BuX R  of R 4NF yield, %  1-Butene frans-2-Butene cts-2-Butene ct's-2-butene

I Me6 9.5» 9 .5  ± 0 . 1  71.1 ±  0 .3  19.4 ±  0 .2  3.66 ±  0.06
n-Biri’“ 77» 10.6 ±  0 .2  69.6 ±  0 .3  19.7 ±  0 .2  3 .53 ±  0.06
n-Bud'/ g 7 .6  ± 0 . 1  72.8 ±  0 .3  19.6 ±  0 .2  3.73 ±  0.06

Br Me6 g 15.5 ±  0 .1  66.5 ±  0 .2  18.0 ±  0 .2  3.68 ±  0.06
n-Bu«' 37» 16.7 ± 0 . 1  64.5 ±  0 .4  18.7 ±  0 .5  3.45 ± 0 .1 1

Cl Me6 g 22.1 ± 0 . 1  61.3 ±  0 .4  16.6 ±  0 .2  3 .72 ±  0.08
n-Bui  2.0» 22.5 ± 0 . 1  61.1 ±  0 .1  16.4 ± 0 . 1  3.76 ±  0.04

“ [RX] = 0.3-0.4 M . b Saturated solution. » Reaction time, 10 min. d [R,NF] =  0.7 M . » Three runs. > 90% D M F-10%  
H2O. » Yield not determined.

of isomeric olefins and olefin yields observed in reac- Eliminations Induced by Chloride, Bromide, and lo
tions of 2-butyl halides with tetramethylammonium dide Ions.—The synthetic use of lithium chloride,
and tetra-n-butylammonium fluorides in dimethyl- bromide, and iodide as dehydrohalogenating agents for
formamide. A control experiment demonstrated the 2-butyl halides is precluded by poor olefin yields, result-
absence of fluoride ion-catalyzed elimination of tetra- ing from low reactivity and facile substitution reac-
n-butylammonium fluoride under the reaction condi- tions.
tions. In E2 reactions of 2-substituted alkanes, the per cent

Comparison of eliminations using lithium fluoride of 1-alkene reflects the relative amounts of C-H  and
(Table I) with reactions employing the tetraalkyl- C -X  bond rupture in the elimination transition
ammonium fluorides (Table II) shows that the trans-: states.2*'10 The greater the per cent of 1-alkene, the
cfs-2-butene ratios are independent of the nature of greater is the ratio of C-H  to C -X  bond cleavage. In
the cation and are nearly the same for the three 2- the chloride-, bromide-, and iodide-induced eliminations
butyl halides, whereas, for a given 2-butyl halide, from 2-butyl iodide and bromide, the per cent of 1-
the per cent of 1-butene is influenced by the identity butene is very low. Thus, transition states with high
of the cation, decreasing in the order lithium >  tetra- degrees of C -X  bond scission, but nearly intact C-H
n-butylammonium «  tetramethylammonium. bonds (i.e., “paenecarbonium” type2»), are indicated.

Tetra-n-butylammonium fluoride produces reason- This postulation is consistent with the relatively weak
able yields of butenes from 2-butyl iodide and bromide halide ion bases and the good halogen leaving groups
under mild reaction conditions. involved.

In base-catalyzed eliminations from 2-substituted 
Discussion alkanes, trans- : cts-2-alkene ratios denote the extent of

double-bond formation in the internal olefin transition 
Halide ions in dipolar aprotic solvents are relatively states.2b'f'h The greater the degree of double-bond

strong bases as well as powerful nucleophiles. In character, the greater is the eclipsing of cis-destined
addition, dimethylformamide and dimethyl sulfoxide alkyl groups, resulting in a higher trans- : m -2-alkene
act as proton acceptors and formation of hydrogen- ratio. A paenecarbonium transition state possesses
bonded species such as (D M F)2H+ and (D M F)H X only slight carbon-carbon double-bond character,
in dimethylformamide deactivates the proton for back Therefore, judging from the low per cent of 1-butene
addition to olefinic products.9 observed in reactions of 2-butyl iodide and bromide

(9) A. J .  Parker, Quart. Rev. (London), 16, 163 (1962). (10) J .  F . Bunnett, Angea. Chem., In i. Ed. Engl., 1, 225 (1962).
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with lithium chloride, bromide, and iodide, low11 irons-: The influence of the cation upon the per cent of
m-2-alkene ratios would be predicted. It is im- 1-butene is not a steric effect since, in dimethylform-
mediately apparent that this is not the case for the amide, solvated alkali metal and tetraalkylammonium
trans-:cfs-2-alkene ratios are very high (3.40-3.95). ions are of similar size.9 Attempts to prepare anhy-
These values surpass reported high ratios observed drous tetra-n-butylammonium fluoride have been un
in reactions of 2-butyl bromide with potassium ¿-but- successful; therefore both tetraalkylammonium fluo-
oxide in dimethylformamide and dimethyl sulfoxide2a'f rides are hydrates. A small amount of water in the
and are the highest known for base-catalyzed 3 elimina- reaction solvent would reduce the reactivity of the
tion from a 2-substituted butane at 50°. fluoride ion by specific hydrogen-bonding solvation.

The irons-: m-2-butene ratios closely approach a The water-solvated fluoride ion would be a weaker
value of 4.0, extrapolated from the gas-phase pyrolysis base and a lower per cent of 1-butene would be an-
of 2-butyl acetate at 450° (a known syn elimination ticipated.14- In support of this proposal is a further
process) .12 However, a syn elimination seems unlikely reduction of the per cent of 1-butene in the reaction
in view of the anti elimination stereochemistry ob- of 2-butyl iodide with tetra-n-butylammonium fluoride
served in fluoride ion promoted elimination from in 90%  D M F-10%  H20 .
en/f/m)-3-deuterio-2-bromobutane in dimethylform- An anti elimination stereochemistry has been de
amide13 and in other halide ion induced eliminations.3b’6 monstrated in reactions of en/i/wo-3-deuterio-2-bromo-

The present results necessitate further consideration butane with tetra-n-butylammonium fluoride in di- 
of the factors affecting trans-: m -2-alkene ratios in methylformamide.13 
eliminations from 2-substituted alkanes. A conceiv
able explanation of the observed trans- : cfs-2-butene 0 ,.,. . . .  , . . .  i, , , , Experimental section
ratios is th a t  eclipsing of a lkyl groups m ay also be
important in paenecarbonium transition states. AI- Reagents.—Anhydrous dimethylformamide (Baker, reagent)
though such transition states have little double-bond was used dir.ec%  from freshly opened bottles. Dimethyl sulfox-
ch aracter the hivh deoree of C - X  bond m n tn re  results lde was Purlfied as before.2“ Anhydrous lithium fluoride (Alfacharacter, tn e  nign degree o t b  a  Dona ru pture results Inorganics)j anhydrous lithium chloride (Baker, reagent),
m  nearly  trigonal a -carb o n  atom s. T h u s, in  tran sitio n  anhydrous lithium bromide (Mallinkrodt, reagent), lithium
states for formation of cis-2-butene, the CIS-destined iodide monohydrate (Alfa Inorganics), and tetramethylammo-
methyl groups are closer together than in the ground nium fluoride trihvdrate (Eastman) were used directly. Tetra-n-
States and Steric repulsions could occur. Comparable butyiammonium fluoride hydrate was prepared according to

s te m  in teraction s are ab sen t m  tran sitio n  sta tes  leading halides (Eastman) Halogen Chemicals) were distilled and shown
to  (m ns-2-butene. to be homogeneous by glpc.

Eliminations Induced by Fluoride Ions. —In spite Elimination Products from Reactions of 2-Butyl Halides with
of the current interest in dehydrohalogenations promo- Halide Ions in Dimethylformamide and Dimethyl Sulfoxide.
ted hv halide ions there  are verv  few renorts of th e  use Except for the modification of P la c in g  the base-solvent solutionte a  by n aiiae  ions, th ere  are very  tew reports oi tn e  use directly in the reaction vessel, the previously described2“ ap-
of fluoride ion  bases. A s show n in  la b l e  I I ,  u selu l paratus, procedure, and glpc analysis of olefinic products was
am ounts of elim ination  are produced from  reactions o f employed. A 10-min reaction period was used throughout.
2-buty l iodide and brom ide w ith  te tra -n -b u ty lam m o- For measurement of olefin yields, 5.0 ml of chloroform was 
nium  fluoride under m ild reaction  conditions. T h e  low er added to the olefins collected in the cold trap- The chloroform

. . . . .  . .1 i • n ■ .3 j  solution was treated with an excess of 0.1 M  bromine m acetic
reactiv ities  of te tram ethylam m om u m  fluoride and ac;d an(j  the amount of unreacted bromine was determined in the
especially lith ium  fluoride are probably  due to  lim ited  usuai manner.
solubility. Control Experiments.—Negligible amounts of butenes (de-

With all three fluoride ion bases, the per cent of termined by glpc) were formed in reactions of 0.3 M 2-butyl 
- , . i i i *  i iodide with dimethylformamide or of 0.3 M  2-butyl iodide with
l-butene increases as the leaving group becomes poorer x Q M  lithium perc^ orate in dimethylformamide for 10 min at
(i.e., I <  Br <  Cl) in accord with the predictions of 50 °. j 0̂ bu ênes could be detected in the reaction of 0.7 M
the variable E 2 transition state theory.10 Like trends tetra-n-butylammonium fluoride with dimethylformamide for 15
and similar interpretations may be found in alkoxide min at 50°.
ion promoted eliminations.2b_d,h The effect of the
leaving group upon positional orientation in elimina- Registry No.—2-BuI, 513-48-2; 2-BuBr, 78-76-2; 
tions from 2-substituted alkanes has previously been 2-BuCl, 78-86-4; LiF, 7789-24-4; LiCl, 7447-41-8;
demonstrated only with bases having oxygen as the LiBr, 7550-35-8; Lil, 10377-51-2; Me.iNF, 373-68-2;
first atom. ti-B u4NF, 429-41-4; dimethylformamide, 68-12-2;

dimethyl sulfoxide, 67-68-5.
(11) E l  reactions of 2-butyl bromide exhibit tran s-: c is -2-butene ratios 

near unity: W. B . Smith and W. H. Watson, Jr ., J .  A m er. Chem . Soc.,
84 3174 (1962). (14) D .  H. Froemsdorf and M. D .  Robbins, J .  A m er. Chem . S oc., 89,

(12) C. H. DePuy, C. A. Bishop, and C. N. Goeders, ib id ., 88, 2151 (1961). 1737 (1967).
(13) F.. A .  Bartsoh, T etrahedron  L ett., 297 (1970). (15) S . C. Mohr, W. D .  Wilk, and G. M. Barrow, ib id ., 8 7 , 3048 (1965).
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Reactions of 2-A cyl-l,3-indandiones with Aliphatic Diamines

W illiam A. M osher and Steffen  P iesch 

D epartm ent o f  Chem istry, U niversity o f  D elaw are, N ew ark , D elaw are 19711  

R eceived  A ugust 6, 1969

Depending upon the conditions, reaction of 2-acyl-l,3-indandiones with ethylenediamine gave 2[l-(2-amino- 
ethylimino)alkyl]-l,3-indandiones (1), 2,3-dihydro-6H-indeno[l,2-e] [l,4]diazepin-6-ones (2), or 2,2'-[ethylene- 
bis(nitriloalkylidyne)] di-l,3-indandiones (3). The condensation with methylenediamine was unsuccessful.

Previous papers from this laboratory have reported ethylimino)alkyl]-l,3-indandiones (la -lc )  when R  is
the reactions of 2-acyl-l,3-indandiones with hydrazines hydrogen, methyl, or isobutyl, and 5-substituted 2,3-
to give monohydrazones1 and indeno[l,2-c]pyrazol- dihydro-6H-indeno[l,2-e][l,4]diazepin-6-ones (2c -2e),
4(lH)-ones.2 We now report the reactions of 2-acyl- when R  is ethyl, diphenylmethyl, or phenyl. The
1.3- indandiones with aliphatic diamines. diazepinones 2a (R =  H) and 2b (R =  CH3) were ob-

The condensation of ethylenediamine with open- tained by heating the corresponding indandiones (la
chain ¡3 diketones has been reported to give (a) non- or lb), the former in the presence of formic acid and
cyclized compounds, such as 4,4'-ethylenediiminodi- n-propanol, the latter in the dry state. Indandione
pentanone, with acetylacetone,3 or (b) 2,3-dihydro- lc could not be ring closed to the corresponding diaze-
1.4- diazepines,4 depending upon the molar ratio of the pinone.
reactants. Reverse addition of the reactants and change in

We have found that treatment of 2-acyl-1,3-indan- molar ratio of ethylenediamine (1.2 mol) to 2-acyl-
diones with ethylenediamine yielded three types of 1,3-indandiones (2 mol) gave 2,2'-[ethylenebis(nitrilo-
products depending upon the nature of the substituents alkvlidyne) ]di-l,3-indandiones (3a-3c).
in the side chain of the indandiones and the molar ratio The structures of these compounds are based upon 
of the reactants (Scheme I). analyses and are consistent with the infrared spectra.

All attempts to react methylenediamine with various 
Scheme I 2-acyl-l,3-indandiones in order to prepare 4-substituted

q l,2-dihydro-5H-indeno[l,2-d]pyrimidin-5-ones failed.
p |J------p In all cases only a compound of empirical formula

NH2 (C10H7NOR was isolated. No attempts have been
li ! made to determine the structure of this compound.
O R

la, R = H
b, R = CH3 Experimental Section5

c , R = CH2CH(CH3)2 2-Formyl-l,3-indandione.—A modification of the procedure

/
\ described in the literature6 was used. A mixture of triethyl
\ orthoformate (35 ml, 240 mmol) and acetic anhydride (70 ml, 720

\ j j  mmol) was added to 1,3-indandione (25 g, 170 mmol) with stirring
^  at room temperature. The mixture was heated slowly for c a . 45

p "  j] p ___  [ || j] 1 2\pj- min to 80° and kept at this temperature for 1 hr. The obtained
+  NH2C2H,NH2 *■ 2 red solution was filtered hot and immediately cooled to 10° in

fj i i| f  an ice bath. Cold water (130 ml), previously boiled to remove
O R O R  most of the oxygen, was added at 10° with stirring and the mix-

r tT/r,iT s ____ ture was allowed to crystallize in a refrigerator for 15 hr. The
R = H;CH3;C2H5;CH>CH(CH3)2; 2a, K — H deep red crystals were collected and immediately added to re-
CH(CcH5)2; C6H5 b,R = CH3 fluxing absolute ethanol (400 ml) with stirring. The mixture was

\
c,R = C2H5 refluxed for 5 min and then filtered rapidly through a preheated
d, R =  CH(C6H5)2 sintered-glass funnel. The green-red filtrate, containing ca .

e, R = C6H3 20 g of 2-formyl-l,3-indandione, was used directly in the con
densation with ethylenediamine. The ethanolic solution of this 

J d  0 ^  indandione should not be stored for a long period of time.
| |j | ] || j All the other 2-acyl-l,3-indandiones were prepared according
V / Y ^ N C 2H tN « y fv A y l  to known methods7’8 from dimethylphthalate and the appropriate

jj ] ; I] methyl ketones in the presence of sodium amide.9
O R  R O 2 [l-(2-Aminoethylimino)alkyl]-1,3-indandiones ( la - lc ) .

_ r  _ u  Method A.—The general procedure (method A) used to prepare
* ’ — these compounds is illustrated by the synthesis of 2[l-(2-amino-
b, R = CH3 ethylimino)ethyl]-1,3-indandione (lb ). A solution of 2-acetyl-
c, R =  C2H5 1 ,3-indandione (50 mmol) in ethanol (200 ml) was added dropwise

over a 2-hr period to a refluxing mixture of formic acid (1 ml),

Addition of 2-acyl-1,3-indandiones (1 mol) to a re- (8) MeWng points were determined with a F ishcr-johns melting point
fluxing ethanolic solution of ethylenediamine (1.5 mol, apparatus and are uncorre3ted. The infrared spectra were recorded with a
except in the case of compound la, where ca. 4 mol were Perkin-Elmer Infracord Model 137. Analyses were performed by Dr. A.

j. r. . . , _ r-< /rx • Bernhardt, Mikroanalytisches Laboratorium, Max Planck Institut fur Koh-
USed), in the presence of formic acid gave 2~ [1-(2-ammo- lenforschung, Mulheim (Ruhr), West Germany.

(6) G. Errera, Qazz. Chirr*. l t d . ,  33, 417 (1903).
(1) R . A. Braun and W. A. Mosher, J . Amer. Chem. Soc., 80, 2749 (1958). (7) L. B . Kilgore, J .  H. Ford, and W. C. Wolfe, In d . Eng. Chem., 3 4 ,  494
(2) R . A. Braun and W. A. Mosher, ibid., 80, 4919 (1958); J .  Org. Chem., (1942).

24, 648 (1959). (8) R . L. Horton and K. C. Murdok, J .  Org. Chem., 25, 938 (1960).
(3) A. Combes and C. Combes, Bull. Soc. Chim. Fr., 3 ,  7, 788 (1892). (9) L .  Gattermann, “Die Praxis des Organischen Chemikers,” 38th ed ,

(4 ) G .  S c h w a r z e n b a c h  a n d  K .  L u t z ,  Helv. Chim. Acta, 2 3 , 1139 (1940). Walter de Gruyter and Co., Berlin, 1958, p 220.
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T a b l e  I
2-[l-(2-AMINOETHYLIMINO)ALKYL]-l,3-INDANDIONES(la-lc)

Reaction Yield, Empirical
Compd R  time® % Mp, °C formula Calcd, % Found, %

la  H 2 hr 59 90-100 dec Ci2H12N20 2 C, 66.65 C, 66.85
H, 5.59 H, 5.64

lb CHa6 2 days 80 224-225 CI3H„N20 2 C, 67.81 C, 68.34
H, 6.13 H, 6.01
N, 12.17 N, 12.21

lc  CH2CH(CH3)2 3 days 75 96-98 Ci6H2„N20 2 C ,7 0 .5 6  0 , 69.62
H, 7.40 H, 7.39

“ Prepared as in method A (see Experimental Section). b Forms a yellow perchlorate, mp 240-242°.

T a b l e  II
2,3-DmYDRO-6H-iNDENo[l,2-e] [l,4]diazepin-6-ones (2a-2e)

Reaction Yield, Empirical ,----------------Calcd, % ----------------> ,-------------- Found, %-------------- ,
Compd R  time % Mp, °C formula C H N C H N

2a H“ . . .  59 104-106 Ci2Hi0N2O ■ H20  66.65 5.59 12.96 66.67 5.75 12.28
2b CHs* . . .  50 220-221 dec Ci3H12N20  73.56 5 .70 13.20 73.22 6.08 13.01
2c C2H56 2 days' 70 194 Ci4HI4N20  74.31 6 .24 12.38 74.20 6.35 12.29
2d CH(C6H6)26 4 days' 60 285-286 C25H20N2O 82.45 5 .50 7.69 82.14 5.62 8.31
2e CeHs6 18 hr' 75 243 Ci8H„N20 -  76.74 5.76 9.42 76.51 5.76 9.48

V2C2H5OH
° Forms a formate, mp 178-180° and a perchlorate, mp >300°. 6 Forms perchlorates c Prepared as in method A (see Experimental

Section).

T a b l e  I I I
2,2'-[Ethylenebis(nitriloalkylidyne)]di-1,3-indandiones (3a-3c)

Reaction Yield, Empirical
Compd R  time %  Mp, °C formula Calcd, % Found, %

3a H 10 min 80 300 C22H16N20 4 C ,7 0 .9 6  C ,6 9 .7 2
H, 4.33 H, 4.58
N, 7.52 N, 7.80

3b CHS 20 min 90 297 C24H20N2O4 0 , 71.98 0 , 71.77
H, 5 .04 H, 5.56
N, 7.00 N, 7.01

3c C2H6 2 hr 80 240 C26H24N20 4 0 , 72.88 0 , 73.18
H, 5.65 H, 5.48
N, 6.54 N, 6.70

ethanol (100 ml), and ethylenediamine (75 mmol). The mixture ca . 1600 cm-1 (C = N ). They form crystalline yellow per- 
was refluxed for 2 days (see Table I for the refluxing time of lc ). chlorates and formates, which show bright yellow fluorescence in
Then most of the ethanol was removed by distillation (ca . 250 alcoholic solution as well in the solid state and give phenylhydra-
ml) and to the hot residue (ca . 50 ml) was added water (25 ml) zones with phenylhydrazine.
with stirring. The mixture was kept at room temperature for 2,2'-[Ethylenebis(nitriloalkylidyne)]di-l,3-indandiones
ca . 2 days to complete the crystallization. The solid was col- (3a-3c) were prepared by the following general method. A
lected by filtration and recrystallized from aqueous ethanol to solution of formic acid (0.5 ml) and ethylenediamine (2 ml,
give lb as colorless needles. 30 mmol) in ethanol (100 ml) was added dropwise to a refluxing

For compound la the following quantities of reactants were solution of the appropriate 2-acyl-l,3-indandione (50 mmol) in
used: 2-formyl-l,3-indandione (ca . 10 g, 57 mmol), formic acid ethanol (150 ml) with stirring, and the mixture was refluxed for an
(2 ml), ethanol (200 ml), and ethylenediamine (225 mmol). The additional time, as given in Table I I I .  After cooling to room
mixture was refluxed for 2 hr. Most of the ethanol was removed temperature, the resulting solid was collected by filtration, washed
by distillation and to the hot residue (ca . 150 ml) was added hot with cold ethanol, and recrystallized from ethanol to give colorless
water (150 ml). The mixture was kept in a refrigerator for 36 or pale yellow needles.
hr; the colorless crystals were collected by filtration and dried. Compounds 3a-3c exhibit absorption peaks at ca . 1705 (C = 0 )

2,3-Dihydro-6H-indeno[l,2-e] [l,4]diazepin-6-one (2a).—A so- and ca . 1500 and 1600 cm-1 (C = N ). They show practically no
lution of la  (ca . 10 g) in a mixture of n-propanol (250 ml) and absorption in the 3300-cm-1 region.
formic acid (15 ml) was heated at reflux for 2 hr. The solution Reaction of 2-Acyl-l,3-indandiones with Methylenediamine.—
was then allowed to stand at room temperature. The formed Methylenediamine dihydrochloride (2.4 g, 20 mmol) and an-
golden leaflets of the formic acid salt of 2a, mp 178° dec, were hydrous sodium acetate (3.3 g) were added to cold ethanol (100
collected by filtration, treated with an excess of aqueous ammonia ml) with stirring After 10 min the mixture was filtered to re
in 1:1 water-ethanol, and crystallized from acetone to yield 2a as move the precipitated sodium chloride and to the filtrate was
colorless needles. added a solution of the appropriate 2-acyl-l,3-indandione (2-

2 ,3-Dihydro-5-methyl-6H-indeno[ 1,2-e] [l,4]-diazepin-6- acetyl, 2-isovaleryl, and 2-diphenylaeetyl) (15 mmol) in ethanol
one (2b).—Compound lb (10 mmol) was heated at 250° for 5 (100 ml). The clear solution was refluxed for 5 hr. Most of
min without solvent. The resulting dark powder, after crystalli- the ethanol (150 ml) was removed by distillation, and the residue,
zation from aqueous ethanol (Darco), gave 2b as colorless needles. after standing overnight at room temperature, gave colorless, fine

5-Etayl-, 5-phenyl-, and 5-diphenylmethyl-2,3-dihydro-6H- needles (1.5 g), mp >300°.
indeno[l,2-e] [1,4-]diazepin-6-ones (2c-2e) were prepared follow- A n a l. Calcd for (CioHtNO)*: C, 76.41; H, 4.49; N, 8.91. 
ing method A. The refluxing time varied from 18 hr to 4 days, Found: C, 76.63; H, 4.54; N, 8.81.
as reported in Table I I .  Colorless or pale yellow needles were The infrared spectrum showed a strong doublet at 1670 and
obtained after crystallization from ethanol (Darco). 1720 cm-1 (C = 0 ) , an intense band at 1600 cm 1 (probabty

The above 2,3-dihydro-6H-indeno[l,2-e] [l,4]diazepin-6-ones C = N ), and two weak bands in the 3050-3450-cm 1 region (OH
show absorption peaks at ca . 3300 (NH), ca . 1655 (C = 0 ) , and orNH).
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Treatment of this compound with 5 N hydrochloric acid in 2b, 23265-42-1; 2c, 23282-32-8; 2d, 23265-44-3; 2e, 
ethanol yielded a red, crystalline product, mp >300°. 23265-45-4; 3a, 23265-46-5; 3b, 23265-47-6; 3c,

A n a l. Calcd for empirical formula C20H14NO3: C, 75.94; o a o a K  AQ 7 
H, 4.46; N, 4.43; 0 ,  15.18. Found: C, 75.81; H, 4.44; ¿¿ZOO-4»-/.
N, 4.35; 0 ,1 5 .24 .

Registry N o — la, 23265-38-5; lb, 23265-39-6; lb Acknowledgment—We gratefully acknowledge the
formate, 23282-25-9; lc , 23265-40-9; 2a, 23265-41-0; valuable assistance of Dr. Mario F . Sartori in connection 
2a formate, 23282-31-7; 2a perchlorate, 23265-43-2; with this research.
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Two examples of double addition of bisdiazo ketones to olefinic bonds are described. Addition of 1,4-bisdiazo-
2,3-butanedione (1) to cyclohexene afforded the exo-di(7-norearyl)ethanedione (2). Catalytic decomposition of 
bisdiazo ketone 8 yielded the isomeric spiro diketones 10 and 11. Nmr spectral properties and some reactions of 
this novel spiro system are discussed.

a-Ketocarbenes generated by the copper-catalyzed significant conjugative overlap between the cyclopro
decomposition of diazo ketones have been found to react pane rings and the adjacent carbonyl groups, pre-
with olefins to produce cyclopropanes. Both inter- sumably enhanced by a preferred geometry of the 
molecular1- 3 and intramolecular4- 13 additions have molecule with respect to the pertinent groups. Con- 
been reported. jugative ability of the electron-rich cyclopropane ring

Recently we initiated the study of the corresponding has been observed for many years by infrared and 
reactions of bisdiazo ketones which do not appear to ultraviolet spectroscopy.15'16
have been investigated. In the present paper we The exo configuration was proved by oxidation of 2 
describe two cases in which double addition of inter- with alkaline hydrogen peroxide, affording the exo 
mediate bisketocarbenes to olefinic bonds occurred. isomer of norcarane-7-carboxylic acid (3).17'18 Thus

Decomposition of l,4-bisdiazo-2,3-butanedione ( l ) 14 the configuration agrees with previous experience 
in boiling cyclohexene in the presence of anhydrous concerning copper-catalyzed decomposition of ethyl 
copper sulfate afforded the exo-di(7-norcaryl) ethane- diazoacetate in the presence of olefins. Here also
dione 2 in low yield. addition favored the formation of the less hindered exo

product.17- 20

Qj Nmr data also support the exo configuration. It has
i, nvwvuuuj., _► been shown21 that in a-cyclopropylcarbonyl com-

j CuS0‘ pounds the cis ring protons with respect to the carbonyl
H C02H group are shifted to low field. This should obtain in

y f  all exo isomers of a norcaryl system adjacent to a car-
f ' V  COCO < ^ ^ 1  Hi°2, r^ fy C , bonyl group. (In the exo isomer the carbonyl group is

located trans to the cyclohexane ring.) Indeed, for 2
2 H and 3 no proton resonance has been observed at 5 values

3 lower than 1.17 and 1.10 ppm, respectively. Similarly,
rpi c , , 1 in methyl norcaryl ketone 4 no proton resonance hasI he presence of an a-diketone system was demon- - 1

strated by formation of the corresponding quinoxaline
derivative. The low carbonyl frequency (1680 cm-1) 2 C — CHOH— CHOH— <
observed in the infrared spectrum of 2 indicates a

5
(1) J .  Novak, J .  Ratusky, V. Sneberk, and F. Sorm, Collect. Czech. Chem.

Commun., 22, 1836 (1957). HN .COCH3
(2) H. Strzelecka and M. Simalty-Siematycki, Compt. Rend., 252, 3821 y j

(1961).
(3) R . J .  Mohrbacker and N. H. Cromwell, J .  Amer. Chem. Soc.t 79, 401 | 1/s n

(1957). ( A ,  H
(4) G. Stork and J .  Ficini, ibid., 83, 4678 (1961). H
(5) W. von E . Doering and M. Pomerantz, Tetrahedron Lett., 961 (1964). 4
(6) F . Medina and A. Manjarrez, Tetrahedron, 20, 1807 (1964). ---------------------
(7) A. Small, J .  Amer. Chem. Soc., 86, 2091 (1964). (15) L. J .  Bellamy, “The Infra-red Spectra of Complex Molecules,”
(8) A. Nickon, H. Kwasnik, T . Swartz, R . O. Williams, and J .  B. D i -  John Wiley & Sons, Inc., New York, N. Y ., 1964, p 138.

Giorgio, ibid., 87, 1615 (1965). (16) W. G. Dauben and G. H. Berezin, J .  Amer. Chem. Soc., 89, 3449
(9) J .  Meinwald and G. H. Wall, Chem. Ind. (London), 425 (1955). (1967).
(10) W. von E . Doering, E . T . Fossel, and R. L. Kaye, Tetrahedron, 21, 25 (17) P. S. Skell and R . M. Etter, Proc. Chem. Soc., 443 (1961).

(1965). (18) H. Musso and U. Eiethan, Chem. Ber., 97, 2282 (1964).
(11) D. Becker and H. J .  E . Lowenthal, Chem. Commun., 149 (1965). (19) U. Schollkopf, A. Lerch, and J .  Paust, ibid., 96, 2266 (1963).
(12) M. M. Fauzi and C. D. Gutsche, J .  Org. Chem., 31, 1390 (1966). (20) H. Minato and I. Horibe, J .  Chem. Soc., C, 2131 (1968).
(13) H. Musso and U. Biethan, Chem. Ber., 100, 119 (1967). (21) A. A. Pavia, J .  Wylde, R . Wylde, and E. Arnal, Bull. Soc. Chim.
(14) M . Frankel and M. Harnik, J .  Amer. Chem. Soc., 74, 2120 (1952). Fr., 2709 (1965).
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been reported at 8 values less than 1 ppm.22 Sodium Both compounds showed two distinct carbonyl 
borohydride reduction of 2 afforded the diol 5, the nmr stretching bands in their infrared spectra (see Experi-
spectrum of which exhibited a broad six-proton multi- mental Section). In the ultraviolet region both A and
plet at high field (5 0.4-1.0 ppm) as expected for the B had a maximum at 280 nm (e 96 and 127, respec-
cyclopropyl protons once the “carbonyl effect” present tively). Similarly, a high e value (121) was found for
in 2 has been removed. the n ->■ tt* transition band of the spiro ketone 1325 in

In order to study the case of intramolecular cycliza- contrast to the low e values of 13, 22, and 24 observed
tion, the bisdiazo ketone 8 was prepared by the addition for cyclopentanone and two related monoketones, 14
of diazomethane to diallyl malonyl chloride 7 obtained and IS. The effect was discussed by Cram for the
from the corresponding acid 6 with oxalyl chloride.

0  OH
.C02H .COC1 I------- 1 I  I------- 1 I------- 1 V

-  <c„ , - chch, , S oci -  \ ^ X J

6 7 O O O
CH2=CHCH2 C0CHN2 13 14 15

n2chco, /  ^CH2CH=CH2 A  J  A  ~ L Me

8 H ^ X l l  Me
The decomposition of the bisdiazo ketone 8 was then 0  0

investigated under varying conditions of temperature, IS 17
solvent, and catalyst. In each case two isomeric
crystalline products, A (mp 154°) and B (mp 118°), diketone 13,25 where the tt orbitals of two apparently
were isolated, representing two of the three theoretically nonconjugated chromophores appear to interact
possible stereoisomers, 9, 10, and 11. The distribution because they are held in rigid proximity, although

orthogonal to one another. Considering the e values of 
57 and 46 reported for the bicyclo ketones 1626a and

fr----- 1  ̂ /j____0  _____0 17,26b the values of 96 for compound A and 127 for B ap-
ti J /  /  I/ ] \— -ry y \  IA— iY  pear to be normal (double the value for a single car-

][ '  \ r  '  bonyl chromophore). Consequently, our spiro ketones
0  yN II 7) do not obey the “spiro conjugation” effect discussed re-

°  io 11 cently for interactions observed between p-orbital sys
tems (olefins and oxygen or nitrogen lone-pair electrons) 

of iscmers A and B in the crude reaction mixture was in numerous spiro compounds.27 The already existing
analyzed by glpc and is summarized in Table I. conjugation in the a-cyclopropyl ketone system pre

sumably overhelms this spiro effect.
Table I It is important to recognize the difference in the

Decomposition of 8 under Different Conditions symmetry properties of 9, 10, and 11. Since 10 lacks
a  + b , any symmetry element, it is asymmetric. Both 9 and

Catalyst Temp, °c Solvent % a , % b , % j j have one twofold symmetry axis (C2) and are there-
CuSOi 100 Dioxane 15 67 33 fore dissymmetric. This symmetry difference must be
Pd complex 5-15 Dioxane 35 86 14 reflected also in the corresponding nmr spectra, permit-
Pd complex 5-15 THF 24 85 15 ting structural assignments to be made for the isomers

comp ex er actually isolated, A and B, provided that one of them is
10. Indeed, the spectra of both A and B exhibited

, . , . , . , , . , , . ,, „ r  four distinct multiplets, integrated for an even-num-
The higher yields obtained by using the x-allylic bered digtribution QPf tons only in the case of A but

palladium chloride complex 1222 instead of CuS04 are that of B {vide in fra), i somer B must therefore
presumabiy due to the milder conditions necessary to bg 10. i n order to decide whether the
effect decomposition with this complex,2* lessening f A is 9 or n , its nmr spectrum was
concurrent polymer formation. compared with those of the bicyclo [3.1.0 ]hexan-2-ones

H H H ,H 16 and 17, in which Ha and H3 have been reported to
C1 V  resonate as multiplets at 8 0 .8-1.3 and 0.6-1.5 ppm,

/ f  \  /  \  /  \  respectively.27 In the spectrum of A there were four
^ \̂A ; /  distinct multiplets centered at 8 0.72 (2 H), 1.22 (2 H),

C1 1.98 (6 H), and 2.54 ppm (2 H). The two upfield
H/  XH R XH multiplets, corresponding to the geminal cyclopropyl

12 protons, appear in a range similar to that of the corre-

~  the in u red  and ultra™ ,et spectra the S d T e ^ S “^
spiro diketones A and B are similar the striking dif- stmcture n  where the geminal cyclopropyl protons
ference observed in their nmr spectra permitted ’ &
estabhshment of their relative configuration. (25) D. J .  Cram and H. Steinberg, J .  l * .  Chem. Soc., 76, 2753 (1954).

(26) (a) E . M. Kosower and M . Ito, Proc. Chem. Soc., 25 (1962); (b) O.
(22) J .  L. Pierre and P. Arnaud, Bull. Soc. Chim. Fr., 1040 (1966). E . Edwards and M Lesage, Can. J . Chem., 41, 1592 (1963).
(23) W ,T . Dent, R. Long, and A. J .  Wilkinson, J .  Chem. Soc., 1585 (1964). (27) H. E . Simmons and T . Fukunaga, J .  Amer. Chem. Soc., 89, 5208
(24) R . K . Armstrong, J .  Org. Chem., 31, 618 (1966). (1968).
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TableI1 a 0 0  V ' 3
C o u p l in g  C o n s t a n t s“ f o b  S o m e  ^ ________

3,3'-Spirobi(bicyclo[3.1.0]hexane) Derivatives 4 \/* l / ' f f
P \ 3/X.3 ** \m ~¿•aw \ / v u  yr

Compd /2/3,i/3 *7e/3,4/3 JefiAP JtaA fi 1

10 ................  5.5 13.0 1.5 . . .  4.5 3.5 f T  \ p  P

11 ................  5 .5 13.0 1.5 . . .  4.5 3.5
22 4.5 5.0 5.0 13.0 . . .  8.0 5.0 5 .0 1

23 5.0 . . .  5.5 13.0 .......................................  This proton, now affected only by the anisotropic
34 . . .  5.0 5 .5 13.0 1.5 ............................  effect of th e  C 2' carbonyl group, is shifted downfield
“ Reported in hertz. (from 2.54 to 2.36 ppm). Simultaneously, H ^ ,

located in the shielding volume above the plane of both
, ,  . . . . . .  cyclopropyl rings, undergoes an upfield shift into the

would not experience any additional anisotropic effects area J f lex multiplet centered at 5 2.00 ppm.
of the distant carbonyl group. (Compare, for example, The ^  n affected b the C2 carbonyl
the reiative locations of H6 and the C2, carbonyl group is shifted downfield, leaving a one-proton
m L ) 0 n  the other hand> both end0 methylene protons mul£ plet ftt highest 5eld (8 0 .89 ppm) corresponding to

Hta.
a 0 0  “\e ,/3 A different product, 18, has been isolated from the
V  ^_______y f  reaction  m ixture of the copper-catalyzed decom position

/  '/'<* l / ' P  of 8 in hydrocarbons (hexane, cyclohexane, or benzene)
i( / vb 5# rather than dioxane. The structure of 18 was sub-

^   ̂ stantiated by elemental analysis and spectral data.
0/3  ̂ The relative configuration of the cyclopropane ring was
I _____OS\ — 77 H 5.97

of the cyclopropyl rings in 9 are located in close proxim- ' n,
ity to the carbonyl groups (see 9), and their chemical 1.3H h0.8s II 213
shifts would be expected to differ significantly from ®
those observed in the model compounds 16 and 17. 18
These assumptions are confirmed by the nmr spectrum Q Q
of the asymmetric isomer B (10), which indeed combines J ------ —Mei/74 J -------  H5 86
the characteristic configurations of both 9 and 11 \ \
(vide infra). H 7.23 M e2.i5

The assignment of the geminal cyclopropyl protons 19 20
was made on the basis of the order J cls >  J  vans, estab- determined from the chemical shifts of the geminal
lished for vicinal coupling constants in cyclopropane cyclopropyl protons, which appeared in the range
derivatives.19’28- 30 Consequently, the narrower mul- gimilar to that for the corresponding methylene signals
tiplet (W i/j — 13 Hz) at highest field (8 0.72 ppm) 0f u  Tor the relative configuration of the methyl
represents the magnetically equivalent endo protons group and the vinylic hydrogen, support has been
He,* and Hf,'a (see I) appearing as a six-line pattern found in nmr data reported for compounds 18 and 19.35
present in an unsymmetrical triplet. The broader Compound 18 cannot result from rearrangement of A 
multiplet (W 1/, — 24 Hz) centered at 5 1.22 ppm or sfnce; wben both were refluxed in benzene in the
corresponds to the resonance of the exo protons H6(3 and presence of copper sulfate, work-up of the solutions
H6'/3. An unsymmetrical doublet of quartets repre- gave only recovered starting material. A monocyclized
sents the protons H4p and H ^ , with a splitting pattern intermediate such as 21 may serve as a common
corresponding to coupling of H )/3 with the protons H4a, precursor for all three compounds, 10,11, and 18.
H5(3, and H6(3. (Owing to the symmetry of the molecule, ____
H4'3 is similarly coupled to H4'a, H6'p, and H6<̂ .) /\  I ,COCHN2
The coupling constants obtained from the spectrum
and confirmed by double-irradiation experiments are I  CH2CH CH2
summarized in Table II. ^ 21The nmr spectrum of the isomer B consisted of four
multiplets centered at S 0.89 (1 H), 1.20 (2 H), 2.00 Reduction of 11 with sodium borohydride afforded a 
(8 H), and 2.96 ppm (1 H). The integration, compared mixture of neutral and acidic fractions. The neutral
with the integration values of isomer A (vide supra), fraction consisted o: two of the three stereochemically
suggests that isomer B has the asymmetric configura- possible diols 22, 23, and 24 separated by chromatog-
tion shown in II. Here, in contrast to the symmetric raphy or, alternatively, by preparative glpc of the
molecule (I), one cyclopropyl group is inverted. This corresponding trime'hylsilyl ethers followed by hydroly-
change in the relative configuration of one cyclopropane sp 
ring eliminates the anisotropic shielding effect of this (31) D. j. pateli M. E. H- Howdan, and J .  D. Roberts, J. Amer. Chem. 
ring31-34 on H4(3 which exists in the symmetric molecule. soc., 86,3218  (1963).

(32) S. Forsen and T . Ncrin, Tetrahedron Lett., 2845 (1964).
(28) J .  G. Traynham, J .  S. Dehn, and E . E . Green, J. Org. Chem., 33, (33) H. Prinzbach, H. Hagemann, J .  H. Hartenstein, and R . Kitzing,

2587 (1968). Chem. Ber., 98, 2201 (1965).
(29) W. G. Dauben and W. T . Wipke, ibid., 32, 2976 (1967). (34) K . Tori and K. Kitahonoki, J. Amer. Chem. Soc., 87, 386 (1965).
(30) D. L. Muck and E . R . Wilson, ibid., 33, 419 (1968). (35) H. N. A. Al-Jallo and E . S. Waight, J. Chem. Soc., B, 73 (1966).
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Metal hydride reduction of conjugated cyclopropyl shielding area of the neighboring cyclopropyl group.41
ketones has been shown to give (in over 90%  yield) the The lesser symmetry of 23 is further supported by the
isomer in which the hydroxyl and cyclopropane groups fact that, in contradiction to the magnetic equivalence
are cis. ' of H4(3 and Hp^ in 22, in 23 only H4',g is affected by the

The two isomeric diols were obtained in a ratio of ca. C2 hydroxyl group, which resonated separately at 5
85:15, and it is reasonable to assume that in the major 2.40 ppm (quartet, 1 H, Jvftv« =  13 Hz, =  5
product (mp 171°) each set of hydroxyl group and Hz). The H4S resonance was shifted to higher field
cyclopropyl ring are in the cis orientation, as depicted in into a seven-proton multiplet at 8 1 .1 -1 .8 ppm (H1(3,
22. This assumption was confirmed by the nmr data. Hr/3, I I^ , H4a, H4V, and H4(3).
The presence of a clearly resolved doublet in pyridine- The infrared spectra of the two diastereoisomeric 
ds at 5 4.88 ppm (2 H, J  — 4.5 Hz) attributed to the diols 22 and 23 in the OH stretching region furnished
tertiary protons H2„ and U2'p supports symmetrical further support for the above configurational assign-
disposition of the two hydroxyl groups about the C2 ment. The infrared spectrum of 22 exhibited a sharp
axis, a feature absent in 23. The splitting of the ab- band at 3595 cm-1 and a broad one at 3415 cm-1 . At
sorption of these hydrogens is reasonably explained as low concentration the broad (intermolecular) band
resulting from coupling with the cis protons H43 and disappears. The diol 23 also showed two infrared
Hi'0- Although the hydroxyls in 24 are also sym- bands, at 3570 and 3470 cm-1, but they remain rela-
metrieally disposed and are thus magnetically equiva- tively unchanged even at low concentration. The

geometry of 22, with trans hydroxyl groups, permits no 
Ha intramolecular hydrogen bonding. In the isomer 23,

y p ---------- 7] ? H however, intramolecular bonding may exist owing to
A?-------the relative proximity of the hydroxyl groups.42'43
Hfl \j H, The acidic fraction, obtained as a by-product,

consisted of a mixture of two isomeric hydroxy acids, 
“ H(J Hp one of them present as a minor component but de-

22 tectable in the nmr spectrum of the crude acidic frac
tion. The major acidic component (mp 131°) was

H/k, _________  0H separated by chromatography on silica gel.
H /  ^ I____ J f  0 The formation of hydroxy acids may be explained by

A , |/r f / ^ u  a two-sfep reaction, in which the basic sodium boro-
2, 8 5/  0 hydride first cleaves the ¡3 diketone 11. Whether the

H/s ho / A  enolate anion 25 is further reduced or first converted
H* OH 0 into epimeric keto acids 26 and 27 by proton abstraction

23 has not been investigated. This uncertainty in the
H H mechanism requires consideration of four isomeric

13'v________  H„ hydroxy acids, 28-31, as potential reaction products.
Hf / ’ 4 L______y ' f  Configurational assignment for the actually isolated

j i ' j J  v iM oh hydroxy acid was attempted by considering the presence
/  of a one-proton resonance at 5 4.05 ppm in the nmr

H„ spectrum owing to the proton a  to the hydroxyl group.
“ 8 Table III summarizes the expected splitting pattern of

24 this signal in the four hydroxy acids 28-31. Dihedral
angles were measured in Dreiding models and coupling

lent, H2q. and H2'a would be expected to appear as a constants were derived from the Karplus curve.36 37 38 39 40
smglet. This expectation is based on the observation in Since a boat conformation is preferred for bicyclo [3.1.01-
models that the relevant dihedral angles [H2o,-C -C -H i3 hexan-2-ol and -3-ol,44-45 our analysis also uses this
and H2'a-C-C-H i'^) approximate 90° and therefore no conformation.
spin-spin coupling should be observed.38  ̂ Although this analysis is only approximate, the

The asymmetric structure 23 has been assigned to the presence of an ill-resolved multiplet, centered at 6 4.05
minor component, a liquid diol characterized as its ppm in the nmr spectrum of the hydroxy acid (mp 131°),
bis-p-nitrobenzoate. Its nmr spectrum in CDC13 together with the well-established fact of obtention of
exhibited a one-proton doublet at 5 4.82 ppm ( J  — 5 c{s hydroxyl groups in metal hydride reductions of
Hz) and a one-proton singlet at 8 3.77 ppm correspond- conjugated cyclopropyl ketones,36,37 it is suggested that
ing to II2(3 and H2'a, respectively. Both protons differ the hydroxy acid be either 28 or 30. Clear-cut dif-
in chemical shifts from that of the corresponding ferentiation between these two configurations, however,
tertiary protons in the diol 22. Presumably, this was not possible, since the data provide insufficient
difference may be accounted for by the H2/3 resonance evidence concerning the configuration of the side chain,
undergoing a paramagnetic shift owing to the neighbor- 0 ne keto acid (26 or 27) was isolated in 95% yield 
ing C2̂  hydroxyl;36'39,40 the Il2'a proton lies in the

(36) J .  R . Williams and H. Ziffer, Tetrahedron, 24, 6725 (1968). (41) For leading references see ref 34.
(37) M. Hanack and H. Allmendiger, Chem. Ber., 97, 1669 (1964). (42) E . Hardegger, E . Maeder, H. M. Semarne, and D. J .  Cram, J .
(38) I .  Fleming and D. H. Williams, “Spectroscopic Methods in Organic Amer. Chem. Soc., 81, 2729 (1959).

Chemistry,” McGraw-Hill Book Co., Inc., London, 1966, pp 104, 105. (43) H. Gerlach, Helv. Chim. Acta, 51, 1587 (1968).
(39) J .  Tadanier, J .  Org. Chem., 31, 2124 (1966). (44) S. Winstein, E . L. Friedrich, R . Baker, and Y .-I Lin, Tetrahedron,
(40) N. S. Bhacca and D. H. Williams, “Applications of N M R Spectros- Suppl., 8, 621 (1966).

copy in Organic Chemistry,” Holden-Day, Inc., San Francisco, Calif., (45) P. K . Freeman, M. F . Grostic, and F. A. Raymond, J .  Org. Chem., 30,
1964, pp 20, 21. 771 (1965).
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HO E ß  H„ OH HO E ß  H„ OH

28 29 30 31

r = ch2ch—  chco2h
\  /

ch 2

Table I I I  diol, the monoacetate 33, which on oxidation with
E stimated Coupling Constants“ from Measured D ihedral chromic acid followed by hydrolysis furnished the ketol 

Angles in B icyclo[3.1.0]hexan-2-ol Derivatives 34. Its structure was confirmed by analysis and
Dihedral spectroscopic methods.

Coupled angle, Expected
Compd protons deg J  H 2 resonance

28 H l* * *  4 5  4  Quartet Experimental Section
Hid, H¥  30 6  All melting points were taken in capillaries and are uncorrected.
Hid, H^ 75 0 The ir spectra were determined on a Perkin-Elmer Infracord

29 Singlet and the uv spectra on a Perkin-Elmer 137 or on a Cary 14
E ta , Häd 90 0 spectrophotometer. The nmr spectra were recorded either on a
Hid, Hid 45 4 Yarian A-60 or on a Varian HA-100 spectrometer in CDC13

3 0  Quartet solution if not otherwise stated, using TM S as internal standard.
j j  j j  jgO 7  Gas chromatographic analyses were done on a F  & M Model

2d, ta 810 Qr a Aer0graph j j Y -FI Model 600D gas chromatograph.
lß’ 2“ ezo-Di(7-norcaryl)ethanedione (2).—A stirred mixture of 1,4-

Doublet bisdiazo-2,3-butanedione l 14 (3.58 g), redistilled dry cyclohexene
Hia, H3a 30 6  (ca. 7 0 0  ml), and anhydrous copper sulfate (20 g) was heated

“ Reported in hertz. under reflux under N2 until the ir bands characteristic for the
diazo ketone disappeared (c a . 15 hr). The mixture was cooled 

. ... and filtered from copper sulfate and polymeric materials, and the
when the diketone 11 was refluxed with sodium hy- solvent was removed. The oily residue (4.8 g) was chromato- 
droxide followed by acidification. Presumably under graphed on a column of Florisil (60-100 mesh, 100 g). Elution
these conditions the thermodynamically more stable with hexane and crystallization from MeOH gave the ethanedione
isomer is formed. Its methyl ester showed a single nvr!!nwv?in ^ 1678 cm *’ uv max
sharp peak upon glpc on two different columns. This ^ h  C aM  for cleH .O ,: C, 78.0; H, 9.0. Found: 
keto acid, on reduction with sodium borohydride, C, 77.8; H, 9.0.
yielded the same hydroxy acid as was obtained from A sample of diketone 2, on treatment with o-phenylenediamine,
the diketone 11 as described above. yielded2,3-di(7-norcaryl)quinoxaline, mp 72° (fromEtOH).

The diacetate 32 of the diol 22 served as a starting c ^ 4 ' h  s ' f * 1 C, 83.0; H, 8 .2 ; N, 8 .8 . Found:
material for preparing the ketol 34. Partial hydrolysis exo-Norcarane-7-carboxylic Acid (3).—A mixture of the dike- 
of the diacetate gave, besides unchanged diacetate and tone 2 (0.13 g), MeOH (20 ml), aqueous NaOH (15% , 15 ml),

and H2O2 (30%, 9 ml) was kept at room temperature overnight. 
OAc Excess H20 2 was decomposed with FeSO,, and the solution was

A  I I acidified with cold, aqueous HC1 and extracted with ether.
y  J The organic layer was dried (MgSOQ and filtered, and the solvent

>  U r  was removed. The crude acid was recrystallized from pentane
AcCf ' ' H (0.10g), mp 96-97.5° ait.18mp 96.5°).

exo-Di(7-norcaryl)ethanediol (5).—To a solution of diketone 2 
“  (0.25 g) in EtOH (30 ml), sodium borohydride (0.04 g) was

OAc OH added in small portions and the mixture was kept at room
A  I I ___ y  A  I I _ temperature overnight. Ethanol was then removed under

y  J J/ V Y { j /  y  J i -V R  Ty reduced pressure, water was added, and the mixture was ex-
y ;  ’  '  ~~ '  tracted with C H C I 3 . The C H C I 3 layer was washed with water

Y Q  'j j  II until neutral reaction, dried, and evaporated. The crude diol
H (0.23 g) was purified by recrystallization from hexane, mp 99-

33 34 100°.
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A n a l. Calcd for Ci6H260 2: C, 76.75; H, 10.8. Found: (1:1) gave an additional amount (0.38 g) of diol 22; C9H6-
C, 76.6; H, 10.8. CHC13 (1 :2) eluted the isomeric oily diol 23 (0.26 g). For puri-

l,5-Bisdiazo-3,3-diallyl-2,4-pentanedione (8).—To a magneti- fication it was re chromatographed on neutral Alumina (Merck), 
cally stirred and ice-cooled mixture of diallyl malonic acid (36.8 g), ir (CCU) 3570 and 3470 cm-1. Both peaks remain relatively
dry benzene (200 ml), and anhydrous pyridine (1 ml) was added unchanged at a concentration of 4 X  10“ 4 mol/1., mass spectrum
dropwise a solution of freshly distilled oxalyl chloride (80 ml) m /e  162 (M+ — H20 ) .
in dry benzene (80 ml). The addition was regulated according The bis-p-nitrobenzoate melted at 182-183° (CH3CN).
to rate of gas evolution. After the addition was completed, the A n a l. Calcd for C25H22N20 8: C, 62.8; H, 4.6; N, 5.9.
ice bath was removed and the mixture was slowly heated to 40° Found: C, 62.7; H, 4.7; N, 5.8.
and kept at this temperature for 2  hr and then at 60° for an The aqueous layer from the first CHC13 extraction was acidified
additional 2 hr. Excess oxalyl chloride and benzene were with cold, diluted HC1 to pH 2  and extracted again with CHC13.
removed and the residue was washed three times with 150 ml of After the organic layer had been dried (Na2S0 4 ) the solvent was
dry ether. For characterization the solvent was removed from removed and the nmr spectrum of the crude residue (0.26 g) was
a small sample and the ir spectrum of the residual oil was taken taken. The presence of a multiplet at 5 4.05 ppm, together with
in dry CCU, 1800 (-COC1) and 1650 cm- 1  (CH2= C H -). a doublet at 5 4.40 ppm, indicated the crude residue to be a mix-

The combined etheral extracts were added dropwise under ture of two hydroxy acids. Trituration with benzene and re
cooling and swirling to an etheral diazomethane solution (pre- crystallization of the crude crystalline product from benzene-
pared from 160 g of nitrosomethvlurea). After standing for 1 chlorform gave pure hydroxy acid, mp 131°. Alternatively, the
hr the solution was filtered and concentrated until the product crude acidic mixture was chromatographed on silica gel (28-200
started to crystallize. The bisdiazo ketone was isolated by mesh, Davison Chemical), and elution with CHC13 afforded
suction filtration and recrystallized from benzene-cyclohexane an oil which crystallized on standing. Recrystallization from
(1:1): mp 81-82°; ir (CHC13) 2110, 1645, and 1630 cm-1; benzene-chlorform gave the hydroxy acid, mp 131°. The nmr
nmr 5 2.6 (d ,4), 5.5 (s, 2), and4.9-5.8ppm (m, 6 ). spectrum exhibited a one-proton multiplet at 5 4.05 ppm, but

A n a l. Calcd for C11H12O2N4: C, 56.9; H, 5.2; N, 24.1. the doublet observed in the spectrum of the crude acid at 5
Found: C, 57.3; H, 5.2; N, 23.8. 4.40 ppm was absent.

Decomposition of Bisdiazo Ketone 8  with CuSO(.—A stirred A n a l. Calcd for CnHi603: C, 67.3; H, 8.2. Found: C,
mixture of diazo ketone 8  (6.0 g), redistilled dry cyclohexane 66.9; H, 8.3.
(600 ml), and anhydrous CuSO< (12 g) was heated under reflux In an alternative procedure a portion of the neutral fraction
under N2 until the ir bands characteristic for the diazo ketone obtained from the sodium borohydride reduction described above
disappeared (ea. 40 hr). The mixture was cooled and filtered was converted into a mixture of the corresponding trimethylsilyl
from C11SO4, and polymeric material and the solvent were re- ethers using a modification46 of a standard method.47 The ether
moved. The dark, oily residue was purified by column chro- mixture was analysed by glpc on a 6 ft X 0.25 in. column packed
matography on Florisil (60-100 mesh, 150 g). Elution with with SE-30 (3%) on 80-100 mesh Chromosorb W at a column
hexane-benzene (1:1) gave crude 18, which was recrystallized temperature of 155°. Three peaks with relative area of 8 6 :8 :6
from i-PrOH (0.28 g): mp 135°; ir (CHC13) 1730, 1696, and were observed. The major fraction was collected and hydrolyzed
1628 cm-1; uv max (MeOH) 225 mu (e 10,200); nmr 5 5.97 for 5 min with boiling MeOH. The product, mp 171°, was
(vinylicproton) and 2.13 ppm (methyl). identical with the symmetrical diol 22 (vide su p ra ) . Glpc com-

A n a l. Calcd for CnHi20 2: C, 75.0; H, 6.9. Found: C, parison of the product with relative area intensity 8 with the
75.0; H, 6.9. trimethylsilyl ether of diol 23 showed the identity of these two

Decomposition of Bisdiazo Ketone 8 with Complex 12.—To an compounds. The product corresponding to the third peak was
ice-cold solution of l,5-bisdiazo-3,3-diallyl-2,4-pentanedione (30 not investigated.
g) in absolute ether (3 1.), the Pd complex 1223 (0.3 g) was added. Alkaline Cleavage of Diketone 11.—A solution of diketone 11 
Vigorous gas evolution started immediately. After the reaction (0.12 g) in a mixture of EtOH (4 ml) and NaOII (6 N ,  1 ml) was
subsided, the ice bath was removed and the mixture was stirred heated under reflux for 30 min. After removal of the alcohol
overnight at room temperature. After filtration and concentra- under reduced pressure and acidification with cold, diluted HC1
tion o: the solution, crude crystalline diketone 11 was obtained to pH 3, a keto acid 26 or 27 precipitated (0.12 g). Recrystal-
(3.28 g), purified by recrystallization from f-PrOH: mp 154°; lization from benzene gave the analytical sample: mp 123°; ir
ir (CECls) 1736 and 1706 cm-1; uv max (MeOH) 280 mp U 96). 1712 cm-1; mass spectrum m /e  194 (M+).

A n d .  Calcd for C11H12O2: C, 75.0; H, 6.9. Found: A n a l. Calcd for CnH u03: C, 68.0; H, 7.3. Found: C,
C, 74.9; H, 7.0. 67.8; H, 7.4.

Removal of the solvents of the combined mother liquors gave Reduction of the Keto Acid.—A solution of the keto acid
a crude oil which was chromatographed on a column of Florisil (0.28 g), mp 123°, in f-PrOH (28 ml) at 40° was treated with 
(60-100 mesh). Elution with hexane-benzene (4:1) gave sodium borohydride (0.28 g), and the mixture was left at room
diketone 10 (0.68 g). The analytical sample was obtained by temperature for 20 hr. After removal of the solvent, water
recrystallization from i'-PrOH: mp 118°; ir (CHC13) 1734 and was added and the acidified (pH 2) solution was extracted with
1710 cm“1; uv max (MeOH) 281 mp (e127). CHC13. After the usual work-up, an oil (0.27 g) was obtained,

A n a l. Calcd for CiiHi20 2: C, 75.0; H, 6.9. Found: C, which on trituration with benzene and recrystallization from
74.8; H, 7.0. benzene-chloroform gave the hydroxy acid, mp 131°, identical

Elution with hexane-benzene (1:1) gave an additional amount with that described above.
(1.03 g) of isomer 11, mp 154°. Acetylation of Diol 22.—A mixture of diol 22 (0.70 g), anhy-

Reduction of Diketone 11 with Sodium Borohydride.—To a drous pyridine (5 ml), and acetic anhydride (2.5 ml) was heated 
solution of diketone 11 (2.0 g) in ¿-PrOH (150 ml) kept at 40°, at 100° for 50 min and then cooled, and all the volatile compounds
sodium borohydride (2.0 g) was added. The mixture was left were removed under reduced pressure. Sublimation of the
at room temperature overnight, the solvent was removed, and residue at 80° (0.05 mm) afforded diacetate 32 (0.92 g). The
water was added. The solution was neutralized (pH 7) with analytical sample was obtained by recrystallization from pentane,
diluted HC1 and extracted with CHC13. After the usual work- mp 93-94°; in the nmr spectrum the protons a  to the acetoxy
up, ar. oil was obtained which on trituration with CHC13 gave the groups resonated at 5 5.20 ppm (d, 2 H).
crystalline diol 22 (1.07 g). The analytical sample was obtained A n a l. Calcd for C15H20O4: C, 68.2; H, 7.6. Found: C,
by recrystallization from acetonitrile: mp 171°; ir (CCU) 68.2; H, 7.5.
3595 and 3415 cm“1; the broad band at 3415 cm“1 disappears Preparation of Ketol 34.—Diacetate 32 (0.80 g) in dioxane 
at a concentration of 2 X  10“3 mol/1.; mass spectrum m /e  (20 ml), water (8 ml), and 40%  aqueous dioxan (18.7 ml) con-
162 (M+ — H20 ) .  taining KOH (9 mg/ml) was refluxed for 30 min. The addition

A n a l. Calcd for CuH190 2: C, 73.3; H, 9.0. Found: of phenolphthalein showed that this time was required for the
C, 73.0; H, 8.8. consumption of the KOH. The cooled solution was concen-

The bis-p-nitrobenzoate melted at 271° (CHC13). trated to dryness under high vacuum, water was added, and the
A n a l. Calcd for C25H22N208: C, 62.8; H, 4.6; N, 5.9. ------------------

Found: C, 62.4; H, 5.0; N, 6.2. (46) B T_ Golding, R . W. Richards, and M. Barber, Tetrahedron Lett.,
Removal of the solvents (C H C I 3 and f-PrOH) of the combined 2615 (1964). 

mother liquors gave a thick oil which was chromatographed on a (47) C. C. Sweely, R . Bentley, M . M akita, and W. W. Wells, J .  Amer.
column of basic Alumina (Merck). Elution with C 9H e - C H C l3 Chem. Soc., 85, 2497 (1963).

V o l. 85, N o . 4 , A p r i l  1970 3,3,-Spirobi(bicyclo[3.1.0]hexane)-2,2,-dione System 1033



mixture was extracted with CHCI3. The crude material (ca. dryness under high vacuum, water was added, and the mixture
0.70 g) obtained from the dried CHCI3. solution was chroma- was extracted with CHC13. After the usual work-up, a thick
tographed on neutral alumina (50 g, Merck). Elution with oil (0.2 g) was isolated which solidified on standing. Trituration
benzene gave unchanged diacetate (0.21 g), identified by melting with ether and recrystallization from methylcyclohexane afforded
point and mixture melting point. Elution with benzene- theketol34, mp 124r-125°.
chloroform (9:1) afforded the oily monoacetate 33 (0.36 g), A n a l. Caled for C jl ln 0 2: C, 74.1; H, 7.9. Found: C, 
characterized as its p-nitrobenzoate, mp 119^121° (from methyl- 74.2; H, 7.9. 
cyclohexane) •

A n a l. Caled for C20H21O6N: C, 64.7; H, 5.7. Found: Registry No—2, 23346-32-9; 5, 23346-30-7; 8,
C, 64.3; H, 5.7. 23346-31-8; 10, 23353-38-0; 11, 23353-39-1; 18,

Elution With CHCla gave diol 22 (0.08 g), identified by melting 23353. 40. 4 ; 22, 23353-41-5; 22 bis-p-nitrobenzoate,
The crude oily monoacetate (0.28 g) in “Analar R” acetone 23353-42-6, 23, 23353-43-7, 23 bis-p-nitrobenzoate,

(20 ml) was treated with Jones solution48 (0.6 ml) at 0°. After 23353-44-8; 26, 23359-84-4; 27, 23353-45-9; 28,
the solution had been stirred for 5 min, excess oxidant was de- 23353-46-0 ; 29, 23359-83-3; 30, 23353-34-6; 31,
stroyed by adding methanol (2 ml) After the solution had been 23353-35-7; 32, 23353-36-8 ; 33 p-nitrobenzoate, 23353-
L T i l i S f w i i S c  “ h C H ,S ',Venih I “ 4 r £  ¡>M>; 3 1 , 2 3 3 5 3 -5 6 -2 ; 2 ,3 -d i(7 -„ „ r« .ry l)q „ i„ „ x a line, 
acetate (0.28 g), obtained from the dried CH2C12 solution, in 23346-33-0 .
dioxane (8 ml), and 40%  aqueous dioxane (7.5 ml) containing . , , , , . , , , , , „
KOH (9 mg/ml) was refluxed for 30 min (negative phenol- Acknowledgment Wc are indebted to Dr. Y ,
phthalein reaction). The cooled solution was concentrated to Kashman (Tel Aviv University) for the 100-MHz nmr 

~  ~ , T at tt "iv. ,,, „  T , „ _ . , spectra and to Dr. O. E. Edwards (N. R. C. of Canada)(48) K . Bowden, I . M. Heilbron, E . R . H. Jones, and B . C. L. Weedon, A  ;  ,  '
j . chem . Soc. 39 (1946). for a sample of dimethylbicyclo[3.1.0Jhexanone.

Organom etallic Reaction M echanism s. IV. The M echanism  
of Ketone Reduction by Alum inum  Alkyls

E . C. A shby and  Sim on  H. Y u

School o f  C hem istry, G eorgia  Institu te o f  T echnology, A tlan ta, G eorgia 30332  

R eceived  A ugust 26, 1069

A product analysis, kinetic study, and Hammett study of the reaction of triisobutylaluminum with benzo- 
phenone has been carried out in diethyl ether solvent. There is no significant participation of the second alkyl 
group in triisobutylaluminum reduction of benzophenone up to 94% yield of benzhydrol, which is the only product 
formed in the reaction. The kinetic data shows a well-behaved second-order reaction, first order in aluminum 
alkyl and first order in ketone. The formation of a complex between the ketone and aluminum alkyl was ob
served spectroscopically. Accumulation of kinetic data at several temperatures provided a linear Arrhenius 
plot, which allowed for calculation of activation parameters (AS* =  —10.1 eu, A H * =  15.8 keal/mol, and AG* =
18.8 keal/mol). A p value of +0.362 was determined from a Hammett study, which indicates that the rate
determining step involves nucleophilic attack of the carbonyl group by the aluminum alkyl. All of the accumu
lated data is consistent with a two-step mechanism in which the first step involves a fast equilibrium to form a 
complex according to the equation (f-CJUbAl +  (C6H5)2C = 0  <=l (i-C«H9)jAl-C^CfCcHsb. The second step 
is rate determining and is consistent with a cyclic intramolecular /3-hydrogen attack at the carbonyl group (eq 15).

Organoaluminum compounds react with carbonyl of f-butylmagnesium compounds with di-i-butyl ketone
compounds in a similar way to Grignard reagents to in tetrahydrofuran6 have encouraged the study of the
give products of either addition, reduction, or enoliza- mechanism of the reduction reaction of trialkylalu-
tion reactions or any combination of these reactions. minum compounds with carbonyl compounds by ki-
Although the reaction of triethylaluminum with car- netic methods. An ideal system for this study involves
bonyl compounds produces a mixture of addition and the reaction of triisobutylaluminum with benzophe-
reduction products,1 the primary reaction of organo- none, since only the formation of reduction product
aluminum compounds with branched alkyls is reduc- in high yield has been reported. lb’° Since this re-
tion.2 For example, the reaction of triisobutylalu- action was reported too fast to follow kinetically in
minum with carbonyl compounds is very characteristic benzene,10 kinetic studies on this reaction were carried
in that no addition product is formed with most car- out in diethyl ether, a solvent which provided a con- 
bonyl compounds.111’0’3 venient reaction rate for kinetic measurements. Fur-

Recent successes in kinetic studies on the addition thermore, since triisobutylaluminum is monomeric in
reaction of trimethylaluminum with benzophenone in diethyl ether7 and the reaction of the first alkyl group
benzene4 and diethyl ether5 and the reduction reaction is reported to be much more rapid than that of the

(1) (a) H. Meerwein, G. Hinz, H. M ajert, and H. Sonke, J .  Prakt. Chem., S e C 0 Ild  ^  gr0UP, this Particular aluminum alkyl
147, 226 (1937); (b) K . Ziegler, K . Schneider, and J .  Schneider, Ann. Chem., should provide the least Complicated kinetic data.
€23, 9 (1959); (c) T . Mole and J .  R . Surtees, Aust. J .  Chem., 17, 961 (1964);
(d) S. Pasynkiewicz and E . J .  Sliwa, J .  Organometal. Chem., 3, 121 (1965).

(2) (a) K . Ziegler in “Organometallic Chemistry,” H. Zeiss, Ed., Reinhold (4) E . C. Ashby, J .  Laemmle, and H. M. Neumann, J .  Amer. Chem. Soc.,
Publishing Co., New York, N. Y ., 1960, Chapter 5; (b) R . Koster and P. 90, 5179 (1968).
Binger, Advan. Inorg. Chem. Radiochem., 7, 263 (1965). (5) E . C. Ashby and J .  T . Laemmle, J .  Org. Chem., 33, 3398 (1968).

(3) (a) K . Ziegler, K . Schneider, and J .  Schneider, Angew. Chem., 67, (6) M. S. Singer, R . M. Salinger, and H. S. Mosher, ibid., 32, 3821 (1967).
425 (1955); (b) L. I . Zakharkin, L. P. Sorokina, and I. M. Khorlina, Zh. (7) (a) E . C. Ashby, J .  Carter, and J .  R . Sanders, unpublished results;
Obshch. Khim ., 31, 3311 (1961); (e) H. Haubenstook and E . B . David- (b) E . G. Hoffman, Ann. Chem., 629, 104 (1960); (o) K . Ziegler, W. R . Kroll, 
son, J . Org. Chem., 28, 2772 (1963). W. Larbig, and O. W. Steudle, ibid., 629, 53 (1960).
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Experimental Section 05 f] | T~| [TT\ i I |------

Instrumentation and Apparatus.—The disappearance of benzo- t I H \
phenone in the kinetic experiments and the determination of o.b — I I I '
extinction coefficients of the ketones studied was accomplished I |! ' I \
by uv spectroscopy. A Kewaunee inert atmosphere box equipped j I I | \
with a recirculating system to remove moisture and oxygen8 was „, _  [| I i \
used during the manipulation of air-sensitive reagents. I I | y

Temperatures were monitored with a calibrated thermometer I | ||
reading to 0.1° with estimating to 0.02° possible. Reactions 06 _  i I I l| A
were timed to 0.1 sec. Calibrated syringes equipped with 8-in. °s j 11 | || \ \
stainless steel needles were used for transfer of reagents. All- , |l , i. \ [  \ \
glass 120-ml heavy-walled bulbs were used for all kinetic studies. I 1 1 . \ / \ \
The only opening to the bulb was through a three-way Teflon s 05 — ' | I . .' \ / \ , "
stopcock. The stopcock was designed so that a flow of nitrogen | | l ' \ / \ ,
could be maintained on the system when samples were added or | | . | I ' \ K ___ \ 1
withdrawn. " 04 — 1 , | 11  ̂ / '  P  -

Chemicals.—Triisobutylaluminum was obtained from Texas | . | 11 \ / 'V \
Alkyls Inc. This material was further purified by distillation in i | 11\ / \\ \
the dry box through a 1-ft packed column under vacuum (0.2 u — I I I  U J  \  \\ V.
mm), taking the center cut for kinetic studies. The pot tem- ' I I  ̂ '  \ A \ l0SEC
perature was kept at 60-70° in order to minimize olefin elimina- ! I \ | ^  \  A
tion.9 The infrared spectrum of triisobutylaluminum after dis- 02 _  | I \ . \ \
tillation showed no absorption in the range of 1700-1800 cm-1 | I \ \ \ \
characteristic of the aluminum-hydrogen bond in diisobutylalu- | | \ ^  ^  "  ̂ \ ' 1,5 SEC
minum hydride.10 Eastman reagent grade benzophenone was _  . \ ~~---- \ \ 2»ssec
recrysiallized from 95% ethanol twice and distilled under vacuum \ v _____ N «6 sec
at 88° (0.05 mm), taking the center cut for kinetic studies. . bsisec
Glpc analysis indicated a purity of at least 99.95% . Eastman I \  I I | | | I ~ ~  «JSsec
reagent grade benzhydrol, biphenyl, and the 4-substituted benzo- ° ------ '-----M I-------!-------1-------1------ 1------
phenones (bromo, chloro, fluoro, methyl, and methoxy) were 260 mvE length im,i
purified by recrystallation from hexane six times. Glpc analysis
of these compounds indicated a minimum purity of 99% . 4- Figure 1.—Spectra of a diethyl ether solution 33.5 X 10“3 M  in 
Methylmercaptobenzophenone was prepared by Friedel-Crafts triisobutylaluminum and 5.19 X 10-3 M  in benzophenone. 
acylation of thioanisole with benzoyl chloride in carbon disulfide Solid curve is the spectrum of a solution containing only 5.19 X
using aluminum chloride as catalyst. The product was further 10_3 M  benzophenone, and broken curve (-----------------) is the spec-
purified by recrystallation until glpc showed no detectable im- trum of a solution containing only 33.5 X 10 ~3 M  triisobutylalu-
purity. Baker reagent grade anhydrous diethyl ether was dis- minum.
tilled under nitrogen for lithium aluminum hydride prior to use.

Product Analysis. Product analysis of triisobutylaluminum recorded at appropriate time intervals from 380 to 260 m^ and
with benzophenone was done by glpc using 6-ft, Chromosorb W compared with that of a standard benzophenone spectrum
supported 10% Carbowax 20M columns. Biphenyl was used (Figure 1).
as the internal standard. Glpc analysis of a solution containing The extinction coefficients and uv absorption maxima of 4-
benzophenone (0.6 M )  and biphenyl showed an area ratio of substituted benzophenones in diethyl ether are recorded in 
benzophenone to biphenyl of 5.41. When 1 ml of this mixture Table I . 
was allowed to react with 3 ml of triisobutylaluminum solution 
(0.452 M ) in a rubber cap sealed bottle for 60 hr, glpc analysis
after hydrolysis showed an area ratio of benzhydrol to biphenyl ia b l e  l
of 5.25 without any other detectable peak. This result indicated Ultraviolet Spectral Data for
97.3%  conversion of benzophenone into benzhydrol. 4-Substituted B enzophenones

The reaction of triisobutylaluminum with benzophenone was Substituent Xmax, t
studied at three different ratios (3 :1 , 2 :1 , and 1 :2 ). Two ^
milliliters of the reaction solution were withdrawn under nitrogen ’ .
at appropriate time intervals and quenched in 3 ml of 10% a x  A _
hydrothloric acid. Glpc analyses showed that the 3 :1  and 2 :1  Cl 345 150 ±  2
ratio experiments produced only benzhydrol after 145-min re- F  343 130 ±  1
action. In the 1 :2  ratio experiment benzhydrol was produced in Me 344 151 ±  2
55.7%  yield after 100 min, 66.2%  after 13 hr, and 66.6%  after MeO 330 281 ±  1
34.3 hr. MeS 308 2120 ±  30

Duplicate samples of triisobutylaluminum (0.904 mmol) and “ From ref5
excess benzophenone (1.80 mmol) in diethyl ether (5 ml) were 
allowed to react. After 60 hr glpc analysis showed that 62.7 and
62.5% of the benzophenone had reacted. Kinetic Studies.—The kinetics of the reaction of triisobutyl-

Triisobutylaluminum (4.408 X 10-3 M )  was allowed to react aluminum with benzophenone in diethyl ether were determined 
with excess benzophenone (9.453 X 10_3 M )  for 397 hr. Ultra- by following the disappearance of the benzophenone band at 
violet spectral analysis indicated 66.2%  reduction. 344.5 m u-

Ultraviolet Spectra of Ketones and Complex.—For examining All equipment was heated over a burner flame and placed hot
the complex of triisobutylaluminum and benzophenone in diethyl in the entry port of a dry box which was subsequently evacuated
ether, 35 jul of a standardized benzophenone solution was intro- and refilled with nitrogen twice. All transfers of solutions were
duced into a rubber-capped 10-mm quartz ultraviolet cell con- performed under a flow of prepurified nitrogen through a three-
taining 3 ml of 33.590 X 10-3 M  triisobutylaluminum solution at way Teflon stopcock using syringes; 100 ml of distilled diethyl
room temperature (22°). The absorption of the mixture was ether was first added to the reaction flask followed by addition

of an aliquot of triisobutylaluminum standard solution. The 
flask was weighed and the total volume of the solution was

(8) (a) T . L. Brown, D. W. Dickerhoof, D. A. Bafus, and G. L. Morgan, obtained from the density of diethyl ether at the kinetic tempera-
Rev. Set. Instrum., 33, 491 (1962); (b) D. F . Shriver, "T h e Manipulation of t u r e . Then the flask was wrapped with aluminum foil and
Air Sensitive^Compounds,” McGraw-Hill Book Co., Inc., New York, N. Y „ p laced  jq & coastant.temperature bath (25 ±  0.05°). The
19?n( 1|4_i89'W T> V  11 w T Li a n  w C, A-,,,. flask and its contents were allowed to reach temperature equilib-(9) K . Ziegler, W. R. Kroll, W. Larbig, and O. W. bteudel, Ann. Lhem., , r
629 53 (1960) rium before a nitrogen line was attached to one side opening oi

(10) ° H. Reinheckel and K. Haage, J .  Prakt. Chem., S3, 70 (1966). the three-way stopcock. The stopcock was then turned to
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2.0------------------1--------- ------- 1------------------ Results

The reaction of triisobutylaluminum and benzophe- 
none in diethyl ether was found to produce on hydroly- 

o sis the reduction product benzhydrol in essentially
, s _ quantitative yield without the side reactions of enoliza-

y '  tion or addition. In product-analysis studies, when
y  triisobutylaluminum and benzophenone were allowed

.X to react in the stoichiometric ratio of 1 :2 , the reaction
_ y e  proceeded to give benzhydrol in 66.6%  yield after 34
| 1 0 _ hr. Previous workers have pointed out that only one
t  " y i  of the isobutyl groups in triisobutylaluminum is avail-

/  able for reduction of benzophenone. lb-° Because of the
y  importance of this point to the evaluation of kinetic

y  data, the reaction of triisobutylaluminum and benzo-
05 y  _ phenone in 1 :2  ratio was repeated in duplicate. After

Xy 60 hr, the final product after hydrolysis contained
62.7 and 62.5%  benzhydrol with unreacted ketone. 
The reaction at a ratio of 0.466:1 was further studied 
by following the disappearance of ketone absorbance.

a ____________i___________ i___________  It showed 42%  of the second group involved in the
0 ,0"° time (sect 2D0D 3”“° reaction after 397 hr (Table II).

Figure 2.—Plot demonstrating second-order behavior of triiso- T cble I I
butylaluminum and benzophenone in diethyl ether at 25° (run
no. 6 , Table III ) . R eaction cf T riisobutylaluminum and

B enzophenone in the Stoichiometric R atio 
of 0.466:1 at 25°

accept a syringe needle from the top with the nitrogen flow from , Rea°tl0n of
the Side, and the desired amount Of benzophenone (0.25-0.65 ml) Time, hr Absorbance at 344.5 m„ benzophenone, %

was added. A 6 -ml sample was withdrawn immediately and 0 1.125 0
quenched in 5 ml of ether-saturated 10% hydrochloric acid. 0 .36 0.779 30.7
Quenched samples were allowed to stand for 1 hr before the ether 0.97 0.618 45.1
layer was transferred into a quartz cell. The amount of un- i  9 2  0 .538 52.2
reacted ketone was then determined at 344.5 m/n against a water- 2 9 4  0.495 56.0
saturated ether sample. g gg 0  465 58.7

The syringes (10 ml) used to withdraw the samples were flamed ' 0 448 60 2
and purged with nitrogen by drawing gas into the barrel through • ' „ „ ',
the needle several times. The purging step was repeated after 27.5 • ” '
the syringes had cooled, after which ca . 5 ml of nitrogen was 51.2 0.410 63.6
retained in the barrel of the syringe. This treatment was found 102.0 0.396 64.8
to be necessary in order to avoid contamination of the reaction 3 9 7  0.380 6 6 . 2

mixture during sample withdrawal. The concentration of a
solution of benzophenone in diethyl ether after 14 withdrawals . ___ ,  Qo cn s/ m - 3  M
agreed within 0.15%  of the initial concentration, and the absorb- The absorption spectrum of 33.59 X  !0  3 M g l 
ance of quenched solutions of benzophenone matched exactly the isobutylaluminum in a mixture with 5.19 X  10 M 
absorbance of the unquenched standard sample. benzophenone in diethyl ether was recorded at appro-

Triisobutylaluminum concentrations in diethyl ether were priate intervals of time and is illustrated in Figure 1.
determined by decomposing aliquot samples with 1 0 % hydro- th e  u ltrav io le t spectrum of benzo-
chloric acid, adding an excess of standard ED TA, and back titrat- , , . , ,.  ± oa a x /
ing with standard zinc acetate solution (dithiazone indicator). phenone has maximum absorption at o44.o m/z (.e lly )
The initial concentration of the triisobutylaluminum in the re- and 251 m/i (e 1.8 X  104) with a trough at 305 myu.6
action flask was calculated from dilution. The reliability of the Triisobutylaluminum-diethyl ether solution does not
dilution at the kinetic concentration range was checked by dibit- s^ow any  appreciable absorbance at wavelengths longer
mg an aliquot of standard trusobutylalummum solution with ^ . __ , ,. , rp,
diethyl ether in a 2 0 0 -ml volumeric flask. Some of this solution than 270 mp m the concentration range studied. The
was used for kinetic runs and the remainder was weighed in order spectrum of the reaction mixture indicates that the
to calculate the volume from the density of diethyl ether. The absorbance is greater for the reaction mixture than
solution was then hydrolyzed, decomposed, and analyzed. The for the pure ketone at the same ketone concentration
analyzed concentration agreed within 0 .2 % of the concentration absorption gradually decreases as the
calculated by the ddution factor at the lowest concentration of 1 V r- j.1 v. ' , . . .
triisobutylaluminum. The initial concentration of benzophenone reaction proceeds. JN either benzophenone nor truso-
was obtained from the extrapolation of its absorbance at 344.5 butylaluminum absorb at 400 ntyi. The facts, that
mji vs. time. the mixtures show some absorbance at 400 m/i, the

Rate constants were calculated from the second-order rate ketone trough at 305 iriyit disappears completely, and
equation stronger absorbance at 344.5 mu is observed, indicate

1 [A] [B]0 that complexation between triisobutylaluminum and
k ~  £([A]0 -  [B]0) 111 [B] [A]o benzophenone occurs, although only to a small extent.

The rate of disappearance of benzophenone was 
where [A]0 and [B]0 are the initial concentrations of triisobutyl- followed by quenching aliquot samples of the reaction
aluminum and benzophenone and [A] and [B] represent the mixture at appropriate intervals with 10% hydro
concentrations at time t. The average rate constant for each , , • , , i . 1  „ 1  „„„y, r  ,,,,
run was calculated from eight to twelve sets of benzophenone chloric acid and determining the absorbance of un- 
concentration—time values. reacted benzophenone at 344.5 m/z. The reaction be-
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Figure 3.—Arrhenius plot of the reaction of triisobutylalumi- — ¿1--------------l_---------------1----------------1---------------- ----------------1—
num with benzophenone in diethyl ether over the temperature - 18 -°-6 -°-4 + -°-z 0 +i 2
range of 0-25°. V

Figure 4.—Hammett plot of the reaction of triisobutylaluminum 
with 4-substituted benzophenones in diethyl ether at 25°.

tw een triisobu tylalum inu m  and benzophenone in  di
eth y l eth er w as found to  b e  first order in  each  re a c ta n t
and second order overall. T h e  average ra te  co n stan t T able I I I
is 0 .0994  ±  0 .0039  1. m ol- 1  s e c - 1  a t  2 5 ° . T h e  sec- R ate Constants for the R eaction of T riisobutylaluminum 
ond-order behavior w as observed betw een  5 and 9 5 %  with B enzophenone in D iethyl E ther

reaction . T h e  ra te  co n stan t w as found to  be inde- Im
pendent of th e  re a c ta n t ratio  (0 .5 :1  to  2 2 :1 )  as w ell t - p, ^
as the initial concentration of either reactant (mitial ^  t 0 50 4.594 9.20 9.11 ± 0 . 4 2
benzophenone concentrations of 5 .5 2 -9 .2 0  X  10 M  2 () 51 4 594 9.05 9.75 ±  0.67
and initial triisobutylaluminum concentrations of 3 0.74 4.408 5.92 10.88 ±  0.50
4.408-160.6 X  10_3M ). 4 o.85 7 .36O 8.67 10.19 ± 0 . 2 6

The method used for the kinetic study proved to 5 0 .98 g.260 8.47 9.35 ±  0.12
be very satisfactory. Reaction mixtures showed no 6 1,50 8.260 5.52 9.65 ±  0.34
signs of hydrolysis or loss of diethyl ether owing to 7 1.50 12.58 8.39 9.70 ±  0.22
sample withdrawal over a period of time and the 8 2.03 17.75 8.76 9.80 ±  0.25
quenching procedure did not effect the actual con- 9 3.05 22.12 7.25 10.39 ±  0.21
centration of benzophenone in solution. Data from a 10 4.02 26.17 6.51 9-42 ± 0 .1 9
typical kinetic run is graphically illustrated in Figure 2 J1 5.41 J59.23 7.25 10.27 ±  ^
and the results of all kinetic investigations are sum- Ayg 9 94 _j_ 0.39
m arized in  T a b le  I I I .  n  4  1 3  2 .11 18.17 8.61 2 .68 ±  0.08

M easurem ents of reactio n  ra te s  a t  11 .4  and 0  1 4  2 .20 18.17 8.24 2 .78 ± 0 .0 7
also showed th e  reaction  to  be second order. T h e  ' Avg 2.73 ±  0.05
Arrhenius p lot is linear, as show n in  F igu re 3. T h e  0  1 5  3 . 2 6  27.15 8.32 0.785 ±  0.030
s lo p e  o f  th e  A rrhenius p lo t and th e  stand ard  eq u atio n s 1 1  16 3 . 1 4  27.15 8.65 0.775 ±  0.028
w e r e  u s e d  to  ca lcu late  th e  observed activ atio n  param - 17 3.38 27.15 8 .04 0.791 ±  0.035
eters listed  in  T a b le  IV . Avg] 0-784 ± 0 .0 0 6

T h e  second-order reactio n  ra te s  of six 4 -su bstitu ted  « Rate constant calculated from the pseudo-first-order equation
benzophenones w ith  triisobu tylalum inu m  in  d iethyl fc = l/[A]0(l/f)ln[B]0/[B]. 
e th er a t 25° are listed  in  T a b le  V . V aria tio n  of th e
4  substitu ents in  benzophenone produced a  significant T able iy
b u t sm all e lectron ic influence on th e  ra te  of reduction.
T h e  re lativ e  reactiv ities  correlated  b e s t w ith  B row n ’s Activation P arameters for the R eaction of
i n e  re lativ e  reactiv  . on ,,,,. T riisobutylaluminum with B enzophenone in

t i i n l l r t / f c o 0^  1 0 . 3 6 1  ±° 0 4 )7 0 )*+  +  0 .0 0  (F ig - . d “ E J her â t 25° ^

ure 4 ). T h e  4 -th io m eth y l su b stitu en t resu lted  in  poor F r°e“ cy Z S a  =  1 0 “ l. m o l - s e c -
Free energy of activation AG* =  18.8 kcal/mol

(11) A. A. Frost and R . G. Pearson, “Kinetics and Mechanisms," John Enthalpy of activation A H * =  15.8 kcal/mol
Wiley & Sons, Inc., New York, N. Y ., 1961, pp 98-100. Entropy of activation AS* =  - 10.1 eu

(12) H. C. Brown and Y . Okamoto, J .  Amer. Chem. Soc., 80, 4979 (1958).
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Table V
R ate Constants for the Reaction of Triisobutylaluminum with 4-Substituted B enzophenones in

Diethyl E ther at 253
[(i-C4H9)sAI]/ [<i-C4H»)»Al] KCsH5)2CO] fcobsd X  10=

4 substituents Run [(CeHshCO] X  10» M  X  10» M  1. mol-1 sec- *

Bromo 18 5.04 19.42 3.85 11.45 ±  0.42
19 2.52 19.22 7.62 11.14 ±  0.23

Avg 11.29 ± 0 .1 5
Chloro 20 4.23 21.34 5.04 10.77 ±  0.12

21 3.30 19.20 5.81 10.78 ±  0.05
Avg 10.78 ±  0.01

Fluoro 22 2.30 19.33 8.42 9.21 ±  0.22
23 2.31 19.33 8.38 9 .10  ±  0 .28

Avg 9.16 ±  0.06
Methyl 24 9.76 31.73 3.25 8.11 ± 0 . 3 0

25 3.81 31.29 8.27 8.12 ±  0 .08
Avg 8.12 ± 0 .0 1

Methoxy 26 6.86 19.48 2 .84 5 .07 ±  0 .30
27 4.66 19.42 4.18 5.09 ±  0 .15

Avg 5.08 ±  0.01
Thiomethyl 28 8.68 4.749 0.547 8.15 ± 0 .4 4

29 8.41 3.391 0.403 7.95 ±  0.20
Avg 8.05 ±  0.10

correlation and was excluded from the calculation of fortunately, the exact extent of complexation cannot
the reaction constant (p). be estimated from the spectral data alone. However,

the second-order kinetic results indicate that the forma- 
. tion of the complex occurs either quantitatively or

to a very small extent. Complexation of benzophe-
Previous workers have reported that the reactions none and trimethylaluminum in diethyl ether was

of trimethylaluminum10’4'5 and triphenylaluminum13 found to be very small,5 although in benzene it was
with ketones proceed without any occurrence of re- quantitative.4 These results are easily explainable on
duction products. On the other hand, triisobutylalu- the basis that diethyl ether will compete with benzo-
minum produces entirely reduction product when al- phenone as a Lewis base for the Lewis acid, trimethyl-
lowed to react with typical ketones.lb’0’3 It has been aluminum, suggesting that the equilibrium constant
suggested by Wittig that the mechanism of reduction (A) for complex formation (eq 2) is small in diethyl
involves the migration of a J  hydrogen from the alkyl ether. The spectrum of benzophenone and triiso
group of the aluminum alkyl to the carbonyl carbon. butylaluminum in diethyl ether is similar to that of
Such a mechanism already has been reasonably well benzophenone and trimethylaluminum in diethyl ether,
demonstrated for the reduction of ketones by mag- and therefore complex formation should be even smaller
nesium alkyls (Grignard reagents).14 with the more sterically hindered aluminum alkyl.

The availability of the second isobutyl group in Since the extent of complexation is relatively small, a
triisobutylaluminum for reduction was indicated by steady-state treatment of the kinetic data is in order,
reaction of triisobutylaluminum with benzophenone In addition, the immediate change of the spectral
in 1 :2  ratio. A greater than 50% yield of benzhydrol profile in the complex study (Figure 1) suggests that
indicates reaction of the second alkyl group at some the complex-formation step is fast on the time scale
reduced rate. Fortunately, however, the reactivity of of conversion of reactants into products,
the second alkyl group turned out to be kinetically The second-order kinetic data obtained for the re- 
unimportant. Even when the triisobutylaluminum- action of triisobutylaluminum and benzophenone in
benzophenone ratio was 1 :2 , 94%  of the reaction pro- diethyl ether are similar to those of the reduction of
ceeded by utilization of the first alkyl group. di-i-butyl ketone with di-i-butylmagnesium in tetra-

Spectroscopic studies indicated complex formation hydrofuran,6 except that the second alkyl group reacts
between the reacting species (eq 1). Similar spectral at a competitive rate in the case of magnesium. The

kinetic data are also similar to those from reaction 
(C6H5)2C = 0 +  (i-C4H9)3Al^±:(C6H5)2C=0---AlCi-CiIDs (1) of benzophenone and trimethylaluminum in diethyl

ether,6 where the second alkyl group is not involved
changes have been attributed to complex formation
in the addition reaction of methylmagnesium bro-  ̂ . secoi)d-order kinetic data and spectroscopic ob-
mide16 and trimethylaluminum4’5 with ketones. Un- servation of a complex suggests a multiple-step mech

anism involving the complex as an intermediate (eq 
2 and 3). If fc2 k-1 eq 5 obtains. If k2«  k -1 eq 6 ob-

(13) (a) G. Wittig, F . J .  Meyer, and G. Gange, Ann. Chem., 671, 167 t a i n «
(1961); (b) T . Mole, Aust. J .  Chem.., 16, 807 (1963).

(14) G. E . Dunn and J .  Warkentin, Can. J .  Chem.., 84, 75 (1966); H. S.
Mosher and E . M. LaCombe, J .  Amer. Chem. Soc., 72, 3994 (1950); H. S.
Mosher, J .  E . Stevenot, and D. O. Kimble, ibid., 78, 4374 (1956). ibid., 88, 3995 (1966); (d) S. G. Smith and J .  Billet, ibid., 89, 6948 (1967);

(15) (a) S. G. Smith, Tetrahedron Lett., 7 , 409 (1963); (b) S. G. Smith (e) J .  Billet and S. G. Smith, ibid., 90, 4108 (1968); (f) N. M. Bikales and 
and G. Su, J .  Amer. Chem. Soc., 86, 2750 (1964); (c) S. G. Smith and G. Su, E . I .  Becker, Can. J .  Chem , 41, 1329 (1962).
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A _l_ B - L  c  (2) ester hydrolysis,18 both reactions of which possess
<k-i considerably large p values (+ 2 .6 1 -3 .0 6 ).19

It  is important to note that the reduction rate of 
c  — *■p (3) triisobutylaluminum10 and the addition rate of tri-

d,p, ^  methylaluminnm4’5 with benzophenone decreases dras-
= fe[C] = .pfcJA] [R1 A) tically when proceeding from hydrocarbon to ether

solvent. Also previous studies concerning the effect 
d[P] _   ̂ .g of solvent in the nucleophilic addition of ethylmag-

di — 1 ° nesium bromide with benzonitrile indicated that the
reaction rate also decreases as the basicity of the solvent 

—L i = fczüC[A] [B] (6) increases.20 The explanation offered for this effect
was that the formation of the product proceeds through 

In the equations, A =  triisobutylaluminum [(z- complex formation. Since the complex is formed by
C4H 9)3A1]; B =  benzophenone [(C6H6)2C = 0 ] ;  C =  displacement of one of the solvent molecules coor-
complex between reacting species; and P =  product, dinated to the Grignard compound (eq 7 and 8), the
benzhydryloxydiisobutylaluminum [ (z-C4H 9) 2AlOCH- more basic solvent would result in more -difficult dis-
(CeHs^]- Equation 4 assumes a steady-state approxi- placement of the solvent and hence a smaller concentra-
mation. If complex formation is the rate-determining l̂on 01 complex (smaller K ). Similar (but less clear
step, i.e., k2 k - i ,  the rate expression is given in
eq 5, where kobsd =  fa. Alternatively, if product 2Hs'"Mg;''S + c  prc = y  K-
formation is the rate-determining step, i.e., fa «  fc-i, Br '"S
the rate expression reduces to eq 6, where kohaA =  r u  ___ Ir

k*K - + s <7> 
From the Hammett plot (Figure 4), the rate con

stants of the reduction reaction of triisobutylaluminum g + Q>H5v .n=CC6H5 S.. / N==C— C6H5
with 4-substituted benzophenones in diethyl ether at + Br^ S"''S ” P,r/Mg ''S I <8̂
25° were determined and a p value of + 0 .362  was c -b'
calculated. The linear Hammett relationship indi- . . , , , . , .
cates that the substituents do not shift the rate-deter- CU,t} rf  ull s mve alf  been reported in a study of
mining step of the reaction nor produce a new reaction f lven. m th® reac2t1lon of ethylmagnesium
path to form the product. The reaction step requiring bromide with benzophenone.21
complex formation is favored by electron-releasing interesting recent report on the reaction of di-
groups in the ketone. The transfer of the 0 hydrogen méthylmagnésium with benzophenone is also con-
of the alkyl group in triisobutylaluminum to the car- CBr* ed +the effec9  of 2f  lvTen* on he, m fham sm  
bon of the carbonyl group in the product formation 0 ,he alk/ latl° n reaction.2 In this study the effect
step is aided by electron-withdrawing groups attached ° f donor bgands on the rate of alkylation in diethyl
to the ketone. Since the overall rate of the reduction ethe5 ^  The addition of monodentate li-
depends on both the equilibrium constant K  for the gands had little effect on the reaction rate; however,
complex formation (eq 2) and the rate constant fa  bidendate ligands were found to either retard or ac-
for transfer of the 0  hydrogen atom (eq 3), the two celBrate the,  Fr° m the/?e observations the
substituent effects nearly cancel each other and thus authorj .  P«stdated tFat+ the r+eactl0+n mv+olyes a Pen;
the observed rates displayed very little variation with Jacoordinate intermediate or transition state without
changing substituents. A small p value is also con- dlsPlacement of a donor ligand or solvent molecule
sistent with a concerted process, since substituent ' ^ ’ ’
effects would tend to be nullified and little charge L CHj
separation would be expected in the transition state. L'':Mg^CH + (CcH5)2C= 0  5=t

For some multiple-step mechanisms, the sign of the 3
overall reaction constant (p) is not always consistent ; CH3 CH
with that of the rate-determining step.16 However, L--7-M g+-cH 3 __  ̂ _';:MgC( 39H3
the positive p value, as well as spectroscopic observation +q \ /  L <9)
of immediate complex formation, indicates that the ^ c \ ! ,  „  C6hL  ^CeHs
electrophilic complex formation step is not the rate- 6 5
determining step of the reaction. Therefore, the nu- . , „ . , • , ,i , ... j  , i ,. , • •, , . , Actually, one cannot distinguish with certainty be-cleophihc product formation step is considered to be J ’ . . .  , . , . , f,, 1 , +  . . , m, - ,  tween the two possible paths involving complex forma-the rate-determining step. The considerable negative , , , 1 ... , . ,, c .• .. / ac± 1A \ tion (a tetracoordinate intermediate with solvent dis-entropy of activation (A<S + = —10.1 eu) indicates . v , ,. . . . ,,, , fy , ... . . , ,, , , . • • placement or a pentacoordmate intermediate withoutthat the transition state of the rate-determining step 1 1
is cyclic.

A further consequence of the small p value is that 21<^9f7) c ‘ Brcwn’ ° ’ H' Wheeler’ and K' Ichikftwa' Tetrahedron' 
the complex is not formed by the attack of a hydride (i8) m. l. Bender, Chem. Rev., 6 0 ,60 (1969).
ion at the carbon atom of the carbonyl groups, as (l®) (») G - G- Smith and R . P. Bayer, Tetrahedron, 18, 323 (1962);

postulated in the reaction of sodium borohydnde with (o) j A Parry ani K D> Warren> j .  Chem. soc., 4049 (1965); (d) k . bow-
ketones.17 This mechanism is analogous to that for den and M. Hardy, Tetrahedron, 22, 1169 (1966).

(20) A. A. Scala and E . I. Becker, J .  Org. Chem., 30, 3491 (1965).
(21) R . N. Lewis and J .  R . Wright, J .  Amer. Chem. Soc., 74, 1253 (1952).

(16) W. P. Jenks, Progr. Phys. Org. Chem., 2, 63 (1964). (22) H. C. House and J .  E . Oliver, J .  Org. Chem., S3, 929 (1968).
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the displacement of solvent) on the basis of the data diethyl ether has already been shown to be a stronger
at hand. As the solvent is changed from benzene to base toward aluminum alkyls than benzophenone, if
ether, the equilibrium (eq 10) will shift to the right. the above mechanism is correct, isobutylene ahould

.. ,  __ ^ R . . . r ,im be displaced from triisobutylaluminum in diethyl ether
3 L solvent. However, it is known that triisobutylalu-

Therefore, the complexation of trialkylaluminum with minum etherate can be distilled at 80-90° without
ketone in ether should decrease, since solvent must olefin displacement. Therefore, the above mechanism
be displaced, or, if solvent is not displaced, steric hin- does not seem probable. This alternative path could
drance and decreased Lewis acidity of the metal will be easily tested by asymmetric reduction studies, as was
cause a decrease in the complexation. I t  would appear carried out in Grignard reduction studies.24
that the first case is more probable. Consistent with all observations, the detailed reduc-

I t  might be suggested that, since direct spectro- tion mechanism proposed for the reaction of triiso-
scopic evidence has been obtained for the occurrence butylaluminum with benzophenone in diethyl ether
of complex between the reacting species, a concerted is given in eq 14 and 15.
one-step mechanism does not appear as likely. How
ever, the question is raised whether the complex is (C6H5)2C = 0  +  Al(i-C4H9)3 ̂ ± ;  (C6H5)2C=0-Al(i-C4H9)3 (14) 
actually an intermediate in product formation or
whether it is merely involved in a nonproduct-forming f  ,-c4H9'
equilibrium (eq 11).150■22 This alternative mechanism C6H6 _-„A1̂ _ CH

P ^ " A +  B ^ C  (11) (ClH5)2c=O.Al(i-C4H9)3 -
is consistent with all observations. If the complex C6H6 H“ ,Q
is not involved in product formation (eq 11), then CH:,CH:1
the product must be formed by a concerted attack L
on the carbonyl group (aluminum on oxygen and 0  CH3
hydrogen on carbon). However, the drastic decrease (C,fl9)2COAl(!-C4H9), + I__ (15)
in the reaction rate from benzene to ether solvent is I CH;C CH-
best explained by the fact that the concentration of 
complex is much greater in benzene than in ether.
Therefore, it is more reasonable to believe that the In f l  15- a raPld equilibrium step benzophe- 
product is formed via complex formation with the nona forms f  ™mPlex with tmsobutylalummum m
attack of p  hydrogen on the carbon atom of the car- sma11 concentration. In eq 16, an intramolecular re-
bonyl group via a six-center transition state. arrangement of the complex occurs in a rate-deter-

An alternative transfer of the 0 hydrogen of triiso- “ S. steP to form the Product wa a cyclic six-center
butylaluminum to the carbonyl carbon, also proposed transition state as proposed in the Grignard reduction
as a possibility in Grignard reduction reactions,22 can reaction/* Further work is in progress to determine
be explained by olefin elimination as a consequence ™th a h ^ her deSrere of confidence whether the rate-
of ketone attack, followed by reduction of the ketone determining step of this reaction proceeds through
by diisobutylaluminum hydride (eq 12 and 13). Since comPlex formation or is concerted.

(C6H5>2C=O Al(i-C4H9)3 Registry No.—Triisobutylaluminum, 100-99-2; ben-
CIL zophenone, 119-61-9; 4-bromobenzophenone, 90-90-4;

(C6H5)2C=O Al(i-C4H9)2H + 1 (12) 4-chlorobenzophenone, 134-85-0; 4-fluorobenzophenone
3 2 345-83-5; 4-methylbenzophenone, 134-84-9; 4-me-

"C6h5 1  thoxybenzophenone, 611-94-9; 4-thiomethylbenzophe-
„ none, 23405-48-3.

(C6H5)2C=(>A1(/-C4H9)2H —  GHa | | _C A  —*

H A1'vf.c4H9 Acknowledgment.—We are indebted to the National
Science Foundation for partial support of this work.

H
1 (24) H. D. Morrison, Survey Progr. Chem., 3, 147 (1966).

(C6H5)2COAl(i-C4H9)2 (13) (25) F . C. Whitmore 105th National Meeting of the American Chemical
---------------------- Society, Atlantic City, N. J  , April 1963, as quoted by H. S. Mosher and E .

(23) K . Hess and H. Rheinboldt, Chem. Ber., 54B, 2043 (1921). Lacombe, J .  Amer. Chem. Soc.t 77, 3994 (1950).
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Sodium Borohydride Reduction of Conjugated Aldehydes and Ketones
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The reduction of conjugated aldehydes and ketones by sodium borohydride leads, in general, to  substantial 
amounts of fully saturated alcohol products. In  alcohol solvents the formation of saturated /3-alkoxy alcohols 
(involving solvent addition to the double bond) is observed. This product is enhanced by added solvent con
jugate base and depressed by addition of trialkyl borate. T he structural features which control the extent of 
simple carbonyl reduction, 1 ,4  reduction, and solvent addition have been examined, as well as the effects of dif
ferent solvents on the course of the reaction.

Sodium borohydride reduotion of carbon-carbon Results and Discussion
double bonds has been observed in conjugated esters,3 . „ .
nitroalkenes,4 and enol acetates.6 These examples are s ke R ow ing data clearly demonstrate, reduction
apparently widely regarded as exceptions to the general 0 a conJuSa êci double bond is a substantial competing
rule that double bonds are inert to sodium borohydride. Pro?.ess “  the *od 'um  borohydride reduction of both
Based on the early literature report6 that crotonalde- 7 ? °  aI^  acycllc ketones- Acrolein (6) and crotonal-
hyde, cinnamaldehyde, and mesityl oxide yield only delf de <7> contrast to the early report of Chaikin 
allylic alcohols with this reagent, most recent textbooks7 and Bfown > also exklblt , somc conjugate reduction,
either state or imply that carbonyl-conjugated double ™ e  1 compares results obtained with borohydride in
bonds are unaffected by sodium borohydride. Con- '50% aqueous ethanol with those from LiAlH* reduc-
versely, lithium aluminum hydride is often viewed as a tl0Ib tbe much greater carbonyl selectivity of the latter
less s e le c t iv e  re a g e n t  b a s e d  o n  t h e  w e ll-d o c u m e n te d  “  . f v ld e n t ' T h e  c y c1^  k e to n e s  W ltb  so d lu ™  h o ™ -
c o m p le te  re d u c tio n  o f  c in n a m y l  d e r iv a t iv e s .8 h ? d r } d e  a re , m o r e  P /o n e  to  c o n ju g a te  re d u c tio n  t h a n  t h e

In  c o n n e c tio n  w ith  a n o th e r  s tu d y  re q u ir in g  a lly lic  a ! f c  1C a n a io g s  w M e  b o th  ty p e s  sh o w  t h e  a n t i c i p a t e d
a lco h o ls , t h e  s o d iu m  b o r o h y d rid e  p ro c e d u re  w a s  e ffe c ts  o f  0 -a lk y l  s u b s t i tu tio n  I n  k e e p in g  w ith  s im p le
a p p lie d  t o  2 -c y c lo h e x e n o n e . A  v e r y  s u b s ta n t ia l  p e r -  sterf  a rg u m e n ts , t h e  a ld e h y d e s  e x h ib it  a  g r e a t e r
c e n ta g e  o f  t h e  p r o d u c t  w a s  th e  fu lly  re d u c e d  c y c lo -  P re fe re i^  fo r  d ir e c t  c a r b o n y l  r e d u c t io n ; o n e  /3 -m e th y l  
h e x a n o l. E x a m i n a t io n  o f  t h e  l i te r a tu r e  re v e a le d  g ro u p  (7 )  lo w e rs  t h e  a m o u n t  o f  1 ,4  re d u c tio n , b u t
s e v e r a l  s im ila r  r e p o r t s 3- 13 o f  c o n ju g a te d  k e to n e  d o u b le - in te re s t in g ly  t h e  e ffe c t  is  n o t  so  g r e a t  a s  t h a t  o f  a
b o n d  re d u c tio n , a l l  o f  w h ic h  in v o lv e d  s u b s t i tu te d  S1̂ le  « - m e t h y l  s u b s t i tu e n t  (a s  in  m e th a c r o le m , 8 ) ,
c y c lo h e x e n o n e s . A lth o u g h  t h e  n u m b e r  o f  sp e cif ic  w h e re  o n ly  c a r b o n y l  re d u c tio n  is  o b s e rv e d ,
e x a m p le s  o f e n o n e  c o m p le te  re d u c tio n  e x c e e d s  th o s e  K i n s t i t u t e d  2 -c y c lo h e x e n o n e s , 5 -m e th y l -  a n d  
w h e re  o n ly  t h e  c a r b o n y l  g ro u p  is  a ffe c te d , th e  fo rm e r  w e re  a lso  s u b je c te d  t o  t h e  r e d u c tio n  c o n d i-
a re  s til l  v ie w e d  a s  a b n o r m a l .13 t io n s  u se d  t o  o b ta in  th e  d a t a  m  T a b le  I  B o t h  g a v e

T o  c la r ify  th is  q u e s tio n , w e  h a v e  e x a m in e d  t h e  r e d u c -  re s u lts  S lim lar to  th o s e  f ro m  t h e  ^ s u b s t i t u t e d  4  (e q  1 ) .

t io n  o f  a  n u m b e r  o f  u n s a t u r a te d  a ld e h y d e s  a n d  k e to n e s  
u n d e r  a  v a r i e t y  o f  c o n d itio n s . 9

(1) NDEA Title IV Predoetoral Fellow. f i )  a NaBH f ^ l l  f ^ l
(2) Alfred P. Sloan Fellow. 1967-1969. I | . I I +  I I  U)
(3) M. S. Brown and H. Rapoport, J .  Org. Chem., 28, 3261 (1963); S. B. R ' ^ '  b' LlA R ' ^ - '  R T ^ ^

Kadin, ibid., SI, 620 (1966); J. A. Meschino and C. H. Bond, ibid., 28, 3129 i a b
(1963): H. LeMoal, R. Carrie, and M. Bargain, Corrupt. Rend., 251, 2541 ^  ~TT ^ . ri ,  _ .(1960  ̂ R = CH3 49% 90% 51% 9%

(4) H. Sheohter, D. E. Ley, and E. B. Robinson, Jr., J .  Amer. Chem. Soc., R =  i-butyl 42% 92% 58% 7%
78, 4984 (1956).

(5) W. G. Dauben and J. F. Eastham, ibid., 73, 4463 (1951); W. G. Dau- # # . .
ben, r . a . Micheii, and j . f . Eastham, ibid., 74,3852 (1952). Again, as in the case of 1 and 4 , L 1A IH 4 reduction led to

(6) s. w . Chaikin and w. g . Brown, ibid.. 7i, 122 (1949). a  s m a n  a m o u n t  o f  s a t u r a te d  k e to n e  a f t e r  h y d ro ly s is .
(7) For example, see H. O. House, “Modern Synthetic Reactions,” W. A. mi . , • i • -i • ,

Benjamin, Inc., New York, N. Y„ 1965, p 40; R. T. Morrison and R. N. T h is  p ro d u c t  a lm o s t  C e r ta m ly  a r is e s  b y  C o n ju g a te
Boyd, "Organic Chemistry,” 2nd ed, Allyn and Bacon, Inc., Boston, Mass., h y d rid e  a d d itio n ; t h e  S a tu ra te d  a lc o h o l m a y  b e  d e r iv e d
1966, p 639; C. D. Gutsche, "The Chemistry of Carbonyl Compounds,” from hydroalumination of the allylic alcoholate8 Or 
Prentice-Hall, Englewood Cliffs, N. J., 1965, p 65; J. March, “Advanced ,  . r i , j. t i ± r i j  - i
Organic Chemistry,” McGraw-Hill Book Co., San Francisco, Calif., 1968, p reduction OI Z h e  Saturated ketone formed during hy- 
679; A. Liberies, “Introduction to Theoretical Organic Chemistry,” The d rO ly sis .14
Macmman Co., New Y °rk, N - y ., lass, p siO; l . o. Smith, Jr., and s. j . I n  t h e  o r ig in a i w o rk  o f  C h a ik in  a n d  B r o w n 6 t h e
Cnstol, Organic Chemistry,” Reinhold Publishing Co., New York, N. Y ., . °  . . , . ,
1966, p 442. r e d u c tio n s  of 3  a n d  7  w e re  c a r r ie d  o u t  m  a q u e o u s  so lu -

(8) R. F. Nystrom and W. G. Brown, J .  Amer. Chem. Soc., 70, 3738 t io n . R e p e ti tio n  o f  th e s e  r e a c t io n s  in  W a te r  g a v e

d £  » “ “ a« ™ ’ im " 70’ 3483 (1948): M‘ J’ exac% the same results as shown for aqueous alcohol in
(9) F. Sondheimer, M. Velasco, E. Batres, and G. Rosenkranz, Chem. Ind. T a b le  I .  W e  Can Only C onclu de t h a t  th e s e  a u th o r s

(London), 1482 (1954). w e re  u n a b le , b e c a u s e  o f  a n a ly t ic a l  l im ita t io n s , t o

(i960) L ' JaC°bS and B ' Brownfield' AmCT- Chem- Soc" 82> 4033 o b s e rv e  t h e  r e la t iv e ly  s m a ll  a m o u n t  ( 8 %  fo r  e a c h )  o f
(11) n . w. Atwater, ibid., 8s, 3071 (1961). c o n ju g a te  re d u c tio n  p r o d u c t  fo rm e d  fro m  th e s e  s y s te m s .
(12) W. R. Jackson and A. Zurqiyah, J .  Chem. Soc., 5280 (1965); K. I s o p ro p y l  a lc o h o l ( f -P r O H )  is  w id e ly  U sed a s  a

Igbal and W. R. Jackson, ibid., C, 616 (1968). i i r v 1 i i ' j  j  i , r
(13) (a) j . w. Wheeler and r . h . Chung, j . Org. Chem., 34,1149 (1969). s o lv e n t  fo r  s o d iu m  b o ro h y d rid e  r e d u c tio n s , a n d  t h e

(b) Cyclopentenone appears to be particularly susceptible to conjugate re
duction. Cf. P. L. Southwick, N. Latif, B. M. Fitzgerald, and N. M. Zaczek, (14) J. A. Marshall, N. H. Andersen, and A. R. Hochstetler, ibid., 32,
ibid., 31, 1 (1966); H. C. Brown and H. M. Hess, ibid., 34, 2206 (1969). 113 (1967).

Vol .  35 ,  N o .  4 ,  A p ril  1970  R eduction of Conjugated Aldehydes and K etones 1041



Table I
0  , OH OH

\  I II N  I I I I I

^  ^  I I I I
H H H

A B
,----------------NaBEU, 50% aqueous EtOH---------------- , ,•---------------------- LiAlHi, ether-----------------------*

Substrate Yield, % “ %  A % B  Yield, % s % A %  B
0

CH2=CHCCtr3 (1) 86 57 43 79 83 7<i
o

ch3ch==chccH3 (2) 90 65 35 85 98 1
o

(CHj)2C=CHCCH3 (3) 89 92 8 82 100 0

O

(^ J) (“1 90 59 41 97 94 2'

o

(S) 90 70 30s 88 100 0

o
II

CH2—CHCH (6) 70 85 15 70 96 2

0
II

ch3ch= chch (7) 916 92 g 94 100 0
0

CH!=C-CH (8; 100 &99 <1 98 100 0

CH3
CH3. ch3

(?) 95 5:99 <1 82 100 0
HT ^CHO

“ Determined by vpe. b Distilled yield. c The L1AIH4 reductions of 1 and 4 also gave 10 and 4% , respectively, saturated ketone 
products; small amounts of analogous materials were obtained from 2 and 6. d 84% c i s  and 16% ircms-3-methylcyclohexanol.

behavior of conjugated carbonyl compounds in this T a b l e  II
medium was therefore of interest. An unprecedented R e d u c t io n  b y  S o d iu m  B o r o h y d r id e  in

observation was the formation of saturated 3-isopro- I s o p r o p y l  A l c o h o l

poxy alcohol product (eq 2). The data for reduction of .-------Product distribution6 '-------,
compounds 1-9 are shown in Table II. Substrate Yield, % %a % b % c

l  SO 10 30 60
0  2 85“ 34 33 33

I I II NaBH4 *  55
—C = c — C—  -------h- 4 65 25 48 27d

!'Pr0H 5 85 63 37“ 0
OH . . OH OH 6 69 53 26 21

C =C —C— +  - C - C - C — '+ —  C -C - C — (2) 7 f  j 5 J®
I I I  I I I  8 85 ~95 - 4 - 1

H H H H  O H H  9 84 98 2 0
A B l_ “ Overall distilled yield. b The products A, B , and C are des-

ignated in eq 2. e Determined by vpc. d 85% c i s -  (lower re- 
O tention time) and 15% irans-3-isopropoxycyclohexanol. 4 88%

c i s -  and 12% irun.s-3-methylcyclohexanol.
The ethereal products for several of these systems 

could be identified by alternate synthesis via isopro-
poxymercuration-reduction. The oxymercuration is evidence of any alternate positional isomer. The
known15 to be primarily controlled by inductive effects 2-alkoxy alcohols in all cases examined have markedly
and allylic alcohols tend on this basis to give largely the lower vpc retention times than the 3-alkoxy analogs.
3-solvoxy product.16 However, alkyl substituents di- Compound 11 showed no evidence of positional isomer
rectly attached to the double bond completely override formation, but, like the cyclic compounds 13 and 14,
the effect of the more remote hydroxyl group, as shown gave a diastereomeric mixture of 3-alkoxy derivatives,
by the data in Table III. The reaction is in general In order of increasing.vpc retention times, the ratio was
regiospecific,17 with only crotyl alcohol (16) showing ca" to 70% ; the sodium borohydride in f-PrOH

reduction of the corresponding enone 2 gave the same 
(15) J. Halpern and H. B . T inker,./. Amer. Chem. Boc., 89, 6427 (1967). two ethereal products, but in a ratio of CO. 60%  to 40% .

Org. Chem., 34,2781 (1969). bimilar reversal m product distribution is observed for
(i7) a, Hassner, ibid.., ss, 2684 (1968). the two reactions using enone 4 and allylic alcohol 13.
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S c h e m e  I

C =C -A —OBiORlf faiUFf0H - C=C— C-OH +  B“(0.t-Pr)<

^  A A 19
O O OH

C=C—C ^  C-C=C-OB(OR)3-  -.■i'R0H - C -C -C — + 19 -SS. C -C -C —

\  H Hi-PrOH \\
i-PrO-\ 0 OH

C—C—C------- v  C-C—C— + 19

A A A
A  A

20

Table III adds to the enone is the isopropoxide anion per se, rather
Isopbopoxymercukation-R eduction of Allylic Alcohols than, e.g., the tetraisopropoxyboronate ion 19. Al- 

OH OH OH though sodium salts of species such as 19 are known to
| i Hg(OAc)„ i-PrOH I I be relatively suable as solids, available evidence sug-

C= C  C 2 NaBHj 0H- *" C C C + C C— C gests that appreciable dissociation (eq 3) may occur in

B(OR)4-^ = tB (O R )3 +  OR- (3)

c  D solution.18 The generation of strong base during
Substrate Yield, %° % c % d reduction is also supported by the observation that
°H attempted reduction of crotonaldehyde by inverse

ch, = chchch3 (io) 46 0 100 addition of reagents (be., addition of NaBH4 in small
oh portions to a solution of the aldehyde in any hydroxylic

cHjCH=chchch3 (li) 32 loo 0 solvent) leads to extensive polymerization.
0H Comparison of the data in Tables I and II indicates a

solvent effect on the ratio of 1,2 to 1,4 reduction, with 
(CH3),c= chchch, (12) 26 100 0 tRe ]atter enhanced in ¿-PrOH relative to aqueous

9H ethanol. Jackson and Zurqiyah,12 on the basis of
/*s. their observation that only conjugate reduction of

38 1006 0 3-methylcyclohexenone, carvenone, and cholestenone
occurs in pyridine solution, have suggested that the

¿ initial hydride transfer from BH 4~ occurs exclusively at 
j (i4) g2 10Qc Q the fi position, with subsequently formed (in other
solvents) alkoxyborohydride species giving a mixture of 

rH=rHrHOH ™  CK n mn carbonyl and conjugate reduction. This proposal
Qfi . required that at least 25%  fully saturated product

c h ch= chch .ofo (i6) ^ Q 10Q be formed; while this was observed with the cyclic
ch , = c— ch,oh (i7) enone systems,12 it does not hold in the present work for

ch, compounds 3 and 6-9 (cf. Table I). I t therefore
ch,^  ^ ch:! 30 0 1Q0 appears that the initial hydride transfer from BH 4_ can

HA = A ch oh occur at either position.
• Distilled yield; the remainder was recovered starting mate- If the isopropoxide-catalyzed equilibrium between

rial. 6 75% trans- and 25% ci’s-3-isopropoxycyclohexanol. enone and 3-alkoxy ketone 20 Scheme 1 j were rapidly
«60% irans-3-isopropoxy-cis- and 40% cis-3-isopropoxy-irans-3- established, the amount of ethereal alcohol product 
methylcyclohexanol. d The solvoxymercuration carried out in should be independent of the isopropoxide ion con- 
methanol and ethanol gave higher yields but very similar product centration. This is not the case, as shown by the data
distribution. jn Table IV. All of the systems examined except 3, S,

and 9 showed a significant increase in 3-isopropoxy 
The formation of isopropoxy-substituted products in alcohol with added NaO-f-Pr. The exceptions have a

the sodium borohydride reductions in I-PrOH solution common feature, the double bond being trisubstituted.
is of mechanistic interest. We propose that the overall The lack of appreciable ether product formation may be
reaction occurs as shown in Scheme I. In no instance associated with either a very low rate of attack by
was any detectable amount of product alcohol (allylic isopropoxide ion or a very small equilibrium constant
or saturated) adduct to the fi position observed; the for formation of 20. This equilibrium probably
simplest explanation for this observation is that rapid strongly favors the unsaturated carbonyl compound in
exchange of alkoxide moiety on boron occurs, and the
product alcohol IS then present in insufficient amount to (18) H. Steinberg, ‘‘Organoboron Chemistry,” Vol. 1, Interscience Pub-
compete with the f-PrOH. Further, the species which Ushers, inc., New Ycrk, n . y ., 1964, p 613.
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Table IV consequently solvent addition cannot be an important
Sodium B orohydride Reduction with Added pathway under these conditions. This may be a result

Sodium Isopropoxide“ of the strongly enhanced rate of reduction in aqueous
Substrate % Cb Solvent.

1 96 Two systems, methyl vinyl ketone (1) and crotonal-
2 43 dehyde (7), were examined further to see if solvent
3 2 incorporation could be eliminated by trapping isopro-
4 72 poxide with the Lewis acid triisopropylborate. The
® 7q results are presented in Table VI. Added borate ester

7 81
8 30 Table VI
9  0 E ffect of B(O-t-Pr); on Isopropyl Alcohol I ncorporation

“ One mole of isopropoxide per mole of carbonyl compound. Substrate Reagent“ % Cb
6 The overall yields were again quite high; the remainder is a l 60
mixture of A and B (c f . Table II). The ratio of A to B  remains 1 B(0-f-Pr)3 1.35 25
unchanged within experimental error. 7  26

7 B(0-t-Pr)3, 1.35 16
all of the systems investigated.19 Formation of sub- 7 NaO-i-Pr, 1 . 0  81
stantial amounts of ethereal alcohol products merely 7 B(0-t-Pr)3, 1.35; NaO-i-Pr, 1 . 0  65
requires that the alkoxy ketone be reduced much faster “ Moles per mole of substrate. b See eq 2.
than the starting material. This behavior is antici
pated from the known importance of inductive effects does diminish the amount of isopropyl ether formed, but,
on reduction by sodium borohydride.21 fails to completely exclude this process. Furthermore,

The data in Table IV show that, for many systems, when triisopropyl borate (excess) and sodium isopro
reduction in the presence of added alkoxide can be a poxide were added to the borohydride solution prior to
synthetically useful procedure for the preparation of addition of 7, the amount of isopropoxy alcohol was
3- alkoxy alcohols. This is particularly evident where significantly increased relative to the result with neither
the solvoxymercuration procedure gives the 1,2 deriva- reagent added. These observations are consistent
tive (cf. Table III). Solvent addition is not restricted with the view that the tetraisopropoxyborate anion is
to f-PrOH; crotonaldehyde was reduced by sodium appreciably dissociated (eq 3) in t-PrOH solution,
borohydride in a number of common alcohols as solvent, Finally, mesityl oxide (3) provides an example of yet 
giving the results shown in Table V. The relatively another possible side reaction which may occur in

sodium borohydride reductions. This compound has 
Table V long been known22 to exist in equilibrium (catalyzed by

Sodium B orohydride R eduction of Crotonaldehyde in either acid 0r base) with ^m esityl oxide (21) (eq 4).
Various Alcohol Solvents O

3-Alkoxy H + or OR^ U
Solvent ROH, R  n-BuOH Crotyl alcohol alcohol  ̂ ------------CH2= C  CH2CCH3 (4)

Me 7 56 37
E t 9 84 7 21
n-Pr 11 63 26
VPr 15 59 26 The equilibrium (no solvent, 25°) has been shown to
n-Bu (79) (21) favor 3 (ca. 90%  3, 10% 21) by Stross and coworkers.23
¿-Bu 4 68 28 Reduction of different known mixtures of 3 and 21
sec-Bu 2 86 12“ (eq 5) gave the results shown in Table VII. With
f-Bu 7 93 0
Allyl 4 85 11 0H

“ Mixture of diastereomers.
3 +  21 — >  (CH3)2C=CHCHCH3 +

12
large amount of solvent incorporation in methanol is
presumably due to the methoxide generated by the ? H PHs 9 H
fairly rapid reaction of borohydride with this medium. (CH3)2CHCH2CHCH3 +  CHi=C—CH2CHCH3 (5)
Only ¡f-butyl alcohol failed to give any measurable 22 23
solvent addition (or other possible ethereal product,
e.g., crotyl or n-butyl alcohol adducts); an attempt to Table VII
force this reaction course by carrying out the reduction starting
in the presence of potassium i-butoxide gave extensive . -m a te r ia l- , ^-Product distribution-,

polymerization, with negligible volatile products being „ T. . . „  .. „„j  , n  • i , r  ,. . ® 97 3 LiA1H4, ether 97 0 3formed. It is also worth notmg m this connection that fin An T; aitt »o, ,  cn n
reductions in water or aqueous alcohol give high yields 97 3 NaBHij 50% aq ethanoi 80 16 4
of carbonyl and conjugate reduction products, and 97 3 NaBH4, 50% aq methanol 87 10 3

.... . . .. . .. . . „ . . 60 40 NaBH,, f-PrOH 56 17 25
(19) Although there is no direct evidence bearing on the magnitude of O'" Q M TITT * t> a i t

this equilibrium constant, Fedor20 has shown that base converts 4-methoxy- INaBrl*, l-rru il 54 28 17
4- methyl-2-pentanone quantitatively (in aqueous solution) into mesityl ----------------
oxide- (22) C. Harries, Ber., S2, 1326 (1899).

(20) L. R . Fedor, J .  Amer. Chem. Soc., 91, 908 (1969). (23) F. H. Stross, J .  M. Monger, and H. de V. Finch, J .  Amer. Chem. Soc.
(21) H. Kwart and T . Takeshita, ibid., 84, 2833 (1962). 69, 1627 (1947).
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both LiAlH.4 and sodium borohydride in aqueous Products.—All product ratios were determined by vpc peak
solvents, the products furnish no evidence for equilibra- area integration; all analyses were carried out on a 4 m X 0.32
tion between 3 and 21. In f-PrOH, however, the data ^  temperaturef  °f fro™ 70 ,to, ., , . 1 1 / 1 1  lOd lh e  products were m many cases available materials;
suggest that equilibrium is approached (presumably if not, identification was effected through alternate synthesis,
catalyzed by sodium isopropoxide) shortly after initia- e .g ., LiAlH4 reduction for allylic alcohols and solvoxymercura-
tion of reduction. The two entries (Table VII) using tion-reduction for many of the ethereal products. Where the
f-PrOH suggest that an “equilibrium” value of ca. 20%  latter procedure gave the alternate isomer, the reduction product

22 is approached from either side; it should be noted xhe ethereal products obtained from sodium borohydride re-
that this amount need not correlate directly with the duction of crotonaldehyde in various alcohol solvents were
equilibrium percentage of 21. The nonconjugated characterized by nmr and ir spectra, boiling points, and vpc
ketone is expected to undergo reduction faster than 3 , retention times.27
and hence the amount of 23 formed should be larger wpf en™ s  °ut as descnbed previoi^y,^
.. .. . . . ?  except that reaction times of 24-48 hr (prior to reduction) were
than the percentage of 21 present (under rapid equih- used.
bration conditions). It is clear that, given the proper Reductions.—All reductions were carried out using 0.5 mol of
circumstances, the homoallylic alcohol could become the reagent (LiAlH* or NaBH4)/mol of unsaturated carbonyl com-
major product of borohydride reduction of an enone. PT d/ , The sodium, borohydride used was either commercial
■t o , i • • i i i , -j n material or previously prepared highly purified reagent; this
In fact, an example is provided by the recent work of purification had no effect on the results presented here. Com-
Wheeler and Chung,13 who found the reduction of mercial reagent grade solvents were used for most reductions,
piperitone (24) by sodium borohydride in aqueous i-PrOH dried by distillation from calcium hydride gave identical
base24 to give mostlv 25 (eq 6) 13 results with material containing small amounts of water. Two

specific procedures will illustrate the general method used.
x y  Crotonaldehyde in 50% Aqueous Ethanol.—Crotonaldehyde

j] J  14.0 g, (0.2 mol) was added through a dropping funnel to 3.7 g
^>0 NaBH„ OH- \ (0-1 mol) of sodium borohydride in 25 ml of H20  and 25 ml of

i j aq ch OH > I J  °  ethanol at 0°. After stirring at room temperature for 2 hr, the
mixture was saturated with salt, extracted with ether, dried 

1 I (potassium carbonate), vpc analyzed, and distilled to give 12.8 g
24 25,46% (91%) of a mixture of n-butyl and crotyl alcohol, bp 118-120°.

3-Buten-2-one in f-PrOH.—Methyl vinyl ketone (7.0 g, 0.1 
mol) was added dropwise at 0° to 1.8 g (0.05 mol) of sodium boro- 

Experimental Section hydride in 100 ml of f-PrOH. After stirring at room temperature
for 8 hr, the mixture was poured into 100 ml of ice water. Potas- 

Starting Materials.—With the exceptions noted below, the un- sium carbonate was added to saturate the mixture, after which it
saturated aldehydes and ketones were commercial materials, was treated as above. After distillation of the solvent, 2-butanol
spinning band distilled prior to use. Compound 5 was prepared and 3-buten-2-ol were collected at atmospheric pressure; the
by the method of Cronyn and Riesser.25 LiAlH4 reduction of residue was distilled under vacuum, bp 85° (30 mm), to give 4-
acetylacetone gave 3-penten-2-ol (11), 65%, bp 65-69° (108 mm), isopropoxy-2-butanol. The total yield of distilled material was
which when subjected to Jones oxidation gave 2, bp 122°, in 90%.
50% yield.26 All of the starting materials were S;99% pure by .
vpc, with the exception of mesityl oxide (3) which contained Registry No. 1, 78-94-4; 2, 625-33-2; 3, 141-79-7;
known (very small, except where otherwise noted) amounts of 4, 930-68-7; 5, 1193-18-6; 6 , 107-02-8; 7, 4170-30-3; 
isomesityl oxide (21). 8,78-85-3;  9,1115-11-3;  sodium borohydride, 16940-
---------------  66-2.

(24) The apparent contradiction to the present work, where we found no
rearrangement in aqueous solution, is due to the reduction procedure used by Acknowledgment.'—This Work Was Supported in part

b ,  a grant from the National Science Foundation (GF-
base-catalyzed processes (rearrangement, aldol condensation, etc.) relative to 9383). 
direct reduction.

(25) M. W. Cronyn and G. H. Riesser, J .  Amer. Chem. S oc., 75,1666 (1953). (27) Details, including relative retention times, will be furnished on re-
(26) L. P. Kyriakides, ibid., 36, 530 (1914). quest.
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The Reaction between 2,5-D im ethyl-2,4-hexadiene and Chlorine. 
trans-2,5-D ichloro-2,5-dim eLhyl-3-hexene and

4,5-D ichloro-2,5-dim ethyl-2-hexene

L ewis F . Hatch1 and M ohamed S. M atar 

D e p a r t m e n t  o f  C h e m i s t r y ,  U n i v e r s i t y  o f  T e x a s  a t  A u s t i n ,  A u s t i n ,  T e x a s  7 8 7 1 2  

R e c e i v e d  O c t o b e r  2 1 ,  1 9 6 8

The liquid phase reaction between 2,5-dimethyl-2,4-hexadiene and chlorine yields the following compounds:
4,5-dichloro-2,5-dimethyl-2-hexene (by 1,2 addition), £raras-2,5-dichloro-2,5-dimethyl-3-hexene (by 1,4 ad
dition), 3,4,5-trichloro-2,5-dimethyl-l-hexene ( t h r e o  and e r y t h r o ) ,  and l,4,5-trichloro-2,5-dimethyl-2-hexene.
These compounds are not the same as those previously reported. A kinetic study was made of the allvlic re
arrangement of £rons-2,5-dichloro-2,5-dimethyl-3-hexene to 4,5-dichloro-2,5-dimethyl-2-hexene,

The addition of chlorine to 2,5-dimethyl-2,4-hexa- hexene (30%) by Sn2 reactions. A mixture of 5 and 6
diene (1) in chloroform has been reported by Tish- gave the same products in a ratio that indicated that
chenko, Abramova, and Yarzhemskaya2 to give pure 6 would have given 94%  2,5-dimethyl-2-hexene
3.4- dichloro-2,5-dimethyl-l,5-hexadiene (2) as the pri- by Sn2/ reactions and 6% 2,5-dimethyl-3-hexene. The
mary product and 3,6-dichloro-2,5-dimethyl-l,4-hexa- formation of 2,5-dimethyl-3-hexene from 6 can be
diene (3) and l,6-dichloro-2,5-dimethyl-2,4-hexadiene accounted for by assuming some allylic rearrangement
(4) as secondary products. Sharefkin and Pohl3 have of 6 and 5 during the reaction. These data provide
reported the preparation of 2,5-dichloro-2,5-dimethyl- further evidence that the dichloro compounds obtained
3-hexene from 1. in this investigation are not the same as those reported

The dichloro compounds produced by the reaction by Tishchenko and coworkers2 for the chlorination
between chlorine and 1 in carbon tetrachloride have reaction under similar reaction conditions,
now been identified as frans-2,5-dichloro-2,5-dimethyl- The allylic rearrangement of 5 to 6 was studied
3-hexene (5) and 4,5-dichloro-2,5-dimethyl-2-hexene kinetically at 56.2, 80.1, and 99.2° to obtain funda-
(6) in a 2 :3  ratio. Identification was made by their mental data for this reaction. Thermodynamic data
infrared spectra and by their nuclear magnetic reso- and rate data for the unimolecular isomerization are
nance spectra. The same compounds and in essentially given in Table I. Specific rate constants, defined as
the same ratio were obtained when chloroform, tri
chloroethylene, or n-hexane was used as the solvent. T a b l e  I
Pure 5 was obtained from the mixture by low-tempera- Thermodynamic F unctions and R ate Constants for the 
ture crystallization. The spectrum of 6 was obtained I somerization of £rans-2,5-D ichloro-2,5-dim etiiyl-3-hexene 
from a mixture of 5 and 6 that was synthesized by the (5) to 4,5-Dichloro-2,5-dimethyl-2-hexene (6)
reaction between frans-2,5-dimethyl-3-hexene-2,o-diol Temp, °K 329.4 353.3 372.4
and thionyl chloride.4

The formation of compounds 5 and 6 can be accounted A' Thermodynamic Functions
for by the 1,2 addition and 1,4 addition of chlorine to 6>% 40.8 47.8 53.0
1. The product distribution from the addition of hY, 0.673 0.895 1.13
chlorine to this diene appears to be kinetically con- AF, keal, mol 0.259 0.078 0.089
trolled, since no appreciable isomerization of the ®u 7 '31 8-21 8 91
allylic chlorides would be expected at the temperature ’ ca mo 266  2 '98 323
used for the addition. The fact that the 1,2-addition B. Rate Constants
product is kinetically favored over the 1,4-addition k h  hr-* 0.014 ±  0.001 0.12 ±  0.01 0.73 ±  0.06
product indicates that the transition state leading to fc -i, hr“1 0.020 ±  0.002 0.13 ±  0.01 0.65 ±  0.05
the 1,2-addition product is more sterically favored.

Three trichloro compounds were isolated. One was k =  X J a t  In [ X J { X e — X) ] ,  were determined from
identified as l,4,5-trichloro-2,5-dimethyl-2-hexene (7) a plot of In X J ( X e -  X) vs. time, where X  is the molar
and the other two, tentatively, as the 3,4,5-trichloro- concentration of 5 at time i, a  is the initial molar
2.5- dimethyl-l-hexenes (threo and erythro) (8). concentration of 5, and X e is the molar concentration

The reaction between lithium aluminum hydride of 5 at equilibrium. Equilibrium constants, defined
and compounds 2, 3, and 4 would be expected to give as K eq =  [6]/[5] and equal to h /k - j .  at a given tempera-
one product iraws-2,5-dimethyl-2,4-hexadiene.5 This ture, were also required for these calculations.6 
reaction with 5 gave 2,5-dimethyl-2-hexene (70%) by Rate data permitted calculation of the following 
Sn2 and Sn2 ' reactions and ¿rons-2,5-dimethyl-3- approximate data: activation energy X a =  21 kcal/ 

,,, , IT . mol; entropy of activation A»?* =  —21 eu; AH, for all(1) To whom correspondence should be addressed: University of Texas , ; ’ *
at e i  Paso, e i  Paso, Tex. 79999. three temperatures, 2 1  kcal/mol.

(2) D. Tishchenko, A. Abramova, and E . Yarzhemskaya, Zh. Obshch.
Khim ., 27, 227 (1957); J .  Oen. Chem. USSR, 27, 253 (1957).

(3) J .  G. Sharefkin and S. H. Pohl, J . Org. Chem., 29, 2050 (1964). E x p e r i m e n t a l  S e c t i o n
(4) J .  D. Roberts, W. G. Young, and S. Winstein, J .  Amer. Chem. Soc.,

64, 2157 (1942). Melting points and boiling points are uneorrected. Infrared
J « 1- J ’ and G‘ Baohmann> Chem. Ber., 97, 132 (1964); L. F. spectra measurements were made by use of a Beckman IR-5
Hatch and R . E . Gilbert, J .  Org. Chem., 24, 1811 (1959); L. F . Hatch, P. D. ----------------------
Gardner, and R . E . Gilbert, J .  Amer. Chem. Soc., 81, 5943 (1959); C. W. (6) K . J .  Laidler, “Chemical Kinetics,” McGraw-Hill Book Co., Inc.,
Jefford, S. N. Mahajan, and J .  Gunsher, Tetrahedron, 24, 2921 (1968). New York, N. Y ., 1950, pp 19-20.
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spectrophotometer. The nmr spectra were obtained on a Varían A n a l. Caled for C8Hi3Cl3: 0 ,  44.85; H, 6.07. Found: C,
Associates A-60 spectrometer using tetramethylsilane as the 44.83; H, 5.89.
internal reference. Mass spectral analyses were made by using a Compound 8a gave the following data: ra2Su 1.4938; nmr
Consolidated 21110 C high-resolution mass spectrometer. Gas (CC14) T 4.75 (s, C =C H 2), 5.00 (d, CHC1, allylic), 5.80 (d, 
chromatographic analyses were made using a Research Specialties CHC1), 8.11 (s, C =C CH 3), and 8.27 [s, CC1(CH3)2],
Model 60-30 instrument with temperature programming (Model A n a l. Caled for C8Hi3Cl3: C, 44.54; H, 6.08; Cl, 49.06. 
611-60). A 6 ft X 0.25 in. o.d. column packed with 10% by Found: C, 44.58; H, 6.07; Cl, 49.34.
weighs Carbowax 6000 on 60-80 mesh Chromosorb W was used. Compound 8b gave the following data: n26d 1.4947; nmr
Element analyses were made by Clark Microanalytical Labora- (CC14) r 4.8 (s, C—CH2), 4.95 (d, CHC1, allylic), 5.75 (d, 
tory, Urbana, 111.; The Clayton Biochemical Institute, Micro- CHC1), 8.00 (s, C=C CI13), and 8.2-8.3 [m, CC1(CH3)2] . 
analytical Laboratory, Austin, Tex.; and Galbraith Laboratories A n a l. Caled for C8Hi3C13: mol wt, 214.0083. Found: mol
Inc., Knoxville, Tenn. These chloro compounds are relatively wt, 214.0087 (mass spectrum).
unstable toward hydrogen chloride elimination, which accounts irans-2,5-Dimethyl-3-hexene-2,5-diol.—This diol was prepared
for discrepancies in element analyses. by the sodium in liquid ammonia reduction of 2,5-dimethyl-3-

Chlorination of 1.—A solution of chlorine (142 g, 2.00 mol) in hexyne-2,5-diol (Farchan Research Laboratories). The olefin
carbon tetrachloride (1500 ml) was added slowly to redistilled 1 diol was recrystallized from hot toluene, mp 98° (lit.7 mp 101.5°).
(220 g, 2.00 mol, furnished by Eastman Chemical Products, The ir spectrum of this compound had the same characteristic
Inc.) in carbon tetrachloride (500 ml). The reaction temperature absorption peaks as reported for ¿ra«s-2,5-dimethyl-3-hexene-
was maintained at 0 -4°. On completion of chlorine addition, 2,5-diol.8
the reaction was dried over sodium sulfate. Because rearrange- Mixture of 5 and 6 .—¿raras-2,5-Dimethyl-3-hexene-2,5-diol 
ment of the two dichlorides (5 and 6) occurs at high vpc column (4.32 g, 0.030 mol) was dissolved in 130 ml of dry ether. Thionyl
temperatures, temperature programming was used at 55-140° chloride (7.85 g, 0.066 mol), dissolved in 60 ml of dry ether, was
during vpc analyses. Compounds 5 and 6 were detected at 65 added dropwise to the alcohol at room temperature. The mix- 
and 70° after 4 and 6 min, respectively. A typical vpc analysis ture was refluxed for 2 hr and then analyzed by vpc. Only two
follows: 47% 6, 31% 5, 13% 7, 6%  8a, and 3%  8b. Two peaks peaks were obtained and they had identical retention times with
(8a and 8b) were obtained for 8, but the trichlorides were not those of the two dichloride peaks from the addition of chlorine 
characterized as to thero and erythro isomers. to 1. The ir spectrum of the mixture had the same characteristics

frans-2,5-Dichloro-2,5-dimethyl-3-hexene (5).—This compound as the spectrum of the dichlorides from the addition of chlorine 
was separated from its allylic isomer 6 by crystallization at — 25 ° . to 1.
Recrystallization of 5 from Skellysolve B  at —5° produced white Reduction of Dichlorides by Lithium Aluminum Hydride.— 
crystals, mp 35°. The ir spectrum of this compound had a Both 5 and a mixture of 5 and 6 were treated with lithium alu- 
peak at 969 cm-1, which indicated a tran s  structure. Absence minum hydride in a previously described manner.6 The products
of a carbon-carbon double bond stretching peak (c a . 1660 cm-1) of these reactions are given in the Discussion. The vpc analyses
indicated a symmetrical structure around the double bond. The were made using the column described by Smith and Ohlson.9
nmr spectrum (CC14) follows: t 4.14 (s, H C =C H ), and 8.31 Isomerization Study.—The isomerization of 5 to 6 was carried 
[s, CC1(CH3)2] . These signals have a relative intensity of 1 :6 . out at 56.2, 80.1, and 99.2° by thermostating solutions of known

A n a l. Caled for C8Hi4Cl2: C, 53.05; H, 7.79; mol wt, concentrations of 5 in n-decane. n-Decane was used as the sol-
180.0472. Found: C, 53.2; H, 7.9; mol wt, 180.0478 (mass vent because its high boiling point minimized loss due to evapora- 
spectrum). tion and because there is no absorption of this solvent at the

4,5-Dichloro-2,5-dimethyl-2-hexene (6).—This compound was ir region used for analysis,
obtained by trapping on a preparative vpc column from the The course of the isomerization was followed by ir spectra anal-
chlorination reaction mixture. The best separation gave a mix- yses of the equilibrating solution at suitable time intervals,
ture containing 87% the [desired compound 6 and 13% its Compound 5 has characteristic absorptions at 969 and 1250
isomer 5. The ir spectrum of this mixture has a characteristic cm-1 that are suitable for quantitative analysis, and the corn-
absorption at 1672 cm-1 which indicates an unsymmetrical pounds obeyed Beer’s law over the entire concentration range
carbon-carbon double bond. The nmr spectrum follows: r  used. Isomer 6 has characteristic absorption at 1672 cm-1, but
4.59 (d, C =C H ), 5.37 (d, CHC1, allylic), 8.19-8.26 [m, C = C - this band is not intense enough to be used for analysis. Solutions
(CH3)¡.], and 8.39 [s, CC1(CH3)2] . of known concentrations of both isomers were prepared using

A n a l. Caled for C8Hi4Cl2: C, 53.05; H, 7.79; Cl, 39.16; carbon tetrachloride and n-decane as solvents. The absorbance
mol wt, 180.0472. Found: C, 53.21; H, 7.69; Cl, 39.15; of each isomer was the same regardless of the solvent. The data
mol wt, 180.0476. are given in Table I .

The Trichloro-2,5-dimethylhexenes (7 and 8).—Three trichloro
compounds were isolated from the reaction mixture by use of a _ » . 1 oon„„ _ ,  ooflori
vpc preparative column, and one was identified as 7. The ir Registry No.— 1, 764-13-6; 5, 22966-70-7; 6, 22929- 
spectrum of each of the diasteroisomers (8a and 8b) has a strong 07-3 ) 7, 22929-08-4; 8a , 22966-71-8) 8b , 22966-72-9. 
absorption at 917 cm-1 (CR iR 2= C H 2 out-of-plane deformation).
The ir spectrum of 7 does not show a strong band in tins area Acknowledgment.-This work was supported by a
which indicates the absence of a terminal methylene group. I  he 6  , .. a tit i j  tt 1
elemental analyses of 8b indicated appreciable loss of chlorine grant from The Robert A. Welch Foundation, Houston, 
between isolation and analysis. The ir spectra and indices of Texas, 
refraction were obtained on samples immediately after vpc sepa
ration. (7 ) j  r  Johnson and O. H. Johnson, J .  Amer. Chem. Soc., 68, 2615

1,4,5-Trichloro-2,5-dimethyl-2-hexene (7) gave the following
data: n26D 1.5045; nmr (CC14) r 4.27 (d, C = C H ), 5.40 (d, (8) K . Griesbaum, A. A. Oswald, and W. Naegele, J .  Org. Chem., 29, 1887
CHCL allylic), 6.00 (s, CHsCl), 8.10 (d, C =C CH 3), and 8.30 (i964).
[s, CC1(CH3)2] . 6>) B. Smith and R .  Ohlson, A c ia  Chem. Scand., 13, 1253 (1959).
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1,3-Bridged naphthalenes of type 3 and 4, in which the minimum value of n is 2, have been prepared in high 
yield. Steric constraint in such metacyclophanes causes distortion or change in aromatic character of the aro
matic ring to which the methylene bridge is attached, and this effect is noted by a variety of physical and chemi
cal processes. Evidence is presented suggesting that 3 (with n = 1) can be prepared as a highly reactive, un
stable intermediate; however, the principal product from the reaction of la with dichlorocarbene is not a meta- 
cyclophane, but an isomer resulting from phenyl migration. The photochemistry of 3b in ethanol is also dis
cussed.

We have recently described3 the preparation of 1,3- The metacyclophane 3b was obtained as a white 
bridged naphthalenes 3c and 3d by the procedure solid in high yield (74%) by reaction of lb with phenyl-
summarized in eq 1. This synthesis is of particular (trichloromethyl) mercury in hot benzene. The nmr

spectrum showed characteristic broad and complex 
y v . ^  methylene absorption at r 6.34-11.12. The methylene
| j i! (CHJm 2C5HsĤ—V bridge cannot pass over the chlorine atom, thereby

^  hindering mobility of the bridge and resulting in
la, m = 5 considerable nonequivalence of the ring methylene
h m = 6 protons. The very high field absorption of 3b near t 11

was expected by analogy to 3c and 3d, since the 
’ m ~ 10 central bridging atoms are held closely over the face of

s ' /  2 the benzene ring and, as a consequence, are held closely
in the shielding cone of the aromatic ring.

The ultraviolet spectrum of 3b was similar to those of 
M  LXC (CH2)m ~~HX, 1| TCH2) I  (1) 3c and 3d but showed complete loss of fine structures

m together with a slight bathochromic shift.
2 a , m = 5  \ /  2 The distortion of the benzene ring in 3b was also

b, m = 6 CH2 evidenced by a study of its oxidation with 40%  nitric
c, m = 8 (3, -  , an 4, X = Br) acid with subsequent methylation of the derived acids
d, to = 10 a, n=\ by action of diazomethane. The only products

b’ ” “  2 isolated, under conditions identical with those described
d’ n = 6 for 3d,3 were dimethyl phthalate and dimethyl nitro-

phthalate. There was no evidence for the formation of 
tetramethyl 4-chloro-l,2,3,5-benzene tetracarboxylate, 

interest since it involves an energetically favorable which was a major product from 3d. 
creation of an aromatic ring as the last step, in contrast An impurity isolated (3-5%  yield) from the synthesis 
to less favorable ring closures used traditionally for the of 3b was assigned structure 5 on the basis of its corn-
preparation of related metacyclophanes.4 This in- position and spectra and by its synthesis (eq 2) by
vestigation was directed toward a study of the scope of
this synthesis, with particular attention given to the x
lowest value of n in 3 and 4, and the properties of the j i  q  (CH2)6
strained aromatic systems that resulted.5 benzene. )

A. 3b {n =  2, X =  Cl).—Inspection of models re- 3b + CJhHgCCb *- (2)
vealed that the metacyclophanes 3b or 4b would prob- ^
ably result in distortion of the benzene ring to which the q
methylene chain is attached. . This conclusion was sup- 5
ported by both the physical and chemical properties of

addition of CC12 to 3b (42% yield). Unactivated 
m _____. , K a ■ „ . „  aromatic systems are generally resistant to reaction
(1 )  S u p p o r te d  b y  t h e  N a t i o n a l  S c ie n c e  F o u n d a t io n  G r a n t  G P - 6 1 6 9 X .  i« u T  » . /  .  . .  / » t i t

For the preceding article in this series, see W. E . Parham, R . W. Davenport, W lt i l  ulCilIOrOCRrbGlT.G? tilG  IRClIG a d d i t i o n  01 d i c h lo r o -
and j . b . Biasotti, Tetrahedron Lett., t , 557 (1969). c a r b e n e  t o  3b i s  f u r t h e r  e v i d e n c e  o f  t h e  s t r a i n  a n d

0f i 6 5 “  ri"S to which the ™ ‘ W ene
F e llo w ,  1 9 6 6 -1 9 6 9 .  b r i d g e  i s  a t t a c h e d .

G9C67)W’ E' Parham and J' K' Rinehart' J - Amer- Chem- Soc-- 89■ «ess 8,9-Benzo-12-chloro[6]metacyclophane (3b) decolor-
(4) F o r  a  r e v ie w  o f  m e th o d s  u se d  fo r  c y c lo p h a n e  s y n th e s e s ,  se e B .  H .  1 Z e S  n e u t r a l  p o t a s s i u m  p e r m a n g a n a t e  a t  r o o m  t e m p e r a -

S m ith ,  “ B r id g e d  A r o m a t ic  C o m p o u n d s ,”  A c a d e m ic  P r e s s  I n c . ,  N e w  Y o r k ,  t u r e  a n d  r e a c t s  r e a d i l y  w i t h  b r o m i n e  i n  C a r b o n  t e t r a -

N'^ "f! !4,pp24' 18;5; ,  . , , , „ chloride at room temperature with evolution of hydro-
(5) F o r  r e v ie w s  o f  t h e  c h e m ic a l b e h a v io r  o f c y c lo p h a n e s ,  s e e  (a) R .  W . _ 1 • i r p u  j  « . ,  . . . J

G r iffin , J r .,  Chem. Rev., 6 3 , 4 5  ( 1 9 6 3 ) ;  (b ) R .  B .  S m ith ,  “ B r id g e d  A r o m a t ic  S C I 1  D r O m i C l C .  i h e  p r o d u c t  O f  t h e  l a t t e r  r e a c t i o n  W a s

C o m p o u n d s ,"  A o a d e m ic  P r e s s  i n c . ,  N e w  Y o r k ,  n . y ., 19 6 4 . s h o w n  t o  b e  6  b y  i t s  c o m p o s i t i o n ,  b y  i t s  s p e c t r a ,  a n d  b y
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its conversion into dimethyl phthalate by oxidation and subsequent dehydrogenation to 11. The product 12
subsequent esterification of the derived acids (eq 3). was obviously formed by isomerization of 9 under

conditions employed for dehydrogenation.
Y*/ 2 B. 4b (n = 2; X = B r).— The reaction of lb

with phenyl(tribromomethyl) mercury in benzene was 
-^^,C02CH3 highly temperature dependent. Optimum yields (40%)

3b + — f| |(CH2)T  °xd-> I) | (3) of 4b were obtained when the reaction was conducted in
CC1* CIi!N2 \ ^ \ co2CH, benzene at 50°. The cyclopropane 13 (mp 119-120°;

Br ¿h2 Y '/ ^
6  CH2 /

I / "D
8,9-Benzo-12-chloro[6]metacyclophane (3b) was ob- CBrj

served to undergo a rapid photochemical reaction in ^  *" | KCfthl +
ethanol. The principal product (68-80% yield) was a
mixture of two isomeric products (C i6H i6) shown to be ^Y
1,2,3,3',4,5-hexahydroacephenanthrylene (8) and l)2j- 4b
2',3,4,5-hexahydroaceanthrylene (9) (eq4). ^ ^

/  R r (S H2)e Rr

c h2 \  s  r r  ^  +  r Jl (5)
j f  C 1 9 H2 ^ ^ ^ y C H 2)5CH2Br

A f Y  CH2 -HC1 h B r  14{  A J  / x  ------- »■ B r
/CH 2 N a 1 3

c h2
7 spectral properties essentially identical with those

I----- 1 described for S ; not further analyzed) was a by-product
(7-4%) in this reaction, together with unreacted 

f  jT jT 7 + jf jT jT  J starting material. A t higher temperatures (60°, or
reflux), 2-(6-bromohexyl)3-bromonaphthalene (14) was 

8 9  a significant by-product (14%). The dibromide 14
1----------- ------------J (4) was identified by its composition, by its spectra, and

,Pd’ A by its synthesis from 4b; the mechanism of its formation
f--------—— ------------------*--------------------- — — — •* is discussed subsequently.

f  j; | | | | 8,9-Benzo-12-bromo[6]metacyclophane (4b) formed
a Grignard reagent readily, which gave 15 (>80% 

f  I T /  + fi I  T  J  + f J] 1 1  yield) or 16 (93% yield, 97% deuterium incorporation),
^ Y Y Y Y / Y Y ^ Y Y Y  respectively, when hydrolyzed by action of water or

10 11 12 deuterium oxide (eq 6).

The composition, spectra, and analysis by glpc of the Y'/^2
photoproduct was consistent for a mixture of 8 and 9 in CH2 /
the ratio of 70:30, respectively. These products are JT /  H
those expected by a photochemically catalyzed elimina- _v ll Irn-nT^
tion of a chlorine atom followed by a series of events 1!. J.
involving (a) naphthyl radical abstracting a proximate
transannular hydrogen atom, and (b) subsequent CH2
reaction of the derived radical with the strained aro- ,, „„ c 15
matic ring. Because of the unusual stereochemistry ot 4b + Mg tetrahydrofuran CH (°)
the system one cannot rule out the alternate possibility Y  / 2
that the departing chlorine atoms remove a proximate
transannular hydrogen atom at a or b as shown in 7,
followed by coupling of the resulting caged diradical. — *• | T(CH2)J
The photoproduct was partially dehydrogenated by
reaction with palladium on carbon to give a mixture of \ /  2
acephenanthrene (10) and aceanthrene (11), Both of ^
these dehydrogenated products were known, and com
parison of the ultraviolet spectrum of the mixture in- The nmr spectrum of 15 was complex and showed 
dicated the composition to be 65% 10 and 35% 11, a methylene absorption at t 6.33-10.40. These data 
value in close agreement to the ratio estimated for the establish the fact that there is a barrier to ring inversion
hydrocarbon precursors by glpc. The mixture of 10 (rotation to the opposite face of the aromatic ring) in 15
and 11 was not completely resolved by chromatography; whether a hydrogen or a halogen atom occupies the 2 
however, a small amount of the principal product 10 position of the naphthalene ring. These results are in
was isolated pure and was shown to be identical with an contrast to similar studies involving 4d6a in which ring

authentic sample of 10.  ̂ /o n 0 7 ” v f  +1 (6 ) (a) P riva te  comm unication, R . W. D avenport, The U niversity  of
A  third Component isolated /q) irom tile ue- M innesota. T he chem istry of 4d will be presented in  a  subsequent com- 

hydrogenation of 8 and 9 was identified as 12 by its m unication. (b) Reference 5b, p 343.
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inversion occurs when the 2  substituent is hydrogen, reaction of pentahydrocyclohcpt[6 ]indene (la) with
but not when it is halogen. The barrier to ring in- 2 equiv of phenyl(trichloromethyl) mercury in boiling
version in 15 is thus either a result of steric interference benzene.
by hydrogen at the 2 position or, more likely, simply to The major product 18 (6 6 %  yield) was identified by 
the required stretching needed for the strained system its composition and spectra and its structure was 
to go through a planar transition state. Asymmetry in established by oxidation, with subsequent esterification 
related cyclophanes has been noted.6b of the derived acids with diazomethane, to tetramethyl-

That slow inversion is occurring at room temperature, 3-chloro-l,2,4,5-benzene tetracarboxylate. This ester
which would constitute racemization if 15 could be was unknown and was prepared independently from
resolved into its optical isomers, was evident from monochlorodurene by a similar procedure; thus it was
variable temperature nmr studies. A t 92° the meth- established that a molecular rearrangement had
ylene absorption changed markedly and resembled that occurred in the carbene reaction.
described for the dehalogenated derivative of 4d4 Since it is known that the rate-determining step8 in 
(rapid equilibration of the methylene bridge to the two ring expansion of the type 2 -*■  3 involves ionization of
faces of the naphthalene ring); at 1 ° the methylene halogen-carbon bond, a logical mechanism for the
absorption remained complex and broad, but showed formation of 18, shown as a stepwise process for clarity
marked sharpening of absorption, consistent with the only, involves phenyl rearrangement of the neopentyl
conclusion that ring inversion is not occurring rapidly type, shown in eq 9 (path B). It is logical to assume
at this temperature.

It was observed that 4b reacts readily with anhydrous .Cl
hydrogen bromide in benzene at 60° or higher, but X  S' 'X
only slowly (not detected) at 50°. The product of the _ _ /- -; (CH2)5 ]
reaction (59.1% yield) was 2-(6-bromohexyl)-3-bromo- 2 — ■ | jT slow > | |  jT (CH2)5

naphthalene (14). Structure 14 was assigned to this X = C1 PathA ^
product on the basis of its composition and spectra and m = 5 H H H H
by analogy to 19, described in the next section. The 20 21
dibromide 14 is assumed to be formed as shown in 17 I Phenyl I u+
(eq 7). PathBj; Oration i (9)

B r X  / '" 'p l*2 I )
chT /  i T T  « a« ,

H+ 3a
4b —*- | kClhri —*■ 14 (7) p  fj

2 2

CH2 that the collapse of the ion 20 by a concerted disrotatory
17 process9 to give 21 (path A), and subsequently 3a,

would be slow because of the high steric demands of 2 1  

Reverse alkylations of aromatics are common when and/or 3a. Consequently, path B, involving phenyl 
strong Lewis acids are employed (i.e., isomerization of migration, dominates. With more than five methylene
alkylbenzene with AICI3) ; however, cleavage of the groups in the bridge, steric requirements for path A  are
type shown in eq 7 is exceptional.7 In retrospect, such less severe and metacyclophane formation dominates,
cleavage is not surprising in view of the demonstrated It is interesting to note that no products analogous to 18
reactivity of the aromatic ring involved, and the relief have been detected in reactions of indenes involving
of strain from such reaction. more than five methylene atoms in the bridge.

Since the dihalocyclopropyl intermediates 2 are The second product shown in eq 8 , isolated in 8.4% 
known3 to decompose, with liberation of hydrogen yield, was shown to be 2-(5-chloropentyl)-3-chloro- 
halide, under conditions used for their formation, it is naphthalene (19) by (a) its composition, (b) its spectra,
apparent that 14 could be formed as a by-product from and (c) by its independent synthesis as summarized in
the synthesis of 4b by competitive reaction of the eq 10.
hydrogen bromide liberated with 4b or with excess
phenyl (tribro mo methyl) mercury, used to remove hy- KOUCi , cci2
drogen bromide. Mg ” 19 (10)

C. Reaction of la  with Phenyl(trichloromethyl)- (CH2)5C1

m ercury— Two products (eq 8 ) were obtained from the 23

The formation of 19 probably occurs in a manner 
if'^T ¡T~(ch ) 2C«HsHgcci3  ̂ analogous to that described for 14 in section B, by

2 5 * cleavage of the derived metacyclophane 3 a by hydrogen

la QJ (7) D ealkylation of arom atics substitu ted  by  i-alkyl groups by protonic
T acids 18 common: R . W. F rank  and E. G. Laser, J .  A m er. Chem . S oc. 91

1577 (1969).
|  jT JT ( ( ^ 2)3 -j- f JT ^  P arkam » H . E . Reiff, and P. Sw artzentruber, i b i d . ,  78, 1437

^  R - B - W oodward and R . Hoffman, i b i d . ,  87, 395 (1965); (b) C. H. 
iq  i a  D ePuy, L. G. Swnack, J. W. Hausser, and W. W. W iedman, i b i d . ,  87 , 4006(1967).

1050 Parham, J ohnson, Hughes, Meilahn, and R inehart The Journal of Organic Chemistry



chloride liberated  during th e  decom position of 2a. (by filtration and trituration) of phenylmereuric bromide, was
Form ation  of th is  product suggests th a t  i t  m ay be chromatographed on alumina (eluent, petroleum ether, bp
nossible b v  carefu l choice of conditions to  iso late 6 0 - 7 0  } to glve sllghtly impure (tlc) 4b (yellow oil)' The ma'pOSSIDie Dy careiu l cnoice 01 conaim ons to  iso late terial was purified by „»crystallization from pentane at Dry
m etacyclophanes of ty p e  3a; how ever, th is  ob jectiv e  Ice-acetone temperature to give 4 b as a white powder (0.71 g, 
has n ot been  realized. mp 51-52°, 40%  yield). Pure 4b was obtained by chromatog

raphy on silica gel with subsequent recrystallization of product 
Experimental Section from petroleum ether (bp 40-60°): mp 52-53°; uv max (95%

ethanol) 238 m u  (log e 4.71), 281 (sh) (3.72), 290 (3.74), 300 
Hexahydrocyclooct [b]indene (lb ).—The indene lb was pre- (sh) (3.64); nmr (CC14) r 2.10-2.95 (m, 5.2, aromatic H),

pared from cyclooctanone by a procedure similar to that de- 6.30-6.76 (m, 3.0, benzylic CH2), 7.26-9.53 (m, 8.2, aliphatic
scribed for lc - ld , 3’ 10 CH2), 10.40-11.37 (broad s, c a . 0.6, aliphatic CH2).

1. o-(l-Cyclooctenyl)benzonitrile.—o-(l-Cyclooctenyl)chloro- A n a l. Calcd for Ci6H„Br: C, 66.44; H, 5.94; Br, 27.63.
benzene, obtained from o-bromochlorobenzene (100 g, 0.522 mol) Found: C, 66.58; H, 6.01; Br, 27.38.
and cyclooctanone (65.8 g, 0.522 mol), was not obtained pure 4. Isolation of Compound Believed to Be 13.—In a subsequent
[30.2% yield as determined by glpc; bp 82.5-87° (0.12 mm), reaction conducted as described above (but for 40 hr at 50°),
n26D 1.5597]. Impure material, obtained after removing the elution (petroleum ether, bp 60-70°) was continued after 4b
impurities boiling below 72° (0.1-0.2 mm), was heated with (65.4% yield) was removed. There was obtained 0.60 g of 13
cuprous cyanide in N-methylpyrolidone and the product was (7.4% yield yellcw needles: mp 119-120° from ethanol-water);
purified by chromatography (alumina; eluent, petroleum ether, ir (Nujol-halocarbon oil) 985 cm - 1  (cyclopropyl); uv max (95%
bp 60-70°) and distillation [bp 90-90.5° (0.015 mm)] to give ethanol) 248 npi (log e 4.30), 321 (3.57); nmr (CC14) r 2.68-2.94
pure nitrile: m25D 1.5647; ir (neat) 2220 cm-1; uv max (95% (m, 3.9, aromatic H), 6.52-7.78 (m, 3.8, allylic CH2, benzylic
ethanol) 288 m /i (log e 3.43), 250 (3.72), 221 (4.29); nmr (CDCla) CH), 7.78-9.52 (m, 9.3, aliphatic CH2). This compound was not
r 2.35-2.84 (m, 4.4, aromatic H), 4.13 (t, 0.9, J  =  8  Hz, olefinic analyzed owing to thermal instability, but assigned structure 13
CH), 7.29-7.88 (m, 4.3, aliphatic CH2), 8.39 (broad s, 7.5, by spectral analysis and by analogy to the isolation of 5 from the
aliphatic CH2). synthesis of 3b.

A n a l. Calcd for C15H17N: C, 85.26; H, 8.11; N, 6.63. 5 . Isolation of 2-(6-Bromohexyl)-3-bromonaphthalene (14).—
Found: C, 85.28; H, 8 .2 2 ; N, 6.93. When the reaction of lb with 2 equiv of phenyl(tribromomethyl)-

2. o-(l-Cyclooctenyl)benzylamine Hydrochloride.—A 70-91%  mercury was carried out at 60° for 20 hr (and at reflux for 3 hr)
yield was obtained: mp 192.5-196° dec from ethanol, 193-197° and the crude product was chromatographed as described in 3
dec by sublimation; ir (Nujol-halocarbon) 3150-2720, 2690, and above, there was obtained, subsequent to removal of 4b (ca . 27%
2590 cm- 1  (NH3+); nmr (D20 )  r 2.41-3.18 (m, 3.9, aromatic H), yield) and unchanged indene (small amount), 0.68 g (13.9%
4.56 (t, 1.0, J  = 7 Hz, olefinic H); 5.92 (s, 2.0, benzylic CH2), yield) of 14 (mp 59.5-64°). Pure 14, obtained by preparative
7.43-8.02 (broad s, ca . 4, aliphatic CH2), 8.20-8.80 (broad s, tic (silica gel P F » ; eluent, 20% ether in petroleum ether) with
8.1, aliphatic CH2). subsequent recrystallization of the product from ethanol, was

A n a l. Calcd for Ci5H22ClN: C, 71.55; H, 8.81; N, 5.56. obtained as white needles: mp 66-67°; uv max (95% ethanol)
Found: C, 71.73; H, 8 .8 6 ; N, 5.50. 230 him (log e 4.76), 253 (sh) (3.31), 262 (3.43), 271 (3.56), 281

3. Hexahydrocyclooct[6]indene (lb ).—A 53-85%  yield was (3.57), 292 (3.33), 307 (2.40), 321 (2.26); nmr (CC14) r 2.01
obtained after chromatography (alumina; petroleum ether, bp (s, 1.1, aromatic H), 2.18-2.86 (m, 5.0, aromatic H), 6.70 (t, 1.8,
60-70): bp 83.0-83.3° (0.04 mm); w25d 1.5784; ir (neat) 1628 J  = 6.5 Hz, -CH 2Br), 6.86-7.35 (m, 2.0, benzylic CH2), 7.83-
cm “ 1 (C = C ); uv max (95% ethanol) 282 m/x (sh) (log « 3.21), 8.79 (m, 8.1, aliphatic CH2).
265 (sh), (4.04), 257 (4.14), 2 2 2  (sh) (3.90); nmr (CC14) r 2.60- A n a l. Calcd for C16H18Br2: C, 51.91; H, 4.91; Br, 43.17.
3.15 (m, 4.0, aromatic H), 6.83 (broad s, 2.0, benzylic CH2), Found: C, 51.88; H, 4.91; Br, 42.88.
7.23-7.60 (m, 4.0 allylic CH2), 8.07-8.75 (m, 8.1, aliphatic CH2). Reactions of 8,9-Benzo-12-chloro[6]metacyclophane (3b). 1.

A n a l. Calcd for CifHiS: C, 90.85; H, 9.19. Found: C, Oxidation with 40% Nitric Acid.—The procedure used was iden-
91.05; H, 9.31. tical with that described3’11 for oxidation of 3d. The crude acid

Reaction of Hexahydrocyclooct[6]indene (lb ) with Phenyl(tri- (soft yellow solid, 0.12 g, from 0.15 g of 3b, mp 135-144° after
chloromethyl)mercury and with Phenyl(tribromomethyl)mer- digestion with benzene and showing no methylene absorption in
cury.—The procedure used was essentially identical with that the nmr) was esterified with excess diazomethane. Analysis of
described for lc - ld 3 unless otherwise noted. the product by glpc (identical conditions with those described3)

1. 8 ,9 -Benzo-1 2 -chloro[6 ]metacyclophane (3b).—The crude showed it to be a 60:40 mixture of dimethyl phthalate and di
product was obtained in 80-100%  yield as a white mushy solid methyl nitrophthalate, respectively. There was no detectible
subsequent to column chromatography (alumina; petroleum amount of tetramethyl 4-chloro-l,2 ,3 ,5-benzene tetracarboxylate
ether, bp 60-70°): mp 43.5-45.3 (74% yield), 45.5-46.2° after present.
chromatography on silica-petroleum ether followed by recrystal- 2. With Phenyl(trichloromethyl)mercury.—A mixture of 3b
lization from ethanol; white needles; uv max (95% ethanol) 321 ( 1  equiv) and phenyl(trichloromethyl)mereury (1 equiv) was
m/x (sh) (log c 2.49), 300 (sh) (3.59), 290 (3.70), 282 (sh) (3.67), heated in dry benzene under nitrogen for 6 6  hr at the reflux
245 (4.74); nmr (CCh) t 2.21-2.96 (m, 5.0, aromatic H), 6.34- temperature. Analysis of the crude product by glpc12 showed it
6.82 (m, 3.0, benzylic CH2), 7.36-9.58 (m, 8.2, aliphatic CH2), to contain unreacted 3b (46.1% ), unidentified material (12.1%),
10.52-11.12 (broad s, 0.9, aliphatic CH2). and dichlorocarbene adduct 5 (41.8% ). The crude product was

A n a l. Calcd for CieHnCl: C, 78.51; H, 7.00. Found: C, purified by preparative tic (silica gel P F2M; eluent, petroleum
78.78; H, 7.01. ether, bp 60-70°); 5 was obtained as white needles (from petro-

2. Isolation of 5.—Further elution of the column used to leum ether), mp 108.5-109°, and caused no depression in melting
purify 3b, above, with petroleum ether (bp 60-70°) gave 5 in point when admixed with 5 (mp 106.5-107.5°) obtained directly
3-5%  yield: white needles; mp 106.5-107.5° from petroleum from lb as previously described.
ether and from ethanol; ir (KBr) 985 cm- 1  (cyclopropyl); uv 3. With Bromine.—A mixture of 3b (1 equiv) and bromine (1
max (95% ethanol) 302 my* (log e 3.54), 244 (4.19), 237 (4.22); equiv) was stirred at room temperature under nitrogen in carbon
nmr (CDC13) r 2.52-2.86 (m, 3.9, aromatic H), 6.63-7.36 (m, tetrachloride for 6  hr, during which time evolution of hydrogen
4.2, allylic CH2, benzylic CH), 7.88-9.15 (m, 9.0, aliphatic bromide was evident. Isolated from the reaction was 0.30 g of
CH2); mass spectrum (70 eV) m /e  326 molcular ion. slightly impure product (by tic) which was purified by chromatog-

A n a l. Calcd for C„Hi7C13: C, 62.31; II , 5.23; Cl, 32.46; raphy (alumina; eluent, petroleum ether, bp 60-70°) to give
mol wt, 326. Found: C, 62.43; H, 5.26; Cl, 32.25; mol wt 0.18 g (90.6% yield, calculated as Ci6Hi6BrCl) of product, mp
(mass spectroscopy), 326. 72-82°, which was recrystallized from ethanol to give pure 6  as

3. 8 ,9 -Benzo-1 2 -bromo[6 ]metacyclophane (4b).—A mixture white needles: mp 83-84°; uv max (95% ethanol) 237 m u
of lb (6.7 mmol) and phenyl(tribromomethyl)mercury (13.6 ------------------
mmol) was heated in dry benzene under nitrogen for 24 hr at (u) H Bamford and ,T L simonsen, j .  Chem. S o c 97, 1904 (19 10 ).
50°. The crude product (1.25 g), obtained subsequent to remova (1 2 ) G as-liquid pa rtition  chrom atography (glpc) was carried ou t on a
--------------------- ■ Beckm an GC-4 using dual flame detector w ith helium as a carrier (60 m l/

(10) W. E. Parham , C. D. W right, and D. A. Bolon, J .  A m e r .  C h e m .  S o c . ,  m in). T he column used was Vs in. X 6 f t  5%  DC-710 on Chromosorb W 
83, 1751 (1961). (80-100 mesh) a t 2 0 0 °.
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(log e 4.58), 254 (sh) (4.28), 290 (sh) (3.67), 299 (3.75), 308 (sh) compares favorably with the ratio of 70:30 of 8  to 9, respectively,
(3.67), 350 (2.67); nmr (CCh) r 1.78-3.16 (m, 3.6, aromatic H), observed for the mixture of the hexahydro precursors.
6.33-7.30 (m, 4.0, benzylic CH2), 7.63-11.82 (m, 8.3, aliphatic Chromatography of the mixture (mp 80-90°) on neutral Woelm 
CH2). aluminum, activity grade I, gave a small amount of the principal

A n a l. Calcd for CisHieBrCl: C, 59.38; H, 4.98; Br, 24.69; product, acephenanthrene (10, mp and mmp 106-107°), and an
Cl, 10.95. Found: C, 59.34; H, 4.94; Br, 24.42; Cl, 10.45. unresolved mixture of 1 0  and 11: mp 95-102°; nmr (CCh) r

The structure of 6  was established by oxidation with 40% 2.18-3.78 (m, 8.0, aromatic H), 6.72 (s, 4.0, benzylic CH2).
nitric acid and subsequent esterification of the derived acids with The white solid (mp 74-78°), isolated from the initial chro-
diazomethane as described for 3d.3'11 Dimethyl phthalate, iso- matography of the dehydrogenated photoproducts, was re
lated by preparative glpc and characterized by ir, and dimethyl crystallized from ethanol to give pure 1 2 : mp 80.5-81.0°;
nitrophthalate were major products of the reaction, together with uv max (95% ethanol) 235 mn (log e 4.91), 260 (sh) (3.25), 276
a material having a much higher retention time assumed to be (sh) (3.60), 286 (sh) (3.75), 297 (3.78), 305 (sh) (3.57), 309 (sh)
tetramethyl 4-bromo-6-chloro-l,2,3,5-benzene tetracarboxylate. (3.51), 320 (sh) (2.97), 324 (2.87); nmr r 2.80-3.08 (m, 4.1,

4. With Light, a. A solution of 3b (2.00 g, 8.18 mmol) in aromatic H), 6.50-7.53 (m, ca . 7.7, benzylic CH2), 7.90-8.50
95% ethanol was placed in a quartz tube and irradiated (Rayonet (m, ca . 4.1, aliphatic CH2).
Srinivasan-Griffin photochemical reactor) under nitrogen atmo- A n a l. Calcd for Ci6Hi6: C, 92.26; H, 7.74. Found: C, 
sphere for 8.5 hr. The reaction progress was followed by 92.57; H, 7.98.
glpc12 which showed the disappearance of starting material to be The structure of 13 was confirmed by its dehydrogenation, as
complete after 8.5 hr. The orange oil obtained from the ethanol described above, to 11 mp 114.5-115.5° (yellow needles from
was chromatographed (150 g of silica gel eluent, petroleum ethanol) (lit.14 mp 114-115°); uv max (95% ethanol) 224 mu
ether, bp 60-70°) to give 1.17 g (68.7% yield, calcd as Cieliie) of (log e 4.15), 235 (4.31), 254 (sh) (5.00), 258 (5.20) (lit .14 uv
clear oil (containing an incompletely resolved mixture of two described above).
major components, a trace amount of starting material, and a Reaction of 8,9-Benzo-12-bromo[6]metacyclophane (4b). 1.
very minor amount of another component, as determined by With HBr.—Gaseous hydrogen bromide was passed slowly
glpc12). Recrystallization of the oil from ethanol gave 0.58 g through a solution of 4b (0.20 g, 0.692 mmol) in dry benzene
(34.1% yield) of white crystals, mp 36.0-37.0°. Analysis of the under nitrogen atmosphere. The reaction was followed by tic
solid by glpc12 (except at 150°) showed the photochemical product (silica gel HF254; eluent, 20% ether in petroleum ether, bp 60-
to be a mixture of 1,2,3,3',4,5-hexahydroacephenanthrylene (8 , 70°). The reaction was very slow at 50° and after 2.5 hr the
c a . 70%) and isomeric (CieHie) 1,2,2',3,4,5-hexahydroace- oil bath was raised to 80-90° and maintained at that temperature
anthrylene (9, ca. 30% ): uv max (95% ethanol) 320 m u  (sh) for 2.5 hr. Chromatography (silica gel; petroleum ether) of the
(log £ 2.93), 310 (sh) (3.18), 295 (sh) (3.72), 289 (sh) (3.76), 282 mushy sclid, obtained from the benzene solution, gave 0.15 g
(3.80), 274 (sh) (3.73), 264 (sh) (3.59), 234 (5.04), 230 (sh) (4.96); (59.1% yield) of 14 (mp 62-63.5°). A mixture melting point of
nmr (CDCL) r 2.13-2.86 (m, 5, aromatic H), 6.75-9.32 (m, 1 1 , the purified dibromo compound (mp 64.5-65.5° from ethanol)
benzylic and aliphatic CH2); mass spectrum (70 eV) m /e  208 with 14 obtained from lb was undepressed,
molecular ion). 2 . Conversion into 8,9-Benzo[6]metacyclophane (15).—The

A n a l. Calcd for Ci6Hi6: C, 92.26; H, 7.74. Found: C, reaction cf 4b (0.98 g, 3.50 mmol) with magnesium (0.24 g, 10.0
92.21; H, 7.76. g-atoms) was carried out under nitrogen in tetrahydrofuran (20

b. The reaction was repeated as described above and the ml, from lithium aluminum hydride) using 1,2-dibromoethane
crude product was chromatographed on silica gel (130 g; eluent, (0.66 g, 3.50 mmol) as a carrier.16 The mixture, subsequent to
petroleum ether, bp 60-70°) to give 1.02 g (79.8% yield) of a formation of the Grignard reagent (>4-hr reflux), was decomposed
mixture of 8 and 9 as a clear oil (no other products visible by tic). with 5% hydrochloric acid (20 ml). The crude product was puri-

Identification and Proof of Structure of 8 and 9. A mixture fied on alumina (150 g; eluent, petroleum ether, bp 60-70°) to
(oil from b above, 0.20 g, 0.962 mmol) of the photoproducts 8  give slightly impure 15 (82.7% yield) which was further purified
and 9 and 5% palladium on charcoal (50 mg) was heated under by preparative glpc (5% SE-30 on Chromosorb W, 80-100 mesh,
nitrogen at 180-210° for 50 mm. Analysis of an aliquot by glpc12 4 ft X  7< in. column; 160°; helium flow, 60 ml/min): clear
showed 53% unchanged starting material. Fresh catalyst (50 oil; uv max (95% ethanol) 236 m,i (log £ 3.88), 286 (2.79); nmr
mg) was added and the heating continued for 1.5 hr. Analysis (CCh) r 1.88-3.04 (m, 5.9, aromatic H), 6.31-10.43 (m, 13.3,
as described above showed a small amount of starting material aliphatic and benzylic CH2); mass spectrum (70 eV) m /e  210
and two principal components in a ratio of 60:40. The crude (molecular ion).
product was chromatographed (silica gel; 40 g; eluent, petroleum A n a l. Calcd for Ci6H18: C, 91.37; H, 8.63. Found: C,
ether, bp 60-70°) to give (a) unreacted starting material (40 91.26; H, 8.73.
mS> 20% recovery, pure by glpc); (b) 1,2,7,8,9,10-hexahydro- 3 . Conversion into 8,9-Benzo[6jmetacyclophane-12-2H (16).
aceanthrylene ( 1 2 ) as a white solid, mp 74-78° (contaminated —The reaction was carried out essentially as described above
with a trace of starting material as detected by tic); and (c) a except that special precautions to ensure dry equipment and
mixture of acephenanthrene (10) and aceanthrene (11) as yellow reagents were taken. A small amount of methylmagnesium 
crystals, mp 80-90 (indistinct). iodide in tetrahydrofuran was added to the reaction. The re-

U7 sPe®trum mixture, mp 80-90°, follows: uv max action mixture was heated at reflux for 5  hr, during which time a 
S a o* 2 ^2  “̂ 4 ’ 23? (sh)> 251 (sh), 257.5, 268 (sh), small amount of 1,2-dibromoethane in tetrahydrofuran was
279, 291, 302.5. 321, 336, 353 (instrument cut-off 360 m/i). added. The Grignard reagent was decomposed with deuterium

Pure acephenanthrene ( 1 0 ), mp 106-107° (lit.13 mp 106°), oxide ( 5  ml). The product was obtained in 92.5%  yield (9 7 %
identical with a sample of 10 (mp 105-107°, mixture melting deuterium incorporation by nmr): uv max (95% ethanol) 236
point undepressed, mmp 106-107°) recovered from a sample of mM (log e 3.86), 286 (2.78); nmr (CCh) r CCh) r 1.96-3.10 (m

PIC,? o Jo  had/,the fo ld in g  uv spectrum: uv max 5.4, aromatic H), 6.33-10.40 (m, 12.7, benzylic and aliphatic 
I  ’ 2 2 4  sh (4 ‘62)’ 2 3 8  (sh) CH2); mass spectrum (70 eV) m /e  211 (molecular ion).

25N°ish)/(4'72)’ 2 5 7  (4-79)’ 2 6 7  (sh) (4-29)’ 2 7 8  (3’92)’ A n a L  Calcd for CielinD: C, 90.94; I i , 9.06. Found: C
290 (3.92), 302 (4.09), 319 (2.53), 334 (3.01), 350 (3.27). 91.21; H, 8.97.

The uv spectrum of aceanthrene (11), mp 113°, prepared by Reaction of Pentahydrocyclohept[6]indene (la ) with Phenyl- 
Bergman and Ikan, is reported to be uv max (95% ethanol) 225 (trichloromethyl)mercury.—The reaction of la (12.8 g, 0.0695
3 0 5  ^  (4 -14)> 258 (5.06), 355 (3.50), 375 (3.80), mol) was carried out essentially as described for lb (reflux tem-

n  ' . , , , perature 41 hr). Chromatography of the product on alumina
Comparison of uv spectra of 10 and 11 revealed that acephen- (600 g; eluent, petroleum ether, bp 60-70°) gave 10.69 g (66.5% 

anthrene shows an absorption peak at 302 m̂ t, m which region yield, mp 89-93°) of 18 which was recrystallized with little loss
the aceanthrene is essentially transparent. This information was of product to give pure 18: mp 9 9 - 9 9 .5 °; white crystals- uv
i ŝed to caicukte the composition of the mixture, mp 80-90°, to max (95% ethanol) 228 (sh) (log £ 4.90), 231 (5.07), 257 (sh)
be 65% acephenanthrene and 35% aceanthrene. This value (3 .4 2 ), 267 (sh) (3.62), 275 (3.77), 285 (3.80), 294 (3.64), 307

(sh) (2.75), 324 (2.49); nmr (CCh) t 1.67-1.95 (m, 1.01, aromatic
(13) L. F. Fieser and M. A. Peters, J. A m e r .  C h e m . S o c . ,  54, 4373 (1932). ® ), 2.27-2.83 (m, 4.0, aromatic H), 6.62-6.95 (m, 4.0, benzylic

A sample of the  picrate of 10 was kindly supplied by  Professor Louis L. ______________
Fieser.

(14) E. D . Bergman and R . Ikan, J. O r g . C h e m . ,  2 3 ,  907 (1958). (15) H . Bamford and J. L. Slmonsen, J. C h e m . S o c . ,  97, 1904 (1910).
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CH2), 6.98-7.31 (m, 2.0, aliphatic CH2), 8.02-8.63 (m, 6.0, 60-70°). The product (mp 122.6—123.4°) was identical (mixture
aliphatic CH2). melting point) with that described in 1 above.

A n a l. Calcd for C15H15CI: C, 78.09; H, 6.55. Found: C, Independent Synthesis of 2-(5-Chloropentyl)-3-chloronaphtha- 
78.33: H, 6 .6 6 . lene (19). 1. 2-(5-Chloropentyl)indene (23).—The crude prod-

Later fractions of the chromatograph, eluted with 75% petro- uct, obtained by allowing 2-indanone (11.6 g, 0.80 mol) to react
leum ether (bp 60-70°) in benzene, gave 1.55 g (8.4%  yield) of with the Grignard reagent [prepared from pentamethylene-
19, mp 46.5-48.5°. Pure 19 (mp 52-53° from ethanol) was chloroiodide (25.0 g, 0.108 mol) and magnesium (2.7 g, 0.108
obtained as white crystals: uv max (95% ethanol) 228 ray  (log g-atom)] was chromatographed on alumina (100 g; eluent, petro-
«5.00), 252 (sh) (3.41), 262 (3.58), 270.5 (3.70), 281 (3.71), 290.5 leum ether, bp 60-70°), and the oil was distilled to give 1.2 g
(3.51), 302 (sh) (2.63), 317 (sh) (2.50), 323 (sh) (2.56); nmr (4.6% yield) of 23 (67% pure by glpc). Pure 23 was obtained by
(CCI4.1 r  2.12-2.80 (m, 6.0, aromatic H), 6.40-6.70 (t, 2.0, preparative glpc (20% SE-30 on Chromosorb W, 80-100 mesh;
benzylic CH2), 7.12-7.32 (t, 2.0, CH2 Cl), 8.00-8.57 (m, 6.0, 225°; helium flow, 60 ml/min): nmr (CCh) r 2.63 (m, 5,
aliphatic CH2). aromatic H), 3.32 (broad s, 1, olefinic H), 6.42 (broad t, 2,

A n a l. Calcd for Ci5HiSCl2: C, 67.42; H, 6.04. Found: C, CH2C1), 6.70 (broad s, 2, benzylic CH2), 7.51 (broad t, 2, allylic
67.12; H, 5.91. CH2), 8.41 (m, 6 , aliphatic CH2).

Tetramethyl 3-Chloro-l,2 ,4,5-benzene Tetracarboxylate. 1. A n a l. Calcd for ChHi,Cl: C, 76.16; H, 7.78. Found: C, 
From Chlorodurene.— Chlorodurene (0.20 g, 0.119 mol) was 76.32; H, 7.79.
oxidzed as previously described for 3d3’11 The crude acid (white 2. 2-(5-Chloropentyl)-3-chloronaphthalene (19).—The crude
powder, mp 155-175°) was digested in benzene to give 0.50 g product obtained from 23 (0.34 mg, 0.155 mmol) and phenyl(tri-
(72.8% yield) of acid melting at 248° dec. This acid (0.20 g) was chloromethyl)mercury (2 equiv; see preparation of 3a) was
esterified with excess diazomethane in ether to give, subsequent chromatographed on alumina ( 1 0  g; eluent, 2 0 % benzene in
to recrystallization of the product from petroleum ether (bp petroleum ether, bp 60-70°). The product was recrystallized
60-70°), 0.22 g (91.2% yield from the acid), mp 118-122°. from petroleum ether (bp 60-70°) to give pure 19 (20 mg, 49%,
The pure ester was obtained by preparative tic (silica gel mp 51-52.5°) which was identical (mixture melting point) with
P F 254; eluent, 70% ether in petroleum ether) and recrystallization that obtained from la.
from petroleum ether (bp 60-70°): mp 122.6-123.1°; ir (Nujol- 
halocarbon oil) 1730, 1740, 1760 cm- 1  (C = 0 ) ; uv max (95%
ethanol) 213 mp (log « 4.59), 243 (sh) (3.91), 291 (3.43), 300 Registry No.— o-(l-Cyclooctenyl)-benzonitrile, 23069-

63io7c  T ro cS )h) T1 '53 (S’ h ar0matiC H)’ 6'05 (S’ 6’ 0CH3)’ 13‘ 8; 0- (1 -cyclooctenyl)-benzylamine hydrochloride,
'A n a l. Calcd for ChHi3C108: C, 48.78; H, 3.80; Cl, 10.29. 23115-92-6; lb , 23069-14-9; 3b, 23069-15-0; 4b,

Found: C, 48.74; H, 3.60; Cl, 10.39. 23069-16-1; 5,23069-17-2; 6,23069-18-3; 8,23069-
2. From 18.—The oxidation of 18 (0.25 g, 1.08 mmol) and 19-4; 9 , 23069-20-7; 12, 23069-21-8; 14, 23069-22-9;

esterification of the derived acid(s) were carried out essentially jg  23069-23-0' 16 23069-24-1' 18 23069-25-2'
as described in 1 above. The crude ester (80 mg) was chromato- ,  ’  n o n „ n  oorvca <V7 a o
graphed on silica gel (30 g; eluent, petroleum ether, bp 60-70°), 19 > 23069-26-3; 23, 23069-27-4; tetramethyl-3-chloro-
and the product was recrystallized from petroleum ether (bp 1,2,4,5-benzene tetracarboxylate, 23069-28-5.

A Study on th e Condensation of M esityl Oxide with A cetoacetic Ester

J. D. S u r m a t is , A. W a l s e r , J. G ib a s , and R. T h om m en  

T ech n ica l D evelopm ent D epartm ent, H o ffm a n n -L a  R oche In c .,  N utley, N ew  J e r s e y  07110

Received, J u ly  7, 1969

The zinc chloride catalyzed condensation of mesityl oxide with ethyl acetoacetate resulted in the formation of 
two structural isomers: 3,5,5-trimethyl-2-cyclohexen-l-one-4-carboxylic acid ethyl ester (4) and 3,5,5-trimeth.yl-
2-cyclohexen-l-one-6-carboxylic acid ethyl ester (5). Isomer 5 was readily converted into isophorone by selec
tive hydrolysis. The syntheses of two substituted /S-ionones, 3-ethylenedioxy-/3-ionone (17) and 3-ethoxy-
3,4-dehydro-/3-ionone (20), and a number of novel by-products are reported.

Merling and Welde1 and Knoevenagel2 reported the oxide (1) with ethyl acetoacetate (2) afforded 19%
preparation of the cyclohexenone 4 from the condensa- isophorone (3; and 40% a fraction distilling at 75-78
tion of acetoacetic ester with 2-isopropylidene aceto- (0.2 mm). This was found to consist of two isomers, 4  
acetate. Rubinstein3 obtained 4  in ca. 40% yield by and 5 , in a ratio of 4 :1. 
condensing mesityl oxide and acetoacetic ester in the
presence of boron trifluoride etherate. Since sub- ,COOC2H5

\ < .C O O C 2H5 cA

o  ^  " x ;  X _ ^ cooc2h5 > < / C ooc2h5

s  + A A 0
stituted intermediates which would find application for 3 4 5
the preparation of the higher polyenes are not readily
available, additional study of this interesting condensa- yh e isomeric ratio was measured by vpc, while 
tion was desirable. . analytical samples of 4 and 5 were prepared by column

The zinc chloride catalyzed condensation of mesityl chromatography. The relative ease with which iso
phorone was formed by hydrolysis and decarboxylation 

(i) u. M erling and r . Weide, A n n . ,  3 6 6 ,141 (1 9 0 9). 0f 5  made it convenient to prepare 4 by selectively
(3) h . R ubinstein*j . O r g . C h e 'm .,  2 7 ,3886 (1962). hydrolyzing the mixture before fractionation.
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Reduction of 4 with lithium aluminum hydride Chart II
afforded two isomeric cyclohexenediols, 6a and 6b. 4

i

N < x o o c 2hs -> < r x ) 0 C 2H5 V T / C 0 0 C 2h5

rfV 'cH- C V  ~
4 14 13

ch3. x h 3 ch3„ ch3 I I
> < ^ ch2oh > < ^ ch2oh t  +

“ V ^ ,  +  H° V V  0 / v ci40K f Y * *
l  l

15 18

According to the nmr spectra, both of the cyclohexene- | J

diols contain the -C H = C C H 8, > C H C H 20 -, and 'fxf.CEO 'x ' . C H O
> C H O - groups establishing them as structural isomers. ¡T f if
The Ci methine protons were narrow (w>/2 = 10 Hz) c h
for 6a and broad ( % , = 22 Hz) for 6b and were, V'O 2 5
therefore, assigned the pseudoequatorial (e7) and 16 19
pseudoaxial (a7) configuration, while the C 4 hydroxyls I j
are a7 and e7, respectively. ’

Results of our investigation to prepare substituted w  I ^
intermediates which would be suitable for polyene 
synthesis are shown in Charts I and II. AnOppenauer

V o  C2H5°

Chart I H 20

/ N < .C H 2P(C6H5).3Br-

i tion affording the phosphonium salt 10. When 6a was

\ 10 stirred in methylene chloride containing a trace of
\ j, hydrogen chloride, the bicyclic ether II was formed
\ I which rearranged to the dienol 12. Condensation of

^ CH2OH w  CH2OH compound 12 with triphenylphosphonium bromide
_>. i l '  resulted in a rearranged phosphonium salt (10). Treat-

w ment of 10 with sodium methoxide resulted in the
7 12 corresponding phosphorane, which reacted with cro-
‘ cetindialdehyde to yield 3,4,37,47-bisdehydro-/?-caro-
\ tene. Preparation of this carotenoid will be discussed

+ in a subsequent publication.
W ^ C H 2P(C6H5)3Br The enol ether 13 was prepared in 70% yield by

treating 4 with triethyl orthoformate and anhydrous 
O ethyl alcohol in the presence of sulfuric acid catalyst.

8 The reaction of 13 with ethylene glycol in benzene led to
| a 48% yield of the ketal 14. An attempt at direct

ketalization of 4 to 14 resulted in considerable resin 
formation. Reduction of 14 with lithium aluminum 

j J hydride resulted in the alcohol 15. The aldehyde 16
O was  prepared by oxidation of 15 with manganese 

9 dioxide in methylene chloride. Condensation of 16
with acetone afforded the ionone 17, mp 39°, after

oxidation of 6a led to the keto alcohol (7), which, on recJTstal“ n f!° “  hexane'
condensation with triphenylphosphonium bromide in , . substituted ionone 20 was prepared from 13 by
methylene chloride, afforded the phosphonium salt 8. i° U°wmg the same sequence of reactions which were
The product 8 failed to form a phosphorane on treat- described for 17. Reduction of 13 with lithium
ment with sodium methoxide, but cleaved instead to a U%llnum hydride led to the alcohol 18, which, on
yield triphenylphosphine and the dienone 9. ° ™ ° n with manganese dioxide, resulted in the

Condensation of 6a with triphenylphosphonium aldehyde 19 Condensation of 19 with acetone afforded
bromide4 in methylene chloride resulted in a dehydra- e ionone 0. The nmr, ir, and uv spectra and the

analytical data were compatible with the structures 
(4) j. d . surmatis and a. ofner, j. org. chem., 28,2735 (1963). assigned to the products shown by Charts I and II.
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Experimental Section5 OH), 3.83 (2 , d, J  = 6.5 Hz, -CH 20 - ) ,  4.48 ( l , m, im/2 = io
,  ,  ,  m . , * Hz, = C H O -), 5.43 (1 , m, -C H = ). A n a l. Calcd for Ci0H]8O2:
3.5.5- Trimethyl-2-cyclohexen-l-one-4-carboxylic Acid Ethyl C, 70.55; H, 10.66. Found: C, 70.39; H, 10.60. The more

Ester i.4). A mixture of mesityl oxide (196 g), ethyl acetoacetate strongly absorbed isomer (6b) was obtained as a viscous oil:
(260 g), ZnCl2 (40 g), heptane (200 ml), and benzene (200 ml) nmr (CDC13) 5 C.85 (3, s, CH„), 1.00 (3, s, CHS), 1.72 (3, m
was refluxed for 72 hr. The H20  which was formed during the J  ~  l  Hz, CHS), 2.45 (2, s, OH), 3.72 (2, d, J  =  4 Hz, -CH 20 - )
reaction was azeotropically distilled and collected in a separator. 4 . 1 3  (i, m> Wl/t =  22 Hz, -C H O -). A n a l. Calcd for CuH180 2:
The cooled reaction mixture was washed with H20  (500 ml), C, 70.55; H, 10.66. Found: C 70.71- H 10.56.
with 5% NaHCOa (500 ml), and again with H20  (200 ml). The ’3,5,5-Trimethyl-2-cyclohexen-i-one-4-methanol (7).—'The cy- 
oil layer was dried over CaCl2, and the solvent was removed clohexenediol (6 , 19 g) was refluxed for 20 hr with aluminum
under vacuum. The remaining oil was distilled in a packed isopropoxide (11.0 g) in acetone (150 ml). Most of the solvent
column with an efficiency of approximately 10 theoretical plates. wag removed by distilling under reduced pressure. The residue
After a forecut consisting of unreacted mesityl oxide and ethyl was transferred to a separator with 5%  H2S 0 4 (500 ml) and ex-
acetoaoetate, there was obtained 52.5 g (19%) of isophorone, tracted with ethyl ether. The ether extract was washed with
2,4-dmitrophenylhydrazone derivative, mp 191°, and 168 g NaHCOa (5% ), and dried over Na2S 0 4, and the solvent was
(40%) of a condensation product distilling at 75-78° (0.2 mm), removed under vacuum. The residue which crystallized from
w“ d 1.4771. The distillate contained two compounds, 4 and 5, ethyl ether-hexane afforded 6.2 g (33.0% ) of 7: mp 63-65°;
m a ratio of 4 :1  as determined by vpc using a 0.5%  Carbowax uv max (EtOH) 238 mM (E\°L 722); ir (KBr) 3350 (s), 1660
M-Chromosorb G column. An analytical sample of 4 was em" 1 (s). A n a l. Calcd for Ci0Hi6O2: C, 71.39; H, 9.59.
prepared by column chromatography on silica gel G using a Found: C, 71.55; H, 9.50.
solvent system consisting of hexane-ethyl ether in a ratio of 7 :3 : (4-Oxo-2’,6,6-trimethyl-2-cyclohexen-l-yl)methyltriphenylphos-
» “d 1.4763; uv max (EtOH) 235 mM (-E) ™ 508); ir (film) 1735 (s), phonium Bromide (8).—3,5,5-Trimethyl-2-cyclohexen-l-one-4-
1675 (s), 164o cm 1 (m); nmr (CCh) 5 5.82 (m, 1, -C H = ), 4.16 methanol (7, 16.8 g) and triphenylphosphonium bromide (36 g)
(quartet, 2, J  =  7 Hz, -OCH2-) ,  2.90 (s, 1, =CHCOOC2H5), ;n CH2C12 (200 ml) were stirred for 20 hr at room temperature.
2.65, 1.93 (AB, 2, J  =  16 Hz, -CH 2- ) ,  1.90 (d, 3, J  =  1.5 Hz, The solution was washed with H20  and dried over Na2S0 4 , and
=CH CH 3), 1.28 (t, 3 , J  =  7 Hz, -C H 2CH3), 1.05 (s, 6 , 2CH3). the solvent was removed under vacuum. The crystalline residue
A n a l. Calcd for Ci2Hi80 3: C, 68.55; H, 8.63. Found: C, which was obtained was recrystallized from methyl alcohol-ethyl
68.82; H, 8.69. acetate to afford 39.5 g (80%) of 8 : mp 192-194°; ir (KBr)

3.5.5- Trimethyl-2-cyclohexen-l-one-6-carboxylic Acid Ethyl 1660 (s), 1590 (m), 1440 (s), 750 s, 690 cm- 1 (s). A n a l. Calcd
Ester (5).—This isomer was eluted as the first fraction from the for C28H30OPBr: C, 68.16; H, 6.13. Found: C, 68.14; H,
chromatogram of 4: uv max (EtOH) 237 (E\*m 584); ir (film) 6.17.
1740 (s), 1675 (s), 1640 cm 1 (m); nmr (CCh) S 5.79 (m, 1, 3,5,5-Trimethyl-4-methylene-2-cyclohexen-l-one (9).—Sodium 
- C H = ), 4.13 (quartet, 2, J  = 7 Hz, OCH2~), 2.97 (s, 1, = C H - methoxide (4 g) was added to a solution of 8  (39.5 g) in CHsOH
COOC2H5), 2.50, 2.04 (AB, 2, J  = 17 Hz, -CH2-) ,  1.96 (broad (100 ml) and the reaction was stirred for 1 hr at room temperature,
s, 3, =CH CH 3), 1.26 (t, 3, J  = 7 Hz, -CH 2CH3), 1.10 (s, 3, The crystalline triphenylphosphine which was formed was
CH3), 1.05 (s, 3, CH3). A n a l. Calcd for Ci2Hi80 3: C, 68.55; filtered off and the filtrate was diluted with H20  (200 ml) and
H, 8.63. Found: C, 68.65; H, 8.62. extracted with hexane (200 ml). The solvent layer was dried

Hydrolysis of 3,5,5-Trimethyl-2-cyclohexen-l-one-6-carbox- over anhydrous Na2S 0 4 and fractionated to yield 10.0 g (82.5%)
ylic Acid Ethyl Ester (5) to Isophorone (3). Theisomer5 (12.0g), of 9: bp 64-66° (0.75 mm); n 2SD 1.5173; uv (EtOH) 272 mM
H20  (500 ml), and ZnCl2 (3.0 g) were stirred on a steam bath for 1007 ); ir (film) 1840 (w), 1770 (w), 1680 cm" 1 (s);
24 hr. The cooled reaction mixture was extracted with hexane. nmr (CC14) s 2 .50 (m, 1, -C H = ), 2.90 and 2.83 (s and d, re-
The combined extracts were washed with 5%  NaHCOe and H20  spectively, 2, = C H 2), 2.25 (s, 2, -CH 2-) ,  2.07 (d, 3, J  =  1 Hz,
and the solvent was removed under vacuum. The resulting oil, CH3), 1.20 [s, 6 . = C (C H 3)2] . A n a l. Calcd for C10Hi4O: C,
6.1 g (92.8% ), was identified as isophorone by the 2,4-dinitro- 7 9 .9 5 ; H, 9.39. Found: C, 80.15; H, 9.44.
phenylhydrazone derivative, mp and mmp 191°. One peak was (2 ,6 ,6-Trimethyl-l,3 -cyclohexadien-l-yl)methyltriphenylphos-
obtained by vpc which was identical with an authentic sample of phonium Bromide (10).—Compound 6a (15 g) and triphenyl- 
isophorone. phosphonium bromide (39 g) were stirred in CH2C12 (200 ml) for

Purification of 3,5,5-Trimethyl-2-cyclohexen-l-one-4-carboxylic 24 hr. The solution was washed with H20  and dried over Na2S 0 4, 
Acid Ethyl Ester (4) by Selective Hydrolysis of the Isomer Mix- and the goivent was removed under vacuum. The resulting
ture.—A distilled mixture of 4 and 5 (1650 g) was placed in a residue was crystallized from acetone-ethyl ether to yield 33 g
flask with H20  (5.0 1.), 95% C2H6OH (500 ml), and ZnCl2 (78.5%) of 10, mp 124-125°. A n a l. Calcd for C28H30PBr:
(50 g) and stirred on a steam bath for 24 hr. The cooled reaction q  70.44- H 6.33; Br, 16.74. Found: C, 70.14; H, 6.11;
mixture was extracted with benzene, and the combined extracts Hr 16.64.
were washed with H20  (21.), with 5%  NaHCOn (21.), and finally ’ 5,8,8-Trunethyl-2-oxabicyclo[2.2.2]oct-5-ene (11) and
with H20  (2 1.). The benzene was removed under vacuum and 2-Methylene-6,6-dimethyl-3-cyclohexene-l-methanol (12).—A
the residue was distilled through a Vigreux column. The main traoe of hydrogen chloride was introduced into a methylene chlo-
fraction, which consisted of 4 as determined by vpc, weighed 1300 „de soiution (200 ml) of 6a (40 g), and the reaction was stirred
g (78.7%) and distilled at 77-78° (0.2 mm), n Kd 1.4764. f0r 2  hr. The contents of the flask were neutralized with NH4OH

4-Hydroxy-2,6,6-trimethyl-2-cyclohexene-l-methanol (6).— and dried over Na2S 04, and the solvent was removed under
3,5,5-Trimethyl-2-cyclohexen-l-one-4-carboxylic acid ethyl ester vacuum. Fractionation through a Vigreux column yielded a
(4, 25 g) was reduced by adding it to a suspension of LiAlH4 foreCut, 3.0 g (8.4% ), which, after purification by chromatog-
(4.3 g) in ethyl ether (200 ml) at such a rate as to maintain a raphy on aluminum oxide with ethyl ether, was assigned the
gentle refluxing. The stirring and refluxing were then continued structure 11: n25d 1.4663; ir (film) 1050 (s), 1025 (s), 970 (s),
for an additional 4 hr. H20  (22 ml) was added to the cold re- g2o cm-i (s); nmr (CC14) 5 5.90 (m, 1, -C H = ), 4.08 (m, 1,
action mixture (5°) drop by drop; then the inorganic precipitate = C H O -) 3.94 and 2.94 (two d of d, 2, J „ m  =  8  Hz, OCH2),
was filtered off by suction. The filtrate was dried over Na^Or, x 87 (d> 3 ; CH3), 1.83 (m, 1, CH), 165 and 1.05 (two d of d, 2,
and the solvent was removed under vacuum. The crude diol 1 2  h z, CH2), 1.11 (s, 3, CH3), 0.84 (s, 3, CH3). A n a l.
6 , 19.5 g (96.4% ), was obtained as a viscous oil. A n a l. Calcd Calcd for 0 1oh i6O: C, 78.90; H, 10.59. Found: C, 78.80; H,
for Ci0H18O2: C, 70.55; H, 10.66. Found: C, 70.27; H, 10.45. 1 0  57.

The Separation of Isomers 6a and 6b.— The isomer mixture 6 T he main fraction from the distillation, 15.0 g (41.9% ),
(19.0 g) was chromatographed on 300 g of silica gel G with 10% bp 5 g_6 l°  (0.3 mm), n 2hd 1.506, was assigned structure 1 2 .
acetone and 90% hexane. The acetone content was gradually An anaiytical sample was purified by chromatography on silica
increased to 25% during the elution of the product. The first gei q  witb hexane-ethyl ether (4 :1): uv max (EtOH) 231 m̂ i
isomer (6a), which was obtained from the column crystallized (E\7la  1114); ir (film) 3400 (s), 1640 (m), 1600 (m), 1060 (m),
from ethyl ether (2.0 g): mp 95-96°; nmr (CDC13) S 0.92 (3, s, I030°(s), 880 (m), 850 cm " 1 (w); nmr (CC14) S 6.03 (d, 1 , / = 10
CH3), 0.97 (3, s, CH3), 1.63 (3, m, J  ~  1 Hz, CH3), 3.38 (2, s, Hz, = C H -), 5.62 (m, 1, -C H = ), 4.94 and 4.87 (singlets, 2,
____________  = C H 2), 3.55 and 3.25 (m, 2, -CH 2OH), 2.20-1.65 (m, 4,

(5) M elting points were determ ined in vacuum  capillaries and are uncor- T p P j  9 p v r  i f ’ » g T r .rected. N uclear magnetic resonance (nmr) spectra were obtained with a  C a lc d  fo r  CioHieO: 0 , 7 8 . 7 0 ;  H ,  1 0 .5 9 . F o u n d :  0 , 1 8 . 0 0 ,
Varian A-60 spectrom eter. H, 10.55.
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Preparation of 2 -Methylene-6 ,6-dimethyl-3-cyclohexene-l- M n02 was filtered off and the solvent was removed under vacuum, 
methanol ( 1 2 ) from 11.—An analytical sample of 11 which was The product 16, 120 g (80.8%), distilled at 80-82° (0.1 mm):
purified by chromatography (4.0 g) was stirred for 4 hr in CH2C12 n25D 1.5060; uv max (EtOH) 246 m/i {E\%cm 524); ir (film) 1670
(50 ml) containing a catalytic quantity of hydrogen chloride. (s), 1615 (w), 1085 cm- 1  (s); nmr (CCl*) S 10.1 (s, 1, CHO),
The reaction mixture was neutralized with NH4OH and the sol- 3.87 (s, 4, CH2CH2), 2.38 (m, 2, J  =  1 Hz, CH2), 2.10 (m, 3,
vent was removed under vacuum to yield3.6 g (90.0%) of residue. J  =  1  Hz, CH3), 1.59 (m, 2, / = 1  Hz, CH2), 1.22 [s, 6 , C(CH3)2] .
The ir, uv, and nmr spectra of the product were identical with A n a l. Calcd for Ci2Hi80 3: C, 68.54; H, 8.63. Found: C,
the spectra which were obtained for 12. 68.46; H, 9.00.

Preparation of the Wittig Salt (10) from 2-Methylene-6,6-di- 3-Ethylenedioxy-/3-ionone (17).—A mixture of 7,9,9-trimethyl-
methyl-3-cyclohexene-1-methanol ( 1 2 ).—Compound 12 (3.0 g) 1 ,4-dioxaspiro[4.5]dec-7-ene-8-carboxaldehyde (120 g), acetone
and triphenylphosphonium bromide (8.0 g) were stirred in (500 ml), and 10% aqueous KOH (60 ml) was refluxed under an
CH2CI2 (40 ml) for 24 hr. The reaction was worked up by the atmosphere of N2 for 16 hr. Most of the solvent was distilled
same procedure described for the preparation of 10 from 6 a. off, and the residue was added to hexane (500 ml) and washed
The product consisted of 6.5 g (68.9%) of 10, mp and mmp neutral with H20 .  After removal of the solvent under vacuum,
124-125°. the product crystallized from low-boiling petroleum ether (30—

2,6,6-Trimethyl-4-ethoxy-l,3-cyclohexadiene-l-carboxylic Acid 60°) at —10° to afford 60 g (41.8%) of 17: mp 38-39°; uv max
Ethyl Ester (13).—A solution of 3,5,5-triethyl-2-cyclohexen-l- (EtOH) 291 m̂ t (E\%cm 383); ir (KBr) 1670 (s), 1605 (s), 1085
one-4-carboxylic acid ethyl ester (4,800 g), trimethyl orthoformate cm - 1  (s); nmr (CCI4 ) 5 7.10 and 6.05 (AB, 2 , J  =  16.5 Hz,
(720 g), absolute C2H5OH (1.51.), and concentrated H2SO4 (4 ml) -C H = C H -), 3.88 (s, 4, CH2CH2), 2.24 (s, 2, CH2), 2.20 (s, 3,
was allowed to stand at room temperature overnight. The CH3CO), 1.76 (s, 3, CH3), 1.63 (s, 2, CH2), 1.12 [s, 6 , C(CH3)2] .
dark blue solution was poured into a separator containing hexane A n a l. Calcd for CisH^Ch: C, 71.97; H, 8 .8 6 . Found: C,
(2  1.) and saturated NaHC03 solution ( 2  1.). The hexane layer 72.16; H, 8.55.
was separated, washed with H20 ,  and dried over Na-iSCh. The 2,6,6-Trimethyl-4-ethoxy-l,3-cyclohexadiene-l-methanol (18).
solvent was removed under vacuum and the residue was distilled —2,6,6-Trimethyl-4-etaoxy-l,3-cyclohexadiene-l-carboxylic acid
to yield 600 g (66.0%) of 13: bp 84—86° (0.3 mm); m26d 1.4885; ethyl ester (13, 250 g) was reduced with LiAlH, (50 g) by the
uv max (EtOH) 397 mn (E]^m 315); ir (film) 1710 1630 (s), same procedure used fcr the preparation of 15. The product 18,
1580 cm- 1  (s). A n a l. Calcd for ChH220 3: C, 70.55; H, 9.30. 165 g (80.2% ), distilled at 60-62° (0.2 mm). A n a l. Calcd for
Found: C, 70.30; H, 9.26. C12H20O2: C, 73.43; H, 10.26. Found: C, 73.22; H, 10.35.

7.9.9- Trimethyl-l,4-dioxaspiro[4.5]dec-7-ene-8-carboxylic Acid 2,6,6-Trimethyl-4-ethoxy-l,3-cyclohexadiene-l-carboxaldehyde
Ether Ester (14).—2,6,6-Trimethyl-4-ethoxy-l,3-cyclohexadiene- (19).—Product 18 (150 g) was oxidized with M n02 (3 kg) by
1 -carboxylic acid ethyl ester (13, 680 g) and ethylene glycol the same procedure used to prepare 16. The resulting aldehyde
(185 g) were heated for 2 hr in benzene (3 1.) in the presence of (19), 76 g (51.2% ), distilled at 8 8 ° (0.3 mm); n25D 1.5487;
p-toluenesulfonic acid (3.0 g). The reaction was stopped when uv max (EtOH) 342 m̂ t ( E W  692); ir (film) 1660 (s), 1622 (s),
1.5 1. of benzene was distilled off. The cooled reaction mixture 1550 cm- 1  (s). A n a l. Calcd for Ci2Hi80 2: C, 74.19; H, 9.33.
was washed with NaHC03 solution (5% ) and H20 ,  and the ben- Found: C, 74.02; H, 9.30.
zene was removed under vacuum. The product, 320 g (44.1% ), 3-Ethoxy-3,4-dehydro-0-ionone (20).—2,6,6-Trimethyl-l,3-
distilled at 92-94° (0.1 mm); » 25d 1.4788; ir (film) 1715 (s), cyclohexadiene-l-carboxaldehyde (19, 40 g), acetone (400 ml),
1090 cm - 1  (s). A n a l. Calcd for Ci4H220 4 : C, 66.12; H, 8.72. and a 10% aqueous solution of KOH (80 ml) was refluxed to
Found: C, 66.42; H, 8.92. prepare compound 2 0  by the same procedure described for 17.

7.9.9- Trimethyl-l,4-dioxaspiro[4.5]dec-7-ene-8-methanol (15). The ionone 2 0  was obtained as crystals from CH3OH: 23 g
—A solution of 7,9,9-trimethyl-l,4-dioxasporo[4.5]dec-7-ene-8- (47.4% ); mp 43-45°; uv max (EtOH) 383 m/u (Fj^m 670);
carboxylic acid ethyl ester (14, 300 g) in ethyl ether (1 1.) was ir (KBr) 1655 (s), 1595 (s), 1540 cm - 1  (s); nmr (CCI4 ) S 7.25 and
added slowly to a stirred suspension of LiAlH, (50 g) in ethyl 6.03 (AB, 2 , J  — 16.5 Hz, -C H = C H -), 4.92 (s, 1, -C H = ),
ether (1 1.). The temperature was maintained at 15° during 3.83 (quartet, 2, OCH2), 2.57 (s, 3, CH3), 2.12 (s, 2, CH2),
the addition. The stirring then was continued for 4 hr at 20-25° 1.92 (s, 3, CH3CO), 1-32 (t, 3, CH3CH2), 1.17 [s, 6 , C(CH3)2].
under an atmosphere of N2. The reaction mixture was decom- A n a l. Calcd for Ci5H220 2: 76.89; H, 9.46. Found; C, 76.80;
posed by the addition of H20  (250 ml) drop by drop at 5-10°. H, 9.35.
The inorganic salt was filtered off and the product was dried over
Na2S 0 4. The ether was removed by distillation and the residue Registry No. 4, 23068-96-4 ; 5, 23068-97-5; 6a,
was crystallized from hexane-ethyl ether to yield 270 g (80.3%) 23068-98-6; 6b, 23068-99-7; 7, 23069-00-3; 8, 23069-
of 15, mp 35°. A n a l. Calcd for CI2H20O3: C, 67.89; H, 9.50. 01-4; 9,20548-00-9; 10,23069-03-6; 11,23069-04-7;

^ 7™ 9-Trimethyl-l,^dioxaspiro[4.5]dec-7-ene-8-carboxaldehyde ^ ,  23069-05-8; 13,,23115,91-5; 14, 23069-06-9; 15,
(16).—7,9,9-Trimethyl-l,4-dioxaspiro[4.5]dec-7-ene-8-methanol 23069-07-0, 16, ¿3069-08-1; 17, 23069-09-2; 18,
(15, 150 g) was oxidized with M n025 (3.0 kg) in CH2C12 (3 1.) 23069-10-5; 19, 23069-11-6; 20, 23069-12-7.
by stirring for 3 days under an atmosphere of N2. The spent
________ _ Acknowledgment.— W e  w ish to  th a n k  D r. T . W illiam s

(6) Available from General Metallics Oxides Corp., Jersey City, N . J. f ° r  th e  n m r SP eCtra: D r. F .  F o rre s te r  fo r th e  ir  a n d  U V
(manganese hydrate no. 37). sp e ctra , an d  D r. A . S te y e rm a rk  fo r th e  m icro an aly ses .
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Base-Induced Reactions of Phenacyl Chloride
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In benzene at reflux temperature, the reaction between phenacyl chloride and excess sodium hydride affords 
£rajw-l,2,3-tribenzoylcyclopropane and 3-chloro-2,4-diphenylfuran. With potassium ¿-butoxide at room tem
perature, acetophenone, diphenacyl, and phenacyl chloride are recovered after hydrolysis; the product ratio is 
sensitive to the mode of hydrolysis. Heating the butoxide reaction mixture prior to hydrolysis gives four rear
ranged products: ¿-butyl phenylacetate, phenylacetic acid, dibenzyl ketone, and w-benzylacetophenone.

The reactions of a-halo ketones with alkoxides or T able I
hydroxides leads to both rearranged and unrearranged R eaction of P henyl H alides with Sodium H ydride

products.2 Rearranged products3 can be produced by at Solvent R eflu x  T emperature

both Favorskii (eq 1) and semibenzylic (eq 2) processes N aH /C tH tCO- Phenacyl halide Yield of halofuran,
for a-halo ketones with and without a ' hydrogens. CHsCRBr) addition  tim e cyclopropane, andmole ra tio  and solvent acetophenone, %

0  Phenacyl Chloride
II0  £  o  15:1 lh r ,  C6H6 1 6 .8 ,1 7 .2 ,0 .0

1 / \  II 15:1 2 hr, C6H6 1 3 .2 ,1 4 .0 ,0 .0
RCH,CCHRX +  B — ► RCH— CHR — ► RCH(CH,R)CB 1 5 : 1  4 hr, C6H6 7 .8 ,1 1 .0 ,0 .0

^  9 :1  1 hr, C6H6 or cyclohexene 2 0 - 2 1 , 2 0 - 2 1 , 0 . 0

|| | | Phenacyl Bromide
RCCHiX +  B *■ RCCH2X ► RCH2CB (2) 15:1 1 hr, CeHe or cyclohexene 6 -7 .5 , 21-22, 4 .0

^ 15:1 4 hr, cyclohexene 0-1, 2 .6 , 0 .0

Unrearranged products include a-hydroxy or alkoxy fluxing cyclohexene or benzene gives trans- 1,2,3-tri- 
ketones,4 epoxides or products derived from them,6 benzoylcyclopropane (I) and 3-chloro-2,4-diphenyl
1,2-diacylethylenes, and 1,2,3-triacylcyclopropanes (eq furan (II). The reaction with phenacyl bromide gives
3).6 Alternate routes involving keto carbenoids7 and the cyclopropane derivative and the corresponding

bromofuran. The products yields as a function of the 
O reaction conditions are summarized in Table I.

RCCH B When cyclohexene was used as a solvent, neither
O x 2 phenacyl chloride nor bromide gave any cis- or trans-
j| dibenzoylethylene or 7-benzoylnorcarane. The chloro-

RCCH2X + B ----►  RC— CH2 —*- products (3) furan, tribenzoylcyclopropane, and 7-benzoylnorcarane

\ l do not decompose or isomerize under simulated reac-
COR tion conditions.

A A  mechanistic scheme compatible with these results
y/-\ follows (p 105S).

RCOCH=CHCOR +  RCO COR In  path A the phenacyl halide enolate anion
,, . . . . , , , „ ,, displaces hahde from the phenacyl halide eventually
their anionic precursors3 have been proposed for the leadi to the cycl0propane. In path B  the enolate
forma-non of acylethylenes and cyclopropanes. anion adds to the carbonyl group of the phenacyl

This paper deals with the reactions between phenacyl halide and ultimately rovides the furan derivatives,
halides and sodium hydride or potassium i-butoxide m The formation of halo furans in this scheme resembles
cyclohexene and benzene. Phenacyl halides were used u„:„t_T>prn„rv „VTltllpi,;,  9
since they have no a ' hydrogens and cannot undergo derivative (I)
Favor= u rearrangement. could arise from the reaction between a ketocarbene

(via a elimination) and its dimer dibenzoylethylene. 
Results and Discussion Previous workers have shown that divalent carbon

Sodium Hydride Reactions.—The reaction between fragments can be trapped with alkenes and cyclo-
phenacyl chloride and excess sodium hydride in re- alkenes.10'11 The photochemical decomposition of

diazo ketones is thought to involve both triplet (pri- 
(i)  T d whom inquiries should be addressed: Shell D evelopm ent Co., marily) and singlet carbenes, whereas the base-induced

E T2T7a)11w C M cPhe4e6!n d  e . Kiingsberg, j . A m e r .  C h e m .  S o c ,  66, i i 3 2  « - e l i m i n a t i o n  r e a c t i o n s  o f  d i p h e n y l d i b r o m e t h a n e  p r e -
(1 9 4 4 ); (b) j . Hariey-M ason, j . C h e m .  S o c . ,  5 1 8  (1 9 4 9 ). s u m a b l y  i n v o l v e  a  c a r b e n e - m e t a l  h a l i d e  c o m p l e x .

(3) A. S. K ende and R . Adams, O r g . R e a c t i o n s ,  11, 261 (1960). T h e s e  r e s u l t s  S u g g e s t  t h a t  U n d e r  OUr C o n d i t i o n s ,  C V c lo -
(4) A A. Sacks and J . G. Aston, J .  A m e r .  C h e m .  S o c . ,  73, 3902 (1951). , , ,  l j. l i j  , £ -i i •(5) a  M . W ard, j . C h e m .  S o c . .  1 5 «  (1929). hexene, the solvent, should compete favorably with
(6) m . charpen tier-M orize  and p. Coiard, B u l l .  S o c .  c h i m .  F r „  19 8 2  dibenzoylethylene for a keto carbene intermediate

(1962).
(7) (a) M . Siemiatycki and H . Strezelecka, C o m p t .  R e n d . ,  250, 3489 (9) A. F . Feist, C h e m .  B e r . ,  35, 1545 (1902).

(1960); (b) V. H orak and L. K ohout, C h e m .  I n d .  (London), 978 (1964). (10) (a) D . O. Cowan, M . M . Couch, and G. S. H am mond, J .  O r g .  C h e m . ,

. (8) (a) G. B onavent, M . Causse, and M . G uitard , B u l l .  S o c .  C h i m .  F r . ,  29, 1922 (1964); (b) M . Jones, Jr., and W. Ando, J .  A m e r .  C h e m .  S o c . ,  90,
2462 (1964); (b) H . Nozaki, K . Kondo, and M. Takaku, T e t r a h e d r o n  2200 (1968); (c) A. Padw a and R . Layton, T e t r a h e d r o n  L e t t . ,  2167 (1967).
L e t t . ,  251 (1965). (11) G. L. Closs and L. E . Closs, A n g e w .  C h e m . ,  74, 431 (1962).
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C6H 5C 0C H 2C1 +  N aH  — *- C6H 5C O C H C r +  Hu

COC6H 5

/ . C6H5COCH2CHC1COC6Hs c8hscochci ^  ^ hci^  A

/ - c r  ~C1 C6H 5O C ' X COC6H 5

/  I
C6H5C O C H C r +  C6H5C0CH ,C1

\  T  - N  - o -  C6li5> = \
c 6h 5c c h 2c i  c 6h 5c —  c h 2 o

I I 2 J = <
HCC1 H -p C C l Cl C6H 5

I M  I I
COC6H 5

c gh %  x o

regardless of the fragment’s multiplicity or degree of Halo ketones without a' hydrogens react with 
complexation. In the sodium hydride-phenacyl chlo- alkoxides under mild conditions to provide alkoxy
ride-cyclohexene reaction, the absence of 7-benzoyl- ethers and compounds derived from them 3 (eq 5) or 
norcarane and the presence of irans-1,2,3-tribenzoyl- NaOMe
cyclopropane in the product mixture indicate that a O X  X  — * y 0> [ O I  1 (5)
phenacylidene fragment is an unlikely intermediate. e '

Potassium-i-Butoxide Reactions.— The addition of 0 Me0 0Me
phenacyl chloride to fivefold excess potassium i-butoxide H COCH X +  B” =*=*= 
in benzene at room temperature results in the forma- 6 5 2 {)
tion of a deep red solution. The solution gradually  ̂tt ^ ttv_ c6h5coch2x Y/C O C 6H5 ^
turns yellow on hydrolysis with aqueous ammonium C6H5u jlh x  —  v XCH/ L w
chloride. Work-up affords diphenacyl (III) in 40- X ^ B r
60% yield and acetophenone (IV) in 10%  yield. B = EtO“-EtOH
When the red solution is hydrolyzed with acetic acid, it X = Cl
turns yellow rapidly and yields acetophenone (39%), B=HCT-MeOH
phenacyl chloride (32%), and diphenacyl (<5% ). dimeric epoxides14 (eq 6). Moreover, it has been
An nmr spectrum of the initial red solution mdica ed reported that epcxyether formation competes with
that there was no phenacyl chloride, diphenacyl or Fayorgkii rearrangement.16 Cases have been
monoamon of diphenacyl in solution. An absorption r tedl6 where tertiary a.hai0 ketones gave rise to 
at 5.5 ppm (singlet, phenacyl chloride or acetophenone rea ed acids on treatment with sodium hydroxide
enolate) which disappeared on hydrolysis, was ob- .q refluxing xylene. This rearrangement is probably

ob®?rved‘ ,L . . .  , ,, related to the benzvlic acid rearrangement.
These results suggest that at the completion of the Jn QUr eriments, potassium i-butoxide was used 

base addition only the enolate anions of phenacyl as & bage_ Jn the experiments cited, hydroxide,
chloride and acetophenone, which are unreactive toward methoxid and ethoxide ions were employed. f-But-
each other remain. The presence of acetophenone oxide .g the gt gt mogt hindered, and least nucleo-
enolate is likely because acetophenone is isolated after Uc Qf the four bageg In the balo ketone-potassium
hydrolysis. Diphenacyl is apparently being formed f„butoxide reaction these properties favor deprotonation 
during the subsequent neutralization step The phen- of the h a b  ketone b alkoxide over any reaction involv- 
acyl chloride-acetophenone-diphenacy distribution af- addition tQ the carbonyl gr0uP .
ter hydrolysis depends on the neutralizing agent It Evidence regarding the mode of formation of aceto- 
seems reasonable that the enolates are neutralized henone .g gcant How subseqUent experiments 
faster and more completely m the homogeneous acetic  ̂ ^  ^  eno]ate ig reversibly formed from
acid quench than m the heterogeneous aqueous am- h j chlorid presumably by transfer of positive
momum chloride quench. In the ammonium chloride to gome ^ ’ toi,
quench, diphenacyl form ation13 becomes im portant. Jf ^  reaction niixture ig refluxed prior to neutraliza_

0 tion, i-butylphenylacetate (V), dibenzyl ketone (VI),
jl, o-benzylacetophenone (VII), and phenylacetic acid

9 6, 5 i 2 9 (VIII) are formed. The yields of the four products V,
C H CCH ~ / \  C6H CCHCr V 1, V II, and V III were 30, 15, 5, and 21%,, respec-

A% h1c i H0AC\  C 6H 5C H 2C O O -i-B u  C 6H 6C H 2C O C H 2C6H5
O O /  \ v  VI

c 6h J c h 3 +  C6H5CCH2C1 C 8H 5C H 2C H 2C O C 6H 5

c 6h 5c c h 3 +  C6H5CCH2C1 -------------  v n
0  (13) (a) C. L. Stevens, J .  J .  Beereboom, Jr ., and K . G. Rutherford,
|| O J .  A m er. Chem . Soc., 77, 4590 (1955); (b) C. L. Stevens, W. L. Malik, and

C6H5CCHf || R . Pratt, ib id ., 72, 4758 (1950).
----------------------V (CgH 5CCH2)> (4 ) (14) H. H. Washerman, N. E . Aubery, and H. E . Zimmerman, ib id ., 76,

______________  3 ” 96 (1953).
(12) Diphenacyl has been isolated previously in similar reactions: (a) (15) C. L. Stevens and E . Farkas, ib id ., 74, 618 (1952).

o . Widman, Chem . B er ., 42, 3264 (1909); (b) P. R . Jones and J .  R . Young, (16) (a) E . E . Smissman and G. Hite, ib id ., 81, 2101 (1959); (b) B .
J .  Org. Chem.., 33, 1675 (1968). Tchoubar, B u ll. Soc. Chirr.. F r., 22, 1363 (1955).
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tively. The ratio of V  to V I to V II was 6 :3 :1  regard- consistent with a rapid acetophenone anion-phenacyl 
less of the reflux time. Changing the solvent to cyclo- chloride equilibrium which shifts to the right as the 
hexene gave the same products in approximately the reaction proceeds, 
same yields; 7-benzoylnorcarane was absent from the
reaction mixture. The observed products are re- _
arranged. To our knowledge, this is the first reported xpenmen a ec ion
reaction in which alkoxide treatment of a-halo ketones All reactions were carried out in a nitrogen atmosphere.
w ithout a '  hydrogens provides rearranged products. Vapor phase chromatography analysis was done on an F & M

Possibly ¿-butyl phenylacetate could afford dibenzyl usin|  a ™ ft x  T° f  12% Q ^ 1 on
, , • ™  • i ,• o n i , . Anakrom ABS 70-80 mesh column. Infrared spectra were
ketone ma Claisen condensation followed by eliimna- rec0rded on a Perkin-Elmer Infracord and a Beckman IR -5 A
tion of isobutylene and CO2. However, when ¿-butyl spectrometer. Nuclear magnetic resonance spectra were re
ester V  was treated with potassium f-butoxide under corded in carbon tetrachloride with tetramethylsilane as an
benzene reflux, no dibenzyl ketone was isolated. internal standard on a Varian A-60 spectrometer. Capillary
Only phenylacetic acid (21%) and unreacted ester ^ eu Z rrected ^ ' 0tem“ nga Mel-Temp apparatus and
(73%) were recovered. Isobutylene elimination must Reaction of Phenacyl Chloride with Sodium Hydride in 
be the source of most of the phenylacetic acid in the Cyclohexene.—Sodium hydride-mineral oil dispersion (34.7 g,
phenacyl chloride-potassium i-butoxide reflux reaction. 0.810 mol) was washed with 300 ml of benzene. Cyclohexene

A ltern ate  p ath s leading to  th e  rearranged products t(10°  ml) was. added to the sodium hydride and the stirred mix-
, ,  . 0  o r  ture wag maintained at reflux while phenaycl chloride (13.9 g,

are suggested below. 0.0900 mol) dissolved in 200 ml of cyclohexene was added drop-
wise over a 1 -hr period. The red mixture was refluxed for an 

C6H5COCH2 ' —-  C6H5C0CH2C1 —* C6H5C0CHC1 additional 15 min, allowed to cool, and rapidly filtered under
q-  vacuum. The solution was extracted with saturated aqueous
T ammonium chloride. A white solid (1.0 g) precipitated from

C6H5COCH2CF +  B_ __*■ C H CCH Cl — the organic layer and was removed and recrystallized from
6 0 1 'V (p31*1 C) benzene, mp 218-220° (lit.8b mp 218°). Its nmr spectrum was

B \  identical with that of tran s-1 ,2,3-tribenzoylcyclopropane (I).
* The cyclohexene layer was dried (Na2S 0 4) and concentrated

C6H5CH2COB in  vacuo, leaving 7.2 g of tarry resin.
„  — Elution of this material from neutral alumina with hexane

J l ’ -  afforded 2.4 g (23%) of 3-chloro-2,4-diphenylfuran (II), which
B = C6H5C0CHC1 wag recrystallized from 95% ethanol, leaving white plates, mp 

X, B = C6H5CH 110°.
I A n a l. Calcd for Ci«H„OCl: C, 75.44; H, 4.32; Cl, 13.95.

C02-f-Bu Found: C, 75.29; H, 4.47; Cl, 13.96.

/
The nmr spectrum of II  showed two multiplets centered at 7.40 
and 7.95 ppm (area 9 :2 ) with a singlet at 7.47 ppm (the 5 pro- 
w „ ton). The infrared spectrum of I I  displayed major absorptions

2. H+transfer at 6.2, 6.75, 6.95, 9.5, and 11.0 n ; uv max (95% EtOH) 283
(path D) m/i (log e 4.38).

(Bu0- An additional 0.3 g (21 % overall) of I was eluted with methylene
V C6H5CH,C02H chloride. Analysis of the reaction mixture by vpc showed no

~ ““v. VI detectable amounts of 7-benzoylnorcarane or cis- or irans-diben-
(.gyO- zoylethylene by comparison with authentic samples. The reac-

X ^  C6H5CH2COCH2 tion was repeated in benzene with similar results.
~ ==<'- VII Reaction of Phenacyl Bromide with Sodium Hydride.— The
-co- ' procedure was the same as the previous one except that bromo-

„ r t-BuO", Favorskii t-BuO“ n , T m m m m T  furan was eluted from alumina with 90:10 hexane-benzene,
1X *  _ = < -> yielding 1.1 g (7%) of 3-bromo-2,4-diphenylfuran, mp 122° (lit . 20

-TO VIH mp 1 2 2 °).
? A n a l. Calcd for C,,HnOBr: C, 64.24; H, 3.68; Br, 26.73.

„  , ,  ,, , , Found: C, 63.83; H, 3.77; Br, 27.27.
Pa^h C involves appreciable buildup of the phenacyl Its infrared and nmr spectra were very similar to those of I I , 

chloride concentration. If this is the case, it is sur- uv max (9 5 % EtOH) 286 mM (log e 4.49). 
prising that other products, e .g . ,  diphenacyl, I, II, traras-l,2,3-Tribenzoylcyclopropane (2.3 g, 23%) and aceto- 
alkoxy ethers (as eq 5), etc., were not observed. In phenone (0.4 g, 4% ) were also isolated,
path D  the concerted17 rearrangement of phenacyl £
chloride anion, to phenylketene is analogous to the chloro-2 ,4 -diphenylfuran were refluxed in benzene for 1.5 hr in
nitrogen analog18 in the Hofmann rearrangement. It the presence of a tenfold excess of sodium hydride. Following
is reasonable that C 6H 5C O C H 2C O C H 2 resulting from the general work-up, the three compounds were recovered in
reaction of acetophenone anion by either path C or D virtually quantitative yields- .

, , , , ,  % ,  , , ,  , Reaction of Phenacyl Chloride with Potassium i-Butoxide at
is n ot detected . T h is  0  d iketone should readily  cleave Room Temperature.-Potassium  ¿-butoxide (3 4 .6  g, 0.300 mol)
w ith  ¿-butoxide , 19 affording V  and regenerating aceto - wag added to 1 0 0  ml of anhydrous benzene. A solution of phen-
phenone anion. P ro d u cts  resulting from  th e  d irect acyl chloride (9.24 g, 0.0600 mol) dissolved in 1 0 0  ml of benzene
reaction  of acetophenone anion (including aceto - was added dropwise to the stirred slurry over a 1-hr Period- An
-nhpnnnfh w p»  n e t nhsorved a fte r  hvdrolvsis T h is  is nmr spectrum of the red solution showed that phenacyl chloridephenone) w ere n o t observed a lte r  hydrolysis, i n is  is had bgen consumed_ After an additional 15 mm of stirring,

.. , . , , , . . . . .  , , , , ,  neutralization with saturated aqueous ammonium chloride (50(17) The results do no t exclude a stepwise ionization of phenacyl chlo- . . ^  , i t j j o a / I O« .  //in
ride anion to a keto carbene followed by rapid rearrangement to phenyl- ml) followed by conventional work-up afforded 3.0-4.2 g (40-
ketene. In the absence of further data, the concerted rearrangement is 65% ) of crude diphenacyl (III) . Recrystallization from ethanol
offered for sim plicity. ______________

(18) C. R . H auser and W. B. Renfrow, Jr., J . A m er. Chem . S oc., 59, 121 .^ 3 7 ) (20) This compound has been previously isolated. However, i t  was not
(19) E . S. Gould, "M echanism  and S truc ture  in Organic C hem istry ," fully characterized: H. A. Weidlich and G. H . Daniels, Chem . B er ., 72,

H enry H olt and Co., Inc., New York, N . Y „ 1959, p  339. 1590 (1939).
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afforded a pure sample, mp 145-146° (lit . 21 mp 145°). Analysis The reaction was conducted several times on a smaller scale, 
of the crude reaction mixture by vpc revealed only two major From the vpc and nmr spectrum of these crude reaction mixtures,
products (ca . 1 :7  ratio) which were identified as acetophenone the yield of V (30%), VI (15%), and V II (5% ) was calculated.
(10%) and diphenacyl; traces of phenacyl chloride and i-butyl- The V :V I: V II product ratio was identical after either 0.5- or
phenylacetate were also detected. Traces of benzoic acid were 1.5-hr reflux.
isolated from the aqueous extracts. Changing the solvent to cyclohexene gave the same products

The previous reaction was repeated at one-twelfth the scale. with slightly different ratios; the absence of 7-benzoylnorcarane
The reaction was quenched with 6  ml of glacial acetic acid in ca . was confirmed by vpc of the reaction mixture and synthetic
1  sec. Conventional work-up afforded a 0.46-g mixture of di- norcaryl ketone.
phenacyl-phenacyl chloride-acetophenone (ca . 1 :7 :7 , vpc). A Control Experiments.—In separate experiments, dibenzyl
39 and 32% yield of acetophenone and phenacyl chloride, re- ketone, w-benzylacetophenone, 7-benzoylnorcarane, and di-
spectively, were obtained by nmr integration. phenacyl were reacted with a fourfold excess of potassium t-

Reaction of Phenacyl Chloride with Potassium i-Butoxide at butoxide at benzene reflux for 1.5 hr. After work-up, all were
Benzene Reflux.—The procedure was identical with that of the recovered in quantitative or near quantitative yield, 
previous large-scale, room temperature experiment up to the Reaction of i-Butylphenylacetate with Potassium i-Butoxide.—
termination of the addition of the phenacyl chloride-benzene Potassium i-butoxide (0.535 g, 5.00 mmol) was added to 8  ml of
solution. At this point, the benzene mixture was refluxed for 1.5 anhydrous benzene. To this stirred slurry, f-butylphenylacetate
hr with stirring. The reaction mixture was worked up as usual (0.30 g, 1.6 mmol) was added and the mixture was refluxed for
leaving an oily residue. 1.5 hr and worked up in the usual manner.

Vpc showed three major components in a 6 :3 :1  ratio. These Unreacted starting material (0.218 g, 73% ) was obtained from 
were collected by vpc and identified as f-butyl phenylacetate (V), the organic phase. From the combined aqueous extracts, a
dibenzyl ketone (VI), and w-benzylaeetophenone (V II), respec- white, crystalline acid, mp 74-76°, was isolated (0.08 g, 21% ),
tively, by comparison of their physical and spectral properties whose nmr and ir spectra were identical with the spectra of
with independently synthesized samples. Phenacyl chloride and phenylacetic acid,
acetophenone were minor components (< 5% ) in the residue. .
Acidification of the aqueous extracts afforded 0.84 g (2 1 % ) of Registry No. Phenacyl chloride, 532-27-4; 3-bromo-
phenylacetic acid, mp 74-76° (lit. 22 mp 77°). 2,4-diphenylfuran, 23346-66-9; II, 23346-65-8.

-------------- Acknowledgment— R. J. D. P. thanks Colgate
(2 1 ) c. W eygand and w. Meusei, C h e m . B e , . ,  rs, 4 9 8  (1 9 4 3 ). Palmolive Co. and the Wright Fund for financial as-
(22) B. Sobin and G. B. Bachm an, J .  A m e r .  C h e m .  S o c . ,  57, 2458 (1935). s i s t& n c e .

M ethylenation of U nsaturated Ketones. V III.1 Reaction of A1,4- , A1,4’6-, and  
Al"-3-K eto Steroids with Phenyl(trichlorom ethyl)m ercury2

B . B e r k o z , G . S . L e w is , and J. A. E d w a rd s 

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  S eptem ber 24, 19S9

The A1-4- and AI’4.6-3-keto steroids 1 and 4 undergo dienol-benzene-type rearrangements on exposure to phenyl- 
(trichloromethyl)mercury in benzene to yield ring-A aromatic carboxylic acids (2a and 3a from 1 ) and 5 from 4.
Although the A4.6-3 ketone 8 a is apparently resistant to attack by the mercurial reagent in boiling benzene, the 
corresponding 3/3-acetoxy and 3-cycloethylenedioxy derivatives 8 b and 8 c are converted into the 6a,7a-dichloro- 
methylene adducts 10a and 10b (plus lOd), respectively, under the same conditions.

Phenyl (trichloromethyl) mercury is an exception- OCOCH3
ally effective reagent for the dichloromethylenation of I
carbon-carbon double bonds. In  an extensive series
of investigations, Seyferth and coworkers showed th a t ------  — ►
various olefins, as well as aliphatic a,/J-unsaturated j j
ketones, esters, and nitriles, react w ith the organomer- o
curial in boiling benzene to afford the corresponding , 1

dichlorocyclopropanes in good yield.3 This paper OCOCH OCOCH
describes the results of an investigation aimed a t I 3 I 3
evaluating phenyl (trichloromethyl) mercury as a R
reagent for preparing dichloromethylene steroids from \ I ^ I J___ 1
linear and cross-conjugated dienone and trienone p i j
precursors. JL  /

Treatm ent of 17j3-acetoxyandrosta-l,4-dien-3-one J  R ° 2C
( l ) 4 with 20 equiv of phenyl (trichloromethyl) mercury fo 3a, R = H; R3 = CH3
in boiling benzene followed by chromatography of the 2a,R = C02H;RI = CH3 b, R-CyH&Rj =CH3
crude reaction m ixture afforded the ring-A arom atic b,R = CH3;RI = C02H

(1) P a rt V II: C. Beard, B. Berkoz, N. H. Dyson, I. T . H arrison, P . c, R =  C 02C2H5; R, =  CH3
Hodge, L. H. K irkham , G. S. Lewis, D . Giannini, B. Lewis, J . A. Edw ards, . , .

and  j .  h . Fried, T e t r a h e d r o n , 2 5 , 1 2 1 9  (19 6 9 ). a c i d s z a  ( 1 2 % )  a n d  3 a  ( 1 3 % ) . 5 I  h e  s t r u c t u r e  o f  t h e
(2) Publication 363 from the  Syntex In s titu te  of Organic C hem istry. SeCO acid 3 follows from its elemental analysis and
(3) D. Seyferth, J . M . Burliteh, R. J . Minasz, J .  Y.-P. Mui, H . D . Sim-

mons, Jr., A. J . H . Trieber, and S. R. Dowd, J .  A m e r .  C h e m .  S o c . ,  87, 4259 (5) Some difficulty was experienced with th e  rem oval of phenylm ercuric
(1965). chloride from th e  reaction m ixture. In  th is experim ent th e  isolated yield

(4) R. B. W oodward, H . H. Inhoffen, H . O. Larson, and K. Menzel, C h e m .  proved to be a  poor m easure of reaction efficiency, since substan tia l product
B e r . ,  86, 594 (1953). losses were incurred during chrom atographic purification.
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infrared, mass, and proton magnetic resonance spec- OCOCH3 OCOCH3
troscopy. The latter determination shows an aromatic T I
methyl proton resonance at 2.38 ppm in addition to
three aromatic protons consisting of a singlet at 2.38 ----- 1 — > J L J L J ------ 1
ppm (H-4) and an A B  pattern centered at 7.56 ppm \ i l l  ||
(J = 8.0 Hz, H -l and H-2). The C-9 chloro substit-
uent of 3a is assigned the axial (a) stereochemistry, 4 5
since the H-9 signal (broad singlet, Wy% = 0.07 ppm
at 10C MHz) of the ethyl ester 3b exhibits the splitting estra-l,3,5(10),6-tetraene (5) in 56% yield. The pmr
pattern typical of an equatorial proton coupled to spectrum of this substance exhibits a singlet at 2.60
several vicinal protons.6 The tetracyclic carboxylic ppm (aromatic methyl), an A B  pattern centered at
acid bears methyl and carboxyl substituents at the 6.23 ppm (J67 = 10.0 Hz, H-6 and H-7), and two
C -l and C-4 positrons of the A  ring, as judged by the doublets at 7T0 and 7.70 ppm (/M = 2.0 Hz, H-2
presence of signals for an aromatic methyl group and H-4) in agreement with the 1,3-disubstituted
(singlet at 2.22 ppm) and two aromatic (ortho) protons estratetraene system present in 5.
(AB pattern centered at 6.95 ppm, J  = 8 .0  Hz). The The ease with which phenyl (trichloromethyl)mer-
l-carhoxy-4-methyl structure 2a is tentatively assigned cury induces the A l'4-3-ketone system to undergo
to this product by analogy to the established course a dienol-benzene-type rearrangement prompted a
of the dienol-benzene rearrangement.73. However, the study of the reaction of 1 with sodium trichloroacetate,
l-rnetnyl-4-carboxy substitution pattern 2b cannot an alternate source of dichlorocarbene.9 In this case
be ruled out on the basis of the available evidence.  ̂ treatment of 1 with 29 equiv of the sodium salt in 

17/3-Acetoxyandrosta-l,4,6-trien-3-one (4)8 was readily boiling diglvme afforded a complex mixture of products
aromatized by heating with 1.1 equiv of the mercurial from which‘ a low yield (3 .8 % ) of the seco acid 3a was
reagent in boiling benzene to give l-methyl-3-carboxy- obtained after repeated chromatography. A  similar

(6) For examples illustrating  th e  use of band width a t half-height in de- r e s u l t  h a s  b e e n  r e p o r t e d  f o r  t h e  r e a c t i o n  o f  1 w i t h
term ining the  axial or equatorial orientation of an alicyclic m ethine proton, d i f lu O T O C a rb e n e  ( g e n e r a t e d  f r o m  S o d i u m  d i f l u o r o -
ereXesXtedtheTl0' Heathcock’ 0rg' Chem" M’ 1350 (1964)’ and ref‘ chloroacetate in boiling diglyme), the only aromatic

(7) F or comprehensive reviews, see (a) N . L. W endler in “ M olecular Re- product of this reaction being 4-methylestra-l,3,5(10)-
arrangem ents,” P a rt 2, P. de M ayo, Ed., Interscience Publishers, Inc., New trien-17/3-ol acetate (obtained in 2.5% yield).1
York, N . Y., 1964, C hapter 16; (b) B. M iller in  "M echanism  of M olecular r,-,, » . , , i , ,1  , • , •
M igrations,” Vol. 1, B. S. T hyagarajan , Ed., Interscience Publishers, Inc., T h e  f o r e g o i n g  r e s u l t s  S u g g e s t  t h a t  t h e  a r o m a t l Z a t l O n
New York, n . y ., 1968, pp  2 7 5 - 2 8 5 . reactions of 1 and 4 are assisted by participation of

(8) G. Rosenkranz, C. Djerassi, S. Kaufm ann, J . Pataki, and J . Romo,
N ature, 165, 814 (1950). (9) W. M. W agner, P roc. Chem . S oc., 229 (1956).
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mercury, with the rearrangement possibly being ini- CH3
tiated by association of the carbonyl group with the = 0
mercurial reagent rather than a free carbene10 (see a, ^\^k--OCOCH 3
Scheme I). Loss of phenylmercuric chloride leads, i Jf __ J
via the resonance-stabilized zwitterions b and c, to the
intermediate oxide d. Lewis acid promoted opening
of the oxide d followed by loss of chloride ion generates R
the chloroformyl mesomeric cation species e-i, which &b R — s-OCOCH -«-H
give rise to the aromatic acids 2a and 3a after hydrolysis ’ -  p  , ,, f  “  ,.
of the intermediate acid chloride. Evidence for the c, R = cycloethyle„edioxy
existence of the acid chloride as the initial product CH3
follows from the isolation of the ethyl ester 2c when the _ 0
crude product obtained from reaction of 1 with the ^-sJAr-OCOCHj
mercurial is allowed to stand in chloroform solution | |
containing ethanol. Support for the intermediacy of the
dichloro epoxide d is also provided by the recent C12C%1 ,1 I
observations of Seyferth and Tronich, which show
that perchlorothiiranes are formed by reaction of 9
thiophosgene and thiobenzophenone with phenyl(di- C-L CH3
chlorobromomethyl) mercury.11 As in the case of = 0  N=0
dienol-benzene and dienone-phenol rearrangements,7 ^ \ / k - - O R i  ^^/W -OCOCH s
the presence of a 6,7 double bond alters the course of f  __ J f  __ J
the mercurial-promoted rearrangement of the AM'9-3 
ketone 4, the product 5 being formed by a methyl
migration to the C -l position. The isolation of the "CC12 H
seco acid 3a is of interest, since this is the first product
of C 9- C 10 bond cleavage to be identified from dienone- 1° R^COCH 3’ aH’
phenol- or dienol-benzene-type rearrangements in the J ' „
steroid series.7 However, Kropp has shown that the c R=0-R -H  3

bicyclic dienone 6  rearranges in part to the monocyclic J  R _ CyCloHhylenedioxy;
phenol 7 by acid catalysis. 12 Rj = C0CH3

the precursor of the 2£,3£-dichloromethylene adduct 
i I f Y  | 9, is attributed to the action of the electrophilic mer-

ho curial reagent or dichlorocarbene on the allylic acetoxy
I group rather than phenylmercuric chloride, since 8b

6 7 was recovered unchanged after prolonged treatment
with the latter substance in boiling benzene.

. „ , „. ,, , „  , A  possible mechanism to account for the formation
The reaction of the A^-pregnadienes 8a,19 8b,11 and of the intermediate 11 is as follows.

8c15 with phenyl (tnchloromethyl) mercury was next 
investigated, since these substances are not susceptible
to the aromatization process. The A4’6-3 ketone 8a H 1  |
appeared to be resistant to attack by the mercurial in / r
boiling benzene. Under essentially the same condi-
tions the allylic acetate 8b yielded two products Ac'/ ° +
identified as 17a-acetoxy-2£,3 £-dichloromethylene-
pregna-4,6-dien-20-one (9, 26%) and the noncrystalline
3|3,17a-diacetoxy-6a,7a-dichloromethylenepregn-4-en- The assignment of the 6a,7a stereochemistry to the 
20-one (10a, 30%). The latter substance was charac- dichloromethylene group of adducts lOa-lOd is sup-
terized as 17a-acetoxy-6a,7a-dichloromethylenepregn- ported by the rotatory dispersion curve of 10b, which
4-ene-3,20-dione (10b) by selective hydrolysis of is in good agreement with the curves reported for
the 3-acetate of 10a followed by oxidation of the various 6a,7a-methylene- and 6a,7a-difluoromethy-
resulting allylic alcohol with manganese dioxide. The lene-A4-3 ketones.1
formation of 17a-acetoxypregna-2,4,6-trien-20-one (11), The ketal derivative 8c is the most suitable starting

material for the synthesis of the 6a,7a-dichloromethy-
(10) W. E. Parham  and J . R . Potoski have suggested th a t  th e  cleavage of lene-A4-3 ketone 10b. Thus reaction of 8C with an 

certain allylamines by phenyl(trichlorom ethyl)m ercury is in itiated  by a tta ck  £  , i • i p o  i • i  i
of th e  m ercurial reagent on th e  nitrogen atom  instead of dichlorocarbene. eXCeSS ° f the merCUHal for 8 days in boiling benzene
See J .  Org. Chew,., 32, 278 (1967). See also D . Seyferth, M . E . Gordon, and afforded directly the A4-3-ketO adduct 10b in 40%
B 3 2 , / w (̂ 67>'n t a m ,,oM, y ield via mercury salt catalyzed cleavage of the inter-

(12) p. j. Kropp, i b i d . ,  85, 3280 (1963). mediate A4-3-ketal adduct 10d.16 The latter substance
(13) r . Sciaky, G a z z .  C H m . i t a i . ,  9i, 5 4 5  (1961). was also obtained in 15%  yield from this reaction.
(14) D. J . M arshall, P. F . M orand, C. Revesz, and R. G audry, J .  M e d .

C h e m . ,7 , 355 (1964). (16) T he use of m etal 3alts ( e .g . , magnesium sulfate) for the  cleavage of
(15) M . J . Weiss, J . F. Poletto , G. R. Allen, J r., R . F . Schaub, and I. A4-3 ketals to  th e  corresponding A4-3 ketones has been reported: J . J .

Ringler, i b i d . ,  7, 804 (1964). Brown, R . H . Lenhard, and S. Bernstein, E x p e r i e n t i a ,  18, 309 (1962).
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Experimental Section17 above, was allowed to stand for 7 days in chloroform (500 ml)
containing ethanol, purification by preparative tic yielded 2a (84 

Preparation of Phenyl(trichloromethyl)mercury.—1The proce- mg), 3a (350 mg), and the tetracyclic ethyl ester 2c (190 mg):
dure of Seyferth and Burlitch18 was modified as follows. A solu- mp 116-118°; [<*]d  + 226°; Xmax 243 m/u (log e 3.87) and 285
tion of phenylmercuric bromide (15.0 g) in dry tetrahydrofuran (3.13); 1740, 1715, 1590, 1280, and 1250 cm-1; nmr 0.83
(300 ml) and chloroform (30.0 g) was cooled to —80° in acetone- (s, H-18), 1.18 (t, / = 7 Hz, CH3CH20 ) ,  2.02 (s, H-17/3-acetoxy),
Dry Ice and treated portionwise with stirring with 15.0 g of 2.23 (s, CH3-4), 4.22 and 4.42 (AB pattern, J  =  7.0 Hz, CHa-
freshly prepared potassium ¿-butoxide (containing 1 molar equiv CH20 ) , 4.5-5.0 (m, I I -17 a ) ,  and 7.01 and 7.42 ppm (AB pattern,
of ¿-butanol) during 20 min. The reaction mixture was stirred J 2,3 = 8.0 Hz, H-3 and H-2, respectively),
a t —80° for 2  hr and then allowed to warm to room temperature. A n a l. Calcd for C21H320 4 : C, 74.96; H, 8.39; O, 16.64.
Water (500 ml) was added and the product was isolated by extrac- Found: C ,74 .92 ; H, 8.34; 0 ,1 6 .7 5 .
tion with methylene dichloride. The crystalline residue (19.2 g), Reaction of l7/3-Acetoxyandrosta-l,4,6-trien-3-one (4) with
containing unreacted phenylmercuric bromide, was dissolved Phenyl(trichloromethyl)mercury.—A solution of 4 (5.0 g) and
in benzene and percolated through a column of neutral alumina phenyl(trichloromethyl)mercury (6 . 6  g) in benzene (700 ml) was
(200 g) to give 15.0 g of phenyl(trichloromethyl)mercury, mp heated under reflux for 26 hr. The precipitated phenylmercuric
117-119° (lit. 18 mp 116.5-118°). chloride was removed by filtration and the solvent was evaporated

Reaction of 17/3-Acetoxyandrosta-l,4-dien-3-one (1) with to yield an oil which was dissolved in ethyl acetate and adsorbed
Phenyl(trichloromethyl)mercury.—A solution of 1 (2.0 g) and on a column of silica gel (400 g). Elution with ethyl acetate
phenyl(triehloromethyl)mercury (2.8 g) in benzene was heated provided 2.6 g of a mixture of starting 4 and phenylmercuric
under reflux with stirring for 84 hr with further additions of 1.40 chloride. Further purification by preparative tic with ethyl
g and 0.70 g of mercurial reagent being made at 24- and 48-hr acetate-benzene (1:49) yielded pure 4 (740 mg). Continued
intervals. The precipitated phenylmercuric chloride was removed elution of the column with ethyl acetate-acetic acid (49:l)gav e 
by filtration of the cooled reaction mixture and the resulting solu- 17/3-acetoxy-l-methyIestra-l,3,5(10),6-tetraene-3-carboxylic acid 
tion was evaporated to dryness. The residue was dissolved in (5, 2.4 g): mp 272-275° (from acetone); [c*]d —143°; Xmai
ethyl acetate and chromatographed on 150 g of silica gel. Elution 235 m/i (log e 4.62), 260 (sh, 3.81) and 310 (3.12); i>mo* 1740,
with ethyl acetate-acetic acid (200:1) provided a series of crys- 1685, and 1245 cm-1; nmr (100 mHz) 0.85 (s, H-18), 2.05 (s, 
talline fractions from which the following compounds were ob- H-17/3-acetoxy), 2.60 (s, CH3-1), 5.90, 6.49 (pair of d with addi-
tained by preparative tic19 with benzene-acetic acid (49:1). tional splitting, J 6.7 = 10.0 Hz, H- 6  and H-7), and 7.60 and

Compound 2a (264 mg) gave the following data: mp 208-210° 7.70 ppm (pair of d, /2,< = 2.0 Hz, H-2 and H-4).
(from acetone-hexane); [<*]d + 247°; Xmax 242 m/t (log e 3.78); A n a l. Calcd for C22H260 4 : C, 74.12; H, 7.35. Found: C,
ymax 34C0, 1730, 1700, 1680, 1585, and 1245 cm“1; nmr 0.83 (s, 73.81; H, 7.25.
H-18), 1.98 (s, H-l7/3-acetoxy), 2.22 (s, CH3-4), and 6.85 and Reaction of 17/3-Acetoxyandrosta-l,4-dien-3-one (1) with
7.05 ppm (AB pattern, / 2l3 = 8.0 Hz, H-3 andH-2, respectively). Sodium Trichloroacetate.—A solution of 1 (660 mg) and sodium

A n a l. Calcd for C22H280 4 : C, 74.13; H, 7.92. Found: C, trichloroacetate (11.0 g) dissolved in 75 ml of dry diglyme was
73.76; H, 8.11. added dropwise (luring 1.5 hr to 50 ml of diglyme maintained at

Compound 3 a (310 mg) gave the following data: mp 133-136° 130-140°. The reaction mixture was kept at 140° for 15 min
(from hexane); [a]n —9°; Xmal 238 rn/n (log e 4.14) and 270 (sh, after completion of the addition, then cooled, filtered, and evapo-
2.99); 3430, 1740, 1690, 1620, 1580, and 1250 cm-1; nmr rated to dryness under reduced pressure. The resulting brown
0.83 (H-18), 2.03 (s, I f -17/3-aeetoxy), 2.38 (s, aromatic CH3), oil was dissolved in methylene chloride and adsorbed on a column
4.3-4.9 (m, H-9/3 and H-17<*), 7.25, 7.89 (AB pattern, J 2,3 =  8.0 of 100 g of silica gel. Elution with methylene chloride-ethyl
Hz, H-3 and H-2, respectively), and 7.92 ppm (s, H-4); mass acetate (1 :1) gave impure 1. Continued elution with ethyl
spectrum m /e  292 (M+ for 35C1) and 294 (M+ for 37C1). acetate-acetic acid (49:1) gave 150 mg of acidic mixture, which

A n a l. Calcd for C22H29 0 4C1 : C, 67.25; H, 7.44; Cl, 9.02. was purified by preparative tic with ethyl acetate-acetic acid 
Found: C, 67.43; H, 7.41; Cl, 8 .8 6 . (49:1) to give the secoacid 3a (30 mg), mp 130-131°, identical

The ethyl ester 3b was prepared as follows. A solution of 3a by mixture melting point and infrared spectral comparison with
(130 mg) in dry benzene ( 5  ml) and thionyl chloride ( 1  ml) was seco acid obtained by reaction of 1 with phenyl(trichloromethyl)-
heated under reflux for 2  hr and the solvents were evaporated to mercury.
dryness. The residue was dissolved in 8  ml of benzene-pyridine Reaction of 3 /3 , 1 7 «-Diacetoxypregna-4 ,6 -dien-2 0 -one (8b) with
(3 :1) containing ethanol (2 ml) and after 2 hr the solvents were Phenyl(trichloromethyl)mercury.—A solution of 8b (960 mg) and
evaporated and the resulting oil was purified by preparative tic ,phenyl(trichloromethyl)mercury (1.14 g) in benzene (240 ml) 
with ethyl acetate-hexane (1 :9 ). The pmr spectrum (100 MHz) was heated under reflux for 5 days. Removal of the solvent fol-
of the resulting noncrystalline ethyl ester 3b shows resonances lowed by purification of the resulting product by preparative
at 0.84 (s, H-18), 1.38 (t, J  =  7 Hz, CH3CH20 ) ,  2.04 (s, H-17/3- tic with ethyl acetate-hexane (3 :7 ) afforded the following com-
acetoxy), 2.37 (s, aromatic CH3), 4.31 and 4.43 (AB pattern, pounds.
J  =  7.0 Hz, CH3CH20 ) , 4.57 (broad s, W i / ,  =  0.07 ppm, The 2£,3-{-dichloiomethylene adduct (9, 330 mg) gave the 
H-9/3), 4.73 (ill-resolved m, H-17a), 7.19 and 7.78 (AB pattern, following data: mp 215° dec (from methanol); Xm„  251 m u
J  = 8.0 Hz, H-l and H-2, respectively), and 7.83 ppm (s, (log e 4.32); 1720, 1710, and 1260 cm-1; nmr 0.68 (s,
H-4). When the crude reaction mixture, obtained by treating H-18), 0.97 (s, H-19), 2.02 (s, H-17or-acetoxy), 2.06 (s, H-21),
1 (2.0 g) with phenyl(triehloromethyl)mercury as described 5.45 (broad s, H-4), and 5.63 and 5.96 ppm (AB pattern, J  =
___________  11.0 Hz, H- 6  and H-7).

, , . . A n a l. Calcd for C2,H30O3Cl2: C, 65.90; H, 6.91; Cl, 16.21.
(17) M elting points are corrected and were taken  on a  F isher-Jonns ap- Found’ C 65 96’ H 7 28’ Cl 16 39

paratus or a  Thom as-H oover capillary apparatus. Optical ro tations were * * . .  , \  ’  , A  , i n  /o c o  moom easured in chloroform solution a t 27° and infrared spectra were determ ined The 6*,7«-dlchloromethylene adduct 10a (358 mg) was ob-
in K B r discs unless otherw ise specified. U ltraviolet spectra were m easured tamed as an Oil. _
on a  C ary M odel 14 spectrom eter. W e wish to  thank  D r. L. Throop and l7 a -A c e tO X y -6 a ,7 a ! -d ic h lo ro m e th y le n e p re g n -4 -e n e -3 ,2 0 -a io n e
his staff for these m easurements. Pm r spectra were recorded for 5 -10%  (10b).—Adduct 10a (358 mg) was dissolved in methanol-water
solutions (w /v) in  deuteriochloroform containing tetram ethy lsilane as in- (5 : 1 , 30 ml) containing sodium hydroxide (0 . 2  g) and the result-
terna l reference on Varian A-60 and HA-100 spectrom eters. Chemical j ng so}ution was kept at room temperature for 4 hr. Acetic acid
shifts are reported as p a rts  per million on the  5 scale to  th e  nearest 0.01 ppm . (q 2  an(j  water (200 ml) were added and the product was
Coupling constants are reported in  cycles per second to  th e  nearest 0.5 Hz. js o la te d  by extraction with diethyl ether. The resulting oil
We thank  M r. J. W. M urphy and (300 mg) was oxidized by stirring with manganese dioxide (3.6 g)m easurements. M ass spectra were obtained with an Atlas werKe ^ v u  4. • i j  „  nmilni>+ospectrom eter equipped with a  direct in le t system . Spectra were m easured in chloroform (20 III.) for 2 hr to yield a mixture of two produ
a t  an  ionizing po ten tial of 70 eV and an  acceleration voltage of 3 kV. W e separable by preparative tic with ethyl acetate-hexane (o . )
wish to  Thank Dr. L. Tokes and M r. J . Sm ith for assistance with these mea- into the following compounds.
surem ents. M icroanalyses were performed by D r. A. B ernhardt, M ulheim  The 17-aCetate 10b (100 mg) gave the following data: mp
(R uhr), W est Germ any. 188° (from acetone-hexane); [« ]d  + 8 1 ° ; RD [4>]6oo +270°,

(18) D. Seyferth and J. M . Burlitch, J .  Organom etal. Chem .. i ,  127 +3380°, [4>]-76 + 3110°, [4+69 +3560°, [4+59 +3160°,
<1965)- . , . . . . . . .  [ 4 + 63 + 2525°, [4+45 +1625°, [ 4 + 36 +2615°, [ 4 + 07 +8340°,(19) Preparative  tic  was conducted using silica gels G F and H F  (from 1 i aa q o° r* l J - iQ V n 0 Mil 4_qfif)c;0 r * l„ „  4 -1 4  9 6 0 °B rinkm ann Instrum ents, Inc., N . Y.) a t  thicknesses of 1.3 mm and steroid *  . »  + « « 3 0  , [* + » . + 3 9 7 0  [4+83 + 3 6 0 5  J * W  + 1 4 ,9 b O
loadings of 2 m g/cm . + 1 5 , 1 9 0 ° ,  [4 + 5 2  0  , [4+84 - 1 2 , 7 9 5  , [4>]279 - 7 0 7 o  , a n d
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[^>]208 0°; Xmai 252 m fi (log £ 4.16); ('max 1740, 1720, 1680, and périment, and the ketal adduct lOd (235 mg); mp 166-167°
1250 cm-1; nmr 0.70 (s, H-18), 1.11 (s, H-19), 2.03 (s, H-17a- (from acetone-hexane); [<*]d + 5 8 ° ; »wi 1740, 1720, and 1250
acetoxy), 2.11 (s, H-21), and 6.14 ppm (s, H-4). cm-1; nmr 0.67 (s, H-18), 0.95 (s, H-19), 2.01 (s, H-17a-

A n a l. Calcd for CiJLoChCh: C, 63.57; H, 6.67; Cl, 15.64. acetoxy), 2.06 (s, H-21), 4.01 (s, cycloethylenedioxy H), and
Found: C, 63.50; H, 6.72; Cl, 15.70. 5.71 ppm (s, H-4).

The 17 alcohol 10c (50 mg) gave the following data: mp 259- A n a l. Calcd for C2eH310 5 Cl2: C, 62.77; H, 6.89; Cl, 14.25. 
260° (from acetone); [<*]d + 107°; Xma* 251 mM (log £ 4.09); Found: C, 62.54; H, 7.16; Cl, 14.08.
ymax 3460, 1710, 1670, and 1660 cm-1; nmr 0.56 (s, H-18), Treatment of ketal lOd with methanol containing concentrated
1.07 (s, H-19), 2.09 (s, H-21), and 6.00 ppm (s, H-4). hydrochloric acid for 15 min at room temperature furnished the

A n a l. Calcd for C22H28O3CI2: C, 64.23; H, 6 .8 6 . Found: A4-3 ketone 10b.
C, 64.37; H, 6.91.

•¿ æ à s ü z të æ s & s s s œ
tion of 8c (830 mg) and phenyl(trichloromethyl)mercury (950 57-o , 2a, 2 6 6 0 7 -4 4 -4 , 2c, ZoooU-oU-y, 3a, 2oo o7-45-5 ,
mg) in benzene (210 ml) was heated under reflux for 120 hr. 3b, 28330-51-0; 5, 23330-52-1; 9, 23330-53-2; 10b,
Since tic analysis showed the presence of starting8c, an additional 23157-28-0; 10c, 23330-55-4; lOd, 23330-56-5.
950 mg of the mercurial reagent was added and the solution was
boiled again for 72 hr. Purification of the crude product by pre- . , , , , rn, . ,
parative tic afforded 10b (360 mg), mp 188°, identical in all Acknowledgment.— The authors wish to thank Dr.
respects with a sample of 10b obtained from the preceding ex- J. H. Fried for helpful discussions.
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The multistep conversion of A-nortestosterone into a new B-homo steroidal ring system possessing a fused fi- 
lactam as ring A is described. The deshielding effect of the nitrogen atom on the C-19 methyl signal in the nmr 
spectra of the 5-aza steroidal compounds prepared in this study is discussed briefly.

In this paper, the conversion of A-nortestosterone OH OR
( l) 1 into a new steroidal ring system possessing a fused I, I
/3-lactam as ring A 2 will be described.3 The synthesis | | [ ^  |
of this novel structure was of interest to us from both a ___----------------------------------------------
chemical and biological point of view. I J  I J

The synthetic scheme for the preparation of the I f '  (y O 'p - ^
steroidal /3-lactam can be divided into three parts.
The first stage involves the removal of a  carbon atom 1 0Ac 2 ,R - H
from ring A  of 1 to give a seco compound bearing a two- I 3, R -  Ac ^
carbon side chain attached to C-10, the terminal carbon l
atom of the side chain being oxygenated. The next
problem concerns the positioning of a nitrogen atom ----- 1
into ring B in a /3 relationship to the oxygen-bearing Me02C j
carbon atom of the side chain. Lastly, the modified 4

steroid skeleton must be transformed into a /3-amino 5 ,R = 0
acid that can then be cyclized to the /3-lactam. 6 , R =  NOH

The removal of carbon atom 3 from 1 could be
achieved by hydroxylation of the conjugated double OH 0Ac
bond with osmium tetroxide, followed by oxidative ^ 1 . 1  l
cleavage with periodic acid to afford the lactonol 2 .4 i l l
Our synthesis required large amounts of 2, and it was £ 0  i l  J-------1
more conveniently prepared in one step by use of the HN \ MeOzCCH j
periodate-permanganate combination.5 Reaction of 2 >— /
with acetic anhydride in pyridine at room temperature Q 9
resulted in selective acetylation at C-17 to give 3 . 7 ,R = H
Acetylation of the hydroxyl at C-5 is possible, if this 8 ,R=CH 3

reaction is conducted at reflux temperature. . . . .
In our initial attempt to introduce the nitrogen atom rmg. ®  ^ rm  an oxim e) we treated 3 with

hydroxylamme hydrochlonde in pyridine at reflux
t, t w ■ x , Tr  ̂ . , r temperature. The product did not exhibit any hy-(1) F . L. W eisenborn and H. E . Applegate, J .  A m e r .  C h e m .  S o c . ,  81, 1960 -, t t . . i . i i

(19 5 9). droxyi or carboxyl oands m  th e  îr  spectrum , b u t showed
(2) A ring-A 7 -lactam  was an in term ediate  in th e  synthesis of A-nor-B- tWO C&rbonyl bands at 5.68 and 5.80 f i .  This COm-

( S 5"a2aCh0leStane: w-J*RodewaldandJ-Wicha' i2ocz-c,;iem-'40’ 837 pound was assigned the cyclic structure 4, which was
(3) Presented in p a rt a t  the  1 5 5 th  N ational M eeting of the  American confirmed by elemental analysis and the presence of an

Chem ical Society, San Francisco, Calif., M arch 1968. A prelim inary com- A B  quartet at T 7.26 and 7.76 (J = 16 Cps) in the nmr
m unication has appeared: S. D. Levine, C h e m .  C o m m u n . ,  580 (1968). _ _ _  r'* 1 1 t j

(4) s. D. Levine, j . M e d .  c h e w . . .  s, 537 (1965). spectrum for the C -l methylene hydrogens. In order
(5) m . e . W all and s. Serota, j . Org. C h e w .. , 24, 741 (1 9 5 9 ). to circumvent the undesired cyclization of the oximino
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acid, we treated 3 with diazomethane to open the signals at r 7.84 and 8.12 that could be assigned to 
lactonol and form the keto ester 5. This oily product vinyl methyl groups, two signals at ca. t 6.3 for meth-
was then treated with hydroxylamine hydrochloride in oxyl groups, and a broad signal at r 4.27 for vinyl
pyridine at room temperature to yield an oxime (6) in protons. Thus it would appear that 9 was a mixture of
quantitative yield. Evidence that 6 was actually a cis and trans isomers.
single compound, and not a mixture of oxime isomers, Based on the results from the Beckmann rearrange- 
was based on the following observations: (a) the nmr ment, it is tempting to assign oxime 6 the syn6 stereo
spectrum exhibited only one signal for the C-19 methyl chemistry, as shown in A, rather than the anti form 
group; and (b) tic revealed only one spot. Theorienta- depicted in B. 
tion of the oxime will be discussed in more detail later.

The Beckmann rearrangement of 6 was then in- r\_
vestigated under various conditions to find the most
efficient route to a ring-B lactam. Among the experi- Me 2 T T
mental conditions examined were the use of thionyl
chloride as both the solvent and acid catalyst at tem- I B
peratures of 0 to — 20°, and thionyl chloride in dioxane
at 10° for varying time intervals. The condition of A
choice was the addition of thionyl chloride to the oxime
in dioxane at 10° and a reaction time of 7-10 min. Mazur, in his work on the Beckmann rearrangement
After hydrolysis with aqueous potassium hydroxide oximes of testosterone derivatives,7 showed, however,
solution, the lactam acid 7 was obtained in 70-80% that under these reaction conditions (thionyl chloride 
yield. This compound was characterized by elemental *n dioxane) the products obtained were not necessarily 
analysis and its ir spectrum, which showed broad bands related to the stereochemistry of the initial oxime,
in the hydroxyl region, a band at 5.86 y (-CO*H), and a Hence we refrain from making a definite assignment
band at 6.09 y (-NH CO). The insolubility of 7 in based on the evidence available in our case.
CDCI3 precluded an nmr spectrum in that solvent. The next steP required reduction of the lactam 
Methylation of 7 with diazomethane gave the oily carbonyl. Attempted lithium aluminum hydride
ester 8, the purity and structure of which were con- reduction of the free acid 7 in tetrahydrofuran led to a
firmed by tic and nmr. The C-19 methyl signal ap- P °°r yield of the dihydroxy amine 10. Further in-
peared at r 8.58, and this pronounced downfield shift vestigation revealed that this was due to the poor
will be discussed further in a separate section.

That the Beckmann rearrangement product resulted 9^2 R3
from migration of the more substituted a-carbon
atom (path A), rather than one in which the less CH2CH2 I ___I 1 J
substituted a-carbon atom migrated (path B), was in R‘CT f V  R1' / ;
accord with the results of Rodewald and Wicha for the R3 ) R2 N \
rearrangement of a related system^ Additional evi- r c . R - K - R - H  1 3 ,R .-C H O ;R .- A c ;R -0
dence tor the operation ot this pathway was the ulti- ^ R1 =  R2 =  R3 = Ac 14 R1== CO H-R2 = Ac-R3 = O
mate formation of the /3-lactam. 12>r>_ R2 _ H; R3 = Ac K ,R> = C02Me;R2 = Ac; R3 -  0

19, R1 =  C02H; R2 = H;R3 = O QH
. .  _ 21, R1 =  C02H; R2 = Ac, R3 = <
Me(JA  a [  'H

¿ f K A  /OH
m & A J  22,R1 =  C02H;R2 =  H; R3 = <

'H
p a t h N ^ p a t h  B

U e O . c ' i ^ Y '  H e O 1

“ W  c f\J  16,R = 0 HC1 salt 0 ^
c r  H 17,11 = O 20,R =  O

1 8 ,R = < 0H 2 3 ,R = < OH
We were unable to isolate any cyclic lactam from the "H "H

reaction mixture, which would have formed via path B ;
however, a small amount of an oily product was isolated solubility of 7 in tetrahydrofuran. This was obviated
after chromatography of the neutral fraction on alumina. by conducting the reduction on the methyl ester 8
The ir spectrum did not show any hydroxyl bands, but instead, and in this case the reduction product 10
exhibited a peak at 4.45 y (-CN ), a broad carbonyl could be obtained in 60-70% yield. Since the presence
band at 5.80 y (-OAc, - C 0 2Me), and a band at 6.10 y of nitrogen in a molecule as an amine usually leads to
(conjugated double bond). The only structure com- difficulties when attempting oxidations with chromium
patible with these results was 9, which would be formed trioxide,8 the amine nitrogen was protected as an
as a result of an abnormal Beckmann rearrangement.
In accord with this structure, the nmr spectrum ex- (6) In  th is case, syn and an ti refers to  the  relationship of the  oxime hy-
hibited the C-18 methyl at r 9.13, but did not exhibit a (7̂  R H Mazur, j . O r g .  chem., as, 248 (1963).
signal for the C-19 methyl group. Instead, there were (8) M . Heller and S. Bernstein, ib id ., 32, 3978 (1967).
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amide.9 This was accomplished by first preparing the (/3-lactam carbonyl), while the nmr spectrum showed
N-acetyl diacetate 11 under normal acetylation condi- the following diagnostic signals: r 9.09 (C-18 Me),
tions. Selective room-temperature hydrolysis of 11 8.56 (C-19 Me), 7.35 (C-l CH 2), and 6.66 (C-6 CH 2).
with potassium carbonate in methanol gave the A  /3-lactam bearing a hydroxyl group at C-17 was 
N-acetyldiol 12. We next turned our attention to prepared in the following manner. Sodium borohy-
the oxidation of the C-2 hydroxyl group to a carboxylic dride reduction of 14 gave the 17/3-hydroxy compound
acid. Oxidation of 12 with Jones reagent led to smooth 21, which was hydrolyzed and the resultant amino acid
oxidation of the hydroxyls at both C-2 and C-17; isolated in the same manner as described previously
however, the oxidation of the primary alcohol pro- for 19. In this case, the amino acid 22 was obtained as
ceeded only to the aldehyde stage. This was quite a high-melting, crystalline material, which was quite
apparent from the nmr spectrum of the product 13, insoluble in nitromethane and other organic solvents;
which displayed a signal for the aldehyde proton at r therefore, the cyclization of 22 was carried out in
0.28 (J = 1.8 cps). Treatment of 13 with silver oxide aqueous dioxane using diisopropylcarbodiimide,11 and
in the dark at room temperature for 4 hr gave the the /3-lactam 23 was isolated in low yield after chro-
N-acetyl amino acid 14 in 50% yield, and additional matography on alumina.
oxidation product could be obtained in the form of its Nmr Spectra.— The nmr spectra of some 17-aza 
methyl ester 15 after treatment of the mother liquor steroids have been discussed recently.12 The observed 
with diazomethane and subsequent chromatography on deshielding effect of the nitrogen atom on the C-18
alumina. methyl protons was close to that predicted when the

The penultimate synthetic step required hydrolysis substituent on nitrogen was either hydrogen or alkyl,
of the N-acetyl group of 14 to afford an amino acid. When a carbonyl group was present adjacent to the C-17
The pilot experiments were conducted on the ester 15 nitrogen atom, however, the observed deshielding be-
and indicated that acid hydrolysis at room temperature came greater than that predicted. The authors ex-
(HCl-methanol or HCl-ethanol) did not cleave the plained these results on the basis of the contribution of
amide bond. After 15 was refluxed overnight in 10% charged species as shown below. The charged nitro-
methanolic HC1, evaporation of the solvents gave a
chloroform-soluble amine hydrochloride 16 as an oil - H
which was conveniently purified and converted into h  ^ .0 O-
the free amine 17 as an oil by chromatography on ^
alumina. In an attempt to obtain a crystalline deriva- '  /
tive, 17 was reduced with sodium borohydride to the q j  CH3

17/3-hydroxy compound 18, but this too was obtained as | I _
an oil. Hydrolysis of the methyl ester of 17 with so- C= 0  C O
dium hydroxide in ethanol and removal of the solvent ^ 3 ^
gave an amino acid containing residue. Electrophore- A
sis indicated that the amino acid 19 was essentially / ------ / -----
neutral at pH 4.5-6.0.10 Attempts to extract 19 into
organic solvents from aqueous solutions at pH levels gen atom would be expected to deshield the adjacent
within this range were unsuccessful; this behavior could angular methyl group. The 5. aza steroids prepared
be explained by assuming that the amino acid was very ;n this investigation showed a similar pattern. For
soluble in water. In the next experiment, the free compounds in which a carbonyl group was adjacent
acid 14 was refluxed in acidic dioxane. After removal to dle q _5 nitrogen atom, the observed chemical shift
of the solvents, the aqueous phase was adjusted to pH of the C _19 methyl group was in the r  8.4-8.0 range,
5.1 and extracted with chloroform to remove organic while for those in which the nitrogen atom was not
material other than the ammo acid. The aqueous flanked by a carbonyl the signal appeared at r >8.8. 
phase was then brought to pH 5.5 and evaporated, and j t  would appear that charged species analogous to
the white residue was extracted with chloroform to those shown above satisfactorily explain the results
afford, after removal of the solvent, the oily amino acid obtained in our study 
19, identified by ir and nmr. The cyclization of 19 was 
conducted at room temperature in nitromethane
employing dicyelohexylcarbodiimide (D C C ). A t the Experimental Section
end of the reaction, the bulk of the dicyclohexylurea Melting points were taken on a Fisher-Johns melting point 
was removed by filtration. Alumina chromatography apparatus and are uncorrected. Values of [a]d have been ap-
easily removed excess D CC , but the remaining di- proximated to the nearest degree and were taken on a Perkin-
cyclohexylurea had an iff  value similar to that of the Elmer Model 141 polarimeter in 95% ethanol. Infrared spectra 
o  i i  _  on j  - i  i  , ,, , were determined on a Perkm-Elmer Model 21 spectrometer m/3-lactam 20, and it was necessary to repeat the chro- pressed potassium bromide peUets (unless otherwPise indicated);
matography to achieve good separation. The /3-lactam and nmr spectra were determined on a Varian A-60 spectrometer 
structure was supported by microanalysis, its molecular in CDC13 (unless otherwise indicated) with (CH3)4Si as internal
ion (m/e 275), and the following spectral data. The standard. All evaporations were carried out in  vacuo, and organic
carbonyl region in the infrared spectrum exhibited a solutions were dried over sodium sulfate. Alumina refers to

peak at 5.74 p  (17-one) With a shoulder at 5.70 p  the compounds were detected with iodine vapor.
3-Oxa-5/3,17/3-dihydroxy-A-norandrostan-2-one (2)4.—A suspen-

(9) In  a subsequent experim ent, oxidation of 12 with Jones reagent gave a  s;on 0f potassium carbonate (1 0  g), potassium permanganate (1 .3
crude reaction product which showed the  presence of a t  least five components ----------------------
(tic). T his justifies the  necessity of protecting the  amino group prior to  (11; J . C. Sheehan and K. R . Henery-Logan, J .  A m e r .  C h e m .  S o c . ,  84,
oxidation. 2983 (1962).

(10) T he au thor wishes to  thank  M r. O. Kocy for th is determ ination. (12} S. R akhit, T . W ittstruck , and M . G ut, S t e r o i d s ,  135 (1967).
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g), and sodium periodate (41 g) in water (1 1.) was added to a methanol (100 ml) and ether (360 ml) was treated with an excess
solution of A-nortestosterone (6 . 6  g)1 in ¿-butyl alcohol (1 l.)and of diazomethane in ether. After 45 min at room temperature,
stirred at room temperature for 1  day. The mixture was filtered, acetic acid was added and the reaction mixture was evaporated,
and the filtrate was diluted with water and acidified to pH 2 with The residue was dissolved in chloroform, washed with water,
concentrated HC1. The acidic solution was extracted with chloro- dried, and evaporated to afford 8  as a homogeneous oil (tic):
form. The chloroform extracts were washed with water and 8 % xCHC1* 2.75, 2.95, 5.78, and 6 .08n ; nmr r  9.23 (s, 18-Me), 8.58
salt solution, dried, and evaporated. Crystallization of the (s, 19-Me), 6.4 (m, 17a-H), and 6.38 (s, 2-OCH3). 
residue from ethyl acetate-isopropyl ether gave 2  (4.5 g), mp 2,l7/8-Dihydroxy-2,5-seco-3,4-bisnor-5-aza-B-homoandros-
177-178°). tane (1 0 ).—A solution of 8  (1.29 g) in tetrahydrofuran (150 ml)

3-Oxa-5/3-hydroxy-l7/3-acetoxy-A-norandrostan-2-one (3).—A was treated with lithium aluminum hydride (2 g) and refluxed for
solution of 2  (100 mg) in pyridine (1 . 6  ml) and acetic anhydride 60 hr. Excess hydride was destroyed with ethyl acetate. The
(0.8 ml) was left at room temperature for 4 hr. The reaction reaction mixture was treated with 25%  aqueous sodium hydrox-
mixture was diluted with water and the product was collected by ide solution and the layers were separated. The aqueous phase
filtration to give 3 (73 mg), mp 183-185°. Recrystallization was extracted with additional chloroform. The combined organic
from chloroform-isopropyl ether gave the analytical sample: fractions were washed with 8 % salt solution, dried, and evapo-
mp 187.5-188.5°; [a] md + 2 4 ° ; X 3.07, 5.69, and 5.79 /x; nmr rated. The residue was crystallized from chloroform-isopropyl
r  9.18 (s, 18-Me), 8.87 (s, 19-Me), 7.97 (s, 17/3-acetate), and ether to give 1 0  (617 mg), mp 168-169.5°. Recrystallization
5.48 (m, 17a-H). from chloroform-iscpropyl ether gave the analytical sample:

A n a l. Calcd for C^HjsOs: C, 67.83; H, 8.39. Found: C, mp 170.5-171°; [a]“D - 1 6 ° ;  X 3.02 nmr r 9.25 (s, 18-Me) 
67.65; H, 8.41. and 8.82 (s, 19-Me)-

3-Oxa-4-aza-17/3-acetoxy-4-androsten-2-one (4).—A solution A n a l. Calcd for Ci7H31N 02: C, 72.55; H, 11.10; N, 4.98. 
of 3 (500 mg) and hydroxylamine hydrochloride (500 mg) in Found: C, 72.65; H, 11.08; N, 4.98.
pyridine (15 ml) was refluxed for 2.5 hr. Dilution with water N-Acetyl-2,l7/3-diacetoxy-2,5-seco-3,4-bisnor-5-aza-B-homo-
gave a precipitate which was collected by filtration to yield 4 androstane (11).—A solution of 10 (2.56 g) in acetic anhydride 
(248 mg), mp 186-188 . Recrystallization from chloroform ( 1 7  mi) and pyridine (17 ml) was left at room temperature over-
isopropyl ether gave the analytical sample: mp 203-205 ; night. The reaction mixture was diluted with water and the
/ ^  !?mr T, ? ”  18-Me), 8.85 product was collected by filtration to give 11 (3.40 g), mp 136-
o o n \  6  i  ,  17/3-OAc), 7.76 and 7.26 (q, J  =  16 cps, 137°. Recrystallization from isopropyl ether gave the analytical
2-CH2), and 5.41 (m, 17a-H). sample: mp 139—140°; [a]26D —41°; X 5.78 and 6.11 n\ nmr r

Ana/. Calcd f o r C ^ N C ,  C, 68.44; H, 8.16. Found: C, 9 .2 0  (s, 18-Me), 8.63 (s, 19-Me), 7.97 (s, 17/3-acetate and 2-
^  . acetate), 7.93 (s, 5-N-acetyl), and 5.42 (m, 17a-H).
M ;H ^ ^ Cet0T 2 f ; SeC01 f n 1 rr°.r“  (Lant ^  n À A n a L  Calcd for C23H37N 0 5: C, 67.78; H, 9.15; N, 3.44.Methy Ester (5).- A  solution of 3 ( i .0 g) mmethanol (10 ml) and Found; c  6 7 7 0  H , 9.16; N, 3.35.
ether (2o ml) was treated with an excess of diazomethane m _T . , ,  _ , „ - .  , ,
ether. After 45 min at room temperature, acetic acid was added .
and the solvents were evaporated. The residue was dissolved in ^ droStane 1s°1" tlon+ o f . 1 1  (4 '^  methanol(550
chloroform and this solution was washed with 8 %  salt solution, ^  was tr_?ated ^ th  10% potassium carbonate solution (90 ml)
dried, and evaporated to afford 5 (1.0 g) as a homogeneous oil and stmed overnight at room temperature. The solution was
(tic): XCHC1S 5 . 8 0  nmr r 9.15 (s, 18-Me), 8.8 4(s, 19-Me), concentrated, diluted with water, and neutralized with acetic
7.97 (s, 17/3-acetate), 6.38 (s, 2-OCH3), and 5.39 (m, 17a-H). C°UeCted b/  filtratloI\to 12 (0.93 g),

3-Oximino-17/3-acetoxy-2,5-seco-3,4-bisnorandrostan-2-oic “ P 166.5-167.5 The aqueous phase was extracted with chloro- 
Acid 2 -Methyl Ester (6 ).- A  solution of 5 (1.0 g) and hydroxyl- fo™ . and the, chloroform extracts were washed with 8 %  salt
amine hydrochloride (1 g) in pyridine (20 ml) was left at room solution, dried, and evaporated. The residue was crystallized
temperature for 3 days. The reaction mixture was diluted with r  f g lV 6  addltlonal 1 2  Ç '9 7  *>’ mP
ice-water and the product was collected by filtration to give 6  l.69“170. ; .  Recrystalhzation from acetone-i^propyl ether gave
(860 mg), mp 150-152.5°. Recrystallization from chloroform- the analytical sample: mp 172-172.5 ; [ £ d - 4 7  ; X 2 93
isonrorvl ether cave the analvtical samnle- mn 155-157°- 3 '12’ and 6 ' 2 3  ^  nmr T 9-25 (s, 18-Me), 8.60 (s, 19-Me), 7.93

( T * -  w , ¡ M W  i a  M * l  „ „
7.97 (s, 17/3-acetate), 6.38 (s, 2-OCH3), and 5.39 (m, 17a- A ™ L  Csdcd ?orT9 191̂ 3 ^  7° '55; H’ 10’28; N ’ 4 '33’
j j )  Found: C, 70.31; -T, 10.29; N, 4.43.

A n a l. Calcd for C2<,H31N 0 6: C, 65.73; H, 8.55. Found: C, N-Acetyl-l7-oxo-2,5-seco-3,4-bisnor-5-aza-B-homoandrostan-
6 5 .9 3 - H 8.59. 2-al(13).—A solution of 1 2  (1.0 g) in acetone (100 ml) was cooled

6 -Oxo- l7/3-hydroxy-2,5-seco-3,4-bisnor-5-aza-B-homoandros- to 3.5° and treated with an excess of Jones reagent. After 2 hr at
tan-2-oic Acid (7).—A solution of 6  (9.2 g) in dioxane (130 ml) 3.5 , methanol was added to decompose excess oxidant and water
was cooled to 10° in an ice bath. Thionyl chloride (9.2 ml) was wasadded. The organic solvents were evaporated and the aqueous
added, the ice bath was removed, and the reaction mixture was phase was extracted with chloroform. The chloroform extracts
stirred for 7 min. The reaction mixture was then added to 25%  were washed with water and 8 % salt solution, dried, and evapo-
aqueous potassium hydroxide solution (725 ml), stirred and rated. The residue was crystallized from ethyl acetate-isopropyl
heated to 80°. After cooling, the reaction mixture was extracted ether to give 13 (5E0 mg), mp 171.5-172.5 . Recrystallization
with ether. The aqueous layer was acidified with concentrated from ethyl acetate—isopropyl ether gave the analytical sample.
HC1 and diluted with ice-water. The precipitate was collected mP 172-173°; [a]24D + 60  ; X 3.55, 3.68, 5.75, 5.84, and 6.07
by filtration to give 7 (1.28 g), mp 268.5-269.5°. The filtrate MJ nmr r 9.12 fes, 18-Me), 8.54 (s, 19-Me), 7.92 (s, 5-N-acetyl),
was extracted with chloroform. The chloroform extracts were and 6-28 (t, J  = 1.8 cps, 2-CHO).
washed with 8 %  salt solution, dried, and evaporated. The A n a l. Calcd for Ci9H29N 03: C, 71.44; H, 9.15; N, 4.39.
residue was crystallized from methanol-isopropyl ether to give Found: C, 71.22; H, 8.96; N, 4.67.
additional 7 (5.12 g), mp 271-272.5°. Recrystallization from N-Acetyl-l7-oxo-2,5-seco-3,4-bisnor-5-aza-B-homoandrostan-
methanol-isopropyl ether gave the analytical sample: mp 275- 2-oic Acid (14).—A solution of silver nitrate (725 mg) in water 
276°; [a]s D + 3 0 ° ; X 3.00, 3.08, 5.86, and 6.09 m- f7.5 ml) was added to a solution of 12 (695 mg) in 95% ethanol

A n a l. Calcd for CnH27N 0 4: C, 65.99; H, 8.80; N, 4.53. (15 ml). This solution was treated dropwise with a solution of
Found: C, 66.10; H, 8.82; N, 4.63. sodium hydroxide (700 mg) in water (12.5 ml) and the resulting

The ether extract from the Beckmann rearrangement of 6  suspension was stirred in the dark for 4 hr. The precipitate was
(800 mg) was washed with water, dried, and evaporated to give removed by filtration and washed with water, and the filtrate
a 113-mg residue. Plate chromatography on alumina using was extracted with chloroform. The aqueous phase was acidified
chloroform-hexane (3:1) as the developing solvent and elution and extracted with chloroform. The chloroform extracts were
of the least polar band with ethyl acetate gave, after evaporation, washed with 8 % salt solution, dried, and evaporated. The
9 : xCHC1*4.45, 5.80, and 6.10 m; t nmr 9.13 (s, 18-Me), 8.12, residue was crystallized from acetone-isopropyl ether to give 14
7.84 (s, 10-Me), 7.97 (s, 17/3-acetate), 6.33, 6.31 (s ,2 -OCH3), 5.39 (348 mg), mp 178.5-179.5. Recrystallization from acetone-
(m, 17a-H), and 4.27 (s, 1-H). isopropyl ether gave the analytical sample: mp 180.5-181.5°;

6 -Oxo-l7/3-hydroxy-2,5-seco-3,4-bisnor-5-aza-B-homoandros- [a]23D —2°; X 2.8-3.2, 5.78, and 6.28 n ; nmr r  9.12 (s, 18-
tan-2-oic Acid 2 -Methyl Ester (8 ).—A solution of 7 (3.1 g) in Me), 8.44 (s, 19-Me), and 7.91 (s, 5-N-acetyl).
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A n a l. Calcd for CisHmNO«: C, 68.05; H, 8.71; N, 4.18. gave the analytical sample: mp 158-159°; [a] 24d +  117°; X
Found: C, 68.29; H, 8.42; N, 4.28. 5.70 (sh) and 5.75 p', nmr r 9.09 (s, 18-Me), 8.56 (s, 19-Me),

N-Acetyl-17-oxo-2,5-seco-3,4-bisnor-5-aza-B-homoandrostan- 7.35 (s, 1-CH2), and 6 .6 6  (m, 6 -CH2).
2 -oic Acid 2 -Methyl Ester (15).—The mother liquor from the A n a l. Calcd for CnH^NCh: C, 74.14; H, 9.15; N, 5.09. 
crystallization of 14 in the previous example was dissolved in Found: C, 74.38; H, 9.35; N, 5.08.
ether (5 ml) and methanol (2 ml) and treated with an excess of N-Acetyl-l7/3-hydrcxy-2,5-seco-3,4-bisnor-5-aza-B-homoandro- 
diazomethane for 10 min. Acetic acid was added, and the solu- stan-2 -oic Acid (2 1 ).—A solution of 14 (50 mg) in methanol (5
tion was evaporated. Plate chromatography of the residue on ml', was treated with sodium borohydride (30 mg) and stirred
alumina using chloroform as the developing solvent gave a at room temperature for 1 hr. The reaction mixture was con-
major band which was eluted with ethyl acetate. Evaporation centrated, diluted whh water, acidified to pH 2, and extracted
and crystallization from isopropyl ether gave 15 (81 mg), mp with chloroform. The chloroform extracts were washed with 8 %
131-132°. Recrystallization from isopropyl ether gave the ana- salt solution, dried, and evaporated. The residue was crystal-
lytical sample: mp 131.5-132.5°; X 5.79 and 6.15 p ;  nmr t 9.12 lized from acetone-isopropyl ether to give 21 (43 mg), mp 186-
(s, 18-Me), 8.46 (s, 19-Me), 7.94 (s, 5-N-aeetyl), and 6.41(s, 187°. Recrystallization from acetone-isopropyl ether gave the
2 -OCH3). analytical sample: mp 188-188.5°; [a] 24d —71°; X 2.8-4 .0

A n a l. Calcd for C20H31NO4: C, 68.74; H, 8.94; N, 4.01. (br), 5.83, and 6.20 p .
Found: C, 68.69; H, 8.78; N, 3.77. A n a l. Calcd for C19H31NO4: 67.62; H, 9.26; N, 4.15.

Hydrolysis and Reduction of 15.—A solution of 15 (80 mg) in Found: C, 67.91; H, 9.44; N, 4.06. 
water (0.5 ml) and 10% methanolic HC1 (10 ml) was refluxed l7(3-Hydroxy-2,5-seco-3,4-bisnor-5-aza-B-homoandrostan-2-
overnight and then evaporated to give crude 17-oxo-2,5-seco-3,4- oic Acid (2 2 ).—A solution of 21 (275 mg) in water (0.3 ml),
bisnor-5-aza-B-homoandrostan-2-oic acid 2-methyl ester hydro- concentrated HC1 (4 ml), and dioxane (15 ml) was refluxed
chloride (16) as an oil: nmr r 9.13 (s, 18-Me), 8.48 (broad s, overnight. The same procedure described for the isolation of 19
19-Me), and 6.25 (s, 2-OCH3). was followed. Crystallization of the residue from methanol-

Plate chromatography of 16 on alumina using chloroform as ethyl acetate gave 2 2  (100 mg), mp 233-234°. Recrystallization
the developing solvent gave a major band which was eluted with from methanol-ethyl acetate gave the analytical sample: mp
ethyl acetate. Evaporation gave 17-oxo-2,5-seco-3,4-bisnor-5- 233.5-234.5°; [a]23r> 0°; X 2.85-2.95, 6.17, and 6.25 p ;  nmr
aza-B-homoandrostan-2-oic acid 2-methyl ester as an oil (17, (DMSO) r 9.35 (s, 18-Me) and 8.82 (s, 19-Me).
44 mg): nmr t 9.13 (s, 17-Me), 8.82 (s, 19-Me), and 6.36 (s, A n a l. Calcd for CnH29NOs: C, 69.11; H, 9.90. Found: C,
2 -OCH3); XCHCU 3 . 0  and 5.78 p . 69.09; H, 9.81.

A solution of 17 (40 mg) was dissolved in methanol (3 ml), 17/3-Hydroxy-3,4-bisnor-5-aza-B-homoandrostan-2-one (23).—
treated with sodium borohydride (30 mg), and stirred at room A solution of 2 2  (143 mg) in water ( 1  ml) and dioxane (2  ml) was
temperature for 35 min. The methanol was evaporated and the treated with a solution of diisopropylcarbodiimide (0.085 ml) in
residue was diluted with water and extracted with chloroform. dioxane (1 ml). The mixture was stirred at room temperature
The chloroform extracts were washed with 8 % salt solution, for 3 days. The mixture was evaporated and the residue was
dried, and evaporated. The residue was plate chromatographed treated with water and extracted with chloroform. The chloro- 
on alumina using chloroform-methanol (99:1) as the developing form extracts were washed with 8 % salt solution, dried, and
solvent. Elution of the major band with ethyl acetate and evaporated. The residue was treated with ethyl acetate and
evaporation gave 17/3-hydroxy-2,5-seco-3,4-bisnor-5-aza-B-ho- filtered to remove N,N'-diisopropylurea, and the filtrate was 
moandrostan-2-oic acid 2-methyl ester as an oil (18, 24 mg): plated on alumina using chloroform as the developing solvent,
nmr t 9.26 (s, 18-Me), 8.84 (s, 19-Me), 6.4 (m, 17a-H), and The major steroid band was eluted with ethyl acetate and
6.33 (s, 2-OCH3). evaporated to give 23 (9 mg). Recrystallization from acetone-

17-Oxo-2,5-seco-3,4-bisnor-5-aza-B-homoandrostan-2-oic Acid isopropyl ether gave the analytical sample: mp 208-209°;
(19).—A solution of 14 (200 mg) in water (0.3 ml), concentrated x 2.90 and 5.78 p ;  nmr t 9.21 (s, 18-Me), 8.58 (s, 19-Me), 7.37
HC1 (5 ml), and dioxane (15.5 ml) was refluxed for 17 hr and (s, 2-CH2), and 6.35 (s, 17«-H).
then evaporated. The residue was dissolved in water, the pH A n a l. Calcd for Ci7H27N 02: C, 73.60; H, 9.81. Found: C,
of the solution was adjusted to 5.1 with sodium bicarbonate 73.99; H, 9.72. 
solution, and 8 % salt solution was added. This aqueous solution
was extracted with chloroform. The aqueous layer was then t> 1 1 1  za ni a . o  9 0 0 9 7  qq n . a
adjusted to pH 5.5 and evaporated. The residue was treated ???. 5  5 1  1 ^ 5 ’
with several portions of chloroform. The chloroform layers were 19<j U8-o5 5 , 4 , 2 3 3 2 /-DU-4, 5 , 195U 8-50-0, O, lyoUo-
dried and evaporated to give 19 (150 mg) as an oil: nmr t 9.14 57-7; 7, 19508-58-8; 8, 23327-94-8; 9, 23327-95-9;
(s, 18-Me) and 8.63 (s, 19-Me); xCHCls 2.92, 5.78, and 6.23 A4. 10, 20711-47-1; 11,20711-48-2; 12,20711-49-3; 13,
■ >̂4'Bisnor-5-aza-B-homoandrostane-2,17-dione ( 2 0 ) A solu- 19508-62-4; 14, 19508-63-5; 15, 19508-64-6; 16,

tion of 19 (452 mg) m mtromethane (15 ml) was treated with di- „ n ’ ’ 9 ! 1a 9 0 0 0 7  oq 7 .
cyclohexylcarbodiimide (270 mg) and stirred at room temperature ZooZo-UZ-l, 1/, *.ooZS-Uo-Z, 18, Z.300 < 6'd ( ,  iy ,
or 45 hr. The N,N'-dicyclohexylurea was removed by filtration 19508-65-7; 20, 19746-47-5; 21, 23330-26-9; 22,
and the filtrate was evaporated. The residue was plate chromato- 23330-27-0; 23,23330-28-1. 
graphed on alumina, using chloroform-hexane (1 : 1 ) as the de
veloping solvent. The plate was developed twice and the major Acknowledgment.—The author wishes to thank Dr.
band was eluted with ethyl acetate. Evaporation and crystalhza- , _ , ,  „  , . , , r T », ■ • 1
tion from ethyl acetate-isopropyl ether gave 20 (181 mg), mp C Cohen for the nmr spectra and Mr. J. Ahcmo and
157.5-158.5°. Recrystallization from acetone-isopropyl ether his staff for the microanalyses.
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Alum ina-Catalyzed Reactions of Hydroxyarenes and H ydroarom atic Ketones. IV. 
Products and M echanism  of Reaction of 2-N aphthol with M ethanol1
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D epartm ent o f  C hem istry, U niversity o f  Oregon, E u gen e, Oregon 97403  

J .  S h a bta i

D epartm ent o f  C hem istry, W eizm an n  In stitu te  o f  Science, Rehovoth, I s r a e l  
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The alumina-catalyzed reaction of 2-naphthol (2 ) with excess methanol was studied as a function of catalyst 
acidity and temperature (275-470°). At 350-470° 2  undergoes mainly (45-96 mol % on converted naphthol) ring 
methylationwith concurrent elimination of the arenolic group to give the following specifically substituted naph
thalenes as principal products: 1,2-dimethyl-, 1,2,3-trimethyl-, 1,2,3,4-tetramethyl-, and 1,2,3,4,6-pentamethyl- 
naphthalene. Yields of 1,2,4-trimethyl- and 1,2,3,4,6,7-hexamethylnaphthalene become significant at higher 
temperatures (420-470°), with a sodium-free catalyst (A). At 275-300°, with sodium-containing catalysts 
(C, D), the product consists mainly (57-75 mol % on converted 2 ) of the oxygen-containing precursors 1-methyl-
2-naphthol, l,l-dimethyl-2-oxo-l,2-dihydronaphthalene (6), and l,l,3-trimethyl-2-tetralone (7). At 275°, with 
C, 6 reacts with methanol to yield 1,2-dimethylnaphthalene (60%) and 7 (36%). At 300°, with A, 7 plus meth
anol give 1,2,3-trimethylnaphthalene in 94% yield. The preferential methylation of 2  at C-l and the methyla- 
tion of 6 at C-3, observed at 275-300°, are consistent with calculated simple Hiickel molecular orbital reactivity 
indices for electrophilic attack on the corresponding systems. Mechanistic and stereochemical aspects of the re
actions are discussed.

It was found previously2 that the alumina-catalyzed Results
reaction of 1-naphthol (1) with methanol, to form T, . . „  . ,  T . .
polymethylnaphthalenes containing two to six sub- Results obtamed are summanzed m Table L  As m
stituents, occurs with a high degree of positional the case of 1-naphthol2 the reaction of 2-naphthol with
selectivity. It was proposed (on the basis of quantum f ethano1 ylddf. f°ur ty Pe s ° f f oduucf t 111 f t e te“ Pe^
mechanical calculations, isolation and identification of ture/ahge studred t e. methyl naphthyl ethers (3, 4)
oxygen-bearing intermediates, and observed specific methylated naP ^ h° s (almost entirely 5) methylated
structures of the final products) that ring methylation °x°  impounds f t  7)’ “  mcthyf t aP ft  f t ene« (8^ 7);
involves electrophilic attack preferentially at C-2, C-4, chanSe m the relative yields of these types of
and C-7. Dimethylation at C-4 and C-7 is followed by Prodllctfs “  a fun°tlon of temperature and catalyst
rearrangement of a methyl group to C-3 and C-6, acidity follows a pattern similar to that observed in the
respectively, while dimethylation at C-2 is followed by reactlon of Formation of ethers 3 and 4
reduction-rearrangement, whereby migration of a occurs mainly at the lower temperatures (275-300 ),
methyl group to C -l occurs with attendant loss of the and the relatlve importance of this reaction decreases
oxygen function and termination of the overall process.* with increased catalyst acidity (cf. expt 1-6;.cata lyst
As a continuation of this study, the reaction of 2-naph- aci y  n  . f t  e main reac ion a 
thol (2) with methanol was investigated. The direction over the weakly acidic catalysts C and D (expt 1, 2, 4, 5) 
r- , , . . „ ,. , . , , is ring methylation of 2 to give oxygen-bearmg com-of nng methylation m this case is of particular mterest j  „ / , .  , . , ,  __ __ , m 6 , ,c , , , A .  , ,, r, ,, pounds 5-7 (combined yield 51-75 mol %  on convertedm view of the reported low reactivity of the C-3 C  , v „  , . ,

... / j  ,, ri , . 2). Only small amounts of methymaphthalenes,position (as compared with the C -l position) in 2 in a . , , , , , „ , , • ■ ,1 , \ . , . . . . . . .  . mainly 11 and 12, are formed in these experiments.number of electrophilic substitutions.4 TT ,, . ’ -
,, ,, However, the yields of 11 and 12 plus 14 and otherThe apparatus and procedure were essentially the . ’ . , , ,, , .  , ... ,,

, . A , r , , -n, . , polymethylnaphthalenes are markedly higher with thesame as employed m the study of l . 2 Experiments , , . . .  , , , . , . ,5, , . ,
• j 1 x ,,-r j i • , , , , strongly acidic catalyst A  (expt 3, 6). 1 he combinedwere carried out at 275-470 and alumina catalysts used . , ,  ; ,, / . ' ’ , e ... ,

. ,. n , , , ■, , . j. i yield of the oxygen-bearmg compounds 5-7 with cata-
were A, sodium-free, prepared by hydrolysis of alu- f f t *  through a maximum at ca 300°
minum isopropoxi e, , ou ry a|’ aumina, con There is a gradual decrease in the yield of these com-
taimng ca. 0.4% of sodium; and D, from sodium alu- , .

. x , . V „ A  j- , ? s t j - -j i ponents and a concomitant increase in the yield of
minate, contaimng ca 0.5% sodium. Individual ^ eth lnaphthalenes as the temperature is raised, 
compounds were isolated from the total products by These trf t ds are consistent with the previously es-
preparative gas chromatography and were identified by tabnghed rde of methylated naphthols and oxo com.
a combination of infrared and nmr spectral methods, dg &g intermediateg in the formation of methyl-
and, m some cases, by  conversion into derivatives. J  hthalenes from i . naph th o lA ^  More facile con-
Quantitative analyses were earned out by gas chroma- v(f t ion of the intermediate compounds occurs with
tograp y. catalyst A  than with catalyst C or D. It is found that

(1) This investigation was carried o u t in  th e  D epartm en t of C hem istry, t h e  C o m b i n e d  y i e l d s  o f  m e t h y l n a p h t h a l e n e s  f r o m

, : z r r “ < 5 s s t s r s i s s  « » * y ?:  p r 1 ®  anl al3?°° «*In s titu te  of G eneral M edical Sciences, U. S. Public H ealth Service. m o l  % )  & Y Q  C O n S ld s r a b ly  h i g l l C r  t h a n  tHOSG frO H l 1 - I i a p n -
(2) P a r t i :  L. H . Klemm , J . Shabtai, and D. R . Taylor, J .  O r g .  C h e m . ,  33, thol Under identical Conditions (13 and 28 mol % ,

1480 (1968)- rpsrw tivplv)(3) P a rt I I :  J . Shabtai, L. H . Klemm, and D. R . Taylor, i b i d . ,  3 3 ,  1489 l e f e p e e u i v e j y ; .
(1968). N ote  th a t  catalyst D  was from  potassium  alum inate (instead of
from  sodium  alum inate) in  th is earlier study. (5) H . Pines and W. O. Haag, J . A m e r .  C h e m .  S o c . ,  8 2 ,  2471 (1960).

(4) L . F . Fieser and M . Fieser, “ Advanced Organic C hem istry,” Reinhold (6) P a r t I I I :  J . Shabtai, L. H. Klemm, and D. R . Taylor, J .  O r g .  C h e m . ,

Publishing Corp., New York, N . Y ., 1961, pp 880-883. 33, 1494 (1968).
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The isomeric compositions of the trimethyl- and relatively low yield of 2-methoxynaphthalene (Table I,
tetramethylnaphthalene fractions derived from 2-naph- expt 1-7) may be due to reversibility of the ether-
thol (2) are markedly different from those observed in forming reaction (cf. study of 1-methoxynaphthalene)3
the reaction of 1-naphthol (1) under identical experi- and/or to shielding of the oxygen atom by the catalyst
mental conditions.2 1,2,3-Trimethylnaphthalene (12), surface.2’8
a minor isomeric product from 1, is the predominant From the oxygen-bearing products isolated it is 
trimethylnaphthalene formed from 2 at temperatures apparent that in the temperature range of 275-300° the
up to 350° (82-99% of the isomeric fraction; expt 1-9). first step of ring methylation occurs with a very high
1.2.4- Trimethylnaphthalene (13), normally a major degree of preference at C -l, though methylation at C-3
component of the isomeric fraction from 1 at 275-350°, is also significant. Thus in expt 1-5 the major product
is formed as a minor component from 2 in the same formed is l-methyl-2-naphthol (5), while other methyl-
temperature range. The relative importance of 13 naphthols are virtually absent. Compounds 4 and 6
increases, however, at 420-470° with catalyst A  (expt also result from ring methylation at C -l, while forma-
12, 15). Small amounts of a third isomer, tentatively tion of 7 requires methylation both at C -l and C-3.
assigned the structure of 1,2,6-trimethylnaphthalene, Scheme I depicts likely pathways from 2-naphthol 
are also obtained with A  (Table I, footnotes d and e). (2) to l,l-dimethyl-2-oxo-l,2-dihydronaphthalene (6)
1.2.3.4- Tetramethylnaphthalene (14), a relatively minor and l,l,3-trimethyl-2-tetralone (7) via l-methyl-2-
component from 1, comprises 90-99% of the isomeric naphthol (5). Introduction of a second methyl group
fraction obtained from 2. Reaction of 2 also produces
I, 2-dimethylnaphthalene (11), 1,2,3,4,6-pentamethyl- Scheme I
naphthalene (15), and 1,2,3,4,6,7-hexamethylnaphtha-
lene (16) as isomer-free components. 1-Methylnaph- T H:iC s , C H :> H3C , , . C H 3
thaler.e is the predominant isomer in the monomethyl- CH3°H,
naphthalene fraction, in contrast to the formation of L  l  J  1 1  J  L i l i l
2-methylnaphthalene as the main isomer from 1. 6
Calculations based on the composition of the total • N. 2CH,oh , ch3oh
products from 2-naphthol (Table I) show that the choh 'v  | ch3oh
average depth of ring methylation (average number of a ^
methyl groups per product molecule) increases with 2 * 3 ' X ’ -̂o 3 ' X ' b o
catalyst acidity (A >  C >  D) and with temperature, up p | | [
to 470°.

Reactions of l,l-Dimethyl-2-oxo-l,2-dihydronaph- 7a 7
thalene (6) and of l,l,3-Trimethyl-2-tetralone (7).'—
A  solution of 6 in methanol (1:10 by weight) was passed . n , - . ,,
over catalyst C  at 275 to yield a product which con- order ^  c _3 or ^  CM (vide infm) should form 7a

ame , - ime y nap a ®ne ( mo %, > > ~ Although 7a was not isolated, its presence in the total
tnmeohyl-2-tetralone (7) 36 mo . % ■ and 1,2,3-tn- product in concentrations below 2%  is possible. Com-
methylnaphthalene 12), 3.5 mol %  (total conversion d 7 mi ht then result by reduction of the carbon_
52%). In a parallel experiment with catalyst A  the carbon double bond in 7a Qr alternativel b initial
conversion of 6 was 85% and the product consisted of h d n d e  attackio at c _4 in 6 followed b methylation at
II, 41 mol % ; 7, 6 mol % ; and 12 53 mol %  ¿ 3  (vide infra for mechanistic details)
Passing a solution of 7 in methanol (1:10  by weight) The lausibilit of 6 as an intermediate on the route 
over catalyst A  at 300 gave isomencally pure 1,2,3- to 7 ig ided b caiculated superdelocahzabilities for 
trimethylnaphthalene (12) m 94% yield. electrophilic and nucleophilic attacks on the former

. compound (Chart II, parameters /¿(o> = 1.0, &(c=o) =
Discussion 1.0).7 If 6 is subjected to electrophilic attack by the

Formation of Oxygen-Bearing Products.— A  quali- methylating species, C-3 would be the preferred ring
tative indication of the expected positions for methyla- position for methylation. On the other hand, C-4 and
tion in 2 was obtained by simple Hiickel molecular (to a slightly lesser extent) C-2 would be the favored
orbital calculations of ir-electron densities (qT) and of positions for hydride addition.
superdelocahzabilities for electrophilic attack (Sre,ec) on Formation of Methylnaphthalenes.— Ketones 6 and
2-naphthoxy anion. Chart I gives the molecular 7 (or 7a) could serve as precursors of 1,2-dimethyl-
diagram obtained with the set of parameters h(0) = naphthalene (11) and 1,2,3-trimethylnaphthalene (12),
1.0 and fc(C_o) = l.O.7 The calculated values (in respectively. This is fully supported by the smooth
particular for $relec) would indicate a strong preference conversion of 6 and 7 into the corresponding naphtha-
for electrophilic attack at the oxygen atom and at C -l. lenes under the experimental conditions (vide supra).
Positions C-3, C-6, and C-8 should show lower, but The facile transformation 7 ^  12 is consistent with the
S t i l l  s i g n i f i c a n t  r e a c t i v i t y .  A l t h o u g h  O - m e t h y l a t i o n  (8) I t  h  notew orthy th a t th e  preferen tia l C -m ethylation (ra ther th an  
c o u l d  b e  f a v o r e d  o v e r  r i n g  m e t h y l a t i o n ,  t h e  o b s e r v e d  o-m ethyiation) of 2-naphthoi, or a possible transform ation 2-m ethoxynaph

thalene —►  a;-methyl-2-naphthol, is consistent with the  Principle of H ard  and 
Soft Acids and Bases (HSAB).9

(7) A. Streitwieser, “ M olecular O rbital Theory for Organic C hem ists,” (9) R . G. Pearson, S c i e n c e ,  151, 172 (1966); J .  C h e m .  E d u c . ,  45, 581, 643
John  W iley & Sons, Inc., New York, N . Y ., 1961, pp 123, 135. T he  para- (1968); R . G. Pearson and J . Songstad, J . A m e r .  C h e m .  S o c . ,  89, 1827
m etric set for th e  2-naphthoxy anion takes into account th e  expected de- (1967).
crease in th e  Coulomb integral which accompanies th e  increase in negative (10) For fu rther discussion of th e  m echanism of reducing activ ity  of the
charge produced by ionization, b u t th e  molecular properties calculated from m ethanol—alum ina system, see p a rt V: J . Shabtai, L. H . K lem m , and D. R.
th is set do n o t include the  effects of n  electrons on th e  oxygen atom . Taylor, J .  O r g .  C h e m . ,  35, 1075 (1969).
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finding10 that, under similar conditions, 2,2-dimethyl-l- increased combined yield of 14 and 15 in expt 10-15
tetralone and 2,2,4,7-tetramethyl-l-tetralone are con- may reflect an enhancement in the reactivity of the C-3
verted into 1,2-dimethylnaphthalene and 1,2,4,7- (relative to the C -l) position in 2 with increase in
tetramethylnaphthalene, respectively. As indicated in temperature and catalyst acidity,
the following paper, these reactions proceed with the The lack of méthylation at C-8 can be attributed to 
intermediate formation of the corresponding 1,2-di- pen interference11 by a methyl substituent introduced
hydronaphthalenes. The formation of 12 could simi- at C -l in an earlier méthylation step. A  similar effect
larly involve a dihydronaphthalene intermediate (c/. was considered to prevent méthylation at C-5 in
Table I, footnote h). 1-naphthol through earlier introduction of a methyl

The increased yields of tri-, tetra- and pentamethyl- group at C-4.2'6 
naphthalenes above 300° indicate that ring méthylation The small amounts of naphthalene and 1-methyl- 
of 2 at positions other than C -l becomes increasingly naphthalene formed in the reaction (Table I) are prob-
significant with rise in temperature. Whereas mono- ably derived by direct reduction of 2-naphthol and
méthylation at C -l probably remains the most facile l-methyl-2-naphthol, respectively. 1,2,4-Trimethyl-
step, the introduction of a second methyl substituent naphthalene (13) might be produced in a similar way
at the same carbon could be preceded by méthylation(s) from the corresponding naphthol (Scheme II, 14b).
at C-3, or both at C-3 and C-6. As in the case of Surface Ensembles and Stereochemical Mech-
1-naphthol, it is proposed that polymethylnaphthalenes anisms.— The generalized mechanistic schemes which
are derived from 2 by sequential pathways which have been presented in this and preceding papers2'3'6
involve ring méthylation, dienone-arenol rearrange- stressed mainly the chemical transformations of the
ment (r), and a terminal reduction-rearrangement step naphthol reactants and of reaction intermediates, with
(Rr). The formation of 1,2,3,4-tetramethylnaphtha- little attention paid to the nature of the methylating
lene (14), for instance, is visualized as proceeding by one agent, stereochemical requirements of the catalyst
or more of the plausible sequences (l,3),3,r,[l,3],Rr, surface, and the catalytic function of the alumina per se.
where the parenthesized numbers refer to allowed It seems pertinent at this time to present a more de
permutations in the méthylation sequence6 and the tailed picture of the interactions between the catalyst
bracketed numbers refer to alternative positions for surface and the reacting molecules. This picture is
méthylation (c/. Scheme II). Analogously, the se- based, in part, on the model for y-alumina developed by

Peri.12
Scheme II» The catalyst surface (Figure la) is represented as a

a defect lattice work of incompletely coordinated oxide
IL ions (strong basic sites, designated simply as “ basic

3CH3oH j r sites” ) in the outermost, partially filled surface layer, a
2 ------- ►  T j k  J k cH 3 ■ ^  nearly regular array of incompletely coordinated,

exposed aluminum ions (designated simply as “ acidic 
14a sites” ) in the second (filled) layer, and alternating

layers of catalytically inactive oxide and aluminum 
9H3— H3q ions below. The outermost layer also contains some

ch oh hydroxide groups (considered weak basic sites in the
I j —-—*- f JT fresh catalyst and amphoteric sites during the reaction

proper, vide infra). The strength and hardness9 of 
acidic sites vary over wide ranges and increase with 

14b 14c increasing numbers of incompletely coordinated neigh-
■ boring aluminum ions. For simplicity of argument, in
| CH’0H mosj cases one may consider that all of the catalysts
CH Rr used in these studies contain only two types of Lewis
T q acidic sites, strong and weak ones. The relative

Rr ; 14 acidities of the catalysts then depend largely on the
relative concentrations of these two types of sites,6 

T  3 though certain catalytic steps may occur only on the
CH-i more pctent of the strong sites {i.e., on “ very strong”
14d sites, vide infra). Fully coordinated aluminum ions

“ a = acidic site. would not function as acidic sites. Only the outermost
layer of oxide ions and hydroxide groups is considered 

quences (l,3,6),3,r,[l,3],Rr are suggested for the interchangeable with the reacting species,
formation of 1,2,3,4,6-pentamethylnaphthalene (15). Based on the studies of Greenler13 and K a g e P  on the
As noted in Scheme II, dimethylation at C-3 (see 14a * a ° f ? îthan?  ad?°Jrbed ?n alum'na in an e(*mh:
and 14d) involves the formation of a nonaromatic brated f stem’ a detaded mechanism for formation of
intermediate ketone (c/. Scheme II, paper III).6 It is oxygen-bearing adsorbed intermediates is proposed
suggested that such highly energetic intermediates are f lgure }}  dn Flgurexla  an ensemb e of four sites
reasonable in view of the elevated reaction temperature .(t^ c a(adic’ tw0 baac> “  used . to dlustrate ?mtiaJ
used and the possibility that flatwise (or nearly flatwise) independent processes of dissociative chemisorption of
adsorption of the entire 7T system occurs to a significant (11) V. Balasubramaniyan, Chem. Ren., 66, 567 (1966).
extent. Such adsorption could in fact be requisite for ^  J- £■  Pen, Phys. Chem 69,220  0965); 70, 1482, 3168 (1966).. .  .  , .  , „  f  , ,  . , ,  (13) R . C. Greenler, J .  C a e m .  Phys., 37,2094 (1962).
méthylation at C-6. For a simplified picture the (14) r .o.Kagei, j.Phys.chem.,71, 844(1967)
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Figure 1.—Five-site ensemble for sequential methylation of 2 at C-l and C-3.

2-naphthol15 and methanol with formation of surface surface. This process involves proton transfer be-
naphthoxide and methoxide13-14'16 groups, respectively. tween adjacent hydroxide groups (amphoteric sites).
Bonding occurs between the hard acidic site and the Proton transfer may also occur from an hydroxide
hard basic oxygen in both cases. However, the bonding group to adsorbed arenoxide with the attendant loss of
is indicated as covalent for the methoxide and ionic arenol, e.g., l-methyl-2-naphthol (5), from the surface,
(dotted line) for the naphthoxide, in accordance with Other than in ihese desorption processes, however,
the relative acidities of methanol and 2-naphthol Bronsted acidity of the catalyst surface (acquired
(i.e., with bonding to the proton, also a hard acid). principally during the reaction proper) is considered to
Methylation of the adsorbed naphthoxide species at be nonfunctional.17
C -l by a juxtaposed methoxide16 is represented in A  more detailed possible mechanism for the reduc- 
Figure lb  as a concerted step, accompanied by re- tion-rearrangement of 6 is presented in Figures 2 and 3.
generation of an oxide site (Figure lc) at a different In Figure 2a an ensemble of four sites (two acidic and
position on the surface. Repeated methylation of the two basic) serves to adsorb methanol and ketone 6.18
adsorbed naphthoxide at C -l would produce 1,1-di- Adsorption is followed by hydride transfer from a
methyl-2-oxo-l,2-dihydronaphthalene (6). On the methoxide group to the carbonyl function (Figure 2b)
other hand, if the second methyl substituent is in- to produce formaldehyde (c/. Table I, footnote d) and a
traduced at C-3 (Figure lc) and this step is followed by chemisorbed dihydronaphthoxide intermediate (Figure
methylation at C -l (Figure Id), the product would 2c). This intermediate subsequently undergoes loss of
be 1, l,3-trimethyl-2-oxo-l ,2-dihydronaphthalene (7a, its oxygen function in the form of a surface oxide group,
Scheme I). It is readily apparent from Figure 1 that with concurrent neopentyl-type rearrangement of a
geometric relationships of the adsorbed reactants should methyl group.10 As depicted in Figure 2c, the re
favor methylation at carbons vicinal to C-2, particularly arrangement involves anchimeric assistance by the
if the naphthalene ring protrudes outward from the migrating methyl group and y participation19 by proton
surface. A t higher temperatures and/or with more extraction from the other methyl group to the surface,
acidic catalysts the ensemble of acidic sites may be Hydrogen exchange between the surface and the un-
more extensive in area and permit both flatwise adsorp- stable intermediate 11a (Figure 2d) should occur rapidly
tion of the naphthalene ring and access of surface (with or without intervening translation of 11a upon
methoxide groups to ring positions more distant from the catalyst surface) on an ensemble of two sites (one
the oxygen function. , „  „

a ’ 4- (  i n  o n c o m K I h  (17) H . P . Boehm, A d v a n .  C a t a l . ,  16, 179 (1966); J . M . Parera  and N . S.A  fifth site (an hydroxide group) m the ensemble Fî oU, j.cataL.u.soswm.
(Figure 1) serves to effect loss of water from the catalyst (lg ) j n fact 6 m ight still be anchored to  the  site  on which i t  was formed.

(19) H . Pines and J  M anassen, A d v a n .  C a t a l . ,  16, 80 (1966); C. N . Pillai
(15) This m echanism should also be applicable to  th e  1-naphthol system .2 and H. Pines, J . A m e r .  C h e m .  S o c . ,  83,3274 (1961). A lternatively , rearrange-
(16) Since th e  system  used in  th e  present study is nonequilibrated, i t  is m ent could occur w ithout y participation. A referee has suggested a th ird

still possible th a t  nondissociatively adsorbed m ethanol serves as a m ethylat- mechanism in which rearrangem ent is in itiated  by abstraction  of th e  proton
ing agent; c f .  J . R . Ja in  and C. N . Pillai, T e t r a h e d r o n  L e t t . ,  675 (1965). a t  C-2.
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Figure 2.—Four-site ensemble for reduction-rearrangement of 6 .

f = = \  Reactions of l,l-Dimethyl-2-oxo-l,2-dihydronaphthalene (6 )
r — L  and l,l,3-Trimethyl-2-tetralone (7) in the Presence of Methanol.

/ /  \ __ i f  —In experiments with compounds 6  and 7 the starting mixture
J O .  /  consisted of 1 g of the ketone in 10 g of methanol. The solution

y = was passed through the catalyst (30 g) over a period of 45 min.
(  CH3 ( q |-|2 At the end of the run the catalyst was washed first with methanol

&.tt. \ (5 ml), then with benzene (50 ml), and finally extracted with
"u * \  boiling acetone. The product was processed and analyzed as

„/>H usual. 2' 3

■ 0 '  Isolation and Identification of Reaction Products.—The
/  /  /  . methylnaphthalenes 9-16 were identified by comparison of nmr

r ~ A I  y -A  and infrared spectra, as well as vpc retention volumes, with those
/  ' /  / /  of authentic samples. l-Methyl-2-naphthol (5), mp 110-111°

/ J  / / /  (lit. 20 mp 1 1 0 - 1 1 1 °), was isolated from the acidic fractions of
r ~ ~  A /----- ~i /  expt 1-6, whereas 2-methoxynaphthalene (3) and l-methyl-2-

/  /______ i_____ / /  methoxynaphthalene (4) were isolated from the neutral products
j 1/ of expt 1, 2, and 4. Compounds 3-5 were identified by compari-

j  son of nmr and infrared spectra (also mixture melting point for
Figure 3.—Two-site ensemble for formation of 1 1  from 1 1 a by 5) with those of reference samples (v id e in fra ) .

hydrogen transfer. l,l-Dimethyl-2-oxo-l,2-dihydronaphthalene (6 ) was isolated
in >99%  purity by preparative vpc of the products from expt 2, 
4, and 7: 2,4-dinitrophenylhydrazone mp 224-225° (lit. 21 mp 

basic  and one hydroxide) to  form  1,2-d im eth y ln ap h th a- 224.5-225.5°); nmr (CC14) a 1.41 (s, 6 , geminal CH3 groups),
lene (11 ), as shown in  F igu re 3. D esorption  of a  9 -9 3  (d, 1, J  =  1 0 . 0  Hz, = C H  at C-3), and 7.1-7.5 (m, 5,
m olecule of w ater from  th e  surface (F igure 2d ), plus aromat.c protons and - C H =  at C-4); ir (neat) 764 (s) S39 (s),

. . ,  1  -.I t  4.U 1 1 0 2  1 2 1 6  1 2 0 2  1 2 9 8  1 3 8 1  (W)> 1 3 9 9  (m)>diffusion of w ater, form aldehyde, and 1 1  from  th e  1467 (m), 1566 (m), 1624 (w), 1670 (s), and 2990 cm- 1  (m).
im m ediate v ic in ity  would regenerate b o th  ensem bles of In the nmr spectrum the partial overlapping of the doublet 
sites (but in  slightly  altered  geom etric arran gem ents). which is due to the vinylic proton at C-4 with the multiplet

arising from the aromatic protons is similar to that shown by the 
/3-vir.ylic and aromatic protons in the cinnamic acids. 22 The 

Experimental Section frequency of the carbonyl absorption (1670 cm-1) falls in the
range characteristic of «,/3-unsaturated ketones (1665-1685 

Apparatus, Catalysts, and Procedure. The apparatus and cm-1).23“ The strong band at 839 cm - 1  is assigned to CH out-of-
experimental procedure were essentially the same as employed piane deformation at the cis  double bond (estimated frequency,
m the study of 1-naphthol. 2 The alumina catalysts A (from g2o cm ' 1 for the cis  C H = C H -C = 0  gro u p * plus 15-20 cm- 1
aluminum isoproproxide) and D (from sodium aluminate) were ___________
prepared according to methods described previously; 2' 3’5 catalyst
C (Houdry Process Corp., Philadelphia, hard alumina, Grade (20) E . W enkert, R . D. YDussefyeh, and R. G. Lewis, J .  A m e r .  C h c m .  S o c . ,

HA 100) was obtained commercially. A fresh portion of catalyst 8 2>4 e 7 5  (1360).
(80 g , 0.125-in. pellets) was used in each experiment after pre- GO E . N . M arvell and J . L. Stephenson, ibid., 77,5177 (1955).
liminary activation in  situ  by a standard procedure. 2 In all N, ' f '  Bhacca" L‘ F‘ J°hn8°n’ an<LJ \N' sh°olery' “NMR sPectra*4-1» o l +l  i ,1  , ,• • , c  , , Catalog, V arian Associates, Palo Alto, Calif., 1962, Spectrum  No. 230; E . O.reactions with 2 -naphthol the starting mixture of reactants ,____ , ^ ™ -r,. , , , ,  ,/rp i i  t f  + + \ a  4.U U 4.U , /. , , Bishop and R. E . Richards, M o l .  P h y s . ,  3, 114 (1960).
(Table I , footnote a )  was passed through the reactor (total addl- (23) L> J. BeUamy, “ T he Infrared  Spectra of Complex M olecules,” 2nd
tion time, 2 hr) at a constant liquid feed rat6 , in a stream of ed, John  Wiley & Sons, Inc., New York, N . Y., 1962: (a) p  132; (b) p 48;
nitrogen (22 ml/min), at atmospheric pressure. (c) p 7 7 .
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for phenyl conjugation24)- The frequency of CH out-of-plane and aromatized by means of 2,3-dichloro-5,6-dicyanobenzo-
deformation of the four adjacent aromatic hydrogens (764 cm“1) quinone27 to give 1,2,3-trimethylnaphthalene (0.43 g, 71%
is close to that observed for o-methylstyrene (772 cm“ 1 ) . 26 The overall yield), free of isomers (c f. analogous case for conversion
presence of geminal methyl groups is evidenced by splitting of of 2,2,4,7-tetramethyl-l-tetralone into 1 ,2 ,4 ,7 -tetramethyl-
the symmetric methyl (CH) bending vibration (doublet at 1381 naphthalene) . 2

and 1399 cm“ 1 ) . 26 Sources and Synthesis of Reference Compounds.—Pure
The nmr and infrared spectra of the product were identical samples of the methylnaphthalenes 9-16 were available from

with those of a sample of 6  synthesized by independent means previous studies. 2-3 28 l,l-Dimethyl-2-oxo-l,2-dihydronaphtha-
(vide in fr a ) .  lene (6 ) was prepared according to Marvell and Stephenson; 21

l,l,S-Trimethyl-2-tetralone (7) was isolated in 98% purity by l-methyl-2-naphtho: (S) and l-methyl-2-methoxynaphthalene 
vpc of the neutral products from expt 3, 5, and 7, and from a (4), according to Wenkert, et a l .w Pure 2-methoxynaphthalene 
preparative experiment with compound 6  as starting material (3) was obtained by recrystallization of a commercial product. 
(275°, catalyst C): ra20D 1.5440; nmr (CCL) S 1.0-1.5 (m, 9 , Analytical.—Vpc analysis of neutral products was carried out
geminal CH3 groups at C-l and CH3 at C-3), 2.4-3.2 (m, 3, on an 8  ft X 0.375 in. (o.d.) column, filled with 10% Bentone 34
CH at C-3 and CH2 at C-4), and 6.9-7.5 (m, 4, aromatic pro- (modified with 5%  Apiezon L) on 60-80 Chromosorb P . The
tons); ir (neat) 768 (s), 1022 (m), 1054 (m), 1244 (m), 1315 (m), same type of column was used for the isolation of individual
1367 (w), 1386 (m), 1465 (s), 1725 (s), and 3000 cm - 1  (s). compounds. Most of the unidentified components (Table I,

A n a l. Calcd for C13H16O: C, 82.93; H, 8.57. Found: footnote h) showed lower retention times than methylnaph-
C, 83.S2; H, 8.56. thalenes and appeared in a range characteristic for dihydro-

The absence of methyl substitution in the aromatic ring is naphthalenes. 29 The analysis and isolation of acidic products
evidenced by the strong band at 768 cm“1, which is assigned to was carried out on a 5 ft X  0.375 in. column filled with 10%
the CH out-of-plane deformation of the four adjacent aromatic Carbowax 20M on Chromosorb W. A Varian A-60 spectrometer
hydrogens (orflio-disubstituted structure) . 23"-26 Again the sym- was employed for the measurement of the nmr spectra, with
metric bending vibration of the geminal methyl groups is split carbon tetrachloride as a solvent and tetramethylsilane as
(bands at 1367 and 1386 cm-1). However, the doublet is rather reference compound. Infrared spectral analyses were carried
obscured (compared with that in the spectrum of 6 ), apparently out with a Beckman IR  7 spectrophotometer. The spectra of
as a result of overlapping with a singlet arising from symmetric compounds 6 and 7 were measured with the pure liquids in a
deformation of the methyl group at C-3. The frequency of the microcell of capillary thickness. Elemental analysis of 7 was
carbonyl absorption (1725 cm-1) fits the range for an uncon- performed by Micro-Tech Laboratories, Skokie, 111.
jugated, six-membered ring ketone (1705-1725 cm-1).

The positions of the methyl groups in 7 were confirmed by R eg istry  N o.— 2 , 135-19-3; 6 , 23230-52-6; 7,
subjecting a small sample (0.8 g) to reduction with sodium 23230-53-7; methanol, 67-56-1. 
borohydride, followed by dehydration of the intermediate carbinol
(ir band at 3610 cm-1) with potassium bisulfate at 2  mm pres- A cknow ledgm ent.— Thanks are due to Mr. K . C.
sure. The dehydration product was collected in a cold trap Bodily for assistance in syntheses of reference com-

(24) C f .  2,3-dichloro-ct's-cinnamic acid: S. Lindenfors, A r k .  K e m i ,  13,127 p o u n d s .
(1959). M easurem ent in  th is laboratory  shows th a t  e thyl cts-cinnam ate ab
sorbs a t  836 cm -1. (27) E. A. Braude, L. M. Jackm an, R . P . L instead, and G. Lowe, J .

(25) H . Pines and J. Shabtai, J .  O r g .  C h e m ., 26 , 4220 (1961). C h e m .  S o c . ,  3123 (1960).
(26) R . T . Conley, “ Infrared  Spectroscopy,” Allyn and Bacon, Inc., Bos- (28) L. H . Klemm and A. J . Kohlik, J .  O r g .  C h e m . ,  28, 2044 (1963).

ton , M ass., 1966, p 94. (29) L. H . Klemm, J. Shabtai, and K. C. Bodily, unpublished results.

A lum ina-Catalyzed Reactions of Hydroxyarenes and H ydroarom atic Ketones.
Y. M echanism  of Reduction of 1-Tetralones to 1,2-Dihydronaphthalenes
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The alumina-catalyzed reactions of methanol with 1-tetralone (1), 2,2-dimethyl-l-tetralone (2 ), and 2,2,4,7- 
tetramethyl-l-tetralone (3) were studied as a functiom of temperature (220-420°) and catalyst acidity. At 
220°, with sodium-containing catalysts (C, D), 1 yields 1 ,2 -dihydronaphthalene (4) as the main product (59-91 
mol %, based on converted 1). At 250-275°, with C or A (sodium-free alumina), the reduction of 1 is accom
panied by methylation to give 2-methyl-3,4-dihydronaphthalene (5) in 75-85 mol % yield (based on converted 1).
At 325°, with A, 2 undergoes reduction-rearrangement to give l,2-dimethyl-3,4-dihydronaphthalene (6 ) in 51 
mol % yield, while at 420° the main product is 1 ,2 -dimethylnaphthalene (80 mol %), probably derived from 6  as a 
precursor. The one-step conversion of 1 -tetralones into 1 ,2 -dihydronaphthalenes appears to be of general syn
thetic applicability. At 375-420°, with A, 3 is transformed smoothly into 1,2,4,7-tetramethylnaphthalene in 
76-89 mol % yield. I t  is proposed that the reductive action of the alumina-methanol system involves a surface 
process which is mechanistically analogous to the Meerwein—Ponndorf-Verley reaction. Spectral characteristics 
of 4, 5, and 6  are reported.

It  was shown previously2 that l-oxo-2,2-dimethyl- in the presence of methanol as a reducing agent and of
1.2- dihydronaphthalene is smoothly converted into alumina as a catalyst. As an extension of this study,
1.2- dimethylnaphthalene (84-98% yield at 275-350°) the alumina-catalyzed reactions of methanol with 1-

. tetralone (1), 2,2-dimethyl-l-tetralone (2), and 2,2,4,7-(1) (a) This investigation was carried out in  the  D epartm ent of Chem istry,
U niversity of Oregon, and was supported by Research G ran t CA-5969, U. S.
Public H ealth  Service; (b) to  whom inquiries should be addressed; (c) (2) P a rt I I :  J . S habtai, L. H. Klemm, and D. R. Taylor, J .  O r g .  C h e m . ,

Research Assistant, 1964-1967. 33, 1489 (1968).
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T able I
Alumina-Catalyzed R eactions of 1-Tetralone (1) with M ethanol“

Expt no. 1  2 8  4 5 6
Catalyst D C C C A A
Reaction temp, °C 220 220 250 275 275 350
Conversion of 1, mol % 48 51 74 83 97 100
Product component, 6 mol %

1.2- Dihydronaphthalene (4) 43 .6  30.2 17.3 15.0 14.0 21.3
2-Methyl-3,4-dihydronaphthalene (5) 3 .9  19.8 55.5 67.5 82.0 30.5
1.2- Dimethyl-3,4-dihydronaphthalene (6 ) . . .  . . .  < 0 .1  15.4
2-Methylnaphthalene (7) . . .  . . .  < 0 .1  0 .2  13.9
1.2- Dimethylnaphthalene (8 ) . . .  . . .  ■ ■ ■ ■ • ■ ■ • • 1 0 .2 c,d
“ The starting mixture used in each experiment consisted of 2.92 g (0.02 mol) of 1 and 32 g (1 mol) of methanol. 6 Calculated on the 

basis of 100 mol of starting 1 (including unreacted material). Differences between conversion and total product figures represent losses 
owing to unrecovered deposits on the catalyst. c Plus 1.9% (by weight of ~otal product) of 1 ,4 -dihydronaphthalene and 3.5% of uniden
tified products. d In every case the total product also included water (which formed a separate phase) and probably formaldehyde 
(detected by means of 2,4-dinitrophenylhydrazine solution in expt 4r-6; presence not checked in expt 1-3).

tetramethyl-l-tetralone (3) were investigated in order to gel£ showed that this transformation is accompanied
determine whether the alumina-methanol reductive by evolution of hydrogen, which has been reported pre-
system can be used for conversion of 1-tetralones into vionsly9 as a major gaseous product from decomposition
1,2-dihydronaphthalenes (or into naphthalenes). Cat- of methanol at 300-425° over alumina catalysts. Since
alysts employed in this study were A  (sodium-free alu- formaldehyde is a_so produced from methanol under
mina, obtained by hydrolysis of aluminumisopropoxide), similar conditions,3,6 it is likely that formation of hydro-
C (Houdry hard alumina, containing ca. 0.4% sodium), gen (from a surface methoxide) proceeds b y  a stepwise
and D (from sodium aluminate, containing ca. 0.5% process, as suggested in Scheme 1.10
sodium).2-6 The acidity of these catalysts decreases in
the order A  >  C >  D, as evaluated from their activities Scheme I
for ring methylation of hydroxvarenes,3-5 for dienone- g 2 H2
arenol rearrangement of l-oxo-4,4-dimethyl-l,4-di- OH H Ck c): OH -h2
hydronaphthalene,2 and for dehydration and isomeri- I I I i + I 1*~
zation reactions.6 The apparatus and procedure were / A R q^ARq^AI^
similar to those used previously.2-5 Reactions were H
carried out in a nitrogen atmosphere at temperatures I
of 220-420°. Individual compounds were isolated from ^2<̂ 0 :  O-  H oi'-'iQ
product mixtures by preparative gas chromatography + i I I i + j  +
and identified by a combination of infrared, ultraviolet, ^ A R q -̂ARq/AI^ ^-ARq^ARq  ̂ \
and nmr spectral methods. The positions of methyl
substituents in 1,2-dihydronaphthalene derivatives A  possible mechanism for the formation of 1,2-dihy- 
were confirmed by aromatization to the corresponding dronaphthalene (4) from 1 is illustrated in Scheme II.
naphthalenes. Quantitative analysis of reaction prod- Hydride transfer directly from a surface methoxide to
ucts was performed by gas chromatography. the carbonyl group in 1 is assumed to produce formal-

Reactions of 1-Tetralone (1).— As seen from Table I, 
only two products, i.e., 1,2-dihydronaphthalene (4) Scheme II
and 2-methyl-3,4-dihydronaphthalene (5) (in addition
to water and formaldehyde) are formed by reaction of 1 f  jT J f  jT J w  4
with methanol at 220-275° over the sodium-containing a
catalysts C and D. While compound 4 is a simple re- n p  H
duction product of 1, formation of 5 involves methyla- PyCA! -  —►  i | | ----*-
tion of 1 at C-2 as well as reduction of the carbonyl '-O' Hj ^  / A1''CRA1̂ CRA1' ' '
group (vide infra). A  mechanism for the reductive a r  .,Alt ^ A l\ 
action of the alumina-methanol system is suggested on O O
the basis of infrared studies by Greenler7 and Kagel8 on CH20 [
the nature of surface species formed by methanol chem- 1 !
isorption on y-alumina in the temperature range of H
35-430° (in an equilibrated system). Their spectral 4

measurements at 35-170° were consistent with the
presence of surface methoxide groups, while increase in ^
temperature above 170° caused gradual conversion of Alt ^Ak Â1
this species into a formatelike surface compound. Ka- 0 0

33(* 48o a 988)L’ H Klemm’ J' Shabtai’ and D- R- Taylor’ J- 0ro- chem., dehyde and an alkoxide intermediate (4a). This inter-
(4) Part III:' j . shabtai, l . h . Klemm, and d . r . Taylor, ibid., 33,1494 mediate is subsequently converted into 4 by loss of

(1968). oxygen (as a surface oxide group) with concurrent elim-(5) P a r t IV : L . H. Klemm , C. E . Klopfenstein, and J . Shabtai, i b i d . , 35,
1069 (1970). (9) E . Briner, W. Pltiss, and H. Paillard, H e lv .  C h i m .  A c t a ,  7 ,  1046 (1924);

(6) H. Pines and W. O. Haag, J .  A m e r .  C h e m .  S o c . ,  82, 2471 (1960). K . V. Topohieva and A. P . Ballod, D o k l .  A k a d .  N a u k .  S S S R ,  75, 247 (1950).
(7) R . C. Greenler, J .  C h e m .  P h y s . ,  37, 2094 (1962). (1C) For simplicity, two-dimensional drawings (rather th an  three-di-
(8) R . O. Kagel, J .  P h y s .  C h e m . ,  71, 844 (1967). mensional ones presented previously)5 are used in  th is paper.
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¡nation of a proton at C-2.u Alternatively, hydride Chart I
transfer from a methoxide group to the carbonyl group Molecular Diagrams of 1-Tetralone Anion.
may occur indirectly via a surface aluminum hy- «--Electron Densities (qr) and Superdelocalizabilities for 
dride12-14 (c/. Scheme I). It seems likely that surface Electrophilic Attack (S,, in Units of /30_1)
formate is also produced7'8 in the reaction, though no O181 O217
test for its presence was made. 0.99 I 0.93 0 .9 2 j|081

The mechanism in Scheme II is similar to that pro- o.83|<iiifN / ^2.76
posed15 for the Meerwein-Ponndorf-Verley reduction of o - 9 9 ^ J \ X  o.90*^Jk^J
ketones in the presence of aluminum alkoxides (e .g ., loo o.83

ethoxide and isopropoxide).16 Although it appears that qr S r
aluminum methoxide has not been used as a reducing 
agent in solution, it is presumed that surface aluminum , ,, , .
methoxide can function as such an agent under the er 1 1.0ns 0 yea7  ow acl y ^ca a"
experimental conditions employed in this study. I t  is lyJ  220f ) methylation at C-2 is negligible whereas
observed, however, that with the alumina-methanol reduction of the carbonyl group proceeds readily. The
system the reduction product is an alkene, rather than s arp y increase yie o me y -  y  ronap - 
a carbinol Indeed alkenes have been renorted as thalene (5) m exPt 3 and 4- however, indicates that in

, , ,  2 ,  . r, 1 r ’iT- 1 j  the presence of moderate acidity (catalyst C, 250-275 )major products of Meerwein-ronndorf-Verley reduc- ,f  , ,■ , ^  „ , ' ’ J, ,  , j  , , TB methylation at C-2 commonly precedes the oxygen-tions in solution at elevated temperature.16 J ,rp, c , • r • j  , • , eliminating step u.e., reduction). Support for such aThe formation of the other major product in expt f , . '  * * . , ,
, r ■ n 1., sequence was obtained in a separate experiment (with a1-5, i.e., 2-methyl-3,4-dihydronaphthalene (5), could , 1A , . , ,. ,  ,  . ,1  , ;  ,.

, - , i f  i t  , ) A  r, c 1 1:10 by weight solution of 4 in methanol as startinginvolve initial removal ol a proton trom 1 at C-2, lot- , . , . , , , ,. . , . ,, , ,  ,, , ,. , . . .  . matenal) which showed that 4 is not methylated underlowed bv methylation at this position, and subsequent f ,, . . c  , TT C .. ,, 1 ,■ r . the conditions ol expt 3. 1 he previously observed con-reducuon as in Scheme II. facile methylation ol 1- . ,  c , A . ,. ,, , , . ... j  , ., , , , ,, 0 ... . • , , 1 t j. j  version2 of l-oxo-4,4-dimethyl-l,4-dihydronaphthalenetetralone at the 2 position is consistent with calculated . , . . „ , • „ ... , ,
j  1 r  v c 1 , . . . .  ,, , into l,l,3-tnmethyl-l,2-dihydronaphthalene by meanssuperdelocahzabihties lor electrophilic attack on the ,  .,, „  ^  r „ ’ 0 . J. , . , ,  ,  frn  , T , 17 , ol either C or b  at 320 also involves ring methylationamon derived from 1 (Chart 1, parameters17 hr0> =  , rr.. , , , .

, n . „x m . 1 , , 1 o 1 r ,, prior to oxygen elimination. I he observed changes in1.0, k 'c_o) =  1.0). The calculated Sr values lor the f, , ,. r _ ... , . °  ,
• ' • j- . xl -u-rx c f i x the relative yields of 4 and 5 with a change in catalystanion indicate the possibility ol more facile electro- , , ,  , • , ,  x ■,. . . .  ,, , x n o x i .  xxl acidity could be explained by the effect of the acidic sitephihc attack at C-2 than at the oxygen. ,, ... , ■ , xl -jr  rr,, ,  ,. „ j -i j  lxl 1 /x\ xl on the position ol bond cleavage m surface methoxideI he formation ol 1,2-dihydronaphthalene (4) as the Ti, , -j - -x xl 1 x -xl 1, , . i i / n i  ittf  x j  ,x • 1 • groups, r  or a strong acidic site the electron-withdraw-main product in expt 1 (91 mol %  on converted 1) indi- • a  x e xl 1 • • x • 1*  ing effect of the aluminum ion causes extensive polar-

(11) For a  stereochemical representation of such process in a  sim ilar ease, Cat ¡Oil of the O CH3 bond and facilitates release of the
see ref 5 , F ig u re 2 . electrophilic methylating species. For a weak acidic
XT (12> H/ O; House “ M odern Synthetic R eactions,” W. A. B enjam in, Inc., gite Qn the other han(J the polarization 0f the O-CH 3 
New York, N . Y., 1965, pp 23-26. u  J  u  u  i ± * i  • , , i i ,(13) A surface alum inum  hydride is probably more nearly like an  (RO)s- bond S ilO U ld  be relatively Unimportant and ready tranS-
A1H~ ion th an  an  AlH«-  ion. See H . C. Brown and H. R . Deck [/. A m e r .  fer of hydride (see Scheme II) COUld OCCUr in a Cyclic
ChZ \ SZ " 87' ,562l (T 5> 1 f0f red'7tion ?! ketT  by7hcsef species' , • process analogous to that envisaged in the Meerwein-(14) Molecular hydrogen formed m  the  system  (as, for example, v i a  ® °  .
Scheme I) could rem ain available for reduction by dissociative chemisorp- x Onndorf—V etiey reduction. 0 Accordingly, it is S U g -
tion  on the  catalyst. C f .  H . Pines and J . Ravoire, J .  P h y s .  C h e m . ,  65, 1859 gested that formation of 4 involves Only Catalysis by
(1961); M . J . D. Low and E . S. Argano, i b i d . ,  70,3115 (1966). , a c i d i c  s i t e s  w b i l p  t h a t  n f  5  r e n i i i r e s  b o t h  w e a k  a n d(15) J. D . R oberts and M . C. Caserio, “ Basic Principles of Organic W e a K  a C ld lC  S i t e s ,  W m ie  M a i  Ol 3  r e q u i r e s  DOTH W e a K  a n a
Chemis-.ry,” w. a. Benjam in, inc ., N ew York, n. y ., 1 9 6 5 , pp 4 5 6 , 4 5 7 ; strong acidic sites. The relative yields of 4 and 5
B. J . Yager and C. K . Hancock, J .  O r g .  C h e m . ,  30,1174 (1965), and references w o u l d ,  t h e r e f o r e ,  d e p e n d  O n  t h e  d i s t r i b u t i o n  o f  W e a kcited therein . I t  m ight be noted th a t  Scheme I I  depicts hydride transfer by , . . . . . .  .  , TT71
means of a  pseudocychc eight-m em bered transition  sta te  involving tw o and Strong aCldlC Sites in the Catalysts Used. Whereas
neighboring surface alum inum  ions ra the r th an  by means of a  six-membered Weak acidic sites are present in all three Catalysts, the
cyclic transition  sta te  involving one coordinately bonded alum inum  (as pro- concentration of Strong acidic sites increases in the O r-
posed for the  M eerw ein-Ponndorf-V erley reaction). W hile the  la tte r  ty p e  a «  t^ / i t v i _ £
of transition  sta te  is no t excluded for a t least some surface sites, th e  stereo- U .er A .  ^  O  \ J  ( w h e r e  L j  h a s  V e r y  t e w  SU C h S i t e s ,  p a r -  
chem istry of th e  alum ina surface would seem to foster preferential form ation ticularly at low temperature) .6
Of the form er one, as indicated below. F o r a  proposal on coordination of th e  Under c o n d i t i o n s  of both strong c a t a l y St  acidity and

H H higher temperature (catalyst A, 350°) the reaction prod-
uct (expt 6) contains, in addition to 4 and 5, significant 
amounts of l,2-dimethyl-3,4-dihydronaphthalene (6), 

;0  (j 2-methylnaphthalene (7), and 1,2-dimethylnaphthalene
\ \ (8). The formation of dimethyl products may be at-

Al+ tributed to the presence of very strong acidic sites,5
which will foster dimethylation of 1-tetralone at C-2

alum inum  atom  in  a  “ m elt” of alum inum  isopropoxide, see V. J. Shiner and and (along with available Weak acidic sites) will effect
d . W hittaker, j . A m e r .  C h e m .  S oc., 9 i ,  3 9 4  (1969); i .  j . W orraii, j . c h e m .  subsequent reduction-rearrangement. The formation
£ q C6) A6:L51w!idTo;ff. R ea cts . 2 , 1 7 8  0 9 4 4 ). Note A nnuo ,w P n o o r . -  of methylnaphthalenes on the other hand, may be
d . v. R am ana and c .  n . P iiiai [ C a n .  j . c h e m . ,  47, 3 7 0 5  (i960)] have re- attributed to the effects of elevated temperature p e r  s e  m
centiy described such reductions by  alcohols and alum ina. fostering catalyzed dehydroaromatization of inter-
, 0 ^ “  a . I “ "  ° * “  “ x  mediates in fra , reactions of 2,2-dimethyl-l-tetra-
m etric set for th e  anion derived from 1-tetralone takes in to  account the  ex- lone).
pected decrease in  th e  Coulomb integral which accompanies the  increase in r p ^ e  reac ĵon 0f J Under the Conditions of expt 1 Or 5
negative charge, b u t the  S r values calculated from th is set do no t include th e  . , ,  ,  r  1
effects of n  electrons on th e  oxygen atom . could be conveniently employed for the practical syn-

Vol. 85, No. 4, April 1970 R eduction of 1-Tetralones to 1,2-Dihydronaphthalenes 1077



T able II
Alumina-Catalyzed R eactions or 2,2-D imethyl-1-tetralone (2) with Methanol»

Expt no. 7 8  9 10 I I
Catalyst A A C C C
Reaction temp, °C 325 420 325 375 420
Conversion of 2, mol % 87 100 6 8  89 100
Product component, 6 mol %

2-Methyl-3,4-dihydronaphthalene (5) 1 .6  0 .3  43.7 15.2 12.5
1.2- Dimethyl-3,4-dihydronaphthalene (6 ) 50 .7  7 .8  8 .3  9 .0  9.1
2 -Methylnaphthalene (7) 1 .2  5 .0  1C.2 40.3 37.5
1.2- Dimethylnaphthalene (8 ) 30.5 80-1 3 .4 19.5 37.7
Unidentified» (1 .2) (4 .5 ) (1 .0) (1 .6) (2 .1)
“ Total quantities of 1.74 g (0.01 mol) of 2 and 17.5 g (0.55 mol) of methanol were used as starting materials in each experiment. 

6 See footnote 6 , Table I, but for starting 2 (rather than for 1 ). » Percentage by weight of total product.

thesis of 1,2-dihydronaphthalene or of 2-methyl-3,4- cipal product. It has been noted that y participation 
dihydronaphthalene, respectively. A  decrease in the is unlikely to occur in acid-catalyzed reactions in solu-
rate of addition of influent or an increase in the amount tion but may occur readily in the dehydration of neo-
of catalyst (under conditions otherwise identical with pentyl alcohol with sodium-containing alumina or 
those in expt 1) should improve the total conversion of with alumina treated with piperidine.19
1. It is presumed that these conditions would also be With catalyst C (expt 9-11) two temperature-depen- 
applicable to the syntheses of homologs of 4 and 5 with dent processes are apparent in the reaction of 2. One 
substituents in the aromatic ring. is the aforementioned dehydroaromatization process,

Reactions of 2,2-Dimethyl-l-tetralone (2).— As seen which becomes increasingly important as the tempera-
from Table II, l,2-dimethyl-3,4-dihydronaphthalene ture is raised (c/. total yield of 7 plus 8 with that of 5
(6) and 1,2-dimethylnaphthalene (8) are the main plus 6 in each of the experiments). The other is loss
products formed by reaction of 2 in the presence of of one of the geminal methyl groups, as indicated by
methanol at 325° over catalyst A  (expt 7). When the the formation of 5 and 7. In contrast to the dehydro
temperature is increased to 420° (expt 8) there is a genation case, however, the relative extent of reduction-
sharp increase in the yield of 8 and a corresponding de- déméthylation vs. reduction-rearrangement decreases 
crease in the yield of 6. These results indicate that with increase in temperature (cf. total yield of 5 plus
with A, 2 undergoes initial reduction-rearrangement to 7 with that of 6 plus 8). It is presumed that the latter
give 6, which is subsequently dehydrogenated to 1,2- temperature effect really operates through a change in
dimethylnaphthalene to an extent largely dependent on the acidity of catalyst C  (which increases with temper-
temperature. A  similar dehydrogenation step prob- ature in the range studied). Lending credence to this
ably serves to convert 2-methyl-3,4-dihydronaphtha- presumption is the fact that the strong acidic catalyst A
lene (5) into 2-methylnaphthalene (7). Transforma- fosters reduction-rearrangement (2 -*■  6 and 8), with
tion of 2 into 8 (via the alkoxide intermediate 6a and the very little attendant déméthylation (cf. expt 7 and 9; 8
dihydronaphthalene 6) is depicted in Scheme III. and 11). As noted before, it is believed that reduction-

rearrangement occurs on (and presumably requires) 
Scheme III a veiT  strong acidic site (to which the substrate is

bonded; cf. 6a, Scheme III). In the absence of a large 
ch concentration of strong acidic sites, the alternative pro-

-H Ces& reductiorL~^ernetjhylation becomes important.
2 -i-»- Hr} .  C— a Such reaction may involve initial déméthylation of 2

6a 0: -.0:̂ -' to 2-methyl-l-tetraione, followed by reduction (as in
J. Scheme II).

^  A T v  Reactions of 2,2,4,7-Tetramethyl-l-tetralone (3)/—
As seer, from Table III, compound 3 undergoes aro-

CH3 matization at 420° over catalyst A  (expt 14) to give
1,2,4,7-tetramethylnaphthalene (10) in nearly 90%

[ | T h yield. A  small amount of the expected precursor,
L 1 L  isomerization^ g l,2,4,7-tetramethyl-3,4-dihydronaphthalene (9), is also

/ \ ^ C H 2 h ( h formed. As temperature is decreased the yield of 10
H CH3 6 '■ *- -9- decreases whereas that of 9 increases. The ratio of

^ A ltn^Al\ 9 to 10, however, is considerably lower than that of
0 6 tc 8 under identical conditions (Table II, expt 7, 8).

This would indicate that 9 undergoes dehydrogenation

Rearrangement of 6a may involve ^participation faster than ? ’ p™bably as a result of the presence in 9
(as shown) in a manner similar to that proposed by ° f a fmetbyl .sJubstltf nt at C-4’. whlch facilitates the
Sanderson and Mosher19 for base-catalyzed dehydration l ° f  ° f a  bydrlde ^ -fro m th is  position (cf conversion of
of neopentyl alcohol, with bromoform in aqueous po- * to 8 m+? cbemÎ; ? ? •  }l m!ght be aoted m tbls reSard
tassium hydroxide, to give 2-methyl-1-butene as prin- tha? metbyl f bstltuents ®nbance 4he rate of aromatl-

zation of hydroaromatic hydrocarbons with chromia-
(18) W . A. Sanderson and H . S. M osher, J .  A m e r .  C h e m .  S o c . ,  83, 5033 

(1961). For consideration of a lternative  mechanisms for th e  rearrangem ent
process, see the  preceding paper.5 (19) H . Pines and J . M anassen, A d v a n .  C a t a l . ,  16, 49 (1966).

1078 Shabtai, K lemm, and T aylor The Journal of Organic Chemistry



T able I I I  bands observed at 1451 and 1483 cm“1 could be tentatively
Alumina-Catalyzed R eactions op assigned to the scissoring deformations of the two methylene

2,2,4,7-TETRAMETHYL-l-tETBALONE (3) with Methanol“ groups in the hydroaromatic ring of 4 .25
Exptno. 12 13 14 2-Methyl-3,4-dihydronaphthalene (5) was isolated in >99%
Catalvst A A A  purity from the products of expt 6 and 7: bp 227-228° (760
Reaction temn °C 325 375 420 mm) by micromethod; n“D 1.5721 (lit.23 bp 63-65° (0.6 mm);Keact.on temp C 325 375 420 „ 2„D 15751). uy max (05% E t0H ) 262 mM (« 12,000) and 268
Conversion of 3, mol % 93 96 100 (11,700); ir (CS2) 726, 753, 842, 1653 (C = C  stretching), 2830,
Product component,6 mol % 2880, 2930, and 3030 cm“1; ir (CHC13) 1438 and 1485 cm“1;

l<2,4,7-Tetramethyl-3,4- nmr (CC14) 8 6.7-7.4 (m, 4, aromatic protons at C-5 to C-8),
dihydronaphthalene (9) 26.5 10.4 4 .9  6.14 (broad s, 1, C H = ), A2B 2 system 2.74 and 2.14 (two t, 2

1,2,4,7-Tetramethyl- each, J ab = 8.0 Hz, CH2 at C-4 and C-3, respectively), and
naphthalene (10) 58.0 76.2 89.3 1.85 (s, 3, CH3at C-2).

1,3,6-Trimethylnaphthalene ' Calcd for CUHI2: C, 91.61; H, 8.39. Found:
(11 )c 0 2  5 9  4 0  v , 91.92; H, 8.54.

tt -ri Ad rt -i \ n  / , ’q-» Compared with the uv absorption of 4, the maxima shown by
nl' en 1 6 1 1 • 1 ' 5 at 262 and 268 mu are better resolved and shifted bathochromi-

° The starting mixture used in each experiment consisted of 2 g Cally by ca . 4 mM. This shift is consistent with the presence of
(0.01 mol) of 3 and 20 g (0.63 mol) ofmethanol. 6 See footnote 6, the methyl group on the conjugated system. The splitting of
Table I, but for starting 3 (rather than for 1). c Tentative struc- the aromatic C-H out-of-plane bending signal is less symmetrical
ture, based on gas cbromtographic behavior and mechanistic (strong band at 753 cm“1, weak band at 726 cm“1) compared
considerations only. d Percentage by weight of total product. with that of 4. A sharp band at 842 cm“1 can be assigned

to out-of-plane bending of the C-H at the trisubstituted double 
alumina catalysts.20 Limited reduetion-demethylation bond.27“ The position of the C = C  stretching band (1653 cm“1) 
toatrimethylnaphthalene, probably II, is again found.

conjugation with the benzenoid ring.27b
PYnprimpntfll W t in n  l,2-Dimethyl-3,4-dmydronaphthalene (6) was isolated in
H/Xpenmemai s e c t io n  >99%  purity from the products of expt 6 and 7: bp 245-246°

Apparatus, Materials, and Procedure.—The apparatus and (^60 mm) by micromethod; n25n 1.5750; uv max (95% EtOH) 
experimental procedure were essentially the same as previously m/i (€ H,400) jmd 268 (11,300); ir (CS2) 733, 760, 2835,
used. 2 -5  For each run 50 g of fresh alumina catalyst was em- 2885, and 2940 cm 1; ir (CHCI3) 1041» 1386, 1430, 1441, 1453,
ployed in the form of a bed 25 cm long and situated in the iso- 1490, 1602, and 1645 cm 1 (C = C  stretching); nmr (CC14)
thermal section of the furnace. Catalysts A (from aluminum £ 6.8-7.3 (m, 4, aromatic protons at C-5 to C-8), A2B 2 system
isopropoxide), C (Houdry hard alumina), and D (from sodium 2.65 (t, 2, J ab — 8.0 Hz,CH2 at C-4), 2.13 (t partially overlapped
aluminate) were the same as used in previous studies.2-5 The ^ ^  an<̂
influent consisted of a solution of 1, 2, or 3 (0.02 mol) in methanol 1*86 (s, 3, CH3 at C-2). r< m no tt o o ™ j  ^
(1 mol) and was introduced into the reactor at a uniform rate n QO H ^  ^I2̂ 14’ 8.92. Found: C,
(total addition time 1 hr 40 min) in a stream of nitrogen. Prod- 90.90, 11,8.64. .
ucts were processed and analyzed as before.3 Ultraviolet As in the parent compound 4, the aromatic C-H out-of-plane
spectra were measured by means of a Cary Model 15 spectro- bending signal f o ^  aPPef5s a®1a weh~resolved doublet (strong
photometer. The nmr spectrum of 4 was measured with a bands at 733 and 760 cm ‘ ). The position of the C = C  stretch-
Yarian Associates HA-100 spectrometer. band (1645 cm ')  is normal for a conjugated, tetrasubstituted

Identification of Reaction Products.—2-Methylnaphthalene double bond.7 ,
(7), 1,2-dimethylnaphthalene (8), and 1,2,4,7-tetramethyl- An enriched (95% pure) sample of 1,2,4,7-tetramethyl-3,4- 
naphtbalene (10) were identified by comparison of infrared and dihydronaphthalene (9) was obtained by vpc of the product from
nmr spectra, as well as vpc retention volumes, with those of -UV/ / ^ ii 6 1L4I)0) and 269
authentic samples.2 A minor product from 3 (Table I I I )  was (11,300); ir (CHCls) 1648 cm 1 (C = C  stretching, conjugated,
tentatively assigned the structure of 1,3,6-trimethylnaphthalene tetrasubstituted double bond).27» The relative positions of the
on the basis of gas chromatographic behavior on a Bentone-34 "“ thyl substituents in 9 were confirmed by aromatization to
column 21 1,2,4,7-tetramethylnaphthalene {vide m fr a ).

1,2-Dihydronaphthalene (4) was isolated in >99%  purity by Aromatization of 4, 5, 6, and 9.—According to a standard
repeated vpc of products from expt 1, 2, and 6: bp 215-216° procedure,22 a solution of 4 5,  6,  or 9 (1 mmol) and 0.5 g (2.2
(760 mm) by micromethod;22 n™D 1.5716 (lit.22 bp 84-85° (12 m ™ 1) of 2,3-dichloro-5,6-dicyanobenzoquinone m 50 ml o dry
mm); a 12-2» 1.5832); uv max (95% EtOH) 258 mM (. 9590) benzene was refluxed for 5 hr The reaction mixture was diluted
and 264 (shoulder, 8960); ir (CS2) 694 (cis C H =CH ), 749, 785, with petroleum ether (bp 30-60 ), filtered, and chromatographed
2840, 2895, 2950, and 3050 cm“1; ir (CHCla) 1439, 1451, 1483, Woelm neutral alumina with petroleum ether-benzene (1:1
and 1640 cm“1 (C = C  stretching); nmr (CC14) 5 6.7-7.3 (m, 4, b3- volume). The product was recovered by evaporation of the
aromatic protons at C-5 to C-8), ABC2D2 system (listed in order solyent. Compounds 4 5, 6 and gave naphthalene, 2-
of decreasing 8 values, where A = H -l, B  = H-2, C = H-4, methy naphtha ene, 1,2-dimethylnaphthalene, and 1 ,2^  7-tetra-
and D = H 3) 6.42 and 6.32 (d of t, 1, J ab =  9.3 Hz, J AD =  methylnaphthalene, respectively, in 90-94%  yields. The prod-
1.8 Hz, CH=CHCH2), 5.90 (overlapping d of t, 1, ,/bd = 4.3 ucl" were shown to be ^omencally pure by vpc and infrared
Hz, CH=CHCH2), 2.73 (unsymmetrical, partially split t, 2, analysis.
J CD = 8 -3 B z > protons at C-4), and 2.24 (m, 2, protons at C-3). Registry No.— 1, 529 -34 -0 ; 2 , 2977 -45 -9 ; 3 , 23230-

Thfe absorption which is due to the C-H out-of-plane bending „ -  0 7 1 7 4 4 4 . a r.ior. qq 1 . ...... 1 .
of the four vicinal aromatic hydrogens in 4 shows a characteristic 6 6 ~6 > 4 , 44/-53-U, 5 , 2/1/-44-4, 0 , 5 1 9 5  50 1, m etll 
splitting (bands at 749 and 785 cm“1). A similar splitting is anol, 67-56-1.
observed in the spectrum of 1 1 3-trimethyl-l,2-dihydronaph- Acknowledgment.— The authors wish to thank Dr.
thalene2 and m the spectra of 1,2,3,4-tetrahydronaphthalenes, & , . „ , , r ir tt- 1 i
which possess an unsubstituted aromatic ring. 24 The two sharp C. E. Klopfenstein for calculation of the Huckel mo- 
-------------- lecular orbital reactivity indices in Chart I .(20) A. A. Draeger, G. T . Gwin, and C. J . G. Leesemann in “ Science of
Petro leum ,” Vol. V, P a r t I I , Oxford University Press, London, 1953, p 266. (24) “ Sadtler S tandard  Infrared  Spectra C atalog,” Spectra No. 8215,

(21) L . H . Klemm , J . Shabtai, and K. C. Bodily, unpublished results. 8217,8219,8221.
(22) R . L . Shriner, R . C. Fuson, and D. Y. C urtin , “ T he System atic Iden- (25) R . T . Conley, “ Infrared  Spectroscopy,” Allyn and Bacon, Inc., Bos-

tification of Organic Com pounds,” 5th ed, John  Wiley & Sons, Inc ., N ew  ton, M ass., 1966, p 94.
York, N . Y ., 1967, pp 37, 38. (26) Analyzed by M icro-Tech Laboratories, Skokie, 111.

(23) “ D ictionary of Organic Com pounds,”  Vol. 2, Oxford University (27) L. J . Bellamy, “ T he Infrared Spectra of Complex Molecules,” 2nd
Press, New York, N . Y ., 1965, p 1040. T he reported value (n18,2D 1.58317) ed, M ethuen and Co., L td ., London, 1962: (a) pp 51, 52; (b) pp  34-41.
for 4 seems to  refer to  an im pure sample. C f .  F . Straus and L. Lemmel, (28) E . A. Braude, L. M . Jackm an, R . P. Linstead, and G. Lowe, J . C h e m .
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The circular dichroism spectra of certain acyclic carboxylic acids have been surveyed in an effort to study their 
conformation in solution. In aqueous solution the spectra of many a-hydroxy acids were characterized by two 
overlapping ellipticity bands: a weak one in the 240-mM spectral region and a more intense one of opposite sign
near 210 m/x. At elevated temperatures or in solvents of low cielectric constant, the band of longer wavelength 
increased in intensity with an attendant decrease in the short-wavelength band. These properties are compatible 
with the presence of two structural species in equilibrium, and could be related to the contributions of specific ro
tational isomers of the acids. Conformations with the hydroxyl and carbonyl groups in an eclipsed alignment are 
designated as preferred. In contrast to the a-hydroxy acids, carboxylic acids with a-alkyl substituents generally 
showed only a single dichroic band centered near 210 m»i. In general, coplanarity of the carboxyl group and a 
substituents has been assumed, and interpretations in terms of the preferred orientation of substituents adjacent 
to the carboxyl group are suggested. The proposed population of rotational isomers was consistent with the ob
served effects of solvent polarity, temperature, polarity of substituents, and predicted steric interactions. An 
empirical rule relating the sign of ellipticity and the conformation of these classes of carboxylic acids has been 
applied.

Studies using simple a-hydroxy acids such as lactic, fine points in the C D  spectra of carboxylic acids that are
malic, and tartaric acid led to some of the early theories potentially useful for conformational analysis. We
of optical activity3 and to assignments of absolute have shown that uronic acid derivatives with equatorial
configurations for a variety of compounds. Recently, a substituents at C-4. of the pyranose ring exhibit two
number of investigators have reexamined the optical overlapping C D  bands which originate from the n -*■  x*
rotatory dispersion (ORD) and circular dichroism (CD) transition of the carboxyl group.21 We interpreted
spectra of these compounds, and extended the measure- these results to indicate an equilibrium between two
ments into the ultraviolet to include the region of structural forms, but we were unable to distinguish
absorption of the carboxyl group.4-11 Although the between conformational and solvational effects. We
carboxy sector rule12 was shown to be suitable for the also noted that overlapping bands are frequently
prediction of preferred alignments of many acids and encountered in the C D  spectra of other carboxylic
esters of known conformations accompanied by re- acids.21 ORD and C D  spectra of lactic acid and
stricted rotational possibilities,13-16 other attempts to related compounds have been reported in numerous4-10
correlate ORD and C D  data with conformational studies, but Anand and Hargreaves22 were the first to
aspects of carboxylic acids have been confined mainly to report the presence of two bands. The weak, longer
studies of carboxyl groups in more rigid systems such as wavelength band near 245 mju was assigned to an n ->
lactones.12'17-19 For acylic carboxylic acids in solution, t* transition, and the more intense, shorter wavelength
conformational assignments were considered to be band was ascribed to the -it —*■ ir* transition. More
difficult because of the rotation about the single bond recently, Barth, et al.,23 have shown this same spectral
between the carboxyl group and adjacent carbon aspect for some derivatives of lactic acid but attributed
atom.20 both bands to the n x* transition.

More recent studies have, however, uncovered some Because the electronic transitions are relatively fast
compared with the rate of molecular motion, C D  offers

(1) Supported by G rants H E-H 511 and g m -04428 from  th e  N ational s o m e  i n h e r e n t  a d v a n t a g e s  o v e r  o t h e r  c o m m o n l y  u s e d
Institutes of Health and Grant GB 6053 from the National Science Founda- ., , , . , t ,
tion> methods such as nmr to resolve and study rapidly

(2) Senior Investigator, New York Heart Association. interCOnVerting rotational isomers in Solution. In the
Loiidon,'i935 ĉhapter23 ĈaI P°Wer’” L°nsmans' Green and Co'’ present report, the CD  spectra of a wide variety of

(4) i.’ p. birkx and f . l . j . sixma, Rec. Trav. chim. Pays-Bas, 83, 522 carboxylic acids of known absolute configuration were
(1964)- examined to determine conformational relationships.

(5) A. Fredga, J. P. Jennings, W. Klyne, P. M. Scopes, B. Sjoberg, and S. mi n __, n -i , , , i tt
sjoberg, j. chem. Soc., 3 9 2 8  (1 9 6 5 ). 1 he effects of solvent, temperature, and pH were

(6) l . i . Katzin and e . Gulyas, j.Amer. chem. Soc., 90,247(1968). studied in order to elucidate underlying factors that
lira (1967) Applewhlte’ R' G> Bmder' and w- Gaffield’ J- org. Chem., 3 2 , define the two-band systems. Some of the structural

(8) l . Verbit and p. j . Heffron, Tetrahedron, 2 4 , 1 2 3 1  (1968). features common to all compounds eliciting a double
O) s. Uyeo, j . okada, s. Matsunga, and j. w. Rowe, ibid., 2 4 , 2 8 5 9  e llip tic ity  b an d  h av e  been  rev ealed  a n d  th e  resu lts  are

(io) j . c . Craig and s. k . Roy, a id ., 2i, 1 8 4 7  (1 9 6 5 ). exp lain ed  on  th e  basis of equilibria b etw een  ro ta tio n a l
(in m . Goodman and m . D’Aiagni, Polymer Lett., s, 5 1 5  (1967). isom ers a b o u t th e  sp 3- s p 2 c a rb o n -ca rb o n  bond of th ese
(12) J. P. Jennings, W. Klyne, and P. M. Scopes, J .  Chem. Soc., 7211, acid s  

7229 (1965).
(13) J. D. Renwick and P. M. Scopes, ibid., 2574, 1949 (1968). R6SllltS
(14) J. P. Jennings, W. P. Mose, and P. M. Scopes, ibid., 1102 (1967).
(1 5 ) g . Gottareiii and p. m. Scopes, ibid., 1 3 7 0  (1 9 6 7 ). The data presented in Table I summarize the position,
(17) H. S pes’ 1366 (1967)- magnitude, and sign of the ellipticity bands of selected
(18) M. Legrand and R. Bucourt, Bull. Soc. Chim. Fr„ 2241 (1967). (21) I. Listowsky, S. Englard, and G. Avigad, Biochemistry, 8, 1781
(19) A. F. Beecham, Tetrahedron Lett., 6305 (1968). (1969).
(20) W. Klyne and P. M. Scopes in “Optical Rotatory Dispersion and Cir- (22) R. D. Anand and M. K. Hargreaves, Chem. Commun., 421 (1967).
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T able I
C ircular D ichroism of S ome ct-H ydroxy Acids and R elated  Compounds in Aqueous S olution

------------------------------E llip ticity  maxima and minim a---------------------------------%
R egistry ✓----------------------------- pH  2.5------------------------------•. /■------------ p H  7 .0 --------- >

Compd no. Xi [0 ] \i  ^2 [®]\2 ^
L - (  — )-Malic acid 97-67-6 246 - 7  211 3100 207 6300
L-(+)-Lactic acid 79-33-4 244 - 1 8  210 2900 215 700
L-(+)-a-Hydroxyisocaproic acid 13748-90-8 241 —21 208 4900 204 2200
L-( — )-a-Hydroxy-jS-methylvaleric acid 23264-19-9 239 —65 208 3500 b b
L-(+)-en/^ro-2,3-Dihydroxybutyric acid 23334-72-7 241 —82 209 3700 202 1200
L-(+)-2,4-Dihydroxy-3,3-dimethylbutyric acid“ 1112-32-9 240 —70 210 2700 b b
l-( — )-2-Ethoxysuccinic acid“ 23264-21-3 245 —50 212 2700 210 7700
Dimethyl l-( —J-malate” 617-55-0 242 —21 211 2600 . . .  . . .
Ethyl L-(+)-lactate‘ 7699-00-5 238 -48 208 4200
L-( — )-Chlorosuccinic acid 4198-33-8 222 —2000 200 1700 240 —130

201 7900
« Measurements were made on the enantiomers. b Multiple overlapping bands were observed for these compounds at neutral pH. 

c Measurements were made at pH 2.5 and 7.0.

T a ble  II
C ircular D ichroism of S ome Carboxylic Acids E xh ibitin g  a S ingle E lliptic ity  B and above 200 mji

,------------ p H  2 . 5-------------. -----------------p H  7 .0---------------- .
Compd Registry no. X [6] X [0]

L - (  + )-2-Methylbutyric acid 1730-91-2 210 650 195 —1700°
D-(+)-Ethylsuccinic acid 4074-24-2 207 3100 208!> —2300
D-(+)-Butylsuccinic acid 4254-59-5 207 3200 2096 —2600
d-(+ )-Isopropylsuccinic acid 1187-70-8 207 3600 2096 —2600
d-(+)-Cyclohexylsuccinic acid 3975-92-6 209 5300 2066 —2400
D-(+)-Monodeuteriosuccinic acid 10013-03-3 208 150 2136 98
d - (  — )-Isopropylglutaric acid 3972-39-2 210 2800

a No ellipticity extrema were observed. b These bands were very broad and the locations of the extrema are approximate.

«-hydroxy acids and related compounds in aqueous Ionization of the carboxyl group induces substantial 
solution. A t pH 2.5 the optically active absorption modifications in the ellipticity associated with it.
band near 210 mfi is common to all of the «-hydroxy Thus the ionization of the «-hydroxy acids generally
acids; this band previously has been attributed to the results in the disappearance of the longer wavelength
n —> transition of the carboxyl group.21,22 In band (Table I). In addition, the sign of the ellipticity
addition, at longer wavelengths, most of the acids also of most of the «-alkyl acids is inverted by the ionization
exhibit another ellipticity band of opposite sign and low of the carboxyl group (Table II) . In contrast with the
intensity. The magnitudes of both dichroic bands are results obtained for the protonated forms, substituted
independent of concentration (from 0.001 to 1.0 M of succinic acids in the ionized form all display ellipticities
acid) and the CD  spectra have similar band shapes and of the same order of magnitude. Ionization of these
energies. For the «-hydroxy acids, the intensity of the compounds may be conveniently monitored by CD , and
210-mM band always exceeded that of the long wave- typical titration curves are shown in Figure 1. The
length band by a factor of 30-450. Large background known pK values of ethylsuccinic acid (pAi = 4.0, pK2
rotations obscured the long-wavelength Cotton effects = 5.7) and 2-methylbutyric acid (pKi =  4.8) cor-
thus to be expected in the ORD curves of these com- respond to the observed inflections m the curves An
pounds. Also bands corresponding to these are not intramolecular hydrogen bond has been postulated
easily resolved in their ultraviolet absorption spectra, so previously for the monoanion of substituted succinic
that only weak bands near 205 mM ( e S  60, per carboxyl acids,26,25 and in this context the major C D  changes
group) 24 with no obvious vibrational fine structure, are accompany the ionization of the second carboxyl group 
observed in aqueous solution. Because of their opposite Kresheck27 has recently ascribed the change in sign of 
signs however, the two bands are clearly defined in the C D  band accompanying the ionization of ascorbic 
CD  spectra acid to conformational changes. Such an explanation,

The C D  of carboxylic acids with «-alkyl substituents however, cannot be applied for the CD  changes in-
in place of the hydroxyl groups are shown in T a b le 'll. duced by the ionization of the carboxyl group of the
A  single ellipticity band near 210 nyt characterizes the compounds in the present study. The ionized carboxyl
CD  spectra of these compounds, and in these instances group is inherently different from, and more sym-
no longer wavelength band is discernible. The dif- metrical than, the protonated form. Changes in
ferences in the rotational strengths among these com- charactenstics and sign of the ellipticity bands are not
pounds, especially the alkyl succinic acids, are con- unexpected, since the entire asymmetric system is
sistent with the observations using O RD .6 It is also altered.
significant that the signs of the 210-mM ellipticity bands The effect of solvent on the C D  of these compounds 
of the alkyl succinic acids in the d configuration are the may be seen from the spectra shown in Figure 2. I  he
same as those of the corresponding hydroxy, ethoxy, and same pattern was observed for most of the other a-hy-

chlorosuccinic acids in the L configuration. (2fi) L Eberson and S. Forsen, J .  P h y s .  C h e m . .  64, 767 (1960).
(24) W D Closson P. J. Orenski, and  B. M . Goldschm idt, J . O r g .  C h e m . .  (26) B. L. Silver, Z. Luz, S. Pelber, and J . Reuben, i b i d  70 1434 (1966).^ 7  W/ V  ° S ’ (27) G . C. Kresheck, B i o c h e m .  B i o p h y s .  R e s .  C o n t m u n . ,  33, 374 (1968).32| 3-60 (1067)*
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Figure 1.— Titration curves for D-ethylsuccinic acid (O) and Figure 3.— Temperature-dependence studies; molar ellipticities
L-2-methylbutyric acid (A ). Measurements were made at the of L-malic acid in water and acetonitrile. The open circles 
wavelength of maximum ellipticity of the acids at pH 2.0. represent the longer wavelength band and the dark circles repre

sent the short-wavelength band in both solvents.

30- / / t A l-malic acid 3̂  D-crcLOHExn _ 60 band below 190 m/i has been observed in the C D
« (Y  \  succinic acid spectrum of l-(+ )- lactic acid in water, and some
b f t  \  -so residual ellipticity above 210 m/j. is obtained in con
ga)^/' #  1 h  \  centrated H2SO4.
* /  % " 40 The temperature-dependence data for malic acid
□ ' /  \  w[ I'j \  \ 30 (Figure 3) illustrate typical effects observed with the
H1.0 - \  [ fj \  \  ~ hydroxy acids. For all of the a-hydroxy acids in
3 \  2oI ' - 2o Table I, an increase in temperature induces an increase
“ ,1 \ \ \  in the intensity of the long-wavelength band near 240
5 °  -i o m/u and a concomitant decrease in the band near 210 m/i,
5 \X $  and a decrease in temperature induces the opposite

i , , ,  ~” P-Vjy II 1 1 1 1 0 effect. Similar results were obtained with lactic acid
220 240 200 220 240 derivatives.23 This behavior implies that the two

bands are closely interrelated and are probably as- 
Figure 2. Circular dichroism spectra of L-malic acid and d- sociated with a single electronic transition. B y  ex- 

cyclohexylsuccmic acid m various solvents. The solvents indi- + „ • 17■ 0 , n c ,,
cated are: 1, water, 2 , trifluoroethanol; 3, acetonitrile; 4 , trapolation of the data m  Figure 3 to a zero value of the
heptane-dioxane (4 : 1 ); 5, dioxane. longer wavelength band, an estimated value of the

intensity of the isolated short-wavelength band may be 
obtained. Based on the assumption that each band 
represents a single structural form, approximate 

droxy acids and esters and a-alkyl acids studied, and equilibrium constants at the various temperatures
the representative compounds shown were selected to were calculated and approximate AG°25 values were
illustrate the types of effects observed. In general, an obtained for L-malic acid. Typical free-energy dif-
increase in the ratio of the long-wavelength ellipticity ferences between the two forms (240 210 mp) were
magnitude compared with that of the short-wavelength AG°2b = - 1 . 1  kcal/mol in water and AG°26 = -0 .8
ellipticity is observed for the a-hydroxy acids in the kcal/mol in acetonitrile. For the a-alkyl acids, the
nonaqueous solvents. The solvent effect is more 210-m/x band generally diminishes in intensity at the
pronounced for the a-ethoxy acid (not shown) and higher temperatures. For example, [0]213 of D-cyclo-
these effects are similar to, but not of comparable hexylsuccinic acid in acetonitrile is +7500° at — 10°
magnitude with, those observed previously for the and +5600° at 50°.
uronic acids.21 The red shift of the 210-m/i CD  band in The longer wavelength band was absent in the C D  of 
aprotic solvents is characteristic of an n —►  71-* transí- some N-methyl-a-amino acids such as N-methyl-L-
tion.28'29 C D  is not as reliable as ultraviolet absorption alanine ([0]2O1 = +3200°), N-methyl-L-glutamic acid
spectra to define these frequency shifts, however, since ([6)502 = +4500°), and N-methyl-L-proline ([0 ]2O8 =
overlapping bands of opposite sign often distort the +1800°), and we were unable to detect the 248-mit
spectra. For these carboxylic acids it is likely that a band that was previously reported for L-alanine at 
T T* transition overlaps the shorter wavelength neutral pH .81 Several complex a-hydroxy acids such 
end.30 Indeed, the beginning of an intense negative as tartaric,32 gluconic, and a-hydroxyglutaric acid

m i M Ch7 '  20,O70,° .w ?o L  (31) R - Anand and M - K- Hargreaves, C h e m . In i. (London), 880M . K asha, D i s c u s s .  F a r a d a y  S o c . ,  9, 141 (1950). (1968).
( lo w i  S ' N agakura’ K - K ay a’ and H - T subom ura. J - M o l .  S p e c t r o s c . ,  13, 1 (32) T he CD spectrum  of the  ionised form  of ta rta ric  acid was charac-
1 ' terized by two bands of the  same sign a t 210 and 193 m p .
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were atypical and also showed only single bands. The solvated forms.38 If the long-wavelength band of the
structural features of these classes of compounds as a-hydroxy acids is indeed a result of the presence of a
well as a detailed account of the «-halo acids will be nonsolvated species, the «-alkyl acids would also be
presented in future reports. It  may be noted that expected to exhibit this long-wavelength band in
3-methyladipic acid, because its asymmetric center is hydrocarbon or nonpolar solvents. This effect, how-
removed from the direct proximity of the carboxyl ever, was not observed, and indeed the entire concept
chromophore, exhibits a weak ellipticity band ([0 ]2o9 of a nonsolvated form has recently been considered to
=  + 350). Also, in contrast to the great majority of be unsatisfactory as an explanation of multiple CD
a-hydroxy acids studied, /3-hydroxybutyric acid ex- bands.89
hibited a single CD band at 210 m¡x. For carboxylic acids and esters, the interaction of the

nonbonding electrons of the oxygen atom attached to 
Discussion the carbonyl group with the x  orbitals of the carbonyl

has been postulated to raise the energy of the antibond- 
Most of the «-hydroxy mono- and dicarboxyhc ■ x * orbltal and cause the lit of the bonding *

acids exhibited similar CD  spectra with an optically orbital into two new Orbitais.4o An appreciable overlap
active n - x *  transition near 210 mM and an additional of the lowest e ^  ^  band witb the n x* 
band at longer wavelengths. It is particularly difficult band ig rted in the t study. There are no
to rationalize the presence of a n n e x ’  transition for indicati however, that the x -  x* transition, or 
the carboxyl group at the long wavelengths of 239-246 some other eviously undefined transition moments,
mu, but the overall appearance of the C D  curves may account for the long_wavelength band near 240 m/i.
be deceiving. The non-Gaussian nature and low Qn the contrary; the observation that experimental
intensity of the long-wavelength band suggest an conditions that induce an increase in the 240-mM band
appreciable overlap with the more intense 210-mM al cause an attendant decrease in the other band 
band Therefore the apparent location of this long- ts that both bands are associated with the same
wavelength band most probably does not define the electronic transition. In all probability the latter is 
actual spectral region of the transition. It  has been tbe n_,_ 7f* transition
shown that the superimposition of overlapping bands of The evidence presented here is entirely compatible 
opposite sign and with maxima separated by 1-20 mM with an established equilibrium between two structural
yields a curve which appears to have two bands sep- Qr conformational forms of these «-hydroxy (alkoxy or
arated by 28-32 m/i.3' Thus the observed frequency halo) acids in solution. We consider an interpretation
shifts _ of overlapping bands depend on their relative Qn the basis of conformation to be easily justifiable and
magnitudes and extent of overlap, but the actual the most reasonable. It is well known that the intensity
frequency difference is generally much less than the and sjgn 0f an ellipticity band are directly contingent
observed value. For uromc acids we have shown that Up0n  the alignment of substituents with respect to the
the energy differences between the two transitions are transition dipole moment.37'41 Since all of the acids
indeed much less than the measured values. For the studied have the identical carboxyl chromophore, the
a-hydroxy acids, the observed spectral separations of three-dimensional structure of the carboxyl group and
c a .  35 m/x are also exaggerated, and both extrema are ĵ s adjacent substituents must be considered in any
probably centered about the n -*• x transition of the interpretation of the CD spectra.42 The atoms in the
carboxyl group. Ca-COOH group have been shown to be coplanar or

Certain possible explanations for the presence of the yery nearly coplanar on the basis of X -ray diffraction
two overlapping CD bands may be rejected readily for studies of carboxylic acids.43 Also, staggered con-
the acids studied here. Monomer-dimer equilibria formations are ordinarily favored on an energetic basis,
have often been described for carboxylic acids *• 0 and, and accordblg to the “bent bond” or “banana type”
because of the coupled transition moments, the optical concept of the double bond,44 structures with « sub
activity of carboxyl groups in some cyclic systems is stituents eclipsing the double bond would be preferred
substantially different from that of the open-chain (dihedral angles of less than 10° are generally found for
forms.36 37 An interpretation based on the presence of these carboxylic acids46,46). For an «-hydroxy acid or
associated forms may, however, be ruled out in the related compound in the l configuration, a threefold
present study, since no concentration dependence was banier to rotation about the s p 3_s p 2 carbon-carbon
observed and the acids and esters both gave similar single bond may therefore be assumed and, as a first
spectra. An intramolecular hydrogen bond between 
the «-hydroxyl and carbonyl group to give a five- 
membered ring is unfavored and furthermore need not
be considered, since the «-alkoxy acids also show the (38) A. Moscowitz, K . M . W ellman, and C. Djerassi, Proc. Natl. Acad.

two bands. In addition, it is difficult to rationalize the Sc^ t ’j ^ Z n l T s .  m. Kosower. j. a™.. Chem. m. mo
results in terms of hydrogen bonding to solvents or an (1969).
equilibrium between solvated and hypothetical non- (40) w. d. ciosson and p.Haug.tfmi., 86,2384 (1964).

1 (4X) H. Eyring, H. C. Liu, and D. Caldwell, Chem. R e v . ,  6 8 ,  525 (1968).
(42) T he rotational isomers about th e  C a-C p  bond probably do no t con- 

(33; K . M . W ellman, P. H . A. Laur, W. S. Briggs, A. Moscowitz, and C. trib u te  a t  all to  the  observed effects, since the  energy barriers for their inter-
Djerassi, J .  Amer. Chem. Soc., 8 7 ,  66 (1965). conversion are  larger th an  those for the  sp3-sp* bond, and even latic acid,

(34' L. W. Reeves, Can. J .  Chem., 3 9 ,1711 (1961). w ith three  equivalent isomers of th is type, also gives the  double band.
(3 5 ' J . C. Davis, J r., and K . P itzer, J .  Phys. Chem., 64, 886 (1960). (43) J . H . Robertson, Acfo Crystallogr., 17, 316 (1964).
(36; C. Toniolo, V. Perciaccante, J . Falcetta , R . R upp, and M . Goodm an, (44) E . L. Eliel, N . L. Allinger, S. J . Angyal, and G. A. M orrison, “ Con-

J .  O t q . Chem., 35, 6 (1970). form ational Analysis,” John  Wiley & Sons, Inc., New York, N . Y., 1965, p 20.
(37i D . W. U rry, Ann. R e v .  Phys. Chem., 19, 477 (1968); J .  A. Schellman (45) G. A. Bootsm a and J . C. Schoone, Acta Crystallogr., 22, 522 (1967).

and E . B. Nielsen, “ Conform ation of Biopolymers,” Vol. 1, G. N . R am achan- (46) J . A. R anters, J . Kroon, A. F . Peerdm an, and J. C. Schoone, Tetra-
dran, E d„  Academic Press, New Y ork, N . Y., 1967, p 109. hedron, 23, 4027 (1967).
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approximation, the preferred alignment of substituents bonding distances between a carbonyl of a carboxylic
about the carboxyl group may be represented as follows. acid and an eclipsed a-hydroxyl group is ca. 0.1-0.3 A

shorter than the corresponding distance between a 
OH O R O H O  carbonyl and alkyl substituent.46 Conceivably, there-
L__ II L__ /  L— II fore, a slight overlap with a low-energy empty orbital

K''>  'qH h'' >oh 'qh oh r  OH ° f  the hydroxyl, ethoxyl, or halo group on the a carbon
stabilizes the antibonding orbital of the carbonyl, 

* 11 lowers the energy of the excited state, and gives the
^ , , . .. . , . . . .  , . longer wavelength band. The energy levels of rotamers
On the basis of nmr studies of «-halo aldehydes and n  and I n  would fce degenerate if this were the case.

ketones47 and infrared spectra of «-halo esters 46 in  structure I this stabilization is also possible with the
structures with eclipsed halo substituents and carbonyls nonbondi electrons on the carbonvl and n0 spectral
have been suggested as the preferred conformations. shift ig ex ected. A  similar interaction has been pro-
The present results with the «-hydroxy acids may be d for axial a_bydroxy; alkoxy, and halo ketones.«.6«
interpreted in terms of structure I  as the favored A ltt  h solvationai effects cannot account for the 
rotational isomer and also as the isomer responsible for g character of -jhe CD  ectra it is also ossible
the predominant C D  band centered near 210 mM. that the mode of solvent bindi to the chromophore
Structure III is the least favored and it is therefore differ for these conformers and thereby account
suggested that structure II generates the longer wave- f tb„ frprmpn„v
length band, whereas the contribution of structure III  Rotationai isomerism for carboxylic acids with 
is probably insigmficant and cannot presently be alkyl substituents are more difficult to elucidate, as

as'?.̂ fse ' . x i  • , n x x * i onl.y a single CD  band can be resolved for these com-
The above structure assignments of rotational ds. This does not preclude the possibility that

isomers are consistent with the results of the tempera- rotational isomers exist since a wavelength shift for
ture- and solvent-dependency studies An increase in rotamers would not be ex ted lf the d inter.
temperature should increase the population of the less actions with the excited states are required. Indeed,
favored isomer. Ih is  conclusion is compatible with , , . . •,, , . j  • x -x £ xl i with the alkyl-substituted succmmc acids an increasethe observed increased intensity of the longer wave- • • ...oiri r,T, , , • , , ,,
i xi , , , , j  • x -x r xl , , ln intensity of the 210-m/i CD  band is observed as the
length C D  band and decreased intensity of the shorter gize of the substituent is increaSed (Table II) or as the
wavelength band as the temperature is increased (Figure te ture is lowered. This babl indicates a 
3). Lowering the temperature induces opposite effects ater derance of the faJ red rotational isomer
In addition, an increase in the ratio ot the intensity of ™ n i u ± • • j  xi,, i . * i xi j j  -xi. xi . as the size of the alkyl substituent is increased or the
the shorter wavelength band, compared with the magm- tem ature lowered. structures IV, V, and V I may 
tude ot elhpticity at the long-wavelength extremum, 
generally accompanies an increase in solvent polarity CH2COOH
(Figure 2). These results, consistent with a pre- 0 R 0 H o
ponderance of the more polar rotamer I in the more JL----/  L— /  JL__ /
polar solvents, also shows that the shorter wavelength r  oh \  OH /  r OH
band is associated with rotamer I. Accordingly, in CH.COOH CH2COOH
solvents of lower polarity, the population of rotamers II
or III are increased. V ^

Further verification of the foregoing structural be considered to represent the three preferred rotamers
interpretations may be deduced from our earlier studies of the D-alkylsuccinic acids; IV  is the preferred isomer
of uronic acids.21 For these compounds, adjacent with V I as the least stable. As the bulkiness of the R
substituents limit the rotational possibilities of the group increases, structure V  may become even less
carboxyl group. If one assumes that structure I is the favored because of nonbonded interactions with the
favored form for carboxylic acids of this type, the ring carbonyl group, and structure IV  would thus be ac-
oxygen and carbonyl of the uronic acids would be in an commodated to an even greater extent. The increase
eclipsed conformation. For galacturonic acid deriva- in magnitude of elhpticity in the order R  = ethyl or
tives this is indeed the preponderant structure, and butyl >  isopropyl >  cyclohexyl is consistent with this
only a single elhpticity band was observed.21 On the interpretation. The energy difference between the
other hand, this carboxyl conformation for glucuronic two favored isomers of L-(+)-2-methylbutyric acid
and mannuronic acid derivatives gives rise to a non- (VII and V III) is probably not appreciable, and rapid
bonded interaction with the adjacent equatorial hy-
droxyl group at C-4. It is reasonable that other |2 5 jf ‘p 3 y
conformations may prevail for the latter compounds, \  —\
and indeed multiple C D  bands have been observed. H CH3 OH c k H 0H

The wavelength differences between the two ellipti- VII VIII
city bands may be small, and since the electronic
interactions have not been elucidated in the present interconversion between the two forms (with a slight
study, reasons for these differences cannot be estab- preference for structure V III) may be anticipated,
lished. It has been shown, however, that the non- These two forms should contribute rotational strengths

of opposite sign, and thus it is not surprising that the 
„  T Tr .. r . „  c resultant low-intensity CD  band is observed (Table II).

(47) G. J .  Karabatsos and D. J .  Fenoglio, J .  Amer. Chem. Soc., 91, 1124 v 7
(1969). (49) R . C. Cookson and S. H. Dandegaonker, J .  Chem. Soc., 352 (1955).

(48) T . L. Brown, Spectrochim. Acta, 18, 1615 (1962). (50) R. C. Cookson, ibid., 282 (1954).
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Several limitations and approximations in the ap- Carboxylic A cids— Samples of l-(— )-malic, L -(+ )-lactic, 
proach suggested here are recognized. Thus any par- i.- (+ )-a-hydroxyisoc aproic, l- (+ )-a-hydroxyglutaric, and l-

double bond character ot both carbon-oxygen bonds " I f  2 S ?  S T
of the carboxyl group are not taken into consideration methyl amino acids from Cyclo Chemical Co. We are most
in structures I-V III. Also the possible deviations grateful to D r. A. Fredga and D r. W . Klyne for supplying the
from the staggered conformations shown to give other samples of the d - (  —)-ethyl-, butyl-, isopropyl-, cyclohexyl-,
rotational isomers are not considered. In addition, and ethoxysuccinic acids We also thank Dr A Hayashi for
,, , . . .  j. i i the L-(+ )-erythro-2 ,3  dihydroxybutync acid, and D r. S. Kumar
the optically active transitions of carboxyl groups are for the l-(+ )-/3-hydroxybutyric acid.
difficult to compare with those of the well-characterized l-(—)-Chlorosuccinic and D-(+)-monodeuteriosuccinic acids 
keto groups because of the inherent electronic differ- were prepared by us for earlier studies.61'62 Pantoyl lactone
ences induced by the additional oxygen atom bonded ^  & /?  Chemical Go.) was hydrolyzed to give the pantoic acid.

J  , i -D- .• i i Dimethyl l- -  -m date bp 240-245°, n mD 1.442, d 2\ 1.23,
directly to the carbonyl. Rigorous theoretical rela- [a]D _ 16. } was prepared bFy esterification of the L -(-)-m a lic
tionships are difficult to establish. It IS Significant, acid in methanol and IfiSO,, and L-(+)-2-m ethylbutyric acid
however, that some of the preferred conformations (bp 175°, n md 1.410, d m4 0.94, [<*]d  + 21 °) was prepared by
suggested here are consistent with the conformational alkaline permanganate oxidation of l-( — )-isoamyl alcohol
assignments for analogous acids in the crystalline Âldrich)' The optical purity of each compound was checked

state.40’46 In the assumed structures represented in reported in the literature.
I—V III, the substituent eclipsing the double bond lies Methods.— CD measurements were made using a Cary Model
in a nodal plane of the nonbonding electrons on the 60 speetropolarimeter with a 6001 CD accessory. The instru-
carbonyl oxygen and therefore may not contribute ment recordsDhwangle of ellipticity 0  in degrees and the molec-

• i i  , i i ,• n , • •, - a i  ular ellipticity [9] was calculated using the relationship [0 =
appreciably to the observed optical activity associated eM /1 0 lc  (deg Cm2/decimol), where M  is the molecular weight,
with the n —► 7r* transition. On the basis of this as- c is the concentration (g/m l), and l is the path length in centi-
sumption, a simple empirical rule may be proposed for meters. The slit width of the polarimeter was programmed to
the carboxylic acids (or esters) viewed as shown in the s 4ve half-band widths of less than 1.5 m/x through the entire
structure IX. Substituents projecting in the direction ' X

cylindrical cells with quartz windows of 20-22 mm diameter 
Q and path lengths of 0.005, 0 .02, 0 .1 , 1 .0, and 5.0 cm were used;

1____II the shorther path length cells were employed mainly for the
/  >  \ concentration-dependence studies and the studies in dioxane.

(+) (-)  (JH A jacketed 1-cm cell with quartz windows of 14-mm diameter
was employed for the temperature-dependence studies. All 

1 other measurements were made at 27°, the temperature of the
. . . .  cell compartment. Corrections for density or refractive index

toward the viewer contribute negative ellipticity at changes as a function of temperature were not made, since these
210 m/x and substituents projecting away contribute factors were relatively small compared with changes in ellipticity.
positive ellipticity. This hypothesis explains why the The ellipticity values at the long-wavelength extrema were
alkyl succinic acids in the d configuration and favoring ° btain,ed fr° m at ¿ east two «dependent measurements. A

-r-rr i n it  a* • typical result may be represented as follows: for a 5%  malic
conformer IV  have the same 210-m//- ellipticity signs acid solution in water (0246 =  — 6.9 deg cm2/decimol) in a 1-cm
as the a-hydroxy-, alkoxy-, and halosuccinic acidsi n the cell, the observed ellipticity value, e, was 0 .026°; the noise level
L configuration, which exist mainly as rotamer I. of the instrument under these conditions was ca. 0.001° and the

reproducibility was better than 0 .002°.

Experimental Section Acknowledgment.— We are most grateful for the
laboratory assistance of Louis Mandelbaum and Jul- 

Solvents. The dioxane (Fisher Scientific Co.) and trifluoro- ian n e B o h m  W e  also thank Dr. Murray Goodman for 
ethanol (Halocarbon. Inc.) were dried and distilled prior to use, • , • , i* ^
and the acetonitrile knd heptane (Eastman) were spectro grade permitting US to read a manuscript prior to publication.
and employed without further purification. The pH of each (51) g Bnglardi j. g. Britten, and 1. Listowsky, J .  Biol. Chem., 242, 2255
aqueous solution was adjusted by the addition of small amounts (1967).
of HC1 or NaOH. Identical CD spectra were obtained when (52) S. Englard and I. Listowsky, Biochem. Biophys. Res. Commun., 12,
low ionic strength buffers were used to adjust the pH . 356 (1963).
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Reactions of l-H alo-2-m ethyl-3-alkoxy- and 3-alkylaminopropenes with  
Potassium  t-Butoxide in Tetrahydrofuran1

R a y m o n d  A. W a l s h  a n d  A. T. B o t t i n i

Department o f  Chemistry, University o f  C alifornia, Davis, C alifornia 95616 

Received Ju ly  28, 1969

Several cis- and ¿nms-l-halo-2-methyl-3-alkoxypropenes ( la - lf )  and l-halo-2-methyl-3-alkylaminopropenes 
(2a-2c) were prepared and treated with potassium ¿-butoxide (KO-i-Bu) in boiling tetrahydrofuran (TH P). The 
principal products obtained from the methyl, ethyl, and isopropyl ethers ( la - le )  were the corresponding 2 ,5-di- 
hydrofuran (3), 2-methyl-3-i-butoxy-3-alkoxypropene (5), and 2-i-butoxymethyl-3-alkoxypropene (6 ). The t- 
butyl ether If gave l-methylene-2-l-butoxycyclopropane (7) as the only cyclic product, together with the corre
sponding acetal 5d, diether 6d, and two isomeric vinyl ethers. Geometrical assignments were made to la - l f  and 
2a -2c on the basis of their nmr spectra; in all cases, the higher boiling isomer was assigned the trans configuration.
The cis isomers of la - l f  consistently gave more cyclic product and acetal, but less diether, than the trans isomers. 
Second-order rate constants for formation of 3, 5, and 6 from ¡r<ms-l-chloro-2-methyl-3-isopropoxypropene (la )  
and cis- and irams-l-chloro-2-methyl-3-isopropoxypropene (Id) were determined. Each of the 3-alkylaminopro- 
penes 2a -2c gave the corresponding 3-pyrroline (4) and 2-i-butoxymethyl-3-alkylaminopropene (19). 1-Methyl- 
amino-2-butyne and 2-methyl-2-propenal methylimine were also identified as products from l-bromo-2-methyl-3- 
methylaminopropene (2a). The cis isomers of 2a -2c gave greater yields of 4 and Lesser yields of 19 than the trans 
isomers.

In 1963, Tanabe and Walsh2 reported that the reac- of la  or 2a gave significantly greater yields of the het- 
tion of isocrotyl chloride with potassium f-butoxide erocyclic product.
(KO-i-Bu) in a 4 :1 (by volume) mixture of tetrahydro- In order to assess the value of 2,2-disubstituted 1- 
furan (THF) and cyclohexene gave a modest yield of haloethylenes as precursors of cyclic systems, we ex-
7-isopropylidenenorcarane, and they proposed that this amined the reactions of cis and trans isomers of l a - l f
product was formed by a mechanism involving 2,2- and 2a-2c with KO-c-Bu in TH F. 
dimethylethylidene carbene. This suggested to us that Isocrotyl bromic e was converted by the action of 
similar treatment of compounds such as 1 might give N-bromosuccinimide into a 2.4; 1 mixture of the higher 
alkylidene carbenes or carbenoids that would undergo and lower boiling isomers of l,3-dibromo-2-methylpro- 
intramolecular insertion into carbon-hydrogen bonds.3 pene. Similarly, isocrotyl chloride gave a 2 .1:1 mix

ture of the l-chloro-2-methyl-3-bromopropenes, with
_r / CH= _  /CH;, the higher boiling isomer again predominating. The

OR HXC C^CH NR R, mixtures of dihalides were not separated but converted
2 2 iK2 directly into mixtures of cis and trans ethers or alkyla-

la, X = Cl; R = CH3 2a, X = Br; R,= H; R2=CH3 mines by treatment with alkoxide in alcohol or with
b, X = Br; R = CH3 b, X = C1; Ri = H; R2 = /-C3H7 excess amine. Except for If , which was obtained in
C, X = Cl; R = C2H5 C, X = Cl; R1 = R2 = CH3 53% yield, yields ranged from 77 to 90%, and the pro-
d, X = Cl; R = ;-C3H7 duct from every reaction consisted of 70 ±  3%  of the
e, X = Br; R = f-C3H7 higher boiling isomer.
f X = C1 R=i-CH Stereochemical assignments to the dihalides, ethers,

4 2 CH and alkylamines were made on the basis of their nmr
I s' 3 |------S' 3 spectra. From consideration of nmr data for propene

Rj — and sud>stituted propenes,4 it seems reasonable to expect 
j/ 0 | than an aminomethyl, halomethyl, or hydroxymethyl

r , group will deshield, and that the methyl group will
3a, Rj = R2 = H 4a, Rt = Rz = R shield a cis-Cn proton in compounds of the type H X C =

= u - n  u - m  C (CH 3)CH 2Z. Further, it can also be expected that
-n ’_ptt 3 ’ TJ1 _ ru R -  U the Cl halogen will exert a greater deshielding effect on

c’ 1 3 c’ 1 3' 2 the methylene protons of the cis isomer. For every
„  .. . . . , , pair of cis- and irans-l-halo-2-methyl-3-alkoxypropenes
Preliminary experiments with the bromo amine 2a ( la - lf) , l-halo-2-methyl-3-alkylaminoDropenes, and
revealed that reaction with KO-i-Bu in TH F converted l,3-dihalo-2-methylpropenes, the signal of the %  proton
it into a complex mixture of amines from which 3- of the lower boiling isomer is more shielded than that
methyl-3-pyrrolme (4a) could be isolated, and subse- 0f the higher boiling isomer by 0.09-0.33 ppm, whereas
quent experiments with the chloro ether la  showed that the signal which is due to its C 3 proton is less shielded
it gave the corresponding heterocycle, 3-methyl-2,5- by 0.10-0.28 ppm. These data are completely consis-
d hydrofuran (3a), together with several other products. tent with assignment of the trans configuration to all
Further, samples enriched in the lower boiling isomer 0f the higher boiling isomers. Interestingly, the trans

(1) Taken from the Ph.D. Thesis of R . A. Walsh, University of California, ° f  M - d i b r c m o p r o p e n e , ^  1 ,3 - d ic h lo r O p r o p e n e /
Davis, 1969. Supported by Grants GM 10606 and CA 10740 from the Na-

ti0fn2f  “ T f “ r * h SerJ T ‘ v C4) M - Y ' De WoIf and L  D - Baldeschwieler, J .  Mol. Spectrosc., 13, 344
^  J  S  ^  R ' •Wal8h’ '/- Amer- C ,im ' S<iC- 8S>3522(1963)- (1964), and references 1-13 cited therein.

sn eh s re t 1Ck T t andf J ' (1965)1 haV6 deSCribed (5> L - F - Hatoh and K - E - Harwell, J .  Amor. Chem. Soc., 75, 6002 (1953).
„  They foUDd heaUng l-bromo-2-ethyl-l-hexene with (6) A. T . Bottini, B . J .  King, and J .  M. Lucas, J .  Org. Chem., 27, 3688

sublimed KO-f-Bu gave a ca. 30%  yield of l-ethyl-3-methylcyclopentene, (1962'
as well as other products, including 3-octyne. (7) ' l . F . Hatch and R. H. Perry, J .  Amer. Chem. Soc., 71,3262 (1949).
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l-bromo-3-n-butylaminopropene, 6 l-bromo-3-hydroxy- Similarly, rearrangement of the starting ether to the
propene,5 and l-chloro-3-hydroxypropene7 are also the corresponding 2-alkoxymethyl-3-halopropene (9), fol-
higher boiling isomers. It should also be pointed out lowed by Sn 2 and/or Sn2' attack of f-butoxide, will
that no correlation between the geometry of these com- lead to the diether 6 . The dependence of yields of
pounds and their refractive index or the chemical shift 5 and 6  on the stereochemistry of the starting ether
of their C 2-methyl protons is apparent. shows that the preferred, but not exclusive, direction

The major products isolated from reactions of the of prototropic rearrangement is to the carbon of 1 that
ethers la - le  with a slight excess (<12% ) of KO-i-Bu in is cis to the halogen.8 Formation of a 2,5-dihydrofuran
TH F were the corresponding 2,5-dihydrofuran (3), (3) can be explained on the basis of the intermediacy of
3-i-butoxy-3-alkoxypropene (5), and 2 -i-butoxymethyl- a free alkylidene carbene (10), which inserts into an
3-alkoxypropene (6 ). The only cyclic product ob- a-C -H  bond of the alkoxyl group, or an organometallic
tained from similar treatment of l-chloro-2 -methyl- alkylidene carbenoid (1 1 ), from which potassium chlo-
3-ii-butoxypropene (If) was l-methylene-2 -f-butoxy- ride is displaced by the same C -H  bond. 11 These path-
cyclopropane (7); the corresponding acetal (5d) and ways are summarized in Scheme I.
diether (6 d) were also obtained. Minor products were
observed in all product mixtures, and it was estimated S cheme I
that these accounted for 5-10%  of the starting mate- ^ C H , (.Bu0-
rials. Without taking into account the tarry distillation -xo-t-Bu* R0 Ĥ-)C=C\ CH x  _x- * 5

residues, which were 10-15%  of the weight of the start- 2

ing ethers, material balances from these reactions ranged
from 60 to 80%. X H 2OR t-Buo-

--------- ►  H2C =CC ---- y * 6
ch 3 ch 2 _KOi-Bu ch2x

H2C = C %  X H 2OC4H9-f I  1 K°-f-Bu 9
XH O R H2C = C %  A

I ' ^CH2OR w / /CH3
OC4H9-f 0 C fisrt  Hn,Y ^  :C = C %  ---------- 3-K O i-B u ^CH2OR

5 6 7 io
a, R =  CH3; b, R =  C2H5; c, R =  i-C3H7; d, R =  f-C4H9

>XH3
________ ^ K (ci)C = C  _____ ► 3

Yields of 3 (or 7), 5, and 6  from samples enriched in - ho*bu ^CH2OR ~ KC1

the cis and trans isomers of l a - l f  are summarized in U
Table I. A ll of the reactions studied were examined by
glpc at various degrees of completion; no isomerization Alternative mechanisms for formation of 3 involving 
of the starting ethers under the reaction conditions was «-dehydrohalogenation of 8 and 9 are not consistent
detected. Note that the cis isomers consistently gave with the results. The intermediate from 8 (1 2 ) would
more cyclic product and acetal, but less diether, than give a 2 ,3 -dihydrofuran, a vinyl ether that would be
the trans isomers. It should also be noted that yields stable with respect to 3 . 12 The intermediate from 9
obtained using 30:70 mixtures of the cis and trans (1 3 ) would give a 3 -methylenetetrahydrofuran; al-
halo ethers were entirely consistent with those obtained though it is conceivable that this product would rear-
from the enriched samples. range to 3  under the reaction conditions, yield data for

3  and 6  show that the same intermediate, specifically 
T able I 9 ( is not involved in the formation of more than a frac-

Y ields from R eactions of tion of these products. Mechanisms for formation of
1-Halo-2-methyl-3-alkoxypropenes ( la - l f )  with KO-i-Bu

in T H F CHa CH2OR

7 ~  Yi6ld/ % 7 ^  R O ( H ) C = ( /  H2C = /

cis-la (86 ) 16 15 19 CH XCH
trans-la. (96) 9 8 36
c-Js-lb (84) 30 8 23 12 13
trans-lb (95) 8 3 52 . . . . . .  , ,
cis-lc (82) 23 26 14 3  involving abstraction of an a  hydrogen of the alkoxyl
trans-lc  (94) 18 18 32 group of 1, e .g .,  an addition-elimination reaction, also
cis-id (95 ) 33 32 18 seem unlikely. This is because cis- and frans-l-ethoxy-
trans-ld  (99) 25 15 38 4-(-butylcydohexane undergo negligible exchange of
cis-le (93) 36 7 17
trans-le  (97) 29 2 33 (8) P rototropic rearrangem ents of a l ly l  to  p r o p e n y l  e thers occur w ith  a

• I f  /e g )  10° 8  13 high degree t e a . 99% ) of stereoselectivity." Similar rearrangem ents of
1 „  0 1  amines8'  and th ioethers“  occur with m arkedly less stereoselectivity. In  all

t-eans-If (99) 5 o those rearrangem ents of allyl compounds, th e  c*s-propenyl compound is the
“ The single contaminant was the isomeric halo ether. 6 Yields m ajor product,

from the chloro ethers were corrected for recovered starting ma- (9 ) (a) T . J . Prosser, J .  A m e r .  C h e m .  S o c . ,  83, 1701 (1961); (b) C. C .
terial, which amounted to 4-12% . • 7. Price and W. H . Snyder , i  b i d . ,  83, 1773 (1961); (c) T e t r a h e d r o n  L e t t . ,  69

(1962); (d) C. D . Broaddus, J .  A m e r .  C h e m .  S o c . ,  87, 3706 (1965).
(10) C. C. Price and W. H. Snyder, J .  O r g .  C h e m . ,  27, 4639 (1962). 

Formation of the acetal 5 is most readily explained as ( l l )  See G. Kobrich, A n g e w .  C h e m . I n t e r n .  E d .  E n g l . ,  4, 49 (1967).
h v  nmtntronir rearrangement of the starting (12) T reatm ent of a 60:40 m ixture of 2 and 2,3-dihydrofuran with 1.1occurring by prototropic rearrangement oi siai ung of K 0 . f. B u  in dim ethyl sulfoxide a t  eo° for 6 hr destroyed eo% of the

ether to the corresponding l-alkoxy-2-methyl-d-halo- 2,5 isomer and less th an  5%  of the  2,3 isom er.13
propene (8 ), followed by Sn2' attack of f-butoxide. (13) F . P . Corson, Ph.D . Thesis, U niversity of California, Davis, 1967.
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hydrogen, is substantially reduced.16 It is apparent
— ------------------------  that this decrease in basicity does not affect to the same

0 3 _ f  extent the rates of formation of the two allyl chlorides
/  8 and 9, which are the precursors of the acetal 5 and

/ the diether 6.
°-2 j These results suggested that improved yields of

/ 2,5-dihydrofuran could be obtained by using a KO-f-
0 ! __ --------  B u : l  mole ratio of greater than 1 .1 :1 . When this

'  mole ratio was increased to 2:1 with trans-1 -chloro-2-
g / methyl-3-methoxypropene (la), the yield of 3a was in-
~ ------ 1------ 1------ 1------ 1------ 1------  creased from 9 to 24%, and the combined yields of
t  5a and 6a fell from 44 to 15 % .17a Further, when cis-
® _ enriched l-chloro-2-methyl-3-ethoxypropene (lc) was
g ' treated with a slurry prepared from equivalent amounts
°  ^__—---------------------* of KO-t-Bu and ¿-butyl alcohol, only 3%  was converted

0 .2  - ^  into the dihydrofuran 3b; the corrected yields (83%
/ /  conversion of lc) cf the acetal 5b and diether 6b were

I '  _____ 33 and 14% .17b
0 ■ 1 ' /  _ _ -------  Because of the rapid falloff in rates of reaction, the

/ apparent second-order rate constants that we deter-
— i------1------ 1------ 1------ 1------  mined for ¿raws-la and cis- and trans-ld, which are sum-

2 0  40 60 80 ioo marized in Table II, were calculated using data ob-
T i me , m m .  tained during the first 30-35% of the reactions. In

Figure l.— Rates of formation of 2,2,4-trimethyl-2,5-dihydro- these calculations, the rate constant for disappearance
furan (------- ), 2-methyl-3-i-butoxy-3-isopropoxypropene (------ ), of 1 was taken as equal to the sum of the rate constants
and 2-f-butoxymethyl-3-isopropoxypropene (— ) from reactions for formation of 3, 5, and 6.
of cis- (upper) and ira?is-l-chloro-2-methyl-3-isopropoxypropene 
(lower) with potassium ¿-butoxide in tetrahydrofuran.

T able II
Apparent Second-Order R ate Constants for R eactions of

a hydrogens when treated with 1.5 equiv of KO-f-Bu 1-Chloro-2-methyl-3-alkoxypropenes with KO-f-Bu in

in tritiated dimethyl sulfoxide at 100° for 6 hr.13 B oiling T H F
A  carbene or carbenoid from If (10 or 11, R  = t- Reactant **“ i-y ua

C 4H 9) is a likely intermediate in the formation of 7. trans-la. 4.0 0.37 1.8
Cyclization involving a C 3-H  bond would give 1-methyl- cis-ld 6.8 2.0 0.53
3-f-butoxycyclopropene, which would be expected to trans-id 3.7 0.57 1.7
rearrange to the less strained 7 under the reaction con- “ x  104 sec-1. 
ditions.14 Our failure to find f-butoxymethylenecyclo-
propane, which would arise by cyclization involving These data clarify several features of the reactions, 
a C -H  bond of the methyl group at C 2 followed by exo The rate constants for formation of 5 and 6 from a given
migration of the double bond, indicates that either this cl)1°ro ether differ by a factor of 4 to 5, the acetal being
product is unstable under the reaction conditions or that formed more rapidly from the cis isomer and less rapidly
the carbene or carbenoid from If shows a marked degree from the trans isomer. From this, the degree of stereo-
of selectivity toward the two types of C -H  bonds. selectivity in prototropic rearrangements of the chloro

In order to obtain a more detailed picture of these ethers to 8 and 9 can be estimated as 80 ±  5% ; i.e., of
reactions, we determined the rates of reaction of cis- the starting ether that undergoes prototropic rearrange-
and frans-l-chloro-2-methyl-3-isopropoxypropene (Id) ment> 80 ± 5%  rearranges by migration of the double
and frans-l-chloro-2-methyl-3-methoxypropene (la) bond to the carbon cis to halogen. Although the rate
with equimolar amounts of KO-f-Bu in boiling TH F. constant for formation of 3c from cis-Id is almost twice
The rates of appearance of the three major products that of the_ trans isomer, the sum of the rate constants
from the reactions of cis- and irons-Id are presented f° r formation of the acetal and diether is nearly the
graphically in Figure 1. The striking feature of these same for tlie tw0 halo ethers. Thus the greater yields
reactions is the rapid decrease in the rate of for- of cyclic products from the cis isomers are due to faster
mation of the cyclic product. B y  the time half of the rates of conversion of cis-1 into 3 (or 7) rather than slower
starting ether was consumed, the rate of formation of rates of conversion into 5 and 6. The greater rate of
the cyclic product is virtually nil. This can be ex- cyclization of the cis isomer appears to result from the
plained in terms of the effect of ¿-butyl alcohol on the lesser hindrance to attack by ¿-butoxide ion in the rate-
basicity of KO-f-Bu. For each mole of 2,5-dihydro- limiting abstraction of the vinyl hydrogen. Inter-
furan formed, a mole of ¿-butyl alcohol is formed, t- estingly, change of the alkoxyl group from methoxyl to
B utyl alcohol forms a sparingly soluble 1 :1  complex
with KO-f-Bu,15 and the effective basicity of the f- J i . a  l
butoxide ion, particularly its ability to abstract a vinyl ussr, 37,96 (1967).

(17) (a) P a r t of th e  large decrease in yield of 5a and 6a is due to  their in
stability , relative to  3a, when treated  with KO-i-Bu in T H F . T rea tm en t of

(14) See N . C. Baird and M . J . S. Dewar, J . A m e r .  C h e m .  S o c . ,  89, 3966 a  1:0.27:1.25 m ixture of 3c, 5c, and 6 c  (to ta l concentration, 0.57 M )  w ith
(1967). 0.79 M  KO-i-Bu in boiling T H F  for 18 hr destroyed < 5 %  of 3c, 72%  of 5c,

(15) A. J . Speziale, K . W. R a tts , and D. E . Bissing, O r g . S y n . ,  45, 35 and 42%  of 6c. (b) Experim ent carried out by M r. K . A. F rost a fte r subm it-
(1965). ta l  of th is paper.
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iso p ro p o xy l h as re la tiv e ly  little  affect on th e  ra te s  of T re a tm e n t  of e a ch  of th e  l-h a lo -2 -m e th y l-3 -a lk y l-  
all th re e  p rocesses. F in a lly , th ese  d a ta  do n o t allow  u s am in op rop en es (2a-2c) w ith  K O -Z-Bu in  th e  sam e m an -
to  choose b etw een  th e  free  carb en e  o r  o rg an o m etallic  n e r as  th e  l-h a lo -2 -m e th y l-3 -a lk oxyp ro p en es ( la - lf)  
carb en o id  p a th w a y  fo r cy cliza tio n . g a v e  th e  corresp on d in g 3 -p yrro lin e  (4) an d  2 -i-b u to x y -

A lth o u g h  ch an ge of th e  a lk o x y l grou p  h as no a p p re - m eth y l-3 -a lk y lam in o p ro p en e  (19). N o te  th a t  19 w ould
ciable affect on th e  ra te s  of re a c tio n  of th e  tr a n s  isom ers be form ed  fro m  2 b y  a  m ech an ism  an alogou s to  th a t
of la  an d  Id, ch an ge of h alogen  h as a  large affect. T h e  prop osed  fo r  fo rm a tio n  of th e  d ieth ers (6a-6d) from
c is  an d  tr a n s  isom ers of l-b ro m o -2 -m e th y l-3 -iso p ro p o x y - la - lf .  A s m ig h t be ex p e cte d  fro m  th e  b e h a v io r of
prop en e (le) u n d erw en t re a c tio n  to o  rap id ly  to  m easu re  la - lf ,  sam p les enriched  in  th e  c is  isom ers of 2a-2c gav e
a t  th e  boiling te m p e ra tu re  of T H F .  T h a t  te rm in a l h igh er yields of 4 an d  low er yields of 19 th a n  th ose  ob -
v in y l b rom id es re a c t  fa s te r  th a n  chlorides is in  a g re e - ta in ed  fro m  sam p les en riched  in  th e  tr a n s  isom ers,
m e n t w ith  th e  o b se rv a tio n  th a t  a -h a lo g e n  su b stitu e n ts  T h ese  yield  d a ta  a re  sum m arized  in  T a b le  I I I .
fa c ilita te  carb an io n  fo rm a tio n  in  th e  o rd er I  ~  B r  >
C l >  F . 18 CH2OC4H 9-z CH3

A s m en tion ed  earlier, i t  w as e s tim a te d  th a t  m in o r __/  /
p ro d u cts  a cco u n te d  fo r 5 - 1 0 %  of th e  s ta rtin g  m a te - 2 ^  IR C ^O
rials. E x c e p t  fo r m in o r p ro d u cts  fro m  la, lb, an d  If, CH2N R iR 2 CHOC4H 9-z
w hich w ere exam in ed  in  som e d eta il, th ese  es tim a te s  ^
w ere b ased  on  th e  assu m p tion s th a t  each  m in or p ro d u ct 19 20 1 2
h ad  th e  sam e m o lecu lar w eigh t an d  th e rm a l co n d u ctiv 
i ty  as  th e  m a jo r p ro d u ct th a t  h ad  m o st n e a rly  th e  T a ble  III
sam e retention tim e on the glpc colum n used for analy- n& ^  Y ield s from R eactions op

S1S’ . . 1-Halo-2-methyl-3-alkylaminopropenes (2a -2c) with
Compounds la  and lb  gave three minor products in KO-z-Bu in THF

com bined yields of 4 - 1 0 % ,  an d  th e y  w ere identified  as Reactant ,_____ Yield,6 %_____ ,
2-methyl-3,3-dimethoxypropene (14), 2-methoxymeth- (purity, %-) 4 19
yl-3-methoxypropene (15), and methyl isobutyrate cfs-2a (99) 18 5
(16). Examination by glpc showed that 14-16 were trans-2a (94) 4 22
not present in the starting materials. Formation of cis-2b  (86) 14 3
the acetal 14 and the diether 15 indicates that f-butoxide trans-2b (92) 17 18
displaces methoxide from the starting halo ether and cis-2c (71) 36 6
possibly one or more of the acyclic products, and that _  . , ' . , . .

. , . -.I , i i ■ ,• r “ Ine single contaminant was the geometric isomer. 6 Cor-
m eth oxid e com p etes  w ith  Z-butoxide m  re a ctio n s  of rected for 8 -18%  recovered starting material, 
th e  allylic halides (8 an d  9) form ed  b y  p ro to tro p ic  re a r
ra n g em en t of la  an d  lb. A  plausible p a th w a y  b y  , T ,, , 0 , ,  , „ ,, , .
which the ester could be formed is prototropic rearrange- , . °  rn.® ^ Uu°f & y  a™*\0Pr°Pen® {

• , j .  f, „  , , , which would correspond to the acetals (5a-5d) obtainedment ol 5a to the mixed dimethylketene acetal 17, ,  ̂ v ,
. „  , ,  r  • i from the halo ethers, was identified as a product fromfollowed by elimination of isobutylene. „  „ XT ,, , „ , ■ .

J 2a-2c. However, 2-methyl-2-propenal lsopropyhmme
CH3 o CH3 CH3 (21) w as iso lated  in  yields of 2 5  an d  1 4 % , resp ectiv ely ,

\  /  b -  /  fro m  sam p les enriched  in  c is -  an d  t r a n s - l -ch lo ro -2 -
9 ^ \  ^ m i H2C==\  ^  16 m eth yl-3-isop ro p y lam in op rop en e (2b). A g ain  b y  an al-

CH3 OC4H 9-i CH3 ogy w ith  th e  halo  eth ers, i t  seem s likely t h a t  2b re a r -
17 ran ges to  th e  v in ylam in e 22, an d  th a t  22 undergoes

dehydrochlorination to 21 more rapidly that it under- 
In addition to 5d, 6d, and 7, c is -  and (rans-l-chloro- goes Sn2' attack by Z-butoxide.

2-methyl-3-Z-butoxypropene (If) gave nearly equal
am o u n ts  of tw o  o th e r p ro d u cts  in  com b in ed  yields of ^ C H ,
8 - 9 % .  The retention times and nmr spectra of these *" H2C==C\ CH==NC H ■
products indicated that they were the c is  and tr a n s  H:iC' v'C==C(H)NHC H -t —  3 ’
isomers of l,3-di-Z-butoxy-2-methylpropene (18). ClHjC "̂ 3 ‘ 21

22  ► 20
J GHs Rj =  H; R, =  Z-C3H7

(Z-C4H 90 )H C = C
\  C om p ou n d s 2a-2c g av e  o th e r p ro d u cts , b u t on ly  tw o

18 2 4 !r of th ese  a cco u n te d  fo r m o re  th a n  an  e s tim a te d  2 %  of
th e  s ta rtin g  a m in e . 19 A t  le a s t 7 %  of b o th  c is -  an d  

E a c h  of th e  e th y l a n d  isop rop yl h alo  e th e rs  ( lc -le )  tr a n s -2b w ere co n v e rte d  in to  an  unidentified, th e rm a lly
g av e  th re e  unidentified  p ro d u cts  in  com b in ed  yields of u n stab le  p ro d u ct, w hich  w as p rob ab ly  isom eric w ith
4 - 9 % .  O f th ese , tw o  a p p eared  to  b e isom eric w ith  th e  4b an d  22. cis-E n rich e d  an d  Zrans-enriched 1 -b rom o-
corresp on d in g d ie th er an d  a ce ta l. T h e  th ird  m in or 2 -m e th y l-3 -m eth ylam in o p rop en e (2a) g av e  1 -m e th y l-  
p ro d u ct w as p ro b ab ly  isom eric w ith  th e  corresp on d in g , , , , . ,
2 ,5 -d m y d ro fu ra n , i t  w as iorin cd  in. g ro a te s t a m o u n t the assumptions that each minor product had the same molecular weight and 
(3 %  yield ) fro m  lc. thermal conductivity as the major product that had most nearly the same re

tention time on the glpc column used for analysis. Each of the starting
(18) J. Hine, N. W. Burske, M. Hine, and P. B. Langford, J .  Amer. amines gave one to three additional products that were probably isomeric 

Chem. Soc., 79,1406 (1957). with 4, and at least one that was probably isomeric with 19.
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T able IV
B oiling P oints, R efractive I ndices, and E lemental An alyses of E nriched Samples of c i s -  and 

ir<™s-l-HAL0-2-METHYL-3-ALK0XY- AND -3-ALKYLAMINOPROPENES
--------------Calcd, %-------------- , ,-------------- Found, % -------------- ,

Compd P urity , % Bp, °C (mm) n u D C H  C H
cis- la  86 120-122 1.4390 4 9 .7 5  7 .5 5 “ 49 .4 5  7 .2 4
trans-la  96 126-128 1.4412 49 .5 5  7 .5 3
cfs-lb 84 134r-136 1.4728 36 .36  5.52*- 3 6 .1 7 ' 5 .3 9 '
trans-lb  95 146-148 1.4705
cis- lc  82 140-142 1.4372 53 .4 9  8.25<* 53 .4 4  8 .2 6
trans- lc 94 145-147 1.4373 53 .55  8 .3 4
cis-Id 95 80-82 (90) 1 .4355 ' 56 .55  8 .8 2 / 56 .73  8 .6 9
¿raws-Id 99 85-86 (90) 1 .4348 ' 5 6 .7 0  8 .6 9
cis-le 93 90-92(65) 1 .4586 4 3 .5 2  6.79« 4 3 .6 5 ' 6 .7 8 '
trans- le  97 95-97 (65) 1.4587
cis-If 86 99-101 (88 ) 1 .4370 59 .0 7  9.29* 5 9 .1 0 ' 9 .2 5 '
trans-If 99 105-107 (8 8 ) 1.4390
cis-2a 99 7 7 -7 8 .5  (41) 1 .4931’' 36 .59  6 .1 6  3 6 .3 8 ' 5 .9 2 '
trans-2a 94 8 2 .5 -8 4  (41) 1.4957*
cis-2b 86 96-98 (80) 1.4580* 42 56* 4.68* 42.53* 4.43*
trans-2b 92 99-101 (80) 1.4548* 42.59* 4.46*
cis-2c 71 139 1.4486* 53 .8 9  9.06™ 54 .0 4  8 .6 9
trans-2c 83 140 1.4486* 54 .0 8  8 .7 8

“ Calcd: Cl, 29.44. Found: cis, 29.48; trans, 29.63. 6 Calcd: Br, 48.42. Found:' Br, 48.65. '  Analysis of ca. 30%  eis-70%  
trans mixture. d Calcd: Cl, 26.37. Found: cis, 26.09; Zraras, 26.34. 'A t2 5 ° .  /C alcd : Cl, 23.68. Found: cis, 23.61; ¿raws, 23.73. 
«Calcd: Br, 41.40. Found:' 41.68. * Calcd: Cl, 21.80. Found:' Cl, 21.85. * A t2 2 ° .  > Calculated for p-bromobenzenesulfon- 
amide. * Analysis of p-bromobenzenesulfonamide, mp 97.5-98.5°. Calcd: N, 3.82. Found: N, 3.56. * Analysis of p-bromoben-
zenesulfonamide, mp 72.5-73.5°. Calcd: N, 3.82. Found: N, 3.55. “ Calcd: Cl, 26.57. Found: cis, 26.62; irons, 26.65.

amino-2-butyne (2 3 ) in yields of 12 and 2%, respec- was used to convert 193 g of isocrotyl bromide into 200 g (75% )
tiv ely . C o n v ersion  of a  2 ,2 -d isu b stitu te d  1 -h alo eth y l- of a 1 :2 -f mixture of cis- and iro?is-l,3-dibromo-2-methyl-
ene in to  an  aeetv len e b v  tre a tm e n t w ith  a s tro n s  b ase propene: b p 85-90  (44 mm), n23D 1.5478; nmr for lower boilingene into an acetylene oy treatment witn a strong case (cis) lsomer> s 6 .n  (m , l, = C H ), 4.09 (d, 2, J  =  i .4 H z , CH2),
is not a novel reaction ,3 and it is notew orthy th a t such and 1.93 (d, 3, J  =  1.4 Hz, CH3); for higher boiling (trans)
a rearrangement plays no more than a minor role in isomer, 6.43 (m, 1, =CH), 3.99 (d, 2, J  =  1.4 Hz, CH2), and
reactions of most of the 2,2-disubstituted 1-haloethyl- 1 .9 3 (d,3, J  =  1.4H z,C H „).
enes described here. „  i rf f 0 £ al00(L for C*H»Br2: C- 22A5’ H - 2 -81- Tound:U, ¿,¿.¿6) Jtl, ¿.16.

H3C C = C C H 2NHCH3 A similar procedure was used to convert 151 g of freshly dis-
23 tilled isocrotyl chloride, bp 67-68°, into 228 g (81% ) of a 1 :2 .1

mixture of cis- and ¿ro«s-l-chloro-2-methyl-3-bromopropene: 
bp 90-100° (90-100 mm); n23d 1.5142; nmr for lower boiling 

E x p e rim e n ta l S e ctio n  («'«) isomer, s 5.96 (m, l ,  = C H ), 4.08 (d, 2, J  =  1.4  Hz, CH2),
and 1.92 (d, 3, /  =  1.4 Hz, CH3); for higher boiling (trans) 

Temperatures are uncorrected. Ir spectra were obtained with isomer, 6.29 (m, 1, = C H ), 3.97 (d, 2, J  =  1.4 Hz, CH2), and 
either a Beckman IR-8 or Perkin-Elmer 237B spectrophotometer; 1.92 (d, 3, J  =  1.4 Hz, CH3).
spectra of samples available in only microliter quantities were A n al. Calcd for C4H6BrCl: C, 28.34; H, 3 .54. Found: 
obtained using micro NaCl plates with the Beckman IR -8 C, 28.35; H ,3 .5 0 .
fittted with a beam condenser. Nmr spectra were obtained of Preparation of the l-Halo-2-methyl-3-alkoxypropenes (la —If). 
CC14 solutions with a Varian Associates A-60A spectrometer; — Except that KO-i-Bu, not sodium i-butoxide, was used to
resonance frequencies in nmr spectra were determined relative prepare If, the following procedure, used for the preparation
to 1 -2%  internal tetramethylsilane. Glpc chromatograms were and isolation of cis- and iro»s-l-chloro-2-methyl-3-ethoxypropene
obtained with an Aerograph Model A-700 of A-90-P3 or a Varian (lc ) , is typical.
Model 90-P . Stationary phases and dimensions of columns To a stirred solution prepared from 18.4 g of sodium and 700 
used were: 20%  SE 30, 12 ft X  0.25 in.; 3 0 % S E 3 0 , 10 ft X  ml of absolute ethanol under nitrogen was added dropwise in
0.25 in.; 20%  X F  1150, 16 ft X  0.25 in.; 2 0 % F F A P , 15 ft X  10 min, 120 g of l-chloro-2-methyl-3-bromopropene. When the
0.25 in. The packing for the last column was DMCS-treated addition was complete, the mixture was heated cautiously to
Chromosorb P ; the packing for the other columns was Chromo- reflux, held there for 3 hr, cooled, and added to 800 ml of water.
sorbW . Microanalyses were performed at The Microanalytical The aqueous solution was extracted with CC14 (four 120-ml
Laboratory, University of California, Berkeley; Galbraith portions), and the extracts were combined, washed with water
Laboratories, Inc., Knoxville, Tenn., and Chemalytics, Inc., (three 150-ml portions), and dried (K2C 0 3). Distillation gave
Tempe, Ariz. Potassium i-butoxide (KO-i-Bu) was obtained an 84.2-g fraction, bp 75-82° (88 mm), that was a 1 :2 .2  mixture
from MSA Research Corp. Tetrahydrofuran (T H F) was filtered of cis- and trans-lc . This fraction was redistilled through a
through Woelm basic alumina, activity grade one, immediately 60 X  0.8 cm spinning-band column, and three fractions, bp 140-
prior to use.  ̂ All of the vinyl halides used showed definite signs 144°, 144-145°, and 145-147°, were collected. The lowest
of decomposition, accompanied by evolution of hydrogen halide, boiling fraction was redistilled through the same column to give
within 24 hr of their purification. The rate of decomposition a 17.0-g fraction, bp 140-142°, which was an 82 :1 8  mixture of
was reduced substantially by storage under nitrogen. Before cis- and trans-lc : The highest boiling fraction consisted of 94%
any vinyl halide that gave evidence of decomposition was treated irons- and 6%  cis-l c : nmr for lower boiling (cis) isomer a 5 95
with KO-i-Bu, it was filtered through basic alumina and its (m, 1, = C H ), 4.09 (d, 2, /  =  1.4 Hz, CH2), 3.28 (s, 3, OCH3)
purity was checked by examination of its nmr spectrum. and 1.77 (d, 3, /  =  1.4 Hz, CCH3); for higher boiling (trans)

The 1,3-Dihalo-2-methylpropenes.— A procedure patterned isomer, 6.10 (m, 1, = C H ), 3.81 (d, 2 , J  =  1.4 Hz, CH2) 3 26
after that described for the preparation of 4-bromo-2-heptene20 (s, 3, OCH3), and 1.77 (d, 2 , J =  1.4 Hz, CCH3).
-------------------- The boiling points, refractive indices, and elemental analyses

(20) F . L. Greenwood, M . D . Kellert, and J. Sedlak, “ Organic Syntheses,” of fractions enriched in the cis and trans isomers of la - l f  are
Coll. Vol. IV , John Wiley &  Sons, Inc., New York, N . Y., 1963, p 108. included, in Table IV .
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Preparation of the l-Halo-2-methyl-3-alkylaminopropenes 2-Methyl-3-f-butoxy-3-methoxypropene (5a) (S E 3 0 a n d F F A P )  
(2a-2c).— The following procedure, used for preparation and gave the following data: nmr S 3.05 (s, 3, OCH3); n 23D 1.4106.
isolation of cis- and ira»s-l-ehloro-2-methyl-3-dimethylamino- A n al. Calcd for C9Hi80 2: C, 68.31; H , 11 .4 5 . Found:
propene (2c), is typical. 0 ,6 8 .5 9 ;  H, 11.47.

A 160-g sample of the 1 :2 .1  mixture of cis- and trons-l-chloro- 2-Methyl-3-i-butoxy-3-ethoxypropene (5b) (SE 30) gave the
2-methyl-3-bromopropene was added dropwise in 45 min to ca . following data: nmr 6 3.39 (q, 2 , J  =  7.5 Hz, OCH2CHs) and
600 ml of stirred, refluxing dimethylamine. When the addition 1.14 (t, 3 , J  =  7.5 Hz, OCH2CH3); n nd 1.4125.
was complete, the mixture was allowed to reflux for 4 hr, and A n al. Calcd for C10H20O2: C, 69.69; H , 11.73. Found:
then most of the excess dimethylamine was removed by distilla- C, 69.53; H, 12.03.
tion through a 30 X  1.5 cm column packed with glass helices. 2-Methyl-3-s-butoxy-3-isopropoxypropene (5c) (SE 30 and
The residue was cooled with an ice bath, and 60 g (1.5 mol) of X F  1150) gave the following data: nmr S 3.71 [septet, 1, J
NaOH was added in portions. W ater (100 ml) was added =  6 Hz, OCH(CH3)2] and 1.10 [d, 6 , /  =  6 Hz, OCH(CH3)2] .
carefully until all the solid material in the mixture dissolved, A n al. Calcd for CnH220 2: C, 70.97; H, 11.83. Found:
the aqueous layer was separated and extracted with ether (two C, 70.77; H, 11.15.
75-ml portions), and the extracts were combined with the organic 2-i-Butoxymethyl-3-alkoxypropenes (6a -6d) gave the following 
layer. This was washed with water (40 ml) and saturated NaCl data: nmr 5 5 .01-5 .17  (1 or 2 multiplets, 2, = C H 2), 3 .8 3 -  
solution (two 75-ml portions), dried (KOH), and distilled to . 3.99 (1 or 2 multiplets, 4, OCH2), and 1.17-1 .20  (s, 9 or 18,
give a 108-g fraction, bp 138-141°. Several distillations through i-C4H9); ir 895-905 and 1660-1670 cm -1 (C = C ).
a 60-cm annular spinning-band column gave a 38.6-g fraction 2-/-Butoxymethyl-3-methoxypropene (6a) gave the following 
which was a 1 :5  mixture of cis- and trans-2c. Only 8.9 g of data: nmr S 3.23 (s, 3 , OCH3); bp 101-102° (91 mm); n 22d 
predominantly (71% ) cis-2c was obtained: nmr for lower 1.4210.
boiling (cis) isomer, 5 6.00 (m, 1, = C H ), 3.06 (d, 2, J  =  1.4 A nal. Calcd for C9Hls0 2: C, 68.31; H, 11.45. Found:
Hz, CH2), 2.19 (s, 6 , NCH3), and 1.80 (d, 3, /  =  1 .4H z, CCH3); C, 68.43; H, 11.55.
for higher boiling (trans) isomer, 6.10 (m, 1, = C H ), 2.82 (d, 2 , 2-/-Butoxymethyl-3-ethoxypropene (6b) gave the following
J  =  1.4 Hz, CH2), 2.15 (s, 6 , NCH3), and 1.80 (d, 3, J  =  1.4 data: nmr 5 3.49 (q, 2, J  =  7 Hz, OCH2CH3) and 1.18 (t, 3, 
Hz,C C H 3). J  — 7H z,O C H 2CH3); b p ll2 °  (90m m ); w2sd 1.4220.

The boiling points, refractive indices, and elemental analyses A n al. Calcd for CioH290 2: C, 69.69; H, 11.73. Found:
of fractions enriched in the cis and trans isomers of 2a -2c are C, 69.89; H , 11.79.
included in Table IV . 2-Z-Buoxymethyl-3-isopropoxypropene (6c) gave the following

Reactions of the l-Halo-2-methyl-3-alkoxy-and-3-alkylamino- data: nmr S 3.56 [septet, 1, /  =  6 Hz, H C(CH 3)2] and 1.10
proper.es with KO-f-Bu in TH F.— The following procedure is [d, 6 , C(CH3)2] ; bp 114-116° (63 mm); n 22o  1.4210,
typical. To a stirred mixture of 30.2 g (0.27 mol) of KO-i- A n al. Calcd for CiiH220 :  C, 70.97; H, 11.83. Found:
Bu and 150 ml of T H F under nitrogen was added 30.0 g (0.25 C, 70.69; H , 11.68.
mol) of a 1 :2 .0  mixture of cis- and iraras-l-chloro-2-methyl-3- 2-f-Butoxymethyl-3-i-butoxypropene (6d) (SE 30 and X F
methoxypropene (la ) . The reaction mixture, which turned 1150) was not obtained pure, and was analyzed as the major 
brown immediately, was heated at reflux for 16 hr, cooled, and component of amixture with cis- and trans-18.
added to 150 ml of cold 2 M  K 2C 0 3 solution. The organic phase A nal. Calcd for Ci2H240 2: C, 70.52; H, 11.85. Found:
was separated and the aqueous phase was extracted with 50 ml C, 70.73; H, 12X5.
of ether. The organic solutions were combined, washed with l-Methylene-2-i-butoxycyclopropane (7) (SE 30) gave the 
saturated K 2C 0 3 solution, dried (KOH), and distilled. following data: nmr S 5.67 (m, 1, = C H ), 5.51 (m, 1, = C H ),

Reactions with l-bromo-2-methyl-3-methylaminopropene (2a) 3.69 (m, 1, OCH), 1.33 (m, 2, CH2), and 1.23 (s, 9, i-C4H9);
were the most exothermic, and these reaction mixtures were ir 1790 cm “1 (C = C ); n23D 1.4314.
filtered through Filter Aid before work-up. A n al. Calcd for C8Hi40 :  C, 76.13; H, 11.18. Found:

Identification of Products.— Products obtained from 30 :70  C, 75.77; H, 11.46. 
mixtures of cis and trans isomers were separated by a combination 2-Methyl-3,3-dimethoxypropene (14) (SE 30 and FFA P )
of fractional distillation and glpc, and these products were used gave the following data: nmr 5 4 .48-5 .05  (3 multiplets, 3,
for purposes of identification as well as estimating the relative H2C = C C H ), 3.19 (s, 6 , OCH3), and 1.63 (m, 3, CCH3); ir 900
thermal conductivities of the major products. Products from and 1655 cm -1 (C = C ).
enriched samples of the cis and trans isomers were collected 2-Methoxymethyl-3-methoxypropene (15) (SE 30 and FFA P )
with a minimum of fractionation and analyzed by means of gave the following data: nmr 5 5.08 (m, 2, = C H 2), 3.82 (m, 4, 
glpc and nmr spectroscopy. CH2), and 1.73 ( 2 ,6 , OCH3).

Summarized below are spectral bands common to the various l,3-Di-i-butoxy-2-methylpropene (19) gave the following data:
classes of compounds obtained from la - l f  and 2a-2c, as well as nmr for first isomer, S 5.94 (m, 1, = C H ), 3.89 (broadened 2, s,
pertinent data for individual compounds. The stationary phase OCH2), 1.56 (d, 3, J  =  1.2 Hz, = C C H 3), and 1.22 (s, 18, t-
of the glpc column used for purifying the compound is given in C4H9); nmr for second isomer, 6.21 (m, 1, = C H ), 3.68 (broad-
parentheses. Unless a compound was isolated in a relatively ened s, 2, OCH2), 1.56 (d, 3 , J  =  1.2 Hz, = C C H 3), and 1.21
pures^ate (> 9 7 % ) by distillation, its boilingpoint is not given. (s, 18, f-C4H9); ir for both isomers, 1685 cm -1 (C = C ). A

3-Methyl-2,5-dihydrofurans (3a-3c) gave the following data: mixture of both isomers and 6d was analyzed (see under 6d).
nmr 6 5 .37-5 .45  (m, 1, = C H ), 4 .42-4 .45  (m, 2 or 4, CH20 ) ,  3-Pyrrolines (4a-4c) (SE 30) gave the following data: nmr
and 1.69-1 .74  (m, 3, = C C H 3); ir 1665-1670 cm " 1 (C = C ). S 5 .32-5 .36  (m, 1, = C H ) and 1.72-1 .73  (m, 3, = C C H 3); ir

3-Methyl-2,5-dihydrofuran (3a) (SE 30) gave the following 1660-1665 cm -1 (C = C ).  
data: ra22D 1.4369; lit.21 bp 8 3-85°. 3-Methyl-3-pyrroline (4a) gave the following data: nmr 5

A nal. Calcd for C6HsO: C, 71.43; H, 9 .52. Found: 3.65 (m, 4, NCH2) and 1.4 (variable, s, 1, N H ).
C, 71.16; H , 9 .38. A nal. Calcd for C6H9N : C, 72.29; H , 10.85; N, 16.87.

2 .4- Dimethyl-2,5-dihydrofuran (3b) (SE 30) gave the following Found: C, 72.01; H, 10.83; N, 16.62.
data: nmr S 4 .65 -5 .12  (m, 1, C2H ) and 1.17 (d, 3, J  =  6 Hz, 2,2,4-Trimethyl-3-pyrroline (4b) gave the following data:
C2 CPI8); n 23r> 1.4294. nmr 5 3.61 (m, 2, NCH2), 1.4 (variable, s, 1, N H ), and 1.14 is, 6 ,

A nal. Calcd for C6H i0O: C, 73.39; H, 10.30. Found: C2 CH3); n23D 1.4441. Several attempts failed to give a satis-
C, 73.10; H, 10.38. factory analysis, so a sample was converted into the p-bromo-

2.2.4- Trimethyl-2,5-dihydrofuran (3c) (X F  1150 and SE 30) benzenesulfonamide, mp 96 .5-97 .0° (8 0 % EtO H ).
gave the following data: nmr d 1.22 (s, 6 , C2 CH3); n24D 1.4226. A nal. Calcd for Ci3Hi6B rN 02S: C, 47.26; H, 4 .88; N,

A nal. Calcd for C7H120 :  C, 74.93; H, 10.79. Found: 4.24. Found: C, 47.44; H , 4 .83 ; N, 4 .07.
C ,74.79; H, 10.55. 1,3-Dimethyl-3-pyrroline (4c) gave the following data: nmr

2-Methyl-3-‘-butoxy-3-alkoxypropenes (5a-5d) gave the fol- 5 3 .33 (m, 4, NCH2) and 2.39 (s, 3, NCH3); n23D 1.4404. 
lowing data: nmr S 4 .71-5 .15  (s or 3 multiplets, 3 , H2C = C C H ), A n al. Calcd for C3HnN: C, 74.15; H , 11.43; N, 14.42.
1 .67-1 .72  (m, 3, C2 CH3), and 1.20-1 .26  (s, 9 or 18, ¿-C4H9); Found: C, 73.77; H , 11.33; N , 14.47.
ir 910 and 1655-1660 cm “1 (C = C ). 2-i-Butoxymethyl-3-alkylaminopropenes (19a-19c) (SE 30)

gave the following data: nmr 5 3 .85-3 .96  (broadened 2, s, 
-------------------  OCH2) and 1.20-1 .23  (s, 9, i-C4H 9); ir 905-910 and 1650-1655

(21) E . E . Schweizer and J. H . Liehr, J .  O r g .  C h e m . ,  33, 583 (1968). cm 1 (C = C ).
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2-i-Butoxymethyl-3 -methylaminopropene (19a) gave the follow- for disappearance of the starting material. The rate constants 
ing data: nmr 8 5.11 (broadened 2, 1, = C H ), 5.00 (m, 1, are summarized in Table II .
= C H ), 3.20 (broadened s, 2, NCH2), and 2.40 (s, 3, NCHS). Relative Stability of 2,2,4-Trimethyl-2,5-dihydrofuran (3c), 

A n al. Calcd for C9H19NO: C, 68.72; H, 12.20; N, 8 .91 . 2-Methyl-3-2-butoxy-3-isopropoxypropene (5c), and 2-t-Butoxy-
Found: C, 68.55; H, 11.96; N , 9 .17. methyl-3-isopropoxypropene (6c) in Boiling TH F Containing

2-i-Butoxymethyl-3-isopropylaminopropene (19b) gave the KO-f-Bu.— To 17 ml of T H F under nitrogen was added 1.5 g
following data: nmr 8 5.12  (m, 2 , = C H 2), 3.27 (broadened s, of a 2 8 :1 5 :5 7  wt %  mixture of 3c, 5c, and 6c. o-Xylene (0.2 g)
2, NCH2), 2.83 [septet, 1, J  =  6.5 Hz, H C(CH 3)2], 1.02 [d, 6 , was added as an internal reference, and then 1.5 g (13 mmol)
J  =  6.5 Hz, C(CH3)2] , and 0.9 (variable, s, 1, N H ),n 23D 1.4343. of KO-i-Bu was added. The solution was heated to reflux, and
This compound was not obtained analytically pure, and these after measured time intervals, 0.5-ml samples were withdrawn
values may not be characteristic. with a syringe from a side arm of the flask that was covered with

2 -i-Butoxymethyl-3-dimethylaminopropene (19c) gave the a rubber septum. Each sample was immediately added to 0.5
following data: nmr 5 5.18 (broadened s, 1, = C H ), 5.00 (m, 1, ml of water, and the aqueous phase was separated with a pipet.
= C H ), 2 .84 (broadened s, 2, NCH2), and 2.15 (s, 6 , NCH3); The organic phase was dried (K2C 0 3) and analyzed by glpc
n23D 1.4275. (30%  SE 30). After 18 hr, the area ratio of the bands which

A nal. Calcd for Ci0H 2iNO: C, 70.09; H , 12.38; N , 8 .18 . were due to 3c and o-xylene was the same within the precision of
Found: C, 70.21; H, 12.17; N ,8 .2 5 . the measurements (ea. 5% ), but the area ratios of the bands

2-Methyl-2-propenal isopropylimine (21) (SE 30) gave the which were due to 5c and o-xylene and 6c and o-xylene had
following data: nmr 5 7.98 (s, 1, N = C H ), 5.55 (m, 1, H C = ), decreased to 28 and 58%  of their original value. After 42 hr,
3.39 [septet, 1, J  =  6.5 Hz, CH(CH3)2], 1.92 (m, 3, = C C H 3), the band which was due to 6c was replaced by two bands with
1.17 [d, 6 , J  =  6 .5  Hz, CH(CH3)2[ ; ir 1620 and 1640 cm -1 nearly equal areas at slightly longer retention times. The band
(C = N a n d C = C ); n 23D 1.4270. which was due to 5c was replaced by another with a slightly

A nal. Calcd for CjH iüN : C, 75.61; H, 11.79; N , 12.60. longer retention time. The nmr spectrum of the solution
Found: C ,75.86; H, 11.75; N , 12.41. possessed a band at 8 5 .80, characteristic of Ci protons of 1-

l-Methylamino-2-butyne (23) (SE 30) gave the following alkoxyalkenes. 
data: nmr 8 3.32 (q, 2, J  =  2 .4  Hz, NCH2), 2.45 (s, 3, NCH3),
and 1.76 ( t ,3,/ =  2 .4H z,C C H 3). RegistryNo.— Potassium f-butoxide, 865-47-4; tetra-

Rates of Reaction of frans-l-Chloro-2-methyl-3-methoxypro- hydrofuran, 109-99-9; CiS-la, 23240-29-1; trans-la,
pene (la ) and cis- and irans-l-Chloro-2-methyl-3-isopropoxy- 23240-30-4; a s-lb , 23240-31-5; trans-lb, 23240-32-6;
propene (Id) with KO-i-Bu in TH F.— A 0.87 M  solution of . . 0 0 0 ;n  o0 n , __ .  ooo/in m  q ■ i a  ooo/tn
KO i-Bu in T H F under nitrogen, contained in a 100-ml round- c^ l c . 2 3 2 4 0 -3 3 -7 ; trans-lc , 23240 -34 -8 ; Cts-ld, 23240-
bottom flask fitted with a side arm, was stirred with a magnetic 3 5 -9 ; trans-ld, 23240 -36 -0 ; cfs-le, 2 3 2 4 0 -3 7 -1 ; trans-
stirrer and heated to boiling. Chloroether sufficient to give a le , 2 3 2 4 0 -3 8 -2 ; cis-lf, 23240 -39 -3 ; trans-li, 23240 -40 -
0.87 M  solution was added by means of a syringe through.the g . cis-2a, 2 3 2 4 0 -4 1 -7 ; trans- 2a, 2 3 2 4 0 -4 2 -8 ; cis-2b,
Sidearm Which was covered by a rubber septum and the timer 23240 -4 3 -9 ; trans-2b, 23240 -4 4 -0 ; cis-2 c ,  23240 -4 5 -1 ;
was started when one-half had been added (addition time of ’ ’
ca. 6 sec). A t measured time intervals (five times in the first 13 trans-2c, 2 3 2 4 0 -4 6 -2 ; 3a, l /U o -3 1 -2 ; 3D, 2 5 2 4 U -4 8 -4 ;
min), 0.5-ml samples were withdrawn with the syringe. Each 3c, 2 3 2 30 -79 -7 ; 4a, 23230 -8 0 -0 ; 4b, 2 3 2 3 0 -8 1 -1 ; 4c,
was immediately added to 0.2  ml of water and shaken thoroughly, 23230 -8 2 -2 ; 5a, 23230 -83 -3 ; 5b, 23230 -8 4 -4 ; 5c,
and the aqueous layer was separated with a pipet. The organic 2 3 2 3 0 -8 5 -5 ; 6a, 23230 -86 -6 ; 6b, 23230 -8 7 -7 ; 6c,
layer was dried (K 2CO3 ) and analyzed by glpc (30%  olii 30). oQOQn oc q . OQOQn QQ Q- *7 OQOQn on o . i>i oqoqh
At 1.5-2  hr after each reaction was initiated, the combined 23230 -8 8 -8 , 6d, 23230 -8 9 -9 , 7, 23230 -90 -2 , 14, 23230-
yields of 3, 5, and 6, as estimated by glpc and corrected for 9 1 -3 ; 15, 23230 -92 -4 ; 18, 23230 -9 3 -5 ; 19a, 23230-94-
unreacted starting material, exceeded 94% . W ith data obtained 6 ; 19b, 23230 -9 5 -7 ; 19c, 23230 -9 6 -8 ; 2 1 ,2 3 2 3 0 -9 7 -9 ;
in the first 30-35%  of the reaction, the apparent second-order 23, 2 3 2 3 0 -9 8 -0 ; 4b (p-bromobenzenesulfonamide),
rate constant for the disappearance of starting material was de- 23230  9 9  1
termined by plotting the reciprocal of the concentration of start-
ing material vs time. Rate constants for formation of 3 ( h ) ,  Acknowledgment.— We are grateful to Dr. G. Müller
5 (fa),  and 6 (fa) were estimated by assuming that these products r x i -  • . - x i  i .
were formed by second-order processes and that the sum of the an(  ̂P r - ^ l ° r  their assistance in the early stages 
rate constants for their formation was equal to the rate constant of this research.
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Synthetic Interm ediates Potentially Useful for th e Synthesis of 
Tetrodotoxin and Derivatives. I I .1 R eaction of Diazomethane 

with Some Shikimic Acid Derivatives

John F. W. K eana and Choung U. K im

Department o f  Chemistry, University o f  Oregon, Eugene, Oregon 97403 

Received September 88, 1969

The reaction of diazomethane with three readily available derivatives, 3-5 , of natural shikimic acid has led to a 
series of new pyrazolines, the stereochemical assignments of which are discussed herein.

Our continuing interest in the synthesis of the Jap- a mixture of stereoisomeric pyrazolines, which was not
anese puffer fish (Fugu)2 and California newt (Taricha characterized but instead was distilled, affording inda-
TorosaY neuropoison tetrodotoxin (1) and closely re- zole 7. Grewe8 also reported that addition of diazo-
lated derivatives has led us to examine the reaction of methane to ester 6 gave an oil which could be
diazomethane with alcohol 3,4 acetate 4, and mesylate 5,
three readily available derivatives of natural shikimic H
acid (2). The pyrazolines which resulted, together 2 lexf.essCH*N;̂  ¡ ¡ f
with some of their chemistry, are described herein. 2 . distillation

< r 7

pyrolyzed to a mixture from which ester 8 could be

/  ? T h + z \ / C 0 2H x a .  A t o 2y  lso la te d -

P) 2 f  T  X  j T  , Ac€ ^ T 0 2CH3
i U ^ N H  H O ^ i  6  l ex̂ ssCHffv  Y Y

hA * » H6h «  - r  T j  CH-
1 2 3, X  =  Y =  H " V

4, X  =  Ac; Y  =  H 8
5 ,  X  =  M s;Y =  H
6, X = Ac; Y = CH3 When hydroxy acid 3 (Chart I) was allowed to react

with excess diazomethane in methanol-ether, a colorless 
The pyrazolines were prepared with the idea that it oil was produced which, after chromatography over

should be possible to reduce them to the corresponding silica gel, afforded pyrazoline 9, mp 108-109°, in 23%
substituted 1,3-diaminopropane,6 condensation of which yield and pyrazoline 11, mp 82-84°, in 75%  yield,
with either cyanogen bromide6 or nitroguanidine7 should
lead to a cyclic guanidine, a structural moiety present Chabt I
in tetrodotoxin. Subsequent elaboration of the car- C02CH3 CO CH
bocyclic ring would then lead to a toxin derivative. / \ f . .N

The action of diazomethane on shikimic acid itself 3 exce5S, T  fT  'N 2 + T  J
has been reported by Grewe8 to afford an oil, presumably ch2n2 {  C r V ^ ' '

(1) P a r t i :  J, F. W. Keana, F . P. M ason, and J. S. B land, J .  O r g . C h e m . ,  «-V—" ®
34, 3705 (1969). '  '

(2) K . Tsuda, N a t u r w i s s e n s c h a f t e n ,  53, 171 (1966); C. Y. Kao, P h a r m a c o l .  g jq
R e v . , 18, 997 (1966); R . B. W oodward and J . Z. Gougoutas, J .  A m e r .  C h e m .

S o c . ,  86, 5030 (1964); K . T suda, S. Ikum a, M . K aw am ura, R . Tachikaw a, TsOH
K. Sakai, C. T am ura, and O. Amakasu, C h e m .  P h a r m .  B u l l .  (Tokyo), 12, 1357 purification
(1964); T . Goto, Y. Kishi, S. T akahashi, and Y. H irata , T e t r a h e d r o n , 21, C6H6|A
2059 (1965); C. T am ura, O. Amakasu, Y. Sassada, and K. Tsuda, Acfo
C r y s t a l lo g r . , 21, 219, 226 (1966). q

(3) H . S. M osher, F . A. Fuhrm an, H . D . Buchwald, and H. G. Fischer, ii CO 2C H 3

S c i e n c e ,  144, 1 1 0 0  (1964). 0 ----- 4 H tja 1 H
(4) H . O. L. Fischer and  G. D angschat, H e lv .  C h i m .  A c t a ,  18, 1206

(1935) [ I /  I I >(5) F o r example, pyrazoline i has been reduced in high yield with R aney \

nickel and hydrogen in ethanol to  the  diam ine ii, isolated as th e  dihydro- \ | \ I I
chloride a fter trea tm en t of the  reduction product w ith h o t hydrochloric ac id : — 0  - - 0  H
H. E . C arter, F . R . Van Abeele, and J . W. Rothrock, J . B i o l .  C h e m . ,  178, 325 A
(1949). F o r the  reduction of hydrazones to  amines with p latinum  and hy- ^
drogen, see, i n t e r  a l i a ,  F . W. L ichtenthaler, H . Leinert, and T . Suami, C h e m .

B e r . ,  130, 2383 (1967).
C02E t C02Et Presumably the A1 isomer 10 was produced initially

\ L N i.h2,Raney Ni) V - N f l j  2HC1 and then this substance suffered rearrangement during
/  | 2.hci *" /  the purification process to the more stable9 A2 isomer
\—NH '— NH2 11 (see below). That pyrazoline 11 was indeed a A2

i ii (8) R . Grewe and A. Bokranz, C h e m .  B e r . ,  8 8 , 49 (1955).
(6) P . Pierron, A n n .  C h i m .  (Paris), 11(9), 361 (1919). (9) See, i n t e r  a l i a ,  R . J . Crawford, A. M ishra, and R . J . Dummel, J .

(7) A. F . M cK ay, C h e m .  R e v . , 51, 301 (1952). A m e r .  C h e m .  S o c . ,  38, 3959 (1966).
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pyrazoline was clearly shown by its nmr spectrum,10 Chromatography over silica gel afforded 13 as a crys-
which displayed a one-proton doublet (J = 1.5 Hz) at talline solid, mp 84-85°, in 27%  yield and 14 as a homo-
8 6.9 owing to the proton at C-3 together with a broad geneous oil in 65% yield. It was expected that the
NH absorption at 8 6.0-6.5. Pyrazoline 9 showed no preponderant isomer should have structure 14 (steric
absorption in this region. The two singlets which were reasons, see above). Consistent with this formulation,
due to the nonequivalent acetonide methyl groups of 9 the difference (see above) between the two singlets
were separated from one another by 4 Hz, whereas in 11 which were due to the methyl groups of the acetonide
the separation was 9 Hz. This latter observation ring in 14 was 9 Hz, whereas this difference was 5 Hz
proved to be general for several stereoisomeric pyra- in the case of 13. Chemical proof of the stereochemical
zoline pairs resulting from the addition of diazomethane assignment was provided by the observation that 14
to various shikimic acid derivatives (see below and un- underwent a smooth p-toluenesulfonic acid catalyzed
published results). isomerization in refluxing benzene to A2-pyrazoline 16,

Rinehart11 has shown that diazomethane adds in a mp 197-198°, in 78% yield, a process accompanied by 
stereospecific cis manner to methyl angelate and methyl migration of the acetyl group from oxygen to nitrogen,
tiglate, leading to the corresponding A 1 pyrazolines. This rather unusual acid-catalyzed,12 OAc -*■  N Ac 
It is reasonable to assume that diazomethane will like- migration was revealed by the nmr spectrum of pyraz-
wise add in a sterospecific cis manner to the rather oline 16, which displayed the acetyl group as a sharp
analogous shikimic acid derivatives. Two A1 pyrazo- three-proton singlet at 8 2.25 rather than at 8 1.9-2.0,
lines, therefore, should be produced from 3, and to the where it appeared with substances 13-15, and by the
extent that the approach of diazomethane to 3 is ir spectrum of 16, which showed a new strong band at
sensitive to steric bulk, one would expect pyrazoline 1620 cm-1 ascribed to the - H C = N -  linkage. This
10, resulting from approach of diazomethane from the band was not observed in the ir spectra of pyrazolines
side opposite the bulky acetonide residue, to predomi- 11, 12, and 15. Apparently the presence of the acetyl
nate. The stereochemistry of 9 was secured by reaction group on N -l of pyrazoline 16 greatly enhanced the
of this substance with a trace of p-toluenesulfonic acid -H C = N -  double bond absorption,
in refluxing benzene, whereupon lactone 12, mp 200- Pyrazoline 16, upon treatment with acetic anhydride 
201°, was produced in moderate yield. Lactonization in pyridine, smoothly afforded diacetate 17, mp 113—
was accompanied by isomerization to a A2 pyrazoline, 114°, the nmr spectrum of which displayed two three-
as seen from the nmr spectrum of 12, which displayed proton acetyl singlets at 5 1.98 (OAc) and 2.23 (NAc).
a one-proton doublet (J = 1.5 Hz) at 8 6.80 corre- A  strong band at 1620 cm-1 (-H C = N -) was present in
sponding to the proton at C-3. The ir spectrum of the ir spectrum of this last substance. Treatment of
12 displayed a strong absorption at 1770 cm-1, ex- pyrazoline 13 with p-toluenesulfonic acid in refluxing
pected for a y lactone. In order for lactone formation benzene led only to A2-pyrazoline 15 (by nmr). From
to occur with 9, the C-6 a-hydroxy group and the C-8 the above transformations, it follows that in pyrazo-
carbomethoxy group must be cis to one another. line 14 the C-6 acetoxy group and the pyrazoline ring
Treatment of ester 11 under identical lactone-forming are cis to one another.
conditions led only to recovered starting material. Since it was important for later planned synthetic

In another series of experiments, the acetylated de- transformations to have a good leaving group attached
rivative 4 (Chart II) was converted by excess diazometh- to the 6 position, the mesylate acid 5 was prepared and
ane into an oily mixture of pyrazolines 13 and 14. subsequently treated with diazomethane. Again, two

pyrazolines were isolated by silica gel chromatography
Chabt II of the reaction mixture. The preponderant isomer,

co Cjj3 C02CH an oil obtained in 36% yield, was assigned the stereo-
Ac° '- y/ \ L n  Ac0.„ chemistry embodied in structure 19. The nmr spec-

4 JT jT  S i + T  J  S i  trum of this substance showed a chemical-shift differ-
/ ence of 9 Hz between the two acetonide methyl sin-

J \ , 0  \^-0 glets. The minor crystalline pyrazoline, mp 115-116°,
" T  \ was obtained in 21%  yield and was assigned structure

13 14 18 . This last substance showed a corresponding chem-

Ts0H Ts0H , co2ch 3 co2ch 3
C6hg, a c6h, a MbO . / j , v  M s O . ^ 1  N

ch!N2i t  v y  + t i  s
co2ch 3 co2ch 3 9  If y

( j H RO ~ V^-0 L - 0

t N>  ^
o i' ]  18 19

H H ical-shift difference of 4 Hz, in accord with differences
15 16 R -  H  shown by the pyrazoline pairs discussed above in

’ -  which the stereochemistry was proven by chemical
17, R = Ac means.

-------------- It is interesting that only in the case of the hydroxy-
(10) Com plete spectral d a ta  for pertinent compounds are  found in the

E xperim ental Section. (12) OAc —►  NAc m igrations are normally base catalyzed, whereas NAc —*•
(11) T . V. Van Auken and K. L. R inehart, J r., J .  A m e r .  C h e m .  S o c . ,  84, OAc m igrations are normally acid catalyzed. See, i n t e r  a l i a ,  T . Posternak,

3736 (1962). “T he Cyclitols,” H olden-Day, Inc., San Francisco, Calif., 1965, p 31.
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A '-p y razo lin e  1 0  w as th e  A1 isom er to o  easily  isom erized  monohydrate in 3 ml of dry benzene was heated at reflux under
to  p e rm it re a d y  isolation . Q u ite p ossib ly  th e  h y d ro x y  nitrogen for 12 hr. Removal of the benzene under reduced pres-
grou p  assisted  th e  isom erization  in  an  in tra m o le cu la r ^ re afforded84 m= of a reddish, crystalline solid. Recrystalhza-
& 1 tion from ether-chloroform gave 35 mg (34% ) of 12 as white
m an n er. needles: mp 200-201°; nmr S 1.37 (s, 3, acetonide methyl), 1.50

(s, 3, acetonide methyl), 1 .8 -3 .0  (m, 2 , H -7), 3 .4 -5 .0  (m, 4 , 
-H - H -4-6, -9), 5 .6 -6  0 (broad, 1, N H ), and 6.80 (d, 1, J  =  1.5

P | | \ H z ,H -3); ir(C H C l3) 3300 (w) and 1770 cm “1 (s).
T A n al. Calcd for C11H 14N2O4: 0 ,  55.46; H, 5 .92 ; N, 11.76.

* y  Found: C, 55.32; H, 5 .83; N, 11.88.
k r u  5-Acetylshikimic Acid 3,4-Acetonide (4).— To a solution of 2.66
CO2CH3 | q  CO2OH3 g (12.4 mmol) of acetonide 3 in 10 ml of pyridine at 25° was added

0--A  1.3 ml (18 mmol) of acetic anhydride. The solution was allowed
/  to stand under nitrogen for 24 hr at 25° and then the volatile sol

vents were removed under high vacuum at 25°, affording a 
, slightly orange, viscous oil. The oil was dissolved in 50 ml of

E x p e rim e n ta l S e ctio n  chloroform, washed with several portions of ice-cold 2 %  hydro-
T , , . , , . .. -o , T19 - , chloric acid, dried (MgSCh), and evaporated, affording 3.2 g
Infrared spectra were recorded with a Beckman IR -5 spectro- (100% ) of a visC0US) colorless ofl which siowl cry8taiiized upon

photometer. Ultraviolet spectra were recorded with a Cary standi in the cold room. Because of its low melting point,
Model 15 spectrophotometer. Nmr spectra were determined on recrystaiiization was nofc attempted. Molecular distillation at
% J arlal! 4 f.s° clates Model A 60 high-resolution spectrometer ca  10_  mm in a 100= oil bath afforded the analytical specimen as 
Chemical shifts are recorded m parts per million (8) downfield a coioriesg; hard cil. nmr s ^ 43  ( 6j acetonide methyl) 2.10
from internal TM S, employing deutenochloroform as solvent un- ( 3> acetyl protons)j 2 .1 -2 .8 (m, 2, H-6 ), 4 .1 -5 .3  (m, 3 H -3-
iess otherwise stated. Elemental analyses were performed by 5) 6 .9_7 .2 ( x H-2 ), and 8.7 (s, 1, acid proton); ir (CHC1.)
either Alfred Bernhard Laboratories Mullheim, Germany, or 2400-3000 (broad), 1750 (m), 1730 (s), 1670 (s), and 1650 cm “1 
Chemalytics, Inc., Tempe, Anz. Mass spectra (70 eV) were
determined on a CEC-110 spectrometer equipped with a direct A n al. Calcd for C1!H 1,Ot -V,H !0 :  C, 54.34; H 6 41 
inlet attachment. Melting points were determined in a stirred Found- C 54 51 • I i  6 21
oil bath and are uncorrected All chemicals were reagent grade. 4d,5/3-bihydr0xy’ 6«-acetoxy-8«-carbom ethoxy-4,5,6,7,8,9«-
Solvente were routinely distilled prior to use. hexahydro-3(H)-indazole 4,5-Acetonide (13) and 4/3,5/3-Di-

Shikitmc Acid 3 4-Acetomde ( 3 ) .-T h e  procedure of Fischer1 hydroxy-6a -acetoxy-8d-carbomethoxy-4,5,6,7,8,9d-hexahydro-3-
was followed exactly From 2.00 g of shikimic acid (Aldrich (H )-indazole 4 ,5-Acetonide (14).- T o  a solution of 1.5 g (36
Chemical Co mp 185-186 ) there was obtained 2.17 g (87% ) of mmol) of diazomethane in 60 ml of ether was added with stirring

3 ’ -ivP 8 An ‘ T V  ' mp+if ’ , . tt* 1,113 at 0° a solution of 2.1 g (8.2 mmol) of acetate 4 (sticky glass) in, Diazomethane.-Diazomethane was prepared from Diazald» 20 ml of ether. The golution wag allowed to gtir J cfed f/om
(Aldrich Chemical Co.). The resulting ether solution of diazo- light for 12 hr at 2 5 o and then the ether wag evapor; ted( affording
methane was distilled and the diazomethane content was esti- 2 3 of a oolorlesg oiL Chromatography over 45 g of silica gel
mated by portionwise addition of benzoic acid to an aliquot until and elution with 0 .5 %  methanol in chloroform afforded first 700

t  « T  dlsf largedi  ,  -  o .  , . mg (27% ) of crude, crystalline 13, mp 8 4-85°, suitable for further
^,5d,6a-T rihydr0^-8a-carbom ethoxy-4,5,6,7,8^a-hexahy- reactions. Recrystallization of a 500-mg portion from ether- 

dro-3(H)-mdazole 4,5-Acetonide (9) and 40,5/3 6«-Tnhydroxy- hexane duced 2Q0 of the anaiytical speoimen ag white 
8d-carbometho^-4,5,6,7,8,9/3-hexahydro-l(H)-indazole 4,5-Ace- igmg; mp 85_8 6 °. nmr ,  1 2 6  ( 3 aoetonide methyl), 1 M
tonide (11). A solution of 1.06 g (4.95 mmol) of acetonide 3 in (s 3> acetonide methyl), 1 .8 -2 .8  (m, 1, H -9), 1.93 (s, 3 , acetyl
ml of methanol was added to a stirred solution of 1.5 g (36 mmol) protons)) 2 .5 -3 .0  (m, 2 , H-7), 3 .0 -5 .3  (m, 5, H -3-6), and 3.72
of diazomethane in 60 ml of ether at 0 After addition was (g> 3j methyl ester protons); ir (CC1,) 3000 (m) and 1745 cm “1 
complete, the resulting solution, protected from light by alumi-
num foil was stirred at 0° for 1 hr and then at 25° for 12 hr. ^ n a l. Calcd for CuH2„N20 6: C, 53.84; H, 6 .45 ; N, 8.96.
Removal of the solvent at reduced pressure afforded 1.64 g of a Found' C 53 84' H 6 19' N 9 17
colorless oil which was chromatographed over 30 g of silica gel. ■ Continued elution with the same solvent system afforded 1 .6 g
Elution with 1%  methanol in chloroform afforded first crystal- (65% ) 0f 14 as a homogeneous (tic), colorless oil. Molecular 
line minor pyrazolme 9. Recrystaiiization of combined fractions distiuation at ca . 10-5 mm in a 110° oil bath afforded the analyti-
from ether gave 320 mg (23% ) of 9 as white needles: mp 108 cai gpecjmen as a colorless, hard oil: nmr (CCL) 8 1.28 (s, 3,

109 ’ 2W u Wf a aod9e ,met9 yw 7 ^  in’ /3, r t0^  acetonide 1-40 <s’ 3 > acetonide methy !)- 1-7-2 .2  (m, 1,methyl), 2.13 (q, 1 H-9) 2 6 -3 .2  (m, 2, H-7), 3.70 (s0 3 methyl H . 9)> 1-90 (s> 3; acetyl protons), 2 .3 -3 .0  (m, 2, H -7), 3 .5 -5 .3
ester protons), and 3 8 -5 .3  (m 5, H -3-6); ir (CHC13) 3500 (m , 5 , H -3-6), ana 3.80 (s, 3, methyl ester protons); ir(C C h )3000
(w) and 1740 cm ’  (s); uv max (EtOH ) 322 mM (e 182);» mass (m) and 1745 cm -i  (s); mass spectrum m /e  312 (parent ion),
spectrum m /e  255 (loss of a methyl from the acetonide moiety11), 2g8; 297 (logg o{ methyl), 270 (loss of diazomethane or ketene),
228 (loss of diazomethane or ketene), 167, 153, 135, 123, and 107. and 299

A nal. Calcd for Ci2H 18N20 5: C, 53.33; H, 6 .71; N , 10.36. ¿naZ.* Calcd for ChH 20N2O6: C, 53.84; H, 6 .45; N, 8.96.
Found: C, 53.92; H, 6 .98; N, 10.27. Found: C, 53.25; H, 6.19; N, 8.97.

Continued elution with the same solvent system afforded oily l-Acetyl-4/3,5d,5«-trihydroxy-8^-carbomethoxy-4,5,6,7,8,9^-
pyrazoline 11, which slowly crystallized in the cold room, prob- hexahydro-l(H)-indazole 4,5-Acetonide (16).— A solution of 700 
ably picking up water (see anatysis). Recrystaiiization from mg 14 (bard od); 2 mg of p-toluenesulfonic acid monohydrate,
ether-hexane afforded 9oO mg (75% ) of 11 as white needles: mp and 1Q ml of benzene was heated at reflux under nitrogen for 60
82-84°; nmr S 1.38 (s 3, acetonide methyl), 1.52 (s 3, acetonide min_ Evaporation of the benzene produced a reddish glass which 
methyl), 1.7 2 .5  (m, 2 , H -7), 3.45 3.70 (m, 1, H -9), 3.80 (s, 3, wag chromatographed over 10 g of silica gel. Elution with 2%
methyl ester protons), 3 .8 -4 .4  (m, 3, H -4-6), ca. 5 .0 -6 .0  (bioad, methanol in chloroform gave 550 mg (78% ) of crystalline 16, mp
1, H -l), and^6.90 (d, 1 , /  =  1.5 Hz, H -3); ir (O H U 3) 3400 (m) 197- I 980. Two further recrystallizations from chloroform-
and 1740 cm 1 (s). Tr „ ,ux _T hexane afforded the analytical specimen as white needles: mp

A nal. Calcd for Ci2Hi8N20 5 .H 20 :  C, 49.99, H, 6.99, IN, 197-198°; nmr 8 1.32 (s, 3, acetonide methyl), 1.47 (s, 3, ace-
9.72. Found: C, 50.25; H , 6 .93; N, 9.76. tonide methyl)> 2 .25 (s, 3, N acetate), 2 .S -3.2 (m, 2, H -7), 3 .4 -

4^,5d,6o!-Tnhydr0xy-8a-carb0xy-4,5,6,7,8,9a-hexahydr0- l -  4  6 (m> 4> H.4_6j _9)> and 6 .86 (d> i ;  /  =  1.5 Hz, H -3); ir
(H)-mdazole 4,5-Acetonide 8«->-6a-Lactone 12).—A solution (CHC13) 3400 (m), 3000 (m), 1750 (s), 1670 (s), and 1620 cm “1
of 100 mg of pyrazoline 9 and 2 mg of p-toluenesulfomc acid magg spectrum m /e  312 (parent ion), 297 (loss of methyl),
____________  256, 255, and 254.

xr — -d p rp ~  ■ p R „  99Q A n al. Calcd for C„H 20N2O6: C, 53.84; H, 6 .45; N, 8 .96.(13) T . J. DeBoer and H. J .  Backer, R e c .  T r a v .  C h x m . P a y s - B a s ,  73, 229 —  .  ~  t t  n  a o  a.t n  aaagv54) Found: C, 54.04; H, 6.48; N, 9.00.
(14) Acetonides frequently  do no t show a paren t ion. See J . A. M e- l-Acetyl-4/3,5/3-dihydroxy-6a-acetoxy-8/3-carboineth.OXy-4,5,-

Closkey and M . J . M cClelland, J .  Am e r .  C h e m .  S o c . ,  87, 5090 (1965). 6,7,8,9/3-hexahydro-l(H)-indazole 4,5-Acetonide (17).— To a
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solution of 200 mg (0.670 mmol) of 16 in 1.5 ml of pyridine at 0° carbonate at 25° for 12 hr. The solution was then acidified with 
was added under nitrogen 135 mg (1.33 mmol) of acetic anhy- 2%  hydrochloric acid at 0° and then extracted with chloroform,
dride. The solution was stirred for 12 hr at 25°, after which time The extract was dried (MgSOi) and evaporated, producing 488
the pyridine and excess acetic anhydride were removed by high mg (72% ) of 5 as a colorless foam. Molecular distillation at 120°
vacuum distillation at 25°, affording 251 mg of a yellow, viscous and ca. 10“6 mm afforded the analytical specimen as a colorless,
oil. The oil was dissolved in 10 ml of chloroform and washed hard oil: nmr 5 1.43 (s, 3, acetonide methyl), 1.47 (s, 3, ace-
with ice-cold 2%  hydrochloric acid. The chloroform layer was tonide methyl), 2 .5 -3 .0  (m, 2, H-6 ), 3.17 (s, 3, mesylate), 4 .1 -
dried (MgSCh) and then evaporated, affording 230 mg of pale 5.1 (m, 3, H -3-5), and 6 .9 -7 .2  (m, 1, H -2); ir (CHCls) 3600-2400  
yellow crystals. Recrystallization from ether-hexane gave 150 (broad), 3000 (m), 1780 (s), and 1725 cm -1 (s).
mg (65% ) of 17 as white needles: mp 113-114°; nmr 8 1.32 (s, A nal. Calcd for CnHieOjS: C, 45.20; H , 5 .49 . Found:
3, acetonide methyl), 1.48 (s, 3, acetonide methyl), 1.98 (s, 3, C, 44.69; H, 5.37. Analytically pure 5 acquired a deep red-
O-acetate), 2.23 (s, 3, N-acetate), 2 .3 -2 .8  (m, 2 , H -7), 3.80 (s, brown coloration while standing for several days.
3, methyl ester protons), 3 .8 -5 .2  (m, 4, H -4-6, -9), and 6.78 40,5/3-Dihydroxy-6a-mesyloxy-8a-carbomethoxy-4,5,6,7,8,9a:-
(broadened singlet, 1, H -3); ir (CHCls) 3000 (m), 1740 (s), 1670 hexahydro-3(H)-indazole 4,5-Acetonide (18) and 40,5/3-Di-
(s), and 1620 cm" 1 (s); mass spectrum m /e  354 (parent ion), 339 hydroxy-6a-mesyloxy-63-carbomethoxy-4,5,6,7,8,9/3-hexahydro-
(loss of methyl), and 237. 3(H)-indazole 4,5-Acetonide (19).— To a solution of ca . 50 mg

A nal. Calcd for CieHsaNiO,: C, 54.23; H , 6 .26; N, 7.91. (1.2 mmol) of diazomethane in ether was added at 0° with stirring
Found: C, 53.87; H, 6.07; N, 7.95. a solution of 100 mg (0.34 mmol) of crude mesylate 5 (yellow oil)

4/3,5/3-Dihydroxy-6a-acetoxy-8/3-carbomethoxy-4 ,5 ,6 ,7 ,8 ,90- in 1 ml of methanol. The solution was stirred for 12 hr a t 25°
hexahydro-3(H)-indazole 4,5-Acetonide (15).— A solution of 1.7 and then the solvent was evaporated, affording 130 mg of a red-
g of the original mixture of A^pyrazolines 13 and 14 formed by dish oil. Chromatography over 10 g of silica gel and elution
the addition of diazomethane to acetate 4 (see above) and 15 mg with chloroform afforded first 25 mg (21%)_ of crystalline 18.
of p-toluenesulfonic acid monohydrate in 15 ml of benzene was Recrystallization of the combined fractions :rom  ether—hexane
heated at reflux for 60 min under nitrogen and then the solvent afforded 20 mg of 18 as white needles: mp 115-116°; nmr 8 1.28
was evaporated, leaving a reddish oil. Chromatography over (s, 3, acetonide methyl), 1.35 (s, 3, acetonide methyl), 1 .5 -3 .5
30 g of silica gel and elution with 0 .5%  methanol in chloroform (m, 3, H -7, -9), 3.05 (s, 3, mesylate), 3.75 (s, 3, methyl ester pro-
afforded ca. 600 mg (24% , based on starting 4) of 15 as a color- tons), and 4 .0 -5 .3  (m, 5, H -3-6); ir (CHC13) 3000 (m) and 1745
less, homogeneous (tic) oil suitable for further reactions. The oil cm -1 (s).
decomposed on attempted molecular distillation at ca. 10-5 mm A nal. Calcd for C.iHjoNjOjS: C, 44.83; H, 5.75 ; N , 8 .05 .
in a 110° oil bath, forming a yellow oil, the elemental analysis of Found: C, 44.87; H. 5.78; N, 8.03.
which showed < 1 %  nitrogen (calcd: 8 .98). An acceptable Continued elution with chloroform afforded 45 mg (36% ) of 19
mass spectrum could not be obtained. Nevertheless, the nmr as a homogeneous (tic) oil which resisted attempts at crystalliza-
and ir spectra were completely consistent with those expected for tion. Molecular distillation at ca . 10-6 mm in a 110° oil bath
15: nmr 8 1.32 (s, 3, acetonide methyl), 1.50 (s, 3 , acetonide produced the analytical specimen of 19 as a colorless, hard oil:
methyl), 2.00 (s, 3, acetate), 1 .9-2 .4  (m, 2, H -7), 3 .7 -5 .1  (m, 4, nmr 5 1.30 (s, 3, acetonide methyl), 1.48 (s, 3, acetonide methyl),
H -4-6 , -9), 3.75 (s, 3, methyl ester protons), 5 .0 -5 .8  (broad, 1, 1 .5 -3 .5  (m, 3, H-7, -9), 3.05 (s, 3, mesylate), 3.83 (s, 3, methyl
N H ), and 6.80 (d ,.1, J  =  1.5 Hz, H -3); ir (CHCls) 3400 (m), ester protons), and 4 .0 -5 .4  (m, 5, H -3-6); ir (CHCls) 3000 (m)
3000 (m), and 1747 cm -1 (s). Another experiment utilizing and 1745 cm -1 (s).
crystalline 13 as starting material for the isomerization also af- A n al. Calcd for C13H20N 2O7S: C, 44.83; H, 5 .75 ; N , 8 .05 .
forded an oil identical with 15 above by nmr. Found: C, 44.50; H, 5 .63; N, 8.12.

Continued elution with 2%  methanol in chloroform afforded
564 mg (23% , based on starting 4) of crystalline 16 (see above), R e g is try  No.— 1, 4368-28-9; 4, 23330-72-5; 5, 23367-

SU5-Mesylshikimic Tdd 3 ,4-Acetonide (5).- T o  a solution of 500 55-7 ; 9,23367-56-8; 11,23330-73-6; 12,23367-57-9;
mg (2.34  mmol) of acetonide 3, 500 mg (4.95 mmol) of triethyl- 13, 23328-30-5; 14, 23328-31-6; 15, 23367-58-0; 16,
amine, and 20  ml of benzene was added dropwise with stirring at 23367-59-1; 17,23328-32-7; 18,23328-33-8; 19,23328-
5° under nitrogen 570 mg (5.0 mmol) of methanesulfonyl chloride. 34-9; d iazo m eth an e , 334-88-3.
After addition was complete the tnethylamme hydrochloride was 
removed by filtration and the solvent was removed at 25° under
vacuum, affording a viscous, reddish oil. This was dissolved in Acknowledgment.'— The authors thank the National
30 ml of chloroform and washed with ice-cold 3%  hydrochloric Science Foundation (GP 10736) and the National In
acid. The chloroform layer was dried (MgSCh) and1 evaporated, s titu te s  0f Health (5-R01-NB07586-02) for generous
producing 626 mg of a yellow oil. This oil contained some of the « . .  , r , ,  . ■, iTT. ce t -o i ,
corresponding acid chloride and was therefore treated with a financial support of this work, and Hoffman-LaRoche
solution of 3 ml of acetone and 3 ml of 2%  aqueous sodium bi- for a generous gift of shikimic acid.
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A New Synthesis of Rosoxides.
cis- and trons-2-(2-M ethyl-l-propen-l-yl)-4-m ethyltetrahydropyran

E . H. E sc h in a si1

Givaudan Corporation, Clifton, New Jersey  07014 

Received Ju n e  16, 1969

Pyrolysis of 2,6-dimethyl-2,3,8-triacetoxyoctane (1) at ca. 450° affords mainly <ra»s-2,6-dimethyl-l,3-octa- 
dien-8-yl acetate (2), minor amounts of trans and cis isomers 3 and 3a, respectively, an intermediate 2,6-di- 
methyl-3,8-diacetoxy-l-octene (4), and its allylomer 5. In the presence of acids and acid salts, the pyrolysis 
favors the formation of 3 and 3a over 2 . Rosoxide, cis- and frons-2-(2-methyl-l-propen-l-yl)-4-methyltetra- 
hydropyran (6 and 6a), is obtained, in almost quantitative yield, through the facile acid cyclization of trans-2 ,6- 
dimethyl-l,3-octadien-8-ol (8 ) derived from 2 . On the other hand, the acid cyclization of trans- and cis-isomeric 
alcohols 9 and 9a, derived from 3 and 3a, is more difficult and affords, in addition to rosoxides 6 and 6a, sub
stantial amounts of their terminal methylene isomers 7 and 7a as well as hydroxyrosoxides 10 and 10a.

Rosoxide, cis- and frans-2-(2-methyl-l-propen-l-yl)- as the main component (the presence of the cis isomer
4-methyltetrahydropyran (6 and 6a), a minor but im- 2a could not be ascertained by vpc on a CW  20M
portant olfactive ingredient of rose otto and geranium column) and only minor amounts of trans- and cts-2 ,6 -
oil, 2 has been synthesized by various methods3 difficult dimethyl-2,4-octadien-8-yl acetate (3 and 3a). How
to scale up. ever, in the presence of KH SO 4 or p-toluenesulfonic

We would like to report a practical and economic acid, 3 and 3a are the major products of the pyrolysis,
synthesis of a key intermediate in the synthesis of Oxalic acid, on the other hand, affords mainly 2 . The
rosoxides 6 and 6a, namely, ¿rans-2,6-dimethyl-l,3- intermediate, 2 ,6 -dimethyl-3 ,8-diacetoxy-l-octene (4),
octadien-8 -yl acetate (2 ), which was reported earlier in which becomes the major reaction product of the pyroly-
impure state through a difficult synthetic route. 2 sis of 1 at ca. 400°, pyrolyzes further at higher tempera-

When 2,6-dimethyl-2,3,8-triacetoxyoctane (1 ) is py- tures (450-475°) to yield a pyrolysate identical with 
rolyzed at ca. 450-475°, a mixture is obtained con- that of 1.
sisting of ca. 70-75%  frares-2,6-dimethyl-l,3-octadien-8- Table I gives the data of the pyrolysis of both 1  (with 
yl acetate (2), 8-10%  trans- and cfs-2,6-dimethyl-2,4- or without catalysts) and 4.

(/ ^ ^ CH2° Ac / L / C H 2OAc 1  X H 2OAc

\  {  ♦ V
A .C H .0 A C  V  •"  2 A  3 X ^

\ ^ 0 A c  4 0 0 ° \  I I
J^_OAc ^  A ^ C H 2OAc A / C H 2OAc

1 L ^ O A c + L

/ V  J k ^ O A c
4 5

octadien-8-yl acetate (3 and 3a), and 15-20% a mix- In the presence of strong mineral acids at room tern, 
ture of 2,6-dimethyl-3,8-diacetoxy-l-octane (4) and perature, irans-2,6 -dimethyl-1,3-octadien-8-ol (8), ob
its allylomer 2,6-dimethyl-l,8-diacetoxy-2-octene (5). tained from the corresponding acetate 2 , readily cyclizes-
Both 4 and 5 are eventually converted into 2 upon in almost quantitative yield, into a 9 :1  mixture of 
recycling. The overall yield of 2  from either 1 or 4 is isomeric rosoxides 6 and 6a. 
ca. 75% . 5

It is noteworthy that the pyrolysis of 1 and 4 affords JL JL
mainly ¿rans-2,6-dimethyl-l,3-octadien~8-yl acetate (2) \ ] h3o+ > ¡j ¡ 1

d V  C 0 C °(1) Presented a t  th e  153rd N ational M eeting of the  Am erican Chemical / s s T S H  JL
Society, M iami, F la ., A pril 1967, Division of Cellulose, Wood, and  F iber ^
C hem istry, L ecture 28. °  6 a

(2) (a) C. F . Seidel, e t  a l . ,  H e lv .  C h i m .  A c t a ,  42, 1830 (1959); (b) .
u .  s. P a ten t 3,i6i, 6S7 (1964); (c) y . i t .  N aves, e t  a i . ,  B u l l  S o c .  C h i m .  F r . ,  However, the cyclization of ¿rcms-2,6-dimethyI-2,4-
645 (1961). octadien-8 -ol ('9), derived from 3, requires more drastic(3) U. S. P a te n t 3,161,657 (1964); G. Ohloff, e t  a l . ,  A n g e w .  C h e m . ,  578 ^  A  ry „ a  i i . rt(1961); G erm an P a te n t 1,137,730 (1962); B ritish P a ten t 1,010,056 (1956); Conditions and affords Substantial amounts of the
French P a ten t 1 ,3 1 9 ,2 0 2  (1963); H e iv .  C h i m .  A c t a ,  48, 182 (1965); a. terminal methylene rosoxide isomers, cis- and trans-2-
M alera and Y. R. N aves, C o m p .  R e n d . ,  252, 1937 (1961); Y. R . N aves and  (2-methyl-2-propen-l-yl)-4-methyltetrahydropyran (7
P . Ochsner, H e lv .  C h i m .  A c t a ,  45, 397 (1962); U. S. P a ten t 3,166,575 (1965); f .  ,  . . .  . ,  . , ,  • j
F rench  P a te n t 1 ,3 1 2 ,0 3 4  (1962); u. s. P a ten t 3,163,658 (1964); u. s. and 7a, respectively), together with some cis- and
P a te n t 3,166,576 (1965); M . Ju lia  and  B. Jacquet, B u l l .  S o c .  C h i m .  F r . ,  ¿ran.S-2-(2-methyl-2-hydrOXyprop-l-vl)-4-methyltetra-
1983 (1963); French P a ten t 1,539,094 (1967). The list of pa ten ts  is only
p a rtia l and keeps on growing. (4) See Naves and O chsner.8
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T a ble  I
Yield® of Recovered

S tarting  Tem p of Time, R a te  of pyrolysis, 3a +  2 +  3, ,—Isomeric d istribution6—■. in term ediate , %
m aterial C atalyst pyrolysis, °C min m l/m in  %  3a 2 3 4 6

1 1 % K H S 0 4 260-280 10 Batchwise 50 16 27 57 35 4
1 1%  p -toluene-

sulfonic acid 170-200 30 Batchwise 50 18 11 64 7 10
1 1%  oxalic acid 280-330 70 Batchwise 50 5 75 20 14 25
1 None0 475 . . .  10 75 5 88 7 17 18
4 None0 475 . . .  15 77 6 86 8 4  12

° Yield based on amount of consumed starting material (1 or 4 ) minus recovered intermediates 4 and 5. b Determined by vpc 
on a CW 20M 0.25-in. column at 200°. 0 Pyrolysis in a stainless steel, 15 ft X  0.25 in. tube coiled in 80 spirals, 22-mm o.d., capacity 
52 ml, packed into a 4-ft upright furnace.

T able  II
Acid Cyclization op 8 , 9, and 9a to R osoxide and D erivatives

Starting
m aterial C atalyst Tem p, Tim e, ✓------R eaction produc”, %------* ✓—U nreacted m ateria l, %—*
(1 part) (2 parts) Solvent °C  m in 7, 7a 6, 6a 10, 10a 8 9 9a

8 2 .5 %  H 2S 0 4 H jO 100 90 4 87 9 > 1 0
8 1 0 % H 2SO4 H20  100 120 14 73 13 > 1 0
8 20%  H2S 0 4 H20  25 600 . . .  99 1 > 1 0
8 30%  H2S 0 4 H20  25 60 . . .  100 . . .  > 5
8 50%  H2S 0 4 H»0 25 150 4  70 26 > 10
8 50%  H2S 0 4 H20  25 250 5 11 84 > 10
8 62%  H2S 0 4 H20  25 1 1 2 97 > 50
8 42%  H3P 0 4 H20  25 360 . . .  99 1
9 30%  H2S 0 4 H2Q 25 1680 4 96 . . .  . . .  76
9 35%  H2S 0 4 H20  25 240 30 59 11 10 12
9 35%  H2S 0 4 H20  25 480 2 8 90
9 45%  H2S 0 4 H20  25 120 22 78 . . .  . . .  54
9 45%  H2S 0 4 H20  25 960 25 75 . . .  . . .  40
9 45%  n 2S 0 4 H20  100 10 4 15 81
9 62%  H2S 0 4 H20  25 5 ........................  100 . . .  > 5
9 1.5%  p-Tos Benzene 82 840 27 . . .  73 . . .  15
9a 30%  H2S 0 4 H20  25 1320 2 98 . . .  . . .  54

h y d ro p y ra n  (10 an d  10a) an d  on ly  m in or am o u n ts  of within 0.5 hr, 30%  H20 2 (37 g); the reaction was complete after 
rosoxides 6 an d  6a. 3_4 hr (vpc, S E -3 0 ,225°). The reaction mixture was mixed with

water (50 ml) and extracted with benzene (30 ml), and, after 
m r  evaporation of the solvent, the residue (63 g) of 95%  pure 2,6-

A .  dimethyl-2 ,3-dihydroxyoctan-8-yl acetate was acetylated with
H30+ f  j | | acetic anhydride (110 g) under reflux for 3 -4  hr (140-142°).

9 and 9a -----► iw ^ C r Upon fractionation through a 1-ft Goodloe column, the follow-
! j  ing cuts were obtained: (1) (70 g), bp 80° (2 m m ); (2) 2 ,6-

dimethyl-3,8-diacetoxy-l-octene (4, 6  g, 96%  pure), bp 110- 
7 _ 115° (2 mm), n wD 1.4460, sapon equiv 413 (theory 432); (3)

a 2,6-dimethyl-2,3,8-triacetoxyoctane (1, 70 g, 95%  pure), bp
I  = 140-145° (2 mm), n mD 1.4440, sapon equiv 509 (theory 530).

xk . Pyrolysis of 1.— Triacetate 1 (275 g) was pyrolyzed at 10 m l/
( I  f  ] +  6 ancj 6a min at 475° in the apparatus described in Table I . After washing

with water, neutralization, and distillation as described in the 
\ | previous example, the following cuts (Table III) were obtained

(vpc, 20M , 0.25-in. column, 200°).
10 10a

Both the hydration with strong mineral acids of 7 T able III
and 7a to 10 and 10a and, in particular, their hydro- ®p . Yield. — — Components, % ------------
genation, with P d-C , to dihydrorosoxides [cfs- and Cut °c (mm) 8 ”Ml> x " 3a 2 3 * 6
fr<ros-2-(2-methyl-prop-l-yl)-4-methyltetrahydropyran] \ ?? 2
proceed at a faster rate than with their isomeric rosox- q m 88 A_
ides 6 and 6a. 1 '45f°  35 45

Table II shows the progress of acid cychzation of 8, 9, 08 y y rocar or-s- nc 11 es 2, > an 3a.
and 9a under various conditions to yield isomeric ros
oxides 6 and 6a and 7 and 7a, and hydroxyrosoxides 10 Pyrolysis of 4.— Diacetate 4 (100 g) was pyrolyzed at a rate of 
and 10a. In most of the cases the cis- and trans-iso- 13 ml/min at 475 in the apparatus described in Table I .  The
_  __n .i  i  r i p ,  oaat i \ pyrolysate was treated as in 1, giving the cuts below (Table IV ).
meric ratio was about 9 :1 (vpc on CW  20M column). imns-2 ,6-Dimethyl-1 .3-octadien-8 yl Acetate (2 ) and trans-2 ,6-

Dimethyl-l,3-octadien-8-ol (8 ).3— Cut 2 (100 g) obtained in the 
Experimental Section two previous examples from the pyrolysis of 1 and 4 afforded,

upon distillation through a 2-ft Goodloe column, 80 g of a main
2 ,6-Dimethyl-3,8-diacetoxy-l-octene (4) and 2 ,6-Dimethyl- cut of <rans-2,6-dimethyl-l,3-octadien-8-yl acetate (2 ): 98%

2,3,8-triaeetoxyoctane (1).— Citronellyl acetate (60 g) in 40%  pure (vpc, SE-30, 220°); bp 80-83° (3 mm); nmd 1.4680;
formic acid (21 g) was hydroxylated by adding at 7 5 -80°, sapon equiv 284 (theory 285.7); uv Xmai  230 m p  (« 33,800) and
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T able l\  0-<ms-2,6-Dimethyl-2,4-octadien-8-yl acetate (3 ) gave the
Bp, Yield, ------------Com ponents, % -----------. following data: bp 94° (3 mm); n wd 1.4755; sapon equiv 282

Cut °C (mm) g n*>D X« Sa 2 s 4 s (theory 285.7); ir 10.45 M (trans band); uv Ama* 237 mM («29,400)
1 80 (2 ) 30 1.4570 80 206 and 230 (27,050). Hydrogenation over P d-C  afforded 2,6-
2 100 (2 ) 500 1.4650 6 86 8 dimethyloctan-8-yl acetate.
3 120 (2) 205 1.4525 15» 30 55 The nmr spectrum follows: 3 H for H at C8, H at C4, and H at

■ Mostly hydrocarbons. . Include, 2. 3, and 3a. M S f e l * .  I S ,  I f - A o '  I t )  £  7=1
Hz; 2 H of OCH2, t, 8 4 .1 , J  =  6 Hz; 3 H of OAe, s, 8 2 .21; 

237 (23,100) [lit.2“ Amax 231.5 mM (10,700) and 235 (8500)]; ir ® H of (CH*)2CH , d> 8 1.75, J  =  7 Hz; 3 H of CH3CH, d, J  =  7
6.2 and 11.35 (terminal = C H 2) and 10.34 ¡i (trans band). z '

The nmr spectrum follows: H at C3, d, 8 6.25, ,/3,t =  15 Hz irims-2,6-Dimethyl-2,4-octadien-8-ol (9) was obtained by
(trans); H at C4, d of t, 8 5 .65 ; 2 H of CH2=  s 8 4 9- 2 H of saponification of 3: bp 100° (3 mm); n wi> 1.4960; lemon, rosy 
OCH2, t, 8 4 .16, J  =  7 Hz; 3 H of OAc, s, 8 2.02; 3 H of CH3C =  odor; ir 10 '45 M (trans band^ uv 237 mM (e 29,000) and 
s, 8 1.84; 3 H of CH3C H < , d, 8 0 .9, J  =  5 Hz. ’ 23d (27,335).

The compound had a pleasant, fruity, pearlike odor. Upon bbe nlrT  spectrum follows: 3 H for H at C3, H at C4, and H 
hydrogenation of a sample in the presence of 5%  Pd-C  catalyst, ^  m ’ at ° 4’ 5 6 ‘26’ H at ° 3> s 5 -75> H at c s> «5.42, J , , 5 =  15
it was converted into 2 ,6-dimethyl-8-octanyl acetate and was r _  « tt ' ’A ’6 "V? Hz’ J t '1 =  10 Hz; 2 H for CH2°> *• s 3 -62>
identified with an authentic sample by ir. Saponification of 2 , “  f „ Hz’ H at 5 2 -34> m> covered by OH proton; 6 H of
with a 10% KOH alcoholic solution afforded trans-2,6-dimethyl- (CH3)2C < , s, 8 1 7 5 ,  3 H of CH3CH, d, 8 1.02, J  =  7 Hz.
l,3-octadien-8-ol (8 ) in 95%  yield. Distillation gave a main cut: C1a.lcd for CloHls0: C> 77.86; H, 11.76. Found: C,
bp 100° (4 mm); w*>d 1.4860; purity 98%  (vpc, S E -30 ,0.25 in. X  77 . i  ,
6-ft column at 200°), uv Ama* 230 mu (<• 25,810), 237, (9700)- . cls-2>°-Dlinethyl-2,4-octadien-8-yl acetate (3a) gave the follow-
ir 6.2 and 11.4 (= C H 2) and 10.4 M (trans band). ln?  data  ̂ bP 84 ° (3 mm): l-4755 (90%  pure); ir 13.25 »

The nmr spectrum follows: H at C3, d, 8 6.25, / 3,4 =  15 Hz (««  band); uv Am« 237 nyi (« 27,400). Hydrogenation over 
(trans); H at C4 m, 8 5 .68; 2 H of CH2= ,  s, 8 4 .86; 2 H of yielded 2,6-dimethyloctan-8-yl acetate, identified with
OCH2, t, 8 3 .7 , J  =  6 Hz; 3 H of CH3C = ,  s, 8 1.83; 3 H of an authentic sample by infrared analysis.
CH3C H < , d, 8 0.91, J  =  5 Hz. The nmr spectrum follows: 2 H for H at C3 and H at C4, d, 8

The e values reported by Seidel, et a l .%‘  were substantially 6.15, J i ,4 (Ft t * 9*-’ 5 5 '12, ^  ~  9 Hz’ ^3’5 +  •?*•>> — 8
lower, indicating a product of lesser purity. ±lz’ ~  5 .5 -11 .5  Hz (cis), H at C3 and H at C4 are almost

A nal. Calcd for C.oHisO: C, 77.86; H 11.76 Pound- C magnetically equivalent; 2 H of CH20 ,  t ,  8 4 .05, /  =  6 Hz; 3 H
77.63; H, 11.59. ’ ’ of OAo> s ’ s 2 -04 6 H of (CH3)2C < , 2 s, 8 1.75 and 1.81; 3 H

2,6-Dimethyl-l,8-diacetoxy-2-octene (5) and 2 ,6-Dimethyl-l,8- of 9 ® 3<̂ Il ’. d’ ® ,=  7 Hz.
dihydroxy-2-octene.— Cut 3 (100 g) from the previous distilla- as-2,6-Dmiethyl-2,4-octadien-8-ol (9a) was obtained from 
tions of the pyrolyzates of 1 and 4 was redistilled through a 1-ft saponification of 3a: bp 90-95 (3 mm); n 20D 1.4940; green,
Goodloe column and gave, after removal of 4 , bp 110-115° (2 rosy odor, ir 13.„5 n (cis band); uv Amax 237 mu (e 26,650).
mm), nmi> 1.4462, a main cut (50 g), bp 125-130° (2 mm), n™r sPectrum follows: 2 H for H at C3 and H at C4, d,
n ®d 1.4530, of a 12:88 cis and trans isomer mixture (vpc, SE-30, r a ’-a ^  , r ? Z% Ii at 9 i ’ m > « 2 H for CH20 ,  t ,  8 3 .5 ,
200°) of 2,6-dimethyl-l,8-diacetoxy-2-octene (5), sapon equiv 7  Si 5 ? ' 45,; 6 H for (CH3)2C < , 2 , s, 8 1.73
430 (theory 440 for CmHm0 4, mol wt 256). The mass spectrum anl  3 I4. for CH3CH, d, 8 1, /  -  7 Hz. 
showed a weak peak at m/e 256 and a strong one at m /e 214 Hydrogenation over Pd C afforded 2,6-dimethyloctan-8-ol, 
representing a loss of ketene to yield 2 ,6-dimethyl-l-hydroxy-8- , , c b 9  ld®nti rfied byJ r with an authentic sample,
acetoxyoctane. A nal. Calcd for CioHisO: C, 77.86; H , 11.76. Found: C,

The nmr spectrum follows: H at C3, t ,  8 5.27, J  =  7 Hz; 2 77iT5 ’ .H ’. 11 .  . .  _  .
H of CH20 ,  s (minor, 15% ); 8 4.51, s (major, 85% ); 8 4.38 (cis , yrolyS1S wl‘h 0 xf llc Acid .— Triacetate 1 (35 g) and oxalic acid
and trans isomers of OAc at Ci); 6 H of 20A c, 2 s, 8 1.99 and "  ^®re heated m a modified Claisen Yigreux flask at 280-
2.02; 3 H of CH3C = ,  s, 8 1.63; 3 H of CH3CH, d, 8 0 .93, J  =  309 for 30 “ in ^hde acetic acid was collected (ca. 12 g). The
4 Hz. residue was then distilled under vacuum, yielding the following

Upon saponification with 50%  methanolic KOH, the compound Cuts (Table (VP°, 20M , 200°). 
yielded the corresponding glycol, bp 110-115° (2-3 mm), n 20D
1.4780, as a mixture of cis and trans isomers of 2,6-dimethyl-l,8- T able VI
dihydroxy-2-octene (C10H20O2), mol wt 172. B p,° Yield, ,--------- C o m p o n en t, %______ .

The nmr spectrum follows: H at C3, t, 8 5.32, J  =  7 Hz (major Cut C (mm) g n»D 3a 2 3 4 5
isomer, 85% ); t , 8 5.17, J  =  7 Hz (minor isomer, 15% ) (cis 1 110(3) 10 1 4570 5 75 20
and trans isomer of OH at Ci); 2 H of CH2OH, s, 8 3.88, with 9 iq n m  , o ,  , , -on An crl
minor impurity, d, 8 4 .02, J  =  5 Hz; 2 H of CH2OH, t, 8 3 .56, 13U(3) 13 5 14520  40 60
J  =  6 Hz; 2 H of OH, s, 8 3 .07; 2 H of CH2CH2OH, m, 8 2 .01;
3 H of CH3C = , s, 8 1.51; 3 H of CH3C H < , d, 8 0.87, J  =  6  Hz. Pyrolysis with p-Toluenesulfonic A cid— Triacetate 1 (50 g)

Pyrolysis with K H S 04. Preparation of 3, 3a, 9 , and 9a .—  and P-toluenesulfonic acid (0.5 g) were heated in a modified
Triacetate 1 (46 g) and K H S 04 (0.5 g) were heated in a modified Cla,isen—Vigreux flask at 165—190° (20 mm). The distillate,
Claisen—Vigreux flask at 250-270° and kept at this temperature which collected at 100—150° within 0.5 hr, was washed with 2
for 5 -8  min while 7 g of acetic acid distilled at 100-130°. The volumes of water and neutralized with 10%  soda ash. It
pot temperature was then raised to 310° and the distillate was amounted to 29 g, n wD 1.4670, which, upon distillation, yielded
collected at 250-260°. The crude distillate (35 g) was washed the following cuts (Table V II), (vpc, 20M , 200°).
with water (2 volumes) and neutralized with 10%  soda ash.
I t  afforded upon redistillation the following cuts (Table V) T able VII
(vpc, CW 20M , 200°). „  „  , „

^  '  Bp, Yield, ------------- Com ponents, %--------------
T able V Cut °C 'mm  ̂ g " S°D X° Sa 2 3 4 5

Bp, Yield, -------- Com ponents, % -------- - \  86  (2 ) 1 1  ^  8 °  ^
Cut °C (mm) g n20D 3a 2 3 4 5 2 100 (2) 1 .8  1.4720 18 11 64

1 100 (2) 16 .5  1.4600 18 11 64 3 110 (2 ) 2 1.4620 206 35 45
2 140 (2) 1 2 .0  1.4500 90 10 4 135 (2 ) 6 1 .4480 40 60
3 160 (2) 2 .0  1 .4600 50 50 “ Mostly hydrocarbons. 4 Includes 2, 3, and 3a.

Both m-2,6-dimethyl-2,4-octadien-8-yl acetate (3a) and trans- Cyclization of 8 .— trans-2,6-Dimethyl-l,3-octadien-8-ol (8 , 100
2,6-dimethyl-2,4-octadien-8-yl acetate (3) were obtained by g) and 30%  H2S 0 4 (100 ml) were agitated under a N2 atmosphere
redistillation of cut 1 through a 2-ft Goodloe column. The pure for 1.5 hr a t room temperature (20-30°) until a sample of the
products had the constants given below. reaction mixture showed the disappearance of the starting ma-
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terial (vpc, SE-30, 200°). Upon distillation, a main cut, 94 g, cis-Rosoxide [ds-2-(2-methyl-l-propen-l-yl l-4-methyltetrahy-
bD 77° (15m m ) n20̂  1.4545, of a 9 1 :9  isomeric mixture of 6 and dropyran, 6], separated by distillation through a N ester- 
6a (vpc 20M 90°) was obtained. Faust Teflon spinning-band column, gave the following data:

Cyclization of 9 .—  fmns-2,6-Dimethyl-2,4-octadien-8-ol (9, 16 bp 86 ° (20 mm); n2»D 1.4535. 
g) benzene (32 ml), and p-toluenesulfonic acid (0.5 g) were The nmr spectrum follows: H at Ci, d, hne splitting, 5 5.09,
refluxed for 14 hr; upon neutralization and evaporation of the J  =  8.5 Hz; H at C2 and H at C6, m, 5 3 .9 ; H at C6, six-peak m,
solvent 13 g were obtained, nZ0D 1.4620, showing the following composed of 3 d, with axial fixed conformation, 8 3 .38, 7 gem =
compos’itionf 23%  7 and 7a; 53%  6 ; 9%  6a; and 15% un- 12 Hz , 7 '  =  12 Hz, 7 "  =  2 5 Hz; 6 H of (CH ,) C =  2id . 5 1.68,
reacted 9 and 1.65, . 7 = 1  Hz; 3 H of CH3CH, d, 8 0.90, 7  — 5 Hz.

Cyclization of 9a.— cis-2,6-Dimethyl-2,4-octadien-8-ol (9a, 15 fmns-Rosoxide [trans-2-(2-methyl-l-propen-l-yl)-4-methyl-
g) and 30%  H2SO4 (15 ml) were vigorously agitated at room tetrahydropyran, 6a, separated by distillation through a N ester-
temperature (20-30°) for 22 hr. The reaction mixture, after Faust Teflon spinning-band column, gave the following data:
neutralization, afforded 14 g, which showed the following composi- bp 88-89° (20 mm); 1.4580.
tion (vpc 20M 90°): 1%  7 and 7a; 39%  6 ; 6 % 6a; and 54%  The nmr spectrum follows: H at Ci, d, fine splitting, 6 5.22, 
unreacted 9a 7  =  8 Hz; H at C2, six-peak m, composed of 3 d, 8 4 .29 , 7  =  8

cis and irans-2-(2-Methyl-2-hydroxyprop-l-yl)-4-methyltetra- Hz, J '  =  8 Hz, J "  =  4 Hz, 2 H at C6, m, nearly equivalent
hydropyran (10 and 10a).— inms-2,6-Dimethyl-2,4-octadien-8-ol protons owing to flipping of conformation of trans configuration,
(9 , 100 g) was fed within 5 min, under cooling at 0 -1 0 ° , into 8 3 .5 -3 .8 ; 6 H of (CH3h C = , d, 5 1.66 and 1.69, 7  =  1 Hz; 3 H
62.5%  H2S 0 4 (100 ml); the temperature was left to reach 20-25° of CH3CH, d, 8 1.04, j  =  6 H z. 
within 5 min. The reaction product was then poured onto 30%
NaOH (200 ml) under cooling (30-40°), and the top layer sepa
rated; it afforded, upon distillation, 75 g of a main cut, bp 7 5 - Registry No.-— 1, 23062-48-8 ; 2, 23102-71-8; 3,
80° (2 mm), n wB 1 .4480, of a 9 5 :5  a ’s-irons mixture of hydroxyros- 23042-11-7; 3a, 23061-96-3; 4, 23062-49-9; trans-5,

Conversion of 10 ¿ t o  a Mixture of Rosoxides 6 and 6a.—  23061-97-4; 6, 876-17-5; 6a, 876-18-6; 8, 23062-00-2;
H y d r o x y r o s o x i d e  10 (100 g), benzene (400 ml), and concentrated Q 23062-01-3; 9a, 23062-02-4; 10, 23062-03-5; 10a,
H2SO4 (4 g) were heated under reflux for 1 hr (80-82 ) while . - 0  , 0  ,
water was azeotroped off in a Dean-Stark trap. The mixture, 23062-04-6; m-2,6-dimethyl-l ,8 - dlhydroxy- 2 - octene, 
after neutralization and distillation, afforded 70 g, /i“ d 1.4550, 23062-05-7; trans-2.6-dimethyl-l,8-dihydroxy-2-octene,
consistmgrf 30%  7 , 2 %  7a, 64%  6 , and 4%  6a (vpc, CW 20M , 2 3 0 6 2 _ 0 7 _ g . ^  23062-08-0.
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A 4-phenyl-l,2 ,3,4-tetrahydroisoquinoline alkaloid, cherylline, has been isolated from Crinum powellii. The 
alkaloid has been assigned the structure 12 from spectral, degradative, and synthetic evidence. A facile synthesis 
of ( ±  )-0 ,0 -dimethyl-N-demethylcherylline (5) provided an intermediate capable of resolution. N-Methylation 
of the S  enantiomer (10a) provided a product, the hydrochloride of which was identical with 0,0-dimethylcheryl- 
line hydrochloride.

Isolation and separation procedures reported during at 285 and 280 mp which undergo a bathochromic shift
the past 20 years have provided relatively few phenolic to 299 mp upon the addition of base. The mass spec-
Amaryllidaceae alkaloids.2 We wish to report the trum and elemental analysis of the alkaloid indicate
isolation and structure of cherylline, a new representa- a molecular weight of 285 and the empirical formula
tive of this rare type of phenolic alkaloid. Cherylline,8 Ci7H19N 0 3. These results are consistent with a com-
which is optically active, has been isolated in ca. 0.004% pound containing two aromatic rings (both phenolic),
yield from the alkali-soluble crude alkaloids of several N-methyl and methoxyl groups, and a C 3H6 fragment,
species of Crinum. The nmr spectrum of cherylline Structure I is in agreement with the spectroscopic data,
in D M S O - d e  exhibits an A 2B 2 pattern (5 6.91 and 6.64) Proof that the alkaloid does contain this skeleton was
characteristic of a 1,4-disubstituted aromatic ring, two obtained by converting cherylline into 0,0-dimethyl-
one-proton singlets (5 6.49 and 6.23) indicative of two cherylline (1, CH sO instead of OH) with diazomethane,
para-oriented protons on a second aromatic ring, and This fully methylated derivative exhibited Rt values
two three-proton singlets at 8 3.51 (OCH3) and 2.24 on silica gel with several different solvent systems that
(NCH3) in addition to a few less well-defined signals. were identical with those found for synthetic (±)-6,7-
The ultraviolet spectrum of the compound has maxima dimethoxy-4-(4'-methoxyphenyl)-2-methyl-l,2,3,4-tet-

rahydroisoquinoline (6). The ir spectra (KBr) of the 
of S' PubliC Health Servi0e f0r Partial SUPP°rt hydrochlorides of both compounds were superimposable,

(2) For a  recent review, see W. C. W ildm an in “ The Alkaloids,” Vol. X I, t h u s  C o n f i r m i n g  t h e i r  c h e m i c a l  i d e n t i t y . 4 
R . H . F . M anske, Ed., Academic Press Inc., New York, N . Y., 1968, C hapter
K).(3) A comparison of cherylline and the  phenolic alkaloid (crinin) isolated (4) I t  was necessary to  run  the  ir spectra in  K B r pellets because of solu-
by  H .-G . Boit, C h e m .  B e r . ,  87, 1704 (1954), has been performed by W. Dopke, bility  problems. W hile the ir spectrum  of an  enantiom er frequen tly  differs
H um boldt University, Berlin, who found the  alkaloids to  be identical. I t  is from th a t  of th e  racem ate when m easured in the  solid sta te , in  th is case the
proposed th a t  “ crinin” should be referred to  as cherylline to  avoid confusion spectra are fortuitously superimposable and can be used as proof of chemical
in the  literatu re  with crinine, a  nonphenolic alkaloid. identity .
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The positions of the hydroxyl and methoxyl groups forded the carbinol 3, which was transformed by acid
in ring A  of cherylline were assigned by nmr spectros- treatment and subsequent sodium borohydride reduc-
copy. The spectrum in DMSO-d6 shows two singlets tion to the 4-phenyl-substituted tetrahydroisoquino-
at S 6.23 and 6.49. Because of the shielding effect line 4. Catalytic debenzylation of 4  gave the secondary
of the phenyl group at C-4, the signal at S 6.23 is amine 5.6 Reductive N-methylation of 5 provided
attributed to the proton at C-o and the latter to the (±)-0,0-dimethylcherylline hydrochloride (6-HC1),
proton at C-8 . On addition of a drop of NaOD in while resolution of 5 with dibenzoyl-d-tartaric acid and
D 20, both singlets are shifted upheld to S 6.06, repre- Z-tartaric acid gave the diastereoisomers 7 and 8  which,
senting a shift of 10 and 26 Hz, respectively. Since on reductive N-methylation of the corresponding sec-
on forming the phenolate the large upheld shift is ondary amines 9a and 10a, were transformed to the
observed for the proton at C-8 , the hydroxyl group respective enantiomers 9b and 1 0 b (Scheme I).
must be located at C-7. The ORD curve of 9b shows a positive Cotton effect

The configuration of the alkaloid at the only asym- at 294 m/r and the C D  curve shows a maximum at 288
metric center (C-4) was determined by examination of m^. The O RD  and C D  spectra of 10b are exact mirror
the ORD and C D  spectra of cherylline and of the two „  IT, , . . . „  . r „ „. .  .  /-v i-. i. n i l *  . . (5) G. G rethe, H L. Lee, M. Uskokovi6, and A. Brossi, J. Org. Chem.,
enantiomers ot the U,(J-dimethyl derivative, which were 33f 491,494 (i968).
prepared in the following manner. Condensation of (6) (a) This compound and the  corresponding N -m ethyl derivative  (6)

r f Jei ° y p «ê 1” agr ium. br?mide wi;h 2t r y l- »•«■ “  s k i  v r z . f ■ “ r a2,3-dihydro-6,7-dimethoxy-4(lH)-isoqumolone (2) 6 af- hav. chim. Acta, in press.
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I5,000i-----------—------------------------------------------------------ ethanol at 30°. The extract was filtered and evaporated under
14.000 __  _ reduced pressure at 30° until turbidity appeared. The concen-

7  \ trate was diluted with water, acidified to pH 2 with tartaric acid,
/  12 and extracted three times with benzene and three times with

5.000 - A  \  /  -  chloroform. Separate concentration of these extracts afforded
i \ \  I  g 51.5 and 25.3 g of benzene- and chloroform-soluble materials,

/ \ \ /  respectively. The aqueous solution was adjusted to pH 8 with
j  I ' " ammonium hydroxide and extracted five times with chloroform.

I I \ -  4 Evaporation of the chloroform extract under reduced pressure
I I  \ /  \ gave 33.2 g of alkaloidal material. Lycorine2 (3.0 g, identified

+ ; \ ~ + f  by melting point and ir spectra) precipitated during concentra-
|$i o  — i— \— J—ji— i---- 1----- 1— '---------- 1— ----1—  o ~ tion of the chloroform. The aqueous raffinate was adjusted to

m/J 250 i 300 / /  ~ JL pH 10 and extracted three times with chloroform. Concentra-
/  /  T— tion of the chloroform gave an additional 4.4 g of mainly al-

' 1 /  “ 4 kaloidal material. One gram of the chloroform-soluble pH 8
/ /  extract was chromatographed by thick layer chromatography on

\ i  j  _ 20 X  20 cm plates of silica gel P F  (254 +  366) (0.5 mm). De-
I i i j  velopment with chloroform-methanol-diethylamine (9 0 :5 :5 )

\ l  -  provided four bands, of which the second least mobile had major

t I I  |2 quantities of alkaloid.10 This material was eluted from the silica
__________________\ 1 /  gel with methanol and rechromatographed on the same support

l"T’“uv| |j U( / " using ethyl acetate-methanol (70 :30) as eluent. Nine distinct
II \ /  - 16 substances were observed. The two materials most mobile in

16,000 '-------------- ------------------------------------ ----------------- the solvent system were in minor amounts; the last four (least
mobile) components proved to be the expected major alkaloids, 

Figure 1.—ORD (— ) and CD (— ) curves of cherylline (12) crinine and powelline. The intermediate fractions were crystal- 
(c 0.02, CH3OH). lized initially from chloroform and then recrystallized from

acetone to give 20 mg of cherylline: mp 217-218°; [a]26D —69° 
images of those of 9b. B y  analogy to structural assign- (* 15>00° )  (sh)> 28(? (3960), 285

ments of ORD spectra m the 4-aryltetralm (lignan) tion caused the maximum to shift to 299 m/*. Cherylline forms
series,7 the R  configuration was assigned to 9a and 9b and a hydrochloride, mp 238-239°, after recrystallization from
the S  configuration to the enantiomers 10a and 10b.8 acetone.
Comparison of the ORD and C D  spectra of cherylline Treatment of cherylline in 95% ethanol with excess diazo-
/Tjv ,% „ c • i; methane at 0° for 1 week provided an O-methyl derivative which(Figure 1) with those of the synthetic compounds mdi- gaye ^  game R[ yalues ^  with three solve t̂ systems> namely
cated that the alkaloid possesses the S  confaguration. EtOAc-MeOH (70 :30 ), EtOAc-MeOH (50 :50 ), and CHC13-  
The absolute configurations assigned above have been M eOH-(C2H 5)2NH (9 2 :3 :5 ) . Treatment of the O-methyl
verified by an X-ray . crystallographic study8 of 11. derivative with ethanolic HC1, concentration, and crystallization
From this information cherylline can be assigned struc- . acetone-methanol gave a hydrochloride, mp 229-230 ,

identical in chromatographic behavior and in ir (KHr) spectrum 
tu re  1L. with synthetic 6-HC1. A mixture of the two hydrochlorides

„ j ,  showed no melting point depression.
6 OCR | Racemic 2-Benzyl-6,7-dimethoxy-4-(4-methoxyphenyl)-l, 2,3 ,4-

J s .  tetrahydro-4-isoquinolinol Hydrochloride (3-HC1).— To a stirred

j ii mixture of 2.4 g (0.1 mol) of dry magnesium turnings and a trace
of iodine in 14 ml of dry tetrahydrofuran was added a solution of 

H m  Ti w r n  j ^ H  21 8 (0.112 mol) of p-bromoanisole in 14 ml of dry tetrahydro-
3 “ 3 furan over 10 min. The mixture was stirred and refluxed for 1

fl I {  J  X  JL  N ^r; R en a solution of 25 g (0.084 mol) of 2-benzyl-2,3-dihydro-
pj ^C H s 6,7-dimethoxy-4(lH)-isoquinolone (2), obtained by neutraliza-

3 II tion of the corresponding hydrochloride5 in 200 ml of dry tetra-
0  12 hydrofuran was added over 10 min. The reaction mixture was

U (g) cherylline stirred and refluxed for 4 hr, cooled, poured into 100 ml of an ice-
cold, saturated solution of ammonium chloride, and extracted 
with three 100-ml portions of ether. The ether extracts were 

Experimental Section9 evaporated and the residue was dissolved in 200 ml of ethanol and
rendered acidic with 6 N  hydrochloric acid. The resulting white 

Isolation of Cherylline.— Ground, fresh bulbs of Crinum  crystals were filtered, washed with ether, and dried to give 26 g
pow ellii var. alba  (16.45 kg) were extracted several times with (70% ) of 3-HC1, mp 178-181°. An analytical specimen was

„ 77, . , . ,  , , , . . T . . T .... prepared from ethanol: mp 180-181°; uv max 225 mu (e(7) P. Crabby in “Advances in Stereochemistry, Vol. I, N. J. Allinger £ ooo a ono /oxnn\ 7 1,
and E. L.Eliel, Ed., p 144, 1967, and references therein. 22,400) (sh), 27o (4720; (sh), 280 (4960), and^298 (3400) (sh),

(8) V. Toome, J. F, Blount, G. Grethe, and M. Uskokovic, Chemical Re- nmr 5 3.52 (s, 3, OCTT-i-T), 3.77 (s, 6 , OCH3-6 , -7), 6.35 (s, 1,
search Department, Hoffmann-La Roche Inc., Nutley, N. J. Details will be CH -5), 6.86  (s, 1, CH-8 ), 6.91 and 7.29 (AAr, 1313 pattern, 4,
published elsewhere. /  =  10 Hz, CH-2 ', CH-S', CH -5', CH-6 ') , and 11.35 (b, 1,

(9) Melting points of synthetic materials were taken in open capillary ‘kNH). 
tubes with a Thomas-Hoover melting point apparatus: those of cherylline A n ai_ Cajc(j for CzsHjjNOr• HC1 (mol wt, 441.96): C,
and derivatives were observed on a Kofler microscope hot stage. All melt- 0  ̂ 0 gQ Found' C 67 9 9 ’ H 6 13
ing points are corrected. Infrared spectra were determined either with a X» ’ l 1 x»* i ’A / a’ ix!  i_  ̂ ** a
Beckman Infrared Model IR-9 or Model IR-12 spectrophotometer. The uv a Racemic 2-Benzyl-6,7^imethoxy:4-(4-m^hoxyphenyI -I,2 ,3 ,4 -
spectra were recorded on a Cary recording spectrophotometer, Model 14M, tetrahydroisoquinoline Hydrochloride (4*HC1). A solution of
in ethanol unless noted to the contrary. Rotatory dispersion curves were 20 g (0.045 mol) of 3 in 170 ml of 3o%  ethanolic hydrogen chloride
measured at 23° with a Durrum-Jasco spectrophotometer, Model 5, using was refluxed for 2 hr and evaporated under reduced pressure,
l-cm, o.i-cm, or 0.1-mm cells. Specific rotations are given for the highest The residue was dissolved in 300 ml of methanol, and 15 g (0.4
and lowest wavelength measured, for intersections, and for peaks and -------------------
troughs. Circular dichroism curves were measured on the same instrument the nmr data: s, singlet; cp, complex pattern; m, multiplet. The mass
and they are recorded in molecular ellipticity units [0]. Optical rotations spectra were taken with a CEC 21-110 mass spectrometer at 70 eV using a
were measured on a Perkin-Elmer polarimeter, Model 141. Nuclear mag- direct insertion probe.
netic resonance spectra were obtained on a Varian Associates Model A-60 or Extracts of products in organic solvents were washed with water and dried
HA-100 spectrophotometer using DMSO-de as solvent unless otherwise indi- over anhydrous sodium sulfate.
cated. Chemical shifts are reported in 5 units using tetramethylsilane as in- (10) Meaningful Ri values could not be obtained because of variations in
ternal reference. The following abbreviations are used in connection with band width and migration.
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mol) of sodium borohydride was added to the stirred solution The combined extracts were washed with water, dried (Na2S 0 4),
over 30 min. The reaction mixture was stirred for 2 hr and evap- and evaporated to dryness. The crystalline residue, after re
orated. The residue was suspended in water and extracted with crystallization from ether, afforded in several crops a total of
methylene chloride. The organic extract was evaporated and 1.074 g (41% ) of-.he free base (9a): mp 110- 112°; [a]26D + 3 6 °
the residue was dissolved in ethanol and rendered acidic with (c 1.05, MeOH). An analytical sample from a previous experi-
ethano-ic hydrogen chloride. Addition of ether afforded 13 g ment, after recrystallization from ether and drying at 55° for 70
(68% ) of 4-HC1, mp 194—195 . An analytical sample was pre- hr under reduced pressure, showed the following physical proper-
pared from ethanol: mp 196-197°; uv max 225 m̂ i (e 19,700) ties: mp 108-110°; [a]26D + 3 8 .4 °  (c 1.22, MeOH)- ORD (c
(sh), 278 (4620), 283 (4780), and 292 (3050) (sh); nmr S 3.51 (s, 0.292, MeOH) [a]293 + 3 4 2 0 ° (pk), [a]287 0 ° , [«]*„ -6 1 5 0 °  (tr),
3 , OCH„-4'), 3.76 and 3.79 (s, 3 H each, OCH3-6 , -7), 6.23 (s, 1, [«*],« -1 7 6 0 °  (pk), [a]243 -5 8 2 0 °  (tr), [a]236 0 ° , [<*]227 + 1 3 ,0 0 0 °
CH-5), 6.83 (s, 1, CH-8 ), 6.96 and 7.17 (A A 'B B ' pattern, 4, (pk), [a]al8 0 ° , [«]m  -1 4 7 0 °  (tr), [o+„ 0°, and [<*],„ + 2 0 6 0 ° ;
/  =  9 Hz, CH -2', CH -3', CH -5', CH-6 ') , and 12.1 (b, 1 , +NH). CD [0 ]31O 0, [0 ]288 + 2 1 ,6 8 3 , [0 ] 273 O, [0 ]272 - 6 7 7 6 ,  [0 ]267

A nal. Calcd for C26H27N 0 3-HC1 (mol wt, 425.96): C, - 2 0 3 2 ,  [0 ]239 -3 8 ,5 3 2 , [0 ] 232 0 , [0 ]224 + 2 9 ,7 4 4 , and [0 ]272
70.49; H , 6 .63; N, 3 .29. Found: C, 70.52; H, 6 .80; N, + 1 2 ,1 6 8 ; ir (CHC13) ca. 3300 (broad, N H ), 1615, 1585, 1515
3-15. and 1468 (phenyl), and 1255 cm “1 (OCH3); uv max (MeOH) 236-

Racemic 6,7-Dimethoxy-4-(4-methoxyphenyl)-l,2,3,4-tetrahy- 237 mu U 20,600), 279-280 (5070), and 284-285 (5060); nmr
droisoquinoline (5) and Hydrochloride (5-HC1).— A mixture of (CDCla) S 2.70 (broad, s, 1, -N H ), 2 .9 -3 .5  (cp, 2, CH2-3), 3.68,
12.8 g (0.03 mol) of 4 and 3 g of 10% P d-C  in 20 ml of glacial 3.78, 3.86 (s, 3 each, OCH3), 4.04 (s, 2, CH2-1), ca . 3 .9  partially
acetic acid was hydrogenated at 50° under atmospheric pressure hidden underneath other signals (m, 1, CH -4), 6.38 (s, 1, CH-5 ),
for 4 hr and cooled, and the catalyst was filtered. The filtrate 6.56 (s, 1, CH-8 ), and 6.83 and 7.02 (A A 'B B ' pattern, 4, /  =
was evaporated under reduced pressure and the residue was crys- 9 Hz, CH -2', CH -3', CH -5', CH-6 ') ;  mass spectrum (70 eV)
tallized from methanol-ether to give 9 g (89% ) of 5, mp 230-231°. m /e  (rel intensity) 299 (30), 270 (35), 239 (100), 209 (25), 195
An analytical specimen was prepared from methanol-ether: mp (25), 183 (45), 165 (45), 152 (45), 141 (35), 121 (30), 115 (45 ),
234-235°; uv max 227 mM (e 19,400), 278 (4660), 284 (4780), and 91 (30), and 77 (45).
292 (3200)(sh); nmr S 3.52 (s, 3, OCH3-4 '), 3.78 (s, 6 , OCH3-6 , A nal. Calcd for C18H21N 0 3 (mol wt, 299.36): C, 72.21; H, 
-7), 6.27 (s, 1, CH -5), 6.90 (s, 1, CH-8 ), 6.94 and 7.17 (A A 'B B ' 7.07; N, 4.68. Found: C, 72.09; H, 7 .05; N, 4.45. 
pattern, 4, /  =  9 Hz, CH-2 ', CH -3', CH -5', CH-6 ') , and 10.0 ( - )-6,7-Dimethoxy-4(iS)-(4-methoxyphenyl)-l,2,3,4-tetrahy-
(b, 2 , +NH2). droisoquinoline (10a).— The mother liquors from the crystal-

A nal. Calcd for C18H21N 0 3-HC1 (mol wt, 335.84): Cl, lization of 7 were combined and evaporated to dryness. The
10.56. Found: Cl, 10.60. residue was taken up in water, excess sodium hydroxide was

An aliquot of 5-HC1 was dissolved in water, rendered alkaline added to the aqueous solution, and the free base was extracted
with ammonium hydroxide, and extracted with methylene chlo- with chloroform. The combined organic layer was washed with
ride. The organic extract was evaporated and the residue was water, dried, and evaporated to dryness. The residue (2.375 g)
recrysjallized twice from ether to afford 5, mp 91-92°. was dissolved in 15 ml of ethanol. Addition of 1.15 g of 1-tartarie

A nal. Calcd for CI8H21N 0 3 (mol wt, 299.37): C, 72.22; H, acid in m! of ethanol afforded a crystalline salt. After two
7.07; N, 4 .68. Found: C, 72.01; H, 6.80- N, 4 .30. recrystallizations from methanol the tartrate (8 ) weighed 2.1 g,

Racemic 6,7-Dimethoxy-4-(4-methoxyphenyl)-2-methyl-l,2,- [“ ] “ >  (c 1 ’2,7 ’ m p183_18f  deuc ‘ , T °  an a9 ~
3,4-tetrahydroisoquinoline Hydrochloride (6 H C 1 ).-A  mix- i “ “ 0 8 added ef es? « A'.;s1od(urn hydrox.de, and the
ture of 9.85 g (0.033 mol) of 5 in 20 ml (0.52 mol) of 98-100%  “ Delated free base. was extracted with three portions of chloro-
formic acid and 10 ml (0.13 mol) of 37%  formaldehyde was heated iT “  T "  ^  T  wli h„ wat.er’
at 100° for 3 hr and refluxed for 8 hr, and the volatiles were JT n T  g‘n n  S  recrystallization
evaporated under reduced pressure. The residue was dissolved , f ’ /  J l j ,  °. f ’ mp 1 ̂  analytical
in water, rendered alkaline with 5%  sodium hydroxide, and ex- f ° “  eth?r; 2f  ° Wed *9 °
tracted with methylene chloride. The organic extract was m Jo HV ORD (c 0 292?  MeOH) r«l ^ 3700° (t’r'i M  0 ° ’
evaporated, and the residue was dissolved in ethanol, acidified 5  + « 0 4 0 ° (nkl I I  + 1 540° M I  [  i J 1’,  l“ ®  ?  ’
with ethanolic hydrogen chloride, and evaporated. The result- fc 1” 7 f  + n  f  . (tr )’i ± 2 W “ 8
ing solid was recrystallized twice from methanol-ether to give °  ! l“ ] ^01 6 1 0 1 ^ + ^ 9 8  ’ i« , *
6.3 g (55% ) of 6-HC1: mp 228-229°; uv max 226 m , (. 19,000), S “ “ 522’f 2’0 [^ f 8 °1 J 0] S  + K  ‘ ’ 11238
276 (4460), 282 (4600), and 290 (2950)(sh); nmr 6 2.89 (s, 3, + S  ’ S c d f o r C ^ H N o  ’ C 72 2 1 - ~TT 7 07- N 4 68
NCH3), 3.53 (s, 3, OCH3-4 '), 3.80 (s, 6 , OCH3-6 , -7), 6.27 (s, 1, Fo„ ”u-' r  M  H m N  4 70 ? ’ H ’ 7 '° 7 ’ N ’ ‘68’
CH-5), 6.85 (s, 1, CH-8 ), and 6.95 and 7.17 (A A 'B B 'pattern , / T n 1, i m  o ,
a t _q Tjy /~itt cyt pxT 9 / pTj r/ piT /»f\ ( i  )"6 ,7-Diin0tiioxy-2*-nietliyl--4 (/2)-(4-methoxypheiiyl)-1,2,3,-

, , , n  Ti v o  r n ;  ,  ] 4-tetrahydroisoquinoline (9b).— A solution of 950 mg of 9a
h 1 iT o . r ?  n n  CS ° J r  Ci - (”7°  p  10 99 ; and 2 -82 ml of 37%  formaldehyde in 30 ml of methanol was al-H, 6.92 C l ,10.13. Found: C, 6o.o7; H, 7.12; Cl, 10 .22 . lowed to gtand at room temperature for 4 h r. xhe mixture was

7 - y imeth°xy-4(^)-(4-meth°xyphenyl)-l,2 ,3 ,4 -tetrahy- then hydrogenated at 1 atm over Raney nickel at room tempera-
droiscqumolme (9a). To a solution of 5.245 g (15.6 mmol) of ture overnight. The catalyst was removed by filtration and the
5-HC1 m methanol was added 845 mg (15.6 mmol) of sodium filtrate was evaporated to dryness under reduced pressure. The
methoxide. The solvent was removed under reduced pressure residue was dissolved in ether, insoluble material was removed
and the residue was extracted three times with dichloromethane. by filtration, and petroleum ether (bp 30-60°) was added to the
The combined extracts were filtered and evaporated to dryness filtrate to afford 651 mg (65% ) of crystalline N-methylated
under reduced pressure. The resulting free base was dissolved product (9b), mp 83-85°. Recrystallization from ether-petro-
in 15 ml of ethanol and combined with a solution of 5.6 g (15.6 leum ether gave 627 mg of analytically pure 9b: mp 87-89°
mmol) of dibenzoyl-d-tartaric acid in 15 ml of ethanol. The (after drying under reduced pressure for 4 days at 4 0 °); [a]24-9D
crystalline material (6.2  g) which precipitated from this solution + 2 1 .5 8 °  (c 1.01, MeOH); ORD (c 0.313, MeOH) [<*]294 + 3 960°
on standing at room temperature was recrystallized twice from (pk)j [a ]M7 0 °, -6 2 5 0 °  (tr), [a]263 -2 0 4 0 °  (pk), [a]243
methanol to give 3.4 g (66% ) of the dibenzoyl-d-tartrate (7): -6 0 6 0 °  (tr), [a]2S7 0 ° , [a]229 + 1 3 ,5 5 0 ° (pk), [a]22i 0 ° , [a]m
mp 186-188°; [a]25D —4 5 .8 °  (c 1.03, MeOH). An analytical -4 1 5 0 °  (tr), and > ] 2n -3 0 9 0 ° ;  CD [0 ]3O4 0, [0 ]288 + 23 ,670 ,
samp.e, after recrystallization from methanol and drying at 75° [0 ]278 0 , [0 ]272 - 5 9 4 0 ,  [0 ]257 - 1 9 8 0 ,  [0 ]244 -1 5 ,1 8 0 , [0 ]235
for 24 hr, showed the following physical properties: mp 191- 0 , [0 ]227 + 7 1 ,2 8 0 , [0 ]214 + 7 9 2 0 , [0 ]2„o + 9 5 ,0 4 0 , [0] 200 0, and
193°; [a] 25d  - 4 5 .8 °  (c 1.0, MeOH); ORD (c 0.164, MeOH) [0 ]196 -6 0 ,7 2 0 ; ir (CHC13) 2790, 2770 (Bohlmann bands), 1610,
[a]3!7 - 3 6 0 °  (tr), [a]304 0 ° , [a]293 + 1 0 9 0 ° (pk), [a]288 0 ° , [a]276 i 585) i 515 and 1465 (phenyl), and 1265 and 1255 cm “1 (OCH3);
-6 2 0 0 °  (tr), [a]266 - 4 5 6 0 °  (pk), [a]243 -2 0 ,0 0 0 °  (tr), [a]236 uv max (MeOH) 225 m^ (e 20,600), 277 (5000), 283 (5020), and
0 °, M m  + 2 8 ,6 0 0 °  (pk), and [a]210 + 6 7 0 0 ° ; CD [0]soo 0, [0]287 290 (3400)(sh); nmr (CDC13) S 2.42 (s, 3, NCH3), 2 .4 -3 .2  (cp,
+ 3 6 ,9 6 0 , [0 ]278 0, [0]27i -1 7 ,1 6 0 , [0 ]262 -1 8 ,4 8 0 , [0 ] 238 2 , CH2-1), 3.66, 3.80, 3.88 (s, 3 H each, OCH3), 3 .5—1.4, partially
— 27,060, [0] 228 0, [0]223 + 9 5 ,0 4 0 . hidden beneath OCH3 signals (cp, 3, CH2-3 and CH -4), 6.38 (s,

A n al. Calcd for Ci8H2iN 0 3'C i8H140 8 (mol wt, 657.65): C, 1, CH -5), 6.59 (s, 1, CH-8 ), and 6.85 and 7.12 (A A 'B B 'pattern ,
65.75; H, 5 .36 ; N , 2 .13. Found: C, 65.51; H, 5 .44; N, 2 .14. 4 , J  =  9 Hz, CH -2', CH -3', CH -5', CH-6 ') ; mass spectrum (70

To an aqueous solution of 3.2 g of 7 was added excess 6 N  so- eY) m/e (rel intensity) 313 (25), 270 (47), 239 (100), 224 (7),
dium hydroxide and the free base was extracted with chloroform. 208 (8 ), 195 (7), 181 (6 ), 165 (10), 151 (8 ), and 135 (17).
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A nal. Calcd for C19H23N 0 3 (313.38): C, 72.82; H, 7 .40; (CHC13) 1630 (amide C = 0 ) ,  1615 (sh), 1590, 1510, and 1460
N , 4.47 . Found: C, 73.04; H, 7 .60; N, 4 .44. (phenyl), and 1260 cm -1 (OCH3); uv max (CH3OH) 226 m/i (t

( — )-6,7-Dimethoxy-2-methyl-4(/S)-(4-methoxyphenyl)-l,2,3,4- 35,500), 278 (6270), 283-284 (6060), and 291-292 (3800)(sh);
tetrahydroisoquinoline (10b).—Reductive N-methylation of 850 nmr (CDC13) 5 3.72, 3.82, and 3.90 (s, 3 H each, OCHs) 4 .67  and
mg of 10a as described in the previous experiment afforded 636 5.10 (cp, 2 H each, CH2NCH2), and 6 .3 -7 .2  (cp, 10, aromatic
mg (71% ) of 10b, mp 83-85°, after crystallization from ether- H ); ORD (c 0.482, methanol) [a]301 + 1 3 1 0 °  (pk), [a ]291 + 1 2 4 0 °
petroleum ether. Recrystallization from the same solvent mix- (tr), [a ]m  + 2 6 ,0 0 0 ° (pk), M 243 0 ° , [c+25 —21,300° (tr), [a ]2i3
ture gave 400 mg of analytically pure 10b, mp 87-88°, after dry- —13,000° (sh), and M 203 0 ° ; CD [O]300 0 , [0 ]288 —13,200,
ing under reduced pressure at 40° for 4 days: M 24h> —21.65° [0 ]2Ji 0 , [0 ]238 + 125 .400 , [0 ]228 0, [0 ]2O8 —75,900, and [0 ]29o
(c 0.965, MeOH); ORD (c 0.3134, MeOH), [a]294 —3960° (tr), 0; mass spectrum (70 eV) m /e  (rel intensity) 483 (30), 481 (30),
[«]288 0 ° , [a ]m  + 6 7 6 0 ° (pk), [a]26< + 2 170° (tr), [a+„ + 5 7 5 0  ° 403 (5), 373 (5), 282 (20), 270 (45), 239 (100), 183 (30), and 121
(pk), M 239 0 ° , M m  -1 5 ,9 0 0 °  (tr), M m  0 °, [«]», + 4 4 7 0 ° (pk), (30).
and M 215 + 2 8 7 0 ° ; CD [0]394 0, [0 ]288 —24,090, [0 ]27s 0, [0 ]272 Anal. Calcd for C25H24B rN 0 4 (mol wt, 482.40): C, 62 .25 ; 
+ 5 6 1 0 , [0 ]257 + 1980 , [0 ]243 + 1 4 ,8 5 0 , [0 ]234 0, [0 ]226 -6 8 ,6 4 0 , H, 502; N, 2 .90. Found: C, 62.25; H, 4 .75; N, 3 .20.
[0] 2i4 -5 2 8 0 ,  [0] 205 -1 0 2 ,9 6 0 , [0]2(WO, and [0]m  + 5 8 ,0 8 0 .

A n al; Calcd for Ca8H23N 03: C 72.82; H, 7.40; N, 4.47. Registry No.— 3 IiC l, 23349 -2 8 -2 ; 4-HC1, 23349 -

( + ) - 2-(4-Bromobenzoyl)-6 ,7-dimethoxy-4 (S )-(4 -methoxyphe- 29-3; 5, 23349-30-6; 5-HC1, 23349-31-7; 6-HC1,
nyl)-l,2,3,4-tetrahydroisoquinoline ( l l ) .— To a stirred solu- 23349-32-8; 7,23330-74-7; 9a, 23330-75-8; 9b, 23330- 
tion of 299 mg (1 mmol) of 10a in 20 ml of benzene was added a 76-9; 10a, 23330-77-0; 10b, 23367-60-4; 11, 23330-
solution of 300 mg (2.2 mmol) of potassium carbonate in 5 ml of 78-1' 12 23367-61-5- 12 • HC1 23330-44-1
water followed by the portionwise addition of 500 mg (2.3 mmol) ’ 1 ’ ’
of 4-bromobenzoyl chloride. After the addition was complete, .
stirring was continued for 2 hr. The benzene layer was separated Acknowledgment.' We are indebted to the Physical
and washed successively with 6 N  sodium hydroxide, three por- Chemistry Department, Hoffmann-La Roche Inc., 
tions of 2 N  hydrochloric acid, and water. After drying (Na2- Nutley, N. J., under the supervision of Dr. P. Bommer,
S0 4) and evaporation, the crystalline residue was washed with f th e  analy tical and spectral data. We are particu-
ether to give 323 mg (67% ) of 11, mp 158-160°. A sample was ^ j  r\ tv
recrystallized from ether to afford analytically pure 1 1  as long larly grateful to Dr. V. Toome for the ORD and C D  
needles: mp 159-161°; M 24d + 1 2 0 .3 °  (c 1.28, CHCh); ir determinations.
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Investigation of the constituents of Eurycom a longifolia  Jack, obtained from several regions of Yiet Nam, has 
resulted in the isolation of two steroids, namely (¡-sitosterol and campesterol, 2 ,6-dimethoxybenzoquinone, and a 
bitter principle called eurycomalaetone (la ). Eurycomalactone is closely related to the other bitter principles 
previously encountered in the family Sim aroubaceae. Eurycomalactone is the first compound of this series 
with a keto group at C-6 and a Y-lactone group between positions 14 and 7. The configuration is discussed. 
Dihydroeurycomalactone (2a) is also isolated from the bark of Eurycom a longifolia  originated from Dinh-Quan.

Numerous plants of the Simaroubaceae are known in Eurycomalactone (la)6 was also isolated from extracts 
herbal medicine for their therapeutic activities, and of the leaves of Eurycoma longifolia (albeit in a much
several of them have been shown to be effective anti- lower yield, ca. 10%) and analyzed for C 19H24O6. This
amebic agents. 2 Various studies on the bitter principles was confirmed by its mass spectrum. Its infrared (ir)
occurring in several genera of the family Simaroubaceae spectrum showed bands for hydroxyls, a saturated and
have shown that they belong to a group of structurally an a,/3-unsaturated ketone, and a y-lactone grouping,
related compounds with close chemical and botanical The ultraviolet (uv) spectrum confirms the presence
relationships to each other. 3 of a conjugated keto chromophore, which seemed to be

This work describes the investigation of the chemical homoconjugated with a saturated carbonyl. The nu-
constituents of Eurycoma longifolia Jack, a bush which clear magnetic resonance (nmr) spectrum showed res-
is common in Viet Nam, especially around Bien-Hoa, onances for four methyl groups, one secondary methyl,
Trang-Bom, and Dinh-Quan. Its local name is “ chy one vinylic methyl, and two tertiary methyls (see Ex-
ba binh” (tree which cures hundred of diseases), and perimental Section). A  signal integrating for one
its bark is used in the Vietnamese pharmacopaeia. vinylic proton appeared at 6.1 ppm, and a

Chromatography of the bark afforded, besides /3- resonance for one proton situated on a carbon-bearing
sitosterol and campesterol, characterized as their oxygen atom is observed at 4.8 ppm. Finally, euryco-
acetates (see Experimental Section), eurycomalactone malactone (la) gives a mono- and a bis-2,4-dinitro-
(la) and 2 ,6 -dimethoxybenzoquinone, which is a com
mon chemical constituent of the Simaroubaceae family .4 0) See’ among others, (a) J. Polonsky and E. Lederer, B u l l .  S o c . C h i m

F t . ,  1157 (1959); (b) W. K arrer, H e lv .  C h i m .  A c t a ,  13, 1424 (1930); (e) 
D. J. Cosgrove, D . G. H . Daniels, E . N. Greer, J. B. H utchinson, T . M oran, 
and J . K . W hitehead, N a t u r e ,  169, 960 (1952); (d) D . J. Cosgrove, D . G.

(1) T aken in p a rt from th e  D.Sc. Thesis of N.-N .-S. F or a  prelim inary Daniels, K . J. W hitehead, and J. D . S. Goulden, J .  C h e m .  S o c . ,  4821 (1952).
comm unication, see Le-Van-Thoi, Nguyen-Ngoc-Suong, and  P. Crabb4, (5) Prelim inary comm unications on the  isolation of th is substance have
C h e m .  C o m m u n . ,  821 (1969). already appeared: (a) Le-Van-Thoi and Nguyen-Ngoc-Suong, A n n .  F a c .

(2) T. A. Geissman, A n n .  R e v .  P h a r m a c o l . ,  i ,  305 (1964). Set. S a i g o n ,  89 (1962); (b) Le-Van-Thoi and Nguyen-Ngoc-Suong, In ter-
(3) F o r a  review of the  lite ra tu re  on sim aroubaceous p lants, see J . national Symposium on the  C hem istry of N a tu ral Products, K yoto, April

Polonsky, P l a n t a  M e d .  S u p p l . ,  107 (1966). 1964, A bstracts of Papers, p 51.
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phenylhydrazone, thus confirming the presence of two Similarly, treatment of dihydroeurycomalactone (2 a)  
keto groupings in the molecule. with acetyl chloride furnished the diacetoxy derivative

Catalytic hydrogenation of l a  affords dihydroeury- 2 b. 
comalactone (2 a ) . Compound 2 a  was also isolated These results seem to indicate that the basicity of 
from the bark of Eurycoma longifolia originated from pyridine enolizes the 6 -keto grouping, which is then
Dinh-Quan. The dihydro derivative 2 a  shows a weak more readily esterified than the hydroxyls at C -l and 
uv band at 280 mu and one strong saturated carbonyl C-12. Indeed, further acetylation of 3 a  with acetic
band :n the ir. A  new signal (appearing as a doublet anhydride in pyridine for 9 hr on the steam bath affords
centered at 0.95 ppm) confirms the secondary nature of the triacetate 3 b .
the methyl situated at C-4. The presence of two secondary hydroxyl groups in

eurycomalactone ( l a )  is also shown by chromic acid 
OR OR oxidation6 of dihydroeurycomalactone (2 a) which

R0 RQ provided the tetraketolactone 5 a . The ir spectrum of
I I | | jP 2 a  is devoided of hydroxyl absorption.

_q Clemmensen reduction7 of 2 a  gives the monohydroxy
/ derivative 6 a , which forms a monoacetate (6 b ). Oxi-

| ^ 5 || 0  I h I T  dation of 6 a  affords the ketolactone 6 c, which forms a
0  n  0  2,4-dinitrophenylhydrazone.

la, 5 « H ,R = H  2a, R = H  The presence of an a-ketol grouping in l a  and 2 a
b, 5aH, R = Ac b, R = Ac is easily detected by ir spectroscopy.8 Furthermore,
c, 5/3H, R = H  the tetrol 5 b , obtained by reduction of 2 a  with sodium

OR OH borohydride, is readily oxidized with periodic acid,
T hence showing the presence of an a-glycol function in

R9 r V  H9 ( Y  5b . Conversely, reaction of l a  or 2 a  with periodic acid
0 < r̂ A l A j A c = 0  0 «%5 A x X l A c = = 0  is very slow.

1 I. / T  J  JT / When dihydroeurycomalactone (2 a ) is treated with
Y l  °  zmc anfi  acetlc acid, the hydroxyl at C -l is eliminated to

¿A c ¿A c afford the monohydroxy diketolactone 7 a , which is
3a R = H  4  readily acetylated with acetyl chloride to give 7b . Fi-
b R = Ac nally, Clemmensen reduction7 of 7 a  also provides the

monohydroxy derivative 6 a.
?  ?  The 7 -lactone grouping of eurycomalactone ( l a ) ,

R f ' Y “'  r ' Y '  easily identified by ir and nmr (vide supra), is quite
R l i  Ji I I T stable, even under alkaline conditions. 9 However, the

C= 0  r ^ ^ ^ c = 0  7 -lactone ring can be reduced with lithium aluminum
L x  hydride, as shewn below.

I H (1 T H The conjugated a-ketol shown to be present in eury-
R comalactone ( l a )  (vide supra) is common in simarou-

5a, R = 0  6a, R=HOH bohdes, such as glaucarubinone, 10 chaparrinone, 10

b, R =  R = HOAc ailanthone, 11 samaderine B , 12 and related compounds. 13

CjR = 0  B y  similar reasoning the vinylic methyl group in l a
9R OH is located at position C-4, thus explaining the uv of l a ,

x k _ x  I which is in reasonable agreement with the calculated
j f  j T  | L V  value . 14

Since the a-ketol 2 a  can be converted into the tetra-
/ I I  f_/ ketone 5 a , the hydroxyl at C -l, as well as all other

I ¿ ||  l u l  °  hydroxyls present in the molecule, must be secondary.
0 H OH As indicated previously, on the basis of the easy forma-

7a, R = H  8 tion of enol acetates (3 a ,b ) , as well as the facile isomer-
b, R = Ac

(6) K . Bowden, I. M . Heilbron, E . R . H . Jones, and B. C. L. W eedon, 
J .  C h e m .  S o c . ,  39 (1946).

The saturated ketone in l a  is located at position 6 ,  (7) See E. L. M artin , O r g . R e a c t i o n s ,  1 , 155 (1942).
since it is easily enolized in alkaline medium to give a (8) L-Toris and p-yon R-Schleyer’J- Amer- Chem-Soc" 90’ 4599 (1968)-, -j •, , . , n  i  . .. m i (9) Thls observation has some precedent; c f .  (a) Le-Van-Thoi and J.
conjugated enolate, typified by its uv absorption. The o urgaud , B u l l .  s o c .  c h i m .  f t . ,  7 0 1  ( 1 9 5 5 ); (b) a . j . B irch, d . j . Collins,
location of a ketone at C - 6  is further confirmed by treat- S. M uham m ad, and J . P. T urnbull, J .  C h e m .  S o c . ,  2762 (1963); (c) J. Romo,
ment of l a  with acetic anhydride in pyridine at room law'J(01s9e6p,;;Nathan’ M' Martinez' and p' Crabbd'
temperature. An enol acetate (3 a ) resulted. Its ir (10 ) T . A. Geissman and K. R. C handorkar, J .  O r g .  C h e m . ,  26, 1217
still shows OH absorption (see Experimental Section) <196D-
1 , i • j  i i  i i i j  11 i , (11) J. Polonski7 and J. L. Fourrey, T e t r a h e d r o n  L e t t . ,  No. 62, 3983but, besides the 7 -iactone band, there appeared a strong (i964>.
absorption corresponding to an enol acetate, also (12) (a) J. Polonsky, J . Zylber, and R . O. B. W ijesekera, B u l l .  S o c .  C h i m .

confirmed by uv (see Experimental Section). F r 1715 (1962); (b>J-Zylber>J-Polonsky’ and c - Mitra' ihid-<1322 (1963)-T1tr, , , ✓ ,  \  . , , (13) (a) J . Polcnsky and N. Bourguignon-Zylber, i b i d . ,  2793 (1965);
W 11611 eurycomalactone (13 .) IS treated with, acetic (b) a . G audemer, J. L. Fourrey, and J. Polonsky, i b i d . ,  1676 (1967); (c)

anhydride in pyridine solution at reflux temperature, a . G audemer, i b i d . ,  406 (1967).
the triacetate 3b  is obtained. However, reaction of l a  (14) (a> R- R: Wo?d7 rd'/;, i™T: 6 V® m942v  lb)wL'v ‘7 Fieser and M . Fieser, Steroids, Remhold Pubhshm g Co., New York, N. Y.,
w ith  a ce ty l chloride gives exclu sively  th e  d ia ce ta te  lb .  1959, P 19.
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ization of the asymmetric center at C-5 (vide infra), Since eurycomol (9a) is unreactive toward periodic 
the second ketone is located at position 6. acid, in contrast to the high reactivity of tetrol 8, one

The hydroxylactone 6a was obtained by two different can conclude that at least one of the hydroxyls elimi-
routes, i.e., either by Clemmensen reduction of dihydro- nated during conversion of 8 into 9a belongs to the
eurycomalactone (2a) or from 7a (vide supra). This a-glycol group of ring A. Moreover, the methyl mi- 
indicates that the second OH group is somewhat hin- gration from C-10 to C -l supports the hypothesis that
dered. Therefore, it is located at C-12 (vide infra). one hydroxyl is located at position 1 in eurycomalactone

Sodium borohydride reduction of eurycomalactone (la).
(la) affords a tetrol (8), which is noncrystalline, prob- Treatment of eurycomol (9a) with platinum in acetic 
ably owing to a mixture of isomers at C-2, C-5, and C-6. acid solution provides deoxyeurycomol (10a), which
Acid treatment of this tetrol gives the rearranged aro- formed an acetate (10b). The elimination of one hy-
matic compound eurycomol (9a). Similar results are droxyl during the reaction indicates that this alcohol
shown by other simaroubolides.15 group must be benzylic, thus further confirming the

presence of a ketone at C-6 in la. Indeed, lithium 
OR2 OR aluminum hydride reduction of 10a affords the triol

JL l ib,  which does not react with periodic acid. The
I ¡ ¡ ^  I ¡ 1 ^  same applies to the triol 12 obtained b y LiAlH 4 reduc-

_0 , x cl=0 tion of hydroxylactone 6a.[OI JL I KJ1 / Lithium aluminum reduction of eurycomol (9a)
^ furnishes the tetrol 11a. The tetrol 11a reacts rapidly

OR, with periodic acid, thus showing the presence of an.
9a,R1=R2=H 10a, R = H a-glycol group at C-6 and C-7. This also defines the

I,' = Ac; R, = H b, R = Ac position of the Y-Iactone group in eurycomalactone
c,R, = Ra = Ac (la) and its derivatives.

The above experiments established the structure of 
? H ? H rings A  and B of eurycomalactone (la). B y  analogy

with other simaroubolides such as quassin,16 simarol- 
| j f  T  f T  ide,16j'17 kalineanone,13a amarolide,18 etc., the second

tertiary methyl is situated at position 8. For similar 
reasons, supported by experimental evidence (vide 

I T  T h supra), the y-lactone function is located between
R _ positions 7 and 14.

11a, R = OH 12 A feature which is common to most simaroubaceous
b’R _  H bitter principles is a methyl (or an equivalent oxidized

OH 0 entity) situated at C-13. Therefore, the secondary
JL methyl in eurycomalactone (la) is located at C-13.

H9 f j  I J [ Acetylation and reduction experiments performed on
/ ^ C=_Q |^-n (/ \ / Lv'q= q eurycomalactone (la) and its derivatives indicate that

7  \_/ Lv-JJ. / the last secondary alcohol grouping is less reactive than
]; ® the other hydroxyls present in the molecule. This

11 O OAc may be attributed to steric hindrance, allowing the third
13 14 alcohol group to be located at position C-12 (vide

0H infra).
I Eurycomalactone (la) is easily isomerized by dilute

acid to its 5/3 isomer, isoeurycomalactone (lc). When
1. 01 I 1 C js treated with acetic anhydride in pyridine for

9 1  several hours at 90°, compound 3b is formed, clearly
o d e m o n s t r a t i n g  that C-5 is the only asymmetric center 

' involved in these transformations.
15a, 9«H Catalytic reduction of isoeurycomalactone (lc) gives

b, 9/JH dihydroisoeurycomalactone (13), which is isomeric with
2a. Enolization of the carbonyl at C-6 in dihydroiso- 

The structure of eurycomol (9a) is supported by its (I6) (a) E . P. Clark, J .  A m e r .  C h e m .  S o c . ,  69, 927, 2511 (1937); (b) E.
U V  and ir spectra (see Experimental Section). While London, A. Robertson, and H . W orthington, J .  C h e r n .  S o c . ,  3431 (1950);, . - , . , .  . j  , i  (c) R . J. S. Beer, D . B. G. Jaquiss, A. Robertson, and vV. E . Savige, i b i d . ,

acetylation of 9a under vigorous conditions atiords tne 3672 ( 1 9 5 4 ); (d) K . R . Hanson, D . B. G. Jaquiss, J. A. Lam berton, A.
corresponding diacetate 9b, the monoacetate 9c can be Robertson, and W. E. Savige, ibid., 4238 (1954); (e) R . J. S. Beer, K. R.
obtained under rather mild reaction conditions. The Hamum, and £  f oberts°An ' " f '  328« (w s e ) ; m  r . j . s . Beer. B G.. . D utton , D. B. G. Jaquiss, A. Robertson, and W. E. Savige, i b i d . ,  4850 (1956);
nmr spectra of 9b  and 9c clearly indicate two aromatic (g) z. Valenta, S. Papadopoulos, and C. Podesva, T e t r a h e d r o n , 15, 100 
methyls, besides the aromatic protons. (1961); (h) Z. Valenta, A. H . Gray, D . E . Orr, S. Papadopoulos, and C.

Podesva, i b i d . ,  18, 1433 (1962); (i) R . M . C arm an and D. A. W ard, T e t r a -

, v -n * n  T T T v r c s u r  u. j -n t o  h e d r o n  L e t t . ,  No. 10. 317 (1961); (j) W. A. C. Brown and G. A. Sim, P r o c .(15) (a) E . A. Ham, H . M . Schafer, R . G . D enkew alter, and N. G. ’ v
Brink, J .  A m e r .  C h e m .  S o c . ,  76, 6066 (1954); (b) J . Polonsky and A. Gau- Chem* >Soc” 293 (1964)*
demer, B u l l .  S o c .  C h i m .  F r . ,  1432 (1961); (c) J. Polonsky, C. Fouquey, and
A. Gaudemer, i b i d . ,  1255 (1962); 169 (1963); (d) T . A. Geissman and K. R . (17) J. Polonsky, i b i d . ,  292 (1964); (b) J. Polonsky, B u l l .  S o c .  C h i m .

C handorkar, J .  O r g .  C h e m . ,  26, 1217 (1961); (e) T. A. Geissman and G. A. F r . ,  1546 (1959); (c) S. C. N yburg, G. L. W alford, and P. Y ates, C h e m .

E llestad, T e t r a h e d r o n  L e t t . ,  No. 23, 1083 (1962); (f) T . A. Davidson, T . R . C o m m u n . ,  No. 10, 203 (1965).
Hollands, and P. de M ayo, i b i d . ,  No. 23, 1089 (1962); (g) T . A. Davidson, (18) C. G . Casinovi, V. Ballavita, G. Grandolini, and  P . Ceccherelli,
T . R . Hollands, P . de M ayo, and M . N isbet, C a n .  J .  C h e m . ,  43, 2996 (1965). T e t r a h e d r o n  L e t t . ,  No. 27, 2273 (1963).
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eurycomalactone (1 3 ) also occurs, affording an enol Petroleum ether (100 ml) was added, and the insoluble material
acetate (4 ) when treated with acetic anhydride in pyri- was dissolved in benzene-hexane (1 : 1 ) and chromatographed
dine solution at room temperature. Clemmensen over neutral alumina.
„ i ,• „r io a j c. ,i ■ i- ,■  rrt Elution with petroleum ether afforded 2.3 g of an oil which
eduction of 13 affords 6 a , thus indicating the 5/3 con- crystallized with methanol. Further recrystallizations from

figuration in 6 a  and its derivatives 6 b and 6 c. methanol gave 800 mg of /3-sitosterol: m p 'l4 0 ° ; [«]d - 3 6 ° ;
The circular dichroism (CD) curve of eurycomalac- >w  3570 and 1650 c m '1, 

tone (la) exhibits a  negative maximum19 at ca. 400 ^4™ «b^C alcd  for C29H50O: C, 83.98; H, 12.15. Found: C,
my and a positive maximum19 at ca. 370 my. This A inn t „ .. . . ... „ . .
resembles the Cotton effect curve of chaparnnone anhydride in pyridine gave the corresponding acetate, which was
in this spectral region, and a  marked negative Cotton recrystallized from methanol: mp 129°; [« ¡d - 4 0 ° ;  xm«  1724
effect at ca. 300 my, indicative of the homoconjugation and 1242 cm -1.
existin g  b etw een  th e  u n sa tu ra te d  an d  th e  s a tu ra te d  ^^^«af.^Calcd^fcr C31H520 2: C, 81.51; H, 11.47. Found: C,

keto chromophores. In isoeurycomalactone (lc) the F u rW  elution of the column gave 920 mg of a white substance 
negative Cotton effect at ca. 400 my is substantially which was purified further by crystallization from acetone to
decreased. furnish pure campesterol: mp 157°; [a]n - 3 5 ° ;  v™ 3571

Dihydro eurycomalactone (2 a) shows a “ double and 1652 cm b 
humped” C D  curve, with a negative maximum at 304 83 87° O *i2 <l 2 f0r C28H4S° : c > 8 3 -9 3 i H > 12-07 - Found: C,
my and a positive maximum at 275 mp (see Experi- Acetylation as above provided the corresponding acetate, 
mental Section). This Cotton effect strongly supports which was recrystallized from ethanol: mp 139°; [«]d —38°;
the 5a configuration in 2a, since the 5/3 isomer would »w 1730 and 1259 cm-1.
be expected to exhibit a very intense negative Cotton 8 li i8 a i'HCi i C28f0r C3oH50° 2: c > 81.38; H, 11.38. Found: C,
effect19 in the 30 0 -m p  region (summation of 2 ketone and 2 ,6-Dimethoxybenzoquinone .-A f te r  extraction with petro- 
O ketone 111 a 5/3 compound). leum ether, the bark was dried in the open air and then ex-

Oxidation of the acetoxy alcohol 9 b  affords the ace- tracted with boiling water for 48 hr. This extraction was repeated
toxy ketone 14, which exhibits a negative Cotton effect untiI the water 3xtracts dld not show any bitterness. The
in the 300-m u  region. water extracts were treated with lead acetate (30%  water solu-
' T, u , • . „„ tion). The solution was filtered and the filtrate was treated with

It has been shown earlier m the chapamn senes20 carbon. The bitter principles were adsorbed. The carbon was
that treatment of chaparrol (1 5 a ) with pyridine affords filtered and dried. The aqueous extracts were chromatographed
neochaparrol (1 5 b ) and that the inversion of configura- on 400 £ of magnesium silicate and Celite. Elution with chloro-
tion at C-9 is accompanied by a change in sign of the fo™  aff° rded 2 '04 £ ° { an <>% product which crystallized from

Cotton effect. Compound 15b  eho™ a v e r , intense SSŜ USSSTZ “  S.’ZStt.t S
positive rotatory dispersion (RD) curve (a = +250).19 1701, 1645, 1623, and 1592 cm-1; x®°H 287 my (log e 4.29) and
In the 9/3 compound 15b  the nonbonded interactions 380 (2.78).
between the 1-methyl group and the 11 ketone are Eurycomalactone (la ).— The carbon recovered from the 
substantially reduced, when compared with those in previous extraction w ^  dried in the open air for 3 days, and then 
u  q „ 1 • • fu P • • for several hours at 50-60 . I t  was then extracted with chloro-
the 9a isomer 15a, thus explaimng the ease of isornenza- form. The chloroform extracts were concentrated under reduced
t lon - 1 pressure to afford 20 g of a bitter product. Chromatography on

When the acetoxy ketone 14 was refluxed in pyridine, 400 8  of magnesium silicate-Celite (2 : 1 ) gave 3 g of material by
the starting material was recovered unchanged. This elution with benzene. Recrystallizations from methanol furnished
excludes th e  lnentinn of th e  k eto  o-roim of C  11 m  2 g of pure eurycomalactone (la ) : mp 268-270°; [«]i> + 1 0 0 °
excludes th e  lo ca tio n  ot th e  k eto  group a t  D - l l  in  (CHC13), + 7 5 °  (MeOH), - 4 °  (pyridine); CD (c 0.002, dioxane)
1 4 ; hence the secondary alcohol has to be situated at [e] 398- 404 -1710°; [e]376- 3„  + 70 0°, [e]366 + 8 1 5 °, [e]292- 307
C-12 in eurycomalactone ( l a )  and its derivatives. - 1 7 ,7 5 0 ° ;  3571, 3509, 1770, 1709, 1679, and 1621 cm-»;

Further work will be performed in order to establish >w013 3571, 3497, 1773, 1712, 1667, and 1629 cm -1. + + 1 3571,

firmly the complete stereochemistry of eurycomalac- 1667, T u w d 8 ^  ’ V *  241i? n S °f, , j . . .  ,, J  . , ,  , and 290 (2.24); nmr 1.16 (d , J  =  7 cps, 13-CH3), 1.25,
tone, when conditions will allow us to collect more 1.55 (8-CH3, 10-CH ,), 1.94 (4-CH„), 6.1 (vinylic H ), 3 .10-3 .20
starting material. and 4 .30-4 .40  (OH), and 4.80 ppm (HCO); mass spectrum

m/e 348 (M+).
Compound la  can exist at least partially in the enol form. 

Experimental Section22 The CD is solvent and concentration dependent; its uv absorp-
_ .  .. , ^  _  , , „  , , ,  , tion in alkaline medium is at Xmax 288 m̂ t (log e 3.65), reminiscentExtraction of the Bark of Eurycom a longifo lia .—Dried bark of the uv of 3a and 3b (vide

(8 kg) was extracted with petroleum ether for a periotf of 7 days. A naL  Calcd for Cl9H240 6: C, 65.50; H, 6 .94. Found: C, 
After concentration m racMO, 12 g of oily material were obtained. 65 43' H 6 88
-------------------  The mono-2 ,4-diritrophenylhydrazone derivative was obtained

as yellow crystals, mp 125°, XBt°H 358 my (log e 4.62).
(19) P. C rab b i, “ Applications de la dispersion ro tato ire optique e t du A nal. Calcd for C25H280 9N4: N, 10.60. Found: N, 10.15.

?968roiSme circulaire °ptique en Chimie organitlue’” Gauthier-Villars, Paris, The bis-2,4-dinitrophenylhydrazone derivative was obtained
(20) T. R . Hollands, P. de M ayo, M . N isbet, and P. C rabb i, Can. J .  aS êd crysta+  « P  150°, X®° 368 m ^  (lo g  e 4.51)-

Chem., 43, 3008 (1965). A nal. Calcd for C31H32O12N 8: N , 15.80. Found: N , 15.42.
(21) See also P . C rab b i and A. Bowers, J .  O r g .  Chem., 32, 2921 (1967). Isoeurycomalactone (lc ) .— Treatment of 100 mg of eurycoma-
(22) M elting points were taken  with a  M aquenne block. O ptical ro ta - lactone (la ) with 40 ml of a 1 A1 solution of H2S 0 4 a t reflux

tions were determ ined in chloroform solution with a  Hilger M  412 polarim - temperature for 3 hr is followed by the usual extraction procedure,
eter. In frared  spectra were determ ined with a  Perkin-E lm er M odel 137 Chromatography Over magnesium silicate-Celite (2: 1)  afforded
spectrom eter. U ltraviolet spectra  were m easured with a  Beckm an D K -2 10 mg 0f recovered starting material. Elution with CHCfi gave
spectrophotom eter The optical ro ta to ry  dbpersion (RD ) curves were 50 of isoeurycomalactone (lc ) : mp 255-258° (from ethanol-obtained with a  Jasco U V /5  spectropolanm eter. T he circular dichroism , \ r i , n r »  t n  A n n  j -  x r/^i
curves were m easured with a  Jouan D ichrograph in the  L aboratory  of °1+ , C °  ^  e To I ^Professor G. Ourisson (U niversity of Strasbourg). Unless otherwise sta ted , v m&x o o u y , o o / o ,  1 / 0 4 : ,  1 / Z 4 ,  lO o o , ana L O Z y  c m  , Amax Z o Z  

the  nuclear m agnetic resonance spectra  were taken  in  deuteriochloroform  e 3 .92), 290 (3.20), and 334 (3 .03); nmr (DMSO-de)
solution (ca. 10% w/v) with a  tetram ethylsilane in ternal reference using a 1.03 (d, J  =  6 cps, 13-CHs), 1.20, 1.36 (8-CH3, IO-CH3), and 
Varian A-60 spectrom eter. 1.48 (4-CH3).
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A n al. Calcd for C19H240 9: C, 65.50; H, 6 .94. Found: C, A nal. Calcd for Ci9H30O3: C, 74.46; H, 9 .86 . Found: C,
64 .99 ; H , 6 .92 . 74.31; H, 9.70.

Compound lc was also obtained by treatment of la  with Acetylation of 6a by the usual techniques gave the correspond-
hydrogen chloride or with concentrated formic acid. ing acetate 6b: mp 135° (from ethanol); [<x]d + 3 0 ° ;  vmJ  1779,

Dihydroeurycomalactone (2a).— A solution of 100 mg of la  in 1739, and 1228 cm-1 .
20 ml of methanol was stirred in a hydrogen atmosphere in the A n al. Calcd for C2iH320 4: C, 72.38; H , 9 .26. Found: C,
presence of 100 mg of 10%  P d -C . After 1 equiv of hydrogen 72.41; H, 9.19.
was taken up, the reaction mixture was filtered to give 98 mg of Ketolactone 6c.— To a solution of 100 mg of 6a in 5 ml of 90%
dihydroeurycomalactone (2a). Crystallization from methanol acetic acid, a solution of 100 mg of chromic anhydride in 3 ml of
provided an analytical sample: mp 247-248°; [<*]d + 2 3 ° ;  90%  acetic acid was added dropwise. The reaction was allowed
CD (c 0.001, dioxane) i0]3o9- 3i3 —2.600°, [0]3O4 —2.780°, and to stand at room temperature for 2 hr. W ater was added, and
[0]273—278 + 2 .4 5 0 ° , 3571, 3448, 1783, and 1706 cm -1; the organic compound was extracted with chloroform. The
x r H 280 mp (log e 1.83); nmr 0.95 ppm (d, /  =  7 cps, 4-CH3). organic layer was washed, dried, filtered, and evaporated to dry-

A n al. Calcd for Ci9H2606: C, 65.12; H , 7 .47 . Found: C, ness, furnishing 90 mg of ketolactone 6c: mp 198-200° (from
65.00; H, 7 .52. ethanol); [<*]d - 7 5 ° ;  r™' 1786 and 1721 cm "1; A™" 300 mp

The 2,4-dinitrophenylhydrazone derivative was obtained, mp (log « 1.76).
251°, X®°H 355 mp (log e 4 .54). A n al. Calcd for Ci9H280 3: C, 74.96; H, 9 .30. Found: C,

A n al. Calcd for C3iH340 i2N8: N., 15.70. Found: N, 14.93. 74.59; H, 9 .43.
Enol Acetate 3a.— A solution containing 200 mg of la  and 5 The 2,4-dinitrophenylhydrazone derivative was obtained as

ml of acetic anhydride in 3 ml of pyridine was left at room tern- yellow-orange crystals, mp 135°, Xm‘„ H 358 mp (log « 3 .85). 
perature for 15 hr. After work-up, followed by chromatography, A n al. Calcd for C^H^OelSU: N , 11.56. Found: N, 11.04.
170 mg of 3a was obtained: mp 272-273° (from benzene); Tetrahydroxylactone 5b.— Sodium borohydride (200 mg) was
[cx]d —98°; 3546, 1779, 1754, 1672, and 1681 cm-1 ; Xj °̂H added in small portions to 100 mg of 2a in 10 ml of methanol.
285 mp (log e 4.66); mass spectrum m / e  388 (M +). Stirring was continued for 3 hr. W ater was added, and the solu-

A n al. Calcd for C2iH260 r V 2H 20 :  C, 63.01; H, 6 .80 . tion was neutralized with dilute sulfuric acid. Extraction with
Found: C, 62.78; H, 6 .50. chloroform afforded 60 mg of noncrystalline tetrol 5b, which

The same substance (3a) was obtained by treatment of la  with showed no keto band in the ir.
acetic anhydride in presence of sodium acetate. Treatment of 100 mg of 5b in dioxane solution with 10 ml of

Triacetate 3b.— When a pyridine solution of la  was heated for 0.25 M  periodic acid showed that the cleavage of a-glycol is
9 hr at 90° in the presence of acetic anhydride (same proportions complete after 4 hr.
as above), a small amount of 3a was isolated, but the major Hydroxydiketolactone 7a and Its Acetate 7b. To a solution
compound was the triacetate 3b . Recrystallization from metha- of 100 mg of 2a in 10 ml of glacial acetic acid, 300 mg of zinc 
nol furnished an analytical sample: mp 248°; ¡a]d —95°; powder and 2 ml of concentrated hydrochloric acid were added.
»LBxr 1792, 1742, 1672, 1613, and 1285 cm -1; X®°H 285 mp (log The reaction mixture was gently refluxed for 6 hr, 1 ml of con-
« 4 .37 ). centrated hydrogen chloride being added after 3 hr. The solution

A n al. Calcd for C25H30O9: C, 63.28; H , 6 .37 . Found: C, was cooled, extracted with chloroform, washed, dried, filtered,
63.68; H, 6 .27. and concentrated in  vacuo. The hydroxydiketolactone 7a (90

Eurycomalactone Diacetate (lb ).— A mixture of 200 mg of mg) was recrystallized from ethanol: mp 262°; [ojn + 1 1 ° ;
eurycomalactone la  in 10 ml of acetyl chloride was heated under 3424, 1779, and 1706 cm-1; X®‘a°H 282 mp (log t 1.84).
reflux for 3 hr. The residue (170 mg) obtained at the end of the A n al. Calcd for Ci9H260 5 : C, 68.24; H , 7 .83. Found: C,
reaction was chromatographed to afford the diacetate lb : mp 68.50; H, 7.97.
267° (from ethanol); [<*]d + 3 2 ° ;  1786, 1739, 1721, 1678, Acetylation of 7a with acetyl chloride under the conditions
and 1629 cm “1; X»°H 238 mp (log « 3.51) and 285 (2 .53). described previously provided the corresponding acetate 7b:

A n al. Calcd for C23H280 8: C, 63.80; H, 6 .52 . Found: C, mp 135-140° (from ethanol); [«]d —11°; <w  1779, 1745, 1715,
63.63; H , 6 .64 . and 1231 cm “1; X®°H 280 mp (log 6 2 .61).

Enol Acetate of Dihydroeurycomalactone (4).— Acetylation of A nal. Calcd for C2iH280 8: C, 67.00; H , 7 .49. Found: C,
2a with acetic anhydride in pyridine solution, followed by the 67.32; H , 7 .60.
usual work-up, gave a 90%  yield of enol acetate 4 : mp 290° Clemmensen Reduction of 7a.— A solution of 100 mg of 7a, 10
dec (from benzene); [<*]d —30°; v™' 3597, 3333, 1779, 1742, ml of toluene, 1 ml of concentrated hydrochloric acid, 3 ml
1712, and 1628 cm “1; X®‘a°H 285 mp (log e 2 .55 ). of water, and 500 mg cf zinc amalgam was heated under reflux

A n al. Calcd for C2iH280 7: C, 64.27; H , 7 .19 . Found: C, for 80 hr. After the usual work-up, there was obtained 90 mg of
64 .38 ; H , 7 .12 . hydroxylactone 6a: m p 220°; [a]d + 40°; identical in all aspects

Dihydroeurycomalactone Diacetate (2b).— A mixture of 200 mg with the compound obtained above,
of 2a and 10 ml of acetyl chloride was heated on the steam bath Eurycomol (9a).— 600 mg of sodium borohydride was slowly
for 10 hr. The reaction mixture was evaporated to dryness and added, with stirring, to a solution of 300 mg of la  in 40 ml of
the residue (195 mg) was chromatographed over 4 g of magnesium methanol containing 600 mg of boric acid. Stirring was eon-
silicate-Celite (2 :1 ) . Elution with petroleum ether furnished the tinued for 2 hr after addition was finished. W ater was added, 
diacetate 2b: mp ca . 275-280° dec (from ethanol); [a ]D  —36°; and the solution was neutralized with dilute sulfuric acid. E x-

1786, 1739, 1718, and 1277 cm “1; XBl„”H 285 mp (log e 2 .52 ). traction with chloroform furnished 150 mg of noncrystalline 8 :
A nal. Calcd for C23H390 8: C, 63.58; H, 6 .95 . Found: C, [<*]d - 2 5 ° ;  >w  3462, 3360, 1752, 1650, and 1625 cm “1.

63 .40 ; H, 7 .01. This material was used as such for the rearrangement reaction,
Tetraketolactone 5a.-—Chromic acid oxidation6 of 100 mg of which was performed as follows. 8 (200 mg) was treated with

2a at room temperature was followed by usual work-up to provide 40 ml of 10%  sulfuric acid at reflux temperature for 3 hr. The
75 mg of tetraketone 5a: mp 275° (from ethanol); [a] d —57°; reaction mixture was ccoled, water was added, and the compound
j-»ai 1779, 1724, and 1718 cm “1; Xmal 292 mp (log e 2 .03 ). was extracted with chloroform. The organic layer was washed,

A n al. Calcd for Ci9H220 6: C, 65.88; H , 6 .40 . Found: C, dried, filtered, and evaporated, thus affording 150 mg of a yellow
65.70 ; H, 6 .30. compound which was chromatographed over 3 g of magnesium

Preparation of the Monohydroxylactone 6a and Its Acetate silicate-Celite (2 :1 ) .
6b.— A solution containing 100 mg of 6a, 500 mg of zinc amalgam, Elution with 200 ml of benzene gave eurycomol (9a), which 
1 ml of hydrochloric acid, 3 ml of water, and 10 ml of toluene was was recrystallized from ethyl alcohol: mp 265°; [a]n + 1 4 ° ;
heated under reflux for 80 hr. The reaction mixture was cooled RD (c 0.001, dioxane) [4>]eoo + 2 4 4 ° , [<t>]350 + 3 6 7 ° , [4>]296 + 2 1 5 ° ,
to room temperature, the organic layer separated, and the [<b]29i ± 0 ° ,  [<b]282 —380°, [4>]273 —123°, [4>]240 —5460°, and [d>]232
aqueous layer extracted with chloroform. The organic extracts —3240°; >w  3571, 3424, 1754, 1655, and 1628 cm -1; x“ °H
were washed with sodium bicarbonate and water, dried over 224 mp (log e 4 .08), 270 (2.68), 279 (2.57), and 308 (1 .55).
anhydrous sodium sulfate, filtered, and evaporated to dryness. A nal. Calcd for Ci9H240 4: C, 72.12; H , 7 .64 . Found: C, 
This gave 90 mg of a product which was purified by chromatog- 72.00; H, 7.50.
raphy. Elution with petroleum ether-benzene (1: 1)  furnished Eurycomol Monoacetate (9b) and Diacetate (9c).— A solution 
the hydroxylactone 6a: mp 220° (from petroleum ether- containing 200 mg of 9a, 3 ml of pyridine, and 4 ml of acetic
benzene); [«Jd + 4 0 ° ;  9*",' 3448 and 1745 cm “1; mass spectrum anhydride was heated on the steam bath for 10 hr. The re-
m /e  306 (M +). action mixture was then evaporated to dryness in  vacuo. The

1108 Le-Van-T hoi and Nguyen-Ngoc-Stjong The Journal of Organic Chemistry



residue (190 mg) was chromatographed over 4  g of magnesium phous residue was chromatographed to afford 120 mg of triacetate 
silicate-Celite (2 : 1 ). 3b: mp 245° (from ethyl alcohol); [<*]d  — 95°; <w,r 1792, 1742,

Elution with petroleum ether-benzene ( 1: 1)  afforded the di- 1672, 1613, 1285, and 1227 cm -1; X®‘°H 285 m/x (log e 4 .35). 
acetate 9c: mp 235-240° (from ethyl alcohol); [qi] d  + 2 0 ° ;  A nal. Calcd for C25H30O9: C, 63.28; H , 6 .37 . Found: C,

1764, 1724, and 1234 cm “1; X®°H 223 nyz (log e 3 .48), 270 63.55; H , 6 .24.
(2.72), 274 (2.68), and 279 (2.71). Dihydroisoeurycomalactone (13).-—Catalytic reduction of lc

A n al. Calcd for C23H 28O6: C, 63.98; H , 7 .04 . Found: C, (90 mg) with 180 mg of palladium on carbon (10% ) in 10 ml of
6 8 .68 ; H , 7 .00 . methanol in a hydrogen atmosphere furnished the saturated

Further elution with benzene furnished the monoacetate 9b: compound 13: mp 230° (from methanol); [ « ] d  + 2 0 ° ;
mp 255-260° (from ethyl alcohol); [«]d + 4 0 ° ;  i w  3472, 1754, 3521, 3448, 1757, and 1712 cm ’ 1; X®°H 278 mM (log e 2 .22).
1724, 1650, 1625, and 1234 cm "1; X“ °" 223 mM (log e 3 .44), A nal. Calcd for Ci9H260 6: C, 65.12; H, 7 .47. Found: C,
270, (2.27), 274, (2 .22), and 279 (2 .24); nmr 0.95 (8-CH3), 1.35 65.10; H , 7.51.
(d, /  =  6 cps, 13-CH3), 2.05 (6-OAc), 2.31 (I-C H 3), 2.67 (4-CHs), Hydroxylactone 6a.— When dihydroisoeurycomalactone (lc)  
and 6.98 ppm (2 aromatic H ). was reduced under the Clemmensen reaction conditions de-

A n al. Calcd for C21H26O5: C, 70.36; H , 7 .31 . Found: C , scribed above, the hydroxylactone 6a was isolated. Recrystal-
70.10; H, 7 .14 . lization from petroleum ether afforded the analytical sample:

Reduction of Eurycomol (9a) with Lithium Aluminum Hydride. mp 220°; [<*]n + 4 0 ° ;  3496, 1754, and 1458 cm -1 . This
— To a solution of 1 g of LiAlH4 in 40 ml of anhydrous tetra- compound was shown to be identical with the substance obtained
hydrofuran, cooled at 0 ° , 100 mg of 9a in tetrahydrofuran was from 2a. The melting points and [a]d values were identical, and
slowly added. The reaction mixture was stirred for 3 hr. Ethyl the ir curves were superimposable.
acetate was then slowly added. After filtration and extraction Preparation of the Acetoxy Ketone 14.— Oxidation of the
with chloroform, an amorphous material was obtained: acetoxy alcohol 9b with chromic acid in the usual manner16
3570, 1656, and 1626 cm -1; X™11 248 mn (log e 2.74), 254 (2 .77), afforded the acetoxy ketone 14: mp 225° (from ethanol); CD
260 (2.79), 269 (2 .82), and 279 (2.76). (c 0.0014, dioxane) [6 )298-301 - 3 8 0 0 ° ;  [0] 294_ 296 - 3 9 3 0 ° .

When compound 11a was treated with periodic acid under When 14 was dissolved in pyridine and the solution was heated 
the conditions described above for the tetrahydroxylactone 5b, to reflux, no change was observed. The starting material was 
the cleavage of the a  glycol was achieved in less than 5 hr. recovered.

Deoxyeurycomol (10a) and Its Acetate (10b).-—A solution of 80
mg of eurycomol (9a) in 20 ml of acetic acid was treated in a nr i „ oonco 0 a n  u- o a j - -x
hydrogen atmosphere with 80 mg of prereduced platinum oxide. , laJ ^ 2£ i m tr° -
After taking up 1 mol of hydrogen, the catalyst was filtered, phenylhyarazone, 2o102-76-3; lb, 23062-25-1; lc,
water was added, and the product was extracted with chloroform. 23062-26-2; 2a, 23042-48-0; 2a 2,4-dinitrophenyl-
The organic layer was washed, dried, filtered, and concentrated hydrazone, 23042-49-1; 2b, 23102-77-4; 3a, 23042-50-4; 
under reduced pressure to give^eoxyeurycomol (10a): mp 215° 3b) 23042-51-5; 4, 23042-52-6; 5a, 23042-53-7; 6a,
(chloroform), [q; ] d  ~f"25 ,  vm&x 3424, 1754, 1658, and 1628 9904.9 Q« 9904.9 kk q . f\r> 9 9 0 4 9  ka o* 9  A
cm -1; X̂ 1°H 224 m̂ i (log e 4 .10), 261 (2.38), 270, (2.42), and 279 23042-54-8 , 6b, 23042-55-9, 6c, 23042-56-0, 6c2, 4-
(2 .36). dimtrophenylhydrazone, 23042-57-1; 7a, 23042-58-2;

A n al. Calcd for CI9H2403: C, 75.96; H, 8.05. Found: C, 7b, 23042 -59 -3 ; 8, 2 3 0 42 -60 -6 ; 9a, 23102 -78 -5 ; 9b,
76.01 H, 8.15. 23042 -61 -7 ; 9c, 23042 -62 -8 ; 10a, 23042 -6 3 -9 ; 10b,

Acetylation of lOa under usual cond.tmns furn.shed the corre- 2 3102 -79 -6 ; 11a, 23042 -64 -0 ; l ib,  23042 -65 -1 ; 13,
sponding acetate 10b: mp 110 ; W d + 2 7  ; 1779, 1742, . .  ’
1634, 1618, and 1231 cm“1; X™°H 224 mM (log e 4.05), 270 23042 -48 -0 , 14, 23042 -67 -3 ; ^-sitosterol, 8 3 -46 -5 ;
(2.09), and 279 (2 .04). ^-sitosterol acetate, 9 1 5 -05 -9 ; campesterol, 474 -62 -4 ;

A n al. Calcd for C2iH260 4: C, 73.65; H , 7 .65. Found: C , campesterol acetate, 3037-45-4; 2,6-dimethoxybenzo-
73.38; H, 7 .50. nuinone 530-55-2

Preparation of Triol l ib .— A solution of 100 mg of 10a in 20 ’
ml of anhydrous tetrahydrofuran was reduced with 1 g of LiAlH4
in 20 ml of the same solvent. At the end of the reaction, the excess Acknowledgments.— We express our sincere gratitude
of reagent was decomposed by careful addition of ethyl acetate. to Professors G. Ourisson (University of Strasbourg),
Addition of water and then 20%  sulfuric acid was followed by R  Ryhage (University of Stockholm), H. C. Beachell

tion cf the solvents afforded 85 mg of trio! lib : mp 190° (from (University of Delaware), and D  Lavie (Weizmann
chloroform); 3333 and 1484 cm -1. Institute of Science) for numerous physical and spectro-

A n al. Calcd for Ci9H340 3: C, 73.50; H , 11.03. Found: C, scopic measurements. We should like to thank espe-
73.14; H, 11.09. daily Professor P. Crabbd (Universidad Nacional Au-

Preparation of Triacetate 3 b ..-A  solution containing 200 mg of t6 n o m a  de M 6 x ico ) fo r th e  interpretation of various

pyridine was heated on the steam bath for 8 hr. The reaction spectroscopic properties, for stimulating discussions,
mixture was then evaporated to dryness in  vacuo. The amor- and for his assistance in the preparation of this paper.
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Parthem ollin, a New Xanthanolide from  P a r t h e n i c e  M o ll is  G ray1
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The structure of parthemollin, a new xanthanolide from Parthenice M ollis Gray, has been elucidated. Abso
lute configurations have been assigned to three of the four asymmetric centers.

The discovery of pseudoguaianolides in both Am- tion of the carbonyl group and saturation of the lac- 
brosia and Parthenium species2' 3 was of interest because tone.
of the debate on the position of Ambrosia and its rela- In the nmr spectra (Table I) the transformation of 
tives, the ragweeds, in the general taxonomic scheme la  to 2  was attended by the appearance of an additional
of the CompositaeJ Since that time the distribution of one-proton multiplet near 4.1 ppm signifying the for-
sesquiterpene lactones in Ambrosia and related genera mation of a new secondary hydroxyl group; this was
has received considerable attention4’6 because of the accompanied by the conversion of a sharp three-proton
possible utility of such knowledge in clarifying evolu- singlet near 2 .2  into a three-proton doublet at 1.16 ppm
tionary relationships6 within the group. However, in superimposed on a methyl doublet already present in the
addition to the hints given by chemical examination of precursor la. Evidently the reaction involved the
a few Parthenium species,7 there are reasons based reduction of a methyl ketone. The nmr spectra also
on morphology for suspecting that genera of the confirmed the presence of partial structure A  already
Melampodiinae may be on the road to the ragweeds.8 indicated by the facile formation of a pyrazoline. la,
As part of a general chemical investigation of this lb, and 2  exhibited the typical doublet of the conjugated
notion we now report the results of our study of exocyclic methylene group, whereas 3 displayed a third
Parthenice mollis Gray . 9 methyl doublet due to the reduction of A.

P. mollis, although containing a relatively large 
sesquiterpene lactone fraction, afforded only one )—(
chemically characterizable entity in approximately O j*=CH2 CH3 C CH2 CH C=C
O. 05% yield which we have called parthemollin. |
Parthemollin, C 15H20O4, mp 116-118°, [a]D — 130.0°, O
had one hydroxyl group (infrared band at 3580 cm-1, A B
formation of monoacetate lb) and a conjugated 7 -
lactone (ir bands at 1775 and 1655 cm-1, very strong CH3— C4— C3H2— C2H— C '=C 5H— C6H— R
end absorption at 205 nm). The presence of a second II I I ^
carbonyl function and a second double bond, probably ®
not conjugated because of the uv spectrum, was sug
gested by ir bands at 1705 and 1620 cm-1. Manganese dioxide oxidation of parthemollin estab-

Although catalytic hydrogenation of parthemollin lished the allylic nature of the hydroxyl group. The
yielded a complex mixture, treatment with 1 mol spectral properties of the product 4 [Amax 294 and 210
equiv of sodium borohydride produced a crystalline nm (e 16,200 and 17,500), ir bands at 1760, 1660 and
dihydro derivative 2  whose uv and ir spectrum (see 1600 cm- 1 ] were, however, not those expected from
Experimental Section) indicated retention of the a,f3- superposition of a,/5-unsaturated ketone absorption on
unsaturated lactone and reduction of the carbonyl that of an a,/3-unsaturated lactone. Instead the ex
group originally responsible for the ir band at 1705 tended conjugation indicated by the uv spectrum and a
cm-1. Treatment of parthemollin with excess boro- positive ferric chloride test made likely the presence in
hydride resulted in a tetrahydro derivative 3 by reduc- 4 of an extended enolic /3-diketone chromophore pro-

„ duced by oxidation of partial structure B. The con-
(GM -05814). version ot lb , on treatment with basic alumina, to di-

(2) w. Herz and g. Hogenauer, j. org. chem., 26, 5011 (1961). enone 6 [Amax 277 and 205 nm (e 17,500 and 15,50010)]
ciilm ^ r ^ S i a 962)abe M MiySZaki’ and Y KlSh'da’  ̂ provided further chemical support for this postu-

(4) For leading references, see W. Herz, in "R ecent Advances in  Phyto- l a t e .
chem istry ," t . j .  M abry, r . e . Alston, and v .  c. Runeckies, Ed., Appleton- The nmr spectra were in harmony with reactions
C entury-C rofts, New York, N . Y., 1968, pp 229-269. i ^  ,•  i , , t > j  •< ! i i i , •

(5) For the  most recent reports, see (a) T . E . W inters, T . A. Geissman, b a S e d  0 1 1  P a r t l a l  S t r u c t u r e  B  a n d  p e r m i t t e d  e l a b o r a t i o n  
and  D. Safir, J .  O r g .  C h e m . ,  34, 153 (1969); (b) T . A. Geissman, S. Griffin, t o  C. O x i d a t i o n  o f  la  t o  4 r e s u l t e d  i n  d i s a p p e a r a n c e  o f  
T . G. W addell, and H. H. Chen, P h y t o c h e m i s t r y ,  8, 145 (1969); (c) F. P.
Toribio and T . A. Geissman, i b i d . ,  8, 313 (1969); (d) W. Herz, G. Anderson, (10) Com pare with the  276-nm maximum of xan th a tin  (5).“
S. Gibaja, and D . Raulais, i b i d . ,  8 , 877 (1969). O

(6) For example, H. E . Miller, T . J . M abry, B. L. Turner, and W. W . II
Payne, A m e r .  J .  B o t a n y ,  55, 316 (1968). qh

(7) P a r t h e n i u m  h y s t e r o p h o r u s  L., ref 3 and A. Romo de Vivar, E . A. 3 I /  ^ \

Bratoeff, and T . Rios, J .  O r g .  C h e m . ,  31, 673 (1966); P a r t h e n i u m  i n c a n u m  ^
H BK , ref 3; P a r t h e n i u m  a l p i n u m  var. t e t r a n e u r i s  (Barneby) Rollins, H . ¡j
Rtlesch and  T . J . M abry, T e t r a h e d r o n , 25, 805 (1969); P .  h i s p i d u m  Raf., 5

and P .  i n t e g r i f o l i u m  L., W. Herz, unpublished work.
(8) P riva te  communication from D r. W. W. Payne, U niversity of Illinois, (11) T . A. Geissman, P . G. Deuel, E . K . Bonde, and F . A. A ddicott,

U rbana, 111. J .  A m e r .  C h e m .  S o c . ,  76, 685 (1954); P . G. Deuel and T . A. Geissm an,
(9) T he monotypic genus P a r t h e n i c e  stands next to  P a r t h e n i u m  in sub- i b i d . ,  79, 3778 (1959); L. Dolejs, V. H erout, and  F . Sorm, C o l l e c t  C z e c h .

tribe  M e l a m p o d i i n a e ,  tribe  H e l i a n t h e a e .  T he range of its single genus C h e m .  C o m m u n . ,  23, 504 (1958); T . A. Geissman, J .  O r g .  C h e m . ,  27, 2692
P .  m o l l i s  G ray is Southern Arizona and N orthern  Mexico. (1962).
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„ „ I  |  |  a broadened triplet at 4.7 (H-2 of C, exhibits the usual
g  g  ■ f’3 I  paramagnetic shift on acetylation to lb) and a two-

I  |  o  g  |i) I  < proton doublet at 2.62 ppm (H-3) and introduced a one-
^ ^ proton singlet at 5.60 ppm (vinyl proton a  to carbonyl).

a g Simultaneously a narrowly split multiplet, found near
| | |  5.8 in the nmr spectra of la, lb , 2, and 3, clearly the

|  |  &
p  P  P  p  £ ^ | p  9  ? R I H OH OH H

fc. II ! 1/ j ! jy
I  £  3  3  3  3  g  I I  ^
V © °° N O O o ^ C f i T i  H \  J

^  - a  § 1 1  0 . 7  0 .  /

S  - f  S  J  Vi 1
£  -  g.^g co 0  0
p  1 - B o  ^  la, R =  H 2

£  m b, R = Ac
^ S3 5; S  2  §8 fe 1  *
6  N «  -s ci N °  a J  is OH OH , TI 0  OH w

g O j] I 1 li I '

1  1  i l l  CH3̂ i Y >  CH3'A ^ Y >
i  §  §>'3 5  V \  ^> -4-j . S _ . o5 /  T V-sss

s  S3 g  3  JS  3  23 g g g g c o ' a ' S ^ o
| | S g 3 g g g  g g g g g  Jj J f  |  0  0
" " ' ^ o S ' B O 0 0 0 0 1 PIh ' ' <0>'  - .q n g M i i n ®  N O N i O n j ^ «  3 4

t | | - sj  9 , h3  *  £ <d ffi L'

3 f i f  . CH3̂ y f A  ch2,h
a |  " -I  |  k y j  7 ~ \
S p  y  'y s *  C0,H )

h ^ h s  h n h  s  ; i  | s  V  co2h
H o  M W W <n to CO ci wr& a I  'X 7
B O  . S » a °  .  O
o b  a  —< a >% 6

H g *

!  s  1 1 1 !  n f j ^

¡ w s : ; 3  £  £  I h s  . V V -
P$ © 3 2  2  «5? 2  %%£, o f  0N ŷ  0. //
0 US US US USUS us uj O X ^  ® B
B a 45 3  «  W \\
1  i & § i  0  0
1 o I  & 9 10*d o—N o-~s O Cl) . u1-j lO to ^   ̂  ̂ ^

l̂ i « _  /-s * o-s • 0 3 O o §  _____
g » a a a p° . a> I I ? H , h o ohg ri 'S  3  a. 3  us 3  us 3  O £  §  co ____-S i L-' || |
J  ¡2 S  ¡2 o f c B S w o  t f a s S  " X .  ^ 4 .  y~~\ JL JL .— .O «> ■« >> p © —' © — a b o - . g g j s  p u ^  ^  Y  \ r n  \

g u s u s u s u s ® © u i - g 3 ' 3 ' S  3 ¿ 1 /  CH3 T / —

i S" " l  OH> 0T /
^  |  p  e § ch2oh x /

s  ^  i l  s | - g - j |  o

ri 3  3  3  3  J  ^.g |
® ® ”  © |  £ -f ?  signal of a third vinyl proton (H-5, disappears on hy-
im <n v-. v̂ us © ” -§'§.§>„■  drogenation), moved downfield and simplified to a dou-

.S "§ M 2  blet12 whose chemical shift was consonant with its new
3  3 r® ^ T position at the terminus of a conjugated system and
S  © >,| k~ whose multiphcity suggested that it was adjacent to

« £  ^  ^  p  ^  |  I .c J  a methinyl group. Conversion of lb  into 6 effected
„ J- J. 3  g  1 1  g g the same change in chemical shift and appearance of the

tX §  Eg §  2  12 £ 3 ■ © I* H-5 signal. In addition the appearance in 6 of an AB
uo ^ t- ■ *’ I J  |  S system characteristic of two ¿rons-oriented vinyl hydro-

g |  gens a and 8 to a carbonyl group at 6.34 and 7.12 ppm
g, ® ® p  (J = 16 Hz) could be noted. The absence of other
a *  ©  j g - s .s .g

q  cs * 5 ^  ©  o .  ^ g  „  -S (12) T he additional small splitting shown in Table I  was ten tatively
-d S cf ascribed to  allylic coupling (for verification v id e  i n f r a ) .
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vinylic signals and the lack of further coupling in the irradiation at 3.02 collapsed the doublet at 6.25 and
components of the A B  system required the substitution 5.58 (H-13a and H-13b) and affected a series of signals
depicted in C. corresponding to four protons in the region of 1.13—

Since the empirical formula required that parthe- 1.30, probably the methylene protons of the ring por-
mollin be monocyclic, since partial formulas A  and C tion giving rise to a-methylglutaric acid. Simultaneous
accounted for 12 of the 15 carbon atoms, and since the simplification of a multiplet at 5.54 ppm to a narrowly
Timr spectrum (see Table I) had revealed the presence split slightly broadened doublet of doublets (line sep-
of a secondary methyl group and another low field pro- aration 3 and 1.5 Hz) showed that this signal had been
ton at 5.47 ppm plausibly associated with the lactone correctly assigned to H-6.
oxygen, it was logical to formulate parthemollin as la  Irradiation at the frequency of H-6 affected the sig- 
(exclusive of stereochemistry).13 Carbon atoms 8, 9, nal of H-7, collapsed the multiplet of H-5 at 5.71 to a
and 10 not represented in A  and C were accounted for broad singlet, and sharpened the broad triplet of H-2
by degradation of parthemollin to (/S)-(+)-a-methyl- at 4.67 ppm. Hence H-2 and H-6 were coupled homo-
glutarie acid (7) in the manner previously described for allylically. In turn, irradiation at the frequency of
parthenin.3 This result allowed only two possible ex- H-2 reduced the H-6 signal to a slightly broadened
pressions for parthemollin, la, and the biogenetically doublet of doublet separated by 8.5 (J6,7) and 3 Hz
highly implausible 12. (J6,10), collapsed a two-proton doublet at 2.59 super-

A  decision between these two possibilities was reached imposed on a broad one-proton multiplet to a singlet, 
by spin-decoupling experiments at 90 MHz, whose re- and sharpened the multiplet of H-5 to a doublet of 
suits are given in Table II .21 doublets separated by 3 and 1 Hz (/6,io).

Hence the two-proton multiplet at 2.59 ppm represented 
H-3, and H-2 and H-5 were coupled allylically (J ~  1.2 

T able II  T lz)

90-MHz Spectrum of P arthemollin“ Irradiation at the frequency of the methyl doublet
H-2 4 .6 7  (t, br)6 J2l3 = 6 , /2l5 = 1.2,  (1.15 ppm) produced a change in the broad one-proton

/ 2,6 = 1-5, A .10 S 0.5 multiplet at 2 .6  ppm underlying the signal of H-3. 
H ' 3 2 '®9 ^ 3’2 I  ? 9 _ q  Hence the origin of this signal could be attributed to the
H' 5 5. 71 (m)s i.ij -  ^   ̂ 6,6 -  , methinyl group present also in the degradation product

, , , ,  1 \ j 5,10, - , _ o a-methylglutaric acid. Now irradiation at the fre-
j 6 = 8 5  j  =0.5 quency of H-7 had produced no change m the 2.b-ppm

H-7  3 .0 2  (c) ,/7>6 = 8 .5  ' region and, conversely, irradiation at 2 .6  ppm, while
H-8, H-(F 1 .13-1.30 (c) collapsing the signals of H-2 and the secondary methyl
H-10 2.6 (c> group and affecting the signals in the methylene re-
H-13a 6.25 (d) Jt.uu = 3 gion, 22 did not exert any influence on the signal of H-7.
H-13b 5.58(d) J7.130 = 2 .8  Hence formula 12 was ruled out and parthemollin was
H' 144 2-1!_* correctly represented by la.
H_15* 1 . 1 5 ( d)  Jia.i5 = 7 As concerns stereochemistry, isolation of ($)-(+)-

“ Symbok are those in Table I Values of J are accurate to a . methylglutaric acid by degradation of parthemollin 
± 0 .3  Hz. 6 Components of triplet resemble a broad triplet. . , , , 0  n .. . „  , „
«Two protons. «• Superimposed on broad signal of H-10. 8 Re- showed that the absolute configuration at C-10 was
sembles 1 :2 :2 :2 :1 quintuplet. > Four protons. »Superimposed C-10 methyl /3 and therefore identical with the absolute
on doublet of H-3. h Three protons. configuration of other xanthanolides and pseudoguaian-

olides isolated from related species. The absolute con-
TJ ,.c ,. c ,, • , , , tt n , • , figuration of C-2 was found by application of Horeau’sIdentification of the signal due to H-7 was achieved . , . , .x (T  , . , , ,

, . , ,, e ■ , . method ol asymmetric esterification23 which has beenby irradiating at the frequencies ol the narrow doublet , , ,. , , ., . , ,,i ,, ., 1 m,- , ■ ,• found applicable to sesquiterpene lactones.24 Keac-of the exocyclic methylene group. I  his caused simpli- ,. . 11 ... ..I1 1 . , , » , ,c c u . 1 : . 0 no /tt -7N tion of parthemollin with an excess ol (±)-a-phenyl-fication of a multiplet at 3.02 ppm (H-7). Conversely, ,, , .  ; ( , 1
butyric anhydride resulted m recovery ol (-)-a-phen yl-

(13) Compounds of this type, ail of them, however, with the lactone ring butyric acid. Hence the configuration at C-2 was Sj
closed to  C-8, have been described14 as xanthanolides because of th e ir or-O H  a .

prevalence in  X a n t h i u m  and related species: xanthin in  and x an th a tin ,11 T i*
xan thum in ,16 xanthanol,«  isoxanthano!,» and ivalb in .u  Some other If OM aflSUmeS, 8 8  IS plausible,_ that the absolute COn-
members of th is class have been isolated from species in  th e  tribe  Inuleae: figuration of the C-7 side chain is (3 as in all Other SeS-
earabrone,“  g^frinin,19 and  griesenin.20 quiterpene lactones of established stereochemistry, the
1 3 1 3  (1 9 6 9 ). remaining problem was elucidation of the stereochem-

(15) h . M inato  and i .  Horibe, j . C h e m .  S o c . ,  70 0 9  (1969). istry of C-6. Since examination of molecular models
(1 9 6 9 ) . T ' E ’ Winters’ T ' A ‘ Geissman’ and D- Safir’ Chem" 34’ 153 Showed that knowledge of the coupling constants J 2,5

(17) W. Herz, H . C hikam atsu, N . Visw anathan, and V. Sudarsanam , (1.2 Hz)? J2,6 (1*5)> «/s,6 a n d  (8.5) W a s  n o t  S u f f i -  
i b i d . ,  32, 682 (1967).

(18) H . M inato, S. Nosaka, and I . Horibe, J .  C h e m .  S o c . ,  5503 (1964);
H . M inato and I . Horibe, i b i d . ,  2131 (1968); E . Diaz T ., B o l .  I n s t .  Q u i m .  (22) Irrad ia tion  a t the  frequency of H-10 also simplified the  signal of H-5
U n i x .  N a c .  A u t o n .  M e x . ,  20, 84 (1968). to  a doublet of doublets, shewing th a t  H-5 was allylically coupled to  H-10

(19) L. A. P. Anderson, W. T . de Kock, and K . G . R. Pachler, i b i d . ,  24, (J  ~  1 Hz) as well as to  H-2 and removed a  very small coupling (< 0 .5  Hz)
1701 (1968). from the  signal of H-6. Hence H-6 was homoallylically coupled to  H-10 as

(20) W. T . de Kock, K . G. R . Pachler, W. F. Ross, P . L . Wessels, and  well as to  H-2. Because the  components of the  broad H-2 trip le t were only
I . C. DuPreez, T e t r a h e d r o n , 24, 6037 (1968). sharpened, b u t no t resolved in to  doublets by  irrad iation  of H-5 or H-6,

(21) These were carried ou t on a B ruker 90-M Hz nm r spectrom eter H-2 was apparently  coupled ( J  ^  0.5 Hz) to  ano ther proton, p robably
purchased with th e  aid of a  grant from the  N ational Science F oundation  H-10. An a ttem p t to  dem onstrate th is by  irradiation  of H-10 failed since
for which we express our thanks. Chemical shifts on the  90-M Hz instra- H-3 and H-10 had very nearly th e  same chemical shift.
m ent differed slightly from the  values given in  Table I , which were obtained (23) A. HDreau, T e t r a h e d r o n  L e t t . ,  506 (1961); 965 (1962).
on a Varian A-60 instrum ent, because of small calibration errors. (24) W. Herz and H . B. Kagan, J .  O r g .  C h e m . ,  32, 216 (1967).
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cien t to  decide u n am b ig u o u sly  b etw een  a  cis o r trans ru le w ere ap p licab le, p arth em o llin  should  be a  a s -fu se d
fusion of th e  la c to n e  rin g , 26 in fo rm atio n  b earin g  on th e  la c to n e  w ith  H -6  a , a  resu lt d ire c tly  c o n tra d ic to ry  to
s te re o ch e m istry  a t  C -6  w as sou gh t. th e  con clu sion  reach ed  earlier b y  con sid erin g  th e  C D

I t  h as been  su g gested  re c e n tly 14 t h a t  th e  sign of th e  cu rv e  of p arth em ollin . 
la c to n e  C o tto n  effect of a  sesq u iterp en e la c to n e  w h ich  A tte m p ts  to  resolv e  th is  c o n tra d ic tio n  a n d  to  a sce r-  
in co rp o ra te s  p a rtia l s tru c tu re  A  offers a  clue to  th e  solu- ta in  th e  c o rre c t  s te re o ch e m istry  of p a rth em o llin  a t
tio n  of th is  p rob lem . T h e  g en eralizatio n  h as b een  C -6  will be th e  goal of fu tu re  stu d ies. I n  th e  m ean tim e,
m a d e 14 th a t ,  regard less of s tru c tu ra l  ty p e , a s -fu s e d  la c - th e  iso lation  fro m  P. mollis of a  x a n th a n o lid e  w hich  ap -
ton es closed  to  C -8  e xh ib it n e g a tiv e  C o tto n  effects, a n d  p ears to  s te m  fro m  th e  sam e p re cu rso r as th e  p seu do-
th a t  in  frans-fu sed  la c to n e s  closed  to  C -8  th e  C o tto n  guaianolides of Ambrosia species seem s to  su p p o rt th e
effect is p ositive. T h e  rev erse  s itu a tio n  p revails  in  la c - p o stu la te  of a  re la tiv e ly  close re latio n sh ip  b etw een  th e
ton es closed  to  C -6 : d s-fu se d  la c to n e s  d isp lay  p ositiv e  tw o  genera.
C o tto n  effects ; frans-fu sed  lacto n es show  n eg a tiv e
v alu es. T h e  s tro n g ly  n e g a tiv e  C o tto n  effect exh ib ited  Experimental Section36

fc y  p arth em ollin  [Xmax 2 5 5  n m ( 0  — 3 4 0 0 ) ]  co m p arab le  in
m ag n itu d e w ith  th e  C o tto n  effect of o th e r  x a n th a n o l- J ™ “* ®  n k ^  H ° und p arthenice
. , ® , , , n . , . . , , . „ . m ollis Gray, wt 10.4 kg, collected by M r. R . Barr on Sept 10,
id es14 w ould on th is  basis req u ire  a  ¿raras-lactone fusion i 968 (Barr #68-573, on deposit in herbarium of Florida State 
(H -6  />). University), along a wash, 1 mile south of Tubac, Santa Cruz

B e ca u se  all C -6  closed p seudoguaianolides p revio u sly  County, Ariz., was extracted with chloroform in the usual
isolated  fro m  Parthenium an d  re la te d  species a re  cis- manner.87 The crude gum, wt 135 g, was chromatographed over
i i /TT o  \4_ 7 oq_ 3a j  • i . • i i  ,9 i 1 .6 kg of silicic acid, 800-ml fractions being collected. Fractions
lacto n es (H -6  a ) 4 7'29~ 34 an d  m ig h t c o n ce iv a b ly 12 b e 1_28 (benzene) and 29-40 (benzene-chloroform, 2 : 1 ) eluted non-
re la ted  to  p arth em o lh n  th ro u g h  a  com m on  gu aian oh d e crystallizable gums. Fractions 41-44  (benzene-chloroform,
in term ed iate , an d  b ecau se  se v e ra l excep tio n s to  th e  1 :2 ) eluted approximately 15 g of semicrystalline material
gen eralization  h ad  b een  n o te d , 14 in d ep en d en t v e rifica - which yielded 5.0 g of pure parthemollin after recrystallization
tio n  of th e  existen ce  of a  frans-fu sed  la c to n e  rin g fusion  fr° m efthyl acettate ’ , ,P?/ar fractiT  u(chIor° (ormt a" d
m  p arth em ollin  seem ed  desirable. A cco rd in g ly  w e m - induced to crystallize and represented mixtures (tic) subject to 
v e s tig a te d  th e  possib ility  of ap p ly in g  to  p arth em o llin  polymerization.
th e  m odified H u d s o n -K ly n e  ru le 35 w hich  h ad  p ro v e d  Pure parthemcllin melted at 116-118°: M 24d - 1 3 0 .0 °  (c 
serv iceab le  in establishin g th e  C -6  s te re o ch e m istry  of 4 .285); ir 3580, 1775, 1705. 1655, and 1620 cm -1; uv end ab-

,,  • 3 sorption (e 13,200 at 205 nm); CD curve (1-cm cell) XmaJI 255
p a rtn e n m . nm (e  -3 4 0 0 ) .

P ro te c tio n  of th e  la c to n e  fu n ctio n  b y  th ia k e ta h z a tio n  A n al. Calcd for Ci5HM0 4: 0 ,6 8 .1 6 ;  H, 7 .63 ; 0 ,2 4 .2 1 .
to  9  an d  sodium  b oro h y d rid e re d u ctio n  of th e  la t te r  Found: C, 68 .12 ; H, 7 .60; O, 24.05.
afforded a  la c to n e  10, [ a ] D - 3 4 . 0 ° .  L ith iu m  alu m in u m  Acetylation of 0.25 g of la  with acetic anhydride-pyridine at 
h yd rid e t re a tm e n t  of 10 g av e  th e  trio l 11, [ a ] D - 1 3 . 7 ° .  room temperature and work-up in the usual manner gave crude 

, , , . °  , , .  . , .  /  j  f y  , , ,  acetylparthemollm (lb ) which was purified by filtration through
^ h e ob served  ch an ge m  ro ta tio n  in d ica te d  th a t ,  if th e  silica gel and recrystallization from ethyl acetate-petroleum

ether. Pure lb was obtained in a 0.20-g yield: mp 103-104°;
(25) Conformations for both cis- and trans-insed Dreiding models of [a ]24D - 1 3 5 .0 °  c 5 .0 ); ir 1755, 1735, 1720, 1655, and 1625

parthemollin are possible which appear to satisfy the dihedral angle require- uy end absorption (, 18,300 at 206 nm).
nent imposed by the magnitude of the vicinal coupling constant Jen , the . , ~ , , , r , TT r , r , „„ Tr _ .
allylic coupling constant“ Ji.s, and the homoallylic coupling7« constant Ji.t. A n al. Ca.1led ^  Cl7“ !i° 51 C, 66.65; H, 7 .24 ; 0 ,2 6 .1 1 .
Inspection of these models indicates that regardless of the configuration at .round: O, 00 .4x., ri, f .o l ; U, Zo.oo.
C-6, formation of a pyrazoline by reaction cf pathemollin with diazomethane To a solution of 0.09 g of la in 10 ml of tetrahydrofuran was
should occur primarily, if not excusively, by attack of the reagent from the added 10 ml of an ethereal diazomethane solution. After 3 days
a side to give 8. On the basis of a recently deduced relationship57 between in the refrigerator the solvents were removed. The residue (8 )

was recrystallized from ethyl acetate and methanol: mp 117— 
9 ? H | ,H 119° dec; CD curve (1-cm cell) Xraal 318 nm (6  — 23400).

„„ A naL  Calcd for Ci6H220 4N2: C, 62.73; H, 7 .24 ; N, 9 .14.
3 1 /  Found: C, 62.35; H, 7 .19; N, 9 .01.

[ y /  \  A solution of 0 .094 g of la  in 25 ml of ethyl acetate was reduced
0 \ / nN=N at atmospheric pressure with prereduced 10%  P d -C . Hydrogen

uptake ceased after absorption of 2.6  mol equiv of hydrogen 
8 (partial hydrogenolysis). The product was a mixture of four

components (tic) which could not be obtained in crystalline 
absolute configuration of such pyrazolines and the sign of their Cotton form.
effect, one would expect a strongly negative CD curve for 8. This was indeed Reduction of Parthemollin with Sodium Borohydride. A.—
observed, the value [Xmas 318 nm (0 -23,400)] being comparable in sign To a solution of 0.508 g of la  in 25 ml of methanol was added
and magnitude with that reported for coronopilin,57 damsin,57 ambrosiol,5» wjth stirring 0.180 g of NaBH< in 5 ml of methanol at 0° . Stirring
and psilostachyin C.5« This provides excellent support for the postulated was contmued for 1 hr, the reaction mixture was acidified with
3 0l.the Cf  8lde cham’„ , _ „ . _ dilute hydrochloric acid, the solvent was removed at reduced(26) For leading references, see G. P. Is  ewsoron and S. Sternhell, Tetra- J ’ j j j - . i mt,. r T .. /10«qx pressure, and 10 ml of water was added to the residue. Ihehearon 6117 (lyoo). *■ . . _ . , _ . , . . . .

(27) G. Snatzke, Riechst., Aromen, Koerperpflegem., 19, 98 (1969); M. mixture was extracted with chloroform and the washed and dried
Suchy, L. Dolejs, V. Herout, F. Sorm, G. Snatzke, and J. Himmelreich, extract was evaporated. The solid residue (2) was purified by
Collect. Czech. Chem. Commun., 34, 229 (1969). preparative tic and by recrystallization from ethyl acetate:

(28) Private communication from Dr. W. Stocklin. yield 0.175 g; mp 153—156°; ir 3582, 3480, 1758, 1659, and 1600
(29) T. A. Geissman and F. P. Toribio, Phytochemistry, 6, 1563 (1967). Cm-1; UV end absorption (c 16,500 at 205 nm).
(30) N .  K .  Fischer and T. J. Mabry, Tetrahedron, 23, 2529 (1967). ____________
(31) T. A. Geissman and S. Matsueda, Phytochemistry, 7 , 1623 (1968).
(32) F. P. Toribio and T. A. Geissman, ibid., 7, 1623 (1968). (36) Melting points are uncorrected. Rotations were run in chloroform,
(33) J. Romo, A. Romo de Vivar, A. Velez, and E. Urbino, Can. J .  Chem., ultraviolet spectra :n 95% ethanol on a Cary Model 14 recording spectro-

46, 1535 (1968). photometer, infrared spectra in chloroform on a Perkin-Elmer Model 257
(34) E. Bianchi, C. C. J. Culvenor, and J. W. Loder, Aust. J .  Chem., 21, grating spectrophotometer, and CD curves in methanol on a Jasco ORD/

1108 (1968). UV-5 recording spectrophotometer. Petroleum ether was low boiling (30-
(35) V. Sykora and M. Romanuk, Collect. Czech. Chem. Commun., 22, 60°). Analyses were performed by F. Pascher, Bonn, Germany.

1909 (1957). (37) W. Herz and G. Hogenauer, J .  Org. Chem., 27, 905 (1962).
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A nal. Calod for Ci5H220 4: C, 67.65; H, 8 .33 ; 0 ,  24.03. extract yielded 0.21 g of (S)-( +  )-a-methylglitaric acid which
Found: 0 ,6 7 .2 1 ;  H, 8 .37; 0 ,2 4 .4 6 .  was recrystallized from ethyl acetate-petroleum ether, mp 80-82°,

B .— Reduction of 0.279 g of la  with 0.265 g of NaBH4 in the [a ]24D + 2 1 .6 °  (ethanol, c 5 .3 ). The melting point was unde
manner described in the previous paragraph gave a noncrystalline pressed on admixture of an authentic sample of mp 7 8-80°,
product (3) which was purified by preparative tic: [a]24D —41.4° [a ]24D + 1 8 °  (c 1.24) and their ir spectra (Nujol) were super-
(c 5 .8 ); ir bands at 3580, 3480, 1760, and 1600 cm -1. imposable.

A n al. Calcd for Ci6H240 4: C, 67.14; H, 9 .01; O, 23.85. A nal. Calcd for C6H i0O4: C, 49.31; H, 6 .90 . Found: C, 
Found: C, 67.09; H, 9 .18; O, 23.48. 49.25; H, 6.90.

Dehydroparthemollin (4).— A solution of 0.243 g of la in 25 ml Preparation of 9, 10, and 11.— A solution of 0.310 g of la  and 
of dry chloroform was stirred with 2.4 g of activated manganese 0.8 ml of ethanedithiol in 10, ml of ether was mixed with 1.2 ml
dioxide at room temperature for 4 days and filtered, the pre- of boron trifluoride etherate and allowed to stand at room tem-
cipitate being washed thoroughly with chloroform. The com- perature. After 15 min concentrated aqueous potassium car-
bined filtrate and washings were evaporated at reduced pressure bonate solution was added and the product was extracted with
and the residual gum purified by preparative tic. This gave 0.13 ether. Evaporation of the washed and dried extract gave crystal-
g of 4 and 0.1 g of recovered starting material. The product was line 9: mp 128-131°; [a ]25D —61.7° (c 2 .02); ir 3410, 1750, and
recrystallized from ethyl acetate-petroleum ether: mp 95 -9 7 °; 1653 cm -1.
ir 1760, 1660, and 1600 c m '1; uv Xmax 294 and 210 nm (« 16,200 A solution of 0.15 g of 9 in 10 ml of methanol-dioxane (1 :1 )  
and 17,550). were reduced with NaBH4 as described in the preparation of 3 .

A n al. Calcd for Ci5H180 4: C, 68.69; H , 6 .92 ; O, 24.40. The noncrystalline product 10 was purified by preparative tic:
Found: C, 68 .22 ; H , 7 .05; 0 ,  24.84. [a] 24d - 3 4 .0 °  (c 5 .62); ir 3420 and 1762 cm -1.

Anhydroparthemollia (6 ).— A solution of 0.15 g of lb in benzene A solution of 0.10 g of 10 in 10 ml of tetrahydrofuran was
was chromatographed over a column of basic alumina. The added dropwise with stirring to a slurry of 0.240 g of LiAlH4 at
eluate was evaporated and recrystallized from ethyl acetate- 0 ° . Stirring was continued overnight at room temperature, 
petroleum ether to give 0.065 g of 6 : mp 7 8-80°; ir 1760, 1708, Excess reducing agent was decomposed by addition of ethyl
1665, and 1595 cm -1; uv Xmax 277 and 205 nm (e 17,500 and acetate. The mixture was acidified and the solvents were re-
15,500). The material polymerized on standing. moved. The residue was taken up in chloroform. The washed

A n al. Calcd for Ci5Hi80 3: C, 73.15; H , 7 .37; 0 ,  19.49. and dried extract was evaporated and the noncrystalline product
Found: C, 73.05; H, 7 .21; 0 ,  19.32. 11 was purified by preparative tic, wt 30 mg, [«] 24o - 1 3 .7 °

Oxidation of Parthemollin to a-Methylglutaric Acid.— A (c 2 .9 ).
solution of 1.0 g of la  in 100 ml of ethyl acetate was ozonized Reaction of la  with Phenylbutyric Anhydride.— The method
at 0° for 1 hr. After addition of 20 ml of water the mixture was of ref 22 was employed, using 211 mg (6.8  X  10 -4 mol) of a-
warmed on the water bath for 0.5 hr. The solvents were removed phenylbutyric anhydride and 61 mg (2.27 X  10 -4 mol) of la .
a t reduced pressure. The residue was taken up in 100 ml of The recovered a-phenylbutyric acid weighed 133 mg (constant 
5%  sulfuric acid and a solution of 5 g of K M n 04 in 120 ml of weight after drying in  vacuo, pure on tic), ¿ V i  —0.064° (5 ml
water was added dropwise in 4 hr. The precipitate of manganese of benzene, 4-ml tube, measured on a Bendix Type 143A auto
dioxide was reduced with sulfur dioxide solution in water. The matic polarimeter), [a ]« 6.i —5.97°. This corresponded to an
clear solution was concentrated to 20 ml of at reduced pressure optical yield of 25-30%  ([a]D of a-phenylbutyric acid is ± 9 6 .5 ° ,
and extracted with ether. The washed and dried ether extract but a specimen of optically pure acid for determination of the
was evaporated and the residual gum was chromatographed over rotation at the Hg546.i line was not available),
acid-washed alumina. Elution with chloroform-methanol (9 :1 )
gave 0 .35  g of gum which was dissolved in acetone and mixed with Registry No.'— la , 23264-32-6; lb , 23264-33-7; 
cycloh exan on e. The precipitated cyelohexylamine salt was ~ 23264-34-8; 3, 23263-98-1; 4, 23263-99-2; 6 ,
recrystallized from ethanol-acetone and then melted at 168-171 . oo o co  oq o . >t h i k q o q . a 9000,1 m  n. 0  oqoR/1
Decomposition of the salt with dilute hydrochloric acid, extrac- 0 -2 ,  7 , i i i u - o z - S ,  o , Z«5/D4-Ui-y, y , Zo20‘±-
tion with ether, washing, drying, and evaporation of the ether 02-0; 10,23264-03-1; 11,23264-04-2.

The Absolute Configuration of 
a-t-Butylphenylacetic Acid and Some Derivatives1

D e n n is  R. C l a r k  a n d  H a r r y  S. M o s h e r

Department o f Chemistry, Stanford University, Stanford, C alifornia 94305 

Received August 5, 1969

The absolute configurations of a-isopropylphenylacetic acid and a-i-butylphenylacetic acid have been estab
lished as R - ( - )  by relating them chemically to (S)-(+)-hydratropic acid through (ifJ)-( — )-2-methyl-3-pkenyl- 
butane (2 ) and (S )-(— )-2,2-dimethyl-3-cyclohexylbutane (8 ). ( +  )-i-Butylphenylcarbinol (16) and (+)-/3-t-
butyl-/3-phenylpropionic acid (13) have been related to a-i-butylphenylacetic acid (9) and shown to have the R  
configuration. These experiments resolve the uncertainties concerning the configurations of these compounds.
The method of configurational correlation of these and related compounds is outlined in formulas 1-16.

There has been considerable controversy concerning 2-methylaminopropane, and measuring the optical
the absolute configuration of a-isopropylphenylacetic rotation of the recovered, unreacted acid. They con-
acid2-4 (3). Cervinka and Hub2 reported a method for eluded that the a-alkylphenylacetic acids which they
correlating configurations of a-substituted phenylacetic tested5 had the absolute $ -(+ ) configuration with the
acids, which involved the reaction of an excess of the exception of a-isopropylphenylacetic acid which had
racemic acid with the chiral amine ($)-(+)-l-phenyl- the S-(-) configuration. These experiments were

repeated by Halpern and W estley3 4 who failed to con-
(1) We aeknowledge.with thanka support of these atudies by  the  N ational f i r m  t h i g  l a t t e r  e x c e p t i o n  a n d  C o n c l u d e d  t h a t  a l l  t h e s e
(2) (a) O. Cervinka and L. Hub, C h e m .  C o m m u n . ,  761 (1966); (b) O - S u b s t l t u t e d  p h e n y l a c e t i c  a c i d s  h a d  t h e  £ - (  +  )  C O n-

C o i ie c t .  C z e c h .  C h e m .  C o m m u n . ,  3 2 , 2 2 9 5  (1967). f i g u r a t i o n  i n c l u d i n g  t h e  a - i s o p r o p y l  d e r i v a t i v e .  We
(3) B. H alpern and J . W estley, C h e m .  C o m m u n 237 (1967).
(4) C. Aaron, D. Dull, J .  L. Schmiegel, D. Jaeger, Y. Ohashi, and H. S. (5) The alkyl groups included m ethyl, ethyl, n-propyl, n -butyl, n-amyl,

Mosher, J .  O r g .  C h e m . ,  32, 2797 (1967). n-hexyl, iso-propyl, iso-butyl, benzyl, and allyl.
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S c h e m e  I
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I I | |

H — C— COOH H *-C -"C H M e 2 ■<—  H *~ C — CHMe, — >  CHMe2

Ph Ph Ph Ph
S {+ )-l R<->2 « -(-)- 3 «<+>4

j  Í
CH

Me 0  Me CH2 Me \  Me
I II I II I / CHa I

CMe — >  H ^ C — CMe — c (  — ► H *-C -*C M e ,
I I I X Me |

Ph Ph Ph C6Hu

S-(+)-5 «{+>6 R {-)-7  S-(—)-8

0  Í
II
C— Me COOH CH2OH Me
1 I I I

H— C— CMe3 H— C— CMe3 — >  H * -C — CMe3 H * -C — CMe,
I I I I

Ph Ph Ph Ph
#-(-)-14 «-(->9 «{+>10 «-(—>12
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II /  IOCMe OH CH2C1 CH2

H » -C — CMe3 — ► H *~C -*C M e3 H * -C — CMe3 — +■ H » -C — CMe3

Ph Ph Ph Ph
l?<+)-15 «<+>16 «{+>11 «-(+>13

also had concluded, 4 on the basis of the optical figuration of the latter has been challenged12 based on
rotatory shifts of a series of acid derivatives according asymmetric synthesis studies.
to the Freudenberg method,6 and on the basis of the We have made extensive use of a-isopropyl- and 
optical rotatory dispersion (ORD) curves of the thion- a-i-butylphenylacetic acids and of isopropyl- and t-
amide derivatives7 of these acids, that all of these a -  butylphenylcarbinols in our asymmetric reduction
alkylphenylacetic acids, including a-isopropyl- and studies;13 it was therefore essential that we determine
a-i-butyl- had the <S-(+) configuration.8 the absolute configurations of these compounds with

Hcwever Cervinka and Hub9 subsequently claimed certainty. We have therefore undertaken a direct
to have chemically interrelated (-)-isopropylphenyl- chemical correlation in order to resolve this problem,
acetic acid and hydratropic acid (1) of known configura- The interconversions are summarized by formulas
tion v ia  the common intermediate (—)-2-methyl-3- 1-16.
phenylbutane (2) in such a way as to confirm their
original assignment of S - (  —) to 3. Results

Hcreau and Guetté1« then related (-)-isopropyl- We have interrelated ( - ) - a. ¿.butylphenylacetic acid 
phenylacetic acid (3) to (+)-isopropylphenylcarbinol (9) and 5 _( + )_hydratropic acid (1) of known absolute
(4) the configuration of which is generally accepted as configuration by converting them into the common in-
R  based on several lines of indirect but very reliable termediate 2,2-dimethyl-3-cyclohexylbutane (8). The
evidence, 1 and deduced therefrom that (-)-iso p ro- process used involves conversion of the carboxyl
pylphenylacetic acid had the R configuration. of acid 9 into a methyl group, and that of acid 1 into a

The configurations of isopropylphenylcarbinol and ¿.butyl group v ia  hydrogenolysis of a cyclopropane inter-
i-butylphenylcarbmol11 are based on much the same mediate by the eneral rocedure first reported by
evidence. Recently the generally accepted S-(-) con- Schleyer and coworkers. 14

0S)-(+)-3-Phenyl-2-butanone (5) was prepared by
(6) K. Freudenberg, “ Die Stereoehemie,’’ F ranz D euticke, Leipzig and t h e  a c t i o n  o f  m e t h y l l i t h i u m  O n  ( $ ) - (  + ) - h y d r a t r o p Í C

Vl(7)nil S kevTch and c. Djerassi, 7 . Amer. chem. Soc. 87 , si (1965). ^cid16 (1) (Scheme I). This ketone was converted into
(8) (+ )-a-T rifluorom ethylphenylacetic acid, which is configurationally v ^ v " ( “t " ) “3 - p h 0 D . y l - 2 - n i e t h y l - l - b u t 6 I i e  ( 6 ) ,  V t d  EL W l t t i g

related to  th e  o ther (5 )-(+ )-a-alky lphenylace tic  acids, is designated i2 -(+ )
because CFa takes nom enclatural preference over carboxyl according to  th e  (12) O. Cervinka, O. Belovsky, A. Fabryová, V. D udek, and K. G rohm an,
Cahn-Ingold-d3relog sequence rule contrary  to  th e  other alkyl groups. Collect. Czech. Chem. Commun., 32, 2618 (1967).

(9) (a) O. Cervinka and L. Hub, Z .  Chem., 423 (1967); (b) Collect. Czech. (13) J . L. Schmiegel, Ph .D . Thesis, Stanford University, Stanford, Calif.,
Chem. Commun., 33, 1911 (1968); (c) p rivate  communication, 1968. 1967.

(10) A. H oreau and J . G uetté, C. R .  Acad. Sci. Paris, Ser. C., 267, 257 (14) (a) C. W oodworth, V. Buss, and P . v. R . Schleyer, Chem. Commun.,
(1968). 569, 570 (1968); (b) J. Jacobus, Z. M ajerski, K . Mislow, and P . von R.

(11) R . MacLeod, F . Welch, and H. S. Mosher, J .  Amer. Chem. Soc., 82, Schleyer, J .  Amer. Chem. Soc., 91, 1998 (1969).
876 (1960). (15) K . Mislow and J. Brenner, ibid., 75, 2318 (1953).
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reaction using triphenylmethylenephosphorylide. The (+)-hydratropic acid (1) by a sequence which does
Simmons-Smith reaction was carried out with the not alter the chirality of the asymmetric center, ( - ) - 9
modified procedure of Shank and Schechter16 to give must have the R configuration, and ( - ) - 8  the S con-
(#)_(_)-l-methyl-l-(a-phenylethyl)-cyclopropane (7). figuration as shown in Scheme I. This proves that
Extensive attempts to hydrogenolyze the cyclopropane the previously assigned4'« R configuration for the (-)■ -
ring without reducing the aromatic moiety with a vari- a-f-butylphenylacetic acid (9) is correct. If the ro-
ety of catalysts and conditions were unsuccessful. It tations of hydrocarbon 8 prepared by the two routes are
was therefore necessary to bring about the correlation adjusted for fhe enantiomeric purity of the starting
via the cyclohexyl derivative 8 , rather than the phenyl acids 1 and 9, the following result is obtained: 8  from
derivative 12. Cyclopropane 7 was hydrogenated 1, aMD — 24.2° (neat); 8  from 9, a 23d —22.6° (neat),
with P t0 2 at 55° in glacial acetic acid to (£)-( — )-2,2- A  similar comparison for 2 gives the rotations follow-
dimethyl-3-cyclohexylbutane (8 ). ing: 2 from 3, [a]23-5D —27.2° (CGi), [a]23-5D — 20.4

The second stage of the correlation was completed by (CHgOH); and 2 from 6, [a]23-6D — 29.2 (CCI4). This
reducing (R)-(-)-a-i-butylphenylacetic acid (9) with compares with a value of [ « ] d  -20.6° (CH3OH), ob-
lithium aluminum hydride to (R)-(+)-3,3-dimethyl- tained by Cervinka and Hub9 for the same hydrocarbon
2-phenyl-l-butanol (10) wiiich gave (#)-(+)-3,3- 2 made from 3 by a slightly different route. The satis-
dimethyl-2-phenyl-l-chlorobutane (11) upon treat- factory agreement of all these values indicates that
ment with thionyl chloride and pyridine. The Gri- all the reactions involved in the correlation of these
gnard reagent was prepared and decomposed with water acids have gone with stereochemical integrity. 
to give (R)-( — )-2 ,2 -dimethyl-3 -phenylbutane (1 2 ), The interrelation of acid R-(—)-9 to ( + ^¿-butyl- 
reduction of which with RI1-A I2O3 furnished levorota- phenylcarbinol (16) by the sequence shown, confirms its
tory hydrocarbon 8 , with the same sign of rotation as R configuration as previously assigned by us. 11 The
that obtained from the (iS!)-(+)-hydratropic acid (1). incorrect R( —) assignment12 was based upon an inter-

The configurations of ( — )-a-isopropylphenylacetic pretation of the steric course of an asymmetric synthesis
acid (3) and ( —)-a-i-butylphenylacetic acid (9) were which is unwarranted.
linked together through the olefin 6  and its reduction to The chemical proof of the R configuration of the 
hydrocarbon 2. ct-Isopropylphenylacetic acid (3), en- ( + ) -propionic acid 13 confirms that previously assigned
antiomerically pure, w'as reduced with LiAlH 4 to the by Almy, Uyeda, and Cram 17 based on the similarity of
primary alcohol, treatment of which with thionyl ORD curves for a derivative of this acid and of a deriva-
chloride and pyridine produced the chloride. The tive of the known (R)-(— )-3-phenylbutyric acid. 
Grignard reagent was prepared and decomposed with The configurational interconnections outlined in 
water to give (E)-(—)-2-methyl-3-phenylbutane (2). the chart also prove the configurations of (E)-(+)-iso-
Hydrogenation of olefin 6  in the presence of P t0 2 gave propylphenylcarbinol as shown and as previously as-
the identical hydrocarbon, 2 . signed1 0 11 and prove that the configuration of a-iso-

The R-(-) acid 9  was converted into (R)-(— )-2 ,2 - propylphenylacetic acid is $ -(+ ) contrary to previous
dimethyl-3 -phenyl-4 -pentanone (14), with methyllith- reports, 2’21 but in accord with Horeau’s 10 prior assign-
ium. We recovered only starting material from the ment. 4 Now that two more a-alkylphenylacetic acids
Baeyer-Villiger reaction on this hindered ketone us- have been proven to have the & -(+) configuration,
ing perbenzoic acid, m-chloroperbenzoic acid, or it is almost certain that the configurations of the re-
trifluoroperacetic acid. However, (R)-(+)-f-butyl- maining a-alkyl-substituted phenylacetic acids4 have
phenylcarbinyl acetate (15) was isolated after reaction been assigned correctly,
with persulfuric acid, 17 although it was a minor prod
uct. This acetate was cleaved with LiAlH 4 to form Experimental Section
(R) - (+ ) -f-butylphenylcarbinol, (16), thus interrelating
this carbinol via acid 9 and hydrocarbon 8  with hydra- (£)-(+ )-3-Phenyl-2-butanone (5).— This ketone was prepared 
tropic acid of proven configuration. by tlle method of Mislow and Brenner« from hydratropic acid (1)

i> • i £ .1 which had [a] 27d + 8 8 .3 °  (benzene, C 2.96) corresponding to
In addition, the ORD curves were obtained for the 95 .5 %  excess of the (+) enantiomer. However, the distilled

two ketones (+ )-5 and (— )-14. These curves are product was found to be impure, and was chromatographed on a
almost exact mirror images, showing that the ketones silica gel column. The ketone was eluted with benzene and was 
of opposite configuration give opposite ORD curves in distilled 1,102.5-103.5°, 15 mm) to give (S )-(+  )-3-phenyl-2- 
spite of the differeece to steric effect of the methyl
¿-butyl groups.  ̂ a (j?)-(+)-2-M ethyl-3-phenyl-l-butene (6).—To a solution of

To correlate the homologated acid, the Grignard 0.0068 mol of n-butyllithium in 50 ml of dry ether was added 
reagent prepared from the (+ ) -chloride 11 was car- 2.41 g (0.0068 mol) of triphenylmethylphosphonium bromide, 
bonated to form (R)-(+)-/3-phenyl-/3-f-butylpropionic and the mixture was stirred at 25° under dry N, gas for 3 5 hr 

. , 19 20 / 13 ) A solution of 1.00 g (0.0068 mol) of ketone 5, [at] 25d +368
acia ' (Id). (benzene, c 1.76), in 10  ml of dry ether was added dropwise.

_ . . The thick mixture was stirred mechanically and refluxed for 40
UlSCUSSlon hr. Solids were then removed by filtration and washed with

Since (-)-^ -butylp h enylacetic acid (9) gives ( - )  ether. The combined filtrates were extracted with water and dried

hydrocarbon 8 , which in turn is made from known ($)" (20) W e wish to  th an k  M r. R obert W hitson for prelim inary experim ents
on th is reaction.

(16) R . Shank and H. Schechter, J .  O r g .  C h e m . ,  24, 1825 (1959). (21) B y private  communication from O. Cervinka and L. H ub we are
(17) R . Robinson and L. Sm ith, J .  C h e m .  S o c . ,  371 (1937). now informed th a t their sequence2 actually  proves the  S - ( + ) configuration
(18) We wish to  th an k  D r. Bunnenberg for these O RD m easurements and not the  S - ( - )  configuration as previously reported .2 This m istake

which are reported in the  experim ental section. arose from the  presence of an im purity  of olefin 6 of opposite ro ta tio n  in
(19) J. Almy, R . T . Uyeda, and D. J . Cram, J .  A m e r .  C h e m .  S o c . ,  89, 6768 hydrocarbon 2. Note Added in Proof.— C f .  O. Cervinka, V. D udek, and

(1967). L. H ub, Z .  C h e m . ,  9, 267 (1969).
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;Na2S 04); solvent was removed under vacuum. The liquid cooled, poured onto ice, and extracted with ether; the ether ex
residue was distilled at 95-105° (15 mm) to give 0.70 g of colorless tracts were washed with saturated NaHCOs solution and water,
liquid. This mixture of olefin and ketone was separated by pre- The ether layer was dried (MgSCh) and evaporated under vacuum
parative glpc on a 6 ft X  0.25 in. 20%  Carbowax 4000 column to leave 18.7 g (71% ) of crude chloride 11. This particular
at 170° to give 0.20 g (20%  yield) of pure (R )-(+)-2-m ethyl-3- sample was distilled after being stored over N aH C 03 for 3.5
phenyl-l-butene (6), [qt] 25d +  76° (benzene, c 1.55). On a years, bp 79-82° (1 mm), to give colorless (H)-( +  )-3,3-dimethyl- 
later run, a yield of 31%  was obtained. 2-phenyl-l-chlorobutane (11), <*26d + 4 .5 6 °  (neat).

A nal. Calcd for CnH«: C, 90.35; H, 9 .65. Found: C, (R )-( — )-2,2-Dimethyl-3-phenylbutane (12).— To 0.144 g
90.39; H, 9.76. (0.0059 g-atom) of sublimed magnesium shavings under dry No was

(fi)-(-)-2-M ethyl-3-phenylbutane (2). A. From ( f l ) - ( - ) -  added 1.00 g (0.0051 mol) of (ft)-( +  )-3,3-dimethyl-2-phenyl-l-
a-Isopropylphenylacetic Acid4.13 (3).— Acid 3, [<*]24d - 6 2 .3 5 °  chlorobutane (11), a 26D + 4 .5 6 °  (neat), and 20 ml of dry ether.
(CHC13, c 4 .46), 100% enantiomerically pure, was converted The mixture was heated to reflux and three 0.010-ml portions of
into hydrocarbon 2 by the same method that a-i-butylphenyl- 1,2-dibromoethane were added. After refluxing for 3 hr, the re-
acetic acid (9) was converted into 2,2-dimethyl-3-phenylbutane action was stopped and 4 ml of water was cautiously added.
(12). The compounds had the followng rotations: (R )-( — )-3- This was followed by 6 ml of 7%  HC1. The layers were separated,
methyl-2-phenyl-l-butanol, <*22d —11.66° (neat); (7J)-( — )-3- the aqueous layer was extracted with ether, and the combined
methyl-2-phenyl-l-chlorobutane, o+ d —0.73° (neat); R -( —)- ether solutions we re dried (Na2S 04), and evaporated to 2 ml.
2-methyl-3-phenylbutane (2), <x28d —23.23° (neat), [o:]23-5d The product was isolated by preparative glpc on a 5 ft X  0.25
— 27.2° (CC14, c 2 .39), [a] 23-6d —20.4° (MeOH, c 1.27). in. 20%  Carbowax 4000 column at 160°, to give 0.57 g (69% ) of

B. From (H)-(+)-2-Methyl-3-phenyl-l-butene (6).— Butene R -(— )-2,2-dimethyl-3-phenylbutane (12), a 28d —3.42° (neat).
(6), 0 12 g, H 26d + 6 8 .5 °  (benzene, c 1.67) in 5 ml of absolute A nal. Calcd for Ci2H i8: C, 88.82; H, 11.18. Found: C,
ethanol was added to 0.20 g of prereduced P t0 2 (83.5% , Engel- 89.06; H, 11.37.
hard Industries) in 10 ml of absolute ethanol and stirred under ($ ) - (—)-2,2-Dimethyl-3-cyclohexylbutane (8).— A mixture of
1 atm of H2 for 24 hr at 25°. Filtration and concentration 1.47 g of (R )-( — )-2,2-dimethyl-3-phenylbutane (12), o+ d
followed by preparative glpc on a 20 ft X  3/s in. 20%  Carbowax —3.42° (neat), i .5  g of 5%  Rh-A l20 3, and 10 ml of acetic acid-
20M TPA at 190°, helium flow rate 60 ml/min, gave 0.055 g of ethanol (1 :9 ) was shaken under 3 atm of H2 at 25° for 2 days.
(jR)-( — )-2-methyl-3-phenylbutane (2), retention time 27 min, The catalyst was removed by filtration, and ether was added
[ex] 26d —25.4° (CCh, c 1.44). Reinjection on the same column to the filtrate, which was extracted with 10%  NaOH and water,
indicated less than 0 .2%  impurity of the olefin 6 in this product The ether layer was dried (Na2SO<) and concentrated under vac-
which had an ir spectrum identical with that of the same hydro- uum; the product was isolated by preparative glpc to give 0.50 g
carbon made by method A. (30% ) of (S )-(— )-2,2-dimethyl-3-cyclohexylbutane (8), q+ d

(ffi)-(— )-l-Methyl-l-(a-phenylethyl)cyclopropane (7).— Zinc- —3.52° (neat), retention time 9.7 min on a 6 ft X  0.25 in. 20%
copper couple,16 1.25 g (0.0192 mol), 5.15 g (0.0192 mol) of poly-ra-phenyl ether 5 ring at 165°; helium flow rate 75 ml/min.
methylene iodide, and 25 ml of ether were heated to reflux and A nal. Calcd for Ci2H24: C, 85.63; H, 14.37. Found: C,
several crystals of I2 were added. After this mixture refluxed 85.87; H, 14.30.
for 30 min, 1.40 g (9.6 mmol) of olefin 6, [a]28D + 7 5 .4 °  (benzene, (R )-( — )-4,4-Dimethyl-3-phenyl-2-pentanone (14).— B-( — )-a-
c 1.76), a 28D + 6 1 .9 8 °  (neat), was added, and the mixture re- i-Butylphenylacetic acid (9), 1.0 g (0.0052 mol), [a ]22o  —48.2°
fluxed overnight. Solids were removed from the cold mixture (absolute EtO H, c 1.68), 100% excess ( —) enantiomer, was
by fibration through a Celite Super Cel pad. The filtrate was dissolved in 25 ml of dry ether and added slowly to a solution of
extracted with 5%  HC1 (3 times with 20 ml) and 10%  N aH C 03 0.0176 mol of methyllithium in 20 ml of ether at 25°. After
(twice with 30 ml) and then dried (Na2S 0 4). The reaction was the mixture was stirred at 25° for 20 min and then refluxed for
incomplete as shown by glpc analysis; therefore the ether solu- 45 min, it was poured into ice-water. The ether layer was
tion was resubjected to the original reaction conditions with the washed rapidly with cold water until neutral and dried (Na2S 0 4),
same amounts of reagents. After the mixture had been heated and the solvent was removed under vacuum to leave 0.70 g
overnight under reflux and subjected to the same work-up, the (70% ) of (R )-(— )-4,4-dimethyl-3-phenyl-2-pentanone (14),
product was distilled under vacuum, and purified by preparative > 95%  pure, [a] 25d —275° (CC14, c 0.835). On a 10 ft X  %  in.
glpc on a 10 ft X  3/s in. 20%  Ucon H B 5100 column at 130°, 20%  silicone SE-30 glpc column at 200° and 95 ml/min He, this
to give 0.60 g (40% yield) of pure 7, a 26D —51.40° (neat). ketone had a retention time of 44 min. The recovered acid was

A nal. Calcd for Ci2H i6: C, 89.94; H , 10.06. Found: C, racemic. Ketons 14 from another run had [« ]23d —248° (CC14, 
89.54; H, 10.07. c 1.95); ORD max [0]2i4o + 1 5 ,8 0 0 ° , [0] 296o —19,400 (cyclo-

(S)-( — )-2,2-Dimethyl-3-cyclohexylbutane (8).— A mixture of hexane).
0.30 g of 7, a 26D —51.40° (neat), 1.0 g of P t 0 2 (83.5% ), and 30 ( !? ) - ( + )-Phenyl-/-butylcarbinyl Acetate (15).— Potassium per-
ml of glacial acetic acid was shaken under 40 psi of H2 and heated sulfate (3.98 g, 0.015 mol) was added to a stirred solution of 9.8
to 55° for 4 days. The catalyst was removed by filtration and g of 98%  sulfuric acid and 1.85 g of water at 0 ° . To this mixture
ether was added to the filtrate. This solution was extracted with was added 8 ml of absolute ethanol, followed by 0.50 g (0.026
10% NaOH and dried (Na2S 0 4), ether was removed under mol) of (R )-( — )-4,4-dimethyl-3-phenyl-2-pentanone (14), [a]23D
reduced pressure, and the resulting yellow liquid was purified —248° (CC14, c 1.95), in 2.5 ml of absolute ethanol. This mix-
by preparative glpc on a 20 ft X  Vs in. 30%  SE-30 column at ture was stirred at 0° for 1 hr, then at 25° for 4.5 hr. Water
175°, to give 8, a 24D —23.02° (neat). was added, and the solution was extracted with ether. The ether

(R)-(+)-3,3-Dimethyl-2-phenyl-l-butanol (10).19— To 5.50 g layer was dried (Na2S 04) and concentrated under vacuum to give 
(0.145 mol) of LiAlH4 in 100 ml of ether was added dropwise a complex mixture which was separated by preparative glpc on 
at 25° 26.2 g (0.136 mol) of (R )-( — )-a-£-butylphenylacetic acid 6 ft X  0.25 in. 20%  silicone SF96 at 130°, 90-ml/min helium
(9), [« ]26d - 9 .7 9 °  [CHC13, c 7.05, 15.6%  excess of ( —) enan- flow rate. The components of the mixture (at 190°) follow:
tiomer] dissolved in 100 ml of dry ether. The mixture was (retention time, relative area) phenyl ¿-butyl ketone (2.5 min,
stirred at 25° for 4 days. Excess hydride was decomposed with 3 ); phenyl-i-butylcarbinol (16) (3 min, 1); ketone 14 (3.5 min,
saturated Na2S 0 4 solution and 100 ml of 10%  NaOH was added. 1); acetate 15 (3.8 min, 2); and an unidentified solid (7 min, 2).
The ether layer was combined with ether extracts, dried (Mg- (H)-(+)-Phenyl-/-butylcarbinyl acetate (15), [a]27D + 4 2 .3 °
S 04), and evaporated under vacuum to leave 24 g (99% ) of crude (CHC18, c 1.66), and the carbinol 16, [a]28D + 1 1 .4 °  (CHC13,
(E)-(+)-3,3-dimethyl-2-phenyl-l-butanol (10). This carbinol c 2.30), were isolated.
was used without further purification. On a later run, from ( + )  (jR)-(+)-Phenyl^-butylcarbmol (16).— ( !? ) - ( + )-Phenyl4-
acid 9 of [a]26D + 4 1 .5 °  (CHC13, c 5 .32), 66.3%  excess ( + )  butylcarbinyl acetate (15), 0.035 g (0.00017 mol), [a] 27d + 4 2 .3 °
enantiomer, was obtained ( —)-carbinol 12 of [c*]23d —2.1° (CHC13, c 1.66), was added to 0.030 g (0.00079 mol) of LiAlH4
(CHC13, c 5 .65), mp 7 5-90°. in 3 ml of dry ether. The mixture was refluxed 1.5 hr, 10%  HC1

e ' )-(-f- )-3,3-Dimethyl-2-phenyl- 1-chlorobutane (11).— (R )- was added, the layers were separated, and the aqueous phase was
( +  )-3,3-Dimethyl-2-phenyl-l-butanol (10) (24.0 g, 0.135 mol), extracted with ether. The combined ether extracts were dried
was dissolved in 40 ml of dry pyridine. To this solution was (Na2S 0 4) and concentrated to give 0.023 g (82% ) of (B ) - (+ )-
added slowly at 5 -10° 14 ml of thionyl chloride. After stirring phenyl-l-butylcarbinol (16), [a]28D + 2 2 .9 °  (CHC13, c 2 .30).
in an ice bath for 4 hr, the mixture was heated to 90°, and finally (H)-(+)-i8-Phenyl-/3-/-butylpropionic Acid20 (13).— Sublimed
to 116° until gas evolution was complete. The mixture was magnesium, 0.145 g (0.0060 g-atom), and 0.50 g (0.0025 mol) of
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H-(+)-3,3-dimethyl-2-phenyl-l-chlorobutane (11), a 26D + 4 .5 4 °  110-112.5°, reported22 114-116°. The nmr spectrum of this
(neat), were mixed with 15 ml of dry ether and 0.25 ml (0.55 g, material was compatible with the assigned structure.
0.0029 mol) of 1,2-dibromoethane was added to start the re- „  . . wr 0 ooAna. s i i .  e otMnfi m o .  a
action. After 1.5 hr of reflux, dry C 0 2 gas was bubbled through ? * T £ »  234°6-51-l, 5, 23406-52-2 6 ,
the mixture for 10 min, HC1 (10%  solution) was added, and the 23406-53-3; 7, 23439-89-6; 8 , 23406-54-4; 9, 13491-16-2; 
aqueous layer was extracted with ether. The ether extracts were 11, 23406-56-6; 12, 23406-57-7; 14, 23406-58-8; 15, 
then extracted with 10%  NaOH. Acidification of the aqueous 23439-90-9; 16,23439-91-0; 17,23406-59-9; ( /£ ) - (  — ) -
layer, extraction with ether and removal of solvent under 3 -methyl-2 -phenyl-l-butanol, 23406-60-2; ( / ? ) - (  — ) -
vacuum after drying (Na2S04 ) gave 0.072 g (12% ) of crude acid. , ,  0  1 , no Ana a-i o
sublimation at 85° (0.6 mm) yielded % ) - ( + )-+phenyl-+i- 3-methyl-2-phenyl-l-chlorobutane, 23406-61-3.
butylpropionic acid (17), [a j26D + 1 .7 4 °  (CHCI3, C 3 .16), mp (22) C. C. Koelsch, J .  A m e r .  C h e m .  S o c . ,  65, 1640 (1943).

Sulfur-Containing Polypeptides. X II . Studies on the Scope and 
Lim itations of the Sulfenylthiocyanate Method as 

a Route to Cystine Peptides1,2

R ich a rd  G. H i s k e y  and  B e n ja m in  F. W a r d , J r .3'4

Venable Chemical Laboratories, The University o f  North Carolina, Chapel H ill, North Carolina 27614
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The sulfenylthiocyanate method of disulfide synthesis has been applied to the preparation of 13 cystine peptides 
containing various amino acid residues. In general no significant side reactions were observed; however, acidic 
solvents were required for a histidine-containing cystine peptide, and the w-nitro protective group was necessary 
for an arginylcystine derivative.

Among the remaining obstacles to the unambiguous Although these experiments suggest that certain 
synthesis of complex polypeptides is the problem of the open-chain and cyclic cystine peptides can be prepared
“correct pairing” of the sulfur-sulfur bonds of the cys- via the sulfenylthiocyanate method, no information was
tine residues in synthetic polypeptides. At present the available on the compatibility of thiocyanogen or the
final stage of all synthetic routes to polypeptides con- sulfenylthiocyanates of cysteine derivatives with other
taining several cystine residues has involved the simul- amino acids. For example, thiocyanogen is known
taneous removal of S-protecting groups from cysteine to decompose slowly in the presence of water or alco-
residues and subsequent one-step oxidation. This hols;12’13 thiocyanogen14 and sulfenylthiocyanates15 are
approach appears to lead to complex mixtures and also known to react with aliphatic amines to yield
diminished biological activity. amine thiocyanates. In addition, para-substituted

Several years ago we reported6 that cystine deriva- aromatic amines and phenols undergo ring substitution
tives could be prepared by employing the sulfenylthio- with thiocyanogen and provide the corresponding 2-
cyanate method discovered by Lecher and Wittwer.6 iminobenzoazoxoles or 2-iminobenzothioxoles.12 Al-
These workers had used thiocyanogen to oxidize thiols, though the hydroxyl, phenolic, and amine side chains
and the subsequent recognition that the oxidation could could always be protected during the preparation of a
also be performed on appropriate thio ethers6'7-10 and polypeptide, ring substitution and possible subsequent
hemithioacetals5’11 greatly enhanced the flexibility and reactions in tyrosine, tryptophan, and histidine side
apparent applicability of the method to the synthesis chains would be a definite possibility. For example,
of polypeptides containing several cystine residues. tyrosine, tryptophan, and histidine peptides are cleaved

by electrophiles, particularly bromine, N-bromosuccin- 
[R— S— SCN] R— S— S— R' imide, and cyanogen bromide.16 Various sulfenyl

p §—x  — - >2> + R~ s~ —► + halides react at the indole 2 position of tryptophan in
X__scn X__SCN peptides and proteins but not with the side chains of

other amino acids.17 Finally, methionine is known16 to 
X = H, C(C6H5)3, CH(C6H5)2, — /  S, CH2OCH2CH(CH3)2 suffer cleavage by certain electrophiles, notably cyano-

0 _/  gen bromide, and this possibility also warranted exam-
---------------  ination using thiocyanogen and sulfenylthiocyanates.
w“c. “ * 1» « 1 «  to evaluate the effects of side chains on the

(2) Supported by  Research G rants GM-07966 and AM-03416 from th e  formation of Cystine peptides with sulfenylthiocyanates
In s titu te  of General M edical Science and th e  In stitu te  of A rthritis and o r  thiocyanogen, a Series of 13 Cystine derivatives WereM etabolic Diseases, N ational In stitu tes of H ealth, U. S. Public H ealth , . . ,  , .s erviCe. prepared; with two exceptions these were of the general

(3) A bstracted in p a rt from the Ph.D . dissertation of B. F . W ard, J r., Structure IV (Table I). The Sulfonvlthiocyanates II  
subm itted  in  partial fulfillment of the  requirements for the Ph .D . degree to
th e  U niversity of N orth  Carolina, June  1969.

(4) E th y l Corp. Fellow, 1968-1969. (12) J. L. Wood, O r g . R e a c t i o n s , 3, 242 (1946).
(5) R . G. Hiskey and W. P. Tucker, J .  A m e r .  C h e m .  S o c . ,  84, 4789 (1962). (13) R . G. R . Bacon, O r g . S u l f u r  C o m p o u n d s ,  1, 312 (1961).
(6) H. Lecher and M . W ittw er, C h e m . B e r . ,  55B , 1474 (1922). (14) L. W. Jones and E. E . Fleck, J .  A m e r .  C h e m .  S o c . ,  50, 2018 (1928).
(7) R. G. Hiskey and D. N. Harpp, J .  A m e r .  C h e m .  S o c . ,  87, 3965 (1965). (15) R . T . M ajor and L. H . Peterson, ibid., 78, 6181 (1956).
(8) R . G. Hiskey, T . Mizoguchi, and E . L. Smithwick, J r., J .  O r g .  C h e m . ,  (16) F o ra  review of these reactions, see B. W itkop, A d v a n .  P r o t e i n .  C h e m . ,

32, 97 (1967). 16, 237 (1961).
(9) R . G. Hiskey and M . A. H arpold, T e t r a h e d r o n , 23, 3923 (1967). (17) E . Scoffone, A. Fontana, and R . Rocchi, B i o c h e m i s t r y ,  7, 971 (1968);
(10) R . G. Hiskey and R . L. Smith, J .  A m e r .  C h e m .  S o c . ,  90, 2677 (1968). A. Fontana, E . Scoffone, and C. A. Benassi, i b i d . ,  7, 980 (1968); A. F ontana,
(11) R. G. Hiskey and J . T. Sparrow, J .  O r g .  C h e m ., 35, 215 (1970). F. M . Veronese, and E. Scoffone, i b i d . ,  7, 3901 (1968).
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» h o o x d n o c o o «  were generated by the action of thiocyanogen on I ; the
„ « « ^ n o o e o o M  ^ o o o  g-S S-trityl component III (Table II) was then added to II

o o r o o c s o i ^ c j c o o  “  00 °  -g gjjf in a suitable solvent. Alternatively the S-trityl pep-
S \S tide III could be treated with thiocyanogen to generate

" £  ea> '
■ » O O i i t .M - H C C O 't  b -c n o o O 'f  „ „ „  ™OOtONtOOtlOOniN^lO H «3 H ¡1, ^ SCN Tr

*  S 3 «  | | |  (SCN), I ¿(A A )0R ,(m )
■a I f “ Z-CysOCHa [Z-CysOCH3] — ---------------y
|  s -s .a  i ii *

QCIffl iCtOONClNN N M 05 't 'S h  I-----------------1^ C D rtirtlcfiiC iO N lN M ^  CO N O j?  o |
ujuimu9U5 id«3 io«5 u5 A  id »  -g * Z-CysOCH3 Z-Cys-(AA)OR

11 5  9  rv
<  “ <■OJIOCDOCOHO^NO 00 rH II

0 M. °! “  H. 1  °  o  ^ io oi "  1̂ 3  y  _r the sulfenylthiocyanate V, which could then be treated
!o»oioioioiow>o>oio ^ ^ 10 ■ § with I to produce IV. Both reactions m either se-

i  g 1  quence could be monitored by tic, and the products
foooi oHOJooHMot o ooon °  S j  were isolated by column chromatography and/or

m l O N O M H O i H i o N o  ® t - o  S 7 ~  , l v  , •
g “> d  d  «  d  «  oo «• «  »  d  d  oo d  s £ § crystallization.M i—< i—I t—I rH r-1 11 rj V
H r" 1  k  SCN
£  ”  II o (SCN)! I I
i  o n n ® ( N o o ® o o o  crimco "g H I [Z • Cys • (AA)OR] >■ IVp QN^NOQOH^c Oi O ^ ^ ® 5 y
a t 5 ^ ® e o o ® ® « i ® o N »  co rH i> ■§ . -3
g | | | g> The anticipated products, IV, were obtained in rea-
P o ■£, 8 3  sonable yield from II and derivatives of III containing
h a <o« n; « 3tDU3NNHi;ifl m ® o  -g 3  * glycine (a), serine (b), asparagine (c), alanine (d),
| « « i i o m o a f f l « ® « )  phenylalanine (e), tyrosine (f), methionine (g), trypto-
J  1  I V  phan (i), and threonine (j) (Table I). The reactions
j  « h n  § ! „ -  were performed in ethyl acetate. The cystine deriva-
g 0 co 3  rj ^ «; h,' „  k tives IVb, IVc, IVg, and IVi were prepared in similar
| yield by the reverse process (Table I). The nmr spec-
1 | ¿ -I  tra of all cystine derivatives were in agreement with

M the indicated structures. These results suggest that
g p  § S o S 5 o o | | S  S j o ' S j .2 the reaction of thiocyanogen or a sulfenylthiocyanate
3 § J o g o o o o  S l o  o i l  I  i  i  with these S-trityl thioethers proceeds rapidly and

§ -3 .0 ® d  d  d  d  d  d  d  d  d  d  d  *  I  ?  cleanly without detectable side reactions involving the
g i  d n o H ^ H H ^ H d  d rt o' 5  s g1 other side chains. When the tyrosyl peptide IVf was
g “ S- S- g  V |  prepared by the reverse process, tic of the reaction mix-
|  d d d d d d d 2  d 2  ture indicated the presence of the corresponding sym-

 ̂ +  f  T -E 11 is metrical disulfide; however, no product owing to ring
% 1 ► 1-1 3  substitution of *hiocyanogen was evident.
3 -  § | The preparation of the histidine-containing peptide
g hHhh<n c c i  co IVh led to somewhat different results. When the reac-
| • S S S ' S - f g  tion between I I  and Illh  was carried out in ethyl ace-

m  S 3 S ® r a w ” 2 N S  §  g  ^  5  ° tate, no reaction occurred and Illh  was recovered un-
§ ^ S f  .S changed after work-up of the reaction mixture. How-
„ o § a  ever, when the reaction was carried in ethyl acetate-
o u » u u „ „  „ acetic acid (1:1,  v/v) a 24%  yield of IVh was obtained:
| ^  00 NNc D°  ^ 5  03 & the presence of Illh  was noted m the reaction mixture,
o £ §  2g °  §  & 12 gg 35 3  S  m S i  11 J 1 Assuming that a reaction of II and the basic nitrogen
u | atoms of Illh  was responsible for the lowered yield,

•| s f o  the reaction was repeated in ethyl acetate-trifluoro-
J h f e C O f i O W A h M  £“̂ 0  acetic acid (1:1,  v /v ); under these conditions IVh
'§ "S«n -0 was obtained in 82%  yield and no Illh  could be de-
111 g «j, . tected.

a i  n 0 0 >H H H H i l 2 H  00 h 00 ^ | ,8  The effect of a basic side chain was also noted in the
> ® „ preparation of the arginyl cystine peptide VI. When 

g- o o n c .o o o o o 'ooo methy! N-carbobenzoxy-L-arginyl-S-benzhydryl-L-cys-
e o o o o o o H H H o  o  h « o  |  teinate (VII) was allowed to react with II in ethyl ace- 

o o o o o o o o o o o  o o o w j ^  tate-trifluoroacetic acid (1 : 1, v /v ), a low yield (31%) of
^  rg-€ 3  VI resulted and VII was not completely consumed.

p i S' T 11 -  However, when the w-nitro protective group was em-
S ^  C "T ployed for the guanidino side chain, IVk was ob-

S i  i  A T  V T  S  -h; £  S  S  c V . tained in 74%  yield; IVk could also be obtained in good
R S i O n O o O O Q o O O n  O ^ 5  a # yield v ia  the reverse reaction.
o _ o 5 ^ £ j a ^ j ; a > c 2 £ < ^ £ _ j< j H ¿ J j  The production of IVb from II and Illb  was used to

« |  § determine which types of polar solvents might be used
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T a b l e  II
C o n d it io n s  f o r  S y n t h e s is  a n d  P r o p e r t ie s  o f  V a r io u s  C y s t e in e  P e p t id e  D e r iv a t iv e s  

R eac-
T r  tion Crystal-
| sol- lization Yield, M pt ,----------------Calcd, % ----------------, ,----------------Found, %-------------,

Z-Cys-AAOR, AAOR vent® solvent* % °C [«]d , deg C H  N  S C H  N  S
GlyOEt (Ilia)«
SerOCH3 (IIIb)d L  0« 76 62-66 + 2 4 .0 /  68 .22  5 .7 2  4 .6 8  5 .3 5  68 .0 3  5 .7 9  4 .6 2  5 .3 2
AsnOEt (IIIc)d N Q8 43 103-105 + 3 6 .6 /  67 .5 8  5 .8 3  6 .5 7  5 .01  67 .8 4  5 .8 9  6 .3 7  4 .9 4
AlaOEt (Illd)'* N O8 72 46-50 + 2 1 .8 /  70 .4 4  6 .0 8  4 .7 0  5 .3 7  70 .46  6 .2 4  4 .6 7  5 .3 3
PheOEt (Ille )1* L  0» 71 47-50 + 2 9 .4 /  73 .1 8  5 .9 9  4 .1 6  4 .7 7  73 .0 4  5 .91  4 .1 7  4 .7 6
TyrO Et (Illf)«* N P 8 84 68-71 + 3 3 .1 »  71 .5 0  5 .8 7  4 .0 7  4 .6 5  7 1 .5 4  5 .9 6  4 .1 8  4 .3 5
M etOEt (IIIg)d L  O8 92 110-111 + 2 8 .4 /  67 .65  6 .1 4  4 .2 7  9 .9 3  67 .6 8  6 .1 6  4 .2 9  9 .7 7
HisOCHs (Illh )'1 M R  67 152-154 + 5 8 .7 »  68 .49  5 .5 9  8 .6 4  4 .9 4  68 .3 2  5 .8 3  8 .4 0  4 .9 8
TrpO Et (1111)4 M S8 62 65-70 + 1 3 .1 »  72 .5 5  5 .8 1  5 .9 0  4 .5 0  72 .79  6 .1 0  5 .7 3  4 .0 4
ThrOCHs (Illj)'* N T 8 68 60 +  6.2< 68 .6 0  5 .9 2  4 .5 7  5 .2 3  68 .8 8  6 .2 6  4 .4 1  4 .9 3

NO*
I

ArgOEt (Illk )8* N TJ8 61 91-95 +  6.4»' 62 .3 4  5 .6 6  11.76 4 .5 0  62 .52  5 .7 1  11 .72  4 .6 3
Bzh

Z-Arg-CysOCH3 (VII)* N V8 22 97-99 -1 0 .7 * ' 57 .63  6 .2 9  11 .20  5 .1 3  57 .93  6 .4 4  1 0 .9 6  5 .1 8
•HC1

Bzh

Z-Val-Cys-GlyOEt ( I X ) ‘ L  W 82 165-167 -1 3 .1 * ' 65 .43  6 .4 9  6 .9 4  5 .2 9  65 .32  6 .4 4  7 .0 3  5 .5 0
‘ I  =  methylene chloride; M =  methylene chloride-methanol (1 :1 , v /v ) ; N =  methylene ehloride-DMF (2 :1 , v /v ). 6 O =  

ether-cyclohexane; P =  ethyl acetate; Q =  ethyl acetate-ether; R  =  acetone; S =  ether-hexane; T =  acetone-ether-cyclohexane; 
U =  chloroform-hexane; V =  methanol-ether; W =  ethyl acetate-hexane. CL. Zervas and I. Photaki, J .  Amer. Chem. Soc., 84, 
3887 (1962). d Coupled to Z ’ (Tr)Cys~ D E A + using l-ethyl-3-(3+V,V-dimethylaminopropyl)carbodiimide hydrochloride. 8 Chro
matographed using ethyl acetate prior to crystallization. /  [<*]%> (c 1, CHCfi). » [a ]21D (c i, CHC13). h Coupled to Z-(Tr)CysOSu. 
’ [a ]22D (c 1, acetone). » [a ]22D (c 0 .5 , CHC13). * Prepared from H -(Bzh)Cys-O CH 3 by coupling with DCC. 1 Prepared from H - 
(Bzh)Cys• GlyOEt by coupling with l-ethyl-3(3'-N,N-dimethylaminopropyl)carbodiimide hydrochloride.

T a b l e  III advantages of the method appear to lie in the high de-
0 n i  „ „ „  „ ' „ , ,„ Tr . gree of reactivity of thiols and certain thio ethers toward

in  V a r io u s  S o l v e n t s  thiocyanogen and sulfenylthiocyanates. The disad-
(SCN)s vantages of this approach involve the thermal lability

Prepd in» ii added in in added in Yield, % of the intermediate sulfenylthiocyanates and their
A A A 84 reactivity with basic nitrogen atoms. The actual appli-
A A CHjCh 82 cation cf this system to an appropriate biologically
A AcOH AcOH 76 active polypeptide containing several cystine residues
A T FA  T FA  73 should establish whether the problem of the “ correct
A MeOH MeOH-HsO 67 pairing” of cystine residues can be overcome bv this
A T F E  T F E  75 r0ute
A MeOH-HiO MeOH 0
A NaOMe-MeOH MeOH 0
MeOH MeOH MeOH 0 Experimental Section18
^  A O.5H5N 0 Methyl N-carbobenzcvl-S-trityl-L-cysteinylglycinate (Ilia) was
A. A  B  0 prepared by the procedure of Zervas and Photaki.19
A HMPA HMPA 0 General Procedure for the Preparation of N ,0,S-Protected Di-
A A HMPA 5 and Tripeptides.—-To a solution of 10 mmol of the appropriate

“ A =  ethyl acetate; B  =  pyridine-acetic acid, pH 6.3; T F E  cysteine derivative in 30 ml of methylene chloride was added 10
— +/3,f3-trifluoroetiiariol; HMPA =  hexamethylenephosphora- mmol of he appropriate protected amino acid in 20 ml of the
mide. indicated solvent. The solution was cooled to —10° and treated

with 10.8 mmol of the indicated coupling reagent. The reaction 
.  , ,  , , , .  , .. . , TTT, , mixture was allowed to stir at - 1 0 °  for 2 hr, warmed to room
for the sulfenyl thiocyanate method (Table I I I ) .  Ethyl temperature, and stirred for 12-15 hr. The reaction mixture was
acetate appears to be the solvent of choice for the gener- then diluted to 200 ml with methylene chloride and washed with
ation of thiocyanogen; acetic acid can also be used, but 2 ^  sulfuric acid, water, and saturated brine. The organic layer
the formation of thiocyanogen is much slower; water or was dried (MgSO,) and evaporated in  vacuo to an oil which was
alcohols cannot be employed. Sulfenylthiocyanates g lb le  I I ?  ^romatography and/or crystallization

appear to be more stable to water and alcohols; these General Method of Preparation of Cystine Peptide Deriva- 
intermediates are decomposed by amines and appar- tives. A. In Ethyl Acetate.—A solution of 9 mmol of thio- 
ently some amides, since reactions of sulfenylthiocya- . . , , _., • 1 1 1 1  - 1  / r m r n j v  (18) M d jn g  points are uncorrected. E lem ental analyses were per-
nates m nexamethylenepnospnoramide (HMPA), D M F, formed by Micro-Tech Laboratories, Skokie, 111. T he optical ro tations
D M Ac, and N-methylpyrrolidone have not been sue- were measured "lth a Perkin-Elm er M odel 141 polarim eter. Colum n
cessful chrom atography was performed on 0.05-0.20-mm silica gel; th in  layer

1 _ chrom atography was conducted on silica gel G coated microscope slides.
I  huS the sulfenylthiocyanate method of disulfide T he amino acid ester hydrochlorides used to  prepare th e  various dipeptides

synthesis may be applicable to the synthesis of large were purchased from the  Sigma Chemical Co. N uclear m agnetic resonance
polypeptides contaimng several cystine residues. The ( 1 9 ) l . z e rv a s  a n d  1 . P h c ta k i , . / .  Amer. chem. Soc., at, a ss?  (1 9 0 2 ).
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cyanogen in 35 ml of ethyl acetate was prepared in the usual 1200 ml of cold 5%  sodium bicarbonate and the mixture was
manner in the dark at 0 ° . To this cold solution was added 7.2 extracted with ethyl acetate. The organic layer was washed,
mmol of I in 20 ml of ethyl acetate over at 15-min period. A t dried, and evaporated in  vacuo. Trituration with hexane afforded
this point tic indicated that no thiol remained. The appropriate a powder which was purified by recrystallization, 
thioether (7.2 mmol) was dissolved in 25 ml of ethyl acetate and
added in one portion to the reaction mixture. The solution was Registry N o.—Illb  23465-05-6' II Ic  23465-06-7'
stirred in the»dark for 2  hr at 0 ‘’ allowed to w arm to roomitem- m d , 23465-07-8; M e , 23465-08-9; I llf , 23465-09-oj
perature, and stirred for an additional period of time (3-33 hr TTT .  ’ TTT, 00  ’ TTT. ’ ’
depending on the reaction progress as demonstrated by tic). 2 ,3 4 0 0 -4 4 -1 , l l l h ,  2 3 4 3 5 -4 5 -^ , M l ,  2 3 4 3 5 -4 6 -3 ;
After reaction was complete the solution was diluted to 200 ml IH j, 23435-47-4; M k , 23465-10-3; IVa, 23465-11-4; 
with ethyl acetate and washed with 5%  sodium bicarbonate solu- IVb, 23435-52-1; IV c, 23435-53-2; IVd, 23435-54-3;
tion, water, and saturated brine. The organic extract was dried j y e 23435-55-4' IVf 23465-12-5' IVg 23500-37-0'
and evaporated in  vacuo, and the residue was triturated with Tin.' ooiocr r c  k t \t ’ n o rm  oo i ’ t i t  m w r  rn  A
hexane to remove the trityl thiocyanate. The resulting powder 23435-56-5, IVl 23500-38-1; IVj, 23435-57-6;
vvas purified by recrystallization or chromatography followed by J-Vk, 23435-58-7; VI, 23435-48-5; V II, 23435-49-6;
recrystallization. The reported yields (Table I) are based on V II (HC1), 23435-50-9; I X , 23435-51-0.
the amount of purified product.

B . Acidic Solvents.— To a cold, stirred solution containing 9 Acknowledgment.— T h e  a u th o rs  a re  g ra te fu l to
nmol of thiocyanogen in 35 ml of ethyl acetate was added 7.2 M rs . M a ry  W. P e n d e rg ra ft fo r th e  p o la rim e try  m e a su re -
mmol of I in 20 ml of trifluoroacetic acid (T FA ). After 10 min, ___ . vt i , ,  ,■ „ . • n r -m t-, n r i r
7.2 mmol of the appropriate thio ether in 15 ml of T FA  “ ents' Valuable discussions with M r. E . B. Williams,
added and the mixture was stirred at 0 ° for 3 hr and at room concerning the effect of histidine residues on the
temperature for 5-12  hr. The reaction mixture was poured into thiocyanogen reaction are gratefully acknowledged.

The Photodim erization of Substituted Stilbenes

H e n r i  U l r i c h , D u r v a s u l a  V. R a o , F . A. S t u b e r , a n d  A. A. R . S a y i g h  
The U pjohn Company, Donald S. Gilmore Research Laboratories, North Haven, Connecticut 06473

Received Ju n e  6 ,1 9 6 9

Stilbenes with electron-donating groups on either of the aromatic moieties undergo rapid photodimerization.
With dissimilar phenyl groups, two photodimers are obtained, and their structures have been elucidated by nmr 
and mass spectral studies. The extent of dimerization was measured by gel-permeation chromatography and a 
singlet mechanism is proposed for the photodimerization process.

The photochemistry of stilbene is well known and the verified by column chromatography, which also allowed 
three photochemical reactions are cis-trans isomeriza- separation of the isomeric photodimers, 
tion, cyclization, and dimerization. Although the The gpc method is accurate, nondestructive (room 
dimerization of stilbene has been discovered at the be- temperature assay), and convenient, i.e., the reaction
ginning of this century by Ciamician and Silber,1 it is mixture can be directly injected into the chromatograph,
the least understood of the three reactions. Shechter F or example, the rate of photodimerization can be
and coworkers2 have isolated two photodimers from followed, and a first-order rate law is observed in the
fraws-stilbene (27%  conversion upon irradiation for 2 photodimerization of 5 (10%  concentration) up to ca.
months) and their structures were assigned on the basis 70%  conversion. The results of the photodimerization
of nmr data. In  our study directed toward the use of experiments are listed in Table II.
stilbene derivatives for photocross-linking of polymers,3 The results obtained in the photodimerization ex- 
we noticed considerable enhancement of dimerization periments (irradiation for 4 hr in ethyl acetate) show
if electron-donating groups are attached to the aryl that electronic effects as well as steric effects are opera-
groups.4 The quantum yield of dimerization of 5 was tive. F or example, electron-donating groups, such as
found to be ca. 0.06. In  Table I the previously unre- OCH3, NHCOCH3, and NHCOOCH3, enhance dimer-
ported stilbene derivatives used in this study are listed. ization (compare frans-stilbene with 14, 2, 3, and 5).
The photodimerization was conducted on the m ono-and The steric effects are also quite pronounced, as shown
bismethyl carbamates of the m ono-and diisocyanates in by the comparison of 15 (4,4' substituted) with 9
order to approximate the bonding generated in poly- (2,4' substituted) and 12 (2 ,2 ' substituted). Com-
mer systems. As ultraviolet sources a 100- and a 450- parable yields were obtained using benzene, ethyl ace-
W mercury lamp have been used and benzene, ethyl tate, and tetrahydrofuran. However, highly polar
acetate, and tetrahydrofuran were the solvents em- solvents, such as N,N-dimethylformamide, lower the
ployed in the photodimerization experiments. The extent of dimerization. For example, irradiation of 5
quantitative determination of dimerization was achieved in D M F for 4 hr, using a 450-W source, gave 6 8 %
using gel permeation chromatography (gpc) and the mo- photodimerization, while in tetrahydrofuran, under
nomer was used for calibration. The dimer yields were similar conditions, 91.3%  dimerization was obtained.

The extent of dimerization was not affected when the
(1) G. Ciam ician and P . Silber, C h e m .  B e r . ,  35, 3 1 2 8  (1 9 0 2 ) . reaction was conducted in a nitrogen atmosphere.
(2) H . Shechter, W. J. Link, and G. V. D. Tiers, J .  A m e r .  C h e m .  S o c . ,  85, No CTS-Stilbeiie Or phenanthrene COuld be isolated,

i a (3X) (f96a .‘ stu b er, H . Ulrich, d . v. R ao, and a . a . r . Sayigh, j . A p p i .  suggesting that, a t the concentrations studied, only 
F o i y m .  sd„ is, 2 2 4 7  (1969). photodimerization is the major pathway. The extent

(4) This phenomenon appears to  be general because we observed a  sim ilar o f  dimerization decreases with dilution (see Compound effect in  the  photodim enzation of coum anns and cinnam ates: u .  V. Kao, . . . x

t . a . s tu b er, h . u irich , and a . a . r . Sayigh, in  press. 5  i n  1  a b l e  I I ) ,  m e a n i n g  t h a t  a t  h i g h e r  d i l u t i o n  i s o m e n -
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15U -a zation and cyclization compete with photodimeriza-
I COMCOdhCOfOOcOCOMO O |sl O t • 1 x ̂ ^ o  cc io in n  to o  «  co co * th rg tion. In the present investigation we have not exam- 

o a ^ m ^ M c o H N o o N N  « ¿ 3  ined this aspect of photochemistry.
g The isolated stilbene photodimers are listed in Table

65 i  S 2 III, and all compounds show the absence of the infrared
a  ̂ to band at 952-971 cm - 1  which corresponds to the out-of- 

pi; o ® o « o ® a  |  J  plane deformation of the olefinic CH  bond in stilbenes.
bn.t $ The mass spectra of the photodimers obtained from 

® S  §  n §  n  «  5 show a molecular ion at m/e 626, which is in agreement
oi d  h a  oo oi cd nJ oo i> <n with the dimer structure. Separation of both dimers

g g g derived irom compounds 2, 3, and 5 could be accom- 
§ ?  * plished by column chromatography. The high-melting
cu ,'g, photodimers (type B) gave a broad signal in their nmr

spectra for the cyclobutane protons at 5 4.30-4.45 ppm. 
.« T |  In contrast, the low-melting photodimers (type A), 

to J  2  £ derived from 2  and 5, show two symmetric multiplets
s o o N H t C i n  £ ©2 centered at 5 4.30 and 4.33 ppm and 4.60 and 4.70 ppm,

g ®®co«5 co<o«5 respectively. In the case of 3 both types of dimers gave
tj g a broad signal for the cyclobutane protons at 8 4.32. 

t>»c0<tDl>»05C0,rH CO 00 00 CO o3 9 t3 The symmetric signals obtained for the four-ring
. .  O O O N O I O I N  ©  rH t -  r-i o,  S ®  J  & °

© ci <n' wi «5 oi to «5 U ci £ § -a protons correspond to an A A  BB  -type spectrum. 
t - t - t - t -c D t -©  ©iococD ft « -g Among the eleven possible isomers, six contain a sym-

|  m metry element, but two isomers with all the substitu- 
ents On the same side of the cyclobutane ring are un- 

g % % ! z ! 3 ! Z £ % ! z | ! z ! 3 i z i ; z ; 2 f 3 .S  likely for steric reasons; the remaining configurations 
/ = \  I S 1 are depicted in Chart I. Earlier studies by Shechter2
{  ) — o? d o d d o d o d o d d d ’S ^
\ - J  § a a

\  -s g Eh Chart I
// j ?  W>-<

^ ^ c R R' R' R R'\ O N H  N N H i O Q O N C O ^  d r O J  I IN , ° O C O O N C O O O O i O O N t O O  E X | |
, / \  t''- 1—I r—I 05 T—( T—I T—H rH (M H N H 1 I ' ,

* — (  ) — «  R / 71 R / I 71 R/f /  Ry£ 71 R/l 71
~  V /  t ___ f a  h  /  r ____ f a  w  /  r ____ / r '
§ \ § 2 - 3
|  W iS .§ 8 1 R' R' R' R' R

h 2 s ® o o i o « t « o i o < (  o i 4 »  16 17 18 19 20
¡5 .8 ®

< § 2" o
g c o c o c c o c o  on unsubstituted stilbenes showed that the two dimers
q  o o o o o W o ' f m - S  formed had the structures indicated in Chart I. The
|  « 8 8  8  8  8  o o  %  o dissimilar substituents attached to the aryl moieties in
1  WWW WW W WW M O WW  our investigation complicate the structural assignment
3 ^ 2 ; lz ^ !5  2 ; 2 ; 2 i ^ ̂  lz because of the possibility of formation of head-to-head
m -| ° §« and head-to-tail dimers. The formation of a dimer

„ „ „ * |  a with structure 2 0  seems quite improbable, since isom-
o  o  W o  .9 ® S erization of the trans to the a s  monomer would have

« 8 8 o 8 ^d"® to occur during the reaction.
» o  » o  „ o o  p,^ «  In order to determine the fine structure of the multi- 

£ ¡ 1  plets in case of the photodimers of 5, 100-MHz nmr
° '© g spectra were recorded. Theoretical spectra were cal-
Jj h  ̂ culated for each of the five configurations using coupling

Q O  Q Q Q g ” constants derived from similar substituted cyclobutanes
a q q  described in the literature, e.g., 3Jcts = 10 Hz, 3J tTans =

M W W o o S S M S o o o ^ o  6.5 Hz, \Jcis = 0.6 Hz, \Jtrans = - 1 . 5  Hz, and rA. B =
•|j§ig 31 Hz .6'6 Comparison of the observed spectrum and 
S  the calculated transitions indicates that 16 (Chart I

O O q  ® 9 ^ and Figure 1) is the most probable structure for the
B M O M M W w i o W M M  I ® low-melting dimer. However, the lack of fine struc-

® 2  So ture in the case cf the high-melting dimer prevents
A j, differentiation between structures 17 and 19.

.fc -§ ^  The fragmentation pattern in the mass spectrum 
¿ 8 8  8 8  should allow further differentiation, because in the case

q o B o o B M M M o o o  7 . S I  of 16 and 17 three stilbene ion fragments, [R C H =
P i  CHRJ-+, [R C H = C H R ']-+ , and [R 'C H = C H R ']-+,

g* „a u x  (5) C. H . K rauch, S. Farid, and G. O. Schenck, C h e m .  B e r 99, 625n H N f O ^ i o ' O N o o a O H ^ n o ^  /igaa'io ■—(*—( »-i o a; Q Qiybb;.
^  ^  v, (6) R . Steinm etz, W. H artm an, and G. O. Schenck, i b i d . ,  98, 3854 (1965).
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T a b l e  I I
P h o t o d im e r iz a t io n  o f  S t i l b e n e  M e t h y l  C a r b a m a t e s “

E x ten t of
S tructure  of monomer Compd Concn, % dimerization, % b

Q ^ C H = C H - 0  10 11

■ ^ 2 )--C H = C H ^ (3 — NHCOOCHj 14 10 27

° ch3

^ \ - C H = C H — NHCOOChI  2 10 51

CHaO— CH=CH—^y-NHCOOCH, 3 10 66

/ 0CH3 5 10 74'.«
$  \ —CH=CH—$  \ —NHCOOCHj 3 42
W  W  1 25

CHjO

NHC00CH, 7 10 10

CH=CH—\ ~ y ~  NHCOOCHj 3e 6

3HOOCNH— CH=CH— NHCOOCHj 1S ge 45

NHCOOCH,

CHP —^ ^ - CH= CH— nhcooch3 9 1gi 22

OCH3 NHCOOCHj

CH=CH— NHCOOCH, 12 10 22

CH£h
“ The experiments were conducted using ethyl acetate as the solvent, a 100-W mercury lamp as the light source, and an exposure time 

of 4 hr. 6 Determined by gel-permeation chromatography. Two photodimers were generally obtained, except with 9 and 15 which 
yielded only one photodimer. c The same yield was obtained in benzene. d The extent of dimerization of the N-acetyl derivative of the 
amine precursor of 5 was found to be 75% , using 10% concentration. e Tetrahydrofuran was used as solvent.

T a b l e  III
S t i l b e n e  P h o t o d im e r s

S tarting  .------------------- Calcd, %------------------- . .------------------- Found %-----------------------.
stilbene D im er M p, °C Form ula C H  N C H  N

2 A 102-105 CwHarNaOe 72 .06  6 .05  4 .9 4  71 . 64  5 . 87  5 .09
B  219-221 72 .1 6  6 .0 7  4 .7 5

3 A 116-118 CmHmNzOb 72 .06  6 .0 5  4 .9 4  71 .92  6 . 13  4 .9 5
B 220-222 71 .9 0  6 . 0 4  4 .8 3

5 A 103-105 CseHssNaOg 68 .99  6.11 4 .4 7  6 8 .9 7  6 . 17  4 .6 9
B  223-224 68 .72  6 . 21  4 .4 9

15 194-195 CssHaeNA 66 .2 4  5 .5 6  8 .5 8  66 .28  5 .6 2  8 .4 4
9 142-145 CasIWSUOio 64 .03  5 .6 6  7 .8 6  63 .79  5 .2 8  7 . 50

are expected, whereas 18 and 19 could only produce peak of ra/e 298; the peak at m/e 298 corresponding to
[RCH =CH R/]- +; the intensity of the fragment ions the loss of CHE from the m/e 313 ion. The absence of a
cannc t be predicted a priori. fragment ion at m/e 300 suggests that all-frans dimer

In the mass spectrum of the type A  dimer of 5, the has structure 19, because ring fragmentation gives only 
main fragmentation sequence is formation of the mono- rise to the formation of [R C H = C H R '] • + fragments, 
mer ion at m/e 313 followed by the loss of methanol In order to understand the nature of the excited state 
leading to the base peak at m/e 281. Although the from which dimerization occurs, several experiments
abundance of the ion at m/e 300 corresponding to a were conducted. Irradiation of a benzene solution of
[R,C H = C H R ']-+  [R' = 2 ,5 -(CH 30 )2C6H4] fragment 5 (0.016 M) with light of 366 nm in the presence of
ion is only 3.3%, there is strong evidence from the nmr Michler’s ketone (97% of incident light being ab-
study that this dimer has structure 16. Another peak sorbed by the ketone) produced no appreciable dimeri-
of low intensity (0.5%) at m/e 262 corresponding to a zation. In contrast, 67%  dimerization occurred upon
fragment derived from [R C H = C H R ]-+ (R  = 4- direct irradiation of 5 under similar conditions. This
CH 3OOCN HC6H4) by the loss of two CH3OH supports experiment suggests that either the triplet energy of 5 is
the proposed structure. greater than that of Michler’s ketone (Et = 61 kcal/

The pattern of fragmentation in the case of the type mol7) and hence not favorable for energy transfer or
B  dimer is very similar to that of the A  dimer, since the that the dimerization occurs from an excited singlet
favored process leads to the formation of the monomer
ion Rj m/c 313. However, the peak at m/6  300 is of Turro, "M olecular Photochem istry," W. A. Benjam in, Inc.,
very low intensity and represents mainly the + 2  isotope New York, n . y ., 1967, p  131.
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i i  LiAlH4 followed by distillation. The following stilbene deriva-
A A \ [ tives were prepared according to the literature: írans-4-iso-

J 1 / J \  cyanatostilbene,10 irares-2-methoxy-4'-nitrostilbene,u trans-4-me-
\ \ I \ \ thoxy-4'-aminostilbene,n irans-4-methoxy-2',4'-dinitrostilbene,12

J V**/'-'' V » , J ill l / h| V ¿rans-2,4-dinitrostilbene,13 ¿rans-4,4'-diisocyanatostilbene,10 and
, v "”’ ' ------- — j|||| , , ■ HI}, ¿rans-2,5-dimethoxy-4'-nitrostilbene.14 The N-acetyl derivatives

................. 1 ........................  _ _ _ .............._ _ _ _ ............ , of the corresponding amines were obtained by treating the corre-
" s ™ 428 4!" ,6° ,16 440 420 sponding amines with acetic anhydride at room temperature.

The methyl carbamates were obtained by refluxing the corre-
L | 1 h sponding isocyanates with excess methanol.

/,rans-2 ,5-Dimethoxy-2 ' ,4 '-dinitro stilbene (10). General Pro- 
r ]  j  l cedure.— The preparation of 10 exemplifies the procedure fol-

11 V  l\  \ \/\  lowed in the synthesis of the reported nitrostilbene derivatives.
li, A ^_y j] Vyvv7 |j V__ A mixture of 2 ,5-dimethoxybenzaldehyde (28.19 g, 0.168 mol)

" 11,1111 ________ 11,11 111! Ill 11 111 111 . and 2,4-dinitrotoluene (27.0 g, 0.148 mol) in 200 ml of chloro-
' 46, w ■ ,20 ' m m ■ do — 5 T -  benzene containing 30 drops of piperidine was heated for 3 hr

is 20 with azectropic rem ova. of w ater. Evaporation  of the solvent
J  under vacuum and addition of 200 ml of ethanol gave 17 g

i » 1 (35% ) of 10: mp 175-177° after recrystallization from ethyl

acetate; ir (CHC1S) 1342 (NO,) and 966 cm ' 1 (olefinic CH ).
I ll  iraras-2,5-Dimethoxy-4'-aminostilbene (4). General Proce

dí \ j ' \f\ dure.— The preparation of 4  exemplifies the procedure followed
_____  _ j v— J  jj jiV— in the reduction of the nitrostdbenes. To 6.0 g (0.023 mol) of
----------- Mi---- — LILI---------  ---------- L III --------- LJL11—  irares-2,5-dimethoxy-4'-nitrostilbene13 suspended in 250 ml of

— 8 «i ““lio “ ¡20 “lio 5o ‘ iio «76 methanol 1 .0 g of Raney nickel was added and the reaction mix-
17 ”  ture was hydrogenated using a Parr hydrogenator at 50 psi.

Figure 1.— Observed and calculated 100-MHz spectral bands After the uptake of the theoretical amount of hydrogen (5,5 lb)
for the protons in the four-membered ring of the low-melting the reaction was stopped and filtration and evaporation yielded
Himevnf S 5.3 S (99% ) of 4 : mp 91-92° after recrystallization from 2-

propanol: ir (CHC13) 3509, 3390 (NH2), 1618 (C = C ), and 966 
cm -1 (olefinic C H ); uv max (methanol) 345 nm (e 2.10 X  104) 

state. The triplet energies of trans- and m-stilbene and 220 (1.85 X  104); fluorescence emission Amax (methanol)
are reported to be 50 and 57 keal/mol, respectively.8 415 nm; nmr (CDC13) s 3.47 (s, 2, NH2), 3.78 and 3.80 (2 s, 6 ,
Attempts to observe the phosphorescence emission of OCH3), 7.0 and 7.28 (2 d, 2, J  =  16 Hz, C H = C H ), and 6 .6 2 -

5 at 77 °K  in E PA  failed. However, 5 exhibits flúores- 7 -3^ “ ’i i)5 . r)imethoxy.4 uisocyaiiatostilbene. General Proce-
cence with, an emission maximum at 410 nm, and the dure.— The preparation of ¿?Yi?is-2,5-dimetlioxy-4:/-isocyanato-
0 - 0  band was located at 378 nm, corresponding to a stilbene demonstrates the method of phosgenation used in the
singlet energy of E a =  75.6 kcal/mol. The extent of preparation of the isocyanatostilbenes. In a four-necked flask,
dimerization was not affected by the presence of air. Provided with a stirrer thermometer, dewar condenser with
T . . . e r. r  t  ri , ,  , , . 1U Dry Ice, and an inlet tube was placed 200 ml of dry chloro-
In contrast to 5, 2,5-dimethoxy-4 -mtro-irans-stilbene benzene. At 0- 2 °, 1800 ml (0.08 mol) of phosgene was added
does not undergo photodimerization and exhibits only followed by the dropwise addition of 4 (10.0 g, 0.039 mol) in 75
weak fluorescence (emission maximum at 510 nm, ml of chlorobenzene, while the temperature was maintained at 
0 - 0  band at 445 nm). This can be explained by the 1- 4 °- After the addition, the dewar condenser was removed an

£C 4. c j-i Tvn-i _____• i, v  Allihn condenser was attached and the solution was heated ateffect of the N 0 2> group, winch is known to enhance go g.0 fw 1£ hr whUe a gentle stream of phosgene was added.
intersystem crossing. In E l A  at 77 E  2,5-dime- After excess phosgene had been removed with N2 (2 hr), the
thoxy-4 '-nitro-iirans-stilbene exhibits phosphorescence solvent was removed under vacuum on a hot-water bath and the
with a maximum at 495 nm and the blue edge at 440 yellow residue crystallized after addition of 200 ml of ligroin.
n m  Thus 10.1 g (91% ) of ¿>-sms-2,5-dimethoxy-4'-isocyanatostilbene,

A, , , , , i j  • , , o mp 69 .5-70 .5° after recrystallization from benzene-ligroin
The above data seem to preclude the involvement of (¿ 9> y/v)> was obtain3d; ¿  (CC14) 2247 (NCO) and 966 cm “>

an excited triplet state in the photodimerization of (olefinic C H ); uv max (n-hexane) 342 nm (* 1.72 x  104), 296
substituted stilbenes and therefore strongly suggest the (2.35 X  104), 231 (1.37 x  104), and 219 (1.69 X  104); fluores-
intermediacy of an excited singlet state. cence emission Xmax (re-hexane) 402 and 383 nm; nmr (CC14) 8

3.72 and 3.75 (2 s, 6 , OCH3) and 6.9 and 7.30 (2 d, 2, J  =  16 
Hz, C H = C H ).

Experimental Section Methyl Carbamate (5).— An amount of 8.0 g of trans-2,5-
dimethoxy-4'-isocyanatostilbene, dissolved in 100 ml of methanol, 

Melting and boiling points are uncorrected. Analyses were by was refluxed for 3 hr. After cooling, 8.8  g (99% ) of 5, mp 130-
Schwarzkopf Microanalytical Laboratory, Woodside, N . Y .,  and 132°, was obtained: ir (CHC13) 3425 (N H ), 1724 ( C = 0 ) ,  and
Galbraith Laboratories, Knoxville, Tenn. Ir spectra were de- 969 cm “1 (olefinic CH ); uv max (methanol) 343 nm U 2 .44 X
termined using a Beckman IR -8 spectrophotometer. Uv spectra 104), 301 (2.37 X  104), 233 (1.00 X  104), and 217 (0.90 X
were recorded on a Cary-14 spectrophotometer. Fluorescence 104); fluorescence emission Xma* (CH3OH) 410 nm; nmr (DMSO-
emission spectra were obtained on an Aminco-Bowman spectro- d„) 5 3 .72 , 3.78, and 3.81 (3 s, 9, OCH3-2, OCH3-5, COOCH3),
fluorometer. Nmr spectra were obtained from samples in deu- 7.24  and 7.30 (2 d, 2 , J  =  17 Hz, C H = C H ), and 9.70 (s, 1,
teriochloroform or deuterated dimethyl sulfoxide solutions with a N H ).
Varían A-60 instrument using tetramethylsilane as the internal Irradiation of the Methyl Carbamate (5) Derived from trans-
standard. Mass spectra were determined using a MS 12 mass 2,5-Dimethoxy-4'-isocyanatostilbene. A. Benzene.— A solu-
spectrograph. Glpc chromatography was conducted using a tion of 2.0 g of 5 in 20 ml of benzene was irradiated in a 250-ml
W aters instrument and authentic monomers and dimers were quartz flask provided with a water-cooled condenser using a 100-
used for calibration. Column chromatographic separations were w  Hanovia utility model mercury lamp (Type SH, 616A) for a
conducted over silica gel (100-200 mesh supplied by Bio-Rad period of 21 hr. The flask was placed at a distance of 8-10  cm
Laboratories, Richmond, Calif.). --------------—

Reagents and General Procedures.— Benzene and ethyl ace- (10) V. H. Bertsch, E. Ulsperger, and M. Bock, J .  Prakt. Chem., 11, 225
tate  were spectral grade solvents and were used without further (i960).
purification. Tetrahydrofuran was purified by refluxing over C11) Pfeiffer, Chem. Per. 48, 1793 (1915).
------------------- (12) P. Pfeiffer, A n n .  C h em 411, 132 (1916).

(8) L. M. Stephenson and G. S. Hammonn, Angew. Chem., 81, 279 (1969). (13) J. Thiele and R. Escales, Chem. Ber., 34, 2843 (1901).
(9) M. Kasha, Discuss. Faraday Soc., 9, 14 (1950). (14) H. Ulrich and A. A. R. Sayigh, J .  Org. Chem., 31, 4148 (1966).
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from the uv source. The precipitated solid material was filtered, Hanovia lamp. Evaporation of the solvent and addition of ben-
washed with excess benzene, and dried to yield 0.5 g (25% ) of zene caused precipitation of 0 .4  g (28% ) of starting material,
photodimer B : mp 220-223° (recrystallization from acetone or The benzene filtrate was chromatographed over silica gel, and
eihyl acetate rasised the melting point to 223-224°); ir (CHC13) elution with benzene-diethyl ether (8 : 2 , v / v )  afforded more
3378 (NH) and 1701 cm -1 ( C = 0 ) ;  nmr (DMSO-d6) 3.55 and starting material and an unknown by-product. Elution with
3.64 (2 s, 18, OCH3, NHCOOCH3), 4.45 (m, 4, cyclobutane H ), diethyl ether gave 0.3 g (21 .4% ) of the photodimer: mp 142-
6 .64-7 .28  (m, 14), and 9.40 (s, 2 , NHCOOCH3); mass spectrum 145° after repeated crystallization from aqueous methanol
(70 eV) m /e  (rel intensity) 626 (co. 0 .0 1 ), 313 (27), 300 (0.15) (4 :1 ,  v /v ) ;  ir (CHC13) 3425 (NH) and 1718 cm “1 ( C = 0 ) .
231 (100), and 238 (15 .4). Quantitative determination of photodimerization by gpc indicated

The concentrated filtrate was chromatographed over silica gel a 35%  yield of photodimer, 
and eluted with benzene, yielding 0 .4  g (20% ) of the starting Irradiation of the Bismethylcarbamate (15) Derived from 
material as evidenced by mixture melting point and ir comparison. iro7is-4 ,4 '-Diisocyanatostilbene.— A solution of 0.6 g of 15 in
Elution with benzene-ether (9:1 and 8 :2,  v / v )  gave a light brown 20 ml of tetrahydrofuran was irradiated for 4  hr using the 100-W
liquid material which upon trituration with ether-n-hexane Hanovia lamp. The resulting solution was repeatedly chromato-
yielded 0 .7  g (35% ) of photodimer A: mp 103-105° after re- graphed over silica gel, and elution with benzene-acetone (8 :2 ,
crystallization from chloroform-n-hexane; ir (CHC13) 3425 v / v )  gave a low yield of a photodimer: mp 194-195° after
(NH) and 1724 cm -1 ( C = 0 ) ;  nmr (DMSO-d6) 8 3 .52, 3 .57, and recrystallization from ethyl acetate; ir (Nujol) 3311 (NH) and
3.63 (3 s, 18, OCH3, NHCOOCH3), 4.33 and 4.65 (2 m, 4 , 1695 cm -1 ( C = 0 ) .  Quantitative determination of photo
cyclobutane H ), 6 .65 -7 .28  (m, 14), and 9.40 (s, 2 , NHCOOCH3); dimerization by gpc indicated a 45%  yield of photodimer,
mass spectrum (70 eV) m /e  (rel intensity) 626 (co. 0 .01), 313 Irradiation of 2,5-Dimethoxy-4'-nitro-irans-stilbene.— A solu-
(44), 300 (3.3), 281 (100), 262 (0 .5), and 238 (15.5). tion of 3.0 g of the above compound in 30 ml of ethyl acetate was

A quantitative determination of dimerization (by gpc) gave irradiated for 4 hr with unfiltered light from the 100-W light
a value of 73 .3%  when a 10%  solution of 5 was irradiated for 4 hr. source. The solution contained no photodimers as evidenced by

B. Ethyl Acetate.— Irradiation of a 10% solution of 5 in ethyl thin layer chromatography on an Eastm an silica gel plate using 
acetate for 4  hr yielded 74%  photodimers as determined by gel- benzene-ether (4:1 ,  v / v) .
permeation chromatography. Quantum Yield Determination.— A rotating turntable as-

C. Tetrahydrofuran.— A solution of 0.5 g of 5 in 5 ml of sembly (Merry-Go-Round Model M GR-500, supplied by the
tetrahydrofuran was placed in a quartz test tube which was taped Southern New England Ultraviolet Co.) with a centrally located
to the quartz probe (19434, supplied by Hanovia Lamp Division) light source (450-W medium-pressure lamp, Type L , using Pyrex
containing a water-cooled immersion-type 450-W  Hanovia mer- and Corning CS-7-39 filters to isolate 366-nm region) was used
cury lamp (Type L , 679A). The entire system was controlled to obtain quantitative data. Benzophenone-benzhydrol ac-
at 15-17° and the uv light was filtered through a Pyrex 7740 tinometry16 was used and the solutions were irradiated in quartz
filter sleeve. After irradiation for 4 hr the photodimer content test tubes (13 mm) after thoroughly degassing with prepurified
was determined by gpc to be 91 .3% . Repeating the experiment nitrogen. A quantum yield of 0.6 was obtained from the inter-
under nitrogen gave a photodimer yield of 91 .8% . cept. Using this value the output of the lamp was calculated to

Irradiation of the Methyl Carbamate (2) Derived from trans-2- be 8.21 X  1016 quanta/sec. Simultaneously, a 5-ml benzene 
Methoxy-4'-isocyanatostilbene.— A solution of 2.0 g of 2 in 20 solution of 5 (0.03 M ) was irradiated, and from the percentage
ml of benzene was irradiated for 4 hr using the 100-W Hanovia dimerization (34.3% ), the quantum yield was found to be ca.
lamp as described above. On standing, 0.51 g (25.5% ) of a 0.057.
crude photodimer, mp 89-92°, precipitated. Recrystallization Irradiation of 5 in the Presence of Michler’s Ketone.— Two
from benzene and from chloroform-n-hexane gave photodimer quartz test tubes (13 mm) containing in each 5 ml of benzene
A: mp 102-105°; ir (CHC13) 3425 (NH) and 1724 cm -1 ( C = 0 ) ;  solution of 5 and Michler’s ketone in concentration of 0.016 and
nmr (DMSO-d6) 8 3 .56 and 3.62 (2 s, 12 , OCH3 andNHCOOCH3), 0.126 M , respectively, were degassed with prepurified nitrogen,
4 30 and 4.70 (2 m, 4, cyclobutane H ), and 9.40 (s, 2 , NH- stoppered with a rubber septum, and irradiated for 4 hr in the
COOCH3). system used for quantum-yield measurements. Simultaneously,

The oenzene filtrate was concentrated and chromatographed two tubes containing in each 5 ml of benzene solution of 5
over silica gel (55 g) and the following fractions were obtained. (0.016 M ) were irradiated. The amount of dimer formation was
Benzene gave 0.8 g (40% ) of starting material. Benzene-ether measured by gpc, and in the former not more than 5%  dimer
(9:1 and 8 : 2 ,  v / v )  gave 0.45 g (22 .5% ) of photodimer B : mp was observed, whereas in the latter the dimerization occurred to
219-221° after recrystallization from benzene; ir (CHCI3) 3425 the extent of 67%..
(NH) and 1724 cm -1 ( C = 0 ) ;  nmr (DMSO-d6) 8 3.62 and 3.65 Emission Spectra of 5.— The fluorescence emission spectrum of 
(2 s, 12, OCH3 and NIICOOCH3), 4.48 (m, 4, cyclobutane H ), 5 was determined in methanol at room temperature using an
and 9.40 (s, 2, NHCOOCH3). excitation wavelength of 350 nm. The emission maximum oc-

A quantitative determination of photodimerization by gpc curred at 410 nm and the 0 - 0  band was chosen at the point of
indicated a 51%  yield of photodimers. In tetrahydrofuran, using crossing of the excitation and emission spectra which occurs at
the 450-W Hanovia lamp, a 75%  yield of photodimers was 378 nm. The phosphorescence emission at 77°K  in E PA  could
realized. not be detected.

Irradiation of the Methyl Carbamate (3) Derived from trans- „  . , _T „ __ „ ,  , , , , . ,. ,
4 -Methoxy-4 '-isocyanatostilbene.— A solution of 2.0 g of 3 in 20 Registry No. 1, 23435-25-8, 1 (acetyl derivative), 
ml of ethyl acetate was irradiated for 4 hr using the 100-W 23435-26-9; 2, 23465-04-5; 2 (dimer A), 23435-27-0;
Hanovia lamp. The reaction mixture was evaporated, dissolved 3 ( 23435-28-1; 3 (isocyanate). 23435-29-2; 3 (dimer
in benzene, and chromatographed over silica gel. Elution with A), 23435-30-5; 4,23435-31-6; 4 (acetyl derivative),
benzene gave 0.3 g (15%) of starting material. Elution with 3 3 4 3 5 .3 2 . 7  5  23435-33-8; 5 (isocyanate), 23435-34-
benzene-diethyl ether (8 :2 , v / v )  gave a mixture of photodimers . . . .  1 ’ n r 1 *
from which 0 .4  g (20 % ) of photodimer B , mp 220- 222° after 9; 5 (dimer A), 23435-35-0, 6 , -3435-36-1, 7, -<3435-
recrystallization from benzene, was precipitated with diethyl 37-2; 7 (diisocyanate), 23435-38-3; 8 , 23435-39-4; 9,
ether: ir (K B r) 3311 (N H ) and 1695 cm - 1 ( C = 0 ) ;  nmr (DM - 23435-40-7; 10, 23435-41-8; 11, 23435-42-9; 12,
SO-d6) 8 3.62 (s, 12, OCH3 and NHCOOCH3), 4.32 (m, 4, cyclo- 9 3 4 3 5 -4 3 -0
butane H ), and 9.36 (s, 2, NHCOOCH3).

Concentration of the filtrate and addition of n-hexane precipi- Acknowledgment— The authors wish to express their
tated 0.66 g (33% ) of photodimer A: mp 116-118° after re- appreciation to B. V. Cheney, The Upjohn Co., Bio- 
crystallization from chloroform-n-hexane; ir (CH uh) o4z5 , i t * u i i\/r-^u a «  in n
(N H ) and 1712 cm “1 ( C = 0 ) ;  nmr (DMSO-d6) 8 3.60 and 3.63 chemical Research, Kalamazoo, Mich., for the 100-
(2 s, 12 , OCHs and NHCOOCH3), 4.32 (m, 4, cyclobutane H ), M Hz nmr spectra and computer simulation. Ihe
and 9.36 (s, 2, NHCOOCH3). invaluable assistance of F. P. Recchia and A. R. Mar-

Quantitative determination of photodimerization by gpc chant of our laboratories in obtaining the gpc results is
indicated a 66%  yield of photodimers. tm m tlv  nnnreri R ed

Irradiation of the Bismethylcarbamate (9) Derived from trans- = J  OP 
4-MethoXy-2',4'-diisOCyanatostilbene.— A solution of 1.4 g of 9 (1 5 ) W. M . Moore, G. S. H am mond, and R . P . Foss, J .  A m e r .  C h e m .  S o c . ,

in 14 ml of ethyl acetate was irradiated for 4 hr using the 100-W 83, 2789 (1961).
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The Stereochem istry of Dehydrogenation of A4-3-K eto Steroids by Chloranil1

J. C. O r r  a n d  J. M. B r o u g h t o n

Jo h n  Collins W arren Laboratories o f  the Collis P . Huntington M em orial H ospital o f  Harvard University at the 
Massachusetts General H ospital 02114, and the Department o f  Biological Chemistry,

Harvard M edical School, Boston, Massachusetts 02115

Received September 28, 1969

Dehydrogenation of androst-4-ene-3,17-dione-7/3-d with chloranil gives androsta-4,6-diene-3,17-dione with 
almost complete retention of the deuterium. Taken with other evidence, this experiment establishes that chlo
ranil abstracts the 7 a  hydrogen. The mass spectra of steroid 4,6-dien-3-ones show two important peaks corre
sponding to cleavage of the molecule in ring B. Allylic bromination of 3/3-acetoxyandrost-5-en-17-one gives a 
mixture of the 7 a -  and 7/3-bromo derivatives in approximately equal yield.

The dehydrogenation of A4-3-keto steroids with chemistry of the chloranil reaction at the 7 position
chloranil to the corresponding 4,6-dien-3-ones was first by synthesis and dehydrogenation of a 7-deuterioan-
described by Agnello and Laubach , 2 who proposed drost-4-ene-3,17-dione of known configuration, 
the presently accepted mechanism of hydride abstrac-
tion from C-7 of the 3,5-dien-3-ol. Results and Discussion

Although the dehydrogenation had been shown to
involve the loss of the 6/3 hydrogen atom , 3 the removal Treatment of 3/3-acetoxyandrost-5-en-17-one (3a) 
of the l a  hydrogen had not been established beyond with N-bromosuccinimide gave as a crystalline product
doubt. The evidence for removal of the l a  hydrogen a mixture of 3/3-acetoxy-7a-bromoandrost-5-en-17-one
rested on the observation that, while 7/3,17a-dimethyl- (3b) and the 7/3-bromo epimer (3c) as judged by the
17|8-hydroxyandrost-4-en-3-one (la) reacts with chlo- nmr spectrum. Recrystallization from ethyl acetate
ranil in boiling f-butyl alcohol to form the 4,6-dien-3- or from carbon tetrachloride gave the pure 7a-bromo
one (2a), the 7 epimer (lb) reacts much more slowly, if isomer (3b). Recrystallization of the allylic bromide
at all, under the same conditions.4 The presence of mixture from alcohols caused accelerated decomposi-
the 7-methyl groups, however, may cause disturbance tion. The nmr spectrum of the product showed the
of the ring geometry. 6 -vinyl hydrogen as a sharp doublet at 6 5.85 ppm

When 3/3-hydroxyandrost-5-en-17-one is reduced (,/ = 5 Hz) indicative8 of coupling only to a 7/3 H,
with tritium gas, some tritium is introduced at the 7 with a dihedral angle (6,7/3 H) of 40°. The singlet
position in the major product, 3/3-hydroxy-5a-androstan- at 3 5.41 ppm (H-6 ) of the 7/3-bromo derivative 3c
17-one. Having established that the tritium at the 6  was now absent. The H-6-H-7a  dihedral angle is
position was entirely a  oriented, Brodie, et al.,3 showed ca. 80° and would correspond to J  <  1 Hz. Reduction
that the C-7 tritium could be removed by dehydro- of the product with lithium aluminum deuteride gave,
genation of the derived androst-4-ene-3,17-dione with after crystallization, androst-5-ene-3/3,17/3-diol-7/3,17a-
chloranil. They cited the evidence of Campbell and d2 (4a). Combined gas-liquid chromatography-mass
Babcock4 and suggested that, by analogy with the spectrometry showed the product to consist of 6 %
trans diaxial l a , 2/3 dehydrogenation of 3-keto steroids di and 94% d2 species. The nmr spectrum of the
to the A4-3 ketones by dichlorodicyanoquinone,6 the derived diacetate differed from that of androst-5-ene-
chloranil reaction should remove the l a  axial hydrogen. 3/3,17/3-diol diacetate only in the absence of the H -17a
The trans diaxial relation of the two hydrogens re- triplet and the appearance of the 6 -vinyl proton as a
moved is, however, of little relevance, since the first sharp singlet at ô 5.37 ppm (Wi/2 = 3 Hz), demon
step is the preferential6 loss of the 2/3 and 6/3 protons strating that inversion of configuration at C-7 had
to form the enols. The removal of the l a  hydrogen occurred. Chromium trioxide oxidation of the diol
by dichlorodicyanoquinone could be due to an a-face 4a gave androst-5-ene-3,17-dione-7/3-d, showing again
attack on the A2 enol and need not be due to its axial H- 6  as a singlet in the nmr spectrum. Treatment
character. The evidence for removal of the l a  hy- with acid gave the conjugated androst-4-ene-3,17-
drogen during the chloranil reaction was therefore per- dione-7/3-d (lc, 96% df). During the chromium tri-
suasive but not conclusive. Since this reaction was oxide oxidation, androst-4-ene-3,6,17-trione containing
to be used in examining the stereochemistry of deuteron no excess deuterium was obtained as a minor product,
attack at C-7 on the 3a,5a-cycloandrost-6-ene system ,7 The absence of deuterium at C-7 in the trione, taken
it was considered worthwhile to establish the stereo- together with the observed presence of the vinyl hy

drogen at the 6  position in the diol 4a and in the non- 
(l)  This is publication No. 1368 of the  Cancer Commission of H arvard  conjugated dione, establishes that the deuterium atom

U niversity . This work was presented in p a rt: A bstracts, 156th N ational ±  j. n

M eeting of the  American Chemical Society, A tlantic C ity , N . J„  Sept 1968, had Originally been present at C-7.
No. o r g n  5 5 . In a parallel series of reactions, 17-cycloethylene-

® A g neiioandG . L au b ach ,u. Amer. C h e m . S o c . ,si, 4 2 9 3  (i960). dioxyandrost-5-en-3/3-ol acetate (3d) was converted(3) H . J . Brodie, S. Baba, M . G ut, and M . H ayano, S t e r o x d s , 6, 659 . . J .  . . . .  _(1 9 6 5 ). into the bromo denvative 3e and reduced with lithium
(4) j . a . Campbell and J . c. Babcock, j. A m e r .  C h e m .  S o c . ,  si, 4069 aluminum deuteride to 17-cycloethylenedioxyandrost-

<19(5) H .J .R in g o ld ,M . G ut, M . H ayano, and A. Turner, T e t r a h e d r o n  L e t t . ,  5-en-3/3-0l-d (4b). When Sufficiently purified allylic
18,835 (1962). bromide 3e was used for the reduction, a by-product,

(6) S. K . M alhotra and  H . J . Ringold, J .  A m e r .  C h e m .  S o c . ,  86 , 1997 
(1964); A. B. T urner and H. J . Ringold, J .  C h e m .  S o c . ,  C ,  1720 (1967).

(7) J .  C. O rr and  J . M . Broughton (née Lundgren), m anuscript in  prep
aration . (8) M . Karplus, J .  A m e r .  C h e m .  S o c . ,  86, 2870 (1963).
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17-cycloethylenedioxyandrost-6-en-3/3-ol-5a-d,9 could y  y
not be detected. This by-product may therefore /vl-fL
originate from the rearranged 5-bromoandrost-6-ene
system. The A5 ketal 4b  was converted into androst- _ X X X
4-ene-3,17-dione-7/3-d (lc, 100% dr).

Dehydrogenation of two samples of androst- ° pu3’ ‘  f  2a x= CH3 >Y = a CH3 ’ ^ 0H
4- ene-3,17-dione-7/3-d (1c, 96 and 100% dl)t with 'b x = «CH3 ,Y = ffCHs , /30H 2b X = D , Y -  =0

chloranil gave androsta-4,6-diene-3,17-dione-7-d (2b , Ic X = /3D ,Y= =0 2 c X  = H , Y = = 0
91 and 95% di, respectively), establishing that
the dehydrogenation does indeed cause removal of jT  T
the 7 a rather than the 7/3 hydrogen. The 5%  loss . |J 1
of deuterium may be due to 5%  androst-4-ene-3,17-
dione-7a-d in the starting material for the dehydro- aco^ '^ ^ ^ ^ x

genation. This level of contamination would not 3a X = H , Y= = 0  4 a Y=aD,/30H
have been detected in the nmr spectra of the bromo 3 5  x= aBr Y* =0 4b 0 —
or deuterio compounds. In the chloranil dehydro- ’ Y= C QJ
genation of androst-4-ene-3,17-dione-7oh!, which Brodie 3c * = P Br >Y = =0

el al.,3 used to assign stereochemistry at the 7 position, 3d X=H , Y _
all but 2 %  of the starting radioactivity was lost. 0

The mass spectrum of androsta-4,6-diene-3,17-dione 3e x=aBr y=
(2 c, Figure 1) shows two intense fragments at m/e 0

136 and 149. Since in the spectrum of the related Figure 1.
17 alcohol m/e 136 remains unchanged but m/e 149
has been replaced by a fragment of m/e 151, these It is probable that the isolation of 3/3-benzolyloxy-7/3-
two peaks may represent cleavage of the molecule bromocholest-5-ene by Schaltegger12 was due to its
at C -l-C -10  and C-7-C-8, m/e 136 being the A B  solubility characteristics rather than to selective 7/3
end (— 2 H) and m/e 149 the C D  region ( — 1 H). In- bromination.
troduction of the 7-deuterium atom (2 b, Figure 2)
shifts m/e 136 to 137 but leaves m/e 149 unchanged. Experimental Section

Allylic bromination of cholesteryl benzoate has „  , .  , -. ., ,
been r _ „ W  to give initially the 70-bromo compound.
which epimerizes to an equilibrium mixture with the and OY-1 on Gas-Ctrom Q (Applied Science Laboratories, State
7a-bromo isomer. In an attempt to prepare directly College, P a .) at 200° as the stationary phase. Samples in the
androst-4-ene-3,17-dione-7a-d, the product of N-bromo solid state’ adsorfced on stainless steel gauze,13 were injected into
succimmide bromination of androst-5-ene-3/3,17/3-diol a n d T * W&Smatintainfedi- , , . .. , , 1 i , at Zi)U ancl tne 10n source at 270 . I he mass spectrometer
chacetate was immediately evaporated to dryness at ionizing current was 50 /¿A, and the ionizing energy was 70 eV
room temperature or below and reduced with lithium during the mass spectral scans. Melting points were determined
aluminum deuteride in tetrahydrofuran to give androst- on a Kofler block and are not corrected. Nmr spectra were
5 -  ene-3/3,17/3-diol-7%-d (7% dQ, 78% dh 15%  d2). Oxida- »“ red on a Varian A-60 spectrometer in deuteriochloroform
+; j  1 c , ,  /0  \  , solution unless otherwise noted. Chemical shifts are reported
tion, conjugation, and treatment of the product with in 5 units with tetramethylsilane (6 0.00  ppm) as internal stan-
chloranil gave androsta-4,6-diene-3,17-dione containing dard. Evaporations were carried out under vacuum in a rotary
54% d\. The bromination product at the time of evaporator with a. bath temperature of ca. 45° unless otherwise
reduction was thus ca. a 1 : 1  mixture of the 7a- and noted. ,

• _____  T , , , , • , , ,  ,, 3/3-Hydroxy-7a-bromoandrost-5-en-17-one Acetate (3b).— 3/3-
7d -brom o isom ers. In  ord er to  d eterm in e  w h eth er th e  Hydroxyandrost-5-en-17-one acetate (10 g, 30.3 mmol) in re-
imtial bromination product had been entirely the 7/3- fluxing carbon tetrachloride (70 ml) dissolved completely. N-
bromo compound which had partly epimerized while Bromosuccinimide (5.35 g, 1.07 equiv) in carbon tetrachloride
refluxing in tetrahydrofuran with lithium aluminum was added and the mixture was refluxed over a 150-W
deuteride, 3/3-acetoxyandrost-5-en-17-one in an nmr lamp for 8 mm. The yellow solution was filtered to remove the
, , u i gi at i . . crystalline succimmide and evaporated almost to dryness under
tube was brominated with N-bromosuccimmide and reduced pressure without heating to give faintly yellow crystals,
light. After 2  min of heating and irradiation, the Three recrystallizations from carbon tetrachloride-ethyl acetate
nmr peak of the vinyl 6  hydrogen of 3/3-acetoxyandrost- gave 7a-allylic bromide (3b, 2.7 g, 6 .6  mmol, 22%  yield):
5-en-17-one had disappeared completely and had been / 5 5; 8f  ,(d’ j

replaced by the vm yl proton pattern characteristic o.90 ppm (C-18 E 3).
of a mixture of approximately equal quantities of Androst-5-ene-30,i7/3-diol-7/3,i7a-4 (4a).— 3/3-Hydroxy-7«-
7 a-bromo- and 7/3-bromo-3/3-acetoxyandrost-5-en-17- bromoandrost-5-en-17-one acetate (3b, 1.5 g) in dry tetrahydro-
one. This ratio remained unchanged on further ir- Iuran ,was refluxed for 5 hr with lithium aluminum deu-

riii „ „„„„ t  oo u i tende (1.0 g, Alfa Inorganics, 99 +  % d). Thin layer chromatog-
radiation. The presence of a 3/3-benzoyloxy group raphy ghowed the reduetion to be complete. W ater and ether
had been claimed to affect the stability of the allyhc were added, and the organic layer was separated. The aqueous
bromides. 11 Repetition of the bromination using 3/3- layer was reextracted twice with ether, and the combined organic
benzovloxyandrost-5-en-17-one gave the 7a- and 7 /3- layers were washed with water and evaporated to a crystalline
bromo“ derivatives in approximately the same ratio. mass’ which upon «crystallization gave androst-5-ene-3/3,17/3-

(12) R . Antonucc:, S. Bernstein, D . Giancola, and K. J . Sax, J .  O r g .

(9) C. Djerassi, G. von M utzenbecker, J . Fajkos, D . H . Williams, and C h e m . ,  16, 1126 (1951).
H . Budzikiewicz, J .  A m e r .  C h e m .  S o c . ,  87, 817 (1965). (13) (a) E . M enici and J . K . N orym berski, B i o c h e m .  J . ,  95, 1 (1965);

(10) L. F . Fieser and M . Fieser, “ Steroids,” Reinhold Publishing Corp., (b) E . M enini, J . C. Orr, R. Gibb, and L. L. Engel in  “ Gas Chrom atog-
New York, N . Y ., 1959, p 159. raphy of Steroid Horm ones,” R . Scholler, Ed., G ordon and Breach, New

(11) H . Schaltegger, H d v .  C h i m .  A c t a ,  33, 1316 (1950). York, N . Y., 1968, pp 41-64.
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Figure 2.

diol-7/3,17a-d2 (4a, 800 mg): mp 178-180.5°, undepressed on 7a-Bromo-17-cycloethylenedioxyandrost-5-en-3/3-ol Acetate
mixing with an authentic sample of the unlabeled diol of mp (3e).— 17-Cycloethylenedioxyandrost-5-en-3/3-ol acetate (17.7 g,
178-180°; mass spectrum m /e  292 (M +). The nmr spectrum of 47.3 mmol) in carbon tetrachloride was heated on a steam bath,
the diol 4a in chloroform was unsatisfactory owing to low solu- N-Bromosuccinimide (10.1 g, 1.1 equiv) was added and the
bility. mixture was refluxed over a 150-W lamp for 10 min. The solution

The derived diacetate, mp 159-162°, was undepressed on was filtered and evaporated on a rotary evaporator in a water
admixture with an authentic sample of androst-5-ene-3/3,17/3-diol bath at ca . 25° under vacuum until crystals began to form. Ethyl
diacetate, mp 159-162°. The nmr spectrum of androst-5-ene- acetate was added and the suspension was left in an ice bath.
3/3,17/3-diol-7/3,17a-d2 diacetate showed the absence of the Two recrystallizaticns of the crystalline product, by dissolving
H -17a triplet and showed a singlet a t S 5.37 ppm (W »/, =  3 carbon tetrachloride, adding ethyl acetate, and rotary evapora-
Hz, H -6). The mass spectrum showed as the heaviest ion m /e  tion at room temperature or below, gave the allylic bromide 3e
316 (M — 60); the fragmentation pattern corresponds closely (5.21 g): mp 164-165° (lit.9 mp 148-151°); nmr 5 0.86 and 1.04
to that expected on the basis of the nondeuterated diacetate. (sharp singlets with no evidence of impurity, angular methyl

Chromium Trioxide Oxidation of Androst-5-ene-3/3,17/3-diol- groups), 3.87 (ketal CH2), 4.63 (H-7/9), and 5.75 ppm (H -6).
7/3,17<*-d2 (4a).— The diol 4a (100 mg, 0.35 mmol) in acetone was 17-Cycloethylenedioxyandrost-5-en-3/3-ol-7/3-d (4b).— The
stirred with chromium trioxide (0.195 ml of 8 N , 1.4 equiv) in allylic bromide 3e (2.73 g, 6.02 mmol) in tetrahydrofuran (200
1 N  sulfuric acid for 5 min.14 The brown chromate remained in ml, freshly distilled from lithium aluminum hydride) was re
excess. The solution was extracted with ethyl acetate-water, fluxed overnight with LiAl4D (24 mmol). The solution was
and the ethyl acetate layer was washed and evaporated to give a diluted with water, and ca. 150 ml of tetrahydrofuran were
crystalline solid. The nmr spectrum showed this to be the non- evaporated. The solution was further diluted with water and
conjugated androst-5-ene-3,17-dione-7/3-d; the angular methyl extracted with ether; the ether solution was washed and evapo-
groups (5 1.21 and 0.88 ppm) and H-6 (5 5 .3 5 ppm) all appeared as rated to give colorless crystals of 4b, recrystallized from metha-
singlets, giving no indication of contamination with the A6 isomer. nol, mp 165-168° (1.38 g, 69%  yield). In the absence of an

Treatment of the nonconjugated dione with methanol (5 ml) authentic nonlabeled sample, the mass spectrum alone does not
containing concentrated hydrochloric acid (1 drop) at room allow calculation of the per cent deuterium: the peaks in the
temperature overnight and two recrystallizations from aqueous region of the molecular ion at m /e  (rel intensity) 232 (8), 233

•ethanol gave androst-4-ene-3,17-dione (lc ) : yield 12 mg; mp (100), and 234 (23) indicate that the material is substantially
172-174°, undepressed on mixing with authentic nonlabeled monodeuterated. The substance was homogenous both by
androst-4-ene-3,17-dione of mp 172-174°. Combined gas-liquid glpc and-tic. The nmr spectrum again showed no peak corre-
chromatography-mass spectrometry showed the product to be sponding to the angular methyl groups of the A6 isomer:9 S 5.34
homogenous and to contain 96%  d i -16 The abundant fragment (s, H -6), 3.88 (ketal), and 1.01 and 0.86 ppm (angular methyl),
a t m/e 124 of ring A, C-6, C-19, and 2 H16 was not shifted to Androsta-4,6-diene-3,17-dione-7-d (2b).— Androst-4-ene-3,17-
m /e  125 and hence did not contain the deuterium. Glpc of the dione-7/3- d  (10 mg, 100%  d i )  in benzene (10 ml) with chloranil
mother liquors revealed the presence of androst-4-ene-3,6,17- (50 mg) was refluxed for 2 days. The benzene solution was
trione [m /e  300 (M +)] as a minor component. The mass spec- washed with aqueous KOH and then with water until neutral,
trum of his compound was identical with that of an authentic A portion of the benzene solution was applied directly to stainless
sample; it contained no excess deuterium. steel gauze and injected into the combined glpc-mass spectrom-
____________  eter. The major glpc peak (85%  of the total steroid peak area)

corresponded in retention time and mass spectrum to androsta-
(14) K. Bowden, I. M. Heilbron, E. R. H. Jones, and B. C. L. W eedon, 4,6-diene-3,17-dione-7-d (2d, Figure 2 ). Three successive mass

J .  C h e m .  S o c . ,  39 (1946). spectral scans taken over the peak showed 96.1, 95 .2 , and 94.2%
(15) As with all steroids so ia r  examined by glpc-m ass spectrom etry on ^  ( a v e ra g e  9 5 %  d i )  1E

OV1, the  deuterated  steroid has a slightly shorter re tention  tim e th an  does /•:_;i „ 1 1  ,1 , .  r  , , , , . 0 , _  ,
th e  unlabeled molecule. This has been observed with greater clarity  in the  d e h y d ^ eE,a t l 0 n  ° f  t h e  a n d ro s t-4 -e n e -3 ,1 7 -d lo n e -7 d -d
fa tty  acid series, where the  predeuterated acid m ethyl esters have been sep- (9 6 %  ^ l )  g a v e  t h e  d ie n e  d io n e  2 b ,  c o n ta in in g ,  o n  s u c c e s s iv e
a ra ted  completely from the  unlabeled m aterial: J .  A. M cCloskey, A. M . S cans o v e r  t h e  p e a k ,  9 2 .1 , 9 1 .6 ,  9 1 .5 ,  9 1 .5 ,  8 9 .9 ,  a n d  8 8 .6 %
Lawson, and F . A. J . M . Leemans, C h e m .  C o m m u n . ,  285 (1967). d i  ( a v e ra g e  9 1 %  d \ ) .

(16) R . H. Shapiro and C. Djerassi, J .  A m e r .  C h e m .  S o c . ,  86, 2825 (1964). N-Bromosuccinimide Bromination of 3/3-Benzoyloxyandrost-5-
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en-17-one and of the Corresponding Acetate (3a).—The benzoate 748-37-8; 4a, 23668-20-4; 4a diacetate, 23668-21-5;
(0 .10  mmol) in deuteriochloroform containing tetramethylsilane 4  ̂ 23688-22-6 
in an nmr tube was refluxed and irradiated after addition of N- ’
bromosuccinimide (0.11 mmol). After 2 min, the doublet at Acknowledgments.— This work was supported by
5.46 ppm (H-6 ) (7,7 H2) had diminished while a doublet at 5 XJ. S . P u b lic  H ealth  Service  (G ran ts C A 02421 and
?„95 pp£  £  "  5;1 H;6 (t  Br) ar‘d a singlet at 5 5'72 ppm CA01939) and a grant from the American Cancer So-(H-b) (7/3 Br), ratio 1.3:1,  had appeared. . t nnnn , • , ,

A similar bromination of 3/3-acetoxyandrost-5-en-17-one (3a) Ciety ( r 9 5 ) .  i n e  l K d  9000  com bined glpc mass
in CCh gave a ratio of 7a  Br (3b) to 7/3 Br (3c) product of spectrometer was purchased through a special grant
1.2:1. from the American Cancer Society (Massachusetts

Division). The authors are deeply indebted to Dr.
Registry No.— Chloranil, 118-75-2; lc , 23668-15-7; L. L. Engel for encouragement and helpful discussion

2b, 23668-16-8; 2c, 633-34-1; 3b, 23668-18-0; 3e, of this work.

The Addition of Coordinated Glycine to  Acetaldehyde. M echanism 1

D. C. B e r n d t

D epartm ent o f  Chem istry, W estern M ich igan  U niversity, K a lam azoo , M ich igan  49001

R eceived October S, 1969

The kinetics of the reaction of acetaldehyde with glycinatobis(ethylenediamine)cobalt(III) chloride in the 
presence of a tertiary amine in water solution to produce the threoninato complex ion has been studied. The rate 
of reaction is first order in aldehyde and one-half order in each the complex ion and the amine base. These re
sults are consistent with a mechanism involving abstraction by base of an a  proton of the glycine moiety followed 
by reaction of the resulting enolatelike ion with aldehyde.

Aldehydes react with glycine coordinated with certain CH2 CH.-^O
metal ions in the presence of base to produce hydroxy H ^  C + b  *=*= V + BH+ (2)
amino acids,2-6 e.g., eq 1, where en is ethylenediamine 2 \  2+0  \  2̂ 0
and gly and thr are glycine and threonine (alio and Co °

fofiss H
(Coen2gly) 2 + +  CH3CHO — >  (Coen2thr)2+ (1 ) !

H ,0  RCH
I

threo) anions, respectively, coordinated with cobalt- H N ^ ^ C ^ 0
(III). If optically active glycinatobis(ethylenedia- 1 + CH3CHO slow > 2 1 2+_■ (3)
mine) cobalt (III) ion is treated with acetaldehyde, an k 0
asymmetric synthesis of threonine and allothreonine
can be effected.6 The base most commonly used is
sodium carbonate. The amino acids are obtained upon
cleavage of the ligands from the metal ion.

This paper reports the results of a kinetic study of ^CH ^ 0

reaction 1 with a tertiary amine, 1,4-diazabicyclo [2.2.2]- BH+ _  ̂ H2N2+ ''C + b  (4)
octane (dabco), serving as the base and glycinatobis- Co— O
(ethylenediamine) cobalt (III) chloride and acetalde
hyde serving as the reactants. Essentially complete function of time is described in the Experimental Sec-
conversion of glycine into the threonines occurs with tion. Equation 5 describes the observed rate law at
this base. The results of this study are consistent with essentially constant ionic strength and chloride ion
the mechanism of eq 2-4 where B  is the base and concentration for the reaction conditions investigated
the ethylenediamine ligands are omitted for clarity. (Table I).

Reaction conditions (Table I) were chosen so that _d[C H  CHOI 
the reaction was pseudo first order in acetaldehyde and ^  = faldabco] V4(Coen2gly)C12) V4 CH3CHO] (5)
such that the competing aldol condensation7 can be . . .
neglected. The spectrophotometric method developed This rate law is related to the above mechanism as
for the determination of aldehyde concentration as a shown in eq 6-9; A  B is the basic dissociation cons an o

d[CH8CHO] __ m q jj  ( ju o ] [1 1  (6 )
(1) The support of th is work by th e  U . S. Public H ealth Service, N ational d i 3

In stitu te  of A rthritis and M etabolic Diseases G ran t AM 12262, is gratefully ’ ,  i m i  /m T T + i m \acknowledged. = & [CH3CHO] X  [ (Coen2gly ) 2 +] [B] / [BH +] (7)
(2) M . Sato, K . Okawa, and S. Akabori, Bull. Chem. Soc. Ja p ., SO, 937 . - /fiN(1957). [BH+J = I OrLJ +  11] W
(3) S. Akabori, T . T . O tani, R . M arshall, M . W initz, and J . P . Green- t . Tr r / n  1 \o-i-i) ( (\ \stein, Arch. Biochem. Biophys., 83, 1 (1959). or [BH + ] 2 = [B ]\ K B +  K [ {  Coen2gly)2+] ! (9)
(4) T . T .iO tani and M . W initz, ibid., 102, 464 (1963). #
(5) Y. Iku tan i, T . Okuda, M . Sato, and S. Akabori, Bull. Chem. Soc. dabco. The Contribution to [BH + ] from the formation

ja p ., 32,203 (1959). 0f CH 3CH(OH)0~ can be neglected since the known(6) M . M urakam i and K. Takahashi, i b i d . ,  32, 308 (1959). x o r o  r , r  t_ j  a* 4- 4-7 f
(7) r . p. Beii and p. t . M cTigue, j . Chem. Soc., 2893 (1960). values at 25 of the hydration constant of acetaldehyde
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T able I
R ate Data por R eaction 1 at 35.00°

.---------------------------------------------- In itia l concentrations, M ---------------------------------------------- < U f i k i /

[CoeH2gly]Ch Dabco6 CHsCHO KC1 lM i ,“ sec“» 10<fti/[dabco]l/2 [(CoenjglyJChl1/ 2
0.0797  0 .379  Ca. 1.6 X  lO '3 2 . 5 0  41
0.0797  0 .733  Ca. 1 .6  X  lO“3 3 .2 2  38
0.0797  1 .36  Ca. 1 . 6 X 1 0 - ’ 5 .5 2  47

Av 42
0.0797  1.36  Ca. 1 . 6  X  10~3 1.28  4 .8 4  17
0 .0428  1.36  Ca. 1 X  1 0 " ' 1 .28  3 . 33  16
0.0214  1 .3 6  Ca. 1 X  10- 8 1 . 28  2 . 33  16

Av 16 .3
° Average of two or three determinations. Maximum deviation from the average for runs without KC1 is 6 .7% ; with KOI, 2.5% .

1 Calculated values of concentration based on density measurements accurate to 1 or 2% .

and the acid dissociation constant7 of CH 3CH(OH ) 2 lead inato moiety as a model for the glycinato moiety) is less
to a value much smaller than that8 of KB of eq9. If KB than half of the half-life for the overall reaction with
can be neglected compared with the other term on the acetaldehyde (Table I). Dabco itself is an effective
right-hand side of eq 9, combination of eq 7 and 9 leads base for proton removal;8 e.g., the ratio of the second-
to an equation identical in form with eq 5. order catalytic constants for deuteron abstraction from

Neglect of KB in eq 9 requires that the acid dissocia- isobutyraldehyde-2 -d is fc-oH/ d̂abco = 4.8 in water
tion constant for ionization of an a hydrogen of the solution at 35°. Since the dabco is in large excess to
glycine moiety be two or three orders of magnitude hydroxide ion in the present system, the half-life for
greater than the ion product constant of water. This exchange of the a hydrogen of the glycine moiety is ex-
is reasonable since the dipositive charge on the cobalt pected to be even smaller than that calculated above, 
atom would be expected to increase the acidity com
pared with the neutral free ligand. -  . , - „  ,.

The concentrations in eq 5 refer to stoichiometric xpenmen a ec ion
concentrations. Thus the observed pseudo-first-order Materials.— Acetaldehyde was distilled and stored under
rate constant will be a function of the hydration con- nitrogen in a refrigerator. I t  was checked for absence of poly- 

j  i • • • i i c mers and acetic acid by infrared spectroscopy before each use.
stant of acetaldehyde, the ion-pairing constant for 1)4. Diazabioycio[2 .2.2]octane (Aldrich Chemical Co.) was crys-
glycinato bis (etnylenediainine) cobalt (III) chloride, and tallized from 1 :1 methanol-ethyl ether and stored in a desiccator
the chloride ion concentration. The ion-pair associa- over potassium hydroxide pellets: mp 155.3-158.1° (lit.12 mp
tion constant for chloropentaamminecobalt(III) chloride 155-157°). Glycinatobis(ethylenediamine)cobalt(III) chloride
at 25° and zero ionic strength is ten . 9 The same form monohydrate, a gift of Dr D W Cooke was crystallized from
r__¿i , ,• -n v i., • i i . aqueous ethanol. A nal.u  Caled for (CoemglyjGh-rbO: C,
fo r th e  ra te  eq uation  will be o b tain ed  w h e th e r o r  n o t 2 1.06; N , 20.47; H, 6 .48. Found: C, 21.14; N, 20.67; H,
the ion pair undergoes reactionj this will also be true if 6.49. Doubly distilled water was .used throughout. The con-
hydroxide ion generated from the tertiary amine base centrations listed in Table I are for ambient temperature and are
and water serves as the base in eq 2 . corrected for volume changes occurring upon mixing.

Ultraviolet spectroscopy indicates that there is no Reaction Products - A  solution of glycinatobis(ethylenedi- 
• , x- x , , , , ,  , , .  amine)cobalt(III) chloride monohydrate (0.40 g, 0.0012 mol),
interaction between dabco and the carbonyl group of i,4-diazabicyclo[2.2.2-j0ctane (0.22 g, 0.0020 mol), and acetalde-
acetaldehyde. The absorption due to the carbonyl hyde (0.67 ml, 0.012 mol) in 25 ml of water was allowed to stand
group is the same for 0.019 M acetaldehyde in water at room temperature for 3 days. Hydrogen sulfide was bubbled
containing no, 0.10 M, and 0.73 M dabco, respectively through the mixture until the filtrate from filtration of the result-

Additional evidence for intermediate 1 is found in « g  ^ t u r e  was no longer orange, ^ e  filtrate was concentrated
. at reduced pressure and placed on a Dowex 50 (100-200 mesh, H

previous reports by other workers. Nmr deuterium- form) column. The amino acids were eluted with 1 :5  pyridine-
exchange experiments10,11 and mutarotation studies11 water by volume. The eluate totaled 125 ml, the last 50-ml
have shown the lability of the a  hvdrogens of the amino portion of which was alkaline. The eluate was evaporated to
acid moiety of (Coen2aa)2+ where aa is the amino acid fy n e ss  by use of reduced pressure and heat. The residue was 

_ r . __•____  j  xl , m, , r further purified by redissolvmg it in water and placing it on an
, ^  J  11 O her compounds. The rate of ion-exchange column as above. Elution of the amino acids with

exchange ot the a  hydrogen of alaninatobis (ethylene- 2 N  ammonia was begun after the eluate from water elution was
diamine)cobalt(III) ion in D 20  with NaOD at 34.3° no longer colored. The alkaline eluate (50 ml) was evaporated
was found11 to be first order in ~OD ion and first order to ¿ryness as before. An nmr spectrum (Varían A-60 spectrom-
in complex ion. These data may be used as follows to "ter) °f9̂ e retsídlf 0d:; f olve(d in oxide containing so-

ow hat process 3 IS slower than process 2 in the pro- was obtained. The spectrum corresponds to that of a mixture of
posed mechanism. If the only function, of the dabco authentic threonine and allothreonine. No glycine signals are
were to generate hydroxide ion which then serves as present.14
the base in eq 2, then the calculated half-life for the Spectrophotometric Method for Acetaldehyde.— 2,4-Dinitro- 
exchange (based on the literature data for the basicity
oi dabco and the exchange experiments using the alan- make a final volume of 50 ml to prepare the standard reagent

on t TTir><» t n TT t tt t r „ (DNPH reagent). The reagent contained added amounts of
( o )  J . Mine, J . Or. H ouston, J .  H . Jensen, and J . M ulders, J .  A m e r .  C h e m .  , , /  i i  • - w  , x • j  r ,

S o c . ,  87, 5050 (1965) concentrated hydrochloric acid (and w ater) required for neutraliza-
(9) F . Basolo and  R . G. Pearson, “M echanisms of Inorganic R eactions,” ‘

2d ed, John Wiley & Sons, Inc., New York, N . Y., 1967, p 37. (12) S. D . Ross, J . J . Bruno, and R . C. Petersen, ibid., 85, 3999 (1963).
(10) D . H . Williams and D . H . Busch, J .  A m e r .  C h e m .  S o c . ,  87, 4644 (13) G albraith  Laboratories, Inc ., Knoxville, Tenn.

(1965). (1 4 ) q  Dabrow iak of th is departm ent has shown th a t  th e  ra tio  of au-
(11) D . A. Buckingham, L. G. M arzilli, and A. M. Sargeson, i b i d . ,  89, then tic  glycine:threonine allothreonine remains unchanged upon placem ent

5133 (1967). on aQ¿  elution from the  ion-exchange column.
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tion of base contained in the aliquots from kinetic runs. The Observed “ infinity”  absorbances were within experimental 
reagent is stable for several days. One milliliter of the DNPH error of those calculated from the spectra of the complex ions
reagent was pipetted into each of 25-ml volumetric flasks. An involved. The visible spectrum is changed only slightly when
aliquot of the aldehyde containing solution (for amounts, see glycine is replaced by threonine;15.16 since the (Coen2gly)2+ is
kinetic procedure) was added and the solution was allowed to in large excess to the aldehyde under the reaction conditions, the
stand for 1 day before dilution with 1 :1  95%  ethanol-water by difference is negligible. Calculated infinity values17 were used to
volume. The absorbance of the solution at 374 mu was de- determine rate constants. The pseudo-first-order rate constants
termir.ed with 1 ml of the DNPH reagent diluted to 25 ml as were calculated from the following equation: log (A  — A „) =
above serving as the blank solution with a Beckman Model DU — fcif/2.303 +  constant. The slope was calculated by the
spectrophotometer. A small decrease in the absorbance with method of least squares. The reaction was followed to two-thirds
time occurs; however, if a constant time interval passes from complete reaction.
addition of the aldehyde solution until determination of the The stability of the reactants under the reaction conditions was
absorbance, the ratio of aldehyde concentrations in different tested as follows. Acetaldehyde (c a . 2.9 X  10-3 M )  in 0.96 M
samples is the same as the corresponding absorbance ratios. dabco solution was sampled periodically as described above

Kinetic Procedure.— Ten milliliters (20 ml for runs listed in (except 0.5-ml aliquots were used); an 8%  decrease in absorbance
last two rows of Table I )  of the appropriate dabco solution was occurred after 5 hr. Glycinatobis(ethylenediamine)cobalt(III)
pipetted into a polypropylene tube containing the glycinatobis- chloride monohydrate (0.190 M ) in 1.36 M  dabco was held at
(ethylenediamine)cobalt(III) chloride monohydrate and the 35° for 3 days. The visible spectrum of a 1-ml aliquot diluted
resulting solution was equilibrated at 35.00 ±  0 .01°. Cold to 25 ml was identical with that of authentic material,
acetaldehyde was transferred by a micropipet to 10 ml of cold
dabco solution. One milliliter of this was added to the above , ,  , , __  __  0  .
equilibrated solution. After 15-20 min of further equilibration, R e g i s t r y  N o . — Acetaldehyde, 75-07-0; glycinatobis- 
a 1-ml aliquot (2 ml for runs listed in last two rows of Table I) (ethylenediamine)cobalt(III) chloride, 14408-57-2. 
of the reaction mixture was pipetted into a 25-ml volumetric
flask containing 1 ml of DNPH reagent and the time was taken (15) c  T Liu and B E DouglaSi Jnorg_ Chcm„ 3 ,1356 (1064).
as zero time. Aliquots were then taken periodically and added (16) g, k . Hall and B . E . Douglas, ibid., 8, 372 (1969).
to the DNPH reagent in volumetric flasks, and the absorbance (17) Determined from spectra obtained by use of a Cary Model 14 spec-
was determined as described above. trophotometer.

Pyrimidines. IX . A New Synthesis of 8-Azapurines and  
r-Triazolo[4,5- bjpyridines1

H . U l r ic h  B l a n k , I. W e m p e n , a n d  J a c k  J .  F o x

D ivision o f  B iological Chemistry, Sloan-K ettering Institute fo r  Cancer Research,
Sloan-K ettering Division, Graduate School o f  M edical Sciences, Cornell University, New York, New York 10021

Received August 4, 1969

The 5-nitropyrimidines 1—5 and the 5-nitropyridines 6 react with sodium azide to furnish the 8-azapurines 14—18 
and the t>-triazolo [4,5-6] pyridines 19, respectively. The first step of this new reaction leading to v-triazoles is 
probably attack of azide ion at position 6 of the 5-nitropyrimidines and -pyridines followed by cyclization and 
subsequent elimination of the nitro function as nitrous acid. W ith hydroxide, deuteroxide, and ethoxide ions 
as the nucleophiles, N -l substituted derivatives of some of these nitroheterocycles form stable Meisenheimer- 
type adducts by reaction at position 6. A reaction with deuterium oxide in DMSO-de/DzO concurrent with 
adduct formation is H -D  exchange at position 6 of the N -l substituted 5-nitro-2-oxo-pyrimidines and -pyridines,
1-3 and 6. A carbanion mechanism is postulated for these H -D  exchange reactions.

The chemistry of p-triazolo[4,5-d]pyrimidines2 (8 - of certain 5 -nitrooxopyrimidines and -pyridines with
azapurines) has developed in conjunction with biological sodium azide, which results, overall, in the addition
studies on the antimetabolite activity of analogs of of the three-nitrogen fragment of the p-triazole ring
the nucleic acid purines. 3 Such compounds have been to the 5,6 positions of the nitropyrimidine or -pyridine
prepared previously by the action of nitrous acid on followed by elimination of the nitro function as nitrous
4 ,5 -diaminopyrimidines4,5 and from substituted w-tri- acid. A  preliminary report8 on this reaction has
azoles.6,7 This report describes a new and facile syn- appeared. The extent and mechanism of this process
thesis of some 8 -azapurines and 5 -oxo-w-triazolo [4,5-6]- as well as its practical value are now further elab-
pyridines. The procedure consists of the treatment orated.

(1) Tnis investigation was supported in part by funds from the Na- R e s u l t s
tional Cancer Institute, National Institutes of Health, U. S. Public Health , , . ■. . ,  i
service (Grant c a  08748). T h e  r e a c t i o n  w i t h  a z id e  i o n  w a s  a c h i e v e d  w i t h  t h e

(2) For recent reviews on the chemistry of r-triazolo[4,5-d]pyrimidines, f o l lo w in g  t y p e s  o f  C o m p o u n d s  ( S c h e m e  I ) :  5 - n i t r O -
see (a) J .  Gut, Advan. Helerocyd. Chem., 1, 238 (1963); (b) R . K. Robins , . ,  ■- V  — NTT?A 4 -p t b n X V -
in “ Heterocyclic Compounds,” Vol. 8, R . C. Elderfield, Ed., John Wiley & U ra C lls  ( 1 ) ,  5 -n itr O C y tO S in e S  (2, I  4  f 1“ i f *
Sons, inc., New York, n . Y ., 1967, p 434. l - m e t h y l - 2 - o x o - 5 - n i t r o p y n m i d i n e  (2h), 2 - o x o - 5 - n i t r o -

(3) For leading references on the antimicrobial and antitumor activity by n v r im id in P S  (3) 4-OXO-5-nitrODVrimidine (4), 2-aminO-
8-azapurines, see (a) R . E . Handschumacher and A. D. Welch in “The y  ’. . . .  j  o  c  , ,  1 j  r/ m  v r i  rl i n P ̂
Nucleic Acids,” Vol. 3, E . Chargaff and J .  N. Davidson, Ed., Academic 4-OXO-5-nitropyrimidine (5), and 2-OXO-5-nitropyriQl eS
Press, New York, N. Y ., 1960, p 453; (b) H. G. Mandel, Pharmacol. Rev., (g) W i t h  C o m p o u n d s  1 3  a n d  6 , w h i c h  a r e  n o t  a l k y l -
11, 743 (1959); (c) A. Albert and K. Tratt, J .  Chem. Soc., C, 344 (1968) , , j  Qnj  g a J t  f o r m a t i 0 n  b e t w e e n  t h e s e  a c i d i c

(4) R . O. Roblin, Jr ., J .  O. Lampen, J .  P . English, Q. P. Cole, and J .  R . 1 J
Vaughan, j . Amer. chem . Soc., 67,290 (1945). n i t r o  c o m p o u n d s  a n d  t h e  r e a g e n t  i s  o b s e r v e d .  1  h e r e -

(5) S. Gabriel and J .  Coleman, Chem. Ber., 34, 1234 (1901); W. Traube, f o r e  a m m o n i u m  c h l o r id e  ( i n  s l i g h t  m o l a r  e x c e s s  r e l a t i v e

J l e T c ,  244 (1968); a . Albert, t o  t h e  s o d iu m  a z id e )  w a s  a d d e d  t o  t h e s e  r e a c t i o n

,!>*(7)2A. Albert,5ibid., 152 (1969). (8) H. U. Blank and J .  J .  Fox, J .  Amer. Chem. Soc., 90, 7175 (1968).
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T able I
,------R eaction to  r-triazolo compounds------. „  ,, n n ,E quiv  NaNa Tem p, Tim e, Yield, Products of reaction M p, °C  (solvent Uv (in HiO) spe-

S tarting  m aterial (solvent) °C  hr % w ith NaNa“ of recrystn) pK a W ,  m„ «max p H  ciee
5-N itrouracil 4 (D M F) 70 144 86 8-Azaxanthme'1 >320  (HaO) 4 .66  263 6 ,450 2 0^

( la ) * (235) (2,360) 13 2 -
285 6,450

l-M ethyl-5-nitrouracil l . l ( E tO H )  78 16 86 3-M ethyl-8-azaxan- 316 d e c ^ ^  A 4 2  270 5 ,370 2 0_
(lt>) (14b) [lit. 313 (H 2O)] 245 8 ,710  14 2 -

271 10,715
3-M ethyl-5-nitrouracil 2 .6  (D M F) 90 72 44 l-M ethyl-8-azaxan- 261 (HaO) i . 6 7  (230) (4,175) 2 0\ th in ed [lit. 262 (H20 ) ] 9 .85  263 6,310

(14c) (230) (3,715) 7
265 8,130

(235) (4,890) 13 2 -
285 6,025

1,3-Dimethyl-S-nitro- 1 .2 (E tO H ) 78 14 95 l,3-D im ethyl-8-aza- 2 5 M 6 0  (HaO) 4 .47  (230) (3,980) 2 0
uracil 1 .3  (D M F) 24 16 83 xan th ine1 [lit. 26C (HaO)] 271 6 ,310

(Id) 1.3 (CHaCN) 82 72 94 (14d) (230) (4,170)
1 4 (H M PT ) 60 0 7 85 o ,o iu

S-Nitrouridine* l '.3 (D M F ) 24 16 81 3-0-D-Ribofuranosyl- 164-166 dec (HaO) 4.13 263 7 ,510  0 .3  08-azaxanthine 10.31 264 9 ,820 6 -
'  ; (14e) 242.5  10,230 12 2 -

(CaHuNsOe-HaO) 268 11,170
5-Nitrocytosine 2 (D M F) 90 72 50 6-Amino-2-oxo-8- >320(6A -H C 1) 277 2,330 2

,2a\ azap u rin e ' (U t.nom p) 250 6 ,310 6 .7
( )  (15a) 277 9,035

250 7 ,450 8 .6
277 9 ,375

l-M ethyl-5-nitrocytosine 2 .5  (D M F) 90 3 .5  77 6-Amino-3-methyl- >360  (HaO) 2 .67  (235) (4,635) 0 +
/om  2-oxo-8-&zapurine 5 .93 285 / , 2 ou
 ̂ ; (15b) (250) (3,820) 4 0

(CiHeNeO) 284 9 ,310
250 9 ,150  12 -
281 10,030

l-Tri-0-benzoyl-/S-D- 2 (D M F) 75 3 62 6-Am ino-3-(tri-0- 219-221 dec
ribofuranosyl)-5-ni- benzoyl-£-D-ribo- (E tO H ,
trocytosine0 furanosyl)-2-oxo-8-

(2C) azapurine (15c)
(CaoHsiNeOs)

l-(Tetra-o-acetyl-/S-D- 4 .5  (D M F) 70 4 75 6-A m ino-3-(tetra-0- 230dec(E tO H )
glucopyranosyl)-5- acety l-0o-glucopyr-
nitrocytosine0, anosyl)-2-oxo-8-

(2d) azapurine ((15d)
(C 18H 22N 8O10)

5-N itrocytidine0 2 (D M F) 85 7 .5  78 6-Amino-3-/3-D-ribo- > 2 3 0 dec (HaO) 2 .65  278 8 ,210  0 +
(2e) furanosyl-2-oxo-8- 5 .26  ~ 340  330

azapurine (15e) (260) (5,030) 4 0
[CaHiaN.O,-VaHaO] 282 9 ,870

248 10,760 8 -
279 10,270

l-d-D-Glucopyranosyl-5- B ydeacyla- 66 6-Amino-3-(J-D-gluc<>- >230  dec (HaO)
nitrocytosinee tion  of 2d pyranosyl-2-oxo-8-

(2f) azapurine (15f)
(CioHuNeOe • 2HaO)

4-D im ethylam ino-1- 3 .0  (D M F) 75 3 .5  87 6-Dim ethylam ino-3- 343-344 (HaO) 2 .71  289 9 ,650  0 +
methyl-5-nitro-2-oxo- methyl-2-oxo-S- 5 .71 (225) (8,760)
pyrimidine*1 azapurine (15g) 288 12,120 3 .8  0

(2g) (CaHioNiO) 258 12,760 7
284 13,560

4- E thoxy-l-m ethyl-5- 1.1 (D M F) 85-95 6 68 6-Ethoxy-3-m ethyl- 219-220 (HaO) 268 8 ,025  7*
nitro-2-oxopyrimidine*1 2-oxo-8-azapurine

(2h) (15h)
(CaHaNsOa)

1- M ethyl-5-nitro-2-oxo- 1 .7  (D M F) 70-75 22 >50* 3-M ethyl-2-oxo-8- 3 1 1 d e c(H 20 ) - 1 2 2  262 3 ,790 12 N  +
pyrim idine7 1 .2  [H M P T - Reflux 48 25 azapurine (16b) 5 .57  319 6 ,000 HC1

(3b) CHaCN (CaHaNaO) a n d  245 7 ,070 2 0
(1:6)] 6-hydroxy-3- 290 520

m ethyl-2-oxo-l,6- (270) (4,740) 7 .5  —
dihydro-S-azapur- 310 9,110
ine (20b) (C6H 7N 5O2)

5- Nitro-4-oxopyrimidinew 2 .2  (H M PT) 125-140 26 1 .7  8-Azahypoxanthinen > 305 dec [lit. 308 5 .16  253 8 ,710 2 0
(4) (17) (exptl)" 10.78 259.5 9 ,120 8 -

270 10,230 13 2 -
2- Amino-5-nitro-4-oxo- 2 .4  (H M PT) 130-150 20 < 1  S-A zaguanine' (18) - 1 .0 4  247 11,220 3 .8  0

pyrimidine 6 .54  266 6,760
(5) 214 21,890 8 .8  -

244 5,760
278 6 ,030

5-Nitro-2-oxopyridine 2 (D M F) 100 60 12 5-Oxo-v-triazolo[4,5- 2 8 0 d ec(H 2O) 5 .90  235 3 ,140  0 0
(6a) 6]pyridine° (19a) (lit. 280—282 11.08 (291) (11,190)

dec) 305 11,430
(262) (2,200) 7 -
315 13,850
260 3 ,110 14 2 -
312 10,600

~363 755
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Table I  (C on tin u ed)
✓---------R eaction  to  v-triazolo compounds--------- * Ionic
E quiv  NaN3 T em p, Time, Yield, P roducts of reaction M p, °C (solvent U v (in H 2O) spe-

S tarting  m aterial (solvent) C ° hr % with NaNs“ of recrystn) pX a6 X m a x .m u  pH  ciesc
l-M ethyl-5-nitro-2-oxo- 1 .2  (D M F) 120then 2 69 4-Methyl-5-oxo-i>- 276-278dec (HsO) 5 .90  245 3 ,565  0 0

pyridine 80 24 triazolo[4,5-b]pyr- 305 10,960
(6b) idine (19b) 262.5  3 ,050 10 -

2 (DM SO) 80 96 47 (C.HeNiO) 314 14,090
“ All new compounds reported herein with formulas gave satisfactory C, H, and N analyses. b Values for new compounds were ob

tained at 23.5 ±  0.5° and are accurate to ± 0 .0 5  pH unit except for 19a and 19b, for which the spread averaged ± 0 .1  pH unit. c Ca
tionic species ( + ) ,  neutral (0), anionic ( —), dianionic (2 —). d Alternate synthesis reported: G. Nubel and W. Pfleiderer, Chem. Ber.,
98,1060 (1965). pK values and uv data taken from this reference. e I. Wempen, I. L . Doerr, L . Kaplan, and J .  J . Fox, J .  Am er. Chem. 
Soc., 82, 1624 (1960); K . A. Watanabe and J .  J . Fox, J . Heterocycl. Chem., 6, 109 (1969). > Alternate synthesis: L . F . Cavalieri, A. 
Bendich, J . F . Tinker, and G. B . Brown, J . Amer. Chem. Soc., 70, 3875 (1948). Uv data for 15a taken from this reference. Uv data for 
18 taken from ref 9. a J . J .  Fox and D. van Praag, J . Org. Chem., 26, 526 (1961). h I. Wempen, D. van Praag, and J . J .  Fox, unpub
lished results. * At acidic and basic pH values decomposition occurs, probably by conversion into 3-methyl-8-azaxanthine (14b). »' L.
M. Stempel, G. B. Brown, and J . J . Fox, Abstracts, 145th National Meeting of the American Chemical Society, New York, N. Y ., Sept 
1963, p 1 4 -0 . * Calculated on the basis of isolated 3-methyl-8-azaxanthine (14b) (c/. text for the oxidation of 20b to 14b by means of 
iodide). 1 Equilibrium constant; see text. Ionic species data: cation refers to 16b, neutral species to 20b, anion to 16b. ”* See I. 
Wempen, H. U. Blank, and J . J . Fox, J .  Heterocyl. Chem., 6, 593 (1969). * See ref 4 for alternate synthesis. Uv data from ref 3c. 
0 H. Graboyes and A. R . Day, J . Amer. Chem. Soc., 79, 6421 (1957).

Scheme I

0  Y 0  0 0

R’NS^VNOa f^ S 'N O j N ^V N O a HN'A y N° 2___  ̂ nX _ N 0 2 hnA ^ o2

©  ©  ©  ®  ~  ©  ©
*  l  I i

}  H T h H j ? H  9  H H

* 0 1 ^  i f Y  >  mya y i\  HrA r N N
e n N ^ N ^  05̂ N '^ N /  o^ n'^'N5' S g ' - 'V '  h nX  X n''

R R R 2 R

®  ®  ©  ©
|  a. R = H

a R'R'=H , a. R = H,Y=NH2 h Y v b.R = CH3
b. R=CHj,R=H b. R = CH3,Y=NH2 HN><V N̂
c . R=H,R'=CH3 c. R = tri-0-benzoyl-/3-D- J jl I LtH ------V i 0  0
d. R,R'=CH3 ribofuranosyl,Y=NH2 0 N N 0A N ^ z  A ^ o f  , hnA ^ N0®
e R-fl n rihn- d R=tetra-0-acetyl-/9-D- R R R , } H Hf| T h

glucopyranosyl, Y= NH2 @ )  ®  ®  Y ^ N ^ Z  Y ^ N ^ Z
e. R=/9-D-ribofuranosyl,Y=NH2 '  H
f. R=£-D-glucopyranosyl,Y=NH2 a. r=h a. X=N,Y=0H (W)
g. R=CH3,Y=N(CH3)2 b. R=CH3 b. X=N, Y=NR2
h. R=CH3,Y=0C2H6 e. X=N,Y=H a.Y=H

[0] d. X=N,Y=0C2H5 b.Y=NH2
l  e. X=C, Y=H

X  . „  C j i a j T  9  e  9  n°2 R ' b - u
X |fN° 2 R'N^X=iNC>2 R'N |UN° 2

qX . hJ / q  O ^ N ^ Z  i i ^ O ^ N ^ N ' '
CHj R R H R

®  ^  a  R=CH3,R=H ®  a. R,R=H,R"=C2H5
b. R, R'=CH3 b. r,r ; r"=d

c. r;r"=ch3,r =h
d. R=H, R, R-CH3

mixtures to favor the neutral, undissociated 5-nitro- two ethoxy derivatives to the corresponding oxonitro- 
heterocycles in the lactam form. Under these condi- heterocycles.
tions reaction with azide does take place. No addi- Good to excellent yields of the 8 -azapurine derivatives 
tion reaction with azide occurred with 1,3,6-trimethyl- were obtained in the reaction of azide ion with 5-
5-nitrouracil, 2,4-diethoxy-5-nitropyrimidine, 2-ethoxy- nitrouracils (1), 5-nitrocytosines (2), 2-oxopyrimidines
5-nitropyrimidine, or 2-ethoxy-3-nitropyridine. In- (3), and even 5-nitro-2-oxopyridines (6 ), the latter
stead, sodium azide acted as a base with traces of of which should be less activated owing to the absence
water which may have been present in the solvent of one ring nitrogen. On the other hand, 5-nitro-4-
(D M ?) to catalyze the slow hydrolysis of the latter oxopyrimidine (4) yielded only a small amount of
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T able I I
R e a c t iv it ie s  o f  C er ta in  5-N itr o -2 -o x o py r im id in es  and - p y r id in e s  w ith  NaN3°

Product formed, %
Reaction Reaction tem p, "C (accuracy ±  4% ) Time, hr R e m a rk

l d __ ^  14d Room 25 1 .6  No decomposition or side
Room 53 .5  1 9 .7  reaction observed
Room 78 95 . 3
Room > 95  360 .0

3 b __ >. iftb Room None 15.0 A constant amount of ad-
duct (ca. 10% ) is ob
served in the mixture 
(see text)

37  6 1 .5  Ca. 13%  adduct
37 46 6 8 .6  No adduct; some decom

position
6b __>  19b 60 None 2 .0  No decomposition or side

100 None 0 .5  reaction detectable
120-122 29 1 .7
120-122 40 4 .0
120-122 58 9 .6
120-122 67 18.0

o The reactions were monitored by nmr spectroscopy in DMSO-d6 (0.3 m_). Each reaction solution contained 0.11 mmol of reactants. 
The relative insolubility of sodium azide in DMSO precluded the use of an excess of this reagent.

8 -azahypoxanthine, and from compound 5 only a trace intermediate will be discussed below. In the case
amount of 8 -azaguanine was detected. Moreover, of ld  and 6b, the nmr spectrum showed only the signals
the N -l alkylated derivatives of 1-3 and 6 usually for the end products (14d and 19b). These signals
afforded better yields of the corresponding 8 -azapurines appeared at the same rate at which those for starting
or D-triazolopyridines than did those without an alkyl materials disappeared. The reaction was followed by
substituent at N -l. observing the decrease of the H- 6  signal. In the cases

The formation of 8 -azaguanine (18) from 5-nitro- of 3b and 6b one observes also alteration in chemical
cytosine (5) was demonstrated by paper chromatog- shifts and a lowering in multiplicity as H-4 of 3b
raphy in four different solvent systems using for a and H-3 and H-4 of 6b are converted into H- 6  of
comparison a commercial sample of 18. Only traces 16b and H- 6  and H-7 of 19b.
of 18 could be detected in the very complex reaction Intermediacy of Adducts—During the reaction of 3b 
mixture. No attempt was made to isolate 18 from to 16b a compound which differed from starting mate- 
this reaction mixture. rial or end product in having a proton signal at 5

3 -Methyl-2 -oxo-8 -azapurine (16b) formed a cova- 5.83 (cf. Table II) was detected by nmr spectroscopy, 
lent hydrate (20b) across the 1,6 double bond by This signal is best explained by compound 8c (Z =
addition of water. Albert9 had shown that 2-oxo-8- N*). which is the sodium azide adduct of 3b. That
azapurine itself also forms the same type of hydrate. 8c is the correct structure for this intermediate is
Attempts to crystallize pure 20b from a mixture of based first on the existence of the analogous adducts
16b and 20b under varying conditions of pH were of type 8 and 9 (Z = OH, OD, O Et) , 10 as discussed
unsuccessful. The structure of 16b was proved by below, and secondly on the fact that the H - 6  signals
uv and nmr spectroscopy8 and by measurement of of these stable adducts are all in the same region of 5
the equilibrium constant (5.57 ±  0.05) for the anion 5.69-5.92 (see Table III). Evidence that adducts of
of 16b ^  adduct 20b. This value is in fair agreement type 8 and 9 (Z = OH, OD, OEt) are easily formed
with that determined by Albert9 for 16a. Conclusive in solution and are sometimes isolable in crystalline
proof of the structure 16b 20b was obtained by form is as follows;
oxidation of this mixture with iodine at pH 8  to the (A) Compound 9b (Z = OC2H 5) had been isolated 
known 3-methyl-8-azaxanthine (14b). as a stable sodium salt by Pfleiderer and M osthof, 12

The reactions with azide ion described herein were and this is probably one of the first examples of a
run in a variety of solvents, such as ethanol, acetoni- crystalline Meisenbeimer-type18 adduct in the hetero-
trile, D M F, DM SO, and hexamethylphosphorotri- cyclic series. 14 In addition, evidence for the existence
amide (HM PT), as shown in Table I, along with of 9b (Z = OH) as a stable compound in alkaline
other reaction conditions. The reactions were mon- solution is derived from the following fact. A  “ pKa
itored by paper chromatography and by uv spectros
copy. From these data, as well as from practical O c) In addition to  hydroxide, deuteroxide, or ethoxide ion, o ther nuoleo-

¿ 1  ,•  • 1 1  • . i , philic agents also a tta ck  a t  position 6 of some of these 5-nitroheterocycles.
considerations, D M F  IS the most convenient solvent. £or example> treatment of M _dimethyl-5 -nitrouracil (Id) with some amines

A  semiquantitative nmr study was done to compare furnished compounds 9b (z = nil, hncilcvhs, hnnh,) as shown by
the reactivities of l,3-dimethyl-5-nitrouracil (ld) and nm r and uv  spectroscopy.»1 These am m e adducts are very^labile, and  hy- .. ‘ i . i • i drolyze easily with traces of w ater back to  the  starting  m aterial.
l-methyl-5-mtro-2-oxopyrimidine and -pyridine (3b and (11) H> n> Blank and j. j. FoXt unpubiished results.
6b) with azide ion to their corresponding r-triazoles (12) W. Pfleiderer and H. M osthof, C h e m .  B e r . ,  90, 728 (1957).
(14d, 16b, and 19b), as shown in Table II. Only <«> J°! in“ i»n «bout; M eisenheimer adducts and re la ted  compounds,
IO r  the reaction of 3b to lob was an intermediate de— (14) Recently, i t  was shown th a t  2- and 4 -m ethoxy-3 ,5 -dinitropyridines
tected by a signal at 8  5.83. The structure of this and 2- and 4-m ethoxy-5-nitropyrim idines also form  M eisenheim er-type 

^ compounds bo th  a t m ethoxyl- and hydrogen-bearing ring positions.16
(9) A. Albert, J .  C h e m .  S o c . ,  B ,  427 (1966). (15) G. Illum inati and F. Stegel, T e t r a h e d r o n  L e t t . ,  4169 (1968).
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T able I I I
R eactions with NaOR“

N m r signals of adducts'*
S tarting  m aterial Conditions** f i /2 for H-6 — *■  D-6 A dductc in  m ixture (% ) (starting  m aterials), 5 ppm

lb A 9a, Z =  OD H -6 ,5.80 (9.24)
(10) CH3, 2.90 (3.41)

Id A ~ 3  days 9b, Z =  OD H-6, 5.82 (9.28)
(75) CHs, 3.00, 2.94 (3.48, 3.21)

C 9b, Z =  O Et H -6 ,5.86 (9.28)
(100) CHs, 2.99 (3.48, 3.21)

le  B  Type 9a H -6 ,5.86 (9.58)
Z =  OD

(20)
2b B  ~ 6 0  min 8b, Z =  OD H-6, 5.69 (9.25)

(55) CHS, 2.90 (3.43)
2g B  ~ 6 0  min 8b, Z =  OD H -6 ,5.92 (9.01)

(50)
2h B  > 9 0 %  exchange 8d, Z =  OD H-6, 5.73 (9.32)

in 25 min (75) CH3, 2.87 (3.49)
3b B  Slow dec 8c, Z =  OD H -4 ,8.24 (9.17)

(> 9 8 ) H-6, 5.79 (9.49)
CH3, 2.93 (3.59)
J 4,6 =  1.3 (3.5) Hz

D lid 6 H-6, 8.52 (9.49)
(35) H-4, 5.63, 5.57 (9.17)

J 4,6 =  1.3 (3.5) Hz
6b B  ~ 3  min 8e, Z =  OD H-3, 5.13 (6.49)

(> 9 5 ) H-4, 7.34 (8.16)
H-6, 5.89 (9.17)
CHa, 2.92 (3.57)
J 3,4 =  9.5 (10) Hz 
J 4,6 < 2  (3.2) Hz

“ Qualitative data are given for the H -D  exchange at position C-6 of some of these compounds and for the formation of some Meisen- 
heimer-type adducts together with nmr data for these adducts. 6 Conditions were as follows. (A, B ) The 5-nitroheterocycle (15 mg) was 
dissolved in DMSO-da (0.5 ml). Two drops of 10% N aO D  (A )or20% N aO D  (B) were then added to this solution. The data in columns
3 -5  were obtained from the nmr spectrum of the resulting mixture of starting material and adduct. (C ) The solid sodium ethylate adduct of 
Id (15 mg) was dissolved in DMSO-de (0.5 ml). (D) Recrystallization of 3b from methanol furnished a mixture of 3b and a covalent meth
anol adduct to which structure 1 Id is ascribed by analogy to the ethanol adduct 1 la. Footnote m, Table I. Another possible structure 
could be 11c. The spectrum was taken in DMSO-de. c The percentage of Meisenheimer-type adduct given is calculated mainly from 
the intensity of the methyl signals of adduct and nonadduct and including material which may already have deuterium at position C-6 
(cf. Scheme I I ). d The S values given refer to TMS as internal standard. The S values given in parentheses refer to the respective start
ing materials. Coupling constants ( J )  are expressed in hertz. In all cases nmr spectroscopy was done by adding 2 drops of 10%  or 
20%  NaOD to a solution of 1-3 or 6 in DMSO-d6.

value”  (9.01 ±  0.04) was found16 for l,3-dimethyl-5- with varying proportions of the corresponding base
nitronracil (Id) which is really an equilibrium constant adducts 8 or 9. The observed chemical shifts for
for the reversible addition of water to the 5,6 double H - 6  of the neutral nitropyrimidines and -pyridines
bond of Id in alkaline solution, resulting directly and of their base adducts (8 or 9) are given in Table
in 9b (Z = OH ) . 16 The structure of compound 9b III together with a rough estimate of the relative
(Z = O Et and Z = OD) has been proved unambigu- composition of the mixtures. 19

ously by nmr spectroscopy in DMSO-d6. The value (D) The formation of 8b (R = CH 3, Y  = N H 2, 
for H- 6  in Id of S 9.28 drops to 5 5.86 in 9b (Z = OEt) Z = OH) and 8b (R = CH 3, Y  = N (CH 3)2, Z = OH)
and & 5.82 in 9b (Z = OD). is also proved and can be quantitatively measured

(B) Recently, a related type of adduct has been by “ pK" determination: 3-methyl-5-nitrocytosine
described, namely, the ethanol and the D 20  adducts (2b) and 5 -nitrocytidine (2 e) give, in the alkaline re-
of 2-oxo-5-nitropyrimidine (3a), formulated as 11a gion, spectral shifts which were attributed to an acidic
and 11b.17 dissociation. 20 21 Brown20 estimated this “ acidic p K a

(C) Nmr spectroscopy directly proves the forma- value” of l-methyl-5 -nitrocytosine (2b) to be 10.57
tion of 9a (Z = OD) (or 8a),18 8b [R = CH 3, Z = ±  0.03 and attributed this pKa to dissociation of the
OD, Y  = N H 2 or N (CH 3)2], 8 c (R = CH 3, Z = OD), 4-amino group. However, l-methyl-4-dimethylamino-
8d (R = CH 3, Z = OD), and 8e (R = CH 3, Z = OD) 5 -nitro-2 -oxopyrimidine (2g) also had a “ pK&” value
starting from the appropriate compounds 1, 2, 3, and 6, of 9.04 ±  0.05,22 which is of the same magnitude
respectively. The initial spectrum of these compounds as that of l,3-dimethyl-5-nitrouracil. These data, to-
in DMSO-de changed drastically by addition of base, gether with the nmr evidence previously discussed,
leading to a mixture of starting material together make it clear that, in aqueous base, nucleophilic attack

. . TT . at C - 6  generally occurs with compounds 2  to furnish(16) W. Pfleiderer and H . B raun, personal comm unication, from Uni- °
versity  of K onstanz, Germ any.(17) I . W empen, H . U. B lank, and J. J. Fox, J .  H e t e r o c y d .  C h e m . ,  6, 593 (19) In  some cases these m ixtures slowly decomposed with tim e.

(20) D . J . Brown, J ,  A p p l .  C h e m . ,  9, 203 (1959).
(18) Com pounds 8a and 9a are different tautom eric forms of the  same (21) J. J . Fox and D. van  Praag, J .  O r g .  C h e m . ,  26, 526 (1961).

compound, probably 9a being slightly favored. (22) J. J. Fox, I. W empen, and  D, van  Praag, unpublished results.
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anions 8b (Z = OH). As described previously in nitrobenzene. A  carbanion mechanism is also preferred
the case of l,3-dimethyl-5~nitrouracil (Id), the “ pK ” by other workers in the case of base-catalyzed H -D
values for 2 b, 2 e, and 2 g represent the equilibrium exchange reactions. Thus the base-catalyzed H -D
constant for the reversible addition of water across exchange of nitro aromatics23’24 and of some hetero-
the 5,6 double bond, leading to “ acinitro”  anions of cycles like pyridine N-oxides, N-methyl-2 - and -4-py-
ty p e 8 b (Z = OH). ridones, N-methylpyrimidones, and pyridinium salts, 26

H -D  Exchange at Position C-6 .— Concomitant with which exchange most rapidly at the positions adjacent
the attack of the deuteroxide ion at position 6  of com- to the activating substituents or to the ring nitrogen,
pounds 1-3 and 6  in DMSO-d6 leading to 8  and 9, a is believed to proceed by a carbanion mechanism,
competitive reaction is observed (Scheme II): all In general, the reactions of 1-3 and 6  with base

seem to be the result of two types of activation: for 
the direct attack at C-6 , furnishing the Meisenheimer- 

Scheme II type adducts, mesomeric effects of the substituents in
y Y ortho and para positions are most important for the

x lTN02 Na0D f'X T"  rate of formation and for the stability of these adducts.
0X NA H DMSo-d6 /p2o  ̂ In the case of H -D  exchange, where attack is on

ch 3 '  CH3 hydrogen, mesomeric effects become much less im-
((a) (2a) (3 a) (6 a) (6 a) portant than inductive effects.26 The activating in-

^  ductive effect on C-6-H  by N -l and 5-N 02 should
nood |h2o be roughly in the same order of magnitude for all

dmso-ci6/d2o | these compounds, whereas the activating mesomeric
Y y effect at C - 6  shows greater variation.

x®yno2 x̂ YNof
1  JL * * 1  ®J/„ '  * X .J/ _  Discussion

0  CH (7 )  c h *  0 CH (7b)
3 3 ^  3 The experimental facts presented strongly support

,, our postulated reaction mechanism8 for the conversion
|: of the 5-nitropyrimidines 1-3 and 5-nitropyridines 6

to y-triazolo compounds. Thus the first and most 
J y important step is the nucleophilic attack by  azide

x ^ y N°2 nood ion on position 6  of these compounds, which would
o<LnA d DMso-d6/p2ô  ô n̂ od lead initially to intermediates 8  and 9 . These would

CH3 CHs then cyclize easily to the unstable intermediates 1 2

(Tb) @  (3b) (6 b) (§ )  and 13, respectively. Finally, these unstable interme-
C6_H diates then eliminate H N 02, irreversibly, leading to

r) the anions of the i>-triazolo[4,5-d]pyiimidines 14-16
® :C6_D and to the w-triazolo [4,5-5 jpyridines 19. For the re

action of 4 and 5 with sodium azide, which afforded
.I , , 17 and 18, the conclusion is drawn by analogy that
these compounds more or less readdy exchange the , 1n , . , .  , . , ,

+ n c  t u ’ tt T', i, 'y i 8 , , compounds 1 0 a and 1 0 b, respectively, are intermediates,proton at C-6 . This H -D  exchange could occur start- rp, • ■ • , . . /  ¿ c l  . . ,
Lwrfmm Q, ( , ,  8  , ,  . . .  This ionic mechanism is based first on analogies be-

adducts 8 a  °r  from 1a-3 a , and 6 a , respectively. tween the reactioIls , _ 3  and ,  with aaide *on and

T L T & r t  ”  £ "  T  f f  mwith hydroxide, deuteroxide, and ethoxide: only com-
,  d 0 ’ , . |  , y . ,  , .  V  Fn . e iFa pounds which easily form the stable Meisenheimer-
8  and 9 should be considerably less than that for H - 6  f  , ,  , 0 , „  OTt . .t , i ,. . . .  J , . i , „ . „ type adducts 8  and 9 (Z = OH, OD, OEt) give good
of the respective starting materials 1a-3a  and 6 a  • r 0 . v. ,, , ’ ■ 8  „ 8  ,
frtr rnoonuc. fiwd id  + ■ • , yields of 8-azapunnes in the azide reaction. Second,tor two reasons: first, the adducts are negatively A  u , ... ,, ,, TT ■ , , „ _ ’
charged; and secondly, the C-6-H  bonds of the adduct T T '  « ^  K
have lower s character than the C-6-H  bonds of the ^  i 8‘ as described above and not the
neutral starting materials. For these reasons we sug- f  ematl^e .structure 1 2 c. Finally, certain trimtro-
gest the mechanism outlined in Scheme II, with 1a-3 a  ^  denva^ ^ ^ h  azide ion to form stable
and 6 a  being the reactive species involved in the a<Wltl0n comPle x e s 2 7  analogous to Meisenheimer-type 
H -D  exchange reaction. (For 9b a similar scheme compoun s-
can be written.) This mechanism postulates carb- A *  alte“ atlve m elan ism  would be a concerted 
anions 7 as intermediates. Scheme II also offers a ^  P° Sf y  18 considered unlikely. In
plausible explanation for the fact that H -D  exchange the f? CtS+ d^cussed above concerning the
is greatly depressed in certain cases such as Id and f  ect.ophilic reactivity of position 6  of these mtro-
3d (c/. Table III). Thus strong mesomeric effects heterocycles, the reactivity of azide ion itself points
favor a high rate of formation and a high stability ^w ard a nucleophilic reaction of azide ton m the first
of the addition compounds 8  and 9, thereby suppressing Step ° f thlS reactl0n' T °  0Ur best knowledge, no
the H -D  exchange reactions in certain cases. A  simi- „  „  . , . w _ , , r . noI ot. * * r  t~> i j  7 OQ i j* t  (24) E . Buncel and A. W. Zabel, J .  A m e r .  C h e m .  S o c . ,  89, 3082 (1967).
lar explanation i s  given by Buncel, et al.,M to rationalize (25) (a ) n .  a . A bram orach , g . m . singer, and a . e . v in u th a , C h e m .  

the fact that the base-catalyzed H—D exchange in C o m m o n . ,  55 (1967); (b) J . A. Zoltweicz, G. M. Kauffman, and C. L. Sm ith,
1,3,5-trinitrobenzene is more difficult than in 1,3-di- ¿elTSean'v. B^klndTuZoJ.

/oox Tn 1 A ^  (26  ̂ Streitwieser, Jr., and J . H. Hammons, P r o g r . P h y s .  O r g .  C h e m . ,(23) E . Buncel, A. R . N orns, and K . E . Russell, Q u a r t .  R e v . (London), 3, 41 (1965), and leading references therein.
’ 123 (196^ *  (27) P . Caveng and H. Zollinger, H e lv .  C h i m .  A c t a ,  50, 861 (1967).
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concerted reactions of this strong nucleophile, azide idines or -pyridines gave only poor yields or did not 
ion, are known. 28 react to form 8-azapurines at all. On the other hand,

Another reaction leading to p-triazolo derivatives is 4-ethoxy-l-methyl-2-oxo-5-nitropyrimidine (2h) re
worthy of mention. Meek and Fowler29 showed that acted with relative ease with sodium azide to afford the
reaction of sodium azide with 1,2-di-p-toluenesulfonyl- 8-azapurine derivative (15h). This latter example
ethylene yielded 4(5)-tosyl-p-triazole. Their reaction demonstrates that in this case attack of azide ion at
proceeds first by substitution of tosyl by azide followed position 6  is favored over substitution at C-4 . Theo-
by cyclization and tautomerism to a p-triazole, whereas retically, an alternative reaction might have been a
in our case the first step is a nucleophilic addition reversible nucleophilic attack at position 4 of 2h with
followed by a cyclization, etc. Their reaction therefore subsequent substitution of the ethoxide group by
is quite different. It should also be noted that Rem- azido; however, this substitution reaction was not
barz, et al.,30 and Callaghan, et al.,91 have observed the observed experimentally.
elimination of nitrous acid from certain p-triazolines to The structures of all known compounds synthesized 
form D-triazoles. herein were established by comparison of their ultra-

Brief mention should be made of the scope and violet spectral characteristics or other physical data
limitations of the reaction of 5-nitroheterocycles with with reported values (see Table I). The 3-ribosyl
azide ion. Since most of the starting materials used in derivative of 8-azaxanthine (14e) was established by the
this study are commercially available or can be pre- similarity of its uv spectrum as a function of pH with
pared easily, 82 this method should be more economical that for 3-methyl-8-azaxanthine (lb ).86 For com-
and facile for the syntheses of some known I’-triazolo pounds 15b and 15g, the uv data of Cavalieri, et al.,37 on
derivatives. Moreover, by this procedure some inter- 8-azaisoguanine (15a) was used for comparison. In
esting new compounds have been prepared (see Table addition, the structures were confirmed by pK& data
I), especially compounds 14e and 15e, which are new (spectrophotometrically determined) and by nmr
nucleoside analogs. These latter compounds may be analyses. Some of these data are included in Table I.
viewed either as 5,6-disubstituted pyrimidine nucleo
sides or as 3-glycosyl-8-azapurines. 0  ..

f rom  experimental observations, it appears that in
both the 5-nitropyrimidine and -pyridine series an oxo33 Melting points were determined on a Thomas-Hoover ap- 
substituent in the 2 or 4 positions must be present in the paratus (capillary method) and are corrected. The nmr spectra 

, ■ i r ,• -.i • c  , were determined on a Vanan A-60 spectrometer using DMSO-o6
starting material for reaction with azide mn. Such a as golvent and tetramethylsilane as internal reference. The nv
substituent functions as an additional activating group spectra were determined on a Cary Model 15 spectrometer;
and prevents cyclic delocalization of the 7r-electron the apparent pK„ values were determined spectrophotometrically
system in these compounds. The 5,6 double bond in using buffers and techniques previously described.38 Paper chro-
the reactive compounds therefore can be characterized myography was performed on Schleicher and Schuell paper No.

. .  , T i i . i i  . . , , . . 597 in the following systems: (A) 4%  sodium citrate solution
as being localized and highly activated by both a nitro (descending); (B) 3% ammonium chloride solution (descending);
and an oxo group, and also by the fact that in all cases (C) acetonitrile-water-concentrated ammonium hydroxide (7:
except 5, the mesomeric system, which causes that 2:1, ascending); (D) ¿-butyl alcohol-methyl ethyl ketone-50 %
activation, ends at position 6 . In the excepted com- í°™ ic a«d (4 0 :3 0 :3 0  ascending). The compounds were visua-

, i i i  - i  AT o lized on the developed chromatograms under uv light. Micro-
pound 5, m which the proton probably resides on N-3 ana]yseg were perf(X e d  by Spang Microanalytical Laboratory,
and not on N -l, the mesomeric system extends to C-2. Ann Arbor, M ich., and by Galbraith Laboratories, Inc., Knox-
In the case of 5-nitro-4-oxopyrimidine (4), both tauto- ville, Tenn.
meric forms, 4a and 4b,34 should be present in the reac- General Procedure. The nitroheterocycle (0.001 mol) and
tion mixture, with 4b probably being the more reactive finely powdered sodium arfde (0.0015-0 003 mol) were suspended 

. ’ i- • i, • i • -n • n m 10-15 ml of DM £ . (In the case of starting compounds which
species m the reaction with azide ion. Experimentally were unsubstituted at N-l, ammonium chloride, in slight molar
the importance of the final above-mentioned point excess over the sodium azide, was added.) The mixture was
became apparent. A ll compounds with a 2-OXO sub- stirred and heated where necessary. The progress of the reaction
stituent furnished 8-azapurines in good yields, whereas was monitored spectrophotometrically by adjusting the pH of
„ . „ , ,  rt , , r  j  _ . '  . an aliquot to ca. 12 and observing the disappearance of the uv
2-ammo-, 2-ethoxy-, or 2-unsubstltuted 5-nitropynm- maximum in the 330-370-m/r region and the rise of a new maxi-

(28) Concerted reaction mechanisms have been dem onstrated for n e u t r a l  mum in the 270—320-mju region. After the reaction was com-
azides, RN». See R . Huisgen, A n g e w .  C h e m .  i n t e r n .  E d .  E n g l . ,  2, 565, 633 píete, the D M F was removed by evaporation in  vacuo. The
(1963), f o r a  review. dry residue was dissolved in hot water and acidified to pH 3 -4

(29) J. S. Meek and J . S. Fowler, J .  A m e r .  C h e m .  S o e . ,  8 9 ,1967 (1967). with j jq j  Qr acetic acid. j n many oases> the precipitated product
19SKI966)RembarZ’ B' Kirchhofi' and G- Dongowski' J ■ PraU- Chem-  S3- was chromatographically pure. Recrystallization or_ fractional

(31) P . D. Callaghan and M . S. Gibson, C h e m . C o m m u n . ,  918 (1967). crystallization from HaO or ethanol was necessitated with impure
(32) D uring the  course of these studies an  improved synthesis of 3-alkyl- products. The purity of all products was established by paper

5-nitro jracils by d ir e c t  a lkylation of 5-nitrouracils a t  N-3 was developed in chromatography in four systems. In Table I data are presented
our lab oratory: H. U . Blank and  J . J . Fox, J .  H e t e r o c y c l .  C h e m . ,  in press. regarding reaction temperatures and times, solvents used, yields

(33) Though thiono analogs of th e  oxopyrimidines discussed herein have obtained, and solvents of recrystallization together with physical
not been studied, i t  is possible th a t  they, too, would serve in  th is reaction. values for compounds shown in Scheme I .

(34) F or pyrimidone-4 th e  equilibrium  is roughly known: log K 0lP  =

0. 18 calculated by  th e  PK m ethod and 0.40 as determ ined from uv d a ta .»  Registry No.—Adduct 8b of 2b (Z = O D ), 12407-92-0 J
9 O adduct 8 c of 3b (Z = OD), 12407-95-3; adduct 8d

X  X  of 2h (Z =  OD), 12407-91-9; adduct 8e of 6b (Z =
NH || ^  N Ti

n X  (3© G. N ü b e land W. Pfleiderer, C h e m .  B e r . ,  9 8 ,1060 (1965).
■ N y . (3 7 ) L. F. Cavalieri, A. Bendich, J . F . Tinker, and G. B. Brown, J .  A m e r .

H  C h e m .  S o c . ,  70, 3875 (1948).
(35) See A. R . K atritzky  and J . O. Lagawski, A d v a n .  H e t e r o c y c l .  C h e m . ,  (38) D. Shugar and J . J . Fox, B i o c h i m .  B i o p h y s .  A c t a ,  9, 199 (1952),

1, 341 (1963), and leading references therein . J . J- Fox and D. Shugar, B u l l .  S o c .  C h i m .  B e ig e s ,  61, 44 (1952).
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OD), 12407-89-5; adduct 9a of lb  (Z = OD), 12407- 14e, 22855-06-7; 15a, 4730-46-5; 15b, 23430-72-0;
88-4; adduct 9a of le  (Z = OD), 12407-94-2; adduct 15c, 23110-95-4; 15d, 22855-07-8; lSe, 22855-08-9;
9b of Id (Z = OD), 12407-90-8; adduct 9b of Id (Z = 15f, 22855-09-0; 15g, 23465-14-7; 15h, 23430-73-1;
OEt), 12407-93-1; l id ,  23430-66-2; 14a, 1468-26-4; 16b, 22699-23-6; 17, 2683-90-1; 18, 134-58-7; 19a,
14b, 2083-04-7; 14c, 2083-05-8; 14d, 2278-15-1; 23431-04-1; 19b, 22699-22-5; 20b, 22699-24-7.

Pyridazines. X X X III . Valence Isomerizations 
of Some Tetrazolo[l,5-b]pyridazines

B. S t a n o v n ik , M . T i s l e r , M . C e g l a r , a n d  V. B ah

Department o f  Chemistry, University o f  L jubljana, L jubljana, Yugoslavia 

Received, October 14, 1969

Several examples of valence isomerizations of fused tetrazolo rings of different tetrazolo [ 1,5-6] pyridazines and 
related systems into azido functions are presented. Valence isomerization could be induced by forming a new 
fused five- or six-membered betero ring or by N oxidation.

Recently, we were able to show that fusion of an Scheme I
azolo ring, involving a pyridazine ring nitrogen at the N
bridgehead of the bicyclic system, caused spontaneous _*•
valence isomerization of tetrazolo [1 ,5-5]pyridazines r N ----
into the corresponding azidopyridazines. 1 - 3  ■ (CH30)2CHCH2NH N3

In order to test the generality of such valence isom- 1

erizations in the tetrazolopyridazine series, further «
experiments have been performed which include the [ Q l O i  — ►
formation of a fused azole or azine ring, a sulfur- PhCH=NNH'^vN''N N 
containing five-membered ring, or an introduction of a 3

N-oxide function. ^
Since earlier attempts1 toward simultaneous forma-

tion of a fused imidazole ring were not successful, an- N Ph Ph
other approach to such conversion has been attempted. 3 4  5

It was now possible to convert 6 -dimethoxyethylamino- N N
tetrazolo [1,5-6 [pyridazine (1 ) with polyphosphoric acid O V  ppa l i
into the corresponding 6 -azidoimidazo [1 ,2 -6  [pyridazine pnn _— N <,,Hci *
(2 ) (see Scheme I) and thus induce a complete elim- 1 3 fl
ination of the fused tetrazolo ring as is evident from 0

infrared and nmr spectra. The presence of the tetra- 6 7

zolo isomer in a solution of deuteriochloroform could 
not be detected.

Similarly, the formation of a fused s-triazolo ring f Q T O  I — *  f j f j l  Q  | C104~

could be now extended by employing procedures de- R S ^ N "N N n3̂ n" ?  k R
signed previously for syntheses of simple s-triazolo [4,3- 8 9

6 [pyridazines4 or s-triazolo [4,3-a]-l,3,5-triazines.5 In
this manner, the hydrazone 3 could be transformed into íí ^ S---p
the bicyclic compound 4 by employing either the lead ,<ííY'Y ^ sN''N
tetraacetate technique or by means of bromine. Here |__ ^  — *■  [  Í  ^  C1° 4

again, valence isomerization was discernible from spec- I v ' V *  Y ^
tral data and, in addition, from chemical transforma- gR Ns
tions of compounds 5 ( R  = N H N H 2) with nitrous acid 10a x = N; Y = CH lia, X = N; Y = CH
or (5, R  = Cl) by means of sodium azide. As antic- b, X = CH; Y = N b,X-CH;Y=N
ipated, m both cases no ring closure to a fused tetra- q
zolo heterocycle occurred and only an azide group was 1

formed (4).
A  fused six-membered ring could be generated in the fT’j l  O  1 — ►  [ Q I

reaction of 6  (R = Et) with polyphosphoric acid, and ^
once more the tetrazolo ring was isomerized to the 12 13
azido group. The obtained bicyclic compound 7, a
representative of the newly discovered pyridazino [6 ,1 - c]as-triazine system ,6 is susceptible to acid hydrolysis

(1) a . Kovaíií, b . stanovnik, and M. Tisler, j .  Heterocyci. Ckem., s, 35i a n d  a s  so o n  a s  th e  fu se d  u s -tr ia z in e  r in g  w a s  o p e n e d  th is
<1868)- re s u l te d  in  im m e d ia te  g e n e r a tio n  o f  t h e  fu se d  t e t r a z o lo

(2) B. Stanovnik and M . Tisler, T e t r a h e d r o n , 25, 3313 (1969). r i n a - (f i R  =  H I  f r o m  t h p  a  v ir io  r r r n im  n r o a o n t  i n  t b o(3) B. Stanovnik, M . Tiáler, and P . Skufca, J .  O r g .  C h e m . ,  S3, 2910 (1968). 4 x- ^  , ° m  t í l e  aZ1Cl0 g r 0 U P  P r e s e n t  i n  t h e
(4) A. Poliak and M . Tisler, T e t r a h e d r o n , 22, 2073 (1966). S t a r t i n g  C o m p o u n d .
(5) M . Jelenc, J . Kobe, B. Stanovnik, and M . Tisler, M o n a t s h .  C h e m . ,  97,

1713 (1966). (6) B. Stanovnik and M . TiSler, J .  H e t e r o c y d .  C h e m . ,  6, 413 (1969).
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As an extension of the above reactions, compounds with partial decomposition over 310° (from N,N-dimethyl- 
with a fused thiazolium ring were prepared in order formamide and ethand, 3 : 1 ).

to investigate further valence isomerization. Thia- Found- C *54 88^15 4  0 2 - N 4 1 3 4  ’ ’ ' 9 ’ ’ 40 '99 '
zolo [3,2-&]pyridazin-4-ium perchlorates 9 were formed 6-Azido-3-phenyl-s-triazolo[4,3-6]pyridazine (4). A.— To a
from the corresponding sulfides of the type 8  and in suspension of the above hydrazone (3, 1.2 g) in glacial acetic
their infrared spectra strong azide absorption bands ac'(;i (25 ml)> anhydrous sodium acetate (1.64 g) and a solution
were discernible. In contrast to earlier observations7 ° fubromil?e in §.laf al acetic acid (0.8  g in 2 ml) were added.

. , T r o i i  , . The reaction mixture was heated up to 100 , left for 5 min
no in term ed iate  3 -h y d ro x y  d e riv a tiv e s  could be iso la te d  at this temperature, and cooled. I t  was then poured on crushed
w hen w orkin g in  an  organ ic  so lv en t in  th e  ab sen ce  of a  ice (70 g); the separated product was filtered off and washed
b ase. T h is  ca n  be ascrib ed  to  som ew h at m o re  rig orou s with iced water (69%  yield). Crystallization was performed
re a c tio n  con d itio n s w h ich  h a v e  to  b e  em ployed in  o rd er fr07n e<jhanol: nap 168°; ir (K Br) 2141 cm- ' (Ns).

to convert the sulfides into the bicychc thiazolium . n Tt ,  H , ,  , ,i . t j  , , ii*  ,-1 , i .1., » ,i . . round. 0 , 55 .4o, £1, 0 .¿9, .N ,41.5o.
salts, in  order to establish the stability or this ring The compound is identical with the product obtained either 
system, 6-azido-3-phenylthiazolo [3,2-6]pyridazin-4-ium from a similar cyclization of the hydrazone with lead tetraacetate 
perchlorate (9 , R  =  Ph) has been submitted to various (B ) or from treatment of 6-hydrazino compound with nitrous 
reactions. The compound was found to be stable in or from 6'chloro compound after reaction wlth sodium
boiling water or boiling 20% hydrochloric acid after b .— T he hydrazone 3 (1.2 g) was suspended in glacial acetic
2  hr. acid (20 ml), lead tetraacetate (2 .2 1  g) was added, andthem ix-

Application of this reaction sequence to the isomeric ture was heated to 75°. After 5 min at this temperature the
substituted thiopyridotetrazolo [5 ,1 -6  [pyridazines 10a reaction mixture was cooled and poured onto ice (50 g). The

j  i , , ,  , .• • , , , • ■ product, after crystallization from ethanol, was found to be
and 10b revealed that the anticipated valence isomenza- fdentica[ with confpounds described under A or C by comparison
tion proceeded in the same manner, and salts of both of mixture melting points and infrared spectra, mp 168°.
fused thiazolium systems 11a and l ib  showed as solids C.— The azido compound was equally well prepared by nitro-
strong azide absorption bands in the region 2137-2165 zation of 6-hydrazino-3-phenyl-s-triazolo[4,3-6]pyridazine (83%  
cm -1, characteristic for the presence of azido groups. f eld) %  fro%  6-chloro-3-phenyl-s-triazolo [4 3-6] pyridazine by

Finally, direct N oxidation of tetrazolo [1,5-6 jpynd- products were identical with compounds prepared as described
azine (12) with concentrated hydrogen peroxide in in A or B .
polyphosphoric acid led to simultaneous N  oxidation 6-(a-Carbethoxyethylidenehydrazino (tetrazolo [ 1 ,5-6] pyrida-
and ring opening and thus 3-azidopyridazine 1-oxide zine <6’ R  =  Et).^-H ydrazinotetra.olo[l,5-6]pyridazine (1.51 

i l l  j  a a a • i i  g) was suspended in ethanol (2 ml), the mixture was heated to
(13) could be detected and isolated in low yield. boiling, and thereafter acetic acid (0.5 ml) and ethyl pyruvate

It seems that the driving force for the described val- ( i.i6 g) were added. The reaction mixture was heated under
ence isomerizations of tetrazolopyridazines is due pri- reflux for 5 min and cooled; the product was filtered off and washed
marily to the electron-withdrawing influence of a x-ex- with ethanol. After crystallization from ethanol and N ,N -
ppssiv» fused azolo rine- (nr N -o x id e  fu n ctio n ) Tn th is  dimethylformamide (2 : 1 ) the pure compound melted at 245-cessiVo lusea azoio ring (or jn oxide Junction;. n tm  2 4 r . ir (K B r) 3425 cm -i  (NH ) and 1727 c m -' (CO).
manner the fused tetrazolo ring becomes destabihzed AnaL Calcd for c 9H „N 70 2: C, 43 .37 ; H, 4 .45 ; N , 39 .34 . 
and the electron-donating azido group is formed. Found: C, 43.58; H ,4 . 44 ;  N,  39.84.

In an analogous way, but using methyl pyruvate, the corre
sponding 6-(a-carbomethoxyethylidenehydrazino) analog was 

Experimental Section prepared, mp 252- 2540.
. 7-Azido-3-methylpyridazino[6,l-c]-as-triazin-4-one (7).— Com-

Melting points were taken on a Koner micro hot stage and pound 6 (R  =  E t)  (2.49 g) was thoroughly mixed with polyphos-
are corrected. Infrared spectra were recorded on a Perkin- phoric acid (25 g) and the mixture was slowly heated on an oil
Elmer 137 Infracord as mulls in Nujol or as K B r disks, and nmr bath to 150= (about 4 hr) and tben heated at thig temperature
spectra were recorded on a JE O L  JN M -C-60H L spectrometer for a further 20 min. The reaction mixture was cooled on ice,
using tetramethylsilane as internal standard. treated with crushed ice (40 g), and neutralized with solid sodium

6-(1 \ 1 '-Dimethoxyethylamino)tetrazolo[1,5-6]pyridazine (1). bicarbonate. The separated product was filtered off and washed
— After 6-chlorotetrazolo[1,5-6]pyridazine (1.55 g) was treated with ice_water (yield 0.81 g, 39% ). Upon crystallization from
with aminoacetaldehyde dimethyl acetal (1.05 g) the mixture ethy] acetate and petroleum ether ( 1:3 )  the compound had mp
evolved heat and was warmed up to 80°. I t  was then heated 147-148°: ir (K B r) 2151 cm “1 (N3), 1715 cm -1 (CO); nmr
on a water bath for 15 min and cooled; the precipitate was filtered spectrum" (CDC13) r  3.15 (d, H s), 2.26 (d, H9), 7.40 (s, 3-CH3);
off (1 .80g , 80% ) and crystallized from ethanol, mp 129°. j g 9 _  g 5 cpg

A nal. Calcd for C8II12N 60 2: C, 42.85; H , 5 .39 ; N, 37.48. 8A n al '. Calcd for C7H 5N 70 :  C, 41.40; H , 2 .48 ; N, 48.27.
Found: C , 43.08; H, 5 .45 ; N , 37.55. Found: C, 41.21; H , 2 .66 ; N, 48.42.

6-AzidoimidazoI 1,2-6]pyridazine (2).— The above acetal (1, An identicai product is obtained also from the 6-(«-carbo-
2.2o g) and polyphosphoric acid (20 g) were heated slowly up to methoxyethylidenehydrazino) derivative.
110 (about 1 hr) and this temperature was maintained then for 6- (a'-Carboxy ethy lid enehydrazino tetrazolo [ 1,5-6] pyridazine
15 min. To the cooled reaction mixture crushed ice (30 g) ^  R  =  H b  a .— T he bicyclic compound 7 (100 mg) was
was added and the mixture neutralized with solid sodium bicar- suspended in hydrochloric acid (1 ml of 20% ) and the mixture
bonate. The separated product was crystallized from a mixture wag beated to boiling for 2 min. After cooling the separated
of benzene and petroleum ether (1 :3)  and had mp 108° (yield product was filtered off and found to be identical with the com-
0.72 g, 45% ). The compound was found to be identical with the pound as obtained under B  (yield 9 3% ). Crystallization was
specimen obtained from 6-hydrazinoimidazo[ 1,2-6]pyridazine accomplished from 2 N  hydrochloric acid: mp 251-252°; ir
after treatment with nitrous acid:8 ir (K B r) 2132 cm 1 (N3); (K B r) 1681 cm -1 (CO).
nmr (CDC13) 6 2.41 (d, H 2), 2.29 (d, H 3), 3.51 (d, H7), 2.27 (d, A naL  Calcd for C7H7N70 2: C , 38 .01 ; H, 3.19;  N,  44.32.
H8) , / 2t3 =  0.75, J 7,8 =  9.15cp s. Found: C, 37.90; H, 3 .32 ; N ,44.48.

6-Benzylidenehydrazinotetrazolo[ 1,5-6]pyridazine (3).— This B — A suspension of 6-hydrazinotetrazolo[ 1,5-6]pyridazine
compound was prepared from 6-hydrazinotetrazolo[l,5-6]- (1.51 g) in ethanol (20 ml) was heated to boiling and thereafter 
pyridazine1’9'10 and benzaldehyde in the usual way; mp 315-317° glacial acetic acid (0.5 ml) and pyruvic acid (0.88 g) were added.

, , , , ,  QQR The mixture was heated under reflux for 5 min and cooled; the(7) B Stanovm k, M . TiSler, and A. Vrbam£, J .  O r g .  C h e r n ., 34, 996 (1969)•
(8) B Stanovnik and M . Tisler, T e t r a h e d r o n , 23, 387 (1967). '
(9) N . Takahayashi, J .  P h a r m .  S o c . ,  76, 765 (1956); C h e m .  A b s t r . ,  61, (10) T . I ta i  and S. Kam iya, C h e m .  P h a r m . B u l l .  (Tokyo), 11, 348 (1963);

1192 (1657). C h e m .  A b s t r . ,  69, 8734 (1963).
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product was filtered off and washed with ethanol (yield 86% ). A nal. Calcd for CilONeS: C, 41.18; H, 1.98; S, 15.67.
Crystallization was performed from 2 N  hydrochloric acid, mp Found: C, 41.36; H, 2.08; S, 15.44.
251-252°. The compound was identical with the sample as 6-Methylthiopyrido[3,2-d]tetrazolo[5,l-&]pyridazine (10a, R  =  
prepared under A . M e).— A solution of compound 10a (R =  H ; 51 mg) in aqueous

6-Mercaptotetrazolo[ 1,5-6] pyridazine (8 , R  =  H ).— 6-Chloro- sodium hydroxide (2.5 ml of 0.1 N )  was treated with methyl
tetrazolo [1,5-6] pyridazine (1.55 g) was added to a solution of iodide (50 mg) and the mixture was shaken in a sealed flask
0.03 mol of potassium hydrogen sulfide in ethanol (30 ml). at rcom temperature during 30 min. The crude product was
The mixture was heated in a pressure vessel at 120° for 3 hr. separated, washed with water, and dried. Upon crystallization
The solvent was then evaporated and the residue dissolved in from water and ethanol (1:1)  the compound had mp 246-247°.
water, some charcoal was added, and after filtration the filtrate A nal. Calcd for CgHeNeS: C, 44.04; H, 2 .77 ; N , 38 .52 ;
was acidified with concentrated hydrochloric acid. The sepa- S, 14.67. Found: C, 44.46; H , 2 .97 ; N, 38.60; S, 14.57. 
rated product (70%  yield) was for analysis dissolved in a solution The isomeric 6-methylthiopyrido[2,3-d]tetrazolo[5,l-6]pyrida- 
of sodium carbonate, charcoaled, filtered, and acidified with zine (10b, R =  M e) was prepared in essentially the same way 
concentrated hydrochloric acid, and washed with ice-water. (yield 77% ), mp 283-285°.
The pure compound had mp 135-137°; ir (K B r) 2500 cm -1 A nal. Calcd for C8H6N6S: C, 44.04; H, 2 .77; N , 38.52;
(SH ). S, 14.67. Found: C, 44.27; H, 2.91; N, 38.43; S, 14.48.

A n al. Calcd for C4H 3N 5S: C, 31.38; H, 1.98; N , 45.75; 6-Acetonylthiopyrido[3,2-d]tetrazolo[5,1-5]pyridazine (10a, R
S, 20.90. Found: C, 31.30; H ,2 . 1 5 ;  N,  45.68; S, 20.75. =  CH3COCH2).— The potassium salt of 10a (R =  K ) (1.21 g),

The 6-methylthio derivative (8 , R  =  M e) was prepared in prepared by addition of equimolar quantity of 0.1 N  potassium
the usual way in 67%  yield; mp 169-170°. hydroxide, was treated with ethanol (12 ml) and bromoacetone

A n al. Calcd for C5H 5N 5S: C, 35.93; H , 3 .02 ; N , 41.91; (0.7 g). The mixture was shaken at room temperature during
S, 19.15. Found: C, 35.86; H ,3 . 3 4 ;  N,  42.04; S, 19.33. 1 hr: the product was filtered off, washed with ice-water, and

The 6-phenylthio derivative (8 , R  =  Ph) was obtained from crystallized from N,N-dimethylformamide and ethanol (3:1) :
the reaction with sodium thiophenolate in 60%  yield, mp 128 .5- mp 210°; yield 60% ; ir (K Br) 1715 cm -1 (CO).
129.5° (fromethanol). A nal. Calcd for Ci0H8N6OS: C, 46.16; H, 3 .10; N , 32.30;

A n al. Calcd for Ci0H7N 6S: C, 52.40; H , 3 .08; N, 30.56; S, 12.30. Found: C, 46.38; H, 3.30; N , 32.64; S, 12.45.
S, 13.96. Found: C, 52.10; H ,3 . 46 ;  N,  30 .80; S, 14.00. Similarly 6-acetonylthiopyrido[2,3-d]tetrazolo[5,1-6]pyridazine

6-Phenacylthiotetrazolo[ 1,5-6]pyridazine (8 , R  =  PhCOCH2). (10b R =  CH3COCH,) was obtained in 49%  yield: mp 227°
— A mixture of the mercapto compound (8 , R  =  H ; 0.765 g), (from ethanol); ir (K Br) 1721 cm - 1 (CO).
ethanol (10 ml), and phenacyl bromide (1.0 g) was shaken at A nal. Calcd for Ci0H8N6OS: C, 46.16; H, 3 .10 ; N , 32.30;
room temperature for 30 min and the product was then filtered g j 12.30. Found: C, 46.23; H, 3.09; N, 32.04; S, 11.92.
off. Upon crystallization from a mixture of N,N-dimethyl- Vphenacylthiopyrido[3,2-o!]tetrazolo[5,1-6]pyridazine (10a, R
formamide and ethanol (1 :4)  the compound had mp 170-172° =  PhCOCH2) .—A mixture of 10a (R =  H ; 0.51 g), ethanol
(yield84% ); ir (K Br) 1667 cm 1 (CO). (8 ml), and phenacyl bromide (0.5 g) was shaken at room tem-

A n al. Calcd for C12H9N 5OS: C, 53.14; H, 3 .34 ; N, 25.82; perature during 1 hr; the product was separated by filtration,
S, 11.80. Found: C, 53.09; H ,3 . 5 7 ;  N,  25.55; S, 11.81.  ̂ washed with ethanol, and crystallized from a mixture of N ,N -

In an analogous way 6-acetonylthiotetrazolo[ 1,5-6)pyridazine dimethylformamide and ethanol (2 : 1 ) (yield 80% ): mp 244°;
(8, R =  CH3COCH2) was obtained in 78%  yield; mp 124-125° ir (K Br) 1675 cm -1 (CO).
(from ethanol and ethyl acetate, 1 : 1) .  A nal. Calcd for Ci5H ioN6OS: C, 55.90; H, 3.13;  N,  26.08;

A nal. Calcd for C,H7N 6OS: C, 40.19; H, 3 .37; N , 33.48; S,9.93.  Found: C, 55.74; H, 3 .43; N, 25.92; S, 10.32.
S, 15.30. Found: C, 40.33; H , 3 .58 ; N , 33.54; S, 15.45. The isomeric 6-phenacythiopyrido[2 ,3-d]tetrazolo[5 ,l-5]pyrid-

6-Azido-3-phenylthiazolo[3,2-&]pyridazin-4-ium Perchlorate (9, azine (10b, R =  PhCOCIU) was prepared in an analogous way 
, 7" "*)•  The phenacylthio compound (8 , R  =  PhCOCHo) jn 64%  yield: mp 231-232° (from ethanol and N,N-dimethyl-
(1.35 g) was dissolved in 8 ml of concentrated sulfuric acid and formamide, 2 : 1) ;  ir (K Br) 1675 cm -1 (CO),
the mixture was heated on a water bath for 3 hr. Upon cooling, A nal. Calcd for C15H10N6OS: C, 55.90; ’ H , 3 .13 ; N, 26.08; 
the mixture was poured into diethyl ether (150 ml), the ethereal g 9 .93 . Found: C 55.61' H 3 .44 ' N 26.01- S 9.93. 
layer was decanted, and the residual oil was dissolved in water 6-Azido-3-methylpyrido[2,3-d]thiazolo[3,2-6]pyridazm-4-ium
(20 ml). The insoluble part was filtered off and the filtrate was Perchlorate (11a, R =  M e).— The acetonyl compound (10a,
treated with perchloric acid (2 ml of 70% ). The separated R  =  CH3COCH2; 1.0 g) was heated in concentrated sulfuric acid
perchlorate salt was filtered off, washed with water, and thereafter (10 g) on a water bath for 2 hr. The cooled reaction mixture was
crystallized from ethanol (yield 51%).  The compound is hygro- poured slowly into ice-cold ether (100 ml). The ethereal layer
scopic. mp 170-172 , i r  (K Br) 2169 crn 1 (N3). was decanted, the residual oil was dissolved in water (25 ml), and

' „Calcd C, 40.74; H, 2 .28; N, the perchlorate salt was precipitated with dropwise addition of
19^80. Found. C, 40.60, H, 2 .47; N, 20.06. 70%  perchloric acid. The salt was filtered off and washed with

By using the above procedure the 3-methyl analog (9, R =  water and hot ethanol (yield 20% ): mp 236°; ir (K Br) 2137
M e) could be obtained in 26%  yield, mp 140-141° (from cm-i (n 3)
ethanol); the compound is hygroscopic. A naL  Calcd for C10H7ClN6O4S: C, 35.05; H, 2 .06; N , 24.52;
04^ “ '« Cin°o1i f%  C,? ? C ? 6° o f U C ’Ti28n8oi *  2; ° 8; o ’ S, 9.36. Found: C, 35.26; H, 2 .38; N , 24.27; S, 9.55.

' ’ ’ ' ound. C, 28.72, H, 2.38, N, 23.86; S, Following the above procedure the following compounds were
11iaO< prepared

6-M ercaptopyrido[3,2-f/]tetrazolo[5,1-6)pyridazine (10a, R =  6-Azido-3-phenylpyrido[2,3-d]thiazolo[3,2-6]pyridazin-4-ium
H ) .- T o  an ethanolic solution of potassium hydrogen sulfide, perchlorate (11a, R =  Ph) was obtained in 51%  yield: mp 135°;
prepared from 1.7 g of potassium hydroxide in 30 ml of ethanol jr (K Br) 2165 cm -1 (Nj).

nn1mHue n n f UB ted the 6-cM°ro c° m- A nal. Calcd for CI6H9C1N60 4S: C, 44.51; H , 2 .24; N, 20.76.pound (10a, R  =  Cl) (2.04 g) was added and the reaction u nllTir|. p  aa oq. tt 9 fii • \r on oa
mixture was heated in an autoclave at 120° for 3 hr. The sepa-
rated product was filtered off and dissolved in 0.5 N  potassium _  ^
hydroxide, the solution was filtered, and the filtrate was acidified perchlorate ( lib,  R Me) had mp 195 , ir (K B r) 2155 cm
with concentrated hydrochloric acid. For analysis a sample was ' *A '
repeatedly purified by dissolution in potassium hydroxide and „  Anaf -  Calcd for Ci0H7C1N6O4S: C, 35.05; H, 2 .06; S, 9.36.
subsequent acidification, mp 260° dec. Found: C, 35.47; H, 2.33; S, 9.26.

A nal. Calcd for C7H4N6S: C, 41.18; H, 1.98; N, 41.17;  6-Azido-3-phenylpyrido[3,2-d] thiazolo[3,2-6]pyridazin-4-ium
S, 15.67. Found: C , 41.02;  H, 2. 23 ;  N , 41.02;  S, 15.89. ’ perchlorate ( l ib,  R  =  Ph) melted at 203-204° dec; ir (K B r)

6-Mercaptopyrido[2,3-d]tetrazolo[5,1-6]pyridazine (10b, R  =  2137 cm 1 (N3).
H ).— This compound was obtained by the same procedure as A nal. Calcd for Ci5H9ClN60 4S: C, 44.51; H, 2 .24 ; N,
described above for the isomeric 10a (R =  H ): mp 205° dec; 20.76. Found: C, 44.67; H, 2.48; N, 20.79.
ir (K Br) 2268 cm -1 (SH). 3-Azidopyridazine 1-Oxide (13).— A suspension of tetrazolo-

[1,5-6]pyridazine (12, 1.21 g) in polyphosphoric acid (10 ml) 
(ll) B. Stanovnik, A. Krbavcie, and M . TiSler, J .  O r g . C h e m . 32, 1139 was treated under stirring dropwise with 1 ml of 85%  hydrogen 

f1967)- peroxide and the mixture was left to stand at room temperature
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in the dark for 4 days. During this period the evolution of gases oxide12 was undepressed. Moreover, ir spectra of both products
ceased and a clear solution was obtained. The reaction mixture were identical [2179 and 2146 cm -1 (N3) and 1263 cm -1 (N—0 ) ] .
was diluted with water (50 ml) and neutralized with solid sodium
bicarbonate. In addition, 30 ml of water was added and the Registry No.' 1, 23439-79-4; 3, 23406-38-4; 4,
whole extracted with six portions of 50 ml of chloroform. The 23406-39-5; 6 , R  =  H, 23406-40-8; 6 , R  =  Efc, 23406-
combined extracts were dried over anhydrous sodium sulfate and 41-9- 7  23406-42-0" 8  R  =  H 23439-80-7" 8  R  =
then evaporated to dryness to obtain 0.83 g of a residue. Me, 23406-43-1; 8 , R  =  Ph, 23406-44-2; 8 , R  =  Ph-

By thin layer chromatography on silica gel, using commercially o Q /in n  « 9 . a "R _  n u  m m  o i m t k  A A A -
available plates (DC-Fertigplatten Kieselgel F  254, Merck) and U U U H 2, 2 3 4 U 6 -4 5 -3 , 8 , K  1I.3U U U  t i 2, zo4UD -4u-4, 
developing them with ethyl acetate, it could be shown that the 9 ,  R  =  Me, 23439-81-8; 9 ,  R  =  Ph, 23406-47-5; 10a,
obtained product was a mixture of the starting compound (R i R  =  H, 23406-48-6; 10a, R  =  Me, 23406-49-7; 10a,
0.59) and 3-azidopyridazine 1-oxide (R i 0.45) (detection in R  =  phCO CH 2, 23439-82-9; 10a, R  =  C H 3CO CH 2,

” A E i L ,  of 300 mg of the crude product in 3 ml of chloroform ^ 439-83-0 ; 1 0 b, R  -  H 23439^4-1; 1 0 b R  =  Me,
was separated on a chromatoplate with the above-mentioned 23406-50-0, 10b, R  — r  hUOUHa, 23439 85-2, 10b,
absorbent, and the part containing the azide was separated and R  =  C H 3COCH 2, 23410-93-7; 11a, R  =  Me, 23410-
the compound eluted with chloroform. Upon evaporation of 9 4 - 8 ; 11a, R  =  Ph, 23410-95-9; l i b ,  R  =  Me, 23410-
the solvent 12 mg of the residue which consisted of practically 96-0" l ib  R  =  Ph 23439-86-3
pure 3-azidopyridazine 1-oxide10 was obtaind (yield 2 .4 % ); ’ ’ ’
mp 151-152° and mixture melting point with an authentic (1 2 ) A. Poliak, B. Stanovnik, and M. T iiler, J .  H e t e r o c y d .  C h e m . ,  6, 513
specimen obtained from nitrosation of 3-hydrazinopyridazine 1- (1968).

The K inetics of D euteration of Imidazole1

J o h n  D . V a u g h a n , Z ia d  M u g h r a b i , an d  E .  C h u n g  W u  

Department o f  Chemistry, Colorado State University, Fort Collins, Colorado 80521 

Received August 14, 1969

Rates of deuteration of imidazole in heavy aqueous solution were measured at various pD values at 65 and 
70° for the 2 position and at 180 and 190° for the 4(5) position. Parallel rate-determining proton abstrac
tions from the conjugate acid of imidazole by OD_ and by D2O leading to an ylide intermediate accounted for the 
observed pD -rate profile for 2-position deuteration. These paths, together with proton abstraction from the 
imidazole molecule by OD- , accounted for the 4(5)-position profile. The relative reactivities of hydrogen 
exchange sites in imidazole and other heterocycles were interpreted in terms of CNDO/2 ylide or anion stabilities.

In recent years, considerable attention has been fo- tion of imidazole has not been presented in comparable
cussed upon the relative electrophilic reactivities of detail.5,8,9 Thus, Harris and Randall5 reported the
various ring sites in aromatic heterocyclic compounds. 2,3 kinetics of protonation of the 2  position of 1 -methylim-
These electrophilic reactivities depend both upon the idazole, Olofson, Thompson, and Michelman10 the rate
nature of the substrate and the nature of the electro- of deuteration of the 2  positions of 1 ,3 -dimethylimida-
phile. The case of imidazole (I) is of particular in- zolium and other dialkylazolium cations, and Haake,
terest because the 4(5) position is said to be more reac- Bauscher, and Miller11 the rate of deuteration of 1,3,4-
tive in iodination than the 2 position, 4 while the re- trimethylimidazolium cation. However, no kinetic
verse is true for deuteration.5 In order that different studies of hydrogen exchange in the 4 and 5 positions of
positions of a given substrate be compared for the imidazole have been reported, and no detailed mech-
same or different electrophilic reagents, it is important anistic analyses presented for either the 2 or the 4 and 5
that the detailed kinetics of substitution for each site positions. Accordingly, the purpose of this investiga-
and each reaction be known. For example, imidazole tion was to study the kinetics of deuteration of the 2
may exist in the conjugate acid II or conjugate base and the equivalent 4 and 5 positions in imidazole, to
III forms in addition to that of the molecule I. Kinetic propose mechanisms compatible with these rate laws

and interpret the observed deuteration reactivities 
4 H ._• H\ _ H v_ according to mechanistic and theoretical arguments.

H H N H H N H Experimental Section

Materials.—Imidazole was recrystallized three times from 
j  tt benzene, mp 90 .0°. Deuterium chloride (38%  in D20 ) ,  sodium

deuterioxide (40%  in D20 ) ,  and heavy water (99 .5% ), obtained 
data could indicate which of these forms undergoes from Merck Sharp and Dohme of Canada L td ., Yolk Radio-
attack. The kinetics of iodination of imidazole has chem icalandlnternational Chemical and Nuclear Comoratio
, , ,. j • , , „„„ were used without further purification. Reagent grade sodium
been studied in depth, 1 ■ whereas that for the deutera- chi0ride was also used without further purification.

(1) D epartm ent of C hem istry C ontribu tion  No. 5-69, supported in p a rt Kinetic Runs.—All kinetic runs were made in heavy water
by  Atomic Energy Commission G ran t a t  (ll-D -1 6 2 0 . solution. DC1 or NaOD were added to adjust the p D  of the

(2) W. Adam and A. Grimison, T e t r a h e d r o n , 22, 835 (1965). solution from 0 to 14. The ionic strength of the solution was set
(3) J . H. R idd, “ Physical M ethods in Heterocyclic C hem istry ,” Vol. I ,  ---------------------

A. R . K rtritsk y , E d., Academic Press, New York, N. Y „ 1963, p 109. (8) R . J . Gillespie, A. Grimison, J . H . Ridd, and R . F . W hite, J .  C h e m .

(4) A. Grimison and J . H . R idd, J .  C h e m .  S o c . ,  3019 (1959). S o c . ,  3228 (1958).
(5) T . M . H arris and J . C. R andall, C h e m .  I n d .  (London), 1728 (1965). (9) H . S. S taub, T e t r a h e d r o n  L e t t . ,  845 (1964).
(6) J . H . R idd, J .  C h e m .  S o c . ,  1238 (1965). (10) R . A. Olofson, W. R . Thompson, and J . S. M ichelman, J .  A m e r .

(7) J . D. Vaughan, D . G. Lam bert, and V. L. Vaughan, J .  A m e r .  C h e m .  C h e m .  S o c . ,  86, 1865 (1964). "
S o c . ,  86 2857 (1964). (11) P . Haake, L. P . Bauscher, and W. B. Miller, i b i d . ,  91, 1113 (1969).
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at 1.00 M  by measured addition of heavy aqueous NaCl. Eight T able I
1.0-ml aliquots were prepared for each run; each aliquot was P seudo-F irst-Order R ate Constants for the
sealed in a 3 0-ml thick-wall borosilicate glass tube. Seven of the Deuteration of Imidazole
tubes were then plunged into an oil bath set at an appropriate
elevated temperature, then removed at intervals and quenched ' ^ .x. _ o kl x  104 ŝec ~  '
in cold water. Samples taken from the tubes were analyzed with na ' ’ o81tlon ' — Position 717" '
the vanan A-60A nuclear magnetic resonance spectromet-er.°  x, r\ eyn n oa a aa
Proton peak areas were determined by the cut and weigh method; U *J° o.ou,  u.¿u
the same proton peak area observed in a sample from the eighth 2 . 88  0 . 17  0.288
(unheated) aliquot was used as a reference. Pseudo-first-order 6 . 92  1.06
rate constants were obtained from plots of log (per cent area) 7 . 32  1.35 0.620
ns. time. 7 .62  1.57 2.11 0 . 7 7 9 , 0 . 7 4 0  1 . 3 1 , 1 . 3 6

Kinetic runs were made at 65.0 and 70.0° for deuteration of 7.71 2 15 0 787 1 35
the 2 position and at 180 and 190° for the 4(5) position. The 7 gg j qq 2 35 0 856
uncertainty in the lower temperatures was ± 0 .1° and that at the 7 89 0 900 1 50
higher temperatures ± 1 . 0 ° .  Rate constants were reproducible _ '
to within ± 10% . -1-78 ~-47 U-9U7 1 -52

pD values outside the buffer region were measured with the 8 . 10  1.82 0.945 1.71,  1.61
Beckman Zeromatic pH meter, corrected by the formula of 8 . 22  2.56 1.85,  1 .89
Glaskoe and Long [pD =  pH (meter reading) +  0.40] 92 Within 8 . 40  1.93 2.58 1.01,  1.05 1.98
the region of self-buffering (5 <  pD <  10) pD values were calcu- 8 .47 2.06 2.63 1.11,  1.26,  1.24 2.11
lated from the equilibrium relation 8 . 90  2 . 10  2 . 64  1.29,  1.37 2 . 20 ,  2 . 16

1 0 .566 2 . 47  2.87 1.44 2 . 46
pKa = pD -  log = 7 . 62  ±  0 . 02  12.10 1.68

1 13.65 2 . 43  28.0
where [Im] and [Im+] are the concentrations of imidazole and its 13.80 40.5
conjugate acid, respectively. The pKa value is the average of “ Room-temperature values. b ki = 1.75 X  10-4 sec-1 at
two measurements at 25° made on heavy water solutions with 60.0°. 
buffer ratio of unity and ionic strength of 1.0 M .

Results and Discussion
for heavy aqueous imidazole with no added D C 1 nor 

Uncertainties in Concentrations of Reactants.- The NaOD. The 2 position profile is similar in form to that
largest uncertainty in the kinetic data was that arising observed by Harris and Randall for the protonation of
from changes in the concentrations of reagents at the l-methylimidazole-2d,5 except that a nonvanishing rate
higher temperatures. Accurate calculation of these 0f deuteration was observed for imidazole even at high
concentrations at 180 and 190 would require con- acidities, while no protonation of l-methylimidazole-2d
sideration of the thermal expansion of the sealed glass was reported at high acidities (pH .^0-1). The 4(5)
ampoules, know ledge of the partial molar volumes of all position profile of imidazole closely resembles that of
solutes and the solvent at the temperatures, and the the 2  position for pD values ranging from 0 to -—'10, but
extent of loss of the solute into the vapor phase. A  does not exhibit the flattening observed for the 2 posi-
rough calculation that utilized the ideal gas law and the tion 0f imidazole (and for the 2  position of 1 -methylimid-
vapor pressure and density of liquid water at 180 in- azole) for pD > 10; the relative rate constants for pD
dicated a 15%  increase in the volume of liquid water values of 1 3 .6 5  and 1 3 .8 0  are too large to be included in
attending the increase m temperature from 25 to 180°. Figure 2
The change in volume would introduce corresponding The Arrhenius activation energy at pD = 10.56 
c anges in the concentrations of reagents. Accurate (room-temperature value) is 1 1 . 1  ± 3.0 kcal for the 2

calculation of changes in concentration was not feasible. position and 22.3 ± 3.0 kcal for the 4(5) position. The
mce t e ionic strength was adjusted to a constant value corresponding pseudo-unimolecular collision factors are

tot all reacting solutions, it is reasonable to assume that 3  9  v  m 3 ± 9  v  HR w - i  nnH 1 Q y  ifff ±  0  7  v
these changes would be determinate in principle if not 1(r £ 0 %  respectively It appears therefore that the
m Practlce- Accordingly, all concentrations used in far greater exchange reactivity of the 2 position relative
analyzing reaction orders were room-temperature values. to the 4  (5) position is attributable to activation energy,
The kinetic runs were pseudo first order m imidazole, not to the preexponential factor.
where the imidazole concentration was observed in M echanism .-A  suitable mechanism for the deutera- 
thermal y quenched samples at room temperature tion of imidazole would be one that accounted quantita-
Hence, the uncertainty in reagent concentration could tively for the pD-rate profiies exhibited in Figures 1
affect only the order in the deuterium ion concentra- and 2> and a lg 0  conformed to other available evidence,
tion, arising from possible lateral shifts in the concern In addition to the profiIes, we know that i_methyl-
tration coordinate at elevated temperatures. imidazole-2 d undergoes protonation (2  position) readily

pD Dependence --Pseudo-first-order rate constants at room temperature,» whereas the deuteration of the 2
were determined for the 2 and 4(5) positions at two position of imidazole ires a higher temperature,
temperatures each for a range of room temperature pD This result would seem to eliminate the conjugate base

resultf  m Table I. The pD of imida2ole m  as the active nucleophile Olofson,
profiles of the pseudo-first-order rate constants for the Thompson, and Michelman“  reported the facile deu-
2 position at 6 0  and the 4(5) position at 180° are teratioFn of 1,3-dimethylimidazolium iodide at 31°, indi-
shown in Figures 1 and 2, respectively. The relative cating the conjugate acid form of imidazole II as a
rate constants exhibited in those profiles are based upon likely substrate in the hydrogen exchange; these authors
pseudo-first-order rate constants at pD = 10.56, that is, postulated that the cationic substrate undergoes base-

(12) p. k . Giaskoe and F. a . Long, j .  Phys. chem.., 64,188 (1960). catalyzed abstraction of a ring proton to form the ylide
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Figure 1.—The pD profile for deuteration of the 2 position in -p. 0 r™ ^  t  j  i  x- f i i ,,/n

imidazole at 65° and at unit ionic strength Flgure 2 "7T.hf  pl? pr°“ eft0for deuteration of the 4(5) position in
° imidazole at 180 and at umt lomc strength.

IV  in the rate-determining step. Similarly, Harris and the pseudo-first-order rate constant for 2-position 
Randall5 proposed the same mechanism for the protona- deuteration reduces to
tion of l-methyhmidazole-2d. ¿2ob8<i = (fca;D20] [D +] +  k bK w) / ( K ,  + [10+]) (4)

H. where

7 0 y  K. = [Im][D+]/[Im+]

| K w = [D+][OD-]

Rl A t l o w p D ,  [D+] Ka, and hm fc2obsd = fca[D20],
IV [D+]-»®

rr,, , , ,. t ,, n .,. . .  . .  , while at high pD, [ D + ] « Ka, so that
I he deuteration of the 2 position of imidazole can be

interpreted in terms of two rate-determining steps lim faob"d = fcbKw/Ka (5)
leading to the ylide intermediate. |D+1-* 0

Clearly, the limiting relations account for the flattened
H ._ / D  pD profile in the low and the high pD regions. In Fig-

r+ S\ + DO n+)\ + d OH+ ure 1» fhe theoretical curve (eq4) was fitted with fca-
2 „ A y -  2 [D20]/2.47 X 10- 4 = 0.10, kbKw/Ka (2.47 X 10 ~4) =

| | 1 .0 , an d K a = 1 0 -7-6.
D D (1) To understand the pD profile of the 4(5) position,

D steps 1 and 2 [with proton abstraction from the 4(5)
A  jj/  position] plus a third path (eq 6) that exhibits direct

f(+)\ + OD_ - A  /f+)\ + HOD (2) dependence upon [D+] is needed. Therefore, we pro-
F T nnA s H _ pose the following additional mechanism operative at

! j high pD values. The acid and self-buffering regions
D D

+  D,0 _  K) @ f D +  CD- <3, H ^ - D  +  0 D_  ^  <6>
ha f  ha V a d I

I I  D D

D D /  VThe pD profile for the 2 position can be derived for the /  Di°_„ jC )\  n\
entire pD range by considering the region of self-buffer- (fast) d ^ n nA sD
ing. Here the observed pseudo-first-order rate constant j
fc2obsd is — (slope) of In [Im°] vs. t, where [Im°] = [Im] D
+  [Im+]. In this pD region, both the molecule Im ^
and the conjugate acid Im+ coexist in greater than can be adequately described by steps 1 and 2 to pD ~
trace concentrations, but cannot be distinguished in the 8j while the region pD >  8  requires inclusion of 6 . A t
reacting solution because of the rapid equilibrium be- high pD 
tween them. Steps 1  and 2  give

/c,(6)°l»d = fcbXw/Ka +  kc [OD-]
rate = {fca[D20] -f *b[OD~]} [Im+] = k bK w/ K & +  k . J C „ / [ D +] (8)

Since The theoretical curve in Figure 2  was fitted with /ca-
[Im+] = [Im°][D+]/(Aa +  [D+]) [D20]/1.44 X 10 “ 4 = 0.30, khKw/K& (1.44 X 10~4) =
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0.98, fcc/1.44 X  10- 4  =  32, and K& = 1.02 X  10-s. lium(2):l,3,4-trimethylimidazolium(2)u = 2.9 X  106:
The theoretical curve and the observed relative rate 7.7 X 103:2.8 X 103:2.8:1. The agreement be-
constants agree satisfactorily. 13 Theoretical valves of tween imidazolium(2) and 1,3,4-trimethylimidazol-
the rate constants for pD = 13.65 and pD = 13.80 using ium(2) and between thiazolium(2 ) and 3,4-dimethyl-
the parameters given above are 24.5 X 10- 4  sec“ 1 and imidazolium(2) is good, 20 which supports the proposed
47.5 X 10- 4  sec-1 , respectively (c/. Table I); in view mechanism (path 2).
of the short half-lives of the reactions in strong alkali, Zoltewicz, et al. , 16 studied the deuteration of 1-methyl- 
the agreement between theory and experiment is ac- pyridinium chloride at 165° in phosphate buffered heavy 
ceptable. water. A t pD = 6.46 (30°), the pseudo-first-order

Other mechanistic paths for 4(5) deuteration opera- constant for the 2(6) position was reported to be 7.83 X
tive at high pD values could be proposed, in particular 10- 4  sec-1. Using this pD value and p A w = 14.54,18
those involving a intermediate formation. For ex- we estimate the second-order constant to be 106 sec- 1

ample, the conjugate base of imidazole could react M - 1  at 165°. The 3(5) and 4 positions were indicated
with D 20  to form a a intermediate followed by proton by the authors to be less reactive than 2(6) by factors
removal to yield products. Alternatively, the imida- of 10s and 3.4 X 10s, respectively. Equation 5, the
zole molecule I could react rapidly with D 20  to form activation energy 22.3 ±  3.0 kcal, and the pseudo-
the intermediate, which could then undergo slow deu- first-order constant for 4(5) deuteration of imidazole
teroxide-catalyzed proton removal. Although the (180°) may be used to estimate the second-order con-
present kinetic data do not rule out these possibilities, stant kb  for imidazolium(4,5) at 165°; here kh ~  2.5
they seem less likely than path 6  by analogy with the sec- 1  M~\ The uncertainties in the estimated second-
observed kinetics of deuteration of the 4 position in order constants are quite large. However, since room-
pyrazole, 15 the 1,2 isomer of imidazole. The derived temperature values in p A a, pKw, and pD were used for
rate equation for 4-position deuteration in pyrazole all estimates, their relative magnitudes are likely to be
corresponded to acfd-catalyzed a intermediate forma- correctly ordered. Accordingly, we propose the fol-
tion, with pD dependence opposite that observed in lowing additional reactivity order: imidazolium(2)
4 (5)deuteration of imidazole. »  l-methylpyridinium(2,6) 16 »  1-methylpyridinium-

Relative Hydrogen Exchange Reactivities.-— To ob- (3,5) 16 >  l-methylpyridinium(4) 16 >  imidazolium(4,5). 
tain quantitative exchange reactivities of different Recently, relative deuteration reactivity was dis- 
substrates, the exchange kinetics must be run under cussed in terms of both the ground state properties of
comparable reaction conditions. For example, it is the substrate and ylide intermediate stability . 11 13C -H
not feasible to compare the 2 -position reactivity of coupling constants were considered indices of the po-
imidazole determined in D 20  with a position in another tential acidities of corresponding C -H  bonds in the
substrate determined in C H 3OD. In other cases, too substrate ground state; thus the 13C -H  coupling con-
little kinetic information may be supplied (e.g., such as stant would suggest the relative ease of proton removal
reactant concentrations and ionic strength) to warrant in the transition state, other factors being equal. The
reactivity comparisons. The number of meaningful ylide intermediate represents an exaggerated model of
reactivity comparisons is therefore small, despite the the transition state . 10-11' 16 It has been shown that
large body of literature on hydrogen exchange kinetics. large differences in hydrogen exchange reactivity may
Accordingly, we propose to limit the discussion of rela- be found in cases where the 13C -II coupling constants
tive exchange to imidazole and related substrates11' 14' 16 are essentially identical in magnitude11; in such cases,
studied under comparable conditions. the difference in reactivity was attributed to factors

Haake, et al.,11 reported second-order rate constants specifically affecting ylide (and hence transition state)
for deuteroxide-catalyzed deprotonation of the 2  posi- stability. Therefore, it is of interest to ascertain to
tion in five-member cationic systems at 33°, correspond- what extent calculated ylide and anion stabilities can
ing to our kh rate constant (path 2). A t 65°, eq 5 may be used to interpret observed relative exchange reac-
be rearranged to give kh = k°bsdKA/Kw. Correcting tivities directly. One might expect potential acidity
the pseudo-first-order rate constant /c2obsd to 33° using differences to be implicit in the stabilities of the inter
file Arrhenius activation energy of 11.1 ± 3.0 kcal, mediates, if the stabilization energy is proportional to
then using pK& = 7.6217 and pK,v = 14.54,18 we obtain the free energy of activation. The success of a correla
te b = 360 ±  120 sec- 1  M~x (33°). Similarly, Olofson, tion between intermediate stability and reactivity de-
et al.,1* calculated19 the second-order rate constant for pends upon the following factors: (1 ) the degree of
deuteration of the 2  position in thiazolium cation to be the similarity between intermediate and transition
1 X 106 sec- 1  M - 1  at 31°. These second-order rate state, (2) the relative importance of the preexponential
constants can be inserted into the Haake, et al.,11 factor and energy of activation in the reaction being
cation reactivity order: 3,4-dimethyloxazolium(2)n : considered, and (3) the accuracy of the method of cal-
thiazolium(2)14:3,4 - dimethylthiazolium(2)u :imidazo- culation. We have used the CNDO/2 method21 for

, ..  , estimating cation to ylide deprotonation22 and molecule(13) Recently, the  pD  profile for 2-position deuteration  of thiazole was , • j  , . • . txt- ,  , xl
reported to  be qualitatively similar to  4(5) deuteration  in  imidazole. R a te  ^O 8/111011 V Q e p ro tO n & tlO I l  e n e r g i e s .  W e  n e g l e c t e d .  th .6
laws 4 and 8 were derived independently by  the  au tho rs.14 e n t r o p y  c h a n g e  a t t e n d i n g  i n t e r m e d i a t e  f o r m a t i o n ;
7'iraL?ronjr?prP!™’ J’ M’ Landesberg’ D’ S’ Kemp’ and R- A' OIof30n’ this neglect is consistent with the apparently dominant

(15) E . C. Wu and J . D. Vaughan, J .  O r g .  C h e m . ,  35, 1146 (1970).
(16) J. A. Zoltewicz, G. M . Kauffman, and C. L. Sm ith, J .  A m e r .  C h e m .  (20) See reference 14, where thiazolium (2) is compared w ith 3-ethyl-

S o c . ,  90, 5939 (1968). thiazolium (2) with sim ilarly good agreement.
(17) p ita  was not corrected from 25 to  33° in th is estim ate. (21) J . A. Pople and G A. Segal, J .  C h e m .  P h y s . ,  44, 3289 (1966).
(18) A. K . Covington, R . A. Robinson, and R . G. Bates, J .  P h y s .  C h e m . ,  (22) Schroeder and Tolies showed th a t  C N D O /2  cation to  ylide deprotona-

70, 3820 (1966). tion energies correlate well w ith observed hydrogen exchange reactivities of
(19) Using eq 5 independently conceived by the  au thors.1* diazolium and tetrazolium  salts, p rivate  communication, 1968.
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eff ect o f th e  a ctiv atio n  en ergy noted ab ove for th e  deuter- T a b l e  II
ation  of th e  2 and 4(5) position s in  im idazole. Since CNDO/2 Y l id e  and  A n io n  S t a b i l i t i e s '* ■6
geom etries are n ot know n  for th e cations, ylides, anions, Substrate intermediate0 aet (au)
and m ost o f th e  m olecules, w e assum ed th e  five-m em ber Imidazolium Ylide (2) 0.631
heterocycles to  be pentagons 1.38 A  on a  side,23 six- Ylide (4,5) 0.693
m em ber heterocycles to  b e hexagons 1.397 A  per side, Imidazole Anion (2) 0.951

and C - H  and N - H  distances to  b e 1.08 and 1.00 A ,24 , ^
respectively . In  th e  C N D O / 2  approxim ation, th e  4-Methylimidazolium Ylide (2) 0.639
deprotonation  energy is defined 1-Methylimidazolium Ylide (2) 0.642

&Et =  Et(intermediate) — j??T(substrate) 4-Methyloxazolium Ylide (2) 0.604
Oxazole Anion (2) 0.929

w here E T is th e va len ce  electronic en ergy plus th e  core Pyridinium Ylide (2,6) 0.667
repulsion energy. T h e  resu lts o f th e  calcu lation  are Ylide (3,5) 0.706
given  in  T a b le  II . H ere, calcu lation s w ere n ot m ade Ylide (4) 0.703
for sulfur contain ing com pounds, because th e  program  ° Calculations carried out on the CD C 6400 computer, using a 
used did n ot p rovide for d orbitals, an essen tial re- program obtained from the Quantum Chemistry Program Ex-

quirem ent for s u b r t r a ta  and  in term ediates th a t contain  ” / th i i S S  ' . Z X ' ,
th ird  period elem ents. A  num ber of conclusions m a y  refers to an ylide intermediate formed from the cation designated
be draw n from  th e  resu lts o f T a b le  II . F irst, th e  ef- in the left column; n refers to the position of proton abstraction,
feet o f m eth yl su b stitu en ts is o f interest. A  m eth yl 
group in  th e 4 p o sition  leads to  a sm all d estab ilization  in
th e y lid e  (2) interm ediate, w hereas one in  th e  1 position  ,. ,. n/_, , . . .  ... Ar . ,, , . ,, ,■y r  r.T 1 ’] , , r,, 1 x, than the 3(5) and (4) positions. Note that 1-methyl-causes a slightly larger destabilization. Clearly, the . . . .  . . , , , . . . .
1,3,4-trimethyIimidaaolium ylide (2) would be further Pf.*d“  18 » P P * ™ “  by pyridinium, since me-

, rrm • j  x u-r x- • , , ,  thyl substituents have comparatively small effect upondestabilized. This destabilization is probably a conse- . , . /  ,  ̂ .. . . .  , x i , ■ , ,  yhde stabihties. Third, A E T values correctly indicatequence of methyl-group electron release, which would . . . .  f . . ,  , , , ' , _H - x i  i x  x- , x. the coniugate acid form of imidazole to be much morerender the ring atoms less electronegative and there- ,. J ,? .1 1 1 • n -x- mi,, - xi • j  x- x u-1- x- C xu l-j • reactive than the molecule in all positions. The samefore decrease the inductive stabilization of the ylide in- regult indicated for the 2 ition in oxazole.
ermediate Since the 43C-2H  coupling constant for Fourth relatiye exch reactivities for different 

the 2 position is not sensitive to methyl substituents cationi;  gubstrates is roughly predicted to be oxazol- 
on the imidazolium nucleus,4 the observed smaller >  imidazoiium(2) >  pyridinium(2,6) >  imida-
exchange reactivity of the ,3 4-trimethylmiidazole >  pyridinium(4) >  pyridinium(3,5). The
reiative to imidazole is consistent with methyl-group | t reiad is correctly indicated except for imida-
destabihzation of the yhde. Further, the apparently ôlium(4 5) which is the least reactive of the substrate 
smaller reactivity of 3,4-dimethy thiazohum relative to ^  ^  Replacement of N_H by O evidently
thiazolium supports this conclusion Second AE T feads tQ enhanced inductive stabilization of the yhde.
values correctly indicate that the 2 position m imidazole Thou calculationg were not made on sulfur-containing
is more reactive than the 4(5) position, and that the gubstrat it is readil surmised from CNDO/2 input
2(6) position m 1-methylpyndimum23 is more reactive electronegativities [(J +  a ) / 2) ]21 that thiazolium(2)

(23) See reference 18 for a discussion of the problem of unknown molec- Would appear less rea ctiv e  th a n  im idazolium  (2) if  d
ular geemetries. , „  ,  . M ] , orbitals are excluded; it  is clear therefore th a t d orbitals

(24) Tables of Interatomic Distances and Configurations in Molecules . ’ , . ,, , ui
and Ions," The Chemical Society, London, 1968. m ust be included to  aCCOUnt for th e  UnUSUaily Stable

(2 5 ) d . p. Santry and g . a . Segal, j . Chem. Phys., 47, 1 5 8  (1967). y lid e  interm ediates o f th iazolium  su b strates, in  agree-
(26) Recent extended Htickel theory (EHT) calculations37 of ylide and . , . „ plspwhere 10)U In  SUm-

anion stabihties indicated the 3(5) position to be more reactive than the 2(6) m ent With prior CUSCUSSlOnS eiSewnere.• ’ . .
position, contrary to experiment. However, the EHT calculations correctly Hiary, it  appears th a t C N D O / 2  y lid e  and anlOn Stablil-
predicted the 4(5) position of pyridazine to be the most reactive in that Reg can bg u seful indices o f exchange rea ctiv ities  in
molecule and the 5 position the most reactive in pyrimidine. The CNDO/2 • n ; xi____ ...t,
calculations gave the correct reactivity orders in pyridinium and pyridazine,28 heterOCydeS, esp ecially  in  th ose Cases w here react V y
but incorrectly indicated the 2 position to be the most reactive in pyrimi- differences are large.
dine.28

(27) W. Adam, A. Grimison, and R. Hoffmann, J .  Amer. Chem. Soc., 91,

259m  J6id . Vaughan, unpubhshed results, 1 9 6 9 . R e g istry  N o .— Im idazole, 288-32-4.

Vol. 85, No. 4, April 1970 K inetics of Deuteration of I midazole 1145



The Kinetics of D euteration of Pyrazolela

E. C hung Wu and John D. Vaughan111

Department of Chemistry, Colorado State University, Fort Collins, Colorado 80521

Received July 28, 1969

The kinetics of deuteration of the 4 position and the 3(5) position in pyrazole was studied in sealed tubes at 
200° and higher temperatures. The mechanism proposed for 4-position deuteration involved general acid 
catalyzed formation of a intermediates from the molecular and conjugate-base forms of pyrazole. The rate of 
deuteration of the 3(5) position exhibited neither buffer catalysis nor pD dependence. This behavior is con
sistent with formation of an ylide intermediate from attack of the conjugate acid of pyrazole by O D -  ions.

Pyrazole exhibits both weakly basic and very weakly in heavy water solutions in sealed heavy-wall borosilicate glass
acidic properties in aqueous solution (p K h =  11.53 and ampoules at temperatures ranging from 200 to 250°. Tempera-
n K  <=L U )  2 T h erefore th e m olecule T th e  en n iu m te tures were reProduolbJe to wlthm ± 4° and rate constants toin e r e forie, me molecule 4, the conjugate within ± 10 % _ Uncertainties in concentrations of reagents
acid II, and the conjugate base III may be subject to arising from thermal changes in volume are discussed in the
electrophilic attack in aqueous media. Thus, the con- preceding paper.7
jugate acid undergoes nitration in the 4 position pD values were measured at room temperature with the Beck- 
in stongly acidic media,3 whereas iodination in media man Zeromatic pH meter, corrected by the formula of Glaskoe

and Long (pD = pH imeter reading) +  0.4).s

4 h h 3 h h  H H  „  „ ,\__/  \_/  \__/  Results and Discussion
h^ V n h^ N .  h' V '  Rate constants for the deuteration of the 4 position

5 i  ^ N and the equivalent 3 and 5 positions are recorded in
H H Tables I and II, respectively. These rate constants

l  u IP are pseudo first order in pyrazole, since D 20 was in

ranging from pH 6.0 to 8.0 appears to involve the
conjugate base in the 4 position.4,6 Prior to the T a b l e  I
research reported in this paper, there has been no report P s e u d o - F ir s t -O r d e r  R a t e  C o n s t a n t s  f o r  t h e  D e u t e r a t io n  
of kinetic studies of the deuteration of unsubstituted 0P TH3 4 P o s it io n  in  P y r a z o l e

pyrazole. However, Olofson, Thompson, and Michel- Bass Buffer Lobsd x
man6 observed that the 3(5) position but not the 4 concentration“ ratio6'0 pD° Temp, °C 10«sec-i

position in 1,2-dimethylpyrazolium cation undergoes ND4+ Buffer
hydrogen exchange at 31°. Accordingly, it is of interest 1,92 3 .75 10.56 200 7.68
to study the kinetics of deuteration of pyrazole in 9•96 4.43
heavy aqueous solution to ascertain the relative reac- 9 '48 2,45
tivities of the 4 and equivalent 3 and 5 positions, to j '
determine the rate laws for deuteration of these posi- , 'na Q r„ , n no onn ' „
tions, to propose mechanisms compatible with these q 70 1 3 7 5  10 1 3  200 3 53
rate laws, and to interpret the reactivities of ring posi
tions theoretically and mechanistically. Pyridine-d5, Pyridinium-de Buffer

0.70 1 34 6.15 200 21.9
0.35 17.8

Experimental Section 0.17 1 5 . 8

Materials.— Pyrazole from Aldrich Chemical Co. was re- 
crystallized three times from cyclohexane, mp 68.5°. D 20 u ' b/ 2,us b ‘ 34 "UU
(99.5%), DC1 (38 % in D20 ), ND<OD (26% inD20), and pyridine- 0,34 13,1
d6 obtained from Merck Sharp and Dohme of Canada Ltd., 12.3
were used without further purification. Reagent grade NaCl was 0.085 11.8
also used without further purification. 0.78 6.03 6.80 200 8.16

Kinetic Runs.— The details of the kinetic procedure are given 0.39 6.15
in the preceding paper of this series.7 The ionic strength was 0.20 5 47
adjusted to 1.00 M  by NaCl in all runs. Runs were made with q jq g qq
ammonia-d3, ammonium-d4 buffer, pyridine-d6, pyridinium-d6 n' nRa 19 -  -  - ' OQ
buffer, and with no added buffer. Deuterations were carried out
---------------- U.Uo4 3.98

(1) (a) Department of Chemistry, Contribution No. 7-69, supported 0.017 3.10
in part by Atomic Energy Commission Grant AT(11-1)-102O. (b) Ad- q 0085 2 78
dressee for reprints.

(2) A. Albert, ‘‘Physical Methods in Heterocyclic Chemistry,” Vol. I , N o  A d ded Buffer
A. R . Katritzky, Ed., Academic Press, New York, N. Y ., 1963. n n _ rn

(3) M. W. Austin, J .  R . Blackborow, J .  H. Ridd, and B . V. Smith, J .  U‘U 7 ‘ 5 0  2 0 9  ° ‘ 82
Chem. Soc,, 1051 (1965). • 215 1.61

(4) J .  D. Vaughan, D. G. Lambert, and V. L. Vaughan, J .  Amer. Chem. 230 3 12
Soc., 86, 2857 (1964). 23g  4 ' 13

(5) J .  D. Vaughan, G. L. Jewett, and V. L. Vaughan, ibid.. 89, 6218 n . .  „ * ,
(1967). 245 6.48

(6) R . A. Olofson, W. R . Thompson, and J .  S, Michelman, ibid., 86, , 245 6.53
“ “ <««■  , „ , , “ Mole/liter. 6 [base]/[acid]. 0 Room-temperature value.

(7) J .  D. Vaughan, Z. Mughrabi, and E . C. Wu, J .  Org. Chem., 36, 1141 __________ -___
C1970)‘ (8) P. K . Glaskoe and F. A. Long, J .  Phys. Chem., 64, 188 (1960).
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Table II KEY ■
Pseudo-First-Order R ate Constants for the Deuteration ) 0 _ o p q =io.56

of the 3(5) Position in Pyrazole o p d =10.92
Base Buffer &3(6)ob0d X V PD =10.13

concentration“ ratio6'“ pDc Temp, °C 10* sec-1 a PD= 7.50( No Added Buffer) >
NP„, ND4+ Buffer 8 - s '

1.92 3.75 10.56 230 3.95 S *
1.92 3.27 „
0.96 4.03 rs
1.35 3.44 10.53 230 4 .17  -2 6 ‘
0.79 1 .1  10.03 230 2.95 a

x >a
Pyridine-d5, Pyridinium-de Buffer . S '

1.90 3.69 6.60 230 2.28 |L  4 ‘ vy '
0.95 2.08 * /
0.47 2.27 s >
0.24 2.28 2  - s '
0.70 1.34 6.15 230 2.08 r f
0.35 2.58 Jr

° ' 17 2 -88 pi _______ i_______ i_______ i_______ i___
0.088 2 . 8 8  0  4  8  1 2  16 2 0

0.044 2.85 [ndJ  * 1 0

0.022 2.58
N Add r Buff Figure 1.— Rate of deuteration of the 4 position of pyrazole at 200®

e er in ammonia buffer.
0.00 7.50 220 1.65

230 3.05
240 8.55 where the pairs on the right of the inequality (e.g., k - j,
250 14.5 k3, etc.) differ only because of the primary isotope ef-

“_c See footnotes to Table I. feet. Therefore
... rate (4 position) = fci[SH][P30 +] -  fc_i[Q+] [P 20] +

great excess. The rate data for the 4 position con
forms to general acid catalyzed deuteration (eq 1-4). fo[SH][BP+] — fc_2[Q+][B] +  fc [SH ][D30 ] —

kl kl fc_/[Q][D20] + fe[SH -][B D +] -  fc_,[Q][B]

SH +  P 30 ■«—  Q +  D2O > SP +  H P 20 (1) Using the steady-state approximation to eliminate [Q+] 
kt ki and [Q ], together with the relations

SH +  B P  + Q + +  B >- SD +  B H + (2) £ .  = [SH"] [D30  +] /[SH]

h ’ w  K b = [BD+]XW/[B] [D3O +]
SH-  +  P 30 + Q +  P 20 — > -SD - +  HD20 + (3)

k- 1’ to ehminate [SH- ] and [BD+], we derive the pseudo-
_ , k*' m  aT _̂ ... first-order rate constant for 4-position deuteration to be

SH +  BD + -v- — Q +  B --- >■  SU +  B H 1* (4)
k-*’ fc4°b0d = {fciZ[D30 +] +  WKJC\ +

Here SH refers to pyrazole (I), SD to pyrazole-4d, SH-  { (fe,A'bX /A w)[D30  +] +  {W K&K hX '/K w)\ [B] (5)
and SD-  to the conjugate bases of SH and SD, respec-
tively, BD+ and BH + to general acids, and Q+ and Q w ere
to Wheland intermediates IV and V, respectively. Y _________fcs[P20] +  fc<[B]______

( k - i  +  fe)[D20] +  (fc_ 2 +  fc*)[B]

¥  H ¥  H _________ fc3'[D 2Q] +  fa'[B]
D J p  A “  (k-7  +  h ') [P 20] +  +  fc-/)[B]

H ' q l r  H/ ^!y ' N and K w =  [D30+][O D - ]. If no buffer is present and
| if the reacting medium is strongly acidic, then [SH]
D »  [SH- ], [BD+] =  [B] =  0, and eq 5 reduces to the

IV V Kresge and Chiange rate equation9

This mechanism is similar to that proposed by Kresge ta°b'd = ( f + X V f e )  ̂ Da0 ̂  ®
and Chiang9 for acid-catalyzed hydrogen exchange in
1,3,5-Lrimethoxylbenzene, complicated by the pres- In the general case (eq 5), X  and X  each are functions
ence of added buffer and by the appearance of two of B, so that kiohs contains terms in the second degree.
rather than one substrate. The kinetic analysis that However, Figures 1 and 2 exhibit first-order dependence
follows is an extension of that reported by Kresge and upon [B ] for the ammonia-^ and pyridine-ds buffers,
Chiang. We assume that respectively. This behavior is consistent with eq 5

provided that X  and X '  are constant, irrespective of
ki < fc-i ~  h  [B]; the conditions for constancy of X  and X' are that
&2 <  fc-2 ~  k i  ,kz _  ki

k\ ’s  k —\ ^  kz' k —\ -j-  kz k — 2 k i

k2' < k-*' ~  W ^  = kj ^
(9) A. J .  Kresge and Y. Chiang, J .  Amer. Chem. Soc., 89, 4411 (1967). k —\ “I" kz k —2 ~\~ki
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2 4 ---------------------------------------------------------------------------- 14 | ~1 i

2° - $  12 " /  °  /

« -  y /  ' S ' ° -  /  y '

S *0 /  /
12 - m *-'* X S ’ /

x * *  y  _ I  /
* L. /  /

V  8 ~  6 '

J  • Intercept

4 -----------2-----------4-----------6-----------8----------10 2 y  °  SI° P e
[pyridine] x 10 ) /

Figure 2.—Rate of deuteration of the 4 position of pyrazole at Q*___ 1----1----- 1-------1----1------ 1----- 1----1-------1-----
200° in pyridine buffer. 0 I 2 3 4  5 6 7  8 9 1 0

[D30 * ]x | 0 7
Because paths 1 and 2 are quite similar in nature, as are
paths 3 and 4, respectively, we conclude that the condi- Figure 3.—Dependence of buffer-catalyzed (slopes) and
tions expressed by eq 7 and 8 are realized, and that X  uncatalyzed (intercepts) deuteration of the 4 position in pyrazole
and X' are indeed constant. In the ammonia buffer at 200° •
case, pD is large and [D30 + ] vanishingly small; there
fore, eq 5 predicts that kiohBli will be independent of pD, Numerous other examples of Wheland-intermediate 
as observed in Figure 1. In the pyridine buffer case, mechanisms have been proposed for hydrogen exchange 
where the solutions range from neutral to weakly acidic, i*1 aromatic substrates, chiefly in six-member-ring sys-
[D30 + ] is 103 to 104 times larger than in ammonia buf- terns.12
fer, so that one might expect the [D30 + ] terms in eq 5 The deuteration of the 3(5) position of pyrazole at 
to become significant. Therefore, in pyridine buffer, 230° is sensibly independent of both buffer and pD from 
eq 5 predicts a family of linear plots of fc4obsd vs. [pyri- pD = 6.15 to pD = 10.56 (Table II). This behavior
dine] for given pD values, as seen in Figure 2. Ac- conforms to deuterioxide-catalyzed ylide formation,
cording to eq 5, the intercepts (fc°) and slopes (fcs) ob- ^
served in Figures 1 and 2 should depend linearly upon \__ /
[D30 + ] ; this behavior is exhibited in Figure 3. In >q(/VN + 0D~
earlier work, electrophilic attack of a free molecule and h slow

its conjugate base was proposed by Katritzky and co- 1
workers10 to account for the deuteration of phenol D
(2,4,6 positions). (SH+)

The results of Figures 1 and 3 may be used to estimate D D D
the relative electrophilic reactivities of the pyrazole d2°  or A y

molecule and its conjugate base. In Figure 1, the inter- + ’ u/ N y Ns'D ^
cept k° =  0.8 X  10-4 sec-1 =  k i K &X '; in Figure 3, N 3 ■ N
k° = 5 X  10~4 sec-1 at [D30 +] =  2 X  10~7. There- P D
fore, since fc° =  fciZ[D30 +] +  ki'K aX ' and if we let
K & =  10-14 for pyrazole,2 we find that kyX ~  2 X  103 Here rate [3(5) position] =  h [SH+] [OD~]; noting
sec-1 M ~l and that k JX '  ~  8 X  109 sec-1 M ~l. Ac- th a tA a' =  [SH][DjO+]/[S H +], we derive
cordingly, we estimate that the conjugate base is about
4 X  106 more reactive than the molecule with respect «ob!d = j t t  (1(b
to the D30 +  electrophile; the rates of deuteration of
the anion and molecule are calculated to be about equal whi‘3h aSrees with experiment. Similar independence
at pD = 7.4 (room-temperature value).11 Bycompara- the rate of deuteration upon [OD ] attributable to 
tive iodinations of pyrazole and 1-methylpyrazole, the the yhde-intermediate mechanism has been re
reactivity (relative to I2 or IOH2+) of the conjugate ported.7’13'14 An alternative path for 3(5) deuteration
base of pyrazole was estimated to be between 109 and independent of pD could involve attack of the conjugate
1013 greater than that of the molecule.6 base 111 by D3 ° + to form a Wheland intermediate.

(10) G. P. Bean, eta l., J .  Chem. Soc., B , 1222 (1967). (12) For example, see G. P. Bean, C. D. Johnson, A. R . Katritzky, B . J .
(11) Compare phenol, where the phenoxide anion is estimated to be 2 X Ridgewell, and A. M. White, J .  Chem. Soc., B, 1219 (1967).

107 more reactive than the phenol molecule, and the rates of deuteration (13) J .  A. Zoltewicz and J .  D. Meyer, Tetrahedron Lett., 421 (1968).
of the two substrates to be equal a t pD =  3.4.10 (14) T . M . Harris and J .  C. Randall, Chem. In d. (London), 1728 (1965).
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However, the independence of the rate of ND4+ and first type involves base-catalyzed proton removal from
pvrid;mum-ds casts doubt upon this alternative. Fur- the exchange site of the substrate. The second type
ther, the numerous examples of other heteroatomic involves acid-catalyzed Wheland intermediate forma-
aromatic substrates6’16 20 that appear to undergo hydro- tion. In general, in neutral, weakly acidic, or weakly
gen exchange in a  positions through ylide intermediates alkaline solutions, positions next to nitrogen, oxygen,
support this mechanism for the 3(5) position in pyra- or sulfur heteroatoms undergo exchange b y’ the first
zole. Of particular interest, 1,2-dimethylpyrazolium type,6-7'16- 20 whereas positions with carbon neighbors
cation undergoes deuteration in the 3(5) position at may react through the first22 or the second type.10,12’23
31° in alkaline solution.6 Here, the much smaller rate The relative reactivities of the conjugate acid, conju-
of deuteration of the 3(5) position in pyrazole in terms gate base, and molecule forms of the substrates differ,
of the ylide path is a consequence of the very weak base depending upon which type mechanism is operative!
strength of pyrazole.2 Thus, for the proton abstraction mechanism, the con-

The experimental activation energy for the 4 position jugate acid is most reactive, the molecule next,7'19 and
is 21.8 ±  1.6 kcal and that for the 3(5) position is 38.8 the conjugate base apparently unreactive. Here pro-
±  6.4 kcal. Corresponding pseudo-unimolecular colli- tonation of the heteroatom leads to rate enhancement
sion factors are 7.6 ±  106 sec 1 and 2.1 X  1012 sec-1, in two ways: first, by increased inductive stabiliza-
respectively. The activation energy for the 3(5) posi- tion of transition states leading to ylide or anion inter-
tion is unexpectedly large;21 the smaller exchange re- mediates6’7’20 and second, by the increased entropy of
activity for the 3(5) position compared to the 4 position activation attending reactions between ions of opposite
is due to the great difference in activation energies of charge. For the Wheland intermediate mechanism,
these positions, partially offset by the larger pre- the conjugate base is most reactive, the molecule next,
exponential factor of the 3 (5) position. and the conjugate acid least. In the latter case, de-

It is evident that two types of exchange mechanism protonation of the heteroatom appears to stabilize
are operative in aromatic heterocyclic systems. The transition states leading to the Wheland intermediate,

(is) h. s. staub, Tetrahedron Lett., 845 (1964). and also to cause the entropy of activation to increase
(16) P. Beak and J . Bonham, J. Amer. Chen. Soc., 87, 3365 (1965). f o r  p o s i t i v e l y  c h a r g e d  e l e c t r o p h i l e s .
(17) P. Haake and W. B. Miller, ibid., 85, 4044 (1963).
(18) R. Breslow, Ann. N. Y. Acad. Sci., 98, 445 (1962). Registry No.—Pyrazole, 288-13-1.
(19) R . A. Olofson, J .  M. Landesberg, K . N. Houk, and J .  S. Michelman,

J. Amer. Chem. Soc., 88, 4265 (1966). (22) J .  A. Zoltewicz, G. Grahe, and C. L. Smith, J. Amer. Chem. Soc., 91,
(20) P. Haake, L. S. Bauscher, and W. B . Miller, ibid., 91, 1113 (1969). 5501 (1969).
(21) For example, the activation energy for exchange in the 4(5) position (23) The /3 position in 4-aminopyridines exhibits mechanism type 1 in

in imidazole is about 22 kcal.7 alkaline solution and type 2 in acid solution. See ref 13.

The Azodiformate Adduct of Indene and the Stereochem istry of 
Some 1,2-D isubstituted Indans1

Charles F . Huebner ,211 E llen  M. DoNOGHUE,2a Carol J . Novak,2a Louis Dorfman,2si
and E rn est  W en kert215

Chemical Research Division, CIBA Pharmaceutical Company, Division of CIBA Corporation, Summit, New Jersey and 07901 
Department of Chemistry, Indiana University, Bloomington, Indiana JJIlfil

Received June 26,1968

It has been shown by chemical degradations that the structure of the adduct of indene and diethyl azodiformate 
is correctly formulated as an oxadiazine. The stereochemical structure assigned to a 2-amino-l-indanol by in
terpretation of nmr data has been shown to be erroneous. The generalizations proposed to deduce the stereo
chemistry of 1,2-disubstituted indan on the basis of nmr spectra have been shown to be an oversimplification.

A recent study on Diels-Alder reactions of indene3 it is noteworthy that reaction of indene with sterically
presented physical data on whose basis the long-known restricted phthalazine-l,4-dione leads to 1,2 addition
adduct of indene and diethyl azodiformate4 was for- and hence to the formation of an authentic diazetidine
mulated as diazetidine 1. Chemical evidence now, 2,6 while reactions of azodiformates with other olefins
however, shows this substance to be represented prop- have been shown recently to yield both 1,2 and 1,4
erly by the oxadiazine structure.6 In this connection adducts.7

,,, r , , . ... ,. , . . .  ,.. ... Structure 1 became untenable when a hydrazino(1) Delay m publication of this paper was the responsibility of the editor. i i i  . .  ̂ . .  .
Since acceptance of this paper for publication the correct structures for 1 R lC O llol W RS obtR lH C Q  U.pOH i t s  r6d .U C tlO Il by llthruni
and 7 have been proposed by others: (a) H. M . R . Hoffmann, Angew. Chem. aluminum hydride. Proof of the nature of the re-
Int. Ed. Engl., 8, 556 (1969); (b) H. Rimek, T . Yupraphat, and F. Zymal- ,  , • , , , » , , .  f  •, , . .
kowski, Justus Liebigs Ann. Chem., 728, 116 (1969); (c) H. Rimek, T . Yupra- ¿UCtlOn product and formulation of its Structure as 4
phat, and f . Zymaikowski, ibid., 726,25  (1969). emerged from the following observations. Its  nmr

(2) (a) c i b a  pharmaceutical Co.; (b) Indiana University. spectrum showed the presence of two replaceable hy-
(3) C. F . Huebner, P. L. Strachan, E . M. Donoghue, N. Cahoon, L . , ,  . AT A , .

Dorfman, R . Margerison, and E . Wenkert, J. Org. Chem., 82, 1126 (1967). d r O g e n S  a n d  t w o  N - m e t h y l  g r o u p s .  A c e t y l a t i o n  g a v e
(4) O. Diels and K. Alder, Justus Liebigs Ann. Chem., 450, 237 (1926). an 0,N-diacetyl derivative. Hydrogenation of 4 over
(5) Dr. E .K o ern er von Gustorf also concluded that this new structure is p l a t i n u m  O x id e  i n  a c e t i c  a c i d  g a v e  a n  a m in o  a l c o h o l

the correct one (private communication). He has since then completed his r  °
evidence for this structure: E . K . von Gustorf, D. White, B. Kim, D. Hess
and J .  Leitich, J. Org. Chem., 35, (155 197). His earlier paper, E . K. von (6) 0 .  L. Chapman and S. J .  Dominianni, J. Org. Chem., 31, 3862 (1966).
Gustorf and B . Kim, Angew. Chem., 76, 592 (1964), proposing the diazetidine (7) J .  J .  Tufariello, T . F . Mich, and P. S. Miller, Tetrahedron Lett., 2293
structure, was neither abstracted nor indexed by Chemical Abstracts. (1966); G. Ahlgren and B . Akermark, Acta Chem. Scand., 21, 2910 (1967).
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C10H13NO (5), with loss of methylamine. The positions S c h e m e  I

of the alcohol and amino groups were shown by form- r ^ \
aldehyde-formic acid methylation of 5 to a dimethyl- CO,C2H5 (1 /  ¡1
amino alcohol 8 identical with that obtained by similar |
methylation of the known 2-amino-l-indanol (7) (mp / N\  N /
107-108°) prepared by the method of Rosen and / N\
Green,8 hydrogenation of 2-oximino-l-indanone (6) in f  JT y f  C02C2H5 f  | y
acetic acid-sulfuric acid over palladium black. To
rule out any acid-catalyzed rearrangement of the amino 1 2
alcohols 5 and 7, especially at the benzyl alcohol OC2H5
position,9 both compounds were methylated under
basic conditions with methyl iodide, and an identical I
quaternary ammonium salt was obtained. Thus, the lsaih

gross structure of the indene adduct is indicated by 3, i  |  C02C2H5 —— 4-
with only the stereochemistry of the ring fusion to
be defined. Since no stereochemical change would 3
be expected to occur during the reaction sequence OH OH
3 —*■ 8, the stereochemistry of the 2-amino-l-indanol 7 . - ^ 1
is that of the ring fusion in the adduct 3. The trans | |f \ _ y — NHCH3 > f |j y— NHCH:j
structure has been assigned to 7 by Rosen, et a l . , 10 I pt° !
on the basis of its nmr spectrum, now requiring 3 CH3 5

also to be trans. Since this appeared most improb- 4  |ch2ohco,h
able, the stereochemical assignment of 7 was reexamined
and means of establishing the stereochemistry by 1
methods other than nmr spectroscopy were sought.

In previous work we had obtained the isomeric L II y ~ ~ N(CH3)2
2-amino-l-indanol 9 (mp 104-105°) as the major prod
uct from the hydrogenation of 2-oximino-l-indanone *
(6) in ethanol containing hydrochloric acid over pal- CH‘°  l HC0*H
ladium on carbon, even though hydrogenation of 6 0
under the not too dissimilar conditions of acetic acid II 1
containing sulfuric acid over palladium black gave h2
the other isomer 7 as the major product (see Scheme L I 1 / ' =N0H Pd h|,.ck > [ I I  y>“ "NH2
I). The reason for this divergence in results under 6 ch,co,h- h.so, 7
the described empirically determined hydrogenation 2Qf pd_c ’
conditions is not apparent. Having on hand both *1 c ,h .oh- hci I™
the isomeric amino alcohols 7 and 9, stereochemical Q
assignments could be made more rigorously. The in- 9 H (). y
frared spectrum of 7 in methylene chloride at successive ^ 7  1
dilutions showed band shifts associated with intra- f  JT y — NH2 | ||
molecular hydrogen bonding. A broad hydroxyl
stretching band at 3590 cm-1 with an inflection at 9 10
3650 cm-1 due to the unbonded form is seen. There C6H5
was no material change in the shape of the curve on I |6 5
successive dilutions. The spectrum of 9 showed the O^^NH 0?; i x\[H
bonded hydroxyl band at 3580 cm-1 and a distinct \^> |/ \| + |/
band due to the unassociated hydroxyl at 3680 cm-1. /\ 4  V
Successive dilutions increased the intensity of the lat- 0H2
ter at the expense of the 3580-cm-1 band. These mea- 11 12
surements indicated 7 to be the cis and 9 the trans
amino alcohol. This difference in infrared spectra pseudoephedrine, in which the hydroxyl and amino
could be seen more clearly on the dimethylamino groups in their preferred conformations are closer to
alcohols 8 and 13. The broad bonded hydroxyl each other than in ephedrine,12 gives an oxazolone
stretching band at 3375 cm-1 seen in the spectrum on reaction with urea. By contrast, ephedrine gives
of 8 was not changed by dilution, while the correspond- an imidazolone. We found 7 to give the oxazolone
ing band of 13 at 3380 cm-1 virtually disappeared 10 in good yield on reaction with urea. Under the
on dilution and the sharp band at 3580 cm-1 due to same reaction conditions 9 gave an intractable resinous 
unbonded hydroxyl grew in intensity. material.

Chemical evidence indicating the cis stereochem- Acid-catalyzed N O acyl migrations are well known 
istry of 7 is also available. Close11 has shown that in systems in which the interacting groups are close.

(8) w. E . Rosen and m . j . Green, 0 rB. chem.. 28, 2797 (1963). N-Benzoylpseudoephedrine rearranges very readily to
(9) I t  is known that the ephedrine pseudoephedrine equilibration till6  0 “b6n.ZORtG UIlU.6r C o n d i t io n s  W fllC il 16RVG trllG

with a similarly situated benzyl hydroxyl is acid catalyzed by 25%  hydro- e p h e d r in e  d e r i v a t i v e  U n c h a n g e d .13 H o w e v e r ,  a p p l y i n g
chloric acid; see H. Emde, Helv. Chim. Acta, 12, 377 (1929).

(10) W. E . Rosen, L. Dorfman, and M. P. Linfield, J .  Org. Chem., 29, 1723 (12) J. B. Hyne, Can. J .  Chem., 39, 2536 (1961).
(1964). (13) G. Fodor, V. Bruckner, J .  Kiss, and G. 6hegyi, J .  Org. Chem., 14,

(11) W. J .  Close, ibid., 15, 1131 (1950). 337 (1949).
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this technique to the differentiation of 7 and 9 was In order to confirm that the unusually large Ci proton
of no value. The N-benzoates of 7 and 9 both re- shift caused by the dissolution of 8 and 13 in trifluoro-
arranged under acid catalysis to a single O-benzoate acetic acid was indeed due to a combination of esterifica-
and at about equal rates. Acyl migration of the trans tion and protonation and not purely a protonation
benzoate (11) must readily occur via the intermediate effect, a number of comparisons were made. Though
12 with inversion at C-l to give the cis O-benzoate. the spectra were not taken in trifluoroacetic acid,

During the course of the present work a publication it could be seen that the downfield effect of protonation
reinforcing our data appeared.14 Thrift found that of the C-2 nitrogen from compounds 5, 7, 8, 9, and
reductive acetylation of 6 followed by sodium borohy- 13 in deuterium oxide was in the order of 52-67 cps
dride reduction of the ketone gave an acetamidoindanol (Table I), the smaller value being the N-methyl com-
which on acid hydrolysis gave one aminoindanol and pounds. Compounds 14 and 15, the trifluoroacetic
on basic hydrolysis another. It was reasoned that esters, exhibit a downfield shift of 102 and 99 cps,
the acid-catalyzed hydrolysis proceeding via an inter- respectively. The additional shift of 50 cps over that
mediate of the type of 12 would yield the inverted seen by N-protonation alone is due to esterification. It
or cis compound. However, it is also possible that should be noted that O-acetylation of compound 8
the acetamidoindanol could have the cis configuration shifts the C-l proton 78 cps downfield. Making the
and acid hydrolysis would give the ¿raws amino alcohol, salt (spectrum in sulfuric acid-d2 : deuterium oxide)
since it is known9 that acid may invert the benzyl produced an additional effect of 30 cps or a total of
alcohol. The N-acyl group is not necessary for in- 108 cps.
version to occur.15 Since a unique ester is formed from each alcohol,

Despite several descriptions of the two 2-amino-l- esterification must have been taken place without in-
indanols16 their distinction by the melting points of version. If it had occurred via a benzyl carbonium
the isomeric bases and hydrochlorides is not possible : ion, the same ester or mixture of esters should have
melting point of 7, 107-108°; hydrochloride, 206°; been present from either 8 or 13. During attempts
O-N-diacetate, 118-120°; melting point of 9, 102- to isolate the pure trifluoroacetate esters by basification
104°; hydrochloride, 229-230°; O-N-diacetate, 210- of the amine salt mixture obtained by removal of
212°. They can be distinguished, however, by the either excess trifluoroacetic acid or anhydride, such
melting points of the diacetyl derivatives. Judged rapid hydrolysis occurred that only a mixture of pre-
solely on the basis of melting points, previous reports16 dominantly alcohol plus a minor amount of ester could
probably dealt with mixtures. be obtained. Ester could be recognized by the in-

The methylamino alcohol 5 is identical (mixture frared spectra but could not be separated in a pure
melting points and infrared spectra) with one of un- state from the mixture. The fact that the starting
specified stereochemistry described by Heinzelmann, alcohol was obtained is additional evidence that esteri-
et a l.17 I t  had been prepared by substitution of trans- fication occurred without inversion.
1,2-dibromoindane first at the 1 position by a benzyloxy When a trifluoroacetic acid solution of 8 or 13 was 
and then at the 2 position by a benzylmethylamino allowed to stand, equilibration of the esters was ob-
group, followed by removal of the benzyl groups. The served and within 3 days the same 55-45%  mixture
configuration of the amino alcohol resulting from these of esters, with the trans isomer predominating, was ob-
two consecutive nucelophilic substitution reactions tained. Refluxing of 8 in 2 N  hydrochloric acid causes
could not be predicted with certainty, although it is equilibration of the alcohols. Because the extremely
recognized that the bromo group is a stronger par- rapid esterification at 25° of 8 and 13 by trifluoroacetic
ticipating neighboring group than is alkoxy.18 Since acid was somewhat unexpected, it was considered of
the structure of this amino alcohol 5 is now shown interest to briefly examine the esterification of simpler
to be cis, it is evident that the first substitution reaction benzyl alcohols. 1-Indanol immediately forms an in-
proceeded with retention and the second with inversion. soluble polymer in trifluoroacetic acid. Benzyl alcohol

Two incidental observations of chemical behavior is esterified considerably slower in trifluoroacetic acid
of the aminoindanols remain to be described. When under the same conditions as used for 8 and 13 with a
either cis-2-dimethylamino-l-indanol (8) or the trans half-life at 42° of about 12 min. Addition of one
isomer 13 was dissolved in trifluoroacetic acid, com- molar equivalent of triethylamine caused no change
plete esterification had occurred within the time re- in this rate of esterification. Finally, it might be
quired for a nmr spectral determination (2 min). The noted that by ring opening of 3 mild acid hydrolysis
esters 14 and 15 were shown to be present by the down- yields the amino alcohol derivative 16. Since there
field shift of the C-l proton in their nmr spectra and is no reason to believe that hydrolysis has taken place
by the ester carbonyl bands in the infrared spectra. with inversion, 16 most probably belongs to the cis

series.
(14) r . i .  Thrift, j . Chem. Soc., 288 (1967). Since the cfs-2-aminoindanol (7) had been assigned
(is) The configurational assignments ot the amino indanois parallel erroneously, the trans configuration by Rosen, et a l.,10 a

those of the amino tetralols [F. Zymalkowski and H. J .  Rimek, Arch. Pharm . , ■ ,  , i o  Ui cm K u til-n t orl in
(Weinheim), 294. 581 (1961)]. The stereochemistry of the latter was con- r é é v a l u a t i o n  o f  t h e  n m r  d a t a  O n 1 ,2 -d lS U b S tltU te C t i n -
firmed recently by interpretation of their nmr spectra [R. Violland, R . Gaige, daneS became necessary. The previous authors noted
an(i« Graham, ̂ nd m a  Kollo«, /. Orff. CKem.. 9, that a small series of simple 1,2-disubstituted indanes
380 (1944); T . Kametani, H. Sugahara, and S. Asagi, Chem. Pharm. Bull. COUld b© d iv id © d  i n t o  tW O groups Oil th ©  b&SIS OI t h e
(Tokyo), 14 ,1409 (1966). complexity of the nmr signals of the C-3 methylene
Chem., 14, 906 (1949). We thank Dr. Heinzelmann for a sample with which protOIlS. Ihese protOHS 111 tile CIS COHipOUIlClS W e re
to make this comparison. geen as a doublet and in the trans compounds as an

(18) C A. Bunton, “Nucleophilic Substitution at a Saturated Carbon,” , , ,  1 , • V -j. „AGAU
Elsevier Publishing Co., New York, N. Y „  1963, p 53. Octet. Since 7 showed a multiplicity of bands which
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Table I
Nuclear Magnetic Resonance Data of cis- and irans-1,2-Disubstituted Indans“

,-------------------Substituent------------------->
Compd Ci > C2 <•------------------- Hsa------------------- - Hab H2 Hi Other hydrogens--.

7 OH NHi cish 172e m 215 q 285 d (5 .4) OH, NH. 153
OH N H rH C l cisd 220e m 270 q 346 d (5.8)

9 OH NHi irons6 147 q ~ 186  m ~203 m 281 d (6 .1) OH, NHi 173
OH NHj-H Cl trans1 206 q 240 q ~ 260  m 348 d (5.2)

5 OH NHCHî cisb 174e m ~193 m 289 d (5 .5) CHs 145
OH NHCH.-HC1 cisd 218e m 254 m 341 d (5 .4) CHa 198

8 OH N(CHa)a cisb ~ 173“ m ~ I7 3  m 290 d (5 .0) CHa 140
OH 241

OH N+(CHa)2H cisd ~ 222  m ~ 252  m 342 d (4 .9) CHa 206,211
13 OH N (CHa) a irons1 ~ 167“ m ~167 m 302* t ’  CHa 135

OH 331
OH N+(CHa)aH I r a n J  ~ 238  m ~ 238  m 354 d (6 .0) CHa 202 ,208
OH N +(CHs)aI- cisd ~263 m 354 d (5 .0) CHa 229
OCOCHa N (CHa) a cisb ~ 182  m ~ 182  m 368 d (4 .9) CHa 141

COCHs 122
OCOCHa N+(CHa)aH cisf  ~ 227  d ~260 m 398 d (5 .0 ) CHa 207,209

COCHa 148
14 OCOCFa N+(CHa)aH cise 209e m 252 m 392 d (4 .7) CHa 196
15 OCOCFa N+(CHa)aH irons• ~ 210< 260 m 401 d (4 .3 ) CHa 185
17 OCOCHa NHCOCHa cis1 184“ m 290 m 365 d (6 .1) CHa 120 ,122
20 OCOCHa NHCOCHa transb 162 q 210 q 273 m 369 d (6 .0) CHa 117,126
18 OH NHCOCsHs cish 188e m 278 m 300 d (6.0)
19 OH NHCOCaHs transh 166 q 194 q 264 m 311 d (7.0)

COOCaHa

16 OH N cisd 180“ m 284 m 315 q» (8 .5) CHa t  7 7 (6 .8 )
\  CHa q 253

NHCOOCaHa
OH NHCHO irons* 164 q 193 q 250 m 296 d (6) CHO 488

21 OCOCaHs NHa-HCl cisd ~ 221e m ~ 274  m 401 d (5.5)
CHa

/
4 OH N ^  cis6 —180“ m ~ 180  m 300 d (4 .4) CHa 162,154

NHCHa
3 oisb 183“ m 301m  327 d (4.5) CHa 79 t  (7 .0)

83 t (7 .0) 
CHa 260 q

264 q
10 cis* 183“ m 274 m 354 d (7 .5)

“ The spectra were obtained with a Varian A-60 spectrometer. All data reported in cycles per second (cps) from tetramethylsilane 
as internal standard, d = doublet, t = triplet, q = quartet, m = multiplet, and values in parentheses are coupling constant in cps 
obtained by first-order analysis. The symbol ~  indicates the values are approximate due to overlapping bands from other protons. 
6 Chloroform-d. “ See text for interpretation. d Deuterium oxide. « The observed triplet is most likely a quartet. Hi is coupled
(4.3) to H2 and each band split (3.5) by the H3 proton which forms a figure W with the Ci [S. Sternhell, Rev. Pure Appl. Chem., 14, 15
(1964)]. f  Sulfuric acid-d2. 8 Trifluoroacetic acid. ‘'Dim ethyl sulfoxide-de- 'Assignment of the respective protons was difficult; 
however, they have the general appearance of an octet with a spread of at least 50 cps. ’  Coupling of Hi with OH is removed by addi
tion of D20.

appeared to be an octet, it was assigned the trans OCOCF3
stereochemistry. We have listed (Table I) the spectral Ï
data for a number of cis and trans compounds whose 8 __„ nvch ) h+
stereochemistry now has been established unequivo- 32
cally. 14

Three types of spectra can be observed for our If
series of 1,2-disubstituted indanes. Provided an elec- „ „  jL
tronegative group is present at C-2 producing an ap- i OCOCF3
preciable chemical shift difference between the protons
at C-2 and C-3, the trans series always gives AM X- [T II y  N(CH3)2 *  [ JL /  N(CH3)2H+
type spectra, cis compounds have A B X  spectra in 
which the differences in chemical shift between the
C-3 methylene protons vary, but are always smaller OH
than those of the related trans compound. These 
A B X  spectra may vary. For example, the cis amino
alcohol 7 shows four strong bands of irregular intensity |
in a central cluster with very weak wings. The di- C02C2H5
acetate 17 exhibits three bands. An irregular doublet 16
is seen for 16 and 17. The oxadiazene 3 exhibits
seven bands. In general, the AB bands overlap. Since stereochemical configuration. A third type of spec-
AM X and A BX spectra merge as the difference in trum, the ABC type in which the difference in chemical
chemical shift between the C-3 protons decreases, it shift between C-2 and C-3 is small, is of no help in deter-
is advisable to examine the spectra of both the cis mining stereochemistry. The methylated amino al
and trans compound when using nmr data in assigning cohols 4, 8, and 13 fall into this class.
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The vicinal coupling constants of the C-l and C-2 161-163°). Infrared absorption spectra of the two samples
protons cannot be used to determine stereochemistry. were identical-
If the fiv^membered ring were planar, m  compounds 7 ^ ' ’ * ’ ^
With ci Vicinal angle ot 0 should have a larger coupling cis-2-Dimethylamino-l-indanol (8) from 5 and czs-2-Amino-1- 
constant than trans compounds. However, the five- indanol (7).—A solution of 0 . 6  g of 5 was refluxed in 8  ml of
membered ring in 1,2-dihydroxyindane is known to propanol with 0.7 ml of 36% formaldehyde solution and 0.55 ml
be puckered,19 and the extent of puckering will be of formic acid for 6  hr. After evaporation in vacuo the residue
i j  . ., , e  ̂ n was treated with excess 50% potassium hydroxide and extracted

dependent on the type of substitution at C-l and C-2. with ethyl acetate. Evaporation of the solvent and recrystal-
Thus, even if the Karplus values were to hold rigidly, lizationof the residue from methanol yielded 0 . 4  g of 8, mp 124r-
coupling constants would not unerringly give correct 126°.
stereochemistry since the degree of distortion from Anal. Caled for CuHi6NO: C, 74.54; H, 8.53; N , 7.99.

planarity is not known beforehand. For example, F<'ThehydiocMfride3 ^ ^ ^ ^ 80̂  ethanol^thyl acetate)
J  1,2 is larger for the trans ammo alcohol 9 than for melted at 175-176°.
the cis 7, while the reverse is true for their respective Anal. Caled for CuH16NO-HC1: C, 61.81; H, 7.52; N, 
hydrochlorides. Similarly, the trans N-benzoate 19 6.56. Found: C, 61.81; H, 7.79; N, 6.47.
has a larger J lft than does the cis stereoisomer 18. A 4. Similar méthylation of 7* gave a sample of the dimethyl deriva-

•i r, ,. . . . , . „ 0  tive 8  which by mixture melting point, nmr, and infrared spectra
similar situation has been encountered in some 2,3- proved to be identical with the sample of 8 derived by the mono- 
disubstituted dihydrobenzofurans.20 méthylation of 5 described above.

cis-2-Dimethylamino-l-indanoI Methiodide from 5 and 7.—  
A mixture of 0.15 g of 5, 0.18 ml of methyl iodide, and 0.7 g of 

Experimental Section21 potassium carbonate in 5 ml of acetonitrile was refluxed for 6  hr.
j, ,. . . , , . , , ... , , . , _ . The inorganic salts were filtered off hot, and cooling the filtrate

2 - ( i^-üunethylhydrazmo)-l-mdanol (4).- A  solution of 5 1 g ielded 0 .2 0  of the methiodide 0f g, melting point after re-
of the jxadiazine 3 in 175 ml of anhydrous ether was added crystallization from ethanol 227-230° dec.
dropwise with stirring to a suspension of 3 g of lithium aluminum Anal Calcd for C 12H18INO: C, 45.14; H, 5.68; N, 4.39.
hydride in 2 0  ml of ether. Ihe reaction mixture was refluxed Found- C 45 16- H 5 77- N 4 42
for 2 hr then decomposed by the cautious addition of 15 ml of Similar méthylation of 7 or treatment of the dimethyl deriva- 
ethyl acetate followed by 3 ml of water, 6  ml of 12% sodium tive 8  with methyl iodide gave methiodides shown to be identical 
hydroxide solution, and finally 9 ml of water. The inorganic b mixture melti int and infrared spectra with the le 
solids were filtered and the filtrate extracted with 5%  hydro- described above
chloric acid. The aqueous layer was made basic with ammonium frans-2 -Amino-l-indanol (9 ) Hydrochloride and B a s e .-A  solu- 
hydroxiie and the^organic material extracted into ether. The tion of 3 .7  of 2-hydroxyimino-l-indanone (6 ) and 13.5 ml of
ether was dried (MgS04) and evaporated. The solid residue 6 1  N  etbanolic hydrogen chloride in 230 ml of ethanol in the
was triturated with petroleum ether (bp 30-60 ), giving 1.4 g of preseilce of 600 mg of 20% palladium on carbon was hydrogenated
product 4, mp 70-73 . __ _  at 40 psi pressure. The absorption of hydrogen ceased after 30

AnaL Caled for CnHi6N 20: C, 68.72; H, 8.39; N, 14.57. min, during which time approximately 3  mol of hydrogen was
t l ,  ? „ J. , . , . , , absorbed. The catalyst was filtered and the filtrate evaporated

2-(2-Acetyl-1,2-dimethylhydrazino)-l-indanyl Acetate. A solu- jn vacuo. The solid residue was washed well with ether and re-
twn of 250 mg of 4 m 0.25 ml of pyndine and 0.25 ml of acetic crystallized three times from ethanol-ether, mp 222-224°. 
anhydride was allowed to stand at room temperature for 1 A m l  Calcd for C 9H „NO-HCl: 0 ,58.12; H, 6.52; N, 7.54. 
week, then poured mto ice-water and shaken for 15 mm. The Found* C 58.28* H 6.27* N 7.32.
reaction mixture was made basic with ammonium hydroxide and The correSp0nding base was prepared by dissolving the hydro-
the organic material extracted into chloroform. The chloroform chloride in a minimum amount of water, making it strongly
solution waswashed with water, dried (MgSC^), and evaporated basic with ammonium hydroxide, and extracting into ether. The
m vacuo. The residue, which slowly solidified was recrystal- ether soiution was dried (MgSO,) and concentrated and the solid 
lized from benzene-petroleum ether (bp 30-60°), mp 84-86°. residue recrystallized from benzene, mp 100-103°.

Anal. Caled for C i5H20N 2O3: C , 65.19; H, 7.30; N , 10.14. AnaL Calcd for c 9H„NO: C, 72.45; H, 7.43; N , 9.39.
Found: C , 65.51; H, 7.43; N , 10.38. Found: C, 72.42; H, 7.66; N, 9.11.

Reductions of 4 to as-2-Methylammo-l-mdanol (5).— A solu- 3,3a,4,8b-Tetrahydroindeno[2,1-d]oxazol-2-one (10).— A mix
tion of 0.6 g of 4 in 10 ml of 90% acetic acid was reduced over 40 ture of 0 15 g of 7 and 0.15 g of urea in 5 ml 0f ethanol was acidi-
mg of platinum oxide at atmospheric pressure. After the uptake f\ed with 6  N  ethanolic hydrogen chloride, evaporated to dryness,
of one molar equivalent of hydrogen, the catalyst was filtered off and beated in an 0¡1 bath at 170<» {or 0-5 hr and at 200° for 1 hr.
and the solvent evaporated m vacuo. The residue after treatment rpbe residue Was washed with water and recrystallized from etha-
with excess 50% potassium hydroxide was extracted with ethyl noj yieiding io, mp 205-206°.
acetate. Evaporation of the solvent left a crystalline residue Anal. Caled for C 10H9NO2: C, 68.56; H, 5.18; N , 8.00.
(mp 70-72°) which by analysis appeared to be essentially 5. Found: C, 68.26; H, 5.07; N , 8.06.

Anal. Calcd for CicH^NO: C, ;3.59; H, 8.03; N , 8.58. Heating of 9 hydrochloride with urea at various temperatures
Found: C, 72.61; H, 8.16; N , 8.75. yielded only starting material or an intractable tar.

The picrate melted at 170-171 after recrystallization from cts-N-(l-Hydroxy-2 -indanyl)benzamide (18).— A mixture of
ethanol.  ̂ 300 mg of the cis amino alcohol 7 and 337 mg of benzoyl

Anal. Calcd for C J0iI,(NO■ CnlEN3O7 : C, 48.98; H, 4.11; chloride was react under the usual Schotten—Baumann condi- 
N, 14.28. Found: C, 48.71; H, 4.18; N, 13.98. tions. The product was recrystallized from ethanol: mp 200-

Braur 22 reported a trace amount of a methylamino indanol 2 02°; yield, 250 mg; infrared 1630 cm ' 1 (amide I), 1560 e n r 1

formed at the end of a reaction sequence beginning with 1-bromo- (amide II)
2-indanol melting at 77-79° and a picrate melting at 171° which AnaL Calcd for C 16Hi6N 02: C, 75.87; H, 5.97; N , 5.53.
is undoubtedly 5. The hydrochloride of 8  prepared with ethanolic Found: C 75.90- H 6.13- Ñ 5.31.
hydrogen chloride and recrystallized from ethanol-ether melted íran,s-N-(’l-Hydroxy-2-mdanyí)benzamide (19).— Similarly 500
at 168-170°. A  sample of 5 obtained from Dr. Heinzelmann17 mg of the lmm  amino aicohol 9 was benzoylated. After re
melted at 160-162° (mixture melting point with our sample crystallization from ethanol-benzene the product melted at

229-230° dec: yield 580 mg; infrared 1630 cm- 1  (amide I),
(19) F. V. Brutcher, Jr., and E. L. James, ZH’ss. Abstr., 24, 1938 (1963). 1560 cm - 1  (amide II).
(2 0) L. H. Zalkow and M. Ghosal, Chem. Commun., 922 (1967). Anal Calcd for C,6H16N 02: C, 75.87; H, 5.97; N , 5.53.
(2Í) Nmr spectra were recorded on a Vanan A-60 instrument usmg tetra- Found; c  7 5  7 9  R  5  9 5  N 5 .60.

methylsdane as an mternal standard Solvents are recorded m Table I. Rearrangement of 18 and 19 to Yield m-2-Amino-l-indanol
Infrared spectra were run as Nujol mulls on a Perkin-Elmer 521 spectropho- s , , . . , . . XT
tometer. Melting points were determined with a Thomas-Hoover apparatus. Benzoate Hydrochloride (21 ) .— A solution of 250 mg of CÎ8- (

(22) J. v. Braun and K. Weissbach, Ber., 63,3052 (1930). hydroxy-2-indanyl)benzamide in 10 ml of ethanol and 0.18 ml of
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6.088 N  ethanolic hydrogen chloride was refluxed on a steam at 1775 and 1770 cm“ 1, respectively. When attempts were made 
bath for 15 min. The solvent was evaporated in vacuo and the to isolate the bases 14 and 15 obtained from the solutions of 8 or
residue was triturated with 10 ml of water and filtered. The 13 in trifluoroacetic acid or anhydride by basification of the salts
filtrate was evaporated to dryness in vacuo and the solid residue with ammonia or sodium hydroxide and rapid extraction into
was washed well with ether: yield of 2 1 , 70 mg; mp 122-123°; ether, mixtures containing largely alcohol (infrared) were ob-
infrared 1715 cm- 1  (ester C = 0 ) . tained. Recrystallization was unsuccessful in separating in a

Anal. Calcd for C i6Hi5N 0 2 -HC1: 0 ,6 6 .3 1; H, 5.56; N, pure state the minor amount of unsaponified ester.
4.83. Found: C, 66.31; H, 5.48; N , 4.65. Esterification of Benzyl Alcohol with Trifluoroacetic Acid.—

The water-insoluble precipitate, mp 185-186°, weighed 1 70 Benzyl alcohol (150 mg) was added to 0.4 ml of trifluoroacetic
mg; infrared 1630 cm- 1  (amide I), 1560 cm“ 1 (amide II). acid at 42° in a nmr probe. It was placed in the spectrometer,

Anal. Calcd for Ci«Hi6N02 : 0 , 75.87; H, 5.97; N, 5.53. with the probe kept at 42°, and integrated between 250 and 350
Found: C, 75.90; H, 6.13; N , 5.31. cps at 1-min intervals. Integration of the singlet due to the

Treatment of 200 mg of frans-N-(l-hydroxy-2-indanyl)benz- methylene protons of benzyl alcohol at 282 cps and that due to
amide with 0.15 ml of 6.088 N  ethanolic hydrogen chloride in an the corresponding protons of the esterified alcohol at 319 cps
analogous manner yielded 160 mg of unchanged N-benzamide was used to measure the rate of esterification. A t 2 min esteri-
and 30 mg of 2 1  whose infrared and nmr spectra were identical ficarion was 1 0 %  complete and at 1 2  min half complete,
with that of the cis compound described above. Epimerization of czs-2-Dimethylamino-l-indanoI (8).— A solu-

cis-2-Acetamidoindanyl Acetate (17).— A solution of 250 mg tion of 0.6 g of 8 in 6.3 ml of 1.6 N  hydrochloric acid (3 molar
of the cis amino alcohol (7) in 1 ml of pyridine and 1 ml of acetic equivalents) was refluxed for 16 hr. Addition of potassium
anhydride was allowed to stand at room temperature for 5 days, hydroxide pellets and extraction with ethyl acetate gave a crude 
then poured into 5 ml of ice and 10 ml of water. The reaction base which by nmr spectral analysis of the C -l proton region was
mixture was stirred for 1  hr, keeping the temperature below 25°, shown to be 62% cis (8) and 38% trans alcohol (13). (See
then made basic with ammonium hydroxide. The organic Table I for nmr data.) Repetition of the acid treatment for
material was extracted into ether, washed with water, dried an additional 36 hr gave a 50-50% mixture cf the two alcohols.
(MgS04), and evaporated. The solid residue was recrystallized Ethyl 2-(l-Hydroxy-2-indanyl)bicarbamate (16).-— A solution
from benzene-petroleum ether (bp 30-60°), mp 118-120°, of 4  g of the oxadiazine 3 in 10 ml of ethanol and 10 ml of water
yield 140 mg. containing 1.25 ml of 8  A  ethanolic HC1 was refluxed for 1  hr.

Anal. Calcd for C 18H15NO3: C, 66.93; H, 6.48; N , 6.01. A small amount of flocculent material was filtered off, then the
Found: C, 67.11; H, 6.53; N , 5.87. solvent was evaporated in vacuo. The organic material was

iroras-2-Acetamidoindanyl Acetate (20).— The trans amino taken up in ether and the ether solution washed with water, 10%
alcohol 9 (250 mg) was treated as described above, mp 210- sodium bicarbonate, and water, dried (MgS04), and evaporated.
212°, yield 230 mg. The oily residue, which slowly solidified, was recrystallized

Anal. Calcd for Ci3Hi6N 0 3 : C, 66.93; H, 6.48; N , 6.01. from benzene-petroleum ether (bp 30-60°), mp 128-129°. 
Found: C, 67.05; H, 6.46; N , 5.92. Anal. Calcd for C15H20N2O5: C, 58.43; H, 6.54; N, 9.09.

cis-l-Amino-2-indanol (7) Hydrochloride.— The salt prepared Found: C, 58.49; H, 6.52; N , 8.95. 
from a purified sample of 7s with ethanolic hydrogen chloride and

iesT-iS82°iZed frt°” 82'propano1 melted at 206° rather than the Registry N o .-3 ,  23337-75-9; 4 (cis), 23337-76-0;
Anal. Calcd for C gH nN O -H C l: C , 58.12; H , 6.52; N , 7.54. 5 (cis), 2 .3 3 3 7 -7 7 -1 ;  5 (HC1) (cis), 2 3 3 3 7 - 7 8 - 2 ;  5 (pic-

Fou nd: C , 58.00; H , 6.33; N , 7.39. rate) (cis), 2 3 3 3 7 - 7 9 - 3 ;  7  (cis), 2 3 3 3 7 - 8 0 - 6 ;  7  (HC1)
iraras-2-Dimethylamino-l-indanol (13).—A solution of 1.75 g (cis), 2 3 3 3 7 - 8 1 - 7 ;  8 (cis) , 2 3 3 5 9 - 9 0 - 2 ;  8 (cation H+)

of the irons am ino alcohol 9, 2 1 ml of 36% form aldehyde solu- (a ‘s)  2 3 3 3 5 - 5 6 - 0 ;  8 (HC1) (cis), 2 3 3 3 7 - 8 2 - 8 ;  8 (meth-
tion , and 1.65 ml of form ic acid m 25 m l of propanol was reacted . N , . x n ~ /, x noorn m  o ^
as described above. T h e  solid residue was recrystallized from  io d id e )  ( « * ) ,  2 3 3 3 7 - 8 3 - 9 ;  9  (trans), 2 3 3 5 9 - 9 1 - 3 ;  9
ethyl ace ta te -e th er , mp 105-107°. (HC1) (trans), 2 3 3 3 7 - 8 4 - 0 ;  10, 2 3 3 3 7 - 8 5 - 1 ;  13 (trans),

Anal. C alcd for C nH u N O : C , 74.54; H , 8.53; N , 7.99. 2 3 3 3 7 - 8 6 - 2 ;  13 (cation H+) (trans), 2 3 3 3 5 - 5 7 - 1 ;
Fou nd : C , 74.78; H , 8.65; N , 7.81. 13 (acetate) (cis), 2 3 3 5 3 - 5 8 - 4 ;  13 (acetate) (cation

a s -  and irons-2-Dunethylammo-l-mdanol Tnfluoroacetates H + )  2 3 3 3 5 - 5 8 - 2 ;  14 (cation H+) (cis), 2 3 3 3 5 - 5 9 - 3 ;
(14 and 15).—N m r spectra were run by dissolving 50 mg of 8 / v h  _ '  \  . ( ’ ’
and 13 in  0.1 ml of trifluoroacetic acid and com pleting th e  sp ectra  (cation H ) [trans), 2 3 3 5 5 - 5 6 - 8 ,  16 (cis) , 2 3 3 5 3 - 5 9 - 5 ,
as quickly as possible. T h e whole operation w as com pleted in 16 (formylamine) (trans), 2 3 3 5 3 - 6 0 - 8 ;  17 (cis), 2 3 3 5 3 -
2 m in. T h e  probe tem perature was 40°. T h e  spectrum  of 14 6 1 - 9 ;  18 (cis), 2 3 3 5 3 - 6 2 - 0 ;  19 (trans), 2 3 3 5 9 - 9 2 - 4 ;
resulting from  th e  so lu tionof 8 and of 15 resulting from  the solu- 2Q (fra?ls ) 2 3 3 5 9 - 9 3 - 5 ;  21 (cis), 2 3 3 5 9 - 9 4 - 6 ;  21 (HC1)
tion  of 13 were characterized  by  doublets a t  392 and 401 cps, ,  . v , ,  i . /
respectively, due to  the protons a t C - l . N o d etectab le am ount of ( cl s)> 2 3 3 5 9 - 9 5 - 7 ,  2-(-J-acetyl-l,2-dimethylhydrazmo)-
th e  unesterified 8 or 13 were present. B y  2 hr la ter , a t  room 1-indanyl acetate, 2 3 3 5 9 - 9 6 - 8 ;  indene, 9 5 - 1 3 -6 .
tem perature, m easureable am ounts of the C - l  epimer were de
tectab le  in th e  spectra of both  14 and 15. B y  3 days later, bo th  Acknowledgment.—We wish to thank Dr. G. de-
had reached the equilibrium  value of 55-45% w ith 15 predom i- S t e v e n s  f  su  p p o r t . Analyses were carried out under 
natm g. Infrared  spectra were run on the noncrystalline powder ^
obtained by  quickly evaporating freshly m ade solutions of 8 and l̂ ie  supervision of M r . G. Robertson and nmr spectra 
13 in  trifluoroacetic acid . T h e  ester bands of 14 and 15 were seen by Miss Ruth Behnke.
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Photochem ical and Therm al 1,2- and 1,4-Cycloaddition  
Reactions of Azodicarbonyl Compounds with Monoolefins
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Dialkyl azodiformates form dihydrooxadiazines with indene, dihydro-l,4-dioxine, vinylene carbonate, cis- 
and ¿rans-l,2-dimethoxyethylene, and vinyl acetate by 1,4 addition; 1,2 addition yielding diazetidines is observed 
with vinyl ethers. Diazetidines also result from the addition of 4-phenyl-A*-l,2,4-triazoline-3,5-dione (PTD) to 
indene and dihydro- 1,4-dioxine. Dihydrooxadiazines are formed in a concerted Diels-Alder reaction with in
verse electron demand, the diazetidines via dipolar intermediates. The acceleration of azodiformate addition by 
illumination is due to the photochemical production of cis azodiformates, which show increased thermal reaction 
rates compared with the trans isomers.

The thermal reaction of azodicarbonyl compounds and of 1,4-cycloaddition reactions16-18 with formation
(e.g., diethyl azodiformate) with monoolefins normally of dihydrooxadiazines 3. 1,3 addition has been pro
results in substitution, which may be combined with posed for the reaction of (CH3)3CCON=NCOC(CH3)3
an obligatory shift of the double bond following a with diphenyl ketene.19 To our knowledge no examples
concerted5-8 or free-radical path,70’9 or consists of a of 1,6 addition have been reported, 
formal insertion into a = C H  bond.6’10 The mechanisms of these cycloaddition reactions

Of the variety of conceivable cycloaddition reactions have not yet teen explored, and the factors governing
the following four appear as the most plausible. the different paths are unknown. In this paper we

wish (a) to present spectral and chemical evidence
1,2 addition 1,3 addition which allows one to distinguish between the different

products, (b) to contribute to the understanding 
I /  (1^0. OR of the mechanisms of the 1,2- and 1,4-cycloaddition

I d— 0 reactions, and (c) to discuss the photochemical
—Cv  /  I acceleration of the two latter processes.

— C-----N.  | N | F
I X COOR N=C

X 0R Results

1 2 Dihydrooxadiazines.—1,2-Disubsti tu ted olefins with-
1,4 addition 1,6 addition out easily  abstractable allylic hydrogen should undergo

cycloaddition reactions with azodicarbonyl compounds. 
The two ring protons should have identical environ-

_| q____________________________ q ments in 1 and 4, but different ones in 2 and 3, thus
| || — &  allowing a distinction by nmr.
(p N "N __C N Dihydro-1,4-dioxine, vinylene carbonate, and trans-
I | I \q_ q̂  1,2-dimethoxyethylene gave the 1 :1  adducts 5 -7  with

COOR | dimethyl azodiformate (DMAD). The nmr data (Ta-
OR ble I) show the two ring protons to be different; there-

3 4 fore 1 and 4 can be ruled out as structural possibilities.20
The distinction between 2 and 3 should be possible 

Only a few instances have been reported of 1,2- by ir: two valence vibrations ( C = 0  and C = N ) are 
cycloaddition reactions11-16 leading to diazetidines 1,

(13) R . W. Hoffmann and H. Häuser, ibid., 76, 346 (1964); R . W. Hoff-
(1) Max Planck Institut für Kohlenforschung, Abteilung Strahlenchemie. mann, ibid., 80, 823 (1968).

This address should be used for correspondence. (14) O. L. Chapman and S. J .  Dominianni, J .  Org. Chem., 31, 3862 (1966);
(2) Department of Chemistry, Boston College. E . Fahr, et dl., Angevi. Chem., 79, 154 (1967).
(3) Taken in part from the Ph.D . thesis D. V. White, Boston College, (15) J .  Firl and S. Sommer, Tetrahedron Lett. 1133, 1137 (1969).

May 1969. (16) E . Fahr and H. Lind, Angew. Chem., 78, 376 (1966), and references
(4) Taken in part from the doctoral dissertation B . Kim, Göttingen Uni- therein.

versity, 1966. (17) J .  J .  Tufariello, T . F . Mich, and P. S. Miller, Tetrahedron Lett., 2293
(5) R . Huisgen and H. Pohl, Chem. Ber., 93, 527 (1960). (1966).
(6) B . T . Gillis and P. E . Beck, J .  Org. Chem., 27, 1947 (1962); 28, (18) G. Ahlgren and B . Akermark, Acta Chem. Scand., 21, 2910 (1967).

3177 (1963). (19) E . Fahr and J .  Markert, D ECH EM A  Colloquium, Frankfurt/
(7) (a) B . Franzus and J .  H. Surridge, ibid., 27, 1951 (1962); (b) B . Main, Germany, 1969. Detailed discussions with Professor Fahr prior to

Franzus, ibid., 28, 2954 (1963); (c) W. A. Thaler and B . Franzus, ibid., 29, publication are gratefully appreciated. J .  M arkert and E . Fahr, Tetra-
2226 (1964). hedron Lett., 769 (1970).

(8) J .  M. Cinnamon and K . Weiss, ibid., 26, 2644 (1961); G. O. Schenck, (20) I t  could be argued that hindered rotation about the N-COOR bonds
E. Koerner von Gustorf, B . Kim, G. von Bünau, and G. Pfundt, Angew. in 1 could possibly make the ring protons different. However, the nmr spec-
Chem., 74, 510 (1962). . tra of 5-7 remained unchanged at 70°, that is, far beyond the coalescence

(9) R . Huisgen and F . Jakob, Justus Liebigs Ann. Chem., 590, 37 (1954). temperature for such processes.21
(10) K. Alder and H. Niklas, ibid., 585, 97 (1954). (21) J .  C. Breliere and J .  M. Lehn, Chem. Commun., 426 (1965); C. H.
(11) J .  C. Kauer and A. K . Schneider, J .  Amer. Chem. Soc., 82, 852 (1960); Bushweller, ibid., 80 (1966); G. J .  Bishop, B . J .  Price, and I . O. Sutherland,

W. D. Phillips in “ Determination of Organic Structures by Physical Meth- ibid., 672 (1967); E . L. Allred, C. L. Anderson, R . L. Miller, and A. L.
ods,” Vol. I I ,  F . C. Nachod and W. D. Phillips, Ed., Academic Press Inc., Johnson, Tetrahedron Lett., 525 (1967); R . M. Moriarty, M. R . Murphy,
New York, N. Y ., 1962, p 452; W. H. Knoth and D. D. Coffman, J .  Amer. S. J .  Druck, and L. May, ibid., 1603 (1967); J .  E . Anderson and J .  M. Lehn,
Chem. Soc., 82, 3873 (1960). Tetrahedron, 24, 123 (1968); 24, 137 (1968). Dr. J .  E . Anderson kindly pro-

(12) E . Koerner von Gustorf and B . Kim, Angew. Chem., 76, 592 (1964). vided us with a copy of his manuscript prior to publication.
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T a b l e  I
N m r  D a t a  o f  D ih y d r o o x a d ia z in e s “

HaRi
I I

C-C
R4OOC— N̂ R2 ¿ 3 ) 0  

N = c '

OR4

,------------------------------------------------------------------------------------------------------------------------------------------- > /---------------------- CpS---------------------- n
Compd Ha R 1 R 2 R® R 4 J&x Jb x  J&b Solvent

5 4.51 (d)6 5.17 (d)6 6.9 (m) 6.44 (s); 6.48 (s) 1.9 C 6D 6
6 3.23 (d)6 3.68(d)6 6.05 (s); 6.07 (s) 6 .1 CDC13
7 4.45 (d) 6.97 (s) 6.73 (s) 5.10(d) 6.42(g) 1.4  C 6D 6
8 4.40(d) 5.33(d) 6.63(g)6 6.72(s)6 6.30 (s); 6.35 (s) 1.8 C6D 6
9 6.55 (q) 7.90(g) 6.0(q) 3 .5 1(t) 5.82 (q); 8.70 (t) 2.5 2.5 13.5 CC14

---------— •— •— >— •— --------— 1— *—'Substituent— -— *-------— -— ‘—*— -—•—  ------ -
5 H* OCH2CH2O CH3
6 Hx OCO CH3

A
7 OCH3 OCHa II* CH3

8  Hx OCH3 OCH3 CHS
9 — O— C— CH3 H6 ID c 2h 6

A
0 The nmr spectra were recorded with a Varian A-60 A and HA-100; the letter abbreviations used follow: s = singlet, d = doublet, 

t = triplet, q = quartet, qui = quintet, 0  = octet, m = multiplet, b = broad; tetramethylsilane was used as internal standard. 6 Re
versed assignment possible.

T a b l e  II
N m h  D a t a  o f  D ia z e t id in e s “

Ha, ,HX
'f C -----C C

R }*  > O R 2

N-----N '
/  \

COR3 COR3

,------------------------------------------------------------------------------r-------------------------------------------------------------------------- > ,--------- Cps-------------.
Compd H* H* R> R 2 R 1 J ab J ax Jb x  Solvent

10 5.57 (q) 4.77 (q) 5.99 (q) 6.51 (s) 6 .17  (s); 6.19 (s) 9.5 6  4 CDC13

11 UnderR2 +  R 3 4.80 (q) UnderR2 +  R 3 Obsc. (m); 8.78 (t) 5.82 (q); 8.74 (t) 6  4 CC14

12 5.55 (q) 4.67 (q) 5.95 (q) ~ 6 .2  (m); 8.73 (t) 6 .17 (s); 6.19 (s) 9.5 6  4 CDC13

1 2 -D4 5.55 (d) 4.62(d) ~ 6 .3  (m); 8.74 (t) 6 .17 (s); 6,19 (s) 6  CDC13

13 4.78 (s) = Ha 6.50 (s) = R 1 6.44(g) C 6D 6

14 5 .17  (s) = Ha 6.26 (m) = R 1 2.61 (m) CD3CN

•— —-—-— :— ------ *— *— Substituent— -—>— *—*—  --------—— •
10 H» CH3 OCH3

11 Hb C 2H6 OC2H6

12 Hb C2H5 OCH3

12-Di D C 2H6 OCH3

13 och3 ch3 OCHs
“ See footnote a, Table I.

expected for 3, one (C = N ) for 2 in the 1600-1800- in 7. Therefore, these bands are assigned to the C = 0
cm-1 region. However, all three adducts display vibrations and the 1678-cm-1 band to the C = N
three bands in this area, e.g., 7 at 1678, 1714, and 1750 group.23
cm-1 (in CCI4). While this observation appears in- The dihydrooxadiazine 7 is formed in quantitative 
compatible with the structural type 2, it easily can yield, but from cis-1,2-dimethoxy-ethylene and DMAD
be reconciled with the dihydrooxadiazine structure 3 : we obtained the dihydrooxadiazine 8 (Table I) and
two conformers with different overlap between the the diazetidine 13 (Table II) in a 4 :1  ratio according
C = 0  x-orbital and the nitrogen nonbonding orbital to nmr. Vinyl acetate gave the dihydrooxadiazine 9
result from hindered rotation about the N-COOR with diethyl azodiformate (DEAD) ; the structural as-
bond. This process has been demonstrated in a de- signment rests on the band at 1675 cm -1 (C = N ).24
tailed nmr study published elsewhere,22 and the ratio
of the two conformers from nmr corresponds to the „ 2 ? , 5 * “° ? “ N. gr0T  k“ "'° 1°. c“ sef slr0IA a’M“rf io,n u;e. . . n m -X  1630-1680-cm “1 region: E . Fahr, K . Komgsdorfer, and F . Scheckenbach,
ratio Ol intensities oi the 1714- and 1750-Cm“ 1 bands Justus Liebigs Ann. Chem., 690, 138 (1965); A. I. Meyers, J .  Org. Chem.,

26, 218 (1961).
(22) E. Koerner von Gustorf, D. V. White, and J .  Leitich, Tetrahedron (24) An earlier assignment4’12 of a diazetidine structure to 9 is herewith

Lett., 3109 (1969). revised.
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Table III
Nmr Data op Indene Adducts“

Compd /---------------------------------------------------- t-----------------------------------------------------> -̂----------------------------Cps----------------------------- s
Ha Hb I I ' Hy R  Jab J  ax Jb x  Jx y  Solvent

30a 6.9 (o) 5 .17  (o) 4.78(d) 5.82 (q) 16 9 7.5 5 CCl,
5.88 (q)
8.72 (t)
8.77 (t)

30b 6.83 (o) 5.06 (o) 4.65(d) 6.14(s) 16 9 7.5 5 CDC13
6.18 (s)

21 6.78 (q) 6.08 (q) 4.61 (o) 4.07(d) 18.8 6 6 1 .1  5.6 CDC13
24 6.85 (q) 7 .12(d) 7.30 (t) 6.39(d) 16.5 7 ¿ 1 .0  5.5 CD3COCD3
“ See footnote a, Table I.

All dihydrooxadiazines failed to undergo catalytic ^COOEt
hydrogenation at room temperature and normal pres- N

sure; . . i f V W
Diazetidines.—DMAD and DEAD form 1:1 ad- \

ducts 10-12 with methyl and ethyl vinyl ether.12'16 COOEt
Compounds 10-12 (Table II) showed two bands at 17
>1700 cm-1 in the 1600-1800-cm-1 region. The only ^COOEt
structure compatible therewith is that of a diazetidine EtOOC II __^0 OEt EtOOC^rs
1. Compound 11 underwent ring opening to 15 on | '
catalytic hydrogenation. L O I  /  [ O X  /

4-Phenyl-A^l,2,4-triazoline-3,5-dione26 (PTD) is a 
m-locked azodicarbonyl compound and a very elec- 
trophilic cyclophile: of the different modes of cyclo
addition (1-4) only 1 is possible in this case.

The diazetidine 14 (Table II) was obtained from This structure has also to be revised on the basis
PTD and dihydro-l,4-dioxine besides some polymeric ^ 1C following data. The reaction of indene with
material and showed identical ring protons as ex- PTD  gives the diazetidine 21. The structure of 21 
pected. Catalytic hydrogenation of 14 gave 16. 18 ^ase<̂  on lr spectrum ( > C = 0  at 1712 and 1782

cm-1 in KBr, no >N H ), mass spectrum and nmr data 
(Table III); almost identical A B X Y  systems reveal 

O the structural similarities of 21 (Scheme I) with the
II __ __ __ adduct (25) of indene and phthalazine-l,4-dione.14

/  \ — NK \  . 2 2 t The formation of 19 by ring cleavage in the benzylic

L A / - *  n- n„
¡I COOEt COOEt Scheme I
O O O

14 15 H N ^\ J HHN-^\

f © c W "
S  N  HhK \  O ^ O
C 0/ L <  / “ C Ä  »  \

* \ r 2/cat | ^ 0+

16 \  O /Ph

I \  y - N
Azodiformate and PTD Adducts of Indene.—DEAD N ' n, N.

and indene form a 1:1 adduct at room temperature [ O X  J + H — Ph —*" I 0
(80% yield after 1 month),25 26 for which structures 17 ^ *
and 18 have been suggested. Alder, et a l.10 showed ^ PTD [C 3 X
a preference for 17, since 2-indanone resulted from
alkahne hydrolysis, and 29 was obtained by catalytic LiA]H Ha
hydrogenation of the adduct. We recently ruled out 1 21
17 on the basis of spectral data and suggested4’12 \
18; independently, Huebner, et a l.,27 reached the same u /ru  \ *  \  ° \
conclusion. \(0Hs) y NH Ph

(25) J .  Sauer and B . Schröder, Chem. Ber., 100, 678 (1967). We are "^CH2 7 \
grateful to Professor Sauer for detailed information about his procedure prior JNrl
to publication, and for a generous sample of P TD . R . C. Cookson, S. S. H. L>— \ /
Gilani, and I. D. R . Stevens, J .  Chem. Soc., C, 1905 (1967). CH3(H)

(26) O. Diels and K. Alder, Justus Liebigs Ann. Chem., 450, 237 (1926).
(27) C. F . Huebner, eta l., J .  Org. Chem., 32,1126 (1967). 22 23
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S c h e m e  I I “
7 COOR

24 ° © C p "  0 O - r ~
position on catalytic hydrogenation, and the proton- 26 27
catalyzed attack of water leading to 20 are also in j LiA1H<
accord with 21. A irons configuration has been as- T
signed to 20 without further proof, since this should __H__CH l ( ) T ^ \ _ N__^ __COOEt
result from both Sn2- or SNl-type attack of water | : |
on 21. CH3 COOEt

The reduction of 21 with LiAlH4 yields N-methyl- 28 29
aniline, aniline, N-N-dimethylaniline, indene, and N. a h ^
large amounts of tarry materials. As further products \  uaih, ’
only traces of the imidazole derivative 22 and of the \  OR
diazetidine 23 could be isolated; their structures have 0  OR \  q
been assigned tentatively on the basis of spectral \  /  0 '
evidence.28 No alcoholic product was detected in the 9 N
LiAlH4 reduction of 21. + ^ T^OOR

A comparison of the reactions of 21 (Scheme I) \  E
with those of the adduct of indene and diethyl azodi- N Ha
formate (Scheme II) shows that hydrogenation32 and COOR / 30a, R = C2H5
hydrolysis lead to the analogous products 29 and 30, DEAD R -C H  /  b- R = CH:i
whose structures are indicated by their spectra. How- m/rAn n - r u 5 /  I „
ever, with the formation of 28 in high yields with ’ 3 / Hj0+ j 300
LiAlH4 a basic difference between the two indene
adducts becomes apparent. According to the results /  \  ( C / L  /
with 21 the OH in 28 does not stem from an attack /  \
by water on a diazacyclobutane system in the course OH O __C = 0
of the work-up procedure. A formation of 28 via a j \ — OEt ] |
rearrangement of 18 by A1H4~ (eq 1) seems very /  H*0+ — N—COOEt
unlikely.34 \ L A / - \  U l y  H

Qr “ 9^ oR  > r % < H 31

> N" ° R (1) C00Et

> i - J L  @ > N- \  O O - g - r 0006*
------------------ 33

(28) The reduction of NCONR2 —*• NCHs in 22 parallels the behavior of 34
carbamates29 and diethyl tetrahydropyridazine-1.2-dicarboxylates80 toward . C(X)Et COOEt
LiAlEU; the mechanism of the rearrangement observed in the formation —NH—COOEt \  /
of 22 could be pictured as follows. I N N

* c ' ° ~ O o
I— N ^ S t N -e-v j— N ^ x Rn i L *  35
|__ I I__J, “ All reactions shown in this scheme have been carried out with

X^R ' X R' 30a.
O

H || H Therefore, the predominant formation of 28 suggests
—N—C— Rn __  ̂ yO~ that this indene adduct is correctly represented by

t C the dihydrooxadiazine36 structure 30 and not by the
___AT-  /  __ a/ 'pN

^  (32) As it turned out later, 30 is the only dihydrooxadiazine, so far, which
p/ undergoes catalytic hydrogenation. This can be explained by the activa

tion of the benzylic position, which is also responsible for the easy cleavage 
The carbonyl group in 23 is protected from further reduction, probably by benzyl ethers and esters on hydrogenation.83

formation of the resonance stabilized anion (33) R - C - Fuson> “ Advanced Organic Chemistry,” John Wiley & Sons,
+ Inc., New York, N. Y ., 1953, p 261.
NC— NC6H5 (34) Such a rearrangement would be analogous to that of, e.g., N-benzoyl-

\f\_ aziridines to 2-oxazolines85 by I " . However, I  ~ did not have any effect on
the indene azodiformate adduct, but rearranged3 the diazetidine 10. 

as postulated in a similar case.81 (35) H. W. Heine, Angew. Chem., 74, 772 (1962).
(29) N. G. Gaylord, "Reduction with Complex Metal Hydrides,” Inter- (36) C. F . Huebner, E . M. Donoghue, C. J .  Novak, L. Dorfman, and E .

science Publishers, Inc., New York, N. Y ., 1956, p 636; B . Weiss, J .  Org. Wenkert, J .  Org. Chem., 35, 1149 (1970), have also demonstrated the cor-
Chem., 30, 2483 (1965). rectness of 30 by LiAlH4 reduction to 28, and have proven cis configuration

(30) H. R . Snyder and J .  G. Michels, ibid., 28, 1144 (1963). for 28 by chemical means. Correspondence with Dr. Huebner, who kindly
(31) R . Huisgen, F . Jakob, W. Siegel, and A. Cadus, Justus Liebigs Ann. postponed the publication of his paper to allow the simultaneous appearance

Chem., 590, 1 (1954). of our work is gratefully appreciated.
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Table IV explained with the dihydrooxadiazine structure 30
Ir Data op 30a and 30b on the basis of the experience with 5-8 as being due

_ . a , :-------- Cm"'--------------' to the existence of two conformers (hindered rotation
3°0a“ CHCN 1 6 7 4  170(7° m o ab°Ut the N~C00R  bond)- This conformational pro-
.....  CHaNOj S  S  \ m  CeSS, f "  b e  d ir“ U i  ° b S etT ed  b y  l0W ‘ ™P<“ ture

CeHsNOj 1674 1699 1737 , . , ,.
CeH6N 1674 1698 1738 1 he chemical reactions carried out with 30 are com-
CeH6 1675 1700 1 7 4 3  Piled in Scheme II. The structures of the compounds
Dioxane 1675 1699 1 7 4 3  shown are based on spectral evidence. The proposed10
ecu  1674 1700 1743 nonidentity of 29 and 35 (obtained from indan and
r u n  1K79 1ROQ DEAD) was confirmed by nmr.44
CHCls* 1671 1697 (sh) 1727 • Attentlon should be drawn to the fact, that there
CHBr3 1667 1724 *s no evidence tor any formation of the isomeric adduct
C2H6OH 1667 1724 26'

The formation of 30 at 20° is accelerated by several 
K Br 1658 1683 1690 orders of magnitude, if mixtures of indene and azodi-

30b C6H6CH3 1675 1703 1745 formates are irradiated with light of ^ 350 m/x. The
CHCla 1670 ~1700 (sh) 1730 photochemical preparation of 30 gives very good yields

“ Seeref39. of analytically pure material. Illumination has also
been used for the preparation of 5 and 6.

diazetidine structure 18. A discussion of the nmr
and ir data lends further support to this structural Mechanistic Considerations
assignment.

The coupling constants in the nmr spectrum (Table • ^ h i T v  r^ ctl0“ constants bsted
III) of 21 closely resemble those in the cyclobutadi- Z  Û f  *°lvent
indene37 24. Both compounds possess the same rigid 5 °  S h  /  A r !  T  °  ? EAD , t0 “ l 
arrangement of a four-membered ring fused to the °  ^
five-membered ring of the indene moiety. J a  and et^ r> and of PTD  to indene (diazetidine formation).
Jy *  in the indene azodiformate adduct 30 are com- h C0nbguratl0,n Emita. of
pletely different from those in 21 and 24. Inspection *  by n“ r) WaS ° bser/ eod foi\the formatlon
of molecular models reveals a dihedral angle close tb? f Iiaziaes. 7 and 8> and excess tram - 
to 90° of H bC -C H x in 21, thus explaining88 the very or m-l,2-dimethoxy-ethylene is not isomenzed in
small value of J bx; the corresponding angle in 30 f l a- .
is much larger & I  he formation of only one diazetidine 13 from a s -

The ir spectrum of 30 shows three bands in the 0« °  "a “ T ' ,U,V“ aI;r
1600-1800-cm - region whose positions have been S * ' ™ “  with fru™-l,2-d,methoxy- 
studied in a variety of solvents (Table IV).“  While i ' l . m  a '
the polarity of the solvent does not have a strong bv L r i  ™  ^  >
effect on these bands, their position is shifted to lower S j N ' Z i J  n S f l T  ot 37 renl,ms
wavenumbers in those solvents which are capable changed m the addition of DMAD.
of hydrogen bonding. Hydrogen bonding with chloro- D ^OEt H ^OEt
form could be demonstrated: the intensity of the \ l= C . \ )= C
C-D stretching vibration in CDC13 at 2254 cm-1 is Hr X H Yr
strongly increased40 by the presence of 30. According 36 37
to these solvent effects all three bands have to be . ,, ... . . .............................

,, . , , \r , r , \r , wT , ., ,. Are the dihydrooxadiazmes and the diazetidmes
attnbuted to / > = 0  or /C = N  valence vibrations. formed in one.  or two_step reactions?

Up to four (possibly overlapping) ^.C—O bands The following criteria are considered important for
could be expected41 for the two possible configurational this distinction.47 (1) Isolation, spectroscopic and
isomers of 18 by vibrational coupling.42 However, kinetic detection, or scavenging with additives of an
according to our experience tetrahydropyridazine de- intermediate give positive proof for a two-step cyclo-
rivates resulting from the addition of azodiformates addition. (2) Stereospecificity is a necessary require-
to dienes43 show aC = 0  bands only at ^  1700 cm-1. ment f°r one-step cycloaddition. Stereoequilibration
Three bands at the observed positions can be easily Proves a two-step reaction.40'48 However, several

stereospecific two-step cycloadditions are known.47'49
(37) G. o. Schenck. W. Hartmann, S. P. Mannsfeld, W. Metaner, and ( 3 )  E f f e c t s  of Substituents (orientation phenomena)

c .  h . Krauch, chem . Ber., 96, 1642 (1962); a . g . Anastassiou and g . w. are observed in one- and two-step reactions. A con-
Griffin, J .  Org. Chem., 33, 3441 (1968).

(38) M . Karpins, J . Chem. Phys., 30, 11 (1959). (44) We are indebted to Dr. H. Niklas for a sample of 35.
(39) We are grateful to Mr. R . E . Sacher, U. S. Army N atick Laboratories, (45) E . Koerner von Gustorf and J .  Leitich, Tetrahedron Lett., 4689

for measuring these spectra on a Beckman IR -12. (1968).
(40) G. C. Pimentel and A. L. McClellan, “The Hydrogen Bond,” W. H. (46) E . Koerner von Gustorf, ibid., 4693 (1968).

Freeman and Co., San Francisco, Calif., 1960, p 197. (47) R . Gompper, Angew. Chem. 81, 348 (1969); Angew. Chem. Int.
(41) Helpful discussions of this problem with Professor M. K . Wilson, Ed. Engl., 8, 312 (1969); valuable discussions with Professor Gompper,

Tufts University, are gratefully acknowledged. who kindly provided a manuscript prior to publication, are gratefully ap-
(42) C. N. R . Rao, “Chemical Applications of Infrared Spectroscopy,” preciated.

Academic Press Inc., New York, N. Y ., 1963, p 265. (48) P. D. Bartlett, C. J .  Dempster, L. K . Montgomery, K . E . Schueller,
(43) B . T . Gillis, in “ 1,4-Cycloaddition Reactions,” J .  Hamer, Ed., Aca- and E . H. Wallbillich, J .  Amer. Chem. Soc., 91, 405 (1969).

demic Press Inc., New York, N. Y ., 1967, p 143. (49) S. Proskow, H. E . Simmons, and T . L. Cairns, ibid., 88, 5254 (1966).
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T a ble  V
R ate Constants and Activation P arameters for the Addition of DEAD 

to I ndene and E thyl V in yl E th er , and of PTD  to I ndene

System Solvent Temp, °C k  (1/mol see) A ff*  (kcal/mol) A S*, eu

DEAD +  indene Acetonitrile 40 1.3  X 10-6
Acetic anhydride 40 1 .1  X 10 ~6
Benzene 40 3.2 X 10~7
Ethyl acetate 40 2 .1 X 10-7
Indene 20 4.2 X 10~7 12.8 ±  0.4 -4 4  ±  2
Indene 40 1.8 X It)-«
Indene 60 6.6 X 10“ 6

DEAD +  ethyl vinyl ether Acetonitrile 20 2.0 X  10“ 1
Acetic anhydride 20 1 .7  X 10~6
Benzene 20 6.0 X 10-9
Ethyl acetate 20 4.4 X 10"!
Ethyl vinyl ether 20 3.5 X 10-s 11.0 ±  0.8 —46 ±  3
Ethyl vinyl ether 25 4.6 X 10~3
Ethyl vinyl ether 30 6.6 X 10"1

PTD +  indene Acetonitrile 20 1.5
Acetonitrile ( + 1 . 5 %  20 4.9

H20)
Chlorobenzene 20 1.0
Acetone (dry) 20 1.6  X 10_1
Acetone ( + 1 .5 %  H20) 20 4 .1 X 10"'
Benzene 20 2.3 X 10“ 1 7.2 ±  0.5 -3 6  ±  4
Benzene 25 3.0 X 10_1
Benzene 30 3.5 X 10_1

PTD  +  HjO Acetone (1 .5%  H20) 20 7.8 X 10~3

elusion (that it is a one-step reaction) is only possible Q. R | / R
if the orientation is contrary to the polarity of the xj ^
substituents.47 (4) Solvent effects are meaningful I —
only (proving two-step cycloaddition), if rate con- || + —► | ^ (2)
stants increase several orders of magnitude going from / \  i  ,C
an unpolar (e . g cyclohexane) to a polar (e.g., acetoni- n X R
trile) solvent.47'49 Missing solvent effects (a require- ( j ^ R
ment for one-step reactions) have been reported for
several dipolar cycloaddition reactions.47 (5) A small ,• , ,, , ,• , . 77+nr i „„i ,__ „ w -v u  Oxadiazme formation by addition of an electron-enthalpy of activation (AH + 25 kcal/mol) and a highly i . ,  N , ,___„„„„,. ,. , / . c ± ' ok „„„ rich C = C  bond (dienophile) to the electron-poornegative activation entropy (Ao + ~  — do eu) are ,, \ , , , tx- i„x s . , “diene N = N C = 0  can be looked upon as a Diels-typical activation parameters of one-step cycloaddition , , ■
(Ya Diels-Alder) reactions60,61 However dipolar Alder reaction with inverse electron demand;60,69 m

î’ a  a -+■ . ,  ■ •, , , i ’ 47̂  accord with this, all attempted 1,4-additions failedcycloadditions with similar data are known.47 (6) f f f  . ’ . ,, 60a  x w ii „  • ■ with electron-poor olefins. The observed regiospecific60Kinetic secondary isotope effects62 allow an empiric , , r  , , , , , ■ ., , „ , , „ 0. Aij ; addition of indene suggests control by orientationdistinction between one- and two-step cycioaddi- , c ,,
tions 6011,68,64 phenomena possibly due to a slight polarity of the

The selection rules of Woodward and Hoffman65,66 transition state.
„ . , ,. • f .. / „ 0x i „  4„ i A concerted 7t2s +  ir2s diazetidme formation (eq 6)allow concerted oxadiazme formation (eq 2) by tt4s ■+ , n  „  , m L

7T2s addition. Water (which can add to dipolar in- 18 forbidden by the Woodward-Hoffmann rules,66,66
termediates) did not affect the formation of 30. There- ^nd it, indeed, proceeds in a different fashion A
fore, the experimental criteria 1-5  are fulfilled for dlP°lar mtermedmte 38 was trapped with water64
an one-step formation (eq 2) of dihydrooxadiazines.67 144 of ™  W 11 Xndene 20;  A
Criterion 6 has not been checked for this reaction stffudf  of *he secondary a-deuterium kmetic isotope
ag . effect in the addition of DMAD to ethyl vinyl ether

“ ' revealed an unsymmetric transition state: change of

(50) (a) J .  Sauer, Angew. Chem., 79, 76 (1967); (b) R . Huisgen, R . Gras- (58) P. D. Bartlett, R . Eelgeson, and O. A. Wersel, J .  Appl. Chem. (Lon-
hey, and J .  Sauer, in “The Chemistry of Alkenes,” S. Patai, Ed., Inter- don), 16, 187 (1968).
science Publishers, Inc., New York, N. Y ., 1964, p 739. (59) W. E . Bachmann and N. C. Deno, J .  Amer. Chem. Soc., 71, 3062

(51) R . Huisgen, Angew. Chem., 75, 742 (1963). (1949).
(52) E . A. Halevi, Progr. Phys. Org. Chem., 1, 109 (1963). (60) A. Hassner, J .  Org. Chem., 33, 2684 (1968).
(53) W. R . Dolbier and S.-H. Dai, J .  Amer. Chem. Soc., 90, 5029 (1968). (61) I t  could be argued, that water changes the mechanism of this reac-
(54) E . Koerner von Gustorf, D. V. White, J .  Leitich, and D. Henneberg, tion. This appears very unlikely, since the ratios of the reaction constants in

Tetrahedron Lett., 3113 (1969), and references therein. acetone and in acetonitrile are very similar with and without water.
(55) R . Hoffmann and R . B . Woodward, J .  Amer. Chem. Soc., 87, 2046 (62) E . Fahr, and J .  Flemming, as well as C. F . Huebner and his collabor-

(1965). ators, have obtained 20 from indene and P TD  in acetone according to pri-
(56) R . Hoffmann and R . B . Woodward, Accounts Chem. Res., 1, 17 vate communications, but were unable to isolate 21. We are grateful to

(1968); R . B . Woodward and R. Hoffmann, Angew. Chem., 81, 797 (1969). Professor Fahr for a copy of the thesis of J .  Flemming, Wiirzburg University,
(57) With the reservatio mentalis that rotation in a (improbable) biradical 1967. N ote Added in P roof.— Compound 21 was obtained also by H.

intermediate should be fast as compared with ring closure.48 ~61’ 68 Helfert, Thesis, Wiirzburg University, 1969.
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hybridization in the direction sp2 —►  sp3 had occurred Table VI
at = C H 2 but not at =CH (O R). Effect of Olefin Polarizability on

Criteria 2-5 would have been in accord with a one- Cycloaddition of Azodiformates
step process; an explanation could be “ that, in certain oiefin Polarizability“ Cycloaddition

stepwise cycloadditions by way of a dipolar ion, a Ethyl vinyl ether 2.9 1.2
coulombic orienting force in the first step eliminates os-l,2-Dimethoxyethylene 2.3 1.4  and 1.2
or greatly diminishes this period in which the system Vinyl acetate 2 .1  1.4
searches for a favorable orientation for ring closure. ” 48 Indene 2. l b 1.4

It may appear surprising that the orbital symmetry- frara-l,2-Dimethoxyethylene 1 .7  1.4
allowed concerted 1,4 addition (eq 2) of azodiformates i y ro-1,4- ioxine 1.2 1.4
. , c  , r r .1  , ,, Vmylene carbonate 1.1 1.4to olehns can be completely overcome by the dis- „ . ^ ....
concerted 1,2 addition (eq 3). However, there are dentaT  Comparability with other values can be acci-
precedents;63 '64 there is no reason why the activation
energy of the 1 , 2  addition should not be the lower one. . .

inert solvents results in a partial conversion to cis-
O azodiformates;68 the composition of the photoequili-
|| brated mixtures depends on the wavelength used.

V  n - ^ ^ r  CiS Azodiformates are much more reactive in thermal
jj + || — ►  (3 ) cycloaddition reactions than the irans-configurated iso-
C Nv.q/R  mers;68 even the products obtained may be different. 69

/  x  || Therefore, the thermal reaction constants of the two
0  geometrical isomers with an olefin and the composition

0  of the photostationary state have to be known to
-/'I II allow a distinction, whether the acceleration is due

V  I ^0 ^ to the photochemical formation of the cis isomer and
\  /  _  ̂ its subsequent fast thermal reaction with the substrate,
/ C— — q— or whether it consists in a direct reaction of electroni- 

C | (J cally excited azodiformate.
 ̂ 0  The rate constants68 for the thermal reactions of

-* cis- and ¿rans-DEAD with indene and ethyl vinyl
38 ether are listed in Table VII; the photochemical ac

celeration (P ) of the disappearance of DEAD achieved 
What factors are responsible for low activation en- under conditions (X 2:370 mg.) where only 2 - 4 %

ergies of 1,2 cycloaddition? High polarity and polar- cis-DEAD was present in the photostationary state
izability of the olefin and high polarizing power of has been compared with the value (for 3 %  cts-DEAD)
the cyclophile should facilitate the formation of a calculated according to the following expression,
dipolar intermediate. Table VI shows that the electron
polarizability65 of the C = C  bond of mono- and 1,2- p = fc«Ns-DEAD] Q g 7

disubstituted olefins indicates whether 1 , 2  or 1 , 4  k,rans [HEAD]
addition of azodiformates has to be expected, increased The intensity of illumination was sufficient to ensure
polarizability favoring 1,2 addition. More data are that the formation of rn-DEAD was fast compared
needed to check possible predictions. The role of ;ts consumption
polarity, e.g., in the reactions of 1,1-disubstituted According to the data given there is no necessity 
olefins with azodiformates, 6 ■1 0 6 6  will be discussed else- to postulate a direct reaction of electronically excited 
where. . . .  . azodiformate in both cases.

If the coulombic forces between the developing Compound 30a is obtained from indene and diethyl 
charge-carrying centers exceed repulsion early on the azodiformate in the dark, from the illumination of
way from educt to product, the formation times of the mixture of both reactants, and from adding indene
the two new bonds of a diazstidine may overlap to (16%) in the dark to a solution of DEAD, 16% of
some extent (e.g., ethyl vinyl ether +  azodiformates). which had been transformed before into cfs-DEAD
A fully developed two-step mechanism may be one by appropriate illumination. In this instance cis- and
extreme on a continuous scale with a completely sym- ¿rans-DEAD yield the same product. The higher
metrical transition state as the other extreme. reactivity of cts-DEAD in comparison with the trans

Photochemical Reactions.- Illumination X =300 isomer toward indene can be attributed not only to
°f the normally ¿rans-configurated67 azodiformates in its higher ground state energy, but also to a higher

(63) P. D. Bartlett and K. E . Schueller, J .  Amer. Chem. Soc., 90, 6077 p o p u la t i o n  o f  t h e  c i s o id  C o n f o r m a t io n s  o f  t h e  N = N -
(1968). C = 0  system, owing to steric interactions of the OR

(64) ̂ r. Huisgen and p. Otto Tetrahedron lm .. 4491 (1968); g. Binsch, in the transoid conformations as revealed bv
(65) Difference between the experimentally determined molecular refrac- lnSpGCtlOD. Oi IXlOlGClllcir UlOQGiS. I l l  t l l l S  TGSpGCt

tion and the calculated molecular refraction (using atomic refraction con- the aZodiformatGS parallel Other dienes, whose re~
stants but omitting the C = C  increment). For a detailed discussion of this
experimental measure of the C = C  bond polarizability see C. K. Ingold,
“Structure and Mechanism in Organic Chemistry,” Cornell University Werner, ibid., 11, 92 (1958); A. Simon and H. Wagner, Naturwissenschaften 
Press, Ithaca, N. Y ., 1953, p 119. 47, 540 (1960).

(66) 1,1-Dimethoxyethylene undergoes substitution with azodiformates; (68) G. O. Schenck, H. R . Kopp, B . Kim, and E . Koerner von Gustorf,
E . Koerner von Gustorf and D. V. White (1969), unpublished results. Z. Naturforsch. B , 20, 637 (1965); E . Koerner von Gustorf and D. Hess, to

(67) C. G. LeF^vre, R . J .  W. LeF6vre, and W. T . Oh, Aust. J .  Chem. 10, be published, obtained cts-di-f-butyl azodiformate (9 5 +  % ) mp 32-34°.
218 (1957); R . J .  W. LeF6vre, W. T . Oh, I. H. Reece, R . Roper, and R . L. (69) R . Askani, Chem. Ber., 98, 2551 (1965).
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T a b l e  VII
P h o t o c h e m ic a l  A c c e l e r a t io n  P  o f  t h e  A d d it io n  o f  DEAD t o  I n d e n e  and E t h y l  V in y l  E t h e r

seo-> ktrans, (20°), sec- 1  P0bsd° Pealed
DEAD +  indene 1.0 X lO“ 3 4.2 X 10"* 76 75
DEAD +  ethyl vinyl ether 6.2 X 10- 4  3.5 X 10- 6  3 6.5

<* Ratio of the disappearance of DEAD (1.4 X 10- 2  M  in the neat olefins) under illumination (20 and 25 min; xenon high pressure 
lamp OSRAM XBO 2001 with UVG filter Spiegelglas AG Weilheim) to the dark reaction at 20 and 22.5°.

a c t iv ity  in  D ie ls-A ld e r  reactions increases w ith  in- mmol) and 1 . 0  g (6.9 mmol) of DM AD in 1 2  ml of benzene were
creasin g population  of th e  cisoid conform ation s . 4 6 '60-70 illuminated (3500 A) for 67 hr in a Rayonet photochemical cham-

-\-tti • i £ i p  , tv tp a t \ n„A  her reactor at 20 . Removal of the solvent from the colorless
W h ile  11 is form ed from  (ran s-D E A D  and e th y l reaction mixture gaye J 6  g of soM material> mp 1 2 0 _1 3 i° .

V inyl ether, th e  reactio n  of th e  la tter  With CZS-UJiiAL) Recrystallization from benzene-pentane yielded 0.35 g of pure
in th e  dark, as w ell as w ith  D E A D  under illum in ation, 5: mp 133-136°; mol wt 240 (232 mass spectrum); ir (CCU):
yields sim ilar m ixtures o f prod u cts resu ltin g from  h y - n 0  NH; 1723, 1755 cm- 1  (C = 0 ); 1681 cm- 1  (C = N ).
drogen abstraction  reactions, as dem on strated  b y  N H  Ci?Icd for C8H12N20 6  H ’ 5 '21’

absorption  in  ir; th e  structures o f th ese prod u cts are Attempts to hydrogenate 5 catalytically in the presence of 
cu rren tly  being in vestig ated . Raney Ni or Pd-BaSO, in ethyl acetate failed, and the starting

W e h a v e  n ot been able to  ob serve a n y  considerable material could be recovered, 
acceleration  o f th e  addition  of P T D  to  indene b y  M " * * 1 5,6-Dihydro-5>6-carbonato-2-methoxy-4H-l,3,4-oxadi-

illum in ation  (X S i500 m^). T h is  finding points and i.o  g (6.9 mmol) of DM AD in 12 ml of benzen; were illu-
again st a b iradical interm ediate m  th e corresponding minated (as above) for 185 hr. Removal of the solvent and of
therm al cycload ditio n  reaction; it  also suggests th e  polymeric material gave 0.069 g of 6 , mp 114-116°, after tedious
form ation  of CZS-DEAD as being responsible for th e  recrystallization from chloroform and toluene: mol wt 232

ph otochem ical acceleration  of th e reactions discussed D° NH; 184° ’ 1762’ 1 7 3 0

above. _ Anal’. Calcd for C,H8N 20, (232.2): C, 36.22; H, 3.47;
T h e  ph otochem ical ob servation s are in  accord w ith  a n , 12.07. Found: C, 36.10; H, 3.60; N, 12.00. 

concerted n ature o f th e  d ihydrooxadiazin e form ation. Methyl ¿raras-5,6-Dihydro-2,5,6-trimethoxy-4H-i,3,4-oxadia-
T h e  photochem ical cis-trans isom erization  of th e  azodi- ^ e/,4 :“ rboxylf te, s0 ^ 11 °f 1 ; 2 5  § ( 8 -5  mmol) of
» , , , ■ , . DM AD m 3 ml of C 6D 6 was added dropwise at 20 to 1.0 g (11
form ates seem s to be a m uch m ore im p ortan t process mmol) of iraws_i,2 -dimethoxy-ethylene^ (98+ %  by preparative
th a n  th e  addition  of a n y  electron ically  excited  species glpc) in 3 ml of CeD6. The reaction mixture was almost colorless
to th e  u n satu rated  su b strate  in  th e system s in v esti- after 30 min. On standing overnight a precipitate appeared,
gated . A  precedent is th e  ph otochem ical addition  of All volatile material was removed in vacuo; according to nmr
azobenzene to  ketene, w hich consists of th e  photochem - analf is the C 6D 6 contained exclusively lmns-12-dimethoxy-
. , .. p • i t x1 i i i -  ethylene. The residue (2.0 g, 8.5 mmol), mp 126-128 , was
ical form ation  of C£$-azobenzene and its  therm al addi- pUre (w^hin the limits of nmr) 7 (recrystallization from benzene-
tion  to  ketene; th e  therm al addition  of pure cfs-azo- «-hexane raised the melting point to 128-130°): mol wt 227;
benzene to keten e is even slow ed b y  illum in ation  mass spectrum:77 m/e (rel intensity) 234 (19), 235 (2), 203 (10),
ow ing to  th e photochem ical form ation  of th e u n reactive H5 (1), 159 (2), 149 (2), 118 (17), 89 (6 ), 8 8  (100), 8 6  (5), 85

tram -a zo b en ze n e 7 1  (7)’ 7 5  (10)’ 7 3  (18)> 7 0  (4); ir (KBr): n 0  N H ’ 1727> 1 6 8 8trans azoDenzene. cm" 1 (C = 0 ); 1660 cm“ 1 (C = N ).
F in a lly  it  should be n oted  th a t in stan ces for reactions AnaL Calcd for c 8H„N,Ofl (234.2): C, 41.03; H, 6.03;

of electron ically  excited  azodiform ates w ith  u n satu rated  N, 11.96. Found: C, 41.20; H, 6.16; N, 11.98.
su b strates are know n , e.g., w ith  cycloh ep tatrien e 4 -72 Attempted catalytic hydrogenation of 7 with Raney Ni in
or cyclo h exen e ;73 in  th e  form er case it  has been estab - ethy 1 acei ate f,ailc4\ an,d the starting material was recovered.

-i .. r. r, , j  Methyl as-5,6-Dihydro-2,5,6-trimethoxy-4H-1,3,4-oxadiazine-
lished th a t  th e  th erm al reaction  follow s a concerted 4-carboxylate (8 ) and Dimethyl m-3,4-Dimethoxy-l,2-diazetidme
p a th , b u t th a t  th e ph otochem ical reaction  proceeds 1,2-dicarboxylate (13).— DM AD (0.31 g, 2.1 mmol) in 1 ml of
in  tw o steps. C6D 6 was added to 0.26 g (2.4 mmol) of a s - l,2 -dimethoxyethyl-

ene76 (98+%  by preparative glpc) in 1 ml of C 6D6. Decoloriza- 
• 74 tion of the mixture took overnight. All volatile material was

E xp erim en tal S ection  removed in vacuo; according to nmr analysis the C 6D 6 contained
„  , . - „  _ . . . - .. , TT ,. . i exclusively cis-l,2-dimethoxyethylene. The residue, a colorless
Methyl 4a,6,7,8a-Tetrahydro-2-methoxy-4H-p-dioxino[2,3-e]- |  2 .2  mmol), was '  4 ; 1 mixture of 8  and 13 according

1,3,4-oxadiazine-4-carboxylate (5).-Dioxene73 (0.71 g, 8 . 2  to nmr. 6  Separation of these two compounds has not been 
„  „  „  , achieved as yet: mol wt 260 (234 mass spectrum); ir (CHC13):

« (9SSfriofinlg’ a no NH; 1725> 1 7 0 5  c m _ 1  (C = 0 ); 1 6 6 5  (b) (C = N ).
(71) G. O. Schenck and N. Engelhard, Angew. Chem., 6 8 , 71 (1956); Anal. Cslcd for CsH i^O e (234.2): C, 41.03; H, 6.03,* N,

G. O. Schenck, Arbeitsgemeinsch. Forsch. Landes Nordrhein-Westfalen, Heft, 11.96. Found. C, 40.87; H, 5.93; N, 11.78.
1 2 0 , 2 7  (1 9 6 3 ). Ethyl 6-Acetoxy-2-ethoxy-5,6-dihydro-4H-l,3,4-oxadiazine-4-

(72) E. Koerner von Gustorf, B. Kim, and D. Hess, unpublished work. carboxylate (9).— DEAD (5.9 g, 34 mmol) and 28 g (0.33 mol)
(73) G. Ahlgren, B. Akermark, and K. I. Dahlquist, Acta Chem. Scand., of vinyl acetate were refluxed under argon for 65 hr. The residue

22, 1129 (1968). left after solvent removal was extracted with petroleum ether, 6.5
. (74) Melting are "PcT° " ecte,d; T euctra T re a g remaining undissolved. The extract gave 3.2 g of a material,mg spectrometer MH-2, SEM Briickl, Munich, and with a Beckman IR- _r „ . n- , • e u , -i ,1 ' i i i o o1 0 1  . , ( , \ . >■cn. j tta nf.n whose recrystallization from benzene-petroleum ether yielded 2.212. The nmr spectra (r) were recorded with a Vanan A-60A and HA-100; /0 _  ̂ . _ __ __n * . 47
the letter abbreviations used follow: a = singlet, d = doublet, t = trip- S ^ 8'5 » mo1) of 9: mP 60 6̂2 1 mol Wt 237; ir (CC14): no
let, q = quartet, qui = quintet, o = octet, m == multiplet, b = broad; NH, 1770, 1750 (sh), 1705 cm 1 (C O); 1675 cm 1 (C N). 
tetramethylsilane was used as internal standard. Molecular weights Anal. Calcd for C i0H16N2O6 (260.3): C, 46.15; H, 6.20;
were determined cryoscopically or osmometrically (Mechrolab) in benzene. N, 10.76. Found: C, 46.07; H, 6.23; N, 10.78.
Indene, DEAD, and DMAD (all supplied by Aldrich) were purified by dis
tillation. Illumination techniques have been described by G. O. Schenck,
in A. Schonberg “Praparative Organische Photochemie,” Springer-Verlag, (76) H. Baganz, K. Praefcke, and J. Rost, Chem. Ber., 96, 2657 (1963).
Heidelberg, 1958, p 210. (77) We are grateful to Miss A. Egert for running the mass spectra on an

(75) R. K. Summerbell and R. R. Umhoefer, J. Amer. Chem. Soc., 61, Atlas CH-4 mass spectrometer (70 eV). The parent ion and at least the ten 
3016 (1939). most intense fragment ions above m/e 60 have been listed.
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Attempted catalytic hydrogenation of 9 with P t0 2 or Raney shaken with D2-Raney Ni up to a consumption of 1 mol of D2/
Ni in ethyl acetate failed; the starting material was recovered. mol. Distillation after filtration gave 1.7 g of product, bp 31-

Dimethyl 3-Methoxy-l,2-diazetidme-l,2-dicarboxylate (10).—  34°, which consisted mainly of 37: nmr (neat) 1 olefinic H at
A solution of 2.0 g (14 mmol) of DM AD and 82 g (1.4 mol) of 5.90 (t), Jim = 2.2 cps.
methyl vinyl ether (J. T . Baker Chemical Co.) in 100 ml of The reaction of 1.0 g (13 mmol) of 37 with 0.25 g (1.7 mmol) of 
benzene was decolorized after 4 days at room temperature. DMAD in 10 ml of benzene gave after 2 days at room tempera-
After solvent removal 2.7 g of an oil remained, which was purified ture 0.36 g of adduct, with 1 H (four-membered ring) at 5.94 
by short-path distillation at 40-50° and 10- 6  mm, yielding 0.79 g (CDCI3).
(4 mmol) of 1C as a colorless oil: mol wt 208; mass spectrum: 2,3,4a,5,6,6a-Hexahydrodiazeto[3,4-5]dioxindicarboxylic Acid
m/e (rel intensity) 204 (98), 205 (11), 173 (17), 172 (26), 145 N-Phenylimide (14).— Solutions of 1.0 g (12 mmol) of dioxene
(55), 130 (11), 128 (18), 118 (21), 113 (14), 101 (31), 8 6  (31), in 80 ml of toluene and of 2.32 g of PTD  (13 mmol) in 250 ml of
85 (17), 75 (100), 71 (12); ir (CC1<): no NH, 1725, 1735, and toluene were both added dropwise to 100 ml of toluene with
1760 cm- 1  (C = 0 ). magnetic stirring at —40 to —60° over a period of 5 days.

Anal. Calcd for C 7Hi2N20 5 (204.2): C, 41.18; H, 5.92; A white precipitate (1.76 g) was separated by filtration. Ex-
N, 13.72. Found: C, 41.43; H, 6.17; N , 13.35. traction of the material with CHC13 left 0.54 g (2.1 mmol) of

Dimethyl 3-Ethoxy-l,2-diazetidine-l,2-dicarboxylate (12).— A 14 undissolved: mp 208-212°; mol wt (acetone) 279; mass
solution of 2.0 g (14 mmol) of DM a D and 5.0 g (70 mmol) of spectrum: m/e (rel intensity) 261 (11), 149 (4), 142 (4), 120
ethyl vinyl ether (Fluka) became colorless after 2 days at room (9), 119 (59), 92 (15), 91 (22), 87 (11), 8 6  (100), 85 (46), 83 (69),
temperature. The solvent was removed, and 2.4 g (11 mmol) of 78 (22); ir (KBr): no NH; 1702, 1729, and 1790 cm - 1  (C = 0 ). 
an oil remained, comprising pure 1 2  according to ir. A part of Anal. Calcd for C 12HnN30 4 (261.2): C, 55.17; H, 4.24;
the material was short-path distilled at 10-6  Torr and 40-54°: N, 16.08. Found: C, 54.84; H , 4.25; N, 15.98.
mol wt 240; mass spectrum: m/e (rel intensity) 218 (100), l-(l,4-Dioxan-2-yl)-4-phenyl-l,2,4-triazolidine-3,5-dione (16).
186 (16), 159 (2 1 ), 145 (37), 104 (16), 89 (57), 8 6  (26), 85 (30), -— Compound 14 (0 . 2 2  g, 0.8 mmol) in ethyl acetate was shaken
84 (42), 72 (62), 71 (22), 61 (21); ir (CC1(): no NH, 1727, for 8  hr with H2-Raney Ni. Cumbersome recrystallization of the 
1764 cm- 1  (C = 0 ). residue, after filtration and solvent removal, gave 15 mg of 16:

Anal. Calcd for CsHuN20-, (213.2): C, 44.03; H, 6.47; mp 155-158° (from benzene-CHCls-ra-hexane); mass spectrum:
N, 12.84. Found: C, 43.90; H, 6.34; N , 12.72. m/e (rel intensity) 263 (28), 228 (10), 177 (43), 168 (13), 149

Diethyl 3-Ethoxy-l,2-diazetidine-l,2-dicarboxylate (11).— A (31), 119 (61), 91 (37), 8 8  (61), 87 (98), 8 6  (100), 84 (35), 77
solution of 12.0 g (69 mmol) of DEAD in 50.6 g (0.7 mol) of (31), 73 (47), 69 (33); ir (KBr): 3300 cm - 1 (NH); 1695-1720,
vinyl ethyl ether (Fluka) became colorless after 18 hr at room 1788 cm- 1  (C = 0 ).
temperature. After removal of excess ethyl vinyl ether 16.6 g Anal. Calcd for CnHuNjO, (263): C, 54.75; H, 4.98; N, 
of an oil was left, whose distillation at 130° yielded 5.3 g ( 2 1  15.96. Found: C, 54.90; H, 5.60; N, 16.19.
mmol) of 11: bp 108° (3 X  10_6 mm); nmd 1.4581; mol wt 246; 1,2,2a,7b-Tetrahydro-3H-indeno [2,1-c] 1 ,2-diazete-l ,2-dicar-
ir (CClj): no NH; 1715, 1760 cm - 1  (C = 0 ). boxylic Acid N-Phenylimide (21).— A solution of 5.0 g (29 mmol)

Anal. Calcd for C i0HisN 2O5 (246.3): C, 48.77; H, 7.37; of P T D 25 in 350 ml of benzene was added dropwise at 5-10° to
N, 11.38. Found: C, 48.64; H, 7.22; N, 11.32. 34 g (0.29 mol) of indene under an argon atmosphere. Compound

Since 7.9 g of a brown resin was obtained as residue from the 21 (2.88 g, 10 mmol) precipitated overnight on standing at
vacuum distillation, decomposition of 1 1  under these conditions S 1 0 °: mp 166-167.5° (from CHCls); mol wt 281; mass
was suspected. Inspection of the undistilled oil (11.1 g, 45 mmol) spectrum: m/e (rel intensity) 291 (23), 177 (27), 130 (10), 129
obtained from the reaction of 7.8 g (45 mmol) of DEAD and 22.0 (43), 120 (18), 119 (100), 115 (14), 91 (42), 78 (15), 77 (17),
g (0.31 mol) of ethyl vinyl ether showed this to be pure 11 ac- 64 (29).
cording to ir and elemental analysis, mol wt 219. Anal. Calcd for CnH13Ns02 (291.3): C, 70.09; H, 4.50;

Anal. Found: C, 48.69; H, 7.32; N, 11.48. N , 14.42. Found: C, 69.85; H, 4.61; N, 14.18.
Diethyl N-(2-Ethoxy-l-ethyl)-bicarbamate (15).— Compound l-(2-Indanyl)-4-phenyl-l,2,4-triazolidine-3,5-dione (19).—-

1 1  (3.7 g, 15 mmol) in 120 ml of ethyl acetate took up 1  mol of Compound 2 1  (1.03 g, 3.4 mmol) in ethyl acetate yielded 0.93 g
H2/mol in 7 hr on shaking with H2-P t0 2. Filtration and solvent (3.2 mmol) of 19 on shaking with H2-Raney Ni: mp 166.5-168°
removal gave 3.4 g of colorless oil, distillation of which at 150° (from benzene-re-hexane); mass spectrum: m/e (rel intensity)
yielded 1.9 g (7.7 mmol) of 15: bp 115° (0.5 mm); n20D 1.4468; 293 (3), 179 (4), 178 (36), 177 (14), 149 (5), 119 (4), 118 (4),
mol wt 251; ir (CCh): 3410, 3300 cm" 1 (NH); 1720, 1755 117 (41), 116 (100), 115 (18), 103 (4), 91 (11), 78 (9), 77 (5);
cm “ 1 (C = 0 ); nmr (CC14): 2.40 (s, 1 H); 5.85 (q, 4 H ), J  = 7 ir (KBr): 3060, 3160 cm“ 1 (NH); 1675, 1770 cm " 1 (C = 0 );
cps; 6.4 (m), 6.51 (q), J  = 7 cps, ( 6  H); 8.74 (t), J  = 7 cps, nmr (CDCI3): 2.57 (s, 5 H); 2.76 (b s, 1 H); 2.85 (s, 4 H);
8.84 (t), J  = 7 cps (9 H). 4.95 (qui, 1 H), /  = 7.7 cps; 6.83 (q, 4 H).

Anal. Calcd for C,oH2„N2C>5 (248.3) C, 48.38; H, 8.12; Anal. Calcd for C „H 16N 3 0 2 (293.3): C, 69.61; H, 5.15;
N, 11.28. Found: C, 48.35; H, 7.30; N, 11.97. N , 14.33. Found: C, 69.39; H, 5.21; N, 14.33.

a's-l-Deuterio-2-ethoxy ethylene (36).— Ethoxydeuterio- l-(l-Hydroxy-2-indanyl)-4-phenyl-l,2,4-triazolidine-3,5-dione
acetylene was obtained with an isotopic purity of 80% (mass (2 0 ).— Compound 2 1  (0.50 g, 1.7 mmol) was dissolved in 43 ml
spectrum) by using D20  instead of H20 in the slightly modified of acetone containing 1.5 ml of concentrated aqueous HC1, and
standard procedure.78 kept for 5 days at room temperature. After solvent evaporation

Ethoxydeuterioacetylene (4.1 g, 58 mmol) in 50 ml of methyl and extraction with benzene 0.19 g (0.6 mmol) of benzene-
benzoate took up 1  mol of H2/mol in 45 min on shaking with 5 g insoluble 20 remained: mp 205-207° (from CHCI3); mol wt (in
of aged Raney N i-H 2. Immediate filtration and distillation gave CHCI3) 312; mass spectrum: m/e (rel intensity) 309 (2), 291
2.4 g (33 mmol) of a product, bp 29-36°, which contained 36 and (18), 178 (11), 133 (12), 132 (90), 119 (21), 117 (10), 116 (100),
frans-l-deuteri3 -2 -ethoxyethylene (T) in a 5 .1:1  ratio, besides 115 (17), 91 (15), 83 (14); ir (KBr): 3450 cm- 1  (OH); 3060,
~ 2 7%  undeuterated ethyl vinyl ether (U), according to the 3140 cm- 1  (NH); 1685, 1710, 1768 cm - 1  (C = 0 ); nmr [(CD3)2-
gravimetric determination of the area underneath the C = C (0 )H x CO ]: 2.6 (m, 10 H); 4.45 (d, 1 H) J  = 8  cps; 5.28 (b, q, 1 H);
signals in the expanded nmr spectrum (neat). 36: 3.54 (t), 6.77 (b, d, 2 H); 7.2 (b, 1 H).
3.65 (t), J a* = 7 cps, /n , = 2.2 cps. T: 3.48 (obsc), 3.72 Anal. Calcd for CnHisNsOs (309.3): C, 66.01; H, 4.89;
(obsc). U: 3.41, 3.52, 3.64, 3.76, = 7 cps, Jb* = 14 cps. N, 13.58. Found: C, 65.52; H, 4.90; N , 12.92.

A solution cf 0.56 g (7.8 mmol) 36 and 0.25 g (1.7 mmol) of Reaction of PTD with Indene in the Presence of Water.— A 
DM AD in 12 ml of benzene became colorless in 4 days at room solution of 1.0 g (5.7 mmol) of PTD  in 50 ml of dry acetone was
temperature and yielded 0.39 g (1 .8  mmol) of adduct after solvent added dropwise to a solution of 0.70 g (6.0 mmol) of indene in
removal. This adduct contained according to nmr analysis (as 50 ml of acetone containing 3% water. After 1 hr the solvent
above) 12-Di, the corresponding trans adduct in a 5.5:1 ratio, was removed and 0.53 g (1.7 mmol) of benzene insoluble 20
and 12. remained (mp 296-208° from CHCl3-n-hexane). Its identity

(cfs-l,2-Dideuterio)-2-ethoxyethylene (37).— A solution of 4.4 with the product iron the acid hydrolysis was proven by melting 
g (63 mmol) of ethoxyacetylene in 50 ml of methyl benzoate was point and ir.
_________ Anal. Calcd for C „H I6N 30 3  (309.3): C, 66.01; H, 4.89;

(78) E . R . H. Jone3, G. Eglinton, M. C. Whiting, and B . L. Shaw, Org. N, 1 3 .5 8 . Found: C, 6 5 .7 1  ; H ,  4 .9 3 ;  N,,1 3 .4 1 . . . .
S yn ., 34, 46 (1954). We extracted the crude ethoxyacetylene from the I n  & Control experiment 0 .5 0  g ( 1 .7  mmol) 21 was dissolved in
reaction mixture with n-butyl ether instead of distilling it at 100°. 5 0  ml of acetone containing 3 %  water, and kept for 6  hr at room
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temperature. Extraction with benzene after solvent removal did Diethyl-(2-Indanyl)bicarbamate (29).— Compound 30a (8.7
not yield any insoluble material; from the benzene solution 0.49 g, 30 mmol) in 300 ml of ethyl acetate gave quantitatively 29 on 
g of 2 1 , mp 166-168°, identical with the starting material accord- shaking with H2-P t0 2: mp68-74°; m olwt291; mass spectrum: 
ing to ir, was recovered. m/e (rel intensity) 292 (0.4), 177 (9), 176 (16), 150 (5), 130 (13),

LiAlH, Reduction of 21.— Compound 21 (4.15 g, 14 mmol) in 117 (25), 116 (100), 115 (8), 104 (14), 103 (6), 91 (5); ir (KBr):
300 ml of benzene was added dropwise to 10.8 g (0.3 mol) of 3285 cm-1 (NH); 1710, 1750 cm-1 (C = 0 ); 1517 cm 1 (amide
LiAlH4 in 500 ml of anhydrous ether. After refluxing for 1 hr II band); nmr (CCh): 2.97 (s), 3.1 (b, 4 H); 4.97 (qui, 1 H),
excess LiAlH4 was destroyed with water; the filtrate, dried over J  = 8 cps; 5.88 (q), 5.95 (q, 4 H); 6.98 (d, 2 H), J  = 8 cps;
Na2S04, yielded 2.06 g of a brown oil after solvent removal. 8.79 (t), 8.82 (t, 6 H).
A colorless liquid (0.73 g) could be separated from this oil by Anal. Calcd for Ci5H20N2O4 (292.3): C, 61.63; H, 6.90; N,
short-path distillation at room temperature and 10“ 2 mm in an 9.58; 1 act H, 0.34. Found: C, 61.45; H, 7.02; N , 9.29;
apparatus equipped with a liquid N2 cooled finger; glpc showed act H, 0.44.
it to be a mixture of N-methylaniline (93%), indene (4.1 % ), Ethyl 3-(2-Indanyl)-3-methylcarbazate (27).— Compound 29
aniline (1.7 % ), and N,N-dimethylaniline « 0 .5  % ). The (1.29 g ,  4.4 mmol) in 15 ml of benzene and 50 ml of ether were
residue from this distillation was separated by extraction into a added to 0.75 g (20 mmol) of LiAlH4 in 80 ml of ether. Refluxing
pentane-soluble fraction (a) and a pentane-insoluble fraction (b). for 2 hr, destruction of excess LiAlH4 with water, filtration, and

Very cumbersome recrystallization of tarry fraction a gave 3 drying over K 2C 03 gave 0.77 g (3.3 mmol) of 27: mp 79—80
mg of colorless l,2,3,3a,4,8b-hexahydro-l-(or 3)-methylindeno- (from benzene-pentane); mol wt 231; ir (CC14): 3460, 3270
[2,1-d] imidazole (22), mp 75-85° dec (from pentane). At- c m '1 (NH); 1750, 1735, 1705 cm"1 (C = 0 ), 1500 cm“ 1 (amide
tempted purification by tic was inadequate owing to decomposi- II band); nmr (CC14): 3.00 (s, 4 H); 3.40 (b, s, 1 H); 5.95 (q,
tion: mass spectrum: m/e (rel intensity) 174 (26), 173 (42), 2 H), J  = 7 cps; 6.25 (m, 1 H); 7.11 (b, d, 4 H), J  =  7.5 cps;
145 (69), 144 (100), 132 (24), 131 (28), 130 (50), 116 (21), 115 7.41 (s, 3 H); 8.81 (t, 3 H), J  = 7 cps.
(33), 78 (20), 77 (22); ir (KBr): 3220 cm“ 1 (NH); 2780, 2840 Anal. Calcd for Ci3Hi8N20 2 (234.3): C, 66.64; H, 7.74; N,
cm"1 (NCH3, NCH2); no C = 0 ; nmr (CDC1.,, microcell): 11.96. Found: C, 66.95; H, 7.95; N , 11.95.
2.7 (m, 4 H); 5.2 (d, 1 H), J  «  6-7 cps; 6.2 (m, 1 H); 6.7 (m), 2-(l,2-Dimethylhydrazino)-l-indanol (28).— Compound 30a
6.95 (b, s, 4 H); 7.6 (s), 7.7 (b, 4 H). (5.85 g, 20 mmol) in 40 ml of benzene and 100 ml of ether was

From the pentane-insoluble dark brown oil (b) ~30 mg of color- added to 3.90 g (0.1 mol) of LiAlH4 in 150 ml of ether. After
less l,2,2a,7b-tetrahydro-3H-indeno[2,l-c] 1,2-diazete-l-carbox- 2 hr refluxing, work-up with water, drying over K 2C 03, and
anilide (23) could be separated by crystallization at <10°; it solvent removal 3.05 g (16 mmol) of 28 remained: mp 67-75°
was purified by washing with benzene: mp 137—139°; mass (from benzene-pentane); mol wt 186; mass spectrum: m/e
spectrum:79 m/e (rel intensity) 265 (2), 130 (32), 129 (43), (rel intensity) 192 (86), 193 (12), 162 (15), 144 (11), 133 (16),
119 (47), 117 (28), 116 (100), 115 (44), 102 (23), 93 (31), 91 132 (12), 119 (18), 117 (14), 116 (100), 115 (18), 105 (18), 103
(28), 78 (15), 77(15), 64 (19), 63 (17); calcd for C,sH,6N30 : m/e (16), 91 (30), 77 (23), 73 (98); ir (CC14): 3430 cm 1 (OH);
265.1215; found: m/e 265.1212 and 265.1215; ir (KBr): 3200 cm“ 1 (NH); 2780, 2830 cm“1 (NCH3); nmr (CC14): 2.9
3300, 3180 cm -1 (NH); 1662 cm“ 1 (C = 0 ); 1515 cm“ 1 (amide (m, 4 H); 5.14 (d, 1 H), J  = 4.5 cps; 6.9 (m, 2 H); 7.1 (m,
II band); nmr (CDC13): 2.07 (b, 1 H); 2.6 (m, 9H ); 4.15 (d, 3 H); 7.51 (s, 3 H); 7.54 (s, 3 H).
1 H) J  = 5.5 cps; 5.0 (b, m, ~ 2  H); 6.75 (m, 2 H). Anal. Calcd for CnHi6N20 (192.3): C, 68.72; H, 8.39; N,

Photochemical Formation of 4a,9b-Dihydro-2-ethoxy-4H- 14.57; 2 act H, 1.04. Found: C, 68.50; H, 8.60; N , 14.48;
indeno[2,l-e]-l,3,4-oxadiazine-4-carboxylic Acid Ethyl Ester act H, 1.03.
(30a).— DEAD (20.1 g, 0.116 mol) and 40.0 g (0.345 mol) of Diethyl (l-Hydroxy-2-indanyl)bicarbamate (31) and Ethyl 3-
indene were irradiated for 28 hr at room temperature using a high (2,3,3a,8b -Tetrahydro - 2 -oxo-4 H-indeno[2 ,l-d]oxazolyl)carba-
pressure xenon lamp Osram XBO-2001 placed in a Friesecke and mate (32).— Finely powdered 30a (4.9 g, 17 mmol) was added
Hoepfner cinema projector FH-X-66. The colorless reaction with stirring over a period of 30 min to 27.5 ml of concentrated
mixture yielded 30.5 g (0.105 mol) of 30a, mp 105-106.5°, on H2S04, kept in an ice bath. After 20 more min the dark red
trituration with pentane: mol wt 305; mass spectrum: m/e solution was slowly poured into 650 g of ice-water. The mixture
(rel intensity) 290 (23), 291 (4), 171 (3), 149 (4), 130 (3), 129 was allowed to warm up to room temperature and 0.3 g of a
(3), 117 (17), 116 (100), 115 (16), 105 (3), 78 (3); ir (Table IV): slimy precipitate was removed by filtration. Two fractions of
no NH; uvm,i  (CH3OH): 36930 cm“ 1 (e 758), 37900 (850), crystals separated from the clear filtrate during 6 days at room 
39000 (820). temperature: (a) 0.42 g, mp 115-130°, on the surface of the

Anal. Calcd for C i5H180 4N2 (290.3): C, 62.06; H, 6.25; N , solution, and (b) 1.74 g, mp 105-125°, on the bottom of the
9.65. Found: C, 62.10; H, 6.30; N , 9.59. flask. Recrystallization of a from benzene-n-hexane gave 31:

Photochemical Formation of 4a,9b-Dihydro-2-methoxy-4H- mp 123-126°; mol wt 310; mass spectrum: m/e (rel intensity)
indeno|2,l-e]-l,3,4-oxadiazine-4-carboxylic Acid Methyl Ester 308 (4), 290 (8), 218 (11), 177 (29), 176 (94), 150 (40), 149 (12),
(30b).— Illumination of 12.9 g (89 mmol) of DM AD and 158 g 145 (12), 132 (71), 130 (37), 116 (49), 115 (43), 104 (26), 91
(1.36 mol) of indene for 48 hr with an immersed high pressure (12), 84 (100), 69 (23); ir (KBr): 3400 cm 1 (OH); 3230 cm 1
mercury lamp HPK 125 W (Solidex filter) at 20° gave 24 g of (NH); 1755, 1687 cm-1 (C = 0 ); 1550 cm“ 1 (amide II); nmr
residue after removal of indene at 100° in vacuo. Extraction of (CDC13): 2.7 (m, 5 H); 4.70 (b, d, 1 H), J  = 8-9 cps; 5.23
the residue with 800 ml of pentane yielded 7.0 g (27 mmol) of (m, 1 H); 5.76 (q, 4 H), J  = 7 cps; 6.05 (b, ~ 1  H); 6.97 (m,
30b: mp 110-112° (from CCl4-pentane); mol wt 259; mass 2 H); 8.72 (t 6 H), .7 = 7 cps.
spectrum: m/e (rel intensity) 262 (27), 263 (5), 149 (6), 129 Anal. Calcd for ( 'i-JI2oN20 8 (308.3): C, 58.43; H, 6.54;
(6), 117 (14), 116 (100), 115 (21), 103 (2), 91 (2), 77 (2), 65 (2); N, 9.09. Found: C, 58.25; H, 6.51; N, 9.02. 
ir (Table IV): no NH. Recrystallization of fraction b from benzene-n-hexane yielded

Anal. Calcd for Ci3H14N20 4 (262.3): C, 59.54; H, 5.38; N, 1.14 g (4.4 mmol) of 32: mp 131-132°; mol wt 275; mass spec-
10.68. Found: C, 59.30; H, 5.29; N , 10.71. trum: m/e (rel intensity) 262 (6), 218 (59), 145 (12), 130 (31),

Addition of Diethyl cis-Azodiformate (cts-DEAD) to Indene.—  129 (41), 126 (21), 117 (22), 116 (44), 115 (29), 113 (11), 84
Illumination (40 hr, 3500 A; Rayonet preparative photochemical (100), 69 (18); ir (KBr): 3250 cm“1 (NH); 1760-1770,1722-
reactor RPR-208) of 6.0 g (34 mmol) of DEAD in 500 ml of 1733 cm“ 1 (C = 0 ); 1535 cm“ 1 (amide II band); nmr (CDC13):
benzene at 20° afforded 0.64 g (3.7 mmol) of crs-DEAD according 2 .6 (m ,4 H ); 2.9 (b, s, 1 H); 4.12 (d, 1 H), J  = 7.5 cps; 5.23
to titration with cyclopentadiene.68 Reaction of this solution (m, 1 H); 5.77 (q, 2 H), J  = 7 cps; 6.8 (m, 2 H); 8.75 (t, 3 H),
with 1.0 g (8.6 mmol) of indene in the dark yielded 1.0 g (3.5 J  = 7 cps.
mmol) of 30a, mp 104=105.5°, its ir was identical with that of Anal. Calcd for C i3Hi4N20 4 (262.3): C, 59.54; H, 5.38;
the photochemically prepared material. N, 10.68. Found: C, 59.70; H, 5.20; N , 10.67.

Pyrolysis of 30a.— Compound 30a (2.1 g, 7.3 mmol) was heated Acid-Catalyzed Transformation 31 -*• 32.— Compound 31 (1.0
in vacuo to 300° with a bunsen burner. The reaction products g, 3.2 mmol) was added over a 10-min period to 4.9 ml of con-
were collected from the trap and the flask by rinsing with pentane; centrated H2S04, kept in an ice bath. The solution was poured
besides 0.42 g (1.4 mmol) of unreacted 30a 0.48 g (4.1 mmol) of into 125 g of ice-water, and filtered. After 6 days at room tem-
indene (identified by glpc) was obtained. perature 0.23 g (0.9 mmol) of 32, mp 129-131°, had precipitated,
_________  showing ir data as given above.

(79) High-resolution mass spectrum performed on a MS-9 through the Ethyl 3-(2-Indanyl)carbazate (33). Compound 32 (1 .0  g , 3 .8
courtesy of Dr. G. Schaden. mmol) in 150 ml of ethyl acetate yielded on 1.5-hr shaking with
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H2-Pd--BaS04 after filtration and solvent removal, 0.84 g spectrophotometer PMQ II in 1-cm water-jacketted cells
(d.8 mmol) of 33: mp 121-122° (from benzene-re-hexane); Temperature was controlled to ± 0 .1° with a Haake ultra-
m olw t 224, ir (KBr): 3310, 3250 cm 1 (NH); 1700 cm-1 thermostat. The following initial concentrations were used

1508 cm 1 (amide II); nmr (CDC13): 2.86 (s, 4 H); in various solvents (Table V): system DEAD-indene, 2 X 10~2
3.46 (b, 1 H); 5.83 (q) J  = 7 cps, 6.1 (m, 4 H); 7.08 (m, 4 H); M  D EAD -1.4 M  indene; system DEAD-ethyl vinyl ether
8.75 (t, 3 H), ./ = 7 cps. 2 X 10-2 M  D EA D -1.4 M  ethyl vinyl ether; system P T D -

Anal. Calcd for C12HI6N20 2 (220.3): C , 65.43; H, 7.32; N , indene, 7 X 10 ~3 M  P T D -7 X 10~3 M  indene. All runs were
12.72. Found: C, 65.42; H, 7.24; N, 12.75. at least duplicated.

Synthesis80 of Ethyl 3-(2-Indanyl)carbazate (33). Addition of Standard equations and graphic methods were applied to
0.5 ml of glacial acetic to a solution of 5.0 g (38 mmol) of 2- determine the orders of reaction, rate constants, and activation 
mdanone81 and 4.3 g (41 mmol) of ethyl carbazate (purum Fluka) parameters. The maximum error observed for the rate constants
m 75 ml of ethanol (95%) at 50° gave the precipitation of 6.0 g was ±  7% ; it was only exceeded for PTD  +  indene in aceto-
(28 mmol) of 2-indanone-N-carbethoxyhydrazone (34) in 5 min: nitrile (± 16% ).
mp 176-177° (from benzene-acetone-re-hexane), lit.80 mp 168-

K ' l S  R e g istry  N o. 5, 23358-00-1; 6, 23358-01-2 ; 7,
(b, 1 H); 2.79 (s, 4 H); 5.70 (q, 2 H), J  = 7 cps; 6.25 (m, 4 H); 23358-02-3; 8, 23358-03-4; 9, 23358-04-5; 10, 23358-
8.67 (t, 3 H), /  = 7 cps. 05-6; 11,23358-06-7; 12,23358-07-8; 12-Di, 23358-

Anal. Calcd for C12H „N 20 2 (218.3): C, 66.04; H, 6.47; N , 08-9; 13,23358-09-0; 14,23358-10-3; 15,23358-11-4-
12^4. Found: C, 65.83; H, 6.47; N 12.57. 16,23358-12-5; 19,23358-13-6; 20 ,23358-14-7; 21,’

Compound 34 (1.0 g, 4.6 mmol) m 75 ml of ethanol and 25 ml 23358-1 5 8- 73 23358 16 Q. 17  n- 9 7  oqqkc
of glacial acetic acid was shaken with H2-Pt-charcoal for 3.5 7 ™  jj* ’ Z3’ r * ' lb"9 ’ 2 4 ’ 23358-17-0, 27, 23358-
hr. Filtration, solvent removal in vacuo, and recrystallization lo -l, 2 8 ,2oo58-19-2) 29,23358-20-5) 30a, 23358-21-6) 
of the remaining product from benzer.e-re-hexane afforded 0.38 g 30b, 23358-22-7; 31 ,23358-23-8; 32 ,23358-24-9; 33, 
(1.7 mmol) of 33: mp 121-122°, lit.80 mp 120-120.5°; mol wt 5156-54-7; 34, 5168-61-6; 36, 23358-27-2; 37, 23358-

22Anal. Calcd for C12HI6N20 2 (220.3): 0 , 65.43; H, 7.32; N , S o n o ’ *  * 43' 60.'6 ’ 414?,-6rJ^^>
12.72. Found: C, 65.10; H, 7.07; N, 12.78. m dene, 95-13-6, e th y l v in y l ether, 109-92-2; PTD,

Compound 33, synthesized following this procedure, was identi- 4233-33-4; DMAD, 2446-84-6. 
cal with the product from the catalytic hydrogenation of 32
according to ir, nmr, and mixture melting point. A ckn ow ledgm en t.— T h e  authors are gratefu l to

Kinetic Measurements.— Absorption spectroscopy (uv) at D r. G . Schom burg, F . W eeke, and H . B eh lau  for their 
24400-24700 cm -1 (DEAD) and 18400 cm "1 (PTD) was used ® ’ V ,  A A 77
to monitor the concentrations of DEAD and PTD  in all the suPPort With p rep arative glpc, and to  D r. E . G . H off-
kinetic runs. The measurements were carried out with a Zeiss m aim  tor h elp illl discussion of ir d ata. D . V . W h ite  is

t J T „  „  „ indebted to th e M ax-P lan ck-G esellsch aft for a pre-
(80) G. P . Marshall, P. A. McCrea, and J. P. Revell, British Patent , td ± r  tt  •

1 ,019,363; Chem. Abstr., 64 ,12620c (1966). doctoral fellowship, and to Boston College for a Um-
(81) J. E. Horan and R . W. Schiessler, Org. Syn., 41, 53 (1961). V e r s i t y  T r a v e l  G r a n t .

3,4-D isubstituted and Fused 1,2,5-Thiadiazole N-Oxides

K urt P ilgram

Biological Sciences Research Center, Shell Development Company, Modesto, California 95352

Received September 23, 1969

Acyclic and cyclic compounds containing the a-dioxime grouping are converted into mixtures of 3,4-disub- 
stituted and fused 1,2,5-thiadiazoles and the corresponding N-oxides by reaction with sulfur dichloride.

Although furoxans (1) have been known for a long (4); formation of 2,1,3-benzothiadiazole (5) was not 
time, the corresponding 1,2,5-thiadiazole N-oxides (2) observed.
have not been definitely recognized. The reaction of Previous investigations of the action of sulfur mono- 

h—  ̂ chloride and sulfur dichloride on aliphatic compounds
Ns containing an NCCN grouping also involved oximes and

x  a-dioximes. a-Isonitrosocyanoacetamide and a-isoni-
y Z a  trosophenylacetonitrile were converted into 3-cyano-

’ “  4-hydroxy-l,2,5-thiadiazole2 (6) and 3-chloro-4-phenyl-
o-benzoquinone dioxime with sulfur dichloride has been 1,2,5-thiadiazole,3 (7), respectively, while glyoxime and 
reported,1 but the structure of the reaction product was
not determined unequivocally; the structures that R1 R2
were proposed are that of an N-oxide (3) and S-oxide ^ — /

r r >
6, R1 = CN; R2 = OH

NOH 5 7, R1 = Cl; R2 = C6H5

a  SCkjK  3, R1 = R2 = H and/or Cl
~ 9, R1 = R2 = CH3 

NOH N . 0  _________
^  NT \j (I) V. G. Pesin, A. M. Khaletsky, and Chou-Chin, J .  Qen. Chem. USSR,

r r \  o r  r r \ ^ n  28, No. 7, 2131 (1958).
(2) J. M. Ross and W. C. Smith, J .  Amer. Chem. Soc., 86, 2861 (1964).
(3) L. M. Weinstock, P. Davis, B. Handelsmann, and R . Tull, J .  Org.

3  4  Chem. 32, 2823 (1967).
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T a b l e  I
3 ,4 -D isu bstttu ted  and F u sed  1 ,2 ,5 -T h iadiazoles and N-O x id e s

V
----------------------- Analyses, %--------------------------

Group attached to * Nitrogen i *• Sulfur >■ —*-0*
Compound basic structure Method0 n  Yield, % Mp or bp, °C Calcd Found Calcd Found cm 1

5 0 38.1 43-44 20.6 20.9 23.5 23.2

k /  A
3 ' 1 34.6 78-80 18.4 17.8 21.1 20.7 1365

10 0 22.7 163-164 11.9  11.8  13.6 13.2

011 f  J  1 2.8 204^208 11 .1  11 .1  12.7 12.9 1375

Cl
13 C l - A  0 7.3 123-124 11 .7  11.8 13.4 13.2

V  A
14 T  1 3.4 144-147 10.9 10.5 12.5 12.3 1370

Cl

15 “  B 0 67 65 (40 mm) 18.1 18.5 20.7 20.5

16 ( 3  0 5 .7 83-84 U -8 11.8 13.4 13.1
'—' c

17 3 )  1 4.7 124 11.0 10.8 12.9 12.4 1360

8 C 0 23.0
132-133 13.3 13.2 15.3 15.8

B 0 81.9

“ (A) SC12 in benzene at 25°; (B) SChin DM F at 20-25°; (C )S2a 2inD M Fat5-25°.

dimethylglyoxime were converted into the 1,2,5-thia- ment comes from the infrared spectra of fused aromatic 
diazoles 83 and 9 ;3 formation of oxides analogous to N-oxides:6 the N O stretching vibration of quinox- 
3 and 4 was not observed in these reactions. aline N-oxide which is isoelectronic with 3 has been

Pesin’s1 report of an inability to distinguish between assigned to the 1370-cm-1 band.7 
structures 3 and 4 and the failure of Ross and Smith,2 9,10-Phenanthrenequinone dioxime11 underwent re- 
and of Weinstock, et a l.,3 to observe formation of N- action with excess sulfur monochloride at 25° in di
oxides or S-oxides in the reaction of acyclic oximes and methylformamide (2 hr) to give a mixture of phenan-
a-dioximes with sulfur monochloride and sulfur di- thro[9,10-c]-l,2,5-thiadiazole (10) and the correspond-
chloride prompted us to investigate the reaction of ing N-oxide (11). The structure of 10 was proven by in
several aliphatic and aromatic a-dioximes with these dependent, unequivocal synthesis from 9,10-diamino-
reagents and determine the structures of the reaction phenanthrene and thionyl chloride in the presence of
products. triethylamine as scavenger for hydrogen chloride. The

,, , . structure of 11 was indicated by the N -0  band (v 1375
esu s an iscussion cm-1). To obtain additional support for the structure

To elucidate the structure of the reaction product of 11 it was decided to prepare its only other positional
from o-benzoquinone dioxime and sulfur dichloride isomer, namely the known12 S-oxide (12) and establish
as that of 3 and 4, it was decided to repeat Pesin’s ex- their nonidentity. Reaction of phenanthrene-9,10-
periment. When o-benzoquinone dioxime4 was allowed bis(trimethylsilyl)imine12 with thionyl chloride af-
to react with sulfur dichloride in benzene at 25°, a forded 12, melting at 234-237° (lit.12 mp 234.5-237°).
1 :1  mixture of two products was obtained. Analytical, Compounds 11 and 12 were not identical as shown by
physical, and spectral data of the compound melting the differences in melting points. Consistent with
at 43-44° (see Table I) were in agreement with those the structure of 12 the infrared spectrum gave char-
of 2 ,1,3-benzothiadiazole (5). The compound that acteristic sulfoxide absorption at 1130 cm-1, which is
melted at 78-80° (lit.1 mp 81-83°) has been assigned not present in 11. The fact that 12 could readily be
the N-oxide structure as shown in formula 3 rather
than the S-OXlde (4) structure. this assignment is (7) The relatively high value of 1370 cm -1 is not surprising since
based on its infrared spectrum which is consistent only the +N -0 ~  band in heterocyclic N-oxides such as those of pyridine8*-9 and
with Structure 3. For example, the characteristic pyra*me8M0 is found in the 1319- 1230-cm -i region, PyrazineN-oxide hav-
ci „  , . . ,  . t  i f  ’ J  5 /• a \ mg lts stretching band at 1318 cm I, which is some 54 cm 1 higher
S O Stretching vibration OI a SUllOXlde \Z.6.) 4) than in pyridine N-oxide; in general, the band rises with increasing electron-
which occurs usually near 1050 cm-1 is absent, whereas acceptor properties of the substituent.'»
a strong band at 1365 cm "1 indicates the presence of ^  *’ (1958)' and 791
an heterocyclic N-oxide group. Support for this assign- ®) a . r . K a tr itW , j .  a . t . Boulton, and n . a . coats, j . Chem. soc.,

3680 (1959).
(4) (a) Th. Zincke and P. Schwarz, Justus Liebigs Ann. Chem., 307, 28 (10) B . Klein and J .  Berkowitz, J .  Amer. Chem. Soc.. 81, 5160 (1959).

(1899); (b) L. G. Green and F. W. Rowe, J .  Chem. Soc., 2452 (1912). (11) J .  Schmidt and A. Soil, Ber. 40, 2459 (1907).
(5) L. J .  Bellamy, “The Infrared Spectra of Complex Molecules,” John (12) G. Tuehtenhagen and K. Riihlmann, Justus Liebigs Ann. Chem. 711,

Wiley & Sons, Inc., New York, N. Y ., 1954, Chapter 22, p 288. 174 (1968).
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reduced to the parent thiadiazole 10 under such mild identical with the product obtained from 1,2-diphenyl-
conditions as warming a solution in excess triethyl ethane and tetrasulfur tetranitride (S4N4) according
phosphite at 60° for about 5 min is in marked contrast to the procedure of Bertini and Pino.17 The structure
to the behavior of N-oxide 11 which underwent exten- of 17 follows from the value of v ^ o  1360 c m -1 and the
sive decomposition under the same conditions; start- absence of S -*• 0 , C = 0 , and OH stretching vibrations
ing material (11) or reduced product (10) were not in the infrared spectrum. The H ' nmr spectrum has
detectable in the dark reaction mixture. only a multiplet in the expected range of S 7.7-8.7  ppm

(phenyl H).
Reaction of acenaphthoquinone dioxime with sulfur 

I J L  .NH2 monochloride or sulfur dichloride in dimethylformamide
|* |J  _______ sqci„n(C2h5)3______  afforded acenaphtho[l,2-c]-l,2,5-thiadiazole (18); for-

mation of the corresponding N-oxide was not observed. 
M  ‘ 2 The ease of formation of 18 (23% with S2C12 and 82%

with SC12) and its thermal stability are surprising in 
/ % .  O view of the structural similarity to the corresponding
[1^ 1  ̂ furazan analog 19 which is unknown. Attempts to

sgciq NS + f ' XS prepare 19 by deoxygenation of the corresponding fur-
r̂ A y A s.N0H oxan, which is prone to decompose violently at its
I I  [I T I I  melting point, have failed;18 deoxygenation with tri-

^ ^ 1 0  alkyl phosphites, which have proved to be efficient rea-
1 gents for the reduction of furoxans to furazans,19 gave

1 instead naphthalene-1,8-dicarbonitrile.18 Fusion of a
[ j 5*! ( i ^ l  (RCJ)p furoxan or furazan nucléus to another five-membered
\ ^ y# N S i(C H 3)3 goa nv 3 ring apparently gives rise to an unfavorably strained

; 1 -----^  T JT  /S—*-0 — situation,20 whereas introduction of a larger sulfur
jpV^NSifCHala atom in place of oxygen reduces ring strain.

12 r \
Reaction of 3,4,6-trichloro-o-benzoquinone dioxime /  \ X.

with sulfur dichloride at 25° in benzene yielded two \  /
products in the approximate ratio of 2 :1 . The major 18 x = g
component was identified as 4,5,7-trichloro-2,l,3- 19’ x  = 0
benzothiadiazole (13) by comparison of its physical 
and spectral data with those of an authentic sample
prepared by the procedure reported by Van Daalen, The assignment of the 1,2,5-thiadiazole (D) and 
et a l.13 The minor product was found to be 4,5(or 6),- 1,2,5-thiadiazole N-oxide (C) structure to the products
7-trichloro-2,1,3-benzothiadiazole 1-oxide (14) by ele- of these reactions allows the suggestion of a common
mental analysis and its infrared spectrum (14, rN->-o, reaction path for at least the early stages of all ring
1370 c m -1). closure reactions involving a-dioximes and sulfur mono-

No reaction was observed between dichloroglyoxime14 chloride or sulfur dichloride. The formation of C and
and sulfur dichloride in benzene at 25° after 2 hr. P  has been rationalized according to Scheme I. It
However, the reaction proceeded smoothly in dimethyl- 1S plausible, for example, that the first step in all reac-
formamide and was complete at 25-30° within 2 hr. tions is nucleophilic attack of nitrogen on the polarizable
Tic indicated one major component along with one sulfur chloride to give A. The existence of compounds
minor impurity. Purification by column chromatog- containing the chlorothio (CIS) group is well docu-
raphy afforded 67%  3,4-dichloro-l,2,5-thiadiazole mented and, in several instances, compounds containing
(15) which was identical with the product obtained the chlorodithio (C1SS) group have been isolated.21
from cyanogen and sulfur dichloride according to the Chlorodithio compounds as intermediates have also
procedure of Vest.16 The second (minor) component, been postulated in the reaction of aliphatic amides22
presumably 3,4-dichloro-l,2,5-thiadiazole N-oxide, did [to give bis(amido) sulfides and in the Herz reaction23],
not emerge from the column and therefore was not Scheme I illustrates two possible routes to C and D.
identified. In the first (path a), nucleophilic attack of the nitrogen

The reaction of diphenylglyoxime16 with sulfur of the oxime group in A on the chlorothio group would 
monochloride occurred also in dimethylformamide at
5° and gave 3,4-diphenyl-l,2,5-thiadiaZole (16) and (17) V. Bertini and P. Pino, Angew. Chem . 77, 262 (I960); Angew. Chem.,

3,4-diphenyl-l,2,5-thiadiazole N-oxide (17) in the a . j . Boulton, chem. c _ „  73 (i 968).
approximate proportion of 1 I 1. Compound. 16 was (19) (a) C. Grundmann, B er., 97, 575 (1964); (b) A. S. Bailey and J .  M.

Evans, Chem. In d . (London), 1424 (1964); (c) T . Mukijama, N. Nambu,
(13) J .  J .  Van Daalen, J .  Daams, H. Koopmann, and A. Tempel, Rec. and M. Okamoto, J .  Org. Chem ., 27, 3651 (1962).

Trav. Chim . P ay s-R es ., 86, 1159 (1967); H. Koopmann, J .  J .  Van Daalen, (20) H. J .  Boyer in “Heterocylic Compounds,” R . C. Elderfield, Ed., J .
and J .  Daams, W eed R es. 7, 200 (1967). Wiley & Sons, Inc., New York, N. Y ., 1961, p 462. The referee suggested

(14) (a) G. Ponzio and F . Baldracco, Gazz. C him . I ta i . 60, 429 (1930); that the stability difference between 18 and 19 may reflect a difference in 
(b) H. E . Ungnade, G. Fritz, and L. W. Kissinger, T etrahedron, 19, S u p p l. aromaticity and not steric strain.
1, 245 (1963). (21) Z. S. Ariyan and L. A. Wiles, J .  Chem . S oc., 4510 (1961); 1725

(15; R . D. Vest, U. S. Patent 3,115,497 (1963); Chem. A bstr., 60, 5512d (1962).
(1964). (22) P. Hope and L. A. Wiles, ib id ., 5679 (1964).

(16) K. v. Auwers and V. Meyer, B er ., 22, 547 (1889). (23) P. Hope and L. A. Wiles, Chem. In d . (London), 32 (1966).
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Scheme I Nuclear magnetic resonance spectra were obtained on a Varian

H A-60 spectrometer.
a-Dioximes.— o-Benzoquinone dioxime prepared in 36.4% 

yield from benzofuroxan and hydroxylamine crystallized from 
0 >^OH aqueous ethanol and had mp 154° dec, lit.4 mp 144° dec.
I ^gQ  3,4,6-Trichloro-o-benzoquinone was prepared from 2,4,5-

“  trichloroaniline via 2,4,5-triehloro-6-nitroaniline and 4,5,7-
/ Aqj trichlorobenzofuroxan (47%, mp 104-105°) in 46% yield and

/  melted at 193° dec.
/  HC1 Dichloroglyoxime from glyoxime by chlorination in 10% HC1

H \ / at 0° had mp 198-199° dec, lit.4 mp 198-199° dec.
path b, \ — i  The product obtained from benzil and hydroxylamine was

4_ o  ' -ro] N N— 0 anfi-diphenylglyoxime, mp 244-246°, lit.16 mp 244°.
yJ | \  >  9,10-Phenanthrenequinone dioxime from 9,10-phenanthrene-

I H quinone and hydroxylamine crystallized from methanol in 62.5%
¿1 f h  yield, mp 200-201°, lit.11 mp 202°.
A '  g  Acenaphthoquinone dioxime was prepared from acenaphtho-

1 . quinone and hydroxylamine hydrochloric acid salt in refluxing
“ HC1 I-HCI ethanol (8 hr) and melted at 232°.

. Anal. Calcd for C12H8N20 2:N, 13.2. Found: N, 12.9.
\ __ /  \ ---- /  \ — /  Reaction of o-Benzoquinone Dioxime with Sulfur Dichloride.
II % ------->- // Vt ----- —►  » Preparation of 2,1,3-Benzothiadiazole (5) and 2,1,3-Benzothia-

O"4-N ^N-»-0 -10] >N—>0 -[0] diazole N-Oxide (3).— An adaptation of the procedure of Pesin,
* b _ g  et al.,1 was employed. A solution of 5 ml of sulfur dichloride in
^ ^ 25 ml of dry benzene was added dropwise at 25° and with con

stant stirring to a suspension of 5.0 g of o-benzoquinone dioxime 
lead  to  th e d i-N -oxide24 (B) w hich  is sub seq uen tly  in 100 ml of dry benzene. During the course of the mildly exo-

i j + n  ^ „ in n i i r r  ta nni thermic reaction, the dioxime dissolved. After 2 hr, the mixture
reduced to  g iv e  C  and even tu ally , D . T h e  second waa filtered and & e fil, rate was evaporated to dryness to give
route (path b) w ould in v o lve  form ation  ol th e  h yp o th etl- 4 g of product; tic indicated two compounds. Separation was
cal interm ediate E  b y  loss o f oxygen  from  A  follow ed accomplished by column chromatography on deactivated silica
b y  nucleophilic a tta c k  o f th e nitrogen of th e  oxim e gel28 using hexane-ethyl acetate-tetrahydrofuran (40:8:2).
group on sulfur o f th e chlorothio group to  g iv e  th e The first fraction which emerged from the column was 2,1,3-
at -j n  j - ii  Tf lr , , • i - m benzothiadiazole(5), 1.88 g (38.1%), mp 43-44 (from hexane).
N -oxide C directly . I f  sulfur m onochloride is em - AnaL Calcd for C6H,N2S: N, 20.6; S, 23.5. Found: N, 
p loyed  in these reactions, th e  chlorodithio interm ediates 20.9; S, 23.2.
analogous to  A  and E  are cleaved a t th e su lfu r-su lfu r The second component (3) was obtained as yellow crystalline 
bond during th e rin g clusure. A lth o u gh  a t the presen t solid: mp 78-80°; 1.90 g (34.6%); ir spectrum: intense band 
tim e w e are un able to  m ake a choice b etw een  th ese nmr spectrum’ multiplet at 5 7A  ppm
tw o m echanism s, w e do fa vo r p a th  a. A  possible AneS.^Calcd for C6H4N2OS: N, 18.4; S, 21.1. Found: N, 
explanation  for th e  in a b ility  to  d etect th e  h yp o th etica l is .7 ; s , 20.8.
B  m ay be its  inherent in stab ility . F o r exam ple, benzo- Reaction of 9 , 1 0 -Phenanthrenequinone Dioxime with Sulfur 
furazan  N ,N -d ioxid e (20) has been show n to  b e un- Monochloride. Preparation of Phenanthro [9,10-c]- 1 2 ,5-thiadi-

stab le  w ith  respect to rin g opening.' A n o th e r plausible _ A ^ ¿ ure of 10 0 g (0.042 mol) of phenanthrenequinone di-
explanation  m a y be th a t  th e  h yp o th etica l 13 is easily  oxime, 8 g (0.059 mol) of sulfur monochloride, and 20 ml of di-
reduced b y  a n y  S +1 or S +2 source present in  th e reaction  methylformamide was stirred for 2 hr at room temperature. The
m ixtu re before and a fter h ydrolysis. T h e  high oxidiz- reaction mixture was poured into water and filtered. The crude

mixture was separated by column chromatography over deacti- 
p, vated silica gel using a mixture of hexane-ethyl acetate-tetra-

O HO j, hydrofuran (40:8:2) to give 2.07 g (22.7%) of. 10 melting at
t I I 163-164°.

0 NS AnaL Caicd for ChH8N2S: N, 11.9; S, 13.6. Found: N,
/° L 1 J  11.8; S, 12.9.

N N The fraction containing 11 was recrystallized from ethanol (5
1 t  Ad times) to give 0.3 g (2.8%) of yellow brown solid, 11: mp 204-
0 0 208°; ir (KBr) 1375 cm“1 (N->0).

20 21, Jodinin (R = H) Anal. Calcd for C»H8N2OS: N, 11.1; S, 12.7. Found: N,
22, Myxin (R = CH3) 11.1; S, 12.9.

Reaction of Phenanthro[9,10-c]-l,2,5-thiadiazole 1-Oxide (12) 
ing pow er of phenazine N ,N -d ioxid es, such as th e broad- with Triethyl Phosphite.— A solution of 1.0 g (4 mmol) of 12 in
spectrum  an tib iotics Jodinin6 (21) and M y x in 26-27 (22), ?0 ml of triethyl phosphite was heated at 60 for 5 mm. When
F . .. . . \ '  . , J c the reaction mixture was allowed to cool to room temperature a

w e regard as additional sup porting evidence for p a th  a. brown solid melting at 158-159° crystallized out. Recrystalliza
tion from ethanol afforded 0.5 g (53%) of 10 as light brown solid,

. 163-164°. A  mixture melting point with an authentic sample of
E xp erim en tal S ection  10 obtained from 9,10-diaminophenanthrene and thionyl chloride

General.— Melting points were determined with a Thomas- showed no depression.
Hoover capillary apparatus and are uncorrected. Infrared spec- .^a.lcĉ  for ChHsNjS: N , 11.9, S, .6. ound. ,
tra were measured with a Perkin-Elmer Model 21 spectrometer. ’ . . _ . . ...

Reaction of 3,4,5-Trichloro-o-benzoqumone Dioxime with
Sulfur Dichlorodide. Preparation of 4,5,7-Trichloro-2,l,3-(24) The dioxide formulation was chosen for B  to emphasize the sym- . . . . .  , , , , ,  , . 5 ,  .

metry of this type of molecule. Mallory, Schneller, and Wood» point benzothiadiazole (13) and 4,5(or 6) 7-Trichloro-2 1,3-benzothia-
out that a dioxide analogous to B would presumably be a resonance hybrid. diazole 1-Oxide (14). To a slurry 0 1 11.1 g (0.046 mol) of o,4,6-

(25) F . B . Mallory, K. E . Schneller, and C. S. Wood, J .  Org. Chem. 26, trichloro-o-benzoquinone dioxime in 100 ml of benzene was added
3312 (1961). in 15 min a solution of 5 ml (8.1 g, 0.79 mol) of sulfur dichloride

(26) O. E . Edwards and D. C. Gillespie, Tetrahedron Lett., No. 40, 4867 ----------------------
(1966). (28) Deactivated by passing a stream of air through a layer of silica gel

(27) M. Weigele and W. Leimgruber, ibid., No. 8, 715 (1967)* (Grace, grade 950, mesh size 50-200) for 12 hr.
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in 25 ml of benzene. Stirring was continued for an additional 4 Anal. Calcd for C»Hi0N 2OS: N, 11.0; S, 1 2 .9 . Found: N,
hr. The reaction mixture was poured over ice-water, extracted 10.8; S, 12.4.
with 400 ml of ether and dried (MgSO<). Evaporation of ether A fourth compound, possibly the corresponding di-N-oxide, 
afforded a mixture of 13 and 14 which was separated by column did not emerge from the column and therefore was not identified, 
chromatography over silica gel using the solvent mixture hexane- Preparation of Acenaphtho[l,2-c]-l,2,5-thiadiazole (18) from
tetrahydrofuran-ethyl acetate (18:1:1). The first compound Acenaphthoquinone Dioxime. With Sulfur Dichloride.—Sulfur
emerging from the column was identified as 13, mp 123-124°, dichloride (20 ml, 32.4 g, 0.315 mol) was added dropwise with
0.8 g (7.3%). stirring at 25° to a solution of acenaphthoquinone dioxime (10.6 g,

Anal. Calcd for CsHCUSbS: N, 11.7; Cl, 44.5; S, 13.4. 0.05 mol) in dimethylformamide (150 ml). After 2.5 hr, the
Found: N, 11.8; Cl, 44.4; S, 13.2. mixture was poured over ice-water and filtered. The solid was

The second fraction consisted of the N-oxide 14: mp 144-147°; dissolved in methylene chloride, charcoaled, and dried (MgSO<).
0.4 g (3.4%); ir (KBr) 1370 cm - 1  (N—*0). Evaporation to dryness afforded a dark residual solid which was

Anal. Calcd for C6HCI3N 2OS: N, 10.9; S, 12.5. Found: N, extracted with 500 ml of boiling hexane. This solution was
10.5; S, 12.3. concentrated to 150 ml and cooled to give 8 . 6  g (81.9%) of 18

Reaction of Diphenylglyoxime with Sulfur Monochloride. as white solid melting at 132-133°. The nmr spectrum shows
Preparation of 3,4-Diphenyl-1,2,5-thiadiazole (16) and 3,5- complex lines near 7.8 ppm (aromatic H).
Diphenyl-1,2 ,5-thiadiazole N-Oxide (17).— Diphenylglyoxime, Anal. Calcd for C i2H6N2S: N, 13.3; S, 15.3. Found: N,
30.0 g (0.125 mol), was added to a mixture of 32 ml (0.4 mol) of 13.2; S, 15.8.
sulfur monochloride in 64 ml of dimethylformamide at 25°. With Sulfur Monochloride.— The reaction of acenaphtho-
The temperature of the reaction was maintained by external quinone dioxime (10.6 g, 0.05 mol) with sulfur monochloride 
cooling with the aid of an ice bath. After 2 hr, the reaction (25 ml, 42.5 g, 0.315 mol) which was carried out under the same
mixture was poured onto 300 g of ice water and the precipitate reaction conditions (see above) afforded 18 in 23% yield with
was filtered and dried. Thin layer chromatography indicated recovery of about 18% of acenaphthoquinone dioxime, 
the presence of three compounds in addition to large amounts of
sulfur. The crude mixture was resolved by column chromatog- Registry No.— 3, 23431-06-3; 5, 273-13-2; 10,
raphy on deactivated silica gel28 using the solvent mixture hexane- 1143-73-3- 11,23431-09-6; 13,1982-55-4; 14,23431-
tetrahydrofuran (9:1). Sulfur which emerged first from the 15,5728-20-1; 16, 4057-61-8; 17,23431-14-3;
column was discarded. After removal of the solvent, the second 1 ’  ’ . ’ ’ ’
fraction was recrystallized from hexane to give 1 . 7  g (5 .7 % ) of 18, 437-40-1, 3,4,6-trichloro-O-benzoqumone, 23431- 
lb: colorless, crystalline solid; mp 83-84°; nmr multiplet near 16-5; acenaphthoquinone dioxime, 1932-08-7.
7.6 ppm (phenyl H).

Anal. Calcd for C hHi0N 2S: N, 11.75; S, 13.45. Found: N , Acknowledgment.— The author expresses his ap-
11^ : s ; . ... , . , , _ , , preciation to Mr. G. E . Pollard and Mr. P. M. Sali-

The third fraction was recrystallized from hexane and afforded r . , . . , r , , , . ,. ,
1 . 5  g (4 .7 % ) of 17: colorless crystalline solid; mp 124°; ir “ an and their associates for spectral and analytical
(KBr pellet): 1360 cm" 1 (N->-0). d ata.

_______ Notes________________________________

R eactions o f T rihalopropionitriles w ith O O

Trialkyl P hosphite. A  Convenient C6H5CCHBrCHBrCC6H5 +  (RO)3P ---- >
Synthesis of 2-H aloacrylonitriles

0 0  9
K. C. Pande and G. Trampe jl ii

C6H5CCH=CHCC6H5 +  (RO)2PBr + RBr (2)

Development Division, Chemicals and Plastics Group,
Borg Warner Corporation, Washington, West Virginia 26181 In the presence of an electron-withdrawing group on

only one carbon atom, the usual course of reaction with 
Received August 27,1969 trialky] phosphites is formation of a phosphonate ester,

as illustrated by the reaction of 2,3-dichloropropioni- 
Vicinal dihalides react with trialkyl phosphites to trile with triethyl phosphite (eq 3 ).8 

yield either of two products, depending cn the struc- CN
ture of the dihalide. In the absence of electron-with- /
drawing groups on the carbon atoms bearing the halogen C1CH2CHC1CN + (EtO)3P *• CICH,CH^ +  EtCl (3)

atoms, phosphonate esters are formed (eq 1) . 1 P(OEt) 2

0 0

II
(RO)3P +  BrCH2CH2Br — (RO)2PCH2CH2Br +  RBr (1) However, styrene dibromide has been found to un

dergo dehalogenation when allowed to react with triethyl 
If, however, both halogen atoms are on carbon atoms phosphite to give styrene in 50%  yield.4 

bearing electron-withdrawing groups, denalogenation
occurs (eq 2), giving a high yield of olefin.8 ^  ^  ™  ^

(1) G. M. KosolapoB, J .  Amer. Chem. Soc., 66, 109 (1944). (4) B . A. Arbuzov and B. P. Lugovkin, J .  Gen. Chem. USSR, 21, 99
(2) 8. Dershoivitz and S. Proskauer, J .  Org. Chem., 26, 3595 (1961). (1951); Chem. Absir., 46, 7002 (1951).
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We wish to report another reaction of preparative the a  chlorine, giving the dehalogenation product,
value, where dehalogenation has been shown to occur Attack at the a  carbon is apparently favored, but is
from a system containing vicinal halide groups. prevented in the 2,2,3-trichloro derivative presumably

From the reaction of 2,2,3-trichloro- or tribromopro- by the bulky geminal chlorine atoms. Attack on
pionitrile with triethyl or trimethyl phosphite below chlorine is, therefore, favored in the latter case,
room temperature, almost quantitative yields of 2- The reaction of 2-chloro-2,3-dibromopropionitrile 
haloacrylonitriles, halophosphates, and alkyl halides and triethyl phosphite also gives high yields of 2-
can be readily isolated, (eq 4). chloroacrylonitrile (eq 6), indicating that attack of

trivalent phosphorus esters on bromine is favored over 
| attack on chlorine.

XCH2CCN +  (RO)3P — ►  BrCH2CClBrCN + (EtO)3P — *■

X
n 0

X  ¡I / C l  . ||
CH2= C  +  (RO)2PX + RX (4) CH — C +  (EtO)2PBr +  EtBr (6)

T N  CN

R = E t or Me X = C1 or Br Substituted phosphines such as triphenylphosphine
have also been found to react with 2,2,3-trihalopro-

The dialkyl chlorophosphates and 2-haloacryloni- pionitriles in ether solution to give 2-haloacrylonitriles
triles were characterized by their boiling points, vpc in good to moderate yields (eq 7).
retention times, and ir and nmr spectra. The dialkyl
bromophosphates could not be distilled without decom- XCH2CX2CN + (C6H5)3P *■
position. The identity of these compounds was veri- X
fied by conversion into their anilino derivatives ac- cH2= C ^  +  (CaH5)3PX2 (7)
cording to a known method.5 6 uN

These results can be explained by nucleophilic attack X=C1 or Br
of phosphorus on an a  halogen, followed by elimination 
of (i halogen from the resulting carbanion. Subsequent
Arbuzov cleavage of the resultant phosphonium species Experimental Section

by halide ion would explain the other products. General Comments.—All the reactions were carried out in a
three-necked flask equipped with magnetic stirrer assembly, 

X dropping funnel, and a condenser connected to a cold trap.
I I + Infrared spectra were recorded on a Beckman IR  7. Nmr

CH,CCN +  :P(OR)3 ■ *- CH,-CCN + XP(OR)3 spectra (CDC13) were obtained on a Varían A-60A instrument.
I V js'  A  Vpc analysis was carried out isothermally, using a Beckman

X X Model 2 with a 10-ft column packed with silicon gum on Chromo-
CN sorb W.

r u = c  + Reaction of 2,2,3-Trichloropropionitrile and Triethyl Phos-
= phite.— Triethyl phosphite (33.0 g, 0.2 mol) was added drop-

wise to 2,2,3-trichloropropionitrile (32.0 g, 0.2 mol). The 
j, j, temperature of the reaction mixture was maintained at 5-10°

+ /  __ s '  by external cooling. After complete addition of the phosphite,
1̂ P “ OR ►  RA + O the reaction mixture was fractionated to give ethyl chloride

X— ‘  OR L  X)R (12.0 g), 2-chloroacrylonitrile (16.0 g, 90%), bp 88-90°, and
diethyl chlorophosphate, bp 55° (1.5 mm).

. ., , . , , , , . ii . i_t  i j  a Reaction of 2,2,3-Tribromopropionitrile and Triethyl Phos-
Attack by phosphorus on halogen is well established.6 pWte .- T h e  addition of triethyl phosphite (33.0 g, 0.2 mol) to

The intermediacy of the carbanion in these dehalogen- 2,2,3-tribromopropionitrile (58.0 g, 0.2 mol) was carried out as
ation reactions was confirmed by reacting 2,2,3-tri- described above and fractionated to give ethyl bromide (17.0 g,
chloropropionitrile and triethyl phosphite in ethanol. collected in the cold trap), 2-bromoacrylonitrile (20.0 g, 77% ),

Ethanoi served as a proton donor and the reaction took mfdue^L^entifled a s Oío'-lthyl'bmmophosphate by
the following course (eq 5) . converting a portion of the residue into its anilino derivative as

described in the literature to give diethyl anilinophosphonate, 
i mp 93° (lit.6 mp 96.5°).

riPH p p m  _i_ nr+pt d _i_ nunix Reaction of 2,3-Dibromo-2-chloropropionitrile and Triethyl
2 1 L +  '  )3 +  tUH *■  Phosphite.— The reaction was carried out by slow addition of

q  triethyl phosphite (16.6 g, 0.1 mol) to 2,3-dibromo-2-chloro-
q  propionitrile (24.5 g, 0.1 mol) at 5-10°, followed by fractiona-
V tion. The reaction yielded ethyl bromide (8.0 g) and 2-chloro-

C1CH2CHC1CN +  (EtO)3P +  EtCl (5) acrylonitrile (7.5 g, 86%) bp 84-89° The undistilled material
7 v '  was converted into its andino derivative to give diethyl andino-

Comparing the reactions of trialkyl phosphites with PhRTactbnteóf™P2!33 frichloropropionitrile and Trimethyl Phos-
those of 2,3-dichloropropionitrile and 2,2,3-trichloropro- phite— Trimethyl phosphite (24.8 g, 0.2 mol) was added to 2,2,3-
pionitrile, it appears that the phosphite can attack the trichloropropionitrile (32.0 g, 0.2 mol) at 5-13°. During the
a  carbon, giving the normal Arbuzov product (eq 3), or course °f tJ(e. exothermic reaction, methyl chloride (21.0 g)

was collected m the co.d trap. On fractionation, the reaction
(5) H. MoCombie, B. C. Saunders, and G. J .  Stacey, J .  Chem. Soc., 380 mixture gave 2-chloroacrylonitrile (14.5 g, 82%), bp 86-88°.

1̂945) Reaction of 2,2,3-Tnchloropropiomtrde and Triethyl Phosphite
(6) XI. Grayson and E. Griffith, “Topics in Phosphorus Chemistry,’* m the Presence of Dry Ethanol. To an ethanol (25.0 g) solu-

Vol. 2, Interscience Publishers, Inc., New York, N. Y., 1965, pp 135-195. tion of 2,2,3-trichloropropionitrile (16.0 g, 0.1 mol) was added
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triethyl phosphite (16.6 g, 0.1 mol) at 15-20°. After the com- Scheme I
plete addition of the phosphite, the reaction mixture was frac
tionated to give ethyl chloride (5.0 g), 2,3-dichloropropionitrile — CH(R)CONHCH(R')—
(10.5 g, 80%), bp 63-65° (35 mm), and triethyl phosphate
(15.5 g), bp 85-87° (20 mm). BOC-NHCH(R")COOH DCC

Reaction of 2,2,3-Trichloropropionitrile and Triphenylphos- 
phine.— Triphenylphosphine (26.2 g, 0.1 mol) in dry ether (100
ml) was added dropwise to the 2,2,3-trichloropropionitrile “ ■ “Ch-(R)CONCH(R')
(16.0 g, 0.1 mol) in dry ether (70 ml) under constant stirring.
An exothermic reaction resulted and a white precipitate was COCH(R")NH-BOC
formed. After complete addition of the triphenylphosphine, the
white precipitate (31.0 g) was filtered. The filtrate on fractiona- l. H+
tion yielded 2-chloroacrylonitrile (6.0 g, 70%), bp 88-89°. 2. Et3N
The white precipitate, on treatment with water, gave triphenyl
phosphine oxide, mp 151-153° (lit.7 mp 152-153°). qjj

Reaction of 2,2,3-Tribromopropionitrile and Triphenylphos- I
phine.— This reaction was carried out in the manner described __CH(R)C_NCH(R')__
above, using 2,2,3-tribromopropionitrile (29.2 g, 0.1 mol) in dry / \ '
ether (30 ml) and triphenylphosphine (26.2 g, 0.1 mol) in dry H N \ y C,0
ether (100 ml). The reaction gave 2-bromoacrylonitrile (77 g, CHR"
60%) and triphenylphosphine dibromide, which was then con- I
verted into triphenylphosphine oxide (20.0 g), mp 152-153°. '

— CH(R)CONHCH(R'0CONHCH(R')---
Registry No.— 2,2,3-Trichloropropionitrile, 813-74-1; 

triethyl phosphite, 122-52-1; 2,2,3-tribromopropio- . . ,  . ,. .
nitrile, 22929-17-5; 2,3-dibromo-2-chloropropionitrile, ami™  aCld insertions can occur in this method of 
22929-18-6; trimethyl phosphite, 121-45-9; triphenyl- peptide synthesis.
phosphine, 603-35-0; triphenylphosphine oxide, 791- , As insertion reactions should be most favored m the
28-6; 2-chloroacrylonitrile, 920-37-6; diethyl chloro- abs? T  0 bulkyslde cbams (R = R = R = H) a 
phosphate, 814-49-3. model system utilizing glycme was devised (Scheme II).

(7) G. M. Kosolapoff, “Organo-Phosphorus Compounds,” John Wiley & o tt
Sons, Inc., New York, N. Y ., 1950. bCHEME J.I

11 equiv of BOC Gly 1. CFaCOiH-CHsCh
------------------------ Gly— O— CH2P ------------------- >• 1 ---------------------------->. 2

11 equiv of DCC 2. Et3N-CHCb
, . 3. 22 equiv of BOC Gly,

A m in o  A cid  I n s e r t io n s  in  S o lid -P h a s e  24 e<iuiv of DCC

P e p tid e  S y n th e s is la,b
Large excesses of N-ributoxycarbonylglycine13 and

A. R. Mitchell and Roger W. Roeskb10 N,N'-dicyclohexylcarbodiimide were used in both
coupling reactions in an attempt to promote acylation 

Department of Biochemistry, of the peptide bond.
Indiana University School of Medicine, When a portion of product 1 was treated with

n tanapo is, n mna 4  trifluoroacetic acid in methylene chloride, then with
Received July S, 1969 triethylamine in chloroform, and finally with hydrogen

bromide in trifluoroacetic acid, the products were

In solid-phase peptide synthesis,-4 peptide bonds “ “*■ gly% lglyci*e (̂ Z ° \  T  £
are most frequently formed through the reaction of 7 f  7 “ ? Ca ibrated 7 b
excess N-protected amino acid and N,N'-dicyclo- S T ® ' ^  Y g yC7  and tet+r a g H a d
hexylcarbodiimide5 with amino acid or peptide deriva- “ h e m i Z f d ™  ^  ^  g ^  ^

i ! r o f j S r nHe- fB,ienne/ K haS Stated fhat acyla; Product 2 was treated in the manner described for tion of peptide bonds, followed by ammoacyl insertion,7 product 1 yiel(iin j in diglycine) and triglycine
may be possible under such conditions (Scheme I). upon chromatography of the cleavage products. 
The occurrence of msertion reactions would yield side The chromatogram from the amino a| d Panalyzer
products closely resembling the desired product. indicated the nce of glycine (6.0%) digl/cine

I n u  sohd-phase peptide synthesis is in- (46.1%)> triglycine (47.7%), and two trice peaks. 
creasing,8 it is of interest to establish whether or not 0ne of these peaks emerged at the position of tetra-

(1) (a) This work was supported in part by grants from the U. S. Public S1̂ 116 &Xld represented 0.2% of the total products.
Health Service (GM-10591), the American Heart Association, the National The presence Cl tetraglydne Would indicate that amino
Science Foundation, and by a Heart Research Center Grant (HE-06308). acid insertions Can OCCUr during Solid-phase peptide
(b) The following abbreviations are used in this paper: BOC = i-butyl- i
oxycarbonyl; DCC = N.N'-dicyclohexylcarbodiimide; P = polystyrene- Synthesis When Very large excesses OI acylatmg agents
2%  divinylbenzene copolymer, (c) Research Career Development Awardee are USed. On the basis of these experiments it appears
of the U. S. Public Health Service.

(2) R. B. Merrifield, J .  Amer. Chem. Soc., 88, 2149 (1963). (8) R. B . Merrifield in “The Handbook of Biochemistry with Selected
(3) R. B. Merrifield, Biochemistry, 3, 1335 (1964). Data for Molecular Biology,” H. A. Sober Ed., The Chemical Rubber Co.,
(4) J .  M. Stewart and J . D. Young, “Solid Phase Peptide Synthesis,” Sandusky, Ohio, 1968, pp C83-C90.

W. H. Freeman and Co., San Francisco, Calif., 1969. (9) H. Takashima, V. du Vigneaud, and R. B . Merrifield, J .  Amer. Chem.
(5) J .  C. Sheehan and G. P. Hess, J .  Amer. Chem. Soc., 77, 1067 (1955). Soc., 90, 1323 (19681.
(6) M. Brenner in “Peptides,” H. C. Eeyerman, A. Van De Linde, and (10) J .  Meienhofer and Y. Sano, ibid., 90, 2996 (1968).

W. Maassen Van Den Brink, Ed., John Wiley & Sons, Inc., New York, (11) J .  Blake and C. H. Li, ibid., 90, 5882 (1968).
N. Y ., 1967, pp 1-7. (12) B . Gutte and R. B. Merrifield, ibid., 91, 501 (1969).

(7) M. Brenner, J .  Cell Comp. Physiol., 54, 221 (1959). (13) E. Schnabel, Ar.n. Chem., 702, 188 (1967).
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that amino acid insertions, though possible, are not Products of th e  A ction of
significant side reactions under the usual conditions of P eracetic Acid on Isolongifolene
solid phase peptide synthesis.

L. K. Lala and J. B. Hall
Experimental Section14

, t> ■ * , t . 1 . 1  , , i • International Flavors and Fragrances,Glycyl Resin.— A solution of N-i-butyloxycarbonylglycme13 „  • „  , N j  " o r
(1.31 g, 7.48 mmol) and triethylamine (1.04 ml, 7.48 mmol) in ’ V
60 ml of ethanol was added to 10.00 g of chloromethylated poly-
styrene-2% divinylbenzene copolymer, 200-400 mesh2 (0.374 Received August 18, 1969
mmol of Cl/g). The mixture was stirred under reflux for 46 hr
and filtered. The resin was washed with ethanol and acetic acid Treatment of isolongifolene1 with perbenzoic acid 
followed by treatment with trifluoroacetic acid for 15 min. The , , i- • 9
resin was washed with chloroform, ethanol, and methylene chlo- has been sported to give the corresponding epoxide.2
ride. The trifluoroacetate was neutralized by treatment with We have attempted to carry out this reaction using
triethylamine (10%) in chloroform followed by washes of chloro- peracetic acid. Commercial peracetic acid brought to
form, ethanol, and methylene chloride. A sample was hydro- pH 3.6 with sodium aoetate reacted sluggishly with
lyzed in 1:1  dioxane-12 N HC1for-24 hr at 110". Amino acid isolongifolene. A 6 5 %  yield of the isolongifolene was
analysis gave a glycme content of 0.128 mmol/g. °  / u r .  . , . . D .

Coupling Reaction I.— Glycyl resin (3.00 g, 0.384 mmol) was recovered, and the remainder consisted of a mixture of
placed in a reaction vessel and treated in the following manner: a ketone (V I),2 a lactone (V),2 and an alcohol (VII) in
(1) washed (three 30-ml portions) with methylene chloride, (2) a ratio of 1 4 :1 :4  along with a trace of an epoxide
introduced N-f-butyloxycarbonylglycine (0.740 g, 4 22 mmol) in ( n i) .*  The alcohol, C i6H 240 , was assigned the struc-
30 mi of methylene chloride and mixed for 10 mm, (3) introduced , TrTT xl i r £ n - i
N,N'-dicyclohexylcarbodiimide (0.910 g, 4.42 mmol) and allowed tu re  V I 1  011 th e  basls o f tb e  l o w i n g  COnsidera-
to react for 24 hr, (4) washed (three 30-ml portions) with methyl- tions.
ene chloride, (5) washed (three 30-ml portions) with dimethyl- (a) The infrared spectrum exhibits a hydroxy stretch-
formamide, (6) washed (three 30-ml portions) with acetic acid, ing vibration at 2.94 p (Nujol), indicating the presence
(7) washed (three 30-ml portions) with ethanol, (8) washed (three Q£ a JC0J10l
30-ml portions) with methylene chloride, and (9) dried in vacuo i ,. , . TTTT
to yield product l (b) 1  he n uclear m agn etic resonance sp ectru m  of V II

Coupling Reaction II. -A portion (1.00 g) of product l was is in accord with the assigned structure. It exhibits
treated in the manner described above for the conversion of N-f- the following resonances: S 5.51 (d, 1 H, corresponding
butyloxycarbonylglycyl resin to glycyl resin. The resulting to  one 0lefinic proton, > = C H — C , J  =  3 cps), 3.7 (t,
resm was then treated according to the procedure used for cou- - TT n m i  t  n r  \ n on n oo n on j  A nc\ 
pling reaction I, with the exception that a 22-fold excess of N-f- } H > H C ? tH > /  =  7 ’5, CPS)> ° ’89> ° ‘86> ° -80- and 0-7T0 
butyloxycarbonylglycine and a 24-fold excess of N,N'-dicyelo- (4 s> 12 H, four methyl groups), 1.0 1.58 (m, 8 H,
hexylcarbodiimide were used to prepare product 2. > C H 2), and 2.1 (m, 1 H, corresponding to the group

Characterization of Products 1 and 2.— Portions (0.500 g) of C = C — CH C)
1 and 2 were treated in the following manner: (1) washed ( } X he masg spectrum  shows a parent peak at
(three 15-ml portions) with methylene chloride, (2) mixed with . ao\
trifluoroacetic acid-methylene chloride (2:3) for 15 min, (3) ^ 0 ,  177 (i\i — 4o), lo4, etc.
washed (three 15-ml portions) with methylene chloride, (4) The structure is further supported b y  the chemical 
washed (three 15-ml portions) with ethanol, (5) washed (three evidence. Oxidation b y  the Jones reagent gave a
15-ml portions) with chloroform (6) mixed with triethylamine keton e to  which th e  st ructure VIII is assigned on the
(10%) m chloroform, (7) washed (three 15-ml portions) with , ■ f  ,, , , ,
chloroform, (8) washed (three 15-ml portions) with methylene DaSlS Ol tne Spectral data.
chloride, (9) suspended in trifluoroacetic acid (20 ml) and treated (a) The infrared spectrum (film) exhibits a carbonyl
with a stream of hydrogen bromide for 30 min, (10) washed (two stretching band at 5.87 n, indicating a six-membered 
15-ml portions) with trifluoroacetic acid, (11) washed (two 15-ml unconjugated ketone

“ « * 221 (<r .  
The filtrates from steps 9-12 were pooled and evaporated in 300), ruling out the possibility ol a conjugated ke
vacuo at 20°. The resultant residues were dissolved in 1%  HC1 tone.
and subjected to paper chromatography and ion exchange chro- (c) The nuclear magnetic resonance spectrum of VIII
matography using an amino acid analyzer. supports th e above-assigned stru ctu re , in d icatin g

The presence of only glycine (Ri 0.26) and diglycine iRi 0.38) . , , « r P . TT . , . , n .
was indicated by paper chromatography of the cleavage products Signals a t 5 0.6 (d, 1 H , assigned to  olefim c proton,
from 1. The amino acid analyzer indicated the presence of 38.4 > C = C  C, J  =  3 cps), 0.68, 0.80, 0.82, and 0.86
^mol glycine/g (54.8%) and 31.6 Mmol diglycine/g (45.2%) in 1. (4 s, 12 H, grem-dimethyls), and 1.0-1.57 (m, 8 H,
The cleavage products from 2 were glycine (Ri 0.27), diglycine > C H 2).
( R i  0.37), and triglycine (R t  0.50), as determined by paper chro- ( d )  sneetrum  shows ions at m  ¡ e  218 (nnrent
matography. The amino acid analyzer indicated the presence P . '
of 5.3 Mmol glycine/g (6.0%), 40.4 Mmol diglyeine/g (46.1%), peak), 175 (M 43), etc.
41.8 Mmol triglycine/g (47.7%), 0.2 Mmol tetraglycine (0.2%), It was of interest to see if epoxide III, when treated
and an unidentifiable trace peak equal in area to that of the pre- with peracetic acid under the same conditions, would
sumed tetraglycine. give the same products. Isolongifolene epoxide (III)
---------------- was treated with peracetic acid buffered at pH 3.6 and

(14) Reference 5 gives detailed instructions on the methodology used for gave at 60 three major products. Thc\ Were shown by
solid phase peptide synthesis. Paper chromatography was performed using Spectral analysis to be VI, V, aild VII in a ratio of
the ascending method on Whatman No. 1 filter paper developed with phenol- i r . i  . r  -i-Tv 4- ’ A T T T
water in a ratio of 75:25. Ninhydrin was used for revealing the chrom ate 15-1 .5 . These products Suggest that th e  epOXlde III
grams. Amino acids and peptides were quantitatively determined with a COllld. be ail intermediate to give all the products shown
Technicon amino acid autoanalyzer as described by A. R . Mitchell and R . W. j-Q S c h e m e  I .
Roeske, J .  Chromatogr., 43, 266 (1969). A buffer gradient from pH 3.10 
to pH 3.80 allowed the resolution of glycine, diglycine, triglycine, and tetra
glycine at elution times of 95, 189, 199, and 172 min, respectively. Glycine, (1) U. Ramdas Nayak and Sukh Dev, Tetrahedron, 8, 42 (1960).
diglycine, triglycine, and tetraglycine were purchased from Mann Research (2) S. Dev, J .  Prahlad, R . Ranganathan, U. Ramdas Nayak, and T.
Laboratories, New York, N. Y. S. Santhanakrishnan, Tetrahedron Lett., No. 8, 417 (1964).
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Scheme I solvent was removed in vacuo, and the products were separated
T -| by preparative glpc (8 ft X 0.25 in., SE-30 column, 20%, 200°).

—  s  s-   The three produc ts were shown by spectral analysis to be V, VI,
I I  QH+t 1 + J P  and VII.

H°  A _ J  ° J  \  I Registry N o —Peracetic acid, 79-21-0; I, 1135-66-6;
'  L ' \| J  / T \  VII, 22979-29-9; VIII, 22979-30-2; VIII-2,4-dinitro-

I TT \ v ni phenylhydrazone, 22979-31-3.
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vn vm
Relatively little attention has been directed to the 

. preparation and reactions of organophosphorous com-
xperimen a ec on pounds that possess an epoxide function in the (3 , 7  posi-

Reaction of Isolongifolene (I) with Peracetic Acid.— In a 500- tion.2 In the course of a study on the reactivity of
ml flask fitted with stirrer, condenser, and addition funnel was small-membered rings, we investigated the reactions
placed 100 g (0.5 mol) of isolongifolene and 12.5 g (0.15 mol) of j / ™  i o j - i, 1 0 0  . , ,
sodium acetate. The mixture was heated to 60° and 95 g (0.5 ° f . S" ^  ^S-l,3-diphenyl-:p-epoxy-4-brom o-l-
mol) of 40% peracetic acid was added dropwise over a period of butanone (1 and 11) with several organophosphorous
45 min, while the temperature was maintained at 60°. After the compounds in an attempt to prepare a |8,y-epoxy phos-
addition, the mixture was stirred at 60° for 3 hr. It was then phorous ylide.
cooled, washed with water and 1%  sodium sulfite solution, and 
extracted with toluene. The organic layer was washed once with ,,
water and dried over magnesium sulfate. The solvent was V 9
removed in vacuo. After 65 g of the starting material had been O T h ll(jO Ph
recovered in vacuo, the product obtained in an overall yield of Pb Y - Y  + P(Pb)3 — *■  Pfr V A /  — ►
30% consisted of a mixture of previously unknown alcohol VII, J  Y rr R r/ f Y rr
ketone V I,2 and lactone V 2 in a ratio of 4:14:1, respectively.4 2 r 2
The compounds were isolated by preparative glpc using an 8 ft X I HI
0.25 in., 20% SE-30 column at 200°. Alcohol VII had a melting 0
point of 143-144°. II

Anal. Calcd for C15H240: C, 81.57; H, 10.90. Found: C, pu A  / °  O 9  H+
81.37; H, 10.89. ~ '  II II ~ -

Ketone VIII.— In a flask fitted with stirrer, condenser, and H Ph Ph CH— CH2 Ph
addition funnel was placed 42.0 g (0.19 mol) of alcohol VII and
300 ml of acetone. To this mixture was added 85 ml (0.18 mol) ^
of Jones reagent at 15 ° during a period of 45 min, and the solution 9 9
was then further stirred at the same temperature for 45 min. JL Jl
After the solids had been filtered off, the acetone was removed Ph CH2CH2 Ph
in vacuo and the crude product was distilled to give 29.0 g of the
ketone V III, 70% yield, bp 106-107° (3.7 mm).

Anal. Calcd for Ci5H220: C, 82.50; H, 10.10. Found: C, In  our studies, we have found that the reaction of 
82.31; H, 9.90. ci.s-1,3-diphenyl-2,3-epoxy-4-bromo-l-butanone (I) with

The 2,4-dinitrophenylhydrazone had mp 181-182°. triphenylphosphine in refluxing toluene affords di-
Found: ¿ S r i S ' N ;  H’ ^  N ’ ^  benzoylethane (55%), irans-dibenzoylethylene (5% ),

Reaction of Isolongifolene Epoxide (III) with Peracetic Acid.— phenacyltriphenylphosphonium bromide (30%), ben-
Isolongifolene oxide, 1.1 g, mixed with 0.28 g of sodium acetate, zoylmethylenetriphenylphosphorane (8% ), and some
was treated with 0.96 g of 40% peracetic acid. The mixture was triphenylphosohine oxide. Similar results were ob-
heated slowly to 60°, and stirred at 60° for 3 hr. The mixture tained  w ith  th e trans ep0xide ( I I ) .
was cooled and extracted with chloroform, and tne extract was , , . . .  , „ ., r ,. r
washed with water and dried over magnesium sulfate. The ^  Plausible explanation for the formation of diben-
__________  zoylethane involves attack of triphenylphosphine on

(3) aii the nmr spectra were run on a Varian HA-ioo spectrometer. bromine leading to anion III, which then rearranges to
Tetramethylsilane was used as an internal standard. The C and H analyses
were run by Schwarzkopf Microanalytical Laboratory, Woodside, N. Y . (1) Alfred P. Sloan Foundation Fellow, 1968-1970

(4) The ratio of the products varies with the varying amounts of sodium (2) For some pertinent references, see C. E . Griffin and S. K. Kundu,
acetate used. J .  Org. Chem., 34, 1532 (1969).
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the more stable anion IV .3 This transformation is could be used for further reaction,10 we treated VI with
related to the debromination of I with zinc in metha- sodium hydride. The reaction was carried out at room
nol.4 temperature in dimethoxyethane as solvent. Addition

The formation of the remaining products can be pic- of benzaldehyde or acetone to the mixture gave a dark 
tured as proceeding through the intermediacy of an brown solution. The reaction mixture, upon work-up,
internal phosphonium alkoxide (V), produced by initial gave black tars with ill-defined spectra, unresolved by
displacement at carbon. This intermediate subse- careful chromatography. In view of the difficulty of
quently collapses to phenacyl bromide and benzoyl- isolating characterizable products from this reaction,
methylenetriphenylphosphorane which are known to we abandoned further study on the generation of phos-
react to form frans-dibenzoylethylene.6’6 It is also phonate carbanions from these systems, 
known that primary a-bromo ketones such as phenacyl
bromide react with triphenylphosphine in aprotic sol- Experimental Section12
vents to give a-keto phosphonium bromides.7 This
would account for the isolation of phenacyltriphenyl- CIS~ 371,1 *roiis-l,3-diphenyl-2,3-epoxy-4-bronio-l-butanone 

. , . . . . . .  were prepared by the method of Wasserman, Aubrey, and Zim-
phosphonium  brom ide m  th e above reaction. merman using phenacyl bromide and sodium ethoxide in eth

anol. 4

0 Reaction of a's-l,3-Diphenyl-2,3-epoxy-4-bromo-l-butanone
J l p ,  I (I) with Triphenylphosphine.— A mixture of triphenylphosphine

P h '"\_ _ / __p  r u n  (8.4 g) and I (5.0 g) in toluene (330 ml) was heated at reflux for
A  A  +  * rnvuuti o un2tsr *- 3 0  hr. The resultant precipitate which separated was triturated

H U CH2Br I + I with boiling acetone to give phenacyltriphenylphosphonium
j '  13 bromide as a white solid, mp 279-280 (lit. 13 mp 279-280°). To

the solvent was added benzophenone (1 . 0  g) and the mixture was
r,, e n c n __-rvni_\ _i_ rv.nnrm r, p̂ht p r_, , n+r> -  heated at reflux for 8  hr. At the end of this time the solvent was
Ph COCH P(Ph) 3 +  PhCOCH2B r ------- [PhCOCH2P(Ph)3] Br removed and the residue was chromatographed on a Florisil col.

| umn. The column was eluted with benzene and then with 1%
▼  ethyl acetate-benzene. The eluent, in 50-ml fractions, was con-

PhCOCH— CttCOPh centrated and dried in vacuo. Benzophenone was recovered
from elution of the column with benzene. Three major fractions 

The formation of an intermediate of type V finds were obtained from elution with 1 %  ethyl acetate-benzene and

confirm ation  in. ^ o rk  b y  Speziale and B issin g m  th eir ethylene (5 % ), and /3-phenylbenzalacetophenone (8 %) by com-
studies on th e opening of epoxides w ith  te rtia ry  phos- parison with authentic samples.
phines.8 The fact that dibenzoylethane is the major The isomeric epoxide II gave similar results when it was treated
product in this reaction can be attributed to the prefer- under comparable reaction conditions.

,, , : , , , i j  , Preparation of Diethyl c?s-l,3-Diphenyl-2,3-epoxybutan-l-one
ence of tnvalent phosphorous compounds to carry Phos/honate (V I) .-A  mixture of cisepoxide I (5 0 g) and triethyl
out displacements at a halogen center as opposed to phosphite (18 ml) was heated at 120° for 3 hr. During this time
attack at a sp3-hybridized carbon atom.9 ethyl bromide was allowed to distil from the reaction flask. The

In contrast to the results outlined above, we find excess triethyl phosphite was removed in vacuo and the crude
that reaction of I with triethyl phosphite at 120° goes ref due °btained 7 s chromatographed on a Florisil column to give

to completion and gives diethyl as-l,3-diphenyl-2,3- ' CalciTfoi cL°HMP 0 6: C, 64.16; H, 6.19. Found: 
epoxybutan-l-one phosphonate (VI) as the only isola- c ,  64.42; H, 6.28.
ble material. Similarly, reaction of II with triethyl The infrared spectrum showed bands at 5.9, 8 .0 , 8.52, 9.6, 
phosphite gives diethyl (rans-l,3-diphenyl-2,3-epoxy- and 10.25 ¿t. The nmr spectrum (CCl.,) showed multiplets at 
, , • u- u , •  ij  rn, t 1.93 (2 H) and 2.67 (3 H), a singlet at r 5.15 ( 1  H), two over-
butan-l-one phosphonate (VII) in  high yield. The lapping quartets at r 5.92 ( 4  H), a double doublet at t 7 . 3 7  {J =
spectral data obtained for these compounds are sum- 20, 5.3 Hz, 2 H), and two overlapping triplets at r 8.72
marized in the Experimental Section. (6 H).

Preparation of Diethyl trans-1,3-Diphenyl-2,3-epoxy-butan-1- 
O one Phosphonate (VII).— A mixture of trans epoxide II (1.8 g)
11 ph and triethyl phosphite ( 6  ml) was heated at 110° for 3 hr. Dur-

I + (C2H50 ) P — *- P l x V —/  ing this time ethyl bromide distilled from the reaction mixture.
jjA qA qjj p/Qg jj \ The excess triethyl phosphite was removed by distillation and the

2 1| 2 = 2  crude residue was chromatographed on a Florisil column to give
1.5 g of VII as a mobile oil.

U Anal. Calcd for C 2oH23P 0 5: C, 64.16; H, 6.19. Found:
V 1  C, 63.97; H, 6.24.

. TrTT, The infrared spectrum showed strong bands at 5.89, 8.10,
W ith  th e exp ectation  th a t th e reaction  of V I (or V II) 8 .5 3 , 9.65, and 1 0 . 2 0  U. The nmr spectrum (CDCh) showed

w ith  base w ould  generate a phosphonate anion w hich  multiplets at r 1.95 (2 H) and 2.42 ( 8  H), a doublet at t 5.70
(/ = 1.7 Hz, 1 H), two overlapping quartets at r 6.12 (4 H), a

(3) Anion IV  is presumably protonated by the small amount of water double doublet at r 7.48 (J  = 19.5, 9.0 Hz, 2 H), and two
present in the solvent. overlapping triplets at t 8 . 9 5  ( 6  H ).

(4) H. H. Wasserman, N. E . Aubrey, and H. E . Zimmerman, J .  Amer.
Chem. Soc., 75, 96 (1953).

(5) M. Slemiatycki and H. Strzelecka, Compt. Rend., 250, 3489 (1960). (10) The reaction of phosphonate carbanions with aldehydes or ketones
(6) Another possible route to dibenzoylethylene is the following. in an aprotic solvent is a useful supplement to the well-known “W ittig” reac-

HBr tion.11
PhCOCHCHiCOPH +  PhaPBr----- >- PhCOCHBrCHiCOPh----->  l11! S- Wadsworth and W. D. Emmons, J .  Amer. Chem. Soc., 83, 1732

PhCOCH=CHCOPh (1961).
(12) All melting points are uncorrected. The infrared absorption spectra

(7) I. J .  Borowitz, K . C. Kurby, and R. Virkhaus, J .  Org. Chem., 31, 4031 were determined on a Perkin-Elmer Infracord spectrometer, Model 137.
(1966). The nuclear magnetic resonance spectra were determined at 60 MHz with the

(8) D. E . Bissing and A. J .  Speziale, J .  Amer. Chem. Soc., 87, 2683 (1965). Varian Associates high-resolution spectrometer. Tetramethylsilane was
(9) A. J .  Kurby and S. G. Warren, “The Organic Chemistry of Phos- used as an internal standard.

phorous,” Elsevier Publishing Co., New York, N. Y ., 1967, p i l l .  (13) F . Ramirez and S. Dershowitz, J .  Org. Chem., 22, 41 (1957).
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Registry No.—I, 23265-28-3; II, 23265-29-4; VI, Table I
23265-30-7; VII, 23265-31-8; triphenylphosphine, Data for Base-Catalyzed Exchange of Benzylpyridine 
603-35-0; triethyl phosphite, 122-52-1. N-Oxides in Heavy Water»

Acknowledgment.—Support of this work by the - - E x c h a n g e e -

Petroleum Research Fund, administered by the Ameri- « chain
can Chemical Society, is gratefully acknowledged. N-Oxide ExPt Base Time, hr protons protons

4-Benzylpyridine
------------------------ N-oxide (I) 1 EtaN ' 20 17 95

2 N aA X V  0.5 18 94
B a s e -C a ta ly z e d  D e u te r iu m  E x c h a n g e  in  NaAXh 5 100 100

2-Benzylpyridine
P y rid in e  N -O x id e s 1 N-oxide (II) 4 Et3N 21 3 100

5 Na2C 03 0.5 3 78
Sr Ann Immaculata Gallagher, I. H. M., 6 Na^COs 5 30 100

Barbara A. Lalinsky, and Christine M. Cuper » All nmr spectra were determined in deuteriocMoroform solu
tions. b Calculated on the basis of the assumption that only the 

Department of Chemistry, Immaculata College, “  protons of the hetero ring readily exchange. Electronic in-
Immaculata, Pennsylvania 19345 tegration of peak intensities was used for the calculations. c Re

flux temperature, 76°. d Reflux temperature, 100°. e Good 
Received December 9 1968 correlation of 2-5 intensity ratio was obtained in the case of 4-

’ benzylpyridine N-oxide (I); the singlet at r 2.98 and the singlet
j  at t 2.76, representing the 6 and the phenyl protons, respectively,
In  connection  w ith  an other stu d y , w e observed th a t  were the only signals in the nmr spectrum.

4-benzylpyridine N-oxide (I), recovered after a reflux 
period of 24 hr in equimolar triethylamine and excess
deuterium oxide, exchanged hydrogen for deuterium in changc on base le n g th ; this is readily seen from the
excess of the calculated amount for the two benzylic data m Table 1 for the benzylpyridine N-oxides. Our
hydrogens.2 The nuclear magnetic resonance spectrum investigation of the isomeric picoline N-oxides revealed
of the deuterated compound compared well with that of ring-proton exchange as well as side-chain exchange,
the reference compound, differing only in that a small Pnor studies of Zatsepina8 reported exchange of the
peak appeared at r 6.06 replacing the sharp singlet for Protons of the side chains of 2- and 4-picoline N-oxides
the benzylic hydrogens. Integration of the peak areas, (HI and IV) but not ring-proton exchange. For 2-
however, indicated that the doublet at r 1.89 for the Plcolme N-oxide (III), «-proton exchange accompanied
two a hydrogens of the pyridine ring and the multiplet methyl-proton exchange in the presence of sodium car-
with a sharp peak at t 2.76 for the two /3 hydrogens and bonate and sodium deuteroxide. The relative amount
five phenyl hydrogens were not in a 2 :7  ratio. By as- ° /  rblg” and s'de”cba' n exchange varied with reaction
suming nonexchange of the d and the phenyl hydrogens, Pmle and base' Typical results follow: for sodium
we calculated 95% exchange of the benzylic hydrogens caihonate, 0.5-hr reaction time, «-proton exchange,
and 17% exchange of the «hydrogens from the integra- 12% ’ 2-meth>d proton, 66% ; 5-hr reaction time, «-
tion of the respective peak areas (this is consistent with proton exchange, 45% , 2-methyl proton, 97% ; for
the elemental analysis of an exchange of 21 00 atom %  sodium deuteroxide, 0.5 hr, 86%  for both ring and
excess deuterium) ,3 methyl protons. The 4 isomer, 4-picoline N-oxide (IV ),

Considerable attention of late has been given to H -D  Presented an interesting contrast insofar as the amount
exchange in heterocyclic N-oxide systems. Substituted ?f rmg exchai:ge exceeded side-chain proton exchange
pyridine N-oxides and similar compounds exchange rap- “  the Presen?e °* triethylamine and sodium carbonate,
idly in the « position of the ring under basic conditions; ypmal results follow: for triethylamine, 72 hr, «- 
for a review of the literature see ref 5. Under acidic Proton exchange, 40% , 4-methyl proton exchange, 20% ;
conditions similar systems exhibited exchange at the !° r sodlum carbonate, 0.5 hr, 80 and 50%, respectively,
P position when the species reacting was in the conju- l01" f  Pro*?n and 4' methy P«>ton exchange; for sodium
gate acid form.6 deuteroxide the amount of side chain and ring exchange

In this note we wish to report H -D  exchange in the ^Tas e9ui™ !ent- ,,As reported previously,8 3-picoline
aromatic ring and the side chain of alkylpyridine N- A -oxide (V) exhibited both ring- and methyl-proton
oxides7 and, qualitatively, the dependence of the ex- exchange Snnee ring exchange fop 2- and 4-picoline

JN-oxides (III  and IV ) was not taken into account in the 
^ (i i A,p.f^miT y.rep?ri of *his workwaspresented: Abstraots, Second pri0r publications,8 the velocity constants given for 
York, n . y ., Feb 1967, p 65. 111 and are m error in those reterences; exchange,

(2) v. j . Trayneiis and s. a . i. Gallagher, unpublished results. Anal. however, was noted for V and appropriate corrections
i)al^ n fn°r . Cl!ll 9D!N0: .,D 1 1SU8 a‘ ° m % , excess deuterium. Found: were made in the velocity constant.-D, 21.00 atom % excess deuterium. This analysis was performed by Josef m , , .  , /  . .
Nemeth, Urbana, in. 1 be conditions used for the exchange reactions were

(3) We were prompted to make this assumption on the evidence of results mild and yields Were good (87%, average). Since de-
oxygenation of the N-oxides under specific conditions is 

ence of sodium deuteroxide at 150° « and deuterated 3-chloropyridine N- reported to be facile,9 deuterated pyridine derivatives 
oxide in the presence of sodium methoxide-methanoi.* may be conveniently prepared by this procedure.

(4) R. A. Abramovitch, G. M. Singer, and A. R. Vinutha, Chem. Commun.,
55 (1967). Qualitatively, our findings are in agreement with the reported data except

(5) J .  A. Zoltewicz and G. M. Kauffman, J .  Org. Chem., 34, 1405 (1969). where noted below.
(6) P. Bellingham, C. D. Johnson, and A. R. Katritzky, J .  Chem. Soc., (8) (a) N. N. Zatsepina, I. F . Tupitsyn, and L. S. Efros, J .  Gen. Chem.

B , 1226 (1967), and references cited therein. USSR, 33 (8), 2636 (1963); (b) ibid., 34 (12), 4124 (1964).
(7) A referee called to our attention the kinetic studies of Zatsepina, et (9) E. Ochiai, “Aromatic Amine Oxides," Elsevier Publishing Co., New

n(.,g on the H -D  exchange of methyl derivatives of pyridine N-oxide. York, N. Y ., 1967, p 184.
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Experimental Section O

The liquid N-oxides were purified by vacuum distillation prior g .NHCCH2CH Cl A
to use, and the melting points of the picrates matched those p Y  'vjf 2 2 -----
reported in the literature. The melting points of the solid N- L J 1 -----190
oxides and their picrates were in agreement with literature values
except in the following cases: 4-benzylpyridine N-oxide (I), ^
mp 105-107° (lit.10 mp 151°); the picrate of 4-picoline N-oxide ,  „
(IV), mp 154° (lit.11 mp 159-160°). ^  "

General Procedure for Exchange Reactions.— An equimolar D> K u b n 3
mixture of the N-oxide (ca. 5 g) and base in deuterium oxide 10 „
(15 ml) was refluxed for the appropriate amount of time. After J* g N-^xO g yf q
the reflux period, the mixture was extracted with chloroform s\ \ i '  ''¡ f"1 d HN(Et), _ [ ] ( '  'Y *
(200-300 ml) and the extract was dried over anhydrous sodium , L J I ------N^ j A  HC1 L i l ----- Ns^/*
sulfate. After removal of the drying agent, the chloroform and ej 5 +
organic base when present were removed by flash evaporation. ^ td " I
The N-oxides so recovered were placed in a vacuum desiccator _
for drying, since most of the N-oxides are hygroscopic. Most of h 0’ R — H
the deuterated N-oxides were of sufficient purity to be directly b, R = OCHs
submitted for nmr analysis.12 All recovered N-oxides had melting
points which matched the literature values for the undeuterated r'OH
analogs (or were slightly higher). The ir spectra exhibited a
weak C-D  stretch at 4 .3^  .4 n with variation of the O-H out-of- „
plane region at 11-15 ¡i. Yields of the recovered deuterated u
pyridine N-oxides averaged 87%. L J — NCH2CH2COR'

R egistry  N o .— I, 7259-53-2; I I ,  20531-86-6. T CF

(10) A. R . Hands and A. R . Katritzky, J .  Chem. Soc., 1754 (1958). We IV a , R  =  R /==H
were never able to duplicate the reported melting point for this compound. , R  =  H ’ R ' =  CH
Anal. Calcd for CuHuNO: C, 77.81; H. 5.99. Found: C, 77.51; ’ p  _ n PH  R ' J r H
H, 5.99. Analysis was performed by Galbraith Laboratories, Inc., Knox- C, K  U U li3; K  b n 3
ville, Tenn. Melting points are uncorrected. d, R  “  H; R ' =  (CH2)3CH3

(11) V. Boekelheide and W. J .  Linn, J .  Amer. Chem. Soc., 76, 1286 (1954).
(12) All nmr spectra were obtained through the courtesy of Dr. Vincent o  ^ tt S  N  0

J .  Traynelis, West Virginia University, Morgantown, W. Va., to whom we *̂ ¡1̂  3
wish to express our gratitude. | || ^  |] L ^ ll ^

0 R

P r e p a r a t io n  a n d  R in g  O p e n in g  o f  V VI

l ,2 ,3 ,4 - T e t r a h y d r o - 2 - o x o p y r im id o -  acylacetam idob en zothiazoles could be d eh yd rated  to
[ 2 , l- b ] b e n z o t h ia z o l- 5 - iu m  C h lo r id e 1 V I , b u t no details w ere g iven  and th e  stru ctu re rem ains

uncertain.
K laus K . Weinhardt and John L. Neumeyer2 W e h a v e  found th a t l,2 ,3 ,4-tetrah yd ro -2 -oxop y-

rim ido [2,1-6]benzothiazol-5-ium  chloride (H a) can  be 
Arthur D. Little, Inc., Acorn Park, readily  prepared b y  fusion of 2-(3-chloropropionyl-
Cambridge, Massachusetts 0 2 1 4 0  am ino)benzothiazole (la) a t 190°. T rea tm en t o f th e

Received Auausi 28 1969 q u atern ary  halide H a  w ith  anhydrous d iethylam in exlvl/vfi/Kli xl U/U U/oV 1iO. lisUis 1 1 1 • 1 1 • 1 1 • ( ' l l  (• 1
resulted m  th e  isolation  0 1  a  halogen-lree com pound,

. . .  w hich w as assigned structure I I I . T sa tsa s  and C o-
T h e  synthesis o f 1,2,3 ,4-tetrahydro-2-oxop yn m ido- stakig6 isolated  I n  as a  side p roduct b y  treatm en t

I  /o' i : enZ0 1^Z°  i° 1U-m in  011 ,? ■ f  /r^  î S1° k  °  o f equim olar q uan tities of 2-am inobenzothiazole and
2 -(3-chloropropionylarm no)benzothiazole (la ) has been d_c h l i l  chloride in  a lkalin e m edium . W e
recen tly  reported .8 T h ese  studies w ere carried o u t cou](j readil con yert m  into n  w ith  chioroform
in th e  course o f our investigation s w ith  3-am inoiso- satu rated  w ith  hydrogen  chioride. T h e  sp ectra  (nmr
quinoline and th e  1 ,3-d iazatricyclic  rin g system  such and u y) and ^  elem ental an alyses of n  and I I I
as V I I , w hich could b e sim ilarly  prepared b y  fusion c  ,, , , ,

. „  , AT • ,• o • -j  Y u  confarm th e proposed structures and agree w ith  th e
o f 3-chloro-N -(isoquinohn-3-yl)propionam ide. W e now  stm ctu re  for m  as p reyiou sly  suggeSted.« T h ese
w ish to  report th e  d etails of th e  svnthesis and sp ectral ,, ??, . ,

, , . . .  „ , . . .  ,, /tF  , authors6 claim ed th a t  th e in so lu b ility  of th eir com pound
ch aracteristics of th e benzothiazolium  salts (II) and TTT , . ,, c , , . . . 1 ,TT
,, , , „ . ,. , . 1 I I I  k ep t them  from  ob taim n g an nm r spectrum . W e
th e  ob served  facile  ring-opening reaction  w hich  occurs , , rVCX- r

, tt • 1  , a , , i , r- had  no d ifficu lty  in  ob taim n g an  nm r sp ectru m  of
w hen I I  is treated  w ith  w ater or alcohol to  form  th e

x . - ,  T-tr this com pound in  deuteriochioroform .
n ovel am m o acids IV . T ,, . TT ■ ,

r , x r x x tx , 1 , , In  attem p tin g to obtain  nm r sp ectra  of 11a  m  deu-
C om pounds of stru ctu re V h a v e  been prepared b y  , . . /  y  ,. ,  ̂ ,

A n ta k i and P e tr o v 4 b y  heatin g  2-am inobenzothiazoles erium  0 x 1 e so u ion, ow ever, w e oun ■ & m ix- 
w ith  d-am inocrotonic ester. Sch rader8 in dicated  th a t tu re o f I l a  and th e ring-opened am m o acid  I V a  w as

obtained. S p ectra l evidence in dicated  th a t, a fter th e
(1) Presented in part at the First Northeast Regional Meeting of the Solution had^ Stood a t rOOIH tem perature for 12 h.r,

American Chemical Society, Boston, Mass., Oct 1968. th e  h yd ro lysis had gone to Com pletion and pure IV a
(2) To whom inquiries should be addressed: Department of Medicinal

Chemistry, College of Pharmacy, Northeastern University, Boston, Mass. (5) G. Schrader, German Patent 603,623 (1937); Friedlander’s Fort-
02115. schritte der Teerfarbenfabrikation und verwandter Industriezweige, Vol. 21,

(3) J .  L. Neumeyer and K. K . Weinhardt, Chem. Commun., 1423 (1968). Julius Springer, Berlin, 1937, p 317.
(4) H. Antaki and V. Petrov, J .  Chem. Soc., 551 (1951). (6) G. Tsatsas and E . Costakis, Chem. Commun., 991 (1967).

1176 Notes The Journal of Organic Chemistry



was obtained. It was not possible to obtain an nmr l,2,3,4-Tetrahydro-2-oxypyrimido[2,l-&]benzothiazol-5-ium
spectrum of either H a or lib  owing to their insolubility Chloride (Ha).—2-(3-Chloropropionylamido)benzothiazole3'6 (la,
in organic solvents and their rapid hydrolysis in water. 46'*?.g’ °-066 mob was divKicd into portions of 2-3 g. Each

t , ,T • r  Tt , portion was packed tightly into a large test tube which was
i he hydrolysis of I la  on a preparative scale with water, then immersed for ca. 15 min in a 190° hot oil bath. The
methanol, and 1-butanol resulted in the isolation of resulting orange solid was powdered and treated with 250 ml of
the corresponding acid IVa, or esters IVb and IVd, water. The insoluble impurities were removed by filtration, 
respectively, the structures of which were confirmed was divided into a 200-ml and a 50-ml aliquot. The
on the basis of snertral evidence (nm r ir  and nv l 200-ml aliquot was lyophilized. The remaining yellow solid was 

, , j i F • \ j ; ) carefully triturated with ethanol, which dissolved the hydrolysis
and elemental analysis. product IVa and gave 10.5 g (82%) of I la : mp 279° dec;

The unusual ease of the ring opening of II with uv X»°H 251 mM (« 9200) and 301 (19,800); ir (KBr) 1740 cm- '
nucleophiles can be explained by the activating in- (C=0).
fluence of the neighboring quaternary nitrogen and An nmr spectrum in DjO solution showed the presence of large
.. __, t  , , ,7 , ,  °  , amountsof IVa, as a result of hydrolysis of Ham the nmr solvent.
the unbonded pair of electrons on the sulfur atom, The following assignment was made for I la : 5 3.37 (triplet, 
which contribute to a resonance stabilization of the . 1
positive charge on the amide nitrogen and on the -COCH2-) ,  4.82 (triplet, =N C H 2-) ,  and 7.3-8.17 (multiplet,
bridgehead nitrogen ( 1 « 2 «  3). This would result aromatic H). The methylene protons were shifted in the acid
in the amide carbonyl being more electrophilic, facil- IVa to 5 2.98 as a triplet (-COCH2- )  and to 5 4.45 as a triplet
itating hydrolysis. (=NCH2).

+
tt+ H Anal. Calcd for CioH9C1N2OS: C, 49.90; H, 3.77; Cl,

^  S . J h  ^ 0  14.73; N, 11.64; S, 13.32. Found: C, 50.05; H, 3.84; Cl,
f Y  Y  | -H - f  I  II T  14.52; N, 11.51; S, 13.52.

----- -Nv y  —A  3,4-Dihydro-2H-pyrimido[2,l-6]benzothiazol-2-one (III).—A
j  suspension of 2.0 g (0.0083 mol) of the quaternary salt I la  in 25

2 ml of anhydrous diethylamine was stirred at room temperature
S N O for 15 min. The insoluble residue was collected on a Buchner

funnel, washed with small amounts of ethanol, and recrystallizedL J|___\r J from 25 ml of ethanol to give 0.9 g (53%) of pure I I I :  mp 218-
219.5° (lit.6 mp 214-217°); uv X®‘°H 308 mM (e 28,000); ir (KBr) 

3 1655 cm“1. The following assignment was made for I I I  in

The stability of the pyrimido[2,3,-6]isoquinoline3 C? Cls: 5 7'04-7'7 (multiplet’ aromatic H)- 4-23 (triPlet<
(VII) under such mild hydrolytic conditions can be -NCH2-) ,  and 2.84 (triplet, -COCH2-) .  
thus rationalized. The positive charge of the quater- Anal. Calcd for Ci0H8N2OS: C, 58.82; H, 3.95; N, 13.72;

nary salt is largely localized on the isoquinoline ni- S ’|5f a l l  I Z l t l  r f i f f  K l h y S i o r i d e
trogen. A resonance form having the positive charge salt I la  by treatment of a cold chloroform solution with anhy-
on the amide nitrogen, such as in V ila, would require a drous hydrogen chloride.
less energetically favorable quinoid-type arrangement. 2-Amino-3-(2-carboxyethyl)benzothiazolium Chloride (IVa).—

The 50-ml aliquot from the foregoing step (preparation of Ila ) 
^  ^  S  n .  .  +H n  was warmed on a steam bath for 2 hr and the water was removed

(  ̂ in vacuo to yield 3.5 g of crude amino acid IVa, mp 163-167° dec.
I 11 J ,  J  *  > L 1 1 I  Two recrystallizations from ethanol gave pure IVa: mp 169-

170° dec; uv 253 mM (e 10,300), 277 (9600), and 285 (10,400). 
YU Vila Anal. Calcd for CioHhC1N20 2S: C, 46.42; H, 4.29; Cl,

13.70; N, 10.83; S, 12.37. Found: C, 46.65; H, 4.39; 
Cl, 13.51; N, 10.64; S, 12.13.

Experimental Section7 2-Amino-3-[2-(methoxycarbonyl)ethyl]benzothiazolium Chlo
ride (IVb).—A solution of I la  [obtained by the fusion of 3 g

l,2,3,4-Tetrahydro-6-methoxy-2-oxopyrimido[2,l-6]benzothi- (0.0125 mol) of la] in 50 ml of methanol was heated at reflux 
azol-5-ium Chloride (lib ).—A mixture of 4.6 g (0.0255 mol) for 15 hr and cooled. Addition of 100 ml of ether caused the
of 2-amino-4-methoxybenzothiazole and 1.2 g of 56% sodium separation of an oil that solidified slowly. Recrystallization
hydride in oil was stirred in 200 ml of refluxing benzene for 6 hr. from dioxane-methanol and from tetrahydrofuran-acetonitrile
The mixture was then cooled to 5° and 3.8 g (0.030 mol) of 3- gave 1.0 g (34%) of IVb: mp 154-157° dec; uv X®'°H 259 mM
chloropropionyl chloride in 10 ml of benzene was added at once. (e 8200), 286 (sh), 292 (4000), and 298 (sh); ir (KBr) 1740
The mixture was stirred at ice-bath temperature for 0.5 hr and cm“1 (C = 0 ) . A nmr spectrum in D20  solution was recorded:
at room temperature for 3 days. Treatment with 50 ml of water, +
collection of the off-white solid on a Buchner funnel and air dry- * 7.3-7.95 (multiplet, aromatic H), 4.6 (triplet, = N C H 2), 3.07
ing gave 2.69 g of lb , mp 150-152° (resolidification). The 3- [triplet, CH2(C = 0 ) 0 - ] , 3.88 (singlet, 0=C O C H 3).
chloropropionamide lb was not identified as such, but cyclized Anal. Calcd for CuHi3C1N20 2S: C, 48.44; H, 4.80; N,
to l ib  by heating to 190°. No recrystallizing solvent for the 10.27. Found: C, 48.22; H, 4.61; N, 10.19.
crude product could be found and it was purified by trituration 2-Amino-3-[2-(ra-butoxycarbonyl)ethyl]benzothiazolium Chlo-
with hot dioxane to yield 2.44 g (35%) of product l ib : m p273°;s ride (IVd).—Using conditions similar to those described above
uv X ^ H 262 mM (e 8800) and 305 (15,200); ir (KBr) 1730 cm“1 for the methyl ester IVb, 1.5 g (0.0063 mol) of the quaternary
{C—Q). salt I la  in 10 ml of 1-butanol was stirred for 20 hr at 90°. Treat-

Anal. Calcd for ChHhC1N20 2S: C, 48.80; H, 4.09; Cl, ment of the cooled solution with 10 ml of ether yielded 1.68 g
13.10; N, 10.35; S, 11.84. Found: C, 48.87; H, 4.02; Cl, (85% ) of iv d > mP 170-171° (acetonitrile). The following
13.04' N 10.38' S 11.85. assignment was made for the nmr spectrum (DMSO-de solution):
_________ _ +

(7) All melting points were recorded on a Thomas-Hoover melting point  ̂ 7.2—8.05 (multiplet, aromatic H), 4.69 (triplet, NCH2), 2.91
apparatus unless otherwise specified and were uncorrected; the micro- [triplet, —CH2(C = 0 )0—], 10.3 (board, exchanges with D2O,
analyses were performed by Galbraith Laboratories, Inc., Knoxville, Tenn. NH2), 3.99 (triplet, 0=COCH2—), 1.0-1 .8 (multiplet, 0 = C O -
The infrared spectra were recorded on a Perkin-Elmer Model 521 grating CH2CH2CH3), and 0.83 (triplet, CH3).
spectrophotometer; the nmr spectra were determined on a Varian A-60 ¿ n a J. Calcd for C i4H i9C 1N 202S :  C, 53.41; H, 6.08; N,
spectrophotometer with tetramethylsilane as the internal standard; uv Found: C, 53.45 H, 6.05; N, 8.94.
spectra were recorded with a Beckman Model DK-1 A. # t .

(8) The melting point was determined on a Du Pont Model 900 Thermo 2-Amino-4-methoxy-3-[2-(methoxycarbonyl)ethyl] benzothia-
Analyzer. zolium Chloride (IVc).—A solution of 1 g (0.0037 mol) of
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the methoxypyrimidobenzothiazolium chloride l ib  in 20 ml of from compound 6, first by dehydration with thionyl
methanol was refluxed for 3 hr. The excess solvent was removed chloride to give the intermediate 7, followed by dehy-
m vacuo. The solid residue was treated with 50 ml of boflmg ation  in  reflUxing tetralin with palladium on
acetonitrile and the mixture was filtered to separate 0.46 g of & f
solid insoluble in the acetonirile. After the filtrate had stood for carbon as a catalyst, lhe structure 01 compound 7
2 days, 0.26 g (26%) of IVc were collected, mp >125° (slow dec). was readily confirmed by an independent synthesis

An additional 0.4 g (36%) of IVc was obtained when the from isocoumarone (10) by treatment with ethylene-
acetonitrile-insoluble solid was dissolved in methanol and ether diam ine in  th e  presence of p-toluenesulfonic acid. Simi-
was added carefully. The following assignment was made tor , 0 , , f  i u
the nmr spectrum (DMSO-de solution): 5 7.2-7.72 (m ultiset, laxly, compound 8 could be prepared by the catalytic

+ dehydrogenation of 12. This, in turn, was prepared
aromatic H), 9.91 (broad, exchanges NH,), 4 81 (triplet, NCH,). in one of three ways. Treatment of either the dihy-
3.97 (singlet, -OCH3), 3.67 (singlet, 0 = C 0 C H 3), and 2.91 , . t 0 i Q i i i
[triplet -CH 2(C = 0 )0 -]  droisocoumarone 11 or 3-methyl-3-phenylphtnaiide

Anal. CalcdforC^Hi’sClNiOaS: C ,47.61; H .4.99; N .9.25. (13) or its isomer 16 with ethylenediamine in the
Found: 0 ,4 7 .73 ; H, 5.08; N, 9.22. presence of p-toluenesulfonic acid all gave compound

12.
Registry No.— Ila, 21140-01-2; lib , 23230-61-7;

111,17326-07-7; IVa, 23230-63-9; IVb, 23230-64-0; Experimental Section«
IVc, 23230-65-1; IYd, 23230-66-2. „ , BTT. . .  , r  •  ̂ ^  a* ’ ’ 5-Phenyl-5H-imid&zo[2,l-a]isomdole (3). A. From Com-

pound 1.—A mixture of 2.5 g (50 mmol) of l 1 2, 0.5 g of p-toluene-
Acknowledgment.— W e wish to  th an k  D r. K . S tev en - acid’ “ d ?5fl°  f  of ^ -^ h n e w a s h e a te d im d e rre te

. ,,  r -i-i r  i r , , j. , ,. ■ for 1 hr in a 500-ml flask equipped with a Dean-btark trap and
Son and P rofessor R,. L . L y le  tor helpful discussions condenser. Xylene was removed under reduced pressure, 40
and D r. P . L . L ev ins fo r th e  sp ectral d ata . ml of o.l N  sodium hydroxide was added, and the mixture was

extracted with methylene chloride. The extracts were washed 
with water, dried over anhydrous sodium sulfate, and evaporated 
to ieave a paie pink solid. The solid was dissolved in 70 ml of 
hot ethyl acetate, treated with Norit, and filtered. The solution 

T ran sform ation  P rod u cts of was concentrated to a volume of 40 ml followed by the addition
of 100 ml of petroleum ether and cooling. Filtration gave 8.9 

2-(2-Im idazolin-2-yI)benzophenone g (76.7%) of 3 as a pale pink solid, mp 145-148° dec. Re
crystallization twice from ethyl acetate-petroleum ether gave

M. Chaykovsky, L. Benjamin, R. Ian Fryer/ and n X r 47' 15<T oos 7  a 7  224 Tn inm60^W M ettestU  « 14,700), 280 (14,200), and 295 (inflection, 10,400); nmr
(CDCls) S 5.90 (singlet, 1 H) and multiplets centered at S 7.20

„  tt jr t n , - (10 H) and 7.90 (1 H).
Chemical Research Department, Hoffmann-La Home Inc., A n a l Qalcd for CieHijNj: C ,8 2 .7 3 ; H, 5.21; N, 12.06.

Nutley, New Jersey 07110 Found: C, 82.82; H, 4.85; N, 12.03.
B . From Compound 4.—A solution of 0.5 g (2 mmol) of 4 

Received September 8,1969  and 0.1 g of p-toluenesulfonic acid in 50 ml of xylene was heated
at reflux for 46 hr, using a Dean-Stark trap to collect the water

r. /o t  - j  r o  m , „ u ___ formed. Solvent was removed under reduced pressure, 20 ml
2-(2-Im idazolm -2-yl)benzop henone, w hich has been  of QA N  sodium hydroxide was added, and the mixture was

shown to exist in two tautomeric forms (1 and 2), extracted with methylene chloride. The extracts were washed
was treated with p-toluenesulfonic acid in refluxing with water, dried over sodium sulfate, and evaporated to leave
xylene to give the dehydrated compound 3 (Scheme a yellow oil which crystallized upon scratching. The solid was
I ) . It was found that 3 underwent a slow oxidation dissolved m 25 ml of hot ethyl acetate, treated with Norit, 

,, . . n , ,. , filtered, and concentrated to a volume of 5 ml. Petroleumwith air in refluxing ethanol using platinum on carbon ether (g ml) was added and the solution was cooled. Fiitration
as a ca ta ly st to  give th e  ketoim idazo com pound 5. gave 250 mg (53.9%) of 2 as colorless crystals, mp (and mix-
T h is  com pound, on reduction w ith  sodium  borohy- ture melting point with a sample prepared as in A above) 146-
dride, gave th e  im idazolylbenzhydrol 4 , w hich on de- 148°.
hydration gave the original imidazoisoindole 3. The 2-(2-Irnidazolyl)benzophenone (5).- A  mixture of -6 g (50 
. J ° . r t t ir • mi r  j  mmol) of 3, 5.0 g of a 10% platinum on carbon catalyst, and
known reaction of dimethylsulfoxonium methyhde with q̂q mj e^ anoi was heated at reflux, with a gentle stream of
ketones to give epoxides via methylene transfer3 air bubbling through the mixture, for 16 hr. The mixture was
prompted US to treat both compounds 1 and 5 with filtered and the filtrate was evaporated under reduced pressure
this reagent. The synthesis of other small hetero- to leave a pale yellow solid. Recrystallization from ethyl acetate

r  • , n XI, f  gave 8.2 g (66.1%) of 5, mp 155-158° dec. Recrystallization
cyclic ring systems by the use of this reagent has ^  the £nalytiCal sample as colorless prisms: mp 158-160°
recently received some attention in the literature.4 As dec; uv max 251 mM («= 20,200) and 315 (2350); ir (CHCh)
anticipated, methylene transfer took place. The in- 1658 cm-1 (C = 0 ) .
termediates (such as A) were not isolated but cyclized Anal. Calcd for CieHANiiO: C, 77.40; H, 4.87; N, 11.28.
in  th e  reaction  m edium  to  give th e  observed products. F °FFot ^ ’ 77;2?AH’ t ' 8j ; i^’T ' 25* 1 +• e a nr ton„ .  . , I, • • i • • ,  2-(2-Imidazolyl)benzhydrol (4).—A solution of 4.96 g (20
T h u s com pound 1 gave th e  lm idazoisoqum ohne 6. mmol) of 5 and 1.89 g (50 mmol) of sodium borohydride in 75 ml
The corresponding ketone 5 gave the expected unsat- of ethanol was heated under reflux for 2 hr. Ethanol was
urated product 9. Further dehydration of 9 in boron removed under reduced pressure and 50 ml of water was added.
trifluoride etherate in acetic acid gave the fully sat- The mixture was extracted with methylene chloride and the
urated derivative 8. This compound was also obtained ^ ^ ^ S C d

(1) To whom correspondence should be addressed.
(2) W. Metlesics, T . Anton, M. Chaykovsky, V. Toome, and L. H. Stern- (5) All melting points were determined microscopically on a hot stage

bach, J .  Org. Chem., 33, 2874 (1968). and are corrected. The uv spectra were determined in 2-propanol on a
(3) E . J .  Corey and M. Chaykovsky, J .  Amer. Chem. Soc., 84, 867 (1962). Cary Model 14 spectrophotometer, nmr spectra with a Varian A-60 instru-
(4) See P. Bravo, G. Gaudiano, and A. Umani-Rochi, Tetrahedron Lett., ment, and ir spectra on a Beckman IR-9 spectrophotometer. Petroleum

No. 9, 679 ( 1969), and references cited therein. ether refers to a fraction of bp 30-60°.
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from 20 ml of ethyl acetate. Filtration gave 4.0 g (80%) of the of pyridine was stirred and cooled while 24 g (14.5 ml, 0.2 mole)
alcohol 4 as a white solid. Recrystallization from ethyl acetate of thionyl chloride was added at 25-30°. When the addition
gave colorless prisms, mp 155-156°, uv max 267 m/r (e 11,400). was completed, stirring was continued at room temperature for a
The near-ir (CHCI3) shows NH absorption at 1.47 n (e 0.8), total of 1.5 hr. The orange solution was poured into 1.6 1. of
and OH absorption at 1.43 n (e0.18). ice-water with stirring, basified with 50% sodium hydroxide

Anal. Calcd for C16H14N2O: C, 76.78; H, 5.64; N, 11.19. solution, and diluted to 2 1. with water to give a yellow solid. 
Found: C, 76.77; H, 5.56; N, 11.23. After 30 min, the solid was collected by filtration and dried

6-Hydroxy-6-phenyl-2,3,5,6-tetrahydroimidazo[2,l-a]isoquino- partially on the funnel. The damp solid was dissolved in 
line (6).—Sodium hydride (12.0 g of 60% oil dispersion, chloroform which was dried over sodium sulfate and evaporated
0.30 mol) was placed in a 1-1., three-necked flask and swirled to give 7.3 g (74%) of 7 as a pale yellow solid, mp 155-159°.
with 50 ml of petroleum ether. The petroleum ether was Recrystallization from benzene-hexane solution (Norit) gave
decanted, 250 ml of dry dimethyl sulfoxide [distilled from pure 7 as pale yellow needles: mp 160-161° dec; uv max 207
calcium hydride, bp 64° (4 mm)] was added and the system m/r (e 42,300), 267 (10,750), 272 (15,300), and 340 (9500); ir
was placed under nitrogen. With stirring, 68 g (0.31 mol) of (CHC13) 1640 cm-1 (strong).
trimethyloxosulfonium iodide3 was added, in portions over a Anal. Calcd for C17H14N2: C, 82.90; H, 5.73; N, 11.37. 
period of 20 min, through a piece of Gooch tubing connected Found: C, 38.24; H, 5.94; N, 11.42.
to the flask. After the mixture had been stirred for 1 hr, 25.0 g B. From Compound 10.—■A mixture of 11.1 g (0.05 mol) of
(0.1 mol) of 1 was added, as the solid, over a period of 5 min. 106 and 58 g (0.25 mol) of ethylenediamine p-toluenesulfonate
The reaction mixture was then heated at 100° for 30 min, cooled, was stirred in an open flask at 190-200° for 6 hr. After cooling,
and poured into 1 1. of ice-water. Filtering gave 21.2 g the pale yellow, hard mass was covered with 200 ml of hot water,
(80.4%) of 6 as a tan solid which was recrystallized from broken up with a spatula, and stirred for 30 min. The pale
methanol-chloroform (Norit) to give colorless prisms: mp 264- yellow solid was collected by filtration, air dried partially on the
266° dec; uv max 237 mu (e 13,300), 282 (3620), and 302 funnel, and dissolved in 200 ml of chloroform. The chloroform
(inflection, 2600); ir (CHCI3) 1618 cm-1 (sharp, strong). solution was washed twice with 75-ml portions of 1 N  sodium

Anal. Calcd for Ci7Hi6N20 :  C, 77.25; H, 6.10; N, 10.60.
Found: C, 77.10; H, 6.06; N, 10.85. -----------------

6-Phenyl-2,3-dihydroimidazo[2,l-a]isoquinoline (7). A. From (6) F. Darò and P. Condorelli, B o ll. Sedute A ccad . G ioen ia S c i. N at.
Compound 6.—A suspension of 10.6 g (0.04 mol) of 6 in 105 ml C atania, 6, 606 (I960); Chem. Abstr., 58, 9010 (1963).
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hydroxide solution and once with water. After having been acid, dried over sodium sulfate, and evaporated to dryness,
dried over sodium sulfate, the solution was evaporated in vacuo The resulting orange oil was warmed with 50 ml of benzene with
to give 12.3 g (100%) of pale yellow solid, mp 150-160°. Re- occasional scratching to give the toluenesulfonic acid salt of 12
crystallization from benzene gave 7 as pale yellow needles, mp as white crystals, mp 170-175°. The crude salt was dissolved in
(and mmp with a sample prepared by method A), 160-161°. chloroform. The chloroform solution was washed twice with

6-Phenylimidazo[2,1-a]isoquinoline (8). A. From Compound 50-ml portions of 1 N  sodium hydroxide solution and once with
9.—A solution of 850 mg (3.24 mmol) of 9 and 0.5 ml of boron water. After having been dried over sodium sulfate, the ehloro-
trifluoride etherate in 10 ml of acetic acid was heated under form solution was evaporated to give 7.3 g (59% ) of 12 as nearly
reflux for 5 hr and poured into 30 ml of water which was then colorless crystals. Recrystallization from benzene-hexane solu-
basified with 50% aqueous sodium hydroxide. The mixture tion (Norite) gave colorless crystals: mp 133-134°; uv max 273
was extracted with chloroform and the extracts were combined, mp. (e 13,800) and 280 (4100); ir (CHCls) 1615 cm-1 (strong),
washed with water, dried over sodium sulfate, and evaporated Anal. Calcd for CnHi8N2: C, 82.23; H, 6.50; N, 11.28. 
to yield 700 mg (88.5%) of 8 as a white solid. Recrystallization Found: C, 82.55; H, 6.68; N, 11.28.
from benzene-hexane gave the pure product as colorless needles: B. From o-(«-Methylenebenzyl)benzoic acid (14).8—A mix-
mp 152-153.5°; uv max 250 mp (inflection, e 41,700), 257 ture of 4.5 g (0.02 mol) of 14 and 23.2 g (0.1 mol) of ethylene-
(52,800), 287 (inflection, 9000), and 324 (1400); nmr (CDCh) diamine p-toluenesulfcnate was heated with stirring in an oil
S 7.47 (center of 10 H multiplet), 7.74 (1 H, singlet), and 8.67 bath at 190-200° for 20 hr. The melt was cooled, dissolved in
(1 H, multiplet).  ̂ 75 ml 0f warm water, and extracted with 100 ml of chloroform.

Anal. Calcd for C17H12N2: C, 83.58; H, 4.95; N, 11.47. The chloroform extract was washed twice with 50-ml portions 
Found: C, 83.39; H, 4.95; N, 11.39. of 1 IV hydrochloric acid, dried over sodium sulfate, and evapo-

B. From Compound 7.—A mixture of 24.6 g (0.1 mol) of 7 rated to dryness to give an orange oil. The oil was warmed with
and 5 g of 25% palladium on carbon in 200 ml of tetraline was 30 ml of benzene with occasional scratching to give the toluene-
stirred under reflux for 2 hr. After cooling, the mixture was sulfonic acid salt of 12 as tan crystals, mp 170-175°. The
diluted with 150 ml of chloroform and filtered. The pale yellow salt was converted into the base as above to give 3 g (60% ) of
filtrate was treated with 80 ml of 2.4 N  methanolic hydrogen 12, mp and mmp 133-134°.
chloride solution and extracted into water (five 100-ml portions). C. From 3,4-Dihydro-4-phenylisocoumarin (11).—A mixture 
The aqueous extracts were combined, basified with 2 N  sodium of 1.7 g (0.008 mol) of 11 and 9.3 g (0.04 mol) of ethylenediamine 
hydroxide solution, and extracted with chloroform (three 100- p-toluenesulfonate was stirred at 190-200° for 6 hr and cooled to
ml portions). The light purple chloroform extract was dried give a pale yellow solid. The mass was covered with 50 ml of
over sodium sulfate and evaporated to give an oil which solidified warm water and broken up with a spatula. The mixture was
on cooling to give a tan solid. Recrystallization from benzene- extracted with chloroform. The chloroform extract was washed
hexane (charcoal) gave 10.9 g (45%) of 8 as colorless needles, twice with 1 N  hydrochloric acid, dried over sodium sulfate,
mp and mmp 150-151°. and evaporated to dryness to give an orange oil. The oil was

C. From Compound 12. A mixture of 2.5 g (0.01 mol) of warmed with 10 ml of benzene with scratching to give the
12 and 0.5 g of 25% palladium on carbon in 10 ml of tetralin toluenesulfonic acid salt of 12 as nearly colorless crystals, mp
was stirred at reflux for 5 hr. The warm mixture was filtered 175-178°. The salt was converted into the base as for A above
and the catalyst was rinsed with tetralin. The filtrate was to give 1 g (53%) of 12 as pale yellow crystals. Recrystallization
diluted with petroleum ether until cloudy and cooled in an ice from benzene-hexane solution (charcoal) gave colorless crystals,
bath with occasional scratching. Tan crystals were collected mp and mmp 133-134°.
after 15 min and air dried to yield 1.3 g (54%) of 8, mp 142-147°. 3,4-Dihydro-4-phenylisocoumarin (11).—To a suspension of 
Recrystalhzation from benzene gave 8 as colorless needles, mp 3.3 g (0.09 mol) of sodium borohydride in 150 ml of ethanol was 
(and mixture melting point with a sample as prepared in A above) added in portions 7.2 g (0.03 mol) of o-(a-formylbenzoyl)benzoic 
152-153.5°. acid, which was prepared from 4-phenylisoeoumarin by the

6-Hydroxy-6-phenyl-5,6-dihydroimidazo[2, 1-a]isoquinoline method of Berti.8 The mixture became hot and hydrogen was 
(9).—Sodium hydride (6.0 g of a 60% oil dispersion, 0.15 mol) evolved. When the exothermic reaction had abated, the mix-
was placed in a 1-1., three-necked flask and swirled with 50 ml of ture was stirred and refluxed for 3 hr. The turbid, white solution
petroleum ether. The petroleum ether was decanted, 250 ml was evaporated under reduced pressure to give a gummy, white
of ^dry dimethyl sulfoxide [distilled from calcium hydride, bp solid. This solid was stirred with 300 ml of water, acidified with
64 (4 mm)] was added, and the system was placed under nitro- 6 N  hydrochloric acid, and extracted with chloroform. After
gen. With stirring, 36.8 g (0.16 mol) of trimethyloxosulfonium having been dried over sodium sulfate, the chloroform extract
iodide was added, in portions over a period of 15 min, through a was evaporated under reduced pressure to give a colorless oil.
piece of Gooch tubing connected to the flask. After the solution The oil was stirred with aqueous sodium bicarbonate solution
had been stirred for 45 mm, 12.2 g (0.0492 mol) of 5 was added until it became viscous. The sodium bicarbonate solution was
over a period of 5 mm. Stirring was continued for 2 hr at room decanted and the gum was stirred with cold water until it solidi-
temperature and then at 70-80° for 1 hr. The reaction mixture fied. The yield of waxy, white solid after air drying was 6.1 g
wa,s poured into 1 1. of ice-water which was then extracted with (91%). Crystallization from hexane (40 ml/g) gave 3,4-dihydro-
chloroform . The extracts were combined, washed with water, 4-phenylisocoumarin (11) as white prisms: mp 58-60°; uv max
dried over sodium sulfate, and evaporated to leave a yellow, 232 mp (e 11,100), and 282 (1800); ir (CHC13) 1725 cm-1 (strong),
semisohd mass. Trituration with 40 ml of ethyl acetate, cooling, Anal. Calcd for CiEH120 2: C, 80.33; H, 5 .39. Found: 
and filtering gave 2.8 g (21.7%) of white crystals, which were C, 80.35; H, 5.51. 
recrystallized from ethanol to give 9 as colorless prisms, mp
231-233° dec. The mother liquors were shown, by thin layer
chromatography to consist mainly of starting material with ■Rpo-iatrv Tin 3 99909 cr; q. a 99009 o a n  a
several impurities: uv max 286 m„ (. 14,840) and 300 (inflection, o c o q f S T  T  999Q9 S  i  7 999Q9 S  9 C o o o o J’
10,000); nmr (CD3COOD) 5 4.72 (2 H, quartet), 7.18 (10 H , ¿ 3 2 9 3 -8 7 -0 , 6 , 2 3 2 9 3 -8 8 -1 ; 7 , 2 3 2 9 3 -8 9 -2 ; 8 , 2 3 2 9 3 -
multiplet), and8.18 (1 H, multiplet). 9 0 -5 ;  9 ,2 3 2 9 3 - 9 1 - 6 ;  1 1 ,2 3 2 9 3 -9 2 - 7 ;  1 2 ,2 3 2 9 3 -9 3 - 8 .

Anal. Calcd for CnH„N20 :  C, 77.84; H, 5.38; N, 10.68.
Found: C, 77.60; H, 5.47; N, 10.45.

6-Phenyl-2,3,5,6-tetrahydroimidazo[2, l-o]isoquinoline (12). Acknowledgment.—We are indebted  to  th e  follow-

^inn?mnnPnfeY ^ 3 lHê ylp̂ 9lide n2)'J— T ixture °f 11-2 ing members of tbe Physical Chemistry Departmentg (0.05 mol) of 13 and 58 g (0.25 mol) of ethylenediamine p- 1ln j DT. rn
toluenesulfonate was heated in an oil bath at 190-200° with tmder the direction of Dr. P. Bommer: Dr. Toome
stirring for 20 hr. The melt was cooled, stirred with warm *or ^he uv spectra, Dr. T. Williams for nmr spectra,
water, and extracted with 100 ml of chloroform. The chloroform Mr. S. Traiman for ir spectra, and Dr. F . Scheidl for
extract was washed twice with 50-ml portions of 1 N  hydrochloric the microanalyses. We also wish to thank Professor
---------------- G. Biichi for helpful discussions.

(7) R. Reinschneider, H . G. K aahn, and L. Horner, Monatsh. Chern., 91,
1034 (1960); J .  Tironflet, Bull. Soc. Sci. Bretagne, Spec. P M . No. 26, 7 (8) G. Berti, Gael. Chim. l t d . ,  87, 707 (1957); Chem. Abstr., 52, 15536(1951); Chem. Abstr,, 47, 8694 (1953). (1958).
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Synthesis of Isoquinolines. X I . additional nucleophilic displacement reactions of the
Dibenzo [c ,/]-l-a z a b ic y c lo [3.3.1 jnonanes and hydroxyl group leading to the title compounds.

4-P h en y l-l,2 ,3 ,4-tetrah y d ro iso q u in o lin es1 N  N -Bisbenzylam inoacetals (4) were prepared from
1 39 by reductive benzylation in acetic acid over a

J. M. B obbitt and S. Shibuya platinum catalyst (route a) or by a Mannich reaction
(route b).lu Ihese compounds were cyclized in 6 N

Department o f Chemistry, University o f Connecticut, ®  0 1 10 ^  tbe azabicyclononanes (5). The results are
Storrs, Connecticut 06868 shown in lab .e I. The yields are based upon crude

3 9 and were slightly erratic, although never low. The 
Received, October 8, 1969 structures of 5 are based upon the mode of formation

and the usual spectra and analytical data. The mass 
The facile syntheses of 4-hydroxy-l,2,3,4-tetrahy- spectra showed the correct molecular ions and reason-

droisoquinolines2 appears to have made available a able cracking patterns. Compounds 5a and 5b were
versatile intermediate for the preparation of a number methylated with diazomethane to give 5h, which was
of interesting compounds. In addition to the con- the major compound for nmr studies. The spectrum
versions reported in papers II-V III of this series, *s extremely simple, indicating a highly symmetrical
they have been converted into 4-benzylisoquinolines,3 structure. The aromatic protons show up as two sharp
4-alkoxy-l,2,3,4-tetrahydroisoquinolines,4 and 4-alkyl- singlets (4 protons) at t 3.5 and 3.29, as do the methoxyl
amino-1,2,3,4-tetrahydroisoquinolines.8 They have protons (12 protons) at r 6.21 and 6.19. The protons
been converted into two bicyclic systems, the pavine on the methylene groups between the nitrogen and
system (l)6 and the azabicyclodecane (2).7 It would the rings (5 and 7 positions) appear as an AB pattern

/ r Y ( V r 0CHi ch30̂ ^/t\ ^ ^ och3
\  A J ^ nch3 U k 0CHs X X >  X X

X y  CH3c r  \— och3

iOC2H5)2 a. Yll .(OC2H5)2

I 3 ' k J k 'HCH0 I 1
4

OH

OH

Y V  "| t 1. route

Y J Y - N H  I F  V

7 6  5

seem that the 4-hydroxy compounds can react in at (J  =  17.5 cps) centered at r  5.8, and the remaining
least three ways: simple nucleophilic displacement protons appear in the general region of r 6.7-6.4. The
(4-alkoxy and 4-alkylamino compounds and bicyclic other compounds in Table I have similar and pre
structures);4-7 dehydration to an enamine followed dictable spectra.
by alkylation at the 4 position;3 and dehydration When the appropriately substituted benzylamino- 
followed by nucleophilic attack at the 3 position.8 acetals (crude)9 were allowed to stand in 6 N  HC1
Furthermore, 4-hydroxy-1,2,3,4-tetrahydroisoquino- at room temperature in the presence of various phenols,
lines have been suggested6 as biosynthetic interme- the 4-(p-hydroxyphenyl)-l,2,3,4-tetrahydroisoquino-
diates. In this paper, we would like to report two lines (7) resulted. These compounds could also be

(1) P a rt X: J. M . B obbitt, A. S. Steinfeld, K. H . W eisgraber, and S. obtained from the purified 4-hydrOXy compounds (6)2
D u tta , J .  Org. Chem., 34, 2478 (1969). This work was sponsored in p a rt aS COUlQ the aZablCydononanes, blit QUlte Satisfactory
by Research G rant CA-10494 from the  N ational Cancer In s titu te  of th e  yields Were obtained from the acetals. The results
N ational In stitu tes of H ealth. v • rri u  i t t  rrn • u  u  j

(2) J. M . B obbitt and J . C. Sih, J .  Org. Chem., 33, 856 (1968). a r e  s h ° W n  l n  T a b l e  I L  T h e  y l e l d s  a r e  b a S e d  U P 0 n
(3) Paper IV: W. J . Gensler, K . T . Sham asundar, and S. M arburg, ibid., C r u d e  3 .9

3 3 , 2 8 6 1  (1968); see also d . w. Brown, s. F. Dyke, and m . Sainsbury, The structures of the 4-phenyl derivatives are based
Tetrahedron, 25, 101 (1969), and references cited therein. , . l r r  • j -  ,

(4) B. Umezawa, O. Hoshino, and Y. Yam anashi, Tetrahedron Lett., 933 U p o n  t h e i r  m o d e  Ol i O r m a t l O n ,  t h e i r  p r e d i c t a b l e  n m r
(1969). spectra, and the synthesis by this method of a known

(5) O. Hoshino, Y. Y am anashi, and B. Umezawa, ibid., 937 (1969).
(6) D . W. Brown, S. F . D yke, and M . Sainsbury, ibid., 1515 (1969).
(7) D . W. Brown, S. F . Dyke, G. H ardy, and M. Sainsbury, ibid., 2609 (9) J . M . B obbitt, J . M . Kiely, K . L. K hana, and R . Eberm ann, ib id .,

(1968). 30, 2247 (1965).
(8) J . M . B obbitt and T . E . Moore, J .  Org. Chem., 33, 2958 (1968). (10) J . M . B obbitt and C. P. D u tta , ibid., 34, 2001 (1969).
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T able I
Dibenzo[c,/]-1-azabicyclo[3.3.1]-nonane Hydrochlorides“

T T \ I II -hci

R3 R<
5

Compd Ri R! Rs R< Rs Re Yield, % Mp, c C
5a OCH3 OH H H OH OCH3 70 278-280
5b OH OCH3 H H OCH3 OH 75 170-173
5c OCH3 OCH3 H OH OCH3 OCH3 60 270-272
Sd" OCH3 OCH3 H H OH OCH3 72 118-120
5e OCH3 OH H OH OCH3 OCH3 70 288-290
5f' H OCH3 OH H OH OCH3 65 265-267
5g H OCH3 OH OH OCH3 H 70 279-281
5h<* OCH3 OCH3 H H OCH3 OCH3 95 280-282

“ Analytical values (± 0 .35% ) for C, H, and N were reported for all compounds except 5c (C found, 0.46% low) and 5g (C found 0.55% 
low) (Ed.). b Purified as free base after basification of the hydrochloride. The data given refer to the free base. c Crystallized with 1 
mol of water. d Prepared from 5a and 5b by methylation.

T able II
4-Phenyl-1,2,3,4-tetrahydroisoquinoline Hydrochlorides“

OR,

Y n
^  I HCI

r3
7

Compd Ri R2 Ra R< R5 Yield, % Mp, °C
7a OCH3 OCH3 H CHa OCH3 10 238-240'’
7b' OCH3 OCH3 H H OCHs 70 131-133
7c OCH3 OCH3 H H OH 65 126-128.5
7d OCH3 OH H H OCHs 70 261-263
7e OCH, OH H H CH3 60 280-281
7f H OCH3 OH H CH3 78 286-288
7g H OCHs OH H OH 75 276-278

“ Analytical values (± 0 .30) for C, H, and N were reported for all compounds except 7g, for which C and N values (found) were 0.5 
and 0.4% high (Ed.). b Literature (ref 11) mp 240°. '  The compound was purified as the free base from crude hydrochloride. The
data given apply to the free base; analysis indicated 1 mol of water.

com pound, 4- ( 3,4-d im ethoxyphenyl)-6,7-d im eth o x y -l,- was removed, the solvent was removed under vacuum, and the
2,3,4-tetrahydroisoquinoline (7a).11 The condensation residue was taken UP in 8,° ml of 6 N  HCI. After 12-15 hr at

i t room temperature, the solvent was evaporated under vacuum,
always appeared to go in the position para  to the During the evaporation> compounds 5a> 5b> 5f> and 5g crystal-
phenol group of th e  ring destined to  be  th e  4-phenyl lized and were recrystallized from ethanol-ether to give the final
group. T h e  reaction  does tak e  place on  activ a ted  products. Compound 5d was obtained by basifying the solid 
system s w hich contain  no phenol group, as for 7a, from the evaporation and extracting with CHCla. The analyti- 
h iit the violHs are low cal sample was crystallized from ethanol-ether.
uul tiie yieius «tie iow . Compound 5e.—N-IsovaniUylominoacetaldehyde diethyl acetal

(1 g, 0.0037 mol) in 30 ml of ethanol was allowed to stand with 
Experimental Section12 1.4 ml (0.18 mol) of 40% HCHO and 0.41 g (0.0037 mol) of 2,3-

dimethoxyphenol for 24 hr at room temperature. The solvent 
Dibenzo[e,/]-l-azabicyclo[3.3.1]nonanes. General Procedure. was removed and the residue was taken up in 53 ml of 6 N  HCI 

—Substituted N-benzylaminoaeetaldehyde diethyl acetals (3) and allowed to stand at room temperature for 12 hr. Evapora-
were prepared on 0.02-mol amounts from aminoacetal and the tion of solvent under vacuum and crystallization from ethanol-
appropriate benyaldehydes as described.9’13 The acetals, in ether yielded 0.98 g (70%) of 5e hydrochloride,
ethanol over platinum as formed, were combined with 0.02 mol Compound 5c.—Crude6,7-dimethoxy-4-hydrcxy-l,2,3,4-tetra-
of the second aldehyde and 6 ml of glacial acetic acid and hydro- hydroisoquinoline hydrochloride (0.5 g, 0.002 mol), prepared
genated until hydrogen uptake ceased (8-10 hr). The catalyst by the reported procedure,2 was allowed to stand for 24 hr at
------------------ room temperature in 20 ml of ethanol with 1 ml (0.01 mol) of

(11) R. Quelet, M. Mansouri, and R. Pineau, Compt. Rend., 245, 537 40% HCHO and 0.27 g (0.002 mol) of 2,3-dimethoxyphenol.
(1957). The solvent was removed and the residue was allowed to stand

(12) Melting points were taken on a Kofler hot-stage apparatus and are for 15 hr at r00m temperature in 20 ml of 6 N  HCI. Evapora-
corrected. The analyses were carried out by Baron Consulting Co., Orange, ^  of the solvent under vacmJm and crystallization from 
Conn. The nmr spectra were measured on a Vanan A-60 instrument using .. . „ J
tetramethylsilane as a standard. ethanol gave 0.48 g (60%) of 5c.

(13) Actually, this means that the yields are based upon the benzalde- Methylation Oi 5a and 5b to 5h. Compounds 5a and 5b
hydes originally used to prepare the benzylaminoacetals,9 since the acetals (0.3 g), converted into the free bases, Were methylated with an 
are not purified. excess of distilled ethereal diazomethane (ca . 100 ml, from 5 g
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of N,N'-dimethyl-N,N'-dinitrosoterrephthalamide) in 20 ml of Scheme I
methanol-ether (1 :2). The reaction was allowed to stand for q p
ca. 36 hr. Evaporation and purification through the hydro- |j if
chloride (prepared with HC1 in ethanol) gave 5h in ca. 95% v
yield from both compounds. | T If | i n ]

4-Phenyl-l,2,3,4-tetrahydroisoquinolines. General Procedure. q/
—Crude substituted N-benzylamincaeetaldehyde diethyl ace
tals9.13 (3, 0.01 mol) were allowed to stand with 0.011 mol of 1 OH
the appropriate phenols in 20 ml of 6 N  HC1 at room temperature 2, R =<^
for 12-15 hr. The product (7) precipitated. Concentration of H
the reaction mixtures yielded additional amounts of product. 3,R = 0
They were combined and recrystallized from ethanol or ethanol- 4,R = NOH
ether.

Registry No.—5a, 23230-67-3; 5b, 23282-29-3; 5c, f
23230-68-4; 5d, 23230-69-5; 5e, 23230-70-8; 5f,
23230-71-9; 5g, 23230-72-0; 5h, 23230-73-1; 7a, O | T O
23230-74-2; 7b, 23263-77-6; 7c, 23263-78-7; 7d, V n j N - /
23230-75-3; 7e, 23230-76-4; 7f, 23230-77-5; 7g, f W  y r i
23230-78-6.

---------------------------------------------------------------------------------------  5 6

R e a r r a n g e m e n t  o f  a  {  ^

2 ,3 -A lk y le n e -2 ,3 -d ih y d ro -l ,5 -b e n z o x a z e p in e  in to  . /  \ T_ . /  \ TriIIJN jNC_/Jri3 JN INGrî
a  2 -S u b s t i tu te d  B e n z o x a z o le  —/

F rancis J . McE voy and George R. Allen, J r . ( ^ j| ^

Process and Preparations Research Section, y g
Lederle Laboratories Division, American Cyanamid Company,

Pearl River, New York 10965

Received October 10, 1969 . .. ,  „  . , ,, . .
Application of this sequence to the isomeric lactam

Discussion 6 failed to afford hexahydrodibenz [&,/] [l,4]oxazepine
(8) ; instead a product with composition C13H13NO was 

Laboratory1 studies have suggested that 2-chloro- isolated. This material appeared to result from a
ll-(4-methyl-l-piperazinyl)dibenz[6,/][l,4]oxazepinelc’2 skeletal rearrangement in view of its distinctive ultra- 
possesses potential psychotropic utility. In view of violet spectrum (Amax 265, 285, and 290 mg). In con-
the interest of our laboratories in this agent, Ib~d we trast, the spectrum of 7 shows only weak end-absorp-
undertook the preparation of partially saturated con- tion. The identity of the ring system present in the
geners of this compound. During this study we ob- C13H13NO substance was indicated by dehydrogenation
served a facile rearrangement of a 2,3-alkylene-2,3- in boiling decalin with palladium on carbon, which
dihydro-1,5-benzoxazepine into a 2-substituted benzox- afforded the known 2-phenylbenzoxazole.6 Although
azole, which is the subject of this report. thermally induced rearrangement under the stringent

1,2,3,4-Tetrahydroxanthone ( l ) 3 served as the start- conditions of dehydrogenation could not yet be elimi-
ing material for this investigation (see Scheme I). nated from consideration, this observation suggested
Catalytic reduction of 1 gave the hexahydro alcohol 2, that the C13H13NO substance was 2-(l-cyclohexenyl)
which afforded ketone 3 on treatment with chromium benzoxazole (11). Thus the formation of 11 from the
trioxide-pyridine.4 Beckmann rearrangement of the intermediate chloroimidate 9  could be interpreted as
derived oxime 4 furnished a separable mixture of proceeding via a base-induced elimination to give phen-
lactams 5 and 6. Consonant with earlier studies,6 oxide 10, which then undergoes intramolecular displace-
lactam 6, the product of aryl migration, predominated. ment of chloride to afford 11 (see Scheme II). The
Treatment of 5 with phosphorus oxychloride gave a well-known intermolecular reaction of phenoxides with
chloroimidate, which reacted with 1-methylpiperazine chloroimidates constitutes ample precedent for this
to give 5a,6,7,8,9,9a-hexahydrodibenz[6,/][l,4]oxaze- last stage.7
pine (7). The 2-substituted benzoxazole 11 was synthesized

independently by ring closure of anilide 12 with phos- 
X S .  P1“ ™  P e-tach lo rid e.' T h e  iden tity  of 11 prepared
Malone, Fed. Proc., 27, 438 (1968); (c) C. F . Howell, N. Q. Quinones, E . N. in thlS manner with the C13H13NO product established
Greenblatt, A. C. Osterberg, and R. A. Hardy, Jr ., Abstracts of Papers, 1st the Structure of the latter material and Confirmed that
Northeast Regional Meeting of the American Chemical Society, Boston, ■, . , x r i i  • • i j . r »  i x *
Mass., Oct 1968; (d) c. n  Latimer, j . Pharmacol. Exp. Ther.. 166, i 6 i  base treatment of chloroimidate 9  results in rearrange-
(1969). ment of the 2,3-dihydro-l,5-benzoxazepine system into

(2) J. Schmutz, F . Kunzle, F . Hunziker, and R. Gauch, Helv. Chim. Acta, o b e n z o x a z o l e  
50, 245 (1967).

(3) Prepared by the procedure of L. A. Paquette and H. Stucki, J .  Org.
Chem., 31, 1232 (1966). (6) H. L. Wheeler, Ainer. Chem. J . ,  17, 400 (1895).

(4) G. I. Poos, G. E . Arth, R . E . Beyler, and L. H. Sarett, J .  Amer. Chem. (7) J .  W. Schulenberg and S. Archer, Org. React., 15, 38 (1965).
Soc., 75, 422 (1953). (8) J .  W. Cornforth in “ Heterocyclic Compounds,” Vol. 5, R . C. Elder-

(5) L. G. Donaruma and W. Z. Heldt, Org. React., 11, 17 (1960). field, Ed., John Wiley & Sons, Inc., New York, N. Y ., 1957, p 420.
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S c h e m e  I I  117-120°. The lactams were separated by chromatography on
60-100 mesh magnesia-silica adsorbent. Elution with 1.5% 

j  -i acetone-methylene chloride and crystallization from acetone-

O C1 g  (N1 water afforded 2.02 g of l,2,3,4,4a,lla-hexahydrodibenz[b,/]-
___I H*'" I [l,4]oxazepine-ll(10H)-one (6), mp 149-150°. A similar prep-

/ = \ A '\  aration gave the following data: Xmax 244 m/r (e 9114) and 275
|j X ] — ► I ¥  / T 1 (2821); " 3180 and 1675 cmr1.

V \ i Anal. Calcd for Ci3H16N 02: C, 71.86; H, 6.96; N, 6.45. 
0 H 0  Found: C, 71.64; H, 6.66; N, 6.68.

Elution was continued with 5%  acetone-methylene chloride 
"  jq to give a mixture of the lactams, as determined by thin layer

^  chromatography; ca. 80 mg of mixture was eluted. The column
V   was then washed with 30% acetone-methylene chloride to afford

■vr a rjJ, /  \  0.97 g of 5a,6,7,8,9,9a-hexahydrodibenz[6,/] [l,4]oxazepine-ll-
V  /  \ r Y '  \ __ /  (10H)-one (5). Crystallization from acetone-hexane gave

L  JL  /  \ __ / "* L JL  shiny plates, mp 196-198°. A similar preparation gave the
0 —  OH following data: Xmax 225 mM (e 8140) and 282 (1410); v 3175 and

11 12 1660 cm-1.
Anal. Calcd for C;sHi5N 02: C, 71.86; H, 6.96; N, 6.45. 

Found: C, 71.84; H, 6.56; N, 6.68.
Experimental Section 5a,6,7,8,9,9a-Hexahydro-ll-(4-methyl-l-piperazinyl)dibenz-

[6,/] [l,4]oxazepine (7).—To a solution of 280 mg (1.29 mmol) of 
General.—Melting points were determined in open capillary 5a,6,7,8,9,9a-hexahydrodibenz[6,/][l,4]oxazepin-ll(10H)one (5)

tubes on a Mel-Temp apparatus and are uncorrected. Infrared jn yo ml of benzene was added 300 mg (1.44 mmol) of phosphorus
spectra were determined in potassium bromide discs on a Perkin- pentachloride. The solution was heated at reflux temperature
Elmer Model 21 spectrophotometer, and the ultraviolet spectra for 2 hr and then evaporated. The residual gum was dissolved
were measured with a Cary recording spectrophotometer. Nmr in 5 mi 0f N-methylpiperazine and the solution was heated at
spectra were determined in the indicated solvent on a Varian reflux for 2 hr. The cooled solution was diluted with water and
A-60 spectrometer using tetramethylsilane as an internal stan- extracted with ethyl acetate. The organic solution was extracted
dard. The mass spectrum was determined on an AEI MS-9 with three 15-ml portions of 1 N  hydrochloric acid. The acid
spectrometer. All evaporations were carried out at reduced extract was washed with ethyl acetate and then made alkaline
pressure. with 10% sodium hydroxide solution to give 220 mg of tan crys-

l,2,3,4,4a,9a-Hexahydro-9-xanthenol (2).—To a solution of tals: mp 114-116° (two recrystallizations from methanol-water
10.3 g of 1,2,3,4-tetrahydroxanthone ( l )3 in 150 ml of absolute raised the melting point to 117-119°); Xraa* 233 m/x (e 7775);
ethanol was added 20 g of wet commercial Raney nickel catalyst.9 v 1503 and 1592 cm-1.
The mixture was shaken under hydrogen for 2 hr, during which Anal. Calcd for CisH25N30 :  C, 72.20; H, 8.42; N, 14.04. 
time 2 equiv of hydrogen were absorbed and crystals separated Found: C, 72.61; H, 8.74; N, 14.26.
from solution. The mixture was filtered through diatomaceous 2-(l-Cyclohexenyl)benzoxazole (11). A.—A suspension of 110 
earth and the filter cake was washed with 100 ml of acetone. mg (0.53 mmol) of phosphorus pentachloride and 100 mg (0.46
The combined filtrate and washes were evaporated and the mmol) of l,2,3,4,4a,lla-hexahydro[6,/][l,4]oxazepin-U(10H)-
residue was crystallized from acetone-hexane, affording in two one (<j) in 5 ml of dry benzene was stirred and heated at reflux
crops 7.4 g of white needles, mp 161-165°. A similar preparation, temperature for 2 hr and then evaporated. The residual gum
twice recrystallized from acetone-hexane, melted at 165-167°, was dissolved in 5 ml of benzene, and a solution of 0.3 ml (ca.
v 3350 and 3290 cm-1. 3 mmol) of N-methylpiperazine in 2 ml of benzene was added.

Anal. Calcd for Ci3Hi602: C, 76.44; H, 7.90. Found: C, The solution was heated at reflux temperature for 90 min and
76.67; H, 8.24. then evaporated. The resultant gum was crystallized from ace-

1,2,3,4,4a,9a-Hexahydro-9-xanthone (3).—To a stirred, ice- tone-water to give 30 mg of white crystals: mp 55-57°; Xmox
cooled slurry of 1.0 g of chromium trioxide in 10 ml of pyridine 230 m/x (e 7450), 265 (13,000), 285 (16,400), and 290 (17,400);
was added a solution of 500 mg of l,2,3,4,4a,9a-hexahydro-9- „ 2525, 2840, 1640, 1535, 1450, 1240, and 747 cm“1; mass spec-
xanthenol (2) in 2 ml of pyridine. The mixture was stirred at trum m /e  199.
25° for 18 hr and then poured into 100 ml of water. ̂  The aqueous a  similar preparation, recrystallized twice from acetone-water,
solution was extracted with ethyl acetate, and this extract was melted at 62-63°
washed with water and dried with magnesium sulfate and the A nal. Calcd for C13H13NO: C, 78.36; H, 6.58; N, 7.03. 
solvent was removed to give 480 mg of pale yellow oil which ab- Found- C 78 09- H 6 86" N 6 93
sorbed at 1680 cm-1 in its infrared spectrum. This material was _  1 i\ r m 1. j  1 1
utilized for preparation of the oxime without further purification. " so uion ? ( ■ 1N n0 . y ro!iy

l,2,3,4,4a,9a-Hexahydro-9-xanthenone Oxime (4).- A  solution hexene-l-carboxamlide (12) and 0 30 ml (3.3, mmol) of phos-
of 480 mg (2.38 mmol) of l,2,3,4,4a,9a-hexahydro-9-xanthenone Phorus f  ychlonde m 7.5 ml of benzene was stirred at reflux
/«\ j  foX ,»  n i s  r \ j  i • 1 j  it • j  • temperature for 90 mm and then evaporated, lhe residue was(3) and 480 mg (6.9 mmol) of hydroxylamme hydrochloride in A  ̂e , . .  , A \  , , ,
5 ml of pyridine was heated at reflux temperature for 18 hr. The treated with 15 ml of ic^-water and extracted with ethyl acetate,
mixture was cooled and poured into 50 ml of water. The resulting The extract was washed with 10 ml of 10% sodium hydroxide

ii j  i 1- 1  i „ n ocn__ solution and water, dried with magnesium sulfate, and evapo-gum was rubbed to a solid and collected to anord 380 mg of , . ’ j-  i j  • , i_i «j j
oxime: mp 164-166° (two recrystallizations from methanol- rated- J h e  residue was dissolved m methylene chloride and
water raised the melting point to 165-167°); Xmax 254 mM (« Pa, f ef  ihKrough a magnesia-silica column. The product was
9765), 305 (5425), and 317 (4665); „ 3250, 992, 968, and 948 col]ected by evaporation of the first five 50-ml fractions of eluate

_i and crystallized from acetone-water to give 60 mg of white
^ A n al. Calcd for Ci3H15N 02: C, 71.86; H, 6.96; N, 6.45. needles; “ P 63-64° Admixture with the previously described 
Found* C 72 17* H 7 12* N 6 71 product from l,2,3,4,4a,lla-hexahydrodibenz.[o,/J [1,4J-oxaze-

Beckmann Rearrangement of’ Oxime 4 . - A  suspension of 3.75 pme-ll(10H)-one showed no depression of melting point, 
g (17.3 mmol) of l,2,3,4,4a,9a-hexahydro-9-xanthenone oxime 2-Phenylbenzoxazole. A soluion of 50 mg (0.25 mmol) of
(4) in 60 g of polyphosphoric acid was placed in an oil bath pre- 2-(l-cyclohexenyl)benzoxazole in 2 ml of decann and 50 mg of
heated to 135° and stirred with a glass rod until solution was W%  palladium on charcoal was stirred at reflux temperature
complete (ca. 5 min). The heating was continued for an addi- 18 hr. The cooled solution was diluted with methylene chlo-
tional 15 min. The reaction mixture was cooled, and 200 ml of ride, filtered, and evaporated. The residue was dissolved in a
water was added slowly with stirring and cooling. The resulting water-ethanol mixture and this solution was evaporated. This
mixture of lactams was collected as 3.40 g of tan crystals, mp process was repeated and the residue was crystallized from ace

tone-water to give 7.5 mg of 2-phenylbenzoxazole, mp 100°. 
The identity of this material with an authentic specimen6 was 

(9) Raney active nickel catalyst (No. 28) as supplied by W. R . Grace shown by mixture melting point and comparison of infrared 
and Co. sp e ctra .
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+- 2' ^ yf T y‘1nnCl0heX,ene; 1"1Carb? T ilide (1v2)-“ To \  s.olu;  syra-aziridine l .7-8 Aziridine 1 was prepared by thetion of 1.26 g (10 mmol) of 1-cyclohexenecarboxylic acid in 5 QrlrH+ir.r. __ , f  .  „  n ,  . ,  „
ml of benzene was added dropwise 0.87 ml (12 mmol) of thionyl , A n  °^ 01S0Jcy ana ê (INCO) to 1,2,3,4,4a, 10a-
chloride. The mixture was allowed to stand at room temperature (trans-4a,10a)-hexahydrophenanthrene, followed by
for 1 hr, heated on the steam bath for 30 min, and evaporated. methanolysis, and aqueous potassium hydroxide treat-
The evaporation was repeated several times with toluene, leaving ment of the resulting /3-iodocarbamate
the 1-cyclohexenecarboxylic acid chloride as an oil. The acid Attempted N-benzoylation of 1 with benzoyl chloride
chloride was added dropwise to a stirred, ice-cooled solution of ,•____ , • j ; , c n o & . , , .. J  ,  ,
545 mg (0.5 mmol) of o-aminophenol in 2 ml of pyridine. The n lne at 60 afforded only small amounts of the
solution was stirred at room temperature for 2 hr and then poured oxazoline 3. However, when the reaction was per-
into 30 ml of ice-water. The resulting oil was rubbed to a solid, formed using a single equivalent of the acyl halide
which was collected and washed successively with 1 N  hydro- and of the pyridine in ether, below 10°, an intermediate’
chloric acid, water, and saturated sodium bicarbonate solution q/„\ „v,i„__ m/„'i v.__i o o a a n ,n  .n  /, ’
to afford 1.05 g of a brown solid. Tne solid was dissolved in 20 9(«)-cH o ro -10(e)-b en zam id o -l,2 ! 3,,4,,4a,9 ,1 0 ,10a - (tran s-
ml of 10% sodium hydroxide solution, treated with activated 4a,i.U a)-octahyarophenanthrene (2), w as read ily  iso
charcoal, and filtered. The filtrate was acidified with acetic acid lated.
to afford 700 mg of white solid, mp 158-160°. A sample of this
material, twice recrystallized from acetone-hexane, melted at 3 r— _
163-164°: W  215 U 20,600), 256 (8250), and 292 (8470); 4(^HV|2 r O l
v 3400, 3030, 2670, 1665, 1630, 1615, 1590, and 1538 cm -1. J l <4 ■ I I 2  J

Anal. Calcd for CJ3H16N 02: C, 71.86; H, 6.96; N, 6.45. f  Y l X  f ^ T ^ I T
Found: C, 71.82; H, 7.07; N, 6.35. C* N L J l  H i- -H

Registry No.— 2, 23386-10-9; 4, 23386-11-0; 5, 8 K \ NH° H '^ N
23386-12-1; 6, 23386-13-2; 7, 23386-14-3; 11, 23386- , C G6H5
15-4; 12,23386-16-5. ^
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Opening of styrylaziridines and -aziridinium ions 4
has been shown to afford products characteristic of . . .
both carbonium ion and displacement mechanisms,2-4 . structural assignment of 2 is based primarily on
while the isomerization of N-acylaziridines to oxazolines mfrared and nmr data. The infrared spectrum showed
has been reported to occur under the influences of an 7 stretching band at 3330 cm 1 and amide I
nucleophilic catalysis or heat.6 The latter process is and 11 carbonyl bands at 1630 and 1520 cm 1 The
thought to involve formation of an intermediate /3- nmr spectrum (60 MHz) showed a broadened NH
halobenzamide in which carbonyl oxygen displacement do.li 3.et a7 7 5 for NH ( J io.nh -  9 Hz), a doublet at
of the halide occurs.6 We wish to report a case of ? 746 for H9n({ l '10N “  4 Hz) and a f xtet at 4 -67 for Hio
opening of an N-acylaziridine capable of forming an  ̂ 10,1.0a ' igure 1). The nmr spectrum is
intermediate carbonium ion which affords a cis-fi- consistent with the czs disposition of substituents
halobenzamide stereoselectively, and which is readily . chloroform solution of 2 was warmed at 75°
converted into the corresponding oxazoline, probably for 10- 20 min formation of oxazoline 3 hydrochloride
through a solvolytic process. was noted £  followmS the course of the reaction by

In a studv of amino alcohols in the octahydrophen- observing the nmr spectrum of the reaction mixture
anthrene system, we attempted the N-benzoylation of ^  J  f r°r 3 hyd™ hlorldeshowed a doublet for H 9 at 5 6.18 (./9,10 =  9 Hz) and a

(1) Public Health Service Predoctoral Fellowship l-Fl-GM -33,942, t r i p l e t  for H io  a t  4.52 (Jio .lO a ^  9 Hz), C o n s is t e n t  w i t h

(2) (a) K . Kotera, M. Motomura, S. Miyazaki, T . Okada, and Y . M at- CTS-OXaZoline 3. Cyclization of 2 W a s  more readily
sukawa, Tetrahedron, 24, 1727 (1968); (b) K . Kotera, T . Okada, and S. accomplished in refluxing acetone in the presence of
Miyazaki, ibid., 24, 5677 (1968).

(3) N. B . Chapman and D. J .  Triggle, J . Chem. Soc., 1385 (1963). (7) We have chosen to designate the epoxides and aziridines in this system
(4) (a) N. J .  Leonard, E . F . Kiefer, and L. E . Brady, J .  Org. Chem., 28, as syn or anti to indicate the relative geometry of the heterocyclic three-

2850 (1963); (b) N. J .  Leonard and K. Jann, J .  Amer. Chem. Soc., 84, 4806 membered ring and The hydrogen atom at C-lOa.
(1962). (8) All materials are racemic, although only a single isomer is drawn.

(5) (a) H. W. Heine, Angela. Chem. Intern. Ed. Engl., 1, 528 (1962); (b) (9) The central ring is arbitrarily assigned the half-chair conformation
H. W. Heine and M. S. Kaplan, J .  Org. Chem., 82, 3069 (1967), and refer- where the equatorial (e) and axial (a) substituents at C-9 are in fact pseudo-
ences cited therein; (c) H. W. Heine, D. C. King, and L. A. Portland, ibid., equatorial and pseudoaxial, respectively.
31, 2662 (1966). (10) Elemental analysis does not distinguish between 2 and the hydro-

(6) P. E . Fanta and E . N. Walsh, ibid., 30, 3574 (1965). chloride salt of 3.
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Figure 1.— (A) Nmr spectrum of 2; (B, C) nmr spectra of mixtures of 2 and 3 at 15 and 20 min, respectively; (D) nmr

spectrum of oxazoline 3 hydrochloride.

sodium bicarbonate.11 The nmr spectrum of the free ion or carbonium ion like intermediate followed by
oxazoline showed a doublet for H 9 and a triplet for stereoselective addition of chloride. Formation of
H jo ( J 9,10 ~  J io,ioa ~  9-5 Hz) at S 5.49 and 4.12, re- the oxazoline may similarly be envisioned to occur by
spectively. solvolytic loss of the halide followed by ring closure.

Amino alcohol 4 13 was converted into the oxazoline Although finding products consistent with a double- 
3, utilizing ethyl benzimidate, as further evidence for displacement mechanism for the isomerization would
structure 3. Carefully controlled hydrolysis of 3 also have been academically more satisfactory, the isolation
yields 4. and characterization of an intermediate which readily

The assignment of c i s  stereochemistry to intermediate undergoes the isomerization process lends considerable 
2 is based primarily on the nmr spectral data, compari- support to the mechanism of oxazoline formation from
son of its spectrum with those of other 9(a),10(e)- the N-acylaziridine which involves the intermediacy
disubstituted octahydrophenanthrenes,14 and similar of a /3-haloamide. The stereochemical configuration
opening of aziridines and aziridinium ions.2-4 Opening of the intermediate isolated in this study is probably
of other styryl aziridines, which can readily form benzy- a characteristic of this system and therefore not gener-
lic carbonium ions, has been shown to occur through ally applicable to the chemical process of conversion
mixed SnI and Sn2 processes.2 Opening of aziridinium of N-acylaziridines into oxazolines.
ions (ethylene immonium ions) also gives products
consistent with both mechanisms.3'4'15 Experimental Section

In this system, the somewhat unexpected c i s  product
probably  arises because of som e degree o f carbonium  Melting points were determined using a Thomas-Hoover
. , , , , .. __ Uni-Melt and are corrected. Microanalyses were conducted byion character at the benzylic position in the transition Dr Q B Weiler and Dr F B Strauss> Microanalytical Labora-
state, which may then be attacked either from above or tory, Oxford, England. Ultraviolet spectra were recorded on a
below the plane of the carbocyclic skeleton. Great Cary 14 spectrometer. Infrared spectra were recorded on Beck-
differences in the relative degree of steric hindrance to man IR-5A, IR-8, and IR-20 spectrophotometers. Nmr spec-
attack are not obvious from Dreiding models. Both tra were obtained on the Varian A-60 and Varian T-60 instru-
., . , , . , j  xi_ j- Z - r • -j; „ ments using tetramethylsilane as internal standard,
the c i s  stereochemistry and the direction of azmdme 9(a)-Carbomethoxyamino-l0(a)-iodo-l,2,3,4,4a,9,l0,l0a(fronS- 
ring opening are most consistent with a carbonium 4a,i0)-octahydrophenanthrene.—1To a cold ( - 5  to -10°)

solution of 3.9 g (0.02 mol) of l,2,3,4,4a,10a-hexahydrophenan-
(11) Sodium bicarbonate is added to prevent the hydrolysis of the oxa- threne in 200 ml of anhydrous ether was added 4.2 g (0.028 mol)

zoline hydrochloride to the corresponding £-aminobenzoate.13 of freshly prepared silver cyanate. To this slurry was added 5.04
(12) w. S. Johnson and E. N. Schubert, J .  Amer. Chem. Soc., 72, 2187 g (0.021 mol) of solid iodine in one portion. The slurry was

(1950). stirred for 2 hr in the cold and then at room temperature for an
(13) G. Drefahl and D. Martin, Chem. Ber., 93, 2497 (1960). additional 6  hr. The inorganic salts were removed by filtration,

a • D- MiUer,and W- L- f f son' u7 ublishetd reaf a3- the solution was diluted with 200 ml of anhydrous methanol, and(15) Aqueous acid opening of 1 provides a mixture of 9(e)- and 9(o)-ny- . .  0 , rp, r  , , ,      
droxy-10(e)-amino-l,2,3,4,4a,9,10,10a(frons-4a,10a) -octahydrophenanthrene the mixture Was refluxed for 2 hr. The light brown precipitate
(4), with the latter predominating.» was removed by filtration and washed with ether. The preeipi-
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tate was then recrystallized from methanol, giving 5.35 g (70%) The pyridine was then removed in vacuo, affording 108 mg of 
of white needles: mp 138 ; Xnm, 217 nm (e 7000); an oil which was placed on an alumina column snd eluted with
3280 (NH stretching), 3040 (aromatic CH stretching), 2950 and benzene. A total of 94 mg (69%) of the oxazoline (3), mp 141-
2870 (aliphatic CH stretching), 1695 (very broad, C = 0  stretch- 142°, was isolated. The spectral properties were identical with
ing), 1550, 1490, 1445, 1325, 1265, l i9 0 , 1135, 1120, 1035, 1010, those of the oxazoline prepared previously.
760, 735, and 705 cm“1; nmr (pyridine) 5 5.59 (quartet, J 9.10 =  2 Acid Hydrolysis of Oxazoline 3.—Oxazoline 3, 300 mg (1.0 
Hz, /,,nh = 8 Hz, benzylic proton Ha), 4.84 (multiplet, W ■/, = mmol), was dissolved in 150 ml of 10% aqueous hydrochloric acid
4 Hz, H10 proton), and 2.70-0.7 (multiplet, methylene-methine and refluxed for 1 hr. The acidic solution was allowed to cool
envelope). and extracted with ether to remove benzoic acid. The .acidic

Anal. Calcd for C16H20INO2: C, 49.88; H, 5.23; N, 3.64. solution was made alkaline with aqueous 10% NaOH solution
Found: C, 49.97; H, 5.32; N, 4.01. and extracted with CHC13. The CHCla was separated, dried

si/n-9,10-Imino-l,2,3,4,4a,9,10,10a(irons-4a,10a)-octahydro- (NaiSO«), and evaporated in vacuo, affording 148 mg (68%) of
phenanthrene (1).—A mixture of 5.0 g (0.013 mol) of the iodo- amino alcohol 4, mp 180°. 
carbamate and 12.9 g of potassium hydroxide in 130 ml of abso
lute ethanol was refluxed for 3 hr. The ethanol was then removed Registry No.— 1, 23385-94-6; 2, 23385-95-7; 3,
in  vacuo and the remaining solid was dissolved in 500 ml of ether 23385-96-8; 3 hydrochloride, 23385-97-9; 9(a)-carbo-
and washed with cold water until the aqueous washings were methoxyamino-10(a)-iodo-l,2,3,4,4a,9,10,10a((ranS-4a,-
neutrai. The ether layer was dried (Na2S 0 4) and evaporated 1riX , , , , , ,  ’ ’ ’ _ ’ ’ ’ v ’
in  vacuo to a volume of 50 ml, which was then placed in the 10)-octahydrophenanthrene, 23385-98-0. 
refrigerator overnight. A total of 2.49 g (93.5%) of white needles, (10) G. E . McCasland and D. A. Smith, J .  A m e r .  C h em . S o c .,  72, 2190
mp 128-129°, were collected. A small portion of the aziridine (1950). 
vras recrystallized from ether for the analytical sample: mp 129- 
130°; rffi 3200 (NH stretching), 3030 (aromatic CH stretching), 
and 2870 (aliphatic CH stretching), 1550,1490,1450,1420,1290,
1050, 910, 870, 850, 815, 794, 770, 745, and 735 cm“1; nmr The R earran gem en t of 1-Acylaziridines to

» s *™” « A“ <*
methylene-methine envelope).

Anal. Calcd for ChHi7N: C, 84.37; H, 8.60; N, 7.03. Charles U. P ittman, J r .
Found: C, 84.25; H, 8.56; N, 6.82.

9(a)-Chloro-10(e)-benzamido-l,2,3,4,4a,9,10,10a(ir<ms-4a,- Department o f Chemistry, University o f Alabama,
10a)-octahydrophenanthrene (2).—Into 250 ml of anhydrous University, Alabama 35486
ether was placed 450 mg (2.25 mmol) of the aziridine 1 and 177
mg (2.25 mmol) of pyridine. To this mixture was added 315 mg Samttfl P McM antits
(2.55 mmol) of benzoyl chloride in 20 ml of anhydrous ether.
With an ice bath, the cloudy suspension was maintained below
10° at all times during the addition. The mixture was then Department o f Chemistry, University o f Alabama in Huntsville, 
allowed to warm to room temperature and stirred for an addi- Huntsville, Alabama 35807
tional 30 min. The ether mixture was filtered, and the filtrate
was evaporated in vacuo to a volume of 15 ml, with the water Received Ju ly  32, 1969
bath kept at room temperature, and placed in the refrigerator.
The needlelike crystals th a t formed were removed by filtration, • ___ _ ; ,■ c
giving a total of 515 mg (68%) of the benzamide 2, mp 142-143°! m tereSt “  the, ^ng-opening reactions of
The benzamide could not be recrystallized, since upon heating aziridine derivatives developed as a result of their 
in solution it formed oxazoline hydrochloride 3: 3330 (NH biological2,3 and industrial3,4 significance. Many bio-
stretching), 2900 and 2180 (aliphatic CH stretching), 1630 logical alkylating agents, such as cancer-inducing

stretching), 1480, and 690 cm i ; nmr jC D C h j s mitomycin,30 contain aziridine ring functions. The
8.05-7.0o (multiplet, 9 aromatic protons), 6.65 (doublet, amide . ,• = r i n i • • ,
proton), 5.46 (doublet, / ab = 4 Hz, benzylic proton H9), 4.67 recent preparation5 of 1-alkylazmdimum ions, 1-
(sextet, J bc =  9 Hz, proton HB), and 3.00-0.90 (multiplet, acylaziridimum ions, and O-protonated 1-acylaziri-
methylene-methine envelope). dines prompts us to report our studies of 1-acylaziridines

Anal. Calcd for C21H22CINO: C, 74.21; H, 6.53; N, 4.12. in strong acid media.
Found. C, 74.22; H, 6.13; N, 4 .2 ,. Heine6 has reviewed the well-known isomerization
in °f+9ia^Hyi r0Xŷ-lOieHmin0^ reactions of 1-acylaziridines. Fanta7 and Heine8 have10,10a-(£rans-4a,10a)-octahydrophenanthrene (3). A. Cycliza- . /  . , ,,  , , . , ..
tionof2.—A mixture of 300 mg (0.89 mmol of chlorobenzamide 2, investigated extensively the pyrolytic and catalytic
75 mg (0.90 mmol) of anhydrous sodium bicarbonate, and 200 ml
of acetone was refluxed for 5 hr with stirring. The mixture was . (I) (a) Acid-Catalyzed Cyclization Reactions. V III. For other papers 
then evaporated in vacuo to dryness and to this was added 100 ml lf.,this 8e”e9’ s„e S' o' M°Manus, J - p; p: M' Grohse’ alld c - u -
of water. The aqueous mixture was then extracted seversl times * tman, rs. rep. roc., m press. ( 13 w°r was supporte in part

. . . .  ^ by the University of Alabama Research Committee and at Huntsville in part
With ether. The ether layers were combined, dried iNaiSCh), and by the Petroleum Research Fund (Grant 3501-B) administered by the 
•evaporated in  vacuo to give 260 mg of solid material. The solid American Chemical Society and by the National Aeronautics and Space
material was passed over a 30-g alumina column (Merck, reagent Administration (Grant NGL-01-002-001).
aluminum oxide) using benzene as an eluent. No material was (2) (a) B . Belleau, C a n . J .  B io c h e m .,  36 , 731 (1968); (b) W. C. J .  Ross,
isolated in the first 160 ml of benzene eluted from the column, but “Biological Alkylating Agents,” Butterworth and Co. Ltd., London, 1962;
the next 360 ml of benzene solvent eluted afforded 230 mg (86%) (c) D- A- Karnof3k:/ and F- Bersel in "Chemotherapy in Cancer,” p. L.
of the oxazoline: mp 142-143°; v™1 3050 (aromatic CH stretch- Ed” Elsevier Publi8hing G°- New York, N. Y „ 1964, PP 3- 18 ,

ing) 2910 2860 (aliphatic CH stretching), 1640 (C =N  (3) p. E. Fanta in ..Heterocyclic Com pounds-Three- and Four-Mem-
.stretchmg), 1575, 1490, 1445, 1080, 1060, 1025, 960, 950, 930, bered Heterocycles,” Part I, A. Weissberger, Ed., Interscience Publishers,
780, 740, 725, and 685 cm-1; nmr (CDCI3) S 8.15-7.10 (multiplet, Inc., New York, N. Y ., 1964, and references cited therein,
aromatic protons), 5.49 (doublet, J ab = 9.5 Hz, benzylic proton (4) (a) A. G. Pittman and R . E . Lundin, J .  P o ly m . S c i . ,  P a r t  A ,  2, 3803
H a ), 4.12 (triplet, J bc =  9.5 Hz, proton H b ), and 2.80-0.80 (1964); (b) R . H. Quacchia, D. E . Johnson, and A. J .  DiMilo, I n d .  E n g .
(multiplet, methylene-methine envelope). C h e m ., P ro d . R e s . D eve lo p ., 6, 268 (1967).

Anal. Calcd for C21H21NO: C, 83.13; H, 6.97; N, 4.61. (S) G. Olah and P. J .  Szilagyi, J .  A m e r .  C h e m . S o c .,  91, 2949 (1969).
F o u n d  • C  8 8  I f i '  H  fi Q8- N  4  8 b  (6) H. W . Heine, A n g e v :. C h e m ., I n t .  E d .  E n g l . ,  1, 528 (1962).

A  ’ • , ,  , , ,  ,  . , ,  (7) P. E . Fanta and E . N. Walsh, J .  O rg . C h e m ., 31, 59 (1966), and pre-B. Oxazoline 3 Synthesis via Ammo Alcohol 4.—A mixture of . „  . ,, .J vious papers in tne senes.
100 mg (0.46 mmol) of amino alcohol 4 ,13 80 mg (0.46 mmol) of (8) P G Mente, H. W. Heine, and G. R . Scharoubin, ib id . ,  33 , 4547
ethyl benzimidate prepared by the method of McCasland and (1968), and previous papers in the series. See also references cited therein
Smith,16 and 100 ml of anhydrous pyridine was refluxed for 5 hr. for other pertinent work.
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Table I
Nmb Assignments of Oxazolinium Cations in 90% H2SO.4“

Ring CH2CH ,6 Yield of oxazoline
Ion Ri6 NHl C-4/C-5 C-5 C 11/' on drowning, %

2a CH3, 2.91 (s) 9 .30 (br) 4.62, J cis = 9 .9  61
5.53, J irons = 9.9

2b CHg, 2.70 (s) 9.10 (br) 4.41 (m)' 2.02 (d ),/ =  6.8
5.82 (m) 53

2c CH3, 2.90 (s) 9 .75 (br) 4 .34 (s) 2.16 (s) 66
2d CsHe, 7 .81-8 .40  (m) 10.10 (br) 4 .48 (t), J ci, = 9 .8

5.42 (t), Jlraru — 9 .8  68
2e C6H6, 7 .75-8 .37  (m) 10.02 (br) 4 .20 (t)//„•, = 9 .9  2.01 (d ),/ = 7 .0

4.71 (t), /irons = 9 .8
5.92 (m) 71

“ Positions given in parts per million downfield from TM S (internal capillary) at 33°. 6 Abbreviations: s, singlet; d, doublets; m, 
multiplet; br, broadened singlet; t, triplet. c The C-4 protons cis and trans to methyl at C-5 are not well resolved. d cis to methyl.

r^s. Scheme I

V  S  ?. *
R 3/ N  H,SO. ^  / T A  base R ‘ / “ "A

\ +  f  I — * V A  o . n\ /  c = o  ' X  y

X CHg-CH I j2 I

CH3 II *
a, R1 =  CH3;R 2 =  R3 =  H

(l| I b ,R 1 =  R2 =  CH3;R 3= H
(I io‘ ' '• c,R 1 = R2= R 3 = CH3

. n d,R1 =  Ph;R2 =  R3 =  H

J   ̂ L  T V  V___  e,R 1 =  Ph;R2 =  CH3;R 3 =  H

1— \ | 1 _ _ , . | , I $ ing 2-methyl- and 2-phenyloxazolinium cations 2a - 2e ,
8 < 6 s 4  > a respectively, occurred in 80-96%  sulfuric acid (Scheme

PPM I). Careful drownings into base, in each case, liberated
Figure 1. the expected 2-oxazolines 3 a -3 e .

„ . At 15°, no O- or N-protonated aziridine derivative or
isomerizations of 1-acylazindmes. 1-Acylazindines un- open-chain carbonium ion was observed. In each case 
dergo thermal rearrangements to 2-oxazolines N- immediate observation of the oxazolinium cation re-
allylamides, and 2-benzamidobenzalacetophenones.6 In sulted The oxazolinium ions were identified by (A)
the presence of various nucleophiles, 1-acylazindines examination of their nmr spectra13 at 33° (Table I),
may isomerize to either a single 2-oxazohne or isomeric (R) lsolatlon and subsequent identification of the 2-
2-oxazolmes depending on the substitution in the 2 and oxazolineS; and (C) regeneration of the same oxazolin-
3 position of the aziridine nng. 4̂ ;8,9 Since Gabriel and ium ion from authentic samples of the 2-oxazolines.
Stelzner10 observed that 1-aziridmethiocarboxamlide is The nmr trum of ion 2e shown in Figure i, is repre- 
converted into 2-anilino-2-thiazolme by concentrated sentative of the quality 0f the spectra obtained. The
hydrochloric acid, a few reports6 of acid-catalyzed isom- chemical ghifts of the 2-methyl and 2-phenyl substit-
enzations have appeared The most pertinent study uents in iong 2a_2e were deshielded with respect to
to our work was that by Heine, Fetter and Nicholson/ their itions in the speotra of their corresponding 2r
who reported the essentially quantitative conversion of oxazolines. The ri otons on c _5 adjacent to
l-p-mtrobenzoyl-^^-dimethylazmdme into 2-p-mtro- were al found more than 0 7 down_
phenyl-5 5-dimethyl-2-oxazohne in concentrated sul- field from the otons at c .4 No lo couphng
func acid. As part of our continuing probe into the involving the C. 2 methyl protons was observed in the
mec anism o reac ions invo vmg car ony-group cations.14 The proton on nitrogen appears as a broad-
participation m carbomum ion reactions, 2 we decided ened si det owi to the ^  quadrapoie,« which
to record the nmr spectra of some 1-acylazindines in shorteng the indattice relaxation time to a value corn-
strong acid media to see whether oxazolinium ion for- ble with the reciprocal 0f the J Hn coupling con-
mation, and intermediates leading to them, could be gtant observation of the proton on nitrogen rules out

.-j. j.» x r . 1 . . i. , fast proton exchange with solvent. However, in 60%(Quantitative rearrangement of 1-acetylazindines la
ic and. l-benzoylaziridines I d  and le to the correspond" (13) The values of the chemical shift varied with acidity in H2SO4;

in trifluoroacetic acid the downfield shifts were not so great as in H2SO4.
(9) D. E . Johnson, R . H. Quacchia, and A. J .  DiMilo, In d . Eng. Chem.\ (14) In  2-oxazolines long-range coupling between the C-2 methyl protons

Prod. Res. Develop., 6, 273 (1967). and the C-4 protons are observed; cf. S. P. McManus, Chem. Commun., 235
(10) S. Gabriel and R . Stelzner, Chem. Ber., 28, 2929 (1895). (1969).
(11) H. W. Heine, M. E . Fetter, and E . M. Nicholson, J .  Amer. Chem. (15) (a) J .  D. Roberts, J .  Amer. Chem. Soc., 78, 4495 (1956). (b) The

Soc., 81, 2202 (1959). broadening, due mainly to asymmetric fields near N, indicates the preserved
(12) (a) C. U. Pittman and S. P. McManus, Chem. Commun., 1479 sp2 hybridization in cations 2a-2c where the electric held symmetry is far 

(1968); (b) C. U. Pittman and S. P . McManus, Tetrahedron Lett., 339 lower than in ammonium ions.18
(1969). (16) A ’O. D. Tiers and F. A. Bovey, J .  Phys. Chem., 63, 302 (1959).
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H 2SO4 the nitrogen proton is not observed, indicating Scheme II
that, at this lower acidity, the rate of proton exchange r 2 r 2 r 2
with solvent is increased. The c is  and tr a n s  vicinal +H+ \  +h+ V
coupling between the ring protons at C-4 and C-5 are r3' n + ’i==f  R3/ N r3/ N
equal, within experimental error, in ions 2a, 2b, 2d, and ~H+ | H*
2e. While this is an exception to the Karplus equation R,/ % 0  „ n / C\ n
prediction, th is  phenom enon has been found m  d ihy- hi 0 / Ri 0
drofuran ring systems17 and five-membered-ring oxon- /  \ X .  1 ^
ium ions. 12 These couplings are large, with values of /  \ X -------------------X
9-10  Hz in each ion. /  \ concerted

Since oxazolinium ions were the only cationic species V j
which could be observed in sulfuric acid, stronger ~ r 2
acids18 were used at lower temperatures. In F S 0 3H - jX -Ra \ __
;SbF6- S 0 2 media at —55°, stable O-protonated 1 - h3-̂ J— \ +n X \  R3X ^
acylaziridines 4a-4c were formed with nmr spectra % + .NH “—  II ] ■*—  3( |

y  shift C /  ' X

hN— C— R, fso3h—SbFs—S02 [ > — C— R, R„ X R, toN ^  n f  \ +

1  H ^ -------  R2" T  II 2  I I
R3 0  R3 +0 R3X \ k  L  h  H j

1 X H ° V

4 I  X

virtually identical with those recently reported by Olah 5 N allykmide
and Szilagyi.6 This conclusively demonstrates 0  pro
tonation as opposed to N  protonation. See Table II. acylaziridines4 can be followed by concerted ring open

ing to an O-protonated oxazoline, which immediately 
Table II converts into the observed oxazolinium ions (2). How-

Nmr Assignments of Protonated 1-Acylaziridines“ ever, N-protonated acylaziridines could exist in equilib-
Ion Rl 0H Ring CH2 (CH) Ring CHa rium with O-protonated (4) or unprotonated (1) acylaziri-
4a CH3, 2.98 (s) 9 .12 (s) 5.10 (m) dines. The N-protonated species could rearrange
4b CH3, 2.89 (s) 9.40 (s) 4.89 (m) 1 .86 (d) directly by a concerted process to oxazolinium ions (2)
. j n w  c ms 1 n a n ,   ̂ X !  or Proceed through the short-hved carbonium ion 5.

. 6 6’ ‘ ‘ |s. ' m . . . The lack of H -D  exchange during the rearrangement
“ a, singlet; d, doublet; m, multiplet; the positions are given demonstrates that if ion 5 has d iscrete existence itsin parts per million downfield from TM S. s Unlike most proton- aemonstrates that, 11 ion 3 nas discrete existence, its

ated aryl ketones, the o r t h o ,  m e t a ,  and p a r a  hydrogens of the ring lifetim e IS too short to perm it equilibrium  w ith  th e
are not well resolved. corresponding N-allylamides, which are known to

cyclize to 2-oxazolines in acids. 21 N protonation is
The resistance of oxazolinium ions 2a-2c to H -D  analogous to the proposed C protonation in acid-

exchange is remarkable. When la - lc  rearrange in catalyzed ring opening of acylcyclopropanes. 22

96 %  D 2SO4, other than at nitrogen, no H -D  exchange
occurs even after 14 hr at 120°. In 65%  D 2S 0 4, no Experimental Section
H -D  exchange has occurred after 10 min at 122°.
Thus oxazolinium cations are similar to dioxolenium . SiTA"1Ildme ,wer% kindly, . . . . , , r j l  £ donated by the Rohn and Haas Co. 2,2-Dimethylaziridme was
cations in their resistance to exchange but diner from prepared by the method of i'anta.— The 1-aeetylaziridines were
l-oxoniacyclopent-l-enyl cations120, in the H—D ex- prepared by reaction of the appropriate aziridine with ketene,24
change propensity of the C-2 methyl group. Upon and the 1-benzoylaziridines were prepared from the aziridines

and benzoyl chloride as described by Stephens, e t  a l ,2S Fluoro- 
/  / \ sulfonic acid-antimony pentafluoride was purified as previously

O + NH „ O. NH described.26
'Y  X X  Nmr Spectra.—All spectra was recorded using a Varian HA-100

I II spectrometer with a variable-temperature probe. The chemical
shifts are relative to tetramethylsilane as an internal standard 
(internal capillary').

heating la - lc  in 50%  sulfuric acid, low molecular Rearrangement of l-Acylaziridines in Sulfuric Acid.—Carbon
weight N-acylpolyethylenimine polymers are formed. tetrachloride solutions containing CO. 10% of a 1-acylaziridinewere
Thus facile N-acylaziridine polymerization40,13'6' 19'20 in added dropwise with rapid stirring to solutions of sulfuric acid
th e  nresence o f nrntnn acids annears to  nroeepd b v  nrinr at 15° or below' 3ulfuric acld concentrations used were 80, 90,th e  presence ot proton acids appears to  proceed by prior and g6% _ In all cageg portioils of the solutions were quickly
ring opening to  oxazolinium  ions. transferred to nmr tubes and the spectra were recorded. Spectral

Our results lead us to refine the Heine ring-opening values at 33° of the oxazolinium ions produced in 90% sulfuric
mechanism11 (Scheme II). O protonation of the acid are compiled in Table I.

(17) L. M. Jackman, “Application of NM R Spectroscopy in Organic
Chemistry,” Pergamon Press, New York, N. Y ., 1959, p 87. (21) R . H. Wiley and L. L. Bennett, Chem. Rev., 44, 447 (1949).

(18) (a) R . J .  Gillespie, Accounts Chem. Res., 1, 202 (1968); (b) A. (22) C. U. Pittman and S. P. McManus, J .  Amer. Chem. Soc., 91 , 5915
Commeyras and G. A. Olah, J .  Amer. Chem. Soc., 91, 2929 (1959). (1969).

(19) J .  W. Cornforth in “ Heterocyclic Compounds,” Vol. 5, C. R . Elder- (23) P. E. Fanta, U. S. Patent 2,766,236 (Oct 9, 1956).
field, Ed., John Wiley & Sons, Inc., New York, N Y ., 1950, p 383. (24) P. E . Fanta and A. S. Deutsch, J . Org. Chem., 23, 72 (1958).

(20) T . G. Basseri, A. Levy, and M. H. Litt [Polymer Lett. 5, 871 (1967)] (25) W. D. Stephens, L. R. Moffett, H. W. Vaughn, W. E . Hill, and S. P.
have reported polymerization of a wide variety of oxazolines to N-acyl- Brown, J .  Chem. Eng. Data, 8, 625 (1963).
polyethylenimines using a variety of Lewis and proton acids. (26) G. A. Olah, J .  Amer. Chem. Soc., 87, 1103 (1965).
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The oxazolines 3a-3e were recovered in yields of 53-71%  the 4-chloro-7-methyl isomer 3), which was obtained
(Table I) by dropwise addition of the acid solution into excess, jn 51%  yield. Proof of structure was provided by
rapidly stirring aqueous sodium bicarbonate with continuous deCarbalkoxylation and dechlorination (hydrogenolysis 
ether extraction.11 Each oxazolme was identified unequivocally \ i , k  1 , c
by comparison with an authentic sample.1“'24 with Pd-C  catalyst) to the known1 _ 2,7-dimethyl-5-

Proton Exchange Studies.—The exchange of the nitrogen pro- hydroxyindole (5). Although in this instance the de
ton of ions 2a -2e in 65% sulfuric acid solution was determined by chlorination yield was low, a satisfactory yield (74%)
diluting solutions of the ions to the proper concentration and was obtained with the 5-methoxy derivative 6 to give

2,7-dimethyl-5-methoxyindole (7) Thus this pro- 
nmr spectra and using peak integration as the measuring device. cedure appears to offer a potentially useful synthetic 

Protonation of l-Acylaziridine.—The aziridine derivatives method for the preparation of 2,7-dialkyl-5-oxyindoles. 
la -lc  were each dissolved in sulfur dioxide and the resulting 
solutions were added to 1:1  fluorosulfonic acid-antimony penta- q
fluoride at —70°. Their individual spectra were recorded at i Cl
- 5 5 °  (Table II ) . HC— C02C(CH3)3 HCk ^ CQ2C(CH3)3

Registry No.—2a, 23704-69-0; 2b, 23704-70-3; 2c, L X  II T  [  T
23704-71-4; 2d, 23704-72-5; 2e, 23704-73-6; 4a, | °  / C_CH> S ^ N ^ C H 3
23402-58-6; 4b, 23402-59-7; 4d, 23402-60-0. CH3 nh2 ¿ Hj ^ ""

Acknowledgment.—The authors appreciate the as- 2 3
sistance of Mr. J . T. Carroll in the preparation of some PS “onic I (CH3)2SO<
of the acylaziridines and thank Dr. C. O. Parker of the acid| 2'
Rohm and Haas Co., Huntsville, Ala., for the gift of Cl acid

aziridine samples. I
HO. ^  H<X

- - - - - - - - -  . . X J X  «  W ^ c „N enitzescu Indole Synthesis with | T | 3
2-Chloro-5-m ethylbenzoquinone ^ *3 H 3 H

5 4
J ohn F . Poletto and Martin J .  Weiss Cl

Process and Preparations Research Section, CH jOv^^s^------  ̂ [h] 3 X 5***!!------ ¡1
Lederle Laboratories Division, American Cyanamid Company, 1 II II * p j-p L  JL JL

Pearl River, New York 1 0 9 6 5  vV ' 'Tv NnCH3 CRj

CH3 I  CH3 A
Received September 3 0 , 1 9 6 9  ^

The reaction of aminocrotonate esters (e.g., 2) with 
p-quinones (e.g., 1) to form o-hydroxy-3-carbalkoxy- Experimental Section5
indoles (e.g., 3) proceeds via condensation of the ter- ¿-Butyl 4-Chloro-5-hydroxy-2,7-dimethylindole-3-carboxylate
minal carbon of the enamine triad and one of the C = C  (3),—To a hot solution of 5-chloro-2-methyl-l ,4-p-benzoquinone
carbons of the quinone system.1'2 With unsymmetri- ( l )6 (3.12 g, 0.0199 mol) in glacial acetic acid (15 ml), ¿-butyl 3-
cally substituted quinones, the isomeric 5-hydroxy- aminocrotonate (2)3 (3.14 g, 0.02 mol) was added, After 30

, n , j ,  i „ „ 1 4 1  min without application of heat, the solution was cooled, and theindole that is ultimately produced depends on which regulting pinkPPrecipitate was *filtered and washed witk chilled
of the available double-bond carbons participates in acetic acid to give 2.99 g (51%) of 3, mp 178-180° dec.
this condensation. In the case of monosubstituted An analytical sample was obtained by elution from Florisil7 
quinones, a 4-Substituted 5-hydroxyindole product has (magnesia-silica gel adsorbent), followed by recrystallization from 
been reported only with trifluoromethyl3 and carbeth- X o X X  X X  mp,> i ^ «  218, 248, 288 mM (e
oxy qunone substituents. Such a product implies & 153 [s> 9> C(CH3)3], 2.37 (s, 3, 7-CH3), 2.47 (s, 3, 2-CH3),
condensation of the enamine carbon at the ortho position 6.62 (broadened s, 1, 6-H), 8.97 (s, 1, OH), and 11.2 (broadened
in the quinone ring. With substituents such as alkyl,1 s, 1 , NH) ppm.
halogen,3 and alkoxy,1 condensation occurs at the vara Anal. Calcd for CiEHi8C1N03: C, 60.91; H, 6.13; Cl, 11.98; 
or meta positions, and leads to 6-substituted and in N’ 1‘pu‘i /a(78AN’ 4 8°i- ii
some cases also 7-Substltuted 5-hydroxymdoles. stirred solution of ¿-butyl 4-chloro-5-hydroxy-2,7-dimethylindole-

Since neither methyl nor chlorine leads to ortho con- 3-carboxylate (3) (2.99 g, 0.0101 mol) and p-toluenesulfonic acid
densation when substituted on the quinone ring, it was (250 mg) in 250 ml of toluene was heated at reflux for 1 hr. The
of some interest to investigate a Nenitzescu reaction solution was cooled, filtered, and evaporated to dryness. The

■ 0 , , r 11 ii • T residue was dissolved in ethyl acetate and washed with dilute
with 2-chloro-5-methylbenzoqumone. In this case sodium bicarbonate solution and then with water. The organic
condensation would have to take place at an ortho po- __________
sition. From this condensation we have been able to (5) Melting points were determined in open capillary tubes on a Mel-Temp
detect only one isomer, the product of enamine con- apparatus and are uncorrected. Ultraviolet spectra were determined in 
i . • . 7 x x i  i i *  v ,* ,  a / i methanol solution with a Cary recording spectrophotometer, and infrareddensation ortho to the chlorine substituent (namely, 8pectra were determined in potassium bromide disks with a Perkin-Eimer

Model 21 spectrophotometer. The proton magnetic resonance spectrum
(1) G. R . Allen, Jr ., C. Pidacks, and M. J .  Weiss, J .  Amer. Chem. Soc., was determined with a Varian A-60 spectrometer in dimethyl sulfoxide-de,

88, 2536 (1966). using tetramethylsilane as an internal standard. Evaporations were done
(2) D. Raileanu and C. D. Nenitzescu, Rev. Roum. Chem., 10, 339 (1965); under reduced pressure.

Chem. Abstr., 63, 9903 (1965). (6) H. H. Hodgson and F. H. Moore, J .  Chem. Soc., 2036 (1926).
(3) R . Littell and G. R . Allen, Jr ., J .  Org. Chem., 33, 2064 (1968). (7) Florisil is the trademark of the Floridin Co. for a magnesia-silica
(4) G. R . Allen, Jr ., and M. J .  Weiss, ibid., 33, 198 (1968). gel adsorbent.
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phase was dried over magnesium sulfate and concentrated to a Anal. Calcd for C11H13NO: C, 75.40; H, 7.48; N, 7.99. 
red oil. The oil was chromatographed on Celite8 and the product, Found: C, 75.10; H, 7.31; N, 7.67. 
eluted with 10% ether-benzene, was recrystallized from ether-
petroleum ether (bp 30-60°) to give 1.23 g (63%) of 4 as pink Registry No.- 1, 19832-87-2; 3, 23386-23-4; 4,
crystals: mp 111-113°; Araa* 218, 275 mM (« 22,500, 10,500); 23386-24-5; 6, 23386-25-6; 7, 23386-26-7; f-butyl
ir 2.9, 3.02, 6.5, 6.67, 8.15, 8.5 m- 4-chloro-2,7-dimethyl-5-methoxyindole-3-carboxylate,

Anal. Calcd for C10H10CINO: C, 61.34; H, 5.11; Cl, 18.14; oqqq« 97 o
N, 7.16. Found: C, 61.80; H, 5.46; Cl, 18.29; N, 7.34. ¿ 0000- ^ - 0 .

2,7-Dimethyl-5-hydroxyindole (5:,-4-Chloro-5;;hydroxy-2,7- Acknowledgment.— We are indebted to Mr. L. Bran-
dimethylmdole (4) (392 mg, 2 mmol) and 40 ml of 0.1 N- aqueous , , .  f , m icroana]vsps and M r w
sodium hydroxide were shaken in a Parr low pressure hydrogena- an a  n ,S, . an  IOr. tn e  I?11C ° analy ses an a  t0 • w •
tion apparatus with 500 mg of 10%  palladium-on-charcoal Fulmor and his associates for the spectral data, 
catalyst, at an initial hydrogen pressure of 30 psi, until hydrogen 
uptake ceased. The reaction mixture was filtered, and the filtrate 
was acidified with dilute hydrochloric acid and then extracted
with ethyl acetate. The combined extracts were dried over R eductive Cleavage of Ferrocen e Derivatives
magnesium sulfate and concentrated to an oil, which was chro
matographed on silica gel. The product was eluted with 5%  Alfred D. B rown, J r ., and Hans R eich
ether-benzene. Recrystallization from methylene chloride-
petroleum ether (bp 30-60°) gave near-white crystals, 58 mg __
(18% ), mp 1 4 5 -1 4 7 ° , undepressed on admixture of this substance Directorate o f Chemical Sciences,
with authentic 51 and identical in ultraviolet and infrared spec- Frank J • Seder Research Laboratory, Office o f Aerospace Research,
£rum U. S. A ir Force Academy, Colorado 8081,0

i-Butyl 4-Chloro-2,7-dimethyl-5-methoxymdole-3-carboxylate.
—To a stirred solution of 15.5 g (0.0523 mol) of i-butyl 4-chloro- Received Ju ly  22, 1969
5-hydroxy-2,7-dimethylindole (3) in 96.3 ml of ethyl alcohol and

°J 2 podium hydroxide solution was added dropwise over Ferr0ceiie ( 1) and a number of ferrocene derivatives 
1 hr 31.6 g (23.4 ml, 0.251 mol) of dimethyl sulfate. Themixture , , , . , , , . .
was heated at reflux temperature for 1.5 hr, cooled, diluted with have been subjected to reduction by solutions of
water, and filtered, to give 13.1 g (80%) of product, mp 175-180°. metals in amines.1 As part of our research in ferrocene
A sample was recrystallized from ether to give crystals: mp 182- chemistry, we were interested in studying factors
184° (gas evol); Am»* 221, 285 (shoulder), 285 m^ (e 40,000, influencing the ease of reduction of substituted ferro-
17,100,11,800); ir 3.05, 3.35, 6.00, 6.25, 6.85, 8.25, 8 .6 ,9 .25 *  ;dpntifvj nir th e  isom ers of substitu ted

Anal. Calcd for C,6H20ClNO3: C, 62.03; H, 6.50; C l,11.47; cenf s ancl ^ e n tily in g  tn e  isom ers ot substituted.
N, 4.51. Found: C, 61.94; H, 6.65; Cl, 11.18; N, 4.32. cyclopentadienes obtainable by reductive cleavage of

4-Chloro-2,7-dimethyl-5-methoxyindole (6).—A solution of 8.2 1,1'-dialkyIferrocenes. We subjected three sym-
g (0.0266 mol) of i-butyl 4-chloro-2,7-dimethyl-E-methoxyindole- metrically substituted dialkylferrocenes, 1,1'-dimethyl-,
3-earboxylate and 600 mg of p-toluenesulfonic acid mono- (2) 1 1  '-diethyl- (3), and l,l'-dibenzylferrocene (4),
hydrate in 900 ml of toluene was heated at reflux for 1 hr. The , » , ro ni , ,
solution was cooled, filtered, and evaporated to dryness. The and two ferrocenophanes 3 ]ferrocenophane (5) and
residue was chromatographed on silica gel, and elution of product [3 J [3 J- l>3-f errocenophane (6), as well as 1, to reduction,
with benzene gave 4.13 g (74.5%) of product melting at 132-136°. by Li in propylamine (Scheme I). We assumed
A sample was .recrystallized from ether-petrcleum ether (bp originally that reduction of each dialkyl compound
os_son\n°snme ^%StQ1Sq ofi9?1 0̂ ’ Xmax 221 ’ 278 mM (( would lead to three alkylcyclopentadienes and that 

Anal. Calcd for C„H,2ClNO: C, 625)9; H, 5.76; Cl, 16.92; these could be identified as 1-, 5-, or 7-Substituted
N, 6.67. Found: C, 62.81; H, 5.64; Cl, 16.65; N, 6.98. norbornene derivatives by preparing Diels-Alder ad-

2, 7-Dimethyl-5-methoxyindole (7).—4-Chlorc-2,7-dimethyl-5- ducts with maleic anhydride. However, we found no
methoxyindole (6) (419.4 mg, 2 mmol), 392 mg (4 mmol) of 7-Substituted norbornenes and, in the case of 1,1 '-di-
potassium acetate and 480 mg of 10% palladmm-on-charcoal in benzylferrocene only th e  1-benzylnorbornene deriva-
50 ml of ethyl alcohol was shaken in a Parr low pressure hydro- • /  „ . /  . ,
genation apparatus at an initial hydrogen pressure of 30 psi tive, which arises from 2-benzylcyclopentadiene, was
until hydrogen uptake ceased. The reaction mixture was found. After reduction and quenching, 1 gave cyclo-
filtered and concentrated. The residue was partitioned between pentadiene which was converted into N-phenyl-5-
methylene chloride and water. The organic phase was separated, norbornene-2,3-dicarboximide (7) by treatment with
s  r r ^  « ^ n d .  ^  ^  « by
60°) to give 257 mg (73.5%) of crystals, mp 73-75°, undepressed amluiG. binularly, 2 gave a mixture of 2- and 3-m eth- 
on admixture of this substance with authentic 2,7-dimethyl-5- ylcyclopentadienes which were characterized as 1- and 
methylindole (7), prepared as described below, and identical in 5-methyl-N-phenyl-5-norbornene-2,3-dicarboximides (8

ultraviolet and infrared spectrum. and 9). The reduction of 3 and subsequent treatment
2,7-Dimethyl-5-methoxymdole (7).—To a stirred solution of . , , . . .  . ,

26.4 g '0.163 mol) of 2,7-dimethyl-5-hydroxyindole (5),> 297 ml of of the reaction product with maleic anhydride led to
ethanol and 595 ml of 2 N  sodium hydroxide solution was added l-ethyl-5-norbornene-2,3-dicarboxylic anhydride (10),
dropwise, under nitrogen, 73.3 ml of dimethyl sulfate (0.785 mol) the corresponding dicarboxylic acid (11), and a lactonic
over a period of 1 hr. The reaction mixture was then heated at acid, mp 157.5-158°, which proved to be 5-ethyl-5-
reflux for 1 hr, cooled, diluted with water, and extracted with hydroxynorbomane-2,3-dicarboxylic acid y-lactone (12)
ethyl acetate. The combined extracts were washed with saline, . £ n j  0 ,, , , , i-
dried over magnesium sulfate, and concentrated. The residue indicating the formation of 2- and 3-ethylcyclopentadi-
was dissolved in benzene and passed through a magnesia-silica ene only. The preparation of 5-ethyl-5-norbornene-
column using benzene as the eluting solvent. The initial 1200 2,3-dicarboxylic acid (13), mp 156°, has been reported,2
ml of eluate was evaporated to give 23 g (78%) of yellow oil, which bu + since its structure was not proved and since the
crystallized on standing. A sample was recrystallized from
ether-petroleum ether (30-60°) to give near white crystals: (1) (a) d . S. Trifan and L. Nichols, /. Amer. Chem. Soc., 79, 2746 (1957).
mp 76-77°; Xmai 215, 272 mn  (e 19,200, 8570); ir3.0, 3.45, 6.25, (b) J .  M. Osgerby and P. L. Pauson, J .  Chem. Soc., 4604 (1961). (c) A. N.
6.73 8.36, 9.55 jU. Nesmeyanov, et al., Dokl. Akad. N auk SSSR, 160, 137 (1965); 177, 586

(1967). (d) G. W. W att and L. J .  Baye, J .  Inorg. Nucl. Chem., 26, 2099
'  (1964). (e) D. W. Slocum and W. E . Jones, J .  Organometal. Chem., 15,

(8) Celite is the trademark of the Johns-M anville Corp. for diatomaceous 262 (1968).
earth. (2) K . Alder and H .-J. Ache, Chem. Ber., 95, 503 (1962).
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Scheme I
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R W N C 6H5 Rx  WNCeHs

0  0
8, R = CH3 9, R = CH3

a, Li +  propylamine, then H20
b, maleic anhydride
c, aniline, then acetic anhydride +  potassium acetate

diacid obtained from 5-methyl-5-norbornene-2,3-di- studied. In contrast, no reaction was observed when
carboxylic anhydride also undergoes spontaneous the reduction was tried with 6, similar to results
lactone formation,3 we believe that the reported diacid reported by Schlögl4 and Ellis,5 and this compound was
132 was in fact the lactonic acid 12. recovered quantitatively from the reaction mixture.

When our reduction procedure was applied to 4, The failure of 6 to react could be due to the constrict- 
only one product, l-benzyl-5-norbornene-2,3-dicar- ing effect6 of the two bridging groups which tend to
boxylic anhydride (14), could be isolated after treat- displace the rings from their equilibrium separation
ment with maleic anhydride, indicating that 2-benzyl- distance toward one another, effectively trapping the
cyclopentadiene was the only isomer formed. iron in a strained hydrocarbon cage. This results in a

Yields of norbornene derivatives in the cases in large reduction potential, probably associated with
which two isomers were formed were quite low since steñc constriction of the transition state for such a
significant losses occurred in the difficult separation and process. We expect that [m] [njferrocenophanes where
purification steps. More important to us was the m  and n  are greater than 3 should be more easily
degree of degradation of the variously substituted reduced and experiments are planned to explore this
ferrocenes and our experiments indicate that steric idea,
effects play a major role in the ease with which reduc
tion occurs. Thus, 1 and 2 were degraded to the extent Experimental Section7
of i !  and 70%  respectively, while 3 (34%) and 4 (45%) Ferrocene and Ferrocene Derivatives.—Ferrocene and 1,1'- 
proved to be more resistant to reduction. The reduc- dimethylferrocene were obtained from Arapahoe Chemical Co.
tion of 5 was evidenced in the reaction mixture by and were purified by column chromatography or sublimation
e v o lu tio n  o f h e a t  a n d  d e p o sitio n  o f m e ta llic  iro n , b u t  (4) Karl Schlögl, Annual Summary Report No. 3, March 1963, U. S. Air
n o  w ell-d e fin e d  m o n o m e ric  a d d itio n  p ro d u c ts  w ith  Force Contract No. 61 (0E2)-383, Air Force Materials Laboratory,
m a le ic  a n h y d r id e , N -p h e n y lm a le im id e , o r  t e t r a c y a n o -  in[ % % y - E1Iis’ PhD ' D!ssertation' Part n ' University of Illinois, Urbana,

e th y le n e  c o u ld  b e  is o la te d . B a s e d  o n  s ta r t in g  m a te r ia l  (’ej N. D. Jones, R. E. Marsh, and J. H. Richards, Acta Crystallogr., 19,
re c o v e r e d  ( 6 7 % ) ,  5  is  s o m e w h a t  m o re  r e s is ta n t  t o  330U965).

, /» ,1 • -i i* 11 (7) Melting points were taken on a Kotier hot stage and are uncorrected,
re d u c tio n  t h a n  a n y  o f t h e  s im p le  d ia lk y lfe rro c e n e s  Nmr spectra were determined in CDCls on a Varían A-60 instrument with

tetramethylsilane as an internal reference, and infrared spectra were re-
(3) V. A. Mironov, E. V. Sololev, and A. N. Elizarova, T e t r a h e d r o n , 19, corded using a Beckman IR-4 spectrophotometer. Elemental analyses were 

1939 (1963). performed by Galbraith Microanalytical Laboratories, Knoxville, Tenn.
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prior to use. 1,1'-Diethyl-8 and 1,1'-dibenzylferrocene,8 [3]ferro- ir (CHCls) 5.37, 5.61 ¡i (C = 0 ) ; nmr r 8.96 (t, 3, CH3CH2), 
cenophane,9 and [3] [3]-l,3-ferrocenophane9 were prepared by 8.67-7.66 (m, 4, CH3CH2 and ring CH2), 6.78-6.13 (m, 3, C II), 
reported procedures. 3.97-3.60 (m, 2, C H =CH ). Those of 11 follow: mp 126-128.5°

Reductive Cleavage Reactions.—The usual procedure was to (methylene chloride-hexane or H20 )  (lit. mp 131-132°,12 136° 2);
stir 3-5 g of the ferrocene derivative in 30 ml of n-propylamine ir (CHC13) 5.80 y (C = 0 ) ; nmr r 9.25-7.90 (m, 7, CH3CH2 and
with 1 .0-1 .6 g of Li wire cut into two or three pieces. Except in ring CH2; discernible are a triplet and quartet from the ethyl
the case of 6, each reaction mixture darkened and boiled spon- group, J  = 7.3 Hz), 6.99-6.33 (m, 3, CH), 4.06-3.63 (m, 2,
taneously after a few minutes. Stirring was continued for several CH =CH ), chemical shift variable with concentration (s, 2, OH);
hours at room temperature; then the mixtures were diluted with equiv wt (titration) 107, calcd 105. Those of 12 follow: mp
benzene and poured into ice-water. The aqueous layer was 157.5-158°; ir (mull) 5.62 (C = 0 , lactone), 5.80 ¡x (C = 0 , acid);
added slowly to ice-water containing excess HC1 and extracted nmr (Na salt in D20 )  r  9.07 (t, 3, CH3CH2), 8.65-7.93 (m, 6,
twice more with benzene. The combined benzene solutions were CH2), 7.60-6.84 (m, 4, CH).
dried (MgSCL), treated with maleic anhydride, and slowly dis- Anal. Calcd for CuHuO*: C, 62.84; H, 6.71; mol wt, 210. 
tilled to dryness on a steam bath to give a mixture of the Diels- Found: C, 62.48; H, 6.53; mol wt (titration), 205.
Alder adduct and starting material. Separation and purification l-Benzyl-5-norbornene-2,3-dicarboxylic Anhydride (14) from
were accomplished in two different ways as described in the 1,1 '-Dibenzylferrocene (4).—Compound 4 (3.08 g, 8.4 mmol) and
following paragraphs. 0.92 g of Li wire were stirred for 7.5 hr in 30 ml of propylamine

N-Phenyl-5-norbomene-2,3-dicarboximide (7) from Ferrocene and subjected to the standard work-up. The resulting dried
(1).—The crude product obtained from 1 (3.00 g, 16.1 mmol), benzene solution containing benzylcyclopentadiene was treated
1.63 g of Li, and 2.7 g of maleic anhydride was taken up in with 1.5 g of maleic anhydride, concentrated on the steam bath,
acetyl chloride, refluxed for 1 hr, and evaporated; the residue extracted five times with 50 ml of water (which yielded 0.57 g 
was dissolved in a small volume of benzene and then treated with of maleic acid) and evaporated to dryness. The residue was
2.6 ml of aniline. After 1 hr at room temperature, the mixture heated 3.5 hr at 107° with 50 ml of 2 N Na2C 03 solution and the
was evaporated and the residue was heated for 0.5 hr on the resulting suspension was extracted thoroughly with methylene
steam bath with 30 ml of acetic anhydride and 2.9 g of anhydrous chloride from which was recovered 1.63 g of 4 (52.9% ). The
sodium acetate. This suspension was diluted with benzene, alkaline solution was acidified with 2 N HC1 and extracted with
washed thoroughly with water, dried (MgSCL), concentrated, and methylene chloride to give 2.14 g of crude acid (46.7%, calcd 
chromatographed on silica gel. The first fraction eluted with for benzylnorbornenedicarboxylic acid).
benzene was rechromatographed on A120 3 and gave 0.70 g of 1 This acid was converted into its anhydride by refluxing for 1 hr
(23.3%) and 2,43 g of 7. Following fractions after rechromato- with 25 ml of acetyl chloride. The solution was evaporated to
graphing (A120 3) yielded 2.19 g of 7; the total yield of 7 was 4.62 dryness and the residue was extracted several times with hot
g (59.8%). Recrystallization from methylene chloride-hexane hexane. The concentrated extracts, upon cooling, gave white
gave pure 7 as white needles: mp 142.5-144.5° (lit.10 mp 144°); crystals which were purified by recrystallization from ethyl
ir (mull) 5.63, 5.82 m (C = 0 ) ; nmr r  8.67-8.21 (m, 2, CH2), acetate: mp 121-122.5° (lit.13 mp 123°); ir (CHC13) 5.34, 5.58
6.69-6.42 (m, 4, CH), 3.83-3.61 (m, 2, CH =CH ), 2.98-2.40 M (C = 0 ) ; nmr t 8.75-8.17 (m, 2, ring CH2), 6.89-6.42 (m, 5,
(m, 5, C6H5). CH and benzyl CH2), 3.88-3.60 (m, 2, C H =C H ), 2.72 (s, 5,

1- and 5-Methyl-N-phenyl-5-norbomene-2,3-dicarboximide (8 C6H5).
and 9) from l,l'-Dimethylferrocene (2).—From 2 (3.46 g, 16.2 Attempted cleavage of [3]Ferrocenophane (5) and [3][3]-l,3- 
mmol), 1.55 g of Li, and 3.0 g of maleic anhydride by the proce- Ferrocenophane (6).—Attempted cleavage of 5 gave an intracta-
dure described for 1 was obtained 8.78 g of a thin red oil which was ble mixture whereas 6, when subjected to similar reaction condi- 
chromatographed on S i02. Elution with hexane yielded starting tions, remained unchanged, 
material (1.03 g, 29.7% ), with 1:1 hexane-benzene, N-phenyl-
maleimide, and with benzene, a mixture of 8 and 9, whose separa- R e g is tr y  N o .— 1 , 102-54-5; 2 ,  1291-47-0; 3 ,  1273- 
tion required rechromatographing (A120 3) several times followed 97-8; 4, 12114-61-3; 5, 12402-44-7. 
by recrystallization from methylene chloride-hexane or hexane
alone before reasonably pure materials could be isolated. Isomer A c k n o w le d g m e n t.—We th a n k  Mr. J . L. P flu g  a n d
?  was Kolated: mp 168-180° (lit.11 mp 179-180°); ir (CHCls) M  A n to in e t te  A u s tin  fo r  a s s is ta n c e  in  ta k in g  s p e c tr a .  
5.54, 5.77 m (C = 0 ) ; nmr r 8.38 (m, 5, CH2 and CH3), 6.95-
6.33 (m, 3, CH), 4.03—3.60 (m, 2, C H =CH ), 2.99—2.34 (m, 5, K. Alder and H. Holzrichter, Justus Liebigs Ann. Chem., 524, 145
CeHi) (lit.11 r  8.40, 3.93). The 5-methyl isomer, 9, was isolated (1936). 
in approximately the same purity: mp 116-122.5° (lit.11 mp
128-129.5°); ir (CHCls) 5.54, 5.76 M (C = 0 ) ; nmr r 8.67-8.06 --------------------------
(m, 5, CH2 and CH3), 6.76-6.40 (m, 4, CH), 4.22 (m, 1, C =C H ),
3.00-2.33 (m, 5, C6H5) (lit.11 r  8.18, 4.24). Q u a n t i t a t iv e  D e u t e r a t io n  o f  a  G r ig n a r d

l-Ethyl-5-norborene-2,3-dicarboxylic Anhydride (10), 1-Ethyl- Y  _
5-norbomene-2,3-dicarboxylic Acid (11), and 5-Ethyl-5-hydroxy- R e a g e n t .  T h e  P r e p a r a t io n  o f  2 - B u t e n e  2 -a i
norbomane-2,3-dicarboxylic Acid 7-Lactone (12) from 1,1'-
Diethylferrocene (3).—Compound 3 (4.55 g, 18.8 mmol), 1.30 R ichabd A. Caldwell
g of Li, and 3.0 g of maleic anhydride were allowed to react by
the usual procedure to give the crude maleic anhydride adduct . Tr .
which was heated for 2 hr on the steam bath with 75 ml of 2 A Department o f Chemistry, Cornell University,
Na2C 03 solution and then extracted three times with 100 ml of Ithaca, Mew York 1486(1
methylene chloride. From these extracts was recovered 3.01 g
(66.2%) of starting material (chromatographed on A120 3, • Received August 1, 1969
eluted with hexane). After acidification with 4 N HC1, the clear
aqueous solution was concentrated under vacuum and extracted c o n n e c t io n  w ith  a  r e c e n t  s tu d y  o f  a  p h o to c y c lo -
three times with 100 ml of methylene chloride to give 5.01 g ot , t o u t  o j  y „ _1«
crude products. These were separated by fractional crystalliza- a d d itio n  r e a c t io n , a  s a m p le  01 2 -butene- - 1 a
tion from cyclohexane, cyclohexane-hexane, and methylene s ire d  in  w h ic h  th e  la b e l  w a s  in tro d u c e d  n o t  o n ly
chloride-hexane into three components, 10, 11, and 12. Char- s p e cif ica lly  b u t  q u a n ti ta t iv e ly .  Q u e n c h in g  o f th e
acteristics of 10 follow: mp 64-66° (hexane) (lit.12 mp 65-66°); a p p r 0 p r ia t e  G rig n a r d  re a g e n t  a p p e a r e d  a  g o o d  m e th o d

(8) k . Schlögl, a . Mohar, and M. PeterUk, MonatsK. Chem.. 92, 921 o f  p r e p a r a t io n ; h o w e v e r , in  o u r  h a n d s  o th e r  p re p a r t io n s
(i96i). h a d  g iv e n  less t h a n  q u a n ti ta t iv e  in tr o d u c t io n  of l a b e l /

(9) k . l . Rinehart, Jr., D. E. Bubiitz, and d . H. Gustafson, j . Amer. A lso , P o c k e r  a n d  E x n e r ,3 in  a  c a r e fu l  s tu d y , h a d  n o te d

(10) m .’ s. Morgan, r . s. Tipson, w. e . Baldwin, and a . Lowy, M d., t h a t  p h e n y l-  a n d  b e n z y lli th iu m  a n d  m a g n e s iu m  c o m -

(11) S. McLean and P. Haynes, Tetrahedron, 21, 2313 (1965). d> R- A‘ ^ alf we“’ J ' j f ' f '  Chem' S°c” ™ preS®' ,  ,
(12) R. Riemschneider, E. Reichelt, and E.-B. Grabitz, Monatsh. Chem., (2) R. A. Caldwell and G. W. Sovocool, unpublished work

91 812 (1960) (3) Y - Pooker and J ' H- Exner> J - Amer- Chem' Soc-  90’ 6764 6968).
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pounds gave 7 5 - 9 5 %  deuteration when quenched with oxide was added, and the condensate from the second dripped
D 20 ,  depending on conditions. This note describes into a receiver cooled with Dry Ice-acetone. Removal from

r  ,. & j, ,, . . . .  , . , , residual solvent by bulb-to-bulb distillation from Dry Ice-
the preparation of th e title compound in almost acetone to liquid nitrogen on a vacuum line afforded 2 -butene
quantitative isotopic purity. (about 7 ml of liquid at 0°, 65%) that was free of any impurity

I t  has long been known4 that there is some inter- detectable by nmr. It was analyzed by vpc on a 1 0 % AgN03-
mediate in the formation of Grignard reagents from benzyl cyanide column as 90% trans-1 0 % cis.

halides that behaves like a free radical. Thus, coupling Registry N o .-2 -3u ten e-2 -d 1, 23042-68-4. 
and disproportionation products arise in appropriate
cases (eq 2 and 3). I suggest that the reaction of eq 4, Acknowledgment.—Acknowledgment is made to the

RX +  M (s ) >  R- (1) donors of the Petroleum Research Fund, administered
by the American Chemical Society, for support of this

2R---- R2 (2) work through G rant 3031-A4.
2 RCH2CH2----- >- RCH=CH2 +  RCH2CH3 (3)

R- +  (CH3CH2)20  — >- RH +  CHaCHOCHiCHa (4)
. , , , . . ,, . ,. R e a c tio n  o f  n -T o ly lsu Ifo n y lm eth y lm ag n esiu m

abstraction of a hydrogen from ether, is the reaction . _
that is primarily responsible for incomplete label B ro m id e  w ith  E th y l C m n a m a te
introduction. I  believe that in any event the isotopic
contamination occurs prior to quenching, as implied by I ° HN w - McF arland and Geoffrey N. Coleman

Pocker and Exner . 8 A simple solution to the problem
then appeared: th e  s e p a r a t io n  o f  the R H  s p e c ie s  f r o m  th e DePauw University, Greencastle, Indtana 46135

G rign ard , r ea g en t  a f t e r  f o r m a t io n  bu t b e fo r e  q u en c h in g . R SCeived Ju l 16 1969
The preparation of 2-butenylmagnesium bromide in xew e u y ’

tetrahydrofuran was effected by standard procedures. T . - ., ,
The reaction mixture was then heated until a few In a previous paper from this laboratory it was shown
milliliters of the solvent had distilled out, and with it that , P;tolylsulfonylmethylmagnesmm bromide (I)
any 2-butene that had been formed. Quenching of the added ] ’ 2  buf 4 ’ 4  X) a v f 1f ^ of «^-nnsaturated  
reaction mixture then gave evolution of 2-butene-2-d1 aldehydes and ketones. 4 To test the generality of 1,2
as a mixture of 90%  tr a n s  and 10%  c is , which could be a d ^ o n  o f  s u l f o n y l  Grignard reagents the reaction of
trapped at - 8 0 ° .  I t  was analyzed by nmr as 100 ±  * and reaC_
2 %  monodeuterated in the vinyl position (relative to 6  ^  ° f 1  th°  ™ethyl f  ter ° f “  & ^
H  in the methyls) and as 99.03%  d h  0 .81%  do, and also carried out and the results were similar.
0.16%  d 2 by mass spectrometry at low voltage. Since . Kohler a? d ^w orkers extensively studied the reac- 
the D20  used was 99.82 at. %  deuterated, and a small tl0ns of ,m e t h y J1 a n d e cmnamate with phenylmag-
isotope effect on quenching can be expected , 8 only nesium bronnde 2 The products were predominantly
about 0 .5%  adventitious unlabeled material was (> 8 0 % ) tbose from X’ 4  addltlon’ alonS wlth s m a 1 1
present. amounts of ketone.

The present preparation suggests that development c 6H5CH=CHC0 2R +  C6H5M gBr__ >•
of separation procedures will enable quantitative (CelhhCHCIhCOiR +  (CeHshCHCIDCOCeHs (1 )
deuteration of liquids and solids as well. The separa- r  = CH3 or C2H5

tion is, however, particularly simple for gaseous prod
ucts. The addition of phenylmagnesium bromide to other

esters has also been shown to give 1,4-addition prod- 
Experimental Section ucts . 3' 4 Methylmagnesium iodide, however, gave

Bromine (40 g) in methylene chloride (75 ml) was stirred at 0“ 4 ’ 2  addition to meohyl cinnamate, affording the unsat-
and gaseous cfs-2-butene (Matheson CP, 99% cis, 1 % trans) urated tertiary alcohol. 2

was added until decolorization occurred. The solvent was Allyl Grignard reagents have been reported to give 
removed on a rotary evaporator and the crude dibromobutane low yields of tertiary alcohols arising from 1 , 2  addi-

% %  K O H  ' Z 7 , , Apparently other products were not isolated,
round-bottom flask to which a small Vigreux column was at- ^  esters used were of the acrylate and crotonate types, 
tached. Reaction occurred, and a mixture of the desired 2 - Vinyl Grignard reagents were found to react with ethyl
bromo-2-butene and water distilled over. The material boiling cinnamate giving ketone from 1,2 addition, followed by 
below 95° was dried over anhydrous pot^sium carbonate and j 4  addition 0f a sec0nd molecule of organometallic.6 
redistilled. A center cut, bp 82-86° (lit.5 bp 85.55° for trans-2- J ,  , , . , . , &
bromo-2-butene), weighed 16.3 g (48%) and was used im- The reported yields were low. 
mediately in the next step.

Tetrahydrofuran (50 ml) was distilled from ethylmagnesium C6H3CH=CHC0 2C2H5 +  CH3CH=CHMgBr >- 
bromide directly into a dropping funnel and a three-necked CeHsCH^CHCCILCHCH^CHCHs (2 )
flask. Formation of the Grignard reagent from the 2-bromo-2- II I
butene under nitrogen in the standard manner required some ^
heating until initiation occurred. At the end of the reaction, ----------------
the mixture was again brought to reflux and several milliliters of ( l)  j .  w. McFarland and D. N. Buchanan, J .  Org. Chem., 80, 2003
the reaction mixture distilled out. The vessel was then fitted (1965).
with a series of two dewar condensers, the first filled with an (2) E. P. Kohler and G. Heritage, Amer. Chem. J . ,  33, 21 (1905).
ice water bath and the second with Dry Ice-acetone. Deuterium O  E-E• Kohler and G. Heritage, ibid., 34, 568 (1906).
---------------------- (4) G. P. Reynolds, ibid ., 46, 198 (1911).

(4) M. S. Kharaseh and O. Reinmuth, “Grignard Reactions of Nonmetal- (5) I. N. Nazarov and A. I. Kakhniashvili, Sb. Statei Obshch. K him ., 2,
lie Substances,” New York, N. Y ., Prentice-Hall, Inc., 1954, pp 7, 59 ff. 919 (1954); Chem. Abstr., 49, 68486 (1955).

(5) M. Lepingle, Bull. Soc. Chim. Fr., 39, 741 (1926). (6) C. Lumbroso and P, Maitte, Bull. Soc. Chim. F t., 2, 315 (1965).
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Two distinct products would be possible from the 85-86°, which did not depress the melting point of an authentic
reaction of I and II one from a 1 2-addition reaction sai£ wal of golvent and distillation of the residue afforded
and the other from 1,4 addition. It was not expected 9.28 g (68.5% recovery) of unreacted ethyl cinnamate (II), bp
that ketone III would add a molecule of I in the con- 66-69° (0.10 mm). The ir spectrum was identical with that of

starting material.
0  In other reactions at various temperatures and I/II ratios, the
|| maximum yield of I I I  (86.6%) was obtained at room temperature

I, 2 addit.on> p.C7H7s o 2CH2CCH=CHC6H5 with a I/II ratio of 2 :1 .

t , jj then h20 III Q Registry No.— I, 3048-28-0; II, 103-36-6; III,
| 23042-70-8.

II, 4additlon> p -C,H7S02CH2CHCH2C0C2Hs . , , , J. rm .| Acknowledgment.-—The authors wish to thank the
C6h5 donors of the Petroleum Research Fund for the P R F

Grant No. 2571-B which partially supported this in- 
ventional sense because Field and coworkers7 had shown vestigation.
that the following reaction takes place. _______________

O
II R ina Inversion of P erflu o ro -I,4 -d ith ian e1

p-CTlhSChCHiMgBr +  p-C,H ,S02CH2CR — >- B

|| J. E dgar Anderson,2 Donald R. Davis, and J ohn D. Roberts
p-C7H,S02CH3 +  L p-C7H7S02CHCR jMgBr + (4)

■R = r  H nr PH Contribution No. 3919 from the Oates and Crellin Laboratories of
6 5 3 Chemistry, California Institute of Technology,

In this paper we shown that the product from the Pasadena, California 91109
reaction of I and II is always III. There was no evi- „ . , _ J . .„on
dence for 1,4 addition over a I /I I  ratio of 3 :1  to 1 :2  and ecewe ep m  er ’
a temperature range of 0-80°. Consistent with Field’s . , . , t . __
results, the yield of III  wes less than the possible 50%  , Intercoaversion of chan- conformations of six-mem-
when a 1 :1  ratio of Grignard reagent and ester was used. ' 3wl ™ f  “ “ T “ *  ™ ° ,de“t,cS  h.e 
Furthermore, one-half of the methyl p-tolyl sulfone and be»" ■»»<=!> fh<hed by the nmr method," with the ex-
one-half of the ethyl cinnamate should be recovered. ception of the 1,4-dith.ane system. The results so far
Onr results approximated those predictions. The low obtained for 1,2- and 1 3-dlth.anes m comparison with 
yields of III in some cases may have been due to diffi- fl>oae of d.oxanes and the corresponding
culty in the separation of mixtures. Fractional erys- « f f  b“ nf  should be readily measure-
tallization was found better for separating III from able by the nmr method^ We are concerned here with
sulfone and unreacted II than was chromatography on the ring inversion o oc a uoro- , , .

, . The 19F  nmr spectrum of 1, kindly supplied by Dr.
‘  ™ n c l u s i o n , sulfonyl Grignard reagents undergo B C. McKusick of the Central Research Department
only 1,2 additions to cinnamate esters. This behavior of E. I du Pont de Nemours and Co. m 2 1 (v/v) ace
is analogous to the reactions of I with o.d-unsaturated tone-chloroform at 70 IS a sin^e lme of half band width 

, ,  , , , i , mi , ,  , «  ■ j x of ca 1.8 Hz, 71.8 ppm downneld from internal nexa-
aldehydes and ketones. The sulfonyl Grignard reagen “uô obenzene At P_P90o; the spectrum appears as an
resembles vinyl Grignard reagents more than^it does each line of which shows small additional
phenylmagnesium bromide in its reactions with cmna- *  c’entered ?Q Q doWnfield from internal
mate esters. The possible reasons for exclusive 1,2 hPexaflu^ ; benzene The chemical-sMft difference be-
addition have already been discussed. tween the A and B parts is 15.02 ppm and J Ab is 230

Hz. The quartet coalesces to a broad singlet at —32°. 
Experimental Section To gabl information about the barrier to inversion,

Reaction of p-Tolylsulfonylmethylmagnesium Bromide (I) with spectra were recorded at 23 temperatures between —62
Ethyl Cinnamate (II).—The p-toiylsulfonylmethylmagnesium and 17°.
bromide (I) was prepared from 12.75 g (0.075 mol) of methyl A series of spectra, calculated as a function of r, 
p-tolyl sulfone8 by the procedure used previously.! To the slurry average lifetime spent in either chair confirmation,
of I  in ether—benzene was added during 20 min at room tempera- ® j  4 j
ture 13.47 g (0.077 mol) of I I  in 80 ml of dry benzene. After was generated by standard procedures and compa 
the mixture was stirred an additional 4 hr at room temperature, with the experimental spectra to obtain a value 01 r
hydrolysis was effected with 100 ml of cold I N HC1 solution. foj- each temperature. The variation of the rate con-
Removal of solvent in vacuo gave 22.7 g of greasy solid, mp 70- stant fc. (=  1/x) for interconversion of chair confor-
80°. Recrystallization from benzene-petroleum ether afforded inv .,, a p f rpp pnpro-v of acti-
6.4 g (28.4%) of White needles, mp 115-119°. Further recrystal- mations with temperaturegavethe free energy of acti
lization gave l-(p-tolylsulfonyl)-4-phenyl-3-buten-2-one (III) vation (AG+) as 10.05 ±  0.10 kcal/mol at - 3 2  , the
with constant mp 127-128°. Ir and nmr spectroscopy confirmed enthalpy of activation (AH41) as 9.74 ±  0.20 kcal/mol,
the structure of I I I .  and the entropy of activation (AS*) as —1.2 ±  1 eu.

A n a l .  Calcd for Ci7H160 3S: C, 68.00; H, 5.33; S, 10.67.
Found: 0 ,6 7 .8 6 ; H, 5.21; S, 10.82. (1) Supported by the National Science Foundation.

The addition of 2 vol. of petroleum ether to the filtrate gave (2) Harkness Fellow of the Commonwealth Fund of New York, 1966-
6.60 g (51.8%) Of recovered methyl p-tolyl sulfone, rnp 73-78°. 1968. Chemistry Department, University College, Gower Street, London,

R e c ry s ta ll iz a tio n  fro m  eth an o l-w ab e r g av e p u re  su lfon e , m p ^ '(3) *G. Binseh in “Topics in Stereochemistry,” Vol. 3, E . L. Eliel and N . L.

(7) L. Field, J .  E . Lawson, and J .  W. McFarland, J .  Amur. Chem. Soc., Allinger, Ed., Interscience Publishers, Inc., New York, N. Y ., 1968, p 97, pro-
7« noifi)’ vides an excellent review.

(8) R . Otto, Her., 18, 161 (1886). (4) J .  T . Gerig and J .  D. Roberts, J .  Amer. Chem. Soc., 88, 2791 (1966).
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The barrier to ring inversion for 1 is slightly smaller We reproduced the procedure (Scheme I) for the 
than those of 1,2-dithiane, 11.6 kcal/mol,5 and 1,3- synthesis of 1 (R =  H) from 2-phenyliodoniobenzoate 
dithiane, 10.4 kcal/mol,6 although it would hardly be (5) and 1,3-diphenylisobenzofuran (6), which involved:2 
tenable to draw very detailed conclusions concerning oxidation (fuming nitric-sulfuric acid mixture) of 
dithiane itself from the results for 1. On the basis of o-iodobenzoic acid (3) to an o-iodosobenzoic acid (4);
the fluorine chemical-shift differences at —90°, which sulfuric acid-catalyzed condensation of 4 with benzene
compare reasonably well with those for noninverting (or to produce betaine 5, followed by thermal decomposition 
slowly inverting) f/em-fluorocyclohexanes,7 we have as- ofthebenzyne precursor 5 in the presence of 6. 
sumed that the preferred conformation of 1 is a chair—
possibly strongly puckered as for 1,4-dithiane.8 S c h e m e  I

Registry No.— 1,710-65-6. r ^ v ^ 10

Acknowledgment.-—We are grateful to Mr. J . E . N  C02H 
Leininger for assistance with the computing. 3 4

(5) C. Claesen, G. M . Androes, and M. Calvin, J .  Amer. Chem. Soc., 82,
4428 (1960).

(6) H. Friebolin, S. Kabuss, W. Maier, and A. Luttringhaus, Org. Mag- L
netic Resonance, 1 ,6 7  (1969). +

(7) Cf. G. A. Yousif and J .  D. Roberts, i b i d . ,  90, 6428 (1968), and refer- j ___q  pj CGH-,
ences cited therein. |T^ 6 5  6

(8) J .  B . Lambert, J .  Amer. Chem. Soc., 89, 1836 (1967); J .  B . Lambert, I jl -----------------► 1
R . E . Carhart, and P. W. R . Corfield, ibid., 91, 3567 (1969).

— ;------------------ s
Observations Related to  the Preparation , . , . . , -  , ,

The physical properties of compounds 4, 5, and 1 
o -rnenyhodoniobenzoate obtained by this route were in accord with those

reported2 for 4 (R =  H), 5 (R = H), and 1 (R =  H ). 
G e o f f r e y  F. M o r r is o n  a n d  J o hn  H ooz However, 1 was recovered (91% yield) after being

^ , rT . heated at reflux in triglyme solution.3
Department of Chemistry, University o f Alberta, T • c , i n i  ± i i ,

Edmonton, Alberta, Cancula In  view  of the well-documented analogy between
various thermolysis and electronolysis reactions,4 the 

' Received September 15,1969 mass spectrum of 1 was investigated for an M -  16 ion.
Although such fragmentation was not observed to be 

Several M-bridged polycyclic systems are known to appreciable, the appearance of the molecular ion at
undergo thermally induced extrusion of the bridging m/ e 391 - consistent with the formulation C26H17N 0 3,
elements with concomitant formation of an aromatic requires reconstitution o f 1 (R  = H ), prepared by this
system. When this operation is conducted in the rouie> as 1 (R  =  NOi>- Correspondingly, materials

synthesized by this procedure are reassigned structures 
a r 'V '^ V '1  4 (R =  N 0 2) and 5 (R =  N 0 2). All revised assign-

ll ¥ jl  * JL  JL  + M ments are supported by correct compositional analyses,
'S  as well as corroborative ultraviolet, infrared, proton

. , , . ,  ,  ., ,, ,, magnetic resonance, and mass spectroscopic evidence
presence of a reagent to trap M, it frequently con- (c/ Experimental Section). Apparently the conditions
stitutes a synthetically useful process| > With this gelected for oxidation (ArI _  A rI0) were adequate to
no ion in mm , we mves lgâ  e e ermo ysis o effect electrophilic aromatic nitration as well.5 
9y0-epoxy-9,10-diphenyl-9,10-dihydroanthracene (1, R  An authJ ic sample of 5 (R =  H) was obtained by

’i Ji comPou(1 previous y repor e o un ergo successively treating a mixture of 3 in concentrated
thermal decay, ostensibly in accord with the above- gulfuric add with potassium persulfate, benzene,
men lone prmcipe, o pro uce , - ip eny an- then base, according to the method of LeGoff9 and
thracene (2, R  =  H) although the fate of the oxygen Fieserp Compounds 5-H and S-N02 were thereby
bridge was not established.2 ,. ,. . , , , , „  , .readily distinguished; compounds 1-H and 1-N 02 were

C6h5 C H also spectroscopically differentiated. Compound 1-H
I 16 J was recovered (92% yield) after being heated at reflux in

-(o) triglyme solution (2.5 hr),3 and in 90%  yield after a
2.25-hr reflux period in a diglyme solution containing 

| R I cyclohexene.
C6H5 C6H5 Compound 5-N 02 serves as an effective “4-nitro-

l 2 benzyne” precursor. Thermolysis of 5-N 02 in the
(3) Although this result differs from previous observations,2 we cannot

(1) Inter alia, diimide (M = HNNH), E . J .  Corey and W. L. Mock, account for the discrepancy.
J .  Amer. Chem. Soc., 84, 685 (1962); dimethylsilylene [M =  Si(CHg)2), H. (4) A. Maccoll in “Modern Aspects of Mass Spectroscopy,” R. I. Reed,
Gilman, S. S. Cottis, and W. H. Atwell, ibid., 86, 1596 (1964); singlet oxgen, Ed., Plenum Press, New York, N. Y ., 1968, pp 143-168.
H. H. Wasserman, and J .  R . Scheffer, ibid., 89, 3073 (1967); tetramethyl- (5) This result is in accord with the observations of H. Goldstein and
disilene, G. J .  D. Peddle, D. N. Roark, A. M. Good, and S. G. McGeachin, A. V Grampoloff, Helv. Chim. Acta, 13, 310 (1930). 
ibid., 91, 2807 (1969). For a survey of other examples, see B . P. Stark and (6) E . LeGoff, J .  Amer. Chem. Soc., 84, 3786 (1962).
A. J .  Duke, “Extrusion Reactions,” Pergamon Press, New York, N. Y ., (7) L. F. Fieser, “Organic Experiments,” D. C. Heath and Co., Boston,

Mass., 1964, pp 311-313; L. F . Fieser and M. J .  Haddadin, Org. Syn., 46, 107
(2) F . M. Beringer and S. J .  Huang, J .  Org. Chem., 29, 445 (1964). (1966).
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presence of tetraphenylcyclopentad ienone, an thracene, AMX system, r 2.09, 2.19, and 2.35, /am = 2 Hz, /Ax = 7 Hz,
and 1,3-diphenylisobenzofuran, respectively  (Schem e and/ “x =  (8 ”  and nmr/ P °ctra w«re e^ n tia lly  identical

’ r  with those of a sample independently synthesized by.a knownpro-
cedure.12

tt Anal. Calcd for C,H4N I0 4: C, 28.69; H, 1.37; N, 4.77;
¡scheme 1 ,43 .31. Found: C, 28.67; H, 1.55; N, 4.69; 1 ,43 .43.
CH C6H5 5-Nitro-2-Phenyliodoniobenzoate (5, R  = N02).—5-Nitro-2-
j 6 5 iodosobenzoic acid (3.32 g; 10.7 mmol) was dissolved in concen-

trated sulfuric acid (10 ml) at 0-5° and successively processed 
with benzene (10 ml), saturated potassium iodide solution (4 ml), 

T  OzISr and 10 ml of 5 N  sodium hydroxide solution,2 to afford a tan
QHS q precipitate. This was filtered, washed with water, dried, and

6 J recrystallized (chloroform-methanol; 30:70 by volume), to
afford colorless crystals: mp 220-221° dec; 68% yield; uv max 

^  (H ,0) 205 mM (log e 4.24), 266 (log e 4.02); ir (KBr) 3100
+ |T (w), 3050 (w), 1625 (s), 1522 (s), 1400 (m), 1342 (s), 1338 (s),

C6H5 1005 (m), 990 (m), 817 (m), 735 (s), 721 (s), and 685 cm“1 (m);
i || --------------------- ► I / nmr (DMSO-d6) fine structure for ring hydrogens from r 1.34 to

n w /̂ V ^ s' m -  A O V N  3.06; mass spectrum m/e 369 (0.2), 205 (7), 204 (100), 78 (5),
- 2 .  L J l  /II J  77 (84), 76 (6), 75 (6), 74 (7), 51 (29) [lit.2 uv max (H ,0) 205

m#t (log e 4.43), 266 (log e 4.02); ir (KBr) 3005 (w) 1630 
C6Hs chN\  (s), 1524 (s), 1400 (m), 1335 (s), 1005 (w), 995 (w), 817 (m),
6 \_/ 6 s \  c  H 738 (s), 720 (s) and 685 cm“1 (m); nmr fine structure for ring

J V  '  i6 3 hydrogens from t 1.46 to 3.28].
C6H5 Y  c„h5 Anal. Calcd for Ci3H8N I0 4: C, 42.29; H, 2.18; N, 3.80;

5 f |[ T I , 34.37. Found: C, 42.39; H, 2.22; N, 3.76; I , 34.24.
n tt 2-Nitro-9,10-epoxy-9,10-diphenyl-9,10-dihydroanthracene (1,

2 } 6 5 R =  N02).—To a solution of 1,3-diphenylisobenzofuran (1.35
C6H5 g; 5 mmol) in refluxing triglyme (38 ml) under nitrogen, was

added 5-nitro-2-phenyliodoniobenzoate (3.16 g; 9 mmol) in small 
portions. After the addition (ca . 12 min) the mixture was

I I ) ,  produced th e  corresponding adducts in iso lated  maintained at reflux for a further 3 nun. The majority of the
• , , , r , m  solvent was then removed under reduced pressure (1 mm),

yields Ol oo, 4d, and  54  / 0 . Addition of water caused precipitation of a solid (2.80 g), which
was chromatographed over Florisil using petroleum ether as 

iTvnorimontoi eluant to give 2-nitro-9,10-epoxy-9,10-diphenyl-9,10-dihydro-
"  anthracene. Recrystallization (benzene-methanol) afforded very

5-Nitro-2-iodosobenzoic Acid (4, R  = N 02) and 3-Nitro-2- pale yellow crystals: mp 189-190°; 54% yield; uv max (95%
iodobenzoic Acid.—2-Iodobenzoic acid (4.96 g; 20 mmol) was EtOH) 216 m/x (e 22,900), 244 (9300), 290 (4170); ir (Nujol)
heated at 100° for 1 hr in a mixture of concentrated sulfuric acid 1522 and 1340 cm-1 (N 02); nmr r 1.94 (d, 1, / =  2 Hz), 2.15
(6.7 ir.1) and fuming nitric acid2 (3.3 ml). After cooling, the (m, 5), 2.60 (m, 9), 3.03 (m, 2); mass spectrum m /e  391 (80),
mixture was poured into ice-water and the resultant precipitate 375 (8), 374 (27), 344 (20), 315 (12), 314 (13), 313 (16), 267 (12),
was filtered, washed with water, and dried to give pale yellow 239 (24), 105 (100), 77 (47).
crystals (5.28 g). Fractional crystallization from water afforded Anal. Calcd for C^HnNCh: C, 79.78; H, 4.38; N, 3.58. 
two components, the first of which was 5-nitro-2-iodosobenzoic Found: 0  , 79.99; H, 4.34; N, 3.70.
acid (3.32 g) as colorless crystals: mp 229-229.5° dec; 54% 6-Nitro-l,2,3,4-tetraphenylnaphthalene was prepared in 86%
yield; uv max (H20 )  207 mM (* 23,400), 272 (7080); ir (Nujol) yield from 2,3,4,5-tetraphenylcyclopentadienone and 5-nitro-2-
1616 (C = 0  of a 2-iodosobenzoic acid),10 1523 and 1348 cm-1 phenyliodoniobenzoate by a method analogous to that of Fieser.7
(N 02); nmr (DMSO-d6) AMX system, t 1.24, 1.38, and 1.85, Recrystallization (chloroform-methanol) yielded yellow crystals:
/mx = 0.5 Hz,/ ax = 9 Hz, and/am = 2.5 Hz; mass spectrum mp 275-277°; uv max (95% EtOH) 208 m/i (e 53,500), 231
m/e (rel intensity) 309 (1), 293 (100), 248 (39), 83 (47), 71 (53), (38,000), 279 (29,500); ir (Nujol) 1522 and 1339 cm 1 (N 02);
69 (62) 57 (94), 55 (75), 43 (87), 41 (58). nmr r 1.35 (d of d, 1, / = 0.5, 2.5 Hz), 1.87 (d of d, 1, / = 2.5,

Anal. Calcd for C,H4N I0 5: C, 27.18; H, 1.30; N, 4.53; 8.5 Hz), 2.22 (d of d, 1 ,/  = 0.5, 8.5 Hz), 2.75 (m, 10), 3.13 (m,
1,41.08. Found: C, 27.11; H, 1.31; N, 4.37; 1 ,41 .38. 10); mass spectrum m/e 477 (30), 447 (7), 78 (100), 77 (16),

The molecular weight was determined by the iodometric titra- 52 (17), 51 (16), 50 (13).
tion method of Twiss and Heinzelmann11 as 311.6 (calcd for A nal. Calcd for C34H23N 02: C, 85.51; H, 4.85; N, .,.93.
C,H4N I0 6: 309.0). Found: C, 85.34; H, 5.10; N, 2.80.

The second crop of crystals was identified as 3-nitro-2-iodo- 2-Nitrotriptycene. 5-Nitro-2-phenyliodoniobenzoate (1*85 g,
benzoic acid and was obtained as pale yellow crystals (0.90 g), 5 mmol) was added to a refluxing solution of anthracene (0.89 g,
mp 174-207° dec (lit.12204-205.5°), in 15%yield: ir (Nujol) 1710 5 mmol) in triglyme (10 ml). After 3 min, excess anthracene was
(C = 0  of acid), 1540 and 1374 cm "1 (NO*); nmr (DMSO-d6) removed by addition of maleic anhydride (0.49 g, 5 mmol),

refluxing for 5 min, and then adding ethanolic potassium hydrox
ide. The crystals which appeared upon cooling in an ice bath 

(8) A synthesis of 2-nitrotriptyeene (6.5%  yield) via a 4-nitrobenzyne- were filtered, washed with aqueous methanol, and dried to give
route utilizing the reaction of anthracene and diazotized 4-nitroanthranilic 2-nitrotriptycene: 43% yield; mp 277—279° (methylene chlo-
acid, has been previously recorded: C. J. Paget and A. Burger, J .  Org. ride-methanol) (lit.8 mp 270-271°); ir (Nujol) 1517 and 1340
Chm M l L T p Z l 5L e  determined with a Fisher-Johns apparatus and C m "1 (NO,); nmr r  1 80 (d , 1 /  =  2.5 Hz) 2d)8 (d of d , 1,
are uncorrected. Infrared spectra were measured on a Perkin-Elmer grat- J  — 2.5, 8.5 Hz), 2.o7 (m, 5), 2.92 (m, ), • f ’nri' /iaa\
ing spectrophotometer Model 421. Ultraviolet spectra were recorded using spectrum 77l/e 299 (100), 282 (18), 254 (11), 2o3 (60), 252 (100),
a Perkin-Elmer ultraviolet-visible spectrophotometer Model 202. Nmr 251 (17), 250 (27), 127 (12), 126 (24), 124 (16), 113 (13).
spectra were obtained with a Yarian A-60 or HR-100 spectrometer. Mass Anal. Calcd for C20H13NO2: C, 80.25; H, 4.38; N, 4.68.
spectra were measured with an A EI MS9 mass spectrometer at an ionizing F o u n d ' C 80 04' H 4 32' N 4 93
energy of 70 eV. The microanalyses were performed by the Microanalytieal ' \ ' . ’ ’ \ ’ ’ ' * „ v  o apiH
Laboratory, Department of Chemistry, University of Alberta, Alberta, 2-Phenyhodomobenzoate (5, R  =  H).-2 -Io d o b e n Z O lC  ECld
Canada, and by Galbraith Laboratories, Inc., Knoxville, Tenn. (10.0 g; 40 mmol) was Converted into 2-phenyllodoniobenzoa e

(10) R . Bell and K. J .  Morgan, J .  Chem. S o c . ,  1209 (1960). b y  the method of Fieser and Haddadin.7 The betaine was ob-
(11) D. Twiss and R. V. Heinzelmann, J . Org. Chem., 15, 496 (1950); tained as colorless crystals: mp 226-227° dec (lit.7 mp 219-220°

A. I. Vogel, “Quantitative Inorganic Analysis,” John Wiley & Sons, Inc., de(^. 7g% yield; UV max (H2O)207niM (e 24,000), 226 (shoulder);
N a 2 ^ < f c t o  "Organic Syntheses," Coll. Vol. I , A. H. Blatt, «  (KBr) 161 0  an d  13 4 7  c m -  ( C = 0  o f c a rb o x y la te  a n io n );
Ed., John Wiley & Sons, Inc., New York, N. Y„ 1941, p 125. n m r (DMSO-d6) r  1 .8 6  (m , 3 ) ,  2 .4 6  (m , 5), 3 .3 2  (m , 1).
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Anal. Calcd for C13H11IO3: C, 45.61; H, 3.21; I , 37.13. S y n th e s is  o f  E s te r s  o f  A c id -U n s ta b le  A lc o h o ls  
Found: C, 45.37; H, 3.12; 1 ,37 .12 . , e  n  l

9 ,10-Epoxy-9,10-diphenyl-9,10-dihydroanthracene (1, R = H). b y  M e a n s  o f  n - B u t y l l i t h iu m
— 1,3-Diphenylisobenzofuran (4.0 g, 15 mmol) was reacted
with 2-phenyliodoniobenzoate (5.5 g, 16 mmol) according to the E dwin M. K aiser and R obert A. Woodruff2
method of Fieser.7 9 ,10-Epoxy-9,10-diphenyl-9,10-dihydro
anthracene was obtained as colorless crystals: mp 190-192° Department o f Chemistry, University o f Missouri,
(lit.72 mp 188-188.5°); 87% yield. Recrystalhzation (benzene- Columbia, Missouri 65201
ether-methanol) caused no change in melting point: uv max 
(petroleum ether) 220 m/x (e 38,000); nmr r 2.02 (m, 4), 2.54 (m,
10), 3.01 (m, 4); mass spectrum m /e  346 (35), 330 (4), 269 (15), Received Ju ly  24, 1969
268 (15), 241 (20), 239 (24), 134 (11), 119 (10), 106 (12), 105
(100), 77 (49), 51 (13). Esters are most conveniently prepared by the action
90 2 5 ^ 1  f°r C26Hls0: c > 90-14; H> 5-24- Found: c > of acid chlorides on alcohols. However, the by-product

A portion of the product was reduced by refluxing with zinc in such reactions, hydrogen chloride, usually precludes
dust in glacial acetic acid for 20 min.13 9,10-Diphenylanthracene substantial ester formation when the alcohol can form
was obtained as pale yellow crystals, mp 246-249° (lit.2 mp 246- relatively stable carbonium ions. For example, the
247°), in 68% yield and exhibited an infrared spectrum identical reaction  0f phenylacetyl chloride with f-butyl alcohol
W Thermal0 B^hav\m° of “̂ io-Epoxy-g.io-diphenyl-Q, 10-dihydro- affords predominately phenylacetic acid and isobutylene
anthracene (1 , R = H).—The epoxy compound (200 mg) was rather than the desired ¿-butyl phenylacetate. listers
dissolved in triglyme (5 ml). The solution was heated at reflux of tertiary alcohols can be prepared, though, in the
(co. 225°) for 2.5 hr under nitrogen, then cooled to 90°, and presence of tertiary amines like pyridine and N,N-di-
ethanol (3 ml) was added. The solution was reheated to boflmg m e th y la n ilin e » or magnesium metal4 where such bases
and water was added dropwise until a faint, permanent precipi- J  » j
tate was formed. On cooling, there was obtained 186 mg of react with the hydrogen chlonde as it is lormed. 
colorless crystals, mp 190-192°. The absence of 9,10-diphenyl- This report describes a convenient synthesis of
anthracene was confirmed (tic), and the product was recrystal- esters derived from tertiary alcohols, and from other 
lized (cyclohexane) to give colorless crystal, mp 191-192° alcohols which readily undergo acid-catalyzed re-

Anal. Calcd for C26H180 :  C, 90.14; H, 5.24. Found: C, , ™ • • i • i „„„
89.86- H 5 .33. arrangements. The synthesis simply involves con-

Thermal Behavior of 2-Nitro-9,10-Epoxy-9,10-Diphenyl-9,10- version of alcohols into their lithium alkoxide salts by
Dihydroanthracene (1, R = N 02).—The nitroepoxy compound means of n-butyllithium in tetrahydrofuran (T H F)—
(200 mg) was treated as described above for the unnitrated hexane, followed by the addition of an equivalent of an

l l^ b y 1 volume) ^  « " ¡ U »  1 *  («1
to give starting material, mp 190-190.5°. n-CiHsLi R'COCl

Anal. Calcd for C26H „N 03: C, 79.78; H, 4.38; N, 3.58. R O H ---------— ► R O L i-------- >  R'COOR +  LiCl (1)
Found: C, 79.88; H, 4.45; N, 3.46. THF-hexane l hr

Thermal Behavior of 9,lO-Epoxy-9,lO-diphenyl-9,10-dihydro- The results are summarized in Table I. This Table
anthracene (1, R = H) in Presence of Cyclohexene.—Cyclo- , thnf benzoate esters l a -e  and 2 -5  nivalate
hexene (0.82 g; 10 mmol) and diglyme (10 ml) were placed in a shows that benzoate esters la  e ana 2 S, _ pivaiate
50-ml 3-necked flask, fitted with a gas inlet tube and condenser; esters 6a and 6b, cir.namate ester 7, and hydrocmnamate
the latter was connected to a cold finger filled with Dry Ice-
acetone. Nitrogen was bubbled through the solution prior to and |
for a few minutes after the addition of 9 ,10-epoxy-9,10-diphenyl- C H.CO,C__ R' C,;H-,C02 ,— »
9 ,10-dihydroanthracene (0.35 g, 1 mmol). The mixture was ’ "I y l  \
then heated to reflux (146°) under nitrogen for 2.25 hr. p'' H C = C / \__ /

Analysis by glpc (10% Squalane, 100°) showed almost com- j a p _  p ,_  _  „„
plete recovery of cyclohexene (>98% ) and no other visible volatile ’ _  :l ‘
products. b, K — CH<; R — R — C2I I ,

The clear, colorless solution was distilled to ca. half volume c, R = R' = R" = C2Hr,
and then ethanol (5 ml) was added. The solution was reheated d, R = H- R' = CH • R" = i-C H,
to boiling and water added dropwise until a faint, permanent e p = p '=  jp , n u
precipitate was formed. The solution was cooled to afford ’ ’ 4 8
colorless crystals, mp 188-190° (0.315 g). The product was pp
recrystallized (cyclohexane) to give colorless crystals, mp \ V  1
191-192°. X

Anal. Calcd for C26Hi80: C, 90.14; H, 5.24. Found: C, C,H-CO
90.02; H, 5.23. ’ 3 >

(Tfi CtHCOFH,—< ]

Registry No.— 1, R =  NOa, 23367-37-5; 1, R  =  3 4
H, 19061-38-2; 4, R  = N 0 2, 23330-00-9; 5, R = N 0 2, R
23330-01-0; 5, R  = H, 1488-42-2; 6-nitro-l,2 ,3 ,4- _  (CH ),CCO,C__R'
tetrapheny¡naphthalene, 23330-03-2; 2-nitrotriptycene, CHCO__ {  \ __CH "I
4628-55-1. \ - J  3 R"

5 6a, R = R' =  R" =  e ll,
b, R — R' = R" = C2H5
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T a b l e  I
S u m m a r y  o f  E s t e r s  P r e p a r e d  

f r o m  L it h iu m  A l k o x id e s  a n d  A c id  C h l o r id e s

Bp (mm) Lit bp (mm)
Ester Yield, % or mp, °C or mp, °C Nmr, 5

la  89 88-90 (3) 96 (2)» 7.06 (m, 5, ArH), 0.93 (s, 9, CH3)
lb 87 106-108 (3) 89 (1 .5)6 7.16 (m, 5, ArH), 1.1 (q, 4, CH,), 0 .48 (t, 6, CH,),

0.375 (s, 3, CH3)
lc 94 95-97 (2 .5) 7 .2  (m, 5, ArH), 2 .5  (q, 6, CH,), 0 .4  (t, 9, CH3)
Id 76 98-100 (3) 105-106 (5)' 7.16 (m, 5, ArH), 4.42 (q, 1, OCH), 0.65 (d, 3, HCCH3),

0.38 (s, 9, CH3)
le  78 73-75 (1.2) 110 (10)<* 7.46 (m, 5, ArH), 3.65 (s, 2, CH,), 0.65 (s, 9, CH3)
2 70 54-55 54-55« 7.65 (m, 5, ArH), 2.43 (s, 1, =C H ), 2 .1 , 1 .5  (m, 10, CH2)
3 69 152 (2 .5) 25.5/ 7.72 (m, 5, ArH), 5 .0  (m, 1, OCH), 1 .7  (m, 16, CHaCH.)
4 91 98.5-100 (7 .5) 7 .8  (m, 5, ArH), 4 .2  (d, 2, CHj), 0 .9  (m, 5, A)
5 94 71-72 71-72» 7.73 (m, 9, ArH), 2.35 (s, 3, CH3)
6a 64 78-80 (105) 134-5 (760)'* 1.21 (s, 9, CH,), 0.91 (s, 9, CH,)
6b 75 32 (0 .5) 1.88 (q, 6, CH»), 1.16 (s, 9, CHj), 0 .8  (t, 9, CH,)
7 88 75-77 (0.3) 144 (3); 7 .3  (m, 5, ArH), 6 .83 (q, 2, C =C H ), 1.47 (s, 9, CH3)
8 72 120-122 (7) 119-121 (10)'' 7 .0  (s, 5, ArH), 2 .5  (m, 4, CHj), 1.23 (s, 9, CH„)

« Reference 3. 1 British Patent 932,773 (July 31, 1963); Chem. Abstr., 59, 11167/ (1965). « P. G. Stevens, J.A m er. Chem. Soc., 55, 
4237 (1933). * Tissier, Ann. Chim. Phys., 29, 371; Beilstein, 9, 113 (1926). «I. N. Nazarov, R. I. Kruglikova, and G. M. Nikolaev,
Zh. Obshch. Khim, 29, 1859 (1959). < M. A. Haller, Comp. Rend.., 109, 31 (1889). * A. Behai and E . Choary, Bull. Soc. Chim Fr., 11, 
603 (1894). h A. Butlerow, Justus Liehigs Ann. Chem., 173, 372 (1874). *' B. Abramovitch, J . C. Shivers, B. E . Hudson, and C. R. 
Hauser, J .  Amer. Chem. Soc., 65, 986 (1943). 1 W. von E. Doering and R. M. Haines, ibid., 76,1859 (1959).

T a b l e  II
I n f r a r e d  and  A n a l y t ic a l  D a ta  f o r  N e w  E s t e r s

,--------------- Calcd, %---------------- . .----------------Found, %---------------- -
Ester Ir, m C H C H

lc 5 .89, 7 .82, 8 .95, 76.36 9.09 76.13 9.16
9 .7 , 11.1, 14.0

4 6 .05, 7 .1 , 7 .6 , 7 .8 , 75.56 6.67 75.23 6.62
a 0 9 1 9 9 14 1

6b 5 .7 , 6 .0 , 7 .0 , 7 .9 , 72.00 12.00 71.89 12.13
8 .6 , 9 .0 , 11.0, 11.6,
13.0

ester 8 were prepared from appropriate lithium alk- Experimental Section7
oxides and the respective acid chlorides in yields of General Preparation of Esters by Means of n-Butyllithium.— 
04_94%. To a solution of 0.05 mol of the appropriate alcohol (Table I)  in

The structures of the esters were supported by com- 75 ml of anhydrous TH F was added under nitrogen during
r. ,, i * i  j.* several minutes, 35.0 ml (0.055 mol) of 1.6 M n-butyllitnium in

parison of their physical properties with literature hexane., After 30 min, the resulting solution was treated during
values, and by nmr spectroscopy (Table I ) . Elemental 5 min by the dropwise addition of a solution of 0.055 mol of the
analyses and infrared spectra were also obtained for acid chloride (Table I) in 50 ml of TH F. The resulting solution
esters lc, 4, and 6b, which appear to be new (Table II). was brought to reflux for 1 hr, cooled to 0° by an ice bath, and

Incidentally, certain steroidal alcohols have been
similarly estenfied by means of their bromomagnesium ^  combined organic phases were dried (CaSO, or M gS04), and
salts. However, a wide range of yields below 70%  were concentrated. The crude product was purified by vacuum distil-
realized in these reactions and the corresponding lithium lation or by recrystallization (Table I) . Infrared and nmr spectra
and sodium alkoxides were reported not to be SO were determined for each ester and were in agreement with the
effective as magnesium.6 Also, it has recently been assigned structures,
shown that thallium salts of phenols react nearly
quantitatively with certain acid halides but this metallic Registry No.—n-Butyllithium, 109-72-8; la , 774- 
cation has apparently not yet been utilized in the 65. 2 ; lb, 23293-73-4; lc, 23293-74-5; Id, 23293-75-6;
synthesis of esters derived from tertiary alcohols.6 l6) 23581-70-2; 2, 23293-77-8; 3, 20279-54-3; 4,

The current method seems to be applicable to any 23293-79-0; 5, 614-34-6; 6a, 16474-43-4; 6b, 23293-
alcohol, but it may be limited to acid chlorides without 82-o ; 7,14990-09-1; 8, 16537-10-3.
labile a  hydrogens, or at least to those halides whose
corresponding ketenes are not volatile or do not dimer- , , ,

% ,  (7) Boiling points and melting points are uncorrected. Infrared spectra
ize readily. were obtained on a Perkin-Elmer Model 137 spectrometer either neat or as

a G' s' “ F' J' " d "  '■ s r  - - s s r c  i s s r s s z
(6) E . C. Taylor, G. W. McLay, and A. McKillop, J . Amer. Chem. Soc., Knoxville, Tenn.

90, 2422 (1968)) (8) SuPPlied bY the Foote Mlneral Co-  Exton’ P a'
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Models for th e  Study of M acrocyclic 13a Because this ring formation could not be effected
Ring-C hain T autom erism  cleanly under a variety of conditions, 2 was reduced to

11, which was subsequently brommated with NBS.
Paul R. Jones, -  Martin D. Saltzman/ v  and The Produ,ct was a statistical mixture of two mono-

Ronald J. Panicci'M bromo acids which were not amenable to separation,
however; so this route to a macrocyclic lactone was not 

Department o f Chemistry, University o f New Hampshire, pursued further.
Durham, New Hampshire 03824 Entrance into a second series of model ring-chain

compounds derived from phenolic acids was eventually 
Received Ju ly  8 ,1969  achieved by a totally different route. Although all

attempts to cyclize the phenolic acids 10 and 12 by acid 
The phenomenon of ring-chain tautomerism2 is well catalysis or by way of the acid chlorides failed, the

known in both natural and synthetic organic com- macrocyclic ansa  lactone 15b could be obtained in
pounds, where the ring is five or sixmembered. Yet it directly. The successful route to its synthesis (eq 1)
has never been observed experimentally in any system was the Baeyer-Villiger oxidation of the a n sa  ketone
involving a large ring (16 membered or higher), in 14b which could be obtained by Huisgen’s intramolecu-
spite of the fact that such large rings, once formed, are lar, high-dilution Friedel-Crafts acylation.8 It is
stable. The stability of macrocycles is illustrated by striking that the ring expansion occurred smoothly with
the increasingly large number of naturally occurring the 16-membered ketone 14b but failed for the lower
many-membered ring compounds being investigated. homolog 14a. In the latter case, where the product 15a
In particular, the macrolides,8 macrocyclic keto lactones would still contain a strained ring, the oxidation led to
(containing other functional groups as well), bear a nonaromatic degradation products,
structural resemblance to smaller ring tautomers such
as phthalaldehydic acid,4 the alkaloid lycorenine,5 and _̂Cq
the sugars. rCO x q

As a means of probing for the existence of macro- j 1
cyclic ring-chain tautomerism, we have synthesized a I'/'YI tru  , f T u  >
number of new compounds (1-12), which are described Iv-VJ ' 2" 2"
in Table I. These were chosen for study because I |
the corresponding“ ring tautomers would possess the ^ J
a n sa  structure, which is known to be stable provided 14a,n = 9 15a,n = 9
the ring is large.6 It has already been pointed out7a b, n =  11 b ,n = ll
that the keto lactone 13a7b is a good model compound
for such ansa  ring tautomers derived from 2-10. The distinctive nmr shielding effect on the bridge

methylenes, evident in 14 and 15b, varied somewhat 
,pH . y  „„ nrn with ring size. The structure of 15b was confirmed by
I 2 " I 2 saponifying it to the phenolic acid 12 which was syn-

thesized independently, as indicated in eq 2.

I 1 OCO(CH2)10CO2CH3
CO(CH2)mY CO(Cti2)m I
1-10 13a, m = 8 f i l l  Fries,
II = 0,1 b,m = 10
to =  8,10

OH OH

It was expected that cyclization of the bromo acid 2 f ( ) |  W- K, [ ( ) ]  <_ (2)
would afford the homologous, strain-free lactone 13b,
by analogy to the previously reported synthesis of I j

CO(CH2)10CO2H (CH2)nC02H

(1) (a) Part of this work was initiated during the tenure of a National ^  ^
Science Foundation Science Faculty Fellowship at the Max Planck Institut
ftlr experimentelle Medizin, Gottingen, Germany, 1964-1965; (b) taken
in part from Ph.D. theses submitted by m . d . s . (1968) and e . j . p. (1967) A s  s h o w n  b y  t h e i r  i n f r a r e d ,  u l t r a v i o l e t ,  a n d  n m r
to the University of New Hampshire; (c) National Science Foundation s p e c t r a ,  C o m p o u n d s  2-10 a n d  12 e x i s t  a t  a m b i e n t
Summer Fellow, 1967; (d) National Defense Education Act Fellow, 1963- . .  ̂ , . . ,1966 temperatures solely as chain tautomers, within the

(2) p. r . Jones, chem. Rev., 63, 461 (1963). limits of detection (5-10% ). The most important
M r f r ler,r hê fiZv HrM 0̂ ^  criterion for the presence of ring tautomer was con-McGraw-Hill Book Co., Inc., New York, N. Y ., 1961, Chapter 7; (b) M . . ^  °
Berry, Quart. Rev., (London), 1 7 , 343 (1963); (c) h . Griesbach and w. sidered to be the appearance in the nmr spectrum ot 
Hofheinz, j . Roy. inst. chem ., as, 332 (1964). high-held protons caused by aromatic shielding of some

m  T .S a w a ^ :“ : ^ o f  the bridge methylene hydrogens.«7 Any chemical 
1066 (1955). conversions led to new chain tautomers exclusively.

(6) A. Ltittringhaus, Justus Liebigs Ann. Chem., &28, 181 (1937); D. J .  $ jX a m o le S  a r e  D TO V ld ed m  eCl 3  a n d  4  
Cram, Rec. Chem. Progr., 20, 71 (1959).

(7) (a) P. R . Jones, M. D. Saltzman, and R . J .  Panicci, Abstracts, 156th 
National Meeting of the American Chemical Society, Atlantic City, N. J .,
Sept 1968, No. ORGN 100; (b) P. R . Jones, R . J .  Panicci, R . M. Stimson, (8) R . Huisgen, W. Rapp, I. Ugi, H. Walz, and I . Clogger, Justus Liebigs
and L. Port, J .  Org. Chem., 31, 4277 (1966). Ann. Chem., 586, 52 (1954).
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T a b l e  I

M o d e l  C h a in  C o m po u n d s

Molecular ------------- Calcd, %-------------. ,------------ Found, % ------------ ,
Compd X  n m  Y  Mp, °C formula C H Other C H Other

A. X(CH 2)BC6H4CO(CH2)mY
1 H 1 10 C 02H 86-88 CisHaA 74.96 9.27 . . .  75.11 9.45 . . .
1 semioarbazone H 1 10 C 02H 156-158 C20H8iN8O8 66.45 8.64 11.62 (N) 66.32 8.59 11.60 (N)
2 B r 1 10 C 02H 113-115 CiSH27B r0 8 59.51 7.11 20.85 (Br) 59.27 7.06 20.86 (Br)
3 AcO 1 10 C 02H 94-96 C2iH80O6 65.59 8.34 . . .  65.51 8.20 ..
4 TsO 1 10 C 0 2H 108-110 C26HM0 6S 65.80 7.22 . . .  65.96 7.22 . . .
5 HO 1 10 C 02H 83-84 CiaHaA 71.22 8.81 . . .  70.99 8.61 . . .
6 HO 1 8 C 02CH8 70-70.5 C18H260 4 70.56 8.55 . . .  70.38 8.43 . . .
7 HO 1 10 C 02CH8 76-78 C2oH8o04 71.82 9.04 . . .  71.73 9 .02 ..
8 AcO 1 8 CHO 110-112 CI9H260 4 71.67 8.23 . . .  71.46 8.05 . . .
9 CHO 0 10 C 02CH8 161 dec C20H28O4 72.26 8.49 . . .  71.80 8.45
9 bissemicarb- CHO 0 10 C 02CH3 208-210 C22H34N60 4 59.17 7.67 18.82 (N) 59.45 7.76 18.54 (N)

azone
10 H 0 0 10 C 02H 92-94 Ci„H260 4 70.56 8.55 . . .  70.39 8.85 . . .

B . X(CH 2)„CsH4(CH2)mY
11 H 1 11 C 02H 57-59 Ci9H80O2 78.57 10.41 . . .  78.44 10.09 . . .
12 H 0 0 11 C 02H 103-105 CuFIfflO., 73.93 9.65 . . .  73.74 9.77 . . .

QHO mol) of thionyl chloride. The mixture was stirred at room
I temperature for 8 hr and then the solvent and excess thionyl

chloride were removed in vacuo. The residual yellow oil (52.6 g, 
K J J  +  N2H3CONH2 *  0.2 mol), vco 1800 cm-1, was used without further purification,
' j  To a solution of the crude acid chloride in 250 ml of dry toluene

I was added 54 g (0.4 mol) of anhydrous aluminum chloride por-
C(XCH2)]0CUOCH:. tionwise so as to maintain the temperature below 10°. Heated

CH=NNHCONH2 overnight on the steam bath, the mixture was decomposed in
i ice-6 N  HC1; the organic layer, combined with ether washings

X -N . of the aqueous phase, was washed repeatedly with saturated
(C J)J  (3) solutions of NaHC03 and NaCl, dried, and freed of solvent by

rotary evaporation. Vacuum distillation effected removal of 
I dimethyl dodecanedioate and then of the methyl ester of 1. The

C=NNHCONH2 latter was saponified in refluxing methanolic KOH for 3 hr. The
i alkaline solution was acidified with 6 N  HC1 and the product 1

(CH2)10COOCH3 was collected, dried, and recrystallized from ether-ligroin (bp
CH OCOCH 30-60°): yield 30 g (50% ); ir (CC14) 1720 (acid) and 1690 cm“1
I 2 3 (ketone); nmr (acetone) 7.5 (q), 2.8 (t), 2.3 (t), and 1-1.8

ppm (m).
[ 7 ) 1  (COCI)  ̂ CH]0H, ll-(p-Bromomethylbenzoyl)undecanoic Acid (2).—The bro-

mination of 15.2 g (0.05 mol) of 1 with NBS was carried out as 
j described previously for a lower homolog.7 After crystallization

CO(CH2)10CO H from THF-ligroin, there was obtained 11 g (57%) of the acid.
The nmr spectrum (dioxane) contained a characteristic singlet at 

CH2OH CH2OH 4.5 ppm (CH2Br).
! ll-(p-Acetoxymethylbenzoyl)undecanoic Acid (3).—A mixture

CH.OH.l-P of 5.8 g (0.015 mol) of 2, 1.6 g (0.02 mol) of sodium acetate, and
K ) J  •*— ■— :—  1 ( 3 )  (4) 100 ml of glacial acetic acid was heated at reflux for 10 hr. The
' y  mixture was decomposed in ice-water and the solid was collected

I I by filtration, washed repeatedly with water, dried, and recrystal-
CO(CH2)10COOCH;, CO(CH2)10CO2H lized from chloroform-hexane: yield 2.3 g (44% ); ir (CHC13)

1750 (ester), 1720 (acid), and 1690 cm-1 (ketone); nmr (CDC18)

Failure of any of the acyclic p-phenylene bridged 5 ' ndK-TolSfnfsuifonylm ethyl)benz0yl]undecanoic Acid (4).
compounds 2-12 to undergo spontaneous ring tauto- —A mixture of 5.7 g (0.015 mol) of bromo acid 2, 4.5 g (0.015
merization may reflect the high entropy requirement mol) of silver p-toluenesulfonate,11 and 100 ml of acetonitrile was
for such a process. The unfavorable geometry of X  and stirred in the dark for a Period of 48 hr- The tactio n  mixture
v  i n  „.i___ t n -ii i ■ was added to water and the product was extracted with two 100-Y  m 1-12 where these groups are part of flexible chains ml portions of ethy] ether p The etherea, extract was washed
emerging from diametrically opposing points on the aro- several times with saturated NaCl and dried, and the solvent was
matic ring, probably mitigates against bridging to an removed in vacuo. The residual solid, a mixture of bromo acid
ansa  structure. and tosylate, was subjected to the above treatment again. The

tosylate was finally obtained in 10% yield after recrystallization 
. from ether-hexane, nmr (CDC1S) 5.08 ppm (s, CH2OTs).

Experimental Section ll-(p-Hydroxymethylbenzoyl)undecanoic Acid (5). A.—A
ll-(p-Toluyl)undecanoic Acid (1).—To a stirred solution of mixture of 1.5 g of the bromo acid 2, 5.6 g of KOH, and 100 ml

48.8 g (0.2 mol) of U-carbomethoxyundecanoic acid,10 bp 170° of TH F was heated at reflux °venight. I t  was acidified, concern
(10 mm), in 200 ml of dry ether was added batchwise 60 g (0.4 trated, and extracted with ether several times. The ether solu-
___________  tion was washed repeatedly with saturated NaCl, dried (MgSO*),

and freed of solvent by rotary evaporation. The solid was re-
(9) Nmr chemical shifts are given in parts per million downfield from 

TM S.
(10) L. J .  Durham, D. J .  McLeod, and J .  Cason, “Organic Syntheses,” (11) N. Kornblum, W. J .  Jones, and G. J .  Anderson, J .  Amer. Chem. Soc.,

Coll. Yol. IV, John Wiley & Sons, Inc., New York, N. Y ., 1963, p 635. 81, 4113 (1959).
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crystallized repeatedly from benzene-pentane: ir (CHCI3) 3500 crystallized from ether-ligroin: nmr (CDCI3) 2.91 and 2.33 (t, 
cm“ 1 (broad) (OH); nmr (CHC1,) 4.78 ppm (s, CH2OH). The -CH2CO), 8.05 (d, ArH), 3.63 (s, COOCH3), 10.01 (s, CHO), and
hydroxy acid reacted instantaneously with chromic acid.12 1-1.8 ppm (m, -CH 2)-,'.

B .—Saponification of 10.8 g (0.03 mol) of 3 with methanolic The bissemicarbazone was recrystallized twice from ethanol-
KOH led to a solid, which was identical in every way with that water.
from A, yield 7.5 g (79% ). ll-(p-Hydroxybenzoyl)undecanoic Acid (10).—A solution of

Methyl 9-(p-HydroxymethylbenzoylJnonanoate (6).—The fol- 78 g of polyphosphate ester,13 12.2 g (0.13 mol) of phenol, and
lowing is typical of the Fischer esterifications carried out with 31.7 g (0.13 mol) of 11-carbomethoxyundecanoic acid10 was
several acids. A solution of 2.6 g (0.01 mol) of 9-(p-hydroxy- heated at reflux for 1 hr and then added to ice-water. The
methylbenzoyl)nonanoic acid in saturated methanolic hydrogen organic phase, combined with chloroform washings of the aqueous
chloride was heated at reflux for 2-14 hr. The mixture was layer, was washed with 7.5%  KOH and saturated NaCl and
poured into ice-water; the ether layer, combined with ether wash- dried (M gS04). After removal of the solvent, there remained
ings of the water layer, was extracted with NaHCCh and water, 35.5 g (83%) of pale yellow, liquid phenyl methyl dodecanedioate,
dried (M gS04), and then concentrated. The ester was separated ir (neat) 1765 and 1750 cm' 1 (ester CO). The Fries rearrange-
from the residual oil by thick layer chromatography on silica gel ment was carried out by mixing, in the cold, 16 g (0.05 mol) of
(5% MeOH in CHC13): uv max (methanol) 250 mM (e 54,000); ester, 26.8 g (0.20 mol) of anhydrous aluminum chloride, and 100
ir (double mull) 3400 (OH), 1750 (ester), and 1690 cm-1 (ketone); ml of nitrobenzene and allowing the mixture to stand at room
nmr (CDC13) 4.76 (s, CH2OH), 3.57 (s, CO2CH3), 2.3 (t, COCH2), temperature for 2 days. I t  was decomposed in ice-water and
2.9 (t, CH2C 02CH3), and 1-2 ppm (m, CH2). The same ester extracted twice with ether. The ether solution was extracted
was obtained by Fischer esterification of 9-(p-acetoxymethyl- with 10% NaOH and the basic solution was acidified with 6 N
benzoyl)nonanoic acid. HC1. The solid product was taken up in ether and washed with

Methyl ll-p-(Hydroxymethylbenzoyl)undecanoate (7). A.— saturated NaCl, and the solution was dried (M gS04) and con-
Fischer esterification of either the hydroxy acid 5 or acetoxy centrated. After recrystallization of the residue from benzene-
acid 3 led to the methyl ester, which was recrystallized from hexane, it amounted to 3.8 g (25% ); ir (double mull) 3300-3500
chloroform-hexane: ir (CHC13) 1735 (ester) and 1690 cm-1 (ArOH), 1720 (COOH), and 1690 cm-1 (ketone).
(ketone); nmr (CDC13) 4.75 (s) and 3.67 (s). 12-(p-Tolyl)dodecanoic Acid (11).—Wolff-Kishner reduction

B .—A mixture of 2 g (0.0055 mol) of ll-(p-acetoxymethyl- of 30.4 g of methyl ll-(p-toluyl)undeeanoate in 300 ml of di
benzoyl )undecanoic acid (3), 1.3 g (0.01 mol) of oxalyl chloride, ethylene glycol with 25 ml of 85% hydrazine hydrate gave,
and 50 ml of anhydrous ethyl ether was stirred at room tempera- after recrystallization from ligroin, 17 g (61%) of acid: nmr
ture for 12 hr. After the solvent and excess oxalyl chloride had (CDC13) 2.30 (s, ArCH3) and 7.08 (s, ArH). 
been removed i n  v a c u o ,  excess methanol was added and the mix- 12- (p-Hydroxyphenyl)dodecanoic Acid (12).—Wolff-Kishner
ture was stirred for 2 hr and decomposed with water. The reduction in diethylene glycol of 3.5 g (0.012 mol) of 10 furnished
organic product was taken up in ether, washed with saturated 1.1 g (31%) of 12 after two recrystallizations from ether-ligroin:
NaCl, NaHC03, and again with NaCl, and dried (M gS04). ir (CHCls) 3350 (broad, ArOH) and 1715 cm-1 (COOH); nmr
The product obtained by removal of the solvent and recrystal- (CDC13) 6.87 ppm (q, ArH).
lization as above was identical with the ester from A. Intramolecular, High-Dilution, Friedel-Crafts Acylations.—

9-(p-Acetoxymethylbenzoyl)nonanal (8).—A solution of acid The a n s a  ketones 14a and 14b were prepared according to Huisgen, 
chloride, prepared from 10 g (0.03 mol) of p - (acetoxymethyl- e t  a l . , 8 from the corresponding w-phenylalkanoie acids. Data for
benzoyl)nonanoic acid and oxalyl chloride, in 50 ml of dry 14a follow: mp 87-89° (aqueous ethanol) (lit.8 mp 92-93°);
diglyme was cooled to Dry Ice-acetone temperature. To this nmr (CDC13) 7.4 (q, 4, ArH), 2.75 (q, 4, ArCH2, -CH 2CO),
was added 7.6 g (0.03 mol) of lithium aluminum tri-/-butoxy- 1-1.8 [m, 6, ~(CH2)n- ] ,  and 0.5-1.0 ppm [m, 8, -(C H 2)„-].
hydride in 50 ml of dry diglyme over a period of 1 hr, with stirring. The semicarbazone of 14a was prepared, mp 200-202° (methanol)
After removal of the bath, the solution was stirred for an addi- (lit.8 mp 207-208°). Data for 14b follow: mp 74-76° (methanol)
tional 2 hr and then decomposed in ice-dilute HC1. The com- (lit.8 mp 78-78.5°); nmr (CS2) 7.4 (q, 4, ArH), 2.75 (m, 4,
bined ether extracts were washed with dilute NaOH and water, ArCH2, -C H 2CO), 1-2 (m, 6, -(C H 2)„-), and 0.5-1.0 ppm [m,
dried (M gS04), and concentrated. The residual yellow, waxy 12, -(C H 2)„-|. The 2,4-dinitrophenylhydrazone of 14b was
solid was recrystallized six times from ether-hexane: ir (double prepared, mp 150-152° (lit.8 mp 154°).
mull) 1760 (ester), 1720 sh (aldehyde), and 1690 cm-1 (ketone); Baeyer-Villiger Oxidation of 14b.—To a mechanically stirred
nmr (CHC13) 2.13 (s, OCOCH3), 5.18 (s, CH2OCO-), and 9.88 mixture of 2 g (0.008 mol) of 14b in 75 ml of methylene chloride
ppm (s, CHO). containing 6.2 g (0.04 mol) of disodium hydrogen phosphate was

The yield of aldehyde was greatly increased by use of THF added, at room temperature over a period of 30 min, a solution
instead of diglyme as solvent. containing 0.016 mol of freshly prepared trifluoroperoxyacetic

10-(p-Hydroxymethylphenyl)-l,10-decanediol.— To a mag- acid dissolved in 25 ml of methylene chloride. Refluxing was
netically stirred suspension of 1.6 g of lithium aluminum hydride maintained for 18 hr; the mixture was filtered and the filtrate
in 70 ml of anhydrous ether was added, over a 2-hr period, 2 g was washed successively with water, 10% NaHCOs, and water
of 9-(p-acetoxymethylbenzoyl)nonanoic acid. Then refluxing and dried (MgSO<). An infrared spectrum of the crude product 
was maintained for 4 hr and the mixture was decomposed by remaining after removal of solvent indicated both ketone and 
dropwise addition first of water and then of dilute HC1. The lactone. After the entire oxidation process had been repeated 
ether layer and ether extracts of the aqueous layer were combined, and the product had been purified by thick layer chromatog- 
washed with NaHC03 and water, dried (M gS04), and concen- raphy on silica gel (75% chloroform, 25%  benzene), 15b was in 
trated. The triol, after recrystallization from ether-hexane, the form of an oil: nmr (CDCI3) 7.08 (q, 4, ArH), 2.4 (broad m, 
amounted to 1.67 g (98% ): mp 88-90°; ir (double mull) 4, ArCH», -CH 2COO-), 1-1.9 [m, 7, -(C H j)«-], and 0.5-1.0
3200 cm-1 (broad, OH); mass spectrum m / e  280 (molecular ion). ppm [m, 11, -(CH 2)„-].

A n a l .  Calcd for C„H2803: C, 72.82; H, 10.06. Found: C, A n a l .  Calcd for C,8H260 2: C, 78.79; H, 9.55. Found: C, 
72.8; H, 10.3. 78.58; H, 9.45.

All attempts to oxidize the triol selectively with M n02 or Saponification of 15b.—A solution of 0.2 g of KOH and 0.1 g
K M n04 failed. of 15b in 25 ml of methanol was heated at reflux for 2 hr. I t  was

Methyl ll-(p-Formylbenzoyl)undecanoate (9).—To a solution added to dilute HC1 and the mixture was extracted twice with 
of 0.01 mol of 1 in 50 ml each of glacial acetic acid and acetic ether. The ether solution was washed several times with satu- 
anhydride, cooled in an ice-salt bath, was added first 3 ml of rated NaCl and dried (M gS04), and the solvent was removed to 
concentrated H2S 0 4 and then 0.04 mol of chromium trioxide such give, after recrystallization from chloroform—ligroin (bp 40—60°), 
that the temperature never exceeded 5°. Stirring was continued 0.07 g (68% ) of 12, mp 104-106°. A mixture melting point with 
for 10 min, and then the solution was poured into ice-water. 12 prepared above was undepressed, and their ir spectra were 
The crude pem-diacetate was collected, washed with water identical, 
repeatedly to remove chromium salts, and air-dried. I t  was
heated at reflux with 10 ml of ethanol, 10 ml of water, and 1 ml Registry No.— 1, 23334-73-8; 1 sem icarbazone,
of concentrated H2S° 4 for 30-40 min. The hot mixture was 23293-58-5; 2, 23293-59-6; 3, 23293-60-9; 4, 23293- 
filtered and the nitrate was cooled to give solid, which was re-

(13) Y . Kanaoka, O. Yonemitsu, K . Tanizawa, K . Matsuzaki, and Y . 
(12) F . G. Bordwell and K. M. Wellman, J .  Chem. Educ., 39, 308 (1962). Ban, Chem. Ind. (London), 2102 (1964).
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61-0; 5,23293-62-1; 6,23293-63-2; 7 ,23293-64-3; 8, T a b l e  I
23293-65-4; 9, 2334-74-9; 9 bissemicarbazone, 23293- I o n iz a t io n  C o n s t a n t s

66-5; 10,23293-67-6; 11,23293-68-7; 12,23293-69-8; pKat
15b, 23293-71-2; 10-(p-hydroxymethylphenyl)-l,10- Compd 2S°
decanediol, 23293-70-1. NF2CH2CH2COOH 3.74 0.528 4.13

’ (CH3)2C(NF2)CH2CH2COOH 4.35 0.174 4.84
_________________  CH3C(NF2)2CH2CH2COOH 4.01 0.372 4.33

CH3C(NF2)2CH2CH2CH2COOH 4.62 .......................
S u b stitu ent C onstants of Difluoram inoalkyl and CH3C(NF2)2CH2CH2C(N 02)2H 3 .87 0.381 4.42

gem -Bis(difluoram ino)alkyl G roups1
The ionization constants of the carboxylic acids, 

K u r t  B a u m  determined by potentiometric titration,11 and the corre
sponding <7* values of R  in RCOOH are shown in 

Environmental Systems Division, Table I. The ionization constant of 5,5-bis(difluor-
Aerojet-General Corporation, Azusa, California 91702 amino)hexanoic acid was within experimental error

of that of the reference, acetic acid7; it was not in- 
Received June 25,1969  formative as to the effect of the difluoramino groups

because of the distance between functional centers. 
Although the difluoramino group of simple difluor- The ionization constant of 5,5-dinitro-2,2-bis(difluor- 

amino alkanes has an electron-withdrawing inductive amino) pentane8 was obtained by the spectroscopic
effect,2 the difluoramino group is also capable of sup- method. The a *  value of 0.381 was calculated using the
plying electrons mesomerically to support simple cations p* for 1,1-dinitro alkane ionization reported by Sitz-
such as N F20  + and N F2= N F +,3’4 as well as difluor- mann, Adolph, andKam let.12 The a* values for CH3-
aminocarbonium ions.5’6 The operation of this effect C(N F2)2CH2CH2-  derived from the dinitro alkane and
in (/em-bisdifluoramino compounds could reduce the the carboxylic acid ionization constants are within
additive inductive effects by resonance structures such experimental error.
as the following. The aliphatic substituent constant, The <r* value of the difluoramino group was cal

culated using the normal quenching factor of 2.8 for 
F ^  y E  intervening methylene groups and the value of <r*

hr F ^  for hydrogen, 0.49, to convert methyl groups into
II N~ hydrogens.7 The value of o-*nf, derived from 3-di-

R R |j R fluoraminopropionic acid is considered the most reliable
/  \  jg+ because only two correction factors were required.

F p /  X p  Within the combined calculation uncertainties, the
<r* values for two difluoramino groups are additive 

<r*, would therefore show a “saturation” effect7 relative an<̂  therefore do not present evidence for unusual
to that of compounds with single difluoramino groups. resonance effects. The difluoramino group is seen to

3-Difluoraminopropionic acid,6 4,4-bis(difluoramino)- be strongly electron-withdrawing, comparable with
pentanoic acid,8 and 5,5-bis(difluoramino)hexanoic nitro group. The reported pK  for 4,4-dinitro-
acid8 were prepared as described previously. 4-Di- pentanoic acid13 is, in fact, almost identical with that
fluoramino-4-methylpentanoic acid was obtained by corresponding difluoramino acid,
the alkaline hydrolysis of methyl 4-difluoramino-4-
methylpentanoate, which in turn was obtained by the Experimental Section
reaction of methyl 4-methyl-4-nitropentanoate6 with Because difluoramine and many difluoramino compounds are 
difluoramme in the presence of fuming sulfuric acid. Al- sensitive explosives, the safety precautions described previously5
though replacement of nitro groups by difluoramine were followed. Ionization constants of the carboxylic acids were
under these conditions has been used extensively with determined with a Metrohm E336 potentiograph at expanded
a-halo derivatives,10 the synthesis of a tertiary alkvl scale by standard methods.11

. j  • .1 • i . u The reduction of 5,5,5-trmitro-2,2-bis(difluoramino)pentane
dmuoramino compound m this way has not been re- wjth alkaline hydrogen peroxide was carried out using V2o of the
ported previously. previously described quantities.8 The salt solution was diluted

HNFj to 10 ml with water, and 1-ml aliquots were diluted with base,
(CH3)2C(N 02)CH2CH2C 02CH3 --------- — »• acid, and buffers as described by Sitzmann, Adolph, and Kamlet.12

H2SO4, SOs The log e value of the 0.1 N  sodium hydroxide solution was 4.11
1 . NaOH, H,o at Xma* 375 mii-

(CH3)2C(NF2)CH2CH2C 02CH3 --------------- >- Methyl 4-Difluoramino-4-methylpentaiioate.—The previously
2' H+ described5 difluoramine generation procedure was followed.

(CH3)2C(NF2)CH2CH2COOH Methyl 4-methyl-4-nitropentanoate9 (5.0 g, 0.0286 mol) was
-----------------  added dropwise with stirring to 9 g of refluxing difluoramine and

, j  u , . .  , „ , 8 ml of 20% fuming sulfuric acid. The mixture was quenched(1) This work was supported by the Office of Naval Research. ° . .  “ . 1  “  ,,  , , . . .  , , ,
(2) The electronegativity of the difluoramino group has been reported with 100 ml of ICe 15 min after the addition Was COmp e e .

to be 3.25: R . Ettinger, J .  Phys. Chem., 67, 1558 (1963). The product was extracted with three 10-ml portions of methylene
(3) W. B. Fox, et al., J .  Amer. Chem. Soc., 88, 2604 (1966). chloride, dried over sodium sulfate, and distilled through a 25-cm
(4) A. R. Young and D. Moy, Inorg. Chem., 6, 178 (1967). Holzmann column to give 1.30 g (25.1% conversion, 40.5%
(5) K . Baum, J .  Amer. Chem. Soc., 90, 7083 (1968). ----------------------
(6) K. Baum, ib id ., 7089 (1968). (11) A. Albert and E . P. Serjeant, "Ionization Constants of Acids and
(7) R . W. Taft, Jr ., in “Steric Effects in Organic Chemistry," M. S. Bases,” John Wiley & Sons, Inc., New York, N. Y ., 1966, Chapter 2.

Newman, Ed., John Wiley & Sons, Inc., New York, N. Y ., 1956, Chapter 13. (12) M. E. Sitzmann, H. G. Adolph, and M. J . Kamlet, J .  Amer. Chem.
(8) K . Baum, J .  Org. Chem., 84, 3377 (1969). Soc., 90, 2815 (1968).
(9) M. C. Kloetzel, J .  Amer. Chem. Soc., 70, 3571 (1948). (13) M. I. Fauth, A. C. Richardson, and G. W. Nauflett, Anal. Chem.,
(10) K . Baum, J .  Org. Chem., 34, 2049 (1969). 38, 1947 (1966).
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yield) of methyl 4-difluoramino-4-methylpentanoate, bp 56° cis—trans 1:1 equilibrium mixture of I was converted 
(1.5 mm), and 1.9 g of recovered starting material. quantitatively into III after reaction with twice the
v Ana}' Adfio°r n F N2 7 S ’ 46’43’ H’ 7'19’ N’ 7'74’ equimolar amount of phenyllithium. In all cases the

The proton nmr spectmm (C D ci3 solution) consisted of a enamine III formed was the pure cis form, as deter-
singlet at 8 3.80 for OCH3, a triplet (J  = 1.8 cps) at 8 1.32 for mined by nmr. Possible routes for converting trans-L
(CH3)2CNF2- , and a multiplet at 8 1.7-2.9 for CH2. The in- into cis-III are shown in Scheme I.
frared spectrum showed a carbonyl band at 5.75 y and bands in
the NF region at 10.50 (m), 10.71 (m), and 11.65 m (s)- Scheme I

4-Difluoramino-4-methylpentanoic Acid.—A mixture of 1.20 g
(0.00663 mol) of methyl 4-difluoramino-4-methylpentanoate and ph\  ==c/'Br Ph\ c==c/ Ll * Ph\ c = c -^H
10 ml of 2.5 JV sodium hydroxide was heated intermittently in ^ P h  ^ P h  ^ P h
a 50° bath and agitated with a vortex mixer for 10 min to give a
clear solution. Acidification with sulfuric acid, extraction with tram-I trans-lV trans-III
two 5-ml portions of ether, and distillation gave 0.79 g (71.3% .. « »
yield) of 4-difluoramino-4-methylpentanoic acid, bp 72-73° A| Bl  f-i
(0.05 mm). Ph Ph Ph Ph Ph. ,Ph

Anal. Calcd for C6HuNF20 2: C, 43.11; H, 6.60; N, 8.39. .  > = <  Phu
Found: C, 42.84; H, 6.41; N, 7.95. Br ~ ^  C j  L’ O  H

The proton nmr spectrum (CDC13 solution) consisted of a 0 ^ ^  0 ^ /  0— J
singlet at 8 11.02 for COOH, a triplet ( J  =  2 cps) at 8 1.30 for cisI C,S'IV c,s'm
CH3, and a multiplet at 8 1.8-2.9 for CH2.

_  . „  . . , , ,  According to Munk and Kim, the equilibrium mixture
Registry No.— Methyl 4-difluorammo-4-methylpen- for enamine m  ig d s _trans (88 . 12).4 Since we detec-

tanoate, 224-7 Oo 0 ; 4 difluorammo 4 methylpenta- tcd no ¿rans_jII and since the conditions necessary for
noic acid, 22427-06-1. the m -III-irans-III isomerization are much more severe

Acknowledgment.—The author is grateful to Mrs. than those employed in our studies, we feel that the 
Yoshie Kadota for the pK  determinations of the car- isomerization of products, route C, can be considered 
boxylic acids, to Mr. K. Inouye for elemental analysis, to be rather unlikely.
and to Dr. W. Woolfenden for nmr spectra. Is is generally accepted that protonation of vinyl-

lithium reagents occurs with retention of configura- 
lion.4-7 There are then two remaining possible routes

„ „  . TT for the conversion of trans-1 into m -IV . In route A,
Studies on E n am m es. 11. 1 he E iiect ol th e  . T , , , , T -j-t, u lr+u;__  „„ jm -I reacts faster taan trans-1 with phenyllithium, and

Am ino Group on th e  Stabilities of consequently the equilibrium cis-I-trans-I is shifted
Isom eric Vinyl A nions1-2 toward cis-1. Our study showed that the cis-l-trans-1

isomerization reaches equilibrium after several hours 
Samuel J .  Huang and M arie V. Lessard3 in benzene at room temperature, showing that route A

is possible. Alternatively, both cis-l and irans-1 may 
Department of Chemistry and Institute of Material Science, react with phenyllithium at similar rates to give cis-IV

University of Connecticut, Storrs, Connecticut 06268 antl trans-IV, respectively, and a fast conversion of
irans-IV into cis-IV may occur (route B). Since diary 1- 

Received July 24, 1969 vinyllithium and triarylvinyllithium are known to
undergo cis-trans isomerization at rather fast rates,6-7 

Earlier we reported the synthesis and cis-trans isom- it ig reas0nable to assume that trans-IV also isomerizes
enzation of 1-bromo- and l-chloro-2-(4-morpholino)- to m -IV  at a rather fast rate. Detailed kinetic studies
1 2-diphenylethene (I and II ) .1 In the same article we win be necessary to estimate the relative importance of
also reported the easy heterolytic cleavage of the car- rouTe A and of route B However, attempts to study
bon-halogen bond to give a vinyl cation. We have now guch kineticg have been frustrated, as trans-1 can not be
studied the reactions of I and II with phenyllithium and obtained in pure form. aiso the reaction rate of I with
triphenylphosphme. In both cases the halo enammes phenyllithium is too fast to be measured in an easy way.
were reduced to give l-(4-morpholmo)-l 2-diphenyl- The fact that only a s . m  is formed in the above reac- 
ethene (III) through a vinyl anion intermediate. tiong (our nmr measurements are estimated to be ac-

Ph^ ^Ph ■ Ph^ curate to ± 2 % ) suggests that cfs-IV is much more sta-
^C=CV ble than trans-TV. We feel that intramolecular coor-

I j [ i dination of the nonbonded electrons of the morpholino
nitrogen to the lithium metal probably is responsible 

as trans for the relatively high stability of the cis form of IV,
I, X = Br which may be more accurately represented as IVa

H,X = C1 rather than m -IV . Such intramolecular coordination
III, X = H is not possible in the trans form of IV.

Reaction with Phenyllithium.— When treated with Ph^ ph
an equimolar amount of phenyllithium in benzene at ^ C = C ^
room temperature, both I and II were converted into \ i  *"Li
the enamine III  (51% and 45% , respectively). A

IVa
(1) Part I :  S. J .  Huang and M. V. Lessard, J .  Amer. Chem. Soc., 9 0 , ----------------------

2432 (1968). (4) M. E . Munk and Y . K . Kim, J .  Org. Chem., 30, 3705 (1965).
(2) Abstracted from the Ph.D. dissertation of M. V. Lessard, University of (5) A. N. Nesmeyanov and A. E . Borisov, Tetrahedron, 1, 158 (1957).

Connecticut, 1969. (6) D. Y . Curtin and J .  W. Crump, J .  Amer. Chem. Soc., 80, 1922 (1958).
(3) University of Connecticut Predoctoral Fellow, 1966-1969. (7) D. Y . Curtin and W. J .  Koehl, Jr ., ibid., 84, 1967 (1962).
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Reaction with Triphenylphosphine.—Reaction of a the addition o: the large triphenylphsophine molecule 
mixture of the cis and trans forms of bromo enamine I to the olefin very difficult; and (2) in an addition- 
with triphenylphosphine in benzene at room tempera- elimination reaction one would expect that the chloro
ture yielded 37%  of czs-III, 27%  of deoxybenzoin (V, enamine II would react as easy as or more easily than
hydrolysis product of III), and a white, hygroscopic the bromo enamine I. This was not the observed case, 
solid believed to be the triphenylphosphonium salt of the Again, the fact that only cfs-III was obtained sug- 
enamine. Reaction of a mixture of the cis and trans gests that internal coordination between the morpholino 
forms of the chloro enamine II with triphenylphosphine nitrogen and the cationic phosphorus makes the cis 
under the same conditions yielded 29% deoxybenzoin. forms of VI and VII more stable than the trans forms.
A possible mechanism for the reaction is shown in
Scheme II. A nucleophilic displacement of triphenyl- Experimental Section

„ TT All melting ponra were uncorrected and were taken on a
s c h e m e  n  Thomas-Hoover apparatus. Infrared spectra were recorded on

I or H P h \  ^ P h  a Perkin-Elmer Model 137B Infracord. Nuclear magnetic
_l_ __  ̂ ^ C = C _  __  resonance spectra were determined using a Varian A-60 spectrom-

| b1 Ypp, eter and carbon tetrachloride solution containing tetramethyl-
' 0 J  3 silane was used as internal standard. Mass spectra were obtained

Y j on an AEI MS-12 mass spectrometer. Analyses were performed
by Galbraith Laboratories, Inc., Knoxville, Tenn., and Baron 

P“\  / P h  Consulting Co., Orange, Conn. Thin layer chromatography

r . J/ C = = Cv + (tic) was performed on 0.25-mm layers using silica gel GF
I _ P ”"3 (1) 254 or PF 254 (Merck), Darmtadt, Germany. The silica gel

used for column chromatography was obtained from Gerbriider 
y j j  Hermann, Koln, Germany.

All solvents and reagents were purified according to standard 
VII +  ROH — *• IV +  Ph3POR X-  (2) procedures before use. All products were identified by melting

y j j j  point and spectroscopic methods.
l-Bromo-2-(4-morpholino)-l,2-diphenylethene (I).—To a solu- 

Vni — ► Ph3P = 0  +  RX (3) tion of 15.0 g (57 mmol) of cfs-l-(4-morpholino)-l,2-diphenyl-
JX ethene (I I I )4 in 250 ml of dry benzene stirred under nitrogen was

added 10.2 g (57 mmol) of N-bromosuccinimide in small portions. 
tv Hi0, PhCOCH Ph After completion of the addition of NBS (30 min) the mixture

2 was stirred for 1.5 hr; after this time tic showed that all of I I I
v had reacted. Filtration of the succinimide formed in a vacuum

R = H, C2H5 system followed oy evaporation of solvent in vacuo resulted in a
yellow-brown oil. The oil was crystallized from dry methanol 

, . . . . . . - , , TTT to give 15.5 g (79%) of a cis-trans (3 .4 :1) mixture of I .  Two
phosphine on halogen yields the phosphomum salt VI, more recrystallizations from methanol yield the pure cis isomer,
which may rearrange to give phosphonium salt VII mp 109-110°. The infrared spectrum showed the following
(eq 1). Hydrolysis of the phosphonium salt VII by peaks: 3030, 2940, 1590, 1140, 950, 740, 710, and 705 cm-1, 
water present in the reaction system would yield ena- Thf n™r sPect ûm was reported elsewhere.1
mine III [which may undergo further hydrolysis to give Found. c> 63<06; H> 5-23; N> 4 03
deoxybenzoin (V), eq 4 ] and phosphonium salt V III Attempts to isolate the pure irons form failed.
(eq 2). Decomposition of V III could then yield tri- l-Chloro-2-(4-morpholino)-l,2-diphenylethene (II).—The en-
phenylphosphine oxide (IX ).8 Support for this mecha- amine 11 was prepared in 70% yield from cfs-III and N-chloro- 
nism was provided by treating bromo enamine I with
triphenylphosphine in benzene under anhydrous condì- the following peaks 3030, 2940,1590,1575,1110, 940,745, and
tions, followed by addition of ethanol. The reaction 700 cm-1. The nmr spectrum was reported elsewhere.1
yielded 8 6 %  cfs-III, 9%  deoxybenzoin (V), 92%  tri- Anal. Calcd for C1SHISC1N0: C, 72.11; H, 6.03; N, 4.67.
phenylphosphine oxide (IX ), and 50%  ethyl bromide. Found: C ,71.94; H, 6.08; N, 4.53.

e . , , .  ,  • r j  , r  , Attempts to isolate the pure trans form failed.
The fact that the bromo enamine I underwent a faster Reaction with Phenyllithium.-Reactions were run on a 5- 
and more complete reaction than the chloro enamine II mmoi scale. Phenyllithium (Alfa Inorganics) in benzene-ether 
supported the postulated nucleophilic attack on halogen was added to a stirred solution of an equilibrium mixture of I  or 
rather than on carbon.8-14 Indeed, very similar mech- H ln dry benzene under nitrogen at room temperature. The 
anisms have been suggested by several workers on the react(°" T  T f " u s  and the organometallic intermediate

, ,. . , / .  . . . .  _ was hydrolyzed 1 hr later by addition of isopropyl alcohol (acid
reduction of halo ketones b y  triphenylphosphine. hydrolysis was not employed in order to avoid hydrolysis of

An alternative mechanism for formation of the phos- enamine I I I ) . Removal of solid by filtration and evaporation of
phonium salt VII may involve addition of triphenyl- the solvent in vacue gave a yellow oil. The nmr spectrum of the
phosphine to the olefin followed b y  elimination of a oil in carbon tetrachloride solution revealed the presence of only
i Vj  . mi • -l • i -l i , v , unreacted halo enamine and cts-III. Preparative tic and column
halide ion. This mechanism may be ruled out by two chromatography gave deoxybenzoin (hydrolysis product of I I I )
considerations: (1) stenc hindrance probably makes and «-halodeoxybenzoin (hydrolysis product of I or II). The

result are listed in Table I .
(8) S. Trippett, J .  Chèm. Soc., 2337 (1962).
(9) P. A. Chopard, R . F . Hudson, and G. Klopman, ibid., 1379 (1965).
(10) I. J .  Borowitz and L. I. Grossman, Tetrahedron Lett., 11, 741 (1962). TABLE I

s s  » .
(13) A. J .  Speziale and L. J .  Taylor, J .  Org. Chem., 31, 2450 (1966); '------Yield of product, % ------,

A. J .  Speziale and L. R . Smith, J .  Amer. Chem. Soc.., 84, 1868 (1962). Reactants (ratio) cts-III irans-III
(14) For recent reviews on nucleophilic attack on halogen, see H. Hoffman j  PhLi ( 1 * 1 )  51 0

and H. J .  Diehr, Angew. Chem., Int. Ed. Engl., 3, 737 (1964); B . Miller in T H PBT ' 1 .9 )  10 0  0
“Topics in Phosphorus Chemistry,” Voi. 2, M. Grayson and E . J .  Griffith, an  1 . ;  ^
Ed., Interscience Publishers, Inc., New York, N. Y ., 1965, pp 133-199. I I  an d  P h L i ( 1 11)  4o  0
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Reaction of I with Triphenylphosphine. A.—To a solution of
2.28 g (8.7 mmol) of triphenylphosphine (Carlisle Chemical Co.) /i\.
in 100 ml of benzene stirred under nitrogen was added a solution /
of 3.00 g (8.7 mmol) of the bromoenamine I in 20 ml of benzene. Is -~ —« s/ S
After 1 hr of stirring at room temperature, tic showed the absence 4 /  ‘
of unreacted I . A white, hygroscopic precipitate, mp 128-130°, _ II /
was filtered from the reaction mixture. An oil was obtained from ¡C If /
the filtrate after removal of solvent. Hydrolysis of the oil with I  J
undried methanol gave 0.86 g (37%) of enamine I I I  and 0.56 g !  /
(27%) of deoxybenzoin after fractional recrystallization from J  /
methanol. The white precipitate could not be purified, as it /
hydrolyzed rapidly in air to give enamine I I I , deoxybenzoin, and 0  -  /
triphenylphosphine oxide. ia A

B .—The same reaction was carried out in a carefully dried sys- ---- 1--------------------------------1-------------------------------- 1-----
tern. Instead of filtration of the precipitate, a different work-up /rv
procedure was employed. A mild exothermic reaction took place / \
with the dissolution of the original precipitate when 1.8 times the
equimolar amount of absolute ethanol was added to the reaction , V
mixture. After having been stirred overnight, the mixture was *C J
fractionally distilled. Comparison of the nmr spectra of the / X
distillate fractions with that of authentic ethyl bromide showed a 2. J  i f
50% yield of ethyl bromide. An 85% yield of cts- I I I ,  a 9% yield /— y  /
of deoxybenzoin, and a 92% yield of triphenylphosphine oxide _ _________________ _ / /
were obtained from the residue by fractional recrystallization J  I /
from methanol. ^  — s .  ✓ — '

Reaction of II with Triphenylphosphine.—The reaction was ¡a /  g
carried out in a manner similar to A above. After 24 hr of stirring ( N /  (
tic showed the presence of unreacted II . Column chromatog- ---- *--------------------------------'-------------------------------- -----
raphy yielded 70% unreacted triphenylphosphine and 29%
deoxybenzoin. / \

Registry No.—cis-I, 20735-65-3; trans-l, 20735- /  \
66-4; m -II , 20735-67-5; trans-II, 20735-68-6; phenyl- 'c /
lithium, 591-51-5; triphenylphosphine, 603-35-0. /

Acknowledgments.— Financial support from the Pe- 0  _  ,  —'  /
troleum Research Fund, administered by the American -  /
Chemical Society, and the University of Connecticut X  /
Research Foundation are gratefully acknowledged. 'a \  /

_ J ___________________ I__________________ 1—
T h e  C o u p lin g  o f  N itro p h e n y l R a d ic a ls  a n d  0 .2  0 .7  1.2

A n io n s  T o  F o r m  A n io n  R a d ic a ls  ^
Figure 1.—Cyclic voltammograms in 0.1 M TEAP-DM SO at a

D. E . Bartak, W. C. Danen, and M. D. Hawley scan rate of 80.6 mV/sec: (a) 7.32 X 10"3 M  p-iodonitro-
benzene; (b) 7.32 X 10“3 M  p-iodonitrobenzene and 0.1 M

„ , , , . , „  „, . rr ■ NaCN; ic) 5.82 X 10-3 M  p-nitrobenzonitrile. Numbers 1 and
D e p a r t m e n t  o f  C h e m i s t r y ,  K a n s a s  s t a t e  U n i v e r s i t y ,  „ , , , JO , • ,

Manhattan, Kansas 66503 2 represent cycles 1 and 2, respectively.

Received August 12, 1969 studies should be made into the reactions of phenyl
radicals in the presence of anions. The results of such

Dimerization, disproportionation, and atom abstrac- a study are reported herein.5 
tion are among frequently reported reaction pathways Evidence for a phenyl radical-anion reaction is shown 
for organic free radicals.1 Evidence has been presented in Figure 1. In the absence of a reactive anion, such
recently which shows that still another reaction path- as cyanide (Figure la), the nitrophenyl radical formed
way, the coupling of a radical with an anion, predomi- by the electrochemical reduction of p-iodonitrobenzene
nates for nitrobenzyl radicals in the presence of certain (cathodic peak near —1.0 V) abstracts a hydrogen atom
anions.2 Similarly, the coupling of a phenyl radical from the solvent to form nitrobenzene. The nitroben-
with an anion has been suggested to rationalize the zene is then reduced in a one-electron process at slightly
formation of biphenyl in the photolysis of aphenyllith- more negative potential (cathodic peak near —1.09 V) 
ium in ether solution.3 to its anion radical.6 The absence of appreciable anodic

In the course of some of our earlier work we reported current on the reverse, anodic sweep is the result of a
that the presence of iodide ion markedly altered the solution oxidation-reduction reaction involving nitro-
rate of halogenated nitrobenzene anion radical decom- benzene anion radical and p-iodonitrobenzene.4
position.4 That observation suggested that further Hydrogen atom abstraction is virtually eliminated

as a reaction pathway in dimethyl sulfoxide (DMSO)
(1) W. A. Pryor, “Free Radicals,” McGraw-Hill Book Co., Inc., New 

York, N .Y ., 1966.
(2) G. A. Russell and W. C. Danen, J .  Amer. Chem. Soc., 88, 5663 (1966); (5) Since the completion of this work, the coupling of phenyl radical and

90, 347 (1968); N. Kornblum, R . E . Michel, and R . C. Kerber, ibid., 88, nitrite ion was observed by esr spectroscopy in aqueous solution: A. L. J .
5660 (1966). Beckwith and R . O. C. Norman, J .  Chem. Soc., B , 403 (1969).

(3) E . E . van Tamelen, J .  I .  Brauman, and L. E . Ellis, ibid., 87, 4964 . (6) For additional applications of cyclic voltammetry to organic systems,
(1965). see, e g., R . N. Adams, “Electrochemistry at Solid Electrodes,” Marcel

(4) J .  G. Lawless and M. D. Hawley, J. Electroanal. Chem., 21, 365 (1969). Dekker, New York, N. Y ., 1969.
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when cyanide ion is present. In the presence of cyanide T a b l e  I
ion (Figure lb), only the reduction wave owing to the C o u l o m e t r ic  R e d u c t io n  o f  I o d o n it r o b e n z e n e s  in  DMSO 
one-electron reduction of p-iodonitrobenzene to its Nitrobenzene

anion radical is readily discernible on the first cathodic 4 x 2 1 Q3
sweep. After reversal of the potential scan a t —1.2 V, 4Jodo" CN~ 1 2  104
an anodic wTave not seen in Figure la  is observed at 3-Iodo- 1-2 1.93
—0.72 V. Subsequent cathodic sweeps show an addi- 3-Iodo- CN- 1.2 0.92
tional reduction process a t —0.78 V. A comparison of 2-Iodo- 1.4 1.89
the cyclic voltammograms of authentic p-nitrobenzoni- 2-Iodo- CN~ 1.2 0.96
trile (Figure lc) and the present system clearly shows »Supporting electrolyte is 0.1 M  tetraethylammonium per- 
that the new redox couple is due to p-nitrobenzonitrile- chlorate. When cyanide ion is indicated to be present, its con-
p-nitrobenzonitrile anion radical. The absence of a centration is 0.1 M. ‘ The theoretical number of electrons (n
e  , ,. , » value) for the reduction of an lodomtrobenzene to nitrobenzene
reduction wave at - 0 .7 8  V on the first cathodic scan anion radical and iodide ion ig 2 0. gee eq :_3 for a description
shows unequivocally that the anion radical of p-nitro- 0f the electrochemical and chemical process. The formation
benzonitrile cannot result unless the reduction of p- of a nitrobenzonitrile anion radical corresponds to a one-electron 
iodonitrobenzene is first made to occur. A reaction process; see eq 1, 2, and 4 for a description of these processes,
scheme consistent with this interpretation is shown by Relative avera«e deviation is less than 5% of an n value'
eq 1-4.

N02 no2 N02 the amount of coupling with cyanide ion. Thus, as the
I j j  solvent is varied from DMSO to AN (acetonitrile) to

[^ N  ^  slow i -  (i) D M F (dimethylformamide), nitrobenzene formation is
In- 4  "  '  fast observed qualitatively to increase in the order DMSO

j ] ’3 <  AN <  D M F.9 Since ion-pair formation is probably
I I extensive (but unknown) in these solvents, a quantita-
1 2 tive study of the relative rates in the several solvents

N0 was not attempted.

é Coupling of phenyl radicals with nitrite ion was also
observed. Phenyl radical, prepared by the thermal 

+ S’ decomposition of phenylazotriphenylmethane in DMSO

4 in the presence of 0.1 M  N aN 02, yielded a product
which upon electroreduction gave a strong esr spectrum 

N02 of nitrobenzene anion radical; glpc showed the presence
JL of approximately 5%  nitrobenzene and 75%  benzene.

4 + e =*=■*= fONl (3) Coupling of electrochemically generated p-nitrophenyl
radical with nitrite ion nearly eliminates hydrogen atom 

N0 abstraction as a reaction pathway, as evidenced by the
j " absence of a nitrobenzene reduction wave (Figure 2).

The pair of reduction waves near —0.59 and —0.73 V 
3 + CN~ *" |W J (4) arises from the stepwise reduction of the coupled reac-

( tion product, dinitrobenzene, to its dianion. The
CN anodic peak remaining at —0.90 V represents the reoxi

dation of unreacted p-iodonitrobenzene anion radical.
Confirmation of p-nitrobenzonitrile anion radical Attempts to prepare other anion radicals by coupling 

formation was obtained by esr spectroscopy. The esr a nitrophenyl radical with an anion were not successful,
spectrum of the anion radical obtained in this manner As observed previously by Parker and coworkers,
was identical with the spectrum of the anion radical of thiophenoxide reacts rapidly with p-iodonitrobenzene 0
an authentic sample of p-nitrobenzonitrile. As ex- f°rin p-nitrophenylthiophenyl ether prior to the elec-
pected, the hyperfine splitting constants (ago, =  trochemical reduction^ A similar reaction occurred
i , . .  H o n e  , H n  (\~JR r iiffn v  between thiophenoxide and m-iodomtrobenzene.
7.15, 00 =  3.06, and aM = aCN = 0.76 G differ of 3ither m. or p. nitrophenyl radical with
only slightly from those reported previously for the ^  op bromide ion tQ form the corresponding
anion radical m acetomtri e. . .. ■ halonitrobenzene anion radical was not observed. Al-

Formation 0 fo-m tro- and m-nitrobenzomtnle anion coupUng 0f a nitrophenyl radical with iodide
radicals from the corresponding nitrophenyl radices reg rted eviously/ the resulting anion
and cyanide ion is observed similarly by cychcvoltam- used nt gtud } readil dissociateS

SSSo. “  LuXtT™show to regenerate the nitrophenyl radical,
that the vields of the nitrobenzonitrile anion radicals , , ,•' „ . , 1 (9) The eaae of hydrogen atom abstraction by phenyl radical decreases in
are greater than 90%  from each of the nitrophenyl the order DMF > a n  > d m s o . See r . f . Bridger and g . a . Russeii,
radicals. J - Amer- Chem. Soc., 85, 3754 (1963); J .  D. Hunt, Ph.D. Thesis, Iowa State

As expected, increasing the ease with which a hydro- U“\;7Btya  “ r n ig U r m E 6'Giles, W. R . McDonald, and A. j . Parker, ./.
gen atom can be abstracted from the solvent decreases c h e m .s o c . ,B ,  152 (1966).

(11) This substitution reaction may also proceed by a free-radical chain
(7) A. H. Maki and D. H. Geske, J .  Amer. Chem. Soc.. 83, 1852 (1961). process with coupling of the nitrophenyl radical with thiophenoxide to form
(8) A. T . Hubbard, R . A. Osteryoung, and F. C. Anson, Anal. Chem., 38, an anion radical intermediate. See ref 2 for a complete discussion of this

692 (1966). mechanism with nitrobenzyl halides.
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--------------------------------------------------------------------- -- -----  spindle and the platinum rod were covered with a thin layer of
epoxv cement (Devcon WR-2) in order to render them electro- 

A  inactive. While the electrode functioned well in solutions of
I  \ DMSO and AN, degradation of the epoxy covering occurred
J \ within several hours after placement in DM F solutions.
| A \  In the thin-layer experiments the potential of the working
If V \  electrode was set sufficiently cathodic so as to reduce iodonitro-
IJ \ \  benzene and nitrobenzene (the product of hydrogen atom ab-
II \ \  straction), but not so cathodic as to further reduce the product
|| \ \  of the coupling reaction with cyanide ion. The method is not
|| applicable in the case of nitrite ion, since the product of the

j ■ coupling reaction, a dinitrobenzene anion radical, is further
I  /  reduced at the applied potential to the corresponding dianion.
I j  Chemicals.—All organic compounds were commercially availa-
I / ble samples. The purity of each was checked by gas chromatog-
j / raphy, cyclic voltammetry, and melting point; impure samples
I j  were recrystallized repeatedly until at least 99% purity was ob-

J  I tained.
2 / / Tetraethylammonium perchlorate was prepared according to

| the method of Kolthoff and Coetzee;14 the method of Pocker and
/ -  ■ ̂  J  Kevill15 was used for the preparation of tetraethylammonium

0  — "fr |__ z 1 Î J  nitrite. All supporting electrolytes were stored in a vacuum
| desiccator prior to their use. In a typical experiment, data were

_ I obtained first for the particular electrochemical system with
I 0.1 M tetraethylammonium perchlorate as the supporting elec-

*o \  I  trolyce. The experiment was then repeated with the sodium salt
\J  of the desire anion added (0.1 M ). Because of the insolubility of

sodium nitrite in AN, tetraethylammonium nitrite was used as
------I--------------------------------1--------------------------------1— 1 the anion source in this solvent.

0 .2  0 .7  1.2 DM F, AN, and DMSO were purified by previously described
E procedures4 and stored over Linde Type 4A molecular sieves.

All electrochemical experiments were performed in a glovebag 
Figure 2.—Cyclic voltammogram of 5.52 X 10~3 M p-iodo- unde-. a nitrogen atmosphere. The solutions were deaerated with

nitrobenzene and 0.1 M  NaN02 in 0.1 M  TEAP-DM SO at a scan purified nitrogen for at least 20 min prior to the electrochemical
rate of 80.6 mV/sec. measurements. All work was conducted at room temperature

(22.5 ±  0.5°).
This work illustrates the facile nature of the coupling In the thermal generation of phenyl radicals, phenylazotri-

nrocess of an organic free radical and anion Tn con- phenylmethane (0.005 M) was decomposed at 60.0 ±  0.1 withprocess ot an  organic iree  rad ical and am on. in  con D M S0 containing 0.10 M NaN02. Gas phase chromatography
tra s t to  th e  earlier reported w ork utilizing relativ ely  anaiysis showed formation of both benzene and nitrobenzene.
stable benzyl free radicals,2 the results reported herein
illustrate that reactive phenyl radicals can be effec- Registry No.— 1, 636-98-6; 3, 2395-99-5, p-nitro- 
tively scavenged by various anions even in the presence benzonitrile anion radical, 12402-47-0, 3-iodonitro-
of reasonably good hydrogen-donating solvents. Such benzene, 645-00-1; m-nitrophenyl radical, 3522-58-5,
a low-energy reaction pathway available to free radicals m-nitrobenzonitrile anion radical, 12402-46-9, 2-
is understandable, since only bond-formation and no iodonitrobenzene, 609-73-4; o-mtrophenyl radical, 
bond-cleavage processes are involved. 23209-57-6; o-nitrobenzonitrile amon radical, 12402-

45-8.

Experimental Section Acknowledgments.—Acknowledgment is made to the
Instrumentation.—The cyclic voltammetric and thin-layer Kansas State Bureau of General Research for partial

coulometric studies were performed on a transistorized, three- support of this work and to the donors of the Petro-
electrode potentiostat-galvanostat described previously.4 The ieunl Research Fund, administered by the American
techniques suggested by Brown, Smith, and Booman12 for stabiliz- C h em ical Socie ty  (G ran t P R F  1123-G1).
ation of the potentiostat with 100% iR  compensation were m- J  K J
corporated into this instrument. L  M . Kolthoff and .1. F . Coet.ee, J .  Amer. Chem. S o c . ,  79, 870 (1957).

Electron spm resonance spectra were obtained on a Varian (15) y  Pocker and D N Kevilli i6id 81 4760 (1965K
V-4502 spectrometer. The anion radicals were produced in situ
by the electrochemical reduction of the required iodonitrobenzene --------------------------
in the presence of the reacting anion.

The gas chromatograph was a Hewlett-Packard Model 700 T h e  R e a c t io n  o f  B e n z y n e  w ith
equipped with flame ionization detection.

Cells and Electrodes.—The working electrode in the cyclic 1 ,3 -C y c Io h e x a d ie n e
voltammetric experiments was a planar platinum button (Beck
man No. 39273) with a geometric area of ca. 0.23 cm2. The André M. B raun1
auxiliary electrode, a platinum foil, and the reference electrode, .
a saturated calomel electrode (see), were isolated from the Contribution No; 382 1  from the Gates and,
working electrode compartment by means of porous vycor glass ? relllrt Laboratories o f Chemistry California
(Corning No. 7930) and a bridge containing the solvent and 0.1 Institute o f Technology, Pasadena, California 9 1 1 0 9
M  supporting electrolyte. _ . ,

A thin-layer electrode similar to the one described by McClure Received arc . , 9
and Maricle13 was used for the rapid determination of n values.
The working electrode was a 3-mm length of 0.25-cm-diameter The recent report by Grisdale, et a l ,2 describing the 
platinum rod attached to a stainless steel spindle (L. S. Starrett synthesis and characterization of the series of phenvl-
Co.) by means of electrically conducting epoxy. The sides of the
---------------------  (1) J .  R . Geigy A. G., 1061.419 Grundlagenforschung, 4000, Basel 21,

(12) E . R . Brown, D. E . Smith, and G. L. Booman, Anal. Chem., 40, Switzerland.
1411 (1968). (2) P. J .  Grisdale, T . H. Regan, J .  C. Doty, J .  Figueras, and J .  L. R.

(13) J .  E . McClure and D. L. Maricle, ibid., 39, 236 (1967). Williams, J .  Org. Chem., 33, 1116 (1968).
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1 been adequately characterized by Grisdale, et a l.2
r  ‘ The integration of the nmr spectra of both 2 and 3 gave

/  identical group integral ratios: five aromatic, four
I olefinic, one benzylic, and two allylic protons. As
/ would be expected of an asymmetric structure, the
I signals for the olefinic protons of 3 are very complicated

/  II I multiplets. Signals for the benzylic and allylic protons
_________  __. —JiWf------- of 3 appeared at appreciably higher field, 5 3.60 and

,_______  1 7''"'^ , 2.38, respectively, than those of 2 (c/. Figure 1 and ref
......... « ..............«  ' ■phiiii1 ' '«!o‘ ' ' ' 1 j1» s  ' 2). This is consistent with the assigned structures,

Figure 1.— Nmr spectrum of 5-phenyl-l,3-cyclohexadiene (3). since the protons in question are monoallylic in 3 and

gt> 3Q T 4.0 ' .S;° 60 . 7;°. ■ -r- -y . ■ •   V' ...........  If-’—'
' >-"> S

MO •» ”° 100 ' °*
“

_____ i

i ! ■ I ■ ~ -7—...- 1 1 Hb . 1 1 ; ■ : 1 1 1...... : I . . I .!_____ -I—«.0 >.0 ‘6.0 1 ■ J0 - ‘ 4.0 3.0 7.0 1.0 0

Figure 2.— Nmr spectrum of 4,5-benzobicyclo[4.2.0]octa-2,4-diene (5).

cyclohexadienes prompts us to report information I i I I
concerning the reaction of benzyne with 1,3-cyclohexa- I 1| l| II

This reaction has been reported by Simmons3a and •¡toJV r V  1̂ p
further investigated by Huisgen and Knorr.3b The '
principal product, 5,6-benzobicyclo[2.2.2]octa-2,5-di- i
ene (1), has been identified by ir and nmr spectroscopy.
In addition, Simmons isolated a mixture of isomers and l| |
suggested that the nmr spectrum of the mixture is 1 ■ I i. i ,
consistent with the presence of a benzocyclobutene \ i .I  II . J 1 ,.
ring system.3a w J  ]  ̂ W  111 J u L i J m .

Besides 1, Huisgen and Knorr isolated three other W  fl V
products and tentatively assigned structures 2 and 3 for --------- 1--------- t------'------------ }tV-------------- 1------- -
two of them. _ B'.° ' ; "  >'°.................... » ................ —

Via Simmons’ procedure and preparative vapor Figure 3.— Double-resonance experiments with 4,5-benzobi- 
chromatography using a 39 ft X 0.75 in. O.d. stainless cyclo[4.2.0]octa-2,4-diene: left, no decoupling by irradiating at 5
steel oolumn, packed with 25%  Carbowax 20M on 3.6; right, decoupling by irradiating at 5 3.2.
30-60 Chromosorb W, with a column temperature of
150° and an injector temperature of 180°, triphenylene, bisallylic in 2. The uv spectrum of 3 showed a broad
1, 2, 3, and another isomer were isolated. The struc- absorption at 259 nm (e 5100) in contrast to the absorp-
tural assignments were based upon nmr and uv spec- t ion bands of 2, which were found similar to those
troscopy of the analytical pure products. reported by Grisdale, e ta l.2

5,6-Benzobicyclo [2.2.2]octa-2,5-diene (1) was identi- Because most of the benzyne reactions with dienes 
fied by comparing the nmr data with those published are ]{nown to yield 1,2 as well as 1,4 addition, we con-
by Tori, et alA* 3-Phenyl-l,4-oyclohexadiene (2), has gidered structure 4 for the fifth product, which appeared

in a yield of 3%. However, the ultraviolet spectrum

œil r ^ S  shows a maximum at 248 nm (e 8600),6 typical of
| L U J  L L J J  styrene derivatives.7 The nmr spectrum (Figure 2)

shows four aromatic and two olefinic protons and two
__________ 1 2 3 and four protons at 5 3.2. and 2.4, respectively. In

(3) (a) h . e . Simmons. J . Amer. Chem. S o c . 83, 1 6 5 7  (1961); (b) R . d o u b l e - r e s o n a n c e  m e a s u r e m e n t s ,  t h e  f r e q u e n c i e s  a s -
Huisgen and R. Knorr, Tetrahedron Lett,, 1017 (1963).

(4) K. Tori, Y . Takano, and K. K itahonoki, Chem. Ber., 97, 2798 (1964). (6) This compound is very sensitive to  air; the  e value m ight be too low.
(5) K. Tori, Y. H ata, R. M uneyuki, Y. Takano, T . Tsuji, and H Tanida, (7) R . A. Friedel and M. Orchin, "U ltraviolet Spectra of Arom atic

Can. J . Chem., 42 , 926 (1964). Com pounds,” John Wiley & Sons, Inc., New York, N. Y., 1951.
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signed to olefinic protons (5 6,35 and 5.84) were satu- As can be seen (Table I), alcohols were obtained as 
rated without noticeable effect on the methylene signals. major product when the reductions were carried out in
However, decoupling by saturation of the frequency of the absence of an added proton source like ethanol,
one of the bridgehead protons (8 3.2, cf. Figures 2 and 3) Further, it can be seen that the yield of alcohol product
led to simplification of the signals in the olefinic region. was generally good and not adversely affected by the
The combined results point strongly to 5 as the struc- length of the carbon chain of the starting amide or
ture of the new product. by substitution of one or two alkyl groups on the amide

We speculate that 4,5-benzobicyclo [4.2.0]octa-2,4-di- nitrogen, 
ene (5) is produced by thermal rearrangement from 4,
which may be unstable under the conditions of vapor T able 1“
chromatographic work-up. E lectroreduction of Various Aliphatic Amides

to the Corresponding Aldehyde or Alcohol

H r f ^ l  f ^ Y ^ l  — ►  Alcohol, h y d t,
E n try  Amide1 %  %  Coulombs

L J  V *  1 CH3(CH2)4CONH2 58c . . .  5 0 ,400
4 5 (0.05, 700)

Registry No.—3, 21473-05-2; 5 ,21367-71-5 ; ben- 2 JJ)Ĥ C^ 0NH2 "  22 14,400
zyne, 462-80-6; 1,3-cyclohexadiene, 592-57-4. g CH3(CH2)8CONH2 59c . . .  50 ,400

Acknowledgment.-—This work was supported by a (0 .0 5 ,7 0 0 )
grant from the National Science Foundation. I am 4 CH3(CH2)8CONH2 . . .  28 14,400

grateful to Professor George S. Hammond for his . no no ann1 • • r  O Un3(^xl2ji2'^UJN xi2 v*  . . .  ou,ttuusponsorship of the work and for helpful discussion of ^  02 45Q>)
the results, and to Dr. Christian Tanzer for his help in 6 CH3(CH2)14CONH2 86 . . .  50 ,400
the double-resonance experiments. (0 . 01 , 450)

7 CH3(CH2)icCONH2 79 . . .  50 ,400
(0 .0 1 ,4 5 0 )

A New Electroch em ical M ethod for th e  8 4 50 12'” °
Selective R eduction of A liphatic Amides to  9 CH3(CH2)4CONHCH3 51 . . .  50 ,400

Aldehydes or Alcohols CH ^(cthtC O N H C H , 81 . . .  4 6 ,8 0 0

R obert A. B en keser , Hamao W atanabe, Sherman J . M els , o\ no ia  ann
and M ichael A. Sabol 11 CH3(CH2)8CONHCH3 24 58 14,400

(0 .01 , 300Y

Department o f  Chemistry, Purdue University, 12 ^ 00» ^ ™ ° ^ ° ^  93 "  14’ 4° °
W ,„  L a ,a y „ „ . ,n d i .n a  J.7907 „  . . .  45 14,400

(0 01 350)c
Received Ju ly  S3, 1969 14 CH3(CH2)i4CON(CH3)2 97 . .  50 ,400

Although the reduction of aliphatic amides to alcohols 15 CH3(CH2)8CONH2 50 4 57 ,600
and aldehydes has been reported, the reaction has been (0.005, 350 )6
limited to rather specific compounds. Thus aldehydes a The products reported in this table were identified by a com- 
were obtained from amides using sodium in liquid am- bination of physical (ir and nmr spectra) and chemical methods 
monia,1 but reaction occurred only with compounds (e.?., melting points of compounds and derivatives such as 2 ,4^di- 
possessing a phenyl group attached either to the nitro- nitrophenylhydrazones of aldehydes and 3,5-dinitrobenzoates of 
F & I , i J  & u ^ i u alcohols. b The first value in parentheses represents the number
gen atom or to the carbonyl carbon.  ̂ 0f 0f amide used; the second value represents the number

The reduction of amides has also been accomplished 0f milliliters of methylamine employed as solvent. e A minor
electrolytically, but, here again, the substrates were product observed in this case was the N-methylimine of the cor-
quite specific, e.g., N-aryl amides,2 amides of isonico- responding aldehyde. * Seven grams of ethanol present during

■ • j  , j  r, , ,t.. i a Ti „ reduction. * Five grains of ethanol present during reduction.time acid,3 and 2-carboxythiazole.4 It was our purpose s 1
to develop a general and selective method, if possible,
for the electrolytic reduction of primary, secondary, Reduction to aldehydes was achieved in the same 
and tertiary amides to either the corresponding alcohol ceh and under the same reaction conditions as were 
or aldehyde. used to produce alcohols, except that absolute ethanol

The reductions were carried out in an undivided elec- was added to serve as a proton source. The yield of
trolytic cell6 consisting simply of a three-neck, round- aldehydes (Table I) was not affected by the length of
bottom flask fitted with a Dry Ice condenser and two the carbon chain of the starting amide, but was in
platinum electrodes. Lithium chloride dissolved in fluenced by alkyl substitution on the amide nitrogen,
monomethylamine was used as electrolyte. Reduction of secondary and tertiary amides resulted

in better yields of aldehydes than reduction of primary
(1) A. J . Birch, J . C. Craig, and M . Slaytor, Aust. J .  Chem., 8, 512 a m i d e s

(1(2)5)l . Horner and h . Neum an, Chem. Ber „  9 8 ,3 4 6 2  (1 9 6 5 ). The mechanistic scheme shown in Scheme I has been
(3) h . Lund, Acta Chem. Scand., 17, 2 3 2 5  (1963). proposed1 to explain such reaction products.

n I',er®en“ dH' L'[n̂ ,,64<2-'®1.’ 389 (19®7)- When electrolysis is conducted in the absence of(5) R. A. Benkeser and E . M. Kaiser, J . Amer. Chem. Soc., 85, 2858 J .
d 9 6 3 ). ethanol, the equilibrium between I and 11 (path b)
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Scheme I ether. The latter was dried with MgSCfi. Table I summarizes
rt- „  _ the results.

path a O  :0: 0 Electrolytic Reduction of Amides to Aldehydes.— Primary,
t h 4  LiCl, M eN H ;  ̂ L , , ppxn? ' secondary, and tertiary aliphatic amides were reduced to ah

'ŝ  ^ " _ 2 2 phatic aldehydes as described above except that the flask was
Nr/ 2 charged with lithium chloride (17 g, 0.4 mol), anhydrous mono-

11 proton methylamine (300-600 cc), absolute ethanol (5 g, 0.1 mol), and 
1  source the amide (0.006-0.05 mol). A current of 2 A was passed 

through the solution for ca. 2 hr (ca. 14,400 C). At the end of 
O OH OH OH this time, solvent was allowed to evaporate through a condenser

#  hydrolysis | pro ton | e | which was maintained at —5°. The resulting residue was
PC < -----------RCNR2' < ------- RCNR2' —  ̂ RCNR2' hydrolyzed with water (20-30 cc) and the aqueous solution was

I source extracted with ether. After removal of ether at room tempera-
■“  1 1  ture under reduced pressure, the residue was acidified with 1 0 %

I HC1 at 0° and extracted with ether. Drying of the ether layer
Path b O- O and removal of solvent at room temperature yielded products

T -H„+ ^  T, / f  reduction ^Tr which were identified by their 2,4-dinitrophenylhydrazones,
1  H+ | W K 2  ^ ROH2Uli glpc, andir. Table I summarizes the results.

j j  j j  Electrolytic Reduction of the N-Methylimine of Hexanal.—
jj The reduction was carried out in a three-neck flask fitted with a

Dry Ice condenser and two platinum electrodes. A current of 
0.6 A was passed through a solution of anhydrous monomethyl- 

would likely favor II because of the relative acid-base amine containing lithium chloride (4 g, 0 . 1  mol) and the N-
strengths involved. Hence the alcohol products ob- methylimine of hexanal (1 . 1  g, 0 . 0 1  mol) for a period of 2  hr.
served would arise from II via path b as shown. It is Th® usual SaJ e °-8. S of rf idu? low ing hydrolysis

, ,1 , , , , , , i i  ,1 with water (10 cc). Analysis by glpc showed the residue to
necessary to assume that the aldehyde formed by path consist of gtarting imine (S6%) and N-hexylmethylamine (44%).
b undergoes rapid reduction to alcohol in the immediate The yield of amine was 32%.
vicinity of the cathode; otherwise it may well have suffi
cient opportunity to react with solvent to form the N- Registry No. CH3(CH2)4CONH2, 628-02-4; CH3- 
methylimine, which upon further reduction would (CH2)6CONH2, 629-01-6; CH3(CH2)8CONH2, 2319-29-
yield amine.6 The fact that amines were not obtained 1; CH3(CH2)i2CONH2, 638-58-4; CH3(CH2) i4CONH2,
as reaction products excludes the formation of such 629-54-9; CH3(CH2) i6CONH2, 124-26-5; CH3(CH2)4-
N-methylimines, since we have shown that imines CONHCH3, 3418-05-1; CH3(CH2)8CONHCH3, 23220-
are converted into amines under the reaction conditions 25-9; CH3(CH2)8CON(CH3)2, 14433-76-2; CH3(CH2) i4-
employed. CON(CH3)2, 3886-91-7.

Electrolysis in the presence of a proton donor such . , , . ,  m i. , , ,, ,, ' •  , j  u u  .1 Acknowledgment.—This research was sponsored byas ethanol causes the reaction to proceed by path a, the r „  1 r\ca c• , , T , tt e - t o - the Air Force Office of Scientific Kesearch, Omce ofequilibrium between 1 and II now favoring 1. Since . t, 1 tt o * • -m , A r n a n• r 1 ,, ■ u  c 1 u , Aerospace Research, U. S. Air Force, under AfiOSRin the presence of ethanof the yields of alcohols were „  nt 822 67
greatly reduced and amine products were not observed, an
one might conjecture that intermediate I effectively -----------------------
resists further reduction. Hydrolysis of I with aqueous
acid yields the corresponding aldehyde. R eactions of a-D ichlorom ethylene K etones18,

Tc determine the effect of increased reaction times,
a fiftyfold excess of current was passed through a solu- Joseph Womnsky and Robert V. KAsuBicKIb
tion of decanamide containing ethanol. It was found
(entry 15, Table I) that decanol was the major product, Department of Chemistry,
with the yield of aldehyde being significantly decreased. Purdue University, Lafayette, Indiana 47907
This would be the predicted result if intermediates I
and II were in equilibrium as depicted in Scheme I. Received August 19’ 1969
Longer reaction times would increase the opportunity .
for intermediate II to follow path b, leading to aldehyde /3-Chlorovir_yl ketones are readily prepared and their 
and ultimately alcohol. hiSh reactivity has led to their use as intermediates

in the synthesis of a variety of aliphatic, aromatic, 
and heterocyclic compounds.2 Techniques for the 

Experimental Section preparation of /J-d-dichlorovinyl ketones are rather
Preparation of Amides.— All amides were prepared by bubbling limited and studies of their reactions have been

ammonia, methylamine, or dimethylamine through the corre- restricted to acyclic analogs.2-4 We recently described
spending carboxylic acids at reflux temperature followed by & convenient route to d,/3-dichlorovinyl ketones in-
V cUdytic & ReductionPI'o/' Amides to Alcohols .-Primary, volving the reaction of enamines and carbon tetra-
secondary, and tertiary amides were reduced to alcohols in an chloridG5 which makes available a variety of acyclic and
undivided electrolytic cell5 consisting of a three-neck flask fitted cyclic derivatives. With the ready accessibility of the
with a Dry Ice condenser and two platinum electrodes. The
flask was charged with lithium chloride (34 g, 0.8 mol), anhy- (I) W  Abstracted from part of the thesis submitted by R. V. K. in partial
drous monomethylamine (350-700 cc) and the amide (0.008-0.05 fulfillment of the requirements for the Ph D. degree, Purdue umvemty,
mol). A current Of 2 A was passed through the solution, after August 1966; (b) Dav.d Ross Research Fellow, Purdue University, 1964-
which solvent was allowed to evaporate through a condenser (2j A, Pohiand an d W . Benson, C W  R«>., 6 6 , 161 (1966).
maintained at -5 ° . The resulting residue was hydrolyzed with (3) s gearles, R. A. Sanchez, R . L. Soulen, and D. G. K undiger, J .  Org.
water (30-200 cc) and the aqueous solution was extracted with chem.., 32, 2655 (1967).

(4) R . L. Soulen, D. G. Kundiger, S. Searles, and R. A. Sanchez, ib id ., 32, 
2661 (1967).

(6) R . A. Benkeser and S. Mels, J . Org. Chem., 34 ,3970 (1969). (5) J . W olinsky and D. Chan, Chem. Commun., 567 (1966).
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cyclic derivatives, it became of interest to examine their covered unchanged. Dilute base, on the other hand,
reactions, and, in particular, to compare their behavior rapidly transformed enamines VIII into the correspond-
with that of acyclic analogs. In this study we have ing amide IX . The hydrolysis of VII proved to be
focussed our attention on the reactions of nucleophiles anamolous, since the cyclopentane ring was ruptured
with 2-dichloromethyleneeyclopentanone (I) and 2- and afforded the monoamide derivative of adipic acid
dichloromethylene-3-pentanone (II). X .

Reaction at the /3-carbon atom with concomitant re- Weaker bases such as phenylhydrazine, 2,4-dinitro- 
placement of chlorine atoms occurs with alkoxides, phenylhydrazine, and hydroxylamine reacted exclu-
thiolates, and primary and secondary amines. The sively with the carbonyl group of I and II to yield
addition of I to sodium methoxide in methanol gave a stable hydrazides and oximes. Various attempts to
mixture of 2-dimethoxymethylenecyclopentanone (III) convert these derivatives into isooxazoles met with no
and 2-carbomethoxycyclopentanone. The dimethoxy- success. For example, stirring the oxime of II with a
vinyl ether III is easily hydrolyzed, even by atmospheric slurry of sodium hydride and benzene gave a quantita-
moisture, and was difficult to isolate in a high state of tive yield of a sodium salt. Attempts to cyclize the
purity. On standing in contact with air it was con- salt by heating in solvents such as acetonitrile, dimethyl-
verted into 2-carbomethoxycyolopentanone. formamide, or dimethyl sulfoxide led to recovery of

oxime or complete degradation of the starting material. 
O 91 0  | e Organolithium reagents also reacted exclusively with
11 c  + NaOMe — J I . C ^  the carbonyl group to give unsaturated tertiary alcohols

f Y  vl [ OMe X I . Dehydration of these alcohols gave only dienes
X II  and no unsaturated acid.6

I III
\  0  C l

ArXNa V t N H R ,  II |
* Ri rA Y ^ C ^ d  +  RLi —►

0  XAr 0  NR, 0  -------
V | V | II R = CH3,C6H5

f S ' “C' ' XA'' r V C'N K , r V “ '“ '  K oh Cl f  ^C1

„ . x - o  L J  L  ¿ r c < o. -  ¿ f cC c,
v, x  = s  ■ VII 1------- -------

XI X II

1 0  ?1 R

I ^  " y V ' - n  r V “ ,HH02C(CH2)4CN I____ | L 1____ I

x El
R, R, q  The double bond in I proved to be inert to electro-
1 1  H r phillic reagents. Thus bromine or pyridinium hydro-

CC12 r^ N̂ c^ N̂ r, C— NC( 1 bromide perbromide transformed I into the rather un-
!i il nH- I stable bromo derivative X III .

n r "  - *  n r  - n r "
O O  0  Experimental Section7

11 VIII IX 2-Dichloromethylene-3-pentanone (II).— A stirred mixture of

The reaction of I with sodium phenoxide and thio- 100 mj .of oarbon tetrachi f ,? e’ ,2n0 g  (0^  T P - ° i '3;pentanone , . , TTr , . \ . piperidine enamme, and 26.5 g (0.26 mol) of triethylamme was
phenoxide gave IV and V m low yield. These aromatic kept at 82° for 81 hr. Triethylamine hydrochloride, 19.77 g,
derivatives were quite stable to atmospheric moisture. was removed by filtration. The carbon tetrachloride was evapo- 

In contrast With the reactivity of I, the acyclic analog rated under diminished pressure and the residue was stirred at 
II gave an 83% yield of monosubstituted product VI ™om temperature with water and then extracted with ether.

j -  i i -  i The ether extracts were extracted with hydrochloric acid. The
0  lum  lophenoxides. acid extracts were combined with the original aqueous phase and

£ 0 ] CC1(SC H ) heated for 10-18 hr. The mixture was steam distilled and the
H || 2 || 6 6  distillate was saturated with salt and extracted with ether. The
it2 p 2 p ether solution was dried and distilled to give 6.0 g (30% ) of 2-

H:,C% X T  ̂ CH3 +  C6H5SNa —► H3C"  ̂ "CV ~̂ CH3 dichloromethylene-3-pentanone (II), bp 40-44° (1.4 mm),
|| || n 2Sd 1.4720, which was contaminated by ca . 2%  2-chloro-
O O methylene-3-pentanone.

y j  A pure sample of II was isolated by vpc: n Kd 1.4742; ir 5.90
and 6.20 C f  244 mu (e 3490); nmr (CC14) 1.08 (t, 3, CH3- 

The reactions of I and II with amines were best con- CH2), 1.98 (s, 3, CH3C = C ), and 2 .6 7 ppm (q, 2 , CH3CH2). 
ducted employing the amine as a solvent. Primary A n al. Calcd for C6HsCl2 0 : C, 43.14; H , 4 .83; Cl, 42.45. 
and secondary amines reacted smoothly to afford ena- Found. C, 43.47, H, o.09, Cl, 42.09.

mine derivatives VII and VIII in good yield. The (0) c/. e . Jones and b. Weedon, j. c/iem. Soc., 937(1946). 
enamines VII and VIII were quite stable and even (7> A1! boi'ine,aild melfa8 p°ints are uncorrected. Nmr spectra were«. , , . - . .  measured with a Varian Associates A-60 spectrom eter. M icroanalyses were
after prolonged treatment with dilute acid were re- performed by Dr. c. s. Yeh and associates.
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The 2 ,4 -dinitrophenylhydrazone derivative of II crystallized 2-dichloromethylenecyclopentanone over a period of 1 hr. The
as glistening orange platesfrom dilute ethanol, mp 83-84 .5°. resulting deep purple mixture was filtered and the ether was

A nal. Calcd for C,2H 12C12N40 4: C, 41.51; H, 3 .49; N, evaporated. The residue was taken up in 3%  chloroform in
16.14; Cl, 20.43. Found: C, 41.17; H, 3 .48; N , 15.84; hexane and a small amount of solid was removed. On cooling
Cl, 20.32. there was obtained 578 mg of yellow crystals: mp 94-95°;

The phenylhydrazone of 2-dichloromethylene-3-pentanone was ir 5.95 m; 214 m/x (e 19,500), 260 (7800), and 336 (14,000);
crystallized from hexane: mp 64 -6 5 °; ir 2 .90, 6 .20, 6 .62, and nmr (CDCh) 2.0 (q, 2), 2 .4  (t, 2), 2.8 (t, 2), and 7.1 ppm (s, 10).
6.70 u; nmr 1.10 (t, 3), 2.08 (s, 3), 2.38 (q, 2), and 7.00 ppm A n al. Calcd for Ci8H16OS2: C, 69.23; H, 5 .12; S, 20.52. 
(m, 6 ). Found: C, 69.01; H , 5.32; S, 20.74.

A n al. Calcd for Ci2H14C12N2: C, 56.03; H, 5.45. Found: 2-Diphenoxymethylenecyclopentanone (IV).— 2-Dichlorometh-
C, 55.64; H, 5 .30. ylenecyclopentanone, 830 mg, was treated with 1.16 g of sodium

Heating the phenylhydrazone with pyrrolidine under mild phenoxide as described above to give 754 mg of crude product,
conditions led to recovery of hydrazone, while more vigorous Recrystallization from 2 :1  hexane-chloroform, with Darco K B
conditions (refluxing in benzene) gave a complex mixture from treatment, afforded 342 mg of solid: mp 95-9 5 .5 ° ; ir 5.85, 6.15,
which a pure product could not be isolated. 6.35, and 6.8 m; X®*a°H 272 m^ (e 17,800) and 310 (11,900), nmr

The oxime of 2-dichloromethylene-3-pentanone was obtained (CDCI3) 2.05 (m, 4), 2.68 (t, 2), and 7.02 ppm (d, 10).
as a colorless liquid: to28d 1.5034; ir 3.00, 3.29, 6.08, 6 .15, A n al. Calcd for Ci8H i60 3: C, 77.14; H, 5 .71 . Found: 
and 11.0 /x; nmr 1.14 (t, 3), 2.01 (s, 3), 2.55 (q, 2 ), and 9.12 C, 77.09; H ,5 .5 6 .
ppm ( s ,l ) .  l-Chloro-2-methyl-l-thiophenoxy-l-penten-3-one (VI).— To a

Anal. Calcd for C6H9C12N 0 : C, 39.56; H, 4 .94. Found: slurry of 1.32 g (10 mmol) of sodium thiophenolate in 20 ml of
C, 40.42; H, 5 .16 . ether was slowly added 835 mg (5 mmol) of 2-dichloromethylene-

’2-Dich’loromethylenecyclopentanone (I).— A stirred solution 3-pentanone. After stirring for 1 hr at room temperature the
of 100 ml of carbon tetrachloride, 20 g of cyclopentanonone solids were removed by filtration. Distillation of the filtrate
piperidine enamine, and 26.5 g of triethylamine was heated at gave 1.3 g of a yellow oil. A sample was redistilled. bp l l 6-
85° for 18 hr. The reaction mixture was worked up as described 116.5° (1 mm); n nd 1.5800; ir 3 .22, 5.90, 6 .35, and 6.63 y,
above to give 13.0 g of a colorless solid: mp 49-50° (from AS« 11 211 m y  (e 14,100) and 252 (6670); nmr (CCI4 ) 1.10 (t, 3),
pentane); ir (CC14) 5.82, 6.37, and 11.20 m; X™°H 256 mu 2.05 (s, 3 ) 2.65 (q, 2 ), and 7.35 ppm (s, 5).
(t 13,820); nmr (CC14) multiplets at 2 .00, 2.42, and 2.83 ppm. A n al. Calcd for Ci2H13C10S: C, 59.87; H, 5 .40. hound:

A nal. Calcd for C6H 60C12: C, 43.67; H, 3 .67; Cl, 42.97. C, 60.35; H, 5.27.
Found: C, 43.71; H, 3 .63; Cl, 43.26. 2-Diisopropylaminomethylenecyclopentanone.— A solution of

The 2,4-dinitrophenylhydrazone derivative of 2-dichloro- 1.0 g of 2-diehloromethylenecyclopentanone in 15 ml of iso-
methylenecyclopentanone was recrystallized from hot chloro- propylamine was stirred at room temperature for 15 mm. Ether
form, mp 244-245°. was added and the solid was removed by filtration. I  he ether

A nal. Calcd for C12H 10N 4O4Cl2: C, 41.76; H , 2 .92; N, and excess amine were removed under diminished pressure and
16.23; Cl, 20.54. Found: C, 41.61; H, 2 .92 ; N, 16.17; the residue was extracted with hot hexane. The hexane was
C l,20 .76 . evaporated, leaving 980 mg (76.6% ) of an oil which solidified

The phenylhydrazone derivative of 2-dichloromethylenecyclo- on standing. Recrystallization from pentane gave yellow
pentanone was recrystallized from methanol: mp 111 .5-113 .5°; crystals: mp 81 .82°; ir 3.00, 3 .35, 6 .18, and 6.40 nmr
ir 2.95, 6.24, 6.45, 6.63, and 6.70 #*; nmr 1.80 (m, 2), 2.50 ( C D C h )  1.20 (d, 12), 1.80 and 2.35 (m, 8 ), and 3.75 ppm (m, 2).
(m, 4 ), and 7.00 ppm (m, 6 ). A n al. Calcd for Ci2H 22N20 :  C, 68.57; H, 10.47; N, lo .32.

A nal. Calcd for C12H12C12N2: C, 56.47; H, 4.72. Found: Found: C, 68.38; H, 10.41; N, 13.24.
C 56 .7 3 ’ H 4.81. 2-Di-n-butylaminomethylenecyclopentanone was obtained irom

The oxime of 2-dichloromethylenecyclopentanone was purified the reaction of 2-dichloromethylenecycIopentanone and n- 
by sublimation in  vacuo: mp 147°; ir 2 .85, 3 .1 , and 6.1 M; butylamine. A sample was purified by preparative thin layer
nmr 1.8 (m, 2), 2.17 (m, 4), and 9.7 ppm (broad s, 1). chromatography: ir 3.05, 3 .2 , and 6.4 /x; Xm„  219 mM (e bObU)

A nal. Calcd for C6H ,N 0C12: C, 40.01; H , 3 .88; N , 7 .88; and 309 (12,700); nmr (CDCh) 0.95 (m, 7 ), 1.50 (m, 11), 2.40
Cl, 39.44. Found: C, 40.36; H, 4 .14 ; N, 7.73; Cl, 39.58. (m, 4 ), and 3.25 ppm (m, 4). ■vr qz

To a slurry of 450 mg (10 mmol) of sodium hydride in 20 ml A n al. Calcd for Ci4H26N20 :  C, 70.59; H, 11.92; JN, 12.84.
of benzene was added a solution of 2-dichloromethylenecyclo- Found: C, 70.71; H, 11.97; N , 12.50. _ .
pentanone oxime in 4 ml of benzene and the resulting mixture 2-Dipyrrolidinomethylenecyclopentanone was isolated m 34 /„
was refluxed for 3 days. The sodium salt of the oxime was yield from the reaction of pyrrolidine and 2-dichloromethyiene-
collected and dried: yield 2.0 g (100% ); ir 3 .4, 6.2, and 11.25 M. cyclopentanone carried out as described above. A pure sample

2-Dichloromethylenecyclohexanone.— A mixture of 1 1. of of this amino ketone was obtamed^by sublimation m raoio.
carbon tetrachloride, 200 g of cyclohexanone piperidine enamine, mp 96-100°; ir 6.20 and 6.75 m; 255 nyt (e 3240) and 33
and 243 g of triethylamine was refluxed for 48 hr. The usual (7140); nmr (CDC13) 1.9 (m, 12), 2.3  (t, 2 ), and
work-up and distillation of the organic phase gave 66 g of cyclo- A nal. Calcd for C44H22N20 :  C, 71.76; H , 9 .41 ; IN, . •
hexanone and 14 g of a mixture of cyclohexanone and 2-chloro- Found: C, 71.80; H ,9 .6 6 , N , 11.76.
methylenecyclohexanone, bp 60-75° (1 mm ).6 The aqueous 2-Dipyrrolidinomethyllenecyclopentanone was recovered alter
phase was distilled and the distillate was extracted with ether. treatment with 20%  sulfuric acid at 100 for 6 hr Heating suu
The ether extract was distilled to give 25.5 g of 2-dichloromethy- mg of the ammo ketone for 45 mm at 100 with 5 ml ol 1U /„
lenecyclohexanone, bp 86- 88° (2m m ),w 66D 1.5252. sodium hydroxide gave a homogeneous solution. _ I he solution

A nal. Calcd for C,H80C12: C, 46.95; G, 5 .50; Cl, 39.61. was cooled and extracted with chloroform to give 80 mg ot
Found: C, 47.26; H , 4 .72; Cl, 39.82. unaltered amino ketone. Acidification of the aqueous solution

The oxime of 2-dichloromethylenecyclohexanone was crystal- and extraction with chloroform gave 229 mg of an oil which
lized from hexane: mp 86-100°; ir 3 .0, 6.20, and 11.21 /u; slowly solidified. Recrystallization from ethyl acetate gave a
nmr 1.75 (m, 4 ), 2.68 (m, 4), and 9.75 (s, 1) ppm. pure sample of X: mp 84-85 ; ir 3.3o, b.8 , and 6.25 m, nmr

A nal. Calcd for C7H9C12N 0 : C, 43.35; H, 4 .64 ; Cl, 36.60. 1.8 (m, 8 ), 2 .4  (m, 4), 3.5 (m, 4), and 11.50ppm (s ,1 ) .
Found: C, 43.76; H , 5 .11; Cl, 36.20. A n al. Calcd for Ci„Hi,N 0 3: C, 60.30; H, 8 .54. Found.

A solution of 200 mg of the oxime was stirred in 20 ml of C, 60.72; H, 8 .45. , , ,
pyrollidine at ambient temperature for 4 hr. Evaporation of 2-Dipyrrolidinomethylene-3-pentanone (VIII) was obtained
pyrollidine gave a quantitative recovery of oxime. in 93%  yield as a viscous, straw-ydlow oi , a  d . jo  , ro®1 ^

The phenylhydrazone derivative of 2-dichloromethylenecyclo- reaction of excess pyrrolidine with 2-dichloromethylene-3-pen- 
hexar.one was purified by recrystallization from pentane: mp tanone. The amino ketone was heated for 15 mm at 1UU witn
7 2 .5 -73°; ir 2.95, 6.23, and 11.20 /x; nmr 1.65 (m, 4), 2.43 10 ml of 10%  sodium hydroxide. The mixture was worked up
(m, 4), and 7 .0 ppm (m, 6 ). as described above to give 50%  of an oil. A pure sample o f

A nal. Calcd for C13H 14C12N2: C, 57.99; H, 5 .20; Cl, 26.38. keto amide IX was obtained by evaporative distillation, n  d
Found: C, 57.32; H ,5 .0 2 ; Cl, 26.50. 1.4796; ir 2 .90, 3 .32, 5.79, and 6.08 n; nmr 1.15 (t, 3), 1.35

2-Dithiophenoxymethylenecyclopentanone (V).— To a slurry (d, 3), 1.95 (m, 4), 2.42 (q, 2 ), and ^ .50ppm (m, ). ,
of sodium thiophenoxide, prepared from 450 mg of sodium A n al. Calcd for Ci0H17NO2: C, 65.49; H , 9 .29. iound.
hydride and 1.1 g of thiophenol, in ether was added 830 mg of C, 65.57; H, 9.56.
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S-Bromo-2-dichloromethylenecyclopentanone (XIII).— Pyridin- 23231-28-9; X III , 23240-69-9; 2-dichloromethylene-l-
ium bromide perbromide, 1.9 g(5 mmol) was added to a solution hydroxy-l-methylcyclopentane, 23240-70-2; 3-dichloro- 
of 830 mg (5 mmol) of 2-dichloromethylenecyclopentanone in 15 ,, , n , ,  n , , ooo-tn n o  o  u;
ml of carbon tetrachloride. The mixture was stirred at ambient methylene-2-methylcyclopentene, 23240-71-3; 3-dl-
temperature for 15 min and filtered. The filtrate was treated chloromathylene 2 phenylcyclopentene, ¿.3240 7^-4. 
with anhydrous sodium carbonate. Evaporation of the solvent 
left 1.2 g of an oil which solidified on cooling. , Recrystallization 
from pentane gave white crystals: mp 63 -6 4 °; ir 5.80 and
6.30 fj.; nmr 2.32 (m, 2 ), 2.95 (m, 2 ), and 4.40 ppm (q, 1 , C H B r). I n te r m e d ia te s  in  N u cle o p h ilic  A r o m a tic

c S i . g S ° rC6H5BrCl2° : 29'50; H> 2 '05' Found: S u b s t i tu tio n . I I I . 1 V isib le A b so rp tio n  S p e c tr a
2-Dichloromethylene-l-hydroxy-l-methylcyclopentane.— A o f  th e  A cid  a n d  B a s ic  F o r m  o f  th e

mixture of 830 mg (5 mmol) of 2-dichloromethylenecyclopenta- . . .  ,*■ . . .
none and 8 mmol of methyllithium in ether was prepared at - 7 0 °  1 ,3 ,5 -T r m itr o b e n z e n e -P ip e r id in e  M e is e n h e im e r
and then kept at ambient temperature for 10 hr. After the C o m p le x  in  1 0 %  D io x a n e -9 0 %  W a te r
addition of 10 ml of 3 .7%  hydrochloric acid, the mixture was 
extracted with methylene chloride. The solution was dried
and the solvents were removed, leaving an oil. The oil was Claude r .  B ernasconi
triturated with four 10-ml portions of pentane. The pentane
solution was treated with Darco K B  and the volume was reduced University o f  C alifornia, Santa Cruz, C aliforn ia 95060
to ca. 3 ml. On cooling to —70° unreacted 2-dichloromethylene-
cyclopentanone crystallized. The solid was removed and the Received August 28, 1969
remaining solvent was evaporated, leaving 390 mg (43% ) of an
oil which solidified on standing. Sublimation in  vacuo gave a .
pure sample of the alcohol: mp 45 .5 -4 6 °; ir 2 .98, 6.15, and There exist a  number of reports on the absorption
6.31 m; nmr 1.52 (s, 3, CTT3CO) ,1.87 (m, 4), and 2.50 ppm spectra of the Meisenheimer complexes produced by
(m>3)- the interaction of 1,3,5-trinitrobenzene (TNB) with

AraaZ. Calcd for C7H10CI2O: C, 46.45; H , 5 .50 ; Cl, 39.25. aliphatic amines in a variety of solvents.2-7 With 
Found: C ,4 6 .5 0 ; H .5 .5 8 ; C l,39 .24 . t  r  . . . .  . , ,

3-Dichloromethylene-2-methylcyclopentene.— A mixture of primary and secondary amines, equilibrium 1 has 
300 mg of 2-dichloromethylene-l-hydroxy-l-methylcyclopentane,
10 ml of 10% sulfuric acid, and 10 ml of methanol was stirred
for 4 hr. The mixture was made basic with 10% sodium hydrox- KK NH +  1NB -
ide solution and extracted with methylene chloride. After
drying, the solvent was evaporated to leave 284 mg of an oil. T
Purification by vpc gave a colorless liquid: ir 5.80 (w), 6 .17, NRR' H NRR'
6.22, and 11.30 m; X™“H 230 mM (e 7280); nmr 2.08 (m, 3), 2.35 n  N V '  NO Km  ON V "  NO
(m, 2), 2.70 (m, 2), and 5.98 ppm (brs, 1). 2 S i f 2 2 ~ 2 V f  2 +  H+ (1)

A n al. Calcd for CvHgCh: C, 51.55; H, 4 .90 . Found: 1̂ JJ J
0 ,5 1 .5 0 ;  H, 4 .91 . I f

3-Dichloromethylene-2-phenylcyclopentene.— A solution of 
phenylithium in ether, prepared from 1.18 g of bromobenzene 2 2
and 105 mg of lithium, was added to a Dry Ice cooled solution XH X -
of 2-dichloromethylenecyclopentanone in tetrahydrofuran. The
reaction was worked up in the usual manner to give 1.08 g of an 5 / =  Alkyl or H
011 whose ir spectrum indicated the presence of a mixture of alco
hol and starting ketone. A 243-mg portion of this oil was stirred • , , c j j - j- i r  v u
for 2 hr at 25° with 0.5  ml of boron trifluoride etherate in 10 ml consistently been found to strongly favor X  over XH , 
of ether. The ether solution was washed with sodium bicarbon- that the spectra always referred to the basic form
ate solution, dried, and evaporated to leave 201 mg of an oil. X - . We wish now to report the spectrum of the
The oil was placed on a short alumina column and eluted with zwitierionic form XH  of the piperidine-TNB complex
hexane to give 150 mg of diene. An analytical sample was pre- in  1 0 %  dioxane-90%  water at 25°.
pared by evaporative distillation: ir 3.20, 6.24, 6.70, and 11.20 „• , , , ? „.ATT, ■ ,
m; nmr 2.60 (m, 2), 2.90 (m, 2), 6.15 (t, 1, H C = C ), and 7.22 Figure 1 shows spectra of TNB m two different 
ppm (s, 5, A rH ). piperidine-piperidine hydrochloride buffer solutions, at

A nal. Calcd for C12H10CI2: C, 64.00; H , 4.44. Found: different pH8 but equal ionic strength. Knowledge of
C, 64.20; H, 4.38. the equlibrium constants K i and K xh and of the easily

obtained spectrum of pure X -  would allow one to 
Registry N o .-I , 10412-35-8; II, 13017-26-0; 2,4- dissect the respective contributions of both species to

dinitrophenylhydrazone derivative of II, 23231-13-2; ^  overall spectrum and thus to find the spectrum
o ki 11 r o x 01 pure X ti  by difference. lhe matter is, however,phenylhydrazone of 2-dichloromethylene-3-pentanone, , /  , /i\rrnvrr> i  • -j -

23231-14-3; oxime of 2-dichloromethylene-3-pen- ^ore complex for two reasons (1) TNB and piperidine
tanone, 23231-15-4; 2,4-dinitrophenylhydrazone deriv- undergo another interaction to form the oxyhydroxyh
ative of 2-dichloromethylenecyclopentanone, 23231- amine YH and its conjugate anion Y - ;1 though YH
16-5; phenylhydrazone derivative of 2-dichloromethy- and Y . d° not contribute to the visible spectrum, they
lenecyclopentanone, 23231-17-6; oxime of 2-dichloro- *PPreclf b  ec?llh^ mm  concentrations of
methylenecyclopentanone, 23231-18-7; 2-dichloro- XH and X  ' (2) There 18 also some concurrellt for'
methylenecyclohexanone, 10412-36-9; oxime of 2- 
dichloromethylenecyclohexanone, 23231-20-1; phenyl- ™ r* K M ct
hydrazone derivative of 2-dichloromethylenecyclo- (3) r. Foster, ibid., 3 5 0 8  (1 9 5 9 ).
hexanone, 23231-21-2; IV, 23231-22-3; V, 23231-23-4; (4) G/  BrieSleb. w - L iptay, and M . C antner, Z . Phys. Chem. (F ran k fu rt
VI, 23231-24-5; 2-diisopropylaminomethylenecyclo- u., »«A«*»». » , ng woi»; (b)
pentanone, 23231-25-6; 2-di-n-butylaminomethylene- R- Foster and r . k. Mackie, iud., 22,1831 (1966).
cyclopentanone, 23231-26-7; 2-dipyrrolidinomethylene- (B) 0sugi and Mi Sasati' Rev- Phvs■ Chem- JaV: sv, 43 (1967).
c v c l o n e n t n n n n p  9 8 9 6 8  S I  9 -  I X  9 8 9 8 1  9 7  S • "V ^  M . R . C ram pton and V. Gold, J . Chem. Soc., B , 23 (1967).cyclopentanone, 23203-81-2, IA, 23231-27-8, X , (8) F or our definition of pH  in 10% dioxane-90%  w ater, see ref 1.
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Figure 1.— Absorption spectra of TN B in the presence of a Figure 2.— Spectra of piperidine-TNB Meisenheimer complexes:

piperidine-piperidine hydrochloride buffer in 10% dioxane-90% a> X - » b, X H .
water at 25°: a, [Pip] =  0.045 M , [Pip HC1] =  0.005 M,
[NaCl] =  0.49 M , [TNB]„ =  1.60 X  lO "4 M , pH 12.02; b,
[Pip] = 0.10 M , [PipHCl] = 0.50 M , [TNB]„ = 1.20 X  10~s 8.22 X  10~7 M ; [X~] =  1.28 X  10~5 M ; [Z~] =
M ; pH 10.65. 4.75 x  10 ~6 M. Spectrum a is made up by the com

bined contribution of X H , X - , and Z~ in the proportion 
mation of a Meisenheimer complex (Z_) between TNB of their respective concentrations and extinction co-
and the hydroxide ion, which significantly contributes efficients. In a first approximation, X H  can be ne-
to the spectra in Figure 1. glected owing to its low concentration. Hence, to find

the spectrum of pure X - , the contribution of Z~ has to
O- be gubstracted from spectrum a in Figure 1. This has

r  x, JT+ xinu A w \t+ m pu  been done using a spectrum of pure Z~ (not shown); the
r Y l  5 10 2 r V  I 510 result is spectrum a in Figure 2, with Xmax 445 mM.

OH O- The solution producing spectrum b in Figure 1
T  T  { [Pip] =  0.10 M , [Pip HC1] =  0.50 M, (TNB)0 -  1.20
n°2 n°2 x  1 0 -3 M, pH 10.65} contains the following complex

YH Y-  concentrations: [XH] = 1.38 X  10~5 M ; [X - ] =
H QH 0.93 X  1 0 -6 M ; [Z~] = 1.55 X  10~6 M .9 By sub-

02nv > O n02 tracting from this spectrum the contributions of X ~
jT-Tlp and Z~ in the appropriate manner, one ends up with
K J  spectrum b in Figure 2, which is for pure X H  and has

Jjn ^max 458 npi.
2 The equilibrium constants not being known with

z high enough accuracy, particularly at high piperidine
. , . ,. 4. hydrochloride concentration, the uncertainty in actual

A kinetic analysis of all relevant equilibria has been £  concentrations and thus in the quantitative

i w  T  ^  T  VT  n 90 lY o T f V 1 aspect of the foregoing procedure is considerable andgelded the fofiowing results: =  0.20 ± 0 .0 4 1 M J y be ^  ± 2 5 % _ Furthermore, the spectra of

1,5 v,2 X  S TXRf ’ piperidine-TNB solutions, changing rather rapidly
YH  form piperidine and TNB = 4.3 ±  U L J f  V ? ^  decomposition of TN B ,1 had to be
X Yh (acid dissociation constant of HY to produce Y ) , °  . , • , • «Hrlifinnn]
=™ 5 ±  0 .3 X 1 0 " »  M l.-» ; X , (formation of Z -fro m  extrapolated to zero time, which is an additional

O H - and TNB) =  5 0 ±  0.2 1 M~\ These data b the following statements can be made,
allow the calculation of t ^  concentrations of XH , X  , The f the absorpti0n spectrum of X ~
a n d Z -b y u seo feq 2-4 ; [TNB ]„ stands for the stoichio- M probably pPreolse within ± 4 %  at aU wavelengths; 
metric concentration of TNB. -t may wep be however, that all extinction coefficients

KfiPip] [TNB]o are too high by some constant factor. The basis of
[XH] = p -A) this supposition is that in acetonitrile, e of the same

V iv  /rti+1 upini tTNBi complex at 444 m̂ i is 33,000, 4 whereas here it is 40,500.
[X-] = g l(gxH/[H D1 M l------ i° (3) The possibility of a solvent effect on e cannot be ex

cluded, however; solvent-dependent extinction co- 
[Z-] = g»[OH-] [TNB]0 (4 ) efficients of other Meisenheimer complexes are well

D documented. 10 (2 ) Insofar as all extinction coefficients
n - 4- ( v  4 - v Kxb 4- K ,  4- K ,  Ky  ̂ [Pini + XJOH-] of X -  may be too high by ca. 20%, the extinction
D = - +  r 1 +  + Kl +  2[Hri; [Pip] + XslOH 1 COefficients 0f XH in Figure 2 may have come out too

For the solution giving rise to spectrum a in Figure 1 (9) These concentrations were calculated by  using Km and Kyb. values
/ r p ; „ l  — n r u i  M  TPi-n TTPI1 — 0  0 0 5  M  TNaCll =  which are  50% higher th a n  th e  ones listed above. This is a conservative 
( [ P i P l  LP l P  , 7  „ V o  AO,’ t  11 estim ate of th e  expected increase of those constants owing to  th e  effect of
0.49 M, [TN B]0 = 1.60 X 1 0 - 4M, pH 12.02), the follow- high piperidine hydrochloride concen tra tion .1
ing complex concentrations were computed: [XH ] =  ( 1 0 ) R . Foster and C. A. Fyfe, Rev. Pure Appl. Chem., 16, 61 (1966).
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low. The shape should not be affected drastically by suggested to arise by an ene -type mechanism. In
this possible error, however. Thus there can be no contrast, there are few reports of 1,2 cycloadditions
doubt that the general character of the spectrum of X H  of singlet oxygen to olefins. Cycloaddition of singlet
is definitely different from that of X - ; for obvious oxygen to olefins is suggested when nitrogen is conju-
reasons we do not attach importance to the lower gated with the olefinic site. Thus, enamines a' and
extinction coefficient at the absorption maximum. (3) 10,10'-dimethyl-9,9'-biacridylidene4 undergo cleavage
It is interesting that the effect of attaching a proton of the double bond with singlet oxygen, a result expected
to the amine nitrogen on X -  brings about a batho- from decomposition of the 1,2-dioxetane intermediate
chromic shift of ca. 13 npi. An analogous creation of a produced by cycloaddition. It can be noted that tetra-
positive charge through addition of a methyl or ethyl aminoethylenes give analogous products, ureas, with
group either does not change the absorption maximum ground-state triplet oxygen.5 Recently, cycloaddition
or shifts it slightly to shorter wavelengths, as seen by of singlet oxygen to indene and methylated indenes was
comparing I and II5a or the ethyl analog.2 This may demonstrated6 even though allylic hydrogen atoms were

present. This is tc be contrasted with the lack of reac- 
H N(CH3)2 H N(CH3) 3 tion of norbornene with smglet oxygen.le The bridge-

W  V . N O ,  02Ni^_><r^N 02 head location of the allylic hydrogens voids the ene -
_ ¡( type reaction which would lead to a bridgehead double

K /  bond, but the possibility of 1,2 cycloaddition exists,
l! I! We report here some of our results in the search for
N° 2 N° 2 1,2 cycloaddition of singlet oxygen to olefins.
1 11 Our interest in 1,2-dioxetane intermediates7 led us to

be related to the capability of forming an intramolecu- investigate the possible _ intervention of this interme-
lar hydrogen bond to the ortho nitro group in the present diate in the reaction of singlet oxygen with an o e n e-
case and the lack of this possibility when the nitrogen v°id of allylic hydrogens and heteroatoms. For t  is
bears three alkyl groups. Other evidence for such purpose we chose to study the reaction of 9,9 -bifluo-
intramolecular hydrogen bonding has been discussed.1 renylidene (I) with singlet oxygen, which is generate
(4) The fact that the calculation of spectra based on both chemically and photochemically. A 1,2-dioxetane
complex concentrations derived from kinetic equilib- intermediate, resulting from a cycloaddition reaction
rium data gives satisfactory extinction coefficients between I and singlet oxygen, will give fluorenone by
shows convincingly that Y ~ and YH  do not significantly analogy to the decomposition of other such mtermedi-
absorb in the. visible, an observation which had been ate£- ’
used as partial evidence in assigning the structure of Singlet oxygen was generated chemical]} from ydro- 
YH  and Y - .1 However, the experimental uncertainties Sen peroxide and sodium hypochlorite as we as photo-
in this system are too large to allow complete exclusion chemically from oxygen with methylene blue sensitizer,
of the possibility of a fourth interaction of CT “ -complex Competitive oxidations with mixtures of I anci "
formation.4 If a fourth complex were formed with a methyl-2-butene (II) were carried out. Chemical
small equilibrium constant, an additional term would generation of singlet oxidation gave fluorenone m %
need to be added to D in eq 2 -4 ; if it were small yield from I and 41%  reaction of II. Fluorenone was
enough (e.g., ca. 0.5 1. M ~1 as in acetonitrile4) so as not isolated and characterized from a, reaction where II was
to alter D significantly, it would escape unnoticed. excluded. Photosensitized oxidation of the olefin

mixture gave fluorenone in 91%  yield along with 66%
Registry No.-Piperidine-TNB complex (X H ), 12402- reaction of II. To verify that fluorenone was generated

43-6; piperidine-TNB complex (X~), 12402-42-5; from singlet oxygen which m turn was produced from
1,3,5-trinitrobenzene, 99-35-4. t 4e sensitizer, a control reaction was crrned out under

the conditions of the sensitized oxygenation, but with-
. .  , , , T, ,• i , out the sensitizer. The yield of fluorenone was reducedAcknowledgment.-—Partial support of this research

by PHS Research Grant GM 14647 from the National
Instituted of General Medical Sciences is gratefully %,c; s- Foo‘e’/ “ ?%s GoU“ick°  J Advan. Photochem., 6, 1 (1938); (c) K . Gollnick, “ Oxidation of Organic Com -
a c k n o w l e d g e d .  pounds,” Vol. I l l ,  Advances in Chem istry Series, No. 77, American Chemical

Society, W ashington, D. C ., 1968, p 78; (d) R . Higgins, C. S. Foote, and H.
(11) Charge transfer. Cheng, ref le , p 102; (e) F. A. L itt and A. Niekon, ref lc, p 118; (f) S. J.

_____________________  Arnold, M. Kubo, and E. A. Ogryzlo, ref lc , p 133; (g) A. U. K han and D. R.
Kearns, ref lc , p 143.

i  n  r i  i  l  j * .  • o c *  i  . a  *. (2) (a) A. Niekon and J  F. Bagli, J. Amer. Chem. Soc., 83, 1498 (1961);
1 ,2  C y c lo a d d itio n  o f  S in g le t  O xy g en  t o  ^  ^ Footfii s . Wexler, aad w.gAndo, Tetrahedron LetL, 411i (m s).

9  9 '-B if iu o re n y lid e n e  (3) C. S. Foote and J. W^.-P. Lin, ibid., 3267 (1968).
(4) F. M cC apra and R . A. H ann, Chem. Commun., 442 (1969).
(5) (a) D. M . Lemal, “ The Chemistry of the  Amino G roup,” S. P a tai,

WlLLIAM H. R ic h a r d s o n  AND V e r n o n  H o d g e  Ed., Interscience Publishers, New York, N. Y., 1968, p 729; (b) W. H. U rry
and J. Sheeto, Photochem . Photobiol., 4, 1067 (1965); (c) H . E . W inberg, 

, , r • , n tv • ci, , n  77 J. E . C arnahan, D. D. Coffman, and M. Brown, J .  A m er. Chem . S oc., 87,
Department o f  Chemistry, San  Diego State College, 2055 :1965); (d) A- N> Fletcher and C. A. Heller, J .  C ata i., 6, 263 (1966);

San Diego, California 92115 (e) A  N> Fletcher and C. A. Heller, J .  P hys. Chem ., 71, 1507 (1967).
(6) W. Fenical, D. R. Kearns, and P. Radlick, J. Amer. Chem. Soc., 91,

R ece iv ed  A u g u s t  I S ,  1 9 6 9  3396(1969).(7) W. H . R ichardson, J. W. Peters, and W. P. Konopka, Tetrahedron 
Lett., 5531 (1966).

Typically the reactions of singlet oxygen with olefins (8) (a) m. Schulz, a. Rieche, and k . Kirschke, B er .. ioo, 370 (1967); 
has been studied with olefins possessing allylic hydrogen c T v o o t f a n d T aL T cThe'"'™ , m? mto a»«);
atoms.1 The resulting allylic hydroperoxides were (b) C. S. Foote, S. Wexler, W. Ando, and R. Higgins, tWd„ 90. 975 (1968).
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to  0 .2 % .  T h e  ra tio  of p er c e n t re a c tio n  of I /I I  in  th e  T H F internal standard were carried out on a PAR-2 , 5 ft X  '/s
ch em ical an d  p h o to ch em ical re a c tio n  is 1 .1  an d  1 .4 , in. column, operated at 103° (injector 220°, detector 250°) with
resn eotivelv  T h e  s im ila ritv  of th ese  tw o ra t  ins sno-oW  a 29' ral/ mln flow of nitrogen. Retention times for a 1-/J mjec-respectrv ciy . i  ne s im ila rity  ol th ese  tw o ra tio s  su g gest tion were 10 and 19 min> respectively, for I and T H F. Analyses
th a t  Singlet o xy gen  is th e  o x i d a n t .8" F o o t e 8 h as for flu orenone and the biphenyl internal standard were performed
p resented  re la tiv e  re a c tiv itie s  fo r a  series of olefins w ith  on a 15%  Apiezon L  on Chromosorb G, 10 ft X  Vs in. column,
singlet oxygen. W ith  II as th e  com m on  olefin in  th is  operated at 220° (injector 220°, detector 250°) with a 29-ml/min
series an d  th e  p resen t d a ta , I  m a y  be p laced  in  th e  floT  ° f nltrogen' Rete,ntiofn ^  for , a M  injection were 5 6

series. I t  is found th a t  I  is 0 .0 3 4  tim es as  re a c tiv e  w ith  and per cent reaction, based on initial amounts of I and II , were
singlet o xy gen  as te tra m e th y le th y le n e , w hich  is th e  calculated from the glpc data by comparison with standard
m o st re a c tiv e  m onoolefin in  th e  series. H ow ever, I  is mixtures of the solvent, II , fiuorenone, and the internal standards.
7 2 0  tim es as re a c tiv e  as frans-4 -m e th y l-2 -p en ten e, th e  In one reactl0n with r > the methylene chloride solvent was re
least re a c tiv e  olefin T h e  resu lts in d ica te  th a t  a llvlic  moved on a rotary evaP °rator- The remaining mixture wasleast re a c tiv e  oienn. m e  resu lts in d ica te  th a t  ally lic  triturated with ether and then filtered to remove methylene
hydrogen, a to m s a re  n o t a  p rereq u isite  fo r facile re a c tio n  blue. The concentrated filtrate was subjected to column chro-
of singlet o xy gen  w ith  a n  a p p ro p ria te ly  su b stitu te d  matography on Merck acid-washed alumina to give fiuorenone,
olefin. T h e  m o st reason ab le  m ech an ism  fo r th e  re a c - mP 82 .5-83.5° (lb .14 mp 83°). Nmr and ir spectra of the sample
tio n  is v ia  a  1 ,2 -d io x e ta n e  in te rm e d ia te  as  show n below . weIf  ldentl°al Wltj l t d s i v £ n 111 ?.adlAr ®Pectra-Oxygenation with Sodium Hypochlorite-Hydrogen Peroxide.—

/— a /p ^ \  In a typical reaction, 15 ml of 5%  Purex (0.67 M , 10 mmol) was
( C  j )  \ (  J /  added with mechanical stirring to an ice-cold solution of 0.3304 g
\— /  \— /  (1.00 mmol) I, 74.6 mg (1.07 mmol) II , 2.1 ml of 30%  hydrogen

\— /  0 2(1dg) —*■ peroxide (9.4 M , 20 mmol), 20 ml of methanol, and 80 ml of
__ /  \___  dioxane. After a 7-min addition period, followed by stirring for

/ p \  / % ] )  1 hr> an aliquot was withdrawn and subjected to glpc analysis
V—' /  V—' /  for II as described in the previous section. Glpc analysis for

fp p . fp-T S . /p V \  fiuorenone was carried out as described above, but after work-up
\ ( p /  \ \ ) /  ( ( ) )  by extracting with ether, drying over magnesium sulfate, and
\— (O —O) — /  \— (  concentrating on a rotary evaporator. Fiuorenone was identified

N-----Y — ». 2 W o in these reactions by comparison of glpc retention times and by
__ /  V I  I— (  thin layer chromatography.

o  < o >  o  Registry No.—I, 746-47-4; II, 513-35-9.

T h e  gen eratio n  of th e  1 ,2 -d io x e ta n e  b y  m eth od s Acknowledgments.— T h is  in v estig atio n  w as sup-
previously  em ployed b y  us7 an d  th e  in itial e lectron ic p orted  b y  th e  P e tro le u m  R e se a rch  F u n d , A dm inistered  
s ta te  of fiuorenone a re  cu rre n tly  u n d er in v estig atio n . b y  th e  A m erican  C h em ical S ociety .

(14) M . Frankel and S. P a tai, "Tables for Identification of Organic Com 
Experimental Section10 pounds,” The Chemical R ubber Co., Cleveland, Ohio, 1964.

Materials.— 9,9'-Bifluorenylidene (I) (Matheson Coleman and ----------------------------
Bell), mp 193-194° (lit.11 mp 188-190°), was used as received.
The nmr spectrum of three multiplets centered at 7.12, 7.50, and C y c l i z a t i o n  o f  A r y l th io v in y l  S u l f o n i c
8.20 with relative areas of 2 : 1 :1  was consistent with that pre- „  . r , , . ,
viously reported.12 The ir spectrum was void of significant ab- E s t e r s  t o  B e n z o [b ] th io p h e n e s .
sorption in the carbonyl region. The following chemicals were A n  U n u s u a l  1 , 2 - S u l f u r  S h i f t
obtained from Matheson Coleman and Bell and were used without
further purification: 2-methyl-2-butene (II) 30%  hydrogen Giuseppe Capozzi, Giovanni M elloni,
hydroperoxide, methylene blue chloride, and biphenyl. A 5%  AND q iorgio M odena
sodium hypochlorite (Purex) solution was used. The reagent
grade solvents, methanol, dioxane, and methylene chloride, were T ± ■, , j  • m. ■ ■ tt ■ , , • n„  , j  . . , . c . Istituto di Chimica Organica, Università di Padova,
used as received. Reagent grade tetrahydrofuran was distilled 35100 Padova Ital
from calcium hydride. ’ ®

Photosensitized Oxygenations.— An immersion photochemical .
reactor similar to the design given by Gollnick and Schenck13 was Received M ay 26, 1969
used with circulating ice-cooled water. Oxygen was passed in
a slow stream through a glass frit in the bottom of the reactor. A n  u nu su al re a rra n g e m e n t w as o b served  in  th e  
Irradiation was carried out with a Sylvania Type D W Y-625W  cy cliz a tio n  of som e a ry lth io v in y l sulfonic es te rs  1 to
tungsten-iodine lamp operated at 60 V In a typical reaction, benzo[ft]thiophenes 2 1 (eq 1).
the reactor was charged with 0.3304 g (1.00 mmol) of I, 70.2 mg 1 1  ^ v 1 '
(1.00 mmol) of II , 50 mg of methylene blue, and 133.5 g of 0 S 0 2Ar
methylene chloride. Photooxygenation was conducted for 2.33 \  /
hr. At this time an aliquot was removed and weighed. Bi- ,— ,  F = C  — v (1)
phenyl and tetrahydrofuran (T H F) were weighed into the aliquot f f  \ — S 'C6H5
as standards for glpc analysis. The samples were kept cool and \ —|—/
immediately subjected to glpc analysis. Analyses for II and the X

(10) G as-liquid partition  chrom atography (glpc) was perform ed on a  1
Varian Aerograph H y -F :I I I  Series 1200 flame ionization instrum ent. In - (AI
frared spectra were m easured in carbon tetrachloride with a Perkin-E lm er j
M odel 621 spectrom eter. N m r spectra was determ ined in carbon tetrachlo-
ride solution w ith a  Varian M odel A-60 spectrom eter. Chemical shifts are j |j ^ — Q3H5 +  ArSC^H
expressed in parts per million (ppm) relative to  in ternal tetram ethylsilane 
as 0 ppm  (5 scale). All m elting points are corrected and were determ ined 
with a H oover-Thom as capillary melting point apparatus.

(11) R. C. Fuson and H. D. Porter, J. Amer. Chem. Soc., 70, 895 (1948). 2
(12) M . Rabinovitz, I. Agranat, and E . D . Bergmann, Tetrahedron Lett., ---------------------

1265 (1965). (1) (a ) G* Capozzi, G. M elloni, G. M odena, and M . Piscitelli, Tetrahedron
(13) K. Gollnick and G. O. Schenck, in “ 1,4-Cycloaddition Reactions,” Lett., 4039 (1968); (b) G. Capozzi, A. Di Bello, G. Melloni, and G. M odena,

J. Ham er, Ed., Academic Press Inc., New York, N . Y., 1967, C hapter 10. R ie. S c i., 39, 267 (1969).
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When the substituent X  (CH3, CH30 , Cl, Br) in 1 Scheme I
was para  to the vinylthio group, the benzo [6]thiophene 4 TNBS~
formed had the substituent in the 6 position, i.e., meta I +
to the sulfur, instead of the expected 5 position. No t
“formal migration” of the substituent was observed r  Cdh A R
when X  (CH30 , Cl) in 1 was meta to the vinylthio CJ16 + X C = C  + /  6 5
group. In this case, the expected 4- and 6-substituted V = C — C6H5 \ + /  C6H5— C=C^
b e n z o  [5 j t h i o p h e n e s  w e r e  f o r m e d .  g/  i ___^  S

In order to obtain further information on the mecha- \  '  r—/
nism of the rearrangement and a better understanding /  \  M  \ /
of the effect of the substituents, the cyclization of a \ = /
d e u t e r i u m - l a b e l e d  a r y l t h i o v i n y l  s u l f o n i c  e s t e r  w a s  p  D
s t u d i e d .  6 b  6 c

R e a c t i o n  o f  p - d e u t e r i o p h e n y l s u l f e n y l  c h l o r i d e  J 3 )  v
with silver 2,4,6-trinitrobenzenesulfonate (AgTNBS) V---------- ----------------- ^
and tolane in methylene chloride afforded 1,2-diphenyl- q.ji5 C6H5 ,C6H5
2-p-deuteriophenylthiovinyl 2,4,6-trinitrobenzenesul- \ G__ /  's'q= c
fonate (4), probably of trans configuration14 (eq 2). y \ / H  ̂ !— — X  I

s .  x  s  r  ;y\
/¡—\  cH-.ci, y, m  X X ' p

D - /  V-SC1 + AgTNBS + C6H5C=CC6H5 X X - D

3 0 2N 7 8

_ K  X  i
x - / 9o, _ m  <*, r  / *

-  n V - -  C L
4 I h  X n

Cyclization of 4 in the presence of B F 3 etherate af- n. 5b 1
forded in good yield a mixture of deuterated 2,3- * D
diphenylbenzo[6]thiophenes 5 (eq 3). C6H5 9

4 . X X X  (3) V r y ^
CHC1,

^ 9 - R  5a

CfiH5 + C° ° Pa*h a is a Friedel-Crafts-like internal attack of the
5a, 52 ±  2% 5b 48 + 2% positive center at either ortho position adjacent to the

“  sulfur of the phenylthio nucleus to give 7, which then
+ suffers loss of a proton. Path b implies attack of the

2,4,6-(N02)jC6H2S03H positive center at the 1 position of the phenylthio 
nucleus6 followed by a 1,2-sulfur shift and loss of a 

To determine the position of the deuterium atom in preton. 
the benzo [6]thiophenes formed, authentic 5- and 6- In our opinion, breaking of the S-phenyl bond before 
deuterio-2,3-diphenylbenzo [b jthiophenes were prepared the formation of the new C-phenyl bond is unlikely
from the corresponding bromo derivatives. Infrared and would have caused randomization of the label in all
analysis2 of mixtures of the two model compounds, positions of the phenylthio nucleus or some loss in the
based on the different aromatic substitution patterns deuterium content of the cyclization products, con-
in the 900-600-cm -1 region of their spectra, made it trary to the experimental results,
possible to ascertain that 5 was actually a mixture of The results indicate that paths a and b are almost
2,3-diphenyl-5-deuteriobenzo [b jthiophene (5a, 52 ±  equally probable in the unsubstituted derivative, and
2% ) and 2,3-diphenyl-6-deuteriobenzo [6 jthiophene (5b, that even a small perturbing factor, like a substituent
48 ±  2% ). in the meta or para  position with respect to sulfur,

Chemical and kinetic studies of the reactions of causes a distinct unbalance in the system, favoring
compounds 1 have suggested13 that the rate-determin- either path a or b. This is consistent with the general
ing step of the reactions is the formation of a cationic scheme proposed for the reactions of compounds 1,
species which can be formulated as 6a, 6b, or 6c. The winch considers the product-forming step as fast,
present results suggest that the cyclization may occur
b y  t w o  d i s t i n c t  p a t h w a y s  ( a  a n d  b ) 4 l e a d i n g  f r o m  6  t o  In  principle, one could also form ulate a  transition  s ta te  comm on to
T rri.LT-- 1- -  ‘i i x x J *  n  1 T both pathw ays in  which the  positive charge is d istribu ted  am ong th e  v inyl
b e n z o  [0 j t i l lO p i l6 n 6 S  5 ,  &S I l l u s t r a t e d  i n  f e c n e m e  1 . carbon, the  sulfur, and the  th ree  apical carbons of the  phenylth io  nucleus in

a  kind of nonclassical ion. In  any event, for th e  sake of sim plicity , we will
(2) An a ttem p t to analyze m ixture 5 by means of nm r techniques failed carry  on the  discussion on the  basis of pathw ays a and b , which represent

owing to  th e  complexity of the  m ultiplets corresponding to  the  arom atic the  lim iting cases.
protons. (5) This step, as well as the  form ation of 7 in p a th  a, could also be  formu-

(3) G. M odena and U. Tonellato, Chem . Commun., 1676 (1968). lated  as a ling  enlargem ent of the  cyclic sulfonium  cation 6b.
«.$'• itrvR - •» V*
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Since the cationic intermediate is a highly reactive was removed, and the residue was chromatographed on silica
species, it is expected that it reacts by a transition state SeL Elution whh hexane Save 0.6 g (76%  yield) of 5a, which
very “reactantlike,” or in other terms that it is more ^ « ^ t a l l i z e d  from ethanol mp 113-114° 9

sen sitive to  th e  ch arg e  d istrib u tio n  in  th e  in itia l s ta te  o.89 ±  0.02 atoms per molecule.
than to the stability of the products. 2,3-Diphenyl-6-bromobenzo[6] thiophene was prepared in 89%

As a matter of fact, if the course of the reaction is yield by cyclization of l,2-diphenyl-2-p-bromophenylthiovinyl
determined by the position of attack of the electrophilic 2,4,6-trinitrobenzenesulfonate in the presence of gaseous B F 3.la

center to the arylthio nucleus and independent of the f7T ^ talhzatl0n from ethano1 gave whlte °rystals’ mp 169~
energy and the fate of intermediates 7 and 8, the Anal. Calcd for C20Hi3BrS: C, 65.75; H, 3.59; Br, 21.88; 
results hitherto obtained may be rationalized on the S, 8.78. Found: 0 ,  66.25; H, 3 .53; Br, 21.88; S, 8.72. 
basis of the directing effect of the substituents. Those 2,3-Diphenyl-6-deuteriobenzo [6] thiophene (Sb) was prepared in
so far studied are indeed of the o r th o ,p a r a -directing 73%  yield ,from 2,3-diphenyl-6-bromobenzo[6] thiophene by the
, , , , - ® same procedure reported for the preparation of 5a, mp 1.13-114 .9

consequently when they are p a r a  they direct Mass spectrometric data indicated a deuterium content of 
the attack at the 1 position (rearrangement), whereas 0.90 ±  0.02 atoms per molecule.
when they are m e ta  they direct the attack at the 2,6- Treatment of 4 with B F3 Etherate.— 4 (2.5 g, 4.3 mmol) was 
positions (no rearrangement) of the phenylthio nucleus. dissolved in 200 ml of anhydrous methylene chloride, 20 ml of

boron tnfluonde diethyletherate was added, and the reaction 
mixture was allowed to stand for 24 hr at room temperature. 

Experimental Section The 2,4,6-trinitrobenzenesulfonic acid formed was filtered, and
the solution was washed with water and dried (Na2SC>4). The 

Melting and boiling points are uncorrected. Infrared spectra solvent was evaporated and the residue was chromatographed on
were determined in carbon disulfide solution on a Perkin-Elmer silica gel. Elution with hexane gave, after recrystallization from
Model 225 spectrophotometer. ethanol, 1.05 g (85%  yield) of a mixture of deuterated 2,3-

p-Bromophenyl ¿-butyl sulfide was prepared in 61%  yield by diphenylbenzo[6]thiophenes 5, mp 113-114°.9
the method previously reported for the synthesis of phenyl ¿-butyl Mass spectrometric data indicated a total deuterium content
sulfide3 as a colorless liquid, bp 153-155° (20 mm). of 0.90 ±  0.02 atoms per molecule.

Anal. Calcd for CioHi3BrS: C, 48.99; H, 5 .34; Br, 32.59; The infrared analysis of the mixture was performed by means 
S, 13.08. Found: C, 48.98; H , 5 .24; Br, 32.22; S, 12.93. of calibration curves, based on a band at 821 cm -1 for 5a and a

p-E<euteriophenyl ¿-Butyl Sulfide.— p-((-Butylthio)phenylmag- band at 640 cm -1 for 5b, obtained from mixtures of the two model
nesium bromide from 9.5 g of p-bromophenyl ¿-butyl sulfide and compounds in various ratios.
1.2 g cf magnesium in 40 ml of anhydrous ether was hydrolyzed
with a 15% solution of deuterium chlonde in deuterium oxide. Registry N o .-3 , 23042-80-0; 4, 23042-81-1; 2,3- 
Ihe ether solution was separated and dried (Na2SCh) and the 6  3 ’ , . ’ ’ ’ ’
solvent was removed. The liquid residue was distilled twice to d iph enyi-5-brom ob enzo [6 Jth iop h ene, 2 3 0 4 2 -8 2 -2 .
give 4.6 g (71%  yield) of p-deuteriophenyl ¿-butyl sulfide, bp
106-1C70 (20 mm) [lit.6 bp 73° (5 mm) for phenyl ¿-butyl sul- Acknowledgments.— This w ork w as su p p o rted  b y  th e

” , r )“ ■ mP 99- 10°  a “  ‘ C onriglio  N f i o r A  dalle R ic e reh e  R o m e  W e  w ish  
p-Deuteriophenylsulfenyl chloride (3) was prepared by chlo- th a n k  D r. T ito  b a lv a to ri, OI th e  S N A M -ib N i

rinolysis of p-deuteriophenyl ¿-butyl sulfide (4.6 g) by chlorine L a b o ra to rie s , S. D o n a to  M ilan ese, fo r th e  m ass sp e ctra ,
in carbon tetrachloride at —10°, following a modification of the
procedure reported by Kharasch and Langford7 for the synthesis (9) Identical with th a t  of an authentic  sam ple of 2,3-diphenylbenZo[i>]-
of 2,4-dmitrophenylsulfenyl chloride, and purified by distillation. th iophene .1 
There were obtained 3.5 g (87%  yield) of 3, bp 90-92° (20 mm),
identical with that of a sample of phenylsulfenyl chloride pre- ----------------------------
pared by the same method.

l,2-Diphenyl-2-p-deuteriophenylthiovinyl 2,4,6-Trinitroben- T h e  P h o t o r e a c t i o n s  o f
zenesulfonate (4).— Tolane (1.78 g, 10 mmol) was dissolved
in 60 ml of anhydrous methylene chloride, silver 2,4,6-trinitro- 2,4-Dim ethoxyacetanilide1 3
benzenesulfonate (acetonitrile complex,8 5.23 g, 10 mmol) was
added, and the suspension was stirred for a few minutes. A j  g B radshaw, R . D. K nudsen, and E . L . L overidge
solution of 3 (1.45 g, 10 mmol) in 15 ml of methylene chloride
was added dropwise at 15° and the reaction mixture was stirred Department of Chemistry,
for 10 mm. Filtration of the insoluble AgCl followed by addition Brigham Young University, Provo, Utah 84601
of pentane to the clear solution resulted m the precipitation ot 4
(2.8 g, 48%  yield) as a yellow, crystalline solid, which was
purified by crystallization from methylene chloride-pentane, Received June 23, 1969
mp 109-110° dec. A mixture melting point with l,2-diphenyl-2-
phenylthiovinyl 2,4,6-trinitrobenzenesulfonate (prepared by the Aryl esters and N-arylamides have been found to
same method)1“ was 109 - 110° dec. und ergo p h o to  Fries rearrangements.4-6 Recently, w e

yield by cyclization of 2-phenyl-2-p-bromophenylthioaceto- reported that, when 2,4-dimeJioxyphenyl acetate (I)
phenone in polyphosphoric acid.la Chromatography on silica was irradiated, not only a normal photo-Fries rearrange-
gel (hexane) and recrystallization from ethanol gave white ment to the unoccupied orth o  position took place but
crystals, mp 175-176°.

Anal. Calcd for C2oHi3BrS: C, 65.75; H, 3 .59; Br, 21.88; Q) Supported by the  Research Division, Brigham  Young University, and
S, 8.78. Found: C, 66.04; H, 3 .59; Br, 21.77; S, 8.77. the  United Fund of U tah County.

2,3-Diphenyl-5-deuteriobenzo[b]thiophene (5a).— The Grignard (2) N uclear m agnstic resonance spectra were obtained on a Varian A-60A
reagent prepared from 1.0 g of 2,3-diphenyl-5-bromobenzo[b]- spectrom eter purchased under the  N ational Science Foundation  G ran t GP- 
thiophene and 0.15 g of magnesium in 100 ml of anhydrous ether 6837-
was hydrolyzed with a 15%  solution of deuterium chloride in 6» Presented a t  the  Pacific N orthw est Regional M eeting, Salt Lake C ity ,
deuterium oxide. The ether solution was separated, the solvent Anderson and C. B. Reese, Proc. Chem. See., 217 (1960);

(b) J. C. Anderson and C. B. Reese, J. Chem. Soc., 1781, (1963).
(6) V. N. Ipatieff, H . Pines, and B. S. Friedm an, J. Amer. Chem. Soc., (5) See D . Bellus and P. Hrdlovic, Chem. Rev., 67, 599 (1967), for a  review

60, 2731 (1938). of the  photo-Fries and related reactions.
(7) N. K harasch and R. B. Langford, J . Org. Chem., 28, 1903 (1963). (6) (a) D. E lad, Tetrahedron Lett., 873 (1963); (b) D. E lad, D . V. Rao,
(8) D. J. P e t t i t t  and G. K . H elmkam p, ibid., 29, 2702 (1964). and V. I. Stenberg, J. O-g. Chem., 30, 3252 (1965).
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0 methoxyacetophenone. The nmr and ir spectra of
II 2-ammo-3,5-dimethoxyacetophenone (III), the major

9 CCH3 photo-Fries reaction product, also exhibit the typical
JL ^ ^ O C H  2-aminoacetophenone spectra (1640 cm-1 in the ir

(Ŷ V| —*• spectrum and a singlet at 5 6.1 in the nmr spectrum).
Shizuka and Tanaka have shown that the acetanilide

1 photo-Fries reaction occurred from the lowest lying
3t excised singlet state resulting in the fission of the C -N

bond and the liberation of C6HSNH and COCH3 
j? OH OH 9 OH radicals.12 They also found that rearrangements to the

CHjC Jf OCH3 I. Jk^OCH3 4 position did not take place when it was occupied by
'VY^\T/  + (Y X '  3 + f O i  methyl or chloro groups; however, 4-iodo and 4-bromo

groups were displaced by the migrating acyl group.120 
| I They attributed the latter results to a predissociation of

0CH3 0CH3 CCH3 C -B r and C -I bends caused by the irradiation.120
normal ^ The fact that the chloro group was not displaced is

methoxy displacement somewhat surprising since Kobsa observed a displace
ment of the chloro group when he irradiated 4-t-butyl- 

also a methoxy group could be displaced if it were in the 2,6-dichlorophenyl acetate.13
ortho or para  position. In addition, decarboxylation The mechanism of the photo-Fries reaction of 2,4-di- 
and cleavage products were obtained.7 methoxyacetanilide is probably the same as that

In the present study, we have irradiated 2,4-di- reported by Shizuka and Tanaka.12 However, we do
methoxyacetanilide (II) to see if methoxy-displaced not believe that the methoxy displacement reaction is
rearrangements would also take place in the N-aryl- taking place by way of a predissociation of the C-OCH3
amide system. We also wanted to see if a reaction bond. If this were the case, we could have expected to
similar to the decarboxylation of certain phenyl esters7'8 find some 2-methoxyacetanilide as well as some 4-meth-
could be observed in this system (that is the loss of oxyacetanilide in the reaction products. Neither of
CONH). This latter reaction was not observed even these compounds could be isolated in our reaction. We,
with 2,4,6-trimethylacetanilide where no photo-Fries therefore, propose a concerted type of mechanism for
rearrangement could take place.9 this reaction as we previously postulated.7

The products of the ultraviolet (uv) irradiation of II 
in benzene were found to be 2-amino-3,5-dimethoxy- Experimental Section
acetophenone (III, 63%) from the ortho photo-Fries . , n . A
reaction to the unoccupied position; 2-amino-5-meth- E h  C h e m L l’ Co!
oxyacetophenone (IV, 5%) and 4-arnmo-3-methoxy- Acetyl chloride, reagent grade benzene, and pyridine were
acetophenone (V, 11%) from displaced ortho- and purchased from J .  T . Baker Co. An Aerograph 202-B tempera-
para-methoxy photo-Fries reactions; 2,4-dimethoxy- ture-programming vapor phase chromatograph was used to analyze
aniline (8%) from the cleavage reaction; and five other ancl separate all photochemical products. All ir spectra were

products which could not be isolated in sufficient nmr spectra were taken on a Varian A.60A spectrometer.’
quantity to characterize. a Hanovia 450-W, medium-pressure lamp was used.

The structures of the photo-Fries rearrangement Preparation of 2,4-Dimethoxyacetanilide (II).—An excess of 
products (III, IV, and V) were determined b y their acetyl chloride was slowly added to 20 g (0.13 mol) 2,4-dimethoxy-
spectra. The nuclear magnetic resonance (nmr) spec- anilin« in 8° f 1 of cold pyridine The resulting dark red solution

^  i ytt ' i -\-r * i was allowed to warm to room temperature and then added to
tra were quite definitive. Compounds IV and V each 100 ml of ice water. The crude 2 ,4-dimethoxy acetanilide (II)
exhibited a peak attributable to NH2 groups at 8 5.65 was filtered (11.5 g, 47% ). The product II was purified by re
fer IV and 4.3 for V. The difference in chemical shift crystallization from water, mp 114-115°.14
for these two peaks is a result of hydrogen bonding in Anal. Calcd for CioH i30 3N : C, 61.53; H, 6.71. Found: C,
2-aminoacetophenone-type compounds. This hydro- ^ ¿ ^ t i o f o f  2 ,4 ,6-Trimethylacetanilide.-This was prepared
gen bonding causes the NH2 bond to shift from about by the above procedure to obtain an 80%  yield, mp 215-216°.
8 4.3 to 5 .5-6 .0 .10 The carbonyl bond in the infrared Anal. Calcd for CnH,6ON: 0 ,  74.54; H, 8 .53. Found: C,
(ir) may also be shifted to lower wavenumbers by as 74.63; II, 8.75.
much as 50 cm-1 owing to hydrogen bonding in the Irradiation of 2,4-Dimethoxyacetanilide (II).— The substrate 

, ,  . . .  „  a  i , ,, • (2 g) was dissolved in 200 ml of benzene and the solution was
ortho position.11 Such a shift was exhibited by the ir pla*„d in the reactor. A quartz immersion well was fitted into
Spectrum for compound IV (1640 cm 1) in comparison tlie reactor. A small stream of pure nitrogen was sparged into
with V (1660 cm-1). Thus we feel confident that IV is the bottom of the reactor for 40 min before the reaction was
2-amino-5-methoxyacetophenone and V is 4-amino-3- started and then continued throughout the irradiation. The

irradiation was carried out for 19 hr. Upon completion of the
(7) J. S. Bradshaw, E. L. Loveridge, and L. White, J. Org. Chem., 33,4127 irradiation, the solvent was removed under vacuum (30^40 mm).

(1968). The remaining almost-black oil was subjected to vpc analysis
(8) See R. A. Finnegan and D. Knutson, J . Amer. Chem. Soc., 89, 1970 using a 20%  SE-30 on Chromosorb W column and programming

(1967), and other papers of th a t  series. the temperature from 100 to 275°. Ten vpc peaks were observed.
(9) ortho and para displacements of alkyl groups in the  photo-Fries reac- g o m e  0 f tb e g e  f r a c t io n s  w e re  c o lle c te d  a n d  a n a ly z e d ,

tion have never been observed; see ref 5 F r a c t io n s  1 -3  (4 % )  c o u ld  n o t  b e  i s o la te d .(10) Similar shifts have been observed m  the  case of 4-aminoacetophenone 
(N H 2 peak a t  5 4.43) and 2-aminoacetophenone (N H 2 peak a t 5 6.12). See
Sadtler N uclear M agnetic Resonance Spectra No. 242 and No. 4987, pub- (12) (a) H. Shizuka and I. Tanaka, Bull. Chem. Soc. Jap., 41, 2343 (1968);
lished by  Sadtler Research Laboratories Inc., Philadelphia, Pa. (b) H . Shizuka, ibid., 42, 52 (1969); (c) H . Shizuka, ibid., 42, 57 (1969).

(11) See K . Nakanishi “Infrared  Absorption Spectroscopy," H olden-Day (13) H . Kobsa, J . Org. Chem., 27, 2293 (1962).
Inc., San Francisco, Calif., 1962, p 42. (14) All melting points are uncorrected.
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Fraction 4 (8 %) exhibited ir and nmr spectra that were the wavelengths is in the same region as that of the photo
same as those of 2 ,4-dimethoxyaniline. oxide of bisanthene.4 The photooxide of 6  could not be

Fraction 5, compound IV (5%), exhibited ir (KBr) 3450,3340, , • , • , , , • ,
and 1640 cm -; nmr (CCh) a 2 45 (s, 3), 3.75 (s, 3), 5.7 (s, 2 ) ,  lsolatf J ;  lnstf ad> only resinous material was obtained, 
and 6.8 (m, 3). as had been observed previously.2

Fraction 6 , compound V (11%), exhibited ir (KBr) 3460, 3360, Thus, the limiting factor in maximizing the yield of 
and 1660 cm-1; nmr (CC14) 8 2.40 (s, 3), 3.85 (s, 3), 4.30 (s, 2 ), g is the photoinstability of the hydrocarbon. While
6.55 (m, l), and 7.30 (m,,2). „  . . .  _ , „ yields were greatest when the reaction was carried outAnal. Calcd for C9HnN02: C, 65.44; H, 6.71. Found: C, J , ,, , , ,
65.17- H 6.79. open to the atmosphere, the photooxidation of the prod-

Fraction 7, compound III (63%), exhibited ir (KBr) 3460, uct was also occurring. When following the reaction
3340, 1640 cm-1; nmr (CCh) 8 2.45 (s, 3), 3.70 (s, 3), 3.85 of 5.9 X 10~5 M  3 and 5.9 X  10~5 M  iodine in a 1-cc
(s, 3), 6.10 (s, 2), and 6.50 (m, 2). ^  cell, a yield of 6  as high as 59%  was detected. On a
61*29° H 6 59 or 10 13 3' ’ ’ ’ oun ' ’ larger scale, however, diphenylbisanthene was isolated

Fraction 8, compound II, exhibited ir and nmr spectra which in 20% yield, 
were the same as those of the starting material. Contrary to the observation that the yield of tri-

Fractions 9 and 10 (9%) could not be isolated. phenylene in the photoaryl coupling of o-terphenyl is
Irradiationiof 2 ,4 6-Trimetiiylacetanilide.-The substrate (1 g) dependent on the iodine concentrations,5 varying the

was dissolved m 240 ml of pure benzene and irradiated as de- r  , , . ,. . ., . c „ . - , , ,
scribed above. After the solvent was removed, only 2,4,6- amounts of iodine m the reaction of 3 to 6  had little
trimethylaniline and starting anilide could be isolated from the affect on the yield, as demonstrated by the yields of 6
reaction mixture. No material was observed in the vpc chromato- (50, 59, and 49%) when the ratios of diol 3 /Ii were
gram with a retention time the same that of as 1,2,3,5-tetra- 10; i.o, and 0.5. Iodine is essential to the reaction,
methylbenzene. however, since, without it, 6  was not formed as 3  was

Registry No.—II, 23042-75-3; III, 23042-76-4; slowly consumed. Heating the product of the non-
IV, 23042-77-5; V, 22106-40-7; 2,4,6-triethylacet- catalyzed reaction with hydriodic acid did not yield
anilide 5096-21-9. diphenylbisanthene. This result rules out dihydroxy-

diphenyldihydrobisanthene 8  as a product in the photo-
---------------------- chemical reaction in which iodine is not used.

Since the decomposition of 6  was much slower when 
A Photochem ical Preparation of irradiated under nitrogen, rather than when exposed to

4,11-D iphenylbisanthene the air, solutions of 3 and iodine were irradiated in a
nitrogen atmosphere. Under these conditions the 

Donald R. Maulding yield of diphenylbisanthene was decreased to 5%  and

Central Research Division, Am erican Cyanam id Company, uv-, tt O Q
Stam ford, Connecticut 06904 6 5 II

Received Ju n e  27, 1969

4,11-Diphenylbisanthene (6 ) is one of a few aromatic 
hydrocarbons from which fluorescence ($ k =  0.18,
Xmax 720 rap. in benzene) of moderate intensity has been HO' Ŝ'C6H5 H 1
detected in the infrared region. 1 A three-step synthesis 3  . 2

of 6  with an overall yield of 2 0 % had been described 
earlier by the sequence bianthrone (1) —► 4,11-bis- t
anthenequinone (2) —► 4, ll-dihydroxy-4,11-diphenyl- C«H5 CH C6H5

dihydrobisanthene (8 ) 6 . 2 A more convenient
approach appeared to be the photocyclization of the T Q T  T  J  [O X  X O j [O X  i
diphenylbianthracenediol 3, which can be prepared
from bianthrone in good yield. 3 + >

Ultraviolet irradiation of benzene solutions of 3 ( C l l  1̂  I [Y)| vCy\ | |
[Xmax 327 m  ̂ (log e 4.08)] and iodine exposed to the \ A A /
atmosphere did indeed produce hydrocarbon 6  in CH c  H.
moderate yield. The only two products isolated were 4 6 5 5 6
the deep blue diphenylbisanthene and the highly blue- , j
fluorescing photooxide 7. The easily identifiable in- I '
tense bands at 683 and 625 rap for product 6  facilitated C6HS BON .C6H5 T
the following of the reaction speetrophotometrically. i X X i T r X l  i X n f ' V ^ I
A maximum buildup of diphenylbisanthene was quickly h X T  X X  1 
attained, but on prolonged irradiation the product was f || |
slowly decomposed. The concurrent appearance of a I I
broad band centered near 400 m p and the decrease in
intensity of the peaks at 683 and 625 m p  imply the for- HÔ ><̂ 'C6H5 I
mation of a photooxide, since the absorption at shorter T 8  ’ C(iH5

CiJI-. 9
(1) M . M . R auhut, D. R . M aulding, W. Bergmark, B. G. Roberts, R. A. 7

Clarke and R. Coleman, unpublished work. ----------------------
(2) G. Sauvage, A nn. Chim., 2,844 (1947). (4) H . Kuroda, J. Chem. Phys., S3, 1586 (1960).
(3) A. Schonberg and A. Ism ail, J. Chem. Soc., 201 (1945). (5) T . Sato, Y. Goto and K. H ata, B ull. Chem. Soc. Jap., 40, 1994 (1967).
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HinVipnvlfliVipn7nnprv1pTiP 4  1A 5 8 2  m u floe: e 4  451 ments. The procedures described for making I0,10'-(liphenyl- 
dipheny ldibenzopery iene 4  LAmax O U Z m y  (log w o )  9>s,(1oH,1„,H).bianthra3ene]-10,10'-diol (3)» and3,10-dihydroxy-
and Amax 5 4 2  m^ (log e 4 .2 4 )  ] became the major product.  ̂ io-diphenyl-3,10-dihydro-l,2,ll,12-dibenzoperylene (5)2 from
W h e n  exposed  to  o xy gen  h y d ro carb o n  4 w as rap id ly  bianthrone (Aldrich) and helianthrone2 were used without modi-
converted into a light yellow solid, mp 302-304°, having fication.
absorption peaks at 427, 403, and 382 my .  The com- 4 ,1 1 -Diphenylbisanthene (6 ) from Diol 3.—A solution of 216 
pound appears to be a photooxide of 4, although the only Vh“ ab“
known photooxide has a thermal decomposition point gpectrum of an aliquot indicated that the yield of product was 
of 180°.2 Other evidence which supports the photo- 3 3 %. The benzene was removed and the dark solid was treated
oxide structure is the elemental analysis, the bands in with boiling xylene. The cooled solution was passed through a
in infrared at 10.16, 1 0 .5 3  (shoulder), and 10.62 y column containing Woelm neutral alumina and xylene. Evapora-

(compare cluster of four bands centered at 1 1 . 0  y  for 3 0 ^  (lit.* mp 4 3 0 ° ) ^ ®
9 ,1 0 -diphenylanthracene photooxide), and the mass spectrumm /e502; visible absorption in benzene, Xmax 683 my (log
spectrum, with m /e  536, 431, and 353. The fragment e 4.69) and 625 (4.43) [lit.2 Xmax 690 m^ (log e 5.01) and 630
at 431 (536 — C6H6CO+) also indicates that one oxygen (4 .75)]. .
appears to be beaded to a carbon bearing a phenyl
group, such as in structure 7. This structure IS also ra£hy experiments did not increase the log e values. Moreover,
compatible with the absorption at 427, 403, and 382 my. fluorescence measurements indicated that no visible fluorescing
Finally, the extreme photosensitivity of diphenyldi- materials were present.
benzoperylene has already been observed. 2 Anal. Calcd for C40H2o: C, 95.62; H, 4 .38. Found.

The possibility of 4 being an intermediate in the for- 95.28; ^ 1 « ^ ^  g mg (4% ) of ft light yelIow solid: mp
mation of 6 was considered, even though the related 302- 304° (toluene); visible absorption in benzene, xmax 427 my
photocyclization of l,l'-binaphthyl to perylene has not (iog e 4 .26 ), 403 (4.24), and 382 (3.97); infrared (Nujol) 10.16,
been observed.6 The dehydrogenation of 4 to 6  might 10.53 (shoulder), and 10.62 y (compare cluster of four bands
be expected to be a more favorable reaction because of centered at 
the fixed geometry of 4 and its greater ability to stabilize fluorescence!
the transition state. I t  is clear, however, from the A nal. Calcd for C.oHi.O,: C, 89.55; H, 4 .48. Found: C, 
isolation of only photooxide 7 from 4, that diol 5 and 89.21; H, 4.52.
not hydrocarbon 4 is responsible for the formation Benzene solutions of 3 were irradiated in a 1-cc cell and the 

, v  ;  . , ,  maximum yield of 6 was estimated by recording the visible ab-
of diphenylbisanthene. “ on with a Cary 15 spectrophotometer. The yields of

To confirm its intermediacy in the cychzation Ol 3 diphenylbisanthene with varied concentrations of iodine are 
to 6 , diol 5 was prepared from helianthrone according to g;ven in Table I. 
the method outlined by Sauvage. 2 Irradiation of ben
zene solutions of 5 in the presence of iodine gave 6  in Table I
79%  yield; however, without iodine the highly colored Yields of 6 from 3 with Varied Iodine Concentrations 
diphenylbisanthene was not formed. Hydriodic acid Concn of 3 10, M Concn of n, 10« m Yield of 6,“ %
reduction of the crude product of the noncatalyzed reac- g 22 0 0

tion did form 6  in a moderate yield, thereby indicating 1 3 5  1 .35  SO6
the formation of 8 .7 0 .5 9  5 .9 0  59

10-10'-Diphenyl-9,9'-bianthranyl (9) was not de- 0 .7 5  1 5 .0  49
tected in the reaction, and the possibility that it or its «Yields were based on log e 4.69 for peak at 683 my. b Re
photooxide was an intermediate or product was ex- placement of the Pyrex filter with a 250-370-mn Corning glass
eluded by recovering 9  unchanged after exposure to the filter lowered the yield o 6 to 3 %.
same reaction conditions necessary for the conversion 4 ,1 1 -Diphenylbisanthene from Diol 5.— The maximum yields 
of 3 into 6 . This observation is in agreement with the o{ e’; based on its absorption at 683 and 625 my, were obtained
report that 9  is resistant to photooxide formation.8 after irradiating benzene solutions of 5 and iodine at various con-

The photochemical transformation of 3 to 6  may be centrations (see Table II). 
considered similar to the stilbene-phenanthrene and
bianthrone-bisanthenequinone photocyclizations, 9 and Table II
the existence of dihydrophenanthrene-type intermedi- Y ields of 6 from 5 with Varied Iodine Concentrations
ates is probable. I t  appears that the quantum yield of Concn of e, io* m Concn of is, 10« m Yield of 6, %
the reaction diol 5 to 6  is considerably less than that for 8.15“ 0 0

reaction 3 to 5, since the time required for the attain- 8.15“ 1-53 44
ment of the maximum absorbance of diphenylbisan- 8-15“ 1 « qn 58
thene at 683 and 625 my in the reaction 5 to 6  was the 8-15° 7Q
sam e as th a t  in  th e  con version  of 3 in to  o. . , . , , . , 6 „„„ ,• „“ Reaction solution was exposed to atmosphere. ” Reaction

was carried out in nitrogen atmosphere.
Experimental Section

Irradiation of 5 without Iodine.— A solution of 45 mg of 5 m 
Equipment and Materials.— A General Electric BH6 lamp and a 200 ml of benzene was irradiated for 2 hr. Evaporation of solvent

Pyrex filter were used in all of the photochemical experi- gave a light yellow solid. A benzene solution of the product had
------------------- no absorption in the 600-750-m/i region. The solid was heated

(6) G. M. Badger and C. P. Whittle, Aust. J .  Chem., 16, 440 (1963). jn 20 ml 0f glacial acetic acid and 1 ml of 48% hydriodic acid on
(7) Although experimental details were not given, Sauvage reported that & Steam bath for 10 min. Dilution with Water gave 31 mg of

diol 8 was formed when an ether solution of 6 was exposed to ultraviolet light. blue-black material The yield of diphenylbisanthene as de-
See G. Sauvage: CompL Rend 226, 247 (1947b termined by the visible absorption of the crude product was 65% .(8) C. Dufraisse and J. LeBras, ibid., 216, 60 (1943). t 1 7 c

(9) F. R. Stermitz, in "Organic Photochemistry,” Vol. I, O. Chapman, 10,10 -Diphenyl-9,9 -bianthranyl (9). A solution of 175 mg
Ed., Marcel Dekker, Inc., New York, N. Y„ 1967, p 247. of 3 in 40 ml of glacial acetic acid and 2 ml of 48%  hydriodic acid
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was heated on a steam bath for 15 min. Dilution with water CH3 CH3 CH3
gave a solid which was recrystallized from toluene. The yield | 0  ]
of light yellow solid,3 mp > 3 0 0 °, mass spectrum m /e  506, was RCCf 11 XT ,CR — *- 2C 02 +  2RCO (1)
73 mg or 45% . Benzene solutions gave strong blue fluorescence. I ^ C r |
The absorption spectrum of 9 in benzene had peaks at 403 m/x q u  J1 CH3 CH
(log e 4 .47), 380 (4.36), and 360 (4.06). u  3

A nal. Calcd for C«H 26: C, 94.87; H, 5 .13. Found: C, CH
94.63; H, 4 .95. I 3 qu

Irradiation of 10,10'-Diphenyl-9,9'-bianthranyl (9).— The ab- R(T). __ ► C = 0  +  R- (2)
sorption spectrum of a solution of 43 mg of 9 and 2 mg of iodine , ‘ /
in 400 ml of benzene, which has been irradiated for 6 hr, showed I
that only 1%  of 9 had been destroyed.

3 ,10-Diphenyl-1,2,11,12-dibenzoperylene (4) from Diol 3. complicated by cage reactions (eq 1, 2).4 In  this paper
Nitrogen was bubbled into a solution of 324 mg of 3 and 168 mg wish to rep0rt the preparation of a series of ¿-alkyl
of lodmem 600 ml of benzene for 20 mm. The bubbling of mtro- , .  T , ,7. . c u  , ,
gen was continued while the solution was irradiated for 6 hr. peroxyoxalates I  and the investigation of the rates and
The solvent was evaporated and the solid was stirred in 30 ml of products of their thermal decomposition,
ethanol. Filtration gave 196 mg of red-purple solid: mp 366- qjj
369° (lit.2 mp 371°); visible absorption at 582 m y  (log e 4.45) I V Y“ 3
and 452 (4.24) [lit.2 580 mM (log e 4.99) and 548 (4.80)]. The ' 1 L - 0 X  I
absorption spectrum indicated that 5%  diphenylbisanthene was 1 >v(y  || OCR
aso present. n  )

A nal. Calcd for C«H 24: C, 95.23; H, 4 .77 . Found: C, CH3
94.62; H, 4 .31 . Ia, R =  CH3 c ,R = (C H 3)2CH

Photooxidation of 4 .—A blue-green solution with bright blue ^ R =  CHCH d R =  PhCH2
fluorescence developed when a red-purple solution of 50 mg of 4 ’ 3 2
in 100 ml of benzene was irradiated for 30 min. Evaporation of The peroxyoxalates were prepared by the method of 
the solvent gave 48 mg of a green solid, mp 295-299°. Re- Bartlett, et a l.,1 from the corresponding ¿-alkyl hydro-

5SSK“Sfil^SK K iS  S «, S td  S j*-«». «* «w «mm**
mu (log e 4.28, 4.26, and 4 .00 ). is a  w h ite , c ry sta llin e  solid w h ich  is s tab le  a t  ro om

temperature for short periods of time but explodes on 
Registry No.1—6,23102-61-1; 9,23102-67-2. pounding or scratching.1 Compounds lb 5 and Id

_  , , . „ . were also obtained as white needles by crystallization
Acknowledgments. The author gratefully acknowl- from tane &t _ 3()o or below. Compound Ic  was an

edges the financial support of the work reported here y which we were unable to crystallize. All three of
the Pyrotechnics Laboratory, Pic a tinny Arsenal, Dover, these compounds were unstable at room temperature.
N. J ., and the helpful suggestions contributed by r. Compounds Ic  and Id decomposed spontaneously with
W. A. Henderson. vigorous evolution of gas when allowed to warm to room

_______________  temperature. All of these compounds were more stable
in dilute pentane solutions and could be stored at —30° 

T h erm al D ecom position  o f for days without appreciable decomposition.
Som e t-A lkyl Peroxyoxalates The Purities of Peroxyoxalates were determined

b y  ex a m in a tio n  of th e ir  in frared  s p e c tra  an d  b y ’ th e

Roger A. Sheldon and J ay K. Koch: yields of the carbon dioxide hberated in the thermal
decomposition. Compounds Ia  and lb  could also be 

Department o f  Chemistry, Case W estern Reserve University, analyzed by iodometric titration in acetic acid. How-
Cleveland, Ohio 44115, and Department o f  Chemistry, ever, Ic  and Id gave very low titres by this method

In d ian a  University, Bloomington, In d ian a  41401 owing to the rapid ionic decomposition in acetic acid
solutions.

Received September 15 ,1969  The rates of thermal decomposition of the four per
oxyoxalates were measured in pentane solution at 25° 

The thermal decomposition of di-f-butyl peroxyoxalate by following the appearance of carbon dioxide. These
has previously been investigated by B artlett,1 Traylor,2 results are shown in Table I. The reaction was first
and coworkers. I t  was shown that decomposition is
quite facile at room temperature, and there is negligible Table I
cage recombination of the ¿-butoxy radicals formed. Rates of Decomposition of

A variety of ¿-alkoxy radicals is known to undergo 5 ¿-Alkyl Peroxyoxalates in Pentane at 2 5 °a
scission to afford a ketone and an alkyl radical.3 The ty,.
efficiency with which this fragmentation occurs is mark- Compd R  *>, sec -i min
edly dependent on both the structure of the ¿-alkoxy la  Methyl6 1 .7  X  10~5 700
radical and on the solvent. Ib Ethyl 2 .6  X  10~6 450

We sought ¿-alkyl peroxyoxalates as useful precursors Ic Isopropyl 6 .0  X  10~6 190
for alkyl radicals at low temperatures in a process un- Id Benzyl 6 .7  X  10 6 173

« Average of at least two determinations. 6 Literature1 k  =
(1) P. B artle tt, E . Benzing, and R . Pincoek, J .  Amer. Chem. Soc., 84, 7 , 9  x  1 0 ~ 6 s e c - 1  a t  2 0 °  in  b e n z e n e .

1762 (1960) --------------------- ■(2) (a) H . Kiefer and T . T raylor, ibid., 89, 6667 (1967); (b) R . H ia tt  (4) A source of free a lkyl radicals uncom plicated by  cage reactions would
and T. G. T raylor, ibid., 87, 3766 (1965). be useful for m easuring ra tes of bimolecular reactions of alkyl radicals in

(3) (a) F. D. G reen e ,'M .'L . Savitz, F. D . Osterholz, H . H . Lau, W. N . solution, e.g., d isproportionation-com bination  ratios which have been un-
Sm ith and P . M . Zanet, J. Org. Chem., 28, 55 (1963); (b) C. W alling and A. am biguously m easured heretofore only in the  gas phase.
Padw a, J .  Amer. Chem. Soc., 85, 1593 (1963); (c) C. W alling and P. (5) C. W alling and J . A. M cGuinness [ J .  Amer. Chem. Soc., 91, 2053
W agner, ibid., 85, 2333 (1963); (d) J . B acha and J . Kochi, / .  Org. Chem., (1969)] have also recently  p repared Ib .
SO, 3272 (1965). (6 ) L. Silbert and D. Swern, A nal. Chem., SO, 385 (1958).
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order in peroxyoxalate over at least one half-life. There than the former, since no 2,3-dimethy 1-2-butyl iso-
was a slight increase in rate in the order R =  CH3 <  propyl ether was found.10
CH3CH2 <  (CH3)2CH <  PhCH2.7 In addition to bibenzyl, the decomposition of Id

The presence of excess galvinoxyl had no effect on the in pentane afforded benzyl alcohol and benzaldehyde.
rate of decomposition of Ic, although galvinoxyl was The formation of these products indicated that the
consumed throughout the reaction. Galvinoxyl is an homolytic decomposition of Id was complicated by a
efficient scavenger for both alkoxy and alkyl radicals.8 competing heterolytic decomposition (vide infra). A
The insensitivity of the rate of thermolysis in the pres- small amount of induced decomposition via the hy-
ence of galvinoxyl showed that induced decomposition droxybenzyl radical (formed by hydrogen transfer from
of the peroxyoxalate was unimportant under these benzyl alcohol) could account for the benzaldehyde.
conditions.8 The products of the thermal decomposi- ¿-Butyl peroxyoxalate also gave products expected 
tion of the peroxyoxalates were studied in three different from the radical intermediates in both acetonitrile
solvents (Table II). Pentane represented a nonpolar and acetic acid. Thus the marked increase in the yields

T a ble  II

T hermal D ecomposition of P eroxyoxalates“
----------------- -----------— ——------------ -------—-Products-------------- — —*—-------------------------------------'

Tem p, R eaction6 CO 2, R H , R (-H ), R -R , (C H i) jCO, R C (C H j)i- R -O H ,
Compd Solvent °C  tim e, hr mmol mmol mmol mmol mmol OH, mmol mmol

la  Pentane 25 48 0 .4 4  Trace' Trace' 0 A 7 d None
lb Pentane 25 24 0 .4 5  0 .0 3  Trace' Trace' 0 .0 4  0 .4 3  None
Ic Pentane 25 18 0 .4 5  0 .1 0  0 075 0 .0 7  0 .3 5  0 .1 2  Trace'
Ic Pentane' 25 18 0 .4 7  None ~ 0  01 None
Id Pentane 25 18 0 .4 7  None 0 .0 7  0 .2 5  0 .2 0  0 .0 7 '
la  CH3CN 40 6 0 .4 6  0 .2 0  None 0 .2 4  0.25» None
lb CH3CN 40 1 0 .4 6  0 .0 4  Trace' Trace' 0 .1 9  0 .2 0  0 .1 5
Ic CH3CN 25 1 0 .4 8  Trace' Trace' None 0 .2 5  0 .21  0 .2 5
Id CH3CN 25 1 0 .4 7  None Trace' 0 .2 3  0 .2 6  0.20»
la  HOAc 40 6 0 .4 8  0 .3 3  None 0 .4 0  0 .0 8  None
lb HOAc 40 1 0 .4 5  Trace' Trace' None 0 .2 4  0 .21  0 .21
Ic HOAc 25 1 0 .4 5  Trace' Trace' None 0 .2 2  0 .2 3  0.19*

» 0.25 mmol of peroxyoxalate in 5 cc of solvent (0.05 M ). 6 Indicates the time the reaction mixture was left in the bath for complete 
reaction. Unrelated to rate studies. '  Less than 0.01 mmol. d Trace of (CHshCOOCCCTDa found, no (CH3)8COCH3 detected. At 
45°, Traylor, et a l . f  found 4%  di-f-butyl peroxide. '  0.5 mmol of galvinoxyl added. < 0.07 mmol of PhCHO found. » 0.03 mmol of 
PhCHO found. h ~ 0 .0 1  mmol of (CHshCHOAc also found.

solvent in which heterolytic processes would be mini- of methane and acetone paralleled the importance of ft
mized, whereas acetic acid and acetonitrile were chosen scission of the ¿-butoxy radicals in these solvents (com-
because ft scission of i-alkoxy radicals is facile in these pared with pentane). However, lb, Ic, and Id pro
solvents. 3c'd duced carbon dioxide, acetone, and the two alcohols,

Good yields of the expected products of homolytic ROH and RC(CH3)2OH, in these solvents, according
decomposition were obtained in pentane solutions from to the stoichiometry given by eq 3. A molecule of
all of these peroxyoxalates with the exception of Id 
(see Table I I ) . The ft scission of the i-alkoxy radicals CHs 
into alkyl radicals and acetone was the major reaction | 3 n V 3
only with Ic. I t  gave substantial amounts of products RCOv̂  /  V ^^O C R  + 
derived from the isopropyl radical (propane, propylene, | ® jl j
2.3- dimethylbutane).9 In the presence of excess galvin- CH3 CH3
oxyl, no propane or 2,3-dimethylbutane was formed , „„
from Ic. Only a small amount of propylene was de- + (CH3)2CO + 2 2 + ( 3)2
tected. These results show that 96%  of the isopropyl
products was generated via free isopropyl radicals. water is needed to balance the reaction as written. The
The small amount of propylene formed in the presence solvent contained enough water (ca . 0.1% ) to react with
of galvinoxyl may have arisen via a molecular rearrange- ap t,he peroxyoxalate.11 We interpret the decomposi-
ment or via disproportionation of an isopropyl and a t ion 0f lb, Ic, and Id in acetonitrile and acetic acid as
2.3- dimethy 1-2-butoxy radical. The latter is less likely occurring via a Criegee rearrangement.12 Such a pro

cess is represented schematically by eq 4-6 . Alkyl
(7) These ra te  differences are too small to  w arrant fu rther studies of peroXVOXalate ion is known to lose Carbon dioxide Spon- tem perature  dependence. Steric and electronic effects or the  m ultibond r  J

fragm entation  of these peroxyoxalates are, no doubt, m inor, (b) Cf. R.
H ia tt  and  W. M . J . S trachan, J .  Org. C hem ., 28, 1893 (1963). (10) I t  has been shown th a t  the  cage reaction of isopropyl and 2,3-

(8) P. D . B a rtle tt and T. Funahashi, J .  A m er. Chem . S oc., 84, 2596 dim ethyl-2-butoxy radicals gives th is ether by  com bination as well as propyl-
(1962). ene from disproportionation: R . A. Sheldon, unpublished observation.

(9) T he ratio  of the  ra tes of disproportionation and com bination of iso- (11) T he am ount of w ater in these system s was n o t determ ined directly,
propyl radicals is 1.1 (cf. Table II ) . This ra tio  compares favorably with I t  is possible th a t  o ther protic sources would effect sim ilar transform -
values obtained in  the  gas phase [Trotm an-D ickenson, Progr. R eact. ations.
K in et., 1 , 107 (1961)] and in  solution from diacyl peroxides (R. A. Sheldon, (12) (a) R. Criegee, Ju stu s  L ieb ig s  A nn. C hem ., 560, 127 (1948); (b)
unpublished results). Y. K . Syrkin and I. I. Moiseev, R uss. Chem . Rev., 193 (1960).
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^ 3  0  *j®9 CH3 CH3 Experimental Section

RC O -O -C—C -O -O -C R  R C 0 - 0 2CCQ f +  ROC+ ¿-Butyl hydroperoxide (Lucidol Corp., 90% ) was vacuum
j | | | j distilled and was 99%  pure by iodometric titration. ¿-Amyl

CH3 0  CH, CH3 CH3 hydroperoxide was prepared from ¿-amyl alcohol and hydrogen
peroxide by the Milas16 procedure. 2,3-Dimethyl-2-butanol was

(4) prepared from isopropylmagnesium bromide and acetone, bp 
CH3 CH3 115-116° (lit.17 bp 117-122°). 2,3-Dimethyl-2-butyl hydro-
| | peroxide was prepared by the method of Criegee,18 bp 37° (3

R C 0 -0 2CC02~ — > RCO~ +  2C02 (5) mm), a,a-Dimethylphenethyl hydroperoxide was prepared from
i I a.a-dimethylphenethyl alcohol (Givaudan Co.) and hydrogen

CH3 CH3 peroxide, mp 4.5-46° (lit.19 mp 38 -4 1 °). Galvinoxyl was gen-
„ „  erously donated by Dr. Galvin Coppinger. Di-f-butylperoxy
I 3 oxalate was prepared from oxalyl chloride and ¿-butyl hydro-

„  J +  , , CH3vs „ „ . „ +  ,  Peroxide by the Bartlett procedure,1 mp 49-51° dec (heating rate
ROC +  H20  *■ ROH +  C 0  +  H etc. 2°/m in, lit.1 mp 5 0 .5 -5 1 .5 °). Iodometric titration in acetic acid

I CH3 required 1.85 equiv of sodium thiosulphate per 1 mol of peroxalate
CH3 (6) (lit.1 1.89 equiv).

The three peroxyoxalates lb , Ic, and Id were similarly prepared 
in virtually quantitative yields (based on the carbon dioxide 

taneously.1 The rate of decomposition of Ic  and Id in evolved from an aliquot of the reaction solution in pentane)
acetic acid and acetonitrile was very fast. Although ^om the corresponding hydroperoxide and oxalyl chloride.

i , i Compounds lb and Id could be crystallized as white needles from
u em en ^s w ere 110f made, these peroxy- pentane at —30°, but Ic was an oil which could not be crystal-

oxalates had hall-hves ol c a .  5  mm in acetonitrile at lized. On warming to room temperature, lb  melted; it de-
25°. composed in a short time if kept at room temperature. Com-

Hedaya and Winstein13 showed that the rate of pounds Ic and Id, on warming to room temperature, spon-
heterolytic decomposition (v ia  a Criegee rearrangement) ¡ Z K i T l  ^ v i g o r o u s  evolution of gas. The com-

c • .  i, , ., , , . °  , , pounds were more stable in dilute solution and were usually
Ot a series of alkyl p-mtroperbenzoates in methanol stored as 0 .0 5 1 7  solutions in pentane a t - 3 0 ° .  Infrared spectra
increased in the order (R) Me <  E t <  PhCH2 <  (in pentane) of all four peroxyoxalates showed no absorption
i -Pr. The products were the alcohol (ROH), acetone, owing to a hydroxyl group and showed a doublet in the carbonyl
and p-nitrobenzoic acid. The results were interpreted leg .io n  0 8 2 0  and 1780 cm b characteristic of peroxyoxalates.
ocporrlinn- in o n  7_ S  Iodometric titration of lb in acetic acid required 1.83 equiv of
acco a  ng to  eq  / S. sodium thiosulphate per 1 mol of peroxy oxalate. Compounds

Ic and Id gave low and inconsistent titres under these conditions. 
q jj 0  For the reactions in acetic acid and acetonitrile, aliquots of the
| 3 i| 0.05 M  solution of the peroxyoxalates in pentane were evaporated

Dpo - OC— NO __ > in  vacu0 while being cooled in a Dry Ice-acetone bath and then
|U V r f /  2 dissolved in the corresponding amount of acetic acid or aceto-
I nitrile. For the reactions of lb , Ic, and Id in these solvents the

CH3 solutions were not degassed with helium because of the rapidity
/  / °f the decomposition under these conditions.

ROC +  ~ 02C \ ( y /  N 02 (7) Kinetic runs were carried out using 3-ml aliquots of a 0.05 M
\  '— ' solution of the peroxyoxalate in glass tubes capped with a gas-
CH3 tight rubber serum cap. The solutions were degassed quickly

q jj3 with a stream of helium while cooled in ice. The log [C 0 2„ —
j " C 0 2‘] value was plotted against time. Linearity was obtained

jy-)C+ ROH +  'CH )CO  +  H+ (8) in all cases over at least one half-life.
| '  z i  '  '  Gas chromatographic analyses of gaseous products were

q jj performed on instruments equipped with thermal conductivity
3 detectors. Other analyses were performed on instruments with

hydrogen flame ionization detectors: Varian Areograph Model 
mi j, , ,  ■ . . .  1200 and Areograph HiFy Model 600. The following are the
The ease of the Criegee rearrangement is also m- conditions uged in determining yields of products (product,

nuenced by the anion. When the anion is a good leav- marker, column, temperature): carbon dioxide, ethylene or
ing group, the Criegee rearrangement is facile. Thus methane, 2-ft Porapak Q, room temperature; methane, ethylene,
¿-butyl pertosylate14 and ¿-butyl N-succinimidepercar- ^-ft Porapak Q, room temperature; ethylene, methane, 2-ft

boxy late15 decompose heterolyticaUy even m „„„polar X *
solvents at room temperature. We also expect the 30%  Dowtherm on firebrick, room temperature; propylene,
alkyl peroxyoxalate anion to be a good leaving group. isobutane, 5-ft 30%  Dowtherm on firebrick, room temperature;

In  conclusion, we find that ¿-alkyl peroxyoxalates are n-butane, isobutane, 15-ft 30%  Dowtherm on firebrick, room
of limited Utility as low-temperature precursors for temperature; 2,3-dimethylbutane, n-hexane, 15-ft SF-96 onfire-

,, , t i T i n  , p • i brick, 90 ; acetone, 2-propanol or ¿-butyl alcohol, 9-ft FFA P,
alkyl radicals. In polar solvents they undergo facile 90 „. ,_butyl alcohol> 2-Propanol, 9-ft FF A P , 90°; 2-propanol,
heterolysis, whereas in hydrocarbon solvents many t- ¿-butyl alcohol, 9-ft FF A P , 90°; ¿-amyl alcohol, 2-propanol, 9-ft
alk o xy  rad icals  p rod u ced  in  th e  hom olysis do n o t FF A P , 90°; 2 ,3-dimethyl-2-butanol, ¿-amyl alcohol, 9-ft FF A P ,
undergo /3 scission efficiently at low temperatures. 90°; etkanob 2-propanol, 9-ft FFA P  90°; di-f-butyl peroxide,

IsonroDvl radicals however could be generated in 2-propanol, 9-ft FF A P , 90 ; ¿-butyl methyl ether, 9-ft FFA P,isopropyl radicals, nowever, could ue generated m 90 „. benzyl alcohol; n_heptanol, 6-ft 15%  Carbowax 20M  on
good yields in  p e n ta n e  solutions. W e  feel th a t  a n a l- acid-washed Chromosorb P , 140°; benzaldehyde, n-heptanol,
ogous alkyl peroxyoxalates should be useful for the 6-ft 15% Carbowax 20M on acid-washed Chromosorb P , 140°;
p rod u ctio n  of a  v a r ie ty  of seco n d a ry  an d  te r t ia r y  alk yl «.«-dimethylphenethyl alcohol, n-heptanol, 6 -ft 15%  Carbowax
ra d icals  in n on p o lar so lven ts. -------------------

(16) N . M ilas and D. Surgenor, ibid., 68, 205 (1946).
(13) E . H edaya and S. W instein, J. Amer. Chem. Soc., 89, 1661 (1967). (17) M . Delacre Chem. Zentr., 77, 1234 (1906).
(14) P. B a rtle tt and  T. T raylor, ibid., 83, 856 (1961). (18) R . Criegee and H. D ietrich, Justus Liebigs A nn . Chem., 135 (1948).
(15) (a) E . H edaya, R . L. H inm an, L. Kibler, and S. Theodoropulos, (19) J. K . Kochi and  F. F. R ust, J . Amer. Chem. Soc., 83, 2007 (1961);

ibid., 86, 2727 (1964); (b) T . Koenig and W. Brewer, ibid., 86, 2729 (1964). 86, 5264 (1964).
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20M  on acid-washed Chromosorb P ; toluene, 9-ft F F A P , 90°; From the examples given in Table I, it is evident that, 
dibenzyl, diphenyl, 4-ft X F  1150, 130°. regardless of the alcohol portion of the ester, at Dry-

Registry No.— Ia, 1876-22-8; lb, 23042-72-0; Ic, Ice bath temperatures metalation «  to the sulfonyl
23042-73-1' Id 23042-74-2 group is preferred over other possible reactions, t.e.,

’ ’ elimination or displacement. As reported by Durst,2
Acknowledgment.—We wish to thank the Air Force however, if the solution of the metalated species is

Office of Scientific Research and the National Science allowed to warm, to ca. —30°, rapid exothermio decom-
Foundation for their generous financial support. position takes place. The decomposition products are

_______________  unknown, but with a-lithio methyl methanesulfonate
~~ an intractable, syrupy oil that shows strong sulfonyl

a  Alkylation of Alkyl A lkanesulfonates bands in the ir spectrum separates from the reaction
mixture. Therefore, alkylations with 1-bromopropane, 

W. E . T ruce and D. J . Y rencur an d  presumably with others of the less reactive alkyl
ating agents, cannot be speeded by simply allowing the 

Department o f Chemistry, reaction mixture to warm, but, rather, the time for
Purdue University, Lafayette, In d ian a  Jft907  alkylation must be greatly extended while the reaction

mixture is kept well cooled.
Received August 20, 1969

. . Experimental Section6
R e ce n tly , th e  facile a  m e ta la tio n  (b y  n -b u ty llith iu m )

a n d  sub seq u ent a lk y la tio n  of a lk y l a -to lu en esu lfo n ates  Materials-n -B utyllithium  in hexane was purchased from 
i . 1 1  i ai i • u  i ,i  i the Foote Mineral Co. or from Alfa Inorganics, Inc. ie tra-

w ere d escrib ed .1 A lm o st sim u ltan eou sly , th e  a  m e ta l-  hydrofuran (Baker AnaIyzed Reagent) was6 used directly from
ation and subsequent reactions of various sultones freshly opened bottles, or after storage over Linde Molecular
were reported.2 The present work concerns the success- Sieves. The alkyl halides (Columbia), sulfonyl chlorides (East
ful extension of our method of metalation and alkyla- man), and neopentyl alcohol (Aldrich) were used as obtained, 
tion to simple alkyl alkanesulfonates. f  f  acti? ns described herein were carried out in thoroughly

f  i , .  ,  , ,  , • dried equipment under a nitrogen atmosphere, starting sul-
The metalation of the starting sulfonates shown in fonates, prepared as described below, were distilled shortly

Table I proceeds quantitatively and apparently in- before use.
stantaneously at Dry Ice bath temperatures. The time General Method for the Preparation of Starting Alkyl Alkane- 
required for subsequent alkylation is a function of the sulfonates—To a benzene solution of 1.0 equiv of the alcohol
alkylating agent. Contrary to what may have been
implied earlier, n-butylllthium is a superior metalatrng After the addition was complete, triethylammonium chloride
agent over potassium hydride, which requires a much was filtered and washed with benzene. The combined filtrate
longer time for metalation and a more complicated and washings were extracted once with 10% HC1 and thrice
WOrk-UD procedure with distilled water, dried (Na2S 0 4), and evaporated in  vacuo,

TT . "  , ,  , , . „  ,  yielding the crude ester. Vacuum distillation yielded the pure
Using the method described herein, all of the a  product

hydrogens of an alkyl alkanesulfonate can be replaced Neopentyl methanesulfonate was prepared in 78.4%  yield on a
by alkyl groups. Thus a useful route to esters of ter- 0.50-mol scale according to the general procedure: bp 9 3 .5 -
tiary sulfonic acids is at hand.3 For example, a deriva- 94-5° (9 111111ir (neat) 2980 (CH) and 1360 and 1180 c n r ‘
tiv e  (1 ) of a-eu m en esu lfonie acid  is easilv  p rep ared  b v  (s o d ; nmr 5 0.98 [s, 9, (CH3)3], 2.98 (s, 3, CH3), and 3.82tiv e  y j  ol a  cu m en esu llom c acid, is easily  p rep ared  p y (s> 2> CHj)- The analyticai sampie was prepared by vpc.
a lk y la tio n , w hile th e  acid  itself h as p ro b ab ly  n o t b een  A naL  Calcd for C6H140 3S: C, 43.35; H , 8 .49 ; S, 19.29.
prepared.4 Found: C, 43.53; H, 8.58; S, 19.01.

l. n-BuLi Neopentyl ethanesulfonate was prepared in 90 .0%  yield on a
C6H5C H S03CH2C(CH3)3 ------------- *■ 0.23-mol scale according to the general procedure: bp 58-60°

I 2- CHsI (0.15 mm); ir (neat) 2970 (CH ) and 1355 and 1175 cm -1 (S 0 3);
CH3 nmr 5 o.98 [s, 9 , (CH3)3], 1.37 (t, 3 , /  =  8 Hz, CH3), 3.12

C6H6C(CH3)2S 0 3CH2C(CH3)s (q, 2, J  =  8 Hz, CH2S), and 3.82 (s, 2, OCH2), The analytical
1 sample was prepared by vpc.

A1 , . , ,  , .  .  x l o A n al. Calcd for C7H i60 3S: C, 46.69; H , 8 .95; S, 17.79.
Also, as shown in the preparation of neopentyl 2- Found- C 46.57- H 6 12- S 17.61.

methyl-2-propanesulfonate (9b), the metalation and Methyl methanesulfonate was prepared in 60%  yield on a 
alkylation can be repeated without isolation of the 1.0-mol scale: bp 71-73° (5.0 mm) [lit.6 bp 100.5-101.5°
first-formed product (9a). (25 mm)]; ir (neat) 1360 and 1185 cm “1 (S 0 3); nmr S 3 .00

, B L . ,  B L . (s, 3 , CH3S) and 3.88 (s, 3 , OCH3).
CHiCHsSCKCHvCfCHrii__— __— __ ' ” “ > Ethyl methanesulfonate was prepared in 65%  yield on a

| 2. CHsI 4. CHal 0.10-mol scale: by 78-79° (7.5 mm) [lit.7 bp 85-86° (10 m m )];
CH3 ir (neat) 1350 and 1180 cm -1 (S 03); nmr 5 1.39 (t, 3, J  =  7 Hz,

(CH 3)3C S 03CH2C(CH3)3 CH2CH3), 2.99 (s, 3, CH3S), and 4.27 (q, 2, /  =  7 Hz, OCH2-
9jj CH3).

-----------------  2-Propyl methanesulfonate was prepared in 68%  yield on a
(1) W. E . Truce and D. J. Vrencur, Can. J .  Chem., 47, 860 (1969). 0.50-mol scale: bp 39-41° (0.15 mm) [lit.8 bp 86-88° (12 mm)] ;
(2) T . D urs t and J . du M anoir, ibid., 47 ,1230 (1969). ----------------------
(3) T he only other route  to esters of th is type  is th e  reaction of a  te rtia ry  (5) M elting and boiling points are uncorrected. Infrared  spec tra  were re-

sulfonic acid with a  diazo alkane, a  method lim ited chiefly by th e  availability  corded on an  Infracord spectrophotom eter. N uclear m agnetic resonance
of th e  sulfonic acid: F. Asinger, B. Fell, and A. Commichau, Chem. Ber., 98, spectra were recorded on a Varian Associates A-60A spectrom eter in  deute-
2154 (1965); R. B. Scott, J r., and W. S. Heller, J  Org. Chem., 31, 1999 riochloroform with tetram e-hylsilane as in ternal standard . M icroanalyses
(1966). were performed by D r. C. S. Yeh and staff.

(4) T he preparation  of a-cumenesulfonic acid has been claimed via trea t- (6) W. E . Bissinger, F. E . Kung, and C. W . Hamilt-on, J .  Am er. Chem.
m ent of cumene with th e  pyridine-sulfur trioxide complex. T he product Soc., 70,3940 (1948).
was characterized only by a nitrogen analysis of its S-benzylthiouronium  (7) H . Billeter, Chem. Ber., 38, 2018 (1905).
derivative. See Y. S. Shabarov, R . Y. Levina, and V. K . Potapov, Zh. (8) J . H . M arkgraf, B. A. Hess, J r ., C. W. Nichols, and  R . W. King,
Obshch. K him ., 32, 3184 (1962); J .  Qen. Chem. U SSR , 32 , 3129 (1962). J .  Org. Chem., 2 9 ,1499 (1964).
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T able I

n-BuLi
R A C H S O sR ,-------- >- R ,R 2R3C S 03R4 +  L iX

RiX

Compd Ri R 2 RsX R 4 Yield, % Bp, °C  (mm)
1 C6H 5 CH3 CHsI CH2C(CH3)3 8 9 .8  1 0 7 -1 0 9 .5 (0 .3 0 )
2 H H CH3I CH2C(CH3)3 8 7 .9  5 8 -6 0 (0 .1 5 )
3 H H CH3I CH2CH3 8 3 .4  7 9 .5 -8 1  (8)
4 H H CH3I CH3 8 9 .0  7 3 .5 -7 4 .5  (5)
5 H H CH3I CH(CH3)2 8 5 .8  4 4 -4 6 (0 .1 5 )
6 CHa H CH3I CH(CH3)2 8 3 .0  39-41 (0 .2 5 )
7 CH3 CHs CH3I CH(CH3)2 8 4 .5  3 5 .5 -3 6  (0 .35 )
8 H H  CH3CH2CH2Br CH2C(CH3)3 7 0 .2  112-115 (5)
9a CH3 H CHsI CH2C(CH3)3 a
9b CH3 CH3 CH3I CH2C(CH3)3 7 7 .5  46-49 (0 .20 )

0 Intermediate product not isolated.

ir (nea*) 1350 and 1185 cm -1 (S 03); nmr 6 1.40 [d, 6 , J  =  7 Hz, iodide: bp 39-41° (0.25 mm); ir (neat) 1350 and 1175 cm -
CH(CH3)2] , 2.98 (s, 3 , CH3S), and 4.90 [septet, 1, J  =  7 Hz, (S 03); nmr i  1.42 (d, 6, J  =  6 Hz, four methyl groups of the two
CH(CH3)2j- isopropyl groups), 3.25 (septet, 1, /  =  6 Hz, HCS), and 4.92

Neopentyl 1-phenylethanesulfonate was prepared as described (septet, 1, J  =  6 Hz, OCH). The analytical sample was pre
in ref 2 by the methylation of neopentyl a-toluenesulfonate in a pared by vpc.
procedure identical with that described below, bp 110-113° A n al. Calcd for C6Hh0 3S: C, 43.35; H, 8 .49; S, 19.29.
(0.25m m ). Found: C, 43.12; H, 8 .55 ; S, 19.00.

General Procedure for the a  Alkylation of Alkyl Alkanesul- 2-Propyl 2-methyl-2-propanesulfonate (7) was prepared in a 
fonates.— The starting sulfonate was dissolved in tetrahydro- 84.5%  yield on a 0.050-m ol scale from 2-propyl 2-propanesul- 
furan (so. 10 ml per 1 g of sulfonate), and the solution was cooled fonate and methyl iodide: bp 35 .5-36° (0.35 mm); ir (neat)
in a Dry Ice-isopropyl alcohol bath. n-Butyllithium in hexane 1315 and 1145 cm -1 (S 03); nmr S 1.39 [s, 9, (CH3)3], 1.37 [d, 6,
solution was then added from a syringe (1.1 equiv of n-butyllith- J  =  6 Hz, (CH3)2C H ], and 4.91 [septet, 1, J  =  6 Hz, CH(CH3)2] .
ium were used for all but the methyl ester, with which 1.0 equiv The analytical sample was prepared by vpc.
was used). After ca. 15 min, the alkylating agent was added A nal. Calcd for C7H i60 3S: C, 46.64; H, 8 .95 ; S, 17.78.
dropwise and stirring was continued at Dry Ice bath tempera- Found: C, 46.76; H, 9 .11; S, 17.50.
tures for 1-2 hr with methyl iodide and for 12 hr with n-propyl Neopentyl 1-butanesulfonate (8) was prepared in 70.2%  yield
bromide as alkylating agent. The reaction was then quenched on a 0.060-mol scale from neopentyl methanesulfonate and 1- 
with water, the resulting suspension was extracted with chloro- bromopropane: bp 112-115° (5 m m ); ir (neat) 3000 (CH)
form, and the chloroform extracts were combined, dried, and and 1360 and 1175 cm -1 (S 03); nmr S 0.98 [s, 9, (CH3)3] , 0 .9 0 -
evaporated in  vacuo, yielding the crude product. Careful 2.0 (m, 7, CH3CH2CH2), 3.12 (t, 2, CH2S), and 3.85 (s, 2, OCH2).
vacuum distillation yielded the pure product. The analytical sample was prepared by vpc.

Neopentyl a-cumenesulfonate (1) was prepared in 89.8%  A n al. Calcd for C9H2o03S: C, 51.89; H, 9 .68; S, 15.39.
yield on a 0.0175-mol scale from neopentyl 1-phenylethanesul- Found: C, 51.74; H, 9 .84 ; S, 15.39.
fonate and methyl iodide: bp 107-109.5° (0.30 mm); ir (neat) Neopentyl 2-methyl-2-propanesulfonate (9b).— Neopentyl
3000 (CH) and 1350 and 1190 cm -1 (S 03); nmr 8 0.82 [s, 9, ethanesulfonate (3.60 g, 0.020 mol) was dissolved in 40 ml of
(CH3)3] , 1.92 [s, 6, C6H5C(CH3)2] , 3.50 (s, 2, OCH2), and7 .2 -7 .8  T H F and the solution was cooled in a Dry Ice-isopropyl alcohol 
(m, 5 ,C 3H 5). bath. ra-Butyllithium (0.020 mol) was added, and, after 10 min

A nal. Calcd for CuH220 3S: C, 62 .19 ; H, 8 .20 ; S, 11.86. of stirring, methyl iodide (2.84 g, 0.020 mol) was added. After
Found: C, 62.42; H, 8 .33; S, 11.58. 25 min of additional stirring, the process was repeated; i .e .,

Neopentyl ethanesulfonate (2) was prepared in 87.9%  yield n-butyllithium (0.022 mol) was added, and 10 min later an 
on a 0.010-mol scale from neoper.tyl methanesulfonate and additional 0.022 mol of methyl iodide was added followed by 25
methyl iodide. The product was identical in all respects with min of stirring. The reaction mixture was then worked up in
that prepared from neopentyl alcohol and ethanesulfonyl chloride the usual manner, yielding 3.22 g (77 .5% ) of the title compound
as described above. that partially solidified after distillation: bp 46-49° (0.20

Ethyl ethanesulfonate (3) was prepared in 83.4%  yield on a mm); ir (neat) 3000 (CH) and 1335 and 1150 cm -1 (S 03);
0.010-mol scale from ethyl methanesulfonate and methyl iodide: nmr 8 0.93 [s, 9, OCH2C(CH 3)3] , 1.42 [s, 9 , (CH3)3CS], and
bp 79.5-81° (8 mm) [lit.8 bp 101.5-102.5° (18 mm )]; ir (neat) 3.83 (s, 2, OCH2). The analytical sample was prepared by
1350 and 1170 cm -1 (S 03); nmr 8 1.4 (t, 6 , J  =  7 Hz, CH3CH2S vpc.
and CCH2CH3), 3.14 (q, 2, CH3CH2S), and 4.30 (q, 2, OCH2- A nal. Calcd for C9H20O3S: C, 51.89; H, 9 .68; S, 15.39.
CH3). Found: C, 52.15; H, 9 .81; S, 15.19.

Methyl ethanesulfonate (4) was prepared in 89.0%  yield on a 
0.064-mol scale from methyl methanesulfonate and methyl
iodide: bp 73 .5-74 .5° (5 mm) [lit.9 bp 70-72° (7 m m )]; ir R e g is try  N o .— 1, 2 3 2 3 0 -5 7 -1 ; 2 ,  2 3 2 3 0 -5 8 -2 ; 3 ,
(neat) 1350 and 1174 cm -' (S 03); nmr 8 1.38 (t, 3, /  =  7 Hz, 2 3 2 3 0 -5 9 -3 ; 4 ,  2 3 2 1 4 -4 5 -1 ; 5 ,  2 3 2 1 4 -4 6 -2 ; 6 , 2 3 2 6 3 -7 9 -
CH3CH2) , 3 .1 6 (q ,2 , J  =  7 H z,C H 2), and3 .8 8 (s ,3 , OCH3). 8 ;  7  2 3 2 1 4 -4 7 -3 ; 8 ,  2 3 2 1 4 -4 8 -4  ; 9 b , 2 3 2 1 4 -4 9 -5 ;

2-Propyl ethanesulfonate (5) was prepared in 85.8%  yield on a 1 , , , ,  , r  , 1Ci0 7  ACi o 4-u i a
0.10-mol scale from 2-propyl methanesulfonate and methyl neopentyl methanesulfonate, 16427-42-2; methyl meth-
iodide: bp 44-46° (0.15 mm) [lit.9 bp 71-73° (5 m m )]; ir anesulfonate, 66-27-3; ethyl methanesulfonate, 62-
(neat) 1350 and 1174 cm -1 (S 03); nmr 8 1.36 (t, 3, J  = 7 Hz, 50-0; 2-propyl methanesulfonate, 926-06-7; neopentyl
CH3CH2), 1.38 [d, 6 , J  = 6.5 Hz, CH(CH3)2], 3.08 (q, 2, J  = 1-phenylethanesulfonate, 22457-17-6.
7 Hz, CH3CH2), and 4.90 [septet, 1, J  =  6.5 Hz, CH(CH3)2]

2-Propyl 2-propanesulfonate (6) was prepared in 83.0%  yield
on a 0.0723-mol scale from 2-propyl ethanesulfonate and methyl Acknowledgment.-The authors are grateful to the
--------------- Public Health Service for financial support of this work

„ ... „ ^ ... „  . _ „ under Research Grant CA-04536-11 from the National(9) S. Yoshikawa, O. K . Kim, and T . H on, Bull. Chem. Soc. Jap., 39, 1937
(1966). Cancer Institute.
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T h e  P h o to ly s is  o f  Scheme I I
B e n z o [3 .4 ]c y c lo b u ta [l ,2 -b ]q u in o x a lin e 4'2 P otential (bu t  N ot Observ ed ) R eaction P athway for 2
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Benzocyclobutadienoquinone (1) has been shown to 
undergo a photochemical transformation which pro- choh
duces a species whose reactivity is characteristic of an J —i—fjf*- ((~)\ ^ |( ) 1
intermediate containing a divalent carbon.4 The
reaction sequence shown in Scheme I has been offered 4
as an explanation for the reaction of 1 with ethanol. ( J ) \ J K ) J

S cheme I  L  -I
P hotochemical R eaction of B enzocyclobutadienoquinone 3

(1) with E thanol

0  expected photoproduct 4 was detected. The fact
—f  hv  ̂ that 5 undergoes photochemical decomposition suggests

^  ch3ch2oh tha^ the conversion of 2 into 5 may be essentially
® quantitative.

1 A possible mechanism for the photochemical forma-
H OCH2CH3 tion of llH-isoindolo [2,1-a [benzimidazole (5) is shown

ch3ch2oh | ^ y X A in Scheme III. The reason for the apparent failure of
L v v J L / 0  *" K J J l / 0  2 to form a divalent intermediate is not known; how-

!j '! ever, the bridging of the ends of the nitrogen-containing
0  J  0  diene system with a benzene ring may have restricted

the movement of the atoms and altered the electronic 
Our interest in the photochemistry of unsaturated nature of the molecule sufficiently to favor the observed 

nitrogen-containing systems5 combined with this un- reaction.6 
usual photochemical transformation of benzocyclobuta
dienoquinone (1) prompted us to investigate the photo- S cheme III
chemistry of benzo [3.4 [cyclobuta [ 1,2-6 ]qui noxaline, a ,

., , • • i rpi____ , • , i__ P roposed M echanism for F ormation of 5nitrogen-containing analog of 1. I  he particular reason
for interest in compound 2 was the possibility that it H
might react in a manner similar to that suggested for 1 ^ ^ / =NV ?^ i
(Scheme II) and, if such reaction were to occur, the 2 A*- f Q T  KZaI "—5— h© T  JlQ ]
reactive intermediate 3 might have significant contribu- ^
tion from its zwitterionio resonance form. Significant 6
participation by this resonance contributor would _.
result in an intermediate which would possess a divalent
center bearing considerable negative charge. In an gh:i° h

effort to study the reactivity of 3, benzo [3.4 ]cyclobuta- K J J ------J C J J  *" 5
[l,2-6]quinoxaline (2) was synthesized and irradiated. [_ N

Pyrex-filtered irradiation of a methanol solution of 2 
under nitrogen produced, upon solvent removal, a
yellow solid. Chromatography of this solid on silicic Experimental Section8
acid gave as the only product llH-isoindolo[2,l-a]- p ^ x-F iltered  Irradiation of Benzo [3.4] cyclobuta [1,2-6] quin-
benzimidazole (5, 80%  yield); none of the initially oxaline.—Benzo[3.4]cyelcbuta[l,2-6]quirioxaline (2, 204 mg)

j j  was irradiated for 6 hr at 15° with constant stirring using a
h p rex V /  450-W Hanovia high-pressure quartz mercury-vapor lamp which

2 —  >■ had been lowered into a water-cooled quartz immersion well.
CIhOH [ v_ J _[ 1̂  Prepurified nitrogen was passed through the solution for 1 hr

5---------------------  (6) (a) A slight varia tion  of th e  proposed mechanism would involve a
(1) P a rt VI in  a series entitled “ The Photochem istry of U nsaturated  reversal of the  last two steps shown in Scheme I I I ;  th a t  is, the  second hydro-

N itrogen Containing C om pounds.’' P a r t V: R . W. Binkley, Tetrahedron gen abstraction  would occur before the  cyclization to  give the  benzim idazole
Lett., 1893 (1969). structure. There is reason to  believe7 th a t, if 6 did abstrac t an  hydrogen atom

(2) The title  compound was synthesized according to  th e  procedure of from th e  solvent, cyclization to  11 H-isoindolo [2,l-a]benzim idazole (5) would
M . P . Cava, D . R . Napier, and R . J. Pohl, J. Amer. Chem. Soc., 85, 2076 quickly occur, (b) I t  is interesting to  note th a t  th is reaction also takes
(1963). place when run  in i-butyl alcohol, a much less effective hydrogen-donating

(3) Taken in  p a rt from th e  M.S. thesis of J . I. S. solvent th an  methanol. In  i-butyl alcohol, however, th e  yield of 5 decreases
(4) (a) R . F . C. Brown and  R . K. Solly, Tetrahedron Lett., 169 (1966); to  49% .

(b) H. A. S taab and J . Ipaktschi, ibid., 583 (1966); (c) H. A. S taab and J . (7) K. Hofm ann, “Imidazole and I ts  D erivatives,”  Interscience Publishers,
Ipak tsch i, Chem. Ber., 101, 1457 (1968). Inc., New York, N . Y., 1953, p a rt I, pp 267-270.

(5) R . W. Binkley, J . Org. Chem., 33, 2311 (1968). (8) T he nm r spectra were taken  on a Varian T-60 nm r spectrom eter.
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prior to irradiation and a slow stream of nitrogen was continued (5 ). In te rm e d ia c y  of a  l ,3 ,2 -d io x a p h o sp h (V )o la n e  2  a  
during photolysis. A Pyrex filter was placed between the light 9 .1  e+airri-i™ u u • 7 , i
source and the reaction mixture. u ,  * ° j  ^  í  8  “ !  e r l á  w h lch  haS b een  lso la ted

After 6 hr, the solvent was removed by distillation in  vacuo w hen form ed  under m ilder co n d itio n s ,4,5 is assum ed,
below 30 producing a distillate which was transparent in the F o rm a tio n  of 5 a p p a re n tly  req u ires a n  u n p reced en ted
uv and leaving a yellow solid. The residual solid was chromato- 1 ,3  m ig ra tio n  of an  a lk y l grou p  fro m  oxy g en  in  a
graphed on an 85 X  2.5 cm silicic acid column slurry packed in p hosp h on ium  ylid e 8  to  ca rb o n  6
1 :3  ether-hexane; 60-ml fractions were collected. The column rp,___m , ,• . . .  . .  . _ , , ,  ,
was eluted as follows: 0.5  1. of 1 :3  ether-hexane; 0.5  1. of 1:1 . kermal elimination of 3 from 2  and the transforma-
ether-hexane; 0 .5  1. of 3 :1  ether-hexane; and 0.5 1. of ether. tion of both 2 and 3 , on treatment with tri-7i-butyl-
Fractions 15-19 gave 175 mg of a pale yellow solid, mp 203- phosphine, into 4  have been reported.4’6 From either
209°, recrystallized from ethanol-water to yield 164 mg of white starting material, 4  is presumably formed by an elimina-
y f i f p h o t i o n  with inversion3 from the common intermediate
and melting point10 for llH-isoindolo[2,l-o]benzimidazole); ZW ltterion 0 .
nmr (CCh) t 5.08 (s, 2 ) and 1.80-2.95 (m, 8 ). The identity of
the photoproduct as llH-isoindolo[2 ,l-o]benzimidazole (5) was 9  +? ( re"C.iH9)3
confirmed by ir and mixture melting point comparison with an „  TT J, TT (n-C,H,)3P _ 140° _ (n-C4H9)3p .
authentic sample10 of 5. h6H5C CC6H5 "* 3 ► 2 ——--------- ► 6

Test of the Stability of Benzo[3.4]cyclobuta[l,2-6]quinoxaline I I vH30)jP0
under Reaction and Isolation Conditions.—A control run in which 
42 mg (0.21 mmol) of benzo[3.4]cyclobuta[l,2-6]quinoxalme (2) 6
w as s u b je c te d  to  th e  re a ctio n  an d  iso la tio n  con d ition s d escribed  -(re-C4H9)3PO
in  th e  p reviou s exp erim en t, e x ce p t t h a t  n o  lig h t w as used , re - ® T 'S  4
su ited  in  a  q u a n tita tiv e  re co v ery  o f s ta r tin g  m a te r ia l. ^

. A r pr b!e 2wf teT  “ 7 ? now -45 mg, 0.22 mmol) was irradiated in exactly the same manner as signed to the transformation of both 2 and 3 into 4
the irradiation of benzo[3.4]cydebuta[1,2-6]quinoxaline (2). when each is treated with triethyl phosphite. By an
The isolation procedure was also the same. Fractions 14 and alternative dissociation of 7, benzoyl cyanide 1 and the
15/ [ ° ™ ' h<; , chr0ma' 0grf phí . C0lum" gave i30 0 Í , ulW líi0~ p hosphonium  ylid e 8  a re  availab le . T h e  la tte r  ismdolo[2 ,l-o benzimidazole (5), mp 212-215 . No other com- • •„ e a u r  i , , ,
pounds could be isolated. A stability test of 5 under reaction and lso m e n c  W ith 5 an d , a lth o u g h  _ u n p reced en ted , its
isolation conditions but without the addition of light, similar to prop osed  re a rra n g e m e n t b y  1 ,3  m ig ra tio n  of an  e th y l
that described above for benzo [3.4] cyclobuta[ 1,2-6] quinoxaline
(2 ), resulted in a quantitative recovery of 5 . CH3 CH2

Registry No.—2, 259-57-4; 5, 248-72-6. °  (  [<j> 5
(9) D . Amos and R . G. Gillis, Aust. J .  Chem., 17, 1440 (1964). C6H6(CN)C C(CN)C6H5 C6H5(CN)C P(OC2H5)2
(10) J. Thiele and K. G. Falk, Justus Liebigs A nn. Chem., 347, 114 (1906). y g

"  group from oxygen to carbon accounts for the formation
Deoxygenation of Benzoyl Cyanide1 °Af u5/’ The rearrangement is reminiscent of the

Arbuzov reaction in which a monoalkylphosphonic
J .  H. B oyer and R. Selvarajan f  is f° rm ed  ^  ° n  th e a t“ «  a  “ ix tu re  of a n  ^

halide and a trialkyl phosphite with an unstable phos-
Chernistry Department, University o f  Illino is, p honiu m  s a lt p resu m ab ly  as an  in te rm e d ia te .7’8

Chicago Circle Campus, Chicago, Illin o is 60680 R,x
(RO)3P  — >• (RO)3P R ' X  — >  (RO)2P (0 )R ' +  R X  

Received August 6, 1969 -------------------
Soc„ 2222 (1964)] established the  configuration of cis-a,/3-dicyanostilbene,

In refluxing benzene, triethyl phosphite and benzoyl mp. 134°* ^or“iatlon of 4- in turn, provides a tentative m-configurationai 
. j  /  v , . t v assignment to 3, since an inverted olefin is reported to predominate when an

cyanide (1 ) react over a period of 7 2  hr to form ClS-Oi,(j-  epoxide is deoxygenated by a tertiary phosphine [G. Wittig and W. Haag,
dicyanostilbene oxide ( 3 ) ,2>3 t r a n s - a ,d-dicyanostilbene cu m . Ber., 88, 1654 (1955); c . b . Scott, j . org. chem., 22, m s  (1957);
(4),2’3 and diethyl a-cyano-a-phenylpropylphosphonate ®; w alLa'lnd'' £ j aP..

38, 1954 (1965)] incorrectly reversed th e  configurational assignments for
C6H5(CN)C-C(CN)C6H5 c6h 5 c6h5 s and 4 .

f \  ____ 0/ (5) P* C. Petrellis and G. W . Griffin [Chem. Commun., 1099 (1968)] also
N P ^ # \  /  ' 'P N  observed the  pyrolysis a t  140° of 2 in to  3 .4

C6H5COCN (OC H ) \  /  (6) j .  I .  G. Cadogan [Quart. Rev., 16, 208 (1962)] discusses, p  216, a
'  2 5' 3 0  related reaction of epoxides w ith trialkyl phosphites which contain one or

1 2  3 more secondary or te rtia ry  alkyl groups. Phosphonates, ra the r th an  olefins
and phosphates, are formed. An alkyl group m igrates from oxygen to  

C2H5 oxygen.

c °h 5 \  CN c6H5CP(0)(0C2H5)2 (R0)3p + /  \  — (R0)3pch,ch20 —► (ro)3P(0)Chí,ch!or
^ ; c = c y  I ch- ch2

^  5 CN (7 ) R . F. Hudson, “ S tructure and M echanism  in  Organophosphorus
4  5  C hem istry,” Academic Press Inc., New York, N . Y ., 1965, pp 135-140.

______________ (8) A. C. Poshkus and J. E . Herweh [J. Org. Chem., 29, 2567 (1964)]
-T-. . , . . , e XT, OA n  , , ,  reported phosphonate form ation by  a  related 1,3 m igration of hydrogen in  a(1) Financial support was received from NASA G ran t No. N G R  14-012- ,. , . . , , , .. , , . . .reaction between benzophenone and tm sopropyl phosphite.

(2) J. H . Boyer and R . Selvarajan, A bstracts of 154th N ational M eeting (C 6H6)2C P[O C H (C H 3)2]3

of th e  Am erican Chemical Society, Chicago, 111., Sept 1967, p S 111. (CeHs)iCO +  [(CH shCH O JsP----- >■  I ----- >■
(3) C. J . T im m ons and  S. C. W allwork [Chem. Ind. (London), 62 (1955)] (CeHs^CO-

conclusively established the  configuration of trans-a,/3-dicyanostilbene 4, mp (CeHshCHPiO) [OCH(CH3)2]2 +  (CeHshCO +
161°, by  X -ray analysis. M . V. Sargent and C. J . Timmons [J. Chem. C H sC H = C H 2 +  [(CH shCH O bPO
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The ir spectrum of the phosphonate 5 shows strong mass spectrum m /e  281 (M+) base peak, 266 (M -  C IL )+, 253
+  _  (M -  C2H4)+, 238 (M -  CH3 -  C2ID + , 255 (M  -  2C2H4)+,
P— 0  and C = N  absorptions at 1255 and 2240 cm“ 1, 210 (M -  CH3 -  2C2H4)+, 197 (M -  3C2H4), 173 [C6Hr,(CN)-
respectively. The nmr spectrum shows one quintet C(C2II6)2]+, 158 [C6H5(CN)C(C2H6)CH2]+, 145 [CbH6H C(CN )-
cpnfprpd a t  5 2  3 5  a  second  a t  3 74 an d  a  th ird  a t  4 9 0  C™ +’ 144 [CeH5C(CN)C2H5]+, 130 [C.H5(CN)CHCH2]+,cen te re d  a t  o 2 .3 d, a  se co n a  a t  o . /4 ,  a n a  a  t m r a a t  129 [ c 6H6(C N )C =C H 2], 117 (C6H5CH2CN)+, 116 (C6H6CH-
E a c h  q u in te t in te g ra te s  fo r tw o  p roto n s, l h e  tw o  CN)+, 132 (C6H5C==CH)+, 91 (C7H7)+, and 51 (N C C =C H )+ .
downfield absorptions are assigned to methylene groups A nal. Calcd for Ci4H20NO3P : C .5 9 .7 8 ; H, 7 .11 ; N, 4 .98 ;
a t ta c h e d  to  o xy gen  in  ag reem en t w ith  rep o rted  n m r P , 11.03. Found: 0 ,6 0 .0 3 ;  H, 7 .14; N , 4 .71 ; P , 10.69.

nonequivalence between methoxy9* and ethoxy9b groups Registry No.— 1, 613-90-1; 3, 23214-43-9; 4,
attached to phosphorus. The upheld absorption at 8 2450-55-7* 5 23230-35-5
2.35 is assigned to the protons of the methylene unit ’ ’
flanked by two carbon atoms. All six methylene ------------------------
protons exhibit long-range coupling with 31P. By
integration nine protons in methyl groups and five Lead(IV ) D iacetate  Difluoride. I . R ea ctio n  
aromatic protons are observed. w ith  K etone A rylhydrazones1

A mass spectrometric analysis of the phosphonate 5
reveals a molecular ion (also the base peak) at m /e  281. J oseph Bornstein and Leonidas Skarlos
An electron impact induced rearrangement accounts
for the peak at m /e  173 assigned to the fragment molec- Department o f  Chemistry, Boston College,
ular cation for phenyldiethylacetonitrile 9. A similar Chestnut H ill, Massachusetts 02167
electron impact induced 1,3 migration from oxygen to
carbon has been reported for several other phos- Received, Ju ly  25, 1969

phonates.10
+ Recently, we reported the isolation of lead(IV) diac-

-  elements ! etate difluoride from the reaction of lead tetraacetate
[5] •+ --------->  C6H5CC2H5 • with liquid hydrogen fluoride in chloroform solution.2

of c2hsopo2 ^ ^  As part of a general study of the chemistry of this com-
g2 5 pound and because of a specific interest in its potential

as a fluorinating agent, we have examined its action on a 
C6H5CH2P (0 )(0 C6H4R )2 — > C6H5CHC6H4R  (ref 10) series o: ketone arylhydrazones. I t  has been found that

+ the reaction of lead(IV) diacetate difluoride with this
C6HsCH=CHP(0)(0C2H5)2 > C6H5CH=CHCHCH3 class of compounds affords mixtures of azo acetates3

(ref 10) and azo fluorides.4 The former substances are well 
“9  ' known and have been prepared by treatment of keto-

q 6j j .__p _o CH3 — >  C7H7 < —  C6H5—P —OCH3 (ref 10) h y d razo n es3 an d  k etazin es5 w ith  lead  te t r a a c e ta te ;  th e
I I azo fluorides, as far as we are aware, have not been
H CzH5 prepared previously.

Experimental Section Pb(OAo)!Fi
R,R2C=NNHR3---------------

A mixture of benzoyl cyanide (2.62 g, 20 mmol) and excess C H C h
triethyl phosphite (13.2 g, 80 mmol) in anhydrous benzene (50 R ,R 2C N = N R 3 +  R ,R 2C N = N R 3
ml) was refluxed under nitrogen for 72 hr. From the reaction
mixture the solvent was removed under vacuum; the residual OCOCH3 F
liquid was distilled under vacuum giving a mixture of triethyl
phosphite and triethyl phosphate, 9 .6  g, bp 65-70° (1.25 mm). The yields and properties of five azo fluorides and 
The pot residue was chromatographed over a column of silica th e ir  acco m p a n y in g  azo acetates are summarized in 
(12 in. X  1 m .). The elutions with a 4 :1  hexane-benzene mix- . , T . T . , , ,  . , , r  , n
ture afforded colorless crystals of cis-ce,f$-dicyanostilbene oxide: Table I. Although the yields of the azo fluorides are
0.64 g, 26% ; mp 166-166.5°; ir (CHCR) 2240 (w, CN ), 1590 smaller than those of the companion azo acetates, the
(w, aromatic), and 790 and 870 cm -1 (epoxide ring); xmax mild conditions and ease of carrying out the reaction
(methanol) 222 m y  (« 269.2) 278 (588.8) and 324 (933.3); nmr make this fluorination useful. Generally, the reaction
(C,Thi S u S ^ w ^ ^ ^ exan e-b en ^ n e^ S ^ ^ g av e  colorless crystals was conducted under reflux in chloroform; at lower
of trans-a,/3-dicyanostilbene: 0.53 g, 23% ; mp 161.5—162° temperatures the yields of the azo fluorides were un-
(benzene-hexane); ir (CHCh) 2230 (s, CN) and 1600 cm-1 (m, changed, but those of the azo acetates were substan-
aromatic); Xmax (CHCh) 280 my (e 3467) and 324 (15,490); tially decreased in some cases. Resolution of the mix-
^ ( C C L )  multiplet centered at 8 7.65 (phenyl). tures of azo compounds was trouble free and was readily

The elutions with benzene-ether (3 :1 )  gave a-cyano-a-phenyl «  , , . . .  , , , , , , r
propyl phosphonate (1.0 g, 17.8% ), a colorless viscous liquid effected either by column chromatography or by frac- 
which was further purified by distillation under vacuum (short tional distillation.
path): bp 148-148.5° (0.75 mm); n27-^ 1.4955; ir (film) 2240 As shown in Table II, and in accordance with expecta-
(m, CN ), 1590 (w, aromatic), and 1255 cm 1 (vs, P = 0 ) ;  xmax tions, the ultraviolet spectra of the azo fluorides are
(CHCI3) 312 mu (e 169.8); nmr (CC14) 8 0.92 (t, 3 H, CCH3), ’ F
I .  02 (t, 3 H, CCH3), 1.40 (t, 3 H, CCH3), 2.35 (quintet, 2 H, (i; This research has been supported by N ational Science Foundation
PCCH 2CH3), 3.74 (quintet, 2 H, POCH2CH3), 4.20 (quintet, Grant GP-8672.
2 H, POCH2CH3), and a multiplet centered at 7.50 (5 H, phenyl); (2) J- E om stein and L. Skarlos, J . Amer. Chem. Soc.. 90, 5044 (1968).
---------------------- (3) D . C. Iffland, L. Salisbury, and W. R . Schafer, ibid., 83, 749 (1961).

(9) (a) F . Ramirez, A. V. P atw ardhan, N. B. Desai, and S. R . Heller, (4) F o r convenience and consistency, the  term  "azo fluoride” has been
J . Amer. Chem. Soc., 87, 549 (1965); (b) T . H . Siddall, I I I ,  and C. A. Pro- adopted for the  general s tructure  shown. See ref 3, footnote 3. T he sys-
haska, ibid., 84, 3467 (1962). tem atic fluoroarylazo alkane nam e is used th roughout th e  tex t and Experi-

(10) H . Budzikiewicz, C. Djerassi, and D. H. Williams, "M ass Spectrom- m ental Section.
e try  of Organic Com pounds,” Holden-Day, Inc., San Francisco, Calif., (5; B. T . Gillis and M . P. La M ontagne, / .  Org. Chem., 32, 3318 (1967);
1967, p 649. 33, 1294 (1968).
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Table I
Azo F luorides and Azo Acetates, RiR2C(R)N=NR3

Yield, M p or bp, ,------------------- Calcd, % ------------------- > ,------------------- Found, %------------------- ,
Compd“ R  Ri R 2 R 3 % °C (mm) C H F  N C H F  N

1 F  C H 3 C H 3 2,4-(NO!)!C»H3 16 31-52 42.19 3 .52  7 .42  21.88 41.99 3 56 7 22 21 70
l a  OAc CH 3 C H i 2 ,4 -(N 02)2C«Hs 53 87-886
2 F C H 3 C H 3 CeHs 10“ 56 (1 .50) 65.06 6 .63 11,44 16.87 65.05 6 .79 11.21 17.04
2a OAc CHs CHs CeHs 4 ; 95 ( 1 .50)6
3 F  CHs CeHs CeHs 17d‘e 6 5 (1 .25 ) 66.67 7 .22  10.56 15.56 66.49 7 .05  10.33 15.73
3a  OAc C H 3 C2H 5 CeHe 42e 102 (1.25)°
4 F  (CH 2)s 2 ,4 -(N 02)2CeH3 16 79-80 48.64 4 .39  6 .42  18.92 48 86 4 52 6 20 18 94
4a OAc (CH!)i  2,4-(N02)2C.H8 52 111-112'
5 F  CeHs CeHs p-NCLCeH, 5 123-123.5 68.08 4 .18  5 .67  12.54 68.20 4 .23  5 .43  12.46
5a OAc CeHs CeHs p -N 0 2C«He 39 134-134.5 67.20 4 .53 11.20 67.11 4 .53  11.24

“ All compounds are from reactions carried out under reflux in chloroform unless otherwise noted. Column chromatography, as de
scribed in the Experimental Section, was used to isolate all products except those for which a boiling point is recorded; these were iso
lated by distillation. 6 Reference 3. c n3lD 1.5055. d n28r> 1.5060. • From reaction carried out at 0°. / Reference 3 gives a melting 
point of 102-103°.

Table II the reaction is run in the presence of oxygen or nitro-
Spectrophotometric Properties of Azo benzene. On the basis of this observation and the
F luorides and Companion Azo Acetates mechanism proposed recently by Harrison, Norman,

Uv' n™ b and Gladstone7 to explain the oxidation of ketone
7 Pd o o n i  7 l A i  o -o  , o  i n T ' J i i M  1 t  —  arylhydrazones by lead tetraacetate, we wish to suggest

' wm’A’w.r ’ ' „ ’ T ’ that both the fluorination and acetoxylation occur v i a  a
19 Hz C(CH3)2] pathway involving the common intermediate 6. In

268 (5.13) ’ ”  this connection it should be noted that chelation2 of the
la 222 (5.15) acetoxy groups no the lead atom in lead(IV) diacetate

270 (5.16) difhioride probably makes them less susceptible to
2 269 (3.87) 7.53 (m, 5, ArH), 1.48 [d, 6, J  = displacement by the NH nitrogen of the hydrazone

19 Hz, C(CH3)2] than the fluorine atoms.
2a 267 (3.86)
3 269 (4.13) 7 ^ « ^ ) , ^ ^ ^  RlR2C=NNHR3 R R ^ W

£ (F p 7 p W° f 5 (t’ 3 , J  =  7-5 Pb(OAc)2F-LIZ, L /JI3U-LI2) g
3a 268 (4.13)
4 222 (5.15) 8.53 (m, 2, ArH), 7.45 (d, 1, J  =

270 (5.17) 9 Hz, ArH), 1.82 [m, 10, (CH2)6]
4a 221(5.14) RRC==N R R C =N

272 (5.19) 4 V V \
5 282 (4.15) 7.81 (m, ArH) (inCDCh) V v , ,| 3 F'
5a 283 (4.16) 7.90 (m, 14, ArH), 2.38 (s, 3, ^ P h  Tb

CH3) (in CDC13) p /  \ 0 Ac AcO^ \ )A c
0 Xmax determined in 95% ethanol with a Beckman Model DU , 1

spectrometer. b Spectra obtained at 60 Mcps with a Varian j —Pb(OAc)F j-Pb(0Ac)2
Associates Model HA-60 spectrometer in CC1, with tetramethyl- p p q__j,-__x.j-, RjRC__N=NR
silane as internal standard, except where noted: s, singlet; lIV2| 3 " ' ]
d, doublet; t, triplet; m, multiplet. p,

practically identical with those of the corresponding azo Experimental Section8
acetates. The nmr spectra of the azo fluorides are fully , .. . , . , .
consistent With the proposed structures, for which by standard procedures.8 Chloroform, freshly purified by wash-
additional evidence was obtained by synthesis. Thus mg with concentrated sulfuric acid according to the method of
stirring of a suspension of 2-acetoxy-2-(2,4-dinitro- Vogel,10 was used as reaction medium.
p h en y lazo )p ro p an e  ( l a )  w ith  liquid h yd rog en  fluoride6 The following typical examples illustrate the general procedures
a t  - 7 8 °  fo r 2 - 5  m in  afforded  2 -flu o ro -2 -(2 ,4 -d in itro - used to prepare the azo compounds

phenylazo)propane (1) m 60%  yield. In similar Dinitrophenylhydrazone. A. 2-Fluoro-2-(2,4-dinitrophenylazo)-
fashion, azo acetate 4a was converted into 1-fluoro-l- propane (1).—This reaction was carried out in an atmosphere of
(2,4-dinitrophenylazo)cyclohexane (4) in 66%  yield. dry nitrogen. To a stirred, refluxing slurry of 7.96 g (0.022 mol)
Presumably, this method can be extended to the of lead(IV) diacetate difluoride2 in 50 ml of chloroform was added
preparation of other azo fluorides.

There is evidence, albeit of limited scope, to suggest M - J - Harrison, R . O. C. Norm an, and W. A. F . G lad sto n e ,./. Chem.

that the reaction of lead (IV) diacetate difluoride with V S points are corrected and boiling points are uncorrected. In-
ketone arylhydrazones proceeds by an ionic mechanism. frared spectra were recorded on a  Beckm an M odel IR-10 spectrom eter.
Thus the yields of azo compounds produced on treat- Calcium chloride was used as drying agent. E lem ental analyses were per-

« o  a j * . j. i n  i . .  i i j  formed by G albraith  Laboratories, Inc., Knoxville, Tenn.
mem ol ncetone ^ ,4 - Q in i t r o p h e n y l .n y c l . r & Z O n .e  w i t h  l e n d -  (9 ) E . H . H untress and S. P. M ulliken, “ Identification of P ure  Organic
(IV) diacetate difluoride are essentially unchanged when Com pounds,” O rder I, John Wiley & Sons, Inc., New York, N . Y., 1941,

pp 354-397.
(6) F o r a  related reaction see J . Bornstein, M . R . Borden, F. Nunes, and (10) A. I. Vogel, “ A Textbook of Practical Organic C hem istry ,” 3rd ed,

H. I . Tarlin , J . Amer. Chem. Soc., 85, 1609 (1963). John Wiley & Sons, Inc., New York, N. Y., 1966, p 176.
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over a period of 5 min a solution of 5.22 g (0.022 mol) of acetone 2,4-dinitrophenylhydrazone with lead(IV) diacetate difluoride
2,4-dinitrophenylhydrazone in 60 ml of chloroform. The result- (Table I).
ing orange mixture was stirred and heated under reflux for an -j T „ i/Tm  .i- Hifliinridp 20706-
additional 30 min prior to being cooled and poured into water. Reglstry N o .-L ^ .d (l y) diacetate dlfluoride 20/Ob
The suspension was filtered by suction and the chloroform solu- 24-5; lj 23386-00-7; la, 23386 01-8, 2, 23386-02 9,
tion was separated from the.filtrate. The aqueous phase was 2a, 23386-03-0; 3, 23383-04-1; 3a, 23386-05-2; 4,
extracted with a 100-ml portion of chloroform and the combined 23386-06-3; 4a, 23386-07-4; 5, 23386-08-5; 5a, 14803- 
chloroform extracts were washed once with 5% sodium bicar- 
bonate and then twice with water. The dried extract was 
concentrated under reduced pressure to yield an orange oil which 
was chromatographed on a column (25 X 2.5 cm diameter) of
silica gel. Elution with 4:1 hexane-benzene gave an orange S e le ctiv e  E le c tr o c h e m ic a l  R e d u c tio n  o f
solid which, on recrystallization from methanol, afforded 0.88 g P ^ l^ fu n e l-in n a l M o le c u le *
(16%) of azo fluoride 1, having the properties recorded in Tables Y
I and II.

B. 2-Acetoxy-2-(2,4-dinitrophenylazo)propane (la).— Con- Al b er t  J. F r y , M aryAnn M itn ick , and R oberta  G. R eed
tinued elution with pure benzene of the column from which azo
fluoride 1 was obtained, as described above, gave a yellow solid C h em istry  D ep ar tm en t , W es le y a n  U n iv ers ity ,
which, on recrystallization from methanol, afforded 3.48 g M id d le tow n , C on n ecticu t 0 6 4 5 7
(53%) of azo acetate la, displaying strong peaks in the ir
(CCI4) at 1745, 1600, 1365, 1345, 1245, 1190, and 1155 cm"1. . , „ . , . .  i0R 0
Additional data are given in Tables I and II. A mixture melting R ece iv ed  S ep te m b e r  0 ,
point determination and ir spectral comparison showed la to be
identical with an authentic specimen.3 It has been recognized for a number of years that

Reaction of Lead(IV) Diacetate Difluoride with 2-Butanone Controlled-potential electrolysis, employing as it does 
Phenylhydrazone. Formation of 2-Fluoro-2-phenylazobutane , , , , + k :
(3) and 2 -Acetoxy-2 -phenylazobutane (3a).-In a 300-ml, constant electrode potential in order to discriminate
heavy-walled polyethylene jar sealed with a cap holding a drying between two or more electrode processes, provides a
tubefilled with calcium chloride, a stainless steel dial thermometer, considerably more selective method of effecting electro-
and an addition tube of polyethylene connected to a dropping chemical reaction than does the method of constant-
funne1 were placed 26.04 g (0.072 mol) of lead(IV) diacetate electrol ig used in the 0lder literature.2 Con-
difluonde and 50 ml of chloroform. After the magnetically c  , • j „ i.t j
stirred suspension had been cooled to 0° in an ice bath, a solution trolled-potential electrolysis is m fact now widely used
of 11.60 g (0.072 mol) of 2-butanone phenylhydrazone in 15 ml both in coulometric analysis of mixtures ot reducible
of chloroform was added over a period of 30 min in order to species3 and in preparative-scale electrochemical syn-
maintain the temperature as close as possible to 0°. The mixture thesis. In most cases the latter application involves
was stirred in the ice bath for an additional 30 mm and the . - _ i,, • cfflniont
resulting amber suspension was then poured into water. The p re p a ra tio n  of an  e lectro ly sis  p ro d u ct m  sufficient
white solid was removed by suction filtration and the chloroform quantities for characterization by the usual chemical
layer was separated from the filtrate. The aqueous layer was and spectroscopic methods, in order to test or confirm
extracted with a 100-ml portion of chloroform and the combined an e‘ ectrode mechanism proposed, e .g . ,  from voltam-
chloroform extracts were washed once with 5% sodium bicar- ^  d t 4 D ite the common use 0f controlled-
bonate and then twice with water. The dried extract was ,, , ,, +r,„_. q»
concentrated under reduced pressure to give a red oil which, potential electrolysis for the latter purpose, there a e
on distillation under reduced pressure through a semimicro surprisingly few reports of its use for the specific purpose
column, gave two main fractions. of carrying out oxidations or reductions not possible by

Fraction 1 , a yellow oil, was identified as azo fluoride 3, yield tb ugual chemiCal means. This is unfortunate, for

Ì S S E & t ì K T .  » d 5, r  • S" '  ^  even a cursory examiuahon „1 the organic petrographic
Fraction 2, an orange oil, was identified as azo acetate 3a, literature5 will reveal the possibility oi many selective

yield 6.70 g (42%), bp 102-103° (1.25 mm), »28d 1.5142 (lit.3 electrochemical reductions which would be either im-
n 2SD 1.5141). Its ir spectrum (neat) was indistinguishable from possible or very difficult using the conventional reducing
that of an authentic sample.3 agen ts of organ ic ch e m istry . T h e  p rin cip al criterio n

Reaction of 2-Acetoxy-2-(2,4-dimtrophenylazo)propane (la ) 6  & . . .. ,. c i , i -„„l
with Hydrogen Fluoride. Formation of 2-Fluoro-2-(2,4-dinitro- for th e  successfu l ap p lication  of th e  e lectro ch e m ica l  
phenylazo)propane ( l ) .— To 0.50 g (1.69 mmol) of azo acetate m eth od  is sim p ly th a t ,  w hen a  m olecule co n ta in s  tw o  or  
la  in a polyethylene test tube cooled in a Dry Ice-acetone bath m o re  red u cib le fu n ction s, th e  e le ctro d e  p rocess  of in -
was added 1.0 ml of liquid hydrogen fluoride The brown tere g t m ugt b e eagier th a n  a n y  o th ers  b y  a t  le a s t 0 .2  V  ;
suspension was stirred with a nickel spatula for 2 mm and then , , . , i
a large excess of potassium fluoride was added. The reaction if so, electrolysis at a potential corresponding to the 
vessel was removed from the cooling bath and after standing at first process will permit clean conversion into the prod-
room temperature for 15 min the mixture was eluted with ether. uot of this reduction process and no other.6 The first
The ether extract was washed once with 5% sodium bicarbonate instance (and still one of the best examples) where this
and then twice with water. Evaporation at reduced pressure of wag taken adyant of for explicitly synthetic
the dried ether solution gave an orange oil which was chromato-  ̂ ® d i i 7
graphed on a column (20 x  1.2 cm diameter) of silica gel with purposes was reported by Lmgane, bwain, and Fields.
6:1 benzene-hexane as eluent An orange solid was thus ob- j  j. Lingan(Si , Electroanalytioal Chemistry,” 2nd ed, Interacience
tamed which was recrystallized from methanol to give 0.26 g publishers, Inc., New York, N. Y„ 1958.
(60%) of azo fluoride 1, mp 51-52°. Compound 1 was shown by (2) s ŝ ann.’jr., in "Teinniqû  of Organic Chemistry,” Voi. 2, A. Weiss-
mixture melting point determination and ir spectral comparison berger, Ed.. Interscience Publishers, Inc., New York, N. Y„ 1956, p 385.
to be identical with an authentic sample prepared above by re- (3) G. W. C. Milner and G. Phillips, “Coulometry in Analytical Chem-
action of lead(IV) diacetate difluoride with acetone 2,4-dinitro- istry," Pergamon Press, London, 1967.
phenylhydrazone. W L. Meites, “Poiarographic Techniques,” 2nd ed, Interscienoe Pub-

1-Fluoro-1-(2,4-dinitrophenylazo)cyclohexane (4).— Treatment lishera, Inc., New York, N. Y., 1965, Chapter 10.
of 0.50 g (1.49 mmol) of l-acetoxy-l-(2,4-dinitrophenylazo)cyclo- ( > Zuman, “Organic Poiarographic’Analysis," Pergamon Press, London',
hexane (4a) with, liquid hydrogen fluoride for 5 mm by the pro- aj64
cedure used above to convert azo acetate la into azo fluoride 1 (6) L Meitea in “Technique of Organic Chemistry," 3rd ed, Voi. 1, A.
afforded an orange solid which was recrystallized from methanol, Weissberger, Ed., Interscience Publishers, Inc., New York, N. Y„ p 3281 ff. 
yield 0.29 g (66%), mp 79-80°. It was identical in all respects (7 ) J. J. Lingane, C. G. Swain, and M. Fields, J .  Amer. Chem. Soc., 65,
with a sample of 4 prepared by fluorination of cyclohexanone 1348 (1943).
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T a b l e  1“ the potential at which a given solvent-electrolyte
H a l f-W a v e  P o ten t ia ls  f o b  R e p r e s e n t a t iv e  system is itself reduced places a natural limit upon the

Organic  C ompounds'1 range of reductions which may be effected in that sol-
Compd -•&/*■ v vent. Unconjugated olefins, acetylenes, alkyl chlorides

RCfeCR, R 2C = C R 2, RON, > 2 .6 “ nitriles, and esters, for example, are not normally
R C 0 2R, RCf (R  = alkyl) electrochemically reducible in most solvents, and ke-

Aeetone 2 ■46 tones are only difficultly reducible. On the other hand,
Bromobenzene 2 32 alkyl and aryl bromine and iodine are all easily reduced
Ethyl bromide 2 27 electrochemically under conditions where the preceding
Benzonitrile 2^26 groups are stable against reduction. This order of ease
Ethyl benzoate 2 .1 4  °f reduction, which differs in a number of respects from
Benzyl chloride 1 .94 that observed with typical organic reducing agents such
Ethyl iodide 1 .67  as complex metal hydrides, dissolving metals, catalytic
Iodobenzene 1 .62  hydrogenation, etc.,8 may be put to good synthetic
Benzyl bromide ~ 1 .3 advantage. We have utilized the order of ease of

°M . V. Stackelberg and W. Stracke, Z. Elektrochim ., 53, 118 reductions implied by Table I  to effect in high yield a
(1959). * Half-wave potentials are reported relative to the sat- number of selective reductions, any one of which would
urated calomel electrode; the solvent was 75%  dioxane contain- i , , , ,  , ,  ,
ing tetraethylammonium bromide as supporting electrolyte. keen difficult or impossible by other ̂ methods
c Material not reduced before the solvent decomposition poten- (Table I I ) . N o attempt was made to compile an ex-
tial ( —2.6 V) is reached. haustive list of selective reductions, since, while many

T a b l e  II
S e l e c t iv e  E lectro ch em ical  R ed u c tio n s“

Starting  m aterial'1 P roduct Yield, % c

p-Bromo-2-chloroethylbenzene 2-Chloroethylbenzene 99
m-Bromoacetophenone Acetophenone 94
p-Bromoiodobenzene Bromobenzene 98 (94 )d
p-Bromo-Y-chlorobutyrophenone 7 -Chlorobutyrophenone 96

“ Electrochemical reductions were carried out at 25° in dimethylformamide containing 0.1 M  tetraethylammonium bromide. b Start
ing materials were purified by preparative vpc before use. c Yields were determined by direct gas chromatographic analysis of elec
trolysis mixtures. d Yield in parentheses is that for a preparative-scale electrolysis.

It was desired to convert 9-(o-iodophenyl)acridine other interesting conversions are clearly implied in the
(1) into the corresponding acridane 2, but every data of Table I, further applications would be straight-
chemical reducing agent tried effected simultaneous forward.
hydrogenolysis of the iodine atom to afford not 2, but 3. The selective reduction of p-bromo-y-chlorobutyro-

phenone, containing three potentially reducible func- 
H tions, is a particularly striking demonstration of the

T / x .  n v utility of the electrochemical method.9

O C ®  O O D

I I  — ’ X  2e~ Hgcathode >

K jJ  (O ) 0 m  yield
1 2 3

0

Acridine 1 has, however, two polarographic waves in
alkaline ethanol; the first, at - 1 . 3 2  V vs see, corre- i t  should be noted that the electrochemical reduction 
sponds to the desired reduction to 2, and the second at of a]k l halides doeg fwt suff as has been suggested/»
- 1 . 6 2  V, corresponds to conversion into 3. The two from the disadvantage that there are involved strongly
electrode processes are resolved sufficiently (0.3 V) to bagic conditiong which clude the uge of base. Sensitive
permit application of he electrochemical method reactantg Qr oducts. Carbanions are indeed gen-
Electrolysis at - 1 . 3 7  V readily afforded 2 in 90%  erated during the electrolysis of alkyl halides, but they
(lS? ’ f X  nrX erm0m ’ reX C; 10n f  2 X  are rapidly deactivated via Hoffmann dealkylation of
- 1 . / 0  V afforded 3 m 95%  yield. Acridine 1 could ^  tetraalkylammonium salts used as supporting elec-
thus be converted into either 2 or 3 by appropriate trolyte; consequentiy) a much iess basic tertiary amine
choice of cathode potential. is generated. In this connection, it is interesting to

Polarographic half-wave potential data are available
for thousands of compounds, primarily from the ana-
lvtinal li + pratlirp 6 An ahbrpviatpH list a d e r  llflte fo r S U ff- (8) (a) R- L. Augustine, “ R eduction ," M . Dekker, Inc., New York, N. Y „IJ  t i c a i  l i t e r a t u r e .  A n a D D r e V i a t e a i l S t ,  a a e c u a t e i o r s u g  1968, (h) H  0  House> “ M odern Synthetic R eactions,” W. A. Benjamin,
gesting many useful synthetic applications of controlled- inc,, New York, n. y „ 1965.
potential electrolysis, is given in Table I. Compounds (9) Although bromobenzene and acetophenone differ in reduction potential
^  T , i *  • • i »i* i • i by  less th an  the  above sta ted  requisite of 0.2 V, a smaller difference can be
are listed in increasing ease Oi reducibilit}' as one pro- to lerated  when the  iirst reduction is irreversible, as i t  is for a lkyl halides,
ceeds down the table. It should be pointed out that do) o. l . Grady and h . K u iv iia ,./. Org. chem ., 34,2014 (i960).
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note that p-bromoacetophenone is converted into aceto- Base-C atalyzed  R eactio n s o f
phenone in only 13% yield using tri-n-butyltin hydride,10 a-Cyano-/3-furylacrylic E sters
while m-bromoacetophenone is converted into aceto
phenone in 94%  yield electrochemically, without ap- Heinosuke Yasuda,1 Toshio Hayashi,
preciable base-catalyzed aldolization. The electro- and Hiroshi Midorikawa
chemical method is, however, more difficult to scale up
for large-scale preparations. For the occasional highly The Institute o f  P hysical and Chem ical Research,
base-sensitive system, one may, furthermore, take Yamato-machi, Saitam a, J a p a n
advantage of the pH independence of the electro
chemical reduction of alkyl halides11 by purposely Received September 4, 1969
adding an acid (phenol or even mineral acid12) to the . . .
m ix tu re  to  p ro to n a te  th e  carb an io n  a s  fo rm ed . T h e  rin g-open in g re a ctio n s  of th e  fu ran  d e riv a tiv e s

w ith  am m on ia  an d  am in es h a v e  b een  e x te n siv e ly  in 
v e s tig a te d  b y  a  n u m b er of a u th o rs .2 L e d its ch k e 3 

Experimental Section re p o rte d  th a t  th e  re a c tio n  of a -cy an o -j3 -fu ry la cry lic
Apparatus and Chemicals.— Dimethylformamide was refluxed e ste rs  (1 ) w ith  p rim a ry  ary lam in es afforded  a -c y a n o -  

over calcium hydride [70° (0.1 mm)] for 1 hr, followed by distil- l-a ry l-2 -p y rro le a cry lic  este rs  (2 ) . H ow ev er, w e h a v e
lation in  vacuo through a 10 X  300 mm gla,ss helix packed column. found th ftt ,  w hen tre a te d  w ith  m o rp holine in ste a d
Tetraethylammomum bromide was recrystalhzed from an ethanol . . . . , , ,
ether mixture and dried in vacuo. Controlled-potential electrol- Hie p rim a ry  ary lam in es, g ives rise  to  an  u n e x p e cte d
yses were carried out with the aid of a potentiostat based upon colored  p ro d u ct. W e  h a v e  show n th is  p ro d u ct to  
a Kepco KS-120-2.5 programmable power supply.13 h a v e  th e  s tru c tu re  7 -(4 -a lk o x y c a rb o n y l-5 -a m in o fu ry l)-

Electrolyses.—A modified polarographic H cell was used for acro lein  (3) 
small-scale electrolyses; the dme was replaced by a mercury
pool, for which electrical contact was maintained via a platinum i _ i i . 1
contact piercing the cell wall. A mechanical stirrer and Cd(H g)- 1 ( ^ ) 1  C = N  C = N
CdCl2 reference14 (isolated by a methyl cellulose plug16) were XxN'/ ^ ' ( ' = c /
positioned close to the mercury surface. One side of the cell /  '''TOOK I H^" ^COOR
contained the catholyte [5 ml of a solution of the organic substrate " f a
(10—2 M ) and E t4N Br (10_1 M ) in DM P, and the other side of j 2
the cell contained a silver anode in a solution of 10 M  Et<NBr
in D M F. A methyl cellulose plug15 separated the two sides of i i— COOR
the cell. Electrochemical reductions were carried out upon sam- j j  1 ( ^ ) 1
pies freshly purified by preparative glpc. After electrolysis, the 0
contents of the cell were analyzed directly by vpc (Varian Aero- < m „ c ' v h .
graph Model 1740). Preparative electrolysis of p-iodobromo- “ y
benzene was carried out in 90%  ethanol containing 0.1 M  tetra- 3a,R =  C2H5
ethylammonium bromide in a large crystallizing dish containing 1,  R =  PhCH2
a platinum anode, mercury pool cathode, Cd(Hg)-CdCh ref
erence electrode, and mechanical stirrer. Hydrazine hydrate T h e  p ro d u ct 3 a  o b tain ed  from  e th y l a -cy an o -/3 -  
was added as the anodic depolarizer; its oxidation to nitrogen at f  j y la te  (1 , R  =  C2H5) an d  m orp holine, w as re -  
the anode also generates protons to prevent the solution from , v P ' „  . , „
becoming basic. From 28.3 g (0.1 mol) of p-iodobromobenzene crysta llized  fro m  ch lo roform  as yellow ish green  needles,
was isolated, after dilution with water, extraction with pentane, m p 1 7 4 - 1 7 5 ° ,  h avin g  a  m o lecu lar ion  p eak  a t  m /e  2 0 9 ,
and distillation of the solvent, 14.7 g (94% ) of bromobenzene, a n d  a  m o lecu lar fo rm u la  of CioHnN 0 4. W h e n  tre a te d
homogeneous by vpc. with 2,4-dinitrophenylhydrazine and semicarbazide,

rj-Bromo-2-chloroethylbenzene.— p-Bromo-2-phenylethanol18 _ . , , . ,
was prepared through lithium aluminum hydride reduction of 3 a  Save th e  corresponding hydrazone 4 and semiear-
p-bromophenylacetic acid. A solution of 20.0 g each of the al- bazone 5, respectively, and when treated with fuchsin
cohol and thionyl chloride was refluxed overnight. Thionyl reagents, showed a positive test for aldehyde. All
chloride was then removed with warming at the rotary evapora- attempts to acetylate 3 a  were unsuccessful, and cata-
tor. Distillation ^ d e d  p-bromo-2^chloroethylbenzene: yrnld hydrogenation led to a colorless polymer.
15 g (65% ); bp 70 (0.15 mm); nmr (CC14) r  2.73 and 3.07 J  & r  , ,,
(AB pattern, J  =  8 .5  Hz, area 4), 6.50 (t, J  =  6 .5 Hz, area2), The ir spectrum of 3 a  (CHCfi) revealed the disap- 
and 7.07 (t, J  =  6.5 H z, area 2 ). pearance of the cyano group. The NH2 and ester 0 = 0

Anal. Calcdfor CgHgClBr: 0 ,4 3 .8 8 ;  H ,3 .6 2 . Found: C, stretching frequencies appeared at 3508 and 3382 and
43.61; H, 3 .51. a t  1672 cm-1, respectively, comparable with those of

ethyl 5,7-dimethyl-2-amino-3-benzofuroate (3480 and
„  . , _T „  „ , ,  ,, 3346, and 1679 cm-1).4 The aldehydic CH stretching
Regxstry No.-p-Bromo-2-chloroethylbenzene, 23386- bands are clearly observed at 2818 and 2730 cm-i.

The nmr spectrum (deuterated DMSO) showed that
morpholine used in the reaction is not entering into the

Acknowledgment. —Financial support was provided reaf ion. Pr°duct The presence of the CH =CH CH O
by the National Science Foundation and the Petroleum syst+em 18 1  Y &Ct °  6 -C
Research Fund of the American Chemical Society. P ™ £ns ^  aldehydlC Pf0*011, constltute ,the three f 1«

A M X  pattern. A rather large coupling constant
between the two olefinic protons suggests the trans 

dp see footnote a, Table i. configuration about the C = C  bond. The mass spec-
(12) A. J . F ry  and R . H. Moore, J . Org. Chem., 33, 1283 (1968).
(13) P . Birman, “Pow er Supply H andbook,” Kepco Inc., Flushing, N . Y ., (1) Chemical Laboratory, D epartm ent of Education, U niversity  of

1965, p 129. U tsunom iya, Japan.
(14) L. W. M arple, A nal. Chem., 39, 844 (1967). This electrode is ca. (2) P . Bosshard and  C. H . Eugster, Advan. Heterocycl. Chem., 7, 378

— 0.9 V relative to  see. (1966).
(15) G. D ryhurst and P. J . E lving, ibid., 39, 607 (1967). (3) H . Leditschke, Chem. Ber., 85, 483 (1952).
(16) D. Sontag, A nn. Chim. (Paris), 1 (11), 359 (1934). (4) J . Derkosch and I . Specht, Monatsh. Chem., 92, 542 (1961).
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tram showed a fragment ion peak at m / e  163, which is tet, Hd, J $ y =  15.0 Hz, J a(S =  7.8 Hz, J ay =  ca. 0 ), 7.30 (d,
considered to be generated by loss of C2HsOH from H y .Jp y  =  15.0 Hz), 9.78 (d, Ha , J ap, =  7.8 Hz), 7.14 (s, furan
the narent ion peak by McLafferty rearrangement.6 nnf  H)’ 71?2, (broad, NH2).

A- , -ui . . , , , • A naL  Calcd fcr CioHuNO,: C, 57.42; II, 5 .26; N, 6.70.
A  plausible re a c tio n  m ech an ism  is p o s tu la te d  in  Found: C, 57.49; H, 5 .17; N , 6.77.

Scheme I. It seems reasonable to assume that initially The 2,4-dinitrophenylhydrazone (4) occurred as dark brown 
the base may attack the 5-position of the furan ring in needles (from pyridine-methanol), mp over 250°.
3. Cyclization of the intermediate 6 may occur be- CaM  for CieH^NsOj: N, 17.99. Found: N , 18.05.

The semicarbazone 5 occurred as yellow needles (from metha
nol), mp 203-2C40,

Scheme I A nal. Calcd for CuH14N40 4: N, 21.05. Found: N, 20.98.
i|- , i| ^  Reaction of Benzyl «-Cyano-fl-furylacrylate (lb) with Morpho-

/  \ JkV  f-K C = N   ^ line.— The reaction procedure was the same as described above.
O. HN: O c = q Recrystallizations of solid 3b from chloroform and from glyme-

'— ' ''''COOR ethanol gave brown needles: mp 188-189°; uv max (CHC13)
j 287 mM (e 5,100), 375 (30,600); (99.5%  v /v  EtO H ) 227 (9400),

285 (7000), 385 (33,200); ir (CHC13) 3495, 3380 (NH2), 2800,
, . J f :  2720 (aldehyde CH ), 1685 (aldehyde C = 0 ) ,  1672 (ester C = 0 ) ,

N  IV  J a  „  A a 1630 (C = C ), 1613, 1382, 1303 cm -1 (furan ring); nmr (d6-
\ _ 7  ~ l 0  T - T  DMSO) S 5.23 (s, COOCH2Ph), 6.04 (quartet, B.e , J g y =  15.0

■yri' ^COOR H z> J =  7.8 Hz), 7.20 (s, furan ring H ), 7.30 (d, H 7, J p y =
15.0), 7.99 (broad. NH2), 9.45 (d, H„, J 3 =  7 .8 ); mass spec- 

/ — \ [j ¡1 / — ■*. trum (75 eY) m /e  271 (molecular ion peak).
0  N _ J  / C = N  A nal. Calcd for CidTaNO,: C, 66.41; H, 4 .83 ; N, 5.16.

\— /  H O _ / ; c = C ^  ~ *  Found: C, 66.82; H, 4 .74; N, 5.04.
^COOR

.  Registry No.— 3a, 23386-18-7; 3b, 23386-19-8;
4,23386-20-1; 5,23386-21-2.

I------ 1 COOR
H J = N H  » -----------------------------

/ — \ i2 = C  u
O N^" X H C h ro m o u s  S u lfa te  R e d u c tio n  o f

7 2 -M e th y l -3 -h e x y n e -2 ,5 -d io l
H -j"^ — 1— COOR

j j  . ^ C = = k  \— ajh W. E dward W il l y1 and W illiam E . T hiessen

0  ^H+ 3
H— H Department o f  Chemistry,

University o f  C alifornia, Davis, C alifornia 95616

tween the OH and CN groups to give the intermediate Deceive! August 25 ,1 9 6 9
7, which then yields, when treated with water, the
product 3. When the primary arylamines are used The reduction of nonterminal acetylenes by chromous 
as a base in the reaction, the resulting intermediate 8 gulfate2 has been reported6 to lead stereoselectively to
similar to 6 would cyclize between the OH and NH ^  olefing in high yields. Sterically hindered alkyl-
groups to give the product 2. acetylenes are found to react slowly or to be inert to

^ chromous sulfate. Conversely, the presence of hy-
V - L X  C =N  __  ̂ droxyl or carboxyl substituents near the acetylenic

H O ^ 'c = C /  *" 2 bond enhances reduction.
VN' ^COOR We have found that the reduction of 2-methyl-3-

hexyne-2,5-diol with aqueous chromous sulfate, while 
8 proceeding readily at room temperature, does not

produce the expected frans-2-methyl-3-hexene-2,5-diol. 
Experimental Section Rather the reaction leads to three isomeric reduction

Nmr spectra were obtained on a JN M -C-60 high-resolution nmr p ro d u cts  (S ch em e I) in  w hich  th e  h y d ro x y l group
spectrometer at a temperature of 19-20°. Tetramethylsilane ra th e r  th a n  th e  trip le  bon d  is red u ced . T h e  ov erall
(«, 0) was used as an internal reference standard. Ir spectra yield  0 f produC'S is 70% , th e  b a lan ce  being reco v ered
were determined in the chloroform solution using a Perkin- s ta rtin g  m a teria l
Elmer 521 spectrophotometer. Mass spectra were measured ™  , , , ■ r , 1 ,
with JM S-OlS instrument operating at 75 eV. T h e  h yd rogen olysis of a  h y d ro x y l grou p  u n d er such

Reaction of Ethyl «-Cyano-/3-furylacrylate(la) with Morpho- m ild  con d ition s is u nu su al an d  seem s to  h a v e  been
line.—A mixture of 10 g (0.052 mol) of the ester and 40 ml of p revio u sly  ob served  on ly  in  red u ctio n s w ith  lith iu m
morpholine was stirred at room temperature for 30 min. The alu m in um  h y d r d e .4,6
reaction was exothermic, and the solution immediately turned T h e  red u ctlo n  products (1, 2, and 3) were isolated in
orange, then reddish brown, and finally dark red. After being . . ^ , .  , ,  ̂  ̂ \
allowed to stand overnight, the viscous solution was poured pure form by preparative gas chromatography (glpc) 
into 1.0 1. of water under vigorous stirring. The resulting solid (see Experimental Section).
matrial was recrystallized from chloroform to give 5 9 g (54%  To whom aR correspondenoe should be directed: chemistry De-
yield) of 3a as yellowish green needles: mp 174-175 ; UV max partmentl Stanford University, Stanford, California 94305.
(CHOh) 284 mM (e 5200), 374 (34,000); (99.5%  EtO H) 228 (2) For a review of the  reactions of C r(II), see J. R. Hanson and E.
(10,100), 284 (7200), 387 (36,500); ir (CHCI3) 3508, 3382 (NH2), Premuzic, Angew. Chem., 80, 271(1968); Angew. Chem., Int. Ed. Engl., 7, 
2818, 2730 (aldehyde CH ), 1685 (aldehyde C = 0 ) ,  1672 (ester 247 (1968).
C = 0 ) ,  1636 (C = C ), 1612, 1378, 1312, and 985 cm“1 (furan (3) C. E . Castro and R . D . Stephens, J . Amer. Chem. Soc., 86, 4358-
ring); nmr (d6-DMSO) S 1.27, 4.23 (COOCH2CH3), 6.06 (quar- (1964).___________ (4) W. Oroshnik, A. D. M ebane, and G. Karm as, tbid., 75, 1050 (1953).

(5) G. Spiteller, Monatsh. Chem., 92, 1142 (1961). (5) J . M einwald and L. Hendry, Tetrahedron Lett., 1657 (1969).
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Scheme I

c h 3.  . o h  oh

CHa^ X ! = C — CH

CH3

2CrS0,-5H20
H20
(overall yield =  70%)

CH3.  f  OH CH3X  / H  CE3x  H

CH a'' X C = C — CH +  CHa^ X CH +  f

\ n 3 X CH3 A
70% _ 24 °̂ 6%

1 i 3|C r 0 3/H + |C r 0 3/H +

“ V  /  CH> - c - < H o
CH a'' N' C = C — CHa. X C ^

CHa CHa
4 5

The previously known 5-methyl-3-hexyn-2-ol ( l ) 6 1-4593 [lit.11 bp 60° (0.8 mm), n wd 1 .4619]: nmr (CCU) s
was identified by inspection of its ir and nmr spectra. 1'5 r^m6i’ 4C? 3\^H 0̂fĤ Mnfh2i\2i J 5OTnpS235 diol l i s t• x r  i , T Cr(II) Reduction of 2-Methyl-3-hexyne-2,5-diol.—  lo  9.8 g
The structural assignment was confirmed by Jones (0-077 mol) of 2-methyl-3-hexyne-2,5-diol in 25 ml of nitrogen-
oxidation7. of the alcohol to the corresponding ketone purged (1 hr) water was added 37 g (0.16 mol) chromous
4 ,6 identified as the 2,4-dinitrophenylhydrazone whose sulfate pentahydrate [prepared (and handled) in a nitrogen
physical properties agreed with those reported.6 atmosphere, in 47%  yield, according to the method o f  Lux and

. 2: Methyl-2,3-hexadien-5-ol (2 ) was characterized by solution and w «
its ir8 and nmr spectra, and elemental analysis. The then &nowed to stand a-, room temperature in a glass-stoppered
structural assignment was more firmly established by flask for 22 days. [Glpc analysis (FFA P at 230°) of aliquots of
oxidation7 of the alcohol to the corresponding ketone 5 the reaction mixture showed that most of the conversion of
whose ir and nmr spectra were as expected for an starting material to products occurs within 48 hr.] The mixture

, , in ■ . i o x- \ was then extracted six times with 100-ml portions of ether, satu-
allemc ketone (see Experimental Section). rated with ammonium suifate, and extracted «vice more with

2-Methyl-2-hexen-4-one (3) was identified by com- 100-ml portions of ether. The combined extracts were dried
parison of its ir and nmr spectra with those of authentic (M gS04); the solvent was removed using a rotary evaporator,
material (Aldrich Chemical C o.): the two sets of spectra There was obtained 8.5 g of a colorless liquid, from which three
Wpre sunprim nnsable compounds (70%  of the mixture) in the ratio of 7 0 :2 4 :6  were

P P ‘ isolated by preparative glpc as previously described (the re
maining 30%  of the mixture was largely starting material accord- 

Experimental Section ing to h® glpc retention time). Each compound separated was
rechrcmatographed (one or two times) to obtain the pure product 

Nmr spectra were recorded on a Yarian A-60A instrument; and to demonstrate that isomerization did not occur during
samples were 50 vol. %  solutions in chloroform-d with internal chromatography. Product 1 (5-methyl-3-hexyn-2-ol): nmr
TMS as a reference. Infrared spectra were recorded on a Perkin- (CDC13) 8 1.15 (d, 6, J  = 6.5 Hz, CH3), 1.40 (d, 3, J  =  6.5 Hz
Elmer Model 237B instrument. Elemental analyses were per- CH3), 2.56 [m, 1, J  =  6.5 and 1.5 Hz, CH(CH3)2], 4.51 [m, 1,
formed by M r. N . H . Tashinian at the University of California, J  =  6.5 and 1.5 Hz, CH(OH)CH3], and 3.4 ppm (s, 1, position
Berkeley, Calif. Product separation was effected on a Varian- concentration dependent, OH).
aerograph model A-90-P3 gas chromatograph with a 5 ft X  3/s Oxidation of 1.— To 350 mg (3.12 mmol) of 5-methyl-3-hexyn-
in. aluminum column (packed with 60-80 mesh Chromosorb G 2-ol in 1 ml of acetone (redistilled over potassium permanganate)
coated with 6%  Carbowax 20M ) using a helium flow rate of was added 0.8 ml of standard Jones reagent7 (solution of 26.7 g
40 ml/min and a temperature of 128°. of chromium trioxide in 23 ml of concentrated sulfuric acid

2-Methyl-3-hexyne-2,5-diol was prepared as previously de- diluted with water to a volume of 100 ml) at 0° over 1 hr. The
scribed9 in 60%  yield: bp 120-123° (10 mm); n22D 1.4669 [lit.9 resulting mixture was extracted four times with 50-ml portions
bp 89-90° (3 mm), n 20D 1.4651]; nmr (CDCls) 5 1.44 (d, 3 , of ether; combined extracts were washed once with water and
J  =  6.5 Hz, CH3), 1.51 [s, 6, (CH3)2C], and 4.56 ppm (q, 1, dried overnight (M gS04). Solvent removal yielded 200 mg (58% )
J  — 6.5 Hz, CH(OH)CH3). 5-methyl-3-hexyn-2-one (4): nmr (CDC13) 8 1.22 [d, 6, J  — 6.5

Oxidation of a small amount of the diol with activated mag- Hz, CH(CH3)2], 2.29 (s, 3 , CH3), and 2.74 ppm [m, 1, J  — 6 .5
nesium dioxide by the method of Attenburrow10 yielded 52%  2- Hz, (CH3)2CH ]; 2,4-dinitrophenylhydrazone,13 mp 110-111°
methyl-2-hydroxy-3-hexyn-5-one: bp 76-79° (0.7 mm); n26d (recrystallized from 95%  ethanol) (lit.6 110-110.5°). Product
-------------------  2 (2-methyl-2,3-hexadien-5-ol): nmr (CDC13) 8 1.25 [d, 3,

(6) L. I. Sm ith and R. E. Kelly, J . Amer. Chem. Soc., 74, 330fi (1952). J  =  6 -° Hz, CH(OH)CH3] , 1.70 [d, 6, J  =  3 .0  Hz, = C (C H 3)2],
(7) K . Bowden, I. M . Heilbron, E . R . H. Jones, and B. C. L. W eedon, ______________

J . Chem. Soc., 39 (1946).
(8) F o r the  characteristic ir absorptions of 2-methyl-2,3-hexadien-5-ol (2), (11) B. P . Gusev and V. F  Kucherov, Izv. Akad. N auk. S S S R , Ser. Khim .,

see M . B ertrand and R . M aurin, C.R . Acad. Sci., Paris, 260, 6122 (1965). 1318 (1964).
(9) M. F . Shostakovskii, V. M . Vlasov, and A. A. Vasil’ eva, Izv. Akad. (12) H . Lux and G. Illm an, Chem. Ber. 91, 2148 (1958).

Nauk, S S S R , Ser. K him ., 696 (1964); Engl, transl., B ull. Acad. Sci. U SSR , (13) F or th e  general m ethod of derivative form ation, see R . L. Shriner,
644 (1964). R. C. Fuson, and D. Y. C urtin , “ T he System atic Identification of Organic

(10) J. A ttenburrow , A. F. B. Cameron, J .  H. Chapm an, R . M . Evans, Com pounds,” 4 th  ed, John Wiley & Sons, Inc., New York, N . Y., 1956, p
B. A. Hems, A. B. A. Jansen, and T . W alker, J . Chem. Soc., 1094 (1952). 219.
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3.0 (s, l ,  concentration dependent position, OH), 4.27 [m, 1, B e ca u se  of th e  su b stitu tio n  p a tte rn  on I I ,  all th e

and 6.0 Hz, = C H ) ; ir (C C lif3 6 1 3 ^ 1 1 )! a l^ O H )| k n d  1969 cyclobutene couplings with H5 are eliminated, and H5
cm -’ ( C = C = C ) . can couple its spin only with H4 and H¡'. The nmr

Anal. Caled for C7H 120 :  C, 74.95; H , 10.78. Found: C , spectra for II was correspondingly simplified and showed 
75.30; H , 11.02. H6 to be a pair of doublets with J  =  3.5 and 4.0 Hz

Oxidation of 2 -O xid atio n  Of 198 mg (1.77 mmol) of 2 by the This would imply that the dihedral angles between the 
method described above yielded 80 mg (41% ) o: 2-methyl-2,3- „ , • • , ,  , i tt , tt , TT .
hexadien-5-one (5): nmr (CDC13) 5 1 84 [d, 6 J  = sfo Hz, P]anos containing the hydrogen H4 and H5 and H4, and
(CH3)2C = ] ,  2.18 (s, 3, COCHs), and 5.60 ppm (m, l, J  = 3.0 are nearly equal and not 90°.5 In the 2-oxabicyclo-
Hz, =C H C O C H 3); ir (CDCfi) 1957 (C = C = C )  and 1676 cm -1 [4.2.0]oct-7-ene system III the coupling constant for
(= c —c = ° ) -  Product 3 (2-methyl-2-hexen-4-one): nmr H6-H 5 was found to be 0 Hz: this was attributed to a

= T Í »0° dihedralangle between H6-C 6 and H5-C 6.
Hz, CH2CH3), and 6.08 ppm (q, l, J  = l.o Hz, = C H C O ). Sensitization and quenching experiments were per-
The ir spectrum was identical with that of a commercial sample. formed in order to gain information regarding the reac-

r, . . „  , ,  , , , , , five excited species involved in the reaction between 2-
, 'S’L I e , methyl-4,5-dihydrofuran and diphenylacetylene. It
S I S Í j  2 mI K S .  ! ’ WaS ,OU" d that K ™ “  1«T -  48.7 keal/mol6] inhibited23293-50-7, 2, 2425-47-0, 3, 13905-10-7. the reaction between diphenylacetylene (E T =  51 kcal/

------------------------ mol)7 and 2-methyl-4,5-dihydrofuran. Equimolar con-
centration of diphenylacetylene and quencher were 

A New R oute to  the used. Since their molar extinction coefficients are
2-O xabicyclo[3.2.0]hept-6-ene Ring System  about equal at the excitation wavelength (log « 4 .1

at 2437 A), the quenching effect was due to triplet
M. P- Servé and H. M. Rosenberg energy transfer rather than absorption of the exciting

light by pyrene. However, the use of triphenylene 
Department of Chemistry, Wright State Unwersity, (E t =  66.6 keal/mol)6 as a sensitizer for the reaction

Dayton, Ohio ¿5¿31 , , , . „  , ?
run on a degassed sample in a Byrex vessel at 3o00 A

Received Ju ly  22 1969 proved successful. The unsensitized reaction does not
occur upon photolysis at this wavelength. Therefore,

The valence-bond isomerizations of various sub- reacti° n Proceeds through the
stituted l.d-heptadienes to the corresponding; bicyclo-  ̂ , ,  V1 . • z , ^ , 4l . .
[3.2.0] hept-6-enes is a well-documented reaction.7.* +/ malIy’ we wofuld llke to, P01fnt ° f  th! s 18 only 
Paquette and coworkers* extended this reaction to he second reported example of cyclobutene formation

, x ’ - i i  x , xl i x  from  th e  p h o to cy clo ad d itio n  of an  a ce ty le n e  to  an  com p ou n ds con tain in g  h e te ro a to m s w hen th e y  p h o to - , n  , . fi . :  , c .  , f  , , ,
lyzed 2,3-dihydrooxepin and recovered the valence olefin which is not part of an a d-unsaturated carbonyl
isom er 2 -o x a b icv clo  Í3 2  0 lh e n t-6 -e n e  f l )  P a o u e tte  s y s te m ’ an d  th e  first e x a m P le of th is ty p e  of p h o to cy c lo -

I  j  j j  x x j  i x ad d itio n  in  th e  bicyclo  [3 .2 .0  ]h ep t-6 -en e  s y s te m ,u tilized  th e  p a re n t com p ou n d  an d  d e u te ra te d  an alogs to  J 1 J
unravel a number of the many coupling constants pres
ent in the nmr spectra of the molecule, to which un- Experimental Section
usual interest had been attached. However, because of Melting points are uncorrected. Photolyses were conducted in 
the long-range couplings present in the cyclobutene a Rayonet photochemical reactor at 2537 or 3500 A as indicated.
ring, the hydrogen-labeled H5 was reported merely as a Tif infrared lfFectra' were obtained on a Perkin-Elmer Model

°  i 621 spectrophotometer. High resolution mass spectra were
complex multiplet. obtained on a CEC-21-110 instrument. Glpc were performed on

In order to elucidate the coupling constants of H5 a Varían Aerograph Model 1200 H Y F I. Nmr spectra were 
with H4 and H4' and at the same time attempt to extend taken on a Varían D P-60-IL instrument, 
to the (bicyclo[3.2.0]hept-6-ene system the reaction ,  Reaction of Diphenylacetylene with 2-Methyl-4,5-dihydro- 

. V v  i v i i i i furan.— In a quartz vessel, a solution of diphenylacetylene (4 g,
reported earlier, whereby an acetylene was photo- 0 022 mol) in\ methyl-.3,4-dihydrofuran (25 g, 0.3 mol) was ir-
cycload d ed  to  a  cy clic  Vinyl eth er, a  solution  of radiated at 2537 Á in a Rayonet photochemical reactor for 48
d ip h en y lacety len e in  2 -m e th y l-4 ,5 -d ih y d ro fu ra n  w as hr. After removal of the unreacted dihydrofuran under reduced
p h o tolyzed  a t  2 5 3 7  A . A t  th e  end of 2 4  h r, on ly  on e pressure, the remaining liquid was subjected to column chro-
p ro d u ct an d  no d ip h en y lacety len e could  b e d e te c te d  b y  matography on alumina (80-200 mesh) Elution with petroleum

, r™ j x - i x j u  i u x i ether (bp 30-60 ) gave l-methyl-6,7-diphenyl-2-oxabicyclo-
g  PC* T h e  p ro d u ct iso la ted  b y  colu m n  ch ro m a to g ra p h y  [3.2 .0]hep-6-ene: 4 .8  g, 82% ; mp 52-54 ; parent peak
w as identified  as l-m e th y l-6 ,7 -d ip h e n y l-2 -o x a b icy c lo - 260.1487 (C19H:80 ) ;  ir (thin film) 3035 (aromatic C H ), 2920
[3 .2 .0 ]  h e p t-6 -e n e  ( I I )  b ased  on sp e c tra l evid en ce  p re - (aliphatic CH ), 1600, 1500 (aromatic C = C ), 1090 (COC), and
sen ted  in th e  E x p e rim e n ta l S ectio n . 745, 690 cm -1 (monosubstituted phenyl); nmr (C6D6) 5™3

7 .5 -7  (10 H , multiplet, aromatic CH ), 3 .9  (2 H, multiplet H3, 
H4 H5 H, H5 H 3), 3.15 (1 H , 2 doublets /  =  3 .5 , 4 .0  H z), 1.6 (3 H, singlet,

TT tt / C 6H5 CH3), 1.45 (2 H multiplet, H4 and H4.).
h 4, e  h 4,----------------¡ r

H3- ----- ---------^ R e g istry  N o .— I I ,  2 3 3 8 5 -9 9 -1 ; d ip h en y lacety len e , 
H3 Hj 7 H3 CHj 6 5 5 0 1 -6 5 -5 ; 2 -m e th y l-4 ,5 -d ih y d ro fu ra n , 1 4 8 7 -1 5 -6 .

_____________  1 11 (5) F . A. L. Onet, J .  Amer. Chem. Soc., 84, 671 (1962).
(X) O. L. Chapm an, D. J . P asto , G. W. Borden, and A. A. Griswold, J .  (6) W. G. H erkstroeter, A. A. Lamola, and  G. S. H am mond, ibid., 86,

Amer. Chem. Soc., 84, 1220 (1962). 453 (1965).
(2) O. L. Chapm an and G. W. Borden, J . Org. Chem., 26, 4185 (1961). (7) M . Beer, J . Chem. Phys., 28, 745 (1956).
(3) L. A. Paquette , J . H . B arrett, R . P. Spitz, and R . P itcher, J . Amer. (8) There is evidence th a t  the  presence of oxygen is required for efficient

Chem. Soc., 87, 3417 (1965). generation of the  trip le t sta te  of diphenylacetylene. See R . C. Herson and
(4) H . M . Rosenberg and P . Servé, J . Org. Chem., 33, 1653 (1968). E . D . Owen, Chem. Commun., 153 (1967).
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20,23-D ihydroxyspirostans1 ance of the C 21-methyl signal in the nmr as a singlet at
r 8.67.

Masato Tanabe and R ichard H. Peters The polar material 2b dehydrates to afford a 20-
dehydrohecogenin acetate derivative 4 under condi- 

Stanford Research Institute, tions identical with those employed for the dehydration
Menlo Park, California 94025 of lb .2 The dehydrated material 4 retains the extra

acetoxyl substituent.
Received April S2,1969 The formation of an acetate and the appearance of a

proton signal (Hi) at r 5.23 in 2b as a symmetrical 
Chromic acid oxidation of 2 0 -cyclopseudotigogenin2 triplet ( J  =  2 .2  Hz) confirms the introduction of a sec-

and pseudohecogenin3 ,4 yields 2 0 -hydroxyspirostans. ondary acetoxyl group into 2 0 -hydroxyhecogenin ace-
This product is also produced by treatment of pseudo- tate. The coupling constant is characteristic of di-
sapogenins withperacids. 4'6 equatorial or equatorial-axial coupling, whereas diaxial

During the preparation of 20-dehydrohecogenin ace- coupling is 6-10 Hz.7 The configuration of Hi is there-
tate (3), we examined the oxidation of pseudohecogenin fore equatorial, to be consistent with the magnitude of
with m-chloroperbenzoic acid. Since the peracid prod- the observed coupling of 2 .2  Hz.
uct is difficult to purify as the diol la  and exhibits wide Based on the hydrogen-bonding interaction of the 
melting ranges,4-6 the oxidation mixture was acetylated c 20 hydroxyl with the C22 oxygen of sapogenins, Wall

H and Walens5 have assigned C2o and C n stereochemistry.
\_ch Examination of the hydroxyl bands of lb and 2b in

ch 9  3 0R ?  carbon disulfide solutions showed intramolecular hy-
0 -----1' o drogen bonding at 3510 cm-1, indicating the cis C20-

s j  />/-—-/ hydroxyl and C22-oxygen relationship. Support for
M ___I | 1 o H' the C22 (R) configuration is the observed negative rota-

J  ~  | tion of 2b, which is in accord with values previously
'  found.8 Thus the combined chemical and spectro-

ia, R=H 2a, R = H scopic data are compatible with structure 2b.
b, R=OAc b,R=Ac The reaction of 20-hydroxyhecogenin with m-chloro-

j  } benzoic acid and m-chloroperbenzoic acid was examined
H h to establish whether 2a comes from this route. This
T qj ?Ac J _ ch reaction yielded unidentified, more polar materials but

/ J jT —/ did not give 2a.
S -----T S ------ ' The probable mode of formation of 2a therefore
L A x > lA^-O appears to be via the attack of peracid on a A22-furostene

J -----1 J .  J  intermediate 5 formed initially to yield a 23-hydroxy
3 4 derivative, 6 . Further reaction of the A20(22)-furostene

H 6  with peracid leads to 2a. The formation of variable
H oh+ oh - quantities of A22-furostene derivatives, along with the

more usual A20<22)-furostenes from the sapogenin ring 
A'CH j ” ~ 2a F  opening reactions, has been previously noted. 9

^ — * o y — * oH H
5 6 Experimental Section

_ , , , ... . Infrared spectra were obtained on a Perkin-Elmer Infracord in
and the C3 acetate was removed by crystallization. Nujol and on a Beckman IR-4 in carbon disulfide solutions (0.0025
Thin layer chromatographic analysis of the mother M). Nmr spectra were obtained on a Varian A-60A instrument
liquor then revealed the presence of a more polar using deuteriochloroform as a solvent and tetramethylsilane as
material, 2b. Careful chromatography on silica gel an internal standard. Optical rotations were measured in 0 .2-

• u  j  -vu 0 0 0  00 0 0  r 1 010  „  *ii _ ■ • 1 0 .5%  chloroform solutions at 23 . All extracts were dried over
yielded 2b, mp 288-289 , M o  - 2 1  with an empirical anh;°drous sodium sulfate and evaporated at reduced pressure.
composition in agreement with a hecogemn acetate m-Chloroperbenzoic Acid Oxidation of Pseudohecogenin.—
derivative containing additional hydroxyl and acetoxyl To a solution of 10 g of pseudohecogenin in 1.8 1. of methylene
substituents. This finding was substantiated by the ir chloride at 0 ° was added 9.7 g of m-chloroperbenzoic acid (80%).
hydroxyl band at 3510 cm " 1 and the nmr signals for the The soluti';n was allowed to warm to room temperature and then

. . ., , . _ __ , ™ . . .  storec. in the dark. After 7 days, the solution was washed with
acetate methyls at r 7.92 and 8 .0 2 . The tertiary sodiuin bisuifite and water and evaporated to yield a residue of
character of the hydroxyl group was indicated by its 1 2 .1  g. To 10 g of the residue in 10 ml of pyridine was added
inability to be acetylated in pyridine with acetic anhy- 10 ml of acetic anhydride. After 18 hr, water was added; the
dride, and its location at Cm was inferred by the appear- product was extracted with ether and washed with sodium bi-

carbonate and water. The residue was recrystallized from metha-
(1) Acknowledgment is m ade for support of th is work by Public H ealth nol to give 6.12 g of lb: m p  261-262°; [ar]D —11°; ir */max

Service Research G rant AI-07397 from the  N ational In s titu te  of Allergy 3510 c m -1 (OH) (lit.4 m p  254—259°; [« ] d  —9°). The mother
and Infectious Diseases.

(2) M. E . Wall and H. A. Walens, J. Amer. Chem. Soc., 1 1 ,  5561 (1955),
80, 1984 (1958). (7) R . U. Lemieux, R . K . Kullnig, H. J . Bernstein, and W. G. Schneider,

(3) R. E . M arker, R . O. W agner, P . R . Ulshafer, E . L. W ittbecker, D . P . J . Amer. Chem. Soc., 80, 6098 (1958); M . Karplus, ibid., 85, 2870 (1963).
Goldsmith, and C. H. Ruof, ibid., 69, 2167 (1947). (8) M . E . Walls, Experientia, 11, 340 (1955). We th an k  a  referee for

(4) R . K . Callow and V. H. T . Jam es, Chem. Ind. (London), 112 (1956). pointing out th is correlation.
(5) M . E . Wall, H. A. W alens, and F . T . Tyson, J . Org. Chem., 26, 5054 (9) D. H . Gould, H. Staeudle, and E. B. Hershberg, J . Amer. Chem. Soc.,

(1961). 74, 3685 (1952); A. F . B. Cameron, R . M . Evans, J . C. Ham let, J . S. H unt,
(6) H. M itsuhashi, K . Shibata, and N. U ehara, Chem. Pharm. B ull. P . G. Jones, and A. G. Long, J . Chem. Soc., 2807 (1955); J . A. Zderic, L.

(Tokyo), 14, 301 (1966). Cervantes, and M . T . G alvan, J . Amer. Chem. Soc., 84, 102 (1962).
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liquor was chromatographed on 300 g of silica gel. Nonpolar p osed  th a t  th e  re a c tio n  in volv es a  cy clic  six-m em b ered  
material was eluted with 50%  benzene-ether to give 1.04 g of tra n sitio n  s ta te
lb , followed bv mixed fractions and, finally, 2.68 g of 3/3-(23fi)- . , . . , .  . . .
diace toxy- (20S )-hydroxy- (22 R ,25 B ) - 5a - spirostan -12  - one (2b), A n . ob vlous extension to this work would be to 
eluted with 20%  chloroform-ether. An analytical sample was examine the thermal decomposition of 0-hydroxy esters 
recrystallized from methanol: mp 288-289°; [«]n —21°; ir to see if they decompose by a similar mechanism. If
’’■»** 3510 cm -1 (OH), xmai 2.86 (OH), 5.77, 8.10 (OCOCH3), such is the case, it would be predicted that the 0-
5.85 ( C = 0 ) ,  spiroketal bands, 10.78 (s), 10.99 (s), 11.10 (w), h v d ro x v  e s te -  e th vl 3 -h v d rn x v  3 m p th vlb u tan n atp
and 11.41 n (w); nmr t 9.22 (d, /  =  6 Hz, CH3-27), 9.10 (CH3- n y  l™ y  e s te  e th y l d h y d ro x y  d m e th y lb u ta n o a te
19), 8.80 (CH3-18), 8.67 (CH3-21), 8.02 (OCOCH3-3), 7.92 would pyrolyze to acetone and ethyl acetate.
(OCOHs-23), and 5.08 (t, J  =  2 .2  Hz, H-23).

A nal. Calcd for C3iH«Os: C, 68.11; H, 8 .48. Found: C , (CH3)2CCH2C 0 2E t  — >■ (CH3)2C = 0  +  CH3C 0 2E t
68.49; H, 8 .43. I

3/3-(23B)-Diacetoxy-(22E,25E)-5a-spirost-20(21)-en-12-one OH
(4).— To a solution of 0.5 g of 2b in 20 ml of pyridine at 0° was
added 2.5 ml of thionyl chloride, dropwise with stirring. The A  literature search has indicated that, as far as can be 
mixture was allowed to stand at room temperature for 2  hr, ascertained, the thermal decomposition of 0-hydroxy 
poured over ice, extracted with ether, and washed with sodium , , , . , ,  , . . ,. ,
bicarbonate and water. The residue was recrystallized from e ste rs  h a s  n o t Previously been studied. Accordingly, a
methanol to give 0.45  g of 4 : mp 281-283°; [o] d - 1 .0 °; ir study has been carried out on the thermal decomposi-
Xna* 5.77, 8.10 (OCOCH3), 5.85 ( C = 0 ) ,  spiroketal bands, tion of ethyl 3-hydroxy-3-methylbutanoate, which was
10.81 (w), 10.91 (s), 11.02 (s), 11.14 (m), and 11.49 n (m); nmr r  prepared by a Reformatsky reaction between ethyl
9.20 (d, J  =  6 Hz, CHs-27), 9.09 (CH3-19), 8.89 (CH3-18), b ro m o a c e ta te  an d  a c e t o n e 2 T h e  n v ro lv ses  w ere
8 .01 , (OCOCH3-3), 7 .92, (OCOCHa-23), 5.08 (t, J  =  2.2 Hz, b ro m o a ce ta te  an d  a ceto n e . 1 he p y ro ly se s  w ere
H-23), and 4.58 (m ,__CH2 21). carried  o u t in  xy len e  solu tion  in  sealed  g lass  tu b e s  th a t

A nal. Calcd for C3iH «07: C , 70.43; H , 8.39. Found: C , h ad  been carefu lly  w ashed  to  rem o v e  all t ra c e s  of acid
70.86; H, 8.58. _ o r b ase, an d  th e  p ro d u cts  of th e  re a c tio n  w ere an alysed

30-Acetoxy-(22R ,25R)-5a-spirost-2O(21 )-en-12-one (3). The b y  g a s  ch ro m a to g ra p h y , u sing a  5 -f t  colu m n  of S E -3 0  on
same procedure as the preparation of 4 was followed, using 0.5 p ,  , w
g of lb, 20 ml of pyridine, and 2.5 ml of thionyl chloride. The r  m  o r .
residue was recrystallized from methanol to give 0.23 g of 3 : I t  was found that in xylene solution ethyl 3-hydroxy-
mp 229-232°; [<*]d + 1 9 ° ;  ir xmM 5.77, 8.10 (OCOCH3), 5.85 3-methylbutanoate did indeed decompose at tempera-
( C = 0 ) ,  spiroketal bands, 10.22 (s), 10.95 (m), 10.87 (m), tures of 180-250° to give acetone and ethyl acetate in
1 a° 4  /A Lai',Ci 11 To n n  ™ yield s of 9 0 - 9 5 % .  T h e  p ro d u cts  of th e  re a c tio n  w ere9.09 (CH3-19), 9.04 (CH3-18), 8.00 (OCOCH3-3 , and 5.76 . . , , , ., “  , , .. . .  , .
(m ==c h 2-21 ) ch a ra cte riz e d  b oth  by th e ir  g lp c re te n tio n  tim es an d  in

A nal. Calcd for C29H,20 5: C, 74.01; H , 8.99. Found: C, the case of acetone by the formation of a 2,4-dinitro-
73.79; H, 8 .77. phenylhydrazone, mp 127-8° (after crystallization),

Treatment of 3+Acetoxy-(20S)-hydroxy-(22K,25R)-5a-spiro- from the products of pyrolysis. (The reported melting
stan-12-one with P eracid .-A  solution of 0 4 g of la, 0 .4  g of in t of th e  2  4-dinitrophenylhydrazone of acetone is 
m-chloroperbenzoic acid, and 0.4 g of ra-chlorobenzoic acid in ^ _ 00  x , , , - xl_ , . r
50 ml of methylene chloride was stirred at room temperature, in 128 .3) In the gas chromatography of the products of
the dark, for 5 days. The reaction was quenched by washing pyrolysis apart from the solvent peak (xylene) only
with a saturated sodium bisulfite solution, saturated sodium peaks due to acetone and ethyl acetate were observed,
bicarbonate, and water. The residue (0.43 g) was acetylated The yields were calculated using glpc by comparison of
d e la te  w a ^ m ^ i S ' f r o m  S a i l  to afford O .lsT o fT to  peak areas of the products of pyrolysis with those of
The mother liquor was chromatographed on 15 g of silica gel. a  known mixture of ethyl acetate and acetone in xylene
Upon elution with benzene-+0 %  ether, 0.02  g of lb was obtained. using benzene as an internal standard. In tubes that
Then 0.07 g of a mixed fraction was obtained, followed by 0.05 were not carefully washed some dehydration occurred as
g of an unknown substance eluted with 20% chloroform-ether. evidenced by the appearance of a new peak due to water

Registry N o — 2b, 23405-42-7; 3 , 23405-43-8; 4 , in the gas chromatograph of the pyrolysis products.
23105 1 1  9. The kinetics of the decomposition were followed by

the methods used in the earlier study.la The reaction
------------------------ was followed to at least two half-lives at 217.8 and

. , _  206.0° and one half-life at 191.4 and 179.4°. Good
T h erm al D ecom position of 0-Hydroxy Esters. first-order kinetics were observed, the first-order plots

E th y l -3 - h y d r o x y - 3 -m e th y lb u ta n o a te  being lin ear for all th e  p eriod s during w hich  th e  re a ctio n
w as follow ed. T h e  r a te  co n sta n ts  ob ta in ed  a re  listed  

B. L. Y ates and J. Quuano jn T a b le  I, an d  w ere found to  b e rep ro d u cib le  to  w ithin

D tpanam ento de Qutmica, Univtrsidad del Valle, Cali, Colombia T  vble I

_  R ate C onstants fo b  the P yro lysisReceived September 3, 1969 _  „ TT „F of E thyl 3-Hydroxy-3-methylbutanoate

From recent studies1 on the mechanism of the thermal 17g 4 19 1 /  206 0 217.8
decomposition of 0-hydroxy ketones, it has been pro- x  1()6) gec_! 0 ’269 0 .812 2.76 6.88

/ CH2 ± 5 % -  E q u a l ra te  c o n sta n ts  w ere o b tain ed  w hen th e
RCCHjCHR' —  RCf' ► RC +  CHR re a c tio n  w as follow ed b y  th e  ra te  of ap p e a ra n ce  of th e

II I Ci. -b ¿ H 5
O HO "H - I (2) V. H artm eann  and H. Buenger, Justus Liebigs Ann. Chem., 667, 35

______________  (1963).
(1) (a) B. L. Y ates and J . Quijano, J . Org. Chem., 34, 2506 (1969); (b) (3) A. I. Vogel “ P ractical Organic C hem istry,” Longmans, Green and Co.,

G. G. Smith and B. L. Yates, ibid., 30, 2067 (1965). London, 1957, p 346.
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acetone and of the ethyl acetate as well as by the rate of Furthermore, the fact that the pyrolysis of ethyl 3-
disappearance of the /3-hydroxy ester. In the gas hydroxy-3-methylbutanoate has proved to follow the
chromatography of the products of the reaction no peak course predicted from the results obtained from the
due to ethylene was observed indicating that a possible work on the /3-hydroxy ketones strongly suggests that a
side reaction, the pyrolysis of the ester involving the similar mechanism is involved in the pyrolysis of both
OC2H5 group, takes place to a negligible degree at the types of compounds. A comparison of the rate of
temperature of the reaction. pyrolysis in xylene solution of ethyl 3-hydroxy-3-

Varying the initial ester concentration over 1, 2, 4, methylbutanoate with that of the analogously substi-
and 8%  by volume did not affect the velocity of the tuted /3-hydroxy ketone, 4-hydroxy-4-methyl-2-pentan-
pyrolysis as evidenced by observed rate constants at one, reveals however that the /3-hydroxy ester tends to
206.0° of 2.65, 2.80, 2.76, and 2.62 X  10-6 sec-1. pyrolyze more slowly than the /3-hydroxy ketone, the
Packing the reaction tubes with glass wool which in- respective rates at 206.0° being 2.76 X  10“ 6 and 1.00 X
creased the surface area by a factor of at least 15 gave a 10-3 sec-1. This could perhaps reflect the greater
rate constant of 2.60 X  10-6 at 206.0°, compared to difficulty of formation of the enol form of ethyl acetate
2.76 X  10-6 sec-1 in an unpacked vessel. than that of acetone.5 I t is interesting that in the

These results indicate that the reaction is homogene- analogous case of ester pyrolysis, in which reaction an
ous and of first-order. This taken together with the intermediate enol form is not required, carbonates
products of the reaction and the negative entropy of (ROCOOCH2CH2R) tend to pyrolyze more rapidly
activation, which is typical of those reactions that are than the corresponding ester (RCOOCH2CH2R ).6
thought to involve cyclic transition states,4 suggests The results of the present study would thus seem to
that the pyrolysis of ethyl 3-hydroxy-3-methylbutano- indicate that the pyrolysis of /3-hydroxy esters involves
ate involves the cyclic six-membered transition state I. a cyclic six-membered transition state similar to those

proposed for various other thermal decomposition
reactions, for example, the pyrolysis of esters,4 /3-

rH CH3 hydroxy olefins,7 /3,y-unsaturated acids,8 and /3-hydroxy
I 3 I ^ 2  k p f o n p s  ^I l . . <  ^OC2H5 Ketones.

CH3 C CH2 C OC2H5 CH3 C C -*■ Registry No.—Ethyl 3-hydroxy-3-methylbutanoate,
O ^ O  [ a H - - °  J 18267-36-2.
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j CH2 / OC2H5 CH3 ^OC2H5 and the Comité de Investigaciones of the Universidad

CH3—C + C —► C del Valle for support of this work.

0  0  O (5) J . M arch, “ Advanced Organic Chem istry, Reactions, M echanism s
/  and S tructure ,”  M cGraw-Hill Book Co., New York, N . Y., 1968, p 60.

H  (6) G. G. Sm ith and B. L. Yates, J . Org. Chem., 30, 434 (1965); G. L. '
______________  O’Conner and H. R . Nace, J . Amer. Chem. S oc., 76, 2118 (1953).

(7) G. G. Sm ith and B. L. Yates, J . Chem. S oc., 7242 (1965).
(4) C. H . De P uy  and R . W. King, Chem. Rev., 431 (1960). (8) G. G. Smith and S. E . Blau, J . Phys. Chem., 68, 1231 (1964).
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