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CF3SO3H "TFMS Acid" F.W. 150.02
Form: Colorless liquid (fumes in moist air).
Odor: Strong, pungent.

Boiling point: 162°C/760mm; 84°C/43nm; 54°C/8mm.
Density (grams/cc): 1.696 (24.5°C). nd 1.3250.
Dissociation constant (in acetic acid), K = 1.26 x 10'5.

Trifluoromethane sulfonic acid is a stable, colorless
liquid with a strong and pungent odor. It fumes copiously
in moist air. It is non-oxidizing and conductivity measure-
ments in acetic acid have shown it to be the strongest pro-
ton acid known.l Acid strength, relative to nitric acid is
shown as follows: CF3S03H,427; HCI04,397; HBr, 164;
H2S04,30; CH3SO03H, 17; HCI,9; CF3CO02H, 1, HNO3, 1

Distillations of the acid with an equimolar amount of
water produces a stable crystalline monohydrate with a
melting point of 34°Cand a boiling point of 96°C at 1mm24

The acid is very soluble in acetonitrile4 and liquids
containing oxygen such as water, alcohols, ethers, ketones
and DMF. (Use extreme caution! Highly exothermic re-
action, may be violent; heat of solution is high!) Oxonium
compounds are the first products ard further reaction often
occurs, particularly upon heating. With ethyl ether the acid
gives a colorless liquid complex; upon heating, the complex
gives the ethyl ester and ethylene:

CF3SO3H + (C2H5)0 -» [(C2H5)20H+CF3S03] heat®

CF3S03C2H5 (b.p. 115°C) + (C2H5)0 + C2H4 +
CF3SO3H + CF3SO3H mh2o0.

Reaction with ethanol produces the expected ethyl
ester, but dehydration and ether formation also occur:
CF3SO3H + C2H50H ~C F3S03C2Hs + H20.

Reaction with ethylene at room temperature produces
the ethyl ester and a low polymer of ethy'ene:2
CF3S03H + C2H4 "C F3S03C2H5 + (C2H4)n.

Metallic salts are readily prepared ~rom the acid and
corresponding hydroxide or carbonate. The acid is readily

"PIERCE PREVIEWS" IS OUR LIVELY NEWSLETTER THAT
* KEEPS YOU ABREAST OF IMPORTANT NEW DEVELOPMENTS.
LET US KNOW IF YOU'D LIKE TO RECEIVE IT REGULARLY.

Trifluoromethane Sulphonic Acid
Strongest Monobasic Acid Known

characterized by its organic salts; e.g., anilinium, triethyl-
ammonium and s-benzylthiuronium.

Esters have been prepared from the silver salt and an
alkyl iodide, from the acid anhydride and an alcohol and by
other methods. A number of esters are stable in the absence
of moisture and impurities. The esters are excellent alkylat-
ing agents since the powerful electron-attracting CF3S03
group facilitates alkyl-oxygen scission. O-alkylation of alco-
hols and ethers, aromatic alkylation and N-alkylation of
amines takes place readily.2,5

A number of the simple alkyl esters have been shown
to be very reactive alkylation agents. CF3SO3CFI3, for in-
stance, is more than 104 times as reactive as methyl toluene-
sulfonate in acetolysis.6'7 Thus, these esters are useful in
alkylation of weak or hindered nucleophiles.

The use of the CF3S03 group as agood leaving group
enhances the reactivity of many unreactive systems. For
example, the 1,l-dihydroperfluoro alcohols form trifluoro-
methanesulfonate esters which are quite reactive toward
nucleophiles and are useful for introduction of the RfCH2

group.

Other interesting and useful properties of CF3S03H
have been described in our technical bulletin "TFMS Acid";
it will be sent on request.

Trifluoromethane sulfonic acid is available as follows:

TRIFLUOROMETHANE SULFONIC ACID
"TFMS Acid" $10/10 gm ampule
$60/10 x 10 gm ampules
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ORGANIC REACTIONS
Volume 18

Edited by WILLIAM G. DAUBEN,
University of California, Berkeley
“The appearance of a new volume in this series is always a
matter of interest. The present volume fully justifies one’s ex-
pectations and is particularly welcome...
“As in earlier volumes the accent is on synthesis and many
preparations are given in full. Extensive lists of references
help make this a most useful volume. It has been produced in
conformity with the high standards set by its predecessors.”
—from a review of Volume 17 in Laboratory Practice
Volume 18, the latest volume in this series, continues the high
standards and usefulness of previous volumes. It deals with the
preparation of ketones from the reaction of organolithium
reagents with carboxylic acids; aromatic systems; reactions of
diazoacetic esters with alkenes, alkynes, heterocyclic and aro-
matic compounds; and quaternary ammonium salts.

1970 496 pages $19.95

THE PYRIMIDINES
Supplement |

By D. J. BROWN, The Australian National University, Canberra.
With a chapter by R F. Evans, The University of Queensland,
Brisbane; and an essay by T. J. Batterham, The Australian
National University, Canberra

Volume 16 in the series, The Chemistry of Heterocyclic Com-
pounds, edited by Arnold Weissberger and Edward C. Taylor
This book is designed to be used in conjunction with, and to
up-date, the earlier volume, The Pyrimidines (1962). Each chap-
ter, section, and table heading is followed by a reference to the
corresponding part of the original work, facilitating its use by
workers in the field. 1970 912 pages $45.00

New volumes in the series, The Chemistry of Func-
tional Groups, edited by Saul Patai—

THE CHEMISTRY OF AMIDES

Edited by JACOB ZABICKY,

The Weizmann Institute of Science, Rehovoth, Israel

Covering most aspects of amide chemistry, this book concen-
trates on the amide function based on the trivalent group. It
includes treatment of amides, lactums, imides, diacylamines,
triacylamines and hydrazides, and the thiono analogs of these
compounds. 1970 944 pages $38.50

THE CHEMISTRY OF ALKENES
Volume 2

Edited by JACOB ZABICKY

Volume 1 of The Chemistry of Alkenes, edited by Saul Patai,
was published in 1964. This volume continues comprehensive
coverage of the chemistry of alkenes and provides up-to-date
data that was not available for the earlier volume. The articles
include comparative critical discussions of various areas of
research in this field, and the contributors have stressed the
theoretical, physical, and mechanistical aspects in their articles.

1970 638 pages $31.00

THE CHEMISTRY OF THE CARBONYL GROUP
Volume 2
Edited by JACOB ZABICKY

With the material included in this volume, the scope of this set
has been widened to cover work of interest to a larger group of
workers. Volume 2 includes new material not available on
carbonyl group chemistry when Volume 1, edited by Saul Patai,
was published in 1966. 1970 444 pages $23.50

I|Ib New booKS
rganlc wemistry

THE ORGANIC CHEMISTRY OF TIN
By WILHELM P. NEUMANN, University of Dortmund.
Translated by Wolf Moser, University of Aberdeen
A volume in The Chemistry of Organometallic Compounds, A
Series of Monographs, edited by Dietmar Seyferth
A revised English edition of the original German work of 1967,
this book presents a summary and critical review of recent
knowledge on the organic chemistry of tin. The author covers
all areas of the field, including structural and stereochemistry,
applied, preparative, mechanistic, and theoretical aspects.

1970 300 pages $15.50

ORGANOMETALLIC REACTIONS
Volumes 1 and 2

Edited by ERNEST I. BECKER, University of Massachusetts;
and MINORU TSUTSUI, Texas A&M University

This new series offers detai ed reviews covering the reactions
of organometallic chemistry. Each review is written by a recog-
nized expert, and includes a definition of its scope, an examina-
tion of reaction mechanisms, examples of the varied reactions
of the organometallics, and a discussion of the specific synthe-
sis used. With these comprehensive articles, this series pro-
vides the first single source for Information on organometallic
reaction mechanisms, references to analogous reactions, and
the experimental details of the typical reactions.

Vol. 1: 1970 384 pages $17.95

Vol. 2:1970 448 pages $22.00

ORGANOMETALLIC COMPOUNDS OF

ARSENIC, ANTIMONY, AND BISMUTH
By GEORGE O. DOAK and LEON D. FREEDMAN,
both of North Carolina State University
A volume in The Chemistry of Organometallic Compounds, A
Series of Monographs, edited by Dietmar Seyferth
In a critical evaluation of work in this field, the authors focus on
methods that have been used for the preparation of organic
compounds of arsenic, antimony, and bismuth. The emphasis
throughout the book is on those methods that are for the most
general application, and those that are most recent.

1970 512 pages $25.00 (tent.)

THE HETEROCYCLIC DERIVATIVES OF
PHOSPHORUS, ARSENIC, ANTIMONY,
AND BISMUTH

Volume 1, Second Edition

By FREDERICK MANN, Cambridge University, England

A volume in the series, The Chemistry of Heterocyclic Com-
pounds, edited by Arnold Weissberger and Edward C. Taylor

With comprehensive coverage of recent work on the hetero-
cyclic derivatives of phosphorus, arsenic, antimony, and bis-
muth, this book will be of value to those in organic chemistry,
as well as to workers in related fields. This second edition
reflects the great progress that has been made in the field and
provides up-to-date data on its various facets.

1970 740 pages In press

A HANDBOOK OF ALKALOIDS AND

ALKALOID-CONTAINING PLANTS
By ROBERT F. RAFFAUF, Northeastern University

This important new volume presents a comprehensive refer-
ence to the botanical origins chemical and physical properties,
structures, and a bibliography of the known alkaloids. A special
feature of the book is its presentation of the data in a set of
internally cross-indexed tables, prepared by computer print-out
in tabular form. The tables provide botanical source (family,
genus), names and synonyms, molecular formulas, molecular
weights, structures, and other physical data for the compounds.

1970 1275 pages $50.00
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Chemistry references completely up-to-date-

SURVEY OF ORGANIC

SYNTHESES

By CALVIN A. BUEHLER,
University of Tennessee; and
DONALD E. PEARSON,
Vanderbilt University

With extensive, up-to-date coverage,

this book systematically describes

the principal methods of synthesiz-

ing the main types of organic com-

pounds. The authors corsider the

limitations of the reactons, the pre-

ferred reagents, the newer solvents,

and experimental conditions of or-

ganic reactions in general. Each re-

action is covered in the following way: ageneral equation

illustrates the reaction; a discussion emphasizes its par-

ticular value and limitations; a limited amount of theory

on the reaction, its limitations, and by-products is in-
cluded; and examples are supplied.

1970 1,184 pages $27.50

ORGANIC SYNTHESES

An Annual Publication of Satisfactory

Methods for the Preparation

of Organic Chemicals

Volume 50

Edited by RONALD BRESLOW, Columbia University

The purpose of this volume, as in previous volumes, is to

help keep workers in the field informed on recent ad-

vances, newly-developed techniques, and new prepara-

tions. The emphasis is on those preparations exemplify-

ing new and general types of compounds, involving novel

reagents and reactions. Each preparation is covered in

four steps: procedure, notes, methods of preparation,

and the reason the method was included as important.
1970 136 pages $7.95

THE CHEMISTRY OF THE CYANO GROUP
Edited by ZVI RAPPOPORT, The Hebrew University,
Jerusalem, Israel

A volume in the series, The Chemistry of Functional
Groups, edited by Saul Patai

This volume provides up-to-date coverage of the chem-
istry of the cyano group in organic chemistry. The arti-
cles, all by outstanding workers in the field, deal with the
various methods of the cyano group formation and its

reactions. 1970 1,060 pages $39 00 (tent.)
ORGANIC SOLVENTS
Third Edition

By JOHN A. RIDDICK,
formerly of the Commercial Solvents Corporation; and
WILLIAM B. BUNGER, Indiana State University

Volume 2 in the series, Techniques in Organic Chemis-
try, edited by A. Weissberger

The newest edition of this book covers the phys cal prop-
erties and methods of purification of more than 350 sol-
vents. Up-dated and revised to cover recent data, it
includes the criteria of purity, methods of preparation
and purification, purity and toxicology of classes of
compounds and of specific solvents.

1970 1,072 pages $24.95

PROGRESS IN PHYSICAL
ORGANIC CHEMISTRY

Volumes 7 and 8

Edited by ANDREW STREITWIESER, JR,,
University of California, Berkeley; and

ROBERT W. TAFT, University of California, Irvine

“The authors have been encouraged to review topics in
a manner not only more speculative in character but also
more detailed than presentations generally found in text-
books. In keeping with the quantitative aspect of organic
chemistry, authors have also been encouraged in the
citation of numerical data.”

—from a review of Volume 7 in Analytical Chemistry

These are the most recent volumes in this series of criti-
cal and authoritative reviews. The articles in the books
explore current advances in physical organic chemistry,
through quantitative and mathematical methods.
Vol. 7:1970 358 pages $19.95
Vol. 8: 1970 352 pages $22.50

TOPICS IN STEREOCHEMISTRY
Volume 5

Edited by ERNEST L. ELIEL, University of Notre Dame;
and NORMAN L. ALLINGER, University of Georgia

“These volumes are written by specialists for specialists
and most of the chapters review recent developments
not adequately collected elsewhere. It is extremely diffi-
cult for even the specialist stereochemists to keep
abreast of such a diversifying field and this series will
be valuable on that account.”
—from a review of the series in the
Proceedings of the Royal Australian Chemical Institute

The six articles in this most recent volume provide in-
depth coverage of various areas in stereochemistry. In
this volume a new area is initiated, where researchers
elaborate on areas covered in earlier volumes.

1970 360 pages $18.50

VINYL AND DIENE MONOMERS
Parts 2 and 3
Edited by EDWARD C. LEONARD, Kraftco Corporation

Volume 24 in the High Polymer Series, edited by H. Mark,
C. S. Marvel, H. W. Melville, and P. J. Flory

“The aim of the work is to provide a reasonably up-to-
date and complete treatise on the commercially impor-
tant monomers. This volume [Part 1] emphasizes the
commercial manufacture, laboratory synthesis, analysis,
purification, and physical and chemical properties of
vinyl monomers.” —from areview of Part 1from

Engineering Societies Library

Part 2 of this three-part work continues the quality and
in-depth treatment of Part 1, and covers styrene, eth-
ylene, isobutylene, butadiene, isoprene, and chloro-
prene. In Part 3, the fluorocarbon monomers and certain
miscellaneous monomers are treated.

Pt. 2:1971 704 pages $37.50

Pt. 3:1971 432 pages $24.95 (tent.)
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These reports on recent work will bring your Organic

MICROWAVE
MOLECULAR SPECTRA

By WALTER GORDY and
ROBERT L. COOK,
both of Duke University

Part Il of Chemical Applications of
Spectroscopy, Second Edition, ed-
ited by W. West. Volume 9 in the
series, Technique of Organic Chem-
istry, edited by Arnold Weissberger

In this book, the authors provide an

up-to-date basis for the understand-

ing of microwave spectra in the gas

phase. The volume serves the dual

purpose of providing a convenient

source and reference book for much of the valuable in-

formation gained about molecules through microwave

spectroscopy, and also provides a basic textbook ex-

plaining essential theory for interpretation of the spectra
and derivation of information from spectra.

1970 747 pages $32.50

THE ANALYTICAL CHEMISTRY OF
NITROGEN AND ITS COMPOUNDS
In Two Parts

Edited by CARL A. STREULI, Lederle Laboratories;
and PHILIP R.AVERELL

Volume 28 in Chemical Analysis, A Series of Monographs
on Analytical Chemistry and Its Applications, edited by
P. J. Elving and I. M. Kolthoff

This two-part set is a comprehensive and systematic
study of the analytical chemistry of inorganic, organic,
and polymeric nitrogen compounds exclusive of alka-
loids. The set provides both information and detailed
methods for the identification, separation, and determi-
nation of a variety of these compounds. Extensive ref-
erences to the literature are included, and also tables of
physical, chemical, polarographic, spectral, and chro-
matographic data are provided.
1970 Pt 1: 440 pages Pt 2: 352 pages
$35.00 for the set

MECHANISMS OF

MOLECULAR MIGRATIONS

Volume 3

Edited by B. S. THYAGARAJAN, University of Idaho

This is the third volume in a new series emphasizing the
mechanistic aspects of migrations observed in a variety
of functional groups. The articles in the volumes are by
well-known, active researchers reporting on their fields
of interest. Among the topics covered in Volume Three
are: aromatic nitramine, amino ketone, and aziridine re-
arrangements; and discussions of the Hofmann-Martius,
and the Stevens and Sommelet Rearrangements.

1971 448 pages $24.95

WILEY-INTERSCIENCE
adivision of JOHN WILEY & SONS, Inc.
605 Third Avenue, New York, N.Y. 10016

HIGH RESOLUTION E.S.R.
SPECTROSCOPY

Volume |

By FABIAN GERSON

Translated from the original German, this is an introduc-
tion for organic chemists to the electron spin resonance
spectroscopy of aromatic radicals. The material is con-
fined to radical-ions for which a great deal of data is now
available, due to their easy preparation by standard
methods from corresponding diamagnetic parent com-
pounds. 1970 190 pages $8.95 (tent.)

PHOTOMETRIC ORGANIC ANALYSIS
Basic Principles with Applications

By EUGENE SAWICKI,
National Air Pollution Control Administration

Volume 31 in Chemical Analysis: A Series of Monographs
on Analytical Chemistry and Its Applications, edited by
P. J. Elving and I. M. Kolthoff

This new volume furnishes practical spectrophotometric
background basic to an understanding of organic analy-
sis by photometric methods. The author places his em-
phasis on trace analysis and its applications to biochem-
istry, clinical research, pesticides, toxicological work,
and air pollution. With this scope, the book is a topical
introduction and reference of value to v/orkers in many
areas. 1970 688 pages $32.50

A GUIDEBOOK TO MECHANISM IN
ORGANIC CHEMISTRY

Third Edition

By PETER SYKES, University of Cambridge, England

The third edition of this successful book maintains the
format, organization, and quality of previous editions.
The material has been extensively revised and rewritten
to include new developments in the field, and a new
chapter on energetics, kinetics, and investigation of
mechanism has been added to further tne scope of the
book. 1970 301 pages $5.50 Paper

PRACTICAL CATALYTIC
HYDROGENATION

Techniques and Applications

By MORRIS FREIFELDER, Lecturer and Consultant

This book is designed to provide a brief ‘eview of, and to
suggest useful methods for, the hydrogenation of organic
compounds. Because o* the many catalysts available,
and the number of reactions they may be used in, the
author has supplied a number of choices for the working
chemist, pointing out disadvantages of certain catalysts
and hydrogenation procedures when they exist. Com-
pounds containing reducible systems have been classi-
fied by groups and sub-groups, with numerous examples
in all cases, to help the chemist looking for a specific
example. 1971 704 pages $24.95

In Canada: 22 Worcester Road, Rexdale, Ontario
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sections is encouraged.

Preparation of Manuscripts.— Manuscripts should be sub-
mitted in triplicate and must be typewritten, double spaced, on
substantial paper. (Abstracts and footnotes should also be
double spaced to allow room for copy editor’'s symbols and desig-
nations of type size, etc.) Clear, sharp copies made by a perma-
nent duplication process are acceptable and are preferred, for
second and third copies, to carbon copies. Authors should
consult recent issues of the journal as a guide to format for typing,
headings, etc.

Authors must assume full responsibility for all aspects of
manuscript preparation. Extensive changes of minor points, or
rewriting of the manuscript, cannot be undertaken in the edi-
torial offices. Authors who are not fully familiar with idiomatic
English should obtain help from a colleague in order to prepare
manuscripts in proper style. Papers that appear to require ex-
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tensive revision in grammar or format may be returned to authors
without review.

Footnotes include both literature citations and explanatory
notes and must, therefore, be numbered in one consecutive series.
In the text, footnotes are indicated as unparenthesized super-
scripts. The footnotes may be placed, suitably offset, following
the line of text in which they are cited, or they may be grouped in
numerical order at the end of the manuscript. All nontechnical
information (grant numbers, present address of author to whom
inquiries should be directed if this information is not obvious
from the heading, etc.) should be given in the subdivisions (a, b,
c...) of footnote 1. Addresses of coauthors should not be
included.

In literature references, journal abbreviations should be those
used by Chemical Abstracts (see Chemical Abstracts Ser-
vice Source Index). Sample periodical reference, indicating ar-
rangement and punctuation, follow: (1) A. C. Cope, R. W.
Gleason, S. Moon, and C. H. Park, J. Org. Chem., 32, 942 (1967).
Book references must contain name of author, title, publisher,
year of publication, and page. In referring to a book written
by various contributors, cite author first as (1) S. F. Mason in
“Physical Methods in Heterocyclic Chemistry,” Vol. Ill, A. R.
Katritzky, Ed., Academic Press, New York, N. Y., 1963,
p 59. References to the series volumes, Organic Syntheses (ex-
cept for Collective Volumes) and Organic Reactions, should be in
the format of journal citations, e.g., L. F. Fieser, Org. Syn., 46, 44
(1966).

Tables should be numbered consecutively with Roman numer-
als and should be included at the proper places in the manu-
script. Footnotes in tables should be given letter designations,
and cited in the table by superscript letters. The sequence of
letters should proceed by line rather than by column. If a
footnote is cited both in the text and in a table, insert a lettered
footnote in the table to refer to the numbered footnote in the text.
Each table should be provided with a descriptive heading, which,
together with the individual column headings, should make the
table, as nearly as possible, self-explanatory. In setting up
tabidations, authors are requested to keep in mind the type area
of the journal page (7 X 10 in.), and the column width (approxi-
mately 3V4in.), and to make tables conform to the limitations of
these dimensions. Arrangements that leave many columns
partially filled or that contain much blank space should be
avoided insofar as possible.

Abbreviations and linear chemical formulas should be used
liberally in headings and columns of tables; structural formulas
should not be used in column headings or in the body of tables but
may be used in the main heading.

Structural formulas should be prepared with care and with a
view to the most economical use of space. All structures should
be numbered in boldface Arabic numerals. In charts, assign
numbers consecutively from left to right, top to bottom regardless
of the order in which the compounds are discussed in the text.
Repetition of the same structure should be avoided; the number
of an earlier structure may be used alone if a compound occurs
several times in formula schemes. Abbreviations such as Me for
CH3 Et for C2Ha4, Ph (but not 4 for CeH3are acceptable.

The author should arrange structural formulas in horizontal
rows so that the display or block will fill a single column width or,
for very large groups, an entire page width. If this is not done,
it may be necessary to rearrange the display, with possible loss of
clarity, to avoid waste of space. If a satisfactory arrangement is
slightly larger than the limits for a one-column presentation, it is
preferable to stagger or overlap structures in successive rows
rather than spread out the display to a full page. In multi-ring
structures such as steroids, partial structures showing only the
pertinent points are encouraged.

Structural formulas are redrawn by the printer. In structural
formula layouts involving odd-shaped rings, bicyclic structures,
etc., it isimportant that these structures be drawn exactly as they
are to appear in the journal. They should also be consistent
throughout, since all of the structures in a given manuscript may
not be redrawn by the same person. Any special features or
important points in structural drawdngs should be clearly indi-
cated on the manuscript. Where needed, numbers such as nmr
chemical shifts may be included directly on structural formulas.

Although fairly complicated structures can be redrawn in the
standard format, unusually complex formulas, or drawings in
which perspective is crucial, may be better submitted as copy
suitable for direct photographic preparation of an engraving.
It is not necessary to provide such copy for standard structural
formula layouts. In the preparation of engraver’'s copy of com-
plex drawings, careful lettering {e.g., with a Leroy set or similar
device) is required.

Illustrations should be submitted as original inked drawings or
as high-contrast, glossy photographic copies of drawings. Xerox
or similar copies are not suitable for reproduction, but may be
used for duplicate copies. All illustrations prepared as engraver’s
copy should be numbered as “Figures.” with Arabic numerals.
Blocks of structural formulas should not be designated as “Fig-
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ures;” these can be designated “Charts” or “Schemes” as appro-
priate. Charts and schemes should be footnoted in the manner
described for tables. Each illustration must be identified
on the back with author, title, and figure number. The figure
number (Arabic) must be typed on a separate sheet, together
with the legend. More detailed information on the preparation
of structural formula charts and illustrations may be found in the
“Handbook for Authors” (see below).

Experimental Section.—Clear, unambiguous expression in
experimental descriptions is highly important. Authors are
encouraged to use the briefest style possible, consistent with
clarity, in experimental descriptions. Whole sentence structure
must be used, but the author should eliminate superfluous words
and phrases. The title of an experiment should give the full
name and formula number of the product prepared, when ap-
propriate, but this compound may be identified thereafter by
formula number. Abbreviations or chemical formulas for simple
chemicals are encouraged, as well as the use of a structural
formula number rather than a lengthy chemical name to identify
a starting material. When a derivative is prepared by a stand-
ard procedure, no details beyond melting point, analysis, and
important spectral data need be given. Repetitive descriptions
of a general procedure should be avoided. Special attention
should be called to hazardous compounds or operations.

Standard abbreviations should be used throughout the Experi-
mental Section. Please note that these are now used in ACS
journals without periods. The preferred forms for a few of the
more commonly used abbreviations are mp, bp, min, hr, y\, ml,
g, mg, cm, cps, m/», ppm, tic, vpc (or glpc), nmr, uv, and ir.
The abbreviation for liter, 1, has a period to distinguish it from
the numeral “one.”

Analyses must be reported in the usual format for all new com-
pounds; in general, the deviation of “calculated” from “found”
values should not exceed +0.3%. Molecular formulas de-
termined by accurate mass measurement (+3 X 10~3mass units)
are acceptable if combustion analyses cannot be obtained because
of sample limitations; wherever possible, mass spectral data must
be supported by criteria of purity.

Physical constants and spectral data should be presented in a
uniform way as illustrated in the following example.

(In nmr descriptions, s = singlet, d = doublet, t = triplet,
m = multiplet.)

"The ethereal extract was dried (M»SO”), con-
centrated, and distilled giving 10.23 g (65%$) of
bp 62-83° (2.9 mm);

n25D 1.4266 [lit.6 bp 80-82° (3 mm); n25D 1.4261];

d254 0.823; [a]25fi 0.0° (¢ 6, CACHI); uv max

the acetoxy ketone 12:

(95% EtOH) 275 mp (e 21); ir (CCl4) 1725 (C=0),
1740 cm 1 (ester C=0); nmr (CC14) 5 3.98 (t,
2, J = 6 Hz, CHgOAc), 2.43 (t, 2, J = 6 Hgz,
CH"CO), 2.07 (s, 3), 1.97 (s, 3), and 1.6 (m,
4); mass spectrum (70 eV) m/e (rel intensity)
158 (5), 143 (5), 115 (6),

98 (100), 85 (10)."

100 (50), 99 (I1),
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Three isomers of phenylglyoxime have been isolated by fractional recrystallization of the reaction product of

w-isonitrosoacetophenone and hydroxylamine hydrochloride in alkaline medium.
Structure is assigned to each of the isomers on the basis of the relative

properties of each isomer are described.

The physical and spectral

rates of complexing with nickelous acetate, the relative stabilities of the isomers, and spectroscopic information.
The fourth possible isomer of phenylglyoxime was not detected.

Although isolations of three isomers of many disub-
stituted glyoximes have been reported in the literature,
this is not the case with monosubstituted glyoximes.
For example, phenylglyoxime (11) has been the subject
of numerous investigations in the past, but characteriza-
tion and structure studies have been attempted on only
two of the four possible isomers.1 Since most of the
structural work on the isomers of phenylglyoxime oc-
curred before the advent of modern, sophisticated spec-
tral and analytical techniques, there is much confusion
in the literature and a reexamination of the problem ap-
peared justified.

OH
,0—H H
H
CJl,_ H GH. H
anil-11b .
syndic

Tic analysis of crude phenylglyoxime obtained by re-
action of w-isonitrosoacetophenone (1) with hydroxyla-
mine hydrochloride in alkaline medium clearly showed
the presence of three isomers. These were separated by
fractional recrystallization and each isomer was sub-

*To whom correspondence should be addressed.

1) For reviews on phenylglyoxime, see “Beilsteins Handbuch der Organ-

ischen Chemie,” 4th ed, Vol. VII, B. Prager, P. Jacobson, P. Schmidt, and
D. Stern, Ed., Springer Verlag, Berlin, 1925, pp 672-673; 2nd suppl, F.
Richter, Ed., 1948, pp 601-602.

jected to ir, nmr, uv, and mass spectral analyses. Sig-
nificant differences were observed in the various spectra
and these were useful for characterization.

Structures were assigned to the isomers through argu-
ments based on relative rates and the nature of com-
plexing of the isomers with nickelous acetate and also on
the relative stabilities of the isomers. Corroborative
evidence for the assignments was then found in the vari-
ous spectra. The isomers were shown to be anb-phe-
nyl-amp/u-glyoxime (lla), phenyl-anb'-glyoxime (lib),
and phenyl-si/n-glyoxime (lie).

Results and Discussion

The reaction between ai-isonitrosoacetophenone (I)
and hydroxylamine hydrochloride in aqueous ethanol
containing sodium acetate proceeded in greater than
90% vyield to give phenylglyoxime (I1). The broad
melting point range, satisfactory microanalysis, and tic
of the product indicated a three-isomer mixture.

Several reports describe the isolation of two of the
isomers present in similar synthesesl (see Table 1), anti-
phenyl-amp/w-glyoxime (lla) and phenyl-anb’-glyox-
ime (lib). These reports generally indicated that iso-
mer lla melted at 168° and lib at 180°, although con-
flicting melting points have been reported (Table 1).
In the present work, sharp melting points matching
those reported for the pure isomers were obtained on
mixtures.

Fractional recrystallization proved to be an expedient
means of separation (see Experimental Section), anti-
Phenyl-awipftf-glyoxime (lla), nip 178-180°, was fastest
moving on tic, appearing at 0.45 R{. Phenyl-a/ib’-gly-
oxime (lib) melted at 166-168° and appeared at 0.40
Ri on tic. There is a modification of this material
which melts at 177-180° as shown below. Phenyl-sf/n-
glvoxime (lie) was slowest moving on tic, 0.35 Rf, and
melted at 168-170°. " n \%

raw««« muoviinnflm
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Table |

Reported Melting Points of Phenylglyoxime Isomers

Isomer Recrystn
Mp, “C designation solvent
16S anti-amphi Ether*
168 “a” Acetone6
168 “a” Chloroform1
176 Uy it Acetone®
169 “a-sya”d
176 ampM Alcohol-
water*

6G. Ponzio and
dL. Kahovec and

“ A. Russanow, Chem. Ber., 24, 3497 (1891).
W. Theilaoker, Ann. Chem., 469, 128 (1929).
U. S. Patent 3,410,676 (1968).

The pure isomers are stable and can be stored at room
temperature for months with no isomerization. How-
ever, lla and lie can be transformed into a mixture of
isomers by heating them in a solvent or upon prolonged
sublimination. The significant differences in the vari-
ous spectra (Experimental Section)2combined with the
differing R{values on tic serve to unambiguously char-
acterize the isomers.

The phenyl-anfz-glyoxime structure was assigned to
isomer lib (0.40 R{) on the basis of the following exper-
iments involving complexing with nickelous acetate.
Isomer lla (0.45 Rf) formed a green complex (1 phenyl-
glyoxime:1 Ni2+) upon admixture with nickelous ace-
tate, whereas isomer lib formed a red complex (2 phe-
nylglyoxime:1 Ni2+) which is indicative of an anti-
glyoxime.34 Both reactions appeared immediate to the
eye. Isomer lie (0.35 R;) formed a dirty white pre-
cipitate only after long standing. Competition experi-
ments were performed to determine the relative order
of rate of complexing among the isomers. Two com-
ponent mixtures (1:1) of Ila and lib, lib and lie, and
Ila and lie were treated with 0.5 molar equiv of nickel-
ous acetate. The nickel complexes were removed by
filtration and the mother liquors were subjected to tic
analyses. In each experiment only one isomer was de-
tected in the mother liquor, thus showing selective re-
moval of the more rapidly reacting isomer. The rela-
tive order of rate of complexing was determined to be
lib > Ila > lie. Isomer lib was assigned the anti-gly-
oxime configuration because it gave the red precipitate
characteristic of awff-glyoximes and because it was the
most rapid to complex with the nickel salt.

Isomerization studies in water at 100° allowed the
assignment of structures to the other two isomers.
Phenyl-aftff-glyoxime (lib) did not undergo isomeriza-
tion nor was it the product of isomerization of the other
two isomers during 2 hr. Phenyl-st/n-glyoxime (lie)
was more rapidly isomerized into anti-Tphenyl-amphi-
glyoxime (lla) than conversely.

Aldoximes are more rapidly equilibrated than aro-
matic ketoximes.5 Isomer lla or lie cannot be syn-
phenyl-awip/ff-glyoxime (lid), the fourth possible isomer

(2) Ir, nmr, and mass spectra of the isomers will appear following these
pages in the microfilm edition of this volume of the journal. Single copies
may be obtained from the Reprint Department, American Chemical Society
Publications, 1155 Sixteenth Street, N.W., Washington, D. C. 20036, by
referring to author, title of article, volume, and page number. Remit S3.00
for photocopy or $2.00 for microfiche.

(3) L. L. Merritt, Jr., Anal. Chem., 25, 718 (1953).

(4) L. E. Godycki and R. E. Rundle, Acta Crystallogr., 6, 487 (1953);
R. C. Voter, C. V. Banks, V. A. Fassel, and P. W. Kehres, Anal. Chem.,,
23, 1730 (1951).

Isomer
Mp, °C designation Recrystn solvent
180 anti anti-amphi + HC1'
180 “pr Chloroform,
toluene6

180 “0” Chloroform*

177 “/3-anti” “a” + HCB

180 anti Alcohol-water*

*J. Meisenheimer and
' K. L. Hill,

Avogadro, Gazz. Chim. ItaL, 53, 25 (1923).
W. F. Kohlrausch, Monatsh. Chem., 83, 615 (1952).

of phenylglyoxime. The aldoxime in lid would be first
equilibrated leading to phenyl-troff-glyoxime (lib).
Isomer lib was not observed in the equilibration of lla
and lie. Thus only two structures are possible for iso-
mers lla and lie, awiz-phenyl-amp/ff-glyoxime and
phenyl-s?/n-glyoxime.

CH H
syn—amphi-lid

Phenyl-syn-glyoxime (lie) is the most sterically
strained of the isomers and can achieve planarity' of its
glyoxime group only under unfavorable interaction be-
tween the electronegative oxygen atoms. Its aldoxime
should be rapidly equilibrated to form anff-phenyl-
amphi-glyoxime (lla). For the same reason, anti-
phenyl-awzpAz-glyoxime (lla) has little incentive to
equilibrate to phenyl-syn-glyoxime (lie). Thus the
more rapidly equilibrating isomer, lie, must be phenyl-
syn-glyoxime and isomer lla must be azzfz-phenyl-
amphi-glyoxime.

Once the structures had been established, corrobora-
tive evidence can be found in the various spectra of the
isomers (Experimental Section).3} The mass spectrum
of phenyl-an/f-glyoxime (lib) shows practically exclu-
sive loss of hydroxyl (M + — 17); thus cis elimination of
water in the aldoxime function did not occur. The
mass spectrum of aniz-phenyl-ampl/iz-glyoxime (lla)
shows loss of hydroxyl as in lib but also significant
loss of water (M + — 18) by interaction of the two hy-
droxy] groups which can be reasonably near to each
other in the cisoid conformation. Mainly water is lost
in the mass spectrum of phenyl-syn-glyoxime (He)
either through collision of the hydroxyl groups or
through trans elimination on the aldoxime. The re-
maining ions in the mass spectra of the phenylglyoxime
isomers appear to result from complex fragmentation.
One possible route is given below (Scheme 1), but other
routes can be written.

The uv spectra of the isomers show a difference in
absorption maxima between phenyl-sy»-glyoxime (lie,
252 nm) and the other two isomers (230 and 228 nm).

(5) P. A. S. Smith in "Molecular Rearrangements, Part One,” P. de Mayo,

Ed., Interscience, New York, N. Y., 1963. pp 483—488. Compare the
relative stabilities of aldoxime isomers rs. aromatic ketoxime isomers in the
following publications: 1. Pejkovic-Tadic, M. Hranisavljevi6-Jakovljevi6,
and S. Ne§i6, J. Chromatogr., 21, 239 (1966); R. F. Rekker and J. U. Veen-
land, Reel. Trav. Chim. Pays-Bas, 78, 739 (1959).
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Planarity of the glyoxime group in lie is disallowed be-
cause this requires an unfavorable interaction between
the two electronegative oxygen atoms. Thus, it is not
surprising that the uv spectrum of isomer lie reflects
only the uv absorption of an emh'-phenylketoxime chro-
mophore or of a-benzaldoxime (phenyl and hydroxyl
groups are anti) each of which absorbs at 251 nm as
shown by Rekker and Veenland.5 The shorter wave-
length absorption of Ha and lib suggests a lack of co-
planarity between the phenyl group and the glyoxime;
aliphatic glyoximes absorb at 230 nm (e 1800).6 If the
whole molecule were planar, anh'-phenyl-amp/h-glyox-
ime (lla) would be expected to show a uv maximum
either more intense or shifted to a longer wavelength
than that of the anh'-phenylketoxime chromophore
(251 nm, e14,500). Similar arguments apply to phenyl-
anZz-glyoxime (lib) using /3-benzaldoxime as a model
(246 nm, €14,500).5 The lack of coplanarity may arise
from an interaction between the nitrogen electron pair
of the aldoxime and the phenyl group, if the molecules
adopt a transoid conformation to maximize the dis-
tance between the oxime nitrogens.67

Supporting evidence for the structural assignments
can also be found in the nmr spectra of the isomers.
Karabatsos and Taller have shown that the group anti
to the hydroxyl of an oxime is shielded with respect to
the group syn.8 Presumably the electron pair of the
nitrogen is responsible for the phenomenon as shown in
the case of acetaldoxime (111).

q ,n/ oh
| ii
HjC/C "H hX/C ™ h
i 183 752 {1.86 6.92
ppm  ppm ppm  ppm
Ilia b

(6) H. E. Ungnade, G. Fritz, and L. W. Kissinger, Tetrahedron Suppl., 19,
235 (1963).
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Examination of the phenylglyoxime isomers reveals
that only isomer lie, phenyl-syn-glyoxime, has the alde-
hydic proton anti to the hydroxyl and thus continually
under the influence of an electron pair on nitrogen. It
should be the most shielded of those in the three isomers
and does appear farthest upheld (7.4 ppm). The alde-
hydic proton of nwh'-phenyl-amp/H-glyoxime (l1la) does
not come under the influence of any nitrogen electron
pair and consequently appears farthest downfield (8.4
ppm). The aldehydic proton of phenyl-anif-glyoxime
(lib) should resonate between those of the other isomers
since it is under the influence of the more distant elec-
tron pair on the nitrogen of the a-oxime. This is the
case (7.8 ppm).

The absence of the fourth possible isomer, Syn-
phenyl-amp/u-glyoxime (lid), might be explained by
considering the unfavorable steric interaction between
the phenyl group and the two hydroxyls when the mole-
cule assumes the preferred transoid conformation. It
should be present in the equilibration of phenyl-anfo'-
glyoxime (lib). Although it is possible that it has the
same R{value as lib and that it could be present in the
equilibration study, it should be noted that all indica-
tions are that phenyl-anh'-glyoxime (lib) as described
above is one isomer. The nmr of that isomer clearly
shows both hydroxyl protons, the aldehydic proton, and
the aromatic protons. Correct integrals were obtained
for these signals. Extra peaks and incorrect integrals
would be observed if a mixture were present.

The argument can be made that formation of the red
nickel salt by the isomer appearing at 0.40 R{ is not
conclusive proof of an anh-glyoxime structure in studies
of monosubstituted glyoximes. It can be argued that
syn-phenyl-amp/;i-glyoxime (lid) could also give the
same red complex by rapid isomerization of its aldoxime
group. The possibility that the isomer at 0.40 Ri is
not phenyl-anh'-glyoxime appears remote in light of the
nmr spectrum of isomer lib. Isomer lid would be ex-
pected to have the aldehydic proton resonate at at
least as high field as the aldehydic proton on phenyl-syn-
glyoxime (lie) since it would be under the influence of
the electron pairs of both oxime nitrogens. In fact, this
proton would be expected to appear farthest upfield of
those in all the possible isomers. Further the mass
spectrum of isomer lib does not show the significant
loss of water (M + — 18) as observed for an amphi-gly-
oxime in the mass spectrum of anti-pheny\-amphi-gly-
oxime (ll1a).

When the aqueous solution of phenyl-anh'-glyoxime
(lib) from the stability study was allowed to evaporate
freely in an open container, crystals were obtained
which melted at 177-180°. Again the mass spectrum
did not show the significant loss of water (M + — 18) ex-
pected for an amphi-glyoxime but there is the possibility
that sublimation in the mass spectrometer inlet may
transform a mixture of the two isomers into one. At-
tempts to prepare a large sample of this material by
exactly similar treatment of isomer lib (mp 166°) failed
to give the higher melting substance. No change was
observed in the nmr spectrum of the residue in this ex-
periment. Correct integrals were obtained for all sig-

(7) We thank a referee for this interpretation of the uv data.

(8) G. J. Karabatsos and R. A. Taller, Tetrahedron, 24, 3347 (1968).
For additional information on the nmr spectra of oximes, see G. C. Klein-
spehn, J. A. Jung, and S. A. Studniarz, J. Org. Chem., 32, 460 (1967), and
additional references contained therein.
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nals, thus indicating the presence of only one isomer.
The difference in melting points might reflect polymor-
phism rather than the presence of the fourth possible
isomer.

Experimental Section9

Phenylglyoxime (I1).—Phenylglyoxime can be readily syn-
thesized by several methods reported in the literaturel(Table I).
The highest yields were obtained by reacting w-isonitrosoaceto-
phenone and hydroxylamine hydrochloride in aqueous ethanol
containing sodium acetate (Table 1). In a typical experiment, a
solution of 48 g of sodium acetate and 24 g of hydroxylamine
hydrochloride in 75 ml of water was added to a solution of 50 g
of w-isonitrosoacetophenone (Aldrich Chemical Co., Inc.) in 150
ml of ethanol. The mixture was refluxed for 4 hr and was then
allowed to cool. Most of the solvent was then removed under
reduced pressure and the precipitate which formed was collected
by filtration and was washed with water. The product was air-
dried on the funnel. The phenylglyoxime was obtained in 92%
yield (51 g) and melted at 150-158°. Tic using silica gel G as
adsorbent, 0 benzene-ethyl acetate (7:3) as solvent, and iodine
vapor for detection showed the presence of three components at
0.45, 0.40, and 0.35 Rt.

The microanalyses of the three-component mixture and of
various mixtures of the components were in agreement with
those expected for phenylglyoxime. The material can be readily
sublimed [50° (1.4 mm)] but with no observable change in
component ratio.

Anal. Calcd for CHOND 2 C, 58.53; H, 4.91; N, 17.07.
Found: C, 58.44; H, 4.91; N, 17.01.

anii-Phenyl-amp/w-glyoxime (Ha).1t—One gram of crude three-
component phenylglyoxime was recrystallized from acetone-
chloroform five times to give 150 mg of pure anti-phenyl-amphi-
glyoxime (Ha): mp 178-180°; uv max (95% CZHSOH) 230 nm
(« 14,800); nmr (DMSO) 57.4 (m, 5, phenyl), 8.4 [s, 1, -C-
(=N)H]> and 11.7 ppm (s, 2, hydroxyls); mass spectrum (70
eV) m/e (rel intensity), 164 (95), 147 (38), 146 (24), 117 (100).
The material was homogeneous on ticl0 appearing at 0.45 Rt.
An alcohol-water solvent system may be substituted for acetone-
chloroform in this isolation.

(9) All melting points were determined with a Mettler FP1 melting point
apparatus equipped with a Bausch and Lomb VOM 5 recorder. Infrared
spectra were recorded on a Perkin-Elmer 421 grating spectrophotometer.
A Varian A-60 spectrometer was used to obtain the nmr spectra and tetra-
methylsilane was used as the internal standard. The mass spectra were
determined on a Consolidated Electrodynamics Corporation Model 21-103C
spectrometer. The uv spectra were recorded on a Cary M14 spectro-
photometer.

(10) Several samples of commercially available precoated chromatoplates
proved unsatisfactory for this separation. Chromatoplates freshly prepared
from Merck (Darmstadt) silica gel G were used exclusively. All R{ values
quoted in this article were determined with this adsorbent and benzene-
ethyl acetate (7:3) as solvent.

(11) A note of caution must be interjected regarding the isolation of the
isomers. Often the results depended on several factors including relative
concentrations of the isomers in the mixture, concentration of phenylgly-
oxime in the recrystallization solvent, duration of heating, etc. Thus it has
occurred that recrystallization of the crude three-component mixture from
ethyl acetate has led to an enrichment of Ila rather than lie. Continuous
monitoring by ticDmust be employed throughout the separations.
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Anal. Calcd for C8HaND 2 C, 58.53; H, 4.91; N, 17.07.
Found: C, 58.33; H, 4.68; N, 17.21.

Phenyl-anii-glyoxime (lib).1k—The solvent was removed from
the mother liquor of the first recrystallization performed during
the above separation. The residue was recrystallized by adding
chloroform to an acetone solution of the substance at room tem-
perature. This process was repeated until the precipitate ap-
peared homogeneous on ticDat 0.40 Rt. The sample at this point
melted at 170-172° but failed to give a satisfactory microanalysis.
The solid was then sublimed [90° (0.2 mm)] to give analytically
pure phenyl-anii-glyoxime: mp 166-168°; 0.40 Rt on tic;10
uv max (95% CZHBSH) 228 nm (e 14,380); nmr (DMSO) 8 7.4
(s, 5, phenyl), 78 [s, 1, -C(=N—)H], 114 (s, 1, -OH), and
11.6 ppm (s, 1, OH); mass spectrum (70 ev) m/e (rel intensity)
164 (43), 147 (25), 117 (100), 103 (45). This isolation procedure
yielded only about 1% of the pure isomer based on the starting
three-component phenylglyoxime. Here also an alcohol-water
solvent system may be substituted for acetone-chloroform in the
separation.

Anal. Calcd for C8Ha@ND 22 C, 58.53; H, 4.91; N, 17.07.
Found: C, 58.81; H, 4.74; N, 17.29.

Phenyl-sj/n-glyoxime (lie).1—The crude three-component
phenylglyoxime (2 g) was recrystallized from a dilute solution of
ethyl acetate. The precipitate (180 mg, mp 170-171°) was pure
by tic analysis10 appearing at 0.35 Rt. Further recrystallization
changed the melting point to 168-170° without a change in Rt:
uv max (95% CHZH) 252 nm (¢, 12,200); nmr (DMSO) 8 7.4
[m, 6, phenyl, -C(=N —)H], and 11.4 ppm (s, 2, hydroxyls);
mass spectrum (70 eV) m/e (rel intensity) 164 (100), 146 (45),
116 (89), 103 (36).

Anal. Calcd for C8H8ND 22 C, 58.53; H, 4.91; N, 17.07.
Found: C, 58.45; H, 4.85; N, 16.82.

In hindsight, it would seem that the yields in these separations
could be increased through initial enrichment of the isomers by
selective formation of nickel complexes. Either isomer lib or
both Ila and lib can be selectively removed from a solution of
the three-component phenylglyoxime by adding portions of
nickelous acetate with monitoring by tic.

Preparation of Nickel Complexes.—The competition experi-
ments were performed by treating 0.06 mol of a mixture (1:1) of
two isomers with 0.03 mol of nickelous acetate in alcohol-water.
The mother liquors were then examined on chromatoplates.

anii-Phenyl-ampl/ii-glyoxime (1la) gave a green nickel complex,
whereas phenyl-anii-glyoxime (lib) gave a red one.

Anal. Calcd for CEHABNNIi02 (green complex): C, 43.51;
H, 2.74; N, 12.68. Found: C, 43.33; H, 3.15; N, 12.93.

Anal. Calcd for CisHhILNKX (red complex): C, 49.92;
H, 3.67; N, 14.55. Found: C, 49.68; H, 3.62; N, 14.49.

Thermal Isomerization Study.—The experiments were per-
formed by dissolving the pure phenylglyoxime isomers in water
surrounded by an oil bath kept at 100°. The transformations
were monitored by tic and the concentrations were visually
estimated. There was no evidence by tic for the isomerization
of phenyl-anii-glyoxime (lib) even after 5 hr of heating. After
20 min, isomer lie was approximately 20% converted into lla;
after 60 min, it was 50% converted. After 20 min, isomer lla
was only 5% converted into lie, and, after 60 min, it was ap-
proximately 25% converted into lie. Isomer lib was not ob-
served in the transformations of Ila and lie during 2 hr.

Registry No.—lla, 26527-40-2; lib, 17016-15-8;

lie, 26527-42-4.
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Structure
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Three isomers of phenylglyoxime have been oxidized to the same phenylfurazan oxide in separate reactions.
The 4-phenylfurazan 2-oxide structure has been assigned to the product on the basis of nmr spectroscopic argu-

ments.
equilibrium between the two is possible.

Phenylfurazan oxide is readily synthesized by oxida-
tion of phenylglyoxime by dinitrogen tetroxide.1l Two
structures can be written for the product, 3-phenyl-
furazan 2-oxide (Ha) or 4-phenylfurazan 2-oxide (lib).

An equilibrium between isomeric furazan oxides has
been demonstrated in disubstituted furazan oxides and
benzofurazan oxides.2 The equilibration presumably
involves the corresponding dinitroso intermediates.
Thus, there was the possibility that phenylfurazan oxide
existed as a mixture of Ila and lib.

Reports claim the isolation of two phenylfurazan
oxides by separate oxidation of two isomers of phenyl-
glyoxime, lbut characterization centered on small differ-
ences in melting point, 108° vs. 111°, and structures
were not firmly assigned. Three isomers of phenylgly-
oxime have now been isolated. The physical constants
of each of the pure isomers were not in agreement with
those reported for the phenylglyoxime isomers used in
previous syntheses of phenylfurazan oxide.3 It would
appear that the previous studies of phenylfurazan oxide
involved oxidation of mixtures of phenylglyoxime iso-
mers. In this work, the presence of two isomers of
phenylfurazan A-oxide was not observed even though
three isomers of phenylglyoxime were oxidized in sepa-
rate reactions.

Nmr measurements at varied temperature have been
used to demonstrate equilibration in furazan oxides.2
Nmr spectroscopy was used in the present work to show
the lack of detectable equilibrium in phenylfurazan
oxide and to determine that the compound exists as 4-
phenylfurazan 2-oxide (lib).

* To whom correspondence should be addressed.

(1) For reviews on phenylfurazan oxide, see “Beilstein's Handbuch der
Organischen Chemie,” 4th ed, Vol. XXVII, B. Prager, P. Jacobsen, and
F. Richter, Ed., Springer Verlag, Berlin, 1937, p 575; 2nd suppl, F. Richter,
Ed., 1955, pp 632-633. J. S. Michelman, Ph.D. Thesis, Harvard University,
Cambridge, Mass., 1965. K. L. Hill, U. S. Patent 3,410,676 (1968).

(2) P. Diehl, H. A. Christ, and F. B. Mallory, Helv. Chim. Acta, 45, 504
(1962); F. B. Mallory and A. Cammarata, J. Amer. Chem. Soc., 88, 61
(1960).

(3) J. V. Burakevich, A. M. Lore, and G. P. Volpp, J. Org. Chem., 35,
1 (1970).

Isomerization of 4-phenylfurazan 2-oxide into 3-phenylfurazan 2-oxide was not observed although an

A firm prediction as to the correct structure of phenyl-
furazan oxide could not be made a 'priori. 3-Phenyl-
furazan 2-oxide (lla) may be stabilized by facile charge
delocalization into the phenyl ring. Such is not the
case with 4-phenylfurazan 2-oxide (lib). However,
Ila has an unfavorable stereochemical interaction be-
tween the phenyl group and the oxide; this interaction
is missing in lib. It was not clear which factor would
predominate.

iib in
Results and Discussion

The same phenylfurazan oxide (Il1) was synthesized
from each of three phenylglyoxime isomers (la-1c) by
oxidation with dinitrogen tetroxide in ether.1 The re-
action proceeded smoothly with anti-phenyl-amphi-
glyoxime (la) and phenyl-syn-glyoxime (lc), whereas
impurities were observed when phenyl-an/t-glyoxime
(Ib) was oxidized. The isomers can yield the same
product by isomerization before reaction in the acidic
reaction medium. The impurities observed in the reac-
tion with phenyl-cwife'-glyoxime (Ib) appeared to be nitro
derivatives as detected in infrared spectral measure-
ment. Nitro compounds are known products of reac-
tion between oximes and dinitrogen tetroxide.4

The products of these oxidations were crystalline
solids, melting over two degrees in the 105-110° range.
Recrystallization from m-xylene raised the melting
points to 108-110° (usually reported) without change
in ir or nmr spectra. Phenylfurazan oxide was found
to be stable at its melting point since the resolidified
melt showed no change in its ir spectrum.6 Table I
and Figure | contain nmr and mass spectral data on 11
and I11.

The mass spectrum of phenylfurazan oxide is readily
interpretable (Table 1). It is questionable whether or

(4) P. A. S. Smith, “The Chemistry of Open-Chain Organic Nitrogen
Compounds,” Vol. Il, W. A. Benjamin, New York, N. Y., 1966, pp 57-58.

(5) For data on the ir absorption of furazan oxides, see J. H. Boyer, D. I.
McCane, W. J. McCarville, and A. T. Tweedie, J. Amer. Chem. Soc., 75,

5298 (1953); N. E. Boyer, G. M. Czerniak, H. S. Gutowsky, and H. R.
Snyder, ibid., 77, 4238 (1955).
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Table |

Spectral Data Collected on Phenylfurazan Oxide, Phenylfurazan, and Ftjrazan

Compd Nmr (CCU), S ppm
4-Phenylfurazan 713 [s, 1, -C(=N-)H]
2-oxide (llb) 7.62 (m, 5, phenyl)

Phenylfurazan0

an

842 [s, 1, -C(=N-)H]
7.83 (m, 2, phenyl)
7.48 (m, 3, phenyl)

Furazan“ (VI)
“ See ref 9.

8.19

S

Figure 1.—Nmr spectra of phenylfurazan oxide in chloroform-d
solution at various temperatures.

not the small (M — 17)+ ion indicating loss of -OH in
the fragmentation can be associated with the structure
of the parent phenylfurazan oxide although it did sug-
gest the 4-phenylfurazan 2-oxide structure in agreement
with the conclusion reached from nmr considerations.
The nmr spectrum of phenylfurazan fV-oxide (Figure
1) showed the phenyl protons as a multiplet and the lone

Mass spectrum m/e
(rel intensity), assignment
162 (15), M +
146 (6.0), M+ - O
145 (2.0), M+ - OH
132 (14), M+ - NO
103 (44), CEHECN +
102 (100), CEHSGEBCH +

Nmr (CDCh), 5, ppm
726 [s, 1, -C(=N-)H]
7.60 (m, 5, phenyl)

8.60 [s, 1, -C(=N-)H]
7.83 (m, 2, phenyl)
7.54 (m, 3, phenyl)

146 (56), M +
119 (100), CHENO +
116 (38), M+ - NO
103 (46), CJLCN +

heterocyclic ring proton as a singlet. Thus, the nmr
integration indicates that only one isomer was present.
The positions of the nmr signals of phenylfurazan oxide
(I1) and phenylfurazan (111) listed in Table | were
found to be concentration independent in both carbon
tetrachloride and chloroform-d solutions 0.2 M or less.
The difference in chemical shift between the protons on
the heterocyclic rings in phenylfurazan oxide and phe-
nylfurazan was used to determine structure.

The proton on the heterocyclic ring in phenylfurazan
oxide appears at much higher field than that in phenyl-
furazan in at least two solvents (Table 1). N-Oxide
groups shield protons located on the a-carbon atoms
relative to those in the corresponding base, as seen by
comparison of the nmr values reported for pyridine N-
oxide (1V) and pyridine (V)6 given on the structural
drawings. In the present study, it was shown that
these values are concentration independent in chloro-
form in solutions 0.2 M or less. The nmr data, there-
fore, indicate that phenylfurazan (V-oxide exists as 4-
phenylfurazan 2-oxide.

87.38 88.30 «7.25 88.60
ppm  ppm ppm  ppm
v \Y% Vi

The large differences in chemical shift between the
heterocyclic protons of Il and Ill (1.29 ppm in carbon
tetrachloride and 1.34 ppm in chloroform) eliminate the
possibility that phenylfurazan iV-oxide exists as 3-phe-
nylfurazan 2-oxides These large upfield shifts cannot
result from diamagnetic shielding by the phenyl group
rotated out of planarity with the heterocyclic ring
through steric interaction with the iV-oxide. Such
shifts would arise from the elimination of deshielding
caused by coplanarity of the heterocyclic ring proton
and the phenyl group (0.23 ppm, compare Ill and VI
in Table 1) and shielding of this proton by the phenyl
group when the rings are orthogonal (0.2 ppm, esti-
mated from Dreiding Molecular Models and the dia-

(6) N. S. Bhacca, L. F. Johnson, and J. N. Shoolery, “NMR Spectra

Catalog,” Varian Associates (National Press), U. S. A., 1962, spectrum 96;
P. D. Kaplan and M. Orchin, Inorg. Chem., 4, 1393 (1965).
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gram of Johnson and Bovey?. Thus, under such con-
ditions, the maximum upheld shift would be predicted
to be only about 0.5 ppm in contrast to the observed
shifts of 1.29 and 1.34 ppm. Another argument against
this situation is that orthogonality of the rings would
prevent charge delocalization, the favorable factor pres-
ent in 3-phenylfurazan 2-oxide when compared to 4-
phenylfurazan 2-oxide.

Only minor variations were observed in the nmr spec-
tra of 4-phenylfurazan 2-oxide at high and low tempera-
ture (Figure 1). The small peak at S7.0 ppm in the
spectrum at —50° presumably arises from rotamer fixa-
tion and not from isomerization which should produce a
downheld shift, not an upheld one. The peak at 57.3
ppm in the spectrum at 111° is suspiciously close to
chloroform solvent resonance. At temperatures higher
than 111°, the nmr solution turned into a gel.8

The phenylfurazan used in the nmr study was syn-
thesized by dehydration of phenylglyoxime.9 The
spectral data collected on it appear in Table I. The
mass spectrum of phenylfurazan can be interpreted ac-
cording to the fragmentation pattern previously re-
corded for furazans.1

Experimental Section81l

4-Phenylfurazan 2-Oxide from anti-Pheny\-amphi-g\yoxime.l's
—An ice-cooled solution of 2 g of anti-phenyl-amphi-glyoxime
(la)3 in 20 ml of anhydrous ether was treated with gaseous
dinitrogen tetroxide until a green-colored solution resulted.

(7) C. E. Johnson, Jr., and F. A. Bovey, J. Chem. Phys., 29, 1012 (1958);
L. M. Jackman and S. Sternhell, “Applications of Nuclear Magnetic Reso-
nance Spectroscopy in Organic Chemistry," 2nd ed, Pergamon Press, Oxford,
1969, p 95.

(8) The nmr spectra of phenylfurazan oxide at low temperatures were
determined by Dr. G. Dudek, Department of Chemistry, at Harvard
University on a Varian A60 instrument equipped with a variable tempera-
ture probe. The high temperature nmr spectra were determined by Dr. S.
Young at FMC Corp., Niagara Division, on a similar instrument. The
authors wish to thank them for their kind cooperation.

(9) R. A. Olofson and J. S. Michelman, J. Org. Chem., 30, 1854 (1965).

(10) H. E. Ungnade and E. D. Loughran, J. Helerocycl. Chem., 1, 61
(1964).

(11) All melting points were determined with a Mettler FP1 melting
point apparatus equipped with a Bausch and Lomb VOM 5 recorder.
Infrared spectra were recorded on a Perkin-Elmer 421 grating spectro-
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The ice bath was removed and the solution was concentrated by
passing a stream of nitrogen over it. The precipitated 1l was
removed by filtration as a white powder (1.4 g, 71% yield):
mp 108-110°; ir spectrum (CHC13) 3165 (w), 1610 (s), 1603 (m),
1471 (w), 1451 (m), 1399 (m), 1182 (w), 1000 (w), 985 (w), and
935 cm-1 (w). The nmr spectrum is reproduced in Figure |.5

Anal. Calcd for CHEND 2 C, 59.26; H, 3.73; N, 17.28.
Found: 0,59.41; H, 4.01; N, 17.02.

A stream of nitrogen was then used to completely remove the
solvent from the filtrate obtained during the isolation of the above
product. The infrared and nmr spectra of the residue were
virtually the same as the pure product.

4-Phenylfurazan 2-Oxide from Phenyl-anif-glyoxime.1'3—Di-
nit.rogen tetroxide gas was passed into an ice-cooled solution of 2
g of phenyl-araff-glyoxime (Ib)3in 75 ml of anhydrous ether for
15 min. A stream of nitrogen was then used to evaporate solvent
from the reaction mixture to near dryness. The precipitate
that formed was collected by filtration, yield 800 mg (40% yield),
mp 98-102°. The infrared and nmr spectra of samples isolated
at this point were essentially superimposable upon those of the
product of oxidation of anfi-phenyl-ampfif-glyoxime (see above).
Only minor extraneous peaks resulting from impurities were
observed. Recrystallization of the crude product first from
m-xylene and then from m-xylene-petroleum ether (bp 30-60°)
afforded 200 mg of 4-phenylfurazan 2-oxide, mp 106-108°.

Anal. Calcd for C8HaND 22 C, 59.26; H, 3.73; N, 17.28.
Found: C, 59.02; II, 3.76; N, 16.84.

Further evaporation of the solvent from the reaction mother
liquor gave a residue whose ir spectrum was complex in the
region 1689-1346 cm-1. The spectrum suggested the presence
of nitro derivatives which are known to be products of reaction
between oximes and dinitrogen tetroxide.4

4-Phenylfurazan 2-Oxide from Phenyl-syra-glyoxime.13—The
synthesis was accomplished by following the procedure outlined
above in the oxidation of araif-phenyl-amp/w-glyoxime but with
use of a solution of 200 mg of phenyl-syre-glyoxime (Ic)3in 10 ml
of anhydrous ether. A white powder was obtained, 50 mg (25%
yield), mp 105-107°. The infrared and nmr spectra were the
same as obtained from the product of oxidation of anii-phenyl-
aropfti-glyoxime (see above).

Anal. Calcd for C8HEND 2 C, 59.26; H, 3.73; N, 17.28.
Found: C, 59.50; H, 3.99; N, 17.06.

Here, also, a stream of nitrogen was used to completely remove
the solvent from the filtrate obtained during the isolation of the
pure product. Again, the infrared and nmr spectra of the residue
were virtually the same as the pure product.

Registry No.-—1lib, 7707-64-4.

photometer. A Varian A-60 spectrometer was used to obtain the nmr spectra
at room temperature and tetramethylsilane was used as the internal standard.
The mass spectra were determined on a Consolidated Electrodynamics
Corporation Model 21-103C spectrometer.
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The title six-membered mesoionic compound (1) undergoes cycloaddition reactions wbh acetylenic dipolaro-

philes to yield 1,2-disubstituted 4//-quinolizin-4-ones (3), with extrusion of methyl isocyanate.

With tetra-

cyanoethylene and diethyl azodicarboxylate, no cycloadducts were obtained; rather, substitution occurred at

the 3 position of the nucleus.
tremely facile synthesis of the mesoionic compound X

In recent years numerous examples of the use of
mesoionic compounds in cycloaddition reactions have
been described.2 These involved predominantly five-
membered ring systems3and the ambident nature of the
1,3 dipole has been clearly shown.4 Several six-mem-
bered mesoionic type ring systems have also been found5
to undergo cycloadditions involving a 1,3-dipolar type
intermediate and, in all cases, these cycloadditions have
provided new and facile routes to new products. Our
interest in mesoionic ring systems has led us to study a
mesoionic type compound which would be capable of
undergoing a 1,4-dipolar type cycloaddition reaction,
and these results are described in this communication.

Cycloadditions6of the type [4 + 2 — 6] include the
Diels-Alder reaction which has been the most exten-
sively studied? of all cycloadditions. It has recently
been shown that the reaction of isoquinoline and phenyl
isocyanate is a cycloaddition of this general type. A
two-step process involving a 1,4-dipolar intermediate
is involved and this then undergoes reaction with addi-
tional phenyl isocyanate acting as a dipolarophile.8
The considerable scope of the principle of 1,4-dipolar
cycloadditions has recently been pointed out and our
present results, with an endocyclic 1,4 dipole, are thus
of particular interest.

Condensation of 2-aminopyridine with malonic ester
has been shown to yield “malonyl a-aminopyridine”
(pyrido[l,2-a]pyrimidine-2,4-dione) which has been
shown to have considerable polar character.9 Methyla-
tion occurred predominantly at N-1 and the resultant
product 1 appeared to be a very good candidate for
participation in 1,4-dipolar type cycloaddition reac-
tions. anhydro-2-Hydroxy-1-methyl-4-oxopyrido [1,2-
a]pyrimidinium hydroxide (1) may be regarded as a six-
membered mesoionic type compound and the 1,4-
dipolar form represented by la is consistent with the

*To whom correspondence should be addressed.

(1) Support of this work by U. S. Public Health Service Research Grant
CA 08495-04, National Cancer Institute, is gratefully acknowledged.

(2) Recent reviews which discuss this aspect follow: M. Ohta and H.
Kato in “Nonbenzenoid Aromatics,” J. P. Snyder, Ed., Academic Press,
New York, N. Y., 1969, Chapter 4; R. Huisgen in “ Aromaticity,” Chemical
Society Special Publication No. 21, London, 1967, p 51.

(3) E.g., see R. Huisgen and H. Gotthardt, Chem. Ber., 101, 839 (1968),
and references listed therein; K. T. Potts, E. Houghton, and U. P. Singh,
Chem. Commun., 1129 (1969), and references listed therein.

(4) H. Kato, S. Sato, and M. Ohta, Tetrahedron Lett., 4261 (1967).

(5) J. Honzl and M. Sorm, ibid., 3339 (1969); K. T. Potts and M. Sorm,
unpublished observations.

(6) R. Huisgen, Angew. Chem., Int. Ed. Engl., 7, 321 (1968).

(7) A recent review of this topic follows: J. Sauer, ibid., 5, 211 (1966); 6,
16 (1967). Seealso J. G. Martin and R. K. Hill, Chem. Rev., 61, 537 (1961).

(8) R. Huisgen, M. Morikawa, K. Herbig, and E. Brunn, Chem. Ber., 100,
1094 (1967); R. Huisgen, K. Herbig, and M. Morikawa, ibid., 100, 1107
(1967).

(9) A. R. Katritzky and A. J. Waring, J. Chem. Soc.; 1544 (1962).

Reaction of 2-iV-methylaminopyridine with carbon suboxide provided an ex-

octet-sextet representation of a 1,4 dipole employed
earlier.0

Methylation of pyrido [l,2-a]lpyrimidine-2,4-dione
yields 1 in a moderate degree of purity only, and vac-
uum sublimation has to be used to obtain a pure prod-
uct. We have now found that 1 can be prepared in
excellent yield in a pure state from the reaction of 2-N-
methylaminopyridine and carbon suboxide.

Dimethyl acetylenedicarboxylate was found to un-
dergo reaction with 1 over 24 hr in boiling xylene with
the formation of dimethyl 4H-quinolizin-4-one-1,2-
dicarboxylate (3, R = R1= COOMe) in 64% yield.
Nmr spectral data clearly showed (Table 1) that cyclo-
addition had occurred and that methyl isocyanate had
been extruded during the course of the reaction. The
spectral characteristics (Experimental Section) of this
product were consistent with those reported for an
earlier preparation of 3 from methyl 2-pyridylacetate
and dimethyl acetylenedicarboxylate.1l

Reaction of 1 with ethyl propiolate gave an analogous
product, ethyl 4f7-quinolizin-4-one-l-carboxylate (3, R
= COOEt; R1= H) whose structure was immediately
apparent from its nmr spectral characteristics (Table
1). Two AX doublets at r 3.45 and 1.65 (the 3 H and
2 H, respectively), were particularly important in

establishing structure 3 (R = COOEt; R1= H) and
in eliminating alternate modes of addition. This prod-
uct was found to be identical with one reported to have

(10) R. Huisgen, Z. Chem., 8, 290 (1968).
(11) E. Wintersfeld, Chem. Ber., 98, 3537 (1965).
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Table |

Nmr Data of Products Derived from 1 and Dipolarophiles

Chemical shifts (ppm)
™

- ,—Coupling constants (Hz)—
rfi = 1isa 3 & 518 s Jne

Oompd ri T2 3.9
Id 6.47, s 5.12, s 0.87 2.55 1.7 2.22 70 15 7.0 15 9.0
3, R = R1= COOCHs«7 6.10, s 6.17, s 3.32, s 0.80 2.87 2.42 2.20 70 15 7.0 15 9.0
3, R = COOCHS5 R = Hf* 8.6, t 1.65, d 3.54,d 0.75 2.87 2.39 0.75 6.5 15 6.5 1.5 9.0
5.5, qt
3, R = R1= CNd 2.94, s 0.75 1.90 2.37 2.00 6.0 2.0 6.0 2.0 8.0
43 6.40, s 0.80 2.42 1.52 2.2 70 15 7.0 15 9.0
5/ 6.38, s 8.76,ht 0.69 2.64 1.77 2.42 70 15 7.0 15 9.0
5.90,“qt
2.50," s
0 Quartets. 6Singlets. eOctets. dSpectra determined in DMSO-rf6 *Methyl resonances italicized. f Spectra determined in
CDC13 ' J22 - 9.5 Hz. hJchj.cbi = 7.0 Hz. *NH, exchanged with DD.

this structure formed from ethyl 2-pyridylacetate and
diethyl ethoxymethylenemalonate, followed by hydrol-
ysis and decarboxylation of the resulting diester.2

Dicyanoacetylene also underwent reaction with 1
forming in good yield |,2-dicyano-4H-quinolizin-4-one
(83, R = R1= CN). Analytical data and nmr spectral
characteristics (Table 1) showed that addition of the
dipolarophile had occurred and that methyl isocyanate
had been lost during the course of the reaction. As
with all other acetylenic dipolarophiles in cycloadditions
of this type, the driving force in the reaction may be
attributed in part to the aromatization of the primary
cycloadduct by the elimination of a stable species. In
cases where aromatization cannot occur, as in the cyclo-
adduct from dimethyl acetylenedicarboxylate and anhy-
dro-4-hydroxy-2-methylcinnolinium hydroxide, a stable
1:1 adduct was formed.13

In contrast to the above acetylenic dipolarophiles,
tetracyanoethylene and ethyl azodicarboxylate did not
undergo cycloaddition but gave instead “ene-type”
reaction products. Thus, tetracyanoethylene and 1 in
refluxing chlorobenzene gave a 42% vyield of a yellow
product of molecular formula Cl4H/NSOZ2, indicating
that HCN had been lost from a simple 1:1 condensation
product. The infrared spectrum of 4, besides a strong
CN absorption at 2255 cm-1, showed the presence of
two amide groups (p@® 1715, 1665 cm-1) which were
very similar to those of 1. The nmr spectrum (Table
1) indicated that all the components of 1, other than the
3 H, were present. These data can be readily accom-
modated in terms of structure 4, anhydro-2-hydroxy-
I-methyl-4-0x0-3- (tricyanoethenyl) pyrido [1,2-a Jpyrim-
idinium hydroxide. This may be regarded as an“ene-
type” reaction¥4in which the initial product lost HCN
under the reaction conditions. Examples of this type
of reaction have been observed with other mesoionic
systems.#

Ethyl azodicarboxylate also underwent an analogous
type reaction’ with 1. Analytical data and spectral
characteristics (Table | and Experimental Section)
indicated that the product formed was a 1:1 adduct
which is best represented as a?i//i/dro-3-(l,2-dicarbeth-
oxyhydrazino)-2-hydroxy-lI-methyl-4-oxopyrido[l,2-a]-
pyrimidinium hydroxide (s). Infrared absorptions at
3315 and 3225 cm-1, a low melting point, and good
solubility in nonpolar solvents indicate the presence of

(12) V. Boekelheide and J. P. Lodge, J. Amer. Chem. Soc., 73, 3681
(1951).

(13) D. E. Ames and B. Novitt, J. Chem. Soc., 2355 (1959).

(14) H. M. R. Hoffmann, Angem. Chem., Int. Ed. Engl., 8, 556 (1969);
A. H. Lautzenheiser and P. W. Le Quesne, Tetrahedron Lett., 207 (1969).

(15) K. T. Potts and S. Husain, J. Org. Chem., 35, 3451 (1970).
(16) R. K. Murray, Jr., and H. Hart, Tetrahedron Lett., 54, 4781 (1969) .

H bondingXin 5, most likely between the NH group and
the carbonyl group at the 2 position. The absorption
of this carbonyl group has shifted from 1665 cm-1 in the
original mesoionic system to 1640 cm-1, indicating
some degree of interaction with a neighboring group.

The formation of these substitution products is most
likely the result of steric influences. In attempts to
prepare cycloadducts from dipolarophiles such as di-
phenylacetylene, phenyl isocyanate and phenyl iso-
thiocyanate, maleic anhydride, and dimethyl maleate,
no well-defined products were obtained.

Experimental SectionTr

anhydro-2-Hydioxy-I-methyl-4-oxopyrido [1,2-a] pyrimidinium
Hydroxide (1)—2-Ar-Methylaminopyridine (0.108 g, 1.0 mmol)
dissolved in anhydrous ether (5 ml) with a catalytic amount of
anhydrous AICh was added slowly to astirred ethereal solution of
a slight excess of carbon suboxide.l8 Crystals started to form
toward the end of this addition and the reaction mixture was then
refluxed for 12 hr. The crude product (100%) crystallized from
methanol as yellow prisms: mp 243-245° (lit. D mp 245-252°);
ir (KBr) 3100, 2950 (CH), 1720, 1665 (CO) cm’ 1 X™)OH nm
(loge), 322 (3.67), 257 (4.07), 230 (4.50); mass spectrum (70 eV)
m/e (rel intensity) 176 (20), 148 (5), 107 (3), 80 (12), 79 (38),
78 (20), 69 (20), 32 (70), 31 (100). This product was identical
with that obtained by methylation of *“malonyl-a-amino-
pyridine.”

Dimethyl 4f?-Quinolizin-4-one-l,2-dicarboxylate (3, R = R1=
COOMe).—anhydro-2-Hydroxy-1 - methyl-4-oxopyrido [1,2-a] -
pyrimidinium hydroxide (0.528 g, 3.0 mmol), dimethyl acetylene-
dicarboxylate (0.852 g, 6.0 mmol), and dry xylene (500 ml) were
heated under reflux for 24 hr. The dark, insoluble matter was
filtered, the hot filtrate concentrated in vacuo, and the crude
residue chromatographed on silica gel (Florosil F-100) using ether
as eluent. The product crystallized from cyclohexane and then
from methanol as yellow prisms: 0.5 g (64%); mp 113-115°
(lit.lmp 115°); ir (KBr) 3145, 2980 (CH), 1740,1720 (COOMe),
1670 (amide CO) cm*“1, X™,0H nm (log t), 385 (3.98), 275 (3.67),
258 (3.86), 250 (3.88), 220 (4.06); mass spectrum, M+, m/e

261 (15).

Anal. Calcd for CMHj.NOi,: C, 59.81; H, 4.24; N, 5.36.
Found: C, 59.79; H, 4.22; N, 5.22.

Similarly, ethyl 4H-quinolizin-4-one-l-carboxylate (3, R =

COOEt; R1= H) was obtained in 47% yield from 1 and ethyl
propiolate on refluxing in chlorobenzene for 5 days. It crystallized
from cyclohexane as yellow prisms: mp 113-114° (lit.22 mp
117-118°); ir (KBr) 3120, 3080, 3000 (CH), 1730 (COOEM),
1690 (amide CO) cm "1, X™'0H nm (log e), 370 (4.09), 274 (3.96),

(17) Spectral characterization of products was carried out on the following
instrumentation: ir, Perkin-Elmer Model 337 spectrophotometer; uv,
Cary Model 14 spectrophotometer; nmr, Varian A-60 nmr spectrometer
using TMS as internal standard; mass spectra, Hitachi Perkin-Elmer RMU-
6E mass spectrometer, 70 eV, using the direct inlet probe at a source tem-
perature of ca. 100°. All evaporations were done under reduced pressure
using a rotatory evaporator and melting points were taken in capillaries.
Chromatographic columns utilized a length: width ratio of ca. 10:1. Micro-
analyses were by Instranal Laboratories, Rensselaer, N. Y.

(18) A. Stock and H. Stoltzenberg, Ber., 50, 498 (1917).
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255 (3.89), 248 sh (3.85), 207 (4.20);
m/e 217 (100).

Anal. Calcd for CMhiNOs: C, 66.45; H, 5.11; N, 6.46.
Found: C, 66.18; H, 5.02; N, 6.14.

In a similar fashion, 1,2-dicyano-4//-quinol:zin-4-one (3, R =
R1= CN) was obtained from 1and dicyanoacetylene on refluxing
in chlorobenzene overnight. It crystallized from benzene as
yellow prisms: mp 263-265° (33%); ir (KBri 3150, 3140 (CH),
2225 (CN), 1710 (amide CO) cm*“1;, X™fH mr. (loge), 415 (4.20),
394 (4.12), 278 (3.69), 261 (4.02), 235 (4.31), 212 (4.23); mass
spectrum, M+, m/e 195 (45).

Anal. Calcd for CIH5N3: C, 67.65; H, 2.58; N, 21.53.
Found: C, 67.69; II, 2.55; N, 21.49.

anhydro-2-Hydroxy- I-methyl-4-oxo-3- (tricyanoethenyl)pyrido-
[l,2-a]pyrimidinium  Hydroxide (4).—ankydro-2-Hydroxy-I-
methyl-4-oxopyrido[l,2-a]pyrimidinium hydroxide (0.528 g, 3.0
mmol), tetracyanoethylene (0.561 g, 4.5 mmol), and chloro-
benzene (750 ml) were heated under reflux for 15 hr. After
removal of the dark, insoluble matter the hot filtrate was evapo-
rated to dryness under reduced pressure. Trituration of the
residue with a small amount of cold acetone caused it to crystal-
lize, and it was recrystallized from acetone and then from aceto-
nitrile-ether (1:1) from which it separated as yellow prisms:
mp 301-302° (42%); ir (KBr) 3140, 2920 (CH), 2255 (CN), 1715,
1665 (CO) cm“1, X™fH nm (log e), 416 (3.20), 250 (3.98), 218

mass spectrum, M+,

Potts and Husain

Similarly, anhydro-i-(1,2-dicarbethoxyhydrazino)-2-hydroxy-I-
methyl-4-oxopyrido [1,2-a] pyrimidinium hydroxide (5) was ob-
tained from the mesoionic compound 1and ethyl azodicarboxylate
in refluxing chlorobenzene over 24 hr. In this case the crude
residue was dissolved in acetone and purified9by chromatography
on silica gel. It crystallized from benzene-r.-heptane (2:1) as
yellow, irregular prisms: mp 106-109° (24%); ir (KBr) 3315,
3225 (NH), 3100, 2998 (CH), 1770, 1750 (COOELt), 1720, 1640
(amide CO) cm 'L X™fH nm (log e), 340 sh (3.02), 330 (3.14),
265 (3.54), 230 (4.23); mass spectrum (70 eV) m/e (rel intensity),
M+, 350 (1), 277 (5), 276 (10), 217 (15), 203 (10), 189 (15), 135
(20), 133 (15), 108 (15), 79 (32), 78 (100), 77 (15).

Anal. Calcd for C*H~ANiOe: C, 51.43; H, 5.18; N, 15.99.
Found: C, 52.72; H, 5.15; N, 15.72.

Registry No.-— 1,26460-93-5; 3 (R = R1= COOCH3J,
4627-24-1; 3 (R = COOCMH®6;, R1= H), 24403-3.5-8;
3(R = R1= CN), 26460-96-8; 4,26460-97-9; 5, 26460-
98-0.

Acknowledgments.— The award of a grant from the
National Science Foundation (NSF GP 6905) for the
purchase of the mass spectrometer used in this study is
gratefully acknowledged.

(4.36); mass spectrum, M+, m/e 277 (60). (19)
Anal. Calcd for CMHIN®D 2. C, 60.65; E, 2.54; N, 25.21.
Found: C, 60.56; H, 2.39; N, 25.32.

This product always separated with fractional amounts of solvent
of crystallization and several determinations of carbon contents gave results
of this order.

1,2,4-Triazoles. XXVII. Synthesis of the Thiazolo[2,3-c]-s-triazole

and the Thiazolo[3,2-b]-s-triazole Systemsl

K. T. Potts* and S. Husain
Department of Chemistry, Rensselaer Polytechnic Institute, Troy, New York 12181
Received July 9, 1970
2-Triazolylhydrazines underwent ring closure with aliphatic acids or ortho esters to thiazolo[2,3-c]-s-triazoles,

cyanogen bromide, and carbon disulfide readily giving the corresponding 3-amino and 3-mercapto derivatives.
The isomeric thiazolo [3,2-fe]-s-triazole system was readily obtained from s-triazole-3-thiols and a-halo ketones.

Spectral characteristics of these ring systems are described.

Fusion of the thiazole and the s-triazole nuclei can
be effected in two ways, represented by thiazolo[2,3-c]-
s-triazole (2) and thiazolo [3,2-5]-s-triazole (4). The
only hitherto reported2examples of these ring systems
are relatively complex. We now describe the synthe-
sis and properties of alkyl- and aryl-substituted deriva-
tives of both systems, as well as some amino and mer-
capto derivatives. Though the isomerization of s-
triazolo[4,3-a]pyridines to s-triazolo[l,5-a]pyridines
has been reported3as well as isomerizations in related
[5,6] ring-fused systems,4 no such isomerizations have
been found in [5,5] ring-fused systems. Thiazolo-
[2,3-c]-s-triazole (2) is particularly suitable for studying
such isomerizations.

Cyclization of 2-thiazolylhydrazines6 (1), a syn-

*To whom corrrespondence should be addressed.

(1) Support of thiswork by U. S. Public Health Service Research Grant
CA 08495, National Cancer Institute, is gratefully acknowledged.

(2) E. Naf, Justus Liebigs Ann. Chem., 265, 122 (1891); W. Dymek, B.
Janik, A. Cygankiewicz, and H. Gawron, Acta Pol. Pharm., 24, 101 (1967).

(3) K. T. Potts, H. R. Burton, and S. K. Roy, J. Org. Chem., 31, 265
(1966); K. T. Potts and R. Surapaneni, unpublished observations.

(4) C. F. H. Allen, H. R. Beilfuss, D. M. Burness, G. A. Reynolds, J. F.
Tinker, and J. A. VanAllan, J. Org. Chem., 24, 779, 787, 793, 796 (1959).
C. F. H. Allen, G. A. Reynolds, J. F. Tinker, and L. A. Williams, ibid., 25,
361 (1960). K. Sirakawa, J. Pharm. Soc. Jap., 78, 1395 (1958); 79, 903,
1487 (1959); 80, 956, 1542 (1960). G. W. Miller and F. L. Rose, J. Chem.
Soc., 5642 (1963). W. Broadbent, G. W. Miller, and F. L. Rose, ibid., 3357
(1965). K. T. Potts and E. Brugel, unpublished observations.

(5) (a) H. Beyer, H. Hohn, and W. Lassig, Chem. Ber., 85, 1122 (1952);
(b) S. Ban, J. Pharm. Soc. Jap., 33, 533 (1953).

thetic approach well documented for the preparation
of ring-fused s-triazoles,6 has provided a simple syn-
thesis of the fused-ring system 2 (Table 1). Cycliza-
tion of 4-methyl-2-thiazolvlhydrazine (I, R = CHJ
with formic, acetic, or propionic acids under reflux for
6-8 hr led directly to 2. However, 4-phenyl-2-thia-
zolylhydrazine (1, R = Ph) gave the intermediate
hydrazides (3, R = Ph; R1= CH3 Et) with acetic and
propionic acids and these hydrazides underwent a
smooth cyclization to the fused system 2 with phos-
phoryl chloride. Ortho esters were equally effective
as cyclization agents but slightly longer reaction periods
were required. Attempts to prepare the fused system
2 with 3-phenyl substituents by the cyclization of the
2-thiazolylhydrazines (1) with benzoic acid were un-
successful. However, phosphoryl chloride cyclization
of 2-[4-methyl(phenyl)thiazol-2-yl]lbenzhydrazide [3,
R = CH3Ph); R1 = Ph], prepared from 1l-benzoyl-
thiosemicarbazide and chloroacetone, or phenacyl bro-
mide, respectively, gave 2. The ease of these cycli-
zations are particularly interesting in view of the for-
mation of 2-azidothiazole on attempted ring closure
of 2-amino or 2-hydrazinothiazole to thiazolo[3,2-d]-
tetrazole.7

(6) K. T. Potts, Chem. Rev., 61, 87 (1961).
(7) H. Beyer, W. Lassig, and G. Ruhlig, Chem. Ber,, 86, 765 (1953);
H. Beyer, W. Lassig, and E. Bulka, ibid., 87, 1385 (1954).
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RCO
7

Reaction of the hydrazines 1 (R = CH3 Ph) with
carbon disulfide provided a convenient synthesis of
the thiazolo [2,3-c]-s-triazole-3-thiols (2, R = CH3
Ph; R1= SH). These were readily converted into the
corresponding methylthio compounds with methyl
iodide. Cyanogen bromide was found to react readily
with 4-phenyl-2-thiazolylhydrazine (1, R = Ph), giving
the 3-amino derivative of 2 (R1= NH2. The struc-
tures of these products were evident from analytical
and spectral data (Table 1). They were found to be
stable to acid, alkali, or heat, and no evidence for isom-
erization to the thiazolo [3,2-6]-s-t.riazole system was
obtained.

Attempts to prepare authentic examples of 4 by
lead tetraacetate cyelization of the amidines 6 failed.
Also, amination of 2-aminothiazoles with hydroxyl-
amine-O-sulfonic acid to the corresponding 1,2-diamino
products was unsuccessful in this system, results similar
to those obtained with 2-amino-I,3,4-thiadiazoles.8
However, reaction of s-triazole-3-thiols s with «-hal6-
geno ketones was found to be a very effective route to
the thiazolo [3,2-6 ]-s-triazoles. The 5 substituent of the
s-t.riazole nucleus had a pronounced effect on the ease of
ring closure. Thus 5-phenyl-s-triazole-3-thiol (s, R1-
Ph) with phenacyl bromide or chloroacetone gave the
appropriately substituted thiazolo [3,2-6 ]-s-triazole sys-
tem in greater than 70% yield using a 4-hr reaction
period. Under the same conditions, 5-methyl-s-tri-
azole-3-thiol gave the intermediate products 7 (R =
CH3 Ph); however, increasing the reaction period to
24 hr gave the thiazolo [3,2-6 ]-s-triazole system directly.
Cyelization of 7 to a bicyclic system was effected with
phosphoryl chloride in xylene but, instead of 4, the
thiazolo [2,3-c]-s-triazole system (2) was formed. This
difference in behavior is understandable in terms of the
influence of the reaction conditions on the basicity of
the nitrogen atoms. Under thermal conditions, the
more basic center is associated with Ni (or N2 but
with phosphoryl chloride, N 4would be more basic owing
to the formation of an intermediate phosphorous com-
pound9at Ni (orN2.

The nmr characteristics of these isomeric ring
systems are particularly useful for structural deter-
minations. The chemical shift of the 6 proton is in the
range r 2.77-3.54, the actual value depending upon the

(8) K. T. Potts and R. M. Huseby, J. Org. Chem., 31, 3528 (1966).

(9) B. G. Van Den Bos, M. J. Koopmans, and H. O. Huisman, Reel.
Trav. Chim., Pays-Bas, 79, 807 (1960); B. G. Van Den Bos, A. Schipper-
heyn, and F. W. Van Deursen, ibid., 85, 429 (1966).
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inductive character of the other substituents in the
nucleus (Table 1). The '3 proton is coupled in a char-
acteristic way to the 5-methyl substituent (J = 1.20-
1.50 Hz) and occurs as a sharp singlet in the 5-phenyl
compounds. The observed chemical shift is consis-
tent with that reportedfor the 2 proton in 4-methyl-
thiazole (t 3.13), though in the latter the corresponding
coupling constant (J = 1.00 Hz) is smaller. The
magnitude of this benzylic coupling in the fused ring
system agrees well with those found in other hetero-
aromatic systemslland, in this present case, may indi-
cate some degree of bond fixation.

In 3,5-dimethylthiazolo[2,3-c]-s-triazole the chem-
ical shift of the 3-methyl group is r 8.27, whereas
in 2,5-dimethylthiazolo[3,2-6]-s-triazole the chemical
shift of the corresponding 2-methyl group has under-
gone a downfield shift of 0.84 ppm to r 7.43. How-
ever, this juxtapositioning of the nitrogen atoms had
very little effect on the chemical shifts of the 5 and
6 substituents (Table I).

The influence of phenyl groups on the chemical
shifts of other ring substituents is interesting. Thus,
in 5-phenylthiazolo[3,2-c]-s-triazole the chemical shift
of the 3 proton is «+ 1.20, a downfield shift of 0.20 ppm
from that observed in the corresponding 5-methyl com-
pound. Similarly, the chemical shift of the 3-methyl
group has also undergone a small downfield shift (0.50
ppm) in the analogous 3-methyl compounds. This is
most likely due to the inductive effect of the 5-phenyl
group, as in 3-ethyl- and 3-methylthiothiazolo[3,2-c]-
s-triazole the chemical shifts of the 3 substituents are
now at a higher field than those observed in the corre-
sponding 5-methyl compounds. This is not unexpected
as steric requirements would tend to place these bulky
3 substituents in the shielding zone of the 5-phenyl
group. This steric effect is also reflected in the ultra-
violet absorption spectra of these compounds (Table 1).

In the thiazolo [3,2-6 ]-s-triazole system, very little
cross-ring interaction is evident. Thus, in 2,5-dimeth-
ylthiazolo [3,2-6 ]-s-triazole and  5-methyl-2-phenyl-
thiazolo [3,2-6 ]-s-triazole, the chemical shifts of the
5-methyl groups are identical. Similarly, reversing
the methyl-phenyl substitution pattern does not have
an appreciable effect on the chemical shift of the 2-
methyl group. These compounds also show clearly
the influence of a nuclear nitrogen atom on the ortho
proton in a phenyl substituent (Table I).

In the mass spectra of these fused ring systems
(Table 1), molecular ions were obtained for all com-
pounds studied. As has been found in other fused s-
triazole systems, fragmentation of the ;j-triazole moiety
was observed as the initial decomposition. Thus, in
3,5-dimethylthiazolo[2,3-c]-s-triazole, acetonitrile was
lost from the molecular ion, giving an ion, m/e 112
This then lost HCS to give an ion, m/e 67 (100%), which
is common to all the 5-methyl compounds. The corre-
sponding ion in the 5-phenyl compounds was observed at
m/e 129 and was a relatively intense ion. The mass
spectra of 3-methyl-5-phenylthiazolo[2,3-c]-s-triazole
and 2-methyl-5-phenylthiazolo [3,2-6 ]-s-triazole are
practically identical. They illustrate the danger in

(10) P. Haake and W. B. Miller. J. Amer. Chem. Soc., 85, 4044 (1963).

(11) L. M. Jackman and S. Sternhell, “ Applications of Nuclear Magnetic
Resonance Spectroscopy in Organic Chemistry,” Pergamon Press, London,
1969, p 330.
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making structural afsi nments in isomeric systems
based On mass spectral data.

Experimental Section12

General Procedures for the Cyclization of 2-Thiazolylhydra-
zines. A. With Carboxylic Acids.—4-Methyl-2-thiazolyl-
hydrazinel3 (0.5 g) and formic acid (1.0 ml) were refluxed for 6
hr, the excess of formic acid removed under reduced pressure,
and the residue recrystallized from benzene (charcoal) affording
colorless needles of 2 (R = CH3 R1= H), 0.6 g, mp 111-112°
(Table 1). A minimum reflux period of 6 hr was essential to
prevent contamination of the cyclized product with the hydra-
zide 3.

B. With Ortho Esters.—4-Methyl-2-thiazolylhydrazine (1.0
g) and ethyl orthoacetate (5 ml) were heated under reflux for 6
hr. Reaction work-up as above and fin'aI recrystallization from
methanol-benzene afforded 2 (R = = CH3) as colorless
needles, mp 181-182°.

C. With Carbon Disulfide.—4-Phenylthiazol-2-ylhydrazinef
(1.0 g), methanol (50 ml), potassium hydroxide (0.3 g), and car-
bon disulfide (3 ml) were refluxed for 4 hr. After removal of the
methanol, dilute potassium hydroxide was added and the alkaline
solution was filtered. After precipitation with dilute hydrochloric
acid, 2 (R = Ph; R1= SH) crystallized from methanol-benzene
(charcoal) as colorless needles, mp 213-214°.

D. With Cyanogen Bromide.—4-Phenylthiazol-2-ylhydrazine
(1.0 g) in methanol (50 ml of 75%) and cyanogen bromide (0.5 g)
were heated under reflux for 4 hr. The cooled reaction mixture
was poured into ether (1000 ml) and the red solid that separated
was dissolved in water and sodium acetate was added. Crystal-
lization of the free base from methanol-benzene (charcoal)
afforded colorless needles of 2 (R = Ph; R* = Nil,), mp 229-
230°.

E. Phosphoryl Chloride Cyclization of the Acylhy-
drazines.—2-(4-Phenylthiazol-2-yl)acethydrazide (1.0 g), dry
xylene (20 ml), and phosphoryl chloride (2 g) were refluxed for
8 hr. The cooled reaction mixture was diluted with petroleum
ether (bp 60-80°) and the supernatant liquor decanted. The
residue was dissolved in water, ammonium hydroxide added,
and the product extracted with chloroform. The chloroform
extract was dried (anhydrous NaiS04) and the solvent removed;
the residue crystallized from methanol-benzene (charcoal) forming
colorless needles of 2 (R = Ph; R1= CI13), mp 245°.

Reaction of 5-Methyl(phenyl)thiazolo[2,3-c]-s-triazole-3-thiols
with Methyl lodide.—The thiol (0.7 g), dissolved in water and
co. 0.5 ml of potassium hydroxide (50%), was shaken with methyl
iodide (5 ml) for 5 min. Excess of methyl iodide was evaporated
and the residue recrystallized from benzene (charcoal), forming
colorless needles of the products described in Table I.

(12) All evaporations were done under reduced pressure using a rotatory
evaporator. Ultraviolet spectra were determined on a Cary Model 14 spec-
trophotometer and infrared spectra were measured on a Perkin-Elmer
Model 337 infrared spectrophotometer. Nmr spectra were determined on
a Varian A-60 spectrometer using TMS as internal standard and mass spectra
were measured on a Hitachi Perkin-Elmer RMU-6E mass spectrometer.
Melting points were taken in capillaries and microanalyses were by Galbraith
Laboratories, Inc., Knoxville, Tenn., and Instranal Laboratories, Rens-
selaer, N. Y.

(13) H. Beyer anc G. Wolter, Chem. Ber., 85, 1077 (1952).
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Reaction of 5-Phenyl-s-triazole-3-thiol (5, R1 = Ph) with
Phenacyl Bromide (or Chloroacetone).— The thiol (0.01 mol) in
absolute ethanol (100 ml) was treated with phenacyl bromide
(0.01 mol) and the reaction mixture refluxed for 4 hr. Ethanol
was evaporated and the residue was treated with a concentrated,
aqueous solution of sodium acetate. The product which sepa-
rated was recrystallized from benzene-petroleum ether (bp
60-80°) forming colorless needles of 4 (R = R1 = Ph), mp
137-138° (Table I).

Reaction of 5-Methyl-s-triazole-3-thiol (5, R1 = CH3) with
Chloroacetone.—The thiol (0.01 mol), chloroacetone (0.01 mol),
and absolute ethanol (100 ml) were refluxed for 4 hr. The
residue, after evaporation of the ethanol, was dissolved in water
and aqueous sodium acetate added. Water was evaporated and
the residue extracted several times with hot chloroform (20 ml).
Evaporation of the chloroform and recrystallization of the residue
from benzene gave small, colorless irregular prisms of 3-(acetonyl-
thio)-5-methyl-s-triazole: mp 125-126° (47%); ir (KBr) 3150,
3050 (CH), 1720 (CO), 1580 cm“1(C=N); X™*0H207 nm (log e
3.62); mass spectrum (70 eV) m/e (rel intensity) 171 (26), 129
(100), 128 (52), 96 (12), 84 (24).

Anal. Calcd for CeHsNsOS: C, 42.10; H, 5.30; N, 24.55.
Found: C, 41.89; H, 5.26; N, 24.39.

Similarly, 3-(phenacylthio)-5-methyl-s-triazole crystallized from
benzene as colorless needles: mp 120-121° (70%); ir (KBr)
2900, 2850 (CH), 1680 (CO), 1595 cm'1(C=N); X™O0H nm
(log €), 280 (3.16), 247 (4.08), 202 (4.33); mass spectrum (70 eV)
m/e (rel intensity) 233 (7), 205 (5), 191 (5), 106 (100), 91 (4), 78
(15), 77 (40), 51 (13).

Anal. Calcd for CnHuNsOS: C, 56.65; H, 4.72; N, 18.02.
Found: C, 56.50; H, 4.72; N, 17.90.

Reflux of the above 3-thio compounds with phosphoryl chloride
in xylene for 8 hr gave the corresponding thiazolo[2,3-e]-s-
triazoles. However, extension of the reaction time to 24 hr in
the initial condensation with the a-halo ketone resulted in for-
mation of the thiazolo [3,2-6]-s-triazoles.

.V-(4-Phenylthiazol-2-yl )acetamidine— 2-Amino-4-pheuylthia-
zole (8.8 g, 0.05 mol) and acetonitrile (3.0 g, 0.07 mol) were
mixed and anhydrous aluminum chloride (6.6 g, 0.05 mol) was
added. After the vigorous reaction had subsided, the reaction
mixture was heated at 170-175° for 3 hr and then, on cooling,
decomposed by the cautious addition of water. After basification
of the resultant solution with sodium hydroxide, it was extracted
with ether, the ether extract treated with charcoal, and the ether
then evaporated. After recrystallization of the residue from
ether-petroleum ether (bp 60-80°), the amidine was obtained
as colorless needles: mp 108-110°; 5.6 g (52%); ir (KBr) 3280
(NH), 3020 (CH), 1630 cm' 1(C=N); X™CH nm (log e), 295 sh
(4.16), 283 (4.22), 277 sh (4.18), 242 (4.10), 212 (4.15).

Anal. Calcd for CUH,N3: C, 60.82; II, 5.07; N, 19.35.
Found: C, 60.92; H, 5.07; N, 19.25.

Registry No.—3-(Acetonylthio)-5-methyl-s-triazole,
26542-72-3; 3-(phenacylthio)-5-methyl-s-triazole, 265-
42-73-4; N-(4-phenylthiazol-2-yl)acetamidine, 26542-
74-5.
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Cyanodithioimidocarbonate anion undergoes a novel reaction with halogens to produce 3-halo-1,2,4-thiodiazol-

5-yl sulfenyl halides or the corresponding disulfides.

Although chlorination produced 3-chloro-1,2,4-thiadiazol-

5-yl sulfenyl chloride (2) directly, bromination gave the bis(3-bromo-1,2,4-thiadiazol-5-yl) disulfide (6) which was

converted to the 3-bromo-l,2,4-thiadiazol-5-yl sulfenyl chloride (7) by subsequent chlorination.

Treatment of

cyanodithioimidocarbonate ion with sulfur and subsequent chlorination provided a convenient route to the 1,2,4-

thiadiazol-3,5-yl bis(sulfenyl chloride) (11).
chlorides are described

Hantzsch and Wolvekampl established the struc-
ture of dipotassium cyanodithiomidocarbonate (1) in
1934 by means of a convenient synthesis from cyana-
mide and carbon disulfide (eq 1). The chemistry of

-S
CS2+ IhNCN + 2KOH — s- 2K+ C=NCN + HD (1)

\%
1

this salt has received comparatively little attention
until quite recently when several publications appeared
concerning alkyl,23 acyl,3 and organotin4 derivatives.
The dithiolate anion has also proved useful for the
preparation of metal complexes.66 The halogenation
reactions of the cyanodithioimidocarbonate anion had
not been investigated, and it was felt that they might
provide an interesting route to either geminal bis(sul-
fenyl halides) or to heterocyclic sulfenyl halides.
Halogenation of Cyanodithioimidocarbonate Anion.—
Chlorination of a slurry of 1in methylene chloride con-
veniently provided an 85-100% yield of 3-chloro-1,2,4-
thiadiazol-5-yl sulfenyl chloride, after filtering off the
KC1 precipitate and evaporating the solvent (eq 2).

2K+ /IC=NCN + 2CI2

“gr
d—G-—N
fLJ-SC + 2KC1(2
2
Cl—b-—--N CUuA, Cl—n-—-—-N N-— jr—d
0gJ—sCl  * ss—kg-N ®

3, mp 118-120°

The product is a stable yellow solid which can be kept
at room temperature for a prolonged period without any
noticeable decomposition. On heating above 40°, it
melted with decomposition but was recovered un-
changed after refluxing with sulfuryl chloride in CC14
solution for 3 days. The ultraviolet spectra (run in
cyclohexane) showed an absorption maximum at 225
np. (log e 3.73). The parent compound, 1,2,4-thia-

*To whom correspondence should be addressed.
(1) A. Hantzsch and M. Wolvekamp, Justus Liebigs Ann. Chem., 331,
265 (1904).
(2) J. J. D’Amico and R. H. Campbell, J. Org. Chem., 32, 2537 (1967).
3) R. J. Timmons and L. S. Wittenbrook, ibid., 32, 1566 (1967).
4) R. Seltzer, ibid., 33, 3896 (1968).
5) F. A. Cotton and J. A. McCleverty, Inorg. Chem., 6, 229 (1967).
(6) J. P. Fackler, Jr., and D. Coucouranis, J. Amer. Chem. Soc., 88, 3913
(1966).
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The preparations and some reactions of 1,2,4-thiadiazolylsulfenyl

diazole,78has a maximum at. 229 m/a (log €3.7). The
sulfenyl chloride was readily reduced to the corre-
sponding disulfide 3 by treatment with cuprous chloride
while chlorination of the disulfide regenerated com-
pound 2 (eq 3). The disulfide exhibited five absorption
bands in the infrared which were almost identical with
that of its sulfenyl halide precursor. During chlorin-
ation, the formation of a cyclized thiadiazole ring
could occur either by an attack of a sulfenyl chloride
upon the nitrile group via an episulfonium type ion9,0
(4), by an acyl type ionll(s), or by an attack of a chlo-
ride ion upon the nitrile carbon with concommittant

nucleophilic attack of nitrogen on sulfur (eq 4). The
CIS—C =N CIS— G-
Cg
s,— >C i+ S MC
W
N
4 5
CIS— - N
o 1 I o a @
ci”s cC cCr
nt
N

latter mechanism has been postulated by Hatchard?
and by Timmons and Wittenbrook3 for cyclizations
also presumably involving transient sulfenyl chloride
intermediates.

Although sulfenyl halides do not commonly react
with nitriles, the addition of sulfur chlorides to amino-
nitriles and cyanogen13 and of trifluoromethanesul-
fenyl chloride to a nitrile group of tetracyanoethylenel4
has been reported. Here again, the mechanism is not
certain, although in the case of the tetracyanoethylene-
F3CSCI reaction, chloride ion serves as a catalyst.
With four powerful electron-withdrawing groups on
ethylene, it appears likely that initial attack by chloride
is on the carbon-carbon double bond rather than upon
the nitrile group. Possibly cyclization to aromatic ring
systems provides the driving force for the sulfenyl
chloride addition to the nitrile group of cyanogen and
cyanoimidiocarbonate molecules. No analogous addi-

(7) J. Goerdeler, J. Ohm, and O. Tegtmeyer, Chem. Ber., 89, 1534 (1956).

(8) J. Goerdeler and O. Tegtmeyer, Angew. Chem., 67, 302 (1955).

(9) W. A. Thaler, W. H. Mueller, and P. E. Butler, J. Amer. Chem. Soc.,
90, 2069 (1968).

(10) W. H. Mueller and P. E. Butler, ibid., 90, 2075 (1968).

(11) W. A. Thaler, Chem. Commun., 527 (1968).

(12) W. R. Hatchard, J. Org. Chem., 29, 660 (1964).

(13) L. M. Weinstock, P. Davis, B. Handelsman, and R. Tull, Tetrahedron
Lett.,, 1263 (1966); (b) L. M. Weinstock, P. Davis, B. Handelsm, and R.
Tull, J. Org. Chem., 32, 2823 (1967).

(14) H. D. Hartzler, ibid., 29, 1194 (1964).
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lions to nitriles resulting in acyclic structures have to
our knowledge been observed.

The bromination of cyanodithioimidocarbonate
ion, in contrast to the chlorination, does not produce a
sulfenyl chloride but gives instead bis(3-bromo-1,2,4-
thiadiazol-o-yl) disulfide (6) in excellent yield (eq 5).

2 N:=NCN + «3Br2 — m

6, mp 142-144°

The disulfide appeared inert to excess bromine and,
despite the fact that aromatic disulfides such as phenyl
disulfide are readily cleaved by bromine, the thiadiazole
disulfide displayed no such tendency. Possibly ther-
modynamic considerations are important here, and
what is observed is an equilibrium very strongly favor-
ing the disulfide, rather than any intrinsic inertness of
this disulfide bond (eq 6). The disulfide is however

Br-. -Br Br-
+ Br,

readily cleaved by chlorine, thereby providing the 3-
bromo-1,2,4-thiadiazol-5-yl sulfenyl chloride (7). Here
again the sulfenyl chloride 7 exhibited an infrared spec-

7

trum with absorptions nearly identical with those of the
disulfide precursor 6. The 3-bromo compounds, how-
ever, showed significant shifting of absorptions com-
pared to the 3-chloro compounds (see Experimental
Section) permitting convenient distinction between
the two systems.

The reaction of bromine chloride with 1 gives a
92% vyield of a disulfide which after one recrystalliza-

tion (69%) melts at 118-120° (eq 7). Elemental
_s\ Cl—n----N N----—-- t—Br
-s/ ncn — m

8, mp 118-120°

analysis indicated that the product was either a disul-
fide with a chlorine and a bromine in the 3 and 3' posi-
tions (8) or else an exactly equal mixture of the dichloro
and dibromo disulfides (3 and 6). The infrared spec-
trum was the same as the combined spectrum of 3 and
6, a fact which is inconclusive since either the unsym-
metrical disulfide or a mixture of the two disulfides
could be expected to show similar infrared character-
istics. The sharp melting point suggested that the
product was a single compound 8. In support of this,
a 1:1 mixture of 3 and 6 had a broad melting point
range (120-135°) which did not change even after
recrystallization of the mixture. Furthermore, mix-
ture melting points of 8 and 3 and of 8 and 6 also exhib-
ited a broad range. Since it would have been quite
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fortuitous to have obtained an equal mixture of 3 and
6 directly from the reaction, and such a mixture ex-
hibited different melting point characteristics, it was
concluded that the reaction product was indeed the
unsymmetrical disulfide 8.

Reactions of 3-Halo-l,2,4-thiadiazol-5-yl Sulfenyl
Chloride with Olefins.—The reaction of 2 or 7 with
olefins at —40° in methylene chloride solution is a very
rapid exothermic process wherein the olefin is consumed
almost as rapidly as it is introduced. The addition to
frans-butene produces a single diasteriomer which
according to nmr analysis is different from the single
diasteriomer obtained from reaction with cis-butene.
Such stereospecific additions of sulfenyl chlorides have
been attributed to an episulfonium ion reaction mech-
anism resulting in exclusively trans addition1516 (eq 8).

R
-
H, t or Ok
R
S
CH31,
IC— o ®)
H/ |\ h,

ci

It would appear, therefore, that transbutene gives
rise to the erythro adduct and cis-butene to the threo
adduct. Infrared and uv analyses demonstrate that
the heterocyclic ring system is not itself involved in the
reaction with olefins. Mass spectroscopic analysis of
the cis-butene adduct shows parent and cracking peaks
consistent with an adduct of structure 9.

cl- -N
— SCH(CH3CH(CH3CL

9

The products from the reaction of 2 or 7 with sev-
eral olefins were examined by nmr (Table 1). Yield,
and analyses for these adducts are presented in Table
1. The direction of the addition (Markovnikoff or
anti-Markovnikoff) of sulfenyl halides to terminal
olefins, is usually easily determined by nmr analysis®
because of the marked downfield shift of methylene or
methine protons on carbons bonded to chlorine, relative
to those on carbons bonded to sulfur. (Sulfenyl chlo-
rides are polarized with the positive charge on sulfur,
RS{+-C1S’. Therefore, adducts with the chlorine
bonded to the more highly substituted position of the
hydrocarbon skeleton are designated Markovnikoff
addition products.) However, the difference in chem-
ical shift due to a chlorine substituent is very close to
that of the strongly electron-withdrawing 3-chloro-
1,2,4-thiodiazol-5-yl sulfenyl substituent, and it is
difficult to make unequivocal structural assignments
based on chemical shifts. Chemical shifts of adducts
from symmetrical olefins were assigned by attributing
the larger downfield shift to protons on the chlorine-
bearing carbon. These values were utilized to assign

(15) N. Kharasch and C. M. Buess, J. Amer. Chem. Soc., 71, 2724 (1949).
(16) W. H. Mueller and P. E. Butler, ibid., 88, 2866 (1966).
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Thaler and McDivitt

Tabte Il

Reaction of 1,2,4-Thiadiazolylsulfenyl,Chlorides

with Some Unsatcrated Hydrocarbons*®

A. 3-Halo-1,2,4-thiadiazol-5-yl Sulfenyl Chlorides

— Yield, %-------- N
Reagent Olefin Crude Purified

2 Ethylene 97 80
2 Propylene 100 79
2 Isobutylene 91 71
7 Isobutylene 100 95
2 as-Butene-2 91 85
2 iran.s-Butene-2 94 81
2 3,3-Dimethylbutene-I 88 74
2 Butadiene 96

2 2-Methylbutene-2 98 76

B. 1,2,4-Thiadiazol-3,5-yl Bis(sulfenyl chloride)

Reagent Olefin Yield, %b
n Ethylene 100
11 Propylene 97
1 cis-Butene-2 104
1 Isobutylene 94
11 Allyl chloride 102
ik Butadiene 92

“ Satisfactory analytical values (£0.35%) for C, H, N were
obtained on all adducts. 6All diadducts with the exception of
the ethylene adduct were nondistillable oils and were analyzed
without further purification.

analogous methylene and methine signals from adducts
of unsymmetrical olefins. The chemical shifts assigned
in this fashion appear to be internally consistent 'Ta-
ble I).

The reactions of 3-halo-l,2,4-thiadiazol-5-yl sul-
fenyl chlorides with terminal olefins were remarkably
specific. With the exception of unbranched olefins such
as propylene where similar quantities of the two posi-
tional isomers were obtained, reactions with substituted
olefins such as isobutylene and 3,3-dimethyl-1-butene
gave single products. The Markovnikoff or anti-
Markovnikoff structure of these products assigned ten-
tatively by analogy with other sulfenyl halide-terminal
olefin adductions was completely consistent with assign-
ments based on nmr analysis.

In general, increased electron-withdrawing char-
acter of R decreases the anti-Markovnikoff and in-
creases the Markovnikoff adducts from the reaction of
RSC1 with terminal olefins.10Y Thus the adducts
derived from isobutylene were reported to contain
80, 32, and 19% anti-Markovnikoff product when R
was the CH3 CH3C(0)S, or (CH3®)3(0) substituent,
respectively. Furthermore, with an electron-with-
drawing substitute such as the CH3C (0)S group, the
tendency toward -Markovnikoff product increased in
going from propylene to isobutylene (40% Markovni-
koff product from propylene, 68% Markovnikoff prod-
uct from isobutylene). This behavior has been attrib-
uted to increased positive charge on carbon when R
tends to destabilize the positive charge on the sulfur
atom in the episulfonium ion. Thus the direction of
episulfonium ring opening via chloride ion attack is
controlled by steric factors which favor attack at the
terminal carbon, and opposing electronic factors which
favor attack at the more highly substituted carbon.
Electron-withdrawing R groups destabilize the positive
charge on sulfur and therefore increase the importance

(17) W. H. Mueller and P. E. Butler, J. Org. Chem.. 32, 2925 (1967).
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of electronic factors, thus bringing about enhanced
chloride attack at a more highly substituted internal
carbon atom.

The powerful electron-withdrawing character of
the 3-halo-1,2,4-thiadiazol-5-yl (R) group is attested
by the large downfield shift of adjacent protons and the
proximity of chemical shifts to those of analogous
protons on chlorine-bearing carbons. Thus, a strong
tendency toward Markovnikoff product formation
would be expected and would explain the formation
of single products from olefins such as isobutylene which
are well suited for charge stabilization on carbon.

R
A .CH,
H,C
at  CH,
cr

In contrast, the product from 3,3-dimethyl-I-
butene has been assigned the anti-Markovnikoff orien-
tation. Since unhindered terminal olefins which have
a single alkyl group bonded to ethylene (e.j/., propylene)
give similar quantities of isomeric adducts, it would be
anticipated that more hindered analogs would enhance
chloride attack at the terminal carbon. Indeed, the
strong tendency to form anti-Markovnikoff products
from 3,3-dimethyl-lI-butenel0 1718 is well documented
even with sulfenyl chlorides containing strongly elec-
tron-withdrawing R groups.

R
ch3

¢H—c—cr3
“er ch3

The reaction of 2 with butadiene is noteworthy.
To avoid multiple additions, the sulfenyl chloride was
added to an excess of diene (18.5 mol diene/mol RSCJ).
Under these conditions, the product contained 29%
isobutylene adduct in conjunction with the simple 1,2-
addition product from butadiene (RSCH2CHCICH=
CH2. Analysis of the butadiene reagent revealed
1.84% isobutylene impurity. The product composition
corresponds to complete removal of the isobutylene
from the butadiene. On this basis, the isobutylene is
at the very least 21.8 times more reactive than buta-
diene. This number only represents a minimum value
since isobutylene may have been consumed during the
initial stages of reaction. It is significant, however,
that even this minimal value for the relative reactivity
indicates that 2 is a more selective reagent than meth-
anesulfenyl chloride which shows a relative reactivity of
4.8519 [fe(isobutylene)/ K(butadiene)]. The increased
selectivity toward more nucleophilic double bonds is
consistent with the greater electron-withdrawing power
of the thiadiazole ring. The thiadiazolylsulfenyl
chloride in comparison to methanesulfenyl chloride,
should exhibit even more preference for Cis olefins since
it is even more important for the bulky substituents on
sulfur to be oriented away from the ethylenic substitu-

(18) G. M. Beverly and D. R. Hogg, Chem. Commun., 138 (1966).
(19) W. A. Thaler, J. Org. Chem., 34, 871 (1969).
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ents in transition state for this first reaction step.19
A similar tetravalent sulfur structure has been pro-
posed as an actual intermediate rather than a contrib-
uting transition state structure in reactions involving
cyclooctene. D

1,2,4-Thiadiazol-3,5-yl Bis(sulfenyl chloride) (11).—
The dipotassium salt of 3,5-dimercapto-l,2,4-thiadia-
zole (perthiocyanic acid) and its salts have been obtained
by a number of routes,Z2l but the dianion 10 is most
conveniently prepared by refluxing a methanol solution
of 1with sulfur. The salt is readily chlorinated to give
the bis(sulfenyl chloride) 11 which is astable yellow solid.

-N cis- -N

n”~sJ L sci
10 1

The bis(sulfenyl chloride) rapidly consumed 2 mols of an
olefin giving fairly pure 1:2 adducts in high yield (Ta-
ble 11). With the exception of the ethylene adduct
which was a solid, the products were all nondistillable
liquids. Theoretically, the products from unsymmetri-
cal olefins can be comprised of four different adducts
(excluding geometrical isomers). Four different types
of olefin incorporation could be verified with products
giving relatively simple nmr spectra. The reaction of
11 with isobutylene showed four different methyl and
methylene signals: two from Markovnikoff addition
(in equal quantities) comprising 78% of the mixture
(5chj 1-652, 1.672; 5cm 3.730, 3.760), and two
from anti-Markovnikoff addition (in equal quanti-
ties) comprising 22% of the mixture (5Cm 1-715,
1.578; 6cm 4.115, 3.870). The observed increase
in anti-Markovnikoff product from the bis(sulfenyl
chloride) 11 in contrast to the reaction of isobutylene
with the monosulfenyl chloride (2 or 7) is consistent
with the decrease in electron-withdrawing ability of R
when the chlorine substituent is no longer bonded di-
rectly to the 1,2,4-thiadiazole ring.

Experimental Section

Infrared analyses were determined on Beckman IR-5 and IR-20
spectrophotometers. Gas chromatographic analyses were de-
termined on an F & M Model 810 gas chromatograph using a 5
ft X ‘A in. Dowfax column at 165°. Nuclear magnetic resonance
spectra were obtained on Varian A-60 and I1A-100 spectrometers.
Extinction coefficients were determined on a Beckman DK-2
spectrophotometer. All melting points were taken upon a Fisher-
Johns block and are uncorrected.

Dipotassium Cyanodithioimidocarbonate (1).—To a stirred
solution of 100 g (2.38 mol) of cyanamide (Eastman)in 250 ml of
absolute alcohol 199 g (2.62 mol) carbon disulfide was added.
The mixture was maintained below 20° while a solution of 314 g
of 85% potassium hydroxide in 600 ml of absolute alcohol was
added over the period of 30 min. The mixture was stirred for
an additional 45 min and then suction filtered, washed with
tetrahydrcfuran, and dried in a vacuum oven at 50° yielding
416 g (90%) of product, mp 225°.

3-Chloro-l,2,4-thiadiazol-5-yl Sulfenyl Chloride (2).—A slurry
of 103 g (0.53 mol) of potassium cyanodithioimidocarbonate (1)
in 750 ml of methylene chloride was cooled to —40° and 75.3 g
(2.06 mol) of chlorine was slowly added to the stirred mixture.
The reaction mixture was then stirred at 0° for 1 hr and suction

(20) D. C. Owsley, G. K. Helmkamp, and M. F. Rettig, J. Amer. Chem.
Soc., 91, 5229 (1969).

(21) L. L. Bambas, “The Chemistry of Heterocyclic Compounds,”
Interscience, New York, N. Y., 1952, pp 35-51.
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filtered under dry nitrogen, and the methylene chloride evaporated
under reduced pressure yielding 85 g (86%) of the yellow solid.

Anal. Calcd for CSANZ12: C, 12.84; N, 14.98; CI, 37.90.
Found: C, 12.86; N, 15.63; CI, 37.69.

The uv spectrum in cyclohexane showed maximum at 261 mn
(log e 3.78) and 225 (3.73). [The parent compound 1,24-
thiadiazole has an absorption maximum at 229 mju (log e 3.7).]
Infrared analysis (CC14) shows a five-peak pattern with maxima at
6.97, 8.20, 9.38, 10.91, and 143 M

Bis(3-chloro-1,2,4-thiadiazol-5-yl) Disulfide (3).—A solution of
9.35 g (0.05 mol) of 2 in 100 ml of dry tetrahydrofuran was
stirred with 4.9 g (0.025 mol) Cu2C12for 1 hr at room temperature,
during which time the green cuprous chloride changed to the
brown cupric chloride. The solid was filtered off, and the solu-
tion evaporated, redissolved in methylene chloride, and filtered
again. Evaporation of the methylene chloride yielded 7.6 g
(100%) of the disulfide product which was recrystallized from
CHZXCI2methanol giving 5.0 g of a pale yellow solid, mp 118—
120-.

Anal. Calcd for CAN4SAC12: C, 15.84; N, 18.48; S, 42.30.
Found: C, 15.47; N, 18.46; S, 41.90.

The infrared spectrum (CC14) was very similar to that of the
corresponding sulfenyl chloride 2 showing five maxima at 6.97,
8.23, 9.46, 10.97, and 14.2

Bis(3-bromo-1,2,4-thiadiazol-5-yl) Disulfide (6).—A slurry of 9.7
g (0.05 mol) of 1in 75 ml of CH2C12was stirred at —40° while 16
g (0.1 mol) of Br2was added dropwise. The mixture was then
stirred at 10° for an additional 2 hr, after which excess bromine
and some solvent were removed at reduced pressure. The solid
was filtered and the solvent was removed in vacuo yielding 8.5 g
(87%) of a yellow solid product. The product (8.0 g) was re-
crystallized from CHZXI2terf-butylethylene to give 7.5 g of a
white solid, mp 142-144.

Anal. Calcd for CAN4SBr2: C, 12.25; N, 14.29; S, 32.71;
Br, 40.76. Found: C, 12.62; N, 14.13; S, 32.67; Br, 40.90.

The infrared spectrum (CC14) was very similar to the analogous
disulfide 3 with small shifts in the corresponding peaks. Absorp-
tions were observed at 7.01, 8.39, 9.46, 11.21, and 15.0 jj.

3-Bromo-1,2,4-thiadiazol-5-yl Sulfenyl Chloride (7).—A solu-
tion of 8.0 g (0.020 mol) of 4 in 150 ml of CH2C12was stirred at
—40° while 1.5 g (0.020 mol) of Cl2was added slowly. The re-
action mixture remained at ambient for 3 hr before the solvent
was evaporated in vacuo yielding 9.5 g (100%) of product.
Satisfactory elemental analysis could not be obtained on the
crude product which analyzed correctly for nitrogen and chlorine
but was approximately 1% high in carbon and bromine. Infrared
analysis showed similar absorptions to that of the disulfide with
peaks at 7.01, 8.29, and 8.37 (doublet), 9.37, 11.18, and 15.0 in

3-Bromo-3'-chloro-l,2,4-thiadiazol-5-yl Disulfide (8).—To a
slurry of 9.7 g (0.05 mol) of 1in 150 ml of CH2C12stirred at —40°,
a cold solution of bromine chloride was added slowly. The
bromine chloride solution, prepared by combining 8.0 g (0.05
mol) of Br2and 3.6 g (0.05 mol) of Cl2at —45° and adding cold
Cl12C12 after 0.5 hr, was maintained below —45° during the
course of the reaction. The mixture was then allowed to come

Thaler and McDivitt

to room temperature and filtered, and the solvent was removed in
vacuo yielding 8.0 g (92%) of crude yellow solid which melted at
118-120° after one recrystallization (69%) from methylene chlo-
ride-methanol.

Anal. Calcd for CAN4SBrCl:
Cl, 10.19; Br, 22.98. Found:
Cl, 10.04; Br, 23.00.

Infrared analysis provided a spectrum which resembled the
superimposed spectra of combined 3 and 4. Absorption maxima
were observed at 6.97. 7.01, 8.23, 8.39, 9.48, 10.97, 11.21, 14.7,
and 15.0 n-

General Procedure for Sulfenyl Chloride-Olefin Adducts.— In
a typical experiment 18.7 g (0.1 mol) of sulfenyl chloride was
dissolved in 200 ml of CH2C12, 0.1 g of CaCOs was added, and
the mixture cooled to —50°. frans-Butene-2, 5.6 g (0.1 mol),
was slowly condensed into the solution at a rate such that the
solution temperature remained below —20°. Almost immediately
after the addition was completed, the solution temperature began
to drop and cooling was discontinued. The solvent was then
removed at reduced pressure leaving 23 g (94%) of an oil.
Distillation, 98-99° (0.1 mm), provided an 81% overall yield of
pure product. Both the undistilled and distilled products were
analyzed by vpc and nmr. The distilled products were subject
to elemental analyses.

1,2,4-Thiadiazol-3,5-yl Bis(sulfenyl chloride) (11).—A solution
of 19.4 g (0.1 mol) of dipotassium eyanodithioimidocarbonate in
500 ml of methanol was refluxed with 3.2 g (0.1 g-atom) of sulfur
for 15 min. The dipotassium salt of 3,5-dimercapto-1,2,4-
thiadiazole (10) (perthiocyanic acid) was isolated by evaporation
of solvent at reduced pressure and the product (22.6 g) was
dried under vacuum at 80°.

A slurry of 113 g (0.5 mol) of 10 in 900 ml of CH2C12was cooled
to —50° and stirred while 71 g (0.1 mol) of chlorine was added
slowly. The mixture was then allowed to come to ambient tem-
perature, the KC1 filtered off (under N2), and the solvent removed
by means of a rotary evaporator, yielding 82 g (74% yield) of the
yellow solid bis(sulfenyl chloride) 11.

Anal. Calcd for CAN2S3C12 C, 10.96; N, 12.78. Found: C,
11.29; N, 12.87.

General Procedure for 1,2,4-Thiadiazol-3,5-yl Bis(sulfenyl
chloride)-01efin Adducts.— In a typical experiment, 8.2 g (0.0375
mol) of the bis(sulfenyl chloride) 11 was dissolved in 75 ml of
CHZXC12, cooled to —50°, and stirred while propylene in slight
excess was added. The solution was then stripped of solvent on
a rotary evaporator. Traces of residual volatiles were removed
by means of a high vacuum pump, yielding 11.0 g (97% yield)
of product.

C, 13.81; N, 16.14; S, 36.88;
C, 13.99; N, 16.18; S, 37.22;

Registry No. -1, 13145-41-0; 2, 26542-76-7; 3,
26542-77-8; 6,26542-78-9; 7,26542-79-0; 8,26542-80-
3; 11,2254-82-2.
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Cycloaddition Reactions of 3,4-Diazacyclopentadienone
Oxides with Olefins and Acetylenedicarboxylic Esterl

Jeremiah P. jreeman* and Michael J. Hoare2

Department of Chemistry, University of Notre Dame, Notre. Dame, Indiana 46.556

Received June 15, 1970

3,4-Diazacyclopentadienone N,N'-dioxides, 1, and A-monoxides, 2, undergo cycloaddition with olefins to pro-

duce isoxazolo[l,2-6]pyrazole derivatives 4 and 5, respectively.
hydrolysis and hydrogenolysis to 4-ketopyiazoline derivatives.
Proof of the structure of these derivatives is based upon spectro-

yield 8-oxabicyclo[3.'2.1]octane derivatives.

These heterocycles undergo ring opening upon
With acetylenedicarboxylic ester, | and 2 both

scopic studies and avariety of oxidation and reduction products.

Recently, some representatives (1, 2) of the 3,4-diaza-
cyclopentadienone iV-oxide family of heterocycles were
reported.3 The presence of the cross-conjugated keto-

la, R= C8H5R' = CH3
b, R=C&45 R' = C&H5
¢, R=CH3R'=CH3
d R=Ca5R' = CH5

2a, R= OHy R'= CH3
b, R = C&H5 R' = CH5

nitrone system and their bright colors suggested that
these compounds might bear some chemical similarity
to the isatogens. 3. The latter compounds have been
reported to undergo a number of unusual cycloaddition
reactions.4

(0]
3

Olefin Additions.—Condensation of 1 with acryloni-
trile, methyl acrylate, and butyl vinyl ether yielded
1:1 cycloadducts (Table 1). All of these compounds
resulted from the same regiospecific cycloaddition in
which the nitrone oxygen is attached to the carbon atom
of the olefin which bears the functional group. This
orientation is that expected on the basis of previous re-

0 0

suits with simple nitrones3 and supports the suggestion
that steric factors are mainly responsible for this regio-
specihcity.6 Proof for this orientation will be outlined
below.

With unsymmetrical derivatives of 1, such as la, there
is a second source of structural uncertainty in the cyclo-

* To whom correspondence should be addressed.

(1) This research was supported by a research grant (CA 10752) from the
National Cancer Institute of the National Institutes of Health.

(2) National Defense Education Act Fellow, 1966-1969. Abstracted in
part from the Ph.D. Thesis of M. J. Hoare.

(3) J. P. Freeman, J. J. Gannon, and D. L. Surbey, J. Org. Chem., 34,
187 (1969).

(4) W. E. Noland and R. F. Modler, J. Amer. Chem. Soc., 86,2086 '1964).

(5) R. Huisgen, H. Hauck, R. Grashey, and H. Seidl, Chem. Bet., 101,
2568 (1968).

(6) N. A. LeBel, Trans. N. Y. Acad. Sci., 27, 858 (1965).

adducts and that is to which nitrone function addition
occurs. In all cases examined, addition took place ex-
clusively at the aliphatic nitrone group. This point
was immediately apparent from a comparison of the
nmr spectra of the adducts with those of the starting
materials. The alkyl group hydrogens underwent an
upheld shift of about 80.5, wholly compatible with the
change of hybridization at the nitrone carbon from sp2
to sp3

In the report3 of compounds of structure 2, it was
noted that there was an unsettled ambiguity about the
unsymmetrical derivatives. There was presumptive
evidence that an alkyl rather than an aryl group was
preferentially associated with the nitrone function, but
spectral data alone could not unequivocally establish
this point. The results of cycloaddition reactions of 2
(Table 1) show conclusively that the original suggestion
was correct as again the nmr spectra showed that the
alkyl groups suffered an upheld shift upon cycloaddi-
tion.

2,R=Ar
R' = Alkyl

5R=Ar
R'= Alkyl

The heterocyclic adducts 4a and 5a, X = CX, under-
went a base-catalyzed ring opening and solvolysis that
served both to substantiate their structures and to pro-
duce new heterocyclic derivatives. This ring opening

1/ cH3
4a 2 I JSch,
CHDH N— NH
0
0
c 6H. 'CH'
5 oo CH2COCH3
a CHOH n_ nh

is similar to that observed with isatogen cycloadducts.7

One previous example of the heterocyclic nucleus of
6 has been reported and it was establishec in that inves-
tigation that the keto-nitrone tautomer correctly rep-
resented the structure.8 The spectral properties of 6
were very similar to those previously reported.8

(7) W. E. Noland and D. A. Jones, Chem.Ind. {London) 363 (1962).
(8) J. P. Freeman, J. Org. Chem., 27, 2881 (1962).
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Table |

Cycloadducts

4
Compd
no. R R ' X Yield, % Up, °C Ir (Nujol), cm-»
4a C«H» CID CN 60 158-160 1735(C=0),
1570 (-C=N->-0),
|
1120 (N-*0)
4b Cil» CH» CN 34 110-111 1725(C=0), 1590,
|
1570 (-C=N —O0),
970 (N—O)
4c  C«Hs OC»H» CN 72 117-118 1715(C=0), 1565,
1100
4d CeH6 CH» CO2CH3 62 145-147 1750 (ester C=0),
1720, 1565, 1120
4e  c@nh6 CsHs CO:CHs 68 150-151 1750, 1710, 1550, 1130
Af CaHs C&H, 71-OCaHo 75 106-107 1725, 1550, 1380, 1050
5a CaH* CH» CN 46 150-152 1750, 1450

“ See Experimental Section.

Hydrogenolysis of the cycloadducts also affords deriv-
atives of the 4-ketopyrazoline 2-oxide system. Cata-
lytic hydrogenation of 4d yielded the a-hydroxy ester
8, while similar treatment of 4f yielded aldehyde 9 iso-
lated as its 2,4-D XP derivative.

cth5 ,CH3
CH2CHCO,CH3
on H ¢H
8
OR,Yl Ix AI ceH CtH,
T N N N. N x CRCHO
0 0 7 oo cT H
4f

Acetylenes.— The dioxide la condensed with acety-
lenedicarboxylic ester in boiling benzene to yield a
nitrogen-free product derived from 2 equiv of the ester
and 1 equiv of the dioxide. Nitrous oxide was evolved
during the reaction. Structure 10 is proposed for the
adduct: R = CeH5 R' = CH3

Spectral Evidence. —The infrared spectrum of 10 con-
tains carbonyl bands at 1760, 1740, 1720, and 1710
cm-1, and a medium intensity band at 1660 cm-1. Its

5
B Calcd, %-—-—— - Found, %-------
Nmr (CDCIi), 5 C H N C H N
1.67 (s, 3, CH»), 60.70 4.31 16.33 60.90 4.59 16.17
2.99 (m, 2, -CHIiCH-),
5.30 (g, 1, > CHCHi-),
7.60 (m, 3), 8.30 (M, 2)
1.67 (s, 3, CH»), 2.05 49.20 4.65 21.50 48.92 4.66 21.69
(s, 3, CH»), 2.75 (m, 2),
4.80 (m, 1)
1.06 (t, 3,3 = 7.5 Hz), 61.99 4.83 1549 62.20 4.90 1552
2.05(q,2,J = 7.5 Hz),2.80
(m, 2), 4.06 (m, 1), 7.50
(m, 3), 8.35 (m, 2)
1.40 (a 3), 2.65 (M, 2), 5793 4.86 9.65 57.65 5.06 9.79
3.80 (s, 3), 4.59 (m, 1),
7.50 (in, 3), 8.40 (m, 2)
3.62 (a 3), 3.33 (M, 2), 64.77 458 7.95 6484 459 823
5.05 (m, 1), 7.45 (m, 10),
8.35 (m, 2)
1.00 (m, 7), 2.90 (q, 2), 3.65 68.84 6.05 7.65 68.70 6.22 7.69
(m, 2), 5.55 (t, 1), 7.50
(m, 10),8.40 (m. 2)
64.72 4.60 17.42 64.87 4.85 17.35

1.66 (a, CH»), 2.62 (m, 2),
4.62 (m, 1), 7.50 (m, 3),
8.20 (m, 2)

nmr spectrum shows the ester methyl groups at 5 3.66
(3 H), 3.82 (6 H), and 3.88 (3 H), and a lone methyl
singlet at 52.02. The phenyl group appears as a multi-
plet at &r.55. The mass spectrum of 10 showed a small
molecular ion peak at m/e 444 and the 100% ion peak
at 105 (CeHBCO+). Its fragmentation pattern is con-
sistent with the structure proposed. The ultraviolet
spectrum of 10 showed absorption at \n& 218, 245,
and 370 nm, consistent with the a,/3-unsaturated ketone
and maleate ester chromophores.

Compound 10 was thermally stable at its melting
point and it did not form carbonyl derivatives (under
the usual conditions). Oxidation of 10 with alkaline
permanganate yielded trimethyl 2-phenylfurantricar-
boxylate. The structure of this ester was established
by its elemental analysis, its spectral properties, and its

CHiO.CL | | .CO,CH3
KMno,
»H-

oH CHO.C tr X

1 HUHO
2.Cu-C,H;N

degradation to 2-phenylfuran by hydrolysis and decar-
boxylation.

A series of reductions was also carried out to substan-
tiate structure 10. Catalytic hydrogenation yielded a
mixture of two monohydrogenation products, 11 and 12.
The nmr spectrum of 11 had, in addition to signals due
to the ester methyl groups, a doublet at 5 1.20 (3 H, J
= 7 Hz) and multiplets at 7.50 (5 H), 3.45 (1H), and
4.20 (1 H), fully consistent with structure 11 and con-
firming the structural feature in 10 of a methyl group at-
tached to a double bond substituted with carbonyl func-
tions.9 The nmr spectrum of 12 showed that the C-

(9) Structures 11 and 12 represent the stable isomers (based upon study of
models) obtained after base-catalyzed epimerization of the original hydro-
genation products, which appeared to consist of mixtures of stereocisomers.
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methyl group was still in the same magnetic environ-
ment as in 10 and was otherwise consistent with the
structure proposed. All attempts to fully saturate 11
or 12 were unsuccessful. It may be of some interest
that the ultraviolet spectra of compounds 10, 11, and
12 were virtually identical, but the significance of this
fact is not known.

Sodium borohydride reduction of 10 yielded an alco-
hol 13 which could be reoxidized with chromic acid to
10. The orientation of the hydroxyl group is not
known although it is probably endo based upon the
lactonization described below. Catalytic hydrogena-
tion of 13 produced 14. The structure of 14 is based

upon its nmr spectrum which showed that the C-methyl
group was still a singlet and in the same magnetic en-
vironment as in 10 and 13. In addition, oxidation of
14 yielded ketone 12. Sodium borohydride reduction
of 12 in methanol produced a lactone 15 which was iden-
tical with that produced by acid treatment of 14. The
lactone 15 is the only one that could be constructed
using models and this requires that 14 have the struc-
ture shown. Thus borohydride reduction of 10 prob-
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ably occurs from the exo side to give the endo alcohol 13.
The catalytic hydrogenation of 13 may yield the ther-
modynamically stable trans diester 14, directly, but in
any case the lactonization conditions are such as to pro-
duce the requisite epimer.

Borohydride reduction of ketone 11 produced an alco-
hol 16 isomeric with 14 but one which could not be lac-
tonized. Oxidation of 16 regenerated 11. Model stud-
ies indicated that no lactone could be formed between
the ester at C-2 and the hydroxyl group at C-4.0 The
“a” relationship of the ketone carbonyl group and the
C-methyl group is shown in the increased complexity of
the nmr signal of the hydrogen coupled to the methyl
group in 11 upon reduction to 16. On the other hand,

the signal for the CH group of the alcohol in 14 was a
simple doublet (coupling to OH) which collapsed to a
singlet when the spectrum was measured in the presence
of trifluoroacetic acid.

All the data assembled support the structure of the
condensation product as 10.11 An attempt to convert
12 to a tropone by acid-catalyzed ring opening and de-
hydration in polyphosphoric acid was unsuccessful, pos-
sibly due to complicating side reactions with the several
ester functions.

A possible route from dioxide la to compound 10
may be envisioned as shown in Scheme |I. The forma-
tion of adducts which are analogous to 17 has been
postulated in other nitrone-acetylene cycloadditions.
The rearrangement of 17 to 18 might be anticipated on
the basis of the reported instability of the 4-isoxazoline
nucleus.2 Compounds similar to 19 have been postu-
lated as the compounds responsible for the color pro-
duced upon heating epoxycyclopentadienones.i3 In
one instance, such a compound was trapped by acety-

(120) Numbering according to Ring Index of the 8-oxabicyclo[3.2.1]oc-

tane skeleton.

(11) Other structures considered that were compatible with the spectral
data were the following.

Both suffer from the fact that 10 is stable to acid-catalyzed hydrolysis, a
reaction expected to cleave the vinyl ether function. Additionally b would
yield trimethyl 3-phenylfurantricarboxylate instead of the 2-phenyl isomer.
(12) J. E. Baldwin, R. G. Pudussery, A. K. Qureschi, and B. Sklarz,
J. Amer. Chem. Soc., 90, 5325 (1968).
(13) (a) E. F. Ullman and J. E. Milks, ibid.. 86,3814 (1964); (b) J. M.
Dunston and P. Yates, Tetrahedron Lett., 505 (1964}).
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Scheme |

la + CHZXC=CCOXH3 —

lenedicarboxylic ester to give a derivative analogous to
10.i3a,u As this mechanism would suggest, compound
10 was also obtained from the reaction of the mono-iV-
oxide 2a with acetylenedicarboxylic ester.

Experimental Section

Cycloaddition Reactions with Alkenes. 1. The Cycloadducts
(Table 1)—2-Phenyl-4-methyl-6-cyano-3-ketoisoxazolo [1,2-6] -
pyrazole ;Y-Oxide (4a).—A 2.0-g (9.8 mmol) sample of 2-phenyl-
5-methyl-3,4-diazacyclopentadienone N,A'-dioxide3 (la) and
20 ml (0.30 mol) of acrylonitrile were refluxed for 4 hr. There
was a color change from bright orange to pale yellow as the reac-
tion proceeded. The acrylonitrile was removed under vacuum
and the residual oil slowly crystallized. A single recrystalliza-
tion from methylene chloride-hexane gave colorless needles, mp
158-160°, 60% yield.

2-Phenyl-4-methyl-6-cyano-3-ketoisoxazolo [1,2-b] pyrazole
(5a).—A 0.5-g (2.66 mmol) sample of 2-methyl-5-phenyl-3,4-di-
azacyclopentadienone 3-oxide (2a)8 and 10 ml (0.15 mole) of
acrylonitrile were dissolved in 10 ml of benzene and the solution
was refluxed for 4 hr. The solution turned from dark red to pale
yellow during the reaction period. The benzene and excess
acrylonitrile were removed under vacuum and the solid residue
was crystallized from methanol. Recrystallization from methy-
lene chloride-hexane gave pale yellow crystals, 0.30 g (46%), mp
150-152°.

2. The Cycloadduct Derivatives.
methyl-3-phenyl-2-pyrazolin-4-one

5-Carbomethoxymethyl-5-
2-Oxide (6).—A solution

(14) Some evidence for the intermediacy of compound 18 was obtained
when the cycloaddition was carried out at room temperature. The hydrate
of a 1:1 adduct was obtained whose spectral properties could be interpreted
in terms of structure 20. See Experimental Section for details.

Freeman and Hoare

containing 0.5 g (2 mmol) of 4a in 50 ml of methanol and 2 ml of
10% NaOH solution was refluxed for 3 hr, and then cooled and
acidified to Congo red with HC1. After a long period of cooling,
0.3 g (60%) of white needles were isolated: mp 113-115°; ir
(Nujol) 3300 (NH), 1720 (ester C=0), 1550 and 1250 cm-1;
nmr (CDC13) 51.34 (s, 3, CHJ), 2.94 (d, 2), 3.55 (s, 3, OCH3),
7.50 (m, 3), and 8.20 (m, 2). Anal. Calcd for CiHIN204
C, 59.5; H, 5.38; N, 10.68. Found: C, 59.60; H, 5.56; N,
10.60.
5-Carbomethoxymethyl-5-methyl-3-phenyl-2-pyrazolin-4-one
(7).—To asolution of 0.5 g (2.0 mmole) of 5a in 50 ml of methanol
was added 2 ml of 10% NaOH. The solution was refluxed for 4
hr and worked up as described for 6. Pale yellow crystals were
isolated: 0.3 g (60%); mp 99-100° ir (Nujol) 3320 (NH),
1720 and 1705 (CO); nmr (CDC13 S1.42 (s, 3, CHJ), 2.66 (d,
2), 3.73 (s, 3, OCH3, 7.40 (m, 3), and 3.15 (m, 2). Anal.
Calcd for CiH,ND 3 C, 63.40; H, 5.73; N, 11.38. Found:
C, 61.68; H, 5.73; N, 11.55.
5-(2-Hydroxy-2-carbomethoxy)ethyl-5-methyl-3-phenyl-2-
pyrazolin-4-one 2-Oxide (8).—A 0.8-g (2.7 mmol) sample of 4d
was hydrogenated in 50 ml of ethyl acetate with Raney Ni (0.5 g)
over a 4-hr period. The solution was filtered and the solvent re-
moved under reduced pressure. The residual oil was swirled in
25 ml of CC14. Pale green crystals were isolated by this method.
Recrystallization from CHCI3ra-CeHi2gave 0.6 g (76%) of pale
yellow crystals: mp 95-96°; ir (Nujol) 3400 (NH), 3120 (OH),
1735 and 1683 (C=0), and 1545 cm-1 i'0=CC=N-»-0) vs;
nmr (CDC13) 6 1.48 (s, 3, CHJ3), 2.35 (m, 2), 3.34 (m, 1), 3.76

(s, 3, OCH3J, 4.23 (m, 1), 7.35 (m, 3), and 8.30 (m, 2H). Anal.

Calcd for CMHBND 6. C, 57.5; H, 5.52; N, 9.58. Fcund:

C, 57.15; H, 5.79; N, 9.80.
5-Formybnethyl-3,5-diphenyl-2-pyrazolin-4-one  2-Oxide.—A

0.8-g (2.2 mmol) sample of 4f was hydrogenated in 50 ml of ethyl
acetate with Raney Ni (0.5 g) for 4 hr. The residual oil after
removal of solvent and catalyst was dissolved in ethanol and
added to 15 ml of 0.17 M 2,4-dinitrophenylhydrazine reagent in
ethanol. The resulting yellow 2,4-dinitrophenylhydrazone was
recrystallized from CHCI3n-hexane: mp 196-198°; yield 0.45
g (42%); nmr (CDC13 S3.50 (m, 2), 7.70 (m, 12), 8.32 (m, 2),
and 8.89 (d, 1). Anal. Calcd for C2ZHiN®6: C, 58.3; H,
3.80; N, 17.70. Found: C, 58.0; H, 4.04; N, 1781.

2-Phenyl-5-methyl-3,4-diazacyclopentadienone Ar,.V'-Dicxide
and Dimethyl Acetylenedicarboxylate. Preparation of 4-Keto-
3-methyl-5-phenyl-1,2,6,7-tetracarbomethoxy-8-oxabicyclo [3.2.1]
octa-2,6-diene (10).—A solution of 5 g (25 mmol) of dioxide la in
10 ml of benzene and 10 ml of dimethyl acetylenedicarboxylate
[Aldrich, bp 65% (0.1 mm)] was heated under reflux for 4 hr
while its color changed from bright red to pale yellow. The
mixture was cooled and the benzene and excess ester were re-
moved under vacuum. The residual oil crystallized from meth-
anol as fine needles. Recrystallization from CHCI3re-CeHi2gave
6 g (55%) of yellow needles of 10: mp 110-112° ir (Nujol)
1760, 1740, 1720, and 1710 (C=0), and 1660 cm-1; uv max
(95% EtOH) 370 nm (e 300), 218 (9800), and 245 (5000); nmr
(CDC13) S3.66 (s, 3), 3.82 (bs, 6), 3.88 (s, 3), 2.02 (s, 3), and
7.55 (m, 5); mass spectrum (70 eV) m/e (rel intensity) 444
(10), 105 (100).% Anal. Calcd for CMHSDIx C, 59.90; H,
4.97. Found: C, 59.94; H, 4.92.

Sodium Borohydride Reduction of 10. 4-Hydroxy-3-methyl-
5-phenyl-1,2,6,7-tetracarbomethoxy-8-oxabic5Elo [3.2.1] octa-2,6-
diene (13).—A solution of 4.44 g (10 mmol) of 10 and 0.2 g (5.5
mmol) of NaBH4in 200 ml of methanol was stirred for 4 hr at
10-15°. The solution was acidified to Congo red with HC1,
concentrated, and then poured into 50 ml of distilled water. The
white precipitate was collected, washed a few times with water,
and crystallized from methanol. Recrystallization from meth-
anol gave 3.5 g (80%) of white crystals of 13: mp 146-148°;
ir (Nujol) 3405 (OH), 1760, 1735, and 1705 (C=0), and 1645
cm 'L nmr (CDC19 S2.20 (s, 3), 3.87 (s, 6), 3.78 (s, 3), 3.66 (s, 3),
4.75(d,1,J = 85Hz),4.05(d, 1, = 8.5Hz), and 7.60 (m, 5);
uv max (95% EtOH) 217 nm (e 12,000). The mass spectrum
(70 eV) showed a molecular ion peak at m/e 446. Anal. Calcd
for CZH2010 C, 59.19; H, 4.97. Found: C, 59.04; H, 5.12.
Compound 13 was oxidized back to 10 by the Jones Method.16

(15) The mass spectral analysis was prepared by the High Resolution
Mass Spectrometry Center, Battelle Memorial Institute, Columbus, O-iio.

(16) A. Bowers, T. G. Halsall, E. R. H. Jones, and A. J. Lemin, J. Chem.
Soc., 2548 (1953).



3,4-Diazacyclopentadienone Oxides

Catalytic Hydrogenation of 10. 4-Keto-3-methyl-5-phenyl-
1.2.6.7- tetracarbomethoxy-8-oxabicyclo[3.2.1] octene-6 (11) and
4- Keto-3-methyl-5-phenyl-1,2,6,7-tetracarbomethoxy-8-oxabicy-
clo[3.2.1]octene-2 (12).—A solution of 5 g (11 mmol) of 10 in
200 ml of methanol containing 0.2 g of Pd-C was stirred under 1
atm of hydrogen for 5 days. The catalyst was removed, the
colorless solution concentrated to 100 ml, and the precipitate was
recrystallized from methanol giving 1.85 (36%) of white crystals
of 11: mp 150-153°; ir (Nujol) 1760, 1740, and 1735 (C=0),
and 1650 cm "1, nmr (CDC13) &3.83 (s, 3), 3.76 (s, 6), 3.67 (s, 3),
1.20 (d, 3,3 = 7.5 Hz, CHXH<), 3.45(q, 1,J = 7.5 Hz, CH-
CH3), 4.20 (m, 1), and 7.50 (m, 5); uv max (95% EtOH) 320
nm (e 500), 240 (4000), 217 (9200). The mass spectrum showed
a M+ at m/e 446. Anal. Calcd for C2HZDio. C, 59.19; H,
4.97. Found: C, 58.95; H, 5.06.

Further concentration of the mother liquor gave a second crop
of crystals. Recrystallization from methanol gave 2.0 g (50%)
of pale yellow crystals of 12: mp 100-102°; ir (Nujol 1750 and
1725 cm"% nmr (CDC13) 52.26 (s, 3), 3.87 (s, 3), 3.82 (s, 3),
3.67 (s, 6), 3.90 (d, 1,3 = 12 Hz), 440 (d, 1,J = 12 Hz), and
7.38 (s, 5); uv max (95% EtOH) 370 nm (e 280) 248 (7300), 211
(7300). The mass spectrum showed M+ at m/e 446. Anal.
Calcd for C2H2010 C, 59.19; H, 4.97. Found: C, 58.99;
H, 5.10.

Catalytic Hydrogenation of 13. 4-Hydroxy-3-methyl-5-phenyl-
1.2.6.7- tetracarbomethoxy-8-oxabicyclo[3.2.1] octene-2 (14).—A
solution of 1 g (2.2 mmol) of 13 in 100 ml of methanol, contain-
ing 0.2 g of Pd-C was stirred under H2gas at 1 atm for 2hr. The
catalyst and solvent were removed and the residue was crystallized
from methanol. Recrystallization from ethanol gave 0.8 g
(80%) of white crystals of 14: mp 170-173° ir (Nujol) 3480
(OH), 1775, 1750, and 1695 cm-1(C=0); nmr (CDC13) 6 2.17
(s, 3), 3.61 (s, 3), 3.70 (s, 3), 3.73 (s, 3), 3.84 (s, 3), 4.20 (m, 4),
and 7.50 (m, 5). Anal. Calcd for CZH20io. C, 58.53; H,
5.39. Found: C, 58.87; H, 5.47. Compound 14 was oxidized
to compound 12 with the Jones reagent.’6

Sodium Borohydride Reduction of 11. 4-Hydroxy-3-methyl-
5- phenyl-1,2,6,7-tetracarbomethoxy-8-oxabicyclo [3.2.1] octene-6
(16).—To a cold solution of 2 g (4.5 mmol) of 11 in 200 ml of
methanol was added 0.1 g (2.5 mmol) of NaBH4. The solution
was stirred constantly in an ice bath for 4 hr and worked up as
described for compound 13. Recrystallization from methanol
gave 1.6 g (80%) of white crystals of 16: mp 140-142°; ir
(Nujol) 3440, 1750, 1730, and 1710 (C=0), and 1650 cm"1
(C=C); nmr (CDC13 51.06 (d, 3,3 = 8.0Hz),290 (q, I, J -
8.0 Hz), 355 (d, 1,J = 7.0 Hz), 3.67 (s, 3), 3.72 (s, 3), 3.82 (s,
6), 4.00 (d, 1,3 = 12 Hz), 4.45 (q, 1), and 7.50 (m, 5). Anal.
Calcd for CZH20i0: C, 58.53; H, 5.39. Found: C, 59.09;
H, 5.57. Jones oxidationl6of 16 regenerated ketone 11.

Sodium Borohydride Reduction of 12. Formation of Lactone
15—To a cold solution of 1g (2.2 mmol) of compound 12 in 50
ml of methanol was added 0.1 g (2.5 mmol) of NaBH4. The
mixture was stirred constantly and allowed to warm to room
temperature during a 4-hr period. The reaction was worked up
as described for compound 13. Recrystallization of the white
powder from methanol gave 0.2 g (24%) of white crystals of 15:
mp 131-133°; ir (Nujol) 1790 (lactone C=0), 1760 (ester C =
0), and 1700 cm”1 (unsaturated ester C=0); nmr (CDC13) S
2.26 (s, 3), 3.70 (s, 3), 3.73 (s, 3), 3.84 (s, 3), 328 (d, 1, J =
12Hz),4.28 (d, 1,J = 12Hz), 5.06 (d, 1), and 7.45 (s, 5). Anal.
Calcd for CZHZb S C, 60.58; H, 4.84. Found: C, 60.67;
H, 5.03.

Potassium Permanganate Oxidation of 10. Trimethyl 2-
Phenylfuran-3,4,5-tricarboxylate.—A mixture of 5 g (11 mmol)
of compound 10 and 10 g (64 mmol) of KMnO, in 300 ml of ace-
tone was stirred at 25° for 2 hr, and then heated on the steam
bath for 1 hr. The solution was filtered and concentrated, and
the solid residue was crystallized from ethanol and recrystallized
from CH2C12C H R2to give 2 g (58%) of white needles: mp 67-
69°; ir (Nujol) 1745, 1725, and 1615 cm"1, nmr (CDC13) 3.83
(s, 3), 3.92 (s, 3), 3.99 (s, 3), and 7.70 (m, 5); uv max (95%
EtOH) 290 nm (e 15,000), 217 (9200). The mass spectrum
showed a M + peak at m/e 318. Anal. Calcd for CiJI1hO;: C,
60.38; H,4.43. Found: C,60.55; H,4.52.
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2-Phenylfuran-3,4,5-tricarboxylic Acid.—Trimethyl 2-phenyl-
furan-3,4,5-tricarboxylate (1 g, 3 mmol) was refluxed for 1 hr
with 20 ml of 35% aqueous KOH. The solution was filtered and
acidified to Congo red with HC1. On cooling, the potassium
salt precipitated. Recrystallization from water gave 0.7 g of
white needles, mp 300° dec. The potassium salt (0.7 g) was dis-
solved in 50 ml of 20% aqueous HC1. On cooling, white needles
were deposited. Recrystallization from water gave 0.5 g (74%)
of long needles: mp 212-215°; ir (KBr) 3540 and 3440 (OH),
1730 and 1685 (C=0), and 1210 cm-1; nmr (acetone-di) 57.70
(m, 5), and 8.20 (s, 3). Anal. Calcd for CiHg07: C, 56.53;
H, 2.92. Found: C, 55.84; H, 3.11.

Decarboxylation of 2-Phenylfuran-3,4,5-tricarboxylic Acid to
2-Phenylfuran.—A 1.0-g sample of 2-phenylfuran-3,4,5-tricar-
boxylic acid was placed in a small flaskwith 5 ml of freshly distilled
quinoline and 0.2 g of Cu powder. The mixture was heated in an
oil bath ar 240° for 4 hr while N2gas was passed over it. The
mixture was cooled and filtered, and the filtrate was distilled
under reduced pressure. Quinoline and 2-phenylfuran were iso-
lated as one fraction [115° (20 mm)]. The quinoline was re-
moved from this fraction by treatment with ethereal HC1. 2-
Phenylfuran was isolated as a high boiling liquid: bp 110° (20
mm) [lit.7 107-108° (18 mm)]; ir (CCL) 1600 (C=C), 1475 and
1155 ¢cm-1; nmr (CCh) S6.35 (g, 1, 3ab — 1.5 Hz, Jbc = 35
Hz), 6.53 (d, 1,3 bc —3.5Hz), and 7.40 (m, 6). This spectrum
corresponds to that reported.18

Reaction of 2-Methyl-5-phenyl-3,4-diazacyclopentadienone 3-
Oxide (2a) with Dimethyl Acetylenedicarboxylate.—To a solu-
tion of 0.3 g (1.6 mmol) of 3a in 5 ml of anhydrous benzene was
added 5 ml of dimethyl acetylenedicarboxylate. The solution
was refluxed at 90° for 4 hr. The benzene and the acetylenic
ester were removed under reduced pressure and the residual oil
was dissolved in CH2ZC12 and chromatographed on a silica gel
column. The first fraction obtained was a pale yellow oil which
crystallized from methanol to give 0.2 g (30%) of pale yellow
crystals, 10, mp 106-108°.

Reaction of 2-Methyl-5-phenyl-3,4-diazacyclopentadienone
N, N -Dioxide (la) with Dimethyl Acetylenedicarboxylate at
25°.—A 2.0-g (9.6 mmol) sample of la was suspended in 25 ml
of dimethyl acetylenedicarboxylate. The suspension was stirred
at room temperature for 72 hr. An additional 2 g of la was
added and stirring was continued for 72 hr. The mixture was
filtered to give 1 g of white powder, 20, mp 162-165°. This
process was repeated and subsequent 2.0-g samples of la added
to the above dimethyl acetylenedicarboxylate solution gave 2.3 g
and 2.6 g of compound 20 (total yield 5.9 g, 42%): ir (Nujol)
3400 and 3220 (OH), 1750 and 1705 (C=0), and 1520 cm”1
(N=NO): nmr (acetone-de) « 1.50 (s, 3), 3.78 (s, 3), 3.82 (s, 3),
6.06 (s, 1), 6.67 (s, 1), and 7.50 (m, 5). Anal. Calcd for
CiHBND 8 C, 52.75; H, 4.43; N, 7.69. Found: C, 52.39;
H, 4.48; N, 7.76.

Registry No.— ia, 26732-93-4; 4b, 26732-94-5; A4c,
26732- 95-6; 4d, 26732-96-7; 4e, 26732-97-8; 4f, 26732-
98-9; 5a, 26732-99-0; 6,26733-00-6; 7,26733-01-7; 8,
26785-68-2; 9 (2,4-DNP), 12441-10-0; 10, 26733-02-8;

11, 26733-03-9; 12, 26733-04-0; 13, 26866-79-5; 14,
.26733-05-1; 15, 26733-06-2; 16, 26733-07-3; 20,
26733- 08-4; trimethyl 2-phenylfuran-3,4,5-tricarboxyl-

ate, 26733-09-5; 2-phenylfuran-3,4,5-tricarboxylic acid,
26733-10-8; 2-phenylfuran, 17113-33-6.
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Organic Photochemistry. 1. The Synthesis of
2-Ox0-2,3,4,5-tetrahydro-Iff-naphth[l,8-de]Jazocine by the
Photolysis of A-Chloroacetyl-2-(a-naphthyl)ethylamine
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iV-Chloroaoetyl-2-(a-naphthyl)ethylamine (2) on irradiation in methanol-water solution (1:1) with a high-
pressure mercury vapor lamp fitted with a Vycor filter was converted to the tricyclic lactam 3, 2-oxo0-2,3,4,5-
tetrahydro-lli-naphth[l,8-de]azocine, in yields up to 47%. The lactam was converted to the amine 4. 2,3,4,5-
tetrahydro-l.ff-naphth[l,8-de]azocine, which was acetylated to produce the amide 5, iV-acetyl-2,3,4,5-tetra-
hydro-li7-naphth[l,8-de]azocine. The results of some phototitrations of 2 are also reported and discussed.
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2-0Ox0-2,3,4,5-tetrahydro-IH-naphth [1,8-de]azocine

Figure 1.—100-MHz nmr spectra: (a) compound 2 in CDCU,
(b) compound 3 in DMSO-de, (c) compound 4 in CDC13 and (d)
compound 5in CDC13

disubstituted naphthalene. Compounds 3, 4, and 5
are thus shown to be 1,8-disubstituted naphthalenes.

The nmr signals of the aliphatic protons of 3, 4, and
5 occur as broad structureless overlapping bands (Figure
1). The nature of the temperature dependence of the
spectrum of 5 indicates that the character of these sig-
nals is primarily a result of incomplete averaging pro-
duced by a slow rate of inversion of the eight-membered
ring on the nmr time scale;0at 117° the signals, which
are broad and structureless at 40°, appear as two trip-
lets, each of intensity four protons. These results un-
doubtedly are a manifestation of restraints placed on the
eight-membered ring by the 1,8 substitution of the rigid
naphthalene system and are in accord with the assign-
ment of cyclization to the 8 position of the naphthalene
moiety. Such broadening was not observed with the
tricyclic eight-membered lactam derived from iV-chloro-
acetyl-L-tryptophanlor with the tricyclic 2,3-disubsti-
tuted naphthalene, 3-methoxycarbonyl-2,3,4,5-tetra-
hydro-IH-naphth [2,3-d]azepine.ll

Automatic titration of the protons generated during
photolysis has been found to be a useful technique for
following the course of this photodehydrohalogenation
and for studying its scope. This technique affords a
measure of the rate of photolysis from the initiation of
irradiation of the substrate. Some titration results al-

(10) For recent reviews, see J. E. Anderson, Quart. Rev. (London), 19,
426 (1966); G. Binsch in “Topics in Stereochemistry,” Vol. 3, E. L. Eliel
and N. L. Allinger, Ed., Interscience, New York, N. Y., 1968, p 97.

(11) L. A. Paquette, D. E. Kuhla, J. H. Barrett, and L. M. Leichter,
J. Org. Chem., 84, 2888 (1969).
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Figure 2.—Phototitrations of 2, 0.15 X 10_s mol in 20 ml of
methanol and 80 ml of water in each case, with a high-pressure
mercury vapor lamp. Titrations were carried out under the
following conditions: under N2with a Vycor filter (—), ii/3 =
2.6 min; under N2with a Pyrex filter (=), </ = 17.6 min;
under 02with a Vycor filter (—), iyj = 2.9 min; under 02with
a Pyrex filter (), <y, = 16.6 min.

ready have been reported2and similar results had been
found with V-chloroacetyl derivatives of tryptamine
and analogs of tryptamine.l2 Results of phototitra-
tions of 2 are given in Figure 2. The rate of photolysis
of 2 under nitrogen with a Vycor filter (fi/l2 = 2.8 min)
is comparable to that of V-chloroacetyltryptamine
(h/, = 2.6 min), which was used as a reference sub-
strate. Careful tic and uv spectroscopy of the titration
mixtures indicated that the products of the reactions
conducted with a given filter under nitrogen or oxygen
were nearly indistinguishable and that the products ob-
tained using a Vycor or a Pyrex filter were qualitatively
the same with small differences in the relative amounts
of several of the components. These results suggest
that similar reactions take place with both filters. The
fact that the reaction proceeds well in the presence of
oxygen and that the rates for the reactions under nitro-
gen or oxygen are similar may indicate that free-radical
intermediates or triplet states are not important to the
course of the reaction. The reaction rates indicate that
the Pyrex filter (30% transmission at 300, 10% at 290,
and 0% at 280 mp)13 greatly reduced the amount of
effective radiation reaching the substrate and suggest
that the effective radiation may be acting through ex-
citation of the naphthalene band which is labeled ILain
the system of Platt4 [for this band 2 has WmIxH272 mp
(log <3.78), 282 (3.86), 289 (3.69), 293 (3.69) ] and which
is considered to be transversely polarized. Results ob-
tained so far show that the nature of the aromatic moi-
ety affects the rate as well as the course of the reac-
tion1-3 and suggest that a photoexcited state of the aro-
matic portion of the molecule may a play a key role.
The fact that photolysis of chloroacetamide itself in
aqueous methanol produces protons at a much slower
rate than photolysis of 2 may point to such a mecha-
nism.12 However, cyclization actually may be a con-
certed reaction in which photoexcitation of the chloro-
acetamido function also is involved. It has been
pointed out that the n-7r* excited state of an a-halocar-
bonyl group has the potential to facilitate the homolysis

(12) Unpublished results of C. M. Foltz.
(13) Specifications of the supplier of the filter.
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or the heterolysis of the carbon-chlorine bond and that
the polarity of the medium might be expected to favor
one process or the other.18 This has been found to be
the case in the case of the photolysis of certain a-tosyl-
oxy ketones.’6 On the basis of these results and obser-
vations, a reasonable mechanism for the reaction would
seem to be one in which photoexcitation of the naphtha-
lene moiety of the substrate results in the formation of
a X-7r* singlet state with increased electron density at
the 8 position. Such an intermediate could displace
chloride ion from the side chain, which also may have
been predisposed to reaction by photoexcitation, to pro-
duce a tricyclic lactam which could lose a proton to com-
plete the reaction. Studies of the acidities of a number
of naphthalene derivativesl6and phenolsl7indicate that
in such compounds the contributions of polar structures
are much greater in the lowest excited singlet state than
in the lowest excited triplet state. Among recently re-
ported photochemical reactions of aromatic compounds,
which are believed to proceed in part or largely by ionic
mechanisms, are the following: the photohydrolysis
of m-nitrophenyl phosphates and sulfates,8the photo-
solvolyses of m-methoxybenzyl acetates,19 and the pho-
tocyclization of certain ortho-substituted biphenyls.D
Further studies on the scope and mechanism of this pho-
tocyclodehydrohalogenation reaction are in progress.

Experimental Section

All melting points were determined with a Kofler micro hot
stage and are uncorrected. Spectra were measured with a Cary
recording spectrophotometer, Model 15, using hexane (spectro-
grade, Matheson Coleman and Bell) and methanol (analytical
reagent, Baker) as solvents; with a Perkin-Elmer 421 grating
infrared spectrophotometer; with a Varian Associates Model HA-
100 instrument using the frequency sweep mode of operation,
probe temperatures were 32.4-36° depending on the season,
chemical shifts were recorded as 5values (ppm) relative to tetra-
methylsilane as an internal reference; and with a Hitachi Perkin-
Elmer RMU-7 mass spectrometer. The high-pressure mercury
vapor lamp (200 W, No. 654A-36), water-cooled quartz immer-
sion well, and glass filter sleeves (Vycor 7910 and Pyrex 7740)
were obtained from Engelhard Hanovia, Inc., Newark, N. J.
iV-Chloroacetyltryptamine was synthesized by chloroacetylating
tryptamine (Aldrich Chemical Co.).

2-(a-Naphthyl)ethylamine Hydrochloride (1).—An ethereal
solution of 13.9 g (0.083 mol) of 1-naphthylacetonitrile (Aldrich
Chemical Co.) was added dropwise under nitrogen to a stirred
suspension of 5.7 g (0.15 mol) of lithium aluminum hydride (Alfa
Inorganics, Inc.) in ether. The mixture was stirred an addi-
tional hour and then treated with 100 ml of ether saturated with
water, 22 ml of water, and 4.5 ml of 20% sodium hydroxide solu-
tion. The ether was decanted and the solid was extracted by
trituration with ether. A 1 A hydrochloric acid extract of the
ethereal solution was alkalinized with sodium hydroxide and ex-
tracted with ether. The ethereal extract was washed, dried,
and treated with hydrogen chloride to obtain 1, 13.5 g (78%),
mp240-245° (lit.2Lmp 243-248°).

Ar-Chloroacetyl-2-(a-naphthyl)ethylamine (2).—A mixture of
4.15 g (0.02 mol) of 1, 250 ml of ether, and 20 ml of 1 A sodium
hydroxide was stirred vigorously and treated dropwise with 2.83

(14) H. E. Zimmerman in “Advances in Photochemistry,” Vol. 1, W. A.
Noyes, Jr., G. S. Hammond, and J. N. Pitts, Jr., Ed., Interscience, New
York, N. Y., 1963, p 183.

(15) S. lwasaki and K. Schaffner, Helv. Chim. Acta, SI, 557 (1968).

(16) G. Jackson and G. Porter, Proc. Boy. Soc., Ser. A, 280, 13 (1961).

(17) E. L. Wehry and L. B. Rogers, J. Amer. Chem. Soc., 87, 4234 (1965).

(18) E. Havinga, R. O. deJongh, and W. Dorst, Red. Trav. Chim. Pays-
Bas, 75, 378 (1956).

(19) H. E. Zimmerman and V. R. Sandel, J. Amer. Chem. Soc., 85, 915
(1963).

(20) N. C. Yang, L. C. Lin, A. Shani, and S. S. Yang, J. Org. Chem., 34,
1845 (1969).

(21) F. Mayer and A. Sieglitz, Ber., 55, 1847 (1922).
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g (0.025 mol) of chloroacetyl chloride with concurrent addition
of portions of 30 ml of 1A sodium hydroxide. The mixture was
stirred 15 min more, acidified with 2 A sulfuric acid, and ex-
tracted with ether. The extract was washed with 5% sodium
bicarbonate solution and water and dried; 4.0 g (80%) of 2
crystallized from the concentrated solution. Recrystallization
from ether-petroleum ether (30-60°) afforded the analytical
sample: mp 111-113° ir (Nujol) 3258 (NH), 3078, 1642
(amide 1), 1565 cm-1 (amide I1); uv (hexane) 225 m/i (log e
4.95), 283 (3.87), 315 (2.6); uv (methanol) 225 (4.92), 282
(3.86), 314 (2.58); nmr (CDC1S 5 3.22-3.44, 3.56-3.84 (4 H,
two multiplets, -CH2CH2), 4.01 (2 H, singlet, -CH 2C1), 7.2-8.2
(7 H, multiplet, aromatic protons) (Figure 1); mass spectrum,
molecular ion m/e 247.

Anal. Calcd for CHFHMNOC1: C, 67.88; H, 5.70; N, 5.65.
Found: C, 67.45; H, 5.76; N, 5.38.

Photolysis of A-Chloroacetyl-2-(a-naphthyl)ethylamine (2).
Synthesis of 2-Oxo0-2,3,4,5-tetrahydro-lA-naphth[1,8-de] azocine
(3).—A solution of 0.91 g of 2 in 350 ml of methanol and 350
ml of water was irradiated for 2.5 hr with a high-pressure mer-
cury vapor lamp fitted with a Vycor filter. Tic (0.25 mm silica
gel, ether-methanol 9:1) at that point indicated complete con-
version of the starting material. The volume of the mixture
was reduced to about 250 ml at reduced pressure. The mixture
was adjusted to pH 6 with sodium bicarbonate and taken to dry-
ness in vacuo. Two additional photolyses were carried out in
the same way. Each residue was extracted several times with
hot ethanol and the extracts were combined, diluted with 2 vol
of ether, and allowed to stand overnight at room temperature.
The mixture was then filtered and concentrated in vacuo. The
crystals which separated from the concentrated solution were
collected and washed with cold methanol, 1.09 g (47%) of tan
crystals, mp 272-276°. Treatment with charcoal and recrystalli-
lization from methanol afforded the analytical sample: mp
276-279°; ir (Nujol) 3180 (NH), 3062 and 1666 cm“1 (C=0
in a large lactam); uv (methanol) 230 mg (log e 4.66), 288
(3.85), 317 (2.73), 322 (2.55); nmr (DMSO-d6) 5 3.6 (center of
a very broad signal, aliphatic protons), 7.17 (broad singlet,
-C(=0)NH-), 7.28-7.56 (4 H, multiplet, naphthalene 0 pro-
tons), 7.70-7.94 (2 H, multiplet, naphthalene a protons) (Figure
1); mass spectrum, molecular ion m/e 211.

Anal. Calcd for CiHINO: C, 79.59; H, 6.20; N, 6.63.
Found: 0,79.52; H,6.03; N,6.80.

Reduction of 2-Oxo-2,3,4,5-tetrahydro-1A-naphth [1,8-de azo-
cine (3) with Diborane. A. Preparation of 2,3,4,5-Tetrahydio-
1A-napth[1,8-de]azocine (4).—A solution of diborane (50 ml)
in tetrahydrofuran (1 M BI13, Alfa Inorganics, Inc.) was aided
to a solution of 1.055 g (0.005 mol) of 3 in 800 ml of dry tetra-
hydrofuran. The mixture was boiled under reflux under nitro-
gen for 5 hr and then treated with 50 ml of 6 A hydrochloric acid
and boiled under nitrogen for 1.25 hr. The resulting mixture
was concentrated in vacuo to 50 ml, alkalinized with sodium hy-
droxide, and extracted with ether. Ether was removed from the
dried extract and the oil which remained was boiled under reflux
under nitrogen for 3 hr with a mixture of 50 ml of ethanol, 2 g
of potassium hydroxide, and 10 ml of water. The mixture was
then concentrated in vacuo and extracted with ether. The ex-
tract was washed, dried, and concentrated in vacuo. The residue
was a brown oil which was dissolved in ether and decolorized
with charcoal. Removal of the ether yielded an oil which was
redissolved in ether and treated with hydrogen chloride. The
amine hydrochloride was 0.75 g of a white solid which was re-
crystallized from ethanol and from methanol-ether, mp 245-
247°.

Anal. Calcd for CMHIBBN-HC1: C, 71.95;
5.99. Found: C,72.13; H, 6.68; N, 6.17.

The amine 4 was prepared from the hydrochloride as needed
and sublimed at 1 mm at bath temperatures of 50-68°. The
sublimate was a white solid, mp 111-114°, which was the ana-
lytically pure amine: ir (KBr) 3435 cm-1 (NH); uv (hexane)
229 mu (log €4.84), 288 (3.86), 318 (2.8), 323 (2.8); nmr (CDCU)
S 1.49 (about 1 H, broad singlet, removed on DD treatment,
NH), 2.3-4.4 (8 H, broad overlapping bands, two -CH2XH2
groups), 7.18-7.48 (4 H, octet, naphthalene 0 protons, AB part
of an ABX system), 7.66-7.84 (2 H, quartet, naphthalene a
protons, X part of an ABX system with the following constants:6
5a 7.36, 5b 7.24, 5x 7.75; Jab = 6.9, Jax = 8.4, Jbx = 14
Hz) (Figure 1); massspectrum, molecular ion m/e 197.

Anal. Calcd for C¥H,6N: C, 85.24; H, 7.66;
Found: C, 85.39; H,7.50; N.6.81.

H, 6.90; N,

N, 7.10.
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B. Preparation of (V-Acetyl-2,3,4,5-tetrahydro- 177-naphth-

[1,8-de]azocine (S).— In another reduction 0.51 g (0.0024 mol) of
3 in tetrahydrofuran was boiled under reflux under nitrogen for 5
hr with 35 ml of a solution of diborane in tetrahydrofuran (1 M
Bllj, Ventron Corp.). Boiling the mixture under reflux with
hydrochloric acid and the usual work-up yielded a crystalline
product, 80% of which was dissolved in ether and acetylated
with 1.11 g (0.014 mol) of acetyl chloride added in portions to the
stirred solution with concurrent additions of 1 N sodium hydrox-
ide. The usual isolation and recrystallization of the product
from ether yielded 5 as white crystals: 0.25 g; mp 133-135°;
ir (Nujol) 1630 cm-1 (amide C=0); uv (hexane) 228 mp (log e
4.78), 287 (3.87), 317 (2.7), 322 (2.65); nmr (CDC1,) S1.30 [3
H, singlet, CH3C (=0), the Dreiding molecular model shows that
the methyl group is held over by naphthalene moiety with the
result that the methyl group is shielded by the diamagnetic ring
current], 3.72 (8 H, center of broad overlapping signals, two
-CH2CH2 groups), 7.14-7.48 (4 H, multiplet, naphthalene 3
protons), 7.52-7.84 (2 H, multiplet, naphthalene a protons)
(Figure 1); nmr [toluene-da, 40°, (Me,Si)2 internal reference] S
3.1 and 3.8 (broad overlapping signals, aliphatic protons); nmr
(toluene-ds, 117°) S3.18 (4 H, triplet, two -CH j- groups), 3.54
(4 H, triplet, two -CH ,- groups); mass spectrum, molecular ion
m/e 239.

Anal. Calcd for CieHINO: C, 80.30; H, 7.16;
Found: C, 80.34; H, 7.27; N, 5.85.

Continuous Titration of Protons Generated during Photolyses
of Compound 2.—In all cases 0.15 X 10-3 mol of the substrate
was dissolved in 20 ml of methanol and that solution was diluted
with 80 ml of water. The solution was placed in a semicircular
two-neck quartz cell with an inner radius of 3.8 cm and a distance
between inner cell walls of 0.7-1 cm. The electrode was intro-
duced through one opening and the other was available for with-
drawal of aliquots, etc. The cell was placed in a stainless steel
cylinder with a polished inner surface with inner diameter of 15
cm and was supported by hooks on the wall of the cylinder. The

N, 5.85.
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water-cooled well containing the lamp and filter was also placed
within the cylinder. The substrate solution was agitated by a
vigorous stream of a gas which was introduced through two poly-
ethylene tubes. A steel shield supported in grooves on the inner
surface of the metal cylinder was positioned between the sub-
strate cell and the immersion well.  This shield could be removed
rapidly after the lamp had been allowed a warm-up period of
3 min. In doing a series of phototitrations, a given arrangement
of equipment could be reproduced precisely. During irradiation
the protons produced were titrated with a Radiometer Titrator,
type TTTI1C, fitted with an Ole Dich No. 38 recorder and a
Radiometer GK 2302C glass electrode which was immersed in the
substrate solution. The titration curves obtained with this
equipment indicate that relative rates of production of protons
under various conditions. Reaction half-lives were taken from
the curves (Figure 2). Each reaction was allowed to continue
nearly to completion and then was taken to dryness in vacuo.
Examination of the residues in methanol solution by uv spectros-
copy and tic afforded information on the character of the product
mixtures. Tic plates (0.25 mm, silica gel GF, Analtech, Inc.)
were developed with ether-methanol (9:1, v/v) or benzene-
methanol (3:1, v/v). Developing solvents were allowed to
evaporate before visualization with a uv lamp or iodine vapor.

Registry No—2, 25055-69-0; 3, 25055-70-3; 4,
26630-82-0; 4 HC1, 26595-66-4; 5,26595-67-5.
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Acid-catalyzed air oxidation of 3-aryl-3,4-dihydro-7-methoxy-I-(p-methoxyphenyl)-2(IR)-quinoxalinones (4)

proceeded rapidly to give the corresponding 3,4-dehydro compounds 5.

In contrast, a similar oxidation of the

4-methyl derivative 9 afforded anisic acid and 5-methoxy-3-(p-methoxyphenyl)-I-methyl-2(3/f)-benzimid-

azolone (10).

The acid-catalyzed ortho-semidine type of rearrange-
ment of 4-aryl-1,2-diphenyldiazetidinones (e.g., 1) to
3-aryl-lI-phcnyl-2(l//)-quinoxalinones (2) was reported

(1) To whom correspondence should be addressed: Mead Johnson

Research Center, Evansville, Ind. 47721.

Photolytic oxidation of 3,4-dihydroquinoxalinones by 4,4'-dimethoxyazobenzene proceeded
smoothly to give the quinoxalinones 5 and p-anisidine.

in 1967 by Fischer and Fahr.2 Surprisingly, no notice
appeared to be taken at that time of the unusual oxida-
tion of the expected product, a 3,4-dihydro-2(l//)-quin-
oxalinone (3), to the compound which was actually iso-
lated. We have investigated this reaction and found
that, in the absence of air, none of the quinoxalinone 2
was formed, and that 3-aryl-3,4-dihydro-2(l//)-quinox-
alinones readily undergo a novel acid-catalyzed air oxi-
dation.

We have prepared a series of 7-methoxydihydroquin-
oxalinones (4) in good yield by catalytic reduction of
the corresponding quinoxalinones 5. These compounds
were found to be stable to air in the presence of small
amounts of base (e.g., triethylamine or sodium bicar-
bonate), but in slightly acidic solutions were rapidly
reoxidized to the quinoxalinones by air. The dihydro
compounds were also stable to acid in the absence of air
and were recovered unchanged under these conditions.
The A-acetyl derivative of the dihydroquinoxalinone 6

(2) W. Fischer and E. Fahr, Angew. Chem., Int. Ed. Engl., 6, 630 (1967).
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was stable to air in acidic solution, indicating the neces-
sity for a protonated basic center at the 4 position for
oxidation to occur.

a, R=0CH3 X =H
b, R= OCH3X = OCH3
¢, R=H, X=0CH3

We have been unable to find any precedent in the
literature for an acid-catalyzed air oxidation of this
type. However, a structurally similar base-catalyzed
air oxidation of oxindoles (7 -* 8) has been reported,3in
which a methine hydrogen flanked by two phenyls and
a carboxamide group was readily converted to a hy-
droxyl group.

One possible process through which the oxidation of
4 to 5 could proceed involves a free-radical oxidation at
the highly activated 3 position to give a hydroperoxide,
followed by elimination of hydrogen peroxide (eq 1).
Alternatively, an allylic enamine oxidation, similar to
that in the formation of 3-hydroperoxyindolenines from
indoles,4 could be postulated (eq 2).

Ar Ar
1 1
T +J >-0oh —. HA + 5a (1
"NfSh
H: H2
Qr Al\r
w oH Xi~"0O -0 H
TT A T.. —»HA+%O@

In order to distinguish between these possible mecha-
nisms, the 4-methyl derivative 9 was prepared by alkyl-
ation of 4b and subjected to treatment with air and acid.
By blocking a possible elimination reaction, we hoped to
be able to isolate the 3-hydroperoxy or 3-hydroxy deriv-
ative which would be formed if eq 1 were operative.
However, the air oxidation of 9 gave instead anisic
acid and 5-methoxy-3-(p-methoxyphenyl)-I-methyl-
2(3H)-benzimidazolone (10) in good yield. The struc-

(3) P. Aeberli and W. J. Houlihan, J. Org. Chem., 33, 1640 (1968).
(4) B. Witkop, J. Amer. Chem. Soc., 72, 1428 (1950).
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ture of 10 was proven by an independent unambiguous
synthesis from m-fluorophenol. Nitration by known
methods6 gave the 4-nitrophenol, which was converted
to the methyl ether. The fluorine atom was readily
displaced by p-anisidine to give 3,4'-dimethoxy-6-nitro-
diphenylamine (12a), which was easily reduced tc the
corresponding diamine 12b. Ring closure with phos-
gene afforded 6-methoxy-I-(p-methoxyphenyl)-2(3//)-
benzimidazolone (11), which was alkylated with methyl
iodide to give the 1-methyl derivative, 5-methoxy-
3-(p-methoxyphenyl)-I-methyl-2(3//)-benzimidaze'lone
(12), identical in all respects with the air oxidation prod-
uct of 9.

Ar

OCH3

NR2
10,R= CH3 12a,R=0
1LR-H bR=H

The isolation of anisic acid from the oxidation of 9
indicates that oxygenation does indeed occur at C-3,
eliminating the Ilatter mechanism. The 3-hydro-
peroxy intermediate, now unable to undergo the simple
elimination reaction with the 4 proton, instead under-
goes a rearrangement (eq 3) similar to that of a Baeyer-
Villiger reaction of an a-diketone to an anhydride.6
Thus, a 3-hydroperoxy derivative of the 3,4-dihydro-
2(IH)-quinoxalinones can serve as a common interme-
diate to explain the products formed from the oxidation
reaction of both 4 and 9.

The starting quinoxalinones, 5a and 5b, were prepared
by photolysis of the appropriate diazoacetophenone 13

(5) H. H. Hodgson and J. Nixon, J. Chem. Soc., 1879 (1928).
(6) C. H. Hasall, Org. React., 9, 73 (1957).
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with 4,4'-dimethoxyazobenzene (14a). The structure
of the photoproducts 5 was proven by an unambiguous
synthesis from the diamine 12b. This was condensed?
with benzoylformic acid to give 7-methoxy-I-(p-meth-
oxyphenyl)-3-phenyl-2(l//)-quinoxalinone (5a), which
was identical in all respects with the photoproduct
5a. The use of 4-methoxyazobenzene (14b)8 in place
of 14a afforded the corresponding 7-methoxy-l-phenyl-
quinoxalinone (5c), rather than the 7-unsubstituted
I-(p-methoxyphenyl) isomer, as shown by both the
ultraviolet and nmr spectra of the product.

CHY v
13a,X =H 14a, R = OCH3
b,X = OCH3 b,R=H

The photosynthesis of 5 from 13 and 14 probably
proceeds through an initially formed diazetidinone,d
which, presumably catalyzed by a trace of HC1 present
in the dichloromethane, undergoes an ortho-semidine
rearrangement such as that reported by Fischer and
Fahr,2to a 3,4-dihydro-2(l//)-quinoxalinone (4), which
is then dehydrogenated to the quinoxalinone product 5.
This oxidation must, however, occur by a quite different
process, for the reaction was run under an inert atmo-
sphere of helium. That this dehydrogenation had in-
deed occurred during the photolysis and not by air
oxidation during the work-up procedure was shown by
the presence of 5 by tic in the reaction mixture imme-
diately after photolysis, and by direct crystallization,
under an atmosphere of nitrogen, of 5a in 8% yield from
this mixture. The agent responsible for this dehydro-
genation was shown to be 4,4'-dimethoxyazobenzene
(14a). Irradiation of 4a with 0.5 equiv of 14a in the
absence of air rapidly produced p-anisidine and the
quinoxalinone 5a in good yield. Although it is not pos-
sible to rule out a direct reduction of 14a to p-anisidine
by 4a, a more likely process would involve a dehydro-
genation of 4a to give 4,4'-dimethoxyhydrazobenzene
(15).0 We have shown that 15 rapidly disproportion-
ates to p-anisidine and dimethoxyazobenzene under
photolytic conditions, so that the overall stoichiometry
of the reaction involves 2 equiv of dihydroquinoxalinone
and 1 equiv of dimethoxyazobenzene reacting to give
quinoxalinone and 2 equiv of p-anisidine (eq 4).

Ar

15
Al\r Ar
NH . N
1 , I + 2ArNH2
NH I\II
Ar R
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Experimental Sectionll

7-Methoxy- I-(p-methoxyphenyl)-3-phenyl-2 (I//)-quinoxalin-
one (5a).—A solution of 6.05 g (0.025 mol) of 4,4'-dimethoxy-
azobenzene (14a)2and 3.65 g (0.025 mol) of diazoacetophenone
(13a)Bin 900 ml of dichloromethane was irradiated for 6 hr with
a Hanovia 450-W lamp (Model 679A), using a Vycor filter, while
a slow stream of helium was bubbled through the solution. At
the end of this time, the solution was concentrated to dryness
under reduced pressure. The dark residue was combined with
that from another similar run and chromatographed on Florisil.
The first fraction eluted with benzene was shown by vpc to con-
tain mostly M-benzylidine-p-methoxyaniline, contaminated with
smaller amounts of benzaldehyde, phenacyl chloride, and unre-
aeted 4,4'-dimethoxyazobenzene. Further elution with 10%
ether in benzene afforded the product, which was recrystallized
from acetonitrile to give 2.71 g (15%) of 5a: mp 208.5-209.5°;
ir (KBr) 1652 cm“1(C=0); nmr 8.4 (m, 2, o-H's of 3-Ph), 7.84
(d, 1,3 = 9 Hz, 5H), 740 (m, 3, m- and p-H's of 3-Ph), 7.16
(d, 4,3 = 3Hz, I-C,H,OMe), 6.87 (dd, 1,/ = 3, 9 Hz, 6 H),

6.13 (d, 1,/ = 3 Hz, 8 H), 3.83 (s, 3, 4'-OMe), and 3.68 (s, 3,
7-OMe); uv max 368 ny* (e 20,800), 271 (11,000), and 221
(43,300).

Anal. Calcd for C2HIND 3. C, 73.73; H, 5.06; N, 7.82.

Found: C, 73.69; H, 5.16; N, 7.90.
7-Methoxy-1,3-bis(p-methoxyphenyl)-2(l//(quinoxalinone
(5b).—A similar photolysis of 4-methoxydiazoacetophenone (14b)
with 13a afforded 5b in 13% yield: mp 204-205° (MeOH); uv
max 375 mp (c 25,100), 273 (11,200), and 224 (43,400).
Anal. Calcd for CHuoNiCh: C, 71.12; H, 5.19; N, 7.21.
Found: C, 71.09; H, 5.19; N, 7.13.
7-Methoxy-3-(p-methoxyphenyl)-l-phenyl-2(l//)-quinoxalin-
one (5c).—A similar photolysis of diazoacetophenone (14a) with
4-methoxyazobenzene (13b)8 afforded 5c in 14% yield: mp215-
217° (MeOH); uv max 373 mp (* 25,700), 273 (9700), and 223
(42,200).
Anal. Calcd for C2HIND 3 C, 73.73; H, 5.06; N, 7.82.
Found: C, 73.67; H, 4.95; N, 7.94.
3,4-Dihydro-7-methoxy- I-(p-methoxyphenyl )-3-phenyl-2 (1ff)-
quinoxalinone (4a).—A solution of 1.00 g of 7-methoxy-I-(p-
methoxyphenyl)-3-phenyl-2(l//)-quinoxalinone (5a) in 40 ml of
tetrahydrofuran and 40 ml of ethanol was added to a prereduced
suspension of 1.0 g of 10% platinum on carbon in 20 ml of tetra-
hydrofuran and 20 ml of ethanol and hydrogenated at atmospheric
pressure and room temperature. Hydrogen uptake ceased when
1 equiv of hydrogen had been absorbed (ca. 5 min). The solu-
tion was filtered and concentrated to dryness under reduced
pressure. The residue was crystallized from ether affording 0.82
g (82%) of product: mp 153-155°; ir (CHC13) 1687 (C=0),
3400 cm-1 (NH); uv max 322 mp (e 4200), 223 (40,300); nmr
3.55 (s, 3, OMe), 3.78 (s, 3, OMe), 4.00 (s, 1, NH), 5.03 (s, 1,
3H), 597 (d, 1,3 = 3Hz,8H), 6.32-6.87 (m, 2, 5H and 6 H),
7.04 (d, 4,3 = 3 Hz, I-CeH.OCHa), 7.33 (m, 5, C&H6). A small
amount of acid was added to the ultraviolet solution which was
left exposed to the air. A peak at 368 mp began to appear, e
4570 (1 min), 8100 (5 min), 18,600 (16 hr).

(7) A. H. Cook and C. A. Perry, J. Chem. Soc., 394 (1943).

(8) J. Burns, H. McCombie, and H. A. Scarborough, ibid., 2982 (1928).

(9) It has previously been shown that photolysis of equimolar mixtures
of substituted diazoacetophenones and azobenzene in dichloromethane solu-
tion afforded 4-aryl-1,2-diphenyl-1,2-diazetidinones, such as 1: W. Fischer
and E. Fahr, Tetrahedron Lett., 5245 (1966). Similarly, photolysis of pre-
formed diphenylketene and 4,4'-dimethoxyazobenzene in benzene or ether
solution has been shown to give the corresponding I,2-bis(p-methoxy-
phenyl)-4,4-diphenyl-1,2-diazetidin-3-one: J. H. Hall and R. Kellogg,
J. Org. Chem., 31, 1079 (1966).

(10) Other photochemical dehydrogenations with an azo compound have
been reported: G. O. Schwenck and H. Formaneck, Angew. Chem., 70, 505
(1958); R. C. Cookson, I. D. R. Stevens, and C. T. Watt, Chem. Commun.,
259 (1965).

(11) Melting points were determined on a Fisher-Johns block and are
corrected. The ultraviolet spectra were run in methanol. The nmr spectra
were obtained on a Varian A-60 instrument; the spectra were determined in
deuteriochloroform solutions, and the shifts are expressed as parts per
million downfield from Me4Si used as an internal standard. The infrared
spectra were determined on a Beckman IR-9 instrument. All compounds
had infrared and nmr spectra which agreed with the assigned structures.

(12) Prepared by lithium aluminum hydride reduction of 4,4 -dimethoxy-
azoxybenzene (Aldrich Chemical Co.): T. Rotarski, Ber., 36, 3158 (1903);
R. F. Nystrom and W. G. Brown, J. Amer. Chem. Soc., 70, 3738 (1948).

(13) A. Burger and S. Avakian, J. Org. Chem., 6, 606 (1940).
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Anal.
Found:

Calcd for C2HAZN203: C, 73.31; H, 5.59; N, 7.77.

0,73.15; H, 5.34; N, 7.60.
3,4-Dihydro-7-methoxy-1,3-bis(p-methoxyphenyl )-2 (1H )-
quinoxalinone (4b).—A similar hydrogenation of 5b afforded 4b
in 80% yield: mp 145-147° (ether); uv max 322 m/x (e 4220),
225 (45,600), shifting to 375 m/x (e 22,000) 16 hr after acidifica-
tion.

Anal. Calcd for CZHSND 4 C, 70.75; H, 5.68; N, 7.18.
Found: C, 70.98; H, 5.70; N, 7.14.

3,4-Dihydro-7-methoxy-3-(p-methoxyphenyl)- I-phenyl-2 (1/7)-
quinoxalinone (4c).—A similar reduction of 5c afforded 4c in
80% yield: mp 133-135° (ether); uv max 322 m/x (« 4180), 224
(38,900), changing to 374 mu (« 22,900) 18 hr after acidification.

Anal. Calcd for CZ2H2N20 3. C, 73.31; H, 5.59; N, 7.77.
Found: C, 73.41; H, 5.79; N, 7.76.

4-Acetyl-3,4-dihydro-7-methoxy-I-(p-methoxyphenyl)-3-phenyl-
2(1z/)-quinoxalinone (6)—The crude oily 4a prepared by reduc-
tion of 1.00 g of 5a was dissolved in 100 ml of ether and treated
with 3 ml of triethylamine and 1 ml of acetic anhydride. The
solution was left at room temperature overnight and then washed
with sodium carbonate solution and with water. The dried
solution was concentrated to give an oil which was chromato-
graphed on Florisil. Elution with 10% ether in benzene gave
an early fraction containing 0.05 g of 5a. Further elution with
50% ether in benzene afforded the product, which was recrystal-
lized from ether to give 0.73 g (65%) of 6: mp 120-122°; ir
(KBr) 1693 (2 C=0) and 1672 (NAc) cm-1; uv max 229 nyx
(t 37,800), no change with acid; nmr 2.37 (s, 3, NAc), 3.58 (s,
3, OMe), 3.82 (s, 3, OMe), 6.02 (d, 1, J = 2.5 Hz, 8 H), 6.48-
6.93 (m, 2, 5H and 6 H), 7.11 (d, 4, J = 3.5 Hz, CAH4CH?3),
and 7.29 (s, 6, C$H5and 3 H).

Anal. Calcd for CZHZND 4 C, 71.62; H, 5.51; N, 6.96.
Found: C, 71.85; H, 5.67; N, 7.04.

Air Oxidation of 3,4-Dihydro-7-methoxy-I-(p-methoxyphenyl)-
3-phenyl-2(1Z7)-quinoxalinone.—A solution of 4.20 g of 4a in 750
ml of methanol was treated with 1 ml of 12 A hydrochloric acid,
and air was bubbled through the solution for 2 hr. The precipi-
tate which had formed was filtered, affording 2.34 g (56%) of
7-methoxy-I-(p-methoxyphenyl)-3-phenyl-2-(1//)-quinoxalinone
(5a), mp 208-209°, uv max 368 nVx (e 20,800). The mother
liquors were concentrated to about 250 ml and air was bubbled
through for another 2 hr. Filtration yielded 1.60 g (38%) of 5a,
mp 207-209°, uv max 368 m/x (e 20,400). Similarly a third crop
of 5a was obtained, 0.15 g (3.6%), mp 205-208°, uv max 368 mx
(* 19,800).

A similar oxidation of 50 mg of 4a in 10 ml of benzene and 0.4
ml of acetic acid for 3 hr afforded 30 mg (60%) of 5a, mp 206-
207°, uv max 369 m/x (e 19,900).

3,4-Dihydro-7-methoxy-1,3-bis(p-methoxy phenyl )-4-methyl-
2(l/7)-quinoxalinone (9).—A solution of 3.12 g of 3,4-dihydro-
7-methoxy-1,3-bis(p-methoxyphenyl)-2(1//)-quinoxalinone (4b)
in 75 ml of acetonitrile was treated with 1.5 g of potassium car-
bonate and 6 ml of methyl iodide. The mixture was stirred and
refluxed under an atmosphere of nitrogen for 24 hr. The mix-
ture was then filtered, and the filtrate was concentrated to dry-
ness under reduced pressure. The residue was dissolved in di-
chloromethane and water, and the organic layer was separated,
dried, and concentrated to dryness under reduced pressure. The
residue was crystallized from methanol containing a little tri-
ethylamine, affording 2.61 g (81%) of product, mp 154-157°.
Concentration of the mother liquors yielded a second crop, 0.22 g
(7%), mp 153-156°. Recrystallization from methanol (plus
Et3N) afforded analytically pure material: mp 156-158°; ir
(KBr) 1688 cm"1 (C=0); nmr 2.83 (s, 3, NMe), 3.63 (s, 3,
OMe), 3.73 (s, 3, OMe), 3.80 (s, 3, OMe), 4.95 (s, 1, 3 H), 6.05
(dd, 1,3 = 1, 2 Hz, 8 H), 6.56-7.24 [m, 10, 5 H, 6 H, (CeHx-
OCHJ32; uv max 328 m/x (e 4040), 226 (42,000). A peak at 426
m/x developed after acidification in the presence of air which rose
to 22,100 after 18 hr. However, the original spectrum was ob-
tained again immediately after the acidic solution was basified
with potassium hydroxide. (Attempts to isolate the 426 m/x
product gave a red oil which could not be crystallized or char-
acterized.)

Anal. Calcd for CH2AND 4 C, 71.27; H, 5.98; N, 6.93.
Found: C, 71.37; H, 5.94; N, 7.01.

Air Oxidation of 3,4-Dihydro-7-methoxy-l,3-bis(p-methoxy-
phenyl)-4-methyl-2(l//)-quinoxalinone.—A solution of 0.69 g of
9 in 70 ml of benzene was treated with 3.5 ml of acetic acid, and
air was bubbled through the solution for 4 hr. The solution was
washed with a small amount of sodium bicarbonate solution and

Morrow and Regan

with water. The dried solution was concentrated to dryness,
and the residue was recrystallized from methanol, affording 0.40
g (82%) of 5-methoxy-3-(p-methoxyphenyl)-I-methyl-2(3/7)-
benzimidazolone (10), mp 152-155°. A sample was recrystallized
from methanol for analysis: mp 155.5-156°; ir (KBr) 1708
cm-1 (C=0); uv max 290 m/x (e 8450); nmr 3.43 (s, 3, NMe),
3.74 (s, 3, OMe), 3.86 (s, 3, OMe), 6.5-7.5 im, 7, aromatic H's).

Anal. Calcd for ClBHBN2D 3 C, 67.59; H, 5.67; N, 9.85.
Found: C, 67.31; H, 5.64; N, 9.77.

The sodium bicarbonate solution was washed with benzene,
acidified with dilute hydrochloric acid, saturated with sodium
chloride, and extracted with dichloromethane. The extract was
dried and concentrated, and the residue was recrystallized from
aqueous ethanol, affording 0.12 g (48%) of anisic acid, mp 182-
183° (lit.1np 185°). A mixture melting point with known anisic
acid (mp 182-183°) showed no depression.

3-Fluoro-4-nitroanisole.—A solution of 42.1 g of 3-flucro-4-
nitrophenol, prepared by nitration of m-fluorophenol,6 6 in 840
ml of acetonitrile was treated with 37.1 g of potassium carbonate
and 126 ml of methyl iodide. The mixture was stirred and re-
fluxed for 3 hr and then concentrated to dryness under reduced
pressure. The residue was dissolved in ether and water, and the
ether layer was washed with water, dried, and concentrated.
The residue was crystallized from methanol to give 39.8 g (87%)
of product, mp 55-57° (lit.6mp 56.5°).

3,4'-Dimethoxy-6-nitrodiphenylamine (12a).—A solution of
10.0 g of 3-fluoro-4-nitroanisole in 100 ml of dimethyl sulfoxide
was treated with 15.0 g of p-anisidine and heated at 60-65° under
an atmosphere of nitrogen for 24 hr. The solution was cooled
and poured into 3 1 of dilute (2%) hydrochloric acid. The pre-
cipitate was collected, washed with water, dried, and recrystal-
lized from 95% ethanol, affording 15.30 g (96%) of product, mp
103.5-104.5° (lit.®mp 106-106.5°).
6-Methoxy- I-(p-methoxyphenyl)-2 (3//)-benzimidazolone
(11).—A solution of 1.00 g of 3,4'-dimethoxy-6-nitrodiphenyl-
amine (12a) in 40 ml of tetrahydrofuran and 40 ml of ethanol was
added to a prereduced suspension of 10% platinum on carbon in
20 ml of tetrahydrofuran and 20 ml of ethanol and hydrogenated
at atmospheric pressure and room temperature. Hydrogen up-
take ceased after 3 equiv had been absorbed (ca. 15 min). The
solution of 2-amino-4',5-dimethoxydiphenylamine (12b)16 was
filtered and evaporated to dryness under reduced pressure. The
residue was dissolved in 10 ml of methanol and 50 ml of 1.2 A
hydrochloric acid, and phosgene was bubbled into the solution
for 1hr.

The mixture was cooled and the precipitate was collected by
filtration, washed with water, and dried, affording 0.42 g (43%)
of 11: mp 249-251° (lit.7 mp 245-246°); ir (KBr) 1700 cm-1
(C=0); uvmax 297 m/x (e 8200).

The mother liquors were cooled in ice and again treated with
phosgene for 1 hr. The new precipitate was collected, washed,
and dried, yielding an additional 0.43 g (44%) of 11, mp 249-
251°.

5-Methoxy-3-(p-methoxyphenyl)-1-methyl-2(3//)-benzimidazo-
lone (10).—A suspension of 0.83 g of 6-methoxy-I-(p-methoxy-
phenyl)benzimidazolone (11) in 30 ml of dimethyl sulfoxide was
treated with 0.25 g of a 55% dispersion of sodium hydride in min-
eral oil and then with 1 ml of methyl iodide. The mixture was
stirred overnight at room temperature and then poured into
water. The precipitate was collected by filtration, washed with
a little petroleum ether to remove the mineral oil, and recrystal-
lized from methanol, affording 0.59 g (68%) of 10, mp 154-155°.
A mixture melting point with the product of air oxidation of 9
melted at 154-155°, and the infrared spectra of the two com-
pounds were identical.

Concentration of the mother liquors afforded a second crop of
10, 0.08 g (9%), mp 152.5-154°. The overall yield of 10 from
12a was 67%.

7-Methoxy-I-(p-methoxyphenyl)-3-phenyl-2(l//)-quinoxalinone
(5a).—A solution of 2-amino-4',5-dimethoxydiphenylamine (12b),
prepared as before by catalytic reduction of 1.0 g of 12a, was
treated with 0.62 g of phenylglyoxylic acid and left at room tern-

(14) E. E. Harris and G. B. Frankforter, J. Amer. Chem. Soc., 48, 3144
(1926).

(15) T. L. Fletcher, M. J. Namkung, W. H. Wetzel, and H.-L. Pan, J.
Org. Chem., 25, 1342 (1960).

(16) A. P. Kottenkahn, E. T. Seo, and H. W. Stone, ibid., 28, 3114
(1963).

(17) L. Rosnati, Gazz. Chim. Ital., 86, 275 (1950).



Oxidation of jV-Phenylpyrroles

perature for 3 hr. The solution was concentrated to dryness
under reduced pressure, and the residue was crystallized by tri-
turation with ethanol to give 0.85 g of fairly pure product. This
was recrystallized from acetonitrile, affording 0.75 g (58%) of
5a, mp 206-207°. A mixture melting point with the photochem-
ical product 5a was 207-208°.

Photochemical Oxidation of 3,4-Dihydro-7-me'hoxy-I-(p-
methoxyphenyl)-3-phenyl-2(111)-quinoxalinone—A solution of
0-79 g (2.20 mmol) of 4a and 0.26 g (1.07 mmol) of 4,4'-dimeth-
oxyazobenzene (14a) in 250 ml of deoxygenated dichloromethane
was irradiated for 4 hr at 300 m/j in a quartz vessel in a Rayonet
photochemical reactor Model RPR-100 while a stream of helium
was passed through the solution. At the end of this time, tic
indicated the presence of 5a and no 14aor 4a. The solution was
treated with 2 ml of triethylamine and concentrated to dryness
under reduced pressure. The residue was recrystallized from
methanol (containing a little triethylamine), affording 0.58 g
(74%) of 5a, mp 203-206°, uv max 368 mM (e 19,800). The
mother liquors contained p-anisidine as shown by vpc.

4,4'-Dimethoxyhydrazobenzene (18).—A solution of 2.42 g
of 4,4'-dimethoxyazobenzene (14a) in 50 ml of tetrahydrofuran
and 50 ml of ether was treated with 0.35 g of lithium aluminum
hydride and then with an ether solution of 0.10 g of ferric chlo-
ride.18 The mixture was stirred at room temperature for 2 hr,
and then treated successively with 0.35 ml of water, 0.35 ml
of 15% sodium hydroxide solution, and 1.05 ml of water. The
mixture was filtered, and the filtrate was concentrated to dry-
ness at room temperature under reduced pressure. The residue
contained about 15% of the azo compound 14a (by uv), but could
not be purified further. Mild heating, such as attempted re-
crystallization from ether, effected disproportionation to 14a
and p-anisidine: ir (KBr) 3355, 3340 (NH); uv max 353 mp
(«4830) and 311 (5650).

(18) G. A. Olah, J. Amer. Chem. Soc., 81, 3165 (1959).
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Anal. Calcd for C,HEN22: C, 68.83; H, 6.60; N, 11.47.
Found: C, 68.94; H, 6.56; N, 11.66.

Photochemical Disproportionation of 4,4'-Dimethoxyhydrazo-
benzene.—A solution of 0.40 g of the above crude 4,4'-dimethoxy-
hydrazobenzene in 40 ml of dichloromethane was irradiated for
30 min at 300 mp in a Rayonet photochemical reactor. The
solution turned dark, and the ultraviolet spectrum showed an
intense peak at 354 mp due to the azobenzene. (A control solu-
tion of 15 in dichloromethane in the dark showed little change in
its ultraviolet spectrum after 1 hr at 25°.) The solution was
concentrated to dryness under reduced pressure. The residue
was extracted with ether and water, leaving a large amount of
black insoluble material. The ether layer, concentrated under
reduced pressure, afforded 0.14 g of 4,4'-dimethoxyazobenzene,
mp 163-164°. Concentration of the aqueous solution gave a
residue which was recrystallized from acetonitrile, affording
0.04 g of p-anisidine hydrochloride, mp 208-212°, having an
infrared spectrum identical with that of an authentic sample.

Registry No.-4a, 26596-02-1; 4b, 26596-03-2; 4c,
26596-04-3; 5a, 26596-05-4; 5b, 26596-06-5; 5c,
26596-07-6; 7, 26596-08-7; 9, 26596-09-8; 10, 26596-
10-1; 11,19950-86-8; 18,1027-40-3.
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The Singlet Oxygen Oxidation of (V-Phenylpyrroles. Its
Application to the Synthesis of a Model Mitomycin
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The photooxygenation of M-phenylpyrroles to produce pyrrolinones is described.

The conversion of pyr-

rolinone 14 to a tetracyclic framework 22 related to the aziridine-containing mitomycin antibiotics is elucidated.
A tabulation of nmr data for protons on the ring fusion of bicyclic fused aziridines is presented.

The photooxygenation of heterocycles is an area in
which a steady level of interest has been maintained
through the years.2 The precedent for our research in
pyrrole oxidations was based on the report of De Mayo
and Reid,3on the photooxidation of pyrrole la and N-
methylpyrrole Ib to form the hydroxylactams 2a and
2b. A possible mechanism for the reaction invokes the
Diels-Alder reaction of singlet oxygen with pyrrole to
form the endo-peroxide 3. Pjototropic rearrangement

>=
X HO— 0 0
1 1
R R R
la,R=H 2a,b 3
b, R= CH3

(1) (a) Abstracted from the Ph.D. Thesis of J. A., Fordham University,
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CA 11421, and the National Institute of General Medical Sciences, GM
12758. (c) Preliminary reports of portions of this work have appeared:
J. Auerbach and R. W. Franck, Chem. Commun., 991 (1969); J. Auerbach
and R. W. Franck, Abstracts, 158th National Meeting of the American
Chemical Society, New York, N. Y., Sept 1969, ORGN 148. (d) To whom
correspondence should be addressed.

(2) S. T. Reid, Advan. Heterocyd. Chem., 11, 116 (1970).

(3) P. De Mayo and S. T. Reid, Chem. Ind. {London), 1576 (1962).

including 0 -0 bond fission affords 2. Other oxidations
of pyrroles that appear to be reactions with singlet oxy-
gen have been reported.45 In the case of highly sub-
stituted pyrroles such as 4, Wasserman and Miller have
isolated photooxidation products 5 and 6 whose forma-
tion can be rationalized by postulating rearrangements
of an initially formed endo-peroxide.

H  Ph Ph H
\
meiVVV Fb]
(@] N 0 N
Ph Ph

4 5 6

Our research on the singlet oxygen oxidation of N~
phenylpyrrole (7) began because we saw a similarity be-
tween the predicted oxidation product 8 and certain fea-
tures of the mitomycin antibiotics 9.6 The double bond

(4) A. R. Katritzky and E. Hoft, Tetrahedron Lett., 2028 (1968).

(5) H. H. Wasserman and A. H. Miller, Chem. Commun., 199 (1969).

(6) (@) J. S. Webb, D. B. Cosulich, J. H. Mowat, J. B. Patrick, R. W.
Broschard, W. E. Meyer, R. P. Williams, C. F. Wolf, W. Fulmore, C.
Pidack8, and J. E. Lancaster, J. Amer. Chem. Soc., 84, 3187 (1962); (b)
J. B. Patrick, R. P. Williams, W. E. Meyer, W. Fulmor, D. B. Cosulich,
R. W. Broschard, and J. S. Webb, ibid., 86, 1889 (1964).
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in 8 was visualized as the aziridine precursor, with the
Schemer aziridine synthesis as the eventual functionali-
zation method.7 This route requires the cycloaddition
of an azide to a double bond to form a triazoline which
is converted to an aziridine by subsequent extrusion of
nitrogen.

X y z
mitomycin A CH® CH3 H
mitomycin B CHO H CH3
mitomycin C NH2 CH3 H
porfiromycin NH2 CH3 CH3

Results and Discussion

The oxygenation of 7 was performed using several
methods of singlet oxygen generation.8 In every case,
low yields of lactam 8 were obtained. The structural
assignment was derived from its ir [(CHC13 3551 (OH),
1705 cm-1(C=0)], nmr [(DMSO) 56.05 (m, 1, C-5),
6.23 (d with fine structure, 1,33 4= 5.5 Hz, C-3), 7.00-
7.78 (m, 7, C-4, aromatics, OH)], elemental analysis,
and its oxidation with manganese dioxide to form N-
phenylmaleimide. The yield in this singlet oxygen oxi-
dation route does not compare favorably with a synthe-
sis of 5-hydroxy-A3pyrrolin-2-ones involving Grignard
addition to maleimides.9 However, the Grignard
method cannot be used to prepare the 5-unsubstituted
derivatives as in our oxidation. Upon treatment with
singlet oxygen, N-(2-carboxyphenyl) pyrrole 10 afforded
the lactam-lactone 11, regardless of whether the reac-
tion was performed with the free acid or its sodium salt.
The structural assignment was straightforward with the
exception that its ir exhibited a single carbonyl peak in
several solutions and in KBr pellets. Therefore, hydro-
genation of 11 to 12 was undertaken. The ir spectrum

10 n 12

of the resulting dihydro derivative 12 contained two car-
bonyl bands (1730 and 1710 cm-1).

When the heterocycle 13 was treated with singlet oxy-
gen under a variety of conditions,10 rapid oxygenation
took place and the indole-lactam 14 was isolated. Al-
though the various oxidations seemed “clean,” work-up
always led to tarry residues and the eventual yield of 14

(7) (a) P. Scheiner, J. Org. Chem., SO, 7 (1965);
hedron, 24, 2757 (1968).

(8) (a) C.S. Foote, S. Wexler, W. Ando, and R. Higgins, J. Amer. Chem.
Soc., 90, 975 (1968); (b) D. R. Kearns, P. Radlick, P. Hollins, and R.
Chambers, ibid., 89, 5456 (1967); (c) H. H. Wasserman and S. R. Scheffer,
ibid., 89, 3073 (1967).

(9) A. Queen and A. Reipas, J. Chem. Soc. C, 2459 (1967).

(10) V. J. Mazzola, K. Bernady, and R. W. Franck, J. Org. Chem,, 32,
486 (1967).

(b) P. Scheiner, Tetra-
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was low. Our hypothesis was that adduct A was form-
ing, but that an efficient base-catalyzed opening of the
endo-peroxide was not occurring. Thus, triethylamine

was added to the normal solvent for a photooxidation
experiment and it was discovered that no photooxida-
tion took place. Ouannfes and Wilson have observed
this effect with tertiary amines. They have developed
their experiments in an elegant way and demonstrated
that tertiary amines quench singlet oxygen.11 How-
ever, added pyridine in aqueous solvents does not act
as a quencher, but does serve to improve the yield of
14, with 70% isolation being routine. The structural
assignment for 14 was derived as follows: ir (CHC13
1718 cm-1 (C=0); wuv (ethanol) Xnmex 208 nir. (e
30,000) end absorption, 266 (11,000), 273 (10,000), 355
(11,000); nmr (CDC13 55.93 (d, 1, JM = 5.5 Hz, C-2),
6.31 (s, 1, C-9), 6.90-7.45 (m, 4, H-Cx H-Ce.v.s), 7.69
(m, 1, C-5). The formation of an isomeric compound
15 was considered since there is a record of unusual
rearrangements in the pyrrolo[1,2-r]indole series.2

014

f v FV OCV

15 16 17

Thus, hydrogenation of 14 was performed to afford 17.
The reported melting point, ir, and uv for 16 (R = H)13
which would have been the dihydro product from 15,
differ from that of our hydrogenation product 17. Also,
comparison of nmr data obtained for lactam 17 with the
published data for 16 (R = benzyloxy) revealed signifi-
cant differences in the methylene and indolic hydrogen
resonances.256 Thus, the prediction of structure 14,
based on mechanistic considerations, was shown to be
on firm ground.

The use of pyridine as a cosolvent for photooxidation
did not improve the yields of pyrrolinone products from
pyrroles 7. Our oxidation experiments were extended
to the deactivated pyrroles 18,19, and 20, none of which

18 19 20

consumed oxygen. The main conclusion we draw from
our work to date is that nondeactivated W-phenylpyr-
roles react rapidly with singlet oxygen. The control of
the subsequent decomposition of the presumed endo-
peroxide intermediate is not yet fully understood and

(11) C. Ouannes and T. Wilson, J. Amer. Chem. Soc., 90, 6527 (1968).

(12) (a) W. A. Remers, ibid., 86, 4608 (1964); (b) G. R. Allen and M. J.
Weiss, J. Org. Chem., 30, 2904 (1965); (c) E. E. Schweizer and K. K. Light,
ibid., 31, 870, 2912 (1966).

(13) W. A. Remers and M. J. Weiss, J. Med. Chem., 8, 700 (1965).
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remains the crucial factor in obtaining useful yields of
a single product.

The lactam 14, now readily available, has a double
bond in alocation appropriate for the fusion of an aziri-
dine ring. Thus, cycloadditions to 14 with benzyl and
phenyl azides were attempted, as the first step in the
Schemer aziridine synthesis.7 Triazolines 21a and 21b
were formed in good yield. It is not certain that the
direction of addition is as depicted, but the assign-

a. PhN,
b. PhCH2N,

AV

0
2la, R= Ph
b, R = CHPh

ments are based on the precedents in Huisgen’s work on
dipolar additions of azides to dipolarophilic double
bonds conjugated with carbonyls.& Also, the different
nmr shifts for the indolic protons in 21a and 21b suggest
differing shielding effects of the it groups in proximity
to the indole proton, rather than the effects of identical
N =N linkages. The photochemical elimination of ni-
trogen was the step remaining for the attainment of a
model mitomycin. The phenyltriazoline 2la, with
significant uv absorption above 300 nm, could be pho-
tolyzed with a sun lamp and a plate glass filter which
effectively excluded light with wavelengths shorter than
310 nm. Nitrogen elimination proceeded smoothly and
rapidly to afford aziridine 22 in essentially quantitative
yield. Continued irradiation of the photolysate be-
yond the time required for complete nitrogen evolution
resulted in destruction of 22. The triazoline 21b had
no significant absorption above 300 nm. Thus, the
photoextrusion reaction did not take place under the
conditions defined for 2la. Instead, a high-pressure
mercury lamp with Corex glass filtering and, in some
cases, benzene solvent was used in the photolysis of 21b.
Starting material was consumed; however, no aziridine-
like product could be isolated. It was assumed 'hat the
desired product had undergone further photochemistry,
since the photolability of aziridines conjugated with car-
bonyl groups has been well established.16 It could be
predicted that the product aziridine would be a good
chromophore at wavelengths below 300 nm, based on
the extinctions inter alia of 17 of 2500 at 293 nm and
2400 at 300 nm. Thus, the failure to isolate an aziri-
dine as the primary photoextrusion product when light
of wavelength below 310 nm was used might be ration-
alized. The structural assignment for 22 was based

2la
NPh

on the method of synthesis as well as a consistent ir, uv,
nmr, and mass spectral data. Scheme | summarizes
nmr data for several aziridine functions including exam-
ples of mitomycins and others fused to a five-membered

(14) R. Huisgen, G. Szeimes, and L. Mobius, Chem. Ber., 99, 475 (1966).
(15) A. Padwa and L. Hamilton, J. Amer. Chem. Soc., 89, 102 (1967).
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Scheme |

A Listing of Chemical Shifts (& and

Coupling Constants (Hertz) for Protons on Aziridines

(6] (0]

ITSOZ\{'

CO ch3
ch®d A A AJw-NCCH,
rv /H i
HXT ~ A a'~N £ ncoXxh3 H 277
X H 4.0-4.55 =5
25e 26"
33.'j = 6.0 34,mJ —6.5

“ G. O. Morton, Lederle Laboratories Division, American
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ring. It can be seen that the chemical shifts of hydro-
gens on aziridine rings are upfield from the usual values
of hydrogens adjacent to nitrogen. Also, it should be
noted that, when an aziridine is fused to a ring, the Jvic
of the ring fusion protons is decreased, in a manner anal-
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ogous to Jvic for epoxides.’6 It is our belief that the
mitomycin analog 22 described in this report exhibits
nmr shifts and a coupling constant, when substituent
and ring fusion effects are taken into account, within the
bounds of expectation. We take a note of a recent, re-
vised claim of synthesis of a mitomycin analog 25 which
has nmr shifts in a range slightly outside the limits ex-
pected. A knowledge of the coupling constant for
/vie in 25 would greatly clarify its structural assign-
ment.7 It is our conclusion that the unambiguous
preparation of a tetracyclic molecule with a framework
related to the mitomycins has been achieved in our lab-
oratory.

Experimental Sectioni8

Synthesis of 5-Hydroxy-l-phenyl-3-pyrrolin-2-one (8).—In a
500-ml gas washing cylinder was placed 500 mg of A'-phenyl-
pyrrole (7) (3.5 mmol) plus 10 mg of methylene blue, 250 ml of
THP, 50 ml of pyridine, and 200 ml of distilled water. This
vessel was placed in the center of a bank of four General Electric
cool-white fluorescent lamps (15 W per tube). The reaction
solution was magnetically stirred. The lights were switched on,
and oxygen gas, passing through the dispersion disk at the bot-
tom, was bubbled through the solution.

The disappearance of starting material 7 from the reaction solu-
tion was followed by tic. After 45 min, the originally blue solu-
tion turned green and no more starting material 7 could be de-
tected. However, photooxygenation was allowed to proceed for
another 20 min. Work-up consisted of removal of the THF by
vacuum evaporation with warming at 40°. The green pyridine
solution was salted out with solid sodium chloride and then ex-
tracted into methylene chloride leaving a blue aqueous layer.
The methylene chloride was cross-washed with 2 N HC1, water
and sodium bicarbonate solution, and saturated sodium chloride
and dried with anhydrous sodium sulfate. The methylene chlo-
ride extract was filtered and taken to dryness, yielding 482 mg of
a crude black tar-like product. The crude product was dissolved
in methylene chloride and spotted in a 1-em wide band, the width
of a single preparative silica gel coated tic plate 20 X 20 cm X
0.5 mm thick. Elution with 10% ethyl acetate-ether gave two
bands which were observed on the plate by visual inspection.
The Rt of the pure compound 8 on a silica gel coated microscope
slide was at least 0.5, eluting with either ether or 10% ethyl ace-
tate-ether (v/v). The plate presented a 3-cm wide black band
at the bottom and a 15-cm broad band above this which was light
yellow. The entire light yellow band was removed and eluted
with acetone from the substrate yielding 266 mg of material.
This solid was crystallized from benzene yielding 48 mg of 8, mp
138-140°, and a second crop of compound 8: 32 mg; mp ISO-
MOO; 14.2% overall yield; uv (ethanol) end absorption 204 nm
(e 14,600), 223 (6750), 280 (2760); ir (chloroform) 3551 (OH,
w), 2970 (br, w), 1705 (C =0, s), 1580 cm-1 (m); ir (potassium
bromide) 3170 (br, m), 1670 (C=0, s), 1610 (m), 1600 (m), 1500
(m), 1480 (w), 1440 (w), 1395 (m), 1320 (w), 1300 (m), 1270
cm-1 (w); nmr (DMSO) (DMSO reference) 6.02-6.12 (m, 1,
C-5), 6.23 (d, 1, 334 = 55 Hz, C-3), 7.00-7.78 ppm (m, 7,
aromatics, OH and C-4).

Anal. Calcd for CIHON: C, 68.56; H, 5.18; N, 8.00.
Found: C, 68.6; H, 5.2; N, 8.0.

Conversion of 8 to iV-Phenylmaleimide.—A sample of 28 mg of
sublimed 5-hydroxy-I-phenyl-3-pyrrolin-2-one (8) (0.16 mmol),

(16} K. Tori, T. Komeno, and T. Nakagawa, J. Org. Chem., 29, 1137
(1964).

(17) T. Hirata, Y. Yamada, and M. Matsui, Tetrahedron Lett., 4107
(1969).

(18) Commercially available solvents were used as supplied without
further purification except as noted. Thin layer chromatograms were per-
formed on silica gel coated microscope slides using iodine to visualize the
spots. New compounds were tested for purity by thin layer chromatog-
raphy in at least two solvents. Melting points were performed on a Fisher-
Johns melting point block and are uncorrected. Infrared spectra were re-
corded on a Perkin-Elmer spectrophotometer Model 137 with sodium
chloride optica. Also used was a Perkin-Elmer Model 337 grating spec-
trophotometer. Nmr spectra were recorded on a Varian Associates Model
A-60 or A-60A spectrometer. Spectra were calibrated using tetramethyl-
silane as internal standard set at S 0.00 ppm, except where noted, when
dimethyl sulfoxide has been used as an internal standard.
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mp 144-147°, was mixed with 250 mg of activated manganese
dioxide. Then 5 ml of benzene was added and the mixture was
refluxed 1 hr with stirring. The mixture was filtered and the
solvent was evaporated yielding yellow needles, mp 86-87°. A
mixture melting point with A-phenylmaleimide was undepressed.
Also, the ir spectra of A-phenylmaleimide and the isolated prod-
uct were superimposable.

Hypochlorite-Peroxide Singlet Oxygen Oxygenation of N -
Phenylpyrrole (7).—A sample of 1.430 g of A'-phenylpyrrole (7)
(10 mmol) was dissolved in 35 ml of methanol and 15 ml of ierf-
butyl alcohol. The stirred solution was kept at 15° and then 4
ml of 30% H:0: (35.5 mmol) was added to the reaction mixture.
The A-phenylpyrrole (7) is stable to 30% H2 2 solution under
these conditions. A total of 50 ml of 0.645 M sodium hypochlo-
rite (32.5 mmol) was added slowly (thus generating 32.2 mmol of
O: gas) which is a 3.2-fold excess. Work-up yielded 1.373 g of
crude product showing a carbonyl band in the ir (1700 cm-1) in
chloroform. A small scale column chromatography was per-
formed on the crude product in a 9-in. Pasteur pipet filled with
Florisil and eluting with benzene. The crude product was identi-
fied as mostly A'-phenylpyrrole. Column chromatography of
1.287 g of crude product on 40 g of silica gel packed in hexane
eluting first with hexane, benzene-hexane, benzene, chloroform,
chloroform-ether, and ether yielded 115 mg (6.6%) of material,
mp 135°, showing the correct ir of 8. Also obtained was 288 mg
of recovered A-phenylpyrrole (7). The remaining materials
were dark oils and solids of a complex nature. Sublimation of a
small amount of material 8 at 0.1 Torr and 115° for 1 hr yielded
material, mp 138-140.5°, a slightly yellow product.

Synthesis of 5H-Pyrrolo[l,2-a] [3,I]benzoxazine-1,5(3a//)-di-
one (11).—A solution 500 mg of (I-pyrrolyl)-2-benzoic acid (10)
(2.67 mmol), mp 106-107°, 10 mg of methylene blue, and 500
ml of methylene chloride was photooxygenated at room tempera-
ture as previously described. The reaction was followed by ir.
After 45 min, the spectrum displayed a new carbonyl band at
1740 cm-1 in chloroform. The split carbonyl band for starting
material 10 [1740 (weak), 1695 cm-1 (strong)] in chloroform was
completely absent. The photooxygenation was terminated after
I hr and 5 min. The blue reaction solution was evaporated to
dryness yielding agreen gum. The gum was dissolved in acetone
and filtered through a 9-in. Pasteur pipet filled with activity no.
Il neutral alumina. This procedure removes much of the blue
dye and some polar material. The filtrate was chilled and a 97-
mg (18%) yield of product 11 was collected, mp 189-193°. A
second crop of material was recovered by repeating the process
again on the mother liquors and crystallizing a second 59-mg
sample of material which had mp 165-166°. Tic showed the
material to be less pure than the 97-mg first crop. A total com-
bined yield of 28.5% was obtained: wuv (ethanol) 218 nm (e
25,400), 242 (7050), 318 (3800); ir (chloroform) 1730 (C=0, s),
1600 (w), 1480 (m), 1460 (w), 1395 (m), 1340 (w), 1165 (w), 1160
(w), 1115 (w), 1075 m), 1043 (w), 1023 (w), 990 (w), 965 (w),
845 cm-1 (w); ir (potassium bromide) 3080 (w), 2905 fw), 2840
(w), 1735 (C=0, s), 1600 (m), 1490 (m), 1460 (w), 1395 (m),
1225 (w), 1075 (w), 990 (w), 813 (w), 755 (w) 698 (w), 535 (w),
525 cm*“1(w); nmr (dimethyl sulfoxide) (DMSO reference) 6.62
[d, 1,/ 23 = 5 Hz showing apparent (methine) coupling J23a <
1Hz, C-2], 6.68 (s, 1, C-3a), 7.2-8.05 ppm (m, 5, H-C3.6.7.8,9).
The addition of DD did not reveal any exchangeable protons.
Material 11 was recrystallized from acetone to afford material
softening at 190°, mp 202-205°, to a red liquid.

Anal. Calcd for Ci,HMNO03 C, 65.67; Il, 3.51; N, 6.96.
Found: C, 65.4; H, 3.4; N, 6.8.

Photooxygenation of the Sodium Salt of (I-Pyrrolyl)-2-benzoic
Acid (10).—A solution of 500 mg of (I-pyrrolyl)-2-benzoic acid
(10) (2.66 mmol), 10 mg of eosin dye, 100 ml of THF, 400 ml of
distilled water, and 2.6 ml of IN sodium hydroxide solution was
photooxygenated at room temperature in the usual manner.
Small portions of solution were withdrawn and acidified with
aqueous HC1. The presence of starting material 10 could be
followed now by tic on silica gel coated microscope slides developed
in 5% acetic acid-methylene chloride (v/v). After 3 hr, starting
material was consumed. The solution was then partially evapo-
rated under vacuum to remove the THF. The agueous solution
remaining was extracted with ethyl acetate in a continuous liquid
extractor for 50 hr. The extract was washed with sodium bi-
carbonate solution, water, and brine, and dried with MgSO<.
The solvent was vacuum evaporated, yielding a red tar-like
product (107 mg) which was triturated with methanol, at which
point 23 mg of product 11 (4.25%) separated. The aqueous
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layer in the extractor was now acidified to pH 5.5 with 26.6 ml
of 0.1 IV sulfuric acid. The solution was extracted again for 24
hr with ethyl acetate and worked up as above to afford 207 mg of
a product which was dissolved in boiling acetone and treated
with charcoal and filtered yielding 51 mg (9.5%) of a white prod-
uct 11, identified by ir and melting point, softening at 190° and
melting at 202-205° to a red liquid.

Synthesis of 3,3a-Dihydro-5//-pyrrolo[1,2-a] [3,I]lbenzoxazine-
1,5(2H)-dione (12).—A mixture of 18 mg of 5ff-pyrrolo[l,2-a]-
[3,I]benzoxazine-1,5(3aH)-dione (11), mp 204-206° (0.0895
mmol), dissolved in 25 ml of acetone and 10 mg of 10% palladium
on carbon was hydrogenated at atmospheric pressure for 20 min.
The catalyst was filtered off yielding a 16-mg (88%) yield of a
white solid 12, mp 206-208°, melting to a clear licuid. The
material was crystallized from acetone: mp 206-208°; uv
(ethanol) 223 nm (e 23,000), 248 (8600), 307 (3110); ir (potas-
sium bromide) 2910 (w), 2840 w), 1730 (C=0, s), 1710 C=0,
s), 1590 (m), 1480 (s), 1460 (m), 1395 (s), 1240(m), 1218 (m),
1088 (m), 773 cm-1 (m); ir (chloroform) 1730 (C=A), sh, s),
1720 (C=0, s), 1590 (m), 1470 (m), 1460 (m), 1395 (s), 1320
(m), 1290 (m), 1070 (m), 1020 cm-1 (w); nmr (dimethyl sul-
foxide-d«) 3.25 (s, 4, W>/2= 1 Hz, CHZXH2), 6.02-6.29 (m, 1,
C-3a), 7.20-8.13 ppm (m, 4, H-C¢7,89).

Anal. Calcd for CIIHONO3: C, 65.02; H, 4.46;
Found: C, 64.9; H, 4.5; N, 6.8.

In a separate experiment, the starting material 11 was allowed
to stir in acetone in the presence of the catalyst under an atmos-
phere of either oxygen or nitrogen. No reaction of the starting
material 11 was apparent from observation of the ir of this mate-
rial for times exceeding the time of the hydrogenation experiment.

Synthesis of 3H-Pyrrolo[l,2-a]Jindol-3-one (14).—In a 500-ml
gas washing bottle, 500 mg of pure 9if-pyrrolo[1,2a]indole (13)
(3.2 mmol) and 10 mg of methylene blue was dissolved in 250 ml
of THF, 50 ml of pyridine, and 200 ml of distilled water. The
contents of the cylinder were cooled to 0-5° in an ice-water bath.
This was photooxygenated as previously described. It proceeded
for 1.25 hr and was shown to be completed by the disappearance
of the starting material 13 by silica gel tic, eluting with benzene.
This photooxygenation was repeated twice to give 1000 ml of
reaction solution. The THF was evaporated under reduced
pressure. The aqueous pyridine solution remaining was cooled
and extracted with ether (200 ml per extraction) three times.
The ether was washed twice with water, then with 2 N HC1 (200
ml), and then with a solution of aqueous acidified 1 N ferrous
sulfate. The ether was then washed with water, aqueous sodium
bicarbonate, water, and brine. The ether was dried with an-
hydrous sodium sulfate and then filtered. Five drops of pyri-
dine were added to the etherate which was then evaporated,
leaving a crude material which was dark and crystalline. The
solid was dissolved in methylene chloride and 5 g of activity no.
Il neutral alumina was added. The solvent was removed with
the vacuum evaporator, leaving the crude product adsorbed on
the alumina. Dry column chromatography (on 160 g of no. Il
neutral alumina eluting with methylene chloride, according to
the method of Loev and Goodman)®was performed. An intense
yellow band moved down the column near the solvent front which,
after full development, was 3 in. wide. The rest of the column
was quite clear except for green material remaining on the alumina
at the top of the column. The Ri value on an alumina coated
microscope slide was 0.95. The yellow band was cut out and the
product eluted from it with benzene. The benzene solution
evaporated to dryness and yielded 793 mg of material 14 (71.5%):
mp 86-89°; ir (chloroform) 1718 (0=0, s), 1608 (m), 1575 (m),
1464 (w), 1443 (w), 1383 (m), 1374 (m), 1337 (s), 1328 (s), 1289
(m), 1152 (m), 1068 (m), 963 cm-1 (w); uv (ethanol) end ab-
sorption 208 nm (« 30,300), 266 (11,400), 273 (10,300), 355
(10,800); nmr (deuteriochloroform) 5.93 upfield half of AB quar-
tet (d, 1, Ji-2= 5.5 Hz, C-2), 6.31 (s, 1, C-9), 6.90-7.45 (m, 4,
H-Ci,6798), 7.6-7.75 ppm (m, 1, C-5). A spin decoupling ex-
periment was performed; irradiation at —1.15 ppm downfield
from the doublet centered at s 5.95 caused it to collapse to a
singlet. This demonstrates that C-2 is coupled to C-lI. The
corollary experiment of irradiating at 5.93 ppm with a spin de-
coupling field caused an alteration of the aromatic region of the
spectrum but did not unequivocally identify C-2. However,
the signal for C-2 should be centered at s 7.08. An analytical
sample of 14 was prepared by repeated sublimation at 35° (0.10
Torr) yielding material 14, mp 94-95°.

Anal. Caled for CnHjNO: C, 78.09;
Found: C, 78.1; H, 4.2; N, 8.2.

N, 6.89.

H, 4.17; N, 8.28.
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Synthesis of 14. Photooxygenation in Methylene Chloride.—
A solution of 250 mg of 9ff-pyrrolo[l,2-a] indole (13) (1.6 mmol),
5 mg of methylene blue, and 250 ml of methylene chloride was
photooxygenated at room temperature as described previously.
After 1 hr, no more starting material 13 could be detected by tic.
The solution was green. Work-up consisted of washing the
methylene chloride solution with water, aqueous sodium carbo-
nate solution, and saturated sodium chloride. The solution was
dried with anhydrous magnesium sulfate and evaporated to dry-
ness yielding a green tar-like product. The crude product was
column chromatographed on 30 g of silica gel eluting with hex-
ane-benzene, benzene, and chloroform yielding 43 mg (15.8%)
of yellow amide 14, mp <70°. However, tic showed the material
14 to be quite pure. Comparison of the ir with previously char-
acterized 14 showed it to be of good quality.

A Quenching Experiment—A mixture of 250 mg of 13 (1.6
mmol) with 10 mg of methylene blue, 0.25 ml of triethylamine,
and 250 ml of methylene chloride was charged in the oxygenation
apparatus. The mixture was photooxygenated at room tem-
perature for 1 hr. The reaction solution turned green. How-
ever, the starting material 13 was not consumed as judged by
tic and its recovery by the usual work-up procedure.

Synthesis of 14. Demonstration of the Necessity of Pyri-
dine.— A solution of 500 mg of 13 (3.2 mmol), 10 mg of methylene
blue, 250 ml of water, and 250 ml of commercial THF was photo-
oxygenated between 0-10° as described previously. After 1 hr,
no more starting material 13 could be detected by tic on silica gel.
The greenish-blue photooxygenation solution was vacuum evapo-
rated to remove all the THF. Work-up afforded an organic ex-
tract showing one spot on tic plate. The solution was evaporated
(Roto-Vac) to dryness at room temperature whereupon it black-
ened. The ir spectrum of the crude product was different from
the spectrum seen in a reaction performed with added pyridine.
There was a notable OH band at 3546 cm-1. This product was
absorbed on a small amount of silica gel and eluted with benzene
to yield a benzene soluble extract of a product which, after solvent
evaporation, yielded 444 mg of a black tar-like product. The
crude product was worked up by preparative tic on silica gel using
three plates 20 X 20 cm X 0.5 mm thick, eluting with benzene.
A recovery of 46 mg of crystalline material was obtained which
was sublimed at 90° (0.1 Torr). This produced 31 mg of a yellow
solid 14 (5.6%), mp 78-81°, which was crystalline and showed
one spot on tic. When the above experiment was performed a
second time, 24 mg of 14 was recovered (4.45%) after sublima-
tion at 90° (0.1 Torr), mp 80-83°.

Synthesis of 14 via Hypochlorite-Hydrogen Peroxide Oxygena-
tion.—In a 100-ml three-neck round-bottom reaction flask was
placed 775 mg of 13 (5 mmol), 25 ml of DMF, and 3 ml of 30%
hydrogen peroxide (18 mmol). The pyrrolo[l,2-alindole (13)
was shown to be stable to hydrogen peroxide in the cold. In a
buret was placed 0.645 M sodium hypochlorite (Clorox) solu-
tion. The entire system was sealed and the gases generated
were led to a eudiometer. The slow dropwise addition of 10 ml
of hypochlorite solution to the mixture generated 5 ml of 02
(0.225 mmol). After 15 ml of sodium hypochlorite (Clorox)
was added, material appeared to crystallize from solution; 10
ml of additional DMF was added to affect resolution of this ma-
terial. After 25 ml of Clorox (16 ml of 0 2generated) was added,
tic revealed no more 13.

Work-up yielded 2.005 g of black crude product which was
chromatographed on 43 g of Florisil eluting with hexane, hexane-
benzene, and chloroform. After combining fractions with the
appropriate carbonyl band (1718 cm-1) and sublimation at 30-
35° (0.1 Torr), 18 mg of yellow product (14), mp 75-81 (2.14%),
was recovered.

Synthesis of 14. Singlet Oxygen Generated via the Ther-
mal Decomposition of 9,10-Diphenylanthracene endo-Peroxide.—
In a 50-ml reaction flask was placed 155 mg of 13 (1 mmol), 724
mg of 9,10-DPA-O2 (2 mmol), and 15 ml of benzene. The solu-
tion was kept under nitrogen and refluxed for 71 hr. The reac-
tion was followed by tic and ir. After 25 hr, a carbonyl band
appeared in the ir. The reaction mixture was evaporated to
dryness and column chromatographed on 30 g of silica gel. The
column was eluted with benzene yielding 26 mg of amide which,
after sublimation, yielded 18 mg of pure amide 14, mp 90-91°
(10.6%).

Synthesis of 1,2-Dihydro-3//-pyrrolo[1,2-a]indol-3-one (17).—A
mixture of 169 mg of 3H-pyrrolo[l,2-alindol-3-one (14) (1 mmol),
mp 90-93°, dissolved in 25 ml of absolute ethanol, and 40 mg of
10% palladium on carbon was hydrogenated at room temperature
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and atmospheric pressure for 1 hr. The reaction mixture was
then filtered yielding 156 mg (92%) of a white crystalline solid
17, mp 150-151°, melting to a clear liqud. The material was
recrystallized from methanol, mp 153-154°, and showed one
spot on tic: ir (chloroform) 1730 (C =0, s), 1570 (w), 1440 (m),
1380 (s), 1340 (m), 1310 (m), 1290 cm-1 (m); ir (potassium bro-
mide) 2960 (w), 2940 (w), 2845 (w), 1735 (C=0, s), 1580 (m),
1470 (m), 1452 (s), 1390 (s), 1370 (m), 1330 (m), 1315 (m), 1290
(m), 1172 (m), 1158 (m), 1109 (m), 1055 (m), 820 (m), 785 (m),
760 (s), 750 cm-1 (m); uv (absolute ethanol) 238 nm (« 25,400),
258 sh (11,900), 293 (2550), 300 (2350); nmr (deuteriochloro-
form) 3.02 (s, 4, CH2XCH2), 6.29 (b s, 1, Wi/, = 3 Hz, C-9),
7.23-7.70 (m, 3, H-C6&7s), 8.05-8.30 ppm (m, 1, C-5).

Anal. Caled for C,LHINO: C, 77.17; H, 5.30; N, 8.18.
Found: C, 77.4; H, 5.3; H, 8.1.

Synthesis of I-Benzyl-3a, 10b-dihydro-r-triazolo[4',5:3,4]-
pyrrolo[1,2-«]indol-4(17/)-one (21b).—In a 100-ml round-bottom
reaction flask fitted with a water-cooled condenser was placed
349 mg of 3H-pyrrolo[l,2-alindol-3-one (14) (2.06 mmol), mp
93-94°, 700 mg of benzyl azide (5.25 mmol), and 4 ml of benzene.
The reaction was stirred under a nitrogen atmosphere at reflux
temperature. After 24 hr, a precipitate was noted and an addi-
tional 1 ml of benzene was added. After 60 hr, the reaction was
terminated and cooled, and hexane was added to the dark crude
mixture. Additional precipitate formed. The mixture was
filtered yielding a dark product. The product was crystallized
twice from benzene yielding 331 mg (53.5%) of a crystalline
white solid (21b) decomposing at 184-186° with apparent gas
evolution, and then the material turned to a red liquid on the
melting point block. The pure material 21b showed one spot on a
tic plate: uv (ethanol) 217 nm (« 26,600), 265 (9900), 290 sh
(5200); ir (chloroform) 1748 (C=0, s), 1595 (w), 1445 (m),
1380 (m), 1351 (m), 1320 (m), 1166 (w), 1060 cm 'l (m); nmr
(dimethyl sulfoxide) (DMSO reference) first half of AB quartet
491 (d, 1, Jab = 16 Hz, benzyl CH2), second half of AB quartet
5.08 (d, 1, Jab = 16 Hz, benzyl CH2), 5.05 (d, 1, Jiob-3a = 10
Hz showing additional apparent coupling Jio-iob < 1 Hz, C-1Ob),
5.98 (d, 1, Jiob—& = 10 Hz, C-3a), 6.47 (b s, 1, Wy, = 2 Hz,
Jio—iob < 1Hz), 7.25-7.73 (m, 8, H-C799 + 5 phenyl protons),
7.45 (b s, 5 phenyl protons), 7.85-8.05 ppm (m, 1, C-6). The
analytical sample, prepared via benzene recrystallization, con-
sisted of white needles which turn red at 175° and decomposed
at 185° with apparent gas evolution.

Anal. Calcd for C"HhNJ): C, 71.51; H, 4.67; N, 18.53.
Found: C,71.4; H, 4.8; N, 185.

Synthesis of I-Phenyl-3a,l0b-dihydro-i-triazolo[4'5": 3,4]pyr-
rolo[1,2-a]indol-4(1/7)-one (21a).—In a 50-ml round-bottom
flask under a nitrogen atmosphere was placed 507 mg of 14 (3
mmol), 714 mg of phenyl azide (6 mmol), and 5 ml of acetone.
The stirred reaction mixture was kept at reflux for 24 hr. An
ir spectrum indicated only small conversion to the triazoline 21a.
The solvent was blown off with a nitrogen stream, and then an
additional 714 mg of phenyl azide (6 mmol) was added plus 1 ml
of acetone. The mixture was held at 65-70° for an additional 12
hr and a precipitate was formed. The reaction mixture was
evaporated under vacuum to dryness and washed with small
portions of benzene, yielding 484 mg (56% yield) of slightly tan
solid decomposing at 171-175° with apparent gas evolution and
turning to red liquid. The material was recrystallized from
THF-hexane yielding 464 mg (53.8%) of 2la. In a separate
experiment, 500 mg (2.96 mmol) of 3H-pyrrolo[l,2-alindol-3-one
(14) was mixed with 1.5 g of phenyl azide (13.4 mmol) and 1 ml
of benzene, stirred under nitrogen between 70 and 75° for 24 hr
yielding 871 mg (68% yield) of the phenyl triazolone 21a crystal-
lized from THF-hexane (we thank Mr. Robert Kempton for
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this result): uv (ethanol) end absorption 207 nm (e 24,600), 238
(24,600), 290 (8800); ir (chloroform) 1745 (C=0, s), 1590 (m),
1440 (m), 1380 (s), 1340 (m), 1320 (m), 1170 (w), 1120 (w), 1055
cm-1 (m); ir (potassium bromide) 1740 cm-1 (C=0, s); nmr
(deuteriochloroform) 5.63 and 6.02 (AB quartet, Jiob-3a = 10
Hz, C-10Ob, C-3a), 6.64 (b's, 1, IFy, = 2 Hz, C-10 showing ap-
parent additional coupling to C-1Ob), 7.3-7.65 (m, 8, 5 phenyl
protons -t-H-C78a), 7.5 (s, 5, phenyl protons of A%-phenylaziri-
dine), 8.0-8.33 ppm (m, 1, unique aromatic proton C-6). An
analytical sample of 2la was prepared by crystallizing from chloro-
form yielding a white solid which decomposed at 173-175° with
apparent gas evolution.

Anal. Calcd for CIHINN ,0: C, 70.82; K, 4.20; N, 19.43.
Found: C, 70.8; H, 4.3; N, 19.5.

Synthesis of la,8b-Dihydro-I-phenylazirinc[2',3":3,4]pyrrolo-
[1,2-a]indol-2(IH)-one (22).—In a 500-ml photochemical reac-
tion vessel was placed 50 mg of I-phenyl-3a,10b-dihydro-i-tri-
azolo[4',5":3,4]pyrrolo[l,2-0]indol-4(Iff)-one (0.174 mmol) and
300 ml of benzene. With a water-cooled immersion well inserted
into the reaction vessel, the solution was purged with nitrogen
gas for 10 min and the vessel was covered in the back with reflec-
tive foil. The stirred solution was irradiated (with a Sears Roe-
buck sun lamp no. 7081 held 1 in. from the reaction vessel)
through two thicknesses of plate glass for 15 min. The solution
color changed from clear to slight yellow. The solution was
evaporated to dryness yielding a slightly yellow solid crude prod-
uct 22, mp 126-128°. The crude reaction mixture appeared to
be quite pure by ir and tic. The material was dissolved in ben-
zene and filtered rapidly through a 9-in. Pasteur pipet packed with
activity grade no. Il neutral alumina to remove polar impurities,
recovering after solvent removal 45 mg of material 22 (99.5%),
which was crystallized from cyclohexane, mp 133-135°, to yield
a white solid exhibiting one spot on tic: ir (potassium bromide)
1739 cm-1 (C =0, s); ir (chloroform) 1739 (C=0, s), 1592 (m),
1445 (m), 1374 (m), 1318 (m), 1152 (w), 1075 (w), 1052
cm-1 (w); uv (ethanol) end absorption 206 nm (e 22,000),
250 (22,000), 305 (5300); nmr (deuteriochloroform) 3.82, 4.02
(AB quartet, Jsb-ia = 3.7 Hz, C-8b, C-la), 6.64 (s, 1, Wu, =
1.5 Hz, C-8), 6.95-7.61 (m, 8, H-C-667 + 5 phenyl protons),
7.75-8.0 ppm (m, 1, C-4); m/e 260 (molecular ion), 232 (M —
CO), 169 (M - PhN<), 155 (M - PhNCH + H), 129 (?),
115 [M —Ph(CaHAN)C =0]. An analytical sample was obtained
from material recrystallized from cyclohexane mp 136-137°.19

Anal. Calcd for CiHiZN2D: C, 78.44; H, 4.65; N, 10.76.
Found: C, 78.6; H, 4.8; N, 10.7.

Photolysis of Triazoline 21b.—In a quartz well photolysis
apparatus with a water-cooled outer jacket was placed 100 mg of
benzyltriazoline 21b and 300 mg of benzene solvent. The ben-
zene solution was purged for 15 min with dry N2gas. Photolysis
of the stirred solution with a Hanovia No. 608A high-pressure
mercury arc lamp (140 W) using a 2 mm 2800A cut-off filter
proceeded for 85 min. Work-up of the reaction consisted of
evaporation of the solvent in vacuo followed by preparative tic
using 10% ether chloroform as eluent. Two crystalline materials
were isolated: 2 mg of material whose ir suggested it to be an
imine, and 30 mg of starting benzyltriazoline 21b. The re-
maining material on the plate was very complex in nature.

Registry No.—8, 26709-62-6; 11, 26697-46-1; 12,
26709-63-7; 14, 24009-76-5; 17, 26709-65-9; 2la,
24009-77-6; 21b, 26709-66-0; 22,24009-78-7.

(19) We thank Dr. Van Lear of Lederle Laboratories for the mass spec-
trum.
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The reactions of fluorinated 3-keto esters with aliphatic primary amines and 1,2-diaminoethane have been

studied.

cyclizations are proposed.
diamines, 1,2- and 1,3-amino alcohols, and jysteine.
lidineacetic esters was investigated.

The reactions of aromatic 1,2-diamines and ethyl 3-
ketobutanoate have been the subject of several publica-
tions.1 The formation of various products under differ-
ent reaction conditions has generated continued interest
in this field. The condensation of ethyl 4,4,4-trifluoro-
3-ketobutanoate (1) with various aromatic amines has
been investigated in this laboratory.2 More recently
we became interested in the reactions of 1 with 1,2-di-
aminoethane.3 The reactions of aliphatic 1,2-diamines
with 3-ketobutanoates have received much less atten-
tion than those of their aromatic analogs.4 Ethyl 3-
phenyl-3-ketopropanoate and 1,2-diaminoethane were
reported to give 7-phenyl-1,2,3,4-tetrahydro-I,4-di-
azepin-5-one in low yields.6 When ethyl 3-ketobuta-
noate was treated with 1,2-diaminoethane, the expected
l,4-diazepin-5-one was not formed.6 A product identi-
fied as diethyl 3,3'-(A,Ar-diaminoethyl)bis-2-butenoate
was isolated instead.

The reactions of fluorinated 3-ketobutanoates with
aliphatic diamines proved to be more complex. Re-
cently, we have reported the isolation of 1,2,3,4-tetra-
hydro-7-trifluoromethyl-l,4-diazepin-5-one (2) and
ethyl 2-(trifluoromethyl)-2-imidazolidineacetate (3)
from the reaction of 1,2-diaminoethane and 1.3 The
yields of 2 and 3 were low (16 and 25%, respectively)
and a large amount of undistillable tarry product was
also obtained. The purpose of the present investiga-
tion was to establish favorable conditions for these con-
densations and to elucidate the mechanism of addition
of 1,2-diamines to 3-keto esters.

Results and Discussion

The condensation of the keto ester, 1, and 1,2-diami-
noethane was conducted in different solvents and the
order of addition of the reactants was varied. When 1
was added to the diamine, in refluxing benzene, the yield
of imidazolidine, 3, was increased to 36%, while the
yield of diazepinone, 2, decreased to 10%. In ethanol
only the imidazolidine (18.5%) was obtained although

* To whom correspondence should be addressed.
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Kebrle, and K. Hoffmann, HeLv. Chim. Acta, 43, 1298 (1960); (c) R.
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The factors which determined the preferential formation of five- or seven-membered rings, from 1,2-
diaminoethane and ethyl 4,4 4-trifluoro-3-ketobutanoate (1), were established.
The reactions of 1 with amines were extended to substituted 1,2-diamines, 1,3-
The stereochemistry of some of the substituted imidazo-

Possible reaction paths for these

the isolation of other diazepines has been reported under
similar conditions.7

When 1,2-diaminoethane was added to 1, in refluxing
benzene, the yield of 3 increased to 81% but again no
diazepinone could be isolated. The results obtained
from various experiments pointed to the following
trends: higher temperatures and a basic medium pro-
moted diazepinone formation. An acidic medium in-
creased the percentage of imidazolidine. Nonpolar sol-
vents improved the yields of both 2 and 3. This data
suggested that the pH of the medium determined the
initial site of attack. To differentiate between the two
possible sites of attack in 1, the keto carbonyl or the
ester carbonyl, by the amine, the reaction of 1 with 1-
aminopentane was investigated. It was expected that
under acidic conditions an enamine, 3-(l-pentylamino)-
4,4 4-trifluoro-2-butenoate (4) would be formed. In
basic medium, an amide, ATF(1-pentyl)-3-keto-4,4,4-
trifluorobutanamide should be obtained.

When 1l-aminopentane was added to a refluxing ben-
zene solution of 1, 4 was obtained in good yield. The
ir spectrum of 4, in carbon tetrachloride, showed two
bands of about equal intensity in the carbonyl stretch-
ing region at 1670 and 1630 cm-1 and a weak (about
5%) band at 1740 cm-1. Also two concentration-inde-
pendent bands at 3280 and 3225 cm-1 were present.
The higher carbonyl frequency band at 1670 cm-1 could
be assigned to the hydrogen-bonded a,j3-unsaturated
ester carbonyl (4a), and the 1630-cm-1 band to the a,0-
unsaturated imine (4b). The two bands in the 3200-

N H-O
C-H,
ab
CF, OoCTT
T'Y
N (e}
CH,
4c

cm-1 region were assigned to the NH and -OH stretch
of 4a and 4b, respectively. Further evidence for the
existence of the tautomeric equilibrium 4a A 4b and the
virtual absence of 4c was supplied by the nmr spectrum
of 4 which showed a broad peak at 58.27 (1 H) for the
NH-OH proton and a sharp singlet at S5.04 (1 H) for
the vinyl hydrogen but no absorption for the 2-methyl-

(@) D. Lloyd, R. H. McDougall, and D. R. Marshall, 3. Chem. Soc. C,

780 (1966).
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ene protons of 4c. Similar results have been observed
for the products of amines with 1,3-dicarbonyl com-
pounds.43589 The same type of tautomeric equilib-
rium has also been postulated for these products.

The addition of 1 to a refluxing benzene solution of
l-aminopentane afforded a waxy solid whose molecular
formula was CIHAZF3NO3 The same product could be
formed by mixing the amine and 1 at room temperature,
either neat or in carbon tetrachloride solution. The ir
spectrum of this product showed broad bands in the
3300-2400-cm_1 region and a band at 1580 cm-1 typical
of amine salts. Two relatively weak carbonyl bands at
1680 and 1640-cm_1 were also present. This data sug-
gested 5, a structure similar to that of metal chelates.

5

However, dicarbonyl chelates show only one carbonyl
band with shoulders at higher and lower frequencies, D
indicating a closer equivalence of the two carbonyls than
that present in 5. The nmr spectrum also supported
this structure by showing the expected alkyl resonances
and a singlet at 55.05 (1 H) assigned to the vinyl proton.
A relatively sharp peak at S7.88 (3 H) was assigned to
the alkyl ammonium ion. Its narrow half-width (3 Hz)
indicated rapid exchange and equivalence of the three
protons on the nmr time scale.

Compound 5 could be converted to 4 by heating 5 at
150° for a short period of time. Although these condi-
tions were more drastic than those used in the original
condensation of 1with 1,2-diaminoethane, the isolation
of 5 suggested the possibility of asimilar salt as a precur-
sor in the reaction of 1 with diamines.

When ethyl 3-methoxy-4,4,4-trifluoro-2-butenoate
(6) was treated with l-aminopentane at 0°, ethyl 3-
methoxy-3- (1- pentylamino)-4,4,4 - trifluorobutanoate
(7) was isolated. At room temperature 7 eliminated
methanol and in about 3 days a quantitative conversion
to 4 occurred. These results supported the possibility

CF och5

csh,,nh2

och3 0

-CH30H

ch,
7

of an intermediate carbinolamine in the reaction of 1,2-
diaminoethane and 1.

The addition of 1,2-diaminoethane to a refluxing ben-
zene solution of ethyl 3-keto-4,4,5,5,5-pentafluoropenta-
noate (8) yielded three products, ethyl 2-(perfluoro-
ethyl)-2-imidazolidineacetate (9), A-(2-aminoethyl)-3-
hydroxy-4,4,5,5,5-pentafluoro-2-pentenamide (10), and
an addition compound of molecular formula C9H16-6

(8) M. M. Joullii, S. Nasfay, and L. Rypstat, J. Org. Chem., 21, 1358
(1956).

(9) F. C. Pennington and W. D. Kehret, ibid., 32, 2034 (1967).

(10) R. L. Belford, A. E. Martell, and M. Calvin, J. Inorg. Nud. Chem.,
2, 11 (1956).
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OH OC,H5

10

N203(11). Their of 11, in chloroform, showed a broad
absorption band at 3400-2300 cm-1 and a band
at 1570 cm-1 characteristic of amine salts. A single
carbonyl absorption was seen at 1675 cm-1. The nmr
spectrum of 11 in deuteriochloroform showed a quartet
at54.04 (2H,J = 7Hz) and atripletat1.22 3H, J =
7 Hz) due to the ester methylene and methyl groups A
singlet at S2.90 (4 H) was assigned to the methylenes of
the diamine. The area under the two remaining peaks
at 5 5.07 and 5.37 integrated to six protons; by time-
averaging, the ratio was shown to be exactly 1:5. The
smaller peak was assigned to the vinyl proton (5 5.07)
and the larger one at 5.37 to the ammonium ion protons.
The five protons formed a rather sharp peak 4 Hz wide
at half-height, suggesting rapid exchange. Their posi-
tion indicated that they were more shielded than those
of 5. A structure consistent with the above informa-
tion is the 1,2-diaminoethane salt of 8, which may be
formulated as 11. The structural assignment for this

chhnhb
il

compound is supported by its facile transformation into
the amide salt 10. This is in contrast with the behavior
of 5. When 5 is heated, the ammonium ion catalyzes
the attack as the ketone carbonyl and 4 is formed exclu-
sively. In compound 11, one of the amino groups ap-
pears to be favorably located for nucleophilic attack at
the ester carbonyl.

When 1,2-diaminoethane was added to an ice-cold so-
lution of 1 in carbon tetrachloride, a salt (12) was ob-
tained in almost quantitative yield. Although stable
at room temperature when dry, this salt decomposed in
solution making spectroscopic studies difficult. Its ir
spectrum was similar to that of 11. Its nmr spectrum,
less than 1 min after solution, in deuteriochloroform,
showed the same peaks as 11 and peaks due to the am-
monium ion and vinyl proton at 55.12 and 5.04, respec-
tively. Within 5 min the latter peaks coalesced into a
broad peak and a new peak appeared at 5 2.75. Inte-
gration of this spectrum was not possible. When a
chloroform solution of 12 was allowed to stand over-
night at room temperature, it yielded the corresponding
amide salt 13. When this salt was heated at 170° for
a short time, the diazepinone 2 was obtained.

To extend the scope of this reaction, the condensation
of 1 with substituted 1,2-diamines was studied. The
addition of 1,2-diaminopropane to 1 afforded a good
yield of the expected ethyl 4-methyl-2-(trifluoro-
methyl)-2-imidazolidineacetate (14). An isomeric mix-
ture of two dl pairs in which the methyl and trifluoro-
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methyl groups may be cis or trans was expected (14a,
14b).

chhh?
1+ CHNR =
h3

l4a 14b

CHNH
O\’ +
H

Separation of the possible isomers could not be ac-
complished either by distillation on a spinning-band
column or by vapor phase chromatography on a variety
of columns. Evidence for an isomeric mixture was pro-
vided by the nmr spectrum. The peaks due to the ester
methylene, ring methylene, a-methylene, and NH pro-
tons were found at 54.16 (2 H, J = Hz), »='3.2, 2.63,
and 2.51, respectively. The ring methine proton was
hidden under the a-methylene and NH protons (5 H).
The peak due to the ester methyl at 51.28 (J = 7 Hz)
was partly superimposed upon two doublets due to the
methyl groups of the cis and trans forms at51.14 (J =
6Hz) and 1.11 (J = 6Hz). The transisomerwould be
expected to be somewhat less shielded although this as-
signment is not certain.ll

When 1was added to 1,2-diaminopropane, a solid was
formed in addition to the imidazolidine mixture 14.
This solid was the amide salt, A-(2-aminopropyl)-3-
hydroxy-4,4,4-trifluoro-2-butenamide (15) which was
converted to 1,2,3,4-tetrahydro-2-methyl-7-trifluoro-
methyl-1,4-diazepin-5-one (16) by heating. The posi-
tion of the methyl group in the compounds was not as-
certained. It was assumed that the primary amino
group would attack the ester carbonyl preferentially
since it should be less sterically hindered.

The next substituted diamine used was 2,3-diamino-
butane prepared by the reduction of dimethylglyoxime
with Raney aluminum-nickel alloy in aqueous sodium
hydroxide. A mixture of the dl and meso isomers was
used; thus a mixture of three geometric isomers whs ex-
pected, 17a, 17b, and 17c.

HNASINH 1 HNMhR " oA

17a 17b

CFS ™ v-0CA

(11) G. J. Karabatsos, G. C. Sonnichsen, N. Hsi, and D. J. Fenoglio,
J. Amer. Chem. Soc., 89, 5067 (1967).
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Vapor phase chromatography of the product showed
only two peaks of about equal area. These peaks ap-
peared to be due to the reaction products of the two iso-
meric diamines, imidazoline 17a from the dl isomer and
a mixture of 17b and 17c from the meso isomer. The
lower boiling material (A) was a solid at room tempera-
ture while the higher boiling material (B) was a liquid
and probably a mixture of two isomers. The ir spectra
of A and B were almost identical and very similar to the
spectrum of 14. The nmr spectra of A and B were,
however, quite different.

The nmr spectra of both A and B showed the ester
methylene peak at 54.16 (2 H, J = 7 Hz), the a-methy-
lene peak at 2.61 (2 H), the NH protons at 2.74 (2 H),
and the ester methyl group at 1.28 (3 H, J = 7 Hz).
Isomer A exhibited a broad peak at 52.75 (2 H) which
could be assigned to the ring methine protons and two
doublets centered at 1.12 and 1.08 (6 H, J = 5.5 Hz)
which could be assigned to the methyl side chains. The
spectrum of B showed a multiplet centered at 53.45 (2
H) ascribed to the ring methine groups and a doublet
at 0.97 (6 H, J = 6.3 Hz) assigned to the methyl side
chains. These results are consistent with those ob-
tained for 2,2,4,5-tetramethyl-1,3-dioxolane where the
chemical shift of the ring methines in the trans isomer
were 0.77 ppm upfield from the cis isomer and the
methyl side chain in the trans isomer absorbed 0.10 ppm
downfield from that of the cis isomer (J = 5.9 and 6.3
Hz, respectively).2 These data appear to support the
assignment of the cis-trans form 17a to isomer A and
that of cis-cis or trans-trans 17b or 17c to isomer B.
Since no doubling of the methyl peaks is evident, only
one isomer appears to be present. The assignment of
the doubling of the methyl peaks in A to cis-trans isom-
erism was supported by the nmr spectrum of ethyl 4,4-
dimethyl-2- (trifluoromethyl) - 2 - imidazolidineacetate
(18). The peaks due to the ester methylene, a-methy-
lene, and ester methyl are at 54.16 (2 H, J = 7 Hz),
261 (2 H), and 1.28 (3 H, J = 7 Hz), respectively.
These chemical shifts are identical with those of the di-
methylimidazolidine isomers. A peak at 6 2.87 (2 H)
was assigned to the ring methylene protons and the NH
proton absorption was a smeared out peak between 52.1
and 3.1 (2 H) which disappeared upon deuterium ex-
change with D2. The methyl side chains absorbed at
51.17 (3 H) and 1.22 (3 H). The difference in chemical
shift between these two peaks, 3 Hz, is in good agree-
ment with the values of 2 Hz for 14 and 2.5 Hz for 17a.

Similarly, the addition of 1 to a refluxing benzene so-
lution of 1,3-diaminopropane produced a mixture of at
least three products, 20, 21, and 22.

CF fn2 nh?”
0 &
FmO/W NANH
i ¥
WHA Y

20

HNMtJH I
+ U 0

21 22

The most insoluble product precipitated from the re-
action mixture and was formulated as the amide salt,

(12) F.A. L. Anet, ibid., 84, 747 (1962).
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IV-(3-aminopropyl)-3-hydroxy-4,4,4-trifluoro-2-buten-
amide (20), in agreement with the analytical and spec-
troscopic data. Attempts were made to convert 20 into
the corresponding diazocinone. Although water was
lost, only a polymer was obtained. Evaporation of the
benzene afforded a semisolid mixture from which the
known13 3,4,5,6-tetrahydro-2-(trifluoromethyl)pyrimi-
dine (21) was isolated.

The third component of the mixture was ethyl 2-(tri-
fluoromethyl)-2-perhydropyrimidineacetate (22) which
was best obtained by inverting the addition sequence,
that is, adding the diamine to the ester. The ir spec-
trum of 22 showed the carbonyl stretching at 1732 cm-1
with shoulders at 1738 and 1745 cm-1. The NH
stretching vibrations appeared at 3370 and 3350 cm-1
suggesting hydrogen bonding to the ester carbonyl.
The nmr spectrum of 22 also supported its structure.

Since the reaction of 2-amino alcohols with carbonyl
compounds is a well-known method for the synthesis of
oxazolidines, it was of interest to explore the reaction of
1with 2-aminoethanol. While the expected oxazolidine
was obtained in good yield, the formation of an oxazepi-
none could not be detected. The ir spectrum of ethyl
2-(trifluoromethyl)-2-oxazolidineacetate (23) showed
a great similarity to that of the imidazolidines: the
ester carbonyl band at 1728 cm-1 with shoulders at
1735 and 1750 cm-1, a region free of absorption between
1700 and 1500 cm-1, and an intense peak of the -CF3
group at 1172 cm-1. The single NH stretching band
at 3340 cm-1, insensitive to dilution, indicated a
stronger hydrogen bond to the ester carbonyl than is
present in imidazolidines.

The nmr spectrum of 23 was quite complicated. Ex-
cept for the ester methyl and methylene, all other pro-
tons were magnetically nonequivalent and contributed
to the splitting. The a-methvlene protons gave rise to
an AB quartet centered at 62.77 (2 H, J = 15Hz) and
the ring methylenes absorbed between 53 and 4 giving
rise to many poorly resolved peaks.

Several other commercially available amino alcohols
were condensed successfully with 1 and esters related to
1 to yield the corresponding five-membered rings (24-
27). Cysteine gave ethyl 4-carboxy-2-(trifluoro-
methyl)-2-thiazolidineacetate (28). The physical con-

CF,, ocCJl G C ./. OCA
0 NH 0 \hY
O [1]
M
Ri R.
23 24. R,=CH3R,=H
25, R, = H; R2= CH,
CF, OC H
- k °
coh
28
stants for these compounds are shown in Table I. 3-

Aminopropanol reactedwith 1to yield ethyl 2-(trifluoro-
methyl)-2-(1,3-oxazine)acetate (29).

(13) R. N. Johnson and H. M. Woodburn, J. Org. Chem., 27, 3958 (1962).
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A possible reaction sequence for the reaction of 1 with
1,2-diaminoethane is shown below.

This reaction sequence is consistent with the available
data. Since salt formation is the first step in the reac-
tion, the ability of the ester to enolize is important.
This reaction is rapid since only a proton transfer is in-
volved. The salt may then react intramolecularly to
form either the amide salt (thermodynamic control) or
the carbinolamine (kinetic control). That the forma-
tion of the carbinolamine should be rapid is supported
by the reaction of the enol ether with amines. The car-
binolamine could undergo an intramolecular nucleo-
philic displacement to give directly the imidazolidine or
the enamine. Although the enamine can cyclize to 3,
such a reaction might be predicted to be slower since cy-
clization of ethyl 3-(2-hydroxyethylamino)-4,4,4-tri-
fluoro-2-butenoate to the corresponding oxazolidine
(22) was shown to be much slower than the formation of
22 from 1 and 2-aminoethanol. Another possible prod-
uct, 2-trifluoromethylimidazoline, was not found in the
reaction mixture although it is a known compound.13
However, an analogous compound was obtained in the
reaction of 1 with 1,3-diaminopropane.

The proposed scheme for the reaction of 1 with 1,2-
diaminoethane clarifies somewhat the results reported
by previous workers for the condensation of ethyl 3-
ketobutanoate and ethyl 3-phenyl-3-ketopropanoate
with the same diamine.41 The only product isolated
from the first reaction was reported to be diethyl 2,3'-
(W,IV'-1,2-diaminoethyl)bis-2-butenoate. We repeated
this condensation to investigate the presence of other
products, but we were only able to obtain better yields
(60%) of the bisenamine. The same result was ob-
tained with Arf-butyl 3-ketobutanoate. In both cases
evolution of water was more rapid than in the case of 1
and 1,2-diaminoethane, suggesting fast dehydration to
the enamine. With the more enolic 3-phenyl-3-keto-
propanoate, the corresponding diazepinone and diamide
were isolated. These could arise from a salt similar to
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Table |

Physical Constants and Analytical Data for the Five-M embered Rings"

r>
z
Ri-
r2
Compd

no. R Ri r2 Rj R.
3 cf3 H H H H
9 cX5 H H H H
146 cf3 ch3 H H H
17s cf3 ch3 H ch3 H
18 cf3 ch3 ch3 H H
19 cf3 H H H H
23 cf3 H H H H
24 cf3 ch3 H H H
25 cf3 H H ch3 H
26 cf3 H H H H
27 cf3 H H H C
28 cf3 H H co2h H

1Satisfactory analytical values (+0.30% for C, H, N, F, and S) were reported for all compounds.

11 and 12. In the case of ethyl 3-ketobutanoate such a
salt is not possible; thus no diazepinone is formed.
Ethyl 4,4,4-trichloro-3-ketobutanoate, which :s suffi-
ciently enolic to form a salt, was reported to yield only
a diazepinone.4 In this case, the carbinolamine which
would result from attack at the keto carbonyl could be
expected to undergo a haloform-type of cleavage rather
than forming the imidazolidine.

Experimental Section1

General.— Compound 1 was prepared by the procedure of
McBee, eta/.’6 However, if this procedure was followed exactly,
an explosion occurred on three consecutive runs. Thus the con-
ditions were modified as described for the preparation of ethyl
3-keto-4,4,5,5,5-pentafluoropentanoate (8). No accidents oc-
curred in about 20 runs. Compound 1 was purified through its
copper chelate.* 1,2-Diaminoethane (Fisher, 99%) was stored
over calcium hydride and used without purification. Unless
otherwise indicated the keto ester-amine condensations were
conducted in a wide-mouth reaction flask with a four-necked
head equipped with a Dean-Stark trap, an efficient condenser and
a drying tube. The reactions were stirred magnetically and
heated with a heating mantle. Reagents were added from a

(14) D. K. Wald and M. M. Joullii, J. Org. Chew.., SI, 3369 (1966).

(15) Melting points were determined on a calibrated Thomas-Hoover
apparatus and are corrected. Microanalyses were performed by Galbraith
Laboratories, Knoxville, Tenn. The infrared spectra were determined on a
Perkin-Elmer 521 double-beam spectrophotometer either as potassium bro-
mide pellets or as solutions in 0.2-mm sodium chloride cells. High dilution
3pectra were determined in 10-mm quartz cells. Nuclear magnetic reso-
nance spectra were determined either on a Varian Associates HA-60-EL or
A-60A spectrometer. Chemical shifts are expressed in parts per million
(ppm) downfield from tetramethylsilane as internal standard (6). All spec-
tra are taken in CCU unless otherwise noted. The ultraviolet spBctra were
obtained on a Cary 14 spectrophotometer in 1-cm quartz cells. Mass spectra
were obtained on a Consolidated Electrodynamics Corp. 21-13C cycloidal
mass spectrometer. Some mass spectra were recorded by the Morgan Schaf-
fer Corp., Montreal, Canada. Vapor phase chromatographic analyses were
carried out on a F & M Model 700 chromatograph with a thermal conduc-
tivity detector, helium carrier gas at a flow rate of 60 cc per min, using 6
ft long. 0.25 in. 0.d. packed columns. The oven temperature was prDgrammed
at 10° per minute from 70° to the upper limit of the packing used. For
preparative work, an Aerograph Autoprep A-700 instrument was employed.
Solid samples were recrystallized to constant melting point and cried in an
Abderhalden drying pistol in vacuo. Liquid samples were redistilled on a
Nester-Faust NF-19C spinning-band column (6 X 450 mm, 23 theoretical
plates).

(16) E. T. McBee, O. R. Pierce, H. W. Kilbourne, and E. R. Wilson, J.
Amcr. Chem. Soc., 75, 3152 (1953).

(17) A. L. Henne, M. S. Newman, L. L. Quill, and R. A. Stanif~rth, ibid.,
69, 1819 (1947).

I
w

Ri
ANHco2r5
—r3
Rs z Bp (mm) or mp, °C nMD
CaHs NH 40.5-41.0
c,h5 NH 85-86 (3.5) 1.4035
chs NH 114.5- (20) 1.4173
chs NH 93-97 (5)
ch5 NH 120-120.5 (14.5) 1.4181
C(CH33 NH 96-98 (4.8) 1.4247
ckhb (0] 108-109 (25) 1.4016
chb (0] 100.5-101 (15) 1.4007
ch5 (0] 99-99.5 (13) 1.4007
C(CH33 O 92-92.5 (7.5) 1.4055
ch6 (0] 84-85 (6.5) 1.4060
chb s 124.5-125.5
6Mixture of isomers.
weighing buret that served as an addition funnel. After the

reaction was completed, the solvent was removed under reduced
pressure, and the residue distilled in vacuo, first on a short-path
apparatus and then on a spinning-band column.

1,2,3,4-Tetrahydro-7-trifluoromethyl-1 ,4-diazepin-5-one (2).—
A flask containing 1.98 g (0.01 mol of A%(2-aminoethyl)-3-hy-
droxy-4,4,4-trifluoro-2-butenamide (12) was heated in an oil bath
at 160-170° for 0.5 hr. The reaction melted and foamed, and
water vapor was evolved. After being heated for 15 min the
melt solidified. The yield was almost quantitative. Recrystal-
lization from methanol afforded 0.85 g (47%) of pure diazepinone
2: mp 191-192° (lit.3 mp 191.5-192.5°); ir (KBr) 1650 and
1560 cm-1 (amide C=0); in dilute HCC13 solution 3424 cm-1
(eis-amide and sec-amide NH); nmr (in acetone-cU) 57.33 (broad
s, 1H, amide NH), 6.92 (broad s, 1 H, amine NH), 4.93 (s, 1H,
vinyl), 3.48 (m, 4 H, ring methylene.)

Ethyl 2-(Trifluoromethyl)-2-imidazolidineacetate (3).—A
solution of 6.0 g (0.1 mol) of 1,2-diaminoethane in 10 ml of benz-
ene was added, over a period of 0.5 hr, to 18.4 g (0.1 mol) of 1
dissolved in 100 ml of refluxing benzene. The reaction mixture
was refluxed for 5hr.  Water was collected in a Dean-Stark tube,
the solvent was removed by distillation, and the residue distilled
in a short-path apparatus at 15 mm to afford 18.3 g (81%) of 3,
bp 110-113° (15 mm). The distillate solidified in the receiver
and was recrystallized from CCU; mp 40.5-41° (lit.3mp 40.5-
41°); ir 1729, 1735 (sh), 1745 cm“1(sh) (NH); nmr 5 1.26 (t,
3 H, CH2ester), 4.15 (q, 2H,/ = 7 Hz, CH2ester), 2.61 (s, 2
H, a-methylene), 3.05 (s, 4 H, ring methylenes).

Reaction of 1-Aminopentane with 1. A. Addition of Amine
to Keto Ester, in Benzene. Ethyl 3-(I-Pentylamino)-4,4,4-tri-
fluoro-2-butenoate (4).— 1-Aminopentane (4.35 g, 0.05 mol) in
10 ml of benzene was added over a period of 2 hr to a solution of
9.2 g (0.05 mol) of 1in 100 ml of refluxing benzene and the mix-
ture heated for an additional hour. The enamine 4 was obtained;
10.8 g (86%); bp 104° (10.0 mm); nZ&d 1.4375.

Anal. Calcd for CnHuFaNO,: C, 52.17; H, 7.16; F, 22.51;
N, 5.53. Found: C, 52.33; H, 7.34; F, 22.38; N, 5.42.

B. Addition of Keto Ester to Amine, in Benzene.—To 4.35 g
(0.05 mol) of l-aminopentane dissolved in 100 ml of refluxing
benzene was added 9.2 g (0.05 mol) of 1 over a period of 1 hr and
the reaction refluxed for an additional hour. After the solvent
and volatile substances were removed under reduced pressure,
the residue, 12.5 g (83.5%), solidified upon standing overnight.
It was a waxy solid, mp 76-80°. Distillation on a short-path
apparatus, bp 88-89° (6.0 mm), gave a product that did not
solidify completely, 724 1.4355. This was a mixture of amine
salt 5 and enamine 4. When the mixture was heated at 150°,
the salt was converted to the enamine, nZo 1.4372. The ir of
this product was identical with the ir of the material prepared by
method A.

C. Addition of Amine to Keto Ester, Neat. Salt of Ethyl 3-
Hydroxy-4,4 4-trifluorobutenoate with 1-Aminopentane (5).—
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To 1.841 g (0.01 mol) of 1in a serum-stoppered flask was added
from a syringe, with stirring and cooling in ice, 0.872 g (0.01 mol)
of 1-aminopentane. The reaction solidified almost immediately.
Very rapid recrystallization from CCU gave the pure salt 5, mp
82.5— 83.5°.

Anal. Calcd for CUHMFNO03: C, 48.70; H, 7.43; F, 21.01;
N, 5.16. Found: C, 48.74; H, 7.42; F, 20.89; N, 5.33.

Ethyl 3-Methoxy-4,4,4-trifluoro-2-butenoate (6).—A solution
of 18.4 g (0.1 mol) of 1in 50 ml of ether was treated with an excess
of diazomethane prepared from 22 g of Du Pont ERX-101. The
yellow solution was left standing overnight. The ether was re-
moved by evaporation under nitrogen and the residue distilled,
to give 16.7 g (85%) of 6: bp 85-86° (90 mm); n2D 1.3834;
vpc on SF-1265 column indicated 99+ % purity; ir 1730 (C=0),
1667 (C=C), 1250, 1030 (CO vinyl ether), 1295 and 1155 (CO
unsaturated ester), 1200 cm-1 (CF3); nmr (neat) 55.78 (s, 1 H,
vinyl) 4.05 (s, 3H, OCH?3),4.20 (2H,J = 7 Hz, CH2ester), 1.28
(t, 3H,/ = 7 Hz, CH3ester).

Anal. Calcd for CHFD3: C, 42.43; H, 4.58; F, 28.77.
Found: C, 42.61; H, 4.75; H, 28.52.
Ethyl 3-Methoxy-3-(1-pentylamino)-4,4 4-trifluorobutanoate

(7).—To 1.982 g (0.01 mol) of ice-cold 6, 1-aminopentane (0.872
g, 0.01 mol) was added with stirring and cooling. The product
formed was analyzed without any further purification: nad
1.4222; ir 3370 (NH), 1730 cm“1(C=0); nmr S3.28 (s, 3 H,
OCH3), 2.65 (s, 2 H, a-methylene).

Anal. Calcd for CIHZFNO03: C, 50.52; H, 7.77; F, 19.98;
N, 4.91. Found: C,50.48; H, 7.49; F, 20.14; N, 4.97.

Upon attempted distillation or vapor phase chromatography,
the compound lost methanol and was converted to 4. Loss of
methanol also occurred upon standing at room temperature for 2
or 3 days.

Ethyl 3-Keto-4,4,5,5,5-pentafluoropentanoate (8).—To a sus-
pension of 0.5 mol of sodium hydride dispersion (in mineral oil)
in 200 ml of anhydrous ether was added slowly, and with cooling,
96 g (0.5 mol) of ethyl perfluoropropanoate, followed by 44 g
(0.5 mol) of ethyl acetate. The reaction was refluxed overnight,
cooled, and poured onto a mixture of 300 g of ice and 30 ml of
concentrated sulfuric acid. The ether layer was separated and
the aqueous solution extracted three times with 100-ml portions
of ether. The combined ether extracts were distilled (200 mm)
to remove the ether; the residue was poured into a solution of 100
g of cupric acetate in 500 ml of water. The precipitated bis(ethyl
pentafluoropropionoacetate)copper(ll) was dried in vacuo,
washed with petroleum ether to remove the mineral oil, and

dried: yield, 100 g (76%); mp 154-155°.
Anal. Calcd for CMHIXCuF10O6 C, 31.86; H, 1.91; F,
36.00. Found: C, 32.04; H, 2.25; F, 35.69.

The copper chelate was suspended in 200 ml of anhydrous
ether, treated with hydrogen sulfide until all copper precipitated,
and filtered through “Super Cel.” The ether was evaporated
and the residue distilled on a spinning-band column to yield 76.7
g (87%) of 8: bp 142°; n2 1.3630; ir 1670 and 1650 (sh) (C=
0), also strong bands at 1250, 1220, and 1110 cm-1.

Anal. Calcd for CHF®3 C, 3591; H, 3.02;
Found: C, 36.10; H, 3.08; F, 40.82.

Reaction of 1,2-Diaminoethane with Ethyl 3-Keto-4,4,5,5,5-
pentafluoropentanoate. A. Addition of Amine to Keto Ester.—
To asolution of 12.0 g (0.051 mol) of 8 in 80 ml of refluxing benz-
ene was added dropwise, during 2 hr, 3.0 g (0.05 mol) of 1,2-
diaminoethane dissolved in 20 ml of benzene. The reaction mix-
ture was refluxed overnight and cooled to produce 5.9 g of a
white solid which was redissolved in benzene, 1.2 g (9.7%) being
insoluble. The insoluble material, iV-(2-aminoethyl)-3-hydroxy-
4.4.5.5.5- pentafluoro-2-pentenamide (10), was recrystallized
from methanol: mp 202-206° dec; ir (KBr) 3400-2400 (+NH?3),
3250 (amide +NH), 1645, 1630 (C=0), 1530 (+NH,), and also
bands at 1565, 1250, and 740 cm-1.

Anal. Calcd for CHFE&N2D2: C, 33.88; H, 3.65; F, 38.28;
N, 11.29. Found: C, 34.04; H, 3.73; F, 38.32; N, 11.11.

The soluble part, 4.6 g (32%) of ethyl 3-hydroxy-4,4,5,5,5-
pentafluoro-2-pentenoate salt with 1,2-diaminoethane (11), was
again recrystallized from benzene, mp 117-117.5°.

B. Addition of Keto Ester to Amine.—To 3.0 g (0.05 mol) of
1,2-diaminoethane dissolved in 100 ml of refluxing benzene was
added a solution of 12.0 g (0.051 mol) of 8 in 10 ml of benzene.
A precipitate formed immediately upon addition of the first few
drops of keto ester. The mixture was refluxed for 48 hr and
cooled to afford 5.5 g of solid, which was separated with hot
benzene into 4.0 g (32%) of 10 and 1.5 g (10%) of 11. The

F, 40.57.
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benzene filtrate was evaporated and the residue distilled on a
short-path apparatus, to yield 3.6 g (26%) of imidazolidine 9.

Ethyl 3-Hydroxy-4,4,4-trifluoro-2-butenoate Salt with 1,2-Di-
aminoethane (12).—To a solution of 1.841 g (0.01 mol) of 1in
10 ml of CCl4was added, with stirring and cooling in ice, 0.629 g
(0.0105 mol) of 1,2-diaminoethane. The solid that formed was
left in the ice bath for 1 hr, collected, washed with CCU, and
dried. A salt (12) 2.24 g (91%), mp 84.5-86°, was obtained.
The analytical sample was recrystallized from chloroform: mp
86.5-87.5°; ir (KBr) 3360, 3290 (bonded NH?2), 1700, 1660, 1630
(C =0, free and bonded), and also strong bands at 1270, 1180,
and 1120 cm“1, nmr (DCCb) 55.12 (s, 5 H, +NH3), 5.04 (s, 1 H,
vinyl), 2.90 (s, 4 H, methylene), 4.04 (g, 2 H,J = 7 Hz, CH2
ester), and 1.22 (t, 3H, J = 7 Hz, CH3ester).

Anal. Calcd for CFHIE-ND 3 C, 39.36; H, 6.19; F, 23.34;
N, 11.46. Found: C, 39.56; H, 6.20; F, 23.18; N, 11.60.

X-(2-Aminoethyl)-3-hydroxy-4,4,4-trifluoro-2-butenamide
(13).—A solution of 4.6 g (0.025 mol) of 1and 1.5 g (0.025 mol) of
1,2-diaminoethane in 25 ml of cold chloroform was allowred to
stand at room temperature. A white crystalline precipitate
began to form and continued to increase over a period of 2 weeks.
The amide salt 13, 3.55 g (72%), was collected in several crops.
The analytical sample was recrystallized from methanol: mp
163-164° dec (with gas evolution); ir (KBr) 1630 (C=0) and
strong bands at 1240, 1180, and 1105 cm-1.

Anal. Calcd for CHFND 2 C, 36.37; Id, 4.58; F, 28.77;
N, 14.44. Found: C, 36.61; H, 4.67; F, 28.69; N, 14.05.

Reaction of 1,2-Diaminopropane with 1. A. Addition of 1 to
Amine.—To 7.4 g (0.1 mol) of 1,2-diaminopropane dissolved in
100 ml of refluxing benzene was added over a period of 1 hr asolu-
tion of 18.4 g (0.1 mol) of 1in 15 ml of benzene. The reaction
was refluxed overnight and during this time 3.0 ml of lower phase
were collected. A white precipitate suspended in solution was
recovered by filtration to afford 3.1 g (14.5%) of the amide salt
15, mp 189.5-190.5°. The analytical sample was recrystallized
from methanol, mp 190-190.5°.

Anal. Calcd for CHiiFND2: C, 39.63; H, 5.23; F, 26.86;
N, 13.20. Found: C, 39.84; H, 5.43; F, 26.66; N, 13.42.

The benzene filtrate was distilled and the residual oil fraction-
ated on a short-path distillation apparatus at 6-mm pressure;
9.7 g (40.5%) of 14 was collected, bp 91-97°. This compound
was redistilled on a spinning-band column, bp 93-94° at 10-mm
pressure, n2D 1.4172.

Anal. Calcd for CHiFND 2 C, 45.00; H, 6.29; F, 23.73;
N, 11.66. Found: C, 45.09; H, 6.51; F, 23.48; N, 11.78.

B. Addition of Amine to 1. Preparation of Ethyl 4-Methyl-
2-(trifluoromethyl)-2-imidazolidineacetate (14).—To a solution
of 18.4 g (0.1 mol) of 1in 90 ml of refluxing benzene was added
over a period of 1 hr 7.4 g (0.1 mol) of 1,2-diaminopropane dis-
solved in 10 ml of benzene. The reaction was refluxed for 3 hr;
2.2 ml of lower phase were collected. The benzene was removed
by distillation and the residue left standing overnight. A trace
of amide salt 15 crystallized and was removed by filtration (200
mg). The filtrate was distilled on a short-path distillation ap-
paratus at 6-mm pressure and 16.35 g (68%) of the imidazolidine
14, bp 95-96°, was collected. This sample was redistilled on a
spinning-band column.

Preparation of Ethyl 4,5-Dimethyl-2-(trifluoromethyl)-2-
imidazolidineacetate (17).—The above compound was prepared
from 8.8 g (0.1 mol) of 2,3-diaminobutane and 18.4 g of 1 accord-
ing to procedure B.

Preparation of 1,2,3,4-Tetrahydro-2-methyl-7-trifluoromethyl-
1,4-diazepin-5-one (16).—_V-(2-Aminopropyl)-4,4,4-trifluoro-3-
hydroxy-2-butenamide (3) 2.12 g (0.01 mol), was heated in an
erlenmeyer flask at its melting point for 15 min. The mixture
foamed and water vapor was evolved. It was cooled, dissolved
in chloroform, and left to crystallize; 1.4 g (72.5%) of colorless
crystals, mp 135-136°, were obtained. The analytical sample
was recrystallized from chloroform, mp 135.5-136°.

Anal. Calcd for CHFND: C, 43.30; H, 4.67; F, 29.36;
N, 14.43. Found: C, 43.43; H, 4.75; F, 29.58; N, 14.33.

Reaction of 1,3-Diaminopropane with 1. A. Addition of Keto
Ester to Amine.—To 7.4 g (0.1 mol) of 1,3-diaminopropane dis-
solved in 100 ml of refluxing benzene was added over a period of

2 hr 18.4 g (0.1 mol) of 1 dissolved in 15 ml of benzene. The
reaction turned turbid and a white precipitate formed. The
mixture was heated overnight. The solid formed was collected
by filtration to give 5.4 g (25.4%) of 20, mp 181-183°. The

compound was recrystallized from methanol, mp 183-184°.
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Anal. Calcd for CCHNFN22 C, 39.63; H, 5.23; F, 26.86;
N, 13.20. Found: C, 39.88; H, 5.31; F, 26.91; N, 13.26.

The benzene filtrate was distilled and a semisolid was obtained,
bp 74-80° (1.55 mm). This material was dissolved in CCU and
placed in a refrigerator to crystallize. A solid, 21, was obtained,
5.59 (36%), mp 110-111° (lit.13mp 110-111°).

Anal. Calcd for CaH,FaN2. C, 39.48; H, 4.64; F, 37.47;
N, 18.41. Found: C, 39.50; H, 4.80; F, 37.25; N, 18.39.

The carbon tetrachloride filtrate was distilled. It contained
ethyl  2-(trifluoromethyl)-2-perhydropyrimidineacetate (22)
which could not be obtained analytically pure by this method.

Ethyl 2-(Trifluoromethyl)-2-perhydropyrimidineacetfte (22).—
To asolution of 18.4 g (0.1 mol) of 1in 120 ml of refluxing benzene
was added over a 1-hr period 7.4 g (0.1 mol) of 1,3-diiminopro-
pane dissolved in 20 ml of benzene. The reaction was refluxed
overnight. The benzene was removed by distillation and the
residual oil was distilled on a short-path apparatus at 2-mm pres-
sure to yield 13.45 g (56%) of 10, bp 84-85° (2 mm), n24 1.4285.

Anal. Calcd for CHIEFND 2. C, 45.00; H, 6.29; F,
23.73; N, 11.66. Found: C, 44.75; H, 6.09; F, 23.66; N,
11.91.

Reaction of 2-Aminoethanol with 1. General Procedure.
Ethyl 2-(trifluoromethyl)-2-oxazolidineacetate (23). A. Addi-
tion of Amine to Keto Ester.— To a solution of 18.4 g (0.1 mol) of
1in 80 ml of refluxing benzene was added over a period of 1 hr
6.1 g (0.1 mol) of 2-aminoethanol. The reaction mixture was
heated for 5 hr. The benzene was removed by distillation and
the residue distilled on a short-path apparatus.

B. Addition of Keto Ester to Amine.—To 6.1 g (0 1 mol) of
2-aminoethanol was added slowly 2 ml of glacial acetic acid fol-
lowed by 18.4 g (0.1 mol) of 1. The mixture was heated at 130°
for 2 hr and then distilled on a short-path apparatus to ->deld 9.7 g
(43%) of 23.

Procedure A was used to prepare the other oxazolidines shown
in Table I (23-27). The yields obtained varied from 55 to 75%.
Cysteine was condensed by the same procedure to yield 45%
of ethyl 4-earboxy-2-trifluoromethyl-2-thiazolidineacetate (28,
Table 1).

Reaction of 1 with 3-Aminopropanol. Preparation of Ethyl
2-Trifluoromethyl-2-(1,3-oxazine)acetate (29).—To a solution
of 18.4 g (0.1 mol) of 1in 80 ml of refluxing benzene was added
over a period of 1 hr 7.5 g (0.1 mol) of 3-aminopropanol. The
reaction was refluxed overnight, the benzene removed by distil-
lation, and the residue distilled on a short-path apparatus to yield
18.4 g (76%) of the oxazine 29, bp 85-90° (3.5 mm). The com-
pound was redistilled on a spinning-band column, bp 104-104.5°
(15 mm), n20 1.4117.

Anal. Calcd for CHXFNO3: C, 44.81; H, 5.85; F, 23.63;
N, 5.81. Found: C, 44.59; H, 5.80; F, 23.72; N, 5.%9.

Reaction of 23 with Methylmagnesium lodide.—To a Grignard
solution prepared from 4.8 g (0.2 g-atom) of Mg turnings and
28.4 g (0.2 mol) of iodomethane in 150 ml of anhydrous ether, a
solution of 5.7 g (0.024 mol) of 23 in 15 ml of ether was added
dropwise. The reaction was refluxed for 2 hr and allowed to
stand overnight. The magnesium salt was decomposed with
saturated ammonium chloride solution, and the ether layer sepa-
rated and evaporated. The residue was distilled on a short-path
apparatus to yield 13.5 g (89%) of ethyl 3-(2-hydroxyethyl-
amino)-4,4,4-trifluoro-2-butenoate: bp 95-96° (1.5 mm); mp
23-24°; XS“14285 mM(log e4.18).

Anal. Calcd for CBHIFN 03 C, 42.29; H, 5.33; F, 25.09;
N, 6.17. Found: C,42.47; H,5.54; F, 24.92; N,6.25.

A solution of 1.63 g (0.0072 mol) of ethyl 3-(2-hydroxyethyl-
amino)-4,4,4-trifluoro-2-butenoate in 10 ml of benzene was re-
fluxed and the progress of cyclization to 23 was followed. After
3 hr, only 5% of 23 was present, after 24 hr, 35% was observed.
After 48 hr, about 60% of 23 was formed. This rate of formation
of 23 is much slower than the rate observed for the condensation
of 1with 1-aminoethanol.

ferf-Butyl 3-Keto-4,44-trifiuorobutanoate (30).—This ester
was obtained by the method used for 1, but as a hydrate, mp
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69.5- 70°, yield 56%. All attempts to dehydrate it resulted in
decomposition. It was sublimed under reduced pressure to ob-
tain an analytically pure sample.

Anal. Calcd for CBHUFD HD: C, 41.74; H, 5.69; F,
24.76. Found: C,41.75; H,5.89; F, 24.98.

The copper chelate of 30 was obtained in the usual manner,
mp 141.5-142°.

Anal. Calcd for CiHF® 6Cu: C, 39.55; H, 4.15; F,
23.46. Found: C, 39.80; H, 4.30; F, 23.34.

Ethyl 3-Keto-2-methyl-4,4,4-trifluorobutanoate (31).—This
ester was also prepared by the method used for 1: yield 50.2%;

bp 85° (100 mm); "D 1.3693 [lit.18bp 57.8 (26 mm); raZd 1.3650].
The copper chelate of 31 was obtained in the usual manner, mp
137-137.5°.

Anal. Calcdfor C,HIGF®6Cu: C, 36.73; H, 3.52; F, 24.90.
Found: C, 36.54; H, 3.54; F, 24.72.

Ethyl 2,2-Dimethyl-3-keto-4,4,4-trifUiorobutanoate (32).—To
a sodium amalgam, prepared from 14 g of sodium and 1 kg of
mercury, was added under a stream of nitrogen, a solution of 70
g (0.25 mol) of triphenylchloromethane in 1.5 1 of anhydrous
ether.1l8 This mixture was shaken mechanically for 3 hr. The
red solution was allowed to settle and was siphoned (under exclu-
sion of air) into a nitrogen-swept erlenmeyer flask. Ethyl iso-
butyrate (24.0 g, 0.21 mol) and ethyl trifluoroacetate (28.4 g,
0.20 mol) were added and the solution was stirred magnetically
for 1 hr. Glacial acetic acid (30 ml) and 100 ml of water were
added to the solution. The ether layer was separated, washed,
dried, and reduced in volume. The triphenylmethane formed
was removed by filtration and the filtrate distilled on a spinning-
band column to yield a pure sample of 32 g, bp 144.5-145.5°,
r2z: 1.3674.

Anal. Calcd for CsHnFsCh: C, 45.29; H, 5.23; F, 26.86.
Found: C, 45.26; H, 5.19; F, 26.58.

When a solution of 10.3 g (0.0486 mol) of 32 in 100 ml of re-
fluxing benzene was added dropwise to a solution of 3.0 g (0.05
mol) of 1,2-diaminoethane in 7 ml of benzene and the reaction
mixture heated in the usual manner, no water separated. Evap-
oration of the benzene yielded a white solid identified as N ,N"-
bistrifluoroacetyl-l,2-diaminoethane, mp 202-202.5° (lit.D mp
201.5- 202.5°). The presence of ethyl isobutyrate in this reac-
tion and in the condensation of 20 with 2-aminoethanol indicated
a reverse Claisen reaction.

Registry No.—2, 14120-51-5; 3, 14120-52-6; 4,
26717-82-0; 5,26717-83-9; 6,26717-84-0; 7,2617-85-1;
8, 26717-86-2; 8 (copper chelate), 26785-67-1; 9,
26717-87-3; 10, 26717-88-4; 11, 26717-89-2; 12,
26717-90-8; 13, 26717-91-9; 14, 26717-92-0; 15,
26717-93-1; 16, 26717-94-2, 17, 26717-95-3; 18,
26717-96-4, 19, 26717-97-5; 20, 26717-98-6; 22,
26717-99-7; 23, 26718-00-3; 24, 26718-01-4; 25,
26717-71-5; 26,26717-72-6; 27,26717-73-7; 28,26717-
74-8; 29, 26785-70-6; 30, 26717-75-9; 30 (copper
chelate), 26736-15-2; 31 (copper chelate), 26736-16-3;
32, 26717-76-0; ethyl 3-(2-hydroxyethylamino)-4,4,4-
trifluoro-2-butenoate, 26717-77-1.

Acknowledgment.— The authors want to thank Mr.
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the nmr spectra. Financial aid from the National
Institute of Health (Research Fellowship 5-FI-GM-
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(18) E. T. McBee, C. E. Hathaway, and C. W. Roberts, J. Amer. Chem.

Soc., 78, 4053 (1956).
(19) B. E. Hudson, Jr., and C. R. Hauser, ibid., 63, 3156 (1941).
(20) M. M. JoulliS and A. R. Day, ibid., 76, 2990 (1954).
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Diacid chlorides react with lithium nitride (Li3N) under extremely mild conditions (in 1,2-dimethoxyethane

at 0°).
the result of an unusual deoxygenation.

Phthaloyl chloride gives up to 70% phthalimide, 5% phthalic anhydride, and 10% o-cyanobenzamide,
In a separate experiment, it was found that phthaloyl chloride reacts
quantitatively with anhydrous LiD to form the anhydride.

Succinyl chloride also reacts with Li3N to give

35% succinimide, large amounts of a polyimide, and about 10% of a new compound, 4-(.V-succinimidyl)-4-

hydroxy-efs-2-butenoic acid lactone (7).

It is noticed that the 4 proton in this and other «S-unsaturated
7 lactones are unusually deshielded (>400 ppm from TMS) for an sp3CH.

Malonyl chloride, even under high

dilution conditions, fails to form the as yet unknown C-unsubstituted malonimide; only dark, resir.ous con-

densation polymers were recovered.

Synthesis of the as yet unknown C-unsubstituted
malonimides (1) (2,4-azetidinediones)2 has been under
active investigation in our laboratories.4 Baldwin and
Koenig have reported5that lithium nitride (Li3N) reacts
at room temperature with aromatic acid chlorides to
form triacyl amines6é (RCO)3N in fair yield. It was
thought that under suitable conditions diacid chlorides
would react with LiN to form cyclic imides. The very
mild reaction conditions would be of distinct advantage
compared to the usual high temperature, acid- or base-
catalyzed preparations, especially in view of the special
problems associated with 1.4

R = H, other

1

The reaction does indeed yield cyclic imides with
succinyl and phathaloyl dichlorides in addition to other
unusual products. The solvent used was 1,2-dimeth-
oxyethane (DUE); the nature of products from the
heterogeneous reaction (LidN is insoluble) is inde-
pendent of acid chloride concentration, avoiding the
necessity of high dilution conditions. Equimolar
amounts of reactants are stirred under N2at or near 0°,
usually until the reddish Li3N is consumed (see Experi-
mental Section).

Phthaloyl chloride (2) reacts spontaneously and exo-
thermically, yielding a white precipitate within a few
minutes, which turns brown on standing. After quench-
ing of the reaction with absolute ethanol and work-up
of the residue, the following compounds are obtained
(yields for a typical run, based on phthaloyl chloride):
phthalimide, 3 (6S%); phthalic anhydride, 4 (4%);
2-cyanobenzamide, 5 (10%); polymer (18%). Forma-

(1) (a) Paper I: A. J. Gordon, Tetrahedron. 23, 863 (1967). (b) Acknowl-
edgment is made to the Research Corporation (N. Y.) and to the donors of
The Petroleum Research Fund, administered by the American Chemical
Society, for support of this research. To whom correspondence should be
addressed, (c) NDEA Fellow, 1968-1970.

(2) For reviews of the C-substituted compounds, see E. Testa, Farmaco,
17, 168 (1962) and A. Ebnother, et al., Helv. Chim. Acta, 42, 918 (1959).
A reported* synthesis of A-phenylmalonimide has been shown to be in-
correct.4 The only C-unsubstitued malonimides known are the atypical

ATsulfonyl derivatives [E. Mundlos and R. Graf, Justus Liebigs Ann.
Chem., 677, 108 (1964)].

(3) W. H. Warren and R. A. Briggs, Chem. Ber., 64, 26 (1931).

(4) A. J. Gordon and R. L. E. Ehrenkaufer, “Chemistry of Imides.
I11,” in preparation.

(5) F. Baldwin and P. Koenig, J. Org. Chem., 30, 671 (1965).

(6) May also be called ATiV-diacylamides or AT-acylimides; the recom-
mended (IUPAC) term for such compounds (contrary to popular usage) is
tertiary amide.

tion of imide 3 probably requires two steps: attack of
a nucleophilic species [LijN-'3-*']5 on one carbonyl,
followed by intramolecular displacement of the second
Cl. Formation of 4 and 5 was unexpected; a possible

mechanism for 5 involves intermediate 6. There is
precedent in the formation of phenylacetonitrile from
the reaction of phenylacetamide and butyllithium.7
W e also propose that the Li2D formed with 6 reacts with
unreacted 1 to yield 4. In a separate experiment, an-

2 + 2LIiN —-

+ Li.O

6

hydrous LiD was found to react with 1 quantitatively
to give the anhydride.

The reaction with succinyl chloride was also rapid and
exothermic, but the results differ considerably, due in
part to the presence of a hydrogens. Succinimide was
formed in 35% yield along with 3% succinic anhydride
and a new compound 7 (7%); however, large amounts
(54%) of a polyimide were also formed. The analog of
5, Viz. 3-cyanopropionamide, was not detected; this is
not unexpected in view of the acidity of the a H's.
Similar difficulties had been found in the reaction of
Li3N with acetyl chloride, from which only a very small
amount of diacetamide could be recovered.5 The new
compound, 7, had the following properties: m/e 181

(7) E. Kaiser, R. Vaulx, and C. Hauser, Tetrahedron Lett., 4833 (1965).
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and analysis for C8H-XO,; ir (CHC13) 3020 (w), 1800
(s), 1762 (w), 1730 (s), 1460 (m); nmr (CDC13D M SO-
& internal TMS) 52.72 (s, 4 H), 6.39 (d of d, 1 H),
6.58 (multiplet, 1 H), 7.65 (d of d, 1 H); uv (CHXN)
Xmex 219 (e 3490). The assigned structure, 7 [4-(iV-
succinimidyl)-4-hydroxy-cfs-2-butenoic acid lactone],
and a possible mechanism for its formation are shown
below.

None of the unconjugated isomer 11 could be detected.
The ir spectrum has the features of both an N-substi-
tuted succinimide and cfs-4-hydroxy-2-butenoic acid
lactone;8the uv spectrum is in agreement with that for
the unsubstituted lactone [Xmex (heptane) 220 (t 1670) 1.*
The nmr spectrum shows an ABX pattern for the lac-
tone ring, 12. Assignments are in agreement with those

Hb
12

R —A'-succinimidyl

5ha 6.39, 5hb 6.58, Jhx 7.65
(Jax = 5.8, Jab —2.0, Jox —1-4 Hz)

of the parent compound (12, R = H),9and the spectrum

is in accord with a theoretical example given by Bovey.D
The chemical shift of HB is extremely low for an sp3C

(395 Hz from TM S), even one containing two (or three)

heteroatoms; however, this behavior appears to be typ-

ical of this lactone system.1l The succinimide ring pro-

tons (S 2.72) are typical (succinimide itself, ( 2.83);

although 7 is a chiral molecule, no diastereotopic splitting
was detected for the methylene protons.

In the reaction with malonyl chloride, anhydrous
NHACI or CH3l were used in the work-up to avoid pos-
sible solvolysis of the desired 1 (R = H or CHJ), were it
present. However, even under conditions of high dilu-
tion, only a dark resinous solid was obtained. Other
approaches to the malonimide system will be discussed
in another publication.4

(8) R. Smith and R. Jones, Can. J. Chem., 37, 2092 (1959).

(9) R. Freeman, Mol. Phys., 5, 499 (1962).

(10) F. Bovey, “NMR Spectroscopy,” Academic Press, New York, N. Y.,
1969, p 286.

(11) E.g., P. Steyn, et al.,, J. Chem. Soc.,, 3075 (1965), report for 12
(R = Br, 2-phenyl derivative) 8, for H-4, 7.33 in CDCli.
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Experimental Section2

Phthaloyl Chloride Reaction.—Phthaloyl chloride (Eastman)
(2.03 g, 0.01 mol) in a few mlliliters of 1,2-dimethoxyethane
(distilled from Na-benzophenone) was added under N2to a suspen-
sion of LiAN (Alfa Inorganics) (0.35 g, 0.01 mol) in 25 ml of
DME at 0°. Reaction was spontaneous and exothermic, with
a white precipitate (LiCl) forming within a few minutes. After
stirring overnight, the darkened mixture was quenched with
absolute ethanol (2 ml in 2 ml of EtD) at 0° and then filtered
to remove LiCl. The following work-up simplified quantitative
analysis. The filtrate was divided into two equal portions and
solvent was removed from both to leave a dark brown residue.
One portion was dissolved in 25 ml of 10% KOH (aqueous) and
rapidly extracted with cold EtOAe; acidification of the aqueous
layer, followed by CHCh-EtOAc extraction, gave, after removal
of solvent, phthalimide 3 (0.50 g, 68% total yield) identified by
mp and mmp 234° and superimposability of the ir spectrum with
that of an authentic sample. The second portion was sublimed
in vacuo at 200°; the sublimate was analyzed by vpc (2-m column,
15% SE-30/Chromsorb W, 65 cc He/min, column temperature
240°) which showed (retention time in minutes and yield based
on starting material in parentheses) phthalic anhydride 4
(1.25, 4%), phthalimide 3 (1.75, 68%, from above recovery),
o-cyanobenzamide 5 (2.30, 10%). The sublimation residue con-
tained only polymeric material (ir) (18%). For a preparative
run, the products could be separated on a silica gel column
[benzene-petroleum ether (30-60°), benzene-CHCIj, CHCI3
EtOAe]. o-Cyanobenzamide (5) was identified by mp 173°
(lit-2* mp 173°) (compound recrystallizes and remelts at 190-
194°): mass spectrum m/e 146; ir (KBr) 3360 and 3180 (s),
2230 (m), 1650 (s), 1630 (m), 1400 cm-1 (s). In addition,
hydrolysis (75% H2504) of 5 at 150° gave a mixture of phthal-
amide (mp 219-220°) and phthalamic acid (148-149°), separated
by fractional sublimation. Phthalic anhydride (4) was identified
by its mp and mmp 131-132°, glc retention time, and comparison
of its ir spectrum with authentic material; the same applies to
phthalimide. To ensure that phthalic anhydride (4) was not
an impurity in starting material, or did not come from unreacted
2 during work-up, glc analysis was performed on both starting 2,
which showed evidence for only a trace of 4, and on the reaction
mixture (under N2) before work-up.

Succinyl Chloride Reaction.— Reaction conditions were identi-
cal with those of the phthaloyl chloride reaction, using 1.55 g
(0.01 mol) of succinyl chloride (8) and 0.35 g (0.01 mol) of LijN.
After stirring for 24 hr, the mixture was quenched as above and
the solvent removed to yield a dark, sticky residue, which was
chromatographed on silica gel to give 7 [mp 157° (sharp) (75:25
CHC1j-Ce&H6) (0.13 g, 7%)], succinimide, and succinic anhydride
(CHCI3), separated by preparative vpc (same conditions as above,
column temperature 150°) (anhydride, 2.20 min, 3%; imide,
4.70 min, 35%). Compound 7, a new compound, had the follow-
ing properties: mass spectrum m/e 181, 153, 109, 83, 82 (base),
70, 56, 55; ir (CHCI3) 3020 (w), 1800 (s), 1762 (w), 1730 (s),
1460 cm-1 (m); uv (CHXN) Xme* 219 (e 3490); nmr (CDCI3-
DMSO-de) « 2.72 (s, 4 H), 6.39 (d of d, 1 H), 6.58 (m, 1 H),
7.65 (d of d, 111).

Anal. Calcd for C8HM™NO04 C, 53.04; H, 3.87; N, 7.73;
0, 35.36. Found: C, 53.02; H 3.86; N, 7.58.

Malonyl Chloride Reaction.—The reaction was run as above;
work-up was with anhydrous NH4C1 or CH3. In addition, high
dilution runs were made (0.01 mol in 500 ml of DME added
dropwise to LLBN in 100 ml of DME). In all cases, only dark,
resinous solid was obtained, which is probably a mixture of poly-
imides and other condensation polymers [ir (CHCI3) 2900-3000
(w), 1750 (br, s), 1610 (m), 1520 cm-1 (m)[.

Registry No. -7, 26893-44-7; lithium nitride, 26134-
62-3; phthaloyl chloride, 88-95-9; succinyl chloride,
543-20-4.

(12) All melting points are uncorrected. Yields in mole per cent are
based on starting material. Ir spectra were recorded on a Beckman IR-8,
mass spectra with a Varian-Mat CH-5, uv spectra on a Beckman DB-G, and
nmr spectra with a Varian A-60. Combustion analyses from MHW Labora-
tories, Garden City, Mich.

(13) “Handbook of Tables for Organic Compound ldentification,” 3rd
ed, Chemical Rubber Publishing Co., Cleveland, Ohio, 1967, p 205.
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A method is described whereby a variety of cyclic guanidines may be prepared via the intermediacy of tosyl-
protected cyclic guanidines; the latter compounds are easily available from the reactions of both aliphatic and

aromatic diamines with iS,S-dimethyl-jV-tosyliminodithiocarbonimidate.

The detosylation reaction which re-

sults in guanidine formation proceeds quantitatively in anhydrous hydrogen fluoride.

The observation that S,<Si-dimethyl-IV-tosylimino-
dithiocarbonimidate (1) reacts with ethylenediamine
and o-phenylenediamine to give high yields of the N-
tosyl cyclic guanidines 2a and 33 prompted us to exam-
ine the possible general usefulness of this reagent for
the generation of cyclic guanidines. This approach
appeared to be especially attractive in view of a recent
report from the peptide field which described the remov-
al of the tosyl group from the guanido group of arginine
using anhydrous hydrogen fluoride.4 We now report
that 1 reacts with a variety of aliphatic and aromatic
diamines to give easily isolable tosyl-protected cyclic
guanidines and that the usually difficult detosylation
process5can be carried out in anhydrous hydrogen fluo-
ride to give cyclic guanidines; the detosylation step is
quantitative.

There are methods available for the synthesis of cyclic
guanidines from diamines, both aliphatic and aromatic.
Thus 2-amino-2-imidazoline and 2-aminobenzimidazole
can be obtained as their salts by the action of cyanogen
bromide on ethylenediamine and o-phenylenediamine,
respectively,9-11 and 2-amino-2-imidazoline is also
available by the action of cyanamide or dimethylcyan-
amide on ethylenediamine monotoluene-p-sulfonate.12
The latter method has also been extended to the prep-
aration of the six-membered cyclic guanidine, 2-amino-
3,4,5,6-tetrahydropyrimidine.l2 A second approach to
cyclic guanidines in wide use involves the reaction of
amines with 2-methylthio-1,3-diazines (available in
two steps from diamines); this procedure has been used
to prepare IV-alkylguanidines of a wide variety.13-18
Two other routes into the cyclic guanidine system,
which have limited applicability, are hydrogenation of a
2-aminopyrimidine to obtain a 2-amino-3,4,5,6-tetra-
hydropyrimidinel and the fusion of guanidine with 4,5-
diamino-6-hydroxypyrimidine to afford 8-amino-6-

*To whom correspondence should be addressed.

(1) Supported in part by the U. S. Army Research Office, Durham, N. C.

(2) On special assignment from the U. S. Food and Drug Administration.

(3) R. Gompper and W. Hagele, Chem. Ber., 99, 2885 (1966).

(4) R. H. Mazur and G. Plume, Experientia, 24, 661 (1968).

(5) The methods usually used to effect detosylation were not attempted;
however, in view of the fact that these methods (e.g., sodium in liquid
ammonia,6 HBr in phenol,7 PEUI in the presene of HI6) are less than satis-
factory from point of view of yield, mildness of reaction conditions, and ease
of operation, the HF procedure was clearly superior.

(6) V. du Vigneaud and O. K. Behrens, J. Biol. Chem., 117, 27 (1937).

(7) H. R. Snyder and H. C. Geller, J. Amer. Chem. Soc., 74, 2006, 4864
(1952).
) R. Schoenheimer, Z. Physiol. Chem., 154, 203 (1926).

) P. Pierron, Ann. Chim. (Paris), 11(a), 361 (1919).

0) P. Pierron, Ann. Chim. Phys., 15, 189, 193 (1908).

1) N. J. Leonard, D. Y. Curtin, and K. M. Beck, J. Amer. Chem. Soc.,
69, 2459 (1947).

(12) B. Adcock, A. Lawson, and D. H. Miles, J. Chem. Soc., 5120 (1961).

(13) S.R. Aspinwall and E. J. Bianco, J. Amer. Chem. Soc., 73, 602 (1951).
(14) A. F. McKay and W. G. Hatton, ibid., 78, 1618 (1956).
(15)
(16)

9
8
9
1
(8

A. F. McKay and M.-E. Kreling, Can. J. Chem., 35, 1438 (1957).
B. W. Bycroft, D. Cameron, L. R. Croft, and A. W. Johnson,
Chem. Commun., 1301 (1968).

hydroxypurine.I/ We now report a synthesis via S,S-
dimethyl-W-tosyliminodithiocarbonimidate as an al-
ternative to the above. Inherent in this approach is
the attractiveness of the intermediacy of the tosyl-
protected guanidine which conceivably could be sub-
jected to further chemical operations before the detosyl-
ation step required to generate a free guanidine.18

Synthesis of Tosyl-Protected Cyclic Guanidines.—
iS'jiS'-Dimethyl-iY-tosyliminodithiocarbonimidate (1) is
a stable compound which can be easily prepared in high
yield.1 The reaction of 1 with aliphatic diamines pro-
ceeds readily in refluxing aqueous ethanol to give cyclic
tosylguanidines in high yields. In addition to the
guanidine a second product is produced which is in-
soluble in the hot reaction medium and which can be
removed from the tosylguanidine by filtration; mass
spectral data indicate these second products are com-
pounds of high molecular weight and thus are probably
polymeric in nature. In Table | are given the details
of the reaction of 1 with four aliphatic diamines. The
diamines were used directly or were generated in situ
from their dihydrochlorides; the “polymeric” side
products were removed by filtration of the hot reaction
solution.

Table |
R eaction of
S,S-Dimethyl-A-tosyliminodithiocarbonimidate (1)

with Aliphatic Diamines

sch3 hkix T "> n2,
TsN=Cx + (CHY, — Tsrf \ 7 + 2CHZH
sch3 ha h h
1 2
S — AT (O R ——
Diamine, Time, Tosylguanidine,
X hr “Polymer” 2
2 4 0 a, 87
3 9 6 b, 79
4 24 16 c, 76
6 48 100 d, 0

Anunsymmetrical (i.e, substituted) aliphatic diamine
was next chosen for investigation. With the aim of pre-
paring an optically active intermediate which might
be potentially useful for the synthesis of the novel guanido
amino acid capreomycidine (5),16 we prepared the op-

(17) R. K. Robins, J. Amer. Chem. Soc., 80, 6672 (1958).

(18) The presence of the tosyl group on the guanidine moiety considerably
reduces the basicity of this ordinarily strongly alkaline group. We have
found that tosyl-protected guanidines do not form salts in the presence of
HC1, whereas guanidines and acylguanidines do.
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tically active tosylguanidine 6. The required optically
active 2,4-diaminobutyric acid (7) was available from

COOH
|
chnh2

|
ch2

chzhh2
7

L-(+)-glutaminc acid via a Schmidt rearrangement.19
The unsymmetrical tosyl-protected cyclic guanidine was
obtained in 83% vyield by the reaction of the sodium
salt of (+)-2,4-diaminobutyric acid (7) with 1 in re-
fluxing aqueous ethanol followed by acidification of the
reaction medium to regenerate the acid. Due to the
low solubility of the tosyltetrahydropyrimidine 6, opti-
cal rotation was not measured; however, the detosylated
guanidine (see below) proved to be optically active.

No attempts were made to prepare iV-alkylguanidines
by this method since other work with 1 has shown that
it is unreactive toward secondary amines. However,
1 can easily be converted to the dichloro compound;®
the latter has been demonstrated to be highly reactive
to secondary aminesZldand thus could conceivably be
a useful reagent for the generation of iV-alkyl cyclic
guanidines corresponding to N-alkyl derivatives of 2.

The general usefulness of the JV-tosyldichlorocarbon-
imidate for the preparation of cyclic guanidines is, how-
ever, limited by the fact that an extra equivalent of the
diamine (or some other base) is required in the reaction
medium to neutralize the released acid. Dithio com-
pound 1 requires, of course, only 1 equiv of diamine
since the weak and volatile conjugate acid of CH3~ is
released during the reaction.

The reactivity of 1 toward aromatic diamines is re-
duced considerably from that observed for its reaction
with aliphatic diamines. Thus the tosylguanidine
2-p-tosylaminobenzimidazole (3) can be obtained in
72% yield from the reaction of 1 with o-phenylenedi-
amine in DMF at 150-160° for 12-16 hr.1 This pro-
cedure is quite similar to that2in which 2-benzenesul-
fonylaminobenzimidazole could be obtained by fusing
o-phenylenediamine with benzenesulfonylguanidine.
We have extended the reaction of 1 with aromatic di-
amines to the case of 6-methyl-4,5-diaminopyrimidine
and have found that, at 150° in DMF for 16 hr, a 58%
yield of 6-methyl-8-tosylaminopurine (8) is obtained.

Detosylations Using Anhydrous Hydrogen Fluoride.
— Detosylations of the six tosylguanidines described
above were effected in anhydrous HF in a system similar
to that diagrammed by Lenard.Z3 Liquid HF was

(19) D. W. Adamson, J. Chem. Soc., 1564 (1939). See Experimental Sec-
tion for a modification of the isolation procedure for the preparation.

(20) R. Gompper and R. Kunz, Chem. Ber., 99, 2900 (1966).

(21) T. Bosin and H. Rapoport, work done at the University of Cali-
fornia at Berkeley, 1969.

(22) A. C. Price and R. H. Reitsema, J. Org. Chem., 12, 269 (1947).

(23) J. Lenard, Chem. Rev., 69, 625 (1969).
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dried over cobalt fluoride, distilled into the reaction
vessel, and subsequently removed without exposure to
air or moisture. The residue was partitioned between
benzene and water and the benzene extract contained
the removed tosyl portion of the reaction mixture,
which was characterized as tosyl fluoride.

The cyclic guanidines, as HF salts in water, were
applied to an ion-exchange column, the HF was eluted
with water, and the guanidine (as its hydrochloride) was
removed with4 N HC1. Evaporation left the guanidine
salts which could be crystallized from isopropyl alcohol-
ether. The products were quite hygroscopic and in all
cases the yields were essentially quantitative (97-
100%). The carboxy-substituted cyclic guanidine
(10) proved to be optically active ([«]2d +144°) and
thus of potential value as an asymmetric intermediate
in the synthesis of capreomycidine (5).

There seems to be no doubt as to the usefulness of
anhydrous HF as a detosylating reagent for tosyl-pro-
tected guanidines. However, it is known that p-
toluenesulfonamides are inert to this reagent. Saka-
kibara, et al., 2 have reported that the tosyl group

LHE CL HN— (CH2,
2a, 2b, 2¢ T
2. ion exchange hh”™ n7
H
9a,x =2
9b,x=3
9, x=4
H
cr cr
X X
HN”  n” - cooh
H

10

is not removed from tosyl-protected peptides under
conditions in which a large number of protective groups
can be removed from peptides (20° for periods of 30
min to 2 hr). We have found that p-toluenesulfon-
amide and tosylglycine are recovered completely intact
after 24 hr exposure to anhydrous HF. Thus the ap-
plicability of the HF detosylation procedure is limited,
but the bounds of its limitations have yet to be defined.

Experimental Sections

2-p-Toluenesulfonylamino-2-imidazoline (2a).— Ethylénedi-
amine dihydrochloride (951 mg, 7.15 mmol) was dissolved in 5
ml of water and 14.3 ml of 1 N NaOH was added. Ethanol (75
ml) was added along with S.S-dimethyl-JV-tosyliminodithio-
carbonimidatel (1) (1.94 g, 7.15 mmol). The mixture was
refluxed for 4 hr and then filtered, and the filtrate was taken to
one-third of the original volume. Water was added to cloudiness,
the solution was cooled, and the product crystallized as colorless

(24) S. Sakakibara, Y. Shimonishi, Y. Kishida, M. Okada, and H. Sugi-
hara, Bull. Chem. Soc. Jap, 40, 2164 (1967).

(25) Nmr spectra were determined with a Varian T-60 instrument using
tetramethylsilane as an external standard (50). Melting points, uncorrected,
were determined on a Buchi melting point apparatus. Uv spectra were
recorded in HsO using a Cary Model 14 spectrophotometer. Mass spectra
were obtained with Varian M-66 and CEC-21-110B instruments. Optical
rotations were measured on a Bendix ETL-NPL automatic polarimeter.
Microanalyses were performed by the Analytical Laboratories, University
of California at Berkeley.
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needles, mp 224-227.5°. Recrystallization from acetone gave
material of mp 227-227.5° (lit.3 mp 230-32°) in 147 g, 87%
yield, mass spectrum m/e 239 (M+), m/e 175 (M+ — 64).B
2-p-Toluenesulfonylamino-3,4,5,6-tetranydropyrimidine (2b).
— The procedure was the same as that used for 2a except that
the diamine used was freshly distilled 1,3-diaminopropane, the
reaction solvent was 95% ethanol, and the reaction time was 9
hr. The product was obtained as colorless needles from acetone:
mp 264-267 (79% yield); mass spectrum m/e 253 (M +) m/e 189
(M+ - 64).
Anal. Calcd for CIHISND S: C, 52.2; H, 6.0; N, 16.6;
S, 12.7. Found: C, 52.2; H, 5.9; N, 16.7; S, 12.6.
2-p-Toluenesulfonylamino-4,5,6,7-tetrahydro-1,3-diazepine
(2c).—The procedure, using 1,4-diaminobutane dihydrochloride,
was identical with that used for 2a except that the reaction time
was 24 hr. The colorless crystals from acetone (76% yield) had
mp 221-233°, mass spectrum m/e 267 (M+), 203 (M+ — 64).
Anal. Calcd for CIHIND S: C, 53.9; H, 6.4; N, 15.7;
S, 12.0. Found: C, 54.0; H, 6.3; N, 15.8; S, 11.8.
2,4-Diaminobutyric Acid Dihydrochloride (7).—The procedure
used was that of Adamson,BBwith animprovement in the work-up.
Sodium azide (4 g, 0.062 mol) was added in small portions to
1-(+ )-glutamic acid (7.35 g, 0.050 mol), 25 ml of concentrated
sulfuric acid, and 15 ml of chloroform and the mixture was
stirred at 45°. After 3 hr, the reaction mixture was poured onto
200 ml of ice and the resulting aqueous solution was treated with
hot saturated barium hydroxide solution until no longer acid to
Congo red. Barium sulfate was removed by centrifugation and
the aqueous solution was reduced to 100 ml by reduced pressure
distillation and then applied to a 100-ml Bio-Rad AG 50W-X
(50-100 mesh) ion-exchange column. The column was eluted
with 300 ml of 0.1 N HC1 which removed all of the unreacted
glutamic acid as its hydrochloride (4.30 g, 58% recovery).
The product was eluted with 1 1 of 1 N HC1, the water was
removed at reduced pressure, and the residue was ground with
absolute ethanol, collected by filtration and dried, mp 199-201°
dec. The yield was 3.70 g (91% based on consumed glutamic
acid): [a]Z& +15.0° (c 3.50, water) [lit.8Bmp 195-196, [<®&
+ 14.6° (c 3.67, water)] [lit.B mp 204°, [«[“d +15.1° (c 3.82,
water)].
2-p-Toluenesulfonylamino-4-carboxy-3,4,5,6-tetrahydropyrim-
idine (6).— (+ )-2,4-Diaminobutyrie acid dihydrochloride (7)
(2.09 g, 5.70 mmol) was dissolved in 17.1 ml of 1 A NaOH.
Ethanol (75 ml) and S,<S-dimethyl-IV-tosyliminodithiocarbon-
imidate (1) (1.57 g, 5.70 mmol) were added and the reaction
mixture was refluxed for 12 hr and cooled, and 5.7 ml of 1 N HC1
was added to the solution. The solution was evaporated under
reduced pressure to the cloud point and allowed to stand over-
night in the cold. The product was collected as colorless plates,
mp 202-204° (1.42 g, 83% yield).
Anal. Calcd for CIHIEND4: C, 48.5; H, 5.1;
S, 10.8. Found: C, 48.7; H, 5.3; N, 13.9; S, 10.7.
6-Methyl-8-p-toluenesulfonylaminopurine (8).—The procedure
was similar to that used for 2-p-toluenesulfonylaminobenzimid-
azole.l1 4,5-Diamino-6-methylpyrimidineZ (25.8 mg, 0.208
mmol) was heated at 150° in 6 ml of DMF under a nitrogen at-
mosphere with jS,S-dimethyl-IV-tosyliminodithiocarbonimidate
(1) (57.2 mg, 0.208 mmol) for 16 hr. The reaction mixture was
cooled to 5° and stored overnight forming pale yellow crystals
which were collected and washed with water and dried. The
compound was characterized after detosylation (see below).
2-Amino-1,3-imidazolidine Hydrochloride and Isolation of p-
Toluenesulfonyl Fluoride.—2-p-Toluenesulfonylamino-I,3-imid-

N, 14.1;

(26) The (M + — 64) peak appears in the mass spectra of all of the non-
aromatic cyclic guanidines. It probably arises as follows.

This rearrangement is analogous to that found for sulfonylureas.”

(27) M. F. Grostic, R. J. Wunk, and F. A. MacKeller, J. Amer. Chem.
Soc., 88, 4664 (1966).

(28) E. Balieu, P. M. Boll, and E. Larsen, Acta Chem. Scand., 23, 2191
(1969).

R odricks and Rapoport

azolidine (2a) (716 mg, 3.00 mmol) was stirred at room tempera-
ture for 2 hr in ca. 3 ml of anhydrous HF in a sealed Kel-F
vessel.2B24 The HF was evaporated and the reaction mixture
dried over KOH pellets under high vacuum. The residue was
washed into a separatory funnel with three 5-ml portions each
of water and benzene, alternatively, the layers were separated,
and the water was washed with two 10-ml portions of benzene.

The total benzene extract was dried over Na2SO(, evaporated
under reduced pressure, and dried in a desiccator overnight giving
a residue of p-toluenesulfonyl fluoride which crystallized as
colorless plates (518 mg, 100%), mass spectrum m/e 174 (M +).

Anal. Calcd for C,H,FOXS: C, 483; H, 4.1; S, 18.4.
Found: C, 48.1; H, 4.2; S, 18.3.

The aqueous layer was reduced to 5 ml and added to a 100-ml
Bio-Rad AG 50W-X (50-100 mesh) ion-exchange column. Elu-
tion with water until the eluate was neutral (after an initial
period when the eluate was acid) was followed by washing with
300 ml of 4 N HC1, and the latter eluate was taken to dryness
and the residue dried at reduced pressure overnight. The residue
was crystallized from isopropyl alcohol-ether as colorless needles
of 9a, mp 118-121°, yield 330 mg (98%).

Anal. Calcd for CH,NX1Isy HD : C, 27.7; H, 6.8; N,
32.0. Found (hygroscopic): C, 28.2; H, 6.5; N, 31.6.

2-Amino-3,4,5,6-tetrahydropyrimidine Hydrochloride (9b).—
2-p-Toluenesulfonylamino-3,4,5,6-tetrahydropyrimidine (2b, 330
mg, 1.30 mmol) was treated with anhydrous HF as described
above. The residue, after ion-exchange chromatography, was
recrystallized from isopropyl alcohol-ether and gave colorless
needles of 9b (177 mg, 101%), mp 127-129.5°.
Anal. Calcd for CHINL: C, 354; H, 7.4;
Found (hygroscopic): 35.2; H, 7.4; N, 30.8.
2-Amino-4,5,6,7-tetrahydro-l,3-diazepine Hydrochloride (9c).
—2-p-Toluenesulfonylamino-4,5,6,7 - tetrahydro-1,3 - diazepine
(2c) (267 mg, 1.0 mmol) was treated with anhydrous HF as
described above. The residue, after ion-exchange chromatog-
raphy, was recrystallized from isopropyl alcohol-ether and gave
colorless needles of 9¢ (149 mg, 98%), mp 129-132°.
Anal. Calcd for CBHIN3CL: C, 40.1; H, 8.1;
Found: C, 39.9; H, 8.2; N, 27.9.
2-Amino-4-carboxy-3,4,5,6-tetrahydropyrimidine Hydrochlo-
ride (10).—4-Carboxy-2-p-toluenesulfonylamino-3,4,5,6-tetrahy-
dropyrimidine (6) (672 mg, 22.4 mmol) was treated with anhy-
drous HF as described above. The residue, after ion-exchange
chromatography, was recrystallized from isopropyl alcohol-
ether and gave colorless needles of 10: mp 210-211° dec; 383
mg, 95% yield; [dZ&d +144° (c 1.08, water); nmr 54.31 (t, 1
H), 3.32 (m, 2 H), 2.24 (t, 2 H).
Anal. Calcd for C&H,,ND2X1: C, 33.4; H, 5.8; N, 23.4.
Found (hygroscopic): C, 33.7; H, 6.1; N, 23.4.

2-Aminobenzimidazole Hydrochloride (11).—2-p-Toluenesul-
fonylaminobenzimidazole (6) (322 mg, 1.34 mmol, prepared as
described by Gompper and Hagele3) was treated with anhydrous
HF as described above. The residue, after ion-exchange chro-
matography, was recrystallized from isopropyl alcohol-ether and
gave colorless crystals of 11 (177 mg, 91% yield): mp 209-210°;
high resolution mass spectrum m/e 133.0643 (M+ — HC1)
(caled C,H,N3: 133.0639).

Anal. Calcd for CHSNXI-yHD: C, 47.2; H, 51; N,
23.4. Found (hygroscopic): C, 47.2; H, 5.2; N, 23.2.

8-Amino-6-methylpurine Hydrochloride (12).—6-Methyl-8-p-
toluenesulfonylaminopurine (8, total crude from above) was
treated with anhydrous HF as described above. The residue,
after ion-exchange chromatography, was recrystallized from iso-
propyl alcohol-ether to give pale yellow plates: mp 314-317°
dec; 21.0 mg, 58% yield based on starting diamine; mass spec-
trum m/e 149 (M+ — HC1); uv ARR'“32" 285 nm (e 17,000);
Ana'H 239 nm (e 3800), 280(15,100) [lit.Dfor 8-aminopurine;
AmrexpH24288 nm (e 15,800); A™f;pH7241 nm (e 3200), 283 (14,400)].

N, 31.0.

N, 28.1.

Anal. Calcd for CAHXSE1IHD: C, 354; H, 4.9. Found
(hygroscopic): C, 35.9; H, 4.6.
Registry No.—2a, 13111-53-0: 2b, 26893-35-6;

2c, 26893-36-7; 6, 26893-37-8; 7, 26889-08-7; 9a,
26893-38-9; 9b, 26893-39-0; 9c, 26893-40-3; 10,
26889-09-8; 11,26893-41-4; 12,26893-42-5; p-toluene-
sulfonyl fluoride, 455-16-3.

(29) S. F. Mason, J. Chem. Soc., 2071 (1954).
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Optically active JV-thiocarboxyamino acid anhydrides, NTA's (4), have been prepared and used for the step-
wise synthesis of peptides in aqueous solution. Generally thiocarboxyanhydrides of good optical purity were
obtained by the recrystallization of products from the reaction of alkoxythiocar