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R E A G E N T S  F O R  O R G A N IC  S Y N T H E S IS
Volume III
By Louis F. Fieser and Mary Fieser, b o th  o f  
H a rv a rd  U n iv e r s ity

Favorable comments about the first and second volumes 
have encouraged the authors to present this third volume 
of reagents. Its size reflects the amount of new material 
that has accumulated during 1969 and 1970. The third 
volume contains 717 additional references to 273 rea
gents discussed in the first and second volumes, and 289 
references to 142 reagents reviewed by the authors for 
the first time.
CONTENTS: Introduction. Reagents (A-Z). Suppliers. 
Errata for Volume 2. Index of Reagents according to 
types. Author index. Subject index.
1972 401 pages $18.25
3-volume set: $55.00

M A C R O M O L E C U L A R  S Y N T H E S IS
Volume IV
Edited by William J. Bailey, U n iv e r s i ty  o f  M a ry la n d  

A volume in the Wiley series on Macromolecular 
Synthesis, edited by C. G. Overburger 
With the publication of Volume IV, this series has de
scribed the laboratory synthesis of a total of 124 poly
mers, including biopolymers, new research polymers, and 
commercially important materials. All synthesis proce
dures have been carefully checked and well documented 
to make certain they are easily understandable and con
venient to carry out. In additior, each polymer is char
acterized according to structure and molecular weight to 
aid in the preparation and identification of reactants. 
Throughout the series, an effort has been made to cover 
every major polymerization method so the synthesis can 
serve as models for the preparation of a large variety of 
materials.
1972 224 pages $12.95

S U R V E Y  O F  O R G A N IC  S Y N T H E S IS
by Calvin A. Buehler, U n iv e r s i ty  o f  T e n n e s s e e , and 
Donald E. Pearson, V a n d e rb i l t  U n iv e r s i ty  

Differing in style and approach from the above volumes, 
this extensive book discusses how various functional 
groups are created from other functional groups, and 
covers the principle methods of organic synthesis. The 
main emphasis is on hydrocarbons and derivatives pos
sessing functional groups that contain carbon, hydrogen, 
oxygen, nitrogen, or the halogens. Each r e a c t io n  is  ex
plained in terms of equations, values and limitations, and 
theory.
CONTENTS: Alkanes, Cycloalkanes, and Arenes; Al- 
kenes and Dienes; Alkynes; Alcohols; Phenols; Ethers; 
Halides; Amines; Acetals and Ketals; Aldehydes; Ketones; 
Quinones; Carboxylic Anhydrides; Ketenes and Ketene 
Dimers; Amides and Imides; Nitriles (Cyanides); Nitro 
Compounds; Author Index; Subject Index.
1970 1166 pages $29.50

O R G A N IC  P H O T O C H E M IC A L  S Y N T H E S IS
Volume I
Edited by R. Srinlvasan, IB M  R e s e a rc h  C e n te r  

Associate Editor: T. D. Roberts, U n iv e r s i ty  o f  A rk a n s a s  

By restating many specialized reactions, the authors of 
this volume have rendered accessible a large number of 
generally useful photochemical techniques. Thirty-nine 
photochemical syntheses are described—some useful as 
intermediates to various organic compounds, others 
illustrative of characteristic photochemical transforma
tions. All reactions presented have been run many times, 
and nearly all have been checked independently.
1971 108 pages $10.75

SY N T H E T IC  P R O C E D U R E S  IN 
N U C L E IC  A C ID  C H E M IS T R Y
Volume II
Edited by W. Werner Zorbach and R. Stuart Tipson, 
N a t io n a l  B u re a u  o f  S ta n d a rd s

Each of the nine chapters in this book describes an 
important method of characterization or structure deter
mination, stressing application to compounds derived 
from nucleic acids. Areas of discussion include ioniza
tion constants, ultraviolet absorption spectra, gas-phase 
analysis, mass spectrometry, optical rotary dispersion, 
infrared spectroscopy, nuclear magnetic resonance spec
troscopy, X-ray diffraction, and chromatography. To aid 
those involved in research, the authors have used a 
terminology consistent with that employed by C h e m ic a l  
A b s t ra c ts .

1972 608 pages $25.00

C O M P E N D IU M  O F  O R G A N IC
S Y N T H E T IC  M E T H O D S
By Ian T. Harrison and Shuyen Harrison,
S y n te x  R e s e a rc h , P a lo  A lto

This book is one of the most complete one-volume com
pilations of organic functional group transformations 
published to date. It includes nearly 3000 synthetic 
methods, both old and new, presented in the form of 
reactions with leading references. The text is divided 
into sections covering the following functional groups: 
Acetylenes; Carboxylic Acids, Acid Halides, and Anhy
drides; Alcohols and Phenols; Aldehydes; Alkyls, Methy
lenes, and Aryls; Amides; Amines; Esters; Ethers and 
Epoxides; Halides and Sulfonates; Hydrides; Ketones; 
Nitriles; Olefins.
1971 529 pages $11.95

TH E T O T A L  S Y N T H E S IS  O F  
N A T U R A L  P R O D U C T S  
Volume I
Edited by John W. ApSimon, C a r le to n  U n iv e r s i ty  
T h e  T o ta l S y n th e s is  o f  N a tu r a l  P ro d u c ts  has been com
piled to provide the first definitive reference for total 
synthetic approaches to a wide variety of natural prod
ucts. The authors of the individual chapters are experts 
in their respective fields and each of them has produced 
ah' up-to-date description of the state of the art of total 
synthesis in his particular area. Where possible, the 
commentaries emphasize strategy and stereochemical 
control.
TOPICS COVERED IN VOLUME I: Carbohydrates; Pros
taglandins; Pyrrole Pigments; Nucleic Acids; Antibiotics; 
Naturally Occirring Oxygen Ring Compounds. Also in
cluded; index of subjects and index of reactions.
1972 - 560 pages $24.95
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-PHOSPHOROUS CHEMISTRY-
ANALYTICAL CHEM ISTRY OF  
PHOSPHOROUS CO M PO UN D S
Edited by M. Halmann,
T h e  W e iz m a n n  In s t it u te  o f  S c ie n c e ,  I s ra e l  

Volume 37 in Chemical Analysis: A Series of Monographs 
on Analytical Chemistry and Its Applications, 
edited by P. J. Elving and I. M. Kolthoff 
This book covers predominant aspects in four major 
areas of an important branch of chemistry: separation 
methods, identification methods, groups of compounds, 
and analyses of specific materials. The text treats inor
ganic, organic, and biological compounds, specifically 
discussing recent refinements in physical methods (nmr, 
IR, Raman spectrometry, mass spectrometry) and analy
ses of recently discovered natural compounds with 
carbon-phosphorous bonds.
1972 850 pages $39.95

ORGANIC PHOSPHOROUS CO M PO UN D S
Volume IV
Edited by G. M. Kosolapoff and L. Maier,
M o n s a n to  R e s e a rc h  S .A .

This series constitutes the most comprehensive, current 
treatment of organic phosphorous compounds available. 
Each volume contains articles by outstanding scientists 
in the field, covering methods of preparation, chemical 
and physical properties, and group characteristics of a 
wide range of organic phosphorous substances. 
CONTENTS, VOLUME IV: Tertiary Phosphine Sulfides, 
Selenides, and Tellurides; Halo- and Pseudohalophos- 
phines; Phospnonyl- (thiono-, seleno-) and Phosphinyl- 
(thiono-, seleno-) halides and Pseudohalides; Phosphon- 
ous Acids (thio-, seleno-Analogs) and Derivatives; 
Phosphinous Acids and Derivatives.
1972 544 pages In Press

-REACTIVE INTERMEDIATES-
CARBEN ES
Part One
Edited by Maitland Jones, Jr., P r in c e to n  U n iv e rs ity ,  
and Robert A. Moss, M iT

A volume in the Wiley series on Reactive Intermediates 
in Organic Chemistry, edited by George A. Olah 
This collection of essays is one of the first to deal .criti
cally with a principle class of organic reactive interme
diates. Written by experts, it is especially intended for 
those interested in research.
CONTENTS: Carbenes from Diazo Compounds; The 
Application of Relative Reactivity Studies to the Carbene 
Olefin Addition Reaction; Generation of Carbenes by 
Photochemical Cycloelimination Reactions; Index.
1972 368 pages (approx.) In Press

CARBONIUM IONS
Volume IV
Miscellaneous Ions; Indexes
Edited by George A. Olah, C a s e  W e s te rn  R e s e rv e  
U n iv e r s ity , and Paul von R. Schleyer, P r in c e to n  U n iv e r s ity  

A volume in the Wiley series on Reactive Intermediates 
in Organic Chemistry, edited by George A. Olah 
CONTENTS, VOLUME IV: Aryicarbonium Ions; Primary 
Carbonium Ions; Cyclohepta-trienylium Ions; Oxocarbo- 
nium Ions; Azacarbonium Ions; Protonated Heteroatom 
Compounds; Halocarbonium and Halonium Ions, Metal 
Atom Stabilized Carbonium Ions; Bridgehead Carbonium 
Ions; Cyclopropyl Caticns; Crystallographic Studies; 
Theoretical Calculations; Author Index, Volumes l-IV; 
Subject Index Volumes I-IV.
1973 512 pages $29.95

-MEASUREMENT AND TECHN1QUES-
THE CHEM IST’S COMPANION:
A Handbook of Practical Data,
Techniques and References
By Arnold J. Gordon, P f iz e r  In c . , and 
Richard A. Ford, M o n tg o m e ry  C o lle g e  

This book is an extremely useful collection of facts, 
figures, addresses and references needed by the chem
istry student, teacher, or researcher. Carefully con
structed, self-contained sections deal with properties of 
molecular systems, properties of atoms and bonds, spec
troscopy, photochemistry, chromatography, kinetics and 
thermodynamics, various experimental techniques, math
ematical and numerical information. Wherever appro
priate, an up-to-date bibliography is given, as well as 
names and addresses of suppliers for information or 
purchase of items.
1972 560 pages $14.95

INSTRUMENTAL M ETHODS OF  
ORGANIC FUNCTIONAL G RO UP ANALYSIS
Edited by Sidney Siggia, U n iv e r s i ty  o f  M a s s a c h u s e t ts  

Here, presented for the first time in a single volume, are 
recently developed instrumental techniques for measur
ing functional groups of organic compounds. The 
methods described include nuclear magnetic resonance, 
gas chromatography, absorption spectrometry, radio
chemical analysis and electroanalysis, all arranged by 
functional groups for reading ease. An additional chapter 
on automated wet methods is also included, as well as 
critical evaluations of other approaches and references 
to the basic instrumental techniques and apparatus. 
1972 428 pages $19.95

INFRARED S P EC TR O SC O P Y
By Margareta Avram, anc GH.D. Mateescu,
C a s e  W e s te rn  R e s e rv e  U n iv e r s i ty  

Translated by Ludmila Biriadeanu,
U n iv e r s i ty  o f  C a l i fo r n ia ,  L o s  A n g e le s  

In order to provide the reader with an understanding of 
basic infrared spectroscopy, this book is divided into 
three parts—a brief outline of the theory of infrared 
spectra, a discussion of theoretical and technical aspects 
of infrared instrumentation and techniques, and an ex
tensive description of the various applications of infrared 
spectroscopy such as identification, purity control, and 
quantitative analysis. A detailed presentation of infrared 
spectra of organic compounds follows, with particular 
attention given to the analysis of hydrocarbons and related 
compounds.
1972 527 pages $14.95

GUIDE TO M ODERN M ETHODS  
OF INSTRUMENTAL ANALYSIS
Edited by T. H. Gouw,
C h e v ro n  R e s e a rc h  C o m p a n y , C a l i fo r n ia  

Designed to help investigators choose an optimum analy
tic approach to research problems, this book describes 
a number of the most widely used procedures for instru
mental analysis. Most of the twelve chapters emphasize 
practical information, enabling the reader to understand, 
compare and integrate different techniques.
CONTENTS: Gas Chromatography; High-Resolution 
Liquid Chromatography; Thin Layer and Paper Chroma
tography; Ge P e rm e a t io n  Chromatography; Visible and 
Ultraviolet Spectroscopy; Infrared and Raman Spectro
scopy; Nuclear Magnetic Resonance Spectroscopy; Elec
tron Spin Resonance; Gas Chromatography — Mass 
Spectrometry; Mass Spectrometry; Electroanalytical 
Methods; Differential Thermal and Thermogravimetric 
Analysis; Index.
1972 495 pages $19.50
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HETEROCYCLIC COMPOUNDS
ACRIDINES
Second Edition
Edited by R. M. Acheson, U n iv e r s i ty  o f  O x fo rd  

A volume in the Wiley series on the Chemistry of 
Heterocyclic Compounds, edited by A. Weissberger 
and E. C. Taylor
This new edition of A c r id in e s  reflects the many develop
ments in acridine chemistry during the last fifteen years. 
A number of contributors have revised and expanded 
the original chapters and added several new ones. 
CONTENTS: Nomenclature and Numbering System; Acri
dines; Aminoacridines; 9-Acridanones; The Acridine 
Alkaloids; Acridinium Salts and Reduced Acridines; 
Biacridines; Benzacridines and Condensed Acridines; 
Acridine Dyes; Chemiluminescent Reactions of Acridines; 
Ultraviolet and Visible Absorption Spectra; Infrared Spec
tra of Acridines; NMR Spectra of Acridines; Mass Spectra 
of Acridines; Interactions of Acridines with Nucleic 
Acids; Acridines and Enzymes; Antibacterial Action of 
Acridines; Carcinogenic and Anticarcinogenic Properties 
of Acridines; Acridine Antimalarials.
1972 896 pages (approx.) In Press

SEVEN -M EM BERED  
H ETERO CYCLIC  COM PO UNDS  
CONTAINING OXYGEN AND SULFUR
Edited by Andre Rosowsky, C h i ld r e n ’s  C a n c e r  R e s e a rc h  
F o u n d a t io n .  In c . ,  B o s to n , M a s s a c h u s e t ts  

Volume 26 in the Wiley series, The Chemistry of 
Heterocyclic Compounds, edited by 
Arnold Weissberger and Edward C. Taylor 
This volume discusses methods of synthesis, physical 
properties, chemical reactions, natural sources, and 
industrial or commerical importance for various ring 
systems containing oxygen or sulfur.
CONTENTS: Oxepins and Reduced Oxepins; Oxepin Ring 
Systems Containing Two Rings; Oxepin Ring Systems 
Containing Three Rings; Oxepin Ring Systems Containing 
More Than Three Rings; Dioxepins and Trioxepins; Ter
pene Oxepins; Steroidal Oxepins; Oxepins Derived from 
Sugars; Alkaloids Containing a Seven-Membered Oxy
gen Ring; Monocyclic Seven-Membered Rings Containing 
Sulfur; Condensed Thiepins.
1972 949 pages $75.00

NEW AND RECENT DEVELOPMENTS
THE HYDRATED ELECTRON
By Edwin J. Hart, A rg o n n e  N a t io n a l L a b o ra to ry ,  I l l in o is ,  
and Michael Anbar, S ta n fo rd  R e s e a rc h  In s t itu te ,
C a l i fo r n ia

This book describes such aspects of the hydrated elec
tron as its physical properties, Its Identity as a chemical 
species, its reactions with water dissociation and ioniza
tion products, and its reactions with organic, Inorganic, 
and biochemical compounds. For the benefit of those 
interested in research, the authors have included a chap
ter on experimental techniques, and an appendix with 
useful rates, constants, and tables.
1970 267 pages $14.00

STEREO CH EM ISTRY AND ITS 
APPLICATION IN BIOCHEMISTRY
By William Alworth, T u la n e  U n iv e r s ity  

This book describes in a systematic manner molecular 
symmetry, stereochemistry, and biological stereospeci
ficity. The presentation is designed to provide an insight 
into the stereochemical principles which permit bio
chemical differentiation between the chemically like, 
paired groups of substrate molecules. Material covered 
includes classical examples of biological stereospeci
ficity as well as the most recent results in this area of 
biochemical research.
1972 311 pages $16.95

CONDENSATION M O NOM ERS
Edited by John K. Stifle, U n iv e r s i ty  o f  Io w a  
and Tod W. Campbell
Volume 27 in the Wiley series on High Polymers, 
edited by H. Mark, C. S. Marvel, and H. W. Melville 
Intended as a guide for the scientist in the field, this 
volume features papers by nineteen expert contributors 
covering the following monomers: Aliphatic Dibasic 
Acids; Aliphatic Diamines; Glycols and Bischloroform- 
ates; Hydroxy Acids; Diisocyanates; Bisphenols and their 
Bischloroformates; Carbonyl and Thlocarbonyl Com
pounds; Tetrafunctional Intermediates. Each paper out
lines the uses, commercial and laboratory synthesis, 
physical properties, storage requirements and toxicity 
of a particular monomer, as well as indicating its asso
ciated polymerization reactions.
1972 752 pages $42.50

A v a i l a b l e  a t  y o u r  b o o k s t o r e  o r  f r o m  D e p t .  0 9 2 —

PRO GRESS IN BIOORGANIC CHEMISTRY
Volume II
Edited by E. T. Kaiser and F. J. Kézdy, 
b o th  o f  th e  U n iv e r s i ty  o f  C h ic a g o

This series provides comprehensive, up-to-date treat
ments of important topics in bioorganic chemistry. The 
editors’ intention is to present papers dealing with topics 
of general importance, as well as those reflecting new 
and challenging ideas In this relatively young field. 
CONTENTS, VOLUME II: Reaction Kinetics in the Pres
ence of Micelle-Forming Surfactants; The Apolar Bond— 
A Réévaluation; On the Mechanisms of Action of Folic 
Acid Cofactors; Catalytic Activity of Pepsin; Author Index; 
Subject Index.
1973 288 pages (approx.) in Press

CARBON-13 N UCLEAR MAGNETIC  
RESO N AN CE FOR ORGANIC CHEMISTS
By George C. Levy and Gordon L. Nelson,
G e n e ra l E le c t r ic  C o rp o ra te  R e s e a rc h  a n d  D e v e lo p m e n t  
Newly developing methods of natural abundance Carbon- 
13 nmr spectroscopy are proving to be a powerful tool in 
organic structure analysis and other studies. This volume 
provides a solid background in Carbon-13 nmr methods 
which is readable, current, and oriented towards applica
tions. A significant amount of previously unpublished 
material is included, particularly Carbon-13 Fourier 
transform nmr data.
1972 222 pages $9.95

ORGANIC REACTIONS
Volume 19
Edited by William G. Dauben,
U n iv e r s i ty  o f  C a l i fo r n ia ,  B e rk e le y

The volumes of O rg a n ic  R e a c t io n s  are collections of 
chapters each devoted to a single reaction, or a definite 
phase of a reaction, of wide applicability. The subjects 
are presented from the preparative viewpoint, and partic
ular attention is given to limitations, interfering influences, 
effects of structure, and the selection of experimental 
techniques.
CONTENTS, VOLUME 19: Conjugate Addition Reactions 
of Organocopper Reagents; Formation of Carbon-Carbon 
Bonds Via Tr-Allylnickel Compounds; The Thiele-Winter 
Acétoxylation of Quinones; Oxidation Decarboxylation of 
Acids by Lead (IV) Tetraacetate; Author index, Volumes
1-19; Chapter Index, Volumes 1-19; Subject Index, 
Volume 19.
1972 480 pages $22.50
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In Canada: 22 Worcester Road, Rexdale, Ontario



t h e  j o u r n a l  o f  Organic Chemistry
Published biweekly by the American Chemical Society at 20th and Northampton Streets, Easton, Pennsylvania

E D I T O R - I N - C H I E F :  F R E D E R I C K  D .  G R E E N E
Department of Chemistry, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139

W e r n e b  H e r z
Florida State University 

Tallahassee, Florida

S E N I O R  E D I T O R S

J a m e s  A . M o o r e
University of Delaware 

Newark, Delaware

M a r t i n  A . S c h w a r t z
Florida State University 

Tallahassee, Florida

R o n a l d  C . D .  B r e s l o w  
J o s e p h  F .  B u n n e t t  
C l i f f o r d  A . B u n t o n  
M ic h a e l  P .  C a v a  
O r v i l l e  L .  C h a p m a n  
G e r h a r d  L .  C l o s s

A S S I S T A N T  E D I T O R :  T h e o d o r a  W .  G r e e n e  

B O A R D  O F  E D I T O R S

C h a r l e s  H . D e P u y  
J a c k  J . F o x  
R o b e r t  J . H ig h e t  
E a r l  S. H u y s e r  
W a l t e r  L w o w s k i

J a m e s  A . M a r s h a l l  
J a m e s  C . M a r t i n  
G e o r g e  A . O l a h  
L e o  A . P a q u e t t e  
H o w a r d  E . S im m o n s

E d w a r d  C . T a y l o r  
D a v id  J . T r e c k e r  
E d w in  F . U l l m a n  
E d g a r  W .  W a r n h o f f  
K e n n e t h  B . W i b e r g

E X - O F F I C I O  M E M B E R S :  G e o r g e  H . C o l e m a n , Wayne State University
JEREMIAH P. F r e e m a n , University of Notre Dame (Secretary-Treasurer of the Division of Organic Chemistry of the American Chemical Society)

M A N A G E R ,  E D I T O R I A L  P R O D U C T I O N :  C h a r l e s  R .  B e r t s c h

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

©  Copyright, 1972, by  the American Chemical Society.
Published biweekly by  the American Chemical Society at 

20th and Northam pton Sts., Easton, Pa. 18042. Second- 
class postage paid at W ashington, D . C ., and at additional 
mailing offices.

Production Staff: M anager, Editorial Production,
C h a r l e s  R . B e r t s c h ; Production Editor, E il e e n  S e g a l ; 
Assistant Editor, F e r n  S. J a c k s o n ; Editorial Assistants, 
A n d r e w  J. D ’A m e l io  and D e b o r a h  K . M i l l e r .

Advertising Office: Centcom , Ltd. (form erly Century
Com munication Corporation), 142 East Ave., Norwalk, 
Conn. 06851.

T he American Chemical Society and the Editors o f  The 
Journal o f Organic Chemistry assume no responsibility for 
the statements and opinions advanced by  contributors.

B u s in e s s  a n d  S u b s c r i p t i o n  I n f o r m a t i o n
Correspondence concerning business matters should be 

sent to the Subscription Service Departm ent, American 
Chemical Society, 1155 Sixteenth St., N .W ., W ashington,
D . C. 20036.

Claims for missing numbers will not be allowed (1) if  re
ceived more than 60 days from  date o f  issue plus time 
normally required for postal delivery o f  journal and claim;
(2) i f  loss was due to  failure to  notify the Subscription 
Service Departm ent o f  a change o f address; or (3) i f  the 
reason for the claim is that a copy  is “ missing from  files.”

Change o f  address: N otify  Subscription Service D e
partment, American Chemical Society, 1155 Sixteenth St., 
N .W ., W ashington, D . C. 20036. Such notification should 
include both  old and new addresses and postal Z IP  number. 
Please send an old address label, if  possible. A llow  4 weeks 
for change.

Subscriptions should be renewed prom ptly, to  avoid a 
break in your series. Orders should be sent to  the Sub
scription Service Departm ent, American Chemical Society, 
1155 Sixteenth St., N .W ., W ashington, D . C. 20036.

Subscription rates for 1972: $20.00 per volum e to  m em 
bers o f  the ACS and $60.00 per volume to  all others. Those 
interested in becom ing members should write to  the A d
missions Departm ent, Am erican Chemical Society, 1155 
Sixteenth St., N .W ., W ashington, D . C. 20036. A dd 
$5.00 per subscription for Canada and countries belonging 
to  the Postal Union, and $6.00 for all other countries.

Single copies for current year: $3.00. Postage, single
copies: to  Canada and countries in the Pan-Am erican
Union, $0.15; all other countries, $0.20. Rates for back 
issues from  Volum e 20 to date are available from the Special 
Issues Sales Departm ent, 1155 Sixteenth St., N .W ., W ash
ington, D . C. 20036.

This publication and the other ACS periodical publications 
are now available on microfilm. For information write to 
M IC R O F IL M , Special Issues Sales Departm ent, 1155 Six
teenth St., N .W ., W ashington, D . C. 20036.

Notice to Authors last printed in the issue o f  August 11, 1972

A M E R I C A N  C H E M I C A L  S O C I E T Y ,  115S Sixteenth Street, S .W ., Washington, D .C . 20036

J o h n  K  C r u m
Director

B O O K S  A N D  J O U R N A L S  D I V I S I O N

J o s e p h  H . K u n e y
Head, Business Operations Department

R u t h  R e y n a r d
Assistant to the Director



4A ./. Org. Chem., Vol. 37, No. 21,1972

ORGANIC

MICROANALYSES

Metals —  Pesticides —  P.C.B.
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ADVANCES IN CHEMISTRY SERIES No. 104

Ten p a p e rs  f r o m  a  s y m p o s iu m  b y  th e  D iv is io n  o f  P e s t ic id e  C h e m 

is t r y  o f  th e  A m e r ic a n  C h e m ic a l S o c ie ty  c h a ire d  b y  F ra n c is  J .  B iro s .

Pesticides—key to abundance or the beginning of the end? 
Whether their use leads to more abundant production or to a 
"silent spring" could well depend on the development and use 
of analytical techniques. Residues of pest cides and their deriv
atives have been reported throughout the world and blamed for 
endangering countless forms of life. Which is actually at fault— 
the pesticides or the analytical techniques? Some of the topics 
examined are:

•  gas-liquid chromatographic detectors
•  infrared and ultraviolet spectrophotometry
•  thin-layer and paper chromatography
•  mass spectrometry
•  neutron activation analysis
•  biological assay methods

Here is a guide for future research and development in the battle 
against one type of environmental pollution.
182 pages with index Cloth (1971) $8.50
Postpaid in U.S. and Canada; plus 40 cents elsewhere.
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Quinazolines and 1,4-Benzodiazepines. LIV.1 The Base-Catalyzed Rearrangement 
of 2-Dimethylamino-5-phenyl-7-chloro-3£T-l,4-benzodiazepine 4-Oxide
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The reaction of 2-dimethylamino-5-phenyl-7-chloro-3.ff-l,4-benzodiazepine 4-oxide (2) with the lithium 
anion of dimethyl sulfoxide followed by quenching with water has been shown to lead to the indoles 3 and 4 and 
the quinoline 5. If the reaction mixture is treated with dimethyl sulfate prior to quenching with water, 
five products are formed. These are the indoles 6-9 and the quinoline 5. The structures of the products were 
established by spectral data (3, 4, 8 ), single-crystal X-ray analysis (6, 7), and by an independent synthesis (5, 9).
A reasonable mechanism is proposed which leads to a common intermediate C from which all of the various 
products can be derived.

The synthesis of 2-methylamino-5-phenyl-7-chloro- 
377-1,4-benzodiazepine 4-oxide (1) has been described 
by Sternbach and Reeder.2'3 Subsequently, the treat
ment of 1 with sodium hydride and methyl iodide was 
shown to lead to the dimethylamino analog 2.4 As was 
reported, we have found that the méthylation reaction 
proceeds smoothly and in high yield. However, no 
results have appeared on the further méthylation of 2.

We now wish to report that the reaction of 2 with a 
strong base followed by a methylating agent does not 
lead to a simple methylated derivative of 2, but instead 
gives only products resulting from a rearrangement.

In order to establish whether this rearrangement was 
due solely to the base or to a combination of base and 
methylating agent, we first treated 2 with base only. 
After treating 2 with the lithium anion of dimethyl 
sulfoxide (prepared by reaction of dimethyl sulfoxide 
with rc-butyllithium) and quenching with water, we 
found that profound changes had occurred. The iso
lated reaction products were the indoles 3 and 4 and 
the quinoline 5, as outlined in Scheme I. The yields 
shown are for isolated recrystallized products.

The indole 3 was isolated by trituration of the crude 
reaction mixture (after work-up) with methylene chlo
ride, and then the products 4 and 5 were separated by 
preparative thick layer chromatography.

In a reaction, concerned with the méthylation, com
pound 2 was treated with the lithium anion of dimethyl 
sulfoxide followed by the addition of dimethyl sulfate. 
The reaction with base yields a deep purple-black solu-

(1) Part LUI: G. F. Field, W. J. Zally, and L. H. Sternbach, J. Org. 
C h e m 36, 2968 (1971).

(2) L. H. Sternbach and E. Reeder, J. Org. Chem., 26, 1111 (1961).
(3) The generic name is chlordiazepoxide. This compound, as the hydro

chloride, is the active component of Librium.
(4) S. Farber, H. M. Wuest, and R. I. Meltzer, J. Med. Chem,, 7, 235 

(1964).

Sc h em e  I
CR

L NaH 
2. CHJ

Cl

H
N ^ /C H = N O H

c6h 5

4 (11%)

tion which turns pale yellow upon addition of dimethyl 
sulfate in an exothermic reaction. In contrast to the 
reaction which was quenched with -water, the use of 
dimethyl sulfate as a methylating (and quenching) 
agent leads to the five rearranged products 5-9. The 
yields for isolated, purified compounds, which were

3201
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determined from one experiment, are given in Scheme 
II. In repetitive runs, it was sometimes possible to

o
II

L LiCHoSCH, 
2. (CH30 )2S02

S ch em e  II

2 +
a m  c i

N ^ N iC H sh

-CH=N0CH,

C6H5 
6 (8%)

Cl

N _ N (C H 3)2

-CN
+

c 6H5
7 (11%)

catalyzed rearrangement, the benzodiazepine 12 has 
been shown10 to lead to the indole 13.

CH3

Cl

CH3
I

N . .CN

c 6H5

9 (19%)

0,N

^  N .  COCONHCH, 

13

The formation of the quinoline 15 from the benzodi
azepine 14 has been reported but with the retention of

crystallize the crude reaction mixture directly from 
methanol to yield either 6 or 8. In most cases, 6  was 
obtained preferentially but, in all experiments, thin 
layer chromatography showed the presence of all five 
products. The relative yields of the products were not 
determined in every experiment.

As is shown in Schemes I  and II, the quinoline 5 is 
formed in very low yield in both cases. The product 3, 
which was obtained by quenching the reaction with 
water, appears to be related to the indoles 6 and 7. 
The methylation of the oxime anion of 3 (before quench
ing with water) with dimethyl sulfate would yield the 
indole 6, which could lose methanol to give 7. In a 
similar manner, the oxime anion of 4 upon methylation 
and loss of methanol would give the indoles 8 and 9.5,7

Mechanisms.—Although numerous rearrangements 
of 1,4-benzodiazepines to other heterocyclic systems 
have been reported,8 none of these exactly parallels the 
complex rearrangement reported for 2. The formation 
of indoles was observed in two cases. 5-Chloro-I- 
methyl-3-phenylindole-2-carboxaldehyde (11) was 
formed from the base treatment of 10.9 In an acid- 5 6 7 8 9

(5) The conversion of either 6 to 7 or 8 to 9 was not verified experi
mentally, although, on the basis of similar reactions, the loss of methanol 
from either 6 or 8 does have precedence.6

(6) For example, the treatment of oximes with mesyl chloride followed by 
base treatment has been reported to lead to nitriles: T. J. Bentley, J. F. 
McGhie, and D. H. R. Barton, Tetrahedron Lett., 2497 (1965).

(7) The ratios of the reaction products 3 to 4 and 6 +  7 to 8 +  9 differ 
in Schemes I and II. This was not further explored, since the data in each 
case are based on a single experiment. Slight variations in the reaction 
conditions and in the work-up could well account for these differences.

(8) For a review see R. Ian Fryer, J. Heterocycl. Chem., 9, 747 (1972).
(9) W. Metlesics, G. Silverman, and L. H. Sternbach, J. Org. Chem., 29, 

1621 (1964).

the 4-nitrogen.11 No reports have appeared on the 
formation of a quinoline from a benzodiazepine in which 
the 4-nitrogen has been lost, as is the case in the re
arrangement of 2 to give 5.

A plausible mechanism for the base-catalyzed re
arrangement of 2 into the indoles 4, 8, and 9 is shown in 
Scheme III.

S ch em e  III

2

(10) R. Ian Fryer, J. V. Earley, and L. H. Sternbach, J. Org. Chem., 32, 
3798 (1967).

(11) R. Ian Fryer and L. H. Sternbach, ibid., 30, 524 (1965).
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Removal of the proton at the 3 position would give 
the anion A. Ring closure to B occurs by nucleophilic 
attack on the amidine rather than the imine-oxide 
double bond. This might be expected to occur, since 
the amidine double bond should be more electro
philic. Ring opening of B gives an intermediate C, from 
which all of the various products can be derived (see 
also Schemes IV  and V). The loss of the dimethyl-

ScHEME IV

S c h e m e  V

amino group from C would give D which has the gross 
structure of the products 4, 8 , and 9. The exact nature 
of the reducing agent responsible for the conversion 
of D into 4 is not known. In the presence of dimethyl 
sulfate, 4 is methylated to yield 8 , which via loss of 
methanol yields the nitrile 9.

The formation of 3, 6, and 7 also proceeds through 
the intermediate C, as shown in Scheme IV .

The formation of the cyclopropane intermediate E 
results from the cyclization of the azomethine bond in 
C to the 3 position of the indole. Ring opening of E 
would then give F, which upon protonation yields 3. 
The méthylation of 3 with dimethyl sulfate gives 6, 
which can lose methanol to give 7.

The formation of the quinoline S can also arise from 
intermediate C, as shown in Scheme V.

The cyclization of C to E proceeds as shown and the 
quinoline 5 would result from cleavage of the bond 
bridging the six-membered ring in E  with simultaneous 
loss of nitrous oxide.

Although other possible mechanisms can be en
visioned for the rearrangement of 2, the transformations 
shown in the preceding schemes are attractive because 
all of the observed products can be derived from a 
common intermediate, namely C.

Structure Proof of the Products.—The structures of 
6 and 7 were indicated by microanalyses and spectral

data, and were confirmed by single-crystal X-ray 
crystallographic analyses (see crystallography section).

The structures of 5 and 9 were suggested by spectral 
data and verified by independent synthesis.

Compounds 3, 4, and 8  were assigned the structures 
shown on the basis of microanalyses and spectral data 
in analogy with the previously determined structures 
of compounds 6  and 9. All of the appropriate data for 
these compounds appear in the Experimental Section.

Synthesis of 5.—The known 2,6-dichloro-4-phenyl- 
quinoline12 was treated with dimethylamine to give 6- 
chloro-4-phenyl-2-dimethylaminoquinoline (5), whose 
physical properties and spectra were identical with those 
of the compound which was isolated from the re
arrangement of 2.

Synthesis of 9.—Compound 14 was transformed into 
9 as outlined in Scheme VI.

Cl

S c h e m e  VI
NHCH,CO,Et

| = °

C6H5

14

Cl

NaOEt
EtOH

H
• N v / C02Et

NaH.DMF

x 6h5
15

CH3

CH,I

Cl

O ft

N .C02H L S0C1*
y  2. NH,OH

------3. POCl3U6Î15

KOH

Cl
17

CH,
I

N ^ /C N

C6H,

The ring closure of 1413 to the known indole 15 
proceeded smoothly in ethanol with sodium ethoxide as 
the condensing agent.-4

The indole 15 was methylated in DM F by treatment 
with sodium hydride followed by the addition of methyl 
iodide.16

The resulting ester 16 was then converted to the 
nitrile 9 as described in the literature.16 A ll physical 
properties of this compound were identical with those 
of the nitrile isolated from the rearrangement of 2.

Crystallography.—Crystals of 6 are orthorhombic, 
space group P2i2i2j, with a =  10.698 (2), b =  10.252 (2), 
c = 15.259 (3) A, Z  =  4, dohsd =  1.30, dCaicd = 1.299 g 
cm-3, v  = 20.8 cm-1 . Crystals of 7 are triclinic, space

(12) A. E. Drukker and C. I. Judd, J. Heterocycl. Chem., 3, 359 (1966).
(13) G. A. Archer and L. H. Sternbach, U. S. Patent 3,317,518 (1966); 

Chem. Abstr., 65, 16,988 (1966).
(14) For two different synthesis of 15, see (a) H. Yamamoto, S. Inaba, 

T. Hirohashi, and K. Ishizumi, Chem. Ber., 101, 4245 (1968); (b) S. Inaba, 
K. Ishizumi, and H. Yamamoto, Chem. Pharm. Bull., 19, 263 (1971).

(15) Compound 16 has also been prepared directly by a Fischer indole 
synthesis: H. Yamamoto, et al., South African Patent 68,003,041 (1969); 
Chem. Abstr., 71, 124519m (1969).
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Figure 1.— Stereodrawings of 7 (upper) and 6 (lower). The ellipsoids represent the thermal motions of each atom at the 50% prob
ability level. The two molecules are shown in slightly different orientations in order to reduce overlap of the atoms.

group P I, with a = 10.758 (3), b = 11.899 (6), c = 
12.423 (3) A, « = 88.91 (3),/S = 72.41 (3), y  =  83.08 (3)°, 
Z  =  4, dob8d = 1.30, coaled = 1.305 g cm-3, ¡x =  22.0 
cm-1 . Intensity data for both compounds were col
lected on a Hilger-Watts Model Y290 four-circle dif
fractometer by a moving crystal-moving detector 
method. Nickel filtered Cu Iva radiation and pulse 
height discrimination were used. The approximate 
dimensions of the crystals used for data collection were 
0.05 X 0.05 X 0.35 mm (6) and 0.25 X 0.25 X 0.20 mm
(7); no absorption corrections were made. Of the 1801 
accessible independent reflections of d >  70°, only 724 
had intensities significantly greater than background 
and these data were used for the structure analysis of 
6 (there were 3920 observed data out of a total of 5040 
reflections with 6 <  70° for 7).

Both structures were solved by the heavy atom 
method starting with Cl coordinates determined from 
sharpened Patterson functions. The hydrogen atoms 
were located from difference Fouriers calculated after 
partial refinement of the structures. The structure of 
6 was refined by full-matrix least squares and the struc
ture of 7 was refined by clock-diagonal least squares 
with the matrix partitioned into nine blocks. In both 
cases all atoms except hydrogen were assigned aniso
tropic thermal parameters. The hydrogen parameters 
were held fixed for 6 but were refined for 7.

The quantity minimized was
a »  IIF.I -  !G ||2

where w = l/(a  +  |F0| +  c|F0|2), a -  13.3, c = 0.016 A 
for 6, a = 4.5, c =  0.012 A for 7.

Standard scattering curves were used for Cl, O, N, 
C ,16 and H .17 The Cl curve wTas corrected for the real

(16) D. T . Cromer and J. T . Waber, Acta Crystallogr., 18, 104 (1965).
(17) R . F. Stewart, E. R . Davidson, and W. T . Simpson, J. Chem. Phys., 

42, 3175 (1965).

and imaginary parts of the anomalous scattering.18 
The refinement was stopped when the shifts of all 
parameters except those of the hydrogens were less 
than one-third of the corresponding standard devia
tions. The difference Fouriers based on the finalo
parameters have no features greater than 0.3 e A -3 in 
magnitude. The final R  = S||F0| — | i ’c||/||/S |F 0| is 
0.048 for 6 and 0.041 for 7.19

The bond lengths and angles in the twro structures are 
in agreement with the expected values. In the - C p -  
Ca=N O C H 3 moiety of 6 the distances and angles are 
Cg-Ca, 1.547 (13); C «=N , 1.254 (12); N-O, 1.410
(10); 0 -C H s, 1.409 (13) A; C„-Ca-N , 120.5 (9); 
Ca-N-O, 108.7 (8); N -0 -C H s, 108.0 (8)°. Average 
values for the bond angle and lengths in the Ca-C = N  
moiety of 7 are Ca-C , 1.473 (3); C = N , 1.140 (3) A; 
Ca-C -N , 178.4 (3)°. The conformations of the two 
crystallographically independent molecules in crystal
line 7 are nearly identical and thus a stereoview of only 
one is shown in Figure 1, together with a stereoview 
of 6.

Experimental Section
All melting points were taken on a Thomas-Hoover capillary 

melting point apparatus and are corrected. The ir spectra were 
determined on a Beckman IR-9 spectrometer in chloroform 
(3% solutions) unless stated otherwise. The nmr spectra were 
recorded with a Varian A-60 instrument in deuteriochloroform. 
Absorption values are given in parts per million downfield 
from tetramethylsilane added as an internal standard. The 
mass spectra were determined with a CEC 21-110B instrument.

(18) D. T. Cromer, Acta Crystallogr., 18, 17 (1965).
(19) Listings of structure factors, coordinates, and thermal parameters 

for 6 and 7 will appear following these pages in the microfilm edition of this 
volume of the journal. Single copies may be obtained from the Business 
Operations Office, Books and Journals Division, American Chemical Society, 
1155 Sixteenth St., N.W., Washington, D. C. 20036, by referring to code 
number JOC-37-3201. Remit check or money order for $3.00 for photo
copy or $2.00 for microfiche.
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Separation of 3, 4, and 5 from the Reaction of 2 with LiCH2- 
SOCH3 Followed by Water Treatment.— To 150 ml of dry
dimethyl sulfoxide, under argon, was added 46.5 ml of 1.6 1  n- 
butyllithium in hexane. After the evolution of H2 had ceased,
18.8 g (60 mmol) of 2 was added in one portion. The resulting 
deep purple-black solution was stirred for 35 min and quenched 
with 500 ml of water. The color immediately reverted to pale 
yellow. After extraction with three 400-ml portions of CH2C12, 
the organic solutions were combined, washed with 15% NaCl, 
dried (MgSCh), and concentrated to yield 17.5 g of sticky yellow 
solid. This residue was triturated with 250 ml of hot CH2CI2, 
cooled, and filtered to give 5.6 g (30%) of 3. The filtrate was 
concentrated and the residue was separated by preparative thick 
layer chromatography [benzene-ethyl acetate (5 :1) as eluent] 
to give 800 mg (0.5% ) of 5 as a high Ri band and 3 g (11%) of 4 
as a low R[ band. From the origin, 6 g (32%) of starting 
material was recovered.

5-Chloro-2-dimethylamino-3-phenyl-3//-indole-3-carboxalde- 
hyde Oxime (3).— This oxime was obtained as colorless prisms 
by recrystallization from benzene: mp 222-223.5°; ir (CHC13) 
3500-2000, 1610, 1560, 1462, 1404, 1310 cm-1; nmr 6 2.93 [s, 
6 H, N(CH3)2], 7.01 (m, 3 H, aromatic), 7.30 (s, 5 H, aromatic),
8.25 (s, 1 H, C H = N ), 11.22 (s, 1 H, OH); mass spectrum m/e 
313 (M+), 296 (M+ -  OH).

Anal. Calcd for Ci,H 16C1N,0: C, 65.07; H, 5.14; N,
13.39. Found: C, 65.05, 64.94; H, 5.23, 5.21; N, 13.29, 
13.32.

5- Chloro-3-phenyl-2-indolecarboxaldehyde Oxime (4).— The 
indole was recrystallized from methanol-water to give colorless 
prisms: mp 204-206°; ir (CHCI3) 3400, 3350-2250 cm-1; 
nmr 5 7.24-7.73 (m, 9 H, aromatic and C H = N ), 11.75 and
12.15 (br s, 2 H, NH and OH); mass spectrum m/e 270 (M +), 
253 (M+ -  OH).

Anal. Calcd for C15H11CIN2O: C, 66.55; H, 4.10; N, 10.35. 
Found: C, 66.72, 66.75; H, 4.13, 4.16; N, 10.41, 10.43.

6- Chloro-2-dimethylamino-4-phenylquinoline (5).— This com
pound was recrystallized from methanol to give pale yellow 
needles: mp 93-95°; ir (KBr) 1610, 1600 cm-1; nmr 5 3.06 
[s, 6 H, N(CH3)2], 6.69 (s, 1 H, aromatic), 7.31-7.80 (m, 8 H, 
aromatic); mass spectrum m/e 282 (M +), 267, 253, 239.

Anal. Calcd for C;7H16C1N2: C, 72.21; H, 5.35; N, 9.91. 
Found: C, 72.16; H, 5.42, 5.50; N, 9.97, 9.90.

Preparation and Separation of Compounds 5-9 (General 
Procedure).— To 150 ml of dry dimethyl sulfoxide, under argon, 
was added 46.5 ml of 1.6 M  n-butyllithium in hexane. The 
resulting solution was stirred at room temperature for approx
imately 15 min until the evolution of hydrogen had ceased. 
Compound 2 (18.8 g, 60 mmol) was then added in one portion 
and, after 15 min, 6.3 ml (66 mmol) of dimethyl sulfate was 
added. The solution was stirred for 18 hr at room temperature, 
then poured into ice water; the mixture was extracted with 
CH2C12. The organic phase was washed with saturated NaCl, 
dried (MgSCh), and concentrated in vacuo. The residue, 
which was a mixture of solid and gummy material, was dissolved 
in CH2C12 and chromatographed on 200 g of aluminum oxide 
(Woelm, activity I) to give 14.1 g of crude products (benzene as 
eluent) and 3.2 g of starting material (17% recovered 2) as a 
final fraction. The first fraction was separated into three 
fractions on 20 X 20 cm silica gel thick layer plates (approx
imately 500 mg per plate) in chloroform-heptane (1:1).

The high Ri (0.48)20 fraction yielded, after recrystallization 
from methanol, 4.5 g (25%) of 8 .

The medium R[ (0.25) fraction gave, after recrystallization 
from methanol, 3.0 g (19%) of 9.

The material remaining at the origin was recovered and re
chromatographed on thick layer plates, using benzene-ethyl 
acetate (3 :1) as eluent, to give the other three products.

The high R f material (0.52) gave 1.5 g (8% ) of 6 after recrystal
lization from methanol. The medium Ri (0.26) spot yielded
2.0 g (11%) of 7 after recrystallization from 2-propanol. The 
low R i (0.18) band gave 0.7 g (4% ) of 5 after recrystallization 
from methanol.

The total yield of recovered products, including starting 
material, was 84%.

5-Chloro-2-dimethylamino-3-methoxyiminomethyl-3-phenyl- 
3i?-indole (6).— This compound was obtained as colorless

(20) The Ri values refer to Merck plates- The thick layer separations 
were done on laboratory-prepared plates on which the products had slightly 
higher Rf values.

prisms from methanol or from benzene-hexane: mp 173-175°; 
ir (CHCI3) 1610, 1580 cm -1; uv max (EtOH) 220 m/u (e 26,800), 
287 (17,450), 295 (16,800), 320 (sh, 4,200); nmr S 3.00 [s, 6 H, 
N(CH3)2], 3.85 (s, 3 H, OCH3), 6.81 (t, J =  1 cps, 1 H, aro
matic), 7.12 (d, /  = 2 cps, 2 H, aromatic), 7.30 (m, 5 H, aro
matic), 7.95 (s, 1 H, C H = N ); mass spectrum m/e 327.1184 
(M+), 296.0978 [M+ -  OCH3, theory 296.0955).

Anal. Calcd for Ci8Hi8C1N30 : C, 65.95; H, 5.53; N,
12.82. Found: C, 66.23; H, 5.62; N, 12.93.

6 HBr.— The hydrobromide was prepared in the usual fashion 
and recrystallized from ethanol-ether to give colorless prisms, 
mp 237-239°.

Anal. -Calcd for C18H,8ClN30-H B r: C, 52.89; H, 4.68; 
N, 10.28. Found: C, 52.90; H, 4.52; N, 10.51.

The free base could be recovered by treatment of the salt with 
NaH C03.

5-Chloro-3-cyano-2-dimethylamino-3-phenyl-3/7-indole (7).—
The pure nitrile was obtained as colorless prisms by recrystalliza
tion from methanol: mp 166-168°; ir (CHC13) 2240, 1620 
cm -1; Raman (solid) 2240 cm -1; nmr S 3.08 [s, 6 H, N(CH3)2],
7.01 (m, 1 H, aromatic), 7.17 (br s, 2 H, aromatic), 7.36 (s, 5 H, 
aromatic); mass spectrum m/e 295 (M +).

Anal. Calcd for CnHuClN3: C, 69.04; H, 4.77; N, 14.21. 
Found: C, 68.89; Ii, 4.75; N, 14.06.

5-Chloro-l-methyl-2-methoxyiminomethyl-3-phenylindole (8). 
— The product was obtained as colorless needles by recrystal
lization from methanol: mp 145-147°; ir (CHC13) 1610 cm-1; 
nmr S 3.97 (s, 3 H, NCH3 or OCH3), 4.01 (s, 3 H, NCH3 or 
OCH3), 7.24 (d. J  =  1 cps, 2 H, aromatic), 7.38 (s, 5 H, aro
matic), 7.59 (t, J =  1 cps, 1 H, aromatic), 8.16 (s, 1 H, N = C H ); 
mass spectrum m/e 298.0897 (M +, theory 298.0873), 267.0695 
(M+ -  OCH3, theory 267.1689).

Anal. Calcd for Ci,HI6C1N20 : C, 68.34; H, 5.06; N, 9.38. 
Found: C, 68.10, 68.22; H, 5.07, 5.04; N, 9.31, 9.31.

5-Chloro-2-cyano-l-methyl-3-phenylindole (9).—The indole 
was recrystallized from methanol to give colorless needles: mp
125-127°; ir (CHC1,) 2220 cm -'; nmr S 3.80 (s, 3 H, NCH3),
7.04-7.77 (m, 8 H, aromatic); mass spectrum m/e 266 (M +).

Anal. Calcd for Ci6H uC1N2: C, 72.05; H, 4.16; N, 10.50. 
Found: C, 71.59, 71.46; H, 4.17, 4.15; N, 10.44, 10.30.

Ethyl 5-Chloro-3-phenvlindole-2-carboxylate (15).— To a 
solution of sodium ethoxide [from 2.53 g (0.11 mol) of sodium] 
in 400 ml of ethanol was added 32 g (0.1 mol) of 14. After 
refluxing for 2 hr (a large amount of precipitate forms) the mix
ture was poured into a large volume of water and filtered. The 
solid was recrystallized from methanol to yield 11.3 g (38%) 
of 15, mp 173-174° (lit.14 mp 172-172.5°).

Ethyl 5-Chloro-l-methyl-3-phenylindole-2-carboxylate (16).— 
To a suspension of 1.47 g of 57% sodium hydride in mineral oil 
(35 mmol of sodium hydride) in 100 ml of DM F, under argon at 
room temperature, was added 10 g (33.4 mmol) of 15. After 
approximately 20 min, hydrogen evolution had ceased and 6.2 
ml (100 mmol) of methyl iodide was added. After stirring for 4 
hr at room temperature, the solution was diluted with water 
and extracted thoroughly with ether. The ether extracts were 
combined, washed with water, dried (M gS04), and concentrated 
to give 10 g (95%) of 16 as a pale yellow solid, mp 82-84° (lit.15 
mp 88-89°). The product was used without further purifica
tion.

5-Chloro-l-methyl-3-phenylindole-2-carboxylic Acid (17).— 
To a solution of 1.85 g (33 mmol) of potassium hydroxide in 
100 ml of warm ethanol was added 10 g (32 mmol) of 16 and the 
solution was refluxed for 45 min. After concentrating in vacuo, 
the residue was dissolved in water, acidified with 3 N HC1, and 
filtered to give 8.7 g (95%) of the acid as an off-white solid, mp 
215-218° (lit.15 mp 211-213°).

5-Chloro-2-cyano-l-methyl-3-phenylindole (9) from 17.— A
solution of 1.0 g (3.5 mmol) of 17 in 5 ml of thionyl chloride was 
refluxed on the steam bath for 15 min and concentrated in vacuo. 
Ammonium hydroxide (10 ml) was added, and the mixture was 
heated on the steam bath for 20 min, cooled, and filtered to 
give 800 mg (83%) of the corresponding amide.

The amide was refluxed with 5 ml of phosphorus oxychloride 
for 10 min. After cooling, the solution was poured over ice, 
allowed to warm to room temperature, basified with concen
trated ammonium hydroxide, cooled, and filtered. The solid 
so obtained was recrystallized from methanol-water to give 
450 mg (60%) of 9, mp 128-129° (lit.14 mp 128.5-130.5°). The 
spectra (ir, nmr, mass spectrum) were identical with those of the 
product isolated from the rearrangement of 2 .
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6-Chloro-2-dimethylamino-4-phenylquinoline (S), Prepared 
from 2,6-Dichloro-4-phenylquinoline.— The dichloroquinoline was 
prepared according to the procedure of Drukker and Judd.12 
A mixture of 13 g (47.5 mmol) of 2,6-dichloro-4-phenylquinoline, 
100 ml of 25% dimethylamine in water, and 50 ml of ethanol was 
heated in a Parr bomb at 100-110° for 18 hr. After the solution 
was concentrated to a small volume, the residue was recrystal
lized from methanol to yield 12.1 g (90%) of 5 as pale yellow 
needles, mp 98-100°. The spectral data were identical with 
those for the compound obtained from the rearrangement of 2.

Anal. Calcd for CnH16ClN2: C, 72.21; H, 5.35; N, 9.91. 
Found: C, 72.24; H, 5.50; N, 9.55.

Registry No.—2, 3693-14-9; 3, 35337-03-2; 4,
35337-04-3; 5, 31576-98-4; 6, 35337-06-5; 6 HBr,

35337-07-6; 7, 35337-08-7; 8, 35337-09-8; 9, 24139-
18-2.
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■ The title compounds are brominated by NBS to yield epimeric 2,2'-diacetyl-4,4'-dibromo-l,l',2,2'-tetra- 
hydro-1,1'-biisoquinolines rather than l,l'-dibrom o derivatives as reported previously. Cleavage of the 1,1' 
bond characterizes attempts to aromatize these compounds by oxidative methods; e.g., the dibromo derivatives 
are converted to 4-bromoisoquinoline in 90% yield by 5.3 N  nitric acid at 30°. dl- and meso-4,4'-dibenzal- 
l,l',4,4'-tetrahydro-l,l'-biisoquinolines are recovered in low yields when the title compounds are heated in 
ethanol with benzaldehyde and concentrated hydrochloric acid; extensive cleavage of the 1,1' bond again occurs 
with the formation of 4-benzal-l,4- (and 3,4-) dihydroisoquinoline. 5,5'-Dinitro- and 5-nitro-l,l'-biisoquinoline 
are described.

Previously it was reported1 that both epimers of 2,2'- 
diacetyl-1,1',2,2'-tetrahydro-1,1'-biisoquinoline (la,b)

la, dl 
b, meso

(prepared by the Dimroth reaction from isoquinoline, 
zinc, and acetic anhydride) and W-bromosuccinimide 
reacted in acetic acid to give epimeric dibromo com
pounds, C22Hi8Br2N202. Alkaline hydrolysis of the 
latter gave mixtures of isoquinoline and a bromoiso- 
quinoline (approximately equimolar). Based in part 
on the melting point of the bromoisoquinoline recovered 
by preparative glc, this compound was considered to be 
the 1-bromo isomer; the dibromo compounds were then 
considered to be epimeric 2,2'-diacetyl-l,l'-dibromo-
1,1 ',2,2 '-tetrahydro-1,1 '-biisoquinolines.

Subsequent work (mixture melting points, compari
son of ir spectra, JH nmr) has shown that this bromo
isoquinoline is actually the 4 isomer. Consequently, 
the dibromo compounds are reformulated as 2,2'- 
diacetyl-4,4'-dibrom o-l,l',2,2'-tetrahydro-l, 1 '-biiso
quinolines (2a,b). This assignment is confirmed by the 
proton nmr spectrum2 on the lower melting, more- 
soluble, d l isomer, 2a.

Cleavage of the 1,1' bond with formation of a mixture 
of isoquinoline and 4-bromoisoquinoline is also observed

(1) A. T. Nielsen, J. Org. Chem., 35, 2498 (1970).
(2) *H nmr for dZ-^^'-diacetyl-^L^'-dibromo-l.l'^^'-tetrahydro-ljl'-

biisoquinoline: r (CDCls) 2.42 (dd, 1, J = 7.5, 1.5 Hz, Hs), 2.69 (td, 1,
J = 7.5, 1.5 Hz, He), 2.94 (s, 1, H»), 3.15 (td, 1, J =  7.5, 1.5 Hz, Ht), 4.02 
(dd, 1, J — 7.5, 1.5 Hz, Hs), 4.15 (s, 1, Hi), 7.83 (s, 3, COCHs).

la ,b

Br

2a, dl 
b, meso

N a O H

a q  E tO H , 
r e f lu x

Br

+

when 2a and 2b are oxidized by refluxing nitrobenzene. 
On the other hand, oxidation of 2a with 5.3 N  nitric 
acid at 30° gives 4-bromoisoquinoline in 90% yield.

Aromatization of 2a without cleavage of the 1,1' bond 
so as to recover 4,4'-dibromo-1,1'-biisoquinoline was 
attempted by the procedure of Knabe.3 The latter had 
demonstrated that laúdanosme could be oxidized to N -  
methylpapaverinium and Ar-mcthy 1-3,4-dihydro papa- 
veri niurn salts by mercuric acetate and disodium ethyl- 
enediaminetetracetate in aqueous acetic acid; other 
oxidation conditions had caused cleavage at the 1- 
methylene bond. However, even after prolonged 
heating at 80-85° only partial oxidation of 2a had oc
curred; small amounts (< 15 % ) of impure 4-bromoiso
quinoline were isolated, suggesting that cleavage was 
still the preferred route.

The conversion of la,b directly to 1 ,1 '-biisoquinoline 
or derivatives has been further investigated beyond the 
results reported previously.1 Extensive cleavage of the 
1,1' bond again characterizes most of the reactions.

(3) J. Knabe, Arch. Pharm. {Weinheim), 292, 416 (1959).
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For example, isoquinoline (IQ) is formed from la at 
room temperature with chloranil in aqueous acetic acid, 
with activated manganese dioxide in acetonitrile, and 
with cupric chloride in acetonitrile (the 1 :1  complex, 
CuC12-IQ , precipitates). Oxidation of lb with either
5.3 N  or 8 N  nitric acid proceeds rapidly and exo
thermically at room temperature; isoquinoline is 
recovered in 90-95% yield. Nitration of la in con
centrated sulfuric acid at 3 -7° furnishes 5-nitro- and
4,6-dinitroisoquinoline. Under the same conditions of 
nitration, l,l'-biisoquinoline was converted to 5,5'-di- 
nitro- and 5'-nitro-l,l'-biisoquinoline (73 and 2 1% , re
spectively).

3,3'-Biisoquinoline was isolated in low yield from lb 
by refluxing in nitrobenzene with 10 %  palladium/ 
charcoal catalyst; the principal product was isoquino
line. In the absence of Pd/C, no biisoquinoline was 
formed. It has been suggested by Carey and Sasse4 
that 3,3'-biisoquinoline is formed with 1,1'- and 1,3'- 
biisoquinolines when isoquinoline is heated with 
rhodium/carbon catalyst.

Since there is substantial evidence5,6 that 1,2-dihydro- 
isoquinolines are intermediates in the synthesis of 4- 
benzylisoquinolines from benzylaminoacetaldehyde di
alkyl acetals, aromatic aldehyde and acid, the reaction 
of the 1,2-dihydroisoquinoline derivatives, la,b, with 
benzaldehyde and hydrochloric acid was examined. 
A variety of products were formed; the principal one, 
which again arose from a cleavage of the 1,1' bond, was 
a mixture (based on the nmr spectrum) of 3 and 4.

CHC6H5

| I + other products

Similar isomers have been found previously in this type 
of reaction.6 More importantly, two other high-melting 
isomers were recovered in low yield; their molecular 
weights and mass spectral behavior indicated that they 
were derivatives of l,l'-biisoquinoline. Because the ]H 
nmr spectra showed methine but no benzyl methylene 
protons, the compounds are considered to be epimers 
5a,b. Other compounds, including some isoquinoline,

CHC6H5

5a, b

(4) J. C. Carey and W. H. F. Sasse, Aust. J. Chem., 21, 207 (1968). 
Compare, however, H. Rapoport, R. Iwamoto, and J. R. Tretter, J. Org. 
Chem., 26, 372 (1960), who reported that no biaryl was formed by catalytic, 
dehydrogenation when isoquinoline was refluxed for 24 hr with 5% Pd/C.

(5) J. M. Bobbitt, D. P. Winter, and J. M. Kiely, ibid., 30, 2459 (1965), 
and references therein.

(6) D. W. Brown, S. F. Dyke, and M. Sainbury, Tetrahedron, 25, 101 
(1969); S. F. Dyke, M. Sainbury, D. W. Brown, M. N. Palfreyman, and
D. W. Wiggins, ibid., 27, 281 (1971).

were also isolated in low yield as their picrates, but were 
not characterized by nmr.

Experimental Section
Oxidation of 2a,b with Nitrobenzene. A.— The meso isomer 

(2b)1 (4.0 g) was refluxed for 3 hr with 40 ml of nitrobenzene; 
the poorly soluble amide gradually dissolved to give a yellow 
solution which turned red, then dark brown. The cooled 
solution after dilution with 50 ml of 95% ethanol and 200 ml of 
diethyl ether was extracted with one 80 ml and one 25 ml portion 
of 3 N hydrochloric acid. The combined acid solutions were 
reextracted with 100 ml of fresh ether (discarded), made basic, 
and extracted with three 70-ml portions of ether. After drying 
over anhydrous potassium carbonate, the ether solution was 
evaporated to leave 2.5 g of red liquid. An analytical glc 
showed 12.0, 41.6, and 42.7 mol % , respectively, of nitrobenzene, 
isoquinoline, and 4-bromcisoquinoline (samples of the last two 
compounds, isolated by preparative glc, had ir spectra identical 
with those of authentic specimens): HI nmr for 4-bromo- 
isoquinoline t (CDC13) 0.85 (s, 1, Hi), 1.28 (s, 1, Ha), 1.7-2.5 (m, 
4, H6, He, H,, H8).

B.— A similar experiment with the dl isomer (2a) gave 2.66 g 
of product which contained 27.5 and 66.2 mol % , respectively, 
of isoquinoline and 4-bromoisoquinoline.

Oxidation of 2a with Nitric Acid.— 2a1 (1.5 g) was added with 
stirring to 30 ml of 5.3 N nitric acid at 29°. The temperature 
rose during 5 min to 31° and held for about 15 min; some oxides 
of nitrogen were evolved. Stirring was continued at 29° for 3.5 
hr. Although the solid never dissolved completely, its character 
changed. After diluting with 10 ml of water and cooling to 
— 15°, the solid was filtered, washed twice with 2-3 ml of cold 
water and dried, 1.36 g (84%). [From the mother liquors and 
washings after basification there was recovered 0.07 g (5.6% ) 
of solid, mp 4 0 ^ 1 °, whose ir spectrum was identical with that of
4-bromoisoquinoline.] Recrystallization of a small portion 
from dilute nitric acid gave felted, flat needles of 4-bromoiso- 
quinolinium nitrate, mp 172-173° dec.

Anal. Calcdfor C9H7BrN203: Br, 29.48; N, 10.34. Found: 
Br, 29.44; N, 10.28.

The balance of the salt in a minimum of cold water was made 
basic; white plates, mp 42-43°, separated upon cooling. Again 
the ir spectrum was identical with that for 4-bromoisoquinoline; 
mixture melting point was undepressed.

Oxidation of lb  with Nitrobenzene. A. Without Catalyst.—  
Refluxing 1.6 g of lb 1 with 15 ml of nitrobenzene under nitrogen 
for 3 hr followed by isolation of basic material in a conventional 
manner gave 1.13 g (95%) of isoquinoline (ir spectrum same as 
that of an authentic sample).

When the above reaction was attempted at 120-125° for 8 hr, 
under nitrogen and with stirring, the starting amide was re
covered quantitatively.

B. With Catalyst.— A slurry of 2.0 g of lb , 1.0 g of 10% 
P d/C , and 20 ml of nitrobenzene was flushed well with dry 
nitrogen, then stirred and heated at 120-130° for 3.5 hr. The 
cooled solution was diluted with 50 ml of benzene, filtered, and 
extracted with 50 ml of 2.4 N hydrochloric acid, followed by 25 
ml of water. The combined aqueous extracts were reextracted 
once with benzene, made basic with concentrated ammonium 
hydroxide, and chilled overnight at 5°. The solid which sep
arated was filtered, washed with water and dried, 0.4 g (27%). 
After two recrystallizations from cyclohexane-benzene (6:4) 
the melting point was 198-199°; the ir spectrum was the same 
as that for authentic 3,3'-biisoquinoline,7 mp 197-198°.

Anal. Calcd for C18H12N2: C, 84.35; H, 4.72; N, 10.93; 
mol wt, 256. Found: C, 84.51; H, 4.71; N, 10.87; mol wt 
(vpo), 250.

From the basic aqueous mother liquors remaining after 
removal of the above solid product, there was isolated through 
ether extraction 0.91 g (61%) of isoquinoline (ir spectrum) and 
a few crystals of acetanilide, mp 113-116° (ir spectrum).

Formation of the 3,3'-biisoquinoline in this catalyzed oxidation 
was not reproducible; in many experiments only a trace or none 
of this compound was found. Cleavage to isoquinoline was 
consistently 65-70% under these same conditions; at 100-102° 
the yield of isoquinoline was only 9%  after 6 hr; at 130-140° 
after 4 hr, it was 85%.

(7) F. H. Case, J. Org. Chim., 17, 471 (1952).
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Oxidation of lb  with Nitric Acid.—The meso epimer lb  (1.2 
g) was slurried with 30 ml of 5.3 N  nitric acid at 24°. Within 5 
min the temperature had increased to 27° and oxides of nitrogen 
were being evolved. After 10 more min all of the solid had 
dissolved (temperature 26°). After standing overnight at 25°, 
the solution was cooled and made basic with concentrated 
ammonium hydroxide. Isoquinoline (0.85 g, 93%) separated 
as a pale yellow oil; the ir spectrum was identical with that for 
authentic isoquinoline.

With 8 N nitric the reaction was more rapid and exothermic; 
the yield of isoquinoline was 95% .

Nitration of la .— Compound la1 (3.44 g; 0.01 mol) was added 
during 5 min to 30 ml of 96% sulfuric acid at 10-15°. To the 
resulting slurry was added with stirring 4.5 g (0.044 mol) of 
powdered potassium nitrate over 1.75 hr while maintaining a 
temperature of 3-7°. The acetyl compound gradually dissolved, 
and the color changed from pale orange to dark amber; some 
frothing occurred. After 1 hr at 5°, the solution was poured over 
100 g of ice and made basic with cold, concentrated ammonium 
hydroxide. The yellow solid was filtered, washed well with cold 
water and dried, 3.55 g, mp 100-130° (dec).

The crude product was separated into a poorly soluble fraction 
(1.5 g; mp 165-175°) and a soluble fraction by boiling with 100 
ml of 95% ethanol and cooling to 5°. Recrystallization of the 
former from ethanol gave rosettes melting at 182-183°. The 
analyses and molecular weight indicate a dinitroisoquinoline.8 
The 'H  nmr spectrum is consistent with that required for 
4,6-dinitroisoquinoline. This structure was established un
equivocally through use of the Eu(fod)3 shift reagent9 in 
C D C h .  As expected, the singlet signals assigned to Hi and H3 
showed the greatest downfield shift and were broadened. The 
protons on the benzo ring became well resolved: the signals
assigned to Hs shifted the most, since this proton is closest to the 
heteroatom, and showed only the splitting expected for ortho 
coupling (9 Hz); H5 showed splitting due to meta coupling 
(2 Hz), whereas Hi, which was shifted the least, appeared as a 
doublet of doublets (both ortho and meta splitting). If this 
compound had been the 4,7 isomer, the Hs signal would have 
again been shifted further downfield than those for the two 
other benzo protons but would have shown only meta splitting. 
Signals appeared at t (Polysol-d10) 1.32 (6-line multiplet, 2 , Jn = 
9 Hz, J57 =  2 Hz, Hi and H8), 0.73 (m, 1, Jn  = 2 Hz plus 
another 1 Hz splitting, H5), 0.63 (s, 1, H, or H3), 0.23 (s, 1, H3 
or Hi).

Anal. Calcd for CgH5N304: C, 49.32; H, 2.30; N, 19.17; 
mol wt, 219.15. Found: C, 49.32; H, 2.44; N , 18.93; mol wt 
(mass spectrum), 219.

From the alcohol soluble fraction, by incremental precipitation 
with water, there was ultimately recovered 0.9 g of off-white 
needles melting about 90°. Recrystallization from water gave 
long felted white needles, obviously hydrated, since they crum
bled to a powder when vacuum dried, mp 107-108°. The ir 
spectrum was identical with that of authentic 5-nitroisoquinoline, 
whose melting point is reported11 to be 110°; the 'H  nmr spectrum 
agrees with that expected for the 5-nitro isomer— r (CDC13)
2.12 (t, 1, /  =  8 Hz, Hi), 1.52 (d, 1, =  8.5 Hz, / 68 =  1 Hz,
H6), 1.38 (d, 1, J  =  6.5 Hz, H4), 1.27 (d, 1, Jn =  8.5 Hz, J ,8 = 
1 Hz, Hs), 1.08 (d, 1, /  =  6.5 Hz, H3), 0.43 (s, 1, HO.

Anal. Calcd for C9H6N20 2: C, 62.06; H, 3.47; N, 16.09; 
mol wt, 174.16. Found: C, 61.82; H, 3.18; N, 16.12; mol wt 
(mass spectrum), 174.

Reaction of Benzaldehyde and la .— A crude sample (mp 
195-200°) of la (3.5 g, 0.01 mol) was refluxed for 6 hr with 4.4 g 
(0.04 mol) of benzaldehyde, 50 ml of concentrated hydrochloric 
acid and 50 ml of 95% ethanol. After cooling and diluting with 
100 ml of water, the solution was stored overnight at 5°; a 
small amount of yellow brown gum separated. The supernatant 
was decanted and saved (see below); the gum was heated with 
a few ml of ethanol and cooled. The white solid (0.04 g, mp 
>300°) was filtered and recrystallized from 90% ethanol con
taining several drops of hydrochloric acid: colorless, coarse 8 9 10 11

(8) A. Claus and K, Hoffmann, J. Prakt. Chem., 47 (2), 252 (1893), 
prepared a dinitroisoquinoline, mp 283.5°, by the action of fuming nitric 
acid on isoquinoline in fuming sulfuric acid, but did not establish the posi
tion of the substituents.

(9) R. E. Rondeau and R. E. Sievers, J. Amer. Chem. Soc., 93, 1522 
(1971).

(10) A proprietary, deuterated solvent made by Stohler Isotope Chemi
cals, Azusa, Calif.

(11) F. Fortner, Monatsh. Chem., 14, 146 (1893).

prisms melting at 338-341°. This compound is the dihydro
chloride of one of the epimers of 4,4'-dibenzal-l,l',4,4'-tetra- 
hydro-1,1 '-biisoquinoline (see below).

Anal. Calcd for C32Hl6Cl2N2• 2H20 : C, 70.45; H, 5.54; 
Cl, 13.00; N, 5.14. Found: C, 70.63; H, 5.27; Cl, 13.36, 
13.07; N , 5.07, 5.17.

The picrate derived from this salt decomposed at 315-318° 
after recrystallization from ethanol as yellow felted needles.

Anal. Calcd for C«H 30N8Oi.-H2O: C, 57.89; H, 3.53; N, 
12.28. Found: C, 58.25; H, 3.52; N, 12.29.

The aqueous supernatant was extracted twice with 100-ml 
portions of diethyl ether to remove excess benzaldehyde, made 
basic with 25% aqueous sodium hydroxide, and extracted with 
three 50 ml portions of benzene. The combined benzene 
extracts were dried and evaporated to leave 4 g of gummy 
residue. The latter was triturated with 40 ml of ether-benzene 
(3:1); the white solid was then filtered, washed with more 
solvent and dried, 0.24 g (5.5% ), mp 270-300°. The extracts 
were saved (C). This solid was next extracted with 15 ml of 
boiling benzene to separate the two isomers present.

A. Benzene-Soluble Isomer.— Evaporation of the benzene 
left a solid, mp 280-283°, which melted at 285-286° after 
recrystallization from 95% ethanol. The analyses, JH nmr 
spectrum, solubility behavior, and melting point suggest that 
this is the dl epimer of 4,4 '-dibenzal-l,l' 4,4'-tetrahydro-l,l'- 
biisoquinoline, 5a: t (CDC13) 4.39 (s, 1, H i), 2.93 (s, 5, H ar0matic 
in phenyl ring), 2.62-1.72 (m, 4, H aromatic), 1.52 (s, 1, benzal 
methine), 1.06 (s, 1, H 3).

Anal. Calcd for C32H24N2: C, 88.04; H, 5.54; N, 6.42. 
Found: C, 88.08; H, 5.52; N, 6.26; mol wt (mass spectrum), 
436.

The picrate was obtained as plates after recrystallization from 
ethanol, mp 268-269° dec.

Anal. Calcd for C «H 30N8Oh : C, 59.06; H, 3.38; N, 12.52. 
Found: C, 58.97; H, 3.45; N, 12.66.

B. Benzene-Insoluble Isomer.— This compound was purified 
by dissolving in 20 ml of dimethylformamide, filtering, and 
adding 100 ml of diethyl ether. The white, microcrystalline 
powder was filtered, washed three times with ether, three times 
with water, and vacuum dried for several days at 68° (25 mm): 
mp 328-329° dec; absorptions due to N H  and carbonyl stretching 
frequencies were absent in the ir spectrum; mass spectrum m/e, 
436 (parent), 218 (M /2 , base peak), the peak at m/e =  91 
which would correspond to the loss of a benzyl fragment was 
very weak; r (C F3COOH) 3.72 (s, 1, H t), 2.70 (s, 5, H or0matic 
phenyl ring), 1.15-2.05 (m, 4, Haromatic), 1-01 (s, 1, benzal 
methine), 0.45 (s, 1, H 3).

The evidence is consistent with those expected for the meso 
epimer of 4,4'-dibenzal-l,l',4,4'-tetrahydro-l,l'-biisoqumoline, 
5b.

Anal. Calcd for C32H24N2: C, 88.04; II, 5.54; N , 6.42. 
Found: C, 87.84; H, 5.66; N, 6.46, 6.36.

Solutions of this compound have a blue-purple fluorescence. 
Its picrate, obtained from alcohol as long thin needles, decom
posed at 317-320°.

C. 4-Benzal-l,4- (and 3,4-) dihydroisoquinoline.— The ether-
benzene extract (see above) was diluted with 100 ml of re-hexane 
and chilled; a pale yellow solid (0.9 g, 20% , mp 90-110°) 
separated. Additional material was isolated as follows. The 
mother liquors were evaporated and the very gummy residue 
boiled with 25 ml of cyclohexane; the chilled solution was de
canted from about 1 g of tar (discarded) and evaporated. Tri
turation of this residue with two small volumes of cold re-hexane 
to remove oily material left more crystalline solid. (The 
material in these hexane extracts gave a picrate melting at 223- 
225° after recrystallization from ethanol; a mixture melting 
point with isoquinoline picrate was not depressed; the ir spectra 
were identical.) Recrystallization of this solid from re-hexane 
gave a product melting at 99.5-100.5° (by way of comparison 
the melting point of 4-benzylisoquinoline is 119-120° 12). The 
parent peak in the mass spectrum was 219; fragments of mass 
128 (M  — 91) and mass 91 (benzyl) were present but only had a 
very low intensity. The 'H  nmr spectrum confirmed the absence 
of a benzyl group (no benzyl methylene signal), but also suggested 
that the product was roughly a 2:1 mixture of isomers: r
(CDC13) 5.90, 5.62 (2 s, 2 total, protons of methylene group in 
the nitrogen bearing ring), 2.78 (s, 5, H aromatiC in phenyl ring),
2.67-1.85 (m, 4, H aromauc), 1.60 (s, 1, benzal methine), 0.84,

(12) M. Avramoff and Y. Sprinzak, J. Amer. Chem. Soc., 78, 4090 (1956).
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0.76 (2 s, 1 total, Hi or H3 in nitrogen ring, depending on iso
meric form).

Anal. Calcd for Ci6Hi3N: C, 87.64; H, 5.97; N, 6.39. 
Found: C, 87.76; H, 5.98; N, 6.30.

The picrate after two recrystallizations from 95% ethanol 
melted at 190-192° (reported12 for 4-benzylisoquinolinium 
picrate, 195-196°).

Anal. Calcd for C22H1(,N407: C, 58.93; H, 3.60; N, 12.50. 
Found: C, 58.62; H, 3.47; N, 12.17.

Small quantities of two other picrates were also isolated when 
the crude benzal dihydroisoquinoline was treated with picric 
acid and the salts were fractionally crystallized. One melted at 
229-230° (dec) after recrystallization from ethanol; on admixture 
with isoquinoline picrate, the melting point was 200-210°.

Anal. Calcd for C22Hi4N40 7: C, 59.19; H, 3.16; N, 12.55. 
Found: C, 59.44; H, 3.22; N, 12.49, 12.47.

A hydrobromide prepared from this picrate decomposed at 
308-312° after recrystallization from absolute ethanol; its 
elemental analyses, like that of the picrate, also suggested a 
lower hydrogen content than that demanded by a salt of 3 or 4.

Anal. Calcd for Ci6Hi2BrN : C, 64.45; H, 4.06; Br, 26.80; 
N, 4.70. Found: C, 64.57; H, 4.04; Br, 26.63; N, 4.59.

The free base from the bromide partially melted, then resolidi
fied at 157-159°, and finally remelted at 225-230°. The base 
peak (m/e) in the mass spectrum was 217; a small peak at 218 
(M  +  1) was present but there were no peaks at m/e 434-436 
(coupled products). Fragments of mass 91 (benzyl) and M  — 91 
were not present.

The other picrate after recrystallization from acetonitrile 
decomposed at 266-267°; admixture with the picrate of dibenzal 
tetrahydrobiisoquinoline, mp 268-269° (see above), depressed the 
melting point to 245-250°. The ir spectra of these two com
pounds also differed. Perhaps this compound is the picrate of 
4,4'-dibenzyl-l,l'-biisoquinoline, but it was not investigated 
further.

Anal. Calcd for CiiHsoNsOh: C, 59.06; H, 3.38; N, 12.52. 
Found: C, 58.95; H, 3.28; N, 12.49.

5,5'-Dinitro-l,l'-biisoquinolin eand 5-Nitro-l,l'-biisoquinoline. 
— 1,1'-Biisoquinoline (8.7 g; 0.039 mol) was nitrated by the

procedure of Le Ffevre and Le Fèvre13 for making 5-nitroiso- 
quinoline. The dried crude product (12.2 g) was dissolved in 2 1. 
of boiling xylene, filtered from 1.49 of inorganic salts, and chilled 
to 0°; 8.6 g (72.9%) of dmitro compound was recovered, de
composing at 265-270° after turning black at 250°. A portion 
was recrystallized from dimethylformamide as pinkish white, 
feathery needles, melting at 293-294° dec if plunged into a bath 
preheated to 290°. If heated from room temperature, the com
pound turned black at 265°, then decomposed at 270-280°: 
r (CF3COCF3- 1.6D20 )  2.37 (d, 2, H7, H8), 1.25 (m, 1, H6), 1.05 
(s, 2, H3, H 4).

Anal. Calcd for CisHufNiCh: C, 62.43; H, 2.94; N, 16.18. 
Found: C.,62.76; H, 2.82; N, 15.78, 15.87.

Evaporation of the xylene left 2.2 g (20.6%) of solid which was 
recrystallized from 95% ethanol, mp 186-187° dec. The analyses 
and nmr are consistent with those required for 5-nitro-l,l'-biiso- 
quinoline: r (CF3COCF3- 1.6D20 )  2.65-1.79 (m, 6, H7, H H s, 
HS', Hs', H6'), 1.68-1.44 (m, 3, H„, H3', H ,'), 1.28 (s, 2, H3, Hi).

Anal. Calcd for C i8HuN3C>2: N, 13.95. Found: N, 14.04.

Registry N o .-la , 25080-52-8; lb, 25055-08-7; 2a, 
35202-34-7; 2b, 35202-35-8; 3, 35202-36-9; 3 picrate, 
35249-61-7; 4,35202-37-0; 4 picrate, 35202-38-1; 5a, 
35202-39-2; 5a picrate, 35202-40-5; 5b, 35202-41-6; 
5b dihydrochloride, 35202-42-7; 5b picrate, 35202-43-8;
4-broraoisoquinoline, 1532-97-4; 4-bromiisoquinolinum 
nitrate, 35202-45-0; 3,3'-biisoquinoline, 35202-46-1;
4,6-dinitroisocuinoline, 35202-47-2; 5-nitroisoquinoline, 
607-32-9; 4 ,4 '-dibenzyl-1,1 '-biisoquinoline picrate,
35202-49-4.

Acknowledgment.—The assistance of Dr. R. L. 
Atkins in elucidating the structure of 4,6-dinitroiso- 
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(13) C. G. La Fèvre and R. J. W. Le Fèvre, J. Chem. Soc., 1470 (1935).

Synthesis and Reactions of 2-Alkylthio-,s-triazolo[l,5-b]isoquinolin-5(10//)-ones
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Homophthalic anhydride reacted with S-alkylisothiosemicarbazides to give 2-alkylthio-s-triazolo[l,5-6]iso- 
quinolin-5(10H)-ones (1). Compounds 1 coupled with diazonium salts to give the 10-arylhydrazones of 5,10- 
dihydro-2-alkylthio-s-thiazolo[l,5-b]isoquinoline-5,10-diones (6) and condensed with aromatic aldehydes to form 
the 10-arylmethylene derivatives 11. Compounds 1 also condensed with mtroso compounds to yield the 10-aryl- 
imino derivatives 17, which on hydrolysis afforded 5,10-dihydro-2-alkylthio-s-triazolo[l,5-6]isoquinoline-5,10- 
diones (18). Formylation of la gave 5,10-dihydro-2-methylthio-5-oxo-s-triazolo[l,5-b]isoquinoline-10-earbox- 
aldehyde (19).

During investigation of the condensation reactions of 
homophthalic anhydride to obtain fused isoquinolines, 
we found that homophthalic anhydride reacts with
S-methylisothiosemicarbazide in refluxing dimethyl
formamide to give a product which can be formulated 
as either 2-methylthio-s-triazolo [1,5-5 ]isoquinolin- 
5(10H)-one (la) or the isomeric compound, 2-methyl-

i  T
- SR ^
r b I

ÌÌ1 tT  
A i ‘N 
k e > = °

0 2

la, R=CHS

SCH,

b, R = C 2H5 
C, r = c h 2c 6h 5

thio-s-triazolo[5,l-a]isoquinolin-5(6ii)-one (2). The
2-ethylthio (lb) and 2-benzylthio (lc) analogs were 
similarly prepared.

The available data are compatible wdth the linear 
structure 1, rather than the angular structure 2. 
Homophthalic anhydride has been reported to react 
with hydrazine to yield A-aminohomophthalimide,1 
and to condense with o-phenylenediamine to give 
mainly the linear product 3 and not 4.2~°

The ir spectrum of la shows carbonyl absorption at 
1720 cm-1 . For a comparison between the ir spectra

(1) G. Rosen and F. D. Pope, J■ Heterocyd. Chem., 6, 9 (1969).
(2) A. Bistrzycki and K. Fassler, Helv, Chim. Acta, 6, 519 (1923).
(3) M. F. Sartori, A. Oken, and H. E. Schroeder, J. Org. Chem., 31, 1498 

(1966).
(4) E. Schefczik, Justus Liebigs Ann. Chem., 729, 83 (1969).
(5) A. Mustafa, M. I. Ali, and A. A. El-Sayed, ibid., 739, 68 (1970).
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_ o -phenylene 
T !! r U diamine

o
3

of la and those of its coupling product 6a and its 
benzylidene derivative 11a; see below.

The nmr spectrum (TEA) of la shows a methyl 
group (s) at 8 2.90 ppm and a methylene group (s) 
at 5.10. Three of the aromatic protons appear as a 
multiplet centered at 8 7.25 and the fourth appears as 
a multiplet centered at 8.0. The methylene signal 
disappeared when the spectrum was taken in DMSO-d6 
plusD20.

Compound la undergoes ring opening in aqueous 
sodium hydroxide to give 3-o-carboxybenzyl-5-methyl- 
thio-1,2,4-triazole (5), which can be isolated on acidi
fication. When 5 is heated above its melting point or 
in boiling dimethylformamide, it reverts to the original 
compound la.

NaOH 
l a  ^ — :

heat

N-

U -

-SCH,

COOH
N -N

H

5

Compound 5 also has been obtained when the 
reaction between homophthalic anhydride and S-meth- 
ylisothiosemicarbazide was carried out in dimethyl
formamide at room temperature for several days.

The pyridone ring in la also was opened by the 
action of phenylhydrazine to give the phenylhydrazide 
of 5.

Compounds 1 coupled with aryldiazonium salts in 
pyridine to yield the corresponding 10-arylazo deriv
atives, more properly represented as 5,10-dihydro-
2-alkylthio-s-triazolo [l,5-b]isoquinoline-5,10-dione 10- 
arylhydrazones (6a-l) (see Table I, Experimental 
Section). Unlike azo compounds obtained from dia- 
zonium salts coupled with aliphatic carbon atoms, 
which absorb strongly at ~280 nm, the uv spectrum of 
6a shows an absorption maximum at 446 nm; similar 
hydrazones are known to exhibit strong absorption at 
wavelengths higher than 320 nm.6

The ir spectral data provide further evidence that the 
starting compound has the linear structure la. Thus 
the phenylhydrazone 6a shows carbonyl absorption at 
1720 cm-1 , almost with no shift from that of the starting 
compound la. If this phenylhydrazone derivative has 
formula 7 (derived from the angular structure 2), it 
would reveal a large downward shift in the frequency 
of the CO group, due to the conjugation of the C = 0  
with C = N  and the strong chelation that would be 
expected to occur between the hydrazone H and the 
CO group.6 On the other hand, the linear formula

(6) H. C. Yao and P. Resnick, J. Amer. Chem. Soc., 84, 3514 (1962).

Ph

6a affords structural environment for the CO group 
which is similar to that of the starting material la. 
The relation between CO absorption in la and 6a is 
substantiated by the absence of any significant shift 
in the CO absorption in 3 and its phenylhydrazone 
derivative 8.5 On the other hand, the ir spectra of 
the angular compound 4 and its phenylhydrazone 
derivative 96 reveal a considerable downward shift in 
the CO absorption.

N— NHPh N— NHPh

vco of 8, 1 6 9 3  cm  1 vc0 of 9, 1 6 4 2  cm  1
yco of 3, 1 6 8 4  cm -1 vco of 4, 1 7 0 5  cm “ 1

The phenylhydrazone 6a also has been prepared by 
heating the phenylazo derivative, 10,7 of homophthalic 
anhydride with ¿»-methylisothiosemicarbazide.

N— NHPh

O NH2N=C(SMe)NH2

0
10

6a

| PhNHNHj

17a o r  18a

Compounds 1 condensed with aromatic aldehydes, 
in refluxing acetic acid in the presence of anhydrous 
sodium acetate, to give 10-arylmethylene-2-alkylthio- 
s-triazolo[l,5-b]isoqumolin-5(10i/)-ones (lla-j) (see

CH— Ar

Table II, Experimental Section). The ir spectrum of 
the benzylidene derivative 11a shows carbonyl ab
sorption near 1717 cm“1, similar to that of the starting 
compound la. Again, if the starting material has 
the angular structure 2, the CO group of its benzylidene 
derivatives 12 will be conjugated with C = C  double 
bond, a combination which is known to lower the 
stretching frequency of the CO group.8 The absence

(7) W. Dieckmann and W. Meiser, Chem. Ber„ 41, 3253 (1908).
(8) L. J. Bellamy, “ The Infra-red Spectra of Complex Molecules,” 

Methuen Ltd., London, 1957, p 136.
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CH— Ph

of such a shift in the ir spectrum of 11a is in favor of 
the linear structure la.

In a similar manner, we have prepared the aryl- 
methylene derivatives 13a and 13b, from 3 and p-chloro- 
and p-nitrobenzaldehyde, respectively.

CH— Ar

13a, Ar = C6H4Cl-p 
b, Ar = C6H4N02-p

The benzylidene derivative 11a is reduced by zinc 
dust and acetic acid (or by thiophenol at 140°) to form
10-benzyl-2-methylthio-s-triazolo [1,5-6 [-isoquinolin- 
5(10fi)-one (14). Reaction of the latter with benzyl 
chloride in presence of sodium carbonate yielded the
10,10-dibenzyl derivative 15. The latter compound

dihydro-2-alkylthio-s-triazolo [l,5-?> ]isoquinoline-5,10- 
diones (18).

Compounds 17a and 18a reacted with phenyl- 
hydrazine to form the phenylhydrazone derivative 6a.

The diketo compound 18a condensed with o-phenyl- 
enediamine in refluxing acetic acid to give a product 
formulated as 17e.

Formylation of la with dimethylformamide and phos
phorus oxychloride gave 5,10-dihydro-2-methylthio-
5-oxo-s-triazolo [1,5-5 ]isoquinoline-10-carboxaldehyde 
(19), which was characterized as its phenylhydrazone 
and semicarbazone.

CHO

19

Experimental Section

was also obtained from the reaction of la with an excess 
of benzyl chloride. Compound la underwent nitro
sation at the methylene group on treatment with 
nitrous acid to give the oximino derivative 16.

NOH

16

Compounds 1 reacted with nitroso compounds to 
yield 10-arylimino-2-alkylthio-s-triazolo [1,5-6 [isoquin- 
olin-5-(107/)-ones (17a d) (see Table III, Experimental 
Section), which were hydrolyzed by a hydrochloric- 
acetic mixture to give the diketo compounds 5,10-

Ir spectra (KBr disks, unless otherwise stated) were recorded 
on a Perkin-Elmer 457 grating ir spectrophotometer. Nmr 
spectra were recorded on a Yarian A-60A spectrophotometer, with 
TMS as internal reference. The uv spectrum was recorded on a 
Beckman DK spectrophotometer.

2- M  ethylthio-s-triazolo [1,5-6] isoquinolin -5 (1 0 //) -o n e  ( l a ) .— A 
mixture of 16.3 g (0.1 mol) of homophthalic anhydride, 27.7 g 
(0.12 mol) of iS-methylisothiosemicarbazide hydriodide, and 16.4 
g (0.2 mol) of anhydrous fused sodium acetate in 50 ml of dry 
dimethylformamide was gently heated, with shaking, to boiling. 
The source of heat was removed, and the reaction mixture, which 
continued to boil on its own accord, was shaken for 10 min, left to 
cool somewhat, and then poured into ^200 ml of cold water. 
The greenish white precipitate that separated was filtered off, 
washed with little ethanol, and finally crystallized from dimethyl
formamide to give 17 g (73.5%) of la ,  mp 255°.

Anal. Calcd for CnH9N3OS: C, 57.11; H, 3.92; N, 18.18; 
S, 13.86; mol wt, 231.3. Found: C, 57.40; H, 4.00; N , 17.90; 
S, 13.80; m/e 231.

The 2-ethylthio analog lb  was similarly prepared using £- 
ethylisothiosemicarbazide hydriodide. A 70% yield of lb  was 
obtained, recrystallized from dimethylformamide, mp 224°.

Anal. Calcd for C12HnN3OS: C, 58.75; H, 4.52; S, 13.07. 
Found: C, 58.87; H, 4.72; S, 12.93.

The 2-benzylthio analog l c  was similarly obtained using S- 
benzylisothiosemicarbazide hydrochloride, in ^ 4 0 %  yield. It 
was crystallized from ethanol, mp 195°.

Anal. Calcd for Ci,H i3N3OS: C, 66.41; H, 4.26; S, 10.43. 
Found: C, 66.14; H, 4.50; S, 10.62.

3 -  (o -C arboxybenzyl)-5 -m ethylth io-s-triazole (5 ). A .—A mix
ture of 8.1 g (0.05 mol) of homophthalic anhydride, 13.9 g (0.06 
mol) of 5-methylisothiosemicarbazide hydriodide and 8.2 g (0.1 
mol) of anhydrous fused sodium acetate in 50 ml of dry dimethyl
formamide was left at room temperature for several days with 
occasional shaking (little methanethiol evolved). The reaction 
mixture was poured into 200 ml of cold water and left for some 
time. The crystalline white precipitate that separated was 
filtered off and recrystallized from ethanol to give 4 g (33%) of 5, 
mp 195° dec (solidified and then melted again at ^ 25 0°), not 
depressed on admixture with the product prepared as described in 
B below.

Anal. Calcd for CnH„lSl30 2S: C, 52.99; H, 4.45; S, 12.86. 
Found: C, 52.85; H, 4.45; S, 13.01.
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B.— A solution of 4.6 g of la in 50 ml of 5%  NaOH was refluxed 
until it lost its fluorescence (~ 3  hr), and the solution was left to 
cool and was acidified with dilute acetic acid. The white pre
cipitate formed was collected, washed with water, and crystallized 
from ethanol to give 3 g (61%) of 5, mp 195°, not depressed on 
admixture with the previous compound.

Cyclization of 5 to la. A.— Two grams of 5 was refluxed in 10 
ml of dimethylformamide for 15 min and then poured into 50 ml 
of cold water. The greenish precipitate formed was filtered off, 
triturated with a solution of sodium carbonate, and washed with 
water. It was crystallized from dimethylformamide to give 1 g 
(53%) of la, mp and mmp 255°.

B.— Two grams of 5 was heated in an oil bath at 200° (bath 
temperature) for 15 min. The reaction mixture was worked up as 
above to yield 1.2 g (64%) of la.

Phenylhydrazide of 5.— A suspension of 2 g of la and 1.1 g of 
phenylhydrazine in 30 ml of ethanol was refluxed for 3 hr and left 
overnight. The orange crystals that separated were filtered off, 
washed with a small amount of ethanol, and recrystallized from 
dilute dioxane to give 1.8 g (60%) of the phenylhydrazide of 5, 
mp 240°.

Anal. Calcd for C17H 17N 5O S: C, 60.15; H, 5.05. Found; 
C, 60.44; H, 4.91.

5,10-Dihydro-2-alkylthio-.s-triazolo [ 1,5-6] isoquinoline-5,10-di- 
one 10-Arylhydrazones (6a-l). General Procedure.— About 
2 g of 1 was dissolved in 40 ml of pyridine, cooled in an ice bath, 
and treated with an equimolecular amount of the appropriate 
diazotized aniline. The mixture was left for 1 hr and then poured 
into cold water. The precipitate was collected, dried, and 
crystallized from the proper solvent. See Table I.

T a b l e  I
5 , 1 0 - D i h y d r o - 2 - a l k y l t h i o - s- t r i a z o l o  [1 ,5 -6 ]  i s o q u i n o l i n e -

5 ,1 0 - d i o n e  1 0 - A r y l h y d r a z o n e s  ( 6 )  

Solvent 
of Yield,

Compd R A r crystn® Mp, °C %b
6 a CH3 c 6h 5 A 2 3 8 9 0
6 b c h 3 C6H4CH3-p A 2 5 8 9 2
6c c h 3 C6H4OCH3-p B 2 3 3 8 2
6 d c h 3 C6H4OC2H6-p B 2 0 5 8 2
6 e c h 3 C6H4Br-p A 2 4 5 8 7
6 f c h 3 C6H4N 0 2-p A 2 8 0 7 9

6g C2H s c 6h 5 B 2 0 5 9 0
6h C2II5 C6H4OCH3-p B 16 5 8 4
6 i C2H 5 C6H4Br-p B 1 9 7 8 7
6j C2H6 C6H4N 0 2-p A 2 5 8 7 6
6 k c 6h 6c h 2 c 6h 6 A 2 3 0 7 5
61 c 6h 6c h 2 C6H4Br-p B 2 0 3 7 5

0 A, nitrobenzene; B, acetic acid. b Satisfactory analytical
data (± 0 .4 % ) were reported for all compounds: 6a (C, H, N, S); 
6b, 6g, 6h (C, H, S); 6c (S, Br); all others, S only.

Reaction of Phenylazohomophthalic Anhydride (10) with S- 
Methylisothiosemicarbazide Hydriodide.— A mixture of 2.6 g of
10, 2.8 g of <S-methylisothiosemicarbazide hydriodide, 2 g of fused 
anhydrous sodium acetate, and 10 ml of dry dimethylformamide 
was heated gently, with shaking, to boiling. The reaction mix
ture (heating discontinued) was then shaken occasionally for 10 
min and poured into cold water. The precipitate formed was 
collected, washed with ethanol, and crystallized from nitrobenzene 
to give 2.8 g (85%) of 6a, mp and mmp 238°.

10-Arylmethylene-2-alkylthio-s-triazolo [ 1,5-6] isoquinolin-5- 
(lOH)-ones (11). General Procedure.— A mixture of 2 g of 1, 
3 g of anhydrous fused sodium acetate, 20 ml of acetic acid, and 
an equimolecular amount of the appropriate aldehyde was re
fluxed for 3 hr. The reaction mixture was cooled and poured into 
cold water. The precipitate formed was collected, washed with 
water, and finally crystallized from the proper solvent. See 
Table II.

12-p-Chloro- (13a) and 12-yi-Nitrobenzylidenebenzimidazo[1,2-
6]isoquinolin-5(12£T)-one (13b).— A mixture of 2 g of 4, 3 g of 
fused anhydrous sodium acetate, 20 ml of acetic acid, and 0.9 g 
of p-chlorobenzaldehyde was refluxed for 20 min. The reaction 
mixture was left to cool and the solid 13a that separated was 
filtered off, washed with water, and finally crystallized from 
dioxane, mp 245°, yield 82%.

T a b l e  II
1 0 -A r y l m e t h y l e n e - 2 - a l k y l t h i o - s- t r i a z o l o [1 ,5 -6 ]  

i s o q u i n o l i n - 5 (  1077 ) - o n e s  ( 1 1 )

Compd R Ar

Solvent
of

crystn® Mp, °C
Yield,

%h
11a c h 3 c 6h 5 A 165 87
l ib c h 3 c 6h 5o c i i ,-p A 145 85
11c C H S C6H4C1-o A 201 85
lid C H 3 C6H4NOr-p B 260 89
lie c 2h 5 c 6h 5 C 149 84
I lf c 2h 5 c 6h 5c h = c h A 177 79
Hg c 2h 5 CeEUNOa-p A 211 89
llh c h 2c 6h 5 C 6H 5 A 155 77
l l i c h 2c 6h 5 CJTCI-P A 175-176 90

“ A, acetic acid; B, dimethylformamide; C, dilute dioxane. 
b Satisfactory analytical data (± 0 .4 % ) were reported for all 
compounds: 11a (C, H, N, S); lie , llg , l lh  (C, H, S); l l i
(S, Cl); all others, S only.

Anal. Calcd for C22H i3C1N20 : C, 74.05; H, 3.67. Found: 
C, 74.40; H, 3.84.

The p-nitrobenzylidene derivative 13b was similarly prepared 
in 85% yield. It was crystallized from dimethylformamide, mp 
280°.

Anal. Calcd for C22H13N3O3: C, 71.93; H, 3.57. Found: 
C, 72.26; H, 3.78.

10-Benzyl-2-methylthio-s-triazolo[l,5-6]isoquinolin-5(10// )-one
(14). A.— A solution of 1 g of 11a in 20 ml of acetic acid was 
gradually treated with 1 g of zinc dust. The mixture was then 
refluxed till the yellow color of the solution disappeared. The 
solution was filtered and the filtrate was diluted with water. The 
product 14 was collected and crystallized from acetic acid as pale 
yellow crystals, mp 225°, yield 62% . 14 was readily soluble in
5%  aqueous sodium hydroxide and gave a green fluorescent solu
tion.

Anal. Calcd for C,8H16N30S: C, 67.26; H, 4.70; S, 9.98. 
Found: C, 67.43; H, 4.77; S, 9.94.

B.— A mixture of 1 g of 11a, 0.5 g of thiophenol, and 1 drop of 
piperidine was heated at 140° for 2 hr. The mass was triturated 
with little ethanol and then crystallized from acetic acid to give 
pale yellow crystals of 14, mp 225°, not depressed on admixture 
with the above product.

10,10-Dibenzyl-2-methylthio-s-triazolo [ 1,5-6] isoquinolin-5- 
(lOii)-one (15). A.— A suspension of 0.5 g of 14 in 20 ml of 10% 
sodium carbonate solution and 10 ml of ethanol was treated with 
0.3 g of freshly distilled benzyl chloride. The whole was refluxed 
for 3 hr, diluted with water, and cooled. The solid that sepa
rated was filtered off and crystallized from ethanol to give color
less crystals of 15, mp 160°, not depressed on admixture with a 
sample prepared as described in B below.

Anal. Calcd for C26II2iN3OS: C, 72.96; H, 5.14; S, 7.79. 
Found: C, 73.01; H, 5.22; S, 7.78.

B.—-A mixture of 2.3 g (1 mol) of la, 50 ml of 10% sodium 
carbonate solution, 20 ml of ethanol, and 2.6 g (2 mol) of benzyl 
chloride was refluxed for 3 hr. The reaction mixture was cooled 
and poured into cold water. The precipitate formed 15, which 
was collected, washed with water, and finally crystallized from 
ethanol, mp 160°.

5, 10-Dihydro-2-methylthio-s-triazolo [1,5-6] isoquinoline-5,10- 
dione 10-Oxime (16).— A suspension of 1 g of la  in 5 ml of con
centrated hydrochloric acid and 20 ml of water was cooled to 0° 
and treated with 0.3 g of sodium nitrite in 10 ml of water with 
stirring. The solid that separated was collected, washed with 
water, and finally crystallized from acetic acid to give 0.85 g 
(75%) of 16, mp 235-236°.

Anal. Calcd for CuH8N,02S: C, 50.75; H, 3.09; S, 12.31. 
Found: C, 51.10; H, 2.90; S, 12.21.

10-Arylimino-2-alkylthio-s-triazolo [1,5-6] isoquinolin-5(10£T )- 
ones (17).— A cold solution of 3.14 g of p-nitrosodimethylaniline 
hydrochloride in 100 ml of methanol was treated with a cold solu
tion of 0.8 g of sodium hydroxide in 50 ml of methanol. This 
mixture was added to an equimolecular amount of 1 in 50 ml of 
dimethylformamide. The reaction mixture was left overnight 
and then poured into cold water. The blue precipitate formed 
was collected, washed with water and then with ethanol, and 
finally crystallized from benzene. See Table III.



Synthesis of V 1-V in yltri azoles J. Org. Chem., Vol. 87, No. 21, 1972 3213

T a b l e  III
10-A r y l im in o -2 -a l k y l t h io - s- t r ia zo l o  [1,5-6] iso q u in  o lin - 

5(10fl>ONES (17) AND 5 ,1 0 -D ih y d r o -2 -a l k y l t h io - s-t b ia zo l o - 
[ 1,5-6] is o q u in o l in e -5 , 10-d io n e s  ( 18 )

Solvent
of Yield,

Compd R Ar crystn® M p, °C %6
I7a CHS C6H4N(CH3)2-p A 218 62
17b c 2h 5 c 6h 6 A 175 67
17c c 2h 5 C6H4N(CH 3)2-p A 205 64
I7d c h 2c 6h 6 C6H4N(CH 3)2-p A 162 59
18a C H s B 255 72
18b c 2h 5 B 188 68
18c CH2CcH6 B 194 61

“ A, benzene; B, acetic acid. b Satisfactory analytical data 
(± 0 .4 % ) were reported for all compounds: 17a, 17c, 18a (C, H,
S); all others, S only.

Reaction of lb  with Nitrosobenzene.— A mixture of 1 g of lb ,
0.5 g of nitrosobenzene, and 20 ml of ethanol was refluxed for 1 hr. 
The reaction mixture was left to cool whereas a bluish white 
precipitate was formed. The precipitate was collected and 
crystallized from benzene to give 1 g of 17b, mp 175°.

Reaction of 17a with Phenylhydrazine.— A suspension of 1.2 g 
of 17a and 0.4 g of phenylhydrazine was refluxed in 30 ml of 
ethanol for 3 hr. The orange crystals formed were collected, 
washed with little ethanol, and recrystallized from nitrobenzene 
to give 0.7 g (63%) of 6a, mp and mmp 238°.

5,10-Dihy dro-2-alkylthio-s-triazolo [1,5-6] isoquinoline-5,10-di- 
ones (18).— A solution of 2 g of 17 in 20 ml of acetic acid was 
treated with 5 ml of concentrated hydrochloric acid (the blue 
color of the solution turned brown). The solution was poured 
into cold water and the precipitate formed was collected, washed 
with water, and crystallized from the proper solvent to give 18 
(see Table III): ir of 18a, 1735 (CO), 1720 cm-1 (CO amide).

Reaction of 18a with Phenylhydrazine.— A suspension of 1.2 g 
of 18a and 0.6 g of phenylhydrazine was refluxed in 30 ml of 
ethanol for 3 hr. The product obtained was collected, washed 
with little ethanol, and crystallized from nitrobenzene to give 1.2 
g (72%) of 6a, mp and mmp 238°.

10-o-Aminophenylimino-2-methylthio-s- triazolo [1,5-6] isoquino- 
lm-5(10jfi)-one (17e).— A mixture of 0.6 g of 18a and 0.3 g of o- 
phenylenediamine was refluxed in 20 ml of acetic acid for 15 min. 
The product was collected and crystallized from dimethylform- 
amide to give 0.7 g (85%) of 17e, mp 275°.

Anal. Calcd for CnHi3N6OS: C, 60.87; H, 3.91; S, 9.56. 
Found: C, 60.90; H, 4.20; S, 9.45.

5 ,10-Dihydro-2-methylthio-5-oxo-s-triazolo [1,5-6] isoquinoline- 
10-carboxaldehyde (19).— To a solution of 3 ml of phosphorus 
oxychloride in 10 ml of dimethylformamide was added 4 g of 
finely powdered la. The reaction mixture was heated on a water 
bath for 6 hr, left to cool, and treated with ~ 5 0  ml of cold 10% 
NaOH solution. The solid that separated was filtered off, 
washed with water, and crystallized from ethanol to give 3.1 g 
(70%) of yellow crystals of 19, mp 280°. When this compound 
was left for some time, its yellow color turned to green; thus it 
was identified as its derivatives.

The phenylhydrazone of 19 was prepared by heating 19 with 
phenylhydrazine in boiling ethanol for 10 min. The yellow solid 
that separated was filtered off and crystallized from acetic acid, 
mp 245°.

Anal. Calcd for Ci8H i6N5OS: C, 61.87; 11,4.32; N, 20.05. 
Found: C, 61.59; H, 4.48; N, 20.37.

The semicarbazone was similarly prepared. It was crystallized 
from dimethylformamide, mp 260°.

Anal. Calcd for C13H12N60 2S; C, 49.36; H, 3.83; S, 10.14. 
Found: C, 49.60; H, 4.10; S, 10.20.

Registry No.
lc, 35146-81-7; 
35146-83-9; 6a, 
35146-86-2; 6d,
35146-89-5; 6g,
35146-92-0; 6j,
35146-95-3; 11a, 
35191-70-9; lid ,  
35191-72-1; llg , 
35191-75-4; 13a,
35146- 98-6; 15,
35147- 01-4; 17b,
35147-04-7; 17e, 
35147-07-0; 18c,
phenylhydrazone, 
35147-11-6.

la, 35146-79-3;
5, 35146-82-8 
35146-84-0; 
35146-87-3; 
35146-90-8; 
35146-93-1; 
35191-68-5; 
35191-71-0; 
35191-73-2; 
35146-96-4;
35146- 99-7;
35147- 02-5; 
35147-05-8;
35147-08-1;

5 
6b , 
6e, 
6h, 
6k, 

lib ,  
lie , 
llh ,  
13b, 
16,

lb, 35146-80-6; 
phenylhydrazide, 
35146-85-1; 6c,
35146-88-4; 
35146-91-9; 
35146-94-2; 

35191-69-6; 
35211-91-7; 
35191-74-3; 
35146-97-5; 

35147-00-3;
17c, 35147-03-6; 
18a, 35147-06-9; 

19, 35147-09-2

6f,
6i>
61,

lie ,
I l f ,
n i,
14,

17a,
17d,
18b,

19
35147-10-5; 19 semicarbazone,
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The reaction of vinyl azides (1) with a-ketophosphoranes (2) provides a convenient synthesis of 1-vinyl-l,2,3- 
triazoles (3). No reaction of the ylide with the C = C  and/or C = 0  function occurred at room temperature, 
as was inferred by nmr analysis of the crude reaction products. An nmr criterion is described to eluciate the 
stereochemistry of the trisubstituted olefinic N -l substituents of the adducts. This criterion is further used 
to determine unambiguously the stereochemistry of the first bis(vinyl azide), 6, prepared from dibenzalacetone (4).

Recently, two methods have been developed for the 
synthesis of AT-vinyltriazoles. The first method in
volves the condensation of active methylene compounds 
with vinyl azides under basic conditions.1 This 
method is applicable to simple vinyl azides,2 but fails 
when a-azidovinyl ketones are used as substrates. 
Only tarry materials are then produced. The second

(1) G. L ’abbé and A. Hassner, J .  H ete ro cy cl. C h em ., 7, 361 (1970); G. 
L ’abbé,I n d .  C h im . B e ig e , 36, 3 (1971),

(2) G. L ’abbé and A. Hassner, A n g e w . C h em ., 83, 103 (1971); A n g ew .  
C h em .,I n t .  E d . E n g l., 10, 98 (1971).

method consists of reacting vinyl azides with acetylenic 
compounds3 by the well-known 1,3-dipolar cyclo
addition process.4 In most cases, however, the method 
suffers from the disadvantage of producing the two 
possible regioisomeric5 triazoles. In the present paper,

(3) G. L ’abbé, J. E . Galle, and A. Hassner, T etra h ed ron  L e t t ., 303 (1970); 
G. L ’abbé and A. Hassner, B u ll . S o c . C h im . B e lg ., 80, 209 (1971).

(4) R . Huisgen, A n g ew . C h em ., 75, 741 (1963); A n g e w . C h em . I n t .  E d . 
E n g l.,  2 , 633 (1963); J . O rg. C h em ., 3 3 , 2291  (1 9 0 8 ) ;  G. L ’abbé, C h em . R ev ., 
69, 345 (1969).

(5) A. Hassner, J .  O rg . C h em ., 33, 2684 (1968).
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T a b l e  I
Synthesis or  Al *-Vinyltriazoles

P ylide Vinyl Reaction time at ----------Vinyltriazole 3 Isolated
2 azide 1 room temperature R i R 2 R3 R4 R 6 No. yield, % M p ,  °C

2a la 1 month p h H H Me Me 3a 54 76-77
2b la 3 weeks Ph H H H Me 3b a Orange liquid
2b lb 0.5 hr H PhCO H H Me 3c 98 142-142.5
2b le 4 .5  months PhCO H Me H Me 3d 20 109-110
2b ld 1 month PhCO H Ph H Me 3e a Red oil
2b le 30 days PhCO H jn-NOjCdEI, H Me 3f 75 162-163
2c la 3.5 months Ph H H H Ph 3g a Orange oil
2c lb 1.5 hr H PhCO H H Ph 3h 95 132-133
2c le 4.5 months PhCO H Me H Ph 3i 15 103.5-104.5
2c ld 2 months PhCO H Ph H Ph 3j 44 109-111
2c lf 8 days PhCO H p-N 02C6H4 H Ph 3k 63 161-162
2d lb 1 day H PhCO H H p-N 02C6H4 31 96 174.5-175.5
2d ld 7.5 months PhCO H Ph H p-n o 2c 6h 4 3m 60 78-79
2d lf 8 days PhCO H p-N 02C6II4 H p-N 02C6H4 3n 64 89-90
2d le 47 days PhCO H to-NOsCsH. H m -N 02C6H4 3o 64 62-65, 

158-1606
“ A sample of the pure triazole has been isolated by column chromatography on silica gel (EtOAc). 6 This triazole seems to exist in 

two different crystalline forms with different melting points and different ir (KBr) spectra. The ir spectra in DMSO solution, as well 
as the nmr spectra, are the same.

a third and regiospecific method is described for the 
synthesis of A'-vinyltriazoles (3), based on the reactions 
of vinyl azides (1) with a-ketophosphoranes (2).

N3  , R3
^ c = c

R 1 ^ R 2
la -f

R4
.  I -OPPh-,

+  R 5C O C = P P h 3 ----------- -

2a-d

R! .R s
C =  C

N,N k  NN - C .
, r ‘

'CRZ
R3

la, R1 = Ph; R2 = R3 = H 
b, R' = R3 = H; R2 = PhCO 
C, R1 = PhCO; R2 = H; R3 = Me
d, R1 = PhCO; R2 = H; R3=Ph
e, R1 = PhCO; R2 = H; R3 = m-N02C6H4
f, R1 = PhCO; R2 = H; R3=p-N 02C6H4

2a, R4 = R5 = Me
b, R! = H; R5 = Me
c, R4 = H; R5 = Ph
d, R4 = H; R5=/>-N02C6H4

In the formal sense, four different pathways can be 
envisaged for the reactions of a-ketophosphoranes with 
the vinyl azides studied in this work: i.e., reaction of 
the ylide with (1) the azide function,6 (2) the C = C  
bond,7 (3) the /3-carbon atom of /3-azidovinyl ketones 
(/3-ketovinylation8 followed by transylidation7), and
(4) the C = 0  bond of azidovinyl ketones (Wittig 
reaction9) .

To determine the reaction course, equimolar amounts 
of the two reagents were allowed to react in dichloro- 
methane at room temperature to completion. The

(6 ) G. R . Harvey, J. Org. Chem., 31, 1587 (1966); P. Ykman, G. L ’abbé, 
and G. Smets, Tetrahedron, 27, 845, 5623 (1971).

(7) H. J. Bestmann and R. Zimmerman, Fortschr. Chem. Forsch., 20, 1 
(1971).

(8 ) M . I. Rybinskaya, A. N. Nesmeyanov, and N. K . Kochetkov, Usp. 
Khim., 38, 961 (1969); Russ. Chem. Rev., 38, 433 (1969).

(9) A. W . Johnson, “ Ylid Chemistry,”  A. T . Blomquist, Ed., Academic
Press, New York, N . Y., 1966, p 132.

mixtures were then analyzed by nmr. In all but two 
cases (namely with vinyl azide lc) the nmr spectra 
indicated the formation of vinyltriazoles (3) exclusively. 
With a-azidoethylideneacetophenone (lc), decom
position of the azide to untractable tars (ca. 15%) under 
the basic conditions competed with triazole formation. 
The results are summarized in Table I (optimalization 
of the yields was not attempted).

All isolated products exhibited analytical and spectral 
data in accordance with the assigned structures. The 
regiochemistry of this reaction has been well estab
lished6 and is further substantiated in this work by the 
isolation of the known triazoles 3b and 3g.

The stereochemistry about the olefinic C = C  bond, 
however, was considered in more detail, since cis-trans 
isomerization might have occurred under the basic 
reaction conditions.10 That this is not the case was 
evident from the nmr spectra. The 100-MHz spectra 
of compounds 3c (C6D6) and 31 (CDC13) showed two 
doublets in the aromatic region (r ~ 2 ) , characteristic 
of an AB system with a coupling constant of 14 Hz 
(frans-vinyl hydrogens, ir 950 cm-1). We were also 
able to elucidate by nmr (CDCh) the configuration of 
the other disubstituted vinyltriazoles (trisubstituted 
olefins). Indeed, the methyl protons of the R 3 sub
stituent in compounds 3d (r 8.18) and 3i (r 8.12) were 
shielded by ~0.15 ppm relative to the parent olefin 
(r 8.00). This effect is attributed to the ring current 
of the triazole group in cis position to the methyl sub
stituent. An even more pronounced effect was ob
served for the o-phenyl protons of R 3 in compounds 
3e, 3j, and 3m, which absorbed in the region r 3.0-3.4 
(multiplet). The corresponding ortho protons in 
frans-chalcone resonated at t 2.4-2.8. The absorption 
patterns of the other examples in Table I were much 
more complex, but detailed analysis with a 100-MHz 
instrument pointed to the same conclusion.

The absence of isomerization was also indicated by 
the reaction of /3-azidoacrylonitrile (lg) with p-ni- 
trobenzoylmethylenetriphenylphosphorane (2d). The 
synthetic method used to prepare lg  furnished a cis-

(10) A. Hassner, G. L ’abbé, and M. J. Miller, J. Amer. Chem. Soc., 93,
981 (1971).
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trans mixture in a ratio of 37:63 (see Experimental 
Section). When this mixture was allowed to react 
to completion with the ylide, the twTo geometrical 
vinyltriazoles (3p) were obtained in the same cis-trans 
ratio (quantitative yield). Structure assignment of the 
isomeric vinyltriazoles 3p was based on the coupling 
constants of the olefinic protons, being 9.5 (cis) and 
14 Hz (trans).

N3C H = C H C N  + p -N 0 2C 6H4C0CH  =  PPh3

c is -tr a n s - lg 2d

2 days 

-OPPh3

C 6H4N 0 2-/> 

NCH =  CHCN

c is -l  rans -3p

The nmr criterion described above can now be used 
to determine the stereochemistry of the first bis (vinyl 
azide), 6, prepared in this laboratory. The synthetic 
method consists of treating 5 (the bromine adduct of 4) 
with 4 equiv of sodium azide in dimethylformamide 
at room temperature (Scheme I). The mechanism of 
step 5 — 6 is described elsewhere for mono-a-azidovinyl 
ketones,10 and the stereochemistry of 6 is deduced from 
the nmr spectra (CDC13) of the triazole adducts 7 and
8. The latter were obtained by reaction of 6 with 1 
equiv of benzoylmethylenetriphenylphosphorane (2c) 
at room temperature. Compounds 7 and 8 exhibited 
an upfield shift for the o-phenyl protons in 0 position 
with respect to the triazole group, thus indicating their 
stereochemistry. Similarly, when 6 was treated with 
2 equiv of p-nitrobenzoylmethylenetriphenylphospho- 
rane (2d) to completion (2 months at room temperature), 
the corresponding yellow bistriazole (70%, mp 265- 
267°) showed an upfield multiplet absorption at r 
2.85-3.00 (DMSO-d6 at 80°) for the ortho hydrogen 
atoms under discussion.

A comparison of the phenyl absorption patterns of 
compounds 4 and 6 showed a downfield shift of the 
ortho hydrogen atoms in the case of 6. This has been 
attributed by Hemetsberger, Knittel, and Weidmann11 
to the anisotropic effect of the vinylic azide function 
in the cis position. As noticed elsewhere,10 this 
criterion should be used with caution since the same 
effect has been found for olefin 9 which has the phenyl 
group in cis position to the C = 0  function. However, 
it is worthwhile to note here that the deshielding effect

Br H

/  \
PhCO Ph

9

seems to be a general phenomenon of cis-/3-arylvinyl 
azides, whereas it only occurs in exceptional cases with 
cfs-|3-arylvinyl ketones, depending on the spacial 
position of the C = 0  group.

(11) H. Hemetsberger, D. Knittel, and H. Weidmann, Monatsh. Chem., 
100, 1599 (1969).

S ch em e  I

/ c = c :
.P h ,

Hv

Ta=  2. 3 -2 .8  (m, 10 H)
7b=  2.25 (br d, 2 H, J =  16 Hz) 
r c =  2.9 (d, 2 H, J =  16 Hz)

2Brz, CHCl, 

56%

(PhCH BrCH Br)2C =  0  

5

4 NaN3, DM F

Ph,

H

‘ V
.N , N

C — C .
"s

,P h
C =  C

'C O ' \

a PhCOCH=PPh3 
5 days

Hh

r a=  2 .05 -2 .35  (m, 4 ortho H), 2 .5 -2 .75  
(m, 6 m eta and para H) 

rb=  3.38 (s, 2 H)

+

7 (49%, yellow , mp 138° dec)

r a=  2 .9 -3 .1  (m, 2 H)
7 „=  2 .1 -2 .4  (m, 2 H)
7 C=  2. 5 -2 .9  (m, 11 H) 
7d= 2 .2 0  (br s, 1 H)
7e=  3. 63 (s, 1 H)
7f =  2.10 (s, 1 H)

7a=  3 .1 5 -3 .45  (m, 4 H) 
7 „ =  2. 6 -3 .0  (m, 16 H) 
7C=  2. 32 (br s, 2 H) 
7d= 2 . 15 (s, 2 H)

Experimental Section
a-Styryl azide (la ),12 frcns-phenyl /3-azidovinyl ketone ( lb ) ,13 

a-azidoethylideneacetophenone ( lc ) ,10 and a-azidochalcone (Id ),10 
were prepared as reported.

a-Azido-(m-nitrobenzylidene)acetophenone (le) was prepared 
by reaction of the dibromide of m-nitrobenzylideneacetophenone 
(0.1 mol) with 2 equiv of sodium azide in dry DM F (200 ml) 
at room temperature for 5 hr. The solution was then poured 
into a mixture of water-chloroform, and the chloroform layer 
washed several times with water and dried (MgSO,). After the 
solvent was removed in vacuo, a yellow residue was obtained, 
composed of le and 11 (25% by nmr). Fractional crystalliza

(12) F. W, Fowler, A. Hassner, and L. A. Levy, J. Amer. Chem. Soc., 
89, 2077 (1967); A. Hassner and F. W. Fowler, J. Org. Chem., 33, 2686 
(1968).

(13) A. N. Nesmeyanov and M. I. Rybinskaya, Dokl. Akad. Nauk SSSR, 
170, 600 (1966); Proc. AcadSci. USSR, 170, 916 (1966).
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tion from ethyl acetate yielded the isoxazole 11 (mp 169-170°) 
and the pure azide le (48%, mp 82-84°). The origin of the 
isoxazole 11 is supposed to be the vinyl azide 10, which can be 
deduced from the complex mechanistic scheme of the reaction.10

H C6H4X  H ^ C gH4X

PhCO N3 P h - C  N
' "  O ^

10, X  =  m -N 0 2 11, X  =  m -N 0 2
12, X = /> -N 0 2 13, X = p -N O z

a-Azido(p-nitrobenzylidenejacetophenone (If) was similarly 
prepared from the dibromide of p-nitrobenzylideneaeetophenone 
and 2 equiv of sodium azide in DM F at room temperature for 2 
hr. After work-up, the azide residue was contaminated with the 
isoxazole 13 (20% by nmr). The mixture was treated with 
CHCI3 and cooled to yield 13 (mp 225°). The residual orange 
oil was finally crystallized from methanol and furnished the pure 
azide If in 43-55%  yield (mp 108°, lit.11 112.5°).

/3-Azidoacrylonitrile (lg ).— Acrylonitrile was treated with 
IN3 by the method of Hassner, et al.,12 to yield the IN 3 adduct 
in 68%  yield. The product was purified by column chromatog
raphy on silica gel (CHC13) and treated with 2 equiv of sodium 
azide in D M F at room temperature for 3 days. After work-up in 
the usual manner, a brown liquid was obtained, composed of 
rn -lg  (37%, doublets at t 2.95 and 5.25, J =  7.5 Hz) and frans-lg 
(63%, doublets at r 2.90 and 4.90, /  = 14 Hz).

a,«-Bis(azidodibenzal)acetone (6).— Compound 5, prepared 
from dibenzalacetone (4) and bromine in 56% yield, was treated 
with 4 equiv of sodium azide in dry DM F at 10° for 6 hr. The 
reaction mixture was worked up in the usual manner and yielded 
a yellow-brown residue. Recrystallization from MeOH-CHCl3 
furnished a yellow, crystalline product (6) in 70-80% yield (dec

pt 93°), ir (KBr) 2120 and 1625 cm *. Anal. Calcd for 
CnHisNeO (316): C, 64.55; H, 3.79; N, 26.58. Found: C, 
64.65; H, 3.75; N, 26.40.

General Procedure for the Synthesis of 1-Vinyl-l,2,3-triazoles
(3, 7, and 8).—Equimolar amounts (0.01 mol) of ylide 2 and 
azide 1 were treated in 50 ml of CH2C12 at room temperature to 
completion (checked by ir). Triazole 3p precipitated completely 
and triazole 3o partially from the solution. To isolate the 
other triazoles, the solvent was removed and the residue crystal
lized from methanol (3c, 3f, 3h, 3k, 31, 3m, 3n, 3o) or fractionally 
crystallized from ether (3a, 3d, 3i, 3j) and/or CHCh-pentane 
(7 and 8). Triazoles 3b, 3e, and 3g together with triphenyl- 
phosphine oxide were isolated in nearly quantitative yield and a 
sample of each was purified by column chromatography on 
silica gel (EtOAc as the eluent). The solid triazoles were re
crystallized from the appropriate solvents and analyzed. Their 
C, H, and N analyses were within 0.3% .

Registry No.— le, 35213-03-7; If, 26087-02-5; cis- 
lg, 35213-05-9; trans-lg , 35213-06-0; 3a, 35213-07-1; 
3b, 27643-29-4; 3c, 35225-67-3; 3d, 35225-68-4; 3e, 
35261-89-3; 3f, 35225-69-5; 3g, 27643-30-7; 3h, 35225- 
71-9; 3i, 35261-90-6; 3j, 35225-72-0; 3k, 35225-73-1; 
31, 35225-74-2; 3m, 35225-75-3; 3n, 35225-76-4; 3o, 
35225-77-5; 4, 35225-79-7; 6, 35225-80-0; 7, 35225- 
81-1; 8,35261-91-7; 11,31609-82-2; 13,31108-56-2.
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Photochemistry in the Tetrazole-Azidoazomethine System.
A Facile Synthesis of 9//-Pyrimid o[4,5-b]indoles
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The photolysis of 8-(phenyl)-, 8-(p-toluyl)-, 8-(p-methoxyphenyl)-, and 8-(p-chlorophenyl)tetrazolo[l,5-c]- 
pyrimidines in trifluoroacetic acid produces in high yield the corresponding 7-substituted 9Ï7-pyrimido[4,5-f>j- 
indoles. Evidence suggests that the reaction arises from acid-catalyzed conversion of the tetrazole to the isomeric 
azide which subsequently photolyzes to produce the indole derivative. In contrast to the high yield photolyses of 
the 8-phenyl derivatives in trifluoroacetic acid, photolysis or thermolysis in nonpolar media proceeded slowly and 
in poorer yield. The quantum yield for photolysis of the 8-phenyl derivative at 300 nm is 0.45, indicative of a 
reaction of high efficiency.

For several years we have been interested in both 
the photophysical and photochemical properties as
sociated with 2-substituted biaryl derivatives.2 The 
high yield cyclizations of 2-substituted groups to the 
adjacent aryl ring in biphenyls suggested such processes 
might be of synthetic utility in heterocyclic biaryl 
systems. Recently, we noted in a preliminary report 
that photolysis of 8-phenyltetrazolo[l,5-c]pyrimidine, 
la, in trifluoroacetic acid produced the 9/7-pyrimido- 
[4,5-5 [indole, 3a, in high yield.3 In view of the syn
thetic potential of this method in yielding this here-

(1) (a) Ohio State University Fellow, 1970-1971; (b) Alfred P. Sloan
Foundation Fellow (1970—1972), Camille and Henry Dreyfus Teacher- 
Scholar Awardee, 1971.

(2) (a) J. S. Swenton, Tetrahedron Lett., 2855 (1967); (b) ibid., 3421
(1968); (c) J. S. Swenton, T. J. Ikeler, and B. H. Williams, J. Amer. Chem. 
Soc., 92, 3103 (1970); (d) J. S. Swenton, T. J. Ikeler, and B. H. Williams, 
“ Excited State Chemistry,1' J. N. Pitts, Ed., Gordon and Breach, New 
York, N. Y., 1970, pp 93-106; (e) G. Smyser, M. S. Thesis, The Ohio State 
University, 1971.

(3) J. A. Hyatt and J. S. Swenton, J. Heterocycl. Chem., 9, 409 (1972).

tofore neglected ring system4 in high yield, we have 
explored the generality of this method by studying 
several substituted derivatives. We wish to report 
here the synthetic expedient of the acid-catalyzed 
control of the tetrazole-azidoazomethine equilibrium 
and a general high yield synthesis of 977-pyrimido- 
[4,5-5 [indoles.

Synthesis.—Limitations in preparative photochemi-
(4) Two examples of this ring system have been reported: (a) K. E.

Schulte, J. Reisch, and U. Stoess, Angew. Chem., Int. Ed. Engl., 4, 1081 
(1965); (b) R. Gluchkov, V. Volokova, and O. Y, Magidson. Khim. Farm. 
Zh., 1, 25 (1967).
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cal methods for substituted derivatives of a parent 
system often arise from two sources. First, the elec
tronic nature of the group can effect the excited state 
electron distribution and thus markedly alter the re
active properties of the excited state.2d Second, the 
substituent itself may be photochemically labile under 
the reaction conditions. Thus, a possibility limiting 
the usefulness of this photolytic method was that, in 
the highly acidic trifluoroacetic acid, aromatic rings 
bearing electron-donating groups would be subject to 
photochemical change.5 A particular instance is that 
of a halogen substituent which, while a useful handle 
for further synthetic manipulation, is often cleaved 
under photochemical conditions.6 With these consid
erations and those of preparative convenience in mind, 
we selected the p-toluyl, p-methoxyphenyl, and p-chloro- 
phenyl derivatives as models to test the generality of 
the preparative process.

The synthesis of these compounds is outlined in 
Scheme I. The reaction of tris(formylamino)meth-

ScHEME I

4a, X = H
b, X  =  CH3
c, X =  OCH3
a, x = c i

X X X

l i t Î J Î JNaN3, LiCl POCl3

r Y >
DM F X . C 1

O4OO

N ^ N

la -d 8a-d 7a-d

ane7 with the substituted phenylacetonitriles according 
to the procedure of Tsatsaronis and coworkers8 read
ily  afforded the 4-amino-5-(para-substituted phenyl- 
pyrimidines (6a-d). Hydrolysis of the aminopyrim- 
idines in concentrated hydrochloric acid9 gave the 4- 
pyrimidones (7a-d) which were treated with phosphorus 
oxychloride9 to yield the 4-chloro derivatives 8a-d. 
The reaction of these 4-chloropyrimidines with sodium 
azide-lithium chloride in N,A-dimethylformamide gave 
high yields of products exhibiting the characteristic 
tetrazole absorption in the ir at ca. 9.4 m-10 None of

(5) Aromatic photosubstitution is quite facile in numerous systems. For 
leading references see (a) E. Havinga and M. Kronenberg, Pure Appl. Chem., 
16, 137 (1968); (b) It. L. Letsinger and J. H. McCain, J. Amer. Chem. Soc., 
91, 6425 (1969).

(6) (a) J. P. Pinhey and R. D. G. Rigby, Tetrahedron Lett., 1267 (1969); 
(b) L. R. Hamilton and P. J. Kropp, ibid., 1625 (1971); (c) R. A. F. Deele- 
man, H. C. van der Plas, A. Koudijs, and P. S. Darwinkel-Resseeuw, ibid., 
4159 (1971).

(7) H. Bredereck, R. Gompper, H. Rempfer, K. Klemm, and H. Keck, 
Chem. Ber., 92, 329 (1959).

(8) (a) G. Tsatsaronis and F. E. Effenberger, ibid., 94, 2876 (1961); (b) 
G. Tsatsaronis'and A. Kehayoglow, J. Org. Chem., 35, 438 (1970).

(9) W. Davies and H. Piggot, J. Chem. Soc., 347 (1945).
(10) E. Lieber, D. Levering, and C. Patterson, Anal. Chem., 23, 1594 

(1951).

the products (la-d) exhibited the characteristic azide 
absorption at ca. 4 .7  n in KBr or neutral solution phase 
spectra. Thus, spectroscopic data established that 
compounds la-d exist nearly exclusively in neutral 
media as the tetrazole tautomer.

Preparative Photolyses. —While photolyses of the 
tetrazole la in benzene proceeded slowly to produce the 
indole 3a in low yield, photolysis of la in trifluoroacetic 
acid produced the indole in 9 1%  yield. Likewise, 
photolyses of lb-d in trifluoroacetic acid afforded 
one product in high yield and purity. The struc
tures of the photoproducts 3a-d were assigned as 
the respective 7-substituted 9#-pyrimido [4,5-6jindoles 
lOa-d on the basis of their elemental analyses, ir, nmr, 
uv, and mass spectral properties. Under our photoly
sis conditions, products derived from modification 
of either the methoxy or halogen linkage of 3c or 3d 
were not detected.

To compare the efficiency of the tetrazole photolysis 
in trifluoroacetic acid with that of the 2-azidobi- 
phenyls, the quantum yield for the parent system was 
measured at 300 nm. The observed quantum yields 
for disappearance of 2a and appearance of 3a were 
measured as 0.42 and 0.49, being quite analogous to 
those recorded for 2-azidobiphenyl itself (4> = 0.42).2c 
In contrast to the 2-azidobiphenyls which produce 
from 3 to 16 %  yields of azo compounds upon direct 
irradiation, nc analogous products were detected in the 
photolysis of azides 2a-d.

%

\\ T
N s^N

2a-d 3a (91%) 
b (95%) 
c (84%) 
d (88%)

la-d

Thermolyses.—The thermolysis of 2-azidobiaryls is 
also known to produce carbazoles in high yield from the 
classic studies of Smith and coworkers.11 Furthermore, 
Wentrup and Crow12 have described the facile forma
tion of 1-cyanoimidazoles 11 upon pyrolysis of certain 
tetrazolo[l,5-c]pyrimidines 9. To check if the thermal 
route possessed synthetic advantage over the photo
chemical process, the thermolysis of la was briefly 
explored. While la did decompose in refluxing o- 
dichlorobenzene, the indole, 3a was produced in only

(11) (a) P. Smith and J. Boyer, J. Amer. Chem. Soc., 73, 2626 (1951);
(b) P. Smith, B. Brown, R. Putney, and P. Reinick, ibid., 76, 6335 (1953);
(c) P. Smith and B. Brown, ibid., 73, 2438 (1951); (d) P. Smith, J. Ciegg, 
and J. Hall, J. Orff. Chem., 23, 524 (1958).

(12) C. Wentrup and W. Crow, Tetrahedron, 26, 4915 (1970).
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50% yield in addition to an equal quantity of unchar
acterized tarry residue. When the tetrazole la was 
refluxed in trifluoroacetic acid (bp 72°) for 3 hr in the 
dark only a trace of 11a was noted by tic in addition 
to unreacted starting material. Since thermolysis 
did not appear synthetically more advantageous than 
the photochemical route, our studies were terminated 
at this point.

Discussion

ion14 13, which would be most reasonably followed by 
cyclization and proton loss to yield 3a.15 While evi
dence is not available to distinguish between these 
two possibilities, the total absence of azo compounds 
from direct photolysis of these pyrimidine systems 
contrasts with the 3 to 16 %  yield of azo compounds 
produced by 2-azidobiphenyls. The latter bimolecular 
products, which were attributed to the reactions of a 
triplet nitrene in the biphenyl system, are either not 
characteristic processes in the heterocyclic series or 
else not produced due to the highly acidic media. In 
view of the high yield results obtained in our model 
systems, the photolysis of related tetrazoles in tri
fluoroacetic acid promises to be not only of synthetic 
utility but also a convenient method of studying the 
reactions of heteroaromatic nitrenes and/or nitrenium 
ions.

The present study has demonstrated the photolysis 
of biaryltetrazoles in acid media is a high yield route 
to the flif-pyrimido [4,5-6 ]indole ring system. The 
reaction is conveniently viewed as involving a shift 
of the tetrazole-azidoazomethine equilibrium in the 
acid media to the azide tautomer and its subsequent 
photolysis (Scheme II). Such an effect of acid on the

Scheme II

position of the tetrazole-azidoazomethine equilibrium 
has been noted previously in several systems.13 This 
point was confirmed in our work by noting that the 
ir spectra of tetrazoles la-d in trifluoroacetic acid 
showed strong azide absorption at ca. 4.5 /j. and nearly 
complete absence of the characteristic tetrazole ab
sorption at 9.4 /d. The identity within experimental 
error of the quantum yield of la photolysis and that 
of 2-azidobiphenyl itself (0.48 vs. 0.42) strongly sug
gests that the initial photochemical reaction is loss of 
nitrogen to produce the corresponding nitrene 12. T his 
step can be followed by nitrene insertion to produce 
3a. However, in the high acidic trifluoroacetic acid, 
protonation would result in formation of the nitrenium

(13) (a) C. Temple, R, McKee, and J. Montgomery, J. Org. Chem., 30, 
829 (1965); (b) N. Smirnova, I. Postovskii, N. Vereshchagina, and I. Lud- 
ina, Chem. Heterocycl. Compounds (USSR), 4, 130 (1971) (English trans
lation); (c) C. Wentrup, Tetrahedron, 26, 4969 (1970).

Experimental Section
Melting points were determined in a Thomas-Hoover apparatus 

and are corrected. Infrared spectra were taken as Nujol mulls 
on a Perkin-Elmer Model 137 spectrophotometer; only prominent 
bands are reported. Nmr spectra were obtained on a Varian 
A-60A instrument in the specified solvent with tetramethylsilane 
as internal standard. Mass spectra were determined with an 
AEI MS-9 instrument at an ionizing potential of 70 eV. Ultra
violet spectra were determined in 95% ethanol solution with a 
Cary Model 14 recording spectrophotometer. All elemental 
analyses were performed by Scandinavian Microanalytical 
Laboratory, Herlev, Denmark, on sublimed samples. All 
photolyses were performed with a bank of 16 RPR-3000-A lamps.

8-Phenyltetrazolo[l,5-c]pyrimidine, la, and 9//-pyrimido- 
[4,5-b]indole, 3a, have been previously reported.3

4- Amino-5-(p-toluyl(pyrimidine (6b).— A mixture of 25.0 g 
(0.18 mol) of p-methylbenzyl cyanide, 53.0 g (0.36 mol) of tris- 
(formamino)methane, 3.0 g of p-toluenesulfonic acid, and 35 ml 
of formamide was heated at 170-180° for 10 hr. The cooled 
reaction mixture was acidified with 10% hydrochloric acid, di
luted with 50 ml of water, and treated with decolorizing char
coal. The clarified solution was basified with 10% sodium 
hydroxide solution and the precipitated product chromato
graphed on 300 g of Florisil (5%  methanol in chloroform as 
eluent). Recrystallization of this material from benzene yielded
13.0 g (39%) of white crystalline product: mp 166.5-167.0°: 
ir 2.97, 3.12, and 6.12 M; nmr (CDC13) S 8.50 (s, 1 H ), 8.10 (s, 
1 H ), 7.25 (s, 4 H ), 5.42 (br s, 2 H ), and 2.38 (s, 3 H ).

Anal. Calcd for CnHuN 3: C, 71.33; H, 5.99; N , 22.69. 
Found: C, 71.18; H, 5.92; N, 22.82.

5- (p-Toluyl)pyrimidone-4 (7b).— A solution of 10.0 g (0.054 
m) of 4-amino-5-(p-toluyl)pyrimidine, 6b, in 35 ml of concen
trated hydrochloric acid was heated at 70-90° for 10 hr in a 
rapid stream of hydrogen chloride. The precipitated hydro
chloride salt of product was filtered off, the filtrate yielding 3.0 g 
of unreacted starting amine. The crude hydrochloride was 
slurried in 35 ml of water, 30% aqueous sodium hydroxide added 
until solution was effected, and the solution diluted with 50 ml 
of water. Saturation of this solution with carbon dioxide yielded 
the crude product which was recrystallized from methanol to 
yield 6.0 g (86%) of 7b: mp 191.5-192.5°; ir 6.05 m; nmr (CD- 
Cl3) S 11.1 (br s, 1 H ), 8.16 (s, 1 H ), 8.09 (s, 1 H), 7.4 (center 
of AB quartet, J  =  8.5 Hz, 4 H ), and 2.42 (s, 3 H ).

Anal. Calcd for CiiH10N2O: C, 70.95; H, 5.41; N, 15.04. 
Found: C, 71.02; H, 5.53; N, 15.06.

4-Chloro-5-(p-toluyl(pyrimidine (8b).— A mixture of 5.0 g 
(0.026 mol) of 7b and 15 ml of freshly distilled phosphorus oxy
chloride was refluxed for 0.75 hr. After removal of excess phos
phorus oxychloride in vacuo, the resulting oily residue was treated 
with 200 ml of ice water. The precipitated solid was collected 
and recrystallized from n-hexane to yield 3.75 g (71%) of white 
crystalline material: mp 78.5-79.5°; ir 6.55, 12.32, 13.03, 13.18,

(14) For a review see P. G. Gassman, Accounts Chem. Res., 3, 26 (1970).
(15) A similar proposal has been advanced to account for the products

involving nucleophilic aromatic substitution from deoxygenation of nitroso- 
benzene in triethyl phosphite containing acetic acid: R. J. Sundberg, R. H.
Smith, and J. E. Bioor, J. Amer. Chem. Soc., 91, 3392 (1969).
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14.00, and 14.60 n; nmr (CDC13) 5 8.94 (s, 1 H ), 8.64 (s, 1 H), 
7.32 (s, 4 H ), and 2.42 (s, 3 H ).

Anal. Calcd for C n lM ^ d : C, 64.56; H, 4.48; N, 13.60; 
Cl, 17.32. Found: C, 64.85; H, 4.85; N, 13.20; Cl, 17.38.

8-(p-Toluyl)tetrazolo[l,5-c]pyrimidine (lb ).— A solution of
3.50 g (0.017 mol) of 8b, 1.10 g (0.017 mol) of sodium azide, and 
0.71 g (0.017 mol) of lithium chloride in 25 ml of A^iV-dimethyl- 
formamide was stirred for 8 hr at RT. The reaction mixture was 
then poured into 300 ml of ice water and the resulting light yellow 
solid recrystallized from ethanol to afford 3.53 g (98%) of pure 
product: mp 125-126.5°; ir 6.24 and 9.35 ju; nmr (CDC13) 5
9.59 (s, 1 H ), 8.50 (s, 1 H ), 7.76 (center of AB quartet, J  =  7.5 
Hz, 4 H ), and 2.43, (s, 3 H).

Anal. Calcd for C11H 9N 5: C, 62.53 H, 4.30; N , 33.18. 
Found: C, 62.47; H, 4.26; N, 33.37.

7- Methyl-9ff-pyrimido [4,5-6] indole (3b).— A solution of 0.50 g 
(0.024 mol) of lb in 50 ml of trifluoroacetic acid was irradiated 
through Pyrex for 2 hr and the trifluoroacetic acid removed 
in vacuo. The residue was diluted with 50 ml of water and made 
basic with 10%  sodium hydroxide, and the aqueous layer ex
tracted with ether (6 X 30 ml). Removal of the ether from the 
sodium sulfate dried organic phase yielded a solid product which 
was recrystallized from benzene-ethanol to yield 0.42 g (95%) of 
white solid: mp 228.5-230.5°; ir 6.18, 6.24, 10.12, 12.41, and
13.35 M; nmr (DMSO-d6) 5 12.1 (br s, 1 H ), 9.36 (s, 1 H ), 8.90 
(s, 1 H ), 8.11 (d, J  =  8 Hz, 1 H ), 7.23 (m, 2 H ), and 2.47 (s, 
3 H).

Anal. Calcd for CUH 9N3: C, 72.10; H, 4.95; N, 22.95. 
Found: 72.02; H, 4.97; N , 22.72.

4- Amino-5- (¡o-me thoxyphenyl jpyrimidine (6c).— A mixture of 
30 g (0.20 mol) of p-methoxyphenylacetonitrile, 58 g (0.40 mol) 
of tris(formamino)methane, 3 g of p-toluenesulfonic acid, and 
35 ml of formamide was reacted in a manner analogous to that of 
6b. Recrystallization of the crude material from benzene yielded
20.2 g (51%) of 6c: mp 165.5-167.5°; ir 2.98, 3.10, and 6.12 n', 
nmr (CDC13) S 8.46 (s, 1 H ), 8.07 (s, 1 H ), 7.12 (center of AB 
quartet, /  =  9 Hz, 4 H ), 5.39 (br s, 2 H), and 3.78 (s, 3 H ).

Anal. Calcd for CuHuN 30 : C, 65.66; H, 5.51; N , 20.88. 
Found: C, 65.74; H, 5.27; N, 20.71.

5- (p-Methoxyphenyl)pyrimidone-4 (7c). In a manner analo
gous to that of 7b a solution of 9.0 g (0.045 mol) of 6c in 35 ml of 
concentrated hydrochloric acid was treated with dry hydrogen 
chloride at 80-90° for 12 hr. Work-up of the reaction yielded
2.1 g of recovered starting material in addition to the pyrimi- 
done. Recrystallization of the product from methanol yielded
5.82 g (83%) of 7c: mp 205.5-206.5°; ir 6.02, 8.05, and 9.75

nmr (BMSO dt) S 12.5 (br s, 1 H ), 8.11 (br s, 2 H ), 7.43 
(center of AB quartet, J  =  8.5 Hz, 4 H ), and 3.79 (s, 3 H ).

Anal. Calcd for C11H10N2O2: C, 65.34 H, 4.98; N, 13.85. 
Found: C, 65.21; H, 4.96; N, 13.83.

4-Chloro-5-(p-methoxyphenyl)pyrimidine (8c).— A mixture of
9.0 g (0.045 mol) of 7c and 20 ml of phosphorus oxychloride was 
refluxed for 1 hr and the excess phosphorus oxychloride removed 
in vacuo. Treatment of the residual oil with ice water yielded a 
crude yellow solid which was recrystallized from n-hexane to 
give 5.62 g (57%) of product: mp 95.5-96.5°; ir 6.21, 8.05, and
13.10 m; nmr (CDC13) 8 8.86 (s, 1 H ), 8.56 (s, 1 H), 7.16 (center 
of AB quartet, J — 8.5 Hz, 4 H), and 3.78 (s, 3 H).

Anal. Calcd for CuHoNjOCl: C, 59.88; H, 4.11; N, 12.69; 
Cl, 16.07. Found: C, 60.03; H, 4.22; N , 12.68; Cl, 16.25.

8- p-(Methoxyphenyl)tetrazolo[l,5-c]pyrimidine (lc ).— A solu
tion of 4.50 g (0.020 mol) of 8c, 1.70 g (0.025 mol) of sodium 
azide, and 1.10 g (0.025 mol) of lithium chloride in 35 ml of 
iV.W-dimethylformamide was stirred for 8.5 hr at room tempera
ture. Work-up as previously described followed by recrystalliza
tion of the crude product from ethanol yielded 4.35 g (95%) of 
lc : mp 146.5-147.5°; ir 6.23, 8.05, and 9.31 m; nmr (CDC13) 
8 9.56 (s, 1 H ), 8.48 (s, 1 H ), 7.60 (center of AB quartet, J  =  8.5 
Hz, 4 H ), and 3.85 (s, 3 H).

Anal. Calcd for CuH9N 60 :  C, 58.14; H , 3.99; N, 30.82. 
Found: C, 57.84; H, 4.02; N, 30.48.

7-Methoxy-9fl-pyrimido [4,5-6] indole (3c).— Photolysis of 0.50 
g (0.0023 mol) of lc  in 50 ml of trifluoroacetic acid for 1.75 hr 
followed by work-up as usual yielded 3c as a yellow crystalline 
product. Sublimation of this material in vacuo followed by re- 
crystallization from benzene yielded 0.36 g (84%) of white crys
talline 3c: mp 238.5-239.5°; ir 6.16 and 7.92 /j.; nmr (DMSO- 
d6) 8 12.15 (br s, 1 H), 9.32 (s, 1 H ), 8.90 (s, 1 H ), 8.12 (d, /  =
8.0 Hz, 1 H ), 7.04 (m, 2 H ), and 3.88 (s, 3 H ).

Anal. Calcd for CnH9K 30 : C, 66.32; H, 4.55; N, 21.09. 
Found: C, 66.14; H, 4.68; N , 20.91.

4- Amino-5-(p-chlorophenyl)pyrimidine (fid).— A mixture of
30.4 g (0.20 mol) of p-chlorophenylaeetonitrile, 57.0 g (0.40 mol) 
of tris(formamino)methane, 3.5 g of p-toluenesulfonic acid, and 
35 ml of formamide was stirred at 155-160° for 11 hr. Work-up 
of the reaction as for 6b, followed by recrystallization of the crude 
material from ethanol, yielded 28.2 g (68% ) of the pyrimidine as 
light tan product, mp 205.5-206.5°. Sublimation followed by 
recrystallization from ethanol yielded the analytical sample: 
mp 207.5-208.5°; ir 2.95, 3.10, and 6.04 u; nmr (DMSO-d6) 8
8.31 (s, 1 H ), 7.96 (s„ 1 H ), 7.43 (s, 4 H ), and 6.67 (br s, 2 H).

Anal. Calcd for CioH8N3C1: C, 58.41; H , 3.92; N, 20.43; 
Cl, 17.24. Found: C, 58.39; H, 3.88; N , 20.80; Cl, 17.58.

5- (p-Chlorophenyl)pyrimidone-4 (7d).— A solution of 15.0 g 
of 6d in 50 ml of concentrated hydrochloric acid was heated at 
80-90° for 12 hr in a stream of hydrogen chloride gas. After 
work-up in the usual manner there was obtained 4.2 g of unreacted 
amine in addition to product. Recrystallization of the crude 
product from methanol yielded 10.2 g (94% ) of white crystalline 
material: mp 254.5-256.5°; ir 6.03, 7.30, and 8.02 n; nmr 
(DMSO-de) 8 8.61 (br s, 1 H), 8.20 (d, /  =  2 Hz, 2 H ), 7.63 
(center of AB quartet, and J =  9 Hz, 4 H ).

Anal. Calcd for C10H7N2OCI: C, 58.13; H, 3.42; N , 13.55. 
Found: C, 57.73; H, 3.73; N , 13.46.

4-Chloro-5-(p-chlorophenyl)pyrimidine (8d).— A mixture of
5.0 g (0.024 mol) of 7d and 20 ml of phosphorus oxychloride was 
refluxed for 0.75 hr. Work-up as for 8b gave after recrystalliza
tion from hexane 5.10 g (94% ) of faintly yellow crystalline prod
uct: mp 111.5-113.5°; ir 6.57, 9.20, 10.08, and 13.92 n; nmr 
(CDClj) 8 9.0 (s, 1 H ), 8.67 (s, 1 H ), 7.45 (s, 4 H).

While colorless material could be obtained by sublimation 
which was homogeneous by tic under several sets of conditions, 
acceptable combustion analytical data (± 0 .3 % ) could not be 
obtained. Even column chromatographed material did not yield 
acceptable analyses. The data given below comprise the average 
of three determinations.

Anal. Calcd for C ioH ^ C h : C, 53.37; H, 2.69; N , 12.45; 
exact mass, 223.9908. Found: C, 53.95; H, 2.86; N, 12.12; 
exact mass, 223.9905.

8- (p-Chlorophenyl )tetrazolo [ 1,5-c] pyrimidine (Id ).— A solution 
of 4.50 g (0.020 mol) of 8d, 1.60 g (0.025 mol) of sodium azide, 
and 1.05 g (0.025 mol) of lithium chloride in 75 ml of N,N- 
dimethylformamide was stirred at room temperature for 14 hr. 
The usual work-up followed by recrystallization of the crude 
product from ethanol gave 4.12 g (89%) of yellow crystalline 
material: mp 149.5-151.5°; ir 6.22, 9.32, 11.31, and 12.03 ¡j; 
nmr (CDC13) 8 9.64 (s, 1 H ), 8.56 (s, 1 H ), and 7.83 (center of 
AB quartet, J  =  9 Hz, 4 H ).

Anal. Calcd for CioH6N 5Cl: C, 51.85; H, 2.61; N , 30.23; 
Cl,15.30. Found: C, 51.87; H, 2.80; N, 30.44; Cl,15.60.

7-Chloro-9.ff-pyrimido[4,5-6]indole (3d).— Photolysis of 0.50 g 
(0.002 mol) of Id in 50 ml of trifluoroacetic acid for 3.0 hr fol
lowed by the usual work-up, continuous ether extraction of the 
basic aqueous suspension, and recrystallization of the crude 
product from methanol gave 0.39 g (88% ) of white crystalline 
product: mp 287.5-289.5°; ir 8.02, 8.25, 10.09, 11.00, 11.51, 
and 12.42 M; nmr (DMSO-d6) 8 9.39 (s, 1 H ), 8.90 (s, 1 H ), 8.20 
(d, J — 8.0 Hz, 1 H ), and 7.33 (m, 2 H ).

Anal. Calcd for CJ0H«N3f3 : C, 58.98; H, 2.97; N, 20.64; 
Cl, 17.41. Found: C, 58.80; H, 3.02; N, 20.76; Cl, 17.43.

Thermolysis of 8-Phenyltetrazolo[l,5-c]pyrimidine (la).— A 
solution of 0.5 g of la in 50 ml of o-dichlorobenzene was refluxed 
until all the tetrazole had disappeared (8.0 hr). Removal of the 
solvent from the orange colored reaction mixture followed by re
crystallization of the residue from benzene yielded 0.22 g (50%) 
of 9H-pyrimido [4,5-5] indole as identified by mp and ir compari
son with known material. Thermolysis of the tetrazole in re
fluxing trifluoroacetic acid for 3 hr in the dark yielded recovered 
starting material.

Quantum Yield Determination for the Photolysis of 8-Phenyl- 
tetrazolo[l,5-c] pyrimidine (la ).— The quantum yield determina
tions for the photolysis of la were measured using a cylindrical 
photolysis cell containing two compartments, each 2 cm in diam
eter and having a 5-cm optical path. The cell was constructed 
from 2-cm Pyrex tubing and had quartz faces and a quartz 
divider separating the two compartments. The light source was 
a Bausch and Lomb high intensity grating monochromator set at 
3000 A. Quantum yield measurements were performed as pre
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viously described on 5 X 10-3 M  solutions of la in trifluoroacetic 
acid. Typical light intensities were on the order of 2.4 X  10-s 
einsteins/15 ml min.16 The product analysis was by uv at 261.5 
nm while that for loss of starting material was measured at 295.0 
nm; an isosbestic point was observed at 280.0 nm. The quantum 
yield measurements were independent of conversion between 
0.25 and 7.0%  giving average quantum yields of 4>2a =  0.42 ±  
0.10 and $3a =  0.49 ±  0.05.

(16) Potassium ferrioxolate actinometry was employed: C. G. Hatchard
and C. A. Parker, Proc. Roy. Soc., London, 235, 518 (1956).

Registry No.—la, 35202-17-6; lb 35202-18-7; lc,
35202-19-8; Id, 35202-20-1; 3b, 35202-21-2; 3c,
35340-32-0; 3d, 35202-22-3; 6b, 35202-23-4; 6c,
35202-24-5; 6d, 35202-25-6; 7b, 35202-26-7; 7c,
35202-27-8;
35202-30-3;

7d, 35202-28-9; 
8d, 33258-76-3.

8b, 35202-29-0; 8c,
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The reactions'of 5-cyclopropyl-5-phenyl-3-nitrosooxazolidone (6), 5,5-dicyclopropyl-3-nitrosooxazolidone (7), 
and 5-cyclopropyl-5-methyl-3-nitrosooxazolidone (8) under alkaline conditions are described. When methanolic 
solutions of 6 are treated with aqueous hydroxide, about 90% yields of cyclopropylphenylacetylene (9a) are 
obtained. On similar treatment, 7 yields about 52% dicyelopropylacetylene (9b) together with about 21% 2,2- 
dicyclopropylvinyl methyl ether (10b), and 8 yields only 16% cyclopropylmethylacetylene (9c) together with 
about 64% a nearly 1:1 mixture of the Z  and E forms of 2-cyclopropyl- 1-propenyl methyl ether (10c). When a 
cyclohexene solution of 6 is added to a suspension of lithium ethoxide in cyclohexene, an 84% yield of 9a is ob
tained. On similar treatment, 7 yields 64% 9b and about 13% 7-(dicyclopropylmethylene)bicyclo[4.1.0]- 
heptane (5b), while 8 yields about 26% 9c and 44% 7-(2-cyclopropylpropylidene)bicyclo[4.1.0]heptane (5c). 
Mechanisms which involve unsaturated carbonium ions and unsaturated carbenes are advanced to explain the 
results. Treatment of a cyclohexene-pentane solution (containing a small amount of Aliquat, a long chain 
quaternary ammonium chloride) of 2-(lV-nitrosoacetylamino)-l,l-dicyclopropylethanol (17) with 50% sodium 
hydroxide afforded a 64% yield of 5b. Similar treatments of l-(Ar-nitrosoacetylamino)-2-cyclopropyl-2-propanol 
(18) yielded 52% 5c.

The reactions of 5,5-disubstituted-3-nitrosooxazoli- 
dones (1) with bases in polar media have been studied.3“ 
When one or both R groups are phenyl, acetylenes 
(2) are formed.' When alkyl groups are involved, 
disubstituted aldehydes (3) and/or rearranged ketones 
(4) are formed. If the reactions are carried out in 
cyclohexene with lithium ethoxide, substituted ethyli- 
denecyclopropanes (5) are produced.3b

\/ Ç - Q R\R' J ^C O RCssCR' CHCHO
CH2NNO R'

1 2 3

RCOCH2R'
R ' /

4 5b, R = R '=  A
C, R= A; R' = CH3

The present work was undertaken to find out how 
compounds such as 1 with cyclopropyl groups would 
behave under similar conditions. Cyclopropyl groups 
were chosen because they are between aryl groups 
and alkyl groups4 in their tendency to participate 
in reactions involving cationic intermediates. Ac
cordingly, 5-cyclopropyl-5-phenyl-3-nitrosooxazolidone

(1) This work was supported largely by Grant G-12445X from the Na
tional Science Foundation.

(2) This work was taken from the Ph.D. thesis presented by S. Gromelski 
to The Ohio State University, 1971.

(3) (a) M. S. Newman and A. Kutner, J. Amer. Chem. Soc., 73, 4199 
(1951); (b) M. S. Newman and A. O. M. Okorodudu, J. Org. Chem., 34, 1220 
(1969).

(4) Y. E. Rhodes and T. Takino, J. Amer. Chem. Soc., 92, 5270 (1970).

(6), 5,5-dicyclopropyl-3-nitrosooxazolidone (7), and 
5-cyclopropyl-5-methyl-3-nitrosooxazolidine (8) were 
prepared by procedures similar to those described,3 and 
were treated with bases under the two different sets of 
reaction conditions discussed below.

CJH,

< 1

: c — o
N x )

CH,— NNO

c — o
CE

\
■3\

CH2— NNO 
7

C— 0
J P . X /  ! . .  X .,C0 

CH2— NNO 
8

I. Treatment with Methanolic Potassium Hydrox
ide.—When methanolic solutions of the nitrosooxazoli- 
dones at room temperature were treated with metha
nolic potassium hydroxide, vigorous reactions occurred 
to yield mainly cyclopropylphenylacetylene (9a) 
from 6 , dicyelopropylacetylene (9b), and 2,2-dicyclo- 
propylvinyl methyl ether (10b) from 7, and cyclo
propylmethylacetylene (9c) and both isomers of 2- 
cyclopropyl-l-propenyl methyl ether (10c) from 8. 
The results are listed in Table 1.

— C = C R

9a, R = C6H5
b, R= A
c, R=CH3

R \

v "

C = C /
\

H
OCH3

10b, R= A
C, R=CH3

These results seem best explained by assuming that 
the intermediate (A), similar to one previously postu
lated,311 undergoes a trans elimination via rotamers 
B and C to yield the isomeric intermediates D and E 
as shown in Scheme I. Each of these can give rise to
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T able I

Alkaline D ecomposition o r  N itrosooxazolidones 
Containing Cyclopropyl Groups

R ^ c ^ ° v c o  

V  ch2n n o

Compd Method Product Yield, %
6 (R = CeHs) a 9a 9U

b 84
7 (R =  O) a 9b 52i

10be 21«*
b 9b 64«*

5b 13
64 /

8 (R =  CH,) a 9c 16
(zy iocs 33*
(Ey ioc 3D

b 9c 26
5c 44

52*

“ Treatment of methanolic nitrosooxazolidones with aqueous 
methanolic hydroxide, method I in text. b Treatment of nitroso
oxazolidones with lithium ethoxide in cyclohexene, method II 
in text. c Isolated yield. d Determined by glpc. « Isolated by 
glpc. f Obtained by treatment of 17 with base using Stark’s 
procedure.16 1 See ref 20 for nomenclature. h Relative amounts 
of Z  and E  forms determined by nmr.19 ‘ Obtained from 18.

Scheme I

r̂ c= ch

V
F

CH3OH 
path 2

10b (R =  A) 
c (R =  CH3)

*X,

V "
:C=C:

path 3

5b, 5c

an acetylene by migration of the group trans to the 
diazo group with loss of nitrogen and a proton (path 1). 
Alternately, D and E  may lose nitrogen to yield F 
(path 2), or nitrogen and a proton to yield G (path

3).3b’6 Because of other studies,6 we believe the path 
involving F  is involved in the reactions which take 
place in methanol. The unsaturated carbonium ions 
(F) react with methanol to yield 10b and the isomeric 
ethers 10c. Since the steric requirements of methyl 
and cyclopropyl groups in F are probably nearly the 
same, the fact that about equal amounts of the isomeric 
ethers 10c are obtained (see Table I) is readily under
stood. When the R  groups in 1 are feri-butyl and 
methyl, the isomer in which the methoxy group is 
trans to the ¿erf-butyl group predominates.7 The ace
tylenes may be formed directly from D and E or 
from F.

To rationalize our results pertaining to the relative 
amounts of acetylene and vinyl ether formed, we as
sume that a phenyl group has a larger steric effect 
than a cyclopropyl group and the latter a slightly larger 
effect than a methyl group. We also assume that rear
rangement of a phenyl group in intermediates of type 
D, E, and F  occurs more readily than that of a cyclo
propyl group and that methyl has little, if any, tendency 
to migrate because no 2-butyne is formed on treatment 
of the dimethyl analog of 8 with base.

Judging from the fact that the amount of vinyl 
ether formed increases in going from 6 to 7 to 8, the 
preference of the intermediates D and E  to decompose 
by path 2 rather than by path 1 is inversely related to 
the migration tendencies of the groups originally at
tached at the 5 position in the nitrosooxazolidones
6-8. Unfortunately, no information can be gained 
about the relative migration aptitudes of phenyl and 
cyclopropyl8 in this reaction because, even if the amount 
of phenyl migration could be determined by isotopic 
labeling of 6, the result would probably hinge on the 
proportions of D and E  formed and not on migration 
aptitudes. Presumably, D would be present in larger 
amount than E  in the case where R =  C6H5, since B 
should be favored over C because of steric reasons. 
However, there seems to be little chance to prepare 
the stereoisomeric intermediates D and E  by other 
means as all attempts to nitrosate a pure trans unsatu
rated urethane R C H =C H N H C 0 2H5 failed.9

Finally, it should be noted that the treatment of
5,5-disubstituted nitrosooxazolidones (1) containing 
one or more cyclopropyl groups constitutes a new and 
effective synthesis of arylcyelopropylacetylenes10 and 
of dicyclopropylacetylene.11

II. Treatment with Lithium Ethoxide in Cyclo
hexene.—When solutions of 6, 7, and 8 in cyclohexene 
were added to a stirred suspension of lithium ethoxide 
in cyclohexene the products listed in Table I were ob
tained. These reaction conditions were chosen be
cause they favor the formation of unsaturated car-

(5) J. Hine, “ Divalent Carbon,”  Ronald Press, New York, N. Y ., 1964, pp 
89-90.

(6 ) M. S. Newman and C. D. Beard, J. Amer. Chem. Soc., 93, 7564 (1970).
(7) Unpublished results by W. Liang.
(8 ) Studies on. the products formed by rearrangement of a series of sub

stituted p-tosylhydrazones of formula (R)aCCH=NNHS0 2 C7H7 via a 
carbenic intermediate, (R)sCCH: led to the following migratory aptitudes, 
CeHs (41.0), A  (12.6), CHs (4.5): Unpublished results by H. Shechter and
A. Kraska. See the Ph.D. thesis of A. Kraska, The Ohio State University, 
1971.

(9) Unpublished experiments by Dr. Zia ud Din.
(10) Compare J. K. Crandall and D. J. Keyton, Chem. Commun., 1069 

(1968).
(11) G- Kobrick and D. Merkel, Angew. Chem., Int. Ed. Engl., 9, 243 

(1970).
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bene.8bi 12 As can be seen from the results reported 
in Table I, the amount of acetylene formed in these 
reactions is roughly the same as that obtained in the 
methanolic potassium hydroxide experiments. We 
believe that acetylene formation proceeds essentially 
by way of B -►  C  and D —►  E  as discussed above in 
part I, with the difference that the competition in 
decomposition of D and E  is now between paths 1 and 3. 
The proportions which go through the unsaturated 
carbenes (G) yield the substituted bicyclo [4.1.0 ]- 
heptanes (5b, 5c).

In the case of 6. only path 1 is followed to afford 
an 84% yield of 9a. In the cases of both 7 and 8, 
path 3 is followed to a slightly greater extent to yield
7-(dicyclopropylmethylene)bicyclo [4.1.0] heptane (5b, R 
= R ' =  A) and 7-(2-cyclopropylpropylidene)bicyclo-
[4.1.0]heptane (5c, R = A, R ' = CH3) than is path 
2 in the cases in which the vinyl ethers 10b and 10c 
are formed.

Small amounts of dicyclopropyl ketone (11) and of 
cyclopropyl cyclopropylmethyl ketone (12) were iso
lated in studies on 7 under both of the above reaction 
conditions. Since similar products had been obtained 
in related work,13 we studied the alkaline decomposi
tion of 7 in water-glyme with and without added lith
ium nitrate. When lithium nitrate was absent, the 
yields of 9b, 11, and 12 were 48, 26, and 5.8%, respec
tively. When the solvent was saturated with lithium 
nitrate, no 9b was formed and 11 and 12 were obtained 
in 31 and 27%  yields, respectively. Thus, the yield 
of rearranged ketone (12) is markedly increased by 
lithium nitrate as in the previous work13 (see ref 13 
for comments).

Since an improved method for generating unsatu
rated carbenes has recently been developed here,14 
the oxazolidones which served as precursors to 6, 7, 
and 8 were hydrolyzed to the corresponding amino 
alcohols which were acetylated to the acetylamino 
alcohols 13-15, which were nitrosated to yield 16-18. 
Treatment of cyclohexene-pentane solutions of 17 
and 18 containing a small percent of a quaternary 
ammonium chloride with sodium hydroxide by the 
Starks procedure16 afforded good yields of the corre
sponding bicycloheptane derivatives 5b and 5c. Thus, 
the formation of bicyclo [4.1.0]heptanes is favored 
by following the nitrosoacetylamino alcohol route,14 
whereas the formation of acetylenes is best carried out 
by starting with nitrosooxazolidones (l).3a How
ever, in the case of 16, an 89% yield of cyclopropyl-

I I
' x :ch2n c o c h 3

V
13, R = H 
16, R = NO

OH R
I I

:CCH2NCOCH,

14, R =  H 
17, R = NO

CH;3\ ,

OH R
I I

:CCH,NCOCH,

15, R = H 
18, R = NO

phenylacetylene (9a) was isolated with no trace of a 
bicycloheptane observed. Hence, when a phenyl 
group is present, the formation of acetylene is predom
inant regardless of the method.

(12) M. S. Newman and T. B. Patrick, J. Amer. Chem. Soc., 91, 6461 
(1969).

(13) M. S. Newman and C. D. Beard, ibid., 92, 4309 (1970).
(14) M. S. Newman and Z. ud Din, Syn. Commun., 1, 247 (1971).
(15) C. M. Starks, J. Amer. Chem. Soc., 93, 195 (1971).

Experimental Section16
Reformatsky Reactions.— Improved yields of hydroxy esters 

used in this work were obtained when only one equivalent of 
activated zinc17 was used instead of the usual excess and when 
ether-benzene was the solvent instead of benzene alone. The 
mixture was held at reflux until the zinc disappeared and no 
longer. In a typical reaction 30 ml of benzene was distilled from 
a three-necked flask containing 38 g (0.58 g-atom) of zinc17 and 
200 ml of benzene. A solution of 85 g of cyclopropyl phenyl 
ketone in 170 ml of dry ether was added and the mixture was 
heated to reflux. After a small addition of methyl a-bromo- 
acetate and an induction period of 1 hr, 89 g (0.58 mol) of bromo 
ester was added in portions so that the reaction was not too 
vigorous. After all the zinc had disappeared (2-3 hr in all), the 
solution was cooled and treated with 130 ml of 1:1 acetic acid- 
water. The aqueous layer was reextracted several times with 
ether-benzene and the combined organic layers were washed with 
130 ml of 1:1 ammonium hydroxide-water. The reaction mixture 
was then worked up as usual to yield 109 g (85%) of methyl 3- 
cyclopropyl-3-phenyl-3-hydroxypropionate,* bp 102-105° (0.3 
mm).

Anal. Calcd for Ci8Ha60 3: C, 70.9; H, 7.3. Found: C,
70.7; H, 7.2.

In a similar way, methyl 3,3-dicyclopropyl-3-hydroxypro- 
pionate,* bp 57-60° (0.4 mm), and methyl 3-cyclopropyl-3- 
hydroxybutyrate,* bp 75-77° (8 mm), were obtained in 72 and 
76% yields, from dicyclopropyl ketone and cyclopropyl methyl 
ketone, respectively.

Anal. Calcd for CioHi60 3: C, 65.2; H, 8.8. Found: C,
64.9; H, 8.9.

Anal. Calcd for C8H 140 3: C, 60.8; H, 8.9. Found: C,
60.6 H, 9.0.

Synthesis of Oxazolidones.— In a typical reaction sequence 3- 
cyclopropyl-3-phenyl-3-hydroxypropionate was converted into
5-cyclopropyl-5-phenyloxazolidone as follows. To a solution of
5.0 g (0.023 mol) of hydroxy ester in 2.5 ml of absolute methanol 
was added 1.1 g (0.034 mol) of anhydrous hydrazine. The re
sulting solution (exothermic reaction) was allowed to stand 
overnight and the solvent was removed on a rotary evaporator. 
A solution of the oily residue in 88 ml of 0.5 N  hydrochloric acid 
was slowly treated at 0-5° with 1.73 g (0.025 mol) of sodium 
nitrite in 20 ml of water. Benzene-chloroform (1 :1) was added 
together with a little urea. The organic layer was separated and 
added dropwise to refluxing benzene. After all gas evolution had 
ceased, the cooled solution yielded a solid which was recrystal
lized from benzene-pentane to yield 3.5 g (78%) of 5-cyclopropyl-
5-phenyl-2-oxazolidone,* mp 119.5-120.5°.

Anal. Calcd for CI2HI3N 0 2: C, 70.9; H, 6.4; N, 6.9.
Found: C, 70.6; H, 6.7; N, 7.0.

In a similar way, 5,5-dicyclopropyl-2-oxazolidone,* mp 80.5- 
81.5°, and 5-cyclopropyl-5-methyl-2-oxazolidone,* mp 58.5- 
59.5°, were obtained in 73 and 75% yields, respectively.

Anal. Calcd for C9H13N02: C, 64.6; H, 7.8; N, 8.4. Found: 
C, 64.6; H, 7.9; N, 8.3.

Anal. Calcd for C,HuN0 2: C, 59.6; H, 7.8; N , 9.9. Found: 
C, 59.4; H, 7.8; N , 9.8.

Preparation of 6, 7, and 8.—In a typical procedure a solution of
1.05 g (0.016 mol) of nitrosyl chloride18 in 15 ml of pure acetic 
anhydride was added slowly to a solution of 3.0 g (0.015 mol) of
5-eyclopropyl-5-phenyl-2-oxazolidone in 30 ml of dry pyridine 
held at 0 -5 °. After 1 hr the mixture was poured on ice. A 
benzene-ether extract was washed with 10% hydrochloric acid 
and worked up in the usual way. The yellow oily residue was

(16) All melting and boiling points are uncorrected. Microanalyses by 
M-H-W Laboratories, Garden City, Mich., and Chemalytics, Tempe, Ariz. 
Ir spectra were recorded on a Perkin-Elmer Infracord. Nmr spectra were 
taken in CCI4 and recorded on an A-60 instrument, Varian Associates, Palo 
Alto, Calif., and are reported as r relative to tetramethylsilane as 10.0. 
A Varian Aerograph, Model 1200, flame ionization detector gas chromato
graph was used for glpc. The phrase “ worked up as usual”  means that, 
after the organic solution was washed with water and saturated salt solution 
and dried by passage through a cone of anhydrous MgSC>4, the solvents 
were removed on a rotary evaporator. The nmr spectra of all compounds 
marked with an asterisk are recorded in the Ph.D. thesis of S. Gromelski, 
OSU, 1971, and are consistent with the structures proposed.

(17) L. F. Fieser and W. S. Johnson, ibid., 62, 576 (1940).
(18) Obtained in a 12-oz metal cylinder from Matheson Gas Products, 

Joliet, 111.
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taken up in chloroform and filtered through silica gel. On con
centration and recrystallization of the solid from chloroform- 
pentane there was obtained 3.03 g (89%) of 6, mp 51-52°.

Anal. Calcd for C42Hi2N20 3: C, 62.1; H, 5.2. Found: C, 
62.4; H, 5.3.

In a similar way, 5,5-dicyclopropyl-2-oxazolidone was con
verted in 96% yield into 7, a yellow oil: ir (neat) 6.6 y ,  1515 
cm-1 (N = 0 ) ,  5.5 y ,  1818 cm-1 (C = 0 ) ;  nmr (in CC14) r 6.30 
(s, 2, CH2N), 8.45-9.00 (m, 2, c-CHCH2CH2), and 9.25-9.60 
(m, 8, c-CHCH2CH2). Because 7 was unstable and a liquid, no 
attempt was made to prepare an analytical sample. All yields 
of products were calculated by assuming the oil was 100% 7. 
Similarly, 8 was obtained in 95% yield as a yellow oil: ir (neat)
6.58, 5.48 y ,  nmr (CC14) r 6.30 (s, 2, CH2N), 8.42 (s, 3, CH3), 
8.52-8.95 (m, 1, c-CHCH2CH2), 9.30-9.65 (m, 4, c-CHCH2CH2). 
The oil was stable enough to send for analysis.

Anal. Calcd for C7Hi0N2O3: C, 49.4 H, 5.9; N, 16.4.
Found: C, 49.7; H, 5.7; N , 16.4.

2-Acetylamino-1,1-dicyclopropylethanol* (14).— To a solution 
of 2 g of potassium hydroxide in 3 ml of water was added 1.0 g 
(6 mmol) of 5,5-dicyclopropyl-2-oxazolidone. The mixture was 
held at reflux for 30 min and was then cooled (N2 to prevent 
access of C 02 from air). A solution of the organic layer in 5 ml 
of absolute methanol was treated during 10 min with 0.7 g (6.8 
mmol) of pure acetic anhydride. The mixture was then refluxed 
for 30 min and volatile material removed on a rotary evaporator. 
The residue was recrystallized from benzene-pentane to yield 
0.95 g (87%) of 14, mp 95-96°.

Anal. Calcd for Ci0H „N O 2: C, 65.6; H, 9.3; N, 7.6.
Found: C, 65.5; H, 9.4; N, 7.4.

2-(Ar-Nitrosoacetylamino)-l, 1-dicyclopropylethanol* (17).— A 
stirred slurry of 0.44 g (2.4 mmol) of 14, 0.62 g of freshly fused 
potassium acetate, 0.06 g of phosphorus pentoxide, and 3 ml of 
glacial acetic acid was maintained at 15-20° while a solution of 
0.48 g (7.3 mmol) of nitrosyl chloride in 3 ml of acetic acid was 
added dropwise during 10 min. After 2 hr at 15-20° the mixture 
was poured on ice and a cold methylene chloride extract was 
washed with cold saturated potassium carbonate solution until 
the washings were slightly basic. The cold methylene chloride 
layer was evaporated under a pressure of 0.4 mm to constant 
weight. There was obtained 0.45 g (89%) of 17 as a yellow oil: 
ir (neat) 2.75, 5.78, and 6.55 y; nmr (CDC13) r 5.95 (s, 2, 
CH2N), 7.18 (s, 3, COCH3), 7.55 (s, 1, OH), 8.90-9.50 (m, 2, 
c-CHCH2CH2), 9.50-9.90 (m, 8, e-CCH2CH2).

l-Acetylamino-2-cyclopropyl-2-propanol* (15).— As in the case 
of 14, 5-cyclopropyl-5-methyl-2-oxazolidone was converted into 
15, bp 118-119° (0.3 mm), mp 62-64°, in 83% yield. The 
sublimed analytical sample of 15 melted at 63.5-65.0°.

Anal. Calcd for CaH^NCh: C, 61.2; H, 9.5; N, 8.9. Found: 
C, 61.2; H, 9.6; N, 8.9.

1- (,V-Nitrosoacetylamino )-2-cyclopropyl-2-propanol* (18).— As 
above for 17, 1.0 g of 15 was converted into 0.96 g (81%) of 18, 
a yellow oil: ir (neat) 2.75, 5.72, and 6.58 y ;  nmr (CDC13) t

6.05 (s, 2, CH2N), 7.20 (s, 3, COCH3), 7.35 (s, 1, OH), 8.93 (s, 
3, CCH8), 9.10-9.60 (m, 1, c-CHCH2CH2), 9.60-9.95 (m, 4, 
c-CHCH2CH2). Both 17 and 18 were used shortly after they 
were made.

2- Acetylamino-l-cyclopropyl-l-phenylethanol (13).— As in the
case of 14, 5-cyclopropyl-5-phenyl-2-oxazolidone was converted 
into 13, mp 120.5-121.0°, in 75% yield.

Anal. Calcd for C13H17NO: C ,71.3; H, 7.8; N, 6.4. Found: 
C, 71.2; H, 8.0; N, 6.2.

2-(A,--Nitrosoacetylamino)-l-cyclopropyl-l-phenylethanol (16).
— As in the case of 17, a 95% yield of 16 (mp 72-74°; ir bands 
at 6.62, 5.72, and 2.70 y )  was obtained after crystallization from 
benzene-pentane.

Decomposition of Nitroso Compounds in Methanolic Potassium 
Hydroxide.— The apparatus consisted of a one-neck round- 
bottom flask equipped with a magnetic stirrer and a pressure 
equalizing dropping funnel connected to a gas collecting device. 
A strong (about 50%) solution of potassium hydroxide in water 
was added dropwise to a stirred solution of the nitroso compound 
(about 0.005 mol) in 20 ml of methanol at room temperature. 
After about 3 min the evolution of nitrogen was complete (usually 
quantitative). The mixture was stirred for 15 min and poured 
into water. The products were isolated by ether extraction and 
the ether removed by atmospheric distillation through a small 
packed column. The residue was analyzed by glpc using methyl 
cyclopropyl ketone as standard. Each of the products was

isolated by preparative glpc using an 83/ 4 X 3/s in. column con
taining 15% SE-30 (a silicone gum) on 60-80 mesh Chromosorb 
W (diatomaceous earth) at 125-150° and identified as described 
below.

Cyclopropylphenylacetylene (9a).— In a run involving 0.01 mol 
of 6 , 9a was isolated as the only volatile product in 90% yield 
as a colorless oil: bp 71-72° (1 mm); ir 4.48 y; nmr (CC14) r 
2.45-2.95 (m, 5, ArH), 8.45-8.85 (m, 1, c-CHCH2CH2), 9.15- 
9.45 (m, 4, c-CHCH2CH2).

Anal. Calcd for CnHi0: C, 92.9; H, 7.1. Found: C, 92.9; 
H, 7.1.

Cyclopropylmethylacetylene (9c).— Obtained from runs with 8 
9c was a colorless liquid: ir 4.45 y; nmr (CC14) t 8.28 (d, J  =  2 
Hz, 3, CH3), 8.90-9.15 (m, 1, CHCH2CH2), 9.25-9.55 (m, 4, 
CHCH2CH2) on glpc at 125°.

Anal. Calcd for C6H8: C, 90.0; H, 10.0. Found: C, 90.0; 
H, 10.0.

2-Cyclopropyl-l-methoxy-l-propene (10c).— The stereoisomers 
of 10c were obtained as one fraction by glpc at 125° which had 
a longer retention time than 9c. The ir spectrum had a strong 
band at 8.2 y and the nmr (CC14) showed bands at r 4.26 (m, 1, 
= C H ), 6.5 (s, 3, OCH3), 8.52 (s, 3, = C C H 3), 8.76 (s, 3, = C C H 3)
9.35-9.80 (m, 5, c-CHCH2CH2). Integration of the methyl 
resonances showed that the isomer in which the CH30  group is 
trans to the methyl group (r 8.76),19 the Z  isomer,20 was 48%  and 
the E  isomer (methyl group 8.52) was 52%.

Anal, (of Z  and E  forms). Calcd for C7Hj20 : C, 75.0; H,
10.7. Found: C, 75.2; H, 10.6.

On treatment of this mixture with 2,4-DNPH reagent21 a 2,4- 
dinitrophenylhydrazone [mp 132.5-133.5°; nmr (CC14) r 0.85-
2.20 (m, 4, NH, ArH), 2.38 (d, /  =  5 Hz, 1, C H = N ), 8.10-8.40 
(m, 1, C H C H =N ), 8.72 (d, /  =  6 Hz, 3, CH3CH), 9.10-9.80 
(m, 5, c-CHCH2CH2)] was obtained.

Anal. Calcd for Ci2HI4N40 4: C, 51.8; H, 5.0; N, 20.1. 
Found: C, 51.6; H, 5.0; N, 20.3.

Dicyclopropylacetylene (9b).— This acetylene was isolated by 
preparative glpc as the first fraction in runs using 7. In analytical 
runs in which methyl cyclopropyl ketone was the standard, about
52-53% yields of 9b [ir (neat) 3.28, 3.38, and 7.0 y; nmr (CC14) 
r 8.80-9.20 (m, 1, c-CHCB2CH2), 9.25-9.60 (m, 4, c-CHCH2- 
CH2)] -were obtained.

Anal. Calcd for CsH10: C, 90.6; H, 9.4. Found: C, 90.4; 
H, 9.4.

2,2-Dicyclopropyl-l-methoxyethylene (10b).— This vinyl ether 
was obtained as the fraction with the longest retention time on 
glpc analysis of the products obtained from 7. In analytical 
runs in which methylcyclopropyl ketone was used as internal 
standard 21-22% yields of 10b [mol wt 138 (mass spectrum); ir 
(neat) 8.2 y (= C O C ); nmr (CC14) t 4.24 (s, 1, = C H ), 6.45 (s, 
3, OCH3), 9.10-9.80 (m, 10, c-CHCH2CH2)] were obtained.

Anal. Calcd for CsH140 : C, 78.3; H , 10.2. Found: C, 
78.4; H, 10.4.

Compound 10b was further characterized by treatment with
2,4-DNPH21 to yield a yellow 2,4-dinitrophenylhydrazone: 
mp 143-144.5°; nmr (CC14) 0.74-2.22 (m, 4, NH, ArH), 2.40 
(d, /  =  6 Hz, 1, C H = N ), 8.20-8.50 (m, 1, C H C H =N ), 9.10- 
9.80 (m, 10, c-CHCH2CH2).

Anal. Calcd for C14H16N 40 4: C, 55.3; H, 5.3; N , 18.4. 
Found: C, 55.6; H, 5.6; N, 18.4.

Dicyclopropyl ketone was identified by comparison (ir, nmr, 
glpc retention time) with an authentic sample.

Cyclopropyl cyclopropylmethyl ketone was obtained by glpc 
(longer retention time than dicyclopropyl ketone) as a colorless 
oil:' mol wt 124 (mass spectrum); ir (neat) 5.9 y, nmr (CC14) t
7.60 (d, /  = 7 Hz, 2, COCH2CH), 7.80-8.25 (m, 1, c-COCH- 
CH2CH2), 9.00-9.35 (m, 4, c-COCHCH2CH2), 9.40-9.95 (m, 5, 
c-CH2CHCH2CH2); semicarbazone mp 114-115°, alone and 
mixed with the semicarbazone of the ketone prepared in 45% 
yield from the reaction of cyelopropylmagnesium bromide with

(19) This assignment was made by Dr. C. Meyers, Southern Illinois 
University.

(20) J. E. Blackwood, C. L. Gladys, K. L. Loening, A. E. Petrarca, and 
J. E. Reid, J. Amer. Chem. Soc., 90, 509 (1968), and ref lb  therein.

(21) R. L. Shriner, R. C. Fuson and D. Y. Curtin, “ The Systematic Iden
tification of Organic Compounds,”  John Wiley, New York, N. Y., 1964, p 
253.
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cyclopropylacetonitrile. The mass spectra and ir were 
identical.22'23

Decomposition of Nitrosoacetylamino Alcohols in Cyclohexene.
— In a typical experiment a solution at 10-15° of 0.74 (0.004 
mol) of 18 in 10 ml each of pentane and cyclohexene containing 
0.2 g of Aliquat 33624 was treated slowly with a solution of 1 g of 
sodium hydroxide in 1 ml of water.15 After 15 min the theoretical 
amount of nitrogen had been collected and the mixture was 
allowed to come to room temperature. The mixture was washed 
with water. The organic layer was filtered through a cone of 
anhydrous magnesium sulfate and concentrated to about 4 ml by 
fractionation through a small packed column. There was no 
evidence (glpc) for the presence of 9c in the distillate or the con

(22) L. Michiels, Bull. Cl. Sci., Acad. Roy. Belg., 10, (1912) [C 1105 
( 1912)], report mp 82-83° for the semicarbazone of the ketone prepared by 
reaction of cyclopropyl cyanide with cyclopropylmethylmagnesium bromide. 
We believe their ketone was not the expected one.

(23) The nmr spectrum for cyclopropylmethyl ketone, reported by M. 
Hanack and H. M. Ensslin, Ann., 697, 100 (1966), has a quartet at r 7.5 
which is not present in the pure sample that we obtained.

(24) Methyl tricaprylammonium chloride obtained from General Mills 
Chemicals, Kankakee, 111.

centrate. Further fractionation afforded 0.33 g (52%) of 5c, bp 
48° (0.4 mm), identical with the sample prepared from 8.

In a similar experiment a 64% yield of 5b, bp 74° (0.4 mm), 
was obtained from 17.

Registry No.—5b, 35200-94-3; 5c, 35200-95-4; 6, 
35200-96-5; 7,35200-97-6; 8,35200-98-7; 9a, 21777-
85-5; 9b, 27998-49-8; 9c, 35201-01-5; 10b, 34189-07-6; 
10b 2,4-DNP, 35200-78-3; (Z)-10c, 35200-79-4; (E ) -  
10c, 35200-80-7; 10c 2,4-DNP, 35200-81-8; 13,
35200-82-9; 14, 35200-83-0; 15, 35200-84-1; 16,
35249-60-6; 17,. 35200-85-2; 18, 35200-86-3; methyl
3-cyclopropyl-3-phenyl-3-hydroxypropionate, 35200- 
87-4; methyl 3,3-dicyclopropyl-3-hydroxypropionate, 
35200-88-5; methyl 3-cyclopropyl-3-hydroxybutyrate, 
35200-89-6; 5-cyclopropyl-5-phenyl-2-oxazolidinone, 
35200-90-9; 5,5-dicyclopropyl-2-oxazolidinone, 35200-
91- 0; 5-cyclopropyl-5-methyl-2-oxazolidinone, 35200-
92- 1; cyclopropyl cyclopropylmethyl ketone, 14113-
96-3.
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Facile, one-step synthesis of methyl benzo[6]thiophene-2-carboxylates from o-nitrobenzaldehydes and methyl
3-aminobenzo[b]thiophene-2-carboxylates from o-nitrobenzonitriles are described. Both reactions involve 
nucleophilic displacement of activated nitro functions followed by base-catalyzed ring closures.

The first synthesis of benzo [b ]thiophene-2-carboxylic 
acid was reported by Friedländer and Lenk.1 2 3 4 5 The acid 
was formed by a series of reactions involving alkylation 
of o-mercaptobenzaldehyde with chloroacetic acid 
followed by ring closure in fused alkali. Modifications 
of this procedure were used in the preparation of 5- 
nitrobenzo [f>]thiophene-2-carboxylic acid2-4 and 5,6- 
dimetboxybenzo [6]thiophene-2-carboxylic acid.6’6 A 
further modification of this general ring-closure princi
ple, but starting with o-methylmercaptoacetophenone, 
has been reported recently by Ruwet and Renson.7 
The disadvantages of these approaches have been the 
inaccessibility of the starting materials and the low 
overall yields obtained. A second method, reported by 
Campaigne and Cline8 and improved upon by Chakra- 
barti and coworkers,9 involved oxidative cyclization of 
ß-aryl-a-mercaptoacrylic acids and gave high yields 
especially in aryl systems containing methoxyl func
tions. A related synthesis was reported by Ruwet and 
Renson.10

An even less accessible group of compounds has 
been the 3-aminobenzo[5]thiophene-2-carboxylie acids.

(1) P. Friedländer and E. Lenk, Ber., 46, 2083 (1912).
(2) L. F. Fieser and R. G. Kennelly, J. Amer. Chem. Soc., 67, 1611 (1935).
(3) K. Fries, H. Heering, E. Hemmecke, and G. Siebert, .4.7m., 527, 83 

(1937).
(4) F. G. Bordwell and C. J. Albisetti, Jr., J. Amer. Chem. Soc., 70, 1955 

(1948).
(5) J. Siée and M. Mednick, ibid., 75, 1628 (1953).
(6) D. G. Bew and G. R. Clemo, J. Chem. Soc., 1314 (1953).
(7) A. Ruwet and M. Renson, Bull. Soc. Ckim. Belg., 79, 75 (1970).
(8) E. Campaigne and R. E. Cline, J. Org. Chem., 21, 39 (1956).
(9) R. M. Chakrabarti, N. B. Chapman, and K. Clarke, Tetrahedron, 25, 

2781 (1969).
(10) A. Ruwet and M. Renson, Bull. Soc. Chim. Belg., 79, 593 (1970).

Friedländer and Laske11 reported the synthesis of the 
parent compound by a sequence involving alkylation of
o-mercaptoaniline with chloroacetic acid, diazotization, 
displacement by cyanide ion, and, finally, fusion with 
alkali. More recently, a synthesis of ethyl 3-amino- 
benzo [5]thiophene-2-carboxylate was reported by Car
rington and co workers.12 This compound w'as prepared 
by a ring-opening rearrangement of 3-chloro-l,2- 
benzisothiazole.13 The generality of these methods 
again suffers from inaccessibility of starting materials.

The author wishes to report facile, one-step syntheses 
of both methyl 3-aminobenzo [6 ]thiophene-2-carbox- 
ylates from o-nitrobenzonitriles and methyl benzo [6]- 
thiophene-2-carboxylates from o-nitrobenzaldehydes. 
The ease of nucleophilic displacement of activated nitro 
functions in aromatic systems has been known for some 
time, and scattered examples of its utility occur through
out the chemical literature. Bunnett and coworkers14 
studied the relative displacement rates by piperidine 
in substituted 2,4-dinitrobenzenes. They found the 
rate of nitro displacement was more than 200 times that 
of chlorine and was nearly equal to fluorine. In similar 
studies, Bolto and Miller,15 using methoxide ion as the 
nucleophile, established the following order of ease of 
displacement: SMe2+ >  NMes+ >  F  >  N02 >  Cl. In 
the reactions to be discussed, advantage is taken of this

(11) P. Friedländer and A. Laske, Ann., 351, 412 (1907).
(12) D. E. L. Carrington, K. Clarke, and R. M. Scrowston, Tetrahedron 

Lett., 1075 (1971).
(13) A. Reissert, Ber., 61, 1680 (1928).
(14) J. F. Bunnett, E. W. Garbisch, Jr., and K. M. Pruitt, J. Amer. 

Chem. Soc., 79, 385 (1957).
(15) B. A. Bolto and J. Miller, Aust. J. Chem., 9, 74 (1956).
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displacement lability of a nitro function, which is ortho 
to either a cyano or carboxaldehyde function.

When an o-nitrobenzonitrile16 was allowed to react 
with an equivalent amount of methyl thioglycolate 
and excess potassium hydroxide in aqueous DM F at 
ice-bath temperature, the product obtained was the 
corresponding methyl 3-aminobenzo [b ]thiophene-2-car- 
boxylate (Scheme I). The product was formed by thiol

Scheme II

CHO CHO

hsch2cooch3
K2C03, DMF

SCH2COOCH3

I

Sch e m e  I

CN

HSCHjCOOCHj 
KOH, aq DMF

!

X-
0 e

n h 2
COOCH,

anion displacement of the activated nitro function 
followed by base-catalyzed cyclization of the type 
earlier discussed. The reaction conditions and yields 
are summarized in Table I. When o-chlorobenzo-

T a b l e  I
M ethyl 3-Aminobenzo [b] thiophene-2-carboxylates“

X 6 Mp, °C
Yield,

%
Crystn
solvent0

Temp,
°C

Time,
hr

H 110-111 72 A 0 0.5
4-C1 111-112 84 B 0 1
6-C1 151-152 72 B 0 1
4-OCH3 147-148 35 B 0 0.5
4-NO, 132-133 67 B 0 0.5
6-NO2 229-231 47 B 0 0.5
6-CF3 126-127 69 C 0 0.5
4-NO2, 6-CF3 189-191 80 B 0 5 min
4-NO,, 6-CH3 148-149 55 B 0 0.5
“ Satisfactory analytical data (± 0 .3 %  for C, H, and N) were 

reported for all compounds: Ed. b Registry numbers are,
respectively, 35212-85-2, 35212-86-3, 35212-87-4, 35212-88-5, 
35212-89-6, 35212-90-9, 35212-91-0, 35212-92-1, and 35212-93-2. 
0 A, alcohol-water; B, alcohol; C, methylcyclohexane.

nitrile was utilized as starting material in the reaction, 
it was recovered unchanged even after two days at room 
temperature.

Similarly, when an o-nitrobenzaldehyde was allowed 
to react with an equivalent amount of methyl thio
glycolate and excess potassium carbonate in DM F at 
various temperatures, the product obtained was the 
corresponding methyl benzo[6]thiophene-2-carboxylate 
(Scheme II). The reaction conditions and yields are 
summarized in Table II. Yields of both tables are 
based on crystallized products.

These reactions represent but two examples wherein 
activated nitro functions can be utilized in the synthesis 
of heterocycles and uniquely substituted benzenes.

(16) o-Nitrobenzonitriles are readily prepared from l-chloro-2-nitro- 
benzenes by reaction with cuprous cyanide and from o-nitroanilines by 
diazotization and displacement with cyanide ion.

cooch3

T able II
M ethyl Benzo [b] thiophene-2-carboxylates“

X - h -
' SS ^ ~ -COOCH 3

Yield, Crystn Temp, °C;
x b Mp, “C % solvent0 time, hr

H 72-73* 52 A 0, 0 .5 ; 25, 20
4-C1 89-90 70 B 0, 0 .5 ; 25, 16
5-C1 109-110 49 B 0, 0 .5 ; 25, 21
4-NO2 152-154 16 B 0, 3 .5
6-NO2 207-209 16 B 0, 2; 25, 1
5,6-diOMe 158-J59 16 B 100, 18
° Satisfactory analytical values (± 0 .3 % for C, H and N,
or Cl) were reported for all compounds : Ed. 6 Registry

numbers are, respectively, 22913-24-2, 35212-95-4, 35212-96-5, 
34084-87-2, 34084-88-3, 35212-99-8. c A, alcohol-H20 ;  B, 
alcohol. * Lit. mp 72-73°: R. Weissgerber and O. Kruber,
Bar., 53, 1551 (1920).

Further examples will be the subject of future com
munications from this laboratory.

Experimental Section17
Materials.— o-Nitrobenzonitrile, 6-chloro-2-nitrobenzonitriIe,

4-chloro-2-nitrobenzonitrile, and all substituted o-nitrobenzalde- 
hydes were obtained from the Aldrich Chemical Co. 2-Nitro-
6-methoxybenzonitrile,18 a,a,a-trifluoro-2-nitro-p-tolunitrile,19 20 
and 2,4-dinitrobenzonitrile30 were prepared by procedures de
scribed in the literature.

General Procedure for Methyl 3-Aminobenzo[b]thiophene-2- 
carboxylates.— To a cold solution (ice bath) containing 30 mmol 
of the substituted o-nitrobenzonitrile and 30 mmol of methyl 
thioglycolate in 60 ml of DM F was added dropwise a solution of 
3 g of potassium hydroxide in 15 ml of water. The mixture was 
stirred in the cold for the time shown in Table I and poured 
into ice water. The solid crude product was collected and 
crystallized from the appropriate solvent (Table I).

General Procedure for Methyl Benzo [b] thiophene-2-carboxyl- 
ates.— To a cold solution (ice bath) containing 30 mmol of the 
substituted o-nitrobenzaldehyde and 5 g of anhydrous potassium 
carbonate in 60 ml of DM F was slowly added 30 mmol of methyl 
thioglycolate. The mixture was stirred in the cold for 0.5 hr 
and at the temperature and for the time period shown in Table II. 
The mixture was then poured into ice water, and the solid was 
collected and crystallized from the appropriate solvent (Table II).

2,6-Dinitrobenzonitrile.— A solution containing 25 g of 1- 
chloro-2,6-dinitrobenzene (0.123 mol) and 20 g of cuprous 
cyanide (0.222 mol) in 150 ml of iV.iV-dimethylacetamide was 
stirred and heated at 140° for 1 hr. The mixture was cooled 
and poured into ice water. The solid product was collected, 
dried, and triturated twice with 400 ml of hot ethyl acetate.

(17) Melting points were determined on a Mel-Temp apparatus and are 
uncorrected.

(18) A. Russell and W. G. Tebbens, “ Organic Syntheses,”  Collect. Vol. 
I l l , Wiley, New York, N. Y., 1955, p 293.

(19) M. Hauptschein, E. A. Nodiff, and A. J. Saggiomo, J. Amer. Chem. 
Soc., 76, 1051 (1954).

(20) P. Cohn and P. Friedländer, Ber., 36, 1265 (1902).
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Filtration, removal of the solvent, and crystallization from 
alcohol yielded 12.7 g of product, mp 149-151° (lit.21145°).

Anal. Calcd for C,H3N 304: C, 43.54; H, 1.57; N, 21.76. 
Found: C, 43.46; H, 1.50; N, 21.74.

2,6-Dinitro-p-tolunitrile.— A solution containing 18 g of 4- 
chloro-3,5-dinitrotoluene (0.083 mol) and 15 g of cuprous cyanide 
(0.167 mol) in 150 ml of JV,iV-dimethylacetamide was stirred 
and heated at 130-135° for 1 hr. The mixture was cooled 
and poured into ice water. The crude product was collected by 
filtration, dried, and triturated with 500 ml of hot ethyl acetate. 
Filtration, removal of the solvent, and crystallization from 
alcohol yielded 10.9 g of product, mp 105-107° (lit.22 103°).

Anal. Calcd for CsEUNaO,: C, 46.39; H, 2.43; N, 20.29. 
Found: C, 46.32; H, 2.39; N, 20.01.

a,a,a-Trifluoro-2,6-dmitro-p-tohinitrile.— A solution contain
ing 95 g of 4-chloro-3,5-dinitrobenzotrifluoride23 1 (0.35 mol)

(21) S. Reich, Ber., 48, 804 (1912).
(22) A. Claus and C. Beysen, Ann., 266, 223 (1891).
(23) L. M. Yagupol’skii and V. S. Mospan, TJkr. Khim. Zh., 21, 81 (1955); 

Chem. Abstr., 49, 8866 (1955).

and 35 g of cuprous cyanide (0.39 mol) in 200 ml of D M F was 
heated at 100° for 3.5 hr. The mixture was cooled and poured 
into ice water. The crude product was collected, dried, and 
triturated with hot ethyl acetate. Filtration, removal of the 
solvent, and crystallization from benzene yielded 60 g of product, 
mp 94-96°.

Anal. Calcd for CsH2F3N304: C, 36.80; H, 0.77; N, 16.09. 
Found: C, 37.02; H, 0.91; N, 16.37.

Registry No.—2,6-Dinitrobenzonitrile, 35213-00-4;
2.6- dinitro-p-tolunitrile, 35213-01-5; a,a,a-trifluoro-
2.6- dinitro-p-tolunitrile, 35213-02-6.

Acknowledgments. —The author wishes to thank Mr. 
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The first known tricyclic 1,2-dithiolium salts 11, 12, and 13 have been prepared. The preparation of polycyclic 
thiothiophthene derivatives from these and related compounds is discussed.

Recent investigations on the thiothiophthene “no
bond resonance” system have been facilitated by dis
coveries of attractive preparative methods based on 
condensation reactions of 1,2-dithiolium salts or other 
dithioles.2 The present paper describes the prepara
tion of certain bicyclic and tricyclic dithioles and the 
conversion of some of them to polycyclic thiothioph
thene derivatives.

The investigation began with the application to 4- 
methyl-l-tetralone of the Thuillier-Vialle synthesis3 
of l,2-dithiole-3-thiones. After base-catalyzed addi
tion of carbon disulfide to give the dithiocarboxylic 
acid salt 1, isolation from solution was effected by 
hypoiodite oxidation rather than the more usual pro
cedures of acidification or alkylation. Analysis and 
molecular weight determination showed that the prod
uct thus obtained was the trithiolane 3; it reacted 
smoothly with phosphorus pentasulfide to give the
l,2-dithiole-3-thione 5, which was aromatized to 8 by 
sulfur at 190°.

Tetralone reacted similarly to give 2, 4, and 6, but 
in somewhat lower yield; these were not investigated 
further.

Although 5 and 8 are of course closely related, they 
belong to different families of dithiolethiones (“trithi- 
ones”), the aryl and benzo substituted, which differ 
in their behavior toward peracetic acid. The former 
are rapidly converted to high yields of aryl-1,2-dithio- 
lium salts,4 while the latter give poorly defined oxida
tion products which are not saltlike. Benzo-1,2-

(1) (a) For paper IX , see E. Klingsberg, Syn., 29 (1972). (b) Presented
in part at the 163rd National Meeting of the American Chemical Society, 
Boston, Mass., April 1972.

(2) E. Klingsberg, Quart. Rev., 23, 537 (1969).
(3) A. Thuillier and J. Vialle, Bull. Soc. Chim. Fr., 1398 (1959).
(4) E. Klingsberg, J. Amer. Chem. Soc., 83, 2934 (1961).

0
1 , r  = ch3
2, R=H

3, R=CH3
4, R=H

x -

5, R=CH3; X =S 8, X = S 11a, X = S04H
0, R=H; X=S 9, X = NOH b, X=C104
7, R=CH3; X = NOH 10, x  = o c, X = I

ch3 CH3

" a

^ T V l l r Y V ci
s— s s— s a _
12 13

dithiolium salts are, in fact, obtainable only by an 
entirely different and circuitous method.6 It is there
fore of some interest that peracetic acid converts both 
5 and 8 to the tricyclic dithiolium salts 11 and 12, 
respectively. The latter was, to be sure, obtained in 
only modest yield and an impure state.

Hydroxylamine reacts with both 5 and 8, giving 
oximes 7 and 9, respectively, but mercuric acetate de
sulfuration succeeded only with 8, giving 10.

(5) A. Lüttringhaus, M. Mohr, and N. Engelhard, Ann., 661, 84 (1963).
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Following a known method6 for converting dithiolium 
salts to thiothiophthenes, 11a was condensed with
4-methyltetralone to give 14, which reacted with P2S5 
to give the polycyclic thiothiophthene 15. Attempts 
to dehydrogenate this to a completely aromatic system 
were unsuccessful.

15

Like benzo-l,2-dithiole-3-thione, 8 reacted with sulfur 
dichloride to give a chlorodithiolium chloride 13, which 
condensed with 4-methyl-l-tetralone to give 16 and 
with 4-methyl-1-naphthol to give 17. The latter 
proved resistant to P2S5, again blocking the way to 
the fully aromatic system.

Similar results were given by a series of compounds 
prepared from 3-chloro-4,5-benzo-l,2-dithiolium chlo
ride 18.7 Like 3-chloro-5-phenyl-l,2-dithiolium per
chlorate,8 18 condensed readily with a series of phenolic 
compounds constituted for ortho substitution. The 
products, isolable as dithiolium salts such as 19, were 
readily converted to pseudobases 20-23. Reaction 
with P2S5 gave uniformly discouraging results. On 
the other hand, the partially saturated thiothioph
thenes such as 28, obtainable from 18 by condensation 
with cyclic ketones to dithioles 24-27 followed by P2S5 
treatment, resisted attempts at aromatization. Sim
ilar difficulties have been encountered in the 3-phenyl-
1,2-dithiole series.9

An unsuccessful attempt to devise a convenient syn
thesis for the little known 2-mercapto-l-naphthoic 
acid 29, which would be a useful intermediate for the 
synthesis of naphthodithiole derivatives, began with 
the preparation of naphtho [2,1-6 ] thiophene-1 ,2-dione 
(30) from 2-naphthalenethiol and oxalyl chloride, a 
reaction that seems to have been reported only in the 
patent literature.10 Good results are given by fusion 
at 170°; no catalyst is necessary. The product is 
readily isolated from the reaction mixture in 70% yield 
by virtue of its alkali solubility to give the sodium salt 
31, which regenerates 30 on acidification. The alkali-

(6) E. Klingsberg, J . Amer. Chem. Soc., 85, 3244 (1963).
(7) J. Faust and R. Mayer, Ann., 688, 150 (1965).
(8) G. A. Reynolds, J.Org. Chem., 33, 3352 (1968).
(9) R. Pinel, Y. Mollier, and N. Lozac’h, Bull. Soc. Chim. Fr.t 856 (1967).
(10) German Patent 402,994 (1924); Friedl., 14, 474 (1924).

25, R = Me3C
26, R = H

insoluble product consists of smaller yields of the 
hitherto unknown oxalic dithiol ester 32.

No way could be found to eliminate a carbon atom 
from 30 or 31, which are surprisingly stable. Pro
longed boiling has no effect on 31, and oxidation and 
decarboxylation experiments were unsuccessful. Ben
zylation of 31 gives 33, which is converted to 30 by 
thionyl chloride.

29 30 31

COCOOH

32 33

Experimental Section11
Trithiolane 3.— A 1.7 J f solution of sodium ferf-amylate was 

prepared by refluxing a mixture of 30.0 g of sodium ribbon and
88.0 g of ierf-amyl alcohol ir„ 500 ml of benzene for 24 hr. After 
filtration through glass wool to remove excess sodium, 259 ml 
(0.44 mol of sodium ierf-amylate) of the solution was stirred in an 
ice bath while 32.0 g (0.20 mol) of 4-methyl-l-tetralone dissolved 
in 13.3 ml (0.22 mol) of carbon disulfide was added dropwise. A 
thick yellow slurry formed. After completion of addition, stirring 
was continued for 0.5 hr, followed by addition of 200 ml of 
water. The red aqueous layer was separated, and the benzene 
layer was washed twice with 200-ml portions of water. To the 
combined aqueous extracts was added, dropwise, 50.8 g (0.20 
mol) of iodine dissolved in dilute sodium hydroxide. The copious 
yellow precipitate was filtered, washed free of base with water, 
and air dried, yield 28.3 g (65%), mp 195-200°. Crystallization 
from 360 ml of nitroethane yielded 17.7 g of bright orange crys
tals, mp 205-207°.

Anal. Calcd for C24H2„02S3: C, 66.0; H, 4.6; S, 22.0.
Found: C, 65.8; H, 4.5; S, 22.0.

Results were similar when the reaction was performed on a 
much larger scale.

(11) Melting points are corrected.
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Trithiolane 4 was prepared similarly. a-Tetralone (29.2 g, 
0.20 mol) dissolved in 12.1 ml (0.20 mol) of carbon disulfide was 
dripped into 0.40 mol of sodium ieri-amylate in benzene. After 
iodine treatment, a yield of 28.1 g (68%) of yellow solid, mp 
225-226°, was obtained. Chlorobenzene gave orange crystals, 
mp 243-243.5°.

Anal. Calcd for C22H160 2S3: C, 64.6; H, 3.9; S, 23.5.
Found: C, 64.4; H, 3.8; S, 23.3.

4.5- Dihydro-5-methyl-3//-naphtho [1,2-c] -1,2-dithiole-3-thione
(5).— To a refluxing solution of 14.1 g (0.033 mol) of 3 in 200 ml 
of pyridine was added 22.5 g (0.101 mol) of P2Ss. The mixture 
was refluxed 2.5 hr, cooled, diluted with ice water, chilled, and 
filtered, yield 11.8 g (71%) of deep orange solid, mp 105-107°. 
The compound crystallized from hexane with unchanged melting 
point.

Anal. Calcd for Ci2Hi0S3: C, 57.6; H, 4.0; S, 38.4. Found: 
C, 57.6; H, 4.0; S, 38.5.

The dithiolethione 6 was prepared from 4 by refluxing with P2S5 
for 1 hr in toluene, followed by filtration and evaporation. The 
gummy orange product was crystallized successively from methyl- 
cyclohexane and methanol, giving an orange product, mp 92- 
92 5°

Anal. Calcd for CnH8S3: C, 56.0; H, 3.4; S, 40.6. Found: 
C, 55.7; H, 3.7; S, 40.3.

5-Methyl-3//-naphtho[ 1,2-c]-1,2-dithiole-3-thione (8).— A mix
ture of 6.0 g (0.024 mol) of 5 and 1.58 g (0.048 g-atom) of sulfur 
was fused at 190° for 16 hr. The product was ground and crys
tallized from 50 ml of toluene to give 4.3 g (71%) of deep orange 
needles, mp 160-162°.

Anal. Calcd for C,2H8S3: C, 58.1; H, 3.2; S, 38.7. Found: 
C, 58.2; H, 3.1; S, 39.1.

5-Methyl-37/-naphtho[ 1,2-c]-1,2-dithiol-3-one Oxime (9).— A 
mixture of 0.50 g (2.0 mmol) of 8, 0.20 g (2.9 mmol) of hydroxyl- 
amine hydrochloride, and 0.40 g (2.9 mmol) of sodium acetate 
trihydrate was stirred and refluxed in 50 ml of ethanol for 3 hr, 
slowly turning clear. Cooling and filtration gave 0.48 g (96%) 
of yellow product, mp 228-230°. Crystallization from dilute 
ethanol gave pale yellow product, melting point unchanged.

Anal. Calcd for C12H0NOS2: C, 58.4; H, 3.6; N, 5.7; S,
25.9. Found: C, 58.6; H, 3.6; N, 5.5; S, 26.1.

Under similar conditions, 5 was converted in 65 hr of refluxing 
to a 76% yield of impure oxime 7, mp 136-150°. Crystallization 
from methanol or hexane gave pale yellow product, mp 157-159°. 
Slow decomposition occurred on storage at room temperature.

Anal. Calcd for Ci2HnNOS2: C, 57.9; H, 4.4; N, 5.6; S,
25.7. Found: C, 57.6; H, 4.4; N, 5.3; S, 26.0.

5-Methyl-37/-naphtho[ 1,2-c]-1,2-dithicl-3-one (10).— A suspen
sion of 2.5 g (0.010 mol) of 8 in 200 ml of warm acetone was 
added to a solution of 4.0 g (0.013 mol) of mercuric acetate in 
100 ml of acetic acid. The mixture was stirred at room tempera
ture for 48 hr and then filtered to give a pale yellow solution. 
Dilution with water gave 1.75 g (76%) of pale yellow product, 
mp 126.5-127.5°. Crystallization from methylcyclohexane 
raised the melting point to 128-128.5°.

Anal. Calcd for CiiHsOS«: C, 62.1; H, 3.4; S, 27.6. Found: 
C, 61.9; H, 3.6; S, 27.5.

4.5- Dihydro-5-methylnaphtho [ 1,2-c] -1,2-dithiolium Hydrogen 
Sulfate (11a).— A solution of 24.0 g (0.096 mol) of 5 in 200 ml 
of acetone was immersed in an ice bath, and 54.0 g (0.288 mol) of 
40% peracetic acid was added dropwise over a 2-hr period. 
Stirring was continued for 1 hr after addition was complete; 
this was followed by filtering and washing with cold acetone, to 
yield 25.8 g (85%) of bright yellow, water-soluble solid, mp 162- 
164°. It slowly decomposed on storage-

Anal. Calcd for C12Hi20 4S3: C, 45.6; H, 3.8; S, 30.4.
Found: C, 45.8; H, 4.0; S, 30.6.

The corresponding perchlorate ( l ib )  was prepared from 11a in 
aqueous solution and crystallized from acetic acid or ethanol, mp
187.5-188.5°.

Anal. Calcd for C12H„C104S2: C, 45.3; H, 3.5; Cl, 11.1; 
S, 20.1. Found: C, 45.3; H, 3.4; Cl, 11.0; S, 20.2.

The orange iodide (11c) was crystallized from ethanol, mp 
190-192° dec.

Anal. Calcd for Ci2HhIS2: C, 41.6; H, 3.2; I, 36.7; S,
18.5. Found: C, 41.6; H, 3.2; 1,36.2; S, 18.2.

5-Methylnaphtho[l,2-c]-l,2-dithiolium Iodide (12).— A mixture 
of 1.24 g (5.0 mmol) of 8 and 1.7 g (15 mmol) of 30% hydrogen 
peroxide in 50 ml of acetic acid was stirred overnight at room 
temperature and then freed of solid by filtration. Addition of a 
little HI dissolved in acetic acid gave a brown precipitate, which

was filtered, washed with ether, and further purified by tritura
tion in benzene. The impure orange iodide weighed 0.65 g (38%) 
and melted at 104-107° dec.

Anal. Calcd for C,2H9IS2: I, 36.9; S, 18.6. Found: I,
34.5; S, 17.3.

Complete purification was not achieved and the product de
composed on storage.

Preparation of 14 from 11a.— A mixture of 15.9 g (0.050 mol) 
of 11a and 6.4 g (0.040 mol) of 4-methyl-1-tetralone in 150 ml of 
ethanol was refluxed for 4 hr, cooled, and filtered, yield 6.9 g 
(46%) of red-brown solid. Crystallization from 300 ml of methyl
cyclohexane gave 3.8 g of bronze crystals, mp 176-178°. Addi
tional crystallizations from methylcyclohexane and nitromethane 
gave bronze needles, mp 181-182°.

Anal. Calcd for C23H2„OS2: C, 73.5; H, 5.3; S, 17.0. Found: 
C, 73.4; H, 5.4; S, 17.0.

Conversion of 14 to 15.— To a refluxing solution of 3.8 g (0.010 
mol) of 14 in 60 ml of chlorobenzene was added 3.3 g (0.015 mol) 
of P2S5. The mixture was stirred and refluxed for 0.5 hr, cooled 
to room temperature, and filtered. The filtrate was evaporated, 
yielding 4.1 g of slightly gummy purple product. Extraction in 
a Soxhlet apparatus with hexane gave 3.0 g of purple solid which 
was then stirred in dilute alkali for several hours, filtered, washed, 
and dried, yield 2.4 g (61.5%) of deep purple solid, mp 222-224°. 
Toluene gave deep purple crystals, mp 232-233.5°.

Anal. Calcd for C23H2oS3: C, 70.4; H, 5.1; S, 24.5. Found: 
C, 70.3; H, 5.3; S, 24.1.

Preparation of 3-Chloro-5-methylnaphtho[l,2-c]-l,2-dithiolium 
Chloride (13) and Conversion to 16.— Sulfur dichloride (3.0 ml) 
was added through the condenser to a stirred refluxing solution 
of 3.0 g (0.012 mol) of 8 in 90 ml of toluene. After 0.5 hr the 
product was cooled, filtered, and washed with benzene to yield
2.9 g (0.010 mol) of 13 as an orange solid. This was added to a 
solution of 1.7 g (0.011 mol) of 4-methyl-1-tetralone in 15 ml cf 
toluene and stirred at reflux for 5.5 hr. Evaporation gave a red 
gum which was dissolved in toluene and chromatographed on a 
column of alumina. Elution with hexane followed by 75% 
benzene-25% methylcyclohexane gave 1.3 g (31%) of 16 as 
orange crystals, mp 170-171°. Crystallization from toluene 
or nitroethane raised the melting point to 173.5-175°.

Anal. Calcd for C23H18OS2: C, 73.8; H, 4.8; S, 17.0. Found: 
C, 73.4; H, 5.1; S, 17.1.

Preparation of 17 from 13.— The chlorodithiolium chloride 13 
(6.8 g, 0.027 mol) was added to a solution of 3.6 g (0.023 mol) of
4-methyl-l-naphthol in 90 ml of dry acetonitrile. After 24 hr of 
stirring at room temperature, the product was filtered and crys
tallized from 300 ml of butyl acetate to yield 2.8 g (33% ) of 
purple needles, mp 215-216° dec.

Anal. Calcd for C23Hi6OS2: C, 74.3; H, 4.3; S, 17.2.
Found: C, 74.0; H, 4.2; S, 17.1.

3-Chlorobenzo-l,2-dithiolium Chloride (18).—To a stirred 
refluxing solution of 6.0 g (0.033 mol) of benzo-l,2-dithiole-3- 
thione12 in 60 ml of benzene, 6.0 ml (9.7 g, 0.094 mol) of sulfur 
dichloride was carefully added, in portions, through the con
denser. The mixture was stirred at reflux for 0.5 hr, cooled, and 
filtered. The yellow product was washed with carbon disulfide 
and transferred to a tared flask. After removal of traces of 
solvent by gentle warming, the yield was 6.5-7.0 g (87-94% ). 
Results were similar on a large scale. It should be protected from 
moisture (which rapidly converts it to benzo-l,2-dithiol-3-one) and 
used as soon as possible.7

3-(2-Hydroxy-4,5,6-trimethylphenyl)benzo-l,2-dithiolium Chlo
ride (19).— A mixture of 11.0 g (0.049 mol) of 18 and 6.8 g (0.050 
mol) of 3,4,5-trimethylphenol in 125 ml of acetonitrile, sealed 
with a CaCl2 tube to exclude moisture, was stirred at room tem
perature for 3.5 hr and then filtered. The yield of orange prod
uct, mp 244-245°, was 9.2 g (58% ). It crystallized from acetic 
acid with unchanged melting point.

Anal. Calcd for Ci8Hi5C10S2: C, 59.6; H, 4.6; Cl, 11.0; 
S, 19.9. Found: C, 59.2; H, 4.6; Cl, 11.0; S, 19.4.

This was converted by dilute pyridine to the violet pseudobase 
20 and crystallized from nitromethane followed by methylcyclo
hexane, mp 161-163°.

Anal. Calcd for Ci6Hl4OS2: C, 67.2; H, 4.9; S, 22.4. Found: 
C, 67.2; H, 4.8; S, 22.1.

Pseudobase 21 was prepared by stirring 7.0 g (0.031 mol) of 18 
and 5.0 g (0.026 mol) of 9-phenanthrol in 100 ml of acetonitrile

(12) E. Klingsberg and A. M. Schreiber, J. Amer. Chem. Soc., 84, 2941 
(1962).
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for 2 hr. The product was filtered, digested in dilute NaOH, 
filtered, washed, and dried, yielding 8.5 g (96%) of purple 
product, mp 202-203°. Crystallization from acetic acid, butyl 
acetate, or methylcyclohexane raised the melting point to 207- 
207.5°.

Anal. Calcd for CmH12OS2: C, 73.3; H, 3.5; S, 18.6.
Found: C, 73.4; H, 3.3; S, 18.4.

Pseudobase 22, prepared similarly from 4-chloro-l-naphthol, 
crystallized from nitromethane as purple needles, mp 211.5- 212°.

Anal. Calcd for Ci,H9OS2Cl: C, 62.2; H, 2.7; Cl, 10.8; S,
19.5. Found: C, 62.1; H, 2.7; Cl, 10.7; S, 19.2.

Pseudobase 23, prepared from 2-naphthol, contained a chlo
rinated by-product that was eliminated by chromatography of a 
methanol or nitromethane solution over alumina. The product 
was readily eluted, a reddish impurity being retained, and crys
tallized from methanol as purple needles, mp 162.5-163°.

Anal. Calcd for CnHi0OS2: C, 69.4; H, 3.4; S, 21.8.
Found: C, 69.8; H, 3.2; S, 21.2.

2- (Benzo-1,2-dithiol-3-ylidene )-4-methylcyclohexanone (24).— 
A mixture of 22.0 g (0.099 mol) of 18 and 15.0 ml (13.7 g, 0.124 
mol) of 4-methylcyclohexanone in 75 ml of toluene was stirred 
at reflux for 50 min, filtered hot, cooled, and chilled in Dry Ice- 
acetone, yielding 9.7 g (38%) of red-brown solid, mp 122-126°. 
Crystallization from 55 ml of acetic acid gave 7.5 g of red solid, 
mp 130-131.5°.

Anal. Calcd for Ci4HuOS2: C, 64.1; H, 5.3; S, 24.4. Found: 
C, 64.1; H, 5.3; S, 24.6.

4-ieri-Butylcyclohexanone gave yellow-red 25, mp 164.fi
le s .5° (ethanol or methylcyclohexane).

Anal. Calcd for C„H 2„OS2: C, 67.1; H, 6 .6; S, 21.0. 
Found: C, 66.9; H, 6.5; S, 20.8.

Cyclohexanone gave orange-red 26, mp 114.5-115° (hexane).
Anal. Calcd for Ci3H12OS2: C, 62.7; H, 4.8; S, 25.8. 

Found: C, 62.7; H, 4.7; S, 25.7.
Cyclopentanone gave brown 27, mp 149-151° (methylcyclo

hexane).
Anal. Calcd for Ci2Hi0OS2: C, 61.5; H, 4.3; S, 27.3. Found: 

C, 61.2; H, 4.1; S, 27.2.
Thiothiophthene 28.— Phosphorus pentasulfide (4.50 g, 0.020 

mol) was added to a refluxing solution of 4.18 g (0.016 mol) of 
24 in 120 ml of toluene. The mixture was refluxed 1.5 hr, cooled, 
and filtered. The resulting olive-green solid was washed to a 
clear run-off with petroleum ether (bp 30-60°), dried, and stirred 
overnight in dilute alkali. Filtering, washing thoroughly with 
water, and drying gave 4.0 g of purple solid, mp 128-131°. 
Crystallization from methylcyclohexane or ethanol gave purple 
needles, mp 149.5-150°.

Anal. Calcd for C14H14S3: C, 60.5; H, 5.0; S, 34.5. Found: 
C, 60.5; H, 5.1; S, 34.7.

Naphtho[2,1-6]thiophene-1,2-dione (30).— A mixture of 30.0 g 
(0.19 mol) of 2-naphthalenethiol and 45 ml (67 g, 0.53 mol) of 
oxalyl chloride was heated under reflux for 3 hr in an oil bath at 
110-120°. The condenser was then set for distillation and heat
ing continued for 1 hr at 165-175°. The product was cooled, 
ground, and subjected to prolonged or repeated digestion at 
room temperature with 1 N  NaOH, which left undissolved 8.4 g 
(24%) of crude 2-naphthyl dithioloxalate (32), mp 170-200°. 
Crystallization from 280 ml of trichloroethylene gave 5.2 g 
(15%), mp 225-227°. It could also be crystallized from toluene 
or butyl acetate.

Anal. Calcd for C22Hh0 2S2: C, 70.6; H, 3.7; S, 17.1.
Found: C, 70.2; H, 3.8; S, 17.2.

Acidification of the orange NaOH solution gave 28.0 g (70%) 
of red-orange 30, mp 156-158°. A specimen crystallized from 
butyl acetate or methylcyclohexane melted at 158-159° (lit.10 
mp 153°).

Anal. Calcd for Ci2H«02S: C, 67.3; H, 2.8; S, 14.9. Found: 
C, 67.1; H, 2.9; S, 14.7.

2-Benzylthio-l-naphthaleneglyoxylic Acid 33.— To a boiling 
solution of 2.14 g (0.0100 mol) of 30 in 20 ml of 5 N NaOH, 20 
ml of water, and 20 ml of ethanol, was added 1.50 ml (1.65 g, 
0.0130 mol) of benzyl chloride. The solution turned from orange 
to pale yellow in 1-2 min and was then cooled and acidified. An 
oil formed and slowly changed to 3.2 g (100%) of yellow crystals, 
mp 110-113°. Crystallization from toluene or methylcyclo
hexane raised the melting point to 115-118°.

Anal. Calcd for C19H14O3S : C, 70.8; H, 4.3; S, 9.9. Found: 
C, 70.5; H, 4.2; S, 9.7.

Refluxing for 1 hr with thionyl chloride in benzene, both of 
which were then evaporated, gave 30.
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Kinetics of the Chromic Acid Oxidation of Deoxybenzoin1
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The kinetics of the chromic acid oxidation of deoxybenzoin has been examined in 91% acetic acid. The rate 
law is given by v =  fefe [ketone] [CrVI] [H +]7(fc_i[H +] +  it2[CrVI] ) where hi was found to be equal to the rate of 
enolization. Benzoin was shown to be the intermediate in the reaction, and the source of the products, benzil, 
benzaldehyde, and benzoic acid. Substituent effects on the oxidation reaction and on enolization were found 
to be the same. When the concentration of ehromium(VI) was maintained at a low level during the course of the 
reaction, bidesyl became a significant product. This suggests the formation of the desyl radical via a reaction 
involving an intermediate oxidation state of chromium.

The oxidation of ketones frequently provides a useful 
synthetic route to a-hydroxy ketones, a diketones, and 
carboxylic acids. As part of a continuing investigation 
of the mechanisms of chromic acid oxidations, we have 
studied the oxidation of deoxybenzoin. This is a con
venient substrate in that the reaction site is localized

(1) This investigation was supported by a grant from, the National Science 
Foundation.

(2) Taken in part from the Ph.D. Thesis of O. Aniline, 1968.

by the flanking phenyl rings thus minimizing secondary 
reactions. Further, the compound provides an op
portunity to examine substituent effects.

The chromic acid oxidation of ketones has received 
previous study. Umeda and Tarama3 as well as Best, 
Littler, and Waters4 have investigated the kinetics of 
the oxidation of cyclohexanone and found the rate to

(3) K. Umeda and K. Tarama, Nippon Kagaka Zasshi, 83, 1216 (1962).
(4) P. A. Best, J. S. Littler, and W. A. Waters, J. Chem. Soc., 822 (1962).
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Figure !.•—'Zero-order plot for the chromic acid oxidation of 
deoxybenzion.

have a first-order dependence on the concentrations of 
ketone, chromium(VI), and hydrogen ion. The latter 
workers investigated kinetic isotope effects in the 
system and interpreted these results in terms of an enol 
intermediate.

Strong evidence for an enol intermediate was pro
vided by Rocek and Riehl5 who found that the oxidation 
of a-cblorocyclohexanone became independent of the 
concentration of chromium (VI) when the concentra
tion of the oxidant was high. The limiting rate was 
close to the rate of enolization as measured by the rate 
of bromination.

Results

The stoichiometry of the chromic acid oxidation of 
deoxybenzoin might reasonably be expected to corre
spond to any of eq 1-3. When deoxybenzoin was al-

O

3C6H sCH2CC6H5 +  4HCr04-  +  16H+ — >
3C6H6CHO +  3C6H6C 02H +  4Cr3 + +  10H2O (1)

O

CsHsCH^CeHs +  2HCr04~ +  8 H + ---- >
2C6H6C 02H +  2Cr8+ +  5H20  (2)

O

3C6H6CH2llC8H6 +  4HCr04-  +  16H+ — >-
0 0

3C6H6M c 6H6 +  4Cr3 + +  13H20  (3)

lowed to react with chromium(VI) in 9 1%  acetic acid 
in the presence of 1 M  perchloric acid, and the products 
were determined gas ehromatographically, it was found 
that 1 1 %  of the deoxybenzoin was consumed via reac
tion 1, 4 1%  via reaction 2, and 48% via reaction 3. It 
is not unlikely that, in the actual reaction, process 2 
arises via process 1 followed by oxidation of benzalde- 
hyde. If that were the case, the oxidation of deoxy
benzoin would proceed 52%  via reaction 1 and 48% via 
reaction 3.

The products also were analyzed via  isotope dilution 
using deoxyben zom -ca rbon yl-u C  as the reactant. In 
this case, 56% of the reaction proceeded via  reaction 1

(5) J. Rocek and A. Riehl, J. Org. Chem., 32, 3569 (1967); J. Amer. Chem. 
Soc., 89, 6691 (1967).
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Figure 2.—First-order plot for the chromic acid oxidation of 
deoxybenzoin.

and 44% via reaction 3. The results via the two 
methods are in good agreement.

Another possible reaction is the one following.

0

6C3H6CH2( i c 6H5 +  2HCr04~ +  8H+ — >
O

3 ( C 6H 6C H 2¿ C H C 6H 6)2 +  2C r 3+ +  8H20

Under the normal experimental conditions, no signifi
cant quantity of bidesyl is formed. However, wThen 
the reaction was carried out by the slow addition of 
chromium(VI) to the reaction mixture, 6 %  of the de
oxybenzoin was converted to dibenzyl, as determined 
via isotope distillation. When a fivefold excess of 
manganous ion was added to the reaction mixture, the 
formation of benzil was decreased. However, the for
mation of bidesyl was not affected.

The kinetics of the reaction were studied spectro- 
photometrically at 340-420 m g  using degassed solutions 
to avoid interference by oxygen. An excess of deoxy
benzoin was employed. Under these conditions, the 
disappearance of chromium(VI) appeared to be zero 
order through the first 50% of the reaction (Figure 1). 
The first-order plot had initial curvature followed by a 
relatively linear portion (Figure 2).

The slopes of the zero-order plots were dependent on 
the initial chromium(VI) concentration, and, thus, the 
apparent zero-order behavior results from a kinetic 
complication. This was identified as follows. To con
vert the apparent zero-order rate constants to units 
comparable with the first-order rate constants derived 
from the latter part of the reaction, they were divided 
by the chromium(VI) concentration giving the data 
summarized in Table I. The ratio of the first-order 
constants (k¡) to this latter quantity (hereafter re
ferred to as fc i) was essentially constant, with a value of 
2 .2  ±  0.1.

The behavior observed in this case is characteristic 
of processes in which an intermediate builds up in con
centration during the earlier part of the reaction and
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T a b l e  I
E ff ect  o f  D e o x y b e n z o in  C o n c e n tr a t io n  on  th e  R a te  of 

C h ro m ic  A cid  O x id a t io n “
Deoxybenzoin, k\ X 103,6 k{ X 103,c *i/([D SB ] X 100,

M sec 1 sec-1 kt/ki 1. mol 1 sec”1 0. 40
0.200 1.190 2.75 2.3 6.0
0.160 0.921 2.05 2.2 5.8
0.120 0.702 1.68 2.4 5.9
0.100 0.567 1.24 2.2 5.7
0.080 0.474 1.02 2.2 5.9
0.060 0.338 0.703 2.1 5.6
0.040 0.211 0.481 2.1 5.3 | 0. 30
0.020 0.110 5.5 u

0

„ 2 .2  ±  0.1 5.7 ±  0.2 £>
<

' [CrVI] =  2.28 X O 1

i? [HC104] =  0.412 M ; T =  30.0°;
380 him- b k-, is the initial first-order rate constant obtained by 
dividing the apparent zero-order constant by [CrVI], c is the 
first-order rate constant observed in the later stages of the reac
tion.

then reaches a steady state. When the steady state 
has been reached, the reaction will show normal first- 
order behavior with a rate constant twice the initial 
rate constant. A reasonable possibility for such an 
intermediate is benzoin, which could further be oxi
dized to give the set of observed products. The ki
netic scheme would be

Figure 3.— Calculated (A) and observed (•) absorbance values 
for the chromic acid oxidation of deoxybenzoin.

O O
i kg. I

CeH6CH2CC6H5 +  HCrO,- +  H + — >- CeHüCHCCeHü

A h

O OO
k i ,

C6H6CHCC«H6 +  HCrO,- +  H+ — >
1

- CsHs^CCeHs +

OH
O11

c6h 6c h  +  c6h 6co2h

If kh »  fca, the observed rate constant after the 
steady state has been reached would be 2 fca, whereas 
the initial rate constant would be fca.

This explanation was tested by determining the rate 
of oxidation of benzoin (fc = 1.78 1. mol- 1  sec'1, 0.3 M  
HCIO4, 0.0115 M  benzoin, and 2.44 X 10-3  M  CrVI) 
and calculating the change in absorbance with time for 
the oxidation of deoxybenzoin using the above kinetic 
scheme. A comparison of calculated and observed ab
sorbance values is given in Figure 3 and it can be seen 
that good agreement is obtained.

When benzoin was oxidized in the presence of a two
fold excess of chromic acid and the products analyzed 
by vpc, it was found that 48% of the reactant was con
verted to benzil while the rest led to cleavage products. 
The agreement with the deoxybenzoin product study 
again indicates that benzoin is an intermediate, and 
indicates that ki is the appropriate rate constant for use 
in the following discussion.

The initial first-order rate constants for the oxidation 
of deoxybenzoin divided by the ketone concentration 
gave a constant second-order rate coefficient (Table I) 
showing the reaction to have a first-order dependence 
on the ketone concentration. The effect of acid con
centration on the rate of oxidation also was examined 
(Table II)  and a plot of the logarithms of the rate con
stants against H 0 gave a linear relationship with a slope 
of 1.20. This is quite similar to that found for the

T a b l e  I I
E ff ect  of A cid  C o n c e n tr a t io n  on  th e  R a t e  of 

Ox id a t io n  o f  D e o x y b e n z o in “
[H C IO 4J, M ki X 10*, sec“ 1 Ho

0 . 0 5 0 0 . 1 4 +  0 . 0 5 5
0.100 0 . 3 7 - 0 . 2 7 0
0 . 1 5 0 0 . 6 7 - 0 . 4 6 0
0.200 0 . 9 6 - 0 . 6 0 0
0 . 2 5 0 1 . 3 4 - 0 . 7 3 0
0 . 3 0 0 1 . 7 9 - 0 . 8 3 0

“ [Deoxybenzoin] =  0.200 M ; [CrVI] =  2.51 X 10-3 M ; 
T =  30.0°; 390 mM.

oxidation of benzaldehyde (1.07)6 and of diphenyl- 
methane (1.25)7 and is equivalent to a first-order de
pendence on the acid concentration.

The effect of chromium(VI) concentration on the 
rate of reaction also was studied. As the concentra
tion was increased in the range 0.00171-0.0193 M ,  the 
apparent zero-order portion of the reaction increased in 
duration and the initial slopes of the first-order rate 
plots decreased by an amount greater than that which 
could be accounted for by the acid chromate-di
chromate equilibrium.8

The decrease in rate coefficient might result from a 
process such as

k i
deoxybenzoin +  H + ^ — enol +  H +

k - 1

k i
enol +  CrVI +  H + — products

This would be in accord with the observation of Rocek 
and Riehl in their study of the chromic acid oxidation

(6) K. B. Wiberg and T. Mill, J. Amer. Chem. Soc., 80, 3022 (1958).
(7) K. B. Wiberg and R. J. Evans, Tetrahedron, 8, 313 (1960).
(8) The oxidation of alcohols and of related compounds have a kinetic 

dependence on the acid chromate ion rather than total chromic acid (cf. 
K. B. Wiberg, “ Oxidation in Organic Chemistry,”  Part A, Academic Press, 
New York, N. Y., 1965, p 159 ff). In view of the later conclusions concerning 
the nature of the oxidation step, it seemed appropriate to assume that only 
HCrOi “ is involved in the rate expression in the present case also.
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Figure 4.— Absorbance vs. time curves for four representative 
chromic acid concentrations (0.0193 M, 0.0171 M, 0.0113 M, 
and 0.0060 M  from top to bottom). The circles are experimental 
points and the lines are values calculated as described in the 
text. [Deoxybenzoin] = 0.161 M ; [HC104] = 0.309 M ; 7  = 
30.0°; 420 mm. A 1-cm cell was used for the lower concentrations, 
and a 0.2-em cell was used for the higher concentrations.

of several aliphatic ketones.5 The rate law for such a 
process would be
— d[CrVI]/d f =  fafo[ketone][CrVI][H +]7(fc-i[H +] +  ¡fc2[CrVI])

Thus, when fc2[CrVI] »  fc-i[H+], the rate constant 
should no longer depend on the concentration of oxi
dant. Because of the complexity of the system in 
which benzoin is an intermediate which only slowly 
reaches a steady state, and in which the absorbancy 
index of chromium (VI) is a function of the chromium- 
(VI) concentration, the above rate law was tested by 
numerical integration of the rate expressions in Scheme 
I  which apply to the case of a constant hydrogen ion 
concentration (i.e., the dependence on acid concentra
tion is absorbed into the rate constants).9

The rate of enolization of deoxybenzoin was deter
mined by measuring the acid-catalyzed rate of bromi- 
nation in 9 1%  acetic acid. Using a 0.309 M  per
chloric acid, the rate constant was 1.72 X 10-5 sec-1 
(the zero-order rate constant divided by the ketone 
concentration). This value was used as the initial 
approximation of fca.10 As long as fc_a »  fca, only the

(9) The rate expressions are simplified in that the oxidation by chro- 
mium(V) or ehromium(IV) is ignored. It is known that these species will 
come to their steady-state concentrations rapidly under the reaction condi
tions, and their effect will then appear largely in the stoichiometry rather 
than in the kinetics of the process. The four-order Runge-Kutta procedure 
was used in the numerical integration.

(10) Depending on the details of the stoichiometry involving the chro
mium species of intermediate valence, the apparent rate of enolization for the 
oxidation process could range from 0.67 to 2.00 times the true rate of enoli
zation.5

Sch em e  I
fca

deoxybenzoin — enol 

2HCr04~ Cr20 ,J-  (+ H 20 )
fcb

enol +  H Cr04~ — >- benzoin +  Crm
fca

benzoin +  H Cr04~ — >  products +  Crm 

d[ketone]/df =  —fca[ketone] +  fc_a[enol] 

d[enol]/d< =  fca[ketone] +  fc_a[enol] — fcb[enol] [HCr04~] 

d[benzoin]/di =  &b[enol] [HCr04_] — [benzoin] [HCr04_] 

d[CrVI]/d f =  kh[enol] [HCr04_] +  ka[benzoin] [HCr04~] 

[HCr04-] =  ( V l  +  8A[CrvT] -  l ) /4 K  K  =  256

A =  1.77 X 106[CrV1] 8 +  1.33 X 104[Crvr]2 +
153 [CrVI] +  30 [Cr111]

ratio of fcb to fc_a is of significance in determining the 
rate of disappearance of chromic acid. The value of 
fc_a which was used (0.3)11 was the largest which could 
conveniently be used in the numerical integration pro
gram. The value of fcc was found to be 1.78 1. mol-1  
sec-1  (see above), and a value of fcb -~40 was estimated 
from a plot of initial rates against the chromic acid 
concentration. Both fca and fcb were adjusted so as to 
give a good fit to the experimental data (Figure 4 shows 
the results of four typical calculations; a total of ten 
chromic acid concentrations were used). The values of 
the rate constants follow: fca = 1.5 X 10 _6 and fcb =
44. The value of fcb, as indicated above, depends on 
fc_a and, since the fc_a used is a minimum value, the true 
fcb is presumably greater than 45 1. mol-1  sec-1 . The 
rate of oxidation of the enol is therefore considerably 
greater than that for benzoin. This is in agreement 
with the results of Rofiek and Riehl.5 At the highest 
chromic acid concentration (0.0193 M )  the enol con
centration was 35% of its equilibrium value making 
enolization largely rate determining, whereas at the 
lowest chromic acid concentration (0.00171 M ) the 
enol concentration was 73%  of its equilibrium value.

Substitution of the methylene protons in deoxy
benzoin by deuterium caused a marked retardation of 
the rate of chromic acid oxidation. The ratio of the 
initial first-order constants obtained from the zero- 
order plots was 4.5. Similarly, the bromination of de
oxybenzoin and desoxvbenzoin-d2 showed a kinetic iso
topic effect of 4.0. Again, the results are in satisfac
tory agreement.

The effect of substituents on the rates of oxidation 
and enolization were determined giving the data sum
marized in Tables I I I  and IV . The 4-methoxy and 4- 
ethoxy derivatives led to side reactions in both types of 
reactions (probably attack at the aromatic ring)12 and 
could not be included in the study. When the sub
stituent was attached to the benzoyl ring, a small neg
ative p value was found for both oxidation (—0.42) and

(11) The keto-enol equilibrium constant for cyclohexanone has been 
determined by R. P. Bell and P. W. Smith [J. Chem. Soc. B, 241 (1966)] 
to be 4.1 X 10 “ 6. If the constant were the same for deoxybenzoin, &_a 
would be 4.2. It  would not be surprizing if the constant were somewhat 
larger for deoxybenzoin. Using k-& =  0.3, satisfactory results were ob
tained in the numerical integration using a step size of 2 sec.

(12) S. G. Brandenberger, L. W. Maas, and I. Dvoretzky, J. Amer. Chem. 
Soc., 83, 2146 (1961).
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T a b l e  III
R ates  o f  C h ro m ic  A cid  O x id a t io n  o f  D e o x y b e n z o in s “

Substituent
A.

k X 10«, sec“ 1 
Benzyl Ring6

krel

H 0.93 1.00
J5-C1 1.03 1.10
p-N 02 1.11 1.19
to-CF3 0.58 0.62
p-c h 3

B.
1.05

Benzoyl Ring'
1.13

H 0.57 1.10
p-CJRO 0.74 1.30
p-CH3 0.61 1.07
p-Cl 0.49 0.86

“ [Deoxybenzoin] =  3 X 10~2 M ; [HC104] =  0.309 M ; T =  
30.0°; 420 b [CrVI] =  3.97 X  10~3 M. ‘  [CfiW] = 2.29 X 
io~3M.

T a b l e  IV
R a te s  o f  E n o l iza t io n  o f  D e o x y b e n z o in s “

Substituents k X 105, sec-1 fael
A. Benzyl Ring

H 1.72 1.00
p-Cl 2.05 1.19
p -N 02 2.59 1.50
m-CFj 1.26 0.73
p-CH3 2.99 1.16

B. Benzoyl Ring
H 1.72 1.00
p-C2H60 2.84 1.65
p -c h 3 2.09 1.21
p-Cl 0.83 0.48

[Deoxybenzoin] =  3 X  10 -' M ; [Br2] =  3 X 10~3 M ;
[HClOi] =  0.309M ; T =  30.0°; 450m/i.

enolization (—1.0).13 On the other hand, when a 
para substituent was attached to the benzyl ring, both 
electron-releasing and -attracting groups accelerate the 
reaction. The 3-trifluoromethyl group retarded both 
oxidation and enolization. Clearly, no correlation 
with a could be obtained. However, the effect of sub
stituents on oxidation and on enolization were quite 
similar (Figure 5).

chromium(VI) is not at the double bond. Thus, we 
favor reaction 6. As a result of the initial oxidation

OH
I

RCH =  CR + HjCrOi

O-^C
f\

RCH=CR

H jJ

CrO,H

OCr03H

RCH=CR + H20

H O
I I!

R C -C R  + CrIV (6)

+ o h 2

H O 
I II 

RC— CR
-H

OH

step, chromium(VI) is formed. It  is now known that 
chromium(VI) is an active oxidant in the chromic acid 
oxidation of alcohols.14 Thus, it would not be sur
prising if it were also to react with deoxybenzoin with 
the formation of the desyl radical.

Under the usual reaction conditions in which the 
concentration of chromium(VI) is reasonably high 
during most of the reaction, the desyl radical would be 
expected to be readily oxidized to benzoin. However, 
if the concentration of chromium (VI) is maintained low 
via slow addition during the course of the reaction, 
there should be a good opportunity for the coupling of 
desyl radicals leading to bidesyl. The latter is found 
(6%) under these conditions and is absent under the 
more usual reaction conditions. It  would be possible 
to generate bidesyl by an alternate route (such as by 
attack of a desyl cation on the enol) but this seems 
rather unlikely. Thus, the second reaction appears to 
be that shown in eq 7-9 where reactions 8 and 9 are

O O
II fa

- RCH(?!R +  CrinRCH2CR +  CrIV — > (7)

O O
II k, 

RCHCR +  CrVI — >- R C H ¿R  +  Crv (8)

Discussion

The kinetic data require that the enol be an inter
mediate in the oxidation and that benzoin be the first- 
formed product. Reaction 5 may occur either by for-

O OH
II fa I

RCH 2CR +  H + R C H = C R  +  H+ (4)
k~1

OH HO O
1  fa I II

R C H = C R  +  CrVI — >- RCH— CR
(5)

OH O O O O O

RCH— <!r  +  CrVI — >  R (!— CR +  R<Hh  +  R < W

mation of the chromium (VI) ester of the enol followed 
by attack of water at the a carbon, or by attack of 
chromium(VI) on the double bond. The chromic acid 
oxidation of isopropenyl acetate has been found to be 
quite slow, whereas its reaction with bromine is quite 
rapid. This leads us to believe that the attack by

(13) A similar value of p was found for the enolization of acetophenone:
D. P. Evans, V. G. Morgan, and H. B. Watson, J. Chem. Soc., 1167 (1935).

O 0  0

2R C H ¿R  RCCH CH ^R (9)
I I

R R

competitive. We cannot specify the mode of reaction 
of chromium (V), although it would not be surprising 
if it were to react in a fashion similar to chromium(VI). 
The fact that manganese (II) does not suppress the for
mation of bidesyl suggests that manganese (III) also 
effects the oxidation of deoxybenzoin to the desyl rad
ical. This type of reaction has ample precedent.16

The oxidation of benzoin occurs at a rate 500 times as 
great as that of deoxybenzoin and is comparable with 
that of isopropyl alcohol. The reaction is almost cer
tainly a typical alcohol oxidation in which the ester
ification of the hydroxy group is the first step. The 
formation of major amounts of cleavage products is ex-

(14) J. Rocek and A. E. Radkowsky, J. Amer. Chem. Soc., 90, 2986 
(1968); K. B. Wiberg and S. K. Mukherjee, ibid., 93, 2543 (1971).

(15) W. A. Waters and J. S. Littler, “ Oxidation in Organic Chemistry,”  
K. B. Wiberg, Ed., Academic Press, New York, N. Y., 1965, p 185 ff.
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Figure 5.—Effect of substituents on the chromic acid oxidation 
(O) and enolization (A) of deoxybenzoin.

pected since this is the normal course of the reaction 
when a group which is able to bear a positive charge is 
attached to the alcohol carbon.16 The normal product, 
benzil, is probably formed via oxidation by chromiumr 
(YI) whereas the cleavage products would be expected 
to arise via oxidation by the intermediate oxidation 
states of chromium. In view of the recent results of 
Roiek and Rahman17 on the chromium(VI) oxidation 
of alcohols, it seems clear that at least part of the 
cleavage results from oxidation by chromium (VI).

Experimental Section
Materials.— Reagent grade glacial acetic acid was purified by 

treatment with chromic acid as previously described.6 Reagent 
grade sodium di chromate hydrate was dried under vacuum at 
100° over phosphorus pentoxide. Sodium perchlorate (G. F. 
Smith) was recrystallized from water and dried at 140° for 24 hr. 
Manganous perchlorate hexahydrate (G. F. Smith) was used 
directly without purification or drying. Reagent grade 70% 
perchloric acid was analyzed by titration with standard sodium 
hydroxide solution.

Deoxybenzoin (Eastman Kodak) was recrystallized twice from 
methanol and sublimed. 4-Methyl-, 4-chloro-, and 4-nitrode- 
oxybenzoin were prepared by the Friedel-Crafts reaction be
tween benzene and the corresponding acyl chlorides using alu
minum chloride as the catalyst. In all cases, the melting points 
agreed with the literature values. 4'-Methyl-, 4'-chloro-, and 4'- 
ethoxydeoxybenzoin were prepared in a similar fashion using 
phenylacetyl chloride and the appropriate reactant. Again, the 
melting points agreed with the literature values. All of the 
deoxybenzoins were sublimed before use.

T)eoxybenzom-carhonyl-liC .— Potassium cyanide-I4C (50 nCi) 
was dissolved in 100 ml of water containing 115 g (1.77 mpl) of 
potassium cyanide. A solution of 20C g of benzyl chloride 
(1.58 mol) in 240 ml of ethanol was added dropwise to the heated 
cyanide solution over 30 min. After heating to reflux for 2.5 hr, 
the reaction mixture was cooled and filtered. Distillation gave 
131 g (71%) of benzyl cyanide-14C, bp 108-111° (13 mm). The 
benzyl cyanide was hydrolyzed to pher.ylacetic acid and con
verted to deoxybenzoin. The activity of the product was 1121 
dpm/mg.

Deoxybenzoin-a,a-d2.— A mixture of 3.0 g of deoxybenzoin, 
150 ml of anhydrous ether and 30 g of acetic acid-d was treated 
with 1 drop of bromine and heated to reflux for 48 hr. The 
solvents were removed using a rotary evaporator and the pro
cedure was repeated. The product was recrystallized twice

(16) J. J. Cawley and F. H. Westheimer, J. Amer. Chem. S o c 85, 1771 
(1963).

(17) M. Rahman and J. Rocek, ibid., 93, 5455, 5462 (1971).

from benzene-heptane and sublimed. The nmr spectrum indi
cated 96% deuterium incorporation.

3-Trifluoromethyldeoxybenzoin.—■3-Trifluoromethylphenyl- 
acetyl chloride was prepared by the addition of thionyl chloride 
to 3-trifluoromethylphenylacetic acid (PCR), and had bp 94-96° 
(15 mm). A solution of diphenylcadmium was prepared using 
the Grignard reagent formed from 1.5 g of magnesium turnings 
and 10.0 g of bromobenzene in 200 ml of dry ether, by the addi
tion of 5.7 g of anhydrous cadmium chloride. Most of the ether 
was removed by distillation and 200 ml of benzene was added. 
To the diphenylcadmium solution was added 10 g of the acid 
chloride in 20 ml of benzene. The flask was heated with stirring 
for 3 hr. Following the usual work-up, the product was isolated 
by distillation giving 7.0 g (53%) of the ketone, bp 109-111° 
(0.3 mm). Final purification was effected by preparative vpc 
(20% neopentyl glycol sebacate on Chromsorb W ).

Anal. Calcd for C 15H 11F3O : C, 68.2; H, 4.2. Found: C, 
68.1,68.2; H, 4.2, 4.2.

Kinetic Measurements.—The disappearance of chromium(VI) 
was followed spectrometrically at 380-420 m¡i. One solution 
contained sodium dichromate, sodium perchlorate, and perchloric 
acid in 91%  acetic acid. The other solution contained deoxy
benzoin in 91% acetic acid. Both solutions were made up a 
short time before the kinetic experiment. The solutions were 
degassed separately in two legs of a U cell attached to a spectrome
ter cell. The solutions were brought to the reaction temperature 
and were mixed at time zero by inverting the cell. The cell was 
placed in a spectrometer (Cary Model 15 or Beckman DU) and 
the transmittance was measured as a function of time.

The rates of enolization were determined in a similar fashion 
except that bromine replaced sodium dichromate and 450 m^ 
was used.

Product Analysis.— The products formed in the oxidation of 
deoxybenzoin were determined both by vpc analysis and by 
isotope dilution. In the former case the reaction was carried 
out in a fashion similar to the kinetic experiments except that 
benzophenone was included as an internal standard. After 
complete reaction, the reaction solution was treated with water 
and extracted with benzene. Benzoic acid was extracted from 
the benzene using sodium carbonate and was isolated by acidifi
cation. The amount of benzoic acid formed was determined 
by weighing after thorough drying. The amounts of unreacted 
deoxybenzoin and of benzil and benzaldehyde were determined 
by vpc by comparison of the areas for these compounds with that 
of benzophenone. Starting with 5.0 mmol of deoxybenzoin 
and 5.4 mmol of sodium dichromate there was obtained 1.8 
mmol of deoxybenzoin, 2.5 mmol of benzoic acid, 1.3 mmol of 
benzil, 0.3 mmol of benzaldehyde, and 0.1 mmol of benzoin 
acetate.

The isotope dilution experiment was carried out under condi
tions similar to the kinetic experiments except that 2.0 g of 
deoxybenzoin-14C was the reactant. To the reaction product 
mixture was added 1.0 g of benzoic acid, 1.0 g of benzil, and 
0.5 g of bidesyl along with water and benzene. Benzoic acid 
was isolated from the benzene solution as described above. The 
benzene solution was treated with heptane and concentrated 
whereupon crystals of bidesyl began to form. The bidesyl was 
separated by filtration and recrystallized from 10:1 benzene- 
heptane.

The filtrate was concentrated to 5 ml and was separated into its 
components by vpc on a 20% neopentyl glycol sebacate column. 
The benzil was recrystallized from methanol and dried under 
vacuum. The activities of the benzoic acid, bidesyl, and benzil 
were determined by liquid scintillation counting in toluene con
taining PPO and POPOP. Correction for quenching was 
effected by adding a known amount of deoxybenzoin- UC and 
recounting.

In each case the activity of the bidesyl was the same as the 
background (~ 4 0  dpm). In a typical experiment, 1.80 mmol 
of benzil was formed along with 4.82 mmol of benzoic acid.

Slow Addition of Chromium(VI) to Deoxybenzoin-,4C.— To a 
solution of 2.06 g (10.5 mmol) of deoxybenzoin-14C in 50 ml of 1 
M  perchloric acid in 91% acetic acid was added dropwise with 
stirring at 85° a solution of 1.5 g of sodium dichromate (11.4 
mmol) of 50 ml of 1 M  perchloric acid in 91% acetic acid. The 
amount of bidesyl was determined by adding 0.5 g of unlabeled 
material followed by work-up as described above. Analysis of 
the bidesyl indicated that 0.3 mmol of bidesyl was formed in the 
reaction which corresponds to 0.6 mmol of deoxybenzoin. Thus, 
6%  of the reactant was converted into this product.
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Oxidation of Benzoin.— The oxidation of 1.04 g (4.9 mmol) of 
benzoin with 1.35 g (10.3 mmol) of sodium dichromate was 
effected in the presence of benzophenone as an internal standard. 
After work-up as described above, the amount of benzil was 
determined by comparison of its vpc trace area with that of 
benzophenone. No benzaldehyde was found using this excess

of chromium(VI). The products were benzil (2.42 mmol, 48% ) 
and benzoic acid (5.37 mmol, 52%).

Registry No.—Chromic acid, 7738-94-5; deoxy- 
benzoin, 451-40-1; 3-trifluoromethyl deoxybenzoin, 
30934-66-8.

Oxymercuration-Demercuration of 6-Methylenebicyclo[3.1. l]heptane 
and 5-Methylenebicyclo[2.1.ljhexane1

K e n n e t h  B. W i b e r g *  a n d  W a n - f a n g  C h e n 2

Department of Chemistry, Yale University, New Haven, Connecticut 06620 

Received April 12, 1972

Oxymercuration followed by borohydride reduction has been applied to 6-methylenebicyclo[3.1.1]heptane (I) 
and 5-methylbicyclo[2.1.1]hexane (II). The reaction of I led to 22% of 6-methylbicyclo[3.1.1]heptan-6-ols, 
67% of 6-methylbicyclo[3.2.0]heptan-6-ols, 4%  of 2-methylnorbornan-2-ol, and 6%  of 2-methylenecyclo- 
heptanol. The rearrangements are analogous to those found in the solvolytic reactions of 6-substituted bicyclo- 
[3.1.1 ¡heptanes. The reaction of II led to 44% 2-methylenecyclohexanol, 28% of 3-methylenecyclohexanol, 
and 28% of 3-methylcyclohex-3-en-l-ol. An examination of the nmr spectrum of the reaction solution as a 
function of time indicated that a cyclopropane derivative was first formed and that this rearranged further to 
olefinic compounds. Corresponding product studies showed that the cyclopropane derivative, on reduction, 
gave 4-methylenecyclohexanol, whereas the other products were derived from the olefinic intermediates.

The oxymercuration of bicyclic olefins followed by 
in  situ borohydride reduction of the organomercurial 
intermediate has been found to be a useful route to 
alcohols.3 The reaction leads in effect to Markovnikov 
hydration, and generally gives little or no rearrange
ment. Because the reaction might provide a convenient 
route to alcohols which are epimeric with those formed 
by Grignard reagent addition to the corresponding 
ketones, the reaction has been explored with the strained 
methylenecyclobutane type compounds, 6-methylene- 
bicyclo [3.1.1 [heptane (I) and 5-methylenebicyclo- 
[2.1.1 [hexane (II).

The reaction of I with mercuric acetate in aqueous 
tetrahydrofuran occurred readily and sodium boro
hydride reduction was essentially instantaneous. How
ever, instead of producing only one alcohol, a mixture 
of six alcohols wTas obtained. They could be separated 
by gas chromatography, giving A (32%), B (4%), C 
(20%), D (36%), E  (2%), and F  (6%). The alcohols 
A -E  all had methyl singlets in their nmr spectra at r
8.6-8.8, indicating they were tertiary alcohols. The 
infrared spectrum of F  showed bands at 1625 and 850 
cm-1 , suggesting an exocyclic double bond.

The alcohol C was found to be ewdo-6-methylbicyclo- 
[3.1.1 [heptan-6-ol by comparison with the nmr spec
trum of an authentic sample prepared by the addition 
of the methyl Grignard reagent to bicyclo [3.1.1 [heptan-
6-one. The assignment of configuration is based on 
analogy with the lithium aluminum hydride reduction 
of the ketone, which gives 98% of endo-bicyclo [3.1.1 ]- 
heptan-6-ol.4

Mechanistic considerations suggested that one of the 
alcohols might be 6-methylbicyclo[3.2.0]heptan-6-ol. 
The endo isomer was prepared by the addition of the

(1) This investigation was supported by Public Health Service Grant 
GM 12800 from the National Institute of General Medical Studies.

(2) Taken from part of the Ph.D. thesis of Wan-fang Chen, 1971.
(3) H. C. Brown and P. Geoghegan, Jr., J. Amer. Chem. Soc., 89, 1522 

(1967); H. C. Brown and W. J. Hammer, ibid., 89, 1525 (1967); H. C. 
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methyl Grignard reagent to bicyclo [3.2.0 [heptanone, 
and was found to be identical with A. Again, the as
signment of configuration is based on analogy with the 
lithium hydride reduction of bicyclo[3.2.0]heptanone, 
which gives 90% of the endo isomer.5

The spectra of E  and D were similar to those of C and 
A, respectively, suggesting that they might be the 
other members of the epimeric pairs. This was con
firmed using vanadium(V) oxidation, which is known 
to lead to cleavage of tertiary alcohols.6 The results are 
shown below.

In each case, both isomers gave the same ketonic 
product, which was identified by comparison with an 
authentic sample. The alcohols E and D also were 
prepared by the following methods.

of the oxymercuration-demercuration of I may then be 
described as

OH OH
B (4% )  C (20%)

The addition of mercuric acetate to olefins appears to 
involve initially the addition of HgOAc+ to give a 
bridged ion.7 This may be attacked by water to give 
C' and E', from which C and E  are derived. A re
arrangement corresponding to that found in the solvoly
sis of endo-bicyclo [3.1.1 ]heptyl-6 tosylate4 would then 
give a bicyclo[3.1.0]heptyl cation (V) which may 
further rearrange to the bicyclo [3.2.0[hepty 1-6 cation 
(VI) from which A' and D' are formed (Scheme I).

In order to gain further information on the nature of 
the reaction, 5-methylenebicyclo [2.2.1 [hexane (II) was 
used as the reactant. The products of the reaction were
2-methylenecyclohexanol (VII) (44%), 3-methylene- 
cyclohexanol (V III) (28%), and 3-methylcyclohex-3- 
en-l-ol (IX) (28%). These results may be accommo
dated as follows.

rv

The preparations of the olefins I I I  and IV  are de
scribed in the Experimental Section.

The alcohol F had an nmr spectrum very similar to 
that of 2-methylenecyclohexanol except for two more 
protons in the r 8.0-8.8 region. Thus, it appears to be
2-methylenecycloheptanol. The alcohol B had an nmr 
spectrum corresponding to that of 5-methyl-endo- 
bicyclo [2.1.1 ]heptan-5-ol, formed by the addition of the 
methyl Grignard reagent to norbornanone. The course

(5) F. F. Nelson, Ph.D. Thesis, University of Wisconsin, 1960.
(6) J. R. Jones and W. A. Waters, J. Chem. Soc., 2772 (1960).

(7) Cf. W. Kitching, Organometal. Chem. Rev., 3, 61 (1968); it should be 
noted that H. C. Brown and K.-T. Liu, J. Amer. Chem. Soc., 93, 7335 (1971), 
have presented evidence which they interpret as disfavoring this type of 
intermediate.



Oxymerctjration-D emercuration of a B icycloheptane ./. Org. Chem., Vol. 37, No. 21, 1972 3237

The results raise two questions. First, why are no un
rearranged alcohols formed, whereas significant amounts 
of such products were found with 6-methylbicyclo- 
[3.1.1 ]heptane? Second, why does the product have 
predominantly the less stable exocyclic double bond 
when its precursor presumably had an endocyclic 
double bond?

Additional information concerning the course of the 
reaction was obtained via an nmr study of the reaction 
of mercuric trifluoroacetate8 with I I  in benzene solution. 
The signal from the original olefin protons disappeared 
completely by the time the first spectrum was taken (5 
min). Cyclopropyl protons and olefinic protons were 
found at r 9-10 and 4.5-6, respectively. As time went 
on, the cyclopropyl protons began to disappear and 
were replaced by olefinic protons (Table I).

T a b l e  I
C h a n g e  i n  N m r  S p e c t r u m  d u r i n g  t h e  

R e a c t i o n  o p  M e r c u r i c  T r i f l u o r o a c e t a t e  
W ITH  5 - M e TH YLENEBICYCLO [2 .1 .1 ]  H EXAN E

Reaction
time t 4.5-6

—Number of protons—  
r 7.5-9 r 9-10

5-75 min 1.3 7.4 1.3
24 hr 1.7 7.6 0.7
40 hr 1.74 7.86 0.4
60 hr 1.8 7.92 0.28
132 hr 1.92 7.94 0.14

The products from the mercuric trifluoroacetate re
action were determined by adding the benzene solution 
to sodium borohydride in methanol. The results were

When the reaction was carried out at 0° for a short 
time before quenching with sodium borohydride, 4- 
methylenecyclohexanol was the major product, and no
3-methylcyclohex-3-en-l-ol was formed. When the re
action was carried out at 70° (corresponding to the 
longer reaction times in Table I), 3-methylenecyclo- 
hexanol became the major product and some IX  was 
also formed.

It is clear from these results that V II is formed from a 
precursor containing a cyclopropane ring and that V III  
and IX  are formed from further rearranged species. 
The lack of unrearranged alcohols probably results from 
the driving force for strain relief which leads to rapid 
rearrangement to the cyclopropylcarbinyl cation, F. 
The alcohols V III  and IX  are not formed from the 
same intermediate, but rather appear to be formed from 
two separate intermediates, one of which is derived 
from the other.

(8) H. C. Brown, M.-H. Rei, and K.-T. Liu, .7. Amer. Chum. Soc., 92, 
1760 (1970).

Experimental Section
7-Formylbicyclo [3.2.1] octan-6-one.— With ice-bath cooling, 62 

g (0.5 mol) of bicyclo[3.2.1]octan-6-one9 was dropped into a 
suspension of 54 g of sodium methoxide in 60 g of methyl formate 
and 100 ml of anhydrous ether. The mixture was stirred over
night at room temperature. It was then cooled and 20 ml of 
ice-water was added. The ether layer was separated and the 
aqueous layer was washed cnce with ether. The aqueous layer 
was acidified with 60 g of acetic acid and 100 ml of water and 
extracted with three 300-ml portions of ether. The combined 
extracts were dried over anhydrous magnesium sulfate. The 
solvent was removed using a rotary evaporator, and the residue 
was distilled giving 53 g (70%) of 7-formylbicyclo[3.2.1]octan-6- 
one, bp 80° (0.5 mm).

7-Diazobicyclo[3.2.1]octan-6-one.— To a solution of 53 g (0.35 
mol) of 7-formylbicyclo[3.2.1]octan-6-one and 70 g of triethyl- 
amine in 345 ml of ethylene chloride was added dropwise 70 g of 
p-toluenesulfonvl azide. The reaction mixture was stirred at 
room temperature overnight. The yellow solution was washed 
with a solution of 21 g of potassium hydroxide and 200 ml of 
water. The aqueous solution was separated and washed with 
three 80-ml portions of methylene chloride. The methylene 
chloride solutions were combined, washed with saturated sodium 
chloride solution, and dried e ver magnesium sulfate. The solvent 
was removed using a rotary evaporator, giving 30 g (58%) of 7- 
diazobicyclo[3.2.1]octan-6-one, which was used without further 
purification. The diazoketone was converted to bicyclo[3.1.1]- 
heptane-6-carbonyl chloride as described previously.9

A  , A  -Dimethvlbicyclo [3.1.1] heptane-6-carboxamide.— To a
stirred and cooled mixture of 55 g of 25% dimethylamine and 150 
ml of ether was added 20.1 g (0.13 mol) of bicyclo[3.1.1]heptane-
6-carbonyl chloride. The solution was stirred for 8 hr after the 
addition was completed. The mixture was then diluted with 150 
ml of water and extracted with four 50-ml portions of ether. After 
drying the ether was removed by distillation. The residue was 
distilled, giving 13.8 g (89%) of the amide, bp 121-122° (15 mm).

6-Dimethylaminomethylbicyclo[3.1.1]heptane.—To a stirred 
slurry of 15 g of lithium aluminum hydride and 100 ml of anhy
drous ether was added a solution of 18.8 g (0.11 mol) of A ,A - 
dimethylbicyclo[3.1.1]heptane-6-carboxamide in 200 ml of an
hydrous ether. After the addition, the mixture was stirred for 
24 hr at room temperature. It was then cooled in an ice bath, 
50 ml of cold water was added cautiously, and it was stirred 
vigorously for 2 hr. After filtering by suction the salt was washed 
with three 50-ml portions of ether. The ether fractions were 
combined and dried over magnesium sulfate. The ether was 
distilled using a 30 in. Helipack column and the residue was 
distilled to give 15.5 g (90%) of the amine, bp 69° (10 mm).

6-Dimethylammomethylbicyclo[3.1.1]heptane A-Oxide.— To a 
cooled and stirred solution of 15.5 g (0.1 mol) of 6-dimethylamino- 
methylbicyclo[3.1.1]heptane in 120 ml of methanol was added 
dropwise 57 g of 30% hydrogen peroxide. After the reaction 
mixture was stirred for 24 hr, 10 g of 30% hydrogen peroxide was 
added. The reaction mixture was then stirred for another 20 hr. 
A small amount of platinum black in water was added and the 
solution was stirred for 4 hr until no further oxygen was involved. 
The solvent was removed under reduced pressure, giving a residue 
which solidified to a waxlike paste (17.8 g, 97% ) of the crude 
AT-oxide.

6-Methylenebicyclo [3.1.1] heptane.— 6-Dimethylaminomethyl- 
bicyclo[3.1.1]heptane A-oxide (17.8 g, 0.11 mol) was heated to 
190° in a 15-ml round-bottom flask fitted with two successive Dry 
Ice-acetone traps at a pressure of 5 mm. After 10 hr the reaction 
mixture was completely pyrolyzed. The collection traps con
tained two liquid phases. After an addition of 150 ml of olefin- 
free pentane, the reaction mixture was washed successively with 
100-ml portions of 1 A  hydrochloric acid, two 50-ml portions of 
saturated sodium carbonate solution, 50 ml of water, and 50 ml 
of saturated sodium chloride solution. After drying over anhy
drous potassium carbonate, pentane was removed using a 30-in. 
Helipack column. The residue was distilled carefully to give 7.9 
g (70%) of the clefin, bp 92° (150 mm). The infrared spectrum 
had a C = C  band at 1670 cm-1. The nmr spectrum had bands 
at r 5.4 (2 H, s), 6.7-7.0 (2 H, broad singlet), 7.8-8.8 (8 H, 
multiplet).

(9) K. B. Wiberg and B. A. Hess, Jr., J. Org. Chem., 31, 2250 (1966).
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Anal. Calcd for C8H i2: C, 88.8; H, 11.2. Found: C, 88.6; 
H, 11.1.

Bicyclo[3.1.1]heptan-6-one.— A mixture of 1.5 g (0.014 mol) of
6-methylenebicyclo[3.1.1]heptane and 2 ml of pyridine in 20 ml 
of methylene chloride was placed in the flask with an ozone inlet 
and the outlet attached to a 5%  potassium iodide solution. The 
mixture was cooled at — 80° in a Dry Ice-acetone bath. A stream 
of ozone was bubbled into the mixture until the potassium iodide 
solution turned from pale yellow to dark brown. The mixture 
was then allowed to warm to room temperature. The solvent 
was removed using a rotary evaporator and the residue was ex
tracted with three 50-ml portions of ether. The combined ether 
solution was then washed successively with dilute acid, water, 
saturated sodium bicarbonate solution, and saturated sodium 
chloride solution. After drying over anhydrous potassium car
bonate, the ether was removed using a 30-in. Helipack column to 
give 0.8 g (53%) of the ketone. Vpc analysis indicated only one 
component. The infrared spectrum showed a peak at 1780 cm -1 
(C = 0 )  and the nmr spectrum had bands at t 6.8-7.1 (2 H, 
broad singlet), 7.4-7.8 (4 H, multiplet), 7.9-8.5 (4 H, multiplet). 
The product was identical with that previously prepared via a 
different method.4

6-Methyl-endo-bicyclo [3.1.1] heptan-6-ol.—Methyl bromide was 
bubbled into a mixture of 0.5 g of magnesium turnings and 25 ml 
of anhydrous ether until the magnesium had dissolved. The re
action mixture was heated to reflux for 30 min to remove the ex
cess methyl bromide. It was then cooled to 0° and 0.8 g (7 
mmol) of bicyelo[3.1.1]heptan-6-one in 15 ml of anhydrous ether 
was added dropwise. After the addition, the solution was stirred 
overnight and then the magnesium salt was decomposed by 
adding 5 ml of ice-water and 15 ml of saturated ammonium 
chloride solution. The ether layer was separated, and the water 
layer was saturated with sodium chloride and extracted with two 
20-ml portions of ether. The ether layers were combined and 
dried over magnesium sulfate and the solvent was removed using 
a rotary evaporator. The residue was distilled at 150° (0.3 mm), 
giving 0.8 g (87%) of the alcohol. The nmr spectrum had bands 
at r 8.6 (3 H, s) and 7.67-8.9 (10 H, multiplet).

Anal. Calcd for C8Hi40 : C, 76.1; H, 11.2. Found: C,
75.9, 76.1; H, 11.3, 11.2.

The 3,5-dinitrobenzoate was prepared and after recrystalliza
tion from hexane it had mp 117-118.5°.

6-Methyl-ero-bicyclo[3.1.1]heptan-6-ol.— A mixture of 1.62 g 
(0.015 mol) of 6-methylenebicyclo[3.1.1]heptane and 1.5 g of 
sodium carbonate in 20 ml of methylene chloride was cooled in an 
ice-water bath and 4 g of m-chloroperbenzoic acid in 25 ml of 
methylene chloride was added dropwise. After stirring overnight, 
the solution was cooled to 0° and sodium sulfite was added to 
destroy the excess perbenzoic acid. The reaction mixture was 
diluted with 50 ml of water and the methylene chloride later was 
separated. The aqueous layer was washed with 20-ml portions 
of methylene chloride. The methylene chloride solutions were 
combined and washed with sodium bicarbonate solution, water, 
and saturated sodium chloride solution. After drying over an
hydrous magnesium sulfate, the excess methylene chloride was 
removed, giving 1.7 g of crude epoxide. This was purified by vpc 
using a 10 ft X  0.375 in. Silicon oil column at 140°, giving 0.92 
g (50%) of the pure epoxide, retention time 17 min. The nmr 
spectrum had bands at t  7.49 (2 H, s) and 7.5-8.7 (10 H, mul
tiplet).

Anal. Calcd for C8Hi20 :  C, 77.4; H, 9.7. Found: 0 ,7 7 .2 , 
77.2; H, 10.0, 9.8.

A solution of 0.92 g (7.4 mmol) of the epoxide and 20 ml of 
anhydrous ether was added to a stirred slurry of lithium alu
minum hydride and 40 ml of anhydrous ether. The reaction 
mixture was worked up in the usual fashion, giving 0.75 g (81%) 
of the tertiary alcohol. The nmr spectrum had bands at r 8.82 
(3 H, s) and 7.73-8.84 (10 H, multiplet).

Anal. Calcd for C8H140 : C, 76.1; H, 11.2. Found: C,
76.1, 75.9; H, 11.0, 11.2.

The dinitrobenzoate was prepared and after recrystallization 
from hexane it had mp 165-166°.

6-Methyl-erido-bicyclo[3.2.0]heptan-6-ol.— The reaction of 1.1 
g (0.01 mol) of bicyclo[3.2.0]heptan-6 -one with methylmag- 
nesium bromide was carried out as described above. Distillation 
at 150° (0.3 mm) gave 1.0 g (81%) of 6-methyl-enifo-bicyclo-
[3.2.0]heptan-6-ol. Its nmr spectrum had bands at t  8.7 (3 H, 
s) and 7.33-9.07 (10 H, multiplet).

Anal. Calcd for C8H „0 : C, 76.1; H, 11.2. Found: C,
75.9, 76.1; H, 11,3, 11.2.

The 3,5-dinitrobenzoate was prepared. After recrystallization 
from hexane it had mp 126-127°.

6-Methylbicyclo [3.2.0] hept-6-ene.— 6-Bicyclo [3.1.0] hexyl 
methyl ketone (1.24 g, 0.01 mol) was converted to the tosyl- 
hydrazone with 1.86 g (0.01 mol) of p-toluenesulfonhydrazide in 
10 ml of 60%  aqueous methanol. After recrystallization from 
methanol, it had mp 123-125°. The tosylhydrazone was con
verted to the sodium salt using the procedure of Friedman and 
Schechter10 and was pyrolyzed at 160°. The product was 
analyzed by vpc using a 10 ft X 0.375 in. silicon oil column at 
100°. Besides the solvent, diglyme, only 0.4 g (28%) of a 
product with retention time 10 min was obtained. The nmr 
spectrum had bands at r 4.58 (broad singlets), two bridgehead 
hydrogens at 7.01 and 7.12, and nine methylene hydrogens at
8.1-8.8.

6-Methyl-ea;o-bicyclo [3.2.0] heptan-6-ol.— 6-Methylbicyclo-
[3.2.0] heptene-6 (0.4 g, 3.7 mmol) was converted to the epoxide 
with 1.5 g of m-chloroperbenzoic acid as described above. Re
duction was affected using 0.2 g of lithium aluminum hydride in 
40 ml of ether, giving 0.2 g (88%) of the tertiary alcohol. The 
nmr spectrum had bands at r 8.92 (3 H, singlet) and 6.92-8.85 
(10 H, multiplet).

Anal. Calcd for C8Hi40 : C, 76.1; H, 11.2. Found: C,
76.0, 76.1; H, 11.3, 11.4.

6-Methylenebicyclo[3.2.0]heptane.— A solution of 0.05 mol of 
n-butyllithium in about 150 ml of ether was stirred under nitro
gen, and 0.5 mol of crystalline methyltriphenylphosphonium 
bromide was added over a 5-min period. After the solution was 
stirred for 4 hr at room temperature, 5 g (0.045 mol) of bicyclo-
[3.2.0] heptan-6-one was added dropwise. The solution became 
colorless and the white precipitate separated. The mixture was 
heated to reflux overnight and cooled, and the precipitate was 
removed by filtration. The ether solution was washed with 
water and then dried. The ether was distilled through a 30-in. 
Helipack column and the residue was purified by vpc using a 10 
ft X 0.375 in. silicon oil column to give 0.8 g (16%) of 6-methy
lenebicyclo [3.2.0] heptane, retention time 11 min. The ir spec
trum showed C = C  absorption at 1640 and 880 c m '1. The nmr 
spectrum had bands at r 5.33 (2 H, m) and 6.62-8.7 (10 H, m).

6-Methyl-exo-bicyclo [3.2.0] heptan-6-ol.— 6-Methylenebicyclo-
[3.2.0] heptane (0.8 g, 0.074 mol) was converted to the epoxide 
with 3 g of m-chloroperbenzoic acid as was described above, giving 
0.41 g (44%) of the epoxide. The lithium aluminum hydride 
reduction of 0.4 g of the epoxide gave 0.32 g (77%) of 6-methyl- 
«ro-bicyclo[3.2.0]heptan-6-ol. The product was identical with 
that described above.

The alcohol was converted to the 3,5-dinitrobenzoate, which 
after recrystallization from hexane had mp 115-116°.

Vanadium(V) Oxidation of 6-Methyl-endo-bicyclo[3.1.1]hep- 
tan-6-01.— A solution of 1 g of concentrated sulfuric acid in 10 ml 
of water was added dropwise to a mixture of 0.25 g (0.02 mol) of
6-methyl-erado-bicyclo[3.1.1]heptan-6-ol, 0.47 g (0.04 mol) of 
ammonium vanadate, and 30 ml of water. The reaction mixture 
was stirred overnight and then extracted with three 40-ml por
tions of ether. The solution was dried over magnesium sulfate, 
ether was removed, and the residue was analyzed by vpc using 
a 20 ft X 0.375 in. DEGS column at 150°. Only one product, 
retention time 22 min, was found. It was shown to be 3-cyclo- 
hexenyl methyl ketone by comparison with an authentic sample.

The reaction also was carried out using the exo isomer, and the 
same product was found.

Vanadium(V) Oxidation of 6-Methyl-erafo-bicyclo[3.2.0]hep- 
tan-6-01.— The oxidation of 6-methyl-endo-bicyclo[3.2.0]heptan-
6-ol was effected using the above procedure. The only product, 
retention time 37 min, was identified as 2-cyclopentenyl-l- 
acetone by comparison with an authentic sample.

5-Methylenebicyclo[2.1.1]hexane.— To a stirred slurry of 3.2 
g of lithium aluminum hydride in 100 ml of anhydrous ether was 
added a solution of 12.5 g (0.082 mol) of V,IV-dimethylbicyclo-
[2.1.1] hexane-6-carboxamide11 in 150 ml of dry ether. After 
stirring for 24 hr, the mixture was cooled in an ice bath and 
treated with 50 ml of cold water. The ether solution was sepa
rated by filtration, dried over magnesium sulfate, and distilled, 
giving 10.5 g (93%) of 5-dimethylaminobicyclo[2.1.1]hexane, bp 
46-47° (8 mm). To a cooled and stirred solution of the amine in 
120 ml of methanol was added dropwise 52 g of 30% hydrogen

(10) L. Friedman and H. Sehechter, J. Amer. Chem. Soc., 83, 3159 
(1961).

(11) K. B. Wiberg, B. R. Lowry, and T. H. Colby, ibid., 83, 3998 (1961).
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peroxide. After 24 hr, an additional 10 g of hydrogen peroxide 
was added. Twenty hours later it was treated with platinum 
black in water. Removal of the solvent gave 11 g (94%) of the 
A-oxide. The latter was heated in a 50-ml flask to 180° (5 mm) 
and the product was collected in two successive Dry Ice-acetone 
traps. It was taken up in 150 ml of olefin-free pentane, and the 
pentane solution was washed with 100 ml of 1 A  hydrochloric 
acid, two 50-ml portions of sodium bicarbonate solution, and 
water. After drying over potassium carbonate, distillation gave 
4 g (60%) of 5-methylenebicyclo[2.1.1]hexane, bp 70-72° (100 
mm). The nmr spectrum had bands at t  5.78 (2 H, s), 7.17 (2 
H, s), 8.28-9.2 (6 H, m).

Anal. Calcd for C7H10: 0 ,8 9 .3 ; H, 10.7. Found: C, 89.2; 
H, 10.6.

Oxymercuration-Demercuration of 6-Methylenebicyclo[3.1.1]- 
heptane.— To a stirred mixture of 9.57 g (0.03 mol) of mercuric 
acetate, 30 ml of water, and 30 ml of tetrahydrofuran was added
3.24 g (0.03 mol) of 6-methylenebicyclo[3.1.1]heptane. The 
solution became colorless and clear in 28 sec. After the solution 
was stirred for an additional 5 min at room temperature, 30 ml 
of 3 M  sodium hydroxide was added followed by 30 ml of 3 AT 
sodium borohydride in 3 Ai sodium hydroxide. The reduction 
appeared to be instantaneous. The aqueous layer was saturated 
with sodium chloride, and the organic layer was separated. The 
aqueous solution was extracted with ether. The combined 
organic solution was dried over magnesium sulfate, concentrated 
using a rotary evaporator, and separated into its components by 
vpc using a 28 ft X 0.375 in. 20% Carbowax column at 140°. 
The products were 6-methyl-ewfo-bicyclo[3.2.0]heptan-6-ol 
(32%, 35 min); 2-methylbicyclo[2.2.1]heptan-2-ol (4% , 40 min);
6-methyl-endo-bicyclo[3.1.1]heptan-6-ol (20%, 45 min); 6- 
methyl-exo-bicyclo[3.2.0]heptan-6-ol (35%, 50 min); 6-methyl- 
exo-bicyclo[3.1.1]heptan-6-ol (2% , 58 min); and 2-methylene- 
cycloheptanol (6% , 80 min).

Oxymercuration-Demercuration of 5-Methylenebicyclo[2.1.11- 
hexane.— To a mixture of 3.2 g (0.01 mol) of mercuric acetate, 
10 ml of water, and 10 ml of tetrahydrofuran was added 0.94 g 
(0.01 mol) of 5-methylenebicyclo[2.2.1 ¡hexane. The solution 
became clear and colorless in 32 sec. Reduction with sodium 
borohydride (10 ml of 0.5 M ) and subsequent work was effected 
as described above giving 2-methylenecyelohexanol (44%, 17.7 
min, 220-in. TCEP column at 110°), 3-methylenecyclohexanol 
(28%, 18.7 min), and 3-methyl-A3-cyclohexanol (28%, 21.5 min).

Nmr Study of the Reaction of Mercuric Trifluoroacetate with
5-Methylenebicyclo[2.1.1]hexane in Benzene Solution.— A 2 M

solution of 5-methylenebicyclo[2.1.1]hexane in benzene (solution 
A) and a 2 M  solution of mercuric trifluoroacetate in benzene 
(solution B) was prepared. Equal volumes of the two solutions 
were mixed in an nmr tube and spectra were taken 5 min, 20 
min, 45 min, 75 min, 24 hr, 40 hr, 60 hr, and 132 hr after mixing. 
The signal of the original olefinic protons (r 5.78) had completely 
disappeared in 5 min and cyclopropyl protons (r 9-10), new 
olefinic protons and the proton a to the trifluoroacetyl group ( t

4.5-6) were found. As time went on the cyclopropyl proton bands 
diminished and were replaced with olefinic protons.

The reaction also was carried out on a preparative scale. To a 
solution of 0.94 g (0.01 mol) of 5-methylenebicyclo[2.1.1]hexane 
in 5 ml of benzene was added a solution of 4.35 g (0.01 mol) of 
mercuric trifluoroacetate in 5 ml of benzene. The reaction was 
quite exothermic and the temperature increased to 70°. After 
the solution had cooled to room temperature, a solution of 0.9 g 
of sodium borohydride in 10 ml of 1:1 benzene-methanol was 
added. The mixture was filtered, concentrated using a rotary 
evaporator, and analyzed by vpc using a 220-in. TCEP capillary 
column at 110°. The products were 2-methyleneeyclohexanol 
(16%), 3-methylenecyclohexanol (70%), and 3-methyl-A3-cyclo- 
hexanol (14%). The reaction was repeated with the temperature 
controlled at 0° throughout. The products were 2-methylene- 
cyclohexanol (71%) and 3-oethylenecyclohexanol (29%).

Registry No.—I, 35324-39-1; II, 28366-41-8; 7- 
formylbicyclo[3.2.1]octan-6-one, 35324-41-5; N ,N -à i-  
methylbicyclo [3.1.1 ]heptane-6-carboxamide, 35324-
42-6; 6-dimethylaminomethylbicyclo [3.1.1 [heptane, 
35378-27-9; 6-methyl-endo-bicyclo[3.1.1 ]heptan-6-ol, 
35378-28-0 ; 6-methyI-endo-bicyclo [3.1.1 ]heptan-6-ol
3,5-dinitrobenzoate, 35378-29-1 ; 6,8-epoxybicyclo-
[3.1.1] heptene-6, 35323-95-6; 6-methyl-exo-bicyclo-
[3.1.1] heptan-6-ol, 35323-96-7; 6-methyl-ezo-bicyclo- 
[3.1.1 ]heptan-6-ol 3,5-dinitrobenzoate, 35323-97-8; 6- 
methyl-endo-bicyclo [3.2.0 ]heptan-6-ol, 13837-37-1; 6- 
methyl-endo-bicyclo [3.2.0 ]heptan-6-ol 3,5-dinitroben- 
zoate, 35323-99-0; 6-methyl-ea:o-bicyclo [3.2.0jheptan-
6-ol, 35324-00-6; 6-methyl-ezo-bicyclo [3.2.0 [heptan-
6-ol 3,5-dinitrobenzoate, 35324-01-7.
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Reaction of 7-aminodibenzobicyclo[2.2.2]octadiene (la ) and exo- and endo-2-aminodibenzobicyclo[3,2.1]octa- 
dienes (2a and 3a) with nitrous acid in glacial acetic acid leads primarily to dibenzobicyclo[3.2.1] octadien-ezo-2-ol 
(2c) and the corresponding acetate (2d). Changes in product ratios with solvent composition suggest that the 
relatively large amount of alcohol product results partly from an intramolecular reaction pathway, involving the 
diazohydroxide intermediate.

Quantitative differences in product-forming pathways 
in amine deaminations, compared with halide or sul
fonate solvolyses, have been described by many 
workers.2 However, the inherent difficulty of using 
product-distribution studies to determine the roles of

(1) (a) Paper LXX II : S. J. Cristol, A. L. Noreen, and G. W. Nachtigall,
J. Amer. Chem. Soc., 94, 0000 (1972). (b) This work was reported at the
18th National Organic Symposium of the American Chemical Society, Colum
bus, Ohio, June 1963.

(2) (a) H. Zollinger, “ Azo and Diazo Chemistry,”  Interscience, New York,
N. Y., 1951, pp 123—136; (b) R. A. M. O’Ferrall, Advan. Phys. Org. Chem., 
5, 362 (1967); (c) E. H. White and D. J. Woodcock in “ The Chemistry of 
the Amino Group,” S. Patai, Ed., Interscience, New York, N. Y., 1968, pp 
440-483; (d) L. Friedman in “ Carbonium Ions,” Vol. II, G. A. Olah and P. 
v. R. Schleyer, Ed., Wiley—Interscience, New York, N. Y., 1970, pp 655-713.

diazonium ions and carbonium ions with varying struc
tures and under widely different conditions has led to 
proposals of a variety of intermediate species in the 
product-determining steps of the amine-nitrous acid 
and related reactions. Only recently has a comprehen
sive theory begun to emerge, which can account for the 
many “unusual” products in the amine-nitrous acid 
reaction. 2b~d

The large body of data concerning solvolytic path
ways in the dibenzobicyclooctadienyl system led us to a 
comparative study of the amine-nitrous acid reaction in 
this system. Cationic intermediates produced by 
solvolysis of dibenzobicyclo [2.2.2[octadienyl substrates
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a, X = NH2
b, X  =  OTs
c, x  = OH

d, X =  OAc
e, X  =  NHS+ ,
f, X =  ONO

"OTs

(1) almost invariably lead to rearranged [3.2.1] exo C-2 
products (2) through kinetic control,3’4 where it has 
been shown that the usual order of thermodynamic 
stability is [3.2.1] exo C-2 derivative (2) <  [3.2.1] 
endo C-2 derivative (3) <  [2.2.2] derivative (l).4e 
Following the same pattern, reaction of amines la-3a 
and their p-toluenesulfonate salts with nitrous acid 
in acetic acid led completely to dibenzobicyclo [3.2.1]- 
octadiene products substituted at C-2.

Synthesis of the Amines.—Compound la was pre
pared by the method of Wawzonek and Hallum.6 
Lithium aluminum hydride reduction of 2-oximinodi- 
benzobicyclo[3.2.1]octadiene (4) led primarily to the 
endo amine 3a. The exo amine 2a was obtained in good 
yield by solvolysis of dibenzobicyclo [2.2.2 ]octadien-7-yl 
p-toluenesulfonate (lb) in liquid ammonia at 100° in a 
sealed tube. Since the amines 2a and 3a proved to be 
difficult to purify, their p-toluenesulfonate salts were 
isolated, purified, and subsequently used in the de
aminations. The A-acetyl derivatives of 2a and 3a 
were also prepared and characterized.

Structural assignments of the amines 2a and 3a were 
made on the basis of analogies in their modes of synthe
sis and reaction. Solvolyses of dibenzobicyclo [2.2.2]- 
octadien-7-yl derivatives are known to give exclusively 
or preponderantly dibenzobieyclo[3.2.1]octadien-exo-2- 
yl derivatives.3'4a'd f Therefore the amine produced by 
ammonolysis of lb may confidently be assigned struc
ture 2a. On the other hand, lithium aluminum hydride 
reduction of dibenzobicyclo [3.2.1 ]octadien-2-one (5) is 
known to give predominantly endo 2-alcohol 3c;4d so the 
endo 2-amine 3a was anticipated from the corresponding 
reduction of the oxime 4. A pmr spectral analysis6 of

amine la was consistent with the structure assignment 
presented here.

Deamination Results in Glacial Acetic Acid.—De
amination of the amine la and the p-toluenesulfonates 
of amines la-3a in glacial acetic acid led to dibenzo-

(3) W. R. Vaughan and A. C. Schoenthaler, J. Amer. Chem. Soc., 8 0 , 1956 
(1958).

(4) (a) S. J. Cristol and R. K. Bly, ib id .,  8 2 ,  6155 (1960); (b) S. J. Cristol,
R . P. Arganbright, and D. D. Tanner, J. Org. Chem., 2 8 ,  1374 (1963); (c)
S. J. Cristol and D. D. Tanner, J. Amer. Chem. Soc., 8 6 , 3122 (1964); (d) 
S. J. Cristol, F. P. Parungo, and D. E. Plorde, ib id .,  8 7 ,  2870 (1965); (e) 
S. J. Cristol, F. P. Parungo, D. E. Plorde, and K. Schwarzenbach, ib id .,  8 7 ,  
2879 (1965); (f) S. J. Cristol, R. Caple, R. M. Sequeira, and L. O. Smith, 
Jr., ib id .,  87, 5679 (1965).

(5) S. Wawzonek and J. V. Hallum, J. Org. Chem., 1 8 ,  288 (1953).
(6 ) S. J. Cristol, T. W. Russell, J. R . Mohrig, and D. E. Plorde, ib id .,  3 1 ,  

581 (1966).

T a b l e  I
Y ie l d s  o f  D e a m in a t io n  P r o d u c t s ®-6

Exo acetate Exo ol Endo ol Nitrite Ketone
Amine 2d, % 2c, % 3c, % 2f, % 5, %

la° 80 19 <1 0.2
le 76 24
2e 76 24
3e 87 9 3 ^ 1 Trace
la “* 75 25

° Analysis by quantitative differential infrared method. 6 Us
ing an amine-nitrous acid ratio of 1:7 to 1:10 to ensure complete 
reaction of the amines. c Based upon column chromatographic 
isolation. d Using an amine-nitrous acid ratio of 1:1.

bicyclo[3.2.1]octadien-exo-2-ol (2c) and exo 2-acetate 
2d in high yield. The p-toluenesulfonate salt of amine 
la was shown to give a product mixture identical with 
that produced in the deaminations of the free amine 
la and its hydrochloride salt. With 3e a small amount 
of the endo 2-alcohol 3c was isolated as well. The exo
2-nitrite 2f and dibenzobicyclo [3.2.1 ]octadien-2-one (5) 
formed a small percentage of the products. A ll 
alcohol and acetate products were shown to be stable 
under reaction conditions. No substituted dibenzo
bicyclo [2.2.2 ]octadienes or dibenzobicyclo [2.2.2 ]octa- 
triene was found in the product mixture.

Yields of the various deamination products from 
reactions in glacial acetic acid are shown in Table I. 
which is followed by a diagrammatic summary of these 
reactions (Scheme I).

S c h e m e  I

IQ j p j1

NH4  OTs

Structure Proof of the Deamination Products.—
The exo 2-alcohol 2c and exo 2-acetate 2d could be 
interconverted by treatment with an acetic anhydride- 
pyridine solution and by hydride cleavage. The con
figuration at C-2 was based upon the known syn-exo 
acetoxy chloride 6 and syn-endo acetoxy chloride 7.4a’b 
Reduction of 6 with sodium biphenyl produced the 
exo alcohol 2c while the analogous reduction of 7 gave 
endo alcohol 3c.4c Both alcohols were oxidized to the 
same ketone 5. The chemical evidence presented here
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for the structure of the exo alcohol 2c and exo acetate 2d 
has also been substantiated by proton magnetic reso
nance studies.7

Deamination of the Amines in Water-Acetic Acid 
Mixtures.—The high yields of alcohol from the de
amination of amines la and 2a in acetic acid were re
producible in a number of separate experiments. Al
though a small amount of water is present when an 
amine is deaminated in anhydrous acetic acid, due to 
the production of water in the deamination process 
itself and to the competitive decomposition of nitrous 
acid, the water can comprise no more than 4 %  of the 
solvent when a tenfold excess of sodium nitrite is used 
under our reaction conditions.

R N H ,  +  HN02 +  C H 3 C O 2 H  — >  C H 3 C O 2 R  +  N 2 +  2H 20  

3 H N 0 2 — >  2N O  +  H N 0 3 +  H 2O

In order to test if the high alcohol/acetate ratio was 
sharply dependent upon the percentage of water in the 
bulk solvent, the deamination of amine la was effected 
in four different solvent mixtures (Table II). Proton

T a b l e  II
P e r  C e n t  A lco h o l  P ro d u cts  fro m  D e a m in a t io n s  in  

A cetic  A cid - W a t e r  M ix t u r e s

Amine

Solvent 
composition,*1 

% water
Alcohol 

products,6 ,e %
la 0 24
la 11 29
la 25 35
la 50 52
3e 0 12**'«
3e 3 12

“ Mole per cent of added water. b By pmr integration of C-2 
protons. c Based on 2-alcohol and 2-acetate comprising 100% 
of product. **By quantitative differential infrared analysis.
« A mixture of alcohols 2c and 3c, see Table I. 1 10% 2c and 2%  
3c.

magnetic resonance spectral analysis showed only a 
small gradual increase in the mole percentage of exo 
alcohol 2c in the product of the nitrous acid deamination 
of the [2.2.2] amine la when 0, 11, and 25 mol %  water 
were present in the acetic acid solvent. Even deamina
tion of la in the presence of 50 mol %  water in the 
acetic acid solvent increased the proportion of the exo 
alcohol 2c to only 50%. Similarly, the product yields 
were exactly the same for the deamination of endo 
amine salt 3e in glacial acetic acid and in the presence of 
a tenfold mole excess of water in the acetic acid de
amination medium. This remarkable lack of solvent 
sensitivity in the proportion of alcohol in the product 
leads us to propose that much of the alcohol found in the 
deamination product results directly from an intra
molecular reaction of the diazohydroxide intermediate.

An alternative source for the large amount of alcohol 
product could have been the nitrite esters sometimes 
formed in deamination reactions. These esters, if 
unstable under work-up procedures, could possibly have 
yielded large amounts of the corresponding alcohols. 
However, control experiments strongly suggest that this 
was not the situation here. The exo 2-nitrite 2f was 
prepared by the reaction of the exo 2-ol 2c with nitrosyl 
chloride in pyridine. The resulting nitrite was sub

(7) S. J. Cristol, J. R . Mohrig, and D. E. Plorde, J . Org. Chem., 30, 1956
(1965).

jected to deamination conditions in anhydrous acetic 
acid. Although indeed 60% of nitrite 2f was unstable to 
work-up conditions, the amount of ketone 58 formed in 
the nitrite decomposition (1.5%) showed that the 
amount of alcohol formed by this pathway in the 
deamination could not be more than 14 ±  3 % , since 
only 0.2 ±  0.05% ketone was formed in the amine- 
nitrous acid reaction. Undoubtedly this 14 %  repre
sents a maximum percentage of alcohol formed by this 
route, since the calculation assumes complete destruc
tion of the nitrite under work-up conditions. That the 
hydrolysis of nitrite esters could not have been an 
important source of the large amounts of alcohol prod
ucts in deamination reactions was also demonstrated by 
the isolation of 25% exo alcohol 2c in the presence of a 
limited amount of sodium nitrite (see Table I). No 
evidence could be found for the presence of any nitrite in 
this product mixture.

A second alternative is that a small amount of water 
might be far better able to compete with the bulk 
acetic acid for combination with the carbonium ion 
intermediate. This postulate was tested by solvolysis 
of dibenzobicvclo [2.2.2]octadien-7-yl tosylate in a 3.7 
mol %  water-96.3 mol %  acetic acid mixture. This 
solvent mixture contained the maximum amount of 
water that could be produced by the decomposition of 
nitrous acid {vide supra). The product was again 
composed completely of rearranged [3.2.1] products, 
with 13 %  of the exo alcohol and 87% of the exo acetate 
found. Neither endo acetate nor endo alcohol was 
formed. This exo alcohol should again represent a 
maximum amount of alcohol in the deamination 
product, since the ratio of alcohol to acetate in the 
product does not change when as little as an equimolar 
quantity of sodium nitrite was used in the deamination. 
The decomposition of nitrous acid in this experiment 
would produce far less than 1 mol %  water.

The differences in the products resulting from reaction 
of exo amine 2a and endo amine 3a with sodium nitrite 
in acetic acid are also consistent with the intervention of 
an intramolecular pathway leading to much of the 
alcohol product. Whereas both the [2.2.2] amine and 
exo [3.2.1] amine gave only exo products, the endo 
amine produced, in addition to the exo alcohol and 
acetate, a small amount (3%) of the endo alcohol 3c. 
However, no endo acetate was found, although all 
alcohol and acetate products were shown to be stable 
under reaction conditions. It does not seem likely that 
this endo alcohol results from reaction of an intermedi
ate carbonium ion and the bulk solvent, but rather it 
arises directly from the diazohydroxide intermediate, 
without intervention o: the bulk solvent.

Discussion

The high proportion of exo 2-ol 2c resulting from 
nitrous acid deamination of la, le, and 2e and our 
stereochemical results can be understood most easily in 
terms of ion-pair phenomena. This concept of the 
importance of ion-pair phenomena in the amine-nitrous 
acid reaction and the closely related nitrosamide 
decomposition in relatively nonpolar solvents, such as

(8 ) Experiments with 4,4'-dimethoxybenzhydrol suggest that in some 
cases direct air oxidation of the alcohol may be responsible for the small 
amounts of ketone formed under deamination conditions.
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acetic acid, has been considered by a number of in
vestigators.2,9-19

The available evidence suggests that deamination 
proceeds through an unstable diazohydroxide (8),2,16-18

H

R N N = 0  — >  R N = N O H  
8

possibly the syn diazohydroxide. Dissociation would 
lead to the diazonium cation, which by loss of N2 would 
ultimately give stable products.

In our results, it is clear that the diazonium ion loses 
N2 before the hydroxide gegenion can diffuse away.20,21

R N =N O H  — >  [R+N2O H -] — »- R + +  OH -  +  N 2

I 1 SH
ROH +  N, RS +  H20

The timing of C -N  vs. N -0  bond breaking depends 
upon the nature of the organic group, R. If R is better 
able to stabilize a positive charge, the C -N  bond is more 
easily cleaved.22

Indeed, it has now become quite clear that the im
portance of ion-pair phenomena as manifested by reten
tion of configuration of substitution products and high 
amounts of alcohol products in nonpolar solvents in the 
deamination process is related to the stability of the 
incipient carbonium ion resulting from loss of molecular 
nitrogen.2,9-19 These ion-pair phenomena seem im
portant only with more stable carbonium ion systems in 
which the alkanediazonium ion is either bypassed as an 
intermediate species or has an extremely short lifetime. 
A wide range of “relatively stable” carbonium ions 
exists, from 4-octyl10 to 2-phenyl-2-butyl.9d Probably, 
then, ion pairs leading to intramolecular deamination 
products are but one important part of a total view of 
amine deamination reactions. White has suggested the 
importance of vibrationally excited ion pairs in these 
reactions.90

(9) (a) E. H. White and C. A. Aufdermarsh, Jr., J. Amer. Chem. Soc., 
83, 1179 (1961); (b) E. H. White and F. W. Bachelor, Tetrahedron Lett., 77 
(1965); (c) E. H. White and C. A. Elliger, J. Amer. Chem. Soc., 89, 165 
(1967); (d) E. H. White and J. E. S tuber, ibid., 85, 2168 (1963).

(10) (a) M . C. Whiting, Chem. Brit., 482 (1966); (b) H. Maskill, R. M. 
Southam, and M. C. Whiting, Chem. Commun., 496 (1965).

(11) H. Felkin, C. R. Acad. Sci., 236, 298 (1953).
(12) R . Huisgen and G. Rüchardt, JuaÉus Liebigs Ann. Chem., 601, 21 

(1956).
(13) T. Cohen and E. Jankowski, J. Amer. Chem. Soc., 8 6 , 4217 (1964).
(14) H. Tanida, T. Tsuji, and T. Irie, J. Org. Chem., 31, 3941 (1966).
(15) J. H. Bayless, A. T. Jurewicz, and L. Friedman, J. Amer. Chem. Soc., 

90,4466 (1968).
(16) J. G. Traynham and M. T. Yang, ibid., 87, 2394 (1965).
(17) M. Chérest, H. Felkin, J. Sicher, F . Sipoâ, and M. Tichÿ, J. Chem. 

Soc., 2513 (1965).
(18) (a) R. A. Moss and S. M. Lane, J. Amer. Chem. Soc., 89, 5655 (1967); 

(b) R. A. Moss and G. H. Temme, III, Tetrahedron Lett., 3219 (1968).
(19) C. W. Shoppee, J. G. Feher, R. M. Hall, R. E. Lack, and L. TarasofF, 

Jr., J. Chem. Soc. C, 2211 (1968).
(20) Pxoton transfer from the solvent (SH) could precede the dissociation 

of cation-hydroxide ion pairs.
(21) Moss has suggested^8* that in alkaline diazotate hydrolyses the leav

ing group N =N O H  has considerable integrity.
(2 2 ) As the stability of the cation R + increases, the breaking of the N—Ô 

and C -N  bonds can become more synchronous. 28 As this occurs, more al
cohol product can be directly formed through an intramolecular pathway. 
This may account for our data on the yields of alcohol from deamination of 
benzylic amines in glacial acetic acid: C6H5CH2NH2 (1.1% ROH, 1.0% alde
hyde, 97.4% ROAc), (CeHohCHNHa (7% ROH, 5% ketone, 8 8 % ROAc), 
(p-CH30CeH4)2CHNH2 (8 % ROH, 92% ROAc), (C6H6)8CNH2 (>95% ROH, 
< 5%  ROAc).

(23) For the dependence of concerted two-bond cleavage upon the nature 
of R, see J. L. Kice, R . A. Bartsch, M . A. Dankleff, and S. L. Schwartz, J. 
Amer. Chem. Soc., 87, 1734 (1965).

An Sn2 pathway would not be favorable for the 
diazohydroxide decomposition in the present case24 
because approach of solvent to the back of the develop
ing carbonium ion would be blocked by the bulky 
carbon skeleton. Also, the ring system does not allow 
for ready inversion of the attacked carbon atom.

Amines la and 2a gave identical product distributions, 
suggesting common intermediates, while 3a gave a 
different product distribution, presumably from one or 
more different intermediates. In the ion-pair repre
sentation, we would have (most simply) 11 as the final 
intermediate from 9 and 10, leading directly to 2c. Any

acetate from solvolysis would also be exclusively exo 
(2d), as was found to be the case (Table I).

An ion-pair pathway is also consistent with the forma
tion of endo alcohol 3c with concurrent absence of endo 
acetate 3d in the deamination of the p-toluenesulfonate 
salt of endo amine 3e. The initially formed benzyl 
cation-hydroxide ion pair 12 from the endo diazo
hydroxide would have hydroxide ion at a position 
favorable for attack at the endo side of the carbonium 
ion, if coordination can occur before hydroxide migrates 
to the exo position. The predominant formation of exo 
alcohol and acetate from endo precursor once again 
demonstrates the marked preference for exo attack on 
the dibenzobicyclo [3.2.1 ]octadien-2-yl cation. There is 
the additional possibility of an Sn2 reaction leading to a 
portion of the exo acetate product. It is difficult to 
assess the relative important of attack by water in the 
bulk solvent and an intramolecular inversion pathway20 
in the formation of exo alcohol from 12.

It has been suggested4*5 ,e that the benzyl cation is the 
most probable product-forming species in the car
bonium ion chemistry of the dibenzobicyclo [3.2.1]- 
octadien-2-yl system, with stereoelectronic control 
accounting for the preponderance of exo products.26 
The importance of exo attack is also consistent with the 
lower torsional strain26 and therefore greater stabilities 
of the transition states leading to exo products. The 
data also agree with the idea that the endo diazohydrox
ide leads initially to 12, while 9 and 10 give the pheno-

(24) However, for cases where direct displacement on diazohydroxide or 
diazonium ion intermediates has been proposed, see (a) J. A. Berson and 
D. A. Ben-Efraim, ibid., 81, 4094 (1959); (b) J. A. Berson and A. Remanick, 
ibid., 86, 1749 (1964); (c) R. D. Guthrie, ibid., 89, 6718 (1967); (d) ref 
14-16; (e) W. J. Albery, J. E. C. Hutchins, R. M. Hyde, and R. H. Johnson, 
J. Chem. Soc. B, 219 (1968)..

(25) However, see (a) H. Tanida, H. Ishitobi, and T. Irie, J. Amer. Chem. 
Soc., 90, 2688 (1968); (b) H. C. Brown and G. L. Tritle, ibid., 90, 2689 
(1968); (c) M. C. Koehansky, Ph.D. Thesis, University of Colorado, 1971.

(26) (a) P. v. R. Schleyer, ibid., 89, 699 (1967); (b) ibid., 89, 701 (1967).
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mum ion-hydroxide ion pair 13, resulting in exo 
products.260

Experimental Section
General Deamination Procedure.— The amine or ammonium 

compound was dissolved in anhydrous acetic acid (Baker and 
Adamson, distilled from boron triacetate, 0.01% water by Karl 
Fischer titration) in a round-bottom flask equipped with a con
denser, a drying tube, and a magnetic stirring bar. Solid sodium 
nitrite was added at 18° from an erlenmeyer flask attached to 
the reaction vessel by means of a rubber sleeve. The solution 
was then allowed to warm to room temperature and subsequently 
stirred for 3-4 hr more. Multiple extractions of the reaction 
mixture with pentane were followed by water and sodium bi
carbonate washings of the combined pentane extract. The pen
tane was removed by rotary evaporation after the solution had 
been dried (M gS04). The oily residue was held at 1 Torr until 
the product had a constant weight. The exo and endo alcohols 
2c and 3c and acetates 2d and 3d were found to be stable to the 
acetic acid-nitrous acid reaction conditions and isolation pro
cedures, using infrared analysis.

Nitrous Acid Deamination of 7-Aminodibenzobicyclo[2.2.2]- 
octadiene (la).— A 3.18-g (46.1 mmol) sample of sodium nitrite 
was slowly added to a solution of 1.02 g (4.61 mmol) of la5 in 36 
ml of acetic acid over a 2-hr period. The crude oily product 
weighed 1.10 g.

Conversion of the Deamination Mixture from la to Dibenzo- 
bicyclo[3.2.Hoctadien-ezo-2-ol (2c).— A 1.25-g sample of the 
deamination mixture dissolved in anhydrous ether was added 
dropwise to a vigorously stirred suspension of 220 mg (5.8 mmol) 
of lithium aluminum hydride in 40 ml of anhydrous ether. Slow 
addition of water and acidification with 12 M  hydrochloric acid 
solution, followed by separation and extraction of the aqueous 
layer with petroleum ether (bp 60-70°), washing of the ether- 
petroleum ether solution with 5%  sodium bicarbonate solution, 
drying (M gS04), and removal of the solvent, gave 1.10 g (100%) 
of crude 2c. Crystallization from petroleum ether gave 825 mg 
(75%), mp 119-119.5°.

Anal.n Calcd for Ci6HnO: C, 86.45; H, 6.35. Found: C, 
86.33; H, 6.12.

Preparation of 2d from 2c.— A 256-mg (1.15 mmol) sample of 
the exo alcohol 2c, dissolved in a mixture of 10 ml of acetic 
anhydride and 2 ml of pyridine, was heated at reflux for 1 hr, 
cooled, and then poured into 100 ml of water and 100 ml of petro
leum ether. The aqueous layer was extracted again with petro
leum ether. The two organic extracts were combined, extracted 
with water, dried, and evaporated under vacuum. The acetate 
2d was crystallized from methanol-water. The first crop, mp
85-85.5° (softening at 83-85°), weighed 242 mg (80%). An 
infrared spectrum of the crude product was identical with the 
infrared spectrum of the exo acetate 2d prepared from the 
deamination mixture of the amine la. In an analogous experi
ment, 2d was crystallized by allowing the crude oil to sit in the 
refrigerator overnight. Upon recrystallization from methanol- 
water the acetate 2d, mp 75-77°, was obtained. The two crystal 
modifications gave identical infrared spectra in carbon disulfide 
solution.

Anal. Calcd for Ci8H160 2: C, 81.79; H, 6.10. Found: C, 
81.55; H, 6.23.

Preparation of Dibenzobicyclo[3.2.1]octadien-2-one (5).— A 
193-mg (0.87 mmol) sample of the exo alcohol 2c was heated at
55-60° for 72 hr with 672 mg (4.25 mmol) of potassium per
manganate in a solution made from 13 ml of benzene, 8 g of 
ieri-butyl alcohol, and 2 ml of water. After destruction of excess 
permanganate with ethanol, the manganese dioxide was allowed 
to coagulate and the mixture was filtered; evaporation of the 
solvent under vacuum gave the crude ketone. Recrystallization 
from petroleum ether gave 96 mg (51%) of a white solid, mp 114- 
114.5°. An infrared spectrum taken in carbon disulfide solution 
(0.03 M ) showed the carbonyl absorption at 5.87 p whereas the 
carbonyl absorption in a KBr pellet was 5.89 p.

Anal. Calcd for Ci6H120 :  C, 87.24; H, 5.49. Found: C, 
87.41; H, 5.72.

Preparation of Dibenzobicyclo [3.2.1] octadien-exo-2-ol Nitrite

(27) All analyses were run by Galbraith Microanalytical Laboratories, 
Knoxville, Tenn.

(2f).— Our procedure followed those of Barton and Kornblum.27 28 
Nitrosyl chloride was passed into a solution of exo alcohol 2c 
(1.02 g, 4.6 mmol) in 11m . of anhydrous pyridine (purged with 
nitrogen) at —20 to —30° for 20 min. The reaction mixture was 
poured into 50 ml of water and 50 ml of petroleum ether. After 
separation, the aqueous layer was further extracted with petro
leum ether. The petroleum ether extracts were combined and 
washed with dilute HC1 and then water. The solution of the 
nitrite 2f was dried (M gS04) and evaporated to dryness (reduced 
pressure). Infrared analysis of the crude oily product (1.16 g, 
100%  yield) showed the characteristic intense 6.1-p absorption of 
a nitrite ester. There was no evidence for an O-H  stretching 
absorption or for carbonyl absorption. The crude nitrite 2f was 
not crystallized, since it proved to be extremely soluble in all 
organic solvents. In methanol-water mixtures the nitrite was 
converted to the exo alcohol 2c.

Treatment of Exo Nitrite 2f under Deamination Conditions.—
Sodium nitrite (2.80 g) was added to a solution of 1.13 g of the 
crude exo nitrite in 36 ml of dry acetic acid at 20-22°. After
4.5 hr, the reaction mixture was poured into 200 ml of water, 
extracted with ether, and then worked up in the usual way. 
An infrared spectrum of the crude product (1.05 g) showed a very 
large nitrite absorption at 6.1 p. A 192-mg sample of the crude 
product was chromatographed on an alumina column (activity 
I29 neutral alumina) using carbon tetrachloride and then chloro
form (distilled from phosphorus pentoxide). The recovered 
material (159 mg) was composed of 36-42% nitrite 2f, approxi
mately 60% exo alcohol 2c, and 1.5% ketone 5. A 857-mg 
sample of the crude product was hydrolyzed to the exo alcohol 
2c in a mixture of 40 ml of 95% ethanol, 10 ml of w'ater, and 10 
ml of a 3%  hydrochloric acid solution, at 25° for 30 min. Water 
was added to the solution, and an ether extraction was per
formed. The product was worked up in the usual manner, 
resulting in an oily solid weighing 783 mg (103% yield). A 
synthetic mixture composed of 1.3 mol %  of the ketone 5 and
98.7 mol %  of the exo alcohol 2c in carbon disulfide had the same 
infrared spectrum as did the product.

Dibenzobicyclo [2.2.2] octadien-7-ol p-toluenesulfonate (lb) 
was prepared from a 998-mg (5.3 mmol) sample of p-toluene- 
sulfonyl chloride and 1.05 g (4.75 mmol) of alcohol lc5 in 3.5 ml 
of pyridine. The usual work-up gave 1.64 g (92%) of crude 
product, from which 1.00 g of lb, mp 105-107° dec, was ob
tained by recrystallization from petroleum ether.

Anal. Calcd for CjsHjoSO;,: C, 73.38; H, 5.36; S, 8.52. 
Found: C, 73.10, H, 5.69; S, 8.62.

Preparation of the Hydrochloride of 7-Aminodibenzobicyclo-
[2.2 .2]octadiene.— Dry hydrogen chloride was bubbled into a 
solution of 8.06 g of the amine la in 500 ml of petroleum ether. 
Filtration gave 8.84 g (94%) of amine hydrochloride, mp 264-267° 
dec, after recrystallization from water.

Anal. Calcd for CieHisNCIO (the monohydrate): C, 69.68; 
H, 6.58; N , 5.08; Cl, 12.86. Found: C, 69.99; H, 6.51; 
N, 5.13; Cl, 13.09.

Preparation of Dibenzobicyclo[2.2.2]octadien-7-ylammonium 
p-Toluenesulfonate (le).— A solution of 1.00 g (4.52 mmol) of 
amine la, 870 mg (4.57 mmol) of p-toluenesulfonic acid mono
hydrate, and 80 ml of distilled water was distilled until crystals 
began to reappear. Upon addition of water and cooling, 1.36 g 
(76%) of le resulted. After drying at 110° for 5 hr, le melted 
at 285-289°. Repeated crystallizations from hot water gave mp 
288-290°. A mixture melting point with exo salt 2e, mp 288- 
290°, was depressed to 265-270°.

Anal. Calcd for C23H23NO3S: C, 70.20; H, 5.89. Found:
69.65; H, 6.26.

Preparation of Dibenzobicyclo[3.2.1]octadien-ezo-2-ylammo- 
nium p-Toluenesulfonate (2e).— p-Toluenesulfonate lb (1.93 
g, 5.13 mmol) was sealed in a Carius tube with 50 ml of anhydrous 
ammonia and heated at 105-110° for 36 hr. The reaction mix
ture was cooled and the excess ammonia was evaporated. The 
residue was dissolved in ether, washed with saturated sodium 
bicarbonate solution and water, dried (M gS04), and treated with 
an excess of dry hydrogen chloride dissolved in dry ether. A 
white solid, 1.18 g (89%), was collected, mp above 300°. The 
solid was placed in 5% potassium hydroxide solution and ex
tracted with ether. The combined organic layers were washed

(28) (a) D. H. R. Barton, J. M. Beaton, L. E. Geller, and M. M. Peehet, 
J. Amer. Chem. Soc., 8 2 ,  2640 (1960); (b) N. Kornblum and E. P. Oliveto, 
Md., 6», 465 (1947).

(29) H. Brockmann and H. Sohodder, Chem. Ber., 7 4 B ,  73 (1941).
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with water and dried (M gS04) and the solvent was removed to 
give an intractable oil, which could not be crystallized from 
Skellysolve B or from methanol-water. The oil was reconverted 
to the amine hydrochloride and purified by means of the p-tol- 
uenesulfonate salt by crystallization from a water solution con
taining an equimolar amount of p-toluenesulfonic acid mono
hydrate. After drying at 110° for 2 hr, 2e melted at 288-290° 
dec.

Anal. Calcd for C23H23N 0 3S: C, 70.20; H, 5.89. Found: 
0 ,70.43; H, 5.98.

AADibenzobicyclo[3.2.1]octadien-exo-2-ylacetamide was pre
pared from 103 mg (0.40 mmol) of the hydrochloride of 2a 
and 3 ml of acetic anhydride in 6 ml of dry pyridine. After 19 
hr at room temperature, the solution was poured into 150 ml of 
water, precipitating 51 mg (49%) of solid. Recrystallization 
from Skellysolve B-chloroform (95:5) gave white crystals, mp
194-196°.

Anal. Calcd for Ci8H17NO: C, 82.09; H, 6.51. Found: 
C ,81.93; H, 6.41.

Preparation of 2-Oximinodibenzobicyclo[3.2.1]octadiene (4).—  
A solution of 1.14 g (5.16 mmol) of the ketone 5, 2.5 g (36 mmol) 
of hydroxylamine hydrochloride, 10 g (179 mmol) of potassium 
hydroxide, and 50 ml of 95% ethanol was heated under reflux 
for 2 hr and then poured into 650 ml of water. Recrystallization 
of the air-dried precipitate (900 mg, 74% ) from methanol gave
4, mp 239-240°.

Anal. Calcd for C16Hl3NO: C, 81.68; H, 5.57. Found: 
0 ,81.47; H, 5.58.

Preparation of Dibenzobicyclo [3.2.1] octadien-endo-2-ylam- 
monium p-Toluenesulfonate (3e).— A solution of 1.90 g (8.06 
mmol) of oxime 4 in 150 ml of purified tetrahydrofuran was 
added dropwise to a stirred mixture of 1.20 g (31.6 mmol) of 
lithium aluminum hydride in 150 ml of tetrahydrofuran. The 
solution was heated at reflux for 24 hr. Then 30 ml of ethyl 
acetate was added (caution!). The mixture was evaporated 
almost to dryness. Methanol (10 ml) was added, then 200 ml 
of water. The ether solution obtained from three 100-ml ex
tractions was washed with water, dried (M gS04), and con
centrated to 50 ml. Addition of hydrogen chloride dissolved in 
dry ether gave 1.77 g (85%) of 3a hydrochloride. Final puri
fication was done via the p-toluenesulfonate in the usual way. 
Recrystallization from water and drying at 94° (1 Torr) for
4.5 hr gave 3e, mp 232-234°. A mixture melting point with the 
exo salt 2e, mp 288-290°, was 222-227°.

Anal. Calcd for C23H23N 0 3S • H20 : C, 67.13; H, 6.12. 
Found: C, 67.33; H, 6.12.

A-Dibenzobicyclo[3.2.1]octadien-en/io-2-ylacetamide was pre
pared by the procedure used for the preparation of 2a acetamide. 
Recrystallization of the precipitate (330 mg, 79%) gave the endo 
acetamide, mp 183.5-184.5°.

Anal. Calcd for CI8H17NO: C, 82.09; H, 6.51. Found: 
C, 81.97; H, 6.50.

Analytical Infrared Procedure.— A differential technique was 
used,30 in which mixtures of unknown composition were com
pared to synthetic mixtures of known composition at the same 
concentrations. Purified isooctane and carbon disulfide were 
suitably transparent solvents (0.1 M  solutions) for this infrared 
region. For the dibenzobicyclo[3.2.1]octadiene 2-substituted 
compounds, characteristic absorption maxima were, for ketone
5, 14.3 and 14.5 p; endo alcohol 3c, 14.1 and 16.2 ju; exo alcohol 
2c, 15.7 m; and exo acetate 2d, 19.25 m- Both exo and endo 2-ols 
had a common peak at 16.65 m which was very useful for de
termining total alcohol concentration in a mixture. The product 
analysis was accurate to ± 2 % .

Deamination of la. Variation I.-—Sodium nitrite (8.66 g, 
125 mmol) was added to a stirred solution of amine la (7.3 g, 33 
mmol) in 100 ml of anhydrous acetic acid over a 1.5-hr period. 
The crude product, from the usual work-up procedure, was 
chromatographed on 65 g of activity I 29 neutral alumina. The 
14 collected fractions, eluted with purified CC14 and then CHC13, 
were evaporated under vacuum and the compounds were iden
tified by infrared spectra run on neat samples. The deamination 
produced 80 mol %  of exo acetate 2d, 19 mol %  of exo alcohol 
2c, and 0.2 ±  0.05 mol %  of ketone 5. The ketone per cent was 
calculated by a quantitative infrared procedure using the 2.78-n

(30) (a) I. M. Kolthoff and E. B. Sandell, "Textbook of Quantitative 
Inorganic Analysis,” 3rd ed, Macmillan, New York, N. Y., 1952, p 632; 
(b) using a Perkin-Elmer Model 137 infrared spectrophotometer fitted with 
potassium bromide optics.

peak of 2c and that at 5.87 n for 5. The ketone composed 10 ±  
2%  of one fraction which weighed 160 mg. The total recovered 
eluted products, when converted to the exo alcohol, weighed 7.18 
g (98% yield).

Deamination of la. Variation II.— Using the same general 
procedure as before, a 1.02-g (4.61 mmol) sample of la was dis
solved in 36 ml of dry acetic acid. To this stirred solution was 
added 318 mg (4.61 mmol) of sodium nitrite in portions over a 
40-min period. The crude product weighed 442 mg. The 
aqueous reaction mixture was then made strongly basic with a 
6 M  potassium hydroxide solution and extracted with ether. 
The ether solution was washed thoroughly with water, dried 
(M gSOi), and evaporated. By this procedure, 558 mg of the 
amine la, mp 101.5-104°, was isolated. The differential infrared 
analysis method (vide supra) showed that the deamination 
product was composed of 25% of 2c and 75% of 2d. Absence of 
any absorption at 6.1 p showed that no nitrite 2f was present.

Deamination of la. Variation III.— In this series of experi
ments la was treated with sodium nitrite in acetic acid with vary
ing amounts of water present. The product composition was 
determined by integration of proton magnetic resonance spectra, 
using the endo proton on C-2 of the 2c, 2d, and 2f present in the 
crude product mixture dissolved in CDC13.7 A Jeol C60-HL 
spectrometer was used for the analysis. The doublet present 
at r 3.77 was taken as indicating,the presence of 2f. Seven pmr 
integrations were made on the spectrum of each product mixture. 
Analytical results recorded in Table II were precise to better 
than ± 1 % . The composition of a known mixture of 2c and 2d 
could be determined to within 1%  of the actual value. In each 
product mixture 12 ±  2 mol %  2f was indicated. Thus, the 
deamination of la in glacial acetic acid, shown as giving 24% 
2c in Table II, led to 21% alcohol 2c, 66%  acetate 2d, and 13% 
nitrite 2f.

Deamination of le .— A solution of le (187 mg, 0.48 mmol), 
which had been dried for 1 hr at 150°, in 10 ml of dry acetic 
acid was treated with 320 mg (4.64 mmol) of sodium nitrite over 
a 10-min period. Differential infrared analysis of the product 
showed the presence of 24 mol %  of 2c and 70 mol %  of 2d. 
Comparison of peak height at 6.15 n with the peak height of a 
sample of known concentration suggested the presence of about 
1%  2f.

Deamination of 2e.— A solution of 124 mg (0.315 mmol) of this 
salt (dried for 1 hr at 150°) in 8.0 ml of acetic acid was treated 
with 200 mg (3.18 mmol) of sodium nitrite under the usual con
ditions. Work-up gave 67 mg of yellow oil. Differential in
frared analysis demonstrated the presence of 24 mol %  of [3.2.1] 
alcohol. Infrared peak positions indicated that the alcohol was 
exo, and that the rest of the product was exo acetate 2d. A 
small amount of nitrite (1- 2% ) was present.

Deamination of 3e.-—The monohydrate of 3e (241 mg, 0.585 
mmol) was converted to 3e by addition and distillation of 
benzene (100 ml). Glacial acetic acid (12 ml) was added and the 
solution was treated as usual with 400 mg (5.80 mmol) of sodium 
nitrite. The yellow, oily product weighed 151 mg. Differential 
infrared analysis showed the total alcohol content (using only the 
exo epimer in the synthetic mixture) to be 12 mol % . Chroma
tography of 126 mg of the deamination product on 5.0 g of 
activity I alumina29 in carbon tetrachloride and then chloroform 
gave 115 mg (88 mol % ) of 2d, containing about 1% of nitrite, 
and 13.3 mg (12 mol % ) of [3.2.1] alcohols. Differential in
frared analysis showed the content of this total alcohol portion 
to be 24% 3c and 76% 2c. A duplicate experiment, beginning 
with 100 mg of 3e, gave a total [3.2.1] 2-ols content of 12 mol % , 
which was 21% 3c and 79% 2c.

Deamination of 3e in the Presence of Added Water.— A mix
ture of 100 mg (0.24 mmol) of the monohydrate of 3e, 47.3 mg 
(2.63 mmol) of distilled water, and 5.0 ml of glacial acetic acid 
was treated with 175 mg (2.54 mmol) of sodium nitrite under the 
usual conditions. Differential infrared analysis of the oily 
product, 54 mg, gave the total [3.2.1] alcohol content to be 12%. 
The alcohols were separated from the acetate by chromatog
raphy (vide supra) and shown by differential analysis to contain 
18 ±  6%  3c and 82 ±  6%  2c.

Solvolysis of Dibenzobicyclo[2.2.2]octadien-7-ol p-Toluene- 
sulfonate (lb ) in Acetic Acid.— A solution of lb (102 mg, 0.271 
mmol) and 26.1 mg (0.318 mmol) of anhydrous sodium acetate 
in 2.18 ml (38.1 mmol) of dry acetic acid/0.026 ml (1.44 mmol) 
of distilled water was stirred at room temperature for 359 hr. 
Ether extraction of a 1.0-ml sample in 20 ml of water and the 
usual work-up followed. The remaining reaction mixture was



stirred at room temperature for a complete reaction time of 432 
hr. Normal isolation procedures, using pentane extraction, were 
used. Product composition of these two solvolysis fractions 
was determined by differential infrared analysis. The former 
contained 11 mol %  of 2c, 84.5 mol %  of 2d, and 4.5 mol %  of lb . 
Similarly, the product of the solvolysis reaction (after 432 hr) 
contained 15 mol %  of 2c, 83 mol %  of 2d, and 2 mol %  of lb.

Registry No.—la HC1, 35079-81-3; lb, 2975-83-9; 
le, 35079-83-5; 2c, 837-65-0; 2d, 35079-85-7; 2e, 
35079-86-8; 2f, 35079-87-9; 3e, 35079-88-0; 4, 2969-

1, 2-Dialkylcyclopropenes

43-9; 5, 2198-06-3; A-dibenzobicyclo [3.2.1 Joctadien- 
ezo-2-ylacetamide, 35079-91-5; A-dibenzobicyclo- 
[3.2.1 ]octadien-endo-2-ylacetamide, 35079-92-6.
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Dipropyl-, dipentyl-, dihexyl-, diheptyl-, and dioctylcyclopropene and methyl malvalate and sterculate have 
all been synthesized. Ethyl diazoacetate is decomposed in the presence of the appropriate alkyne, followed by 
hydrolysis to yield a 1,2-disubstituted 3-cyclopropenecarboxylic acid. Exposure to perchloric acid results in de- 
carbonylation to a cyclopropenium ion, which is reduced by sodium borohydride to a 1,2-disubstituted cyclopro- 
pene. The absence of any 1,3-disubstituted cyclopropene in the product is consistent with theory. Spectro
scopic data is presented. The cyclopropenethiol reaction is discussed.

The 1,2-disubstituted cyclopropene function occurs 
in the fatty acid chain of lipids from certain plants be
longing to the order Málvales, cottonseed oil being the 
most common. These cyclopropenoid fatty acids háve 
recently been the subject of intense investigation and 
are held responsible for numerous physiological dis
orders in farm and laboratory animals.1

Results

We have developed a synthesis to produce 1,2-disub
stituted cyclopropenes (1) in quantities for biological 
testing and feedings. Gensler and coworkers2 3 have 
reported a comparable route to If and lg.

H H

R, R,
la , R1 =  R 2 =  propyl 
b, R t =  R 2 =  pentyl 
C, R, =  R 2 =  hexyl
d, R 1 =  R 2 =  heptyl
e, R , = R 2 = octy l
f, Rj =  o cty l, R 2 =  - (C H 2)6C 0 2M e (m ethyl m alvalate)
g, R , =  o cty l, R 2 =  -(C H 2)7C 0 2Me (m ethyl stercu late)

Ethyl diazoacetate, in the presence of a copper cata
lyst, adds to disubstituted acetylenes (2) yielding 1,2- 
disubstituted cyclopropene-3-carboxylates (3).8 In the

(1) (a) Technical Paper No. 3196, Oregon Agricultural Experiment Sta
tion; (b) A. M. Abou-Ashour and H. M. Edwards, J. Nutr., 1 0 0 ,  1347 
(1970); (c) W. E. Donaldson and B. L. Fites, ibid., 1 0 0 ,  605 (1970); (d) 
S. V. Dande and J. F. Mead, J. Biol. Chem., 2 4 5 ,  1856 (1970); (e) D. J. Lee, 
J. H. Wales, and R. O. Sinnhuber, J. Nat. Cancer Inst., 4 3 ,  1037 (1969); 
(f) R. A. Phelps, et al., Poultry Sci., 4 4 ,  358 (1965); (g) A. M. Miller, E. T. 
Sheehan, and M. G. Vavich, Proc. Soc. Exp. Biol. Med., 1 3 1 ,  61 (1969).

(2) (a) W. J. Gensler, et al., J. Amer. Chem. Soc., 9 1 ,  2397 (1969); (b) 
ibid., 9 2 ,  2472 (1970); (c) J. Org. Chem., 3 5 ,  2301 (1970); (d) Chem. Phys. 
Lipids, 6 , 280 (1971).

(3) (a) I. A. D ’Yakonov, et al., Zh. Org. Khim., 5 ,  1742 (1969); Chem.
Abstr., 7 7 ,  124556 (1970); ( b )  Zh. Obshch. Khim., 2 9 ,  3848 (1959); Chem.
Abstr., 5 4 ,  195216 (1960) ; and references cited therein.

present investigation, alkynes are 40-50% converted to 
the corresponding cyclopropene by an equal molar 
amount of diazoacetate. About 90-95% of the unre
acted acetylenic compound can be recovered, reflecting 
the rather high selectivity of the carboxylcarbene. 
Other workers2 report a 60-70% conversion for this 
identical reaction.

A ll the resulting l,2-dialkyl-3-carboxylcyclopropenes 
can be purified by high vacuum distillation (5 X IQ-2 
mm), with the exception of one, methyl 9,10-(carboxy- 
methano)-9-octadecenate (3g), the precursor for ster
culate (lg). However, unreacted methyl stearolate 
(2g) can be recovered from this latter product by vac
uum distillation without significant decomposition of 
the desired cyclopropene, thus facilitating purification 
on a column.

After hydrolysis, treatment of the 1,2-disubstituted 
cyclopropene-3-carboxylic acid (4) with strong mineral

acid in acetic anhydride results in decarbonylation4 * to 
the corresponding cyclopropenium ion (5). Cyclo
propenium perchlorates are less soluble and easier to 
purify than the fluoroborates or bromides; therefore, 
we chose to work with the perchlorates. Mixtures of

(4) (a) R. Breslow and H. W. Chang, J. Amer. Chem. Soc.. 8 3 ,  2367 
(1961); (b) R. Breslow, et al., ibid., 8 3 ,  2375 (1961); (c) R. Breslow and P. 
Dowd, ibid., 8 5 ,  2729 (1963); (d) R. Breslow, H. Hover, and H. W. Chang, 
ibid., 8 4 ,  3168 (1962).
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pentane-anhydrous ether at —20° will precipitate di
propyl-, dipentyl-, and dihexylcyclopropenium ions as 
solids, but in poor yields. Mixtures of chloroform- 
pentane precipitate all the cyclopropenium ions studied 
as thick, red-black oils, but in rather good yields.

Reduction4'5 of 1,2-disubstituted cyclopropenium 
ions (5) can be accomplished with almost any hydride.

R, Rj R, Rj
5 1

The problem lies in finding an unreactive solvent which 
will dissolve both the cyclopropenium ion and hydride 
at low temperatures. Seventeen per cent dimethyl 
ether of ethylene glycol or 20% pyridine in dimethyl 
sulfoxide proved to be satisfactory solvents for this re
duction with sodium borohydride. The yields of 1 from 
decarbonylation followed by reduction are variable, 
but average about 55%. The reduction product con
sistently carries with it 4 -8 %  of the corresponding 
dialkyl acetylene. When solid 1,2-dipropylcyclopro- 
penium perchlorate was recrystallized followed by re
duction, the product still contained 8 %  4-octyne, dem
onstrating that the alkyne was not carried over from 
starting materials. Failure to separate the cyclo
propenium perchlorate from the acetic anhydride solu
tion before adding it to the hydride solution shifts an 
alkyne to cyclopropene ratio to 60% alkyne.

The products have all the chemical and spectroscopic6 
properties expected for 1,2-dialkyl cyclopropenes. Syn
thetic malvalate and sterculate are identical in every 
respect with the acids isolated from natural sources. 
The infrared, nmr, and mass spectra of the naturally 
occurring esters are superimposable with those of the 
synthetic esters. Infrared bands attributable to the 
cyclopropene ring occur at 1875 and 1005 cm-1  for all
1,2-dialkyl cyclopropenes, including methyl malvalate 
and sterculate.

The nmr shows a triplet centered around r 7.66 for 
the two methylene groups attached to the 1 and 2 posi
tions of the ring. The ring methylene hydrogens reso
nate in a single sharp peak in the area of r 9.28-9.12, 
depending upon solvent. Solutions of CCL and CC14 
mixed with the polar solvents methanol or acetonitrile 
result in absorption farthest upfield. Adding chloro
form results in a small (2 cps on a HA-100 instrument) 
shift downfield, while adding benzene shifts these two 
protons 10 cps downfield to t 9.18. Pyridine-CCl4 
shifts the ring methylene protons farthest downfield, r
9.12, while slightly shifting the center of the methyl trip
let upfield 3 cps to the same frequency. Surprisingly, 
running a solution of la neat also shifts the ring 
methylene protons downfield, to r  9.18. Changes in 
chemical shift of protons on a saturated carbon have 
been observed in other systems and are attributed to 
collision complexes.7

(5) D. T. Longone and D. M. Stehouwer, Tetrahedron Lett., 1017 (1970).
(6 ) (a) G. L. Closs in “ Advances in Alicyclic Chemistry,”  H. Hart and 

G. J. Karabatsus, Ed., Academic Press, New York, N. Y., 1966, Chapter 2; 
(b) C. Y. Hopkins, J. Amer. Oil Chem. Soc., 45, 773 (1968).

(7) L. M. Jackman and S. Sternbell, “ Applications of Nuclear Magnetic
Resonance Spectroscopy in Organic Chemistry,”  2nd ed, Pergamon Press,
Elmsford, N. Y., 1969, pp 111—113 and 246-248.

The mass spectra of all the compounds studied are 
consistent with the 1,2-disubstituted cyclopropene 
structure. All the 1,2-dialkylcyelopropenes, including 
methyl malvalate and sterculate, have a base peak of 
mass 81. Peaks with mass numbers 41, 67, and 95 are 
intense in all the spectra. In addition, le, If, and lg 
have strong peaks at mass numbers 43 and 55. Doering 
and Mole8 report the parent minus one, mass 67, as the 
base peak for 1,2-dimethylcyclopropene and suggest 
that it may correspond to the 1,2-dimethylcyclopro- 
penium ion, formed in greatest abundance by virtue of 
its special aromatic character. None of our spectra 
show any trace of a parent minus one mass peak.

A ll 1,2-disubstituted cyclopropenes reported here 
give a strong Halphen reaction.9 However, the sec
ondary band9b at 540 m/r is absent, producing more of 
an orange color for the synthetic compounds. Also, 
the synthetic compounds assay in excess of 100% com
pared to natural oils as standards. It is well recognized 
that the Halphen reaction of natural oils varies with 
the source and concentration of the cyclopropenoid 
fatty acid being tested.9

There are reports of a spontaneous addition of mer- 
captans across the strained double bond of 1,2-disub
stituted cyclopropenes.10 Raju and Reiser11 describe 
the reaction as an assay method for the cyclopropenoid 
function in natural oils, but Coleman9“ and Schneider12 
report that the reaction is not reproducible. We have 
found that, under an atmosphere of purified nitrogen, 
methyl mercaptan in benzene does not react with 1,2- 
dialkylcyclopropenes, even when a large excess of the 
thiol is left in contact with the olefin at room tempera
ture for several days. Upon the introduction of oxy
gen, a free-radical initiator, methyl thiol rapidly adds 
across the double bond of lb to form a sulfide (thio 
ether) in quantitative yield.

The additions of sulfhydryl groups to olefins are well- 
known reactions involving acidic, nucleophilic, free 
radical, and photolytic catalyst.13 It is neither sur
prising nor unique that they will add to cyclopropenes. 
We are studying the competition between sterculate 
and other fatty acids for thiol radicals, hoping to shed 
light on the reactivity of thiol radicals in biological sys
tems.

There is a distinct possibility that reduction of 5 
could lead to 7 as well as 1. Nmr spectroscopy of the 
product1 clearly shows no trace of vinylic hydrogens in

(8 ) W. Doering and T. Mole, Tetrahedron, 10, 65 (1960).
(9) (a) E. C. Coleman, J. Ass. Offic. Anal. Chem.., 53, 1209 (1970); (b) 

A. V. Bailey, et al., J. Amer. Oil Chem. Soc., 42, 422 (1965); (c) T. W. Ham
monds, et al., Analyst, 96, 659 (1971).

(10) (a) H. W. Kircher, J. Amer. Oil Chem. Soc., 41, 4 (1964); (b) H. G. 
Reilich, et al., ibid., 46, 305 (1969); (c) R. L. Ory and A. M. Altschul, Bio- 
chem. Biophys. Res. Commun., 17, 1 2  (1964).

(11) P. K. Raju and R. Reiser, Lipids, 1, 10 (1966).
(12) E. L. Schneider, J. Amer. Oil Chem. Soc., 45, 585 (1968).
(13) (a) E. N. Prilezhaeva and M. F. Shostakovskii, Russ. Chem. Rev., 

32, 399 (1963); (b) F. W. Stacey and J. F. Harris, Jr., "Organic Reactions,” 
Vol. 13, A. C. Cope, Ed., Wiley, New York, N. Y., 1963, Chapter 4; (c) W. E. 
Vaughan and F. F. Rust, J. Org. Chem., 7, 472 (1942).
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the area of t 2.99 as would be expected for 7.14 Breslow 
and coworkers4d report three equivalent propyl groups 
in the nmr spectrum of tripropylcyclopropenyl per
chlorate, indicating that the positive charge is evenly 
distributed around the ring. Also, the propyl groups 
in the three cations, tripropylcyclopropenyl, dipropyl- 
cyclopropenyl, and propyldiphenylcyclopropenyl per
chlorate, are relatively shifted to the same extent. 
Differences in chemical shift between the a - and 13- 
m eth ylen e  hydrogens are very similar for the propyl 
groups in each of these three cations.4d This data sup
ports the concept that each carbon of the cyclopropenyl 
cation has a similar charge structure, with essentially 
one-third of the charge at each ring carbon.

Our failure here to detect any 7 (less than 1% )  from 
the reduction of 5 does not conflict with Breslow’s pic
ture of charge distribution in a cyclopropenyl perchlo
rate. An attacking nucleophile would certainly attack 
the unsubstituted position of a cyclopropenium ion 
more rapidly than at a position substituted with a large 
alkyl group. A satisfactory model to compare the rela
tive steric effect of substituents on an organic ion during 
a bimolecular reaction is not available. However, 
bimolecular displacement reactions (S n 2 ) have been 
extensively investigated and can be used to demon
strate a large rate-retarding effect when substituents 
are attached directly to the reacting carbon.15 For 
example, methyl chloride reacts with iodide ion in ace
tone (a pure S n 2 reaction) 180 times more rapidly than 
does n-butyl chloride. From a tabulation of some 
second-order displacements, methyl halides react 11 to 
145 times more rapidly than their ethyl counterparts, 
and the few butyl halides listed react from two to four 
times more slowly than the ethyl compounds.16 The 
bimolecular displacements of some «-substituted benzyl 
halides show a comparable rate-retarding effect.15

Competition factors, k \ /k 0, measure the ability of a 
nucleophile Y  to compete with water for a carbonium 
ion. Triphenylmethyl cation shows marked competi
tion factors, 2.8 X  105 for azide ion in 50% aqueous 
acetone and 5.3 X  104 for hydroxide ion.15 One ex
pects an ion to become more discriminating as its sta
bility increases. Dipropylcyclopropenium cation,4d 
P-Kr+ =  2.7, is considerably more stable than triphenyl
methyl cation,16 p.Kr+ =  —6.63, and should show a 
correspondingly larger selectivity in its reactions with 
nucleophiles. The combination of ion selectivity with 
1 and 2 substituents accounts for reduction exclusively 
at the 3 position.

Experimental Section
Synthesis of 1,2-Dialkylcyclopropenes and Methyl Malvalate 

and Sterculate.— The appropriate alkyne was placed in a flask 
under an atmosphere of nitrogen with a magnetic stirrer and 
freshly activated copper dust (approximately 4 g of copper per 
mole of alkyne). While the flask was immersed in an oil bath at 
110-120°, an equal molar amount of ethyl diazoacetate was added 
slowly enough (while stirring rapidly) so that foaming did not 
prevent the diazoacetate from dropping directly into the liquid. 
After the addition was complete, unreacted alkyne was recovered 
by vacuum distillation followed by vacuum distillation of the 
ethyl l,2-dialkyl-3-cyclopropenecarboxylate, except in the syn
thesis of methyl sterculate. Unreacted methyl stearolate can be

(14) K. B. Wiberg and B. J. Nist, J. Amer. Chem. Soc., 83, 1226 (1961).
(15) A. Streitwieser, Jr., “ Solvolytic Displacement Reactions,”  McGraw- 

Hill, New York, N. Y., 1962.
(16) N.Deno, J. Amer. Chem.Soc., 77, 3047 (1955).

recovered from its ethyl diazoacetate adduct, ethyl l-octyl-2-(7- 
carbomethoxylheptyl)-3-cyclopropenecarboxylate (3g), by vac
uum distillation, but the complex cyclopropene itself cannot be 
distilled without extensive thermal decomposition. The methyl 
stearolate-ethyl diazoacetate adduct is best separated from poly- 
diazoacetate by column chromatography, preferably on an acid- 
washed alumina column eluting with pentane-ether. Table I

T a b l e  I
D is t il l a t io n  T e m p e r a t u r e s  an d  P r e ssu r e s

Acetylene
Ethyl

3-cyclopropene Cyclopropene
temp, °C carboxylate temp, °C

1 ,2  Substituent (mm) temp, °C (mm) (mm)
Dipropyl 66 (70) 96 (0.25)“
Dipentyl 55 (0.4) 100 (0.25)
Dihexyl 68 (0.05) 122 (0.15) 73 (0.05)
Diheptyl 114 (0.1) 135 (0.13) 92 (0.04)
Dioctyl 116 (0.02) 135 (0.09) 107 (0.02)
l-Octyl-2- (7-carbo- 114 (0.025) 134 (0.025) 125 (0.03)

methoxyheptyl) 128 (0.15) 159 (0.15)
l-Octyl-2-(6-carbo- 155 (0.15) Decomposes 136 (0.04)

methoxylhexyl)
“ 3-Cyclopropenecarboxylicacid.

lists the boiling points of some alkynes, their ethyl diazoacetate 
adducts, and the corresponding 1,2-dialkylcyclopropenes.

Ester hydrolysis was carried out with 2 equiv of 10% potassium 
hydroxide in 1-propanol. After heating at 100° for 2 hr under 
N-2, the solution was diluted, adjusted to pH 4, and extracted with 
ether. The extract was dried and evaporated.

Treatment of the 1,2-disubstituted 3-cyclopropenecarboxylic 
acid with an equal molar amount of perchloric acid in acetic an
hydride (1 g of 70% perchloric acid per 10 g of cold acetic an
hydride) decarbonylated it to a 1,2-disubstituted cyclopropenium 
perchlorate. The decarbonylation may be carried out at room 
temperature with the dialkyl compounds, but fatty acid percur- 
sors must be chilled to below 10°. Decarbonylation was allowed 
to proceed until gaseous evolution diminished. The entire cyclo
propenium perchlorate-acetic anhydride solution was transferred 
to a large separatory funnel containing chloroform at —20°, and 
pentane, at the same temperature, was added until a black oil 
precipitates. Generally, one used 10 ml of cold chloroform for 
each gram of 70% perchloric acid used, and 70 ml of cold pentane 
was added. After the black oil was separated, which is mostly 
cyclopropenium perchlorate, more cold pentane was added and 
the separatory funnel was allowed to sit at —20° to ensure com
plete precipitation.

To form the hydride solution, 100 ml of dimethyl sulfoxide, 20 
ml of 1,2-dimethoxyethane or 20 ml of pyridine, and 5 g of sodium 
borohydride were mixed under an inert atmosphere, warmed to 
dissolve the borohydride, and then cooled to 5-7°; lower tem
peratures cause sodium borohydride to precipitate. While the 
hydride solution was rapidly stirred, the cold black oil, 1,2-di
substituted cyclopropenium perchlorate, was slowly added. Too 
rapid of an addition caused formation of side products, mainly 
the corresponding alkyne. During the addition of fatty acids, 
foaming can be arrested by an immiscible layer of pentane over 
the hydride solution.

After dilution with a large volume of water, neutralization, and 
extraction with pentane, the 1,2-dialkylcyclopropenes can be 
distilled (see Table I for distillation data) and/or column chro
matographed, eluting with pentane or hexane. The cyclopropene 
was always eluted before its corresponding alkyne. Acid-washed 
alumina only partially separated the alkynes from the desired 
cyclopropenes. Silica gel column gave better separation but; a 
small per cent of the strained ring compound was lost on the 
column, and although gas chromatography and spectroscopic 
examination may show the product to be pure, it did not store 
well and developed a yellow color after several weeks at —20°.

Malvalic and sterculic acids should be converted to esters be
fore further purification or storage, since they are not as stable in 
the acid form. Esterification may be accomplished with diazo
methane or by dissolving the acid in methanol. Esterification of 
malvalic or sterculic acids in methanol with an acid catalyst leads 
to the destruction of the cyclopropene function.17 Chromatogra-

(17) J. R. Nunn, J. Chem. iSoc., 313 (1952).
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phy of these esters was accomplished on acid-washed alumina or 
silica gel eluting with pentane, gradually changing to pentane- 
ether.

All compounds possessed the expected spectral properties as 
described in the text.

Alkynes. Methyl stearolate was prepared from oleic acid by 
a procedure similar to that reported by Butterfield and Dutton.18 
Gunstone and Hornby19 20 report a procedure, which may be su
perior, utilizing liquid ammonia. A small molar excess of liquid 
bromine was added to methyl oleate in the dark until the red 
bromine color persisted for 1 hr. Excess bromine was removed on 
a vacuum evaporator. The dihalide acid was added to 30% 
KOH in ethylene glycol (6 mol of KOH per mole of acid) and 
heated at 206° under an atmosphere of nitrogen for 4 hr. Dilu
tion, acidification, and extraction with hexane was followed by 
esterification in methanol-1% sulfuric acid. Vaccum distillation 
afforded a clear oil in 70% yield, bp 155° (0.15 mm). Spectro
scopic and physical properties of acetylinic esters are rather pas
sive. Retention on a diethylene glycol succinate column was 
considerably longer than for methyl oleate and a 300-ft butanediol 
succinate capillary column showed a single unsplit peak. Ab
sorption in the infrared was at 2940, 2845, 1750, 1470, 1445, 1375, 
1260, 1200, and 1178 cm -1. The nmr showed no vinylic hydro
gens and two overlapping triplets centered around r 7.9.

Methyl 9-heptadecynoate was synthesized by the method of 
Ames and Coveil.“  Sodamide (52 g) and 178 g of 1-decyne were 
dissolved in 4.51. of liquid ammonia. After 1 hr, 67 g of 7-bromc- 
heptanoic acid was dissolved in a mixture of tetrahydrofuran and 
glyme and slowly added. The liquid ammonia was allowed to 
evaporate, and dilution and acidification was followed by ex
traction with ether. Esterification was accomplished in meth
anol-1% sulfuric acid. Vacuum distillation yielded 48 g of a 
clean oil, bp 114° (0.025 mm). Infrared absorption appeared at 
2940, 2845, 1750, 1470, 1445, 1375, 1260, 1200, and 1178 cm -'. 
The nmr shows no vinylic hydrogens and overlapping triplets at 
r 7.9. The mass spectrum shows a parent at m /e 280.

1,2-Dialkylacetylenes.— The lower homologs can be purchased
(18) R. O. Butterfield and H. J. Dutton, J. Amer. Oil Chem. Soc., 45, 635 

(1968).
(19) F. D. Gunstone and G. M. Hornby, Chem. Phys. Lipids, 3, 91 (1969).
(20) D. E. Ames and A. N. Covell, J. Chem. Soc., 775 (1963).

from the Chemical Sample Co., Columbus, Ohio. Other alkynes 
were synthesized by adding the appropriate alkyl bromide to 
sodium acetylide in liquid ammonia. After work-up and purifi
cation the resultant 1-alkyne was added to 1 equiv of sodamide 
(50 g per 41. of NH3) in liquid ammonia followed by addition of 1 
equiv of the appropriate alkyl bromide. Distillation data is con
tained in Table I. Yields of the higher molecular weight alkynes 
are low, 50% for 9-octadecyne based on 1-decyne.

Attempts to synthesize these alkynes from the appropriate 
Grignard reagent and l,4-dichloro-2-butyne (Aldrich) proved 
unsatisfactory.

7-Bromoheptanoic Acid.— One gram-atom of metallic sodium 
was dissolved in 400 ml of absolute ethanol followed by the addi
tion of 1.05 mol of diethyl malonate. This solution was stirred 
for 30 min by a strong mechanical stirrer, then added to a freshly 
prepared solution of 1.25 mol of 1,5-dibromopentane in 100 ml of 
absolute ethanol. Reaction was exothermic and sodium bromide 
precipitated. The solution was diluted with a large volume of 
water and extracted with chloroform. The extract was dried and 
evaporated. The product was refluxed in 250 ml of acetic acid 
and 50 ml of sulfuric acid for 1 day, with a warm condenser allow
ing ethyl acetate to escape. Dilution, extraction, and distillation 
yielded 7-bromoheptanoie acid in 53% yield, bp 105° (0.08 mm), 
mp 27-30° [lit.21 bp 140-142° (1.5 mm), mp 28-29°].

Registry No.—lc, 35365-52-7; Id, 35365-53-8; le, 
1089-40-3; If, 5026-66-4; lg, 3220-60-8; 2a, 1942-45-6; 
2b, 6975-99-1; 2c, 35216-11-6; 2d, 19781-86-3; 2e, 
35365-59-4; 2f, 24471-20-3; 2g, 1120-32-7; 3b, 35365- 
62-9; 3c, 35365-63-0; 3d, 35365-64-1; 3e, 35365-65-2; 
3f, 35365-66-3; 3g, 30689-71-5; methyl 9-heptade
cynoate, 25601-39-2; 3-cyclopropenecarboxylic acid 
26209-00-7.
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While Grignard reagents are not generally useful intermediates for synthetic conversions in quinoline systems, 
they are shown to be quite useful in the naphthopyridinophane series (3), and to a lesser, but practical extent, 
useful with 2-alkylbenzo [h] quinolines such as 9b. The stability and utility of such Grignard reagents is not re
lated to decreased acidity of the benzyl bridge methylene groups in 3, since no metal exchange was noted for the 
dimethyl analog 9b. Symmetrical coupling can become the major reaction of Grignard reagents in the benzo[h]- 
quinoline system, as observed for 6. While the mechanism of this coupling is not known, the lack of coupling 
parallels steric hindrance at the azomethine linkage. A variety of 13-substituted derivatives of 20-chloro- 
naphtho[2',l':12,13][10](2,4)pyridinophane have been prepared and one of these (3i) was found to be active 
(curative at 640 m g/kg) against Murine Plasmodia-Plasmodium berghei.

The initial objective of this work was to prepare cer
tain 13-substituted derivatives of 20-chloronaphtho- 
[2',l':12,13][10](2.4)pyridinophane3 (3, Table I),

(1) Supported by U.S. Army Medical Research Command, DADA-17- 
70-C-0008. This paper is contribution no. 1048 from the Army Research 
Program on Malaria.

(2) The methylene-bridged aromatic compounds in this study are named 
using the rules described by B. H. Smith in “ Bridged Aromatic Compounds,”
Academic Press, New York, N. Y., 1964. There does not exist a universally 
accepted method for the naming of such compounds; cf. F. Vogtle and P.
Newmann, Tetrahedron, 26, 5847 (1970). Chemical Abstracts’ name for 
3b, for example, is 15-bromo-20-chloro-3,4,5,6,7,8,9,10,ll,12-decahydro-2,13- 
metheno-13R-l-naphtho[l,2-6]azacyclopentadecene.

(3) (a) The pyridinophane ring is asymmetric since the methylene bridge 
cannot flip to the opposite face. Cf. W. E. Parham, R. W. Davenport, and 
J. B. Biasotti, Tetrahedron Lett., 557 (1969); (b) W. E. Parham, R. W.
Davenport, and J. K. Rinehart, J. Org. Chem., 35, 2662 (1970).

specifically the two diastereomeric3 racemates corre
sponding to 3g and 3i which were of interest as agents 
against murine malaria. The replacement of aromatic 
bromine by functional groups of the type shown in 3g 
and 3i has been studied in detail and is usually accom-
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T able  I
Composition within

3 R M p , °C 0.3% of calcd value for Isolated yield *800- 750, cm -1

a H 129-131 C, H, N 71% from indole 870 (m), 812 (s),
792 (s), 750 (s)

b Br 197-198, C, H, N Tc 91% 6 from 760 (s)
200-201.5“ indole

c CN 231-232 C, H, N, Cl 82-100% from 3b 900 (w), 760 (s)
d C (= 0 )C H j 212.5-214 C, H ,N 57%  from 3c 890 (w), 880 (w),

70% from 3n 768 (s)
e C(—0)C H aBr 207-208 C, H, N, Cl, Br 88% from 3d 770 (m), 760 (s)
f C (= 0 )C H 2N(C,H 16)2 Unstable ~ 1 0 0 %

g CH(OH)CH2N(C7H16)2 (a) 130-131«* C, H, N, Cl ~ 1 0 0 % M (a) 898 (m), 860 (s)
(b) Oil C, H, N, Cl (b) 894 (w), 880 (w),

800 (m), 762 (s)
h C (= 0 )C H 2N (C4H 9)2 Unstable ~ :o o %
i CH îO H ^ H îNCCÆs), Mixed racemates, C, H, N 80% 750 (s)

oil

j C n 147-149 C, H, N / 862 (s), 818 (m),
0 770 (s), 750 (s)

0« (a) 173-186 C, H ,N 100% « (a) 830 (w), 770 (m)
k f  y — ch (b) 174-176 (b) 828 (w), 785 (w),

760 (s)
1 COOH 280-282 C, H, N, Cl 33-54% from 3c 

82-100% from 3n
790 (s), 750 (s)

m C (= 0)C 1 202-206 C, H, N 48%« 900 (w), 830 (m),
810 (m), 770 (s)

n -M gBr Not isolated
0 -C (= 0 )C H B r2 164 C, H, N 12%« 888 (w), 782 (m),

758 (m), 750 (m)
a After sublimation. b See Experimental Section. « By-product from 3e. dTwo racemic diastereomers formed in equal amou

separated by crystallization. e The two diastereomeric racemates were formed in approximately equal amounts. ’  20% as by-product 
in formation of 3k when excess aldehyde is employed with 3n. ‘  From 31 and SOCl2 in benzene, rc-0  1762 c m '1.

plished by a series of reactions corresponding to 3b -*■ 
3c-*'3e-*-3f-»-3g.4’5

Substituted pyridines and quinolines are conve
niently prepared by reaction of the appropriate pyr
role6 or indole3 with reagents which effect transfer of 
CC12. We have now extended this procedure to 
benzo [^indoles, and high yields of the benzo[/i]quin
olines 3a (71%), 3b (64-90%), 4 (60%), and 9b (63%), 
and the related quinoline 5 (41%) were obtained by 
procedures similar to that shown in Scheme I.

The series of reactions outlined above, starting with 
3b leading to the two diastereomeric racemates 3g and 
to the mixed racemates of 3i, were optimized and were 
effected in high yields (see Experimental Section). 
The mixed racemates 3i7 was found to be curative in 
murine malaria at 640 mg/kg; interestingly, neither of 
the racemic pairs of 3g showed activity.

In view of the significant activity observed for 3i, we 
were interested in developing a shorter synthesis for 
ketone intermediates of type 3d in the benzo[/i]quin- 
oline series and we have, accordingly, studied forma
tion of Grignard reagents from the bromobenzo [/i]- 
quinolines 3a, 9b, and 6, and the bromoquinoline S.

Although some success has been realized by entrain
ment procedures for the preparation and subsequent

(4) K. N. Campbell, C. H. Helbing, and J. F. Kerwin, J. Amer. Chem. 
Soc., 6 8 , 1840 (1946).

(5) For alternative schemes see (a) R. E. Lutz, et al., ibid., 6 8 , 1813 
(1946); (b) S. Winstein, et al., ibid., 6 8 , 1831 (1946); (c) K. N. Campbell and 
J. F. Kerwin, ibid., 6 8 , 1837 (1946); (d) K. N. Campbell, et al., ibid., 6 8 , 
1844 (1946).

(6 ) R. L. Jones and C. W. Rees, J. Chem. Soc., 2249 (1909).
(7) Information received from Walter Reed Army Institute of Research; 

compound to test animal body weight.

reactions of Grignard reagents in the pyridine 
series,8'9-10 Grignard reagents have not been useful 
intermediates for functional group interchange in the 
quinoline series.10 >u This latter result is not surprising 
since it is known that phenylmagnesium bromide reacts 
slowly in ether at room temperature12 and more rap
idly13 in ether-dioxane at room temperature to give 2- 
phenylquinoline. In addition, Grignard14 and aryl- 
lithium15 reagents react with 2- and 4-alkylquinolines, 
as shown in Scheme II.

In our studies with benzo[/i]quinolines, the hetero
cycle, magnesium turnings, and tetrahydrofuran were 
heated at the reflux temperature; then a solution of 1,2- 
dibromoethane was added slowly over a 2-hr period.16

6-Bromobenzo [A (quinoline (6).—The quinoline 6 
was treated with magnesium as described above, and 
the mixture was subsequently treated with carbon

(8 ) J. Overhoff and W. Proost, Red. Trav. Chim. Pays-Bas, 57, 179 (1938).
(9) H. Gilman and J. L. Towle, ibid., 69, 428 (1950).
(10) (a) J. P. Wibaut and L. G. Heeringa, ibid., 74, 1003 (1955), obtained 

a low yield of diphenyl-(2 -quinolyl)carbinol from 2 -bromoquinoline but con
cluded that the use of Grignard reagents in the quinoline series was not of 
preparative value; (b) R. F. Knott, J. Ciric, and J. G. Brechenridge, Can. 
J. Chem., 31, 615 (1953).

(11) Quinoline lithium reagents have been successfully used for this pur
pose. Cf. (a) A. Burger and R. N. Pinder, J. Med. Chem., 1A, 267 (1968); 
(b) C. J. Ohnmacht, A. R. Patel, and R. E. Lutz, ibid., 14, 926 (1971).

(12) F. W. Bergstrom and S. H. McAllister, J. Amer. Chem. Soc., 52, 2847 
(1930).

(13) H. Gilman and G. C. Gainer, J. Amer. Chem. Soc., 71, 2327 (1949).
(14) F. W. Bergstrom and S. H. McAllister, J . Amer. Chem. Soc., 52, 

2845 (1930).
(15) K. Ziegler and H. Zeiser, Justus Liebigs Ann. Chem., 485, 174 (1931).
(16) The entraining reagent (1 ,2 -dibromoethane) was not required in 

all cases; however, higher yields of products were obtained when it was 
employed, and the procedure was adopted as standard.
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T able II

9 R Mp, °C
Composition, witbin 

0.3% of calcd value for Yield, % V900~ 760, cm 1

a H 113-115 C, H, N a 810 (s), 790 (s), 751 (s)
b Br 224r-227 C, H, N 63-77 892 (m), 851 (xn), 790 (m), 760 (s)
c COOH 332-336, dec C, H, N 42-556 900 (m), 788 (s), 750 (s)
d D 113-115 56e 889 (m), 810 (m), 790 (m), 772 (s), 750 (m)
e MgBr Not isolated

« Obtained as a by-product from all reactions of 8e. b Mp 324-327°, 42% (pure) from glacial acetic. e 60% deuterium incorporation.

Sch em e  I Sch em e  III
Br
I B r y v \

rrS (CH,C%:=0 Mg

y
n h n h 2

HCl + CH3COOH, 
84%

6

THF

C.H.HpCCI.

^ ^ N ^ C H R
I

MgBr (Li)

dioxide and benzaldehyde. In neither case was there 
any evidence (ir) for the formation of carboxylic acid 
or alcohol. The minor product (13%) was identified 
as benzojbjquinoline (7) and the major product (74%) 
was a dimer to which structure 8 is assigned (Scheme
III) . The dimer showed composition, nmr spectrum, 
and mass spectrum (molecular ion peak at m /e  356; 
second most intense peak at m /e  178) consonant with 
the proposed structure. Assignment of symmetric cou
pling at the 6 position was based on the infrared spec
trum of 8, which showed no strong peak near 810 cm-1 , 
an absorption which was observed for 7, 3a, and 9a, 
in which there are two isolated adjacent aromatic 
hydrogen atoms.

The mechanism for coupling to 8 is not known; how
ever, nucleophilic aromatic displacement o f  th e  bromine 
(which could be catalyzed by a complex between the 
nitrogen and magnesium bromide) by Grignard re
agent was shown not to occur. When 6 was treated 
with phenylmagnesium bromide, under conditions

where coupling to 8 was observed, only unreacted 6 
(87% recovery after purification) was isolated. The 
lack of reactivity of 6 with phenylmagnesium bromide 
lends further support for the symmetric structure for 8, 
since it suggests that addition of Grignard reagents 
across the azomethine linkage is not a significant side 
reaction.

6-Bromo-3-chloro-2,4-dimethylbenzo [h jquinoline 
(9b).-—5-Bromo-2,3-dimethylbenzo[(/]indole was pre
pared (6 1%  yield) from 1 and methyl ethyl ketone 
(Fisher synthesis) and was converted to 9b by reaction 
with phenyl (trichloromethyl) mercury.

Reaction of the Grignard reagent prepared from 9b 
with carbon dioxide gave a single acid 9c (Table II)

(55% crude, 43% pure), 3-chloro-2,4-dimethylbenzo- 
[h jquinoline (9a, 6%), and a dimer (~6 %) to which 
structure 10 is assigned.

In order to determine whether any exchange had oc
curred of the type shown in Scheme II, the Grignard 
reagent from 9b was treated with deuterium oxide and 
the products were separated by preparative tic. The 
deuterium derivative (9d) was isolated in 56% yield 
and dimer 10 was isolated in 6 %  yield; the position of 
deuterium was established by spectral evidence. The 
mass spectrum showed the molecular ion peak of 9d



(m /e  242) as the most intense peak with 60% deu
terium incorporation. The nmr spectrum showed no 
deuterium incorporation in the benzylic methyl groups, 
but did show incorporation of deuterium in the aro
matic region. The ir spectrum of 9d showed a different 
absorption pattern from 9a in the region corresponding 
to aromatic carbon-hydrogen bending vibrations; 9d 
showed absorption at 1185 (s), 889 (m), and 772 (s) 
cm-1 , bands which were not shown by 9a.

The dimeric product obtained from the D20 reaction 
was identical to that obtained from the reaction of 9e 
with carbon dioxide, and had spectra consonant with 
10. The mass spectrum showed a parent molecular ion 
corresponding to 10 (m /e  480); the intensity of the P +  
2 and P +  4 peaks corresponded to a compound with 
two chlorine atoms. The nmr spectrum showed only 
two benzylic methyl peaks ( t  6.63 and 6.80, consistent 
with symmetric structure). These data, coupled with 
the fact that the ir spectrum of 10 showed no intense 
absorption near 810 cm-1 , which was observed for all 
benzo[/i]quinolines (7, 3a, 8a) which contained two iso
lated aromatic hydrogen atoms, are rather convincing 
evidence that coupling was symmetric, as shown in 
structure 10.

13-Bromo-20-chloronaphtho[2',T: 12,13] [10](2,4)pyr- 
idinophane (3b).—The Grignard reagent 3n was 
treated with carbon dioxide and the acid 31 was ob
tained in high yield (~ 10 0 %  crude, 79% after re
crystallization). This product was identical to that 
obtained by hydrolysis of 3c, which was obtained by 
reaction of 3b with cuprous cyanide in dimethyl- 
formamide. The yield of pure acid from 3n was 60 
and 83%, respectively, in two subsequent reactions 
in -which the entrainment agent (1,2-dibromoethane) 
was not employed. The acid 31, as other 2-substituted 
benzo[A]quinolines, did not form a hydrochloride salt 
when its solution (tetrahydrofuran cosolvent) in 5 %  
hydrogen chloride was evaporated.17

The simplicity of the Grignard synthesis of 31 from 
3b provided the model for an improved one-step con
version of 3b into the ketone intermediate 3d. This 
was achieved by inverse addition of 3n to acetic anhy
dride in ether at Dry Ice-acetone temperature.18 A 
liquid by-product in this synthesis was identified as 4- 
bromobutyl acetate, which was shown to form rapidly 
from hot tetrahydrofuran and magnesium bromide, 
with subsequent reaction with acetic anhydride.

Pyridylmethanols of type 3k are important interme
diates in the preparation of antimalarial drugs and are 
usually prepared19 by reaction of the appropriate acid 
with excess 2-pyridyllithium followed by reduction 
(metal hydride) of the resulting ketone. Reaction of 
3n with pyridine-2-carboxaldehyde gave a mixture of 
the two diastereomeric racemates 3k in quantitative 
yield, and these were separated into the two racemic 
pairs by fractional crystallization. This sequence is a 
superior route for the introduction of such functional 
groups into systems which form stable Grignard re
agents.

While Grignard reagents are not generally consid

(17) R. E. Lutz, et al„ J. Amer. Chem. Soc., 68, 1813 (1946), reported 
that 2 ,8 -disubstituted quinolines do not lead to stable hydrobromides, pre- 
sumably for steric reasons.

(18) M. S. Newman and A. S. Smith, J. Org. C h em 13, 592 (1948).
(19) D. W. Boykin, Jr., A. R. Patel, and R. E. Lutz, J. Med. Chem., 11,

273 (1968).
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ered useful intermediates for synthetic conversions in 
quinoline systems, these results establish that they are 
quite useful in the naphthopyridinophane series, and 
are useful to a lesser, but still practical, extent with 2 - 
alkylbenzo [h ]quinolines (9b). The stability and utility 
of these reagents is apparently not related to the de
creased acidity20 of a - or 7 -alkyl hydrogen atoms in 3, 
since no interchange of the type shown in Scheme II  
was noted for 9b. Furthermore, studies of the reaction 
of 5 with magnesium, followed by carbonation, indicate 
that a rather complex mixture of products is formed.

Coupling can become the major reaction in the 
naphtho[/i (quinoline series, as shown for 6. While the 
mechanism of coupling is not known, the lack of cou
pling parallels steric hindrance of the azomethine 
linkage.

All of the benzo[/i]quinolines studied showed an 
aromatic hydrogen absorption (nmr) at low field (r  
0.66 in 6). This observation is consistent with R. H. 
Martin21 and coworkers’ assignment of this hydrogen as 
the one marked 10 in formula 6 .

Experimental Section
Analyses were performed by the M -H-W  Laboratory, Garden 

City, Mich. Infrared spectra were obtained on a Perkin-Elmer 
Model 257 spectrometer. Ultraviolet spectra were obtained on 
a Beckman Model DK-A. Nuclear magnetic resonance spectra 
were obtained on a Yarian Associates Model T-60 spectrometer. 
Melting point data were obtained with a Mel-Temp, and were 
uncorrected unless otherwise indicated. Petroleum ether is bp
60-70°, unless otherwise noted.

Benzo[/i]quinolines.— Procedure A, using phenyl (trichloro- 
methyl)mercury, was similar to that reported in ref 3; however, 
the hydrochloride salts of the resulting quinolines were not em
ployed. Procedure B, using sodium trichloroacetate, was similar 
to those described in ref 6. Compounds were purified by chro
matography [alumina, petroleum ether-benzene (5-50% ) as 
eluent]. Most physical data are reported in Table I and only 
supporting data as to procedure are reported here.

13-Bromo-20-chloronaphtho[2',l': 12,13] [10] (2,4)pyridinophane 
(3b). Procedure A. From Indole 2 (0.70 g, 1.82 mmol). 
— Product was purified by chromatography (Alcoa F-20 alumina) 
using petroleum ether-15% benzene as eluent, and was recrystal
lized from petroleum ether. Procedure B.— It was important 
to dissolve the sodium trichloroacetate by careful warming prior 
to adding indole to avoid tar formation. Yield was 91% (from 
petroleum ether) from 3.0 mmol of indole and 9.0 mmol of salt; 
yield was 60% when scale of reaction was increased tenfold.

9-Bromo-16-chloronaphtho[2',l':8,9] [6] (2,4)pyridinophane
(4) was obtained from 5-bromo-7,8,9,10,ll,12-hexahydro-13Ii- 
benzo[p]cyclooct[6]indole (0.352 g) by procedure A (as for 3b): 
yield 0.308 g (77%), mp 187-189°; uv^T"'1“ '  218 (log 
c 4.40), 266 (4.62), 279 (4.56), 296 (sh, 4.15), 305 (sh, 4.02), 
318 (3.94), 355 (3.39), 372 (3.42).

Anal. Calcd for CI9H17BrClN: C, 60.90; H, 4.57; N,
3.74. Found: C, 60.97; H, 4.40; N, 3.54.

13-Bromo- 18-chloro-12,13-benzo [ 10] (2,4)pyridinophane (5) 
was obtained from 2-bromo-5,6,7,8,9,10,ll,12,13,14,15-undeca- 
hydrocyclododec[b]indole (26.5 g, 0.079 mol) by procedure B; 
yield was 41% (mp 96-98°).

Anal. Calcd for Ci9H23NBrCl: C, 59.91; H, 6.09; N, 3.68.
Found: C, 60.13; H, 6.22; N, 3.54.

20-Chloronaphtho[2',l': 12,13] [10] (2,4)pyridinophane (3a) was 
obtained from 7,8,9,10,ll,12,13,14,15,16-decahydro-17I7-benzo-

(20) It has been shown (ref 3) that substituents on the a-methylene carbon 
atom in the pyridinophane structure are resistant to SnI and Sn2 reactions, 
and it has been suggested that steric factors do not favor stabilization of a 
developing carbonium ion (sp2 carbon) at this center. Similarly, one would 
not expect oarbanions to be easily formed at this position. D. J. Cram and 
L. A. Singer, J. Amer. Chem. Soc., 8 6 , 1084 (1963), have shown that, as the 
ring size in paracyclophanes is decreased, the acidity of benzylic methylene 
is decreased.

(21) R. H. Martin, N. Defay, F. Geerts-Evrard, and D. Bogaert-Verhoo- 
gen, Tetrahedron, Suppl. 8, Parti, 181 (1966).
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[p] cyclododec[6]indole (1.00 g) by procedure A: yield 0.82
g (71%); mp 129-131°; uv'J.t”“ “ ' 214 mM (log e 4.43) 221 
(4.38), 242 (sh, 4.59), 247 (4.63), 253 (sh, 4.57), 273 (4.47), 285 
(sh, 4.20), 304 (3.87), 322 (3.38), 337 (3.68), 353 (3.81).

Anal. Calcd for C23H26C1N: C, 78.50; H, 7.45; N, 3.98. 
Pound: C, 78.61; H, 7.52; N, 3.92.

6-Bromobenzo[7i] quinoline (6) was prepared from 4-bromo-a- 
naphthylamine using a general procedure for the Skraup synthe
sis reported by Manske, et a l 22 The pale green crystals (11.00 g, 
43%  yield, mp 112-113°) gave light yellow needles (mp 117— 
119°, lit.22 23115-116.5°) when recrystallized from petroleum ether.

6-Bromo-3-chloro-2,4-dimethylbenzo [A,] quinoline (9b, Table 
II) was obtained from 5-bromo-2,3-dimethylbenzo[g]indole (3.00 
g, 0.11 mol) by procedure A. The precipitate contained phenyl- 
mercuric chloride and some 9b. Combined precipitate and 
solid, obtained by removal of benzene, was chromatographed 
over 235 g of alumina using petroleum ether-benzene (to 25%) 
as eluent to give 9b as white crystals: 2.69 g, 77% yield, mp 
223-227°; yield 63% , mp 224-227° from petroleum ether; 
uv':;“ “ ”  212 mM (log e 4.32), 225 (sh, 4.33), 231 (4.36), 
247 (sh, 4.59), 252 (4.69), 262 (sh, 4.43), 272 (4.50), 282 (sh, 
4.22), 292 (4.05), 304 (4.10), 322 (3.48), 332 (sh, 3.30), 337 
(3.81), 348 (sh, 3.30), 354 (3.91).

4-Bromo-a-naphthylhydrazine (1).— 4-Bromo-a-naphthyl- 
amine (25.0 g) was converted to 1 by a modification of the pro
cedure reported by Plant and Tomlinson.24 25 The diazonium 
salt was reduced with stannous chloride as described in ref 24. 
The mixture was cooled; the solid was collected and crystallized 
from water-20% ethanol to give the hydrochloride of 1 as silver 
needles. This procedure is simpler than that previously re
ported. The free base is unstable to air and was stored as the 
hydrochloride. The hydrazine 1 was generated as needed by 
treating the salt with aqueous sodium acetate. The solid was 
crystallized from ethanol to give orange needles (66% overall 
yield, mp 134-136° dec, lit.24 mp 138-139°).

Indoles.— Buu-Hoi, et a l . , 26 reported the preparation of anal
ogous indoles by treating the corresponding hydrazones with 
glacial acetic acid saturated with hydrogen chloride. When 
these conditions were employed, only black tars were isolated; 
much better results were obtained when only 1 equiv of hydro
gen chloride was used.

5-Bromo-7,8,9,10,11,12-hexahydro-13//-benzo[g ] cyclooct [6] - 
indole (Precursor to 4).— The hydrazine 1 (0.85 g, 3.6 mmol) 
was added to a 125-ml flask along with 5 ml of ethanol and five 
drops of glacial acetic acid. Cyclooctanone (0.455 g, 3.6 mmol) 
was added and the mixture was heated for 45 min. The red 
oil obtained by removal of solvent was added to 15 ml of glacial 
acetic acid. One milliliter of glacial acetic acid saturated with 
hydrogen chloride was added and the mixture was heated at 
reflux for 2 hr. The product was poured into water and the 
mixture was extracted with benzene. The benzene was washed 
(aqueous Na2C 03), dried (Na2S04), filtered from charcoal, and 
concentrated. The red oil was crystallized from petroleum ether 
and from ethanol-water to give the indole as light yellow needles 
[0.70 g, 59% yield, mp 112-114°; w - h  3410 cm -1] .

Anal. Calcd for C18H,8BrN: C, 65.85; H, 5.53; N, 4.27. 
Found: C, 65.79; H, 5.45; N .4.18.

5-Bromo-7,8,9,10,ll,12,13,14,15,16-decahydro-17.ff-benzo[<;)- 
cyclododec[6]indole (2) (Precursor to 3b).— The procedure was 
essentially identical to that described above but cyclododecanone 
was employed. An acetic acid solution of hydrazone and hy
drogen chloride (1 equiv) was heated at the reflux temperature 
for 75 min; then the solution was quenched with ice water and 
the solid product was filtered and crystallized from ethanol-20% 
benzene to give white needles [10.15 g, 71%, yield, decomposi
tion starts at 145°; v n - h  3420 (s) cm-1] .

Anal. Calcd for C22H26BrN: C, 68.75; H, 6.82; N, 3.65; 
By, 20.78. Found: C, 68.73; H, 6.67; N, 3.53; Br, 21.09.

7,8,9,10,ll,12,13,14,15,16-Decahydro-17//-benzo[(/]cyclodo- 
dec[i]indole (Precursor to 3a).—The procedure was that de
scribed above using a-naphthylhydrazine26 and cyclododecanone. 
The crude product was chromatographed (alumina; eluent, petro
leum ether-50% benzene) and the indole was obtained as a yellow

(22) R. H. F. Manske, Leo Marion, and F. Leger, Can. J. Res. Sect. B, 
2 0 ,  133 (1942).

(23) W. P. Utermohlen, Jr., and C. S. Hamilton, J. Amer. Ckem. Soc., 
63, 156 (1941).

(24) S. G. P. Plant and M. L. Tomlinson, J. Chem. Soc., 2192 (1932).
(25) Ng. Ph. Buu-Hoi, P. Jacquignon, and T. B. Loc, ibid., 738 (1958).
(26) E. Fischer, Justus Liebigs Ann. Chem., 232, 236 (1886).

oil which was crystallized from petroleum ether to give the indole 
as yellow clusters [2.17 g, 72% yield, mp 102-106°; vn- h 3460 
(s) cm-1] . Recrystallization from ethanol-water yielded white 
clusters (mp 105-106.5°).

Anal. Calcd for C22H27N: C, 86.50; H, 8.91; N , 4.59. 
Found: C, 86.33; H .9.01; N .4.44.

3-Bromo-5,6,7,8,9,10,11,12,13,14,15-undecahydrocyclododec-
[6]indole (Precursor of 5).— Prepared from 4-bromophenyl- 
hydrazine (22.3 g, 0.1 mol) and cyclododecanone (18.2 g, 0.1 
mol) by general procedure of Buu-Hoi, et al.26 Product was 
purified by recrystallization from petroleum ether (97% yield, 
mp 93-95°).

Anal. Calcd for Ci8H24BrN: C, 64.69; H, 7.18; N , 4.19; 
Br, 23.9. Found: C, 64.50; H, 7.36; N, 4.06; Br, 23.84.

5-Bromo-2,3-dimethylbenzo[gj indole (Precursor to 9b).—■ 
The procedure described above did not provide this indole; a 
modification of the procedure reported by Atkinson, et al.,21 using 
boron trifluoride etherate in acetic acid was employed. The 
black oil gave the indole [5.65 g, 61% yield, mp 92° dec; h 
3405 (s) cm-1] as tan needles subsequent to chromatography 
(alumina, petroleum ether-diethyl ether as eluent) and recrystal
lization .

Anal. Calcd for C»Hi2BrN: C, 61.32; H, 4.42; N, 5.11. 
Found: C, 61.54; H, 4.49; N, 5.03.

Solutions of the indole in CC14 or CHCh rapidly turned to a 
purple dye when exposed to air.

20-Chloronaphtho[2',l': 12,13] [10] (2,4)pyridinophane-13-ni- 
trile (3c) was prepared from 3b (2.15 g, 0.005 mol) and cuprous 
cyanide in dimethylformamide (6 hr at 155-160°) by the proce
dure described by Friedman and Schechter.28 The yellowish- 
white crude nitrile [yield 1.78 g (100%), mp 229-230°] was re
crystallized from benzene-petroleum ether to give colorless crys
tals (1.54 g, 86% yield, mp 231-232°; xCn 2208 c m '1).

20-Chloronaphtho[2',l': 12,13] [10] (2,4)pyridinophane-13-car- 
boxylic Acid (31). (1) From 3c.— The nitrile 3c (1.25 g) was hy
drolyzed with potassium hydroxide in glycerol (180°, 15 hr) by 
the procedure described by Campbell, et al A 5 The crude prod
uct was purified by chromatography (silica gel with chloroform 
and chloroform-methanol as eluent) to give 3c (36% recovery) 
and 31 (54% yield crude; 0.44 g, 33% from ethanol, mp 280- 
282°).

(2) General Grignard Procedure.—A mixture of quinoline 
3b (4.00 g, 9.29 mmol), magnesium turnings, (0.544 g, 0.0224 
g-atom, 20%  excess), and dry tetrahydrofuran (50 ml distilled 
from LiAlH4) was heated in a glass apparatus (flame dried under 
nitrogen) at the reflux temperature under an atmosphere of ni
trogen. 1,2-Dibromoethane (1.74 g, 9.2 mmol in 17 ml of tetra
hydrofuran) was added dropwise over a 2-hr period while main
taining the reaction solution at the reflux temperature. The 
solution was then maintained at the temperature for an addi
tional 30 min. After cooling the reaction solution to room tem
perature, dry carbon dioxide (Matheson) was bubbled through 
the solution for 2.5 hr and then 5%  aqueous hydrochloric acid 
(15 ml) was added. The solvent was evaporated and the re
sulting crude solid was washed with 5%  hydrochloric acid and 
water. After drying (vacuum desiccator), the product was 
crystallized from ethyl acetate to small white needles (2.92 g, 
79% yield, mp 280-284°) which showed an undepressed mixture 
melting point when admixed with 31 obtained from nitrile.

20-Chloronaphtho[2',l': 12,13] [10] (2,4)pyridinophan-13-yl 
Methyl Ketone (3d). (1) From 3c.— The ketone was prepared
by reaction of 3c (0.753 g) with methylmagnesium iodide by the 
general procedure of Callen, et al.22 The product was purified 
by chromatography [silica gel, benzene-petroleum ether (30% ) 
as eluent] to give 3c (0.24 g) and 3d (57% yield, mp 207-208° 
from benzene-petroleum ether; v c - o  1690 cm -1).

(2) From 3n.— The Grignard reagent prepared as described 
for 31 was slowly added to a diethyl ether solution of acetic an
hydride at ~  —70° by the general procedure described by New
man and Smith,18 and was purified by chromatography as de
scribed above; the methyl ketone (3d) from the column was 
washed with petroleum ether and dried (mp 210-211°, 70%  
yield). The petroleum ether washings were concentrated to 
the 4-bromobutyl acetate by-product.

(27) C. M. Atkinson, J. C. E. Simpson, and A. Taylor, J. Chem. Soc., 
165 (1954).

(28) L. Friedman and H. Shechter, J. Org. Chem., 26, 2522 (1961).
(29) J. E. Callen, C. A. Dornfeld, and G. H. Colerman, Org. Syn., Coll. 

Vol. 3, 26 (1964).



(3) From 31.— A solution of 31 (0.70 g) in tetrahydrofuran 
was treated with methyllithium (4 equiv) at room temperature. 
The solution was stirred for 30 min and then quenched with 
water. The solvent was evaporated and the crude product was 
chromatographed (silica gel, eluent, petroleum ether-to 50% 
benzene) to give 3d (32% yield, mp 212.5-214°) subsequent to 
crystallization from petroleum ether.

(4) From 3e.— Attempts to prepare the corresponding bromo- 
hydrin by reduction of 3e by the general procedure of Winstein, 
et al.,™ (Meerw'ein-Ponndorf reduction) gave primarily ketone 3d.

20-CWoronaphtho[2',l': 12,13] [10] (2,4)pyridmophan-13-yl 
Bromomethyl Ketone (3e).— A variety of conditions4,6 were ex
plored with yields of 3e varying from 030 31 to 88%. Bromine (2.4 
g, 0.015 mol) in acetic acid (30 ml) was added dropwise over a
1.5-hr period to a boiling solution of 3d (5.90 g, 0.015 mol) in 
glacial acetic acid (210 ml). The solid, obtained by cooling the 
mixture and dilution with water, was extracted with chloroform 
and the extract was washed (aqueous sodium bicarbonate, water) 
and dried. The solid (7.83 g, mp 200-205°) obtained by evap
oration of chloroform was purified by chromatography (silica 
gel, 400 g). The first product, eluted with benzene-petroleum 
ether, was dibromide 3o (1.0 g, 12% yield, mp 161-162°; mp 
164° from petroleum ether; rC-o  1692 cm -1). The second frac
tion, eluted with benzene was monobromide 3e (6.19 g, 88% 
yield, mp 207-208° from chloroform-petroleum ether; r o o  
1700 cm-1). The third fraction also eluted with benzene was 
recovered 3d (3.4%).

Attempts to reduce 3e to the epoxide with sodium borohydride 
in methanol32“ gave recovered 3e (85% ); reduction with sodium 
borohydride in diglyme32b gave a mixture of five products (tic).

20-Chloro-a-(di-n-heptylaminomethyl)naphtho [2', 112,13] -  
[10] (2,4)pyridinophane-13-methanol (3g).— Di-n-heptylamine
(0.266, 1.25 mmol) in dry benzene (20 ml) was added over a 
period of 1 hr to a solution of 3e (0,236 g, 0.50 mmol) in dry 
benzene (30 ml) at 30° under nitrogen. The mixture was stirred 
for 24 hr and concentrated (rotatory evaporator); dry diethyl 
ether was added and di-n-heptylamine hybromide (135.5 mg, 
94.4%) was filtered. The filtrate (which was kept at 30°), con
taining excess amine and ketone 3f (rc-o 1680 cm-1), was added 
dropwise to a stirred suspension of LiAlH4 (80 mg, 0.002 mol) in 
dry diethyl ether (20 ml) maintained at gentle reflux. The mix
ture was heated for an additional 40 min and was then cooled, 
filtered, and concentrated to an oil [di-n-heptylamine and 3g 
(~ 100%  yield)]. The mixture was chromatographed over silica 
gel. Elution with 2%  methanol in benzene gave one racemic 
isomer (154 mg, 52% yield, mp 130-131° from petroleum ether). 
Further elution of the column with the same eluent gave the 
second diastereomer contaminated with some di-n-heptylamine. 
This product was rechromatographed (same conditions) to give 
the second racemic isomer as an oil with composition calculated 
for C38H59C1N20 . Differences in Rt values and ir spectra sug
gested that the second isomer was free of the first.

20-Chloro-a-(di-n-butyiaminomethyl)naphtho[2',l': 12,13] [10]- 
(2,4)pyridinophane-13-methanol (3i) was prepared from 3e and 
di-ra-butylamine as described for 3g. The intermediate ketone 
3h ( rc-o 1675 cm 4) was unstable. The diastereomeric race- 
mates (3i) were obtained as an oil (0.24 g, 82% yield) and no reso
lution was achieved by chromatography as described for 3g.

20-Chloro-a-(2-pyridyl)naphtho[2',l': 12,13] [10] (2,4)pyridino- 
phane-13-methanol (3k).—The Grignard reagent 3n (from 4.00 g,
9.27 mmol of 3b) was prepared as described in the preparation 
of 31, and was treated with freshly distilled 2-pyridinecarboxy- 
aldehyde (0.99 g, 9.27 mmol) at ice bath temperature; the mix
ture was allowed to warm to 30° before quenching with water. 
The dry oil obtained subsequent to neutralization (aqueous 
NH(C1) and extraction (diethyl ether) was chromatographed 
(silica gel; eluent, petroleum ether to diethyl ether), and 4.35 g 
(100% crude yield, mp 152-166°) of a mixture of the two di
astereomeric racemates of 3k was obtained. The mixture con
tained approximately 50% of each racemate (determined by 
nmr, the aromatic 12H proton absorbs at r 2.00 for isomer A 
and at r 2.14 for isomer B).

The mixture was crystallized from 95%  ethanol and then 20% 
chloroform in petroleum ether to give isomer A as white crystals

(30) (a) S. Winstein, T. L. Jacobs, R. B. Henderson, and W. H. Florsheimi 
/ .  Org. Chern., 11, 150 (1946); (b) S. Winstein, et al., J. Amer. Chem. Soc., 
6 8 , 1831 (1946).

(31) E. May and E. Mosettig, J. Org. Chem,., 11, 10 (1946).
(32) (a) S. W. Chaikin and W. G. Brown, J. Amer. Chem. Soc., 71, 122

(1949); (b) E. T. McBee and T. M. Burton, ibid., 74, 3022 (1952).

Grignard Reagents from Bromobenzo [h Jquinolines

(mp 173-186°) in 40% yield (pure by nmr spectroscopy at r
2.00). Several recrystallizations of a sample with the composi
tion calculated for C29H31C1N20  did not sharpen the broad melting 
range.

The mother liquors from the above purification were concen
trated and the resulting material was crystallized (20% CHC13 
in petroleum ether) to give isomer B as white crystals (mp 174- 
176°) in 18% yield (pure by nmr spectroscopy at r 2.14). The 
two diastereomers showed similar but not identical spectra and 
a mixture melting point of the two was depressed (mmp 157- 
179°).

When a 50% molar excess of 2-pyridinecarboxyaldehyde was 
used and the mixture was heated at the reflux temperature for 
30 min, a third component (3j) was formed and isolated in 20% 
yield (rc-o 1672 cm-1). The crude reaction mixture was sep
arated by column chromatography (silica gel; eluent, petroleum 
ether to 80% diethyl ether) to give 3a in 8% , 3j in 20%, and 3k 
in 61% yield.

Reaction of 6 with Magnesium.— 6-Bromobenzo[k]quinoline
(6) (2.40 g) was reacted with magnesium as described for the 
preparation of 31 and carbon dioxide was introduced (2 hr) fol
lowed by the addition of 5%  aqueous hydrochloric acid (15 ml). 
The solvent (TEF) was removed and dimer 8 was collected as 
a tan solid (74% yield, mp 325-330°). The dimer was most 
readily purified by sublimation (little loss) at 250° (0.005 mm): 
mp 342-345°; 225 mM (sh, log e 4.75), 235 (4.86),
270 (4.70), 297 (sh, 4.19), 316 (371), 331 (3.76), 347 (3.78); 
nmr (12% in trifluoroacetic acid, areas relative to 16 protons) 
r 0.48-0.89 (m, 5.5), 1.39-2.36 (m, 10.5); mass spectrum, base 
peak 356 (molecular ion), 178 (monomer), 29% of base peak.

Anal. Calcd for C26Hi6N2: C, 87.61; H, 4.52; N, 7.86. 
Found: C, 87.53; H, 4.71; N, 7.70.

The acid filtrate from above was evaporated to dryness and 
extracted with chloroform (no carboxylic acid in extract). The 
residue, after removal of chloroform, was dissolved in water, 
made basic, and extracted with ether. The oil obtained from 
the ether extract was chromatographed [Alcoa F-20, petroleum 
ether-diethyl ether (to 25%)] to give benzo[/i]quinoline (7) 
(13.3%, mp 49-52°, lit.33 52°; ir spectrum identical with that 
published).34

Reactions of 9b with Magnesium. (1) Isolation of Acid 9c, 
Quinoline 9a, and Dimer 10.— The reaction of 9b (1.00 g, 3.12 
mmol) with magnesium anc carbon dioxide was effected as de
scribed for 6. The reaction was quenched with 5%  hydrochloric 
acid (6 ml), and after the mixture was stirred for 1 hr, the solvent 
was removed (rotatory evaporator) to a gray solid. A portion 
(0.329 g) of the gray solid thus obtained (0.817 g) was heated 
with benzene (25 ml, 4 hr). Acid 9c [rc-o 1684 (s) cm-1] was 
insoluble in benzene; the extract contained 9a (~ 6 % )  and dimer 
10 (-—-6%), which were separated by preparative tic (25 g of 
silica gel PF254 on 20 X  20 cm plate using petroleum ether-50 % 
benzene). The band with R, 0.60 was 9a (0.018 g, 6%  yield, 
mp 113-115° from pentane): nmr (5%  w /v  CDC13) r 0.56-0.75 
(m, 1 ArH at 10 position), 2.04-2.40 (m, 5.0, ArH), 7.12 (s, 3.0, 
CH„), 7.25 (s, 3.0, CHa).

Anal. Calcd for CI6H 12C11S!: C, 74.52; H, 5.00; N , 5.79. 
Found: C,74.33; H .5.14; N, 5.72.

The band with Rt 0.37 was dimer 10 (0.10 g, 6%  yield, mp 
330-334°): ir 3040 (w), 2903 (m), 2840 (w), 1580 (m), 1505 (nr), 
1438 (s), 1382 (s), 1010 (s), 865 (m), 768 (s), 750 (w), 740 (m), 
730 (m) cm-1; mass spectrum, molecular ion (m/e 480, base 
peak), intensity of P +  2 (66% of parent peak) and P +  4 (14% 
of parent peak) corresponding to 2 chlorines.

(2) Isolation of 9d.— The reagent 9e was formed from 9b 
(0.316 g) as described above and treated with deuterium oxide 
(2 ml); solvent was removed and the residue was extracted with 
chloroform. The solid obtained from the extract was purified 
by preparative tic as described above. The derivative 9d was 
obtained in 56% yield: mp and mmp (with 9a) 114-115.5°;
ir showed additional bands at 1185 (w), 889 (m), 772 (s) cm - ; 
nmr (10% in CDC13) (areas relative to 11.4 protons) t  0.60-0.88 
(m, 1.0, ArH at 10 position), 2.05-2.44 (m, 4.4, ArH), 7.16 
(s, 3.0, CH3), 7.33 (s, 3.0, CH3); mass spectrum showed molec- 
cular ion peak (m/e 242) as base peak and 60% deuterium in
corporation. The dimer 10 (0.015 g, 6%  yield, mp 323-325 )
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(33) E. Bamberger and L. Stettenheimer, Ber., 24, 2473 (1891).
(34) "Sadtler Index of Infrared SpectraT Sadtler Research Laboratories, 

Philadelphia, Pa., 1967, No. 8691K.
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was also isolated from the preparative tic plate [ir spectrum iden
tical to that obtained as described in (1), above].

Registry N o .- l ,  35158-78-2; 2, 35158-79-3; 3a, 
35158-80-6; 3a (precursor to), 13226-05-6; 3b, 35158- 
82-8; 3c, 35158-83-9; 3d, 35158-84-0; 3e, 35158-85-1; 
3g (one racemic isomer), 35158-86-2; 3g (second 
racemic isomer), 35158-87-3; 3i (one racemic isomer), 
35158-88-4; 3i (second racemic isomer), 35158-89-5; 
3j, 35158-90-8; 3k (one racemic isomer), 35158-91-9;

3k (second racemic isomer), 35158-92-0; 31, 35158-93-1; 
3m, 35158-94-2; 3o, 35191-47-0; 4,' 35158-95-3; 4 
(precursor to), 35158-96-4; 5,35158-97-5; 5 (precursor 
to), 35158-98-6; 8, 35158-99-7; 9a, 35159-00-3; 9b, 
35159-01-4; 9b (precursor to), 35159-02-5; 9c, 35159-
03-6; 9d, 35159-04-7; 10,35159-05-8.

Acknowledgment.—The authors wish to thank Mrs.
T. T. Sun for the preparation of 5.

M e d i u m - S i z e d  C y e l o p h a n e s .  X I I I .

A  H i g h l y  S e l e c t i v e  C y c l o i s o m e r i z a t i o n  R e a c t i o n  o f  [ 2 . 2 ] M e t a c y c l o p h a n e s  

t o  l , 2 , 3 , 3 a , 4 , 5 - H e x a h y d r o p y r e n e s  I n d u c e d  b y  I o d i n e 1

T a k e o  Sa t o * a n d  K o za b u r o  N ish iy a m a  

Department of Chemistry, Tokyo Metropolitan University, Setagaya, Tokyo 168, Japan 

Received February 18, 1972

[2.2]Metacyclophane (I) underwent an iodine-induced cycloisomerization reaction to give l,2,3,3a,4,5-hexa- 
hydropyrene (III) with remarkable ease and in high yield. The generality of the isomerization has been estab
lished using several alkyl derivatives (V -VII), which gave the corresponding hexahydropyrenes (VTII-XII), and 
efficacious reaction conditions have been broadly examined. Cross experiments using [2.2]metacyclophane-
8,16-di indicate the reaction might to involve intermolecular hydrogen transfer. Competitive experiments be
tween I and alkyl derivatives suggest that a x-complex mechanism might apply.

Owing to electronic interactions between two benzene 
rings, the proximity of 8,16 positions, and the consider
able strain energy, [2.2]metacyclophane (I) is prone to 
give transannular reaction products.2 These are 
mostly explained by the initial formation of a dehydro
genation product, 4,5,9,10-tetrahydropyrene (IV) 
(Scheme I) . It has been isolated under electrophilic,3-6 
radical,7 and photolytic reaction conditions4’8'9 to
gether with other transformation products derived from
IV.

Nitration with benzoyl nitrate5 (reactive species, 
N206), which is preferred over nitric acid3 for stoichio
metric control and for homogeneous reaction conditions 
or bromination using iron catalyst3’6 afforded substi
tuted 4,5,9,10-tetrahydropyrene via IV . Attempted 
iodination of I  using iodine and silver perchlorate4'6 or 
iodine chloride6 gave a high yield of IV . No further 
iodination occurred under the reaction conditions.

(1) Part X II: T. Sato, M. Wakabayashi, K. Hata, and M. Kainosho, 
Tetrahedron, 27, 2737 (1971). For a preliminary account, see T. Sato, K. 
Nishiyama, and A. Murai, Chem. Commun., 163 (1972).

(2 ) Reviews: R. W. Griffin, Jr., Chem. Rev., 63, 45 (1963); B. H. Smith, 
“ Bridged Aromatic Compounds,“  Academic Press, New York, N. Y ., 1964; 
T. Sato, Kagaku no Ryoiki, 23, 672, 765 (1969); T. Sato, Nippon Kagaku 
Zasshi, 92, 277 (1971).

(3) The formation of 2-nitro-4,5,9,10-tetrahydropyrene by the nitration 
with nitric acid was first explained by the oxidation of nitrated precursor 
and the possibility of an intermediacy of IV was eliminated [N. L. Allinger, 
M. A. DaRooge, and R. B. Hermann, J. Amer. Chem. Soc., 83, 1947 (1961)]. 
In the revised mechanism, which conforms with our results, IV is postulated 
as an intermediate [N. L. Allinger, B. J. Gordon, H.-E. Hu, and R . A. Ford, 
J. Org. Chem., 32, 2272 (1967)].

(4) T. Sato, E. Yamada, Y. Okamura, T. Amada, and K. Hata, Bull. 
Chem. Soc. Jap., 38, 1049 (1965).

(5) M. Fujimoto, T. Sato, and K. Hata, ibid., 40, 600 (1967).
(6 ) T. Sato, M. Wakabayashi, Y . Okamura, T. Amada, and K. Hata, 

ibid., 40, 2363 (1967).
(7) For example, the reaction of I with BPO or diisopropyl peroxydicar

bonate gave IV along with substituted I (unpublished results).
(8 ) T. Sato, M. Wakabayashi, S. Hayashi, and K. Hata, Bull. Chem. Soc. 

Jap., 42, 773 (1969); H. Shizuka, K. Sorimachi, T. Morita, K. Nishiyama, 
and T. Sato, ibid., 44, 1983 (1971); S. Hayashi and T. Sato, ibid., 45, 2360 
(1972).

(9) T. Sato, K. Nishiyama, S. Shimada, and K. Hata, ibid., 44, 2858 
(1971).

Sch em e  I

A similar dehydrogenation-substitution scheme was 
postulated for a derivative of I .3’10'11 Photolysis of 
I  in the presence of iodine4’8 or a suitable oxidant9 
afforded IV  as the main product. Lack of conjugation 
between two aryl moieties in I  demands a different 
mechanism from that postulated for cfs-stilbene —►  
phenanthrene.12 It  is likely to involve photoexcita
tion of the charge-transfer complex between I  and iodine 
followed by dehydroiodination.8 With iodine as a 
reactant the formation of IV  is illustrated in Scheme 
I, where an addition-elimination mechanism is postu
lated for the attack of an electrophile.

We have found still another type of iodine-induced 
reaction of I  which gives l,2,3,3a,4,5-hexahydropyrene
(III) with remarkable ease and with high selectivity.1 
When a benzene solution of I  containing iodine was 
warmed at 60°, I I I 13 was produced in a quantitative 
yield. These reactions carried out in benzene and 
cyclohexane are summarized in Table I. No reaction

(10) T. Sato, S. Akabori, S. Muto, and K. Hata, Tetrahedron, 24, 5557 
(1967).

(11) R. W. Griffin, Jr., and R. A. Coburn, J. Org. Chem., 32, 3956 (1967).
(12) F. R. Stermit2 in “ Organic Photochemistry,”  Vol. 1 , O. L. Chapman, 

Ed., Marcel Dekker, New York, N. Y ., 1967, p 249.
(13) J. W. Cook, C. L. Hewett, and I. Hieger, J. Chem. Soc., 355, 396, 398 

(1953).
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T a b l e  I
T he  F ormation o f  l,2,3,3a,4,5-HEXAHYDROPYRENE (III) 

from [2.2]Metacyclophane (I)°
Expt Temp, ,—Hydropyrene—'
no. MCP (M) h  (equiv) Solvent °C Hexa- Tetra-
1 0.33 0.8 c 6h 6 80 95 1.9
2 0.32 0.14 c 6h 6 60 100 0
3 0.31 0.12 C6ÏÎ6 80 63 4.9
4 0.24 0.11 c 6h 6 60 14 0
5 0.24 0.06 CeH6 60 0 0
6 0.16 0.82 CeHi2 80 84 6.0
7 0.013 0.53 
“ Reaction time, 20 hr.

CeHi2 60 0 0

occurred in ethanol, acetic acid,* carbon disulfide, or di- 
methylformamide.

Concentration of both the substrate and iodine has 
a marked effect on the formation of I II. Table I 
shows that the reaction rate is considerably lowered 
by using a lesser amount of iodine. Low concentration 
of I  (<0.013 M ) also retarded the reaction even when 
a sufficient amount of iodine was present. By con
trast, a photocyclodehydrogenation reaction occurred 
in dilute benzene or cyclohexane solution (~4 X 10~3 
M )  containing only a catalytic amount of iodine. The 
formation of I I I  was not noticed in the photolysis 
mixture except for those cases where rather concentrated 
solutions were exposed to sunlight in summer.

A small amount of iodinated material was formed 
when nearly equimolar iodine was employed. The 
only other by-product was IV  which was formed in a 
small amount depending on the reaction conditions. 
When these by-products were formed, hydrogen iodide 
was noticed in the reaction mixture, which itself, how
ever, was ineffective in the isomerization reaction. 
Iodine was found to be recoverable after the reaction 
as determined by titration of an aqueous extract.

That the cycloisomerization reaction is general to 
this class of compounds has been confirmed by using 
5,13-dimethyl- (V),10 4,14-dimethyl- (VI),14 * and 4,6,12,-
14-tetramethyl[2.2]metacyclophanes (V II).10 Under

v n

similar reaction conditions used for I  they gave high 
yields of the corresponding l,2,3,3a,4,5-hexahydropy- 
renes ( V III-X II; only one enantiomer is shown in 
the formula). Physical properties of the products are 
collected in Table II. There was no indication of

(14) T. Sato, S. Akabori, M. Kainosho, and K. Hata, Bull. G hem. Soc.
Ja-p., 39, 856 (1966); S. Akabori, T. Sato, and K. Hata, J. Org. Chem., 33,
3277 (1968).

Figure 1.— Uv absorption spectra of naphthalene (bottom) and 
l,2,3,3a,4,5-hexahydropyrenes in cyclohexane.

skeletal change nor alkyl migration. The only side 
reaction was the formation of the corresponding 4,5-
9,10-tetrahydropyrenes.

From combustion analysis and parent ion peaks in 
the mass spectra, the products were inferred to be iso
meric with the starting materials. The gross structures 
were indicated from the ir and uv spectra, which 
showed absorptions due to typical alkylated naph
thalene chromcphores (Figure 1, Table III) . Frag
mentation patterns in the mass spectrum were also in 
accord with the naphthalene structures. Detailed 
structural information including stereochemistry was 
gained from nmr measurements (Table IV ; see later 
section).

2,7-Dimethyl-l,2,3,3a,4,5-hexahydropyrene (VIII) 
was obtained by the similar treatment of V  with iodine. 
The structure v/as confirmed by dehydrogenation into
2,7-dimethylpyrene16 over palladium/charcoal. By re
peated chromatography on alumina, V III  was sepa
rated into two configurational isomers, V illa  and VUIb. 
In V illa  the methyl group at C-2 is cis to the hydrogen 
at bridgehead (C-3a) and exists in a quasiaxial arrange
ment, while the methyl group in V lllb  is trans to the 
hydrogen and takes a quasiequatorial position. The 
ratio of V illa  and VU Ib was 46:54 as determined from 
nmr spectra of the reaction mixture by integrating

(15) M. Orchin, L. Reggel, and R. A. Friedel, J. Amer. Chem. Soc., 74, 
1094 (1952).
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T a b l e  II
l ,2 ,3 ,3 a ,4 ,5 -H E X A H Y D R O P Y R E N E S  

Mol wt •---- -Carbon, % - Hydrogen, %■------.
Found
7.84

8.31

8.74

9.48

Compd Mp, °C Yield,“ % Formula m/e Caled Found Caled

IIP 103-104 100“ c 16h 16 208 92.26 92.21 7.74
V illa 90-91 54 CisH-20 236 91.47 91.14 8.53
VU Ib 163-164 46 Ciglio 236
IX 53-55 32 C18H2O 236 91.47 91.02 8.53
X “ Liquid 68 CisKUo 236
X I 79-80 24 C20H24 264 90.85 91.04 9.15
X II “ 136-141.5 52 C20H24 264

“ Determined by vpc and/or nmr. bSee ref 14. c See Table I. “ Mixtu re of diastereomers.

T a b l e  III
Uv M a x im a  in  C y c l o h e x a n e

H R
X r ' H ?

Compd Xmaxi Jam (log e)

Mil
J MeJy\III 227.5 (4.78), 234 (4.96), 269 (3.61),

275 (3.73), 283.5 (3.80), 289 (3.79), 294.5 , T aJU
(3.70), 311 (3.08), 315.5 (2.89), 319.5 Me
(2.39), 325 (3.18), 335 (2.02) V illa , R = M e ; R ' =  H IXa, R =  M e; R ‘

VIII 230 (4.74), 236 (4.98), 248 (3.55), 268 (3.62), VUIb, R =  H; R ' =  Me b , R =  H; R ' =

IX

X

X I, X II

278 (3.78), 283 (3.75), 291 (3.70), 296 
(3.65), 309 (3.04), 315 (3.20), 324 (3.15), 
330 (3.38), 338 (2.96)

230 (4.81), 236 (5.01), 248 (3.43), 257 (3.30), 
268 (3.57), 279 (3.75), 289 (3.80), 299 
(3.63), 310 (2.98), 321 (2.66), 325.5 (2.66)

230 (4.73), 237 (4.87), 271 (3.60), 281 (3.81), 
292 (3.86), 305 (3.66), 313 (3.33), 322 
(3.03), 328 (3.32)

234 (4.76), 240 (4.90), 275 (3.60), 284 (3.79), 
295 (3.86), 307 (3.70), 323 (2.85), 329 
(2.88)

the methyl proton signals. The fact that VU Ib has 
a higher melting point and elutes from an alumina 
column slower than V illa  provides additional evidence 
to support the assignment of the former to be the quasi- 
equatorial isomer.

An attempted equilibration experiment between 
V illa  and VU Ib using sulfuric acid failed since the 
l,2,3,3a,4,5-hexahydropyrene structure isomerized to
1,2,3,6,7,8-hexahydropyrene (XIV, sym-hexahydropy- 
rene). Lewis acid or metal catalysts were not ex
amined since fragmentation, rearrangement, and dehy
drogenation16 reactions were anticipated.

For compound V I a dual way of cyclization is pos
sible. Indeed, we obtained two types of naphthalene 
compounds IX  and X , which were formed in a 32:68 
ratio as determined by gas chromatography. As a 
by-product l,8-dimethyl-4,5,8,10-tetrahydropyrene was 
formed in a trace amount and characterized by mass 
spectroscopy. Compound IX b  was assigned the quasi- 
axial methyl isomer structure based on the high field 
methyl proton signal occurring at S 0.89 in the nmr 
spectrum. No diastereomeric compound IX a  was 
isolated.

Compound X  was obtained as an oily mixture of 
stereoisomers. A doublet signal at S 1.29 and 1.36 
indicates that each isomer has a methyl group at the 
benzylic position. The product ratio in the formation 
of IX a, IXb, and X  was unchanged by increasing the 
reaction time up to 25 hr according to nmr. No epi- 
merization appears to occur in the products on long 
contact with iodine.

(16) E. Eliel, N. L. Allinger, S. J. Angyal, and G. A. Morrison, “ Conforma
tion Analysis,”  Wiley-Infcerscienee, New York, N. Y ., 1965, p 141.

XI

'M e

Compound V II gave three isomeric tetramethyl- 
hexahydropyrenes, X I and X II  (mixture, 76%) and
1,3,6,8-tetr amethyl-4,5,9,10-tetr ahy dr opyr ene (24%,). 
The configurations of the methyl groups in X I and X II  
(mixture of diastereomers) was determined as shown 
in the formulae. The fourth isomer X III , which 
would involve unfavorable 1,3-diaxial methyl interac
tion, was not detected.

Uv Spectra.—Uv data for hexahydropyrenes ( III 
and V III-X II)  are summarized in Table III, and the 
absorption curves are shown in Figure 1. The number 
and location of alkyl substituents on a naphthalene 
ring has been correlated with band positions and 
absorption pattern.17 Alkyl substitution at the a 
position, which extends conjugation in the transverse 
direction, causes both bathochromic and hyperchromic 
effects in the lL a bands, whereas (3 substitution results 
in the red shift and intensifies the JLb bands through

(17) W. L. Mosby, J. Amer. Chem,. S o c 75, 3348 (1953); H. H. Jaff6 and 
M. Orchin, “ Theory and Applications of Ultraviolet Spectroscopy,”  Wiley, 
New York, N. Y ., 1962, p 303; R. W. Frank and E. G. Leser, J. Org. Chem., 
35, 3932 (1970).
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T a b l e  IV
N m r  Sp e c t r a l  D a t a

Compd C-6
-------------------- Aromatic proton,® ppm (J =

C-7 C-8
Hz)— ---------------------

C-9 C-10
Methyl proton, ppm (J — Hz) 

Aliphatic Aromatic®
i n
V illa

7.17 (2.3, 7 .7) 
7.056

7.29 (7.4, 7 .7) 7.58 (2.3, 7 .4) 
7.39il

7.58 (8 .5) 
7.50 (8 .3)

7.15 (8 .5) 
7.12 (8 .3) 1.11 (7 .0) 2.43

VUIb 7.03e 7.374 7.45 (8 .3) 7.15 (8 .3) 1.13 (6 .0) 2.43
IX 7.18 (8 .3 ) 7.50 (8 .3) 7.50 (8 .3) 7.06 (8 .3) 0.89 (7 .0) 2.37
X 7.03 (7 .6) 7.13 (7 .6 ) 7.72 (8 .8), 7.21 (8 .8), 1.29 (7.5), 2.59

X I

X II

7.08e

7.05e

7.75 (8 .8) 
7.76 (9 .0)

7.70 (9.0), 
7.73 (9.0)

7.38 (8 .8) 
7.37 (9 .0)

7.16 (9.0), 
7.34 (9 .0)

1.36 (7 .0) 
0.89 (7.0), 

1.34 (7.0) 
1.15 (6.0), 

1.22 (7.2),

2.37, 2.60 

2.35, 2.58

1.35 (6 .8)
“ Doublet or double doublet signals unless otherwise stated. h Broad singlet. e Singlet.

conjugation in the longitudinal direction. These have 
been studied in methyl-substituted naphthalenes.17,18

General trends are followed in the hexahydropy- 
renes. Compared with naphthalene, compound I I I  
which has two a and ß substituents showed batho- 
chromic shift of approximately 15 nm in all of three 
bands including 'Ba- With additional ß  substituents 
V III  and IX  showed a further red shift of 5 nm com
pared with I I I  in the ’Lb band. A similar red shift 
of a few nanometers in ’La band was observed by going 
from I I I  to X . For pentasubstituted naphthalenes X I 
and X II  (determined as a mixture) further small batho- 
chromic shifts and a loss of fine structure were ob
servable. With highly overcrowded naphthalenes 
rather broad curves have been observed.17,18

Nmr Spectra.-—Table IV  summarizes spectral data 
for aryl and methyl protons determined in CDC13. 
Methylene and methine protons exhibited a complex 
pattern between about 5 1.2 and 3.3. Since an a proton 
in a naphthalene nucleus is known to be more deshielded 
than a ß  proton18 19 20 and since there is virtually no cou
pling between protons in different rings,19,20 aryl proton 
signals can be assigned by first-order analyses with the 
aid of benzyl decoupling.

Substitution of the C-7 hydrogen by a methyl group 
simplified the aromatic resonances and both V illa  
and VU Ib showed two broad singlets for each of the 
C-6 and C-8 protons. Methyl resonance signals for 
V illa  and V lllb  appeared one as a singlet at 5 2.43 
(C-8 methyl of both isomers), and the other as a doublet 
at S 1.11 ( / = 7.0 Hz) for V illa  and at 1.13 (J  =  6.0) 
for VUIb. In methyl-substituted cyclohexanes and 
their heterocyclic analogs the vicinal coupling constants 
between methyl and methine protons are 5.6-6.3 Hz 
with equatorial and 6.3-7.2 Hz with axial isomers, and 
always smaller for equatorial isomers.21 Accordingly

(18) L. Ruzicka, H. Schinz, and P. H. Müller, Helv. Chim. Acta, 27, 195 
(1944); E. Heilbronner, U. Frolicher, and P. A. Plattner, ibid., 32, 2479 
(1949); R. A. Morton and A. J. A. de Gouveia, J. Chem. Soc., 916 (1934); 
B. J, Abadir, J. W. Cook, and D. T. Gibson, ibid., 8 (1953).

(19) J. W. Emsley, J. Feeney, and L. H. Sutcliffe, “ High Resolution Nu
clear Magnetic Resonance Spectroscopy,”  Pergamon Press, Vol. 1, New 
York, N. Y ., 1965, p 405; N. Jonathan, S. Gordon, and B. P. Dailey, J. 
Chem. Phys., 36, 2443 (1962).

(20) J. A. Pople, W. G. Schneider, and H. J. Bernstein, Can. J. Chem., 
35, 1060 (1957).

(21) F. A. Bovey, “ NM R Data Tables for Organic Compounds,” Vol. 1,
Wiley-Interscience, New York, N. Y., 1967; F. A. L. Anet, Can. J. Chem., 
39, 2262 (1961); I. Kawasaki and T. Kaneko, Bull. Chem. Soc. Jap., 35, 
697 (1962); T. M. Moynehan, K. Schofield, R. A. Y. Jones, and A. R.
Katrizky, J. Chem. Soc., 2637 (1962); W. Hofheinz, H. Griesebach, and H.
Friebolin, Tetrahedron, 18, 1265 (1962); A. Segre and J. I. Musher, J.
Amer. Chem. Soc., 89, 706 (1967).

V lllb  is assigned as possessing a quasiequatorial 
methyl group and V illa  as a quasiaxial methyl group. 
On addition of C6D6 to a mixture of V illa  and VU Ib 
in CDC13 the methyl signals shifted to a higher field, 
the magnitude of which was larger for VUIb. This 
can be understood on the basis that the equatorial 
methyl is more exposed, and subject to an enhanced 
aromatic solvent induced shift.22

A varied amount of the shift reagent23 weas added to a 
CDCI3 solution of 9-acetyl-2,7-dimethyl-l,2,3,3a,4,5- 
hexahydropyrene (XV, a mixture of configurational

isomers), which was prepared by the Friedel-Crafts 
reaction24 of V III  with acetyl chloride and aluminum 
chloride. In Figure 2 pseudocontact shifts of repre
sentative proton signals are showyn as the function of 
the molar ratio of the reagent to X V . With Eu(thd)3 
the upfield shift was most prominent for the acetyl 
methyl and C-8 protons, while the C-10 proton showed 
a moderate shift. Remote protons such those at the 
C-6 and C-2 methyl did not show any significant change. 
It is noted that aryl methyl protons experience slight 
deshielding rather moving upfield. A similar phe
nomenon was noticed recently.25 With Pr(dpm)3 gen
eral downfield shifts were observed, especially the C-8 
proton and acetyl methyl protons, which showed re
markable shifts as expected from the proximity of 
these to the metal.

Of the two isomeric hexahydropyrenes derived from 
V I, IX  has the 1,2,7,8-tetrasubstituted naphthalene 
structure and exhibits two sets of an AB quartet of 
nearly equal chemical shifts and coupling constants. 
On the other hand X  show's unequal sets of two AB

(22) K. Mislow, M. A. Wr. Glass, H. B. Hopps, E. Simon, and G. H. 
Wahl, Jr., ibid., 86, 1718 (1964); D. H. Williams and N. S. Bhacca, Tetra
hedron, 21, 2021 (1965); H. M. Falss and K. S. Warren, J. Org. Chem.., 32, 
501 (1967).

(23) C. C. Hinckley, J. Amer. Chem. Soc., 91, 5156 (1969); J. K. M. San
ders and D. H. Williams, ibid., 93, 641 (1971).

(24) G. Baddeley, J. Chem. Soc., S 99 (1949).
(25) T. H. Siddall, III, Chen. Commun., 452 (1971); P. H. Mazzocchi, 

H. J. Tamburin, and G. R. Miller, Tetrahedron Lett., 1819 (1971); S. B. 
Tjan and F. R. Visser, ibid., 2833 (1971).
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Figure 2.— Pseudo contact shifts in XV induced by Eu(dpm)3 
(— ----- ) and Pr(dpm)3 (------- ) (CDC13).

quartets as expected from the structure. With IX b  
the methyl signal at C-3 absorbs at an unusually high 
field of 5 0.89, indicating the methyl group is axial and 
subject to a diamagnetic shift due to the naphthalene 
ring. The structures of X , X I, and X II  were similarly 
determined. With X II  the assignment of aryl methyl 
protons was achieved by NOE (see X V I).

Me

Other Reagents.—Baker and coworkers26 have 
noticed the formation of I I I  by the treatment of I in 
carbon disulfide with aluminum chloride. By re
examination in our laboratory the reaction was found 
to give a complex mixture containing at least five 
materials besides I I I  and X IV . The major product 
was pyrene. 4,5-Dihydropyrene (trace) and IV  were 
also present. Those compounds preserving a cyclo- 
phane structure, such as [2.2]paracyclophane or
[2.2]metaparacyclophane, were absent. The reaction 
of I with aluminum chloride involves fragmentation 
as well as disproportionation and is not so selective as 
the iodine-catalyzed reaction.

Cram and coworkers27 reported the formation of I I I  
in small amount during the rearrangement of [2.2]- 
paracyclophane to [2.2]metaparacyclophane by means 
of HAlCh in dichloromethane. The reaction involves 
protonated [2.2]paracyclophane as an intermediate 
which rearranges to the [2.2]metaparacyclophane sys-

tem. In view of facile cycloisomerization of I  with 
iodine and aluminium chloride, the origin of I I I  could 
be I  formed by the further rearrangement of [2.2]- 
paracyclophane. Although the cycloisomerization of 
I  to I I I  proceeds with aluminum chloride, whether 
there is a route via a protonated precursor is not known.

Other Lewis acids such as ferric chloride, cupric 
chloride (bromide), and nickel chloride were ineffec
tive as catalysts for I  -*• III.

Under electrophilic conditions bromination of I  
resulted in the formation of IV .3'6 Boekelheide28 
reported that the irradiation of I  with bromine gave 
pyrene. When I  was treated with bromine in CCl, 
in the absence of catalyst, a 7 %  yield of I I I  was ob
tained although the major product was IV . Bromine 
and particularly chlorine act as an electrophile to give 
IV  via an addition-elimination mechanism. This 
may reflect the less electrophilic nature of iodine com
pared with other halogens and strongly suggests the 
participation of an iodine molecule rather than an 
iodonium ion. The reaction of I  under ionic conditions 
(IC1 or L-AgClOi) gave IV  in high yields, and not a 
trace of I I I  was formed.4'6 In view of a striking differ
ence caused by the addition of silver perchlorate in 
the iodine reaction the effect of silver salts was ex
amined. It is known that some silver salts promote 
strained 0 bond rearangement.29 When I  and silver 
perchlorate in benzene were warmed at 60° for 30 hr 
a trace of I I I  resulted.

The treatment of I with concentrated sulfuric acid 
at room temperature produced IV , I I I , X IV , and py
rene together with sulfonated materials. Compound 
X IV  was assumed to be formed from I  via I I I  since 
the latter was shown by a control experiment to be 
isomerized to X IV  with sulfuric acid.30

Reaction Mechanism.—A marked difference in the 
rate of cycloisomerization among the methyl derivatives 
was noted. Accordingly, we carried out a series of 
competitive experiments between I and its methyl 
derivatives using an equimolar mixture of the sub
strates. The results are summarized in Table V. 
Figures indicate the rate of formation of the substituted 
hexahydropyrene relative to that of III. For com
parison, the results for the ionic reaction using iodine- 
silver perchlorate are also shown. Cycloisomerization 
of V oceured 4.2 times as fast as I, while under electro
philic conditions V  underwent cyclodehydrogenation 
even more rapidly. For compound V I further en
hancement in cycloisomerization was noticed but the 
cyclodehydrogenation rate was the same as that of V. 
It is noteworthy that V II undergoes very rapid cyclo
isomerization. Actually the rate is so rapid that V II 
was totally consumed after only 10 min at 60°, when 
only a few per cent of I I I  was formed from I. These 
experiments provide three conclusions: (a) a methyl
substituent enhances the rate of both cycloisomeriza
tion and cyclodehydrogenation; (b) the rate of en
hancement is different between these two iodine-cata
lyzed reactions; (c) when methyl substituents are 
present at the position ortho to the bridging ethylene, 
cycloisomerization is anomalously accellerated. These

(26) W. Baker, J. F. W. McOmie, and J. M. Norman, J. Chem. Soc., 
1114 (1951).

(27) D. J. Cram, R. C. Helgeson, D. Lock, and L. A. Singer, J. Amer. 
Chem. Soc., 88, 1324 (1966); D. T. Hefelfinger and D. J. Cram, ibid., 92, 
1073 (1970), 93, 4754 (1971).

(28) W. S. Lindsey, P. Stokes, L. G. Humber, and V. Boekelheide, ibid., 
83, 943 (1961).

(29) L. A. Paquette, Accounts Chem. Res., 4, 280 (1971).
(30) Under similar conditions [2.2]paracyclophane underwent only sul

fonation.
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T a b l e  V
C o m p e t it iv e  R e a c t io n s“ b e t w e e n  I a n d  M e t h y l  D e r iv a t iv e s  an d  St a b il it ie s  fo r  a an d  x  C o m p l e x e s

o f  M e t h y l b e n ze n e s4
Compd Is (heat) Is—AgClO. Compd <r complex v complex

I 1.0 1.0 wi-Xylene 1.0 1.0
V 4.2 9.7 Mesitylene 630 1.3
VI 8.7 9.1 Pseudocummene 2.0 1.1
VII Very fast Durene 10 1.4

“ Relative conversion to hexahydropyrenes taking I as 1 determined by treating an equimolar mixture of I and the methyl derivatives 
with iodine. b See ref 31.

data were compared with the reactivity of methyl- 
benzenes corresponding to the half-part of the cyclo- 
phane molecules. Table V  lists the stability of a and 
it complexes for the model compounds.31 The re
activities of I  and V might be represented by those of 
m-xylene and mesitylene, respectively. Accordingly, 
one can expect strong enhancement in the reaction 
rate with V  relative to I in a cr-complex mechanism. 
On the other hand moderate enhancement is to be 
expected with a ir-complex mechanism. Strictly 
speaking, of course, one must consider transannular 
interaction and strain in the cyclophane compounds.

In electrophilic reactions, an iodonium ion attacks 
position 2 with concomittant bonding between C-8 
and C-16 via a complex I I  which then gives IV  
(Scheme I). The mechanism shown in Scheme I I

Sch em e  II

can be envisaged for the formation of I I I  via a <r-com- 
plex mechanism. The scheme involves intramolecular 
hydride transfer in I I  followed by intermolecular hy
dride transfer and loss of iodonium ion.

The results of competitive experiments coupled 
with the fact that cycloisomerization does not occur 
in protic solvents, however, strongly suggest involve
ment of the iodine molecule, possibly via ir complexation.

Indeed compound I  and iodine in cyclohexane show 
a C T  band at 334 nm. The band position is in agree
ment with the expected maximum, 336 nm, calculated 
from the ionization potential of I (8.41 eV).32 The 
equilibrium constant was calculated to be 16.7 1./mol.32

For these cyclophanes having methyl groups ortho 
to the bridge ethylene one can not make reactivity 
comparisons with the methylbenzenes. Enhanced 
reactivity in V I and especially in V II can be taken as 
the indication of buttressing effects due to the o-methyl 
groups which raise the potential energy of the ground 
state by imposing additional strain.

Formally the cycloisomerization involves a transfer 
of four hydrogens at C-1,2,8,16, to C-4,5,6,7 positions 
with concomittant bonding between C-8 and C-16.

(31) G. A. Olah, Accounts Chem. Res., 4, 240 (1971).
(32) S. Hayashi and T. Sato, Nippon Kagaku Zasshi, 91, 950 (1970).

Marked effects of substrate and iodine concentration 
on the rate of cycloisomerization suggest an inter
molecular hydrogen transfer process. To test this 
by cross-breeding experiments, [2.2]metacyclophane-
8,16-d2 (I-D) (for deuterium contents, see Table V I)33

was prepared by the modified Wurtz dimerization of 
a,a'-dibromo-m-xylene-£-d. Compound I-D  gave I I I -  
D by the treatment with iodine, whose deuterium con
tent was determined by mass spectroscopy as shown in 
Table V I.

T a b l e  VI
D e u t e r iu m  D is t r ib u t io n  P e r  C e n t

Compd Source * d i * A A A
I-D 1.7 21.3 77.0
III-D I-D 21.5 34.6 26.4 12. 5 4 .0  1.0
III-D I-D +  V 39.0 38.0 17.2 4. 9 0.9
VIII-D I-D +  V 52.3 34.7 10.7 2. 1 0.2

An equimolar mixture of I-D  and V  was similarly 
treated with iodine and the reaction mixture of III-D  
and V III-D  were separated. Their deuterium con
tents were determined by mass spectroscopy (Table 
V I). The results shows that a total of 48% of deute
rium was transferred to V III-D  during the cross-breed
ing experiments suggesting an intermolecular mecha
nism. No deuterium transfer was observed in the con
trol experiments in which a toluene-d8-m-xylene-iodine 
system was similarly treated and analyzed. Owing 
to internal scrambling the position of labeling atoms 
in III-D  and V III-D  could not be located from mass 
spectrometry.34

The formation of diastereomeric mixtures in approx
imately equal amounts in most cases during the cyclo
isomerization suggests that hydrogen transfer processes 
occur in a nonstereospecific manner. The fact that 
extended contact with iodine did not alter the product 
ratio shows that products formed are kinetically con
trolled. The driving force is ascribed to van der 
Waals and bend-bending strains in the ten-membered

(33) K. Biemann, "Mass Spectrometry, Organic Chemical Applications,”  
McGraw-Hill, New York, N. Y., 1962, p 223.

(34) T. K. Bradshaw, J. H. Borne, and P. W. White, Chem. Commun., 
537 (1970); R. G. Cooks, I. Howe, and S. W. Tam, J. Amer. Chem. Soc., 90, 
4064 (1968); R. G. Cooks, I. Howe, and D. H. Williams, Org. Mass Spec- 
trom.,2, 137 (1969).
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ring, which amounts to be 13 kcal/mol35 for I  and should 
be larger for more strained molecules such as V II.

Experimental Section
Methods.— Pmr spectra were obtained on a Varian XL-100 

spectrometer operated by deuterium lock mode. Chemical shifts 
are reported in parts per million downfield from TM S. Spectra 
were run in deuteriochloroform unless otherwise stated. Mass 
spectra were obtained on a Hitachi RMU-6E mass spectrometer 
with ionization current of either 10 eV (for deuterium content 
determination) or 70 eV. To determine deuterium content, 
contribution of 13C was corrected through M +  1 to M +  4 using 
average values of three scans.33 Uv and ir spectra were recorded 
on Hitachi EPS-3T and EPI-G2 spectrometers, respectively. 
Gas chromatographic analyses were performed on a Hitachi K-53 
equipped with a flame-ionization detector using 3 mm by 1-m 
stainless steel columns packed with SE-30 or Apiezon grease L 
both on Daichrom A. All melting points were obtained in liquid 
bath and uncorrected.

Materials.— [2.2]Metacyclophane (I) was prepared as pre
viously described6 and was purified by sublimation followed by 
column chromatography and recrystallization from ethanol, mp 
132-133°. Alkyl[2.2]metacyclophanes (V -V II) were prepared 
according to the reported procedures: 5,13-dimethyl- (V), mp
148-1490;10 4,14-dimethyl- (VI), mp 68-69°;16 4,6,12,14-tetra- 
methyl- (VII), mp 205-206°.10

m-Xylene-2-d.— 2-Bromo-m-xylene, prepared from 2,6-di- 
methylaniline by the diazo reaction, was converted to Grignard 
reagent in absolute THF, which was decomposed with excess 
deuterium oxide (99.8%). The resulting magnesium salt was 
treated with aqueous ammonium chloride solution. m-Xylene- 
2-d was distilled at 139-140°, and its deuterium content was 
determined by mass spectrometory to be 88.1%.

[2.2] Metacyclophane-#, H>-d2 (I-D).— a,a'-Dibromo-wi-xylene- 
2-d, bp 160-180° (20 mm), crystals from «-hexane, prepared 
from m-xylene-^-d by the reaction with NBS, was subjected to 
high-dilution Wurtz dimerization reaction using a tetraphenyl- 
ethylene-sodium adduct as a condensing reagent.6 Addition of 
the bromide (10 g) took ~ 24  hr. After sublimation under 
reduced pressure the sublimate was purified by column chroma
tography on alumina followed by recrystallization from ethanol, 
mp 132-133°, fc- d 2230 cm “ 1. (For deuterium content see 
Table VI.)

9-Acetyl-2,7-dimethyl-l,2,3,3a,4,5-hexahydropyrene (XV).—  
With stirring, a 2-ml CH2C12 solution containing 533 mg (6.9 
mmol) of acetyl chloride and 933 mg (7.0 mmol) of aluminum 
chloride was added to 700 mg (3.0 mmol) of VIII dissolved in 
10 ml of CH2C12 at room temperature. After 30 min of stirring 
followed by usual work-up, the mixture was passed through an 
alumina column which gave 400 mg (48% yield) of X V , mp 124- 
125°, as pale yellow plates, v ciol660 cm-1.

The Reaction of [2.2]Metacyclophanes (I and V-VII) with 
Iodine. The Formation of l,2,3,3a,4,5-Hexahydropyrenes (III 
and VIII-XII).—-Physical properties of III and V III-X II are 
shown in Table II. Table III and IV list the spectral data. A 
typical example is shown by the case of I.

In a sealed tube a solution of 99.4 mg (0.48 mmol) of I and
16.6 mg (0.07 mmol) of iodine in 1.5 ml of benzene was warmed 
at 60° for 20 hr. After washing with sodium thiosulfate solu
tion the benzene solution was evaporated and the residue was 
treated with picric acid in ethanol. The picrate, mp 147.5- 
148°, was then subjected to column chromatography on alumina, 
eluted with benzene, to give colorless plates, mp 103-104°. The 
yield was quantitative.

The reaction was studied under several conditions as shown in 
Table I. No reaction occurred in ethanol, acetic acid, carbon 
disulfide, or dimethylformamide.

(35) C.-F. Shieh, D. McNally, and R. H. Boyd, Tetrahedron, 2 0 , 3653 
(1969).

2,7-Dimethyl-l,2,3,3a,4,5-hexahydropyrenes (Villa and 
VHIb).—These were prepared in the same way as above starting 
from 60.2 mg (0.26 mmol) of V , 43.5 mg (0.17 mmol) of iodine, 
and 1.5 ml of benzene (60°, 20 hr). The fraction which formed 
the picrate was subjected to column chromatography on alumina 
using n-hexane as eluent. Fast eluting fractions contained V illa  
as colorless needles, mp 90-91°, recrystallized from methanol. 
As a slow moving part VHIb was isolated, mp 163-164°, re
crystallized from ethanol. The combined yield of V illa  and 
VH Ib was 45 mg (70%). The ratio of V illa  and VH Ib was 
determined by nmr spectra to be 46:54.

3,6-Dimethyl-l,2,3,3a,4,5-hexahydropyrenes (IXa and IXb) 
and l,8-Dimethyl-l,2,3,3a,4,5-hexahydropyrene (X).— These
were obtained from 641.0 mg (2.71 mmol) of VI, 153.4 mg (0.60 
mmol) of iodine, and 10 ml of benzene by the same reaction condi
tions as above (60°, 15 hr). Repeated chromatography on alu
mina with «-hexane as eluent afforded X  as viscous oil and IX  as 
colorless plates, mp 53-55°, crystallized from ethanol. Yields 
were obtained by gas chromatography and nmr analysis (Table
II).

In one experiment the product mixture was further treated 
with iodine for 25 hr at 60° but the product ratio was found to be 
unchanged.

l,3,6,8-Tetramethyl-l,2,3,3a,4,5-hexahydropyrenes (XI and 
XII).— These were obtained from 103.0 mg (0.39 mmol) of VII,
58.0 mg (0.23 mmol) of iodine, and 1 ml of benzene (60°, 20 hr). 
By repeated chromatographic separation, X I, mp 79-80°, and 
X II, mp 136-141.5°, were obtained both as colorless plates. 
X II was found to be an equimolar mixture of diastereomers 
(X lla  and X llb ).  Yields were obtained by gas chromatography 
and nmr analysis (Table II). The cycloisomerization of VII 
was later found to be very rapid and was nearly complete after 
10 min at 60°.

Cross-Breeding Experiment between I-D and V .— A solution 
of 107.4 mg (0.51 mmol) of I-D , 99.5 mg (0.42 mmol) of V, and
149.0 mg (0.59 mmol) of iodine in 2 ml of benzene was subjected 
to the above reaction conditions. Decomposition of the picrate 
afforded 130 mg of mixture, from which III-D  and VIII-D  were 
isolated by column chromatography on alumina, eluted with 
«-hexane-benzene.

Their deuterium analysis data are shown in Table VI.
Competitive Experiments. A. Cycloisomerization.— A mix

ture of 48.1 mg (0.23 mmol) of I, 52.2 mg (0.22 mmol) of V, and
40.4 mg (0.16 mmol) of iodine in 2.5 ml of benzene was rvarmed 
at 60° for 30 min in a sealed tube. Data in Table V were obtained 
by gas chromatographic analyses. For a competitive experiment 
between I and VI the reaction mixture was warmed at 41° for 
30 min.

B. Cyclodehydrogenation.— A mixture of 44.1 mg (0.21 
mmol) of I, 52.9 mg (0.22 mmol) of V, 60.4 mg (0.24 mmol) of 
iodine, and ~ 5 0  mg (excess) of silver perchlorate in 4 ml of ether 
was stirred for 2 hr at room temperature.4,6 The product analy
sis was performed by gas chromatography (see Table V).

Registry No.—I, 2319-97-3; I-D , 35191-48-1; III, 
5385-37-5; I I I  picrate, 35191-50-5; V illa , 35191-
51-6; VHIb, 35191-52-7; IXa, 35191-53-8; IXb, 
35191-54-9; Xa, 35191-55-0; Xb, 35191-56-1; X I, 
35191-57-2; X lla , 35191-58-3; X llb , 35141-01-6; 
X IV , 1732-13-4.
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As part of a study of the debenzo analogs of fluoradene (1), which were predicted to be more acidic than the 
parent compound (pA„ = 1 1 ) ,  lff-cyclopent[cd]indene (11) was prepared. It could not be isomerized to 2aH- 
cyclopent[cd]indene (2) through protonation of the anion, and had a pK , ^  18-20. 9bfi-Cyclopenta[j/c]fluorene
(3) also was synthesized, but the absence of proton exchange in tritiated ethanol and the lack of anion formation 
in methanolic sodium methoxide indicated that, contrary to expectation, it was less acidic than fluoradene.

Fluoradene (1) was prepared as one of a series of 
aromatic hydrocarbons containing a benzene ring 
warped out of planarity by fused cyclopentano ring 
systems,2 and it had the properties expected for such a 
strained compound with decreased aromatic stabiliza
tion.3“ It also proved to be very strongly acidic, 
having a pAa of about l l . 3a b This unusual acidity can 
be accounted for by the high resonance stabilization of 
the anion la as compared to that of the parent hydro-

1 la

carbon 1 and relief of strain in changing the hybridiza
tion at C-12 from tetrahedral to trigonal. The “4n +  
2 ”  or Huckel rule4 for determining aromaticity obvi
ously does not apply in the case of fluoradene anion, 
which has 20--rr electrons. Molecular orbital calcula
tions on 2a//-cydopent [cd ]indene (2)5 indicate that 
the order of resonance stabilization should be anion >  
radical >  cation. This prediction holds true for flu
oradene, which is the dibenzo derivative of 2, since

2 3

neither the radical nor the carbonium ion could be 
prepared.3“

It was postulated3“ that acidity should increase in 
the order 1 <  3 <  2, since there would be a greater 
difference in resonance stabilization between the hydro
carbon and anion as the resonance contributions of the 
fused benzene rings are removed (c/. fluorene,6 indene,7 
and cyclopentadiene,8 estimated pAa’s 25, 21, and 17, 
respectively). The same order would be postulated if 
relief of strain were considered a major factor in the 
acidity.

(1) National Institutes of Health Predoetoral Fellow.
(2) (a) H. Rapoport and J. Z. Pasky, J. Amer. Chem. Soc., 78, 3788 (1956); 

(b) H. Rapoport and G. Smolinsky, ibid., 82, 1171 (I960); (c) B. L. M c
Dowell, G. Smolinsky, and H. Rapoport, ibid., 84, 3531 (1962).

(3) (a) H. Rapoport and G. Smolinsky, ibid., 82, 934 (1960); (b) R. 
Kuhn and D. Rewicki, Justus Liebigs Ann. Chem., 706, 250 (1967).

(4) E. Huckel, Z. Electrochem., 43, 752 (1937).
(5) R. J. Windgassen, Jr., W. W. Saunders, Jr., and V. Boeklheide, J. 

Amer. Chem. Soc., 81, 1459 (1959).
(6) J. B. Conant and G. W. Wheland, ibid., 54, 1212 (1932).
(7) W. K. McEwan, ibid., 58, 1124 (1936).
(8) D. Peters, J. Chem. Soc., 1274 (1960).

It has been proposed9 that the acidity of a hydrocar
bon can be correlated with A M , which is related to the 
difference in w-bond energy between the hydrocarbon, 
AHj, and the corresponding anion, Ai~. Comparisons 
by this calculation give the following values for A M :  
fluorene, 1.523; indene, 1.747; fluoradene (1), 2.115; 
9b//-cyclopente[jfc ¡fluorene (3), 2.276; 2aff-cyclopent- 
[«i ¡indene (2), 2.411. It should be noted that these 
calculations assume that strain energy is the same in 
the hydrocarbon and the anion; however, in the case 
of 1, 2, and 3, less strain is anticipated in the anion.

These speculations and the availability of 2,2a,3,4- 
tetrahydro-lH-cyclopent [cd jidene (5a)2“ and 2,9b-di- 
hydro-lH-cyclopenta|jfc¡fluorene (4)2° prompted an

investigation of the synthesis and properties of 2 and 3.
2a//-Cyclopent [«¿¡indene (2).—The most direct route 

to 2 appeared to be didehydrohalogenation of the 1,4- 
dihalide of 2,2a,3,4-tetrahydro-l//-cyclopent[«¿¡indene 
(5a). Attempts at bromination of the l-chloro2b or
1-bromo compounds (5b or 5c) with iV-bromosuccin- 
imide followed, or accompanied, by didehydrobromina- 
tion10 were unsuccessful, but indicated spontaneous 
elimination of one hydrogen halide moiety to give an 
unstable olefin.

Accordingly, attention was directed toward a syn
thesis of 2,2a-dihydro-l/f-cyclopent[«i ¡indene (6) and 
a study of its properties. The alcohol 5f was recovered

: A
C, R = Br
d, R=(CH3)2N
e, R=(CH3)2N—0
f, R = OH
g, R = OCOCH3

quantitatively from an attempted dehydration via 
treatment of its tosylate in pyridine. Heating the 
bromide 5c with potassium ¿ert-butoxide in refluxing

(9) A. Streitwieser, Jr., Tetrahedron Lett., 23 (1960), and personal com
munication.

(10) R. A. Barnes, J. Amer. Chem. Soc., 70, 145 (1948).
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Figure 1.— Ultraviolet spectra in ethanol of 3,4-dihydro-l H- 
cyclopent[cd]indene (8) and 1-methylindene.

terf-butyl alcohol gave olefinic material as shown by the 
ultraviolet absorption of the product, but the isolated 
material had the composition CuHi0O.

Elimination from the quaternary amine hydroxide 
was next investigated. The ketone 7 was converted 
in excellent yield by a Leuckart reaction11 to the di- 
methylamine 5d, which gave a crystalline methiodide. 
Pyrolysis of the corresponding quaternary hydroxide 
gave a 75%  yield of a colorless, crystalline compound, 
CnHio, mp 40-44°, with the same ultraviolet absorp
tion as observed in the dehydrobromination experi
ment. On several hours’ exposure to air, this crystal
line material turned to a slightly yellow oil identical 
with the monooxygenated compound obtained from 
the terf-butoxide reaction above.

The CnH10 olefin was sensitive to acid, but could be 
stored indefinitely without change under nitrogen at 
— 15°. Its nmr spectrum showed only one vinyl pro
ton, establishing that the compound was not the ex
pected olefin 6, but the isomeric 3,4-dihydro-lfi-cyclo- 
pent [cd jindene (8). The same olefin was obtained 
from pyrolysis of the iV-oxide 5e and pyrolysis of the 
acetate 5g, even though both procedures12-13 generally 
give little or no isomerization. The ultraviolet absorp
tion of 8 is similar to that of 1-methylindene14 (Figure 
1) but does not show the expected decrease in extinc
tion coefficient and smoothing out of fine structure, as 
does, for example, 5a, when compared to an unstrained 
model compound.2“ Evidently, effects other than 
simple strain are involved, probably involving interac
tion of the 7r electrons of the benzene ring and the 
double bond.

Dehydrobromination was again attempted as a 
method for introducing the second olefinic bond. A 
crystalline monobromo compound was obtained from 
the reaction of olefin 8 with fV-bromosuccinimide, but 
it could not be dehydrobrominated. Nmr revealed 
that the compound was 2-bromo-3,4-dihydro-l/7-cy-

(11) M. L. Moore in “ Organic Reactions,”  Vol. V, Wiley, New York,
N. Y., 1949, p 301.

(12) A. C. Cope, E. Czanek, and N. A. LeBel, J. Amer. Chem. Soc., 81, 
2799 (1959).

(13) W. J. Bailey and J. J. Hewitt, J. Org. Chem., 21, 543 (1956).
(14) P. Ramart and M. H. Hoch, Bull. Soc. Chim. Fr., 5, 848 (1938).
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X, nm

Figure 2.— Ultraviolet spectra in ethanol of l/f-cyclopent[cd]- 
indene (11) and 3-isopropylideneindene.

elopent[cd Jindene (9), the result of an unusual vinylic 
bromination. There was no vinyl proton absorption, 
and the rest of the spectrum was essentially the same 
as that of 8.

A diolefin was finally obtained by the convenient 
acetate cracking procedure. Preparation of the diol 
10a by reaction of olefin 8 with osmium tetroxide and

10a, R = OH li
b, R = OCOCH3

its subsequent conversion to the di acetate 10b went 
smoothly and in good yield. The diolefin, 1 //-cyclo- 
pent[cd]indene (11), was isolated as an oil. Its ultra
violet spectrum corresponds well to that of 3-isopropyl
ideneindene,15 taking into account the expected batho- 
chromic shift and decreased extinction coefficient2 
(Figure 2). Its nmr spectrum was in accord with the 
indicated structure (Figure 3). Diolefin 11 is sensitive 
to oxygen, but may be stored under nitrogen at —15° 
indefinitely.

When fluoradene is treated with sodium methoxide 
in methanol, an immediate change occurs3“ in the ultra
violet absorption, indicating anion formation. D i
olefin 11 was not expected to be as acidic as fluoradene 
and this was confirmed when no change occurred in its 
uv spectrum upon addition of methoxide (methanol) 
or isopropoxide (isopropyl alcohol). However, when 
lI7-cyclopent[cd]indene (11) was treated with potas
sium (erf-butoxide in (erf-butyl alcohol a gradual de
struction of the spectrum occurred over 5 min, indi
cating that the pK & is greater than 18-20.

Several attempts were made to convert 11 to the 
desired isomeric diolefin 2. The anion of 11 was pre
pared under argon with potassium (eri-butoxide in di
methyl sulfoxide16 and quenched with D20. Since the

(15) A. Pullman, B. Pullman, E. D. Bergmann, G. Berthier, Y. Hirsh- 
berg, and Y. Sprinzak, ibid., 18, 702 (1951).

(16) D. J. Cram, B. Rickborn, C. A. Kingsbury, and P. Haberfield, J. 
Amer. Chem. Soc., 83, 3678 (1961).
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charge density on C~2a is calculated to be greater than 
on C -l,6'9 rate-controlled protonation should give 2- 
2a-d. Instead, only 11  -1 -d , as determined by nmr 
(Figure 3), was recovered, even when the anion was 
quenched with D 20 containing a slight excess of p -  
toluenesulfonic acid. It was not possible to distinguish 
whether only 1 1  -1 -d  was formed initially, or whether 
deuteration took place to give 2-2a -d  followed by isom
erization to 11-f-d. If the latter were the case, then 
2 would be strongly acidic, as predicted. It is also pos
sible that deuteration occurred on the central carbon, 
C-7b, followed by isomerization. Calculations9 indi
cate that the compound so formed (AM 2.314) would 
not be as acidic as 2 (AM 2.411), but more acidic than 
11 (AM 1.924).

It is evident that 2 , if capable of existence, would 
have to be synthesized by a totally different route de
signed to prevent the ready isomerization of the double 
bonds.17

9b//-Cyclopenta [jk jfluorene (3).—The monodebenzo 
analog of fluoradene was prepared by the reaction of 
2,9b-dihydro-lM-cyclopenta[j/cJfluorene (4) and N -  
bromosuccinimide followed by spontaneous elimination 
of hydrogen bromide. The crude reaction mixture 
also contained 2Z/-cyclopenta [,)7cJfluorene (1 2 ), nmr

easily distinguishing between the two isomers and inte
gration indicating that the mixture was 70-80% 3. 
The nmr spectrum of the mixture remained the same 
whether the carbon tetrachloride solution was washed 
with H20, D20, aqueous bicarbonate, or aqueous hy
drochloric acid, or if hydrogen bromide or deuterium 
bromide were bubbled through the refluxing carbon 
tetrachloride solution. These experiments show that 
there is no equilibration between the isomers under 
either the reaction or work-up conditions, and there
fore, the mixture must result from bromination occur
ring at the different positions (probably 2a and 9b) at 
similar rates.

The ultraviolet absorption of the mixture was not 
useful, since it did not resemble either the spectrum of 
1, lOb-dihydrofluoranthene or 2,3-dihydrofluoranthene.15 
The mixture of 3 and 12 is extremely sensitive to oxy
gen, changing to an insoluble orange solid after a few 
seconds’ exposure to air, even in carbon tetrachloride 
solution. Analysis of the material obtained on short- 
path distillation showed substantial oxygen incorpora
tion, and the uv absorption of the distillate was quite 
different from that before distillation. The reaction 
mixture was also unstable to chromatography.

No change was observed in the uv spectrum of the 
mixture containing 3 when methanolic sodium meth- 
oxide was added; however, potassium ¿erf-butoxide in 
¿erf-butyl alcohol caused immediate destruction of the 
spectrum, indicating that the pAa lies between 16 and
20. Since the C -l2 hydrogen of fluoradene is ex-

(17) A recent publication [P. Eilbracht and K. Hafner, Angew. Chem., 
Int. Ed. Engl., 10, 751 (1971)] reports similar weak acidity for lff-cyclopent- 
[cd]indene (11) and similar properties for this compound prepared by a dif
ferent method.

_j----- 1----1______________ i______________________i_
2 .0 0  2.83 3.38 6.02 10.00

r

Figure 3.—Nuclear magnetic resonance spectra of l/Z-cyclo- 
pent[cd]indene (11) and lf/-cyclopent[cd]indene-f-d.

changed for deuterium in refluxing deuterium ethoxide, 
a similar attempt was made to exchange the 9b hydro
gen of 3, but total decomposition occurred. Some ex
change took place in tritiated ethanol at room temper
ature, but the exchanged material was at least 400 times 
less active than fluoradene treated in the same manner.

These findings are clearly contrary to expectation. 
Probably the best explanation is that strain is hot re
lieved to as great an extent as anticipated, so that the 
difference in resonance stabilization between the hydro
carbon and the anion is not as large in 3 as in fluoradene. 
There might be other factors that come into play in this 
unusual system, such as spatial interaction of the ir 
system and steric inhibition of resonance, that are diffi
cult to predict and whose magnitude would be difficult 
to estimate. It must also be borne in mind that MO 
calculations on nonalternant hydrocarbons give only 
rough estimates of their properties, and, therefore, the 
lack of agreement in the present case may not be too 
surprising.

It is interesting to note that structure 3 was postu
lated by Goldschmidt in 1880 as the structure of flu
oranthene, whose relationship to fluorene was quickly 
established by oxidation experiments. The original 
analyses for fluoranthene were low in carbon, leading 
to a C15H 10 formulation. 18 The situation was resolved 
by von Braun, who thought structure 3 was untenable 
on theoretical grounds, and synthesized the correct 
structure for fluoranthene.19

Experimental Section20
l-Bromo-2,2a,3,4-tetrahydro-l//-cyclopent[c<-i]indene (5c).—  

The bromide Sc was prepared (88% yield) in the same manner as 
the chloride 5b,2b substituting HBr for IIC1.

Anal. Calcd for CnHuBr: C, 59.2; H, 4.9; Br, 35.8. 
Found: C, 58.9; H, 4.8; Br, 35.8.

(18) G. Goldschmidt, Monatsh. Chem., 1, 221 (1880), and references cited 
therein.

(19) J. von Braun and G. Manz, Ber., 63, 2608 (1930).
(20) Melting points were taken on a Kofler hot stage; microanalyses were 

by the Analytical Laboratory, Department of Chemistry, University of 
California, Berkeley. Ultraviolet spectra were taken in ethanol or meth
anol with a Cary Model 14 recording spectrophotometer and are reported in 
nanometers, and nuclear magnetic resonance spectra are reported as r values 
and were taken in carbon tetrachloride with tetramethylsilane as internal 
standard using a Varian A-60 spectrometer, unle33 otherwise noted.
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Attempted Dehydrobromination of 5c.— A solution prepared 
from 80 mg (2 mg-atoms) of potassium and 5 ml of ¿erf-butyl 
alcohol was heated at reflux for 1 hr after addition of 446 mg (2 
mmol) of 5c. The ferf-butyl alcohol was evaporated, the residue 
was extracted into ether, and the ether was washed with 1 A  HC1 
and 10% NaH C03. Short-path distillation (90°, 2 y) gave 30 mg 
(10%) of a yellow oil, uv max 248 and 295 irai.

Anal. Calcd for CnHi0O: C, 83.5; H, 6.4. Found: C, 
83.1; H, 6.2.

1- Dimethylamino-2,2a,3,4-tetrahydro-lZ7-cyclopent[cci] indene
(5d).— A mixture of 2.00 g (13 mmol) cf ketone 7,2a 3.67 g (50 
mol) of dimethmylformamide, and 1 ml of 85% formic acid was 
heated at 175° in a flask fitted with a short air condenser. After 
2 hr, an additional 2 ml of 85% formic acid was added and heat
ing was continued overnight. The dark reaction mixture was 
diluted with three times its volume of 0.5 A  HC1, washed with 
benzene, made alkaline with concentrated NaOH, and extracted 
four times with benzene. Evaporation of the combined benzene 
extracts and short-path distillation at 65° (5 mm) of the residue 
gave 1.81 g (76%) of the amine 5d as a colorless oil.

Anal. Calcd for CisHnN: C, 83.4; H, 9.1; N, 7.5. Found: 
C, 83.2; H, 9.3; N, 7.2.

The methiodide of 5d was prepared with methyl iodide in 
methanol and was recrystallized from absolute ethanol, mp 205°.

Anal. Calcd for ChH20NI: C, 51.1; H, 6.1. Found: C, 
51.4; H, 6.2.

3,4-Dihydro-lff-cyclopent[cd] indene (8).— Silver oxide, freshly 
prepared from 0.89 g (22 mmol) of sodium hydroxide and 1.90 g 
(11 mmol) of silver nitrate, was added to a warm solution of 1.00 
g of 5d methiodide in 25 ml of C 02-free water. The grey suspen
sion was shaken for several hours and filtered, and most of the 
water was evaporated. Distillation was continued in an oil bath 
at 200° under a stream of nitrogen until decomposition was com
plete. Water was added in three separate portions to complete 
steam distillation of the product, which was dissolved in ether. 
The ether solution was washed with pH 4.5 phosphate buffer and 
bicarbonate, and evaporated under a stream of nitrogen. Sub
limation at 50° (10 mm) gave 0.32 g (75%) of colorless crystals of 
olefin 8: mp 40-44°; uv max 252 nm (e 10,100), 259 (8700), 
263 (8700), 281 (960), 293 (1200), 304 (970); nmrr 3.10 (3, ArH),
4.44 (t, 1, = C H ), 6.47 (m, 4, ArCH2), 7.13 (t, 2, ArCH2CH2C = ) .

Anal. Calcd for CnHio: C, 92.9; H, 7.1. Found: C, 92.6;
H, 7.0.

The olefin 8 also was prepared by pyrolysis of A-oxide 5e. To 
an ice-cooled solution of 270 mg (1.45 mmol) of amine 5d in 7 ml 
of ether was added 18 ml of a 0.4 M  ethereal solution of mono- 
perphthalic acid (7.2 mmol). A gum precipitated immediately 
which dissolved slowly when the solution was warmed to room 
temperature and 10 ml of saturated NaH C03 was added. The 
ether was washed with saturated NaH C03 and the combined bi
carbonate washes were extracted exhaustively with chloroform to 
give 270 mg of yellow oil on evaporation. This oil was sublimed 
at 70-90° (25-35 mm), giving 110 mg (53%) of olefin 8.

The same olefin 8 was obtained by pyrolysis of l-acetoxy-2,2a-
3,4-tetrahydro-l/7-cyclopent[cd]indene (5g). The alcohol 5f2a 
(540 mg, 3.4 mmol) was heated with 1 ml of acetic anhydride in 
10 ml of pyridine at reflux for 4 hr. Evaporation of the reaction 
mixture left an oil, which was dissolved in benzene and passed 
through a tube, packed with glass helices, at 480° in a slow stream 
of nitrogen. The eluent was collected in a Dry Ice-acetone 
cooled trap. The contents of the trap were washed into benzene, 
the benzene solution was washed with water, dried, and evapo
rated, and the residue was sublimed at 50° (10 mm) to give 360 
mg (75%) of crystalline olefin 8.

2- Bromo-3,4-dihydro-l/7-cyclopent[ed] indene (9).— A mixture 
of 260 mg (1.5 mmol) of A-bromosuecinimide and 210 mg (1.5 
mmol) of olefin 8 in 5 ml of carbon tetrachloride was heated at 
reflux overnight under nitrogen. Ether was added, the solution 
was washed with water and 5%  N aH C03, the ether was evapo
rated, and the residue was sublimed at 70° (10 mm) to give 220 
™g (67%) of yellow crystals of vinyl bromide 9 melting around 
room temperature: uv max 261, 270, 297, 308 nm; nmr r 3.1 (3, 
ArH), 6.3 (2, ArCH2C = ) ,  6.6 (2, ArCHs- ) ,  7.2 (2, ArCH2CH2-
C = ) .

Anal. Calcd for CuH9Br: C, 59.7; H, 4.5; Br, 35.8. Found: 
C, 59.4; H, 4.8; Br, 35.9.

2,2a-Dihydroxy-2,2a,3,4-tetrahydro-l//-cyclopent[cd] indene 
(10a).— A mixture of 690 mg (2.3 mmol) of osmium tetroxide and 
320 mg (2.2 mmol) of olefin 8 in 6 ml of ether and 5 drops of pyri
dine was kept at room temperature for 18 hr, and then poured

into a solution of 10.5 g of sodium sulfite and 8.7 g of sodium bi
carbonate in 120 ml of water layered with 50 ml of benzene and 
60 ml of methanol. The whole was shaken for several hours, and 
the brick-red precipitate was removed using Celite, the precipitate 
was washed with a small amount of methanol-benzene, and the 
benzene phase was removed. The aqueous layer was stripped of 
methanol and extracted with chloroform. The oily residue from 
evaporation of the combined benzene and chloroform layers was 
treated with a small amount of benzene and the resulting crystals 
were sublimed at 100° (1 mm) and recrystallized from benzene to 
give 330 mg (85%) of diol 10a, mp 139-140°.

Anal. Calcd for CnHi20 2: C, 75.0; Iff, 6.8 Found: C, 
75.0; H, 7.0.

2,2a-Diacetoxy-2,2a,3,4-tetrahydro-l//-cyclopent[cfi] indene 
(10b).— A solution of 90 mg (0.5 mmol) of diol 10a in 0.2 ml of 
acetic anhydride and 2 ml of pyridine was heated at reflux under 
nitrogen for 4 hr. Ether and water were added, and the ether 
layer was washed with 1 A  HC1 and 5% NaHCOa, dried, and 
evaporated. Short-path distillation at 80° (1 mm) of the residue 
gave 110 mg (85%) of the diacetate 10b as a slightly yellow oil. 
nmr r 8.02, 8.04 (2 s, 6, CH3CO -), 4.78 (q, 1, >CH O CO -).

Anal. Calcd for CisHieCh: C, 69.2; H, 6.2. Found: C, 
69.6; H, 6.3.

liï-Cyclopent[cd]indene (11).— Crude diacetate 10b, prepared 
from 60 mg (0.34 mmol) of diol 10a, was dissolved in a small 
amount of benzene and passed through a 20-cm tube, packed with 
glass helices, at 480° in a slow steam of nitrogen. The pyrolysate 
was collected in a Dry Ice-acetone cooled trap and taken ud in 
ether, and the ether was washed with water, dried, and evaporated. 
The residue was distilled (45°, 2.5 mm) onto a cold finger to give 
25 mg (52% based on diol 10a) of diolefin 11 as a slightly yellow 
oil: uv max 252 nm (e 10,000), 315 (3400), 327 (2800); nmr r
6.02 (d, 2, J  = 1.6 Hz, -C H 2- ) ,  3.35 (t, 2, -C H = C H -), 2.6-3.0 
(4, H C = , ArH).17

Anal. Calcd for ChH8: C, 94.3; H, 5.7. Found: C, 94.1; 
H, 5.9.

Attempted Preparation of 2a//-Cyclopent[ci/jindene (2).— 
Diolefin 11 was dissolved in 0.5 ml of dimethyl sulfoxide (dried 
over molecular sieves) and added through a serum cap to excess 
sublimed potassium ferf-butoxide in 0.5 ml of DMSO under argon 
in a closed flask. The resulting dark red solution was immediat ely 
syringed out and added to 7 ml of D 20 . Carbon tetrachloride 
was added and argon was bubbled through the mixture. The 
carbon tetrachloride solution was withdrawn into a syringe, 
filtered through M gS03, and evaporated in a stream of helium to 
a small volume in an nmr tube. The process was repeated in a 
second experiment with D 20  containing a slight excess of deu
terium-exchanged ¡o-toluenesulfonic acid, with the same results: 
uv max same as diolefin 11; nmr r 6.00 (broad, -C H D -), 3.35 
(t, 2, -C H = C H -), 2.6-3.0 (4, H C = , ArH).

9bii-Cyclopenta[yi:lfluorene (3).— 2,9b-Dihydro-l/7-cyclo- 
penta[j'A:] fluorene (4), 38.3 mg (0.2 mmol), was dissolved in 1 ml 
of carbon tetrachloride, and 35.6 mg (0.2 mmol) of A-bromosuc- 
cinimide was added. The mixture was heated on a steam bath 
for 20 min under nitrogen as hydrogen bromide was evolved. 
The cooled mixture was filtered, the filtrate was evaporated to ca. 
0.3 ml, and the nmr spectrum was taken Alternatively, H20  
or D20  was added as nitrogen was bubbled through, the carbon 
tetrachloride layer was withdrawn with a syringe, filtered through 
MgSOi and evaporated, or the solution was washed with 10% 
NaH C03 or with 0.5 A  HC1 or refluxed with additional A-bromo- 
succinimide, HBr, or DBr. From all procedures, short-path 
distillation at 70° (3 mm) gave the same yellow oil, which was 
about a 3:1 mixture of 9b/ï-eyclopenta[jfc] fluorene (3) and 2H- 
cyclopenta[y'fc] fluorene (12): nmr of 3, t 4.84 (d, 1, J  = 4 Hz,
A rC H = C ), 5.68 (q, 1, J  =  16, 4 Hz, A rC =C H ), 6.83 (d, 1, /  = 
16 Hz, ArCH); nmr of 12, r 3.42 (t, 1, CH2C H = ), 6.08 (d, 2, 
ArCH2).

Tritium Exchange Studies with Fluoradene (1) and 9b//-Cyclo
pen ta [j/c] fluorene (3).—Fluoradene (1) (12 mg) was dissolved in 
5 ml of tritiated ethanol (200juCi/ml) and the solution was allowed 
to sit at room temperature for 48 hr. The solvent then was re
moved under high vacuum and the residue was sublimed, giving 
recovered fluoradene (1) with an average count of 6.6 X 10s dpm / 
mmol.

The same procedure applied to the 9b/7-cyclopenta[y'Z;] fluorene
(3) prepared above gave recovered material with an average 
count of 1.6 X 104dpm/mmol.

1, lOb-Dihydroftuoranthene.— 3-Oxo-l ,2,3,10b-tetrahy dro- 
fluoranthene20 (60 mg, 0.33 mmol) in 2 ml of methanol was re
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duced with 1 g of sodium borohydride in 2 ml of 50% aqueous 
methanol. Addition of water precipitated 3-oxy-l,2,3,10b-tetra- 
hydrofluoranthene, which after sublimation (100°, 0.5 mm) had 
mp 112° (lit.21 mp 130-134° for the alcohol obtained by reduction 
of the ketone with sodium amalgam).

Anal. Calcd for Ci6H140 : C, 86.5; H, 6.3. Found: C, 
86.2; H, 6.2.

The alcohol was heated under reflux with 2 ml of pyridine and 
0.5 ml of acetic anhydride for 15 hr, after which water and ether 
were added. After the ether phase was washed with 1 N HC1 
and 5%  NaHCCh, it was dried and evaporated to yield crude 
acetate, which was dissolved in toluene and passed through a 
packed tube at 470°. The pyrolysate was washed from the Dry

(21) J, von Braun and G. Manz, Justus Liebigs Ann. Chem., 488, 111 
(1931).

Ice-acetone cooled trap with toluene, the toluene was evaporated, 
and the residue was crystallized from ethanol and then sublimed 
at 60° (1 mm) to give 1,lOb-dihydrofluoranthene: mp 78-79°; 
uv max 235 nm (e 18,900), 267 (21,000), 275 (20,700), 286 (18,500 
311 (3000), 323 (3400), 341 (2300), 357 (2300); nmrr 6.13 (q, 1, 
Ar2CH), 3.93 (m, 1, A rC =C H ), 3.45 (d, 1, A rC H =C ).

Anal. Calcd for Ci6Hi2: C, 94.1; H, 5.9. Found: C,
93.8; H, 6.1.

Registry No.—1, 205-94-7; 3, 35324-19-7; 5c,
35324-20-0; 5d, 35324-21-1; 5d Mel, 35324-22-2; 8, 
14310-97-5; 9, 35324-24-4; 10a, 35324-25-5; 10b,
35324-26-6; 11, 209-69-8; 12, 208-69-5; 3-oxy-l,2,3,- 
lOb-tetrahydrofluoranthene, 35324-28-8; l,10b-dihy- 
drofluoranthene, 35324-29-9.
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A comparative study on the behavior of some V-acetoacetyl (AcA) derivatives of secondary amino acids with 
dicyclohexylcarbodiimide was made. (V-Methyl-AcA-amino acids yield 2-acetonyIideneoxazolidin-5-ones (6), 
whose stereochemistry and condensation with nucleophiles are reported. V-AcA-Prcline, in turn, forms a bi- 
cyclic azlactone (7) and a tetramic derivative (8); the latter reacts with nucleophiles yielding diastereomeric 0- 
aminoenediones (10, 10') stabilized through hydrogen bonding.

During previous research1 on the reactions of N -  
acetoacetylamino acids (AcA-aa, 1) with dicyclohexyl- 
carbodiimide (DCCI) we obtained 2-acetonylideneox- 
azolidin-5-ones 3, which behave as possible intermedi
ates in the condensation with nucleophiles; in some 
cases, we observed a condensation-racemization ratio 
more favorable than known for 2-oxazolin-5-ones (4, 
X  = O), which racemize through enolates or meso- 
ionic species.2

A 2-acetonyloxazoline structure (4, R " = CH2C- 
OCH3, X  = R 2 or RH), tautomerically related to 3, 
wras recently proposed, in turn, for the transformation 
products of pertinent acetoacetamides.3

In this paper we report on the behavior of AcA de
rivatives of X-methylamino acids and proline in the 
presence of the same activator of the carboxyl groups, 
namely D C C I. Furthermore, we studied how the 
eventual formation of oxazole derivatives would affect 
the retention of configuration in the condensation reac
tion.

X-Methyl-AcA-aa (2) condenses wTith amino acid 
esters in the presence of D C C I to give racemized N -  
methyl-AcA dipeptides. On the other hand, when 2 
is treated with D C C I in the absence of nucleophiles, 
the very reactive 2-acetonylidene-3-methyloxazolidin-
5-ones (6) are obtained in almost quantitative yields. 
Structure 6 is supported by strong carbonyl absorption 
at 1840 cm-1 , (J-aminoenone maximum near 275 nm 
(e >20.000),4 and the presence of singlets for the vinyl 
proton and the CH3CO group at 5 4.8 and 2.3, respec

(1) C. Di Bello, F. Filira, and F. D ’Angeli, / .  Org. Chem., 36, 1818 (1971), 
and references cited therein.

(2) Cf. M. Goodman and C. Glaser in “ Peptides, Chemistry and Bio
chemistry,” B. Weinstein and S. Lande, Ed., Marcel Dekker, New York,
N. Y., 1970.

(3) T. Kato and M. Sato, Chem. Pharm. Bull., 17, 2405 (1969); T. Kato, 
Y. Yamamoto, and M. Sato, Yakugaku Zasshi, 91, 384 (1971).

(4) D. L. Ostercamp, J. Org. Chem., 35, 1632 (1970).

tively. The hypsochromic-hyperchromic shift of the 
uv maximum and the strong shift of the vinyl proton 
with respect to the chelated structures 3 [uv max 285

R' R 
I I

CH,COCH,CON—CHCOOH
1, R' = H
2, R' = CH3

H
I

H
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H H
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CH,

nm (e ca. 12,000); = C H  at 5 5.2],1 confirm that the 
present compounds have the thermodynamically fa
vored trans configuration 6. In no reaction could the 
alternative diastereomer be detected. This contrasts 
with the related /3-aminoalkenoates and /3-aminoenones, 
which are obtained under proper conditions as cis-
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trans mixtures.5 6 Further studies on the stereochem
istry of the compounds described in this paper will be 
reported ;6a circular dichroism data on 3 and 6 have 
been published.6b

When an azlactone (6) was treated with an amino 
acid ester or amine, the corresponding peptide or amide 
was obtained, as in the straightforward condensation 
of an W-methyl-AcA-aa with the nucleophile in the 
presence of D C C I. We investigated the retention of 
optical activity both in the stepwise and in the direct 
condensation. In spite of the fact that some iV-acyl- 
iV-alkvlamino acids have a smaller tendency to race- 
mize than V-acylamino acids,2 we obtained under 
both sets of conditions partially racemized W-methyl- 
AcA-L-valine benzylamide, in contrast with the related 
AcA-L-leucine benzylamide and analogous valine de
rivatives.1 The loss of optical purity may be due in 
part to the positive charge at the tertiary nitrogen of 
the trans aminoenone chromophore.4,5

When iV-AcA-L-proline (5) was treated with an 
amino acid ester in the presence of D C C I, each N -  
AcA-L-prolyl dipeptide was obtained in rather low 
yield, and was contaminated by a second condensation 
product which displayed /3-aminoenedione properties. 
This was somehow unexpected, although complica
tions accompany the synthesis of prolyl peptides due, 
in part, to the rigidity at the Ca-N  bond.7

The outcome of parallel reactions of 5 with D C C I 
in the absence of a nucleophile led to the elucidation 
of the nature of the unexpected /3-aminoenediones. 
The reaction mixtures obtained in various solvents 
absorbed at 1845 cm“1 and contained an acylating 
species, which we believe to be the azlactone 7 and not

H H H

/ ^ C ------ CO

II
C H C O C H 3

7

%
1

R — C—

■o
o

— 1 Il 1

r /  V

Ow01

1 II 1,
ch3 0 gh3

9

an anhydride;8 9 10 7 could not be isolated in sufficiently 
pure state to allow stereochemical conclusions. In
stead, we isolated an isomer of 7, namely the pyrroli- 
zine derivative 8. Uv, ir, and nmr spectra of 8, as 
well as of the /3-aminoenediones, fit the properties of 
related “tetramic acids” 9;9e,1° furthermore, 8 reacts

(5) H. Kessler, Ângew. Chem:, Int. Ed. Engl., 9, 219 (1970), and refer
ences cited therein; Y. Shvo and H. Shanan-Atidi, J. Amer. Chem. Soc., 91, 
6683 (1969); Y. Shvo and I. Belsky, Tetrahedron, 25, 4649 (1969); J. Sand- 
strom and I. Wennerbeck, Chem. Commun., 1088 (1971).

(6) (a) F. Filira, M. Acampora, and F. D ’Angeli, unpublished results; 
(b) C. Di Bello, F. Filira, and C. Toniolo, Biopolymers, 10, 2283 (1971).

(7) II. H. Mazur and J. M. Schlatter, J. Org. Chem., 28, 1025 (1963).
(8) E. Schnabel, “ Peptides,”  L. Zervas, Ed , Pergamon Press, Oxford, 

1966, p 71; D. F. De Tar, R. Silverstein, and F, F. Rogers, Jr., J. Amer. 
Chem. Soc., 88, 1024 (1966).

(9) (a) R. N. Lacey, J. Chem. Soc., 850 (1954); (b) S. A. Harris, L. V. 
Fisher, and K. Folkers, J. Med. Chem., 8, 478 (1965) ; (c) H. Yuki, Y. Tohira, 
B. Aoki, T. Kano, S. Takama, and T. Yamazaki, Chem. Pharm. Bull., 15, 
1107 (1967); (d) A. Aebi, H. U. Dàeniker, and J. Druey, Pharm. Acta Helv., 
38, 616 (1963); (e) C. W, Holzapfel, Tetrahedron, 24, 2101 (1968); (f) G. 
Btlchi and G. Lukas, J. Amer. Chem. Soc., 86, 5654 (1964).

(10) (a) J. F. Stephen and E. Marcus, J. 0~g. Chem., 34, 2527 (1969),
and references cited therein; (b) J. D. Edwards, J. E. Page, and M. Pianka, 
J. Chem. Soc., 5200 (1964) ; H. Junek and A. R. O. Schmidt, Monatsh. Chem.,
100, 570 (1969).

promptly with nucleophiles, yielding the /3-amino
enediones. In agreement with the preferred orienta
tion in the reactions of nucleophiles onto tetramic 
acids9a,f and other tricarbonylic substrates,10a we be
lieve that the aminoenediones bear the amino ester 
residue linked to the chain. We assume that such 
orientation will yield two diastereomers almost equally 
stabilized through hydrogen bonding (10, 10'); ac-

H

0  CH;J

10'

tually, the nmr spectrum at 90 Me of each reaction 
product displays two lines for the ethylidene methyl 
group near 5 2.5 and two distinct signals for the amino 
group near 8 11, in agreement with the proposed struc
ture.

The available data indicate that an irreversible in
tramolecular C —►  C attack competes with the straight
forward condensation and/or an intramolecular O — C 
attack leading to the acylating intermediate (7). Al
ternative hypotheses, such as the existence of slowly 
interconverting prolinamide rotamers11 or fast equili
brating diastereomers (10, 10') admixed with an isomer
(11) formed by attack on the ring, are ruled out.

AcA-prolyl dipeptide esters undergo deacetoacetyla- 
tion with hydroxylamine1 to the pertinent prolyl di
peptide esters; the /3-aminoenedione (10, 10') under
goes, under the same conditions, displacement of the 
amino acid ester, in analogy with amine replacements 
reported for related aminoenones and aminoenedi
ones. 10b In a series of reactions of many AcA-aa with 
D CCI, particularly in DM F solution,12 no tetramic 
derivatives could be detected, although the reaction 
mixtures were examined carefully by chromatography. 
This stresses the special effect of proline on the reaction 
outcome.

In conclusion, as regards the behavior of AcA-aa
(l),1 W-methyl-AcA-aa (2), and AcA-proline (5) toward 
carboxyl group activation via D C C I, 1 and 2 yield
2-acetonylideneoxazolidin-5-ones (3, 6), which have the 
opposite stereochemistry at the olefin side chain. 5, 
on the other hand, undergoes a major side reaction and 
yields the unexpected pyrrolizine derivatives 8 and 
10.

(11) Cf. H. L. Maia, K. G. Orrell, and H. N. Rydon, Chem. Commun., 
1209 (1971), and references cited therein.

(12) Details of these reactions are omitted for sake of brevity.
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Experimental Section13
A’-Acetoacetyl-.Y-methylamino acids (2) and iV-acetoacetyl-L- 

proline (5) were obtained by stirring a solution of IV-methylamino 
acid14 or L-proline in the equivalent amount of 2 N  sodium hy
droxide, with 1 mol of diketene at 0° until the latter was com
pletely dissolved (1-2 hr). The solution was washed with ether, 
acidified to pH 1, and extracted with ethyl acetate. The extracts 
were dried (Na2S04) and concentrated to give AcA-L-proline,1'911 
[a] —58° (c 2.0), and the following new IV-methyl AcA-aa.

A-Acetoacetyl-A-methyl-L-alanine (2a) was an oil (80%), uv 
max 256 nm (« 3800), [a] —33.4° (c 2.0). It was analyzed as the 
dicyclohexylammonium salt, mp 146-147°. Anal. Calcd for 
C8HI3N 0 4-CI2H23N : C, 65.18; H, 9.85; N, 7.60. Found: C, 
65.55; H, 9.74; N , 7.59.

A-Acetoacetyl-Af-methyl-L-valine (2b) was an oil (82%), uv 
max 257 nm (e 5370), [a] —94.0° (c 2.0). Anal. Calcd for 
C10H „N O 4: C, 55.80; H, 7.96; N, 6.51. Found: C, 55.20; 
H, 7.69; N, 6.47.

A’-Acetoacetyl-iY-methyl-L-leucine (2c) was colorless prisms: 
mp 85-86° (68%), [a] —31.9° (c 2.0); uv max 254 nm (e 5630). 
Anal. Calcd for CnH19N 0 4: C, 57.62; II, 8.35; N, 6.11.
Found: C, 57.44; H, 7.90; N, 6.12.

2-Acetonylidene-3,4-dimethyloxazolidin-5-one (6a).— The solu
tion of AcA-iV-methyl-L-alanine (2a) (167 mg, 0.89 mmol) in 3 
ml of dioxane was added to DCCI (190 mg, 0.89 mmol); after 
2 hr standing, the DCU (182 mg, 92% ) was filtered off and the 
solution was lyophilized. An oil was obtained: [a] —3° (c 1.5); 
uv max 278 nm (« 24,000); nmr & 1.5 (d, C4CH3), 2.25 (s, CO- 
CH3), 2.9 (NCH3), 4.15 (q, C4H), 4.7 (s, = C H ). Anal. Calcd 
for C8H „N 0 3: C, 56.79; H, 6.55; N, 8.28. Found: C, 56.70; 
H, 6.45; N, 8.23.

Compounds 6b,c were obtained in an identical way from AcA- 
Ar-methyl-L-valine and AcA-Ar-methyl-L-leucine, respectively, 
and had the following properties.

2-Acetonylidene-3-methyl-4-isopropyloxazolidin-5-one (6b) was 
colorless prisms: mp 89-90°; [a] — 4.3° (c 1.85); uv max 276 
nm (( 20,900). Anal. Calcd for C10H I5NO3: C, 60.89; H, 7.67; 
N, 7.10. Found: C, 60.31; H, 7.72; N, 7.28.

2-Acetonylidene-3-methyl-4-isobutyloxazolidin-5-one (6c) had 
mp 59-60°; [a] —0.7°; uv max 275 nm (« 26,900). Anal. 
Calcd for CuH „N 0 3: C, 62.54; H, 8.11; N, 6.63. Found: C, 
62.62; H, 8.76; N, 6.74.

A-Acetoacetyl-A-methylvaline Benzylamide.— A sample of N- 
methyl-AcA-L-valine (2b) (215 mg, 1 mmol), dissolved in 5 ml 
of dioxane, was treated with DCCI (206 mg, 1 mmol) and al
lowed to stand for 2 hr. The DCU was filtered and the solution 
was treated with benzylamine (107 mg, 1 mmol) and left over
night. Concentration yielded an oil (A) that was redissolved in 
ethyl acetate and washed with aqueous sodium bicarbonate and 
then with water. The solution, taken to dryness, gave an oil 
(220 mg, 70% ), [«] - 7 .2 °  (c 4.2). Anal. Calcd for C,7H24N20 3: 
C, 67.08; H, 7.95; N, 9.20. Found: C, 67.14; H, 7.92; N, 
9.14.

A’-Benzyloxycarbonyl-A’-methylvaline Benzylamide.— A sam
ple of the above crude oil (A) obtained in an identical run was 
dissolved in 2 ml of ethanol-acetic acid-water (4 :1 :1 ) and added 
with 70 mg (1 mmol) of hydroxylamine hydrochloride. The 
mixture was heated at 40° for 30 min and the resulting solution 
was taken to dryness. After working up,1 the aqueous extract, 
containing IV-methylvaline benzylamide hydrochloride, was 
treated with benzyloxycarbonyl chloride in the presence of sodium 
hydroxide at 0°. An oil separated and was extracted with chloro
form. After washing with water, 1.0 N  HC1, and water, the 
solution was taken to dryness. A thick oil (90%) was obtained, 
[a] —22.9° (c 1.8, ethanol). Anal. Calcd for C2iH26N20 3: C, 
71.16; H, 7.39; N, 7.30. Found: C, 71.0; H, 7.20; N, 7.22.

(13) Elemental analyses were performed in the Microanalytical Labora
tory of the Institute of Organic Chemistry, at the care of Professor Eloisa 
Celon Mazzucato. Uv and ir spectra and optical activities (line d, at 25°, 
concentration in parentheses) were measured in dioxane, unless otherwise 
stated. Nmr spectra were measured in CDCls, using a Bruker Spectrospin, 
90 Me, and are given in (5) parts per million, using (CHa^Si as internal 
standard. The molecular weight of the /3-aminoenedione (10, 10') was mea
sured with a vapor pressure osmometer Hewlett-Packard 301A in benzene 
and with a mass spectrometer Hitachi Perkin-Elmer RMV6, with recorder 
H.P.E. 196. For tic, precoated layers of silica gel Merck and ethyl ace
tate-benzene (2:1) as eluent were used; acetoacetyl derivatives gave blue- 
violet spots using an iron chloride spray.

(14) H. N. Rydon and P. W. G. Smith, J. Chem. Soc., 3646 (1956).

The same product was obtained by treating (Z)-L-valine with 
benzylamine in the presence of DCCI, via symmetric anhydride,16 
yield 93% , [a] —80.1° (c 2.02, ethanol), indicative that in the 
preparation via the A-methyl-AcA-aa (2b) (see above) there had 
been 37.5% racemization. Finally, a third sample of iV-methyl- 
(Z)-valine benzylamide was obtained by N-deacetoacetylation 
followed by N-benzyloxycarbonylation of a sample of the oil (A) 
prepared in turn by treating 2b with benzylamine and then with 
DCCI; this sample had [a] —17.6°, indicative that extensive 
racemization had occurred also in this case.

.Y-Acetoacetyl-.Y-methylvalylglycine Ethyl Ester.— A sample 
of compound 2b (645 mg, 3 mmol) in 5 ml of acetonitrile was 
added with DCCI (618 mg, 3 mmol), allowed to stand for 2 hr, 
and treated with a solution of glycine ethyl ester hydrochloride 
(460 mg, 3.3 mmol) and triethylamine (313 mg, 3.1 mmol) in 
5 ml of acetonitrile. The mixture was let stand overnight, the 
DCU was filtered off, and the solution was taken to dryness. 
The oil was redissolved in ethyl acetate and washed with water, 
0.1 N  HC1, water, aqueous sodium bicarbonate, and again water; 
the solution was dried and concentrated in vacuo. An oil was 
obtained (800 mg, 87% ), [a] —2° (c 3.6), uv max 253 nm (metha
nol). Anal. Calcd for Cx4H24N205: C, 55.98; H, 8.05; N,
9.32. Found: C, 55.61; H, 8.30; N, 9.29.

Ar-Acetoacetyl-A'-methylvalyl-L-valine Methyl Ester.— This 
compound was prepared from 2b and L-valine methyl ester, as 
an oil (85%); it consisted probably of a diastereomerie mixture, 
but no resolution was apparent on tic. Anal. Calcd for C i6H28- 
N 20 5: C, 58.51; H, 8.59: N, 8.53. Found: C, 58.08; H, 8.42;
N, 8.25.

l-Hydroxy-2-acetyl-3-oxo-3,5,6,7,7a-pentahydropyrrolizine (8). 
A.— Ac A-L-proline1'911 was converted into its methyl ester and 
then into the corresponding tetramic derivative (8,9b sodium 
salt) (10.0 g, 98% ).9b A sample was dissolved in 0.1 N  hydro
chloric acid. Extraction with ethyl acetate gave a solution that 
was washed with a little water and taken to dryness as an oil, 
[a] —95.2° (c 2.1), uv max 277 nm (e 12,600). Anal. Calcd 
for C9H uN 0 3: C, 59.66; H, 6.12; N, 7.73. Found: C, 59.74; 
H, 6.35; N, 7.58.

B.— AcA-L-proline was treated with DCCI in dioxane or 
acetonitrile, following the procedure used to obtain 6a. DCU 
was filtered after 10-15 hr from the solution, which absorbed at 
1845 cm-1; the solution was concentrated to dryness and taken 
up with ethyl acetate-aqueous sodium bicarbonate. Concentra
tion of the organic layer and purification on a column of Si02 gave 
IV-acetoacetylprolylurea as an oil, [a] 78.3° (c 2.67). Anal. 
Calcd for C22H35N 30 4: C, 65.16; H, 8.70; N, 10.36. Found: 
C, 65.20; H, 8.65; N, 10.41. The aqueous layer was extracted 
with ethyl acetate at various pH ’s; the presence of 8 and un
changed IV-acetoacetylproline was demonstrated on tic, by com
parison with authentic samples.

2-(a-Ethoxycarbonylmethylamino)ethylidene-l ,3-dioxopyrrol- 
izidine (10, 10', R = CH2COOC2H6) and A’-Acetoacetyl- 
L-prolylglycine Ethyl Ester.— Samples of A-acetoacetylproline 
(4.18 g, 0.021 mol) and glycine ethyl ester hydrochloride (2.9 g,
O. 018 mol) were dissolved in a mixture of D M F (20 ml) and aceto
nitrile (100 ml); triethylamine (2.8 ml, 0.02 mol) was added under 
stirring and cooling at —10°. The mixture was treated with 
DCCI (4.66 g, 0.023 mol) and kept for 1 hr at —10° and then for 
16 hr at 20° under stirring. From the resulting suspension, the 
DCU was filtered off (100%) and the solution was evaporated 
to dryness. The residue was extracted with ethyl acetate that 
left undissolved the triethylammonium hydrochloride formed 
(100%); the extract was washed with water and 1 N  HC1 until 
neutral, dried, and concentrated to a solid. This work-up caused 
the disappearance of absorption at 1845 cm-1, possibly due to re
conversion of the azlactone 7 into AcA-proline 5 (ca. 10%). 
The solid was extracted with ether and recrystallized from ethyl 
acetate-petroleum ether (bp 40-60°) as colorless prisms (0.8 g, 
20% ): mp 135-136°; [a] —28° (c 2.0, methanol); uv max 305 
nm (e 20,000); ir 3450, 1750, 1710, 1675, 1630, 1600 c m '1; 
nmr 5 1.3 (t, CH2CH3), 1.8-2.3 (m, CH2CH2), 2.5,2.53 (CH3C = ),
2.9-3.3 (m, C-aH), 3.55-4.0 (m, CH2N ), 4-4.4 (m, CH20 , 
NCH2CO), 10.95 (t, NH), 11.3 (t, N H ). The twin signals at 
5 2.5 and 2.53 did not collapse to a single peak upon irradiation 
of the spectrum; on deuteration, the amino proton peak dis
appears in about 16 min and uncoupling of the CH2N was ob
served. Anal. Calcd for Ci3H18N20 4: C, 58.63; H, 6.81; N,

(15) L. Kisfaludy and M. Low, “ Peptides 1962,”  G. T. Young, Ed., 
Pergamon Press, Oxford, 1963, p 93.
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10.52; mol wt, 266.3. Found: C, 59.23; H, 6.79; N, 10.64; 
mol wt, 261 (CeHe), m/e 266. The same product was obtained 
by treating the pyrrolizinone 8 with glycine ethyl ester, in the 
condition described below for 10, 10'a.

The above ether extract was evaporated to dryness, yielding 
an oil whose physical properties and elemental analysis indicated 
that it was crude AcA-pro-gly-OEt (4.0 g, 60% ). Upon treat
ment with hydroxylamine hydrochloride1 it yielded L-prolyl- 
glycine ethyl ester hydrochloride, identical with an authentic 
specimen.16

A sample of 10, 10' was treated with hydroxylamine, under the 
same conditions;1 chromatography showed the release of glycine 
ethyl ester hydrochloride and of a derivative, giving a strong blue 
spot with iron chloride, identical with the one obtained by mix
ing equimolecular quantities of 8 and hydroxylamine hydro- 
chloride.#f'l0b

Several other reactions of AcA-proline with glycine ethyl ester 
and DCCI were run using different solvents (acetonitrile alone, 
dioxane, CDCb); work-up always gave mixtures of 10, 10' and 
AcA-prolylglycine ethyl ester.

2-(<*-l-Ethoxycarbonyl-l-ethylamino)ethylidene-l,3-dioxopyr- 
rolizidine (10, 10'a, R =  C H C H 3 C O O C 2 H 5 ) .— A sample of 
8 as the sodium salt (812 mg, 0.004 mol), suspended in ethanol 
(20 ml), was treated with L-alanine ethyl ester hydrochloride 
(615 mg, 0.004 mol), refluxed for 1 hr, and filtered. The solution 
was taken to dryness and the residue was redissolved in ethyl

(16) S. Guttman, J. Pless, and R. A. Boisaonas, Helv. Chim. Acta, 45, 170 
(1962).

acetate. The solution was washed with water, 1 N  hydrochloric 
acid, and water, dried on sodium sulfate, and concentrated to 
dryness as an oil (0.54 g, 49% ): uv max 306 nm (e 20,000); [a] 
+  30.5 (c 2.2); nmr 5 1.3 (t, CH2CH3), 1.6 (d, CH3), 1.7-2.3 
(m, CH2CH2), 2.50, 2.52 (= C G H 3), 2.9-3.4 (m, C7a H), 3.4-3.9 
(m, CH2N), 4.0-4.6 (m, OCH2, C„ H ), 10.8 (d), 11.1 (d, NH). 
Anal. Calcd for C14H20N2O4: C, 59.98; H, 7.19; N , 9.99. 
Found: C, 59.81; H, 6.95; N, 9.61.

Registry No.—2a, 35211-90-6; 2b, 35191-59-4; 2c, 
35141-03-8; 6a, 35141-04-9; 6b, 35141-05-0; 6c,
35141-06-1; 8, 2113-85-1; 10 (R = CH 2C02C2H6), 
35191-60-7; 10' (R = CH2C02C2H5), 35141-08-3; 10 
(R =  CH CH 3C02C2H5), 35141-09-4; 10' (R =
CH CH 3C02C2H6), 35191-61-8; ./V-acetoacetyWV-meth- 
ylvaline benzylamide, 35191-62-9; iV-benzyloxycar- 
bonyl-Af-methylvaline benzylamide, 35191-63-0; N -  
acetoacetyl-A^-methylvalylglycine ethyl ester, 35191-
64-1; iV-acetoacetyl-A-methylvalyl-L-valine methyl 
ester, 35141-10-7; iV-acetoacetylprolylurea, 35191- 
67-4.
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Direct irradiation of A'jA'-dibenzylamine in solution at 254 nm leads to efficient homolysis of the benzyl- 
nitrogen bond. Product studies show that the subsequent dark reactions observed are primarily those of the N -  
benzylamino radical with dibenzylamine to afford benzylamine and the dibenzylamino radical by abstraction 
from the N -H  bond. There is no evidence for the intermediacy of the isomeric carbon-centered radical. Com
bination and disproportionation reactions of the benzylamino and the dibenzylamino radicals are discussed.

Early photochemical studies of nitrogen-containing 
systems primarily involved decomposition of ammonia1 
and simple alkylamines2 in the gas phase. Primary and 
secondary alkylamines were shown to decompose by a 
homogeneous cleavage of the N -H  bond when subjected 
to light from a mercury arc lamp.3 4 Only with tertiary 
amines, in which no N -H  bond was available, did 
alkyl-nitrogen homolysis become important. The 
photolysis of a series of primary and secondary methyl- 
amines at 77°K  afforded esr spectra, which were at
tributed to nitrogen-centered radicals.5

Studies with both n-amylamine and n-butylamine 
showed that no decomposition corresponding to a 
Norrish type I I  reaction was associated with the photol
ysis of simple alkylamines.63 Extensive polymer for-

(1) (a) E. Warburg, Sitzungsber. Preuss. Akad. Wiss., 746 (1911); Chem.
Abstr., 6, 20 (1912). (b) E. Warburg, Sitzungsber. Preuss. Akad. TFtss.,
216 (1912); Chem. Abstr., 6, 3356 (1912). (c) W. Kuhn, C. R. Acad. Sci.,
177, 956 (1923); Chem. Abstr., 18, 789 (1924). (d) W. Kuhn, C. R. Acad.
Sci., 178, 708 (1924); Chem. Abstr., 8, 1787 (1924). (e) W. Kuhn, J. Chim.
Phys., 23, 521 (1926); Chem. Abstr., 20, 3646 (1926). (f) J. R. Bates and
H. S. Taylor, J. Amer. Chem. Soc., 49, 2438 (1927). (g) W. E. Groth, U.
Schurath, and R. N. Schindler, J. Phys. Chem., 72, 3914 (1968).

(2) (a) H. J. Emeleus and H. S. Taylor, J. Amer. Chem. Soc., 53, 3370 
(1931) ; (b) H. J. Emeleus and L. J. Jolley, J. Chem. Soc., 1612 (1935).

(3) C. H. Bamford, J. Chem. Soc., 17 (1939).
(4) J. V. Michael and W. A. Noyes, Jr., J. Amer. Chem. Soc., 85, 1228 

(1963).
(5) S. G. Hadley and D. H. Volman, ibid., 89, 1053 (1967). See also 

T. Richerzhagen and D. H. Volman, ibid., 93, 2062 (1971).

mation and product arising from other than simple 
radical processes have obscured the elucidation of the 
mechanistic details of the gas-phase reactions. The 
solution photochemistry of amines subsequently showed 
that the products initially formed, when both primary 
and secondary amines were photolyzed in hydrocarbon 
media, were similar to those formed in the gas phase.6*5,7 
Ammonia, always present as a secondary reaction 
product in photolyses carried out in the vapor phase, 
however, was shown to be absent in solution.8'9

Kinetic studies10 involving the attack of alkyl radicals

(6) (a) C. H. Bamford and R. G. W. Norrish, J. Chem. Soc., 1504 (1935); 
(b) G. H. Booth and R. G. W. Norrish, ibid., 188 (1952).

(7) For other photochemical reactions of amines see (a) J. A. Barltrop and 
R. J. Owers, Chem. Commun., 1462 (1970); (b) D. R. G. Brimage and R. S. 
Davidson, ibid., 1385 (1971); (c) C. H. Niu and V. I. Stenberg, ibid., 1430 
(1971); (d) D. Bryce-Smith, M. T. Clarke, A. Gilbert, G. Klunkin, and G. 
Manning, ibid., 916 (1971); (e) N. Paillous and A. Lattes, Tetrahedron Lett., 
4945 (1971).

(8) The photolysis of both di- and triethylamine has been carried out on 
the neat liquids with a medium-pressure mercury lamp.9 Due to the long 
periods of irradiation (90 hr) and the consequent complexity of the resulting 
products, mechanistic arguments should be considered tenuous.9a

(9) (a) L. T . Allan and G. A. Swan, J. Chem. Soc., 4822 (1965); (b) 
C. H. Niu and V. I. Stenberg, Chem. Commun., 1430 (1971).

(10) (a) P. J. Kozak and H. Gesser, J. Chem. Soc., 448 (1960); (b) R. K. 
Brinton, Can. J. Chem., 38, 1339 (1960); (c) P. Gray and J. C. J. Thynne, 
Trans. Faraday Soc., 59, 2275 (1963); (d) P. Gray and A. Jones, ibid., 62, 
112 (1966); (e) P. Gray, A. Jones, and J. C. J. Thynne, ibid., 61, 474 (1965); 
(f) D. A. Edwards, J. A. Kerr, A. C. Lloyd, and A. F. Trotman-Dickerson, 
J. Chem. Soc. A, 1500 (1966).
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on various alkylamines, and the determination of bond 
dissociation energies of amines,11 have contributed to an 
understanding of the chemistry of nitrogen-centered 
radicals. The heats of formation of amino radicals 
generally decrease with alkyl substitution in the order 
STH2 >  CH3NH >  (CH3)2N [that is, AH t = 47.2, 45.2, 
and 38.2 kcal mol-1 , respectively].12 Thus, the stability 
of radicals centered on nitrogen exhibits the same trend 
as those of the carbon analogs.

Most of our knowledge of the reactions of the nitro
gen-centered radicals has come from the dimethyl- 
amino radical generated thermally or photochemically 
from tetramethyltetrazene.1314 This radical is re
ported to abstract the a hydrogen atom from cumene (as 
evidenced by the formation of dimethylamine and bi- 
cumyl)16 and add to a-methylstyrene.16 The photoly
sis of W-(ierf-butyl)-iVr-chloroacetamide in benzene 
afforded the amido radical, which failed to add to any 
of a series of olefins.17 It  was concluded that neutral 
amino, alkylamino, or acylamino radicals abstract 
hydrogen from olefins in preference to addition to the 
double bond. The possible exceptions to this general
ization are protonated amino radicals. The previously 
observed addition to a-methylstyrene16 may be an 
abstraction reaction followed by radical combination. 
Support for this view was provided by the fact that 
no addition products were formed when the dimethyl- 
amino radical was produced in the presence of stilbene.18 
However, the addition of the dimethylamino radical 
to ethylene in a vapor phase process has been reported.19 
Mackay and Waters20 generated the dimethylamino 
radical photochemically from the tetrazene in the pres
ence of hydrogen donors and concluded that hydrogen 
abstraction by a nitrogen-centered radical is a very 
selective process and occurs only when a relatively 
stable radical results.

In light of the divergent data surrounding amino 
radicals, we have investigated the photochemical de
composition of A7,^-dibenzylamine as a system for 
the production of amino radicals.

Results and Discussion

Dibenzylamine decomposed to a mixture of products 
when irradiated with 253-nm light. Hydrogen, found 
to be a major product in the photolysis of primary 
and secondary aliphatic amines3 in the gas phase, was 
not detected in solution.21 We find that the major

(11) (a) M. Szwarc, Proc. Roy. Soc., Ser. A, 198, 285 (1949); (b) M. 
Szwarc, ibid., 197, 267 (1949); (c) J. A. Kerr, R. C. Serhar, and A. F. Trot- 
man-Dickerson, J. Chem. Soc., 3217 (1963); (d) B. G. Gowenlock, P. P. 
Jones, and J. R, Majer, Trans. Faraday Soc., 57, 23 (1961); (e) N. J. Friswell 
and B. G. Gowenlock, Advan. Free Radical Chem., 2, 7 (1967).

(12) D. M. Golden, R. K. Solly, N. A. Gac, and S. W. Benson, J . Amer. 
Chem. Soc., 94, 363 (1972).

(13) W. C. Danen and T. T , Kensler, ibid., 92, 5235 (1970); D. F. Wood 
and R . V. Lloyd, J. Chem. Phys., 53, 3932 (1970).

(14) (a) P. W. Jones and H. D. Gesser, J. Chem. Soc. B, 1873 (1971); 
(b) C. J. Micheda, and W. P. Hoss, J. Amer. Chem. Soc., 92, 6298 (1970).

(15) B. L. Erusalimsky, B. A., Dolgoplosk, and A. P. Kavuneneko, 
Zh. Obshch. Khim., 27, 257 (1957).

(16) B. R. Cowley and W. A. Waters, J. Chem. Soc., 1228 (1961).
(17) R. S. Neale, N. L. Marcus and R. G. Schepers, J. Amer. Chem. Soc., 

88, 3051 (1966). See also R. S. Neale, Synthesis, 1 (1971); P. Kovacic, 
M. K. Lowery, and S. W. Horgan, Chem. Res., 70, 639 (1970).

(18) R. E. Jacobson, K. M. Johnston, and G. H. Williams, Chem. Ind. 
{London), 157 (1967).

(19) A. Good and J. C. J. Thynne, J. Chem. Soc. B, 684 (1967).
(20) D. Mackay and W. A. Waters, J . Chem. Soc. C, 813 (1966).
(21) It has recently been suggested,14® however, that dimethylamino 

radicals generated photochemically from tetramethylurea or dimethyl- 
acetamide afford hydrogen by disproportionation.

products included toluene, benzylamine, and iV-ben- 
zylbenzaldimine. Tribenzylamine and bibenzyl are 
formed in lesser quantities but of equal importance for 
mechanistic considerations. Table I lists the com-

T a b l e  I
P ro d u cts  from  th e  P h o t o l y sis  of 

D ib e n z y l a m in e  a t  253 nm*
«•-------------------------------- Product, mmol--------------------------------- <

PhC H =
Conen, M PhCHj PhCHjNH, NCHiPh (PhCH2)aN (PhCH,),
0 .0 26 0.04 0.05 0.03 0.002 0.01
0.15« 0.06 0.06 0.09 0.02 0.02
0.20« 0.10 0.07 0.10 0.02 0.02
0.25« 0.11 0.09 0.11 0.03 0.02
0.50« 0.14 0.13 0.12 0.05 0.02
0.75« 0.16 0.16 0.15 0.07 0.02
1.00« 0.165 0.19 0.16 0.08 0.02
1.50« 0.19 0.23 0.17 0.10 0.02
0.25d 0.09 0.07 0.09 0.04 0.027
0.50d 0.11 0.11 0.11 0.06 0.030
0.75d 0.12 0.12 0.12 0.07 0.035
1.00d 0.13 0.14 0.14 0.10 0.035
1.50d 0.14 0.16 0.15 0.12 0.33
0.5« 0.06 0.04 0.07 0.02 0.01
1.0« 0.07 0.05 0.09 0.03 0.01
“ Photolysis for 60 

nitrile. « Methanol.
min. 6Pentane. « Cyclohexane. d Aceto-

pounds identified from the photolysis carried out in 
several solvents. These product studies are based on 
reactions allowed to proceed to only ~ 1 0 %  comple
tion, thus avoiding complications due to secondary 
photolysis of the initially formed products. The 
presence of bibenzyl, toluene, and benzylamine sug
gests an initial C -N  bend homolysis (eq 1) from which

fiV
(PhCH2)2NH — >  PhCH2 • +  PhCH2NH (1)

both toluene and benzylamine could result by sub
sequent hydrogen abstraction.

Both cyclohexene and bicyclohexyl are products 
from the bimolecular reaction of two cyclohexyl radicals. 
The absence of detectable amounts of these compounds 
indicates that attack on this solvent is minor and that 
the products arise predominantly by reaction with 
substrate. The benzyl radical is not expected to attack 
cyclohexane to any significant extent at room tempera
ture and our observation that the benzylamino radical 
does not dehydrogenate cyclohexane is in general 
agreement with the MacKay and Waters20 studies 
with the dimethylamino radical. Similarly, the ab
sence of succinonitrile precludes appreciable attack 
at the a hydrogens of acetonitrile.

If attack on the substrate is considered to be the 
primary process, four reactions involving the abstrac
tion of hydrogen from dibenzylamine are possible
(PhCH2)2NH +

PhCH2-
C PhCHj + (PhCH2)2N- 

. H
PhCH3 + PhCHNCH2Ph

(2a)

(2b)

(PhCH2)2NH +

PhCHpNH

y-*-PhCH 2NH2 + (PhCH2)2N-

STF----(.

\  • H
''-►PhCH2NH2 + PhCHNCH2Ph

(2c)

(2d)
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Figure 1.— Oxygen uptake in thermal decomposition of di-
cumyl peroxide in dibenzylamine: (• ) experimental; (-----)
theoretical uptake assuming no chain reaction (125°).

(eq 2). Several results indicate that attack is mainly 
at the N -H  bond. Since there are no authenticated 
examples of 1,2-hydrogen shifts22 (eq 3), the formation

PhCHNCH2Ph -\g—  PhCH2NCH2Ph (3)

2 1

of tribenzylamine is best explained as a dimerization 
process involving a benzyl radical and a dibenzylamino 
radical formed in either step 2a or 2c.

Tribenzylamine was identified (after separation by 
preparative vpc) by its pmr spectrum and it mass spec
tral fragmentation pattern when compared with au
thentic tribenzylamine. The mass spectrum of tri
benzylamine shows a molecular ion at m /e  287, an 
M — 1 peak at m /e  286, and major peaks at m /e  
196 [(PhCHt)»N+], 210 [(PhCH2)2NCH2+], and 91 
[PhCH*+]. The isomer PhCH2CH(Ph)NHCH2Ph (3), 
which would be expected from the dimerization of the 
carbon-centered radical 2 and a benzyl radical, has a 
completely different fragmentation pattern. Neither 
a molecular ion nor an M — 1 peak is observed in 3, and 
the most prominent ion is at m /e  106 (PhCH2NH+).

The chemistry of the carbon-centered radical 2 
was further studied by examining the reaction of di
benzylamine with alkoxy radicals, which were gener
ated thermally from both di-ferf-butyl and dicumyl 
peroxide (eq 4 and 5). The carbon-carbon dimer 4 and

, , • H
R O  + (PhCH2)2NH -------►ROH + PhCHNCH2Ph (4)

/—*■ P h C H = N C H 2Ph +  (PhCH2)2NH

2PhCHNCH2Ph —l  (5)
' — *-PhCHNHCH2Ph

I 4
PhCHNHCH2Ph

jV-benzylbenzaldimine are the predominant products, as 
shown in Table II. It  is apparent that alkoxy attack 
occurred predominantly at carbon23 to produce radical 
2, since the results differ from those observed with the 
A,iV-dibenzylamino radical derived from the decom
position of tetrabenzyltetrazene (vide infra). The

(22) O. L. Chapman, "Organic Photochemistry,”  Vol. I, Marcel Dekker, 
New York, N. Y., 1967.

(23) E. S. Huyser, C. J. Bredeweg, and R. M. Van Scoy, J. Amer. Chem.
Soc., 86, 4148 (1964).

T a b l e  II
R e a c t io n  o f  D ia l k y l  P e r o x id e s  a n d  D ib e n z y l a m in e “

,------------------------Product, mmol----------------------
— Peroxide—— — PhCH -

R mmol Alcohol' Ketone-^ NCHjPh Dimer 4 PhCHO
ferf-Butyl5 1.4 2.12 0.51 0.59
Cumyl“ 1.04 2.0 0.60 0.35 0 .5911
Cumyl 1.12 2.20 0.2 0.65 0.24
Cumyl 3.5 6.5 0.5 2.2 1.0

0 Run in 15 ml of neat amine at 130° for 6 hr (degassed with 
N 2). b Di-ferf-butyl peroxide. c Dicumyl peroxide. d Only af
ter acid hydrolysis. • Either ferf-butyl alcohol or cumyl alcohol. 
f Either acetone or acetophenone.

absence of toluene and bibenzyl indicates that /3 scis
sion (eq 6) is not important for the radical 2. The oxy-

H
PhCHNCHiPh — >- P hC H =N H  +  PhCH2- (6)

gen analog of 2, however, generated in dibenzyl ether is 
known to cleave directly to benzaldehyde and a benzyl 
radical.24

When oxygen was introduced into the system, the 
yield of dimer dropped below detectable limits, and 
the imine yield increased well beyond the stoichio
metric limit imposed by the peroxide (Table III) .

T a b l e  III
E ff e c t  o f  O x y g e n  on P e r o x id e  R e a c t io n s  

w it h  D ib e n z y l a m in e “
,-------------------------------Product, mmol------------------------------- -

Dicumyl
Ph-

C(CH,)r
O

PhCH= /—PhCHO—v
peroxide Oi OH PhCCH, NCH,Ph d e
1.10 b ,f 2.1 0 .1 3.95
1.10 7 .0 “^ 1.91 0.23 5.73 2.3 8 .0
1.10 5.5c’ h 1.80 0.4 4.6 1.9 6.6

“ Same conditions as previously described, except that oxygen 
was present. b Run under 20 psi oxygen. c Oxygen uptake 
followed manometrieally. d Yield before hydrolysis. * Yield 
after hydrolysis. 1 Run 360 min. ” Run 250 min. h Run 150 
min.

Autoxidation of the amine was not evident in the ab
sence of peroxide. The difference in the yield of ben
zaldehyde before and after hydrolysis was identical 
with the amount of imine present and indicates that 
no other aldehyde precursor was formed (e.g., P h C H =  
NH). The effect of oxygen can be interpreted as 
trapping the radical 2 to produce an intermediate 
peroxy radical 5, which is known to undergo a wide

•OO
H | H

PhCHNCHiPh +  0 2 — >  PhCHNCH2Ph (7) 
2 5

variety of reactions.25 Further mechanistic details 
of the reaction were not investigated, although, as 
Figure 1 indicates, some radical chain process occurs 
in which the peroxy radical 5 could be a possible inter
mediate. Alternatively, the intermediacy of a nitrox- 
ide moiety in a mechanism similar to that suggested by 
DeLaMare26 to explain the oxidation of dibenzyl-

(24) R. L. Huang, H. H. Lee, and S. H. Ong, J. Chem. Soc., 3336 (1962); 
R. L. Huang, H. H. Lee, and M. S. Malhotra, ibid., Suppl. 2, 5947 (1964).

(25) G. A. Russell, “ Peroxide Reaction Mechanisms,”  J. Edwards, Ed., 
Interscience, New York, N. Y., 1962.

(26) (a) H . E. DeLaMare, J. Org. Chem., 25, 2114 (1960); (b) G. M. 
Coppinger and J. D. Swalen, J. Amer. Chem. Soc., 83, 4900 (1961).
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amine to the imine by ¿erf-butyl hydroperoxide is 
possible.

The presence of the dimer 4 in the peroxide reaction 
(eq 4, 5) indicates that both combination and dis
proportionation reactions between two carbon-centered 
radicals 2 does occur. The absence of such dimers in 
the photochemical reaction further rules out the in
volvement of radical 2 to any significant degree in 
that reaction.

An independent source for the dibenzylamino radical 
1 was sought, and A,Ar,A',)iV,-tetrabenzylhydrazine
(6) was first used, since this compound was expected 
to decompose photochemically to a pair of dibenzyl- 
amino radicals. Table IV  lists the yields of the products

T a b l e  IV
P h o t o l y s i s  o p  T e t r a b e n z y l h y d r a z i n e  a t  2 5 3  n m ‘

/■--------------------------- Product, mmol---------------------------- »
.—Hydrazine6—. (PhCHî),- P hC H =
[Start End PhCHs (PhCH2) 2 PhCHO' NH NCHjPh
0 . 3 8  t 0 . 3 0  0 . 1 4  ~ 0 . 1  t t
“ Photolysis time, 3 2 0  min. b I n  cyclohexane (mmol). “ Only 

after acid hydrolysis, t =  trace (< 0.01 mmol).

identified from the photolysis of 6. The high yield 
of toluene and the absence of dibenzylamine, however, 
indicates that C -N  bond cleavage occurs rather than 
a process to produce the desired radical 1. This reac
tion was not studied further, since radical 1 could be 
generated from tetrabenzyltetrazene 7. The photoly
sis was carried out at 310 nm, which represents the tail 
of the tetrazene band having a maximum at 290 nm 
(e 1.15 X 104). At this wavelength all of the products 
are optically transparent and nitrogen is liberated quan
titatively. The yield of dibenzylamine was approx
imately 30% greater than the yield of the imine, as 
shown in Table V. The results are consistent with

T a b l e  V
P h o t o l y s i s  o f  T e t r a b e n z y l t e t r a z e n e  a t  3 1 0  n m “

Tetrazene,6
----Product, mmol—

PhC H = 2 N compd
mmol n 2 (PhCH2)2NH NCH2Ph 2N2

0 . 2 4 0 . 2 3 6 0 . 2 9 0 . 2 1 1 . 0 7
0 . 2 4 0 . 2 7 0 . 2 7 0 . 1 8 0 . 8 4
0 . 4 8 0 . 4 6 5 0 . 5 8 0 . 3 8 1 . 0 3

“ Pyrex filter. b In 10 ml of cyclohexane.

the general scheme shown below, although some attack 
on the solvent is indicated.27

(PhCH2)2N N =N N (C H 2Ph)2 - X  N 2 +  2(PhCH2)2N- (8) 
7

2(PhCH2)2N ■ — >- (PhCH2)2NH +  PhCH =N CH 2Ph (9) 
1

1 (PhCH2)2NN(CH2Ph)2 
6

(27) Attack on solvent by the dibenzylamino radical under these condi
tions is not necessarily inconsistent with our previous conclusion regarding 
the absence of solvent attack during the photolysis of dibenzylamine. In 
the former case the dibenzylamino radical can attack solvent or undergo
(cage) combination-disproportionation reactions. The relative concen
trations of the solvent and radicals would permit attack on solvent even if it 
were energetically unfavorable. In the second case, the initially formed 
benzylamino radical can react with more substrate (dibenzylamine) rather
than react with the solvent. To preclude attack on solvent the relative
rate constants for attack on substrate should be more than ten times faster
than attack on solvent.

The reaction between the two dibenzylamino radicals 
represented in eq 9 is interesting, since the absence 
of the hydrazine dimer 6 implies that the radical 1 
only undergoes disproportionation to the exclusion of 
dimerization.23 A 1,2-hydrogen shift from carbon to 
nitrogen is also ruled out,22 since it would produce 
radical 2 and subsequently the dimer 4. It  thus ap
pears that any reaction leading to the nitrogen-centered 
radical 1 will result in disproportionation to the ex
clusion of dimerization, whereas carbon-centered rad
icals afford dimers as well as disproportionation prod
ucts.30

Since the involvement of the carbon-centered radical 
2 can be ruled out, two alternative reactions, 2a and 
2c, remain. To evaluate the importance of reaction 
2a, A-deuteriodibenzylamine was photolyzed and the 
toluene was isolated by preparative gas chromatog
raphy (see Experimental Section). The pmr spectrum 
of thfe toluene obtained in this manner showed a rela
tive intensity of the aromatic to methyl protons in a 
ratio of 5.0 to 3.0. The absence of labeled toluene 
thus eliminates reaction 2a and leaves 2c as the most 
likely process occurring in the dark, subsequent to 
homolysis.31

(PhCH2)2ND +  PhCH2 • PhCH2D +  (PhCH2)2N

Although bibenzyl was formed in the photolysis of 
dibenzylamine and almost certainly results from a 
radical combination reaction, the corresponding dimer 
VjA-dibenzylhydrazine 8 from the benzylamino radical 
was not detected. This observation further streng
thens the argument favoring reaction 2c as the major 
dark reaction, since such an abstraction process would 
remove the benzylamino radical and thereby prevent 
its dimerization. sym-Dibenzylhydrazine 8 is the 
expected product if hydrogen abstraction leading to 
benzylamine were not efficient. The stability of 8 
under the reaction conditions was established (see 
Experimental Section).

The formation of both the imine and tribenzylamine 
could arise by the following series of reactions (eq 10).

J. Org. Chem., Vol. 37, No. 21, 1972 3271

PhCH 2- +

(PhCH2)2N 

2 (PhCH2)2N

(PhCH2)3N (10a)

PhCH3 + P h C H = N C H 2Ph (10b) 

(PhCH2)2NH +  P h C H = N C H 2Ph

(10c)

The stoichiometric relationship between the imine, 
toluene, and benzylamine is shown in Table V I. If 
only reactions 2c and 10b were involved in the formation

(28) Moreover, the oxidatioh of dibenzylamine with nickel peroxide also 
led to no dimeric products. 29

(29) K. S. Balachandran, I. Bhatnagar, and M. V. George, J . Org. Ckem., 
33,3891 (1968).

(30) However, disproportionation of dimethylamino radicals to imine 
and hydrogen has been proposed.14a

(31) Benzyl radicals have been postulated to attack the N -H  bond in at 
least one example [J. Hutton and W. A. Waters, J . Chem. Soc., 4253 (1965)]. 
It was suggested that di-ieri-butyl peroxide in refluxing toluene produced 
benzyl radicals, which attack indole by a free-radical abstraction process and 
ultimately afford A-benzylindole. In this case, however, there appears to 
have been no attempt to eliminate the possibility of a radical addition 
mechanism.
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Initiai Amine Concentration (molar)

Figure 2. Stoichiometric relationship of the products formed 
in the photolysis of dibenzylamine: 2<j>CH2 =  4>CH3 +  (0CH2)2
+  feCHOjN.

of these compounds, the ratio shown in the last column 
of Table V I should be 2.

T a b l e  VI
Sto ic h io m e t r y  o f  I m in e  F o rm atio n

PhCH» +
— Product, mmol----------------> PtCHaNH,
PhCHj- PhCP:= PhC H =

(PhCHî)îNHa PhCHj NH, NCH:Ph PhCHO6 NCHiPh
0.26 0.28 0.22 0.35 0.36 1.45
0.52 0.41 0.29 0.43 0.47 1.60
1.55 0.64 0.55 0.63 0.68 1.89
2.6 0.66 0.79 0.72 0.84 2.02
3.9 0.86 0.94 0.88 0.94 2.05
5.2 (neat) 0.92 1.14 1.05 1.08 1.95

“ Molar concentration in CH3CN (10 ml). 6After acid
hydrolysis.

A ratio of 2 was indeed observed at higher amine 
conentrations. The greater yield of imine compared to 
toluene obtained in some cases, however, indicates 
that the disproportionation of two amino radicals 
(eq 10c) remains as a possible minor pathway. The 
overall stoichiometric relationship among the products 
of the reaction is shown in Figure 2. Although the 
yield of benzylamine remains below the yield of prod
ucts derived from the benzyl radical, the difference is 
constant throughout the range of concentrations 
studied.32

The disappearance of dibenzylamine in Figure 3 is 
initially rapid, but is apparently inhibited by the prod
uct (imine), which has a much larger absorbance (e 
18,000) than that of the reactant (e 357). The filtering 
of the light can be shown by the retardation of the rate 
due to the deliberate addition of imine (Figure 3) which 
can be recovered quantitatively. At higher conver
sions, the percentage increase in the concentration of 
the imine is no longer significant and the reaction ap
pears to be linear. We found the imine to be completely 
stable under our photolytic conditions, although other 
workers have shown that compounds of this type under-

(32) The absence of a complete material balance (especially at low con
centrations of amine) may be due to loss of nitrogenous fragments, particu
larly the benzylamino radical. The cage disproportionation of benzyl and 
benzylamino radicals is one such possibility, but the absence of excess toluene 
makes it unlikely. The formation of benzaldimine was not tested directly 
due to its instability (c/. P. A. Smith, “ Open Chain Nitrogen Compounds,” 
Vol. I, W. A. Benjamin, New York, N. Y., 1965, p 301).

Figure 3— The effect of added V-benzylbenzaldimine on the 
rate of photolysis of dibenzylamine: (^CThhNH, 0.1 M ; imine
concentration shown.

go photochemical dimerizations, particularly in alcoholic 
media.33-36

A mechanism generally consistent with the foregoing 
discussion is summarized below.

(PhCH2)2NH ^  PhCH2- + PhCH2NH 

PhCH2NH + (PhCH2)2NH — >- PhCH2NH2 + (PhCH2)2N- 

PhCH2- +

(PhCH2)2N

PhCH, + P h C H = N C H ,P h

(PhCH2)3N 

2PhCH2- — -  PhCH2CH2Ph 

2(PhCH 2)2N- — ► (PhCH2)2NH + PhCH =  NCH,Ph

A study of the effects of changes in the viscosity of 
the medium on the quantum yield for the formation 
of benzylamine is presented in the following study.33 34 35 36 
A mechanism is formulated in terms of the reactions of 
the geminate radical pair formed in the initial step of 
the photodissociation.

Experimental Section
Dibenzylamine.— Commercial dibenzylamine was found to 

contain significant amounts of V-benzylbenzaldimine and lesser 
quantities of benzylamine. Two methods of purification were 
found satisfactory.

Into a 2-1. flask was place 400 ml of the amine and 400 ml of 
dimethoxyethane. Ten grams of sodium borohydride was added 
and the mixture was refluxed for 12 hr. To the slightly cooled 
solution was added 1 1. of a saturated solution of sodium bicar

(33) A. Padwa, W. Bergmark, and D. Pashayan, J. Amer. Chem. Soc., 
91, 2653 (1969).

(34) B. Fraser-Reid, A. McLean, and E. Usherwood, Can. J. Chem., 47, 
4511 (1969).

(35) P. Beak and C. R. Payet, J. Org. Chem., 35, 3281 (1970).
(36) M. A. Ratcliff, Jr., and J. K. Kochi, J. Org. Chem., 37, 3275 (1972).
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bonate. The mixture was then heated to 60° and stirred for 1 
hr to hydrolyze the borate formed during reduction. The 
amine was extracted with two 500-ml portions of ether. The 
ether was removed by rotary evaporation and the amine was 
distilled at 140° (3 mm). Alternatively, the amine was dissolved 
in an equal volume of 95% ethanol and 1 g of 5%  palladium on 
charcoal was added. The resulting mixture was shaken at room 
temperature under a hydrogen atmosphere of 50 psi for 6 hr. 
The palladium was removed by filtration and the alcohol was 
removed by rotary evaporation. The amine was distilled as 
before.

Both methods completely removed the imine and left only trace 
amounts of benzylamine as analyzed by gas chromato
graphy.

Solvents.— Solvents used in the photolyses were, when avail
able, commercial spectrograde solvents. These were used 
without further purification. Other hydrocarbon solvents were 
purified for photolysis by passing them through a column packed 
with acid-washed alumina impregnated by 10%  silver nitrate.37 
All solvents used in these experiments had an absorbance of less 
than 0.05 in a 1-cm cell.

N -Deuteriodibenzylamine [ (PhCH2 )2N D ].— Dibenzylamine
(25 g) and 100 ml of deuterium oxide were placed in a 250-ml 
round-bottom flask. Three drops of concentrated sulfuric acid 
was added and the mixture was shaken for 3 days. The amine 
was extracted with ether, which was removed by rotary evapora
tion. This process was repeated three additional times. After 
the final exchange, the ether extract was thoroughly dried over 
sodium sulfate and filtered, and the ether was removed as before. 
The amine was distilled under vacuum. Proton magnetic reso
nance (pmr) analysis indicated the deuterium enrichment to be 
greater than 98%.

Benzalazine (PhCH =N N =CH Ph).— Benzaldehyde (100 g) 
was dissolved in 200 ml of benzene and placed in a round-bottom 
flask equipped with a Dean-Stark trap. The solution was 
warmed and 25 g of hydrazine hydrate was added from a dropping 
funnel. The water formed was removed as a benzene azeotrope. 
After the theoretical amount of water had been obtained the 
benzene was removed by rotary evaporation, leaving a yellow 
solid which was recrystallized from ethanol.

•sym-Dibenzylhydrazine (PhCH2NHNHCH2Ph).— Benzalazine 
(5 g) and 1 g of platinum on calcium carbonate (5% ) were placed 
in an hydrogenation flask and 100 ml of ethyl acetate was added. 
The mixture was shaken on a Parr apparatus at room tempera
ture under 50 psi hydrogen for 8 hr. The ethyl acetate was re
moved by rotary evaporation and the residual oil was added to 
an aqueous hydrochloric acid solution. The hydrochloride was 
washed with methanol and ether, mp 212° dec (lit.38 mp 215- 
217° dec).

Acetylhydrazide (CH3CONHNH2).— Over a period of 1 hr, 46 g
of ethyl acetate was added to a refluxing solution of 25 g of 
hydrazine hydrate and 15 ml of ethanol. After the addition of 
the ethyl acetate was completed, the mixture was refluxed for an 
additional 4 hr, after which time the heat was removed and the 
mixture was allowed to stand overnight. The ethanol and re
maining ethyl acetate were removed by rotary evaporation, 
leaving an oil containing unreacted hydrazine hydrate and an oil 
which was distilled under vacuum. Water heated to 75° was 
pumped through the condenser to prevent solidification, and the 
receiver was also placed in a hot water bath for the same purpose. 
The fraction boiling at 134-136° (21 mm) was retained, mp 
59-60° (lit.89 mp 60°).

Tetrabenzylhydrazine [(PhCH2)2NN(CH2Ph)2] .— Benzyl bro
mide (55 g, 0.6 M ) was added dropwise to a solution of 200 ml of 
water, 60 g of sodium carbonate monohydrate, and 15 g of acetyl
hydrazide heated to 60°. After the addition was completed, the 
mixture was refluxed for 1 hr, during which time an oily layer 
separated. The mixture was cooled and extracted with three 
100-ml portions of ether. Removal of the ether by rotary 
evaporation left a white solid. The solid was taken up in a 
minimum amount of hot 95% ethanol and allowed to crystallize. 
The flat white needles which formed were collected by filtration

(37) E. C. Murray and R. N. Keller, J. Org. Chem., 34, 2234 (1969).
(38) A. F. Bickel and W. A. Waters, Réel. Trav. Chim. Pays-Bas, 69. 

312 (1950).
(39) A. N. Kost and R. S. Sagitullin, Zh. Obshch. Khim., 27, 3338 (1957); 

Chem. Abstr., 52, 9071c (1958).

and air dried: mp 139-139.5° (lit.40 mp 139-140°); pmr41 5 3.77
(2.0) (—CH2—) s, 7.10 (5.0) (aromatic) s.

unsym-Dibenzylhydrazine [(PhCH2)2NNH2] .— Hydrazine hy
drate (200 g) was placed in a three-necked, round-bottom flask 
equipped with a magnetic stirrer. The flask was immersed in a 
Dry Ice-isopropyl alcohol bath, and benzyl bromide (100 g) was 
added from a dropping funnel at a rate such that the temperature 
remained below 10°. After the addition was complete, the 
solution was heated to 75° for 2 hr and upon cooling, extracted 
with benzene. The benzene was removed by rotary evaporation 
and the residual oil (which solidified upon cooling) was distilled 
under vacuum. Water heated to 75° was pumped through the 
condenser to prevent solidification. The collected fraction had 
bp 169-171° (5 mm), solidified upon cooling, and was recrystal
lized from a mixture of ethanol and petroleum ether (bp 30-60°): 
mp 64-66° (lit. mp 63-64°,42 65°,43 81-83°,44 45 54-56°46); pmr41 
S 2.82 (1.0) (-N H .) s, 3.80 (1.95) (-CH 2- )  s, 7.32 (5.05) (aro
matic) s.

Tetrabenzyltetrazene [(PhCH2)2NN=N N(CH 2Ph)2] .— unsym- 
Dibenzylhydrazine (11 g) was placed in a 500-ml, three-necked 
round-bottom flask. Ethanol (200 ml) was added and the 
solution was degassed with a nitrogen stream. Freshly prepared 
mercuric oxide (21 g) was added to the solution. The mixture 
-was then heated in an oil bath for 3 hr at a temperature which 
allowed the ethanol to reflux gently. After cooling, the mixture 
was filtered and the filtrate was heated to boiling and refiltered. 
Upon cooling to room temperature, long white needles formed, 
mp 96.5-98°. After a second recrystallization the melting point 
was 96.5-97° (lit. mp 99-100°,46 95-96°47): pmr41 5 4.36 (2.0)
(-CH 2- )  s, 7.23 (5.0) (aromatic) s (broad); uv Xmax 290 nm 
(e 11,500), 215 (45,000); ir 6.7 (m), 6.9 (m), 9.4 (m), 10.5 »  (s).

Anal. Calcd for C28H28N4: C, 80.00; H, 6 .66; N, 13.33. 
Found: C, 79.99; H, 6.55; N, 13.56.

Product Analysis.— All quantitative analyses were performed 
by vapor phase chromatography (vpc) on a Varian Aerograph 
Model 1200 gas chromatograph equipped with a flame ionization 
detector. Products were identified by comparing their retention 
times with those of authentic samples on at least twTo columns 
whose separation characteristics differed. Quantitative analysis 
was performed by the internal standard method with a marker 
chosen, where possible, which had similar functional group char
acteristics and a retention time close to that of the compound 
being determined. Basic materials were analyzed by adding a 
known amount of marker to a measured portion of the reaction 
solution. This solution was analyzed directly by vpc.

Neutral materials and hydrolysis products (i.e., benzaldehyde 
from the imine) were determined after acidic hydrolysis. A 
partition technique was used. Into a 2-dram vial was measured 
1 ml of the reaction mixture, 1 ml of a standard marker solution, 
and 1 ml of an 8 N  sulfuric acid solution. Three milliliters of 
ether or hexane was then added to the solution and the vial was 
capped. Samples were taken from the organic layer for vpc 
analysis. Calibrations were performed under conditions identi
cal with those of the analysis.

Infrared spectra were obtained on a Perkin-Elmer Model 137b 
or Beckman IR -8 spectrometer. Pmr spectra were taken, unless 
otherwise specified, in deuteriochloroform on a Varian A-60A 
spectrometer. Chemical shifts are reported in 5 units relative to 
tetramethylsilane as an internal standard. Melting points were 
determined on a Fisher-Johns melting point apparatus and are 
uncorrected. Mass spectra were recorded on a Varian CH-7 
mass spectrometer. Ultraviolet spectra were obtained with a 
Beckman DB-G spectrophotometer.

Analysis of syra-Dibenzylhydrazine.— The hydrazine, stored 
as the hydrochloride, -was released with dilute base. For vpc

(40) R. T. Merrow and R. van Dolah, J. Amer. Chem. Soc., 76, 4522
(1954) .

(41) Proton abundance by integration are shown in parentheses and 
assignments are given. Abbreviations are s, singlet; d, doublet; q, quar
tet; and m, multiplet.

(42) A. N. Kost and R'S. Sagitullin, Fiz. Khim., 14, 225 (1959); Chem. 
Abstr., 5 3 ,  21894a (1959).

(43) G. Fedor, Chem. Phys., 2, 167 (1949); Chem. Abstr., 44, 6414a 
(1950).

(44) L. A. Carpino, J. Amer. Chem. Soc., 82, 3133 (1960).
(45) H. Fox, J. T. Gibas, and A. Motchane, J. Org. Chem., 21, 349 

(1956).
(46) C. G. Overberger and B. S. Marks, J. Amer. Chem. Soc., 77, 4104

(1955) .
(47) R. L. Hinman and K. L. Hamm, ibid., 81, 3294 (1959).
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analysis, the hydrochloride was weighed into a 2-dram vial to 
which 2 ml of 3 N potassium hydroxide was added together with 
a known amount of marker (in acetonitrile) and 3 ml of ether. 
The organic layer was analyzed directly. It was found that in 
the presence of air the hydrazine decomposed over a period of 4 hr 
to unidentified products. Under nitrogen, however, it appeared 
to be stable indefinitely.

To test the stability of the hydrazine under reaction conditions, 
a weighed quantity of the hydrochloride was dissolved in base 
and the hydrazine was extracted with the dibenzylamine solution 
to be photolyzed (0.5 M  in cyclohexane). The organic layer was 
dried over sodium sulfate, placed in a photolysis tube, capped, 
and deaerated. One milliliter was removed with a surgical 
syringe and analyzed immediately as described above. After 
photolysis the analytical procedure was repeated and no loss of 
the hydrazine was apparent.

Photolysis. Product Studies.— Samples were weighed into
10-ml volumetric flasks and diluted to volume with the appropri
ate solvent. The solution was then transferred to a round quartz 
tube (15 X  1.5 cm) and deaerated by passing a slow stream of 
nitrogen through the solution for 10 min. The tube was sealed 
with a gas-tight rubber septum. The photolyses were carried 
out in a Rayonet RPR-100 photochemical reactor (The Southern 
New England Ultraviolet Co.) using 16 253-nm region lamps. 
The samples were rotated using a Rayonet MGR-100 merry- 
go-round. Photolysis times varying from 2 to 6 hr showed 
similar product distributions as did photolyses using 4 rather than 
16 lamps.

Photolysis of A’-Deuteriodibenzylatnine [(PhCH2)2N D ].—
Equal amounts of the amine (12 g) were placed in two photolysis 
tubes and deaerated with nitrogen. The tubes were sealed with 
rubber septa and photolyzed as a neat liquid for 420 min. At 
the completion of the photolysis the amine mixture was diluted 
with water and acidified with 8 N sulfuric acid. The aqueous 
mixture was extracted with three 50-ml portions of ether, and the 
volume was reduced to one-half the original by distillation, The 
ether extract was washed with three 10-ml portions of saturated 
aqueous sodium bisulfite to remove benzaldehyde and with three 
20-ml portions of water. The ether layer was then dried over mag
nesium sulfate and filtered twice through activated charcoal to 
remove the light yellow coloration which developed during the 
photolysis. The ether was distilled until the volume was reduced 
to approximately 0.5 ml. Vpc showed that benzaldehyde was 
present in amounts corresponding to 1% of the toluene. Pre
parative vpc on a 4 ft X F  1150 column (100°) was employed to 
obtain a sample of approximately 15-20 /J of toluene. Pmr 
analysis in deuteriochloroform showed an intensity ratio of 5.0 to
3.01 for the aromatic to methyl protons, which indicated within 
experimental error that no deuterium incorporation occurred in 
the toluene.

Photolysis of Tetrabenzyltetrazene [(PhCH2)2NN=N N(CH 2- 
P h \].— The tetrazene was weighed into a 10-ml volumetric 
flask and dissolved in spectrograde cyclohexane. The solution 
was transferred to a Pyrex tube, deaerated with nitrogen, and 
photolyzed with 310 nm light, to which all products are optically 
transparent. The nitrogen formed was analyzed by vpc on a 
6 ft molecular sieve column using oxygen as an internal marker. 
Care was taken to prevent air entering either the reaction tube 
or the syringe used in the analysis. Careful calibrations showed 
this technique to be quantitative and reproducible.

Thermal Decomposition of Peroxides in the Presence of 
(PhCH2)2NH.— Approximately 1.0 mmol of either di-feri-butyl 
peroxide or dicumyl peroxide was weighed directly into a 25-ml 
round-bottom flask equipped with a side arm for degassing. To 
this flask was added 15 ml of the neat amine by means of a 
volumetric pipette. A small reflux condenser was placed on the 
flask and both the side arm and the top of the condenser were 
sealed with tight-fitting rubber septa. The contents of the flask 
was deaerated via the side arm by slowly passing nitrogen from 
a surgical needle through the solution for 35 min.

The decomposition of the peroxide was effected in an oil bath 
thermostated at 130 ±  2°. The reaction flask was kept in the 
oil bath for a period of time which varied from 3 to 6 hr. At 
the completion of the reaction, the contents of the flask was 
poured into a graduated cylinder. The flask and condenser were 
washed with two 2-ml portions of acetonitrile, which were com

bined with the reaction mixture. Acetonitrile was then added 
to the graduated cylinder to bring the combined volume to 20 ml. 
Samples were taken from this solution for analysis.

Thermal Decomposition of Dicumyl Peroxide in Dibenzyl
amine and the Isolation of 4.— Dicumyl peroxide (6.81 g) was 
weighed into a 250-ml round-bottom flask, and 100 ml of di
benzylamine was added. The flask was fitted with a 3-in. glass 
adaptor which was capped with a rubber septum. The solution 
was stirred magnetically and deaerated with a stream of nitrogen 
for 45 min. The flask was heated with stirring in a silicone oil 
bath thermostated at 130 ±  2°. On completion, the reaction 
mixture was distilled under vacuum to remove the liquid fractions 
which boiled at temperatures corresponding to those of cumyl 
alcohol and dibenzylamine. The residual liquid, when cooled, 
yielded a white solid which was recrystallized three times from 
95% ethanol. The product was a white amorphous powder: 
mp 149-150° (lit.48mp 151°); pm r«5 1.68 (1.0) (NH) s, 3.4 (2.07) 
(NCH2Ph) q, /  m  1-2 Hz, 3.75 (1.00) (PhCH) s, 7.23 (9.8) 
(aromatic) m; mass spectrum (70 eV) m/e molecular ion, 392; 
PhCHNHCH,Ph+, 196; PhCH2NHCHCHPh+, 286; PhCH2NH+, 
106; PhCHi+,91.

Anal. Calcd for C28H28N 2: C, 85.67; H, 7.19; N, 7.14. 
Found: C, 85.66; H, 7.21; N, 6.92.

Thermal Decomposition of Dicumyl Peroxide in Dibenzylamine 
in the Presence of 0 2.— The procedure for reactions carried cut- 
in the presence of oxygen differed little from that where nitrogen 
was used for degassing. The peroxide and amine were added 
in a similar manner and the procedure for work-up was the same. 
In the present case, however, a rubber septum was placed over 
the side arm and the condenser was connected to a mercury 
buret of 250-ml capacity. The main body of the buret was 
filled and emptied twice with oxygen and finally filled with 200 
ml of oxygen at atmospheric pressure. After the system was 
flushed with oxygen, it was placed in the thermostated oil bath 
and the reaction was allowed to proceed. The oxygen within the 
flask and buret was maintained at atmospheric pressure and the 
uptake was monitored continuously until oxygen was no longer 
absorbed. The contents of the flask were then transferred for 
analysis as previously described.

The Effect of Acid.— The addition of acid to the photochemical 
reaction in acetonitrile is shown in Table VII. The only effect

T a b l e  VII
E f f e c t  o f  A c id  o n  t h e  P h o t o l y s i s  o f  D i b e n z y l a m i n e “

c----------------Product, mmol-------- ------ -

Amine5 Acid5’“ Free amine5 PhCHj PhCHjNH
P h C H =
NCH .Ph

5.25 1.3 3.95 0.31 0.23 0.31
5.25 2.6 2.65 0.27 0.23 0.29
2.58 0 2.58 0.26 0.20 0.29
“ Photolysis time, 200 min. 5 Number of millimoles in 10 ml 

of CH3CN solution. c Trifluoroacetic acid.

observed was a decrease in the free amine present, since the amine 
was found to undergo its usual photochemical reactions. The 
inertness of dibenzylammonium trifluoroacetate was at first 
disturbing, since we felt that it was the aromatic chromophore 
which was involved in the absorption process leading to reaction. 
Another study, however, indicated that, while quaternary and 
tertiary ammonium salts do undergo photodecomposition, secon
dary and primary salts represented here are inert.35

Registry No.—4, 24431-19-4; dibenzylamine, 103- 
49-1; tetrabenzylhydrazine, 5416-62-6; tetrabenzyl
tetrazene, 23456-88-4.

Acknowledgment.—We wish to thank the National 
Science Foundation, the Petroleum Research Fund of 
the American Chemical Society, and the U. S. Army 
Edgewood Arsenal for financial support of this research.

(48) H. Thies, H . Schonenberger, and K . H . Bauer, A rch . P h a rm . ( W e in - 
h e im ), 291, 248 (1958); C h em . A b str ., 53, 3112d (1959).



C a g e  E f f e c t s  a n d  t h e  V i s c o s i t y  D e p e n d e n c e  o f  t h e  

P h o t o l y s i s  o f  D i b e n z y l a m i n e  a n d  T r i b e n z y l a m i n e

M . A . R a t c l i f f , Jr ., a n d  J. K . K o c h i*

Department of Chemistry, Indiana University, Bloomington, Indiana 1,71,01 

Received February 15, 1972

The fates of the radical pairs formed in the photolytic decomposition of iV,lV-dibenzylamme and N,N,N- 
tribenzylamine in solution are examined. Viscosity of the medium is used to probe a model for the “ cage effect,”  
in which radicals suffer competition among recombination, diffusion, and reaction with the solvent or amine.
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The photolytic decomposition of amines serves as a 
model for the reaction of allcylamino radicals in solu
tion. The product study of the photolysis of N ,N -  
dibenzylamine presented in the foregoing paper1 is 
accommodated by an initial homolysis of the benzyl- 
nitrogen bond. The benzylamino and dibenzylamino

H h v
PhCH2NCH2Ph — >- PhCH2 +  HNCH2Ph

radicals are involved in subsequent dark reactions 
following the photodissociation of A,iV-dibenzylamine. 
In this study we examine the viscosity dependence of 
the quantum yield for reaction, in an attempt to obtain 
a more quantitative understanding of the initial re
actions. The results are compared with the photolysis 
of N ,N ,N -tribenzylamine and interpreted in terms of a 
model for the “cage effect,” in which the fate of the 
radical pair depends on the competition among recom
bination, diffusion, and scavenging.2-19 Although 
the photochemistry of this system is also of interest, 
we are concerned here primarily with the thermal 
reactions subsequent to homolysis.

Results and Discussion

The quantum yields were determined for reactions 
allowed to reach no more than 0.1% completion (see 
Experimental Section). In two cases, 0.1 and 1.0 M  
dibenzylamine in cyclohexane, the value was taken 
from the slope of a line obtained by plotting the yield 
of benzylamine as a function of time. Problems as
sociated with filtering due to the formation of imine were 
avoided by this method. The quantum yields ob
tained in this manner are listed in Table I and plotted 
as a function of dibenzylamine concentration in Figure 
1. A ll quantum yields were obtained at one lamp 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

(1) M . A. Ratcliff, Jr., and J. K . Kochi, J . O rg . C h em ., 37, 3268 (1972).
(2) J. Franck and E. Rabinowitch, T ra n s. F a ra d a y  S o c ., 30, 120 (1934).
(3) S. Kodama, Bull. C h em . S o c . J a p .,  35, 652, 658, 824, 827 (1962).
(4) R . K . Lyon and D. H. Levy, J . A m e r . C h em . S o c ., 83, 4290 (1961).
(5) K . Chakravorty, J. M . Pearson, and M. Szwarc, ib id ., 90, 283 (1968).
(6) M . Feld and M . Szwarc, ib id ., 83, 2998 (1961).
(7) H . P. Waits and G. S. Hammond, ib id ., 86, 1911 (1964).
(8) P . D . Bartlett and S. F. Nelson, ib id ., 88, 139 (1966).
(9) H. Kiefer and T . Traylor, ib id ., 89, 6667 (1967).
(10) T . Koenig and M . Deinzer, ib id ., 90, 7014 (1968).
(11) T . Koenig, J. Huntington, and R . Cruthoff, ib id ., 92, 5409 (1970).
(12) W . A. Pryor and K . Smith, i b id . , 92, 5403 (1970).
(13) W . F. Smith and K . L. Eddy, T etrah ed ron , 26, 1255 (1970).
(14) F. E. Herkes, J. Friedman, and P. D . Bartlett, I n t .  J .  C h em . K in e t .,  1, 

193 (1969).
(15) J. C. R oy, R . R . Williams, Jr., and W . H. Hamill, J .  A m e r . C h em . 

S o c ., 76, 3274 (1954).
(16) J. R . Nash, R . R . Williams, Jr., and W . H . Hamill, ib id ., 82, 5974

(1960) .
(17) H . A. Gillis, R . R. Williams, Jr., and W . H. Hamill, ib id ., 83, 17

(1961) .
(18) (a) R. M . Noyes, ib id ., 77, 2042 (1955). (b ) For a recent discussion

see also D . L. Bunker and B. S. Jacobson, ib id ., 94, 1843 (1972).
(19) O. Dobis, J. M . Pearson, and M . Szwarc, ib id ., 90, 278 (1968).

T a b l e  I
Q u a n t u m  Y i e l d  f o r  B e n z y l a m i n e  F o r m a t i o n  a t  2 5 3  n m

(PhCHaLNH0  concn ■S(PhCH,NH2)
0.02 0.025 ±  0.002
0.05 0.036 ±  0.002
0.10 0.061 ±  0.004
0.30 0.093 ±  0.002
0.50 0.112 ±  0.009
0.70 0.123 ±  0.003
0.90 0.129 ±  0.001
1.00 0.137 ±  0.011
1.50 0.141 ±  0.001
2.00 0.141 ±  0.003
2.50 0.139 ±  0.006
3.00 0.140 ±  0.001

° Molar concentration :n cyclohexane. b Error limits are 
average deviations based cn from four to eight separate deter
minations.

intensity. The possible dependence of the quantum 
yield on the intensity of irradiation was not inves
tigated.

The C-N  bond strength in dibenzylamine is approx
imately 55 kcal mol-1 based on the trend observed 
with other amines20 and the value of 59.8 kcal mcl-1 
for benzylamine.21 During photolysis at 254 nm, 
the energy in excess of that required to break the bond 
(-~60 kcal mol-1) is partly partitioned as translational 
energy to separate the two fragments.22-24 If the par
ticles recombine before they have diffused more than 
one molecular diameter from each other, the process 
becomes kinetically equivalent to thermal deactivation 
of an excited state.26 This result has been termed 
“primary recombination.” 18 Prior to recombination, 
there may or may not be a residual interaction between 
the radical fragments, i.e., the motion of one may in
fluence the motion of the other. If, however, the frag
ments escape the primary recombination, they can 
diffuse independently of one another and at distances 
from one to two molecular diameters apart.18 If 
recombination then occurs between these original part
ners the process is known as “secondary recombina
tion,” 18 which may be more generally expressed to 
include all recombinations of original (geminate) part
ners which have not had time to reach a statistical 
distribution in solution as a result of random diffusion. 
If, at the same time, a scavenger(s) is present which is 
capable of reacting with one of the radicals formed in the

(20) J. A. Kerr, R. C. Serhar, and A. F. Trotman-Dickenson, J . C h em . 
S o c .,  3217 (1963).

(21) M. Szwarc, P r o c . Roy. S o c ., S er . A ,  198, 285 (1949).
(22) R. M. Noyes, Z. E lek tr cch em ., 64, 153 (1960).
(23) D. Booth and R. M. Noyes, J . A m e r .  C h em . S o c .,  82, 1868 (1960).
(24) J. Franck and E. Rabinowitsch, T ra n s . F a ra d a y  S o c .,  30, 120 (1934).
(25) J. Jortner, M. Ottolenghi, and G. Stein, J . P h y s .  C h em ., 66, 2029

(1962).
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Figure 1.— Quantum yield of benzylamine formation vs. the 
concentration of dibenzylamine.

Figure 2.— Quantum yield of benzylamine formation vs. the 
square root of the concentration of dibenzylamine: (• ) experi
mental; (O) taken from curve in Figure 1.

dissociation, it may compete with the secondary recom
bination step. Such a competition can be seen as a 
partitioning between two processes represented by fcr,

R -R  -<—  [R -, R -] — P
kr kg

the rate constant for secondary recombination, and 
fcs, the rate constant for scavenging of the geminate 
radical pair.

Noyes has treated the kinetics of this scavenging 
process in a series of papers.18'26 The lifetime of the 
cage reaction (secondary recombination) is best viewed 
as the time interval during which there is a finite prob
ability for the pair to recombine.27 At times greater 
than this, the probability for the reencounter of original 
partners becomes negligible. Noyes obtained an ex

(26) (a) R. M. Noyes, J. Amer. Chem. Soc., 78, 5486 (1956); (b) H. 
Rosman and R. M. Noyes, ibid., 80, 2410 (1958); (c) R. M. Noyes, Z. 
Elektrochem., 64, 153 (1960); (d) R. M. Noyes, J. Phys. Chem., 65, 763 (1961).

(27) W. Braun, L. Rajenbach, and F. R. Eirich, J. Phys. Chem,, 66, 1591
(1962).

Figure 3.— Quantum yield of benzylamine formation vs. the con
centration of potential scavengers.

pression (eq 1) relating the quantum yield to the square 
root of scavenger concentration,28 where <t> is the ob-

$ = +  COS)1/» (1)

served quantum yield, S  is the scavenger concentra
tion, and C  is a term containing molecular parameters to 
be discussed later. The term d>r was described by 
Jortner25 as the “residual yield,” and defined as the 
quantum yield in the presence of scavenger at concen
trations sufficient to prevent recombination from bulk 
solution, but too low to compete with secondary re
combination.

For the photolysis of dibenzylamine this effect can 
be described as a competition between fcr and fcs (eq 2),

hv
(PhCH2)2NH ^ ± ;  [PhCH2, HNCH2Ph] (2a)

k,

ha
[PhCH2, HNCH2Ph] ------------------- >

(PhCHiUNH
PhCH2 +  N(CH2Ph)2 +  PhCH2NH 2 (2b)

in which fcr represents return to starting material and 
fcs that leading to products. A plot of <f>(PhCH2NH2) 
vs. [(PhCH^NH]1̂  is shown in Figure 2. Above 
concentrations of approximately 0.5 M  in amine, how
ever, the plot deviates greatly from linearity. At the 
higher concentrations, dibenzylamine may exist as 
hydrogen-bonded aggregates which could affect the 
measured quantum yields (vide infra).29 The results 
are further complicated by the fact that the scavenger 
is also the photoreactive species.

Both cyclohexene and diisopropyl ether were ex
amined as possible hydrogen donors, and each was 
expected to compete effectively with the dibenzyl
amine for the amino radicals. For two potential scav
engers, eq 1 can be expanded to eq 3, where S ' refers 
to either cyclohexene or diisopropyl ether. The re
sults (Table II) for both cases are shown in Figure 3.

$  =  $ r +  COS)1/» +  C’ (S’ y h  (3)

That no effect was observed with cyclohexene was un
expected, but the dependence on diisopropyl ether 
concentration agrees with the relative reactivities of

(28) For a review see R. M. Noyes, Progr. React, Kinet., 1, 129 (1961).
(29) (a) Furthermore, approximations made during the derivation (i . e ., 

approximating an integral by a series expansion with the subsequent deletion 
of all but the first term) could cause deviations at higher scavenger concen
trations. 25 (b) We wish to thank the referee for this suggestion.
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T a b l e  II
T h e  E f f e c t  o f  t h e  A d d i t i o n  o f  C y c l o h e x e n e  a n d  

D i i s o p b o p y l  E t h e r  o n  4 > (P h C H 2N I I 2) a

-Cyclohexene------------—> «•------------Diisopropyl Ether-
Concn5 S' A $(PhCH,NH2) Concn5 S 'A *(PhCH 2NH2)
0.51 0.71 0.062 0.25 0.50 0.061
1.02 1.00 0.059 0.50 0.71 0.064
2.04 1.43 0.060 0.75 0.86 0.068
3.06 1.75 0.061 1.0 1.0 0.071
4.08 2.02 0.072 2.0 1.41 0.082

3 .0 1.73 0.091
4 .0 2.0 0.100
4.5 2.12 0.095
5.5 2.34 0.102
6.26 2.50 0.104
6.97 2.64 0.110

“ Solutions of 0.1 M  in (PhCH2)2NH irradiated at 25° with 
253-nm radiation. b Molar concentration in cyclohexane.

Figure 4.— Quantum yield of benzylamine formation vs. the 
square root of isopropyl ether concentration(s).

the two reagents. For example, diisopropyl ether has 
been found to be approximately ten times as reactive 
as cyclohexene toward n-hexyl radicals,30 but the rela
tive reactivities toward benzylamino radical are un
known. A plot of the data according to eq 3 is shown 
in Figure 4.

In the derivation of eq 1, the constant, C, is given 
by C  = 2a<pVwfca, where a is a constant, fcs is the rate 
constant for scavenging, and <p is a term defined to be 
“the quantum yield of radical pairs escaping primary 
recombination,”29 From Fick’s law, one can obtain an 
expression for the rate constant, fe„ applicable to steady- 
state diffusion (eq 4). This expression was suggested

k B =  47ttabjDab (4)

by Noyes26® and is similar to that obtained by Smol- 
uchowski31 in his early treatments of diffusion-con
trolled reactions. In this expression, tab is the en
counter distance between the potentially reacting 
species, and D a b  is the diffusion coefficient for their 
relative motion. In order for eq 4 to be strictly valid, 
however, the diffusion process must be the rate-limiting 
step.32 That the reaction under consideration meets 
these requirements is not obvious, although the reaction 
of the benzylamino radical with dibenzylamine should 
be exothermic. Furthermore, the photolysis yielded 
no material resulting from the dimerization of the ben
zylamino radical under conditions in which bibenzyl 
was readily detected.1

The expression for fcs is introduced into eq 1 for pur
poses of testing the effect of viscosity changes on the 
quantum yield, by substituting the right-hand side 
of eq 4 and using a Stokes- Einstein relationship (eq 6),

4> =  4>r +  4xo >̂'V/ [S]?'abDab (5)

where k is Boltzman’s constant and T  the absolute 
temperature.32 If all terms but the viscosity and the

scavenger concentration are constant, eq 7 predicts 
that the quantum yield will vary inversely with the 
square root of fluidity ( l /v )  at constant scavenger (be., 
dibenzylamine) concentration.

#  =  4v +  cV J sjrn  (7)

(30) D. R. DeTar and D. V. Wells, J. Amer. Chem. Soc., 82, 5839 (1960).
(31) M. V. Smoluchowski, Z. Phys. Chem., 92, 129 (1917).
(32) A. M. North, Quart. Rev., Chem. Soc., 20, 421 (1966).

The quantum yield for the formation of benzylamine 
was measured in a series of hydrocarbon solvents of 
varying viscosity. The results (Table III)  when

T a b l e  III
E f f e c t  o f  V i s c o s i t y  o n  t h e  Q u a n t u m  Y i e l d s  o f  

D i b e n z y l a m i n e  P h o t o l y s i s

Solvent D, g/ml v, eSt v, cP «(PhCHiNHj)
Pentane 0.614 0.340 0.208 0.130
Hexane 0.648 0.441 0.285 0.111
Heptane 0.673 0.537 0.362 0.103
Isooctane 0.682 0.644 0.439 0.092
Nonane 0.708 0.856 0.606 0.078
Cyclohexane 0.767 1.028 0.788 0.061
Nujol (40% )“ 0.757 2.214 1.676 0.044
Nujol (60% )“ 0.793 5.164 4.095 0.027
Nujol (80% )“ 0.828 15.84 13.11 0.018
Nujol (90% )“ 0.852 32.27 27.49 0.006
DIPE (1.0)* 0.760 0.850 0.646 0.071
DIPE (2 .0 ) 5 0.757 0.730 0.553 0.082
DIPE (3 .0 ) 5 0.745 0.631 0.471 0.091
DIPE ( 5 .0 ) 6 0.731 0.501 0.367 0.103
DIPE (6 .0 ) 5 0.726 0.457 0.332 0.106
“ By volume, remainder is isooctane. b Concentration (Af )

of diisopropyl e^her in cyclohexane.

plotted according to eq 7 give the predicted relation
ship (Figure 5). It can be seen that the quantum 
yield does approach zero as the viscosity increases.

The effect of diisopropyl ether was reinvestigated in 
light of this result, and the results are listed in Table
III. The relationship between the quantum yield 
and the concentration of ether (Figures 3, 4) indeed 
appears to have been fortuitous, and the correlation is 
more adequately explained as a viscosity effect. The 
latter implies that neither cyclohexene nor diisopropyl 
ether reacted with the benzylamino radical as pre
viously suggested. This conclusion may not be un
warranted due to the generally unreactive nature of 
alkylamino radicals33-35 and their apparent highly 
polar character.36-38

The product distribution for the photolysis of di
benzylamine was determined in several of the solvents

(33) B. R. Cowley and W. A. Waters, J. Chem. Soc., 1228 (1961).
(34) D. Mackay and W. A. Waters, J. Chem. Soc. C, 813 (1966).
(35) K. M. Johnston, G. H. Williams, and H. J. Williams, J. Chem. Soc. 

B, 1114 (1966).
(36) E. L, O’Brian, F. M. Beringer, and R. B. Mesrobian, J. Amer. Chem. 

Soc., 81, 1506 (1959).
(37) R. S. Neale and E. Gross, ibid., 89, 6579 (1967).
(38) S. F. Nelson and D. H Heath, ibid., 91, 6452 (1969).
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Figure 5.— Quantum yield of benzylamine formation vs. viscosity 
function: (•) hydrocarbon solvents; (O) isopropyl ether.

used for quantum yield studies in order to assure that 
the formation of benzylamine was not abnormally 
depressed relative to the other products by the nature 
of the solvent. As Table IV  shows, the distribution

T a b l e  IV
P r o d u c t  D i s t r i b u t i o n  a s  a  F u n c t i o n  o p  

V i s c o s i t y  a t  2 5 3  n m

--------- Product, mmol------
PhCHr- P hC H = (Ph-

Solvent eP PhCHs NH; NCH2Ph CH2)sN (PhCH2):
Pentane0 0.208 0.15 0 . 2 1 3.16 0.072 0.04
Hexane“ 0.285 0.13 0.19 0.16 0.070 0.03
Heptane® 0.362 0.133 0.18 0.14 0.063 0.027
Isooctane® 0.439 0.138 0.17 0.14 0.060 0.024
N onane® 0.606 0.13 0.14 0 . 1 2 0.050 0 . 0 2
Methanol® 0.498 0.06 0.04 3.07 0 . 0 2 0 . 0 1
Cyclohexene5 0.167 0.39 0.45 0 . 1 1
Cyclohexane5 0.778 0.182 •' 0.36 0.45 0.13
° Photolysis time, 60 min; (PhCH2)2N A 0.5 M. b Photolysis 

time, 300 min; (PhCH2)2NH 0.7 M.

of products remains more or less constant, the principal 
variation being in the absolute amounts produced. 
With the effect of viscosity clarified, the results ob
tained from varying the concentration of dibenzyl- 
amine in cyclohexane were investigated. Equation 
7 can be rewritten as eq 8, and the quantum yield data

'hi?1 A =  $ r7)‘A +  COS)1/* (8)

(including the viscosities of the solutions of dibenzyl- 
amine in cyclohexane) are listed in Table V. A plot 
of the left-hand portion of eq 8 against the square root 
of the dibenzylamine concentration is shown in Figure
6. The term is zero by extrapolation of the
amine concentration in Figure 2. The inability of 
eq 8 to predict the results may not be surprising con
sidering the assumptions made. Nevertheless, some 
interesting observations can be made regarding the 
two apparently linear portions of the curve in Figure 6. 
Increasing the concentration of the amine has the effect 
of enhancing the quantum yield, whereas the accom-

Figure 6.— Quantum yield dependence on both viscosity and 
molar concentration of dibenzylamine.

T a b l e  V

E f f e c t  o n  Q u a n t u m  Y i e l d s  D u e  t o  V i s c o s i t y  C h a n g e s  
i n  S o l u t i o n s  o f  D i b e n z y l a m i n e  i n  C y c l o h e x a n e

(PhCHîLNH,
M (S)1/» V «(PhCHjNHî)

0.02 0.14 0.790 0.025 0.022
0.05 0.22 0.795 0.036 0.032
0.10 0.32 0.803 0.061 0.055
0.30 0.55 0.837 0.093 0.085
0.50 0.71 0.882 0.112 0.105
0.70 0.84 0.926 0.123 0.118
0.90 0.95 0.980 0.129 0.128
1.00 1.00 1.019 0.137 0.138
1.50 1.22 1.169 0.141 0.152
2.00 1.41 1.416 0.141 0.168
2.50 1.60 1.657 0.139 0.181
3.00 1.73 2.015 0.140 0.199

panying increase in the viscosity with concentration 
tends to reduce it. The lower part of the curve, be
tween 0.02 and 0.7 M ,  is influenced largely by changes 
in the concentration. In this region the concentration 
changes by a factor of 35 while the viscosity increases 
by only 12 % . Above approximately 0.9 M ,  the in
fluence due to the viscosity change becomes important. 
Thus, from 1.0 to 3.0 M ,  the concentration of the amine 
changes by only a factor of 3 while the viscosity in
creases by over 100%. It is also important to recog
nize that, at the higher concentrations, the solvent cage 
surrounding the radical pair probably contains sub
strate molecules, especially if dibenzylamine is aggre
gated as hydrogen-bonded species. When the solvent 
cage has a high probability of containing one scavenger 
molecule, further increases in scavenger concentration 
should have little significance in terms of the foregoing 
expressions. Furthermore, the quantum yield should 
not show the same concentration dependence.39

The effect due to viscosity, when considering the 
dual effect exerted on the quantum yield by increases 
in the concentration of dibenzylamine, can be discussed 
from an alternative point of view. Koenig has derived 
an equation which relates the rate constant for diffu
sive separation of a radical pair to the square root of 
fluidity.40 This would correspond to fcd (eq 9) under

(39) A further test for eq 8  should involve studying the effect of changes 
in concentration at constant viscosity. This would eliminate problems 
associated with the probable viscosity dependence of the term C in eq 8 .

(40) T. Koenig, J. Amer. Chem. Soc., 91, 2558 (1969).
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h v  fca
(PhCH2)2NH ^=±: [PhCH r, HNCHjPh] — >

kr
PhCHr +  HNCH2Ph (9)

conditions in which a scavenger is not present. The 
radicals resulting from this diffusion process would have 
reached the point mentioned above in which the prob
ability of geminate recombination has become negli
gible. A semiquantitative justification for the square 
root dependence was developed by Koenig,10 based 
upon the time dependence of fcd, which must compete 
with the return process fcr. He obtained the expression 
fcd — r /( p  — Ro)t, where r is the root mean square dis
placement distance for a particle in a time t, p is an 
effective collision diameter, and R 0 is the initial distance 
of separation. "Using the relationship r = (2D t)'/ \ 
obtained from theories of Brownian motion, where D  
is the relative diffusion coefficient for the pair, he ob
tained the expression in eq 10 for fcd in units of sec-1 .

This expression predicts that fcd becomes smaller as the 
viscosity of the solution is increased. The effect due 
to the viscosity of dibenzylamine can be considered 
in this light. The radicals formed in the dissociative 
process can undergo many collisions with surrounding 
molecules before either diffusion or reaction has oc
curred. M8b-41 If many collisions between the benzyl- 
amino radical and dibenzylamine occur for each reac
tion encounter, then for the nonreactive encounters 
the dibenzylamine has the same effect as any solvent, 
i.e., to prevent the radical from escaping the “cage.” 
An increase in the dibenzylamine concentration under 
these conditions increases the return process, fcr, by 
inhibiting the diffusion process, fcd.

Following the initial dark reaction (i.e., the abstrac
tion of a hydrogen atom by the benzylamino radical), 
a pair of radicals remains which are also subject to 
reaction under “cage” conditions (eq 11). The effect

liv
(PhCH2)2NH =?=*= [PhCH2-, HNCH2Ph] (11a)

jPhCH 2-, HNCH2PHl + (PhCH2)2NH

[PhCH 2- + PhCH2NH2 + (PhCH2)2N -j ( l ib )

sequently, for reaction 11c a distinction can be made 
between the process involving the benzyl radical and 
the dibenzylamino radical, which leads directly to 
products, and the diffusion process, which leads to the 
radicals being distributed evenly throughout the solu
tion. Both events ultimately lead to the formation of 
toluene, tribenzylamine, and the imine, but bibenzyl 
can only be formed after the second event, viz., diffusion.

If the formation of toluene occurs largely via this 
“quasi-cage” type of mechanism, the ratio of toluene 
(“cage” product) to bibenzyl (“noncage” product) 
should reflect fcd and should be affected by viscosity. 
The formation of products from the radical pair dis
cussed in the model above is given in Scheme I. If

Sch em e  I

[PI1CH2II (PhCH2)2N]

PhCHs +  PhCH =N CH 2Ph +  PhCHr +  (PhCH2)2N- 
(PhCH2)3N

2PhCHr — ( PhCH2)2

(PhCH2)2N • +  PhCHr
PhCH, +  PhCH2N = C H P h  +  (PhCHffiN

2(PhCH2)2N • — (PhCH2)2NH +  PhCH2N =C H P h

we assume that fc,= fc2/ 2 = fc343 and the concentrations 
of benzyl and dibenzylamino radicals are the same, 
then a straightforward steady-state treatment gives 
the rates of formation of toluene and bibenzyl as 
r[PhCH3] =  (3fcpA +  2fcdA)/3 and r[(PhCH,)*] = 
kdA / 3, where A  =  [PhCH2||(PhCH2)2K]. Equation 
12 results if the relative amounts of products are taken

PI1CH3 3kp „ 
(PhCH2)2 kd + (12)

to represent the rate ratios. The rate constant fcd is 
assumed to be the only viscosity-dependent term,10 
since fcp is the rate constant for reaction of the two 
species produced in the absence of bulk solvent 
effects. From eq 10 it follows that PhCH3/(PhCH2)2 
is proportional to (1 / D ) 1/l or the square root of vis
cosity.

The data for this relationship are listed in Table V I.

, d »  PhCH2- + (PhCH2)2N- 
[PhCH2- | | • N(CH2Ph)2 - /  (U c )

Vll—►. products

of reaction lib  is to produce a benzyl radical and a 
dibenzylamino radical under conditions where they are 
not statistically distributed throughout the solution.42 
Therefore, the probability that these radicals will react 
with each other is greater than the probability that 
they will react with radicals of their own type. Once, 
however, diffusion has occurred, there is a statistical 
chance of encounter with either type of radical. Con-

(41) E. Rabinowitch and W. Wood, Trans. Faraday Soc., 32, 1381 (1936).
(42) The representation of the benzyl and dibenzylamino radical pair by 

the slash marks in eq 11c is to distinguish it from the initial pair in 11a. In 
a strict sense, the benzyl radical and dibenzylamino radical probably do not 
represent a “ caged” pair; however, in our operational definition a “ cage” 
is construed as a radical pair in a measurably nonstatistical distribution. 
Hydrogen bond aggregates should also be included in this context.

T able VI
E ff ect  o f  V is c o sit y  on  th e  R a t io  of 

T o lu e n e  t o  B ib e n z y l ®

(PhCHz)2- PhCHs PhCH,
NH6 (PhCHî), , ‘A Solvent0 (PhCHj),

0.20 5.0 0.86 Pentane 3.75 0.46
0.25 5.5 0.86 Hexane 4.3 0.54
0.50 7.0 0.94 Heptane 4.9 0.60
0.75 8.0 0.97 Isooctane 5.8 0.66
1.00 8.25 1.01 Nonane 6.3 0.78
1.50 9.5 1.08 Cyclohexane . 7 .0 0.88

û Photolysis time, 60 min; 253 nm. b Molar concentration in 
cyclohexane. c 0.5 M  (PhCH^NH.

(43) This may not be a valid assumption, however, since the self-reaction 
of amino radicals shows rather large steric effects. For example, the rate 
constant for diethylamino radicals is 7 X 109 M ~l sec -' 1 at —90°, but for the 
isopropyl analog i~ is 5 X 10s M ~l sec- 1  at —10° [J. R. Roberts and K. U. 
Ingold, J. Amer. Chem. Soc., 93, 6 6 8 6  (1971)]. The rate of the cross
association of benzyl and dialkylamino would, however, be more similar 
to the dimerization of benzyl radicals.
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T a b l e  VII
P h o t o l y s i s  o f  1 V ,1 V ,1 V -T r i b e n z y l a m i n e

0.4 0.5 0.6 0.7 0.8

£ 3 ü £

Figure 7.— Ratio of cage to non cage products vs. the viscosity: 
(A) dibenzylamine in cyclohexane; (B) hydrocarbon solvents.

As shown in Figure 7A for various concentrations of 
dibenzylamine in cyclohexane, the ratio of the two 
products does vary as predicted for the model being 
considered. Unlike the initial step in the reaction lib  
where both viscosity and concentration were concerned, 
step 11c should show a linear relationship with the 
viscosity function alone. This linearity was found to 
hold, and in Figure 7B the same quantities are plotted 
for the data obtained in the series of hydrocarbon 
solvents. The slopes for the two plots are 8.3 and
21.6 for the hydrocarbon solvents and dibenzylamine, 
respectively. The higher value for the dibenzylamine 
is predictable, even though the viscosity effects of the 
two solutions may be similar. Thus, when dibenzyl
amine is the solvent, the reaction of the benzylamino 
radical with dibenzylamine (eq 11) (which is less avail
able in the hydrocarbon solvent) results in the forma
tion of the radical pair that is in closer proximity than 
that predicted by viscosity effects alone. Under these 
circumstances, there is a greater probability for en
counter of the radical pair, and it is reflected in a 
higher ratio of “cage” to “noncage” products. The 
ratio of toluene to bibenzyl is only a crude measure of 
the cage effects, and additional studies of “cage” and 
“noncage” recombinations using stereochemical probes 
and chemically induced dynamic polarization would 
be desirable.

Disproportionation of benzyl radicals and dibenzyl- 
amino radicals can also be examined directly from the 
photolysis of Ar,iV,Ar-tribenzylamine (Table V II). 
If radicals formed in the homolysis of tribenzylamine 
were randomly distributed in solution, the probability 
of encounter of a benzyl radical with another benzyl 
radical is one-half that with an amino radical. The 
low yields of bibenzyl, however, suggest that the rad

-------Product, mmol---------------------
PhCH= Ph-

,------Amine“——n (Ph- NCKb- Ph- CH2)2-
Start® Recover Solvent PhCHs CH2) 2 Ph CHO<* NH
1.76' 0.73 c-CeHi2 0.78 0.08 0.75 0.80 0.26
4.651 c-CeHi2 0.65 0.09 0.65 0 . 2 2

1.76c 0.71 CHaCN 0 . 6 6 0.80 0.74 0 . 2 1

1.75' 0 . 8 6 CHSCN 0 . 6 6 0.09 0.70 0.76 0 . 2 1

° Millimoles. b Photolysis time, 200 min. ' Photolysis time,
400 min. d Only after acid hydrolysis. • In 10 ml of solvent.

icals are not distributed statistically (provided there 
is no or little selectivity in the combination processes). 
A cage mechanism (eq 14) offers the most reasonable

(PhCH2)3N

[PhCH2, (PhCH2)2N]

[PhCH2, (PhCH2)2N] (13)

PhCH3 + PhCH2N = C H P h  
(14a)

PhCH2- + (PhCH2)2N-, etc.
(14b)

explanation for the high yields of toluene and A-ben- 
zylbenzaldimine generated by the cross-disproportiona
tion of benzyl and dibenzylamino radicals.

This mechanism is consistent with that proposed 
for the secondary steps in the photodecomposition of 
dibenzylamine. A major difference between them, 
however, lies in the idea that the two radicals are pro
duced directly by this photochemical process, with the 
consequence that the initial distance of separation is 
probably less than that for the same pair of radicals 
derived from the photolysis of dibenzylamine. This 
difference is reflected in a higher ratio of toluene rela
tive to bibenzyl (about 10). A value this large in the 
photolysis of dibenzylamine is only attained in highly 
viscous media.

Factors involved in the disproportionation of benzyl
amino radicals are also noteworthy. The mechanism 
presented in eq 11 does not explicitly include the cross
disproportionation of the benzyl radical and the benzyl
amino radical (eq 15).44 On the other hand, the dis-

PhCH2 + HNCH2Ph — *- PhCH3 + H N = C H P h  (15)

proportionation of benzyl and dibenzylamino radicals 
is the principal process (eq 14b) in the photolysis of 
A,A,A-tribenzylamine and other tertiary benzyl- 
amines.46 Similarly, the photolyses of a series of A - 
benzyl-A-alkylamines show no evidence of dispropor
tionation of the benzyl and alkylamino radical pair. 
Furthermore, the quantum yields in the photolysis 
of A-benzyl-A-feri-butylamine (and benzylamine itself) 
is not significantly different from that of the other 
alkyl analogs,45 despite the impossibility of cross
disproportionation. Apparently, the cross-dispropor
tionation of the secondary dialkylamino radicals occurs 
readily, whereas that of the primary analogs does not.

There are several explanations for this selectivity. 
The cross disproportionations of benzyl and alkyl
amino radicals generally show high selectivity,45 and

(44) Due to the instability of benzaldimine under reaction conditions, 
however, we cannot rigorously establish that cage disproportionation of this 
radical pair does not occur at all. Some of the results presented earlier may 
be attributed to contribution from such a disproportionation.

(45) M, A. Ratcliff and J. K. Kochi, Tetrahedron, in press.



a large degree of hydrogen transfer is indicated in the 
transition state. Accordingly, the low stability46 of 
simple alkylidene imines (eq 15) relative to their N -  
alkyl analogs would discourage cross-disproportiona
tion with the relatively unreactive benzyl radical. 
Finally, the facile hydrogen transfer from the N -H  
available in secondary amines would promote the com
petitive scavenging of the reactive alkylamino radicals 
over that of the more stable dialkylamino analogs.47

Experimental Section
All products were determined as previously described.19 

Solvents used in the photolyses were, when available, commercial 
Spectrograde solvents used without further purification. Other 
hydrocarbon solvents were purified for photolysis by passing 
them through a 10%  silver nitrate on acid-washed alumina 
column.48 Nujol (Plough, Inc.) was heated to 175° (1 mm) 
in a vacuum oven for 20 hr. It was then diluted with 4 equiv 
of pentane and passed through an alumina column as described 
above. The pentane was removed by rotary evaporation. 
Solvents purified by these methods showed absorbances of less 
than 0.05 in a 1-cm cell. Cyclohexene was prepared by the 
standard method of dehydrating cyclohexanol with H2SO.t. 
Commercial cyclohexene contained impurities which absorbed 
strongly at 250 nm. A variety of methods to purify the com
mercial material failed. Prepared in this manner the cyclo
hexene had an absorbance of 0.1 in a 1-cm cell at 250 nm. All 
operations were carried out with syringes using degassed and 
capped vessels. Isopropyl ether was stirred vigorously with an 
aqueous ferrous solution for 2 hr. The ether layer was dried 
and distilled from lithium aluminum hydride into a second flask 
containing more lithium aluminum hydride. A nitrogen atmo
sphere was maintained throughout all operations. The ether 
after fractionation was kept in a sealed flask. Standard solutions 
of both cyclohexene and isopropyl ether in cyclohexane were 
prepared using degassed solutions and surgical syringes. Stan
dard solutions of amine were prepared from these stock solutions 
for quantum yield studies.

Dibenzylamine was purified by methods previously described.1 
At 253 nm, dibenzylamine has e 357, whereas V-benzylbenzald- 
imine has e 18,000. To ensure 99% absorption of the incident 
light by the amine the molar ratio of the amine to the imine

Photolysis of D ibenzylamine and Tribenzylamine

(46) P. A. S. Smith, "Open Chain Nitrogen Compounds," Vol. I, W. A. 
Benjamin, New York, N. Y., 1965, p 301.

(47) The reactivity sequence is H2N >  R 2N: B. G. Gowenlock and D. R.
Snelling, Advan. Chem. Ser., No. 36, 150 (1962).

(48) E. C. Murray and R. N. Keller, J . Org. Chem., 34, 2234 (1969).

must be approximately 500C. This condition was easily met by 
both procedures used for purification, as previously described.1

Quantum Yield Measurements.— Aliquots (3.0 ml) of standard 
solutions were transferred to 10 X  1 cm quartz tubes and de
gassed with a stream of nitrogen. For the more volatile solvents, 
the solutions were degassed in volumetric flasks sealed with rub
ber septa. After degassing, additional solvent, previously de
gassed, was added via a surgical syringe to compensate for solvent 
lost. Samples (3 ml) were then added to previously degassed 
and capped photolysis tubes with a surgical syringe.

The solutions were photolyzed in a precision merry-go-round 
apparatus (F. G. Moses, Co., Wilmington, Del.). A coiled 
low-pressure Hg lamp (Mr. Charles Shott, University of Alberta), 
operating at 100 mA from a 5000-V transformer, was placed in 
the center of the apparatus and the samples were rotated around 
it. A shutter allowed the system to be used only after the lamp 
was warmed up. A constant temperature of 32° was maintained 
in the reactor by the lamp.

Actinometry was carried out with chloroacetic acid using a 
value of 0.370 as the quantum yield for chloride formation at 
32°.49 The intensity of the lamp was found to be 7.22 ±  0.08 X 
10_s einstein hr~: by this method. This value was obtained by 
averaging 20 separate runs. The consistency was a demonstra
tion of the uniformity of the quartz tubes and the reproducibility 
of the merry-go-round method.

The quantum yields reported for the dibenzylamine photolysis 
were measured for reactions photolyzed to less than 0 .1%  con
version. This limitation was necessary to ensure against filtering 
from the iV-benzylbenzaldimine formed during the reaction. 
For two cases (0.1 and 1.0 M ) the quantum yield was obtained 
from the slope of a yield vs. time plot which was linear over the 
time period involved. Other values were obtained by averaging 
five runs carried out simultaneously.

Viscosities were determined at 32.0 ±  0.05° in modified 
Cannon-Fenske routine viscometers calibrated by the Cannon 
Instrument Co., State College, Pa. Densities were obtained 
from literature values60 or by direct weighing.

Registry No.—Dibenzylamine, 103-49-1; tribenzyl
amine, 620-40-6; benzylamine, 100-46-9; cyclohexene,
110-83-8; diisopropyl ether, 108-20-3; toluene, 108-88-3; 
bibenzyl, 103-29-7.
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When irradiated in 2-propanol, both cis- and ¿rons-dihydromayurone (1 and 6) react to give a mixture of isomer- 
ized (2 and 3) and reduced (4 and 5) products. The isomeric photoproducts (2 and 3) are unusual in that a re
ducing solvent is necessary for their formation although a net reduction has not occurred. An exchange of 
hydrogen atoms during isomerization was demonstrated by irradiation of dideuterio-frans-dihydromayurone
(8) in 2-propanol to give monodeuterated hydrindanone 9 and irradiation of 1 in 2-propanol-di to give monodeu- 
terated hydrindanone 7. Hydrindanone 2 is a secondary product derived from the photoisomerization of 3. 
The difference between the photoreduction of 1 and that of simpler bicyclo[4.1.0]heptan-2-ones is attributed to 
the gem-dimethyl group, which sterically hinders hydrogen abstraction.

The photoreduction of conjugated cyclopropyl ke
tones in 2-propanol has been shown2 to proceed with 
hydrogen abstraction by the n-v* excited carbonyl 
oxygen atom, followed by a ground-state rearrange
ment of the a-hydroxycyclopropylcarbinyl radical. 
The products obtained from bicyclo [4.1.0]heptan-2- 
ones are cyclohexanones derived from the reductive 
opening of the cyclopropyl ring (eq 1). The alternate

excited ground
state state

OH 0

products, cycloheptanones, are normally not observed 
owing to both the thermodynamic preference for open
ing to a six-membered ring as well as preference for 
opening of the outer cyclopropyl bond which is geo
metrically aligned for better overlap, as compared to 
the inside bond, with the adjacent carbonyl center.

The irradiation of either cis- or Acms-dihydromay- 
urone (1 and 6, respectively) in 2-propanol does not 
follow this simple reaction course, lout rather gives a 
complex mixture of products (Scheme I).

The ketones were irradiated in 2-propanol with a 
Corex-filtered (>260 nm) 450-W Hanovia medium- 
pressure mercury lamp and the reaction progress was 
monitored by gas-liquid chromatography (glc). After 
removal of the solvent and oxidation of the total mix
ture to convert any alcohols to the corresponding ke
tones, the products were isolated by a combination 
of alumina and silica gel chromatography and recrystal
lization. The isolated yields are listed in Table I.

3a,7,7-Trimethyl-7a-vinylhexahydro-l-indanone (2) 
was identified on the basis of its spectral data. The 
nmr spectrum clearly shows a vinylic group at a quater
nary center, three methyl singlets, and two hydrogens 
a to the carbonyl group (see Experimental Section). 
This ketone is isomeric with 1 (mol wt 206) and the ir

(1 ) T h e  results o f  this research w ere first d isclosed a t the X X I I I  IU P A C  
C on gress in  B oston , Ju ly  1971, A bstracts, p  100

(2) W . G . D au ben , L . Schutte, R . E . W o lf, and E . J, D ev in y , J. Org.
Chem., 34, 2512 (1969).

T a b l e  I

I s o l a t e d  Y i e l d s  f r o m  t h e  2 - P r o p a n o l  I r r a d i a t i o n s  o f  1 a n d  6

•Products, %■
N o n -

R e - m on om eric
a ctan t i 2 3 4 5 6 m aterial'

i 25 14 6 9 8 2 3 6
6 2 1 2 . 5 4 8 . 5 2 2 9 4 2

a Consists mainly of tertiary alcohols from dimerization and 
solvent addition.

carbonyl stretching frequency (1732 cm-1 ) indicates 
a cyclopentanone moiety. The structure of 2 has not 
been proven by synthesis and the stereochemistry at 
C-7a is unknown.

7,11,11-Trimethylbicyclo [5.4.0 ]-l-undecen-4-one (3) 
was readily identified from spectral data and by com
parison with an authentic sample prepared by diazo
methane ring expansion of 8,8,10-trimethyl-l(9)-oc- 
tal-2-one (eq 2).3

H
4

one epimer 
only

Further evidence for the structural assignment of 
2 was obtained by isolation of 3 and reirradiation in
2-propanol. Ketone 2 was isolated in 23%  yield and 
was identical with the sample of 2 obtained by direct 
irradiation of either 1 or 6. The formation of a-vinyl 
ring-contracted ketones from the irradiation of cyclic 
d,7 -unsaturated ketones is well documented.4

7 ,11,11- Trimethylbicyclo [5.4.0 [undecan- 4 - one (4)
was isolated as a mixture of epimers from both the 
irradiations of 1 and 6 (80:20 ratio from 1, 55:45 ratio 
from 6). This was determined from the fact that 4 
was partially resolved into two peaks on glc and the

(3 ) C . E nzell, Tetrahedron Lett., 185 (1962).
(4) L . A . P a q u ette  and  R . F . E u em b er, J .  Amer. Chem. Soc., 89, 6205

(1 9 6 7 ) ; R . G . C arlson  and J. H . B atem an , Tetrahedron Lett., 4151 (1967 ); 
L . A . P aquette, R .  F . E izem ber, and O . C ox , J . Amer. Chem. Soc., 90, 5153
(1 9 6 8 ) ; L. A. P a q u ette  and G . V . M eehan , J. Org. Chem., 34, 450 (1969).
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S ch em e  I

6

solvent demonstrated that a unique hydrogen abstrac
tion-loss process must be involved to result in nonre- 
duced products.

Confirmation of this hypothesis was obtained by two 
deuteration experiments. The hydrindanone product 
isolated from the irradiation of 1 in 2-propanol-di con
tains one deuterium (mol wt 207) and the nmr spectrum 
shows conclusively that the deuterium is located at the 
terminal position of the double bond (eq 4). The nmr

nmr spectrum showed six methyl singlets whose relative 
intensities varied depending on whether 4 was isolated 
from the irradiation of 1 or 6. Catalytic reduction of 
3 gave one epimer of 4 (eq 2) which was identical with 
the major epimer of 4 isolated from the irradiation of 1. 
The ring fusion stereochemistry of this epimer has not 
been determined.

as-8,8,9,lQ-Tetramethyl-2-decalone (5), the expected 
product from the irradiation of 1 based on the work of 
Dauben,2 was identified by comparison with 5 ob
tained as the sole product from lithium-ammonia re
duction of 1 (eq 3).

spectrum of 7 is identical with that of 2 except for the 
vinylic region. Ketone 7 has one vinylic hydrogen at 
S 5.65-6.13 (m), one-half of a terminal vinylic hydrogen 
at 5.21 (d, /  =  11 Hz, cis coupling), and one-half of a 
terminal vinylic hydrogen at 4.90 (d, J  =  18 Hz, trans 
coupling). This differs from the spectrum of 2 in that 
the vinylic hydrogen of 2 appears as a clean doublet of 
doublets at 5 5.91 (J  = 11 Hz, J '  =  17.5 Hz) instead of 
the multiplet obtained from 7 due to additional deu
terium coupling, and the terminal methylene hydrogens 
of 2 appear as eight peaxs (/„is = 11 Hz, J trans =  17.5 
Hz, J gem = 2 Hz) instead of the four peaks obtained 
from 7 due to the elimination of observable geminal 
coupling. The integration of the nmr spectrum of 7 
allows the conclusion that the deuterium is equally sub
stituted at both positions of the terminal methylene 
group.

The hydrindanone product isolated from the irradia
tion of imns-dideuteriodihydromayurone (8) (mol wt 
208) also contains one deuterium (mol wt 207) and its 
location exclusively at the a position of the double 
bond (eq 5) can be unambiguously determined from

Li/NH3
(3)

The interconversion of 1 and 6 was demonstrated 
only by glc retention times. The irradiation of either
1 or 6 gave a low yield (2%) of the epimer and isolation 
was not possible.

The interconversion of 1 and 6, as well as formation 
of isomeric photoproducts 2 and 3, suggested that for 
these products a hydrogen-donating solvent would not 
be necessary since a net photoreduction had not oc
curred. However, 1 was quite stable to irradiation in
2-methyl-2-propanol. Although small amounts of the 
same products were detected, the rate of reaction was 
very much slower than the rate in 2-propanol and 
probably the small amount of reaction that was ob
served was initiated by inefficient hydrogen abstraction 
from 2-methyl-2-propanol.

In the case of 6, prolonged irradiation in 2-methyl-
2-propanol afforded 10 %  1 but none of the products 
2-5.

The absence of rapid formation of isomeric ketones
2 and 3 without the presence of a hydrogen-donating

9

the nmr spectrum. Again, except for the vinylic re
gion, the nmr spectrum of 9 is identical with that of 2. 
Both the vinylic hydrogen absorption of 2 at <5 5.91 and 
the large vicinal coupling constants of the terminal 
methylene hydrogens of 2 are completely absent from 
the spectrum of 9. The two terminal methylene hy
drogens of 9 appear as two narrow multiplets (6-8-Hz 
width) at S 5.26 and 4.94.

By glc, the irradiations of 8 in 2-propanol and 1 in 2- 
propanol-di closely paralleled the original irradiations 
of 1 and 6, although the products other than 7 and 9 
were not isolated.

These experiments not only show an exchange of hy
drogen during the isomerization of 1 or 6 to 2, but the 
location of deuterium in 7 and 9 allows a reasonable
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mechanism5 to be proposed for the formation of 2 and 
3 (Scheme II). The other products can also arise from 
the same radicals 10 and 11.

Sch em e  II
hv,

R

2, R = H  
7, R =  D

second hydrogen to give 5. However, the gem -di
methyl group sterically hinders 10 from hydrogen ab
straction and allows the ground-state radical sufficient 
time to rearrange to tertiary radical 11. In an inert 
solvent the same cyclopropyl bond probably opens but 
the excited-state diradical does not have the lifetime of 
ground-state radical 10 and therefore recloses to 1 
rather than undergoes rearrangement.

The results from the reduction of cfs-l,9-methano- 
10-methyl-2-decalone (12) are in support of this ex
planation involving the hindrance of radical 10 as the 
cause of these unusual products from the irradiation of 
dihydromayurone. Both photoreduction and lithium - 
ammonia reduction of 12 give only the expected cis- 
decalone (13) (eq 6). Without the ^em-dimethyl

hv

2 -propanol

12

13

group of 1, 12 reacts in the same manner as the simpler 
bicyclo [4.1.0 ]heptan-2-ones.

The formation of 2 and 3 from dihydromayurone rep
resents the first example of a photoisomerization which 
occurs only under reducing conditions.

One aspect of the photochemistry of the dihydro- 
mayurones remains without a satisfactory explanation. 
irans-8,8,9,10-Tetramethyl-2-decalone (14), formed as 
the sole product from lithium-ammonia reduction of 6 
(eq 7), was not present in the photomixture from 1 and,

Li-NH,
12 (6)

if formed at all in the irradiation of 6, was present in 
only trace amounts. Inspection of molecular models 
shows little difference in steric hindrance toward hy
drogen abstraction between radicals 10 and 15; there-

In the presence of a hydrogen-donating solvent cis- 
dihydromayurone opens the geometrically aligned cy
clopropyl bond to give radical 10 which can abstract a

(5) A referee noted that the deuterium-labeling studies are also compatible 
with an alternate mechanism in which 1 or 8  undergo an internal rearrange
ment to enol A or B, respectively, followed by ketonization. The author

B

feels that the failure of rearrangement in 2 -mefchyl-2 -propanol argues deci
sively against this alternate mechanism; the referee further noted that 
differences in solvent acidities and dielectric constants make various solvent 
effects possible.

15

fore, if radical 15 were formed in the sequence of photo- 
reduction, then ketone 14 should have been present at 
least to the extent of a few per cent.

This implies that 6, unlike its cis isomer 1, directly 
opens to tertiary radical 11 although molecular models 
show that in both isomers the outside cyclopropyl bond 
should be the favored one for reductive cleavage. The 
irradiations in 2-methyl-2-propanol also support this 
conclusion. A substantial amount (10%) of ketone 
6  photoisomerizes to 1 in 2-methy 1-2-propanol; how
ever, the reversibility of this reaction is not observed. 
This is consistent with the direct formation of tertiary
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diradical 16 from the irradiation of 6, followed by re
closure to either the cis or trans isomer.

16

Presently, we are studying a series of analogous cy
clopropyl ketones without the j/m-dimethyl group of 
the dihydromayurones (e.g., 12 and its trans isomer) to 
elucidate the reasons for this differing behavior between 
cis and trans isomers.

Experimental Section
Preparative irradiations were carried out with a 450-W 

medium-pressure Hanovia mercury lamp in a quartz, water- 
cooled, immersion probe. The filter was a glass cylinder of Corex 
(>255 nm) insertable between the lamp and the probe. Solutions 
were outgassed with argon before and during the irradiations.

Infrared spectra were taken as neat samples (except where 
noted) on a Perkin-Elmer 457 and absorptions are reported as 
inverse centimeters, uv spectra were taken on a Beckman Acta 
III, nmr spectra were taken on a Varían A-60A as chloroform-di 
solutions and are reported as S units relative to TMS, and molecu
lar weights were determined from mass spectra obtained with a 
Perkin-Elmer 270. Gas-liquid chromatography was done on a 
10% Carbowax 20M (12 ft X Vs in.) column. Melting points 
are uncorrected.

Irradiation of cw-Dihydromayurone (1).'—A solution of 4.00 g 
of l 6 in 150 ml of 2-propanol (0.13 M ) was irradiated for 3.75 hr. 
Glc showed six ketonic components with the following relative 
retention times: A, 0.33; B, 0.66; C, 0.73; D, 0.82; 1, 1.0; 
E, 1.1. The solvent was removed under reduced pressure, the 
residual oil (4.60 g) was oxidized at 0° with excess Jones reagent,7 
and the resulting mixture (4.02 g) was chromatographed on 300 
g of alumina (neutral III, 2.5 X  60 cm column).

Compound A was eluted with hexane-benzene (10:1) and was 
identified as 3a,7,7-trimethyl-7a-vinylhexahydro-l-indanone 
(2 ) :  0.552 g (14% yield); mol wt 206; X“ ex0H 301 nm (« 40); ir 
(CCh) 1732 (s), 1620 (w), 1002 (m), 992 (w), 928 (s); nmr 5.91 
(1 H, d of d, J  =  11 Hz, J' =  17.5 Hz, vinylic H ), 5.22 (1 H, d 
of d, J  = 11 Hz, / '  =  2 Hz, terminal methylene H ), 4.90 (1 H, 
d of d, J  =  17.5 Hz, J' = 2 Hz, terminal methylene H), 2.2 (2 H, 
m, a H), 1.18 , 1.15, 0.9 (9 H, 3 s, methyl H ). The ketone was 
sublimed at 1 mm and recrystallized from aqueous ethanol, mp 
196-199° (sealed capillary).

Anal. Caled for C14H220 : C, 81.50; H, 10.75. Found: C, 
81.45; H, 10.63.

Compounds C and D were eluted together with hexane-benzene 
(1: 1). The early factions were enriched in C and identification 
was made on 80-90% pure material. Compound C gave two 
partially resolved peaks on glc and was identified as cis- and trans-
7,ll,ll-trimethylbicyclo[5.4.0)undecan-4-one (4): 0.357 g, 9% ; 
mol wt 208; ir 1704; nmr 1.05, 1.02, 0.98 (3 s, methyl H, major 
epimer), 0.95, 0.90, 0.82 (3 s, methyl H, minor epimer). The 
ratio of epimers was 4:1 . The major epimer in this sample was 
identical (ir and nmr spectra, glc) with synthetic 4 obtained by 
low-pressure hydrogenation of 7,ll,ll-trim ethylbicyclo[5.4.0]-l- 
undecen-4-one (3) prepared according to the procedure of 
Enzell.3 Synthetic 4 consisted of only one epimer (nmr singlets at
1.05, 1.02, 0.98).

Compound D (0.299 g, 8% ) was isolated pure (mp 149-150°) 
by two recrystallizations from hexane of fractions containing ca. 
equal amounts of C and D . Crystalline D was identified as cis-
8,8,9,10-tetramethyl-2-decalone (5) by comparison (ir and nmr 
spectra, glc, mmp 148.0-150.5°) with 5 obtained by lithium- 
ammonia reduction of 1.

Starting material 1 (1.0 g, 25% ) and E were eluted together 
with benzene and benzene-ether (50:1). Compound E (0.08 g, 
2% ) was identified as iraras-dihydromayurone (6) on the basis of 
an identical glc retention time with that of synthetic material.

(6) S. Nagahama, H. Kobayashi, and S. Akiyoshi, Bull. Chem. Soc. Jap., 
35, 140 (1962); T. Nozoe, etal., Chem. Pharm. Bull., 8, 936 (1960).

(7) A. Bowers, T. G. Halsall, E. R. H. Jones, and A. J. Lemin, J . Chem. 
Soc., 2548 (1953).

Compound B was not very stable on alumina but was isolated 
(> 90 %  pure, 0.24 g, 6% ) from a silica gel chromatogram by 
elution with benzene-ether (100:1 and 50:1) and was identified as
7,ll,ll-trimethylbicyclo[5.4.0]-l-undecen-4-one (3): mol wt
206; ir 1708; nmr 5.52 (1 H, broadened t, J  = 6 Hz, vinyl H),
3.20 (2 H , d, J =  6 Hz, one peak further split into A, J' =  2 Hz, 
allylic H), 2.38-2.66 (2 H, m, H a to carbonyl), 1.10, 1.14, 1.19 
(9 H, 3 s, methyl H). This sample was identical (ir and nmr 
spectra, glc) with synthetic 3.3

The remaining 36% included trace ketonic products but was 
mainly very polar material including a large amount of tertiary 
alcohols (dimers and 2-propanol addition products) whose struc
tures were not investigated.

Extended irradiation of 1 in 2-methyl-2-propanol (0.590 g of 1, 
150 ml of 2-methyl-2-propanol, 0.02 M , 15 hr) and chromatog
raphy as above gave 3%  2 (ir and nmr spectra, glc), 3%  5 (glc), 
trace amounts of 3 and 4 (glc), 78% 1, and 16% nonmonomeric 
alcoholic material. The presence of 6 could not be detected in 
the irradiation mixture.

Isolation of 3 and reirradiation in 2-propanol (0.13 g, 5 ml of 
2-propanol, 0.13 M , 8-RUL 3000-A Rayonet lamps, 10 hr) gave 
2 in 23% yield after isolation by alumina chromatography. The 
sample was identical (glc retention time, nmr spectrum) with 2 
isolated from the direct irradiation of 1.

Isolation of 2 and reirradiation in 2-propanol (0.81 g, 150 ml 
of 2-propanol, 0.026 M , 3 hr) rapidly gave a product whose glc 
retention time was identical with that of 3. This glc peak re
mained at constant percentage (5-10% ) throughout the irradia
tion as the glc peak for 2 decreased very slowly.

Irradiation of iraras-Dihydromayurone (6).— A solution of 1.08 
g of 68 in 150 ml of 2-propanol (0.035 M ) was irradiated for 3 hr. 
The reaction was worked up and the products were isolated as 
described above. The products (yields) follow: 2, 12.5%; 3, 4% ; 
4, 8.5%  (55-45% mixture of epimers); 5, 2% ; 1, 2% ; 6, 29%. 
The remaining 42% was nonoxidizable alcoholic material and 
was not investigated. The identification of 1, 3, and 5 was made 
solely on the basis of identical glc retention times with those of 
authentic samples. In addition to 1- 6, the irradiation mixture 
contained a trace component with an identical glc retention time 
with that of synthetic ¿ro«s-8,8,9,10-tetramethyl-2-decalone (14).

Extended irradiation of frons-dihydromayurone (6) in 2- 
methyl-2-propanol (0.046 M ) for 9 hr gave none of the products 
2-5, 10% 1 (identified only by glc retention time), 84% unreacted 
6, and ~ 6%  nonmonomeric material (percentages determined by 
equal volume glc injections).

Irradiation of cis-l,9-Methano-10-methyl-2-decalone (12).— A 
solution of 1.96 g of 12 (95% cis, 5%  trans), prepared by Jones 
oxidation7 of cis-l,9-methano-10-methyl-2-decalol,9 in 150 ml of 
2-propanol (0.073 M ) was irradiated for 1.5 hr. The reaction 
was worked up as described above and the products were isolated 
by chromatography of the crude mixture (1.82 g) on 250 g of 
alumina (neutral III, 2.5 X 44 cm column).

Benzene eluted 0.582 g (32%) of crystalline material identified 
after recrystallization from hexane (mp 128-131°) as cfs-9,10- 
dimethyl-2-decalone (13, mol wt 180) by comparison (ir and nmr 
spectra, glc, mmp 127.5-132.0°) with 13 obtained by lithium- 
ammonia reduction of 12. Further elution with benzene gave 
recovered 12, 0.640 g (35%).

By glc, there were several other ketonic photoproducts but all 
were present in very low yield and could not be isolated pure. 
Most of the remaining 33% was a mixture of tertiary alcohols 
including one crystalline alcohol (0.198 g) eluted with ether- 
methanol (100:1): mol wt 238; mp 125-130° recrystallized from 
hexane; ir 3360; nmr 1.40, 1.26, 0.93 (3 s, methyl H ). This 
alcohol was tentatively identified as l,9-methano-2-(1-hydroxy-1- 
methylethyl)-10-methyl-2-decalol.

Irradiation of iraras-Dideuteriodihydromayurone (8).— A solu
tion of 0.385 g of 88 in 150 ml of 2-propanol (0.012 M ) was ir
radiated for 1 hr. The hydrindanone product was isolated by 
alumina chromatography and identified as 3a,7,7-trimethyl-7a- 
(l-deuteriovinyl)-hexahydro-l-indanone (9): 0.057 g (15%

(8 ) irans-Dihydromayurone (6) was prepared from 8,8,10-trimethyl-A19-
octalin by the following sequence: allylic bromination with iV-bromosuc-
cinimide, followed by hydrolysis with aqueous acetone, followed by the 
Simmons-Smith reaction and Jones oxidation (W. G. Dauben and E, I. 
Aoyagi, private communication). ircms-Dideuteriodihydromayurone (8 ) 
was prepared by the same sequence using dideuteriomethylene iodide in the 
Simmons-Smith reaction.

(9) W. G. Dauben, P. Lang, and G. H. Berezin, J. Org. Chem., 3 1 ,  3869 
(1966).
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yield); mol wt 207; ir (CC14) 1734 (s), 928 (m); nmr 5.26 and
4.94 (2 H , 2 m, terminal vinylic H ), 2.2 (2 H, m, a H ), 1.19, 1.15, 
0.92 (9 H, 3 s, methyl H ). Except for the vinylic region (4.6-
6 .2) , the nmr spectrum of 11 was identical with that of 2.

The other photoproducts from 8 were not isolated but according 
to glc the irradiation of 8 closely paralleled the irradiations of 
1 and 6.

Irradiation of cis-Dihydromayurone (1) in 2-Propanol-<ii.—A
solution of 0.200 g of 1 in 10 ml of 2-propanol-di (Stohler Isotopes, 
deuteration on oxygen) (0.097 M ) was irradiated for 11 hr using
8-RtJL 3000-A Rayonet lamps. The hydrindanone product was 
isolated by alumina chromatography and identified as 3a,7,7- 
trimethyl-7a-(2-deuteriovinyl)-hexahydro-l-indanone (7): 0.015 
g (8%  yield); mol wt 207; nmr 5.65-6.13 (1 H, m, vinylic H),
5.21 (0.5 H , d, /  =  11 Hz, terminal vinylic H ), 4.90 (0.5 H, d, 
J — IS Hz, terminal vinylic H), 2.2 (2 H, m, a H), 1.18, 1.15, 
0.92 (9 H, 3 s, methyl H ). Except for the vinylic region (4.6-
6.2) , the nmr spectrum of 7 was identical with that of 2.

The other photoproducts were not isolated, but, according to 
glc, the irradiation closely paralleled the undeuterated 2-propanol 
irradiation. By mass spectroscopy, no deuterium incorporation 
could be detected in recovered 1.

cis-8,8,9,10-Tetramethyl-2-decalone (5).— From lithium-am
monia reduction10 of 1 there was obtained 5: mp 150-151° re
crystallized from hexane; mol wt 208; ir 1702; nmr 1.10, 1.05, 
0.88, 0.81 (4 s, methyl H).

(10) W. G. Dauben and E. J. Deviny, J. Org. Chem., 31, 3794 (1966).

Anal. Calcd for ChH240 : C, 80.71; H, 11.61. Found: C, 
80.60; H, 11.47.

irans-8,8,9,10-Tetramethyl-2-decalone (14).— From lithium- 
ammonia reduction10 of 6 there was obtained 14: mol wt 208; ir 
1705; nmr 1.37, 1.07, 0.81 (3 s, methyl H ), 0.92 (d, /  =  1 Hz, 
methyl H).

Anal. Calcd for ChH2,0 : C, 89.71; H, 11.61. Found: C, 
80.67; H, 11.79.

as-9,10-Dimethyl-2-decalone (13).— From lithium-ammonia 
reduction10 of 12 there was obtained 13, isolated by benzene elu
tion from an alumina (neutral III) chromatogram: mp 132-134° 
recrystallized from hexane (lit.11 mp 108-118°); mol wt 180; 
ir 1705; nmr 1.04, 0.90 (2 s, methyl H) (lit.11 nmr 1.05, 0.90).

Registry N o .-l, 7129-16-0; 2, 35342-07-5; 3,
35342-08-6; cis-4, 35342-09-7; trans-4, 35342-10-0; 5, 
35342-11-1; 6, 31090-36-5; 8, 35342-13-3; 9, 35342-
14-4; 12, 35340-22-8; 13, 5523-99-9; 14, 35340-24-0;
l,9-methano-2-(l-hydroxy-l-methylethyl)-10-methyl-2- 
decalol, 35340-25-1.
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Optically active A-alkyl-A'-chloroacetamidoacetonitriles were prepared and were converted to their cor
responding (3-laetams by treatment with sodium hydride. The /J-lactams were hydrolyzed and hydrogenolyzed 
to form optically active aspartic acid. When (ft)-a-alkylbenzylamines were used, (S)-aspartic acid was the 
result. The yield of aspartic acid from aminoacetonitriles ranged from 36 to 96%. The optical purity of 
aspartic acid ranged from 21 to 67%. A temperature effect on the sterically controlled reaction was examined. 
The effect of temperature on the optical purity and yield was found to be small. To examine whether the 
sterically controlled reaction is due to an asymmetric induction or to a first-order asymmetric transformation, 
equilibration reactions were carried out using three solvents (dioxane, benzene, acetonitrile). The results indi
cate that the formation of optically active aspartic acid is largely due to an asymmetric induction.

The cyclization of diethyl /V’-phenyl-W-chloroacet- 
amidomalonate (I) to /3-lactam (II) has been reported by 
Sheehan and Bose.2 Hydrolysis and decarboxylation 
of the /3-lactam yielded iV-phenylaspartic acid (III).

,COOEt
c ch 5n - c h ; Et,N

X  
COCH2Cl

I

COOEt

,COOEt COOH

C 6H5N — Ç
X C 6H5H N -C H

c o - c h 2

II

COOEt I
CH,
I
COOH

ethoxide.3 Several similar /3-la ctam  formations have 
been recorded.4-6 Recently, Martin, et al.,1 reported 
the synthesis of A,2-diphenylaspartic acid in a similar 
way from /3-lactam that was formed by cyclization of 
A’-chloroacetyl-A’,2-diphenylglycine ethyl ester. The 
preparation of /3-lactams is summarized in a review by 
Sheehan and Corey.8

In the present study, the /3-lactams were prepared 
from A-alkyl-A-chloroacetamidoacetonitriles by the 
cyclization reaction. Hydrolysis and subsequent hy- 
drogenolysis of the /3-lactams yielded aspartic acid. 
When the A-alkyl groups were chiral, optically active 
aspartic acid was obtained. The reaction scheme of 
this study is shown in Scheme I.

The optically active moieties used were (a) racemic a -

m
This reaction is similar to that of cyclization of diethyl 
w-bromopropylmalonate in the presence of sodium

(1) Contribution no. 198 of the Institute for Molecular and Cellular 
Evolution, University of Miami. Part X IV : K. Harada and K. Matsu- 
moto, Bull. Chem. Soc. Jap., 44, 1068 (1971).

(2) J. C. Sheehan and A. K. Bose, J. Amer. Chem. Soc., 72, 5158(1950).

(3) H. M. Walborsky, ibid., 71, 2941 (1949).
(4) J. C. Sheehan and A. K. Bose, ibid., 73, 1261 (1951).
(5) A. K. Bose, B. N. Ghosh-Mazumdar, and B. G. Chatterjee, ibid., 

82, 2382 (1960).
(6 ) B. G. Chatterjee, V. V. Rao, and B. N. Ghosh-Mazumdar, J. Org. 

Chem., 30, 4101 (1965).
(7) T. A. Martin, W. T. Comer, C. M. Combs, and J. R. Corrigan, ibid., 

35, 3814 (1970).
(8 ) J. C. Sheehan and E. J. Corey, Org. React., 9, 388 (1957).
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T a b l e  I
A -A l k y l a m in o a c e t o n it r il e s  an d  T h e ir  H y d r o c h lo r id e s“

--------------------- ---------- Hydrochloride—
Compd Bp, Yield, [a]“ D6 Mp, ------------Calcd (found), % ----------->

no. (benzene) °C (mm) % (H ,0) °c Formula c H N
Va 118-119 64 181-182 CioH12N2-HC1 61.06 6.66 14.24

(3.0) dec (61.25) (6.76) (14.13)
Vb +238 .8 112 50 +  50.9 184-185 c 10h 12n 2-h c i 61.06 6.66 14.24

(c 5 .3) (2 .2) (c 1.4) dec (60.89) (6.59) (13.84)
Vc -2 4 8 .8 112 51 -5 0 .7 184-185 C ioH,2N2-HC1 61.06 6.66 14.24

(c 4 .7) (2 .2) (c 2 .0) dec (61.09) (6.69) (14.23)
Vd +218.4 109-110 53 + 4 1 .6 154-155 C „H uN rH C l 62.70 7.18 13.30

(c 5 .3) (0 .8) (c 1.9) dec (62.98) (7.18) (13.26)
Ve +  201.4 163-165 44 -4 4 .4 200-201 ChH14N2-HC1 68.15 6.13 11.35

(c 4 .9 ) (1.2 ) (c 1.3) dec (68.05) (6.17) (11.14)
° Optically active amines used were {R){ +  )-a-methylbenzylamine ([<*]25d +41.5°, benzene), (S)( -  )-a-methylbenzylamine ( [ « ¡ s5d 

-42 .3 °, benzene), (K)( +  )-a-ethylbenzylamine ( [ « ] 26d +21.7°, benzene), (R)( +  )-a-(l-naphthyl)ethylamine ([<*)*+ +88.0°, benzene). 
6 The specific rotations were measured by the use of JASCO-ORD/UV-5 optical rotatory dispersion recorder using a 10-mm cell.

S ch em e  I
S y n t h e s is  of A spa r tic  A cid  via /3-Lactam

RNH2 + C1CH2CN -----
IVa—e

RNCH2CN
1 base

o = c c h 2ci — *
Vla-e

RNHCHjCN —  
Va-e

RN—CHCN 
I I

o = c - ch2
Vila—e

H,0

COOH COOH
I

CHNHR chnh2
1
ch2

h 2 1
ch2
1

Pd(OH)2/C
COOH COOH
Villa-e K a -e

R: a, ( ± ) { Ö y ~ C H - ;  b, (R ) ( + ) < ^ > — CH~;

CH3

< Q > —  CH -; d, (R) (+)c, (S) (—)•

c ,h5

methylbenzylamine, (b) (R)(+)-a-methylbenzylamine, 
(c) (S ) (— )-a-methylbenzylamine, (d) (/?)(+)-«-
ethylbenzylamine, and (e) (f?)(+)-a-(l-naphthyl)-
ethylamine. The W-alkylaminoacetonitriles Va-e were 
prepared from amines IVa-e and chloroacetonitrile. 
The yields and physical properties of Va-e are sum
marized in Table I. These free W-alkylaminonitriles 
have a large optical rotatory power even at the d  line. 
The melting points, specific rotations, and elemental 
analyses of these aminonitrile hydrochlorides are also 
listed in Table I. The aminonitriles were acylated with 
chloroacetic anhydride to form the V-alkyl-W-chloro- 
acetamidoacetonitriles (Vla-e). The yields, physical 
properties, and elemental analyses of the W-chloro- 
acetylated aminoacetonitriles (Vla-e) are summarized 
in Table II.

Acylated iV-alkylaminoacetonitriles (Vla-e) were 
treated with sodium hydride in dioxane at various

temperatures (25, 50, 75°) to form corresponding 8- 
lactams (VIIa-e). The intermediate lactam V ila  was 
isolated by distillation and was analyzed for elemental 
composition. This shows that the lactam is a rather 
stable compound. The lactam V ila  was hydrolyzed 
with hydrochloric acid and A-a-methylbenzyl-(±)- 
aspartic acid (V illa ) was isolated. In the synthesis of 
optically active aspartic acid, the resulting /3-lactams 
were hydrolyzed with 6 N  hydrochloric acid without 
isolation. The resulting W-alkylaspartic acids (VIIIa-e) 
were isolated by the use of a Dowex 50 column and were 
then hydrogenolyzed using palladium hydroxide on 
charcoal to yield aspartic acid (IX). The yields of the 
synthesized aspartic acid are rather high (70 ~  95%) and 
the optical purities ranged from 21 to 67%. When 
(/£)(+)- and (S)(— )-amines were used, (S )- and (R )- 
aspartic acids were formed. When a-methylbenzyl- 
amine was used, the optical purity of aspartic acid 
ranged from 41 to 49%. The use of a-ethylbenzylamine 
resulted in a decrease in the optical purity (19-29%). 
However, when a-(l-naphthyl)ethylamine was used, 
the optical purity of the resulting aspartic acid in
creased considerably (54-67%). The temperature 
effect on the asymmetric synthesis results in a rather 
small change in the yield and also in optical activity of 
the resulting aspartic acid. However, the optical 
purities of aspartic acid prepared at 50° seemed a little 
higher than those of aspartic acid prepared at 25 and 
75°. The results are summarized in Table III.

Few asymmetric syntheses of four-membered carbo- 
cyclic or heterocyclic ring systems have been reported9 
and it was important to establish that asymmetric in
duction occurred during ring closure rather than by 
epimerization of the a-carbon atom. To examine the 
possibility of the formation of optically active aspartic 
acid by asymmetric transformation, three different 
solvents (dioxane, benzene, and acetonitrile) were used

* *
R—N—C - CN

I I
0  =  C — CH,

R—N -C -C N
I Io  =  c — ch2

* * , 
R—N -C -

I I 
o = c — ch2

,.CN
■H

(9) L. A. Paquette and J. P. Freeman, J. Amer. Chem. Soc., 91, 7548 
(1969), have reported the asymmetric synthesis of a thiete 1 ,1-dioxide.
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T a b l e  II
N - A l k y l -  V - c h lo r o a c e t a m id o a c e t o n itr ile s

Bp (mm)
Compd [a]“ D° or mp, Yield, —Calcd, % - ----------- s -Found, . ------------ -

no. (dioxane) °C % Formula C H N c H N

Via 184-185(1.5) 89 c 12h 13n 2o c i 60.89 5 . 5 4 11.84 61.09 5.46 11.87
VIb +  95.0 (c 1.9) 91-92 87 c ,2h 12n 2o c i 60.89 5 . 5 4 11.84 60.60 5.71 11.74
VIc -9 5 .8  (c 1.5) 91-92 89 C12H13N20C1 60.89 5 . 5 4 11.84 60.71 5.63 11.69
VId +  129.5 (c 2.7) 183-184(1.9) 79 C13H13N20C1 62.55 6.09 10.85 62.29 6.03 11.17
Vie +  60.2 (c 1.7) 92-94 82 C,6H15N 20C1 67.26 5.29 9.77 67.01 5.26 9.80
» The specific rotations were measured by the use of a JASCO ORD/UV-■5 optical rotatory dispersion recorder using a 10-mm cell.

T a b l e  III
S y n t h e s is  o p  O p t ic a l l y  A c t iv e  As p a r t ic  A cid

Aspartic
Confign of acid DNP- Optical

Starting asymmetric Temp, Time, yield, aspartic acid, purity,
material“ moiety6 °C hr Confign % c [a]“ D (1 N NaOH)d % e

Via 25 12 ± 36
± 25 36 ± 92

50 5 ± 94
VIb ( « ) ( + >  Me 25 36 s 96 + 3 9 .8  (c 1.7) 43

(fi)(+ > M e 50 5 s 54 + 4 2 .8  (c 1.5) 47
(fi)(+ )-M e 75 5 s 75 + 4 1 .3  (c 1.5) 45

VIc (S ) ( - ) -M e 25 36 R 75 -3 7 .7  (c 1.7) 41
(S )( - ) -M e 50 5 R 72 -4 4 .8  (c 1.6) 49
0 S )(-)-M e 75 5 R 44 -4 0 .7  (c 1.4) 44

VId ( f t ) ( + ) - E t 25 36 S 76 +  19.4 (c 1.5) 21
(£ ) (+ ) -E t 50 5 s 67 + 2 8 .9  (c 1.5) 31
(S )(+ )-E t 75 5 s 75 + 2 6 .8  (c 1.5) 29

Ve ( !? ) (+ )-Naph 25 36 s 69 + 5 8 .7  (c 1.4) 64
(ff)(+ )-N aph 50 5 s 75 +  62.0 (c 1 . 6) 67
(•R)(+)-Naph 75 5 s 68 + 4 9 .3  (c 1.6) 54

° In each reaction, 0.0025 mol of VI and 0.0025 mol of sodium hydride in 20 ml of dioxane were used. b (!?)( + )-Me, (fi)( +  )-a- 
methylbenzylamine ( [a ]25D +41.5°, benzene); (£ )( — )-Me, (S)( — )-a-methylbenzylamine ([«]%> —42.3°, benzene); (,R)( +  )-Et, 
(ff)( +  )-a-ethylbenzylamine ( [ « ] 25d +21.7°, benzene); (,R)( +  )-Naph, (fl)( +  )-a-(l-naphthyl)ethylamine ( [a ]25D +88.0°, benzene). 
c The yields were calculated from the data obtained from an amino acid analyzer and are based on the starting N,N-disubstituted 
aminoacetonitriles (V la-e). d The specific rotations were measured by the use of a JASCO ORD/UV-5 optical rotatory dispersion 
recorder using a 10-mm cell. * The optical purity is defined as [a]Dobsd/[a ]D llt- X 100. DNP-(S)-aspartic acid, [or]KD +91.9° (1 jV 
NaOH).

to detect the epimerization process. After normal ¡3- 
lactam formation using dioxane and sodium hydride, 
the reaction mixture was divided into three parts. 
The first part was kept standing at room temperature 
under agitation for 24 hr; the other two parts were 
evaporated almost to dryness under reduced pressure. 
To these residues, benzene and acetonitrile were added 
and the mixtures were kept standing under agitation 
for 24 hr at room temperature. If first-order asym
metric transformation took place during the agitation 
in these different solvents, the optical purities of the 
resulting aspartic acid would be expected to be different. 
The results are summarized in Table IV.

T a b l e  IV
O pt ic a l  P u r it ie s  o f  D N P -A sp a r t ic  A cid  P r e p a r e d  b y  

E q u il ib r a t io n  in  V a r io u s  So lv e n t s

Solvent
D ielectric
constant

[a ]25n (c 1.6 - 
1.9, 1 N NaOH)»

O ptical
purity,

%°
Dioxane 2 . 2 + 3 8 . 0  ( +  3 7 . 9 ) 4 1 . 4 ( 4 0 . 8 )
CH3CN 3 7 . 5 +  3 4 . 3  ( + 3 4 . 2 ) 3 7 . 4 ( 3 7 . 2 )
Benzene 2 . 3 + 3 5 . 2  ( +  3 3 . 6 ) 3 8 . 5 ( 3 6 . 6 )

“ The values in parentheses are results obtained in the repeated 
experiment.

The results show that the optical purities of aspartic 
acid in various solvents are similar; however, the value

obtained using dioxane seems a little higher than those 
obtained by the use of benzene and acetonitrile. This 
slight difference might be due to experimental error or 
epimerization during the equilibration. However, the 
values obtained by the use of benzene (e 2.27) and 
acetonitrile (37.5) are almost the same. If the equilibra
tion in acetonitrile took place, the optical purity of the 
aspartic acid would be expected to be different from 
those obtained by the use of dioxane and benzene. 
Therefore, the equilibration reactions suggest that the 
effect of first-order asymmetric transformation is not 
great and that the optical activity of aspartic acid is 
largely due to asymmetric induction during the lactam 
formation.

It is of crucial importance in sterically controlled 
syntheses to measure optical activities of the product 
without any fractionation of the optical isomers. The 
ion-exchange separation of the synthesized amino acid 
is a preferred technique of isolation. However, the 
method usually does not give chemically pure amino 
acids. Therefore, further purification without frac
tionation of optical isomers is usually necessary. In the 
present work, all amino acids isolated by ion exchange 
were dinitrophenylated by the use of 2,4-dinitrofluoro- 
benzene.10'11 The resulting DNP-amino acids were

(10) F. Sanger, Biochem. J ., 3 9 ,  507 (1945).
(11) K. R. Rao and H. A. Sober, J. Amer. Chem. Soc., 76, 1328 (1954).
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chromatographically purified12 and isolated without 
fractionation of the optical isomers.13

Experimental Section
[A-(iS)( — )-«-Methylbenzyl]aminoacetonitrile (Vc).— (S)( — )- 

a-Methylbenzylamine ( 12.1 g, 0.10 mol), triethylamine (10.1 g, 
0.10 mol), and chloroacetonitrile (7.6 g, 0.10 mol) were dissolved 
in 60 ml of absolute alcohol. The solution was refluxed gently 
for 4 hr in an oil bath. After the reaction was over, the ethanol 
was evaporated in vacuo. The residue was dissolved in 100 ml of 
ethyl acetate and the solution was washed with water. The solu
tion was dried with anhydrous sodium sulfate and the solvent was 
evaporated. The residual oil was distilled under reduced pressure: 
bp 121° (2.2 mm); yield, 8.23 g (51.4% ); [<*]%> -2 4 8 .8 ° (c
4.7, benzene).

Other A-alkylaminonitriles were prepared in a similar way. 
The yields and physical properties of the free A-alkyl-amino- 
nitriles (Va-e) and the physical properties and elemental analyses 
of their hydrochlorides are summarized in Table I.

N-(S)( — )-a-Methylbenzyl-A7-chloroacetamidoacetonitrile 
(Vic).— Vc (8.0 g, 0.05 mol) was dissolved in 120 ml of dry 
benzene. To this solution, chloroacetic anhydride, 8.6 g (0.05 
mol) was added slowly. The solution was then refluxed for 3 hr 
in an oil bath. After the reaction was over, the benzene solution 
was washed with 0.1 A  hydrochloric acid, 3%  sodium hydrogen 
carbonate, and water. The benzene solution was dried with 
anhydrous sodium sulfate and the solvent was evaporated. The 
residual crystals were recrystallized from ethanol: yield, 10.5 g 
(88.5%); mp 91-92°; [a]“ d —95.8° (c 1.5, dioxane). Elemental 
analyses are shown in Table II.

Other A-alkyl-A-chloroacetamidoacetonitriles were prepared 
in a similar way. The physical properties, yields, and elemental 
analyses are shown in Table II.

(E)-Aspartic Acid (IXc).— Sodium hydride (0.10 g, 0.0025 mol, 
60% suspension in mineral oil) was suspended in 30 ml of anhy
drous dioxane. To this mixture, 0.59 g (0.0025 mol) of V ic  in 
20 ml of anhydrous dioxane was added slowly at room tempera
ture for a period of 2 hr under agitation. After the addition was 
over, the reaction mixture was stirred for 34 hr. In the cycliza- 
tion reactions (VI —► V II) at 50 and at 75°, the reaction mixtures 
were stirred for 3 hr at the temperatures after the addition of VI 
was over. The precipitated salt was then removed by filtration 
and the solvent was evaporated under reduced pressure. The 
residue wras hydrolyzed with 50 ml of 6 A  hydrochloric acid for 
6 hr. The solution was extracted twice with ether, and the 
aqueous solution was evaporated to dryness in vacuo. The 
residue was dissolved in a small amount of water and the solution 
was applied to a Dowex 50 column (H+ form, 1.9 cm X 23 cm). 
The column was eluted with 1.5 A  aqueous ammonia and the 
fractions containing amino acid were combined and evaporated 
under reduced pressure. The residual product (VIIIc) was 
dissolved in water and was hydrogenolyzed by the use of 0.5 g 
of palladium hydroxide on charcoal for 12 hr. After the reaction 
was over, the catalyst was removed by filtration. A part of the 
solution was diluted in a proper way, and was analyzed on an 
automatic amino acid analyzer to determine accurately the yield 
of aspartic acid. Aspartic acid (IX c) was obtained by evapora
tion of the water. The yield of aspartic acid was found to be 
74.9%. A part of the aspartic acid was recrystallized from water 
and ethanol for elemental analysis. Calcd: N, 10.52. Found: 
N, 10.40. The rest of the aspartic acid was converted to DNP- 
aspartic acid in the usual way, and the resulting DNP-aspartic 
acid was purified by the use of a Celite column treated with a pH 
4 citrate-phosphate buffer.10'11 DNP-(E)-aspartic acid had 
[cc] kd —37.7° (c 1.7, 1 A  NaOH); optical purity, 41%.

(12) J. C. Perrone, Nature (London), 167, 513 (1951).
(13) K. Harada and K. Matsumoto, J. Org. C h e m 32, 1794 (1967).

Isolation of (±)-Lactam (V ila).— Sodium hydride (60%, 0.40 
g, 0.01 mol) was suspended in 50 ml of anhydrous dioxane. To 
this suspension, 2.36 g (0.01 mol) of V ia in 20 ml of anhydrous 
dioxane was added dropwise at room temperature under agitation 
over a period of 2 hr. After the addition was over, the reaction 
mixture was stirred at room temperature for an additional 36 hr. 
The solvent was then removed under reduced pressure. The 
residue was dissolved in 50 ml of ethyl acetate and the solution 
was washed with 30 ml of 1 A  hydrochloric acid, with 2%  sodium 
hydrogen carbonate, and then with water. The ethyl acetate 
solution was dried with anhydrous sodium sulfate. After evapora
tion of the solvent under reduced pressure, the residual oil was 
distilled under reduced pressure and V ila , 1.40 g (70%), was 
obtained, bp 151-152° (1.5 mm).

Anal. Calcd for CI2HI2N20 : C, 71.98; H, 6.04. Found: C, 
71.94; H, 6.61.

A-a-Methylbenzyl-(±)-aspartic Acid (Villa).— Lactam V ila  
(0.8 g, 0.004 mol) was refluxed with 20 ml of 6 A  hydrochloric 
acid for 6 hr. The hydrolysate was extracted with ether to re
move colored material and the aqueous solution was evaporated 
to dryness under reduced pressure. The residue was dissolved in 
a small amount of water and the solution was applied to a Dowex 
50 column (hydrogen form) and was eluted with 1 A  aqueous 
ammonia. The fractions containing the amino acid were com
bined and evaporated under reduced pressure. The pH of the 
concentrated aqueous solution was adjusted to about 2.8; A - 
alkylaspartic acid (V illa ) crystallized. Then V illa  was re
crystallized from water-alcohol; V illa , 0.75 g (73% ), was ob
tained, mp 181-183° dec.

Anal. Calcd for C,2H16N04-H20 : C, 56.46; H, 6.71; N,
5.49. Found: C, 56.71; H, 6.84; N, 5.65.

Equilibration Reaction of Lactam Vllb Using Various Solvents.
— Sodium hydride (60%, 0.3 g, 0.0075 mol) was suspended in 80 
ml of anhydrous dioxane. To this, 1.78 g (0.0075 mol) of VIb in 
30 ml of absolute dioxane was added dropwise in the manner 
described above. The reaction mixture was stirred for 36 hr. 
The reaction mixture was then divided equally into three portions. 
A dioxane portion was kept at room temperature for an additional 
24 hr under agitation. The other two portions were evaporated 
to dryness under reduced pressure avoiding contamination by 
moisture. To one of the dried residues, 35 ml of dry benzene was 
added, and, to the other residue, 35 ml of acetonitrile was added. 
These solutions were then kept at room temperature for 24 hr 
under agitation. The three reaction mixtures were then evapo
rated under reduced pressure. As described earlier, the residues 
were then hydrolyzed and hydrogenolyzed to yield optically 
active aspartic acid. The specific rotations and optical purities of 
DNP-aspartic acid obtained by the use of various solvents are 
summarized in Table IV.

Registry No.—Ya, 35341-72-1; Va HC1, 35341-73-2 
Vb, 35341-74-3; Vb HC1, 35341-75-4; Yc, 35341-76-5; 
Vc HC1, 35341-77-6; Vd, 35341-78-7; Vd HC1, 35341-
79-8; Ve, 35341-80-1; Ve HC1, 35341-81-2; V ia, 
35341-82-3; VIb, 35341-83-4; Vic, 35341-84-5; VId, 
35341-85-6; Vie, 35341-86-7; V ila , 35341-87-8; V illa , 
17196-56-4; (R)-aspartic acid, 1783-96-6; (S)-aspartic 
acid, 56-84-8; DNP-(A)-aspartic acid, 7690-55-3.
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When 2-amino-/3-D-arabmofurano[T,2':4,5]-2-oxazoline (1) was allowed to react with <*,/3-unsaturated esters, 
the previously unknown 0 2,2'-anhydro-5,6-dihydrouridines were produced in moderate yield. The synthesis and 
spectral properties of three members of this class of compounds, 0 2,2'-anhydro-5,6-dihydrouridine (Sa), O2,2 '- 
anhydro-5-methyl-5,6-dihydrouridine (Sb), and 0 2,2 '-anhydro-6-carbomethoxy-5,6-dihydrouridine (Sc), are dis
cussed.

Anhydro nucleosides have been studied extensively 
and are frequent intermediates along the synthetic 
pathway to novel nucleoside systems.1 They also have 
been postulated2 as naturally occurring intermediates in 
the biological conversion of the more common nucleo
sides to the less common ones and vice-versa. In 
contrast, there are very few reports of anhydrodihydro 
nucleosides in spite of the fact that dihydro nucleosides 
have been found to occur in some tRNAs.3 In their 
synthesis of thio analogs of 5,6-dihydrouridine, Skari6, 
Gaspert, and Hohnjec reported the synthesis and spec
tral properties of 02,5'-anhydro-2',3'-0-isopropylidine-
5,6-dihydrouridine.4 To our knowledge no other 
reports of anhydrodihydro nucleosides have appeared. 
In this report, we describe the facile synthesis and spec
tral properties of several 02,2'-anhydro-5,6-dihydro- 
uridines, a potentially useful class of compounds in the 
study of dihydrouridines.

Recently, Sanchez and OrgeP described a novel, high 
yield synthesis of several arabino and ribo nucleosides. 
They found that the reaction of cyanamide with arabi- 
nose gave a good yield of 2-amino-/3-D-arabinofurano- 
[ l,,2':4,5]-2-oxazoline (1). The aminooxazoline 1 was 
in turn allowed to react with ethyl propiolate to give 
02,2'-anhydrouridine (2) in good yield (Scheme I).

Schem e  I

(1) Leading reference: “ The Chemistry of Nucleosides and Nucleotides,”  
A. M. Michelson, Academic Press, New York, N. Y., 1963; J. J. Fox and 
T. Wempen, Advan. Carbohyd. Chem., 14, 283 (1959).

(2) (a) L. 1. Pizer and S. S. Cohen, J. Biol. Chem,, 235, 2387 (1960); (b) 
D. M . Brown, D. B. Parihar, C. B. Reese, and A. Todd, J. Chem. Soc., 3035 
(1958).

(3) R. W. Holley, G. A. Everett, J. T. Madison, and A. Zamir, J. Biol. 
Chem., 240, 2122 (1965).

(4) V. Skaric, B. Gaspert, and M. Hohnjec, J. Chem. Soc. C, 2444 (1970).
(5) R. A. Sanchez and L. E. Orge), J. Mol. Biol., 47, 531 (1970).

We found that a similar reaction took place when the 
aminooxazoline 1 was allowed to react with several 
activated olefins (Scheme II). When a solution of 1

Sch em e  I I

a, X  =  Y  =  Z =  H; R  =  C H 3
b, X  =  CH3; Y = Z = H ;  R = C H 3
C, X  =  H; Y  =  C 0 2CH3; Z =  H; R  =  CH3 
d, X  =  Y  =  H; Z =  C 0 2C 2H5; R =  C 2H5

was heated with methyl acrylate (4a), a glassy solid was 
obtained after removal of the solvent. Chromatog
raphy of the residue gave the desired 02,2'-anhydro-5,6- 
dihydrouridine (5a) in 57% yield as white needles after 
recrystallization.

The nmr spectrum of 5a contained a typical A2B2 
pattern with triplets centered at S 2.45 and 3.57. The 
remainder of the spectrum was similar to that of 
02,2'-anhydrouridine. Likewise, when methyl meth
acrylate was allowed to react with the aminooxazoline, 
02,2'-anhydro-5-methyl-5,6-dihydrouridine (5b) was

i n5b

I II

5c

isolated in 36% yield. A  priori a mixture of two di- 
astereoisomers (epimeric at C-5) would be expected. 
Thin layer chromatography (tic) (silica gel, 5 %  MeOH 
in CHC13, eight passes) indicated that the material was 
homogeneous. Likewise, the sharp melting point,
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196.5-198.0°, was consistent with a single component. 
However, the nmr spectrum showed two sets of peaks, 
ABC splitting, for the 6a and the 6/3 protons, indicating 
that both of the two possible epimers, 5b-I and 5b-II, 
were present but in unequal amounts. The possibility 
that the two sets of peaks were due to slowly inter
converting conformers was eliminated because a large 
axial-axial coupling was observed for both compo
nents—a condition that could not exist in the case of 
conformers since one conformer would not have an 
axial proton in the 5 position.

The reaction of the aminooxazoline 1 with dimethyl 
fumarate gave a complex product mixture containing 
two major components. Chromatography on silica 
gel gave an oil which contained only the two major 
components. Treatment of this oil with hot methanol 
gave one of the isomers of 5c as white needles. The 
configuration of the carbomethoxy group about C-6 
has not been determined. A ll attempts to isolate 
the other major reaction product were unsuccessful.

When the aminooxazoline 1 was allowed to react with 
diethyl maleate, two major reaction products were ob
served by tic. Chromatography on silica gel separated 
the major components from minor contaminants. The 
residual oil, after solvent removal, failed to crystal
lize from ethanol; however, when the oil was treated 
with hot methanol and allowed to stand at room tem
perature, white needles precipitated. This material 
was not the expected product 5d, but the corresponding 
methyl ester 5c as shown by ir, nmr, melting point, and 
mixture melting point. Apparently transesterifica
tion had occurred. More noteworthy is the fact that 
both the fumarate and the maleate add to the amino
oxazoline 1 to give the same major product or, at least, 
a mixture of the two C-6 epimers. Very careful tic 
(silica gel, 5 %  MeOH in HCC13 eight passes) of the 
analytically pure product from the reaction of 1 with 
4c and with 4d indicated the presence of a small amount 
(~ 10 -20 % ) of a second component with a similar Ri 
value. This minor component may well be the other 
epimer, but it could not be detected by nmr at 100 
MHz. The mechanistic implications of this product 
distribution will be discussed later.

Spectral Properties. Infrared.—The ir spectrum of 
each of the anhydro-5,6-dihydrouridines 5a, 5b, and 5c 
showed three absorptions which are apparently due to 
the system

-O — C = N — C = 0
I I

These frequencies and intensity of these absorptions 
are given in Table I. It should be noted that the only

T a b l e  I
Compd --------------------— Frequency, cm-1----

5a 1690 (m) 1605 (vs) 1490 (sh)
5b 1690 (m) 1605 (vs) 1490 (sh)
5c 1685 (m) 1610 (vs) 1490 (sh)

other anhydrodihydrouridine reported4 in the litera
ture 02,5'-anhydro-5,6-dihydrouridine absorbed at 1681 
and 1546 cm-1 . The relative intensities of the peaks 
at 1690 and 1605 cm-1  are unusual and apparently 
characteristic of this system.

Nmr Spectra.—Nmr spectra were measured at 60 and 
100 MHz on samples dissolved in deuterium oxide or

de-dimethyl sulfoxide and calibrated against internal 
tetr amethylsilane.

Compound 5a showed the expected signals for the 
arabinoside portion plus A2B2-type triplets for the 
cyclic methylenes of the dihydrouracil. The apparent 
vicinal coupling constant of 8.0 Hz indicated either a 
deceptively simple AA'BB' system or a rapidly aver
aging AA'BB' system. The parameters are listed in 
Table II. Compound 5b gave an nmr spectrum that

T a b l e  II
N m r  D a t a  D e t e r m in e d  on 

A n h y d r o d ih y d r o  N u cle o sid e s

•Shift, s-
P a r a m e t e r 5a“ 5b m a jo r * *  5b m i n o r 6 5c“

5.88 6.07 6.04
Ji',2' 5 .5 5.5 5.5
§2' 5.08 5.32 5.23
J2 ', 3 ' 0.5“ 0 .5“ 0.5“
$ 3 ' 4.32 4.57 4.38
J3 ', 4 ' 1.0“ 2.0 2.0
¿4' 4.03d 4 .3 d 4.09“
J  4',6 'a  1>6.0 4.5 6.0
«^4, ,5 / b  J 4.0
5 f i 'a  1
^ 5 'b  J

i3.32* 3.59 / 3.38»
3.49»

J5 'a ,5 b ' - 1 2 .5
5Bax 2.45'* 2.82*' 2.79*' 2.65»

-1 6 .6
> 6«x 8.0 12.5 12.5 8.6

5̂ax 16eq 8.0 7.0 7.0
56ea 2.45* 2.84»
*̂ 5eq *6ftx 8.0 4.4

8.0
56ax 3.57»“ 3.40’ 3.38’ 4.80
*̂ 6ax 16eq - 12.0 - 12.0
K* 3.57* 3.87’ 3.83’

“ 60-MHz spectrum, DMSO solvent, TMS reference. b 10
MHz spectrum, D 20  solvent, DSS reference. “ Unresolved. 
Estimated from line width. d Apparent as two partly over
lapped triplets of an A2B subspectrum but probably actually a 
deceptive AA 'B  subspectrum. * Two four-line, partly over
lapped X  patterns of AB X subspectrum. 1 Apparent as a doublet 
of an A2B subspectrum but probably actually a deceptive AA 'B 
subspectrum. » Eight lines for the AB part of an A B X  sub
spectrum. h Apparent as a triplet of an A2B2 system but prob
ably actually a deceptive A A 'B B ' system. * Two four-line 
partly overlapped C patterns of ABC system. ’ Eight lines for 
the AB part of an ABC system.

indicated it was a mixture. In addition to the typical 
signals for the arabinoside portion there were two sets 
of ABC patterns assigned to the uracil 5 and 6 hydro
gens of two epimers 5b-I and 5b-II present in amounts 
of 55 and 45%. Both epimers showed a large diaxial 
vicinal coupling for the 5 hydrogen suggesting confor
mations having the 5 methyl exclusively equatorial 
in each. The parameters are listed in Table I I .

Compound 5c gave an nmr spectrum that showed 
no evidence of a mixture. In addition to the usual 
signals for the arabinoside portion there was one ABX 
subspectrum attributed to the three uracil hydrogens. 
The parameters are listed in Table II.

To determine the conformation of the uracil portion 
the A BX subspectrum was analyzed6 with the aid of 
the l a o c n  program.7 The spectrum was first factored 
by construction methods to determine the line number

(6) G. Slomp, Appl. Spectrosc. Rev., 2 ,  263 (1969).
(7) S. Castellano and A. A. Bothner-By, J. Chem. Phys., 4 1 ,  3863 (1964).
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assignments. The observed line frequencies were 
then fitted by iteration and the root mean square error 
of the fit was reduced from 0.393 to 0.069. The param
eters are shown in Table II. The spectrum was judged 
to be a like-sign narrow-coupled case from the agree
ment of line intensities in the observed and calculated 
spectra. The magnitude of the 5ax,6 coupling con
stant indicates that these vicinal hydrogens are di- 
axial; hence the structure is either 5c-I or 5c-II and a 
choice cannot be made from these data.

n
5c

Circular Dichroism.—The CD spectrum of 5a, 5b,
and 5c were measured and the results are tabulated in 
Table III. Although the CD spectra showed what ap-

T a b l e  III
C ir c u l a r  D ich roism  Sp e c t r a l  D a ta

Compd X m ax. m /i PJmax
5a 235 +  11 ,800
5a 255 +  11 ,400
5b 235 +  2 3 ,700
5c 2 5 6 .5 - 9 , 3 5 0
5c 230 + 4 8 ,5 0 0

peared to be characteristic differences, sufficient data 
to assign the absolute configuration was not available.

Discussion

A mechanism which is consistent with the product 
formation and with the known mode of addition of 
the aminooxazoline 1 to activated triple bonds5’8 is 
presented in Scheme III. The endocyclic nitrogen 
of the aminooxazoline 1 adds to the 3  carbon of the 
activated double bond in a Michael-type addition, 
followed by proton migration and ring closure to give 
the observed products. The anion generated at the 
5 carbon in the intermediate 6 is protonated nonstereo- 
selectively. This results in an almost equimolar mix
ture of the two epimers of 5b. An alternate, but less 
likely, explanation for the formation of the epimeric 
mixture is the loss of the configurational identity of 
the product during work-up and isolation. The 
inverse mode of ring formation, i.e ., addition of the exo- 
cyclic amine to the ester carbonyl followed by ring 
closure, would also explain the observed products 5a-c. 
This mechanism seems unlikely in view of the regio- 
specificity generally observed in the addition of amines 
to «,/3-unsaturated esters.9

(8) C. M. Hall and A. J. Taylor, unpublished work.
(9) S. Patai and Z. Rapport in “ The Chemistry of Alkenes,” S. Patai, Ed., 

Interscience, New York, N. Y., 1964, Chapter 8.

Sch em e  III

The apparent stereoselectivity observed in the for
mation of 5c and 5d can be accounted for in one 
of several fashions. (1) The aminooxazoline 1 must 
approach the ester in a preferred fashion—from either 
the front or the back. The direction of approach is 
determined by the carboxyl group attached to the /3 
carbon since the product ratio from the maleate and 
fumarate is the same. This is shown schematically 
in Scheme IV. (2) The initial adduct 7 (Scheme III)

NH,

HOCH,

HO

Sch em e  IV  

0 
II

ROC*. ,H
V '

II
R O w  H

Hv  .COR
v c-'

II 0
M M  I

Vi 'COR
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undergoes epimerization to give an epimeric mixture 
in which one of the epimers predominates. Epimer
ization is followed by cyclization to give the observed 
distribution of diastereomers. Epimerization at C-6 
might occur as shown in Scheme V .10 (3) The product

Sch em e  Y

" Y N H , h  

/ N — C^-«C02R —

'C H jCOjR

- V “ 2
— C— CO,R

o ^ n h  
^  CO,R

/ N — C ^ H

c h 2c o 2r c h 2c o ,r

distribution of diastereomers may represent the equi
librium mixture which was achieved during the product 
isolation. It is not apparent from models that one 
diastereomer should be favored over the other.

Experimental Section
02,2-Anhydro-5,6-dihydrouridine (5a). A mixture of 2- 

ammo-(8-D-arabinofurano[l',2':4,5)-2-oxazoline (1, 2.0 g, 0.0115 
mol), methyl acrylate (4.0 g, 0.044 mol), and dimethylacetamide 
(70 ml) was heated at 75° for 2 hr, then allowed to stand for 18 hr 
at room temperature. Removal of the solvent left a glassy 
residue which failed to crystallize. The residue was chro
matographed on a silica gel column (200 g). The column was 
eluted with 1 1. of 10% MeOH in CH2C12 and 2 1. of 15% MeOH 
in CH2CI2. The majority of the product was eluted in the'first 
750 ml of 15% MeOH in CH2C12 eluate. Removal of the solvent 
left a solid which was recrystallized from absolute ethanol to give 
white needles (1.30 g, mp 177-179°). The total yield was 57%. 
The ir, nmr, and uv spectra were consistent with the proposed 
structure of 0 2,2'-anhydro-5,6-dihydrouridine: the ir and nmr 
results are reported in Tables I and II; uv max (95% EtOH) 
237 nm (c 14,150), 273 (114, sh).

Anal. Calcd for C9HI2N 20 5: C, 47.37; H, 5.30; N, 12.28. 
Found: C, 47.40; H, 5.40; N, 12.04.

0 2,2'-Anhydro-5-methyl-5,6-dihydrouridine (5b). A mixture 
of the aminooxazoline 1 (2.0 g, 0.0115 mol), methyl methacrylate 
(4.0 g, 0.040 mol), and dimethylacetamide (70 ml) was heated 
at 70° for 3 hr and then it was allowed to stand at room tempera
ture for 18 hr. Tic (silica gel, 25% MeOH in CHC13) indicated 
that some aminooxazoline 1 was still present. An additional 
4 g of methyl methacrylate was added, and the reaction mixture 
was heated an additional 8 hr at 75°. The solvent was removed 
to leave a glassy residue which was slurried in MeOH. An 
insoluble solid was collected by filtration (844 mg). This 
material was shown to be identical with the starting amino
oxazoline 1 by tic (silica gel 25% MeOH in CHCI3). The 
residue from the filtrate was chromatographed on a silica gel 
column (100 g) using 10% MeOH in CH2C12 as the eluent. The 
desired product began to appear in the eluate after about 1.0 1. 
had been collected. The next 2 1. of eluate were combined and 
the solvent was removed to leave a crystalline solid (670 mg). 
This material was recrystallized from isopropyl alcohol to give a 
white solid in 36% yield (based on recovered 1, 582 mg, mp
196.5-198°). The nmr, ir, and uv spectra were consistent with 
the proposed structure 5b: the ir and nmr results are reported
in Tables I and II; uv (95% EtOH) 236 nm (e 13,900), 273 
(164, sh).

Anal. Calcd for C10H14O5N2: C, 49.58; H, 5.83; N, 11.57. 
Found: C, 49.72; H, 5.88; N, 11.51.

(10) We are indebted to the referee for first suggesting this possibility.

Reaction of 2-Amino-/3-D-arabinofurano[l',2':4,5]-2-oxazoline 
(1) with Dimethyl Fumarate. A mixture of the aminooxazoline 
1 (4.0 g, 0.023 mol), dimethyl fumarate (6.4 g, 0.044 mol), and 
dimethylacetamide (140 ml) was heated at 95-100° for 6 hr and 
then was allowed to stir at room temperature for 72 hr. Tic 
(silica gel, 15% MeOH in CH2C12, uv or KMnO< solution) 
showed that considerable starting material remained. An 
additional 6.4 g of dimethyl fumarate was added and the mixture 
was heated for an additional 8 hr at 95-100°. Removal of the 
solvent left an oil which was chromatographed on a silica gel 
column (400 g). The column was eluted with 4 1. of 5%  MeOH 
in CH2C12 followed by 1 1. of 15% MeOH in CH2C12 at which 
point a uv-absoroing material began to appear in the eluate 
(tic, silica gel, 5%  MeOH in HCCI3). Ten 60-ml fractions were 
collected. Removal of the solvent from these fractions left an 
oil (1.99 g combined), which failed to crystallize. The oil was 
rechromatographed on silica gel (200 g) using 5%  MeOH in 
CH2C12. After 6 1. of eluate had been eluted, 20 150-ml fractions 
were collected. Fractions 1-15 were combined and the residual 
oil crystallized from methanol to give white needles (225 mg, 
mp 185-186° dec). A second crop of 322 mg was also obtained 
(mp 185-186° dec; total yield 8% ). The ir, uv, and nmr 
spectra were consistent with those expected for 0 2,2 '-anhydro-6- 
carbomethoxy-5,6-dihydrouridine (5c): the ir and nmr results
are reported in Tables I and II (the Ĵ .n indicated that the 
carbomethoxy group assumed an equatorial position, but the 
configuration about C-6 could not be determined with the 
available data); uv max (95% EtOH) 236 nm (e 13,400), 269.5 
(135, sh).

Anal. Calcd for CnH1407N2: C, 46.15; H, 4.93; N , 9.79. 
Found: C, 46.47; H, 5.36; N, 10.21.

Reaction of 2-Amino-/3-D-arabinofurano[ 1 ',2 ': 4,5]-2-oxazoline 
with Diethyl Maleate. A mixture of the aminooxazoline 1 
(4.0 g, 0.023 mol), diethyl maleate (7.60 g, 0.044 mol), and 
dimethylacetamide (140 ml) was heated at 95° for 6 hr and was 
stirred at room temperature for 18 hr. An additional 7.6 g of 
diethyl maleate was added and the reaction mixture was heated 
at 95° for 4 hr. Removal of the solvent left a viscous syrup. 
The excess diethyl maleate was separated by chromatography 
on silica gel (400 g, 2 1. of 5%  MeOH in CHCI3 followed by 2 1. 
of 15% MeOH in CHCI3). The fractions which contained the 
reaction products (one minor and two major spots on tic, 2% 
MeOH in CHC13 ) were combined and rechromatographed (silica 
gel, 200 g, MeOH in CH2C12). Tic of the eluted fractions in
dicated that no significant degree of separation had been achieved. 
The fractions were combined and the solvent was removed to 
leave a syrup (3.52 g). This residue was dissolved in hot metha
nol and the resulting solution was allowed to stand for 18 hr in a 
draft to give colorless needles (395 mg, mp 183.5-184.5° dec). 
A portion of this material was recrystallized for analysis. Several 
additional crops were obtained from the mother liquor (887 mg, 
mp 186-187° dec), whose spectral properties were identical with 
those of the first crop. The total yield was 19%. The ir, nmr, 
and uv spectrum and elemental analysis indicated that this 
material was not the expected 0 2,2'-anhydro-6-carboethoxy-5,6- 
dihydrouridine (5d), but the corresponding methyl ester: the 
ir and nmr results are reported in Tables I and II; uv max (95% 
EtOH) 236 nm (« 14,350), 269 (180, sh). The melting point of 
an admixture of this material and the product obtained from the 
reaction of the aminooxazoline 1 and dimethyl fumarate was 
undepressed. Both materials had identical Rt values on tic 
(silica gel, 2%  MeOH in CHC13). Nmr showed no evidence for 
5d in the crystallized material.

Anal. Calcd for CnHi4N20 7: C, 46.15; H, 4.93; N, 9.79. 
Found: C, 46.32; H, 4.95; N, 9.65.

Registry No.—5a, 35324-11-9; 5b, 35324-12-0; 5c, 
35324-13-1.
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ments and to Mr. P. Meulman for measuring and 
interpreting the ir spectra.
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The reaction of trans-carvone tribromide (1) and a's-carvone tribromide (2) with bases is shown to depend on 
the base, solvent, and configuration of the /3-bromo group. Products derived from Favorskii rearrangement are 
formed when 1 or 2 are treated with sodium methoxide in methanol or ether. An epoxy ether (11) also results 
from the reaction of 1 with sodium methoxide in ether. Grob fragmentation occurs when 1 and 2 are treated 
with sodium hydroxide in water. Vinyl bromides 19, 20, and 21, along with epoxycarone 22, are formed from 2, 
whereas 1 gives homoterpenyl methyl ketone (27), keto acid derivatives 25 and 26, and 4-methyl-3-pentenoic acid 
(46).

¿raiis-Carvone tribromide (l)2a'3 undergoes a Fav
orskii rearrangement to afford iminolactone 3 when 
treated with primary amines in methanol or ether. 
cfs-Carvone tribromide (2)2a likewise yields 3 when 
treated with isopropylamine in methanol, but affords 
the dehydrobromination product 4 when the reaction is 
conducted in ether.2b In view of the divergent paths 
followed by 2, it became of interest to study the reac
tion of 1 and 2 with methoxide and hydroxide ions in 
various solvents.

enee of platinum to yield 14, whose stereochemistry is 
assigned on the assumption that hydrogenation occurs 
from the least hindered side of the molecule. Treat
ment of 8 with hydrogen chloride or hydrogen bromide 
gave halo esters 15 which were dehydrobrominated to 
the known 16.5

X =  Cl or Br 
15

Sodium Methoxide.—In solvent methanol, sodium 
methoxide converted 1 and 2 into complicated mixtures 
of products from which the compounds shown in Chart
1 were isolated and identified. Qualitatively, the two 
bromides yield the same major products, except for the 
formation of 17 %  of bicyclo[3.1.0]hexane derivative 
8 in the reaction with 2.

In ether, the reaction with sodium methoxide takes 
a new path for each isomer (see Chart II). Both 1 and
2 yield substantial amounts of bi cyclic ester 8. In 
addition, 1 also affords the dibromo hydroxy ketone 12 
if the reaction is worked up with water, or the dibromo 
epoxy ketone 11 if water is excluded in the isolation 
step.

The structures assigned 5-12 are based on spectral 
data (see Experimental Section) and conversion, 
where possible, into known compounds. Thus, un
saturated ester 5 was transformed by partial catalytic 
hydrogenation into methyl cfs-pulegenate (13).4 B i- 
cyclic ester 8 absorbed 1 equiv of hydrogen in the pres-

(1) David Ross Research Fellow, Purdue University, 1964—1966.
(2) (a) J. Wolinsky, J. J. Hamsher, and R. C. Hutchins, J. Org. Chem., 

35, 207 (1970); (b) J. Wolinsky, R. O. Hutchins, and T, W. Gibson, ibid., 
33, 407 (1968).

(3) Unless otherwise indicated all the reactions were carried out with 
racemic products.

(4) J. Wolinsky, H. Wolf, and T. W. Gibson, J. Org. Chem., 28, 274 (1963);
J. Wolinsky and D. Chan, ibid., 30, 41 (1965).

Carvenolide (7) and carvacrol (10) were identified by 
spectral comparison with authentic samples. Com
plete characterization of 6 and 9 was not achieved be
cause of the instability of 6 and the small amount of 9 
isolated.

Epoxy ether 11 lacks carbonyl absorption in the in
frared and shows a methoxy signal at 3.46 ppm in its 
nmr spectrum. An apparent one-proton triplet at
4.53 ppm (J  = 2.5 Hz) suggests an equatorial orienta
tion for the C-3 proton and, hence, an axial position 
for the C-3 bromine. The crystalline epoxy ether 11 
is stable in solution in the absence of acid, but on 
standing at room temperature for a few days is con
verted into vinyl ether 17. Vinyl ether 17 displays a 
strong olefin stretching vibration at 6.10 p and an nmr 
doublet at 4.76 ppm attributed to a vinyl proton. Hy
drolysis of 17 with hydrobromic acid or sodium hy
droxide solution gave hydroxy ketone 18. The assign
ment of an equatorial hydroxyl group in 18 was sub
stantiated by an ultraviolet maximum at 283 nm (e 
37.4) and by an upfield shift of 16.2 Hz for the C-2 
methyl group when the nmr spectrum was determined 
in benzene rather than CDCI3.6 Similar spectral prop
erties were shown by acetate 18a.

(5) J. Wolinsky and D. Nelson, Tetrahedron, 25, 3767 (1969).
(6) J. Ronayne and D. H. Williams, J. Chem. Soc. B, 540 (1967).
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a

Chart I
R eaction of 1 and 2 with Sodium M ethoxide in M ethanol“

Bromide 5 6 7 8 9
l 36% T ra ce 12.9%
2 49% 14% 4% 22% n

The reaction yields were determined by glpc and are not corrected for detector response differences.

Chart II
R eaction of 1 and 2 with Sodium M ethoxide in Ether

Bromide 8 11 12
1 3 6 -4 7 %  (29—33%)“ (21% )6
2 59 -67 %

“ Isolated when care is taken to avoid moisture in the reaction 
work-up-. 6 Isolated when water is added during work-up.

OCH,

18, R =  H 
18a, R =  A c

NaOH.—The reactions of carvone tribromides 1 and 2 
with sodium hydroxide in water and ether were con
ducted under a nitrogen atmosphere at room tempera
ture. Since these systems are heterogeneous, one ex
periment was performed in dioxane-water in order to 
examine the effect of homogeneity on the reaction 
course. The acidic products were converted to methyl 
esters with diazomethane in order to facilitate their 
separation and isolation.

The action of sodium hydroxide on cf.s-carvone tri
bromide (2) produced the array of products shown in 
Chart I I I. The reaction proved to be qualitatively

20, and 21 by a Grob fragmentation7 or to epoxide 22 
by a multistep process.

The reaction of sodium hydroxide with 1 changes 
dramatically with solvent (see Chart IV). In ether a 
Favorskii rearrangement prevails, while in water com
pounds 24, 25, 26, and 27 are formed by way of a Grob 
fragmentation.7

Methyl homoterpenyl ketone (27), eucarvone (23), 
unsaturated ester 24, and keto ester 25 were identified 
by comparison with authentic samples. Keto ester 
26, bromo esters 19 and 20, and bromolactone 21 were 
identified by elemental analyses and spectral data (see 
Experimental Section). Treating epoxy carone 228 
with hydrobromic acid gave dibromo ketohydrin 29, 
which proved to be identical with an authentic sample 
prepared from epoxycarvone (30).2

The skeletal rearrangement of a-halo ketones induced 
by bases which leads to carboxylic acid derivatives is 
known as the Favorskii rearrangement. The use of 
this transformation as a synthetic tool, as well as stud
ies of its mechanism, are complicated by the multifunc
tional nature of the a-halo ketone, which permits a 
variety of ccmpeting reactions, such as dehydrohalo- 
genation, substitution, and epoxy ether formation, some
times to the exclusion of the Favorskii rearrangement.9

Chart III
Action of Sodium Hydroxide on ci's-Carvone T ribromide (2)“

Solvent 19 20 21 22 23
Water 4-9% 3-8% 39-56% 25-27%
Water-
dioxane 8% 2% 12% 41%

Ether6 11% 22% 25% 13%
“ Reaction yields were determined by glpc and are not cor

rected for detector response differences. b Carvenolide (7) 
(3.5%) and unsaturated ester 16 (5.3%) were also isolated.

similar in water, dioxane-water, or ether. However, 
in ether, epoxide 22 was not found and eucarvone 23 
was isolated in low yield.

Little or no Favorskii rearrangement occurs in the 
reaction of 2 with sodium hydroxide; instead the car
bonyl group of 2 is attacked, leading to compounds 19,

(7) C. A. Grob and P. W. Schiess, Angew. Chem., 6, 1 (1967), and refer
ences cited therein.

(8) W. D. P. Burns, M. S. Carson, W. Cocker, and P. V. R. Shannon, 
J. Chem. Soc. C, 3073 (1968).

(9) It is now generally acknowledged that the Favorskii rearrangement 
proceeds by way of a cyelopropanone intermediate. The exact path to the 
cyclopropanone intermediate may vary with the reaction conditions, and 
may involve a direct intramolecular displacement of enolate i, collapse of 
dipolar ion ii, or rearrangement of an allene oxide iii.10

ii

(10) A. Kende, Org. React., 1 1 , 261 (1960); F. G. Bordwell and M. W. 
Carlson, J. Amer. Chem. Soc., 9 2 ,  3377 (1970), and references cited therein.
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Solvent

H2o

E tjO 6

C h a r t  IV
A ction  of Sodium  H y d r o x id e  on  îtoms-C a r v o n e  T r ib r o m id e  (1 )“

“ Reaction mixture was esterified with diazomethane prior to analysis and isolation of products was by preparative glpc. Yields were 
determined by glpc and are uncorrected for detector response differences. 6 Products: carvenolide (7) (3.5%), unsaturated ester 5 
(5.3%), and bicyclic ester 8 (4.6%).

A spectrum of these transformations is observed with 
the multifunctional carvone tribromides 1 and 2. The 
product determining attack of base, summarized in A 
and B, appears to depend upon the nature of the base, 
the solvent, and the configuration of the /3-bromine 
atom.

The reaction of cis-carvone tribromide (2) with the 
strong base sodium methoxide in methanol or ether 
favors the removal of the a ' proton and subsequent 
Favorskii rearrangement. The initially formed prod
uct is most likely 31, which loses hydrogen bromide to 
yield 5 and 6 or affords 8 via the anion 32. Carvenolide 
7 most likely is formed by lactonization, during reac
tion work-up, of the acid corresponding to 5. In ether, 
the 1,2 elimination of hydrogen bromide is minimized 
and cyclization of anion 32 to 8 becomes the favored 
pathway.

The mechanism shown in Scheme I also accounts for 
the reaction of (rans-carvone tribromide (1) with sodium

Sch em e  I

32

methoxide when the reaction is conducted in methanol ; 
however, in ether concurrent attack at the carbonyl 
group, formation of the axial alkoxide 33, and subse
quent intramolecular displacement of the a-bromo 
group leads to epoxy ether 11.

Br CT

On using the weaker base, hydroxide ion in water, 
the products appear to arise exclusively from attack at 
the carbonyl group. The reaction of czs-carvone tri
bromide (2) can be rationalized assuming axial and 
equatorial attack at the carbonyl group generating 34 
and 35. Alkoxides 34 and 35 have the trans antiper:- 
planar configuration11 required for a Grob type of frag
mentation generating 36, which is ultimately trans
formed into the observed products 19, 20, and 21. The 
failure to observe Grob fragmentation products in ether 
or methanol may be attributed to the lower polarity of 
these solvents.12

Alkoxide 35 also possesses a configuration permitting 
intramolecular displacement of the «-bromine atom, 
resulting in the formation of epoxy alcohol 37. Hy
drolysis of 37 results in 38, which can cyclize to epoxy- 
carone 22. It is not clear whether epoxide formation 
precedes or follows the formation of the cyclopropane 
ring in these last steps.

Hydroxide ion addition to the carbonyl group of 
trans-carvone tribromide (1) affords alkoxide 39, which 
lacks the necessary antiperiplanar configuration for a 
Grob fragmentation, but which can undergo intramo-

(11) C. A. Grob, H. R. Kiefer, H. J. Lutz, and H. J. Wilkens, Helv. Chim. 
Acta, 50, 416 (1967).

(12) Cf. P. Brenneisen, C. A. Grob, R. A. Jackson, and M. Ohta, Helv. 
Chim. Acta, 48, 146 (1965).
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lecular displacement and subsequent hydrolysis to 
yield hydroxy ketone 40.13 Competing Favorskii re
arrangement and epoxide formation is no longer possible 
for 40, but alkoxide 41 may undergo a Grob fragmenta
tion by way of a high-energy conformation such as 42 
to yield 43, which subsequently is transformed into 24, 
25, 26, and 27. The conversion of 43 to 46, which 
yields 24 during the reaction work-up, is most easily 
visualized as another Grob fragmentation proceeding 
by way of anion 44.

Finally, it is worth noting that eucarvone (23) or 
carvacrol (10) are among the products of reaction of 1 
with bases under a variety of conditions. These com
pounds probably result by debromination of 1, followed 
by cyclization or decomposition of carvone hydrobro
mide.

Experimental Section14
Reaction of cis-Carvone Tribromide (2) with Sodium Methox- 

ide. A. Methanol.—T o a stirred solution of 6.90 g (0.1275

(13) It  is not surprising that the conversion 39 —* 40 occurs more rapidly 
than a Grob fragmentation, since the latter transformation requires the 
ring to assume the high-energy boat conformation 45.

45
(14) All boiling and melting points are uncorrected. Nuclear magnetic 

resonance spectra were measured at 60 MHz with a Varian Associates A-60 
spectrometer. Chemical shifts are given as 8 values in parts per million 
with reference to tetramethylsilane as an internal standard. Microanalyses 
were performed by Dr. C. S. Yeh and associates. The reactions of 1 and 2 
were conducted under an atmosphere of nitrogen at ambient temperature, 
and drying of organic solutions was accomplished with anhydrous MgSO*.

mol) of sodium methoxide in 150 ml of absolute methanol was 
added 5.0 g (0.1275 mol) of di-ci's-carvone tribromide (2). The 
mixture was stirred for 20 hr, 500 ml of water was added, and the 
mixture was then extracted with ether. The ether solution was 
dried, the ether was removed, and the residue was distilled, af
fording 1.70 g of liquid, bp 60-110° (1.2 mm). Analysis by glpc 
using a 3-m DEGS column at 150° indicated the presence of 22.5% 
of l-carbomethoxy-2,6,6-trimethylbicyclo[3.1.0]-2-hexene (8), 
48.6% of 3-carbomethoxy-2-methyl-4-isopropylidene-l-cyclopen- 
tene (5), 14% of 2-carbomethoxy-l-methyl-3-isopropylidene-l- 
cyclopentene (6), 6.7%  of 3-methoxyeucarvone (9), 3.5% of 
carvenolide (7), and a total of 4.8%  of several unidentified com
ponents.

The aqueous layer remaining after ether extraction was acidi
fied with concentrated hydrochloric acid and extracted with ether 
to yield 134 mg of dark tar.

Pure samples of 5, 6, 7, 8, and 9 were collected by preparative 
glpc. Carvenolide (7) was identified by comparison with glpc 
retention time and ir and nmr spectra of an authentic sample.4

l-Carbomethoxy-2,6,6-trimethylbicyclo [3.1.0] -2-hexene (8)
showed n wD 1.4709; ir 5.78 u', nmr (CC14) 8 0.94 and 1.23 (s, 
6, CH3CCH3), 1.83 (s, 3, CH3C H = ), 1.72-2.5 (m, 3), 3.65 (3, 3, 
OCH3), and 5.15 ppm (m, 1, C H = C ).

Anal. Calcd for CnHi60 2: C, 73.31; H, 8.95. Found: C, 
73.40; H, 9.28.

3-Carbomethoxy-2-methyl-4-isopropyl-l-cyclopentene (5) dis
played nmn 1.4789; ir 5.75 nmr (CC14) 8 1.66 (broad s, 9, 
CH3C = C ), 3.00 (m, 2, C = C C H 2C = C ), 3.66 (s, 3, OCH3), 3.89 
[m, 1, (C = C )2C H C = 0 ], and 5.61 ppm (m, 1, C H = C ).

Anal. Calcd for CnHi602: C, 73.31; H, 8.95. Found: C, 
72.98; H, 9.16.

Since only a small quantity of 3-methoxyeucarvone (9) and the 
unstable 2-carbomethoxy-l-methyl-3-isopropylidene-l-cyclopen- 
tene (6) were isolated, they were not completely characterized.
3-Methoxyeucarvone (9) exhibited strong carbonyl absorption at
6.1 nmr (CC14) 1.08 (s, 6, CH3CCH3), 1.79 (s, 3, CH3C = C ),
2.54 (s, 0 = C C H 2C = C ), 3.69 (s, 3, -O CH 3), and 5.98 ppm (AB 
q, 2, -C H = C H -). A glpc pure sample of 6 showed nmr signals 
at 8 1.54, 1.67 and 1.82 (s, 9, 3 CH3C— C) and 2.43 (broad s, 
4, C = C C H 2CH2C = C ).

B. Diethyl Ether.— A mixture of 6.90 g (0.1275 mol) of so
dium methoxide, 75 ml of anhydrous ether, and 5.00 g (0.01275 
mol) of dl-cfs-carvone tribromide (2) was stirred for 24 hr. The 
resulting pink-brown mixture was diluted with 200 ml of ether 
and 500 ml of water and the layers were separated. The aqueous 
phase was extracted with ether, the combined ether fractions were 
dried, and the ether was removed, affording 2.03 g of orange oil. 
Distillation in vacuo gave 1.31 g (67%) of l-carbomethoxy-2,6,6- 
trimethylbicyclo[3.1.0]-2-hexene (8), bp 40-42° (0.5 mm).
Analysis of the distillate by glpc showed only the presence of bi- 
cyclic ester 8.

Work-up of the basic aqueous layer gave only a small amount 
(186 mg) of tar.

Hydrogenation of 8.— A solution of 1.5 g of bicyclic ester 8 in 
25 ml of ethanol was hydrogenated over 150 mg of P t02. The 
uptake of 1 equiv of hydrogen required 3 hr. The catalyst and 
solvent were removed and analysis of the residue by glpc indicated 
the presence of one product contaminated by a small amount of
8. Distillation in vacuo gave 1.4 g of l-carbomethoxy-2,6,6-tri- 
methylbicyclo[3.1.0]hexane (14), bp 63-65° (2 mm). The analyt
ical sample was prepared by distillation: bp 55° (1.3 mm);
nwo 1.4646; ir 5.81 u', nmr (CCh) 8 1.08 and 1.27 (s, 6, CH3C- 
CH3), 1.12 and 1.27 (d, 3, CHCH3), 1.4-2.9 (m), and 3.58 ppm 
(s, 3, OCH3).

Anal. Calcd for CnHi80 2: C, 72.50; H, 9.93. Found: C, 
72.72; H, 10.08.

Reaction of 8 with Hydrohalides. A. HBr.— A solution of
1.027 g of bicyclic ester 8 in 7 ml of chloroform and 12 ml of fum
ing hydrobromic acid was stirred at ambient temperature for 1 hr. 
The mixture was diluted with water, the layers were separated, 
and the aqueous phase was extracted with methylene chloride. 
The combined organic phases were washed with water and 5% 
sodium bicarbonate solution, and^dried. The solvents were re
moved under diminished pressure, affording 1.21 g of a light tan 
oil which darkened rapidly on standing, ir 5.80 and 6.05 ¿1. At
tempts to purify this material led to extensive decomposition.

A solution of 380 mg of the crude product in 10 ml of 2,6-luti- 
dine was refluxed for 48 hr. Ether was added and the mixture 
was extracted with 5%  hydrochloric acid. The ether phase was 
dried and evaporated to give 253 mg of tan oil. Evaporative
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distillation gave a liquid whose infrared spectrum and glpc reten
tion time were identical with those of authentic methyl 5-isopro- 
penyl-2-methyl-l-cyclcpentene carboxylate (16).6

B, HC1.— A mixture of 1.050 g of bicyclic ester 8 in 7 ml of 
chloroform and 12 ml of concentrated hydrochloric acid was 
stirred vigorously at ambient temperature for 1 hr. The mixture 
was worked up as described above to give 1.18 g of pale yellow 
liquid. Evaporative distillation gave a colorless liquid which 
rapidly darkened on standing. An accurate microanalysis could 
not be obtained due to the instability of the compound.

A solution of 508 mg of the chloro ester in 10 ml of 2,6-lut.idine 
was refluxed for 38 hr. The mixture was cooled, diluted with 
ether, and extracted with 5%  hydrochloric acid. The ether solu
tion was dried and concentrated, affording 388 mg of an orange
oil. Distillation in vacuo gave a liquid whose infrared and nmr 
spectra as well as glpc retention time were identical with those of 
an authentic sample of 16.

Hydrogenation of 3-Carbomethoxy-2-methyl-4-isopropylidene- 
1-cyclopentane (5).— A solution of 100 mg of 5 in 15 ml of meth
anol and 2 ml of acetic acid was hydrogenated over 10 mg of 
platinum oxide until a slight excess of 1 equiv of hydrogen had 
been absorbed (1 hr). The mixture was filtered and the solvents 
were removed. The glpc retention time and infrared spectrum 
of the residue were identical with those of an authentic sample of 
cfs-methyl pulegenate (13).4

Reaction of trans-Carvone Tribromide (1) with Sodium Meth- 
oxide. A. Methanol.— A solution of 6.30 g (0.1275 mol) of 
sodium methoxide and 4.94 g (0.127 mole) of dl-trans-carvone 
tribromide (1) in 50 ml of methanol was stirred for 20 hr. After 
500 ml of water was added, the mixture was extracted with ether. 
The ether solution was dried (MgSO-i) and evaporated. The 
residue was distilled in vacuo and the material distilling at 60- 
200° (0.5 mm) was, collected. A small amount of solid distilled 
at the higher temperature, but was not investigated further.

Analysis of the liquid distillate (1.35 g) using a 3-m DEGS 
column at 170° indicated the presence of a number of compounds. 
The major products, 3-carbomethoxy-2-methyl-4-isopropylidene- 
1-cyclopentene (5) (62%), carvenolide (7) (22.4%), and carvacrol 
(10) (4.6% ), were isolated by glpc and identified by comparison 
of glpc retention times and nmr spectra. Trace amounts of 2- 
carbomethoxy-l-methyl-3-isopropylidene-l-cyclopentene (6) and
3-methoxyeucarvone (9) were also detected.

B. Diethyl Ether.— A mixture of 20.7 g (0.383 mol) of sodium 
methoxide, 15.0 g (0.0383 mol) of dl-trans-carvone tribromide 
(1), and 225 ml of anhydrous ether was stirred for 25 hr. Water 
(11.) was added and the aqueous phase was extracted with ether. 
The ether solution was dried and evaporated to afford 8.21 g of 
orange oil. When kept at —20° the oil partially solidified. The 
solid was removed by filtration and washed with cold pen tape. 
This process was repeated again to give a total of 2.08 g of solid. 
Recrystallization from hexane gave the analytical sample of di- 
bromo hydroxy ketone 12: mp 100.5-101.5°; ir (melt) 2.85 and
5.80 Ama* 283 nm (e 37.4); nmr (CDC13) 8 1.60 (s, 3, CH3CO),
1.82 and 1.86 (s, 6, CH3CBrCH3), 2.1-3.0 (m), 3.96 (s, 1, -O H ), 
and 3.96 ppm (t, 1, /  = 2.5 Hz, HCBr). In benzene, the CH3CO 
signal was shifted upfield by 16.2 Hz, indicating the presence of an 
axial methyl group.

Anal. Calcd for CioHi8Br20 2: C, 36.61; H, 4.92; Br, 48.72. 
Found: C, 36.40; H, 4.70; Br, 49.02.

The filtrate obtained after removing 12 was distilled in vacuo to 
afford 2.90 g of liquid bp 45-55° (0.6 mm). Glpc analysis of this 
product indicated the presence of 91% of bicycle ester 8 and a 
total of 9%  of four unidentified compounds. A sample of 8 was 
collected and identified by ir and nmr comparison with that of an 
authentic sample.

Recrystallization of the distillation residue from hexane afforded 
an additional 0.61 g of hydroxy ketone 12.

The acetate derivative of 3-bromo-2-hydroxy-2-methyI-5-(2- 
bromoisopropyl)cyclohexanone (12) was prepared by stirring with 
magnesium and acetyl chloride and after the usual work-up was 
purified by recrystallization from hexane: mp 91-92°; ir 5.75 m; 
Am.T 283 nm (<■ 43.5); nmr (CDC13) S 1.77 and 1.82 [2, s, 6, 
(CH3)2CBr], 1.90 (s, 3, CH3COAc), 2.16 (s, 3, 0 = C C H 3), and
5.35 ppm (t, 1, J  = 3 Hz, -CH Br). In benzene, the nmr signal 
assigned to the a-methyl group was shifted 19.8 Hz upfield, indica
tive of an axial methyl group.

Anal. Calcd for CiiH]8Br20 3: C, 38.75; H, 4.89; Br, 43.19. 
Found: C, 39.06; H ,4.94; Br, 43.18.

C. Diethyl Ether. Work-Up without Water.— A mixture of
20.7 g (0.383 mol) of sodium methoxide, 20.7 g (0.0383 mol) of

dl-trans-carvone tribromide (1), and 210 ml of anhydrous ether 
was stirred for 38.5 hr and then filtered. The ether was removed 
under diminished pressure, pentane was added to the residue, and 
the mixture was kept at —20° to yield 4.33 g (33.8%) of white 
solid (two crops). Several recrystallizations from hexane gave 
the analytical sample of epoxy ether 11: mp 85-87°; ir (CHC13)
no -O H  or carbonyl absorption; nmr (CDCls) ¡5 1.44 (s, 3, CH3- 
CO), 1.76 and 1.79 [2 s, 6, (CH3)2CBr], 3.46 (s, 3, -O CH 3), and
4.53 ppm (t, 1, J = 2.5 Hz, -CHBr).

Anal. Calcd for CnH18Br20 2: C, 38.64; H, 5.29; Br,
46.72. Found: C, 38.71; H, 5.33; Br, 46.60.

Epoxy ether 11 liquified upon standing at room temperature for 
a few hours, and after several days resolidified. Recrystalliza
tion from hexane gave hydroxy enol ether 17: mp 43-45°; ir
6.1 M; nmr (CDC13) S 1.54 (s, 3, CH3CO), 1.76 and 1.85 [2 s, 6, 
(CH3)2CBr], 3.64 (s, 3, CH3O C = C ), 4.60 (m, 1, Wt/, = 7.5 Hz, 
-CH Br), and 4.76 ppm (d, 1, J  = 2.8 Hz, -C = C H -) .

Anal. Calcd for CnH18Br20 2: C, 38.64; H, 5.29; Br, 46.72. 
Found: C, 38.64; H, 5.43; Br, 47.02.

Distillation of the mother liquors obtained from the crystalliza
tion of epoxy ether 11 gave 2.60 g of bicyclic ester 8, bp 63-65° 
(1.8 mm).

A solution of epoxy ether 11 in chloroform was stirred vigor
ously at ambient temperature with 3 ml of fuming hydrobromic 
acid. The chloroform layer was washed with 5%  sodium bicar
bonate, dried, and evaporated under diminished pressure. The 
solid residue was crystallized from hexane to afford colorless 
crystals of hydroxy ketone 18,2 mp 101-103°.

Hydroxy ketone 18 was also obtained from epoxy ether 11 by 
shaking an ether solution of 11 with 1.0 A  sodium hydroxide solu
tion.

D. Hexane— A mixture of 13.80 g (0.256 mol) of sodium 
methoxide, 10.0 g (0.0256 mol) of dl-trans-carvone tribromide 
(1), and 150 ml of spectroscopic grade hexane was stirred for 24 
hr. The mixture was diluted with 500 ml of water and 200 ml of 
ether. The aqueous layer was extracted with ether and the com
bined organic layers were dried. The solvents were removed in 
vacuo, leaving 4.81 g of orange oil. Distillation in vacuo gave
2.10 g of liquid, bp 44^ 8° (0.2 mm), n'20D 1.4726. Analysis by 
glpc indicated this material was largely (90%) bicyclic ester 8.

The distilland was recrystallized from hexane and afforded 440 
mg of hydroxy ketone 12, mp 101-103°.

Reaction of cfs-Carvone Tribromide (2) with Sodium Hydroxide 
in Water.— A mixture of 30.0 g (0.0765 mol) of dl-cis-carvone 
tribromide (2) and 49.2 g (1.23 mol) of sodium hydroxide in 300 
ml of water was stirred for 71 hr. The mixture was extracted 
with ether, and the ether solution was dried and distilled to give 
3.23 g (25.4%) of a-3,4-epoxycaran-2-one (22): bp 59-63° (0.5 
mm); nmr (CC1<) 8 0.95, 1.18, and 1.28 (3 s, 9, CH3C -and CH3- 
CO), and 3.08 ppm (m, 1, Wt-jk — 5 Hz, epoxide H).

Anal. Calcd for C,0H „O 2: C, 72.25; H, 8.48. Found: C, 
71.92; H, 9.01.

The basic aqueous solution remaining after the ether extraction 
described above was saturated with carbon dioxide to pH 6 and 
extracted with ether. The ether solution was washed with 
saturated salt solution and dried, and an ethereal solution of di
azomethane was added. The solvent was removed, leaving 1.6 g 
of oil. Analysis by glpc indicated that this material was com
posed of 51% of methyl 3-isopropenyl-6-bromo-5-heptenoate
(20) , 40% of methyl 3-isopropylidene-6-bromo-5-hepter_oate (19), 
and 9%  of 3-(4-bromo-2-butenvl)-4,4-dimethylbutvrolactone
(21) .

The aqueous solution remaining after ether extraction described 
above was acidified with hydrochloric acid to pH 1 and extracted 
with ether. The ether solution was dried and concentrated to 
afford 11.2 g of orange oil. Distillation gave 10.5 g of lactone 21, 
bp 126-128° (0.24 mm). An analytical sample of lactone 21 was 
obtained by glpc: ?i 20d  1.4985; ir (neat) 5.70 n; nmr (CC14) 8
1.27 and 1.43 (2 s, 6, CH3COCH3), 2.29 (s, 3, CH3B rC = C -),
5.63 ppm (m, 1, -C = C H -) . A sample of lactone 21 prepared 
from d-efs-carvone tribromide in the manner described above 
showed mp 44-45°.

Anal. Calcd for Ci0HI5BrO2: C, 48.61: H, 6.09; Br, 32.24. 
Found: C, 48.38; H ,6.26; Br, 32.00.

A pure sample of methyl 3-isopropylidene-6-bromo-5-hep- 
tenoate (19) was obtained by glpc: ir 5.7 and 6.0 /x; nmr (CC1<)
1.71 and 1.77 (2 s, 6, CH3C = C -) ,  2.30 (d, 3, J  =  1.5 Hz, CH3- 
C = C -) ,  2.97 (s, 2, -C = C C H 2CO), 2.92 (d, 2, C = C H C H 2- 
C = C -) ,  3.58 (s, 3, CH30 - ) ,  and 5.46 (t of d, 1, /  = 7, 1.5 Hz, 
CH3C =C H C H 2-) .



Carvone Tribromides J. Org. Chern., Vol. 37, No. 21, 1972 3299

Anal. Calcd for CnH,7Br02: C, 50.58; H, 6.57; Br, 30.60. 
Found: C, 50.70; H .6.47; Br, 30.40.

A pure sample of methyl 3-isopropenyl-6-bromo-5-heptenoate 
(20) was obtained by glpc: ir 5.7 and 6.05 nmr (CC14) S 1.70 
(m, 3, J  = 0.5 Hz, CH3C = C -) ,  2.24 (m, 3, /  = 0.5 Hz, CHsBr- 
0 - 0 ) ,  3.56 (s, 3, CHjO }, and 5.46 ppm (m, 1, B rC = C H -).

Anal. Calcd for CnHnBr02: C, 50.58; H, 6.57; Br, 30.60. 
Found: C, 50.17; H, 6.54; Br, 30.32.

Reaction of Sodium Hydroxide with ci's-Carvone Tribromide 
(2) in Aqueous Dioxane.— A solution of 10 g (0.0256 mol) of dl- 
cfs-carvone tribromide (2) and 16.4 g (0.411 mol) of sodium hy
droxide in 70 ml of pure dioxane and 40 ml of water was stirred for 
45 hr. After the usual work-up, distillation of the neutral frac
tion gave 1.73 g (40.8%) of epoxy ketone 22, bp 55-58° (0.25 
mm).

Work-up of the acidic fraction and treatment with diazometh
ane, followed by distillation in vacuo, gave 0.80 g of a mixture 
(glpc analysis) of 16.4% of isopropyl ester 20, 60% of isopropyli- 
dine ester 19, and 24% of several unidentified products, bp 65- 
90° (0.4 mm), and 0.32 g of bromolactone 21, bp 100-110° (0.4 
mm). The yields of 20, 19, and 21 were 2, 8, and 41%, respec
tively.

Reaction of Sodium Hydroxide with cfs-Carvone Tribromide in 
Ether.— A mixture of 16.4 g (0.410 mol) of powdered and vacuum 
dried sodium hydroxide, 10.0 g (0.0256 mol) of dl-cis-carvone tri
bromide (2), and 150 ml of anhydrous ether was stirred for 64 hr. 
The usual work-up gave 447 mg of a neutral fraction. Analysis 
by glpc showed only one major component, which was collected 
and identified as eucarvone (23) on the basis of its ir and nmr 
spectra.

Work-up of the acid fraction and treatment with diazomethane 
gave 4.83 g of liquid. Distillation in vacuo afforded 2.36 g, bp 
74-90° (0.55 mm), and 1.47 g, bp ca. 120° (0.45 mm). Analysis 
of the first fraction by glpc indicated the presence of 55% of the 
isopropenyl ester 20 and 28% of the isopropylidene ester 19. 
The second fraction was comprised of bromo lactone 20. The 
yields of 20, 19, and 21 were 22, 11, and 23%, respectively.

Reaction of trans-Carvone Tribromide with Sodium Hydroxide 
in Water.— A mixture of 20.0 g (0.0512 mol) of d-trans-carvone 
tribromide (1) and 32.8 g (0.82 mol) of sodium hydroxide in 200 
ml of water was stirred for 70 hr. The mixture was extracted with 
ether. The ether solution was dried and evaporated to afford 1.2 
g of liquid. Analysis by glpc indicated the presence of eucarvone 
(23) (49%), carvaerol (10) (28%), and small amounts of several 
unidentified substances.

The basic solution remaining after ether extraction was acidified 
with hydrochloric acid and extracted with ether. The ether 
solution was dried and treated with diazomethane, and then con
centrated under diminished pressure to afford 6.73 g of liquid. 
Analysis by glpc indicated the presence of methyl 4-methyl-3- 
pentenoate (24) (30%), methyl 3-isopropenyl-6-ketoheptenoate
(25) (4% ), methyl 3-isopropylidene-6-ketoheptanoate (26)
(15%), and homoterpenylmethylketone (27) (51%).

Pure samples of eucarvone (23), carvaerol (10), 24, 25, and 26 
were obtained by preparative glpc. Carvaerol, eucarvone (ra20d 
1.5068), and keto ester 2516 were identified by spectral comparison 
with known samples. Pure homoterpenyl methyl ketone was 
obtained by recrystallization from pentane at —20°, and showed 
mp 43-44° and ir and nmr spectra identical with those of an 
authentic sample.

Methyl 4-methyl-3-pentenoate (24) showed carbonyl absorp
tion at 5.74 ju; nmr (CC14) S 1.63 and 1.74 [2 s, 6, (CH3)2C = C ],
2.92 (d, 2, J =  7 Hz, -C H 2C = C ), 3.59 (s, 3, -OCH 3), and 5.22 
ppm (t, ) , . /  • « 7 Hz, C = C H ).

Anal. Calcd for C7Hi20 2: C, 65.36; H, 9.43. Found: C, 
65.40; H, 9.48.

Reaction of trans-Carvone Tribromide with Sodium Hydroxide 
in Ether.— A mixture of 32.8 g (0.822 mol) of powdered and dried 
sodium hydroxide, 20.0 g (0.0512 mol) of dl-trans-carvone tri
bromide (1), and 300 ml of anhydrous ether was stirred for 79 hr. 
The resulting brown mixture was diluted with water and the 15

(15) J. Wolinsky and D. Chan, J. Org. Chem., 31, 2471 (1966).

layers were separated. The aqueous phase was extracted -with 
ether and the combined ether fractions were washed with water, 
dried, and distilled in vacuo to yield 1.51 g (19.7%) of liquid, bp 
34-36° (0.25 mm), which was identified as eucarvone (23) on the 
basis of its infrared spectrum.

The aqueous phase remaining after ether extraction was acidi
fied with hydrochloric acid and extracted with ether. The ether 
solution was washed with water, dried, and treated with excess 
diazomethane. Distillation under reduced pressure gave 110 mg 
(1.4% ) of methyl 4-methyl-3-pentenoate (24), bp 45° (10 mm), 
and 2.5 g of liquid, bp 55-90° (0.25 mm). Preparative gas 
chromatography (Carbowax at 190°) gave 17% of bicyclic ester 
8, 19% of 3-carbomethoxy-4-isopropenyl-2-methylcyclopentene
(28), 38% of unsaturated ester 5, and 12% of carvenolide (7).

3-Carbomethoxy-4-isopropenyl-2-methylcyclopentene (28) dis
played ra20d 1.4722; ir 5.75 and 6.05 n\ nmr (CC1<) S 1.69 (s, 6, 
CH3C = C ), 3.65 (s, 3, C 02CH3), 4.68 (m, 2, C = C H 2), and 5.38 
ppm (m, 1, C H = C ).

Anal. Calcd for CnHi60 2: C, 73.30; H, 8.95. Found: C, 
73.53; H, 8.99.

Reaction of Epoxycarone 22 with Hydrobromic Acid.— A solu
tion of 240 mg of epoxycarone 22 in 5 ml of chloroform was stirred 
vigorously for 1 hr with 5 ml of fuming hydrobromic acid. The 
layers were separated and the aqueous phase was extracted with 
methylene chloride. The combined organic layers were dried 
and the solvents were removed under diminished pressure to 
afford 345 mg of pale yellow oil. Recrystallization from hexane 
at —20° gave flat needles, mp 95-97°. The analytical sample of 
hydroxy ketone 29 was obtained by repeated recrystallization 
from hexane: mp 96-97°; ir (CHC13) 2.7 and 2.85 m; A“ °h 307 
nm (« 95); nmr (CDC13) S 1.77, 1.79, and 1.83 (3 s, 9, CH3CBr),
2.03-3.5 (m), and 4.38 ppm (t, 1, /  =  2.5 Hz, -C H — O). In ben
zene, the nmr signal of the a-methyl group was only shifted to 
higher field by 5.4 Hz, indicating an equatorial a-methyl group.

Anal. Calcd for CioHi8Br20 2: C, 36.61; H, 4.97; Br, 48.72. 
Found: C, 36.90; H, 4.97; Br, 48.45.

The acetate of hydroxy ketone 29 was prepared by treatment 
with magnesium and acetyl chloride. Repeated recrystallization 
from hexane at —20° gave an analytical sample: mp 47-50°;
ir 5.72 and 5.8 p \ 306 nm (e 153); nmr (CDC13) S 1.75 and
1.77 (2 s, 9, CH3CBr), 2.04 (s, 3, OCOCH3), and 5.51 ppm (t, 1, 
J =  3H z,-C H G A c).

Anal. Calcd for Ci2Hi8Br20 3: C, 38.95; H, 4.89; Br, 43.19.
Found: C, 39.04; H, 5.10; Br, 43.52.

Reaction of Epoxycarvone (30) with Hydrobromic Acid.— A
solution of 1.0 g of epoxycarvone (30)16 in 5 ml of chloroform was 
stirred vigorously at ambient temperature, with 10 ml of fuming 
hydrobromic acid. The layers were separated, the purple chloro
form solution was washed with 5%  sodium bicarbonate solution 
and dried, and the solvent was removed under diminished pres
sure. The deep purple solid was recrystallized from hexane, 
Norit, to afford 0.56 g of colorless needles, mp 94-96°, whose ir 
spectrum was identical with that of hydroxy ketone 29 obtained 
from epoxycarone 22.

When 1 ml of acetic acid saturated with hydrogen bromide was 
added to an ice-cooled solution of 200 mg of epoxycarvone (30) in 
1 ml of acetic acid and the solution was stirred for 2 min and then 
worked up, there was obtained 96 mg of hydroxy ketone 29.

When the reaction of epoxycarvone (30) with hydrogen bro
mide in acetic acid was allowed to proceed for 1 hr at 0°, work-up 
and recrystallization from hexane gave cis-carvone tribromide (2), 
mp 112-116°.

Registry No.—1, 22249-53-2; 2, 22249-55-4; 5,
35324-51-7; 8, 35427-26-0; 11, 35324-04-0; 12,
35324-05-1; 12 acetate, 35324-06-2; 14, 35324-07-3; 
17, 35324-08-4; 19, 35324-52-8; 20, 35324-53-9; 21, 
35324-54-0; 22, 35324-55-1; 24*. 2258-65-3; 28,
35324-57-3; 29,35324-09-5; 29 acetate, 35324-10-8.

(16) W. Treibs, Ber., 65, 1314 (1932); E. Klein and G. Ohloff, Tetrahe
dron, 19, 1091 (1963).
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Reductive elimination of halogen from a-halo esters with zinc and deuterium oxide in polar aprotic solvents 
provides a convenient method for the preparation of the corresponding a-deuterated substances. The pro
cedures developed for carrying out these transformations can b'e applied to the synthesis of large quantities of 
either mono- or dideuterated esters with good isotopic purity. Several isolated experiments suggest that this 
method should also be applicable to the conversion of a-halogenated nitriles and amides to the corresponding 
a-deuterated materials; when applied to the reductive deuteration of a-halogenated ketones and acid chlorides, 
the isotopic purities of the deuterated products are lower. This technique for the synthesis of a-deuterated 
esters is superior to the base-catalyzed exchange techniques in general use when the prerequisite a-halogenated 
analogs are available, both in its economical use of deuterium oxide and in its ability to introduce a single deute
rium atom into a methyl or methylene group containing multiple equivalent exchangeable protons.

The acid- or base-catalyzed exchange of enolizable 
protons for deuterons is a widely used technique in 
isotopic synthesis.3 Despite its simplicity and con
venience, this technique suffers from two important 
disadvantages. First, the achievement of high isotopic 
purity by exchange requires multiple treatments of 
the substrate with deuterium oxide, itself of high 
isotopic purity, and is accordingly intrinsically wasteful 
of deuterium. Second, it is not suitable for the intro
duction of a specified number of deuterium atoms into 
a position containing a larger number of equivalent 
exchangeable hydrogens.4

In the course of other work, we required quantities 
of mono- and dideuterated alkyl halides having high 
isotopic purity. In an effort to circumvent exchange 
procedures for the preparation of these materials, we 
investigated the utility of synthetic methods for intro
ducing deuterium based on the reductive elimination 
of halogen from a-halo carbonyl and nitrile derivatives 
with metallic zinc in the presence of deuterium oxide.6 
Here w e  report that this procedure provides a useful 
method for the preparation of esters, and probably of 
amides and nitriles, containing deuterium next to the 
unsaturated group; when applied to ketones the iso
topic purity of the product is lower, and other pro
cedures for the introduction of deuterium are pre
sumably preferable to that described here.3,6

(1) Supported by the National Institutes of Health, Grant GM-16020, 
and by the National Science Foundation, Grants GP-28586X and G P-14247.

(2) National Institutes of Health Predoctoral Fellow, 1967-1970.
(3) A Murray, III, and D. L. Williams, "Organic Syntheses with Isotopes, 

Part II ," Interscience, New York, N. Y ., 1958; H. Budzikiewicz, C. Djerassi, 
and D. H. Williams, "Structure Elucidation of Natural Products by Mass 
Spectrometry, Alkaloids,”  Vol. I, Holden-Day, Inc., San Francisco, Calif., 
1964, Chapter 2; M. Fetizon and J. Gramain, Bull. Soc. Chim. Fr., 651 
(1969); F. Asinger and H. H. Vogel, in “ Methoden der Organischen Chemie," 
4th ed, Vol 5 /la , E. Muller, Ed., Georg Thieme Verlag, Stuttgart, 1970, 
pp 598-626; A. F. Thomas, “ Deuterium Labeling in Organic Chemistry," 
Appleton-Century-Crofts, New York, N. Y., 1971.

(4) For a kinetic treatment of sequential exchange, see C. Rappe, Acta 
Chem. Scand., 20, 2236 (1966).

(5) Dehalogenation of a-halo ketones with zinc—acetic acid-O-d has been 
used previously to prepare a-deuterio ketones; c/., for example, E. J. Corey 
and G. A. Gregoriou, J. Amer. Chem. Soc., 81, 3127 (1959); E. J. Corey 
and R. A. Sneen, ibid., 78, 6269 (1956); R. R. Sauers and C. K. Hu, J. Org. 
Chem., 36,1153 (1971).

(6) J. Hooz and D. M. Gunn, J. Amer. Chem. Soc., 91, 6195 (1969); 
J. P. Schaefer and D. S. Weinberg, Tetrahedron Lett., 1801 (1965); J. Deutsch 
and A. Mandelbaum, ibid., 1351 (1969); K. Kiihlein, W. P. Neumann, and 
H. Mohring, Angew. Chem., Int. Ed. Engl., 7, 455 (1968) [fora more detailed 
description of the procedure for preparation of (CiHgLSnD than that given 
in this paper, see G. M. Whitesides and J. San Filippo, Jr., J. Amer. Chem. 
Soc., 92, 6611 (1970)]; M. Wahren, P. Hadge, H. Hubner, and M. Miihlstadt, 
Isotopenpraxis, 1, 65 (1965); N. P. Buu-Hoi, N. Dat Xuong, and N. van 
Bac, Bull. Chim. Soc., Fr., 2442 (1963); M. F. Semmelhack, R. J. DeFranco, 
and J. Stock, Tetrahedron Lett., 1371 (1972).

Results and Discussion

Reductions were carried out by adding the organic 
halide (1 equiv) and deuterium oxide (~ 2-4  equiv) to 
zinc powder (̂ ~2 equiv) at 80° in diglyme or dimethoxy- 
ethane. Traces of exchangeable protons present in the 
reaction apparatus or on the zinc powder were ex
changed for deuterium before addition of the organic 
halide by addition of deuterium oxide to the reaction 
flask containing the zinc and azeotropic distillation of 
this small initial charge of deuterium oxide from the 
reaction flask with benzene. The surface of the zinc 
was cleaned before this exchange by a brief washing 
with 5 %  hydrochloric acid; it was sometimes acti
vated immediately before addition of the organic 
halide by reaction with iodine or 1,2-dibromoethane. 
The reductions frequently showed an induction period, 
particularly with less reactive organic chlorides; in 
certain instances, particularly those involving nitriles, 
these induction periods were capable of contributing to 
a significant decrease in the isotopic purity of the 
products if sufficiently prolonged, presumably by per
mitting isotopic exchange in the starting materials; 
further, accumulation of an excessive quantity of un
reacted halide in the reaction flask during a lengthy 
induction period occasionally led to embarassingly 
exothermic reactions when initiation finally did take 
place. Thus, cleaning and activating the zinc surface, 
and checking to make certain that the reaction was 
initiated early in the addition of the organic halide 
(with appropriate use of 1,2-dibromoethane or iodine 
as initiating agents if necessary), were important in 
achieving high yields and isotopic purities.

Representative yields and isotopic purities obtained 
following this procedure are listed in Table I. To 
avoid obtaining inaccurate mass spectroscopic isotopic 
compositions as a result of exchange of deuterium for 
hydrogen in the mass spectrometer inlet system, the 
substances isolated directly from the reductions were 
converted to nonexchangeable derivatives more suitable 
for isotopic analysis (and for several types of further 
synthetic manipulation). These derivatives are also 
listed in Table I, and appropriate details of their prep
aration are described in the Experimental Section.

The significant conclusion to be drawn from the 
data of Table I  is that the reductive dehalogenation of 
activated organic halides provides an attractive syn
thetic route to deuterated organic compounds. The
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T a b l e  I
Y ie l d s  and  I sotopic  P u r it ie s  o f  P ro d u cts  O b t a in e d  on  D e h a lo g e n a tio n  of A c tiv a te d  O r g a n ic  H alid es

U sin g  Z inc- D e u t e r iu m  O x id e

'-------------------------------------------- Isotopic compn, % ------ ----------- ---------------
Starting m aterial Yield,®  % Substrate0 do d\ * d,

C1CH2C 0 2-r-C3H7 17 d c h 2c h 2i 2 . 5 9 6 . 0 1 . 5
c i3c c o 2g h 3 6 3 D 3CCH2CH2CH2Br 1 . 5 6 . 5 9 2 . 0
BrCH2C 02-n-C3H7 5 2 DCH2CH2I 2.0 9 8 . 0
CH3CH2CHBrC02C2H5 5 0 CH3CH2CHDCH2Br 1 . 4 9 8 . 6
CH3CH2CC12C 02C2H5 7 3 CH3CH2CD2CH2Br 2 . 4 9 7 . 6
C2H5OCO (CH2 )3CHBrC02C2H5 5 8 Br(CH2)4CHDCH2Br 2.1 9 7 . 9
C1CH2CN 4 7 DCH2CH2NH2 2.0 9 4 . 0 4 . 0
c h 3c h 2c c i2c n 7 6 c h 3c h 2c d 2c h 2n h 2 1.0 9 9 . 0
BrCH2CON(C6H5)C2H5 3 6 DCH2CH2N (C6H5)C2H5 7 . 0 9 3 . 0
ClCH2COCl 5 1 ' d c h 2c h 2i 2.0 8 2 . 0 1 5 . 0 1.0
c ic h 2c o c h 3 6 1 DCH2CHBrCH3 9 . 0 5 0 . 0 3 4 . 0 7 . 0

® Isolated yields of the products obtained by zinc-deuterium oxide reduction of the starting materials. b Substances on which the 
mass spectroscopic isotopic composition measurements were performed. '  Acetic acid-d2 was the isolated product.

procedure works best for esters/ and less well for the 
more acidic (and more rapidly exchangeable) ketones 
and nitriles. Since a-halogenated esters are relatively 
readily available using a number of synthetic techniques,7 8 
this procedure seems to provide the method of choice 
for preparation of specifically a-deuterated esters and 
derivatives.

Experimental Section
General Methods.— Nmr spectra were recorded using a Varian 

T-60 spectrometer in carbon tetrachloride solutions; chemical 
shifts are reported in parts per million (S) from tetramethylsilane. 
Mass spectra were determined on a Hitachi Perkin-Elmer model 
RMU 6 spectrometer. Preparative glpc analyses were per
formed on a Hewlett-Packard Model 700 chromatograph with a 
thermal conductivity detector using the following columns: 
column A, 8-ft, 0.25-in. 10% DEGS on 60-80 mesh Chromosorb 
W; column B, 10-ft, 0.25-in. 10% Carbowax 20M on 60-80 
mesh Chromosorb P; column C, 8-ft, 0.25-in. 5%  SE-30 on 60- 
80 Chromosorb P; column D , 8-ft, 0.25-in. 10% XF-1150 on 
60-80 mesh Chromosorb P.

Diglyme was distilled from calcium hydride, and degassed be
fore use by bubbling a slow stream of nitrogen through it for 20 
min. Dimethoxyethane (DM E) was purified by distillation from 
a deep purple solution of sodium benzophenone dianion. The
2,2-dichlorobutyronitrile used was a gift of the Dow Chemical 
Co. Other halogenated ketones, esters, nitriles, and acid halides 
were obtained from Eastman Organic Chemicals, and were used 
without further purification. Reagent grade zinc dust (Mallin- 
krodt) was generally used without further purification, although 
activation with 10% hydrochloric acid is advisable for zinc dust 
which has been opened to air for considerable lengths of time.9

Isotopic compositions were determined mass spectrometrically 
on samples purified by preparative glpc. All spectra for isotopic 
analysis were obtained using ionizing voltages as close as possible 
to the appearance potential of the compound under examination.

(7) Side products formed in the reaction were not investigated; however, 
they are probably similar to those formed in the Reformatsky reaction. 
Cf. W. R. Vaughan, S. C. Bernstein, and M. E. Lorber, J. Org. Chem., 30, 
1790 (1965); T. A. Spencer, R. W. Britton, and D. S. Watt, J. Amer. Chem. 
Soc., 89, 5727 (1967); R. L. Shriner, Org. React., 1, 4 (1942); M. W. Rathke 
and A. Lindert, J. Org. Chem., 35, 3966 (1970).

(8) For representative references, see H. O. House, “ Modem Synthetic 
Reactions,”  W. A. Benjamin, New York, N. Y., 1965, pp 155-156; A. 
Markovac and S. F. MacDonald, Can. J. Chem., 43, 3364 (1965); H. Rein- 
heckel, Chem. Ber., 93, 2222 (1960) ; B. Castro, J. Villieras, and N. Ferracutti, 
Bull. Soc. Chim. Fr., 3521 (1969); H. J. Ziegler, L. W'algraeve, and F. Binon, 
Syn., 1, 39 (1969); H. Reinheckel, J. Prakt. Chem., 15, 260 (1962); H. C. 
Brown, M. M. Rogic, M. W. Rathke, and G. W. Kabalka, J. Amer. Chem. 
Soc., 90, 1911 (1968); E. E. Smissman, ibid., 76, 5805 (1954); J. G. Gleason 
and D. N. Harpp, Tetrahedron Lett., 3431 (1970); H. Staudinger, E. Anthes, 
and H. Schneider, Chem. Ber., 46, 3539 (1939); A. Roedig, N. Kreutzkamp, 
H. Meerwein, and R. Stroh, in “ Methoden der Organischen Chemie,”  4th ed, 
Vol. V/4, E. Müller, Ed., Georg Thieme Verlag, Stuttgart, 1960, pp 197-212.

(9) L. F. Fieser and M. Fieser, “ Reagents for Organic Synthesis,”  Wiley,
New York, N. Y., 1967, p 1276.

Isotopic compositions were normally obtained from peak area 
data; however, indistinguishable data resulted from analysis of 
peak heights. During collection of compounds from the glpc care 
was taken to collect all of the peak of interest, to avoid isotopic 
fractionation.10

Ethyl Butyrate-2-di.— Reagent zinc dust (130 g, 2 g-atoms), 
diglyme (300 ml) freshly distilled from calcium hydride, and 
benzene (200 ml) were placed in a 1-1., three-necked flask fitted 
with a Dean-Stark trap and a mechanical stirrer. One neck of 
the flask was sealed with a No-Air stopper. The mixture was 
heated to reflux and 15 ml of deuterium oxide was added drop- 
wise over the course of 2 hr to exchange possible sources of pro
tons. Recovery of water (15 ml) from the Dean-Stark trap was 
complete. The Dean-Stark trap was removed, benzene was 
separated from the reaction mixture by simple distillation, a re
flux condenser was fitted to the apparatus, and 10 ml of deute
rium oxide was added. The reaction mixture was heated to 80° 
and ethyl 2-bromobutyrate (2 ml) was added. An immediate
5-10° temperature rise indicated initiation of the reaction. The 
reaction flask was immersed in a large ice bath. The internal 
temperature of the reaction flask was maintained at 50-60° by 
cautious alternate addition of aliquots of ethyl 2-bromobutyrate 
(226 g, 1.16 mol) and deuterium oxide (80 g, 4.0 mol); each re
agent was added in 12 equal portions.

Glpc analysis using column A at 100° showed that ethyl 2- 
bromobutyrate was reduced as rapidly as it was added to the re
action mixture. At the conclusion of the reaction, excess zinc 
and insoluble zinc salts were filtered from the reaction mixture 
and washed with two 100-ml portions of ether. The ether washes 
and diglyme solution were combined, and the product was iso
lated by a preliminary distillation. Material boiling between 
50 and 160° was dried (M gS04) and carefully redistilled, yielding 
ethyl butyrate-2-di (67 g, 0.58 mol, 50%) having bp 120-121°. 
The nmr spectrum was consistent with the proposed deuterium 
substitution.

1-Butanol-^-di was prepared from ethyl butyrate-^-di (67 g, 
0.58 mol) dissolved in ether (50 ml) by dropwise addition to a 
solution of lithium aluminum hydride (25 g, 0.62 mol) in 300 ml 
of ether at 0°. The mixture was refluxed for 30 min, quenched 
with ethyl acetate (50 g, 0.56 mol), water (25 ml), 15% (w:w) 
aqueous sodium hydroxide (25 ml), and additional water (75 
ml). The ether was decanted and the residual aluminum salts 
were refluxed with two 100-ml portions of ether. The ethereal 
solutions were combined, and distilled through a 120-cm platinum 
spinning band column to yield l-butanol-2-di (24 g, 0.32 mol, 
55%) having bp 116-118°.

1 -Butanol-#,i-d2 was prepared from ethyl 2,2-dichlorobutyrate 
(145 g, 0.81 mol) and deuterium oxide (80 g, 4 mol) by zinc re
duction and subsequent treatment with lithium aluminum hy
dride as described previously.11

Ethanol-2,2,2-d3 was prepared from methyl trichloroacetate 
(176 g, 1.0 mol) and deuterium oxide (88 g, 4.4 mol) by zinc re-

(10) For a discussion of the calculation of isotopic compositions by mass 
spectroscopy, see K. Biemann, “ Mass Spectrometry, Organic Chemical Ap
plications,”  McGraw-Hill, New York, N. Y., 1962,

(11) G. M. Whitesides, J. F, Gaasch, and E. R. Stedronsky, J. Amer. 
Chem. Soc., 94, 5258 (1972).
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duction followed by lithium aluminum hydride reduction as 
described previously.12

l-Bromoethane-£,£,2-d3, 1-bromobutane-^,^-d2, and 1-bromo- 
butane-^-di were prepared from the analogous alcohols using a 
procedure similar to that described by Marvel and Kamm.13 
Thus, ethanol-H,2,S-d3 (18 g, 0.36 mol) was added to a cooled 
mixture of 48% hydrobromic acid (82 g) and concentrated sul
furic acid (24 g) in a 250-ml single-necked flask. Concentrated 
sulfuric acid (40 g) was added, and the stirred mixture was warmed 
gently to distill the product as it formed into a trap cooled in a 
Dry Ice-acetone bath. The trap and its contents were warmed 
to 0° and the aqueous layer was removed using a Pasteur pipet. 
The organic layer was washed with two 10-ml portions of water 
and several 10-ml portions of concentrated sulfuric acid until the 
sulfuric acid layer remained clear and water white. Most of 
the sulfuric acid was removed using a Pasteur pipet, and the 1- 
bromoethane-^,^,^-d3 (37 g, 0.33 mol, 91% ) was separated from 
the residual concentrated sulfuric acid by bulb-to-bulb distillation 
at reduced pressure. The nmr of the distilled material consisted 
of a broadened singlet at 8 3.4.

l-Butanol%,4%-d3 was prepared in 52% yield by reaction of 
ethyl-^,^,^-d3-magnesium bromide with ethylene oxide, using a 
procedure analogous to that described by Huston and Langham.14 15

n-Propyl 2-Chloroacetate.—n-Propvl alcohol (60 g, 1 mol) was 
placed in a 250-ml, three-necked, round-bottomed flask equipped 
with a dropping funnel, Teflon-coated magnetic stirring bar, and 
adaptor leading to a bubbler. The apparatus was flushed with 
nitrogen, and cooled to —15° in a Dry Ice-isopropyl alcohol 
bath. Chloroacetyl chloride (38 ml, 57 g, 0.5 mol) was added 
to the stirred reaction mixture over a period of 2 hr. The cooling 
bath was maintained a:, —20 to — 10° by the occasional addition 
of Dry Ice. The mixture was allowed to warm to room temper
ature, then distilled through a 6-in. Yigreux column to yield n- 
propyl 2-chloroacetate (57.4 g, 0.42 mol, 84% ): bp 75° (22 
Torr) [lit.16 bp 52.6-52.8° (10 Torr)]; nmr (CCh) 5 0.92 (t, 3, 
J =  6 Hz), 1.58 (m, 2, J =  6 Hz), 4.17 (m, 4, J = 6 Hz).

n-Propyl 2-bromoacetate was prepared by a procedure analo
gous to that used in the synthesis of n-propyl 2-chloroacetate. 
From bromoacetyl bromide (100 g, 0.5 mol) and re-propyl alcohol 
(60 g, 1.0 mol), 67.8 g of n-propyl 2-bromoacetate (0.38 mol, 
75% ) was obtained: bp 79° (19 Torr) [lit.16 bp 175-177° (762 
Torr)]; nmr (CC14) 8 0.95 (t, 3, J  =  6 Hz), 1.60 (m, 2, J = 6 
Hz), 3.90 (s, 2), 4.07 (t, 2, J  = 6 Hz).

re-Propyl Acetate-#-«!.— The experimental apparatus and pro
cedure were similar to those described for ethyl butyrate-#-«!. 
Zinc dust (32.7 g, 0.5 g-atom) was treated with 5 ml of deuterium 
oxide in a mixture of 60 ml of benzene and 100 ml of diglyme. 
After removal of the benzene and deuterium oxide, the reaction 
mixture was heated to 80°, and 5 ml of deuterium oxide, a crystal 
of iodine, and 2 ml of 1,2-dibromoethane were added. n-Propyl 
2-chloroacetate (34.4 g, 0.25 mol) diluted with ca. 4 ml of 1,2- 
dibromoethane and additional deuterium oxide were added in 10 
portions over 1 hr by syringe, ca. 1 ml of deuterium oxide being 
added after each 3.3-ml aliquot of ester; the total quantity of 
deuterium oxide used by the end of the reaction was 16.5 ml (15 
g, 0.75 mol). The mixture was stirred and heated an additional 
15 min. The apparatus was arranged for distillation and the 
first 35 ml of material distilling under an aspirator vacuum (~ 22  
Torr) was collected. The distillate consisted of two phases; 
the aqueous phase was saturated with sodium chloride and ex
tracted three times with 30-ml portions of ether. The organic 
phases were combined, dried (MgSCh), and distilled through a 
20-cm Nester-Faust Teflon spinning band column, yielding re- 
propyl acetate-#-! (4.3 g, 0.042 mol, 17%): bp 100-102°; 
nmr (CC1,) 8 0.92 (t, 3, /  =  6 Hz), 1.52 'm, 2, J =  6 Hz), 1.92 
( t ,2 ,J  =  2 Hz), 3.95 (t, 2, J  =  6 Hz).

n-Propyl acetate-#-! (13.3 g, 0.13 mol, 52% ) was also pre
pared from n-propyl 2-bromoacetate (45 g, 0.25 mol) using an 
analogous procedure.

Ethanol-# - ! .— Lithium aluminum hydride (1.5 g, 0.04 mol) 
and ether (100 ml) were placed in a 250-ml, three-necked, round- 
bottomed flask equipped with a No-Air stepper, reflux condenser, 
and Teflon-coated magnetic stirring bar. To the stirred mixture

(12) G. M. Whitesides, E, J. Panek, and E. R. Stedronsky, J. Amer. 
Chem. Soc., 94, 232 (1972).

(13) C. S. Marvel and O. Kamm, “ Organic Syntheses,”  Collect. Vol. I, 
Wiley, New York, N. Y., 1941, p 25.

(14) R. C . Huston and C . C. Langham, J. Org. Chem., 12, 90 (1947).
(15) H. C. Brown and A. 3. Ash, J. Amer. Chem. Soc., 77, 4019 (1955).
(16) A. I. Vogel, J. Chem. Soc., 644 (1948).

was added dropwise through a syringe n-propyl acetate-#-! (3.9 
g, 0.038 mol) diluted with ether (15 ml). The mixture was re
fluxed an additional 2 hr, and water (1.5 ml), 15% (w: w) aqueous 
sodium hydroxide (1.5 ml), and additional water (4.5 ml) were 
cautiously added dropwise by syringe to the well-stirred slurry. 
The white aluminum salts were separated by suction filtration 
and washed with ether. The aluminum salts were then extracted 
overnight with an additional 50 ml of ether in a Soxhlet extractor. 
The ether portions were combined, dried (M gS04), and distilled 
to yield ethanol-#-!, (0.8 g, 0.017 mol, 45% ), bp 78-79°.

1-Iodoethane-#-! was prepared from ethanol-#-! using a 
procedure based on that of Stone and Shechter,17 and purified for 
isotopic analysis by preparative glpc using column C.

Diethyl 2-bromoadipate was synthesized in 77% yield using a 
literature procedure.18 Its conversion to diethyl adipate-#-! was 
accomplished on a 30-g scale (58% yield) using a procedure 
analogous to that described for n-propyl acetate-#-!. 1,6- 
Hexanediol-#-! and 1,6-dibromohexane-#-! were obtained by 
procedures analogous to those described above for other alcohols 
and bromides.

Acetonitrile-!.— Zinc dust (43.5 g, 0.66 g-atom) was treated 
with 8 ml of deuterium oxide in a mixture of 100 ml of diglyme 
and 60 ml of benzene. After removal of the benzene and deu
terium oxide by azeotropic distillation, 5 ml of deuterium oxide 
was added, the mixture was heated to 80°, and a crystal of 
iodine and 3 ml of 1,2-dibromoethane19 were added. Chloro- 
acetonitrile (18.8 g, 0.24 mol) and additional deuterium oxide 
(13 ml; the total quantity added was 18 ml, 20 g, 1 mol) were 
added in successive portions of 1 ml and 1.2 ml, respectively. 
The mixture was stirred and heated for an additional 15 min. 
The apparatus was arranged for distillation and the first 25 ml 
of material distilling under an aspirator vacuum (~ 2 2  Torr) was 
collected. Ether (20 ml) was added to this distillate, the organic 
layer was separated, and the aqueous layer was saturated with 
sodium chloride and extracted twice with 20-ml portions of 
ether. The organic fractions were combined, dried (MgSO<), 
and distilled through a 20-cm Nester-Faust Teflon spinning band 
column to yield acetonitrile-! (4.7 g, 0.11 mol, 47% ), bp 81-82°, 
nmr 8 1.98" (t, J  =  2 Hz).

Ethylamine-#-!.— Lithium aluminum hydride (4.5 g, 0.12 
mol) and ether (100 ml) were placed in a 250-ml, three-necked, 
round-bottomed flask equipped with a reflux condenser and 
Teflon-coated magnetic stirring bar. One neck of the flask 
was fitted with a No-Air stopper. Acetonitrile-! (4.6 g, 0.11 
mol) diluted with ether (20 ml) was added dropwise from a 
syringe to the stirred mixture. After the mixture had refluxed 
an additional hour, the condenser top was fitted with an adaptor 
leading to a receiver cooled to —78°. Cautious addition of 
water (4.5 ml), 15% (w:w) aqueous sodium hydroxide solution 
(4.5 ml), and additional water (13.5 ml) resulted in the liberation 
of ethylamine-!, bp 17°, which condensed in the cold trap. 
Significant amounts of ether were also swept over. The cold 
ether solution of ethylamine-! was treated with dry gaseous 
hydrogen chloride. Ethylamine hydrochloride, which precipi
tated as a fine white solid, was separated by filtration and dis
solved in water (20 ml). The aqueous solution of the amine 
hydrochloride was transferred to a three-necked, 50-ml, round- 
bottomed flask equipped with a distillation take-off, and a Teflon 
coated magnetic stirring bar. One neck of the flask was fitted 
with a No-Air stopper. Addition of concentrated aqueous 
sodium hydroxide resulted in the liberation of ethylam ine-!, 
which was swept into a receiver cooled with liquid nitrogen with a 
stream of nitrogen. The solid material in the receiver was con
taminated with small amounts of water, but this impurity did not 
affect the mass spectral determination of the isotopic purity of 
the labeled ethylamine. Approximately 2.2 g (45%) of ethyl
am ine-#-! was obtained by this procedure.

Butyronitrile-#,#-!.— Zinc dust (65.4 g, 1 g-atom) suspended 
in a mixture of 125 ml of diglyme and 75 ml of benzene was 
treated with 8 ml of deuterium oxide using procedures described 
previously. After removing the initial charge of deuterium 
oxide and the benzene by azeotropic distillation, a Claissen 
adaptor and two 60-ml addition funnels were added to the 
apparatus. One funnel was charged with 36 ml of deuterium 
oxide (40 g, 2.0 mol), the other with 34.5 g (0.25 mol) of 2,2-

(17) H. Stone and H. Shechter, J. Org. Chem., 15, 491 (1950).
(18) E. Schwenk and D. Papa, J. Amer. Chem. Soc., 70, 3626 (1948).
(19) The elimination of the induction period by activation of the zinc is 

particularly important in obtaining satisfactory isotopic purities with nitriles.



dich lorobu tyron itrile . D euterium  ox ide (ca. 5 m l) was added, 
the m ixture was heated to  reflux, and 2 m l o f 1,2 -d ibrom oethane 
was added through the reflux condenser. D euterium  oxide and
2,2-d ich lorobu tyron itrile  were added to the stirred m ixture 
sim ultaneously at the rate o f ca. 1 d r o p /se c , although  the addition  
was stopped  if the reaction  becam e too  v igorous. A fter addition  
was com plete , the m ixture was m aintained at reflux for  an 
additional 4 h r, coo led , and distilled at aspirator vacu um  ( ~ 2 2  
T o rr ). T h e  first 60 m l o f  crude distillate was collected . T h e  
organic layer was separated from  the aqueous layer, w hich  was 
saturated w ith  sod iu m  chloride and extracted  tw ice w ith  35-m l 
portions o f ether. T h e  organ ic fractions were com bined , dried 
(M gSCh), and distilled through  a 20-em  N ester-F aust T eflon  
spinning band colum n to  y ie ld  13.5 g  o f butyron itrile-^ ,^ -d2 
(0.19 m ol, 7 6 % ) : b p  1 1 6 -1 1 8 °; nm r S 0 .97  (t , 3 , /  =  6 H z ), 1.41 
(q , 2, /  =  6 H z ).

B uylam ine-g ,g-d 2 .— L ith ium  alum inum  h ydride (2 .85  g, 0.075 
m ol) and ether (100 m l) were p laced  in  a 250-m l, three-necked , 
rou nd -bottom ed  flask equipped  w ith  a N o-A ir  stop per, reflux 
condenser, and T eflon -coa ted  m agnetic stirring bar. T o  the 
stirred m ixture was added dropw ise w ith  a syringe 5 .2 g (0.073 
m ol) o f  but.yronitrile-^,^-d2 d iluted w ith  ether (20 m l). T h e  
m ixture was refluxed for an additional 2 hr and coo led , and 
water (2 .8  m l), 1 5 %  (w :w )  aqueous sodium  h ydroxide (2 .8  
m l), and additional w ater (8 .4  m l) were cautiously  added  b y  
syringe to the w ell-stirred slurry. T h e  w hite alum inum  salts 
were rem oved  b y  suction  filtration  and w ashed w ith  ether. T h e  
ether solution  was dried (M g S 0 4) and con centrated  b y  rotary 
evaporation . A  sam ple o f  the rem aining ye llow  oil ( ~ 3 .8  g, 
7 0 % ) was purified b y  g lpc on  colum n C  to  y ield  a sam ple of 
butyron itrile-^ ,^ -d 2 sufficiently pure fo r  analysis b y  m ass spec
trom etry .

A’ -Ethyl-A ’ -ph enyl-2 -brom oacetam ide was prepared b y  a 
m ethod analogous to  that o f W eaver and W h a le y .20 In  a 1-1., 
three-necked, rou n d -bottom ed  flask equipped w ith  a m echanical 
stirrer and dropping funnel were placed  100 g  o f A -eth ylan iline 
(0.84 m ol) and 250 m l o f 1 ,2 -d ich loroethane. T h e  reaction  
vessel was cooled  in a D r y  Ice -isop rop y l a lcoh ol ba th  m ain 
tained betw een — 20° and — 30° and sw ept w ith  n itrogen . 
B rom oacety l brom ide (85 g , 0 .42  m ol) was added from  the 
dropping funnel to the well-stirred reaction m ixture over a 4-hr 
period. A t  the conclusion  o f the reaction , the am ine h y d roT 
ch loride salts were separated b y  suction  filtration  and washed 
w ith  1,2-d ich loroethane (50 m l). T h e  filtrate was distilled at 
22 m m  to  rem ove m ost o f the 1 ,2 -d ich loroethane. T h e  red 
liqu id rem aining was analyzed b y  g lp c (colum n C )  and nm r, and 
was foun d to contain  a  m axim um  o f 8 0 %  (b y  w eigh t) o f A -e th y l- 
A -ph en y l-2 -brom oacetam ide ; a lm ost all o f  the rem aining 2 0 %  
consisted o f 1 ,2 -d ich loroethane. T h is crude m aterial was used 
in the fo llow ing  step w ith ou t further purification .

A -E th yl-A -p hen ylacetam ide-^ -d i was prepared fo llow in g  pro 
cedures outlined ab ove  b y  reaction  betw een zinc dust (32 .7  g, 
0 .50 g -a tom ), A -e th y l-A -p h en y l-2 -b rom oa ceta m id e  ( ~ 6 0  g o f 
crude m aterial, ~ 0 .2 5  m o l), and deuterium  ox id e (20 g , 1.0 m ol) 
in 100 m l o f d ig lym e. F ollow in g  con ventiona l w ork-up o f  the 
reaction m ixture, the crude p rod u ct was distilled through a 10-cm  
Vigreux colum n as an o ily  liqu id , b p  82° (0.09 T o rr ), w hich  
solidified in the receiver. R ecrysta llization  from  w arm  ether 
yielded 14.8 g o f A -e th y l-A -p h en y la cetam id e -# -d i (0.09 m ol, 
3 6 % ) : nm r 5 1.03 (t, 3, J =  6  H z ), 1.73 (f, 2 , J  =  2 H z ), 3.63 
(q , 2 , J =  6 H z), 7 .37  (m , 5 ).

A .A '-D iethylan ilin e-d , was prepared b y  the reduction  o f N- 
ethylriV -phenylacetam ide-2-di w ith  lithium  alum inum  hydride 
using standard procedures.

Prepabation of D euterated Organic Compounds

(20) W . E , W eaver and W . M . W h aley , J .  A m e r . C h em . S o c ., 69, 515
(1947).

Acetic acid-d„ was prepared b y  reaction  o f zinc dust (32.7  g , 
0 .5  g -a tom ) suspended in 100 m l o f d ig lym e w ith  ch loroacety l 
ch loride (28.2  g , 0.25 m ol) and deuterium  ox id e (15.4  g, 0 .75 
m ol) at 6 0 °. T h e  general procedure was that described pre
v iou s ly ; the ch loroacety l ch loride and 9 m l o f the deuterium  
oxide were added  in nine portions during ~ 4 o  m in to the reaction 
m ixture. T h e  apparatus was arranged for distillation  and the 
first 40 m l o f m aterial distilling under an aspirator vacu u m  was 
collected . T h is crude distillate was carefu lly redistilled through 
a 20-cm  N ester-F aust T eflon  spinning band colu m n , yield ing a 
fraction  boiling betw een 97 and 105°, as w ell as acetic acid -d„ 
(5 .4  g , 0.087 m ol, 3 5 % ) , bp  1 1 7 -119°, nm r 5 1.98 (t, J  =  2 H z). 
T h e  low er boiling fraction  was saturated w ith  sodium  chloride 
and extracted three tim es w ith  30-m l portions o f ether. T h e  
ether extracts were com bined , dried (M g S O i), and distilled 
through the spinning band colum n to  y ield an add ition a l 2 .5  g o f 
acetic acid -d „ (7 .9 -g  to ta l, 0 .127 m ol, 5 1 % ) .21

Ethanol-d„.— Sodium  boroh ydrid e (3 .65  g , 0.096 m ol) and 
dig lym e (20 m l) were p laced  in a 250-m l, three-necked , round- 
bo ttom ed  flask equipped w ith  a N o-A ir  stop per, T eflon -coa ted  
m agnetic stirring bar, droppin g funnel, and reflux condenser, 
w ith  an adaptor leading to a m ercu ry -aceton e  b u bb ler. T h e  m ix
ture was stirred for ca. 5 m in , and a solution  o f acetic  a cid -d „ (7.9 
g , 0.127 m ol) in d ig lym e (15 m l) was added slow ly  w ith  a syringe. 
F roth ing of the reaction  m ixture was evident during the add ition . 
T h e  reaction  vessel was flushed w ith  n itrogen , and boron  tri
fluoride etherate (17.7  g, 0.125 m ol) d iluted w ith  d ig lym e (20 m l) 
was added to  the stirred reaction  m ixture from  the droppin g 
funnel over the course o f 2 hr. T h e  m ixture was stirred an 
additional 0 .5  hr and quenched w ith  o cty l a lcohol (3 m l) and 
w ater (10 m l). T h e  residual inorganic salts were rem oved  b y  
suction  filtration and w ashed w ith  ether (ca. 50 m l); T h e  
organ ic layer was separated and dried (M gSO <), and the residue 
distilled through a 20-cm  N ester-F aust T eflon  spinning band 
colum n to  y ield  ethanol-cL (4.2  g , 0.09 m ol, 7 1 % ) , bp  7 6 -7 8 ° .

Acetone-d„ was prepared b y  reduction  o f ch loroaceton e (21 .6  g, 
0.23 m ol) w ith  zinc pow der (43 .5  g , 0 .67 g -a tom ) in d ig lym e 
using a procedure sim ilar to  that described prev iou sly . A fter 
rem oving the in itial charge o f deuterium  oxide and benzene, the 
ch loroaceton e was added to the reaction  flask, and the reaction  
m ixture m aintained at reflux tem perature for  1 hr. A fter this 
tim e deuterium  oxide (20 g , 1 m ol) was add ed . T h e  apparatus 
was arranged for d istillation , and all m aterial boilin g below  
150° was rapid ly  collected . T h is crude distillate was dried and 
redistilled to y ield  acetone-ch, (8 .4  g , 0.14 m ol, 6 1 % ) ,  having bp
5 6 -5 7 ° .

T h is m aterial was con verted  to  isoprop y l b rom ide for  isotop ic 
analysis b y  reduction  to  2 -propanol w ith  lith ium  alum inum  h y 
dride, conversion  to  isoprop yl tosy late , and treatm ent w ith 
ca lcium  brom ide in D M F .22

Registry No. — Ethylbutyrate-^-di, 13224-13-0; 1-
butanol-^-di, 35223-78-0; i-bromoethane-2,D,£~d3, 7439-
86-3; n-propyl 2-chloroacetate, 5396-24-7; n-propyl 
2-bromoacetate, 35223-80-4; n-propyl acetate-^-di, 
35223-81-5; etbariol-H-di, 1624-36-8; acetonitrile-rfi, 
26456-53-1; ethylamine-^-dx, 35223-83-7; butyronitrile-
2,2-d2, 35223-84-8; butylamine-^,#-^, 27847-12-7; 
A-ethyl-Ar-phenylacetamide-^-fZi, 35223-86-0; acetic 
acid-^-di, 35223-87-1; ethanol-U-di, 6181-08-4; acetone- 
di, 4468-52-4.

(21) A more efficient procedure for the synthesis of acetic acid-d2 consists
of the reaction of ketene with deuterium oxide: H. L. Mitchell, unpublished
work.

(22) G. L. Jenkins and J. C. Kellett, J .  O rg. C h em ., 2 7 , 624 (1962).
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R etardation  o f pyram idal inversion o f n itrogen was observed in d iethy l 2-aziridinylphosphonate due to  intra
m olecular hydrogen  bonding . T h e  presence o f tw o  invertom ers has been show n b y  the nuclear m agnetic reso
nance (nm r) studies using the param agnetic shift reagent tr is (d ip iva lom eth an ato)eu rop iu m (III) [E u (D P M )3] 
and benzene solvent shift studies.

High barriers to pyramidal inversion of the nitro
gen atom in aziridines has been proposed as early as
1939,3 4 due to the strain in the three-membered ring. 
Since then several attempts have been made to resolve 
various substituted aziridines, without success.3,4 
However, the rates of nitrogen inversion in many de
rivatives of aziridine are measurable on the nmr time 
scale.5 The temperature dependence of the nmr spec
tra of these aziridines have been used to calculate 
the activation parameters for nitrogen inversion.5 
Recently, diastereoisomeric forms of l-chloro-2-methyl- 
aziridine have been separated by gas-liquid chroma
tography.6 Similarly, separation of diastereoisomers 
of iV-chlorocyclohexenimine by column chromatog
raphy has also been reported.7 These reports suggest 
that some 1-haloaziridines will prove resolvable at 
room temperature. The slow inversion in A-halo- 
aziridines has been attributed, besides the strain of the 
three-membered ring, to higher s character of the nitro
gen lone pair due to the high electronegativity of the 
halogen substituent.6,7 Conjugaúve destabilization 
by the repulsion between the nonbonding electron pairs 
of nitrogen and the halogen atom may also contribute 
to the enhancement of the barrier to inversion.8 Syn
thesis of A-amino-9 10 and A-methoxyaziridines10a and 
detection of very slow nitrogen inversion even at higher 
temperatures suggests that the presence of an adjacent 
heteroatom will decrease the rate of nitrogen inver

(1) Research associate, 1969-1972.
(2) The senior author gratefully acknowledges support of this work by 

the Public Health Service, Cancer Institute, Grant CA  07202-09. This paper 
was presented in part at the 163rd National Meeting of The American Chemi
cal Society, Boston, Mass., April 1972.

(3) (a) R. Adams and T. L. Cairns, J . A m e r . C h em . S o c .,  61, 2464 (1939); 
(b) J. Meisenheimer and L. H. Chou, A n n .,  539, 70 (1939); (c) P. Maitland, 
A n n .  R ep t. C h em . S o c . L o n d o n ,  36, 239 (1939); 'd) J. D. C. Mole and E. E. 
Turner, C h em . I n d . (L o n d o n ),  17, 582 (1939).

(4) (a) T. L. Cairns, J . A m e r . C h em . S o c .,  63, 871 (1941); (b) H. M . Kiss- 
man and D. S. Tarbell, ib id . , 74, 4317 (1952); (c) H, M . Kissman, D. S. 
Tarbell, and J. Williams, ib id . ,  75, 2959 (1953); (d) J. F. Kincaid and F. C. 
Ilenriques, Jr., ib id . ,  62, 1474 (1940); (e) A. T. Bottini and J. D. Roberts, 
ib id . ,  78, 5126 (1956); 80, 5203 (1958), and references cited therein; (f) 
A. Loewenstein, J. F. Neumer, and J. D. Roberts, ib id . ,  82, 3599 (1960); 
(g) K . D. Berlin, S. Rengaraju, and P. E. Clark, J. H etero cy c l . C h em ., 7, 1095 
(1970).

(5) M . Jautelat and J. D. Roberts, J . A m e r . C h em . S o c .,  91, 642 (1969), 
and references cited therein.

(6) S. J. Brois, ib id ., 90, 508 (1968).
(7) D. Felix and A. Eschenmoser, A n g ev ). C h em ., 80, 197 (1968); A n g ew . 

C h em ., I n t .  E d . E n g l.,  7, 224 (1968).
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sion. So far the few examples of slow nitrogen inver
sion reported are in 1-substituted aziridines.10b Slow 
nitrogen inversion in aziridines without a substituent 
on nitrogen appears to have been reported in only one 
case.IOc

This paper deals with the synthesis and nmr investi
gation of the aziridine 1. Aziridine 1 has no substitu-

3 2
H2C— CH—P(OC2H5),

\ /  f
i N O

H
1

ent on nitrogen but has a structural feature which can 
contribute to the slow nitrogen inversion. This is 
the phosphoryl group at C-2, which can form an internal 
hydrogen bond with the hydrogen on nitrogen. This 
internal hydrogen bonding can be expected to be strong 
because it involves a five-membered ring as depicted 
in 2. Evidence for the internal hydrogen bonding in

1 was obtained from ir studies. The ir spectrum of 1 
in neat film showed two N -H  stretching frequencies 
at 3450 and 3240 cm-1. The peak at longer wave
length was attributed to the hydrogen-bonded N -H  
group. In the case of ethylenimine where no internal 
hydrogen bonding is possible, only one peak for N -H  
stretching is observed.11 That the peak at 3240 cm “ 1 
belongs to the internally bonded N -H  was confirmed 
by ir dilution studies. The position of the band at 
3240 cm-1 was found to be independent of concentra
tion changes. Roberts and coworkers46,f have shown 
that hydroxylic solvents decrease the rate of nitrogen 
inversion in the derivatives of aziridine. If that is 
the case, intramolecular hydrogen bonding, which will 
be stronger than a solvent-solute type hydrogen bond
ing, might decrease the rate of nitrogen inversion in 
the aziridine 1.

(11) R. W. Mitchell, J. C. Burr, Jr., and J. A. Merritt, S p ec tro ch im . A c ta ,  
23A, 195 (1967).
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Figure 1.— 60-M H z spectrum  o f d iethy l 2-azirid inylphosphonate in D C C I 3 .

The nmr spectrum of the aziridine 1 at 60 MHz in 
DCCI3 (Figure 1 ) showed the aziridine ring protons 
as an envelope of unresolved peaks between 8 1.5-2.3. 
Analysis at 100 MHz also did not resolve the ring pro
tons. In the 60-MHz spectrum methylene protons 
of the P (0 )(0 C 2H5)2 group displayed a quintet (due 
to common overlap of the two quartets arising from 
P -O -C -H  coupling) at 8 4.12 (J =  7 Hz). The 
methyl protons absorbed at 8 1.35 as a triplet (J = 
7 Hz). The presence of a smaller triplet at 8 1.33 
indicated the presence of both invertomers of aziridine 
1. Further proof was obtained by the study of nmr 
spectra in DCC13 in the presence of paramagnetic shift 
reagent tris(dipivalomethanato)europium(III) [Eu- 
(F>PM)3],

Eu(DPM )3 has been used to effect paramagnetic 
induced shifts in the nmr spectra of alcohols.12 Re
cently we have used this reagent in the study of syn- 
anti isomerism in oximes.13 It was shown that the 
coordination of the Eu(DPM )3 takes place on the 
oxime nitrogen lone pair and there is a steric effect in 
the coordination. This steric effect was useful in the 
analysis of syn-anti isomerism in oximes since the steric 
environments of the lone pair of electrons differs in 
the syn-anti forms of the oximes studied. Since 
syn-anti isomerism in oximes is due to an extreme 
case of high barrier to inversion of nitrogen lone pair, 
it is logical to expect similar paramagnetic induced 
shifts in the case of a slowly inverting aziridine.

In the case of aziridine 1 , the two invertomers can 
be represented as A and B. Intramolecular hydrogen 
bonding can take place between the N -H  band P-*-0 
groups in invertomer A owing to the favorable cis 
arrangement of these groups. This will stabilize this 
form. In the invertomer B, unfavorable trans ar

(12) (a) C. C. Hinkley, J . A m e r .  C h em . S o c .,  9 1 ,  5160 (1969); (b) P. V.
Demarco, T. K. Elzey, R. B. Lewis, and E. Wenkert, ib id ., 92, 5734, 5737 
(1970); (c) J. K. M. Sanders and D. H. Williams, C h em . C o m m u n ., 422
(1970).

(13) K. D. Berlin and S. Rengaraju, J . O rg. C h em ., 36, 2912 (1971).

rangement of N -H  and P -*0  groups for intramolecular 
hydrogen bonding and the repulsion between the nitro
gen lone pair and P-*-0 group could make this inver
tomer less stable compared to A.

The nmr spectrum of the aziridine 1 in DCCI3 (89 
mg in 0.4 ml) containing 20 mg of Eu(DPM)-, showed 
peaks corresponding to two invertomers A and B (Figure
2) . A triplet at 5 1.37 (J = 7 Hz, OCH2CH3), un
resolved multiplets approximately between 1.8 and
2.6 (aziridine ring protons), and a quintet (an overlap 
of two quartets due to P -O -C -H  coupling in 0-«-P- 
OCH2) at 4.21 (J = 7 Hz, 0 « -P 0 C H 2CH3) were at
tributed to the invertomer B. Corresponding peaks 
for the invertomer A are tw'o triplets at 8 1.65 and 1.68 
(J — 7 Hz, 0-*—P0CH 2CH3) , four partially resolved 
multiplets between 3.1 and 3.9 (aziridine ring protons), 
and two partly overlapping quintets at 4.8 and 4.87 
(,/ =  7 Hz, 0 «-P 0 C H 2CH3). The doubling of the 
signals for the methyl protons (8 1.65 and 1.68) and 
methylene protons (4.8 and 4.87) of the OC2H6 group 
is attributed to the nonequivalence of the ethoxy groups 
due to restricted rotation of the C-P bond and the 
presence of the asymmetric center in invertomer A.

By increasing the concentration of the shift reagent 
Eu(DPM )3, further downfield shifts of all the peaks 
of the invertomer A were observed as expected (Figure
3) . However, overlap of ring methylene proton sig
nals of invertomer A and the ethoxy methylene proton 
signals of the invertomer B occurs. The optimum 
concentration of Eu(DPM)3 to observe all the peaks
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Figure 2.— 60-M H z spectrum  o f d iethyl 2 -azirid inylphosphonate (0.0005 m ol) in 0 .4 m l o f DCC13 contain ing 20 m g o f E u (D P M )3.

F igure 3.— 6 0 -M H z spectrum  o f d ieth y l 2-azirid inylphosphonate (0.0005 m ol) in  0.4 m l of D C C I 3 contain ing 30 m g o f E u (D P M )3.

of both invertomers was found to be 20 mg in a solu
tion of 89 mg of 1 in 0.4 ml of D C C I 3 .

One significant observation is that peaks of the in- 
vertomer B (compare Figures 1-3) did not signifi
cantly shift on addition of 20 or 30 mg of Eu(DPM).s- 
This can be explained on the basis that there is little 
coordination of Eu(DPM)3 with the nitrogen lone pair 
in the invertomer B due to steric hindrance of the 
bulky O - * - P ( O C 2H 5) 2 group. Similar steric interfer
ence to coordination was observed in our study of syn- 
anti isomerism in oximes.13 In the syn form of the 
oximes studied, coordination with the lone pair was 
not so effective as in the anti form owing to steric hin-

drance from the bulky alkyl groups (R ). From the ratio 
of the corresponding peaks for both invertomers A and 
B, the invertomer ratio was calculated as 3:1 (A :B).

R Cfij
C11

K ,CH; 
C
IIII

-N
&  X OH

II

HO^
syn anti

R =  C2H5, c h 3(c h 2)2, c h 3(c h 2)4, c h 3(c h 2)5, 

(c h 3)2c h , (c h 3)2c h c h 2
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Figure 4 .— 100-M H z spectrum  of d iethy l 2 -azirid inylphosphonate in benzene.

In the invertomer A the value of paramagnetic 
induced shift [A5, Ao = o with Eu(DPM)3 — S without 
Eu(DPM )3] decreased in the order aziridine ring pro
tons >  methylene protons of P (0 )(0E t2) >  methyl 
protons of P (0 )(0E t)2, in all the three concentrations 
studied (Table I). This order suggests that the co-

T a b l e  I
AS V a l u e s  f o r  t h e  I n v e r to m e r  A

Wt of
Eu(DPM )j,a mg A5ch3 AÎCH2

AS ring 
protons

10 0 .1 6 0 .3 5 0 .7 8
20 0 .3 4 0 .7 0 1 .55
30 0 .5 1 .0 5 2 .3

“ In  a solution o f 89 m g o f aziridine 1 in 0.4 m l o f  D C C lj.

ordination of europium takes place with the nitrogen 
lone pair on the basis that shifts for protons close to 
the point of association are larger than those protons 
further removed.12 A comparison of the Eu(DPM)3- 
induced shifts for aziridines and related (but open 
chain) phosphonates shows that the shifts are very 
high in the case of aziridines (Table II). This may be 
attributed to the high basicity of the nitrogen lone pair 
in aziridines. It is known that Eu(DPM)3-induced 
shifts are higher for amines compared to alcohols and 
ethers.120 Eu(DPM)3-induced shifts for the phos
phonates 6-10 can be explained on the basis of coordina
tion of europium with P—>-0 group. In the phospho
nates 8-10, since protons nearer to the P-+-0 group are 
more shifted on addition of Eu(DPM)3 than the pro
tons nearer to the nitrogen atom, coordination of euro
pium may occur with the P-*-0 group. The coordina
tion at the nitrogen lone pair in the phosphonates 
8 and 10 may be less favorable owing to the probable 
lowered basicity of the nitrogen in view of its bonding 
to more electronegative elements. In 9 a steric effect 
around the nitrogen atom may reduce its complexing 
ability. The observation that europium coordinates 
with the P-*-0 group in the phosphonates 6-10 sug-

T a b l e  I I

P a r a m a g n e t ic  Sh ift s“

Substrate

H2C------ CHP(OCH2CH3) i (1)' i O 
N

Av (other
Aaa Aab Ak' protons)
42 20 ~ 9 0

d e

V -  « /
/  \  /  \  a b 

H 0  P(OCH2CHs)2 (6)
c 1O

19 7 21 9 (d ) ,
12.5 (e)

0

BrCH!CH2P(0CH;CHj)2 (7) 26 11 25 14 (d )

O
CHiNHP(OCHsCH.)j (8) 25 12 . 13 (d )

0 24 9 - -2 0 ~ 1 3  (d),

(CHiCH2)2NCH2CH2P(OCH2CHî)2 (9) 3.5 (e), 
2 ( f )

O
CHjONHCH2CH2P(OCH2CH>)2 (10) 2 4 .5 9 .5 22 27 (d), 

4 (e)
CHsl

o /
h2c— - c  y (ip

\  /  \  i
n  cm)
H

73 55 (e)

“ A v  (H z), observed w ith  20 m g o f E u (D M P )3 in  a solution  o f 
0.005 m ol o f substrate in 0.4 ml o f D C C 13.

gests a possible bidendate arrangement of europium 
with the aziridine nitrogen and P -*0  group in 1. This 
could also explain the high induced shifts in 1.

The pmr spectrum of 1 in benzene (10% solution w /v) 
(Figure 4 , 100 MHz spectrum) showed an interesting 
solvent effect. For example, in DCC13 the CH3 of 
P (0 )(0C H 2CH3)2 gave a triplet centered at S 1.35 
corresponding to the invertomer A and a smaller triplet 
at 1.33 corresponding to the invertomer B. However, 
in benzene as solvent an upheld shift of both the triplets 
occurs. In addition doubling of the triplet correspond
ing to the invertomer A was also observed (Figure 4).
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The solvent shifts in an anisotropic solvent like ben
zene for different type of compounds have been ex
plained on the basis of equilibrium formation of col
lision complexes between the benzene molecule and a 
polar functional group in the solute.14 Benzene-in
duced shifts for two slowly inverting aziridines have 
been suggested in the literature.16 It was observed 
that the upheld shift is more sensitive to the protons 
trans to the oriented nitrogen lone pair than to those 
which are cis oriented. Thus a model for the colli
sion complex was proposed in which the benzene-solvent 
molecule occupies a position as far away as possible 
at the opposite side of the nitrogen lone pair.15 In 
the present case, the benzene-induced shifts (going 
from DCCls to C6H6, A = <5Dcci3 — SobEl) for the methyl 
group in invertomer A and B are 0.27 (measured from 
the center of the two triplet for invertomer A at S 1.09 
and 1.075) and 0.21 ppm, respectively. The higher 
shift in invertomer A can be explained because of the 
trans arrangement of the nitrogen lone pair and the 
P (0)(0C H 2CH3)2 group. In the invertomer B, the 
arrangement is cis. The doubling of the triplet in 
invertomer A occurs because of the presence of an 
asymmetric center in the molecule and restricted rota
tion around the C -P  bond owing to internal hydrogen 
bonding. Benzene-induced upheld shifts have also 
been reported in the case of several dimethyl alkylphos- 
phonates.16 In these phosphonates, where the P(O)- 
(OCH3)2 group is attached to an asymmetric center, 
a different solvent shift was noted for the two methyl 
groups resulting in a peak doubling. A model for the 
benzene substrate complex as shown in 12 has been 
proposed where a benzene molecule occupies a position 
perpendicular to the P—*0 group and as far away from 
the negative end of the P -*0  dipole.

In the present system 1, we propose a model for the 
complex in which the benzene molecule occupies a 
similar position as in 12 but as far away from the 
nitrogen lone pair as shown in 13 (representation for 
invertomer A). This model explains the higher up-

P (0 )(0C H 2CHs)2 group, compared to the invertomer 
B (0.21 ppm) where the stereochemistry is cis.

To observe the effect of heating on the invertomer 
ratio of aziridine 1, variable high temperature nmr 
spectra was recorded up to 110° with neat sample of 1, 
where only a slight increase in the amount of invertomer 
B was observed.

The synthesis of aziridine 1 was carried out accord
ing to the following scheme. While the synthesis 
was in progress in our laboratories, a patent17 on the

O
4 Br2/C C l4

C H 2 =  C H P (O C 2H 5)2 ------------- *

3
O

C H 2C H P (O C 2H 5)2 

B r  B r

Dry NH3 gas

-H B r

o  
4

c h 2= c p (o c 2h 5)2

B r
5

liquid NH3, O
sealed tube 4
------------------ -- H 2Ci —  C H P (O C 2H 5)2

N

H 1

synthesis of 1 appeared in the literature. Bromination 
of diethyl vinylphosphonate (3) using bromine in CC14 
gave the crude dibromo compound 4 in theoretical 
yield. The crude product was at least 95% pure as 
shown by nmr. However, distillation of 5 results in 
partial decomposition. It was found convenient to 
purify the vinyl bromide 5, which was obtained by 
passing dry ammonia gas through the dibromo com
pound 4. The yield of pure vinyl bromide from crude 
4 was 86-88% depending upon the purity of 4. Reac
tion of vinyl bromide 5 with liquid ammonia in a sealed 
tube at room temperature gave the aziridine 1 in vary
ing yields of 56-62%. In the case of aziridine 1 also 
partial polymerization was observed upon distillation. 
However, preliminary purification of the crude aziridine 
1 by chromatography over neutral alumina before dis
tillation reduced the degree of polymerization.

Owing to the difference in the hydrogen bonding in 
the two invertomers A and B, some solubility differ
ence in solvents might be expected for the two forms. 
Thus, repeated extraction of aziridine 1 with hexane 
gave a hexane-soluble portion which contained more 
of invertomer B (ratio of A : B decreased from 3:1 to 
3:2) compared to the starting mixture (Figure 5; cf. 
with Figure 2). However, a complete separation of 
the two forms could not be affected by all standard tech
niques attempted. Although invertomers A and B 
behave like rather special geometric isomers, the sim
ilarity in adsorption ability on substrates for chro
matography and in solubility undoubtedly contributes 
to the separation problem. Work is continuing in the 
area.

field shift (0.27 ppm) for invertomer A due to the 
trans stereochemistry of the nitrogen lone pair and the

(14) N. S. Blacca and D. H. Williams, “ Application of NM R Spectroscopy 
in Organic Chemistry,”  Holden-Day, San Francisco, Calif., 1964, Chapter 7.

(15) T. Yonezawa, I. Morishima, and K. Fukuta, B u ll . C h em . S oc . J a p .,  
41,2297 (1968).

(16) C. Benezra and G. Ourisson, B u ll . S oc . C h im . F r . , 2270  ̂ (1966).

Experimental Section
G en eral and Spectra .— Infrared spectra  o f thin  film s were 

recorded  on a B eckm an IR -5 A . D ilu tion  studies to  d e tect in tra 
m olecular hydrogen  bond ing in 1 were carried ou t in  C C l, solu 
tions using a B eckm an IR -7  instrum ent. N m r spectra  were

(17) Merck and Co., Inc., German Patent 2,011,092 (Sept 17, 1970); 
C h em . A b str ., 74, 42491u (1971).
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Figure 5.'— 60-M H z spectrum  o f d iethy l 2-azirid inylphosphonate (hexane-soluble p ortion ) (0.0005 m ol) in  0.4 m l of D C C 1 3 contain ing 20
m g of E u (D P M )3.

obtained  on  a Varian  A -60  spectrom eter, w ith  T M S  as internal 
standard w hile 100-M H z spectra  were run on  a Varian  X L -1 0 0  
spectrom eter w ith  T M S  as internal stan dard . T h e  shift reagent 
tr is (d ip iva lom eth a n a to)eu rop iu m (III) was purchased from  N orell 
C hem ical C o ., In c . D ieth y l v in y lph osph onate  (3 ) and diethyl
2 -d iethylam inoethy lph osphon ate  (9 ) were prepared b y  the 
m ethod o f K o so la p o ff . 18 2 ,2 -D im eth ylazirid in e ( 1 1 ) was pre
pared accord ing to  the know n p roced u re . 19

D ieth yl 1 ,2 -D ibrom oethylphosphonate (4 ) .— T o  a solution  of 
d iethyl v in y lph osph onate  (3 , 16.4 g , 0.1 m ol) in d ry  carbon  tetra
ch loride (100 m l), dry  brom ine (19 .2  g , 0 . 1 2  m o l) in CC14 ( 1 0 0  

m l) was added at 50° in  the course o f 90 m in . A fter the addition  
was over, the reaction  m ixture w as m aintained at 60 ° for  8  hr. 
E vap oration  o f CC14 gave 32.3 g  (th eoretica l) o f  4 . T h e  nm r 
spectrum  o f crude 4 did  n ot show  any im purities. A n analytica l 
sam ple was prepared b y  distillation  under vacu u m : bp  128-129° 
(2  m m ); nMn 1.4861 [lit . 20 * bp  123-125° (3 m m ), nwd 1 .4943]; 
ir (film ) 1260 c m ' 1 (P — O ); nm r (CC14) S 1.35 (t, 6 , J =  7 H z, 
C H 3) and 4 .17  [m , P (0 )O C H 2] and the m ultiplets o f C - l ,  C -2 
hydrogens appeared as overlap p in g  peaks w ith  the P (0 )O C H 2 

m ethylene hydrogen . T h e  area under these m ultiplets corre
sponded to  seven hydrogens.

D ieth yl 1 -B rom ovinylphosphonate (5 ).— A  slow  stream  o f dry  
am m onia gas w as passed through 4 (32 .4  g , 0 .1 m ol) w ith  coolin g 
in ice w ater until no m ore am m onium  brom ide precip itated  ou t 
(abou t 45 m in ). T h e  am m onium  brom ide was filtered off, and 
it was w ashed w ith  300 m l o f benzene. T h e  filtrate and washings 
were rinsed and w ashed w ith  w ater and dried (M g S 0 4). E v a p ora 
tion  o f benzene gave 24 g  o f crude 6 , w hich  was distilled under 
reduced pressure to  g ive  a single fraction  o f  pure 5 (21.4  g , 8 8 % ):  
bp 6 5 -6 6 °  (0.1  m m ); n 28d 1.4579 [lit . 19 bp  8 8 -9 0 °  (3 m m ); n 20d 
1 .4681]; ir (film ) 1585 ( C = C ) ,  1257 c m - 1  (P — O ); nm r (neat) S
1.32 (t, J =  7 H z , C H 3), 4 .0 8  [m , P (0 )C H 2] ,  6 .45  [2 m , 1 , 
Jpn =  37 H z , v in y l p roton  trans to  P ( 0 ) ( C 2H 6 ) 2 g ro u p ], and 6 . 8  

[2 m , 1 , T ph =  14 H z , v in y l proton  cis to  P ( 0 ) ( C 2H s ) 2 g ro u p ].
D ieth yl 2 -A zirid inylphosphonate (1 ).— A  m ixture o f d iethyl 1- 

brom ov in ylph osp h on ate  (5, 12.15 g  0 .05  m ol) and 15 m l o f 
liqu id  am m onia  was allow ed to  react at room  tem perature in  a 
sealed tube for 18 hr. T h e  sealed tu be was open ed  and the am 
m onia was evaporated  o ff. T h e aziridine 1 was then dissolved in

(18) G. M. Kosolapoff, J . A m e r .  C h em . S o c ., 70, 1971 (1948).
(19) K. N. Campbell, A. H. Sommers, and B. K. Campbell, “ Organic 

Syntheses,”  Collect. Vol. I l l , Wiley, New York, N. Y ., 1955, p 148.
(20) M. I. Kabachnik and T. Ya Medred, I z o .  A k a d .-N a u k  S S S R , S er .

K h im ., 2142 (1959) ; c f.  C h em . A b str ., 54, 10834/ (1960).

1 0 0  m l o f ch loroform  and the am m onium  brom ide filtered off. 
T h e  ch loroform  solution , on  evaporation , gave 8 .84  g  o f  crude 
reaction  produ ct. E xtensive  polym erization  to o k  p lace if 
distillation  was a ttem p ted . In itia l purification  b y  passing the 
crude aziridine 1 (8 .84  g ) in  ch loroform  through  a colum n of 
neutral alum ina ( 2 0 0  g , a ctiv ity  I )  gave 6 . 8  g  o f aziridine 1 , w hich 
was further purified b y  vacu u m  distillation : bp  72° (0 .15  m m ); 
y ield  5 .55 g  (6 2 % ); n 28d 1 .4451; ir (film ) 3450 (N H  free ), 3240 
(in tram olecu larly  hydrogen  bonded  N H ), and 1240 c m - 1  (P — O ); 
nm r (D CC13) S 1.35 (t, 6 , /  =  7 H z, C H 3), unresolved m ultiplets 
betw een S ~ 1 .5  and 2 .3  (4, aziridine ring p roton s), and 4 .12  [m , 
4 , /  =  7 H z , P (0 )O C H 2] .

Anal. C a lc d fo r C 6H 140 3P N : N , 7 .82 ; P , 17.32. F ou n d : N , 
7 .68 ; P , 17.12.

D ieth yl 1 -M eth ylepoxyeth ylphosph onate  (6 ).— A  solution  o f d i
eth yl phosph ite (27 .6  g ; 0 .2 m ol) in  50 m l o f d ry  d im eth ylform - 
am ide was added v ery  slow ly  to  a vo id  froth in g  to  a suspension o f 
sodium  hydride (5 .3  g ; 0.22 m ol) in 300 m l o f  d im eth ylform am ide 
w ith  m echan ical stirring and coolin g in ice  cold  w ater under N 2. 
A fter the addition  was com pleted , the m ixture w as heated at a 
w ater bath  for 30 m in  when the evo lu tion  o f hydrogen  stop ped . 
T o  this sodium  salt o f  d iethyl ph osph ite , a -ch loroaceton e  (18.5  g ; 
0 .2  m ol) was added in the course o f 45 m in  wdth m echan ical 
stirring. A fter the add ition , the reaction  m ixture w as heated 
on  a w ater bath  for 3 hr. A b ou t 200 m l o f D M F  w as rem oved 
under aspirator and the residue was d ilu ted  w ith  1 . 2  1 . o f  w ater. 
T h e  w ater solution  was extracted  w ith  ch loroform  (1.5  1.) and 
the HCC13 extract was w ashed w ith  w ater and dried (M g S 0 4). 
E vap oration  o f H CC13 gave 31 g o f crude reaction  prod u ct, w hich  
u pon  distillation  (using a 10 in . V igreux co lu m n ), gave 6 : bp  
6 9 -7 0 °  (0.1 m m ) (19 .5  g , 5 0 % ) ; ni3o  1 .4306; ir (film ) 1260 
(P — O ), 850 c m - 1  (oxirane rin g ); nm r (neat) 5 1.28 (t , 6 , J =  7 
H z, C H 3C H 20 ) ,  4 .07  (m , 4, /  =  7 H z , C H 3C H 20 ) ,  1 .4 (d , 3, 
J =  10.5 H z , C H 3 on  the epoxide rin g).

Anal. C a lcd  for  C 7H 160 4P : 0 ,  4 3 .30 ; H , 7 .73 . F ou n d : C , 
4 2 .99 ; H , 7 .57.

D ieth yl 2 -A m in om ethoxyeth ylph osph onate (10 ).— T o  an al
coh olic solution  o f m ethoxyam in e [generated b y  treating m ethoxy- 
am ine hydroch loride (5.01 g ; 0 .06  m ol) w ith  a lcoh olic K O H  
(3.65  g , 0 .065  m ol in 25 m l o f  C 2H 3O H ) and filtering off the K C 1], 
d iethyl v in y lph osph onate  (3, 3 .28 g , 0 .02  m ol) w as added , and 
the m ixture was heated at 5 0 -6 0 °  fo r  4 days. A lcoh ol was re
m ov ed  under aspirator vacu u m  and the residue was diluted w ith  
100 m l o f w ater. T h e  aqueous solution  was then extracted  w ith  
H CC13 (3 X  50 m l) and the H CC13 extract was w ashed (H 20 )  and 
dried (M g S 0 4). E vap oration  o f  so lven t gave crude 10, w hich  was
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distilled to  g ive  a single fraction : bp  79° (0 .05  m m ) (2.11 g, 
5 0 % ) ; n 23d 1.4361; ir (film ) 3220 and 3450 (N H ), and 1240 
c m - 1  (P —»-O); nm r (D C C 13) 5 1.32 (O C H 2C H 3), tw o triplets at
1.85 and 2.15 (C H 2 ad jacent to  P —»-O, Jhh =  7 Hz and Jpch =  18 
H z ), tw o triplets at 3 .04  and 3.13 (C H 2 ad jacent to  N H , J HH =  7 
H z and Jpcch =  13 H z ), 3.47 (s, N H O C H 3), and 4 .08  (m , 
J  =  7 H z , O C H 2C H 3).

Anal. C a lcd  for  C 7H 18N O 4P : P , 14.70; N , 6 .63 . F ou n d : P , 
14.61 ; N , 6 .46 .

Registry N o .— 1, 35212-68-1; 6, 1445-84-7; 7,
5324-30-1; 8,6326-73-4; 9,3958-23-4; 10,35212-72-7; 
11, 2658-24-4; tris(dipivalomethanato)europium(III), 
15522-71-1.
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A  study b y  nm r spectroscopy  o f the earbonium  ions form ed in S b F 5 - S 0 2 a t —60° from  p -C H 3O C 6H 4 C R 2C R 2X , 
p -C H 3O C 6H 4C R 2 (C H 2 )3X , and o -C H 3O C 6H 4C H 2C H 2X  was carried ou t where each R  was varied system atica lly  
from  H  to  m ethy l and X  was halogen, m esylate, or O H . E x cep t for p -C H 3O C 6H 4C H 2C H 2X , on ly  ben zylic ion 
form ation  was observed. W here X  le ft from  a prim ary carbon  at —60° anisyl m igration occurred prior to ben 
zy lic ion form ation. W here O H 2+ (or +O H S b F 3” ) leaves from  a secondary carbon, D  or C D 3 labeling established 
that less than 6 0 %  o f the produ ct ion  form ed  cou ld  be derived from  /3-anisyl m igration from  a secondary or tertiary 
origin. I t  was suggested that /3-anisylcarbonium  ions form ed w ith ou t specific solvation  at the earbonium  ion 
center or anisyl participation  p robably  rearrange to  benzylic ions m uch  faster than anisyl m igration occurs. T h e 
activation  energy ( 6  k e a l/m o l) for equilibration  of all a lkyl m ethy l groups in p -C H 3O C 6H 4C M e C M e 3 + was de
term ined. T he o-an isylethyl chloride form s the corresponding oxonium  ion in S b F 5 -S 0 2 rather than an ortho 
anisonium  or benzylic ion. T h ere is no evidence o f anisyl participation  in the form ation  of benzylic ions from  
p -C H 3O C 6H 4 (C H 2)4X  or p -C H 3O C 6H 4C M e 2 (C H 2)3X  in S b F 5 ■ S 0 2 a t -  60°.

Because of our previous success5 in generating and 
studying simple alkoxycarbonium ions in strong acid 
solutions, we became interested in another group of 
alkoxy-stabilized earbonium ions more commonly 
known as anisonium ions, or methoxy-stabilized pheno- 
nium ions, 1 (X  = OCH3). Phenonium ions have been

X X X

fl + ' J o P,.R ;
L + Rh+ f.

/ C R3

R2 R4 
l

r2
2a

^ R4 R2</ ^ R 4
2b

regarded6 by many, though not all, as being inter
mediates in thetnormal solvolysis reactions of /3-aryl- 
alkyl primary and secondary halides, tosylates, etc. 
The well-established5'7 thermodynamic stability of 
alkoxycarbonium ions and ability of the p-anisyl 
group to enhance the solvolysis rates6b '8 even in systems

(1) Department of Chemistry, California State University, San Francisco, 
Calif. 94132.

(2) Supported in part by the National Institute of Mental Health.
(3) (a) Taken in part from the Ph.D. theses of James A. Cook, Jr., and 

James A. Manner, (b) PPG Industries Fellows.
(4) Manuscript originally received by J . A m er . C h em . S o c ., Aug 1970.
(5) B. G. Ramsey and R. W. Taft, J . A m er . C h em . S o c ., 88, 3058 (1966).
(6) (a) H. C. Brown, K. J. Morgan, and F. J. Chloupek, ib id ., 87, 2137

(1965). (b) H. C. Brown and C. J. Kim, ib id ., 90, 2082 (1968), suggested
replacing phenonium ions in most cases by rapidly equilibrating x-bridged 
/3-arylalkyl cations, or more recently ion pairs, (c) H. C. Brown and C. J. 
Kim, ib id ., 93,. 5765 (1971). (d) D. J. Cram, ib id ., 86, 3767 (1964), sum
marizes the evidence for phenonium ions up to 1964. Numerous papers 
have appeared since, (e) C. J. Collins has shown that products observed 
from 3-phenyl-2-butyl tosylate are not inconsistent with rapidly equilibrating 
open earbonium ions: “ Carbonium Ions,”  Vol. I, Wiley, New York, N. Y.,
1968.

(7) H. Meerwein, K. Bodenbenner, P. Borner, F. Kunert, and K. Wunder- 
lid, J u s tu s  L ieb ig s  A n n . C h em ., 632, 38 (1960).

(8) H. C. Brown, R. Bernheimer, C. J. Kim, and S. E. Scheppele,../- A m er .
C h em . S o c ., 89, 370 (1967).

where anchimeric assistance by other /3-aryl groups was 
contended, seemed when this work was initiated to 
make the anisyl system ideal for observing phenonium 
ions directly by spectroscopic means.

Further, it has been demonstrated9 that apparent 
discrepancies between observed product ratios and 
titrimetric rates in /3-arylalkyl solvolysis reactions 
disappear if the reaction rate is treated as a sum of the 
rates of a neighboring aryl-assisted reaction proceeding 
through a phenonium ion intermediate (rate constant 
fcA) and either a solvent-assisted rate (fcs) or alterna
tively“  simply unassisted ionization in secondary 
derivatives as originally proposed by Winstein. The 
observed rate constants then are fcA, corrected by a 
factor (F) for internal return, plus ks, i.e., ktu = F k A +  
ks. The success of this treatment does not neces
sarily mean that fcA leads to a phenonium ion inter
mediate or transition state; a x complex ion (transi
tion state), or ion pair, can yield the same rate expres
sion.

Schleyer10 argues that in the solvolysis of secondary 
alkyl tosylates, etc., participation by solvent in the 
ionization must be very strong and there is no “ leak
age”  or conversion between phenonium ion and the 
solvent-complexed classical ion. This mechanism ac
counts for the much larger rate enhancements by /3-aryl 
groups of solvolysis reactions in trifluoroacetic acid, a 
relatively weak nucleophilic solvent. Extrapolating  
this solvent effect model to S b F s -S O i would lead to the 
expectation that the process characterized by kA ivoulcl be 
the only significant ionization process in  this solvent 
system. Further, in SbF5 ■ S02 we can expect earbonium

(9) (a) M . G. Jones and J. L. Coke, ib id ., 91, 4284 (1969) ; (b) C. J. Lance
lot and P. v. R. Schleyer, ib id ., 91, 4291, 4296 (1969); (c) C. J. Lancelot, 
J. J. Harper, and P. v. R. Schleyer, ib id ., 91, 4294 (1969); (d) A. F. Diaz 
and S. Winstein, ib id ., 91, 4302 (1969), and leading references.

(10) P. v. R. Schleyer and C. J. Lancelot, ib id ., 91, 4297, 4300 (1969).
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ion behavior to more closely approximate that of “ free” 
unsolvated carbonium ions than that found for car
bonium ions, or intimate ion pairs, in more normal 
solvents such as CH3OH, acetic acid, etc.

The choice of /3-anisylalkyl derivatives as carbonium 
ion precursors is also made attractive by the consider
able amount of work previously reported615’8'11 by others 
on the solvolysis reactions of these systems.

We, therefore, examined the ions produced in SbF6- 
S02 in the temperature range —60 to —20° from the /3- 
anisyl precursors 3a-g below, where X  is a suitable 
leaving group such as OH, halogen or mesylate. The 
formation and nmr spectrum of the parent anisonium 
ion12 1 (X  = OCHs, R 1 = R 2 = R 3 = R 4 = H) has 
already been reported and its structure as a static ion 
firmly13 established by 13C nmr. The ionization of 3h 
(X  = Cl) in SbF6-SO*2 at —60° to give the 1-anisyl-l- 
propyl cation has also been published.12 We wish to 
report here the results obtained for the remaining mem
bers of the series 3b-g, and for 4, 5, and 6, since ions 7,

OCH3

R1R2CCR3R4X
3a, R1 = R2 = R3 = R4 = H 
b, R 1 = Me; R2 = R3 = R4 = H 
C, R4 = R2 = Me; R3 = R4 = H
d, R1 = R3 = H; R2 = R4 = Me
e, R1 = R2 = R4 = Me; R3 = H
f, R1  = R2 = H; R3 = R4 = Me
g, R 1 = R2 = R3 = R4 = Me
h, R1 = R2 = R3 = H; R4 = Me

OCH3

nr1 ft r\m̂3

(CH2)4X  (CH3)2C(CHz)3X

4 5

o c h 3

8 9

8, and 9 have been postulated as intermediates14 in the 
solvolysis of derivatives of 4, 5, and 6.

Results and Discussion

Some of the spectra presented here are of ions gen
erated from d-anisylalkyl alcohols. Spectra obtained 
in this way are less clean than those obtained from 
ionization of corresponding halides or benzylic pre
cursors. We have chosen, however, to present the 
spectra exactly as obtained rather than “ cleaning” 
them up in any way by deleting peaks of side products. 
Where there could be any doubt about the presence or 
identity of any benzylic ion, that ion was also generated 
from benzylic halides or alcohols to obtain a better 
spectrum, and a criteria of exact correspondence be

(11) C. J. Kim and H. C. Brown, J . A m e r .  C h em . S o c ., 91, 4289 (1969).
(12) G. A. Olah, E. Namanworth, M. B. Comisarow, and B. Ramsey, 

ib id ., 89, 711 (1967); 89, 5259 (1967).
(13) G. A. Olah and A. M. White, ib id ., 91, 5801 (1969).
(14) (a) S. Winstein, C. R. Lindegren, H. Marshall, and L. L. Ingraham, 

ib id ., 75, 147 (1953).

tween both spectra of the ions firmly established the 
identity of the benzylic ion produced. Chemical shifts, 
given in Table I, are taken from the best spectrum of the

T able I
C ation N mr Chemical Shifts ( S )  and /3-Anisyl P recursors 

Registry no. Cation Precursors in SbF5*S02

OCHa ~4.1s OCH,

X = OH, Cl

CH2CH,X
3a

CH2CH,C1

och3 och3

o
T  II

ch,chch3osch,,
II0

CHjCHCH-,
'ICl

3h

CH.CICH,),

(CH,),CCH30H 
3c at-20°

OCH,

•CH i/CH OH
OH

OCH; -4.4s

„ , /H -7 .5 d

23002-63-3 i O
i r Y  'H —8.8m

+CHCHiCH,CH,_10t (CH,),X 
-8.4m -3.2q -2.8m

OCH,
-4.33 s

-7.42d 

35144-46-8

CHjCCHCHjCHi -°'78t (CHAC(CH2)jC1 
-2.95s * —1.78m

-1.30d

OCHy —4.25 s
„H

35144-47-9

-1.3d

22666-69-9
H —8.9 m

(CHy)2CCHCH;i

OH
3e

(CH;l)XC(CHt)Xl
3g
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Figure 1.'— 'N m r spectrum  o f the reaction  m ixture from  re
acting 2 -(4 -m eth oxyp h en yl)eth an ol; chem ical shifts for  aniso-
n ium  ion generated from  2 -an isy l-l-ch loroeth an e  (------) w ith  SbFs
in S 0 2 at - 7 0 ° .

8 6 4 2
Figure 2 :— N m r spectrum  o f the reaction  m ixture o f 2 -(2 - 

m eth ox yp h en y l)-l-ch loroeth a n e  and S b F 5 in S 0 2. Ion iza tion  
at —70°, spectrum  recorded at — 10°.

ion available. We will now present the results for each 
system individually.

The 2-p-Anisylethyl System (3a).—The formation 
of the p-anisonium ion from 2-p-anisyl-l-chloroethane 
in SbF5-S02 at —70° has already been reported.12 We 
also find, however, that the p-anisonium ion can be 
generated under the same conditions from the alcohol 
(3a, X  = OH) with some minor formation of what ap
pears to be the diprotonated ion12 (Figure 1). This 
result is important with regard to the study of other 
systems such as 2-p-anisyl-2-methylpropanol, where we 
were unable to prepare unrearranged derivatives of the 
alcohol and therefore used the alcohol directly to gen
erate the ions. The “ diprotonated ion”  itself is stable 
at —70° and does not convert at any appreciable rate to 
anisonium ion.

The spectrum of the anisonium ion generated from 
the alcohol (Figure 1) is certainly not as clean as that 
previously reported12 in which the anisonium ion is 
generated from the chloride, but the simple expedient 
of overlaying a clean spectrum of the anisonium ion 
generated from 2-p-anisylethyl chloride over the spec
trum of Figure 1 is sufficient to remove doubts over the 
identity of the anisonium ion. Quenching results 
confirm this conclusion. Figure 1 is provided to enable 
the reader to compare the kind of spectra which may be 
obtained from alcohols with those of the same ion gen
erated from alkyl chlorides and also that reported else
where.12

The 2-(2-Methoxyphenyl)-l-ethyl System (6).—The 
nmr spectrum of the ion generated from 2-(2-methoxy- 
phenyl)-l-chloroethane in SbF5-S02 (Figure 2) is 
stable over the temperature range —70 to —10° and 
is most consistent with the formation of the oxonium ion 
10 (Scheme I). The chemical shift (5 5.1) of the CH30

OCH3>5
L__OCH;1
10

group is in good agreement with that observed for 
other methyloxonium ions such as O-protonated anisyl- 
ethanol (5 5.0). The appearance of two triplets, one

Sch em e  I

of which, at 5 5.9, is at lower field than the CH30  reso
nance, is also in good agreement with the structure as
signed.

The nmr spectra of quenching products of 10 indi
cated the major product to be 2-(2-methoxyphenyl)-l- 
ethyl methyl ether (11); howfever, a 5% yield, based on 
starting material (20% based on recovered neutral 
product), of dihydrobenzofuran (12) wras also obtained. 
The formation of 12 would appear to require ion 10 as a 
logical precursor. The products are presumed to have 
formed in the reactions indicated in Scheme I. Oxonium 
ions are known6 to be excellent alkylating agents.

On the basis of similar solvolysis rates and activation 
parameters, Winstein originally concluded14a that both 
2-(2-methoxyphenyl)- and 2-(p-anisyl)ethyl tosylates 
solvolyze by a similar mechanism involving formation 
of a phenonium ion. No product study was made by 
Winstein in this case. Later, however, Winstein16 
found substantial amounts of furans from the solvolysis 
of 2-(2-methoxyphenyl)-2-methylpropyl tosylate and 
proposed an intermediate oxonium ion analogous to 
cation 10. Probably, therefore, ion 10 does correspond 
to the intermediate in the solvolysis reactions. How
ever, the formation of 10 may also be the result of a 
very lowr activation energy in SbF6-S02 such that 
ground-state geometry is the controlling factor over 
ring or methoxyl participation.

The 2- (p-Anisyl)- 1-propyl System (3b).—Because 
considerable difficulty was met in attempts to prepare 
2-(4-methoxyphenyl)-l-propyl halides from the alcohol 
without rearrangement, the mesylate 13 was ionized 
in SbF6-S02 to give the ion 15, whose nmr spectrum12 
has previously been published. Phenyl followed by 
hydride migration (Scheme II) as the route to ion 15 
rather than methyl migration was established by nmr 
observation of the ion 16 from 2-(4-methoxyphenyl)-$- 
d-propyl methanesulfonate. The aliphatic methyl 
group of 16 appears as a doublet centered at 5 1.34.

The l-(p-anisyl)-7-d-propyl cation 17 was obtained 
from the corresponding carbinol in SbF6-S02. After 
periods at —60° of 20 min and at —40° of 20 min, the 
spectrum gave no sign of extensive exchange of D. 
This rules out ion 17 as a precursor to 16 under the 
conditions of the experiment. After 45 min at —20°, 
however, equilibration between D and CH2 hydrogens

(15) R. Heck, E. Corse, E. Greenwald, and S. Winstein, J . A m e r .  C h em . 
S o c ., 79, 3278 (1957).
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Figure 3.— (A ) N m r spectrum  of th e reaction  m ixture o f 2- 
(4 -m eth oxyph eny l)-2 -m eth ylp ropanol and S bF 5 in S 0 2. Ion iza
tion  a t — 70°. ( B ) A t — 20°.

OCH:i

CH;jCHCH2OMes
13

Sch em e  II

OCH3

c h 3c h c h 2
14

OCHj

HCCH.CH;+
15

o c h 3

HCCHfDfCH,+
16 17

was complete. The ortho protons of 17 remain non
equivalent (AS 0.4 ppm) even at —20°, demonstrating 
significant restriction of anisyl ring rotation about the 
carbonium ion a bond.

The 2- (p-Ani syl) -2-methyl- 1-propyl System (3c). —
Because we were unable to prepare a pure unrearranged 
halide or mesylate derivative, 2-(p-anisyl)-2-methyl- 
1-propanol was allowed to react with SbF6-S02 under 
those conditions previously found to be successful in 
generating the anisonium ion from p-anisylethanol. 
At —70° the expected product of anisyl migration, 
l-(p-anisyl)-2-methyl-l-propyl cation 20, is clearly ob
served by careful comparison of the spectrum of Fig
ure 3a with that of the ion 20 generated from l-(p- 
anisyl)-2-methyl-2-propanol (Figure 4). The major 
species present appears to be the diprotonated alcohol 
18. (It is also possible that OH and OCH3 may be 
complexed with SbFs rather than H+.) When the

Figure 4 .— N m r spectrum  o f the reaction  m ixture o f l - (4 -  
m eth oxyph en yl)-2 -m eth yl-2 -p ropan ol and S b F 5 in S 0 2. Spec
trum  recorded at —40°.

F igure 5.'— N m r spectrum  o f th e reaction  m ixture of 2 -(4 - 
m eth ox yph en y l)-2 -bu tan ol and S b F 5 in S 0 2. Spectrum  re
corded  at —20°.

solution is warmed to —20°, species 18 disappears and 
the principal ion obtained is the 2-p-anisyl-2-butyl 
cation 21, as determined from careful comparison of 
Figure 3b with the nmr spectrum of 2-(p-anisyl)-2- 
butanol (19) in SbF6'S 0 2 (Figure 5). Since an SbF5- 
S02 solution of the l-(p-anisyl)-2-methyl-l-propyl 
cation 20 can be held at —20° for over 1 hr without 
detectable appearance in its nmr spectrum of ion 21, 
the ion 21 must be formed from acid-complexed [OH2+ 
or +0(H)SbF5~] p-methoxyneophyl alcohol directly at 
— 20°, not through rearrangement of ion 20, and by 
methyl rather than anisyl migration. If one assumes 
initial formation at —20° of a very reactive primary 
carbonium ion (or ion pair), there are several possible 
explanations for subsequent preferred methyl over 
anisyl migration. Statistically, methyl migration is 
preferred over anisyl migration. Furthermore, a 
migrating anisyl ring must assume a sterically unfavor
able geometry, because of the adjacent methyl groups 
in which the ring is perpendicular to the plane of the 
incipient phenonium ion three-membered ring. The 
stability of 18 (or analogous SbF6 complex) at —70° 
also suggests deactivation of the anisyl ring toward

H^ + 
OCH3

,H
(CH:i)2CCH20 ^ +

H

o c h 3

c h 3c c h 2c h 3

18 21



3 3 1 4  J. Org. Chem., Vol. 37, No. 21, 1962 R amsey, Cook, and M anner

Figure 6.— N m r spectrum  of the reaction  m ixture of 4 -(4 - 
m eth ox yp h en y l)-l-ch lorob u ta n e  and S b F 6 in S 0 2 at —70°.

F igure 7 .— N m r spectrum  of the 2-p~anisyl-3-m ethy 1-2-pentyl 
cation  in SbFs-SCh at —70°.

neighboring group participation and a resultant de
creased migration aptitude at —20°.

A scheme in which a primary carbonium ion pair at
— 20° is in rapid preequilibrium with the anisyl-feri- 
butyl cation (anisonium ion optional) may be ruled out 
by the absence of the formation of ion 21 from ion
ization of l-(4-methoxyphenyl)-2-methyl-2-propanol, 
which yields ion 20 exclusively.

The 4 -(p-Anisyl)-1 -butyl Halides (4) and 4-(p- 
Anisyl)-4-methyl-l-chloropentane (5).—Since observa
tion of the simple anisonium ion, but not phenonium 
ions, with alkyl substitution of the cyclopropyl ring, 
could be explained by the presence of the strained three- 
membered ring, and because of the ease with which this 
cyclopropyl ring could open to secondary or tertiary 
carbonium ions, it was hoped that ions 7 and 8, where 
one or both of these factors were absent, might be ob
served by nmr.

The 4-(p-anisyl)-l-butyl halides in SbF6-S02 at
— 60°, however, did not give the desired phenonium 
ion 7. The chloride (and bromide only by using 7 molar 
excess of SbF5) could be ionized to the l-(p-anisyl)-l- 
butyl cation 22, whose nmr spectrum (Figure 6) was

22 7 8

confirmed by generating the ion from the corresponding 
benzylic methyl ether in SbF5 -S02. Although the tert- 
butyl cation is easily generated3 even from n-butyl 
iodide, all attempts to generate 22 from 4-anisylbutyl 
iodide (or the alcohol) failed. The anisyl group appears 
to deactivate the n-butyl halide, perhaps by an elec-

tron-withdrawing inductive effect of a benzyl group on 
the initial formation of a protonated cycloprcpyl cation 
intermediate.

The failure to observe ion 7 from the 4-p-anisylbutyl 
halides in SbF5 • S02 does not rule out the intervention 
of ion 7 in the route to 22, but, in view of previous suc
cess with the parent anisonium ion and the expected 
stability of 7, had it been formed, it should have been 
easily detected at —70°. Opening the ion 7 requires 
at best formation of a ir-complexed primary ion, and 
this should require prohibitive activation energy.

These conclusions are greatly strengthened by the 
formation of ion 24 from 4-(p-anisyl)-4-methyl-l- 
chloropentane in SbF5-S02 at —70° (Scheme III).

Scheme III

The spectrum of ion 24 (Figure 7) was also obtained 
from 2-p-anisyl-2-methoxy-3-methylpentane in SbFs- 
S02. There was in the nmr spectrum (Figure 7) no 
evidence of 8, 25, or other ions which would be ex
pected products of anisyl participation in the ionization.

The observed product ion 24 can be arrived at from 
ion 8 only if we postulate either a long series of hydride 
and methyl shifts which must at some time require the 
formation of a primary carbonium ion, or, even less 
likely, the preferential opening of 8 to a primary ion. 
We, therefore, conclude that the formation of ion 24 
took place without participation by the anisyl group.

If we make the reasonable assumption that the 
formation of 24 proceeds through ion 23, whose presence 
was not, however, experimentally observed, the ab
sence of ion 26 becomes significant. The implication is 
that in SbF5-S02 migration of methyl groups from a 
tertiary center to a “ preformed” secondary carbonium 
ion center is much more rapid than anisyl migration.

The 3-(p-Anisyl)-2-butyl System (3d).—The 2-(p- 
anisyl)-2-butyl cation 27 is obtained from ionization

O C R  O C R

Cl 27

3d, X = C1
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of either 3-(p-anisyl)-2-chlorobutane or 2-(p-anisyl)- 
2-butanol (Figure 5). The structure of the ion is 
established by the appearance of a typical ethyl group 
triplet (5 1.3) and quartet (5 3.3), a singlet methyl 
adjacent to a positive charge (8 3.0), and the large down- 
field shift of the ortho and meta ring protons. There 
is no change in the spectrum over the temperature 
range —60 to —20°.

The nmr spectra of 4,4,4-trideuterio-3-(p-anisyl)-2- 
butanol in SbF6-S02 at —60° and after warming to 
— 20° are given in Figures 8A and 8B. At —20° the 
spectrum is unchanged after 1.5 hr. The relative 
amounts of ions 28 and 29 were determined by integra-

OCH3

c h 3c c h 2c d 3

28 29

tion of the singlet at 6 3.05 for CH3C+, and the methyl 
triplet at 6 1.31 for CH2CH3. At —60°, the ratio of 
ion 28 to 29 is greater than 10:1. Thus, at —60° 
neither prior equilibrium with an anisonium ion nor 
rapidly equilibrating /3-anisylcarbonium ion pairs can 
be of significant importance, and hydride ion migra
tion must be about ten times faster than net anisyl 
migration to a carbonium ion center. The resonances 
at 8 1.55-1.SO, 4.75, 4.95, and 7.7 present at —60° dis
appear on warming to —20°, and integration of the 
spectrum (Figure SB) then gives 80% of cation 28 
from net hydrogen migration and 20% of cation 29 
from net anisyl migration.

If the intermediate present at —60° which dis
appears at —20° is assumed to be the acid-complexed 
alcohol 30, where A is H or SbF6, the following assign-

ments can be made: 8 1.55-1.80 (a and c), 4.75 (b),
4.95 (d), and 7.7 (e). These assignments are in good 
agreement with resonances observed for corresponding 
hydrogens of protonated alcohols, 2-(p-anisyl)-2- 
methyl-1-propanol and 2-p-anisylethanol. It is not 
obvious, however, why at —20° ion 30 should give 29, 
whereas the comparable ion 18 did not give the anisyl 
migration product 20 under similar conditions. It may 
be that the primary protonated alcohol 18 is in rapid 
equilibrium at —20° with the SbF5 complex, which in 
turn ionizes at — 20° without the anisyl assistance which 
it required at —60°. The ion 30 (A' = H), on the 
other hand, may ionize with anisyl participation at 
some temperature between —60 and —20°, since it 
yields the more easily formed secondary ion.

Figure 8.— N m r spectra of p -C H 3O C 6H 4C H (C D 3)C H (O H )C H 3 
in SbF s-SO j, A  at —60° and B  at — 20°. Peaks in dicated  b y  a 
are assigned to  the d iox ygen -p roton ated  or com plexed  ion . Peaks 
indicated b y  b  are assigned to  fiD-CH3O C 6H 4C (C D 3)C H iC H 3, 
and th ose indicated b y  c  to  +p -C H 3O C 6H 4C (C H 3)C H 2C D 3.

Chamot and Pirkle16 have reported the nmr spectra 
of what they believe to be the cis and trans isomers of 
ion 31 from l,2-dimethyl-5,7-di-ierf-butylspiro[2.5]- 
octa-4,7-dien-6-one in FS03H at —60°. However, 
in the spectrum16 assigned to 31, the cyclopropyl hydro
gens are more than 1 ppm further downfield than their 
position (8 3.5) in the anisonium ion. In fact, the 
chemical shifts reported for 31 seem quite close to those 
observed17 by us for p-anisylethanol in fluorosulfonic 
or sulfuric acid at —60°, and eventually assigned to a 
species such as 33, with resonances at 8 3.10 (a), 3.90

y  =  + o h 2, o s o 3h , o s o 2f  y  =  + o h 2, o s o 3h , o s o 2f

33 34

(b), 4.71 (c), 7.19 (g), and 7.75 (e,f). An analogous ion 
from the dienone might be an ion such as 34. More
over, since we can find no nmr evidence of ions analo
gous to 32 or 30 from 2-(p-anisyl)-3-chlorobutane in 
SbFs-SO-; at —70°, in spite of repeated attempts, we 
prefer at this time to interpret the nmr of the 3-(p- 
anisyl)-2-butyl alcohols in SbF6-S02 in terms of ions

(16) D. Chamot and W. H. Pirkle, J . A m e r .  C h em . S o c ., 91, 1570 (1969).
(17) B. Ramsey, unpublished results.
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Figure 9.— N m r spectrum  o f the reaction  m ixture o f 2 -(4 - 
m eth ox yph en yl )-2 -m ethy 1-3-butanol and S b F 6 in S 0 2 at — 60°.

27, 28, 29, 30, or 33 rather than an anisonium ion 32, 
in  which case hydride migration is at least ten times faster 
than either net anisyl migration or anisonium  ion forma
tion a t —60°.

Scheme IY is suggested for an ionization in SbF5- 
S02 of 36 which proceeds through intermediates18 38,

S c h e m e  I V

H + CH3 
0

OCH;

Y
c d 3c h c h c h

I
OH

36
60$|—60° 

OCH,

c d 3c h c h c h ;1
38

I
OCH3

C D C C R C H ,

28

-60°

OCH;,

CH3CHCHCD3 
37

29

32, and 35. (A final choice between alternatives a and 
b at —60° awaits a more detailed report of Chamot and 
Pirkle on proposed ion 31.)

(18) Formation of 28 without intervention of 38 requires that an assisted 
ionization of the alcohol with simultaneous migration of the neighboring
groups is more important for the hydride than the anisyl. This is contrary
to previous experience.

F igure 10.— N m r spectrum  o f  p -C H 3O C 6H 4C (C D 3)2C H (O H )C H 3 

in S b F 5-S 0 2 at — 60°.

Rapid equilibration between 37 and 38, clearly 
absent at —60°, can probably also be ruled out at 
— 20° since AS* for anisyl migration is more negative 
than for hydride migration, and an increase in tem
perature should favor benzylic ion formation. Pro
vided that the relative migration aptitudes of anisyl and 
CH3 groups are not reduced by H+ or SbF5 coordination 
to the methoxy group, the absence of an equilibration 
between ions 37 and 38, which is faster than benzylic

(CH3)2CCHCH3 CH3CCH (CHJ,
I +
OH 39
38

ion formation in SbFs-SO-,, suggests that similar rapidly 
equilibrating d-anisyl ions are not important inter
mediates in the solvolysis of 2-anisyl-3-butyl deriva
tives in more normal solvents such as acetic acid, formic 
acid, etc., where benzylic products are not found. It 
may also be significant that the deaminative acetolysis 
of 3-phenyl-2-butylamine (which would not proceed 
through an ion pair intermediate) yields a substantial 
amount of benzylic products,19 whereas solvolysis of the 
tosylate20 does not.

The 3-(p-Anisyl)-3-methyl-2-butyl System (3e).—
Ionization of 3-(p-anisyl)-3-methy 1-2-butanol in SbF6- 
SO2 at —60° gave the ion 39, whose nmr spectrum (Fig
ure 9) is characterized by the doublet of the isopropyl- 
methyl group at 5 1.3 and the large downfield shift of the 
ortho (5 8.6) and meta (S 7.3) ring protons. The spec
trum of the ion shows no change on warming to —20°.

As expected on the basis of relief of steric strain, 
anisyl migration is more important from a tertiary 
carbon than from a secondary carbon. When 4,4,-
4-trideuterio-3-trideuteriomethyl-3- (p-anisyl) -2-butanol 
is ionized at —60° in SbFs-SO?, a mixture of ions 43 
(42%) and 41 (58%) is obtained (based on the integra
tion of the nmr spectrum in Figure 10). After 15 min 
at —20°, the ratio changes to 46:54 and, after 70 min 
reaches a ratio 60:40, which corresponds to K h/K d
1.3.

Ions 41 and 43 do not interconvert at —60° at an 
appreciable rate; therefore they must be formed in 
competing processes (Scheme Va or b). Since opening 
of the anisonium ion to 40, a tertiary ion, should be 
much more rapid than opening to 42, a secondary ion,

(19) D. J. Cram and J. F. McCarty, J .  A m e r .  C h em . S o c ., 79, 2866 (1957).
(20) S. Winstein and R. Baker, ib id ., 86, 2091 (1964).
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Figure 11.'— N m r spectrum  o f 2 -(4 -m eth oxyp h en y l)-2 ,3 -d i- 
m eth y l-3 -bu tan ol in S b F 5-S 0 2 at — 70°.

Sch em e  Y  

OCH,

(CD3)2CCHCH3

42

OCH,

CD.,CCHCH

43

either a common anisonium ion intermediate or migra
tion of the anisyl group concurrent with ionization to 
form 40 should lead to ion 41 as the exclusive product. 
Ion 43 must then arise directly from methyl migration 
to the secondary carbonium ion center of 42. Forma
tion of 41 by way of 42 (Scheme Vb) cannot be ruled 
out, but the apparent absence of similar anisyl migra
tions in ion 23 from the ionization of 4-anisyl-4-methyl-
1- chloropentane, and in ion 38 of Scheme IV, suggest 
that an alternative interpretation such as Scheme Va 
should be found. This alternative is simply based 
on the postulate that in secondary alcohols -OH 2+ 
ionization may take place provided aryl assistance is 
available, but -OSbF5+ ionization proceeds without 
aryl assistance.

The 3-(4-Methoxyphenyl)-2-methyl-2-propyl System
(3f).—The ionization of l-(4-methoxyphenyl)-2-methyl-
2- propanol gave only the anisyl isopropylcarbonium 
ion 45 (Figure 4). It seems safe to assume that the 
reaction below proceeds without anisyl migration. No

CH2C(CH 3)2 CH2C(CH3).2 HCCH(CH;j)2

change in the spectrum was observed between —70 
and —15°.

Figure 12.— N m r spectrum  o f 2 -(4 -m eth oxyp h en y l)-2 ,3 -d i- 
m ethy l-3 -butanol in S b F 5-S 0 2, A  at — 50°, B  at — 20°.

The 3-(4-Methoxyphenyl)-2,3-dimethyl-2-butyl Sys
tem (3g).—The nmr spectrum (Figure 11) of 3-(4- 
methoxyphenyl)-2,3-dimethyl-2-butanol in SbF6-S02 
at —70° is clearly that of the p-anisyl fert-butyl methyl 
carbonium ion 46. Complete scrambling of methyl 
groups is found when the methyl-deuterated analog 
of ion 47 is generated at —70° from l,l,l-trideuterio-2- 
trideuteriomethyl-3-(p-anisyl)-3-methyl-2-butanol. At 
— 50° the broadening of the methyl resonances is 
quite pronounced, and the collapse of the methyl 
resonances is observed at —20° (Figure 12). If the 
exchange process is written according to eq 1, and Pab

OCE,

CH;)CC(CH ()3 CH:jCC(CH s)
+ +1 »'
46  CH:J

(a
4 vT

is the transition probability for the benzylic methyl 
group a, eq 2 may be derived as the relation between 
Pab, Ar (the chemical shift difference between methyl 
a and b and 5 (the methyl a and b limiting chemical 
shift difference) in hertz. The value of 5 was obtained 
as 91 cps at —70°. Chemical shift differences (Ay) 
were obtained at —60° (90 Hz), —50° (88 Hz), and 
-3 0 °  (83 Hz).

An Arrhenius activation energy (Fa = 6.5 kcal/mol) 
was obtained from a plot of log Pab as calculated from 
eq 2 vs. 1/T. The enthalpy and entropy of activation 
are AH *  =  6.1 kcal/mol and AS^ = —12 eu. If the 
rate determined from the collapse temperature, which 
is the least accurate measurement, is omitted, an activa
tion energy of only 5.0 kcal/mol is obtained. (The 
Varian variabie-temperature probe used is reliable 
only to ± 1 ° . In addition there are also temperature 
gradients within the sample tube. This leads to esti
mated errors of as much as ± 3  kcal/mol in 2?a and ±  12

OCH3
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Figure 13.'— L og  k (based on excess line broaden ing) fo r  C H 3 ex
changing o f +p -C H 3O C 6H 4C H (C H 3)C (C H 3)3 v s . 1/T.

eu in AS*, which are probably more realistic than 
standard deviations commonly reported.)

The exchange rate as a function of temperature 
was also obtained by measuring the exchange line 
broadening of the (CH3)3C methyl peak and using the 
line width of the CH30  peak at each temperature to 
approximate the natural line width of (CH3)3C in the 
absence of exchange. As may be seen from Figure 13, 
the results of plotting log k vs. 1/T are reasonably good 
and the calculated Ea (6.0 kcal/mol), A17* (5.6 kcal/ 
mol), and AS* ( — 27 eu) are in agreement with those 
previously calculated from chemical shift differences 
by eq 2, within experimental error.

In view of the zero to slightly positive entropy of ac
tivation found for the rate-determining methide shift 
in equilibration of the ferf-amyl cation methyl groups21 
and also for the rate-determining hydride shift22 in the 
isopropyl cation, we would like to modify an earlier 
conclusion23 and suggest that a negative (—12 to —27 
eu) activation entropy for methyl of equilibration of 
ion 46 is best explained by a transition state leading to 
a phenonium ion; i.e., step 2 of eq 3 may be rate deter
mining.

Brown and Kim6b reported the results of CD3-labeled 
scrambling of the compounds p-RC6H4C(CH3)2C- 
(CD3)2X  (R is H or OCH3) in a variety of reactions 
normally regarded as proceeding by carbonium ion, 
S n I ,  mechanisms. Based on the small rate enhance
ment caused by the anisyl relative to phenyl, and the 
observed 100% CDS scrambling in the reactions of p-

(21) M. Saunders and E. L. Hagen, J . A m e r .  C h em . S o c ., 90, 2436 (1968).
(22) M. Saunders and E. L. Hagen, ib id ., 90, 6881 (1968).
(23) B. G. Ramsey and J. Cook, T etra h ed ron  L e tt ., 535 (1969).

CH3OC6H4C(CH3)2C(CD3)2X  {except dehydration of 
the alcohol over alumina and reaction of the sodium 
alkoxide with bromoform), Brown and Kim concluded 
that carbonium ion reactions of p-CH3OC6H4C(CH3)2- 
C(CH3)2OH derivatives proceeded through rapidly 
equilibrating 3-anisy 1-2,3-dimethy 1-2-butyl cations. 
Benzylic ion products were less than 5%. It is very 
difficult to reconcile Brown’s model with our results, 
since we have concluded (eq 3) that in SbF6-S02 
benzylic ion formation is not only competitive with but 
faster than anisyl migration. The difference may lie 
either in the ability of SbFs to complex the anisyl 
methoxyl group, or, if the equilibrating 2-butyl cations 
are in fact ion pairs in more normal solvents, the ab
sence of the closely associated anion in SbF5-S02 may 
result in faster benzylic ion formation. There is after 
all no a priori reason why relative free energies or rates 
of interconversion of carbonium ion ion pairs (or highly 
solvated ions) should parallel those of the dissociated 
“ nonsolvated” cations expected in SbF5-S02.

The activation energy and entropy determined for 
the equilibration of methyl groups in the p-anisyl 
methyl ierf-butyl carbonium ion has some bearing on 
conclusions reached by Olah, et al.,24a on the identity 
of the carbonium ions present when 49 or 50 are dis-

X

(C tt^C Q C H .,),
I
Cl

49

X

(CH,)CC(CH:,):i
I
Cl
50

X  =  H , C H 3, o r  O C H j

solved in SbF5'S 0 2. Where X  = CH3, the spectrum 
was assigned to equilibrating benzylic (51) and phe
nonium ions (53), for X  = H, to 53, the phenonium 
ion, and to 52 where X  = Cl?3. Considerations out
lined below, however, suggest an alternative interpre
tation of these data for X  = CH3 and H.

The relative free energies of formation, 6AG, for the 
di- and triaryl carbonium ions (p-XC6K 4)3_„C+Hn 
(n =  0, 1) in sulfuric acid have been reported.26 The 
p-methyl and methoxyl ions are about 4 and 10 kcal/ 
mol, respectively, more stable than the unsubstituted 
aryl carbonium ions. The gas-phase relative ioniza
tion potentials26 of the benzyl, p-methyl-, and p-meth- 
oxyl benzyl radicals (0.0, —7, and —18.7 kcal/mol, 
respectively) may be used to estimate an upper limit 
on the ability of these para substituents to stabilize a 
benzylic cation, since electron demands on the sub
stituent would be much smaller in solution.

Clearly, the activation energy (6 kcal/mol) for the 
exchange of methyl groups in ion 46 is very close to that 
expected for the relative difference in energies of the 
p-methyl- and p-methoxy-substituted ions and of the 
same order of magnitude as the unsubstituted phenyl 
methyl tert-butyl carbonium ion. Since the energies

(24) (a) G. Olah, M. B. Comisarow, and C. J. Kim, J . Amer. Chem. S o c .,  
91, 1458 (1969); (b) G. Olah and R. Porter, ib id ., 93, 6877 (1971).

(25) N. C. Deno and A. Schriesheim, ib id ., 77, 3051 (1955).
(26) J. L. Franklin, “ Carbonium Ions,” Vol. 1, Wiley, New York N. Y., 

1968, p 105.
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of the tertiary carbonium ions 52 should be relatively 
insensitive to substituent X , the energies of the benzylic 
ion 51 and tertiary ion 52 may be expected on the basis 
of the above relative energies to be very similar (within 
1 kcal) where X  is CH3 (eq 4) and comparable even

X X X

51 52 53

where X  is H. This may be more easily realized 
graphically from Figure 14, which indicates estimated 
AG substitution and experimental A f o r  exchange 
for the benzylic and alkyl cations. Certainly where X  
is CH8 and possibly where X  is H, the activation en
ergy for the equilibration of ions 51 and 52 or even all 
three ions 51, 52, and 53 may be less than 3 or 4 kcal/ 
mol, and the absence of line broadening in the nmr 
spectra of these systems even at —120° should not be 
regarded243- as conclusive evidence for the presence of 
only a single major species.

Fundamental to Olah's assignment24a of the proton nmr 
spectrum of the parent phenonium ion (X = H) is as
signing a chemical shift of 5 2.3 to methyl groups of phe
nonium ion 53 (X  = H). This may be too far down- 
field in view of the methyl chemical shifts of 5 1.25 ob
tained by Deno27 for ion 54 or even 5 1.9 for ion 31, 
which is itself suspected.

54

If perhaps a more reasonable choice of 8 1.6 is made 
for the chemical shift of methyls e, and if the re
maining methyl chemical shifts are estimated [for 
methyls a, 5 3.2 on the assumption that the benzylic 
methyl chemical shift differences between p-CITCe- 
H4C(CH3)2+ (6 3.45) and p-CH3C6H4CCH3C(CH3)3+ 
(estimated A5 0.2} ppm) should be slightly greater than 
the difference of 0.16 observed24 for the corresponding 
p-CH30  substituted ions because of an expected smaller 
para substituent effect in the ferf-butyl substituted 
benzylic ions, resulting from fe?-f-butyl steric hindrance 
to phenyl ring stabilization of the positive charge [for 
methyls b 8 1.5 from ion 46 (X  = CH30 ) ; the average 
of methyls c and d 5 2.8 from ion 52 (X  = CF3) ]; these 
chemical shifts will satisfy both observed alkyl methyl 
nmr chemical shifts within 0.1 ppm and drowning 
product ratios provided the ratios of the concentrations 
of ions 51, 52, and 53 are taken as 4 :3 :3  where X  is 
methyl or 1:5:4 where X  is H. The 4 :3 :3  ratio of 
ions 51, 52, and 53 (X  = CH3) also satisfactorily pre
dicts the chemical shift of the p-CH3 if the chemical 
shifts are taken as <5 2.8 (51), 2.3 (52), and 2.4-2.5 (53). 
Qualitatively it is easily seen that ring proton chemical 
shifts and the ortho-meta chemical shift differences 
may be accounted for by equilibrating ions 51, 52, and 
53. Chemical shifts of ring protons will be much more 
sensitive to the nature of X  and the amount of ring to 
carbonium ion ir bonding in ion 52; therefore, adequate

(2 7 ) N . C . D e n o , H , G . R ic h e y ,  J r .,  J , S . L iu , D .  L in c o ln , a n d  J . O . T u rn e r ,
J . A m er . C h em . S o c .,  8 7 ,  4 5 3 3  (1 9 6 5 ).

Figure 14.— A  suggested qualitative free energy surface for 
the relative free energies of +p -X C 6H 4C M e C M e 3, +p -X C .3H 4- 
C M e sC M e 2, and p -X -p h en on iu m  ion ; X  =  C H 30  (— — ), C H 3
( .......)i H (-------- ).

models for these protons are not available. Still, the 
above-suggested approximate ratios of ions also predict 
the average ring proton chemical shifts within 0.2 ppm, 
where the average ring ortho and meta hydrogen 
chemical shifts of contributing ions are taken from 
anisonium ion, 51, X  = OCH3, and 52, X  = CF3.

We have not in any w’ay tried to optimize all of the 
parameters, and better agreement could undoubtedly 
be obtained by slightly different equilibrium ion con
centrations, allowing for increased downfield shift in a 
through d in ions 51 and 52 as one proceeds from 
CH30  to CH3 to H, and by recognizing that ratios of 
drowning products may themselves only reflect approxi
mate equilibrium ratios of ions.

If the interpretation of a negative and apparently 
large activation entropy in equilibration of CH3 groups 
in the p-CH30C6H 4C(CH3)C(CH3)3+ ion is correct in 
its conclusion that the highest energy transition state 
is that for step 2, eq 3, anisonium ion 48 must be very 
nearly equal to if not higher in energy than the d-anisyl 
alkyl cation 47, and replacement of CH30  by CH3 or 
H should not lead to a system in which the anisonium 
ion is the most stable ion present.

Figure 14 represents our interpretation of the relative 
free energies of benzylic p-XC6H4CMe2CMe2+ and 
phenonium ions as a function of X . The only systems 
where phenonium ions are firmly established as the only 
major species present in strong acid remain those in which 
the phenonium ion cyclopropyl ring does not possess sub
stituents capable of stablizing positive charge.

In the time interval since the original submission of 
this manuscript in substantially its present content,4 
Olah and cou'orkers24b have published conclusions in 
general agreement with those arrived at here, although 
it is still maintained by Olah and coworkers on the 
basis of 13C nmr that the major species is benzylic ion 
51 when X  is CH3 and phenonium ion 53 wdien X  is H.
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Summary of Conclusions. —The carbonium ions and 
their precursors reported in this paper are summarized 
in Table I with their proton chemical shifts.

There are at least-two acids present in SbF5-S02 
solutions, SbF5 itself and unavoidable small amounts 
of HF, and this tends to complicate the results obtained 
in ionization of alcohols. In terms of the theory of 
hard and soft acids we would expect the OH group to 
lie somewhere between Cl and F in its effectiveness as 
a leaving group when attacked by SbFt(Sb‘<I io) • At
— 60° our results with the primary alcohols agree well 
with the idea that +'p-CII30  C 6 H 4C H (C H 3) C H 2 0  H - 
SbF6~ and +p-CH30C6H4C(CH3)2CH,0 HSbF5-  ion
izations proceed with anisyl participation via phe- 
nonium ions, but that the alkyl OH2+ does not leave 
from a primary carbon at any appreciable rate at — 60°. 
The fl-anisylethanol does not form the anisonium ion 
in FS03H-SbF5, a H + superacid, at —60°.

It is pertinent to this point that we have confirmed3 
that, although n-propyl fluoride gives an isopropyl ion 
in SbF5-S02, the chlorides and bromides do not. Ap
parently, ionization of primary halides other than 
fluoride requires at least some anchimeric assistance, if 
only from neighboring alkyl groups. Products at
— 60° are then determined by competition between 
SbF6-S02 and HF-SbF6 for the alkyl OH group. This 
appears to carry over also to secondary alcohols but 
with a new twist.

Ionization of OH from a secondary carbon when at
tacked by SbF5 seems to proceed by a mechanism in 
which the fi-anisylalkyl cation is formed without as
sistance from the anisyl group, or presumably neigh
boring alkyl, hydride, or solvent. Strong evidence, we 
believe, indicates that at —60° hydride migration is 
at least ten times faster than anisyl migration for the 
ion +p-C H:lO C6H,C H (C Hi) C HCIT, and methyl mi
gration is at least nearly as fast as anisyl migration in 
the ion +p-CH30C6H4C(CH3)2CHCH3 at -6 0 ° .  An 
additional term, fcE, the overall rate constant for eq 5, 
could be introduced into a generalized formulation for 
the observed solvolytic rate as in eq 6. In eq 6 and 
ks represent nucleophilic participation by neighboring 
groups and solvent, respectively, but /ce is a rate con
stant for what is essentially electrophilic substitution 
on X . The (AXR)n is either a transition state or 
intermediate which ionizes without aryl assistance.

slow fast
A" + +  XR — > (AXR)" + —->■ (AX)"-1 +  R + (5)

ftobsd =  F k &  +  k s +  Ice (6 )

The fate of the protonated secondary alcohol ap
parently reflects the increased ease with which a sec
ondary carbonium ion may be formed over a primary 
one, since during the process of warming to —20 from
— 60° disappearance of the protonated alcohol p-CH3- 
OC6H4CH(CH3)CH(CH3)OH2+ is accompanied by the 
appearance of product ions of anisyl group migration 
or anisonium ion formation. Our results seem at least 
consistent with the idea that protonated secondary 
alcohols will ionize in SbF5-S02 at temperatures be
tween — 60 and —20° with anisyl participation. To 
reconcile this with the behavior of p-CH3OC6H4C- 
(CH3)2CH2OH2+ at —20°, we suggest that this ion 
may convert rapidly to the OH • SbF5 complex, which 
at —20° then ionizes without anisyl participation to a 
primary ion or ion pair precursor of 21.

The consequences of the previous arguments are 
apparent in Scheme Y, for example, with the assump
tion that the reaction represented by eq 5 is important 
where A is SbF5 but not where A is HF, HFSb2Fio, etc.

In the ionization of secondary alcohols in SbF5-S02, 
we have observed an unexpected decrease in migratory 
aptitude of anisyl groups toward a carbonium ion 
center relative to CH3 or H migration. The unique 
properties of the SbF6-S02 solvent system offer at 
least two basically different explanations for this result.

First of all, rapid initial coordination of the anisyl 
CH3O group by SbF5 may destroy the ability of the 
anisyl group to provide anchimeric assistance to ioniza
tion, or, even if such assistance is not required, the 
migration aptitude of the anisyl group toward a pre
formed carbonium ion center is reduced to such an ex
tent that CH3 or H migration rates are comparable to 
or greater than that of anisyl. The first step in the 
reaction schemes presented previously would be for
mation of +CH30(A )C 6HsCR2C R 'X  (A is SbF5 or H+), 
and all anisyl alkyl cations such as 23, 38, 40, etc., in 
Schemes III-V  should be written with complexed 
methoxy groups [CH30+ (A )-]. We have some ob
jections to this mechanism, however, in that we have 
recently17 found that prior coordination of CH;iO to 
BF3 in the case of (CH30 )2C6H5CH,CH2X  followed by 
addition of SbF5 produces the o,o-2 ,6-dimethoxyphe- 
nonium ion, not the oxonium ion analog of 10. This 
in turn implies that under the conditions reported here 
the oxonium ion 10 was formed from uncomplexed 0- 
CH30C 6H6CH2CH2C1 precursor in SbF6 S02. It also 
demonstrates that Lewis acid coordination of anisyl 
CH3O group will not necessarily prevent anisonium 
ion formation.

A variation of the above mechanism assumes com
petitive formation of two intermediates, +p-CH30(A )- 
C6HóCR2CH(CH3)OH and either the anisonium ion or 
p-CHsOCfiHr.CILCHCH;)4. The first of these gives 
only products of R  migration, whereas the latter two 
produce products of anisyl migration (or anisonium 
ion formation). This mechanism seems most satis
factory to us for the case of initial formation of aniso
nium ion rather than p-CH30C 6H5CR2G HCH3 4, since 
it more readily accounts for the greater anisyl migra
tion where R 2 is CH3, CH3 than where R> is CH3, H. 
In this case in Scheme V, for example, ion 42 should 
be written with +CH30 (A )-, ion 40 should be left as 
is or replaced with an anisonium ion, and the methoxyls 
of 38 (Scheme IV) and 23 (Scheme III) indicated as 
SbF5 complexed. We are not satisfied with this mech
anism, however, since it requires fortuitiously com
parable rates for SbF5 coordination to CH30  and for 
anisonium ion formation.

At this time we prefer the following alternative ex
planation for our results in the secondary alcohol 
series. Very recently Brown and Kim6c and Ramsey 
and Das,28 have independently suggested that the 
solvolysis of secondary alkylaryl derivatives in solvents 
such as acetic and formic acid proceeded through inti
mate ion pair intermediates. Brown and Kim reached 
this conclusion from a general consideration of solvol
ysis rates and activation parameters; Ramsey and 
Das based their conclusion on correlation of the log
arithm of titrimetric rate constants with aryl group

(28) B. G. Ramsey and N. K. Das, J .  A m e r . C h em . S o c .,  in press.
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ionization potential. We suggest here then that the 
essential difference between the SbFs-SCk solvent sys
tem and acetic acid, formic acid solvent systems, etc., 
is the combined absence of the intimate ion pair in 
SbF5-S0 2 and significant solvent stabilization of the 
cation center. In other words, we suggest that in a 
“ free” poorly solvated /3-arylalkyl carbonium ion 
alkyl or hydride shift to form a benzylic ion may be 
faster than phenonium ion formation or net aryl mi
gration. Some brief speculations as to why this might 
be the case are given below.

In an intimate ion pair (R + ---X S „“ ) the leaving 
group X , which it is reasonable to assume is at least 
partially solvated, should have a greater effect in sta
bilization of the /3-anisylalkyl cation (+AnCR2C R '2- 
XS„) than the benzylic ion (+AnCRCRR'2X Sn), in 
which the positive charge is largely delocalized into 
the anisyl ring. There are steric considerations also, 
for in the free /3-anisyl cation migration of R  to form 
the benzylic ion may take place from either side of the 
plane of the carbonium ion. In the ion pair, however, 
R  migration would be expected only from the more 
restricted geometry in which the migrating R  (H or 
CH3) is coplanar with and on the opposite side of the 
anion of the ion pair. This geometry would also intro
duce significant steric interactions between the anisyl 
group and the partially solvated leaving group X SM~. 
We wrould not, therefore, be surprised to find that con
version of (3-arylalkyl carbonium ion ion pairs to ben
zylic ions (or ion pairs) is slower than the rate of for
mation of benzylic ions from the “ free” alkyl cation. 
Dissociation of intimate ion pairs may be faster in 
SbF5-S02 than other solvents because SbF5 is polymeric 
and an anion transport mechanism similar to that for 
H+ and OH-  ions in water is available. Further, 
since coordination of CH30  by SbFj should reduce not 
only the ease of phenonium ion formation, but also 
benzylic ion formation, relative competitive rates of 
anisyl (or anisonium ion formation) and alkyl or hy
dride migration may be insensitive to whether the 
CH30  group is acid complexed or not in SbF6-S02.

Experimental Section
A ll com pou nds had nm r and in frared spectra  consistent w ith  

the assigned structure. P h ysica l properties agreed w ith  those 
reported in  the literature.

2 -(o -A n isy l)-l-ch lo roe th a n e .— L ith ium  alum inum  hydride re
du ction  o f o-an isylacetic acid  gave the a lcoh ol, w hich  was 
con verted  to  the ch loride in 6 6 %  yield  b y  reaction  w ith  excess 
th ion yl ch loride in pyrid in e. T h e  ch loride was purified b y  
distillation  a t6 7 -6 8 °  (0 .4 m m ), n 28d  1.5321.

Anal. C a lcd  fo r  C 9H „O C l: C , 6 3 .34 ; H , 6 .5 0 . F ou n d ; 
C , 63 .18 ; 11 ,6 .46 .

2 ,3 -D ih yd rob en zofu ra n .— A tm osph eric hydrogen ation  o f  ben- 
zofuran  in ethanol using 5 %  P d  on C gave dih ydrobenzofu ran .

4 -(p -A n isy l)-I -ch lorob u tan e .— R ea ction  o f 4 - (p -an isy l)-1 -bu 
tan ol, ob ta in ed  from  lith ium  a lum inum  h ydride reduction  o f the 
acid , w ith  excess th ion ylch loride in  pyrid in e gave the title  com 
pou nd in 7 6 %  yield  after d istillation , n 27D 1.5215. G as chro
m atograph y on  C arbow ax 2 0 M  in dicated  a pu rity  o f > 9 9 % .

Anal. C a lcd  for C uH i6OC1: C , 66 .48 ; H , 7 .61 . F ou n d : 
C , 66 .63 ; H ,7 .8 0 .

4 -(p-A nisyl ) -l-b ro m o b u ta n e .— T h e  brom ide was ob ta in ed  from  
reaction o f the corresponding a lcohol w ith  th ion yl b rom ide. 
D istillation  at 0 .07  m m  (b p  112°) gave a p rod u ct w hich  was 
7 5 %  brom ide, 1 1 %  ch loride, and 1 2 %  a lcoh ol (b y  gas ch rom a
tog ra p h y).

l-(p -A n isy l )-l-m eth ox ybu tan e .'— T h e  benzylic a lcohol was 
prepared in 9 2 %  yield  b y  adding 4-m eth oxyben za ldeh yde to

n -propylm agnesium  brom ide in  ether. T h e  crude a lcohol was 
treated w ith  a m ixture o f excess sodium  h ydride in dim ethyl 
su lfoxide fo llow ed  b y  add ition  o f  m ethy l iod id e . T h e  reaction  
was h ydrolyzed  b y  cautious add ition  o f w ater, and the m ixture 
was pou red  in to a large volu m e o f w ater and extracted  w ith  
pentane. T h e  pentane solution  w as w ashed w ith  w ater, dried , 
and evaporated  to  g ive  a qu an titative  y ie ld  o f  the crude ether. 
D istillation  at 0 .09  m m  (b p  6 5 ° )  y ie ld ed  the p rod u ct.

Anal. C a lcd  fo r  C i2H I80 2: C , 74 .19 ; H , 9 .34 . F ou n d : 
C , 74 .29 ; H ,9 .3 0 .

4 -(p -A n isy l)-4 -m eth y l-l-ch lorop en ta n e .— T h e G rignard reac
tion  o f m ethylm agnesium  iod id e  w ith  bu tyro la cton e  gave 2-m eth- 
y l-2 ,5 -p entan ed iol in  4 3 %  y ie ld  after d istilla tion , b p  7 4 -7 9 °  
(0 .15  m m ). R ea ction  o f the diol w ith  3 equ iv  o f  anhydrous 
alum inum  chloride and 0 .5  equ iv  o f anisole in C S2 under ty p ica l 
F ried el-C ra fts  conditions gave, after w ork-up and vacu u m  
distillation , the a lcohol 4 -(p -an isy l)-4 -m eth y lp en tan ol, bp  113— 
115° (0 .3  m m ). T h e  a lcohol w as con verted  in  5 0 %  yield  to
4 -(p -a n isy l)-4 -m eth y l-l-ch lorop en ta n e  b y  refluxing in carbon  
tetrach loride w ith  an equim olar am ount o f  triphenylphosphine, 
accord ing to the m ethod  o f L ee and D ow n ie .29 T h e  4- (p-anisyl )-4- 
m ethylpen tyl ch loride was obta in ed  as a 7 0 :3 0  m ixtu re o f  the 
orth o  and para  isom ers b y  distillation  (b p  8 8 -9 4 ° )  at 0 .2  m m . 
A  second  distillation  p rov id ed  a p rod u ct w hose nm r spectrum  
in the region o f S 7 .0  indicated on ly  para  substitu tion .

2 -(p -A n isy l)-2 -m eth oxy -3 -m eth ylp en tan e.— T h e G rignard reac
tion  o f p-anisylm agnesium  brom ide w ith  3-m ethyl-2 -pentanone 
gave 2 -(p -an isy l)-3 -m eth y lp en tan -2 -o l. T h e  crude a lcoh ol was 
allow ed to  react first w ith  a 2 m olar excess o f sodium  hydride in 
d im eth yl su lfoxide fo llow ed  b y  4 equ iv  o f  m ethy l iod id e . H y 
drolysis w ith  w ater fo llow ed  b y  petroleum  ether (b p  3 0 -6 0 ° )  
extraction  and vacu um  distillation  at 0 .2  m m  (b p  8 4 -9 0 ° )  gave 
the title  com pou n d  (8 6 % )  con tam inated  w ith  1 1 %  of 2 -(p -a n isy l)-
3 -m ethyl-2 -pentene (structure based on positive  B r2 and per
m anganate tests for  olefin, absence o f v in y l hydrogens in  nm r, 
and analysis.)

2 -(p -A n isy l)-l-p rop y l M eth a n esu lfon a te .— C rude 2 -(p -a n isy l)- 
p rop ion ic  acid  w as prepared in  1 0 0 %  yie ld  b y  analogy to  the 
m ethod  o f H au ser,30 from  p-an isy lacetic acid , potassium  am ide 
in  liqu id  am m onia , and m ethyl iod ide . L ith ium  alum inum  
h ydride reduction  o f  the acid  gave the p rop an ol, w hich was 
con verted  b y  excess m ethanesulfonyl ch loride in pyrid in e to  2 -(p - 
a n isy l)-l-p rop y l m ethanesulfonate m p  4 8 -4 9 ° .

Anal. C a lcd  for CnH^ChS: C , 5 4 .08 ; H , 6 .60 . F ou n d : 
C , 53 .85 ; H , 6 .52.

2 -(p -A nisyl )-2-d- 1-propyl M eth a n esu lfon a te .— An ether solu
tion  o f the 2 -p -an isy lpropion ic acid  d icarban ion , prepared from  
reaction  o f th e acid  w ith  2 equiv  o f K N H 2 in  liqu id  am m onia , 
w as drow ned in D 20 .  T h e  resultant 2 -deuterated acid  was 
reduced to  the a lcohol w ith  lithium  alum inum  h ydrid e, and the 
title  m esylate was prepared as ab ove  for the nondeuterated 
com p ou n d . O nly  5 5 %  deuteration  w as ach ieved ; how ever, 
th e nm r spectrum  of th e nondeu terated  ion  w as easily subtracted  
from  the spectrum  o f the m ixture in S b F 5- S 0 2.

2 -  (p-A n isy l)-2 -m eth ylpropanol.— T h e  m ethy lation  o f 2 -(p - 
an isy l)p rop ion ic acid  was carried ou t first b y  reaction  w ith  2 
equ iv  o f N a N H 2 in liqu id  am m onia  and then add ition  o f m ethyl 
iod id e . W ork -u p  and recrysta llization  from  hexane gave
2- p -an isy l-2 -m eth ylp rop ion ic acid  (6 7 %  y ie ld ), m p  8 2 -8 3 .5 ° , 
w hich  was reduced to  the desired p ropanol in 9 2 %  yie ld  w ith 
lithium  alum inum  h ydride.

3 -  (p -A n isy l)-2 -ch lorobu tan e .— T reatm en t o f l- (p -a n isy l)-2 - 
propan on e w ith  N a N H 2 in  liqu id  am m onia , fo llow ed  b y  add ition  
o f m ethy l iod ide, gave 2 -(p -an isy l)-3 -bu tan on e  in 6 0 %  yield  after 
d istilla tion , bp  7 2 -7 5 °  (0.1  m m ). A  m ixture o f erythro and threo 
isom ers was obta in ed  after lith ium  alum inum  h ydride reduction  
o f the keton e to  the a lcoh ol, bp  66° (0 .05  m m ). R ea ction  o f
3- p -an isy l-2 -butan ol w ith  th ion yl ch loride in pyrid in e  fo llow ed  
b y  sh ort-pa th  distillation  at 86 ° (0.1  m m ) gave a liqu id , n 19-6D 
1.5273, w hich  was a m ixture o f erythro- and  threo-3-p -an isyl-2 - 
ch lorobutanes.

Anal. C a lcd  for C n H lsO C l: C , 6 6 .45 ; H , 7 .61 . F ou n d : 
6 6 .53 ; H , 7 .60 .

4)4,4-Trideuterio-3-(p-anisyl)-2-butanol.— T h e title  com pound 
was prepared as ab ove  from  l-p -an isy l-2 -p rop an on e , N a N H 2,

(29) J . B . Lee and I . M . Downie, T etra h ed ron , 23 , 359 (1967).
(30) C. R. Hauser and W. J. Chambers, J .  A m e r . C h em . S o c ., 78, 4942 

(1967).
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and C D 3I fo llow ed b y  reduction  o f the m eth y la ted  keton e w ith  
L iA lH 4 to  the a lcoh ol. T h e  nm r spectra  in dicated  greater than  
9 8 %  deuteration  in the desired com p ou n d ; overa ll g lc pu rity  
was 9 5 % .

2- (p -A nisyl )-2 -m ethyl-3 -butanol.— T h e  corresponding ketone 
was prepared b y  successive m ethy lation  o f l-(p -a n isy l)-2 -p ro - 
p an one w ith  m ethy l iod ide and sodium  am ide in liqu id  am m onia . 
L ith ium  alum inum  hydride reduction  o f the keton e gave the 
desired a lcohol in 8 7 %  y ield , bp  83° (0 .03  m m ).

Anal. C a lcd  for C uH jsO i: C , 74 .17 ; H , 9 .34 . F ou n d : 
C , 7 4 .31 ; H , 9 .33.

4 ,4 ,4 -T rideu terio -3 -tridu eteriom eth yl-3 -(p -am sy l)-2 -bu tan ol.—
T h e  title  com pou n d  was prepared as ab ove  for  2 -(p -a n isy l)-2 - 
m eth y l-3 -bu tan ol, using C D 3I in m eth y la tion  o f l-(p -a n isy l)-2 - 
propanon e. W ith in  experim ental error integration  o f nm r spec
tra o f the title  com pou nd  indicated greater than 9 8 %  theoretica l 
deuteration  in  the desired p osition .

1- (p -A n isyl)-2 -m eth yl-2-propanol.— T h e  G rignard reaction  o f 
m ethy l iod id e  and ethyl p -anisylacetate gave the title  com pou nd  
in  9 4 %  y ield .

Anal. C a lcd  for C iiH ,602: C , 73 .30 ; H , 8 .95 . F ou n d : 
C , 72 .59 ; H ,8 .9 4 .

2 -  (p -A n isy l)-2 ,3 -d im eth yl-3 -bu tan ol.— T h e  eth yl ester o f 2 -(p - 
an isy l)-2 -m eth ylprop ion ic acid  was con verted  to  the title  
a lcohol b y  reaction  for 15 hr at room  tem perature w ith  m ethyl- 
m agnesium  iod ide in ether. W ork -u p  fo llow ed  b y  distillation  
(0 .08  m m ) gave the a lcoh ol, bp  8 5 -9 0 ° , in 5 0 %  yield .

Anal. C a lcd  for C i3H 20O 2: C , 74 .96 ; H , 9 .68 . F ou n d : 
C , 75 .10 , H , 9 .66.

l,l,l-T r id eu ter io -2 -tr id u eter iom eth y l-3 -(p -a n isy l)-3 -m eth y l-2 - 
butanol.— T h e  G rignard reaction  o f m ethyl-d3-m agnesium  iod ide 
in  ether w ith  the eth yl ester o f 2 -(p -an isy l)-2 -m eth y lp rop ion ic  
acid gave the desired title a lcohol after w ork-up in  the usual 
fash ion. N m r spectra  indicated greater th an  9 8 %  deuteration  
in the desired p osition .

P reparations o f Ion s.— T h e  ions were prepared b y  adding the 
substrate (0 .02  m ol) drop wise from  a syringe equipped  w ith  a 
25-gauge needle to  a rapid ly  stirred solution  o f distilled S b F 5 
(0 .07  m ol) in excess S 0 2 (5 -7  m l), fo llow ing  the general procedure 
of O lah .31

In  general, a 3 :1  m olar ratio o f S b F 5 to substrate was found 
necessary to  obta in  com plete  ion ization  o f the substrate. T h e  
reactions w ere run under dry  n itrogen .

T h e  nm r spectra was taken on a V arian  A ssociates M od e l

(31) G. A. Olah, et a l., J . A m e r . Chem . S o c ., 86, 1360 (1964).

A -60 spectrom eter equipped w ith  a variab le-tem perature p robe  
and im proved  to  g ive  a signal-to-noise ratio  o f 1 5 :1 . T h e  
spectra  were ob ta in ed  using internal capillary  reference tetra - 
m ethylsilane (T M S ) w hich  was ca librated against tétra m éth y l
am m onium  ion  (ch loride in SbF s-SO i solu tion , 5 2 .95  p p m ). 
C h em ica l shifts are reported as parts per m illion  dow n field  from  
T M S . T h e  ch em ica l shifts for  all ions rep orted  here are co m 
p u ted  in T a b le  I.

Q u en ch in g  o f Ion s .— Q uenching o f the ions was accom plish ed  
b y  pou rin g the ion  solution  in to dry  m ethan ol or m eth an ol and 
sodium  m ethox ide at — 7 0 °. A fter stirring for 1 h r, the m ixtu re 
was evaporated  to  dryness on  a ro tary  eva p orator, an d  the 
residue was taken  up in  w ater and pentane. T h e  aqueous phase 
was extracted  w ith  fresh pentane and the pen tan e solu tion  w as 
dried (M g S 0 4) and evaporated . Iden tification  o f  the p rod u cts  
was b y  g lc analysis, b y  com parison , and b y  retention  tim es and 
peak enhancem ent. Som etim es products w ere also trap ped  as 
th ey  were eluted from  the glc and were identified b y  com parin g  
their in frared or nm r spectra  to  those of authentic m ateria ls.

Q uenched S b F 5-S 0 2 solutions o f 2 -p -an isylethanol y ie ld ed  4 5 %  
2 -(p -a n isy l)-l-m eth ox y eth an e  and 4 1 %  o f  the starting a lcoh ol.

Q uenched solutions of 2 -(o -a n isy l)-l-ch loroeth a n e , a fter 
extraction  o f pentane w ith  aqueous N a 2S 0 3, gave 2 0 %  1,2-d i- 
h ydrobenzofuran  (per cent y ie ld  o f neutral p rod u ct).

T h e  4 -(p -a n isy l)-l-ch lorobu ta n e  S b F 3'S 0 2 solutions a fter 
quench ing gave a crude p rod u ct w hose nm r spectrum  agreed 
w ith  th at o f authentic l- (p -a n isy l)-l-m eth ox y b u ta n e .

Registry No.—2-(o-Anisyl)-l-chloroethane, 35144- 
25-3; 4-(p-anisyl)-l-chlorobutane, 23002-61-1; 4-(p- 
anisyl)-l-bromobutane, 35191-43-6; l-(p-anisyl)-l- 
methoxybutane, 35144-27-5; 4-(p-anisyl)-4-methyl-l- 
chloropentane, 35144-28-6; 4-(o-anisyl)-4-methyl-1-
chloropentane, 35144-29-7; 4-(p-anisyl)-4-methylpen- 
tanol, 26315-95-7 ; 2-(p-anisyl)-2-methoxy-3-methyl- 
pentane, 35144-31-1; 2-(p-anisyl)-l-propyl methanesul- 
fonate, 35144-32-2; 2-(p-anisyl)-3-methylpropionic 
acid, 2955-46-6; 2-(p-anisyl)-3-butanone (erythro), 
35144-34-4; 2-(p-anisyl)-3-butanone (threo), 35144-
35-5; 3-(p-anisyl)-2-chlorobutane (erythro), 26348- 
35-6; 3-(p-anisyl)-2-chlorobutane (threo), 26348-36-7; 
2-(p-anisyl)-2-methyl-3-butanol, 14614-79-0; l-(p-ani- 
syl)-2-methyl-2-propanol, 35144-39-9; 2-(p-anisyl)-2,3- 
dimethyl-3-butanol, 23002-62-2.
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Alkylation of Benzene with Straight-Chain Olefins. IV.
Effect of the Counterion on the Isomerization of Secondary Carbonium Ions

H usni R. A lul* and G ilbert J. M cEwan

D e t e r g e n t  a n d  P h o s p h a t e  R e s e a r c h  a n d  D e v e l o p m e n t  D e p a r t m e n t ,  M o n s a n t o  I n d u s t r i a l  C h e m i c a l s  C o m p a n y ,

S t .  L o u i s ,  M i s s o u r i  6 3 1 6 6

R e c e i v e d  S e p t e m b e r  3 0 ,  1 9 7 1

1-D odecene and irans-6-dodecene alkylate benzene in  the presence o f anhydrous hydrogen  fluoride at 0  and 55° 
to  g ive  different isom er distributions o f phenyldodecanes. L ow er olefins, Ci0 and Cg, behave in  a sim ilar manner, 
bu t 1-hexene and im ns-3-hexene afford sim ilar am ounts o f 2- and 3-phenylhexanes at 0 °. A dd ition  of B F 3 to  H F  
alters the isom er d istribution  significantly and raises the am ount o f the 2 isom er at the expense o f the internal 
ones. A t  35° or h igher a lkylation  in  the presence o f H F -B F 3 is accom panied b y  isom erization  o f the p roducts to  
a certain equilibrium  distribution  that results in the sam e isom er distribution  regardless o f the position  o f the 
double bon d  in the starting olefin. T h is produ ct isom erization  is suppressed at 0 ° and the isom er d istribution  of 
the products depends on the position  o f the double bon d  in the olefin. E xperim ental evidence is presented w hich  
show s that the change in the isom er distribution  due to  the add ition  o f B F 3 at 0 °, i . e . ,  in  the absence o f p rodu ct 
isom erization, is due to  the in trod u ction  o f B F 4-  ions in  the ion  pairs rather than to  the rise in  th e acid ity  o f the 
system .

Alkylation of benzene with a long-chain olefin in the 
presence of strong Friedel-Crafts catalysts such alumi
num chloride affords all the isomeric phenylalkanes ex
cept the 1 isomer.1 2 3 4 5 Friedel-Crafts alkylations have 
long been known to be accompanied by isomerization, 
disproportionation, and transalkylation.2-5 The 
phenylalkanes initially formed undergo extensive isom
erization to a certain equilibrium distribution that is 
different from the isomer distribution obtained in the 
absence of product isomerization. The reaction in the 
presence of product isomerization is thermodynamically 
controlled and the isomer distribution of the product is 
the same regardless of the position of the double bond in 
the starting olefin.6'7 Consequently both 1-dodecene 
and ¿rcms-6-dodecene afford nearly identical isomer 
distributions including about 32% 2-phenyldodecane 
and 31% 5 and 6 isomers. We define this as a distribu
tion ratio of 32:31. Product isomerization which ac
companies the alkylation reaction can be suppressed 
by carrying out the reaction at 0° or by using a weaker 
catalyst such as aluminum chloride-nitromethane. 
Under these conditions the isomer distribution of the 
product is kinetically controlled7 and depends on the 
position of the double bond in the olefin.6 Thus 1- 
dodecene shows a significantly higher distribution ratio, 
44:20, while the internal olefin is very much lower, 
18:53.

Alkylation in the presence of anhydrous hydrogen 
fluoride is not accompanied by product isomerization 
even at 55 ° . It is similar to the reaction wi th aluminum 
chloride at 0° in that terminal and internal olefins af
ford different isomer distributions.8 However, the 
isomer distribution of the product from the reaction 
with HF is significantly different from that with AlCh 
even though both are carried out under conditions 
which do not permit product isomerization. Thus at
0-5° 1-dodecene affords the ratio 18.5:47.7 in the 
presence of HF and 44.0:19.7 in the presence of A1C13.

(1) R. D. Swisher, E. F. Kaelble, and S. K. Liu, J .  O rg . C h em ., 26, 4066 
(1961).

(2) D. A. McCaulay and A. P. Lien, J . A m e r .  C h em . S o c ., 75, 2411 (1953).
(3) D. A. McCaulay in “ Friedel-Crafts and Related Reactions,’ ’ Vol. 

II, G. Olah, Ed., Interscience, New York, N. Y., 1964, p 1049.
(4) H. C. Brown and J. H. Ungk, J .  A m e r .  C h em . S o c ., 78, 2182 (1956).
(5) A. C. Olson,I n d .  E n g . C h em ., 52, 833 (1960).
(6) H. R. Alul, J .  O rg . C h em ., 33, 1522 (1968).
(7) C. D. Nenitzescu, R ev . R o u m . C h im ., 9 , 5 (1964).
(8) H. R. Alul and G. J. McEwan, J . O rg . C h em ., 32, 3365 (1967).

From the point of view of their catalytic activity in 
these reactions the most important differences between 
HF and A1C13-HC1 are (a) the difference in their 
acidity, and (b) the difference in the mobility of F -  and 
AlCh-  ions. The Hammett acidity function, Ho, 
for anhydrous HF is —10.8 and that for A1C13-HC1 
is about —16 which makes the latter a much stronger 
acid. The acidity of hydrogen fluoride, however, can 
be varied over a very wide range (six powers of 10) by 
addition of certain Lewis acids (coacids) such as BF3, 
NbF5, or SbFs which raise the acidity of the solvent by 
setting up the equilibrium9

BF8 +  2HF ^  H2F+ +  BF4-

Since the ionic product of anhydrous hydrofluoric acid 
is only 2 X  10“ 10 and the equilibrium constant for the 
reaction

BF4- ^ = iB F 3 +  F -

is between 5 X 10-3 and 2.5 X 10-7 addition of BF3 
to HF converts fluoride ions into tetrafluoroborate 
ions.10-12 This makes the system HF-BF3 particularly 
useful for this study since both the acidity and the 
counterion, or gegenion, of the ion pair can be varied 
over a wide range and the experimental conditions can 
be controlled such that alkylation occurs in the absence 
of product isomerization.

Results

Alkylation of benzene with 1-dodecene in the presence 
of anhydrous hydrogen fluoride at 0° affords a product 
with a distribution ratio of 18.5:47.7. Addition of 
gaseous BF3 to the reaction mixture results in a sub
stantial rise in the amount of the 2-pbenyldodecane 
and a corresponding decrease in the internal isomers. 
Thus a 5% solution of BF3 in HF at the same tempera
ture raises the distribution ratio to 41.0:26.8. This 
effect appears to be a function of the amount of BF3

(9) M. Stacey, J. C. Tatloiv, and A. G. Sharpe, A d v a n . F lu o r in e  C h em ., 
1, 75 (1960).

(10) M. Kilpatrick and F. E. Luborsky, J . A m e r .  C h em . S o c ., 76, 5865 
(1954).

(11) M. Kilpatrick and F. E. Luborsky, ib id ., 76, 5863 (1954).
(12) E. L. Mackor, A. Hofstra and J. H. van der Waals, T ra n s . F a ra d a y  

S o c ., 64, 66 (1958).
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in HF as can be seen from Table I. The same type of 
effect is also observed with the internal olefin, trans-6-

T able I
Alkylation of Benzene with Olefins in the Presence 

of H F -B F 3 at 0-5°
.--------------------- %------- -------------

% BFs in 5- +
Olefin HF 2-Phenyl 3-Phenyl 4-Phenyl 6-Phenyl

l-D o d e ce n e 0 1 8 .5 15 .5 1 8 .3 4 7 .7
1 .0 2 2 .5 1 3 .7 1 6 .0 4 4 .8
2 .5 3 5 .0 1 9 .4 1 4 .7 3 0 .9
4 .0 3 9 .7 2 9 .3 1 3 .8 2 6 .2
5 .0 4 1 .0

1 0 0 .0 “
1 3 .4 1 3 .8 2 6 .8

b 5 .0 3 3 .5 1 7 .8 1 6 .2 3 2 .5
3 7 .8 “ 2 5 .3 1 7 .4 1 9 .5

c 2 .1  (N a F ) 2 1 .6 1 7 .2 16 .3 4 4 .9
d 6 .3  (K B F 4) 2 2 .5 1 7 .0 1 6 .9 4 3 .6

6 -D od ecen e 0 1 0 .6 1 2 .7 1 7 .9 5 8 .6
5 .0 2 4 .7 1 5 .8 1 5 .9 4 3 .6

1-D ecene 0 2 2 .6 2 1 .8 2 3 .4 3 2 .2
5 4 1 .7 2 2 .1 1 6 .4 1 9 .8

5 -D ecen e 0 1 6 .2 1 9 .3 2 5 .5 3 9 .0
5 .0 2 9 .1 2 9 .7 2 0 .3 2 9 .9

1-O ctene 0 3 2 .1 3 2 .4 3 5 .5
5 .0 4 7 .3 2 3 .3 2 4 .4

4 O ctene 0 2 8 .5 3 2 .4 3 9 .1
0 4 0 .0 2 9 .2 3 0 .8

1-H exene 0 5 7 .3 4 2 .7
5 6 3 .5 3 3 .5

e 0 6 2 .6 3 7 .4
3-H exene 0 5 7 .0 4 3 .0

5 6 1 .0 3 9 .0
e 0 5 9 .8 4 9 .2

“ Analysis o f the added 2-phenyldecane to  detect p rod u ct isom 
erization. b R eaction  was carried ou t at 3 5 -4 0 ° . c Sod ium  
fluoride instead o f B F 3 was used in this experim ent and it am ounts 
to  0.5 M . d Potassium  tetrafluoroborate was used instead of 
B F 3 and it am ounts to  0.5 M. '  R eaction  was carried ou t at 
155°.

dodecene, where addition of 5% BFS raises the distribu
tion ratio from 10.6:58.6 to 24.7:43.6. A sample of 
2-phenyldecane added along with the olefin to detect 
any product isomerization showed no isomerization to 
the internal phenyldecanes indicating the absence of 
any product isomerization as well. At 35°, however, 
the 2-phenyldecane tracer showed extensive isomeriza
tion to the internal isomers and the distribution ratio of 
the product, phenyldodecane, fell to 33.5:32.5, which 
is similar to that obtained with A1C13 ■ HC1 at the same 
temperature.7 Alkylation in the presence of a 0.5 M 
solution of KBF4 in HF raises the 2-phenyl content of 
the product by a small but measurable amount (from 
18.5 to 22.5%) as does also alkylation in the presence of 
KF (Table I).

Alkylation of benzene with Cxo or C8 olefins in the 
presence of anhydrous hydrogen fluoride is similar to 
that with the dodecenes in that the position of the 
double bond is a factor in the isomer distribution of the 
product. Table I shows that the amount of the 2- 
phenylalkane is greater for the terminal olefins than 
for the internal ones. Also addition of BF3 to HF re
sults in a substantial change in the isomer distribution 
of the products from both types of olefins in favor of 
greater formation of the 2-phenylalkane isomer at the 
expense of the internal ones.

Both 1-hexene and ircws-3-hexene alkylate benzene 
in the presence of HF at 0° to afford, within the ex
perimental error, similar amounts of 2- and 3-phenyl- 
hexanes. This indicates that in contrast to the higher 
olefins the position of the double bond is not a factor in 
the isomer distribution of the product. However, at 
55° a slight difference between the two olefins appears 
with the a olefin producing slightly greater amounts of 
the 2 isomer. A similar result was obtained with H F- 
BF3 or recycled aluminum chloride (Table II).

T able II
Alkylation of Benzene with 1- and 3-Hexenes in the 

Presence of R ecycled A1C13“
------------ %----- ---------

Olefin Temp, °C 2-Phenyl 3-Phenyl
1-H exene 5 6 7 .2 3 2 .8
3-H exene 5 6 2 .5 3 7 .5
1-H exene 3 5 -4 0 6 8 .7 3 1 .3
3-H exene 35 -4 0 6 5 .9 3 4 .1

“ R ecy c led  alum inum  chloride was used to  prevent p rod u ct 
isom erization .6

In the presence of HF alone the yields of the mono- 
alkylbenzenes were ~ 90% . Only the hexenes gave a 
small amount (2%) of dialkylbenzene. Addition of 
BF3 resulted in a rise in the amount of dialkylbenzene 
which increased with decreasing chain length and 
amounted to 25% of the yield in the case of the hexenes. 
Under these conditions the yield of phenylhexanes 
dropped to 62%.

Discussion

The generally accepted mechanism for Friedel- 
Crafts alkylations involves interaction of the olefin 
with the catalyst to form a carbonium ion, the corre
sponding ion pair, or a polarized complex. This under
goes rapid isomerization in varying degrees and finally 
attacks benzene in what is considered to be the rate- 
determining step, to form the products.13 In the 
alkylation of benzene with a long-chain olefin such as 1- 
dodecene the alkylation step is too fast to permit the 
intermediate secondary carbonium ions to come to 
equilibrium prior to their attack on benzene.6'8 The 
present data indicate that shortening the alkyl chain to 
Cio or C8 is not sufficient to bring about the equilibrium 
condition among the carbonium ions before the alkyla
tion step of the reaction sequence. Consequently, the 
a olefins 1-decene and 1-octene afford different isomer 
distributions from the corresponding internal ones, 
frans-5-decene and trans-4-octene. With the hexenes, 
however, the secondary carbonium ions apparently do 
come to equilibrium at0° and the isomerization reaction

C - C - C - C - C - C  C - C - C - C - C - C

is, therefore fast compared with the alkylation step 
itself. Consequently both 1-hexene and trans-3-hexene 
afford similar isomer distributions. This condition of 
equilibrium among the hexyl carbonium ions appears to 
be only barely reached since at 55° the two isomeric 
olefins no longer afford the same isomer distribution. 
The difference between them, though small, is real and

(13) S. H. Patinkin and B. S. Friedman in ref 3, Chapter 14, p 3.
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reproducible.14 15 It is also obtained with recycled alumi
num chloride both at 5 and 35° (Table II).

Addition of BF3 to HF at 0° alters the isomer 
distributions of all of the products and results in a sub
stantial rise in the amount of the 2 isomer at the ex
pense of the internal ones. Boron trifluoride increases 
the acidity of the system by shifting the equilibrium 
toward the formation of H2F+. The present data in
dicate that the rise in acidity is not responsible for the 
change in the isomerization across the chain or the 
substantial increase in the 2-phenyl content of the 
product, for, if this were so, then a decrease in acidity 
should be expected to have the opposite effect. Alkali 
metal fluorides behave as bases in HF and are com
pletely ionic.16 A 0.5 M solution of NaF in HF de
creases the Hammett acidity function, Ho, from —10.8 
to —8.6.12 Alkylation of benzene with 1-dodecene in 
the presence of a 0.5 M  NaF in HF resulted in an in
crease in the 2-phenyl content of the product from 18.5 
to 21.6%. Therefore, decreasing the acidity of the 
catalyst did not result in a corresponding decrease in the 
2-phenyl content of the product as would be expected 
had the original change in the isomer distribution been 
due to the increase in the acidity of the system brought 
about by addition of BF3 to HF.

The absence of any effect for the acidity on the 
isomerization of the intermediate carbonium ions was 
also demonstrated for aluminum chloride alkylations. 
It is well known that in A1C13, H2SO4, and other acid- 
catalyzed alkylations, strong bases are produced which 
gradually destroy the catalyst.17'18 Repeated alkyla
tions of benzene with 1-dodecene in the presence of the 
same A1C13 catalyst phase were carried out at 0-5° 
until the catalyst became too weak to bring about com
plete alkylation and large amounts of the a olefin ap
peared in the product (seven alkylations). The isomer 
distributions of all the products from all of these re
actions remained essentially the same with a distribu
tion ratio of 43:20. Since 0.5 M  NaF in HF, which has 
H0 —8.6, is an effective alkylation catalyst the acidity 
of the last recycled AlCb must have fallen below this 
level. Therefore, in this series of experiments the 
acidity was gradually decreased from H0 —16 to below 
— 8.6 without any visible effect on the isomer distribu
tion of the product. The same result was also ob
tained in the presence of NaCl which acts as a base 
toward A1C13.19 Thus alkylation with a catalyst that 
contained a mixture of recycled A1C13 plus NaCl and the 
same recycled catalyst plus fresh A1C1S afforded the

(14) C f. F. Asinger, B. Fell, H. Verbeek, and J. Fernandez-Bustillo, 
E r d ö l  K o h le  C h em ., 11, 786 (1967). These authors report that, in the alkyla
tion of benzene with isomeric ra-heptenes in the presence of HF or H2SO4, 
they obtained the same isomer distribution regardless of the position of the 
double bond in the starting olefin, concentration of the acid, mode of addi
tion of the reactants, or temperature of the reaction. However, they were 
working between 0 and —30°. On the other hand, Kelly and Lee obtained 
results in hydride transfer reactions with 4-methyl-2-pentene and 4-methyl- 
1-pentene which led them to suggest that an appreciable time is required 
for a series of hydride shifts leading to the formation of the ieri-carbonium 
ion structure.16

(15) J .T . Kelly and R. J. Lee, I n d . E n g . C h em ., 47, 757 (1955).
(16) K. Fredenhagen, Z . A n o rg .  C h em ., 242, 23 (1939); K. Fredenhagen 

and G. Cadenbach, Z . P h y s ik ,  C h em ., 146, 245 (1930).
(17) G. A. Olah and M. W. Meyer in “ Friedel-Crafts and Related Re

actions,”  Vol. I, George Olah, Ed., Interscience, New York, N. Y., 1963, 
p 736.

(18) N. C. Deno in “ Progress in “ Physical Organic Chemistry,”  Vol. 2, 
S. G. Cohen, A. Streitwieser, Jr., R. W. Taft, Ed., Interscience, New York,
N . Y., 1964, p 141.

(19) F. H. Blunk and D. R. Carmody,/nd. E n g . C h em ., 40, 2072 (1948).

same isomer distribution in spite of the large difference 
in the acidity of the two catalyst systems.

As was mentioned above, addition of BF3 to HF in
creases the amount of the 2 isomer at the expense of the 
internal ones. This is more readily seen for the a 
olefins where the proton enters the alkylating agent near 
the end of the chain. Thus 1-decene affords the ratio 
22.6:32.2 in the presence of HF and the ratio 41.7:19.8 
in the presence of HF-BF3. In other words, there is a 
tendency for the positive charge of the ion pair to re
main near the end of the chain. This is also true of the 
other olefins and indicates that addition of BF3 slows 
down the isomerization reaction of the intermediate 
carbonium ions relative to their rates of alkylation of 
benzene. This can also be seen from the fact that 1- 
dodecene affords 18.5% 2 isomer in the presence of HF 
and 41.0% in the presence of HF-BF3. The slowing of 
the isomerization across the chain causes the inter
mediate ions to be farther away from the equilibrium 
position in the presence of HF-BF3 than in the presence 
of HF alone.20

Studies on the reaction
B F r ^ F -  +  b f 3

in HF show that the equilibrium is largely toward the 
formation of the tetrafluoroborate ion.u>12 The present 
data is in accord with the suggestion that the slowing 
of the isomerization reaction along the chain of an a 
olefin is due to the replacement of fluoride ions by 
tetrafluoroborate ions. The great mobility of F~ in 
HF solutionis well known and Kilpatrick and Luborsky 
have demonstrated that addition of BF3 to the potas
sium fluoride solution in HF results in a drop in con
ductivity owing to the replacement of solvated fluoride 
ions by the less mobile tetrafluoroborate ions.11'21 
Since the ions exist as ion pairs the negative ion must 
move along with the positive charge as it moves across 
the chain. This is in agreement with the behavior of 
KBF4 which has been shown to be completely ionic in 
HF. As would be expected, however, its effect on the 
isomer distribution is not so large as that of BF3 since 
in the latter case the fluoride ion is replaced by the 
tetrafluoroborate ion while addition of KBF4 leaves the 
concentration of the fluoride ion essentially the same. 
A much larger effect was obtained by alkylation in the 
presence of HF-BF3-K B F 4 where the distribution ratio 
from 1-dodecene rose to 39.0:27.8. Since KBF4 acts as 
a base toward HBF422 it was possible to alkylate with it 
at 55° without interference from product isomerization.

Finally, examination of Table I reveals that addition 
of BF3 results in an increase in the amount of the 2 iso
mer from both types of olefins at the expense of the in
ternal ones. In other words, there is a shift in the dis
tribution of the intermediate carbonium ions toward 
greater formation of the 2 ion. Thus 5-decene affords 
the ratio 16.2:39.0 in the presence of HF and the ratio 
29.1:29.9 in the presence of HF-BF3. This can also

(20) Although the isomer distribution of the phenylalkanes is not ex
pected to correspond exactly to the actual concentration of the intermediate 
carbonium ions owing to differences in the rates of their alkylation of ben
zene, nevertheless, it is reasonable to assume that differences in the isomer 
distributions reflect differences in the concentrations of the intermediate 
ions. When the same isomer distribution is obtained regardless of the posi
tion of the double bond in the chain then the intermediate ions must have 
attained the equilibrium condition.8

(21) M. Kilpatrick and F. E. Luborsky, J .  A m e r .  C h em . S o c .,  75 , 577 
(1953).

(22) H. H. Perkampus, A d o a n . P h y s . O rg . C h em ., 4, 235 (1966).
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be readily explained by the effect of replacing the F~ 
ions by the larger BF4~ ions in the ion pairs. In the 
2-alkyl carbonium ions the positive charge is located 
near the end of the chain which permits more efficient 
solvation by the catalyst and a closer approach by the 
BF4~ ions. As the charge enters the middle of the 
chain, the ion is more efficiently shielded from the BF4~ 
ions by its two alkyl groups. This results in slightly 
greater stability for the 2-alkyl carbonium ions. In 
addition, evidence has previously been obtained which 
suggests that the 2-carbonium ion reacts faster with 
benzene than the internal ones.6 Since the proton 
enters the alkylating agent at the center of the chain, 
which is only two carbon atoms away from the 2 posi
tion, this effect combines with the first one to raise the 
amount of the 2 isomer.

Experimental Section
M ateria ls  and Apparatus.— All o f the 1-alkenes were obtained 

from  the A ldrich  C h em ica l C o . and the internal olefins were o b 
ta ined from  F archan  R esearch  L aboratories, C levelan d , O hio . 
B enzene was dried b y  azeotrop ic d istillation  and anhydrous 
alum inum  chloride was A llied C h em ica l reagent grade. A n
h ydrou s hydrogen  fluoride and gaseous boron  trifluoride were 
ob ta in ed  from  the M ath eson  C o . and used as received . 2- 
P henyldecan e was synthesized from  acetophen one and re-octyl- 
m agnesium  brom ide (G rignard rea ction ). T h e  tertiary  a lcohol 
was deh ydrated  over potassium  bisulfate, and the olefin was 
hydrogen ated  to  the phenyldecane w ith  pallad ium  on  charcoal 
(-5% ). T h e  p rod u ct was a bou t 9 7 %  pure as established b y  glc 
analysis.

T h e  a lkylation  reactions were carried ou t in  a 2-1. stainless 
steel reactor equ ipped  w ith agitator, th erm ocoup le , coolin g coil, 
pressure gage, and various in let p orts for in troducin g  cata lyst and 
olefin, sam pling the reaction  m ixture, ven tin g  the apparatus, and 
w ithdraw ing the products. A ll the in lets were prov ided  w ith  
stainless steel va lves . S trict sa fety  precautions were follow ed to 
avoid  an y  con ta ct w ith  liqu id  or gaseous H F  or B F 3.

G en era l P roced u re  o f A lkylation .— A n hyd rous benzene (3 .9  
m ol) was charged to  the reactor and cooled  to  5 to  7 °  w ith  ice 
w ater circulated through the coolin g co il. A n h yd rou s h ydrogen  
fluoride (4 m o l), cooled to  a bou t —30° w ith  D ry  Ice , was then 
add ed . A ll the va lves were then closed excep t th e ven tin g  v a lv e  
w hich  w as connected  through a T y g o n  tu be  to  a B F 3 lecture 
bottle  w hich  rested on a ba lance. T h e  calcu lated am ou n t o f  B F 3 
was then  in trod u ced , the v a lv e  was closed, and ag itation  was 
started . (F or a lkylations w ith  H F  on ly  the B F 3 step  was 
e lim inated .) W hen  the tem perature reached 0 -5 ° ,  0 .4  m o l o f 
the a olefin in 1 m ol o f  benzene was pu m p ed  in to th e rea ctor  over 
a 10-m in per iod , using a m icrobellow s pu m p (R esearch  A pp liance 
C o .) .  T h e  reaction  m ixture was aged for  10 m in at th e sam e 
tem perature, a fter w hich  tim e it was settled for 1 hr to  allow  
separation  o f the tw o  phases. T h e  ca ta lyst w as then drained 
on to  crushed ice , neutralized, and d iscarded . T h e  a lkylate  layer 
was quenched w ith  ice and m ost o f the benzene w as rem oved  
under suction . T h e  crude alkylbenzene was exam ined b y  glc 
using a V arian  A erograph  M od el 1800 equipped  w ith  an In fo - 
tron ics electron ic in tegrator. T h e  stainless steel colum n w as 150 
ft . X  0.01 in . and was coated  w ith  silicon  O V 7. T h e  crude 
products w ere then distilled and the m aterial boilin g  in th e range 
o f th e arylalkane was collected. In  the presence o f H F  a lone the 
yields were 8 7 -9 1 %  o f the theoretical am ou nt. W ith  H F -B F ; 
th ey  were 62, 70, and 7 7 %  fo r  the C 3, C 3, and C w alkylben zenes, 
respectively . A fter rem oval o f the phenylhexanes, d istillation  
o f th e residue continued and a fraction  boilin g  at 113 -126° (2 
m m ) was collected  (2 5 % ). T h is  is close to  the bo ilin g  p o in t o f  
dod ecy lben zen e .8 Its  ir spectrum  show ed it to  be prim arily  
dia lky lbenzene (12.1 and 12.65 m). T h e  residues from  the a lky la 
tions o f the higher olefins also show ed these band s in dicating 
d ia lky lation  o f benzene as a side rea ction .

T h e  sam e procedu re was follow ed for the a lky la tion  o f  benzene 
w ith  the internal olefins bu t the scale o f the experim ents w as on ly  
half th at o f  the a olefins.

Registry No.—Benzene, 71-43-2; 1-dodecene, 112-
41-4; irans-6-dodecene, 7206-13-5; 1-decene, 872-05- 
9; irans-5-decene, 7433-56-9; 1-octene, 111-66-0; 
trans-4-octene, 14850238; 1-hexene, 592-41-6; trans-3- 
hexene, 13269-52-8.
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T h e synthesis o f d ifluoram ino-substituted alkanols has been accom plished b y  the addition  o f tetrafluoro
hydrazine to alkenols or to  a lkenyl esters fo llow ed  b y  h ydrolysis. T h e  latter m ethod  proved  satisfactory  in giving 
the alkanols in good  yields and purity . I t  was dem onstrated that the alkanols cou ld  be nitrated to  y ie ld  the 
d ifluoram ino-containing n itrate esters.

Bis(difluoramines) containing reactive functional 
groups are of considerable interest and importance in 
the development of NF chemistry. Petry and Free
man2 have reported the most comprehensive study of 
the tetrafluorohydrazine (N2F4) olefin addition reac
tion yielding vicinal bis(difluoramines). Olefins ex
amined were composed of two groups: (a) the simple 
aliphatic olefins and (b) olefins containing various func
tional groups such as halo, alkoxy, acetoxy, carbonyl, 
and aryl. The bis(difluoramines) containing acetoxy, 
alkoxy, and halo substituents were stable, even when at
tached to carbon atoms bonded to difluoramino groups,

(1) This work was carried out under the sponsorship of the U. S. Army 
Missile Command, Redstone Arsenal, Ala., under Contract DA-01-021 
ORD-11909 (Z).

(2) R. C. Petry and J. P. Freeman, J .  O rg . C h em ., 32, 4034 (1967).

while products containing carbonyl, imino, and hy
droxyl groups attached in the a position were prone to 
decompose with loss of hydrogen fluoride or difluor- 
amine.3'4 The study of bis(difluoramines) containing 
various functional groups was expanded to include 
the preparation of a series of bis (difluoramino) alkanols 
and their corresponding nitrate esters.

Bis(difluoramino)alkanols.—The preparation of bis- 
(difluoramino) alkanols was accomplished by the direct 
addition of tetrafluorohydrazine (N2F4) to alkenols, or 
by a more preferred method, the addition of N2F4 to a 
suitable ester derivative of the alkenol followed by 
hydrolysis or methanolysis to give the alcohol adduct.

(3) S. F. Reed, ib id ., 32 , 2893 (1967).
(4) J. P. Freeman, W. H. Graham, and C. O. Parker, J . A m e r . C h em . S o c .,  

90, 121 (1968).



In most instances the addition reactions were conducted 
in inert chlorinated solvents at temperatures of 50- 
100° in both subatmospheric and elevated pressure 
reactors. Adducts were isolated by distillation and 
characterized by their infrared spectra and elemental 
analyses.

The reactions were carried out initially with the 
alkenols, as depicted below for allyl alcohol. Al-

C H 2= C H C H 2O H  +  N 2F 4 — ^  F 2N C H 2C H (N F 2)C H 2O H

though the adducts were obtained in satisfactory 
yields (60-80%), they contained small quantities of 
impurities which were difficult to remove during purifi
cation. The chief impurity in both the crude and 
distilled products was shown by infrared to be. a 
material containing the carbonyl group. Absorption 
in the 1750-1690-cm_1 range indicated a keto or 
aldehyde group.

A plausible explanation for the appearance of the 
carbonyl-containing impurity results from a reaction 
involving the abstraction of hydrogen from the a 
position of the alcohol by the difluoramino radical. A 
variety of radicals are known5 to abstract hydrogen from

R C H 2O H  +  N F 2 — R C H O H  +  H N F 2

alcohols in a similar manner. The nature of the R 
group, whether alkenyl or bis (difluoramino) alkyl, would 
be of little importance in this hydrogen abstraction 
reaction. Subsequent coupling of the a-hydroxylallcyl 
radical with the difluoramino radical would give the a- 
(difluoramino)alkanol which, at the reaction tempera
tures, would probably decompose readily with loss of 
difluoramine and formation of an aldehyde.4

R C H O H  +  N F 2 — =► R C H (N F 2)O H  

R C H (N F 2)O H  — >■ R C H O  +  H N F 2

Difluoramine was, in fact, observed as a component 
of the excess gas fraction from these reactions. It 
accounted for 6-16% of the excess condensable gas 
fraction, which indicated conversions of N2F4 to difluor
amine of approximately 1%, although in isolated 
instances conversions as high as 3% were noted. The 
vpc analyses showed 1-5% of impurities in the crude 
alcohol adducts and usually less than 1% in the dis
tilled products. Unfortunately, the distilled samples 
of the adducts from the allylic alcohols continued to 
slowly decompose over a period of days with notable 
discoloration. This behavior of the adducts is at
tributed to the unstable nature of the carbonyl-con
taining impurity. Decomposition of the impurity with 
loss of hydrogen fluoride, followed by further acid- 
catalyzed decomposition, is thought to account for 
the observations noted.

F 2N C H 2C H (N F 2)C H O  — F 2N C H 2C (= N F )C H O

The simple aliphatic alkenols usually were con
verted to their adducts in good yields, but several 
other types of unsaturated alcohols did not give the 
desired adducts. Furfuryl alcohol underwent polym
erization prior to the addition of a significant quantity 
of N2F4, and 2-butene-l,4-diol reacted with N2F4 
mainly by hydrogen abstraction to give a mixture of 
difluoramines and carbonyl-containing products which

(5) R. S. Davidson, Q uart. R ev ., C h em . S o c ., 2 1 ,  249 (1967), and references
cited therein.
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were not examined in detail. When divinyl car bind 
was treated with N2F4, a bis (difluoramine) containing a 
considerable amount of impurities was obtained in 
moderate yield (40-55%), along with a high boiling 
viscous residue which remained after distillation of the 
bis (difluoramine). The structure of the bis (difluor
amine) was never ascertained because of difficulty in 
removing impurities, and the high-impact sensitive 
residue was not characterized, although it probably 
contained some of the desired tetrakis(difluoramine).

To eliminate the difficulties encountered in obtaining 
bis (difluoramino) alkanols directly from the alkenols, 
the latter were first converted to suitable ester deriva
tives, the adduct of the ester was prepared, and the 
alcohol adducts were generated from the ester adducts 
via hydrolysis or methanolysis reactions. These studies 
have demonstrated that conversion of the alkenols to 
their formate or trifluoroacetate derivatives followed by 
the sequence of reactions shown below is a general 
method for the synthesis of bis (difluoramino) alkanols. 
The trifluoroacetates and formates were selected as 
protective groups because of their ease of preparation 
and subsequent hydrolysis or methanolysis.

C H 2= C H C H 20 C ( = 0 ) R  +  N 2F , — >

F 2N C H 2C H (N F 2)C H 20 C ( = 0 ) R  
R  =  H  or C F 3

hydrolysis or
F 2N C H 2C H (N F 2)C H 20 C ( = 0 ) R ---------------->■

methanolysis
F 2N C H 2C H (N F 2)C H 2O H  +  R C ( = 0 ) O H  

or R C ( = 0 ) O C H 3

Alkenyl trifluoroacetates were prepared by treating 
the appropriate alkenols with trifluoroacetic anhydride 
in the presence of triethylamine or pyridine.6 A 
reaction of formic acid with the alcohol in refluxing 
benzene with azeotropic removal of water gave the 
formates in yields of 55-70%. Adducts of the esters 
were prepared by heating the neat esters with N2F4 at
80-100° in stainless steel cylinders or in solution under 
pressure. Characterization data for the ester adducts 
are presented in Table I. The infrared spectra showed 
a strong carbonyl absorption near 1785 cm-1 (trifluoro
acetates) and 1722 cm-1 (formates), and NF absorp
tion at 800-1000 cm-1. The presence of by-products 
arising via hydrogen abstraction reactions was not 
detected in any instance.

In addition to the simple alkenyl esters employed in 
this study, other esters examined were those prepared 
from the dienols: divinyl carbinol, 2,4-pentadien-l-ol, 
and 2,5-hexadien-l-ol. When divinyl carbinol, as its 
trifluoroacetate, was treated with N2F4 under normal 
reaction conditions, the monoadduct, 3-[l,2-bis(di- 
fluoramino)-4-pentenyl] trifluoroacetate, was the major 
product. Attempts to conduct the reaction under 
more vigorous conditions led to decomposition of the 
mixture. The alternate route via the formate ester was 
not possible because of the rearrangement of the ester 
to 2,4-pentadienyl formate in the preparative reaction. 
It was later found that, when divinylcarbinyl acetate 
was treated with N2F4, the reaction could be controlled 
to give either 3-[l,2-bis(difluoramino)-4-pentenyl] ace
tate or 3-[1,2 4,5-tetrakis(difluoramino)pentyl] acetate 
as the major products. No suitable techniques were

(6) R. S. Yost and R. D. Shoults, U. S. Patent 3,023,238 (1964).
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T a b l e  I
A l k e n y l  T e if l u o r o a c e t a t e  an d  F o rm a t e  A d du cts  w it h  N 2F 4

Adduct of Registry no. Yield, % Bp, °C (mm) 7Z20D
C F 3C ( = 0 ) 0 C H = C H 2 24414-89-9 67 4 1 -4 2  (20) 1 .3195
CFsC ( = 0  )O C H 2C H = C H 2 16531-90-1 83 58 (16) 1 .3540
C F 3C  ( = 0  )O C H 2C (CHa ) = C H 2 35209-93-9 59 52 (8) 1 .3578
CFsC  ( = 0  )O C H 2C (C H 2C H 3 ) = C H 2 35209-94-0 74 74 (2) 1 .3613
C F 3C ( = 0  ) 0  (C H 2)4C H = C H 2 35209-95-1 67 69 (0 .3 ) 1 .3762
C F 3C  ( = 0  )O C H 2C H = C H C H 3 35209-96-2 44 55 (2 .5 ) 1 .3612
C F 3C  ( = 0  )O C H  (C H = C H 2)2“ 35209-97-3 67 70 -7 1  (2)
H C ( = 0 ) O C H = C H 2 30947-80-9 61 4 0 -4 2  (24)
H C ( = 0 ) 0 C H 2C H = C H 2 21416-97-7 80 36 (1 .7 ) 1 .3 8 5 2
H C  ( = 0  )O C H 2C H = C H C H = C H 2 6 35210-00-5 ' 41 8 0 -8 2  (0 .8 )

35210-01-6'*
H C  ( = 0  )O C H 2C H = C H C H 2C H = C H 2 4 35210-02-7» 70 8 8 -8 9  (0 .6 )

35210-03-87
« B is(difluoram ine). 6 M ixture o f bis(difluoram ines). » 3 -P enteny l adduct. d 2 -P entenyl adduct. » 2 -H exenyl adduct. !  T

kis adduct.

found for the hydrolysis of either acetate ester adduct T a b l e  I I

to the alcohol. D if lu o r a m in o a l k a n o l s

The reaction of N2F4 with 2,4-pentadienyl formate 
gave only a mixture of bis (difiuoramino) alkenyl for
mates arising from the addition of 1 mol of N2F4 to the 
conjugated double bond system of the ester through 
either 1,2 or 1,4 addition. Further addition of a
C H 2= C H C H = C H C H 2O O C H  +  N 2F 4 — >

F 2N C H 2C H = C H C H (N F 2)C H 2O O C H  +
F 2N C H 2C H  (N F 2 )C H = C H C H 2O O C H

second mole of N2F4 was not realized under the experi
mental conditions.7 In contrast, when 2,5-hexadienyl 
formate was treated with N2F4, both the 5,6-bis(di- 
fluoramino)-2-hexenyl formate and the 2,3,5,6-tetrakis- 
(difluoramino)hexyl formate could be obtained as major 
products by controlling the experimental conditions. 
These, two reactions demonstrate the difference in 
relative ease of N2F4 addition to nonconjugated dienes 
over the conjugated dienes. The difficulty in ob
taining completely saturated products from the conju
gated dienes has been attributed to the reversible 
nature of the reaction.2

It is important also to point out that isolation and 
purification of the mixed adducts obtained from the 
N2F4-diene reactions were extremely difficult because 
of their similarity of properties (bis adducts) and the 
unusual high boiling points and ultrasensitivity of the 
tetrakis adducts. While totally pure individual ad
ducts were not realized in these instances, all the 
analytical evidence available, including vpc data, is 
indicative of the presence of the designated products.

Treatment of the ester adducts with anhydrous 
methanol at 50 to 70° with or without an acid catalyst 
such as p-toluenesulfonic acid or Amberlyst 158 gave the 
alcohol adducts in 70-90% yield after distillation. 
Catalysts were beneficial in increasing the rate of 
methanolysis of the esters. The alcohols (Table II) 
were shown to be of high purity by vpc analyses and 
displayed no tendency to decompose on storage. 
Characteristic absorption bands at 3400-3500 cm-1 
and 800-1000 cm-1 were noted in their infrared spec
tra.

(7) In reactions conducted at temperatures of 150-200° and pressures 
exceeding 300 psi, the tetrakis(difluoramino)pentyl formate was obtained 
in excellent yield. Studies conducted by Dr. K. E. Johnson of Rohm and 
Haas Co., Redstone Research Laboratories, Huntsville, Ala.

(8) Ion exchange resin, trademark of the Rohm and Haas Co., Philadel
phia, Pa.

Bp, °C (mm) n20D

1o

42 (18) 1 .3948

44 (3 ) 1 .3967

00 (1 ) 1 .3952

58 (1) 1 .3990

Registry Yield,
Alkanol no. %

1.2- B is(d ifluoram ino)- 13084-47-4 87
ethanol

2 .3 - B is (d ifluoram ino)- 16531-91-2 89 44 (3 )
propanol

2 -M eth y  1-2,3-bis (d i- 21678-71-7 73 43 (1 )
fluoram ino )propanol

2.3- B is (d ifiuoram ino)- 24403-11-0 78 58 (1)
butanol

l,2 -B is(d iflu ora m in o)- 24403-12-1 90 8 5 -8 7  (1 )
pen tan -3 -ol

5 ,6 -B is(d iflu oram in o)- 24403-13-2 79
h ex a n -l-o l“

1 .2 .4.5- T etrak is(d i- 21828-55-7 65
fluoram ino )pentan-
3-ol«

4 .5 - B is(d ifluoram ino)- 35210-11-8
2- pen  te n -l-o l“ 'l>

2.4- B is(d ifluoram ino)- 35210-12-9 77
3- p en ten -l-o l

2 ,3 ,5 ,6 -T etrak is(d i- 35210-13-0 69
fluoram ino )hexan-
l-ol“

2-D iflu oram in o-2 -d i- 35210-14-1 71
fluoram inom eth yl- 
p rop a n e-l,3 -d io l°
« D ecom posed  on attem pted distillation . 4 A  m ixture o f  bis 

adducts.

An alternate method of effecting the generation of 
the alcohol adducts was to hydrolyze the esters in a 
mixture of methanol and dilute (5%) mineral acid (HC1 
or H2S 04) . In most instances the hydrolysis reactions 
were satisfactory, giving slightly lower yields than the 
methanolysis reactions; however, some decomposition 
of the adducts occurred in isolated instances, as evi
denced by low fluorine and high nitrogen analyses of 
the alcohols. It was further shown that the use of 
concentrated hydrochloric acid-methanol mixtures re
sulted in hydrolysis and partial conversion of the 
alcohols to the corresponding chlorides, as evidenced 
by the unusually high chlorine content (7-9% ) of the 
hydrolysis products. This side reaction was not ap
parent when dilute acid was used. These factors, 
along with the usually lower yields of the alcohol ad
ducts (50-85%) obtained from the acid hydrolysis,
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T a b l e  I I I

B i s (d if l u o r a m in o )a l k y l  N it r a t e s

Nitrate Registry no. Yield. % Bp, °C (mm) n20D
F 2N C H 2C H (N F 2)C H 20 N 0 2 18804-80-3 85 .5 45-46 (2) 1.3996
F 2N C H 2C (C H 3)(N F 2)C H 20 N 0 2 35210-16-3 97 40-41 (1) 1.4055
F 2N C H 2C (C H 20 N 0 2 ) (N F 2 )C H 2O N O s 35210-17-4 96 .5 1.4380
F 2N C H 2C H (N F 2)0 C H 2C H (0 N 0 2)C H 20 N 0 2 35210-18-5 98.7 1.4303

made the methanolysis technique the preferred method 
for generating the alcohol adducts.

Another example of employing protective groups in 
the alkenol-N2F4 reactions was demonstrated with the 
use of acetals. Treatment of 2-methyl-4-vinyloxy- 
methyl-l,3-dioxolane with N2F4 gave 2-methyl-4-[l,2- 
bis(difluoramino)ethoxymethyl]-l,3-dioxolane in ex
cellent yields (85-90%). Hydrolysis of this adduct 
in methanol-5% HC1 gave 3-[l,2-bis(difluoroamino)- 
ethoxy]-l,2-propanediol (86%).

C H ,= C H O C H 2CH— CH2
I H I +  . ¡v p , — ».
O^I^O 24

I
CH;1 CHJOH,

F 2NCH,CH(NF 2 )OCH 2CH— CH 2  5% h c i
I H I -------------- ►
0 ^ % 0

I
ch3

f 2n c h 2c h (n f 2)o c h 2c h (o h )c h 2o h

Similarly, when methyl divinylcarbinylformal was 
treated with N2F4, the products isolated were methyl 3- 
[l,2-bis(difluoramino)-4-pentenyl]formal and methyl 3- 
[l,2,4,5-tetrakis(difluoramino)pentyl]formal. Both ad
ducts were readily hydrolyzed to the corresponding 
alcohols with a mixture of methanol-5% HCI at room 
temperature.

Bis (difluoramino) alkyl Nitrates. —Reactions of nitrate 
esters of alkenols with N2F4 were not considered a 
promising route to the mixed NF nitrates because of 
several factors. The thermal instability imposed by 
the nitrate group precludes any attempt to form the 
adduct in many instances. In others, unless reactions 
go essentially to completion and by-product formation 
is minimal, the purification of the product is difficult and 
often hazardous, since these type compounds possess 
high thermal and impact sensitivities. Only in isolated 
instances was even partial success realized in forming 
the adduct of unsaturated nitrates. When ethyl (a- 
nitratomethyl)acrylate was treated with N2F4 under 
relatively mild conditions, a crude product was ob
tained whose composition approximated that of the 
expected adduct. Attempts to distil the crude mix
ture resulted in decomposition. A similar reaction of

c h 2o n o 2 c h 2o n o 2
I I

C H 2= C C 0 2E t +  N 2F , — >  F 2N C H 2C (N F 2 ) C 0 2E t

petrin methacrylate (methacrylate of pentaerythritol 
trinitrate) and N2F4 gave the adduct which analyzed 
satisfactorily. Presumably the ease of addition of N2F4 
to the acrylate ester permitted mild conditions to be 
employed and eliminated many of the potential side 
reactions which occur in operating at the higher tem
peratures necessary for many olefin-N2F4 reactions.

The method of choice for preparing mixed NF2-0 N 0 2 
substituted compounds was to first prepare the NF2- 
containing alcohols and then nitrate by suitable 
means. It has been demonstrated that this prepara
tive procedure is successful in giving the desired mixed 
products in excellent yields and purity. The nitrate 
esters of bis (difluoramino) alkanols were prepared con
veniently by a mixed acid nitration procedure. Nitra
tion was carried out in methylene chloride at tempera
tures of 15-45° employing an excess of a 2:1 H N 03-  
H2S04 mixture.

The diols were treated in the same manner as the 
simple alcohols, except that the reaction time was 
extended by approximately one-half hour in the case 
of the diols. Although the products were isolated in a

CHiCL
F 2N C H 2C H (N F 2)C H 2O H  +  h n o 3- h 2s o 4 -------->

F 2N C H 2C H  (N F 2) c h 2o n o 2

crude state, they were usually pure, as shown by satis
factory elemental analyses and infrared spectra. Their 
spectra were characterized by strong NF absorption 
at 800 to 1000 cm-1 and 0 N 0 2 absorption near 1160 
and 1265 cm-1. 1,2-Bis (difluoramino) ethyl nitrate,
which decomposed prior to analysis, was the only 
unstable product. This is not surprising in view of the 
observations discussed earlier in this paper. Ac
cordingly, the nitrate group may be classed with car
bonyl, imino, and hydroxyl groups as a substituents in 
difluoramines which lead to unstable products (Table
HD-

This study has demonstrated that bis(difluoramino)- 
alkanols can be prepared in high yields and of good 
purity employing easily hydrolyzable esters. While 
alkenols can be reacted directly with N2F4 to give the 
adducts, it was shown that in these reactions hydrogen 
abstraction takes place to a limited extent, yielding 
small quantities of by-products not easily removed 
from the desired alkanols. Formation of mixed NF2-  
ON 02 substituted compounds was accomplished by a 
general nitration procedure. a-Nitrato-substituted di
fluoramines were found to be unstable.

Experimental Section9
T h e  alkenols em ployed  in this w ork  were purchased from  

com m ercia l sources and used as received  except for d iv in yl 
carb in ol, w hich  was prepared b y  the m eth od  o f R a m sd en .10 
T etra fluorohydrazine o f greater than 9 5 %  pu rity  and contain ing 
volatile  C F  com pou nds as im purities was used fo r  all addition  
reactions. In frared spectra were obta in ed  on a Perkin-E lm er 
In fracord  spectroph otom eter using a sodium  ch loride prism . 
19F  nm r spectra were ob ta in ed  w ith  a V arian  A ssociates M od el
V -3000-B  h igh-resolution  spectrom eter w ith  a 40 M e  probe, 
w ith  trifluoroacetic acid  as an internal stan dard . A ll gas chro
m atographic w ork  was carried ou t on an A erograph  Instrum ent

(9) Ali boiling points are uncorrected.
(10) H. E. Ramsden, J. R. Leebrick, S. D. Rosenberg, E. H. Miller, J. J. 

Walburn, A. E. Baient, andR. Cserr,/. O rg. C h e n ., 22,1602 (1957).
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M od el A -100 -C  using a 5 '-d in on y l phthalate on  C h rom osorb  
colum n at 50 to  100°, unless otherw ise n oted .

T h e  nature o f the reaction  o f tetrafluorohydrazine w ith  organic 
substrates im plies th at caution  be exercised in the experim ental 
w ork. I t  is essential that oxygen  be rigorously  excluded from  
all reaction  m ixtures to  prevent explosions. T h e  experim ental 
w ork  was con du cted  in rem ote areas, using rem ote-controlled  
equipm ent insofar as possible as a sa fety  precaution  to  m inim ize 
personnel exposure. In  add ition , care in handling o f  products 
reported , particu larly  the m ixed N F 2- 0 N 0 2 substitu ted com 
pounds, is necessary since they are im pact sensitive in m ost 
instances.

In  m an y reactions final purification o f several products was 
n ot a ttem p ted . Since m ost o f these m aterials analyzed satis
factorily  as obta in ed  frdm  the reactions so th at characterization  
was n o t in d ou b t, their final purification  was n ot considered 
necessary. T h e  m ain concern  w ith  these h igh ly  therm al and 
im pact-sensitive m aterials was the hazardous nature o f  the 
purification  operation , w hich  required the distillation  o f a high 
boiling liqu id .

A llyl A lco h o l-N 2F (.— T o  a 100-m l rou n d -b ottom ed  flask fitted  
w ith  a m agnetic stirrer was in troduced  11.6 g (0 .2  m ol) o f  allyl 
a lcohol and 25 m l o f carbon  tetrach loride. T h e  flask w as con 
nected  to  a glass m an ifo ld  system  contain ing a 2-1. expansion 
bu lb , and the tota l system  was deaerated b y  passing through three 
freeze-th aw  cycles w hile under vacu u m . T etra fluoroh ydrazine 
(15 .0  g , 144 m m ol) was charged in to the system  and the m ixture 
was h eated to  90° for  a period  o f 4 .3  hr. A nalysis o f the residual 
condensable gas fraction  b y  mass sp ectroscopy  show ed th at 8 .68 g 
(83 m m ol) o f N 2F 4 has reacted. A lso present in the condensable 
gas fraction  was difluoram ine (0.18 g , 3 m m ol). A fter  rem oval 
o f the condensable gases and the in troduction  o f  air, the flask 
contain ing the m ixture was placed on a ro ta tory  evaporator to 
rem ove the solven t and unreacted a lcoh ol. T h e  crude residue 
was analyzed b y  its infrared spectrum : 3450 (s ), 1718 (w ), and 
800-1000  (s) c m -1 . Gas chrom atograph y show ed the presence 
o f one significant im purity  (2 % ) , a long w ith  several m inor ones. 
D istillation  o f  the crude m aterial gave a w ater-clear distillate 
[bp 4 7 -4 8 °  (4 m m ), nmD 1.3993] in the am ou n t o f  20 .2  g  (8 1 % ). 
Infrared analysis show ed a pronounced  decrease in the carbon yl 
absorption . A  second  v p c  analysis show ed a significant de 
crease in the im purities. On standing overn igh t a slight dis
coloration  was n oted  in the sam ple. T h is d iscoloration  in
creased over a period of several days, a long w ith  som e etch in g of 
the glass container. R edistillation  o f the sam ple effected an 
im provem ent in the stab ility  o f  the p rod u ct; how ever, over a 
period o f  several days, the discoloration  w as again n oted .

Anal. C a lcd  for C 3H 6F 4N 20 :  C , 22 .22 ; H , 3 .70 ; F , 46 .91 ; 
N , 17.58. F ou n d : C , 22 .49 ; H , 3 .95, F , 46 .72 ; N , 17.51.

A llyl T r iflu oroa ceta te -N jF ,.— T h e preparation  o f 2 ,3 -b is- 
(d ifluoram ino)propyl Trifluoroacetate is ty p ica l o f the N 2F 4 
addition  reactions o f the neat alkenyl esters. T o  a 1-1. stainless 
steel evacu ated  reactor fitted  w ith  pressure gage, v a lv e , and a ball 
jo in t for a ttachm ent to a vacu u m  line was charged 7 .7  g (0 .05  
m ol) o f  ally l trifluoroacetate (previously degassed) and 10.4 g 
(0.1 m ol) o f  N 2F 4 while being cooled  externally in a liqu id  nitrogen 
bath . A fter disconnection  from  the v acu u m  line, the reactor 
was allow ed to  w arm  to  am bient tem perature and then p laced  in 
an oil ba th  and heated to 100° for a period  o f 5 hr, during w hich 
tim e the pressure dropped  from  a m axim um  of 56 to  26 psi. 
On coolin g, the gaseous contents o f the reactor were rem oved  
under vacu u m  into a series o f cold  traps loca ted  on a vacu um  
m an ifo ld . T h e  produ ct fraction  was collected  in a D ry  I c e -  
acetone cooled  trap. T h e  liqu id fraction  ob ta in ed  from  this 
trap was distilled to give 10.09 g (7 7 .2 % ) o f  2 ,3 -b is(d ifluoro- 
am in o)propy l trifluoroacetate, b p  58° (16 m m ), n20d 1.3540.

Anal. C a lcd  for C 5H 5F 7N 20 2: C , 23 .21 ; H , 1 .94; F  (h yd ro 
lyzab le ), 51.60 ; N , 10.85. F ou n d : C , 23 .05 ; H , 1.99; F  
(h yd ro lyza b le ), 51.47 ; N , 10.69.

Allyl F orm a te -N 2F 4.— A lly l form ate (8 .6  g , 100 m m ol) pre
v iou sly  degassed was condensed into a stainless steel reactor 
w ith  N 2F 4 (14.66 g, 141 m m ol) and heated to  90° for a period o f 
6 hr. Isolation  in the usual m anner gave 16.27 g  o f liqu id  residue 
w hich  was distilled at reduced pressure to  g ive  15.38 g (8 0 % )  of 
the ad d u ct: b p  36° (1 .7  m m ); nwd 1.3852, d2\ 1.442; ir 1723 
and 800-1000  c m -1 .

Anal. C a lcd  for C 4H 6F 4N 20 2: C , 26 .66 ; H , 3 .34; F , 42.22 ; 
N , 15.56. F ou n d : C , 26.51 ; H , 3 .41; F , 42 .37 ; N , 15.49.

2 ,4 -P entad ienyl F orm a te -N 2F 4.— U nder sim ilar experim ental 
conditions 5 .6 g  (56 m m ol) o f 2 ,4 -pentad ienyl form ate was

treated w ith  10.4 g  (100 m m ol) o f N 2F 4 at 100° fo r  a period  o f 
5 hr. A fter coolin g and degassing the reactor, it  w as open ed  
and the liqu id  contents were rem oved  m echan ica lly . D is til
lation at reduced pressure gave 4.69  g  o f a clear p rod u ct, b p  8 0 -  
82° (0 .8  m m ), show n b y  v p c  analysis to be a m ixture o f  tw o 
com ponents in  near equal portions. T h e  19F  nm r spectrum  
show ed tw o triplets o f near equal area centered at — 5397 and
— 5257 H z representing the - C H 2N F 2 groups and absorption  at
— 4740 H z in dicative  of a -C H N F 2 grou p ; ir spectra  show ed 
1722 and 800-1000  c m -1 . F rom  these data  the p rod u cts  w ere 
determ ined to be 4 ,5 -b is(d iflu oram in o)-2 -p en ten yl form ate and
2.5- b is(d ifluoram ino)-3 -pen ten yl form ate arising from  1,2 and
i ,4 addition  o f N 2F 4 to  the con ju gated  dou b le  b on d  o f  2 ,4 - 
pentadienyl form ate. T h ere was no evidence to  su p port the 
form ation  or presence o f the tetrak is(d ifluoram ine) in  this 
reaction

Anal.' C a lcd  for  C 6H 8F 4N 20 2: C , 33.30 ; H , 3 .70 ; F , 35 .14 ; 
N , 12.97. F ou n d : C , 33 .08 ; H , 4 .0 5 ; F , 35 .43 ; N , 13.41.

2 -M eth y l-4 -v in y lox y m eth y l-l,3 -d iox o la n e -N 2F 4.— T o  a deaer
ated solution o f 8 .6 g  (60 m m ol) o f 2 -m eth yI-4 -v in y lox y - 
m eth y l-l,3 -d iox o lan e  in 25 m l o f CC14 con ta in ed  in a th ick -w alled  
glass reactor a ttached  to a high pressure m an ifo ld  system  w as 
added 10.4 g (100 m m ol) o f N 2F 4. T h e  m ixture w as heated to 
70° for  5 hr w ith  a m axim um  pressure o f 68 psi being ob ta in ed . 
On coolin g , the excess N 2F 4 was rem oved , air was in trod u ced  in to 
the reactor , and finally the contents were rem oved . T h e  CC14 
was rem oved  on  a rotatory  evaporator and the residue was 
distilled through  a short path  colum n to  g ive  14.0 g (9 4 % )  o f 
2 -m e th y l-4 -  [ l ,2 -b is (d iflu ora m in o )e th ox y m eth y l] - 1 ,3 -d iox o la n e  
[bp  5 5 -5 6 °  (0.02 m m )] as a h eavy  oil.

Anal. C a lcd  for C 7H 12F 4N 20 3: C , 33 .87 ; H , 4 .8 3 ; F , 30 .65 ; 
N , 11.29. F ou n d : C , 33 .57 ; H , 4 .7 4 ; F , 30 .44 ; N , 11.49.

M eth yld iv in ylcarb in ylform al-N 2F4.— M eth y ld iv in y lca rb in y l- 
form al (2 .0  g , 15.6 m m ol) in 25 m l o f CC14 con ta in ed  in a th ick - 
walled glass reactor was treated w ith  5.2 g (50 m m ol) o f  N 2F 4 at 
90° for 5 hr at a m axim um  pressure o f 101 psi. F o llow in g  the 
usual isolation  procedure, 4 .2  g  o f a m ixture o f produ cts  was 
obta in ed  as determ ined b y  v p c  analysis. D istillation  at reduced 
pressure gave 1.31 g  o f a p rod u ct: b p  51° (2 .2  m m ); n 20d 
1.4026; v p c  9 8 % ; ir 1640 (w ) and 800-1000  (s) c m -1 . These 
data , in con ju n ction  w ith  the elem ental analysis, confirm ed the 
iden tity  of the p rodu ct to b e  m eth y l-3 -[l ,2 -b is (d iflu ora m in o )-
4-pentenyl] fo rm a l.

Anal. C a lcd  for C 7H i2F 4N 20 2: C , 36 .21 ; H , 5 .17 ; F , 32 .75 ; 
N , 12.06. F ou n d : C , 36 .15 ; H , 5 .30 ; F , 32 .55 ; N , 12.03.

T h e  residue [2.72 g ; n20D 1.3967; v p c  9 5 % ; ir 8 0 0 -1 0 0 0  (v s ) 
c m -1] was considered to represent the com pou nd  m eth y l-3 -
11.2 .4 .5- tetrak is(d ifluoram ino)pen ty l]form al, although  the e le
m ental analysis w as slightly high in carbon .

M ethan olysis  of B is(d ifluoram ino)a lky l T riflu oroa ceta tes .—  
A  ty p ica l transesterification is described  for  the preparation  of
2 ,3 -bis(difl.uoram ino)propanol. T o  a 100-m l rou n d -b ottom ed  
flask fitted w ith  m agnetic stirrer and distillation  assem bly was 
in troduced  5.95 g  (0.21 m ol) o f  2 ,3 -b is(d iflu oram in o)p rop y l tri
fluoroacetate and 25 m l o f anhydrous m ethan ol. T h e  flask was 
heated in term ittently  b y  m eans o f  6 5 -6 7 °  h ot w ater ba th  during 
a period o f 3 hr., A  to ta l o f 26 .0  g o f m eth y l tr iflu oroacetate 
(9 6 % ) distilled from  the reaction  m ixture. T h e  rem aining 
residue was distilled to  g ive  30.5 (8 9 % ) o f 2 ,3 -b is(d iflu oram in o)- 
propanol: b p  44° (3 m m ); ir 3425 (s) and 800-1000  (v s ) c m -1 .

Anal. C a lcd  fo r  C 3H 6F 4N 20 :  C , 22 .22 ; H , 3 .70 ; F , 46 .91 ; 
N , 17.28. F ou n d : C , 22 .06 ; H , 3 .84 ; F , 46 .66 ; N , 17.58.

In  a series o f  m ethanolysis reactions 2 ,3 -b is(d iflu oram in o)- 
propanol was obta in ed  in yields o f 7 0 -8 9 % . E xperim ental data  
on the ty p ica l m ethanolysis o f other a lkenyl tr ifluoroacetate 
adducts are presented in T a b le  IV .

Table IV
M ethanolyses of Bis(difltjoramino)alkyl 

Trifluoroacetates
% %

Time, Temp, methyl alcohol
Alkyl group hr °C ester adduct

F 2N C H 2C H (N F 2) - 3 50 82 87
F 2N C H 2C (N F 2)(C H 3 )C H 2- 2 .5 50 84 73
F 2N C H 2C H  (N F 2 )C H  (C H 2C H 3 y 3 .5 55 89 90
F 2N C H 2C H (N F 2)(C H 2)4- 3 55 81 79
C H 3C H (N F 2)C H (N F 2)C H 2- 3 50 85 78
f 2n c h 2c h  (N f 2)C h  (C h = c h 2 y 4 50 72 76
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T a b l e  V

H y d r o l y s is  o f  2 ,3 ,5 ,6 -T e t r a k is (d if l u o r a m in o )h e x y l  F o r m a te

Formate MeOH, ml H20 , ml Catalyst Time, hr Temp, 'C Yield, '
35 30 5 m l o f HC1 3 .0 27 73
40 30 A m berlyst 15, 1 g 3 .0 27 76

6 .6 8  g  (50 m m ol) 40 30 p -T S A , 1 g 3 .0 27 7 1 .5
40 10 m l o f eoned HC1 0 .5 27 20
40 10 m l o f coned HC1 1 .0 27 16

H ydrolysis  o f 2 ,3 -B is(d ifiu oram in o)propyl F orm ate .— A  ty p 
ical hydrolysis reaction  is described . T o  a m ixture o f 100 m l o f 
m ethanol, 95 m l o f H 20  and 5 m l o f con centrated  HC1 was add ed  
slow ly 19.0 g (100 m m ol) o f 2 ,3 -b is(d iflu oram in o)propyl 
form ate. T h ere was no n oticeable exotherm . A fter stirring at 
am bient tem perature for  24 hr, the excess m ethanol w as rem oved  
on a rotatory  evaporator and the aqueous solution  was extracted 
w ith  ether. T h e  com bined  ether extracts were w ashed w ith  
water and dried over anhydrous M g S 0 4, and the ether w as re
m oved b y  evaporation . D istillation  o f  the liqu id  residue 
gave 2 ,3 -b is(d iflu oram in o)propan ol: 13.65 g , 8 4 % ; b p  45° (3
m m ); nwd 1.3964.

Anal. C aled  fo r  C 3H 6F 4N 20 :  C , 22.22 ; H , 3 .70 ; F, 46.91; 
N , 17.28. F ou n d : 0 ,2 2 .1 5 ;  H , 3 .60 ; F, 46.61 ; N , 17.43.

H ydrolysis  o f 2 ,3 ,5 ,6 -T etrak is(d iflu oram in o)h exyl F orm ate.—
T h e  hydrolysis  o f 2 ,3 ,5 ,6 -tetrak is(d iflu oram in o)h exy l form ate 
was carried ou t b y  several m ethods, as show n in  T a b le  V . C at
alysts em ployed  were dilute and con centrated  HC1, A m berlyst 
15, and p -toluen esu lfon ic acid. O nly  w hen con centrated  HC1 
was used d id  the y ield o f the a lcoh ol decrease. In  these in
stances the form ate ester was con verted  in part to  the ch loride, 
as show n b y  the high ch lorine con ten t ( > 8 % )  o f the p rod u ct 
m ixtures. G as chrom atograph y show ed the ch loride to  accou nt 
for  8 0 -8 5 %  o f the p rodu ct fra ction , w ith  the a lcoh ol being pres
ent in yields o f 1 5 -2 0 % .

H ydrolysis  o f 2 -M eth y l-4 -[l,2 -b is (d iflu ora m in o )e th ox y m eth y l]-
1,3 -d iox o la n e .— A  m ixture o f 13.8 g (5 m m ol) o f  2 -m eth vl-4 - 
[ l ,2 -b is (d iflu ora m in o )e th ox y m eth y l]-l,3 -d iox o la n e , 100 m l o f 
m ethan ol, 95 m l o f w ater, and 5 m l o f con centrated  HC1 was 
stirred at room  tem perature fo r  a period  o f  24 hr. R em ov a l o f 
the m ethanol on  a ro ta tory  evaporator fo llow ed  b y  ether ex 
traction  o f the aqueous solution  gave 9.65 g (8 7 % ) o f a v iscous 
o ily  liqu id , w ith  an ir o f 3450-3500 (s) and 800-1000  (s) c m -1 . 
T h e  infrared spectral data and the elem ental analyses confirm ed 
the structure to  be the desired diol 3 -[l,2 -b is (d iflu ora m in o )- 
eth oxy ] -1 ,2 -p ropan ed io l.

Anal. C aled  for  C 5H I0F 4N 2O 3: C , 27 .03 ; H , 4 .5 0 ; F , 
34.24; N , 12.63. F ou n d : C , 27 .33 ; H , 4 .6 7 ; F , 34 .03 ; N ,
12.77.

E thyl (a -N itra tom eth yl)acry la te-N 2F 4.— A  solution  o f 2.19 
g  (12 .5  m m ol) o f eth yl (a -n itra tom eth yl) acrylate  in 25 m l o f 
CC13 contained in a th ick -w alled , h igh-pressure glass reactor 
was attached  to  a high-pressure m an ifo ld  and deaerated, and
10.4 g (100 m m ol) o f N 2F 4 was in troduced  into the system . 
T h e  m ixture was heated to 80° fo r  a period  o f 3 .5 hr at a m axi
m um  pressure o f 85 psi. On coolin g , th e excess N 2F 4 was re
m ov ed , the system  w as opened to  the atm osphere, and the 
reactor was rem oved  from  the m an ifo ld . Isolation  in the usual 
m anner gave 1.5 g  o f a v iscous o ily  liqu id  show ing h igh  im pact 
sensitivity (ir 1747, 1606 ,1274 , and 800-1000  c m -1 ).

Anal. C aled  fo r  C 6H 9F 4N 30 5 : C , 25 .80 ; H , 3 .23 ; F , 27 .23 ; 
N , 15.06. F ou n d : C , 26 .80 ; H , 3 .79 ; F , 26 .94 ; N , 15.01.

P etrin  M eth a cry la te -N 2F 4.— Petrin  m ethacrylate  (2 .0  g , 6 
m m ol) in 25 m l o f CC14 contained in a 100-m l flask was p laced  on 
a high-pressure m an ifo ld  system , deaerated, and treated w ith  10.4 
g  (100 m m ol) o f N 2F 4 at am bient tem perature over a period o f 2 
hr (m axim um  pressure was 78 psi). A fter the usual isolation

procedure, 2 .8  g  o f a clear v iscous oil was obta in ed  (ir 1754, 
1608, 1271, and 800-1000  c m -1 ).

Anal. C aled fo r  C 0H i3F 4N 5O h : C , 24.37 ; H , 2 .9 3 ; F , 
17.12; N , 15.8. F ou n d : C , 24 .01 ; H , 3 .06 ; F , 17.50; N ,
16 .1.

N itration of 2 ,3 -B is(d iflu oram in o)propan ol.— T o  a 50-m l 
three-necked flask (ap prop riately  shielded) fitted  w ith  a condenser 
(D rierite drying tu b e ), d ropp in g  funnel, m agnetic stirrer, and 
air sparging tu be was added  14.0 g (0.2 m m ol) o f 9 0 %  fum ing 
n itric acid. T h e  acid  was air sparged until it  becam e clear 
(approx im ately  15 m in ), after w hich  the tube was rep laced b y  
a therm om eter, an ice w ater ba th  was placed around the flask, 
and (w ith  stirring) 10.0 g  (0.1 m ol) o f  9 6 %  sulfuric acid  was 
added via the droppin g funnel. T h en  10 m l o f m ethylene 
ch loride was add ed , fo llow ed  b y  the slow  add ition  o f a solution 
o f 16.2 g (0.1 m ol) o f  2 ,3 -b is(d ifluoram ino)propanol in 25 m l of 
m ethylene ch loride. T h e  tem perature of the m ixture was 
raised to  4 0 -4 3 °  and the m ixture was refluxed fo r  a period  o f 1 5 - 
20 m in. On cooling the m ixture was transferred to  a separatory 
funnel contain ing add ition a l m ethylene ch loride. T h e  acid 
layer was separated and the m ethy lene ch loride solution  was 
w ashed w ith  cold  w ater, co ld  saturated sodium  b icarbonate , and 
again w ith  cold  w ater, and then w as dried over anhydrous 
M g S 0 4. A fter filtration  the solven t w as rem oved on  a rotatory  
evaporator to g ive  an o ily  residue: 18.92 g , 8 5 .6 % ; bp  4 5 ^ 6 °
(2 m m ); nwd  1.3996; d2\ 1 .533; ir 1610, 1270, and 800-1000 
c m -1 .

Anal. C aled  fo r  C 3H sF 4N 30 3: C , 17.40 ; H , 2 .4 3 ; F , 36.70 ; 
N , 20 .29 . F ou n d : C , 17.66; H , 2 .6 6 ; F , 36 .86 ; N , 20.20 .

N itration o f 3 -[l,2 -B is (d iflu ora m in o )e th ox y ]-l,2 -p rop a n ed io l.
— U nder sim ilar experim ental con d itions, 5 .6  g (15 m m ol) 
o f 3 -[l,2 -b is (d iflu ora m in o )e th ox y ]-l,2 -p rop a n ed io l w as added  to 
a m ixture o f 8 .8  g  (125 m m ol) o f 9 0 %  n itric acid  and 12.3 g  (67 
m m ol) o f 9 6 %  sulfuric a cid . T h e  m ixture was refluxed fo r  a 
period  of 45 m in. A  7 .7 -g  (9 8 % )  p ortion  o f a v iscous o ily  
residue was obta in ed  after w ashing, dry ing , and rem oval o f 
so lven t. T h e  p rod u ct was identified as the din itrate o f 3-[ 1,2- 
b is(d ifluoram ino)eth oxy] 1 ,2 -propan ediol: ti20d 1.4303; d23t
I .  530; ir 1605, 1275, and 800-1000  c m -1 .

Anal. C aled  for C 5H 8F 4N 40 7 : C , 19.24; H , 2 .58 ; F , 24.35; 
N , 17.95. F ou n d : C , 19.05; H , 2 .66 ; F , 24 .53 ; N , 17.70.

Registry No.— 2-Methyl-4- [l,2-bis(difluoroamino)-
ethoxymethyl]-l,3-dioxolane, 35210-19-6; methyl-3- 
[l,2-bis(difluoroamino)-4-pentenyl]formal, 35210-20- 
9; methyl-3-[l,2,4,5-tetrakis(difluoroamino)pentyl]for- 
mal, 35210-21-0; 3-[l,2-bis(difluoroamino)ethoxy]-l,2- 
propanediol, 17686-77-0; ethyl (a-nitratomethyl)ac- 
rylate-N2F4 adduct, 35210-23-2; petrin methacrylate- 
N2F4 adduct, 35210-24-3; tetrafluorohydrazine, 10578-
16-2.
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T riflu oroacety l fluoride dim erizes at — 108° in the presence o f C sF to  form  C F 3C O 2C 2F 5. W ith  (C F 3)2C F O ~ - 
C s +, C O F 2 , C F 3C (0 )F , C 2F 5C (0 )F ,  and C 3F 7C (0 )F  react to  fo rm  the h eptafluoroisopropyl esters, F C 0 2C F (C F 3)2 , 
C F 3C 0 2 C F (C F 3 ) 2, C 2F 5C 0 2C F (C F 3 )2 , and C 3F 7C 0 2C F (C F 3)2. A lth ou gh  these com pounds are form ed on ly  at 
low  tem perature, w hen pure th ey  are stable a t 25 ° and above.

Although Haszeldine2 reported the low yield prep
aration of perfluoro esters in the synthesis of per- 
fluoroalkyl iodides, these were not characterized. In

RtC02Ag +  I2 — >- Rfl +  CO2 +  RfCOiRf 
Rf = CFS, CsF,

the interim, with the exception of the dimerization and 
trimerization3 of COF2 to yield FCO2CF3 and (CFs- 
0 ) 2C 0 and photolysis reactions by Varetti and Aymo- 
nino4 5 6~7 little synthetic information on perfluoro esters 
has appeared in the literature.

C F 3 O F  +  C O  - X -  F C 0 2 C F 3 

C F 3 O O C F 3 +  (C F 3)2C O  (C F 3 0 ) 2 C 0  

C F 3O O C F 3 +  C O  - X -  C F 3 O C O O C O C F 3

C F 3O C O O C O C F 3 +  (C F 3)2C O  - X  C F 3 C 0 2 C F 3

During a study of the reactions of the HNF2-K F  
adduct with perfluoroacyl fluorides at —78° we iso
lated the ester CF3C 02C(NF2)2CF3 in the case of CF3- 
C (0)F, in addition to the totally fluorinated amides,8 
R fC (0)N F2. When the reaction temperature was 
lowered to —105°, bis(difluoramino)trifluoroethyl tri- 
fluoroacetate was not formed but instead CF3C 02C2F6, 
the dimer of CF3C(0)F, was obtained. Since the 
literature contains relatively few totally fluorinated 
esters and fewer methods of preparing them, the re
actions of perfluoroacyl fluorides with alkali metal 
fluorides and perfluoroalkoxides was investigated.9

Results and Discussion

The reaction of cesium heptafluoroisopropoxide with 
acyl fluorides provides a convenient route to esters of 
the hypothetical ¿-C3F7OH. Esters of the type R fC (0) -

(CF3)2CO +  CsF — > (CF3)2CFO- +  Cs +
R fC (0 )F  +  (C F 3 )2 C F O -  — R fC 0 2 C (C F 3)2F  +  F

10-20%
R f =  F , C F 3, C 2F 5) C 3F 7

OC(CF3)2F have been postulated10 as intermediates 
in the fluorination of R fC (0)C l by i-C3F70Cs, but 
these esters appeared to be unstable. The bulky CF3

(1) Alfred P. Sloan Foundation Fellow, 1970—1972.
(2) R. N. Haszeldine, N a tu re  {L o n d o n ), 168, 1028 (1951).
(3) B. C. Anderson, G. Crest, and G. R. Morlock, U. S. Patent 3,226,418; 

C h em . A b str ., 64, 9598 (1966).
(4) P. J. Aymonino, C h em . C o m m u n ., 241 (1965).
(5) E. L. Varetti and P. J. Aymonino, ib id ., 680 (1967).
(6) E. L. Varetti and P. J. Aymonino, A n .  A s o c .  Q u im . A r g e n t ., 55, 153 

(1967).
(7) E. L. Varetti and P. J. Aymonino, ib id ., 58, 17 (1970).
(8) R. A. De Marco and J. M. Shreeve, I n o r g .  C h em ., 10, 911 (1971).
(9) D. A. Couch, R. A. De Marco, and J. M. Shreeve, C h em . C om m u n ., 

91 (1971).
(10) A. G. Pittman and D. J. Sharp, J .  O rg . C h em ., 31, 2316 (1966).

groups were thought to prevent free rotation and the 
enhanced electrophilic nature of the ester carbonyl 
would facilitate fluoride ion transfer. Contrary to

R fC (0 )C l  +  ¿-C 3F ,O C s — >- CsCI +  [R fC O O C (C F 3 )2F]

this, we have found that these esters are stable and do 
not disproportionate once isolated. The esters are 
decomposed rapidly in the presence of alkali metal 
fluorides at —78° or above, which undoubtedly ac
counts for the previously reported results. The uti
lization of low reaction temperatures retards decom
position sufficiently to allow ester isolation but also 
may hamper the yield as seen in Figure 1.

Although the dimer of CF3C (0)F  does form in low 
yield with CsF at low temperature, the dimerization 
occurs more efficiently when KF-H N F2 is used. The 
formation of pentafluoroethyl trifluoroacetate by the 
latter method could at first glance be readily explained 
via the formation of the pentafluoroethoxide anion 
and subsequent reaction with CF8C(0)F . However,

C F 3C ( 0 )F  +  K F  — >  C 2F 50 -  +  K  +

C F 3C ( 0 )F  +  C 2F 5O -  -— ^  C F 3C 0 2C 2F 5 +  F ~

when the reaction was run under identical conditions 
but without HNF2, in order to confirm this pathway, 
none of the ester was isolated. Addition of HNF2 to 
the vessel with KF and CF3C (0)F  again resulted in 
the formation of the ester.

At —105° the extrapolated dissociation pressure of 
HNF2 from the HNF2-K F  adduct is negligible11 and 
therefore the HNF2 cannot be assumed only to be form
ing “ activated”  KF via complexation and dissociation. 
To confirm this, KF was “ activated”  by the formation 
and decomposition of the hexafluoroacetone adduct but 
no ester was isolated with CF3C(0)F . In an attempt 
to understand the role of the HNF2, other reagents, 
such as (CF3)2NOH, which undergo complexation and 
substitution in an analogous manner, were used, but 
no ester could be isolated. Also, vacuum dried K F - 
HF, which would be present after HNF2 reacted with 
CF3C(0)F , was used without success.

Although the exact effect of the HNF2 could not be 
ascertained, the above-described pathway would in
dicate that the low temperature reactions of perfluoro
acyl fluorides with perfluoroalkoxide salts would lead 
to a general synthesis of totally fluorinated esters.

(11) E. A. Lawton, D. Pilipovich, and R. D. Wilson, I n o r g .  C h em ., 4, 
118 (1965).
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The infrared spectra of the new perfluoro esters are 
found in Table I. The carbonyl stretching frequency

T a b l e  I
I n f r a r e d  Sp e c t r a  o f  R fC C M V

Compd
c f 3c o 2c 2f 5

F C 0 2C (C F s)2F

C F 3C 0 2C (C F 3)2F

C 2F 5C 0 2C (C F 3)2F

C 3F ,C 0 2C (C F 3)2F

cm 1
1851 (s), 1336 (m ), 1257 (s, sh), 1247 (vs), 

1220 (s), 1206 (s), 1179 (s), 1110 (vs), 
1092 (s), 858 (w , b r), 760 (m ), 740 (sh), 
708 (v w ), 679 (m ), 529 (m )

1906 (s), 1881 (m ), 1309 (m ), 1269 (vs), 
1219 (m s), 1179 (m s), 1147 (s), 1018 
(m s), 948 (w ), 753 (w ), 726 (w ), 659 (w ) 

1851 (s), 1339 (s), 1305 (s), 1260 (vs ), 
1207 (s), 1175 (s), 1120 (vs), 1086 (s), 
1010 (s), 839 (w ), 758 (m ), 724 (m ), 
677 (m ), 544 (m ), 525 (sh )

1845 (vs), 1340 (m ), 1310 (s), 1277 (vs), 
1264 (vs), 1237 (vs), 1225 (s, sh ), 1172 
(s), 1135 (vs ), 1109 (vs), 1006 (vs), 
820 (w ), 752 (sh), 738 (sh), 722 (m ), 
677 (m w ), 535 (m w )

1844 (s), 1360 (m ), 1332 (sh), 1310 (s), 
1260 (vs), 1229 (s), 1204 (s), 1176 (s), 
1144 (s), 1120 (s), 1095 (sh), 1061 (m ), 
1010 (s), 960 (m ), 921 (m s), 820 (m ), 
755 (m ), 740 (v w ), 723 (m ), 680 (m w ), 
540 (m )

is characteristically found in the 1840-1850-cm_1 re
gion for these esters and is reasonably independent of 
both the perfluoroacyl and perfluoroalkyl groups. In 
considering the trifluoroacetate esters CF3C 02CF3, 
CF3C 0 2C2F6, and CF3C 0 2C(CF3)2F the carbonyl 
stretching frequencies are 1852/ 1851, and 1851 cm-1, 
respectively, and, for the heptafluoroisopropyl esters, 
CF3C 0 2C(CF3)2F, C2F5C 0 2C(CF3)2F, and C3F7C 02- 
C(CF3)2F, the stretching frequencies are 1851, 1845, 
and 1844 cm-1. These shifts follow the same trend 
as the perfluoroacyl fluorides which are found at ~1S80- 
1895 c n r 1 and the perfluoroacyl chlorides located at 
~  1800-1815 cm-1. The tentative assignment of the 
C -0  single bond stretching frequency may be accom
plished by using the empirical relationship observed 
by Yaretti and Aymonino.12 The C -0  stretching

*>0 - 0  =  4112 — 1 .625^c=o

frequencies for CF3C 0 2C2F6, FC02C(CF3)2F, CF3C 02- 
(CF3)2F, C2F6C 0 2C(CF3)2F, and C3F7C 0 2C(CF3)2F can 
then be assigned at 1110, 1018, 1120, 1109, and 1120 
cm-1, respectively. These values agree very well with 
those assigned to FC 02CF3 (1020 cm-1) and CF3C 02- 
CF3 (1111 cm-1) by Varetti and Aymonino.

The mass spectra are found in Table II. Although 
parent peaks are not observed, a small peak corre
sponding to M — F is seen for each derivative. For 
the general ester R fC 0 2Rf' a consistant cracking pat
tern can be found with the exception of the carbonyl 
fluoride derivative. Fragments are observed in each 
ester corresponding to Rf, RfCO, Rf', Rf'O, and R f'C 0 2 
but none is found for R fC 02.

19F nmr data for these esters are found in Table III. 
The CF3 groups of the heptafluoroisopropyl esters are

(12) E. L. Varetti and P. J. Aymonino, S p ectro ch im . A c ta , P a r t  A ,  27, 
183 (1971).

F igure 1.— E ffect o f tem perature on perfluorinated ester yields.

T a b l e  I I

M ass  S p e c t r a  o f  R fC 0 2R f '
Compd

c f 3c o 2c 2f 5

F C 0 2C (C F 3)2F

C F 3C 0 2C (C F 3)2F

C 2F 5C 0 2C (C F s)2F

C 3F 7C 0 2C (C F 3)2F

m/e (assignments, rei %)
213 (M  -  F , 0 .5 ) ;  180 (?, 0 .3 ) ;  163 (M  

-  C F 3, 2 ); 135 (C 2F 50 ,  1 ); 119 (C 2F 5, 
3 8 ); 116 (C 2F 40 ,  2 ) ;  100 (C 2F 4, 1 ); 
97 (C 2F 30 ,  2 6 ); 78 (C 2F 20 ,  1 ); 69 
(C F 3, 100); 50 (C F 2, 3 3 ); 47 (C F O , 
2 7 ); 43 (C 2F , 2 ); 31 (C F , 14)

213 (M  -  F , 0 .5 ) ;  185 (C 3F 70 , 0 .1 ) ;  
169 (C 3F 7, 3 .5 ) ;  166 (C 3F 60 ,  1 ); 163 
(M  -  C F 3, 7 ) ; 147 (C 3F 5O, 4 ) ;  119 
(C 2F 5, 3 ) ;  100 (C 2F 4, 2 ) ; 97 (C 2F 30 ,  
2 4 ); 78 (C 2F 20 ,  1 ); 69 (C F 3, 100); 66 
(C F 20 ,  2 6 ); 50 (C F 2, 8 ) ; 47 (C F O , 6 0 ); 
31 (C F , 10)

263 (M  -  F , 1 ); 213 (M  -  C F 3, 3 ) ; 169 
(C 3F 7, 8 ); 147 (C 3F 50 ,  2 ); 119 (C 2F 5, 
3 ); 100 (C 2F 4, 1 ); 97 (C 2F 30 ,  3 0 ); 78 
(C 2F 20 ,  1 ); 69 (C F S, 100); 50 (C F 2,
10); 47 (C F O , 5 ); 31 (C F , 6)

313 (M  -  F , 2 ) ; 213 (M  -  C 2F 5, 8 ) ; 169 
(C 3F „  2 5 ); 147 (C 2F 50 ,  2 5 ); 119
(C 2F 5, 2 6 ); 100 (C 2F 4, 8 ); 97 (C 2F 30 ,
6 ) ; 81 (C 2F 3, 1 ); 78 (C 2F 20 ,  2 ) ;  69 
C F 3, 100); 50 (C F 2, 8 ) ; 47 (C F O , 3 ); 
31 (C F , 13)

363 (M  -  F , 2 ) ; 213 (M  -  C 3F 7, 4 ) ; 197 
(C*F70 ,  3 ) ; 169 (C 3F 7, 5 9 ); 147 (C 3F 50
2 ); 119 (C 2F 5, 7 ) ; 100 (C 2F 4, 6 ); 97 
(C 2F 30 ,  5 ) ; 85 (C F 30 ,  2 ); 78 (C 2F 20 ,
2 ); 69 (C F 3, 100); 50 (C F 2, 4 ) ; 47 
(C F O , 2 ) ; 31 (C F , 7 )

magnetically equivalent, even with the large C3F7 acyl 
side chain, which argues further against hindered rota
tion.10 The spectra are first order and directly inter
pretable. Although no spin-spin coupling of the acyl 
CF3 group with the isopropyl CF3 in CF3C 0 2C(CF3)2F 
occurs, because of through space coupling the CF3 of 
the acyl group in C2F5CO2C (CF3)2F and C3F7C 0 2C- 
(CF3)2F is split by the isopropyl CF3.

Experimental Section
Perfluoroacyl fluorides (P C R , In c .)  were purchased and used 

w ith ou t further purification  or prepared from  the corresponding 
ch loride (P C R , In c .)  and anhydrous C sF  (A m erican  P otash  &
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T a b l e  I I I  
19F  N m r  Sp e c t r a “

76.1 92.1 87.1

C F j C O ^ F ^ F ,
83.5 121.8 142.4 79.3

C F j C r i C O j C F l C F , ) ,
b, q, d

unres i i 
L 1.7J 1-0 2

sept,
unres

d.q
2,lJ

0.4

11.4 144.0 79.1

F C O j C F f C F , ) ,  

d, sept d. sept d. d
L_-2.45- -1.77J

-0 .82-

81.4 127.0 119.0 142.6 79.3

C F j C F , C F 3 C O , C F ( C F j ) j

d, qt, b, q 
unres unres |

Lg.o-------

sept,
unres

I__
-0 .5

75.8 142.5 79.2

C F : C O , C F ( C F , | ,  

d sept, q d 
—̂0.4-----  ̂ —̂1.9— ^

-2.0J

“ U pfield  shifts relative to  CC13F  as internal reference.

w in dow s. T h e  19F  nm r were obta in ed  on  a Varian  M od e l H A -1 0 0  
spectrom eter operating at 94.1  M H z . T h e  mass spectra  were 
recorded on  a H itach i Perkin-E lm er R M U -6 E  m ass spectrom eter 
at 70 eV . E lem ental analyses w ere obta in ed  from  Beller M ik ro - 
analytisches L aboratoriu m , G ottingen , G erm an y.

G en era l P roced u re .— In  general, the new  perfluorinated esters 
were prepared b y  preform ing th e (C F 3)2C F O “ C s+ sa lt b y  con 
densing an excess o f hexafluoroacetone on C sF 13 and allow ing the 
m ixture to w a rm . T h e  unreacted hexafluoroacetone was p u m p ed  
off and a m easured am ou nt o f the particu lar perflu oroacy l fluoride 
was consensed on to  the salt at — 183 ° . T h e  reaction  m ixture was 
w arm ed to  and allow ed to  rem ain at — 108° for 4 to  6 hr. A fter  
this tim e, an y  vola tile  m aterials were pu m p ed  aw ay and the 
vessel was w arm ed slow ly  under dy n am ic vacu um  to  m in im ize the 
con ta ct tim e betw een the ester and C sF . F or m in im um  loss due 
to  fluoride ion  cata lyzed  decom position , the ester shou ld  b e  
rem oved  from  the reaction  vessel be low  —7 8 ° . H ow ev er , for  
the higher m olecular w eight esters the rate o f d ecom p osition  at 
— 78° was slow  and successful isolation  was possib le . W hen  
pure, these esters are stable at 25° and ab ove  fo r  lon g  periods.

T h e  yields o f esters obta in ed  via th is procedu re were h igh ly  
variable so th at tw o  “ id en tica l”  reactions m a y  g ive  20 or 0 %  of 
the ester. W h ile tem perature effects are im p ortan t, w e feel th a t 
the state o f  d iv ision  o f the C sF  is the largest single factor  govern 
ing rep rodu cib ility . T h e  experim ental data  are sum m arized in 
T a b le  IV . T h ese  num bers represent average yie lds. T h ese

T a b l e  IV
(CFa)iCFO -Ca+,

R fC (0)F  (mmol) mmol Time, ester, mmol Trap temp,“ °C Mol wtb C, % F, %
C F 3C ( 0 )F  (12) C sF  on ly 5 hr, C F 3C 0 2C 2F 5, 0 .3 - 1 1 6
C O F 2 (6) 6 4 hr, F C 0 2C (C F 3)2F, 1 .0 - 9 6 235 (23 2 )'
C F 3C ( 0 )F  (20) 3 4 hr, C F 3C 0 2C (C F 3)2F , 1 .7 - 7 8 284 (282) 2 1 .7  (2 1 .3 ) 6 8 .3  (6 7 .4 )
C 2F 5C ( 0 )F  (6) 6 5 hr, C 2F 5C 0 2C (C F 3)2F , 1 .1 - 9 6 335 (332) 2 1 .5  (2 1 .7 ) 7 1 .0  (6 8 .7 )
C 3F ,C (0 )F  (5) 6 4 hr, C 3F 7C 0 2C (C F 3)2F , 0 .5 - 6 3 382 (382) 2 1 .9  (2 2 .0 ) 6 8 .8  (6 9 .6 )
“ Tem perature at w hich  ester condensed under dynam ic vacu u m  o f l O ^ - l O -3 T orr. h V apor density determ ined assum ing ideal 

gas behavior b y  R egn au lt’s m ethod . '  C alcu lated value.

C h em ica l C o rp .) . H exafluoroacetone was ob ta in ed  from  A llied 
C h em ica l C o . and also used w ith ou t purification .

Apparatus.— V olatile  liqu ids and gaseous m aterials were 
handled in  a standard vacu u m  line equipped w ith  a H e ise - 
B ou rd on  tube gauge. T h e  reactions were carried ou t in  P yrex  
glass vessels equipped w ith  F ish er-P orter T eflon  va lves  or in 
m etal vessels. In  general, the esters were readily  separated from  
the s lightly  m ore volatile  acid  fluorides b y  fraction a l condensation  
(low  tem perature separation based on differences in vo la tility  o f 
com pon en ts). L ow  tem perature baths are m ade b y  cooling 
appropriate organ ic liqu ids to their freezing p o in t w ith  liqu id 
n itrogen  to  give slushes.

A n alysis.— Infrared spectra were taken  on a P erk in -E lm er 457 
spectrom eter using a 10-cm  P yrex  glass cell equipped w ith  K B r

com pou nds exhibit m oderate h y d ro ly tic  stab ility , e.g., C F 3C 0 2C - 
(C F 3)2F , is 5 0 %  recovered  after 2 hr at 25° in excess w ater.

Registry No.—CF3C 02C2F6, 30952-31-9; FC02C- 
(CF3)2F, 30952-33-1; CF3C 0 2C(CF3)2F, 30952-32-0; 
C2F6C 02C(CF3)2F, 30952-34-2; C3F7C 02C(CF3)2F,
30952-35-3.
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Electrophilic Substitution in Acenaphthene and Related Compounds.
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3-Acetyl-, 3-bromo-, 3-chloro-, and 3-nitroacenaphthene have been shown to acetylate exclusively in the 6 
position. 3-ieri-Butylacenaphthene also acetyles predominantly in the 6 position, in spite of preferential elec
tronic activation of the 5 position. 5-Acetyl- and 5-acetamidoacenaphthene acetylate in position 8, while 5-tert- 
butyl- and 5-methylacenaphthene react predominantly in position 3. Reaction of 5-fluoro-, 5-chloro-, 5-bromo-, 
and 5-iodoacenaphthene give mixtures of the 3- and 8-acetylated products, the isomer ratio depending on the 
halogen (5-fluoroacenaphthene also gives 5-acetyl-6-fluoroacenaphthene). For these last compounds, partial rate 
factors have been obtained for substitution in the 3 and 8 positions. The halo substituents have a much smaller 
rate decreasing effect relative to hydrogen than in the same reaction in halobenzenes.

In part I I1 we reported on the bromination and chlo
rination of 3-bromo-, 3-chloro-, 5-bromo-, and 5-chloro- 
acenaphthene as part of a detailed study of disubstitu
tion in acenaphthene. It had previously been shown2 
that the positions para to the bridge in acenaphthene

«

are extremely activated to electrophilic attack. Re
cent detritiation studies3 have shown that the 3(8) 
positions are also activated, though less so than the 
5 and 6 positions. In part II it was shown that the
3-haloacenaphthenes, as expected, underwent exclusive 
halogenation in the 6 position. For a 5-halo sub
stituent and attacking nucleophile with small steric 
requirements, the electronically activated 6 position 
was preferentially attacked. In the bromination of
5-bromoacenaphthene with molecular bromine, how
ever, ir evidence indicated that approximately equal 
amounts of the 3,5 and 3,6 isomers were formed. This 
unexpected amount of the 3,5 isomer prompted us to 
look at acetylation of these compounds. With one 
exception, the bulky acetylating entity did not sub
stitute peri to a 5 substituent, and it was possible to 
measure the relative amounts of 3 and 8 substitution. 
Many of these compounds were hitherto unknown and 
most have been isolated and identified. We have also 
included acetylation of some 3-substituted acenaph
thenes. Competition experiments have also been 
carried out to provide information on the relative re
activities of some of the 5-substituted compounds.

As with halogenation, little was previously known 
about the orientation of products in acetylation of 
monosubstituted acenaphthenes, and the reported 
yields leave a significant amount of product unac
counted for. Apart from acetylation of 3-acetyl- and
5-acetylacenaphthene4 5 (which gave 65 and 15%, 
respectively, of the 3,6 isomer), the only reported study6 
of this reaction is with 5-bromo- and 5-chloroacenaph- 
thenes. From reaction of the former with acetyl chlo

(1) Part II: P. R. Constantine. L. W. Deady, and R. D. Topsom,
J. Org. Ckem., 34, 1113 (1969).

(2) E. Berliner, D. M. Falcione, and J. L. Riemenschneider, ibid., 30, 
1812 (1965).

(3) M. C. A. Opie, G. J. Wright, and J. Vaughan, Aust. J. Chem., 24, 1205 
(1971).

(4) M. Dashevskii and E. Shamis, J. Gen. Chem. USSR, 33, 1534 (1963).
(5) D. Nightingale and R. Brooker, J. Amer. Chem. Soc., 72, 5539 (1950).

ride-aluminum chloride in nitrobenzene, 3-acetyl-6- 
bromoacenaphthene (50%) and 3-acetyl-5-bromo- 
acenaphthene (25%) were obtained by separation 
of the oximes. No yields were reported from the 5- 
chloro compound.

Results and Discussion

The acetylations were carried out with acetic an
hydride and aluminum (or zinc) chloride in dichloro- 
ethane. Product isomer proportions in a reaction 
mixture were determined by nmr analysis of the acetyl 
region of the spectrum, or by glpc, and the results are 
listed in Table I. Analysis of the reaction mixture

T a b l e  I
A c e t y l a t i o n  o f  M o n o s u b s t i t u t e d  A c e n a p h t h e n e s “ b

Disubstituted product isomer
% overall prod- —distribution, %■-------- ^

Substituent uct yield 3,6 3,5 5,6 3,8
(glpc)

3-Acetyl >95 90
3-Bromo ~ 5 0 c 90
3-ferf-Butyl >90 60 30
3-Chloro ~ 6 5 c 95
3-Nitro ~ 5 0 “ 90
5-Acetyl ~100 92
5-Bromo >95 56 44
5-Chloro >95 63 37
5-Fluoro >95 30 30 40
5-Iodo >90 35 65
5-Methyl ~100 >90
5-ieri-Butyl ~ 8 0 c 30 70
5-Acetamido >95 100

“ Using acetic anhydride under the conditions described in the 
text. b Acetylation of acenaphthene gave 80% 5-acetyl- and 
20% 3-acetylacenaphthene. c Remainder was largely starting 
material.

from acetylation of 5-bromoacenaphthene at various 
times showed that the isomer ratio was not time de
pendent.

3-Substituted Acenaphthenes.—Table I indicates 
that, with one exception, acetylation occurred exclu
sively in the 6 position. The acetyl, bromo, chloro, 
and nitro substituents are all electron withdrawing, 
and it is therefore not surprising on electronic grounds 
that further substitution occurs in the other ring. 
These results are in accord with our previous halogena
tion findings.1

Acetylation of 3-feri-butylacenaphthene, however, 
indicates that simple electronic considerations do not
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adequately explain the results. For this activating 
substituent, the predominant reaction should have 
occurred in the 5 position but the 3,6 isomer in fact 
predominated. In addition, more reaction occurred 
in the 8 position than in the 5 position. The 3-acetyl-
8-teri-butylacenaphthene was identified from nmr and 
ir spectra. The aromatic proton region of the nmr 
spectrum contained an AB pattern (2 H , J =  9 Hz) 
and a singlet (2 H), inconsistent with the spectrum 
expected for 5-acetyl-3-terf-butylacenaphthene. The 
ir spectrum contained no strong peak around 770 cm-1, 
characteristic of three adjacent hydrogens in acenaph- 
thene compounds.

It seems clear that steric as well as electronic factors 
determine the product orientation in these reactions. 
Thus, for a 3-substituted acenaphthene, formation 
of the transition state for substitution in the 6 or 8 
positions apparently allows greater relief of steric 
strain than does substitution in the 5 position.

5-Substituted Acenaphthenes. —Further substitution 
in 5-substituted acenaphthenes is complex, the position 
of substitution and proportions of products being quite 
dependent on the identity of the 5 substituent. Of 
special interest is the ratio of 3 (to give the 3,5 isomer) 
to 8 (3,6 isomer) substitution. The substitution 
pattern in each case was assigned from known1 ir and 
nmr data.

In simplest terms, substitution in the 3 and 8 posi
tions of a 5-substituted acenaphthene compared with 
acenaphthene should be electronically analogous to 
substitution in the meta position of a monosubstituted 
benzene relative to substitution in benzene. 5-Methyl- 
and 5-£erf-butylacenaphthene were found to acetylate 
predominantly in the 3 position as expected for these 
donor substituents.

In contrast to the alkyl-substituted compounds,
5-acetamido- and 5-acetylacenaphthene underwent 
acetylation in the 8 position. More severe conditions 
were needed for complete reaction of these compounds, 
no doubt owing to some complexing of the acetylating 
entity with the substituent in each case, which results 
in considerable relative deactivation of the 3 position. 
Nitration of 5-acetamidoacenaphthene has been shown6 
to occur at the 4 position. The absence of this isomer 
in the acetylation reaction illustrates the greater effec
tive bulk of the acetylating species. Results from 
acetylation of the 5-haloacenaphthenes are especially 
intriguing. Only with 5-fluoro was an appreciable 
amount of the 5,6 isomer produced. The small size 
of the fluoro atom evidently allows acetylation at the 
electronically activated peri position. On electronic 
grounds, the strongly electron-withdrawing halo groups 
were expected to operate like the acetyl and direct the 
electrophile to the 8 position. It is clear from the 
amount of 3,5 product produced, which increases from 
fluoro to iodo, that other factors are operating in these 
reactions. The competition experiments outlined be
low indicate their complexity.

An interesting side feature was an improved synthe
sis of 3-acetylacenaphthene, obtained by dehalogena- 
tion of the crude reaction product from acetylation 
of 5-bromoacenaphthene.

Competition Reactions. —Semiquantitative competi
tion experiments were carried out by reacting suitable

(6) F. M. Rowe and J. S. H. Davies, J. Chem. Soc., 1344 (1920).

pairs of compounds with a deficiency of acetylating 
mixture under the standard conditions. From the 
total product yields (glpc) and the known product 
isomer distribution (Table I) for each compound, rela
tive rates for substitution in the 3 and 8 positions were 
obtained. The data are given in Table II. While

T a b l e  II
R elative  A cetylation R ates of Some 5-Substituted 

. ̂ Acenaphthenes in the 3 and 8 P ositions, from 
C ompetition E xperim ent  P roduct R atios

Cor
rected

Product total
response product

<—Competition compounds®—- factor, ratio,
A B A /B A /B kzA/kz k,A/kf?

Acenaphthene 5-C1 1.0 6.5 1.7* 1 .1
(1)

5-F (2) 5-C1 1 .2 1 .6 1 .2 0 .8
5-C1 (3) 5-Br 1.0 2 .0 1 .8 2 .1
5-Br (4) 5-1 (5) 0 .8 1.5 1 .1 2.4

Acenaphthene 5-Me 0.9 1 .1 0.1
5-Me (6) 5-f-Bu (7) 0.75 1 .1 1.4

“ Registry numbers follow: 1, 83-32-9; 2, 6861-63-8; 3,
5209-33-6; 4,2051-98-1; 5,6861-64-9; 6, 17057-80-6; 7, 35210-
35-6. b 6.5 X 0.2 X 0.5C/1 X 0.37. c Statistical factor.

fcroi ^  product ratio, the results indicate the order 
of magnitude of the relative reactivities and the order 
of substituent effects. Thus, for reaction at the 3 
position the order Me >  f-Bu >  II >  F >  Cl >  Br ~  
I (fcH/i ~  2.5) is obtained, and for the 8 position, H 
~  Cl >  F >  Br >  I (fcH/i ~  5).

A number of points arise from these results.
(1) The difference between the rate of reaction of 

acenaphthene and of the slowest reacting halo-sub
stituted compound is small for either position. Thus, 
quite marked differences in isomer distribution are 
produced by relatively small energy differences.

(2) The halogen order for reactivity in the 3 position 
(except iodo) is that commonly found for electrophilic 
substitution in the meta position of halobenzenes. 
However, the halogens have a very much reduced rate- 
retarding effect relative to hydrogen as compared to 
analogous benzenes.7

(3) The order Me >  £-Bu is opposite to that found 
for meta reactivity in electrophilic substitution in 
toluene and ferf-butylbenzene. The partial rate fac
tors with respect to acenaphthene are of the same order 
of magnitude as found for alkylbenzenes.

(4) For reaction in the 8 position, the partial rate 
factors relative to that position in acenaphthene are 
F, 0.7; Cl, 1.0; Br, 0.4; 1 ,0.2.

With respect to the restricted range of partial rate 
factors observed for the halo substituents, similar re
sults have been found in electrophilic substitution in 
highly activated benzenes. For example, the partial 
rate factors for nitration meta to the halo group in para 
haloanisoles compared with anisole itself have recently 
been shown8 to be 0.096, 0.077, and 0.119 for chlorine, 
bromine, and iodine, respectively, compared with values 
of 0.00084, 0.0010, and 0.0112 for meta substitution 
of the analogous halobenzenes under the same con
ditions.

(7) R. G. Coombes, D. H. G. Crout, J. G. Hoggett, R. B. Moodie, and
K. Schofield, J. Chem. Soc. B, 347 (1970).

(8) C. L. Perrin and G. A. Skinner, J. Amer. Chem. Soc., 93, 3389 (1971).



Since the inductive and resonance effects for halo 
substituents are opposed, differences between halogen 
electronic effects will be small and a reactivity order 
based on these effects could thus be readily modified 
by other contributing effects.

Clearly, in 5-substituted acenaphthenes, nonbonded 
interactions occur between the substituent and peri 
hydrogen. It is likely that, as for 3-teri-butylace- 
naphthene, variation in this interaction energy during 
formation of the transition state could be largely re
sponsible for the observed reactivity orders. For 
example, the reactivity of 5-iodoacenaphthene seems 
anomalous since iodobenzene usually undergoes elec
trophilic substitution faster in the meta position than 
does bromo-, chloro-, or even fluorobenzene.7 This, 
together with the lower reactivity of, and greater pro
portion of 8 substitution from, 5-ierf-butylacenaph- 
thene relative to 5-methylacenaphthene suggests that 
steric factors are of major importance with these large 
substituents.

In conclusion, this work provides an extensive ac
count of the directing effect of substituents in electro
philic substitution in monosubstituted acenaphthenes. 
Previous results on bromination of 5-bromoacenaph- 
thene fit in with the pattern observed in the acetylation 
reaction. The reason for the observed reactivity or
ders is not fully apparent to us and is a further instance 
of the intriguing chemistry of the acenaphthene mole
cule.

Experimental Section
Glpc analyses were carried out on a GE-SE-30 silicone rubber 

column at 220-240°. Infrared spectra were run as KC1 disks and 
CDCI3 was employed as the solvent for nmr measurements, with 
TMS as internal standard. Microanalyses were carried out by 
the Australian Microanalytical Service.

Materials.— 3-Bromo-, 3-chloro-, 5-bromo-, and 5-ehloroace- 
naphthene were prepared as described in part I I .1 5-Acetyl- 
acenaphthene,9 mp 69° (lit. mp 69-70°), 5-fluoroacenaphthene,10 
mp 93-94° (lit. mp 94-95°), 5-iodoacenaphthene,11 mp 62-63° 
(lit. mp 63-63.5°), 5-acetamidoaeenaphthene,12 mp 189-190° (lit. 
mp 190°), 3-ierf-butylacenaphthene,18 mp 63-64° (lit. mp 65- 
66° )„  and 5-methylacenaphthene,14 15 mp 93.5-94.5° (lit. mp 95- 
96°) were prepared by literature methods. The preparation18 of
5-ferf-butylacenaphthene was modified in that sublimation of the 
crude red oily product at ca. 0.3 mm (100°) gave, first, acenaph
thene, and then 5-ierf-butylacenaphthene contaminated with a 
little acenaphthene. Three recrystallizations from ethanol gave 
the product, mp 98-100° (lit.13 mp 101.5-102°).

3-Acetylacenaphthene.— The crude mixture of 3-acetyl-5- 
bromo- and 3-acetyl-6-bromoacenaphthene obtained from 
acetylation of 10 g of 5-bromoacenaphthene ("standard”  con
ditions; see below) was refluxed for 1.5 hr with cupric oxide (8.0 
g), acetic anhydride (6.0 ml), and pyridine (40 ml). The reaction 
mixture was poured into 5%  acetic acid (400 ml) and the product 
was filtered off. Soxhlet extraction (3 hr) with petroleum ether 
(bp 60-80°) gave, after evaporation, 3-acetylacenaphthene (5.2 g) 
containing some 3-acetylacenaphthylene impurity. Hydrogena
tion at atmospheric pressure in methanol (10% P d/C  catalyst) 
gave 3-acetylacenaphthene (4.8 g), mp 103.5-104.5° (lit.16 mp 
105°), after recrystallization from methanol-water.

Electrophilic Substitution in Acenaphthene

(9) M. M. Dashevskii and E. Shamis, Nauch. Zap. Odess. Politekh. Inst. 
40, 83 (1962); Chem. Abstr., 59, 3844 (1963).

(10) L. M. Yagupol’skii and Z. M. Ivanova, Zh. Obshch. Khim., 27, 2273, 
(1957).

(11) F. Sachs and G. Mosebach, B e r . , 43, 2473 (1910).
(12) M. P. Gava, K. E. Merkel, and R. H. Schlessinger, Tetrahedron, 21, 

3063 (1965).
(13) E. Illingworth and A. T. Peters, J. Chem. Soc., 1602 (1951).
(14) L. F. Fieser and J. E. Jones, J. Amer. Chem. Soc., 64, 1666 (1942).
(15) L. F. Fieser and E. B. Hershberg, ibid., 61, 1272 (1939).

“ Standard” Conditions. A. Acetylating Mixture.— Acetic 
anhydride (0.5 mol) was added dropwise to a stirred mixture 
(10°) of anhydrous aluminum chloride (1.0 mol) in dry dichloro- 
ethane (2.5 mol). Anhydrous zinc chloride replaced the alu
minum chloride for reactions of 3-ierf-butyl-, 5-ierf-butyl-, and
5-iodoacenaphthene.

B. Acetylation.— The acetylating mixture was added drop- 
wise during 1 hr to a stirred solution of the compound (0.4 mol) in 
dry dichloroethane (3.5 mol), the temperature being maintained 
at ca. 0° throughout. The mixture was stirred for 1-24 hr (ca. 
0°), the reaction was quenched by addition of an ice-concentrated 
hydrochloric acid mixture, and the organic layer was separated.

Analysis.— For acetylation of 5-methyl- and 3-substituted 
acenaphthenes except 3-fcrf-butylacenaphthene, glpc analysis 
indicated the presence of only one product, subsequently isolated 
in high yield. One product only was isolated, in high yield, from 
the acetylation of 5-acetamidoacenaphthene.

The product ratios from acetylation of 5-acetyl, 3-ierf-butyl-,
5-ierf-butyl-, and 5-iodoacenaphthene were obtained by glpc. 
For 5-bromo-, 5-chloro-, and 5-fluoroacenaphthene, product 
analysis was carried out by nmr, from knowledge of chemical 
shifts of the various product acetyl protons (Table III). Analy-
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T a b l e  III
A c e t y l  P r o t o n  C h e m i c a l  S h i f t s  (f r o m  TM S) o f  S o m e  

H a l o a c e t y l a c e n a p h t h e n e s  (In f i n i t e  D i l u t i o n  in  CDC13)
Substituents ✓--------- -Position----------- -------- ,
Acetyl 3 3 3 3 3 3 5
Halogen 5-Br 6-Br 5-C1 6-C1 5-F 6-F 6-F
5 (ppm) 2.59 
“ J  =  3.2 Hz.

2.63 2.61 2.63 2.60 2.63 2.59»

sis of the reaction mixture from 5-fluoroacenaphthene requires 
more comment. The acetyl region of the reaction product nmr 
spectrum contained four peaks, two broad and equivalent and 
two sharp and equivalent. Conversion to the oximes followed 
by preparative tic on silica gel with CHC13 eluent gave two bands 
(Rf 0.6 and Ri 0.25). The ketone with the Ri 0.25 oxime was 
shown by comparison with other spectra to be 5-acetyl-6-fluoro- 
acenaphthene. The acetyl region in the nmr contained the two 
broad equivalent peaks, the splitting (J  =  3.2 Hz) being due to 
the adjacent fluorine. The nmr spectrum of the ketone from the 
Rt 0.6 oxime contained two sharp and still equal acetyl signals. 
However, the ir spectrum contained peaks characteristic of both
3,6 [839 (s), 817 (s) cm-1] and 3,5 [778 (s) cm-1] substitution. 
Thus 3-acetyl-6-fluoroacenaphthene and 3-acetyl-5-fluoroace- 
naphthene were formed in equal amounts and were not separated. 
All three isomers had the same glpc retention time.

Where analysis of the reaction mixture showed the presence of 
only one major product, the solvent was removed and the residue 
was recrystallized from ethanol and (except 3-acetyl-6-nitro- 
acenaphthene) vacuum sublimed at ca. 120-140°. The following 
compounds were isolated in this way.

3,6-Diacetylacenaphthene (from 3-acetyl- and 5-acetylacenaph- 
thene) had mp 147-148° (lit.4 mp 148-149°); ir 1122 (m), 1080 
(m), 1018 (m), 988 (m), 963 (s), 837 (s), 814 (s) cm“ 1. 6- 
Acetyl-3-bromoacenaphthene (from 3-bromoacenaphthene) had 
mp 98-100°; ir 1119 (m), 1073 (s), 961 (s), 854 (m), 833 (s), 814 
(s) cm-1, Anal. Calcd for CuHuBrO: C, 61.1; H, 4.0. 
Found: C, 61-0; H, 3.9. The oxime had mp 175-176°. 
Anal. Calcd for CI4H12BrNO: C, 58.0; H, 4.2; Br, 27.6; N,
4.8. Found: C, 57.8; H, 4.1; Br, 27.9; N, 4.7. 6-Acetyl-3- 
chloroacenaphthene (from 3-chloroacenaphthene) had mp 108- 
109°; ir 1130 (si, 1078 (s), 960 (s), 884 (m), 861 (m), 833 (s), 815 
(s) c m '1. Anal. Calcd for C14HnC10: C, 72.9; H, 4.8; Cl,
15.4. Found: C, 73.2; H, 5.05; Cl, 15.1. The oxime had mp
178-179°. Anal. Calcd for C „H ]2C1N0: C, 68.4; H, 4.9; 
Cl, 14.4; N, 5.7. Found: C, 68.3; H, 5.1; Cl, 14.5; N, 5.5.
6-Acetyl-3-nitroacenaphthene (from 3-nitroacenaphthene) had 
mp 217.5-218.5° (not sublimed); ir 970 (m), 956 (m), 935 (m), 
845 (m), 839 (s), 800 (s), 755 (m) cm -1. Anal. Calcd for 
C,4H nN 0 3: C, 69.7; H, 4.6; N , 5.8. Found: C, 69.7; H, 
4.7; N, 5.55. The 2,4-dinitrophenylhydrazone had mp 259- 
260°. Anal. Calcd for C20H15N 5O6: C, 57.0; H, 3.6; N, 
16.6. Found: C, 56.9; H, 3.9; N , 16.5. 3-Acetyl-5-methyl-
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aeenaphthene (from 5-methylacenaphthene) had mp 78-79°; ir 
1141 (m), 979 (s), 866 (m), 830 (m), 770 (s), 746 (m) cm-1. 
Anal. Calcd for C15H 14O: C, 85.7; H, 6.7. Found: C, 85.3; 
H, 6.7. The oxime had mp 152-153°. Anal. Calcd for 
C15H16NO: C. 80.0; H, 6.7; N, 6.2. Found: C, 80.2; H, 
6.9; N , 5.9. 6-Acetamido-3-acetylacenaphthene (from 5- 
acetamidoacenaphthene) had mp 218-220°; ir 1123 (m), 1110 
(m), 1086 (m), 847 (s), 827 (w), 802 (s) cm-1. Anal. Calcd for 
C i6H,5N 0 2: C, 75.9;' H, 6.0; N, 5.5. Found: C, 75.85; H, 
6.0; N , 5.85.

In acetylations where two products were formed, the pure 
isomers were isolated by one of the following methods: by
recrystallization of (a) the reaction mixture, (b) the oxime mixture 
prepared from the mother liquor of a, (c) the oxime mixture pre
pared from the original reaction mixture, or by preparative tic of
(d) the oxime mixture b, or (e) the oxime mixture c. Oximes 
were reconverted to the respective ketones by heating with 1:1 
concentrated hydrochloric acid-water. The ketones were 
recrystallized from ethanol-water and vacuum sublimed at ca. 
120-140°.

The following compounds were isolated in these ways.
From 5-chloroacenaphthene.— 3-Acetyl-5-chloroacenaphthene 

(a, EtOH): mp 118-120°; ir 1170 (m),“ ll01  (m), 989 (m), 881 
(m), 849 (m), 832 (m), 770 (s), 742 (m) cm- '.  Anal. Calcd for 
ChH „C 10: C, 72.9; H, 4.8; Cl, 15.4. Found: C, 72.7; H, 
5.0; Cl, 15.5. Oxime, mp 138-139° (lit.5140-141°). 3-Acetyl-
6-chloroacenaphthene (b): m p98.0-98.5°: ir 1080 (m), 978 (m), 
863 (w), 841 (s), 822 (w), 810 (s), 724 (m) cm -1. Anal. Calcd 
for CUH „C10: C, 72.9; H, 4.8; Cl, 15.4. Found: C, 72.6;
H, 4.8; Cl, 15.6. Oxime, mp 182-183° (EtOH -H 20 )  (lit.5 mp 
183-184°).

From 5-bromoacenaphthene.— 3-Acetyl-5-bromoacenaphthene 
(a, EtOH): mp 151-152° (lit.5 mp 152-153°); ir 1096 (m), 980 
(m), 876 (s), 836 (m), 827 (s), 766 (vs), 736 (s) cm -1. 3-Acetyl-
6-bromoacenaphthene (b): mp 89-90° (lit.6 mp 91-92°); ir 
1111 (m), 1068 (s), 1020 (w), 1009 (m), 966 (m), 954 (w), 840 (s), 
816 (w), 808 (s), 710 (m) cm-1. Oxime, mp 183-184° (EtOH- 
H20 )  (lit.5 mp 184-185°).

From 5-fluoroacenaphthene (e, May and Baker silica gel, 
chloroform eluent).— 5-Acetyl-6-fluoroacenaphthene: mp 114°; 
ir 1144 (m), 1099 (m), 1020 (m), 900 (w), 831 (s), 808 (w) cm-1. 
Anal. Calcd for ChH uFO: C, 78.5; H, 5.2; F, 8.9. Found: 
C, 78.2; H, 5.1; F, 9.0. Oxime, mp 192-193°. Anal. Calcd 
for C „H ,2FNO: C, 73.35; H, 5.3; F, 8.3; N, 6.1. Found: 
C, 73.0; H, 5.3; F, 8 .6 ; N, 5.9. An inseparable 1:1 mixture of
3-acet,yl-5- fluoroacenaphthene and 3-acetyl-6-fluoroacenaphthene, 
mp 67-69°, was also obtained (see Analysis). Anal. Calcd for 
CuH 12FNO: C, 78.5; H, 5.2; F, 8.9. Found: C, 78.2; H, 
5.3; F, 8.9. Oxime, mp 134-135°.

From 5-iodoacenaphthene.— 3-Acetyl-5-iodoacenaphthene (a, 
EtOH): mp 165-166°; ir 1178 (m), 970 (m), 963 (m), 834 (m), 
781 (s) c m '1. Anal. Calcd for Ci4H uIO: C, 52.2; H, 3.4;
I, 39.4. Found: C, 52.3; H, 3.4; I, 39.3. 3-Acetyl-6-iodo-

acenaphthene (d, Merck Alumina G, CCh eluent): mp 148°; 
ir 1110 (m), 990 (s), 840 (s), 805 (s) cm-1. Anal. Calcd for 
CuHnIO: C, 52.2; H, 3.4; I, 39.4. Found: C, 52.4; H, 
3.6; I, 39.2. Oxime, mp 174-175°.

From 5-tert- Butylacenaphthene.— 3 - Acetyl -5  -tert-butylace- 
naphthene (a, EtOH): mp 177-178°; ir 1110 (m), 969 (m), 916 
(m), 885 (w), 849 (m), 795 (s), 770 (m) cm-1. Anal. Calcd for 
C18H mO: C, 85.7; H, 8.0. Found: C, 85.6; H, 8.0. Column 
chromatography (alumina, 1:1 petroleum ether (bp 60-80°), 
CClj eluent) of the residue from (a) gave a sample of the minor 
isomer, contaminated with 3-acetyl-5-ferf-butylacenaphthene. 
Anal. Calcd for CisH mO : C, 85.7; H, 8.0. Found: C, 85.3; 
H, 8.1. From peaks at 833 (s), 818 (m), and 808 (s) in the ir 
spectrum, this isomer was identified as 3-acetyl-6-feri-butyI- 
acenaphthene.

From 3-tert - butylacenaphthene.— 3 - Acetyl - 8 - tert - butylace
naphthene (a, EtOH): mp 136-137°; ir 1018 (w), 955 (w), 850 
(vs) c m '1. Anal. Calcd for C i8H20O: C, 85.7; H, 8.0. 
Found: C, 85.4; H, 8.0. Column chromatography [alumina,
petroleum ether (bp 60-80°) eluent] of the residue from (a) gave
6-acetyl-3-ier(-butylacenaphthene: mp 57-58° (EtOH); ir 1079 
(m), 959 (m), 840 (m), 820 (s) cm“ 1. Anal. Calcd for Ci8H20O: 
C, 85.7; H, 8.0. Found: C, 85.7; H, 8 .1. A third, and 
minor, isomer was not separated.

Registry No.— 3,6-D iacetylacenaphthene, 19 7 3 2 -5 1 -  
5 ; 6-acetyl-3-brom oacenaphthene, 3 5 2 1 0 -3 7 -8 , 3 5 21 0 -
3 8 - 9 (ox im e); 6-acetyl-3-chloroacenaphthene, 3 5 21 0 -
3 9 - 0 , 3 5 2 1 0 -40 -3  (oxim e); 6 -acetyl-3-nitroacen aph - 
thene, 352 2 3 -2 5 -7 , 35 2 2 3 -2 6 -8  (2 ,4 -D N P ) ; 3 -a c e ty l-5 -  
m ethylacenaphthene, 352 2 3 -2 7 -9 , 3 5 2 2 3 -2 8 -0  (o x im e);
6-acetam ido-3~acetylacenaphthene, 3 5 2 2 3 -2 9 -1 ; 3 -ace- 
tyl-5-chloroacenaphthene, 3 5 2 2 3 -3 0 -4 ; 3 -a c e ty l-6 - 
chloroacenaphthene, 3 5 2 2 3 -3 1 -5 ; 3 -a cety l-5 -b rom oa ce - 
naphthene, 3 5 2 2 3 -3 2 -6 ; 3-acetyl-6-brom oacenaph then e, 
3 5 2 2 3 -3 3 -7 ; 5-acetyl-6-fluoroacenaphthene, 352 2 3 -3 4 -8 , 
3 5 2 6 1 -9 4 -0  (o x im e); 3-acetyl-5-fluoroacenaphthene, 35 -  
2 2 3 -3 5 -9 , 35 2 2 3 -3 6 -0  (o x im e); 3 -acetyl-6-flu oroace- 
naphthene, 3 5 2 2 3 -37 -1 , 3 5 2 2 3 -38 -2  (o x im e); 3 -a ce ty l-
5-iodoacenaphthene, 3 5 2 6 1 -9 5 -1 ; 3 -a cety l-6 -iod oace - 
naphthene, 352 2 3 -3 9 -3 , 3 5 2 2 3 -4 0 -6  (o x im e); 3 -a cety l-
5-teri-butylacenaphthene, 3 5 2 2 3 -4 1 -7 ; 3 -acetyl-6-feri- 
butylacenaphthene, 3 5 2 2 3 -4 2 -8 ; 3 -acety l-8 -ferf-b u ty l- 
acenaphthene, 3 5 2 2 3 -4 3 -9 ; 6 -acetyl-3-(ert-butylacenaph- 
thene, 3522 3 -44 -0 .
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4-Methoxy-4-methylcyclohexadienone has been prepared and has been shown to undergo the dienone-phenol 
rearrangement in concentrated hydrochloric acid with >95%  methyl migration. Rates of rearrangement of this 
dienone in concentrated perchloric acid from 37.9 to 71.1 wt %  acid have been determined. These results, 
coupled with an estimate of the basicity of 4-methoxy-4-methylcyclohexadienone, are compared to similar data for
4,4-dimethylcyclohexadienone and are discussed in the context of the currently accepted mechanism of the 
dienone-phenol rearrangement.

T h e dienone-phenol rearrangem ent provides an 
interesting and useful system  for the study of the kinetic 
acidity dependence of a sim ple A 1  reaction on the one 
hand while also functioning as a probe system  which  
can be studied to increase our understanding of 1,2 
migrations in carbonium  ion reactions. For simple 
alkyl cyclohexadienones such as 4 ,4 -d im eth ylcyclo - 
hexadienone previous w ork1-6 has established the  
m echanism  and acidity dependence for this reaction. 
For exam ple, it has been show n2 th at the rate-deter
m ining step for this reaction is

In  this paper we address ourselves to another aspect 
of this transform ation; the effect of a 4 -m ethoxy  
substituent on the course of the reaction and its effect 
on individual steps of the reaction sequence.

Results. Product Identification.—4 -M e th o x y -4 -
m ethylcyclohexadienone (1) w as prepared b y  the reac
tion of p-cresol w ith P b (0 A c )4  in m ethanol as described  
b y  H ecker.7 A  sam ple was isolated b y  preparative  
glpc and rearranged in concentrated H C1. T h e  re
arrangem ent product was m ethylated  w ith N a 2 C 0 3-  
C H 3I in m ethanol and the m ethylated  product purified 
by glpc. T h e  ir spectrum  of this m aterial was identical 
with th at of authentic 2 ,5-dim ethoxytoluene prepared  
from  2-m ethylhydroquinone.

(1) V. P. Vitullo, J. Org. Chem., 34, 224 (1969).
(2) V. P. Vitullo and N. Grossman, Tetrahedron Lett,, 1559 (1970).
(3) V. P. Vitullo, Chem. Commun., 688 (1970).
(4) V. P. Vitullo, J. Org. Chem., 35, 3976 (1970).
(5) K. L. Cook and A. J. Waring, Tetrahedron Lett., 1675 (1971).
(6) K. L. Cook and A. J. Waring, ibid., 3359 (1971).
(7) E. Hecker and R. Lattrel, Justus Liebigs Ann. Chem., 662, 48 (1963).

A  sam ple of 2,4-dim ethoxytoluene was prepared as 
outlined below and a comparison of its ir spectrum  
with th at of the m ethylated rearrangem ent product 
established that > 9 5 %  m ethyl m igration had occurred.

T hese results establish th at the m ethyl group m i
grates in the acid-catalyzed rearrangem ent of 1. 
H ecker8 has reported similar results for the rearrange
m ent of 1 in CF3COOH.

Results. Kinetics.— R ates of rearrangem ent of 1 
in solutions of perchloric acid of varyin g com position  
are presented in T a b le  I and Figure 1. T h e  rate is

T a b l e  I
Rates of Rearrangement of 

4-Mbthoxy-4-methylcyclohexadienone in Aqueous 
Perchloric Acid a t  25.2 ± 0 .1 °

106lobsd (sec-1) Wt % HC10< -H o“
8510 71.06 8.06
3060 65.98 6.67
1420 63.17 5.97
330 59.72 5 .20

87.0 55.00 4 .28
28.9 52.83 3 .92

5.90 48.13 3 .24
2 .54 44.70 2 .83
1.58 41.53 2 .50
0.601 37.93 2.18

® K. Yates and H. Wai, Can. J. Chem., 43 2131 (1965).

strongly dependent on the proton donating ability of 
the solvent as m easured b y  the H am m ett acidity func
tion H 0. In  fact, the first seven data points in Figure 1 
provide a good linear relationship betw een log k0bad and 
- H 0 w ith slope 0 .92  ±  0 .04 . H istorically, this kind  
of relationship (linear log fc0bsd vs- —Ho plot, slope ~ 1 )  
has been taken to be evidence for the operation of an 
A 1 m echanism  based on H am m ett and Zucker’s

(8) E. Hecker and E. Meyer, Angew. Chem., Int. Ed. Engl., 3, 329 (1964).



3340 J. Org. Chem., Vol. 37, No. 21, 1972 V lT U L L O  AND LO G U E

Figure 1.— Plot of log fcobsd vs. — Ho for 4-methoxy-4-methyl- 
cyclohexadienone (upper curve) and 4,4-dimethylcyclohexadien- 
one (lower curve) in perchloric acid at 25°.

original w ork.9 N o w  the underlying assum ption of 
the Z u ck er-H am m ett hypothesis is th at the reversible 
protonation of the substrate undergoing reaction is 
similar to the protonation of H a m m ett-ty p e  bases, i.e., 
substituted anilines. H ow ever, cyclohexadienones 
have been shown not to  be H am m ett bases. For  
exam ple, for six substituted cyclohexadienones thus 
far investigated1'4-6

a =  (constant)fio0'6 (2)

D +  H + = ^ D H +  a =  [D H +]/[D ] (3)

In  fact, it has been suggested5-6 th at the protonation of 
cyclohexadienones m ore nearly parallels the amide 
acidity function hA10 although the introduction of yet  
another unrelated acidity function hardly seems 
advisable. Th is is especially true since all acidity  
functions have been shown to be linear functions of 
H o.11

T h u s, while the dienone-phenol rearrangem ent is an 
exam ple of an authentic A l  reaction,2 the kinetic 
acidity dependence for the rearrangem ent of 4 -m eth o x y-
4-m ethylcyclohexadienone is considerably steeper than  
the equilibrium protonation acidity dependence of 
other cyclohexadienones.

In  earlier work we suggested th at over a range of acid  
concentrations similar to th at used in this investigation  
the rate of the dienone-phenol rearrangem ent of 4 ,4 -  
dim ethylcyclohexadienone depended not only on the 
fraction of substrate protonated b u t also inversely on 
the water activity.

k o b s i  =  k  [fraction protonated] /a Hso (4)

(9) For a review of acidity functions and their use in mechanistic organic 
chemistry, see C. H. Rochester in “ Acidity Functions,”  Academic Press, 
New York, N. Y., 1970, pp 110-196.

(10) K. Yates, J. B. Stevens, and A. R. Katritzky, Can. J. Chem., 42, 
1957 (1964).

(11) K. Yates and R. A. McClelland, J. Amer. Chem. Soc., 89, 2686 (1967).

Now

fcobod =  , (5)(a +  l)aH2o

where a is as defined in eq 3. If the amount of sub
strate protonated is small (vide supra) then

fcobad — kcc/d H2O (9 )

and
log fcobad +  log aH,o =  log k +  log a (7)

thus, (log fcobsd +  log aH,o) is proportional to log a 
and the slope of a plot of (log fc0bsd +  « h ,o )  fs. — H0 
should be characteristic of cyclohexadienone proton
ation. A plot of (log fcobsd +  log «11 jo) against — H0 
for the first seven data points in Figure 1 yielded a 
slope of 0.66 ±  0.04 in excellent agreement with the 
equilibrium protonation data for several other 
dienones.1'4-6

Results. Basicity of 1.—To understand the effect of 
methoxy substitution on individual steps of the di
enone-phenol rearrangement it is necessary to estimate 
the basicity of 1 in concentrated solutions of perchloric 
acid. For 1 this presents a problem since the half-life 
for rearrangement in 71% HCIO, is ~ 8  sec and the 
absorption spectrum of the fully protonated cyclo
hexadienone is difficult to obtain. Therefore, we 
measured the absorbance at zero time in three different 
perchloric acid solutions by monitoring the absorbance 
at 295 nm1'4'6 (a wavelength characteristic of proton
ated cyclohexadienones of two other similar systems) 
as a function of time and back-extrapolating to t =  0. 
These results are recorded in Table II.

T a b l e  II
Equilibrium Protonation Data for 1 in 

Perchloric Acid at 25°
Absorbance® Nb Wt % HCIO. -i/o® - ad

0.598 ±  0.032 8 71.06 8.06 (3.60)
0.441 ±  0.044 5 65.98 6.67 3.64
0.310 ±  0.027 7 61.37 5.97 (3.60)
® Absorbance at 295 nm; total dienone =  2.68 1OX

path length =  1 cm. b Number of independent determinations. 
c Footnote a Table I. d From eq 10 in text.

In  general, the protonation of a weak base in con
centrated acid solutions can be expressed b y  eq 8. 
T h e  value of m for various dienones1'4-6 so far in
vestigated is 0 .6 .

log a — —mHo — a (8)

In  particular the previous discussion of the kinetic  
acidity dependence for 1 suggests a similar value for 
this substrate as well. N o w  a  can be related to the  
measured absorbance through eq 9 where A  is the m ea-

a  =  A / ( A + -  A )  (9)

sured absorbance and A + is the absorbance of the  
fully protonated dienone at the sam e stoichiom etric  
concentration of substrate. T hus

log a a ^ T a  =  -  0 (10)

Since there are tw o unknowns in this equation {A  +  and  
a) tw o independent measurem ents of A  at tw o different 
acidities suffice to evaluate A + and a. T h e  values of 
a and A  + com puted from  the first and third entries in
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Table II are —3.60 and 0.633, respectively. This 
value of A + yields an extinction coefficient for pro- 
tonated 1 at 295 nm of 2360 M~x cm-1 which is similar 
to the value of 3680 M ~l cm-1 reported by us earlier1’4 
for two other dienones differing only in the substituent 
a* the 4 position. When this value of A + is used with 
the second entry in Table II and eq 10 a very similar 
value of a ( —3.64) is obtained. This lends strong 
support to our assignment of this constant.12

In Table III we have summarized the available

T able III
Ho V alues at  H alf-P rotonation for 

4-M ethyl-4 -X -cyclohexadienones 
in C oncentrated A cid at  25°

X H 0
—CHa“ - 3 .6 6
-C H C h 5 -5 .5 4
-OCHs‘ -6 .0 2
-e e ls '1 -6 .1 2

* Reference 4. b Reference 1. '  This work. d N. Grossman,
unpublished results.

basicity data for a series of 4-methyl-4-X-cyclohex- 
adienones. The trend is quite clear. As X  becomes 
more electron withdrawing inductively the cyclo
hexadienyl cation becomes less stable and the parent 
dienone less basic. In fact there is a good linear 
relationship between (—Ho)haif-protonation and c*.13

( Ho)half-protonation =  (0.89 ±  0.01)<r* +  3.76 ±  0.03

These results suggest that within this series of compounds 
the basicity of the cyclohexadienone is controlled 
primarily by the inductive effect of the 4-substituent. 
It should be noted in this context that a methoxy sub
stituent in the 4 position can only exert a — I  effect since 
resonance stabilization of the cation by this substituent 
is not possible. The decreased basicity of 1 reflects 
this electron withdrawing inductive effect.

With a =  —3.62 it can be estimated that <20%  of 1 
is protonated at the highest acidity for which the linear 
correlations discussed above were obtained. This 
would introduce at most a very modest correction to 
the computed slope and can be ignored.

Discussion

In Figure 1 along with kinetic data for the acid- 
catalyzed isomerization of 1 in perchloric acid the lower 
curve represents kinetic results for the acid-catalyzed 
rearrangement of 4,4-dimethylcyclohexadienone.14 At 
an acidity of Ho =  —2 (both substrates are <10%  
protonated at this acidity) the effect of a methoxy 
substituent on the free energy of activation is very 
small; k0Cm/kcm =  1.2. Assuming that the neutral 
dienone reactants have the same free energy this rate 
factor corresponds to a decrease in free energy of the 
transition state for methoxy vs. methyl of ~100 cal/ 
mol.

It is, however, possible to estimate the relative re
arrangement rates for the oxygen-protonated cyclo-

(12) In fact, for reasonable variations of m in eq 10 the values of a calcu
lated from the data in Table II are very similar. E.g., for values of m — 
0 59-0.63 the average value of a is —3.68 ±  0.09.

(13) J. E. Leffler and E. Grunwald, “ Rates and Equilibria of Organic 
Reactions,’ ' Wiley, New York, N. Y., 1963, pp 219-235.

(14) V. P. Vitullo and N. Grossman, J. Amer. Chem, Soc., 94, 3844 (1972).

Figure 2.— A free energy vs. reaction coordinate profile for the 
dienone-phenol rearrangement (H0 =  —2).

hexadienyl cation intermediates from observed relative 
rates and an estimate of the fraction protonated for 
each substrate (eq 11 and 12). Here k+x  is the specific

h>bsdCH3°  — Fj-CH3° F  CH30/RH2O (1 1 )

h>bsdCHi =  &+CH!FcH,AlH!0 (12)

rate of rearrangement of the X-substituted cyclo
hexadienyl cation and Fx is the fraction of X-sub
stituted dienone protonated at this acidity. We 
estimate at H0 = — 2, fc+CH3°/fc+CH3 = 33. Virtually 
this entire rate-enhancing effect originates from a 
destabilization of the intermediate (a factor of 27, 2.0 
kcal/mol) by methoxy while only a small stabilization 
of the transition state is observed (a factor of 1.2, 0.1 
kcal/mol). These results are summarized schemat
ically in Figure 2. It is apparent that even though 
the intermediate cyclohexadienyl cation is destabilized 
by the electron withdrawing effect of the methoxy 
substituent this destabilization is not felt in the tran
sition state. This is due to the fact that in the tran
sition state there is some positive charge developed 
at C-4 and the methoxy substituent can stabilize this 
partial positive charge by resonance. Now while some 
positive charge development at C-4 is suggested by our 
results a very “ product-like”  transition state (i.e., a 
transition state with a large fraction of the positive 
charge at C-4) is considered unlikely because of the

small stabilizing effect observed for the methoxy 
substituent on the transition state.

From CH3-C D 3 isotope effects15 observed in the re
arrangement of 4,4-dimethylcyclohexadienone (2) it

(15) V. P. Vitullo and N. Grossman, unpublished results.
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appears that the transition state for the rearrangement 
of this substrate is “ product-like,”  i.e., bearing a close 
structural resemblance to 2+. The rearranged cations 
directly succeeding the transition state for these two 
substrate should markedly differ in stability with 1 + 
being much more stable than 2+ This should result 
in a shift in transition state structure16 for 1+ toward 
a more nearly “ symmetrical”  transition state with an 
attendant decrease in the amount of positive charge at 
C-4 in the transition state. This is consistent with 
the relatively small stabilizing effect of the methoxy 
group of 1 in the transition state.

Experimental Section
4-Methoxy-4-methylcyclohexadienone (1).— This material was 

prepared as described by Hecker.7 The product was produced in 
31% yield, purified by preparative glpc (130°, diethylene glycol 
succinate) and had the following properties: mp 61-61.5° (lit.7 
mp 62-63°); ir (CCl4) 1675 (> C = 0 ) ,  1640 (C = C ), 1200 cm “ 1 
(COCHa); nmr S  6.15 (d, C H = C H C = 0 ), 6.65 (d, C H = C H C =
O), 3.14 (a, OCH3), 1.38 (s, CH,).

Rearrangement of 1 in Concentrated Hydrochloric Acid.—A 
50-mg portion of 1 was treated with 1 ml of concentrated HC1 
for 3 days with vigorous stirring. The yellowish solution was 
extracted with several portions of ether. The ether was dried 
( K ihSO a • and removed on a rotary evaporator. The residue was 
dissolved in 5 ml of methanol and treated with 106 mg of NaiC03 
and 114 mg of CH3I. After refluxing for 3 days the solution was 
cooled, filtered, and diluted with ether. The ether solution was 
washed with water and dried over Na2S 04, and the ether removed 
on a rotary evaporator. The crude product was subjected to 
glpc analysis (10% diethylene glycol succinate, 140°) and one 
peak was observed. This peak was collected and its ir spectrum 
was shown to be virtually identical to that obtained from the 
methylation of 2-methylhydroquinone (Aldrich Chemical Co).

2,4-Dimethoxytoluene.— 2,4-Dimethoxybenzyl mesylate was 
prepared by allowing 2,4-dimethoxybenzyl alcohol, triethylamine, 
and methanesulfonyl chloride in benzene to react at room tem

(16) G. S. Hammond, J .  A m e r . Chem. Soc., 77, 334 (1955).

perature.17 From 431 mg of 2,4-dimethoxybenzyl alcohol there 
was obtained 213 mg (35%) of mesylate ester, ir, no OH, 1380 
cm-1 (sulfonate). The crude mesylate was reduced in refluxing 
ether for two days with an excess of LiAIH,. A small sample of 
the reduction product was isolated by preparative glpc (10%, 
diethylene glycol succinate, 140°). An ir spectrum of this 
material was substantially different from that of the methylated 
rearrangement product. In fact, a comparison of ir spectra 
showed that < 5 %  methoxy migration had occurred in the acid- 
catalyzed rerrangement of 1.

Kinetic Procedures.—All rate constants reported in this 
paper were obtained by monitoring the dissappearance of 
dienone of 240 nm7 using either a Beckman DK-1A or Gilford 
Model 2400 spectrophotometer. The kinetic data were pro
cessed by using a nonlinear least-squares program written for 
the Wang 700 computer. Most of the results reported in Table I 
are average values based on three or more runs. A concentrated 
solution of dienone was prepared in ethanol and 2-5 ¿d of this 
solution was deposited in the end of a stirring rod. The reaction 
was initiated by plunging the stirring rod into a cuvette con
taining acid of the desired strength (previously equilibrated) and 
monitoring the absorbance as a function of time. Acid concentra
tions were determined by titrating weighed amounts of acid with 
previously standardized base.

Basicity of 1 in Perchloric Acid.— To estimate the degree of 
protonation of 1 we measured the absorbance of solutions of 1 in 
perchloric acid at 295 nm as a function of time and extrapolated 
back to the time of mixing either graphically or by using the 
nonlinear kinetics program. The cyclohexadienyl cations 
produced by the protonation of 4-dichloromethyl-4-methylcyclo- 
hexadienone1 and 4,4-dimethylcyclohexadienone2'4 have Xmax 
295 nm. Neutral 1 has virtually no absorption at this wave
length. These results are presented in Table II.

Registry No. —1,23438-17-7.
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Several isomeric cyclic and acyclic C8 phosphinic acids and some isomeric cyclic and acyclic C3 methylphosphine 
oxides have been synthesized, and their acidity and basicity, respectively, have been determined. The effect of 
structural branching is acid weakening with the phosphinic acids and base weakening with the phosphine oxides. 
The presence of a four-membered ring which includes the phosphorus heteroatom tends to be acid strengthening 
with the phosphinic acids, and it tends to be base weakening with the phosphine oxides. The reasons for these 
structural effects are discussed.

The acid-base properties of molecules are due to a 
combination of internal effects and environmental 
effects,3 and the relative ability of these effects to stabi
lize the acids and their conjugate bases or the bases and 
their conjugate acids. The relative ability of these 
effects to stabilize the acid or base forms of a molecule 
are determined only by the structure of the molecule 
if one uses a constant solvent environment. The 
structural effects on acid and base properties of some

(1) Based on work performed under the auspices of the U. S. Atomic 
Energy Commission.

(2) Department of Chemistry, Valparaiso University, Valparaiso, Indiana 
46383.

(3) E. J. King, “ Acid-Base Equilibria,”  Pergamon Press, Oxford, 1965.

isomeric aliphatic phosphinic acids and phosphine 
oxides are reported in this study. Since only aliphatic 
phosphinic acids and phosphine oxides are involved, 
the important internal effect is an inductive effect, and 
the important environmental effect is a solvation 
effect.

All but one of the phosphinic acids listed in Table I 
were synthesized by treatment of phosphorus oxychlo
ride or phosphorus trichloride with the appropriate 
Grignard reagent followed by hydrolysis. The ex
ception was cyclic phosphinic acid (1) which was pro
duced by treating 2,4,4-trimethyl-2-pentene with phos
phorus trichloride in the presence of aluminum chlo-
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T a b l e  I
A c id it ie s  o f  P h o sph in ic  A cids  in  75% 

E t h a n o l  an d  25% W a t e r

R

Compd r 2 PAa“

i
A "

4.66

2 (CH3V 4.72

3 (CH3CH2CH2CH2dy 5.24

4  (

'c h 3
^ C H C H ^ 5.60

i  n
5 yCH3CH2CH-^— 5.75

/  f A

6 11 CH3 c ----- j - 6.26

\ CH J 2

“ Each value, to be considered followed by ±0.05, was calcu
lated from the average of two or more pH i/2 values as read 
directly from the chart.

ride as described by McBride and coworkers.4 Cyclic 
phosphine oxide (9) listed in Table II was prepared in 
a manner similar to phosphinic acid (l) .5 Phosphine 
oxide (7) is made by use of the appropriate Grignard 
reagent with phosphorus oxychloride. Phosphine 
oxides 8  and 10 were made in 73 and 25% yields, re
spectively, by use of the appropriate Grignard reagent 
with di-w-butyl phosphite, and the initially formed 
product is subsequently treated with methyl iodide.

3RM gBr + (CH3CH2CH2CH20 )2PH — >

R = w-Bu, f-B u O

R2PMgBr + 2 n  -BuOMgBr + RH

Ü
CH,I

ments of methyl protons in sulfuric acid solutions of 
methyl phosphine oxides.7-9 Trimethylammonium 
chloride was used as the internal reference. The H0 
scale was used to determine the effective sulfuric acid 
concentration.10'11 The following equation was used 
in the evaluation of the p A bh+’ s . The slope (m) and

l o s ^ ^ w  =  lo g % B r  =  ro(p* BH+ “  Ho)

intercept (mpAsH+) were determined by least-squares 
analysis.

One of the important factors in the ordering of the 
p A a values of the aliphatic phosphinic acids listed in 
Table I appears to be a solvation effect in a manner 
similar to that found in aliphatic carboxylic acids.12“ 
The equilibrium involved in the exhibition of acid 
properties by phosphinic acids is an ionogenic one,3
i.e., one in which the proton transfer is associated with 
the creation of ions. With this type of equilibrium,

X> X)
R2P \  + h 2o  —  r 2p A  + h 3g +

OH O“

solvation is much more important in the stabilization 
of the conjugate base anion produced than in the stabi
lization of the neutral acid.12b Therefore any factor 
that hinders solvation will be acid weakening. The 
small methyl groups in compound 2 do not effectively 
interfere with solvation, and the ring structure of com
pound 1 “ pulls back”  the methyl groups from the re
action site allowing it to be readily solvated. A strong 
inductive effect in the form of an electron-withdrawing 
effect seems to be operative in compound 1 also. This 
effect stabilizes the anion relative to the free acid even 
more and makes 1 an even stronger acid than one would 
predict. The source of this electron withdrawing ef
fect is the strained four-membered ring.13 The steric 
hindrance toward solvation increases somewhat with 
the n-butyl, isobutyl, and sec-butyl groups of com
pounds in compounds 3,4, and 5. The hindrance reaches 
a maximum with the teri-butyl group of compound 6. 
The acidity consequently is weakest for this compound 
as shown by its pAA.

The base properties of phosphine oxides are shown 
by the equilibrium of the phosphine oxide with its con
jugate acid. In this equilibrium solvation is more

r 3p= o +  h 3o + r 2p= o +h  +  h 2o

r 2p c h 3
II
o

8 , R = w-Bu 
10, R = t -Bu

The pA a values of the series of phosphinic acids 
given in Table I were determined in 75% ethanol by 
titration with aqueous sodium hydroxide using a method 
described previously.6 *

The p A bh+ values of the phosphine oxides listed in 
Table II were found by nmr chemical shift measure

(4) J. J. McBride, Jr., E. Jungermann, J. V. Killheffer, and R. J. Clutter, 
J. Org. Chem., 27, 1833 (1962).

(5) S. E. Cremer and R. J. Chorvat, ibid., 32, 4066 (1967).
(6) D. F. Peppard, G. W. Mason, and C. M. Andrejasich, J. Inorg. Nucl.

Chem., 27, 697 (1965).

important in stabilizing the conjugate acid cation 
produced than in stabilizing the neutral phosphine 
oxide. Therefore any factor that hinders solvation 
will be base weakening for the phosphine oxide. A 
combination of solvation and inductive effects seems 
to be the determining factor in the relative basicities 
of the phosphine oxides listed in Table II. Here it is 
seen that the trimethylphosphine oxide (7) is essen
tially equal in basicity to di-n-butylmethylphosphine

(7) P. Haake and G. Hurst, J. Amer. Chem. Soc., 88, 2544 (1966).
(8) P. Haake, R. D. Cook, and G. Hurst, i b id . , 89, 2650 (1967).
(9) G. C. Levy, J. D. Cargioli, and W. Racela, ibid., 9 2 , 6238 (1970).
(10) F. A. Long and M . A. Paul, Chem. Rev., 57, 1 (1957).
(11) M . J. Jorgenson and D. R. Hartter, J .  Amer. Chem. Soc., 85, 878 

(1963).
(12) (a) G. S. Hammond and D. H. Hogle, ibid., 7 7 , 338 (1955); (b) 

G. S. Hammond in “Steric Effects in Organic Chemistry,” M . S. Newman, 
Ed., Wiley, New York, N. Y., 1956, Chapter 9.

(13) I. J. Miller, Tetrahedron, 2 5 , 1349 (1969).
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T a b l e  II
B a s ic it ie s  o f  P h o sph in e  O x id e s “

î
r 2p c h 3

Compd r 2 P^BH+ . Intercept m

NO.
Of

points

7 -1 .4 8  ± 0.44 -0 .9 0  ± 0.24 -0 .6 1  ± 0.08 7

8 (CH3CH2CH2CH2)j- -1 .5 1  ± 0.29 -0 .9 2  ± 0.18 -0 .6 1  ± 0.04 10

9 A -
(  f A

-2 .8 8  ± 0.17 -1 .4 1  ±  0.07 -0 .4 9  ± 0.01 11

10 |c h 3 c -------J -

V  c h 3 / 2

-3 .4 1  ± 0.22 -1 .6 3  ± 0.09 -0 .4 8  ± 0.02 10

° The slope (m )  and intercept ( m p K n n C  were determined by least-squares analysis.

oxide (8), but 1,2,2,3,4,4-hexamethylphosphetane 1- 
oxide (9) is a weaker base. The relatively weak basic
ity of phosphine oxide (9) is contrary to what would be 
expected based on solvation effects. The “ tied-back” 
nature of this cyclic phosphine oxide (9) makes it easier 
to solvate the conjugate acid cation. However, the 
strained four-membered ring structure in 9 causes a 
decrease in electron density on the oxygen atom13 which 
is the potential protonation site. This decrease in 
electron density on the oxygen atom of 9 outweighs the 
improved solvation possibilities for its protonated 
form resulting in a net decrease in basicity for the 
phosphine oxide. This decrease in basicity with in
creasing ring strain has been observed with alicyclic 
ketones.14'15 16 17 18 19 A similar increase in positive charge 
at phosphorus as ring strain increases has been noted 
in cyclic phosphates.16-19 This has been attributed 
to a lowered occupation of the phosphorus 3d orbitals. 
The weakest base of the series is di-ieri-butylmethyl- 
phosphine oxide (10) whose protonated form is greatly 
hindered from solvation by the bulky feri-butyl groups.

Experimental Section
The instruments used in this work were a modified Precision- 

Dow Recordomatic titrator and a JEOL C-60HL high resolution 
nuclear magnetic resonance spectrometer. The elemental anal
ysis was performed by Schwarzkopf Microanalytical Labora
tory, Woodside, N. Y .

Some Phosphine Oxides and Phosphinic Acids.—Trimethyl- 
phosphine oxide (7) was made by the method of Burg and 
M cKee.20 1,2,2,3,4,4-Hexamethylphosphetane 1-oxide (9) was 
synthesized using the procedure of Cremer and Chorvat.6'21 Di-

(14) E, M. Arnett, R. P. Quirk, and J. W. Larsen, J. Amer. Chem. Soc., 
92, 3977 (1970).

(15) H. J. Campbell and J. T. Edward, Can. J. Chem., 38, 2109 (1960).
(16) R. L. Collin, J. Amer. Chem. Soc., 88, 3281 (1966).
(17) D. B. Boyd, ibid., 91, 1200 (1969).
(18) G. M. Blackburn, J. S. Cohen, and I. Weatherall, Tetrahedron, 27, 

2903 (1971).
(19) A. L. Mixen and W. R. Gilkerson, J. Phys. Chem., 76, 3309 (1971).
(20) A. B. Burg and W. E. McKee, J. Amer. Chem. Soc., 73, 4590 (1951).
(21) The methylphosphonous dichloride used in this procedure was

kindly provided by the Ethyl Corporation.

methylphosphinic acid (2) was prepared by the method of Naka- 
moto, Ferraro, and Mason.22

1,1,2,3,3-Pentamethyltrimethylenephosphinic Acid (1).— The 
procedure of McBride and coworkers4 was followed (on a 1-mole 
of PC13 basis) up to the point at which the water-washed organic 
phase, containing the acid chloride as the principal product, was 
separated. One liter of an aqueous solution of 2 M  NaOH was 
added (over a period of 30 min) to the stirred organic phase. The 
aqueous phase was separated, heated at 80° for 1 hr, cooled, and 
acidified with a slight excess of concentrated hydrochloric acid. 
A colorless crystalline solid separated from the solution which was 
isolated by filtration and recrystallized from n-heptane, mp 74.5- 
75°, 85%  yield.

Di-ferf-butylphosphinic Acid (6).— This compound was first 
described as being prepared by the addition of an ether solution 
of phosphorus trichloride to an ether solution of feri-butyl 
magnesium chloride.23 We have used a modification of this pro
cedure in which the reagents were added in the reverse order to 
obtain a much higher yield of product (45% ). The purity of the 
product was such that it could be used in radiometric studies, mp 
210°.

Details of the preparation and purification of the compound 
by this modified procedure are given elsewhere.24

Di-n-butylphosphinic Acid (3).— This compound was prepared 
in the same manner as di-ferf-butylphosphinic acid (6) except that 
feri-butyl chloride and phosphorus trichloride were replaced by 
ra-butyl bromide and phosphorus oxychloride. Consequently the 
oxidation step was not needed. Also the purification procedure 
differed markedly from that used for di-ferf-butylphosphinic acid. 
The purification was carried out in the following manner. Fol
lowing completion of the Grignard reaction the ether phase was 
washed twice with water and extracted with 1 M  aqueous sodium 
hydroxide. The aqueous sodium hydroxide extract was heated 
at 80° for 2 hr, cooled, washed three times with benzene, and 
acidified with a light excess of concentrated HC1. The aqueous 
solution was extracted with isobutyl alcohol, and the alcoholic 
extract was washed with four portions of water. Upon evapora
tion of the alcohol a colorless crystalline solid product was ob
tained. It was recrystallized from n-heptane (60% yield), mp
68.5-69.5° (lit.23 mp 68.5-69°).

Diisobutylphosphinic Acid (4).— The same procedure as was 
given above for making di-n:butylphosphinic acid (3) was fol-

(22) . K. Nakamoto, J. R. Ferraro, and G. W. Mason, Appl. Spectrosc., 
23, 521 (1969).

(23) P. C. Crofts and G. M. Kosolapoff, J . Amer. Chem. Soc.f 76, 3379 
(1953).

(24) G. W. Mason, S. Lewey, and D\ F. Peppard, J. Inorg. Nucl. Chem., 
in press.
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lowed here using isobutyl bromide to give a colorless crystalline 
product in a 60% yield, mp 46-47° (lit.25 mp 38-40°).

Di -sec-butylphosphinic Acid (5).— The same procedure as was 
reported above for making di-n-butylphosphinic acid (3) was 
followed here for making 5 by using sec-butyl chloride to give 
product in a 60% yield. The final recrystallization step was 
omitted since the product is a liquid at room temperature. This 
is the first time a pure sample of this compound has been reported, 
the only other report being that of a crude sample.26

Anal. Calcd for C8H190 2P: C, 53.92; H, 10.75; P, 17.38. 
Found: C, 54.10; H, 10.84; P , 17.51.

Di -n-butylmethylphosphine Oxide (8).— To a stirred Grignard 
solution prepared from 411 g (3.0 mol) of n-butyl bromide and 73 
g (3.0 mol) of magnesium in 11. of diethyl ether was added drop- 
wise (over a period o f lh r )1 9 4 g (1 .0  m ol) of di-n-butyl phosphite. 
A total of 142 g (1.0 mol) of methyl iodide was added and the 
mixture heated under reflux for 1.5 hr. The cooled solution was 
stirred with 500 ml of concentrated HC1 and the organic phase 
(upper layer) was separated. The organic phase was washed

(25) K. A. Petrov, N. K. Bliznyuk, and V. P. Korotkova, J .  G en . G hent. 
U S S R , 30 , 2967 (1960).

(26) P. J. Christen and L. M. van der Linde, R ec . T rav . C h im . P a y s -B a s ,
78 , 543 (1959).

successively with two 250-ml portions of water, one 250-ml por
tion of 1 M  NaOH, and one 250-ml portion of water. The ether, 
n-butyl alcohol, and water were removed from the organic phase 
(the latter two under high vacuum since they were quite difficult 
to remove) to give 128.7 g (73%) of colorless solid product, mp 
34-35° (lit.27 mp 35°).

Di-iert-butylmethylphosphine Oxide(lO).— The same procedure 
as was reported above for making di-n-butylmethylphosphine ox
ide (8) was used here for making 10 by using fert-butyl chloride in 
place of n-butyl bromide. The final product was purified by 
fractional distillation, and the purified product was obtained in a 
25% yield. This is a vastly improved yield over the 2%  yield 
of product reported from the reaction of fert-butylmagnesium 
chloride with methylphosphonic dichloride.28

Registry N o.—1, 35210-25-4; 2, 3283-12-3; 3,
866-32-0; 4, 15924-57-9; 5, 35210-27-6 ; 6, 677-76-9; 
7, 676-96-0; 8, 14062-37-4 ; 9, 16083-94-6; 10, 18351-
81-0.

(27) G. M. Kosolapoff and R. F. Struck, P r o c .  C h em . S o c .,  L o n d o n ,  351 
(1960).

(28) A. D. Brown, Jr., and G. M. Kosolapoff, J . C h em . S o c . C , 839 (1968).

N o te s

Birch Reduction of Biphenylene. Formation 
of 4,5-Benzobicyclo[4.2.0]octa-2,4-diene

C h a r l e s  A. M attjszak* a n d  L u t h e r  D ickson

University of the Pacific, Department of Chemistry, 
Stockton, California 9520f

Received March 3, 1972

Braun’s report1 of the characterization of the prod
ucts from the reaction of benzyne and 1,3-cyclohexa- 
diene prompts us to report our findings in the Birch 
reduction of biphenylene (1).

Baker reported2 that reduction of 1 by sodium in 
liquid ammonia yielded 30% biphenyl plus unsaturated 
oil. Atkinson3 found that the mixture of products 
obtained by alkali metal reduction in liquid ammonia 
underwent disproportionation during distillation, re

(1) A. M. Braun, J . O rg . C h em ., 35, 1208 (1970).
(2) W. Baker, M. P. V. Boarland, and J. F. W. MeOmie, J .  C h em . S o c .,  

1476 (1954).
(3) E. R. Atkinson and F. E. Granchelli, private communication cited in

M . P. Cava and M. J. Mitchell, “ Cyclobutadiene and Related Compounds,”
Academic Press, New York, N. Y., 1967, pp 267 and 283.

forming a small amount of biphenylene (1). Barton4 
found reduction with lithium in ethylamine-diethyl- 
amine (1:4 ratio) at 0° to give 85% biphenyl plus small 
amounts of 1-phenylcyclohexene and a tetrahydro- 
biphenylene.

Our results differ from those cited. Reduction of 1 
using sodium or lithium in liquid ammonia plus an
hydrous ether plus ethanol yielded a mixture which glc 
indicated was composed of unreacted 1, 1,4,4a,8b- 
tetrahydrobiphsnylene (2), and4,5-benzobicyclo[4.2.0]- 
octa-2,4-diene (4), with the latter two in a ratio of about 
4:1. Biphenyl was specifically sought by nmr and 
glc, but none was found.

Braun1 isolated 4 from the reaction of benzyne and
1,3-cyclohexadiene and proposed its formation by the 
rearrangement of l,2,4a,8b-tetrahydrobiphenylene (3), 
which was the expected minor 1,2 addition product. 
Thus, our obtaining 4 instead of 3 by a different 
route supports Braun’s proposed rearrangement of 3. 
However, neither we nor Braun have isolated 3 or 
established whether the rearrangement occurs sponta
neously or is caused by the glc work-up. It may be sig
nificant that two tetrabromo compounds with the 
same skeletal structure as 3 have been reported5 and 
seem stable.

Braun1 characterized 4, which exhibits a uv absorp
tion spectrum typical of styrene derivatives rather 
than benzocyclobutene derivatives.6 Previously un
reported 2 exhibits the uv spectrum (ETOH) typical 
of a benzocyclobutene derivative and a molecular

(4) J. W. Barton and D. J. Walsh, unpublished work mentioned by Barton 
in “ Nonbenzenoid Aromatics,”  Vol. I, J. P. Snyder, Ed., Academic Press, 
New York, N. Y ., 1969, pp 56-57.

(5) J. W. Barton and K. E. Whitaker, J . C h em . S o c . C , 28 (1968).
(6) M. P. Cava, R. J. Pohl, and M. J. Mitchell, J .  A m e r .  C h em . S o c .,  85, 

2080 (1963).
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weight of 156 by mass spectral analysis. Nmr (CCIJ 
indicates the following protons: four aromatic, two 
vinyl, two benzylic methinyl, and four allylic methyl
ene. The benzylic hydrogens (5 3.65) are further down- 
field than usual7 for benzylic hydrogens, which is in 
agreement with their location on a cyclobutene ring.7'8 
Equivalency of the benzylic hydrogens is indicated, as 
they have the same chemical shift and do not split one 
another (a J of 6-10 magnitude7 would be required). 
Also absence of mutual splitting and identical chemical 
shift indicate equivalency of the vinyl hydrogens. 
The absence of carbon-to-carbon double bond stretch
ing in the 1600 -1680-cm  ̂ region of the ir spectrum, 
as well as the overall simplicity of the ir and nmr spec
tra, agrees with the symmetrical structure of 2.

The most likely structures for the dihydro inter
mediate which must form first and then go on to tetra- 
hydro products 2 and 4 are 2,4a-dihydrobiphenylene
(5), 4a,8b-dihydrobiphenylene (6), and 1,4-dihydro-

biphenylene (7). 5 is the product predicted9 by 
Streitwieser, who used molecular orbital theory based 
on protonation at sites of highest electron density in 
the radical anion and anion intermediates. Further 
reduction of 5 would be expected to form 3. Isomer
ization of 5 to l,8b-dihydrobiphenylene (8) by the 
ethoxide ion present is reasonable and further reduc
tion would lead to 2 and 3.

Experimental Section10

Biphenylene (1) was prepared in 25% yield by the procedure 
of Friedman,11 mp 108-110°.

Reduction of Biphenylene (1).— To a stirred, refluxing ( — 33°) 
mixture of 500 ml of liquid ammonia, 150 ml of anhydrous ether, 
and 2.00 g of 1 (0.0132 mol) was added 0.90 g of sodium (0.039 
mol). The blue solution was stirred for 15 min and then 15 ml 
of absolute ethanol was added over a 5-min period. The blue 
color disappeared and the NH3 was allowed to evaporate. The

residue was mixed with 150 ml of water and extracted with ether. 
Evaporation of the ether from the dried extracts (M gS04) yielded 
1.70 g of a mixture of solid and liquid. Glc analysis indicated 
that 1, 2, and 4 were present in the ratio of 11:4:1 and that 
biphenyl was absent. Nmr confirmed the absence of biphenyl. 
Preparative glc gave enough material for spectral and elemental 
analysis.

Use of lithium instead of sodium required no ethanol but gave 
the same results. When the amount of sodium was increased to
4.5 equiv, then no unreacted 1 remained and the amounts of 2 
and 4 were increased proportionally.

l,4,4a,8b-Tetrahydrobiphenylene (2): nmr (CC14) 8 2.35
(“ filled-in”  t, J =  <3 Hz, 4 H), 3.65 ( “ filled-in”  t, J =  <3 
Hz, 2 H), 5.60 ( “ filled-in”  t, /  = <3 Hz, 2 H), 6.95 (m, 4); ir 
(neat) 3.3, 3.4, 3.5, 6.9, 13.5 (ortho-disubstituted benzene), and
14.8 m (m -H C = C H ); uv max (ethanol) 214 ( e  5184), 261 ( e  

1410), 266.5 (e 2150), and 273 nm (e 2570); mol wt 156 (mass 
spectrum).

Anal. Calcd for Ci2H12: C, 92.25; H, 7.74. Found: C,
92.10; H, 7.71.

The dibromide of 2 was prepared by addition of bromine in 
CC14, mp 87-88°, recrystallized from ethanol.

Anal. Calcd for C42H12Br2: C, 45.60; H, 3.83; Br, 50.57. 
Found: C, 45.37; H, 3.98; Br, 50.50.

4,5-Benzobicyclo[4.2.0]octa-2,4-diene (4): nmr (CC14) same
as published spectrum1 8 1.8-2.7 (m, 4, two CH2), 2.9-3.9 (m, 2, 
methyl CH), 5.75 (double d, 1, J a b  = 10 Hz, J =  3 Hz, vinyl 
CH), 6.30 (d, 1, J ab =  10, vinyl CH), 6.93 (m, 4, aromatic 
CH); ir (neat) 13.2 y; uv max (ethanol) 219.5 nm (t 22,265), 
226 (e 17,877), 248.5 (e 7801), 271 nm (c 6825), lit.1 max 248 nm 
(e8600); m olwt 156 (mass spectrum).

Anal. Calcd for Ci2HI2: C, 92.25; H, 7.74. Found: C, 
92.15; H, 7.55.

Registry No.— 1, 259-79-0; 2, 35031-03-9; 2 di
bromide, 35031-04-0; 4, 21367-71-5.
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Hydrogenolysis of the Acetal
6,8-Dioxabicyclo[3.2.1]octane by Aluminum  

Chloride Hydride. Evidence for the Preferred 
Direction of Ring Cleavage in the Course of 

a-Bromination of This Acetal

P. C la spe r  an d  R. K. B r o w n *1

Department of Chemistry, University of Alberta, 
Edmonton, Alberta, Canada

(7) R. M. Silverstein and G. C. Bassler, “ Spectrometric Identification of 
Organic Compounds,”  2nd ed, Wiley, New York, N. Y., 1967, pp 136-145.

(8) F. A. Bovey, “ NMR Data Tables for Organic Compounds,” Wiley, 
New York, N. Y., 1967, pp 353 and 416.

(9) (a) A. Streitwieser, Jr., “ Molecular Orbital Theory,” Wiley, New 
York, N. Y., 1961, p 429; (b) A. Streitwieser, Jr., and S. Suzuki, Tetrahe
dron, 16, 153 (1961).

(10) Analyses were by Bernhardt Mikroanalytisches Laboratorium, 
Elbach uber Engelskirken, West Germany. Ir spectra were obtained on 
Perkin-Elmer 137B. Nmr spectra were obtained in CCb on Joel JNM-C- 
60HL with tetramethylsilane as internal standard. Molecular weights were 
obtained using a Hitachi Perkin-Elmer RNV-6E mass spectrometer. Uv 
spectra were obtained on a Perkin-Elmer 202. Glc analysis and separations 
were done using Aerograph Model A-90-P instrument and a 1/4 in. X 10 ft 
column of 10% Carbowax on 80—100 mesh firebrick treated with HMDS 
at 190°. The ammonia for the reductions was distilled from its metal 
cylinder and condensed in the reduction flask, but not dried before use. 
The sodium was cut free of oxide and hydroxide just before use.

(11) F. M. Logullo, A. H. Seitz, and L. Friedman, Org. Syn., 48, 12 
(1968).

Received April 19, 1972

A recent report2 has suggested that bromination of 
acetals is acid catalyzed and that the exclusive attack 
of bromine on the a position of the acetal 6,8-dioxa- 
bicyclo [3.2.1]octane (1) is the result of initial cleavage 
of the protonated acetal to give the oxocarbonium ion 
2 and/or 6 (path A and/or B of Scheme I) which in 
turn would lose a proton to form an intermediate a,|3-un- 
saturated ether 3 and/or 7. Bromine attack on 3 and/or 
7 would produce the species 4 and/or 8 which would then 
suffer intramolecular attack by the hydroxyl group to re-

(1) Author to whom correspondence should be directed.
(2) T. P. Murray, C. S. Williams, and R. K. Brown, J. Org. Chem., 36, 

1311 (1971).
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Sch em e  I and AICI3,4 and found that 2-hydroxymethyltetrahy- 
dropyran (9, eq 1) was produced in excellent yield.

No other product could be detected by gas-liquid 
chromatography (glc) of the reaction mixture. Since 
the model of 1 shows that both oxygen atoms are 
readily accessible to the Lewis acid (A1H2C1), this reac
tion provides evidence to support our view that acid- 
catalyzed bromination of 1 occurs by path B.

Experimental Section

To a stirred solution of lithium aluminum hydride (0.427 g, 
0.01125 mol) in 10 ml of dry ether kept at 5° by an ice bath, 
was added dropwise 10 ml of ether solution of aluminum chloride 
(1.49 g, 0.01125 mol). After the addition, the solution was 
stirred at room temperature for 15 min. To this stirred mixture 
was then slowly added a solution of 1.71 g (0.015 mol) of 6,8- 
dioxabicyclo[3.2.1]octane (1) in 10 ml of dry ether. The mix
ture was then stirred at room temperature for 2 hr whereupon a 
15% aqueous solution of potassium hydroxide was slowly added 
until no further reaction occurred. The solids were removed by 
filtration and washed with ether. The combined ether solutions 
were dried (Na2S04) and freed from solvent. The residue was 
analyzed by glc with a column of 20% butanediol succinate on 
Chromosorb W 60-80 mesh. The compound 2-hydroxymethyl- 
tetrahydropyran was obtained in 93% yield as the only detectable 
product.

Registry No.—1,280-16-0.

Acknowledgment. We thank the National Re
search Council of Canada for financial assistance in this 
work.

(4) U. E. Diner, H. A. Davis, and R. K. Brown, ibid., 45, 207 (1967).

generate the bicyclic molecule 5 now containing the bro
mine atom in the a position. Both the exo and endo 
monobromo isomers are obtained. No firm decision 
could be made as to which path of reaction (A or B) 
is preferred or whether both routes are followed, one 
giving the exo and the other the endo monobromo 
isomer. However, path B was considered2 to be the 
preferred route on the basis of the apparent greater 
ease of cleavage of the C-5-0-6 bond in the hydrolysis 
or alcoholysis of substituted bicyclic structures such 
as 1.

Work on the hydrogenolysis of acetals and ketals 
by mixtures of LiAlH4 and A1C13 in ether3 has indicated 
that, as is the case for the hydrolysis of acetals, the 
rate-controlling step of the hydrogenolysis reaction is 
the cleavage of the C -0  bond, weakened by the associ
ation of its oxygen atom with the Lewis acid. How
ever, the subsequent addition of the hydride ion to the 
resulting oxocarbonium ion is very fast and irreversible. 
Product analysis then provides clear evidence of the 
preferred route of bond cleavage.

We have subjected 1 to hydrogenolysis by A1H2C1, 
prepared from the appropriate quantities of LiAlIL

(3) B. E. Leggetter and R. K. Brown, Can. J. Chem., 42, 990 (1964);
43, 1030 (1965).

Alumina-Catalyzed Dehydration of Substituted 
Cyclohexanones. Comments on the Mechanism 

of Hydrocarbon Formation

C h a r l e s  W. S p a n g l e r , *  P a t r i c i a  K. M a i e r , 
a n d  K e v i n  E. B e n n e t

The Michael Faraday Laboratories, Department of Chemistry, 
Northern Illinois University, DeKalb, Illinois 60115

Received October 26, 1970

Over the past several years, our investigations of 
alumina-catalyzed dienol dehydration1'2 have led us to 
investigate the formation and subsequent reactions of 
various 1,3-cyclohexadienes.3 Several workers4,5 have 
alluded to the possibility of the intermediacy of 1,3- 
cyclohexadiene in the alumina-catalyzed dehydration 
of cyclohexanone, even though it is found only as a 
minor product. Most of the reported product anal
yses, however, were incomplete, due mainly to diffi
culties in the separation of complex hydrocarbon mix-

(1) C. Spangler and N. Johnson, J. Org. Chem., 34, 1444 (1969).
(2) C. Spangler, ibid., 31, 346 (1966).
(3) C. Spangler and R. Hennis, ibid., 36, 917 (1971).
(4) H. Adkins and S. Watkins, J. Amer. Chem. Soc., 73, 2184 (1951).
(5) G. Woods, U. S. Dept. Com., Office Tech. Serv. AD 278,110, 29 (1962).
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Table I
r—. % of total hydrocarbon0 product,--- --------\

Ketone, catalyst0 (temp, °C, 
column length, cm) % conversion1’ 6 6 Ò 6  6 Ò è
2, A (400, 26) 45.5 0 . 0 27.5 34.4 2.3 8 . 8 7.5 11.9
2, A (300, 26) 2 0 . 2 0 . 0 32.0 67.3 Trace 0 . 6 0 . 1 0 . 0

2, A (300, 18) 1.5 0 . 0 28.8 66.7 Trace 1.7 Trace 2 . 8

2, A (400, 18) 26.4 0 . 0 37.2 57.6 1.3 3.0 0 . 6 0.3
2, B (300, 18) 8.9 0 . 0 28.0 72.0 0 . 0 0 . 0 0 . 0 0 . 0

2, B (400, 18) 38.6 Trace 36.3 53.1 0 . 2 3.8 4.6 0 . 1

2, C (300, 18) 13.5 0 . 0 30.0 69.9 0 . 0 0 . 0 0 . 0 0 . 0

2, C (400, 18) 36.6 0 . 0 33.6 57.3 2 . 2 3.5 0 . 2 2 . 6

3, A (300, 26) 40.0 98.7 0 . 0 0 . 0 0.4 0 . 0 0 . 0 0.9
3, A (400, 26) 60.3 81.0 0 . 0 0 . 0 2 . 1 5.0 4.6 6 . 0

3, A (300, 18) 36.0 99.8 0 . 0 0 . 0 0 . 2 0 . 0 0 . 0 0 . 0

3, A (400, 18) 58.3 95.0 0 . 0 0 . 0 2 . 6 0.5 0.9 1 . 0

3, B (300, 18) 12.4 99.9 0 . 0 0 . 0 0 . 1 0 . 0 0 . 0 0 . 0

3, B (400, 18) 42.0 91.5 Trace 2.7 1 . 1 1 . 8 0 . 1 1.9
3, C (300, 18) 25.5 99.9 0 . 0 0 . 0 0 . 1 0 . 0 0 . 0 0 . 0

3, C (400, 18) 37.0 80.0 Trace 16.3 0 . 2 0.4 0 . 6 2 . 0

0 0 0
1, A (300, 26) 51.6 98.6 1.3 0 . 1

1, A (400, 26) 78.2 90.0 8 . 2 1 . 8

1, A (300, 18) 19.0 99.2 0 . 8 0 . 0

1, A (400, 18) 42.2 96.0 2 . 8 0 . 6

1, B (300, 18) 2 1 , 2 98.7 1.3 0 . 0

1, B (400, 18) 55.4 95.4 4.1 0.5
1, C (300, 18) 9.8 99.7 0.3 0 . 0

1, C (400, 18) 49.0 97.0 2 . 8 0 . 2

° Catalyst A is KA 101 (Kaiser Chemicals); B is AL-0104 (Harshaw Chemical Co.); C is Houdry HA-100S (Houdry Process and 
Chemical Co.). b Expressed as percentage of original ketone converted to dehydration products, including phenolic material. 
c Methylenecyclohexene and unconjugated dienes make up the balance to equal 100% of total hydrocarbon content.

tures into their respective components. Our recent 
experience with such complex mixtures of this type 
prompted us to reinvestigate the dehydration of cyclo
hexanone and to extend our studies to include the 
methylcyclohexanones.

In the present study, cyclohexanone (1) was dehy
drated over alumina at 300 and 400°. Three different 
alumina catalysts were utilized to determine the pres
ence or absence of specific catalytic effect on our prod
uct distributions. Conversions of the cyclohexanone 
to products varied from 10 to 78%, enabling us to 
determine if product distributions varied significantly 
with percentage conversion. Glpc analysis of the 
lower temperature dehydration products showed them 
to be quite similar to those reported previously;4'6 how
ever, dehydration at 400° produced much greater 
amounts of 1,3-cyclohexadiene than had been indicated 
earlier. Similarly, 2-methylcyclohexanone (2) and 4- 
methylcyclohexanone (3) were also dehydrated as de
scribed for 1. Product distributions (Table I) of both 
of these at 400° also revealed much greater concentra
tions of dienes than one would expect from the simple 
disproportionation mechanisms proposed earlier.4'5

In Table I we have indicated only the product distri
bution for the hydrocarbon fraction. In all cases 
phenolic and, to a lesser extent, polymeric materials 
were also formed. As we did not intend to discuss this 
aspect of the mechanism, no effort was made to quan
titatively determine the phenolic fraction of the total

crude product. Thus dehydration of 1, 2, or 3 yields a 
mixture of hydrocarbons (see Table I), a phenol, traces 
of the corresponding cyclohexanol, and residual ke
tone, as reported previously.4,5 Table I emphasizes 
the make-up of the hydrocarbon fraction only.

Adkins and Watkins4 initially reported that alumina 
dehydration of cyclohexanone (1) yielded a mixture of 
cyclohexene (4), phenol (5), and unchanged 1. 
Woods,6 in a more detailed study, also confirmed the 
presence of both benzene (6) and 1,3-cyclohexadiene
(7) in the product mixture, but was unable to obtain

(ref 4)

(ref 5)
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accurate quantitative product distributions. In both 
studies, however, the major products were cyclohexene 
and phenol. These results prompted the above workers 
to postulate disproportionation schemes for these reac
tions prior to catalytic dehydration. Thus, dehydra
tion of 8 would yield 4, the normal dehydration prod
uct, while either dehydration or dehydrogenation of 10 
would yield 6 or 5, respectively. Both the dehydra
tion and dehydrogenation steps are well-known reac
tions over alumina at elevated temperature. Presum
ably, any 1,3-cyclohexadiene in the product would be 
formed by direct dehydration of 1, probably via the enol
9. Our results indicate that the Adkins-Watkins mech
anism is probably the first step in the reaction, as only 
this pathway can account for the total quantity of hy
drocarbons observed (theoretical limit is 67 mol% for 
100% dehydration).

These observations raise the question of whether 
cyclohexanols are the precursors of all nonaromatic 
products, or if some pathway other than cyclohexanone 
disproportionation is operative. Corkern and Fry6 
have recently reported the partial dehydration of both 
1 and 2 over polyphosphoric acid at elevated tempera
ture, obtaining benzene and toluene, respectively, al
though in low yield (3 and 5%). They postulate that 
dehydration occurs through rearrangement of an a-hy- 
drogen or a-alkyl group to the conjugate acid of the 
carbonyl, followed by dehydration and dehydrogena
tion. This mechanism can easily be adapted to the 
production of a conjugated cyclic diene, proceeding via 
a 2-cyelohexen-l-ol.

Similarly, 2 and 3 would yield 2-methyl-l,3-cyclo- 
hexadiene and 5-methyl-l,3-cvclohexadiene, respec
tively, as well as toluene. Under the conditions of 
methylcyclohexanone dehydration (300-400°), how
ever, either of these dienes would rapidly isomerize 
either by thermal [1,5] sigmatropic migration of hy
drogen or by acid-catalyzed routes,7 by which methyl- 
enecyclohexene and the 1,4-dienes may also be ob
tained. The data in Table I clearly show that the 
dienes are more extensively isomerized at 400 than at 
300°. This is in agreement with our previous work re
garding thermal and acid-catalyzed isomerization of

14 15 16

(6) W. Corkern and A. Fry, J. Amer. Chem. Soc., 89, 5888 (1967).
(7) R. Bâtes, E. Caldwell, and H. Klein, J. Org. Chem., 34, 2615 (1969).

methyl-l,3-cyclohexadiene mixtures in this tempera
ture range.3

Similar intermediates have been postulated by Des- 
cotes, et al. 7 in the cyclodehydration of 5,e-unsaturated 
ketones over both alumina and polyphosphoric acid, 
yielding product mixtures composed of aromatics, 1,3- 
cyclohexadienes, monoolefins, and some 1,4-cyclo- 
hexadienes.
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-----— products

17 18

An alternate pathway to the cyclic dienes might also 
occur through the enol (however, we feel that 20 would 
only form with great difficulty in the vapor phase) and 
is not as likely as a reaction proceeding through inter
mediates such as 12 or similar intermediates.

H:~

shift

19 20

products

In order to eliminate the possibility that dienes were 
being formed by direct dehydrogenation of the mono
olefins, 4-methyl-l-cyclohexene (22) was passed over 
all three of the catalysts employed in this study at 
400°. No dienes or aromatic products were obtained, 
although between 2 and 5%  of the olefin was isomer
ized to 1-methyl-l-cyclohexene. We conclude from 
our experiments that diene formation is a process 
totally unrelated to the disproportionation-dehydro
genation sequence yielding the monoolefins and phe
nolic products and, in fact, is much more important 
than any previous workers had indicated, especially 
under conditions of high conversion. It is probable 
that dienes result from an acid-catalyzed dehydration 
route similar to that proposed by Corkern and Fry,6 
followed by isomerization via consecutive sigmatropic 
hydrogen shifts and/or acid-catalyzed isomerization.3

Experimental Section8 9

Nature of Catalysts.— The three catalysts employed in this 
study have different characteristics. Catalyst A (Kaiser Chemi

(8) G. Descofces, M. Fournier, and R. Mugnier, Bull. Soc. Chim. Fr., 382 
(1968).

(9) Gas-liquid partition chromatography was performed with an Aero
graph Model 202-1B dual-column instrument equipped with a Hewlett- 
Packard Model 3370A electronic integrator for peak area measurement; 
dual 15-15% TCEP on 60-80 mesh Chromosorb W columns were utilized 
for the analysis of the hydrocarbon fraction; dual 6 ft—15% Carbowax 20M 
on 60-80 mesh Chromosorb W columns were utilized for total analysis of the 
product mixtures. Ultraviolet spectra were obtained with a Perkin-Elmer 
Model 202; nmr spectra were obtained with a Varían A60-A using TMS as an 
internal standard (CDCls solvent). All compounds were identified by both 
uv and nmr spectra and glpc retention times, and comparison to authentic 
samples.
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cals, KA-101)10 is a quasiamorphous alumina, as determined by- 
X-ray diffraction,11 which can be referred to as x-P alumina. 
The X-ray pattern is diffuse and intermediate between amor
phous p and the more crystalline x> but distinct from each.11 
A minor phase (ca. 20-30% ) which coexists with the above dom
inant phase resembles 7-alumina but is more diffuse. The 
catalyst is supplied as pellets, 8-14 mesh, with a surface area of 
360 m2/g . Sodium content is 0.40%, expressed as Na20 .

Catalyst C (Houdry HA-100S)12 is a 7-alumina catalyst which 
has been described as essentially nonacidic,13 14 15 while catalyst B 
(Harshaw AL-0104)u is also a 7-alumina, classed as weakly acidic. 
Both B and C have been utilized as dehydration catalysts in a 
large number of published examples by several different work
ers.13 C has a sodium content of 0.1-0.2% , while B has a con
tent of 0.4%  expressed as Na20 .

Catalysts were prepared by heating at the dehydration tem
perature for a period of 1 hr under reduced pressure (20-25 mm). 
After this period they were used directly as described below.

Dehydration of Cyclohexanone (1).— Cyclohexanone16 (20 g, 
0.21 mol) was added dropwise at a rate of 0,25 ml/min through 
a 22-mm Pyrex tube packed to a depth of either 18 or 26 cm with 
alumina and externally heated with a Lindberg Hevi-Duty split- 
tube furnace. A pressure of 20-25 mm was maintained in the 
system to facilitate rapid removal of the product from the column. 
The product was trapped in a flask immersed in a Dry Ice-acetone 
bath, and subsequently warmed to rocm temperature, washed 
with water, filtered through anhydrous magnesium sulfate, and 
analyzed immediately by glpc (12.8 g, 72% ).16 No attempt was 
made to maximize this yield, although we recognize that this 
method discriminates against isolating phenolic-type products. 
High-boiling materials were also condensed on the inside of the 
exit tube from the dehydration chamber. This was shown to 
consist mainly of phenolic material and higher-boiling residues. 
Since our main interest was in the hydrocarbon fraction, we made 
no further effort at a complete material balance for all products.

The dehydration products were identified by collecting each 
peak emanating from the chromatograph in glass V tubes im
mersed in cooling baths: (1) in isooctane for uv analysis, and
(2) in CDCI3 for nmr analysis. In each case, the product was 
identified by comparison of the uv, nmr, and glpc retention 
times to those of authentic samples in our laboratories.

Dehydration of 4-Methylcyclohexanone (3).— Methylcyclo- 
hexanone17 (20 g, 0.18 mol) was dehydrated at 400° as described 
above for cyclohexanone, yielding 14.9 g (87% )18 of the product, 
which was analyzed immediately by glpc.

Dehydration of 2-Methylcyclohexancne (2).— 2-Methylcyclo- 
hexanone19 (15 g, 0.13 mol) was dehydrated at 400° as described 
above, yielding 9.3 g (73% )20 of product, which was immedi
ately analyzed by glpc.

Thermolysis of 4-Methyl-1-cyclohexene (22).— 4-Met.hyl-l- 
cyclohexene (10 g) was thermolyzed by passage through an 18- 
cm column packed with either A, B, or C, at 400°. Immediate 
glpc of the recovered product (>95%  in all three cases) revealed 
that the only new product was 1-methyl-1-cyclohexene (2-5% ).

Registry No.—1, 108-94-1; 2,583-60-8; 3,589-92-4; 
alumina, 1344-28-1.

(10) Kaiser Chemicals, Division of Kaiser Aluminum and Chemical Corp.
(11) Private communication, Dr. Robert B. Emerson, Staff Research 

Associate, Chemical Aluminas, Kaiser Chemicals, Baton Rouge, La.
(12) Houdry Process and Chemical Co.
(13) See, for example, L. Klemm, J. Shabtai, and D. Taylor, J. Org. 

Chem., 33, 1480 (1968), and references therein.
(14) The Harshaw Chemical Co., Division cf Kewanee Oil Co.
(15) J. T. Baker Chemical Co.
(16) For catalyst A (26-cm column) the following total product analysis

was obtained: recovered 1, 21.8%; total dehydration products, 78.2%.
The hydrocarbon analysis is shown in Table I, recalculated on the basis of 
1 0 0 % total hydrocarbon content.

(17) Chemical Samples Co.
(18) For catalyst A (26-cm column) the following total product analysis

was obtained: recovered 3, 39.7%; total dehydration products, 60,3%.
The hydrocarbon analysis is shown in Table I, recalculated on the basis of 
100% total hydrocarbon present.

(19) Aldrich Chemical Co.
(20) For catalyst A (26-cm column) the following total product analysis

was obtained: recovered 2, 54.5%; total dehydration products; 45.5%.
The hydrocarbon analysis is shown in Table I, recalculated on the basis of 
100% total hydrocarbon present.
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Olefins are oxidized by mercuric ion in aqueous acid to 
yield unsaturated aldehydes,1-4 saturated aldehydes,2'3 
allylic alcohols,4 or saturated ketones.6 Saturated ke
tones are obtained under milder conditions than un
saturated aldehydes or allylic alcohols. For example, 
acetone is obtained from propene at about 50° and 
methyl ethyl ketone from trans- or m-2-butene below 
room temperature,6 whereas acrolein and crotonal- 
dehyde are formed at about 80° 1 and allyl alcohol at 
90°.4 These reactions proceed as the redox decomposi
tion of hydroxy mercurated olefins,7 and their reaction 
rates are first order with respect to the mercurials,1,8 
without depending on free mercuric ion in the case of 
ketone formation.8

Since hydroxymercurated cis-2-butenc is sufficiently 
stable at low temperatures, the reaction process can 
be pursued by nmr spectroscopy in situ after the tem
perature of the solution is raised abruptly. Time- 
sequential spectra following the redox decomposition 
of hydroxy- and deuteroxymercurated cts-2-butene 
are shown in Figure 1.9

It is obvious in Figure 1 that methyl ethyl ketone 
is the sole product and, interestingly, no deuterium is 
incorporated into the product from the solvent D20. 
Therefore, reaction equations are presented as follows, 
where the mechanism of two electron transfer, i.e., 
no association of free mercuric ion, is postulated on 
the basis of the reaction kinetics.8

CH3CH(OH)CHCH3Hg+ — >
HiO
CH3COCH11CH3 +  H+ +  Hg(0) (1)

CH3CH(OD)CHCH3Hg+ — >-
D 2O
CH3COCH2CH3 +  D + +  Hg(0) (2)

The reaction product from the D20  solution was 
analyzed by mass spectroscopy and the following deute
rium distribution was obtained: d0 =  97.3%, di = 
2.4%, d2 =  0.3%, d3 =  dA = • • • = ds =  0.0%. Thus 
the result shown in eq 2 was confirmed unequivocally. 
A concerted mechanism is, therefore, suggested, 
whereby an intramolecular hydrogen shift occurs and

(1) B. C. Fielding and J. Roberts, J. Chem. Soc. A, 1627 (1966).
(2 ) J. C. Strini and J. Metzger, Bull. Soc. Chirn. Fr., 3145, 3150 (1966).
(3) B. Charavel and J. Metzger, ibid., 4865 (1968).
(4) H. B. Tinker, J. Organometal. Chem., 32, C25 (1971),
(5) Y. Saito and M. Matsuo, ibid., 10, 527 (1967).
(6 ) Y. Saito, 1st Japan-U. S. S. R. Seminar on Catalysis, Novosibirsk, 

July 1971.
(7) W. Kitching, Organometal. Chem. Rev., 3, 61 (1968).
(8 ) M. Matsuo and Y. Saito, Bull. Chem. Soc. Jap., 44, 2889 (1971).
(9) Chemical shifts of a, p, 7 , and p' protons of both hydroxy- and deuter

oxymercurated cis-2-butenes were ¿S 3.01, 3.86, 1.19, and 1.38, respectively, 
and their coupling constants for the sets of a.p, py, and ap' protons were 
4.0, 6.0, and 7.6 Hz, respectively, where designation of a, p, p\ etc., was made 
from the mercurated carbons.
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Figure 1. The time-sequential nmr spectra obtained in situ for the redox decomposition of oxymercurated cis-2-butene in H20  
solution (a) and D 20  solution (b). These spectra were taken after (a) ( 1) 20.0 min, (2) 38.0 min, (3) 57.5 min, and (b) (1) 5.5 
min, (2) 28.0 min, (3) 55.0 min from the moment of raising the solution temperature.

two electrons are transferred along the carbon-mercury 
bond simultaneously.

As is well known, undeuterated acetaldehyde is ob
tained by palladium(II) oxidation of ethylene in D 20  
solution.10 Redox decomposition of the 2-hydroxy- 
ethylpalladium(II) a complex to acetaldehyde is suffi
ciently fast that no deuterium isotope effect is observed 
for deuterated ethylene.11 The rate-determining step 
in this reaction is ascribed to the cr-complex formation 
from an olefin-palladium(II) ir complex.12 This is 
in sharp contrast to the mercury (II) case, since hy
droxy mercuration of olefin is much more rapid13 than 
the redox decomposition.6 A resemblance can be seen, 
therefore, between mercury (II) and palladium (II) 
oxidation of olefins to ketones not only because of the 
common reaction mechanism of intramolecular hydro
gen shift during the redox decomposition process but 
also because of the reaction scheme olefin — ir complex 
—> a complex —► saturated ketone.

The reaction rates of the redox decomposition were 
obtained as first order with respect to the mercurials, 
as reported previously,6'6’8 with the rate constants deter
mined as 2.8 X  10~5 and 2.7 X  IQ-6 sec-1 for the H20  
and D20  solutions, respectively.

Large solvent isotope effects were reported for the 
reaction of deoxymercuration affording the original

(10) J. Smidt, W. Hafner, R. Jira, R. Sieber, J. Sedlmeier, and A. Sabel, 
Angew. Chem., Int. Ed. Engl., 1, 80 (1962).

(11) P. M. Henry, J. Amer. Chem. S o c 86, 3246 (1964).
(12) P. M. Henry, Advan. Chem. Ser., No. 62, 126 (1968).
(13) J. Halpern and H. B. Tinker, J. Amer. Chem. Soc., 89, 6427 (1967).

olefins. For example, the value of fc(D20)/fc(H 20 ) 
for the dehydroxymercuration of 2-hydroxypropyl- 
mercuric iodide was 2.16.14 Similar results were ob
tained for deoxymercuration affording ethylene,16 
propylene,14 and cyclohexene;16 they are fc(D20 ) /  
/c(H20 ) =  3.32, 2.80, and 3.2, respectively. These 
large inverse solvent isotope effects can be explained 
by assuming fast prototropic preequilibrium during 
deoxymercuration.7 Since the magnitude of the sol
vent isotope effect for the present reaction is negligibly 
small, no acidic assistance during the redox decom
position of hydroxymercurated ds-2-butene could be 
concluded.

Experimental Section

Materials.— All the reagents were of GR grade, prepared by 
Tokyo Kasei Kogyo Co. Ltd. (Tokyo), and were used without 
further purification. Absence of impurities was confirmed by gas 
chromatography using a ^d'-dioxypropionitrile column for cis-2- 
butene prepared by Takachiho Kagaku Kogyo Co. Ltd. (Tokyo).

Procedure.—Mercuric solutions were prepared by dissolving 
mercuric nitrate in concentrated nitric acid and diluting with ion- 
exchange water to a given concentration. The concentration of 
mercuric ion was determined by titration with potassium thio
cyanate. cfs-2-Butene was introduced from the cylinder into 
the solution maintained at 0°. In order to prepare CH3CH(OH)- 
CHCH3Hg+, a solution consisting of 0.25 g (4.00 mmol) of 
H N 03, 1.32 g (4.00 mmol) of Hg(NOa)2, and 1.80 g (100 mmol) 
of H20  was used, while a solution consisting of 0.25 g (4.00 mmol)

(14) M. M. Kreevoy, ib id .,  81, 1099 (1959).
(15) M. M. Kreevoy and L. T. Ditsch, J .  Org. Chem., 26, 134 (1960).
(16) M. M. Kreevoy and F. R. Kowitt, J. Amer. Chem. S o c . ,  82, 739 

(1960).
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of DNO3, 1.32 g (4.00 mmol) of H g(N 03)2, and 2.00 g (100 mmol) 
of D 20  was used to prepare CH3CH(OD)CHCH3Hg+.

A part of the solution maintained at 0° was quickly transferred 
to an nmr sample tube and put in the probe of the spectrometer 
kept at 4.3°, with the temperature regulated by blowing cooled 
nitrogen gas and nmr calibrated by the relative chemical shifts of
1,3-propanediol. The redox decomposition reaction was pursued 
by taking spectra in sequence with a JEOL C-60 nmr spectrom
eter. The concentrations of oxymercurated cfs-2-butene and 
methyl ethyl ketone were determined from the peak intensities 
by comparing them with that of the external tetramethylsilane 
reference. A Hitachi RMU-S mass spectrometer was used for 
analysis of methyl ethyl ketone produced in D 20  solution, which 
was separated from the solution by vacuum distillation at 0°.

Registry N o .-C H 3CH(OH)CHCH3Hg+, 35184-47- 
5; CH3CH(OD)CHCH3Hg+, 35184-48-6.
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One limitation in the synthesis of secondary amines 
by the cyanamide method arises from the frequent 
difficulty of cleaving the N- CN bond.

In a previous paper,1 we have reported on a KCN- 
promoted addition of methanol to disubstituted 
cyanamides to give isourea-type compounds (II), which 
could be hydrolyzed easily to secondary amines by 
refluxing in aqueous acetic acid.

R R  NH R
\  MeOH \  Z ' aqueous AcOH \

N— C N -------x  N— C ------------------- >  NH
/  KCN /  \  /

R R  OCH3 R
I II III

In this manner, we were able to prepare some second
ary terpenylamines not available by the usual de- 
cyanation procedures.1'2

This note reports further results (Table I) and ex
perimental details from the application of this method to 
the synthesis of various secondary amines (including 
cyclic amines III-10, II I -ll) , as well as an elucidation 
of the mechanism involved in the formation of the 
intermediate O-methylisoureas (II).

Satisfactory yields of disubstituted cyanamides are 
obtained from halides and cyanamide using sodium 
methylsulfinylmethide in dimethyl sulfoxide as de- 
protonating agent. Besides the mildness of the reaction 
conditions, one important advantage of this procedure

(1) A. Donetti, A. Omodei-Sald, and A. Mantegani, Tetrahedron Lett., 
3327 (1969); for decyanation procedures, see references therein.

(2) V. Prelog, B. C. McKusick, J. It. Merchant, S. Julia, and M. Wilhelm, 
Helv. Chim. Acta, 39, 498 (1956); V. Cerny, L. Dolejs, and F. Sorm, Collect. 
Czech. Chem. Commun., 29, 1591 (1964); H. Rapoport, C. H. Lovell, H. R. 
Reist, and M. E. Warren, J. Amer. Chem. Soc., 89, 1942 (1967).

over the conventional method3 is the avoidance of 
isomeric products arising from allylic rearrangements or 
from cyclopropylcarbinyl interconversion reactions. 
The intermediate O-methylisoureas (II) are obtained 
by heating the corresponding cyanamides with potas
sium cyanide in methanol. In practice, these inter
mediates can be isolated, purified, and then hydrolyzed 
in the subsequent step, or hydrolyzed directly as crude 
products. The second step is carried out by refluxing 
the intermediates II in aqueous acetic acid. Under 
these conditions, the O-methylisoureas undergo a facile 
hydrolysis to secondary amines.

The formation of isoureas (II) may be regarded as a 
base-catalyzed addition of methanol to the cyano group, 
the role played by potassium cyanide being to provide 
a low, but sufficient, concentration of MeO~ ions.

C N “  +  MeOH M eO - +  HCN 

MeOH
R„NCN +  MeO -  — >■ R 2N C = N "  — >- R 2N C = N H  +  M eO " 

OMe OMe

This mechanism is supported both by the successful 
replacement of equimolar potassium cyanide with 
catalytic amounts of sodium methoxide and by the 
analogy with the mechanism observed for the base- 
catalyzed conversion of nitriles to methyl imidates.4

The absence of strong acids or bases in the two steps 
makes this modification of the cyanamide method suit
able to be used with sensitive substrates. Furthermore, 
the fact that disubstituted cyanamides are also key 
intermediates in the von Braun degradation suggests 
potential applications.5

Experimental Section

Boiling points are uncorrected. Melting points are uncorrected 
and were taken on a Biichi capillary melting point apparatus. 
Ir spectra were run on a Perkin-Elmer 337 spectrophotometer, 
nmr spectra on a Varian A-60A spectrometer (Me(Si) (0.00 ppm).

Materials.— All the halides used for the synthesis of disub
stituted cyanamides were bromides, except for 3,4,5-trimethoxy- 
benzyl chloride and 3,4-methylenedioxybenzyl chloride. They 
were synthesized by known procedures. Dimethyl sulfoxide was 
dried by distillation from calcium hydride.

General Methods. Disubstituted Cyanamides (I).— Cyana
mide (0.1 mol) was added portionwise to a stirred suspension of 
sodium methylsulfinylmethide6 prepared in situ from 0.22 mol of 
a 80% dispersion of sodium hydride in mineral oil and 150 ml of 
dry dimethyl sulfoxide. The mixture was stirred at room tem
perature for 30 min and then 0.22 mol of the appropriate halide 
(0.11 mol for 1-10 and 1-11) was added slowly. Generally, the 
reaction temperature rose to 50-60° while a white precipitate 
formed. After an additional 1-hr stirring at room temperature, 
the mixture was poured into ice-water and extracted with ether. 
The ether extract was washed with water, dried over M gS04, and 
concentrated, and the residue was distilled or crystallized from a 
suitable solvent.

N,N-Disubstituted O-Methylisoureas (II).— A mixture of 0.1 
mol of the appropriate I, 0.1 mol of potassium cyanide, and 200

(3) E. B. Vliet, “ Organic Syntheses,”  Collect. Vol. I, 2nd ed, Wiley, New 
York, N. Y., 1946, p 203.

(4) F. C. Schaefer and G. A. Peters, J. Org. Chem., 26, 412 (1961).
(5) Following the conditions we had previously reported,1 Professor J. 

Pecher (Faculté des Sciences, Université Libre de Bruxelles) succeeded in 
carrying out the decyanation step during a von Braun degradation on the 
ajmaline molecule. Previous attempts by conventional procedures had been 
unsuccessful. Personal communication.

(6) R. Greenwald, M. Chaykovsky, and E. J. Corey, J. Org. Chem., 28, 
1128 (1963).
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T a b l e  I“
Sy n t h e s is  o f  Se c o n d a r y  A m in e s  

RRNCN — >  R R N C (=N H )O C H , — >  RRNH 
I II III

Disubstituted Cyanamides (I) r - O-Methylisoureas (II)—. .—Secondary amines (III)—.
Mp or bp, Yield, Mp or bp, Yield, Mp or bp, Yield,

Compd*'» R °C (mm) % °C (mm) % °C (mm) %
1 (CH3)2C =C H C H 2 146-148(15) 63 142-144(15) 75 92-94 (15)«* 65
2 (CH3 )2C =C H C H 2CH2 96-98(0.15) 55 92-94 (0 .1) 63 116-118(14) 61
3 (CH3)2C = C H (C H 2)2C(CH3)= C H C H 2 166-168(0.08) 61 165-168(0.07) 76 134-137(0.04)» 60
4 (CH3)2C = C H (C H 2)2CH(CH3)CH2CH2 154-157(0.05) 72 147-149(0.03) 81 123-125(0.03) 71
5 Cyclopropylmethyl 141-143(15) 90 74-75(0.07) 83 63-64(15) 85
6 Cyclobutylmethyl 157-159(15) 75 85-88(0.05) 78 97-98(15) 83
7 Benzyl 55-56 / 88 145-147(0.05) 90 291-292 (760)» 65
8 3,4,5-Trimethoxybenzyl S ö -S ö1* 83 106-107* 43 87-88* 60
9 3,4-Methylenedioxybenzyl

o-C6H4CH2
/

106-107* 85 j 89 72-73* 78

10 CH2 (R R )
\

o-C6H4CH2
o-C6H4CH2

/

239-2401 69 151-152» 72 124-125» 80

11 (CH2)2 (R R )
\

127-129» 72 118-119» 70 150-152® 91

o-C6H4CH2
“ Satisfactory analytical values (± 0 .4 %  for C, H, and N) were reported for all compounds: Ed. 6 Consistent ir and nmr spectra 

were obtained for all products. » Yields are based on distilled or crystallized products, unless otherwise specified. Purity was also 
checked by vpc or tic analyses, or by comparison with the literature data, when available. d Lit.7 bp 80° (10 mm). ‘  Lit.8 bp 135-137° 
(0.03 mm). 1 L it.9 mp 47-50°. » Lit.10 bp 298-300°. h Crystallized from Et20 . ’  Crystallized from EtcO-petroleum ether (bp 40- 
70°). ’ Waxy product. k Lit.11 mp 72-73°. 1 Lit.12 mp 239-240°. »  Recrystallized from 50% aqueous EtOH. n Lit.12 mp 124.5-
125°. » Lit.12 mp 128-129°. * Lit.13 mp 152.5°.

ml of methanol was refluxed for 24 hr. The methanol was re
moved, water was added to the residue, and the mixture was 
extracted with ether. The ether layer was washed with water, 
dried over M gS04, and concentrated, and the residue was purified 
or used as crude product in the subsequent step.

The structure of these compounds was determined by ir and nmr 
spectra. For instance, the ir spectrum (film) of I I - l  showed ab
sorption at 3370 (NH), 1630 (C = N ), and 1270 cm“ 1 (COC). 
The nmr spectrum (CC14) had peaks at 5 1.66, 1.72 (each 6 H, 
s, (CH„)SC = ] ,  3.63 (3 H , s, -O C H 3), 3.70 (4 H, d, CH2NCH2), 
4.57 (1 H, s, = N H ), 5.15 (2 H, t, 2 = C H ).

Secondary Amines (III).— A solution of 0.1 mol of the ap
propriate II in 80% acetic acid (300 ml) was refluxed for 24 hr. 
The reaction mixture was allowed to cool to room temperature 
and was then poured into ice-water. The mixture was washed 
with ether, the aqueous layer was made alkaline with 10%  
sodium hydroxide, and the basic material was extracted with 
ether. The ether extract was washed with water, dried over 
M gS04, and concentrated, and the residue was purified (Table I).

Literature7-13 melting points or boiling points of some of the 
compounds are also given in Table I.

Registry No.—1-1, 24339-01-3; 1-2,24339-02-4; 1-3, 
35211-92-8; 1-4, 24339-03-5; 1-5, 35140-75-1; 1-6,
35140-76-2; 1-7, 2451-91-4; 1-8, 35140-78-4; 1-9,
35140-79-5; 1-10, 27016-63-3; 1-11, 31486-22-3; II-l,
24339-04-6; II-2, 24339-05-7; II-3, 35191-83-4; II-4,
24381-82-6; II-5, 35140-84-2; II-6, 35191-85-6; II-7,
35140-85-3; II-8, 35140-86-4; II-9, 35140-87-5; 11-10, 
35140-88-6; 11-11, 35191-86-7; III-l, 5122-42-9; III-2, 7 8 9 10 11 12 13

(7) S. A. Oletta, British Patent 1,009,439 (1965); Chem. Abstr., 64, 
5117c (1966).

(8) A. Mantegani, E. Marazzi-Uberti, and E. Zugna, J. Med. Chem., 11, 
637 (1968).

(9) L. N. Savvina and E. Y. Yarovenko, Metody Poluch. Khim. Reaktivov 
Prep., 10, 32 (1964); Chem. Abstr., 65 ,  7081c (1966).

(10) L. N. Savvina and E. Y. Yarovenko, Metody Poluch. Khim. Reaktivov 
Prep., 10, 28 (1964); Chem. Abstr., 65, 70815 (1966).

(11) T. Ueda, J. Pharm. Soc. Jap., 58, 156 (1938).
(12) G. Pala, A. Mantegani, and E. Zugna, Tetrahedron, 26, 1275 (1970).
(13) G. Pala, E. Crescenzi, and G. Bietti, ibid., 26 , 5789 (1970).

24339-06-8; I1I-3, 35146-71-5; III-4, 24381-83-7;
III-5, 26389-68-4; III-6, 35146-74-8; III-7, 103-49-1;
III-8, 35146-75-9; III-9, 6701-35-5; III-10, 16031- 
95-1; II I -ll, 31486-25-6.
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In an attempt to prepare 4-nitro- and 6-nitro-2,5- 
xylidine by hydrolysis of a mixture of 4-nitro- and 6- 
nitro-2,5-acetoxylidide,1,2 an oil was obtained which, 
upon steam distillation, fractionated into two compo
nents, neither of which contained nitrogen. Only a 
small amount of organic tars remained as a residue in 
the steam distillation flask.

The major component from the oil, melting at 82- 
84°, gave ir and nmr spectra having absorption 
bands identical with those of an authentic sample of

(1) E. Noelting and G. Thesmar, Chem. Ber., 35, 640 (1902).
(2) H. Wahl, C. R. Acad. Sci., 197, 1330 (1933).
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4.6- dichloro-2,5-xylenol.3 The minor component, iso
lated by fractionation, and boiling at 220-222°, was 
identified as a dichloroxylene by mass spectrometry. 
The ir spectrum of the neat compound exhibited a 
strong absorption band at 850 cm-1, typical of the 
aromatic CH wag of the isolated meta hydrogens of a
1.3.4.5- tetrasubstituted benzene.4 The nmr spectrum 
of the compound in CDCI3 had singlets for two methyl 
groups at <5 2.26 and 2.45. The two ring hydrogens 
were seen as a singlet at 8 7.05. Therefore, we have 
assigned it the structure of 2,6-dichloro-p-xylene (lit.6 
bp 220°).

A third component was found as an impurity in the
2.6- dichloro-p-xylene fraction and was separated by 
preparative glpc. This compound was identified as
2.3.5- tri chloro-p-xylene by mass spectrometry, based 
upon a parent peak of m/e 208 and an isotopic cluster 
pattern characteristic of three ring chlorines.4

Discussion

The results obtained during the attempted hydro
chloric acid hydrolysis of the two acetonitroxylidides 
appear to be anomalous and certainly not general for 
nitroanilines. This was borne out by the fact that only 
the expected nitroanilines were obtained upon similar 
hydrochloric acid treatment of 0- and p-nitroacetanilide 
and of aceto-4-nitro-2,6-xylidide.

Boyer, et al.f demonstrated that, in 12 A  hydrochloric 
acid and in the presence of copper, o-benzoquinone 
dioxime was rapidly isomerized to o-nitroaniline. They 
were not, however, able to show this same isomerization 
phenomenon with p-benzoquinone dioxime. Since

(3) H. Muller and H. Linde, J. Prakt. Chem., 4, 69 (1956).
(4) F. W. McLafferty, “ Interpretation of Mass Spectra,”  W. A. Benjamin, 

New York, N. Y., p 369, 1967.
(5) H. Wahl, C. R. Acad. Sci., 200, 936 (1935).
(6) J. H. Boyer, R. F. Reinisch, M, J. Danzig, G. A. Stoner, and F. 

Sahhar, J. Amer. Chem. Soc., 77, 5688 (1955).

these observations were published, Docken, el al.,1 were 
able to show that, when p-benzoquinone dioxime was 
heated in polyphosphoric acid at 130-140°, it rearranged 
to p-nitroaniline.

Therefore, a suggested rationale which could account 
for the isolated products assumes that the appropriate 
nitroaniline, in acid solution, exists to some degree in 
equilibrium with the benzoquinone-dioxime. Hydroly
sis of the benzoquinone dioxime to the analogous benzo- 
quinone and subsequent reactions with hydrochloric 
acid would account for the formation of 4,6-dichloro-
2,5-xylenol. Nucleophilic displacement of the hydroxyl 
group of 4,6-dichloro-2,5-xylenol by chloride ion can 
account for the presence of 2,3,5-trichloro-p-xylene. At 
present, however, we are not able to offer any rationale 
for the presence of 2,6-dichloro-p-xylene in the hydroly
sate.

When the nitration, hydrolysis and separation, 
following the procedure of Van Helden, et al.,% was 
carried out using 7 N instead of 12 N hydrochloric acid, 
the expected 4- and 6-nitro-2,5-xylidines were obtained 
in reasonable yields. The different course of the re
action was attributed to the lower concentration of acid 
used in the reaction scheme.

Experimental Section9

Nitration of 2-Aceto-p-xylidide.— Following a modification of a 
procedure by Noelting and Thesmar,1 a flask was fitted with a 
mechanical stirrer, thermometer, dropping funnel, and reflux 
condenser. To the flask was added 135 g (0.83 mol) of 2-aceto-p- 
xylidide and 225 mol of sulfuric acid, sp gr 1.84. The contents 
of the flask were cooled to 20° by means of an ice-water bath and 
a solution of 70 ml of H N 03, sp gr 1.42, and 70 ml of HjSCh, sp 
gr 1.84, was added dropwise. The temperature of the reaction 
was controlled between 30 and 40° by means of ice cooling, and 
by controlling the addition rate of the acid solution. After acid 
addition, the reaction mixture was allowed to stir at room tem
perature for an additional hour, then poured over ice. The pale 
yellow product was collected and placed in a flask, 500 ml of 
concentrated hydrochloric acid was added while stirring, and the 
mixture was refluxed for 2 hr. Following this period, 800 ml of 
water was added and the product was subjected to steam distilla
tion. There was obtained in the distillate 58 g of an orange oil. 
Fractionation of the oil gave 8 g of 2,6-dichloro-p-xylene, bp 220- 
222° (lit.6 bp 222°), and 36 g of 4,6-dichloro-2,5-xylenol, mp 
80-84° (lit.3 mp 84°). The 4,6-dichloro-2,5-xylenol was further 
purified and gave 32 g of 4,6-dichloro-2,5-xylenol as pale yellow 
crystals, mp 82-84°. Glpc analysis of the 2,6-dichlc>ro-p-xylene 
fraction resolved a peak amounting to ^ 2%  of the total volatiles. 
Mass spectral analysis of this material revealed the structure to 
be 2,3,5-trichloro-p-xylene.

Registry No.—Aceto-4-nitro-2,5-xylidide, 6954-69-4; 
aceto-6-nitro-2,5-xylidide, 35182-75-3; hydrochloric 
acid, 7647-01-0; aceto-p-xylidide, 103-89-9.
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(7) A. M. Docken, G. D. Burt, R. D. Ellefson, and D. L. Ostercamp, 
J. Org. Chem., 21, 363 (1959).

(8) R. Van Helden, P. E. Verkade, and B. M. Wepster, Reel. Trav. Chim. 
Pays-Bas., 73, 39 (1954).

(9) Ir spectra were taken on a Beckman IR-5A spectrometer. The nmr 
spectra were determined on a Varían T-60 spectrometer in CDCla with tetra- 
methylsilane. as an internal standard. Glpc analyses and separations were 
carried out on a Varían Aerograph Model A90-P3. The mass spectra were 
obtained using an Atlas CH-4 Mass Spectrometer.
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In the course of our work, it was necessary to prepare
2,8-diacetyldibenzothiophene (2), previously synthe
sized by Burger, et al.,1 in a single-step Friedel-Crafts 
diacetylation reaction. These workers also prepared 
2 in a stepwise fashion by employing two successive 
monoacetylation reactions, first preparing 2-acetyl- 
dibenzothiophene and subsequently converting the 
monoacetyl derivative into 2. Later Burger and Bry
ant2 investigated the mixture of ketones obtained in the 
monoacetylation of dibenzothiophene. In addition 
to the major product, 2-acetyldibenzothiophene, they 
were able to characterize a second monoacetylated 
isomer, 4-acetyldibenzothiophene. It was noted ear
lier by these workers that mixtures of ketones were also 
obtained in the diacetylation reaction. Considering 
the previous evidence, it was then realistic to anticipate 
the presence of the 2,6-disubstituted isomer in the di
acetylation reaction.

Our original goal was to improve the synthesis of 
2 in a single-step diacetylation by varying the reaction 
conditions. This was accomplished when methylene 
chloride was used as the reaction solvent and gave 
47% of 2. Continuing our investigation, we chose 
tetrachioroethane as the reaction solvent from which 
11% of a pure diacetylated material could be isolated. 
Although this compound melted near the reported 
melting point of 2, its nmr spectrum was considerably 
different from that of 2 and the mixture melting point 
with 2 was depressed. This paper is concerned with 
the structure proof of this new diacetyl dibenzothio
phene, shown to be 2,6-diacetyldibenzothiophene (3) 
by chemical transformation and nmr spectroscopy.

The sequence of reactions used to elucidate the struc
ture of 3 is shown in Scheme I. The course chosen 
was to convert 2 and 3 to the same biphenyl derivative. 
The initial attempt to convert both compounds to 
3,3'-diacetylbiphenyl was only partially successful 
in that 2 was readily desulfurated but 3 was resistant 
to desulfurization. The next approach was to reduce 
2 and 3 to 2,8-diethyldibenzothiophene (4) and 2,6- 
diethyldibenzothiophene (5), respectively. The W olff- 
Kishner reduction of 2 gave 4. Under identical con
ditions, 3 was not reduced to 5 but instead a yellow 
solid, mp >  300°, was obtained. The conversion of 3 to 
5 was finally achieved by modifying the LiAlH4/AlCl3 
reduction procedure of Nystron and Burger.3 Com
pounds 4 and 5 were subsequently desulfurated with 
T -l Raney nickel catalyst4 * to the known 3,3'-diethyl-

(1) A. Burger, W. B. Wartman, Jr., and R. E. Lutz, J. Amer. Chem. Soc., 
60, 2628 (1938).

(2) A. Burger and H. W. Bryant, J. Org. Chem., 4, 119 (1939).
(3) R. F. Nystrom and C. R. A. Burger, J. Amer. Chem. Soc., 80, 2896 

(1958).
(4) X. A. Dominguez, I. C. Lopez, and R. Franco, J. Org. Chem., 26, 1625

(1961).

Sch em e  I
9 1

1

|AcC1/A1C13

Et Et
6

biphenyl (6).E’6 The ir, uv, and nmr spectra of 6 ob
tained from both 4 and 5 were identical.

The aromatic region of the nmr spectra of compounds
2 through 5 are shown in Figures 1 and 2. The two 
patterns of symmetrically substituted 2 and 4 and un- 
symmetrically substituted 3 and 5 are readily apparent. 
The former are assigned the 2,8 structure and the latter 
are assigned the 2,6 structure. These assignments 
are based on the detailed interpretation of the nmr 
spectra7 and the chemical transformation outlined in 
Scheme I. In all compounds, the area ratios of aro
matic to aliphatic protons, as well as the relative in
tensities of the separated aromatic peaks, agreed with 
theory.

The assignment of the 2,8 structure for the sym
metrically substituted compounds is obvious. The 
assignment of the 2,6 structure to the unsymmetrical 
compounds is based on the observance of both an ABX 
and ABC pattern for the aromatic protons of 3 and 
5 and the conversion to 3,3'-diethylbiphenyl. The
4,6-disubstituted isomer, which could also be converted 
to the 3,3'-diethylbiphenyl, would show only an ABC 
pattern in the nmr spectrum. The possibility that
3 and 5 are actually the 1,8-disubstituted dibenzo
thiophene, which would have a similar nmr spectrum, 
is eliminated by the chemical conversion of 5 into a 
3,3'-disubstituted biphenyl.

The aliphatic region of the nmr spectra also re-

(5) P. M. Everitt, D. M. Hall, and E. E. Turner, J. Chem. Soc., 2286 
(1956).

(6) J. R. Shelton and F. J. Siuda, J. Org. Chem., 31, 2028 (1966).
(7) The detailed interpretation of the nmr speetra will appear following 

these pages in the microfilm edition of this volume of the journal. Single 
copies may be obtained from the Business Operations Office, Books and 
Journals Division, American Chemical Society, 1155 Sixteenth St., N.W., 
Washington, D. C. 20036, by referring to code number JOC-72-3355. Remit 
33.00 for photocopy or $2.00 for microfiche.
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/  (ppm)

fleets the symmetry of substitution. The unsym- 
metrical compounds 3 and 5 show an additional methyl 
and ethyl resonance shifted ca. 0.1 ppm downfield 
from the single resonances observed for 2 and 4. Thus 
it is possible to determine the symmetry of substitution 
from examination of the high-field region of these nmr 
spectra. The ultimate structural assignment must 
be determined by the detailed analysis of the aromatic 
region of these spectra and appropriate chemical trans
formation.

The sulfones 7 and 8 were also prepared. A rigorous 
interpretation of their nmr spectra was of no additional 
value in establishing structure.

Experimental Section

All melting points were determined in open capillary tubes 
using a Thomas-Hoover apparatus and are uncorrected. All 
boiling points are uncorrected. The infrared spectra were re
corded on a Perkin-Elmer 521 recording spectrophotometer. 
The ultraviolet spectra were recorded on a Perkin-Elmer 350 
recording spectrophotometer. The nuclear magnetic resonance 
spectra were obtained from CDC13 solution unless otherwise noted 
at 60 MHz on a Varian A-60A spectrometer. Tetramethylsilane 
(TM S) was used as the internal standard and all signals are given 
in parts per million (4) relative to TM S. Indices of refraction 
were determined on a Carl Zeiss Model A Abbe refractometer.

2,8-Diacetyldibenzothiophene (2).— A stirred mixture of 196 g 
(2.5 mol) of acetyl chloride, 280 g (2.1 mol) of AlCh and 2 1. of 
CH2C12 was cooled in an ice bath while a solution of 184 g (1.0 
mol) of dibenzothiophene (J. T. Baker) in 1 1. of CH2C1, was 
added drop wise over a period of 1 hr. The reaction mixture was 
stirred overnight at room temperature, refluxed for 1 hr, cooled, 
and then decomposed by pouring onto ice-concentrated HC1. 
The crude product was crystallized from butanone to yield 127 g 
(47%) of 2: mp 204-205.5° (lit.1 mp 208-209°); uv max
(CHCI3) 262 mM (e 67,600); if (KBr) 1675 cm - 1 (C = 0 ) ;  nmr.7

2,6-Diacetyldibenzothiophene (3).— The above reaction was 
repeated with (CHC12)2 as solvent and rhe crude product was

■f (ppm)

crystallized from (CHC12)2 to give 30 g (11%) of 3: mp 205-206°; 
uv max (CHCI3) 257 m/x (e 45,500); ir (KBr) 1675, 1665 cm -1 
(C = 0 ) ;  nmr.7

Anal. Calcd for CI6H120 2: C, 71.63; H, 4.51; S, 11.93. 
Found; C, 71.57; H, 4.44; S, 11.88.

The mixture melting point of 2 and 3 is 170-185°.
2,8-Diethyldibenzothiophene (4).— A mixture of 5.0 g of 2, 25 

ml of 85% H2NNH2, and 100 ml of diethylene glycol was stirred 
and heated at 110° for 1 hr in an open flask, followed by the 
addition of 18 g of KOH. After stirring at reflux for 18 hr, the 
mixture was poured into 1 1. of H20  and then extracted with 
benzene. The benzene extracts were combined, washed with 
water and saturated NaCl solution, dried (MgSO*), and evapo
rated in vacuo on a steam bath. The residue obtained was 
vacuum distilled. The yield of 4 was 1.8 g (40% ); bp 193-195° 
(2.0 mm); uv max (95% EtOH) 238 m,u (e 53,100); ir (neat) 
2960, 2925, 2865 (aliphatic CH), 1550 cm-1 (C = C ); nmr.7

Anal. Calcd for C i6H16S: C, 79.94; H, 6.71; S, 13.34. 
Found: C, 79.86; H, 6.62; S, 13.12.

2,6-Diethyldibenzothiophene (5).— A solution of 6.7 g of 3 in 
400 ml of CHCI3 was added dropwise to a stirred mixture of 6.7 g 
of LiAlH4, 49.5 g of AICI3, and 400 ml of anhydrous Et20 . After 
stirring at reflux for 18 hr, the reaction mixture was treated with 
H20 , followed by concentrated HC1. The organic layer was 
separated, washed with H20  and saturated NaCl solution, dried 
(M gS04), and evaporated in vacuo on a steam bath. The residue 
obtained was vacuum distilled. The yield of 5 was 4.1 g (69% ); 
bp 174° (0.8 mm); mp 35-39°;8 uv max (95% EtOH) 233 niM 
(<= 52,900); ir (neat) 2970, 2935, 2880 (aliphatic CH), 1610, 1578, 
1558 cm-1 (C = C ); nmr.7

Anal. Calcd for Ci6H16S: C, 79.94; II, 6.71; S, 13.34.
Found: C, 79.99; II, 6.65; S, 13.28.

Desulfurization of 4.— A mixture of 5.0 g of 4, 100 g of T -l 
Raney nickel catalyst,3 and 100 ml of ethyl acetate was refluxed 
for 24 hr. After filtration to remove the catalyst, the filtrate was 
evaporated in vacuo on a steam bath. The residue obtained was 
vacuum distilled to give 2.4 g (55%) of 3,3'-diethylbiphenyl (6 ): 
bp 131-132° (0.5 mm); nwD 1.5773; uv max (95%  EtOH) 251 
mp (e 16,100); ir (CS2) 2960, 2925, 2870 (aliphatic CH), 885, 
790, 705 cm-1 (aromatic meta substitution) [lit.5'6 bp 154-155° 
(9-10 mm); rt®D 1.5768; uv max (95% EtOH) 251 m^ (e 16,100); 
ir (CS2) 2960, 2925, 2870, 890, 795, 710 cm -1]; nmr (CDC13) S
7.28 (m, 8, Ar), 2.68 (q, 4, J -  8 Hz, CH,), 1.23 (t, 6 , J =  8 
Hz, CH3).

(8) Corrected melting point determined using a Perkin-Elmer Differential 
Scanning Calorimeter Model DSC-1B.
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Desulfurization of 5.— By the same procedure described for 
desulfurization of 4, 3.0 g of 5 was desulfurated to yield 1.3 g 
(48%) of 3,3'-diethylbiphenyl (6): bp 135-137° (1.3 mm); n20d 
1.5762; uv max (95% EtOH) 251 my. (« 16,745). The ir and 
nmr were identical in all respects to the ir and nmr of 6 obtained 
in the desulfurization of 4.

2,6-Diacetyldibenzothiophene 5,5-Dioxide (7).— A mixture of
3.0 g of 3, 10 ml of 30% H20 2, and 50 ml of HOAc was refluxed 
for 1 hr and cooled to room temperature, and the product was 
filtered. Recrystallization from acetonitrile gave 3.1 g (92%) of 
7: mp 303° dec; uv max (DM F) 333 my (e 844); ir (KBr) 1695, 
1681 (C = 0 ) ,  1310, 1162 cm“ 1 (sulfone); nmr (CF3COOH / 
CDCls) 8 2.83 (s, 3, CH3), 2.87 (s, 3, CH3).

Anal. Calcd for Ci6H120 4S: C, 63.99; H, 4.03; S, 10.67. 
Found: C, 64.19; H, 3.95; S, 10.72.

2,8-Diacetyldibenzothiophene 5,5-Dioxide (8).— By the same 
procedure used in the oxidation of 3, 6.0 g of 2 was oxidized, 
yielding 5.7 g (84%) of 8 after crystallization from acetonitrile: 
mp 272-277°; uv max (DM F) 377 my (e 1430); ir (KBr) 1690 
(C = 0 ) ,  1312, 1169 cm“ 1 (sulfone); nmr (CF3C 0 2H/CDC13) 8
2.87 (s, 6 , CH3).

Anal. Calcd for C16H,20 4S: C, 63.99; H, 4.03; S, 10.67. 
Found: C, 64.24; H, 4.05; S, 10.64.

Registry N o.—1, 132-65-0; 2, 35105-75-0; 3,
35105-76-1; 4, 35105-77-2; 5, 35105-78-3; 6, 13049- 
38-2; 7,35105-80-7; 8,35105-81-8.
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also wish to thank Dr. Fred Kaplan of the University of 
Cincinnati for his helpful discussions.
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The base-catalyzed reaction of arylsulfonamides with 
alkyl isocyanates is a valuable synthetic method for the 
preparation of arylsulfonylureas. During studies 
aimed at the synthesis of l-(p-iodobenzenesulfonyl)-3- 
n-propylurea-126/ ,  we found that a base-insoluble prod
uct was formed when the reaction was carried out with 
an excess of n-propyl isocyanate.1 * This base-insoluble 
product was identified as l-(p-iodobenzenesulfonyl)-
3,5-di-n-propyl isocyanurate (1).

Tri-N-substituted, di-N-substituted, and mono-N- 
substituted isocyanurates have been synthesized2-4 
and studied, but no l-arylsulfonyl-3,5-dialkyl isocy
anurates have been reported. The formation of 1,

(1) G. N. Holcomb, C. M. Boyd, R. E. Counsell, W. H. Beierwaltes, 
R. A. Szczesniak, D. R. K. Murty, and G. A. Bruno, J. Pharm. Sci., 60, 390 
(1971).

(2) R. G. Arnold, J. A. Nelson, and J. J. Verbanc, Chem. Rev., 67, 47 
(1957).

(3) W. Close, J. Amer. Chem. Soc., 75, 3617 (1953).
(4) P. A. Argabright, B. L. Phillips, and C. H. DePuy, J. Org. Chem., 36,

2235 (1970).
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therefore, represents not only a novel reaction but also 
a new chemical entity. The reaction most likely in
volves the base-catalyzed condensation of p-iodoben- 
zenesulfonamide with a threefold excess of n-propyl iso
cyanate with the subsequent elimination of n-propyl- 
amine. The transient existence of a series of anionic 
intermediates can be justified on the basis of a delocal
ization of the developing negative charge as proposed 
by Ulrich6 for analogous reactions.

No mass ion occurred in the high-resolution mass 
spectrum of this compound under normal conditions; 
however, a small peak did occur at m/e 479 when the 
instrument was overloaded with sample. The prom
inent high mass ion in the mass spectrum occurred at 
m/e 415. This differs by sulfur dioxide from the pro
posed structure. The loss of sulfur dioxide upon elec
tron impact has previously been reported in sulfonyl- 
ureas6 and in O-alkyl-N-arylsulfonyl carbamates.7 
The prominent ions in the mass spectrum of 1 (Table I)

T a b l e  I
P r o m in e n t  I ons  in  th e  M ass  Spe c t r u m  of 

1 -(P -Io d o b e n ze n e s u l f o n y l )-3 ,5 -d i- « - p r o p y l  I so c y a n u r a te

m/e Ion
Per cent 

total ionization

415 c 1£.h 18i n 3o 3+ 12.50
374 c 12h 13i n 3o 3+ 8.75
332 c 9h 7i n 3o 3+ 2.70
288 c 8h 5i n 2o 2+ 13.25
267 c 6h 4i o 2s + 22.50
245 c 7h 4i n o + 26.25
203 c 6h 4i + 50.50

56 C A N O * 51.25
43 C3H,+ 61.25

can be accounted for by fragmentation of the molecule 
in a manner analogous to that reported for tolbutamide6 
and for ethyl N-methyl-iV-Cp-toluenesulfonyl) carba
mate.7

Heating 1 at 170° in D M F-H 20  afforded 1,3-di-ra- 
propyl isocyanurate (2), thus providing chemical evi
dence in support of the proposed structure of 1.

H

170“
O ^ N ^ O

QH,'

I I
^ N V ( r NN

C3H7

0
2

(5) H. Ulrich, Accounts Chem. Res., 2, 186 (1969).
(6) M. R. Grostic, R. J. Wnuk, and F. A. MacKellar, J. Amer. Chem. Soc., 

88, 4664 (1966).
(7) W. H. Daly and C. W. Heurtevant, Org. Mass Spectrom., 4, 165 (1970).
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Experimental Section

Elemental analyses were performed by Spang Microanalytical 
Laboratories, Ann Arbor, Mich. Melting points were taken on 
a Fisher-Johns melting point apparatus and are corrected. Ir 
spectra were taken on a Perkin-Elmer 337 spectrophotometer. 
Nmr spectra were obtained with a Varian A-60 spectrometer in 
CDC13 at a concentration of 10% with TMS as an internal refer
ence. Mass spectra were obtained on an Associated Electrical 
Industries MS902 Double Focusing High Resolution Mass 
Spectrometer equipped with a Honeywell 7600 Frequency 
Modulated Analog Tape Reader. The spectra were run at 70 
eV. Chromatogram strips (K301R) were used for tic, and the 
spots were detected with uv light.

l-(p-Iodobenzenesulfonyl)-3,5-di-n-propyl Isocyanurate (1).— 
A solution of 0.5 g (0.0018 mol) of p-iodobenzenesulfonamide in 
5 ml (0.052 mol) of n-propyl isocyanate and 0.1 ml of triethyl- 
amine was refluxed with stirring for 96 hr. The excess n-propyl 
isocyanate and triethylamine were removed and the residue was 
dissolved in 15 ml of ethyl acetate. The ethyl acetate solution 
was filtered and 5 g of silica gel (80-200 mesh) was added to the 
filtrate. The ethyl acetate was removed in vacuo and 50 ml of 
benzene was added to the resin and evaporated in vacuo to remove 
the last traces of ethyl acetate. The dried silica gel with the 
reaction mixture adsorbed on it was added to the top of a silica 
gel column (60 X 2.5 cm), and the column was eluted with 
benzene at a rate of 4 ml/min. The product was eluted in the 
fractions between 500 and 600 ml. Aliquots of these fractions 
were chromatographed on tic with benzene and only one spot 
(iff 0.55) was observed. The benzene was removed from these 
fractions in vacuo. The resulting solid was recrystallized 
(EtOH-H.O) to yield 0.363 g (44.4%) of product: mp 186-187°; 
ir (KBr) 1725, 1700 (C = 0 ) ,  1168 cm" 1 (S02); nmr (CDC13)
0.91 (t, 6 , J =  7 Hz, CHS), 1.63 (m, 4, -C H 2- ) ,  3.75 (t, 4, J  = 
7 Hz, CH2N ), and 7.85 ppm (s, 4, aromatic).

Anal. Calcd for C15H18IN 305S : C, 37 .59; H, 3.79; N, 8.77. 
Found: C, 37.75; H, 3.83; N, 8.83.

Thermal Degradation of l-(p-Iodobenzenesulfonyl)-3,5-di-n- 
propyl Isocyanurate (1).— A solution of 0.2 g (0.0004 mol) of 1 
in 9.8 ml of dimethylformamide and 0.2 ml of water was heated 
at 170° for 48 hr. The solvent was removed in vacuo, and the 
residual oil was dissolved in 10 ml of 1 N  NaOH. The pH of 
the solution was adjusted to 6 with HC1 and a solid precipitated. 
The product was recrystallized (H20 )  to yield 0.06 g (71%) of
1,3-di-n-propyl isocyanurate (2): mp 137-138° (lit.8 mp 138°); 
ir (KBr) 3200 (NH), 1730, 1710 cm-1 (C = 0 ) ;  mass spectrum 
(70 eV) m/e (rel intensity) M + 213 (41).

Registry No.—1,35105-49-8.
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For a projected synthesis, we required the amino 
acid derivative N-trifluoroacetyl-a-chlorosarcosyl chlo-

(1) University at Nijmegen, Toernooiveld, Nijmegen, The Netherlands.

ride (2). When we applied the usual two-step proce
dure2 for the synthesis of a-chloroacyl chlorides to N- 
trifluoroacetylsarcosine (1), using first thionyl then sul- 
furyl chloride, we isolated the a,a-disubstituted sar- 
cosyl chloride 3 (~ 1 8 %  yield) in some reactions. The 
unexpected instability of 33 and the identification of

CH3N (TF a  )C X X  'CO X "

1, X  =  X ' =  H ; X "  =  OH
2, X  =  H; X ' =  Cl; X "  =  Cl
3, X  =  X ' =  X ”  =  Cl

(TFA -  F3C C O -)

several of its decomposition products as fully chlo
rinated or ketalized diketopiperazines seemed of suffi
cient interest to warrant this interim report, especially 
so since iV-trifluoroacetyl-a-chlorosarcosyl chloride (2), 
which we obtained recently, is stable and does not yield 
diketopiperazines on standing.

As expected the ir spectrum of 3 showed acid chloride 
(1775 cm-1) and trifluoroacetylamide (1660 cm-1) 
carbonyl absorptions (CC14), the nmr spectrum dis
played the N-methyl signals only slightly shifted from 
1, but the signal for the a. hydrogen was absent. Fin
ally the electron-impact mass spectrum with the highest 
m/e peak at 236 corresponds to the molecular ion of 3 
less one chlorine atom, behavior which might be ex
pected for a geminal halide.

On standing in a stoppered flask at room temperature 
for 24 hr, however, the original colorless liquid changed 
largely to a crystalline mass (mp 128-130°) whose ir 
spectrum now showed only one absorption (1728 cm-1) 
in the carbonyl region and a single N-methyl signal 
(singlet, 5 3.51) in the nmr spectrum. An electron- 
impact mass spectrum showed as the highest peak m/e 
243; the true parent ion (m/e 278) could be detected 
with chemiionization techniques.4 These data and the 
elemental analysis (CsFbXMRClt) suggested the sar- 
cosine anhydride structure 6 for this product.

The route to 6 starts with loss of trifluoroacetyl 
chloride from 3 to give the imidoyl chloride 4, which, 
being a reactive bifunctional species, could dimerize via 
5 (Scheme I). The addition of acyl halides to imines 
has precedents.6 To prove that the distillate (3) still 
had an intact N-trifluoroacetyl linkage, a sample was 
refluxed with octadecylamine (10) in benzene. (V-Tri- 
fluoroacetyloctadecylamine (11) was isolated in 62% 
yield, identical in all respects with a sample prepared 
from 10 and trifluoroacetic anhydride. Low tempera
ture trapping experiments designed to demonstrate the 
presence of trifluoroacetyl chloride in decomposing 
samples of 3 have so far been unsuccessful.

The diketopiperazine 6 possessed appreciable reac
tivity, as might be expected.6 The addition of 1 equiv 
of triethylamine to a slurry of 6 in methanol initiated a 
rapid exothermic reaction to produce a 1:3 mixture of 
the soluble mono- and diketals 7 and 8, which were 
separated by fractional crystallization. The mono-

(2) E. Schwenk and D. Papa, J. Amer. Chem. Soc., 70, 3626 (1948).
(3) F. Weygand and U. Glöckler, Chem. Ber., 89, 653 (1956).
(4) We thank Dr. Henry Fales, National Heart and Lung Institute, for this 

spectrum.
(5) A. H. Leuchs and A. Schlötzer, Chem. Ber., 67, 1572 (1934), and refer

ences cited therein.
(6) (a) P. W. Trown, Biochem. Biophys. Res. Commun., 33, 402 (1968); 

(b) H. Poisel and U. Schmidt, Chem. Ber., 104, 1714 (1971); (c) H. Böhme 
and K. Hartke, ibid., 96, 600 (1963).
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Sch em e  I

ketal 7, mp 124-125°, exhibited nmr signals at 5 3.40,
3.34, and 3.05 in a 2 :1 :1  ratio (assigned to CH30, N4 
CH3, and NT CH3, respectively); the diketal 8, mp 137— 
138°, had signals at S 3.38 and 2.98 in a 2:1 ratio as ex
pected for CH30  and CH3N protons. Surprisingly 
both 7 and 8 had only one amide carbonyl absorption in 
the ir region at 1702 and 1680 cm-1, respectively. Fin
ally, electron-impact mass spectrometry showed the 
parent molecular ions for 7 and 8 at m/e 216 and 262, 
respectively, as the highest peaks in the spectra.

When crystalline 6 was allowed to stand for 2 weeks 
in contact with the humid atmosphere, it decomposed 
to a material of the formula C6H6N204. A sample re
crystallized from acetic acid had the characteristic 
melting point behavior of iV,lV-dimethyltetraketo- 
piperazine 9.7 The ir spectrum (Nujol mull) showed 
one single carbonyl band (1695 cm-1), the mass spec
trum exhibited m/e 170 as the highest peak, and the 
nmr spectrum (trifluoroaeetic acid) showed only one N- 
methyl singlet at S 3.51. Exposure of the mixture of 
ketals 7 and 8 to acid also produced 9. The tetra- 
chlorodiketopiperazine 6 gave an immediate precip
itate with silver nitrate and also a positive starch- 
iodide test.

Experimental Section

Ir spectra were measured with Perkin-Elmer spectropho
tometers, Models 237B (CHCh or CC14) and 421 (KBr). Mass 
spectra were obtained with the double-focusing Hitachi I1MTJ-6E 
mass spectrometer. Pmr spectra were measured on the Varian 
Associates spectrometer, Model A-60. Chemical shifts are 
reported as 5 values (parts per million) relative to tetramethyl- 
silane as an internal standard; deuteriochloroform was used as 
solvent unless stated otherwise. Melting points were taken on a 
Koefler hot stage and are corrected. Thin layer chromatography 
(tic) was carried out on 0.25-mm Merck precoated silica gel F- 
254 plates; spots were visualized with a hand uv lamp or iodine 
vapor.

(7) M. O. Forster and W. B. Saville, J. Chem. Soc., 121, 816 (1922).

jV-Trifluoroacetylsarcosine (1).— The procedure of Weygand8 
was used. To a cooled solution ( —10°) of 8.9 g (0.10 mol) of sar- 
cosine in 60 ml of dry trifluoroaeetic acid, 17.6 ml (0.12 mol) of 
trifluoroaeetic anhydride was added over a period of 30 min. 
The mixture was stirred at —20° for 16 hr, then at room tem
perature for 1 hr, after which excess reagent and solvent were 
removed (bath temperature kept below 35 0). The yellow residue 
was purified by vacuum distillation [bp 119-120° (1.1 mm)], 
yielding 11.0 g (0.59 mol, 59% ) of a light yellow viscous oil 
which solidified upon cooling. This material was pure enough 
to be used in further experiments. A sample, crystallized from 
ethanol-hexane, had mp 54.5-55.5°. Tic (acetic acid-benzene 
7:1) showed one spot, Rs 0.25; ir (CCh) 1740 (amide), 1710 cm-1 
(acid); nmr S 10.7 (s, 1 H, COOH), 4.23 (s, 2 H, CH2), 3.26 and
3.13 (4 lines, 1 line, respectively, 3 H, NCHS, cis and trans 
isomers); mass spectrum (120°) m / e  185 (M +), 141 (M + — 
C 02), 140 (M+ -  C 02H, base peak), 126, 112, 110, 97 (TFA), 90, 
88 (M + -  TFA). 78, 69, 60.

Anal. Calcd for C5H 6N 0 3F3: C, 32.46; H, 3.27; N, 7.57. 
Found: C, 32.49; H ,3.50; N , 7.47.

N-Trifluoroacetyl-a.a-dichlorosarcosyl Chloride (3).— A solu
tion of 19.0 g (0.103 mol) of 1 in 30 ml of freshly distilled thionyl 
chloride was refluxed for 2 hr. To the refluxing solution was then 
added 30 ml of freshly distilled sulfuryl chloride and refluxing was 
continued for another 2 hr. Excess reagents were removed by 
careful distillation and the light yellow residue was vacuum dis
tilled, yielding 4.67 g (182 mmol, 18%) of a colorless liquid: 
bp 52-58° (16-18 mm); ir (CCl,) 1865 (w), 1775 (s), 1660 cm" 1 
(m); mass spectrum (135°) m/e 236 (M + — Cl), 233, 174 (M + — 
COCls), 167 (M+ -  Cl3), 140 (M+ -  CF3COCI), 140 (CH3N- 
C C 1 = C = 0 ), 97 (TFA), 69 (CH3N C = C = 0 ) .

2.2.5.5- Tetrachlorosarcosine Anhydride (6).— When 1.0 g of 
the above distillate was stored at room temperature in a stoppered 
flask for 24 hr, a crystalline mass formed, a sample of which on 
washing with dry hexane had mp 128-130°; ir (CC14) 1728 (s), 
1420 (w), 1335 cm-1 (br m); nmr 5 3.51 (s); mass spectrum 
(200°), chemical ionization with 1 mm of methane, m/e 307 
(M+ +  C2Hs), 279 (M+ +  1), 243 (M+ -  Cl), 216 (M+ -  COC1), 
210, 209, 182, 181 (M + -  COCb), 169, 168, 154, 147, 146, 141.

Anal. Calcd for C6H6N20 2Ch: C, 25.74; H, 2.16; N, 10.01. 
Found: C, 25.45; H, 2.19; N , 9.97.

iY-Trifluoroacetyloctadecylamine (11).— To 4.0 g (15 mmol) of 
octadecylamine dissolved in the minimal amount of refluxing 
dry benzene was added 0.80 g (2.9 mmol) of distillate 3. An 
exothermic reaction was observed. The clear solution was re
fluxed for 16 hr and cooled, and unreacted octadecylamine re
moved by filtration. The yellow filtrate was concentrated to 
dryness and then subjected to vacuum sublimation [105° (0.5 
mm)] to yield 602 mg ( 1.8 mmol, 62% ) of a colorless solid. 
Recrystallization from methanol gave needles: mp 73-74°; 
ir (CHCh) 3460 (sharp, NH ), 2950, 2870, 1730 (CO), 1550, 
1470 cm-1; mass spectrum (160°) m/e 365 (M +), 296 (M + — 
CF3, base peak), 268 (M + -  TFA), 97 (TFA), losses of m/e 14 
and 28.

Authentic 11 was prepared as follows. To 4.0 g (15 mmol) of 
octadecylamine dissolved in the minimal amount of dry ben
zene was added, dropwise, 5 ml (excess) of trifluoroaeetic an
hydride. The solution was stirred at room temperature for 16 
hr and for 1 hr at reflux. Solvent and excess reagent were re
moved and the colorless residue was recrystallized from methanol 
to yield 4.1 g (11.2 mmol, 75% ) of a material that was identical 
in all respects with the amide described above.

2.2.5.5- Tetramethoxysarcosine Anhydride (8) and 2,2-Di- 
methoxy-5-ketosarcosine Anhydride (7).— To a stirred suspen
sion of 40 mg of 6 in 3 ml of absolute methanol at room tempera
ture was added 0.4 ml of triethylamine (hydrochloride vapors 
noted above the suspension). An exothermic reaction occurred 
resulting in a clear solution within 5 min. The solution was 
stirred at room temperature for 24 hr, and then the solvent was 
removed. The solid residue was extracted with ethyl acetate 
and water, the organic layer was dried (Na2S04) and evaporated, 
and the residue was subjected to vacuum sublimation [90° (0.5 
mm)] to yield 36 mg of a colorless solid which had the same nmr 
spectrum as the unsublimed material. The sublimate was re
crystallized from chloroform-hexane which was allowed to 
evaporate slowly to yield 26 mg of large, cubic crystals (mp 137— 
138°) on the bottom and 8 mg of long, fine needles (mp 124-125°) 
on the wall of the flask.

(8) F. Weygand and R. Geiger, Chem. Ber., 89, 647 (1956).
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The higher melting material was identified as the diketal 8 : 
ir (CHClj) 2940, 2830, 1680, 1380 c m '1; nmr 5 3.38 (s, 12 H, 
OCH3), 2.98 (s, 6 H, NCH3); mass spectrum (160°) m/e 262 
(M +), 247 (M+ -  CH-), 231 (M+ -  OCH3), 216 (M + -  CH30- 
CH3), 203, 201, 190, 185, 157, etc.

The lower melting material was assigned structure 7: ir
(CHCls) 2940, 2830, 1702, 1340 cm“ 1; nmr S 3.40 (s, 6 H, OCH3), 
3.34 (s, 3 H, N 4CH3), 3.05 (s, 3 H, Ni CH3); mass spectrum 
(160°)m/e 216 (M +),201, 185, 157, 144, 142, 131, 116,103,88.

2 ,3,5,6-Tetraketo-1,4-dimethylpiperazine (9).—'The appearance 
of a sample of 6 (40 mg), stored in an open flask for 2 weeks, 
changed drastically and the original big cubic crystals had become 
brittle and calcified. The material was now found to be insoluble 
in most organic solvents, but soluble in DM F, DMSO, water, 
acetic acid, and CF3COOH. This material was subjected to 
vacuum sublimation [130° (0.4 mm)]; a sample of the sub
limate on recrystallization from glacial acetic acid yielded rhom
boid plates of dec pt 320° (sample rapidly sublimed around 270°). 
The rest of the sublimate was used for spectral analysis: ir 
(Nujol) 1695 cm -1 (br); nmr (CF3COOH) S 3.51 (s); mass 
spectrum (140°) m/e 170 (M+), 142 (M+ -  CO), 114 (M+ -  
2CO), 113 (M+ -  CONHCH3), 86 (M + -  3CO), 85 (M +/2), 70, 
58 57 56

Anal. Calcd for C6H6N20<: C .42 .36; H, 3.56; N, 16.47. 
Found: C, 41.91; H, 3.37; N, 16.58.

Registry No.—1, 35141-11-8; 3, 35191-65-2; 6,
35191-66-3; 7, 35141-12-9; 8, 35141-13-0; 9, 35141-
14-1; 11, 10574-23-9.
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Department of Chemistry and Pharmaceutical Chemistry, 
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In a recent report,3 it was indicated that, when
3,4-bis(bromomethyl)-2,5-dihydrothiophane 1,1-dioxide 
(1) was reacted with various amines even under

1 2

very mild conditions, in either protic or aprotic solvents, 
intractable mixtures were obtained. Only the weakly 
basic p-chloroaniline was reported to react with 1 over 
a 3-day period to yield the corresponding bicyclic 
pyrrolidine. We felt that it was important to report 
the successful preparation, without apparent difficulty, 
of several l,3,4,6-tetrahydrothieno[3,4-c]pyrrole 2,2-di
oxides (2) by the reaction of alkyl and aryl primary 
amines with the dibromo sulfone (1) in both protic and 
aprotic solvents. These reactions were completed, for 
the most part, in less than 2 hr.

Gschwend and Haider3 had proposed that the diffi
culty with the reaction lay with the fact that the 
strongly acidic character of the sulfolene (1) protons 
toward the basic amine strongly favored proton ab-

(1) This work was supported in part by the National Science Foundation 
Grant GP26616.

(2) A Texaco Fellow.
(3) H. W. Gschwend and H. Haider, J. Org. Chem., 37, 59 (1972).

straction and suppressed the nucleophilicity of the 
amines. Although we had earlier reported4 that this 
abstraction process was predominant when strong nu
cleophiles such as hydroxides, sulfides, and alkoxides 
were reacted with 1, this does not appear to occur to 
any great extent with those primary amines we have 
studied.

By reacting the dibromo sulfone (1) with aniline 
(pAa 4.63) or p-anisidine (pi?a 5.34) in methanol (in the 
presence of anhydrous sodium carbonate, which neu
tralized the amine hydrobromide salts as they were 
formed), the corresponding bicyclic pyrrolidines were 
obtained in moderately good yields (38-78%). These 
reactions were complete in less than 2 hr, yielding 
white crystalline products which gave decomposition 
points and nmr and ir spectra similar to those obtained 
by Gschwend and Haider3 6 for the p-chloroaniline de
rivative (Table I). In our preparation of the p-

T able I
A mines R eacted w ith

3,4-B is (bromomethyl)-2,5-dihydrothiophene 1 ,1-D ioxide
Reaction

Amine p K b Solvent
time,

hr
%

yield
Aniline 4.63 MeOH 2 38-74
p-Anisidine 5.34 MeOH 2 73-83
p-Chloroaniline“ 4.15 MeOH 2 34
Benzylamine 9.33 CH3CN 1 47-60
Methylamine 10.81 c h 3c n 1 37
Ethylamine 10.66 CH3CN 1 32
a This was also prepared by Gschwend and Haider.3 b “ CRC 

Handbook of Chemistry and Physics,”  50th Ed., Chemical 
Rubber Co., Cleveland, Ohio, 1969, pp 115-116.

chloroaniline derivative, the reaction rate was so slow at 
room temperature under these conditions that the 
reaction mixture was heated at 55° for 1 hr.

The much stronger primary amines such as methyl- 
amine (pAa 10.81) and ethylamine (pKa 10.66) also 
gave reasonable yields of the corresponding bicyclic 
pyrrolidines with 1. These amines reacted in aceto
nitrile to yield a mixture of bicyclic free amine and the 
corresponding HBr salt. The latter is treated with 
Na2C 03 to liberate the bicyclic amine product.

In contrast to the arylamine bicyclic pyrrolidines, 
which decomposed on heating, the alkyl compounds 
gave sharp melting points. Another difference be
tween the alkylamines and the arylamines was that the 
former appeared to have a much faster reaction rate. 
The side products from both of these reactions, other 
than the corresponding primary amine hydrobromide 
salt, were intractable polymeric gums or oils.

Experimental Section6 6

5-Phenyl-1,3,4,6-tetrahydrothieno[3,4-c]pyrrole 2,2-Dioxide.—
The dibromo sulfone7 (3.04 g, 10 mmol) was dissolved in 200 ml 
of boiling methanol. Sodium carbonate (0.53 g) and 0.93 g (10

(4) R. M. Ottenbrite, Va. J. Sci., 21, 196 (1970).
(5) Melting points were obtained in a Thomas-Hoover melting point 

apparatus and are uncorrected. Nmr spectra were recorded on a Varian 
A-60 instrument with TMS internal reference, and ir spectra were recorded 
on a Perkin-Elmer 337.

(6) We wish to thank Texaco, Inc., Research Laboratories, Richmond, Va., 
for the analytical analyses.

(7) G. B. Butler and R. M. Ottenbrite, Tetrahedron Lett., 4873 (1967).
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mmol) of aniline were added to the hot methanol solution. The 
mixture was stirred and allowed to cool, during which time all of 
the sodium carbonate was consumed (about (0.5 hr). Another 
0.53-g portion of Na2C 0 3 was added to completely neutralize the 
amine hydrobromide being formed in the reaction. The reac
tion mixture was stirred for another 90 min, during which time 
all of the sodium carbonate was consumed and most of the bicyclic 
product precipitated. The reaction mixture was allowed to 
stand in a freezer overnight and the bicyclic product was re
covered by filtration. Recrystallization from hot methanol 
yielded from 38 to 74% (decpt 156-157°): yKBr 1580,1490, 1370, 
1287, 1188, 1111, 745, 686 c m n m r  (CF3COOD) 8 4.3 (s, 4 H),
5.02 (s, 4 H ), 7.67 (s, 5 H ); nmr (CDC13) 8 3.87 (s, 4 H ), 4.19 
(s, 4 H ), 6.4-6.84 and 7.09-7.34 (broad phenyl absorption, 
5 H).

A n a ! .  Calcd for C12H 13N 0 2S: C .61 .25; H, 5.57; N, 5 95. 
Found: C, 61.77; H, 5.52; N, 5.83.

5-(p-Methoxyphenyl)-1,3,4,6-tetrahydrothieno [3,4-c] pyrrole
2,2-Dioxide.— The S-(p-methoxyphenyl) product was prepared 
by a procedure similar to that described above: yield 73-83%; 
dec pt 156°; rKBr 2825, 1520, 1314, 1253, 1238, 1185, 1119, 1038, 
811 cm-1; nmr (CF3COOD) 8 3.95 (s, 3 H ), 4.26 (s, 4 H ), 4.95 
(s, 4 H), 7.16 and 7.59 (AB, J  = 9 Hz, 4 H ); nmr (DMSO-d«), 8
3.67 (s, 3 H ), 4.07 (broad peak, 8 H ), 6.41 and 6.89 (AB, J  = 
9 H z, 4 H ).

A n a l .  Calcd for Ci3Hi5N 0 3Si: C, 58.85; H, 5.69; N, 5.28. 
Found: C,59.36; H, 5.58; N, 5.14.

5-(p-Chlorophenyl)-l,3 ,4,6-tetrahydrothieno [3,4-c] pyrrole 2 ,2- 
Dioxide.— This bicyclic pyrrole was obtained by following a 
procedure similar to that above, with the exception that the 
reaction mixture was held at 55° for 1 hr. Recrystallization 
from hot methanol yielded 0.8 g (34%), dec pt 153° (lit.3 153°).

5-Methyl-l,3,4,6-tetrahydrothieno[3,4-e]pyrrole 2,2-Dioxide.— 
The dibromo sulfone (12.11 g, 40 mmol) and 130 mmol of an
hydrous methylamine in 300 ml of acetonitrile were stirred at 
room temperature for 60 min. The reaction mixture was filtered 
to remove the methylamine hydrobromide which precipitated, 
and the filtrate was evaporated to dryness. The residue was 
triturated in 100 ml of ether, and the ethereal solution was re
duced in volume to 25 ml and allowed to stand in a freezer over
night; 1.1 g of the bicyclic product was obtained. The residue 
that remained after the ether washing was dissolved in methanol 
and neutralized with sodium carbonate. The methanol was re
moved under reduced pressure and the resultant residue was also 
triturated with 100 ml of ether. From this ether solution 1.5 g of 
the bicyclic product was obtained: total yield 2.8 g (37% ); mp 
89-90°; rKBr 1297, 1262, 1174, 1143, 1100,848,792 cm -1; nmr 
(CF3COOD) 8 3.37 (s, 3 H ), 4.10-5.17 (s, 4.22 with broad AB 
pattern, 8 H; nmr (CDC13) 5 2.51 (s, 3 H ), 3.56 (s, 4 H ), 3.75 (s, 
4 H).

A n a l .  Calcd for CiHuN 0 2S: C, 48.53; H, 6.39; N, 8.08. 
Found: C, 48.92; H, 6.07; N , 7.95.

5-Ethyl-1,3,4,6-tetrahydrothieno[3,4-c]pyrrole 2,2-Dioxide.— 
The 5-ethyl product, was prepared by the same procedure as the
5-methyl product. The only deviation from the procedure is 
that the ethylamine hvdrobromide did not precipitate: 32%; 
mp 98-99°; vKBr 1285,” 1264, 1184, 1154, 1166, 1100, 1032, 847, 
793, 770 cm -1; nmr (CF3COOD) 8 1.52 (t, J =  7 Hz, 3 H ), 3.64 
(q, J =  7 Hz, 2 H), 4.06-5.04 (s, 4.18 with a broad AB pattern, 
8 H ); nmr (CDC13) 8 1.12 (t, J  =  7 Hz, 3 H ), 2.75 (q, J  =  7 Hz, 
2 H ), 3.56 (s, 4 H ), 3.80 is, 4 H).

A n a l .  Calcd for C8H 13N 0 2S: C .51 .35; H, 6.98; N, 7.48. 
Found: C, 51.08: H, 6.76; N , 7.30.

5-Benzyl-1,3,4,6-tetrahydrothieno [3,4-c] pyrrole 2,2-Dioxide.— 
The 5-benzyl product was prepared by the same procedure as the
5-methyl product: 46-60% ; mp 100°; v* 01 2780, 1298, 1263, 
1110, 1091, 740, 700 cm“ 1; nmr (CFsCOOD) 8 4.16 (s, 4 FI),
4.37-4.77 (s, 4.69 and broad peak, 6 H ), 7.57 (s, 5 H); nmr 
(CDC13) 8 3.60 (s, 4 H ), 3.73 (s, 4 H ), 3.86 (s, 2 H ), 7.31 (s, 5 H ).

A n a l .  Calcd for CI3H ,5N 0 2S: C, 62.62; H, 6.07; N, 5.62. 
Found: C, 62.63; H, 5.86; N, 5.38.

Registry N o .— 1, 1 8 2 1 4 -5 7 -8 ; 2 (R  =  phenyl), 
35 1 0 5 -6 9 -2 ; 2 (R  = p-methoxyphenyl), 3 5 1 0 5 -7 0 -5 ; 
2 (R  =  p-chlorophenyl), 3 2 5 1 5 -6 6 -5 ; 2 (R  =  methyl), 
3 5 1 0 5 -7 2 -7 ; 2 (R  =  ethyl), 3 5 1 0 5 -7 3 -8 ; 2 (R  =  ben
zyl), 3510 5-74 -9 .
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In connection with studies on the metabolism of 19- 
nor steroids we required estr-4-ene-3,17-dione (la) 
labeled with a hydrogen isotope in a stable position. 
We decided to introduce the lable at C-7 by reducing 
17 /3-hydroxy estra-4,6-di en-3- one (lc) with tris(tri- 
phenylphosphine)rhodium(I) chloride as was done in 
the steroidal Ci9 series.2 Usual one-step procedures for 
the preparation of the diene starting material proved 
unsatisfactory. Reaction of chloranil (2,3,5,6-tetra- 
chloroquinone) with estr-4-ene-3,17-dione or the corre
sponding 17/3-hydroxy compound in refluxing ferf-butyl 
alcohol gave a negligible yield of the desired A4-6-3-one 
compound, although the procedure gives reasonable 
results with Ci9 steroids.3-4 Use of DDQ (dichlorodi- 
cyanoquinone) and acid catalysis was somewhat better, 
but was still unsatisfactory. Although the reaction 
goes to completion in 0.5 hr using a Ci9 compound,6 only 
75% of 17/3-hydroxyestr-4-en-3-one (lb) was dehydro-

R

la. R = 0
b, R =  17/3-OH, 17a -H
c, A6-lb

genated in 1.5 hr and gave product mixtures that re
quired extensive purification. However, we succeeded 
in obtaining complete reaction of 17/3-hydroxyestr-4- 
en-3-one using chloranil in feri-butyl alcohol, ethanol, or 
methanol by heating to only 50° for 2-3 hr. The 
products were separated readily from the reagent ma
terials by alumina column chromatography and further 
purification of the steroid fraction by tic gave the pure 
A4-6-diene in good yield. A small amount of a mixture 
also was isolated and was tentatively identified as the 
phenolic ethyl ethers of estradiol-17/3 and the corre
sponding A6 compound. This indicated that some C-1,2 
dehydrogenation took place also and suggested that 
the same conditions, but with DDQ as oxidant, might 
bring about dehydrogenation at C -l as occurs with 
testosterone, rather than at C-6 which occurs with 17/3- 
hydroxyestr-4-en-3-one (19-nortestosterone) ,6 How-

(1) (a) An outline of portions of this work has appeared in a communica
tion: H. J. Brodie and C. E. Hay, Biochem. J., 120, 667 (1970). (b) Sup
ported by U. S. Public Health Service, NIH Grants AM 14625, AM 6894, and 
GM 16928.

(2) C. Djerassi and J. Gutzwiller, J. Amer. Chem. Soc., 88, 4537 (1966).
(3) E. J. Agnello and G. D. Laubach, ibid., 82, 4293 (1960).
(4) H. J. Brodie, Tetrahedron, 23, 535 (1967).
(5) A. B. Turner and H. J. Ringold, J . Chem. Soc., 1720 (1967).
(6) H. J. Ringold and A. B. Turner, Chem. Ind., London, 211 (1962); 

see also ref 5.
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ever, dehydrogenation under these conditions also oc
curred preferentially at C-6 as judged by gas-liquid 
chromatographic analysis of the products.

Preliminary experiments on the reduction of 17/3- 
hydroxyestra-4,6-dien-3-one (lc) to 17/3-hydroxyestr-4- 
en-3-one (lb) with the rhodium catalyst and hydrogen 
gas showed that complete reduction in benzene was 
obtained in 12 hr, while in dioxane only 3 hr was re
quired. Dioxane was used subsequently for reductions 
with isotopic hydrogen. With deuterium gas, 7 hr was 
required for uptake of 1 mol equiv and, under the some
what different conditions of reduction with stoichio
metric amounts of tritium gas,7 40 hr was required for 
an apparent 33% uptake of tritium. Material from the 
latter experiment was chromatographed on silver 
nitrate impregnated silica gel plates to separate the 
17/3-hydroxyestr-4-en-3-one (lb) from unreacted 6- 
dehydro material. A portion of the product, after 
dilution with carrier, was refluxed with base to remove 
exchangeable tritium at C-6 and tic of the 17/3-hydroxy- 
estrenone-7-3/ /  product gave a radiochemically pure 
material as judged by subsequent paper chromatog
raphy and crystallization. The 6,7-tritiated material 
was diluted with 14 15C-labeled and unlabeled 17/3- 
hydroxyestr-4-en-3-one (lb) and was crystallized re
peatedly. There was insignificant loss of tritium, show
ing that reduction with the rhodium catalyst gives 
material readily obtainable in a radiochemically pure 
state. This was confirmed by the preparation of the 
acetate derivative. Equilibration with base caused the 
3H /14C ratio to decrease 50% (presumably due to loss 
of tritium at C-6), and indicates that the label was 
equally distributed at C-6 and C-7 (Table I). Similar

T a b l e  I
D emonstration of P urity  of 17^-Hyeroxyestrenone-S,7-s17

AND -7-3H AFTER REVERSE ISOTOPE DILUTION AND
C r y sta l liza tio n

—dpm//xmol---------------- -
17/3-Hydroxyestrenone- 3H X Ratio

6,7-3H,4-uC 10-» >*c P H /»C )
n — 3 105 2940 35.6
n -  2 106 3010 35.1
n 106 2970 35.6
Base refluxed
17/3-Acetate, diluted and crystallized 12.2 352

18.3 (loss, 51%) 
34.8

results were obtained with deuterium reduction where 
92% of the product was dideuterated, accompanied by 
an insignificant amount of trideuterated material. 
These are in contrast to results with heterogeneous 
catalysis where the distribution of the label across the 
double bond often is not uniform8 or where ah appreci
able amount of label may be exchanged into positions 
a to the double bond.9-10

The configuration of the label at C-7 was determined 
by microbiological hydroxylation at C-7/3, a transforma
tion we determined occurs readily with the micro
organism B. malorum using estrenedione as the sub
strate.11 The 7/3-labeled materials were converted to

(7) K. R. Laumas and M. Gut, J. Org. Chem. 27, 314 (1962).
(8) M. Gut and M. Hayano, Atomlight (Apri’ 1962).
(9) D. K. Fukushima and T. F. Gallagher, J. Amer. Chem. Soc., 77, 139 

(1955).
(10) H. J. Brodie, S. Baba, M. Gut, and M. Hayano, Steroids, 6, 659

(1965).
(11) H. J. Brodie, C. E. Hay, and J. D. Townsley, Biochim. Biophys. Acta, 

239, 103 (1971).

estrenedione by Jones oxidation. When estrenedione- 
73-3H, 4~UC and estrenedione-7/3-2# ,  both diluted with 
carrier, were incubated separately with the micro
organism, the hydrogen isotope label in the 7/3-hydroxy- 
estrenedione product decreased by over 97%. Since 
hydroxylation occurs by direct replacement of hydro
gen,12 the data show that the label at C-7/3 was almost 
exclusively /3 oriented. We13 and others14 showed that 
reduction with the rhodium catalyst occurs by cis 
addition, from which we may conclude that the label at 
C-6 also is essentially ¡3 oriented. Support for this 
assignment was obtained from nmr spectra. In estrene
dione, no splitting of the4-H signal is noted, presumably 
due to a broadening brought about by coupling with 
both the 6/3 and 10/3 hydrogens. In contrast, the 4-H 
signal is split when the 6/3 hydrogen is replaced by 
methyl15 or hydroxyl,11 due to coupling with only the 
C-10/3 proton. A similar signal for the C-4 proton is 
noted in the 6,7-dideuterated estrenedione, indicating 
that the deuterium is at C-6/3 as expected.

Experimental Section

Infrared spectroscopy was recorded with a Perkin-Elmer Model 
137 from KBr disks; ultraviolet spectroscopy was recorded from 
a Perkin-Elmer Model 202 spectrophotometer, using a methanol 
solvent. Nmr spectra were obtained on a Varian DA-60 (60 
MHz) or Varian HA100-15 (100 MHz) spectrometer; peaks are 
quoted in 5 (parts per million) downfield from tetramethylsilane 
internal standard. Mass spectrometry was determined with a 
Varian M -66 spectrometer. Conditions for deuterium analysis 
have been described.12 13’ Radioactivity was measured by double
label scintillation counting on a Packard Tri-Carb Model 314 EX 
as before.16 Melting points were taken on a Fisher-Johns hot 
stage. Thin layer chromatography used Merck silica gel PF-254, 
with preparative layers PR-254 +  366. Gas chromatography 
was performed with 2%  QF-1 on Gas-Chrom Q (Applied Science 
Laboratories). 17/3-Hydroxyestr-4-en-3-one was purchased from 
Searle Chemical Co.

17/3-Hydroxyestra-4,6-dien-3-one (lc ). Method A. DDQ and 
Acid Catalysis.—Dry HC1 gas was bubbled for 1.5 hr into a 
stirred solution of 1 g (3.65 mmol) of 17/3-hydroxyestr-4-en-3-one 
(lb ) and 944 mg (3.98 mmol) of DDQ in 30 ml of purified di
oxane.17 After filtering and diluting with dichloromethane, the 
filtrate was washed with potassium carbonate and then with 
water. Analysis of a sample at this point indicated 75% con
version, as judged by the relative absorbance at 240 and 283 nm. 
Purification by silica gel column chromatography using ethyl 
acetate-benzene mixtures followed by preparative layer (5 mm) 
silica gel chromatography using benzene-acetone (9 :1, v /v )  and 
crystallization from benzene-hexane-diethyl ether gave 308 mg 
of product still contaminated with starting material. Subsequent 
chromatography on preparative layer silica gel-silver nitrate 
coated plates (30:5, v /v )  in the system cyclohexane-chloroform- 
acetic acid (48:50:10, v /v )  gave the diene free from the less 
polar A4-3 ketone. Elution with chloroform-methanol (9:1, v /v )  
and washing with 1% aqueous NaCl, 2%  Na2S20 3, and then 
water18 gave pure material used subsequently for reduction with 
tritium gas: Xma% 283 nm [e 26,219 (lit.19 26,920)]; v 3500 (OH), 
1655 (3-one), 1620, 1575 (vinylic H).

Method B. Chloranil. A solution of 5 g of 17/3-hydroxyestr-
4-en-3-one (lb ) and 3.35 g of chloranil in 500 ml of ethanol was 
stirred at 50° for 2 hr and then was evaporated to dryness under

(12) P, Talalay, Ann. Rev. Biochem., 34, 347 (1965).
(13) H. J. Brodie, K. J. Kripalani, and G. Possanza, J. Amer. Chem. Soc., 

91, 1241 (1969).
(14) J. F. Biellmann and M. S. Jung, ibid., 90, 1673 (1968).
(15) T. A. Wittstruck, S. K. Malhotra, and H. J. Ringold, ibid., 86, 1699 

(1963).
(16) J. D. Townsley and H. J. Brodie, Biochemistry, 7, 33 (1968).
(17) L. F. Fieser, “ Experiments in Organic Chemistry,”  3rd ed, D. C. 

Heath, Boston, Mass., 1957, p 285, method a.
(18) H. Katsuki and K. Bloch, J. Biol. Chem., 242, 222 (1967).
(19) J. A. Zderic, H .  Carpio, A. Bowers, and C. Djerassi, Steroids, 1, 233 

(1963).
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reduced pressure. The residue was chromatographed on a column 
containing 400 g of neutral alumina (Woelm) using increasing 
percentages of ethyl acetate in benzene for development. The 
fractions containing material absorbing at 283 nm were combined 
to give a yield of 2.7 g of 170-hydroxyestra-4,6-diene-3,17-dione
(lc ) based on uv analysis. This material was purified further by 
preparative tic using benzene-acetone (9:1, v /v ) . The A5.6 
product and a less polar material were eluted. The mass spec
trum of the latter showed highest mass peaks of equal intensity 
at m/e 298 and 300. The infrared spectrum was similar to that 
of the 3-methyl ether of estradiol-17/3 and glc analysis indicated 
the presence of two compounds of approximately equal amounts. 
However, these could not be separated on several thin layer and 
paper systems and the problem was not investigated further. 
It appeared that they were ethyl ethers of estradiol-170 and the 
corresponding A6 compound.

Preparation of Catalyst.— A solution of 1 g of rhodium chloride 
trihydrate and 6 g of triphenylphosphine in 120 ml of ethanol was 
refluxed for 30 min.20 Upon cooling, the precipitated tris(tri- 
phenylphosphine)rhodium(I) chloride was collected, washed with 
cold ethanol and ether, and then stored at 4° in a stoppered vial.

Preparation of 6,7-Labeled 170-Hydroxyestr-4-en-3-one (lb).
A. Tritium Labeling.— A solution of 27.2 and 14 mg of tris(tri- 
phenylphosphine)rhodium(I) chloride in 2 ml of dioxane was 
stirred under 1 mol equiv of tritium gas. There was an apparent
3.5-Ci uptake in 7 days. After removal of tritium gas and solvent, 
the residue was chromatographed on silver nitrate impregnated 
silica gel plates as detailed above using chloroform-methanol 
(98:2, v /v ). A radioscan of a small sample chromatographed in 
a similar fashion showed major radioactive peaks at the origin 
and in the area corresponding in mobility to 170-hydroxyestr-4- 
en-3-one (lb). Material in this zone was eluted to give 273 mCi 
(7.7% yield based on tritium uptake). A portion was diluted 
with 4-14C-labeled and unlabeled testosterone and was crystallized 
from benzene-hexane to constant specific activity. This was 
diluted further with carrier and then was acetylated with 50% 
acetic anhydride in pyridine at room temperature for 3 hr. After 
tic and crystallization, analysis for 3H and 14C again was carried 
out on weighed crystals. Another portion of the double-labeled 
testosterone was refluxed with 2%  KOH in methanol-water 
( 1: 1, v /v ) ,  and was analyzed by scintillation counting after 
purification by tic as described previously.4 The results are in 
Table I.

B. Deuterium Labeling.— A dioxane solution containing 2.5 g 
of 170-hydroxyestr-4,6-dien-3-one (lc ) and 1.25 g of the rhodium 
catalyst was stirred in a deuterium atmosphere 16 hr at ambient 
temperature and pressure. The residue from evaporation was 
chromatographed on 400 g of silica gel using benzene-ethyl 
acetate mixtures. 170-Hydroxyestr-4-en-3-one (lb) came off the 
column with a 9:1 mixture and was purified further by prepara
tive plate chromatography in benzene-ethyl acetate (9:1 and 
then 8 :2, v /v )  to give a material which was homogeneous on 
gas chromatographic analysis (QF-1): mp 172-173°; Xmax 241 
nm; mass speetrometric analysis of the molecular ion (do =  274) 
do (3% ), (fi (4% ), d2 (93% ). Oxidation with Jones reagent20 21 gave 
estr-4-ene-3,17-dione: nmr 5 0.94 (s, 3 H, 18-methyl), 5.89
(d, J = 1.7 Hz, 1 II, 4-H).

Preparation of 7-Labeled Estrenedione.—6,7-Labeled 170- 
hydroxyestr-4-en-3-one (lb) was refluxed with base and was 
purified by tic in benzene-ethyl acetate (3 :1 , v /v ) . Oxidation 
with Jones reagent21 gave 7-labeled estr-4-ene-3,l7-dione (la). 
Material which had been tritiated was diluted with estr-4-ene-
3,17-dione-/-14C' and was crystallized repeatedly. There was an 
insignificant change in the 3H /14C ratio. Similarly, the deuterated 
product, after dilution with carrier (1 : 1), isolation, and crystal
lization showed one peak on gas chromatography [do (51% ), di 
(3% ), A, (47% )]. Mass speetrometric analysis of the molecular 
ion showed only do and di species [do (51% )].

Incubation with B. malorum.—Estrenedione-/-3# ,^ -11!? (14C 
sp act., 2700 dpm/mg; 3H /14C ratio, 28.6) was incubated with 
respiring cultures of B. malorum for 20 hr and the 70-hydroxy- 
estrenedione product was isolated as described11 and the acetate 
derivative was crystallized from benzene-hexane three times. 
Loss of tritium as judged by decrease in the 3H /14C ratio was 
98%. The product from the 70-deuterated substrate [d, (34%)] 
was analyzed by mass spectrometry directly as the alcohol,

(20) A. J. Birch and K. A, M. Walker, J. Chem. Soc. C, 1894 (1966).
(21) K. Bowden, I. M. Heiîbron, B. R. H. Jones, and B. E. L. Weedon, 

J. Chem. Soc., 39 (1946).

since the highest m/e value for the acetate was 270 (M + — 60). 
There was no detectable amount of deuterium on mass spectro
métrie analysis of the 70-hydroxy product after three crystalliza
tions from ethyl acetate.

Registry No.—la, 13209-45-5; la (7-T, 4-14C), 
31031-84-8; lb (6-T, 4-wC), 35140-96-6; lb (7-T, 4-14C) 
35140-97-7; lb (6-D), 35140-98-8; lb (7-D), 35140-
99-9; lc, 14531-84-1.
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Merrifield solid-phase peptide synthesis2-6 procedure 
is useful for the synthesis of peptides in high yield. 
However, several cases have been reported of incomplete 
couplings (for examples see ref 6-10). As work con
tinues with the synthesis of larger peptides and proteins, 
the need for quick accurate analysis is becoming more 
important.

During the last 4 years we have been using anaerobic 
and aerobic propionic acid-hydrochloric acid (HC1) 
hydrolysis as an analytical tool. Our previous report11 
showed that blocked amino acids could be hydrolyzed 
easily from the resin used in Merrifield synthesis using 
this technique. This communication reports the re
sults of 70 peptides hydrolyzed by these procedures, as 
compared to hydrogen fluoride-anisole cleavage from 
the resin, followed by constant boiling HC1 hydrolysis.12

Table I gives the ratios, R, of moles of amino acids 
obtained from peptide resins hydrolyzed by 1:1 pro
pionic acid-12 N HC1 at 130° for 2 hr, and the moles of 
amino acids obtained from peptide resins treated with 
hydrogen fluoride-anisole13-14 and then hydrolyzed by

(1) (a) Correspondence concerning this article should be addressed to
Fred C. Wes tall, The Salk Institute for Biological Studies, P. O. Box 1809, 
San Diego, California 92112; (b) Postdoctoral Research Fellow of the
National Multiple Sclerosis Society.

(2) R. B. Merrifield, J. Amer. Chem. Soc., 86, 304 (1964).
(3) G. R. Marshall and R. B. Merrifield, Biochemistry, 4, 2394 (1965).
(4) A. Marglin and R. B. Merrifield, J. Amer. Chem. Soc., 88, 5051

(1966).
(5) J. M. Stewart and J. D. Young, “ Solid Phase Peptide Synthesis,” 

W. H. Freeman, New York, N. Y., 1969.
(6) F. C. Westall and A. B. Robinson, J. Org. Chem., 35, 2842 (1970).
(7) R. B. Merrifield, Recent Progr. Horm. Res., 23, 460 (1967).
(8) R. Colescott, private communication.
(9) A. B. Robinson, Thesis, University of California at San Diego (1967).
(10) J. J. Sharp, Thesis, University of California at San Diego (1971).
(11) J. Scotchler, R. Lozier and A. B. Robinson, J. Org. Chem., 35, 3151 

(1970).
(12) C. H. W. Hirs, W. H. Stein, and S. Moore, J. Biol. Chem., 211, 941 

(1954).
(13) A. Sakakibara, Y. Shmonishi, Y. Kishida, M. Okada, and H. Sugi- 

hora, Bull. Chem. Soc. Jap., 40, 2164 (1967).
(14) J. Lenard and A. B. Robinson, J. Amer. Chem. Soc., 89, 181 (1967).
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T able I
Side chain Number of 95% confidence 95% confidence

Amino acid blocking group residues used“ Raerobic level5 R anaerobic0 level5

Alanine 29 1.00 0.023 1.01 0.018
Arginine Nitro 18 0.99 0.025 0.99 0.015
Aspartic O-Benzyl 2 0.95 0.381 0.96 0.597
Cysteine Methoxy benzyl 1 0.97 0.98
Glutamic O-Benzyl 17 0.99 0.015 1.01 0.013
Glycine 46 1.00 0.008 1.00 0.006
Histidine Dinitrophenyl 7 0.81 0.076 0.98 0.047
Isoleucine 10 0.99 0.045 0.99 0.027
Leucine 14 l.'OO 0.019 0.99 0.011
Lysine Carbobenzoxy 9 1.00 0.030 0.98 0.032
Methionine 3 0.94 0.133 0.98 0.120
Phenylalanine 19 1.01 0.017 1.00 0.021
Serine O-Benzyl 54 0.73 0.018 0.85 0.014
Threonine O-Benzyl 10 0.94 0.050 0.95 0.016
Tyrosine O-Benzyl 8 0.80 0.061 0.90 0.045
Valine 13 0.99 0.024 0.99 0.009
Asparagine 15 0.97 0.051 1.01 0.041
Glutamine 15 1.00 0.017 1.00 0.013
Proline 3 0.93 0.013 0.97 0.022

“ R is the average of the ratios of moles of amino acids obtained from resin peptides hydrolyzed by 1:1 propionic acid -12 N  HC1 at 
130° for 2 hr to the moles of amino acids obtained from resin peptides by using hydrogen fluoride-anisole followed by HC1: H20  hydroly
sis at 100° for 24 hr. The ratios used for the calculation of 11 are normalized to the expected ratios in the synthetic peptide. No as
sumption about absolute yield of the peptide from the resin is used in the calculation. 5 The error limits for It were calculated using the 
Student’s t distribution of s = V s ( R  — Ri)2/ » ( «  — 1) for n- — 1 degrees of freedom and 95% confidence of the value R, where R is the 
mean value of the individual value R it These error limits, therefore, include errors in the single amino acid analyses,10 as well as all 
other random errors in our experiments.

1:1 H20 :12 N HC1 at 100° for 24 hr. A wide variety 
of peptides were hydrolyzed in these experiments.15 As 
would be expected, anaerobic propionic-HCl acid hy
drolysis gives better results than aerobic hydrolysis. 
However, the aerobic procedure certainly can be used 
with excellent results. The only amino acids giving 
low recoveries by our procedure are serine, tryptophan, 
tyrosine, and threonine— all of which give low values 
with 6 N  HC1 hydrolysis. Tryptophan is, of course, 
completely destroyed by acid hydrolysis. The serine 
value seems to be quite temperature dependent.

The histidine values reported in Table I are rather 
uncertain. Several of the peptide resins examined con-

(1S) Gly-Gln-TyT-Ser-Trp-Ile-Ile-Asn-Gly-Ile-Glu-Trp-Ala-Ile-Ala-Asn- 
Asn-Met-Asp-Val; Asn-Ser-His-Gly-Thr-His-Val-Ala-Gly-Thr-Val-Ala-Ala- 
Leu-Asn-Asn-Ser-Ile-Gly; Ser-Met-Ala-Ser-Pro-His-Val-Ala-Gly-Ala-Ala- 
Ala-Leu-Ile-Leu-Ser-Lys-His-Pro; Asn-T rp-Thr-Asn-Thr-Gln-Val-Arg-Ser- 
Ser-Leu-Gln-Asn-Thr-Thr-Thr; Ser-Arg-Phe-Ser-Phe-Gly-Ala-Glu-Gly-Gln- 
Lys; Ser- Arg-V al-Ser-Trp-Gly-Ala-Glu-Gly-Gln-Lys; Ser-Arg-Phe- Ala- 
Trp-Gly-Ala-Glu-Gly-Gln-Lys; Ser-Arg-Phe-Ser-Trp-Gly-Ala-Glu-Gly-Gln- 
Arg; Ser-Arg-Phe-Ser-Trp-Gly-Ala-G lu-Gly-I le-Ly s; Ser-Arg-Phe-Gly-Ser- 
Trp-Gly-Ala-GIu-Gly-Gln; Ser-Arg-Phe-Ser-Trp-Gly-Ala-Glu-Gly-Gln-Ile; 
Ser-Arg-Phe-Ser-Trp-Gly-Ala-Ile-Gly-GIn-Lys; Ser-Arg-Phe-Ser-Val-Gly- 
Ala-Glu-Gly-Gln-Lys; Ser-Arg-Phe-Ser-Trp-Gly-Ala-GIu-Gly-Gln-Lys; 
Ser-Arg-Phe-Ser-Trp-Gly-Ala-Glu-Gly-Gln; Glu-Trp-Ala-Ile-Ala-Asn-Asn- 
Met-Asp-Val ; Phe-Ser-Trp-Gly-Ala-Glu-Gly-Gln-Gly-Arg; Phe-Ser-Trp- 
Gly-Ala-Glu-Gly-Gly-Gln-Arg; Phe-Ser-Trp-Ala-Ala-Glu-Gly-Gln-Arg; Gly- 
Ser-Trp-Gly-Ala-Glu-Gly-Gln-Arg; Phe-Ser-Trp-Gly-Ala-Glu-Gly-Glu- 
Arg; Act-Ser-Trp-Gly-Ala-Glu-Gly-Gln-Arg; Phe-Gly-Trp-Gly-Gly-Gly- 
G!y-GIn-Arg; Gly-Gly-Trp-GIy-GIy-GIy-GIy-GIn-Arg; Ser-Thr-Gly-Ser- 
Ser-Ser-Thr-Val-Gly; Ser-Arg-Phe-Ser-Trp-Gly-Ala-Glu-Gly; Phe-Ser-Trp- 
Gly-Ala-Glu-Gly-Gln; Ser-Arg-Phe-Gly-Ser-T rp-Gly-Ala; Thr-Ser-Ala- 
Ala-Ser-Ser-Ser-Asn; Arg-Ala-Ser-Phe-Ser-Ser-Val-Gly; Ser-Trp-Gly-Ala- 
Glu-Gly-Gln-Arg; Gly-T rp-Gly-Gly-Gly-Gly-Gln-Arg; Phe-Ser-Tyr-Ala- 
Glu-Gly-Gln-Arg; Ser-Arg-Phe-Ser-Trp-GIy-Ala-Glu; Phe-Ser-His-Ala- 
Glu-Gly-Gln-Arg; T rp-Gly-Ala-Glu-Gly-Gln-Arg; Ser-Arg-Phe-Ser-Trp- 
Gly-Ala; Pro-Gly-Asn-Lys-Tyr-Gly; Ala-Ala-Ser-Ser-Ser-Asn; Val-Glu- 
Gly-Leu-Tyr-Leu; Glu-Ala-Leu-Tyr-Leu-Val; Ser-Arg-Phe-Gly-Ser-Trp; 
Gly-Ala-Gln-His-GIy; Gly-Ala-Gln-Gly-Gly; Gly-Gly-Gln-Lys-Gly; Gly- 
Lys-Gln-Ile-Gly; Gly- Lys-GIn-Ala-Gly; Gly-Gly-Gln-Ser-Gly; Gly-Ser- 
Gln-Arg-Gly; Gly-Asp-Gln-Pro-Gly; Gly-Pro-Gln-Asp-Gly; Gly-Gln-Asn- 
Lys-Gly; Phe-Ser-Trp-Gly-Ala-Glu; Ser-Arg-Phe-Ser-Trp; Phe-Ser-Trp- 
Gly-Ala; Val-Glu-Gly-Leu-Tyr; Glu-Gly-Leu-Tyr-Leu; Asn-Gln-Ala-Ser- 
Phe; Gly-Gly-Leu-Tyr; Ala-Asp-Cys-Ser; Gly-Leu-Tyr; Leu-Gly-Glu; 
His-Gly; His-Glu; Pro-Glu; Tyr-His; His-Arg; Glu-His; Glu-Pro; 
Glu-Gly.

tained incompletely coupled histidine. Some of the 
peptide molecules on these resins, therefore, contain 
histidine and some do not. It is known10 that hydrogen 
fluoride-anisole will not cleave sterically hindered resin 
peptide molecules, whereas the propionic acid-HCl 
procedure cleaves all resin peptide molecules completely. 
The peptide molecules lacking histidine are expected to 
be those in the most sterically hindered positions on the 
resin and, therefore, the inaccuracy in the histidine 
values is understandable.

Hvrolysis of propionic acid-HCl at 130° facilitates 
quick, reliable analysis.. The peptide doesn’t require 
prior cleavage from the resin, and the preparation for 
amino acid analysis requires only 2 hr.

Experimental Section

The peptides were synthesized on chloromethylated copoly
styrene crosslinked with 2%  divinyl benzene resin by the proce
dure of Merrifield,2“ 4 with occasional small modifications.0 The 
resin was substituted with 0.2- 0.5 mmol/'g of the carboxyl 
terminal amino acid. The a amino groups of the amino acids 
were blocked by the ieri-butoxycarboxyl groups, and the side 
chain groups were blocked as shown in Table I. One milliliter 
of propionic acid and 1 ml of 12 A' IIC1 were placed in a small 
test tube with 1-3 Mmol of the resin peptide, and the test tube 
was sealed. For anaerobic propionie-HQ acid hydrolysis, the 
acid mixture was frozen and thawed under vacuum three times, 
and then sealed under vacuum. The tube was later placed in 
either a heating block or a thermostated oil bath for 2 hr at 130°. 
The tubes were cooled and opened, and the samples were dried 
by rotary evaporation in 100-ml round-bottomed flasks at 40°. 
Amino acid analyses were then performed.16 In separate ex
periments the same peptides were removed from the resin using 
anhydrous hydrogen fluoride and anisóle.13'14 After freeze 
drying, the peptides were hydrolyzed anaerobically with constant 
boiling HC1 and analyzed. For aerobic hydrolysis the experi
mental procedure was the same, except that the tubes were sealed 
in air without exposure to vacuum.

(16) Amino acid analyses were performed by Mrs. R. M. Smith; see K. 
Dus, S. Lindroth, R. Pabst, and R. M. Smith, Anal. Biockem., 14, 41 (1966).
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Registry N o.—Propionic acid, 79-09-4; hydrochloric 
acid, 7647-01-0.
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The mass spectra of many 16- and 17-keto steroids 
contain ions [M — 56] -4, the formation of which has 
been ascribed to cleavages of the bonds C-13/17 and 
C-14/15.1 These ions are often accompanied by ions 
[M — 71]4 formed by subsequent loss of a methyl 
radical2 (Scheme I). During a survey of the mass

S ch em e  I

[M -  71]'

spectra of trimethylsilyl (TMS) ethers of a number of 
A5-3/3-hydroxy steroids it was found that [M — 56] ■+ 
ions, unaccompanied by [M — 71 ]+ ions, were present 
in the spectra of 16 and 17 ketones. It has been demon
strated that these [M — 56] •+ ions are formed by 
electron-impact-induced rearrangement, and not by 
D-ring cleavage.

(1) G. von Unruh and G. Spiteller, Tetrahedron, 26, 3289 (1970), and 
references cited therein.

(2) L. Tok6s, R. T. LaLonde, and C. Djerassi, J . Org. Chem., 32, 1012
(1967).

The first indication of a duality of mechanisms for 
the formation of such ions was the presence of [M — 
56 ]-+ ions in the spectra of the TMS ethers of 15,15,-
17,17-dr3/3-hydroxyandrost-5-en- 16-one, 16,16-d2-3fi-
hydroxyandrost-5-en-17-one, and 9,12,12,16,16-dy3/8- 
hydroxyandrost-5-ene-ll,17-dione.3 When the 17-oxo 
group of the TMS ether of 3/3-hydroxyandrost-5-en-17- 
one (dehydroepiandrostereone, DHEA) was selectively 
replaced4 by 180, this atom was found to be retained in 
the [M — 56] •4 ion. All nine deuterium atoms of the 
dg-TMS ether6 of DHEA were also retained in the 
[M — 56] •4 ion.

High resolution mass measurement, carried out on 
the spectrum of the TMS ether of DHEA, showed that 
the particle eliminated had the composition C3H40  
(found for ion of nominal m/e 304, 304.2198; calcd for 
Ci9H32OSi, 304.2222). The oxygen atom must, there
fore, originate from the 3 position, and it seems likely 
that the [M — 56] ■4 ions of these steroids are formed 
by a mechanism similar to that proposed for the forma
tion of the [M — 129]4 ion, but with initial transfer of 
the TMS group. This may proceed via a double (silyl 
and conventional) McLafferty-type rearrangement, as 
in Scheme II . Because of the relatively large separation

S ch em e  II

o  T

TMS
[ M - 5 6 ] '+

of C-3 and C-6, the silyl rearrangement is presumed to 
take place in a stepwise manner.

It should be noted that the TMS ethers of the satu
rated steroid 3/3-hydroxy-5a-androstan-17-one and its
16,16-^2 analog give rise, respectively, to ions [M — 
56]-4 and [M — 58]-4, indicating that such ions are 
formed by D-ring cleavage as illustrated in Scheme
I.6

(3) These deuterated analogs were prepared by in transitu labeling during 
GC-MS: G. M. Anthony and C. J. W. Brooks, Chem. Commun., 200 
(1970).

(4) A. M. Lawson, F. A. J. M. Leemans, and J. A. McCloskey, Steroids, 
14, 603 (1969).

(5) J. A. McCloskey, R. N. Stillwell, and A. M. Lawson, Anal. Chem.., 
40, 233 (1968).

(6) This work was supported by grants from the Medical Research Council 
(to C. J. W. B.), Science Research Council (B/SR/2398 to C. J. W. B. and 
G. Eglinton), NIH (GM-13901), and the Robert A. Welch Foundation (Q- 
125).
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This paper presents a suggestion for the conforma
tion of 1-phthalimido- l-deoxy-2,3:4,6-di-0-isop ropy li- 
dene-a-L-sorbofuranose (1) derived from nmr studies.

1

Specifically, the C2- 0  bond of the isopropylidene ring 
is predominantly transcoplanar with the Ci-N bond 
in the favored rotamer.

Phthalimide 1 was prepared from 1-0-p-toluene- 
sulfonyl-2,3:4,6-di-O-isopropylidene-a-L-sorbofuranose. 
Chemical proof for the structure was obtained by con
version to the corresponding known primary amine. 2

The nmr spectrum of phthalimide 1 reveals one 
methyl group resonating at unusually high field (Table 
I, 1 vs. 2-4). Furthermore, the position of this methyl

peak of 1 in DMSO-d6 solution does not change upon
32-fold dilution, but moved downfield from 6 0.67 at 
27° to 0.77 at 100° while no change occurred for other 
methyl bands. Thus, one methyl group is shielded 
intramolecularly by the phthalimide moiety. 
Shielding by an anisotropic benzene ring is well docu
mented3 and this effect has been used to determine 
stereochemistry and conformation4 * of aromatic com
pounds.

(1) University of Arizona, Tucson, Arizona.
(2) K. Tokuyama, Bull. Chem. Soc. Jap., 37, 1133 (1964). This amine 

was also prepared by reduction of the azide obtained from sodium azide and 
the same tosylate.

(3) J. A. Pople, J. Chem. Phys., 24, 1111 (1956); C. E. Johnson, Jr., and 
F. A. Bovey, ibid., 29, 1012 (1958).

(4) J. F. Sebastian and M. Ti, J. Org. Chem,., 35, 2644 (1970); N. Pravdifc
and D. Keglevit, Carbohyd. Res., 12, 193 (1970).

N mr

Compd Solvent

T a b l e  I
C h e m ic a l  Sh ifts  

--------------- 8, Methyl groups—

1 DMSO-de 0.65 1.21 1.29 1.41
CD3OD 0.67 1.28 1.32 1.44
Aceton e-d6 0.72 1.25 1.35 1.41
CDCI3 0.82 1.29 1.33 1.48
C6D 6 0.82 0.92 1.20 1.38
C6D 5N 0.91 1.29 1.31 1.51

2 CDCI3 1.27 1.35 1.39 1.44
3 CDCI3 1.35 1.40 1.43 1.46
4 DMSO-de 1.25 1.34 1.39 1.42

CDCI3 1.38 1.43 1.43 1.50
5 DMSO-de 1.06 1.19 1.32 1.36

CDCI3 1.03 1.38 1.42 1.50
6 D M SO -* 1.20 1.38

Acetone-de 1.25 1.41
CgDß 1.17 1.37
C6D 5N 1.27 1.48

When a catalytic amount of perchloric acid was 
added to a solution of 1  in acetone-d6 and the nmr spec
trum was measured at various times, the high-field 
methyl peak as well as one other methyl band disap
peared rapidly, and the nmr and mass spectra of the 
deuterated compound are consistent with its formula
tion as l-phthalimido-l-deoxy-2,3-mono-0-isopropyli- 
dene-4,6 -mono-O-hexadeuterioisopropylidene-a-L-sorbo- 
furanose (6 ).

6

7

That exchange occurred in the 4,6 position was con
firmed by selective acid-catalyzed hydrolysis of 6 to 
give a monoisopropylidene derivative 7 free of deu
terium and identical with that obtained by partial hy
drolysis of 1. The nmr spectrum of 7 in DMSO-d« dis
plays a doublet and a triplet which disappear on addi
tion of deuterium oxide. This confirms the presence6 
of a primary and a secondary alcohol, as in structure 7.

Consideration of molecular models of 1 reveals that 
only one methyl group in the 4,6-isopropylidene bridge 
can be shielded by the aromatic ring of the phthal
imide moiety. This shielding may be achieved in the 
conformation depicted below. The reason for the im
portance of this conformation merits comment.

The most impressive conformational changes in 
phthalimide 1 are brought about by ring flip of the 1,3- 
dioxane ring and rotation about the Ci-C2 and Ci-N

(5) D. E. Greer and M. M. Mocek, J. Chem. Educ., 40, 358 (1963).
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single bonds. The 1,3-dioxane ring in the conforma
tion shown above is in the energetically more favorable 
chair form.6 Of the three staggered conformations 
about C1-C 2, only the one shown should result in 
shielding3'4’7 of a methyl group of the4,6-isopropylidene 
group. To achieve the amount of shielding observed, 
phthalimide 1 must spend a considerable portion of its 
time in the conformation shown above. Dreiding 
molecular models reveal that the center of the methyl 
group is approximately 4 A from the center of the ben
zene ring, and from this is predicted3 a shielding of 0.8 
ppm. The experimental values (0.5 to 0.6 ppm, com
pound 1 vs. 2, 3, and 4 in Table I) were in good agree
ment. The other conformers might be destabilized by 
steric or dipolar interactions of the carbonyl groups or 
the conformer shown might be stabilized by some inter
action. Since none of the methyl groups in isoindoline 
4 resonate at high field, the first explanation may not 
apply. Although it is possible that the nitrogen is 
tetrahedral in 4 (sp3 hybridized) but trigonal8 in 1 
(sp2), the methylene protons of 4 are magnetically 
equivalent, suggesting trigonal hybridization. Thus, 
an intriguing possibility is that some interaction sta
bilizes the conformation shown. The oxygens of the
1,3-dioxane ring are very close to the carbonyl carbons 
of the phthalimide moiety. This may result in favor
able intramolecular interaction, e.g., dipolar interac
tion. A similar explanation was offered to explain an 
unusual conformational preference in substituted 
aziridines.3 Such an interaction is not possible with 
isoindoline 4, and this may account for the lack of sub
stantial shielding of a methyl group in this compound.

Interestingly, one methyl group in benzamide 5 ap
pears to absorb at slightly higher field than expected. 
Perhaps, effects similar to that proposed for phthal
imide 1 are operative here, but hydrogen bonding, 
which is possible in benzamide 5 but not in phthalimide 
1, is likely to be of much importance.9

Experimental Section

M eltin g  poin ts were taken  w ith  a T h om a s-H oov er  capillary 
m elting p o in t apparatus and are n ot corrected . T h e  ir spectra 
were recorded on  a P erk in -E lm er 621 spectroph otom eter, the uv 
spectra  on  a C ary  15 spectrom eter, the nm r spectra  on a Varian  
H A -100  spectrom eter, and the m ass spectra  on a C E C  21-110 
spectrom eter.

1-Phthalimido- l-deoxy-2 ,3 :4,6-di-O-isopropylidene-a-n-sorbo-

(6) E. L. Eliel and M. C. Knoeber, J . A m e r . C h em . S o c ., 90, 3444 (1968).
(7) D. J. Anderson, D. C. Horwell, and R. S. Atkinson, J .  C h em . S o c . D> 

1189 (1969); D. J. Anderson, T. L. Gilchrist, D. C. Horwell, and C. W. Rees, 
J . C h em . S o c . C , 576 (1970).

(8) G. S. D. King, J .  C h em . S o c . B ,  1224 (1966); P. Groth, A c ta  C h em . 
S can d ., 23, 1076 (1969).

(9) Rotational freedom in benzamide 5 may be limited by partial double
bond character of the amide N -C  bond and by orbital overlap between the x
orbital of the benzene ring and those of the amide group. See A. H. Lewin
and M. Frucht, T etra h ed ron  L e tt ., 1079 (1970), and references cited therein.

furanose (1 ) .— 1-O -p -T olu en esu lfon yl- 2 ,3 :4 ,5 - d i - 0 - isopropyli- 
den e-a-L -sorbof uranose10 (1 .64  g, 4 .0 0  m m ol) and potassium  
phthalim ide (0.833 g, 4 .50  m m ol) in A ,A -d im eth y ]fo rm a m id e  (35 
m l) were heated at reflux for 48 hr11 and coo led , the solven t was 
rem oved in vacuo, and the residue was d ilu ted  w ith  w ater (30 
m l) and extracted  w ith  six 50-m l p ortion s o f ether. T h e  ethereal 
extract was dried (anhydrous N a 2S 0 4), filtered , concentrated  to 
dryness, ch rom atographed on  silica  gel, and recrystallized from  
eth er-pen tan e to g ive  0.683 g  (4 3 % )  o f crystalline ph th alim ide 
1: m p 1 4 8 -150°, m p  o f a n a ly tica l sam ple 1 5 2 .5 -1 5 3 °; [<*]%> 
- 2 1 . 7 °  (c 0 .96, C H C fi); ir (K B r ) 2990, 2910, 1770, 1720, 1400 
c m -1 ; u v  m ax (C 2H 3O H ) 219.5  m ^ (e 41 ,30 0 ), 233 (12 ,500 ),
241.5  (9150), 293 .5  (1780).

Anal. C a lcd  for  C 20H 23N O 7: C , 61 .69 ; H , 5 .95 ; N , 3 .60. 
F ou n d : C , 6 1 .44 ; H , 5 .88 ; N , 3 .68.

Hyrazinolysis.12— A solution  o f 1 (712 m g, 1.83 m m ol), 8 5 %  
hydrazine h ydrate (1 .4  m l), and 9 5 %  ethanol (5 .5  m l) was 
heated at reflux for  2 hr and cooled . A  solu tion  o f sodium  
h ydroxide (600 m g) in w ater (3 .5  m l) was add ed , and the reaction  
m ixture w as extracted  w ith  four 20-m l portion s o f ether. T h e  
ethereal extract was washed w ith  four 2 -m l portion s o f w ater, 
dried (anhydrous K 2C 0 3), con centrated  to  dryness, and chro
m atographed on  silica  gel to  give 206 m g (4 3 % )  o f  a solid  w hich  
was iden tica l w ith  authentic 1 -a m in o -l-d eox y -2 ,3 :4 ,6-di-O - 
isoprop ylid ene-a -n -sorbofuran ose2 b y  m ixture m eltin g  p o in t, tie , 
ir, and nm r spectra.

Hexahydrophthalimide 2 was prepared accord ing  to  general 
procedure13 as colorless prism s: m p 5 2 -5 4 ° from  pen tan e; nm r
(C D C lj)  b 1 .3 0 -2 .0 0  (m , 8 , 4 C H 2), 2.97 (m , 2, C H C H ), 4 .00  
(s, 5, C H  +  2 C H j) ,  4 .24 , 4 .60  (s, 2, 2 C H ).

Anal. C a lcd  for  C 2oH29N 07: C , 60 .74 ; H , 7 .3 9 ; N , 3 .54. 
F ou n d : C , 60 .52 ; H , 7 .47 ; N , 3 .58.

Acetam ide 3.— T o  a cooled  solution  o f  1 -a m in o -l-d eox y - 
2 ,3 :4 ,6 -d i-0 -isop ropylidene-a :-L -sorbofuran ose (207 m g , 0 .800  
m m ol) in pyrid in e (1.25 m l) was added acetic anh ydride (1 .50  
m l). T h e  solution  was stirred at room  tem perature for 24 hr, 
con centrated  to dryness, and crystallized from  ether to  give crys
talline a ce ta m id e3 (2 2 0 m g, 9 1 % ) : m p 1 4 6 -1 4 8 °; [ a ] 25d  —62.2° 
(c 2 .27 , C 2H 6O H ); mass spectrum  m/e 301; ir (C H C 13) 3445, 
2995, 1660, 1508, 1380 c m - 1; nm r (C D C 13) 8 1.97 (s, 3, C H 3C O ),
6 .09  (broad , 1, N H ).

Anal. C a lcd  for Ci4H23N 0 6: C , 55 .80 ; H , 7 .69 . F ou n d : C , 
5 6 .08 ; H , 7 .83.

Isoindoline 4 was prepared accord ing to  general procedu re14 as 
a colorless o il: nm r (C D C fi)  S3.22 (s, 2 , C H 2N ) , 4 .0 0 -4 .1 3  (m , 3, 
C H  +  C H 2), 4 .15  (s, 4 , C H 2N C H 2), 4 .28 (d , 1, J  =  2 .5  H z, C H ),
4 .47 (s , 1, C H ).

Anal. C a lcd  for C 2oH27N 0 3: C , 66 .46 ; H , 7 .53 ; N , 3 .88. 
F ou n d : C , 66.39 ; H , 7 .60 ; N , 3 .87.

Benzamide 5.— T o  a solu tion  o f l -a m in o -l-d e o x y -2 ,3 :4 ,6 -d i-  
O -isopropylidene-a-L -sorbofuranose (129 m g , 0 .50  m m ol) in 
pyrid ine (0 .2  m l) at 0° was added dropw ise w ith  stirring a solu
tion  o f benzoyl ch loride (81.3  m g , 0 .58 m m ol) in pyrid in e (0 .4  m l) 
and the m ixture was allow ed to  w arm  to room  tem perature during 
2 hr. A fter rem oval o f  pyrid in e b y  evaporation  under reduced 
pressure, aqueous copper sulfate and ch loroform  w ere added. 
T h e  ch loroform  layer was w ashed w ith  aqueous copper sulfate and 
w ater, dried (anhydrous N a 2S 0 4), concentrated  to dryness (205 
m g ), and ch rom atographed on  silica  gel p lates. E lu tion  w ith  
9 :1  ( v /v )  ch loro form -m eth an ol gave an o il: y ie ld  184 m g ; ir 
(C H C la) 3455, 1670 c m - ' ;  nm r (C D C ls) 5 3 .7 0 -4 .2 0  (m , 5, 
C H  +  2 C H 2), 4 .25  (d , 1, J =  2 H z , C H ), 4 .49  (s, 1, C H ), 6 .53  
(broad , 1, N H ), 7 .43  (m , 3, a rom atic), 7 .8 9  (m , 2 , aro
m a tic ).

Phthalimide 6  from  1 by Ketone Exchange.— T o  ph th alim ide 1 
(40 m g ) in acetone-de (0 .4  m l) was added perch loric acid  (7 1 -  
7 2 % , 0 .5  m l) and the nm r spectra  were taken  after 20 m in , 3.7 
hr, and 24 hr.

(10) W. R. Sullivan, J . A m e r . C h em . S o c ., 67, 837 (1945).
(11) M. S. Gibson and R. W. Bradshaw, A n g ew . C h em ., I n i .  E d . E n g l.,  7, 

919 (1968).
(12) H. S. Mosher, J . A m e r . C h em . S o c ., 68, 1565 (1946).
(13) A. J. McAlees and R. McCrindle, J . C h em . S oc . C , 2425 (1969); M. 

Prostenik, M. Munk-Weinert. and D. E. Sunko, J . O rg . C h em ., 21, 406
(1956) .

(14) J. Bornstein, S. C. Lashua, and A. P. Boisselle, J . O rg. C h em ., 22, 1255
(1957) .
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Time ' ------------- -------- 5, Methyl groups---------
0  m in 0 .7 2 1 .2 5  1 .3 5 1 .4 1
2 0  m in 0 .7 1 “ 1 .2 2  1 .3 2 “ 1 .4 0
3 .7  hr 1 . 2 1 1 .41
24 hr 1 . 2 2 1 .4 0

» P eak  height is ca. 2 0 %  that o f sam ple before  add ition  o f 
H C IO 4 .

T h e  ab ove  sam ple was poured in to w ater and extracted  w ith  
ch loro form . T h e  extracts were dried (anhydrous N ajSCh), 
con centrated , and recrystallized from  ether to  g ive  6 : m p 149- 
152°; nm r (aceton e-d6) S 3 .7 0 -4 .5 0  (m , 6 ), 4 .76  (s, 1), 7.88 (s, 4 ) ; 
m ass spectrum  m/e 395.

l-Phthalim ido-l-deoxy-2,3-0-isopropylidene-a-L-sorbofuranose 
(7) by Hydrolysis of 6 .— A  solution  o f 6  (46 m g , 0 .12  m m ol), 
g lacial a cetic acid  (1 .0  m l), and w ater (0 .5  m l) was stirred at 
room  tem perature for  36 hr. P yrid ine was then added  and the 
solu tion  was con centrated  to  dryness and extracted  w ith  ether. 
T h e  extract was dried (anhydrous N a 2SO,|), filtered , and concen 
trated  to  dryness to  g ive  7 as an oil w hich  was crystallized from  
benzene to give 23 m g (5 5 % )  o f 7, m p and m m p w ith  later sam ple
1 7 5 -178°, ir and nm r spectra  identica l w ithin  experim ental error 
to  da ta  b e low .

B y Hydrolysis of 1.— Phthalim ide 1 (500 m g , 1.29 m m ol), 
h ydrolyzed  and w orked up in the sam e w ay as 6 , a fforded from  
benzene crystals o f 7 : m p  1 7 8 -1 8 1 °; [a ]25»  —4 .5 °  (c 1 .05,
C 2H 5O H ); 'ir (C H C I3 ) 3455, 1777, 1720, 1714, 1425, 1398 c m - 1; 
u v  m ax (C 2H 5O H ) 220.5 m M (<= 4 6 ,0 0 0 ), 234 (14 ,100  in fl), 242
( 1 0 ,0 0 0 ), 293.5 (2 2 0 0 ); nm r (D M S O -d 6) 5 1 . 1 0 , 1.36 (s, 6 , 2  

C H 3), 3 .4 0 -4 .2 0  (m , 5, C H  +  C H 2), 4 .46  (s, 1, C H ), 4 .44  (t , 1, 
.7 =  6  H z, exchanged b y  I )20  add ition , C H 2O H ), 5.01 (d , 1, 
J =  4 .5  H z, exchanged b y  D 20  add ition , C E O H ), 7 .85  (s, 4, 
a rom a tic).

Anal. C a lcd  for  C 17W 9N O 7 : C , 58 .45 ; H , 5 .4 8 ; N , 4 .01 . 
F o u n d : C , 58 .62 ; H , 5 .47 ; N , 4 .03 .

Registry No.—1, 35170-82-2; 2, 35170-83-3; 3, 
35170-84-4; 4, 35192-04-2; 5, 35170-85-5; 6 , 35170- 
86-6; 7,35170-87-7.
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In connection with our studies on the transformation 
of phthalideisoquinolines into rheadans,1 the methylene
dioxy dimethoxy-substituted alkaloid ( —)-d-hydrastine 
(3a) was deetherified with boron tribromide to the 
tetraphenol and methylated to the tetramethoxy 
phthalide ( —)-cordrastine II2 (3c). We now report a

(1) W. Klötzer, S. Teitel, J, F. Blount, and A. Brossi, J .  A m e r .  C h em . 
S o c .,  93, 4321 (1971); W. Klötzer, S. Teitel, and A. Brossi, H elv . C h im . 
A cta , 54, 2057 (1971).

(2) S. Teitel, J. O’Brien, and A. Brossi, J . O rg. C h em ., 37 , 1879 (1972).

la—c 2a—c

3a—c

â, Rj + R2 =  —CH2-~ 
b, Rt =  R2=H  
C, R , =  R 2 =  M e

novel and more facile synthesis of 3c based on the 
preferential O-demethylenation of 3a with boron tri
chloride3 followed by méthylation of the resulting di
phenol 3b.

The type and extent of deetherification of model com
pounds treated with boron trichloride in methylene 
chloride was influenced by the ratio of substrate to 
reagent as well as the reaction temperature and time. 
By proper selection of conditions, cleavage of a methy
lenedioxy group in preference to aromatic methoxyls 
could be achieved. For example, treatment of 4,5- 
methylenedioxy-o-xylene (la ) 4 at room temperature 
with either 1 or 2 equiv of boron trichloride for 64 and 
3 hr, respectively, gave 4,5-dimethylcatechol (lb ) 6 

in 80% yield while cleavage of 4,5-dimethoxy-o- 
xylene (lc) 5 required either higher temperatures or 
longer reaction times to effect ether cleavage. Similarly, 
while both the methylenedioxy-substituted isoquinoline 
2 a6 and its methoxy analog papaverine (2 c) were con
verted by treatment with 2 molar equiv of the reagent 
for 5 hr at room temperature into a mixture of phenolic 
materials, only 2a was cleanly cleaved at 4° to yield 
78% 3',4'-0-demethylpapaverine (2 b) 7 while 2c was 
recovered unchanged.

To further illustrate the synthetic applicability of 
preferential O-demethylenation, commercially avail
able ( —)-/3-hydrastine (3a) was treated with 2 mol of 
boron trichloride in methylene chloride at room tem
perature for 6 hr to afford 81% the diphenoi 3b. Re
action of 3b with diazomethane provided the tetra-

(3) Boron trichloride has been used in the selective scission of cyclic 
acetals [T. G. Bonner and N. M. Saville, J . C h em . S o c .,  2851 (I960)] and 
in the preferential O-demethylenation of certain podophyllotoxins [E. 
Schreier, H elv . C h im . A c ta ,  47, 1529 (1964); H. MacLean and B. F. Mac
Donald, C a n . J .  C h em ., 47, 457 (1969)]. Its selective action parallels that 
of aluminum bromide in nitrobenzene [E. Mosettig and A. Burger, J .  
A m e r . C h em . S o c ., 52, 2988 (1930)].

(4) F. Dallacker, K. W. Glombitza, and M. Lipp, J u s tu s  L ieb ig s  A n n .  
C h em ., 643, 67 (1961).

(5) P. Karrer and E. Schick, H elv . C h im . A c ta ,  26 , 800 (1943).
(6) C. Mannich and O. Walther, A rch . P h a rm ., 265, 1 (1927); C h em . 

A b str ., 21, 1462 (1927).
(7) A. Brossi and S. Teitel, J . O rg. C h em ., 35, 1684 (1970).
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methoxy phthalide isoquinoline (—)-cordrastine II2 
(3c). In contrast, boron tribromide under similar re
action conditions was not selective and cleaved 3a to 
give mainly the corresponding tetraphenol.2 This may 
be related to the stronger nucleophilic character of the 
bromide ion.

The above transformations demonstrate that boron 
trichloride can be used to selectively cleave a methylene- 
dioxy group in methoxy-substituted aromatic com
pounds.

Experimental Section8

4 ,5 -D im eth ylca tech ol ( lb ) .— T o  378 m g (2 .5  m m ol) o f  4 ,5 - 
m eth y lened ioxy-o-xy lene4 ( la )  d issolved in 70 m l o f  m ethylene 
ch loride was added at room  tem perature 5 m l o f  a m ethylene 
ch loride solution  contain ing 585 m g (5 m m ol) o f  boron  trich loride. 
T h e  solution  was stored at am bien t tem perature for  3 hr; 5 m l 
o f m ethanol was added and evaporated . T h e  residue was crysta l
lized from  a m ixture o f benzene and petroleum  ether to  g ive  300 
m g  (8 0 % ) o f  lb , m p 8 9 -9 1 ° , identica l in m ixture m elting poin t 
and tic w ith  authentic 4 ,5 -d im eth y lca tech o l.6 U nder these re
action  conditions 4 ,5 -d im eth oxy -o -xy len e5 ( l c )  was recovered 
unchanged.

6,7-Dim ethoxy-l-(3,4-dihydroxybenzyl)isoquinoline H ydro
chloride (2b HC1).— T o  a solution  o f 323 m g  (1 m m ol) o f  6 ,7 - 
d im eth oxy -l-(3 ,4 -m eth y len ed iox yben zy l)isoqu in olin e6 (2 a) in 15 
m l o f m ethylene ch loride at 4 °  was added  7.1 m l o f  a m ethylene 
ch loride solution  contain ing 234 m g (2 m m ol) o f boron  tri
ch loride. T h e  solution  was stored at 4 °  for  5 hr; 5 m l o f m ethanol 
was added and evaporated . T h e  residue was dissolved in 30 m l of 
w ater and rendered neutral w ith  saturated sodium  bicarbonate ; 
the resulting precip itate was collected  and dissolved in ethanolic 
hydrogen  ch loride. T h e  solution  was evaporated  and the residue 
crystallized from  ethanol to g ive  275 m g  (7 8 % ) o f  2 b HC1, m p 
2 3 2 -2 3 3 °, identica l in m ixture m elting po in t, tic , and nm r w ith  
authentic 2b HC1.7 U nder these reaction  conditions, papaverine 
(2c) was recovered unchanged .

( +  )-l  ( R )- [6,7-Dimethoxy-3 (S )-phthalidyl] -6 ,7-dihydroxy-2- 
methyl-l,2,3,4-tetrahydroisoqumoline (3b).— T o  a solution  o f 6 g 
(14.3  m m ol) o f ( — )-/3-hydrastine h ydroch lorid e (3a HC1) in  350 
m l o f m ethylene ch loride at room  tem perature was added a solu 
tion  o f 3.34 g  (28.6 m m ol) o f boron  trich loride in 50 m l o f m eth y 
lene ch loride. T h e  resulting turbid  m ixture was stirred at room  
tem perature for 6 hr; 50 m l o f  m ethanol was added  over 10 m in 
and then evaporated . T h e  residue w as dissolved in 150 m l o f 1 N 
h ydroch loric acid , w ashed w ith  ch loroform , heated for  20 m in at 
9 5 °, cooled , and then neutralized w ith  saturated sodium  b i
carbonate. T h e  resulting precipitate was collected , washed w ith  
water, dried, and crystallized from  ch loroform  to  g ive  4 .3  g 
(8 1 % ) o f 3b: m p 1 9 9 -2 0 0 °; nm r S 2.45 (s, 3, N C H 3), 1 .9 0 -3 .20  
(m , 4 , C H 2C H 2), 3 .83, 3.86 (2 s, 6 , 2 O C H 3), 3 .94 (d , 1, J  =  4 H z, 
C H N ), 5 .54  (d , 1, J  =  4  H z, C H O ), 6 .35 , 7 .23  (2 d , 2, T orth„ =  
8 H z, arom atic), 6 .35, 6 .45  (2 s, 2 , a rom atic); u v  m ax 218 nm 
(e 29 ,000) (in fl), 235 (12 ,500) (infl), 293 (6400), 313 (4500); 
[a ] 25d + 2 1 8 °  (c 1, 1 N  H C 1); O R D  (c 0 .371, M eO H ) [0 ]6OO 
+  10°, [0 ]589 +  12°, [0 ]33i — 4250° ( tr ) , [<#>]3i5 0 , [<£]»s + 6 0 0 0 °  
(tr ), [0 ] 2 3 2  + 4 0 ,0 0 0 °  (p k ), [0 ] 2 2 7  0, [0 ] 2 0 9  —232 ,000° (tr ); C D  
(c 0.01 M , M e O H ) [0]36O 0, [0]3i6 - 8 4 0 0 ,  [0]2M - 5 1 0 0 ,  [0]m  
— 6000, [i?]255 0, [0]22o + 1 0 6 ,0 0 0 , [i?]2io 0 , [0]2o, — 145,000.

Anal. C a lcd  for C 20H 2IN O 6: C , 64 .68 ; H , 5 .70 ; N , 3 .77. 
F ou nd : C , 64 .43 ; H , 5 .64 ; N , 3 .77.

( — )-l(ff)-[6,7-Dim ethoxy-3((S)-phthalidyl] -6,7-dimethoxy-2- 
methyl-l,2,3,4-tetrahydroisoquinoline Hydrobrom ide [ (— )-Cor- 
drastine II HBr] (3c H Br).— A  m ixture o f  1 g (2 .67  m m ol) o f 3b 
in 20 m l o f  m ethanol w as treated w ith  an excess o f  d iazom ethane 
in ether; volatiles were rem oved at 4 0 ° in a stream  o f n itrogen ; the 
residue w as suspended in w ater, extracted w ith  eth yl acetate and 
evaporated . T h e  residue was d issolved in ethanolic hydrogen  
brom ide, evaporated , and crystallized from  ethanol to give 1.1 g

(8) Melting points were taken on a Thoraas-Hoover melting point appa
ratus and are corrected. Nmr spectra were obtained in DMSO-de on a 
Varian Ha-100 instrument. Uv spectra were measured in ethanol with a 
Cary recording spectrophotometer Model 14M and optical rotations with 
a Perkin-Elmer instrument. Rotatory dispersion curves were determined 
at 23° with a Durrum-Jasco spectrophotometer Model 5 using 1-cm, 0.1- 
cm, or 0.1-mm cells. Circular dichroism curves were measured on the same 
instrument and are expressed in molecular ellipticity units [0]. Reported 
yields are of isolated products homogeneous to tic.

(8 6 % )  o f 3c H B r, m p  2 1 2 -2 1 3 ° , [a ^ D  +  188° (c 1, M eO H ), 
identical in m ixture m elting po in t, nm r, and op tica l rotation  w ith 
( — )-cordrastine I I  h ydrobrom ide previously  d escribed .2

Registry No.—3b, 35337-18-9; 3c HBr, 34417-89-5; 
boron trichloride, 10294-34-5.
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Studies on the Reaction of Phenylmagnesium 
Bromide with Acetonitrile1
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Department of Chemistry, Murray State University, 
Murray, Kentucky 1,2071
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Phenylmagnesium bromide is reported to react with 
acetonitrile to give poor yields of acetophenone except 
in cases where an excess of the latter reagent is em
ployed.34 It has been proposed that the acetonitrile 
molecule undergoes tautomerization and, in this form, 
can be thought of as a “ pseudo-acid” which, when 
treated with the Grignard reagent, gives rise to con
siderable amounts of benzene.5
C eH sM gB r +  C H 3C = N ----->-

C 6H 6 +  B rM g C H 2C N  C H 2= C = N M g B r

The idea of hydrogen abstraction by the Grignard 
reagent is supported by the fact that benzonitrile, which 
has no active hydrogen atom, generally gives good 
yields of ketone with the Grignard reagent. Propio- 
nitrile, which has a less labile hydrogen than acetonitrile, 
is reported to give a good yield of ketone.6 Pivalo- 
nitrile and triduoroacetonitrile also give excellent yields 
of teri-butyl phenyl ketone and a,a,a:-trifluoroaceto- 
phenone, as are shown in Table I.

We became interested in a more detailed study of the 
reaction of acetonitrile with the Grignard reagent since 
the low yield of acetophenone suggests that a much 
greater “ active”  hydrogen effect is present than when 
propionitrile is used.

The first attempts were directed toward establishing 
the true source of benzene produced in the reaction of 
acetonitrile and phenylmagnesium bromide. The tech
nique of isotopic labeling was used for this purpose. 
Trideuterioacetonitrile was substituted for acetonitrile, 
and mass spectrographic analysis of the benzene pro
duced in the reaction with phenylmagnesium bromide

(1) This work was partially supported by a grant from the Committee on 
Institutional Studies and Research, Murray State University, Murray, 
Kentucky.

(2) Department of Chemistry, Vanderbilt University, Nashville, Ten
nessee 37203.

(3) C. R . Hauser and W. J. Humphlett, J .  Org. Chem., 15, 359 (1950).
(4) R. L. Shriner and T . A. Turner, .7. A m e r. Chem. Soc., 52, 1267 (1930).
(5) P. Bruylants, B u ll.  C l. S c i., Acad. R oy. B e lg ., 7 (5), 252 (1921); 

Chem. Z e n tra lb l., 1, 85 (1923).
(6) C. R. Hauser, W. J. Humphlett, and M . J. Weiss, J .  A m er. Chem. 

Soc., 70, 426 (1948).



3370 J. Org. Chem., Vol. 37, No. 21, 1972 N otes

Table I
K etones Prepared from Reaction of Grignard Reagent with N itriles

Nitrile Grignard reagent Ketone
%

yield“
Pweported

yieldb

A ceton itrile P henylm agnesium  brom ide A cetoph enon e 42 (6 8 )“ 3 7 -4 5  (70 )'
A cetonitrile 3 ,5 -D ibrom oph enylm agnesiu m 3,5 -D ibrom oacetop h en on e 1 (5 2 )“

A ceton itrile
brom ide

n-P entylm agnesium  brom ide 2 -H eptan on e 44“ 14

A ceton itrile B enzylm agnesium  chloride M eth y lb en zy l keton e 34“ 16
A ceton itrile n -O ctylm agnesium  brom ide 2-D ecan on e 4 9 “
P ropion itrile Phenylm agnesium  brom ide P ropioph enon e 94 80 -91
P ivalonitrile P henylm agnesium  brom ide P iva loph enon e 90 72
T rifluoroaceton itrile P henylm agnesium  brom ide a,a:,c(-Trifluoroacetophenone 82
T rideu terioaceton itrile phenylm agnesium  brom ide a ,a ,a -T r id eu ter ioa ce to - 65

phenone
<* Y ie ld  based on produ ct isolated . D ie th y l ether used as solvent except w here n oted . b M . S. K arasch  and 0 .  R einm uth , “ G rignard 

R eaction s o f N on -M eta llic  Substances,”  Prentice-H all, N ew  Y ork , N . Y ., 1954, p  793. “ Benzene used as solven t. d H igher y ie ld  o f
7 0 %  obta in ed  w hen G rignard reagent used in large excess. '  Benzene used as solvent and trim ethyl orth oacetate  used instead o f 
acetonitrile.

showed 46.8% monodeuteriobenzene. This indicated 
that 53.2% benzene was being derived from a source 
other than the “ active”  hydrogen atoms of acetonitrile. 
A significant isotope effect was observed because an 
increase in ketone yield from 42% to 65% was found.

If one assumes that the Grignard reagent is dimeric 
in ether solution, a complex such as I, in all probability,
C6H5 Br

\  r '  \
Mg Mg + CHSC=N — ►

CkH^ 'B r ^
6 5 CH,

I
CGH5 -C = N :^ M g ^

Br Br
\  /

M g

c 6h 5
I

would be formed. Hydrolysis of I should also be a 
source of benzene. In the first hydrolysis experiment, 
deuterium oxide was added to react with unreacted 
Grignard reagent in the complex, followed by addition 
of hydrochloric acid to complete the hydrolysis. Analy
sis of the benzene produced gave only 2.4% mono
deuteriobenzene. This observation was attributed to 
the fact that I is ether insoluble and forms a “ ball
shaped” conglomerate, allowing only the outer surface 
to come in contact with the D20.

In order that unreacted phenylmagnesium bromide 
in I be permitted to react completely with a labeled 
compound such as D20, complete hydrolysis would be 
essential. For this purpose, deuterium chloride in 
deuterium oxide was used as a means for hydrolysis of 
I. Mass spectrometric analysis of the benzene fraction 
gave 51.8% monodeuteriobenzene.

It is of interest to note that a change in solvent from 
ether to benzene gives an increase in yield from 42% to 
~ 7 0 %  acetophenone.

Experimental Section7

General Procedure for Synthesis of K etones.— T h e appropriate 
G rignard reagent was prepared from  reaction  o f the halide (0.1

(7) Isotopic compositions of the benzene and acetophenone samples 
obtained from the labeling reactions were measured at reduced ionizing 
voltage and 70 eV, respectively, on a Consolidated 21-102/103c mass spec
trometer. All deuterium labeled compounds were obtained from Diaprep, 
Inc., Atlanta, Georgia, and had 99.5% minimum isotopic purities.

m ol) w ith  m agnesium  (0.1 g -a tom ) in anhydrous d ieth y l ether 
(100 m l). Precautions were taken to exclude m oisture from  the 
reaction  flasks. In  som e cases, benzene was added  dropw ise to 
the freshly prepared G rignard reagent, and the ether rem oved  b y  
distillation  prior to add ition  o f the nitrile. T h e  nitrile (0.1 m ol) 
w as added  dropw ise over a period o f  app rox im ately  15 m in . 
M o s t  o f the reactions are quite exotherm ic. A fter continuous 
stirring and refluxing fo r  2 hr, the m ixture w as h ydro ly zed  w ith  
h ydroch loric acid  and ice . E xtraction  w ith  ether or benzene, 
fo llow ed  b y  vacu u m  distillation , gave the ketone.

Labeling Experiments.— Substitution  o f tr ideu tericaceton itrile  
for  aceton itrile  y ie lded  benzene (25 g, 3 2 % )  con ta in ing  4 6 .8 %  
m onodeuteriobenzene. M ass spectrom etric analysis o f th e re
sulting keton e show ed no deuterium  atom s in the C6H5C O + and 
CeH 5+ ions, bu t that the labeling is lim ited  to the m ethy l grou p . 
O verall, 8 0 .5 %  o f  the m ethy l hydrogens are deuterium  atom s, 
w hich  is v ery  close to  the theoretica l, 8 3 % .

B enzene (26 g , 3 3 % )  obta in ed  as a p rod u ct from  reaction  o f 
aceton itrile  and phenylm agnesium  brom ide fo llow ed  b y  at
tem pted  hydrolysis  w ith  D 20  show ed on ly  2 .4 %  labelin g . B en 
zene (25 g , 3 2 % ) obta in ed  from  the sam e reactants, b u t fo llow ed  
b y  hydrolysis  w ith  2 0 %  DC1 in D 20 ,  show ed 5 1 .8 %  labelin g.

Registry No.—Phenylmagnesium bromide, 100-58-3; 
acetonitrile, 75-05-8; acetophenone, 98-86-2; 3,5-di- 
bromoacetophenone, 14401-73-1; 2-heptanone, 110- 
43-0; methyl benzyl ketone, 103-79-7; 2-decanone, 693-
54-9; propiophenone, 93-55-0; pivalophenone, 938- 
16-9; a,a,a-trifluoroacetophenone, 434-45-7; a ,a ,a -  
trideuterioacetophenone, 17537-31-4.

Acknowledgment.—The authors are grateful to Dr. 
Seymour Meyerson, Research and Development, 
American Oil Company, Whiting, Indiana, for as
sistance in the procurement and interpretation of mass 
spectral data on the labeled compounds.

2 H - 1 , 2,3-Triazoles from the Ethyl 
Nitrocinnamates1

Y oshinari Tanaka and Sidney I. Miller*
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Received April 18, 1972

The facile synthesis of 2 //-1 ,2,3-triazoles by the addi
tion of azide ion to activated acetylenes (eq 1) is not

(1) Abstracted from the Ph.D. thesis of Y. T., 1972.
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T h e  R e a c t i o n s  o f  T h r e e  E t h y l  N i t r o c i n n a m a t e s  w i t h  S o d i u m  A z i d e »

Ethyl nitro- Solvent6 Temp, Time,
Triazole0

yield,*
Azod

yield,*
Recovered^
cinnamate,

cinnamate (additive) ° c hr % (I) % (II) % (HI)
Para D M F 75 5 29 T race 54
P ara D M F 120 2 64 4 .7 5 .8
P ara D M A C 120 2 55 3 .6
Para D M S O 120 2 62 4 .5
M eta D M S O 120 2 57 e 39
M eta D M A C 120 14 48 e
M eta D M S O 150 2 52 e
O rtho D M F 120 2 13 f
Para (CeH sN O ,) 9 0 -110 3 .5 52 25
Para (m -C ,H 4( N 0 2)2) 120 2 0 59
Para (p -(C H 8)2N C 6H 4N O ) 110 1 31 37
Para (D ry  a ir)6 120 2 23 58
Para (S e 0 2) 120 1 50 34

“ T h e  reactions were generally carried ou t on  a 1-g scale under nitrogen, excep t as in dicated . b D M F , d im eth ylform am ide; 
D M A C , dim eth ylacetam ide; D M S O , dim ethyl sulfoxide. W here no add itive  is indicated none was used. T h e  standard solven t 
w ith additives was D M F  (n o t in d icated). W hen  l-ch loro-2 ,4 -d in itroben zene or sulfur pow d er w ere the additives (1 -2  hr at 120°), 
colored gum s were obta in ed . " N itrop h en y l-5 -ca rb oeth ox y -l,2 ,3 -triazole. d E th y l p .p '-azocin n am ate . Traces o f azoxy  com pou nd 
were detected  in  m ass spectrum . * U nknow n brow n  gu m m y m ixture. > U nknow n red gu m m y m ixture. » A  b lank m eans that re
covery  o f m aterial either was n ot a ttem p ted  or was n ot successful. h D r y  air was continuously  bu bb led  through the reaction  m ixture. 
* Y ields are based on  purified com pounds.

RCssCR'
1. N aN 3, D M F

2. H30  + '

R R '

N'
H
T

eliminate 5-H and 4-X to form triazoles, or may shed 
nitrogen and form aziridines, but they do not usually 

(1 ) react with oxygen or the nitro function under our re
action conditions.4’5 The fact that we were able to 
isolate 2 and p-3 indicates that a redox process oc
curred, involving the transfer of hydride from 4, 5, or a

yet well known.2’3 4 Having developed process 1 in great 
detail,1 we believed that activated alkenes might also 
have synthetic possibilities. Although styrene2 and 
ethyl maleate, quinone, and tetracyanoethylene did not 
give isolable products, the three ethyl nitrocinnamates 
(1) led, unexpectedly, to 1,2,3-triazoles (2), and in one 
case, also to ethyl azocinnamate (p-3).

The results of the investigation of process 2 are given 
in Table I. Among the aprotic solvents, DMF, DMAC, 
and DMSO, none showed any marked advantage. 
Our usual reaction temperatures were 100-150°, but 
temperatures above 150° led to decreased yields of 2. 
Note that, if the reaction proceeded according to eq 2,

1. NaN3, DMF
o 2n c gh 4c h = c h c o o c 2h 5 1 - — t--------- -

1 (o, m, p)
02NC6H, COOQft

H + (= N C 6H4CH=CHCOOC2H5)2 (2) 
N
H P - 3

2 (o, m, p)

the stoichiometry (6 1 4 2) set 66.7% as the theo
retical maximum possible yield for 2. Although this 
limit was approached for the meta and para isomers, 
the ortho yield did not get close, presumably because 
competing processes intervened (Table I).

As a working hypothesis, we considered that azide 
ion adds to 1 to give an open or closed anion (4), or 
triazoline (5). Now, triazolines may be oxidized,4 may

(2) A, N. Nesmeyanov and M. I. Rybinskaya, D o k l. A k a d . N a u k  S S S R ,  
158, 408 (1964).

(3) F. P. Woerner and H. Reimlinger, Chem. B e r ., 103, 1908 (1970).
(4) G. Caronna and S. Palazzo, G azz. C h im . I ta l . , 82, 292 (1952).

A r H A r H
H ~^— (~ C O O C 2H3 h A ,_(-C O O U H -,

N. N N. NH RCH—CY:
V  I

related species to some acceptor; it seems probable but 
is by no means certain yet that the oxidant is the nitro 
group (1) and/or other possible nitrogen precursors 
(hydroxylamino, nitroso, and azoxy)6 to p-3. Never
theless, our efforts to understand the detailed course of 
reaction 2 and to increase the yield of triazole by 
facilitating the oxidation of the intermediates with addi
tives were negative or inconclusive (Table I). Poten
tial oxidants such as air and dinitrobenzene turned out 
to be inhibitors and led to decreased yields of p-2.

A number of syntheses of triazoles from activated 
alkenes are on record. In one group of these, e.g., from
5-nitro-2-oxopyrimidine,7 1,2-dicyanoethylene,8 1,4-di- 
cyanobutadiene,8 /3,/3'-dicyanostyrene,8 and possibly ß- 
nitrostyrene,8 there is a net displacement of X  from 
R G H = C It'X  and the resulting triazole is the one 
formally derived from R C = C R ', according to eq 1. 
Following azide addition to the double bond, the timing 
of the departure of X “ , ring closure, and proton transfer 
from carbon to nitrogen is unclear,7’8 but in at least two 
possibly related cases a stable intermediate, i.e., 2-

(5) (a) P. Schemer in “ Selective Organic Transformations,”  Vol. 1, 
B. S. Thyagarajan, Ed., Wiley-Interscience, New York, N. Y., 1970, p 327; 
P. Schemer, T etrah ed ron , 24, 2757 (1968); (b) R . Huisgen, L. Möbius, and 
G. Szeimies, C h em . B e r ., 98, 1138 (1965).

(6) P. Buck, Ange'J). C h em ., I n t . E d . E n g l., 8, 120 (1969).
(7) H. U. Blank, I. Wemper, and J. J. Fox, J .  O rg. C h em ., 35, 1131 

(1970).
(8) (a) N. S. Zefirov and N. K. Chapovskaya, Z h . O rg . K h im ., 6, 2596

(1970); (b) N. S. Zefirov, N. K. Chapovskaya, and V. V. Kolesnikov,
C h em . C o m m u n ., 1001 (1971).



3372  J. Org. Chem., Vol. 37, No. 21, 1972 Notes

tosylvinyl azide or 2-benzoylvinyl azide, forms and 
slowly rearranges to T in the presence of base (Ns~) in 
aprotic solvent.9

In a second group of syntheses, X  may or may not be 
lost in the reaction, but here a redox process or some other 
deep-seated changes may occur: three /3-nitrostyrenes
yield 4-aryltriazoles and sym-triarylbenzenes;8 d-cyano- 
styrene yields 4-phenyltriazole and 4-cyano-5-phenyl- 
triazole;8 three /3-aroylethylene sulfonates yield corre
sponding 4-aroyltriazoles and phenylacylmethionic 
acids [p-XC6C4C0 CH2CH(S03- )2];10 three nitrocin- 
namates yield 4-(nitrophenyI), 5-carboethoxytriazole 
(eq 2). In his work, Zefirov, et al., has pointed out that 
neither alkynes nor vinyl azides are necessary inter
mediates in these reactions; they suggest 4, 5, or the 
carbene 6 as possible precursors of the triazole.8 How
ever, even superficial consideration of these four ex
amples discloses probable differences in the stoichiom
etry of the processes, in the nature of the coproducts, 
and in their detailed mechanisms. The formation of
4-cyano-5-phenyltriazole and the nitrophenyl-5-carbo- 
ethoxytriazoles clearly require a hydride transfer; in 
the remaining reactions the cyano and sulfonate groups 
appear to be exchanged in “ disproportionations.”  
What does appear to connect all of the examples of this 
group and what does not seem to have been identified 
and emphasized previously is that redox processes are 
occurring. Admittedly, critical me chanistic information 
about them is still lacking. Since there would be obvious 
advantages in going to triazole directly from an alkene 
rather than from an alkyne made from the same alkene, 
there are practical and theoretical incentives for un
ravelling the mechanism(s) of these syntheses.

E xperim ental Section

Syntheses of Nitrophenyl-5-carboethoxy-l,2,3-triazoIes from 
Nitrocinnamates.— T h e follow ing preparative m ethod  was 
general, b u t the details o f separation o f  com ponents app ly  
specifica lly  to  the para ester rather than to  the orth o and m eta 
com pou nds, for  w hich  the cop rodu cts o f the derived triazole were 
n ot identified . A  sum m ary o f this w ork  is given  in T a b le  I .

T o  a stirred suspension o f  sodium  azide in an aprotic 
so lv en t , 11 b lanketed b y  a stream  o f dry  N 2, was added 
dropw ise a solution  o f eth yl 4-n itrocinnam ate in the same 
solven t a t 7 5 -1 5 0 ° over 30 m in . T h e  solution  was k ept at 
this tem perature for  2 -1 4  hr, when it turned green-brow n, 
and then evaporated  to  dryness at ca. 60° under reduced 
pressure (2 -3  m m ). T h e residue was taken  up in 5 0 %  
aqueous m ethan ol. M aterials insoluble in the aqueous m eth
anol were filtered off, w ashed w ith  w ater, redissolved, and 
reprecipitated from  aceton e-w ater; these m a y  consist o f  ethyl 
n itrocinnam ate, eth yl azocinnam ate, and possib ly  eth yl azoxy- 
cinnam ate. Further separation was attem pted  b y  colum n chro
m atograph y on alum ina w ith  ch loroform  and ch loro form -a ceton e  
as eluting solvents. U nreacted ethyl n itrocinnam ate appeared in 
the first eluates. W hen  present, the azo com pou nd  appeared next 
(trace  am ounts o f  a zox y  com pou nd  m ixed in w ith  the azo com 
pou n d  were som etim es detected  b y  mass spectroscop y , parent 
peak m/e 394). T h e  aqueous solution , from  w hich  the m ixture 
o f the azo  com pou nd and the unchanged reactant were separated, 
was neutralized w ith  10 %  hydroch loric acid . A n  orange solid 
gradually  precip itated . T h is was filtered off, w ashed w ith  w ater, 
dried under reduced pressure, and repreeipitated from  e th a n o l- 
w ater. T h e light orange solid was further purified b y  chrom a

(9) (a) J. S. Meek ami J. S. Fowler, J . O rg. C h em ., 33, 985 (1968); (b) 
S. Maiorana, A n n .  C h im . (R o m e ), 56, 1531 (1960); (c) G. L'abbé and A. 
Hassner, A n g ew . C h em ., I n t .  E d . E n g l., 10, 98 (1971).

(10) A. N. Nesmeyanov and M. I. ïtybinskaya, D o k l. A k a d . N a u k  S S S R ,  
166, 1362 (1966).

(11) E .g . , DMF, DMAC, or DMSO.

tograph y on  silica gel w ith  benzene, ether, and m ethan ol as 
eluents, and identified as 4 -n itroph enyl-5 -carboeth oxytr iazo le .

Ethyl p ,¡»'-Azocinnamate (p -3 ).— T his com pou n d  had m p
150 -153° d ec ; nm r (C D C h ) r 8 .65  (t, /  =  7 .3  H z , 6  H ) ,  5.69 
(q , J  =  7 .3  H z, 4  H ) ,  3.51 (d , J  =  16.2 H z , 2 H ), 2 .27  (d , /  =
16.2 H z, 2 H ), 2 .32  (d , J  =  8 .7  H z , 4 H ) ,  2 .05  (d , J  =  8 .7  H z , 
4  H ) ;  ir (N u jo l)  1704, 1630 c m -1 ; u v  (eth an ol) XmM 366 nm  
(e 52 ,300 ); m ass spectrum  m/e 378 (P +), 333, 203, 181, 175, 147.

Anal. C a lcd  for C 22H MN 20 4: C , 69 .83 ; H , 5 .86 . F ou n d : 
C , 69 .89 ; H , 5 .82.

4-(p-N itrophenyl)-5-carboethoxy-l,2,3-triazole.— T h is m aterial 
had m p 1 7 0 -1 7 1 °; nm r (C D 3C O C D 3 ) t  8 . 6 6  (t , </ =  7 .1 H z , 3 
H ), 5 .60  (q^J  =  7.1 H z, 2 H ), 1.72 (s and m , 4 H ) ;  ir (K B r ) 
3120, 1720, 1605, 1525 c m - 1; u v  (ethanol) Xmax 290 n m  (e 12 ,400).

Anal. C a lcd  for  C 11H 10N 4O 4 : C , 50 .38 ; H , 3 .90 . F ou n d : C , 
50 .52 ; H , 4 .09 .

4-(m -Nitrophenyl)-5-carboethoxy-l,2 ,3-triazole.— T his com 
pou nd had m p  1 0 5 -1 0 6 °; nm r (aceton e) r  8 .57  (t, J =  7 .2  H z , 
3 H ) ,  5 .48  (q , J  =  7 .2 H z, 2 H ), 2 .34  (m , 1 H ). 1 .71  (m , 2 H ),
1 .10 (t, J =  1.8 H z, 1 H ) ;  ir (K B r) 3100, 1725, 1540 c m “ 1; 
u v (ethanol) X 249 nm  (e 16,700).

Anal. C a lcd  for C uH joN .O ,: C , 50 .38 ; H , 3 .90 . F ou n d : C , 
49 .83 ; H , 3 .90. In  this reaction , the azo com pou n d  was pre
sum ed to be a cop rod u ct.

4-(o-N itrophenyl)-5-carboethoxy-l,2 ,3-triazole.— T h is light red 
triazole had m p  2 7 -4 1 ° ; nm r (C D C I 3 ) r  8 .82 (t, J  =  7.1 H z , 3 
H ), 5 .72 (q , J  =  7.1 H z, 2 H ), 2 .33  (m , 3 H ), 1 .90 (m , 1 H ); 
ir (liqu id ) 3160, 1715, 1520, 1440 c m “ 1.

Anal. C a lcd  for C 11H 10N 4O 4 : C , 50.38 ; H , 3 .90. F ou n d : C , 
50 .14 ; H , 3 .78.

Registry No.—p-2, 35307-27-8; m-2, 35378-21-3;
o-2, 35307-28-9; p-3, 35340-31-9.
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Chemotherapy trials performed during the past year 
have demonstrated that l-ethyl-3-(3'-dime:;hylammo- 
propyl)carbodiimide (1), when administered as a saline 
solution of its hydrochloride salt, exerts a carcinostatic 
effect on transplanted tumors in mice.2 Sheehan, 
et al.,3 have suggested from ir studies that protonation 
of the tertiary amine of the carbodiimide 1 may lead to 
the formation of the tautomeric, reduced pyrimidines 2- 
ethylamino-3,3-dimethyl-3,4,5,6-tetrahydropyrimidine 
chloride (4) and/or 2-ethylimino-3,3-dimethylper-

(1) (a) This research was supported by U. S. Atomic Energy Commission 
Contract W-7405-eng-48 with the Lawrence Berkeley Laboratory, (b) Sup
ported by a postdoctoral fellowship from the Bay Area Heart Research Com
mittee, 1969-1971, and fellowship no. 1-F02-CA-52469 from the National 
Cancer Institute 1971-1972.

(2) R. Fawwaz and T. Tenforde, P r o c .  A m e r .  A s s .  C a n cer  R es ., 13, 36 
(1972).

(3) J. C. Sheehan, P. A. Cruickshank, and G. L. B o s h a r t ,O rg. C h em ., 26, 
2525 (1961).
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hydropyrimidine chloride (5). Titration data have 
established that the pA a of compound 1 is ~10.75.

C H 3C H 2N = C = N ( C H 2)3n (
.CH,

'CH,
1

X CH,
. /

C H 3C H 2N = C = N ( C H 2)3t i — R

2, R =  H; X =  C1
3, R = C H 3; X =  I

CH,

4, R =  H; X = C1 
6 , R = C H 3; X = I

CH,
CH3— N < ^ |

CH3C H , N = C x . , JN
I
R

5, R = H ; X =C 1 
7, R = C H 3; X =  I

Consequently, 1 exists largely as the protonated species 
in aqueous solution at physiological pH. We therefore 
have undertaken spectroscopic studies to confirm the 
existence of structures 4 and/or 5, and to quantitate 
the relative percentages of isomeric species 2, 4, and 5 
present in water at neutral pH. Information of this 
nature may prove to be of value both in understanding 
the mechanism of drug action against tumors and in 
the synthesis of new potentially tautomeric carbo- 
diimides.

When examined in aqueous solution or as a crystal
line dispersion in Nujol, the hydrochloride salt of 1 ex
hibits a weak absorption at 2128 cm-1 corresponding to 
the fundamental antisymmetric -N = C = N -  stretching 
mode.4 A strong band occurs at 1702 cm-1, character
istic of the -N = C  stretching mode present in struc
tures 4 and 5.5 Ir spectra of the methiodide derivative 
of 1 in water and Nujol show a strong carbodiimide 
band at 2128 cm-1, with no absorption at 1702 cm-1. 
These observations are consistent with the anticipated 
N-methylation structure 3, and indicate that reaction 
of 1 with methyl iodide does not produce isomeric 
structures 6 and/or 7. Ir spectra of the free carbodi
imide base, either in neat phase or in chloroform or 
unbuffered aqueous solution, are consistent with the 
open-chain structure 1.

Since the methiodide derivative of 1 must exist ex
clusively in the carbodiimide form 3, the extinction 
coefficient for the -N = C = N -  band at 2128 cm-1 
could be measured and was found to be 1.67 X 106 cm2/  
mol in water. Assuming the same extinction coeffi
cient for the 2128-cm“ 1 band observed in the aqueous 
solution ir spectrum of the hydrochloride salt of 1, it 
was calculated that 7.4% of this compound exists as 
the open-chain carbodiimide hydrochloride 2. Spectra 
were recorded in solutions buffered over the pH range of 
6 to 9, and no significant variation was noted in the 
strength of the carbodiimide absorbance. Outside 
this pH range, carbodiimide hydrolysis prevented ac
curate measurements.

(4) G. D. Meakins and R. W. Moss, J . C h em . S o c . (L o n d o n ), 993 (1957).
(5) C. N. R. Rao, “ Chemical Applications of Infrared Spectroscopy,” 

Academic Press, New York, N. Y., 1963, pp 265-267.

F igure l . :— N m r spectra at 60 M H z in deuterium  oxide o f (A ) 
l-e th y l-3 -(3 '-d im eth y la m in op rop y l)ca rb od iim id e  m eth iod ide and 
(B ) the h ydroch loride salt o f l-e th y l-3 -(3 '-d im eth y la m in op rop y ])- 
carbodiim ide. B o th  spectra were recorded w ith  sod iu m  4,4- 
dim ethyl-4 -silapentanesulfonate (SD SS) as an  internal reference 
standard (SD SS, 0 .0 pp m ).

In an effort to confirm and to extend the structural 
information obtained from ir data, nmr spectra of 1, its 
hydrochloride salt, and its methiodide derivative 3 
were recorded in deuterium oxide. In the spectrum 
of the methiodide derivative 3 (Figure 1A, Table I),

Table I
6 0 -M H z Chemical Shift and Coupling Constant Data“

<5 in ppm ( J  in Hz)-
Pro
tons*’ 1 3 HC1 salt of I

a 1 .21  (t, 7) 1 .2 2  (t, 7) 1 .1 6  (t, 7)
b 3 .2 6  (q, 7 ) 3 .3 1  (q, 7) 3 .1 7  (q, 7)
c 3 .2 7  (t, 6 .5 ) 3 .4 4  (t, 6 .5 ) 3 .8 6  (t, 7)
d 1 .7  (m ) 2 .1  (m ) 2 .2  (m )
e 2 .2 8  (t, 7) 3 .2 0  (t, 7) 3 .4 8  (t, 6 .5 )
f 2 .2 1  (s) 3 .1 6  (s) 3 .4 1  (s)
g 2 .9 2  (s)

° Spectra  were recorded in deuterium  oxide w ith  sodium  4,4- 
dim ethyl-4 -silapentanesulfonate (S D S S ) as an in ternal refer
ence standard (SD SS, 0 .0 p p m ). b P ro ton  designations are the 
sam e as in  F igure 1.

the two partially resolved triplets centered at S 3.20 
and 3.44 ppm can be assigned to the c and e methylene 
proton resonances since all other signals can be unam
biguously assigned. The difference in 5 values for the 
f proton signals of the free base 1 and the methiodide 
derivative 3 (Ai_*35f, Table I) is 0.95 ppm. Assuming 
a similar downfield shift of the e proton resonance for 
species 3 relative to 1, the triplet at <5 3.20 ppm (Ai—A  
=  0.92 ppm) roust be assigned to the signal for protons
e. Consequently, the d 3.44 ppm signal is associated 
with the c methylene protons.

The nmr spectrum of the hydrochloride salt of 1 in 
deuterium oxide (Figure IB, Table I) indicates the 
presence of one major and one minor species. The
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weak singlet appearing at 8 2 .92  ppm  has been assigned 
to the resonance of the N ,N -d im e th y l protons of the 
open-chain hydrochloride salt, structure 2. T h e  in
ten sity  of this signal is ~ 8 %  as great as th at of the 
m ajor gem -dim ethyl proton signal at 5 3.41 ppm  and is 
consistent w ith the percentage of 2 calculated from  ir 
spectral data. T h e  upheld shift of this signal relative 
to the N C H 3 signals for the quaternary com pounds 
considered here can be explained b y  localization of the 
positive charge predom inantly on the proton bonded  
to the tertiary nitrogen.6 A s a result of this charge 
distribution, the deshielding of the N C H 3 protons is 
less for species 2 than for the quaternary com pounds.

Identification of the m ajor com ponent present in the 
hydrochloride salt of 1 can be m ade b y  com parison of 
chem ical shift data for this com pound and the free 
carbodiim ide base 1 (Figure IB , T able I ) . In the 
spectrum  of the hydrochloride salt of 1, the partially  
obscured triplet centered at 8 3 .48  ppm  can be assigned to  
the signal for the e protons since A i^m ciS f =  A i- ih c A  
=  1.20 ppm . T h e low field triplet at 8 3 .86  ppm  can 
then be assigned to the c proton signal. A  com parison  
of the spectra of 1 and the hydrochloride salt of 1 also 
shows th at A i_*iHci<5b =  — 0.09  ppm  and A i ^ m o A  =
0 .59  ppm . U sing these relative chem ical shift data, 
we have assigned 4 as the predom inant species present 
in the hydrochloride salt of 1 for the following reasons. 
First, the deshielding effect of N - l  in structure 4 is ex
pected to be greater than that of the carbodiimino  
nitrogen of 1 , resulting in a downfield shift for the c 
proton signal.7 Second, the deshielding effect of the  
am ino nitrogen of 4 is expected to be less than th at of 
the carbodiimino nitrogen of 1, resulting in an upfield 
shift for the b proton signal. In  the case of structure 
5, one would predict the signal for the b protons to 
occur downfield, and the c proton signal upfield, rela
tive to the corresponding signals for com pound 1.

N m r spectra were also recorded for the free carbo
diim ide base 1  in neat phase and as a solution in chloro
form . In  both  cases, the observed chem ical shifts and  
coupling constants were consistent with an open chain 
carbodiimide structure.

In sum m ary, the ir and nm r studies presented here 
dem onstrate th at the hydrochloride salt of 1  in water at 
neutral p H  exists as a mixture of two isomeric form s: 
7 .4 %  as 2 and 9 2 .6 %  as 4. T h e m ethiodide derivative  
3 and the free base 1 exist only as open-chain carbo
diim ide structures.

Experimental Section8

T h e  h ydroch loride sa lt o f l-e th y l-3 -(3 '-d im eth y la m in op rop y l)- 
carbodiim ide (1.) w ith  u ncorrected m p  109 -110° ( l it .3 m p  114- 
115°) was purchased from  the O tt C h em ica l C o . (M u skegon , 
M ic h .) .  T h e  derivative  l-e th y l-3 -(3 '-d im eth y la m in op rop y l)- 
carbodiim ide m eth iod ide (3) w ith  u ncorrected m p  9 0 -9 3 °  
(lit .3 m p  1 0 6 .5 -1 0 7 .5 °) was prepared from  freshly  distilled

(6) J. M . George, L. B. Kier, and J. R. Hoyland, M o l.  P h a rm aco l., 7, 328 
(1971).

(7) L. M . Jackman and S. Sternhell, “Applications of Nuclear Magnetic 
Resonance Spectroscopy in Organic Chemistry,” 2nd ed, Pergamon, Oxford, 
England, 1969, pp 80, 81.

(8) Melting points were measured on a Thomas-Hoover apparatus. 
Ir spectra were recorded on a Perkin-Elmer Model 421 spectrometer. Spec
tra of solutions were obtained using matched 0.018-mm CaF 2 cells. Be
cause of the weak absorbance of the hydrochloride salt of 1 at 2128 cm-1, 
measurements at this frequency in aqueous solution were made by recording 
the transmittance at 5X  scale expansion. Nmr spectra were recorded at 
ambient temperature on a Varian A-60A spectrometer.

carbodiim ide base 1 and m ethyl iod id e .3 Structure 3 and the 
h ydroch loride salt o f 1 in 5 0 %  m e th a n o l-5 0 %  aceton e m ov e  on 
silica  gel as single bands w ith  Ri values o f 0 .65 and 0 .71 , respec
tiv e ly . O nly  trace am ounts o f im purities are present. T h e  
spectra  of these com pou nds in  w ater and as N u jo l m ulls dem on 
strate the absence o f urea bands in the 15 3 0 -1 6 8 0 -cm “ 1 range. 
As determ ined from  the absorbance at 2128 c m -1 , the h ydrolysis  
o f these com pou nds in w ater at neutral pH  fo llow s first-order 
k inetics. A t  3 7 °, the t i f y  for  h ydrolysis o f the h ydroch lorid e 
salt o f 1 is 60 hr, and for h ydrolysis o f 3 it is 26 hr.

Registry No.—1, 1892-57-5; 2, 25952-53-8; 3,
22572-40-3.
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A s part of our general stru ctu re-activ ity  stu d y  of 
biologically active com pounds,1 synthesis of a series of
4-aryl-su bstitu ted  7 ,8 -d ia lk oxy-3a ,4 ,5 ,9b -tetrah yd ro- 
benz [e jisoindolines (I) was needed. Com pounds of 
this type m ay be prepared b y  an Oppolzer reaction .2 
A lth ou gh  this route has been studied, certain required  
unsaturated amines m ay not be readily accessible and  
thus preclude its becom ing a practical route. A n  al
ternate route has therefore been proposed. T h is in
volves direct reduction of the nitrile H a  to the amine 
l ib ,  treatm ent of the latter with the acid chloride of an 
appropriate a,/3-unsaturated acid, and therm al cycliza- 
tion of the resulting amide I I I  to the a -la cta m  I V . T h e  
desired product I can be obtained from  IV .

R"
I lia , R "  — H 

b , R "  =  O CH 3

Since a,/3-unsaturated acids are readily available and  
each of the aforem entioned steps are convenient, high  
yield conversions, our m ethod provides a useful route  
to com pounds of this type. A s an exam ple, synthesis  
of 7 ,8 -d im eth ox y -2 -eth y l-4 -p h en y l-3a ,4 ,5 ,9b -tetra h y - 
drobenz[e]isoindoline (I , R = CH3; R ' = Q jH sjR " =

(1) K. Y. Zee-Cheng and C. C. Cheng, J .  P h a rm . S c i., 59, 1630 (1970).
(2) W. Oppolzer, J .  A m er. Chem. Soc., 93, 3833 (1971).
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H) is described as follows. Treatment of 2-bromo-
4,o-dimethoxyphenylpropionitrile, prepared from 3,4- 
dimethoxycinnamonitrile, with potassium in liquid 
ammonia gave a 74% yield of l-cyano-4,5-dimethoxy- 
benzocyclobutene3 (lia, R =  CH3), mp 83-84° Re
duction of Ha (R =  CH3) with diborane in tetrahydro- 
furan4 afforded an 85% yield of the amine l ib  (R = 
CH3), the hydrochloride of which melted at 201-203°. 
The amide I lla  (R =  CH3), mp 138-138.5°, was pre
pared from the amine lib  (R =  CH3) and cinnamoyl 
chloride in pyridine in 92% yield. A toluene solution 
of the amide I lla  (R = CHS) heated at 200° for 47 hr 
resulted in 63% yield of the lactam IVa (R = CH3), 
mp 249-250°. (Analysis of the toluene mother liquor 
by tic showed at least five spots; these by-products 
were not studied at the present time.) The ir spectrum 
of the unsaturated amide I lla  (R =  CH3) showed a 
carbonyl stretching absorption at 1650 and a double
bond stretching absorption at 1620 cm-1; the rear
ranged isomeric product IVa (R = CH3) showed a 
carbonyl absorption at 1695 cm-1, consistent with the 
y-lactam assignment. No vinyl protons appeared in 
the pmr of IVa (R =  CH3). Regrettably, the me thine 
and methylene proton signals did not provide enough 
information for stereochemical assignments.

The mass spectra of compounds I lla  (R = CH3) 
and IVa (R =  CH3) showed that the molecular ion has 
the same mass in both cases [m/e 323 (M +)]; yet the 
stability of the ionized molecules differ greatly. The 
molecular ion of Illa  (R = CH3) has a measured relative 
intensity of 30.4%; the base peak had a m/e of 176. 
In contrast, compound IVa (R = CH3) gave a more 
stable molecular ion with relative intensity of 81.3%.

Treatment of IVa (R = CH3) with sodium bis(2- 
methoxyethoxy) aluminum hydride (Red-Al, Vitride) 
in refluxing benzene gave the amine I (R = CH3; R ' = 
H; R "  = H), isolated as the hydrochloride salt, in 
89% yield. The pentamethoxy I (R =  CH3; R ' = H; 
R "  =  OCH3) was prepared in a similar manner from 
lib  and trimethoxycinnamoyl chloride.

The A-acetyl amine derivative, I (R = CH3; R ' =  
COCH3; R "  =  H), which was prepared from I (R = 
CH3; II' =  H; R "  =  H) with a mixture of acetic an
hydride and pyridine in 78% yield, was also reduced 
with Red-Al in refluxing benzene to furnish 7,8-di- 
methoxy-2-ethyl-4-phenyl-3a,4,5,9b-tetrahydrobenz[e]- 
isoindoline (I, R  =  CH3; R ' = C2H5; R "  =  H).

E xperim ental Section

A ll m elting poin ts w ere taken  on a T h o m a s -H o o v e r  m elting 
p o in t apparatus. T h e  pm r spectra  were determ ined on Varian 
A -60  and V arian  H A -1 00 D  spectrom eters. T h e  m ass spectra 
data  were obta in ed  w ith  a Varian M a t C H -4 B  m ass sp ec
trom eter. In frared spectra  were taken  on  a P erk in-E lm er 337 In 
fracord . T h e  u ltraviolet absorp tion  spectra  were determ ined 
w ith  a B eckm an  D K -2  spectroph otom eter.

2 -B rom o-4 ,5-d im ethoxyphen ylpropion itrile .— A  solution  o f 100 
g o f 3 ,4 -d im ethoxyeinn am on itrile  (m ixture o f cis and trans, 
A ldrich) in 450 m l o f tetrahydrofuran  was hydrogen ated  under
2.8 k g /c m 2 o f H a fo r  48 hr w ith  1.5 g o f 5 %  P d /C .  F iltration  o f 
the reaction  m ixture and rem oval o f so lven t yielded 96 g o f 
syru py 3 ,4 -d im ethoxyph enylp rop ion itrile . T h is  was dissolved 
in 300 m l o f a cetic acid . T h e  solution  was cooled  to 18° and to 
it was slow ly  added, w ith  stirring, a solution  o f 85 g  o f B r2 in  50 m l

(3) I. I .  Klundt, C h em . R ev .. 70, 471 (1970).
(4) LiAlEU or Raney nickel reduction of an analogous nitrile to the corre

sponding amine was reported. C f. Belgian Patent 635,901 (1964); C h em .
A b str ., 62, 3987 (1965).

o f  a cetic acid  over 1 hr. T h e  m ixture was stirred for an addi
tion a l 1.5 hr, then poured on to  a m ixtu re o f  51 g  o f  potassium  
acetate , 250 m l o f w ater, and 300 g o f ice . C rude 2 -brom o-4 ,5 - 
d im ethoxyphenylpropion itrile  separated as crystals. R ecry sta l
lization  tw ice from  m eth a n ol-w a ter gave 63 .2  g  (4 8 %  y ie ld ) 
o f  p rod u ct, m p  7 6 -7 8 ° . A n  an a ly tica l sam ple was prepared 
b y  an additional recrystallization  from  m ethan ol, m p  7 5 -7 6 ° , 
ir (N u jo l)  rmax 2230 c m '1 ( C = N ,  w ).

Anal. C a lcd  fo r  CnH12BrN02: C, 48.91; H, 4.48; N, 5.19. 
F ou n d : C , 49.17; H, 4.50; N, 5.28.

l-C y a n o -4 ,5 -d im eth ox y ben zocy clob u ten e  (I la , R  =  C H 3). 
— A  5-1. three-necked flask equipped  as reported b y  B u nn ett and 
Skorez5 was flam e-dried and flushed w ith  d ry  helium . T h e 
flask was half-filled w ith  anhydrous liqu id  am m onia ; then sm all 
pieces (< 5 0  m g ) o f potassium  were added until the intense blue 
co lor o f  the solution  persisted fo r  several m inutes. A  sm all 
crystal o f  ferric n itrate was added fo llow ed  b y  portionw ise 
add ition  o f fresh ly  cu t potassium  (18 .7  g ) . A fter  the color 
o f the blue solution  changed to  dull b row n , 32.3  g  o f  3 -(2 -brom o-
4 ,5 -d im ethoxy )p hen ylprop ion itrile  was rap id ly  added in  one 
p ortion . T h e  reaction  m ixture w as stirred fo r  6 m in and 41 g 
o f  am m onium  nitrate was added to  neutralize the basic m ixture. 
A m m on ia  was allow ed to evaporate  and the residue was treated 
w ith  a m ixture o f  150 m l o f C H C fi and 150 m l o f H 20 .  T h e  
aqueous portion  w as extracted  three tim es w ith  C H C fi (500 m l) 
and the com bined  CHC13 solu tion  was w ashed w ith  saturated 
aqueous N a C l solu tion , dried (M g S 0 4), and filtered . T h e 
filtrate was concentrated to  a v iscou s oil and eluted w ith ch loro
form  through a 50-m m  ( i .d .)  colum n contain ing acid-w ashed 
alum ina (300 g , F isher, B rockm an  a ctiv ity  I ) .  T h e  produ ct 
was isolated as a w hite pow der from  the in itia lly  eluted com p o 
n ent. I t  was triturated w ith  hexane to g ive  16.8 g  (7 4 .4 %  
y ie ld ) o f  I la ,  m p  8 3 -8 4 ° . A n  analy tica l sam ple was ob ta in ed  b y  
recrystallization  from  ethanol, m p  8 3 -8 4 ° , ir (N u jo l)  ymax 2220 
cm -^ feN ).

Anal. C a lcd  for  C „ H nN 0 2: C , 69 .83 ; H , 5 .86 ; N , 7 .40 . 
F ou n d : C , 69 .78 ; H , 5 .55 ; N , 7 .27 .

l-A m in om eth y l-4 ,5 -d im eth oxyben zocyclobu ten e  H y d roch lo 
rid e  ( l ib , R =  CH 3).— A  solution  o f  27 g o f  I la  in 150 m l o f  1 M  
B H 3 in tetrahydrofuran  was stirred under helium  at room  tem per
ature for  3 h r . A bsolu te  E tO H  (19 m l) was then cau tiou sly  a d d ed . 
A fter  15 m in , 39 g  o f 2 1 %  ethanolic HC1 was added and the 
resulting suspension was stirred overn igh t. T h e  desired p rodu ct 
w as isolated as a w hite pow der (28 g , 8 5 %  y ie ld ), m p  1 9 6 -198°. 
A n  analy tica l sam ple was prepared b y  recrysta llization  from  
2 -p ropan ol, m p  2 0 1 -2 0 3 ° , ir (N u jo l)  rmax 3125 and 2575 c m -1 .

Anal. C a lcd  for C UH I5N 0 2-H C1: C , 57 .52 ; H , 7 .02 ; N ,
6 .10 . F ou n d : C , 57 .78 ; H , 7 .15 ; N , 5 .92.

V -[(4 ,5 -D im eth ox y b en z ocy c lob u ten -l-y l )m ethyl] c in nam am ide 
( I l ia ,  R =  C H 3).— A  m ixture o f  4 .05  g  o f l i b  and 3 .30  g  of 
cinnam oyl ch loride in 18 m l o f d ry  pyrid ine was heated on a 
steam  bath  for 1 hr. T h e  resulting solu tion  was allow ed to  
stand at room  tem perature for 2 hr and pou red , w ith  stirring, 
in to a m ixture o f ice  and w ater (200 m l) and le ft overn ight. 
T h e  resulting solid p rod u ct was collected  b y  filtration, washed 
w ith  w ater, and recrystallized from  E t O H -H 20  to  g ive  5 .23  g 
(9 2 %  y ield ) o f  o ff-w hite solid , m p  1 3 3 -1 3 4 °. R ecrysta llization  
from  eth yl acetate gave a n a ly tica lly  pure I l i a  (R  =  C H 3) as 
w hite needles: m p  1 3 8 -1 3 8 .5 ° ; ir (N u jo l)  3320, 3275, 
1650, 1620, 1320 c m “ 1; m ass spectrum  m/e 324 (M + +  1 ,6 .2 % ) ,  
323 (M + , 3 0 .4 % ), 177 (4 6 .8 % ), 176 (1 0 0 % ), 163 (4 6 .8 % ).

Anal. C a lcd  for C 20H 21N O 3: C , 74 .27 ; H , 6 .55 ; N , 4 .33 . 
F ou n d : C , 74 .31 ; H , 6 .64 ; N , 4 .23 .

V -[(4 ,5 -D im eth ox y b en z ocy c lob u ten -l-y l)m eth y l]-3 ,4 ,5 -tr im e - 
th oxycinnam am ide ( I l lb ,  R =  C H 3).— T h is  com pou nd  was 
prepared in a sim ilar m anner from  4.41 g  o f l i b ,  5 .60  g  o f 3 ,4 ,5 - 
tr im eth oxycin n am oyl ch loride and 25 m l o f pyrid in e. R e 
crystallization  from  a m ixture o f E tO H  and H 20  gave 5.83 g of 
p rod u ct, m p  1 5 2 -1 5 3 °. A n  analy tica l sam ple was prepared b y  
recrystallization  from  ethyl acetate : m p 1 5 2 -1 5 3 °; ir (N u jo l)
„max 3370, 1675, 1640, 1575 cm “ 1; u v  (E tO H ) Xmax 230 nm  
(log  e 4 .4 8 ), 295 (4 .4 3 ); m ass spectrum  m/e 413 (M + ).

Anal. C a lcd  fo r  C 23H 2,N 0 6: C , 66 .81 ; H , 6 .58 ; N , 3 .39. 
F ou n d : C , 6 7 .05 ; H , 6 .88 ; N , 3 .48 .

7 ,8 -D im eth oxy-4 -p h en yl-3a ,4 ,5 ,9b -tetrah ydroben z[e ]iso in do- 
lin -3 -one (IVa, R =  C H 3).— A  solu tion  o f  15.0 g  o f I l i a  
(R  =  C H 3) in  730 m l of toluene w as h eated at 195-200° fo r  47 
hr. T h e  p rod u ct, w hich  separated from  the cooled  reaction

(5 ) J . F .  B u n n e t t  a n d  J. A . S k o re z , J . O rg . C h em ., 27, 3 8 3 6  (1 9 6 2 ).
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m ixture, w as collected  b y  filtration  and w ashed w ith  ether to  give
9 .5  g  (6 3 %  y ie ld ) o f  a ligh t ye llow  solid , m p  2 4 4 -2 4 6 ° . R e 
crysta llization  from  C H C l3-M e O H  yielded 8 .5  g  o f an a ly tica lly  
pure w hite crystals: m p  2 4 9 -2 5 0 ° ; ir (N u jo l)  3190 (N H ), 1695 
cm -1 ( C = 0 ,  y -la cta m ); u v  (E tO H ) Xmax 230 n m  (log  e 4 .0 0 ), 
285 (3 .7 6 ); nm r (C D C 13- T M S )  S 7 .24  (5 P , s, A r H ) ,  6 .66  (1 P , 
s, A r H ), 6 .52  (1 P , s, A r H ) ,  6 .11 (1 P , N H ), 3 .86  (3 P , s, 
A r O C H 3), 3.82 (3 P , s, A r O C H 3), 3 .8 0 -2 .0 0  (7  P , m , m ethine 
and m ethylene h ydrogen s); m ass spectrum  m/e 324 (M + +  1, 
2 0 .3 % ) , 323 ( M +, 8 1 .3 % ), 279 (2 4 .2 % ), 266 (2 0 .3 % ), 232 
(4 6 .0 % ), 193 (3 4 .0 % ), 192 (2 4 .2 % ), 189 (2 5 .0 % ), 176 (3 4 .4 % ), 
161 (4 0 .5 % ), 131 (8 1 .3 % ).

Anal. C a lcd  for C 2oH2iN 0 3: C , 74 .28 ; H , 6 .5 5 ; N , 4 .33. 
F ou n d : C , 74 .36 ; H , 6 .34 ; N , 4 .42.

7.8- Dimethoxy-4-(3,4,5-trim ethoxyphenyl)-3a,4,5,9b-tetrahy- 
drobenz[e]isoindolin-3-one (IVb, R  =  CH3).— A  solution  of
4 .25  g o f I l l b  in 250 m l o f toluene was heated at 2 1 0 -2 2 5 ° for 
48 hr. T h e  p rod u ct was collected  in  a sim ilar m anner as de 
scribed  fo r  IV a  (R  =  C H 3) and dried a 9 120° in vacuo to  give
2.19  g  o f w hite crystals, m p  2 2 3 -2 2 5 °. A n  analy tica l sam ple was 
prepared b y  recrystallization  from  toluene: m p  2 2 5 -2 2 7 ° ; 
ir (N u jo l)  3220, 1695, 1590, 1130 c m “ 1; u v  (E tO H ) Xmax282nrn 
(log  e 3 .8 3 ); m ass spectrum  m/e 413 ( M +).

Anal. C a lcd  for C 23H 21N 0 6: C , 66 .81 ; H , 6 .58 ; N , 3 .39 . 
F ou n d : C , 66 .79 ; H , 6 .4 5 ; N , 3 .31.

7.8- Dimethoxy-4-phenyl-3a,4,5,9b-tetrahydrobenz[e]isoindo- 
line Hydrochloride (I HC1, R  =  CH3; R ' =  H ; R "  =  H ). 
— A  boiling solution  o f  8 .1 g o f  IV a  (R  =  C H 3) in 350 m l o f dry  
benzene was rap id ly  cooled  and the resulting fine suspension was 
treated w ith  25 m l o f R ed -A l. T h e  m ixture was refluxed for
2 .5  hr, cooled , and to  it was cau tiou sly  added 200 g  o f 10 %
aqueous N a O H . T h e  separated aqueous layer w as extracted 
w ith  100 m l of benzene. T h e  com bined  benzene extracts were 
w ashed w ith  saturated aqueous N aC l solu tion , filtered , and 
d istilled  to  rem ove m ost o f the benzene. A n hydrous E t20  
(100 m l) was added . T h e  m ixture was stirred in  an ice bath  
w hile 8 g  o f 2 1 %  ethanolic HC1 in 100 m l of anhydrous E t 20  
w as added drop  wise. T h e  solid w as collected  b y  filtration , 
w ashed w ith  E t 20  and dried to  give 7 .7  g  (8 9 %  y ie ld ) o f w hite 
pow der. A n  analytica l sam ple w as ob ta in ed  b y  precip itation  
from  a m ethan olic solu tion  w ith  E t 20 :  m p  285° d ec ; ir (N u jo l)
j w  2700, 2400 c m “ 1; nm r (C D C 13- T M S )  S 7.24  (5  P , s, A r H ),
6 .62  (1 P , s, A r H ), 6 .46  (1 P , s, Ar H ) ,  3 .83  (6 P , s, Ar O C H 3),
3 .8 0 -2 .0 0  (9 P , m ).

Anal. C a lcd  for C 20H 23N O 2-H C l: C , 69 .45 ; H , 6 .99 ; N ,
4 .0 5 . F ou n d : C , 69 .28 ; H , 7 .06 ; N , 3 .83.

7.8- Dimethoxy-4-(3,4,5-trim ethoxyphenyl)-3a,4,5,9b-tetrahy-
drobenz[e]isoindoline Hydrochloride (IHC1, R  =  CH3; R ' =  H ; 
R "  =  O CH 3).— T his com pou n d  was prepared in  a sim ilar 
m anner from  2 .06  g o f IV b  and 170 m l o f benzene. T h e  prod u ct,
2 .02  g  (9 3 %  y ie ld ), was collected as a w hite pow d er, m p  2 6 1 - 
2 6 2 °. A n  analy tica l sam ple was prepared b y  precip itation  from  
a m ethan olic solu tion  w ith  E t 20 :  m p  2 6 1 -2 6 2 ° ; ir (N u jo l)
3400, 2700, 2400, 1590, 1130 c m “ 1; uv (E tO H ) Xma* 282 nm  (log 
e 3 .6 6 ); m ass spectrum  m/e 399 (M + — H C1).

Anal. C a lcd  for C 23H 29N 0 5-H C1: C , 63 .37 ; H , 6 .94 ; N ,
3 .21. F ou n d : C , 63 .49 ; H , 7 .0 5 ; N , 3 .14 .

2-Acetyl-7,8-dim ethoxy-4-phenyl-3a,4,5,9b-tetrahydrobenz[e]- 
isoindoline (I, R  =  CH3; R ' =  COCH3; R ”  =  H ).— A 
m ixture o f 2 .28  o f  I  HC1 (R  =  C H 3; R '  =  H , R "  =  H ), 10 m l of 
A c20 ,  and 10 m l o f pyrid in e was stirred at room  tem perature for 
16 hr. A fter  the usual w ork-up  the residue was recrystallized 
from  a m ixtu re o f E tO A c and heptane to  g ive  1.8 g  (7 8 %  y ie ld ) 
o f prod u ct, m p  1 7 8 -180°. A n  add ition a l recrystallization  from  
E tO A c yie lded  an an a ly tica lly  pure sam ple: m p  1 8 1 -1 8 2 °; 
ir (N u jo l)  vm.x 1630 c m -1 ( C = 0 ) ;  mass spectrum  m/e 352 
(M +  +  1, 2 4 .9 % ), 351 (M + , 1 0 0 % ), 292 (1 0 .2 % ), 279 (5 5 .0 % ), 
265 (2 0 .0 % ).

Anal. C a lcd  for C 22H 25N 0 3 • 7 „H 20 :  C , 74 .23 ; H , 7 .22; 
N , 3 .94. F ou n d : C , 74 .40 ; H , 7 .40 ; N , 3 .96.

7.8- Dimethoxy-2-ethyl-4-phenyl-3a,4,5,9b-tetrahydrobenz[e]- 
isoindoline Hydrochloride (I HC1; R  =  CH3; R ' =  C2H 5; 
R ”  =  H ).— T o  a solution  o f 1.70 g  o f the a forem entioned 
acetam ide in 100 m l o f d ry  benzene was added 4 m l o f R ed -A l. 
T h e  m ixtu re was refluxed for  1 hr and coo led . T o  the m ixture 
was cau tiou sly  added , w ith  stirring, 100 m l o f 10 %  aqueous 
N aO H  so lu tion . T h e  benzene layer was separated, w ashed w ith  
100 m l o f saturated aqueous N aC l solution , dried (N a 2S 0 4), 
and filtered . T h e  filtrate was evaporated  in vacuo and the 
residual syrup diluted w ith  200 m l o f anhydrous E t20 .  T o  this

was added 5 m l o f 2 0 %  ethanolic HC1 and the precip itated  w hite 
p ow d er was collected b y  filtration  to  g ive  1.69 g  (9 4 %  y ie ld ) o f 
prod u ct, m p 2 7 8 -2 8 0 °. A n  an a ly tica lly  pure sam ple was 
prepared b y  dissolving the produ ct in  m ethan ol and reprecip ita
tion  w ith  ether, m p  2 7 9 -2 8 0 °, ir (N u jo l)  2440 c m -1 .

Anal. C a lcd  for C 22H 2,N 0 2-HC1: C , 70 .66 ; H , 7 .55 ; N ,
3 .75 . F ou n d : C , 70 .63 ; H , 7 .62 ; N , 3 .59.

Registry No.—I (R  = CH3; R ' =  COCH3; R "  = 
H), 35202-50-7; I HC1 (R  =  CH3; R ' =  H; R "  =  H), 
35202-51-8; I HC1 (R = CH3; R ' = H; R "  =  OCH3), 
35202-52^9; I HC1 (R = CH3; R ' =  C2H5; R "  =  H), 
35202-53-0; Ha (R = CH»), 35202-54-1; l ib  (R = 
CH»), 35202-55-2; I lia  (R = CH,), 35202-56-3; I llb  
(R = CH»), 35202-57-4; IVa (R = CH,), 35202-58-5; 
IVb (R =  CH3), 35202-59-6; 2-bromo-4,5-dimethoxy- 
phenypropionitrile, 35249-62-8.
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During a study of the base-catalyzed cyclization of 
methyl 6,7-epoxycitronellate it was discovered that 
alkoxides act on lactones to produce unsaturated car
boxylic acids.1 Herein we describe the use of the lac
tone elimination reaction in a highly stereoselective 
synthesis of dihydronepetalactone (1) and cis,cis-

1 .9 -BBN
2. H302| NaOH/H/)

dihydronepetalactone (10). Dihydronepetalactone (1), 
the enantiomer of a major constituent of matatabi-

(1) J. Wolinsky, P. Hull, and E. J. Eustace, Abstracts, 161st National 
Meeting of the American Chemical Society, Los Angeles, Calif., spring, 
1971. Details of this work will be described in a forthcoming publication.
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lactone2 and a trace ingredient in catnip oil,2 is more 
attractive to cats3 than nepetalactone or epinepeta- 
lactone.4

The reaction of potassium terf-butoxide with cis,trans- 
puleganolide (2)5 in dry DMF to yield cis,trans-2- 
isopropenyl-5-methyl-l-cyclopentanecarboxylic acid (3) 
was best conducted at 145° for 4-5 hr using a 1.05:1.00 
ratio of base to lactone. The presence of water seemed 
to increase the proportion of pulegenic acid (4) in the 
product. Unlike pulegenic acid (4), acid 3 readily 
converts to lactone 2 and care must be taken to avoid 
elevated temperature in the reaction work-up. The 
crude acid 3 was generally obtained in ~ 9 0 %  yield and 
was used immediately in the next step.

Hydroboration of acid 3 with 9-BBN6 gave a 46% 
yield (based on lactone 2) of a mixture of dihydro- 
nepetalactone (1) and isodihydronepetalactone (5) in a 
7:1 ratio.

Heating czs,cfs-puleganolide (6)7 with potassium 
terf-butoxide in DM F gave a mixture of unsaturated 
acid 7 and ws-pulegenic acid (8) in a ratio of 2.6:1.0.

The crude acid was hydroborated with 9-BBN, but in 
this instance a mixture of hydroxy acids 9 was isolated. 
Heating 9 at 175° for 1 hr gave a mixture of cis,cis- 
dihydronepetalactone (10) and as,cis-isodihydronepeta- 
lactone (11) in a 5:1 ratio.

The configurations of 10 and 11 were assigned on the 
basis of ir and nmr spectral comparison with 1 and 5. 
The ir spectra of 1 and 10 were nearly identical, while 
the spectra of 5 and 11 were very similar. The nmr 
signals for the CH20  protons in these compounds were 
characteristic of the AB portion of an ABX pattern. 
In the case of 1 and 10 coupling constants J  a x  and J b x  

were small while in lactones 5 and 1 1  J  ax and J bx 
were large.8

It is of interest to point out that stereoselective routes 
to dihydronepetalactone (1) and isodihydronepeta
lactone (5) are now available. Hydroboration of 3 
affords dihydronepetalactone (1), whereas hydrobora-

(2) T. Sakan, J. Wolinsky, et a l., T etra h ed ron  L e tt ., 4097 (1965).
(3) J. Wolinsky and D. L. Nelson, unpublished results.
(4) R. B. Bates and C. W. Sigel, E x p er ie n t ia , 19, 565 (1963).
(5) J. Wolinsky, H. Wolf, and T. Gibson, J . O rg. C h em ., 28, 274 (1963).
(6) H. C. Brown and E. F. Knight, J . A m e r . C h em . S o c ., 90, 5281 (1968).
(7) J. Wolinsky, T. Gibson, D. Chan, and H. Wolf, T etra h ed ron , 21, 1247 

(1965).
(8) See K. Sisido, K. Inomata, T. Kageyema, and K. Utimoto, J . O rg .

C h em ., 33, 3149 (1968), for a discussion of the nmr spectra of the irido-
lac tones.

tion of 12, followed by catalytic hydrogenation gives 
isodihydronepetalactone (5)9 as the major product.

O

cz.s'jCis-Lsodihydronepetalactone (11) proved to be 
identical with a minor product isolated from the hydro
boration of 12.9

Experimental Section 10

m,tr£ms-2-Isopropenyl-5-methyl-l-cyclopentanecarboxylic Acid
(3).— T o  a stirred slurry o f  3 .5  g  (31 .2  m m ol) o f  potassium  tert- 
butox id e in 20 m l o f anhydrous D M F  at 120°, under a nitrogen 
atm osphere, was rapid ly  added 5 .0  g (29 .8  m m ol) o f cis,trans- 
puleganolide (2 ). T h e  deep red solution  was heated at 145° for 
4 hr, coo led , and poured on to  ice . T h e  m ixture was extracted 
w ith  ether; the ether was dried and rem oved  to  leave 650 m g  o f 
la cton e 2.

T h e  aqueous phase was acidified w ith  dilute h ydroch loric  acid 
and extracted  w ith  ether. T h e  ether solution  w as w ashed w ith  
w ater and dried (M gSO<), and the ether was rem oved  under 
dim inished pressure to  g ive  4 .2  g  o f crude acid : ir 5 .83 , 6 .05 , 
and 11.13 n; nm r (C C h ) 1.09 (d , 3 , C H „), 1.76 (s, 3, C H 3C = C ) ,
4 .78  (s, 2 , C = C H 2 ), and 11.20 p p m  (s, 1, C O 2H ). N m r analysis 
indicated th at acid  3 was con tam inated  w ith  2 %  lactone 2 and 
~ 1 0 %  frans-pulegenic acid  (4 ).

A n  ether solution  o f crude 3 w as treated w ith  an ether solution 
o f d iazom ethane and a pure sam ple o f m ethyl cis,trans-2-iso- 
p rop en y l-5 -m eth y l-l-eyclop en tan ecarboxy late  (13) w as isolated 
b y  g lp c : ir (C C h ) 5 .74 , 11.22 /»; nm r (C C h ) 1.05 (d , 3, J  =  6 
H z , C H j) , 1.72 (s, 3, C H 3C = C ) ,  3 .52  (s, 3, O C H 3), and 4.67  
p p m  (s, 2, C = C H 2).

Anal. C a lcd  fo r  C u H u O ,: C , 72 .49 ; H , 9 .95 . F ou n d : C , 
72.32 ; H , 10.00.

Dihydronepetalactone ( 1 ).— T o  44 m l o f  0 .57 M  solu tion  (25 
m m ol) o f 9 -B B N  in T H F 6 at 0 ° w as added  4 .2  g  (-—-25 m m ol) o f 
crude acid  3 in  10 m l o f d ry  T H F . A  to ta l o f 24 m m ol o f h ydrogen  
gas was evo lved . A n  add ition a l 44 m l o f  9 -B B N  solution  was 
then added and the solution  was stirred at am bient tem perature 
for 6 hr. T h e  solution  was coo led  to  0 °  and 30 m l o f 3 A  p ota s
sium  h ydroxide solution  was added  rap id ly , fo llow ed  b y  the 
slow  addition  (30 m in ) o f 30 m l o f 3 0 %  hydrogen  peroxide. T h e  
solution  was allow ed to  w arm  to am bien t tem perature and was 
stirred fo r  18 hr. T h e  reaction  m ixture was poured on to  ice  and 
extracted  w ith  ether. T h e  aqueous solution  was acidified w ith  
dilute h ydroch loric acid  ar.d allow ed to stir at am bien t tem pera
ture fo r  1 hr before it  was extracted  w ith  ether. T h e  ether solu 
tion  was washed w ith  w ater, dried (M gSC h), and distilled to give
2 .27  g (4 5 %  based on 2 ) o f  liqu id , bp  107 -1 1 0 ° (1 m m ). G lpc 
analysis indicated the liqu id  w as com prised o f 8 2 %  d ih yd ro
nepetalactone (1 ), 1 1 %  isod ih ydronepeta lacton e (5 ), and 7 %  
lacton e 2. Pure sam ples o f each  la cton e w ere isolated b y  prepara
tive  g lp c and each  show ed ir, nm r, and v p c  retention tim es iden ti
cal w ith  those o f authentic samples.*

c :s , c?s-2T sopropenyb5-m  ethyl-1 -cyclopentane carboxylic Acid
(7 ) .— A  m ixture o f 2 .4  g  (21.4  m m ol) o f potassium  Serf-butoxide 
and 3 .5  g  (20.8  m m ol) o f cis ,cfs-pu legan olide  (6 ) in 25 m l o f 
anhydrous D M F  was heated at 145° fo r  4 .5  hr. T h e  usual 
w ork-up  gave 420 m g  o f 6 in the neutral fraction  and 2 .70  g  o f oil in 
the acidic fra ction : ir 5 .86, 6 .08 , and 11.17 nm r (C C h ) 1.06 (d, 
3, C H a), 1.78 (s, 3, C H 3C = C ) ,  4 .7 7  (s, 2, C = C H 2), and 11.17 
pp m  (s, 1, C O 2H ). N m r analysis in d icated  th at acid  7 was con -

(9) J. Wolinsky and D. Nelson, T etra h ed ron , 25, 3767 (1969),
(10) All boiling and melting points are uncorrected. Infrared spectra 

were measured with a Perkin-Elmer Infracord. Nuclear magnetic reso
nance spectra were determined at 60 MHz with a Varian Associates A-60 
spectrometer. Optical rotations were measured with a Zeiss polarimeter. 
Mass spectra were recorded on a Hitachi RMU-6A spectrometer employing 
an ionization energy of 70 eV, an inlet temperature of ca . 185°, and a source 
temperature of 160°. Microanalyses were performed by Dr. C. S. Yeh 
and associates.
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tam inated w ith  ~ 2 8 %  cw -pulegenic a d d . A  pure sam ple o f 7 
p roved  difficult to  obta in  because o f its conversion  to  la ctone 6.

M eth y l ci‘s ,c is -2 -isop rop en y l-o -m eth y l-l-cyclop en tan ecarboxy l- 
ate (14 ), prepared b y  treatm ent o f  acid 7 w ith  d iazom ethane and 
purified b y  g lp c, show ed ir absorption  at 5.75, 6.07, and 11.18 p; 
nm r (CC1<) 0 .97 (d , 3, C H 3), 1.72 (s, 3, C H 3C = C ) ,  2 .8 5 -3 .0 5  
(m , 1, C H C C hM e), 3 .48  (s, 3, O C H 3), and 4.71  (s, 2 , C = C H 2).

Anal. C a lcd  for  C nH isOi: C , 72 .49 ; H , 9 .95 . F ou n d : C , 
72 .50 ; H , 10.22.

ci.s.cj.s-D ihydronepetalactone (10 ) and cis m -Isod ih y d ron ep eta - 
lactone (1 1 ).— A  solution o f  crude 7 in T H F  was added  to  28 m l 
o f  0 .57  M  9 -B B N  under a nitrogen atm osphere. A  tota l o f 0.90 
equ iv  o f hydrogen  gas was ev o lved . A n  add ition a l 24 m l o f
9 -B B N  solution  was added  and the solution  was stirred at am 
bient tem perature fo r  13 hr. T h e  reaction  was w orked up in the 
usual m anner and the basic aqueous solution  was acidified and 
allow ed to  stir overn ight. E xtraction  w ith  ether afforded 2.65 g 
o f  liqu id  w hose ir spectrum  show ed the presence o f a h ydroxy  
acid  and on ly  a sm all am ou nt o f lactone. T h e  liqu id  was heated 
at 175° fo r  1 hr, and som e acidic m aterial was rem oved  b y  dis
solv ing the oil in ether and w ashing w ith  sodium  bicarbonate  
solu tion . T h e  ether was rem oved and g lp c (2 0 %  C arbow ax 20M  
colum n at 195°) indicated the presence o f  tw o m a jor com ponents 
and three m inor com ponents (2 % )  w hich  were n ot investigated 
further. T h e  m a jor com pon ent were isolated b y  g lp c.

cis,cis-Isod ihydron epetalacton e (11) (1 5 -2 0 %  o f the m ixture) 
show ed a retention  tim e o f 68 m in; [«]% > —9 2 .4 ° (c 4 .30 , 
C H C h ); ir (C C 1,) 5 .70 nm r 0.92 (d , 3, J  =  6 H z, C H ,),
1.12 (d , 3, J =  5 .5 H z , C H 3), 3.69 and 4.28  (m , 2, J ab =  11.5 
H z, / a x  =  6 .5  H z, J b x  — 7.5 H z, C H C H 20 ) ;  m ass spectrum  
m/e (rel in ten sity ) 168 (7 ), 113 (37 ), 110 (46 ), 95 (44 ), 82 (33), 
81 (92 ), 69 (47 ), 67 (56), 55 (40), 41 (100), and 39 (74).

Anal. C a lcd  for CioHisCh: C , 71 .39 ; H , 9 .59 . F ou n d : C , 
71 .62 ; H , 9 .76.

cfs ,c fs -D ih yd ron ep eta lacton e  (10) (7 5 -8 0 %  o f the m ixture) 
show ed a retention tim e o f 82 m in ; [a] 28d — 15.6° (c 11.0, CH C13); 
ir (CC14) 5 .74 u; nm r 0 .90  (d , 3, /  =  6 .5  H z , C H ,), 0.92 (d , 3, 
J = 7 H z, C H ,), 3 .0  (m , 1, J AX =  10 H z, J BX =  8 .5  H z, C H C O ), 
and 3.95 p p m  (m , 2 , Jab =  7 H z, J Bx  =  8.5 H z, C H C O ), and
3.95 p p m  (m , 2 , JAB = 7 H z, J AX =  1.5 H z, JBX =  0 , C H C H 20 ) ;  
mass spectrum  m/e (rel in ten sity) 168 (5 ), 113 (55 ), 81 (38 ), 67 
(45 ), 55 (30 ), 53 (28 ), 41 (100), and 39 (83 ).

Anal. C a lcd  for C ioH i60 2: C , 71 .39 ; H , 9 .59 . F ou n d : C , 
71 .66 ; H , 9 .69 .

Registry No.—1, 35337-11-2; 3, 35337-12-3; 7, 
35337-13-4; 10, 35337-14-5; 11, 35337-15-6; 13,
35337-16-7; 14, 35337-17-8.

2,4,9-Trioxaadamantanes from Isobutylene and 
Pivaloyl Halides

M a y n a r d  S. R a a sc h * an d  C a r l  G. K ukspan

Contribution 5lo. 191/ from the Central Research Department, 
Experimental Station, E. 1. du Pont de Nemours and Company, 

Wilmington, Delaware 19898

Received April 4, 1972

The Friedel-Crafts acylation of olefins has been one 
of the more thoroughly studied reactions.1 Mono- 
acvlation is known to give chloro ketones and afi- and 
/3,7-unsaturated ketones, whereas diacylation forms 
pyrilium salts. One type of triacylation is known in 
which formation of the pyrane 1 from 3 mol of acetyl 
chloride and 1 mol of isobutylene in the presence of 
aluminum chloride involves each of the terminal carbon 
atoms of isobutylene.2 However, acylation of iso-

butylene with pivaloyl chloride in the presence of alu
minum chloride has only been reported to give (CH3)3-
CCOCH=C(CH3)28 and 
nic chloride is used.4

a pyrilium salt (2) when stan-

H 3C f 0 ri,C H 3 (CH 3)3C |i' ° ^ C ( C H 3)3

V V
C H C O C K j c h 3

1 2

A new type of triacylation product has now been 
found in the reaction of pivaloyl halides with isobutyl
ene. Simply by adding less than 0.1 molar equiv of 
stannic chloride to a liquid mixture of isobutylene and 
pivaloyl chloride at —15°, a 32-35% yield of 7-chioro-
l,3,5-tri-iert-butyl-2,4,9-trioxaadamantane (4) can be 
filtered off. Another 6% can be obtained from the 
filtrate. The compound presumably arises through 
the intermediate formation of triketone 3 by a reaction 
sequence of the following type.

SnCl4
(CH3)3CCOCl + CH2= C (C H 3)2 -------

(CH3)3CCOCH2C+(CH3)2 — *-

(c h 3)3c c o c i
(CH3)3CCOCH2C =  CH2 ---------------

CH3

(CH3)3CCOCH2C + CH2COC(CH3)3 -  

CH3

(CH3)3CCOCH2CCH2COC(CH3)3

c h 2

Cl Cl

(CH3)3CCOCl

/ /  NHC c/H2 ÇH.

(CHICCO j COC(CH3)3 
COC(CH3)3 
3

-C(CH3)

That a tricarbonyl compound of the structure R 'C - 
(CH2COR)3 will cyclize to a 2,4,9-trioxaadamantane 
was established by Stetter and Dohr,5 who ozonized 
trimethallylcarbinol. The triketone was not isolated 
but spontaneously formed the 7-bydroxytrioxaada- 
mantane, which they converted to 7-chloro-l,3,5-tri- 
methyl-2,4,9-trioxaadamantane. Only one other syn
thesis for 2,4,9-trioxaadamantanes, that of Stetter and 
Stark,6 has been reported. This route involved the 
preparation of HC(CH2COCHN2)3 and conversion 
with hydrogen chloride or bromide to HC(CH2COCH2- 
X )3, which cyclized.

The ir spectrum of 7-chloro-l,3,5-tri-ierf-butyl-
2,4,9-trioxaadamantane (4) was taken at 155, 165, 
and 183° but gave no indication of reversion to the 
carbonyl form. The chlorine atom, as in the Stetter 
and Dohr compound, was unaffected by refluxing al-

(1) C. D. Nenitzescu and A. T. Balaban in “ Friedel-Crafts and Related 
Reactions,” Vol. I ll, Part 2, G. A. Olah, Ed., Interscience, New York, N. Y,, 
1964, pp 1033-1152.

(2) A. T. Balaban, P. T. Frángopol, A. R. Katritzky, and C. D. Nenitzescu, 
J . C h em . S o c ., 3889 (1962).

(3) M. E. Grundy, W. H. HsU, and E. Rothstein, ib id ., 4136 (1952).
(4) A. T. Balaban and C. D. Nenitzescu, J u stu s  L ieb ig s  A n n .  C h em ., 

625, 74 (1959).
(5) H. Stetter and M. Dohr, C h em . B e r . , 86, 589 (1953).
(6) H. Stetter and H. Stark, ib id ., 92, 732 (1959).
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coholic potassium hydroxide, in accord with its bridge
head position. Nmr (CDC13) showed singlets at 0.99 
and 2.16 ppm in a 9:2 ratio.

Use of pivaloyl bromide and stannic bromide gave 
the bromo analog in 28% yield. With chloropivaloyl 
chloride and stannic chloride a 0.5% yield of 7-chloro-
l,3,5-tris(2-chloro-l,l-dimethylethyl)-2,4,9-trioxaada- 
mantane was obtained.

Experimental Section

7-Chloro-l,3,5-tri-ieri-butyl-2,4,9-trioxaadamantane.— P iv 
a loy l ch loride (80 g , 0 .66  m o l) was placed in a 500-m l, three
necked flask equ ipped  w ith  m agnetic stirrer, D ry  Ice  condenser, 
therm om eter, and in let tube. T h e  flask was cooled  to  — 30° and 
50 g  (0.9 m ol) o f  liqu id  isobutylen e was in trod uced . T h e  in let 
tube was replaced w ith  a sm all droppin g funnel and anhydrous 
stannic ch loride (7 m l, 16 g , 0 .06 m ol) w as added  dropw ise during 
45 min w hile the tem perature w as m aintained at ca. — 15° b y  
cooling w ith  D ry  Ice -a ce ton e . T h e  coolin g  ba th  was rem oved 
and the m ixture was a llow ed to stand for  1 hr. T h e  crystals o f 
the tr ioxaadam antane were filtered off and rinsed w ith  m ethanol. 
T h e  original filtrate was k ept separate from  the m ethanol rinse. 
T h e  yield  at this poin t was 24 g  (3 2 % ) : m p 161-162° after 
recrystallization  from  aceton e; ir 2976, 2882 (C H ), 1389, 1359 
(gem  C H 3 grou ps), 1175-1050 c m -1 (m ultiple strong bands for 
C - O -C - O -C ) ,  no evidence o f  C = 0 ,  C = C ,  O H .

Anal. C a lcd  for  C i9H 33C 103: C , 66 .16 ; H , 9 .64 ; C l, 10.28; 
m ol w t, 345. F ou n d : C , 66 .21 ; H , 9 .78 ; C l, 10.14; m ol w t, 
339 (cryoscop ic  in benzene).

A fter standing for  a d a y , the orig inal filtrate from  the crystals 
was distilled to  g ive  21 .3  g (2 3 % )  o f 2 ,2 ,5 -trim ethyl-4 -hexen -3 - 
on e :3 bp  6 7 -6 8 °  (24 m m ); n 26D 1.4437; nm r (neat) 0 .75 [s, 
(C H 3)3C ], 1.52 and 1.72 [unsharp doublets, = C ( C H 3)2] , 5 .98 
ppm  (broad  peak , = C H ) .  T h e  p o t  residue yie lded  4 .7  g  (6 % )  
m ore o f  the trioxaadam antane. In  a run in w hich  the liquid 
p rodu ct w as distilled im m ediately , HC1 had n ot split ou t and 5- 
ch loro-2 ,2 ,5 -trim eth yl-3 -h exanon e, (C H 3)3C C 0 C H 2C C 1(C H 3)2, 
distilled ou t: b p  7 1 -7 2 °  (12 m m ); k 2Sd 1.4367; nm r (neat) 0 .97 
[s, C (C H 3)3] ,  1.53 [s, C 1 C (C H ,)2] , 2 .92  p p m  (s, C H 2), no = C H  
peak . On standing overn igh t, the ch loro ketone turned dark 
and evo lved  HC1. E xternal tetram ethylsilane was used as nm r 
reference for  all com pou nds.

T h e  reaction  betw een  p iv a loy l ch loride and isobutylene was 
tried in the stoich iom etric ratio o f 3 :1 ,  w ith ou t solven t and w ith  
hexane as a solven t, b u t  the yields o f the tr ioxaadam antane 
filtered off were on ly  11 and 9 % ,  respectively . W hen a m ole 
ratio o f 1 :1  w as used, w ith ou t solven t, the y ie ld  filtered off was 
3 5 % .

7-B rom o-l,3 ,5-tri-kr/-butyl-2 ,4 ,9-trioxaadamantane.— T h e re
action  was carried ou t as for the ch loro com pou nd  using 25 g 
(0 .15  m ol) o f  p iv a loy l b rom id e ,7 8 g  (0.14 m ol) o f  isobutylen e, and 
4 g (0.009 m ol) o f  stannic b rom id e .8 9 T h e  m ixture did  n ot becom e 
n oticeab ly  exotherm ic at — 15°, b u t w hen the cooling b a th  was 
rem oved the tem perature eventually  rose to  33° and crystals 
separated. T h e  cooled  m ixture was filtered and the crystals 
were rinsed w ith  m ethanol to  g ive  5 .4 g (2 8 % )  o f  the trioxaada
m antane. R ecrysta llization  from  acetone le ft 4 .6  g : m p  166°; 
ir 2967, 2882 (C H ), 1393, 1376 (gem-C H 3 grou ps), 1175-1050 
c m -1 (m ultiple bands for C - O - C - O - C ) ;  nm r (C D C 13) 0 .99  [s, 
(C H 3)3C ], 2 .38  p p m  (C H 2).

Anal. C a lcd  for C i9H 33B r 0 3: C , 58.60 ; H , 8 .54 ; B r, 20.52. 
F ou n d : C , 58 .84 ; H , 8 .41 ; B r, 20.21.

7-Chloro-l,3,5-tris(2-chloro-l,l-dim ethylethyl)-2,4,9-trioxa- 
adamantane.— D rop w ise  add ition  o f stannic ch loride (5 m l, 11.3 
g, 0.043 m ol) to 100 g  (0 .65  m ol) o f  ch lorop iv a loy l ch loride3 and 
50 g  (0 .9  m o l) o f  isobutylene a t — 15° produced  an exotherm ic 
reaction  and a v iscou s polym er layer separated. T h e  m ixture 
was allow ed to  stand for  16 hr. A  few  crystals in  the liqu id  phase 
were filtered off. T h e  polym er layer was extracted w ith  h ot 
acetone to y ie ld  a few  m ore crystals. T h e  yield  o f the tr ioxa 
adam antane was 0 .5  g  (0 .5 % ) :  m p  156-157° from  aceton e; ir 
2994, 2890 (C H ), 1374, 1359 {gem-C H 3 grou ps), 1182, 1121, 1038

(7) Y. Yamase, B u ll . C k em . S o c . J a p ., 34, 480 (1961).
(8) Research Organic/Inorganie Chemical Corp., Sun Valley, Calif.
(9) F. Nerdel and U. Kretzschmar, J u s tu s  L ie b ig s  A n n .  C h em ., 688, 61 

(1965).

c m “ 1 ( C -O - C - O - C ) ;  nm r (CD C13) 1.14 [s, C (C H 3)2] ,  2 .32  (s, 
ring C H 2), 3 .67 ppm  (s, C H 2C1).

Anal. C a lcd  for C i9H 30C l,O 3: C , 51 .01 ; H , 6 .7 6 ; C l, 31.71 
F ou n d : C , 51.07; H , 6 .80 ; C l, 31.57.

Passing isobutylene in to a m ixture o f ch lorop iv a loy l ch loride 
and stannic ch loride gave a sim ilar result.

Registry No.—4, 35336-97-1; 2,2,5-trimethyl-4- 
hexen-3-one, 14705-30-7; 5-chloro-2,2,5-trimethyl-3- 
hexanone, 35336-99-3; 7-bromo-l,3,5-tri-fer£-butyl-2,-
4,9-trioxaadamantane, 35337-00-9; 7-chloro-l,3,5-tris- 
(2-chloro-l,l-dimethylethyl)-2,4,9-trioxaadamantane, 
35337-01-0; isobutylene, 115-11-7.

Mononitration of Perylene. Preparation and 
Structure Proof of the 1 and 3 Isomers

J. J. L o o k e r

Research Laboratories, Eastman Kodak Company, 
Rochester, New York 14650

Received March 8, 1972

The limitations of the published method1 for the prep
aration of 3-nitroperylene have recently been pointed 
out, and an improved procedure was disclosed employ
ing attack by nitrite ion on the perylene radical cation.2 
These limitations have also led us to search for a better 
method of preparing this nitro compound. We wish 
to report a simple procedure that not only affords 3- 
nitroperylene in good yield, but also gives the previ
ously unknown 1 isomer. Formation of the latter is of 
interest, since the only other example of substitution 
at position 1 occurred during the reaction of perylene 
with alkyllithium reagents.3-5

When perylene is nitrated in dioxane with dilute 
nitric acid, a mixture containing two mononitro- 
perylenes is obtained. This mixture is readily sepa
rated by column chromatography into a rather insoluble, 
higher melting (210-212°) isomer (56%) and a lower 
melting (170-171°) isomer (24%). The higher melting 
isomer is identical with the compound obtained by the 
procedure of Dewar and Mole.1 They proposed, but 
did not prove, that this compound was 3-nitroperylene 
(la).

In order to make an unequivocal assignment of struc
ture, the behavior of each isomer toward triethyl phos
phite was examined. Only 1-nitroperylene should 
readily cyclize6 to an amine. The 3 isomer should give 
tar,6 or possibly a phosphoramidate, as observed with
4-dimethylaminonitrosobenzene.7

The lower melting isomer (170-171°) gave a good 
yield (82%) of amine 3 when heated with triethyl phos
phite. The higher melting isomer gave a phosphorus- 
containing compound which is assigned structure 4, 
based on its analysis ane spectral properties (Experi
mental Section). Thus the lower melting isomer is 1-

(1) M. J. S. Dewar and T. Mole, J . C h em . S o c ., 1441 (1956).
(2) C. V. Ristagno and H. J. Shine, J . A m e r . C h em . S o c ., 93, 1811 (1971).
(3) H. E. Zieger and J. E. Rosenkranz, J . O rg. C h em ., 29, 2469 (1964).
(4) H. E. Zieger and E. M. Laski, T etra h ed ron  L ett., 3801 (1966).
(5) H. E. Zieger, J .  O rg. C h em ., 31, 2977 (1966).
(6) J. I. G. Cadogan, et a l., J .  C h em . S o c ., 4831 (1965).
(7) P. J. Bunyan and J. I. G. Cadogan, ib id ., 42 (1963).
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T a b l e  I  
N m r  S p e c t r a

Peak positions
Compd Multiplicity Area or range, r J . Hz Assignment

Perylene (C S2) m 4 1 .7 -1 .9 H x
m 8 2 .3 - 2 .8 H a +  H b

3-N itroperylene, m 5 1 .7 -2 .2 H x

la  (D M SO -da) m 6 2 .4 - 2 .8 Ha +  Hb
3-A m inoperylene, m 5 1 .7 -2 .1 H x

lb  (D M SO -da) m 5 2 .4 -2 .8 Ha +  Hb
d 1 3 .0 8 8 .0 P ro ton  a d jacen t to  N I T

3 .2 2
s 2 4 .4 0 N H 2

1-N  itroperylene, m 2 1 .8 -2 .0 H x
2a (D C C ls) m 9 2 .3 - 2 .8 Ha +  Hb

1-A m inoperylene, m 3 1 .6 -2 .1 Hx
2b (D C C h ) m 7 2 .4 - 2 .8 Ha +  Hb

d 1 3 .1 2 8 .0 P ro ton  ad jacen t to  N H 2
3 .2 5

s 2 5 .6 4 n h 2

nitroperylene (2a) and the higher melting isomer is 3- 
nitroperylene (la), as originally suggested.1

The nmr spectra of the two mononitroperylenes and 
the corresponding amines (Table I) also support the 
proposed structures. The spectrum of perylene8 is an 
ABX pattern, and consists of a low-field group of peaks 
(t 1.7-1.9) for the four Hx atoms and a high-field group 
(t 2.3-2.8) for the eight Ha +  Hb atoms. Both mono
nitroperylenes have these same two groups of peaks. 
The higher melting isomer (la) has five protons in the 
Hx group instead of four, and six in the Ha +  Hb group 
instead of seven. This shift of one proton from the 
Ha +  Hb group to the Hx group is attributed to the

(8 )  N . J o n a th a n , S . G o r d o n , a n d  B . P . D a ile y ,  J . C k em . P k y s . ,  36, 2 4 4 3
(1 9 6 2 ).

peri interaction characteristic of 1-substituted naph
thalenes;9 proton 4 being deshielded by the presence of 
the 3-nitro substituent. The corresponding amine 
(lb) also has five protons in the Hx group, as expected.

The lower melting isomer (2a) has two protons in the 
Hx group instead of three and nine in the Ha +  Hb 
group instead of eight. Thus, one proton in the Hx 
group is shielded. This shift is attributed to the in
fluence of the anisotropy of the nitro group on the pro
ton at position 12. When the nitro group is reduced 
to the amino substituent (2a —► 2b), the shielding effect 
is removed and there are three protons in the Hx group.

Experimental Section 10

Nitration of Perylene.— T o  a h ot solution  o f 10 g  (0 .04  m o l) o f 
perylene in 120 m l o f dioxane w as added  a m ixture o f 45 m l o f 
w ater and 30 m l o f n itric acid  (d =  1 .5 ). T h e  resulting solution  
w as heated on a steam  bath  for 1 hr, coo led , and pou red  in to  2 1. 
o f  w ater. T h e  solid was collected , w ashed, dried , d issolved  in 
130 m l o f chlorobenzene, and ch rom atograph ed  on 500 g  o f 
F lorisil. B enzene eluted 0.1 g  o f  perylene, fo llow ed  b y  2 .8  g 
(2 4 % ) o f  brick -red  1-n itroperylene (2 a). M eth ylen e  ch loride 
eluted 6 .6  g (5 6 % )  o f sim ilarly colored 3-n itroperylene ( la ) ,  m p  
2 1 0 -2 1 2 °, w hich  did  n ot depress the m elting p o in t o f a sam ple 
prepared b y  the m ethod  o f  D ew ar and M o le .1 1-N itroperylene 
was recrystallized from  benzene (so lu b le )-e th a n o l: m p  17 0 -
171°; u v  A max (E T O H ) 255 nm  (log  * 4 .4 5 ), 393 (3 .9 3 ), and 437
(4 .0 8 ).

Anal. C a lcd  for  C 20H uN O 2: C , 80 .8 ; H , 3 .7 ; N , 4 .7 . 
F ou n d : C , 80 .7 ; H , 3 .9 ; N , 4 .7 .

Treatment of 1-Nitroperylene with Triethyl Phosphite.— A
m ixture o f 0 .50  g  (0.0017 m ol) o f  1-n itroperylene (2a) and 5 m l o f 
tr ieth yl ph osph ite was heated at reflux under n itrogen  for 2 hr. 
U pon  coolin g to  room  tem perature, the yellow -brow n  am ine 3 
crystallized : y ie ld  0.36 g (8 2 % ); m p 360° d ec ; ir 3400 c m -1 
(N H ) ; nm r (D M S O -d e) r  5 .35  (s, 1, N H ) and 1 .2 2 -2 .3 3  (m , 10, 
arom atic).

Anal. C a lcd  for C 20H 11N : C , 9 0 .5 ; H , 4 .2 ; N , 5 .3 . F ou n d : 
C , 90 .2 ; H , 4 .4 ; N ,5 .1 .

Treatment of 3-Nitroperylene with Triethyl Phosphite.— A
m ixture o f 1.0 g  (0.0034 m ol) o f  3 -n itroperylene ( la )  and 10 m l o f 
triethyl phosph ite was heated at reflux under nitrogen  for  1 hr, 
coo led , and chrom atographed on F lorisil. A fter rem oval o f 
sm all am ounts o f  m aterial w ith  benzene and m ethylene ch loride, 
the phosphoram idate 4 was eluted w ith  ethanol and recrystallized 
from  ch lorobenzene: y ie ld  0 .70 g (5 1 % ); m p  225° dec (depends
upon rate o f h eating ); nm r (D M SO -de) r 1 .7 -2 .0  (m , 5, a rom a tic)

(9) V. Balasubramaniyan, C h em . R ev ., 66, 567 (1966).
(10) The nmr spectra were measured on a Varian Associates Model A-60 

spectrometer and the uv spectrum on a Perkin-Elmer Model 202 spectrome
ter. All melting points are uncorrected.
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2 .4 -2 .8  (m , 7 , arom atic and N H , one p ro ton  exchangeable w ith 
D 20 ) ,  5 .7 -6 .2  (pair o f  overlappin g quartets, 4 , m ethylene coupled 
to ph osph orus), 8.77 (t, 6, m eth y l).

Anal. C a lcd  for  C 24H 23N 0 3P : C , 71 .5 ; H , 5 .5 ; N , 3 .5 ; P ,
7 .7. F ou n d : C , 71 .6 ; H , 5 .5 ; N , 3 .5 ; P , 7 .9 .

1-Aminoperylene (2b).— R ed u ction  o f  1-n itroperylene (2a) was 
perform ed as described1 fo r  3 -n itroperylene, excep t that 1,2- 
dim ethoxyethane proved  to  b e  a better solven t. A  solution  was 
prepared b y  heating 1.0 g  (0.0034 m o l) o f  1-n itroperylene in  50 
m l o f 1 ,2 -d im ethoxyethane. A b o u t 100 m g  o f 1 0 %  pallad ium  
on charcoal was add ed , fo llow ed  b y  2 m l o f  6 4 %  hydrazine. 
A fter the m ixture had been  h eated fo r  3 m in , the ca ta ly st was 
rem oved and the solven t was distilled to  leave a  ye llow  solid. 
R ecrysta llization  from  a m ixture o f benzene (soluble) and ethanol 
gave 0 .75 g (8 3 % )  o f  am ine 2b, m p 1 9 5 -197°.

Anal. C a lcd  fo r  C 20H i3N : C , 8 9 .9 ; H , 4 .9 ; N , 5 .2 . F ou n d : 
C , 89 .5 ; I f ,  4 .5 ; N , 5 .0 .

T h e  3-am ino com pou n d1 lb was prepared in b etter y ie ld  b y  
using this solven t in  p lace o f  ethanol.

Registry N o.—la, 20589-63-3; lb , 20492-13-1; 2a, 
35337-20-3; 2b, 35337-21-4; 3, 35337-22-5; 4, 35337-
23-6; perylene, 198-55-0.
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There are only four reports describing the reactions 
of cyclohexanones with thallium(III) salts. Oxidation 
with thallium(III) acetate in hot acetic acid has been 
found to result in a-acetoxylation in low yield,3-4 5 but 
conflicting claims have been made as to the products 
formed using thallium(III) perchlorate in aqueous 
acidic media. Littler reported that cyclohexanone 
was converted first into adipoin and then into cyclo
hexane-1, 2-dione.6 In a later study, however, Wiberg 
and Koch found that the major product was cyclo- 
pentanecarboxylic acid (75%), and that only 3% of 
adipoin was obtained. They also showed that adipoin 
did not serve as the precursor for the ring-contracted 
product.6 In view of this apparent duality in reaction 
pathway we have investigated the reaction of cyclo
hexanone with thallium(III) nitrate (TTN).7

Oxidation of cyclohexanone with TTN  in acetic acid

(1) Part X X X IV : A. McKillop, O. H. Oldenziel, B. P. Swann, E. C.
Taylor, audit. L . Robey, J . A m e r .  C h em . S o c ., in press.

(2) We gratefully acknowledge partial financial support of this work by 
E li Lilly and Company, the CIBA  Pharmaceutical Company, and G. D. 
Searle and Company.

(3) H.-J. Kabbe, J u s tu s  L ieb ig s  A n n .  C h em ., 656, 204 (1962).
(4) S. Uemura, T. Nakano, and K. Ichikawa, J . C h em . S oc . J a p .,  88, 1111 

(1967).
(5) J. S. Littler, J . C h em . S o c ., 827 (1962).
(6) K . B. Wiberg and W. Koch, T etra h ed ron  L e tt ., 1779 (1966); we have 

confirmed this result.
(7) A. McKillop, J. D. Hunt, E . C. Taylor, and F. Kienzle, ib id ., 5275

(1970).

at room temperature proceeded rapidly, and precipita
tion of thallium(I) nitrate was complete in a few min
utes. Filtration and neutralization of the filtrate with 
aqueous sodium bicarbonate solution followed by ex
traction with ether gave adipoin in 84% yield. This 
result at first sight confirmed Littler’s claim; closer 
investigation of the reaction, however, revealed that 
the nature of the product formed on oxidation was tem
perature dependent. Thus, if oxidation was performed 
at room temperature, the thallium (I) nitrate was re
moved by filtration, and the filtrate was heated above 
about 40° for a few minutes, no adipoin was obtained. 
The sole product isolated, again in 84% yield, was cy
clopen tanecarboxylic acid.

That there were indeed two different reaction path
ways was readily proved as follows. Oxidation of 
cyclohexanone was carried out as described above. 
The filtrate obtained after removal of the rhallium(I) 
nitrate was divided into two equal portions. One of 
these was treated with aqueous sodium bicarbonate 
and gave adipoin (4). The other was heated for a few 
minutes and gave cyclopentanecarboxylic acid (5). 
Each product was uncontaminated by the other, thus 
indicating the intermediacy of a common precursor. 
Moreover, this precursor cannot be an organothallium 
derivative, as thallium(I) nitrate had been recovered in 
almost quantitative yield. It would therefore appear 
from the above results that both Littler and Wiberg 
and Koch may have been correct with respect to the 
products they isolated. There is little doubt, however, 
that the mechanism postulated by Wiberg for forma
tion of the cyclopentanecarboxylic acid is incorrect, as 
it involved the intermediacy of an organothallium de
rivative.

We suggest that the mechanisms of these transfor
mations are best represented as shown in Scheme I, and

S c h e m e  I

that the common precursor to 4 and to 5 is the epoxy 
enol 3. Oxythallation of enols (cf. 1 -*■ 2) is a known 
process,8 while Kruse and Bednarski have recently 
shown that epoxides may be prepared by oxidation of 
olefins with thallium(III) acetate.9 Not unexpectedly, 
all attempts to isolate 3 from the reaction mixture were 
unsuccessful. One noteworthy feature of the mech
anism shown in Scheme I is that water is involved as 
nucleophile in the oxythallation step; this must be the

(8) A. McKillop, B. P. Swann, and E. C. Taylor, J . A m e r . C h em . S oc ., 
93, 4919 (1971).

(9) W. Kruse and T. M. Bednarski, J .  O rg . C h em ., 36, 1154 (1971).
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water of crystallization of TTN .10 The mechanisms 
outlined in Scheme I are also consistent with the ob
servations that neither 2-acetoxycyclohexanone (6),11
1-acetoxycyclohexene oxide (7),12 nor 2-oxocyclohexyl 
nitrate (8)13 is the immediate precursor to 4 and 5. 
Plausible mechanisms can be postulated both for for
mation of these intermediates (Schemes II and III)

S c h e m e  I I

7

S c h e m e  III

ONO,

8

and for their subsequent conversion into 4 and 5. 
Each of these compounds was therefore prepared inde
pendently and subjected to the isolation procedures 
used in the oxidation reaction. Both 2-acetoxy cyclo
hexanone and 2-oxocyclohexyl nitrate were recovered 
virtually unchanged from both aqueous sodium bicar
bonate solution and hot acetic acid.14 Treatment of 
1-acetoxycyclohexene oxide with aqueous sodium bi
carbonate solution resulted in quantitative hydrolysis

(10) T T N  is a trihydrate, and participation of the water of crystalliza
tion in oxythallation has been noted previously: A. McKillop, J. D. Hunt, 
R. D. Naylor, and E . C. Taylor, J .  A m e r . C h em . S o c ., 93, 4918 (1971). It 
has been suggested by a referee that the nucleophile could alternatively be 
acetic acid rather than water. This would lead to the acetoxonium ion (i) 
which could serve as the precursor to 4 and 5.

(11) G. W. K . Cavili and D. H. Solomon, J .  C h em . S o c .,  4 4 2 6  (1 9 5 5 ).
(12) M . Mousseron and R. Jacquier, B u ll S oc . C h im . F r ., 698 (1950).
(1 3 )  J. E. F ra n z , J. F . H e r b e r ,  a n d  IF. S. Knowles, J . O rg. C h em ., 30, 

1488 (1965).
(14) 2-Oxocyclohexyl nitrate hydrolyzed to the extent of about 10% on 

treatment with aqueous sodium bicarbonate solution.

to adipoin, but all attempts to induce ring contraction 
of 7 to cyclopentanecarboxylic acid were unsuccessful.

Examination of the reactions of a wide variety of 
ketones with TTN in acetic acid revealed a remarkable 
specificity with respect to ketone structure. Thus, 
oxidation of 4-methyl- and 4-ferf-butyIcycIohexanone 
gave the corresponding adipoins in 98 and 97% yield, 
respectively. On the other hand, complex mixtures of 
products were obtained with 2- and 3-substituted cyclo
hexanones, with 5-, 7- and 12-membered cycloalka- 
nones, and with aliphatic ketones.

Experimental Section 16

Preparation of Adipoin.— T T N  (18 g , 0 .04  m ol) w as ad d ed  to  a 
solution o f 4 g (0 .04  m ol) o f  cyclohexan one in  40 m l o f  a ce tic  a c id . 
T hallium  ( I ) n itrate precipitated alm ost im m ediately . T h e  in 
organ ic salt was rem oved b y  filtration , the filtrate w as n eutralized  
w ith sodium  bicarbonate, and the solution  was a llow ed to  stan d  
overn ight. I t  was then extracted w ith  ch loro form , an d  the 
extracts were washed w ith  2 N  sulfuric acid  and w ater and  dried 
(N a 2S 0 4). E vap oration  o f the solven t gave a colorless liqu id  
w hich  slow ly  solidified on standing. C rystallization  o f  the solid  
from  ethanol gave 3.83 g (8 4 % ) o f adipoin  d im er16 as beau tifu l, 
colorless needles, m p  1 1 2 .5 -1 1 3 .5 ° (lit .ir m p 113°), iden tica l in  all 
respects w ith  a genuine sam ple prepared b y  h ydrolysis  o f 2- 
eh lorocycloh exanon e.17

4-Methyl-2-hydroxycyclohexanone dimer was obta in ed  in  9 8 %  
yie ld  in  exactly  the sam e w ay from  4 -m eth yleyclohexan one as 
colorless needles from  ethanol, m p  163°.

Anal. C a lcd  fo r  C u B ^ O .: C , 65 .60 ; H , 9 .44 . F ou n d : C , 
65 .46 ; H , 9 .54.

4-ierf-Butyl-2-hydroxycyclohexanone dimer w as prepared sim 
ilarly  in 97% yield trom 4-tert-butyleyolohexanone as colorless 
needles from  ethanol, m p 116 -118°.

Anal. C a lcd  fo r  C2oH360 4: C , 70.55 ; H , 1C.66. F ou n d : 
C , 70.33 ; H , 10.45.

Ring Contraction of Cyclohexanone to Cyclopentanecarboxylic 
Acid.— O xidation  o f cyclohexanone was con d u cted  as described 
a b ov e , and the filtrate obta in ed  after rem oval o f  the th a lliu m (I) 
n itrate w as heated gently  under reflux fo r  30 m in . M o s t  o f the 
acetic  acid  was then rem oved  b y  distillation  under reduced pres
sure, and the residue was neutralized w ith  a solution  o f sodium  
b icarbonate . T h e  resulting solution  w as w ashed w ith  ether, 
reacidified w ith  concentrated h ydroch loric acid , and extracted  
w ith  ch loroform  and the extracts were dried (N a 2S 0 4). R e 
m ov a l o f  the solven t le ft a pale yellow  liqu id  w hich  on  distillation  
gave 3.84 g (8 4 % )  o f pure cyclopen tan ecarbox ylic a cid , b p  BB
SS“ (5 mm) [ l it .18 b p  102° (14 mm)]. Id en tity  o : the acid  was 
confirm ed b y  conversion  to  the m eth y l ester and subsequent 
com parison  o f  ir, nm r, and g lp c data  w ith  those o f  a genuine 
sam ple.

Registry No.—TTN, 13746-98-0; 4-methyl-2-hy- 
droxycyclohexanone dimer, 35326-28-4; 4-ferf-butyl-2- 
hydroxycyclohexanone dimer, 35326-29-5.

(15) Melting points were determined using a Kofler hot-stage microscope 
melting point apparatus and are uncorrected. Where appropriate, identity 
of compounds was confirmed by comparison of ir spectra, determined on a 
Perkin-Elmer Model 257 grating infrared spectrophotometer using the 
normal Nujol mull or liquid film techniques.

(16) Dimerization of acyloins to 1,4-dioxanes is a general phenomenon: 
R. Jacquier, B u ll. S o c . C h im . F r . , 83 (1950). The acyloins may be regen
erated f r o m  th e  d im er s  b y  t r e a tm e n t  w ith  d i lu te  a cid .

(17) P. D. Bartlett and G. F. Woods, J .  A m e r .  C h em . S o c ., 62, 2933 
(1940).

(18) H. Rupe and W. Lotz, J u s tu s  L ieb ig s  A n n .  C h em ., 327, 184 (1903).
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A Novel /3-Alkylation of Pyridine and 
Quinoline 1-Oxides1

two Ph groups), and mass spectrum [m/e 349 (M+), 
105 (PhC =0+)].

Summary: Pyridine and quinoline 1-oxide react with 
phenylpropiolonitrile to give a rearranged 3-alkylated 
derivative as the main product (whose structure has 
been confirmed spectroscopically, by degradation, syn
thesis, and, in the case of the pyridine derivative, by 
single-crystal X-ray analysis) together with minor 
amounts of the expected 2-alkylation product.

Sir: As ra possible extension of the intramolecular 
nucleophilic substitutions leading to the direct acyl- 
amination of heteroaromatic W-oxides2 we have studied 
the reaction of pyridine 1 -oxide with phenylpropiolo
nitrile in boiling ethylene chloride.

The expected product ( 1) of intramolecular sub
stitution at the a position was obtained in very low 
yield [mp 156-157°; v (KBr) 2190 (C sN ), 1630 cm ' 1 
(C = 0 ) ; identical with an authentic sample prepared 
from pyridine 1 -oxide, benzoylacetonitrile, and acetic 
anhydride]. The main product, isomeric with 1 and 
obtained in up to 56% yield, was a yellow solid, mp 
238-239°. It exhibited bands at 2600-2340 (> N H +), 
2190 (C sN ), and 2120 cm - 1  (w, br) and only a very 
weak broad band at 1640 c m '1. Its nmr spectrum m 
CF3CO2H indicated the presence of two pyridine a 
protons [8 9.44 (d, J 2,4 =  1 Hz, H2), 8.59 (d, / 5,6 = 
3 Hz, H6)], a pyridine 0 proton [8 8.07 (d d, / 4,5 = 
4, Js,6 =  3 Hz, H6], and a 7  proton [5 8.92 (d t, H4) ] in 
addition to the phenyl protons and one proton which 
underwent H -D  exchange. These data are consistent 
with structure 2 for this product, which was confirmed 
by its hydrolysis with dilute HC1 to 3-pyridylacetic 
acid and benzoic acid, and by its synthesis from 3- 
pyridylacetonitrile and ethyl benzoate with NaOEt/ 
EtOH.

In view of the structure (7) of the adduct from iso
quinoline 2-oxide and ethyl phenylpropiolate3 (vide 
infra), the structure of 2 was also established by_single- 
crystal X-ray analysis (Ci4HioN20 ) : triclinic, P i ; a =
7.027 (6), b = 7.919 (6), c = 9.685 (7) A; a = 90.75
(4), 0 = 95.28 (5), 7  = 96.65 (5); pcalcd = 1.38 g 
cm-3 for Z =  2. Least-squares refinement gave Ri (F) 
= 4.4% and P 2 (F) =  4.1% for 586 independent ob
served diffractometry data. The archistructurc of 2 is 
depicted in Figure 1.

A third product, obtained in 6-17% yield, has been 
tentatively assigned structure 3 on the basis of its 
analysis, ir, and nmr spectrum (3-substituted pyridine,

(1) Detailed experimental procedures and X-ray crystallographic data 
will appear following these pages in the microfilm edition of this volume of the 
journal. Single copies may be obtained from the Business Operations Office, 
Books and Journals Division, American Chemical Society, 1155 Sixteenth 
St., N.W., Washington, D. C. 20036, by referring to code number JOC-37- 
3383. Remit check or money order for $3.00 for photocopy or $2.00 for 
microfiche.

(2) R. A. Abramovitch and G. M, Singer, J . A m e r .  C h em . S o c ., 91, 5672 
(1969); R. A. Abramoviteh and R. B. Rogers, T etra h ed ro n  L e t t . , 1951 (1971).

(3) R. Huisgen, H. Seidl, and J. Wulff, C h em . B e r . , 102, 915 (1969).

Compounds 4 and 5 corresponding to 1 and 2  were 
obtained in 10 and 18% yields, respectively, from 
quinoline 1-oxide and phenylpropiolonitrile. Authen
tic 4 was synthesized from quinoline 1-oxide, benzoyl
acetonitrile, and acetic anhydride.4 5 had the expected 
nmr and mass spectra. From the complex residual 
reaction mixture a red solid (6.5%), mp 223-224°, 
was isolated by tic and has been tentatively assigned 
structure 6 on the basis of its analysis and spectral 
properties: v (KBr) 2170 cm“ 1 (C s N ) (no > N H +); 
nmr (CDC1.) 5 9.16 (1 H, d d, J 7,8 =  3, J6,s =  0.5 Hz, 
Hg), 8.68 (2 H, t, J 2,3 =  4 =  4.5 Hz, H2, H4), 8.18-
7.86 (4 H, m), 7.83 (2 H, t +  q, J 2,3 =  4.5, J7l8 = 
3 Hz, H3 and H7), 7.45 (3 H, t, J =  1.5 Hz), no ex
change with D 20 ; mass spectrum m/e 272 (68) (M +), 
271 (86) (M+ -  1), 105 (79) (PhC sO +), 77 (100) 
(Ph+).

Huisgen, Seidl, and Wulff3 reported the formation of 
the ylide 7 from isoquinoline 2-oxide and ethyl phenyl
propiolate but no product of C-alkylation was found 
nor was a mechanism proposed for the formation of 7. 
Our results and Huisgen’s can be explained if the first 
step in the reaction is assumed to be the addition of 
the 7V-oxide to the triple bond to give 8. This can 
either undergo intramolecular cyclization and ring 
opening to give 1 and 4 (alternatively these could arise 
by 1 ,3-dipolar addition) or heterolysis to give the pyri
dine and the highly electrophilic benzoylcyano- (or

(4) M . Hamana and M . Yamazaki, C h em . P h a r m . B u ll . { T o k y o ) ,  11, 415 
(1963).
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carbethoxy-) carbene (9) which, on recombination, 
would give 6 or 7. Two routes can then be envisioned 
to 2 and 5: (i) cyclization of the ylide followed by a
1,5-sigmatropic shift,2 or (ii) addition of the carbene 
to C2-C 3 of the pyridine ring followed by ring opening, 
in an analogous fashion to the formation of 3-benzene- 
sulfonylaminopyridines from benzenesulfonylnitrene.5 
The mechanism of the reaction is now under investiga
tion. A similar pathway may be followed in the forma-

(5) R. A. Abramovitch and T, Takaya, J . O rg . C h em ., 37, 2022 (1972).

Communications

Figure 1.— M olecu lar structure o f 2 w ith  the therm al m otions o f 
the atom s represented b y  their 5 0 %  p roba b ility  ellipsoids. R ele
van t bon d  distances fo llow : C 6 -C 8 , 1.424 (6 ) ; C6-C5, 1,450 
(6 ) ; C 6 -C 7 , 1.426 o(6 ); C 8 -C 9 , 1.485 (7 ); C 8 -0 1 ,  1.265 (5 ); 
C 7 -N 2 , 1.161 (6 ) A . T h e  closest in term olecular ap p roach  is 
2.609 (5 ) A  betw een N l  (H ) and 0 1 '.  C2, C6, C7, C8, C9, and 
O l are coplanar to  within 0.03 A ; the plane thus con stitu ted  
m akes a d ihedral angle o f 81° w ith  the plane o f th e ph eny l group  
(C9, CIO, C l l ,  C12, C13, C 14).

tion of the products of the reaction of 1-alkoxycarbonyl- 
iminopyridinium ylides with dimethyl acetylenedi- 
carboxylate.6

Acknowledgments.—This work was carried out with 
the support of an NIH grant (GM 16626) for w'hich 
we are grateful.

(6) T. Sasaki, K.. Kanematsu, and A. Kakehi, J .  O rg . C h em ., 36, 2979 
(1971).
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Do these reactions look exciting? Well, they are only a small number of the many unique possi
bilities that are now “ within your grasp”  in the form of Aldrich 9-BBN and BH3»THF.

P le a s e  write for a data sheet.

For a recent review containing pertinent literature references for these and other 
reactions of organoboranes see: H. C. Brown, “ The Versatile Organoboranes,”
Chemistry in Britain, 7, 458 (1971).

*  D e v e lo p e d  by Professor H. C. Brown and produced by Aldrich  - Bor an es, Inc.,
a division of the Aldrich Chemical Co.

1 5 ,1 0 7 -6  9-BBN  (9 -B o r a b ic y d o  [3 .3 .1 ]  n on an e) ................  9 0 0 g . (ca. l  l.) —  $ 3 3 .7 5
(0.5M solution in tetrahydrofuran)

1 7 ,6 1 9 -2  B oran e-tetrah ydrofu ran  c o m p l e x ............... ............  9 0 0 g . (ca. 11.) —  $ 3 7 .5 0
(1M solution in tetrahydrofuran)

W rite  fo r  n e w  A ld r ic h  H A N D B O O K  O F O R G A N IC  C H E M IC A LS  
l is t in g  o ve r 1 8 ,0 0 0  c h e m ic a ls

Aldrich Chemical Company, Inc.
C R A F T S M E N  I N C H E M I S T R Y  

940 WEST SAINT PAUL AVENUE • MILWAUKEE, WISCONSIN 53233

In Great Britain: RALPH N. EMANUEL Ltd.
264 Water Rd., Wembley, Middx., HAO 1PY, England 

In Continental Europe: ALDRICH-EUROPE, B-2340 Beerse, Belgium 
In West Germany: EGA-CHEMIE KG, 7924 Steinheim am Albuch

«  F -I it


	THE JOURNAL OF ORGANIC CHEMISTRY 1972 VOL.37 NO.21 OCTOBER
	CONTENTS
	Quinazolines and 1,4-Benzodiazepines. LIV.1 The Base-Catalyzed Rearrangement of 2-Dimethylamino-5-phenyl-7-chloro-3H-1,4-benzodiazepine 4-Oxide
	Reactions of Epimeric 2,2'-Diacetyl-1,1',2,2'-tetrahydro-1,1'-biisoquinolmes
	Synthesis and Reactions of 2-Alkylthio-s-triazolo[1,5-b]isoquinolin-5(10H)-ones
	Reactions of Vinyl Azides with α-Keto Phosphorus Ylides. Synthesis of N-Vinyltriazoles
	Photochemistry in the Tetrazole-Azidoazomethine System.A Facile Synthesis of 9H-Pyrimid o[4,5-b]indoles
	Alkali-Induced Reactions of N-Nitrosooxazolidones and N-Nitrosoacetylamino Alcohols Containing Cyclopropyl Groups1
	A Direct Synthesis of Benzo[b]thiophene-2-carboxylate Esters Involving Nitro Displacement
	The 1,2-Dithiolium Cation. XI.la Polycyclic Dithiole and “No-Bond Resonance” Compounds1b
	Kinetics of the Chromic Acid Oxidation of Deoxybenzoin1
	Oxymercuration-Demercuration of 6-Methylenebicyclo[3.1. 1]heptane and 5-Methylenebicyclo[2.1.1]hexane1
	Bridged Polycyclic Compounds. LXXIII. Nitrous Acid Deaminations of SomeIsomeric Aminodibenzobicyclooctadienes1
	Synthesis of 1,2-Dialkylcyclopropenes, Methyl Malvalate, and Methyl Sterculatela
	Grignard Reagents from Bromobenzo[h]quinolines.13-Substituted Derivatives of 20-Chloronaphtho[2',1': 12,13](2,4)pyridinophane1,2
	Medium-Sized Cyelophanes. XIII.A Highly Selective Cycloisomerization Reaction of [2.2]Metacyclophanes to 1,2,3,3a,4,5-Hexahydropyrenes Induced by Iodine1
	Acidic Aromatic Hydrocarbons. Analogs of Fluoradene
	β-Carbonylamides in Peptide Chemistry. β-Aminoenones and β-Aminoenediones from Y-Acetoacetyl Derivatives of Secondary Amino Acids
	Photolysis of Dibenzylamine. Formation of Benzylamino and Dibenzylamino Radicals
	Cage Effects and the Viscosity Dependence of the Photolysis of Dibenzylamine and Tribenzylamine
	Photochemistry of Dihydromayurone.Novel Solvent Participation in a Photoisomerization1
	Sterically Controlled Syntheses of Optically Active Organic Compounds. XV. Syntheses of Optically Active Aspartic Acid through β-Lactam1
	The Synthesis of O2,2'-Anhydro-5,6-dihydro Nucleosides
	Favorskii Rearrangement and Grob Fragmentation of Carvone Tribromides
	The Preparation of Deuterated Organic Compounds from Activated Organic Halides by Reduction with Zinc-Deuterium Oxide1
	A Case of Slow Nitrogen Inversion due to Intramolecular Hydrogen Bonding.Study of Slow Nitrogen Inversion in Diethyl 2-Aziridinylphosphonate from the Paramagnetic Induced Shifts in the Proton Magnetic Resonance Spectra Using Tris(dipivalomethanato)europium(III), and Solvent Shifts
	Anisyl Neighboring-Group Participation in Carbonium Ion Formation in Antimony Pentafluoride and Sulfur Dioxide
	Alkylation of Benzene with Straight-Chain Olefins. IV.Effect of the Counterion on the Isomerization of Secondary Carbonium Ions
	Radical Reactions of Tetrafluorohydrazine. Preparation of Bis(difluoramino)alkanols and Nitrates1
	Fluoride Ion Catalyzed Formation of Perfluoro Esters
	Electrophilic Substitution in Acenaphthene and Related Compounds.III.1 Acetylation of Some Monosubstituted Acenaphthenes
	Cyclohexadienyl Cations. IV. Methoxy Substituent Effects in the Dienone-Phenol Rearrangement
	Structural Effects on the Acid-Base Properties of Some Closely Related Phosphinic Acids and Phosphine Oxides1
	Notes
	Communications

